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Version Information

Welcome to the Bridge combinations EN 1990 manual.

This document provides introduction and information on the use of the Bridge combinations
defined by EN 1990 and EN 1991-2, in the way how are implemented within Scia Engineer.

Version info

Document Title Bridge combinations EN 1990
Release 2013

Revision 08/2012



Introduction

The purpose of this document is to introduce and explain, how the combinations for bridges,
described in EN 1990 and EN 1991-2, are implemented within Scia Engineer. This document also
contains a small tutorial example, which details how the user can define bridge combinations
correctly together with the standard building combinations.

Special rules for bridge combinations are defined by EN 1990 Amendment Al, which brings
Annex A2.

EN 1990

- Base Code (chapters 1-6)
- Annex A1
-Annex A2

-Annex B
-Annex C
-Annex D

- National Annexes NA

In this Annex A2, three main types of bridge combinations are defined. Combinations for Road
bridges, Footbridges and Rail bridges. Special types of loading for each particular type are also
defined together with its ¥ and y values. For each structure type a list of rules on how to
combine these types of loading in the combination itself is also provided.

The basic idea of new combinations is, that in addition user defines in his combination so called
Structure parameter, which will be the main parameter, for distinguishing which types of loads,
Uy and vy values and finally rules, are to be applied. Afterwards user can insert all suitable load
cases to his combination. When generating envelope combinations, a sub level of combination,
called Decomposed EN combinations, is introduced. These decomposed EN combinations are
generated with respect to the activated rules.

The bridge functionality is protected by a new protection code, therefore a new item is
implemented in the Functionality folder in the Project data dialog.



In general, the user may proceed in several steps, when defining new bridge (or even building)

combination. Do not take this as an exact order in combination definition. User may also start

with adjusting parameters in NA Setup dialog and then proceed differently. Take this as a

proposal, which will be used as an example in this document.

Step 1:
Step 2:
Step 3:
Step 4:
step 5:

Step 6:

Activate Protection

Create Load groups

Assign Load cases to the Load groups
Create a Code Combination
Decomposed EN combinations

Adjust (if needed) U values, y values and combination rules in NA Setup dialog

The user should have a good understanding of Eurocodes in general, especially the application
of the EN 1990 and EN 1991-2.

Accompanying this document, the reader will find two files for the example.

Footbridge example_initial.esa (only structure)

Footbridge example_final.esa (structure with loading and combinations)



Bridge combinations

Step 1: Activate protection

The bridge combinations functionality is protected by a new commercial module and
appropriate technical module, therefore new item Bridge design is added in the Functionality
folder in the Project data dialog. If checked, then the user may check also two new items in the
right window. By activating the Load combinations check box in the project, a new parameter
called Structure, will be expanded with other items for bridges. It can be set for Load groups,
Combination and also in the Construction stages Setup dialog.

If the functionality is off, the Structure setting will automatically be set to Building and all bridge
items will not be visible to the user. If the functionality is off, no bridge combinations can be
defined.

‘g '

Basic data I Functicunalit].r' Loads I Protection I

= Concrete
Fire resistance -
Hollow core slab r
= Bridge design
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Enginess Initial stress
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KFP1 application
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It may happen, that the user tries to open project, which is already containing some load groups
or combinations or even construction stages which have the Structure parameter set to any
bridge type, with Scia Engineer without proper license. In this case warning dialog below will be

displayed.

'.0.' Your current licence is not sufficient, The problem is:
L &

Following functionalities are not available: Bridge Combinations

Do wou want to try to continue with reduced functionality?
Warning! Projectwill be opened but saving it may lead to data
corruption,

Similar use case may happen, when the user deactivates the check Load combinations in the

Functionality folder in the Project data dialog.

= ™

& Content of construction stages and combinations may be changed! Do
¢ youwant to continue?

Me |

If the user confirms one of the two dialogs above, then a few things should be kept in mind:

New projects:

Content of a the Structure combo box in the Load group dialog will be reduced only to Building
and will be always disabled (no new load groups with bridge structure are allowed to be

created).

10



-
Cowrr .
AHEeBEK 9 S A A -

perm Mame NEW

grl Relation Exclusive -
Qfvk Load \ariahle -
% b

Fwk Load type Cat A : Domestic -
Qsnk

Qc

Acc

Seis

Prst

MNEW

Content of a the Structure combo box in Combinations dialogs will be reduced only to Building
and will be always disabled (no new combinations with bridge Structure are allowed to be

created).

Combination - NEW o

Contents of combination List of load cases I
E|. Load case E|. Load caze
Ll perm - perm
i i i
MName : INEW Delete | Add
Coeff: Comect | Delete Al | addan |
Type: IEN—SLS Quasi-permanent j
Structure: IBuiIding j
Description : I
Hanlinear
combination : I j

(B4 Cancel
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Content of a the Structure combo box in the Construction stages dialog (also in the variable

loads imputing dialog), will be reduced only to Building and will be always disabled.

-
L]

Construction stages setup

Mame

Tupe

Standard

Structure

Building

-I Load factors{Code independent combinations only)

= Permanent {longtemm) load cases
Gamma min [-]
Gamma max [-]
= Prestressed load cases
Gamma min [-]
Gamma max [-]
= Longterm part of variable loads
Factor Psi []
Results
Mame of gener. ultimate combination (mao)
Mame of gener. ultimate combination {mir)
Name of gener. serviceabilty combination
Name of gener. code combination

0.00
1.00

0,00
1.00

0.30

FO}-mAx
F{O}-MIN
F{O}-5LS
F{O}HCODE}

Older projects:

Any previously created Load groups, which were set to some bridge Structure type, will remain
untouched, until they are edited. If edited, the Structure parameter will be automatically set to
Building and parameter Load type to Category A (first item in the combo).

Any previously created Combinations, which were set to some bridge Structure type, will
remain untouched, until they are edited. If edited, the Structure parameter will be automatically
set to Building. All non-suitable variable load cases will be removed from the combination.

The Structure parameter in the Construction stages Setup dialog will be directly changed to
Building and all variable load cases in previously created Construction stages will be removed
from these stages.

The user will also not be able to calculate projects with these bridge combinations without a
proper license. If the license will not be found, a warning will be displayed when calculation is
started. After confirmation of this warning dialog the calculation will be terminated. It will also
not be possible to explode such combinations into envelopes or linear combinations.

12
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Warning: This project contains Bridge Combinations but either your
current license does not have this module or the functionality is not
activated.

Therefore the project cannot be calculated. Please review the protection

settings and the functionality.

On the other hand, all parameters connected to the bridges will still be visible in The NA Setup
dialog, both for new and old projects:

= NA Setup manager — Combination setup
= NA Setup manager - Psi factors
= NA Setup manager - Load combination factors y

- Standard EN Name Standard EN
B Cambination =] Combination
STR/GEQ) alternative (STR/GEO) altemative EN 1990: 6432 (3)
= Buildings Buildings
~ Combination setup Bl
Psifactors Combination setup
--Load combination factar. Psi factors
£ Bridges Load combination factors
=- Combination setup Reliability class EN 1350: Annex Bart. B.3.
Road bridges

- Foothridges

- Railway bridges
=-Psifactors

- Road bridges

- Foothridges

- Railway bridges
= Load combination factars
- Road bridges

- Foothridges

- Railway bridges
- Reliahility class

13



Step 2: Create Load groups

For further generation of bridge combinations it is neccessary to distinguish variable load groups
containing loads for buildings from variable load groups containing loads for bridges. When a
Load group is set to Variable, new parameter Structure will be displayed. In the combo box it is
possible to select from four options:

= Building (default standard, as it is implemented now)
= Road bridge (for list of actions see EN 1990;2002 Annex A2, table A2.1)
= Footbridge (for list of actions see EN 1990;2002 Annex A2, table A2.2)

= Railway bridge (for list of actions see EN 1990;2002 Annex A2, table A2.3)

A eBk oS SH A - ¥
LG1 Name LG1
Relation Standard -
Load Wariable -
Building

Foad bridge
Footbridge
Railway bridge

New | Insert | Edit | Dele‘tel

The Structure parameter will be disabled, when the functionality Bridge combinations is not
activated in the Project data dialog. It is set to Building by default.

14



According to the selection in this combo box, the content of Load type combo box is adjusted.

Content of a Load type combo box with the Structure parameter set to Buildings:

- ¥

Standard
Wariable
Building

Load type : Domestic

A . Domestic
. Offices
. Congregation
: Shopping
. Storage
- Wehicle <30kN
: Vehicle =30kN

Mew | Insst | Edt | Delets |

Content of a Load type combo box with the Structure parameter set to Road Bridges:

oo |

AIesmk o & SH A - ¥
LG1 Name LG1
Relation Standard -
Load Variable -
Structure Road bridge -
Load type Traffic -grla - TS |T
Traffic -gria - TS

Traffic -arla - UDL

Traffic - gria - Pedestr. + cycle track
Traffic - arlb - Single axde
Traffic - ar? - Horizontal forces
Traffic - ar3 - Pedestrian loads
Traffic - ard - Crowd loading
Traffic - arb - Special vehicles
Wind forces - FWk - Persistert
Wind forces - FWk - Execution
Wind forces - F*W - Design
Themal actions - Tk

Snow loads - Q5n k - Execution
Caonstruction loads - Qc

Mew | Insert | Edit | Delete | Close

15



Content of a Load type combo box with the Structure parameter set to Footbridges:

e R —

LG1 Name
Relation
Load
Structure
Load type

LG1

Standard -
Variable -
Footbridge -

Traffic - grl

Traffic - grl
Traffic - Ofvk
Traffic - gr?
Wind forces - FWlk

Themal actions - Tk

Snow loads - Q5n k - Execution
Construction loads - Qc

Mew | mset | Edt | Delets |

Close |

Content of a Load type combo box with the Structure parameter set to Railway bridges:

-
e
Al s & B Be | ...... | = | > | Al
LG1 Name LG1
Relation Standard -
Load Variable -
Structure Raitway bridge -
Load type Traffic -ar11 (LM71 + SW.A) |T

Traffic - gr11 {LM71 + SW/0)
Traffic - gr12 (LM71 + SW./0)
Traffic - gr13 (BrakingAraction)
Traffic - grl4 {Centrfugal nosing)
Traffic - gr15 (Unloaded train)
Traffic - gr16 (SW./2)
Traffic - gr17 (SW/2)
Traffic - gr21 (LM71 + SW./0)
Traffic - gr22 (LM71 + SW./0)
Traffic - gr23 (BrakingAraction)
Traffic - gr24 (Centrfugal /nosing)
Traffic - gr26 (SW/2)
Traffic - gr27 (SW2)
Traffic - gr31 (LM71 + SW./D)
Aerodynamic effects

General maintenance loading...
Wind forces - FWk - Characteristic
Wind forces - F~W - Design
Themnal actions - Tk

Snow loads - Q5n k - Execution
Congtruction loads - Gc 5

New | mset | Edt | Delete |

Close |

16



There is no mapping table between the items from this combo box. If for example the Structure

parameter is set to Building and the Load type is set to Cat H and afterwards the Structure

parameter is changed, the first value of the selected option will be selected in the Load type

combo.

