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Topic Training — Load generators

Introduction

This course will explain the principles and the use of all different load generators.

Most of the options in the course can be calculated in Scia Engineer with the Concept edition.

For some functionality an extra module (or edition) is required, but this will always be indicated in those
paragraphs.



Plane generator

The plane generator is a tool which automatically transforms a defined area load into line loads acting
on beams located in the specified plane.

This generator can be used for flat frames which are subjected to a continuous area load. With this
generator, it is no longer needed to manually determine the load widths and calculate the line loads.

Example: Load Generators.esa

This example consists of a simple steel hall:

The self weight of the structure is automatically calculated by Scia Engineer. The weight of the roof will
be inserted manually using the Plane generator in the Load menu.

Load cases:
Self Weight (permanent)
Roof Weight (permanent), -1 kN/m?
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MName

Loaded beams :
Direction
System

q [kN/m"2]

By inserting an area load using the plane generator, all beams in the specified plane are loaded. This
can be changed afterwards.

Properties x
Plane geometry (1) | - | % ‘1?} f?
-\.J x
Mame PG
Loaded beams : Advanced | -
Direction ;
System Advanced ;
q kN/m™2] -1,00
Load caze Roof Weight -

Update beams selection
Edit plane load geometry o
Table edit geometry ]

With the option Update beams selection, all beams that have to be loaded can be selected.

By using the action Refre sh, the area load can be recalculated into line loads on the selected beams.
After clicking on Calculate, the areas for the distribution of the load are calculated. The boundaries are
indicated by the red lines.



Plane generator

Plane load System
Calculate lrr‘ O S ol Irf" Ucs ¥ Global |-1 kMN/m*2 oK Cancel

Notes:

e The last step, to recalculate the area load into line loads on the beams, will be automatically
done during the calculation of the project.

e Both loads, the original area load and the generated line loads, can be displayed graphically.
This can be done by changing the View parameters for the loads:

[ |Check / Uncheck group Lock position

4 [ Structure Labels  [E]Model I [&]Loads/masses 7 Modelling/Drawing @4 Attributes Misc. [&]view P

[¥ Check/Uncheck all

E Service

Display on opening the service
[ Display loads

Display

Load case Roof Weight

Generataors Original = Generated

[3 Line forces

On beam

[ Labels of loads
Display label
Mame

Value

<

Tot. value
Eccentricity label

I
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Load panels

Load panels are entities which are not taken into account in the FEM calculation (Finite Element
Method Calculation).

This means that load panels:

Have no self weight

Do have a certain stiffness to distribute the loads to the correct members (nodes, beams, plate
edges, ...).

This stiffness is not taken into account for the stiffness of the structure.

All type of loads can be inserted on load panels: point loads, line loads, surface loads, ... . The load
panels can be found in the Structure menu.

There are 4 types of load panels available in Scia Engineer:

Load to panel nodes
Load to panel edges
Load to panel edges and beams

Panel with parallel beams

Load to panel nodes

With this tool, the loads introduced on the panel, will be distributed to the nodes of the load panel.

Name LpP2

~— Load transfer direction all (LCS panel)
T | LCS Type Standard

Swap orientation no
LCS Angle [deg] 0,00
Layer Laag1
~ | Selection of entities Al

The parameters to be chosen:

Name: each element has a unique name.

Panel type: the types are listed above.

Load transfer direction: it can be chosen whether the loads should be distributed in one or all
directions.

LCS type: a load panel has its own local coordinate system. This system can be changed.
Swap orientation: the direction of the local Z axis can be inverted.

LCS Angle [deg]: the local axes can be rotated.
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e Layer: alayer can be chosen for each element/panel.
e Selection of entities:
o All: all nodes of the load panel will be loaded
o User selection: the user can select the nodes of the load panel that should be loaded.

In this example, small load panels will be inserted on each part of the roof.

An area load of -1 kN/m2 will be placed on each load panel. This can be done in the Load menu, using
the option Surface load, on 2D member.

Name
Direction
Type
Value kMN/m™2]
= Geometry
System
Location

10



These area loads need to be distributed to the nodes of the load panels. This can be done by selecting

the load panels and using the action Generate loads.

Properties 1 x
Panel (1) (-] VA ° 7
& &
[Name |LPT "
Panel type To panel nodes
Shape Flat
Load transfer dirsction  all (LCS panel)
LCS Type Standard
Swap orientation o
LCS Angle [deq] 0.00
Layer Laagl -
3D Wind L
Selection of entities All v
Actions
Table edit geometry b5
Update node selection =3
Generate loads b

Afterwards, the point forces are generated on the nodes of the load panels.

11
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Note
It is not necessary to select all the load panels and use the option Generate loads. The loads are
automatically generated during the calculation of the project.

Load panel to edges

With this tool, the loads introduced on the panel, will be distributed to the edges of the load panel.

Le

Panel type To panel edaes
Load transfer direction X (LCS panel)
LCS Type Standard

Swap ofientation no

LCS Angle [deq] 0.00

Layer Laagl
Selection of entities Al

The parameters to be chosen are explained in the previous chapter (Load panel to nodes).

In this example, the Load transfer direction is set to X (LCS panel). That way, the correct beams are
loaded.

Analogously to the previous example, small load panels are inserted.

12



These load panels will be loaded with area loads of -1 kN/m2. This can be done in the Load menu
using the option Surface load, on 2D member.

Next, the area loads can be transformed into line loads on the beams by selecting the load panels and
using the action Generate loads.

13
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Since the beams in the middle of the roof have a load panel on each side, these beams are loaded
twice with the same line load.

Line force on beam LF1 Force ; -2,50/-2,50 [kN/m]
Line force on beam LF4 Force ;. -2,50 7/ -2,50 [kN/m]

Note
It is not necessary to select all the load panels and use the option Generate loads. The loads are
automatically generated during the calculation of the project.

14



Panel to edges and beams

With this tool, the loads introduced on the panel, will be distributed to the edges of the load panel and
to the supporting beams of the panel.

[Nome _[IF

Panel type To panel edges and beams

Load transfer direction all (LCS panel)
Transfer in X [%] 50

Transferin Y [%] B0

LCS Type Standard
Swap orentation no

LCS Angle [deg] 0.00

Layer Laag1

Load transfer method Accurate{FEM})
Mazx. eccentricity of members [m] 0.200
Selection of entities Al

Most of the parameters to be chosen are already explained in previous chapters. The parameters
specific for this type of load panel will be discussed:

e Load transfer direction:

@)

o

o

X direction of the panel LCS
Y direction of the panel LCS

All directions of the panel LCS. When this option is chosen, a percentage has to be
inserted for both directions.

Load transfer direction all {LCS panel) -

Transferin X [%] 50

Transferin Y [%] 50
If one direction is chosen (X or Y of the panel LCS), there is an extra option, namely
Max. Angle for transfer [deg]. If this angle is set to zero, only beams that are
perpendicular to the chosen transfer direction can be loaded.

e Load transfer method:

o

Standard: all beams are loaded equally loaded. The user have to give in the load
factors.

15
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Properties 1 x
Panel (1) [-] %E ¥
LS
Name LP1
Panel type To panel edges and beams "
Shape Flat
Load transfer direction % (LCS panel) -
Max angle for transfer [.. 5.00
LCS Type Standard -
Swap orientation no
LCS Angle [deg] 0.00
Layer Laagl LS
Load transfer method Standard -
30 Wind
Max. eccentricity of me... 0,200
=/ Weight of loaded ...
LP1/B3 1
LP1/B& 1
LP1/B10 1
LP1/B14 1
LP1/B18 1

o Accurate (FEM): the finite element calculation is used for the distribution of the area
load to line loads on the edges/beams.

o Max. Eccentricity of members [m]: also the members which have a position between this
eccentricity above or beneath the plane of the load panel, will be loaded.

In this example 2 load panels will be inserted with the following properties:

Properties =
Panel (1) [~ %& W
Name |LP3
Panel type To panel edoes and beams ~
Shape Flat
Load transfer direction X (LCS panel) -
Max angle fortransfer [4... 5.00
LCS Type Standard -
Swap orentation nao
LCS Angle [deg] 0,00
Layer Laagl = .
Load transfer method Accurate(FEM) -
30 Wind
Max. eccertricity of me... 0,200
Selection of entities Al -

Actions
Table edit geometry b
|Update edge/beam selection b 53
Update all load panels b

These load panels will be loaded with an area load of -1 kN/m2. The loads can be inserted in the Load
menu with the option Surface load, on 2D member.

