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1 BASIC CONCEPT

1.1 Cobes

i |

Choose code

g Evrocode

Concrete : Eurocode concrete E.4.000

Code version:

EM 1392-1-1 [standard) -

-

Choose code

[ Evrocode

Concrete : Eurocode concrete G.4.000
Code version:
EM 1932-1-1 [standard] —

e EM 1332-1-1 [standard)
EM 1332-1-1 [Britizh annes)
EM 1332-1-1 [Danizh anries]
EM 1992-1-1 [Swedish annex]
EM 1992-1-1 [Finnizh annesx)
EM 1992-1-1 [Monmegian annex]

When starting a new file, a question about selecting the code will appear. The possible codes to select
depending on your license are:

Eurocode — EN 1992-1-1:2004 (Standard)
Eurocode — EN 1992-1-1:2004 (British NA)
Eurocode — EN 1992-1-1:2004 (Danish NA)
Eurocode — EN 1992-1-1:2004 (Swedish NA)
Eurocode — EN 1992-1-1:2004 (Finnish NA)
Eurocode — EN 1992-1-1:2004 (Norwegian NA)

Old national codes are only available up to version 6.3.

In the program there is an option to calculate shear and fire with EN1168 (Precast concrete products —
Hollow core slabs).
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1.2 LAYOUT OF THE PROGRAM

PRE-Stress is based on the StruSoft Frame Analysis-engine to make calculations. The Frame Analysis core is
a 2D-FEM equation solver. The two programs have many similarities but there are many differences as well
due to the prestressing forces/effects.

1.3 LIMITATIONS IN THE CURRENT VERSION

It is not possible to make sloped TT-slabs (STT), this feature will be added in a future update.

Figure 1-1 Sloped TT-slab (STT-slab), picture from StruSoft FEM-Design

One limitation with hollow core slabs is that they can only have cores of equal size and geometry.
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2 EXAMPLES

2.1 MODELLING OF ATT/F 240/54 WITH NON-STRUCTURAL TOPPING

The first example is a 12m TT-slab. It will be calculated with Eurocode with Swedish annex.

Figure 2-1 3D-view of a TT/F 240/54 (FEM-Design)

2.1.1 INPUT GEOMETRY

The width of the slab is 2.4m, but version 6.4 currently only supports single T-beams, so the calculations
will focus on one of the legs. After selecting the code the project manager-window pops up. In the Input-
tab to the right the name, length and cross-section can be entered, along with structural topping, if

present.

f il
44 Prestressed input/[PRE-Stress1*] —|nl=h
Input - Prestressed Input

Length [m] Section
Name:  TT501 12 - (=]
Topping
- )
[ ) (G ) [
4 1} | »
&

Figure 2-2 Input of elements

In the Name-box an identifier for the element should be entered, in this example we will use TT 501. The
length of the slab is 12m. When entering the section of the slab it is possible to select already used sections
in the dropdown-box, if none are present then click on the [...]-box to the right of the dropdown-box.
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Select Non-standard concrete to the left and Variable T-section to the right. (In order to use standard
profiles from a few companies that want their cross-sections in the database, then we could use the

Guide to PRE-Stress 6.4

-
Section

Database

Mon-standard concrete

B Standard Eurocode concrete

ard concrete

< Previous

[ Fectangular solid

LI v ariable rectangular section
T T-zection

"B Warniable T-zection

2 Solid circular

T Singlesyrn, [-section
Ji F-zection

L Fh-section

) D -section

£ HD-zection

= 5IB

oK

] [ Cancel

Figure 2-3 Crossection database, overview

Standard Eurocode concrete-database and directly select the section.)

Section M

Non-standard concrete Section name

E] Fectangular salid -

A = a2

B Variable T- E ly = md

??? S. . lz = md

I Singlesym. |-zection T B

A F-zection &=

[, Fh-zection -

[ < Previous Add

{5 Database

[ Ok J [ Cancel

Figure 2-4 Crossection database

If this is the first time entering variable T-sections, then this sub-library is most likely empty. The more
section you use the longer the selection of possible sections will be. To add a new section press [Add].
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Change Non-5tandard sections a M
Gt ’ '] lﬁet ta zero] Wame 11 240/54
I i
B [all measures in mm)
H 540 g 1200
d1 210 42 280
¢ 100
H
Add Lhange Delete
L a | n = 2
il E Iv = md
d2
[ Cancel ] [ oK J

Figure 2-5 Entering a new variable T-section.

Enter the values according to Figure 2-5 and press [Add] and then [OK].

The cross section name should now be visible in the list of available cross sections. Select TT 240/54 in the
list and press [OK]

f Al
& Prestressed input/[PRE-Stress1%] — T
Input - Prestressed Input

|

Length [m] Section
Name:  TT501 12000 T TT 240754 -

Topping
- []
o) (o ) (e

] [ +
h

Figure 2-6 Project overview

In this example we will not use any structural topping so leave this box empty. To finalize the input of the
geometry and add the element to the project-list press [Add] as shown in Figure 2-6.

Now a window will appear (Figure 2-7) where different kinds of support conditions and automatic
calculation of dead loads can be set.
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r 5
Create new prestressed beam @

- Usze the options below to create a new prestreszed
MR, beam slement

Create default load combinations according to the current
code gettings.

;Automatically generate dead loads and add the dead loads |
ito these bage loadcazes: i

Baze lnadcase: - D

Automatically create supports accarding to current code
zettings

| Only show this dialog when the Shift key iz down or
if there is an enar according to the options above

0K ][ Cancel ]

Figure 2-7 Create a new prestressed beam

We want to generate the dead loads automatically, select the [...]-button to the right of the Base load case-
dropdown box.

r
Basic loadcases . —

Mame:

d
LChange

Delete

Copy

:

A

Figure 2-8 Basic load cases without entered loads

Now a dialogue box will appear (Figure 2-8) to define the basic load cases. After entering the dead load
case it is now also possible to enter all the other ordinary loads acting on the element. Enter the names and
add them. Enter all the loads according to Figure 2-9. When ready, select the load case where the dead load
will be automatically generated in: select Dead load. If you should miss to select the right load case then
you have the possibility to change it afterwards (Figure 2-10).

rE'rasicloadcases - —— lﬁ“
Mame: -
Dead load

\

Figure 2-9 Entering basic loadcases

Since we haven’t defined any structural topping the Base load case (topping) is inactive, Figure 2-10. If you
want other support options then it is better to go in and change existing supports, rather than defining
new. Press [OK] to create the beam, and the supports for the beam.
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F A
Create new prestressed beam [é]

- Usze the options below to create a new prestreszed
MR, beam slement

Create default load combinations according to the current
code gettings.

Automatically generate dead lnads and add the dead loads
to these base loadcases:

Base lnadoase:  Dead load - D

Automatically create supports accarding to current code
zettings

| Only show this dialog when the Shift key iz down or
if there is an enar according to the options above

[ 0K ” Cancel ]

Figure 2-10 Basic load case for dead load entered

Now the beam is created with support, nine load combinations and some assorted information about the
element. It is now possible to continue entering additional elements with various spans, geometries and
load cases. With one element in the project manager the view should be similar to Figure 2-11.