Whenever a certain load case will be assigned to a certain combination, aditional restrictions are

implemented both for load group and load case in the Load group and the Load case dialogs.

Let's imagine that we have a LC4 assigned to a LG4, which Structure is set to Road bridges. A

combination CO1 for Road bridges is already created and LC4 is assigned in the combination.

Load group:

The Structure parameter for LG4 will became disabled and will not be possible to change. On the

other hand, Load type will still be possible to change.

1 " Load groups ﬁ
A ek v & FH ~ >

LGL "~ [Mame | LG4

LG2 Reelation Standard |
LG3 Load Vanable -l
LGS Load type Traffic - grla - TS |
LGA

LGT

L&

LGa

Load case:

For LC4 it will still be possible to change the Load group parameter to something else, but the

user may select only load groups with the same Structure parameter or independent variable

load groups for accidental and seismic loads. By pressing the three dots edit button, the Load

group dialog will be displayed, but with filtered content.

17



A Bk & Ed -
LC1 - PERM. - 5W Name LC4
LC2 - VAR, - BUILDING Description VAR. - ROAD

LC3 - VAR, - BUILDING
LC4 - VAR, - ROAD
LC5 - VAR, - ROAD
LCh - VAR, - FOOT

Action type Variable -
LG4

Load type

LCT - VAR, - FOOT Specification

LCE - VAR, - RAIL Duration

LCY - VAR, - RAIL Master load case None =
LC10 - VAR, - ACC

LC11 - VAR, - SEIS

LC12 - PERM. - PRSTR

LG10 Load Variabls -
LGil - T Road bridge
Load type Traffic - grla - TS .

These restrictions become active right after assigning a certain load case into the combination. If
the load case is not assigned yet, the user may freely change the load group.

18



Step 3: Assign Load cases to the Load groups

In this step, the user assigns his load cases in the load groups, which were defined in previous
step. The only change, in comparison to the use of older versions of Scia Engineer, is the
restriction with load group change, after assigning a load case into the combination. This has
been described also in the previous step.

The user opens the Load cases dialog and from the combo box Load group chooses an
appropriate load group.

e N

A eBEi» 0 & SH A .

perm Name arla

grla Description

Qfvk Action type Variable -
gr2 =

Furk LoadGroup

Tk Load type

Qsnk Specification

Duration

Master load case

Actions
Delete all loads
Copy all loads to another loadcase

Mew | Insert | Edit | Delete |

19



Step 4: Create a Code Combination

Combinations for buildings are distinguished from combinations for bridges too. The reason for

this is the usage of correct y and W factors, which are different and will be defined in another

system requirement. There is also a new combo box named Structure, where user may choose

from four possibilities: Buildings, Road bridges, Footbridges, and Railway bridges.

This combo is visible only for marked types of combinations, shown on picture below. Else it is

hidden.

Contents of combination

, -
e

List of load cases

2]

=4 Load case

MName :

ISetEi

1 Correct |
~|

Coeff:

IEnveIDpe - ultirmate

Envelope - serviceahility
Linear - ultirmate
Linear - serviceahili
MN-ULS (STR/GED) Set B
EN-ULS (STRYGED) SetC
EM-Accidental 1
EM-Accidental 2
EMN-Seismic

EMN-5LS Characteristic

Description :

Maonlinear
combination

EMN-5LS Frequent
MN-5L5 Cluasi-permanent

Delste | Add
Delete All | Addal |
0] Cancel

20



i ™
e I =

Contents of combination List of load cases

i =@ Load case

Name - ISet B Delete Add

Coeff- 1 Correct | Delete All Add All

Type - |EN-ULS (STR/GEO) SetB -

Structure: Foothridge

Description . |Road bridge
Foothridge
ailway bridoe

Hanlinear

combination :
Cancel

The right window with list of load cases is filtered according to the Structure selected in the
combo. This window shows :

=  Permanent load cases
=  Permanent prestress load cases

= Load cases connected to Accidental and Seismic load groups (only for Accidental or
Seismic combinations)

= Load cases, which are assigned to a certain variable load group, with the same Structure
type defined

21



If a Building combination for example is created, and then it is switched for example to
Footbridge combination, the content of the right window is refreshed and also the content of
the combination is checked. If any non-compatible variable load is found, it is automatically
removed from the content of the combination.

During this switch a warning message is displayed together with the changed content on the
background. the user may accept the change or cancel it.

fWarn'lng l..—.Jq'

! Content of combination may be changed! Do you want to continue?

The same warning is displayed when switching to/from Accidental and Seismic combinations.
Load cases which are assigned to Accidental load groups, are possible to input into the code
combination only when type of the combination is set to Accidentall or Accidental 2
combination. Practically the same way behaves load cases assigned to Seismic load groups,
which are possible to input only into Seismic code combination. In all other cases, accidental
and seismic load cases are not displayed in the List of load cases window. Also when such load
cases are already inputed in the content of combination and after that the type is changed, they
are removed from the combination.

Example:
Type of the combination List of load cases
Envelope, Linear All
EN-Code non-Accidental 1,2 and non-Seismic All except Accidental and Seismic
EN-Code Accidental 1,2 All except Seismic
EN-Code Seismic All except Accidental

The previous warning dialog is also displayed when switching combination type from non-code
to a code combination. The Structure parameter is set to Building as the default option.

22



The Structure parameter is also visible in the main Combinations dialog, where it has only
informative character. Here it is disabled and is not possible to change it. Therefore the list of
the load cases is always valid. The Structure parameter is visible again only for the Code
combinations here. Else it is hidden.

Parameter Type is also always disabled and it is not possible to change it.

A L BB 2 | & voucombnations -
[iene [coi

Description

Type EM-ULS (STR/GED) Set B

Structure Road bridge

Active cosfficients =

= Contents of combination

LC1-PERM. - SW [ 1.00
LC4 - VAR. - ROAD [ 1.00
LCS - VAR, - ROAD [ 1.00
LC10- VAR, - ACC [ 1.00
LC11-VAR. - SEIS [ 100
LC12 - PERM._ - PRSTR [ 1.00

This restrictions are implemented to ensure the correct input for the combinations.

23



Step 5: Decomposed EN combinations

For further generation of envelope combinations it is necessary to extract so-called
Decomposed EN combinations from the user defined "mother" Code combination. These new
combinations are the result combinations after applying both fixed elementary rules and
optional combination setup rules, on a original combination. These Decomposed EN
combinations will be then used for generating envelope combinations.

There is Decomposed EN combination action button shown for all buildings, road bridge,
footbridge and railway bridge Code combinations in the main Combinations dialog. It is hidden
for all other combinations. By pressing red marked three dots edit button the user may access a
dialog, where these combinations are stored together with the documented decomposition
process itself.

=

Mz & By | LR | = | Input combinations
Description
Type EN-ULS (STR/GEC) Set B
Structure Foothridge
Active coefficients r
= Contents of combination
pem [] 1,00
grla [ 1.00
Cifwle [-] 1.00
gr2 [ 1.00
Fuvke [-] 1.00
Tk [ 1.00
Qsnk [] 1.00
Qc [ 1.00
Actions
BExplode to envelopes TEE
Explode to linear oy
Show Decomposed EN combinations 3 |

MNew I Insert | Edit | Delete | Close |

24




By pressing mentioned edit button a new dialog is displayed. Here the precise process of
decomposed EN combinations can be viewed and checked. Final combinations can be found on
the bottom of the dialog, as in each step rule is applied on the combinations from the previous
step. By default, all check are active and need to be taken into the consideration. If the user
deactivates the check itself in the setup, it means, that the rule should be skipped. This will be

recognized in the dialog by showing the warning message under such rule.

-
------ gReference: EN 1990 Annex A1 & A2
- National Annex: Standard EN
- €01
- Description:
ype: EN-ULS (STR/GEQ) SetB
tructure: Footbridge
Content of combination
D P d EN binations - tent of binations
Mote: Duplicate decomposed combinations are automatically removed at each decomposition level
Fixed elementary rules
Rule: Footbridges - Only one group of traffic loads in the combination

B CO131 |
Optional bridge combination rules

" Rule: Footbridges - Qfvk not to be combined with other non-traffic loads - A2.2.3 (1) - Checkbox active
% Rule: Footbridges - Wind loads not to be combined with Thermal loads - A2.2.3 (2) - Checkbox active

Rule: Footbridges - Snow loads not to be combined with grl and gr2 - A2.2.3 (3) - Checkbox inactive
Rule not used in decomposition
% Rule: Footbridges - Snow loads and wind loads not to be combined with construction activity- A2.2.1 (10) - Checkbox active
Export Close

There is also a button for exporting all the data into the txt file. If used, the user is asked for a
path and a file name. By default, the path to the user folder will be set. After confirmation, txt

file is saved and directly opened in a notepad.

25



In general, there are three levels of filtering redundant combinations.

= First filtering is applied on the level of decomposed combinations, where all duplicated
combinations are removed at each decomposition level.

= Second level is done during generating envelope combinations

= Final level is executed on the level of linear explosion.

Decomposed EN combinations takes into account special rules given by EN 1990 Annex A2 and
EN 1991-2. Not every variable load should be combined with all others. For each Structure, a set
of appropriate rules is defined to enable proper generation of envelope combinations.

