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Design of a steel beam
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In this manual we will show how to support overloaded trusses with a beam. We will show two
material options: glued laminated timber and steel. For the design of the steel beam, we will use the

"Fin EC" programs.

Design of a timber beam

Start "Truss 3D" program and select the "Open an existing project" option. Select the
DEMO_AtticTruss.tr3 file from the folder Fine Online Examples. This will open a simple project with

attic trusses.

TRUSS4 - Truss 3D (20.12) [C:\Users\Public\Documents\Fine\TRUSS4 Examples\DEMO_AtticTruss.tr3 *]
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[ Trusses §'
QO Add truss C
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QO Load
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O Add area load
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Select elements individually or by using a rectangular area
Preview “»
BEPRQAQ me_d_-rlfa_mgz_t-o_n _lModify] Common properties [ Modify ] ) &
Name : FineTrial Standard : EN1995-1-1 (ECS5); national annex : Czech
Description  : Material : Roofing is Clay tiles
e Number Ceiling s Plasterboard 12.5 mm + insulation 300 mm
1 TELLT truss thickness is 60 mm
o Investor material is 510 (C24) - coniferous
HES =g E| Online model [Modify] P; : offset of horizontal top chords is 120 mm
= Name truss spacing is 1000,0 mm
! ! ! ,l! ! ! 2 Date M ing properties are not ically assumed to all
= 5 Lok trusses. They are only applied to new or regenerated trusses.
g 4 Suppliers : timber [catalogue] Test (Fine Itd.), (max.length 6000 mm)
X & QR code nail plates [user-defined] Test (Fine Itd.), (types: F10, F15, F20) v
Trusses: 2 (14) Load cases: 22 Combinations ULS / SLS: 67 / 173 | EN 1995-1-1 (EC5) €) Not checked: 2 Satisfied: 0 Not satisfied: 0 X=150114mm; Y=

Initial project

The design has not been assessed. So, we go to the "Results" section of the tree menu to start the

button in the toolbar above the truss table.
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Running automatic design

We see that while truss VO1 passes after the design, truss V02, which has one less support, fails

significantly.

TRUSS4 - Truss 3D (20.12) [C:\Users\Public\Documents\Fine\TRUSS4 Examples\DEMO_AtticTruss.tr3 *]

File Edit Dataentry Analysis Tools Display Help
3 , & =g s 11gE @ b
12088388« ~ @30 "k " kel
S £ o 2 H = S8 |kksHQAQY .~
B Steucture 20000 10000 00 1000,0 20000 30000 4000,0 50000 60000 7000,0 80000 80000 100000 1w
+ Add point Pt T I e o o g B o B e b e L e S |
/" Add wall :
QO Add attic §.‘
O Roof *
[ Trusses o - 2
QO Add truss gf §'
[ Truss groups : S
- a
5 Add truss group g
QO Metalwork g
Q Bracing .
QO Load g
¥ Generate ®
(O Add area load :
@ Results 3-
o
8.
27
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Trusses: 2 (14) Load cases: 22 Combinations ULS / SLS: 67 / 173 | EN 1995-1-1 (EC5) €) Not checked: 0 Satisfied: 1 Not satisfied: 1
\

Failing truss V02

There are several solutions. It would be possible to use a greater thickness of timber, double trusses,
or scabs. In view of the favourable topology of the walls, we will use a different approach: we will
additionally support the V02 trusses with a beam. We proceed to the "Structure" section of the
control tree. In this section, in addition to the walls and trusses, the point marks that we will use for

the input are displayed on the workspace.
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TRUSS4 - Truss 3D (20.12) [C:\Users\Public\Documents\Fine\TRUSS4 Examples\DEMO_AtticTru

File Edit Dataentry Analysis Tools Display Help
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"Structure" section of the control tree

First, we draw an aukxiliary line to create the necessary snap points on the walls. In the "Drawing"
toolbar, select the "Line" tool.

. = = - _— e
Iy g © ‘m | Constructionlines v 7@ ﬁ /
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S| A COoODRY&nd.”
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"Line" tool

We choose the point 9 as the origin of the line.

:. ui ' |
M7
s {(/M////l V//

Specifying the beginning of a line

The end point will be point 12.

i 3 7 |
1 1 T T T T 1
+ = 3 [
N : / 6/
L 2 . - h end point
5 | | R = 13800mm||¢
1 fs N NN g AT
1 b
1 1 1 1 1 1 1 1 1

Entering the line end
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2 TRUSS4

Now we have a new line on the workspace. Since it is specified in the default "Construction lines"
layer, it will not appear later in the print reports.

Now we will edit the properties of the inner walls 5 and 6. For editing, we will use the "Properties"
sidebar, which is used to edit the properties of selected objects in bulk. The properties panel can be
minimized at the right edge of the workspace. In this case, first enlarge it with the "O" button. Select
the mentioned walls (they will be highlighted in green) and check the "Inner support" parameter in
the "Truss support" section. Thanks to this, the joint with the support will be inserted exactly in the
middle of the wall, which will be especially useful when later converting the structural layout to "Fin
EC" programs.

