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Introduction

This tutorial 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 functionalities an extra module (or edition) is
required, this will always be indicated in those paragraphs.

This tutorial assumes that basic the modelling of a structure is already understood.
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Tutorial — Load generators

Load panels

Load panels are entities which are not taken into account in the FEM calculation (Finite Element Method Calculation).
Load panels have no self-weight, have a certain stiffness to distribute loads to underlying members but this stiffness is
not taken into account in the stiffness of the structure.

All types of loads can be applied to the load panels and will be distributed to the underlying members of the load panel.

This chapter will use an example to show the different properties of the load panels. This is the file loadpanels.esa.

In all the examples a surface load of -10 kN/m? is used.




General properties

You can input load panels via the input panel, the general properties are listed below.

Panel type

There are 3 types of load panels:
e Loadto panel nodes
e Loadto panel edges
e loadto panel edges and beams

Each of these types will be demonstrated in paragraph 1.2.

Load transfer direction

You can choose in which direction the loads should be distributed. This direction will always follow the local coordinate
system of the load panel.

e Inthe X-direction of the load panel

e Inthe Y-direction of the load panel

e In both directions of the load panel

LCS type

This property adapts the local coordinate system of the load panel, this section is completely optional, because you will
be able to turn the LCS with the property ‘LCS angle’.

Note: The load panel does not have mesh elements, therefore most of the types will behave similar to each other. More
information for 2D members and the LCS type can be found here.

Swap orientation

This function controls the direction of the local Z-axis of the panel. This direction is important when generating loads
because they will follow the direction of the local axis’ instead of the global coordinate system.

LCS angle

This function is used to rotate the x-axis of the local coordinate system and thus also the load transfer direction because
this direction uses the local coordinate system.

Selection of entities

When this property is set on ‘All’, all the nodes/edges/beams in the transfer direction will be used to distribute the
loads. If this option is set to ‘user selection’ you can use the function ‘update edge/beam selection’ to select the
nodes/edges/beams where the load can be distributed.

e Setthe value on ‘user selection’

e  (lick ‘update edge/beam selection’

e Deselect the nodes/edges/beams where the load should not be distributed to

e  End the function by pressing ‘esc’

MC—2025/14/01 7
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Tutorial — Load generators

Load transfer method

Standard:

The sum of the load is transferred to beams according to the length of individual beams and supported edges. The user
can set the weight factor for individual beams or exclude some of them (using the Beam Selection Action Button) from
load transfer.

Tributary area:

The beams are loaded based on the tributary area of the particular beam.

Tributary areas are found using Voronoi diagrams based on a member’s position to other neighbouring members. The
influence area of a member is determined, then, by scaling up the distances from the member to the boundary of the
tributary area by a factor of 2. Once scaled, any area outside the boundary of the floor to which the member is
connected will automatically be trimmed and excluded from the influence area.

Accurate (fixed link with beams/hinged link with beams):
The finite element method is used to recalculate the applied load to individual beams.
e  Fixed link with beams will be similar to the tributary area method.
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Generating loads

A load applied to a load panel will be transferred to the selected elements. These transferred loads can be generated
with the action button ‘generate load’ in the properties of the load panel. The loads will be generated automatically
when calculating the project.

ACTIONS 3
Update edge/beam selection

Update all load panels
Generate loads

Table edit geometry

After generating, the original loads will be hidden and that the generated loads are shown. This is easily changed by
changing the view parameters. If you want the original loads to stay visible, you should set the generator on ‘original +
generated’.

Effective width of plate ...
Structure nodes
Member parameters
Local axes (oD
System length labels (@)
Nonlinearity labels (O]
Labels of local axes (@) ;
Structural shape labels Co J ‘;'-
k; View settings for all entities I I ol
View parameters setting - Loads/masses
Lock position
4 [ Structure Labels m Model |[&]Loads/masses | Y~ Composite E Modelling/Drawing o Attributes m Misc. View 3
[®] check / uncheck all
[£]| serviee
Display on opening the serice F
[£]| Display loads
Display v
Style \Colour by action type -
Load case LC2 - Roof -
Display eccentricity I_
"
[-]| Point forces Original
In node Original + Generated
E| Surface loads
On 2D member v
[-]| Labels of loads
Display label v
Name | |
Value
Tot. value v
Eccentricity label [ ]
4 show names in tab B = oK Apply Cancel

MC—2025/14/01 9



Tutorial — Load generators

Panel types

Load to panel nodes

A load panel with type load to panel nodes will distribute the load to the nodes of the load panel and generate point

loads. You can only transfer loads to nodes which are a part of the geometry of the load panel.

[ command> ] ev ON = 2 meF| mE S
n
= PANEL (1) A
s|g|se
I Name LP1
Layer Layerl o
Paneltype  To panel nodes ~
Shape Flat
Load transfer direction  all (LCS panel) v
LCStype  Standard v
Swap orientation  (J_)
LCS angle [deg] 0,00 =
Supporting members validity range (with re... ~ All “
Load transfer method ~ Standard “
Selection of entities ~ All ~

¥ WEIGHT OF LOADED NODES

PN 1
WPNZ 1
PN 1
LPUNs 1
v ILLUSTRATION GROUP
i
/ ~
7 i
% =
h =, «*‘((
.
Node name Xim] ¥ m] Z{m] wx ] uy [m] uz[m] Linked  Shape
1 N1 0,000 0,000 0,000 0,000 0,000 0,000 Rela Li
2 a2 0,000 5,000 0,000 0,000 5,000 0,000 Rela  Line ACTGNSR. Y
. Update edge/beam selection
3 N3 10,000 5,000 0,000 10,000 5,000 0,000 Rela Line
a |na 10,000 0,000 0,000 10,000 0,000 0,000 Rela L e
0,000 0,000 0,000 0,000 0,000 0,000 Rela Generate loads
Q ® I rahleedngeamenryl
oK Cancel Apply
=

Adding nodes to the geometry of a loadpanel can be done via edit > polyline edit > add node. In this example the load
will only be transferred to the 4 corner nodes.

DEC ¥ wme oo @

% Repeat 'Rectangular grid' Enter

< Undo Ctrl+Z

= Redo Ctri+Y
Modify >

Elﬂ Deletion settings

4 Copy/paste properties Ctrl+Shift+F
Add data [
Metadata [
Polyline edit » ) Qi Add node
Curves edit > X DEIE[-El‘h:IE |
Solids >

¢ Breakinto curves

(—" Connect curves

'-ﬁ[ Fillet
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Chapter 1 - Load panels
Load transfer method ‘standard’

The load transfer method ‘standard’ allows the user to define the weight distribution factor in the property panel. The
load will be transferred accordingly to that chosen weight.

In the image below, the weight distribution factor is set on 1 for each node, which means that each node will have the
exact same point load: -10 kN/m? x (10m * 5m) = -500kN and -500kN / 4 nodes = -125 kN / node.
i

et 2 b pards
pr—

otk ost gromary

In the image below, the weight distribution factor is set to 0.5 for N2 while the remaining factors are kept at 1. The
point load in node N1, N3 and N4 will be twice as large as the point load in N2.

Excluding a node can be done by changing the weight factor to zero or by changing the selection of entities as explained
in paragraph 1.1.

MC—2025/14/01
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Load to panel edges

A load panel with type load to panel edges will distribute the load to the edges of the load panel and generate line
loads. You can only transfer a load to an edge which is (partly) supported by a beam or a 2D member edge.

Load transfer method ‘standard’

The load transfer method ‘standard’ allows the user to define the weight distribution factor in the property panel. The
load will be transferred accordingly to that chosen weight. Also the load transfer direction can be modified to exclude
certain edges. The weight factor for each example below is set to 1 for all edges.

Load transfer direction X:

A IEICIEY

ANEL (1) 2]

MName LPY

LayerLayerd V=

Load transfer direction Y:

#8se

eaneL (1) A

Load transfer direction All:

#|sis|s

PANEL (1)

D

Name 1P

e led o=
_
Im-v-v-nm-n A1 (LCS pared) l
T upe Sandard
Swaparintation (1)
S angh(deg] 000
Supporting members valdity range (withre... Al
Load transfer method  Standard.
Selection of entities  Auto selection

<

<l¢

clelefm

- WEIGHT

wur o1

MIZV;"
w3 1|
PU4 1 j

¥ WLUSTRATION GROUP
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Chapter 1 - Load panels

Load transfer method ‘Tributary area’

The load transfer method is changed to ‘tributary area’ there is no possibility to change the weight factor anymore. The
weight will be defined with the tributary area which is generated when updating the loadpanel. will transfer the load

based on the geometry of the structure. The tributary area is visible in the graphical scene as well after updating all the
loadpanels.

Load transfer direction All:

Flselesn

PANEL (1)

>

Name LPL
Layer _Layerd v

il

?

MHM; ali (LCS panel)
LCStype  Standard v
LS angleldeg] 0,00 =
[Supporting members validity range (with re... Al v
[ toad waasfor metnod  Tributary area |

|

The load transfer direction X or Y will result in the same line loads as for the standard method with the weight factor set
to 1 since the tributary areas for this geometry are equal.

PANEL (1) A

L
Name LPL

#is=lsl0

Table edit grometry
-
PANEL (1) A
48 =80
Nome LP1
Layer_Layers =
o m—

hepe. 11
s i vicmm]
LS type Standard
Swap orientation (3
(CSangieldeg] 0,00
[Supporting members validity range (with re...  All
|

¢<l¢

<le] et

Note: For this type of load panel the load transfer method ‘FEM’ is not available.
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Tutorial — Load generators

Load to panel edges and beams

A load panel with type load to panel edges and beams will distribute the load to the edges of the load panel and to the
beams or 2D member edges in the plane of the load panel. This will again generate line loads.

Max. angle for transfer

For this type of load panel only the load transfer direction X will be demonstrated since this direction will take the
beams in the plane of the load panel into account. The load transfer method ‘tributary area’ is used in this example.

Note: For this type of load panel the load transfer method ‘standard” and ‘FEM’ are available as well.

In the property panel a new property ‘Max. angle for transfer’ will be visible. This angle will be used to include or
exclude specific beams. The default value 5 deg. will make sure that only the beams perpendicular to the load transfer
direction are taken into account. To take into account the bracings as well, you check the angle between the bearing
beams and the bracings and make sure that the max. angle is set to a higher value.

Max. angle for transfer = 5 deg (default value).

PANEL (1)

>

-
Name 1P

#8580

I Load varter dcton xus--u»l

Mar angl or tanser [ceg] 500
T upe Sundard
Swaporenaton (1)
Lsanghiceg] 000
Supporting members vty range (e Al
Ma.eccentricy of members[m] 0,200
Seicton of e A,
» WLUSTRATON GROUP

i

<

< e ¢ ¢

Max. angle for transfer = 45 deg.

>

ZsssEn

Loy Loyt v

e -

e
I
e
Swoporematon (1)
LCS angle [ceg] 0,00
Supparting members vality range (with ... Al
Max eccentricky of members m] 0,200
 ——
|

Hl

<

¢

< i

<

<
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Panel with parallel beams

With this option you can directly insert a panel with supporting beams. The beams are placed in the x direction of the
panel LCS, and the load transfer direction will be the y direction of the panel LCS. To rotate the beams, you modify the
LCS angle in the properties of the panel. As an example a panel with parallel beams of the size 10m by 10m is used. A

surface load of -10 kN/m? is added.

INPUT PANEL

& All workstations =

= All categories 2D MEMBER (1)
& Altags A g 8 #

~ LOAD PANELS Name S1

Wi, Panelwith load to nodes Layer Layer1

A Panelwith load to edges
#% Panel with load to 1D & edges

#% Panel with parallel beams

3 Opening on panel

——— e < | | <

Element type Standard
Element behaviour
Type plate (90)
Shape
Material S$235
FEM model Panel with beam

Thickness Th. [mm] 200
NS N12
Member system-plane at _Centre
Eccentricityz [mm] 0
I LCStype  Standard
HH Ni4 Swap orientation ()
LCS angle [deg] 0,00
l‘ ¥ BEAM LAYOUT
Position  Distance
e s Firstoffset [m] 0,000
Last offset [m]
I switchoffsets (O
Hi Ni8 Distance [m] 1,000
Number
In Fistbeam (O )
Lastbeam (O )
e r Y Y}(}” 0 Position n plate _ Inside
Alignment  Centre
[ Beams eccentricity Z [mm] 0,0
“i N2 Select all beams to generator (@)
¥ NODES
N9
I N1O
_ L i
NI2
l‘ v BEAMS
~ ILLUSTRATION GROUP
_ 2z [
Il p L*"Il Iy £
L’j-[‘ Wy,
gy A
b g L& 2y =
‘
h
ACTIONS >
Regenerate beams in plate
I Disconnect beams from plate
N10 Nii Update beam selection

Load generation

Table edit geometry

Different from other load panel types, the panel has a thickness. This has an influence on:

e The eccentricity of the beams

o The self-weight of the panel (this was not the case for the other discussed load panels).

