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1. 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

2. 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.
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2.1.General properties

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

2.1.1. 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.

2.1.2. 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

2.1.3. 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.

2.1.4. 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.

2.1.5. LCSangle

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.

2.1.6. 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 09/01/2026 7
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2.1.7. 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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2.1.8. 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
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2.2.Panel types

2.2.1. 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

PANEL (1) A

(= m

El=(e

Layer Layerl v E

Pkt

Panel type  To panel nodes
Shape Flat
Load transfer direction a1l (LCS pane)

<

LCStype  Standard
Swap orientation (O
LCS angle [deg] 0,00

<

Supporting members validity range (withre...  All
Load transfer method ~ Standard

el

Selection of entities Al

v WEIGHT OF LOADED NODES
LPYNL

LP/N2
LPY/N3
LP/N4

|-

¥ ILLUSTRATION GROUP

Node name X{m] ¥ [m] Zim] wx [m] ay [m] uz[m] Linked  Shape
1 N1 0,000 0,000 0,000 0,000 0,000 0,000 Rela Li
z fnz 0,000 5,000 0,000 0,000 5,000 0,000 Rela  Line ACTIONS 2%

. Update edge/beam selection
3 N3 10,000 5,000 0,000 10,000 5,000 0,000 Rela Line
4 [ns 10,000 0,000 0,000 10,000 0,000 0,000 Rela L Updateall load panels
0,000 0,000 0,000 0,000 0,000 0,000 Rela Generate loads
S > Table edit geometry
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.

DG # @ @ © & f

% Repeat 'Rectangular grid' Enter

< Undo Ctri+Z

= Redo Ctri+Y
Modify b

Elﬂ Deletion settings

4 Copy/paste properties Ctrl+Shift+F
Add data [
Metadata [
Polyline edit > ¢t Add node
Curves edit - X Delete rictle |
Solids 3

¢ Breakinto curves

C—) Connect curves

'-ﬁ[ Fillet

2.2.2. 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.
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Chapter 2 - Load panels

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.

H

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 09/01/2026 11
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2.2.3. 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.

2.2.4. 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:

Load transfer direction Y:

#8se

eaveL (1) A

-
om o=
T
| Load transfer dinction ¥ (LCS panel)
e
Swaporenaton (1)
pl—
‘Supporting members validity range (with re...  All

}

Load transfer direction All:

#s=e

PANEL (1)

D

Name LP1
Ly Loyt v
_
s Fit
[t v gocion_siicspomat ]
T npe Sandard
swaporintaton (3
wesanghices] 000
Supporting membe valdity ange (withre... Al
Load transfer method  Standard.
‘Selection of entities  Auto selection

<

<l¢

<le]efin]

- WEKGHT

¥ WLUSTRATION GROUF.
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Chapter 2 - Load panels

2.2.5. 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:

ssisisEn

Layer Layeri v

>

il

:

Load vanser directon _all (1CS panel)
CStpe_Stndard v
LCSangleldeg] 0,00
Isupporting members validty inge (weh re..._ Al
[ toad waasfor metnod  Tributary area |
‘Sekction o anties_ Auto selection

|

<l il

l1<

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.

#is[sle[n

PANEL (1) A

Tributary area TAG]| ) ¥ LLUSTRATION GROUP
Tibutary area 747] e

PANEL (1)

>

A8 =80
1
Layer_Loyers ~
Shape 111
Mwﬁkﬂ: ¥ (LCS panel)
LcStpe Standard
swaporientation (1)
(CSangleldeg] 0,00
[sapporting members vality rangs with ... Al
T
Selaction of entities  Auto selection T
¥ LLUSTRATION GROUP ——————

< |l

:

{

<lef it

Note: For this type of load panel the load transfer method ‘FEM’ is not available.
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2.2.6. 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.

2.2.7. 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

#|ssej0

Fancd type To panel edges and beams

e
l oad varates dvcton x«u-—a)l
Mo anefor varser fdes] 500
o Standard
Swaporenaton (1)
(s anglefoeg] 0,00
Supparting members vabcity range (with e Al
Max. cccenricty of members 0,200
| T |
et of e Mo setecton
- WLUSTRATON GROUP.

i

<

<

| ¢ i

<<

[ acnons
Updats edge/beam swection
Update a8 losd panes
Generate loads

Max. angle for transfer = 45 deg.

PANEL (1)

>

l#/8|s(e |50

Loyer Lo v

e -

Shape
Load wansfer dinction X (LCS panel)
]
L
Swaporketaton (3
LCS angle [ceg] 0,00
Supporting members vty range (with e All
Ma.eccantrciy of members m] 6,200
D
=

i

3

< 1

<<
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2.2.8. 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 < | | <

N10

N12

Ni1

Element type Standard
Element behaviour
Type plate (90)
Shape
Material S$235
FEM model Panel with beam
Member system-planeat ~Centre
Eccentricityz [mm] 0
LCStype Standard

Swap orientation ()

LCS angle [deg] 0,00

l‘ ¥ BEAM LAYOUT
Position  Distance
S S ————— ST D
Last offset [m]
I switchoffsets ()
i ii Ni8 Distance [m] 1,000
Number
[ Fistbeam (O )
Lastbeam (O )
h R Position in plate  Inside
Alignment  Centre
[ Beams eccentricity Z [mm] 0,0
“i N2 Select all beams to generator ()
¥ NODES
]
I N1O
_ L i
NI2
¥ BEAMS

¥ ILLUSTRATION GROUP
2

l“)‘l‘vli;l‘
& .

Iy
m”;ll;‘l
+
ACTIONS >

Regenerate beams in plate
Disconnect beams from plate
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 09/01/2026




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 [mm]
LCS type.

Swap orientation

LCS angle (deg]

<l ¢l fhil

<l

<

il

v BEAM LAYOUT

if [seg] 3"

First offset [m]
Lastoffset [m]

°
2
2

Distance [m]
Number

First beam
Lastbeam
Position in plate.

{
8</1[t/98 i[e

Beams eccentricity Z {mm]
Select all beams to generator

¥ NODES

EEEs
§

v BEAMS
¥ ILLUSTRATION GROUP

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

16

"J‘ Y AN
Li\!
» —— S
mmhm
Disconnect beams from plate
nbl-::u—mny
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Chapter 3 - Free loads

3. 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.

3.1.Properties of a free load

Start this chapter with modelling a plate and add a load case. Click = inthe 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 *

Name FF2 ~
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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3.1.1. Direction

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

3.1.2. Type

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

3.1.3. 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.

3.1.4. Validity

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

N19

18 MC 09/01/2026



Chapter 3 - 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 09/01/2026 19



Tutorial — Load generators

-Z (incl. 0)

+Z (incl.0)

Z=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
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Chapter 3 - Free loads

3.1.5. 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
—

3.1.6. 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
Ni4 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
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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

Ni4

Name $2
Layer Layerl v
Elementtype _ Standard -
Element behaviour ~

4l

Type plate (30) v/
Material §235
FEMmodel  Isotropic

FEM nonlinear model  none

il

Thickness type ~ constant

Thickness Th, [mm] 200

Member system-planeat Centre
Eccentricity z [mm] "o
LCStype  Standard
N
LCS angle [deg] 0,00

ownd D N

L

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.

3.2.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
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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
DEEIR

Name 55

Layer Layerl =

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] ©
WStype Sandard
LCS angle [deg] 0,00 =

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

007
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Chapter 3 - Free loads

3.3.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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https://www.youtube.com/watch?v=Pn_tDNH-rtE&t=113s

Tutorial — Load generators

3.4.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

3.5.S0il 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 21,00 020 ¥
Water level 1,000 m Name GP1
Non-compressible subsoil below the last inputted layer oK el

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:

Type is set to soil pressure
The distribution is set to ‘uniform” automatically
The LCS of the member is used

Borehole BH1 is used to define the soil pressure

B Surface force free

Name FF2

Direction Z

Type Soil pressure

Distribution Uniform

Coeff1 [-] 1,000
Borehole profile BH1
Validity Z=0

Select Auto

System Member LCS

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’.

Note: The same can be done for water pressure.

MC 09/01/2026

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

RESULTS (1) A X
Name Surface loads o
¥ SELECTION
Type of selection  All A
Filter No ~
¥ RESULT CASE
Typeof load Load cases A
Load case  LC2 - Soil and Water p... ~/
¥ EXTREME
Extreme Member S
Values q_z S
¥ SYSTEM
System  LCS mesh element R
¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about w... (@
Showerrors  All v
Show warnings ~ All hvY
Show notes None v
Show table with explanatio... @
ACTIONS
£ Refresh F5
(®) Drawing setup 20
@ FResultstable
T Report preview
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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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4. 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

Basicdata Functionality Actions UnitSet Protection

Acceleration of gravity 9,810 m/s2

ernal pressare

WIND LOAD

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

00,000
SNOW LOAD
_air - directional facto
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 perio
CODE COMBINATIONS
[ Automatic - 4 Terrain
OK Cancel
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https://help.scia.net/22.0/en/#modelling/_booksminitocs/refguide/3d_wind_b.htm

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)
PAE=AN A
Name LP1
Layer Laagl v =

Paneltype To panel edges and beams
Shape
Load transfer direction X (LCS panel)
Max.angle for transfer [deg] 5,00
LCStype Standard
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

¥ ILLUSTRATION GROUP
iz

leill.
l"1-1~ - Ry >
'I;ll']'~ L;'I, ]
N

ACTIONS 335
Update edge/bearn selection

Update all load panels
Table edit geometry

Swap outer surface

WIND DATA (1)

Name WD5
Panel

Wall
oD
QO

Type

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)

2-UIIN |
)
r

Panel
Type Roof
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

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

Longitudinal strain on 10 310 0:207 0,30

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

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

ST PEGAINIGATE Include torsional load case
Run generator Close OK Cancel




By default, 16 load cases are generated. Four cases for each wind direction. For the Load Coefficients, the Cpe values
are taken from the code (EN 1991-1-4):

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
O = cmsElmm g

PREE SURFACE LOAD (1) A

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 @
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5. Traffic loads 2D

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. Traffic lanes created in versions older than v26.0 will be
removed when the project is opened in v26.0 due to the improvements to the traffic and mobile loads.

