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1 Introduction

1.1 Add-on Module RF-DYNAM Pro

Whether you are a beginner or already an expert user working with one of the previous RF-DYNAM
versions, everybody can quickly learn how to use the new add-on module. All the valuable hints
from our customers telling us about their everyday experience helped us to develop and improve
this add-on module. There are many new features available, which improves and enhances the
possibilities of a dynamic analysis.

The RF-DYNAM Pro module is split into three parts. The add-on module RF-DYNAM Pro - Natural
Vibrations is the basic module that performs natural vibration analyses for member, surface and
solid models. A multi-modal and multi-point response spectra and time history analysis of the
given structure can be performed with the module RF-DYNAM Pro - Forced Vibrations. The add-on
module RF-DYNAM Pro - Equivalent Loads offers the equivalent static force analysis (based on the
multi-modal response spectra analysis) in accordance to various building standards.

We hope you enjoy working with RF-DYNAM Pro.

Your team from DLUBAL SOFTWARE GMBH

Natural Vibrations

RF-DYNAM Pro - Natural Vibrations determines the lowest eigenvalues of the structure. The number
of the eigenvalues can be adjusted. Masses are directly imported from load cases or load combi-
nations (with the option to import the total mass or only the Z-component of loads). Additional
masses can be defined manually at nodes, lines, members or surfaces. Furthermore, you can
influence the stiffness matrix by importing axial forces or stiffness modifications of a load case or
a load combination. The main features are listed below:

e Automatic consideration of masses from self-weight
e Direct import of masses from load cases or combinations

e Optional definition of additional masses (nodal, linear, surface masses as well as inertia
masses)

e Combination of masses in different mass cases and mass combinations
e Preset combination factors according to EN 1998-1 CEN
e Optional import of normal force distributions (for example for considering prestress)

o Stiffness modification (for example, you can import deactivated members or stiffnesses from
RF-CONCRETE)

e Consideration of failed supports or members possible as initial conditions

e Definition of several natural vibration cases possible (for example to analyze different masses
or stiffness modifications)

e Output of eigenvalue, angular frequency, natural frequency and period

e Determination of mode shapes and masses in FE mesh points

e Output of modal masses, effective modal masses, and modal mass factors
e Visualization and animation of mode shapes

e Different scaling options for mode shapes

e Documentation of numerical and graphical results in the printout report
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Four powerful eigenvalue solvers are available in RF-DYNAM Pro - Natural Vibrations:
e Root of the characteristic polynomial
e Lanczos method
e Subspace iteration

e |CGiteration method (Incomplete Conjugate Gradient)

The selection of the eigenvalue solver primarily depends on the size of the model.

After the calculation, the eigenvalues, natural frequencies and periods are listed. These result
tables are embedded in the main program RFEM. The mode shapes of the structure are tabulated
and can be displayed graphically or as an animation. All result tables and graphics are part of the
RFEM printout report. Moreover, exporting the tables to Excel is possible.

Forced Vibrations

RF-DYNAM Pro - Forced Vibrations is an extension of the RFEM add-on module RF-DYNAM Pro -
Natural Vibrations. Mechanical structures that are excited by transient or harmonic force-time or
acceleration-time diagrams can be analyzed using the modal analysis or the direct integration.
Furthermore, multi-modal and multi-point response spectra analysis can be performed. The
required spectra can be created according to the standards or user-defined. The add-on module
contains an extensive library of accelerograms from earthquake zones. They can be used to
generate response spectra.

The features of the time history analysis are listed below:

e Combination of user-defined time diagrams with load cases or load combinations (nodal,
member and surface loads as well as free and generated loads can be combined with functions
varying over time)

e Combination of several independent excitation functions possible

e Extensive library of earthquake recordings (accelerograms)

e Modal analysis or direct integration in the time history analysis available

e Structural damping using the Rayleigh damping coefficients or the Lehr's damping values
e Direct import of initial deformations from a load case or a load combination possible

e Graphical result display in a time course monitor

e Export of results in user-defined time steps or as an envelope

The features of the response spectra analysis are listed below:
e Response spectra of numerous standards (EN 1998 [1], DIN 4149 [2], IBC 2012 [3] etc.)
e Response spectra can be user-defined or generated from accelerograms
e Direction-relative response spectra approach
e Different response spectra can be assigned to different supports (multi-point option)

e Relevant mode shapes for the response spectra can be selected manually or automatically
(the 5% rule from EC 8 can be applied)

e Calculation is performed within RF-DYNAM Pro and is therefore linear
e Combination of the modal responses (SRSS rule or CQC rule) and combination of the results

from different excitation directions (SRSS or 100% / 30% rule)

The results from the time history analysis are displayed in a time history diagram. Here, you have
the possibility to superimpose different nodes or positions within one member. All results are
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displayed as a function of time. The numeric values can be exported to Excel. In case of a time
history analysis, you can export results of a single time step or filter the most unfavorable results
of all time steps. In case of a response spectra analysis only result combinations are exported. A
combination of the modal responses and a combination of the results due to the components of
the earthquake action are done internally.

The input data into RF-DYNAM Pro and the exported load cases and result combinations are part
of the printout report.

Equivalent Loads

RF-DYNAM Pro - Equivalent Loads is an extension of the RFEM add-on module RF-DYNAM Pro -
Natural Vibrations. You can perform seismic analyses with the multi-modal response spectrum
analysis. The required spectra can be created according to the standards or user-defined, from
which the equivalent static loads are generated.

Response spectra of numerous standards (EN 1998 [1], DIN 4149 [2], IBC 2012 [3] etc.)

Input of user-defined response spectra

e Direction-relative response spectra approach

Relevant mode shapes for the response spectra can be selected manually or automatically
(the 5% rule from EC 8 can be applied)

e Generated equivalent static loads are exported into load cases, separately for each mode and
direction

e The calculation of these load cases is performed in RFEM, thus a non-linear calculation can
be performed.

e Combination of the modal responses (SRSS rule) and combination of the results from different
excitation directions (SRSS or 100% / 30% rule)

Equivalent static loads are generated separately for each relevant eigenvalue and excitation direc-
tion. They are exported to static load cases and a static analysis is performed in RFEM. Those load
cases are subsequently superimposed in result combinations. Combination of the modal results
takes place first. Afterwards, the results of different excitation directions are combined.

The input data into RF-DYNAM Pro and the exported load cases and result combinations are part
of the printout report.

1.2 RF-DYNAM Pro Team

The following people were involved in the development of RF-DYNAM Pro:

Program coordination

Dipl.-Ing. Georg Dlubal Dr. M.Sc. Dipl.-Ing. (FH) Gerlind Schubert
Dipl.-Ing. (FH) Younes El Frem Dipl.-Ing. Stefan Frenzel
Ing. Pavel Barto3

Programming

Doc. Dr.-Ing. lvan Némec Ing. Jifi Bucek
Dr.-Ing. Radoslav Rusina Ondrej Vydra
Dr.-Ing. Zbynék Vlk Jan Juranko
Dr.-Ing. lvan Sev¢ik Michal Zelenka
Ing. Petr Horadk Ing. Michal Brabec
Ing. Radek Dubina RNDr. Jan Gregor
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Program design

Dipl.-Ing. Georg Dlubal Ondrej Vydra
MgA. Robert Kolouch

Program testing

M.Eng. Dipl.-Ing. (FH) Walter Rustler Dr. M.Sc. Dipl.-Ing. (FH) Gerlind Schubert
M.Eng. Dipl.-Ing. (BA) Andreas Niemeier Dipl.-Ing. Stefan Frenzel
Ing. Jona3 Barton

Manual, Help System, and Translation

Dr. M.Sc. Dipl.-Ing. (FH) Gerlind Schubert Ing. Jana Dunikova

BSc Eng Chelsea Jennings Ing. Lara Caballero Freyer

M.A. Melanie Most Ing. Ph.D. Alessandra Grosso

Dipl.-U. Gundel Pietzcker Ing. Aleksandra Kociotek

Dipl.-Ing. (FH) Robert Vog| Eng. Nilton Lopes Fernandes

Oliver Vogl Mgr. Ing. Hana Mackova

Ing. Nikola Tomsu Ing. Téc. Ind. José Martinez Herndndez
Ing. Ladislav Kabrt Mgr. Petra Pokorna

Ing. Fabio Borriello Ing. Michaela Prokopova

Ing. Dmitry Bystrov Ing. Marcela Svitakova

Eng. Rafael Duarte

Technical support and final testing

M.Eng. Cosme Asseya Dipl.-Ing. (FH) Bastian Kuhn

Dipl.-Ing. (BA) Markus Baumgartel Dipl.-Ing. (FH) Adrian Langhammer
Dipl.-Ing. Moritz Bertram Dipl.-Ing. (FH) Ulrich Lex

M.Sc. Sonja von Bloh Dipl.-Ing. (BA) Sandy Matula

Dipl.-Ing. (FH) Steffen Clauf Dipl.-Ing. (FH) Alexander Meierhofer
Dipl.-Ing. Frank Faulstich M.Eng. Dipl.-Ing. (BA) Andreas Niemeier
Dipl.-Ing. (FH) René Flori M.Eng. Dipl.-Ing. (FH) Walter Rustler
Dipl.-Ing. (FH) Stefan Frenzel M.Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. (FH) Walter Frohlich Dr. M.Sc. Dipl.-Ing. (FH) Gerlind Schubert
Dipl.-Ing. (FH) Wieland Gotzler Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. Thomas Glinthel Dipl.-Ing. (FH) Lukas Siihnel

Dipl.-Ing. (FH) Sebastian Hawranke Dipl.-Ing. (FH) Robert Vogl

Dipl.-Ing. (FH) Paul Kieloch

1.3 Using the Manual

Topics like installation, graphical user interface, evaluation of results, and printout are described
in detail in the manual of the main program RFEM. The present manual focuses on typical features
of the RF-DYNAM Pro add-on module.

The sequence and structure of the manual follows the input and results windows of the module.
In the text, the buttons are given in square brackets, for example [Edit]. At the same time, they are
pictured on the left. The Expressions that appear in dialog boxes, windows, and menus are set in
italics making the connection between the explanations in the manual and the program clearer.

At the end of the manual, you find the index. If you still cannot find what you are looking for, check
our website www.dlubal.com, where you can go through the FAQ pages, watch the recorded
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webinars, or study the examples provided. The Dlubal Blog is also highly recommended, you find
that under www.dlubal.com/blog/en/.

1.4 Opening the RF-DYNAM Pro Module

In RFEM, you have the following possibilities to start the add-on module RF-DYNAM Pro.

Menu

To open the add-on module, you can select on the RFEM menu Add-on Modules — Dynamic —
RF-DYNAM Pro, shown in Figure 1.1.

&dd-on Modules | Window _Help
’ T > (PR e P R R
- RAAGPF R DB 2T

Design - Steel

Design - Concrete
Design - Timber

Design - Aluminium

* ¥ ¥ ¥ ¥ ¥ ¥ ¥ v ¥

Dynamic { RE-DYMAM Dynamic analysis [Basic, Addition |, Addition 11}
Connections { RF-D¥MAM Pro Dynamic analysis
Foundations

Stability

Towers

Others

External Modules 3

Stand-Alane Programs 3

Figure 1.1: Menu Add-on Modules — Dynamic — RF-DYNAM Pro to open the module RF-DYNAM Pro

When RF-DYNAM Pro was open before and is your current module, you can also use the menu
Add-on Modules — Current Module.

Navigator

Alternatively, you can open the add-on module in the Data Navigator by clicking
Add-on Modules — RF-DYNAM Pro

When you right-click on the add-on module you can add it to your favorites. The project navigator
is shown in Figure 1.2.

Panel

When the results from RF-DYNAM Pro are already available, you can also open the add-on module
from the panel.

|Q-| | | To see the panel you have to choose the RF-DYNAM Pro case from the drop-down menu in the
' main program RFEM, make the results visible with the [Show Results] button and display the panel
by clicking the [Panel] button.

Use the [RF-DYNAM Pro] button in the panel to re-open the add-on module.
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Project Mavigator - Data o x

BT RFEM ”
B@ Framework_Screenshots_ NVC_ESF

- Model Data

- Load Cases and Combinations

- Loads

[+ Results

----- ] Sections

----- | Awverage Regions

----- |_J Printout Reports

[#-+ ] Guide Objects

=il Add-on Modules

Elﬂ Favorites

...J#] RF-STEEL Members - General stress anal
#c| RF-STEEL EC3 - Design of steel member
= RF-CONCRETE Members - Design of co
m RE-DYMAM - Dynamic analysis (Basic, 2
E RE-S5TABILITY - Stability analysis

E RF-MOVE-Surfaces - Generation of mov
m
..{=| RF-STEEL Surfaces - General stress analysis 1
--hfid RF-STEEL AISC - Design of steel members a
. RF-STEEL IS - Design of steel members accc
RF-STEEL SIA - Design of steel members ace

Figure 1.2: Data navigator Add-on Modules — RF-DYNAM Pro to open the module RF-DYNAM Pro

Panel x

Natural vibration
ufl]

1.00000
0.90909
0.81818

Max @ 1.00000
Min : 0.00000

Ea 4

Figure 1.3: Panel with [RF-DYNAM Pro] button shown in Figure 1.3 to re-open the add-on module.
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2 Input Data

When you start the add-on module a new window opens. The window is organized in several
tabs and sub-tabs which you should go through from left to right when you enter your input data
for the first time. Not all tabs are shown right from the beginning, some tabs belong to special
settings that appear as soon as you select the corresponding check boxes.

The first window that appears when you open the module is shown in Figure 2.1.

RF-DYNAM Pro Input Data E
File Settings Help
General | Mass Cases | Mass Combinations | Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases
To Activate
Options: Required add-on module:
| Natural vibrations RF-DYNAM Pro - Matural Vibrations
Mass combinations
Forced vibrations RF-DYNAM Pro - Forced Vibrations
Response spectra
Accelerations
Time diagrams
Equivalent loads RF-DYNAM Pro - Equivalent Loads
\
A Dlubal
Dynamic Analysis
= ; - Modal Analysis
ommen
- Forced Vibrations
- Equivalent Static Force Analysis
@ [7@ Check OK & Calculate Cancel

Figure 2.1: Module window General Data.

In the General tab you decide whether you want to analyze only natural frequencies and mode
shapes of the structural system (RF-DYNAM Pro - Natural Vibrations) or whether you want to analyze
the response of the system to forced vibrations (RF-DYNAM Pro - Forced Vibrations) or whether you
want to generate equivalent static forces (RF-DYNAM Pro - Equivalent Loads). Add-on modules that
were not purchased can still be opened but run only as a demo version. You can also activate a
30-day trial version of those add-on modules.

Natural Vibrations

This option is always selected because a natural vibration analysis of the structure is mandatory.
The tabs Mass Cases and Natural Vibration Cases belong to this option by default. When you select
the Mass combination check box another tab appears as shown in Figure 2.1.

Forced Vibrations

With this module you can either perform a response spectra analysis or a time history analysis.
When you select the accelerations you can generate the response spectrum from an accelera-
tion-time diagram. The tab Response Spectra appears when the response spectra are selected, the
tab Accelerograms appears when accelerations are selected, and the tab Time Diagrams appears
when time diagrams are selected. The tab Dynamic Load Cases is available for all three options of
the RF-DYNAM Pro - Forced Vibrations module.
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Equivalent Loads

This option allows the generation of equivalent static forces in accordance with various design
standards (EN 1998-1 [1], IBC2012 [3] and many others). The Response Spectra and the Dynamic
Load Cases tab belong to the module RF-DYNAM Pro - Equivalent Loads.

2.1 Structure of the Main Tab Windows

The windows of RF-DYNAM Pro always contain the following buttons:

The [Help] button gives direct access to the manual and further online help. The help system can
also be reached by Help — ... or by pressing the function key [F1].

To change the units or number of decimal places of any input data or results you have direct access
to the Unit and Decimal Places window as known from the main RFEM program. This window can
also be reached by the Settings — Units and Decimal Places... menu. This is further discussed
in Sections 2.10 and 4.6.

Dietails In the Details dialog box you define global settings that apply to whole dynamic calculation
performed in RF-DYNAM Pro. This dialog box is also accessible by Settings — Details. These
settings are explained in Section 2.9.

Chadk To check the input data click [Check]. This does not perform the calculation and the module
window stays open.

II@E

To perform the calculation and exit the RF-DYNAM Pro module press the [OK & Calculate] button.

| OK & Calalate

To save the input data but not perform the calculation press [OK]. By doing so you exit the RF-DY-
NAM Pro module and return to the main program.

oK

Cancel To exit the module without saving the new data click [Cancel].

As shown in Figure 2.1 the main tabs that are available are General, Mass Cases, Mass Combinations,
Natural Vibration Cases, Response Spectra, Accelerograms, Time Diagrams, and Dynamic Load Cases.
Beside the General tab, all main windows are structured in a similar manner. This is explained
using the Mass Case window shown Figure 2.2.

On the left hand side of each main window you have a list of existing cases together with their
description, this is marked with an orange box in Figure 2.2. These can be Mass Cases, Mass
Combinations or Natural Vibration Cases for example.

- [z] At the bottom of this list, marked with a red box in Figure 2.2, you find buttons to create new cases,
copy existing cases or delete existing cases.

You have buttons to select all cases, deselect all cases, and to invert the selection of cases.

In the right part of the main window you find the number of the selected case together with the
case description at the top, marked with a blue box in Figure 2.2. In the description box you can
enter a case description manually or choose one from the drop-down list. Below this, you find the
main entering area for your input data which firstly opens in the General sub-tab. Eventually more
sub-tabs might appear depending on the selected check boxes.

In the General sub-tab you have some space to enter comments; this space is marked with a green
box in Figure 2.2.
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Mass Case Type.
EMPermanent

Imposed - category A-B (roofs, p=1.0)
Imposed - categery A-8 (dependent, p=0.8)
- category A-B (independent, p=0.5)
- category C (roofs p=1.0)

- category C (dependent, p=0.8)

- category C (independent, p=0.5)

- category D
T Imposed - category E
Imposed - category F
1851 Snow (H>1000 m a.5.. or Finland, Norway, Iceland, Sweden)
Bridges with the heavy traffic roads)
Eridges with the heavy traffic (ralways)

Options.
[#Imodify loading by factor:

2.000 = []

ISy

2 Input Data 2

2.2 Mass Cases

In RF-DYNAM Pro you have the possibility to define several Mass Cases. The Mass Case window is
shown in Figure 2.2.

RF-DYNAM Pro Input Data

File Settings Help
General | Mass Cases | Mass Combinations = Natural vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases
Existing Mass Cases MC No. Mass Case Description
MC1 Self-Weight 2 Imposed Load - Top Level v
a Mc2 Imposed Load - Top Level
T MC3 Imposed Load - Bottom Level General | Nodal Masses | Line Masses | Member Masses | Surface Masses
Mass Case Type Sum of Masses
M Imposed - category A-B (roofs, p=1.0) v || Self-weight: [kal
= 16500.00
Masses Components of LC/CO _ [kal
[]From self-weight of structure | Additional masses.at
From force components of: Nodes: 4100.00 | [kg]
(®)Load case: Lines: 14000.00 | [ka]
IEFEILC?2 - Imposed Load, top level ¥ || Members: 11500.00 | (kg
() Load combination: Surfaces: 0.00 | [kq]
Total mass: 46100.00 | [kg]
Manuzlly define additional masses at:
Center of total mass
Nodes
Coordinates X, ¥, Z: 7.35, 2,42, -5.83 [m]
Lines
Members
Surfaces
Comment
=]l v|[a=|[35] [X v
= .
D o Details Check OK & Calculate oK Cancel

Figure 2.2: Module window Mass Cases with the General tab open. The MC2 is selected and all four op-
tions to define additional masses are selected to show the appearing sub-tabs.

The mass case number is set automatically and cannot be edited. If a mass case is deleted later
the numbers do not change. You can enter a description manually or you can choose one from
the drop-down list.

Mass Case Type

Choose one of the mass case types from the drop-down list. This is especially important when you
use Mass Combinations (see Section 2.3). Combination factors are then preset in accordance with
ECO [4] and EC8 [1].

Masses

Select the from self-weight of structure check box when you want to include the self-weight inde-
pendent of any load case defined in RFEM. This option is shown in Figure 2.2.

You can import masses from a load case or load combination defined in RFEM by activating the
check box from force components of load case / load combination. Choose the load case or load
combination to be imported from the drop-down menu.

The factor to modify loads of load cases, which can be set in the calculation parameters of RFEM,
is not overtaken into RF-DYNAM Pro. To increase the masses by a factor you have to employ Mass
Combinations described in Section 2.3.

When you import a load case that contains self-weight of the structure make sure the *from
self-weight of structure’ check box in RF-DYNAM Pro is cleared. Otherwise you double the self-weight
of the structure.
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In Settings — Details you can determine whether full loads or only z-components of the forces
in both Z-directions or only in the direction of gravity are imported. The Details dialog box is
explained in Section 2.9.

In addition, or as an alternative to the previously described options to import masses, it is possible
to define nodal, line, member, or surface masses. Depending on the check boxes you select
additional sub-tabs appear as shown in Figure 2.2. The settings within those sub-tabs are detailed
in the Sections 2.2.1 and 2.2.2.

Sum of Masses

On the right hand side of the window the sums of masses are provided to double-check the input
of self-weight, imported masses from load cases or combinations, and additional masses. The
total mass and the resulting center of mass are provided.

2.2.1 Additional Nodal Masses

The nodal mass tab is shown in Figure 2.3.

