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Introduction

This tutorial will explain the principles and the use of all different load generators. Most of the options in the
course can be calculated in SCIA engineer with the concept edition. For some functionalities an extra
module (or edition) is required, this will always be indicated in those paragraphs.

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

Chapter 1. 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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1.1. General properties

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

1.1.1. Panel type

There are 3 types of load panels:

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

Each of these types will be demonstrated in paragraph 1.2.

1.1.2. 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.

¢ Inthe X-direction of the load panel
e Inthe Y-direction of the load panel
e In both directions of the load panel

1.1.3. LCStype

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.

1.1.4. 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.

1.1.5. 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.

1.1.6. 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.

Set the value on ‘user selection’

Click ‘update edge/beam selection’

Deselect the nodes/edges/beams where the load should not be distributed to
End the function by pressing ‘esc’

MC — 2024/03/06 5
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Tutorial — load generator

1.1.7. 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.

o Fixed link with beams will be similar to the tributary area method.
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1.1.8. 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 2
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’.

S[s[of=, - &/

Effective width of plate ...
Structure nodes
Member parameters ‘:J
RE OPTIONS
Local axes (oD =
System length labels o
i
Nonlinearity labels (O] b,
Labels of local axes (O] ;
Structural shape labels CD J ‘;'-
l&’*? View settings for all entities I I st
View parameters setting - Loads/masses
Lock position
4 M structure Labels  [E]Model [ELoads/masses | =Composite BB Modelling/Drawing @ Attributes  PMisc.  [&]view b
[ cheek / uncheck all ]
[£]| serviee
Display on opening the service F
[]| Display loads
Display F
Style \Colour by action type -
Load case LC2 - Roof it
Display eccentricity r
g
"
[-]| Paint forces QOriginal
In node Original + Generated
E| Surface loads
On 2D member v
[-]| Labels of loads
Display label v
MName [
Value [
Tot. value v
Eccentricity label [ ]
4 show names in tab B = oK Apply Cancel
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Tutorial — load generator

1.2. Panel types

1.2.1. 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.

| commana> )| ev AW o men B BEE S
m
= PANEL (1) A
ss8
| Name LPL
Layer Layerl v
Paneltype To panel nodes v
Shape Fl:
Load transfer direction ~ all (LCS panel) v
LCStype  Standard v
swap orientation (0 )
LCS angle [deg] 0,00 =
Supporting members validity range (with re... ~ All v
Load transfer method  Standard ~
Selection of entities All v

¥ WEIGHT OF LOADED NODES
LPUNL 1

PN 1

LPINZ 1

1

LP/N4

¥ ILLUSTRATION GROUP

Editing geometry
Node name X [m] ¥ [m] Zm] wx [m] uy [m] uz[m] Linked  Shape
1 N7 0,000 0,000 0,000 0,000 0,000 0,000 Rela L
2 N2 0,000 5,000 0,000 0,000 5,000 0,000 Rela Line ACTIONS 5%
- Update edge/beam selection
3 nz 10,000 5,000 0,000 10,000 5,000 0,000 Rela Line
Ly [T 10,000 0,000 0,000 10,000 0,000 0,000 Rela L Wrsiizel LR e
0,000 0,000 0,000 0,000 0,000 0,000 Rela Generate loads
S > Table edit geometry
oK Cancel Apply
T=

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 X w9 o o

% Repeat 'Rectangular grid' Enter

<, Undo Ctri+Z

= Redo Cerl+Y
Modify S

Elﬂ Deletion settings

&7 Copy/paste properties Ctrl+Shift+F
Add data [
Metadata »
Palyline edit > ¢+ Add node
Curves edit - X Delete riotle |
Solids >

CP Break into curves

(—') Connect curves

T[ Fillet
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Chapter 1 — Load panels

Load transfer method ‘standard’

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

In the image below, the weight distribution factor is set on 1 for each node, which means that each node will
have the exact same point load: -10 kN/m2 x (10m * 5m) = -500kN and -500kN / 4 nodes = -125 kN / node.

5
= e 1) a
v #sse
T
S
e
Soap srwration (3 )

o
e o sbcton
e s oo s
pr—
Tathe cst gromeny

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.

§ Cewe

2
R

E]} : : ) g Tathe et grometry

Excluding a node can be done by changing the weight factor to zero or by changing the selection of entities
as explained in paragraph 1.1.7.
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Tutorial — load generator

1.2.2. Load to panel edges

A load panel with type load to panel edges will distribute the load to the edges of the load panel and

generate line loads. You can only transfer a load to an edge which is (partly) supported by a beam or a 2D

member edge.

Load transfer method ‘standard’

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

Load transfer direction X:

§

Load transfer direction Y:

i

Load transfer direction All:

10

paNEL 1) 2]

EAEACICIEY

Name.
Layer_Layert o=

(S angeiden] 000 =

Supporting members valcity rangs (with re... Al

Load traester mechod  Stancard
Seection of entties  Auto selection -

 WEKGHT OF LOADED EDGES.

[T
w3 1

[+ BrciuoeD eoces

'TPI/2- (Load barater direction)
LPLA - (Load ranster diection)
* RAUSTRATION GROUP

#8se

shay
Iwnmm v(us--nl

Supporting membirs

S type_ Strdard >
swapodentaton (3
LeS angleldog] 0,00 =

validity range (with re...  All <

Load trarster method _ Standard v

Selecton ofentoes  Auto selection -

¥ WEIGHT OF LOADED £DGES

[CTEE
eys 1

[+ xcuwoep eoces

PA1- Load transter diection)
LP1/3 - (Load transfer direction)
» RLUSTRATION GROU

PANEL 1)

>

#|sis|e

Supporting mersbers bty angs twith ... Al

—
e _Loyert %
Shape 1ot O
Imd.mﬁma\ A1 (LCS pared). l
T npe Sandard
Swap arkentation (3
S anghideg] 000

< it

<

<

Load transfor method  Standard

<le] i

Seloction of entiies  Auso selection

v WEIGHT OF LOADED EDGES

¥ WLUSTRATION GROUP
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Chapter 1 — Load panels

Load transfer method ‘Tributary area’

The load transfer method is changed to ‘tributary area’ there is no possibility to change the weight factor
anymore. The weight will be defined with the tributary area which is generated when updating the loadpanel.
will transfer the load based on the geometry of the structure. The tributary area is visible in the graphical
scene as well after updating all the loadpanels.

Load transfer direction All:

LCstype  Standard v
swaporientaton ()
S angleideg] 0,00 =
[Supporting members validity range (with re... Al v
‘ Load transfer method I’Mlyn-l
‘Selection of entities  Auto selection
¥ ILLUSTRATION GROUP R

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.

#8/=le0

PANEL (1)

3

A8 =80

Nome LPL

i
iE
c

:
i
|
é:
i

1CStype Standard
swaporientation ()
ACSangle[deg] 0,00
{Supporting members vality rangs twih ... All
(e ]
‘Selacton of entities Auto selection
¥ LLUSTRATION GROUP -

<| ¢ Hl

<

AcTIONS 5
Update edge/beam seection
Updste il oo panels
Generate oads
Tatie edit gromery

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

1.2.3. Load to panel edges and beams

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

Max. angle for transfer

For this type of load panel only the load tranfer 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).

-
) a
EEEICE
psgr
gt

< |Hl

Load vareter doncion. X LCS paost)
Max.angle for transfer [deg] 5,00
W ume Standard
Swaporientation (3
LcS anglejdeg] 0,00
Supporting members oty range (wth e Al
M. eccentricty of members[m] 0,200

Igl

fali

i
.
i
!
i

“Selection of eniies At selection
v ILLUSTRATION GROUP

f

*n%
[ acrions »

Upda edge/beam wection
Update o8 load paness
Geerste loads
Tabie et gromeery

Max. angle for transfer = 45 deq.

-
PANEL (1) 2]
#8/=e|=0
Loyer Layert

=
Load ansfer dnection X (LCS panel)
———
Swap orientation (J )
LCS angle [deg] 0,00
D
Max.ecceniricky of members [m] 0,200
e
i

o |H

i

Update o8 losd panes

Tabe et gromeery
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1.2.4. 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/m2 is added.

INPUT PANEL
& All workstations
= All categories
& Aitags

¥ LOAD PANELS
W Panel with load to nodes

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

#% Panel with parallel beams

3 Opening on panel

—— e | | <

N10

Ni2

Ni1

=
2D MEMBER (1)
A8 B ¥
Name S1
Layer Layerl
Elementtype Standard

Element behaviour
Type

Shape

Material

FEM model

plate (90)

5235

Panel with beam

Member system-plane at _ Centre
Eccentricityz [mm] 0
LCStype Standard

Swap orientation () )

LCS angle [deg] 0,00

Position  Distance

¥ BEAM LAYOUT

First offset [m]
Last offset [m]
Switch offsets
Distance [m]
Number

First beam

Last beam

0,000

[OD)

1,000

(oD}
QO

Position in plate

Alignment

Inside

Centre

Beams eccentricity Z [mm]
Select all beams to generator

¥ NODES
N9

N10
N11
N12

¥ BEAMS
¥ ILLUSTRATION GROUP

ACTIONS >
Regenerate beams in plate

Disconnect beams from plate
Update beam selection
Load generation

Table edit geometry

0,0

{9

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

e The eccentricity of the beams

e 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.
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Tutorial — load generator

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.

