SCIA

BY ALLPLAN

/ v v L { {
' § 7 4 T ]

W

ey
148

\ SCIA ENGINEER
TUTORIAL

Load generators

,*.c.

1ilad




Tutorial¢ Loadgenerators

Allinformationin this document is subject to modificatiefthout prior notice. No part ahis manual may be

reproduced, stored in a database or retrieval system or published, in any form or in any way, electronically,
mechanically, by print, photo print, microfilm or any other means without prior written permission from the publisher.
SCIAs not responsible for any direct or indirect damage because of imperfections in the documentation and/or the
software.

© Copyright 2@5 SClAv. All rights reserved.

2 MC 09/01/2026



Table of Contents

L= 1] (S0 O o1 (Y | TP PRR 3
1. 100 18X 1o ] o PP 5
2. [0 = To [ =T =Y £ 6

2.1, GENEral PrOPEITIES civuieeuiiisssaeiiieeiiseessammmeerrrssrrsssss s saesmmmm s s e rrrerrr s s s s ssssssssmmmm e eeseereeserrnnrennnnn 7.

2.1.1. L LT I 3 o - PP SRRR 7

2.1.2. Load transfer dIFECHION ...........uiiie et eene e s snreeeeas 7.

2.1.3. I @RS 38 1Y/ o 1 PRSP 7

2.1.4. VIV Vo JNo 14 1=T 01 - o o 1SS PRRRY 48

2.15. LCS ANGIE et e e e e a e n e ene e 7

2.1.6. ST LYot i o] g o) =T 01 1) 1= RSP 7.

2.1.7. Load transfer MEtNOd ...........ooii e e e 8

2.1.8. GENETALING OBUS ...ttt e ettt ettt e e e e e sab e e e sbe e e e rnee e 9.

2.2, PANEl tYPES cirriiiiiiiiiiiiiii it etremmm e e e s mmmm et eeeeerenr e eanannaan mn——_—an 10

2.2.1. (o T To IR (o o =T = I T To [ 10

2.2.2. Load transfer me.t.haod..ds.t.andar.db. ... 10

2.2.3. LOAd 10 PANEI EUGES .....eeie ittt ettt see et et e e et e e senbe e e s nrnee e e 12

2.2.4. Load transfer me.t.hoaod..ds.t.andar.db. ... 12

2.2.5. Load transfer met.hoad..40.Tribut.ary..ar.ea.b..13

2.2.6. Load to panel edges and DEAMS .........ocuiii i et eeee e 14

2.2.7. MaxX. angle for tranSTEr ... e 14

2.2.8.  Panel with parallel DEaMS ............ccoiiiiiiiiee 15
3. (== o =T L PP 17

3.1, Properties Of @ free 10ad ......coeuiiiiiiiiieiii e cmmm e e m———— e s 17

3.1.1. D1 = o3 1T o PP 18

0 7 I/ o 1= TSRS R 18

3.1.3. DIy i¢] o101 (o] o W PP U PP PPP O 18

0 T S £ 1 To 11 Y PP PP PP 18

3.1.5. 1= (= o O PRI 21

3.1.6. Y1 (] 1 1 OO PO OPPPPPRRR PN 21

3.2. Example: Rectangular SWimming POO0I  ...iiiiieiiiii e memme e er e e e e e e s e e e e e n s 22

3.3, Example: CyliNdrical tANK ...t et e s e e e e e e s s s e e e e e e 25

3.4, ReSUIt: SUMACE 108AS  ..oieeiiieiieeie s e e et mmmm s s e s e e e e s e e e e e ee e e e e mmmm e e e as 26

3.5. Soil and Water pressure based on Dorehole ... e 28
4, 1B aTo o T=] 0 =T = (o (PP TPRTRPRPTIN 31
5. QLI 5 13 [0 7= o 24 5 PR 35

L0 v T 4] 0] (= 4o Lo = U PSP 35

5.1.1. (o] =Tot o F- L= D PP UPPSPPR 35

5.1.2. (0] 11 1 U Tod 1 T0] o PP 35

5.2, INPULIFAfiC I0AAS  ..uueeeeeeieiiieiii et mmm e e e e e e s mmmm e 36

5.2.1. LI L1 T3 = S 36

5.2.2.  Traffic 108dS GENEIALON .....coiiiiii ittt 36

5.2.3. Traffic J0AUS ... e e e rn e e e e e e e e e e e 36

5.24. LCT=T LT =1 (= [0 T= U £ PR 37
6. YT )V Tq T T (o =T E=00 I L OSSPSR PP 38

G0 O o 10T ][ PP 38

0 [ Vi 11 T= o o = 1 TSR < ¢

6.2.1. LI L1 T3 = O 40

MC09/01/2026 3



Tutorial¢ Loadgenerators

6.2.2. 0] 1o (=) (o] 4 g F= U1 T o U RSO P PR PP RRPOY A1
6.2.3. I 7= 1o JR=3 2] (=0 SR A2
6.2.4. Moving load generator 1D T influence liNes..........ccooveeiiiiiiiiscenec e A3
R T =Y 01V [ 0T (0= To o 1 - Y |1
6.3.1. THE CONSIIUCTION ...ttt e e me e et e e e s et te e e e e senbe e e e s aeaa e s esnteeeeesnnrneeesd A5
B.3.2.  HAMFIC JANE ... 46
6.3.3. LOBA SYSTEIMS ...ttt ettt ettt e e et e e st e e e bt e s eeem b e e e sabe e e e br e e e nre e e s 46
6.3.4. Moving load generator 1D T Influence liNes..........ccooveeiiiiiiiisceneciiiec e A8
6.3.5. Moving load generator 1D i Envelope 10ad CaSe........cccvvveeiiiiiiieieieeee e ciieee e 53
6.3.6. MUIIPIE 1080 SYSIEIMS ...t eee et emee b e e e nrree e 56
6.3.7. Compute INFIUBNCE INES .....ooiiii e 63
6.4.  CraNe IFACK .ivvviiiieiiiiiiiiiiisssssssmmmmrrrresrsseesssssssssssssmmmm s e rresseseessssssssnssssmemmesssessssenssssssssnssssmmmnnees 66
6.4.1.  THhE CONSIIUCLION ... .viiiiiiie ittt eeee e s tee et e e et e s enemsbe e e sbeeesnnneeennsd 6.7
6.4.2. I U1 T =T = PR 69
6.4.3. o= To ISV (=10 PSP PP PPN 70
6.4.4. [V To)VZ g I o= Yo I o =T 0 1= > (o ] S 71
6.4.5. ENVEIOPE 1080 CASES ...ooiuiiiiiiiiie it eee ettt eme e s b e 72
6.4.6.  HOrZONtaAl fOrCES......ccooiiiiii e 4
7. MOVING [08AS 2D ...ttt mmmm e e e e e e e e e e e memm s s ae e e e e e e e e e e e e e e e e e as 75
7.1, THE CONSIUCHON  ..uuuierrrrnnrrrrerensssssmmmmsssssssrrrrrressssssmmmm s sssssssssennnrresssss mmmm s ssssssssrennnnnsssss 75
4 S R I =11 (o = o TSP PPPPPPRROPPPPRPPPRRY 4 o
7.1.2. 01 0e () (o] 4 aF= 11T o O TP PP PPPPRPPN 7
7.1.3. LOAA SYSIEMS 2D ... .eeiiiiiie ittt ettt ettt sttt e e see e e ek e e e sbb e e e shbe e e smembe e e e sbn e e e nibeeeaa 78
7.1.4. Moving loads generator 2D T INflUENCE lINES .....coeveeiiiiiii e 79
7.1.5. Moving loads generator 2D T Envelope [0ad CaSES........c.ciovvviiiiieiiieeeee e 81
8. 2D wind - and snow generators (32 -Dit) ....cccccvvrrrrrrirrrreeerimmmmsssssssrrrrrrreeeeeeessmmmmsssssssssrerenes 83
S J0 VAT T 0 = g =T = L 84
LS T S o [0 1V o =T =] = (o PP a0
8.3, WINd & SNOW QENEIALON  ..eeoieeuieeaee e e e eees st e e e e e e e e e s semmmm e s e e e e e ee e e e e e en e e e n s mmmm s e e e e s 92

4 MC 09/01/2026



1. Introduction

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

This tutorial assumes that basic the modelling of a structure is already understood.