Afterwards, the load panels can be selected. With the action Generate loads, the area loads will be
recalculated into line loads on the beams.

16



Since the Accurate (FEM) load transfer method is used, the loads are generated correctly without the
need for the user to insert the load factors.

Panel with parallel beams

With this option, a load panel can be inserted directly with supporting beams. The beams are placed in
the X direction of the panel LCS, and the load transfer is done in the Y direction of the panel LCS.

A load panel with parallel beams will be inserted with the following parameters:

17
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Type plate (30)
Analysis model Standard
Material 5235
FEM model Panel with beam
Thickness [mm] 500
Member system-plane at centre
Eccentricity z [mm] 0.00
LCS Type Standard
Swap orientation no
LCS Angle [deg] 0.00
Layer Laag1
=l Beam layout
Position Distance
First offset [m] 0.000
Last offset [m] 0.000
Switch offsets ne
Distance [m] 1.000
Number 0
First beam ¥ yes
Last beam ne

Position in plate Inside
Alignmert Centre
Beams eccentricity Z [mm] 00

Select all beams to generator o yes

Most of the parameters to be chosen are already explained in previous chapters. The parameters
specific for this type of load panel will be discussed:

o Type: specifies the type of the plate (plate, wall or shell). The chosen type has for instance an
influence on the check according to the code (future development).

Analysis model: only Standard is available.

Material: a material can be chosen for the calculation of the self weight of the panel/plate
(future development).

FEM model: only Panel with beams is available

Thickness [mm]: the thickness of the plate has to be given. This thickness has an influence on:
o The eccentricity of the beams

o The self weight of the panel (future development)

Member system-plane at: center, top or bottom.

Eccentricity z [mm]: if needed, an extra eccentricity can be inserted.

And for the Beam layout:

e Paosition: the position of the beams can be defined in several ways.
o Distance: distance between the beams
o Number: the amount of beams
o Width: the part of the panel that has to be carried by the beams
o Generic: the distance/width does not have to be same for all beams
o First/Last offset [m]: the offset of the first/last beam.
e Switch offsets: to switch between the possibility to give in the first or last offset.

o Distance/Width/Number: the distance between the beams, the part of the panel that has to be
carried by the beams or the amount of beams.

18



First/Last beam: the option to use/not use the first/last beam.
Position in plate: specifies the position of the beam in the panel.
Alignment:

o Bottom: the beams are attached to the lower surface of the panel.

o Centre: the axis of the beam is located at the same level as the center plane of the
panel.

o Top: the beams are attached to the upper surface of the panel.
Beams eccentricity Z [mm]: defines the eccentricity of the beams.

Select all beams to generator: all the beams will be loaded by the generated loads.

In this example, one load panel with parallel beams will be inserted to show principle. The parameters
can are viewed on the previous page. After modeling this panel, the parameters for the beams are
asked for. In this example the IPE 100 profile is chosen.

This load panel will be loaded with a surface load of -0,30 kN/mz2 in the global X direction (load case —

X):

19
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m x
SF1

L\\) Direction X -
Type Force -

Value kN/m™2] -1.00

-P = Geometry

System GCS .
Location Length =

ok} comc |

Afterwards, the panel can be selected and by clicking on the action button Load generation, the
surface load will be distributed to the beams:

20



Free loads

Free loads are related to 2D members, flat or curved (plates, walls, shells, load panels, ...).

Definition of free loads is composed of their geometry, which is independent on geometry of structural
members, direction of load effect and a list of 2D members which are influenced by the free loads. Free
loads are in fact easy load generators. A free load differs from a ‘regular load’ by the fact that it is NOT
attributed as an additional data to a specific 2D member.

Since free loads do not have to be inserted on the entities itself, multiple loads can be generated using
only one free load.

This is illustrated with an example of a swimming pool.

Example: Free Loads.esa

In this example, two swimming pools are modeled (rectangular and circular).
Both structures are supported by surface supports.

Surface supports are always placed on the negative site of the local Z axis of the 2D element.

For that reason, the positive direction of the local Z axis for each wall element should be pointing
towards the inside of the pool. If this is not the case, the option Swap Orientation can be used in the
property window of the 2D element.

21
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Properties o x

20 member (1) [-] % W
|Name | 55 ~
Type wall (30) -
Analysis model Standard -
Shape Flat
Material C25/30 T
FEM model lsotropic -
FEM nenlinear model nane -
Thickness type constant -
Thickness [mm] 300
Member system-plane st centre -
Eccentricity z [mm] 0

St%rd =
l Swap orientation V' yes 3

LCS Angle [deq] 0.00
Layer Layerl -

There are two load cases:
Self Weigth (Permanent)
Water pressure (Variable)

After the load cases are defined, the water pressure can be inserted in the Load menu, using a
Surface load, free.

A free surface load can only be inserted in the working plane of the UCS (User Coordinate System).
For that reason, it can be necessary to change the UCS. This can be done through Tools > UCS.

W\ Madify Tree Plugins Setup Window Help
Activity L
Selections L
ucs P B¥ UCS by 3 points
Cursor snap setting % ﬁg Vertical orthogonal to X
|:| Dot grid and tracking setting gg Vertical orthogonal to ¥
& layers i vertical defined by line
User defined selections f According to entity LCS
B cleaner B G
[12 coordinates info i GCs parallel
4
;5] XML IO Document i&ﬂ XV warkplane
Ij Edit profile library 1;:!_‘,‘3 YZ warkplane
QL’E ¥Z workplane
B Move
T Rotate
I Perpendicular to UCS's X
Y Perpendicular to UCS's ¥
g_j‘,a According to view
1;::_) Previous
ﬁ,ﬂ Store the current UCS
8  UCs manager

In this example, the YZ workplane is chosen, to be able to insert the water pressure on the walls of the
swimming pools.

22



It is the intention to load all walls (4 walls of the rectangular pool and 1 wall of the circular pool), by only
introducing one free surface load. To be able to do this, the Z axis of the LCS of all walls, needs to be
pointing to the inside of the pool. In this project, this is already done by changing the LCS of 2 walls by
inserting the surface supports.

Next the Free surface load can be inserted.

Direction z ~
Type Farce -
Distribution Unifarm -
q kNm™2] -25,00
Validity Al -
Select Auto -
= Geometry
System GCS -
Location Length -
Actions
| Generate loads 22

[0k H Cancel

Explanation of all parameters:

e Name: each element in Scia Engineer has a unique name, also the loads.

o Direction: the direction in which the loads have to be generated.

e Type: this load will be introduced as o force. In some cases also self weight can be chosen.

e Distribution:

O

O

@)

@)

Uniform: one constant value for the complete surface load.
Dir X a variable course of the free surface load in the direction X of the member LCS.
Dir Y: a variable course of the free surface load in the direction Y of the member LCS.

3 points: a variable course of the free surface, according to 3 points chosen by the
user.

e ([kN/mZ: the value of the load in KN/m2 (more values if there is a variable course).

o Validity:

Every free surface load has its own member LCS. Which elements should be loaded by the
generated loads, depends on the validity. This validity applies to the Z axis of the free surface
load LCS.

o

All: all 2D members on both sides of the free surface load will be loaded with the
generated loads.

23
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o

—Z: only the elements situated under the free load (situated in the half-space defined
by the negative Z direction of the free load LCS), can be loaded.

—Z (incl. 0): only the elements situated under and in the plane of the free load (situated
in the half-space defined by the negative Z direction of the free load LCS), can be
loaded.

Z = 0: only the elements situated in the plane of the free surface load can be loaded.

+Z: only the elements situated above the free load (situated in the half-space defined
by the positive Z direction of the free load LCS), can be loaded.

+Z (incl. 0): only the elements situated above and in the plane of the free load (situated
in the half-space defined by the positive Z direction of the free load LCS), can be
loaded.

From-to: only the elements within a given interval can be loaded.

Auto: all the elements, which correspondent with the validity, will be loaded.

Select: the user can select the elements, which correspondent with the validity, to be
loaded.

GCS: the direction of the load according to the GCS (Global Coordinate System).

Member LCS: the direction of the load according to the member LCS (Local
Coordinate System).

Load LCS: the direction of the load according to the load LCS.

Location: length or projection (= only possible when System GCS is used).

In this example, the following parameters are used:

Name FF1
Direction Z 2
Type Force -
Distribution Dir Y -
q1 kN/m™2] 0.00
P1 L
g2 kN/m™2] -25.00
= =
Walidity Al -
Select Select -
= Geometry
System Member LCS -
Location Length
Actions
| Generate loads b

{OK—H Cancel

Since the value of the loads has to be 0 at the top and -25 at the bottom, it is necessary to use this
order of nodes by drawing the free surface load:

First point, a node at the top of the swimming pool.
Second point, a node at the bottom of the swimming pool.