20 MEMBER (1) A

Element behaviour  Standard FEM

hickness Th. [mm] 200

¢
%
i

Eccentricity z [mm]

LCS angle (deg]

Name S1
e
Elementtype Standard

rarardli

i

g2

<
patils

fil

v BEAM LAYOUT

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

14
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Chapter 2 — Free loads

Chapter 2: 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.

2.1. Properties of a free load

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

W7 Surface force free *
MName FF2 ~
Direction Z
Type Force

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

Select Auto

System MemberLCS b
Location Length

oK Cancel

Ni5

MC — 2024/03/06 15



Tutorial — load generator

211. Direction

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

21.2. Type

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

2.1.3. 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.

2.1.4. Validity

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

N31

N19

N15

16 MC — 2024/03/06



Chapter 2 — Free loads

A free load can generate loads on different 2D members at once. To define where the load should be

generated you need to set the right validity.

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

validity defines where the load should be generated.

Original load

All

MC — 2024/03/06
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Tutorial — load generator

-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.

18 MC — 2024/03/06



Chapter 2 — Free loads

2.1.5. 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
—

21.6. 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)
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.
7 FREE SURFACE LOAD (1) 4]

[ w

Name FF1

Direction  Z
Type Force v
Distribution  Uniform
q[kN/m~2]  -10,00
Validity  All

Select Auto

Loadcase  LCZ -Roof =

[Gsem_ wembertes )

Location  Length

* GEOMETRY

MC — 2024/03/06 19



Tutorial — load generator

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

i rnn
Name S2
Layer Layerl =
Elementtype Standard
Element behaviour v
Type plate (30) v
Shape
Material  $235 =

FEMmodel  Isotropic
FEM nonlinear model  none
Thickness type _ constant
Thickness Th, [mm] 200
Member system-planeat Centre \/
Eccentricity z [mm] 0
LCStype  Standard
iN
LCSangle (deg] 0,00

owind | N

il

16

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.

2.2. 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
Kl [E=]iabels  [Elmodel [Elloads/masses T Compasite  [EModelling/Drawing @@ Attributes  BBIMisc.  [&]view
[W] Check / Uncheek all
Rendering transparent =l
Highlight supporting edges/nodes I
Load distribution symbol v
Display linked members v
0| Structure nodes
Display I
Mark style Dat =l
O Member
System lengths [l
Member =
FEM type [l
Joists [
Efftocalaxes
Nodes I
Members 1D I
Members 2D Ica
v
[ Show namesin tab @[ ok || apply || Cancel
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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.

$XY
vz
tXZ

XY workplane
¥Z workplane
XZ workplane

w2~ o |

F9

v Move
o From 3 points

- from Local Member F10

s

il Dacottn e nacitinn Feel b

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 Direction is setto Z.

o 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 0 kN/mz2 on the top and for example -25kN/m2 on the bottom of the wall.

B | Surface force free X

-P Name FF2 ~
Direction Z v
Type Force v
Distribution DirY v
- I\L q1[kN/m*"2] 0,00
T o 5
& . % 2 [KN/m*2] -25,00
: sl P2 e
) o Validity All v
X Y . T Select Auto -
+T I\l 4 Geometry
5 ,ngﬂ I\\LI:LD\R System Member LCS v
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 generator

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

Name S5
Layer Layerl v e—
Elementtype Standard

Element behaviour Standard FEM

<<«

Type wall (80)
Shape Flat
Material €25/30 o
FEM model  Isotropic

FEM nonlinear model none

| ¢| ¢ il

Thicknesstype  constant
Thickness Th. [mm] 200
Member system-plane at  Centre Y%

Eccentricity z[mm] ©
LCStype  Standard v
| swaporientaton D) |
LCS angle [deg] 0,00 =

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

007

22 MC — 2024/03/06



Chapter 2 — Free loads

2.3. 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:

¢ Move the UCS based on the LCS of the cylindrical element

o Model the free load with the same properties, use the edges of the cylindrical element

o 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 generator

2.4. 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.

@ scia Engineer
D @G X v & © 3 fa
& Calculation protocol
r.'{'f Nodal displacement
5% 30 deformations
{5 3D stresses
48! Animation window
Supports
1D members

2D members

vy ¥ v v

Storeys

TINYd LNdNI

Eigen frequencies
Critical load coefficients
g8t Bill of material
@ Thickness of slabs
g Surface loads

v

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.

RESULTS (1) A X
Name Surface loads
¥ SELECTION
Type of selection ~ All v
Filter No ~
¥ RESULT CASE
Typeof load Load cases ~
Load case  LC2 - Free load v
¥ EXTREME
Extreme Member ~
Values gq_z v

¥ SYSTEM
System LCS mesh element o
¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about w... E

Show errors  All v
Show warnings  All ~
Show notes  None ~
Show table with explanatio... (I)
ACTIONS 23
Refresh F5

() Drawing setup 20
(® Results table
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

:::):?:;::_l;s'is Average size of 1D mesh element on cu 0,200
Average size of 2D mesh element [m] 0.1

Gl prE T Connect members/nodes

Test input of data Setup for connection of structural entit

P Advanced mesh settings
Save project after analysis 4 Solver setup

Specify load cases for linear calculatior

P Advanced solver settings

Calculate Average size of 20 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.

P

-0.41

q [kN/m?2]

-3.00

-6.00

-3.00

-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 generator

2.5. Soil and Water pressure based on borehole

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

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

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

Geologic profile

1 [ oo 20,00 0,200 10,00
2 2,00 30,00 0,200 10,00
3 3,00 30,00 0,200 10,00
4 3,00 40,00 0,200 10,00
5 10,00 50,00 0,200 20,00
Water level 1,000 m Name GP1

Non-compressible subsoil below the last inputted layer

Name Thickness [m]  Edef [MN/m"2] Poissen Dry weight [kN/m"3]

Wet weight [kN/m"3]

15,00
15,00
15,00
15,00
21,00

oK

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]

m
0,20
0,20
0,20
0,20
0,20

Cancel

Water and soil loads can be input for the following load cases:

26

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 x

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

Borehole profile BH1 v
Validity Z=0 v

Select Auto
System Member LCS v

Location Length

0K Cancel

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

2 [Kfm~2] i ’?
45.03 —
G244 = RESULTS (1) A X
39.54 —_
37.25 Name Surface loads
34.65
32.06 ¥ SELECTION
29.46 .
26.07 Type of selection  All A
24.27
2158 Filter MNo v
15.08
16.49 ¥ RESULT CASE
Typeof load Load cases A
Load case LC2 - Soil and Water p... ~~
¥ EXTREME
Extreme Member %
Values q_z "
¥ SYSTEM

System  LCS mesh element N

¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about w... (‘:’3

Showerrors  All W
Show warnings ~ All hvY
D% Shownotes None v
Show table with explanatio... @
ACTIONS =2
Refresh F5

(®) Drawing setup 2D
() Resultstable
T Report preview

Note: The same can be done for water pressure.

MC — 2024/03/06 27



Tutorial — load generator

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)
g4\ S
Name B1
Layer Layerl v o=
Type column (100}

Analysis model  Standard

Il<<<§|!

FEM type standard

Cross-section  CS1- Rectangle (... &

aldeg] 0,00
Member system-line at  Centre ~

ey[mm] ©

ez[mm] 0
LCs  standard v

LCS Rotation [deg] 0,00
¥ BUCKLING

System lengths and buckli... Default o=

Material and no. of parts
Secondary member () )
¥ GEOMETRY
Length [m]
Shape
Beg.node NS

Endnode N6

A line 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 ¥ .
Type Soil pressure .
Angle [deg]
Distribution Uniform )
Acting width [m] 1,000
Coeff1 1,000
Coeff2 1,000
Load above joint N
Borehole profile BH1 .

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

OK Cancel

In yellow the original line load is displayed, in orange the generated values are shown directly.
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_Chapter 3:3Dwind 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 medifiers 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
arameters can be viewed and changed if necessary by clicking the three dots.