Generation rules for Building

Code EN 1990 A1l table Al.1 specifies these possible variable loads:

Action W v s

Imposed loads in buildings, category (see
EN 1991-1-1)
Category A : domestic, residential areas 0.7 0,5 0.3
Category B : office areas 0,7 0.5 0.3
Category C : congregation areas 0,7 0,7 0,6
Category D : shopping areas 0.7 0,7 0.6
Category E : storage areas 1.0 0,9 0.8
Category F : traffic area,

vehicle weight < 30kN 0.7 0,7 0.6
Category G : traffic area,

30kN < vehicle weight < 160kN 0.7 0,5 0.3
Category H : roofs 0 0 0
Snow loads on buildings (see EN 1991-1-3)*
Finland, Iceland, Norway, Sweden 0,70 0,50 0,20
Remainder of CEN Member States, for sites 0,70 0,50 0,20
located at altitude H = 1000 m a.s.1.
Remainder of CEN Member States, for sites 0,50 0,20 0
located at altitude H < 1000 m a.s.1.
Wind loads on buildings (see EN 1991-1-4) 0,6 0.2 0
Temperature (non-fire) in buildings (see EN 0.6 0,5 0
199]-1-5)
NOTE The w values may be set by the National annex.
* For countries not mentioned below, see relevant local conditions.

According to the code EN1991-1-1, it is not necessary to combine every variable load with the
rest. Exact rules are given separately also for buildings. By default, all these rules are enabled, to
follow standard EC-EN. However user is able to override these rules in national annex setup by
certain checkboxes. If the certain rule will be unchecked, than the combinations will ignore the
recommendation from EC-EN and will skip this rule.

26



In fact, there is only one rule to be applied for buildings:

EN 1991-1-1:2002 (E)

3.3.2 Additional provisions for buildings

(1) On roofs, imposed loads, and snow loads or wind actions should not be applied
together simultaneously.

This can be interpreted in different words like:

Category H loading should not be combined with snow or wind.

Here is the table, which shows, how to combine variable loads:

Cat A CatB CatC CatD CatE CatF CatG CatH Snow Wind Temp.

CatA
CatB
CatC
CatD
CatE
CatF
Cat G
CatH
Snow
Wind
Temp.

Rule 1 active - Category H loading not to be combined with snow or wind - EN 1991-1-1: 3.3.2 (1} I:l

As you can see for example, Cat H should be combined with everything but Snow and Wind.

Note:

Table above shows only Standard EN load groups. Also other additional NA load groups are
correctly taken into account in the combination rules.

27



Generation rules for Road bridges

Code EN 1990 A2 table A2.1 specifies these possible variable loads:

Action Symbol Wy w, W,
i 0,75 0,75 0
grla (LM1 + pedestrian or cycle-
0,4 0,4 0
track loads) -
Pedestrian + cycle track loads 0,4 0,4 0
grib (Single axle) 0 0,75 0
Traffic loads gr2 (Horizontal forces) 0 0 0
gr3 (Pedestrian loads) 0 0,4 0
grd (LM4 - Crowd loading) 0 - 0
2r5 (LM3 - Special vehicles) 0 - 0
. Persistent design situations 0,6 0,2 0
k
Wind forces W Execution 0,8 - 0
o 1 - -
Thermal actions Ty 0,6 0,6 0,5
Snow loads Qs, i (during execution) 0,8 - -
Construction loads Q. 1 - 1

Traffic loads (Load models) for road bridges should be, according to the code EN 1991-2, sorted
to several so called Group of loads. These groups of loads should be combined with other

variable loads but not with other group of loads from traffic. They are mutually exclusive.

EN 1991-2 « Traffic Loads on Bridges »

TRAFFIC LOAD MODELS FOR ROAD BRIDGES
Traffic load models

- Vertical forces : LM1, LM2, LM3, LM4
- Horizontal forces : braking and
acceleration, centrifugal, transverse

Groups of loads

-gria, grib, gr2, gr3, gr4, gr5
- characteristic, frequent and
quasi-permanent values

Combination with actions other than
traffic actions

28



Table 4.4a - Assessment of groups of traffic loads (characteristic values of the multi-component action)

CARRIAGEWAY FOOTWAYS
AND
CYCLE TRACKS
Load type Vertical forces Horizontal forces Vertical
forces only
Reference 43.2 433 434 4.3.5 44.1 442 3.3.2(1)
Load system LMI LM2 LM3 LM4 Braking and | Centrifugal | Uniformly
(TS and (Single axle) | (Special {Crowd acceleration and Distributed
UDL vehicles) loading) forces transverse load
systems) forces
grla Characteristic : ! Combination
values value "
grlb Characteristic
value
er2 Frequent Characteristic | Characteristic
values” value value
Gr()upg of gr_". ¢ Characteristic
Loads value ©
Grd Characteristic Characteristic
value value "
Gr3 See annex A Characteristic
value
Dominant component action (designated as component associated with the group)
“May be defined in the National Annex.
b May be defined in the National Annex. The recommended valve is 3 kN/m®.
“Seg 5.3.2.1-(2). One footway only should be considered to be loaded if the effect is more unfavourable than the effect of two loaded footways.
* This oroup is irrelevant if grd is considered.

Problematic group of loads grla — see example, how it may be used in the combination

Characteristic combinations of actions

grla

(IS + UDL + q . )"+"0.6Fypy o
81430345 "+"0.6T,
rlb

[Z(Gh - Il+l| ij e )1_ll+llpk Il+l| g .
&% e T,"+"(0.75TS + 0,4UDL +0.4¢,)

r “ v,

- ~

Yogrla

QSMJ’

If the user will create multiple load groups with TS, UDL or Pedestrian loads for grla, it will
always be considered together in the combination!! This means that all load cases from these
load groups together will be considered either leading or accompanying.
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Here is the list of Road bridges rules and a table, which shows, how to combine variable loads:

Only onewind action in the combination

Only one group of traffic loads in the combination

Rule 1 active - grlb not to be combined with other non-traffic loads - A2.2.2 (2)

Rule 2 active - Snow or wind load not to be combined with gr2-A2.2.2 (3ja

Rule 3 active - Snow or wind load not to be combined with gr3-A2.2.2 (3)b

Rule & active - Snow or wind load not to be combined with gré-A2 2.2 (3)c

Rule 5 active - Snow not to be combined with grla and grib-A2 2.2 (4)

Rule & active - Wind loads not to be combined with Thermal loads - A2 2.2 (B)

Rule 7 active - Snow loads and wind loads not to be combined with construction activity-A2.2.1 (10}

gris-TS

gria-UDL

grila-Ped]erlb

gria-Ts

gria-UDL

grla-Ped

FusE

ESa

T

£

= =

P = =
EEIIIEHIH

B B

+Rule 5

I

+Rule 5

As you can see for example, group of loads grla should be combined with Wind, Thermal forces

T, and Construction loads Q, only.

Concentrated load Qs is also mentioned in the EN 1990, but for road bridges no exact group of
loads is defined for this load. It is up to the user, where he puts it. Probably load group gr3-
pedestrian is the most suitable one.
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Generation rules for Footbridges

Code EN 1990 A2 table A2.2 specifies these possible variable loads:

Action Symbol W v, w,
erl 0,4 0,4 [
Traffic load O o o o
gr2 [ o [
Wind forces Foos 0,3 0,2 [+]
Thermal actions Te 0,6 0,6 0,5
Snow loads Q.. [during execution) 0.8 - o
Construction loads 0. 1 - 1

(2) Three models. mutually exclusive, should be taken into account, as relevant. They

consist of :

— auniformly distributed load, g,
— aconcentrated load @, . and

— loads representing service vehicles. Q

In fact grl equals to qgg

In fact gr2 equals Qgery

SErV 7

Table 5.1 - Definition of groups of loads (characteristic values)

Load type Vertical forces Horizontal
forces
Load system Uniformly Service vehicle
distributed load
Groups erl Gn 0 0.
of loads ar2 0 0. Ou

+ the Qy,, Where horizontal forces should not be considered

Here is the list of rules for Footbridges and a table, which shows, how to combine variable loads:

Only one group of traffic loads in the combination

Rule 1 active - Qy,, not to be combined with other non-traffic loads - A2.2.3 (1)

Rule 2 active - Wind loads not to be combined with Thermal loads - A2.2.3 (2)

Rule 3 active - Snow loads not to be combined with grl and gr2 - A2.2.3 (3)

Rule 4 active - Snow loads and wind loads not to be combined with construction activity- A2.2.1 (10)

NA/other

MA/other

A

3

=



Te

As you can see for example, the Group of loads grl should be combined with wind forces Fy,

Thermal actions T, and Construction loads Q. only.
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Generation rules for Railway bridges

The EN 1990 specifies two different types of traffic actions which can be used. Individual
Components of traffic Actions and Main traffic actions (group of loads). Since the majority of
combinations are done through group of loads, only this option is supported.