00 2000,0 40000 £000,0 8000,0 100 mm | Properties .
(RSN DO B RO IO B RO RO B B IO P IO B I PR B IR B B I B I
= e
Wall topology -
Alignment to the right bt
Wall geometry
Type support wall v
Geometry bearing wall v
Align under roof surface O
Height 3000,0 [mm)]
Width 250 [mm]
Shift of bottom level 0,0 [mm]
Wall plate
Position to the centre v
A A A A A A A |Offset from edge 0 [mm]
=, = e == Width 200 [mm]

P00 q i i i |Height 50 [mm]

sssssggsgssqhﬂﬂm

T ([ — I
Cantilever 0,0 [mm]

Bulk edit of properties

Let's move on to the actual specification of the beam. Select the "Add truss" item in the control tree.
First, select the start of the truss. We will place it at the intersection of the construction line and the
edge of the wall 5. When entering, we should approach the intersection with the cursor in the
direction from the wall edge (i.e. from the top or bottom). The snap point mark will then turn grey to
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indicate that the truss is snapping to the wall. If the colour of the mark is different, the truss will be
placed without attachment to the wall and will not take on the necessary properties from the wall.

O Add attic - /
O Roof g:
[2]_Trusses =
[®@ rddvuss] 5
(-] Truss groups § =
.. Add truss group i~
o=
QO Bracing g

Entering the start point of the beam

The same procedure is then used to specify the end point of the beam. The same rules for selecting
the snap point apply. In this case, instead of an intersection, we may also be offered a
"perpendicular” snap point.

%

R = 3850,0mm[|

% 77z

Specifying the end point of the beam

The "New truss" window will then appear, where the position of the beam can be modified. We go
to the second part of the window using the "Next" button.
New truss X

[~ Truss [aE+@QQ

Alignment: to centre v

Truss location

Location mode: 1 relative location, truss rotation v

Origin of truss local system of coordinates:

wall v /|5 v 3300,0‘ [mm] |from beginning v

Direction of truss plane:

|wall v|6 v | Truss rotation: 0,000 | [*]
Copy webbing

Top chords extension

El e

Beginning | no extension -

@

:!m—_—_— e
|

/|

End: no extension v

No bevel cuts on top chords

Bottom chords extension

Beginning | no extension v

I

End: no extension v

I8 N,
¥
S
¥
-

No bevel cuts on bottom chords

Options of multiple location
Use multiple location

Spacing: 0,0 | [mm] Count: 1 X

Select model position Select model webbing

Description: | counted v ||T [TO1] X Cancel

Window "New truss"
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In the second part of the "New truss" window, we first edit the parameters in the table on the right
side of the window. In the "Type" column, select the "Ceiling joist" entry and in the "Thickness"
column, enter the timber thickness of 160mm. Then we can use the item "Create all trusses" to

generate the beam.

New truss

\v| Search for identical trusses Number Type Thickness Horizontal TC
[mml ., shift [mm]

> 1| [ ceiling joist -4 160 . [ ] 120

Generator

Create all trus

- Create truss 1

‘.. Run generator
Other

- Truss from structure

Specifying the parameters of the beam and its creation

At the bottom of the window, we will see a preview of the beam. Close the window with the "OK"
button.

New truss

| Search for identical trusses |Number Type Thickness Horizontal TC Bottom chord Ply
Generator | . [mm] | shift[mm] | shift[mm] |
Create all trusses P 1 ceiling joist I 160, .. || 120,[] 00 1)
Create truss 1
Run generator
Other
Truss from structure
Truss from file
Empty structure
[ ]
S iy
Description: | counted | |T [TO1] 4= Previous I + OK I ¥ Cancel

Window "New truss" with the created beam

We can now see the new timber beam in the structure, but it collides in height with the attic trusses.
4 e |

Beam in the structure

The default alignment of the elements in the ceiling plane is above the ceiling reference plane. It is
necessary to change this alignment. Go to the "Results" section of the control tree. On the main
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workspace we have a view of the beam. If not, we can view it there using the Ctrl+Tab keyboard
shortcut. Right-click the local menu for the member and select "Edit topology". Alternatively, it

would be possible to double-click the member with the left mouse button.

"Edit topology" item in the context menu

O Metalwork -
-Q Bracing b=
O Load =
¥ Generate o -y -
(O Add area load S ¥ « Edit topology
Results z
@® e- X Remove member "%
8- 125
- 4+ Insert relative joint
L.
8- B Add splice to member bay
E &% Uniform joints distribution on a member

The "Edit member" window opens. On the "Section" tab, uncheck "Automatic mounting mode" and
select the option "below member axis". Then you can close the window with the "OK" button.

Edit member X

Topology = Code | Section | Splices ' Buckling | Scabs

Profile type: | standard member

v Automatic design of member depth
Designed member depth:

Automatic mounting mode

80 [mm]

below member axis

Automatically designed depth: 80; User-defined depth: 0
Material of the memberS10 (C24) - coniferous is identical with truss material.

Timber width (truss thickness) is 160 mm.
member width is always the same as truss thickness.

Member mounting with respect to mounting layout line:
mounting layout line is identical to the bottom or right edge of member

Reduce stiffness for service classes 2 and 3

Shift of edge vertica

Change effect of shear forces on deformations
Consider shear effect

Change maximum utilization

Maximum permissible utilization:

100,0 | [%]

v Apply to symmetrical object 1

¥ Cancel

Adjustment of the vertical alignment of the member

The beam is already placed under the trusses in the 3D view, and marks indicating the load transfer

from the trusses to the beam have been added.
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Vertically aligned beam

The next change we need to make is to change the timber grade. We assume the use of glued
laminated timber, which has different strength characteristics than the initial material for solid
timber. If we right-click anywhere on the workspace outside the beam itself, the local menu for the
entire truss will pop up. There we select "Truss settings".