W1 Setup manager %

Project data X

Standard N Mame Standard EN a
« Wind
4 Wind pressure according to EC1

Basicdata Functionality Actions UnitSet Protection

Acceleration of gravity 9,810 m/s2

4 Internal pressure for 20 wind
’ d o intemal pressure

WIND LOAD

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

SNOW LOAD
According to code v .. | EC1/Sk=1,00kN/m’2 Ce=1,0Ct=1,0

4 ¢_season - season factor

4 _o- orography factor

V_b,0-basic wi
Model factor: 1,30 Factor for concomitant components 0,30 J
4 Probability

1/p- e period of th

CODE COMBINATIONS

[ Automatic - 4 Tewrain

oK Cancel e I
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https://help.scia.net/22.0/en/#modelling/_booksminitocs/refguide/3d_wind_b.htm

Tutorial — load generator

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.

m
PANEL (1) A
A8 8
Name LP1
Layer Laagl o
Panel type To panel edges and beams ~
Shape
Load transfer direction X (LCS panel) ~
Max.angle for transfer [deg] 5,00
LCStype  Standard v
Swap orientation () )
LCS angle [deg] 0,00 =
Supporting members validity range (withre...  All v
Max. eccentricity of members [m] 0,200
Load transfer method ~ Accurate(FEM),fixed link with beams -~
Selection of entities  All
¥ ILLUSTRATION GROUP [
WIND DATA (1) (A
= |
Name WD5
Panel
Type Wall s
ACTIONS. 23>
Update edge/beam selection Swa p outer surface CZ)
Update all load panels
Table edit geometry Openings CZ)

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.

m
= PANEL (2) > WIND DATA (2) A
A E2 B
Panel v
Type Roof v

:
Roof overhangs @
Swap outer surface O:)
¥ ILLUSTRATION GROUP

e

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 C X
INPUT PANEL e toad bases
& Al workstations . | Loadcases Direction  + CPE, + CPI +CPE, -CPI -CPE,+CPl -CPE,-CPI +CPI -CPI
= - 10 0,20 0,30
= All categories 4 =120 o a5
@ All tags v 3 180 0,20 0,30
4 270 0,20 0,30
Calculation method: Standard X
> CLIMAT
Ll Dol Additional load cases for duopitch roofs
(L 30 wind generator Direcion ofrideefrouch of rofs. _Both (X and ¥
Include torsional load case
¥ SPECIAL LOADS e Close Cancel
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By default, 16 load cases are generated. Four cases for each wind direction. For the Load Coefficients, the
Cpe values are taken from the code (EN 1991-1-4):

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

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

Zone | A B C D E

hid Cpe,10 | Cpe Cpe,10 | Cpe, Cpei0 | Cpe,1 Cpe10 | Cpe, Cpe.10 Cpe,1
5 -1,2 -1,4 -0,8 -1.1 -05 +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 &
Cpa.tt Cpa 1 Coato | Coat Cpa.t0 Cpat Cpata Cpat Cpa.to Cpat
-45° 0,6 086 -08 07 -1,0 -1,5
30° -1,1 2,0 08 1,5 -0.8 06 -0.8 1.4
-15° -2,5 -2.8 -1,3 =20 -09 -1,2 -0,5 -0,7 -1,2
+0,2 +0,2
5° -2,3 2.5 -12 2,0 08 12
06 -0,6
-1,7 -25 -1.2 =20 -0.6 -1.2 +0,2
5° 086
+0,0 +0,0 +0,0 0.6
15 -09 | -20 08 | -1,5 03 04 -1,0 -1,5
+0,2 +02 +0.2 +0,0 +0,0 +0,0
30 -0,5 | -15 05 | -1,5 0.2 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’.

# Load groups X 3D Wind Generater x
= -i &0 “as OB A v Y Load cases
3DWind1 0, = CPE, + CPI
LG1 Name LG2 3DWind2 0, + CPE, - CPI
3 B 3DWind3 O, - CPE, = CPI
Relation Exclusive v 3DWind4 0, - CPE, - CPI
= 3DWinds 90, + CPE, + CPI
Load Variable v 3DWind6 90, = CPE, - CPI
-~ 3DWind7 90, - CPE, + CPI
Structure Building 3DWind8 90, - CPE, - CPI
. 3DWinds 180, = CPE, + CPI
Load type Wind ¥ 3DWind10 180, - CPE, - CPI

3DWind11 180, - CPE, = CPI
3DWind12 180, - CPE, - CPI
3DWind13 270, = CPE, = CP|

Add Load Cases

New Insert Edit Delete Close i
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Tutorial — load generator

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:

30 Wind generator ACTIVE LOAD CASE

| prosecic [{ owa O~ Cmiw 0| EE S

FREE SURFACE LOAD (1) 2]

Mame FF2
Dirction

L3
3
5]
B
8

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 pesition

d| Mstructure  [Ellabels  [EModel [Blloads/masses “TComposite [lModelling/Drawing 8 Attributes BB Mise.  [RView ®

W] Check / Uncheck all

| service

=l

Display 0n opening the senvice I
Display loads
Display [
Style Colour by adtion type. =]
Load case [sDWing1 0, - cPe, - o |
Display eccentricity —
Generators Generated S|
£l Surface loads
Free Ica
5[ Labels of loads
Display label v

Display label
Roof overhangs underside labels
[ v
Cpe v

Peak Pressure

ko ramesintab (B)(@ ) ok [ emy [ concel |

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

A RN Fepor_1.[3D Wi genertocsa - Engimering report - oox
Pr——
S . ) BB BSS B S B 5 gk 0 WE B B
Fute fopot et At Deite Mare Mo ndert Outdert Rageeme Regenente [otpiier Viw  fof  ew  Vew OWSwlour imdedsdtngtat
" e " th Hil . ol
[

Wi Wl g 1 A -1.2000  |-1.2000
2 & 0.6000  |-0.6000
3 A 12000 |-1.2000
4 i -0.6000  |-0.8000
%0 1 o o767 [0.7067
2 o 07067 |0.7067
180 1 A 12000 [-L2000
2 B -0p000  |-0.8000
3 A 12000 [-1.2000
4+ B 0.
270 1 E 03133 | 03133
2 3 03133 |-0.3133
Woz Roof T ¥ g 1 P 00832 |-1.3432
2 2 oossz |13z
3 G 0.0092 |-
4 " 00892 | -0.4662
a0 1 F 14662 |-1.4662
2 G 13000 [-1.3000
3 i 06554 |-0.655%
4 1 05554 |-0.5554
180 1 i 03324 |-0.4460
2 1 05108 |-0.5108
270 1 F 14662 [-1.4662
2 G 13000 |-1.3000 Tl
3 " 0554 |-0.6554 000 000
4 1 0.5554  |-0.5554
3 Roar Duoptdh [ ¥ O 1 0 0.3 [0 Freat e "
2 1 05108 |-0.5108
a0 1 r 14662 [-L
2 G 13000 [-1.3000
3 H 0.6554  |-0.6554
4+ ] 0.5554 |0
180 1 F1 oossz  |1.3432
2 F2 0.0092 |-
3 G 00892 | 10216
4 H 0.0892 -0.4662
270 1 3 14662 |-1.4662
2 G -1.3000
3 H -0.6554  |-0.6554 “
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Chapter 4: Traffic loads

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

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

4.1. Example model

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

Project data *

Basicdata Functionality Actions UnitSet Protection
GEMNERAL DETAILED
Property medifiers 4 Subseil
Model modifiers Soil interaction
Parametric input Pad foundation check
Climatic loads
Mobile loads
Dynamics
Stability
Nonlinearity
Structural model
IFC properties
Prestressing
Bridge design

Excel checks

OK Cancel

4.1.2. 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 generator

4.2. Input traffic loads

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

INPUT PANEL
é All workstations S\
= All categories v
0 All tags

¥ TRAFFIC LOADS
B Single traffic loads

A Traffic lane

n Traffic loads generator

This track will consist of two rails with a distance of 1,4m between them. To make sure that the train drives
on two rails at the same time, 1 traffic lane is entered. The track has to be entered on 1.8m from the edge to
be able to place the train track in the middle of the bridge. The coordinates can be entered in the Command
line (0;1,8 and 25;1,8).

4.21. Traffic loads generator

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

Traffic loads

In the traffic loads generator you define the traffic loads.

W7 Teaffic loads generator X

AR E &« O @B A ~ Y iR “s 0 ml Al > ¥
[TEY Name LL1
Trafficlane TR1 2 Train Loads x
Load

Step [m] 1,000
Validity

4 Insert p
X-coordinate [m] 0,000
Yecoordinate [m] 0,000

4 Validity

Validity v

OK Cancel

Actions. T T

Generate loads

Drawvalidity 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
Y-coordinate [m] 0,000
Y-coordinate [m] 0,000

4 Validity

Validity v

4 Entities

Type Point A

OK 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

(

Validity
4 Entities
Type Point
Add new entity
Delete entity
4 Entity 1 - ...
Direction Z
Force [kN] -1,00
Position x1 [m] ©,000
Position y1 [m] 0,000

Repeat x (n) 1
Repeaty (n) 2
Delta y [m] 1,400 v

<

OK

>

Cancel

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

Generate loads

The selected train load pattern will move along the specified track with the here-defined step of 0.25m. A
separate load case is generated for each position of the moving load, the description of the load case is

modified based on the load case name and the position. You also need to define the load group in which the

load cases are added. Create a variable load group LG2 and set the relationship accordingly.

B Traffic loads generator

BB RE as O @B A
= Name LL1
Traffic Loads LP1
Traffic lane TR1
Load group LG2Z
Load case name TR1/LP1
Step [m] 0,250
Validity

Actions

New Insert Edit Delete

Generateloads  >>=

Draw validity in traffic lane  >>>

Close
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# Moving...
Self Weigth
Moving Load - TR1/LP10,000 m
Moving Load1 - TR1/LP10,250 m
Moving Load2 - TR1/LP10,500 m
Moving Load3 - TR1/LP10,750 m
Moving Load4 - TR1L/LP11,000 m
Moving Load5 - TR1/LP11,250 m
Moving Load6 - TRL/LP11,500 m
Moving Load7 - TR1/LP11,750 m
Moving Load8 - TR1/LP12,000 m
Moving Load9 - TR1/LP12,250 m
Moving Load10 - TR1/LP12,500 m
Moving Load1l - TR1/LP12,750 m
Moving Load12 - TR1/LP13,000 m

Moving Load13 - TR1/LP13,250 m

Manage load cases Ctri+L
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Chapter 5: Mobile loads (32-bit)

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

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

There can also be multiple load systems:
e Trains with various types of wagons
e Trains on parallel tracks or one after the other
e Different vehicles on a bridge in combination with pedestrians

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

In the first part of the course, the principles are explained, in the second part they are illustrated by means of
projects.
5.1. 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
l*— : { |
A ik ; V]B_ 34 —
";é (@) e N 27
p N r/ Mmax +
Y Pl
- n 2 7
P
M oo Vmox+
=Rl |
Px(l=x)/L L
PUL-x)/L b e
+ 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.