General | Nodal Masses | Line Masses | Member Masses | Surface Masses

Additional Masses of Nodes

Na. List Mass Mass moment of inertia ~
of Nodes m kgl Ixkagm?] | lvkgm?] | lzkgm?] Comment
1 258192233, 500.00 0.00 0.00 0.00
2 |4 100.00 5184.00 625.00 500.00
4
5
6
7
[]
2]
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28 v
I 410000 [ka]
5 * [+ [+ E[* @®

Figure 2.3: Module window Nodal Masses which is available when additional masses at nodes in the Gen-
eral tab are selected.

You can provide a list of nodes manually or by using the [Multiple Selection] button shown on the
left to select nodes in the graphic.

The masses m [kg] can only be defined manually and act in the directions defined in the Natural
Vibration Cases (see Section 2.4).

In addition mass moments of inertia I y, Iy, and I, can be provided to model more complex mass
points (i.e. rotation of a machine can approximately be considered).

The buttons on the bottom of the table provide usual table functions as described in the RFEM
manual in Section 11.5.

The table entry can be stored in a library and can be opened whenever needed. The [Save] button
opens a dialog box to enter a file name.
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2.2.2 Additional Line, Member and Surface Masses

In addition to nodal masses you can provide line, member or surface masses manually. The
corresponding sub-tabs appear when the check boxes Lines, Members or Surfaces in the Mass Case
tab shown in Figure 2.2 are selected. The table to enter the line masses is shown in Figure 2.4.

General | Nodal Masses | Line Masses | Member Masses | Surface Masses

Additional Masses of Lines

No. List Mass ~
of Lines [ka/m] Comment

1 2,6.12.42.54.86.98 500.00

3

4

5

6

7

2

5

10

1

12

13

14

15

16

17

18

19

20

2

22

23

24

25

26

27

28 v

I 14000.00 [kg]

il [ [F] 5] [®] [E|[®

Figure 2.4: Module window Line Masses which is available when additional masses at lines in the General
tab are selected.

The tables to enter member and surface masses appear very similar and are not explicitly shown
here.

m A list of lines (members or surfaces) can be entered manually or by using the [Multiple Selection]
button shown on the left to select lines (members or surfaces) graphically.

Line and member masses are provided in kg per unit length. Surface masses are given in kg per
unit area. They can only be defined manually and act in the directions defined in the Natural
Vibration Cases (see Section 2.4).

I]g Masses are only considered in translational directions when a diagonal mass matrix is chosen for
the calculation (except the mass moments of inertia as detailed in Section 2.2.1). Rotation about
the longitudinal axis of a line or member is taken into account when a diagonal mass matrix with
torsional elements is chosen. Only with the consistent mass matrix, masses can act in translational
and rotational directions. See Section 2.4 for further details about the mass matrices.

2.3 Mass Combinations

Mass cases can be combined to mass combinations. This is done in analogy to load cases and
load combinations in the main program RFEM as is described in the RFEM manual in Section
5.5.1. The Mass Combination tab only exist when the corresponding check box in the General tab
(see Figure 2.1) is selected. When you open the Mass Combination window the first time, a mass
combination is preset and the existing mass cases are listed.

[E] You can add selected or all mass cases to a mass combination by using the buttons shown on
the left. By doing so, the mass cases move from the left to the right list. Combination factors are
preset automatically by RF-DYNAM Pro but can be changed manually.
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E] Similarly, you can remove single or all mass cases from a mass combination by using the buttons

Classification of Load Cases and Combinations

According to Standard: National annex:

ElEN 1990 | |EECEN ==

[[] Create combinations automatically

®) Load combinations

Result combinations (for linear analysis only)

shown on the left.

The module window with mass combination MCO1 containing self-weight and imposed load mass
cases is illustrated in Figure 2.5.

RF-DYNAM Pro Input Data
File Settings Help

General | Mass Cases :Im“55“65.fﬁsiﬁéﬁﬂuﬁs.: Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases

Existing Mass Combinations CO No. Mass Combination Description
B MCO1 | Self“Weight + Imposed Loads 1 Self-Weight + Imposed Loads "
General
Existing Mass Cases Mass Cases in Mass C i
1.00 [ICEH: MC1 Seff-Weight
0.30 MC2 | Imposed Load - Top Level
0.15 IGT MC3 Imposed Load - Bottom Level
>
X
7 Al MREAIE:] v| v
Comment
=] % * v ||
@ [& Chedk OK & Calculate Cancel

Figure 2.5: Module window Mass Combinations with all existing mass cases selected for the mass combi-
nation. The combination factors are preset by RF-DYNAM Pro.

The combination factors are preset in accordance to ECO [4] and EC8 [1]. Those factors can be
adjusted manually by entering a value or choosing a value from the drop-down list. As regulated
in EN 1998-1 in Section 3.2.4 [1] additional masses beside the self-weight have to be considered
to calculate inertia effects.

Z Gy ;7 Z Vg Qi 2.1

where G, ; are the permanent loads and Q, ; any imposed load. v ; are the combination factors
for the imposed loads defined as

Vg =@ Py, (2.2)

where 1), ; are regulated in EN1990 Table A.1.1 [4] and ¢ are provided in EN 1998-1 Section
4.2411].

These combination factors might be regulated differently in each national annex of EC8 and in
other international building standards.
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NVC1 Self Weight

Calculate
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Delete Results
Delete

Set "To Solve'

Set 'Not To Solve'

Seftings

Number of lowest eigenvalue to _
calcuiate: 50 15

["] Search for eigenvalues greater than:
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2.4 Natural Vibration Cases

The Natural Vibration Case tab is the centerpiece of the module RF-DYNAM Pro - Natural Vibrations
and a very important basis for the two additional modules. Here, you set how many eigenvalues
you want to calculate, define which masses are used and in which direction they act. You also
set the eigenvalue solver, the type of mass matrix and define how the mode shapes are scaled.
This is also the place where you define any stiffness modification or import axial forces as an initial
condition.

The General tab of the Natural Vibration Case window is shown in Figure 2.6.

RF-DYNAM Pro Input Data

File Settings Help
General | Mass Cases | Mass Combinations | Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases

Existing Natural Vibration Cases NV No. Natural Vibration Case Description To Solve

NVC1 Self-weight 3 Self Weight + Imposed Load W
NYC2 Imposed Load
[ [Ve] Self Weight + Imposed Load General | Calculation Parameters
NYC4 Self + Imposed - Stiffness Modificatio Settings
Number of lowest eigenvalue to -
calculate: 50 %

[[] search for eigenvalues greater than:
i | [Hz]

Acting Masses
() Mass case:

IEWMC2 - Imposed Load - Top Level

(®) Mass combination:

MCO1 - Self-Weight + Imposed Loads W

In direction

X

Y

z

About axis

[Ox

I

[z

Comment

ool i av||on o8| | K v |G
®@| @& Check OK & Caleulate Cancel

Figure 2.6: Module window Natural Vibration Cases with the General tab open.

For each Natural Vibration Case you can set various calculation parameters as shown in Figure 2.7

The Natural Vibration Case number is set automatically and cannot be edited. When a case is
deleted later the numbers do not change. You can decide whether or not the specific Natural
Vibration Case is solved by selecting or clearing the check box To Solve.

You can calculate each Natural Vibration Case separately by using the context menu and apply
Calculate. The colour of a NVCis grey when no results of this NVC are available and turns green
as soon as the calculation finished and results are available, more information are provided in
Section 3.3.

2.4.1 Number of Eigenvalues

In the General tab you set the number of lowest eigenvalues to be calculated. The maximum
number of eigenvalues is limited to 9999 in RF-DYNAM Pro but is also limited by the structural
system. The number of available eigenvalues is equal to the degrees of freedom (number of free
mass points multiplied by the number of directions in which the masses are acting).

You can calculate eigenvalues only above a certain value of natural frequency f to reduce the
number of produced results.
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RF-DYNAM Pro Input Data E
File Settings Help
General | Mass Cases | Mass Combinations | Matural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases
Existing Natural Vibration Cases NV No. Natural Vibration Case Description To Solve
NVC1 | Self-weight 4 Self + Imposed - Stiffness Modification v
NVC2 Imposed Load
NVC3 Self Weight + Imposed Load General | Calculation Parameters
Self + Imposed - Sliffness Modificatio || Initial Conditions
() Diagonal matrix Activate
(®) Diagonal matrix with torsional elements Import axial forces, stiffness modifications and extra options
(7) Consistent matrix from:
P (®) Load case:
EEMLC1 - Self-weight v
Scaling Vibration Mode Shapes ~
() Load combination:
(@ Max {ugh =1 .
- €01 - Self Weight + Imposed Load
() Ma¢ {ux, uy, uzp = 1
() Max {ux, Uy, Uz, 9x Oy, 92k = 1 [#]Global stiffness modification
O T 1 fud = 1
Method for Solving Eigenvalue Problem
(®) Root of the characteristic polynomial
() Lanzcos
() Subspace iteration
(7)1CG iteration
Internal Divisions.
Edit FE mesh settings =
] L1 R TE
@] [ Check OK & Calalate Cancel
Figure 2.7: Module window Natural Vibration Cases with the Calculation Parameter tab open.
I]g Be careful with this option and study the lowest eigenvalues of the system first. To evaluate the
importance of each eigenvalue the Effective Modal Mass Factors are useful (see Section 4.1).
2.4.2 Acting Masses
For each Natural Vibration Case you can import different Mass Cases or Mass Combinations. Please
choose from the drop-down menu in the General tab.
oid=cio "‘.""“ta’ds You must define the direction in which the masses are acting. The masses can act in the global
[vIx X . . . —_— .
v - translational X, Y, or Z-direction by activating the corresponding check boxes. Masses can act
¥z Mz rotationally about the global X, Y, and Z-axis by activating the corresponding check boxes.

These settings change your mass matrix, and you get different resulting mode shapes and frequen-
cies. To perform a planar calculation of your structure consider only masses acting in one global
direction at a time. The planar simplification requires a regular structure. For a three-dimensional
analysis consider masses acting in all global direction. Only when your are interested in rotational
mode shapes you should consider rotating masses.

ISy

Rotational masses are only considered when the type of mass matrix is set to diagonal with torsional
elements or consistent. When using a diagonal mass matrix, the activation of about axis has no
influence on the results unless you defined nodal mass moments of inertia (see Section 2.2.1).

ISy

2.4.3 Type of Mass Matrix

el pbe e Four different types of mass matrices are available in the Calculation Parameter tab as shown in

Figure 2.7.

iagonal matrix

iagonal matrix with torsional elements

_! Unit matrix

Diagonal Mass Matrix: When the type of the mass matrix M is chosen to be diagonal the masses
are lumped to the FE-nodes. The entries in the matrix are the masses acting on each FE-node in
the translational directions X, Y, and Z. Masses rotating about the X, Y or Z- axis are neglected
even when the about axis check boxes in the General tab are selected. Only mass moments of
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Scaling of Mode Shapes

(@ Jusl =vus2 +uy? +uz?) =1
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Ofud™ M fug =1

2 Input Data 2

inertia ly, Iy and |, as provided in the Nodal Mass table (see Section 2.2.1) are considered. The
diagonal mass matrix M is structured as follows,

M = diag (Ml,X7M1,Y7M1,Z711,X7[1,Y7[17Z7M27X;"' Ay xoe M, I

odng) @3

with n = 1... FE-nodes and j = X, Y and Z directions.

Diagonal Mass Matrix with Torsional Elements: This matrix is still a diagonal matrix where the
masses are lumped to the FE-nodes but the masses acting about the longitudinal axis of a member
or surface are taken into account automatically when acting masses about the X, Y and Z-axis
are activated. The direction that is taken into account depends on the local longitudinal direction
of the members and surfaces. The diagonal mass matrix M on a specific FE-point with mass m is
structured as follows:

M =m - diag(1,1,1,Y? + Z?, X?> + Z? X? +Y?) (2.4)

with X, Y, or Z being the distances to the center of total mass provided in the Mass Case tab
described in Section 2.2.

Consistent Mass Matrix: The consistent mass matrix is a full mass matrix of the finite elements,
so the masses are not simply lumped to the FE-nodes, instead shape functions are used for a
more realistic distribution of the masses within the FE-elements. With the consistent mass matrix
non-diagonal entries in the matrix are considered, which means that mass rotation in general is
taken into account. The structure of the consistent mass matrix is as follows (neglecting the shape
functions here for simplicity):

10 0 0 0 0
01 0 0 0 0
00 1 0 0 0
M = 25
o 00 Y2422 —XY  —-XZ (2:5)
000 —-XY X24+22 -YZ
00 0 -XZ -YZ X*4VY2

with the mass m and the distances X, Y, or Z to the center of total mass given in the Mass Case
tab described in Section 2.2.

Unit Matrix: The unit matrix overwrites all the previously defined masses (see Section 2.4.2). A
unit matrix is a consistent matrix with diagonal members of 1 [kg]. By using the Unit Matrix the
mass at each FE-point is set to 1 kg. Translations and rotations of the masses are considered. This
mathematical approach should only be used for numerical analyses. More details about matrix
types and especially the use of the unit matrix are provided by Barth and Rustler [5].

2.4.4 Scaling of Mode Shapes

The mode shapes can be scaled to any arbitrary value. The first three options are all a good
choice for a satisfying illustration of the mode shapes. The option |u;| = , /u? + uy2 +u?=1
scales the magnitude of the mode shape vector u; (only translational parts) to 1. The option
max{u y,uy,uy} = 1 chooses the maximum translational part of the mode shape vector and
sets it to 1. The option max{u y,uy,U 5,0 x,Py P, = 1 considers the complete mode shape
vector including the rotational parts, chooses the maximum and sets this to 1. For all those three
options the scaling is done separately for each eigenvalue j.

The option u;fMuj = 1 kg is always used internally for time history or response spectrum analysis
regardless the choices set here. The modal masses m ; are 1 kg for each eigenvalue when using
this scaling option (see Section 4.1).

No matter which scaling option is chosen: the translational mode shapes u ., uy- and u are di-
mensionless and the rotational mode shapes ¢, ¢y and ¢, are provided in [1/m]. The resulting
mode shapes are discussed in Section 4.1.
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Method for Solving Eigenvalue Problem
(®) Root of the characteristic polynomial
() Lanzcos

() subspace iteration

() ICG iteration

Internal Divisions

Edit FE mesh settings =

Inital Canditions.
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Import axial forces, stiffness modifications and extra options
from:

(®)Load case:
ElLC1 - Self-Weight v
(O Load combination:

CO1 - Self weight +Imposed Load
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Activate stiffness factors of:

Materials (partial factor 7)
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Modify stiffness
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2.4.5 Eigenvalue Solver

There are different methods available to solve the eigenvalue problem. The choice is dependent
on the size of the structural system considered and is more a question of performance than of
accuracy. The methods are all suitable to determine accurate eigenvalues.

Root of the characteristic polynomial: This is the analytic solution of an eigenvalue problem,
see for example [6] or [7] and is solved using a direct method. The main advantage of this method
is the precision of higher eigenvalues and that all eigenvalues of a structure can be determined.
For large structures this method can be quite slow.

Method by Lanczos: The method by Lanczos is an iterative method to determine the p lowest
eigenvalues and corresponding mode shapes of large structures. In most cases, this algorithm
allows to reach a quick convergence. It is possible to calculate n — 1 eigenvalues (n = degrees of
freedom of the system). For further details see Bathe [6].

Subspace Iteration: The subspace iteration is appropriate for large FE-models where you want
to calculate only a few eigenvalues. All required eigenvalues are determined in one step. The
computer memory limits the number of eigenvalues that can be calculated with this method. For
further details see Bathe [6].

ICG Iteration: This method is also suitable for large structures where only a few eigenvalues are
required. But here the eigenvalues are calculated successively. Therefore, the number of required
eigenvalues is proportional to the computing time. Theoretically, all eigenvalues of a structure
can be calculated.

2.4.6 FE Mesh Settings

The button shown on the left links directly to the FE mesh settings of the main RFEM program.
The FE Mesh Settings dialog box is also available under Calculation — FE Mesh Settings... in the
main program RFEM. Further details about the FE mesh and parameters that can be adjusted are
given in the RFEM manual in Section 7.2.

2.4.7 Stiffness Modifications and Axial Forces as Initial Condi-
tions

Axial forces, stiffness modifications and extra options as set in any load case or load combinations
are imported as initial condition into RF-DYNAM Pro when the Initial Conditions in Figure 2.6 are
activated.

The global stiffness modifications are only available when no load case is imported or when the
imported load case or combination does not contain any stiffness modifications. Global stiffness
modifications import the material partial factor v, set in the Edit Material dialog box in the main
program RFEM (see RFEM manual Section 4.3), cross-section modifications as set in the Edit
Cross-Section dialog box in the main program RFEM (see RFEM manual Section 4.13), and stiffness
modifications of members as set in the Edit Member dialog box (see RFEM manual Section 4.17).

The Calculation Parameters of a load case or combination that modify the stiffness are shown on
the left hand side. The check boxes Materials, Cross-Sections, and Members activate the modifica-
tions made in the material, cross-section, and member dialog boxes as described above for the
global stiffness modifications. When you select modify stiffness an additional tab in the Calculation
Parameter dialog box opens that allows you to enter factors for materials, cross-sections, supports
and hinges. In addition to that, members, surfaces and solids can be deactivated which leads to a
different structural system that is imported into RF-DYNAM Pro. When extra options are selected
the stiffness from the add-on module RF-CONCRETE can be imported. Further details about the
calculation parameters of load cases are given in the RFEM manual in Section 7.3.
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Axial forces and also failing supports, members, surfaces or solids are imported automatically
(without activating any stiffness modifications in the LCs / COs) as soon as the initial conditions are
selected and the corresponding load case or combination is imported.

To summarize, RF-DYNAM Pro imports the stiffness matrix of the structural system after the load
case or the load combination has been calculated in RFEM. This is an initial condition for the
eigenvalue analysis performed in RF-DYNAM Pro, the calculation itself is still linear. With this option,
you can approximately consider nonlinear effects, as for example, failing members, supports and
hinges. If no results for the load case or load combination exist, the calculation is performed
automatically before the RF-DYNAM Pro module calculation.

n@ When you want to consider axial forces only (for example prestress in cables) make sure that no
stiffness modifications are activated in the calculation parameters of the imported load case or
combination.

@ When you want to study certain stiffness modifications or deactivated members only make sure
you create a load case containing no loads but the stiffness modifications you are interested in.

A complex figure of this feature is provided in the Dlubal Blog (www.dlubal.com/blog/16774/dlubal
-rfem-5-rstab-8-import-of-axial-forces-stiffness-modifications-and-extra-options-in-rf-dynam-pro
-natural-vibrations/).

2.5 Response Spectra

A response spectrum is a plot of the maximum peak response to a specified input illustrated
usually versus the natural period of single degree-of-freedom (SDOF) oscillators. It is produced
by calculating the response to a specific input (i.e. average of several earthquake motions) for
a family of SDOF oscillators each having a different natural period but the same damping value.
There are computational advantages in using the response spectra method and it is still a very
common method described in building standards. But you should be aware that it is only an
approximate method that calculates maximum internal forces of your system. For further details
on the response spectrum analysis, see for example Wilson [8] and Tedesco [9].

RF-DYNAM Pro offers the multi-modal and multi-point (only with RF-DYNAM Pro - Forced Vibrations)
response spectrum method. Ready to use response spectra curves are available in building stan-
dards, many of those are implemented in RF-DYNAM Pro. RF-DYNAM Pro is also able to generate
a response spectrum from any given accelerogram (only available with RF-DYNAM Pro - Forced
Vibrations).

@ The Response Spectra tab is only available when the response spectra or the equivalent loads are
selected in the General tab shown in Figure 2.1. This tab belongs either to the add-on module
RF-DYNAM Pro - Forced Vibrations or to the module RF-DYNAM Pro - Equivalent Loads.

The Response Spectra tab is illustrated in Figure 2.8.

In RF-DYNAM Pro you have three options to enter response spectra: according to a building
standard, user-defined or generated from an accelerogram.
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RF-DYNAM Pro Input Data
File Settings Help
General | Mass Cases | Mass Combinations | Natural Vibration Cases || : Accelerograms | Time Diagrams | Dynamic Load Cases
Existing Response Spectra RS Mo. Response Spectrum Description
EM1998-1 CEN Horizontal Design Spet 1 EM1998-1 CEN Horizontal Design Spectrum v
HE rs2 EM1998-1 CEN Vertical Design Spectr
General
Definition Type Code Parameters | Table
(®) According to Standard: Mational annex: B Type of Spectum P
Type of Spectrum Design spectr
EN 1998-1:2010 v CEM w
= L Type of Spectrum 1
_ Spectrum direction Horizontal spe
L leiciinad I Earthquake action
Reference peakc ground ac: | agr 1.5000 | m/s2
Generate from acceleration: Importance factor 7l 12
= Design ground 1| ag 1.8000 | m/s2
[ Parameter for description of response spectrum
Ground type C
Soil factor 5 1.1500
Lower limit of area of constz | Te-+ 0.2000 | s
Upper limit of area of constz | Tc-+ 06000 (s
Value defining the beginning | To-H 20000 (s
(] Factors v
x| K | (A %
wT
e | Tomesesme |
288
247
205
1.64-
1.23,
0.82
041 s
194 062 031 01 032 064 095 126 158 189 221 252 283 315 3 503 535 T[g]
Comment
|| B iv|[en][3a] X v [
3 =]
@ [& Settings Chedk OK & Calculate Cancel

Figure 2.8: Module window Response Spectra with the General tab open. Response spectra according to
standard is chosen, the code parameters are shown.

Response Spectra according to building standards

The parameters according to a building standard can be entered to generate a response spectrum.
The available list of building standards is provided in Figures 2.9a and 2.9b.