MC09/01/2026 5



Tutorialg Loadgenerators

2. Load panels

Load panels are entities which are not taken into account in the FEM calculation (Finite Element Method Calculation).
Load panels have no s&teight, have a certain stiffness to distribute loads to underlying members but this stiffness is
not taken into acount 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 isothepiilnels.esa

5,000 m

10,000 m

In all the examples a surface load1d kN/mz is used.

6 MC 09/01/2026



2.1.General properties

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

2.1.1. Panel type

There are 3 types of load panels:
1 Load to panel nodes
1 Load to panel edges
1 Load to panel edges and beams

Each of these types will be demonstrated in paragraph 1.2.

2.1.2. Load transfer direction

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

1 In the Xdirection of the load panel

1 In the Ydirection of the load panel

1 In both directions of the load panel

2.1.3. LCSype

This property adapthe local coordinate system of the load panel, this section is completely optional, because you will

0S FotS (G2 ddaNYy (GKS [/ { 6A0GK GKS LINRLISNIe& W[/{ Fy3atSQod
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 fharal

2.1.4. Swaporientation

This function controls the direction of the locadxs of the panel. This direction is important when generating loads
0S0ldzaS (KSe& gAft F2ft26 (KS RANBOGAZY 2F (GKS 20t | E

2.1.5. LC&ngle

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

2.1.6. Selection oentities

2 KSy (KAA LINRBLISNIe Aa aSa 2y wrttQr Ittt 0
f2FRad LT (KAA 2LJWiA2y Aa asSi G2 wdzaSN) asSt
nodes/edges/beams vahre the load can be distributed.

T {Sd (KS @I tdzS 2y WdzaSNJ aSt SOliA2yQ

T /A0l WdzLJRIFGS SR3ISkoSIHY asStSOiAaAzyQ

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

T 9YR (KS TFdzyOliAz2y o6& LINBaaiy3da wSaoQ
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Tutorial¢ Loadgenerators

2.1.7. Load transfemethod

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.

¢CNROdziF NB | NBFa FNB F2dzy R dzaAy3d 2NRBYy2A RAFINIYa ol asSR
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 factorf@. 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.
1 Fixed link with beams will be similar to the tributary area method.

H‘».'L'L]/'LHI‘L
AAAAERERERE

D‘l‘h‘al\i‘;‘u‘;\

] Duu'l'l'lﬂi'l.'l\l

I F T T
t 5 i

qll2 ql/2 ql/2 gl/2

1 Hinged link with beams

>

ﬂ\_// A w\‘_,,/“ﬁ*
i ¢4 it

3ql/8 5ql/8 5ql/8 3ql/8
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2.1.8. Generating loads

A load applied to a load panel will be transferred to the selected elements. These transferred loads can be generated
GAGK GKS T OGA2Y odzid2y WASYSNIGS t2FRQ Ay GKS LINRLISNIA
when calculating theroject.

ACTIONS 3
Update edge/beam selection

Update all load panels
Generate loads

Table edit geometry

After generating, the original loads will be hidden and that the generated loads are shown. This is easily changed by
OKIFIy3aAy3a (KS @OASé LI NIYYSGSNER® LT &2dz ¢yl GKS 2NRIAYI
3SySNI GSRQO®

S[s[of=, - &/

System length labels

Effective width of plate ...
Structure nodes
Member parameters
RE OPTIONS
Local axes =
&
e,

=

Nonlinearity labels
Labels of local axes

Structural shape labels

|06B00aAA

E View settings for all entities

View parameters setting - Loads/masses

Lock position

4 [ Structure Labels mModel |$]Loads/masses | T~ Composite ﬂModelling;Dlawing ontuibu(as mMisc‘ View 3

[®] check / uncheck all

[£]| serviee
Display on opening the serice F
[]| Display loads
Display F
Style \Colour by action type -
Load case LC2 - Roof -
Display eccentricity r
Generators Generated N I3 I
E| Point forces Qriginal
In node Original + Generated |
[£]| surface 1oads
On 2D member v
[-]| Labels of loads
Display label v
Name | |
Value B
Tot. value v
Eccentricity label [ ]

4 show names in tab B = oK Apply Cancel

MC09/01/2026 9
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2.2 Panel types

2.2.1. Load to panel nodes

A load panel with typad to panel nodewill distribute the load to the nodes of the load panel and generate point

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

[ command~ ] ev AN o mE | mEE S
n
= PANEL (1) A
AE=2F=1 2]
Name LP1
Layer Layerl o

Paneltype To panel nodes

<

Shape
Load transfer direction a1l (LCS pane)

<

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

<

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

<Cl<l<

Selection of entities  All
v WEIGHT OF LOADED NODES
PYNL 1
PYN2 1
LPUN3 1
PUN4 1

I

ré
. _%?;}g@

¥ ILLUSTRATION GROUP

Node name X[m] ¥im] Z[m] ux [m] uy [m] uz[m] Linked  Shape
1 N1 0,000 0,000 0,000 0,000 0,000 0,000 Rela Li
z fnz 0,000 5,000 0,000 0,000 5,000 0,000 Rela  Line ACTIONS 2%
. Update edge/beam selection
3 N3 10,000 5,000 0,000 10,000 5,000 0,000 Rela Line
4 [ns 10,000 0,000 0,000 10,000 0,000 0,000 Rela L Updateall load panels

0,000 0,000 0,000 0,000 0,000 0,000 Rela Generate loads

Q ® Table edit geometry
OK Cancel Apply
=

Adding nodes to the geometry of a loadpanel can be doreditizz polyline edit > add nodi this example the load
will only be transferred to the 4 corner nodes.

D &  m @ © 0 fa

% Repeat 'Rectangular grid' Enter
<5 Undo Ctrl+Z
Redo Ctri+Y
Modify 3
Elﬂ Deletion settings
4 Copy/paste properties Ctrl+Shift+F
Add data [
Metadata [
Polyline edit » ¢t Add node
Curves edit 4 ;! Delete J&E
Solids 3

¢ Breakinto curves

LJ Connect curves

'-T[ Fillet

222. loadi N¥ YATSN) YSGK2R Wadl yRI NRQ

Thef 2 R G NI y & TS Nl ihk && to Welink thy WReigNBiribution factor in the property panel. The
load will be transferred accordingly to that chosen weight.
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Chapter2 - Load panels

In the image below, the weight distribution factor is set on 1 for each node, which means that each node will have the
exact same point load10 kN/m2 x (10m * 5m) 500kN and500kN / 4 nodes =125 kN / node.

g

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.

S

e,

Tatle st geomery

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.

MC09/01/2026 11
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2.2.3. Loadto panel edges

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

2.2.4. Load transfemethod¥Wa i I Y Rl NR Q

Theload transfer method’ & § | yalRWsNER Qser to define the weight distribution factor in the property panel. The
load will be transferred accordingly to that chosen weight. Alstodbtransfer directioman be modified to exclude
certain edges. The weight factor for each example below is set to 1 for all edges.