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

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

drawn as shown on figure (c). As expected, the maximal moment appears in the middle of the beam and the
extreme shear forces in the supports.
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Using these influence lines, the effect of more loads on the structures, the so-called load system, can be
determined. The goal is to find the position of the load system, for which the effect on the structure in a
certain point is maximal.

This is illustrated on the following figure.

Axleloads [ R= P= A=
of a Fruck < 02w 0.8W 0.8W

Influence line M,
and trial load
position for

M

N Mmax +

Influence line V,

7 0.2
0.6 i
(c)
P P, : 53
y ¢ A Trial load position
|—L‘ for ",n mex +
n
(d)
A P Ps ; O
Trial load position
t_L }1 for Ve max =
n
(e)

Figure (a) represents a simple beam on two supports again. Across the beam, a system of three point loads
can move which represent e.g. the axis loads of a lorry. We look for the position of the load system for which

the moment and the shear force are maximal in the section “n”.

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

-'u.’z = z-‘ 1i|:'."’T-I-'rr'

fml

At which n; represents the location of the influence line exactly below P..

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

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

M, =W1[0,2(0,12)+ 0,8(0,24)+ 0,8016)| = 0,34477

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

Figures (d) and (e) show the positions of the load system for the maximal positive shear force and the
maximal negative shear force.
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In SCIA Engineer these various steps appear as follows:
e Input Track across which a Unit load can move
Input Unit load
Representation Influence lines
Input Load system
Exploitation in a point at which the Load system is linked to the Unit load
Generation load case for exploitation in a point
Generation enveloping load cases to gain insight in the global behaviour of the structure.

5.2. Influencelines

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

Ny /

10000

Open the menu M Mobile loads
As shown at the Principles, an influence line represents a diagram that shows the effect of a unit load on a

variable position in a given point of the structure. To be able to meet this definition, a track has to be defined
first, across which a unit load can move.

5.2.1. Input track and unit load

You can import this track through B TrefficLane .
The program defines the track as a polyline. As a starting point of the track, the node N1 is indicated, as an

end point the node N2.

P~J ——
Loy — N2
SN / ‘\\

f,f' N i \

If the track moves across several members, it is important to indicate sufficient nodes. The property window
shows which nodes are used in the track. As a Name for the track TR1 is entered.
Properties 0 X

ITnp train (mobile load) (1) L] AY: Y/

Use for calculation
Used nodes
& Track nodes
Node
Node

Actions

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

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

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

bfzz‘}?’v Mobile Loads ml

Al e © & Fd A

EHL Name EHL -
Track assignment TR1 _'_J
Sections Use sections from results =
Step for 20 element [m] 1,000
Generate section under Load system &
Add new Impulse -

8 Impulse 1
Type Concentrated -~
Value -1
Position [m] 0.000
ey [m] 0.000
ez [m] 0,000
System Local e 02
I1 (-1)
N
i,\“
I
New || Insert | Delete Close

Through the option Track assignment you can indicate on which track the unit load needs to appear.
The option Sections determines the density of the used sections.

Use sections from results
The unit load is positioned in every section of the beam that lies in the area of the track. The number of

sections on a member is indicated at  #* Sotver setup

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

that is shorter than the adjusted step, it is not loaded by the unit load.

Generate at least one section on member
Analogously to the previous option; here the unit load is also positioned on 2D elements with a shorter length

than the adjusted step.

Through the option Generate section under Load system, a section is made under every concentrated load
of a load system when showing the results. This way the result can be exactly reviewed under the

concentrated load.

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

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

After defining the track and the unit load, the linear calculation can be started. To do this it is not necessary
to exit the menu Mobile Loads, but you can use the button 1 Celculation i the project toolbar.

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

= $#4 Infuence lines

Sy Deformations on member
v Internal forces on member
=y Displacement of nodes

Sy Supports
S Member stresses

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

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

Selection manager @

= Bl

0.000 a
1.000 a
2000 a
3.000 o
4.000 a
T
5.000 a
6.000 a
7.000 a
8.000 (u]

2 9.000 a
o

<

] e

Group selection
Select | Deselect I

Deselect all I

o]

Cancel |

Influence lines - Internal forces on beam

Invloedslijnen - intene krachten op staaf

Influence line for internal forces on beam
EHL over TR1 - beam B1 - section x=5.0m
Multiply factor : 1.00

poz N Vz My
0.00 [0.000 |0.000 |0.000
0.00 [0.000 |0.000 |0.000
1.00 |0.000 |-0.100 (+0.500
2.00 |(0.000 |-0.200 |+1.000
3.00 |(0.000 |-0.300 |+1.500
4.00 |0.000 (-0.400 |+2.000
5.00 [0.000 |-0.500 |+2.500
500 |[0.000 |[+0.417 |+2.500
5.00 |0.000 |+0.417 |+2.500
5.00 |0.000 |[+0.500 |+2.500
6.00 [0.000 |+0.400 |+2.000
7.00 [0.000 |+0.300 |+1.500
8.00 [0.000 |+0.200 |+1.000
9.00 [0.000 |+0.100 |+0.500
10.00 |0.000 |0.000 [0.000
10.00 |0.000 |0.000 |0.000

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

0007
0501
100
180
200
- o o ° o o o = o b=
2 = - b= b= S
g | 1 1 1 | i | 9 i 1 |
Meber
Description of - >
" Extromes & Alvohes At P volie

To Documant [

o

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

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

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

32000 ‘ 32000 18000

531. The construction

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

M Cross-section &

Name csh ~
Type
Detaded
& Parameters
e =]
b [mmen) 13000
£0 [mm) 80
b3 [mem) )
b2 [mm) 3000
= o M [ene) 1300
1 v he [mm] 150
- . h3 {enen] 200
p — ‘: h4 ] 1000
s [mm) 150
4 ' ‘ b d) [mem) 0
- -1 bl 100 - b{ SO0 = & General
= = = N )
> - = N o= Dvew color Noemal colour i |
= - = Colowr E——
Sie = = Propertes edfable Q
Buckiing edsable
Bucking yy b _’_i
Buckling 22 b R
Fabacation concrete R |
FEM analysis a
Curve daading 3 ¥
| Update ] [ Document |
Prcture  Fibres [ (a3 ] [ Coscol |

The construction can be inserted as 3 horizontal beams through & Beam , at which the begin node is
imposed hinged and the other nodes are rolled.

Double T Double T Double T

32000 32000 18000

To be able to calculate the construction, one load case is created; the Self Weight.
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5.3.2.

After entering the construction, the menu # Mokile loads can pe opened.

Input track and unit load

h B Newmobile load rack

Throug a track can be defined from node N1 to node N4.

N3
A

N4
i

)

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

As Name of the track TR1 is entered.

B x

[Ttip trein (mobile load) (1) vy 7

O |
Use for calculation
Used nodes
E Track nodes
Node
Node
Node
Node

Properties

Update track definition
Table edit geometry

>>>
>>>

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

M Unit Mobile Loads [Z\
AReBu v & A
EHL Nome EHL
55 TR1 v
Sections Use sections from results v
Step for 2D element [m] 1,000
Generate section under Load system @
Add new Impulse _]
B Impulse 1
Type Concentrated -
Velue -1
Position [m] 0.000
ey[m] 0.000
ez [m) 0.000
System Local -
Direction Z ;]
11 (-1)
=Ty
"r\} /
¥
New [ Insent Close
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5.3.3. Inputload systems

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

The input of the load systems occurs through the option &8 Load System Database
Both Single and Multiple Load systems can be defined.
Possibilities with Single Load systems:
e A coherent combination of point loads (e.g. vehicle)
e Line loads of an indefinite length (e.g. pedestrians)
e A combination of both
Possibilities with Multiple Load systems:
e Aline load with a definite length in combination with a line load of an indefinite length.

e Two similar independent systems of point loads with variable interval in combination with a divided
load of an indefinite length.

e Three or more independent systems of point loads with a fixed interval in combination with a divided
load of an indefinite length.

In this project the following three load systems are considered:

1) Single Load system P Loads left

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

2) Single Load system P Loads right

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

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

-18.00

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

In this project, the option is not activated.

5.3.4. Exploitation of load systems

After defining the mobile unit load and the load systems, the linear calculation can be started through the

button F Caleulation in the project toolbar.
After the calculation a new group appears in the menu Mobile Loads:

EAl Detail analysis
T Member force, deformation
4% Reaction
B\, Member stress

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

This is illustrated for 2 different cases.
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Case 1

An exploitation is performed for the moment My on a position 24m on the first beam B1. The exploitation is
performed for the load systems P Loads Left and P Loads Right.