5.1.Example model

5.1.1. 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 traffic loads in a project, this functionality needs to be activated in the Project Data:

Project data X

Basic data  Functionality Actions Unit Set Protection

GENERAL DETAILED
Property modifiers 4 Subsoil
Model modifiers Soil interaction
Parametric input Pad foundation check
Climatic loads 4 Steel
Traffic loads 2D Fire resistance checks
= Moving loads 1D Steel connections
E Moving loads 2D Scaffolding
== Dynamics 4 Composite
1& Stability Fire resistance check for columns
| g Nonlinearity
\E: Structural model
|- IFC properties
P_ Prestressing
r Bridge design

Construction stages

T

Warping (Tth degree of freedom)

=t

AW

OK Cancel

5.1.2. 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

5.2.Input traffic loads

5.2.1. Traffic lane

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

INPUT PANEL

E All workstations ~

= All categories ~

& Aitags - B fa Click here or press Space
» GRIDS & STOREYS B Loyen curteAteL

» 1D MEMBERS B oreras et

» 2D MEMBERS X Crossections i

P LOAD PANELS (& icture gallery Altsp

» IMPORT & BLOCKS [ Paperspace gallery

» BOUNDARY CONDITIONS Load cases, combinations »

P DRAWING i >

P POINT LOADS Ll P > | A Singletaficloads

» LINE LOADS Structure and analysis » ||y Trfficloads enerator

P SURFACE LOADS Tooks y | i Troffic oad patterns

» TEMPERATURE LOADS Steel c

» IMPOSED DISPLACEMENTS P Dy T C

¥ MOVING LOADS 2D Subsoiland foundation » g
‘t Traffic lane 2D D ot s |

two rails at the same time, 1 traffic lane is entered. The traffic lane 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).

5.2.2. Traffic loads generator

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

5.2.3. Traffic loads

In the traffic loads generator you define the traffic loads.

W7 Teaffic loads generator X | W03 Load pattems x
HEFE &2 O W@ A Y ||[HFEEFE a2 T A@BD A Y
w Name LL1
(o oo il
Traffic lane TR1 2 Train Leads x
Load group L62 v S
Load case name P—
1,000
Sl Description
Rty 4 Insert point
X-coordinate [m] 0,000
Y-coordinate [m] 0,000
. | 4 Validity
Valicity v
4 Entities
Type Point v
Add new enity
Actions T
Generateloads >
Draw validity in traffic lane  >>
New | Insert | Edit | Delete Close New | Insert || Edit | Delete 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
¥-coordinate [m] 0,000
Y-coordinate [m] 0,000
4 Validity
Validity v

4 Entities

Type Point A

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.

5.2.4. Generate loads

The selected train load pattern will move along the specified traffic lane 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.

17 Traffic loadls generator % _
FARFE o2 D @D A v Y 4 wovng...
L1 Name LL1 % Self Weigth
Traffic Loads LP1 ¥ ] | I Moving Load - TRY/LP10,000 m
Traffic lane TR1 Y| | 1% Moving Load1 - TRY/LP10250m ¥
Wind | [
Step [m] 0250 I== Moving Load3 - TRL/LP10,750 m
Validity ¥ Moving Loadd - TR1/LP11,000m
¥ Moving Loads - TR1/LP11,250m
1= Moving Load6 - TR1/LP11,500 m
¥ Moving LoadT - TR/LP11,750m
== Moving Loads - TRL/LP12,000 m
== Moving Loadd - TRL/LP12,250 m
== Moving Load10 - TR/LP12,500 m i
- ¥ Moving Load11 - TR1/LP12,750 m
Action FE——— ¥ Moving Load12 - TR1/LP13,000 m
Draw validity in traffic lane ~ >>> IEE et ML 2y
= o o o Close === Manage load cases Ctri+L
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6. Moving loads 1D

In this chapter the ‘Moving loads’ functionality will be examined in detail. With this functionality, moving load systems,
connected to a traffic lane, 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.

6.1.Principle

The principle of the module Mobile Loads is based on the theory of the influence lines. An influence line represents a
diagram that shows the effect of a unit load on a variable position in a given point of the structure.

This is illustrated on the picture below:

Moving
1} l ;l
Akl ; ']3_{__ -
ln \ o
”;;. (Q) ;@; \\ ///
N - Mmax +
v" 9
- n e 7
P
M g b Vmox+
=g
Px(l=x)/1 .
PUL-)/L s et
+ Vmax- P
— l v
: (c)
(b) Px/l

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
position for

M,

N max +

Influence line ¥,

Trial load position

|¢_&—* for Vn mex +
n

Trial load position
&.__‘_* for V. 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 Create a load case of the type ‘influence lines’
e Input a unit deformation on the position for which the influence line needs to be generated
e C(Create a load system
e Input Traffic lane across which a load system can move

e Create a ‘moving load generator’ to link the load system to a traffic lane and the load case with the unit load to
find the most extreme results on that position for the moving load

e Generate enveloping load cases to gain insight in the global behaviour of the structure with a moving load.

6.2. Influence lines

In this first project Influence lines.esa a simple beam is modelled on 2 supports. By means of the module Moving Loads,
a traffic lane and a unit deformation in the middle of the beam are defined so the influence lines of the various design
components can be reviewed.

-
™~

10000

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 traffic lane has to be defined first,
together with a load case of the type ‘influence lines’ and a unit deformation.

6.2.1. Traffic lane

* MOVING LOADS 1D
You can import this traffic lane through < # ™
The program defines the traffic lane as a polyline. To model this, c||ck on the beams on which this needs to be created.

5.2.Influence lines X +

Traffic lane 1D > Select beams >

@
%
MABL w7 L‘u"l‘\ 2
A > 7% 5 é

If the traffic lane consists of several members, you select all beams in the correct order. The property window shows
the offset of the traffic lane.
B
TRAFFIC LANE 1D (1) A
Z
Name TL1
¥ SELECTED MEMBERS
Member 1
¥ OFFSET
Begin [m] 0,000
End [m] 0,000
ACTIONS >»
@ Update selected members

The action ‘Update selected members’ allows regenerating the traffic lane when anything changes to the model.
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6.2.2. Unit deformation

A loadcase needs to be created with the following info. Based on these settings, it is defined which influence line is to

be provided.
e Loadtype:influence lines

e Type of entity: Internal force

e  Entity: My
B Load cases X
EEEHE a2 O @B A v Y
LC1 - Eigengewicht Name Influence lines
Influence lines Description
Action type Permanent
Load type Influence lines v
Type of entity Internal force v
Entity My b A
N
Vy
Vz
Mx
Mz
Actions
Delete allloads >>>
Copy all loads to another loadcase  >>>
New Insert Edit Delete Close

Other components can also be selected (Deformation, reaction force). If you want to review multiple components, you

can create multiple load cases.

Now the corresponding unit loads can be defined. These are found in the input panel. Depending on the settings of the
load case, the following will be available. You will only be able to add one unit deformation to each load case.

¥ INFLUENCE LINES/SURFACES

Add ‘unit deformation of 1D member’ to this load case. You define one exact position on the whole structure. This is the
position the influence line should be considered. This load itself is adjusted according to the load case settings. The
selected value will be ‘one unit’ and is only informative, it can not be edited. For example: in case of an influence line
for the bending moment, the unit deformation is one radian (depending on the unit settings, this could be depicted in

degrees).

5.2.Influencelines X +

MC 09/01/2026

Mo B O m o m %

et

UNIT DEFORMATION OF 1D MEMBER (1) Q
ol A
Name UDM
Entity
Value - R [deg]
v GEOMETRY

System

Coord. definition Rela

Positionx 0,500

Origin  From start
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After performing the linear analysis, the influence line can be visualized with the ‘1D deformations’. You use the created
load case as the result case. In this case we use the result u_z.

S2.mfuencatioes X+

— =i —
: ”'TJT']/T/(
» = /1/
(7

o |

[ //\'

v

a

8

I

u Y
ot
S B E S 0o o @ ®s
< hd =

To review the extreme results of a moving load in this exact position (position where the unit deformation is added),
a load system needs to be created together with a moving load generator 1D which will link the load system with the
traffic lane and allow you to define the steps of the moving load.

6.2.3. Load system

With the command ‘load system 1D’ a load system can be created. For this example, we create a system with one
concentrated load, named LS1. The loads and their offset or length are created with the two tables on top (one for a
distributed load and one for a concentrated load). Other properties will be discussed later on in this manual.

(M7 Load system 1D X
Name LS1
Set1 +
Setname Setl Copy to new set
Distributed load Concentrated Load
Load [kN/m] x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
o v o 1 S v — : .
* 0,00 0,00 z v
Multiplier for the load in favourable position 3 o
Multiplier for the load in unfavourable position 3l S
Infinite surface load 0,00 kN/m
Direction Z
External offset - start- a 0,000 m
External offset-end - b 0,000 =
| Internal offsets - starts - ¢ 0,000 m
3 Internal offsets - ends - d 0,000 m
i Multiplier for the infinite load in favourable position 1 AL
| Multiplier for the infinite load in unfavourable position 1 Set 1

Distance between

R e <]
vibs bl v dl s ;
x‘7[rz .a."" o d b oK Cancel
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6.2.4. Moving load generator 1D — influence lines

Open the ‘moving load generator 1D’ and create a new entity. This entity will get the name CA by default, standing for
combination assembly. This load generator is actually a library of CA entities. It will create new load cases during the
linear analysis containing the requested result. These load cases will be added to a selected load group for which you
can define the properties. The relation of this load group is set to ‘exclusive’
For this generator we use the following properties:

e Type of generated load cases: Influence lines

e Traffic lane: TL1 (you can select multiple traffic lanes at once)

e Step: 0.250 (defines the different positions of the moving load)

e Load group: LG2 (relation: exclusive)

e Load on traffic lane: Partial or complete
This property defines if a load system can be partially on the traffic lane when consisting of multiple
concentrated and/or distributed loads.

e Load system: LS1

e  Eccentricity e_y(z): 0
This property allows you to define an eccentricity to the load system. For this example we will keep this on
Omm

7 Moving load generator 10 x

#IBFE «ao @ M .Y

() Name €A

[[Type of generated load cases Influence tines

+ Influence line properties
Influence line Influence lines
Teaffic lanes TLL
Step [m] 0,250
Load group LG2
Load on traffic lane Partial

4 Traffic lane

Name TL1

Load systems LS1

Name LS1

Eccentricity e_z [mm] ©

New | Insert | Edit | Delete Close

Run the linear analysis. After this analysis we expect to have 2 new load cases created by the generator. One for the
most maximum value of My and one of the most minimum value of My on the exact position of the unit load. This min
and max is found by verifying each position of the load system along the traffic lane.

