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1. Introduction

1.1 Add-on Module RF-DYNAM 2007

Dear users of the RFEM and DYNAM programs,

to introduce our manual, we would like to tell you some important things concerning the
RF-DYNAM module and to draw attention to some aspects. It does not matter if you have
already become acquainted with any previous versions of this module as our longtime cus-
tomers or if you see it for the first time - this module was developed with an emphasis on a
practical use and during its development we started from a constructive cooperation with
our many customers and business partners. Practically, everybody can easily and quickly
master the work with this module. Numerous valuable remarks from an everyday design
practice has motivated us by now to incessant further development and improvement of
the modules DYNAM 4.xx and DYNAM 2000 and certainly fully manifested itself on the final
appearance of the RF-DYNAM 2007 modaule.

RF-DYNAM 2007 starts from Windows standards and by far does not make only an optical
component of the main RFEM program. Results of an eigenvector calculation (RF-DYNAM
BASIC) and generated equivalent seismic loads (RF-DYNAM ADDITION IlI) can be incorpo-
rated together with graphics into the printout report of the RFEM program. Thus all the re-
sults can be suitably and particularly uniformly arranged and organized.

We wish you much success when working with the main program RFEM and its add-on
module RF-DYNAM 2007.

Your company DLUBAL ENGINEERING SOFTWARE.
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1.2 RF-DYNAM 2007 Team

The following people participated in the development of the RF-DYNAM 2007 module:

Program Coordinators
Dipl.-Ing. Georg Dlubal

Dipl.-Ing. (FH) Matthias Entenmann
Dipl.-Ing. Rafael Ceglarek

Programmers
Dr.-Ing. Jaroslav Lain

Ing. Vaclav Sykora

Design of Program, Dialogs and Icons
Dipl.-Ing. Georg Dlubal
MgA. Robert Kolouch

Ing. Jan Milér

Testing and Technical Support

Dipl.-Ing. Georg Dlubal Ing. Martin Vasek

Dipl.-Ing (FH) Matthias Entenmann Bc. Michaela Sobotkova

Dipl.-Ing. (FH) Walter Rustler Ing. Petr Michal

Dipl.-Ing. Rafael Ceglarek Dipl.-Ing. David Roseler

Dipl.-Ing. (FH) André Bergholz M. Sc. Dipl.-Ing. (FH) Frank Sonntag
Dipl.-Ing. Frank Faulstich Dipl.-Ing. (FH) Christian Stautner
Dipl.-Ing. (FH) René Flori Dipl.-Ing. (FH) Robert Vogl
Dipl.-Ing. (BA) Andreas Niemeier Dipl.-Ing. (FH) Anke Voggenreiter

Manuals, Documentation and Translations
Dipl.-Ing. Rafael Ceglarek Ing. Petr Michal
Dipl.-Ing. (FH) Robert Vogl Mgr. Petra Pokorna

Mgr. Michaela KrySkova
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2. Installation

2.1 System Requirements

The following minimal configuration (a recommendation is quoted in brackets) makes the
condition for the use of RFEM and its add-on module RF-DYNAM:

e Windows WIN 2000/XP/Vista operating system

e 1 GHz (2 GHz) processor

e 512 MB RAM (1024 MB)

e DVD-ROM and 3.5" floppy drive for installation

e 5 GB free space on hard disk, from this about 500 MB for installation

e Graphics card with resolution 1024 x 768 pixels (with Open GL acceleration)

Except for the operating system we do not want to recommend any specific products on
purpose, because RFEM and its add-on modules run in principle on all systems that meet
the quoted requirements. However, if anyone wants to use RFEM and RF-DYNAM 2007 in-
tensely and effectively, then "the more the better" holds true.

2.2 Installation Procedure

The installation runs automatically after the DVD with RFEM is inserted to the DVD-ROM
drive. Regarding the fact that the add-on module RF-DYNAM 2007 is fully integrated to
RFEM, its name is not explicitly mentioned during the inslallation. However, if you own its
license and have an authorization for its use, the module will be automatically installed to-
gether with RFEM.

Installation of Dlubal Applications RFEM 4 X

PIV] |

Authorization Disk

-

Please insert the Authorization Disk, that allowes to install a full program wersion.

Ifit is not found, a demo wersion will be installed.

=

< Back ]I Mext > " Cancel

Figure 2.1: Prompt to Insert Floppy Disk with Authorization File

If the authorization CD contains at least one valid license, three following installation op-
tions are displayed: [Standard], [Minimum] and [User Defined].

A missing or wrong authorization can be recognized in this way: Only two installation types
are available in the menu - [Standard] and [User Defined].
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Installation of Dlubal Applications RFEM 4

Inztallation Type

Choose the type of installation.

Standard
Al licensed programs/modulz and demo versions of nat licenzed
programs/maduls

Mitirnm
‘@ Only licensed programz/maduls

User Defined
Choose the programs/moduls, that wil be installed

Figure 2.2: Installation Types in Case of Right Authorization

In case of a missing authorization a warning is displayed that the [Demo] version will be in-
stalled.

If you choose the [Standard] installation type, a complete application of RFEM and its add-
on modules is installed. Programs can be started consequently by clicking on their desktop
icons or from the Start menu as a full version, eventually only as a demoversion.

If you choose the [Minimum] installation type only programs whose license is written on an
authorization disk are installed. The exception makes RFEM with its add-on modules that
are all installed even in case that you don’t have an authorization to some modules.

In case of the [User Defined] installation type you can manually select individual programs
available on the DVD. Modules which are not directly integrated to RFEM and whose licence
you do not have are marked during this installation as [Demo].

Installation of Dlubal Applications RFEM 4 3
Select Programs TERESEn,
Select Programs which hag to be installed - ]
PV
% Program AFE M Description
[ Program FE-BEUL 7 RFEM4 |nstallation

Mate: When instaling RFERM4,
all add-on modules such as
RF-COMCRETE, RF-STEEL,
RF-PUMCH, RF-STABILITY,
RF-DvM A, RF-IMP etc. will
be installed as well.

Space on the D drive:
0.00 MB required, 15302.45 ME available

< Back " Mext > l[ Cancel

Figure 2.3: User Defined Installation in Case of Valid Authorization
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3. Using RF-DYNAM 2007
3.1 Starting RF-DYNAM 2007

It is possible to initialize the add-on module RF-DYNAM 2007 by the command from the
RFEM main menu:

Additional modules — Dynamic

or by clicking on the corresponding item in the [Additional Modules] folder in the Data
navigator (on the left on the RFEM work area).

% RFEM 3.03 - [Project_1]

EDFis Edt View Insert Caloulsts Results Tools Tables Options

I89dEERR |~ &S @@ F o

Addiional Modulss| window Help

anv| @ > P2 YERE ®EREEER LOM.
P R Shape Propetties 4 — = = 2 =
* ¥ IER AT awae D JBRARREOSS @ Mo Le@y=amiBE
Project Navigator 3] e e »
& 4 Project_1 = Design - Timber 3
) {3 Structural Data ‘ Dynamic € RF-pmam 2007 Dynanical Analysis Q
(53 Nodes Comnections »‘ RF-DYMAM Dynamical Analysis
1Z) Lines -
&) Materials Foundations B
] Surfaces Stabilicy 4
15 Solids
»
&) Openings Gt

&) Modal Supparts
) Line Supports
1#) Surface Elastic Foundations
|2 Line Releases
1= Variable Thicknesses
%) Orthotropic Surfaces
@ Cross-sections
|£) Member Releases
|2 Member Eccentricities
(1 Member Divisions
|2 Members
|5 Ribs
|56 Member Elastic Foundations
|1 Member Mon-linearities
1) Sets of Members
|#) Inkersections
) FE Mesh Refinements
= Loads
_§ Load Cases
¥ Load Groups
=¥ Load Combinations
| Results
) Sections

1 Brinkr b Ranarks

< >
& ES Data | M Display

Starks the additional moduls RF-DYMAM 2007 For the dynamical snal SNAP | [GRID ‘ CARTES |0SMaP [GLIMNES [DXF

-8

=)

v

Figure 3.1: Starting RF-DYNAM 2007 Module from Main Menu

3.2 Masks

The masks serve for entering input data to define eigenmodes and later also to display nu-
merical results on the screen.

After starting the RF-DYNAM 2007 module you see the navigator on the left that contains
all currently accessible masks. Three pull-down menus File, Settings and Help are located
below the main strip. They contain functions that are described in chapter 3.5.

The masks can be opened either by clicking on the relevant entry in the RF-DYNAM naviga-
tor or can be gradually browsed using the keys [F2] and [F3] or the buttons [<<] and [>>].
After clicking on the [Graphic] button the graphic display of results opens where you auto-
matically see the currently selected natural frequency. Detailed information on the display
of results can be found in chapter 3.4. You save both input data and results by the [OK]
button before quitting the module, while the [Cancel] button serves to exit the module
without data saving. You can call up the online help by the button [Help] or by the [F1]
function key.

Program RF-DYNAM 2007 © by Dlubal Engineering Software
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3.3 Input Masks

In the input masks it is necessary to enter all data needed for the calculation of natural fre-
quencies and also for generating equivalent seismic loads (RF-DYNAM ADDITION II) and to
set required parameters.

3.3.1 Mask 1.1 General Data

The mask 1.1 General Data opens automatically after the start of RF-DYNAM 2007.

RF-DYNAM 2007 - [Project_1] 3]
File Settings Help
CA1 - Dynamics v E = j
Input Data Determination of Settings
General data )
Additional nodal masses [¥]1. Eigenvestars Humber of Lowest
Additional ine maszes Eigenvectors [E_‘QE”VE‘UES] T =
to be Calculated: 45
Additional member masses
Additional suface masses Apply Self Weight As Mass
Ta Calculats - =
with Factar: | 100 %
[13 Equivalent Ioads z
[ Activate Influence due to Axial Forees
I azs Considered >
InDitection: [W]x  Aboutbsis ] n
B[ =
Z z ]
Mz “ Eigenvalue Sokver Method I I
(%) Sub Space Iteration Method
() ICG - Iteration Method m
Dynamic Analysis
Standardizing the eigenmodes Intemal member division
(® To71 sothat max {u} =1 [] Intemal division of members
(O From Mass so that {utT.[MLit =1 Murber of divisions: |
Lamment
< >
[ Calculation ] [ Check ] [ D etails

Figure 3.2: Mask 1.1 General Data

At first you select here the current dynamic case (if available) in the list above the navigator.

You can also Comment the current dynamic case. Before the calculation starts by clicking on
the [Calculation] button you have the option to open by means of the [Details] button the
dialog where certain calculation parameters can be set.

RE-DYNAM 2007, Details

Gravity constant
Acceleration: 10.00] [mes2]
Cancel

[rata for expart of generated equivalent loads
Total number of generated 10000 %

equivalent loads [lang

generating)

I aximun number of 10000000 5

generated equivalent loads
[generating no mare
poszible]

Figure 3.3: Dialog RF-DYNAM 2007, Details

Determination of

In this section you can select one of the acquired modules: RF-DYNAM Basic (= Eigenvec-
tors) or RF-DYNAM Addition Il (= Equivalent Loads). The modules, whose licence you do
not own and are unavailable, are marked by gray letters.
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Equivalent loads

This option can be fully utilized only in case if you have the licence for the RF-DYNAM AD-
DITION Il module. Then you can enter the values according to the corresponding standards
(DIN 4149, EC 8 or IBC 2000) for the calculation of equivalent static loads in the mask 1.7. If
you have only RF-DYNAM 2007 BASIC available, this module part will run only as a demo-
version.

Settings

RF-DYNAM 2007 calculates the lowest eigenvectors of the structure. The calculation theory
generally does not allow the possibility to omit lower eigenvectors and simultaneously cal-
culate greater eigenvectors during the design. In the entry box Number of Lowest Eigenvec-
tors (Eigenvalues) to be Calculated you can determine how many eigenvalues RF-DYNAM
2007 should calculate. It is possible to calculate up to 1,000 lowest eigenvectors of a struc-
ture.

Apply Self-Weight As Mass

Following data on members, surfaces and bodies of a given structure that were entered in
the main program RFEM, the RF-DYNAM module can calculate the structure mass. The fac-
tor by which the given mass will be multiplied is set in this entry box. This factor is inde-
pendent on the load case Self-Weight, which could be possibly defined in RFEM. If you en-
ter zero in this box, the weight from RFEM structure data will not be taken into account
during the dynamic design.

Activate Influence due to Axial Forces

If you want the geometric rigidity matrix to be included in the calculation, the second order
theory will be applied. When the structure is deflected, axial forces induce additional bend-
ing moments that can contribute to the increase or decrease of the structure rigidity. Influ-
ence of axial forces can be activated in the entry box Activate Influence due to Axial Forces.

You select in the list a certain load case or load group from which you want to import nor-
mal stresses. Tension stresses lead to the natural frequency increase.

Mass Considered

In this section you determine in which global spatial directions the mass will be regarded.
The RF-DYNAM 2007 module takes into account not only the mass of members, surfaces
and bodies, but also the mass entered in the masks 1.2 Additional Nodal Masses, 1.4 Addi-
tional Member Masses and 1.5 Additional Surface Masses.

Eigenvalue Solver Method

The selection of the eigenvalue calculation method has decisive influence on calculation
time during the dynamic design. RF-DYNAM 2007 simultaneously offers different calcula-
tion procedures to obtain structure eigenvalues.

The subspace iteration method is suitable for small and medium cases for which a large
number of eigenvalues should be calculated. All eigenvalues are simultaneously calculated
in one step, which is demanding for an operational memory.