- 5
44 Prestressed input/[PRE-Stress1 (PRE-Stress examples.ccp)] EI_‘Q

Input - Prestressed Input ‘
o |

4 Length [m] Section

& s TT 501 12,000 TT 240/54 (]

- " Load combinations Name: ’ L M
T
@ Release opRIng
& stora e/Maturin M E]
g g
& Transport ¥ TT800 12.000 TT 240/54
& Erection
@ Intermediate stage (..
3 Final stage (Long ter...
8 Final stage (Short ter...
g

B Final stage (6103, ul...
& Final stage (6.10b, ul...

|

Figure 2-11 Project overview with one element

To get an overview of the element and its load combinations, select the name (7T 501) and then it is
possible to graphically show the beam with all the combinations. In some cases the project overview

window may cover. To make the project window smaller, click on in the upper left corner. To restore
the window again, click on instead. To open and close the project window, press the beam as shown in
Figure 2-12.
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@) |nput geometny A esults
Input loads Dezign
D@~ B2 o |EL)H|
BRQAQ|®Q
]
Figure 2-12 Open/close the project window
E PRE-Stress - [PRE-Stress1 (PRE-Stress examples.ccp)® - EN 1992-1-1:2004 (E) (Swedish annex]] = | B e
File Edit View Input Calculate.. Options Window Help — || =
@ Input geometry Results Hm): 125 Member. TT 501
Il Bl [l 1.0 Load combinations: 9
De- 8|2 2@ an?
Haa@x e
¢
r_ 9
) l;% ﬁl StoragefMaturing
"3 ﬁ'
. T . '."
. 3 - - S‘llntermediate stage [Short term]| .
Z S‘lFinal stage [Long term]|
' Z ' ' S ‘lFinaI stage [Short term]|'
: ; SJFinal stage [6.10a, uItimate]|-
) Z - - S.lFinal stage [6.10b, uItimate]|_
[Input geometry] EN 1982-1-1:2004 (E) (Swedich annex)
Ready! (For help, press F1) NUM

Figure 2-13 Overview of the load combinitions

To add more load combinations look at 2.3 Hollowcore slab (coming soon) or 2.4 How to add a fire
loadcombination.

Open up the project overview and select TT 501 to the left. On the right side the input form for the
reinforcement will now be visible (Figure 2-15).
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Before defining reinforcement we need to set the different exposure classes in the later stages and
ultimate limit stages, this to get the correct cover from the code. Go through the load combinations release
to the final stages to verify the correct exposure class, life class and if possible, the concrete class as well,

according to Figure 2-14. For this example we use either X0 or XC1.

7
44 Prestressed input/[PRE-5tress2 (Training example 1 6.4.00L.ccp)®]

ol |

Input - Prestressed
E‘ < Project
B @ TTsm
~E ¥ Load combinations
5 Release
& Storage/Maturing
# Transport
@ Erection
&Intermediatestage(.‘.
- & Final stage (Shert ter...
@ Final stage (6103, ul...
- @ Final stage (6108, ul...

Material

General

Exposure class XC1 Dry or permanenthy wet H

X0 Very dry

XC2 Wet, rarefy dry

[Tl Qualty cortrol 2 X3 Moderate humidity

[7] Reduced or mei XC4 Cyclic wet and dry

XD1 Moderate humidity

XD2 Wet, rarely dry

XD3 Cyclic wet and dry

%51 Exposed to aibome salt but ne
X52 Permanently submerged

%53 Tidal. splash and spray zones
KA1 Slighthy 2ggressive chemical er
XA2 Moderstely aggressive chemic
XA3 Highly aggressive chemical en

Life class

Concrete (MPa)
Strength class: C40/50

[ Low strength variation (< 10 %)

- [

fod [ a@m
fetd [ 2%
End 35220

4| I 3

Figure 2-14 Exposure classes

%4 Prestressed input/[PRE-Stress2 (Training example 1 64.003.ccp)®]

Main reinforcement |Stirrup reinforcement | Reirforcement details I Calculation settings I Fire | Calculation sections

Input - Prestressed
E| < Project

=N S , 4_| z

B! ¥ | pad combinations 1
@ Release s | x 540
& Mt T 12000 L X
torag aturing C,J g 1200
@@ Transport
8 Erection
&1 t diate st S - ¥-coord. for section [mm]: 6000
B ntermediate stage ( o Start coordinate [mm] Length Diameter| Area |Pre-stress =
Final stage (Long ter... x y z | [mm] | [mm] |[mm?] [MPa] Full bond Material [ re«nfoErg:mem
& Final stage (Short ter... 1 |o 529 |36 12000 129 100 | 1300 Atnoside - |SS3620LR =
e
@ Final stage (6103, utt... 2 |0 562 |36 12000 128 100 | 1300 Atnoside - |SS3620LR measurement
# Final stage (6.10b, ult... 3 |0 638 |36 12000 129 100 | 1300 Atnoside ~ |S53620LR
4 |o 871 |36 12000 129 100 | 1300 Abnoside - |SS3B20LR [EE
5 |0 527 |69 12000 128 100 | 1300 Atnoside - |SS3620LR nL'EY““’Lm
TEIrMOorCem:
6 |0 673 |69 12000 128 100 | 1300 Atnoside - |SS3620LR
it
7 |0 37 503 | 12000 | 1298 100 | 1300 Atnoside - |S53620LR =
g |0 432 503 |12000 128 100 | 1300 Atnoside - |SS3620LR
g |0 708 503 |12000 128 100 | 1300 Atnoside - |SS3620LR W L=

Figure 2-15 Reinforcement view

Click [Std reinforcement] and select Reinforcement Proposal 5, finish with [OK].

Now the reinforcement list will be filled with the predefined reinforcement position, these can be modified
in the table, and more reinforcement wires/bars can be added below. The start coordinate is the left end of
the wire/bar and with length it is possible to define the position along the element.

To control the prestressing stress, enter the value in the Pre-stress column and Material governs the
material and possible wire/bar diameters. Full bond is a function to solve reinforcement with a variable
location in the cross section (sloped I-beams and the function will also be used for sloped TT-elements in
the future). It is not possible to change it for variable T-sections, hence the default value is set to At no side.

10
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Next tab, Stirrup reinforcement, contains information about the stirrups in the element. Enter g8 s300
along the whole element, according to Figure 2-16. Be sure to have the group(s) fill the whole element, do
not start 40mm in from the end, the program will see that small part as unreinforced and might fail the
shear calculation.

- \

-
4§ Prestressed input/[PRE-Stress2 (Training example 1 6.4.003.ccp)*]

Input - Prestressed Main reinforcement | Stimup reinforcement | Reinforcement details I Calculation settings I Fire | Calculation sections
B < Project
=
: z
~H 88 | ad combinations z q—|
L
3 Release 5af)| ] % 540 T
8 Storage/Maturing i 12000 4[ N

& Transport

& Erection

& Intermediate stage (5.
3 Final stage (Long ter...
& Final stage (Short ter...

X-coordinate for section [mm]: 6000

-

i Group [}
& Final stage (6103, ult... s . = L Temer|| Tn o Nbr. .of . Viaterial
ﬂ Final stage (6.10b, ult 2gs/stirmu| mm3im
’ 0 300 12000 8 40 2 335 B500

[ Symmetrical ]

Copy group

o s

Figure 2-16 Stirrup reinforcement

The next two tabs, Reinforcement details (Figure 2-17) and Calculation settings (Figure 2-18), contains
settings for code checks for the reinforcement and the calculations.

According to Swedish NA, 6.2.3 (2), can cot(8) = 3,0 be used for prestressed members (Figure 2-18), check

this setting if it is possible to use other values than the normal (1 < cot(8) < 2.5) for your current code.

-
44 Prestressed input/[PRE-Stress2 (Training example 1 6.4.003.ccp)*]

- .