(87 Load cases X
HIEFE «~ O wB A ML

LC1 - Eigengewicht Name LC_CA_Influence Line_min

Influence lines Description

test

] Action type Variable
iLC_CA_Influence Line_min

Load group LG2
Load type Static

LC_CA_Influence Line_max

Specification Standard
Duration Short v

Master load case None

Actions
Delete all loads >>>
Copy all loads to another loadcase  >>>
New Insert Edit Delete Close
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The results of these type of load cases are found in the general results. Since ‘type of entity” was set to My for the load
case, we review the internal forces on 1D and choose the value M_y.

Load case LC CA influence Line max.

DG ¥we ool

15 mters torcem

aso bt E

2o
B 5 95
-

This result will correspond to the position of the load system in the middle of the beam. We can manually verify this by
creating a test load case with a point load in the middle of the beam. Below you find the result for a test load case
containing one point load with a value of -1kN. The results are exactly the same as found above.

53 i X+

o ¢ = "M ow B omom A

A x

oot 2

Note: The minimal amount of sections can have an influence on the results. To generate more precise results, you can
modify this value in the solver settings:

B FE analysis X

Calculations. 4 Mesh setup

Average number of 10 mesh element 1
[ Linear analysis

Average size of 1D mesh element on ¢ 1,000
Load cases: 3

Average size of 2D mesh element [m] 1,000
Other processes Connect members/nodes
Save project after analysis b Advanced mesh settings
4 Solver setup
Specify load cases for linear calculati
4 Advanced solver settings
4 General
Use Lagrange muitipliers
Initial strain for cables and membra 0,1

Neglect shear force deformation ( A

Neglect shear center eccentricity
Type of solver Direct v

Minimal number of sections on mer £

Warning when maximal translation 1000,0

Warning when maximal rotation is g 100,0
4 Initial stress

Initial stress

4 Soil

Cakculate 4 Soil and water loading
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6.3. Envelope load case

Open the project Load generator.esa. In this project a bridge deck is modelled on several supports. After defining a
traffic lane and a load systems these are linked via the moving loads generator 1D.

Through a selective exploitation, the load cases are automatically calculated 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.

—100,00
—=100,00
—=150,00

32000 32000 18000

6.3.1. The construction

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

l & Cross-Sections X

&7 Cross-section X

Name C€S1
Type Double T1
Detailed 13000,00; 800,00; 100,00;
Shape type Thick-walled

S

Parameters
Material €25/30 ¥
b[mm] 13000,00
b0 [mm] 800,00
b1 [mm] 100,00
b2 [mm] 3000,00
hi[mm] 1300,00
h2 [mm] 150,00
h3 [mm] 200,00
s[mm] 150,00

| . mm| ﬂ
1Ly 3000,00 e
100,00 b0 8¢0.00

< | | A

z
b 130%0.00

h3 200.00

s 150.00

W
-

}

Draw colour Normal colour v
Colour NG

AutoDesign constraints
Fabrication concrete v

h2 150.00

S

Concrete
Curve dividing 36

Edit joints
Edit cuts

Fibres and Parts

Fibre text zoom 1.0 v

Edit named items.

2D FEM analysis

H 1800,00
h1 130000

S

S

| Export Update Document
| 4 5B Picture b

Cross-section layout and dimensions

The construction is inserted as 3 horizontal beams through =~ *=" N Shift8

, 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 automatically; the Self Weight.
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6.3.2. traffic lane

) . Traffic lane 1D . )
After entering the construction, use R, Traffc lane from the input panel to create a traffic lane.

Select all beams to create a traffic lane over all members. As Name of the traffic lane, TL1 is used by default.

@ sans

Bl X+

Dz

[= %@~

6.3.3. Load systems

B, Load systems 1D

After defining the traffic lane, a load system can be created via found in the input panel.

Both Single and Multiple Load systems can be defined.

Possibilities with Single Load systems:
e A coherent combination of concentrated loads
e A coherent combination of distributed loads
e A combination of both concentrated and distributed loads

Possibilities with Multiple Load systems:
e  Multiple independent systems of concentrated loads and distributed loads with variable interval in
combination with an infinite distributed load of an indefinite length.

You can manually create these systems or use the existing system database:

IEFrE a2 OB A A 1
| Read from database X
Project database System database
Al v Y

‘Anr\e- A 1200/150
Annex A 1200/200
Annex A 1500/150
Annex A 1500/200
Annex A 1800/150
Annex A 1800/200
Annex A 2400/200
Annex A 2400/200/200
Annex A 2400/240
Annex A 3000/200
Annex A 3000/200/200
Annex A 3000/240
Annex A 3600/200
Annex A 3600/240
Annex A 3600/240/240
Annex A 600/150
Annex A 900/150

<< Copy to project
Close << Copy all

New Insert 7 cow | vewlewe | 'w-y
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In this project we will discuss the following single load systems:

1) Single Load system P Loads Front

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 and will be the first to run on the traffic lane.

7 Load system 10

Mame P Loads Front

setl | [+
Setname Setl Copy to new set
Distributed load Concentrated Load
Load [kN/m] x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
2 -100,00 2,00 z
3 -100,00 4,00 F3
* 0,00 0,00 z

Multiplier for the load in favourable position 1 .
Multiplier for the load in unfavourable position 1 5
Infinite surface load 0,00 kN/m
Direction Z
External offset - start- a 0,000 m E E
External offset - end - b 0,000 m
Internal offsets - starts - ¢ 0,000 m
Internal offsets - ends - d 0,000 m
Multiplier for the infinite load in favourable position 1
Multiplier for the infinite load in unfaveurable position 1
| .:::'r:::;u

HU;AU__U_U_;U{ 1Ly J
x.;z L L. oty o —

2) Single Load system P Loads Back

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 and will be the last to run on the traffic lane.
B Load system 1D

Mame P LoadsBack

set1 | [+
Setname Set1l Copy to new set
Distributed load Concentrated Load
Load [kNjm] x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
2 -100,00 2,00 z
3 -150,00 4,00 z
* 0,00 0,00 z
Multiplier for the load in favourable pesition 1 §
Multiplier for the load in unfavourable position 1 2
Infinite surface load 0,00 Khjm
Direction 4
External offset - start-a 0,000 m : :
External offset-end - b 0,000 m
Internal offsets - starts - ¢ 0,000 m
Internal offsets - ends - d 0,000 m
Multiplier for the infinite load in favourable position 1
Multiplier for the infinite load in unfavourable position 1
Distaos stween e 8 suts (vt bk or fime)
T nfnitatond
st | bawoonsets | Sz
nfinltetond (Happiioabie) 2o ;
LLUQ[L_&_&_L_l_;;U u } i
¥tz R L L
Y oK Cancel
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6.3.4. Moving load generator 1D — Influence lines

After defining the traffic lane and the load system, a load case can be created of the type ‘influence lines’. You define
the type of entity and the entity to define which influence line needs to be generated. We choose the component My.

W3 Load cases X
HARFE «2» 0 wB A > Y

LC1 - Self weight Mame My - pos 24m

My - pos 24m - Influen... Description Influence lines

LC_Front_Envelope M Action type Permanent

LC_Front_Envelope M. :

LC_Back_Envelope.M... Load type Influence lines v
LC_Back_Envelope_M... Type of entity Internal force v
LC_Influence line - Fro... Entity My v

LC_Influence line - Fro...
LC_Influence line - Ba
LC_Influence line - Ba

Back
Front

Actions
| Deleteall loads ~ »>>
| Copy allloads to another loadcase  >»>
I Mew | insert | Edit | Delete Close

Inside this load case, you add a ‘unit deformation’ in the position you would like to find the extreme results of the
mobile load. In this case a unit deformation is added to beam B1 at a position of 24m. The entity and value is defined
based on the selected load case.

[ 5014 Engineer - 6 X

i
DG #Z @m@ ©® o fa 4 My-por2am - inuencetines 1] M m# B mm S
WPUT PANEL Y
& Al workstations UMIT OEFORMATION OF 1... 1] (R
B Al categoris
% | 1®
& wiugp
Name oM

R (deg

shiftrs

I
- 6l I
b N
2 g
= A Y 2
v
= g
% A
]
&
8]
8 &
I
118 >
e
',.Ermnam”mﬂn ¢ e ae s
G i

Perform the linear analysis. The influence line for the unit deformation can be checked through ‘1D deformations’.
Review the result u_z for the created load case ‘My- pos 24m — Influence lines’. This shows the influence line for
position 24m.

[ 50 trgreer - 8 x
52 Load gonerator X+
DB ¥ me@e © o € [ P L m w0 Bl
INPUT PANEL £ 10 deformations =

& Al workstations Valves: us

Linear calculaton RESULTS (1 A X
Bl categories Load case: My - pos 24m =
& niup Coordeate system: Global Mame 10 deformations

Extreme 10: Global

Shifts

7 3
S e H
N &
O
SRR -
. e -
£
g (i
£ 3
% [x]
: L) —
8] P e
VIl s s
S
T s ae s <
» CONCRETE ADOITIONAL DATA G nd

K Provided renforcement temp.
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With the moving load generator 1D, an exploitation is performed for the moment My on a position 24m on the first
beam B1. We will do so for the two load systems separately.
For each load system we create a separate moving load generator 1D. Other than that, the properties are the same.

1| Moving load generator 1D X | | B Moving load generator 1D x
BEEIFE «2 O A Y EEEIFE «» O A M
Influsnce line-Front _ ! Name Influence line - Front Influence line - Front Name Influence line - Back
Influence line - Back Type of generated load cases Influence lines v j Type of generated load cases Influence lines v
;‘:’(": 4 Influence line properties ;;T: < Influence line properties
Influence line My - pos 24m - Influence lines Yo Influence line My - pos 24m - Influence lines v o
Traffic lanes TL1 Traffic lanes TL1
Step [m] 1,000 Step [m] 1,000
Load group LG2 Yo Load group LG2 e
Load on traffic lane Partial ¥ Load on traffic lane Partial v
4 Traffic lane + Traffic lane
Name TL1 Name TL1
Load systems P Loads Front Load systems P Loads Back
Name P Loads Front Name P Loads Back
Synchronization group None v Synchronization group None v
Eccentricity e_y [mm] 0 Eccentricity e_y [mm] 0
Eccentricity e_z [mm] © Eccentricity e_z [mm] 0
New Insert Edit Delete Close New Insert Edit Delete Close

Run the linear analysis. Each generator will create two load cases containing a maximum and a minimum result of
bending moment My found on position 24m. This maximum and minimum is found by running the load system over the
traffic lane with a defined step distance. This load case will show you the result of the moving load in one exact position.