The method of combined gradients (ICG method) was developed for extensive cases when
the computer operational memory is insufficient. Eigenvalues are calculated consecutively in
this case. Hence, this method is suitable for big models for which only a smaller number of
eigenvalues should be evaluated.

Standardizing the eigenmodes

The eigenmodes can be standardized for the calculation of mode masses according to the
displacement {u;} or the contributions {u;}" [M] {u;}.

10
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Internal member division

For the better approximation analysis it can be necessary under certain conditions to enter a
greater number of member divisions. Hence, an accuracy of a member representation is in-
creased which is suitable mainly for tapered members or members with an elastic founda-
tion. If you enter the value higher than 1, the program separates the member internally. It is
necessary to enter integers in this box.

Example: In case of the spatially defined cantilever beam with the entered value 7 for the
member division you can at most calculate six lowest natural frequencies. For the simple
member division after entering the value 2 inthe corresponding entry box you can calculate
12 lowest natural frequencies. If you want to achieve the same by the equivalent structure
entry in RFEM, the beam would have to be divided by one node.

Comment

The user can record his own comments in this field.

3.3.2 Mask 1.2 Additional Nodal Masses

RF-DYNAM imports the structure entered in the main program RFEM. If you have entered in
the mask 1.1 General Data in the box Apply Self Weight As Mass afactor higher than zero,
then RF-DYNAM takes for the basis of the eigenvalue analysis the self weight of structure
objects as the weighted mass. The mass can be defined additionally or alternatively in the
masks 1.2 - 1.5.

RE-DYNAM 2007 - [Project_1] 3]

Eile Settings Help
CAT - Dynarnics - f ; ! : 8
nputDalz C_ 4 T8 [ ¢ [ 0 [ ETF [ c m——e
General data Ligt of nodes Mass
Additional nodal masses e with mass mxfka] | my[kg] = mz[kal Commernts
Additional line masses 1 8153174 165.50 250.00 150,00
Additional member masses 2 338-341 215.00 215.00 216.00
Additional surtace masses 3 481-484 65.00 B5.00 B5.00 Right side
To Calculate 4 252,254 285,257 180.25 180.25 180.25 Top floor
Equivalent lateral loads 1327 13000 13000 190.00 [Comer,
E
7
g
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Figure 3.4: Mask 1.2 Additional Nodal Masses

You can easily import to the module the loads from RFEM by using the button [Import
Nodal Loads of Load Case from RFEM and Set as Mass...]. However, only loads defined in
the direction of the z axis are imported. In the dialog that opens you can select the original
load case. Further in this dialog you can choose the factor by which the imported masses
will be multiplied (see the following picture).

‘ Ing. Software
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Hodal loads as mass

Irnpaort from RFER
From Load

With

Figure 3.5: Dialog for Choosing Load Case and Factor for Additional Masses
If only individual loads on nodes in RF-DYNAM should be defined, you can use the function
[Pick Nodes] or you can enter them manually.

List of nodes with mass

Node numbers to which the additional mass shall be assigned

Mass

Amount of mass that shall be assigned to the node

Mass moments

The mass moments that act on the nodes

3.3.3 Mask 1.3 Additional Line Masses

Regarding the fact that the appearance and control of the masks 1.2 - 1.5 are very similar,
we mention them only briefly. The functions described in the previous chapter are more or
less common for all masks for entering the additional masses.

You can enter the additional line masses in the mask 1.3.

RE-DYMAM 2007 - [Project_1] E
File Settings Help
C&1 - Dynamics v\ﬁ Additional Lin s ZES) iy 1921 anay; anas 2y _. 3 - po— — rere :
Input Dala
General data List of lines Masz
Additional nodal masses i vith masses m [lg/m] Comment
Additional line masses 1 | 163268 115.00
Additional member masses 2 | 42292593 £6.00
Additional surtace masses 3 161.405 406,416 40.00 | Big windaow
Ta Calculate 4 | 420507 250.00 | Bottom
Equivalent lateral loads B 1151.1167.1410 35.00 [Roof - central_
E
7
8
El
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
=

Figure 3.6: Mask 1.3 Additional Line Masses
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You can enter the additional member masses in the mask 1.4. If you import the member
loads that were defined as single or trapezoidal ones, then they will be distributed evenly

along the whole member length. It means that if a nodal load of 10 kN has been defined on

a member 5 m long, the load will be converted to a member mass of 200 kg/m.

RF-DYNAM 2007 - [Project_1] &l
Eile Settings Help
| A1 - Dynamics |14 Additic e
Input Data [ A ] B [ E
General data List of mermbers Mass
Additional nodal masses ey with mass m [ka/m] Comment
Additional line masses 1 1.2.2942 140.00 | Continuous members
Additional member masses 2 |23 35.00 | Top floar
Additional suface masses 3 | 95656670 £0.00
To Caloulate ] 215,00  Ground
Equivalent lateral loads :
7
2
=l
10
11
12
13
14
15
16
17
18
19
20
21
2
23
24
25

Figure 3.7: Mask 1.4 Additional Member Masses

3.3.5 Mask 1.5 Additional Surface Masses

diagrams of surface loads are recalculated to constant surface masses.

RF-DYNAM 2007 - [Project_1]

You can define the additional surface masses in the mask 1.5. Also here the possible linear

i3

Eile Settings Help
CaT - Dgnermics w E T T S T
It Data P I
General data List of surfaces Mass
Additional nodal masses ey with mass m [kgm?] Comment
Additional line masses 1117 340.00 Front surface
Additional member masses 2|1 210.00 | Middle wall
Addilional suface masces | IIRCHNN| 74 £5.00 [Elevator backside,
To Calculate 4
Equivalent lateral loads :
7
]
=l
10
11
12
13
14
15
16
17
18
19
20
2
22
23
24
25

Figure 3.8: Mask 1.5 Additional Surface Masses
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3.3.6 Mask 1.6 To Calculate for Eigenvibration

In the mask 1.6 To calculate for eigenvibration you can select other results that you want to
calculate and display. The following options are available: eigenvectors in FE-mesh nodes,
masses in FE-mesh nodes and equivalent mass factors.

RE-DYNAM 2007 - [Project_1] 3]
File Settings Help
C41 - Dynamics w f S
Input Data calculate additionally - eigenvectors
General data
Additional nodal masses Eigerwectors in FE-mesh nodes
Additional line masses [ImM FE

h nodes

Additional member masses
Additional suface masses

To Calculate

Equirvalert lateral loads

k]

Figure 3.9: Mask 1.6 To Calculate for Eigenvibration

Eigenvectors in FE-mesh nodes

If you choose this option, the mask 2.5 is displayed additionally after the calculation. The
displacement of eigenmodes, contrary to the results in the masks 2.2 - 2.4, is displayed in
all nodes of the FE-mesh.

Masses in FE-mesh nodes

RF-DYNAM 2007 assigns the total structure mass to the individual nodes of the FE-mesh.
However, only active masses (the masses that influence the dynamic behaviour of the struc-
ture) are taken into account during the calculation. The result masses in the FE-mesh nodes
are shown in the mask 2.6.

Equivalent Mass Factors

If you choose this option, the equivalent masses and factors of equivalent masses in the di-
rections X, Y and Z are displayed in the output mask 2.7. The details can be found in chap-
ters 3.4 and 4.

14
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3.4 Mask 1.9 Equivalent Loads

It is only possible to open this mask if you have the licence for the RF-DYNAM ADDITION I
module.

Equivalent Loads

Equivalent Load

Generate according | DIN 4143; 2005404 v

RIS GIN 4143 138104
DIN 4143: 20050
[ELIROCODE & 1998-1-1
EUROCODE & 2004-11
IBL 2000

From the selection list Generate according to Standard you have access to the dialog below
where you can enter input parameters after standards DIN 4149: 1981-04, DIN 4149:
2005-04, EUROCODE 8: 1998-1-1, EUROCODE 8: 2004-11 or IBC 2000.

Selection of Eigenmodes

Allocation of design spectum for inear calculation

& c | D ] E £
Toge- Eigenmade Generate Ordinate of dezign spectum
nierate Ma. in RFEM-LC Mo, | Auta Sal] Comments
B [ 138H: ] o]
(=] : (=
(=] : (=
(= (=

To generate and Eigenmode No.

You can specify in these two columns which natural frequencies calculated in the RF-
DYNAM BASIC module shall be considered for the calculation of equivalent loads.

Generate in RFEM - LC No.

In this column the number of the RFEM load case is displayed into which the generated
equivalent loads will be imported. The direction of load action always corresponds to the
direction of the eigenvector. The number of the first RFEM load case can be set during the
export to RFEM.

Export in RFEM
First LC-Ma.: EFE

Auto

If you tick this check box, the factors Sy, resp. Sy, and S, of the design spectrum are cal-
culated automatically. It is also possible to enter these values manually; then the equivalent
loads can be calculated even on the basis of input values that do not correspond to the giv-
en standard.

Ordinate of design spectrum
This value is defined as the function of the T structure eigenperiod.
Comments

For each generated load case a comment can be entered.

' Ing. Software
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Standard Parameters DIN 4149: 1981-04

RF-DYNAM 2007 - [Project_1] X

File Settings Help
CA1 - Dynamics - E j
Input Diata Equivalent Laad E=port in RFEM
General data 3
Additional nodal masses Generate according | DIN 4149; 1981-04 v First LE-Mo.: E%
Additional line masses lobtandard
Additional member masses
Additional suface masses
To Calculate
Equivalent lateral loads
Standard parameter
Earth quake
20N 1 v Stucture class: |1 v
Standard value ~ 2 Reduction- ~
02600 2 | [mis?] e 05000 3
Factor for
Influence of 1.0000 % Calculated value [ 257 = ima?)
soil 4 cal a
Eigenmode selection
| B | C [ D | E \ F
Tage Eigenmade Generate Coefficient of stand. responze spectrum
herate Ma. in AFEM-LC Ma. | Auto B[] Comments
N =
= ]
= ®
= ]
= ®
= E]]

Figure 3.10: Mask 1.9 Equivalent Lateral Loads after DIN 4149: 1981-04

Earth quake zone

We distinguish different seismic zones on the earth surface depending on the structure of
the earth crust and the position of tectonic layers. The seismic zone is characterized by the
value a, which corresponds to the estimated acceleration.

Standard value a,

The program automatically substitutes the design acceleration value depending on the
seismic zone if you have specified the seismic zone 1 - 4.

Factor for Influence of soil
This factor has in extreme cases either the value 1.0 (hard soil) or 1.4 (loose soil).
Structure class

The site class indicates the level of the construction protection and the social importance of
the building. Objects are divided into 3 categories that are specified in the standard. In Cen-
tral Europe, it is in principle sufficient to consider the object classes 1 - 4. Obviously, the us-
er can also enter the different object class according to other standards and seismic zones,
but he himself must supply valid acceleration values then.

Reduction factor a

The design acceleration values a, can be multiplied by the reduction factor a depending on
the object class and the seismic zone. For further information see DIN 4149, chapter 7.2.3.

Calculated value cal a

This value depends on the design acceleration value a,, the reduction factor o and the fac-
tor for soil influence k. The value cal a is calculated automatically after entering these pa-
rameters, but can be altered additionally as well.
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The button [Spectrum] serves for a graphic display of a given spectrum, based on entered

parameters. This button is activated after the successful calculation course of natural fre-
quencies. If you do not tick this box in the Auto column, you can alter the factors for spec-
trum directions.

Standard responce spectrum according to DIN 4149: 1981-04 El

Course

Direction: ®x (@) Qz

0.750

0500

0.250

TH
0.0000 1.0000 20000 0000 40000
Aszsighed factors
zigenmode Eigenperiod Factor of the standardized response spectrum in directic #

Mo, Ti [s] | Auto. ® ¥ z
0401 | (@
0370 [ [ |
0363 | (@
0245 | @
o
o J[ s J [ e

Figure 3.11: Standardized Response Spectrum after DIN 4149: 1981-04

The factors for the Z direction can be determined separately in the table that you open by
clicking on the [Z-factors] button. The values for the vertical direction are set by default
here in accordance with the standard DIN 4149 and correspond to 50% of the horizontal
seismic load component.