In the Property window these options can be adjusted:

Properties o X

|E:q:.|aita1i9vanimd&edsliinen—smn (1) j YW

MName Exploitatie van imAdoedslijnen - Staven
Unit loads EHL -
Load systems [P Loads lefl] [P Loads right]
= Limited run
= Additional
i
Setup report
Selected membars [B1]
Yalues More comp -
N n]
Nz
Iy
i
uz

fiy

oooaan

Single Check x>

Presiew it

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

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

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

Influence line: Member B1
Position : 24.00[m]

Type : My

Considered load systems:

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

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

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

Area Nr Area

1 43.527
2 -34.564
3 2.722

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

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

5. Additional factors:

Mult. factor results except deformations : 1.000

Mobile factor: 1.000

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

Negative maximum position : P Loads left

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

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

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

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

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

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

This result is also displayed graphically:

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

Case 2

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

In the Property window these options can be set:

Properties a x
Exploitatie van invioedslijnen - Staven (1) ~| VY
Marme Explaitatia van imdoadslijnen - Staven
LInit loads EHL hd
Load systems [F Loads lef] [F Loads right] [ Load)
& Limited run
EH Additional
E Load case
Setup report J
Selected members [B1] vl
Yalues More comp hd
M m|
Wz ]
Iy B
L m|
uz (]
finy [m|

Single Check >

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

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

Influence line: Member B1

Position ;: 24.00[m]
Type : My

Considered load systems:

e P Loads left
e P Loads right
e QLoad

Unit Load : EHL

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

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

3. Areas of the fields of the influence line:

Area Nr Area

1 43.527
2 -34.564
3 2.722

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

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

5. Additional factors:

Mult. factor results except deformations : 1.000

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

Negative maximum position : Q Load

Sum P [KNm] [Sum Q [kNm] (X1 [m] X2 [m]
0.000 -622.150 0.000 0.000
Positive maximum position : P Loads right
Sum P [KNm] [Sum Q [KNm] [X1[m] X2 [m]
1149.982 0.000 22.000 22.000
7. Results:
Negative maximum position : Q Load
Description DuetoP [DuetoQ [|P+Q Units
My negative 0.000 -622.150 [-622.150  [kNm]
Positive maximum position : P Loads right
Description DuetoP |[DuetoQ [P+Q Units
My positive 1149.982 |0.000 1149.982  |[KNm]

This result is also displayed graphically:

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

Remarks:

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

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

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

M Mobile load systems

Al eBE 2
P Loads left

P Loads right

Q Load

& FFd A

VOSB150

X

New ][ Insert ][ Delete J

Close

5.3.5. Generation Load cases — Enveloping Load cases

SCIA Engineer allows making both single and enveloping load cases.

Generate Load cases

With the exploitation of a design parameter in a section you have the possibility to generate several

exclusive variable load cases.
First of all the option Load case - generate has to be marked at the Detailed Analysis.

If no variable load group is found, the program asks whether a new group has to be made.

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

Properties o x
|E:q:|nita1je van invioedslijnen - Staen (1) ﬂ Va W o
MNarme Exploitatie van imvoedslijnen - Stawven
Unit loads EHL i
Load systems [P Loads leff] [F Loads right] [Q Load]
& Limited run
=] Additional
2 Load case
Generate 2]
Load group Iobile =]
Setup report Jerel
Selected members [B1] )y
Yalues More comp d
M O
Vi (m]
My o]
[T (m]
uz (m]
fry (m]

Single Check
Prenvienw

EE

>
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A load case Mobile is made. After activating this option, a Single check is performed on the member B1
through the action Single check.

Nurmesical and graghical sulput - 101 X

-

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

Influsnce lne:
Member B1. Position @ 24.00{m]. Type : My

Considersd load systems:

P Loads left
P Loads right
Q2 Load
Unit Lead : EHL =
1 _:_ 3 4
Bactas [z40m | um Generme o comes | [EHL Max by BLETT Ta Doxumert | | (ome

K Rhv ke 01,18

Upsis

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

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

Max My:
O
QD
)
Gy
I
Rt L
1}—' N ¥ [ i
‘n R Ja JaN 4
Min My:
o o
2 <
(09 0]
[ |
o |
- \/ .'l" ,‘I"(
o A é é

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

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

repeated for the following section.

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

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

to obtain insight in the global behaviour of the structure.

To be able to generate such enveloping load cases, the option ~#* Setup generated load cases g ysed in the

menu Mobile Loads.

_J5tel gegeneerde belastinggevallen in

A sBh 2 & FH sk

CA Haam

CA
]

] [EHL]

Gebiuk voor berekening
|
Selectent actsysbemen
E Eenheidzlast: EHL
Haari
Belastingsgeval
Groep van belastinggevalen
Geresnest namen
B Bepeikte looplengte
B Extra
E Selectie van staven
Alle staven
B Componenten
Selectesr componanten
& Staven
H
Vy
Vz
M=
My
Mz
u
uy
uz
e
fy
fiz

|
[P Lasten Lirks] [P Lasten Fiechts) 0 Last] .|

Niew||nmgenlﬂmﬁtm|\'elwidﬂ[

Shaten

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

this example three imported load systems are selected.

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

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

the calculation.
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Through Select Components you can indicate for which components a envelope has to be generated. In

this example all components are considered.
Setup of component &

Output of components on members

v N r‘ Fve [T FFw [

Select Al ]

[7 u r— r‘7 uz r— [7 ﬁy r— Unselect All I
Output of components on supports

Frc Ty FrR T Fw seecAl |

UnselectAll |

QOutput of components on 2D elements
Fm P Fmy Fuw Fw F Fo Fo |
Fo F ~ Fi F ~ |

o ] coen |

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

After the calculation the Load cases manager shows the following:

M Load cases R!
Al eFud 2 & FE A
T L+ Loods ie# P Loods ightMin

Description
EHL-P Loads left, P Loads nght-Min My Action type
EHL-P Loads left, P Loads right-Mn uz
EHL-P Loads left, P Loads night-Mn fiy
EHL-P Loads left, P Loads right-Max Vz
EHL-P Loads left, P Loads right-Max My | SPeciication
EHL-P Loads left, P Loads right-Max uz Master load case
EHL-P Loads left, P Loads right-Max fiy

EML-P Loads left, P Loads right-Mn Rz

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

LoadGroup
Load type

| New [ Insent |[ Edit ][ Delete | Close

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

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

Max My:

Q: | JJU#'J“’ J_E ~L | _J}_Lf'f-*‘i I 1T ‘Lf.r"iﬂ.

04545 [—

Min My:

| 205335

i , I .

g ] I B i e —— = | [ | TTrr—

N 7 P
)jr \\ ! .\- f_r 3 FAY
P ¥ i bt & Y
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Remarks:

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

Limited run:

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

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

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

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

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

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

541. The construction

Project data g\

Basic data | Functionality | Loads | Combinations | Protection | Nasional Annexes |
Deta Structure
|Faate v -
Matenal
Name [Project M3 Concrete
csn0 vl
Part [ Steol o]
Timber u]
D i
escrpton [Tremloads Other -
Author [pv'r Aluminium o
Date [14.10. 2005
Project Level Model
IAdvonced L] [One LI
National Code
B ccen
[ ok ] concal |
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Project data [il

Baszic daia Functionality lLu-ads | Combinations | Prnbadjnn| Natnna!.ﬁnnaxas|

=5 Concrate
Fwa rasistance a

Crhmamics

Initial stress
Subsoil
Monlinearity
Sambility
Chmatic loads
Prgstregsing
Fipalines
Stuctural model
Faramatars

Oo@e 0000000000

Chrarview drawsngs
LTA-load cases

Ok | Cancal

The bridge deck can be entered as < Plete with thickness 500mm.

The length of the bridge deck is 25m, the width 5m.

25000
¥

)

¥ EE
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 <D Intemal edge

f=
. _.& ;

r.
= dh

Using = Z Support & line on 2D memberedge o yangiation 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:
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To be able to calculate the construction, one load case is made; the Self Weight.

54.2. Inputtrack and unit load

After entering the construction, the menu # Mobile loads can be opened.

The train track consists in this project of two rails with a distance of 1.4m between them. To make sure that
the train drives on two rails at the same time, 1 mobile load track is entered with a unit and two impulses on

It

The track has to be entered on 1.8m from the edge to be able to place the train track in the middle of the

bridge.

Through P) New mobile load track o track can be defined. The coordinates can be entered in the Command

line:
Command line
B |- 7
'\Jewtrach action - Pobyline - Start point »0;1:8

Command line

e (18— T 52

I\Iew track action - Poldine - End point »>25:1.8

MC — 2024/03/06
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As Name of the track, TR1 is entered.

Properties

a X

| Trip train (mobile load) (1)

~]Ww Y

Use for calculation &2

Used nodes

= Track nodes
Node K?[)
Node K8 []

Table editgeometry

Update track definition >>>

|:

B

>>>

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

As a Name of the unit load, Train is entered for a simple reference.

With Sections the option Use step according 2D element can be chosen and as step, 0.25m is entered.