24



Since all walls need to be loaded by this water pressure, the walls can be selected using the action
Update 2D member selection in the property window of the free surface load. To end the selection
functionality, click Esc.

Next, the action button Generate loads can be used to generated the loads on all selected 2D
elements.

Properties o x
Surface force free (1) [=] % W
Name FF1
Direction z -
Type Faorce -
Distribution Dir Y -
a1 [kN/m"2] 0,00
P1 1 e
g2 [kN/m"™2] -25.00
P2 2 o
Validity Al -
Select Select -
Load case Water pressure -
= Geometry
System Member LCS -
Location Length

Generate loads

Update 20 members selection

ove
Edit plane load geometry 33
Table edit geometry =E3
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Now all walls are loaded by the water pressure, by inserting only one free surface load.

26



2D Wind- and snow generators

In this chapter, the wind and snow generator are explained. To be able to use this generators, the
functionality ‘Climatic loads’ should be used.

Basic data |Functiona|ity'|_ Loads Protection

T ) =
Sc'a || [ynamics Steel

Fire resistance

Enginesr Initizl stress
Subsoil Connection modeller
MNanlinearity
Stability Frame pinned connections

Cimaticloads [

Frame rigid connections

Grid pinned connections

Prestressing
Pipelines
Structural model
EIM properties
Parameters
Mobile loads

Bolted diagonal connections
Expert system

Connection monodrawings
Scaffelding

LTE 2nd Crder

ArcelorMittal

=
=
=
=
=
=
=
=
=
=
=

Automated GA drawings
LTA - load cases

Extemal application checks
Property modifiers

Bridge design

Customized design form
Old style document

0 T ) T

<

In the next tab, the wind and snow load should be chosen (according to the code or user defined).

Basic data Functionality ILOEE]_ Protection
| |||| Acceleration of gravity 9810 mia"2

Scia

Enginess

Wind Load

According to code ] | | EC1/26200m/s /0

Snow Load

According to code

(<] [ - | EC1/Sk=100kN/m"2Ce=10C=10

27
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There are three types of climatic load generators for 2D frames in Scia Engineer:

e Wind generator
e Snow generator

e Wind & snow generator

For all these load generators, the example ‘2D climatic generators’ is used.

Example: 2D climatic generators.esa

Wind generator

Since there are no load cases automatically created by the wind generator, these have to be created
manually.

Load cases:

Self Weight (Permanent)

Wind Left (Variable, load group exclusive)
Wind Right (Variable, load group exclusive)

After creating these load cases, the wind loads can be added in the Load menu with the option Wind
generator.

By using this wind generator, a frame distance has to be inserted. This has to be done to simulate the
wind on a 2D frame as if the wind would be on a complete 3D structure.

Frame distance:

5

Format: a

r— Limits
oK I

| 0.001

Cancel |

In the next window, the settings for the wind load calculation have to be inserted:

28



— Coefficients

Qutside I 0.75

Inside

Set coeff |

Mext

Divide |
Connect |
Regenerate |

Unda |

Direction Inside coeff, Preference ameilante I 5 m Redao I
% Fromleft ||  Cverpressure || % Pressure Terrain levels

 Fromright|| © Underpressun| | € Suction Ret ID m Change oK |
ID m —l

{* None Right
Cancel

For the load case Wind Left, the direction is set to ‘From left’.
After clicking on OK in this window, the wind load from the left is generated and placed on the frame.
The same can be done for the wind load from the right.

—
|

=]
— —

—
.

—

]
_>

Ay B

The Load Coefficients are calculated according to the code, EN 1991-1-4.

For the vertical walls, table 7.1 of EN 1991-1-4 is used [1]:
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Table 7.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Zone | A B Cc D E

hid Cpe 0 | Cpet Cpe,10 | Cpet Cpe,10 | Cpe,1 Coe10 | Cpe Cpe 10 Cpe,1
5 -1,2 -1.,4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,7

1 -1,2 -1.,4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,5

<025 |-1,2 -1.,4 -0,8 -1,1 -0,5 +0,7 +1,0 -0,3

In this example, h=6m and d = 10m, so h/d = 0,6.
This value is between 0,25 and 1, so an interpolation has to be done between these two rows.
In the following picture [1], it can be seen that the zones D and E should be calculated:

Plan
| d |
f 1 e=h or 2h,
¥ whichever is smaller
b crosswind dimension
Elevationfore <d
wind\ “m_d.. A B cC ‘[h
—_— D E b
/ B e e S ol
L ] M| da
B 4% @
+ ) h
{——————-Ela-.ratian————! wm_dﬁ
Elevation fore = d Elevation for e = 5d
wind A B h wind A _\Vh
e o ol B e e
d d
i, [ .!, il i ’ !
h h
wind A B wind

O o ol

Figure 7.5 — Key for vertical walls

For the roof, table 7.4a of EN 1991-1-4 is used [1]:
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Table 7.4a — External pressure coefficients for duopitch roofs

Zone forwind direction 8= 0°
Pitch

F G H | J
Angle a

Coa,10 Coa, 1 Coa, 10 Coa i Con 10 Coai Coa 10 Coai Cpa 10 Coai
-45° -0.6 -0.6 -0.8 -0,7 -1,0 -1,5
-30° -1,1 -2,0 0.8 -1,5 -0.8 =06 -0,8 -1,4
-15° -2,5 -2.8 -1,3 =20 -0.9 -1,2 -0.5 -0,7 -1,2

+0,2 +0,2
-5° -2.3 -25 -1,2 =20 -0.8 -1,2
=06 -0,6

-1.7 -25 -1,2 =20 -0,6 -1,2 +0,2
5° -0,6

+0,0 +0,0 +0,0 -0,6
5 -0.9 ‘ =20 -0.8 ‘ -1.5 -0,3 =04 -1,0 -1,5

+0,2 +0,2 +0,2 +0,0 +0,0 +0,0
30 -0,5 ‘ -1,5 0,5 ‘ -1,5 -0,2 04 -0,5

+0,7 +0,7 +0,4 +0,0 +0,0

-0,0 -0,0 -0,0 -0,2 -0,3
45°

+0,7 +0,7 +0,6 +0,0 +0,0
60~ +0,7 +0,7 +0,7 -0,2 -0,3
75° +0,8 +0.8 +0.,8 -0,2 -0,3

The angle a of the roofis 11,31°. The angle can be checked with the option Coordinates info in the
Tools menu:

Tools | Modify Tree Plugins Setu

Activity b
Selections L4
UCs L&

Cursor snap setting
Dot grid and tracking setting
Layers

User defined selections
Cleaner

Coordinates info
XML IO Document I}

Edit profile library

This means that an interpolation has to be done between the values for angle a 5° and 15°.

In the following picture [1], it can be seen that the zones G,H,l and J should be calculated:
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upwind face

downwind face

wind upwind face wind
a=0 downwind face 8-0
a >0 o LT o
............. . .
o LS A IS o
Pitch angle postive
(a) general
upwind face downwind face
A J
1 ¥ X
efd F
wind * | g= oo | 6| H g J I b
Q@
4 I F
f—=|e10 f—] &0
(b) wind direction 8=0°
afd I F
H |
\ P
wind . ridge
— B=90 or trough
G
H |
elid I F
f—]ei10
| el2

(c) wind direction 8= 90°

LSS

ey
Pitch angle negative

g=bor2h
whichever is smaller

b : crosswind dimension

Figure 7.8 — Key for duopitch roofs

In this example, the Cpe, 10 values are used. The choice to use the Cpe, 10 or the Cpe,1 values, can be
made in the National annex parameters. Also the option to take into account the internal pressure
coefficients has to be set in these parameters.