The position in plate (inside or outside) and the alignment (bottom, centre or top)define the placement of the beam.

Outside

MC—2025/14/01
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Tutorial — Load generators

The load will be transferred to the beams which are a part of the panel itself. Other beams modelled in the same plane

will not be taken into account automatically. To add other beams to the plane you use ‘update selection’. In this
example, the first and last beam are modelled separately, the loads are only transferred to these beams once ‘update

beam selection’ has been used.

2D MEMBER (1)

Name S1
Layer Layers

Elementtype  Standard
Element behaviour  Standard FEM

Type _plate (90)
Shape  Fiat
Material  $235
FEMmodel Panel with beam

Thickness Th. {mm]
Member system-plane at
Eccentricity z fmm]

<)< il

<l

< <

il

-

BEAM LAYOUT

i
§
if [sdg] 3"

£
i

i
1l11gel°[s ol

;
§
:

i
!
i
e

ACTIONS >

Disconnect beams from plate

Load generation
‘Table edit geometry

You can generate the loads by clicking on ‘load generation’ or by calculating the project.

16




Chapter 2 - Free loads

Free loads

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

The 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 the free load is not linked to one particular member, more loads can be generated with one free
load.

Properties of a free load

Start this chapter with modelling a plate and add a load case. Click “= in the input panel to start modelling
a free load on the 2D member. This free load will always be modelled as a projection in the active workplane
(XY, XZ, YZ), draw an arbitrary geometry and press escape. It can be necessary to move the UCS and
change the active workplane.

B! Surface force free *
-p Name FF2 A~
Direction Z
Type Force

Distribution Uniform
q [kN/m*"2] -10,00
Validity All

Select Auto

System MemberLCS b
Location Length

oK Cancel

N15
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Tutorial — Load generators

Direction

This is the direction in which the load should act. This is always according to X, Y or Z.

Type

In this case, the load will be introduced as a force. Depending on the loadcase also selfweight and wind are available.

Distribution

Both a uniform load or a variable load can be used.

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.

Note: When a variable load is modelled you will need to give two different values for the applied load. The first load will
be applied in the first node that is drawn, the second load will be applied in the second node that is drawn.

Validity

Now copy the 2D member two times above and below the original 2D member.
N30

N19

18



Chapter 2 - Free loads

A free load can generate loads on different 2D members at once. To define where the load should be generated you
need to set the right validity.

When a free load is generated, it will use a projection to apply the loads to all existing 2D members. The validity defines
where the load should be generated.

Original load All

MC—2025/14/01 19



Tutorial — Load generators

-Z (incl. 0)

+Z (incl.0)

From -3m to Om

Note: When the validity is set on ‘from .. to ..”, this height is relative to the original load. Also be aware that a member
at exactly the given height will not be taken into account, the slab at exactly Om is not taken into account.

20




Chapter 2 - Free loads

Select

It is also possible to manually select the members on which the load should be generated. There are two options:
e Auto: all the elements, which correspond with the validity, will be loaded.
e Select: The user can select the elements, which correspond with the validity, to be loaded.
The selection can be modified by using the action ‘update 2D members selection’.

ACTIONS 22
@ Generate loads

@) Moveucs
@ Edit plane load geometry

Table edit geometry
@ Update 2D members selection
—

System
Depending on the set coordinate system the load reacts differently when generated.
e  GCS: the direction of the load according to the GCS (Global Coordinate System)
e  Member LCS: the direction of the load according to the member LCS (Local Coordinate System)
e Load LCS: the direction of the load according to the load LCS. The load LCS is defined based on the active UCS

when modelling the free surface load.

To demonstrate this you can change the view parameters and show the local coordinate system of the 2D member. Set
the system of the original free load to member LCS. The original load is shown downwards with a negative value.

Now you can generate the load and you will see that the generated load has the same direction as the original free
load. This is because the LCS of the member has the same direction as the GCS.

The LCS has the same direction as the GCS
N14 g

FREE SURFACE LOAD (1) [A]

[ w

Name FF1

Direction  Z v

Type Force v
Distribution  Uniform

qkN/m"2]  -10,00

Validity Al

Select  Auto v

Loadcase L2 -Roof =

[Gsem_ wembertes )

Location  Length

¥ GEOMETRY

MC—2025/14/01 21



Tutorial — Load generators

Now when you select the 2D member and toggle on ‘swap orientation’, this will change the direction of the local Z axis.
The generated load will be deleted, the original load will be shown and you can generate the load again. Now you will
notice that the generated load will be in the opposite direction as the original free load.

The LCS has a different direction as the GCS

N14 nglllii
Name S2
Layer Layerl v E
Elementtype _Standard -~ B
Element behaviour j FEM v
Type plate (90) v
Shape TRt

Material §235
FEMmodel Isotropic
FEM nonlinear model  none

il

Thickness type  constant

Thickness Th, [mm] 200
Member system-planeat Centre
Eccentricityz[mm) 0
LCStype  Standard
N
LCSangle [deg] 0,00
owed [0 N

[

This property becomes very useful when modelling water pressure inside a tank as seen in the next example.

Note: Here you can find a video tutorial about this as well.

Example: Rectangular swimming pool

Open the project rectangular_swimmingpool.esa, in this project you find a the following model consisting of a
rectangular floor of 5m by 10m and 4 walls with a height of 3.6m. To model the water pressure, we will create a
triangular load on each wall while making use of the free surface load.

[N

If the LCS is not visible yet, change the view parameters so the local axis of the walls and the floor are visible.

View parameters setting

Check / Uncheck group Lock position
E]Labels EModel [Eloads/masses T Composite  [H]Modelling/Drawing & attributes  PRIMisc.  [EView >
[m] Check / Uncheck all
Rendering [transparent i~
Highlight supporting edges/nodes I
Load di ion symbol I
Display linked members I
B[ Structure nodes
Display I
Mark style Dot |
B Member
System lengths
Member
FEM type 7
Joists
| Tocaraxes
Nodes I
Members 1D I
Members 2D Ica
v
[ Show names i tab [m|[ ok [ appy || concel



https://www.youtube.com/watch?v=KdlON0AeDeg

First of all, the active workplane needs to be modified. Since the load needs to be modelled and projected on the walls
it is best to modify the UCS based on the LCS of the 2D member.

wev o [V

XY XY workplane
$¥Z ¥Z workplane
$XZ XZ workplane

1

Move F9

s I

= From 3 points

s

Bocat tn RMT Anecitinn FewliE11

TE" from Local Member F1o |
u

Start modelling a free load. Change the distribution, the values and the system accordingly. Instead of modelling a free

load for each wall, one original load will be used and generated on all walls at the same time. The following properties
are modified to accomplisch this

e The system needs to be set on Member LCS, so the direction of the load will always be the local Z-axis of each
wall.

e Directionis setto Z.
e Validity is set to ‘all’.
e Selectis set to ‘Auto’.

To create a triangular load, the distribution is modified from ‘uniform’ to Dir Y and the values are set. The value is O
kN/m? on the top and for example -25kN/m? on the bottom of the wall.

B Surface force free

X

Name FF2 ~
Direction Z v
Type Force v
Distribution DirY v

q1 [kN/m*2] 0,00

-~ Ty P1 v

. q2 [kN/m*2] -25,00

NN s 2 P2 v
) ST Validity All

- ~

Select Auto v

o«
% 4 Geometry
) System MemberLCS v
- ystem

Location Length

v

OK Cancel

The free load will be projected in the active workplane. The application of g1 and g2 is based on which node you model
first. Therefor, start modelling on top of the wall.
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Tutorial — Load generators

Generate the free load. The loads will be generated on each wall AND the floor based on the LCS. The load on the floor
is a uniform surface load.

Notice that some loads are pointed inwards, this is caused by the direction of the LCS of the 2D element. You can simply
modify the LCS of these 2D elements by selecting them and toggle on ‘swap orientation’ in the 2D properties.

Note: When modifying the orientation, keep in mind that surface supports are always modelled on the negative side of
a 2D element.

=
= 2D MEMBER (1) A
s[e#[an
Name S5
Elementtype  Standard ~
Element behaviour Standard FEM ~
Type wall (80) ~
Shape Flat
Material C25/30 v
FEM model Isotropic ~
FEM nonlinear model  none ~
Thickness type  constant ~
Thickness Th. [nm] 200
Member system-plane at ﬁ
Eccentricity z[mm] ©
iCstype Standard v
LCS angle [deg] 0,00 =

After generating the loads again, this is the final result.

007
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Chapter 2 - Free loads

Example: Cylindrical tank

Similar to the previous example, a free load can also be generated on a cylindrical element. Open cylindrical_tank.esa to
find this example.

The model consists of a cylindrical element with a diameter and a height of 10m.

The needed steps are similar to the steps in the previous example:
e Move the UCS based on the LCS of the cylindrical element
e Model the free load with the same properties, use the edges of the cylindrical element

e Generate the free load, when necessary modify the LCS of the cylindrical element with ‘swap orientation” or
modify the value of the free load.

Note: Here you can find a video tutorial for the rectangular pool and the cylindrical tank as well.
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Tutorial — Load generators

Result: surface loads

The command ‘surface loads” which you can find in the results menu will allow you to visualize the applied surface
loads. A similar example is used as in paragraph 2.2. This model contains a rectangular swimming pool with 2D surface
supports. The water pressure inside the swimming pool is modelled with free loads.

n SCIA Engineer

9}‘ SCiA 221201164
DG ¥ w9 © o f
@ Calculation protocol

it Nodal displacement

v

U2 3D deformations

i3l 3D stresses

-

e

4 Animation window
Supports
1D members

2D members

vy v v v

Storeys

TINYd LNdNI

Eigen frequencies
Critical load coefficients
g Bill of material
. Thickness of slabs
g Surface loads

L

Set the result properties. In this example we will check the surface loads applied from the free load in LC2. By default,
the LCS of each mesh element is used.

[T
RESULTS (1) (AR
Name Surface loads T
¥ SELECTION
Type of selection  All v
Filter Mo v
¥ RESULT CASE
Typeofload Load cases v
Loadcase LC2 -Free load ~
¥ EXTREME
Extreme Member v
Values gz v

¥ SYSTEM
System LCS mesh element ~
¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about w... (’)

Showerrors ~ All A
Show warnings  All ~
Show notes  Mone \/
Show table with explanatio... CZ}
ACTIONS 33>
£ Refresh F5

@ Drawing setup 2D
() Resultstable

T Report preview

Keep in mind that the mesh size has an influence on how the surface load is applied. In the example above, the 2D
mesh size was set to 0.5m. In this selection, there are less 2D mesh elements and less than 20 different values to be
displayed, so the legenda is shown with separate values.
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When the mesh size is reduced, this will be reflected in the surface load results. The example is recalculated with a 2D
mesh size of 0,1m.

B FE analysis X

4 Mesh setup

Average number of 1D mesh elements: 1

Calculations

Linear analysis

Average size of 1D mesh element on cu 0,200
Load cases: 2

Average size of 2D mesh element [m] 0-1
Other processes Connect members/nodes
Test input of data Setup for connection of structural entit
I Advanced mesh settings
Save project after analysis 4 Solver setup
Specify load cases for linear calculatior

' Advanced solver settings

Caleulate Average size of 2D mesh element

Since there are more 2D mesh elements and more than 20 different values that need to be displayed, the legenda is
shown as a continuous legend.

B

-0.41

a [kN/m?2]

-3.00

5,00

-9.00

-12.00

-15.00

-18.00

-21.00

-24.00

-24.93

Note: This tool is only available for 2D elements, surface loads on load panels are not available in this result.
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Tutorial — Load generators

Soil and Water pressure based on borehole

Several types of load (point force, line load and surface load) can be defined as what is called "soil pressure" or "water
pressure " based on the input of boreholes.

Note: The soil-in module and the creation of boreholes is explained in the foundations manual.

In the example borehole_soil_pressure.esa a small example is created. It contains a wall modelled below Z=0 and a
borehole with the following geologic profile.