Load transfer direction X:

) emEs -
(= E—
:

WCSope_Standord
swaporienaton (D
(S ongieider] 0,00
Supporting members vaictyravgs it ... Al
Lo traestr mechod _Standord
Selection of mttes Auto selection.
~ WEKGHT OF LOADED EDGES

<Lttt |¢

<

APY2 - (Load tranfer direction)
LPY/4 - (Load transfer direction]
:
Load transfer direction Y:
-
PANEL (1) A
AE=e
=

CSpe Standerd >
swaporienaton ()
LS angle deg] 0,00 =
Supperting membersvaidty range (wih ... Al
Load tanster method  Standard
Sobection of entoes _ Autoselection
~ WEIGHT OF LONDED EDGES

e B,
LPY/3 - (Load transfer direction)
-
Load transfer direction All:
-
PANEL (1) A
A B0
e o=
-

[t v gocion_siicspomat ]
T npe Sandard
Swap arkentation (3
s anghldeg] 000
Supporting members valiity range (withre... AL
Load transfer method  Standard.
Selectionofcies Ao setecton
w WEIGHT OF LOADED EDGES

clelefitt] [efc

12 MC 09/01/2026



Chapter2 - Load panels

2.2.5. Load transfemethodW¢ NA 6 dziit NB | NBI Q

Thet 2 R GNJ YATSN) YSGK2R thete isOKpossiEIS B ciingge Wdiviedyhd fdziot aNyEnoré. WIS | Q
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 visitiie igraphical scene as well after updating all the
loadpanels.

Load transfer direction All:

Shpe  Standard v
swaporientaton ()
LCSangleldeg] 0,00 =
[Supporting members validity cange (with re...  All v
[Covamarstor method_ Triaary area ]
‘Salection of entities  Auto selection
 ILLUSTRATION GROVP. —

Theload transfer direction X orwill 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=8l0

PANEL (1)

>

[

i
i
<t

e Standard
Swporenaton )
LS angle(deg] 0,00

Supporting members vakdy (with ve.._ All

<l<

<l ¢ty

‘Selection of entites  Auto seiection
¥ RLUSTRATION GROUP

ACTONS 5>
Updste edge/besrm seection
Updste all oad panels
Generate loads
Table et geometry

)
LT A

A8 =80

Nome LPL

Note:C2NJ GKA& Gel)S 2F 2R LI ySt (GKS f2FR GNIyaFSN YSHK2FR

MC09/01/2026 13



Tutorialg Loadgenerators

2.2.6. Loadto panel edges and beams

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

2.2.7. Max.anglefor transfer

For this type of load panel ortlye load trarsfer direction Xwill be demonstrated since this direction will take the
beams in the plane of the load panel into account.|®hd transfemethod¥ (i NJ& b diRslude® in this example.

Note:C2NJ GKA& GeéeLsS 2F 2R LI ySt GKS f2FR GNIyaFSN YSHK2F

In the property panel a new propettya I E® | v 3t Gill be gidible.(TNg ayigie il beldised to include or

exclude specific beamhe 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 thatrhax. angle is set to a higher value.

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

L}
PANEL (1) 2]

#8=e0
I : Name LPL
ore et

it

Load anster dinction X (LES panel)
Maxangie for transes {deg] 5,90

5“:
; 2

Swaporkematon (1)

(s angieldog] 0,00
Supporting members abity range (with ... Al

Man.eccentrcty of members (m] 0,200

< 1

i
-
i
!
:

‘Selecion of s Auto selection
¥ ILUSTRATION GROUP-

Update a8 losd panes

‘Table et gromesry

Max. angle for transfer = 45 deg.

-
PANEL (1) A

# 8 =80

< |f

Fanc type To panel edges and beams

Load wanster dinction X (LES pone).
Maxangie for transles [deg] 45,00
TS type  Standard

HH &
HHE

wesanghefoog] 0,00
Supporting members oty ange wieh e Al
Mar. ccentricty of members 0,200
oo vardr mabog_Trovary ares
Sencton of e Mo selecton
~ NAUSTRATON GROUP

< 1

14 MC 09/01/2026



2.2.8. Panel with parallel beams

With this option you can directly insert a panel with supporting beams. The beams are placed in the x direction of the
panel LCS, and the load transfer direction will be the y direction of the panel LCS. To rotate the beams, you modify the
LCS angle in throperties of the panel. As an example a panel with parallel beams of the size 10m by 10m is used. A
surface load of1l0 kN/mz? is added.

INPUT PANEL

& All workstations =

= All categories 2D MEMBER (1)
& Aitags A 8 B8 %

w LOAD PANELS Name S1

W, Panel with load to nodes Layer Layerl
A Panel with load to edges Elementtype Standard

#% Panel with load to 1D & edges

#% Panel with parallel beams

O3 Opening on panel

— —| | | <

Element behaviour

Type

plate (90)

Shape
Material S$235

FEM model Panel with beam

N9 N12
Member system-planeat ~Centre
Eccentricityz [mm] 0
I LCStype Standard
e N Soop ritnion (L))
l‘ v BEAM LAYOUT
Position  Distance
= .} Fistoffet [m] 0,000
Last offset [m]
I Switch offsets ()
Hii Ni8 Distance [m] 1,000
Number
[ Fistbeam (O )
Lastbeam ()
_— Postion n plate _Inside
Alignment  Centre
[ Beams eccentricity Z [mm] 0,0
“i N2 Select all beams to generator ()
¥ NODES
N9
I N10
S ————————— e
NI12
¥ BEAMS

N10

Ni1

¥ ILLUSTRATION GROUP

ACTIONS >
Regenerate beams in plate

Disconnect beams from plate
Update beam selection
Load generation

Table edit geometry

Different from other load panel types, the panel has a thickness. This has an influence on:
1 The eccentricity of the beams
1 The selweight of the panefthis was not the case for the other discussed load panels).

Theposition in platginside or outside) and theignment(bottom, centre or topdefinethe placement of the beam.

Outside

MC09/01/2026 15



Tutorialg Loadgenerators

The load will be transferred to the beams which are a part of the panel itself. Other beams modelled in the same plane
Gr1Sy Ayiz
oSIY

gAftf

y2i 0S5

example, the first antl |

0SIY

,2dz Oy 3SYySNI GS

16

asSt Soid

ad
A2

yO KIa

iKS

088y dzmSRo

F 002 dzy i
FNB Y2RStf SR

=4
2D MEMBER (1)

iKS

Fdzi2YlFGAOFEfed ¢2
aSLI N GSfesx

I RR 2
f2F Ra

A Be s
Name S1
Layer Layers
Elementtype  Standard
Element behaviour  Standard FEM
Type _plate (90)
Shape Fiat
Material §235
FEMmodel  Panel with beam
Thickness Th. fmm] 200
Member system-plane at  Centre

<l ¢l fhil

<l

<

il

o
Standard
(oB)
0,00
v BEAM LAYOUT
Positon  istance
0,000
0,000
B

Distance [m] 1,000

ACTIONS  »
Regenerate beams in plate
Disconnect beams from plate
Load generation
Table edit geometry.

MC 09/01/2026
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Chapter3 - Free loads

3. Free loads
CNBS f2FR&a INB NBftlFIGSR (2 H5 YSYOSNBIT Fitld 2N OdzZNWSR o

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. Af® f 2F R RAFFSNAE FTNBY | WNB3IdA I N ft2FRQ o6& GKS TFI Oi
2D member. Since the free load is not linked to one particular member, more loads can be generated with one free

load.