Code EN 1990 A2 table A2.3 specifies these possible variable loads:

Action | Symbol | w, I w, | W,

Individual components of traffic actions to be =kiped in 5tage 1

£rll [LM71+5W/0)
£rl2 [LM71+5W/0)
grl3 [Braking/traction)
grld [Centrifugal/nosing) 0,8 0,8 ]
grls [Unloaded train)
erlG [SwW)2)

erl7 [5wW/2)

£r21 [LM71+5W/0)
£r22 [LM71+5W/a)
Main gr23 [Braking/traction)

Traffic load

" P 0,8 a,7 0
traffic gri4 [Centrifugal/nosing)
actions Er2e [SW/2)
[Group of gra7 [SwW2)
loads) £r3l [LM71+5W/0) 0,8 0.6 a
Aerodynamic effects 0.8 0,5 a
Other operating actions General maintenance loading os 05 0
for non public footpaths ! !
Fos 0,75 0,5 o]
Wind forces -
F**ur 1 [+] a
Thermal actions Te 0,6 0,6 0,5
Enow loads 0, . [during execution) 0,8 - o
Construction loads a. 1 - 1
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Table 6.11 - Assessment of Groups of Loads for rail traffic (characteristic values of
the multicomponent actions)

number of Groups of loads Vertical forces Horizontal forces
tracks on Reference EN 1991-2 6.3.2/6.3.3 6.3.3 6.3.4 6.5.3 6.5.1 6.5.2 Comment
structure
= | number Load Loaded LM 711" SWi2 Unloaded | Traction, | Centrifugal Nosing
1 3 | oftracks | Group™ | track Swio @, @ | W& train Braking | force force
loaded HSLMCGHTJ in [1}) i
erll T, 1 1 05® 05 Max. vertical | with max.
longitudinal
ori2 T, 1 0.5 19 1 Max. vertical 2 with max.
transverse
or 13 T, 1™ 1 0,5 0,5 Max. longitudinal
gr 14 T, 1@ 0,5 1 1 Max. lateral
or 15 T, 1 19 1 Lateral stability with
“unloaded train™
or 16 T, 1 1@ 05% 05® SW/2 with max.
longitudinal
or 17 T, 1 0,5 12 1> SW/2 with max. transverse
or 21 T, 1 17 05% 057 Max. vertical 1 with max
T, 1 1@ 0,5 0,5 longitudinal
or 22 T, 1 05" 107 1 Max. vertical 2 with max.
T, 1 0,5 15 19 transverse
er 23 T, [ 1 05® 05 Max. longitudinal
Tl 1 “ l 0‘5 5 0!5 (5)
gr24 T, 1@ 0,5 1 1 Max. lateral
T, G 0.5 1 1
or 26 T 1 1> 05" 05" SW/2 with max.
T, 1 1@ 0,5 05@ longitudinal
or 27 T, 1 0,57 1™ 1™ SW/2 with max. transverse
T, 1 0.5 5 1 e 1@
gor 31 T; 0.75 0.75 % 0757 0.75% | Additional load case

Here is the list of rules for Railway bridges and a table, which shows, how to

loads:

Only one wind action in the combination

Only one group of traffic loads in the combination

Rule 1 active -Snow loads not to be taken into account - A2.2.4 (1)

Rule 2 active -Wind action not to be combined with gr13 orgr23-4A2.2 4 (3)a

Rule 3 active -Wind action not to be combined with grl6, gri7, gr26, gr27-A42.2. 4 (3)b

Rule 4 active - now loads and wind loads not to be combined with construction activity- A2.2.1 (10)

combine variable

dLEENL

Fue

+Rule 4

+Rule 4
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As you can see for example, group of loads gr13 should be combined with Aerodynamics, Gml,
Thermal actions T, and Construction loads Q. only.
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Step 6: NA Setup dialog

All combination rules together with U values and y values may be accessed in the NA Setup
dialog. They are different for buildings and for all three types of bridges. The user may access
them by pressing edit button for EN 1990 in the manager of National annexes dialog.

A LB 9| S SH A
Standard EN

MName Standard EN
National annex Standard EN
References

E EN 1990: Basis of structural design

EN 1991: Actions of structures

EN 1992: Design of concrete structures

EN 1993: Design of steel structures

EN 1994: Design of composite steel and concr...

EN 1997: Geotechnical design

EN 1999: Design of aluminium structures

By pressing this button the Setup dialog is opened and from the very first look it is obvious, that
the whole structure has been changed.

, ,

B Standard EN Name Standard EN

B Combination =

- [STR/GED) alternative

- Buildings

- Cormbination setup
Fsifactors

- Load combination factars

B Bridges

= Carbination setup
Road bridges

- Foothridges

- Railway bridges

=- Psifactors

-~ Road hridges

Footbridges

- Railway bridges

=-Load combination factors

- Foad bridges

Footbridges

- Railway bridges

Reliahility class

= (STR/GEO) altemative
Combination
= Buildings
Combination setup
Psi factors
Load combination factors
[= Bridges
=l Combination setup
Road bridges
Footbridges
Railway bridges
=1 Psi factors
Road bridges
Footbridges
Railway bridges
1= Load combination factors
Road bridges
Footbridges
Railway bridges
Reliability class

EN 1990: 6.4.3.2 (3)

EN 1550: Annex A1 Table A1.1

EN 1990: Annex A2 Table AZ.1
EN 1990: Annex A2 Table AZ 2
EN 1330: Annex A2 Table AZ 3

EN 1390: Annex B art. B.3.

Load default NA pararmeters




Combination setup

According to the codes EN 1990 Annex2 and EN 1991-2, it is not necessary to combine every

variable load with the rest. Exact rules are given separately for all kinds of bridges and also for

buildings. By default, all these rules are enabled, to follow standard EC-EN. However user will

be able to use the rules in national annex setup by certain checkboxes. If the certain rule will be

unchecked, than the combinations will ignore the recommendation from EC-EN and will not

consider this rule.

Combination setup rules both for bridges and for buildings are listed here.

--Footbridges

Railway bridges
=-Load combination factors
-~ Road bridges
--Foothridges
- Railway bridges
Reliahility class

- ™
" Seup mansger e —— i
= Standard EN MName Standard EN
B Combinatian =l Combination
- (STR/GEQ) alternative + (STR/GEO) altemative EN 1550: 6432 3)
= Buildings = Buildings
[l - Combination setup =l Combination setup
- Psifactors . + Category H loading not to be combined with snow or wind
- Load combination factars +# Psi factors EN 1930: Annex A1 Table A1.1
B Bridges + Load combination factors
2R Cornbination setup =
=l Bridges
Road bridges = \(‘ e |
- Foothridges
¥ Road brid
Railway bridges = Footbnl'm
= Psi factors <
A B -
Road bridges e
+ Psi factors

*| Load combination factors

* Reliability class EN 1390: Annex B art. B.3.

Load default NA pararmeters

| 0K | Cancel ‘ |
|

By setting focus on a certain rule, the description field will be displayed in the dialog to provide

more detailed info on a selected value. In this field, three strings (Reference, Description and

Application) are displayed.
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Combination rules for Buildings:

E- Standard EN Name Standard EN
B} Combination = Combination
- [STR{GED) alternative (STR/GEO) altemative EN 1990: 6.4.3.2 (3}

B Buildings [= Buildings

- Combination setup =l Combination setup
Psifactors = Category H loading not to be combined with snow or wind

- Load cmnaton facors e — =~ 8

B Bridges Psi factors EN 1590 Annex A1 Table A1.1

= Carbination setup

Foad brid Load combination factors
Oa .I’\ ges Bri
--Footbridges ,g .
Reliability class EN 1990: Annex Bart. B.3.

- Railway bridges

=- Paifactors

-~ Road hridges
Footbridges

- Railway bricges

=-Load combination factors

- Road bridges

Footbridges

- Railway bridges

Reliahility class

Reference: EN 1991-1-1: 3.3.2 (1)
Description: On roofs, imposed loads, and snow loads or wind actions should not be applied together simultaneously.
Application: Generation rule used in combinations for buildings.

Load default NA parameters | oK | Cancel |

The following rules for Combination setup for Buildings are given:
Category H loading not to be combined with snow or wind
=  Reference: EN 1991-1-1: 3.3.2 (1)

= Description: On roofs, imposed loads, and snow loads or wind actions should not be applied
together simultaneously.

= Application: Generation rule used in combinations for buildings.
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Combination rules for Road bridges:

et g

1

- Standard EN
& Combination
L (STR/GED) altemative
B Buildings
- Camhbination setup
- Psifactors
- Load combination factors
=- Bridges

5 Combination setup

- Foothridges

- Railway bridges

= Psifactors

- Road bridges

- Footbridges
Railway bridges

=-Load combination factors

- Poad bridges

- Footbridges

- Railway bridges

- Reliability class

The following rules for Combination setup for Road bridges are given:

Name
= Combination
+ (STR/GEQ) altemative
+ Buildings
- Bridges
=I Combination setup

Standard EN

EN 1990:6.4.3.2 (3)

- [Road brdges

=l grib not to be combined with other nonraffic loads
Value

=l Snow or wind load not to be combined with gr2
Value

=l Snow or wind load not to be combined with gr3
Value

=l Snow or wind load not to be combined with grd
Value

=l Snow not to be combined with gria and grib
Value

=/ Wind loads not to be combined with Thermal loads
Value

= Snow loads and wind loads not to be bined with

Value
+ Footbridges
+ Railway bridges
+ Psi factors
+ Load combination factors
+ Reliability class

Load default NA parameters

grlb not to be combined with other non-traffic loads

= Reference: EN 1990: Annex A2 A2.2.2 (2)

= Description: Load Model 2 (or associated group of loads grlb) and the concentrated load Qfwk
(see 5.3.2.2 in EN 1991-2) on footways need not be combined with any other variable non traffic

action.

= Application: Generation rule used in combinations for road bridges.

Snow or wind load not to be combined with gr2

= Reference: EN 1990: Annex A2 A2.2.2 (3)




=  Description: Neither snow loads nor wind actions need be combined with braking and
acceleration forces or the centrifugal forces or the associated group of loads gr2.

=  Application: Generation rule used in combinations for road bridges.
Snow or wind load not to be combined with gr3
= Reference: EN 1990: Annex A2 A2.2.2 (3)

= Description: Neither snow loads nor wind actions need be combined with loads on footways and
cycle tracks or with the associated group of loads gr3

= Application: Generation rule used in combinations for road bridges.
Snow or wind load not to be combined with gr4
=  Reference: EN 1990: Annex A2 A2.2.2 (3)

= Description: Neither snow loads nor wind actions need be combined with crowd loading (Load
Model 4) or the associated group of loads gr4.

=  Application: Generation rule used in combinations for road bridges.
Snow not to be combined with grla and grlb
=  Reference: EN 1990: Annex A2 A2.2.2 (4)

=  Description: Snow loads need not be combined with Load Models 1 and 2 or with the associated
groups of loads grla and grlb unless otherwise specified for particular geographical areas.

= Application: Generation rule used in combinations for road bridges.
Wind loads not to be combined with Thermal loads
= Reference: EN 1990: Annex A2 A2.2.2 (6)

= Description: Wind actions and thermal actions need not be taken into account simultaneously
unless otherwise specified for local climatic conditions.