Input - Prestressed
E‘ L~ Project

"8 | 5ad combinations
5 Release
& Storage/Maturing
& Transport
3 Erection
@ Intermediate stage (5.
& Final stage (Long ter...
ﬂ Final stage (Short ter...
& Final stage (6.10, ult...
- & Final stage (6.10b, ult...

it | Stimup reir

| Main reinf

Main bar details

Diameter (mm)
Cover {mm)
Cover side {mm)

Distance between bars:
In same layer {mm) 20

In different layers {mm)  2p
Vibration space {mm}) 0
Largest aggregate size 10
Cover deviation {mm) 10
[ Use reqular spacing in layer

t | Reinforcement details |Ca|cu|ation settings I Fire: | Calculation sedions‘
Stimup details
Code Use stimuips
Diameter {mm)
25
Min. s dist {mm}: 30
a0 20 50 Min stimups on whole length
20 20 20

Code control

Figure 2-17 Code check concerning the reinforcement against the current code.
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44¢ Prestressed input/[PRE-Stress2 (Training example 1 6.4.003.ccp)*]

Input - Prestressed
E| ™) Project
g

88 | ad combinations

| Main reir

i | Stimup reir

it | Reir t details | Calculation settings | Fire

Diesign settings
Use compression reinforcement
Use minimum bend reinforcement

Shear calculation settings
cot(6): |3.00

@ Shear calculation using shear

| Calculation sections

2nd order momentcalculation
(@) Stiffness method (EN 5.8.7)

Curvature method (EN 5.8.8)

= reinforcement (EN 6.2.3)
8 Release [ Uss sudden release (EN 8.10.2.2) Ghear caleulation without Adjustment factors based on practical tests
@ Storage/Maturing [7] Monolithic: construction (EN 321 2) () shear reirforcement (EN [T Enabie adustment factors
a Transport 622) Shear capacity factor 1.000
& Enhanced shear strength . —
Erection near supports (EN 6.2.2 (B)) Mornent capacity factor 1.000

3 Intermediate stage (5.,
& Final stage (Long ter...

Concrete section iteration settings

Convergence cond. (%): 0010

M of terst
& Final stage (Short ter.., 2. o of ferstions 300

@ Final stage (6.10, ult...
- @ Final stage (6108, ult...

,

Figure 2-18 Calculation settings

In the last tab, Calculation sections, a good spacing between the sections should be used. As a rule of
thumb, use a value slightly less than the cross section height. In the current example 0.5[m] is used then
press [s]-button. The result should look like Figure 2-19. This setting is auto generated by the program, but
it is always a good idea to verify that there are calculation sections spread evenly over the whole element.

4& Prestressed input/[PRE-Stress2 (Training example 1 6.4.003.ccp)*] El_‘ﬂ_?-J
Input - Prestressed | Main reir it | Stimup reir it | Reir t details | Calculation settings | Fire | Calculation sections |
E‘ QmJECt Calculation sections [m]

' ) Clciaon soctons
¥ | cad combinations
a 0ond . E Mare accurate results are normally reached considering cracked
Release 0100 [ sections and non linearty if the members are split into smaller parts.
a Storage/Maturing 0.600 This iz possible by defining more calculation sections.
1200 (&
3 Transport 1800
& Erection 2400 |
6 Intermediate stage (5.. 2000
a n ermediate stage ( 600 Delete al
Final stage (Long ter... 4200
& Final stage (Short ter... 4300
3 Final stage (6104, ult... gﬂ il Length [m] Section height [mm]
- @ Final stage (5.10b, ult... : 12000 540
4 i | »
W — = 3
Figure 2-19 Calculation sections
2.1.2 INPUT LOADS

Now with the geometry and calculation settings done, the next step will be to combine the loads. Select
Load combinations to the left. To the right two tabs will appear Load combinations and Long term
parameters. In the Load combinations-tab combine the loads to the very right according to Figure 2-20.
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44¢ Prestressed input/[PRE-Stress2 (Training example 1 6.4.003.ccp)*] EI_‘&J
Input - Prestressed Load combinations | Long term
E| Q Project Name Combination of loadcases (ex. 1.4°B1+0.762) Limit-state Type Dependent
~E] @ 11500 of
a Release a. 1 Release EB1 SLS  Short B1  Deadload
B X ﬂ 2 Storage/Maturing B1 5LS long 1 B2  Installations
Storage/Maturing & 3 Transport 1.25°B1 5SS Shont 2 B3 Topping
& Transport g 4 Erection B1+B2+B3 515 Shot 3 B4  Liveload
a Erection a. 5 Intermediate stage (Short term) B1+BZ2+B3+0.7°B4 5LS  Shot 4
j. & Final stage (Long term) B1+B2-B3+0.6"B4 5L Llomg 5
62 Intermediate stage (S.. & 7 Final stage (Short term) B1+B2+B3+0.7°B4 515 Shot 6
i inal stage , uttimate: B +B2+ .
Final stage (Long ter... 8 Final (6.10a, utti ) 1.35%B1+B2+B3)+1.5°0.7°B4 uLs 7
& Final stage (Short ¢ ¢ 9 Final stage (5 10b. uitmate) 1.35°0.89°(B1+B2+B3)+1 5°B4 ULs 7
inal stage (Short ter...
& Final stage (610, ul
ge (6.10a, ult...
a Final stage (6.10b, ult...

Add ][ Change ” Delete H Insert [¥] Original text

Figure 2-20 Load combinations

As for the long term parameters a creep value of 2 shall be divided in the different fields. If 25% of the
creep is introduced at the Storage/maturing and 75% at the Final stage (Long term) then the creep should
be entered as 2*0.25 = 0.5 and 2*0.75 = 1.5. The same goes for the shrinkage, but here we divide the 0.2%.
equal between the two long term cases.

4& Prestressed input/[PRE-Stress2 (Training example 1 6.4.003.ccp)*] EI_‘&J
Input - Prestressed Load combinations | Long term parameters |
E‘ Q Project o Even
i ep shrinkage
E‘ @ 17501 Load combination coefficient  (per mile)
= iarage/Matuing g% pw .
5 Release Final stage (Long tem) 1.50 0.10
& Storage/Maturing
3 Transport
& Erection
5 Intermediate stage (5...
aFinalstagE(LUngtEr‘.. "

@ Final stage (Short ter...
@ Final stage (610, ult...
# Final stage (6.10b, ult...

L — —

Figure 2-21 Long-term parameters

Next step is to check the supporting conditions and the material properties for each specific load
combination. It is in this stage that it will be possible to change the supports etc. Select Release to get the
option to change the material properties and supports at the release stage in the factory.
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[ PRE-Stress - [PRE-S

File Edit View Input Calculate.. Options Window Help NEE
@ Input geometry Results () 5.0 Member: TT 501 (TT 240/54 / C30/37] / Load combination: Release

- Startjoint: 1 (0,0)

) Input lnads Design ¥ [m) 1.0 T2 (130.0)

e~ 8| [EINE Y
BHRAQQNFL

&
x » "l
5
: 41 .
+
+
o
44 Prestressed input/[PRE-Stress2 (Training example 1 64.003.ccp)"] = %
Vatersl
Input - Prestressed
neut - Frestesse General Conerete (MPa)
5 9 Project Exposure class | XD Very diy . Strength class: C30/37 - E
= & 1750 e class 120 . Wemto [ Low sirength variation (< 10 %)
3 ™8 |gad combinations
: [ ualty control and reduced deviations ¢
; = 000
- @ Storage/Maturing [ Reduced or measured geometrical data o 503
@ Transport Eng 32837
b @ Erection
@ Intermediate stage (5.
br @B Final stage (Long ter...
ge (Long
@ Final stage (Short ter...
g
- & Final stage (6103, ult...
; g
v o @ Final stage (6.10b, ult..
T —
[Input geometry] EN 1882-1-1 (Swedish annex)
Reacly! (Fer help, press F1) NUM

Figure 2-22 Release

In order to change the support conditions, double click on support 1 or 2, or node 3 or 4, depending on if
the support isn’t located at the end. It can be a little bit tricky to get the support, but with a little bit of
experience and a lot of technique then it will be possible. When it comes to the material of the element
then the default option is that there is a bit of increase in the concrete strength from release to the final
stages.

