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1. Installing FEM-Design

The latest student version of FEM-Design is available at the following link.

2. Getting Started

2.1 Selecting a Module

By entering the keywords "FEM-Design 23 Student" in the search menu, the following window
will open. From the control panel, we can select the module we wish to use, open previously
saved projects, and access useful links and educational materials that will help you easily learn

how to use the program.

FEM-Design Student Command Center 23.00.003 - [m] >

Click the relevant application to create a new project

3D STRUCTURE ™I SECTIONEDITOR
Mixed-material shellz and bars having Custom-shape cross-zection editor and
arbitrary loads and supports calculator

ol

perpendicular to the calculation plane structures stored in templates

PLATE p PARAMETRIC MODEL
Slab or a slab-system having loads Parameterized models of common type

NEW PROJECT

STEEL JOINT

Design and check of detailed connections
between steel bars

RECENT PROJECTS

m hh s

TOOLS

LEARNING

StruSoft

1. Figure: FEM-Design Control Panel - Student Version

By clicking on the “3D STRUCTURE” icon, you can open the module you wish to use. As a
first step, you always need to select the standard environment. Once these steps are completed,

the program is ready for use.


https://strusoft.com/#student-license

For subsequent use, by entering the keywords "FEM-Design 3D STRUCTURE" in the search

bar, you can directly open the desired module.
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2. Figure: Standard Environment

2.2 Changing the Language of the Working Environment
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3. Figure: Changing the Language of the Working Environment

1) Click on the “Settings” tab in the menu bar.

2) From the drop-down window, select the “Environment” option.



3) In the pop-up window, under the “General” section, choose the Hungarian working
environment from the “Language” drop-down menu.
4) After accepting the changes, close the program, which will then reopen in the selected

language.

Changing the language of the working environment is merely an option. It is advisable for

everyone to use the language that is most comfortable for them.

2.3 Customization

It is advisable to set the user interface to the “Full” option, so that all design possibilities are
visible. The “Basic” option is useful for smaller screens, while using “3D Frame” or “3D

Bridge” will hide unnecessary design options.

Further customization is possible by moving the side quick-edit options.
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4. Figure: Customization

To facilitate modeling, various keyboard shortcuts have been integrated into the program.
Additionally, functions can be accessed not only by using the icons but also by typing their
short commands. These commands can be displayed by hovering the cursor over the respective
icon for a few moments. For example, in the case of Figure 7, typing the command "BM" and

pressing the ENTER key will open the beam function.
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5. Figure: Keyboard Shortcuts
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Additional customization options are available for labeling the properties of structural elements
and loads. These will be useful for preparing documentation. They can be accessed under the

“Quick Menu” tab in the “Display Settings” section.
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7. Figure: Display Settings



3. Sample Assignment

STRUCTURAL ANALYSIS I1. - 2. HOMEWORK - SLABS

By the use of the FEM-Design program determine the displaments, internal forces, reaction
forces of the RC slab with a master rib given the figure below.

STANDARD: Eurocode (HU). Qualities: conerete: C25/30. stecl B500B

Q Lv= optional, but realistic
:: 7 | | G| |
_ -\\\“{/
S - s ; ‘\r Il e r-
7 h i \j
;:.: o ~ |
o ;:;.: O L‘\(;!)
a b S \
Z | 0 " S
| .
« S
N | 30 2 4
(‘1 I
_.: A, 1 | % 1 E
5,20 5,20
30, 30, 30, 1.50

The thickness of the slabs should be realistic by the use of the given spans. The specified height
dimension of the master beam of the bottom ribbed slab is to be understood from the lower plane of
the slab.