B Load cases *
HEELHFE «» O wB@ a M

LC1 - Self weight Description

My - pos 24m - Influence lines Action type Variable

LC_Back_Envelope_My_min g L2

LC Back En\reloee My max
il Load type Static

LC_Influence line - Front_Influence Line_min
Specification Standard

Duration Short v

LC_Influence line - Front_Influence Line_max
LC_Influence line - Back_Influence Line_min

LC Influence line - Back_Influence Line_max Master load case None

ac
Front

| LC_Front_Envelope_My_min
LC_Front_Envelope_My_max

New Insert Edit Delete Close
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Since the type of entity of the load case is set to My, the results of these load cases, can be found via ‘1D internal
forces’.

e Load system ‘P loads Back’
max:
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You can manually verify these result by manually creating a load case representing the load system on the
position causing the maximum result. The maximum result My on position 24m is found when load system
‘P Loads Back’ on position 26m. Below you find an example of this test load case ‘Back’:

[ sciaingrer - 8 x
S2Losdgemenstar X+
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e Load system ‘P loads Front’
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You can manually verify these result by manually creating a load case representing the load system on the
position causing the maximum result. The maximum result My on position 24m is found when load system
‘P Loads Front’ on position 24m. Below you find an example of this test load case ‘Front”:
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Tutorial — Load generators

An envelope of this maximum and minimum can be found as well by changing the type of load in the result properties
to ‘moving load — influence lines’. Here you find the ‘combination assembly’ based on the name you used in the moving
load generator 1D.

1B 50 Ergioees
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6.3.5. Moving load generator 1D — Envelope load case

Instead of generating ‘influence lines’, envelope load cases can be generated. For these envelope load cases, internally
several linear load cases will be analysed, respecting varying positions of the load sets within the load system assigned
to one or more traffic lanes. Out of this vast number of load cases, a resulting envelope will be provided. For this it is
required to select which internal forces and/or which support reactions you want to investigate through the whole
structure. At least one component needs to be selected.

To investigate both load systems individually, we create two separate moving load generators. The ‘type of generated
load cases’ is set to ‘Envelope’. We select the component My in this example, but multiple components can be selected
to create multiple envelopes. Other properties are similar to generating ‘influence lines’ as discussed before, you define
the traffic lane(s), the step of the moving load, the load group and the load system.

L] oving lo or 1D ® Moving load generator 10 *®
EIEFR «2 O A L2 BEEEFE a2 @ A ~ Y
ot Name Front o N— Name Back
Back Type of generated load cases Envelope + | |{Back ; Type of generated load cases Envelope v
Influence line - Front Trafc lanes TLL | == Cs-len Traffic lanes TL1
Influence line - Back Influence line - Back
Step [m] 1,000 Step [m] 1,000
Load group LG2 v .. Load group LG2 v o
Load on traffic lane Partial v Load on traffic lane Partial v
Compute with influence lines Compute with influence lines
« Traffic lane « Traffic lane
Name TL1 Name TL1
Load systems P Loads Front Load systems P Loads Back
Name P Loads Front Name P Loads Back
Synchronization group None v Synchronization group None v
Eccentricity 2_y [mm] 0 Eccentricity o_y [mm] 0
Eccentricity e_z [mm] © Eccentricity e_z [mm] 0
< 1D member components 1D member components
N i N
vy vy
vz vz
M Mx
My My
Mz Mz
“ Support components “ Support components
Rz Rz
Ry Ry
Rx Rx
Riz RMz
Rity Ry
Ridx RMx
New | Insert | Edit | Delete Close New | Insert | Edit | Delete Close

Note: the properties ‘Synchronization group’ and ‘compute with influence lines” will be discussed later on.

After performing the linear analysis, these envelope load cases are added. For each component of each generator a
minimum and maximum will be created.

B Load cases >
HELIEFE «2 O @@ A v Y

LC1 - Self weight Description

Mx pos 24m - Influence lines Action type Variable

LC_Back_Envelope_My_min

Load group LG2
LC Back Enveloee ME (LR .
Load type Static

LC_Influence line - Front_Influence Line_min

LC_Influence line - Front_Influence Line_max Specification Standard

LC_Influence line - Back_Influence Line_min Duration Short L7
LC_Influence line - Back_Influence Line_max Master load case None

Back

Front

LC_Front_Envelope_My_min
LC_Front_Envelope_My_max

Mew Insert Edit Delete Close
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Tutorial — Load generators

These results can be viewed via ‘Internal forces 1D’. These will show you either the maximum or minimum results of My
for the moving load moving along the traffic lane.
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Chapter 6 - Moving loads 1D

Similar as found for influence lines, there will also be an envelope to review the min and max at the same time. Set the
‘type of load’ to ‘Moving load 1D — Envelope’.
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Tutorial — Load generators

6.3.6. Multiple load systems

In the previous example, we created different singular load systems. It is also possible to let multiple load systems run
on one or multiple traffic lanes or to create a load system with multiple sets and variable distances.

Different load systems on one traffic lane

In the example Synchronized Load Systems.esa the same load systems ‘P Loads Front” and P Loads ‘Back’ are created.
To let the different load systems run on the same traffic lane at the same time, we can create a ‘mobile load generator

1D’ including both load systems.

& Moving load generator 1D b

& Moving load generator 10 b

= TEFE &2 T A .Y

L - i = > Y

Front + Back
Front + Back Synchronized

Mame Front +Back
Type of generated load cases Envelope
Traffic lanes TL1
Step [m] 1,000

Load on traffic lane Partial
Compute with influence lines
+ Traffic lane
Name TL1

Name P Loads Front
Synchronization group None
Eccentricity ey [mm] 0
Eccentricity =z [mm] 0
Name P Loads Back
Synchronization group None
Eccentricity e_y [mm] 0
Eccentricity e_z [mm] 0
+ 1D member components
N
Vy
V2

Mx
My
Mz
+ Support components
Re
Ry
Rx
RMz
Riy
RMx

Load group LG2 Yo

Load systems P Loads Front, P Loads Back ...

Front + Back Name Front + Back Synchronized
Front + Back Synchronized Type of generated load cases Envelope
Traffic lanes TL1
Step [m] 1,000
Load group LG2 v o
Load on traffic lane Partial
Compute with influence lines
+ Traffic lane
Name TL1
Load systems P Loads Front, P Loads Back ...
Name P Loads Front
Eccentricity e_y [mm] 0

Eccentricity e_z [mm] 0

Name P Loads Back
Synchronization group 1

Eccentricity e_y [mm] 0
Eccentricity e_z [mm] 0

+ 1D member components

+ Support components

New Insert Edit Delete Close New Insert Edit Delete Close

Now both load systems are added, you can select a synchronization group to indicate if different load systems need to
be moving at the same time. We created two generators, one ‘Front + Back” which will not be synchronized, one ‘Front
+ Back synchronized” which will be synchronized by selecting Synchronization group ‘1’

After performing the linear analysis, the envelope load cases are created. You will notice that the calculation for the
unsynchronized envelope will take longer since both load systems on different positions need to be taken into account.
The synchronized envelope will be calculated as fast as calculating one load system on a traffic lane.

B CALCULATION PROCESS

Calculation | Results

Calcutation is running

£ Name Progress

2 ¥ Linearanalysis 86%
® Front + Back 2%
®  Front + Back Synchronized & Finished
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For both generators, a min and max envelope will be created and the results can be viewed again via ‘1D internal

forces’. You will also find an envelope containing both min and max values.
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Tutorial — Load generators

Synchronized load systems:
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The maximum result of the synchronized and unsynchronized load systems are the same since the max result is found
for the load system in exactly the same position. You will notice a small difference in the section results for which the
synchronized load system finds a smaller result compared to the unsynchronized load systems.
The minimum result of the synchronized and unsynchronized load system is different. The unsynchronized load systems
will find the minimum result for both load systems on a different position.
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With some test load cases, we can verify which position is causing the most extreme result. To verify this, you can find
Load generator-manualverification.esa. In this model, the moving load is modelled with separate load cases for each
load position of a load system. All load cases of one load system are located in the same load group. For each load
system, a separate group is created with the relation set to ‘exclusive’. To create these different load cases, an add-on
from our SCIA website was used: https://www.scia.net/en/support/addons/train-loads-1d-members
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Tutorial — Load generators

With an envelope combination, we can combine the different positions of the two different load systems and find the
most minimum and maximum result:

e The maximum result is found for both load systems at position 16m:
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Load system with multiple sets

In the previous example, we discussed different load systems moving synchronized or not. It is also possible to create

one load system with multiple sets of loads moving together. The distances in between these sets can be fixed or
variable. In between these sets, an indefinite line load can be added as well. You can find this example in load

generator-multiplesets.esa

For these type of load systems, you will find a system database. These are preprogrammed. We will use VOSB 150 from
the system database.

| ® 1 Load system 1D - library

X

*Y

¥ ' Read from database

BiEFE «s I:ID All
1

s

Project database

|Sy5lem database

| All

Annex A 1200/150

Annex A 1200/200
Annex A 1500/150
Annex A 1500/200
Annex A 1800/150
Annex A 1800/200
Annex A 2400/200
Annex A 2400,/200/200
Annex A 2400/240
Annex A 3000/200
Annex A 3000/200/200
Annex A 3000/240
Annex A 3600/200
Annex A 3600/240
Annex A 3600,/240/240
Annex A 600/150
Annex A 900/150
<< Copy to project
<< Copy all

- W7 Load system 1D - library b
EfEFE «» 0D v Y
VOSEB 150
g g g g g g
z z =z 7 =z R
MName VOSB 150
-E0f00 -2 00
\ h y \\ //l l\}g/ f\\\ iy \\ /AJLDD
S 5af 2
- 15 z
14.00 X-',_T
New Insert Edit Delete Close
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Tutorial — Load generators

In this load system, two sets are created. Both sets have the exact same nodal loads and line loads defined in the top
table. In the property set on the bottom left of this dialog, the infinite surface load is defined as -10kN/m. This infinite
load is applied in before, in between and after the sets. You can define an offset creating a distance between the set
and the infinite load.