M Unit Mobile Loads

X

l New | Insert || Edit |

Step for 20 element [m]

Generate section under Load system
Add new Impulse

Impulse 1

Type

Value

Position [m)

ey [m]

ez [m]

System

AeBu o - & @ A -
Tran Name Train -
Track assignment TRI1 ~|
Sections Use Step according 2D element _:]

0.250
2

Concentrated
-1

0.000

0,000

0,000

Local

I1 (-1)

e k.

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

Subsequently the Position [m] of Impulse 2 can be adjusted to 1.4m.

AZeBUu 2

Tran

B Unit Mobile Loads g

@& Fd A
Delete impulse A
B Impulse 1
Type Concentrated |
Value -1
Position [m] 0,000
ey [m] 0,000
ez [m] 0.000
System Local |
Direction 2 ~|
B Impulse 2
Type Concentrated ;]
Value -1
Position [m] 1,400
ey [m) 0.000
ez [m] 0,000
System Local |
Direction 2 ll 3
I1 (-1) 12 (-1)
1.400

| New [ Insent | Edit |

Both impulses are displayed on the bridge deck:

MC — 2024/03/06
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543. Influence lines

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

0.5m.

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

= ¥ Infuence lines
= Dizgplacement of nodes
= Deformation on slab
= Internal forces on slab

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

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

following results:

»

<<

S E

=]

PtL1 [m)
Add new point

5,000, 2,500, 0.000

Selection manager @

N

Influence lines - Deformation on member 2D

Invioedslijnen - Vervormingen op 2D elementen

=]

Cancel

60

Influence line for deformation in member 2D

Train over TR1 - 2D macro 1 - Position: x=5.0,y=2.52=0.0m
Multiply factor : 1.00

poz uz fix fiy
0.00 |(0.000 0.000 |0.000
0.00 (0.000 0.000 |0.000
0.25 [0.000 0.000 |0.000
0.50 |[0.000 0.000 |0.000
0.75 |0.000 0.000 |0.000
1.00 |-1.01e-010 |0.000 |0.000
1.25 |-1.11e-010 |0.000 |0.000
1.50 [-1.20e-010 |0.000 |0.000
1.75 |[-1.11e-010 {0.000 |0.000
2.00 |-1.02e-010 (0.000 (0.000
2.25 |0.000 0.000 |0.000
2.50 |0.000 0.000 |0.000
2.75 |0.000 0.000 |0.000
3.00 |0.000 0.000 |0.000
3.25 |+2.00e-010/0.000 (0.000
3.50 |+3.04e-010/0.000 [0.000
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The result table clearly shows the step of 0.25m. Through Single Check the result can be viewed
graphically.

invioedsiijn B

|

o 25 L]

o

e

[

[Ty

o b e e ]
T TA

[oXey

54.4. Inputload systems
Through the option i Load System Database 5 |gaq system can be entered in the project.
In this project a predefined load system is used; namely VOSB 150.

That is why the window Load system is cancelled so the Load system Manager is displayed.

B Mobile load systems

A gmk 2o & D Al

Through the button System database = a predefined load system can be added to the project:

Read from database gi

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

Load modd 1Lane 1
Load mode 1Lane 2
Load modd 1Lane 3
Load modd 1 Other lane
Model 71

Model SW/O

Model SW/2

uIC 71

Uricaded tran

VBS 170
VEBS 270
VOSB 150
VOS8 1938
VoS8 250

VOS8 270

UIC 71 - HSL 600 €

CSNUIC 71

CNCSDZ

CNCSDT

CSNTRMNS

CSNTRM 4N 5

<< Copy to project
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<< Copy to project

With the button I

MOSE 150

I M aam | vinse 150 g z

Mieww | Invoegen | Bewerken | Verwsder

_staen |

_—

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

Load Syitem

Simplylond syater  Advanced load sysiem |
Marna

Pencentage ordinatas: 1]

Distribwted load  Cancanirated load |
Destributed load
40,00 khdfmn 2 =

Fomtload(kN] | Oftset |
-150.00 |-1.50

X

500 ‘ 150 00

150,00 000
150,00 1.50
oo 000

o] ]~

WATTTTT Ak Ak

Mum of group: |2 3: Dhal AR
Twa load groups
Mirémum distance between the load groups

Maimum distance batween the losd groups
Mabile disinbuied load between the koad groups

IF B0 - (630 000

[1?,Mﬂ m
[mw.nm m
FW.IJD kNfm

I oK I Cancel

62

|a load system VOSB 150 can be copied to the Project. By
pressing the button Close this system is displayed in the Load system Manager.

’mﬁ

ANk 2| 8 SSHE e . 7
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The load system consists of 2 groups of three point loads and a divided load. The point loads have a value of
150 kN and a mutual distance 1.5m. The divided load has a value of 80 kN/m.

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

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

54.5. Exploitation of the load systems

After defining the mobile Unit load and the load systems, the linear calculation can be started by pressing the
button £ Caleulation in the project toolbar.

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

== Detail anakysis - Member 20 force, deformation

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

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

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

Properties o x
|E>:p|0ita1ievanimdoedsl:jnen—ED elementen (1) ﬂ YW
Marme Exploitatie van imdoadslijnen- 20 el..,
Unit lomds Train |
Load systems [VOSE 150] =

= Limited run

=] Additional

= Load case

Geanarate

Load group Train .|

Setup report J

Selected 20 membars [51] =

“alues T ':J
Single Check >
Fresview >

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

Numerical and graghical output - 1/1

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

Influence Ine

20 macro S1,

Global position

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

Considered load systems
VOsSB 150

Unit Load - Train

2. Co-ordinates of the nodes of the the loadtrack and their
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Under Title 6. and 7. is indicated that two extremes have been found.

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

Negative maximum position : VOSB 150

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

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

18m.

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

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

load system.

64
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54.6. Generate load cases — Envelope load cases

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

Generate Envelope Load Cases

To be able to generate the enveloping load cases, the option 3 Setup generated load cases g ygeq,

M Setup generated load cases ﬁ|
AHFLBE 2 & SH A .
EE [T CA -
Lise for calculahon a
Selectunit loads [Train] ||
Select load systems [VOSE 150] =

& Unit Load: Train
Name
Load case

Group of load cases Train j_l
B Limited running length

Enable (u]

Start [m]

Finish [rm]
B Additional

Mult factar resulis except defomatio,,, 1
Makbile tactor 1
8 Selection of members

Allmembers a
2 Components
Select components J
B Members

M

Wy

i o

[ (m]

My o

Mz

ux

wy

uz (5]

fix o

fry o v

Inser Delete Close

First of all you have to indicate which Unit load and which Load system have to be taken into account.

Subsequently the option Name Load case can be used to enter the names. This is not necessary. Nothing
is filled in so the program generates the names automatically based on Train and VOSB 150.

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

Setup of component @

Output of components on members

Jst i My Twx Twmy T Select All J
] f3 M uz [ fix [ fiy I Unselect All I
Output of components on supports
7 |= MR [T [T My [ Select All
Unselect All

QOutput of components on 2D elements

MVeox Tmy Ty Mw Tw T [Ty [ ooy Select All l
Fix. [ M [T [y [T Unselect All ‘
oK Cancel I
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After entering these data, a linear calculation can be performed so the enveloping load cases are made.
After the calculation the Load cases manager shows the following:

M Load cases [z}

Al eBExi» 0 &cEd A
LC1 - Seff weicht I Train-VOSB 150-max mx

& SR EUENSUES | Description
Tran-VOSE 150-min mX || Action type
Tran-VOSB 150-max vx ||
Tran-vOSB 150-min vx

LoadGroup

Load type
Specification
Master load case
|Cien JCinser JCEcn J(Daler ]

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

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

Maximum mx:

| mx [kNm/m]

867 24

Minimum mx:

| mx [kNm/m]

065
5000
-12000
<180 00
24000

~720.00
-780.00
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Generation of load cases

After setting the envelopes, a selective exploitation is performed for the moment, indicated on position ( 10;

25;0).

First of all the option Load case - Generate has to be marked at the Detailed Analysis.

Properties o x

Exploitatie van inoadslijinen - 2D elementen (1) ﬂ e 7
MName Exploitatia van imdoedslijnen-20 ...
Unit loads Train P
Load systems [+OSEB 150] el

= Limited run

=] Additional

2 Load case

Genarate =

Load group Train .|
Setup report el
Selected 20 members [=1] el
Values i hd

Single Check b
Preniem b

The load cases will be placed in the variable load group Train that has already been made.

After activating this option, a Single check is performed on the bridge deck through the option Single check

and the desired position is set.

Numerical and graghical output - 11

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

Influence ne

20 macro S1,

Global position

x :10.00fm). y :2.50({m). 2z :0.00{m)
Type = mx

Considered load systems:
VOSB 150

To Document

Cown
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Through Generate Load Cases the load cases are generated.