= Application: Generation rule used in combinations for road bridges.
Snow loads and wind loads not to be combined with constr. activity
= Reference: EN 1990: Annex A2 A2.2.1(10)

= Description: Snow loads and wind actions need not be considered simultaneously with loads
arising from construction activity Qca (i.e. loads due to working personnel).

=  Application: Generation rule used in combinations for road bridges.
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Combination rules for Footbridges:

~
- Standard EN Name Standard EN |
& Combination = Combination
[STR/GED) alternative + (STR/GEQ) altemative EN 1990: 6.4.3.2 (3)
B Buildings + Buildings
-- Comhbination setup - Bridges
- Psifactors =] Combination sctup
- Load combination factors + Road bridges
=8 B:ridges 5 [R =
& Cambination setup = Qfvk not to be combined with other non traffic loads
RD Ing Value @ yes
Ra brges =1 Wind loads not to be combined with Thermal loads
= Psifactors Value v yes |
- Poad bridges =I Snow loads not to be combined with grl and gr2 i
- Foothridges Value v yes
Railway bridges = Snow loads and wind loads not to be bined with
= Load combination factars Value @ yes
- Road bridges * Railway bridges
- Footbridges + Psi factors
- Railway bridges + Load combination factors
- Reliability class + Reliability class EN 1990: Annex Bart. B.3.

Load default NA parameters

The following rules for Combination setup for Footbridges are given:
Qfvk not to be combined with other non-traffic loads
= Reference: EN 1990: Annex A2 A2.2.3 (1)

= Description: The concentrated load Qfwk need not be combined with any other variable actions
that are not due to traffic.

= Application: Generation rule used in combinations for footbridges.
Wind loads not to be combined with Thermal loads

= Reference: EN 1990: Annex A2 A2.2.3 (2)
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= Description: Wind actions and thermal actions need not be taken into account
simultaneously unless otherwise specified for local climatic conditions.

=  Application: Generation rule used in combinations for footbridges.
Snow loads not to be combined with grl and gr2
= Reference: EN 1990: Annex A2 A2.2.3 (3)

= Description: Snow loads need not be combined with groups of loads grl and gr2 for footbridges
unless otherwise specified for particular geographical areas and certain types of footbridges.

=  Application: Generation rule used in combinations for footbridges.
Snow loads and wind loads not to be combined with constr. activity
= Reference: EN 1990: Annex A2 A2.2.1(10

= Description: Snow loads and wind actions need not be considered simultaneously with loads
arising from construction activity Qca (i.e. loads due to working personnel).

=  Application: Generation rule used in combinations for footbridges.
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Combination rules for Railway bridges:

( etup manage

- Standard EN
& Combination
L (STR/GED) altemative
B Buildings
- Camhbination setup
- Psifactors
- Load combination factors
=- Bridges
3 Combination setup
- Road bridges
- Foothridges

= Psifactors
- Road bridges
- Footbridges

Railway bridges
=-Load combination factors
- Poad bridges
- Footbridges
- Railway bridges
- Reliability class

Name
= Combination
+ (STRAGED) altemative
+ Buildings
- Bridges
=I Combination setup
+ Rpad bridges

-
H

-I |Railway bridges

= Snow loads not to be taken into account
Value
=l Wind action not to be combined with gr13 or gr23
Value
=l Wind action not to be combined with gri16. gr17. or26. gr27
Value
=I Snow loads and wind loads not to be combined with constr. activity
Value
+ Psi factors
+ Load combination factors
+/ Reliability class

Standard EN

EN 1990: 6.4.3.2(

]

@ yes

@ yes

EN 1990: Annex B art. B.3.

Load default NA parameters

The following rules for Combination setup for Railway bridges are given:

Snow loads not to be taken into account

= Reference: EN 1990: Annex A2 A2.2.4 (1)

= Description: Snow loads need not be taken into account in any combination for persistent design

situations nor for any transient design situation after the completion of the bridge unless

otherwise specified for particular geographical areas and certain types of railway bridges.

= Application: Generation rule used in combinations for railway bridges.

Wind action not to be combined with gr13 or gr23

= Reference: EN 1990: Annex A2 A2.2.4 (3)
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= Description: Wind action need not be combined with groups of loads gr 13 or gr 23.
= Application: Generation rule used in combinations for railway bridges.
Wind action not to be combined with gr16, gr17, gr26, gr27
= Reference: EN 1990: Annex A2 A2.2.4 (3)
= Description: Wind action need not be combined with groups of loads gr 16, gr 17, gr 26, gr 27.
= Application: Generation rule used in combinations for railway bridges.
Snow loads and wind loads not to be combined with constr. activity
=  Reference: EN 1990: Annex A2 A2.2.1(10)

=  Description: Snow loads and wind actions need not be considered simultaneously with loads
arising from construction activity Qca (i.e. loads due to working personnel).

= Application: Generation rule used in combinations for railway bridges.
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Psi factors

Groups for Psi factors W both for bridges and buildings are implemented here.

,

= Standard EN
B Combination

- [STR/GED) altermative
- Buildings
- Cormbination setup

Psifactors
- Load combination factars
B Bridges
=- Combination setup
-~ Road bridges
--Foothridges
- Railway bridges

- Road bridges
Footbridges

- Railway bridges
=-Load combination factors
- Road bridges
Footbridges

- Railway bridges
Reliahility class

Name
1= Combination

(STR/GEO) altemative

= Buildings

Combination setup

=1 Psi factors

Psifactors

Load combination factors
[= Bridges

Combination setup

= [Psi factors

= Road bridges
Psi factors

= Footbridges
Psi factors

= Railway bridges
Psifactors

Load combination factors
Reliability class

Standard EN

EN 1990:6.4.3.2 (3)

EN 1930: Annex A1 Table A1.1

EN 1930: Annex A2 Table AZ.1

EN 1990: Annex A2 Table AZ.2

EN 1390: Annex A2 Table A2 3

EN 1990: Annex B art. B.3.

Load default NA pararmeters

Psi factors are code recommended values and user may edit them by using the appropriate edit
button. By pressing it, new dialog appears and here the user may adjust the values. The dialog

name corresponds to the appropriate type used. (for example Psi factors for buildings)
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Psi factors W,, W, and, W, for buildings are given by EN1990 A1, Table A1.1.

0| G| = | |G| )t Pa| =

—
=

—_
—

CategaryA
CategoryB
CategonyC
CategoryD
CategoryE
CategoryF
CategonyG
CategoryH
Sniow
Wind
Temperature

Load default MA parameters

Note:

Table above shows only Standard EN load groups. Also other additional NA load groups are

correctly shown in appropriate national annexes.

Psi factors W,, W, and, W, for road bridges are given by EN1990 A2, Table A2.1.

, |

Load

Ps0 | Psl | Ps2 |

LT-R-C RS -0 S - TN N R

—
=]

—
—

—
o8]

—_
%]

—
F=S

Traffic -grla - TS
Traffic - grla - UDL

Traffic - grla - Pedestr. = cycle ...

Traffic - grlb - Single axde
Traffic - gr? - Horzontal forces
Traffic - gra - Pedestrian loads
Traffic - grd - Crowd loading
Traffic - grh - Special vehicles
Wind forces - FWl - Persistent
Wind forces - FWWk - Execution
Wind forces - F*W - Design
Themal actions - Tk

Snow loads - A5n k - Bxecution
Construction loads - Qc

Load default MA parameters

[ e R e R e [ e I = Y e [ e T = R e N = ]

=
wn
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Psi factors W,, W, and, W, for footbridges are given by EN1990 A2, Table A2.2.

(v e B
Load | 0 | Pa1l | Ps2 |
Treffic - grl 04 04 0
Traffic - Gfvk 0 0 0
Traffic - gr2 0 0 1]
Wind forces - Flk 03 02 0

Thermal actions - Tk
Snow loads - Q5n k - Bxecution
Construction loads - Gc

| R[N | | | R —

Load default MA parameters

Psi factors W,, W, and, W, for railway bridges are given by EN1990 A2, Table A2.3.

|

Load | PsD | Pst | Psi2 [a
1 | Traffic - gr11 (LM71 + SW./0) 0.2 0.8 1]
2 | Traffic - gr12 (LM71 + SW./0) 0.2 0.8 1]
3 | Traffic - grl13 (BrakingAraction) 0.8 08 1]
4 | Traffic - gr14 (Centrifugal /nosing) 0.8 08 1]
5 | Traffic - gr15 {Unloaded train) 0,8 08 0
6 | Traffic - grl6 (SW/2) 0.2 0.8 0
7 | Traffic - gr17 (SW/2) 0.2 0.8 0
8 | Traffic - gr21 (LM71 + SW/D) 0.2 0.7 0
5 | Traffic - gr22 (LM71 + SW/0) 0.8 0.7 0
10 | Traffic - gr23 (Braking.traction) 0,8 07 0
11 | Traffic - gr24 (Centrifugal /nosing) 0.8 0.7 0
12 | Traffic - gr26 (SW/2) 0.2 0.7 0
13 | Traffic - gr27 (SW2) 0.8 0.7 0
14 | Traffic - gr31 (LM71 + SW/D) 0.8 06 0
15 | Aerodynamic effects 0,8 05 0
16 | General maintenance loading... 0.8 05 0 =
17 | Wind forces - FWk - Character... 0.75 05 1]
18 | Wind forces - F™W - Design 1 0 0
15 | Themal actions - Tk 06 06 05
20 | Snow loads - Q5n k - Execution 0.8 0 0
21 |Construction loads - Ge 1 0 1 -
Load default MA parameters | Ok I Cancel




Load combination factors

Groups for Load combination factors y both for bridges and buildings are implemented here.