* Zactors

Eigenperiods of dependent Z factor §|
~ o
Eigenperiod Factor =
Ti[2] for Z-direction

0.500

10.000 0.500

mﬂmmhmml‘;—'

9| [(Cooon ]

Figure 3.12: Z Factors
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Figure 3.13: Mask 1.9 Equivalent Loads after DIN 4149: 2005-04, option Design Spectrum for Linear Calculation
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Figure 3.14: Mask 1.9 Equivalent Loads after DIN 4149: 2005-04, option Elastic Response Spectrum

If the equivalent loads are generated according to DIN 4149: 2005-04, the user will have
the option to select either Design spectrum for linear calculation or Elastic Response spec-
trum. Individual parameters of the standard DIN 4149: 2005-04 are described below.
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R Regions with a rock soil
T Transition regions among R and S class regions and further regions of rela-
tively shallow sedimentation basins
S Regions with deep basins filled with thick sediments
Site classes
A Non-weathered (parent) rocks with high rigidity
Predominant velocity of the shear wave propagation: > 800 m/s
Moderately weathered rocks, resp. rocks with low rigidity or gritty (loose)
ones, eventually mixed soils with considerable friction with a higher degree
B of soil density, eventually in rigid consistency (e.g. cohesionless rocks
loaded by a glacier)
Predominant velocity of the shear wave propagation: 350 m/s - 800 m/s
Strongly to fully weathered rocks or gritty (loose) ones, eventually mixed
c cohesionless soils with medium soil density, eventually at least in rigid con-
sistency or fine-grained (cohesive) soils at least in rigid consistency
Predominant velocity of the shear wave propagation: 150 m/s - 350 m/s

For the input values A, B or C and also R, T or S the following input parameters of the de-
sign spectrum are given:

Parameter values to express horizontal spectrum

Soil conditions S Ty [s] Tc [s] Tp [s]
A-R 1.00 0.05 0.20 2.0
B-R 1.25 0.05 0.25 2.0
CR 1.50 0.05 0.30 2.0
B-T 1.00 0.01 0.30 2.0
C-T 1.25 0.01 0.40 2.0
(@ 0.75 0.01 0.50 2.0

Parameter values to express vertical spectrum

Soil conditions S Tg [s] Tc sl Tp, [s]
A-R 1.00 0.05 0.20 2.0
B-R 1.25 0.05 0.20 2.0
C-R 1.50 0.05 0.20 2.0
B-T 1.00 0.01 0.20 2.0
CT 1.25 0.01 0.20 2.0
c-S 0.75 0.01 0.20 2.0

Te. Te. Tp
Po

Soil parameter

Control periods of response spectrum

Spectral acceleration factor with referential value B, = 2.5 for 5 % viscous

damping

I Program RF-DYNAM 2007 © by Dlubal Engineering Software
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Ductility factor q

The ductility factor g varies between 1.50 and 5.00 and is determined by the type of the
supporting structure, building ductility, regularity of building elevation and by the type of
reinforcing elements failure. It is calculated using the following equation:

qg=9, *kg *k,=>1.5
Correcting damping factor n

The correcting damping factor with respect to the referential value n = 1 for 5 % viscous
damping is calculated as follows:

, 10

Design ground acceleration a,

The design ground acceleration depends on the seismic zone and its value can be deter-
mined according to the following table and the figure 2 - Seismic zones of Germany in
DIN 4149: 2005-04.

_— . Design ground acceleration
Seismic zone Intensity range 2
ay [m/s?]
0 6.0<1<6.5 -
1 6.5<1<7.0 0.4
2 7.0<1<75 0.6
3 7.5<I 0.8

Importance factor v,

High-rise buildings are divided into four categories depending on their importance for a
public protection:

Importance factor

Importance category Site objects y
1

A building with small importance
' for public safety, e.g. agricultural 0.8
buildings.

Regular buildings that do not fall
I into other category, e.g. housing 1.0
buildings.

Buildings whose earthquake resis-
tance is very important regarding
consequencies that would arise

I from their collapse, e.g. extensive
housing buildins, office buildings,
schools, public places, cultural facili-
ties, department stores etc.

1.2

Buildings whose preservation in case
of an earthquake is very important

v for public protection, e.g. hospitals, 1.4
important facilities for help during
catastrophes and objects of safety
units, fire department stations etc.

20
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The [Spectrum] button serves for a graphic display of a given spectrum based on entered
parameters. If you do not tick this box in the Auto column, you can alter the factors for
spectrum directions.

Design spectrum according to DIN 4149: 2005-04 E| Elastic responce spetrum according to DIN 4149: 2005-04 E|
Course Course
Direction: [0} Oy (@) Direction @ & Oz
B g ] Gopy ]

TE
40
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40

0.0000

10000 2000 50000

0.0000

10000 2000 50000

Assigned factors
Sigenmode Eigenperiod Factor of the standardized response spectum in directic #

Assigned factors
Sigenmode Eigenperiod Factor of the standardized response spectum in directic #

Ho. Ti [5] Auto... R g z Ha. Ti [5] Auto... R g z
[T I ]

2 0370 [« 2 0370 | [x

3 0369 [« E) 0369 | [w

q 0243 =@ q 0243 | &

5 5

B B
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E] w E] w
| 0K, |[ Cancel ] [ Help ] [ Z-factars ] | 0K, |[ Cancel ] [ Help

Figure 3.15: Design Spectrum for Linear Calculation Elastic Response Spectrum

The factors for the Z direction can be determined separately in the table that you open by
clicking on the [Z-factors] button. The values for the Z direction are set by default in accor-
dance with the standard DIN 4149: 2005-04:

e for eigenperiods 0.0 s correspond to 100 % of the horizontal seismic load component
o for eigenperiods 10.0 s correspond to 100 % of the horizontal seismic load component

Eigenperiods of dependent Z-factor,

A

Eigenperiod Factar - = -

Ti[z] for Z-direction
1.000

10,000 1.000

mﬂmmbmmlg

v [Cowan ]

Figure 3.16: Z Factors
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Figure 3.17: Mask 1.9 Equivalend Loads acc. to EUROCODE 8: 1998-1-1, option Design Spectrum for Linear Calculation
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Figure 3.18: Mask 1.9 Equivalend Loads according to EUROCODE 8: 1998-1-1, option Elastic Response Spectrum

If the equivalent loads are generated according to Eurocode 8: 1998-1-1, the user will have
the option to select either Design spectrum for linear calculation or Elastic Response spec-
trum. The individual parameters of Eurocode 8: 1998-1-1 are described below.
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Site classes

A rock site with the velocity of the shear wave propagation at least 800

A m/s
Dense sands, gravel or over-consolidated clay with the velocity of the shear
wave propagation v, in depth of 10 m at least 400 m/s

B Moderately dense gravel, sand or rigid clay; v, at least 200 m/s in depth
of 10 m

C Soils with the v, lower than 200 m/s in the top 20 m layer

According to the site class A, B or C the following input parameters for the design spectrum
are given:

Site class S B, K1 K> k, k, T,[s] | T.[s] | TpIs]
A 1.0 2.5 2/3 5/3 1.0 2.0 0.10 0.40 3.0
B 1.0 2.5 2/3 5/3 1.0 2.0 0.15 0.60 3.0
C 0.9 2.5 2/3 5/3 1.0 2.0 0.20 0.80 3.0
S Site parameter
Bo Spectral acceleration factor for 5 % viscous damping

kg1, kg2 Indices shaping design spectrum for periods greater than T, resp. T,
ki k,  Indices shaping design specturm for periods greater than T.resp. T,
T, T. Limits of constant spectral acceleration range

Tp Period value above which deflection spectrum is constant

Ductility factor q

The ductility factor g varies between 1.50 and 5.00 and is determined by the type of the
supporting structure, building ductility, regularity of building elevation and by the type of
reinforcing elements failure. It is calculated using the following equation:

q=0d, *kp * kg * ky
Correcting damping factor n

The correcting damping factor with respect to the referential value n = 1 for 5 % viscous
damping is calculated as follows:

7
(2+¢)

n= >0.7

Acceleration Ratio (a, / g)

The factor a shows the ratio of the design ground acceleration a, with the referential repe-
tition period and the gravitational acceleration g.

The [Spectrum] button serves for a graphic display of a given spectrum, including entered
parameters. If you do not tick this box in the Auto column, you can alter the factors for
spectrum directions.

' Ing. Software
Dlubal
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Figure 3.19: Design Spectrum for Linear Calculation Elastic Response Spectrum

The factors for the Z direction can be determined separately in the table that you open by
clicking on the [Z-factors] button. The values for the Z direction are set by default in accor-
dance with the standard EC 8:

£-factors

o for eigenperiods lower than 0.15 s the values are reduced by the factor 0.70
o for eigenperiods greater than 0.5 s the values are reduced by the factor 0.50
o for eigenperiods between 0.15 s and 0.5 s an authomatic linear interpolation runs

Eigenperiods of dependent Z-factor, &|

e |~ g

Eigenperiod Factor

Ti[z] for Z-direction

0.700
150 0710
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Figure 3.20: Z Factors
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Figure 3.21: Dialog 1.9 Equivalent Lateral Loads according to IBC 2000

The [Spectrum] button serves for a graphic display of a given spectrum, including entered
= parameters. If you do not tick this box in the Auto column, you can alter the factors for
spectrum directions.
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Figure 3.22: General Response Spectrum for IBC
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Category

These categories of structures correspond to the Seismic Use Groups stated in the IBC 2000.

1616.2.1 Seismic Use Group I. Seismic Use Group I
structures are those not assigned to either Seismic Use
Group Il or 1I1.

1616.2.2 Seismic Use Group I Seismic Use Group II struc-
tures are those, the failure of which would result in a sub-
stantial public hazard due to occupancy or use as indicated by
Table 1604.5, or as designated by the building official.

1616.2.3 Seismic Use Group III. Seismic Use Group I11
structures are those, the failure of which would result in
having essential facilities that are required for postearth-
quake recovery and those containing substantial quantities
of hazardous substances, as indicated in Table 1604.5, or
as designated by the building official.

Where operational access to a Seismic Use Group 11
structure is required through an adjacent structure, the
adjacent structure shall conform to the requirements for
Seismic Use Group III structures. Where operational
access is less than 10 feet (3048 mm) from an interior lot
line or less than 10 feet (3048 mm) from another structure,
access protection from potential falling debris shall be pro-
vided by the owner of the Seismic Use Group I1I structure.

Occupancy Importance Factor I

TABLE 1604.5
CLASSIFICATION OF BUILDINGS AND OTHER STRUCTURES FOR IMPORTANCE FACTORS

' Ing. Software
Dlubal

SEISMIC SNOwW WIND
CATEGORY= NATURE OF OCCUPANCY FACTOR I FACTOR Ig FACTOR 1y
1 Buildings and other structures except those listed in Categories I1, ITT and TV 1.00 1.0 1.00

Buildings and other structures that represent a substantial hazard to human

life in the event of failure including, but not limited to:

« Buildings and other structures where more than 300 people congregate in
one area

« Buildings and other structures with elementary school, secondary school or
day-care facilities with capacity greater than 250

« Buildings and other structures with a capacity greater than 500 for colleges
or adult education facilities

1t « Health care facilities with a capacity of 50 or more resident patients but not 1.25 1.1 1.15
having surgery or emergency treatment facilities

« Jails and detention facilities

« Any other occupancy with an occupant load greater than 5,000

» Power-generating stations, water treatment for potable water, waste water
treatment facilities and other public utility facilities not included in
Category 111

* Buildings and other structures not included in Category III containing suffi-
cient quantities of toxic or explosive substances to be dangerous to the pub-
lic if released

Buildings and other structures designated as essential facilities including, but

not limited to:

« Hospitals and other heaith care facilities having surgery or emergency treat-
ment facilities

« Fire, rescue and police stations and emergency vehicle garages

« Designated earthquake, hurricane or other emergency shelters

» Designated emergency preparedness, communication, and operation
centers and other facilities required for emergency response

m » Power-generating stations and other public utility facilities required as 1.50 12 115
emergency back-up facilities for Category LI structures

« Structures containing highly toxic materials as defined by Section 307
where the quantity of the material exceeds the exempt amounts of
Table 307.7(2)

* Aviation control towers, air traffic control centers and emergency aircraft
hangars

» Buildings and other structures having critical national defense functions

+ Water treatment facilities required to maintain water pressure for fire
suppression

Buildings and other structures that represent a low hazard to human life in
the event of failure including, but not limited to:

v * Agricultural facilities 1.00 0.8 0.870
« Certain temporary facilities
* Minor storage facilities

a. “Category” is equivalent to “Seismic Use Group” for the purposes of Section 1616.2.
b. In hurricane-prone regions with ¥>100 miles per hour, 7,,, shall be 0.77.
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Site Class
TABLE 1615.1.1
SITE CLASS DEFINITIONS
AVERAGE PROPERTIES IN TOP 100 feet, AS PER SECTION 1615.1.5
SITE SOIL PROFILE Soil shear wave Standard penetration Soll undrained
CLASS NAME velocity, Vs, (f/s) resistance, N shear strength, S, , (psf)
A Hard rock v, > 5,000 Not applicable Not applicable
B Rock 2,500 < v, < 5,000 Not applicable Not applicable
C Very dense soil and soft rock 1,200 < v, < 2,500 N>50 5,> 2,000
D Stiff soil profile 600 < v, < 1,200 15< N<50 1,000 < 5,< 2,000
E Soft soil profile V, < 600 N<I5 5.,< 1,000
Any profile with more than 10 feet of soil having the following characteristics:
E o 1. Plasticity index PI> 20;
2. Moisture content w > 40%, and
3. Undrained shear strength 5, < 500 psf
Any profile containing soils having one or more of the following characteristics:
1. Soils vulnerable to potential failure or collapse under seismic loading such as
liquefiable soils, quick and highly sensitive clays, collapsible weakly cemented soils.
F — 2. Peats and/or highly organic clays (H > 10 feet of peat and/or highly organic clay
where H = thickness of soil)
3. Very high plasticity clays (H > 25 feet with plasticity index P/ >75)
4. Very thick softmedium stiff clays (H > 120 ft)

For SI: 1 foot = 304.8 mm, 1 square foot = 0.0929 m2, | pound per square foot = 0.0479 kPa.

Sws = F,

SM1

* SS
S,

Sps = 2/3 * Sy

Spr = 2/3* Sy,

where:

Site coefficient defined in Table 1615.1.2(1)

Site coefficient defined in Table 1615.1.2(2)

Mapped spectral accelerations for short periods as determined in Section 1615.1

Mapped spectral accelerations for a 1 second period as determined in Section

1615.1

Maximum considered earthquake spectral response acceleration for short period as
determined in Section 1615.1.2

Maximum considered earthquake spectral response acceleration for 1 second pe-
riod as determined in Section 1615.1.2

Design spectral response acceleration at short periods as determined in Section

1615.1.3

Design spectral response acceleration at 1 second period as determined in Section

1615.1.3
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TABLE 1615.1.2(1)

VALUES OF SITE COEFFICIENT F, AS A FUNCTION OF SITE CLASS
AND MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS (Sg)?