3.1 Propertiesof a free load

Start this chapter with modelling a plate and add a load case _;m 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 ehacijesttvorkplane.

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

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

Validity All
Select Auto v
System MemberLCS b

Location Length

OK Cancel

N15

MC09/01/2026 17



Tutorialg Loadgenerators

3.1.1. Direction

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

3.1.2. Type

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

3.1.3. Distribution

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

Uniform one constant value for the complete surface load.

Dir X a variable course of the free surface load in the direction X of the member LCS.
Dir Y:a variable course of the free surface load in the direction Y of the member LCS.

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

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

3.1.4. Validity

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

N31

N19

N15
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Chapter3 - 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 rightalidity.

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

MC09/01/2026 19



Tutorialg Loadgenerators

-Z (incl. 0)

+Z (incl.0)

Z=0

From-3mto Om

Note:2 K Sy

GKS @I f ARAG

2y YINRY 00

G2

at exactly the given height will not be taken into account, the slab at exactly Om is not taken into account.

20
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Chapter3 - Free loads

3.1.5. Select

It is also possible to manually select the members on which the load should be generated. There are two options:
1 Auto: all the elements, which correspond with the validity, will be loaded.
9 Select: The user can select the elements, which correspond with the validity, to be loaded
¢tKS aStSOGAz2y OFry 0SS Y2RATASR o0& dzaiAy3a GKS OGAazy

ACTIONS 22
@ Generate loads

@) Moveucs
@ Edit plane load geometry

Table edit geometry
@ Update 2D membelsselectionl
3.1.6. System

Depending on the set coordinate system the load reacts differently when generated.

1 GCS: the direction of the load according to the GCS (Global Coordinate System)
1 Member LCS: the direction of the load according to the member LCS (Local Coordinate System)

1 Load LCS: the direction of the load according to the load LCS. The load LCS is defined based on the active UCS
when modelling the free surface load.

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

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

The LCS has the same direction as the GCS
Ni4 g.

FREE SURFACE LOAD (1) [A]

[ w

Name FF1

Direction  Z v

Type Force v
Distribution  Uniform

qkN/m"2]  -10,00

Validity Al

Select  Auto v

Loadcase LC2 - Roof '-_-_:

[Gsem_ wembertes )

Location  Length

¥ GEOMETRY

MC09/01/2026 21



Tutorialg Loadgenerators

b2¢g 6KSy @&2dz aStSOG G(KS W5 YSYoSNIFYR (233tS 2y Wagl LI
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 gaerated load will be in the opposite direction as the original free load.

The LCS has a different direction as the GCS

e
Name $2
Layer Layerl v
Elementtype Standard
Element behaviour v
Type plate (50) v
Shape

il

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
N
LCSangle [deg] 0,00

owind | N

il

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.

3.2 Example Rectangular swimming pool

Open the projectectangular_swimmingpool.esia 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
4| B structure  JEElLabels  [E]Model [Eloads/masses T Composite [ Modelling/Drawing @@ Atributes  PRlMisc.  [&]View ®
P g e
[m] Check / Uncheck all
erin Jtransparent =l
[
I
I
I
Dot |
v
v
=
=
Ica
v
[ Show names i tab [m|[ ok [ appy || concel
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https://www.youtube.com/watch?v=KdlON0AeDeg

First of all, theactive workplan@eeds 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.

ey O (¢
XY XY workplane
$¥Z ¥Z workplane
$XZ XZ workplane

5 Maove F9

{ « From 3 points

[ from Local Member F10 i

s

i ]l Daocat ta 2rE Ancitian FewliE11

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 6 accomplisch this

1 The system needs to be set on Member LCS, so the direction of the load will always be trexiscdleach
wall.

M Directionis setto Z.
f Lt ARAGE A& asSli G2 WwWHtfQo

f {StSOG A& asSit G2 wHdzizQo

¢2 ONBFGS | GNRAIFy3IdzZk NI f2F R GKS RA&AGNAROdziAZ2Y Ad Y2RAT
kN/mz on the top and for exampl@5kN/mz on the bottom of the wall.

B | Surface force free X

-P Name FF2 ~
Direction Z v
Type Force v
Distribution DirY v
< 'LL q1 [kN/m"2] 0,00
I P1 v..
& E?ﬁ q2 [kN/m*2] -25,00
- P2 oo
s Validity All -

.(J v ¥ Select Auto v
E Y
MLLD% 4 Geometry

. System MemberLCS v
5 ‘ﬁ . ystem

Location Length

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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Tutorialg Loadgenerators

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
Y2RAFE GKS [/{ 2F GKSa8 nw5 StSySyida oe astsOGAy3a GKSY

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
[® | |a]7
Name 55
Layer Layerl o
Element type  Standard

Element behaviour Standard FEM

<<«

Type wall (80)
Shape Flat
Material ~C25/30 -
FEMmodel Isotropic

FEM nonlinear model  none

1
[GESRaLL

Thickness type  constant
Thickness Th. [nm] 200
Member system-planeat  Centre ~

Eccentricity z[mm] ©
LCStype Standard ~

ISwapnn's'nminn (o) I

ey : : LCS angle [deg] 0,00 =

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

007
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Chapter3 - Free loads

3.3 Example Cylindrical tank

Similar to the previous example, a free load can also be generated on a cylindrical elemecylifgrégal_tank.est
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 stepé in the prévious examplé:
1 Move the UCS based on the LCS of the cylindrical element
1 Model the free load with the same properties, use the edges of the cylindrical element
! DSYSNIGS GKS FTNBS 2RI 6KSy ySOSaalNEB Y2RATER
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.

MC09/01/2026 25
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https://www.youtube.com/watch?v=Pn_tDNH-rtE&t=113s

Tutorialg Loadgenerators

3.4 Result surface loads

¢KS O2YYlFYR WadaNFI OS f2FRAQ ¢gKAOK &2dz Oty FAYR Ay GKS
loads. A similar example is used as in paragraph 2.2. This model contains a rectangular swimming pool with 2D surface
supports. The water pssure inside the swimming pool is modelled with free loads.

n SCIA Engineer

9}‘ SCiA 21206
o T
DG w9 © o
@ Calculation protocol
it Nodal displacement
40} 3D deformations
i} 3D stresses
£8} Animation window
Supports
1D members

2D members

vy v v v

Storeys

TINYd LNdNI

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

L

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

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

System LCS mesh element ~

¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about w... E

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

@ Drawing setup 2D
() Resultstable

T Report preview

Keep in mind that the mesh size has an influence on how the surface load is applied. In the example above, the 2D
mesh size was set to 0.5m. In this selection, there are less 2D mesh elements and less than 20 different values to be
displayed, so the legeads 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 *

4 Mesh setup

Average number of 1D mesh elements: 1

Calculations

Linear analysis

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

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

' Advanced solver settings

Calculate

Average size of 2D mesh element

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

B

-0.41

a [kN/m?2]

-3.00

5,00

-9.00

-12.00

-15.00

-18.00

-21.00

-24.00

-24.93

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

MC09/01/2026 27



Tutorial¢ Loadgenerators

3.5.Soiland 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 soiin module and the creation of boreholes is explained in the foundations manual.

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

Geologic profile X

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

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

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

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

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

1 |:| 1,00 20,00 0,200 10,00 15,00 0,20
2 2,00 30,00 0,200 10,00 15,00 0,20
3 3,00 30,00 0,200 10,00 15,00 0,20
4 3,00 40,00 0,200 10,00 15,00 0,20
5 10.00 50.00 0.200 20.00 21,00 020 ¥
Water level 1,000 m Name GP1
Non-compressible subsoil below the last inputted layer oK el
5%

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

i action type= "variable" andbad type= "static".