Continue to Input loads (Figure 2-23). Here is a overview of each load case (1) and the input of loads are
inactive in the overview (2). To be able to enter loads in the different load combinations a load combination
in the project overview must be selected.
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@ Input loads Design ¥ (m): 1.5 e cantilielian & Dead load -7
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.| #% Prestressed input/[... = RS

Input - Prestressed

B
------- 5 Release

....... 8 Storage/Maturing

------- 5 Erection

------- 3 Intermediate stage (5.,
------- & Final stage (Long ter...
------- & Final stage (Short ter...
------- & Final stage (6.10a, ult...
-------- & Final stage (6.10b, ult...

7 il =

=
l..

Y [Input loads]

Ready! (For help, press F1)

"""" a’Transpor‘t ’ ’

B

5—" StoragefMaturing|

g'

|
F_4

- 5 ‘llntermediate stage [Short term]| .

'5 ‘lFinaI stage [Long term]|

. 5 ‘lFinaI stage [Short term]|'

’s ‘lFinaI stage [6.10a, ultimate]|-

- 5 ‘lFinaI stage [6.10b, ultimate]|_

[

EM 1332-1-1:2004 (E) (Swedish annex)

MNUM

Figure 2-23 Inputloads, overview

The reason for the load combination Intermediate stage is that the cracking would be as fully developed
before going into the long term stage. That gives a more correct picture of the deflection and cracking in
the long term checks.

The dead load is defined automatically, so there is no need to define it again manually.
Enter an installation load of 0.5kN/m” * 1.2m = 0.6 kN/m in the following load combinations:

e Erection

e Intermediate stage (Short term)
e Final stage (Long term)

e Final stage (Short term)

e Final stage (6.10a, ultimate)

e Final stage (6.10b, ultimate)

Enter a 50mm topping as a permanent load. 50mm * 25kN/m> * 1.2m = 1.5 kN/m in the following load
combinations:

e Erection

e Intermediate stage (Short term)
e Final stage (Long term)

e Final stage (Short term)

e Final stage (6.10a, ultimate)

e Final stage (6.10b, ultimate)
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And finally the live load 8 kN/m* * 1.2m = 9.6 kN/m. It should be applied as a characteristic load on the
intermediate and final load combinations.

e Intermediate stage (Short term)
e Final stage (Long term)
e Final stage (Short term)

e Final stage (6.10a, ultimate)
e Final stage (6.10b, ultimate)

[ File Edit View Loadcases.. Loads.. Calculate.. Option Window Help _=]x
) Input geomety Rissus i) 05 Member: TT 501 Loadcase
© Input oads Desian 7 [l 1.5 Load combinalians. 3 Live load .

De- Blea|ELn&n?
BRaaaqe

A A
9% Prestressed input/... = =
Tnput - Prestressed ﬁ
g "% X
s TT 501
Lo T
@ Release  [Ercction]
g A

& Storage/Maturing

""" & rirspon TR
. . L - B - 5 Jlnlermediateslage[Shnanrm]l

----- & Erection

& Intermediate stage (5...

B it stage Lo lj\HHHHHHHHHHH\HHHHHHHHHHHHWHFi,,a,stage[mgmm,
----- @ Final stage (Short ter.. )/5

----- & Final stage (6103, ukt..

- & Final stage (6.10b, ult... |Final stage [Short term]
« m v
 LLTLTITITTTTTTTTTTEErererrererererereieniiil, e s e

1o S _Wl;LHHHHHHHIHH\HHHHH\H_HHHHHHHH T T

LY [Input loads]

* EN 19824 (Swedish annéx)

Ready! (For help, press F1) NUM

Figure 2-24 Loads defined

2.1.3 CALCULATION

To start the calculation, select Calculate... in the menu bar. Unselect Second order analysis in the calculation
since it will not be relevant for calculation of single elements (see Figure 2-25).

r -
Calculate @
Calculate

All prestressed elements

Mo. of displaped sections 20

Carvergence cond. [%]: 200 I

Max. no. of iterations 20

I
Calculation parameters for concrete
Carvergence cond. [%]: 010 f
Max. no. of iterations 20
Min. stiffness red. [%): 1n (
Cracked section

analysiz Standard

Figure 2-25 Calculate... [Calculate]
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2.1.4 PRESENTING THE RESULTS

(. PRE stress _ [PRE St

Eile Edit View Diagrams Tables Options Window Help

() Input geometry @) Results Hm): 13.5 Mermber: TT 501

® Input loads ® Design % [k 05 Load combinations: 9

0&~- 8| [E3 = AR
BERAQQ N QO

=

7
[
w . . ®&g————2g aStorage/Maturing|
= P’
[Transport]

F 3

—Ea | Intermediate stage [Shunterm]l .
35"

S‘J'Final stage [Long term]|

: "S/‘J'Final stage [Short term]|

~-3.6,-8.1

""lFinaI stage [6.10a, ultimate]}
-3.3, -48.8 9/5;

Y ————————————————————————————————a [Final stage (6.10b, ultimate] |
‘0.6, -137.9 0 0.3
[Results] EN 1952-1-1

{Swedish annex)

Ready! (For help, press F1) NUM

Figure 2-26 Deflections

The deflections are shown as two values, the first is the shortening of the element the second value is
camber (pos.)/deflection (neg.) ie. deformation in (x,y). The program also presents values for deflection in
ultimate limit state, but these can be ignored since deflections are not relevant and that the program uses
material strengths with safety factors. After checking support reactions, moment curves and equilibrium,
then continue to (select) the Design-part of the program. Select Calculate in the menu bar.
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[ PRE-Stress - [PRE-Stres:

Eile Edit View Input Calculate Results Option Window Help

) Input geometry 7 Results ®m]: 5.0 Member: TT 501

) Input loads @ Design Y m) 1.5 Load combinations: 3

Oa&- 8| [E3 M= AR
BERAQ " Q|0

o
—2-— | StoragefMaturing |
32"

r 9

£ | Intermediate stage [Shonterm]| .

» &.

o

e

N

£ |Final stage [Long term]|

b

£a [Final stage [Short term]|

Final stage [6.10a, ultimatc]}

3 e | Final stage [6.10b, ultimate]|
[Desig;y

. EN 19592-1-1 (Swedish annex)

ok

%{!

Ready! (For help, press F1) NUM

Figure 2-27 Design, utilization

With a quick overview of the utilizations (Figure 2-27) it is possible to get an immediate idea if the element
is ok, or if the utilization is too high the curve turns red at those sections.

The results that will be presented more thorough can be found under the menu item Results,Figure 2-28.

Code check...
Capacity...

Litilization colours...
Ltilization table...

Table - bending
Table - shear

Table - crackdata

Interaction diagram...