The national annex parameters can be opened in the project data:

32



Project data

| Basic data| Functionality Loads Protection

i |||' ~ Data ~ Material
Scia
Engineer MName: |— | Concrete !
Steel B
Part: |_ | Material 5235 -
Timber [
Masanny [l
Description: |‘ | Cther [
Alurminium [
Author: |'DP |
Date: [21.05. 2014 |
~Code
Structure: Solver Model National Code:
Frame X2 [-] hexs (] | i v =[]
Project Level: Model: Mational annex:
Advanced E] One E] - Standard EN

OK

|| cancel |

A eBEE o & SH A

Standard EM

Austrian OMORM-EM NA
Belgian MBM-EM MA
Britich B5-EM NA

Czech CSM-EM MA
Dutch MEM-EM NA

MName Standard EM
National annex Standard EM
References
= EN 1990: Basis of structural design
EN 1590 {Basis of structural design)
= EN 1991: Actions of structures
EN 1591-1-3 {General actions - Snow loads)
EN 1591-1-4 (General actions - Wind actions)
= EN 1992: Design of concrete structures
EN 159592-1-1 (General rules and rules for buildings)
EN 15952-1-2 (General rules -Structural fire design)
EM 15952-2 (Concrete bridaes - Design and detailing rules)
EM 1168 (Precast concrete products — Hollow core slab)
= EN 1993: Design of steel structures
EN 15953-1-1 (General rules and rules for buildings)
EN 15953-1-2 (General rules - Structural fire design)
EM 15953-1-3 (General rules - Supplementary rules for coldformed me. ..
EM 1953-1-5 (Plated structural elements)
EM 15953-1-8 (Design of joints)
- DNiesi of romnneite steel and rete shnuwcd

| New | iset | Edi | Delete |

Close
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[]- Standard EN Name Standard EN
= Wind = Wind
' = [Wind to EC1 \
= internal pressure for 2D wind
Intemal pressure for 2D wind no intemal pressure
Position dominant face for 2D wind frort
Openings dominant face for 2D wind twa times
= Extemnal pressure for 3D wind
Extemal pressure for 30 wind Use averall coefficients Cpe, 10
= Reference height (z_e)
Type of the structure Wertical walls or rectangular buildings (EC1-14, 7.2.2)
b - width of the structure [m] 10,000
Reference level of temsin [m] 0.000
(=l ¢_dir - directional factor
Value [] 1.00
[l ¢_season - season factor
Walue [ 1,00
=l ¢_o - orography factor
Value [ 1.00
V_b,D - basic wind velocity [m/s] 26,200
ro - air density kg/m ™3] 13
=l Probability
1/p - life period of the building fyear] 50,00
c_prob - probability factor [-] 1.00
K - shape factor [ 0.20
n - exponent [-] 0,50
= Terrain
temsin category 0
Kr - terrain factor [-] 0,16
2_0 - roughness length [m] 0.003
z_min - minimal height [m] 1,000
k_| - turbulence factor [-] 1,00

Load default NA parameters | oK I Cancel |

Snow generator

After generating the wind load in both directions, also the snow loads will be generated in this example.
For the snow loads, three load cases have to be created.

Extra load cases:
e Snow load 1 (Variable, exclusive)
e Snow load 2 (Variable, exclusive)

e Snow load 3 (Variable, exclusive)

After creating these load cases, the snow loads can be added in the Load menu with the option Snow
generator.

By using this snow generator, a frame distance has to be inserted. This has to be done to simulate the
wind on a 2D frame as if the wind would be on a complete 3D structure.
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— Snow weight

Load mode
" default

O

(ol

— Coefficients
Begin

—

End
ID—
Set coeff |
Mext
Previous |
Divide |
Connect |

Regenerate |

Frame distance |5 m

[~ Accidental design situation

After clicking on OK in this window, the snow load 1 will be generated on the roof elements.

The same can be done for Snow load 2 and 3.

.

——Nir 4

The Load Coefficients are calculated according to the code, EN 1991-1-3.

Table 5.2 [2] is used for the load coefficients.
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Table 5.2: Snow load shape coefficients
Angle of pitch of roof & | 0° < a<30° 30° < a < 60° o =60°
H 0.8 0.8(60 - @)/30 0.0
2 0.8 + 0.8 /30 1.6 -

Since the angle a is 11,31° for this example, a load coefficient of 0,80 is used.
This is the case for Load mode 1.

Snow weight

Load mode

" default

@ T T

The different modes (cases) are explained in article 5.3.3 of EN1991-1-3, figure 5.3 [2].

Casel)  p1y(en) !—|—|p1(az)
Casel) 05mia) 1| ()

Case (i) (o) ’—|—|0,5y1(a2)

Figure 5.3: Show load shape coefficients - pitched roofs

So for Snow load 2 and 3, there is a reduction of 50% of the snow weight.

Additionally, an accidental design situation can be taken into account. The need to take this into
account is National Annex dependent.

[ Accidental design situation

Case B1 -

B1

B3

The different cases are shown in table A.1 of EN1991-1-3 [2].
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Table A.1 Design Situations and load arrangements to be used for different locations

Normal Exceptional conditions

Case A Case B1 Case B2 Case B3

No exceptional falls Exceptional falls No exceptional falls Exceptional falls

No exceptional drift No exceptional drift Exceptional drift Exceptional drift

3.2(1) 3.3(1) 3.3(2) 3.3(3)

Persistent/transient design Persistent/transient design Persistent/transient design Persistent/transient design
situation situation situation situation

[1] undrifted ¢4 C.C: s [1] undrifted g4 C.C;: s¢ [1] undrifted ¢ C.C; s¢ [1] undrifted 4 C.G s,

[2] drifted 15 CeCi sk [2] drifted i CoCi s [2] drifted 1 CeCi sk (except for|[2] drifted i CaG sk (except for

roof shapes in AnnexB) roof shapes in AnnexB)

L Accidental  design  situation|Accidental  design  situation| Accidental  design  situation
(where snow is the accidental|(where snow is the accidental|(where snow is the accidental

action) action) action)
[3] undrifted i CeC: Cesl 5k [3] drifted s sk (for roof shapes|[3] undrifted 15 CeG Cesl S
in AnnexB)

[4] drifted 1 CoCi Cesl Sk
[4] drifted y s (for roof shapes
in AnnexB)

NOTE 1: Exceptional conditions are defined according to the National Annex.
NOTE 2: For cases B1 and B3 the National Annex may define design situations which apply for the particular local effects described in section 6.

In Belgium and the Netherlands, the cases B1, B2 and B3 do not need to be considered.

Wind & Snow generator
This generator is a combination of the wind and snow generator, which are described in the previous
chapters.
This generator automatically creates:
e 2 new load groups
o Wind (variable, exclusive)
o Snow (variable, exclusive)
e Without over- and underpressure taken into account
o 3 new load cases
= WND - L —Wind from the left
=  WND - R - Wind from the right
= SN - Snow loads
e With over- and underpressure taken into account
o 5 new loadcases
=  WND - LO — Wind from the left - overpressure
=  WND - LU — Wind from the left - underpressure
=  WND - RO - Wind from the right - overpressure
=  WND - RU - Wind from the right - underpressure
= SN - Snow loads

By default, the option to use over- and underpressure is grayed out. To be able to use this additional
pressure, the option Internal pressure for 2D wind needs to be activated in the National Annex

parameters.
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[=)- Standard EM Name Standard EN
B Wind = Wind
Wind pressure according to EC1 5 Wind pressure according o ECT
= Intemal pressure for 2D wind
T T N o cloinart face [ |
Position dominant face for 20 wind o intemal pressune
o b
= Bxdemal pressure for 3D wind
Extemal pressure for 3D wind Use overall coefficients Cpe, 10 -
= Reference height {z_e)
Type of the structure Vertical walls or rectangular buildings (EC1-1-4, 7.2.2) -
b - width of the structure [m] 100,000
Reference level of temain [m] 0.000
B c_dir - directional factor
Value [] 1,00
= c_season - season factor
Value [] 1,00
= c_o - orography factor
Value [] 1.00
V_b.0 - basic wind velocity [m/s] 26.200
ro - air density ka/m”3] 13
= Probability
1/p - Iife peried of the building fyear] 50,00
c_prob - probability factor [ 1.00
K - shape factor [] 020
n - exponent [-] 050
= Temain
temain category 0 -
K -temain factor [ 016
2_0 - roughness length [m] 0,003
2_min - minimal height [m] 1,000
k_| - turbulence factor [] 1.00
Load default NA parameters | oK I Cancel |
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3D Wind Generator

In this chapter, the 3D wind generator will be explained. This generator is used to generate the wind
loads in all directions according to the code on closed structures.

Open the example 3D Wind generator.

The structure consists of a steel hall and is closed using load panels. To be able to use the 3D wind
generator, the functionality Climatic loads is used with the wind load according to the code (EN1991-
1-4).

The load panels are of the type To panel edges and beams.
Since these load panels will be used for the distribution of the wind load into line loads on the
columns/beams, the option 3D Wind will be marked in the properties of the panels.