Definition Type

(®) According to Standard: Mational Annex:
EM 19558-1:2010 v | |BICEN W
r Australia
()1 =M CFE Sismo 08 Mexico
. CIRSOC 103 Argentina
1 BE DIN 4149-1:1981-04 Germary
~ | ™9 o 4148:2005-04 Germany
B COTREBC2-43 Algeria
B DTRRPAZ9 Algeria
Definition Type B EN 1998-1:2010 European Union
- X Bl GB 50011 - 2001 China
(®) According to Standard: Mational Annex: & G 50011 - 2010 China
ElEN 1998-1:2010 v S [BC 2000 USA
European Union Z5 IBC 2009 - ASCE/SEI 7-05 USA
() User-defined Belgium E5 IBC 2012 - ASCE/SEL 7-10 USA
~ Czech Republic i 15 1893: 2002 India
() Generate from acceleration: S::';”V I+l nBC 2005 Canada
A\ AC1 - From Library - UKE4 Ttaly E NCiE—OZ S?jin
Austria MNCh 433 1996 Chile
Portugal m MSR - 10 Colombia
Romania I I NTC 2008 Italy
. 0.G. 23089 +0.G. 23390 Turkey
Cyprus B sBC 301:2007 Saudi Arabia
United Kingdom 3 sIA 261/1:2003 Switzerland
Morway = OMORM B 4015:2007-02  Austria hd

a) National annexes of the EN 1998-1 [1].  b) International building standards.

ﬁgure 2.9: List of implemented international building standard that regulate the earthquake design of
structures and provide formulas for response spectra.

Choose a standard from the drop-down list; the code parameters and their default values (see Fig-
ure 2.8) change depending on the chosen standard. The parameters are selected from drop-down
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lists or can be entered manually depending on the type of parameter and depending on the
chosen building standard. The fields that are not editable are determined by another parameter al-
ready set. For example in EN 1998-1 CEN [1] the ground classes A to E determine the parameters
T'p, T and T'p, those parameters cannot be edited manually.

When you change the ground type to Others you can adjust the parameters T3, T and T,
manually.

The resulting response spectrum is illustrated in the graphic seen in Figure 2.8. You can use the
mouse cursor to get information about the displayed values. The values of the generated response
spectra are listed in the table tab as shown in Figure 2.10.

Code Parameters | Table

Period Acceleration -~
No. Tl Sam/ss2]
1 0.0000 1.3800
2 0.0500 1.8975
& 0.1000 24150
4 0.1500 29325
5 0.2000 3.4500
6 0.2500 34500
7 0.3000 3.4500
] 0.3500 34500
g 0.4000 24500
10 0.4500 3.4500
11 0.5000 3.4500
12 0.5500 3.4500
13 0.6000 3.4500 v
o | K Step: 0.05 = [g] d S |

Figure 2.10: Tabulated values of the generated response spectrum.

Those tabulated values can be exported to Excel. The time step shall be adjusted before exporting
the data.

User-defined response spectra

Any kind of response spectrum can be defined by entering the period T" and corresponding
accelerations S, [m/s?] in the table shown in Figure 2.11.

General

Definition Type Table
() According to Standard: National annex: Period Acceleration
Mo 2
Blen 1998-1:2010 Blcen Tl Sam/s?]
1 0.010 0.300
= 2 0.050 1.000
(®) User-defined 3 0.100 2.000
. ) 4 0.500 2.000
(_) Generate from acceleration: 5 10.000 0.300
v ACT =] 000 0.300
7
* (X 2= &1 [%
Z.3w
orimieny L0705 Ss:200mi? |

167
143
1.19
0.85
0.
048
0.244

T:0.01 s; 5a: 0.30 mis2

.78 252 126 001 1.26 252 377 503 629 755 8.81 10.07 11.96 1384 15.73 17.62 19.51) 2140 T[s]

Figure 2.11: User-defined entry of a response spectrum. Period 7" and acceleration S, [m/s%] must be
provided.

User-defined response spectra can be stored in a library and can be opened whenever needed.

The [Save] button opens a dialog box to enter a file name.
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You can export your user-defined response spectra to Excel or can import a response spectra from
Excel.

Response spectra generated from accelerograms

The response spectra can be automatically generated from a given accelerogram.

This option is only available when accelerations are selected in the General tab shown in Figure 2.1.
This option belongs to the add-on module RF-DYNAM Pro - Forced Vibrations.

The available options to generate a response spectra from a given acceleration are shown in
Figure 2.12.

General

Definition Type Table
() According to Standard: National annex: Period Acceleration A
No. 2]
BEN 1953-1:2010 Bcen ’ TEl Sl
1 0.0100 1.1745
— 2 0.0104 1.2072
() User-defined N 0.0107 12953
= 4 0.0111 0.9733
(®) Generate from acceleration: 5 00115 18620
Y\w AC3 - From Library - Italy Earthouske v | |55 3 0.0113 11163
7 0.0123 1.1960
Damping: 0.05 [ [%] 8 0.0128 1.0006
9 0.0132 1.3166
Number of periods: 200 |5 10 0.0137 1.0856
- 11 0.0141 11181
Min time: 0.0100 (2 [5] | 12| 0.0145 1.1320
Max time: 10,0000 2] 5] 13 0.0152 1.1322 v
Direction: Ox -y (@ F: ® K d | 3 Li L-ﬂ,
ST
iy | T O S T |
1218
1042
868
6.94
520
348
1
188 125 063 01 095 158 221 283 346 409 472 535 538 661 724 787 850 943 375 1070 T[s]

Figure 2.12: Generated response spectrum from a given acceleration. The response spectrum is shown
in the graphic and the values are listed in the table.

The [Edit] button links to the Accelerogram tab described in Section 2.6, where you can define
acceleration-time diagrams yourself or load accelerograms from a large library containing earth-
quake recordings. When accelerograms are already defined you can choose from the drop-down
menu.

You can adjust the parameters shown on the left. The generated response spectrum is illustrated
in the graphic below and the values of period T and acceleration .S, are listed in the table (see
Figure 2.12). Both gets updated as soon as you change one of the parameters.

The viscous damping d [%] is the damping of the SDOF oscillator family for which the maximum
system responses are calculated. The generated accelerations are smaller the larger the viscous
damping is set.

The number of periods determines the number of steps between the minimum and maximum
time (period), and determines therewith the number of data points generated.

The minimum time is the period of the first SDOF oscillator considered for the calculation. You
see the results in the first row in the table shown in Figure 2.12.

The maximum time is the period of the last SDOF oscillator considered for the calculation. You
see the results in the last row in the table shown in Figure 2.12.

The response spectra generated might be different in each direction as the accelerograms might
be different in each direction. You can change the displayed response spectra in the graphic and
table by using the radio buttons shown on the left.

You can export the generated response spectra to Excel.
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2.6 Accelerograms
Accelerograms are acceleration-time diagrams usually recorded from previous earthquakes. In
RF-DYNAM Pro accelerograms can be used to generate response spectra or to perform a time
history analysis. In both cases the system can be excited on all or some supports.
The Accelerogram tab is shown in Figure 2.13.
RF-DYNAM Pro Input Data
File | Settings Help
General | Mass Cases | Mass Combinations | Matural Vibration Cases | Response Spectra :.»&C.Eéiéﬁafé"‘ﬁé‘ Time Diagrams | Dynamic Load Cases
Existing Accelerations AC No. Acceleration Description
e ACT From Library - UK Earthquake 2 From Library - Italy Earthquake v
AC2 From Library - Italy Earthquake
el AC3 User-defined General
Definition Type Accelerogram
. Time Time Acceleration ~
(®) From accelerogram library: Step thl axim/s2] - [::2] azm/s2]
Ancona - station: Ancona-Palombina; 1972-6-1 | L) 1 0.0000 10,0038 0.0071 20,0031
2 0.0100 -0.0104 -0.0194 -0.0086
() User-defined 3 0.0200 0.0153 0.0277 0.0137
4 0.0300 0.0152 -0.0266 00177
5 0.0400 0.0120 0.0271 -0.0093
3 0.0500 0.0083 00333 0.0087 |
7 0.0600 0.0121 -0.0364 -0.0099
] 0.0700 0.0255 -0.0229 -0.0774
=) 0.0800 0.0321 -0.0020 -0.0807
10 0.0500 0.0123 0.0088 0.0794
1 0.1000 0.0192 0.0090 0.2726
12 0.1100 0.0299 0.0068 0.2432
13 0.1200 0.0159 0.0032 -0.0308 |
14 0.1300 0.0120 -0.0009 02562 w
" X I ENE?
e EECrTE T .
1.000-
0.500-
-4.000 Y 1€.abh | Zo.000 24,000 28.000 t[sj]
-1.000-
e ETrEELTN
Comment
=1L v [Ex|B] [X v|[@
@| [f& Details Check OK & Calculate Cancel
Figure 2.13: Module window Accelerograms with the General tab open.
I@ The accelerogram tab is only available when accelerations are selected in the General tab shown
in Figure 2.1. This tab belongs to the add-on module RF-DYNAM Pro - Forced Vibrations.
In RF-DYNAM Pro you can load accelerograms from a library or enter them manually.
Library containing earthquake recordings
In RF-DYNAM Pro a library is available offering a very large number of existing and measured
accelerograms. By now, there are more than 1018 accelerograms collected and stored in this
library. In addition, user-defined accelerograms can be saved in this library.
@ The library can be accessed with the button shown on the left. The library is shown in Figure 2.14.
You can select the accelerograms in a tree structure on the left.
e . Itis possible to sort the entries by measuring station or seismic event. You can choose more filter

(@ Station

e E criteria from the drop down menu. For example, it is possible to limit the accelerograms to a
Date: 01.01.1970 v | 01.01.1390 +
particular period of time.

Each accelerogram is identified by parameters. It is characterized by, for example, the country,
latitude and longitude and by the distance to the epicenter. These data are provided on the
right-hand side of the library shown in Figure 2.14.

The chosen accelerogram is displayed in the graphic at the bottom of the dialog box shown in
Figure 2.13. Most of the accelerograms differ in the three directions X, Y, and Z. You can switch
between those directions in the graphic.
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Dlubal
Accelerogram Library
Select Accelerogram Accelerogram Parameters
Algeria | 1D number [
Armenia Seismic evert Ancona
Austria Event country taly
California Event latitude 4363
France Event longitude 13.56
Georgia Evert depth B km
Germany Station name Genio-Civile
Greece Station country Italy
Iran Station latitude 43623
= taly Station longitude 13516
- Ancona - station: Genio-Civile; 1972-1-25, 20:25; Distance of epicenter 4 km
i~ Ancona - station: Genio-Civile; 1972-1-25, 23:22; Transducer position in the building ground level or bass
- Ancana - station: Genio-Civile; 1972-1-26, 10:50; Type of building freefield
\cona - station: Genio-Civile; 1972-2-4, 02:42; Soil i alluvium
*- Ancona - station: Genio-Civile; 1972-2-4, 03:18; Number of samples 763
-+ Ancona - station: Genio-Civile; 1972-2-4, 17:13; Sample rate 0.01 s
- Ancona - station: Genio-Civile; 1972-2-4, 18:17; Total time duration 762 s
i~ Ancona - station: Genio-Civle; 1972-2-4, 19:02; o | [ Xmax 1093 m/sZ
< Eniligiiiighiiaiiniii 5 ¥ max accelerstion -1.235 m/s?
Z max i 0.7679 m/s?
Search by: Filter: Emb waves 45
(®) Seismic event all v Flnores A5
- Ems waves 44
(_) Station
fram: [0}
Date: 01.01.1900 03.02.2015
v
oo -
afmis] " JEEE288 ;2 i AA0] T ! ! on
1.000 Oy
0.750 ®
0.500 .
0.250
500 -1.000 0500
-0.500
0750
-1.000
(D “ Cancel

Figure 2.14: Library offering a large number of earthquake recordings.

@ Accelerograms loaded from the library can be saved with a different file name. The [Save] button
opens a dialog box to enter a file name. Alternatively you can export those accelerograms to Excel.

User-defined acceleration-time diagrams

Any kind of acceleration-time diagram can be defined by entering the required values in the table
shown in Figure 2.15.

General

Defintion Type Accelerogram

() From accelerogram library: jlie fie feseein

~ Step t [s] ax [m/s?] ay [m/s2] az[m/s?]

| A 1 0.0000 10.0000 10.0000 10.0000

2 5.0000 10.0000 10.0000 10.0000

(®) User-defined 3 10.0000 10.0000 10.0000 10.0000
4

o K Step: HalEEENEIRENES

a [mis?] (2
Oy
80004 1 1 1 1 1 1 1 Oz
60001
40004
20001
-1.000 1000 2000 3000 4000 5000 6000 7.000 8000 9000 10.000 t1s]

Figure 2.15: User-defined entry of an acceleration-time diagram.
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User-defined accelerograms can be stored in a library and can be opened whenever needed. The
[Save] button opens a dialog box to enter a file name.

You can export your user-defined accelerogram to Excel or can import an acceleration-time dia-
gram from Excel.

The defined accelerogram is displayed in the graphic (see Figure 2.13). You can switch between
the X, Y, and Z-direction in the graphic.

2.7 Time Diagrams

Time diagrams can be defined either transient, periodic or can be entered as function. They excite
the system at a specific position. The load position is defined in static load cases (LCs), where any
type of load can be entered. The static load cases (LCs) are connected to the time diagrams (TDs)
in the Dynamic Load Cases (see Section 2.8), and the multiplier k is used to determine the final
quantity of the excitation force.

The time diagram tab is only available when time diagrams are selected in the General tab shown
in Figure 2.1. This tab belongs to the add-on module RF-DYNAM Pro - Forced Vibrations.

Transient Time Diagrams

The Time Diagram tab is illustrated in Figure 2.16 with an example of a transient time diagram. The
values are entered in the table and the resulting time diagram is illustrated in the graphic at the
bottom.

RF-DYNAM Pro Input Data E
File Settings Help
General | Mass Cases | Mass Combinations | Natural Vibration Cases | Respanse Spectra | Accelerograms mS Dynamic Load Cases
Existing Time Diagrams TD No. Time Diagram Description
|==3 101 Triangular Load 1 Triangular Load v
I D2 Periodic Load
= TD3 Random Excitation - Excel Impart General
1 D4 Function Type Time Function
. Time Time Muttiplier
(@) Transient Step th kH
(O Periodic 00000 0.000
() Function z 0.5000 1.000
3 1.0000 0.000
4
x| [ X D= &%
=
0.800:
0.600-
0.400
0.200-
. I
0.0500 0.1500 0.2500 0.3500 0.4500 0.5500 0.6500 07500 0.8500 09500 t[s]
Comment
& i) [35] [X |-
3 =
| [& Details Chedk OK & Calculate Cancel

Figure 2.16: Module window Time Diagrams showing the input of transient time diagrams.

The table entries can be stored in a library and can be opened whenever needed, an import and
export from and to Excel is possible.
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Periodic Excitation

To enter periodic functions, the angular frequency w [rad/s], the shift ¢ [rad], and the multiplier
k have to be provided in tabular form; this is shown in Figure 2.17.

General

Type Time Function
P Period Shift Muttiplier
No. @ [r=d/s] o lrad] kH
(®) Periodic 1 1.8420 07854 2.000
(O)Function - 18.8496 0.0000 1.000 =
| X SHEIREYES
= [Eoazswim:]
z.mn-r/\/
1.000
0.000 Py ~
0.2000 0.6000 1.0000 \/MU 000 22000 2,600 \_3}100 34000  t[s]
+1.000 4
+2.000
+3.000 Y
-4 NN 4

Figure 2.17: Module window Time Diagrams showing the input of periodic time diagrams.

Several harmonic functions can be overlain by filling several rows in the table. The periodic
functions are defined as follows:

f(t) =Fy - sin(wy -t + @) +ky - sin(wy -t +@y) + .. (2.6)
The usual open, save, import and export buttons are available.

Functions

You can enter a function k(¢) directly in an edit field to define your time diagram. The parameter
t is reserved for the time. The resulting time diagram is displayed in the graphic as shown in
Figure 2.18. The generated tabulated values are listed on the right hand side.

The maximum time ¢, .. can be adjusted, which influences the graphic and also the tabulated
values.

I]g All operators and functions that are available in RFEM can be used also in RF-DYNAM Pro. You can
use the parameters that you defined in the main program RFEM. For more information about the
parametric input please consult the RFEM manual in Section 11.6.

The tabulated values can be saved to the library or exported to Excel. The time steps shall be
adjusted before exporting the data.

2.8 Dynamic Load Cases

The Dynamic Load Cases combine the input that has been made so far and set calculation para-
meters for the analysis to be performed. Four different types of Dynamic Load Cases are available:
Response spectrum analysis, time history analysis of accelerograms, time history analysis of time
diagrams, and the equivalent static force analysis. The first three types belong to the add-on mod-
ule RF-DYNAM Pro - Forced Vibrations and the last option belongs to the add-on module RF-DYNAM
Pro - Equivalent Loads. The General tab of the Dynamic Load Case tab is shown in Figure 2.19.
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@ Direct integration
(") Modal analysis

Agsign Natural Vibration

Matural vibration case:

| NvCL-Self Weight + Imposed Loads v |

2 Input Data

General
Type Time Function
. Time Time Multiplier -
() Transient Fr LBl kH
(O Periodic i 0.0000 084
® Function 0.1600 0.966
3 0.2000 0.460
k()= | sINE@.32047t+1) 4 0.3000 0347
5 0.4000 0.927
Max t: =] 6 0.5000 0501
7 0.6000 0.287
8 0.7000 0.515
9 0.2000 0.981
10 0.5000 0.805
11 1.0000 0.104
12 1.1000 -0.665
13 1.2000 -1.000
14 1.3000 0.682 Y]
B K swpue [ oaoofw O (@] [E]=
. k[—]:- . . . . . . . . . .
ors0d
05001
0.2504
0.000 +
02501 02000, 0.4000 0.6Q00 1.0000 1.2000 1.6000 2.0000 22000 6000 2.8001 gt[s]
-0.5001 i
07501 ;
1,000 [
42504 2715 k100

Figure 2.18: Module window Time Diagrams showing the input of functions as time diagrams. The para-
meter ¢t is reserved for the time.

RF-DYNAM Pro Input Data E
File Settings Help
General I Mass Cases | Mass Combinations | Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases ‘
Existing Dynamic Load Cases LC No. Dynamic Load Case Description To Solve
M DLCI | Response Spectra Analysis | Respanse Spectra Analysis v
pLc2 Time History Analysis - Accelerogram
DLC3 | Time History Analysis - Time Diagram | | General | Response Spectrum Analysis | Mode Shapes |
blcs  |Equivalent Static Forces Method Type Assign Natural Vibration
(®) Response spectrum analysis Natural vibration case:
response spectrum required
(s 4 ) MVC1 - Self Weight + Imposed Loads w
(") Time history analysis - seismic
(accelerogram required)
®) Direct integration
Modal analysis
() Time history analysis - dynamic load
(time diagram required)
@) Direct integration
Modal analysis
(") Equivalent static force analysis
{response spectrum required)
Comment
v
L} =
[ ocaconite | [_oc ] con

Figure 2.19: Module window Dynamic Load Cases with the General tab open.

The options are only available when the required input data (as stated in brackets) is provided.
When some input data is missing, the options in the General tab (Figure 2.19) are grayed out.

You can choose between the Direct Integration and Modal Analysis when performing a time history
analysis. Further details about those time history solvers are provided in Sections 2.8.2 and 2.8.3.

One specific Natural Vibration Case (discussed in Section 2.4) needs to be assigned to the dynamic
load case (DLC).
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Existing Dynamic Load Cases.

Calculate
Delete Results
Delete

Set ‘To Solve’

Set 'Not To Solve'

2 Input Data 2

The Dynamic Load Case number is set automatically and cannot be edited. When a case is deleted
later the numbers do not change. You can decide whether or not the specific Dynamic Load Case
is solved by selecting or clearing the check box To Solve. You can also access this switch in the
context menu (right-click on the existing DLCs).

You can calculate each Dynamic Load Case separately by using the context menu and apply Calcu-
late. The color of a DLC is grey when no results of this DLC are available and turns green as soon as
the calculation finished and results are available, for more information see Section 3.3.

Load cases (LCs) and / or result combinations (RCs) are generated in each of the Dynamic Load
Cases when the check boxes in the To Generate frame are selected (in the tab Response Spectra
Analysis in Figure 2.20, the tab Time History Analysis in Figure 2.23 and 2.26, and tab Equivalent Force
Analysis in Figure 2.27). Those LCs and RCs are generated automatically and are overwritten when
the RF-DYNAM Pro calculation is performed again. The names of the LCs and RCs refer clearly to the
originating DLCs. Optionally, you can enter the number of the first generated LC / RC. RF-DYNAM
Pro does not overwrite existing LCs or RCs (static or generated from other add-on modules), it
chooses the first unused LC- / RC-number available. Load cases and results combinations from
RF-DYNAM Pro are deleted when the results of the corresponding Dynamic Load Case are deleted.

2.8.1 Response Spectra Analysis

A response spectra analysis is performed when the corresponding radio button in Figure 2.19 is
selected; this is only available in RF-DYNAM Pro - Forced Vibrations.

The corresponding sub-tabs when performing a response spectra analysis are called General, Re-
sponse Spectra Analysis, Damping and Mode Shapes. The Response Spectra Analysis tab is illustrated
in Figure 2.20.