Copy selected

ERy Paste selected Ctrl+V | -
{06 Truss settings Ctrl+1
125 & Generate web members of truss ~ Ctrl+2
& Mount truss F7

Launching the "Truss settings" window

We go to the "Parameters" section in this window, which contains not only properties such as truss
type or loading width, but also the timber grade. The "Edit" button brings up the " Catalogue of
materials - Timber" window with a selection of predefined timber grades. Select the grade "GL24c -
glued" from the "Timber EC5" group and confirm the selection with the "OK" button. Then close the
entire "Truss settings" window with the "OK" button.
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Truss settings of RO1

(O Standard

[) Truss properties

O Catalogues

(® Parameters

O Symmetry
[) Design options

O Splices

(O Members

O Nail plates

(O Buckling

O Details

O Structure

O Limit values

(O Deflections

(O Gable ladders

Type: infill

Material

Truss thickness:

Material:

Select from catalog of materials

510 (C24) - coniferous

160 | ... | [mm]

Catalog of materials - Timber X

[Tlmber EC5

I‘ D75 - hardwood

Timber EC 5, Czech Republic
Timber EC 5, Slovakia

Timber EC 5, Germany
Timber EC 5, Austria

Timber EC 5, France

Timber EC 5, Ireland

Timber EC 5, Netherlands
Timber EC 5, Nordic countries
Timber EC 5, Portugal
Timber EC 5, Spain

Timber EC 5, United Kingdom

Information

D80 - hardwood
GL20h - glued
GL20c - glued
GL22h - glued
GL22¢ - glued
.GL2dh - glued

GL24c - glued

GL26h - glued
GL26¢ - glued
GL28h - glued
v | |GL28c - glued

v

X Coce

v OK X Cancel

Change of timber grade in the "Truss settings" window

The last adjustment before the calculation is to set the correct mode for the load transfer from the
roof planes. The beam will be loaded only by the point forces from the main trusses. Therefore, we
do not want any additional load to be taken from the roof planes. Therefore, in the truss table in the
column "Transfer of forces from roof surfaces" we select the option "do not transfer" for the beam.

Select elements individually or by using a rectangular area

(%) | &% v 8F v @ v | [v] Useload transfer between trusses

Export and print only selected types Graphical selection of truss types O
- Number Description~ Check Thickness Ply Ksys Transfer of load from roof surfaces Compr. in
< ULS | SLS [mm] [-] | Width [mm ansfer mod
| o — T o T o
> 2 Vo1 + |not verified 60 ... 1 1,00 1000,0|full load transfer ¥ lautomaticg
H Vo2 < |not verified 60| 1 1,00 1000,0/full load transfer ~ |automatic

Choosing the method of force transfer from the roof planes

Now we can start the automatic design of the structure. Use the corresponding button in the toolbar
above the truss table or the F8 key.

heck 3/0

(& | & f v | |v| Use load transfer between trusses Expor
Number ription~ Check Thickness
ULS SLS [mm]
RO1 v not verified v 160

Running the automatic design of the beam

After the calculation we see that the beam fails. Switch the view in the main workspace header to
the "Member results" mode. We can see that the beam fails in the middle of the span, i.e. at the
point of the greatest bending moment.
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View: [ERTRERTERN - | ype: Envelope v
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Results for the beam

The automatic design terminated at a section depth of 260mm. This corresponds to the default
timber database for this project. So, we have to manually enter a higher value in the member
properties. We use the local menu of the member to bring up the "Edit member" window, as in the
case of the vertical alignment option. In the "Member results" mode, it is not possible to use the left
mouse button double-click, as this brings up a list of the detailed results of the member design. In the
"Section" tab, disable the automatic design by unchecking the "Automatic design of member depth"
checkbox and then manually enter a depth of 300mm.

Edit member X

Topology ' Code | Section | Splices ' Buckling | Scabs

Profile type: | standard member v

DAutomatic design of member depth
Member depth: 300 | ... ‘ [mm]

Automatic mounting mode

below member axis v

Automatically designed depth: 260; User-defined depth: 0 -
Material of the memberGL24c - glued is identical with truss material.

Timber width (truss thickness) is 160 mm.
member width is always the same as truss thickness.

Member mounting with respect to mounting layout line:
mounting layout line is identical to the bottom or right edge of member %

Reduce stiffness for service classes 2 and 3

Change effect of shear forces on deformations
Consider shear effect

Change maximum utilization

Maximum permissible utilization: 100,0  [%]

v| Apply to symmetrical object 1 X Cancel

\ J

Setting the custom member depth

After changing the cross-section depth and recalculating the structure, the beam is already satisfied.
Therefore, a section of 160x300mm is suitable.
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Design of the HEB steel beam

If we are limited by the headroom, it may be more advantageous to use a lower steel beam made of
HEB profile. The "Truss 4" program does not offer direct design of steel elements. However, it allows
the export of a structural scheme including loads and load combinations to an XML file that can be
loaded into "Fin EC" programs for the design of general steel, timber and concrete structures. It is
necessary to open the truss in "Truss 2D" program to export the structural scheme. This is done by
clicking on the appropriate button in the toolbar above the truss table or by double-clicking on the
appropriate row in the table.

- Nubnber Description~ Check Th
o ULS | SLS |
-

TP 1 RO v |satisfied v v v[

Starting the "Truss 2D" program

Export of an XML file with a structural scheme can be found in the "File" "Export" "Structure" section
of the main menu. Since a structural scheme is exported, this operation can only be performed for a
structure with results.