28 MC 09/01/2026



A general surface load or a free surface load can be created with the following properties:

f
f
|l
|l

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 loadig 20 @A aAo0fS RANBOGtEed Ly 2NRSNI (2

Type is set to soil pressure
¢KS

F dzi2 Y GAOI £ ¢

RAAGNROGdziAZ2Y A& &aS3G (G2 WdzyAT2NK¥Q
The LCS of the member is used
Borehole BH1 is used to define the soil pressure
1 Surtsce force fee x

Type Soil pressure

Distribution Uniform
Coeff1 [-] 1,000

Borehole profile BH1
Validity Z=0
Select Auto

System Member LCS

Location Length

0K

Cancel

Note: The same can be done for water pressure.

MC09/01/2026

= (KH/m~2]
45.03
42,49
39.84

37.29

34.65

32.06
2046
26.87
24.27
21.68
19.08
16.49

OASo
i
= RESULTS (1) A X
Name Surface loads o
¥ SELECTION
Type of selection  All A
Filter No ~
¥ RESULT CASE
Typeof load Load cases A
Load case LC2 - Soil and Water p... ~
¥ EXTREME
Extreme Member S
Values q.z S
¥ SYSTEM
System  LCS mesh element R
¥ ERRORS, WARNINGS AND NOTES SETTINGS
Show Information about w... (’3
Showerrors  All v
Show warnings ~ All hvY
Show notes None v
Show table with explanatio... @
ACTIONS
Refresh F5

(®) Drawing setup 20
@ FResultstable
T Report preview

29
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Tutorialg Loadgenerators

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.
g
\ 1D MEMBER (1) A
HEETE

Name Bl

Layer Layerl v E
Type column (100)

Analysis model  Standard

(IFaraRatil

FEMtype standard

Cross-section  CS1 - Rectangle (... \ =

aldeg] 0,00
Member system-lineat Centre ~
ey[mm] 0
ezlmm] 0
LCS  standard v

LCS Rotation [deg] 0,00
~ BUCKLING
System lengths and buckli... Default =
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 Y .
Type Soil pressure .
Angle [deg]
Distribution Uniform .
Acting width [m] 1,000
Coeff1 1,000
Coeff2 1,000

Load abovejoint  no

Borehole profile BH1 v
4 Geometry
System GCS
Location Projection
Extent full
Coord. definition Rela )
Position x1 0,000
Position x2 1,000
Origin From start 5
4 Eccentricity
Eccentricity ey [m] 9,000
Eccentricity ez [m] 9,000

0K Cancel

In yellow the original line load is displayed, in orange the generated values are shown directly.
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4. 3D wind generator

In this chapter, the 3D wind generator will be explained. This generator is used to generate the wind loads in all
directions according to the code glosed structuresSince version 22, the possibilities of the 3D Wioad Generator
have been expanded in order to quickly and automatically generate wind load on the struétwrargf type and
Canopy type. The load generation is done in accordance with EN-#92005 (E), chapter 7.3. This automatic
generation of load is available for-ER (Eurocode).

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

Note:The 2Dwind- YR &y 2¢ 3ISYSNIG2NJ Aa y20 F@FAflroftS Ay Ll2aid LIN
functionalities you should use the-B# version of SCIA engineer. You can find more information about this in chapter
6 of this manual.

Openthe exampl#o 5 2 Ay R 3 SifeSNEtirecNIdiSsior aGteel hall and is closed using load panels. To be
FofS G2 dzaS GKS 3ISYSNIiG2NE (GKS TFdzyQGA2yltAdGe W €AYFGAO
1-4). This functionality is only available if you h&seenhodulesens.15.en

Project data X

Basicdata Functionality Actions UnitSet Protection

— | GENERAL DETAILED

Property modifiers A |4 Subsoil @

Model modifiers Soilinteraction

Parametric input Pad foundation check

Mobile loads Fire resistance checks

Dynamics Steel connections

Stability Scaffolding

Nonlinearity 7DoF 2nd order analysis for LTB

Structural model Girders with sinuscidal webs

IFC properties
Prestressing
Bridge design

Excel checks

OK Cancel

NMiKS GFo WFHOGlA2y&aQ &2dz Oy OK22a$S (GKS gAyR t2FR (2
be viewed and changed if necessary by clicking the three dots.

(@]]
w

Project data X

Basicdata Functionality Actions UnitSet Protection « Wind

4 Wind pressure according to EC1

q a 4 internal
Acceleration of gravity 9,810 m/sh2 sl 1
P
Ext
WIND LOAD
Vertical walls or rectangular bulldings (EC v
SNOW LOAD Pelspmneats s
4 c_dir - directional factor
According to code v EC 1/ Sk=1,00kN/m?2 Ce=1,0 Ct=1,0 100
4 c_season - season factor
vawe[] 1,00
4 c_o-orography factor
1,00
V_b0-basicwi 26,200
Model factor: 1,30 Factor for concomitant components 0,30 fo Al o
4 Peobability
1/p- e pesiod of 50,00
CODE COMBINATIONS 020
030
Automatic - S Yorraln
|
|

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

Tutorial¢ Loadgenerators

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 iwd data to each loadpanel.

n
PANEL (1) A
PaE=2N TRl
Name LP1
Layer Laagl i ._—'_:
Paneltype To panel edges and beams ~
Shape
Load transfer direction X (LCS panel) v
Max.angle for transfer [deg] 5,00
LCStype Standard v
Swap orientation (I)
LCS angle [deg] 0,00 =
'Supporting members validity range (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
28 |
Name WD5
Panel
ACTIONS 3 Type  Wall A
Update edge/beam selection SR SR @
Update all load panels
Table edit geometry Openings CD

The arrow that represents the wind data needs to be poiotgdards For the panels where the wind data is pointing
AYSFNRET GKS 2NASYdFGA2Y OLy 068 Y2RAFTASR Ay G(KS 2AyR
load panels on the roof should be modified as well. By defauRdiof types set to Monopitch. This needs to be

changed tdDuopitch

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

Roof type  Duopitch v

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

' FTOSNBIFNRAYX (GKS 05 2AYR DSYSNIG2NJ OFy ©6S dzaSR Ay (GKS
load cases have to be generated.

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

& Al workstations | = Direction + CPE, + CPI +CPE,-CPl -CPE,+CPl -CPE,-CPI +CPI -CPI

— i 10 0,20 0,30

ma Al categories W 2 90 0,20 0,30

@ All tags s 3 180 0,20 0,30
4 270 0,20 0,30
Calculation method: Standard 2t

¥ CLIMAT|

SAMATICLOADS Additional load cases for duoitch roofs
I_ 3D wind generator Direction of rideeftroush of roofs Both (X and ) v
Include tersional load case
¥ SPECIAL LOADS Run generator 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 1994):

For the vertical walls, table 7.1 of EN 1994 is used:

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

Zone | A B Cc D E
hid Cpe,ﬂl Cpe,1 Cpe,ﬂ! Cpe,1 Cpe,ﬂ! C;;e,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1
5 -1.2 1.4 -0,8 1.1 -0,5 +0,8 +1,0 -0,7
1 -1,2 -1,4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,5
<025 |12 1.4 -0,8 -1,1 -0,5 +0,7 +1,0 -0,3
For the roof, table 7.4a of EN 1994 is used:
Table 7.4a — External pressure coefficients for duopitch roofs
Zone for wind direction 8 = 0°
Pitch
F G H | J
Angle &
Coata Cpe, 1 Cos, 10 Cont Coo, 0 Copat Coata Coat Cpa.10 Coat
-45° 0,6 08 08 07 -1,0 1,5
-30° 1,1 2,0 08 15 -08 08 0,8 1.4
-15° 2,5 28 13 20 09 1.2 05 0,7 1,2
+0,2 +0,2
-5 2,3 25 1.2 20 08 12
08 -0,6
1,7 25 A2 20 06 12 +0,2
5° 06
+0.0 +0,0 +0,0 0,6
15 -0,9 | -20 08 | 1,5 03 04 -1,0 -1,5
+0,2 +0.2 +0,2 +0,0 +0,0 +0,0
0,5 | 15 05 | 15 02 04 0,5
30°
+0,7 +07 +0,4 +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 07 +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

NAFo6f S

f2FR ANRdzLJ® DSYSNI GS

z ~ = = PN L oA~ -
' dz02Yl GAO ONBIUSR dI
7 Load groups w
=R s O mB A v Y
E Name LG2
: Relation Exclusive v
Load Variable o
Structure Building
Load type Wind .
MNew Insert Edit Delete -

3D Wind Generator

Load cases

3DWind1 0, = CPE, = CPI
3DWind2 O, + CPE, - CPI
3DWind3 0, - CPE, = CPI
3DWind4 O, - CPE, - CPI
3DWindS 90, + CPE, = CPI
3DWindé 90, = CPE, - CFl
3DWind? S0, - CPE, = CPI
3DWindg 90, - CPE, - CPI
3DWindg 180, = CPE, = CPI
3DWind10 180, = CPE, - CPI
3DWindi1 180, - CPE, = CPI
3DWind12 180, - CPE, - CPI
3DWind13 270, = CPE, = CPI

Clos=
IS
e

Add Load Cases
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Tutorialg Loadgenerators

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:

[ oowa | O & = & miws 61 (90 W

oot

PREE SURFACE LOAD () A

e FF2

Syem v
Locaton ~
et
_____ w
-
ACTIONS 5%
Gereraee anes
Move ucs
Edxplane losd geometry
Table it gromesry
Update 20 mamberssbecton

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

View parameters setting - Loads/masses
Check / Uncheck sroup Lock position
4 Mstructure  [Eiabels  [ElModel [Elloads/masses T Composite Modelling/Drawing @ Attributes Mise.  [@view ®
[&] Check / Uncheck all
| service
Display on opening the semice Ica
EI[Display Ioads
Display [
Style Colour by action type |
Toad case. [sDWing1 0, - cpe, - o =l
Display eccentricity I
Generators Generated S|
Free v
D[ Labels of loads
Dizplay label v
Name
Value v
Tot value v
Eccentricty label
B[ Wind data
Display I
Ef[Cabels of wind data
Display label
Roof overnangs underside labels
o v
Cpe v
Peak Pressure
GShouramesintab (RI(@) ok [ emy [ concel ]

All Cpe and Cpi values for each zone and wind direction, can be viewe&ngiheeringeport

LRERE-L 5 3 R Faprt_i [30 Wind generatar.esa] - Enginesring report - B ox
Bix s D BRAREEHZ B ARAARD a8 8 A
= Sbdeledsa e o) el el e E S
. £ == e e o o et
A - e e e g e

[ ————— ]

1. Wind data

[T Type

0 n FT E
H B 05000 |-0.8000
3 n L2000 |-1.2000
o 8 05000 |-0.8000
50 1 o 07067 (07067
2 o 07067 [n.7067
180 1 A L2000 [-1.2000
2 8 0.6000  |-0.8000
3 I 12000 [-1.2000
4 3 Q.E000  |-0.8000
b2 1 € 03D 0313
2 3 0313 |03
WoZ Raot Duopech  [¥ 3 0 1 T 0.0892  [-1.3032
H 2 00852 [-1.3432
3 G 00892 |-L0216
H H o0esz  |-D.4662
50 1 F 14662 | L3662
2 G 13000 |-1.3000
3 H 06554 |-0.6554
o i 5554 |-0.5554
180 1 ] RECTREN
2 1 058 | Ds108
b2 1 F 14662 |-L4662
2 I3 13000  |-1.3000 o T e m T T B
3 H 065 |0.6554 000 00O
4 1 0. |-0.5554 [y P o
Wo3 Racf Duopeh | X X 0 0 i 00A 04460
2 1 -asie  |0s108
%0 0 F 14662 |-1.4662
2 G 3000 [-1.3000
3 H 06554 |-0.6554
o i 05554 |-0.5554
180 1 Fi 00802 |30
2 2 0.0802 13431
3 6 0.0802 10216
o H 0.0602
m 1 F L4662 |-1.4662
H G 1.3000
3 H 0655 |-0.6554
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5. Traffic load€D

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 elemefitsiffic lanes created in versions older than v26.0 will be
removed whenthe project isopened in v26.0 due to the improvements to the traffic and mobile loads.

5.1 Examplenodel

5.1.1. Projectdata
A new project is created with the following parameters:
1 Code: Eurocode
1 Material: Concrete C25/30

1 Structure: Plate XZ
To be able to uskafficloads in a project, this functionality needs to be activated ifPtiofect Data

Project data X

Basic data Functionality Actions Unit Set Protection
GENERAL DETAILED
Property modifiers 4 Subsoil
Model modifiers Soil interaction
Parametric input Pad foundation check

Climatic loads 4 Steel

Traffic loads 2D Fire resistance checks
Moving loads 1D Steel connections
Moving loads 2D Scaffolding
Dynamics 4 Composite
Stability Fire resistance check for columns
Nonlinearity
Structural model
IFC properties
Prestressing
Bridge design

Construction stages

Warping (Tth degree of freedom)

OK Cancel

5.1.2. Construction

The bridge deck can be entered as a Plate with thiclks@8mam The length of the bridge deck2®Sm, the width issm.

In the middle of the bridge deck, an internal edge is created with the dptiemal EdgeAfterwards a line support is
added to the short edges and the internal edge. Only the translations irdihection is prevented. You can also open
this projectTrafficloads.esa
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5.2Inputtraffic loads

5.2.1. Trafficlane
Via the input panelhe libraries othe SCIA Spotlight, the Traffic lane can be inserted.

INPUT PANEL
a All workstations ~

B=  All categories ~

@ All tags - (e @ Click here or press Space
» GRIDS & STOREYS B o Attt

» 1D MEMBERS Lt art

» 2D MEMBERS X3 Crossectons e

» LOAD PANELS [ Picture gallery 15D

» IMPORT & BLOCKS 2] Bt =y

» BOUNDARY CONDITIONS Load cases, combinations »

P DRAWING Loads L

b POINT LOADS Tzt loads 2D > | B singletraficloads

P LINE LOADS Structure and analysis » || Troffic loads generator

P SURFACE LOADS Tooh + | B Trficload patterns

» TEMPERATURE LOADS Steel »

» IMPOSED DISPLACEMENTS Concrete, reinforcement »

¥ MOVING LOADS 2D Subsoil and foundation » @
‘t Traffic lane 2D D;a;‘gmu s |

™

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

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

5.2.3. Traffic loads

In the traffic loads generator you define the traffic loads.