Dlubal

SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT SHORT PERIODS

CLASS Ss 5025 Ss=0.50 Ss=0.75 S =1.00 Ssz1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 12 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 Note b
F Note b Note b Note b Note b Note b

a. Use straight line interpolation for intermediate values of mapped spectral acceleration at short period, S.
b. Site-specific geotechnical investigation and dynamic site response analyses shall be performed to determine appropriate values.
TABLE 1615.1.2(2)
VALUES OF SITE COEFFICIENT F, AS A FUNCTION OF SITE CLASS
AND MAPPED SPECTRAL RESPONSE ACCELERATION AT 1 SECOND PERIOD (S;)?
SITE MAPPED SPECTRAL RESPONSE ACCELERATION AT 1 SECOND PERIOD

CLASS S, s0.1 S, =02 S, =03 S, =04 S, =05
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 13
D 2.4 2.0 1.8 1.6 1.5
E 3.5 32 2.8 24 Note b
F Note b Note b Note b Note b Note b

a. Use straight line interpolation for intermediate values of mapped spectral acceleration at 1-second period, S,.
b. Site-specific geotechnical investigation and dynamic site response analyses shall be performed to determine appropriate values.

Seismic Design Category

TABLE 1616.3(1)

SEISMIC DESIGN CATEGORY BASED ON
SHORT PERIOD RESPONSE ACCELERATIONS

TABLE 1616.3(2)
SEISMIC DESIGN CATEGORY BASED ON
1 SECOND PERIOD RESPONSE ACCELERATION

SEISMIC USE GROUP SEISMIC USE GROUP
VALUE OF Spg 1 n m VALUE OF Sp, 1 n m
Sps < 0.167g A A A S5 < 0.067g A A A
0.167g < Sps < 0.33g B B C 0.067g < Sp; < 0.133g B B [¢
0.33g < 5,5 < 0.50g C C D 0.133g < S, < 0.20g C C D
0.50g < Spg De Ds De 0.20g < Sp; De Da Da

Response Modification Coefficient R®

TABLE 1617.6

DESIGN COEFFICIENTS AND FACTORS FOR BASIC SEISMIC-FORCE-RESISTING SYSTEMS

SYSTEM LIMITATIONS AND BUILDING HEIGHT
LIMITATIONS (FEET) BY SEISMIC DESIGN
SYSTEM CATEGORYC AS DETERMINED IN SECTION 1616.3
RESPONSE OVER-
DETAILING MODIFICATION STRENGTH DEFLECTION
REFERENCE COEFFICIENT, FACTOR, AMPLIFICATION
BASIC SEISMIC-FORCE-RESISTING SYSTEM SECTION a 099 FACTOR, C4® AorB c pd E® Fe
1. Bearing Wall Systems
A. Ordinary steel braced frames (14y 2211 4 2 32 NL NL 160 160 160
B. Special reinforced concrete shear walls 1910.2.4 512 22 5 NL NL 160 160 160
C. Ordinary reinforced concrete shear walls 1910.2.3 42 212 4 NL NL NP NP NP
D. Detailed plain concrete shear walls 1910.2.2 212 21/ 2 NL NP NP NP NP
E. Ordinary plain concrete shear walls 1910.2.1 11/2 217 112 NL NP NP NP NP
F. Special rcinforced masonry shear walls 2106.1.1.5 5 212 312 NL NL 160 160 100
G. Intermediate reinforced masonry shear walls 2106.1.1.4 31 272 244 NL NL NP NP NP
H. Ordinary rei d masonry shear walls 2106.1.1.2 2l 272 13/4 NI 160 NP NP NP
I. Detailed plain masonry shear walls 2106.1.1.3 2 22 13/4 NL NP NP NP NP
J. Ordinary plain masonry shear walls 2106.1.1.1 112 21/2 1 NL NP NP NP NP
- - = — S n
KLt e vl i g ool | 41| ; e v [ e e e
L. ;‘}%:rl rlrl"z:‘::i:;/:lls with shear panels—all 2306.4.5 5 2 5 NL NL 35 NP NP
2. Building Frame Systems
. 1 cocentrically braced frames, moment-resisti 15

A S(t)iief::icon:] ':t":;oﬁmnns away ffjh1 li(:1ks e s 8 2 4 NL NL 160 160 100
B. Steel ecc: cally braced frames, nonmo Sy

resistii‘giegt:?;z]ct)inzs a::ii::l:mns away fr‘t?linllinks 4 7 2 4 NL NL 160 160 100
C. Special steel concentrically braced frames (13) 6 2 s NL NL 160 160 100
D. Ordinary steel concentrically braced frames (14y 5 2 42 NL NL 160 100 100
E. Special reinforced concrete shear walls 1910.2.4 6 21/ 5 NL NL 160 160 100
F. Ordinary reinforced concrete shear walls 1910.2.3 5 21/ 412 NL NL NP NP NP
G. Detailed plain concrete shear walls 1910.2.2 3 2t 2 NL NP NP NP NP
H. Ordinary plain concrete shear walls 1910.2.1 2 2 2 NP NP NP NP NP
1. Composite eccentrically braced frames (14)k 8 2 4 NL NL 160 160 100

{continued)

28

Program RF-DYNAM 2007 © by Dlubal Engineering Software




3.5 Result Masks

/X
- —

Ing. Software

3.5 Result Masks

Dlubal

3.5.1 Mask 2.1 Eigenvalues, Natural Frequencies and

Periods

After the calculation has been carried out successfully in the RF-DYNAM module, the first
output mask 2.1 Eigenvalues, Natural Frequencies and Periods is displayed:

RE-DYNAM 2007 - [Rotund Easy]
File Settings Help

CA1 - Dynamics - E

Input Data :
General data ElNgsn-
Additional nodal masses _
Additional line masses
Additional member masses 2

Additional suface masses i

To Calculate
Equirvalent lateral loads

Fesults
Eigenvalues, Matural Frequenci
Eigenvectors by node
Eigenvectars by member
Generated equivalent lateral for

£ >

Eigenvalue
i[1/52]
733.05080
123415713
1376.64543
722677643

E

[ E | D

Angular frequency
i [rad/s]
27.0749
3513057
3F10N7
85.00457

Mat. frequency Eigenperiod
fi[Hz] Ti[s]

4.30911
5.59120
5.90515
13.52830

0.23207
017885
016534
0.07332

Figure 3.23: Mask 2.1 Eigenvalues, Natural Frequencies and Periods

The results are displayed in lines divided according to the natural frequencies into several

columns.

Eigenvalue

The eigenvalue A, [1/s?] is calculated from the motion equation without dumping. Theoreti-
cal principles are described in chapter 5 of this manual.

Angular frequency

The following relation exists between the angular frequency ; [rad/s] and the eigenvalue:

A= o

Nat. frequency

The natural frequency f; [Hz] is the rate of the eigenvector per second. The natural frequen-
cy and eigenperiod are in the direct reciprocal relation. The following relation exists be-
tween the natural frequency and the angular frequency:

®; = 2xf,.

Eigenperiod

The eigenperiod T, [s] shows the time difference necessary for one structural eigenvector.
The following relation is applicable:

f, = 1T.

Program RF-DYNAM 2007 © by Dlubal Engineering Software

29



P AN
3.5 Result Masks ]

' Ing. Software
Dlubal

3.5.2 Table 2.2 Eigenvectors by Node

The eigenfunction u(x) exists for every eigenvector. This function represents the shape of
the structural eigenvector.

The results are standardized to 1, whereas either the value of the greatest displacement u;,,
resp. rotation ¢, or the greatest product value of the mass and the second displacement
power are considered depending on the setting in the mask 1.1 General Data.

Sort according to node/member/surface numbering, eigenvector numbering, FE-mesh nodes
or grid nodes: the displacements and node rotations are displayed with regard to a certain
object type, sorted in lines according to the node/member/surface numbering, eigenvector
numbering, FE-mesh nodes or grid nodes.

The results in the mask 2.2 are sorted according to the nodes.

RE-DYMAM 2007 - [Staircase] @

File Settings Help
Ca1 - Dynarnics ~ E ﬂ
Input Data B [ C [ D [ E [ F [ G ] ~
General data Mode Eigen Dizplacement Riotation
i Nao, ux [ uv [ uz [ e[l e [ oz [
Additional nodal masses :
Addiional line maseas 1 0.00000 0.00000 0.00000 -0.00225 -0.00220 0.00000
Additional member masses 2 0.00000 0.00000 0.00000 -0.00307 0.03631 0.00000
Addiional surtace masees 3 0.00000 0.00000 0.00000 -0.00185 0.00942 0.00000
Ta Calculate 4 0.00000 0.00000 0.00000 0.00743 001332 0.00000
Equivalent lateral loads 2 1 -0.00270 0.003398 0.00002 -0.00234 -0.00064 0.01877
Fesults 2 0.04866 0.00133 -0.00021 0.00244 0.01740 031272
Eigenvalues, Matural Frequenci &l 001163 0.00210 0.00064 -0.00025 0.00279 -0.06822
Eigenvectors by rnods 4 001743 001066 0.00003 0.00510 -0.00533 011138
Eigervectors by member 2 1 -0.00275 0.00436 0.00000 -0.00295 -0.00032 0.02135
Generated equivalent lateral for 2 0.05072 0.00166 -0.00021 0.00277 001418 -0.33974
3 001193 000212 0.00063 -0.00007 0.00768 -0.08126
4 001812 00113 0.00003 0.00482 -0.00471 0.12138
4 1 -0.00092 0.013m 0.00002 -0.00280 -0.00102 0.00181
2 0.00520 -0.00506 -0.00024 -0.00087 -0.02142 -0.00320
&l 0.02008 -0.00052 0.00738 0.00761 nmag -0.02327
4 -0.00515 -0.01860 0.00003 000122 0.00432 -0.00127
5 1 -0.00107 001336 0.00002 -0.00282 000133 0.00047
2 0.00645 -0.00434 -0.00026 -0.00102 -0.02076 0.01573
3 0.02258 -0.00074 0.00200 0.00753 0.02077 -0.08118
4 -0.00462 001876 0.00003 000122 0.00372 -0.003965
3 1 001175 0.02580 0.00007 -0.00526 000216 0.02423
2 -0.06223 -0.00345 -0.00038 0.00005 -0.02684 0.38580
&) 029222 0.00331 0.00253 -0.00745 015430 -1.53748
4 -0.002739 001632 0.00023 -0.00455 0.00285 -0.00037
7 1 -0.01393 004116 0.00007 -0.00758 -0.00032 0.22528 h
< > Sart according to: (3 Mode Mumbering () Eigerwector Numbering

Figure 3.24: Mask 2.2 Eigenvectors by Node
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3.5.3 Mask 2.3 Eigenvectors by Member

The result eigenvectors in the mask 2.3 are sorted according to the members.

RE-DYNAM 2007 - [Staircase] ]

File Settings Help
CAT - Dynarnic: » E ﬂ
Input Data E [ C [ o [ e [ F [ G T H ] I [~
General data Member | Node Location | Eigen Displacement Rotation
Additional rodal masses e He.  [m] Ha. ui [ ut [] uz [ e[l @i [ gz []
Addiianal line masses 1 0.000 1 0.00000 0.00000 0.00000 -0.00225 -0.00220 0.00000
Additional member masses 2 0.00000 0.00000 0.00000 -0.00307 0.03631 0.00000
Addifional surface masses ] 0.00000 0.00000 0.00000 -0.00185 0.00942 0.00000
To Calculate 4 0.00000 0.00000 0.00000 0.00743 -0.01332 0.00000
Equivalert lateral loads 2 1.604 1 -0.00270 0.00333 0.00002 -0.00234 -0.00064 0.01877
Fesults 2 0.04886 00093 -0.00021 0.00244 0.01740 03272
Eigenvalues, Natual Frequenc ] 0.01163 0.00210 0.00084 -0.00025 0.00273 -0.06822
Eigenvectars by nods 4 00743 0.M0EE 0.00003 0.00510 -0.005332 011136
Eigerwectors by member 2 2 0.000 1 -0.00270 0.00333 0.00002 -0.00234 -0.00064 0.01877
Generated equivalent lateral for 2 0.04886 00093 -0.00021 0.00244 0.01740 03z72
] 0.01183 0.00210 0.00084 -0.00025 0.00273 -0.06822
4 00743 0.M0BE 0.00003 0.00510 -0.00533 011136
2 0130 1 -0.00275 0.00436 0.00000 -0.00296 -0.0003% 0.02135
2 0.05072 0.00MEE | -0.00021 0.00277 0.01416 033974
] 0.01133 0.00212 0.00083 -0.00007 0.00168 -0.081 26
4 msz| 00 0.00003 0.00482 -0.00471 012132
3 3 0.000 1 -0.00275 0.00436 0.00000 -0.00296 -0.0003% 0.02135
2 0.05072 0.0MEE | -0.00021 0.00277 0.01416 033974
] 0.01133 0.00212 0.00083 -0.00007 0.00188 -0.081 26
4 Omsz| 00 0.00003 0.00482 -0.00471 012132
4 3370 1 -0.00032 0.013mM 0.00002 -0.00280 -0.00102 0.00161
2 0.00920|  -0.00506 |  -0.00024 -0.00087 -0.02142 -0.00920
] 0.02008 |  -0.00052 0.00138 0.00181 0.01818 -0.02327
4 000515 -0.01860 0.00003 000722 0.00432 -0.00127
4 4 0.000 1 -0.00032 0.013M 0.00002 -0.00260 -0.00102 0.00161 v
¢ 3 | Sort according bo: (&) Member Mumbering () Eigenvector Numbering

Figure 3.25: Mask 2.3 Eigenvectors by Node

3.5.4 Mask 2.4 Eigenvectors by Surface

The result eigenvectors in the mask 2.4 are sorted according to the surfaces.