Properties o x
Panel (£) [+ &
Panel type To panel edges and beams -
Shape Flat
Load transfer direction K(LCS panel) -
Max angle for transfer [d... 5.00
LCS Type Standard -
Swap orientation no
LCS Andle [deg] 0.00
Layer Laagl = .
Load transfer method Accurate(FEM) -
v
Max. eccentricity of me... 0,200
Selection of entities Al -

This means that Wind data will be created on the load panels. This wind data is shown as a small blue
arrow. By selecting this arrow, the properties can be viewed and changed.

Properties X
Wind data (1) [-] % W

Name wD1

Panel LPB

Type Wall -

Swap outer surface

It is necessary that the arrows are pointing in the direction outside the structure. For that reason, there
are two Wind Data for which the option Swap outer surface has to be marked.

Also the Wind Data for the load panels on the roof should be adapted. By default the Roof type is set
to Monopitch. This needs to be changed to Duopitch.

Properties o=
Wind data (2) [-] WE

Type Roof -
- :

Swap outer suface

Afterwards, the 3D Wind Generator can be used in the load menu. Since there is no load case yet
defined, the self weight will be created automatically by opening the Load menu.
This window can be closed, to start using the 3D Wind Generator.
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Load cases

| Add Load Cases I

Run generator | Close |

Through the button Add Load Cases, it can be chosen which load cases have to be generated.

Direction +CPE, +CPl | +CPE,-CPl | -CPE, +CPI | -CPE.-CPI |+CF'I | -CPI |
10 V V 7 7 020 030
290 V V & & 020 030
3 (180 & & & & 020 030
41270 ~ ~ ~ ~ 020 0320
Calculation method: ISEndard LI
Indude torsional load case =
oK I Cancel |

By default, 16 load cases are generated. Four cases for each wind direction. For the Load
Coefficients, the Cpe values are taken from the code (EN 1991-1-4, see Chapter 2D Wind generator
[1]), the Cpi coefficients needs to be inserted manually.

After clinking on OK, all the load cases that are marked will be created. These load cases will be
gathered in a new automatic created variable load group.

iz el & -

LG2 Name LG2
Relation Exclusive »
Load Variable -
Structure Building
Load type Wind -
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Load cases

3DWind1
3DWind2
3DWind3
3DWind4
3DWindS
3DWinds
3DWind7
3DWind3
3DWind3
3DWind10
3DWind11
3DWind12
3DWind13

0, + CPE, +CPI

0, + CPE, - CFI

0, - CPE, +CPI

0, - CPE, - CPI

a0, + CPE, + CPI

30, + CPE, - CPI

a0, - CPE, +CPI

a0, - CPE, - CPI

180, +CPE, +CPI
180, + CPE, - CPI
180, - CPE, + CPI
180, - CPE, - CPI
270, +CPE, +CPI

Run generator

v

Add Load Cases

| Close |

Afterwards, the generating of the loads in these load cases can be started by using the option Run
generator.

The loads can be viewed in the Load menu. The loads are generated as surface loads for each zone.
By selecting such a surface load, the calculated coefficient can be viewed in the property window:

Properties

Surface force free (1)

1 x

Fwy ¢

& A

3DWind1 -0, + CPE, + = ..

MName FF11
Direction z
Type Wind
Distribution Uniform
Validity All
Select Select
Load case
= Geometry
System Member LCS
Location Length

This coefficient is a combination of Cpe and Cpi (see previous chapters). The Cpe and Cpi coefficients
can showed graphically by marking this option in the View parameters.

All Cpe and Cpi values for each zone and wind direction, can be viewed in the Engineering

Display label r

Name I

Value r

Tot. value It

Eccentricity label I
O Wind data

Display It
B Labels of wind data

| Display label i

Cpi icd

Cpe [

report
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x|

Navigator

Wind data =05
New items T x
+ €«

Special items
- Inbox
- Project
- Libraries
Sets
Load cases
Load groups
Combination key
Solver and Mesh
Structure
Load
Construction stages
Results
SGE - Seaffolding
Special
Steel
Aluminium
Custom check

e

R e

Concrete
Concrete 14 (beta)
Steel concrete bridge
Geotechnies
Composite Beam
Composite Column
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1. Wind data

Name Type Roof type Swap outer surface Load direction Region Zones +Cpe -Cpe
wD1 Wall 0|1 A -1.2000 |-1.2000
2 B -0.8000 |-0.8000

3 A -1.2000 |-1.2000

4 B -0.8000 |-0.8000

90 (1 E -0.3133  [-0.3133

2 E -0.3133  |-0.3133

180 |1 A -1.2000 |-1.2000

2 B -0.8000 |-0.8000

3 A -1.2000 |-1.2000

4 B -0.8000 |-0.8000

270 |1 D 0.7067 0.7067

2 D 0.7067 0.7067

wD2 Roof | Duopitch 01 F1 0.0900 -1.3400
2 F2 0.0900 -1.3400

3 G 0.0900 -1.0200

4 H 0.0900 -0.4650

90 (1 F -1.4650 |-1.4650

2 G -1.3000 |-1.3000

3 H -0.6550 |-0.6550

4 I -0.5550 |-0.5550

180 |1 ] 0.1100 -0.7800

2 1 -0.5100 |-0.5100

270 |1 F -1.4650 |-1.4650

2 G -1.3000 |-1.3000

3 H -0.6550 |-0.6550

4 I -0.5550 |-0.5550

wD3 Wall 01 E -0.3444  |-0.3444
90 (1 A -1.2000 |-1.2000

2 B -0.8000 |-0.8000

3 © -0.5000 |-0.5000




Mobile loads

The modules needed for the use of mobile loads, are not included in the concept edition.

The following modules are needed:

- Mobile loads
esas.02 (1D members) Professional edition
esas.35 (2D members)

- Advanced mobile loads
esas.03 (1D members) Expert edition
esas.36 (2D members)

Principle

The principle of the module Mobile Loads is based on the theory of the influence lines.

An influence line represents a diagram that shows the effect of a unit load on a variable position in a
given point of the structure.

This is illustrated on the picture below:

Moving
e— X —> load P
i I

sy

»
oy
w

H
¥

¢P
A n

P

M g Vinax +
Px(l=-x)/1
P(l-x)/1
+ s P
= v
o to il e

Figure (a) represents a simple beam on 2 supports, across which a concentrated load P can move.

In every section “n” the moment and the shear force are maximal if the load P is exactly above “n”. This
is shown on figure (b).

When the position of the load is changed, similar diagrams can be made. Finally the envelopes can be

drawn as shown on figure (c). As expected, the maximal moment appears in the middle of the beam
and the extreme shear forces in the supports.
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Using these influence lines, the effect of more loads on the structures, the so-called load system, can
be determined.

The goal is to find the position of the load system, for which the effect on the structure in a certain point
is maximal.

This is illustrated on the following figure.

Axle loads A=  P= A=
of a rruck 0.2W 0.8W 0.8W

¢s¢s¢ S=il/5

Ao Y

43

Influence line M,
and trial load
position for

M

n max +

Influence line ¥,

Trial load position

& * ¢ for Vn max +
n 3

(d)
A Py 5 : 2%
t * } Trial load position
\ for . on
n
(e)

Figure (a) represents a simple beam on two supports again. Across the beam, a system of three point
loads can move which represent e.g. the axis loads of a lorry. We look for the position of the load
system for which the moment and the shear force are maximal in the section “n”.

The influence line for My, the moment in n, is shown on figure (b). The moment resulting from the load
system can now be determined as follows:

|\/In :ipini
i=1
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At which n; represents the location of the influence line exactly below P;.

The maximum of M, is found by trial and error so the sum of the products of an axis load and the
influence location below is as large as possible.

This maximum is shown on figure (b) at which the moment M, can be determined as follows:

M, =WI[0,2(0,12) + 0,8(0,24) + 0,8(0,16)]| = 0,344WI

For every other position of the load system, a lower maximum in n is obtained.

In an analogous way this is illustrated for V,, the shear force at the place of the section “n”. Figure (c)
shows the influence line for the shear force V,.

Figures (d) and (e) show the positions of the load system for the maximal positive shear force and the
maximal negative shear force.