Figure 2-28 Design, Result menu
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To check the different load combinations more in detail, select Results > Code check... (Figure 2-29)

.
i " Control

55)

Section / Material:

< oo ]

Crack width control

Contial for crack width according to code was not needed [see table Final stage (Shart term)
Final stage [6.10a, ultmate]

Initial prestress [Design section x=0.00 ] Final stage (5105, ultimate)

fpif0.80k) = 13001386 = 0.938 <1
Stress after release [Design section x=0.60 )
fpe/0.75fy, =1288/1395=0.923<1

Intermediate stage [Short teim)
Final stage [Long term]

TT 240/54 / £30437 Member: (17501
Direction:  y-y Loadcase: Felzase -
Section: Storagedt aturing
Tranzport
Calculation only made ding to 1:st order theory. Erection

Figure 2-29 Results, Code check...

It is possible to flip through the different load combinations to get a numerical verification of the element.

Depending on different types of load combinations (SLS or ULS), the program makes different checks at

different stages.

For serviceability limit states the program presents checks of stresses and cracks, there is also a

possibility to check deflection criteria.

For ultimate limit states the program present checks containing moment and shear capacities. It

does check the most critical section, not always necessary mid-span or at the supports.

Next item in the list is Capacity. In this list the moment and shear capacities are shown along different

sections of the element.

Figure 2-30 and Figure 2-31 shows values for bending moment capacity. These tables can be found from

the Table — Bending-option from Figure 2-28.

r
Calculation only made according ta 1:st arder

Member. [TT 501 '] theary.

Loadcase: [Final stage [Shoart term) ']

EHd 2 AlRaa #

-
Table - bending
Section M, L oL Oton Gcpem | CTack @ . 0 .., M Wy =
m kNm kN kNm MPa MPa s=tadiom MPa MPa kNm mm mm

0.000 0.0 2R B 0.02 0.41 I -36 —31 0.0 0.00 0.03
0.029% -0.1 -193.0 -32.7 0.12 -2.80 I 158 200 -13&.5 0.00 0.00
0.101 0.0 -197.6 —-33.4 0.12 -2.86 I 163 2035 114.4 0.00 -0.00
0.468 30.5 -932.2 -137.7 -0.83 -10.41 I 873 810 282.5 0.00 -D.1e
0.588 40.9 -1007.1 -125.2 -1.82 || -9.57 I 1047 @20 265.0 0.00 -0.25
0.601 41.0 -1007.2 -129.2 -1.82 -9.56 I 1046 220 265.0 0.00 -0.25
1.198 85.3 -1014.9 -133.2 -3.04  -7.13 I 1033 8951 269.6 0.00 -0.85
1.73g 124.5 -1021.7 -136.8 -4.12 -4.88 I 1020 979 273.6 0.00 -1.929
2.388 158.5 -1027.8 [-139.5% -5.05 -3.12 I 1010 1003 277.1 0.00 -3.22
2.338 187.2 -1032.6 -142.5 -5.84 -1.54 I 1001 1023 280.0 0.00 -4.49
3.598 210.7 -1036.7 -144.6 -6.49 -0.25 I 593 1040 282.5 0.00 -5.89
4.1%% 228.0 -103%.9 -146.3 -6.%9 0.75 I gg8 1053 284.3 0.00 -6.72
CloTiel 242.1 -1042.2 -147.5 -7.35 1.47 I S84 1062 = (A BN (=T 5 -

113% 171 <[ b Ready

S = = —

Figure 2-30 Table Bending, serviceability limit state
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The different columns in the serviceability limit state means:

e Section [m]: Position of calculation sections

e My [kNm]: Moment due to loads

e N; [kN]: Prestressing force

e M, [kNm]: The effect of the moment due to the prestressing force on the cross section

® O.wp [MPa]: Concrete stress in the top of the cross section (shows dep. of cracking stadium)
®  Ocum [MPa]: Concrete stress in the bottom of the cross section (shows dep. of cracking stadium)
e Crack stadium: Stadium I —uncracked, Stadium IT - cracked

® O, [MPa]: Steel stress in the top of the cross section

® O,pim [MPa]: Steel stress in the bottom of the cross section

e M, [kNm]: Moment when the cross section cracks

e W, [mm]: Crack width

e z[mm]: Deformation — deflection (negative values) / camber (positive values)

r

i ' Bending
Calculation only made according to 1:st arder
Member: [TT a0 || theom.
Loadcase: |Fi v]
sl 8 BBaa @
o~
Table - bending
Section N, M, M M /M z x R R G, o
m kN kNm kNm mm mm ofoco ofoo MPa MPa
0.000 0.0 0.0 10.3 0.000 483 5 -0.46 45.00 1594 1594
0.09%9 0.0 -0.1 -34.8 0.003 460 39 -3.50 42.94 1584 1584
0.101 0.0 0.0 &66.7T 0.000 478 13 -1.17 45.00 1594 1594
0.468 0.0 4%9.% 284.7 0.175 479 37 -3.17 45.00 1594 1594
0.595 0.0 ©6.9 286.8 0.233 475 385 -3.35 45.00 1594 1554
0.601 0.0 &7.1 286.95 0.234 479 35 -3.35 45.00 1594 1594
1.185 0.0 135.6 327.5 0.426 4795 41 -3.50 44.36 1591 1591
1.79% 0.0 203.8 377.2 0.540 475 45 -3.50 41.15 1576 1576
2.355 0.0 25%.4 425.6 0.610 475 48 -3.50 38.39% 1563 1563
2.88% 0.0 306.5 446.5 0.687 478 50 -3.50 37.40 1558 1558
HoEEE SN R3S M e NS B G B G RSN P2 T n ] S50 TS 55
4,199 0.0 375.0 446.7 0.839 479 4% -3.50 37.56 1559 1559
ShoTl 0.0 396.4 446.7 0.887 479 45 -3.50 37.61 15589 1555 -
1M3x% 1/1 « b FReady

A = 3

Figure 2-31 Table Bending, ultimate limit state

...and the equivalent for ultimate limit states:

e Section [m]: Position of calculation sections

e Ng [kN]: Normal force due to imposed loads, does not consider prestressing.
e My [kNm]: Moment due to loads

e M, [kNm]: Design moment

e  My/M,: Utilization with regards to the moments

e z[mm]: Interior lever

e x [mm]: Height of compressed zone

e &g [%o]: Concrete strain

e & [%o]: Steel strain

e 0, [MPa]: Equivalent steel stress for steel in compression
e 0, [MPa]: Equivalent steel stress for steel in tension
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There are a few results in the Results-menu that contains”... (topping)”, these will be active only if you have
a structural topping defined.

Next table is Shear, it can only be checked in ultimate limit states, Figure 2-32.