Slab layers weight: inside:2,5 kN/m?, balcony: 3,5 kN/m?®. Partition wall load value: 1,5 kN/m?.
Payload: indoors: 2,0 kN/m?, balcony: 3,0 kN/m?. The payload can also have a partial effect. At one
short side edge of the staircase, the constant load of the stair is 20 kN/m and the payload of the stair
is 10 kN/m. Consider the support capacity of prefabricated beams using a monolithic reinforced
concrete rib above the gaps! Consider the line support of Porotherm brick walls with a realistic linear
spring!

In a second model, change the height size of the master beam given in the first calculation so that you
can compare the results of the two runs.

To be submitted:

e The documentation of the calculation should be prepared with the documentation editor of the
FEM-Design PLATE program in the following detail:

e Static model with dimensions, profiles, loads, finite element mesh graphically; material
characteristics, section data, plate thicknesses, load groups, load cases, load multipliers in tabular
form.

e Drawings of the Load Cases with values.

o Standard slab deflection diagram from the frequent SLS load combination. (with values!)

» Standard internal force diagrams of reinforced concrete master beam and floor slab from ULS load
combination (with values!).

* Prepare only the minimum required documentation from the second section selection!

e The effect of the change in stiffness on the displacements, the typical stresses of the master beam
and the slab must be evaluated in tabular form (with actual values and percentage comparison)!

e Textual evaluation, conclusion, engineering explanation of what was seen in the previous point.

e Only the PDF file should be uploaded to Moodle. (The custom worksheet should be attached to
the PDF documentation!)

8. Figure: Sample Assignment



4. Modeling

It is important to note that the syllabus tracks the creation of a model similar to the Second
Homework Assignment, so it does not fully match the model specified in the homework and,
in some cases, goes beyond it. Any information provided during consultations takes

precedence over the instructions in this guide.

The main concept for modelling the structure is to proceed from left to right, establishing the

following order:

Structure — Loads — Finite Elements — Analysis and Results — Design Options
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9. Figure: Modelling Logic

4.1 Editing Geometry

In the finite element model, supports are considered to be on the center plane of the wall, so
we model the walls as supporting structures here. It is important to emphasize that the static
framework and the architectural model do not match each other, neither in dimensions nor in

the alignment of elements, and this should be kept in mind.
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10. Figure: Support

First, we model the floor slab, as this will make it easier to place the walls that function as

supports. When specifying dimensions, we take into account that we are modeling the center

plane of the walls.

Stucture | Loads ini Analysis  Foundation  Concrete  Steel ~ Timber Masonry  Composite Userinterface: Ful - - X
S o-Al= AN KA SIS N 222031 ER ] D000 ® =
 Swoweou B o st y sper . Modetg ool « Cover _Jcons Pres48 |Dooum
O] - [ e penarion " o rex
ala =S Yz
Ao N 0.200 m
=1 g [} K o + Macro

@ o
(=] & N

[0} [ (8 Co-ordnate systems and grid
<|gl®@ O (OStructural éement 1D
= a @ 120 d 8 Analytical element ID
|2 —+———F s

=t a (=]
LN
0| 4 g
2(7|@
B
k]
HP - :
N
]
5| 7|2
DD
]
=l
Z|m|E
al= R
AlE|T £:0.250 m 0.250 m
-2 B
~| al'g |P.0.0, C25/30 P.1.1, C25/30

= a
|
=
|5
O] 1
s
Sls
1| ®
—w 12.65
i) 7
&
N del 1.
SpaceHiB Command. eecwon) ||| sestm  247m  oooom |[Laves |[MiT S 10 |[sw [# 1B 10 LB XO

11. Figure: Modeling the Floor Slab
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The slab is modeled in three separate parts to simplify the placement of loads; by selecting only

the surface element, the partial placement becomes easier.

After performing quick manual calculations, we determine the location of the slab openings,
which allows us to place them in the model almost instantly by pressing the F12 key. This key
calculates coordinates based on the cursor's position at the moment of pressing, so it is crucial

to ensure the cursor does not move.