TRUSS4 - Truss 2D (20.12) [Project: TRUSS4 Examples (FineTrial) - Task: RO1]

File Edit Dataentry Analysis Tools Display Help
re — g e R D
O -g@,g - ,‘7_,%{9‘:%'@ L B Y
B & = b £ A N X 4
i . 00 3000 600,0 3000 1200,0 1500,0 1800,0 2100,0
H Save Faobaoba b babo b bbbl bbb bbb b bbbl bobobala
o |
s - (;./
Templates > 2 E ]
- -0,19:kN/
Import % == o s o n
Export 4 Saw control > i
& Print... Ctrl+P Press control > { LY LY ¥ - u
DIt cunent view Structure 4 CAD formats ... Ctrl+E
. Documentation » XML format for Fine structural analysis ...
Exit Alt+F4 N — e
R SO — Company catalogue ... ‘l’ W d{ :
AN - . .

Export )EML file with structural scheme

The program displays a window for specifying the folder where the *.xm/ file will be saved.

Files export X

XML export
Save to folder: 2 D: &

Analysis type: 1st order analysis i

more identical triiccec
nore iIaentical trussecs

Analysis type determines which analysis layout will be used for export. XML export
doesn't support these features:
+ final deflection

X Cance

Choosing a folder to save the *.xml file
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This is the end of our work in "Truss 4". Further work will be done in the "Fin 2D" program from the
"Fin EC" package. Let us run this program. The user interface of the program is like the "Truss 2D"
program. On the left we find the control tree, on the right the workspace and below it the input

frame.

2 FIN EC 2024 - FIN 2D (64 bit) [Untitled.f2e] - [View]

5% Project information
I, Generate
[ Topology
+ Add joints
/" Add members
 Edit
X Delete
? Information
Q Tools

X Add scissor joint

[ Load
QO Load cases
Qload
{F Add joint load
@ Add member load
«l Edit load
X Delete load
O Combinations
[ Calculation

Pictures

2% Convert joint to abs.

l Add picture

Count: 0

List of pictures

EN 1990/Czech Rep.

PE+HO®

ne
o0z

15
g

File Edit Entry Tools Options Help

:DB-BE:8 8.

- - £
\ . 1 2
£ und =15
Y 6000 -5000 -4000 -3000 -2000
A e
= R
e
g
2
S5
g -
g-
g -
8-
S-
g -
g-
5 -
8-
2
g:
g-
T
g -
g-
Ll
s -
g-
ok
ik
8
5
it General information
Header:
Job name : Untitled
Part §
Description
Client
Author H
Date : 31.10.2024
ProjectID ]
Archive ID
Comment
File:
File : Untitled.f2e
Size : [n/a]
Created : [n/a]
Saved : [n/a)

@ {@} Il | Active load case ;, . LB 0A =8
E o & | N §.§Q Nz B S
-I,OIOB 0.0]00 |.0I00 2.\':00 3.0:10 4.(:00 5000 8000 7000 8000 9000 10000 “,t:l) \2,(:00 IJ.(:OO M,OIDD |5.?0l) lslm
Ly 3 -
Input Analysis
Topology: 1st order analysis : not calculated
Structure size : 0,000 mx 0,000 m 2nd order analysis : do not calculate
Joints : 0(abs0, rel 0)
Members : 0
Load:
Standard + EN 1990/Czech Rep.
Service class EC5 §2
Load cases : 0(swt0, for 0, def 0,
tem 0)
Joint load : 0(swt0, for 0, def 0,
tem 0)
Member load 1 O(swtO, forO, def 0,
tem 0)
Combination:
1st order analysis 1 0

Select elements individually or by rectangle - Left: select joint or member or markup/set opposite rectangle corners; Shift to ren .

"Fin 2D" user interface

We start working in the program by importing a file exported from the "Truss 2D" program. In the
main menu under "File" select "Import" "Format XML..." and select the file created in the previous

A FIN EC 2024 - FIN 2D (64 bit) [Untitled.f2e] - [View]

steps.

File Edit Entry Tools Options Help
New Ctrl+N | B o
; 188, ¢
£ Open.. Ctrl+0 | & = Redo
B soe Ctrles RN S0 a0 40 200
Save as ... Q =0 ‘
Reopen » e §-
Folders 4 Q -
Import > Format CAD ...
Export 4 Format XML ...
& Textoutput.. Ctrl+P Options FIN EC™>
@& Workspace output ... ’Q =
Import of XML f/le
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After selecting the file, options that affect the insertion of the imported structure appear in the input
frame. At the same time, the inserted schema is already visible on the workspace. We only confirm
the insertion with the "OK" button.

.............................................................................

0,000 0,400
LI O A A A I |
< .

0,400

Inserting method Structure placing
Y= 0,000 | [m]
Z= 0,000 | [m]
Saved selections o 000 1
2
>
g
& Allow multiple inserting v OK ¥ Cancel
%
&
Y=5446m;Z=0459m Select elements individually or by rectangle - Left: select jo

Insertion of imported structure

The structure is inserted, but we can only see the line scheme without any details. We can influence
the drawing in the "Drawing Settings" window, which can be started by clicking the button with the

gear symbol.
b4 Examples\Unnamed_S10.f2e *] - [View (JL ML/LC (1

Initial v

4

[

«
Calculat

=g = o &
1600 0200 1,000 1,200 k i 1600 1,800 22

I|I|I|I|I|I|I|I|.I|I|I|I|I|I|I
Launching the drawing properties window

In the "Drawing Settings" window, check the "Sections" box under "Members". This will turn on the
display of the cross-sections of each member on the workspace. Close the window with the "OK"
button.
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Structure topology and loading I