-
B Shear @
—— ’TT = v] Calculation only made according to 1:st order theory.
Loadcase: [Final stage [£.10b, ultimate) V]
Ed 5 BRea #
~
Takle - shear | 4
Section Via v Vasa V'/Va: Vasoex (Baef8) oo 1B/ 8)cag (2,80 eg ain Do z
{m) (xN) (kM) (&N} (W) (mom /m) (om fm) {mm /1) {xom)
0.000 -0.0 0.0 157.% 0.000 357.0 335 a ZZ1 217 483
0.03% -Z.4 a.0 137.% 0.000 408.2 335 a zZz0 17 4&l
0.101 140.2 131.5 133.% 0.878 401.4 335 228 ZZ1 217 478
0.468 131.5 131.5 193.3  0.878 447.3 335 228 221 217 479
0.59% 128.4 1315 1933 0_&78 452.0 335 228 221 217 479
0.601 1283 108.& 193.3 0_580 452.0 335 188 221 217 479
1.19% 1141 108.& 1933 0_580 4525 335 188 221 217 479
1.78% 838 77.0 133.3  0_.337 452.% 235 133 371 217 47%
2,398 @5.6 77.0 1939 0_397 453.3 335 133 221 217 479
2.8%% 71.3 45.3 1933 0_234 4536 335 73 221 217 479
%.59% 57.1 45.3 1933 0.234 453.9 335 73 221 217 479
4193 428 1%.7 1933  0.071 454.1 335 24 221 217 479
4793 25.5 1%.7 1933 0.071 454.2 235 24 221 217 479
5395 14.3 13.7 1933 0.071 454.3 335 24 221 217 479
5.93% 0.0 0.0 133.% 0.000 454.3 335 a ZZ1 217 47%
a.80l1 -14 .3 13.7 1533.5 0.071 454.3 335 z4 ZZ1 17 473
7.201 -28.5 13.7 193.3 0.07L 454.2 335 24 2zl 217 479
7.801 -42.8 1%.7 1933 0.071 454.1 335 24 221 217 479
8.401 =57 -1 45.3 1533.5 0.234 453.5 335 758 ZZ1 217 47%
5.001 -71.3 45.3 133.5 0.234 453.¢ 335 75 ZZ1 z17 473
5.801 —-85.& 77.0 15%3.% 0.357 453.3 335 133 ZZ1 217 47%
10.201 -9%.8 77.0 193.3  0.337 452.9 335 133 2zl 217 479
10_801 -114_.1 108_6 193.9 0_560 452 5 335 188 221 217 479
11.39%% -128_% 108_.6 193.9 0_560 452.0 335 188 221 217 479
11_401 -128_4 1815 193.9 0_678 452.0 335 228 221 217 479 il
92 % 141 4 & b Ready
| - - - 3 - — -—

Figure 2-32 Shear capacity

Here are the explanations for Figure 2-32:

e Section [m]: Position of calculation sections

e Vg4 [kN]: Shear force due to load

e V' [kN]: Shear force that you need to reinforce with stirrups for.

® Vg [kN]: Capacity of the stirrups

®  Veamax [KN]: Maximum shear capacity of the cross section (lower limit of compression failure)
o (As/S)cur [MM2/m]: Amount of stirrups, current amount

®  (Ag/S)req [IMM2/m]: Amount of stirrups, requirement due to loads

®  (Agw/S)reqmin [MM2/m]: Amount of stirrups, minimum requirement due to the code

e b, [mm]: Calculated width

e z[mm]: Interior lever
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The last table is Crack data, Figure 2-33.

r

B | Crack width

Calculation only made according to 1:st order

Member (1T 501 v] | theon.

Loadcase: [Final stage [Shart term) ']

Sl 8 BBAaa #

Result table for crack widths
Section Crack stage A I (4 Ll el el e

(m}) (m”) (m*) (kNm) (mm®) (mm®) (mm) (mm)
0.000 I 0.232337 0.00596357 0.00 0.0 1] ] - 0.00
0.09% I 0.232337 0.00596357 0.00 -136.5 1] 4] - 0.00
0.101 I 0.232337 0.00596357 0.00 114.4 1] 4] - 0.00
0.468 I 0.232337 0.005%96357 0.00 268.5 1] 4] - 0.00
0.598 I 0.232337 0.00586357 0.00 265.0 a ] - 0.00
0.601 I 0.232337 0.00586357 0.00 265.0 a a - 0.00
1.158 I 0.232337 0.00596357 0.00 269.6 0 [4] — (0.0
1.7939 I 0.232337 0.00596357 0.00 273.6 4] [4] - 0.00
2.38% I 0.232337 0.00596357 0.00 27T7.1 0 [4] — (0.0
2.98% I 0.232337 0.00596357 0.00 280.0 4] [4] - 0.00
B I 0.232337 0.00596357 0.00 282.5 0 [4] — (0.0
4,193 I 0.232337 0.00596357 0.00 284.3 4] [4] - 0.00
2L I I 0.232337 0.00596357 0.00 285.7 1] ] - 0.00
5.398 I 0.232337 0.005%96357 0.00 286.5 1] 4] - 0.00

13x 141 <[ b Ready

b = =

Figure 2-33 Crack data

... and the explanations for Figure 2-33:

e Section [m]: Position of calculation sections

e Crack stage: Check if the crossection is uncracked (I) or cracked (II).

e A [m’]: Crossection area, if section is cracked this value will be reduced accordingly.
e | [m*: Moment of inertia, if section is cracked this value will be reduced accordingly.
e (: Coefficient due to tension stiffening

e M [kNm]: Moment when the crossection cracks

e Anmin [mm?]: Minimum amount of crack reinforcement

o A [mm?]: Current amount of crack reinforcement

® S, [Mmm]: Distance between cracks

e W, [mm]: Crack width
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2.2 SLOPED |-BEAM (COMING SOON)
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2.3 HOLLOWCORE SLAB (COMING SOON)
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2.4 HOW TO ADD A FIRE LOADCOMBINATION

This chapter will show two different ways to add a fire load combination to the calculation and to show the
unique results that will be available.

2.4.1 CREATING A LOAD COMBINATION THROUGH THE WIZARD

The first place where you will be able to add a fire load combination is with the Create new prestressed
beam-wizard. Just check the second checkbox and a fire combination called “Fire (6.11)” will appear last in
the combination-list.

s 5
Create new prestressed beam @

m% Use the options below to create a new prestressed
beam element

Create default load combinations according to the current
code settings.

iCreate a default fire load combination according to the current
Ecode zettings.

Autamatically generate dead loads and add the dead loads
to these loadcases:

Loadzase: Dead load - D

Autamatically create supports according to current code
zettings

ak l ’ Cancel

& Only show this dialog when the Shift key iz down or
if there is an emor according to the options above

Figure 2-34 Adding a fire load combination

If this had been activated for example in chapter 2.1 the result would have looked like this:

r - ~
44 Prestressed input/[PRE-Stress2*] ~N = et
Load combinations
Input - Prestressed oo e
E—‘ Q Project Name Combination of loadcases (ex. 1.4°B1+0.7B2) Limit-state Type EfEDEHdEI‘ﬁ
E| & 11501 D ] ULs « - ¥ Loadcase
= @ 1 Release SLS  Short B1 Deadload
ﬂ Release ﬂ 2 Storage/Maturing 5.5 Lomg 1 B2  Liveload
a. Storage/Maturing ﬂ 3 Transport SLS  Shot 2 B3  Installations
a a 4 Erection 5LS Shot 3 B4  Topping
Transport @ 5 Intemedists stags (Short tsmm) SLS  Shot 4
5- Erection a & Final stage {Long term) 5LS long 5
a Intermediate sta ﬂ 7 Final stage (Short term) 5LS Shot &
g€ (o & : ) -
8 Final stage (6.10a, utimate) LS 7
& Final stage (Long ter... & 9 Final stage (6.10b, utimate) uLs 7
Final stage (Short ter... 10 Fire {6.11, uktimate} ULS  Fire
ge(
5 Final stage (6.10a, ul...
@ Final stage (6.10b, ul..
e g Fire (611, ultimate)
Add ] [ Change ] [ Delete ] [ Insett [¥] Original text
“ m r

Figure 2-35 Fire load combination added
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2.4.2 MAKING A LOAD COMBINATION FROM THE PROJECT MANAGER

Another way to add a fire load combination to an older file or if you forgot to check the checkbox in 2.4.1 is
to do it manually.