In Scia Engineer these various steps appear as follows:
e Input Track across which a Unit load can move
e Input Unit load
e Representation Influence lines
e Input Load system
o Exploitation in a point at which the Load system is linked to the Unit load
e Generation load case for exploitation in a point

e Generation enveloping load cases to gain insight in the global behaviour of the structure.
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Load system

Project data

For the explanation about the influence lines and the load systems, a new project is created with the
following parameters:

e Code: Eurocode
e Material: Concrete C25/30
e  Structure: Frame XZ

e Project level: advanced

To be able to use Mobile loads in a project, this functionality needs to be activated in the Project Data:

Basic data |Functiona|ity'|_ Loads Protection

= (Concrete

Fire resistance

s [or=
Enginesr Initial stress
Subsoil
MNonlinearity
Stability
Climatic loads

Prestressing

Hallow core slab

Pipelines

Structural model

EIM properties
Parameters

LTA - load cases
Extemal application checks
Property modffiers
Eridge design
Customized design form
Old style document
Substitution beam

=
=
=
=
=
=
=
=
=
=
=

<

T T

Construction

The construction is built from a Double T bridge girder with the default dimensions given by Scia
Engineer.
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4 a5 Picture

Cross-section layout and dimensions

[Name Cs1 ~
Type Double T 1
Detailed 13000,00; 800,00; 100....
Shape type Thick-walled
= Parameters
Material C25/30 "
b [mm] 13000.00
b0 [mm] 800,00
b1 fmm] 100,00
=, b2 [mm] 3000.00
E’ h1 fmm] 130000
S h2 [mm] 150,00
< h3 fmm] 200,00
5 [mm] 150,00
d1 [mm] 0,00
o b E General
g’ g Draw colour Nomal colour -
% = Colour I
: : AutoDesign constraints
- = Fabrication concrete -
= Concrete
Curve dividing 36
Edit joints
Edit cuts
= Fibres and Parts
Fibre texd zoom 10 -
Edit named tems

o e

|

| [ cancel

l

The construction can be inserted as 3 horizontal beams, at which the begin node is imposed hinged

and the other nodes are rolled.

Double T

Double T

Double T

32000

32000

18000

To be able to calculate the project, one load case is created, the Self Weight.

Input track and unit load

In the menu Mobile Loads, a track can be defined from node N1 to N4 with the option Traffic Lane.

Afterwards, a unit load can be inserted through the option Unit loads.
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A eBE 9 = &Sl A
[T | [Name uL

Traffic lane TR1
Sections Use sections from results
Step for 2D element [m] 1.000
Generate section under Load system [V
Add new Impulse
= Impulse 1
Type

Value
Position [m]
ey [m]

ez [m]
System
Direction

| Mew ” Insert " Edit || Delete |

The option Sections determines the density of the used sections.

Use sections from results

The unit load is positioned in every section of the beam that lies in the area of the track. The number of
sections on a member is indicated in the Solver Setup.

Use step according 2D element

The unit load is positioned with the step entered of “step for 2D element [m]”. If an element has a
length that is shorter than the adjusted step, it is not loaded by the unit load.

Generate at least one section on member

Analogously to the previous option; here the unit load is also positioned on elements with a sh orter
length than the adjusted step.

Through the option Generate section under Load system, a section is made under every

concentrated load of a load system when showing the results. This way the result can be exactly
reviewed under the concentrated load.

Influence lines

After defining the track and the unit load, the linear calculation can be started. When the calculation is
finished, a new group Influence lines appears in the menu Mobile Loads.

By looking at the results, there has to be indicated on which member(s) and in which section(s) the
results have to be shown by using the Selection Tool.
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0.000
2667
5333
23.000
10.667
13333
16.000
18.667
21333
24.000
26.667
29333
32.000
B2
0.000
2667
5333
8.000
10 RRT
"Group selection

T T T T

B ) s o

T T

Select Deselect Deselect all

Cancel

The Preview shows the results numerically, and with the Single Check, the influence line can be
shown graphically.

Values w
[ ]
o
u
=

Multipl, factar : I 1
9990 | Redraw I To Documentl

Member:
" Description of

" Extremes f* All values
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Input of load system

Through the use of a unit load, the influence lines have been generated. Now this unit load can be
linked to a load system. The load systems can be inserted through Load System Database in the
Mobile Loads menu.

The Load Systems can be inserted manually, or a Load System from the System Database can be
chosen:

Bel ) | & "Elml

VOSB 150 I

| New | mset | Edt | Delete |

In this example, the load systems will be added manually.
Two load systems will be inserted.

1) Single Load System P Loads

This load consists of a point load of 150 kN and 2 point loads of 100 kN with a mutual distance of 2m.
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Simple load system | Advanced load system I

Name

|P Load

[~ Nedlect poirt load with opposite influence

Distributed load
fo.00] kN/m
Poirt load [kN] | Offset
1 150,00 -2.00
2 -100,00 0,00
3 | 10000
S 0,00 0,00

150,00

100,00

100,00

= T
- Y

N (W1
L

N W
L AR

Cancel

Apply

2) Single Load System Q Loads

This load system consists of a line load of 18 kN/m with an indefinite length.
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Simple load system | Advanced load system I

MName
3 Load
[~ Neglect poirt load with opposite influence -18.00
Distributed load
-18.00 kN./m
Pointload N] | Offset
1 [0.00 | 0.00
* (0,00 0.00

)0

ok | cancel | ipoy |

When entering a Single Load system, you have the possibility to mark the option Neglect point load
with opposite influence. If this option is activated, the complete concentrated load, which lies in the
negative area of the influence line, will be taken in account in the calculation. By activating this option,
the found maximum will be reduced.

Exploitation of load systems

After defining the load systems, the linear calculation can be started. Afterwards, the new group Detail
analysis appears in the Mobile Loads menu.

With the Detailed Analysis, the load systems can be linked to the unit load. For every desired position
on the structure, between all the selected tracks, Scia Engineer determines the system that is most
adverse for the chosen design parameter.

An exploitation is performed for the moment My on a position 24m on the first beam B1. The
exploitation is performed for the load both the load systems P Load and Q Load.

The following option can be adjusted in the Property window for Member force, deformation.
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Properties o x
Explottation of influsnce lines - Beam (1) [=] Yz vj; 7
& =
Mame BExploitation of influence lines - Be...
Unit loads UL -
Load systems [P Load] [Q Load]
Limited run
Additional
=l Load case
Generate
Setup report
Selected members [B1]

Miore comp -
M

Vz
Wy )
Lo
uz

fiy

Through the action Preview, the results of the required exploitation can be called up:
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Exploitation of influence lines - Beam

1. Description of the influence line +
The selected load systems for which the exploitation is done:
Influence line:
Member B1, Position : 24.00[m], Type - My
Considered load systems:

PLoad
Q Load
Unit Load : UL
2. Co-ordinates of the nodes of the the loadtrack and their ordinates:
Node X Y i
[m] [m] [m]
1 0.000 0.000 0.000
2 32.000 0.000 0.000
3 654.000 0.000 0.000
4 82.000 0.000 0.000

3. Areas of the fields of the influence line:

Area Nr Area
1 43 676
2 34575
3 2.695

4. Co-ordinates at the points where the sign of the influence line changes:

Sign Nr X Y Z
[m] [m] [m]
0 0.000 0.000 [0.000
1 32.000 |0.000 |0.000
2 64.000 |0.000 [0.000

5. Additional factors:

Mult. factor results except deformations - 1.000

Mabile factor: 1.000

6. The data of load system which gives the maximum / minimum values:
Negative maximum position : Q Load

Sum P Sum Q X1 X2
[KNm] [KNm] [m] [m]
0.000 -522.355 |0.000 [0.000

Paositive maximum position - P Load

Sum P Sum Q X1 X2
[kNm] [kNm] [m] [m]
1134.903 0.000 24.000 24.000
7. Results:

MNegative maximum position : Q Load

Description Due to P Due to Q P+Q Units
My negative  [0.000 -6§22.355 £22355  |[kNm]

Pasitive maximum position : P Load

Description Due fo P Due to Q P+Q Units
My positive 1134903 0.000 1134903 [[kNm]

m

The parts that should be displayed in the report can be indicated through the options Setup report.

Under Title 1. It can be seen that the position for which the design parameter My is extreme on a
position 24m on member B1.

Under Title 6. and 7., is indicated that two extremes have been found.
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My is minimal (-622,355 KNm) on 24m if the reference point of the load system Q Load is located at

0,000m from the begin point of the track.
My is maximal (1134,903 kNm) on 24m if the reference point of the load system P Load is located at

24m from the begin point of the track.
The values X1 and X2 are the same since a single load system is used.

Through the action Single Check the results are shown in a window, at which the position for the
exploitation can be simply changed.

Generating Load cases — Enveloping Load cases

Generating Load cases

With the exploitation of a design parameter in a section you have the possibility to generate several
exclusive variable load cases.