If the task requires it, the creep factor of the structural elements can be adjusted within the

material properties.
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12. Figure: Setting Creep

The next step is placing the beams, for which it is important to set the correct edge precision.
Since the beam size of 30x30 specified in the assignment is measured from the bottom plane
of the slab, you need to add the thickness of the 25 cm slab. The top plane of the beam needs
to be offset to match the top plane of the slab. To do this, subtract half of the slab thickness

from half of the total height of the beam. This provides the correct edge precision, which can
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be set in the beam properties. Additionally, the physical model should be offset to ensure that

the edge precision is also reflected in the physical model.
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We also set the edge precision for the physical model so that it appears correctly in the physical

view. This does not affect the calculations in any way.

The difference between analytical and physical edge precision and when to use each is

explained in the FEM-Design user manual, which can be found on the FEM-Wiki site.

First type (“End releases applied at the ends of the theoretical axis”) is typically used for modeling RC bars which work together with concrete slabs (slab normal forces transfers
to the bar).

I 1o

<= Thenormal force
T transfered to the bar

Figure: Modeling of a “ribbed concrete slab”

The second type (“End releases applied at the ends of the gravity (physical axis)") is for modeling single plate and bars which are not working together.

doesn’t work together

Figure: Modeling of a steel beam under slab in 3D Structure module

o Physical model
Eccentricity of the physical model can be set in the Physical model tab, in a similar way as the Eccentricity of analytical model. It has no effect on the calculation

15. Figure: Explanation of Eccentricity

When modeling the walls, you need to use the specified thickness and material for the wall
elements. Since the task description specifies that the wall is connected to the slab with a
hinged connection, this setting must also be configured. It is important to note that different
standard environments provide different options, so you should be careful to select the

appropriate one.
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16. Figure: Selecting a Masonry Block

Next, we model the secondary beams, which is done similarly to the primary beams. They can

be easily and quickly modeled using the copy function.
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17. Figure: Construction Lines

After setting the appropriate column properties, you can create editing lines by holding down

the “CTRL” key and clicking with the left mouse button. If you release the key, you will get
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an extended editing line. If you do not release it, a green line will be drawn only between the

two selected points, which can be removed using the “ESC” key.

The placement of supports defined as hinged is done by selecting lines. It is important to pay
attention to the direction in which the selection window is drawn, whether from right to left or
in the opposite direction. The logic is similar to the technique used in AutoCAD, where

elements are selected in one direction if they are touched by the window, and fully enclosed

elements are selected in the other direction.
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18. Figure: Placing Supports



After drawing the geometry, but before starting to apply loads to the model, it is advisable to

perform dimensioning. This will help ensure that the model is accurate. It is important to pay

attention to any discrepancies between the architectural and structural plans.
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19. Figure: Cota and physical view
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4.2 Modeling Loads

Within the “Loads” tab, we begin by creating load groups. Special attention must be paid to the

relationships between loading cases, as this affects the generated combinations.
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20. Figure: Definition of load groups
Load groups X X
Grouping Load group data Grouping Load group data
[ Load groups 5 . [ Load groups =
- B, independent oad cases e i - Ff Independent load cases el
=] = J Type .. [Pemmanent ) - (3 Permanent (1.00, 1,35, 1.00, 1.00, 0.85) [ Temporary =
| Structural DL (+5truc. dead load) | structural DL (+5truc. dead load)
- | CovernL - | CoverbL
| Partition walls DL Standard comsinatians | parttion walls DL
H | StarsDL
StarsbL Favourable ........crvviieienes 100 [PT T o Desaription | w0 | w1 | w2 |
= (&) Temporary (1.50, 0.70, 0.50, 0.30, L, --) £-(© Temporary (1.50,0.70, 0.50, 0.30, L, =) mposedloads o70] 0.50| 0.3
| Livelosd 1 T 15 |] | Uveload 1 [P E— [0:50 ] > |Category A domestc, residental areas
| Live load 2 3 085 ] | Liveload 2 w2 0.30
L Liveload 3 | Liveload 3 Imposed loads 07 050 0.3
| Stairs Live load | stairs Live load B Potentially leading load cases Category B: office areas
Actidental combinatians
() 1gnore in 5LS combinations
Imposed loads 07 07 060
e Category C: congregation areas
Unfavourable ......oeevvooocccconnee
Imposed loads 070 070 060
Category D: shopping areas
8 Consider in max. of load group calculation Cancel
Load casest relationship Load cases’ relationship
O Alternative O Altermative
O Simaneous © Simultaneous
Okntie Oentre
O custom setup) Ocustom . Scte
Combination method
Combination method cronaton et
EN 1890 6.4.3. (6.10]
0N 19906.4.3. (5.10) o o 5
EN 1990 6,43, (6.10.3,
(OEN 1980 6.4.3. (6. 10.2, b) o ¢ )
[T Setuy
(O CUSEOM. .o Setup 2
Addgroup | Add subgroup Add case
Add group Add subgroup Add case
Import [ Export > oK Cancel