Geologic profile X

Thickness = 1.00[m]. Edef = 20.00[MN/m"2], Weight = 10.00[kN/m"3]
Thickness = 2.00[m], Edef = 30.00[MN/m"2], Weight = 10.00[kN/m"3]

Thickness = 3.00[m]. Edef = 30.00[MN/m"2], Weight = 10.00[kN/m"3]

Thickness = 3.00[m], Edef = 40.00[MN/m"2], Weight = 10.00[kN/m"3]

Thickness = 10.00[m], Edef = 50.00[MN/m"2], Weight = 20 00[kN/m"3]

Name Thickness [m]  Edef [MM/m"2] Poisson Dry weight [kN/m*3] Wetweight [kN/m*"3] m A

1 |:| 1,00 20,00 0,200 10,00 15,00 0,20
2 2,00 30,00 0,200 10,00 15,00 0,20
3 3,00 30,00 0,200 10,00 15,00 0,20
4 3,00 40,00 0,200 10,00 15,00 0,20
5 10.00 50.00 0.200 20.00 21.00 0.20 ¥
Water level 1,000 m Name GP1
Non-compressible subsoil below the last inputted layer oK el
l‘:\v\ =S ¢
1
N
2l = =

Water and soil loads can be input for the following load cases:
e action type = "permanent" and load type = "standard",

e action type ="variable" and load type = "static".
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A general surface load or a free surface load can be created with the following properties:
e Type s set to soil pressure
e The distribution is set to ‘uniform” automatically
e The LCS of the member is used

e Borehole BH1 is used to define the soil pressure

B Surface force free x

Name FF2
Direction Z v
Type Soil pressure =
Distribution Uniform
Coeff1 [-] 1,000

Borehole profile BH1 v
Validity Z=0 v

Select Auto
System Member LCS v

Location Length

0K Cancel

the 2D surface load applied on a 2D surface of a certain shape (rectangle in case below) is visible only as offset of this
shape (inner rectangular frame in case below), because the unit of this surface load is the coefficient value. The
generated load is not visible directly. In order to view the generated load, use the result command ‘surface loads’.

2 [KM/m™2]
45.03
42.44
39.84
37.29
34.65
32.06
2046
26.87
24.27
21.68
19.08
16.49

i

Name Surface loads

4

SELECTION
Type of selection  All

Filter No

¥ RESULT CASE
Typeof load Load cases

RESULTS (1) A X

Note: The same can be done for water pressure.

MC—2025/14/01

Load case

¥ EXTREME
Extreme
Values

¥ SYSTEM
System

LC2 - Soil and Water p...

Member

qz

LCS mesh element

¥ ERRORS, WARNINGS AND NOTES SETTINGS

Show Information about w...
Show errors

Show warnings

Show notes

Show table with explanatio...

ACTIONS
£ Refresh

(®) Drawing setup 20
@ FResultstable
T Report preview

o
Al
Al

None

QO
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Tutorial — Load generators

Soil or water pressure on a 1D element can be modelled with 1D Line loads. As an example a column with a height of
10m is modelled right next to the wall.

%
1D MEMBER (1) [A)
glo[nlr|s
| Name Bl
Layer Layerl o
Type column (100) ~
Analysis model  Standard v
FEMtype standard v
Cross-section  CS1 - Rectangle (... v &=
aldeg] 0,00
Member system-lineat  Centre v
ey[mm] 0
ez[mm] 0
LCS  standard ~
LCS Rotation [deg] 0,00
~ BUCKLING
System lengths and buckli... Default v

Material and no. of parts
Secondary member () )
~ GEOMETRY

Length [m]
Shape
Beg.node N5

Endnode N6

Aline load is added to this column with the following properties. BH1 is used to define the soil pressure.

B Line force on beam X

Name LF22
Direction Y v
Type Soil pressure .
Angle [deg]
Distribution Uniform v
Acting width [m] 1,000
Coeff1 1,000
Cocff2 1,000
Load abovejoint  no
Borehole profile BH1 v

4 Geometry
System GCS
Location Projection
Extent full
Coord. definition Rela o
Position x1 0,000
Position x2 1,000
Origin From start .
4 Eccentricity
Eccentricity ey [m] 0,000
Eccentricity ez [m] 0,000

In yellow the original line load is displayed, in orange the generated values are shown directly.
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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. Since version 22, the possibilities of the 3D Wind-Load Generator
have been expanded in order to quickly and automatically generate wind load on the structure of Awning type and
Canopy type. The load generation is done in accordance with EN 1991-1-4:2005 (E), chapter 7.3. This automatic
generation of load is available for EC-EN (Eurocode).

Note: Here you can find the general documentation about the 3D wind generator.

Note: The 2D wind- and snow generator is not available in post processing environment ‘default’. To use these
functionalities you should use the 32-bit version of SCIA engineer. You can find more information about this in chapter
6 of this manual.

Open the example 3D Wind generator.esa’. The structure consists of a steel hall and is closed using load panels. To be
able to use the generator, the functionality ‘Climatic loads’ is used with the wind load according to the code (EN1991-

1-4). This functionality is only available if you have the module sens.15.en.

Project data X

Basicdata Functionality Actions UnitSet Protection

GENERAL DETAILED

Property modifiers A |4 Subsoil @

Model modifiers Soilinteraction

Parametric input Pad foundation check

Mobile loads Fire resistance checks

Dynamics Steel connections

Stability Scaffolding

Nonlinearity 7DoF 2nd order analysis for LTB

Structural model Girders with sinuscidal webs

IFC properties
Prestressing
Bridge design

Excel checks

OK Cancel

In the tab ‘actions’ you can choose the wind load to be according to the code or user defined. The used parameters can
be viewed and changed if necessary by clicking the three dots.

Project data X W1 Setup manager x|

« wing |
+ Wind pressare scording o £C3

Basicdata Functionality Actions UnitSet Protection

4 Internal pressure for 20 wind

Acceleration of gravity 9,810 m/s2

ernal pressire

WIND LOAD

According to code v D EC1/26,200m/s [0

) 100,000
SNOW LOAD '
4 ¢_die - directional factor
According to code v .. | EC1/Sk=1,00kN/m’2 Ce=1,0Ct=1,0 Vae ] 1,00

4 ¢_season - season factor

4 ¢_o- orography factor

V_b,0-bas)

Model factor: 1,30 Factor for concomitant components 0,30
4 Probability
1/p - e period of th

CODE COMBINATIONS

[ Automatic - 4 Tersain

OK Cancel
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Tutorial — Load generators

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.
This will add 3D wind data to each loadpanel.

n
PANEL (1) A
A B8 8
Name LP1
Layer Laagl v =
Paneltype To panel edges and beams ~
Shape
Load transfer direction X (LCS panel) v

Max.angle for transfer [deg] 5,00

LCStype Standard v
Swap orientation (I)
LCS angle [deg] 0,00 =

Supporting members validity range (with re...
Max. eccentricity of members [m] 0,200

Load transfer method  Accurate(FEM),fixed link with beams

Selection of entities  All v -
¥ ILLUSTRATION GROUP _r
z
:_,J WIND DATA (1) A
T
& Ty m
" N “.; {
> Name WD5
Panel
Wall e
ACTIONS 3 Type
Update edge/beam selection Swap outer surface CD
Update all load panels
Table edit geometry Openings @

The arrow that represents the wind data needs to be pointed outwards. For the panels where the wind data is pointing
inwards, the orientation can be modified in the Wind data itself by enabling ‘swap outer surface’. The Wind data for the
load panels on the roof should be modified as well. By default the Roof type is set to Monopitch. This needs to be
changed to Duopitch.

=
= PANEL (2) > WIND DATA (2) A
A B f
Panel v
Type Roof v

Roof type  Duopitch v

Roof overhangs (D
Swap outer surface (D
¥ ILLUSTRATION GROUP

Afterwards, the 3D Wind Generator can be used in the load menu. Use the button ‘Add Load Cases’ to choose which
load cases have to be generated.

3D Wind Generator X || Add Wind Load Cases X
INPUT PANEL

& Al workstations L EtE== Direction + CPE, + CPI +CPE,-CPl -CPE,+CPl -CPE,-CPI +CPI -CPI
— - 10 0,20 0,30
ma Al categories v 1) B @
& Aitags v 3 180 0,20 0,30

Longitudinal strain on 10 310 0:207 0,30

lexural strain on 1D
Calculation method: Standard i
-
ANSELE Additional load cases for duoitch roofs

3D wind generator Direction of rideeftrouzh of roofs Both (Xand ) ~

S FSPECANTOADS Include tersional load case
Run generator Close -OK Cancel
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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):

For the vertical walls, table 7.1 of EN 1991-1-4 is used:

Table 7.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Zone | A B c D E

hid Cpe,0 | Cpe,t Cpe,10 | Cpe, Cpe,10 | Cpe,t Cpe,10 | 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

<0,25 | 1,2 -1,4 -0,8 -1,1 -0,5 +0,7 +1,0 -0,3

For the roof, table 7.4a of EN 1991-1-4 is used:

Table 7.4a — External pressure coefficients for duopitch roofs

Zone for wind direction 8= 0°
Pitch

F G H | J
Angle &

Coa.tt Coet Coatd | Coout Coe.t0 Coat Coatd Coat Cpato Coat
-45° 0,6 06 -08 07 -1,0 -1,5
-30° -1,1 -2,0 08 -15 -08 06 -0.8 -1,4
-15° -2,5 -2.8 -13 -20 09 12 05 0,7 -1,2

+0,2 +0,2
-5° -2,3 -25 -12 =20 -08 -1.2
06 -0,6

-1,7 -25 -1.2 =20 -0.6 -1.2 +0,2
50 086

+0.0 +0,0 +0,0 0,6
15 -0,9 | -20 08 | -1,5 03 04 -1,0 -1,5

+0,2 +0.2 +0,2 +0,0 +0,0 +0,0
30 -0,5 | -15 -0,5 | -1,5 02 04 -0,5

+0,7 +0.7 +04 +0,0 +0,0

-0,0 0,0 0.0 -0,2 -0,3
45°

+0,7 +0,7 +06 +0,0 +0,0
60° +0,7 +0,7 +0,7 -0.2 -0.3
75° +0.8 +08 +0.8 -0.2 -0.3

After clicking 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. Generate the loads by clicking on ‘run generator’.

7 Load groups 3¢ || 3D Wind Generator x
HARFE 4«2 O =B A v ¥ || Loadcases
3DWind1 0, = CPE, = CPI
Name LG2 3DWind2 0, = CPE, - CPI
= 3DWind3 0, - CPE, = CPI
Relation Exclusive ¥ 3IDWind4 0, - CPE, - CPI
= 3DWinds 90, + CPE, - CPI
Load Variable v 3DWindé 90, - CPE, - CPI
o 3DWind7 90, - CPE, = CFI
Structure Building 3DWind8 90, - CPE, - CPI
. 3DWinds 180, + CPE, = CPI
Load type Wind v 3DWind10 180, = CPE, - CPI

3DWind11 180, - CPE, + CPI
3DWind12 180, - CPE, - CPI
3DWind13 270, = CPE, = CPl

Add Load Cases

Mew Insert Edit Delete Close I

)
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Tutorial — Load generators

The loads can be viewed by turning the visibility on and changing the active load case accordingly. 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:

CASE
[owap]O W = cmis @0 [mm e

PREE SURFACE LOAD () 2}

F
s
o
]
E

The Cpe and Cpi coefficients can showed graphically by marking this option in the View parameters. The Net and Peak
Pressure can also be visualized like this.

View parameters setting - Loads/masses
Check / Uncheck sroup Lock position
4 Mstructure  [Eiabels  [ElModel [Elloads/masses T Composite Modelling/Drawing @ Attributes Mise.  [@view ®
[&] Check / Uncheck all
B[ service
Display on opening the semice Ica
5 Display Ioads
Display [
Style Colour by adtion type. |
Load case [sDwinat -0, - cpe, - cm K|
Display eccentricity I
Generators Generated S|
Free v
D[ Labels of loads
Dizplay label v
v
v
B[ Wind data
Display I
Ef[Cabels of wind data
Display label 2
Roof overnangs underside labels
Coi v
Coe v
Peak Pressure
PES—— [Ee o I

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

A XD Fepart_i [30 Wind generato.ess] - Engineesing report - o =

O TEO I RIS IG NSO T O IO e e 005 @




Traffic loads

With traffic loads, you can model mobile load patterns on 2D elements. In this example, a bridge deck will be modelled
as a concrete plate on three line supports.

Note: Traffic loads are not compatible with 1D elements. Mobile loads on 1D members is currently only available in the
32-bit version of SCIA Engineer. Influence lines are also not available in the 64-bit version. In order to use this
functionality you will also need to use the 32-bit version and change the post-processing environment to ‘v16 and
older’. This is further explained in chapter 5.