Common
v| Global coordinate system | Draw grid
Joints Members
Numbering: Describe v Numbering: Describe v
v| Symbols Sections description: No description w:
| Supports Local axes
v| End conditions
Beginnings
Sections
Equalize cross-sections Scale: 1,00

Structure loading Drawing method of loading

| Draw joint load
+| Draw member load

| Draw description
| Draw description

Equalize force load
v| Hatching of loads

Common

Load, internal forces and deformation only on selected members
Show units for load, internal force and deformation values

Correction of display size for load, int. forces and '
schematic deformations:
Text size: '
Size of support symbols: '
smallest default largest

X Conel

J

Window "Drawing settings"

Now we have a better overview of the structure on the desktop. We can see that the model is made
up of four members, which connect the beam ends, the supports and the empty joint that the "Truss
4" program automatically created in the middle of the span. All members have the same cross-

section.
NY 0000 0400 0800 1200 1600 2000 2400 2800 3200 3600 4000 4400
N rtrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrn
- N
8_ Mo ey} o
~ - -— - -
S o o oo
5-
- 142 - 3 415
- e - ==
Beam model

The main change to be made is to change the cross section to a rolled steel profile. We select
graphically the entire structure and right-click on the workspace to open the pop-up menu. Here we
select the "Edit profiles of selected members" tool, which can be used to change cross-sections in

bulk.

14
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X Delete selected elements (9)

/" Move/Copy
T +'+ Copy
‘ ‘ C+ Rotate

i—i | 7 U_] ++ Mirror

Enlarge/Shrink

Align
Copy properties to selected joints (5)
Edit supports of selected joints (5)

Edit profiles of selected members (4) N
4\

.S

1]

4

A

/" Copy properties to selected members (4)
P4y

ow

gﬁ Edit alignment at selected members (4)
o—

Edit end conditions of selected members (4)

Bulk section editing tool

The "Profiles of selected members" window appears. Here, in the "Section type" section, click on the
"Steel" button and then select "Catalogue" as the way to enter the section.

Profiles of selected members

Section
' press = Section type
~ [ ke
T Concrete [P Masonry
al User defined Editor
8 Y
4 Edit input v [E]
| Section types:
e Jan
J,—W)‘O—/L I|I Catalogue
obdélnik JC User dimensions

A = 48,0E+03 mm? P = 920,0 mm :
I, = 360E+06 mm? |, = 102€+06 mny |1 Built-up

4 Built-up (catalogue)
Material @ Built-up (user)

‘ |~ Catalogue v/ S10(C24) - | General section
Eomean =11

User defined a, = 5,000E-

| | Load from structure v 0K ¥ Cancel

Selection of cross-section type for selected members

The cross-section catalogue will then appear. In the top bar, select the library of I-sections, in the
profile class "Cross-section HE" and then the profile "HE 120 B". Confirm the selection with the "OK"
button.
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Profiles catalogue

|

L C L 0O e n—ronrv Vv ~r

Profile class Profile B

Cross-section I(IPN) 4| 'HE100 AA - I |

Cross-section |E HE 100 A

Cross-section |PE. HE100B

| Cross-section HE | | HET00C

Cross-section HL HE 100 M

Cross-section HD HE 120 AA

Cross-section HP HE 120 A IS

Cross-section W =

Cross-section UB HE120C

Cross-section UC HE120M

Cross-section J HE 140 AA

Cross-section UBP HE140A -

Craceacaction S RRITIEVIYY 24 =

Standard Euronorm 53-62, DIN 1025-2 | \l\ |

Source ArcelorMittal, Ferona =
L 1200 |
U A

Information v OK X Cancel
Selecting a profile

Since the previous cross-sections were made of timber, the window for selecting the steel grade will
also pop up automatically. Select the library "Structural steel EN 1993-1-1" and the class "S 235".
Confirm again with the "OK" button.

Materials catalogue - Structural steel X
I Structural steel EN 1993-1-1 IIS 235 - I

Stainless steel EN 1993-1-4 S$275

EN steel for SSAB piles $355
Structural steel EN (other) $450

S 275 N/NL
S 355 N/NL
S 420 N/NL
S 460 N/NL
$275 M/ML
S 355 M/ML
S 420 M/ML
S 460 M/ML v

Information v OK X Cancel

Choice of the steel grade

Now we can see the selected cross-section and material in the "Profiles of selected members"
window. Close the window with the "OK" button.

16 OFine 2024



2 TRUSS4

Profiles of selected members X

Section

Section type
T [ IC Steel [ Timber
T Concrete [P Masonry
Q) User defined Editor
=
- « Edit input MEE!
Section rotation
L o= 00| 7]
L
4
HE120B

A = 3,40E+03 mm? P = 686,4 mm
I, = 8,64E+06 mm® | = 3,18E+06 mm*

Material
|2 Catalogue S235
E = 210,0E+03 MPa G = 81,00E+03 MPa

User defined | [[Z]| o= 12,00E-06 1/Ky = 78,50 kN/m?