RF-DYNAM Pro Input Data

File Settings Help

General | Mass Cases | Mass Combinations | Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams = Dynamic Load Cases

Existing Dynamic Load Cases LE No Dynamic Load Case Description To Solve
M DLCI | Response Spectra Analysis 1 Response Spectra Analysis v
DLC2 Time History Analysis - Accelerogram
DLC3 Time History Analysis - Time Diagram General Response Spectrum Analysis | Damping | Mode Shapes
DLC4 Equivalent Static Forces Assign Respense Spectrum - Supports.
Response Spectrum: Set of supports: List of supported
(®) On all supports identically 1 = | [ Modes: Al &
(7) Differentially in sets of supparts
(multipoint)
Assign Response Spectrum
Direction Response spectrum: Multiplier factor Rotate ax and ay
X: IEIRS1 - EN1998-1 CEN Horizontal Design Spectrum v o0 [ aboutz
- o 0.00 5
Y RS 1 - EN1998-1 CEN Horizontal Design Spectrum W 1.000 5 [°]
Z: [EIR52 - EN1998-1 CEN Vertical Design Spectrum v 1.000 |5
Settings To Generate
Modal response combination rule: () SRSS Create result combination
®cqc Number of first generated result —
combination: 115
Combination of directional (@) 5RSS
components with: -
() 100/30 %
(100740 %

alo

a7 Bx||Ba | X

D |im Details Check OK & Calculats Cancel

Figure 2.20: Module window Dynamic Load Cases with the Response Spectra Analysis tab open.
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Assign Supports
(®) On all supports identically The supports that are excited by the response spectrum have to be assigned. When you consider
o aente) n sets ofsupprts 3| supports to be identically excited then those supports can be nodal, line or surface supports.
The multi-point option is available for nodal supports only at the moment.
Set of supports: You can create several sets of supports by clicking the [New] button. You can switch in between

1 ~El|X the available sets by using the drop-down menu. Use the [Delete] button to delete a specific set.
For each set, a list of supported nodes must be provided. This can be entered manually or can be
selected in the graphic by using the button.

Assign Response Spectrum

In each direction a different response spectrum can be assigned, at least one of the directions
must be selected. The available response spectra are chosen from the drop-down menu. The
multiplier factor can be adjusted independently for each direction.

Rotate ax and av The excitation direction can be rotated in the X -Y plane about the Z-axis. So for example, when
bout £ . . .
e ool your response spectra shall excite the structure 45° rotated about the Z-axis, activate only the
o . -
X -direction with your response spectra and enter o« = 45°.

l]g For each set of supports the response spectra in each specific direction must be activated sepa-
rately. This allows for different response spectra on each set of supports.
Combination Rules

In the settings you define how the responses resulting from different modes of the structure and
resulting from different excitation directions are combined.

@srss  The modal response can be combined using the Square Root of the Sum of the Squares (SRSS) rule
Jcac or the Complete Quadratic Combination (CQC) rule. The results R are combined with the SRSS rule
as follows,

where R, are the contributions resulting from p modes of the structure.
The SRSS rule is only allowed for systems where adjacent natural periods T, < T'; differ more than

10%, so when the following statement is true:

2<09 (2.8)
T . .

In all other cases the CQC rule must be applied. The CQC rule is defined as follows,

p p
> > RieyR,

i=1 j=1
with the correlation coefficient &
8-\/D,D,;(D;+rD,;)r3/? w;
e = J< ]> with r = -2 (2.10)

Y (1=r2)?4+4D;Dyr (1 +r?) +4 (D2 + D?) r? w;

The correlation coefficient € simplifies when the viscose damping value D is equal for all modes
to the following:

8Dl o)
g (1—=7r2)2+4D%r(1 +r?) )

(@ 5Rss The internal forces resulting from different excitation directions can be combined quadratically

Qm0/30%  with the SRSS rule, or using the 100% / 30% (40% ) rule as known from EN 1998-1 Section 4.3.3.5

(I07%0% 1], The SRSS ruleis applied as defined in Equation 2.7 but now ¢ = 1..p are the excitation directions
X,Y and Z.
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Calculate Mode Shapes ]

Select al

Deselect modes with
Weff, i/ZW =<

-

0.050 |5

ISy

Export Result Combinations

When you select create result combinations, RF-DYNAM Pro automatically generates and overwrites
result combinations during the calculation. The RCs are tight to the result which means that they
are deleted as soon as the results of the DLC are deleted (see Section 3.3).

One RCis generated for the SRSS rule, but a maximum of three RCs are generated when you choose
the 100% / 30% (40%) rule.

Damping for the CQC rule

The Damping tab is only available when the CQC rule is chosen for the combination of mode
shapes (defined in Equation 2.10).

For the CQC rule the Lehr's damping values D, are needed, those can be defined equally or
differently for each mode of the system. Also the Rayleigh damping with the coefficients o and
B is available and is internally converted to the Lehr's damping. The Damping tab is shown in
Figure 2.21.

LC No Dynamic Load Case Description To Solve
i Resgponse Spectra Analysiz v

General | Response Spectrum Analysis g Made Shapes

Type Lehr's Damping Measure
Mode Damping

(" Rayleigh damping No oy Comment

s

(®) Lehr's damping

D: 0,020 5 H

(" Lehr's damping differentially for each mode. ..

Figure 2.21: Module window Dynamic Load Cases with the Damping tab open.

Structural viscose damping is more important for the time history analysis and is therefore detailed
in Section 2.8.2.

Mode Shape Selection

In the Mode Shapes tab illustrated in Figure 2.22, the natural frequencies w and f and periods T’
are listed together with the corresponding accelerations S, of the response spectrum and the
effective modal mass factors f, . in the translational directions. The assigned response spectrum
is illustrated in the graphic. Corresponding values are displayed in red when you select a row in
the table.

When no calculation has been performed yet, use the button [Calculate Mode Shapes] to calculate
the frequencies internally without closing the module.

In the table you can select modes that shall be used for the response spectra analysis.

All modes are selected when the check box Select all is activated. In the table all modes are selected
and this cannot be changed manually.

Using the check box deselect modes with, you can deactivate modes with an effective modal mass
factor below a certain value. This selection is remembered when you clear the check box.

When both check boxes are cleared you can choose individual modes manually.

The sum of the effective modal mass factors f, . is shown at the bottom of the table. According
to EN 1998-1 Section 4.3.3.3 [1] the effective modal mass factors of all modes taken into account
shall be at least 90%. When this cannot be achieved all modes with a factor above 5% shall
be taken into account. Further details about the effective modal mass factors are provided in
Section 4.1.

© Dlubal Software GmbH 2015

EEE
29



i

DLC No. Dynamic Load Case Description To Solve
1 Response Spectra Analysis v

General | Response Spectrum Analysis | Damping | Mode Shapes
To Generate Modes

Mode | To Generate Frequency Period Acceleration Effective Modal Mass Factor [-] -
Ma. @ [md/s] fHz] TE Sam/s?] | fmexkal | fmev kgl | fmez kal
1 ¥ 6.986 12 0.899 23014 0.000 0.248 0.000
2 ¥l 7.241 1.152 0.368 23855 0.000 0.604 0.000
3 ¥ 5.546 1.519 0.658 31445 0.000 0.052 0.000
4 O 14.258 2.269 0.441 3.4500 0.000 0.018 0.000
3 O] 18.278 2.50% 0.344 3.4500 0.000 0.001 0.000
6 ¥ 30.578 4.867 0.205 3.4500 0.860 0.000 0.000
7 O 30.853 4510 0.204 3.4500 0.000 0.007 0.000
8 O 35.486 5.648 0,177 32126 0.000 0.004 0.000
5 O 39.982 6.363 0.157 3.0065 0.000 0.000 0.000
10 ¥ 42.393 6.747 0.148 2.9140 0.001 0.000 0.060
11 O 42.388 6.826 0.147 23963 0.000 0.001 0.001
12 O 48.969 7794 0.128 27080 0.000 0.002 0.000
13 O 52.065 8.286 0121 2.6290 0.000 0.000 0.000
14 O 59.643 9.453 0.105 24702 0.000 0.000 0.024 v
[]5elect &l Mefi, i/ ZW : 0.929 0.904 0.699

Deselect modes with
Mefi, il ZM < 0,030 -5 Caloulate Mode Shapes

Sa [mis?] T:021 5; Sa: 345 mis?

345 |-

2.5000
2.0000
1.5000 1
1.0000 +
0.5000 1

T [ T:3.39 5; 5a: 0.36 mis? |
0.66 2.0000 2.0000 l_d'U'll'U'I'lJ_TUTIUTI_FbIIUII 7.0000 2.0000 9.0000 10,0000 T [s]

Figure 2.22: Module window Dynamic Load Cases with the Modes Shapes tab open. The third mode is
selected in the table and marked red in the graphic.

You can switch between the excitation directions X, Y and Z in the graphic. Note that also the
values S, in the table update depending on this choice.

2.8.2 Time History Analysis of Accelerograms

A time history analysis of accelerograms is performed when the corresponding radio button in
Figure 2.19 is selected; this is only available in RF-DYNAM Pro - Forced Vibrations.

The corresponding sub-tabs when performing a time history analysis are called General, Time
History Analysis and Damping. The Time History Analysis tab is illustrated in Figure 2.23.

Modal Analysis versus Direct Integration

@ Direct integration In the General tab (see Figure 2.19) you can choose between the modal analysis and the direct
(_J) Modal analysis integ ration.

The modal analysis uses a decoupled system based on the eigenvalues and mode shapes of the
structure, determined in the assigned Natural Vibration Case. The multi-degree-of-freedom (MDOF)
system is transformed into many single-degree-of-freedom-systems (SDOF) (diagonalized mass
and stiffness matrix). A certain amount of eigenvalues is required to ensure accuracy. The solution
of the decoupled system is found with an implicit (Newmark) solver. Once the eigenvalues are
determined, the modal analysis provided in RF-DYNAM Pro - Forced Vibrations is slightly faster than
the direct integration.

The direct integration is an implicit (Newmark) solver that requires sufficient small time steps to
achieve accurate results. By now, this solver can only handle linear systems in RF-DYNAM Pro -
Forced Vibrations. There is no modal analysis required, so the number of required eigenvalues can
be set to 1 in the assigned Natural Vibration Case (see Section 2.4).

The most important when performing a time history analysis is the choice of the time step. Itis a
compromise between calculation time and accuracy, the smaller the time step the longer takes the
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n all supports identically
(_) Differentially in sets of supports

(multipoint)
Set of supports:
1 LaIN=11k .1

Rotate ax and av
about Z

o 0.00 5 [F

ISy

2 Input Data 2

RF-DYNAM Pro Input Data
File Settings Help

General | Mass Cases | Mass Combinations | Matural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | D'ynamic Load Cases

Existing Dynamic Load Cases LC No Dynamic Load Case Description To Solve
DLC1 Response Spectra Analysis 2 Time History Analysis - Accelerogram v
BEDLC2 | Time History Analysis - Accelerogram
DLC3 | Time History Analysis - Time Diaaram | | General "\ Damping
DLC4 Equivalent Static Forces Assign Accelerogram - Supports
Accelerogram: Set of supports: List of supported
() 0n all supports identically 1 MIE=11k. Nodes: 3,6,9,20,23,34,49,60 Y
(@) Differentially in sets of supports
{multipoint)
Assign Accelerogram Set of Supports 1
Accelerogram: Multiplier factor Rotate ax and av
##A- ACL - From Library - UK Earthquake v G 1000 |5 around 2
¥: 1.000 |5 “ 0.00 11
2 1.000 |5
Integration Parameters To Generate
() Automatically according to accelerogram Results of selected time steps in load cases [ results
(® Manually combination (envelope)
Time step Maximum time S s E
At: 0.0100 5[ tmax 10,0000 [3] 5] [ generate load cases
1
EEMPermanent
Activate
[]1nitial deformations from load case: Create result combination
EEMLC - Self-Weight Mumber of first generated result

combination: 10 %

Ao

a7 5x|88] | X

@ i@ Details Check OK & Calculate Cancel

Figure 2.23: Module window Dynamic Load Cases with the Time History Analysis (Accelerograms) tab open.

calculation, but when the time step is chosen too large the results are not accurate. The following
advice can be given [10]:

e Considering the time diagram (see Section 2.7), the shortest length of the discrete time
diagram shall be split into at least 7 time steps

e The largest frequency f of the structure (see Section 4.1) that is relevant for the time history
response shall be used to calculate the time step At <1 /20f

The recommended time steps achieve accurate deformations and forces, but when you are inter-
ested in velocities and accelerations you have to choose even smaller time steps.

Assign Supports

The supports that are excited by the accelerogram have to be assigned. When you consider all
supports to be identically excited then those supports can be nodal, line or surface supports. The
multi-point option is available for nodal supports only at the moment.

You can create several sets of supports by clicking the [New] button. You can switch in between
the available sets by using the drop-down menu. Use the [Delete] button to delete a specific set.
For each set, a list of supported nodes must be provided. This can be entered manually or can be
selected in the graphic by using the [Pick] button.

Assign Accelerogram

Choose the available accelerograms from the drop-down menu. You can apply different multiplier
factors in each direction.

The excitation direction can be rotated in the X-Y plane about the Z-axis. So for example,
when your accelerogram shall excite the structure 45° rotated about the Z-axis, activate only the
X -direction with your response spectra chosen from the drop-down menu and enter o« = 45°.

For each set of supports you can assign different accelerograms.
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Integration Parameters

RF-DYNAM Pro can choose the time steps automatically according to the assigned accelerogram,
or you can define time steps and maximum time manually. Results for each single time step are
produced.

Initial Deformation

When you select initial deformations from load case you can import initial conditions directly from
a load case; these are the conditions at time step ¢t = 0 sec.

Export of Load Cases and Result Combinations

You can export load cases for single time steps by activating the generate load cases check box.
Choose the load case type from the drop down list below.

In the list shown in Figure 2.24, you can select the time steps that you want to export.

Select Time Steps H
Time Steps to Generate
i [s] ~
O 0 0.000
O 1 0.010
O 2 0.020
O 3 0.030
O 4 0.040
¥ 5 0.050
i 6 0.060
O 7 0.070
O 8 0.080
O 9 0.0%0
¥ 10 0.100
O 1 0.110
O 12 0.120
O 13 0.130
O 14 0.140
¥ 15 0.150
O 16 0.160
O 17 0.170
O 18 0.180
O 19 0.1%0
i 20 0.200
O 21 0.210
[ 2 0.220 v
JE| [
Cancel

Figure 2.24: Dialog box to choose time steps for the load case export in the time history analysis.

A result combination (RC) as a result envelope with maximum and minimum values of all time
steps is generated when you select create result combination.

Structural Damping

In RF-DYNAM Pro structural viscose damping is available, this can be entered using the Rayleigh
coefficients o and j3, or using the Lehr's damping values D,. The Lehr's damping value can be
equal or different for each mode of the system. The Damping tab is shown in Figure 2.25.

With the Rayleigh coefficients, the damping matrix C is defined as
C=aM+ pK (2.12)

using the factors o and 3. The Rayleigh damping coefficients are used for direct integration
where a damping matrix C is required, which does not need to be a diagonal matrix. For more
information and the pro and cons of the Rayleigh damping see for example [10].

The Lehr's damping values D, are used for the modal analysis where the structure is decoupled in
its single eigenvalues. Here the damping matrix C is a diagonal matrix. The Lehr's damping values
are defined for each single mode 7 as a factor between the existing and the critical damping as
follows:

D= (2.13)
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LC No. Dynamic Load Case Description To Solve
2 Time History Analysis - Accelerogram Y]

General | Time History Analysis = Damping

Type Lehr's Damping Measure
— Mode Damping
R hd.
@S No. D{ T
@ 3| [radis] 1 0.050
B 3| [sirad] 2 0.050
3 0.050
- 4 0.050
(_J Lehr's damping 5 0.050
D = S 6 0.010
7 0.010
= . e . 8 0.010
(@) Lehr's damping differentially for each mode. .. 9 0010
10 0.010
11 0.010
12 0.010
13 0.010
14 0.010
15 0.010
O |w| X%

Figure 2.25: Module window Dynamic Load Cases with the Damping tab open.

where ¢, are the entries in the diagonal damping matrix, m, are the modal masses and w;, the
angular frequencies of the system.

RF-DYNAM Pro is internally converting the damping values depending on the method of analysis.
For the conversion the following system of equation is solved for two independent frequencies of
the system:

p =1 (3 + ,BwT) (2.14)
2 \w,

I]g When direct integration is employed for the time history analysis (set in General Data, see Fig-
ure 2.19), Lehr's damping values can only be entered for the first two modes of the system. This
is due to the internal conversion to Rayleigh coefficients (Equation 2.14). When only one Lehr's
damping value is provided or only one eigenvalue is calculated in the natural vibration cases
(NVCs) the coefficient 3 is set to zero and Equation 2.14 is used to calculate «.

2.8.3 Time History Analysis of Time Diagrams

A time history analysis of time diagrams is performed when the corresponding radio button in
Figure 2.19 is selected; this is only available in RF-DYNAM Pro - Forced Vibrations.

The corresponding sub-tabs when performing a time history analysis of time diagrams are called
General, Time History Analysis and Damping. The Time History Analysis tab is illustrated in Figure 2.26.
It looks slightly different to the Time History Analysis tab associated to accelerograms. Here, any
point of the system can be excited in any direction by the defined time diagrams, not only supports.

Modal Analysis versus Direct Integration

In the General tab (see Figure 2.19) you can choose between the modal analysis and the direct
integration. The solvers are identical to those used for the time history analysis of accelerograms;
the details were provided in Section 2.8.2.

| W oDlubal Software GmbH 2015

EEE
33



.
—— 2 Input Data 2
Dlubal p
RF-DYNAM Pro Input Data
File Settings Help
General | Mass Cases | Mass Combinations | Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams =~ Dynamic Load Cases
Existing Dynamic Load Cases DLC No. Dynamic Load Case Description To Solve
DLC1  [Response Spectra Analysis E Time History Analysis - Time Diagram v
DLC2 | Time History Analysis - Accelerogram
Time History Analysis - Time Diagram General Time History Analysis | Damping
DLC4 Equivalent Static Forces Loading - Time Diagram Sets
H Load Case Multiplier Time diagram Muttiplier
1 EEE LC1] Sef-Weight 1.000 |~ TOD1] Trangular Load 1.000
2 [EEA LC2|Imposed Load. top level 1.000 |~ TD2| Periodic Load 1.000
Integration Parameters To Generate
() Automatically according to time diagram Results of selected time steps in load cases / results
® Manualy combination (envelope)
Select time steps...
Time step Maximum time s =
At 0.0100 (3 [5] trmax 10.0000 -3 [s] Generate load cases
Mumber of first generated load =
case: 0E
Load case type:
IEMPermanent v
Activate
[[] nitial deformations from load case: Create result combination
ML C1 - Self-Weight MNumber of first generated result
. = combination: 30 5
=] HE L
=] .
D o Details Check OK & Calaulate oK Cancel

Figure 2.26: Module window Dynamic Load Cases with the Time History Analysis (Time Diagrams) tab
open.

Loading - Time Diagram Sets

Load cases defined in the main program RFEM are combined with Time Diagrams defined earlier
(see Section 2.7) to Loading - Time Diagram Sets. In the table, choose a load case and a time diagram
to define the excitation of your structure. You can apply factors for both the load case and the
time diagram.

l]g Static load cases are mandatory when performing a time history analysis of time diagrams. The
static load case defines the magnitude, direction and positions of the excitation. Nodal, line,
surface, free or generated loads can be combined with a function varying over time.

You can combine many of such Loading - Time Diagram Sets by filling more rows in the table as
shown in Figure 2.26. This is required to simulate an excitation that is varying in time but also
changing its position, i.e. pedestrian walking on a bridge.

Integration Parameters

RF-DYNAM Pro can choose the time steps automatically according to the assigned time diagram.
For harmonic time diagrams the maximum timeis setto ¢, .. = 10 - 27 /w which is ten times the
period length. For transient time diagrams the maximum time is overtaken from the user-defined
time diagram. When the automatic settings do not suit, you can define time steps and maximum
time manually. Results for each single time step are produced.

Initial Deformations

By activating Initial deformations from load case you can import initial conditions directly from a
load case; these are the conditions at time step ¢ = 0 sec.
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Diubal 2 Input Data 2

Export of Load Cases and Result Combinations

You can export load cases for single time steps by activating Generate load cases. Choose the load
case type from the drop down list below.

You can select the time steps that you want to export by choosing from the list shown in Figure 2.24
on page 32.

Result combinations (RCs) as a result envelope with maximum and minimum values of all time
steps is generated when you select Create result combination.

Structural Damping

The settings for structural damping were discussed in detail in Section 2.8.2 and are the same for
the time history analysis of time diagrams.

2.8.4 Equivalent Load Analysis

The equivalent load analysis is performed when the corresponding radio button in Figure 2.19
is selected; this belongs to the add-on module RF-DYNAM Pro - Equivalent Loads. The equivalent
load analysis in RF-DYNAM Pro is based on the multi-modal response spectra analysis. The main
differences to the Response Spectra Analysis in the add-on module RF-DYNAM Pro - Forced Vibrations
(described in Section 2.8.1) are listed below:

e Load cases with equivalent loads are exported to RFEM separate for each mode and each
excitation direction

The calculation of load cases is done in the main program RFEM

Accidental torsional actions can be considered automatically

Base shear forces can be easily evaluated separate for each mode

The modal responses are combined with the SRSS rule using a preserve sign option[11]

Result combinations are produced separately for each excitation direction (combined modal
responses) and for the combination of results from different excitation directions

The results are reproducible step by step

e All supports are excited identically (no multi-point option)

The corresponding sub-tabs when performing an equivalent load analysis are called General, Equiv-
alent Force Analysis and Mode Shapes. The Equivalent Force Analysis tab is illustrated in Figure 2.27.

Assign Response Spectrum

In each direction a different response spectrum can be assigned, at least one of the directions
must be selected. The available response spectra have to be chosen from the drop-down menu.
The multiplier factor can be adjusted independently for each direction.

Rotate ax and a The excitation direction can be rotated in the X-Y plane about the Z-axis. So for example, when
about 2 your response spectra shall excite the structure 45° rotated about the Z-axis, activate only the
o 0.00 =17 X -direction with your response spectra chosen from the drop-down menu and enter o = 45°.