W7 Teaffic loads generator X| ®
HARFE &2 O @B A ~Y = [ “as O @B A *Y
w Name LL1
(o oo il |
Traffic lane TR1 2 Train Leads x
Load group L62 v S
Load case name P—
1,000
Sl Description
Rty 4 Insert point
Y-coordinate [m] 0,000
Y-coordinate [m] 0,000
1 4 Validity
Valicity v
4 Entities
Type Peint v
Add new enity
oK Cancel
Actions 7 T
Generateloads >
Draw validity in traffic lane  >>
New | Insert | Edit | Delete Close w1 e EE

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

Train Loads x

Name LP1
Description
4 Insert point
¥-coordinate [m] 0,000
V-coordinate [m] 0,000
4 Validity
Validity v
4 Entities
Type Point N
Add new entity

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

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

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

Repeatx (n) 1
Repeaty (n) 2
o Delta v [m] 1,400 v

€ b3

OK Cancel

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

5.2.4. Generatdoads

The selectedrain load patterrwill move along the specifidtaffic lanewith the heredefinedstepof 0.25m A
separateload cases generated for each position of the moving la@ description of the load case is modified based

on the load case name and the positi¥ou 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.

1 Traffic loads generator X
HEiEIMrE «» 0O =B A M 3 Moving...
L Name LL1 = Self Weigth
Traffic Loads LP1 Yo = Moving Load - TRI/LP10,000 m
TR1 S
Traffic lane v = Moving Load1- TR1/LP10,250 m
Load group LG2 Yo
Moving Load2 - TR1/LP10,500 m
Load case name TRI/LP1 _
*= Moving Load3 - TR1/LP10,750 m
Step [m] 0,250 =
Validity *= Moving Load4 - TR1/LP11,000 m
= Moving Loads - TR1/LP11,250 m
= Moving Loads - TRL/LP11,500 m
== Moving LoadT - TRL/LP11,750 m
== Moving Loads - TRL/LP12,000 m
== Moving Loadd - TRL/LP12,250 m
== Moving Load10 - TR/LP12,500 m i !
i
= Moving Load1l - TRL/LP12,750 m
Actions
Moving Load12 - TR1/LP13,000 m
Generateloads  »»» _
= -TRY
Draw validity in traffic lane  >>> et ML 2y

New Insert Edit Delete

=== Manage load cases Ctrl+L

Close
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6. Movingloads1D

In thischapterii KS vilgh 2  R&Q Fdzy Ol A2yl tAGe Attt 0S5 SikgloasysBris, Ay RS
connected to a triiic lane can be placed and calculated on a structure.
These load systems represent e.g. the following physical systems:

A crane on a crane track

1
1 Atrain on a bridge
1 A vehicle on a viaduct

1 People on a bridge
There can also be multiple load systems:

1 Trains with various types of wagons

1 Trains on parallel tracks or one after the other

9 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,
YR RSF2NXI{GA2ya X F2N 4KS&aS t2FR aeaasSvao
In the first part of the course, the principles are explained, in the second part they are illustrated by means of projects.
6.1 Principle
The principle of the module Mobile Loads is based on the theory of the influenc@lirieuence 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
Labii o
Al : TB_L_ >
A n A z
n 3 o e
2 max +
*P
Pl
— n 4
P
M g b Vmcx+
=% o
PX((‘X)/[ {
P(l-x)/L =Syt
+ Vmax— P
= l v
' Px/l (c)

(b)

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

Ly S@SNE aSOlAz2y ayé¢ (GKS Y2YSyid yR (GKS &aKSFNI F2NOS | N
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, ttadled load system, can be determined.
The goal is to find the position of the load system, for which the effect on the structure in a certain point is maximal.

This is illustrated on the following figure.

Axle loads | A= iy
of a Frruck < 0.2W 0.8W 0.8W

Influence line M,
and trial load
position for

M,

N max +

Influence line V¥,

Trial load position

fO.’ Vn mex+
A P, P, ; Lt
# Trial load position
{_L* for V, BN =
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
shearforcearemaXil f Ay (GKS aSOGA2Yy ayéod

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

"M?: = i R"‘T}."

f=1

At which hrepresents the location of the influence line exactly belw

The maximum of Mis 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 momerdav be determined as follows:

M, =W10,2(0,12)+0.8(0.24)+ 0,801 6}] = 034471

For every other position of the load system, a lower maximum in n is obtained.
In an analogous way this is illustrated f@fV G KS aKSI NJ F2 NOS | (Figir&(6) shHolsith®éS 2 F K S
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:
¢ /NBFEGS I t2FR OFLasS 2F GKS (el WAyTidzsSyOS tAySaQ
1 Inputa unitdeformationon the positionfor which the influence line needs to be generated
1 Createa load system
1 InputTraffic laneacross which bbad systentan move
l

I NBFGS I WwWY2 @A yliak tHe bad Rystenbty StificlatieandXde |Ga@l case with the unit load to
find the most extreme resid on that positiorfor the moving load

1 Generae enveloping load cases to gain insight in the global behaviour of the strudthra moving load

6.2.Influence lines

In this first projectnfluence lines.esa simple beam is modelled on 2 supports. By means of the mididviegLoads,
a traffic laneand a unitdeformationin the middle of the bearare defined so the influence lines of the various design
components can be reviewed.

[\"‘\

10000

As shown at the Principles, an influence line represents a diagram that shows the effect of a unit load on a variable
position in a given point of the structufEo be able to meet this definitiontraffic lanehas to be defined first,
together with doad casef the typeWA y T { dzSayidnénit deforyh&tianQ

6.2.1. Traffic lane

¥ MOVING LOADS 1D
You can import this tfeic lanethrough B e
The program defines the fifec laneas a polylineTo model this, chck on the beams on whidhlrikeeds to be created

5.2. Influence lines X 4

Traffic lane 1D > Select beams >

@
#
YINIR
X 2
A AN

If the traffic laneconsists okeveral membergjou select all beams in the correct ordEne property window shows
the offset of the traffic lane.

TRAFFIC LANE 1D (1) (A

Name TL1
¥ SELECTED MEMBERS
Member 1
¥ OFFSET
Begin [m] 0,000
End [m] 0,000
ACTIONS
@ Update selected members

The actiorlpdateselected membellowsregenerating the triic lanewhen anything changes to the model.
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6.2.2. Unit deformation

Aloadcase needs to be createaith the following infoBased on these settings, it is defined which influence line is to
be provided.

1 Load typeinfluence lines
1 Type of entity Internalforce

1 Entity. My

B Load cases

EEEHE a2 O @B A ~ Y
LC1 - Eigengewicht Name Influence lines
Influence lines Description
Action type Permanent
Load type Influence lines
Type of entity Internal force
Entity My b A
N
Vy
Vz
Mx

Mz

Actions
Delete all loads  »>>

Copy all loads to another loadcase  >>>

New  Insert Edit Delete Close

Other components can also be selec{Péformation, reaction force)f you want taeviewmultiple components, you
cancreate multiple load cases.

Now the corresponding unit loads can be defined. These are found in the input panel. Depetigingettmgs of the
load case, the following will be availabf®u will only be able to add one unit deformatioedch load case.

¥ INFLUENCE LINES/SURFACES

Il RR Wdzy A RS T2 N¥od thisiidhg/casydu defiiie o¥feSeXadt Pdsition the whole structureThis is the

position the influence line should be considerEliis loadtselfis adjusted according to the load case settings. The

4S8t SOGSR @rtdzS gAft 0SS W2yS dzyA EoRexdmpl® in kade oRayl infRiendeyire 2 NJY | {
for the bending moment, the unit deformation is one radidepending on the unit settings, this could be depicted in
degrees).

= =] X

5.2.Influencelines X +

0 J = Mo B O m o m %
&

UNIT DEFORMATION OF 10 MEMBER (1) (A

Name UDM

Entity
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After performing the linear analysis, tifluence linecanbe visualized with th&D deformation®You use the created
load case as the result case. In this case we use the result u_z.