Load from structure X Cancel

Newly selected cross-section and material

The new cross-sections are now displayed on the workspace after closing the window. We don't
need to make any more adjustments, so we start the calculation by clicking the button with the

calculator symbol.

g @ one> v Active load case -%
= X
S ;’ @ & | GlViastnitiha-Selfwe v &
1000 2,000 3,000 4,000
(R T N T R N T T
N
N
~ =~
d o o
o W , L J 4 Jd
B = 2 =

Running the analysis

Before starting the analysis, the program prompts us to save the file. Choose the file name and the
folder where it will be saved. Confirm the input by clicking "Save".
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8 Save as: Local computer X

v ) 4 | C\Users\Public\Documents\Fine\TRUSS4 Examples\

G2 Local computer PN Name
@ Fine examples
] Documents
PN Pictures
i Downloads
ll Desktop
== Data (D:)

o E:

=+ Add storage v

Size Date of change

File: Beam.f2e

File type: Files FIN 2D (*.f2e)

Use the Windows dialog

&l save

¥ Cancel

Saving the file

The calculation of internal forces and deformations is then started. At the end of the calculation, the
program displays a recapitulation. After reading it, the window can be closed with the "Close"

Calculation

button.

Calculation progress | Calculation results

Data recapitulation

(i) joint count: 5

(i) members count: 4

(i) load cases count: 22
Preparing 1st order calculation

(i) count of calculation joints: 5
(i) count of calculation members: 4
(i) combination count: 175

Static 1st order calculation

(i) Calculation successful

Summary of analysis

The calculation results can be viewed on the workspace after the analysis. Since we are considering a
simple beam, we are primarily interested in the deformations, specifically the maximum deflection in
the vertical direction. We can see the deformations on the workspace, but if we want to see the
maximum value, we need to display the results for the envelope of the load combinations. So, in the
"Diagram" section of the main toolbar, we select the "envelope of 1st order comb., SLS".
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h B 1 g @ . {l‘(i} Deformation § |1st order combination, ULS - I -% :'1' gé,|
v v S = Y
< Undo R H = A ® E| | [NA] v wId
w bt 2 @} = load case, ULS 4 o
load case, SLS
1st order combination, ULS
T 2 = 1st order combination, SLS A :
N \W_ - load case envelope, ULS 7':'4’x:>"926 1.2
Px: 9.6 =W13 123 load cas envIpSL L ©x: 9.6

envelope of 1st order comb., SLS R'J

Choice of the envelope of SLS combinations

For the envelope, however, we must first specify what combinations will be included. To do this, use
the "Set" button.

v

@ ‘

envelope of 1st order comb., SLS ~ :’1‘

Button to enter the contents of the envelope

Diagram
Selectior

The "Envelope of 1st order combinations" window opens. Here we check that all combinations in
the left column are checked and will therefore be reflected in the envelope. Then just close the
window with the "OK" button.

Envelope of 1st order comb. X

List of 1st order combinations: Internal forces Reactions Deformation
[25] S10:G1+G2+G3+G4+G5+Q6 - All Negative extreme Negative extreme Negative extreme
[26] Q6:G1+G2+G3+G4+G5+510+ W22 e Positive extreme = @) Positive extreme Positive extreme
o k
2713106162+ 63+ G+ 65+ Q0= W22 ® Both extremes Both extremes ® Both extremes
[28] Q6:G1+G2+G3+G4+G5+S10+ W21 s
[29] S10:G1+ G2+ G3+ G4+ G5+ Q6+ W21 Envelope key Envelope key
[30] Q6:G1+ G2+ G3+ G4+ G5+ 510+ W20 Original ® De wember o
[31] S10:G1+G2+G3+G4+G5+Q6+ W20 = t Per section
[32] Q6:61+ G2+ G3+ G4+ G5+59 ermanen Fy
[33] 59:G1+G2+G3+G4+G5+Q6 Medium-term variable ® Al F;
[34] Q6:G1+G2+G3+G4+G5+59+W22 - M,
[35] S9:G1+ G2+ G3+ G4+ G5+ Q6+ W22 Bou e N
[36] Q6:G1+G2+G3+G4+G5+S9+W21 V3
[37] $9:G1+G2+G3+ G4+ G5+ Q6+ W21 M:
[38] Q6:G1+G2+G3+G4+G5+ 59+ W20 V.

X G

J

Properties of envelope

The updated deflection value, 21.7mm, is then displayed on the workspace.

+1. 2 -] d=t
1 WhN2T 3 45 W, 21
SVZh &y o —— T - ac
| prm—

Wy -21.7
Deformation for a SLS combination envelope

We have a 4100mm beam span and we want to meet the limit deflection of 1/300 of the span. This is
13.7mm in this case. We can see that the value on the workspace is higher. Therefore, we must
choose a larger cross-section. Again, we select all the members and use the "Edit profiles of selected
members" tool in the pop-up menu. However, in the "Profiles of selected members" window, if we
just change the dimension within the same cross-section type, we can use a quicker procedure using
the "Edit input" button.
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Section
Section type
T | [ Timber
T Concrete [P Masonry
= User defined Editor
g
B [ et [F|E
Section rotation
L a= 0,00/ [1]
L
4
HE120B

A = 3,40E+03 mm? P = 686,4 mm
I, = 8,64E+06 mm® | = 3,18E+06 mm*

Material

|2 Catalogue v/ S235
E = 210,0E+03 MPa G = 81,00E+03 MPa

" Userdefined | |[Z]| ox= 12,00E-06 1/Ky = 78,50 kN/m?

Load from structure v OK ¥ Cancel

Cross-section changes within the same type

The catalogue of predefined steel cross-sections is displayed straight away. This time we select the
cross-section "HE 140 B".