RE-DYNAM 2007 - [Project_1]

File Settings Help

CAT - Dynarnic: » E

Input Data E [ ¢ [ o T ET F [T & [ H T 1 [ J [ 3 |~
General data Suface  FE Location Eigen Displacement Rotation
Additional rodal masses No.  rode | X[m] | ¥m] Z[m] | Mo u [] uy [ uz [ e [] @[] oz []

134 | 54750 15400 -7350| 1 0.00000 000000 000000  -0.00073 -0.00333 0.00000
0.00000 000000 0.00000 0.00007 0.00344 0.00000
0.00000 | 000000 0.00000 0.00157 0.02362 0.00000

Additional line masses
Additional member masses
Additional sutace masses

To Calculate 0.00000 | 000000 0.00000 -0.00053 -0.00695 0.00000
Equivalent lateral loads I8 | 57.900) -15.400 -5.335 0.00000 | 000000 -0.00044 -0.00007 0.00015 0.00000
Results 0.00000 | 000000 -0.00023 -0.00007 0.00007 0.00000

0.00000| 000000 -0.00613 0.00202 0.0omz7 0.00000
0.00000 | 000000 001121 0.00444 0.00216 0.00000
0.00000 000000 -0.00036 -0.00007 0.00015 0.00000
0.00000| 000000 -0.00022 -0.00007 0.00007 0.00000
0.00000 000000 -0.00628 0.00172 0.00a? 0.00000
0.00000 | 000000 -0.01191 0.00373 0.00333 0.00000
0.00000] 000000 -0.00044 -0.00007 0.00015 0.00000
0.00000 | 000000 -0.00022 -0.00007 0.00007 0.00000
0.00000] 000000 -0.00546 0.00164 0.00143 0.00000
0.00000 | 000000 -0.01004 0.00362 0.00263 0.00000
0.00000] 000000 0000230  -0.00007 0.00015 0.00000
0.00000| 000000 0005 -0.00007 0.00007 0.00000
0.00000] 000000 -0.00531 0.00127 0.00134 0.00000
0.00000 000000 001016 0.00238 0.00344 0.00000
0.00000] 000000 0000230  -0.00007 0.00015 0.00000
0.00000| 000000 000005 -0.00007 0.00007 0.00000
0.00000] 000000  0.00000 0.00000 0.00000 0.00000

Eigenvalues, Matural Frequenci
Eigerwectors by node
Eigenvectors by member 319 | 54750 13825 -F3E0
Eigenvectors by surface
Eigenvectar of FE mesh by poir|
FE mesh point mazzes
Equivalent mass factor 323 57.500 13825 -5.335

Generated equivalent lateral for

4328 | 57500 -14875| 6335

4330 | 57500 -14.350| 5335

R R N e L I I A R A I R e RN

Sart according to: (3 Surface numbering Display for: (&) FE nodes
() Eigerreactar numbeting ) Grid nodes

Figure 3.26: Mask 2.4 Eigenvectors by Surface
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3.5.5 Mask 2.5 Eigenvectors in FE-Mesh Nodes

The result eigenvectors in the mask 2.5 are displayed according to the FE-mesh nodes. This
result table is displayed only in case you have activated the box for the calculation of Eigen-
vectors in FE-mesh nodes in the mask 1.6.

RF-DYNAM 2007 - [Project_1] X

File Settings Help
CA1 - Dynamics Ml 2 -y
Input Data ] [ C [ 5] [ E [ P [ G | "~
Gereral data FE mesh | Eigen- Standardized deformation Standarized rotation
Additional nodal masses PRI | wel] urll uz[l ol o1 [ 9z [l
Additional line masses 1 0.00000 0.00000 000000 0.00356 -0.05020 0.00000
e e 2 0.00000 0.00000 0.00000 0.02158 012560 0.00000
Additional surlace masses 3 0.00000 0.00000 0.00000 0.00351 022422 0.00000
Ta Caleulate 4 0.00000 0.00000 0.00000 -0.00070 -0.06711 0.00000
Equivalent lateral Inads 2 1 0.16801 0.01100 0.00Ms 0.00162 -0.04364 -0.00557
Fesults 2 0.37036 -0.06324 -0.00163 -0.01011 -0.06617 -0.07607
Eigenvalues, Matural Frequenci 3 0.70883 0.0103 0.00030 0.00173 015327 -0.04327
Eigervectars by nods 4 0.27113 -0.00193 -0.00023 -0.00023 -0.05803 0.02561
Eigenvectors by member 3 1 0.16801 0.00503 004388 0.00162 -0.04364 -0.00557
Eigenvectars by surface 2 0.37036 -0.13353 0.05443 -0.01011 -0.06617 -0.07643
Eigenvector of FE mesh by poir 3 0.70883 -0.05374 015897 0.00173 015327 -0.04342
FE mesh point masses 4 0.27113 0.02334 0.05786 -0.00023 -0.05803 0.02532
Equivalent mass factor 4 1 0.22300 0.01515 000022 0.00211 -0.03760 (0.00685
Generated equivalent lateral for 2 0.42723 -0.08647 -0.00205 0.00916 -0.00683 -0.08508
3 40.90351 -0.01420 0.00045 0.00097 0.09365 -0.03281
4 0.33851 -0.00274 -0.00035 -0.00070 -0.03100 0.01658
5 1 0.23913 0.03585 0.05020 0.01639 -0.02344 0.01537
2 0.41727 0.22373 -0.05005 0.05218 0.06339 -0.08705
3 0.92180 -0.05321 -0.08903 0.00426 0.02698 -0.0183
4 0.34265 0.01343 002038 -0.00450 0.00053 0.00671
E 1 0.24386 0.26106 007118 009501 0.02361 -0.002533
2 0.22505 -0.85505 -1.00000 0.32354 0.01458 -0.00336
3 0.79193 -0.06786 05608 0.04230 -0.07040 -0.00800
4 0.27633 -0.04304 -0.30934 0.01687 0.02370 0.00263
7 1 0.26922 0.08546 -0.05851 0.01421 -0.02674 -0.03193 v
¢ 3 || Sort acceording bo: (2 FE-mesh node numbers () Eigervector Humbering

Figure 3.27: Mask 2.5 Eigenvectors in FE-Mesh Nodes

3.5.6 Mask 2.6 Masses in FE-Mesh Nodes

This result table is displayed only in case you have activated the box for the calculation of
Masses in FE-mesh nodes in the mask 1.6.

The masses in the mask are sorted according to FE-mesh node numbers or according to
structural objects and are related to a global coordinate system. This coordinate system is
already familiar from the structure setting in the main RFEM program. Displayed nodal
masses are the relevant ones for a dynamic calculation. It means that e.g. for the node sup-
ported in the Y and Z directions only the mass acting dynamically in the direction X is
shown. The sum of relevant masses is quoted at the end of the list.
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RE-DYNAM 2007 - [Project_1]
File Settings Help
CA1 - Dynamics v E ! g |
Input Data B C [ D [ E [ E [ G [ | |~
General data FE-mesh Location = Positiar FE-mesh node mass
Additional nodal masses pantho.  Dbjsct | Mo m] #[m] ¥ [ml Z[m i [kal my kgl | mz [ka]
Additional line masses Mode 1447 45.000 -11.965 -16.470 6.54 6.54 6.54
Additional member masses Mode 1448 45.000 9334 -16.470 718 718 718
Additional surface masses 1443 Mode 1443 45.000 £.440 -16.470 B8 E81 B3
To Calculate 1450 Mode 1450 45.000 -3.853 -16.470 E.81 E.81 E.81
Equivalent lateral lnads 1451 Mode 1451 16.000 -15.685 -16.470 E23 E.23 E.23
Fesults 1452 Mode 1452 30.000 -15.685 -16.470 6.23 623 623
Eigervalues, Natural Frequenci |__1453 Mode 1453 45.000 -15.685 -16.470 E23 E.23 E.23
Eigenvectors by node 1454 Mode 1454 45.000 -1.910 -16.470 E.25 E.25 6.25
Eigenvectors by member 1455 Mode 1455 30.000 -1.910 -16.470 £.25 E25 E25
Eigenvectors by surface 1456 Mode 1456 16.000 -1.910 -16.470 E.25 E.25 E.25
Eigenvector of FE mesh by poir 1457 Mode 1457 45833 -11.800 -7.350 315 315 315
FE mesh point masses 1458 Mode 1458 47.500 -11.800 -7.350 315 315 315
Equivalent mass factar 1459 Mode 1459 40.000 -11.800 -7.350 315 315 315
Generated equivalent lateral for 1460 Surface 45 19.500 -9.500 -11.270 125.00 125.00 125.00
1467 Surface 45 19.000 -4.500 -11.270 125.00 125.00 125.00
1462 Surface 45 18.500 -9.500 -11.270 125.00 125.00 125.00
1463 Surface 45 18.000 -9.500 -11.270 125.00 125.00 125.00
1464 Surface 45 17.500 -9.500 -11.270 125.00 125.00 125.00
1465 Surface 45 17.000 -9.500 -11.270 125.00 125.00 125.00
14E6 Surface 45 16.500 -4.500 -11.270 125.00 125.00 125.00
1467 Surface 45 16.000 -9.500 -11.270 12279 12279 12362
1468 Surface 45 15.500 -9.500 -11.270 11574 115.74 115.28
1469 Surface 45 16.000 -9.500 -11.270 11242 11242 111.33
1470 Surface 45 14.500 -9.500 -11.270 115.67 1567 115.25
1471 Surface 45 14.000 -4.500 -11.270 12281 12281 12364 v
< 3 | Sort according to: (&) FE-mesh node numbers O Object

Figure 3.28: Mask 2.6 Masses in FE-Mesh Nodes

3.5.7 Mask 2.7 Equivalent Mass Factors

90 % of the total structural mass.

RF-DYNAM 2007 -

This result table is displayed only in case you have activated the box for the calculation of
Equivalent Mass Factors in mask 1.6. Modal mass, Participation factor, Substitute mass and
Substitute mass factor are sorted according to natural frequencies in the table.

The equivalent mass factors can be displayed either separately or in totals using the switch
Sort according to. By using the second option it is easier to find out e.qg.
whether the sum of equivalent masses (“effective modal masses”) corresponds at least to

according to EC 8

File Settings Help
CA1 - Dynamics - E : ﬁ
Input Data B | c | o | e | F | & [ W | 1 [
General data Eigen Modal masse Participation factor Substitute mass Substitute mass factor
Additional nodal masses No. Mi [kl Lix[kal | Liv [ka] | Liz[ka] | mexlka]l | mey [ka] | mezlkgl | fmex[] | fmev [] | fmez[]
Additional line masses 5308438 B3873] 144063 256371 752123 39095 123314 0.003 0.000 0.001
Additionsl membermasses 2 637051 323863 HO07RE 6238 195302 479E.33 07z 0.002 0.006 0.000
Additional sutface masses B BEEE5Y|  BORES|  EERZ2 492.43 14391 TTA7 4341 0.000 0.000 0.000
To Coloulate 4 3408.67| 254365 -33952| 182202 189815 3382 97mez 0002 0.000 0.om
Equivalent lateral lads Sum 1161631 529967 225614 004 0.006 0.003
Results
Eigenwalues, Natural Frequenci
Eigenvectors by node
Eigerwectars by member
Eigenvectaors by surface
Eigenvector of FE mesh by poir|
FE mesh point masses
Equivalent mass factor
Generated equivalent lateral for
< S Sort according to: (%) Equivalent Mass Factors () Tatals of Equivalent Mass Factars

Figure 3.29: Mask 2.7 Equivalent Mass Factors
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3.5.8 Mask 2.13 Generated Equivalent Lateral Forces

After entering the necessary parameters into the mask 1.9 and selecting the eigenmodes
the list of generated equivalent loads is displayed in this mask after the calculation. The
result values are nodal loads in a relevant direction.

RF-DYNAM 2007 - [Project_2] EJ

File Settings Help
CA1 - Dynamics ~ |2 : —
Input Data B [ ¢ [ 0 [ E T[T F T G T H [ | [ J [~
Gereral data FE mesh Object wlocation coordinate LC FE mesh poirt load
T S PointNo,  Type Mo, m] Ximl | Yiml | Zml | Mo | Fx kN | Fv kNl | Fz [kN]
Additional line masses 1456 Node 1456 15.000 -1.910 -16.470 [ 0.000 0.000 0.000
e S Node | 1455 15000 A.90|  AB47| 7 0.000 0.000 0.000
Additional surlace masses Node 1456 15.000 -1.910 -16.470 L} 0.000 0.000 0.000
To Calculate Node 1456 15.000 -1.910 A16.470 ] 0.000 0.000 0.000
Equivalent lateral loads 1457 Node 1457 45,833 -11.800 -7.350 B 0.264 0017 0.000
Results Node 1457 45833 -11.800 -7.350 7 0172 -0.023 -0.0m
Eigenvalues, Matural Frequenci Node 1457 45,833 -11.800 -7.360 L} 0.211 -0.003 0.000
Eigenvectars by nade Node 1457 45833 -11.800 -7.350 ] 0111 -0.001 0.000
Eigenvectors by member 1458 Node 1458 47.600 -11.800 -7.360 E 0.014 0.000 0.004
Eigenvectars by surface Node 1458 47.500 -11.800 -7.350 7 0.003 -0.003 0002
Eigenvector of FE mesh by poir Node 1458 47.600 -11.800 -7.360 L} 0.011 -0.001 -0.003
FE mesh paint masses Node 1458 47.500 -11.800 -7.350 ] 0.006 0.001 0.001
Equivalent mass factor 1459 Node 1459 40.000 -11.800 -7.350 B 0,146 0.010 0.000
Generated equivalent lateral for Node 1453 40.000 -11.800 -7.350 7 0.0 -0.016 0.000
Node 1459 40.000 -11.800 -7.360 L} 01038 -0.002 0.000
Node 1453 40.000 -11.800 -7.350 3 0.056 0.000 0.000
1460 Surface 45 19,500 -8.500 -11.270 E 0.155 0.023 0033
Surface 43 13.500 -9.500 -11.270 7 0.080 -0.043 -0.010
Surface 45 19,500 -8.500 -11.270 L} 0113 -0.007 -0.011
Surface 43 13.500 -9.500 -11.270 3 0.058 0.002 0003
1451 Suface 45 19.000 -8.500 -11.270 B 0431 0462 0126
Surface 43 13.000 -9.500 -11.270 7 0118 -0.448 -0.524
Surface 45 19.000 -9.500 -11.270 L} 0.265 -0.023 0182
e 45 19000 4500 11270 9 0127 0023 0143
Sort according tor (83 FE-mesh node numbers (O Type of object () LC-No.
< >

Figure 3.30: Mask 2.13 Generated equivalent lateral forces

The equivalent loads can be sorted according to the FE-mesh node, the object type or the
load case number.