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

M Load caszes

A e BEki= 2 & FH A - 9
LC1 - Self weight | riame Train, Max. me, 5:1, P1000.25,000
Tran-YOsB 150-max mx Deﬁ;cripliun
Tran-WOSB 150-min mx | Action type Yarnable

Tran-¥O5s8 190-max vx LoadGroup
Tran-¥O58 150-min vx Load type Siatie

| Specification Standard

Tran, Min, mx,5:1,P: 1.,

Tran, Max, mx, 5:1, Pi... -
Durahon Short
| Master load caze Maone
| Fiew ) Cinsent ) Eait ) Detete |

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

Load case Max, mx:

Results:

| mx [kNm/m]

83230
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5.5. Crane track

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

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

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

Project data R‘
Basic data | F | Loads | C | | Nesional Annexes |
Structure
Data
[Femexvz =]
Matenal
Neme [Projectm4 Concrete o
Part F 5 J
Timber a
Description I’
o |Crane rack s S
Author [pv-r Aluminium o
Date [15710.2005
Project Level Model
[Advanced ~| [one =l
National Code
B e
o
Project data ﬁl
B Functionality | Loatls | Combinations | ion | Mational Annexes |
Dynemics a B Steel
Initial stress a Fire resistanca o
Subsail o Connecion modaller o
Honlinearity o Frame nigid connadtions o
Stability o Frame pinned connections o
Chmstic loads =] Girid pinnad connectons =]
Prstrassing o Bobed diagonsl connections a
Pipelines a Expert systern a
Stuctural model o Connecon monodrawings o
Paramaters a Scaffolding o
= LTE 2nd Order o
hverdew drawings o Arceloidinal o
LTA-load cases a
ot |
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551. The construction

The first portal of the hall can be entered through & Catalogue blocks |

2

HEA220

10000

!PE-?GG

\, 1500

HEAZ20
5000

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

To find this Snap Point you can use the Cursor Snap settings

Cursor snap setting

a)
b)
©)

d)
9

|

[~ Line gnd [v Dotgrid

[~ Only snapped points

[T Midpoints

[v' Endpoints / Nodes
[ Intersections

[~ Onhogonal points
[ Tangential points
[ Arc/Circle centre

[ Points on line-curve - length

[v" Points on line-curve - N-ths
[~ Points on line-curve - % of length

[ Surface edges
[T General solids

%

70
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L T P
pe2®— 5200

T v T8 v o wrgie |

| IPE18O i

HEA220
HEA220

i%:

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

W——  T——

|

The window More copies can be set:
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Multicopy
Number of copies lﬂ 3:
[v Insertthe very last copy
Distance vector
Define distance by cursor I_

X [0.000 m
y [5.000 m

2 0.000
Rotation

™ |0,00 deg
ry |0.00 deg
rd |0.00 deg

Connect selected nodes 2
with new beams
Copy additional data [v

How to define the distance 7

(@ between two copies

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

(@ between two copies

(" from original to the last copy
Rotation around
® cumentUCS

(" distance vector

I OK | Cancel

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

Than we have the following structure:

- . -
g
-
=
4 p .
-~ : o
-L
# e e 1 ",
> . e
- o S
et
i
- . e
e p ’
- - - B
- - - .
e - n-\.__\___‘f.-f \H‘.
~ - ’ -
- - Ve "
P mmmmmme -..-;1...._..._...‘& .
- o,
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- ~ P
oy, T
. N\“u s
T - T
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.
N ’
W
-~
&
.
|_ =
= '
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The geometry input is ended by entering the rigid supports to the column bases and by executing the
F‘El Check structure data. gq &5 Connact members/nodes to connect the various members.

:

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

5.5.2. Inputtrack and unit load
After entering the construction, the menu  # Mobile loads can be opened.

Through P New mobile load rack 5 yrack can be defined from node K8 to K14 to K23 to K32.
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The Property window shows the nodes that are recognized by the track:

Properties b

a
|Triptrajn {mohbile load) (1) j VoY

[ ] T
Use for calculation ]
Usednodes
=2 Track nodes
Mode
Mode
Mode
MNode

Update track definition -
Table edit geometny PP

As a Name for the track TR1 is entered.

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

In this project three unit loads are entered:

Centre: a Unit load consisting of two impulses of 0,5 simulating that the crane track is in the middle of both
rails.

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

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

The distance between both impulses is the distance between both rails: 8m.
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B Unit Mobile Loads

Aeu o - & zEd A

o \f

N
Left Track assignment
Right Sections

Step for 20 element [m]

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

Direction

I1 (-0.5)

Midpoint

TR1

Use sections from results
1,000

Generate section under Load system @

Concentrated
05

0.000

0,000

0,000

Local

Z

Concentrated
05

8,000

0,000

0,000

Local

P4

12 (-0.5)

S.000

l New || Insert ][”Edit |
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M Unit Mobile Loads

I Mew | Insert || Edit |

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

=3
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AizeBdh o0 & FH A

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

=2 Impulse 1
Type Concentrated
Yalue 0.2
Positian [m] 0.000
ey [mi] 0.000
&z [m] 0,000
System Local
Direchion i
2 Impulse 2
Type Concentrated
Yalug -0.6
Fosition [m] &.000
ey [m] 0,000
ez [m] 0.000
System Local -
Direction Z -
12 (-0.8)
I1{-0.2) "m__
arl 8 \"-.\ J;"J
2,000
J I[N
[ New | insen ) Edit | t |

5.5.3. Inputload system
The input of the load system for the crane track happens through the option i Load System Database

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

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

Load System Rl
Simply load system | Advanced load system |
Mama
{Crane Track
I~ Meglect point load whit opposite influence

Distributod load
0,00 KN

Puoint load [kH] Oisat
¢ |00 0.40
" ano 0.00
T REF

Dial Al

oK. | concel |

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

5.54. Exploitation of the load system

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

After the calculation a new group appears in the menu Mobile Loads:
EA Detail analysis
¥ Member force, deformation

#" Reaction
B, Member stress

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

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

In the Property window these loads can be set:

Properties o x

|E::plnitatievaninwuadsliinen-Stwen (1 ﬂ AT T

Mame Exploitatie van irvioedslijne...
Unit loads All Jhd
Load systems [Crame Track] |
= Limited run
&
2 Load case
Generate B
Load group Mobile ..
Setup report o
Selected members [B33] ol
Values oy =)
Acors
Single Check _>>> |
Frewview -

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

1. Description of the influence line +

The selected load systems for which the exploitation is done:
Influence line: Member B33

Position : 2.50[m]

Type : My

Considered load systems:

e Crane Track
Unit Load : Left

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

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

3. Areas of the fields of the influence line:

Area Nr Area

1 -0.000
2 1.940
3 -0.471
4 0.088

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

Sign Nr X Y VA
[m] [m] [m]

0 9.000 0.000 3.750
1 9.000 0.049 3.750
2 9.000 5.197 3.750
3 9.000 10.418 3.750
0 9.000 0.000 3.750
1 9.000 0.049 3.750
2 9.000 5.197 3.750
3 9.000 10.418 3.750
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5. Additional factors:

Mult. factor results except deformations : 1.000

Mobile factor: 1.000

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

Negative maximum position : Crane Track

Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
-5.590 0.000 7.275 7.275
Positive maximum position : Crane Track
Sum P [kNm] Sum Q [kNm] X1 [m] X2 [m]
27.074 0.000 2.100 2.100
7. Results:
Negative maximum position : Crane Track
Description Due to P Dueto Q P+Q Units
My negative -5.590 0.000 -5.590 [KNm]
Positive maximum position : Crane Track
Description Dueto P Dueto Q P+Q Units
My positive 27.074 0.000 27.074 [KNm]

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

side of the hall:

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

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

point of the track.

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

of the track.

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

This result is also shown graphically:

80
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5.5.5.

Generation Enveloping Load Cases

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

M Setup generated load cases

Al £ 0B 2
cA

S - a

X/

Marme
Use for calculation
Select unitloads
Selectload systems
2 Unit Load: Midpoint
Mame
Load case
Group of load cases
B Unit Load: Right
Mame
Load case
Group of load cases
2 Unit Load: Left
MName
Load case
Group of load cases
E Limited running length
& Additional
B Selection of members
All members

Selection
2 Components

Select components
B Members

]

Wy

Wi

Mx

My
hiz

CA -~
o]

[Midpoini] [Right] [Left]
[Crane Track]

E L

Mobile

B

Mohile

a

Mabile

g

(R

ooeoooao

v

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

[ New | insert | Edit ][ Delete 3

this example all unit loads are selected.

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

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

this example, only the component My is considered.

Setup of component

Fme
Fo F

Output of components on members

N Fw [ vz
M wx [ uy

[ w [~ fix

Output of components on supports

MTRx TRy TR [ Mx

QOutput of components on 2D elements

F my
Fu F

=
-

M MMy [ M

Select All

[ fiy [ fiz

Unselect All

MMy [ M

Select All

Unselect All

Fre Fry F

[

=]

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

After the calculation the Load cases manager displays the following:

AR eBKiI» 0o & FE A .

B Load cases &¢

Left-Crane Track-Mn My

LeRt-Crane Track-Max M | Loedraup
eft-Crane Track-Max My
- Load type
Right-Crane Track-Mn My | Specu;uy:anon
Right-Crane Track-Max ‘
N | Master load case
< | ¥

LC1 - Eigengewicht Left-Crane Track-Max My
Mdpoint-Crane Track-Mn My | Description
Midpoint-Crane Track-Max My | Action type

l New || Insent || Edit || Delete |

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

EC1991.