44 Prestressed input/[PRE-Stress2*] = et e
Load combinations
Input - Prestressed Lo tam
E‘ Q Project Name Combination of loadcases (ex. 1.4°B1+0.7E82) Limit-state Type 3epandem
E| & TTs01 1D [Fre 17) ULS » fre v - = Loodosse
= @ 1 Release 5LS  Shott B1  Dead load
- @ Release @ 2 Storage/Maturing 5L5  long 1 B2 Live load
aStDrage,a’Maturing ‘ 3 Transport 5L  Shot 2 B3  Installations
a a. 4 Erection 515 Shot 3 B4  Topping
Transport ‘ 5 Intermediate stage (Short term) S5LS  Shot 4
5 Erection a. & Final stage (Long term) 5LS Long 5
. ‘ 7 Final stage (Short term) 5L  Shet &
& Intermedinte soge (. @8 8 Final stage (6.10s, ukimats) LS 7
8 Final stage (Long ter.. ~ 5§ Final stage (6.10b, utimate) ULS 7
ﬂ Final stage (Short ter...
8 Final stage (6103, ul...

oo @ Final stage (6510, ul...

Add ][ Change ][ Delete ” Insert ] Original text

Figure 2-36 Entering a fire load combination

Go to Load combinations, click on an existing load combination that will be used as a template with regards
to supports and material. Enter a unique name for the load combination (eg. Fire (6.11)), set limit state to
ULS, Type as Fire and Dependent of to “-“. Click Add to add the combination last in the list.

What will happen now is that you will get an option if you want to copy the selected load combination with
regards to material and placement of the supports. See Figure 2-37. It is recommended to do this copy, by

pressing Yes'. If you don’t do this copy you will have to define the supports for this load combination
manually.

-

Prestressed design ;]

I.-"'_"“-. You have chosen to create a new load combination. Do you want the

Y new load combination to inherit from the selected load combination
~ "Final stage (6.10b, ultimate)"?

If you choose "Yes" the load combination type, support information,

loads, material properties and other code information will be copied.

Cheoose "Me" if you only wish to create a new load combination.

T

ke = =

Figure 2-37 Create a load combination by copying an old combination

Verify that the correct type and dependency is selected. Dependency should be set to ”-” because in the
fire combination the cross section will be reduced depending on fire time. This will cause a different stress
distribution. If you would try to set a dependency of a fire calculation you will get an error message, see
Figure 2-38.

! Since these buttons are connected to the current language in Windows it will be “Yes” in your current language
settings, (Swe: “Ja” = Eng. “Yes”)
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-

Load combinations @

F_ I—E loadcombinations,

Loadcombinations of type Fire can not be dependent en prier

Figure 2-38 Setting an illegal dependency

If you successfully set the load combination you will se the result similar to Figure 2-35.

2.4.3 COMBINATION OF LOADS

According to EN 1990 6.4.3.3. (3) fire is an exceptional design situation, but only to some extent.
EN 1992-1-1 2.4.2.4 mention that the fire is exceptional regarding combination of loads, but material
properties should be picked from EN 1992-1-2 2.3 (1).

So to combine the loads, use formula 6.11 from EN 1990, see Figure 2-39.

izl

6.4.3.3 Combinations of actions for accidental design situations

(1) The general format of effects of actions should be :

Eg=EGy ;i P; gy o va )@k v, Qi F2150>1 (6.11a)

(2) The combination of actions in brackets { } can be expressed as :

X G P A () or oy )Qk.f'*"_zlvfz,iQk.\ (6.11b)
1>

(3) The choice between yq 0k or yn 0k, should be related to the relevant accidental
design situation (impact, fire or survival after an accidental event or situation).

NOTE Guidance is given in the relevant Parts of EN 1991 to EN 1999.

Figure 2-39 Excerpt from EN 1990 6.4.3.3

For example: ”1.0 * Dead load + 1.0 * Permanent loads + {; * Main load + {, * Other free loads”

Note that the prestressing load P will be handled automatically in the program. The term Ay is unique in this
accidental load combination, it will symbolize the indirect effet of the fire, but not the effect of the
temperature on the material — coefficient of thermal expansion etc. For example 1 (2.1 Modelling of a TT/F
240/54 with non-structural topping) it would be looking something like Figure 2-40.

44 Prestressed input/[PRE-Stress2 (Training example 6.4.004.ccp)*] =N

Input - Prestressed
3 9 project
-8 @ 50
----- 3
@ Release
@ storage/Maturing
@ Transport
@ Erection
@ Intermediate stage (...
@ Final stage (Long ter...
@ Final stage (Short ter...
@ Final stage (6103, ul...
@ Final stage (6.10b, ul..
o @ Fire (6.11)

Load combinations | Long tem parameters

Name Combination o loadcases (ex. 148140782} |\ oo Toe Dependent
B1+B2:83+0.7°B4| of

|p Fire {6.11) ULS » Fire - ¥ Loadcase
& 1 Release Bl SIS Shot B Dead load
& 2 Storage/Matung Bl SIS Long 1 B2 Installations
@ 3 Transpot 1.25°B1 SIS Shet 2 B3 Topping
@ 4 Erecion B1+B2+B3 SLS  Shot 3 B4 Liveload
@ 5 Intemediste stage (Short temm) B1+B2+B3+0.7°B4 SIS Shot 4
@ 6 Final stage (Longtem) B1+B2+B3+0.6°B4 SIS leng 5
@ 7 Final stage (Short tem) B1+B2+B3+0.7°B4 SIS Shot 6
@ & Final stage (6.10a, ulimate) 1.35°(B1+B2+B3)+ 150.7°B4 uLs 7
¢ 9 Final stage (6.10b, ulimate) 1.35°0.89°(B1+B2+B71+1 5°B4 LS 7
710 Fire (6.11) B1+B2+B3+0.7°B4 ULS  Fre

sdd | [ Change |[ Delete || nset [¥] Original text

Figure 2-40 Load combination Fire (6.11) with loads combined
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2.4.4 SETTINGS FOR THE FIRE
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& Prestressed input/[PRE-Stress2 (Training example 6.4.004.ccp)®]

Input - Prestressed
E‘ L~ Project

E %% | oad combinations
. 5 Release
5 Storage/Maturing
- @ Transport
. 5 Erection
- @ Intermediate stage (...
. aFinalstage(Longter...
5 Final stage (Short ter...
. 5 Final stage (6103, ul...
- & Final stage (610b, ul...
- @ Fire (511)

| Main reinforcement | Stimup reinforcement | Reinforcement details | Calculation settings | Fire

| Calculation sections

Fire time

60 min

Fire sides
[ Upper side
Bottom side
Left side

Right side

Concrete aggregate:

Siliceus -

-

Reinforcement

Class Class B -
Manufacturing  Hot rolled (@) -
Pre-stressed reinforcement
Class Class A

Manufacturing Cold worked prestress

Epsilon values

Use Epsilon 0,2% values

Under the Fire-tab there are a few settings (the manual will explain everything a bit furter in detail with
references to EN 1992-2):

e Fire time: Fire resistance, time in minutes. R30, R60, R90, R120, R180 och R240
e Fire sides: What sides that will be subjected to fire, slabelement (hollowcores and slabs) can only
be subjected by fire from the under and/or upper side. Beams and TT-elements can be subjected

from the sides aswell.

e Concrete aggregate: Type of concrete aggregate. Siliconbased or limestonebased aggregate. This

will affect the concrete strength at fire according to EN 1992 3.2.2.1.

e Reinforcement: Manufacturing class, see EN 1992-1-2 3.2.3. The class is shown in EN 1992-1-2,

Annex C.

e Pre-stressed reinf: Manufacturing class for prestressing steel according to EN 1992-1-2 3.2.4

e Epsilon values: Strain limit used for fire calculation, according to EN 1992-1-2 3.2.3

o €=0.2%, default value.

o If not 0.2% is used then £=2% will be used. In order to use the 2%-limit the code demands

justified assumptions for the calculation.
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2.4.5 CALCULATION AND RESULTS

The calculation is being performed in the usual way, no need for activating anything, except be sure to have
set the load combination to a frire-combination. So first perform an analysis then norm control (or
'design’).