7 Load system 1D x

Name VOSB 150

set1 x| set2 | [+
Setname Setl Copy to new set
Distributed load Concentrated Load
Load [kN/m] x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
* 000 0,00 1,00 z ¥ 2 150,00 1,50 z v
3 -150,00 3,00 z v
0,00 0,00 z v
Multiplier for the load in favourable position 1
Multiplier for the load in unfavourable position 1
Infinite surface load -10,00 KN/m
Direction z
External offset - start-a 0,000 m
External offset - end - b 0,000 m
Internal offsets - starts - ¢ 0,000 m
Internal offsets - ends - d 0,000 m
Multiplier for the infinite load in position 1
Multiplier for the infinite load in unfavourable position 1 \ / \ / \ / \ [
{ ‘ [ [ ! ]
v i :;
stz ,_i
% 1z L *rm ____ ’éle? T
'71v a ¢ b oK Cancel ||

The second set is defined in a new tab. In this tab you also define the distance in between the first set and the second.
In this case the distance in between is variable. The minimum is set (by default) to 14m the maximum to 997m. You also
define a step for this distance, which is set to 1m. You can manually modify these distances.

W Load system 1D X
Mame VOSB 150
Set 1 Set2 x +
Setname Set2 Copy to new set
Distributed load Concentrated Load
Load [kN/m] x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
* 0,00 0,00 1,00 z v 2 -150,00 1,50 z v
2 -150,00 2,00 z v
* 0,00 0,00 Z v
Muttiplier for the load in favourable position 1
Muttiplier for the load in unfavourable position 1
Type Variable ¥
Minimal load distance between the load sets 14000 m
Maximum load distance between the load sets 957,000 m
Step 1,000 m

oK Cancel

For this example, the minimum distance is modified to 25m and the maximum distance is modified to 40m.
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Similarly to previous examples, you can find the envelope results either via a minimum and maximum load case or
‘moving load 1D — envelope’ which will show you both the minimum and maximum results of the moving load in each

section.
B 5C1A Engineer - o X
5.2, Load generator-multiplesets X+
DB XMmao& X LC_CA_Envelope_My_max i [ L) OO S EE  N RP-A
INPUT PANEL W it forns -
@ Al workstations Values: My
RESULTS (1) A X

Linear calculation

BB Al categories Moving losd 1D - Ervelope: CA P
& Coordinate system: Member ame
ol Extreme 10: Global v SELECTION

Selection: All

oving load 10 - £

Shiftes
- v EXTREME 1D
- 70

Temperature load on 10

| -s035.88 Nm

'

Retresh s
(® Mew combination from Combination key
© Pesis table

TT Report preview

6.3.7. Compute influence lines

In all examples where an envelope load case is generated, we deactivated ‘compute with influence lines’.

The option ‘compute with influence lines” automatically creates vast number of calculations using influence lines in the
background and merges the results into the envelope. If this check box is activated, along the traffic lane in each
position (respecting the defined step size, e.g. with 1m span), influence line for each selected 1D internal force result
will be calculated. Hence, in each position along the traffic lane, the corresponding linear load cases using the Unit
deformation of 1D member will be analysed firstly (in the background). For each such influence line, two linear load
cases with extreme values (min and max) for the corresponding 1D internal force will be firstly determined (to find the
position of these extremes based on the influence line) and subsequently analysed. The envelope will be provided out
of the results of these internally calculated load cases. This solution offers possibility to use the reduction of the load in
places when the loads acts in favourable direction (decreasing the corresponding internal force at the considered
position) - hence the load multipliers for favourable and unfavourable positions defined within the Load Systems 1D are
valid for the "envelope" solution only when this check box is activated (when the influence lines are used).

We copy the existing moving load generator and activate this option.

87 Moving load generator 10

HIEFE o« O m
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Tutorial — Load generators

Now during the linear analysis, you will find that the influence analysis is performed at every step defined in the moving
load generator (1m).

B CALCULATION PROCESS

Calculation

Rt

165 7 Lnesr snaliais S P
& infuence analysis (1/33) & Frisiod
®  Chcompute with fisence ines - influence analysis (1/83) o
® infuence anatysis 2733) & Fnahed
& Chcompute with ilsence lines - Influence analysis (2/35) o
® infuence analysis (3/83) & Fished
@ Chcompute with fluence lines - Infuence analysis (3/83) o
® infuence analysis 4/33) & Frishod
®  Cheompute with fiuencs ines - infuance ansiya (4/53) o
® influence analysis (3/83) & Finished
@ Chcompute with ifluence lines - infuence analysis ($/83) o
® infuence snaiysis (6331 & Frished
®  Chcampute with fisenece ines - influence analysis 6/83) o
® infuence anatysis (73] & Fnahed
& Chcompute with flsence lines - Influence analysis (1/33) o
® infuence analysis (5/33) & Fished
@ Chcompute with fluence lines - Infuence analysis (3783) o
® infuence analysis 193] & Frishod
®  Cheompute with fiuenes ines - infiuanze ansiya (9/53) o
® Influence analysis (10/33] & Finished

The result of this new envelope will be exactly the same as before since the multiplier for unfavourable an favourable
positions are both set to 1. Keep in mind that these multipliers is defined for each set. In this case | only modify Set 1.

@3 Load system 1D X
Name VOSB 150
set1 x| Sset2 | [+
Setname Set1 Copy to new set
Distributed load Concentrated Load
Load [kN/m]  x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
N — ) 00 : N r— ) : .
* 0,00 0,00 1,00 z 2 -150,00 1,50 z v
3 -150,00 2,00 z v
* 0,00 0,00 z v
Multiplier for the load in favourable position 1
Multiplier for the load in unfavourable position 1
Infinite surface load -10,00 KN/m
Direction z
External offset - start-a 0,000 m
External offset - end - b 0,000 m
Internal offsets - starts - ¢ 0,000 m
Internal offsets - ends - d 0,000 m
Multiplier for the infinite load in favourable position 1
Multiplier for the infinite load in unfavourable position 1 l\ / N\ /l l\ / N/ i
Distance between the oad sets (variable o ficd) .
dnfnte oad®
Set1 i betwesnsets | Setz 1
c 1 1— L Fr *J l it o
b oK Cancel
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If we reduce the multiplier for favourable positions of ‘set 1’ to 0.5, we will notice some changes in the maximum
results (due to the minimum distance in between de sets, the maximum is found when both sets are positioned on

different spans).

W7 Load system 1D x
Name VOSB 150
sa1 x| se2 |+
Sebname Set1 Copy to new set
Distributed load Coneentrated Load
Load [Njm]  xoffsetim]  Length[m] Direction Load [kH] xoffset [m] Direction
N o — 30 : S e — : .
+ om0 0,00 1,00 z v 1 asem 1,50 z -
1 as00 100 z v
* a0 000 z 0
Multiplier for the load in favourable position m
Multplie for the load in unfavourable positon 3 & H !
infinite surface load 1000 ym
Direckion z
External offset-start- 000 m
Externaloffset - end - b oow  m
inkernal offsets - stars - ¢ g0 m
Inkernal offets - ends - d a0 m
| Multiplir for the infinits load in favourable position 1
Multipler for the infinle load in unfavourable posifion 1 g .': l\ " é] ‘
¥ 3 ¥ ¥

i

oK Cancel

SCIA Engineer
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v DRAWING SETUP 1D
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This multiplier of unfavourable and favourable positions will have no influence on the generated envelope load case if
‘compute with influence lines’ is toggled off.

MC 09/01/2026

65



Tutorial — Load generators

6.4. Crane track

This last example shows how the position of a load system on the structure can be adapted through various load
systems. That way a crane track, which moves from left to right in a hall, can be modelled.
You can find this example in Crane Track.esa.

After entering a simple hall, the traffic lane is defined. Two separate lanes are created on each side of the hall.

B 5t o x
4 CraneTrack X+

€1 st weght a ¥ - m o B omom &
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T U 16 () A
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18 E3
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These traffic lanes represent both rails of the crane track. We will use multiple load systems with various factors to
show that the crane track can also move in the transversal direction, perpendicular on the rails.
In the next step, the enveloping load cases can be generated.

Praject data X

Basic data Functionality Actions UnitSet Protection

T 11 | GENERAL DETAILED
_-—L : Property modifiers 4 Subsoil
Model modifiers Pad foundation check
L Parametric input 4 Steel
-! Climatic loads Fire resistance checks
\_” L Traffic loads 2D Steel connections
‘? 4 Moving loads 1D u Scaffolding

'15 : Moving loads 2D
- o

= o

; Nenlinearity

;‘: Structural model

: IFC properties

P, Automated GA drawings

.\ .’ ‘EI Prestressing

- ,:fa - Bridge design

g . Construction stages

OK Cancel
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6.4.1. The construction

E Catalogue blocks

The first portal of the hall can be entered through ‘catalogue blocks’: I'== b
P,
P22 £200 §
_‘.q
o (=]
o o =
o4 o
(=]
2 g 8
T T
—
10000
4 Beam Shift+B

Subsequently the haunch beams on which the rail support, can be entered through
The beams have a length of 1m, type IPE 180 and move across % of the length of the column.
To find this Snap Point you can use the cursor Snap setting ‘line divisions’.

LC1 - Self weight \/ a
Magnet Snapping 2
Tracking Guides ,'
Ortho -
Line grid }'3

Dotgrid :9:

i

Endpoints / Nodes "\
Midpoints / Centers c
Intersections 1,

Normal & Tangent ¢
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Tutorial — Load generators

To get the full hall, the multi copy tool is used. All members, the three nodes of the roof and two nodes of the IPE 180

beams are selected.