DB X @@ oo
T PANEL 110 dutorsentions:

z
s

52, tnflvence s

x +

*

{3

To review theextremeresults of a moving load in thegactposition(position where the unit deformation is added)
aload systemmeeds to be createtbgether withamoving load generator 1®hich will link the load system with the
traffic laneand allow you to define the steps of the moving load

6.2.3. Load system
2 A0 K

GKS O02YYlIyR Wf2IR

& & a G Sorthimexdnple, wd ceehtdRa systerd Wik Y O y
concentrated loadnamed LSIThe loadsand their offset or lengtlare created with the two tables on top (one for a

distributed load and one for a concentrated load). Other properties will be discussed later on in this manual.

B Load system 1D

Name LS1
Set1 +
Setname Setl Copy to new set
Distributed load
Load [kN/m] x-offset [m] Length [m] Direction

Multiplier for the load in favourable position i
Multiplier for the load in unfavourable position 1
Infinite surface load 0,00
Direction z
External offset - start- a 0,000
External offset-end - b 0,000
| Internal offsets - starts - ¢ 0,000
3 Internal offsets - ends - d 0,000
| Multiplier for the infinite load in favourable position 1
Multiplier for the infinite load in unfavourable position 1
Distance between the load sets (variable o fixed)
infinite o (if applicable) Infinite toad_
vl
Libdghbl bl s
X‘J“ .j c ‘ >d> ‘ b '
42

kN/m

v

Concentrated Load

.

0,00

Load [kN]

x-offset [m]

0,00

-1.00

OK

Direction

Cancel
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6.2.4. Moving load generatatD¢ influence lines

hlLISSy GKS WYy2@Aiy3a f2FR 3SySNI (2 NgetthenharheyCR by@efailt, stdddinig fory S &
combination assembly. This load generator is actually a library of CA entities. It will create new load cases during the
linear analysis contaimjy the requested result. These load cases will be added to a selected load group for which you

Oy RSTFAYS (GKS LINPLISNIASad ¢KS NBtlIiGA2y 2F (KAa f2FR 13

For this generator we use the following properties:

|l

il
il
il
f

Type of generated load cases: Influence lines

Traffic lane: TLQyou can select multiple traffic lanes at once)
Step: 0.25@defines the different positions of the moving load)
Load group: LG2 (relation: exclusive)

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

Load systemLS1

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

Run the linear analysiafter this analysis we expect to have 2 new load caseated by the generato©One for the
most maximum value of My and one of the most minimum value afrMize exact position of the unit loathis min
and max is found by verifying each position of the load system along the traffic lane.

5| Load cases X
= EIFE «» O wB A T

LC1 - Eigengewicht Name LC_CA_Influence Line_min

Influence lines Description

test

Action type Variable

LC_CA_Influence Line_min

LC_CA_Influence Line_max

New

Load group LG2
Load type Static
Specification Standard
Duration Short v

Master load case None

Actions
Delete all loads  >>>
Copy all loads to another loadcase  >>>
Insert Edit Delete Close
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¢KS NBadz G6a 2F GKSasS GeLlsS 2F 2R OFLasSa FINB FT2dzyR Ay

case, we review the internal forces ondm choose the value M. y

Load cas€C CA influence Line max

a e now 2 omom A

coffm

¥
»
«

et 1

)
B G 95
S0 .

This result will correspond to the position of the legdtemin the middle of the beam. We camanuallyverify this by
creating a test load case witlpaintloadin the middle of the beam. Below you find the result for a test load case
containing one point load with a value-tkN.The results are exactly the same as found above.

53, ohuemce b X+

B xXwe oo a = oW ameom A

]
B o

¥
“

D a3

Nen, |

L ®a

L

Note: Theminimalamount of sections can have an influence on the restdtgenerate more precise results, you can
modify this value in the solver settings:
B FE analysis x

Calculations Mesh setup

h element 1

Linear analysis

tonc 1,000
Load cases: 3

mesh element [m] 1,000
Other processes iembers/nodes
Save project after analysis b Advanced mesh settings
+ Solver setup
Specify load cases for linear calculati

4 Advanced solver settings

4 General

4 Initial stress

Initial stress

4 Soil

Cakculate 4+ Soil and water loading
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6.3.Envelope load case

Open the projectoad generator.es#n this project a bridge deck is modelled on several supports. After defining a

traffic laneand aload systemshese are linked via thmovingloads generatorlD.
Through a selective exploitation, the load cases are automatiesdiylatedfor 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

6.3.1. The construction
¢KS O2yaidNUzO(G Daufle ® 40 NIHRAE FNRRSNKI éAGK aidlyRFNR RAYSY&EA;

B Cross-section

Name CS1
Type Double T1
Detailed 13000,00; 800,00; 100,00;
Shape type Thick-walled
4 Parameters
Material €25/30 Yo
b[mm] 13000,00
b0 [mm] 800,00
b1 [mm] 100,00
b2 [mm] 3000,00
hi [mm] 1300,00
h2 [mm] 150,00
h3 [mm] 200,00
?, s[mm] 150,00

"

00,00
N
s 150.00

b 13000.00

| h3

y 3000.00 @1 (mml

100.00 I b0 8(0.00

4 General

Draw colour Normal colour v
Colour NN

AutoDesign constraints

150.00

-

Fabrication concrete v

h

4 Concrete
Curve dividing 36
Edit joints

H 1800.00
!1| 1300.00

Edit cuts
4 Fibres and Parts
Fibre text zoom 1.0
Edit named items
4 2D FEM analysis

Export Update Document

i I Picture oK Cancel

Cross-section layout and dimensions

- —
New | Insert = Edit = Delete | Setup | Updateall Close

The constructiofisinserted as 3 horizontal beams throu S~ *" N ShE | 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 craatethatically the Self Weight.
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6.3.2. traffic lane
After entering the constructionyse R, Tefclneld 6o the input panel to create a fifec lane
Select all beams to create affielaneover all membersAsNameof thetraffic lane, TL1 is used by default.

Bl X+

o
* P
8
g

G X @m@eoo a ~ O & - v B omom
T e ® ™

Tremp D

FIN GG E )

6.3.3. Load systems

Load systems 1D
After defining theraffic lane a load system can be created ‘;’ /

Both Single and Multiple Load systems can be defined.

found in the input panel.

Possibilities with Single Load systems:
i A coherent combination afoncentratedoads
i A coherent combination afistributedloads
i A combination of botlconcentrated and distributed loads

Possibilities with Multiple Load systems:
1 Multiple independent systems abncentratedoadsanddistributedloadswith variable interval in
combination withan infinite distributed load of an indefinite length

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

0

#EEFE o2 O JmB A " g
" Read from database X
Project database System database

All vy
Annex A 1200/150
Annex A 1200/200
Annex A 1500/150
Annex A 1500/200
Annex A 1800/150
Annex A 1800/200
Annex A 2400/200
Annex A 2400/200/200
Annex A 2400/240
Annex A 3000/200
Annex A 3000/200/200
Annex A 3000/240
Annex A 3600/200
Annex A 3600/240
Annex A 3600/240/240
Annex A 600/150
Annex A 900/150

<< Copy to project

Close << Copy all

New Insert 7 ron | velew | i)
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In this project we will discuss the followsiggleload systems:

1) Single Load systdPLoad$ront

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 froand will be the first to run on the tific lane

2) Single Load systdPlLoad8ack

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 baakd will be the last to run on the ffic lane
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