Example model

Project data

A new project is created with the following parameters:
e (Code: Eurocode
e  Material: Concrete C25/30

e  Structure: Plate XZ
To be able to use Mobile/traffic loads in a project, this functionality needs to be activated in the Project Data:

Project data X

Basicdata Functionality Actions UnitSet Protection
GENERAL DETAILED

Property modifiers
Model modifiers

Parametric input

4 Subsoil
Soil interaction
Pad foundation check

Climatic loads
Mobile loads
Dynamics
Stability
Nonlinearity
Structural model
IFC properties
Prestressing
Bridge design

Excel checks

OK Cancel

Construction

The bridge deck can be entered as a Plate with thickness 500mm. The length of the bridge deck is 25m, the width is 5m.
In the middle of the bridge deck, an internal edge is created with the option Internal Edge. Afterwards a line support is
added to the short edges and the internal edge. Only the translations in the z-direction is prevented. You can also open
this project Trafficloads.esa.
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Tutorial — Load generators

Input traffic loads

Traffic lane

Via the input panel or the SCIA Spotlight, the Traffic lane can be inserted.

INPUT PANEL
& All workstations v
= All categories v
& Almgs v

¥ TRAFFIC LOADS
B Single traffic loads

B Traffic lane
JA Traffic loads generator

This track will consist 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 traffic lane is entered. 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).

Traffic loads generator

The Traffic loads generator is used to generate any inputted traffic loads onto the traffic lane. The loadcases will be
created and the distance between each step is given.

Traffic loads

In the traffic loads generator you define the traffic loads.

7 Traffic loads generator X | 3 Load pattems X
EAREFE o« O @B A Y HIEFE «2 T @O A *Y
1 Name LL1
Traffic Loads v o
Traffic lane TR1 Y Train Loads x
Load group LG2 o N
Load case name Neme LP1
SEp(f) 2D Description
ekt 4 Insert point
X-coordinate [m] 0,000
Y-coordinate [m] 0,000
. | 4 Validity
Validity -
4 Entities
Type Point v
Add new entity
Cancel
Actions é’
Generateloads  =>>
Draw validity in traffic lane ~ #2>
New | Insert | Edit | Delete Close New [Qincy U o oK

Add an entity in this dialog. You can add point loads, line loads, surface loads and a turning joint. For this example we
are going to add moving point loads.

Train Loads X

Name LP1
Description
4 Insert point
X-coordinate [m] @,000
Y-coordinate [m] @,000
4 Validity
Validity v

4 Entities

0K Cancel
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Add an entity, define the Force and the Repetition of the point load. In this case, there will be two train tracks with a
distance in between of 1.4m so we repeat the point load twice according to the y-direction and set the Delty y to 1.4m.

Train Loads X
Validity il
,_; 4 Entities
Type Paoint ¥
Add new entity B
Delete entity
4 Entity 1 - ...
A Direction Z v

Force [kN] -1,00
Position x1 [m] 0,000
Position y1 [m] 0,000

Repeatx (n) 1

v —
Repeaty (n) 2
X

Delta v [m] 1,400 v
€ b3

OK Cancel

Note: There is a system database for Traffic load patterns as well.
Generate loads

The selected train load pattern will move along the specified track with the here-defined step of 0.25m. A separate load
case is generated for each position of the moving load, the description of the load case is modified based on the load
case name and the position. You also need to define the load group in which the load cases are added. Create a variable
load group LG2 and set the relationship accordingly.

FE-IEHFE «a2 O @B A v Y 3 Moving...
L1 Name LL1 == Self Weigth
Traffic Loads LP1 ¥ ] | I Moving Load - TRY/LP10,000 m
Traffic lane TR1 || 7= Moving Load1- TRY/LP10,250 m ¥
el g ¥

¥ Moving Load2 - TR1/LP10,500 m

Load case name TR1/LP1
Step [m] 0,250
Validity = Moving Load4 - TR1/LP11,000 m

Moving Load3 - TRL/LP10,750 m

¥ Moving Loads - TR1/LP11,250m
1= Moving Load6 - TR1/LP11,500 m

¥ Moving LoadT - TR/LP11,750m

*= Moving Loads - TR1/LP12,000 m

*= Moving Load9 - TR1/LP12,250 m

*= Moving Load10 - TR1/LP12,500 m

P ¥ Moving Load11 - TR1/LP12,750 m
ctions .
P te load o I== Moving Load12 - TR1/LP13,000 m
enerate loads
Draw validity in traffic lane ~ >>> I== e L 2
New | Insert | Edit | Delete Close || | = Manageload cases S
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Mobile loads

In this chapter the ‘Mobile loads’ functionality will be examined in detail. With this functionality, mobile load systems,
connected to a track, can be placed and calculated on a structure.

These load systems represent e.g. the following physical systems:
e Acrane on a crane track
e Atrain on a bridge
e Avehicle on a viaduct

e People on a bridge

There can also be multiple load systems:
e  Trains with various types of wagons
e Trains on parallel tracks or one after the other

e Different vehicles on a bridge in combination with pedestrians

Through SCIA Engineer it is possible to look for extreme design components such as extreme moments, reaction forces,
and deformations ... for these load systems.

In the first part of the course, the principles are explained, in the second part they are illustrated by means of projects.

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:

Movin’?
! load
b
l . |
Ak ; ']B_L__ =
79" (g) ',Q; \\\ ///
P N r/ Mmax +
Y Pl
- n 2 7
P
M o P Vmox+
=R}
Px(l-x)/1 f
1
Pll-x)/L Symisar
+ Vmax— P
= I v
! (c)
Px/!l
(631 o B

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

“, n

In every section “n
figure (b).

the moment and the shear force are maximal if the load P is exactly above “n”. This is shown on

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
of a fruck < 0,

Influence line Mp
and trial load
posirion for

M,

N max +

Influence line ¥,

Trial load position
for V

N mex+

Trial load position
{__‘_* for U max —
(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 Mn, the moment in n, is shown on figure (b). The moment resulting from the load system can
now be determined as follows:

"M?: = i R"‘T}."

f=1

At which hj represents the location of the influence line exactly below Pi.

The maximum of Mn 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 Mn can be determined as follows:

M, =W1[0,2(0,12)+ 0.8(0,24)+ 0,80,16)| = 0,34471

For every other position of the load system, a lower maximum in n is obtained.
In an analogous way this is illustrated for Vi, the shear force at the place of the section
influence line for the shear force V.

“, n

n”. Figure (c) shows the

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

Influence lines

In this first project Influence lines.esa a simple beam is modelled on 2 supports. By means of the module Mobile Loads,
a track and a unit load are defined on this beam so the influence lines of the various design components can be
reviewed.

V]
|/
\/EHErach

/N /]

10000

Open the menu # Mobile loads

As shown at the Principles, 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. To be able to meet this definition, a track has to be defined first, across which
a unit load can move.

Input track and unit load

You can import this track through P Trsffic Lane .

The program defines the track as a polyline. As a starting point of the track, the node N1 is indicated, as an end point
the node N2.

P~

Lo Il N2
/N JAN

If the track moves across several members, it is important to indicate sufficient nodes. The property window shows
which nodes are used in the track. As a Name for the track TR1 is entered.

Properties x

o
[Trip trein (mobile load) (1) ~|\BY 7

[ T

Use for calculation
Used nodes
& Track nodes
Node
Node

Update track defintion >>> |
Table edit geometry >>>
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The option ‘Use for calculation” shows that this track is taken into account in the calculation. If more tracks are defined,
this can be used to show which tracks really have to be calculated.

The action ‘Update track definition” allows generating the imported track again if e.g. the coordinates of a node were
adapted. That way the track doesn’t have to be imported again after an adjustment of the geometry.

After defining the track, the unit load can be imported through the menu = Unitloads

EHL P
Track assignment TRI1 =|
Sections Use sections from results =~
Step for 2D element [m] 1,000
Generate section under Load system @
Add new Impulse |
& Impulse 1
Type Concentrated ~|
Value =1
Position [m] 0.000
ey [m] 0,000
ez [m] 0,000
System Local v
I1 (-1)
N /
-—1[»—,‘.
New || Insert Delete

Through the option Track assignment you can indicate on which track the unit load needs to appear.
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

.. . 4
member is indicated at  #* Sahversetup

Use step according 2D element
The unit load is positioned with the step entered of “step for 2D element [m]”. If a 2D 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 2D elements with a shorter 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.

By default 1 impulse is made. In other examples also more impulses are used. The distance between two impulses is
always perpendicular to the track.

In this example the default settings are kept so the concentrated mobile unit load with value -1 is defined.
The Name of the unit load is by default EHL, which is kept for this example.
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Influence lines

After defining the track and the unit load, the linear calculation can be started. To do this it is not necessary to exit the
menu Mobile Loads, but you can use the button F9 Calculation in the project toolbar.

After the calculation a new group appears in the menu Mobile Loads:

= $#4 Infuence lines
=y Deformations on member
v Internal forces on member
v Displacement of nodes
v Supports
= Member stresses

Note: Influence lines are only available in post-processing environment v16 and older.

When choosing a result group, you have to indicate on which member and in which section the results have to be
shown through the Selection Tool. The Preview shows the results numerically.

X Influence lines - Internal forces on beam

Selection manager

Invloedslijnen - intene krachten op staaf

= Bl Influence line for internal forces on beam
24080 o EHL over TR1 - beam B1 - section x=5.0m
LU o Multiply factor : 1.00
2000 o
3.000 o poz N Vz My
4000 o
500 [ 0.00 [0.000 [0.000 [0.000
5.000 o 0.00 |0.000 |0.000 [0.000
6.000 (o]
7.000 o 1.00 |0.000 |-0.100 (+0.500
R L L2 2.00 [0.000 |-0.200 |+1.000
9.000 o
10.000 a 3.00 0.000 |-0.300 |+1.500

% 4.00 |0.000 |(-0.400 |+2.000
5.00 [0.000 |-0.500 |+2.500
5.00 |0.000 |[+0.417 |+2.500
5.00 [0.000 |+0.417 |+2.500
5.00 |0.000 |[+0.500 |+2.500
6.00 [0.000 |+0.400 |+2.000
7.00 [0.000 |+0.300 |+1.500
iR Sl 8.00 [0.000 |+0.200 |+1.000

Select [ Deselect | Deselectall I 9.00 [0.000 |+0.100 |+0.500
10.00 |0.000 |0.000 [0.000

ok ] Cancel | 10.00 [0.000 |0.000 [0.000

ENENETE

Through the action button Single Check the influence line can be shown graphically.

boam
Secton
000 -
) m
0501
Type
100 TN
~
150 C v
. My
200 c
Mubpl iactor 1
o o o o o o ° o o o b
99 % 3 % % N 8 8§ [Reser ] Toboom|
Member
Descrption of —
¢ Eaemes & Allvahies A i vete o \

In the field Multiplication factor, a proportionality factor can be set. With the button To document, the numerical
results are sent directly to the document.
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Load system

In this project a bridge deck is modelled on several supports. After defining a track and a mobile unit load, the various
load systems are linked to the unit load.

Through a selective exploitation, the load cases are automatically generated for various positions of the load systems. In
a last step, the envelope load cases are generated for various design components to gain insight in the global behaviour
of the structure.

32000 . 32000 18000

The construction

The construction is built from a “Double T” bridge girder with standard dimensions, given by SCIA Engineer.

M Cross-section ’*

Name cSh ~
Type
Detaded
5 Parameters
I <L
b [mmen) 13000
&0 [mm] )
bt [mm) 100
b2 [mm] 3000
- Z =L h1 [men) 1300
rf ' N | h2 [mm] 150
- 1 [ . h3 {ene] 20
~ * h4 [eren! 1000
S = 5 | &[r[nm]] 150
4 4 b~ d) [men] 0
+ < bl 100 : ;—‘ 5 General
7 | = =1 Deew color Normel colour |
- =1 4 Colour eoe—— |
e E j V' Properies edaable Q
Buckiing edsable
Buckiing yy b |
Buckiing -2 b »
Fabncation concrete __:1
FEM analysis a
Curve cdanding 3% v
[ updee | [ Document |
Prcture | Fibeas [ ox ] [ coxet |

The construction can be inserted as 3 horizontal beams through & Beam , 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 construction, one load case is created; the Self Weight.
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Input track and unit load

After entering the construction, the menu 8 Mobile loads 5, pe opened.