L

With this selection, the Multicopy tool is using the following settings:

G 7w ¥ © 1 ‘a

N

% Repeat 'Project settings' Enter

| & Undo ctri+z

| 2 Redo ctrisy

[ Modity * | > Move ctrl+x
| 'EfD Deletion settings I.'. Copy Cerl+C
| @ Copy/paste properties CerlsShifttF || . Multicopy
l Add data > | |\ Mirror

Metadata - » | DX Rotate Ctri+R

——
ey
Multicopy
Number of copies 3] *H Connect selected nodes
with new beams
Insert the very last copy Copy additional data
DISTANCE VECTOR HOW TO DEFINE THE DISTANCE ?
Define distance by cursor * between two copies
X 0,000 m from original to the last copy
HOW TO DEFINE THE ROTATION ?
v 5,000 m
S ® between two copies
= L from original to the last copy
ROTATION ROTATION AROUND
23 0,00 deg ® current UCS
- 0,00 i distance vector
0,00
" S8 de oK 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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The geometry input is ended by entering the rigid supports to the column bases and by executing the

vy A Connect bers/nod .
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To be able to calculate the structure, one load case is created; the Self Weight.

6.4.2. Traffic lanes
After entering the construction, the traffic lanes can be created. Run the command Iy Pl bena 10 . To create a lane,
select the members on one side of the hall. Repeat the same steps to create a second lane. The property panel will
show you which members are linked to the traffic lane:

B4 CraneTrack X+
& m R Suggen . Wosetwigns ] M =, Mo B o= om 2
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Tutorial — Load generators

6.4.3. Load systems

{ Ja, '
0.75L

We will create different load systems to represent thé different positions of the hook load Qh (in the middle, on the
left, on the right). We assume the following:

e When the hook load is positioned in the middle, the weight is distributed evenly on both sides.
e When the hook load is positioned on the left or right, one side gets 25% of the weight, the other 75%

e The weight of the crane itself is neglected in this example.

Therefore we create three different load systems: Crane_75, Crane_25, Crane_50. 75, 25 and 50 are the values of the
forces in these load systems in kN respectively.

The Crane track has two supporting nodes on each side with a distance of 1m. The weight is always evenly distributed
on these two supports.

Use the command B =99+ create three load systems. Each system consists of 1 set with two nodal loads. They
both have the same value.

W7 Load system 10 - lbrary X || BT Load system 1D - library x

HIEFE «~ O 8 mB A - T HIEFE «~ O 8 mB A -7
Crane.75 Crana.75
Crane_25 =] =3 Crane2s | 2 =
Crane_s0 =] =3 Crane_s0 =] =3
¥ i i 0
Mame ErameTs Mams Erame2s
Sel 1 Sel 1
z z
x.t x.t
o || it | 5 ) Goia o || [ [t | 0 | Doia e
3 Load system 1D - lbrary x
o IEFE «a~ O A mO A A
Crana 75
Crane 28 2 s
Crane_so 9 9
Name Erase_58
Sel 1
z
x.t

Mew | insert | Edit | Delete Close
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6.4.4. Moving load generator

With the generator we will combine the different load systems and let them run over the traffic lanes. By synchronizing

the load systems we will make sure that both sides move along the traffic lane simultaneously. We create a new

generator for each different position of the hook load.

Run the Command ‘1 Moving loads generator 1D

each generator we assign two traffic lanes, define the step as 0.5m and assume that the load system is always

completely on the traffic lane. For each traffic lane a load system is assigned, a synchronisation group is selected to

keep both load systems on different lanes synchronized. For this example we will generate the envelop for 1D

component My and support component Rz.

CA crane left:
e Load system Crane_75 is moving on TL1

e Load system Crane_25 is moving on TL2

CA crane middle:

e Load system Crane_50 is moving on TL1

e Load system Crane_50 is moving on TL2

CA crane_right:

e Load system Crane_25 is moving on TL1

e Load system Crane_75 is moving on TL2

. Moving load generator 10 X

EARBFE w2 B A vy g

CA_crane_left Name CA_crane_left

Type of generated load cases Envelope
Traffic lanes TL1, TL2
Step (m] 0,500
Load group 162

CA_crane_right

Load on traflic lane Complete
Compute with influence lines
« Traffic lane
Name TL1
Load systems Crane_75
Name Crane_75
Synchronization group 1
Eccentricity e_y [mm] 0
Eccentricity e_z [mm] 0
« Teafic lane
Name TL2
Load systems Crane_25
Name Crane_25
Synchronization group 1
Eccentricity ¢_y [mm] 0
Eccentricity e_z [mm] 0
“ 1D member components
N
vy
™
My
™

+ Support components

New | Insert | Edit | Delete Close New | Insert | Edit
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&7 Moving load generator 1D

o @ A L §

Name CA_crane_middle
Type of generated load cases Envelope
Traffic lanes TL1,TL2
Step [m] 0,500
Load group LG2
Load on traffic lane Complete

Compute with influence lines

+ Traffic lane

Name TL1

“ Support components

Delete

X

Close

&7 Moving load generator 1D

New

Inset

Type of generated load

Traffic

v Y

Name CA_crane_right
cases Envelope
fanes TL1, TL2

Step {m] 0,500

Load graup LG2

Load on traffi

ic lane Complete

Compute with influence lines

+ Traffic lane

Edit

Load syst

Name TLI

stems Crane_25

Name Crane_25

* Support components

Delete

Close

- to create three different generators to generate the enveloping load cases. For
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6.4.5. Envelope load cases

Run the analysis, the envelope load cases will be generated.

[ Load cases X
[giere «- g @B m .Y
ILC1 - Self weight Name LC1
| LC_CA_crane_left_Envelope_My_min Description Self weight
LC_CA_crane_left_Envelope_My_max Action type Permanent v

LC_CA_crane_leR_Envelope_Rz_min
LC_CA_crane_left_Envelope_Rz_max
LC_CA_crane_middle_Envelope_My_min
| LC_CA_crane_middle_Envelope_My_max Direction -Z v
LC_CA_crane_middle_Envelope_Rz_min

LC_CA_crane_middle_Envelope_Rz_max

LC_CA_crane_right_Envelope_My_min

LC_CA_crane_right_Envelope_My_max

| LC_CA_crane_right_Envelope_Rz_min

| LC_CA_crane_right_Envelope_Rz_max [

Load group LG1
Load type Self weight v

l New | Insert | Edit | Delete Close

For each of these load cases, the results can be verified separately. These will show you the minimum or maximum
value found in each section caused by the moving load. An envelope is created for both My and Rz since only those
components were selected in the generator.
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Crane Left Rz-max:

g X+

T:@ve@E"9 B2

Crane Left Rz-min

= o x

These results can be used in a combination as well. Allowing you to further process these results in combination with
other load cases. Automatically generated linear load combinations can also consider these envelopes. Keep in mind
that the load group of the envelope load cases is relevant. In this example the different envelopes give us information
about different hook load positions. Therefore LG2 has the relation ‘exclusive’ meaning that different envelope load
cases cannot be combined with each other.

e %] 53 toad grocen o
® IEFE &« o B Inputcombination
- |giEre as B @B & .Y
[melope ovng loads |Lex Name LG2
+ Contents of combination jua Relation Exclusive A

Load [Standard
Structure t'f"“""
Load type Cat AT DOMETHE

Actions

New | et | Edt | Delete Cose | || New | Insert | Edit | Delete Close
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This is the result of the envelope combination. The extreme results are slightly different due to the combination with
the self-weight of the structure.
a

g X+

DG X@®ov P —es Comest i 0 s O w6 D oW om &

on

B soE ! me s o §ea

&ﬁ.

&

6.4.6. Horizontal forces

Similarly we can define Horizontal forces imposed by the crane within the load system. Horizontal loads along the X and
Y axes. We assume the following: Ht,1 and Ht,2 are equal. Therefor we can create one load system and use the same
system on both traffic lanes simultaneously. If these are different, you would use unique load systems on both traffic
lanes.

l

T

I
= [HX H |
f. Jyv X

2
|
i
i
i
I
i

| W7 Load system 1D || 3 Moving load generator 1D X
Namme _Crama ¥ Forces FEIT: R - .Y
set1 | [+ CA_crane_left Name CA_crane_XY
CA_crane_middie T v
\_crane_ ype of generated load cases Envelope
Setname Set1 Copy to new set CAicrane right B
Distributed load Concentrated Load CA_crane XY ’
Step [m] 1,000
Load [kN/m]  x-offset [m] Length [m] Direction Load [kN] x-offset [m] Direction
Load group LG3 v
0,00 10z v 25,00 o000 X ? Loud o Al e ol v
2 25,88 1,08 X hd Compute with influence lines
2 25,00 0,00 Y v 4 Traffic lane
a 25,00 1,00 ¥ v Name TL1
- 0,00 0,00 z v Load systems Crane_XY_Forces
Name Crane_XY_Forces
Synchronization group 1 v
Eccentricity e_y [mm] 0
Eccentricity e_z [mm] 0
4 Traffic lane
Name TL2
Multiplier for the load in favourable position 1 | Load systems Crane_XY_Forces
Multiplier for the load in un, le posi Name Crane_XY_Forces
plier for the load in unfavourable position 1 e =
Infinite surface load 0,00 kN/m Eccentricity e_y {mm] 0
Direction 7 X Eccentricity e_z [mm) 0
External offset - start- a 0,000 m 4 1D member components -
N
External offset - end - b 0,000 m v
Internal offsets - starts - ¢ 0,000 m 25.00 vz
My
Internal offsets - ends - d 0,000 m My
Multiplier for the infinite load in favourable position 1 Mz
Multiplier for the infinite load in unfavourable position 1 ) Support camponents
Rz
Disance benwesn th ond st e o e o o B
G sz ~
Intne toed repplc Intiotelosd. Aoz
st gl sen m
= 7[ 7 Lk . Ry
a c d b
L ! e e | New | insert | Edit | Delete Close
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7. Moving loads 2D

In this project Moving loads 2D.esa a bridge deck is modelled as a concrete plate on three supports. Analogously to the
previous projects, a traffic lane is defined on the bridge deck together with a load case of the type ‘influence lines’ so

the influence lines can be determined. Other than that, in this project a load system is defined to simulate both rails of
a train track. The enveloping load cases are generated.