Accidental Torsional Actions

i RF-DYNAM Pro considers accidental torsion actions automatically when you select the check box
and enter the eccentricities ey and ey. This is regulated for example in EC8 Section 4.3.2 and
4.3.3.3.3 [1] and is similarly regulated in other international building standards. The eccentricities
e and ey define how far the center of mass shall be considered as being displaced, to account
for uncertainties in the location of masses.

8x.: 0.700

4k 4F

ey : 0.250 [m]
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RF-DYNAM Pro Input Data

File Settings Help

General | Mass Cases | Mass Combinations | Natural Vibration Cases | Response Spectra | Accelerograms | Time Diagrams | Dynamic Load Cases

Existing Dynamic Load Cases DLE Mo Dynamic Load Case Description To Solve
DLC1  |Response Spectra Analysis 4 Equivalent Static Forces v
pLcz Time History Analysis - Accelerogram
oLc3 Time History Analysis - Time Diagram General | Equivalent Force Analysis | Mode Shapes
Equivalent Static Forces Assign Response Spectrum
Direction Response spectrum: Factor Rotate ax and av
X: ElRS1 - EN1998-1 CEN Horizontal Design Spectrum v 1,000 & aboutZ
= o 0.0000 -5 [ra
i [ElRs1 - EN1998-1 CEN Horizontal Design Spectrum v 1.000 5 frad]
Z5 BlRS?2 - EN1993-1 CEN Vertical Design Spectrum v 1.000 5
Settings To Generate
Consider acddental torsional actions: Load cases with Ex,i/Ev,i [Ezifrom all modal
Eccentridty  ex 700.0 12 fmm] shapes
- Number of first generated load
ey 250.0 [ [mm] case: 100 (5
Create result combinations
Number of first generated result
combination: 100 |5
Combination of directional components with:
() Quadratic (SRSS)
(®) 100 /30 %
(7) 100 /40 %
== 2| |Bx | |3g K
@ @@ | Detis Chedk OK & Calaulate Cancel

Figure 2.27: Module window Dynamic Load Cases with the Equivalent Force Analysis tab open.

I@ When you export load cases with generated equivalent loads, two LCs are generated for each
mode shape and each direction. One with positive torsional moments, and the other one with
negative torsional moments. RF-DYNAM Pro creates an alternative combination of those two LCs.

Combination Rules

In the add-on module RF-DYNAM Pro - Equivalent Loads the SRSS rule is available to combine the
different modal responses. In the To Generate frame you select the RCs to be exported. The modal
responses of the structure and results from different excitation directions are combined.

The modal responses are combined using the Square Root of the Sum of the Squares (SRSS) rule.
Maximum results are combined and the signs are lost in the standard form of the SRSS rule. The
results R are combined with the SRSS rule as follows,

Rypgs = \/R12+R§ + ..+ R? (2.15)

where R, are the contributions resulting from p modes of the structure.

In RF-DYNAM Pro - Equivalent Loads a modified form of the SRSS rule is used in order to preserve
the signs. This modified SRSS rule was first published by Katz [11] and is defined as follows:

p
Rgpss = Z fi R, with f, = —— (2.16)
=1

Using this formula the result combinations are consistent in itself. The corresponding internal
forces are getting smaller.

The internal forces resulting from different excitation directions can be combined quadratically
with the SRSS rule, or using the 100% / 30% (40%) rule as known from EN 1998-1 Section 4.3.3.5
[1]. The SRSS rule is applied as defined in Equation 2.15 but now ¢ = 1..p are the excitation
directions X,Y and Z.
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Export of Load Cases and Result Combinations

When you select the load cases check box, load cases are exported to RFEM separately for each
mode and separately for each excitation direction. When you select create result combinations
several result combinations are automatically generated.

e RCs containing the modal response combination (SRSS) separately for each direction.
e RCs combining the results in the different excitation directions. One RC is generated for the
SRSS rule, but a maximum of three RCs are generated for the 100% / 30% (40%) rule.
Mode Shape Selection

RF-DYNAM Pro - Equivalent Loads provides a multi-modal response spectra analysis, you can select
as many modes as important for the analysis. The Mode Shape tab and the settings in there were
discussed in detail in Section 2.8.1 and are the same for the equivalent load analysis.

2.9 Global settings in the Details dialog box

The Details dialog box can be accessed by pressing the button [Details]. You can also reach this
by Settings — Details. You can set global parameters in this dialog box that are valid for the

overall dynamic calculation independent of any defined cases within the module. The dialog box
is shown in Figure 2.28.

Details

Mass Conversion Type Minimum Axial Strain for Cables and Membranes
(@) Z-components of loads Activate
() Z-components of loads (in direction of gravity) Emin : 0.00001 5| [

() Full loads as mass )
(@) Use gmin if it iz bigger than £ in LC/CO

() Always use Emin

Instability Detection
[ Change standard settings

Tolerance for detection of instability: 0.01 3
Acceleration of Gravity
g: 10,000 | [mis?] Equivalent Loads

Do not display generated equivalent loads when the -
10000 =

Display of Response Spectra number of generated loads exceeds:
[ Display response spectra in logarithmic scale Maximum number of generated equivalent loads: 99995 =

" Care

Figure 2.28: The Details dialog box to adjust global parameters for the RF-DYNAM Pro module.

Mass Conversion Type

In Section 2.2 the mass import from load cases was explained. You can modify which loads are
imported by switching between the radio buttons shown in Figure 2.28. You can import only
the Z-components of loads in both global Z-directions, or in the direction of gravity only. The
third option imports full loads regardless their direction. Masses behave differently than loads.
You have to consider them as a mass point not as a load acting in a specific direction. So, when
different loads are acting on one FE-node they are added together.

Pesitive Orientation of Global Z-2xi=  The direction of gravity is defined in the direction of the global Z-axis when the positive orientation
Sl . is defined downwards, and is defined against the direction of the global Z-axis when the positive

(®) Downward
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orientation is defined upwards. The settings shown on the left can be found in the Edit — Model
Data — General Data.

Acceleration of Gravity

You can change the acceleration of gravity g [m/s?]. The default value setis g = 10 m/s? as
used also in the main program RFEM.

Display Response Spectra

You can change the display of the response spectra shown in the graphic in Figure 2.8 and 2.22.
The default display uses a linear x-axis, but you can change this to a logarithmic scale by activating
the check box.

Minimal Axial Strain for Cables and Membranes

For this special type of members a minimum axial strain is required. When this limit is set too
small, the eigenvalues achieved are not realistic and only local mode shapes are determined. The
default value is reasonable in most of the cases. For more details about cables have a look at the
RFEM manual Section 4.17.

Instability Detection

The stability of a system can be analyzed, the default value in RF-DYNAM Pro is set to 0.01, which
means a very sensitive detection of instability and an early break-off limit. Please see RFEM manual
Section 7.3.3 for further details.

Equivalent Loads

As discussed in Section 2.8.4 load cases are exported containing the generated equivalent loads.
Loads can only be viewed in the graphic when less than 10000 loads are produced. You can
change this value here in the Details dialog box but note that the process of displaying more than
10000 is very slow. The maximum number of loads that RFEM can produce and export to LCs is
99999. As equivalent loads are generated on each FE-node you can only get a full set of equivalent
loads when your structure has less than 99999 FE-nodes. When your structure has more FE-nodes,
the smallest equivalent loads are neglected, and only 99999 loads are produced. You can adjust
the maximum number of generated equivalent loads in the Details dialogue.
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2.10 Units and Decimal Places

dialog box is shown in Figure 2.29.

You can access the Units and Decimal Places dialog box with the button shown on the left; the

Units and Decimal Places

Program / Module

- RF-STEEL NER

- RF-ALUMINIUM

- RF-KAPPA

- RF-LTB

- RF-FE-LTE

- RF-EL-PL

- RFC-TO-T

- PLATE-BUCKLING

- RF-CONCRETE Surfac
- RF-CONCRETE Memb:
- RF-CONCRETE Columi
- RF-PLUNCH

- RF-TIMBER Pra

- RF-TIMEER AWC

- RF-TIMBER C5A

- RF-TIMBER NER

- RF-TIMBER

- RF-DYMNAM

- RF-JOINTS

- RF-END-PLATE

- RF-CONMNECT

- RF-FRAME-JOINT Pro
- RF-DSTV

- RF-DOWEL

- RF-HSS

- RF-FOUNDATION

- RF-FOUNDATION Pro
- RF-STABILITY

W

Input Data | Results

Masses

Masses:

Mass moment of inertia:

Line/member masses:
Surface masses:

Solid masses:

Other

Factors:
Eccentricities:
Damping coefficients:
Percents:

Dynamic Loads
Lnit Dec. places
L -
QEI Frequencies:
ZEI Rotations:
Factors:
B 3
=
_ 35
% 2]

&

0K

| Cancel |

Figure 2.29: The Units and Decimal Places dialog box is illustrated where the units and decimal places of
the RF-DYNAM Pro input data can be adjusted.

Search for the add-on module RF-DYNAM Pro in the list of modules. The Input Data tab is open
and units can be chosen from the drop-down menus and decimal places can be adjusted.
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Iy

Ok & Calculate

Existing Natural Vibration Cases

NVC1 Self Weight

Calculate

NVC3 5
NVC4 El

Delete Results
Delete

Set "To Solve'

Set 'Not To Solve'

|

3 Calculation

3.1 Check
Before starting the calculation you can check the input data without closing the add-on module.
To do this, click [Check] in the bottom part of the module.

The module shows the Input Data Verification dialog box displaying any warning and error mes-
sages. When no errors where found the message no consistency errors found is displayed.

Input Data Verification

DLC 1 will be skipped due to the following errors:
..-DLC 1: No direction is selected.
DLC 3 will be skipped due to the following errors:
L.-DLC 3: Maximum time should be at least twice as large as the time ste

< >

Close

Figure 3.1: Input Data Verification dialog box with warning and error messages.

When you click [OK & Calculate] the check is also performed. When errors occur, the Input Data
Verification dialog box is shown and you can decide whether you want to perform or cancel the
calculation.

3.2 Start Calculation

To start the calculation, click the [OK & Calculate] button. Calculated are only the cases (NVCs and
DLCs) where no results are available, and which are selected to be solved (To Solve check box). The
add-on module closes once the calculation is finished.

To start the calculation of single natural vibration cases (NVCs) or dynamic load cases (DLCs) you
can right-click on the specific case and press Calculate. Only the selected case within RF-DYNAM
Pro is calculated. Once the calculation is finished the module stays open, the color of the selected
case changes from grey to green. When you select to calculate a DLC then also the assigned NVC
is calculated.

You can also start the calculation in the RFEM user interface. To calculate the RF-DYNAM Pro case
directly, select it from the list in the RFEM toolbar shown in Figure 3.2. Click the [Show Results]
button to perform the calculation. Calculated are only the cases (NVCs and DLCs) where no results
are available, and which are selected to be solved (To Solve check box).

RF-DYMAM Prao M T
- -t Emah Y- BRAAGH Ty

Figure 3.2: Direct calculation of an RF-DYNAM Pro case in RFEM

The To Calculate dialog box (Calculate — To Calculate) lists the add-on module cases as well as
load cases and load combinations. This is shown in Figure 3.3.
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3 Calculation

Dlubal
To Calculate
Load Cases / Combinations / Module Cases ‘ Result Tables |
Not Calculated Selected for Calculation
No Description o No Description =1
EE LC1 Seff-Weight CA1 RF-D'YNAM Fro -
Lc2 Imposed Load, top level
LC3  |Imposed Load. bottom level
5 =

Figure 3.3: Dialog box To Calculate

You can filter the available cases with the drop-down menu shown on the left.
LC Load Cases To transfer the selected RF-DYNAM Pro case to the list on the right, use the or E] button.
€O Load Combinations . .
Piping Combinations Click [OK] to start the calculation. Calculated are all cases (NVCs and DLCs) where no results are yet
RE. Hesut Combiations available, and which are selected to be solved (To Solve check box).

Once you started the calculation you can observe the analysis process in a separate dialog box
shown in Figure 3.4,

FE-Calculation... “

Running

|RFEM - Calculation by FEM

|RE-DYNAM - Dynamic Analysis

Partial Steps.
|RF‘DYN-“M - Dynamic Analysis Number of 30 Elemerts 0
- | Processing Input Data... MNumber of 2D Elements 160
- | Creating 30-Element Stiffness Matrices... Number of 10 Elements 540
- |Creating 2D-Element Stiffness Matrices... Number of Nodes 628
. [Cregting 1D-Element Stfrass Matrices. Number of Equations 3768
i ina Glabal St N Number of Eigenvalues 100
~ | Subspace teration...
~ | Sturm Sequence Check...
i~ | Determining Intemal Forces...
| Detemining 1D-Element Intemal Forces...
|
_-.- Q | Graph

Figure 3.4: Process of the RF-DYNAM Pro calculation.
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i 3 Calculation 3

3.3 Availability of the results

The deletion and calculation process in RF-DYNAM Pro is differentiated. Cases like natural vibration
cases (NVCs) and dynamic load cases (DLCs) can be calculated separately, and also the results can
deleted separately by using the context menu (right click on the specific case). The context menu
also offers to delete the case, set the case To Solve or Not to solve.

The color of a case is grey when no results are available. The color of a case is green when results
are available, then also the exported LCs and RCs do exist. Exported RCs and LCs are tight to the
results, and are deleted as soon as the results of a case are deleted.

Results of a specific case are deleted, when

you use the context menu to delete the results
something is changed in the NVCs or DLCs within RF-DYNAM Pro

assigned mass cases (MCs), mass combinations (MCOs), natural vibration cases (NVCs), re-
sponse spectra (RSs), accelerograms (ACs) or time diagrams (TDs) change

assigned load cases LCs, load combinations COs that are defined in RFEM change

exported LCs or RCs are deleted that belong to the DLC

Results of a specific case are not deleted, when

only the description of the case is modified

in NVCs the scaling of mode shapes is altered
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Dlubal
The results of RF-DYNAM Pro are embedded in the main program RFEM. The general interpretation
of the results is described in Chapter 8 and Chapter 9 of the RFEM manual.
In Figure 4.1 the main program RFEM is shown. The results of a Natural Vibration Case are displayed,
the first mode shape is illustrated and the natural frequencies are listed in the table.
F™ File Edit View [nsert Calculate Results Jools Table Options Add-on Modules Window Help =
NEPPLERBR o FQDFE S (B[ % womme D 2 el e HERER MOAXEBE BELL
“ Y KU Rk Rk e B @GR D IAREY REAOF KA G- L (Me ZeTrsn-iE (B2 N
I S e s
O ux 1.00000
OF uy 0.90909
O uz 081818
O ox 072727
O ov 0.63636
O oz 054545
2 sections 0.45455
E ngms on Surfaces :%
-0 ) Specific :;g:n;mw
R et e st s o
© %) On FE mesh points o -
B e o & G
[ 2 Transparent RF-DYNAM Pro
T -
M ur 1.00000, Wi s 0.00000 - S
3.1 Natural Frequencies o %
[ & [EEE B 9|E | = 2| nei-selt weight « Imposed Loa © < > | Mode Shape 1 {f: 1.101 Hz) o2 n | R P e e
A 1 E C 1] E ~
Mode Eigenvalue Angular Frequency Natural frequency Natural period
%[142] @ [rad/s] f[Hz] TEl
1 17883 6316 01 508
60.299 7765 236 809
105217 258 633
150.968 287 .956
150974 287 956
150976 287 956
156.875 525 .993 502
189.480 765 191 456
218376 78 352 425
il 278.057 675 654 377
11 278.091 676 654 an 4
o Fooy v [ Netural Frequencies [Mode Shapes by Node | Mode Shapes by Member | Mode Shapes by Surface | Mode Shapes by Mesh Node | Masses in Mesh Points | Effective Modal Mass Factors |
Figure 4.1: Results of an Natural Vibration Case in the main program RFEM.
The Display Navigator and Results Navigator are discussed in Section 3.4.3, the Tables in Section
3.4.4 and the Control Panel in Section 3.4.6 in the RFEM manual. Here in the RF-DYNAM Pro
manual only the newly available results are discussed.
|E| You can access all the relevant result tables of your dynamic analysis with the button [Dynamic
Analysis].
|| Each of the result tables discussed in this chapter can be exported to Excel. The values within the
tables are saved as strings, so only the number of decimal places that are displayed are exported.
When you need a higher accuracy you have to adjust the decimal places in the Unit and Decimal
Places dialog box accessible with the button.
NVCT - Self Weight + Imposed Loac| With the drop-down menu you can switch between the available Natural Vibration Cases and the

- Seff Weight + Imposed Load: . . .
" Response Spectra Analyis Dynamic Load Cases. You can also switch between the cases using the| € |and | & |buttons. The

available result tables depend on this choice. This is clarified in the following sections.

- Equivalent Static Forces

The graphic in the work area of RFEM is also updated according to this choice. All results which
are usually available in RFEM are accessible in the same way for the RF-DYNAM Pro results. The
interaction between tables and graphic is working as usually in RFEM.
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Mode Shape 1 (f: 1,101 Hz} ~

>

4.1 Natural Vibration Cases

The result tables that belong to Natural Vibration Cases are available when an NVC case is chosen
in the drop-down menu. The result tables 5.1 to 5.7 belong to the Natural Vibration Cases. These
results are always available; they belong to the module RF-DYNAM Pro - Natural Vibrations. The
input data required for Natural Vibration Cases were discussed in Section 2.4.

You can switch between the several available mode shapes in the graphic by using the drop-down
menu shown on the left, or by using | € |and | & | buttons. The maximum deformation displayed
in the graphic depends on the scaling option; this was discussed in Section 2.4.4.

Table 5.1 Natural Frequencies

Table 5.1 provides the natural frequencies of the undamped system, the result table is shown in
Figure 4.2.

5.1 Natural Frequencies

FEEEE 9 €| =4 nvci-sefweight + imposed Loat = < > | Mode Shape 1(f: 1,101 Hz) MR- RSN o 1R S
A B C D
Mode Eigenvalus Angular Frequency Matural frequency Natural period

No 2[1/52] @ rad/s] f [Hz] T[]

47833 6916 1.101 0308

2 60.255 7.765 1.236 0.809

3 105217 10.258 1633 0613

4 150.968 12287 1.956 0511

5 150974 12287 1.956 0511

6 150.976 12287 1.956 0511

7 156.875 12525 1.993 0.502

8 189.480 13.765 219 0.456

9 218.376 14778 2352 0.425

10 278.057 16675 2654 0377

11 278.091 16,676 2654 0377

12 279.387 16.715 2660 0.376

i3] 288.546 16.987 2704 0.370

14 310.798 17.62% 2.806 0.356

15 310.812 17.630 2.806 0.356

16 310.815 17.630 2.806 0.356

Natural Frequencies | Mode Shapes by Node |Mode Shapes by Member | Mode Shapes by Surface | Mode Shapes by Mesh Node | Masses in Mesh Points | Effective Modal Mass Factors |

Figure 4.2: Result Table 5.1: Natural frequencies with eigenvalues A [1/52], angular frequencies
w [rad/s], natural frequencies f [Hz], and natural period T [s].

The equation of motion of a multi-degree of freedom without damping is solved with the four
available eigenvalue solvers discussed in Section 2.4.5. Further theoretical details can be found in
Bathe [6] or Tedesco [9] for example. The equation of motion is defined with

Mia+Ku=0 4.1)
where M is the mass matrix discussed in Section 2.4.3, K the stiffness matrix, and u the mode
shapes containing translational and rotational parts

T
u = (Ux,Uy Uy, x,PyP7) (4.2)

The eigenvalue A [1/5°] is connected to the angular frequency w [1/s] with \; = w?. The natural
frequency f [H z] is then derived with f = w/2m, and the natural period 7" [s] is the reciprocal of
the frequency obtained with T = 1/ f.

For a multi-degree of freedom (MDOF) system several eigenvalues A; and corresponding mode
shapes u; exist for each mode 3.

Table 5.2 - 5.5 Mode Shapes

Each frequency of the system has a corresponding mode shape. These mode shapes are illustrated
graphically in the work area of RFEM. You can use the drop-down menu to switch between the
mode shapes; this was discussed above.

All mode shapes are tabulated in Tables 5.2, 5.3, 5.4 and 5.5. The difference in those tables are the
way how the values are sorted. In Table 5.2 the standardized displacements u y, uy-, and u, and
rotations ¢ y, ¢y, and ¢, are sorted by nodes; this table is illustrated in Figure 4.3.
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5.2 Mode Shapes by Node

[ EE| B3 | 9|€ | =2 nvci-sef weight  Imposed Loac = < > | Mode Shape 1(f: 1.101 Hz) T4 3| | OB
E I C | D E | F | G H
Standardized Displacements Standardized Rotations

ux[] uy [] uz [ e [1/m] oy [1/m] oz [1/m]

0.00179 0.44155 0.00138 0.00525 0.00036 0.00074

0.00313 052172 0.00156 -0.00580 40.00020 0.00032
0.00156 0.11012 0.00026 -0.00087 0.00005 0.00036
0.00000 0.00000 0.00000 -0.00001 0.00001 0.00000

-0.00001 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00014 0.00000 0.00000 0.00000 0.00000

0.00598 0.04570 0.00010 0.00104 0.00023 0.00210
0.00010 -0.00519 0.00005 -0.00033 -0.00005 0.00014
0.00000 0.00000 0.00000 0.00001 -0.00001 0.00000
0.00000 0.00000 0.00000 -0.00001 0.00001 0.00000
0.00147 0.00410 -0.00013 0.00140 0.00023 0.00018
0.00277 0.00872 -0.00010 0.00074 0.00013 0.00090
0.00000 -0.00001 0.00000 0.00000 0.00000 0.00000
0.00000 -0.00002 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Natural Frequencies | Mode Shapes by Node [Mode Shapes by Member | Mode Shapes by Surface | Mode Shapes by Mesh Node | Masses in Mesh Points | Effective Modal Mass Factors |

Figure 4.3: Result Table 5.2: Mode Shapes sorted by nodes. The standardized displacements u x, vy,
and u and the standardized rotations ¢ y, ¢y, and ¢ are provided.