Import / Export > Cancel

21. Figure: Setting permanent and temporary load groups

Next is the definition of the loads, where it is important to model each load according to the

appropriate loading case.
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It is important to note that a partition wall is a structural element that can be moved within a

given area, so we define it as a distributed load along the surface, except for cantilevers.

The label indicating the load value can be freely repositioned using the move command.
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22. Figure: Definition of loads

After this, we only need to prepare the load combinations. These can be generated

automatically, but they can also be manually adjusted or completely newly created.
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23. Figure: Defining combinations of loads

19



20



4.3 Finite Elements

If we skip the finite elements tab, the program will automatically generate the mesh with
optimal element size, aiming to create a grid with the appropriate density. We can modify this

in various ways if we find it necessary.
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24. Figure: Finite element mesh
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4.4 Analysis and Results

We can see that alongside the selected calculations, the program automatically computes the
maximum of the load combinations, provided that we also request the load combinations to

be calculated.
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25. Figure: Analysis

It is important to note that the analysis results can only be viewed within the “Analysis” tab by
selecting the last button in the quick menu. This is similar to how the structure can only be

modified within the “Structure” tab, and loads can only be adjusted within the “Loads” tab.

For loading cases, always follow this logic: first, determine the type of analysis result you want
to display from top to bottom, then select which loading case it should be derived from, and

finally, choose the display mode in which you want to visualize it.
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26. Figure: Results from load cases

The following image shows a color palette display with the deformed shape visualized.
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27. Figure: Display on deformed shape

For load combinations, the logic is very similar, with the slight difference that instead of

selecting a loading case, you choose the desired load combination.
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28. Figure: Results from load combinations

For the maximum of load combinations, several options are available. For example, in the case
of displacements, you can select both the direction and the orientation. In this scenario, you
cannot display the color palette on the deformed shape, as multiple combination results are
shown, as illustrated in the image. If you are interested in the extreme values, you simply need

to enable the Global/min/max option.
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29. Figure: Displacement from maximum of z- load combinations
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In the case of utilizations, when dealing with the maximum of load combinations, we need to

select the so-called simultaneity. This allows us to read off the shear force from the graph that

occurs when the normal force is at its maximum, as illustrated in the following example.

Stuctwre  Loads  Finteelements  Analysis | Foundaton  Concrete  Steel  Timber Masony  Compo:

At T 1 100 1000 4| =00 B P BB — | >
Han-or QR siairg /@ eloson
Caod ety e La e | oemarek |« toadooe
J . EIEmomde(NA-mnganm)'l'm( of combinations, Uttimate - - T2 (N+) - [kN) I
]
B ol q
8%+
o]
g -
> N+
50 A
- ) Ty
N A
Tt
Dl A= =
# 9 T (+)
e
2[5
1@ ME(+)
o7 m e
‘B - My
IS My (+)
|+ o
o
Alg Yn
@
B
- 1{ Lo ombraton........0 -Utinote 5
=
Y l'n Simutaneous
=3 C1p v
Z|M|E e
al=| R e
A L |
T 5‘
~Qlg
~lm
*4 |6
Ay
Ol
D’l ﬁ Display options
[ Ocraph
L ® O Gaourpte
el Select abjects ... Al structre 3
5 (OKeep urrent scale, i possible:
N i Ossley Keeo | e
Enter command (Enter = Modfy; LB = Box; Space +L8 = Box protected abjects): | Com: selecton) | (P | 16.926m  -5098m  0.000m ||Layers [ -5 1O [snap ¥ B LHOLEXD

30. Figure: Internal forces from maximum load combinations

By clicking on the magnifying glass icon, we can display detailed results for individual

elements. We can switch between the windows with a single click.
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31. Figure: Detailed results
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These utilizations can also be selected in a similar manner within the Documentation tab, but

they can even be saved directly in the modeling space, allowing for just a single click to display

the desired utilization diagram.
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32. Figure: Saving and loading results

If, during the homework, only a few load combinations were created, rather than working
with the entire generated quantity, it may be useful to work with the maximum of the load

groups.
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S. Preparing Documentation

It is advisable to start preparing the documentation when the model is fully completed.

However, if changes are made after the documentation has been prepared, the program will

automatically update the documentation in the live windows as well.
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33. Figure: Open documentation

After setting the page format, the cover stamp should be placed on the first page.
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34. Figure: Page format
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35. Figure: Title Block

If we want the cover page to differ from the other pages, we can achieve this by inserting a
page break and then repeating the previous steps with a different stamp on the new page. After
setting the page format and placing the stamp, the following pages will display the same stamp

as before.
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36. Figure: Set up additional pages
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The information on the cover page can be set in the menu under Settings — Project — Title.
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37. Figure: Upload your data

After the page break following the table of contents, we can start adding information to the

documentation. It is advisable to organize this information into sections.
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38. Figure: Table of contents
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39. Figure: Chapter title

Placing live windows is extremely simple; you just need to select the type of window you want

to display. Make sure to choose the appropriate window type for the desired display: select a

structure window for showing the structure, a load window for loads, and a result window for

displaying results.
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40. Figure: Inserting pictures
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The settings for a given window can be managed similarly to the modeling space. These

settings become available when we click on the window, indicated by the orange frame around

it.

Structure User intedface: Ful -
| > o i
age fomt - =AY 57
B/ g s =284
Blo ~ Report ] — — — = =

Q ’ e =

¢ 1Initial data (D Co-ordinate systems and grid

(structural element ID

>lgle i stucture [EP—

=} (Omaterial
=@ 8 section nameThickness

/'\ & (D secton shape
H (Dtocslsysten

L] Ottt

= B Losd comment
& ®
3 » Detailed settings
B|1B I
n| &
a|lw|©
B8 0
% [u}
= (=}
Z i}
“ R
N T
e

a
e
B
g - Panevien
E 1.2 Phisical view
i) e Cop
i) H

Repon > 4 15 ~v|s
N Document
=Modify; LB = Box; Space+LB = Box protected objects) | Command. 0.199m 0.24m 0.000m ||Layers ||+ 1 T [sep #lBHXHOLER XD

41. Figure: Settings

You can also easily insert a table using the “Table” icon.
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42. Figure: Insert tables
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With the “Wizard” function, you can insert certain types of windows into the documentation
with just a few clicks. As shown in the following illustration, by selecting the desired loads,
they will be added to the documentation simultaneously. This avoids the need to add schematic

parts individually.
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43. Figure: Wizard function
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It is important to note that elements in the documentation are editable. Additionally, they can

be moved using the “drag and drop” function.
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44. Figure: Editing

One of the most useful tools in FEM-Design is the documentation “Templates.” With this
feature, you can load previously saved templates from the library, or create your own, so that
schematic tasks do not need to be documented every time. This can be particularly useful when

preparing two different models for a homework assignment.
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45. Figure:Documentation templates
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6. Design and Verification Options
6.1 Reinforced Concrete Design

The program offers various design possibilities. In this case, we will demonstrate the design

of a reinforced concrete slab.