&
)
N
i «
'\%0" 4
LT N
@0@'
7.1.The construction
Project data X || Project data X
Basic data Functionality Actions UnitSet Protection Basicdata Functionality Actions UnitSet Protection
DATA MATERIAL GEMERAL DETAILED
Name: Moving loads Concrete Model modifiers 4 Subsoil
Material €25/30 ¥ o Parametric input Soil interaction
[EmE = Reinforcement maf B500A ¥ ... Climatic loads Fad foundation check
Description: _Traln loads Steel Traffic loads 2D 4 Concrete
Masonry \ Moving loads 1D Code dependent deflection
Author: MC Aluminium e Moving loads 2D
-
2 Timber = Dynamics
i Detegp2z 052014 Steel fibre concrete ‘l‘;—; Stability
f,. = Other 't,_ = Nenlinearity
- s Structural model
| g Structure:  § Plate XY v CODE | IFC properties
=: National Code: :: de : )
| | ridge design
: B cc e Y= l; Construction stages
National annex:
-1 fifﬂ. '1 d’ﬂ.
| [ R v [ il
o | Ak o . |
Thickwalled’ Concrete cross-sections: the advanced 2 FEM method is off!
OK Cancel OK Cancel

The bridge deck can be entered as | & ™= with thickness 500mm.
The length of the bridge deck is 25m, the width 5m.

28000
¥

ELK

L |

In the middle of the bridge deck an internal edge is created. Using the Cursor Snap Settings you can snap on midpoints
of the long edges so the edge can be imported through the option < Intemal edge

f=
_.E .
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Using | & tnesuporton2Dedie o vranslation 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:

3+

Then we have the following structure:

A~
47 T
=1 s N

,f’i T

i —

il : -'l"-\_\_\____\_ T _

— e
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— | T
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. el B o
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-1 iy
s .
I B — —
——— -h"‘“ﬁ-___
S
-\__\_\_\_\_\_ ,/‘r/'
H""'"“'\-\.._\_ /':[ =
— __,-J’ =
-I =

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

7.1.1. Traffic lane

After entering the construction, the traffic lane can be created.

The load will move over two rails with a distance of 1.4m in between. You can choose to create multiple lanes and
synchronize the loads or you can create one traffic lane. We will create one traffic lane on the edge of the 2D member.
The traffic lanes have to be entered on 1.8m from each edge to be able to place the train track in the middle of the
bridge.

Through L QL the traffic lanes can be defined. We use the nodes on coordinate (0,5) and (25,5) to create
the traffic lane. The load system will move on the right of the defined lane (from start to end node).

As Name of the traffic lane, TL1 is entered. Make sure to allocate the correct 2D member, this can be don automatically
via the action ‘allocate automatically’.

L

TRAFFIC LAME 2D (1) Q

o

Name TL1
Use for calculation @Y
Used nodes

Allocation

ACTIONS o2
@ Select allocation

() Allocate automatically
() Table edit geometry
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7.1.2. Unit deformation

After defining the traffic lane, a load case can be created of the type influence surfaces. For this load case, you define
the type of entity (Internal force, Deformation, Reaction) and you define one entity. This entity will define which
influence surface will be available. If you need more influence surfaces, you will need to create multiple load cases.

rl Load cases X
BEAEFE «~ O B a ~Y
Self Weigth Name Influence Surface - mx

Influence Surface - mx Description

Action type Permanent

Load type Influence surfaces v
Type of entity Internal force v
Entity m_x )

Actions
Deletcallloads  >>>
Copy all loads to another loadcase  >>>
New | Insert | Edit | Delete Close

Once this is created, you can add the unit deformation of 2D member. You define the exact position where this unit
deformation needs to be created. For this example, we will add a unit deformation in the middle of the bridge. You can
only add one unit deformation to a load case. To find the influence surface on other positions, you will need to create
multiple load cases.

¢ B - o x
@ 7.Movingloads 20 X+
DG X wmm@ o % + . - [ '« i | O mow B &
NPT PaNEL 4
& Al workstations UNIT DEFORMATION OF 20 MEMBER (1) A
B Aot -
@ nios @ =
Nome 20 oM
Drecton
B, Tanc Selockon 51
B Losd oysten: Show projected ()

GCS CO0RMATE
Moving loads enerator 20

[ Sund CoordXm] 12,500
v WELUENCE Lbes

Coord¥iml 2,500
GoordZ(m] 0,000

Acrons

~ SPECAL LOADS @ Generatelosd

(® Updte 20 member seection

 LOCAL NESH REFNEMENT

) Node mesh retmoment

. £ mesh efement

@B Surface mesn hnement

" RESULT TOOL

&y sectonon2d

4
w,

The project can already be calculated for this load case. To review the influence surface, you can check the 2D
deformations uz for the created load case ‘Influence Surface - mx’.

@ scas

- o x
@ son s 7.Movinglosds 2D X+
DG %X @@ © & Q@ £ hon " » . Influence Surface - mx (a0 IC M o# Bl | o
frenree B ds P
@ Al workstations Vaes: ue
Unear calcuiton Resurs (1) Alx
B Al cotegores Lod case: nfloence Surfacs - mx
e gy Name 20 diplacement
L fd&:‘m: v SELECTION
ocation: Tn nodes awg. on macro = ,
Sysom: LCS mesh siement ypeo skcton Al
e o
Criee ¥ RESULT CASE
Toeotioad Losd cases
AtG Load case 1nlvence Surtace-mx
Location_ 10 nodes avg on macro
SystemLCS mesh element
Extrme_Globat
| Valoes wx
» standord et @
W Reshson sections (3
Results oo edges (O
% s O
D WS = v TABLE SETUP
% 10 menber ane = Nome @
) beam e 5 e @&
& Position @
st 7 e @&
w @
] ox @
\ oy &
i ol @
Qe 13
8
I
x
1L 3 ; =
ACTONS
A et "
5] ,‘ > )
Q0 — . = Drawing e0p 20
B | m e ! @S ) aes P’ S ranin
B Parel ith boad to s e N (| 77 reportpresiew
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7.1.3. Load systems 2D

X Load systermns 2D
With the command % =

through the system database, you will also be able to select some preprogrammed systems.

3 Load system 2D - library X ]
EIEFE «» 0 3B & 28 oo
I -12000
i1 Read from database X
Project database [System database
‘ Al M ‘
7443-1Q
7443-2Q
7443-3Q
7443-4Q
7443-51Q
7443-52Q N
6706-r1Q
6706-r2Q
6706-r3Q
6706-AsQ
6706-wiQ
AS150Q
AS200Q
AS240Q
vk60Q
vka5Q
+k30Q
<< Copy to project
Close << Copyall
New | lInsert | Edit— Deleter] m

a new load system can be created. You can create any system manually or

When you create a new load system, you will input different surface loads and define their size and position via X1, Y1,
X2 and Y2. The value of the load and the direction can also be modified. We created four surface loads with a size of
0.2x0.2m. The distance in between is equal to 0.8m. We are not adding an infinite surface or distributed load in
between. It is not possible to fill out negative values for the positions.

| Y Load system 2D

Name LS1-0.2m

set1 | [+
Setname Setl
Surface load
Load [kN] X1 [m] ¥1[m] X2 [
1 -4,00 0,00 1,70 0,20
| 2 -a00 1,00 2,10 1,20
3 4,00 1,00 1,70 1,20
4 4,00 0,00 3,10 0,20
* 0,00 0,00 0,00 0,00

| Multiplier for the load in favourable position
Multiplier for the load in unfavourable position
Load-distributing thickness t

Load-distributing angle a

Lane width for infinite surface load

Infinite surface load

Infinite distributed surface load

Direction

External offset - start - a

External offset- end - b

Internal offsets - starts- ¢

Internal offsets - ends - d

Multiplier for the infinite load in favourable position

Multiplier for the infinite load in unfavourable position

Ditance bomess the e s I

Copy to new set

0,000

45,00
0,000

0,00

0,00

0,000
0,000
0,000
0,000
A

1

Sarz

et e Mned]

¥2[m]  oad[kN/m"2

1,90 -100,00
3,30 -100,00
1,90 -100,00
0,00 0,00

m

deg

m

kN/m"2

kMN/m"2

m

m

m

m

lHH

X1 [m]

0,00
1,00
1,00
0,00
0,00

Y1 [m] X2 [m] Y2 [m] Direction
1,70 0,20 1,90 z
32,10 1,20 32,30 z
1,70 1,20 1,90 z
32,10 0,20 32,30 z
0,00 0,00 0,00 z
E &
E =
e
R
IFrive direction
OK Cancel
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7.1.4. Moving loads generator 2D — Influence lines

With the moving loads generator we generate load cases of the type ‘influence surfaces’. In the properties you define
which traffic lanes are used, what the step is of the moving loads and in which load group de load cases need to be
added. For each traffic lane, you define the load system that needs to be moving along that lane. You use
synchronization groups to synchronize the load systems when multiple are used on (different) traffic lanes.

| " Moving load generator 2D x

o EEFE «2 O A v Y

MName CA-mx

Type of generated load cases Influence surfaces v
< Influence surface proper...
Influence line Influence Surface -mx v ...
Traffic lanes TL1
Step [m] 0,500

Load group LG2 Ve
Load en traffic lane Complete v
4 Traffic lane
MName TL1

Load systems L51-0.2m
Name LS1-0.2m
Synchronization group 1 hd
Eccentricity e_y [mm] 0

Eccentricity _z [mm] @

MNew Insert Edit Delete Close

When the project is calculated, two load cases will be created. One for the maximum value of mx, one for the minimum
value of mx.