Through New mobile load 8ck 5 30k can be defined from node N1 to node N4.

L2 G e
pr—p 5 2

The property window shows the nodes that are recognized by the track:

As Name of the track TR1 is entered.

Properties B X
[ Trip trein (mobite load) (1) ~|\ay 7

Bie: I
Use for calculation
Used nodes
E Track nodes
Node
Node
Node
Node

Update track definition >>>
Table edit geometry >>>

A4 s
After defining the track, a unit load can be inserted through the menu £ Unitloads

I Unit Mobile Loads g

AReu v & A
EHL
Use sections from results j
Step for 2D element [m] 1.000
Generate section under Load system @
Add new Impulse _]
& Impulse 1
Type Concentrated _'J
Value -1
Position [m] 0.000
ey(m] 0,000
ez[m) 0.000
System Local j
Direction z 5]
11 (-1)
9
\ /
\ | /
N/
Y
New | Insert Close
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Input load systems

By means of the unit load, the influence lines for the construction can already be generated. SCIA Engineer also allows
linking this unit load to a load system.

The input of the load systems occurs through the option ia Load System Database

Both Single and Multiple Load systems can be defined.

Possibilities with Single Load systems:
e Acoherent combination of point loads (e.g. vehicle)
e Line loads of an indefinite length (e.g. pedestrians)
e A combination of both

Possibilities with Multiple Load systems:
e Aline load with a definite length in combination with a line load of an indefinite length.
e Two similar independent systems of point loads with variable interval in combination with a divided load of an
indefinite length.
e Three or more independent systems of point loads with a fixed interval in combination with a divided load of
an indefinite length.

In this project the following three load systems are considered:

1) Single Load system P Loads left

This load system consists of a point load of 150 kN and 2 point loads of 100 kN with a mutual distance of 2m. The point
load of 150 kN is at the front.

2) Single Load system P Loads right

This load system consists of a point load of 150 kN and 2 point loads of 100 kN with a mutual distance of 2m. The point
load of 150 kN is at the back.
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3) Single Load system Q Load

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

-18.00

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.

In this project, the option is not activated.

Exploitation of load systems

After defining the mobile unit load and the load systems, the linear calculation can be started through the button
FH Celeulation in the project toolbar.
After the calculation a new group appears in the menu Mobile Loads:

E2 Detail analysis
=¥ Member force, deformation
4% Reaction
B, Member stress

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.

This is illustrated for 2 different cases.
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Case 1
An exploitation is performed for the moment My on a position 24m on the first beam B1. The exploitation is performed
for the load systems P Loads Left and P Loads Right.

In the Property window these options can be adjusted:

Properties 2 x
|E:¢Iaita1jeminﬂoadsliinen-smn m ﬂ Va W 7

Marne Exploitatie van imdoedslijnen - Staven
Unit loads EHL -
Load systems [F Loads lefi] [F Loads righi]
= Limited run
= Additional
@
Setup report
Selected members [E1]
Yalues Maore comp -
M
Wz

o

s[elE
oooeano

Single Check bt
Previaw >

The advanced options Limited run, Additional and Load case are discussed further in this course.

Through the action Preview the result of the required exploitation can be called up:

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:
e P Loads left
e P loadsright
Unit Load : EHL

2. Co-ordinates of the nodes of the load track and their ordinates:

Node X [m] Y [m] Z [m]
1 0.000 0.000 0.000
2 32.000 0.000 0.000
3 64.000 0.000 0.000
4 82.000 0.000 0.000
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3. Areas of the fields of the influence line:

IArea Nr Area

1 43.527
2 -34.564
3 2.722

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

Sign Nr X [m] Y [m] Z [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

Mobile factor: 1.000

6. The data of load system which gives the maximum / minimum values:

Negative maximum position : P Loads left

Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
-621.408 0.000 44.667 44.667
Positive maximum position : P Loads right
Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
1149.982 0.000 22.000 22.000
7. Results:
Negative maximum position : P Loads left
Description Due to P Due to Q P+Q Units
My negative -621.408 0.000 -621.408 [kNm]
Positive maximum position : P Loads right
Description Due to P Due to Q P+Q Units
My positive 1149.982 0.000 1149.982 [kNm]
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The parts that should be displayed in the report can be indicated through the options Setup report.

Under Title 1. you can see 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.

My is minimal (-621,408 kNm) on 24m if the reference point of the load system P Loads left is located at 44,667m from
the begin point of the track.

My is maximal (1149,983 kNm) on 24m if the reference point of the load system P Loads right is located at 22m from
the begin point of the track.

The values X1 and X2 are the same since a single load system is used.

This result is also displayed graphically:

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

Case 2
An exploitation is performed for the moment My on a position 24m on the first beam B1. The exploitation is performed
for the load systems P Loads left, P Loads right and Q Load.

In the Property window these options can be set:

Properties o x

Exploitatie van imdoedslijnen - Staven (1) ﬂ Wi W

Mame Explaoitatie van imdoedslijnan - Staven
Unit loads EHL -
Load systems [FLoads leff] [F Loads right] [0 Load)
= Limited run
= Additional
= Load case
Setup report
Selected members [B1]
Yalies More comp -
M
Wz

sglE
Ooooeoan

Single Check >
Presdens e
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Through the action Preview the result of the required exploitation can be called up:

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:
e P loads left
e P loadsright

e Qload
Unit Load : EHL

2. Co-ordinates of the nodes of the load track and their ordinates:

Node X [m] Y [m] Z [m]
1 0.000 0.000 0.000
2 32.000 0.000 0.000
3 64.000 0.000 0.000
4 82.000 0.000 0.000

3. Areas of the fields of the influence line:

IArea Nr Area

1 43.527
2 -34.564
3 2.722

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

Sign Nr X [m] Y [m] Z [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

Mobile factor: 1.000
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6. The data of load system which gives the maximum / minimum values:

Negative maximum position : Q Load

Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
0.000 -622.150 0.000 0.000
Positive maximum position : P Loads right
Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
1149.982 0.000 22.000 22.000
7. Results:
Negative maximum position : Q Load
Description Due to P Due to Q P+Q Units
My negative 0.000 -622.150 -622.150 [kNm]
Positive maximum position : P Loads right
Description Due to P Due to Q P+Q Units
My positive 1149.982  |0.000 1149.982 [kNm]
This result is also displayed graphically:
1 2 _ 3 4

An influence line for a point of the construction is the representation of the amplitude of the design parameter in the
point, if the unit load is moving across the structure. By placing the divided load on the places where the influence line
has the same sign, an extreme result is obtained. In this example the moment My on 24m reaches a minimal value -
622.15 kNm if the divided load is placed in the second field.

Remarks:

With an exploitation calculation various load systems can be selected. In the calculation, SCIA Engineer considers these
load systems as individual.

To obtain an exploitation at which various systems are loading the structure at the same time, multiple systems have to
be used.

In this project only one track is defined. Of course it is also possible to define several tracks. With a calculation, at which
various tracks and several load systems have been selected, the program considers every system on every track
separately. The resulting extreme component comes from one of the systems on one of the tracks.
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In the system database various load systems have already been pre-programmed.

M Mobile load systems M
Al oK 2 & @@ A

P Loads left
P Loads right

a Load
[ vose 150

+80.00 -80.00

New || Insert || Edit || Delete Close

Generation Load cases — Enveloping Load cases

SCIA Engineer allows making both single and enveloping load cases.

Generate 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.

In this example it is applied on case 2, mentioned above:

Froperties o x
|Emlnituﬁe van irmdoedslijnen - Staven (1) ﬂ AT Y/
MNarne Exploitatie van imvioedslijnen - Stawven
Unit loads EHL i
Load systems [P Loads leff] [F Loads right] [Q Load] =
& Limited run
c
2 Load case
Generate 2]
Load group Mobile j_
Setup report Jerel
Selected members [B1] )y
Yalues More comp d
M O
Vi (m]
Iy o]
[T (m]
uz (m]
fry (m]
Acions
Single Check >
Prenview >
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A load case Mobile is made. After activating this option, a Single check is performed on the member B1 through the

action Single check.

Nurmericsl and graghical sutput - 11 »

1. Description of the influence line +

The selected load systems for which the exploitation is done:
Infuence bne:
Member B1. Position @ 24.00{m]. Type : My
Considered load systems:

P Loads left

P Loads right

Q Load

Unit Load ©: EHL

Uip sz

1______ 2 — ——— —— 3 4
—_— -
--\_\--‘-\__. d
d W i
Bochen l240m *|  Um Cenprste lond coes ] ,'E"‘-"'-‘U'-""‘Y BLPI Tolocument | | Qe I
ML Min. Mg B P

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:

O P AN
Min My:
o &,
S S
(0 0) e0]
[ |
N. b
H V \I/ \V \/ \/ \/
LX YRS AN

After a linear calculation these load cases can be combined with other load cases and e.g. used for a steel check.

MC—2025/14/01
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Generate 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. Vly, 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.

. ) 4 . .
To be able to generate such enveloping load cases, the option }# Setup generated load cases s ysed in the menu
Mobile Loads.
I Stel gegeneerde belastinggevallen in 3

A sBR 2 & M e - Y

i Maam 4 ~
Gebak voor berekening iz}
[ ] [EHL] [id |
Selecteer lastsystemen [P Lasten Linkz] [P Lasten Rechts] |3 Last] _I
B Eenheidslast: EHL
Naam
Belastingsgeval
Groep van belastinggevalen
Geneneer namen _I
E Beperkte looplengte
E Extra
B Selectie van staven
Alle staven @
B Componenten
Selecteer componsnten _I
B Staven
M =]
Vy
Wz iz}
M
My i}
Mz
uk ]
uy
uz ]
i
fiy 5]

fiz o

Nm[ |nwn|Bamten|Ve|wiclu| Shiten

First of all you have to indicate which unit loads and which load systems have to be taken into account. In this example
three imported load systems are selected.

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 and the name Mobile is selected

for the load group.

With Selection of member the option All members is marked, so all the members are taken into account in the
calculation.
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Through Select Components you can indicate for which components a envelope has to be generated. In this example all
components are considered.

Setup of component fY

Output of components on members

VN ~ Fve T M [

Select All l

" I v uz J v fy B Unselect All l
Output of components on supports

FRe FCay Fr Fw Fw SelectAl |

Unselect Al ]

Qutput of components on 20 elements
Fm F = Fw Fw Foo Fo Fo |
Fuow F Fu Fw Fiy F |

o] e

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:

M Load cases

AP 2 & @ A
LC1 - Eigengewicht ] EHL-P Loads left P Loads rightMin

EHL-P Loads left, P Loads right-Min vz Description
EHL-P Loads left, P Loads night-Mn My Action type
EHL-P Loads left, P Loads night-Mn uz LoadGroup
EHL-P Loads left, P Loads nght-Mn fiy Load type
EHL-P Loads left, P Loads right-Max Vz Soeciication
EHL-P Loads left, P Loads right-Max My P

EHL-P Loads keft, P Loads right-Max g | Mesterload case
EHL-P Loads left, P Loads right-Max fiy

EML-P Loads left, P Loads nght-Min Rz

EHL-P Loads left, P Loads right-Max Rz

[ New ][ Insen |[ Eait ][ Delete | Close

The load cases have ‘Mobile envelope’ as a description and are in an exclusive load group. If required, the load group
can be adjusted to set a Load type according to EC1991.

Subsequently the results of this envelope can be reviewed, e.g. the moment My:

Max My:

NI A [/

oL

Min My:
N ..-.":l:'l.'l.":-
ﬁ ey i1 || I T rr—r——o— l’...[.-T_T_'I'r'r-n-.._
VAR /N VAR
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Remarks:
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

In this project a bridge deck is modelled as a concrete plate on three supports. Analogously to the previous projects, a
track with a unit load is defined on the bridge deck so the influence lines can be determined. However, in this project a
unit load with two impulses is defined to simulate both rails of a train track. In a next step, a VOSB 150 load system is
linked to this unit load and the enveloping load cases are generated.

«,‘Eﬁ;j’

N AT .
A= :

o A A

The construction

Project data

Basic deta IFunmonalify| Loads | Combinations | Protection | Nasional Annexes |
= Structure |
|Fate v ~|
Matenial :
Name IProject M3 Concrete !
m C25/30 ..
Paut [ Stenl o
Timber a
Description [Treinloads P =
Author [pvr Aluminium o
Date [14.10. 2005
Project Level Model
IAdvunced :] [One LI
National Code
B ccen
[ ok ] concal |
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Project data [i|

Baszic daia Functionality ILu-ads | Combinations | Prntacﬁnn| N’mm.ﬁnnmﬂ

=5 Concrate
Fwa rasistance a

Chmamics

Initial stress
Subsoil
Monlinearity
Sambility
Chmatic loads
Prgstregsing
Fipalines:
Stuctural model
Parameatars

Oo@e 0000000000

Chrarview drawsngs
LTA-load cases

Ok | Cancal

The bridge deck can be entered as 42 Plete with thickness 500mm.
The length of the bridge deck is 25m, the width 5m.