2.4.5.1 CODE CHECK

Here a verification of the actual load combination is made against the capacity for fire of the highest
utilized sections. The three checks will be for highest positive moment, highest negative moment and
highest shearforce.

1 | Control [ﬁ
Section / Material Member: [TT 501 ,]
TT 240/54 / C40/50
Directior: y-4 Loadcase: [F"e [E.11) ']
Section: TT 240454

Calculation only made according to 1:st order theory.

Flexural buckling check in the plane of the frame iz made according to EM 5.8.7
Flexural buckling check out of the plane of the frame is made according to EN 5.8.7
Moment capacity [Design section x=6.00 . pos moment]

MyMpdy = 252.56/304.89 = 0.828 < 1

Moment capacity [Design section x=0.10 . neg moment]

MR gy = 0.07/-38.38 = 0.002 < 1

Shear capacity [Design section ¥=0.10]

YEdMRg =80.30/181.39=0443 <1

Figure 2-41 Control / code check

2.4.5.2 TABLE — BENDING
The result is not different from the ordinary bending-table. Values are considered using the reduced
crossection, parameters and material depending on the fire.

2.4.5.3 TABLE — SHEAR
Same as Table — Bendning, no unique results due to fire. Calculation of shear is made from the fire load
combination.
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2.4.5.4 TABLE — FIRE — REDUCED CONCRETE PARAMETERS

-

B ' Fire reduced concrete parameters

Member [TT w01 v] S’Iig:ﬂfation only made according to 1:st order m

Loadcasze: [Fire [6.11] ']

Fd 5 BRAA #

Table - Fire - Reduced concrete parameters

Section B fcd E.a an,r,mp k.: k-l:ijl.op 2 25 & oo H w , top w,bot Hr,up Br,up
m °C MPa GPa °c mm mm mm mm mm mm mm
0.000 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 515.82 239.64 169.64 97.85 1045.39
0.099 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 169.64 97.B5 1045.39
0.101 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 169.64 97.85 1045.39
0.468 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 169.64 97.B5 1045.39
0.599 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 160.64 O07.8B5 1045.39
0.601 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 1659.64 97.B5 1045.39
1.199 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 169.64 97.85 1045.39
1.799 20.0 40.0 35.220 307.22 1.00 0.84 20.18 2.15 519.82 239.64 169.64 97.B5 1045.39

1211 % 141 4 b Ready

Figure 2-42 Table — Fire — Reduced concrete parameters

The different columns in the fire load combination means:

e Section [m]: Section along the element

e 0Oy [°C]: Temperature in the middle of the crossection

e {4 [MPa]: Concrete strength

e E [GPa]: Module of elasticity for the concrete (reduced due to fire)

®  Owmrtiop [°Cl: Den temperature in the top flange, see more info about the indexes below.

e k. [-]: Factor used for reduction of the concrete material.

e ketiop [-]: Value of the reduction being used for different places of the section (indexes: see below)

e a,[mm]: Height of the damaged zone of the section

®  3,110p IMm]: Height of the damaged zone (indexes: see below)

e H[mm]: Remaining height of the section after reductions

Depending on the section there are different measurements and parameters being presented:

Parameter B [mm]: width. H [mm]: height

index: w: web, f: flange

index: top (upper, flange for instance) and bot (bottom)
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2.4.5.5 TABLE — FIRE — REINFORCEMENT

r =
8’ Fire reduced reinforcements parameters 8

Ed 8 BBaa #

Calculation only made according to 1:st arder

Member. 17 01 -] | theor.
Loadcase: [Fire [E11]) ']
Sectiors 0000 7

Table - Fire - Reinforcement -
¥ Z Temp Fya Iopa [
mm mm °C MFa MPa MFa
529 36 235.6 863.7 591.5 591.5
562 36 137.0 1100.5% B825.0 B25.0
638 36 137.0 1100.8 B825.0 825.0
871 36 235.6 863.7 5%1.5 591.5
527 69 126.9 1125.3 B48.1 g48.1
673 6% 126.9% 1125.3 848.1 848.1
37 503 138.2 10%8.0 822.3 B822.3
492 503 20.0 1337.1 1337.1 1337.1
708 503 20.0 1337.1 1337.1 1337.1
1163 503 138.2 1098.0 822.3 g22.3

106 % 1/1 4L

section 0.00

Blpd rﬂ,ld rﬂ,zed faa PP Bed,com Bed,eome,nhozt
GFa MFa MFa MFa MFa GFa GFa

180.39 863.7 863.7 1082.4 1082.4 29.45 29.45
18&.93 1100.9 1100.9 1272.7 1272.7 33.93 33.83
188.93 1100.% 1100.9 1272.7 1272.7 33.93 32.93
180.3% 863.7 863.7 1082.4 1082.4 29.45 29.45
189.53 1125.3 1125.3 1290.4 12890.4 34.28 34.28
189.53 1125.3 1125.3 1250.4 1230.4 34.28 34.28
lga.86 109&8.0 109&8.0 1270.6 1270.6 33.89 33.89
185.00 1337.1 1337.1 1337.1 1337.1 35.22 35.22
195. 0| 31337.11337.11337.1|[1337.3 | 35.22 35.22
188.86 1098.0 1098.0 1270.6 1270.6 33.89 33.89

+ Ready

Figure 2-43 Table - Fire — Reinforcement

The different columns in the fire load combination means:

e Y [mm]: Position of reinforcement in the local coordinatesystem of the element

e Z[mm]: Position of reinforcement in the local coordinatesystem of the element

e Temp [°C]: Temperature at the position of the reinforcement

e f,4[MPa]: Design strength of the reinforcement at current temperature

e fq [MPa]: Tensile strength of prestressing wire

fsoca [MPa]: Compressive strength of the prestressing wire

Espd [GPa]: Module of elasticity of the prestressing wire

fo.24 [MPa]: 0.2% design strength for tensile strength

fo.2ca [MPa]: 0.2% design strength of compressive strength

f,q [MPa]: 2% design strength for tensile strength (not recommended to use)

focqg [MPa]: 2% design strength of compressive strength (not recommended to use)
Ecd,conc [GPA]: Module of elasticity of the concrete (reduced due to fire)

Ecd concshort [GPa]: Short term module of elasticity of the concrete (reduced due to fire)
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2.4.5.6 TEMPERATURE GRADIENT

' ™
Section - Temperature Gradient -~ g
Member: [TI' 501 v] o
Loadcase: [Fire (6.11) ‘]
Section: [0.000 -]
W t>400°C
m =200 °C
B t=100°C
T z t=25°C |
— Damaged zone
540
v 13
—
1200
1 A f
- e —

Dashed line shows damaged zone. Concrete in the damaged zone is not being considered in calculations.
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