= Standard EN Name Standard EN -
B Combination = Combination
- (BTR{GED) alternative (STR/GEQ) altemative EN 1990:6.4.3.2 (3)
& Buildings (= Buildings
l - Cormbination setup Combination setup
l Psi factors Psi factors EN 1990: Annex A1 Table A1.1
- Load combination factars =l Load combination factors
B Bridges Fundamental combination (STR/GEQ) Set B EN 1980: Annex A1 Table A1.2(B)
- Combinatian setup Fundamental combination (STR/GEQ) Set C EN 1990: Annex A1 Tabie A1 2(C)
-~ Road bridges _
--Foothridges = B
N Combination setup
- Railway bridges A
=- Psifactors i
- Rosd bridges =I Load combination factors I
Footbridges El Road bridges
- Pailway bridges =l Fundamental combination (STR/GEQ) Set B EN 1930: Annex A2 Table A2 4(B) I
= Load combination factors = Permanent action - unfavorable
- Road bridges | .35
Footoridges =/ Permanent action -favorable =
- Railway bridges Value 1.00
Reliahility class = Leading variable action - unfavorable due to rad or___
Value 135
= Accompanying variable action - unfavorable due to ..
Value 135
[= Leading variable action - all other
Value 150
= Accompanying variable action - all other
Value 150
= Reduction factor ksi
Value 085
Fundamental combination (STR/AGEQ) Set C EN 15930: Annex A2 Table A2.4(C)
= Footbridges
Fundamental combination (STR/GEQ) Set B EN 1930: Annex A2 Table A2 4(B)
Fundamental combination (STR/GEQ) Set C EN 1990: Annex A2 Table A2.4(C)
= Railway bridges
Fundamental combination (STR/AGEQ) Set B EN 1950: Annex AZ Table A2 4(B) B
Fundamental combination (STR/AGEQ) Set C EN 15930: Annex A2 Table A2.4(C) il
Refersnce: EN 1990 Annex A2 Table A2.4 (B}
Description: Partial factor for unfavorable permanent actions
Application: Used in Eq. 6.10 altematively in Eq. 6.10a, Eq. 6.10a "modified” and Eg. 6.106.
Load default NA pararmeters | Ok | Cancel

Load combination factors y values will be editable directly in the setup.

As you can see from the picture above, by setting focus on an item, the description field is
displayed at the bottom of the dialog to provide more detailed info on a selected value. In this
field, three strings are displayed:

= Reference - provides reference to the EN Code
= Description - provides explanation on the value

=  Application - provides place, where the value is used
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Load combination factors for buildings from EN 1990 A1, Tables A1.2 (B,C)

B | Lead combination factors for buildings
B | Fundamental combination (STR/GED) Set B

B

B

B

B

B

Permanent aclion - untavorable
Value [

Permanent action - favorable
Value [

Leading varable action

Walue [

Accompanying variable action
Walue [

Reduction factor ksi

Value []

B | Fundamental combination (STR/GED) Set C

B

B

Permanent aclion - untavorable
Value [

Permanent aclion - favorable
Value [

Leading variable action

Value [

Accompanying variable action
Value [

EN 1330: ,

1,35

1,00

1,50

1,50

0.85
EM 1330: .

1,00

1,00

1,30

1,30

Annex Al

Annex Al...
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Load combination factors for Road bridges from EN 1990 A2, Tables A2.4 (B,C)

El |Load combination factors for road bridges

B Fundamental combination (STRAGED) Set B
B Permanent action - untavorable

B

B

B

Value []

Permanent action - favorable

Value []

Leading variable action - unfavorable

Walue [

due to road or pedestrian

Accompanying variable action - untavorable

Value []

due to road or pedestrian

Leading variable action - all other

Value []

Accompanying varable action - all other

Walue [

Reduction factor ksi

Value []

B Fundamental combination (STR/GED) Set C
B Permanent action - untavorable

B

=

Walue [

Permanent action - favorable

Walue [

Leading varable action - unfavorable

Value []

due to road or pedestrian

Accompanying variable action - untavorable

Walue [

due to road or pedestrian

Leading variable action - variable part of ...

Value []

Accompanying variable action - variable part of ...

Walue [

Leading variable action - all other

Value []

Accompanying variable action- all other

Value []

EM 1550: Annex AZ...

135

1.00

138

135

150

150

0.85
EM 1550: AnnexAZ....

1.00

1.00

115

115

1,30

1.20

130

1.30
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Load combination factors for Footbridges from EN 1990 A2, Tables A2.4 (B,C)

El |Load combination factors for footbridges

B Fundamental combination (STRAGED) Set B
B Permanent action - untavorable

B

B

B

Value []

Permanent action - favorable

Value []

Leading variable action - unfavorable

Walue [

due to road or pedestrian

Accompanying variable action - untavorable

Value []

due to road or pedestrian

Leading variable action - all other

Value []

Accompanying varable action - all other

Walue [

Reduction factor ksi

Value []

B Fundamental combination (STR/GED) Set C
B Permanent action - untavorable

B

=

Walue [

Permanent action - favorable

Walue [

Leading varable action - unfavorable

Value []

due to road or pedestrian

Accompanying variable action - untavorable

Walue [

due to road or pedestrian

Leading variable action - variable part of ...

Value []

Accompanying variable action - variable part of ...

Walue [

Leading variable action - all other

Value []

Accompanying variable action- all other

Value []

EM 1550: Annex AZ...

135

1.00

138

135

150

150

0.85
EM 1550: AnnexAZ....

1.00

1.00

115

115

1,30

1.20

130

1.30
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Load combination factors for Railway bridges from EN 1990 A2, Tables A2.4 (B,C)

B [Load combination facters for railway bridges |

H  Fundamental combination (STR/GEQ) Set B EMN 1950: Annex AZ...
Bl | Permanent action - untavorable
Value [ 1,35
El Permanent action - favorable
Value [] 1,00

B Leading variable action - unfavorable
due to railway
Value [ 1.45

B Accompanying variable action - unfavorable
due to railway

Value [ 1.45
El | Leading variable action - unfavorable
due to railway gr 16-17
Value [] 1.20

Bl Accompanying variable action - unfavorable
due to railway gr 16-17

Value [ 1.20
El | Leading variable action - unfavorable
due to railway gr 26-27
Value [ 1,20

B Accompanying varable action - unfavorable
due to railway gr 26-27

Value [ 1,20
B Leading variable action - all other

Value [ 150
Bl Accompanying variable action- all other

Value [ 1,50
El Reduction factor ksi
Value [] 0,85
H Fundamental combination (STR/GED) Set C EN 1930: AnnexAZ....
El Permanent action - untavorable
Value [] 1,00
Bl Permanent action - faverable
Value [] 1.00

Bl Leading variable action - unfavorable
due to railway

Value [ 1,25

B Accompanying variable action - unfavoraple
due to railway

Value [ 1,25
Bl Leading variable action - variable part of ...

Value [ 1,30
Bl Accompanying variable action- variable part of ..

Value [] 1.30
Bl Leading wariable action - all other

Value [ 1,30
Bl Accompanying variable action- all other

Value [ 1,30




Other features

Leading variable action

There is a sub-group, which shows which variable load case is leading for each generated
envelope combination. This info is visible in the combination dialog, when the Content of
combination filter is active.

This change will be noticeable in Content of combination only for such EN Code combinations,
which define a leading variable action. These are in fact the red marked combinations on the
following picture.

Enwvelope - ultimate
Enwvelope - serviceability
Linear - ultimate
Linear - serviceahili
EM-ULS (S TR/GED) Set B
EM-UILS (STR/GED) Set
Er-Accidental 1
Er-Accidental 2
EM-Seismic

EMN-5L5 Characteristic
EM-5SLS Freguent

EN-5L5 Cluasi-permanent F

The sub-group Leading variable action is displayed together with the appropriate leading
variable load case only for such generated envelope combinations, which really contain some
leading variable action. The load case is displayed without any coefficient in this sub-group. If
there is no leading variable action in the generated envelope combination, no sub group is
shown.
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o —

Be | K3 | =] | Cortterts of combinations
| |Name [SetBs
Description
Type Envelope - ultimate
= Contents of combination
PERM [] 1.00
: PRSS[H 120
CATAL %
?" S‘i, CATBH 1.05
et B.
Set B.11 CATCH 1,05
SetB.12 CATDH 1.05
Set B3 CATEM 1.50
Set B.14 CATFH 1.05
ot CATG[ 1.05
b7 TEMP [] 0.50
Set B18 ' Leading variable action
SetB.19 CATA
Set B.20

In case of Road bridges, when all sub-groups of Group of loads grla are defined, there may be
also more than one leading variable action.

E Cmb'"atm— =
A Be | ) (4 | = | Contents of combinations
SetB.d « | |Name |setE6
SetB.2 H Description
oetE3 Type Envelope - uttimate
gi g: = Contents of combination
Fem [ o
SetB.7 grla-TS[H 135
Set B grla-UDL [ 1.35
e grla-Ped ] 1,35
Set B.11 Fuk-P [1 0.50
SetB.12 Prst [ 1.00
Set B.13 = Leading variable action
Set B4 arla-TS
setB.15 grla-UDL
SetB.16 e
Set B.17
Set B.18
SetB.19

54



(STR/GEO) alternative

The EN 1990 code specifies three possibilities how to define Combinations of actions for
persistent or transient design situations:

Equation 6.10:

2 Ve O T e P T Y0 1O T 2V oo
j=l i>1

Equation 6.10a & 6.10b

2 76, Gk, "+ P 70 w010k 1" 27 0,i%0,i0k i

jzl i1
257G, GOk, "y PP 010k " X7 0.i¥0,i9.i
Jzl izl

Equation 6.10a "modified" & 6.10b

Note 1 of Table A1.2(B) specifies, that the choice between 6.10, or 6.10a and 6.10b will be in the
National annex. In case of 6.10a and 6.10b, the National annex may in addition modify 6.10a to
include permanent actions only. If applied, then the formula would look like this:

o . nyn
Z}/[}LsqukJﬂsup T Z}/L}j,ininj,int‘

J21 i>1

The user can now select this 6.10a "modified"& 6.10b equation in the same combo box, next to
already implemented equations 6.10 and equation 6.10a & 6.10b in NA setup dialog. See the
picture below.
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" Setepe

kil EN

= Sandard EM tuame
&= Combinaton = Combsmabion
[STRIGED) alamat = (S TRAZED] aberratine
Flokekalty class  Combiruion
= Mm 5600
nafon setup " Pushdrags.
Faitaciees " Brdges ;Eglﬁﬂ'fmum
* Hehabty

L RE LT F

Lead combination acsoes
= Bndges

= Combinabon Sstup
Fioad bridges
Fopthndges
Flaieery bridges

= Pyl lactons
Raoad bridges
Foolndgas
Radsry badgii

& Load combinaiion acices
Fond bndids
Foothndges
Fiautetny Edgat

Lo chedssh HA pammaiam 0 Cancel I

By choosing this Equation, envelope combinations generated from a Code combination 6.10a
"modified" will contain only permanent unfavorable and permanent favorable load cases. No
variable, accidental, seismic or prestress load cases are taken into account with this 6.10a
"modified" part of equation. Envelope combinations coming from 6.10b will be the same as for

previous option from the combo box.
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Construction stages

Automatically generated Code combinations from the Construction stages are created with
respect to the latest bridge combination development and also envelope combinations should
respect rules and appropriate settings.