¥

EO0K

midpoints of the long edges so the edge can be imported through the option <D Internal edge

==

In the middle of the bridge deck an internal edge is created. Using the Cursor Snap Settings

you can snap on

o
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Using = Z Support & line on 2D member ecige , the translation in the Z-direction can be prevented for the three short

edges. They can be simply selected by drawing a rectangle from right to left:

A

Then we have the following structure:

o~

To be able to calculate the construction, one load case is made; the Self Weight.

Input track and unit load

After entering the construction, the menu ~ # Mabile loads c4n e opened.

The train track consists in this project 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.

Through Newmobile load 8ck 1,0 track can be defined. The coordinates can be entered in the Command line:

Command line
k|- 7
Fewlrm:k action = Pobyding = Start point »0;1;8

Command line
|l 7 2

r.lew track action - Pohdine - End point »25:1,8
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Tutorial — Load generators

As Name of the track, TR1 is entered.

Properties

| Trip train (mobile load) (1)

B

Use for calculation 2

Used nodes
B Track nodes

Node

Node

Update track definition
Table editgeometry

il

>>>

>>>

After defining the track, the unit load can be entered through the menu

& Unit loads

As a Name of the unit load, Train is entered for a simple reference.
With Sections the option Use step according 2D element can be chosen and as step, 0.25m is entered.

B Unit Mobile Loads
A 2B W

CoRRRlr i~ = RN

X

Tran

l New ][ Insert 7][7Ed«t ]

Name Train
Track assignment TRI1
Sections Use Step according 20 element
Step for 20 element [m] 0.250
Generate section under Load system
Add new Impulse
Impulse 1
Type Concentrated
Value -1
Position [m) 0.000
ey [m] 0.000
ez [m] 0,000
System Local
11 (-1)
At/
XX ,'/

Lele

le k.

[ Close |
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Now the unit load consists of 1 concentrated load. To show both rails of the train track, a second impulse is added

through the option Add new impulse _I
Subsequently the Position [m] of Impulse 2 can be adjusted to 1.4m.

M Unit Mobile Loads ’?
AeseRdu 2 - & FE A
Tran Delate impulse _] ~
B Impulse 1
Type Concentrated ;]
Value -1
Position [m] 0,000
ey [m) 0.000
ez [m] 0.000
System Local d |
Direction 2 |
E Impulse 2
Type Concentrated 4
Value -1
Position [m] 1.400
ey [m] 0.000
ez [m]) 0.000
System Local |
Direction r | ¢
I1 (-1) 12 (-1)
\ / "“.\ _/)
\ / \\ /
/ \|/
1.400
l New | Insert | Edit | t

Both impulses are displayed on the bridge deck:
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Tutorial — Load generators

Influence lines

After defining the train track and the unit load that represent both rails, the linear calculation can be started. To do this
it is not necessary to exit the menu Mobile Loads, but you can use the button FA Calculation in the project toolbar.
Through 3 Mesh setup ¢e Average size of 2D element/curved element can be set to 0.5m.

After the calculation a new group appears in the menu Mobile Loads:
= ¥ Infuence lines
2+ Displacement of nodes
=w Deformation on slab
2% Internal forces on slab

When choosing a result group, you have to indicate on which 2D element in which point the results have to be
displayed through the Selection tool.

The results are e.g. asked for the Deformation on slab in the point (5; 2,5; 0). The Preview shows the following
results:

Influence lines - Deformation on member 2D

aglection manager 8| Invioedslijnen - Vervormingen op 2D elementen
FE 0000 | Influence line for deformation in member 2D
PL1 [m] 5,000, 2,500, 0,000
Add new point o Train over TR1 - 2D macro 1 - Position: x=5.0,y=2.52=0.0m
Multiply factor : 1.00
poz uz fix fiy
0.00 |0.000 0.000 |0.000
2 0.00 |(0.000 0.000 |0.000
0.25 |0.000 0.000 |0.000
4 0.50 |(0.000 0.000 |0.000
0.75 |0.000 0.000 |0.000
3 1.00 |-1.01e-010 |0.000 |0.000
1.25 |-1.11e-010 |0.000 |0.000
< 1.50 |-1.20e-010 |0.000 |0.000

1.75 |-1.11e-010 {0.000 |0.000
2.00 |-1.02e-010 |0.000 (0.000

2.25 [0.000 0.000 |0.000

2.50 |0.000 0.000 |0.000

2.75 |0.000 0.000 |0.000

I I 3.00 |0.000 0.000 |0.000
,TI e | 3.25 |+2.00e-010/0.000 (0.000

3.50 |[+3.04e-010]0.000 [0.000
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The result table clearly shows the step of 0.25m. Through Single Check the result can be viewed graphically.

Invioedslijn %
20r macsn:
=
; :
T il -
e 25 L]
1] L]
B Tyon
LT
e
.00 = uz
e
.00 ]
- s
i 'y
[y :‘ '
Vermenigvukdong |1
ot bt i, L A b Bk L L b
L T o W A o L En e iy O T w
Samarf'!
Beschipang van
&+ Evapeien  Als wssrden  Eke [1 waade oK.

Input load systems

Through the option th Load System Database ; 554 system can be entered in the project.
In this project a predefined load system is used; namely VOSB 150.
That is why the window Load system is cancelled so the Load system Manager is displayed.

M Mobile load systems

Ar sk 2o & Al - VY

Through the button System database g

Read from database 8

a predefined load system can be added to the project:

Project dstabase System database
VOSE 150 KLAS 45R ~
KLAS 60U
KLAS €0R

Load moddl 1Lane 1
Load model 1Lane 2
Load modd 1Lane 3
Load moddl 1 Other lane
Model 71

Model SWO

Model SW/2

uic 71

Unicaded tran

VBS 170
VBS 270
VOS8 150
VOS8 1938
VOSE 250
VoS8 270
UIC 71 - HSL 600 E

CSNUC 71

CSNCSD2Z

CSNCSDT

CSNTRMNS

CSNTRM 48 i
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Tutorial — Load generators

With the button I << Copy'o projoct |a load system VOSB 150 can be copied to the Project. By pressing the
button Close this system is displayed in the Load system Manager.

rm“l

A ek o= @ SSHE ae . ¥
VO5E 150
M aam WOSE 150 2 2 g g £ g

Miguw | Irvoegen | Bewerken | Venwider SHanI

_—
Through the button Properties £ the properties of this load system can be viewed.

-
Load System »

Simphy load systern  Advanced load system |
Marme

Percentage crdinatas: 0

Distriouted load Canceniroted load |
Distributed load )
-90.00 kb E

Poimtload(kN] | Offset |
1 [-150.00 ]-1.50

2 [-1s000 0.00 Sam
EREET 150

10

= |oom 000

R WWTTTT ¥ '

i e
T30 7| 1o

Mdﬂw H m‘. I LT o - L) 000
Twa load groups
Mirdmium distanca betwaan the load groups. Iumu m

Meadmum distance between the load groups |1uw.ncm m
Mabile distnbuted load between he load groups lel[l kMjm

64



The load system consists of 2 groups of three point loads and a divided load. The point loads have a value of 150 kN 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 by pressing the button
FH Calculation i the project toolbar.

After the calculation a new group appears in the menu Mobile Loads:
== Detail anakysis - Member 20 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. The Load group - Train is selected/made.

Properties 3 x

|Exp|0ita1i9vanirrvioedslljnen—ZD elementen (1) ﬂ Wl
Marme Exploitatie van imdoedslijnen-2D el...
Unit loads Train j
Load systems [VOSE 150] [

= Limited run

e

= Load case
Generate =]
Load group Train j_l
Setup report __I
Selected 20 members [E1] __|
Values i3 ;I

Single Check
Freview

Subsequently through Single Check the bridge deck can be indicated. The exploitation is performed

e.g.inthe point(5;0;0).

Numerical and grashical output - 1/1

Caneea boad cater Toam Mow, me 61058000 To Document

1. Description of the influence line +

The selected load systems for which the exploitation is done:
Influence Ine

20 macro S1,

Global postion

x :5.00[m), y 0.00{m]. z 0.00{m)

Type : mx

Considered load systems.

Vose 150

Unit Load - Train

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

MC—2025/14/01
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Tutorial — Load generators

Under Title 6. and 7. is indicated that two extremes have been found.

Negative maximum position : VOSB 150

6. The data of load system which gives the maximum / minimum values:

Sum P Sum Q X1 X2
[kNm/m] [kNm/m] [m] [m]
-83.093 -125.154 1.000 18.000
Positive maximum position : VOSB 150
Sum P Sum Q X1 X2
[kNm/m] [kNm/m] [m] [m]
365.018 475.258 5.000 22.000
7. Results:
Negative maximum position : VOSB 150
Description Due to P Due to Q P+Q Units
mx negative -83.093 -125.154 -208.247 [kNm/m]
Positive maximum position : VOSB 150
Description Dueto P Due to Q P+Q Units
mx positive 365.018 475.258 840.277 [kNm/m]

mx is minimal (-208,247 kNm/m) in point (5;0; 0) if the reference point of the first group of point loads is on 1m
from the begin point of the track and the reference point of the second group of point loads that is on 18m.

mx is maximal (840,277 kNm/m) in point (5; 0; 0) if the reference point of the first group of point loads is on 5m from
the begin point of the track and the reference point of the second group of point load is on 22m.

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

In this project the enveloping load cases are 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.

Generate Envelope Load Cases

‘ . 4 .
To be able to generate the enveloping load cases, the option 1 Setup generated load cases g e
M Setup generated load cases g|
A sk o & S A i

EE [T CA -
Lise for calculahon a
Selectunit loads [Train]
Select load systems [WOSE 150]

& Unit Load: Train
Name
Load case
Group of load cases Train j_l
B Limited running length
Enable (u]
Stan [m]
Finish [rm]
B Additional
Mult, factor results except deformetio,, 1
Mabile tactar 1
B Selection of members
Allmembers a
2 Components
Select components J
B Members
M
Wy
i o
[
My
Mz
i

B

0o

uy
uz o
fix

v

oo

iy
Inser Delete Close

First of all you have to indicate which Unit load and which Load system have to be taken into account.
Subsequently the option Name Load case can be used to enter the names. This is not necessary. Nothing is filled in so
the program generates the names automatically based on Train and VOSB 150.

Through Select components you can indicate for which components an envelope has to be generated. In this example
the design parameters vx and mx are considered.

Setup of component gl

Output of components on members

Js: = My T Ty [T Select All I
Fo Fw Fe M ey ¢ UnselectAl |
Output of components on supports
r = MRz [Twmx Twy [ Select All
Unselect All

Qutput of components on 2D elements

Mox Tmy Ty Mw Tw T Ty gy Select All ]
Fix. T Tw T [y [ Unselect All I
oK Cancel ]
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Tutorial — Load generators

After entering these data, a linear calculation can be performed so the enveloping load cases are made.
After the calculation the Load cases manager shows the following:

M Load cases [Yi

AP 0 &cd A - ¥
I /05 150

: | Descnption
Tran-VYOSE 150-min mX || Action type
Tran-VOSB 150-max vx ||
Tran-VOSB 150-min vx

LoadGroup

Load type
Specification
Master load case

New || Insert || Edit |Dslete lClose

The load cases have Mobile envelope as a description and are in an exclusive load group. The load group can be
adjusted if required to set a Load type according to EC1991.
Subsequently the results of these envelopes can be viewed for e.g. the moment mx:

Maximum mx:
| mx [kNm/m]

887 24
780.00
72000
650 00
60000
54000
48000
42000
360.00
30000
24000
180.00
12000
5000
S83

Minimum mx:

| mx [kNm/m]

085
5000
-12000
18000
24000
-300 00
-360 00
42000
480 00
-540 00
500 00
650 00
~720.00
-780.00
84000
900 .00
99134
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Generation of load cases

After setting the envelopes, a selective exploitation is performed for the moment, indicated on position ( 10; 2,5; 0).
First of all the option Load case - Generate has to be marked at the Detailed Analysis.