Under the "Reinforced Concrete" tab, we start with the reinforcement of beams, where we
create design groups. The purpose of these design groups is to ensure that the reinforcement

within these groups is consistent during the design process. These design groups can be

labeled with colors and letters.
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46. Figure: Design groups

During manual design, the reinforcement of the beams can be defined either parametrically or

by drawing. In both cases, design groups can be particularly useful.
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47. Figure: Parametric reinforcement of bar elements
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48. Figure: Ironing of bar elements by assembly

During automatic design, both free and constrained design options are available. This allows
us not only to specify the properties of the reinforcement but also to define the cross-sectional

shapes and dimensions.
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49. Figure: Automatic design of bar elements

One of the most useful features of the program is the detailed results display, which, in this
case, presents the entire calculation for the reinforcement and the reinforced concrete beam,

along with the reinforcement drawings. This can be used to verify manual calculations and is

also suitable for creating reinforcement sketches, as the document can be exported in

and DXF formats.
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50. Figure: RC Bar element detailed results
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When designing surface elements, it's possible to plan not only longitudinal reinforcement but

also shear and punching reinforcement. In these cases, you can choose between manual and

automatic design options, or even use a combination of both.
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51. Figure:Longitudinal reinforcement of surface elements

For each type of reinforcement, we can also view its utilization, along with other useful values.
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52. Figure: Utilisation

Detailed results are also available for slabs.
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53. Figure: Detailed results of surface element longitudina reinforcement

When designing shear reinforcement, we can not only plan the reinforcement itself but also

configure various options for the shear zone.
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54. Figure: Shearing reinforcement

38



When placing punching shear reinforcement, there are also numerous configuration options

available. This allows us to choose the characteristics of the region as well as the type of

reinforcement.
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56. Figure: Punching reinforcement options
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Reinforcement can be viewed not only in calculations but also in 3D format within the

modeling space, as the program provides the option to display it this way.
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57. Figure: Reinforcement preview
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6.2 Masonry wall Check

You can create design groups and set calculation parameters.
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58. Figure: Masonry wall calculation parameters

After running the verification calculation, we can immediately view the masonry stresses,

along with the familiar detailed results and utilization.

re Loads Finite elements Analysis Foundation v - x
; 10 100 100 - 1 <
E|Ar gl P % QH|$E EE3:
o e b ro |Gty e (ot an e oo
Eurocods (NA: Hungarian): Masonry wal - V - Load combinations - Maximum - (ki) yex
o |®
) 57
B O|q
FIE
@
<o
==
o
B 5|2l
]
O
2Inle
&M R
3 4]
e
Mg
a7 |8
gl 7| Cobaaton. ... s cmbrotars
NG Canbiaion
= fuaaman
=|g|® Maximum of U
2 omnctis
rinieiod
- 2-1 = Ot
alz s
= FheT
AlE|w Hr
+|z2 Hr
+ 2
o |E T
a s U lcaus
- | = 9 U Locous
] U Lcons
- 5y e
WG] B s
s U s
e BuoEm
Y
s a Display options
] Ocunn
LB O Colour pakette
alAd Selectabjects ... Al tructre g
& (OKeep current scae, i possible:
S B o | e
Enter command (Enter = Modfy; LB Comm: (selecton) ||| 17.994m  4531m  0.000m |[Layers |[(4)i "5 1O s [#iBhO LEXT

59. Figure: Masonry wall internal forces
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Detailed result
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60. Figure: Detailed results
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61. Figure: Utilisation of masonry wall
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