Adjusted implementation of a Structure parameter together with the filter for variable load
cases in construction stages environment should do the trick.

There is one major switch in the Construction stages setup, where the user decides which
Structure parameter will be used for all Construction stages. Building will be set as a default
value, but the user may still choose also one of the three bridge items.

g |
Tyne Time dependent anahsis -
Structure Building -
[+ L oad tactors(Lode independent combinations only)
TDA
= Results
Mame of gener. utimate combination {max) FlOH-MAK
| Mame of gener. utimate combination {min) FiO}-MIN
Mame of gener. creep load case FlO}Creep
| Mame of gener. serviceability combination FIO-SLS
I Mame of gener. code combination FO}-{CODE}
oK Cancel

When the user creates some construction stages, there will also be parameter Structure
displayed right below the Type parameter. It will not be possible to change it. Also the Type of
generated combinations is disabled if any load group in the project has its Structure parameter
different than Buildings.
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o
Aok 0 A
5T1 - Beams |Na'r|e |ST3 |
| 572 - Permanent Order of stage 3
|EESEEEEN | pescrpton Variable '
| Last construction stage r~

= Load permanent or longterm

Load case LC4 - Perm-grd i
Type of generated combinations EN-ULS {STR/GED) Set B -
| Structure Building -

= Variable load
LCHR - Temperature [-]
LC7 - Wind []
ard-UL-gr4-Min My [-]
grd-UL-grd-Max My []

Actions
Varizble load cases 0
New | Insert | Edit | Deletel Close |
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Two combo boxes are implemented in the dialog below. Combo box Structure is read from the
setup and is always disabled. Combo box Type is enabled. The Structure combo box is not shown
for Type set to Code independent.

List of variable load cases, in right window, is always filtered out according to the Structure
parameter set in the setup.

-
Contents of selected List of variahle load cases
= " LC variable - used in this stage E| . LC variable - used in this stage
------ i..dp LCB - Temperature . @ LCE - Temperature
...... Q LCT - Wind ¢ e LCT - Wind
...... . grd-UL-grd-Min My - - grd-UL-grd-Min My -
Ly grd-UL-grd-Mazx My - i Ledr grd-UL-grd-Max My -

E| . LC variable - free

. grla-UL-T5-Min My -

- @ grla-UL-TS-Max My -

-4 grla-UL-TS-Min My -

- grla-UL-TS-Max My -

-4 grla-UL-TS-Min My -

-4 grla-UL-TS-Max My -

. @ grlb-UL-Single fode-Min My -
- grlb-UL-Single Asxle-Max My -

Type [EN-ULS (STR/GED) Set B ~ Delete | Add |
Stucture:  [Buiding E Delete Al | Addal |
o caront |

EM-ULS [STRAGED) Set B
EM-ULS (STRAGEQ) Set C
EM-Accidental 1
EM-Accidental 2
EM-Seismic

EM-5LS Characteristic
EM-5L5 Frequent

EM-5L5 Quasi-permanent
All code dependent - LILS
All code dependent - 5LS
All code dependent

All
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If the user selects possibility "All", then all generated code combinations will have the Structure
parameter set according to the setup. Generated code independent combinations will not have
the Structure parameter.

60



In this simple example the way how to define and adjust a combination for a Footbridge is
illustrated. The functionality is demonstrated on a simple beam structure, where in each load
case only point force loading will be defined. It shows how to define load groups, combinations
and also how to handle rules in the NA Setup dialog.

In this example the same steps, as in the previous chapters, are used.

To follow this example, please open the project Footbridge example_initial.esa, which contains
a predefined one beam structure and supports.

Step 1: Activate Protection

In the very first step, the user needs to activate functionality for bridge combinations. This can
be done through the folder Functionality in the Project data dialog, by checking the Bridge
design item in the left window and then also checking the item Load combinations in the right
window.

i ™

Basic data I Functionalityl Loads | Protection |

S' L Dynamics [l = Prestressing
Engﬁ!g Iitial stress ~ Advanced -
Subsoil - = Concrete
Monlinearity [l Fire: resistance [
Stability r Hollow core slab -
Climatic loads r = Bridge design
Prestressing w v
Pipelines [l Concrete checks extension -
Structural model ™
BIM properties ~
Parameters [l
Mobile loads r
Automated GA drawings r
LTA -load cases r
Bxtemal application checks [l
KP1 application ~
Slabs with void formers -
Property modifiers Il
Bridge design | 1~

Please note, that also functionality for Prestressing is activated, to enable input of load cases
used for prestress loading.
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Note:

The ruling check box for the bridge combinations functionality is the one which is called Load
combinations. If only the Bridge design item in the left window is checked, it will still not be
possible to change the Structure parameter to one of the bridge types.
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Step 2: Create Load groups

In this step load groups are created for the Footbridge Structure. Load groups can be added
using the Load group dialog. The following load groups for permanent, variable, accidental,
seismic and prestress loading will be defined:

CIEPa 2222222 e
Aok oS> A .7

Name |art

Relation Standard

Load Wariable

Structure Footbridge

Load type Traffic: - grl

perm Permanent - -

grl Variable Footbridge grl
Qfvk Variable Footbridge Qfvk
gr2 Variable Footbridge gr2
Tk Variable Footbridge Tk
Fwk Variable Footbridge Fwk
Qsnk Variable Footbridge Qsnk
Qc Variable Footbridge Qc
Acc Accidental - -
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Seis Seismic - -

Prst Permanent - -

Note:

Whenever a certain load case is assigned to a certain combination, aditional restrictions are
implemented for load group in Load groups dialog. The Structure parameter will became disabled
and it will not be possible to change it. On the other hand, the Load type will still be possible to be
changed. If the load case is not assigned yet, the user may freely change load group.
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Step 3:

Assign Load cases to the Load groups

In this step load cases are created for each load group. This can be done in a standard way in the

Load cases dialog.

Description
Action type
LoadGroup
Load type

Permanent
pem
Standard

Actions

Delete all loads

Copy all loads to ancther loadcase

perm Permanent perm Standard
grl Variable grl Static
Qfvk Variable Qfvk Static
gr2 Variable gr2 Static
Tk Variable Tk Static
Fwk Variable Fwk Static
Qsnk Variable Qsnk Static
Qc Variable Qc Static
Acc Accidental Acc Static
Seis Seismic Seis Static
Prst Permanent Prst Prestress
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After definition of all load cases, loading is defined. In this example, as we already mentioned at
the very beginning, we will define only 1KN point load in the middle of the beam, for every load

case.

[Point force on beam F1 Force : -1,00 [kN]]

k 2

The only difference is prestressing load case Prst, where we will define line load, shown on the

picture below, with the intensity of -0,2Kn/m.

[Not calculated internal forces NCIF1]

Note:

Whenever a certain load case is assigned to a certain combination, aditional restrictions are
implemented for load case in Load cases dialog. It will still be possible to change the Load group
parameter to something else, but the user may select only load groups with the same Structure
parameter or independent variable load groups for accidental and seismic loads. By pressing the
three dots edit button, the Load groups dialog is displayed, but with filtered content. If a load case
is not assigned yet, the user may freely change load group.
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Step 4: Create a Code Combination

After definition of all load cases combination can be created. This can be done through standard
Combinations dialog. User presses button New in main Combinations dialog:

e

2= £ B E<| & ‘ @‘ Input combinations -

Create a new element
MNew

New Insert Edit Delete |

The edit dialog is opened and by default the Type of the combination is set to Envelope -
ultimate. The structure parameter is not displayed and therefore all load cases are visible in the
right window.

r ™
oo I =
Contents of combination List of load cases
; O-# Load case
.. perm
& grla
- Qfvk
& o2
- Fwk
Ik . Tk
.4 Qsnk
. @ Qc
@ Acc
.. & Seis
& Prst
Meme : [cor Delete | add |
Cosft- 1 T | Delste Al | Addal |
Type Ervelope - ultimate
Description I
MNonlinear
carmbination : I J ok Cancel

Set the type of the combination to EN-ULS (STR/GEO) Set B. The Structure parameter is
displayed and by default it is set to Building. Due to this, only permanent load cases are
displayed in the right window.
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, ,
e I ==

(| Contents of combination h List of load cases
| E. Load case
L@ perm
| Lodp Prst
MNeme:  [cOt Delee | Add
Cosft- 1 T | Delste Al | Addal |
Type ]
Structure:; IEuiIdmg j
Description I
MNonlinear
carmbination : J ok Cancel

If the Structure parameter is changed to Footbridge, almost all the predefined load cases appear
in the right window. Only the load cases from Accidental and Seismic load groups are missing.
The reason is that those may be inputted only in Accidental 1,2 or Seismic types of

combinations.



Combination - CO1

Contents of combination List of load cases

E. Load case

@ pem
i@ grla
’ Qfvk
g2
L@ Fwk
& Tk
& Qsnk
@ Qc
L. Prst
MNeme:  [cOt Delee | Add
Caeft: 1 Corect | Delste dll | acdan |
Type |EN-ULS (STR/GEQ) S2tB -
Structure: Footbridge
Description I
MNonlinear
combination : J oK | Cancel |

Change the Type of the combination to EN-Accidental 1. Notice that now also load case Acc is

displayed in the window for possible input. Add all load cases in the combination.