Subsequently, the results of these envelopes can be viewed. The moment course My on member B33 for

load case Left — Crane track — Max My shows the following:

P

A

27.5

o

Internal forces on member

Linear calculation, Extreme : Global, System : Principal
Selection : B33
Load cases : Left-Crane Track-Max My

Member Case | dx | N ’ Vy | vz ‘ Mx ‘ ‘ Mz
[m] [kN] [kN] [kN] | [kNm] ' [kNm] | [kNm]
B33 Left-Crane Track-Max My 0,313 -0,05 0,02 24,89 8,17 0.04
B33 Left-Crane Track-Max My 4,688 0.14 0,05, -28,75 2,77 0,12
B33 Left-Crane Track-Max My 0.000 0.1 0,04 -2,22 0.01 -0.10
B33 Left-Crane Track-Max My 2,188 0,07 0,03 11,35 27.69 0,00
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Chapter 6: 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 | Functionality Load: Protection

ST
Scia
Ergirmar

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

Basic data Functionality Loads Protedtion
e |||| Acceleration of gravity 9810 mia™2
Scia
Engines
Wind Load
Accomding to code [*] || EC1/26.200ms /0

Snew Laad
Accordng to code [+] [ ] EC1/S100cN"2Ces100=10
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There are three types of climatic load generators for 2D frames in SCIA Engineer:
e Wind generator
e Snow generator
e Wind & snow generator

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

Example: 2D climatic generators.esa

6.1. 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)

¢ 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: 3

Limits

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 Frame distance i Redo
(®) From left Owerpressure () Pressure Terrain levels
() From right Underpressure () Suction Lzl 0,000 m Change
@ Mone Right ' o nop m

84

Cancel
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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.

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 V.1 — Recommended values of external pressure coefficients for vertical walls of
rectangular plan buildings

Zone |A B c D E

hid Cootd | Cpet | Cpato | Cpet | Gpoto | Cpet [ Gpeto | Coan Cpe,10 Cpo.t
5 12 |14 |08 |11 |-05 +08 | +1,0 07

1 12 |14 |-08 |11 |-05 +08 | +1,0 05

<025 |12 |14 |-08 |11 |-05 +07 | +1,0 03
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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 ™ |
' d e=b or 2h,
¥ whichever |s smaller
b: crosswind dimension
Elevationfore<d
MM\ wd, |a B c h
——— ) S b
/ W
[N L] ol o8 ]
I ﬁ | A5 e I
. wind ;
t-—-—--.&m.uon----, —
Elevation fore > d Elevation for e > 5d
wd | A 8 h wind A h
W e e L e W e e e L
e d o [ d o
P yOm— —
h h
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°
Pitch

F G H I J
Angle o

Connd (-] Com 98 Coat (=" Comn Coa Coa [ Coun
-45° 0.6 086 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 =13 2.0 0.9 -1.2 0.5 0.7 -1,2

+0,2 +0.2
-&° 2.3 25 =12 2.0 0.8 1.2
0.6 0.6

1.7 25 -1.2 2.0 0.6 12 +0.2
5 0.6

+0,0 +0.0 +0.0 0,6

08 | 20 08 | 15 | 03 04 4,0 -5
15°

+),2 +},2 +0.2 +0,0 +0.0 +0,0
age 0.5 | A5 -0.5 | 15 0,2 .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
g +0,7 +0,7 +0.7 0.2 0,3
75 +0,8 +0.8 +0.8 0.2 0,3

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

,Téoli [Modify Tree Pluging  Sety

Activity »
Selections 4
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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In the following picture [1], it can be seen that the zones G,H,I and J should be calculated:

upwind face upwind face

wind wind
d ind fac downwind face
8-0° y, wrwin = 8=0 j
a =0 & LT o .
............. \ ,
Wy KOS
Pitch angle postive Pitch angle negafive
(a) general
upwind face downwind face

x f
"l. _IF ry
amI F

\ =
wind g
—» 8=0" G H = J | b
&
=
aMI F
*
}-—-{&'10 |-—r|e.r1l:l

e=hbor2h
whichever is smaller

(b) wind direction 8=0°

aﬂ'ﬂ-I F
H |

\, G
wind
—_—r

b : crosswind dimension

ndge
6=90° nrdgtmugh b
G
H |
&MI F
f—]ei10
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:

A s wbk = - & EFH

Belgian NEM-EN NA

British BS-EN NA
Crech CSH-EN NA
Dutch NEN-EM NA

MName Standard EN
National annex Standard EN
Refersnces

= EN 1990: Basis of structural design
EN 1390 (Basis of structural design)

= EN 1991: Actions of structures
EN 1591-1:3 fGeneral actions - Snow loads)

EN 1982-1-1 (Genesal rues and ues for buldings)

EN 1382-1-2 (Genersl ndes -Structural fire: desion)

EN 19922 {Conerete bridges - Dasign and detaling rujes)

EMN 1168 (Precast concrete products = Hollow core siab)
) EN 1993: Design of steel structures

Project data

Basicgata | Fundlionality Leads Protection

Duata

Hame:

Pant.

Desscrigtion;

Auther. OF

Date 21.05. 2014

Snschure: Soher Modsl

Frame )2 [=] s

Frogect Level: Madel

Achvanced (=] O

EN 1393-1-1 {General nies and nuias for buldings)
EN 199312 General des - Sructurlfre desin)
EN 19913 fes - s o cold

EN 1333-1-5 (Plated structural elements)

EN 1993-1-8 (Design of joints)

Randard EN

—

~ intemal pressure for 20 wind
rtemal pressure for 20 wine
Fostion domnart face for 2D wind
Operwgs dominart lace for 20 wnd
Externad pressause for 30D wind
Stemal prossum for 30 wnd
© Reference hoight (2_e)
Tyoe of the gucture
b -wikth of e guctoe )
Fefererce level of taran =)
= a_dr - dwectional factor
Valie [
© e_soason - season lacter
Vil [
= €0 - orography factor
Ve [
V_b.0- basc wind velocty jn's]
™ - a¢ decaty kg/m" 3
 Probabity
Up - ¥e period of the buldng bew]
. pweb - probabilty facter |
K- shape facter [
n - exponent [
= Teman
temmn category
K -teman factor H
2.0 roughness length jm)
2 e - miensl haght o)
k_I - tutdence factor H

11

he rtemal pressure
ot

Two ey

Use oversl coeficsents Cpe 10

Vertcal wals o roctanguler buldegs EC114, 722
0.000

0.000

100

100

.00

2200
13

.00
00
00

(034 defaut NA parameters Im Cancel ]
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6.2. 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

’0_
End
’07
Set coeft I
Hext I
Previous I
Divide
Connect I
Regenerate |

(i}

0.00

Smow weight Frame distance 5 m M
| Load mode ] [~ Accidental design situation
" default oK |
1 Cn Cm 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: Snow load shapa coefficients
Angle of pitch of roof « 0F < < 3P 307 < g < BOF e = 67
i 0.5 0.8(60 - ¢)f30 0.0
M2 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

g Cn Com

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

Cose ) pyfanr) | )
Case i) 0,5 (a) — ] Hilex)
Case i) pay(cay) | 0,5u(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.

W Accdental design situstion

Cage Bl =+
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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

Nommal Excepftional conditions

Case A Case B1 |Case B2 |Case B3

No exceptional falis Exceptional falls ’No oexceptional falls | Excoptional falis

No exceptional dnift No exceptional drift Exceptional drift Exceptional drift

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

Persistent/iransiont design Persistent/ransient design Persistentiransient design Persistenttransient design
sduation sduation situation siluation

[1] undrifted 4 C.G & [1] undrifted 4 C.C, &, [1] undrifted 1, C.C, &, [1] undrifted 1 C,G s,

|2} drifted u C.G & [2] drifted 1z GG & [2] drifted 1 C.C s (except for|[2] drifted 1 C.C & (except for

| roof shapes in AnnexB) roof shapes in AnnexB)

? Accidental  design matmlAcadmhl design situation] Accidental design  situation|
» (where snow is the accidental|(where snow is the accxdental| (where snow s the accidental

action) action) | action)
[3] undrifted 11 C.C: Cou & {[3] drifted ;1 & (for roof lhaposi[:i] undrifted & GG Cus 5
{in AnnexB)

[4) drifted 44 C.C Cua &,
(4] drifted 1 & (for rool shapes
in AnnexB)

NOTE 1: Excaptional conditions are defined according 10 the National Arnax
NOTE 2: For cases B1 and B3 e Natonal Arnex may define desgn stuations which apply for the particular local effects descrbed in section &

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

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

Bl Stavdard EN lare Iwcort IV
= W . Wt
Wing pressure dicordig ta €01 = Wied presmen sccsedeg be £C1
© o presse foe 20 e
D ] < ++~r-' face |
Puston Qrwart et 0 wnd M"d’.—-
e _
- Bl grewsure b 30 wed
Ltarsd s tor 10 vt et tvessl oo Tie 1S .
Febewornw bangde (1 o)
Ty o P #rimm Vool sl o odarpUr bukdegs B0 14720
b of e et ) L
e L i ae
B
e L
L meesn  woase fase
e 4 10
L ety Lt
e 1
Vo0 baw wnd wicty rxx
CRE ) R (§ )
Prvbidadey
Ve e of e DAY haer] N
Sk putabdey fecss | ree
Cwapetrar H e
" eparet | N
= Tevwn
R - ]
-y st H .
i 0 rogtrem gt i
1_0w ey Yot V]
| - toturce factw 11 1.9
Loat Satsut A Semamateny I-Tl wl
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