Properties 2 %

|E:-cp|nitm':9 van invoedslijnen - 2D elementen (1) ﬂ Vo e 7
Mame Exploitatie van imdoedslijnen - 20 ..
Lnit loads Train I
Load systems [+OSB 150] 2

= Limited run

=l Additional

2 Load case

Generate &

Load graup Train El=
Setup repon ol
Selected 20 members [31] ane
Yalues i Pl

Single Check =

Fresiew >

The load cases will be placed in the variable load group Train that has already been made.
After activating this option, a Single check is performed on the bridge deck through the option Single check and the
desired position is set.

Numerical and graphical output - 111

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

Influence Ine
20 macro S1,
Global postion
x :10.00fm). y :2.50{m). 2 :0.00{m)
Type © mx
Considered load systems:
VOSB 150
- - -
; - : -
Post w o v &% 2§ Foan Mn mx, 51, P 100250
Upsen
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Tutorial — Load generators

Through Generate Load Cases the load cases are generated.
In the Load cases manager a description can be added to these load cases:

M Load caszes

A 2 BED>> 2o & FH A

LC1 - Self weight Hame

Tran¥OSE 150-max mx | Description
Tran-WOSB 150-min mx | Acion type
Tran-vo5s8 150-max vix LoadGroup

Tran-YO58 150-min vx

Train, Min, mx, S:1,P:1... | ;Dada:“_

Tramn, Max, mx, S:1 pe . catian
| Durahion

| Master load case

Train, Max, mx. 5:1, F10.0,25,00

Yanable

Static
Standard
Short
Mane

I Mew | Insert || Edit || Delete |

After re-running the linear calculation, the results for these generated load cases can be viewed.

Load case Max, mx:

Results:

70

| mx [kNm/m]
83230

70000
600 00
50000
40000
30000
20000
10000

000
-100.00
-200 .00
300 00
400 00
55027




Crane track

This last project shows how the position of a load system on the structure can be adapted through various unit loads.
That way e.g. a crane track, which moves from left to right in a hall, can be modelled.

After entering a simple hall, the track of the crane track is defined. Using the Unit load with two impulses, both rails of
the crane track are simulated. More Unit loads with various factors are entered to show that the crane track can also
move in the transversal direction, perpendicular on the rails.

In a next step the load system is defined which represents the wheels of the crane track and this load system is linked to
various unit loads so the enveloping load cases can be generated.

Project data R\
Basic data | Fi | Loads | C | | Nesional Annexes |
Structure
Data
Frame XYZ -
Neme [Project M4
Fet F s23% -l
Timber =]
Description
o [Crane rack Ober =
Author [pv-r Aluminium o
Date [15710.2005
Project Level Model
|Advanced ~| [one ~|
Netional Code
B e
e
Project data [?l
ity | Loads | C: | | Nasonal Annexes |
Dynemics a B Steel
Initial stress a Fire resistanca o
Subsail a Connecson modeller o
Manlinearity o Frame rigid connections o
Sability a Frame pinned connections o
Chmatic loads o Givd pinned connecsons (=]
Prastressing a Elolted diagonal connectons a
Fipelines a Exped systam a
Stuctural model a Connecion monodrewings o
Paramatars o Scaffolding o
= LTE 2nd Order o
Overvew drawings (=] Arcelotdital o
LTA-load cases o
o
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The construction

The first portal of the hall can be entered through Ef Catslogue blocks

FEEGD #??bﬂ

\, 1500

HEAZZ0
HEAZ220
5000

10000

Subsequently the haunch beams on which the rail support, can be entered through & Beam . The beams have a
length 1m, type IPE 180 and move across % of the length of the column.

¥ B
To find this Snap Point you can use the Cursor Snap settings .
Cursor snap setting M

[T Line gnd [v Dotgnd
[~ Only snapped points

a) [ Midpoints

b) [v Endpoints / Nodes

¢) [ Intersections

d) [~ Orhogonal points

e) [ Tangential points

) [ Arc/Circle centre

g) [ Points on line-curve - length

T

h) [v Points on line-curve - N-ths
1) [ Points on line-curve - % of length %
) [ Surface edges

k) [ General solids |
| OK I Canceal |
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" T

ecr® ez

| IPE180

HEAZ2Z20
HEAZ20

\Ogo|

To be able to get the full hall, the option ““=“Multiple copy is used. All members, the three nodes of the roof and the
two nodes of the IPE180 beams are selected:

pmmm e mm— s B e

|

The window More copies can be set:
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Multicopy

=

[v Insertthe very last copy

Number of copies

Distance vector
Define distance by cursor [

PR 7 E——
¢ Fow m
: [0 m
Rotation

[ ’000—' deg
v 000 deg
7 ,000— deg

Connect selected nodes 2
with new beams
Copy additional data v

How to define the distance 7

(@ between two copies

(" from original to the last copy
How to define the rotation ?

(@ between two copies

(" from original to the last copy
Rotation around

® currentUCS

(" distance vector

o]

Cancel

As a profile type for the connection beam between the various trusses, IPE 180 is chosen.

Than we have the following structure:
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.'z e
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L
A
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.
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The geometry input is ended by entering the rigid supports to the column bases and by executing the
+4
F) Check stucture data. 5, - &5 Connect members/nodes 14 connect the various members.

/r "
-~ \-\-\‘\
) e //) d h .
e
- T ™ .,
A .
A
- i - I \\ -~
- ’ ~
-~ - o~ S r
S o /___f).--"
E L= ‘
- - h
- o~ I Sl ofn,
T - g™
- . ”
~ ~
P e S o
. b gty .
- ‘i s i i
/J,-" bl 2 -
R z—--M-.‘J"-.\ o H';
. o, A Stk
- o T
|’-}__ " A 1 ey
L iy S -~
i - Al
LA ’ (F. .
i I " o A
Fa - I 1
1 >
o -~
. P L‘m..‘
o » [
! 5
E
Fa
i
o
- ol

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

Input track and unit load

After entering the construction, the menu ~ # Mabile loads c4n e opened.
Through New mobile load rack 5 430k can be defined from node K8 to K14 to K23 to K32.

-
~
-~
-
-
L
- |
-~ 7
- -
# F‘_r"
.""
|
T
l\*
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The Property window shows the nodes that are recognized by the track:

Properties ax

|Trip train (mobile load) (1) j Wa
[ ] T
LUze for calculaton &
Usednodes
=2 Track nodes
Mode
Mode
Hode
Mode

Update frack definition >
Table edit geometry >

As a Name for the track TR1 is entered.

After defining the track, the Unit loads can be entered through the menu & Unitloads

In this project three unit loads are entered:
Centre: a Unit load consisting of two impulses of 0,5 simulating that the crane track is in the middle of both rails.

Left: a Unit load consisting of an impulse of 0,8 and an impulse of 0,2 simulating that the crane track is on the left hand
side of the hall.

Right: a Unit load consisting of an impulse of 0,2 and an impulse of 0,8 simulating that the crane track is on the right
hand side of the hall.

The distance between both impulses is the distance between both rails: 8m.

76



B Unit Mobile Loads

o \f

AleeBi © - & Fd A
Name
Left Track assignment
Right Sections
Step for 20 element [m]

Add new Impulse
Delete impulse
2 Impulse 1
Type
Value
Position [m)
ey [m]
ez [m]
System
Direction
8 Impulse 2
Type
Value
Position [m)
ey [m]
ez[m]
System

Direction

I1 (-0.5)

Midpoint

TR1

Use sections from results
1,000

Generate section under Load system @

Concentrated
05

0.000

0,000

0,000

Local

Z

Concentrated
05

8,000

0,000

0,000

Local

P4

12 (-0.5)

S.000

l New || Insert ][”Edit |

MC—2025/14/01
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M Unit Mobile Loads

I Mew | Insert || Edit |

AeHph 2 & FH Al a Y
ot B
Track assignment TRI =
Left Sactions Use sactions from results bl
Step for 20 element [m] 1.000
Generate section under Load system @
Add new Impulse
Delete impulse
=2 Impulse 1
Type Concentrated
Yalue 0.8
Positian [m] 0.000
ey ] 0.000
ar [m] 0,000
System Local
Direction rd
2 Impulse 2
Type Concentrated
Walue 0.2
Fosition [m] &.000
ey [m] 0.000
ez [m] 0.000
System Local -
Direction Z B
11 (-0.8)
—t— 12 (-0.2)
J/ |
2,000
i1 i

=3
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'_.r T

AizeBdh o0 & FH A

RE ii Track assignrment TR1 =
Sechons Lise sactons from results -
Step for 20 element [m] 1.000
Generate section under Load system @
Add new Impulse
Delete impulse

=2 Impulse 1
Type Concentrated
Yalue 0.2
Positian [m] 0.000
ey [mi] 0.000
&z [m] 0,000
System Local
Direchion i
2 Impulse 2
Type Concentrated
Yalug -0.6
Fosition [m] &.000
ey [m] 0,000
ez [m] 0.000
System Local -
Direction Z -
12 (-0.8)
I1{-0.2) Y__;_
S
b - -\._,:"'
2,000
J I[N

| (Riew Jinsen ) Eait ) 0o ' ) [Close )

Input load system

The input of the load system for the crane track happens through the option i3 Load System Database

For the crane track a total weight of 40 kN is taken. If the crane track is in the middle, it means 20 kN per rail. On every
rail there are two wheels so a weight of 10 kN is calculated. The interval between the wheels is 0,8m.

However, the defined Unit loads are entered with a factor lower than 1. For the unit load Centre a factor of 0,5 is
entered per rail. Because of this the loads of the load system have to be doubled to come to the total weight of 40kN.
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The single load system can be entered as two point loads of 20kN with a mutual distance of 0,8m.

Load Systemn fi

Simply lood system | Advanced load systern |
Mame

[

[~ Meglect point load whit oppasita influence = 8

Distributed laad

5 wum

Poir load [kN) (fisat

-20.00 .40

[
2 |000 040
* |oso 0.00

T

080

Del AN I

oK | Cancel

As a Name for the load system, Crane Track is entered.

Exploitation of the load system

After defining the mobile unit loads and the load system, the linear calculation can be started through the button
EH Calculation , the project toolbar.

After the calculation a new group appears in the menu Mobile Loads:
F Detail analysis
¥ Member force. defarmation
£% Reaction
B, Member strass

With the Detailed Analysis the load system can be linked to various unit loads.

An exploitation is performed for the moment My on a position 2.5m on the first beam B33. The exploitation is
performed for the three Unit loads together.

In the Property window these loads can be set:

Properties o x
|E::pln'mu‘tievan invioedslijnen - Staven (1) ﬂ AT T
Marme Exploitatie van imdoedshijne. .
Unit loads All | <
Load systems [Crane Track] -
E Limited run
&
E Load case
Generate B
Load group Mobile ..
Setup report o]
Selected members [B33] foril
Values oy =
Aciors
Single Check =
Frewiew >

Through Generate a Load group Mobile is made.
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Through the action Preview the result of the asked exploitation can be asked for.

1. Description of the influence line +

The selected load systems for which the exploitation is done:
Influence line: Member B33
Position : 2.50[m]
Type : My
Considered load systems:
e Crane Track
Unit Load : Left

2. Co-ordinates of the nodes of the load track and their ordinates:

Node X [m] Y [m] Z [m]
9 9.000 0.000 3.750
18 9.000 5.000 3.750
27 9.000 10.000 3.750
36 9.000 15.000 3.750

3. Areas of the fields of the influence line:

Area Nr Area
1 -0.000
2 1.940
3 -0.471
4 0.088

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

Sign Nr X Y Z
[m] [m] [m]

0 9.000 0.000 3.750
1 9.000 0.049 3.750
2 9.000 5.197 3.750
3 9.000 10.418 3.750
0 9.000 0.000 3.750
1 9.000 0.049 3.750
2 9.000 5.197 3.750
3 9.000 10.418 3.750
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Tutorial — Load generators

5. Additional factors:

Mult. factor results except deformations : 1.000
Mobile factor: 1.000

6. The data of load system which gives the maximum / minimum values:

Negative maximum position : Crane Track

Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
-5.590 0.000 7.275 7.275

Positive maximum position : Crane Track

Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
27.074 0.000 2.100 2.100
7. Results:

Negative maximum position : Crane Track

Description Due to P Due to Q P+Q Units
My negative -5.590 0.000 -5.590 [kNm]

Positive maximum position : Crane Track

Description Dueto P Due to Q P+Q Units
My positive 27.074 0.000 27.074 [kNm]

As expected the maximal moment My on the position 2.5m arises when the crane track is on the left hand side of the
hall:

Under Title 6. and 7. is indicated that two extremes have been found.