3.5.9 Export of RF-DYNAM Results

You open the following window using the [Export] button in the result mask 2.13 Generat-
ed equivalent lateral forces.

RE-DYNAM 2007, Export of EL1 3

CO-Settings

umnarize created loa

Superpogition:

Quadratic - SRSS v

(u].4 l ’ Cancel ] [ Help

Figure 3.31: Export of Results from RF-DYNAM to RFEM

The modal contributions can be immediately directly superimposed in a given load combi-
nation either quadratically (according to the principle of the square root from the square
sum SRSS) or linearly. You define the required settings in the section CO-Settings.
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3.6 Main Menu

The main menu includes all necessary functions to process the RF-DYNAM cases and their
results. The items from the main menu can be activated either by clicking on the specific
item or by pressing the [Alt] key together with the letter that is quoted in the menu item.

3.6.1 File

In this main menu item you find the commands for the creation and modification of the
RF-DYNAM cases.

RE-DYNAM 2007 - [Project_1]

File Settings Help
Chri+N ——————

Dietermination of Settings

Rename Case...
Copy Case...
Number of Lowest

Eigenvectars [Eigenvalues)

to be Calculated: 45

Delete Case...

Export ko MS Excel..,
, e

Apply Self Weight Az Mass

To Calculate ) = —

Equirvalent lateral loads with Factor; I 1.00 5|
Results 2. Equivalent loads

Eigerralues, Matural Frequenci [[] Activate Influence due to Axial Farces

Eigenvectors by node Mass Considered

Eigenvectars by member . )
Eigenvectors by surface In Direction: ® AboutAxis:

RF-DYNAM

Eigenvectar of FE mesh by poir| My
FE mesh point masses ¥z
Eigerwalue Solver Method
Equivalent mass factor
Generated equivalent lateral far (%) Sub Space Iteration Method
() ICG - Ikeration Methad
Dynamic Analysis
Standardizing the eigenmodes Internal member divigion
() To1 sothat max {ui} =1 [ Intemal division of members
O From Mass sa that {u}T.[M].{u} =1 Nurmnber of divisions:
y
/I
LComment
< ¥

Creates nev case of the additional module.

Figure 3.32: Main Menu Item File

New Case [CtrI+N]

This function serves to create the new RF-DYNAM case.

New RE-DYNAM 2007-Case

Ma. Diescription
2 Dynamics E"
[1]:8 l ’ Cancel

Figure 3.33: Dialog New RF-DYNAM 2007 Case

In the opened dialog you enter No. and Description of the new case. If you click on the [ V]
button, the list of all already used descriptions is shown, from which some can be assigned
to the new case. The new case is created after clicking on the [OK] button.

Rename Case

This command enables you to change Description of the current RF-DYNAM case and op-
tionally to assign other No. to the given case. It is necessary to point out that the number
already used for a different case can not be selected.
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Rename RF-DYNAM 2007-Case

Mo D escription

1 Cynamics A
[ |

Figure 3.34: Dialog Rename RF-DYNAM 2007 Case

Copy Case
This function enables you to copy the already created RF-DYNAM cases.

Copy RF-DYNAM 2007 -Case gl

LCopy from Case

|D’-\1 - Diynamicz v|

Mew Case

Moo Description:
|4| | |Earthquake - abject state 2 w |

oK

Figure 3.35: Dialog Copy RF-DYNAM 2007 Case

I[ Cancel ]

Select the RF-DYNAM case that you want to copy from the list after clicking on the button

[ ¥]in the section Copy from Case. The description for the new case can also be selected
from the list which you open by using the button [ ¥] in the section New Case or you can
enter the new name. In case you want to change the new case number that is set automati-
cally, it is necessary to enter the number that has not been assigned to any case so far.

You create the case copy using the [OK] button.

Delete Case

After starting this function from the main menu the list of all RF-DYNAM cases is displayed
at first.

Delete Cases Pz|
Available Cases
Ha. Drezcription ~
1 Diynamics
2 Fesonance
3 - general
4 E arthguake - obje

l [ Cancel

oK

Figure 3.36: Dialog Delete Cases

Select the case that you want to delete with the mouse and then delete it by clicking on the
[OK] button.
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Export to MS Excel

This function serves to export particular or all tables from RF-DYNAM to the MS Excel appli-
cation.

Export - MS Excel El

Table Parameters

[T 0ny Marked Bows

Transfer Parameters
[C1Espart Table bo Active Excel Workbook

Rewrite Existing “Warksheet in Excel

Selected Tables

(%) Active Table [ E=part tables with detail:
() Al Tables

Ok l ’ Cancel

Figure 3.37: Dialog Export — MS Excel

3.6.2 Settings

The main menu item Settings includes the function for the administration of units used in
the RF-DYNAM 2007 module.

Units and Decimal Places

After selection of this function the familiar dialog from the main RFEM program is displayed
where you can modify the setting of units and decimal places. The RF-DYNAM 2007 module
is already set by default in the list of programs and modules on the left.

Units and Decimal Places E|
Program ! Mocule Inputs
CRANEWAY ~
RF-COMCRETE 50 Uitz Dec. places
RF-COMCRETE e =
RF-CONCRETE Ce Mass: b ¥ 2=
RF-FUMCH Modal Masses Moments: | lbm™2 w E
RF-TIMBER Pro . ) =
RE-TIMEER Line/Member masses. | Ib/m ~ ks
RF-DYMAM 2007 Surface masses: b/m™2 w E
RF-D'¢ M Farces: kM v #
RF-END-PLATE Morments: kM w =
RF-COMMECT —~
RF-FRAME-JOINT Lengitis: f » v
RFDSTY
RF-DOWEL Displacements: 51
RF-STABILITY Ratations: 5
RF-TIFFRM b’
hS >
][] () ok [ cones

Figure 3.38: Dialog Units and Decimal Places

3.6.3 Help

This function calls up the help that goes from the manual, but is supposed to be more cur-
rent than the printed version.
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E™ e Edit View Insert Calculste Resubs Tools Tables Options Additional Modules Window Help _ =] x|
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RF-DYNAM 2007 CA1 - Dynamics Prwect Navigator 5]
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i ®Ftu
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b O Phi-2
08 T Phi-y
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be [] 22 Sections
22 [ & values an Surfaces
05
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RF-DYNAM 2007
T E[z[4 0
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Grid Paint SMAP|[GRID [CARTES [0SN&P [GLINES [DHF C5: Default  Plans: XY ¥ -52000m Y B7000m  Z: 0.000m

Figure 4.1: Graphic Display of Results in RFEM Work Window

ﬁ If you activate the [Results on/off] button in the toolbar, the diagram of the first natural
frequency of a given structure will be displayed in the window and the result panel as well.

Panel 3]
Deformations Dligplay Show diagrams for
u[-] Factors surface numbers:
1.0 Eigen Shape: Al
[ 09 1-2434H v I
0.g MNaone
n7 Diefarmation:

==

Bl
coooo oo
[ R L R T L ]

L AT | Eaf4T] [ E 2

Figure 4.2: Result Panel of RF-DYNAM 2007
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After the calculation you can switch to the graphic display of results using the [Graphic]
- button. The current RF-DYNAM case is set by default here.
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The panel consists of three registers. In the first register you can see the color spectrum of
the total eigenmodes deformation standardized to 1.

In the second register you can select in the boxes Eigen Shape and Deformation the eigen-
mode that you want to display and the factor for the display magnification.

In the last register you can select particular objects that you want to display.
You can return to the RF-DYNAM module using the [RF-DYNAM 2007] button in the panel.

The [Print] button enables you to directly print the graphic display of results or to incorpo-
rate it to the printout report (like all other RFEM displays).

4.2 Printout

If you want to print numeric results from RF-DYNAM, you must return to the main RFEM
program at first and then call up the [Current Printout Report] function here.

New Printout Report rg|
Hao. Description

| 1| ||nput and reduced result data |
Printout Report Template

|1 - Input and reduced result data v| =
0K, l ’ Cancel ]

Figure 4.3: Dialog New Printout Report

The dialog is displayed where you can enter the description of the new printout report. The
report can be adapted from the default Template. The report together with RF-DYNAM data
is created after clicking on the [OK] button.

Please note that the printout report contains the data from RFEM, RF-DYNAM and other
add-on modules. Therefore, it is recommended to reduce the report contents and select on-
ly particular required data to be printed, in order to avoid unnecessary amount of data.

B8\ Printout Report - D1, - Input and reduced result data "._”’Elgl
File Edit View Insert Settings Help

IR EEEEELE R DAY
F7 Contents

=128 RFEM
) Structure
[ Nodes
£ Lines
= Materials
] Surfares
= Openings
= Nodal Supports
[ Line Supports
[ Cross-sections
[ Member Releases
[ Members
= Loads
¥ Load Cases
|20 LC 2 - stalna teza
120 L€ 3 - koristna obtezba
[ LC 4 - Pokres v smeti x
(20 LTS - Patres v smeri y
£ Load combinations
{2 Results - Load Cases, Load Groups
{28 Results - Load Combinations
(=) 88§ RF-STEEL Surfaces
[0 CAL - Stress analysis
= 5§ RF-CONCRETE Surfaces
3 caL eton-BemessLng

RE.0vNamM RF-DYNAM

(e [—— ‘,m e e pre— |,,, Pveeey

|20 CAL - Dynamics
|2 CA2 - Resanance

| CA3 - Earthquake - general

|20 Céd - Earthquake - object state 2

I~
[

[£4

Mumber of Pages: 3549 Pages 116-117

Figure 4.4: Input Data and RF-DYNAM Results in Printout Report
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@ Various functions for the protocol setup and layout are available in the report. They are de-
= scribed in detail in the RFEM manual. The RF-DYNAM 2007 data can be selected for printing
also in the special dialog Printout Report Selection that you call up by clicking on the but-
ton [Select Topics for Printout Report] in the printout report toolbar. RF-DYNAM 2007 can
be set in the left part of this dialog in the Program / Modules section.

Printout Report Selection D1 E|
Pragram /£ Modules Main Selection | Input Data | Results
RFEM _
RF-STEEL Surfaces Display

5.@‘”503 Data of Module
‘ 1. Input Data
2. Resultz

Caszes to display
[ Display &l Cazes

Axailable cases: Caszes to Display:
CaA2 Fesonance s Cal Dynamics ~
Lad Earthquake - object state 2 ; Cal E athquake - general

v v
< b2
Dizplay
[ Cover Sheet... 55
Contents

Info Fictures

Ok l [ Cancel

Figure 4.5: Data Selection from RF-DYNAM 2007 to Printout Report, Register Main Selection

In the register Main Selection in the section Display you tick the main chapters that you
want to display in the printout report. If you do not select Display All Cases, the relevant
register with the detailed selection of their subchapters disappears. In the section Cases to
display you either tick the box Display All Cases or select only particular cases from the list
Available cases and add them to the list Cases to Display in the right part of the dialog us-
ing the button [Add Selected Case(s) —]. You can remove them from the list using the but-
tons [«— Remove Selected Case from List] and [Give Back all Cases].

You can confirm the selection by the [OK] button in each register of this dialog or you can
cancel it by the [Cancel] button, if necessary. Then the dialog closes.

—_
e
II AEE

Cancel
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Printout Report Selection D1 E‘
Program / Modules Main Se\ect\on‘ Input Data ‘Hesulls
RFEM
RF-3TEEL Surfaces Display
Futace 1.1 General Data Na. Selection (2. 1-5.20]
[¥]1.2 Additianal Nodal Masses Hodes: | EOMIMMNR |
1.3 Additional Line Mazses Lines: All—v
1.4 Addtional Member Masses . ... ... tembers: | Al v
1.5 Additional Surface Masges . . ... .. Surfaces; | All v
1.9 Equivalent Lateral Forces
Equivalent Lateral Force Index
< | & Standard parameters.
Dizplay Factors for spectrum Lines: ‘AII v‘
[]Cover Sheet... [ Eigenvibration selection ... ..... ... Lines: ‘AII v ‘
Cantents
Info Pictures

Figure 4.6: Data Selection from RF-DYNAM 2007 to Printout Report, Register Input Data

In the register Input Data you can decide which general data, additional masses and also
equivalent loads will be displayed in the printout report. The selection of particular object
numbers can be also done in this way: click in a given box on the button [ ¥ ], select an
empty line and then enter the required numbers.