Table 5.3 lists the values sorted by members, Table 5.4 sorted by surfaces, and Table 5.5 sorted by
mesh points. When no surfaces are available in the model Table 5.4 does not exist.

The maximum value of u and ¢ is dependent on the chosen scaling option discussed in Sec-
tion 2.4.4. The standardized displacements u are dimensionless, and the standardized rotations ¢
are given in 1/m. These units result from the scaling procedure.

Table 5.6 Masses in Mesh Points

Depending on the imported masses (see Section 2.2), on the settings in the Details dialog box
(see Section 2.9), and on the final assigned Mass Case or Mass Combination (see Section 2.4.2)
the masses in mesh points are calculated. Provided here are only the masses in the translational
directions m y, my-, and m . The sum of the masses is provided at the bottom of the table. The
table is shown in Figure 4.4, Beside that the positions of the mesh points in the global coordinate
system are listed.

5.6 Masses in Mesh Points

= E=2E F| € || = 7| NVC1-Seif Weight = Imposed Loac © < > | Mode Shape 1 {f: 1.101 H) 9> | e e m

B C I D | E F I G | H

Mesh Location Mass
FE No Xim] Y im] Ziml mx kgl m kgl mz kgl

97 14.000 5.000 -4.500 2524 2524 2524
615 | Member 97 14.000 5.000 -5.000 2524 2524 2524
616 | Member 97 14.000 5.000 -5.500 2524 2524 2524
617 | Member 97 14.000 5.000 -6.000 2524 2524 2524
618 | Member 97 14.000 5.000 -6.500 2524 2524 2524
619 | Member 97 14.000 5.000 -7.000 2524 2524 2524
620 | Member 97 14.000 5.000 -7.500 2524 2524 2524
621 | Suface 1 2500 3.000 -8.000 131.25 131.25 131.25
622 | Member 98 14.000 5.000 -0.500 100.24 100.24 100.24
623 | Member 98 14.000 5.000 -1.000 100.24 100.24 100.24
624 | Member 98 14.000 5.000 -1.500 10024 10024 10024
625 | Member 98 14.000 5.000 -2.000 10024 10024 10024
626 | Member 98 14.000 5.000 -2.500 10024 10024 10024
627 | Member 98 14.000 5.000 -3.000 10024 10024 10024
628 | Member 98 14.000 5.000 -3.500 100.24 100.24 100.24
Sum 47207.20 47207.20 4720720

Natural Frequencies lMode Shapes by Node lMode Shapes by Member 1 Mode Shapes by Surface 1 Mode Shapes by Mesh Node l Masses in Mesh Points lﬁeﬁive Modal Mass Factors j

Figure 4.4: Result Table 5.6: The masses in the translational directions m x, my-, and m , determined for
each mesh point are listed. The sum of the masses is provided at the bottom of the table.

Table 5.7 Effective Modal Mass Factors

The Table 5.7 provides modal masses M, effective modal masses m,_, and effective modal mass
factors f,,,.; the table is illustrated in Figure 4.5. The effective modal masses describe how much
mass is activated by each eigenmode of the system in each direction.
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5.7 Effective Modal Mass Factors
FEEEE B |9 | =4 nvar-sefweight < Imposed Loa © < > | Mode Shape 83 (f : 15.477 Hz) Q> | R FOE
E | C [ D | E [ F | G H | [ J
Mode Modal Mass Hfective Modal Mass Efective Modal Mass Factor
Ne. Mi fkal mex ka] mey gl mezfkg] | mgxkam?] | mgvhkam?] | mozfkam?] | FmexH fmev [ Fmez [
il 491.48 0.00 0.00 0.09 0.12 025 402.32 0.000 0.000 0.000
[7] 1862.31 0.00 0.24 1.40 1.53 14.94 14527.43 0.000 0.000 0.000
ﬁ 184552 324 000 37246 001| 1358361 544 0.000 0.000 0.008
24 1029.01 10.92 0.00 7.28 0.07 17.56 0.34 0.000 0.000 0.000
85 1382.04 0.00 0.00 0.00 0.09 0.15 158.74 0.000 0.000 0.000
86 1102.82 133.51 0.00 3244 041 190.96 0.60 0.003 0.000 0.001
87 2360.85 0.06 0.26 0.01 130,14 11.35 2388.56 0.000 0.000 0.000
28 1285.42 0.00 0.00 0.65 0.05 8.88 0.25 0.000 0.000 0.000
29 218438 0.00 0.00 0.00 0.02 0.00 0.05 0.000 0.000 0.000
50 1287.77 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000
Ell 667.67 0.00 0.64 0.03 107.36 0.89 8248 0.000 0.000 0.000
52 2929.33 0.02 0.32 0.25 251 214 155.61 0.000 0.000 0.000
593 630.92 17.84 0.00 181.84 873.86 135.18 77362 0.000 0.000 0.004
54 467.07 0.00 0.00 0.00 0.00 0.02 0.00 0.000 0.000 0.000
95 102.73 0.04 0.00 0.02 0.3 0.06 049 0.000 0.000 0.000
96 108.13 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000
57 130.58 0.03 167 425 §7.55 338 0.59 0.000 0.000 0.000
58 121.56 0.00 14.39 0.30 490.84 1.89 453 0.000 0.000 0.000
59 82842 60.31 0.60 283.60 95.66 3203.17 874 0.001 0.000 0.006
100 868.33 063 254 244 208.11 0.03 129.15 0.000 0.000 0.000
Sum 181556.71 46143.19 45805.01 33644.82 | 24358861 703156.94 | 1008942.92 0.985 0978 0718
Natural Frequencies 1Mada Shapes by Node lMode Shapes by Member lMode Shapes by Suface LMode Shapes by Mesh Node LMasses in Mesh Points l Effective Modal Mass Factors

Figure 4.5: Result Table 5.7: Modal masses M, effective modal masses in the translational directions
Mex, Mey s and m, z, and around the global axis m, x, My, and m,,  are listed. Also provided are the
effective modal mass factors f,,,. x, finey:and frcz-

The modal mass is defined with

M, = uiT ‘M- u, (4.3)
where u, is the eigenvector of a single mode ¢ as defined in Equation 4.2, and M is the mass
matrix discussed in Section 2.4.3. The modal mass M, is independent of direction. The modal

mass changes depending on the scaling option chosen for the mode shapes (see Section 2.4.4);
when the option ufMui =1 kg is chosen all modal masses are M, = 1 kg.

The effective modal masses mf;f provide the masses that are accelerated in the j-direction, where
j = 1,2,3 for translations and j = 4,5,6 for rotations, separately for each mode i. Those masses
are independent of the scaling option for mode shapes, and directly related to the participation
factors I .

I.=—uMT, (4.4)

where T'; is the 5™ column in matrix T

1 0 0 0 (Z—-2,) —(Y =Y
01 0 —(Z—-2)) 0 (X —X,)
001 (Y-Y,) —-(X-X) 0

T — 0 0 4.
0 0 O 1 0 0 (4.5)
0 0 0 0 1 0
10 0 O 0 0 1 ]

with X, Y and Z being the global coordinates of the considered FE-node provided in Table 5.6
(see Figure 4.4), and X, Y, and Z,, being the center of total mass provided in the Mass Cases
— General tab in RF-DYNAM Pro (see Section 2.2). This matrix T exists for each FE-node. The
definition of the participation factors defining also the rotational degrees of freedom is detailed
in [12]in Section 15.7.5. The participation factor I’} ; is dimensionless for translations and has the
unit [m] for rotations.
The effective modal masses are defined with

met = M; -T2 (4.6)

where the effective masses for translations m_ y, m.y-, and m_ , are provided in kg and for rota-
tions m,y, My, and m,, , in kgm?.

I]g The sum of the effective modal masses Z m, is provided in Table 5.7 (see Figure 4.5) and in the
translational directions these sums are equal to the total sum of the structure M, ,; (see Table
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X: RS 1EN1988-1 CEN Horizontal De[* € >
Dynamic Envelope: X 100% /Y 30% / Z 30%

Dynamic Envelope: X 30% /Y 100% 7 Z 30%
Dynamic Envelope: X 30% /Y 30% / Z 100%

X: RS 1 EN1598-1 CEN Horizontal Design Spectrum
Y: RS 1 EN1358-1 CEN Horizontal Design Spectrum
Z: RS 2 EN1998-1 CEN Vertical Design Spectrum

RF-DYNAM Pro Q>

LC1 - Seff-Weight

LC2 - Imposed Load, top level

LC3 - Imposed Load, bottom level

RC1 - DLC1, Result Envelope X 100% /Y 30% / Z 30%
RC2- DLC1. Result Envelope X 30% /Y 100% / Z 30%
RC3 - DLC1, Result Envelope X 30% /Y 30% / Z 100%

5.6 in Figure 4.4) beside masses that are not activated, i.e. masses in fixed supports, and assuming
that all eigenvalues of the system are calculated.

The effective modal mass factors f,,. are needed to decide whether or not a specific mode must
be taken into account for the response spectra analysis or the equivalent load analysis. The EN
1998-1 states in Section 4.3.3.3 that “the sum of the effective modal masses for the modes taken
into account” needs to be “at least 90% of the total mass of the structure” and that “all modes
with effective modal masses greater than 5% of the total mass” have to be taken into account [1].
The effective modal mass factors f,,,, are defined as follows:

Jme = Te 4.7)

> m
Further details about modal analysis can be found for example in the books written by Meskouris
etal. [13] and Tedesco etal. [9].

4.2 Dynamic Load Cases - Response Spectra Analysis

The result tables that belong to Response Spectrum Analysis Cases are available when the corre-
sponding DLC case is chosen in the drop-down menu. The result tables 5.11 to 5.16 belong to this
type of Dynamic Load Cases. The Response Spectrum Analysis belongs to the module RF-DYNAM
Pro - Forced Vibrations. The input data required for a response spectrum analysis were discussed
in Sections 2.5 and 2.8.1.

You can switch between results in the separate excitation directions X, Y and Z, and between
the combined results (SRSS or 100% / 30% rule) with the drop-down menu shown on the left. The
tabulated results and also the graphic in the work area of RFEM update according to your choice.

From a response spectrum analysis in the RF-DYNAM Pro - Forced Vibrations you get result combi-
nations only; this means the modal responses are combined with the SRSS or CQC rule according
to your choice. This is why maximum and minimum values are provided in all result tables.

When you selected the export of result combinations as discussed in Section 2.8.1, the RCs are
available in the drop-down list in the Toolbar in RFEM shown on the left. You have also access to the
RCs using Data Project Navigator — Load Cases and Combinations — Result Combinations
or from the Edit Load Cases and Combinations dialog box accessed with the | g% - button.

Table 5.11 and 5.12: Support Forces

The nodal support forces are provided in Table 5.11, shown in Figure 4.6. Similarly, the line support
forces are listed in Table 5.12. Maximum and minimum values are provided.

5.11 Modal Support Forces

[ EE B2 | 9|€ || = [ 4| DLCI-Response Spectra Analysis = < > | X RS1EN1998-1 CEN Horizontal De = & 5 | L[ 7 /0 B[] =)
B [ C [ D E [ F T G H
Node Support Forces Support Momerts

No Px kNI Py [kN] Pz kN] M3 [eNm] M+ [<Nm] Mz [kNm]
max 0727 0.051 3374 0.00 0.00 0.00
min 0727 0051 3374 0.00 0.00 0.00
3 man 0741 0.049 3453 0.00 0.00 0.00
min 0.741 0049 3453 0.00 0.00 0.00
9 max 70.132 0.068 88630 0.00 0.00 0.00
min -70.132 -0.068 -88.630 0.00 0.00 0.00
20 max 70.810 0.052 90.105 0.00 0.00 0.00
min -70.810 -0.052 -90.105 0.00 0.00 0.00
23 max 0.257 0.034 92143 0.00 0.00 0.00
mir -0.257 -0.034 -92.143 0.00 0.00 0.00
34 max 0.257 0.032 93.771 0.00 0.00 0.00
mir -0.257 -0.032 93.771 0.00 0.00 0.00
45 max 0.277 0.013 0411 0.00 0.00 0.00
min 0.277 0.013 -0.411 0.00 0.00 0.00
60 max 0.277 0.012 0475 0.00 0.00 0.00
min 0.277 0.012 -0.475 0.00 0.00 0.00

Nodal Support Forces [ Line Support Forces | Nodal Deformations | Member Intemal Forces | Surface Intemal Forces | Suface Basic Stresses |

Figure 4.6: Result Table 5.11: Maximum and minimum nodal support forces and moments in the three
directions X, Y and Z are listed.
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Table 5.13: Nodal Deformations

The nodal deformations are provided in Table 5.13 as shown in Figure 4.7. Maximum and minimum
values are provided.

5.13 Nodal Deformations

AEFEEAE

|3|E| == /|| DLC1-Response SpectraAnalysis = € > | Dynamic Envelope: X100%/¥30%/ = < > | oL 7 I“Eﬁl

B I [ D E I F [ G H
Mode Displacements Rotations
No. ux [mm] uy Jmm] uz [mm] x [mrad] @v [mrad] 0z [mrad]
min 0.0 0.0 0.0 4.0 0.0 0.0
24 max 0.0 175 02 0.1 0.0 00
min 0.0 -175 02 0.1 0.0 0.0
F max 0.0 125 06 0.1 0.0 00
min 0.0 -125 16 0.1 0.0 0.0
26 max 0.0 175 0.1 02 0.0 00
min 0.0 -175 0.1 02 0.0 0.0
Fij max 0.0 125 03 05 0.0 00
min 0.0 -125 03 05 0.0 0.0
28 max 0.0 175 0.1 02 0.0 00
Nodal Support Forces | Line Suppart Forces | Nodal Deformations | Member Intemal Forces | Surface Intemal Forces | Suface Basic Stresses |

Figure 4.7: Result Table 5.13: Maximum and minimum nodal displacements u y, 4y, 4z, and rotations
@ x, Py and ¢z are listed.

Table 5.14: Member Internal Forces

The internal forces of members are listed in Table 5.14 as shown in Figure 4.8. Maximum and
minimum values are provided.

5.14 Member Internal Forces

AEEEE =S

l:hlf'| 5= || DLCT-Response Spectra Analysis = @ > | DynamicErwelope: X100%/¥30%/ = @ » | pL| 7 A B (=] =
I

A B 5 8] E [ F [ G H
Member| At Point Of | Normal Force Shear Force Moments
No. NN] Ve [N] Vz [N] Mz [Nm] M- [Nm] Mz [Nm]
min N -39.035 -3.030 -75.863 0.01 -163.65 77
max N 39.035 3.030 75.863 0.01 163.65 77
min Wy -38.830 -3.174 -76.826 0.01 -27.50 071
max Wy 38.830 3.174 76.826 0.01 27.50 071
min ¥z -38.784 -3.152 -76.863 0.01 -65.74 -1.63
max Yz 38784 3.152 76.863 0.01 65.74 1.63
min Mx -38.917 -3.141 -76.579 -0.01 -49.56 323
maze Mx 38917 3141 76.579 0.01 45.56 323
min My -39.035 -3.030 -75.863 0.01 -163.65 777
maz My 39.035 3.030 75.863 0.01 163.65 777
min Mz -39.035 -3.030 -75.863 0.01 -163.65 177
max Mz 39.035 3.030 75.863 0.01 163.65 777
Nodal Support Forces | Line Support Forces | Nodal Di s | Member Intemal Forces | Surface Intemal Forces | Surface Basic Stresses |

Figure 4.8: Result Table 5.14: Maximum and minimum internal normal forces IV, shear forces V,, and V,
and moments M, My, and M 5 are listed.

Table 5.15 and 5.16: Surface Results

Table 5.15 provides the surface internal forces as shown in Figure 4.9. Maximum and minimum
values are provided together with point coordinates where the maximum or minimum value of
the specific internal force occurs.

5.15 Surface Internal Forces

[ [ =&

%IE‘ 5= | J | DLC1-Response Spectra Analysis  * & > | Dynamic Envelope: X 1008 /Y30%/ ~ < > L | P I\l;gl

B [ c [ D E | F [ G H | | J [ K [ L
At Point Of Foint Coordinate Moments Shear Forces Nomal Forces
X [m] Y [m] Z[m] mx[Nm/m] | myNm/m] | m [Nm/m] wx[Nm] vyNm] nx[Nm] ny{Nm] My [Nm]
min mx 0.000 -8.000 0.500 15.713 30.250 11.885 36.57 462.76 307 431.18 484.25
MK Mx 1.500 -4.000 2500 1929 9916 3716 438 12577 524 165.90 102.32
min My 0.000 -8.000 0.500 15713 30.250 11.885 36.57 46276 3071 43118 48425
max My 0.000 -8.000 0.000 3.455 1.847 11.889 199.50 178.66 55270 60024 190.25
N Mgy 0.000 -8.000 4.000 2132 18.799 12260 8454 9023 161.35 31.05 7548
M Moy 2.000 -4.000 1.500 6.508 12.766 1.180 3.08 443 60.72 123.17 175.66
min vx 0.000 -8.000 0.000 3.455 1.847 11.889 199.50 178.66 552.70 600.24 150.25
max vx 2,000 -4.000 3.500 7243 13.768 1.600 277 481 7272 130.97 169.69
min vy 0.000 -8.000 0.500 15713 30.250 11.885 36.57 462.76 307 431.18 484.25
max vy 0.500 -4.000 1.500 6.650 15.426 4177 3.30 259 7041 106.25 183.85
min nx 0.000 -8.000 0.000 3.455 1.847 11.889 159.50 178.66 55270 600.24 150.25
max nx 1.500 -4.000 1.000 2185 14.494 1.928 491 136.00 512 109.63 114.85
min ny 0.000 -8.000 0.000 3.455 1.847 11.889 159.50 178.66 552.70 600.24 150.25
mazx Ny 2.000 -8.000 4.000 11.040 3.364 3.850 105.53 399 250.90 336 57.19
min Ny 0.000 -8.000 0.500 15713 30.250 11.885 36.57 462.76 3071 431.13 484 25
MaK Ny 2,000 -8.000 4.000 11.040 3.364 3.850 105.53 399 250.90 336 57.19
Nodal Support Forces | Line Support Forces | Nodal D ions | Member Intemal Forces | Surface Intemal Forces | Surface Basic Stresses |

Figure 4.9: Result Table 5.15: Maximum and minimum internal normal forces n y, ny- and n 4, shear
forces vy and vy, and moments m x, my-, and m xy- are listed.

Surface stresses are listed in Table 5.16 as shown in Figure 4.10.
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5.16 Surface Basic Stresses

1 @El@l == ‘%l\ﬁ" == | 2| DLCI-Response SpectraAnalysis = € > | DynamicEnvelope: X 1008/ Y308/ = < > | oL £ E =

B | < | 1] E | F | G | H | 1 | J | K | L
Surface | At Point O Point Coordinate Nomnal and Shear Stresses
No X Iml Y [m] Zim] ox+ kMN/m2] | o+ eM/m2] |goor+ kN2 ax- kN/m2] | ov- kN/m2] | aier- feNem2] | o leNim2] | 1y [kN/m2]
max Tx 3.000 -8.000 0.000 0.1359 24241 0.6389 0.1359 24241 0.6389 25904 0.0974
min Ty 5,000 0.000 3.000 4.7786 6.0310 48416 42786 6.0310 4.8416 10.0750 3.3226
max Ty 0.000 0.000 0.000 8.1751 25,0469 15.6378 8.1751 25.0469 15,6378 34.3791 -1.1571
2 min gx+ 4.000 -8.000 4.000 5.3276 0.6635 1.2887 5.3276 0.6635 1.2887 5.6600 0.5563
MaK G+ 1.500 -4.000 2500 0.4243 3.3609 1.5108 0.4848 3.3609 1.5105 4.0085 04228
min Gy+ 0.000 -8.000 0.500 3.8747 9.7847 5.8120 3.8747 9.7847 5.8120 13.3498 37801
MaK G+ 4000 -8.000 4.000 53276 0.6635 1.2887 53276 0.6635 1.2887 5.6600 0.5563
min gxy+ 0.000 -8.000 0.500 38747 9.7847 58120 38747 9.7847 58120 13.3498 37801
mak GXY+ 1.500 -4.000 1.000 0.5442 4.0822 1.1698 0.5442 4.0822 1.1698 44340 05121
min G- 4,000 -8.000 4.000 5.3276 0.6635 1.2887 5.3276 0.6635 1.2887 5.6600 0.5563
max Gy 1.500 -4.000 2500 0.4843 3.3609 1.5108 0.4848 3.3609 1.5105 4.0085 04223
min gy- 0.000 -8.000 0.500 3.8747 9.7847 5.8120 3.8747 9.7847 5.8120 13.3498 3.7801
max G- 4.000 -8.000 4.000 5.3276 0.6635 1.2887 5.3276 0.6635 1.2887 5.6600 0.5563
min G- 0.000 -8.000 0.500 3.8747 9.7847 5.8120 3.8747 9.7847 5.8120 13.3498 37801
max G- 1.500 -4.000 1.000 0.5442 40822 1.1698 0.5442 40822 1.1698 44340 0.5121
min T 0.000 -8.000 0.500 38747 9.7847 58120 38747 9.7847 58120 13.3498 37801
max Tx 1.500 -4.000 2.500 0.4848 3.3609 1.5105 0.4848 33609 1.5105 4.0085 0.4228
min Ty 0.000 -8.000 0.500 3.8747 9.7847 5.8120 3.8747 9.7847 5.8120 13.3458 3.7801
max Ty 0.500 -8.000 0.500 0.8939 37014 1.8960 0.8939 3704 1.8960 4.6580 -0.0567
Modal Support Forces lLine Support Forces lNudaI Deformations lMember Intemal Forces lSurFacE Intemal Forces lSurfa:e Basic Stresses ]

Figure 4.10: Result Table 5.16: Maximum and minimum normal and shear stresses are listed.