Profiles catalogue X
I C L OO —rrn—wosrv v ~r
Profile class Profile A
Cross-section I(IPN) 4| [HE100C - ' |
Cross-section |E HE 100 M
Cross-section IPE HE 120 AA
Cross-section HE HE120A
Cross-section HL HE120B
Cross-section HD HE120C
Cross-section HP HE120M 3
Cross-section W HE 140 AA =
Cross-section UB HE 140 A
Cross-section UC
Cross-section ) HE140C 5
Cross-section UBP HE140M a
Crace-cactinn S V! lue1sonn i =
Standard  Euronorm 53-62, DIN 1025-2 [ I |
Source ArcelorMittal, Ferona =
L 1200 |
A A
Information + OK X Cancel

Changing the cross-section dimension

After recalculation, the maximum deformation for the SLS combination envelope is equal to 12.5mm,

which is less than the limit stated above.
Wx12 ———— 3 ) 45 W 1,2
W,z -12,5
Maximum deflection of the beam with modified cross-section
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This verified that the criteria given for the serviceability limit states are satisfied. It is now necessary
to verify the ultimate limit states, i.e. the load capacity of the beam. In order not to have to assess
four interconnected members separately, we first merge them into a so-called "design member". Go
to the "Design members" section of the control tree and press the "Generate" button next to the
table of design elements. A menu will pop up, from which we select the option "Generate design
members".

=] Results
(O Diagrams
(® Design members
¥ Generate @b
X Break =
O Design Generate design members N Type
Legend = <4 Combine Generate design groups b e .
Internal forces % Divid o . member 2
N- [kN] vide Divide design elements to members member 3
Vi Vy Vz [kN] T+ Up 4:DM design member 4

Creating a design member

Design members and design groups

The program offers the following options to reduce the number of members to be analysed:

Design members can be used to merge members of the same material (timber, steel, concrete) that
lie in a straight line and are connected to each other. The merged members can have different cross-
sections. A single member with a length equal to the sum of the lengths of the individual members is
then transferred to the design program instead of several members. The parameters required for
the design can then be assigned together to all elements in the design member. Since only the
calculated internal force curves are transferred to the dimensioning programs, even members that
are connected only by joints or other similarly loose connections can be combined.

Design group is used to merge identical members that should be treated as one element during
analysis. Members (or design members) having identical cross-section, length and orientation may
be combined into a design group. The design group is transferred to the designing program as a
single member, but the number of load cases to be considered is multiplied by the number of
members in the group.

The input frame then displays the information that the program has found one possible design
member. Confirm the information with the "OK" button.

v Consider all generated elements

fc\ Design members

b

T | Number Description
=

= 1 element 1

T

~

&

i

R

~

£

g v OK X Cancel
<

Select elements individually

Confirmation of creating a design member

There is now only one row in the element table because the four members have been merged into
one. In the table we have the option to enter member name.
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(O Diagrams
(® Design members @
¥ Generate =8
x §reak ¥ Generate | Number - Description Type Members
O Design e ) 1:DM II Beam| Ibesign member 1-4
Legend _  * Combine
Internal forces % Dride
N- [kN]
V3V Vs [kN]

Naming of a member

Now we can move on to the "Design" section of the control tree, where the actual member design
takes place. In the input frame, select the "Steel" tab and then use the "Run program" button to
transfer the beam to the "Steel" program.

(O Design members @
¥ Generate =
I ©X Break IV | Steel lTlmber Concrete
Design
Tegend 2 Program | Steel v | Run program I Only not verified design elements

‘ v Consider all design elements
Internal forces

N- [kN] Number ~ Design members
ViVy V; [kN] Description Analysis
Mz My Mz [kNm] > 1:DM  |Beam
Reactions [kN, kNm]

Starting the "Steel" program

In the "Steel" program, the members to be checked are arranged in the tree on the left side of the
window. The first node "Project" contains the possibility to enter project identification data and also
to select design standard parameters.

A1 FIN EC 2024 - FIN 2D (64 bit) - Steel (64 bit) [C:\Users\Public\Documents\Fine\TRUSS4 Examples\Beam.f2e *]

File Edit Input Options Help

= v - 5 v
5 £
General project data
Job name : Beam
Date : 31.10.2024
Standard
+ Edit Standard EN 1993-1-1, EN 1993-1-3, EN 1993-1-4/Czech Rep..
Factors for steel structures
Section capacity :ymo = 1,0
Section resistance when checking stability : ym1 = 1,0
Perforated section capacity tym2 = 1,25
f# Check all Factors for stainless steel
Section capacity tymo = 1,1
EN 1993/Czech Rep.

v OK X Cancel

Basic screen of the "Steel" program

After clicking on our beam in the control tree, the list of data important for the verification is
expanded. Most of the data ("Cross-section”, "Material", "Internal forces") is taken from "Fin 2D".
Other parameters must be added. Since we are designing a transversely loaded section without axial
force loading, these are only the lateral-torsional buckling parameters.
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Project
&3 Beam @
Q

I Cross-section

00 0,000 0200 0400 0,600
rhao b be b be bbb

2 Material

@ Internal forces R —mmm i m o
P Bucking 4 heos

17 LTbuckling

T Perforation IE] k

o Web stiffeners

E2] Check @

Expanded member properties

We go to the "LT buckling" section. Regarding the stresses, we will only be interested in the LT
buckling caused by the moment Mj,. The buckling properties can be specified differently along the
length of the member, but we will specify the same parameters for the whole length. Therefore, we
will only use the initial buckling segment, which is already specified in the table. The "Edit" button
opens the properties window.