Printout Report Selection, D1 E‘
Program / Modules Main Selection \nputDatal Fesults |
RFEM
RF-STEEL Sufaces Display
RF-COMCRETE Sut.
P HaH u' 208 No. Selection [e.g. 1-5.20]

2.1 Eigenwalues and Natural Frequencies
2.2Eigenvectors bpMode . ... ... ...

Eigervalues:

Modes:

2.3 Eigenvectors by Member. . ... ... . Members:
2.4 Eigenvectors by Suface . ... ... ... Surfaces:
2.5 Eigerwectors by FE meshpaint. ... ... Paints:
2.6 FE mesh point masses Points:
2.7 Equivalent mass factors Eigervalues:
[E] 213 Equivalent Inads Modes:

¢ | >
Display

[ Cover Sheet.. [
[+] Contents

Infa Pictures

Al
Al
Al
Al
Al

Al
Al

Figure 4.7: Data Selection from RF-DYNAM 2007 to Printout Report, Register Results

In the register Results you can also select either All or only some parts of the data for the

printout report.
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5. Theory

In this chapter we briefly explain some theoretical principles to enable better understanding
of RF-DYNAM processes. This chapter does not substitute the dynamics textbook, but wants
to recall some connections and to stimulate further research. Therefore, we would like to
ask our users to understand that the existing subject can not be elaborated here in detail
and that the textbook interpretation would exceed the scope of this program description.

At first we briefly describe the basic equation for the solving of eigenvalues. Then, we go in
for the calculation of kinetically equivalent masses, participation factors and equivalent
masses in separate sections. Finally, we present the thematically oriented example in every
section.

Equilibrium equation for static structures

The structure reacts to statically acting forces by a deformation. We assume that the struc-
ture is inactive before and after loading.

Generally, we can observe a proportional relation between load and deformation. The rela-
tion between both quantities is in principle non-linear, but can be regarded as linear for
most cases in our intentions. The structural stiffness comes in between load and deforma-
tion as the proportionality factor, hence the following relation holds for a static case:

Kii xi = fj

where

Kij stiffness matrix
Xi deformation

fi load

In case of the structure with one degree of freedom i =j = 1.
Calculation of natural frequencies

If the structure has been stirred up to oscillations and then left in this state for some time,
we can observe a continuous oscillation of the structure between two energetic states.
Therefore holds:

kinetic — Eputential
This relation can be expressed by the following equation:
Equation 4.1:

MiX; +Kj5 - x; =0

The damping is not taken into account in this equation because the dissipative effect is not
relevant for the determination of the natural frequency and eigenmode.

Equation (4.1) can be solved so that the following term is substituted to x:
Equation 4.2:
x; =C;e™ =u;(x) c cos(wt - a)

The term (2) substituted to the equation (4.1) is given in view of the fact that the term c
cos(wt - a) is generally not equal to zero:

Equation 4.3:
[Mij (‘ (’32)+ Kij]ui(x) =0

Regarding the fact that the eigenmode equation u,(x) is not equal to zero, the natural fre-
quency is determined by the following equation.

42
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Equation 4.4:

2
We met the angular frequency o already in the equation (4.3). It is connected to the natural
frequency of the structure via the following relation: f = 2no.

We obtain the relevant eigenmode u,(x) after substituting the natural frequency to the equ-
ation (4.3).

Kinetically equivalent masses

The structure with several degrees of freedom having a concentrated or even mass distribu-
tion can from the energetic point of view be transfered to a single-mass oscillation genera-
tor with an equivalent kinetic mass. Structures with an oscillation damper or slender tower
structures make a typical example of this application.

RF-DYNAM calculates this kinetically equivalent mass for each natural frequency.

We present the mentioned theory on the example of a tubular mast.
The motion of the tubular mast is described by the following relation:
y(x,t) = y(x) - sin(ot) = Y - n(x) - sin(ot)
where

y(x,t)  deflection of location x on mast depending on time

® angular frequency of structure
n(x) eigenmode standardized to 1 in the location of greatest displacement
Y deflection in the location where kinetically equivalent mass is determined.

RF-DYNAM always starts from the deflection in the location of maximum displace-
ment. The location is always standardized to 1 in the display of the eigenmodes.

Then the structure kinetic energy is obtained as follows:

Equation 4.5:

2yv2 [L
Ein :%{j p(x)nz(x)dx} cos? ot
o
where
u(x) even mass distribution, the unit [kg/m].

The equation 4.5 expresses kinetic energy of the structural self-weight and additional mem-
ber masses. It is necessary to add to this energy the energy of individual additional nodal
masses m:

Equation 4.6:

n
%Z m; o?Y?n?(x;) cos? ot
i=1

We must incorporate all n additional masses into the sum.

Exin =
Then the total structural kinetic energy can be found as follows:

Equation 4.7:

L N
Epiy = 0> Y2 %{j u(x)nz(x)dx} cos? ot +%Zmi - 0™n?(x) cos? ot
0 i=1

. Ing. Software
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The kinetic energy of the equivalent structure of a single-mass oscillation generator is
expressed by the following equation:

Equation 4.8:
1
Euin = M o’ Y2 cos? ot

By comparison of the equations (4.7) and (4.8) we obtain for the kinetically equivalent
mass:

Equation 4.9:

i=1

L n
2 2
MZIM(X) N~ (x) dx + 3, m; n°(x;)
0
For the calculaton of kinetically equivalent masses in another place we must multiply the
equation (4.9) by the term Y2/n%(x).

Example

We will calculate the kinetically equivalent mass for the restrained tubular mast. We assume
in the following examples KINEQ1 - KINEQ3 that the member is not divided. In example KI-
NEQ4 the member division is considered.

Mast data:
Section: PIPE 508x11 with section area A=0.0172 m?
Height: |=20m

Weight density DYNAM y = 7.85 - 10* N/m?
Even mass distribution: p =y /g-A = 135 kg/m

=

[=20m
El = const.

1

i

Figure 5.1: Restrained Tubular Mast

KINEQ1:

The mast total mass M = | u = 20 m - 135 kg/m = 2700 kg is distributed evenly along the
whole mast length.

KINEQ2:

The mast total mass M = | p = 20 m - 135 kg/m = 2700 kg is distributed evenly to both end
nodes 1 and 2.

44
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KINEQS3:
The mast self-weight is distributed evenly as outside load on the mast.

With regard to the fact that for all structures we start from a diagonal stiffness matrix, the
sum of kinetically equivalent masses is at any rate equal to the acting mass, thus 1350 kg in
the node 2.

KINEQ4:

The tubular mast is divided into 5 parts. On this basis we can achieve a more accurate calcu-
lation of kinetically equivalent masses. For the calculation of kinetically equivalent mass ac-
cording to the equation (4.7) the eigenmode is equal to:

2.72423

M=o {sin A& =sinh 2 +(cos & ~cosh 48) M}
coshA—cosA

where A = 1,875. Thus we obtain the integral

L

j 1(x)n* (x)dx =0.25

o

and by this also the kinetically equivalent mass:

L
M =p-L [ n? (x)dx =135%.20m-0.25 =675 kg

The result value of the kinetically equivalent mass from the RF-DYNAM 2007 calculation is
M = 675.1 kg.

2 @ m= 1350 kg

785 10% Nfm?
785 10% Nfrm?

135 kg/m

LL
Weight density

Weight density

1

T T e o Ee

KINEQ KINEQZ KINEQ3 KINEQ4  FIRST
EIGENMODE

Figure 5.2: Member Mass Distribution in Examples KINEQ1 - KINEQ4

Equivalent masses and participation factors

If you have ticked the box for the calculation of equivalent mass factors in the mask 1.6 To
calculate for eigenvibration before the calculation has been done, the values of the follow-
ing quantities are displayed in the result mask 2.7 Equivalent mass factors: Modal mass,
participation factor, substitute mass and substitute mass factor.

The most important piece of information on the structure presents the distribution of iner-
tial forces H, that is based on the eigenmode V..

. Ing. Software
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The inertial forces are expressed by the following relation:

Equation 4.10

BRI
LTy T
where
Vv, eigenmode
M stiffness matrix

S.(T) acceleration spectrum of angular frequency o,
Using the terms

M =VTMV, modal mass

L=V'M participation factor

we obtain from the equation (4.10)

Equation 4.11

L2
H; :M;'Sa (Tj) =mg; - S5 - (Ty)
i
where m, = L2/ M, equivalent mass of eigenmode V,

We can see from the equations (4.10) and (4.11) that the equivalent mass is independent
on the standardized eigenmode V,. RF-DYNAM standardizes the eigenmode V, to 1 in the lo-
cation of the greatest displacement according to

Equation 4.12

S\ 2
2Vt =1
j—1
where |, j all degrees of freedom of the eigenmode V, displacement

and calculates on this basis the modal mass matrix, participation factors and substitute
masses with equivalent mass factors for the expression of the ratio between equivalent and
total mass.

We introduce a practical example of the calculation below.

For more detailed information on this problems see the item [11], page 678, quoted in the
Literature at the end of this manual.

Example

A planar three-storey frame consists of weightless columns and beams.
The moment of inertia for all columns makes 1, .= 25000 cm?*,

for beams |1, .. = 150 000 cm*.

The column area is A = 100 cm?, while beam area makes A =10 000 cm?.

column beam

The beam weight is equally divided into both end nodes (i.e. 12 500 kg).

46
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Figure 5.3: Calculation of Equivalent Masses on Three-Storey Frame

Comparison of RF-DYNAM results and results according to the literature:

. Equivalent load [kg]
Eigenmode
No. RF-DYNAM Literature [11]
1 66592.9 2.66369%25000 = 66592.25
2 6989.7 0.2769%25000 = 6990.00
3 1417.4 0.05669*25000 = 1417.25
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6. Examples

We present in the following chapter a number of examples to explain in more detail how
the RF-DYNAM 2007 module works.

In the next example we want to demonstrate the fundamental frequency calculation for a
tower with a tapered cross-section.

The examples are taken from the literature. Hence, the comparison of results from the lite-
rature with RF-DYNAM 2007 results is important for us in particular.

6.1 Beam

This example was taken from the literature [12], page 20.

A continuous beam that we see in the picture below is analyzed dynamically. The total
beam length is 10 m. The continous beam consists of 20 individual beams with bending ri-
gid joints.

The beam cross-section is rectangular, with dimensions d = 0.4 m and B = 0.2 m. Hence, | _
for this cross-section is equal to 1.067E-3 m* and area A = 8.0E-2 m2. The modulus of elas-
ticity makes E = 3.0E+7 kN/m?2.

With regard to the fact that the weight density y makes 25 kN/m?3, every single beam has
themass G, =yAl/g = 25000-0.08-0.5/10 kg = 100 kg.

20x0,5m

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
= =

| 10,00 m |

Figure 6.1: Beam Scheme for Example No. 1

From the outline of RF-DYNAM 2007 results we can see that for the nodes 2 - 20 the active
mass of 100 kg acts in the Z-axis direction. The nodes 1 and 21 are supported in the Z-axis
direction, hence their mass is not regarded as dynamic for the Z-direction. The active mass
in the X-axis direction is equal to zero for the node 1, based on the support assignment (the
rigid support in the X-direction).

The structure is not supported in the X-axis direction on the node 21, thus the active mass
shows the final value lower than 100 kg.

The result accuracy of natural frequencies in RF-DYNAM 2007, compared to the results from
the literature, is certainly worth noticing. The results are transparently compared in the next
table.

Six lowest natural frequencies f [Hz]
Natural frequency No. RF-DYNAM 2007 Literature

1 6.284 6.283

2 25.137 25.133
3 56.556 56.547
4 86.580 86.580
5 100.535 100.519
6 157.056 157.032
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6.2 Truss Girder

The following example was taken from the literature [12], page 29.

In this exercise we want to calculate eigenvalues of the truss structure shown in the picture
below. The material has the modulus of elasticity E = 2.06E+8 kN/m?, poisson number v =
0.29 and weight density 7.88 t/m?>.

For the girder we have applied the circular profile with a diameter of 4 cm.

1 4+ 2 , 3 5 4 4, 5 5 6 g T

131 20 14] 23 15| 21 16| 24 171 22 18] 25 19

2,00m

>

8~ 7 ,9 & 10 9 11 10 q2 11 43 12 14

- 12,00 m

zV

Figure 6.2: Sheme of Truss Girder for Example No. 2

RF-DYNAM 2007 will calculate the following natural frequencies compared to the results
from the literature:

Five lowest natural frequencies f [Hz]
Natural frequency No. RF-DYNAM Literature
1 13.30 13.15
2 22.77 22.57
3 36.20 35.82
4 50.23 49.81
5 51.72 51.37

6.3 Concrete Chimney

This example was taken from the literature [11], page 213. Here, we explain how member
divisions by reason of taper or elastic foundation existence have effect. The RF-DYNAM
2007 result approaches the result from the literature depending on the selected member
division.

The concrete chimney narrows along its length in a rate of approximately 3:1. Hence, it can
be regarded as the tapered member. The modulus of elasticity E = 2E+7 kN/m?, weight
density y = 25 kN/m3.

The following values apply for the area of the chimney base:

The area A, makes 14.78 m2. Therefore, the even mass distribution will correspond to
w=yA/g=2500014.78/10 kg/m = 36.95E+3 kg/m.
The moment of inertia |, is 122.9 m*.

The following values apply for the area of the chimney head:

The area A, makes 4.79 m2. Therefore the even mass distribution will correspond to
n=yA/g = 25000 4.79/10 kg/m = 11.973E+3 kg/m.
The moment of inertia I is 22.2 m*.
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Figure 6.3: Scheme of Concrete Chimney for Example No. 3
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The literature quotes for the fundamental frequency of the chimney: f = 0.367 Hz.