First of all the option Load case - generate has to be marked at the Detailed Analysis.
If no variable load group is found, the program asks whether a new group has to be made.

Properties =

Exploitation of influence lines - Beam (1) [ = | YA Y/

&
Mame BExploitation of influence lines - Be...
Unit loads UL -
Load systems [P Load] [3 Load]
+ Limited run
t Additional
- Load case
Generate W
Load group | LG2 =N .
Setup report
Selected members [B1]
Yalues Mare comp -
N
Wz
Iy J
Lo
uz
fiy
Actions
Single Check S
Preview b3

After activating this option, a Single check is performed on the member B1 through the action Single
check.
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1. Description of the influence line +
The selected load systems for which the exploitation is done:

Influence line:

Member B1, Position : 24.00[m], Type : My
Considered load systems:

P Load

Q Load

Unit Load : UL

2. Co-ordinates of the nodes of the the loadtrack and their

m

Section : X Generate load cases: | I UL, Mazx, My, B:1, P11 To Document | <- Prev, | Close I
| UL, Min, My, B:1, P11 S |
Update |

Through the button Generate Load Cases two load cases are generated, one for the minimal My on
24m and one for the maximal My on 24m. The parameter B indicates the member, parameter P the
position on the member.

Since this option is used to make real load cases, the content of these load cases can be seen.

Max My:

15300
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After a linear calculation these load cases can be combined with other load cases.

Generating Envelope Load cases

During the exploitation of the influence line, the individual sections of the track are evaluated for the
design components (e.g. My). During this exploitation the critical position of the load system is
determined. This position causes a maximal value of the design component in the appropriate section.
This value is saved together with the corresponding values of this design component in other sections
and the procedure is repeated for the following section.

As soon as the calculation is performed for every section, the envelope can be created. Subsequently
the system can create envelopes for other design components (e.g. Vy, Vz, etc.). It is important to see
that the envelope doesn’t represent a realistic load case, so it is not possible to show the content.

The envelope represents a fictive load case that shows the found extremes (envelopes). For this
reason it is not useful to use this envelope e.g. for a steel check. This envelope can be combined with
other load cases to obtain insight in the global behaviour of the structure.

To generate the envelope load cases, the option Setup generated load cases in the Mobile Loads
menu has to be used.
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Bl = | & | A

Use for calculation '?
Select unit loads [UL]
Select load systems [P Load] [Q Load]
= Unit Load: UL
MName UL

Load case

Group of load cases
Limited running length
Additional

Selection of members

All members

| New | iset | Edi | Deete |

In the window Load case you can enter a name for the load cases you have to make. In this example
the names of the load cases are automatically generated by the program by leaving the window blank.

With Selection of member the option All members is marked, so all the members are taken into
account in the calculation.

Through Select Components you can indicate for which components a envelope has to be generated.
In this example all components are considered.

— Qutput of components on members
M Cw v Fue vy 7w Select Al
Muwu FTuw FMwe i My [Tz Unselect All

— Output of components on supports

Mre Tre MR [T Mamy [Tz E——

Unselect All

— Qutput of components on 20 elements
Mo Mmy Moy WMe My Fo Moo Fog celodt Al

W W Ly Muz Wiz fivy ¥ fiz Unselect &1

QK I Cancel |

After importing these data a linear calculation can be performed, so the envelope load cases are made.

After the calculation the Load cases manager shows the following:
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Ao gmBis-lax S SH A MR

Self Weight Name | UL-P Load, @ Load-Min V2
Description

Action type Variable

LoadGnoup LG2

Load type Static

Specification Mabile envelope

Master load case MNone

UL-P Load, Q Load-Max fiy
UL-P Load, Q Load-Min Rz
UL-P Load, C Load-Max Rz

Actions
Delete all loads
Copy all loads to ancther loadcase

New Insert Edit Delete

The load cases have ‘Mobile envelope’ as a description and are in an exclusive load group.
In the results menu, the results of these envelope load cases can be reviewed.

Max My:

204073

Min My:

Remarks:
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When performing a Detailed analysis or generating the enveloping load cases, a number of advanced
options is available:

Limited run:

During the exploitation the critical position of the load system is determined. However, it may happen
that the extreme is reached if the mobile load is partially outside the structure. With this option you can
indicate whether the mobile load can only appear on a restricted interval of the track so you can avoid
that a part of the load system falls partially outside the structure.

The restriction of the track will be executed in such a way that the values of the influence lines will be
zero outside the given interval.

Additional multiplication factor results except deformations:

The VOSB code (NEN code) shows that every internal force and reaction for the position of a mobile
load has to be multiplied by this coefficient. The results of influence lines for deformations are not
multiplied with this factor.

It is possible that a deformation of a load case, associated with internal forces such as Max My, has a
larger deformation than e.g. the load case Min uz.

Additional Mobile factor:

The mobile factor is used e.g. to consider a single or double traffic lane. All results are multiplied with
this factor, also the deformations.
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Train Loads

Approximately the same as in the previous example, can be done with 2D members. In this example, a
bridge deck will be modelled as a concrete plate on three line supports.

Project Data

A new project is created with the following parameters:

e Code: Eurocode

e Material: Concrete C25/30

e  Structure: Plate XZ

e Project level: advanced

To be able to use Mobile loads in a project, this functionality needs to be activated in the Project Data:

Construction

The bridge deck can be entered as a Plate with thickness 500mm. The length of the bridge deck is

Basic data | Functionality| Loads Protection

Scia

Enginessr

Cynamics [
Initial stress
Subsail P
Monlinearity
Stability [«
Climatic loads
Prestressing
Pipelines
Structural model
BIM properties
Parameters

v
LTA -load cases L«
Extemal application checks
Property modffiers
Bridge design
Customized design form
Old style document [
Substitution beam

=l [Concrete

Fire resistance
Hollow core slab

25m, the width is 5m.

In the middle of the bridge deck, an internal edge is created with the option Internal Edge.

1

k)
¥

Midpoint

L,

=

Next the line supports are inserted on the three short edges, with only the translation is the Z-direction
prevented.
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To be able to calculate the project, one load case is created, the Self Weight.

Input track and unit load

In the Mobile Loads menu, the train track can be inserted. This track consists of two rails with a
distance of 1,4m between them. To make sure that the train drives on two rails at the same time, 1
mobile load track is entered with a unit and two impulses on it.

The track has to be entered on 1.8m from the edge to be able to place the train track in the middle of
the bridge. The coordinates can be entered in the Command line (0;1,8 and 25;1,8)

Afterwards, a unit load can be inserted through the option Unit loads.

62



Bl | S SEH A

Name Train

Traffic lane TR1

Sections Use Step according 20 element
Step for 20 element [m] 0,250

Generate section under Load system  |¥

Add new Impulse

Delete impulse
= Impulse 1

Type

Value -1
Posttion [m] 0.000
ey [m] 0,000
ez [m] 0,000
System

Direction Z
Impulse 2

Type Concertrated
Value -1
1400
ey [m] 0.000
ez [m] 0.000
System Local
Direction Z

[New | oot | Eat | Dot |

With Sections, the option Use step according 2D element is chosen with 0,25m as step.
To have both rails of the train track, a second impulse is added trough the option Add new impulse.
The position of the second impulse is 1,4m.

Both impulses are displayed on the bridge deck:
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Influence lines

After defining the train track and the unit load that represent both rails, the calculation can be done. To
have more accurate results, the mesh is refined in the Me sh Setup. For Average size of 2D
element/curved element, a value of 0,5m in inserted.

When the calculation is done, a new group Influence lines appears in the Mobile Loads menu.

By looking at the results, there has to be indicated on which 2D element and in which point the results
have to be shown by using the Selection Tool.

The results are asked for the Deformation on slab in the point (5; 2,5; 0).

= 51
Pt.1 [m] 5,000, 2,500, 0,000
Add new poirt

s

L

Group selection
’7 Select Deseledt | Deselect all |

OK I Cancel |

The Preview shows the results numerically. The step of 0,25 is clearly shown in this table.
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Influence lines - Deformation on member 2D

Influence lines - Deformation on member 2D
Influence line for deformation in member 2D

Train over TR1 - 2D macro 1 - Position: x=5.0,y=2.5z=0.0m
Multiply factor : 1.00

pos LZ fix fiy
0.00 0.000 0.000 |0.000
0.00 0.000 0.000 |0.000
0.25 0.000 0.000 |0.000

0.50 -1.26e-010 0.000 |0.000
-1.90e-010 0.000 |0.000
-2.49e-010 0.000 |0.000
-2.88e-010 0.000 |0.000
-3.29e010 0.000 |0.000
-3.70e-010 0.000 |0.000
-3.94e-010 0.000 |0.000
-3.89e-010 0.000 |0.000
-3.65e-010 0.000 |0.000
-3.80e-010 0.000 |0.000
-3.39e-010 0.000 |0.000
-2 .65e-010 0.000 |0.000

P e

P B =% =% % &
=
on

£ &2 [l P (I A TRa] — ) =
INB8NEFENE

Trough the Single Check, the results can be viewed graphically.