My is minimal (-5.590 kNm) on 2.5m if the reference point of the crane track is on 7.275m from the begin point of the
track.

My is maximal (27.074 kNm) on 2.5m if the reference point of the crane track is on 2.1m from the begin point of the
track.

The values X1 and X2 are the same since a single load system was used.
This result is also shown graphically:

E 18 S 27 36
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Generation Enveloping Load Cases

For the component My the enveloping load cases are generated through the option 3 Setup generated load cases

I Setup generated load cases

Aok 2= & FH A

X

CA Mame
Use for calculation
Select unitloads
Select load systems
2 Unit Load: Midpoint
Marme
Load case
Group of load cases
& Unit Load: Right
Hame
Load case
Group of load cases
5 Unit Load: Left
Mame
Load case
Group of load cases
& Limited running length
& Additional
8 Selection of members
All members
Selection
=2 Components
Select components
B Members
M
Wy
Vi
hx
My
Mz
ux

CA ~
2]

[Midpoint] [Right] [Left]
[Crane Track]

E Ll

Mohile

B

Mobile

B

Mobile

B

Sl

ooeo0o0ooo

w

New | Insert || Edit || Delete |

First of all you have to indicate which unit loads and which load systems have to be taken into account. In this example

all unit loads are selected.

Subsequently you can enter the name through the option Name Load case. This is not necessary. For a load group the
name Mobile is chosen, this load group has been created before in the Detailed analysis.

With Selection of members the option All members is deselected and the member B33 is indicated. Through Select
components you can indicate for which components an envelope has to be generated. In this example, only the

component My is considered.

Setup of component

Qutput of components on members

TN Fw [ v
™ wx [ uy T [ fix

Output of components on suppons

MR« TR [ R

QOutput of components on 2D elements

M« MMy [ M
[ fy [~ fiz

MM T My [ M

Fme Fmy Fw F
Fow Fu Foe Fio F

X

Select All |

Unselect All ]

Select All I

Unselect All l

[~ ~ [~ |
[

I

| oK | Cencel |
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Tutorial — Load generators

After entering these data, a linear calculation can be performed so the enveloping load cases are made.
After the calculation the Load cases manager displays the following:

M Load cases

| |

2

AR eBKi» 0o & FE A

| Master load case

X

LC1 - Eigengewicht Nama Left-Crane Track-Max My
Mdpoint-Crane Track-Mn My | Description

Midpoint-Crane Track-Max My | Action type

L' T" My | LoadGroup

Left-Crane Track-Max My | Load type

Right-Crane Track-Mn My ; Sooihoaton

Right-Crane Track-Max My K Ll

l New | Insent || Edit || Delete |

The load cases have Mobile envelope as a description and are in an exclusive load group. If required, the load group can
be adjusted, e.g. to set a moment factor according to NEN or a Load Type according to EC1991.

Subsequently, the results of these envelopes can be viewed. The moment course My on member B33 for load case Left
— Crane track — Max My shows the following:

27.5

Internal forces on member

Linear calculation, Extreme : Global, System : Principal

Selection : B33

D

Load cases : Left-Crane Track-Max My

A

Member Case dx l N ’ Vy | vz | Mx | My ‘ Mz
[m] [kN] [kN] [kN] [kNm] | [kNm] | [kNm]
B33 Left-Crane Track-Max My 0313  -0,05] -0,02] 24,89 0.00 8,17 0.04
B33 Left-Crane Track-Max My 4,688 0.14 005 -2875  -0.01 2,77 0.12
B33 Left-Crane Track-Max My 0.000 0,11 004 222 0,00 0.01 -0.10
B33 Left-Crane Track-Max My 2,188 0,07 003 1135 0,00, 27.69 0,00
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2D wind- and snow generators (32-bit)

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 |Funclionality| Loads Protection

ST
Scia |
Engirser

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

Basic data Fundionality Loads Frotedion
e |||| Acceleration of grandty 9810 mia™2
Scia
E N
Wind Load
According to code (=] we| EC1/ 26.200mdn /0

St Losd
| BC 1/ See1 00N "2 Ce=1.0 0210
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Tutorial — Load generators

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:

e Self Weight (Permanent)
e Wind Left (Variable, load group exclusive)
e  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

s
[aoer~ - [To000%¢ m
_ concer_|

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

Wind load - EC1 X

Coefficients

Outside

Set coeff

Mext
Previous
Divide

Connect

Regenerate

Direction Inside coeff, Preference bramadislante m Redo

(®) From left Overpressure () Pressure Terrain levels
OFrom right Underpressure @Suction

@None
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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.

H

|

X

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]:
Table 7.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Zone | A B C D E

hid Cpoi0 | Cpa.i Coaio | Cped Cpoi0 | Cpod Cpein | Cood Cpa, 10 Cpad

5 -12 -1.4 -0.8 -1,1 -0,5 +0,8 +1.0 -0.7

1 -12 -1.4 -0.8 -1.1 -0.5 +0,8 +1.0 -0.5

=025 |12 -1.4 -0.8 -1,1 -0.5 +0,7 +1.0 -0,3
MC—2025/14/01
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Tutorial — Load generators

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
I + e=b or 2h,
* whichever is smaller
b: crosswind dimension
Elevationfore<d
wind\ M A 8 c h
ey ) = b
/ W o o
L - ol . N |
I ﬂ I 45 o |
K A h
t —————— Elevation= = - -, —
Elovation fore >d Elevation for e > 5d
wod A 8 h wnd A h
Y e e L e e W e e e
e d o e d o

W Ih ! ! ih
wind wind
— —

Figure 7.5 — Key for vertical walls



For the roof, table 7.4a of EN 1991-1-4 is used [1]:

Table 7.4a — External pressure coefficients for duopitch roofs

Zone forwind direction 8= 0°
Piteh

F G H I J
Angle o

Cont0 Cpn,1 Con, 10 Com.1 (== % Cont Copata Coat (] L= ]
-45° 0,6 0.6 0.8 0,7 -1,0 -1,5
-30° -1,1 20 0.8 15 0.8 0.6 0.8 -1.4
-15° 2.5 28 -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 -12
0.6 0.6

A7 25 -1.2 -20 0.6 1,2 0,2
50 06

+0,0 +0,0 +0,0 0,6
15 0.9 | =20 .8 | 15 0,3 0.4 -1,0 =15

+0,2 +0),2 +0.2 +0,0 +0,0 +0,0
age 0.5 | 1.5 0.5 | 15 0.2 0.4 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
5 +0,8 +08 +08 0.2 0.3

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

ﬁééli lModify Tree  Plugins  Setu

Activity »
Selections >
1 ucs 4

Cursor snap setting
Dot grid and tracking setting
Layers

User defined selections
Cleaner

Coordinates info
XML 10 Document %

Edit profile library

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

MC—2025/14/01 89



Tutorial — Load generators

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

wird upwind face wind upwind face
d ind fac downwind face
8=0* y. ownwin = 8- / G
o =0 & LT @
............. \ ,
iy oy oy oy o oy oy ey
Pitch angle postive Pitch angle negafive
(a) general
upwind face downwind face

b / _
'||_ _IF F Y
efd F

E:[]"‘ G H

amI F

fe—ef0 e alo

wind\‘
—

ridge or trough
[

e=bor2h
whichever is smaller
(b) wind direction 8=0°

aﬂ'ﬂ-I F
H |

AN G
wind
—_—r

b : crosswind dimension

ridge
6=090° Drdgh'ougl'i b
G
H |
&H-I F
f—{er10
al2

(c) wind direction 8= 90°

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

Project data
Ak o« S SH

Basic data | Fundtiomality Loads Protecion

Belgian NEN-EN N&
British BS-EN NA
Czech CSN-EN MNA
Dutch NEN-EN NA

Name Standard EN
Netionel arnex Standard EN

=1 EN 1990: Basis of structural design
EN 1990 (Basis of stuctursl design)

EN 19321-1 (General rules and rubes for buldings)
EN 15592-1-2 (General ndes -Structural fire design)
EN 13322 Concrete bridges - Design and detaiing nies)
EN 1168 (Precast concrete products = Holow core slab)
=] EN 1993: Design of steel structures.

EN 1393 1-1 (Ganaral rise and niss for buldings)

EN 1993-1-2 (General rules - Suctural fre design)

N 18531 . or

EN 199215 (Plated structural slements)

EN 199218 (Dlesign of jorts)

> |

£ Stanand IN Narve Randard EN
|
rtema presaure for 20 wind he rtemal pressure
Fostion domnart face for 20 wind bort
Operwigs domnant face for 20 wind WO e
© Bxternal pressure for 30 wind
Boemal prossure for 30 wnd Use oversl coefticsents Cpe 10
Reference hoight (2_e)
Tyoe of e Buchue Vertcal wals o sectangler bubdngs (EC114, 722
b - wikh of ™ suctoe ) 10,000
Fafererce level of taran =] 0.000
 a_dr - dwectional factor
Voo [ 100
 €_soason - season lacter
Valve [ 100
= €0 - omgraphy lactor
Vele | 100
V_b.0 - basc wind velocty s 26200
o - ¢ decaty b} 13
 Probabdty
Up - ¥e period of the buldng be] .00
¢ _pwob - probabity factor | 100
K- hage tacter [ 00
n - eponent [ 00
= Teoman
temmn category 0
¥ - teman factor H (31
2.0 mughoess length )
2, - mriendl haght )
k_| - tutence factor H

MC—2025/14/01

91




Tutorial — Load generators

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.

 Coefficients
Begin

0Bl gl T End

oo'o
i
=

Divide |
Connect |
Regenerate |

0.00

[ Smow weight | Frame distance 5 m —Iu"dtl

1~ Lead mode 1 [T Accidental design situation

_ ke |
" defauit o~ |
e |

g0 @0 @0 Cancel

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.
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The Load Coefficients are calculated according to the code, EN 1991-1-3.
Table 5.2 [2] is used for the load coefficients.

Table 5.2: Snhow load Ehﬂpﬁ coefficients
Angle of pitch of roof « 0F = g 30° 307 < g < 60P o = H7
Ly 0.8 0.8(60 - )/30 0,0
ITe] 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

1 O Com

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

Casel)  piy(en) | I piez)
Case (i} 0,5u(e) l—l—‘ plee)
Case (i) pay(cxs) l—lﬁ 0,5p01( cz)

Figure 5.3: Snow 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 situntion

Cage Bl =

B2
B3
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Tutorial — Load generators

The different cases are shown in table A.1 of EN1991-1-3 [2].

Tabie A.1 Design Situations and load arrangements to be used for different locations

Normal Excepfional conditions

Case A Case B1 Case B2 Case B3

No exceptional falis Exceptional falls No exceptional falls Exceptional falis

No exceptional dnift No exceptional drift Exceptional drift Exceptional drift

3.21) 3.3(1) 3.3(2) 3.3(3)

Persistent/transient design Persistent/ransient design Persistentiransiont design Persistentlransient design
sduation situation situation situation

[1] undrifted ;4 C,G & [1] undrifted 44 C.C, & [1] undrifted 1, C.C, &, [1] undrifted ¢ C,G 5,

12} drifted 1 C.G & [2] drifted 14 C.G & [2] drifted 1 C.C: 5 (except for|[2] drifted i G.G & (except for

roof shapes in AnnexB) roof shapes in AnnexB)

& Accidental design situation| Accidental design  situation) Accidental  design  siduation
(where snow is the accidental|(where snow is the accxdental| (where snow s the accidental)

action) action) action)
[3] undrifted 4 C.C: Cou 54 [3] drifted s s (for roof shapes | [3] undrifted 1 GG Cuu 5
in AnnexB)

[4) drifted 4 C.C Cuu &
[4] drifted ;4 & (for rool shapes
n AnnexB)

NOTE 1: Excaptional conditions are defined accordng 10 the National Arnax
NOTE 2. Fer cases 81 and B3 e Natonal Arnex may defing desgn stuations which apply for the particular local effects descrbed n 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 5new 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
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Chapter 6 - 2D wind- and snow generators (32-bit)

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.

Bl Stnvdard BN lare Iwawrt EN
= W . Wed
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Operwge dvwnwd face bor 20wt

- Edond prowsre b 30 wed
Etarsd somamrn tor 10 vt Ut dvell efomrn Cie 10 B

" Rebororwm hesge (1 o)
Trow of P #rssm Votod sl w e bhukdrgy 801 14.72D
b o fe e ) e
It wn wow o e axe
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Ve e
C_wramn  woamme fase
Ve 3 190
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e L%

V30 baw vl wioty xe
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