(om0 )

Contents of combination

List of load cases

=-# Load case -4 Load case
& perm & perm
- grla - grla
& Qfvk & Qfvk
-4 gr2 @ g2
@ Fwk @ Fwk
. Tk @ Tk
4 Qsnk .4 Qsnk
- Qc - Qc
4 Acc . Acc
& Prst & Prst
Name : ICO1 Delete | Add
Coef: 1 Correot | Delete Al | Addan |
Type EM z
Structure: IFQthridge j
Description I
MNanlinear
combination : j oK cancel
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Change the type back to EN-ULS (STR/GEO) Set B. A warning that content may be changed is
displayed. This is due to the fact that accidental load cases may be included in the combination,
which is not correct. Confirm the warning dialog.

Warning

If we take a look at the content of the combination we can find out, that load case Acc for
accidental loading was removed from both left and right windows. Rename the combination and
confirm the dialog.

i)

Fe
Combination - Set B

List of load cases

Contents of combination

=@ Load case =4 Load case
.4 perm :
- grla
@ gr2
.4 Fwk
& Tk
4 Qsnk
® Qc
. Prst

MNarne : ISet B Delete | Add

Coeff: 1 Correct | Delete Al | Addal |

Type
Structure: IFUUtbridge j

Description I

MNonlinear J
combination : oK, Cancel

After the confirmation, we have Set B combination created in the main Combinations dialog.
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i ' Combinations

A s B | & g | = ‘ Input combinations -
SetB Name SetB
Description
Type EN-ULS (STR/GEQ) Set B
Structure Footbridge
Active coefficients r
= Contents of combination

pem |

glal] 1.00
Qfvk [ 1,00
a2 ] 1.00
Fwk [] 1.00
Tk [] 1.00
Qsnk [] 1.00
Qe[] 1,00

Prst [

Actions
Bxplode to envelopes
Explode to linear b3
Show Decomposed EN combinations

Note:

Both the Type and the Structure combo boxes are disabled in this dialog. This is to avoid an

incorrect input for the combination. Both can be changed by editing the combination.
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Step 5: Decomposed EN combinations

At this step, in fact, everything is done and envelope combinations are generated from our Code
combination. The user may see all generated envelope combinations in the main Combinations
dialog, by changing filter to "Contents of combination". In our example there are 80 generated
envelope combinations.

3a & | ColN e | & ‘ Corterts of combinations @
SetB.l + | [Name | setB.5
SetB.2 I Description
SetB.3 Type Envelope - utimate
o | Conert f combioton
pem [ 1.35
arla[] 135
Fuk [1 0.45
Prst [] 100
E Leading variable action
arla

Close |

A complete info on the decomposed combinations may be found in Decomposed EN
combinations dialog, which can be opened by pressing red marked action button. Here the user
may further investigate what happened to the original "mother" code combinations and how
the rules were applied in the process.

o W
LN 4 | &) f\é ‘ Input combinations =

SetB |Name | SetB
Description
Type EN-ULS (STR/GEQ) Set B
Structure Footbridge
Active coefficients r
= Contents of combination
perm [] 1.00
gria[] 1.00
Qfvk [] 1.00
a2[] 1.00
Fwk [1 1,00
Tl 1,00
Qsrk [ 1.00
Qe[ 1.00
Pret [ 1,00

Actions
Explode to envelopes

Explode to linear

Show Decomposed EN combinations

New | Insert | Edit | Deletel
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By pressing this action button, the dialog Decomposed EN combinations is opened:

r j

I
Reference: EN 1990 Annlar A1 & A2
National Annex: Standard EN

weee DesCription:

Type: EN-ULS (STR/GEC) Set 8
Structure: Footbridge
Content of combination
perm

Decomposed EN combinations - content of combinations b
Mate: Duplicate decompaosed combinations are automatically removed at each decomposition level
Fixed elementary rules

%" Rule: Footbridges - Only one group of traffic loads in the combination

(Bl Optional combination rules

4 Rule: Footbridges - Qfvk not to be combined with other non-traffic loads - A2.2.3 (1) - Checkbox active

o Rule: Footbridges - Wind loads not to be combined with Thermal loads - A2.2.3 (2) - Checkbox active

B -3 Rule: Footbridges - Snow loads not to be combined with gr1 and gr2 - A2.2.3 (3) - Checkbox active

B - Rule: Footbridges - Snow loads and wind loads not to be combined with construction activity - A2.2.1 (10) - Checkbox active

Export Close I

Here the user besides reference and national annex is able to see other info on the selected
combination, such as name , description, type, structure and original content before the rules
were applied. The most important thing in this dialog is, that all applicable rules are also
displayed. Rules are split into two main groups:

o Fixed elementary rules - these are the rules, which are always applied and cannot be
changed.

e Optional combination rules - these are rules, which may be adjusted in NA setup by
checking/unchecking appropriate item. There is always a reference to a EN Code article
and also status of the check box in the NA setup. If the rule is used, it has a sign of green
check. If the rules is not used, than it has a red cross sign.
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Under each rule, there may be a split of original so-called "mother" combination to several
decomposed combinations. Let's take a look at the first fixed rule, which specifies, that only one
group of traffic loads should be in combination. Since load cases grl, Qfwk and gr2 are
connected to the load groups, with the same name and the same type of loads, which are given
by EN as traffic groups, they should not be combined together. In this step the original
combination is split into three decomposed combinations called Set B;1, Set B;2 and Set B;3.
Each of these combinations contains only load cases from one traffic load group.

Next examine another rule, which is the first from the group of Optional combination rules. It
specifies that Qfwk should not be combined with other non-traffic loading. Since this is the
second rule which is used, the decomposed combinations, obtained in the previous step (Set
B;1, Set B;2 and Set B;3) are used.

2 ] Decomposee EN ComBI e '! [

- Reference: EN 1990 Annex A1 & A2
Mational Annex: Standard EN
SetB
Description:
Type: EN-ULS (STR/GEQ) SetB
Structure: Footbridge
Content of combination
B~ Decomposed EN combinations - content of combinations
: Mote: Duplicate decomposed combinations are automatically removed at each decomposition level
- Fixed elementary rules
4" Rule: Footbridges - Only one group of traffic loads in the combination
£ Optional combination rules
=R
E}-o SetB;l
e DRI
ot
- Fuk

e Prst

[+-% Rule: Footbridges - Wind loads not to be combined with Thermal loads - A2.2.3 (2) - Checkbox active

+-%# Rule: Footbridges - Snow loads not to be combined with grl and gr2 - A2.2.3 (3) - Checkbox active

[+--%# Rule: Footbridges - Snow loads and wind loads not to be combined with construction activity - A2.2.1 (10) - Checkbox active

&}

Export Close

It can be seen that decomposed combinations Set B;1 and Set B;3 did not change. It may be
seen also in the name of these combinations. They are exactly the same as in the previous step.
On the other hand the combination Set B;2 was split into Set B;2;1 and Set B;2;1.

The same procedure can be followed for the other rules. The combinations used for generation
of envelope combinations are always shown in the very last step of the decomposition process
(under the last applied rule).
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In addition, the Export button can be used to save all information from this Decomposed EN
combinations dialog in a txt file.

Note:

Each Structure (Building, Road bridge, Footbridge, Railway bridge) has its own set of rules which
can be applied. This is based on EN 1990 A1 & A2.

The first rule applied on the original combination is applied on its original content. Any other
rule is applied on the decomposed EN combinations, which were generated in previous step.
Combinations used for generation of envelope combinations are always shown in the last step
of decomposition process (under last applied rule).

75



Step 6: NA Setup dialog

In this step we will show only the change in decomposed EN combinations which concerns
deactivating some rules. In the NA Setup dialog we will deactivate all rules for footbridges(see
picture below). Changes in Psi and Gamma values will cause only different coefficients, which
will be used by load cases in the generated envelope combinations and if not zero, it does not
influence the number of generated envelope combinations.

1 Setup manager o N ==
& Standard EN Name Siandard EN
& Combination = Combination

(STR/GEQ) altemative # (STR/GEO) altemative EN 1990:64.3.2 (3

Buildings + Buildings
Combination setup 5 Bridges
Psifactors = Combination setup

--Load combination factors * Road bridges

Bridges = -
i Poad bridges
: Vaue o
-+ Faotoridges = Wind loads not to be combined with Thermal loads

- Raitway bridges
& Psifactors
\- Road bridges

Value
= Snow loads not to be combined with gr1 and gr2

i Foolbridges Value ™ no
: Railway bridges = Snow loads and wind loads not to be combined with c_._
& Load combination factors Value Mo
i Road bridges # Railway bridges
i Footbridges * Psi factors
*. Railway bridges # Load combination factors
Relishility class % Reliability class EN 1980: Annex B at. B3

Load default NA parameters | oK Cancel |

If take a look at the generated envelope combinations in main combinations dialog, by changing
filter to "Contents of combination" we can see, that 80 generated envelope combinations were
reduced to 48 envelope combinations.

In Decomposed EN combinations dialog we can see, that only one fixed rule is being applied.
These three combinations coming from this rule, are used for generating envelope combinations
instead of the original Code combination. There is a note under each rule with the red cross,

that this rule is not used in decomposition.
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- Type: EN-ULS (STR/GEQ) Set 8
Structure: Footbridge
- Content of combination
EN inations - content of inations
Mate: Duplicate decomposed combinations are automatically removed at each decomposition level
Fixed elementary rules
Rule: Footbridges - Only one group of traffic loads in the combination
SetB;1
]
arl
- Fuk

Qsnk
- Qe
Prst
B} SetB;3
perm
- gre
Fuk
- Tk
Qsnk
Qc
- Prst
‘Optional combination rules
3 Rule: Footbridges - Qfvk not to be combined with other non-traffic loads - A2.2.3 (1) - Checkbox inactive
- Rule not used in decomposition
3 Rule: Footbridges - Wind loads not to be combined with Thermal loads - A2.2.3 (2) - Checkbox inactive
: Rule not used in decomposition
3 Rule: Footbridges - Snow loads not to be combined with grl and gr2 - A2.2.3 (3) - Checkbox inactive
E Rule not used in decomposition

=38 Rule: Footbridges - Snow loads and wind loads not to be combined with construction activity - A2.2.1 (10) - Checkbox inactive

Rule not used in decomposition

4 n

m

|+
Export Close |éll
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