20 macro :
=} I 1
8
ez were m@in +1000.000 Position:
ere m@ipl with +1000.000
g E—
+
IZ.S m
0.007
Io m
0.0 rType————————————————
0.007 e
oy
0.001 @ uz
 fix
.00
 fiy
0.00] o £ fiz
o
rr_I, r
0.00 B -
Multipl. factor ;Imou
Redraw I To Document
Member: .
Description of Add Load line
’7 * Extremes Al values Al I'I value oK

Input Load systems

Through the option Load System Database, a load system can be entered.

In this example, a predefined load system is used, namely VOSB 150.
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A ek o9 S @SH A

V0SB 150

=150000

-1 50000
=150000
=150000
-1 50000
=150000

17.000 - 1000000

Through the option Edit, the properties can be viewed and changed.
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Simple load system  Advanced load system |

Name

I 0SB 150
Percertage ordinates In

Distributed load  Concentrated |oad|
Distributed load

I -30,00 kM/m

Point load [kN] | Offset
-150.00 |-1.50
-150,00 0.00
-150,00 150
0.00 0.00

MNum of group: IZ 3:

Two load groups

Minimum distance between the load groups
Maximum distance between the load groups

Mobile distributed load between the load groups

The load system consists of 2 groups of three point loads and a divided load. The point loads have a
value of 150 kKN and a mutual distance 1.5m. The divided load has a value of 80 kN/m.

The Minimum distance between the load groups is 17m, the Maximum distance is 1000m. Scia
Engineer will let the distances of the load groups between these two boundaries vary to obtain the
maximal effect on the bridge deck.

The Mobile distributed load between the load groups is 10 KN/m. This value will reduce the found
maximum.

Exploitation of the load systems

After defining the mobile Unit load and the load systems, the linear calculation can be started. After the
calculation, a new group appears in the Mobile Loads menu, namely Detail analysis — Member 2D
force, deformation.

With the Detailed Analysis the load system can be linked to the Unit load. For every desired position on
the structure, between all the selected tracks, Scia Engineer determines the system that is most
adverse for the chosen design parameter.

E.g. an exploitation is performed for the moment mx. The parameters can be set in the Property
window and through Selected 2D members is indicated that results are called up for 2D element S1.

The option Load case - generate has to marked at the Detailed Analysis. If no variable load group was
found, the program asks if a new group had to be made.
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Properties x

Exploitation of influence lines - Member 20 {1|;| S\ ﬁ?; 7

& =
[Name | Exploitation of influence lines - Me...
Unit loads Train -
Load systems [WVOSE 150]
Limited run
Additional
El Load case
Generate v
Load group LG2 =l
Setup repart
Selected 20 members  [51]
Values e -
Actions
Single Check B3
Preview i

Next through Single Check, the bridge deck can be indicated. The exploitation is performed e.g. in the
point (5;0;0).

1. Description of the influence line +
The selected load systems for which the exploitation is done:

Influence line:
2D macro S1,
Global position :
¥ :5.00[m], y :0.00[m], z :0.00[m]
Type @ mx
Considered load systems:
VOSB 150
Unit Load : Train v
- I —
v v I 1]
I —
P | voov

Generate load cases : | I Train, Max, mx, 5:1, P:5.0,( To Document | - Prew. | Elog
Point : x[s v o 7 IO ITrain, Min, mx, 5:1, P:5.0,0 et - = |
Update

Under Title 6. and 7. is indicated that two extremes have been found.
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6. The data of load system which gives the maximum / minimum values:
MNegative maximum position : VOSB 150

Sum P Sum Q X1 X2
[k Nm/m] [kNm/m] [m] [m]
-87.504 -131693 0.750 17.750

Positive maximum position : VOSB 150

Sum P Sum Q X1 X2
[kNm/m] [kNm/m] [m] [m]
363775 473.744 5.750 22750

7. Results:
MNegative maximum position : VOSB 150

Description Due to P Due to Q P+ Q Units
mx_negative -87504 -131.693 -219.197 [kNm/m]

Positive maximum position : VOSB 150

Description Due to P Due to Q P+ Q Units
mx_positive 363775 473744 837519 [KNm/m]

mx is minimal (-219,197 kNm/m) in point (5; 0; 0) if the reference point of the first group of point
loads is on 0,75m from the begin point of the track and the reference point of the second group of point
loads that is on 17,75m.

mx is maximal (837,519 kNm/m) in point (5; 0 ; 0) if the reference point of the first group of point
loads is on 5,75m from the begin point of the track and the reference point of the second group of point
load is on 22,75m.

In this example it is clear that the distance between both load groups is always 17m, as set at the
VOSB 150 load system.

Generate load cases — Envelope load cases

In this example, the envelope load cases will be generated for the moment mx and the shear force vx.
After drawing up the envelopes, a selective exploitation is performed in a point from the bridge deck.

Generation Envelope Load Cases

The option Setup generated load cases is used.
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Bl | &l zE A
Mame CA

Ise for calculation v

Select unit loads [Train]

Select load systems [VOSE 150]
= Unit Load: Train

MName Train

Load case
Group of load cases LG3
Limited running length
Enable
Start [m]
Finish [m]
Additional
Mult. factor results except deform...
Mobile factor
= Selection of members
All members
= Components
Select components
Members
Supports
= Members 2D

=

] T

|| (]| [ |

| New | iset | Edi | Deite |

After entering these data, a linear calculation can be performed so the enveloping load cases are
created.

After the linear calculation, the following load cases are generated:

Aia e BEi=0 | ElFHE A T
Self Weigth MName | Train-VOS5B 180-max mx
Train-VOSE 1530-mazx mx Description
Train-YOSB 130-min mx Action type Variable
Train-YOS5B 150-max v LoadGrow LG3
Train-VOSB 150-min vx P
Load type Static
Specification Mobile envelope
Master load case Naone

Subsequently the results of these envelopes can be viewed for e.g. the moment mx:

Max mx:
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mx [kNm/m]

851.99
TE0.00
T20.00
660.00
600.00
540.00
430.00
420.00
380.00
300.00
Za0.00
180.00
120.00

60.00
-3215

Min mx:

bx [kNm/m]

-24.49
-120.00
-180.00
-240.00
-300.00
-360.00
-420.00
-480.00
-540.00
-500.00
-660.00
-T20.00
-780.00
-8340.00
-500.00
-992.19

Generation of load cases

After setting the envelopes, a selective exploitation is performed for the moment, indicated on position (
10;2,5;0).

The option Load case — generate had to be marked in the Detail Analysis.

After activating this option, a Single Check is performed on the bridge deck and the desired position is
set.
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Through Generate load cases, the load cases are generated.

L)
1. Description of the influence line +
The selected load systems for which the exploitation is done:
Influence line:
2D macro 51,
Global position :
¥ 10.00[m], y 2.50[m], z :0.00[m]
Type © mx
Considered load systems:
VOSB 150
Unit Load : Train v
1 I
|
| Generate load cases : I ITrain, Mazx, mx, 5:1, P:10.0 To Document | =- Prew, | Close
point: 4 [10 = [E 20 |Train_Min_mx,s:1_mo.o, Mext -» |
Update |

In the Load cases manager, a description can be added to these load cases:

Al e BB 0 & @ A * ¥
Self Weigth MName |T|T:lir1. Min, me, 5:1, P:10.0.2.5.0.0
Train-VO5B 1530-max mx Description
Train-VOSB 130-min mx Action type Variable
Train-YO5B 130-max vx LoadGroup G2 o
Train-YOSB 130-min wvx
Train, Min, m, 51, P:10.0,2.5,0.0 Load type Static
Train, Max, mzx, 5:1, P:10.0,2.5,0.0 Specification Standard
Duration Short
Master load case None

After rerunning the linear calculation, the results for these generated load cases can be viewed.

Load case Max, mx:
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Results max mx:

bx [kNm/m]

812.24
T00.00

800.00

500.00
400.00
300.00
200.00
100.00
0.00
-100.00
-200.00
-300.00
-400.00

-551.87
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