Intt | f
%’B"u:(::g”‘e’ "I" e e e T e T TP e |
1.4 LT bucking HE 1408 HE 1408 HE 1408 HET208
T Perforation =
i (x) Value I, for LTB from M, on sector no.
un Web stiffeners B Y Buckling for calculation: | consider buckling - Buckling separately for each Load
5] Check 1is not transferred
(%) End conditions for moment M; on [T buckling My | LT buckiing Mz
sector no. 1 for LTB from M, must be :
set + Add Number Start [m]  End [m] Length [m] Buckling length I;, [m] Motment aceahane
(x) End conditions for torsion on sector = 1 0,000 4,350 4,350 (no input)
no. 1 for LTE due to M, must be set
X Remove Load position z:

Button for modifying LT buckling parameters

The "Buckling section length" represents the basic buckling length over which the member can
buckle. We conservatively choose the same length as the length of the member because we are not
sure of the stiffness of the connections between the trusses and the beam. In the case of a relatively
stiff HEB section, this simplification will not have a significant effect on the result. "Load position z,,"
specifies the position of the load along the height of the section. In our case, the load is applied to
the top flange, so we enter a value of 1.0. Next, we select the end conditions, selecting the "hinge-
hinge" option.
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Lateral torsional buckling sector edit: 1 X

Sector
Sector beginning : 0,000 | [m]
Sectorend: 4350 [m]
Sector length : 4,350 | [m]
Buckling effect

Do not consider buckling - beam is restrained
D Different buckling sector length

Buckling sector length: 4350 [m]

lateral torsional buckling curve
Edit curve -

Moment area

Moment area shape M, = . .
peM, Buckling sector interferes more buckling
sectors or cross-section is not defined in the
. sector set.
Automatically ~
Load position zp: 1,0 -]
Parameters

End conditions kz:

s 2 hinged-hinged v

End conditions in torsion k.

s 2 hinged-hinged v

X cocl

Modified buckling parameters

Now we can go to the "Check" section where we can see the results of the analysis. Our beam passes

at 69.8%.

24

OFine 2024



File Edit Input Options Help

== “« ~
88850 0 &
g = £ Undo ed =
[E] Project
2 Beam

I Cross-section

Input

0330200 0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 300 3800 4000 4200 4400 4500 4800 5001 [m]
B I e e P N T S T R T R R N R R R R R R R I TR Tl i}

100%

|
|

2 Material

(C}
Q
50%
fer & |1 [
3
Q

17 LT buckling Utilization
T Perforation
an Web stiffeners

4
B Check 3
2
8y s
Class
ELE & E El EEl
@ HE140B HE140B HE1408B HE 1408
[ Analyse | Analysis method: | Maximum utilization envelobe (108) b
Member check: PASS ~ Maximal utilization: 69,8%; Combination no.12 - Q6:G1+G2+G3+G4+G5+512+W16; X=1,995m.
+ Add Number Identification Coordinates | Utilization | | Section analysis X~1.995m; 69,8%; Load: Combination no.12 - -
of cross-section [m] 1% Q6:G1+G2+G3+G4+G5+S12+W16.
Edit 1 Critical member cut "Beam"” - section 1 1,995 693| | Decisive load: Combination no.12 -
Q6:G1+G2+G3+ G4+ G5+ 512+ W16; G ion class: 1
A Eemove Check of shear due to shear force Vy:
10,261 kN < 177,466 kN Pass
Internal forces: N = 0,000 kN; M, = 33,389 kNm; Mx = 0,000 kNm
) Checkall & Printing Critical combination check: simple tension and bending moment:
Resistances: My g = 47,844 kNm
Structure preview 10.0+ 0,698+ 0.01=106981 <1 _Pass i

EN 1993/Czech Rep.

X Cancel

Analysed beam

If you do not want to print the analysis documentation, you can go back to "Fin 2D" using the "OK"
button in the bottom right corner of "Steel" program. The basic design results are displayed in the
element table.

- FIN 2D (64 bit) [C:\Users\Public\Documents\Fine\TRUSS4 Examples\Bea - [Results (Def/EC | G1+G2+G3+G4+G! G3+G4+G5 W13:G1+G2+G3+

File Edt Entry Tools Options Help
" D % . .§, @ ke envelope of st order comb, SLS v
= ol = £ Undo =

=

Diagram

Caleulat
View

{(’)\:} Deformation
° B

Selectior

Tools
]
N
1
m

b Project information -
B Generate
=) Topology
+ Add joints
/" Add members
+ Edit

®
Q
a
X Delete +
£
(S

? Information
O Tools
X Add scissor joint
%4 Convert joint to abs.
£ Load
O Load cases
QOlLoad
1 Add joint load
& Add member load

 Edit load o
X Delete load
O Combinations Steel | Timber | Concrete

Eg‘;ﬂ‘: dation Program | Steel - Run program Only not verified design elements

pre— /! Consider all design elements

N- [kN] Number ~ Design members

Vs Vy Vz [kN] Description Analysis Utilization Program

Mz My Mz [kNm] > 1:DM  Beam M pess 69,8 % Steel

Reactions kN, kNm]

Contact stress

KN3 [MPa]

Deformation

we [mm, mrad]
Pictures

Add picture
Count: 0
List of pictures
EN 1990/Czech Rep. Y=4135m;Z=-0818m Select elements individually or by rectangle - Left: select des. element/set opposite rectangle corners; Shift to remove from selection; _

Verified beam in the "Fin 2D" program

For more engineering manuals visit https://www.finesoftware.eu/.
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