4.3 Dynamic Load Cases - Time History Analysis

The result tables that belong to Time History Analysis Cases are available when the corresponding
DLC case is chosen in the drop-down menu. The result tables 5.17 to 5.24 belong to this type
of Dynamic Load Cases. The Time History Analysis belongs to the module RF-DYNAM Pro - Forced
Vibrations. The input data required for a time history analysis of accelerograms were discussed
in Sections 2.6 and 2.8.2 and that for a time history analysis of time diagrams were discussed in

Sections 2.7 and 2.8.3.

0.0000 5 [l Results are available separately for each time step, also available is an result envelope providing
maximum and minimum results of all time steps. You can switch between the results using the
002005 drop-down menu shown on the left. The tabulated results and also the graphic in the work area
Do of RFEM update according to your choice. The results can also displayed versus time in the Time
ooos Course Monitor which is accessible with the button.

f;msm:z:gm F When you selected the export of load cases and / or result combinations as discussed in Sec-
LC2-Irposed Loxd. top vl tions 2.8.2 and 2.8.3, the LCs and RCs are available in the drop-down list in the Toolbar in RFEM
L1 DICa 1 0 50000 shown on the left. You have also access to the LCs by Data Project Navigator — Load Cases and
Combinations — Load Cases or similarly for the RCs by Result Combinations. Load cases and

result combinations are also accessible in the Edit Load Cases and Combinations dialog box.

Table 5.17 and 5.18: Support Forces

The nodal support forces are provided in Table 5.17, shown in Figure 4.11. Similarly, the line
support forces are listed in Table 5.18. Maximum and minimum values are provided in the case of
the Dynamic Envelope, but in case of a specific time step only one value per node is listed.

5.17 Nodal Support Forces

EEE| B3 E] =4 oLcs-Time History Analysis -Time | = < > | 0.20005 A | p| PAOE E®
B [ C 1] [ E | F G
Support Forces Support Moments
PxIN] Py NI Pz IN] M [Nm] My [Nm] Mz [Nm]
151.590 278.050 |  -21580.000 0.000 0.000 -0.145
6 159.410 -314.010 -5789.300 0.000 0.000 0.092
3 -487.280 319.450 |  -25008.000 0.000 0.000 0.068
20 302.280 -382.240 -7662.200 0.000 0.000 -0.155
23 15995 226.020 -10359.000 0.000 0.000 0.8
34 -17.794 -231.570 -5091.100 0.000 0.000 -0.041
43 4010 101.840 -5814.700 0.000 0.000 o0om
60 -18.805 -106.300 -5545.700 0.000 0.000 -0.037
Nodzl Support Forces | Line Support Forces | Nodal Dy s | Member Intemal Forces | Surface Intemal Forces | Surface Basic Stresses | Nodal s | Nodal Velocities |

Figure 4.11: Result Table 5.17: Nodal support forces and moments in the three directions X, Y and Z
are listed.
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Table 5.19: Nodal Deformations

The nodal deformations are provided in Table 5.19 as shown in Figure 4.12. Maximum and mini-
mum values are provided in the case of the Dynamic Envelope, but in case of a specific time step
only one value per node is listed.

5.19 Modal Deformations

= EEE B € || 55 [ | DLC3 -Time History Analysis - Time | = @ > | 0.20005 A R FPOE Em
B | C 1] | E | F G
Displacements Rotations
uy [mm] uz [mm] ox [mrad] v [mrad] @z [mrad]

0.0370 0.0570 0.0540 0.1430 0.1650 0.0080

2 0.0260 0.0150 0.0630 0.1280 0.1630 0.0250

3 0.0000 0.0000 0.0000 -0.0660 0.0950 0.0000

4 0.0000 0.0000 0.0000 0.1870 -0.0080 -0.0260

] -0.0580 0.0320 0.0160 0.1400 -0.1820 -0.0160

[ 0.0000 0.0000 0.0000 0.0780 0.1150 0.0000

7 0.0240 -0.0650 0.1090 0.1650 0.1630 -0.0090

2 0.0340 0.0060 0.0730 0.1520 0.1670 -0.0120

2l 0.0000 0.0000 0.0000 -0.0700 -0.1020 0.0000

10 0.0250 -0.0620 0.3060 0.1630 0.1640 0.0060

11 0.0340 0.0080 0.2680 0.1680 0.1390 0.0030

12 0.0190 -0.0460 0.4280 0.0430 01310 0.0050
Nodal Support Forces | Line Support Forces | Nodal D 15 | Member Intemal Forces | Surface Intemal Forces | Surface Basic Stresses | Nodal A ions | Nodal Veloctties |

Figure 4.12: Result Table 5.19: Nodal displacements u y, uy, 1, and rotations ¢ y, ¢y and ¢ are
listed.

Table 5.20: Member Internal Forces

The internal forces of members are listed in Table 5.20 as shown in Figure 4.13. Maximum and
minimum values are provided in the case of the Dynamic Envelope, but in case of a specific time
step only one value per position is listed.

5.20 Member Internal Forces

AEEEE H|€ || B 4| DLC3 - Time History Analysis -Time |~ @ > | 0.20005 Q9> | p| P OB Em
A C D I E F [ G I H ]
Member Node X[m] Normal Force Shear Force Moments
No. N[N vy IN] vz [N Mx[Nm] | My[@Nml | Mz [Nm]
2500 -10308000| -522060|  1150.800 010 620.06 263.14
2500 -10207.000  -520.600|  1150.500 0.10 620.06 263.14
3000 -10207.000  -520.600|  1150.500 0.10 1195.30 523.45
3000 -10105000(  -519.150|  1149.300 0.10 1195.30 523.45
3500 -10105000  -519.150|  1149.300 0.10 1770.20 783.02
3500 -10004.000( -518.070| 1149.100 0.10 1770.20 783.02
1 4000 -10004.000( -518.070|  1149.100 0.10 2344.80 1042.10
2 3 0000 21580000  -151.590 278.050 015 0.00 0.00
0500 21580000  -151.590 278.050 015 139.03 75.80
0500 21479000  -148.420 276.980 015 139.03 75.80
1000] -21479.000|  -148.420 276.980 015 27752 150.01
= T000] 21378000] 142150 275200 2015 77752 150.01
| Nodal Support Forces | Line Support Forces | Nodal Deformations | Member Intemal Forces | Surface Intemal Forces | Suface Basic Stresses | Nodal Accelerations | Nodal Velocities |

Figure 4.13: Result Table 5.20: Internal normal forces IV, shear forces V,, and V, and moments M,
M-, and M are listed.

Table 5.21 and 5.22: Surface Results
Table 5.21 provides the surface internal forces, this is shown in Figure 4.14.,

5.21 Surface Internal Forces

=2 EEESE B € || B= [ | DLC3-Time History Analysis -Time | ~ < > | 020005 M B - )
B | C | D E | F | G H [ 1 J | K | L
Point Coordinate Moments Shear Forces Normal Forces
X[m] Y [m] Z[m] mxMm/m] my[Nm/m] | mg[Nm/m] wadNm] vy[Nm] nxMNm] ny[MNm] Ngy[Nm]
0.000 0.000 0.000 -3651.600 -4711.400 -2541.600 15466.00 25213.00 18771.00 30652.00 431.82
0.000 0.000 0.000 243.770 -109.560 -567.100 -2404.10 23116.00 554.45 5204.00 -15231.00
5.000 0.000 4.000 1280.500 598.430 -36.189 -1507.20 142320 -231.39 -3023.10 -5750.80
0.000 0.000 4000 1568600 45713 -94 830 4641.10 1375.70 -3374.50 57939  -4089.50
1.000 -4.000 4000 1280500 598.430 36189  -1507.20 1423.20 23139  -302310|  5750.80
2.000 -4.000 4000  1686.600 82154 53397 24675 1397.40 407540 54411 9834
3.000 -4.000 4.000 1633.300 747.300 -15.596 -738.95 1235.80 -2015.60 -2837.30 -2831.40
4.000 -4.000 4.000 1526.500 85.264 -16.047 -5158.50 1395.50 -2766.40 -516.31 3924.30
5.000 0.000 3.000 750.630 379.280 -431.570 2119.10 -6702.60 63763 -5837.40 10611.00
3.000 -2.000 3.500 789.930 671.530 683,650 2192.40 27674.00 264910 6593.80 17103.00
3.000 -2.000 2.500 347.020 854.050 242 550 -1278.80 20797.00 -353.56 -14452.00 17970.00
0.000 -2.000 0.500 611.500 11596.100 -447.140 -1448.50 -4786.00 -1698.50 -8291.80 7421.90
3.500 -2.000 0.000 79.458 553.450 -551.670 1645.60 17512.00 -167.39 -11602.00 -15517.00
3.500 -2.000 1.000 708.110 1027.500 193.670 1567.00 -3945.80 -1551.80 -6670.70 -7122.60
3.500 -2.000 1.500 6598.320 1455.800 226,640 1451.70 -2954.10 -2700.20 -11369.00 -5881.50
3.500 -2.000 2.000 128.150 1135.500 -98.768 1736.00 12333.00 -1142.20 -20428.00 -11026.00
Nodal Support Forces | Line Support Forces | Nodal D ions | Member Intemal Forces | Surface Intemal Forces [ Suface Basic Stresses | Nodal A ions | Nodal Velocities |

Figure 4.14: Result Table 5.21: Internal normal forces n y, ny- and n, shear forces vy and vy-, and mo-
ments mx;, My, and m -y are listed.

© Dlubal Software GmbH 2015

EEE
50



i

4 Results 4

Dlubal

Surface stresses are listed in Table 5.22 as shown in Figure 4.15.

5.22 Surface Basic Stresses

EEEE =23 = DLC3 - Time History Analysis -Time | = € > | 02000 s 92 R AR Em
B I = I D E | F | G I H | 1 I J I K I L
Point Coordinate Normal and Shear Stresses
Xm] Y m] Z[m] ox+ kN/mZ2] | ov+ kN/mZ] o+ kN/m2]| o kN/m2] | ov- eN/m2] | ior- [N/ 2] | 1 eN/m 2] | 1y kN/m2]
0.000 0.000 0.000 -738.5250 512.6594 -686.7386 573.1625 | 1295.8054 652.1364 -133.3562 | -1517.8281
0.000 0.000 0.000 63.3452 6.8469 -228.1078 -50.5180 58.2031 37.7203 2645486 -194.7526
5.000 0.000 4.000 2386710 121.3627 -44.4243 -301.5634 -155.1514 -27.4607 309.1787 110.8549
0.000 0.000 4.000 346.5500 7.0928 -47.7952 -388.7312 -14.3352 -3.3195 353.1522 0.4506
1.000 -4.000 4.000 2386710 121.3627 -44.4243 -301.5634 -159.1514 -27.4607 309.1787 110.8549
2,000 -4.000 4.000 369.8256 15.8542 -13.1285 -420.7681 -22.6555 11.5003 370.3119 15.3678
3.000 -4.000 4.000 370.2072 157.4153 -21.3516 -395.4022 -192.8816 -14.0409 372.3285 155.2940
4.000 -4.000 4.000 305772 16.7568 20.7659 -375.1572 -23.2107 28.2879 3415034 15.4306
5.000 0.000 3.000 1795141 52.4100 -34.8305 -171.9437 -125.3775 167.4680 188.8084 435157
3.000 -2.000 3.500 2016967 -116.1786 267.1242 -168.5830 198.6011 -53.3367 353.5911 -268.0729
3.000 -2.000 2.500 79.1231 109.8430 169.1602 -83.5426 -290.4330 55.4648 264.3391 753731
0.000 -8.000 0500| 1327984| 2285122 584116| -1540297| -3321597| 151.1853| 256.1682| 1051425
3.500 -8.000 0.000 175768 1509617 -2262789| -196692| -295.9867 323164  320.1718| -1516333
3.500 -8.000 1.000) 1562645 199.1284 08752| -1756620| -2825122| -B99077| 199.1463| 1562467
3.500 -8.000 1500 1467925 2795219 163594 | -1805450| -4216344| -B9B7B1| 2815085 144 8059
3500 -8.000 2.000 229058 | 1384578 92.0613| -37.1833| -393.8078| 457638 189.3710|  -28.0074
Nodal Support Forces | Line Support Forces | Nodal D ions | Member Intemal Forces | Surface Intemal Forces | Surface Basic Stresses [Nodal A ions | Nodal Velocities |

Figure 4.15: Result Table 5.22: Normal and shear stresses are listed.

Table 5.23 and 5.24: Nodal Accelerations and Velocities

Additionally to the standard results, nodal accelerations and velocities are provided in Table 5.23
shown in Figure 4.16 and Table 5.24 shown in Figure 4.17. These results are available for each time
step and also the dynamic envelope is provided.

5.23 Nodal Accelerations

Jea=]f=f H[E (| =2 2| DLCS - Time History Analysis -Time | ~ € > | 0.2000 T P AEE®
B I C D I E F 5
Accelerations Angular Accelerations

Ux[ms?] | tvm/s?] | lzlm/s?] | axled/s?] | §yfmdis?] | Gz fed/s?]

0.0131 0.0211 00238 0043 0073 0004

2 0.0255 0.0064 00174 -0.060 0.088 0.004
3 0.0000 0.0000 0.0000 0.020 0.063 0.000
4 0.0000 0.0000 0.0000 0.063 0.012 0.013
5 0.0182 -0.0109 -0.0084 0.053 0.064 0.008
3 0.0000 0.0000 0.0000 0.014 -0.028 0.000
7 0.0110 0.0219 0.0244 0.047 0072 0.005
8 0.0082 0.0088 00172 0061 0097 0.003
9 0.0000 0.0000 0.0000 0.026 0.080 0.000
10 0.0119 0.0211 0.0784 0.047 0073 -0.001
11 0.0079 0.0079 0.0935 0.061 0.0% 0.002
12 0.0126 0.0162 01131 0.016 0.074 -0.001
13 -0.0066 0.0015 0.1348 001 -0.088 0.000
14 -0.0099 0.00%8 0.1116 0.023 -0.060 -0.002
15 0.0075 -0.0050 0.1193 0033 0087 0.001
16 0.0063 0.0038 0.0672 0.061 0.038 0.003

Nodal Support Forces | Line Support Forces | Nodal D ions | Member Intemal Forces | Suface Intemal Forces | Surface Basic Stresses | Nodsl 15 | Nodal Velocities

Figure 4.16: Result Table 5.23: Nodal acceleration i y, iy, i, and rotations ¢ x, ¢y and ¢ are listed.

5.24 Nodal Velocities

m E@ B E = [J | DLC3-Time History Analysis -Time | * € > | 0.2000s a5 | pl|FOE =
B | C D | = | F G

Velocities Angular Velocities

U [m/s] Uy [m/s] Uz [m/s] G [rad/s] v [rad/s] $z [rad/s]
-0.000132])  -0.000291 0.000463 0.000708 |  -0.000768 0.000045

2 0.000160 | -0.000367 0.000320 0.000757 |  -0.000740 0.000262

3 0.000000 0.000000 0.000000 | -0.000491 -0.000253 0.000000

4 0.000000 0.000000 0.000000 | -0.000925| -0.000046| -0.000133

5 -0.000683 | -0.000102 0.000091 0.000779| -0.001135 0.000031

3

7

8

0.000000 0.000000 0.000000 0.000253 0.000905 10.000000
0.000157 | -0.000287 0.000543 0.000732 0.000784 |  -0.000043
0.000438 0.000240 0.000384 0.000834 0.000750 0.000028

] 0000000 0.000000| 0.000000| -0.000255| -0.000335| 0.000000
10 0000153 -0.000279| 0001447 0000759| 0.000817|  0.000030
1 0000338 0.000248] 0.001534| 0001008] 0001075 0.000163
12 0000132 0000207 0.002024| 0000237| 0000704|  0.000030
13 0000180 0.000337| 0.002328| 0000383| 0001113] 0.000160
14 0000097 | -0.000110] 0001921 -D.000462| 0.000515| 0.000031
15 0000026 0.000456| 0.002257| -D.000463| 0001138 0.000146
16 0000050 -0.000031| 0001130 -0.001003| 0000234 0.000023
Nodal Support Forces [ Line Support Forces | Nodal D ions | Member Intemal Forces | Surface Intemal Forces | Surface Basic Stresses | Nodal A ions | Nodal Velocities |

Figure 4.17: Result Table 5.24: Nodal velocities i x, iy, 1t 7, and rotations ¢ x, ¢y and ¢ are listed.

I}g Nodal accelerations and velocities are not included in the load cases or result combinations that
are exported to the main program RFEM.
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4 Results 4

Time Course Monitor

All results that are listed in the tables discussed above can be displayed versus the time with the
Time Course Monitor. This is the most important post-processing tool of a time history analysis.

This graphic is available with the [Time Course Monitor] button. The button can be found in the
table toolbar and in the Panel in the Display Factors tab.

The Time Course Monitor is displayed in Figure 4.18.

Time Course Monitor B

FE Mesh Point Selection
Surface / Member Ux [mm]
Nodes v 10.000

FE Mesh Point 8
FE Mesh Point 11
FE Mesh Point 5

Ho,

Quantity
Displacement X v

FE Mesh Points

[ Provide RMS value up to:
i =1

=)

9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000

t: 0.60 s; Ux: 8.72 mm

AA A

0.000
-1.000
-2.000
-3.000
-4.000
-5.000
-6.000

R A

[t: 1.07 s; Ux: 4.26 mm |

Figure 4.18: Time Course Monitor to display results versus time. Here the displacement u y of three
nodes are displayed. The maximum and minimum values are provided.

You can choose between nodes, members, surfaces, and support nodes in the drop-down menu
shown on the left. Depending on this choice different results are available as shown in Fig-
ures 4.19a, 4.19b, 4.19¢, and 4.19d.

Quantity

Displacement X W

Acceleration X

Acceleration Quantity

Acceleration Z Quantity

Angular Acceleration X Displacement X

Angular Acceleration ¥ Displacement X hd

Angular Acceleration Z Displacement ¥

Angular Velocity X Displacemernt ¥ Displacement Z

Angular Velocity ¥ Displacement Z Moment mx

Angular Velodity Z Moment MX Moment mxy

g!SD:ECEFﬁEﬂE ¥ Moment MY Moment my Quantity
Isplacemen Moment MZ Normal Force nx

Displacement Z Mormal Force N Normal Force nxy ELssLidn (el v

Rotation ¥ Rotation X MNormal Force ny ppo

Rotation ¥ Rotation ¥ Rotation X Support Force PY

Rotation 2 Rotation Z Rotation ¥ Support Force PZ

Velocity X Shear Force Vr Rotation Z Support Moment Mx

Velocity ¥ Shear Force Vy Shear Force vx Support Moment MY

Velodity Z Shear Force Vz Shear Force vy Support Moment MZ

a) Results on nodes

b) Results on members

c) Results on surfaces

d) Results on supports

ﬂgure 4.19: Available results for (a) nodes, (b) members, (c) surfaces, and (d) support nodes.

In the case of members and surfaces you have to choose the member or surface number from the
drop-down list.

Depending on the choices above either a list of finite element mesh points (see Figure 4.18) or
a list of distances on members (see Figure 4.20) is available. A multiple choice of listed points or
positions is possible by using the [Ctrl] key.

The legend in the graphic is set automatically and also the axis labels and axis scales are adjusted
depending on the choices you made. Minimum and maximum results together with the corre-
sponding time steps are provided. You can use your mouse wheel to zoom into the graph. Values
are displayed on the tip of your mouse cursor when moving along the graph.
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| EI | | ) | The work area of RFEM, the tables and the Time Course Monitor are interacting. So when you select

N
. —
Dlubal
Provide RMS value up to:
t: 1.000 5| [5]

Iy

MNumeric Values

Save As Picture
Settings

a row with a specific member in a table or when you select a node in the graphic, for example, the
settings in the Time Course Monitor are adjusted. You only have to choose the result that shall be
displayed (Figures 4.19a - 4.19d).

The Root Mean Square (RMS) value of any results up to a specific time can be displayed optionally,
when the check box shown on the left is selected and a time is provided. The RMS value is
calculated as follows

1
Rpys = \/E(Rf+R§+...+R§) (4.8)

where R, are the results of each time step with n considered time steps. The RMS value is illus-
trated in the Time Course Monitor; this is shown in Figure 4.20.

Time Course Monitor [ = |

FE Mesh Point Selection
Surface / Member

My [KNm] Member 2; I 3.500[m]

Member v o 1 0,61 s; My: 53.43 kNm

Mo 50.000

2 ~

Quantity 40.000

Moment MY w RM$5(1.000 s) : 30.526 kNm

30.000

0.583[m] A 20,000
0.875[m]
0.875[m]
1.167[m] 10.000-
1.750[m]
2.333[m] 0.000 ' , ' ' ' ' | ' , ' |
2.625[m] 0.500 .000 | 1.5001 2. 500 [ 3.0007 3. 41000 [ 4.500% 5.000 t[s]
2.625[m]
2.917Em|] -10.000
v

Provide RMS value up to: -20.000

Distance on Member

t: 1.000 = [5] 30,000

“[ & 1.08 s; My: -26.21 kKNm

2 40,000

Figure 4.20: Time Course Monitor with the Root Mean Square (RMS) value. Here the moment My is dis-
played versus time, the RMS value up to 1.0 sec is provided.

The Root Mean Square value is only available when a single graph is plotted. When you overlay
results of several nodes the RMS check box is not available.