B’ Load cases *
EEREFE a2 O wBH A v Y
| Self Weigth Mame LC_CA-mx_Influence Surface_min

Influence Surface - mx Description

Action type Variable

LC_CA-mix_Influence Surface_min

LC_CA-mx_Influence Surface_max
Load group LG2

Load type Static
Specification Standard
L\\, Duration Short v |

Master load case None

Actions
Delete all loads ~ >»>
Copy all loads to another loadcase  >»>
New Insert Edit Delete Close
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The results of these load cases can be reviewed via 2D internal forces. The results shown will represent one specific
position of the moving load causing either the maximum value of mx or the minimum value of mx.
Min:

[ 504 Engineer - o x
Tdegiosts X+

DG ¥ wm@ o© T ——— s

LI s 0 T Mo B &

INPUT PANEL £ 20 internal forces. =
B Al workstatons Vabes: mx E
Unear cacuiton . Resurs 1) QX
B Al categores Do) o L2 e Jalkmce i H
Surtoa, i i Name 20 terna forces
& niug e i soo €| [ seiicron
Selection: Al .
Lacabion 1 odes g, on mco. ey ypeotsction Al
Sysem: LCS mesh dment 200 e o
20 ¥ RESWLT CASE
& Longitudinal serain and curvature on 20 A40; Typeolload Load cases
o
v vome10ws s Losdcase LC. e ifvence Surfec
LW 20 Meraging ol peak
A oadaman 2 Location _1n nodes avg. on macro
B, Voving loads penertor 20 System LGS mesh eloment
 WELUENCE LIS SURFACES Extreme _Globat

Typoofvalues  Basic magnitudes

Values m_x

v SPECIALLOADS

Standard resutt @
Results o sections ()
Results on edges. (0

v TABLE SETUP

& sectonco
B wiegration srip
B g sip
2 htegration mesmber

Onovalue per column

 ERRORS, WARNINGS AND NOTES SETTINGS

Show Information about warning

Max:

Il sCia Engineer - o x
—

DG % w@ o & A o s e your o : (e cvmewtuancesurtsce macv (] ) = mow B &

INPUT PANEL = 20 internal forces =9 &
@ Al workstations Vaues: mx £
Unear calculation g RESULTS (1) A X
BB Al cotegories Lood case: LC_Ch-m_Inoence » 5
o o o w2 Name 20 mternat forces
tops Btreme: G‘h.:nd 180 E v SELECTION
T, B b avg. on mecre. 180 Typeof sebection  All
System: LCS mesh slement 1= Fier Mo
830, ¥ RESWLT CASE
& Longitudinal strain and curvature on 20 b Typeolload Load cases
0%
v MoV 1ows 20 o Loadcase LC_CAma_Inlvence Surfac
‘l Tafic lane 20 .20 veraging of pesk (0
B, Lost ptema 20 S Location _n nodes ave. on macro
“ Moving loads generator 20 System  LCS mash eloment
- WELUENCE LIS/ SURFAGES Extme_Global

Typoofvalues  Basic magnitudes

values m_x

 SPECWLLOADS Standant et @

Results 0n sectio Q0

~ oA ESH REFNEMENT Resuson edges (3
@ Moo mesh refinemen: TS

N\, Eége meh refnement rame @

@ sutace me efnement o @

roion @

on @&

e &

my @

my @

x &

y &

)

v ERRORS, WARNINGS AND NOTES SE

PO et
ACTIONS :
Felren s
© brawing seap 20
© ket able
3 T reportpreview

At this moment you can not visualize the exact position of the moving load, but we can easily mimic this result by
creating a test load case. The minimum result in the middle of the bridge is caused by the moving load at the position
x=18.5m:

0 sk e o

Taveglon o X+

DG ¥me oo

s rotes 9

S LCS e cmae
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7.1.5. Moving loads generator 2D — Envelope load cases

In this project the enveloping load cases will be generated for the moment mx and the shear force vx.

The same traffic lane and load system is used. Except now, the generated load cases in the moving loads generator is
set to ‘envelope’. While other properties are similar, we now select the 2D member components that need to be
created.

B " Moving load generator 2D X
EHEFE «2 O M *Y
ity Name CA-Envelope
ChiEmuclope Type of generated load cases Envelope v

Traffic lanes TL1

Step [m] 0,500
Load group LG2 S
Load on traffic lane Complete ¥

Compute with influence surfaces
4 Traffic lane
Name TL1
Load systems L$1-0.2m
Name L51-0.2m
Synchronization group None M
Eccentricity e_y [mm] 0
Eccentricity e_z [mm] 0
4 2D member components
ny
nx
vy
X
mxy
my
mx
Xy
4 Support components
Rz
Ry
Rx
RMz
RMy
Rhx

New Insert Edit Delete Close

When the project is calculated, new load cases will be created. For each component selected in the generator, two load
cases (a max and min) are automatically created. For these results, internally several linear load cases will be analysed,
respecting varying positions of the load system, assigned to the traffic lane. This lead to vast numbers of internally
analysed load cases. Out of this vast number of load cases, a resulting envelope will be provided.

B Load cases ot
BERFE «2 O RE A vY

Self Weigth Name LC_CA-Envelope_Envelope_mx_min
Influence Surface - mx Description

Test

Action type Variable

LC_CA-mx_Influence Surface_min
Load group LG2

Load type Static

ence Syrface max

LC_CA—Emrelope_ Envelope_mx_min

LC_CA-Envelope_Envelope_mx_max Specification Standard
LC_CA-Envelope_Envelope_vx_min Duration Short v
LC_CA-Envelope_Envelope_wx_max Master load case None
Actions
Delete all loads ~ »=>
I,\\—-s Copy all loads to another loadcase  »»>
Mew Insert Edit Delete Cloze

MC 09/01/2026 81



Tutorial — Load generators

You can find the results through 2D internal forces since the selected components were mx and vx. Below is the

example of mx.
Min-mx:

1 S0 Ergirest
@ 7.Movingloads20 X+
DG ¥ wm@ © Cock howe o ress Space 0 e your .. S
TP £ 20 iternat forces
@8 Al workstations Vahues: mx
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& v

& Longitugina i snd corvare on 20
- MOVNG LOWDS 20
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‘t Load systerrs 20

I, g oscs greraor 10
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~ LOCALVESH REFNEMENT
) Mo mesh refnement
| Edge mesh refioement
) surtacemesh eierset

v RESWLT T0OLS.

& secsonon 0

£ Wegraton strip
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v CONCRETE ADOTIONAL DATA
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& Control perimenne

v CONCRETE REINFORCEMENT

7.Movingloads20 X+

DG X Mm@ ®© & ‘% Cack hov or press Space 9 ypeyour e, s il appeor boow
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ations Vaes: mx
@ Al workstau i
B Al ctegories v | o

-Emelope_Envelope.
@ nivp Lecha mc_max.
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& Longinudina train and cunvatire on 20
v MOVING LOADS 20

R, Tcisne

B s sysems 20

B, Voving losds gevarator 20

v NFLUENCE LINES/SURFACES

v SPECALLOADS

~ LOCAL MESH REFNENENT
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\ Edge mesh refinement
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v RESWT T00LS.
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[ Provieed rendorcement tmplate
B Contol perime
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8. 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

8.1.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.

[n %] =

=l 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
L] -1.2 -1.4 -0.8 -1.1 -0.5 +0,8 +1,0 -0.7

1 -1.2 -1.4 -0.8 -1.1 -0.5 +0,8 +1,0 -0.5

=025 |12 -1.4 -0.8 -1.1 -0.5 +0,7 +1,0 -0.3
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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\ e vind A B o h
ey ) = b
/ Y
L - ol [ |
I ﬂ | A5 e |
X h
t —————— Elevation= = = -, —
Elovation fore > d Elevation for e > 5d
wd_ |a 8 h i A h
W e e v W e e e e
e d o e d o

M Ih ! ! ih
wind wind
— —

Figure 7.5 — Key for vertical walls
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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 lModﬂy Tree  Plugins  Setu

Activity »
Selections >
ucs 4

Cursor snap setting
Dot grid and tracking setting
Layers

User defined selections
Cleaner

Coordinates info
XML 10 Document Q

Edit profile library

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

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

upwind face upwind face

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

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

wind\‘ g
—_— B=0" G| H<|W I b
a
amI F
fe—slef10  j—fal10 o bor2h
whichever is smaller
(b) wind direction 8=0°
b : crosswind dimension
a4 I F
H |
\ &
wind . ridge b
—— 6=90 or trough
G
H |
el4 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:

Batic data | Fundionality

Project data
Leads  Protection
 Mptorial
Concrete
Steed
Matedial
Terbser
Mascevy
Other
_-DP
(21,05 2014
Sotver Madsl National Code:
[*]  Meow 0 e
Maodel: Mational annex
(=] |one (=] Standard EN

Ak o« S SH

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

Hame Sandard EN
Nationsl annex Stondnd EN

= EN 1990: Basis of structural design
EN 1390 (Bass of structursl desion)

EN 13321-1 {General ndes and ues for buldings)
EN 195212 Generad rdes -Sructural fre desion)
EN 13322 {Concrete bridges - Design and detaiing nies)
EN 1168 (Precast concrete products = Holow core slab)
= EN 1993: Design of steel structures.

EN 1953.1-1 (Ganera ndss and nies for buidings)

EMN 199312 (General rules - Sructunal fire design)

N 19331 B o

EN 199315 (Plated structural slemerts)

EN 199318 (Design of orts)

> |

Wingd grestas

 accoiding 10 (X1

Randard EN

i
!
:
i

= €. - orography factor
Vele [
V_b.0 - basc wind velocty jm's]
o - ¢ decaty b}
© Probabity
1D - We period of the buldng bear]
©.rob - probabiey factor [
K- shage facter [
n - eponent [
= Teomain
temnn category
¥ - seman factor H
2.0 moughness length )
2 - mriensl haght )
kI - tutudence factor H

e rtemal pressure
bort

Two bes

Use oversl coaffcsents Cpe. 10

Vertcal walls or sectanguler buldegs (EC114, 722
90,000

0.000

1.0

100

10

26200
13

00
00
s
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Tutorial — Load generators

8.2. 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

oo'o
i
=

Divide |
Connect |
Regenerate |

0.00

— Smow weight

Und
Frame distance s m __Unde__|

1~ Lead mode 1 [T Accidental design situation

__Redo |
" defauit = |
_cnce_|

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].

Table 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

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

Persistent/ransient design Persistent/ransient design PersistentIransient design Persistentiransiont design
sduation situation situation siluation

[1] undrifted ;4 C,G & [1] undritted 14 C.C, 5 [1] undrifted 1, C,C; 8, [1] undrifted 1« C,G s,

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

roof shapes in AnnexB) roof shapes in AnnexB)

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

v

action) action) action)
[3] undrifted 41 C.C: Cuou 51 [3] drifted s s (for roof shapes| [3] undrifted 1« GG Cua 5
in AnnoxB)

[4) drifted 14 C.G Cuu &
[4] drifted 1 & (for rool shapes
n AnnexB)

NOTE 1: Excaptional conditions are defined accordng 10 the National Arnax
NOTE 2. Fer cases 81 and B3 he 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.

8.3.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 8 — 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.
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