With the [Print] button you can print the Time Course Monitor in the printout report directly. In the
window appearing you can define a header for this graphic to be used in the report.

When you right-click on the Time Couse Monitor you have three options: (1) You can access the
numerical values in tabular view. The time steps are listed together with all results displayed in
the graphic. An example is provided in Figure 4.21, the values as tabulated can be exported to
Excel using the button. (2) You can save the Time Course Monitor as picture, and (3) you can
access the settings of the graph. The settings dialog box of the Time Course Monitor is shown in
Figure 4.22.

View Graph Data [ = |
tls] MY fchm] -
Member 2;1: 3.500jm] | Member 2; |: 0.875]m]
0.000 0.000 0.000
0.001 0.000 0.000
0.002 0.000 0.000
0.003 0.000 0.000
0.004 0.000 0.000
0.005 0.000 0.000
0.006 0.000 0.000
0.007 0.000 0.000
0.008 0.001 0.000
0.009 0.001 0.000
0.010 0.001 0.000
001 0.002 0.000
002 0.002 0.001
0013 0.003 0.001
0.014 0.003 0.001
0.015 0.004 0.001
0.016 0.005 0.001 v
Dy E lﬂ Li Cancel

Figure 4.21: Numerical values of the plot displayed in the Time Course Monitor.
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All mode shapes -

All mode shapes
Mode Shape 1§ : 1.101 Hz)
Mode Shape 2 f : 1.236 Hz)
Mode Shape 3 f : 1.633 Hz)
Mode Shape 24  : 4881 Hz)
Mode Shape 30 f : 6.235 Hz)
Mode Shape 48 f : 5.055 Hz)
Mode Shape 51 f : 5.453 Hz)
Mode Shape 71 f : 12.684 Hz)
Mode Shape 76 f : 13.440 Hz)
Mode Shape 77 f : 14.270 Hz)

Default Graph Settings

[ Display X-axis below graph
Display rounded values

Show tooltips

Axes correspond to view mode
Highlight min/max

Show X-axis

Show 'Y-axis

Show grid

Left side color l:l v
Right side color l:l v

e

Figure 4.22: Settings of the Time Course Monitor.

4.4 Dynamic Load Cases - Equivalent Load Analysis

The result tables that belong to Equivalent Load Analysis Cases are available when the correspond-
ing DLC case is chosen in the drop-down menu. The result tables 5.8 to 5.10 belong to this type of
Dynamic Load Cases. The Equivalent Load Analysis belongs to the module RF-DYNAM Pro - Equiva-
lent Loads. The input data required for an equivalent load analysis were discussed in Sections 2.5
and 2.8.4.

You can switch between tables showing the equivalent loads for all eigenvalues of the system, or
separately for each mode.

Equivalent Loads

When performing an equivalent load analysis, only the equivalent loads are calculated in RF-DY-
NAM Pro, the remaining calculation is performed in the main program RFEM.

The equivalent loads F'y, Fy-, and F', are calculated separately for each excitation direction of the
response spectra, and separately for each mode shape of the system, as follows:

Fy ux My
Fy p=1Ix-<Quy ¢S, x(T) - q My (4.9)
Fy Uz My,
Fx Ux My
Fy o =1Iy-quy ¢p-S,y(T)-{ My (4.10)
Fy Ug M,
Fx Ux My
Fy o =1y Quy ¢S, (T) -3 M,y (4.11)
Fy Uz My

with

r Participation factors in X, Y, and Z-direction as defined in Equation 4.4 using a modal
mass of M, =1 kg.

U Displacement valuesin X, Y and Z-direction of the mode shape scaled so that

M;=ul -M-u, =1kg

S,(T) Acceleration read from the response spectra diagram using the natural period T of the
considered eigenvalue

M Mass in the direction X, Y and Z at the considered FE-node

With the formulas provided in Equation 4.9 the equivalent loads resulting from a response spec-
trum in X -direction, in Equation 4.10 the loads resulting from a response spectrum in Y -direction,
and in Equation 4.11 the loads resulting from a response spectrum in Z-direction are calculated.
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These equivalent static forces exist at each FE-node within the structure as long the mass M and
the mode shape u are not 0 at this point.

The result tables for the equivalent load analysis are separated into the three excitation directions;
in Table 5.8 the resulting equivalent loads for response spectra acting in X -direction, in Table
5.9 those for response spectra acting in Y -direction, and in Table 5.10 those for response spectra
acting in Z-direction are listed. The Table 5.9 is illustrated in Figure 4.23.

5.9 Equivalent Loads (Y-excitations)

m :|E| == I3|E | 2= [ | DLC4-Equivalent Static Forces * & >  Allmodeshapes A - L £ E @ =
B [ C [ D [ E [ F T & [ H T T T T 7
FE Mesh Mode shape Lc Object Location Equivalent Load
Point No No Type X[m] Y [m] Z[m] Fx [N] Fr [N] Fz[N] Mz [Nm]

M | 00 |Suface 0.000 0.000 8,000 0453 -113.355 0353 1401
2 102 | Surface 0.000 0.000 -8.000 0210 -34.396 0.103 0.423
3 104 | Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0217
4 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0217
5 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0217
[ Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
7 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
2 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
il Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
10 Surface 0.000 0.000 -8.000 0237 -16.708 0.040 0217
n Surface 0.000 0.000 -8.000 0237 -16.708 0.040 0217
12 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0217
13 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0217
14 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
15 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
16 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
17 Surface 0.000 0.000 -8.000 0.237 -16.708 0.040 0.217
18 Surface 0.000 0.000 -8.000 0237 -16.708 0.040 0217
19 Surface 0.000 0.000 -8.000 0237 -16.708 0.040 0217

Equivalent Loads (X-excitations) | Equivalent Loads (Y-excitations) | Equivalent Loads (Z-excitations) |

Figure 4.23: Result Table 5.9: Generated equivalent loads resulting from response spectra in Y -direction.

Torsional Moments

The accidental torsional actions can be considered as described in Section 2.8.4 to account for
uncertainities in the location of masses. The center of mass is considered to be displaced by the
accidental eccentricities ey and ey.. The torsional moments are calculated as follows

M, =|Fyx -ey|+ |Fy - ex] 4.12)

where M, are the torsional moment and F'y and Fy. the equivalent loads on each FE node as
defined in Equations 4.9,4.10,and 4.11. The torsional moments M , are considered in both positive
and negative directions.

Exported Load Cases

The equivalent loads as listed in the dynamic result tables are exported as load cases into the main
program RFEM. This is done separately for each eigenvalue and for each excitation direction. The
list of load cases generated can be viewed in the Edit Load Cases and Combinations dialog box. The
calculation parameters cannot be changed, a geometrically linear static calculation is performed.

|E| The equivalent loads generated can be displayed by pressing the [Show Loads] button. When
more than 10000 loads are generated the display is deactivated by default. Butin the Details dialog
box the number of displayed equivalent loads can be changed; this was discussed in Section 2.9.

[@ When the accidental torsional actions (described in Section 2.8.4) are activated, two load cases for
each mode and direction are generated. The torsional moments are considered in positive and
negative directions. Those two load cases are combined as an alternative combination before the
modal responses are combined with the SRSS rule.

Exported Result Combinations

When performing an equivalent load analysis in the add-on module RF-DYNAM Pro - Equivalent
Loads, result combinations are produced in two steps: (1) The modal responses are combined
with the SRSS rule and the results are exported in RCs separately for each excitation direction, and
(2) the directional results are combined either with the SRSS or with the 100 % / 30% rule and the
final RCs are exported. A list of generated result combinations can be found in the Edit Load Cases
and Combinations dialog box displayed in Figure 4.24.
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Dlubal
Edit Load Cases and Combinations “
Load Cases | Load Combinations | Result Combinations
Existing Result C i RC No. Result Combination Description Solve
RCT00 | DLC4 - Result Envelope - X 102 v | DLC4 - Result Envelope - Z
RC101 | DLC4 - Result Envelope - Y
I RC102 | DLCA - Result Envelope - Z General | Caleulation Parameters
RC103 | DLCA - Result Envelops - 1007 X/ 30% Existing Loadin: Loading in Result C RC
RC104 | DLC4 - Result Envelope - 30% X/ 100% s sl Seff Weight o Description Criterion Group
RC05 | DLO4 - Result Envelope - 30% 3/ 30% " | [GTA LC2 Imposed Load, top level DLC4 - Mode shap | Permanent 1
Lc3 Imposed Load, bottom level DLC4 - Mode shap | Permanent 1
LC100 |DLC4 - Mode shape 1, directio DLC4 - Mode shap | Permanent 2
LC101 | DLCH - Mode shape 1. directio DLC4 - Mode shap | Permanent 2
LC102 | DLC4 - Mode shape 2, directio DLC4 - Mode shap | Permanent 3
LC103 | DLC4 - Mode shape 2, directio DLC4 - Mode shap | Permanent 3
LC104 | DLC4 - Mode shape 3, directio - DLC4 - Mode shap | Permanent 4
LC105 | DLC4 - Mode shape 3, directio L DLC4 - Mode shap | Permanent 4
LC106 | DLCH - Mode shape 24, directi =@ DLC4 - Mode shap | Permanent 5
LC107 | DLC4 - Mode shape 24, directi DLC4 - Mode shap | Permanent 5
LC108 | DLC4 - Mode shape 24, directi DLC4 - Mode shap | Permanent [
LC109 | DLC4 - Mode shape 24, directi P DLC4 - Mode shap | Permanent [
LC110 | DLC4 - Mode shape 30, directi DLC4 - Mode shap | Permanent 7
LC111 | DLCH - Mode shape 30, directi K DLC4 - Mode shap | Permanent 7
LC112 | DLC4 - Mode shape 30, directi
LC113 | DLC4 - Mode shape 30, directi
LC114 | DLC4 - Mode shape 30, directi
LC115 | DLC4 - Mode shape 30, directi
LC116 | DLC4 - Mode shape 48, directi
LC117 | DLC4 - Mode shape 48, directi
LC118 | DLC4 - Mode shape 48, directi
LC119 | DLC4 - Mode shape 48, directi
LC120 | DLC4 - Mode shape 48, directi
LC121 | DLC4 - Mode shape 48, directi
LC122 | DLC4 - Mode shape 51, directi
LC123 | DLC4 - Mode shape 51, directi | v
7 Al (43) v |av| |82 W |10 v v
< > Comment
N v [X el b=
2 8@ ==

Figure 4.24: Exported result combinations from the equivalent load analysis shown in the Edit Load Cases
and Combinations dialog box. Here the RC containing the combined modal responses in Z-direction is
selected.

In Figure 4.24 in the frame Loading in Result Combination RC a list of LCs, that are used to build the
RCin Z-direction, is provided; those LCs are combined with the SRSS rule as set in the calculation
parameters shown in Figure 4.25.

General | Calculation Parameters

Optiens
| Quadratic Combination (SRSS)
Preserve signs
(®) Posttive {max) / negative (min)
() Positive {max)

(_) Negative (min)

Figure 4.25: Calculation parameters of the exported RCs combining modal responses. The SRSS rule is
applied.

By default, the check box Preserve Signs is selected, which uses the SRSS rule as stated in Equa-
tion 2.16. When you clear this check box the standard form of SRSS is used (Equation 2.15). You
can also decide whether both the maximum and minimum results, or only one of those are saved
in the result combinations by changing the radio buttons in Figure 4.25.

In the second step the responses resulting from different excitation directions are combined; one
of the final RCs is selected in Figure 4.26. Note the factors 1 and 0.3 that are used to perform the
100% / 30% rule.

4.5 Printout Report

You can create a printout report containing your dynamic results. Detailed information about the
printout report can be found in Chapter 10 in the RFEM manual.
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4 Results 4

Dlubal
Edit Load Cases and Combinations “
Load Cases | Load Combinations | Result Combinations
Existing Result C i RC No. Result Combination Description Solve
RC100 | DLC4 - Result Envelope - X 103 ‘ [ ] |DLC4 - Resut Envelope - 100% X/ 30% Y/ 30%. 2 ‘

RC101 | DLC4 - Result Envelope -
RC102 | DLC4 - Result Envelope - Z General | Calculation P:

Existing Loadin Loading in Result C i RC

DLC4 - Result Envelope - 30% X/ 100%

Self-Weight ~ Factor No. Description Criterion Group
DLC4 - Result Envelope - 30% X/ 30% " Imposed Load. top level 1.00 RC100 | DLC4 - Result Env | Permanent -

Imposed Load, bottom level 0.30 RC101 | DLC4 - Result Env | Permanent -

DLC4 - Mode shape 1, directio 0.30 RC102 | DLC4 - Result Env | Permanent -

DLC4 - Mode shape 1, directio
DLC4 - Mede shape 2. directio
DLC4 - Mede shape 2. directio

DLC4 - Mode shape 3. directio .
DLC4 - Mode shape 3. directio L
DLC4 - Mode shape 24, directi =

DLC4 - Mode shape 24, directi
DLC4 - Mode shape 24, directi
DLC4 - Mode shape 24, directi
DLC4 - Mode shape 30, directi
DLC4 - Mede shape 20, directi
DLC4 - Mede shape 20, directi
DLC4 - Mode shape 30, directi
DLC4 - Mode shape 30, directi
DLC4 - Mode shape 30, directi
DLC4 - Mode shape 48, directi
DLC4 - Mode shape 48, directi
DLC4 - Mode shape 48, directi
DLC4 - Mode shape 48, directi
DLC4 - Mode shape 48, directi
DLC4 - Mode shape 48, directi
DLC4 - Mode shape 51, directi
DLC4 - Mode shape 51, directi | v

Comment

% Al (6) "El'
2] B

v v

| ok

Figure 4.26: Exported result combinations from the equivalent load analysis shown in the Edit Load Cases
and Combinations dialog box. Here the RC containing the directional combination with the 100% / 30%
rule is selected.

Printout Report Selection
ENOEE N e Giobal Selection | Input Data | Natural Vibration Case |
Tables to Display
Display Table Al Case Selection "~

[¢] | 1.2.1 Mass Cases - General M (A

[¢] | 1.2.2 Mass Cases - Additional Nodal Masses M (A

[4] | 1.2.3 Mass Cases - Additional Line Masses M A

[¥] | 1.2.4 Mass Cases - Additional Member Masses M A

[4] | 1.2.5 Mass Cases - Additional Suface Masses & A

4] | 1.2.6 Mass Cases - Additional Solid Masses & (A

4] | 1.3.1 Mass Combinations - General & (A

1 | 1.4.1 Natural Vibration Case - General i

@ | 1.4.2 Natural Vibration Case - Calculation P; i

1 | 1.5.1. Response Spectra - General i

@1 | 1.5.2. Responss Spectra - Standard P i

[0 | 1.5.3 Response Spectra - Table | Al

[¥] | 1.5.3.X Response Spectra - Graph | Al

¥l | 1.5.4 Response Spectra - User-Defined - Table & | Al

[¥] | 1.5.4X Response Spectra - User-Defined - Graph & | Al

[¥] | 1.5.5 Response Spectra - Generate from Acceleration & | Al

[¥] | 1.5.6 Response Spectra - Generate from Acceleration - Table | [ | Al

[¥1 | 1.5.6.X Response Spectra - Generate from Acceleration -Gra | [ | Al

¥ | 1.6.1 Accel 1s from | library B Al

M | 1.6.1.% Accelerations from ! library - Graph X M Al

¥ | 1.6.1.X Accelerations from ! library - Graph Y M Al

M | 1.6.1.% Accelerations from ! library - Graph Z M Al

¥l 162 | 15 - User-Defined M Al

W 162X lerations - User-Defined - Graph X M Al

B | 1.6.2X Accelerations - User-Defined - Graph Y E Al

B | 1.6.2X Accelerations - User-Defined - Graph Z E Al

¥l | 171 Time Diagram Transient M Al

¥l | 1.7.2 Time Diagram Periodic M Al

¥l | 173X Time Diagram - Graph M Al

[/l | 181 Dynamic Load Cases - General [0 | Dynamic Load Cases: DLC1.DLC2. DLC3.DLCA
Display g 1.8 2 1 Dynamic Load Cases - Response Spectrum Anafysis ; Dynamic Load Cases: DLC1

¥l |1.822 Dynamic Load Cases - Time History Analysis Seismic [ | Dynamic Load Cases: DLC2
[[Cover sheet... = ¥l | 1823 Dynamic Load Cases - Time History Analysis Dynamic [0 | Dynamic Load Cases: DLC3
["]Contents ¥l |1.8.2.4 Dynamic Load Cases - Equivalent Static Force Analys | [ amic Load Cases: DLC4, v
Uppercase titles - ‘

Figure 4.27: Printout report selection with input data available for the RF-DYNAM Pro case.
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Dlubal
Printout Report Selection “
Program/Modules | [ Giobal Selection | Input Data | Natural Vibration Case
Tables to Display
Display Table Al Case Selection
¥ | 51 Natural Frequencies M Al
[ | 5.2 Mode Shapes by Node M A
O | 5.3 Mode Shapes by Member M A
O |54 Mode Shapes by Surface = e
[#¥] |5.5 Mode Shapes by Mesh Node [0 [ Matural Vibration Cases: NVC1 |
¥l | 56 Masses in Mesh Foints M Al
[/l | 5.7 Effective Modal Mass Factors M A

Figure 4.28: Printout report selection with the natural vibration case (NVC) data available.
When dynamic results are available, you can include Input Data and Natural Vibration Case data in
the Printout Report Selection as shown in Figures 4.27 and 4.28.

Each of the entries can be selected for all cases (NVCs or DLCs) or you can clear the All check box
and select only single cases (NVC or DLC).

I]@ All other RF-DYNAM Pro results are available in exported load cases or result combinations. The
printout report for those results can be adjusted as described in Chapter 10 in the RFEM manual.

4.6 Units and Decimal Places

You can access the Units and Decimal Places dialog box with the button shown on the left. The
dialog box with Results tab of the RF-DYNAM Pro add-on module open is shown in Figure 4.29.

Units and Decimal Places
Program / Module Input Data | Resuts

- RF-STEEL NBR A
. RE-ALUMINILUM Natural Freguencies Mode Shapes
- RF-KAPPA i -

RE-LTE L TemtEEE Stand. displacements: - 5%
- RF- B lues: 3k =
- RF-FE-LTB aenvaes - hd Stand. rotations: 1/m 55
.. RF-EL-PL Angular frequencies: rad/s W 3
- RFC-TO-T ) ry ; ;

- Time History Analysis
- PLATE-BUCKLING Natural frequencies: Hz "] 3= .l')' Iy .
- RF-CONCRETE Surfac Natural periods: s v 35 | Accelerations: ms"2 v 2
-- RF-CONCRETE Memb: Angular accelerations: radfis™2 v 25
- RF-CONCRETE Colurm
- RF-PUNCH Masses Velocities: m.s v 2%
- RF-TIMBER Pro Masses: kg ~ 213 Angular velocities: rad/s v 2
- RETIMBER AWC Modal masses: k v 25
- RF-TIMBER CSA ' 8 -
- RF-TIMBER MER Effective modal masses: kg W 2%
- RF-TIMBER =
 RF-DYNAM Rot. eff. modal masses: kgm™2 W 2=
B RF-DYNAM Pra Effective factors: - 3
- RF-JOINTS
- RF-END-PLATE —
- RFCOMNECT Forced Vibrations.
- RF-FRAME-JOINT Pro Deformations: mm L 14
- RF-DSTV . =
. RF-DOWEL Rot. deformations: rad v 2=
- RF-HSS
- RF-FOUNDATION
- RF-FOUNDATION Pro
- RF-STABILITY &7
? ¥ BE® =

Figure 4.29: The Units and Decimal Places dialog box is illustrated where the units and decimal places of
the RF-DYNAM Pro result data can be adjusted.

Search for the add-on module RF-DYNAM Pro in the list of modules and change to the Results tab.
Units can be chosen from the drop-down menus and decimal places can be adjusted.
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As the RF-DYNAM Pro results are embedded in the main program RFEM, most of the result values
can be adjusted in the RFEM list of units and decimal places as shown in Figure 4.30.

Units and Decimal Places
Program / Module loads | Fesults | Dimensions
RE-STEEL Sufaces Deformations and Strains Elastic Foundation
.. RF-5TEEL Members Lnit Dec. places Dec. places
- RF-STEEL EC3 Displacements: Contact stresses:
-- RF-STEEL AISC " "
--RF-STEEL IS Rotations: m 1 lzl Contact forces: ElZI
- RF-STEEL SI1A Strains: - v 5k Corttact momerts: 3
-- RF-STEEL BS lZI lZI
- RF-STEEL GB
.. RF-STEEL CSA Suppert and Internal Forces Stresses
- RF-STEEL AS . - . -
Forces: kN v 2 Surfaces: kN/em™2 w 2
| AFSTEEL NTCOF [+ =
.. RF-STEEL SP Lengths for moments: DI EEI Solids: kN/em™2 w Qlil
- RF-STEEL Plastic -
Lengths: 3
- RF-STEEL SANS e m ] S
-~ RF-STEEL Fatigus Mer | | Angles: [~ [2H
- RF-STEEL NBR
- RF-ALUMIMIUM

Figure 4.30: The Units and Decimal Places dialog box is illustrated with the Results tab of RFEM open.
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5 Examples

Examples are added to this manual fairly soon, please check our website www.dlubal.com/en/man-
uals-for-category-dynamics.aspx regularly for an update of this manual.

Verification examples are available on our website to demonstrate the accuracy of RF-DYNAM Pro.
Please visit www.dlubal.com/en/examples.aspx?category=Dynamic%20Analysis.

An example how to perform a natural vibration analysis and a multi-modal response spectra analy-
sis using the module Equivalent Loads is shown in the webinar Natural Frequencies and Equivalent
Static Force Analysis with RFEM, which is accessible using www.dlubal.com/en/webinars.aspx.
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