Fundamental frequency f [Hz] of reinforced concrete chimney
Number of divisions Calculated fundamental frequency
2 0.3291
6 0.3600
10 0.3673
20 0.3657
50 0.3641
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6.4 Equivalent Seismic Loads according to

DIN 4149

In this example we compare equivalent seismic loads calculated in RF-DYNAM 2007 accord-
ing to the DIN 4149 standard with a manual calculation. In the following tables we can see

input data entered in the main program RFEM.

1

M1

Mz

3

4

Figure 6.4: Structural Model for Example No. 4: Equivalent Seismic Loads

NODES
Node | Node Type | Reference | Coordinate Node Coordinates Comment
No. Node System X [m] Z [m]
11 Standard . Cartesian| 0.000 -100.000]
2| Standard E Cartesian| 0.000 -87.500
3] Standard E Cartesian| 0.000 -62.500
4 Standard - Cartesian 0.000] -37.500
5| Standard - Cartesian 0.000] -12.500
6| Standard - Cartesian 0.000] 0.000; Fixed Restraint
LINES
Line Line Type Nodes No. Line Length Comment
No. | [m]
1 Polyline| 2.1 12.500| Z
2 Polyline| 3.2 25.000f Z
3 Polyline| 4.3 25.000f Z
4 Polyline| 5.4 25.000f Z
5 Polyline| 6.5 12.500] Z
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MATERIALS
. . Temperature
Material Material Modul_ug of G-Modulus Poisson Welg_ht Expansivity | Factor
Elasticity Number Density F
actor
s G
A i A o
No. Description E [kN/cm”2] [kN/cmA2] M -] Y [KN/mA3] a[1/°C] yM
1| Concrete C20/25 3000.00 1400.00 0.200 25.00] 1.0000E-05 1.000
NODAL
SUPPORTS
Support| On Nodes No. Rotation [°] Restraint resp. Spring Comment
No. around Y uX' uZ' QY
1 6 0.00 X X
CROSS-SECTIONS
Cross- Cross-Section - Material Bending Moment| Cross-Section Areas
Section o of Inertia ly [mA2] Comment
Description No.
No. [m*4]
Axial A Shear Az
1 P1 1 12.667] 100.000
2 P2 1 19.000 100.000
3 P3 1 25.333] 100.000
4 P4 1 31.667 100.000
MEMBERS
Member | Line M_(F)r;)t;er Cross':liecnon Release No. |Excent.| Division Length
No. No. Start End Start | End No. No. L [m]
1 1 Beam 4 4 - E . . 12.500 Z
2 2 Beam 4 4 E E . . 25.000 Z
3 3] Beam 3] 3] - - . . 25.000 Z
4 4 Beam 2 2 - E . . 25.000 Z
5 5| Beam 1 1 E E . . 12.500 Z

For this example we have selected the following parameters in accordance with the DIN
4149 standard:

Ground condition: A-R

Importance factor y,: 1.0

Design ground acceleration a,: 1.00 m/s

Spectral acceleration factor B,: 2.5

Correction damping factor n: 1.00
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Input Data
General data
Additional nodal masses
Additional line masses
Additional member masses
Additional suface masses
To Calculate
Equivalent lateral loads

Determination of

1. Eigenvectars

3 Equivalent loads

Maszs Considered

In Direction: [¢] % About Az

¥z

Standardizing the sigenmodes

(%) Ta 1 sothat max {uj} =1
() From Mass so that {7 M1t =1

LComment

Settings
Number of Lowest

Eigenvectors [Eigenvalues)
to be Calculated:

Apply Self weight A3 Mass

with Eactor;

[] Activate Influence due to fwial Forces

Eigerwalue Solver Method

(%) Sub Space lteration Method
() ICG - Ikeration Method

Internal member division

[ Internal division of members

Nurmber of divisions: |:|

[ Calculation ] [ Check ] [ Details

]

RF-DYNAM

Dynamic Analysis

File Settings Help

CA1 - Dynamics

RE-DYNAM 2007 - [Example_4 Equivalent Seismi

Figure 6.5: General Data without Application of Self Weight and with Mass Considered in Directions X and Z

Input Data
General data
Additional nodal masses
Additional ine masses
Additional member masses
Additional suface masses
To Calculate
Equivalent lateral loads

H

List of nodes
with mass i [kal
.| 359375.00
359375.00
359375.00
359375.00

[LIENERY

mz [kal
359375.00
359375.00
359375.00
359375.00

Commerits

Figure 6.6: Mass Distribution on Nodes 2 to 5 with 359 375 kg each
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RE-DYNAM 2007 - [Example_4, Equivalent Seismic Loads] &l

Eile Settings Help

CAT - Dynamics

Input Dista calculate additionally - sigenvectors
General data
Additional nodal masses [] Eigerwectors in FE-mesh nodes
Additional line masses tdasses in FE-mesh nodes
Additional member masses E quivalent Mzs Factors
Additional suface masses
To Calculate

Equivalent lateral loads

Figure 6.7: Mask 1.6 To calculate for eigenvibration

To find out the number of eigenmodes that is necessary to consider, we recommend in the
mask 1.6 To calculate for eigenvibration to calculate additionally the equivalent mass fac-
tors and masses in FE-mesh nodes. In principle, there should be so many eigenmodes that
the sum of effective equivalent masses makes at least 90% of the effective total mass which
corresponds to the sum of equivalent mass factors 0.90.

RE-DYNAM 2007 - [Example_4 Equivalent Seismic Loads] X

File Settings Help

CA1 - Dynamics 1 penva a equencies an erio

Input Data . __ B | C | D ]
General data Eigen- Eigenvalue Angular frequency Mat. frequency Eigenperiod
Additional nodal masses e wi[1457] i [rad/s] filHz] Tils]
Additional line masses 428219 206534 0.32935 3.03632
Additional member masses 2 234.83852 15.32607 243522 0.40997
Additional surface masses 3 2107.02632 4550236 7.30553 0.13688
To Calculate 4 £503.96330 23.09013 13.22420 0.07562
Equirvalent lateral loads

Fesults

Eigervvalues, Matural Frequenci
Eigenvectors by node
Eigenvectars by member
Eigenvectors by suiface
Eigenvectar of FE mesh by poir|
FE mesh point masses
Equirvalent mass factor
Generated equivalent lateral for

< | >

Figure 6.8: Mask 2.1 Eigenvalues, Natural Frequencies and Periods
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File Settings Help
CAT - Dynamics
Input Data B L D E F G ~
- General data MNode Eigen Displacement Rotation
- Additional nodal masses 2 No. ] ur [ vz [ el or [ oz []
- tdditianal line masses 1 1.00000 0.00000 0.00000 0.00000 -0.01284 0.00000
- tdditional member masses 2 0.84046 0.00000 0.00000 0.00000 -0.01284 0.00000
- &ddiional surface masses 3 0.52506 0.00000 0.00000 0.00000 0.01222 0.00000
- To Calculate 4 0.23716 0.00000 0.00000 0.00000 -0.0103% 0.00000
- Equivalent lateral loads 5 0.03423 0.00000 0.00000 0.00000 -0.00550 0.00000
Results 6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
- Eigenvalues. Natural Frequenci 2 1 -1.00000 0.00000 0.00000 0.00000 0.04120 0.00000
- Eigenvectars by node 2 -0.48264 0.00000 0.00000 0.00000 0.04120 0.00000
- Eigenvectors by member 3 0.44026 0.00000 0.00000 0.00000 0.02825 0.00000
- Eigenvectars by surface 4 0.70924 0.00000 0.00000 0.00000 -0.00706 0.00000
- Eigenvector of FE mesh by poir 5 0.18431 0.00000 0.00000 0.00000 -0.02472 0.00000 =
- FE mesh point masses 6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Equivalent mass factar 3 1 -1.00000 0.00000 0.00000 0.00000 0.05906 0.00000
- Generated equivalent lateral for 2 -0.26261 0.00000 0.00000 0.00000 0.05506 0.00000
3 066743 0.00000 0.00000 0.00000 -0.00631 0.00000
4 -0.48796 0.00000 0.00000 0.00000 -0.04415 0.00000
5 0.40310 0.00000 0.00000 0.00000 0.03855 0.00000
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 1 -0.42300 0.00000 0.00000 0.00000 0.02855 0.00000
2 0.06238 0.00000 0.00000 0.00000 0.02855 0.00000
3 0.23522 0.00000 0.00000 0.00000 -0.0220% 0.00000
4 043925 0.00000 0.00000 0.00000 0.02664 0.00000
5 0.96101 0.00000 0.00000 0.00000 -0.03574 0.00000
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
v
| > Sart according to: (%) Mode Mumbering () Eigerwector Numbering

Figure 6.9: Mask 2.2 Eigenvectors by Node

RE-DYMAM 2007 - [Example_4 Equivalent Seismic Loads]
File Settings Help

C41 - Dynamics &|2.6 Masses in FE-meshnodes
Input Data B C [5] E F G H |
- General data FE-mesh ] Location Position FE -mesh node mass
Additional nodal masses paint No. | Object Ho. [m] # [m] f [m] Z[m] i [kal my [ka] mz [ka]
- Addiional line masses MNode 1 0.000 0.000 -100.000 0.00 0.00 0.00
Additional member masses 2 Mode 2 0.000 0.000 -87.500 | 359375.00 0.00 | 359375.00
. Additional surface masses 3 Mode 3 0.000 0.000 -62.500 | 359375.00 0.00 | 359375.00
Ta Calculate 4 Mode 4 0.000 0.000 -37.500 | 359375.00 0.00 | 359375.00
- Equivalent lateral loads 5 Mode g 0.000 0.000 -12.500 | 359375.00 0.00 | 359375.00
Fesults E Mode 5 0.000 0.000 0.000 0.00 0.00 0.00
- Eigenvalues, Matural Frequenci Sum 1437500.00 0.00 | 1437500.00

Eigenvectars by node

- Eigenvectars by member
Eigenvectars by suface

- Eigenvectar of FE mesh by poir|
FE mesh point masses

- Equivalent mass factar
Generated equivalent lateral for

| > Soit according to: (&) FE-mesh node numbers () Object

Figure 6.10: Mask 2.6 Masses in FE-mesh nodes
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RE-DYNAM 2007 - [Example_4, Equivalent Seismic Loads] &l

Eile Settings Help

CAT - Dynamics £ E i

Input Data L& | B | cC | o | E | F | G | _H | | | J
General data Eigen Modal masse Participation factor Substitute mass Substitute mass factor
Additional nodal masses e Mi [kal Liclegl | Livikgl | Lizlkgl | mexfegl | mev [kg] | mezfkal | fmex[] | fmev[] | fmez[]
Additional line masses 37345651 |538188.82 0.00 0.00 | 526388.17 0.00 0.00 0.644 0.000 0.000
Additional member masses 2 34651462 | 306235.60 0.00 0.00 | 270638.65 0.00 0.00 0.833 0.000 0.000
Additional surface masses 3 32865161 |-1748027 0.00 0.00| 5257382 0.00 0.00 0.897 0.000 0.000
To Caleulate 4 42241783 | 245961241 0.00 0.00 | 147459.35 0.00 0.00 1.000 0.000 0.000
Equivalent lateral loads Sum 1437459.9 0.00 0.00

Results

Eigenvalues, Matural Frequenci
Eigenvectors by node
Eigenvectars by member
Eigerwectors by surface
Eigenvectar of FE mesh by poir|
FE mesh point maszes
Equivalent mass factor
Generated equivalent lateral for

< > Sart according to: (3) Equivalent Mass Factors () Totals of Equivalent Mass Factors

Figure 6.11: Mask 2.7 Equivalent Mass Factors

In the mask 2.7 Equivalent mass factors, the sum is displayed in the column H Substitute
mass factor. It is apparent that at least 90% of the total effective mass was obtained by four
eigenmodes.

RE-DYMAM 2007 - [Example_4 Equivalent Seismic Loads]
File Settings Help

A1 - Dynarnics | [ — |

Input Data
General data

Additional nodal masses Generate according DIM 4149: 2005-04 v First LCMo.: 18
to Standard:

Equivalent Load Export in RFEM

Additional ine masses

Additional member masses

Additional suface masses

To Calculate

Equivalent lateral loads
Results Standard parameter

Eigenvalues, Natural Frequensi  Type of

Eigenvectars by node spectunm;

Eigenvectors by member

Eigenvectars by suface

Eigenvector of FE mesh by poir s: gl Tooh: [s] Tew Is]  ag| 1.000 3] Ims?)

FE mesh point masses po:| 2500 21

Equivalent mass factor

() Design spectum for inear calculation () Elastic Fiesponse spectum

Sail ratio: | 4R - Fio) 10005 [1 Tew [5] Tew [s] q| 1.000 % |

To-H: [s] Tow [s]  avg [mds?]

Allocation of design spectrum far lingar calculation

[ & | B [ T [ Do 1 E | F L G
Toge- Eigenmode Generate Ordinate of design spectum
nerate in RFEM-LC Mo, | Auto SaH [mis?] Saw [mds?] Comments

0.1

= = =

< >

Figure 6.12: Mask 1.9 Equivalent Lateral Forces

In the mask 1.9 Equivalent Lateral Forces for the determination of standard parameters we
select all eigenmodes in the column A. Equivalent loads are then automatically written to
RFEM load cases 1 - 4 (see column C).
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RE-DYNAM 2007 - [Example_4, Equivalent Seismic Loads]

File Settings Help
Co1 Do O[z.13 Gereraeacquiaiem ot orees —— — — |
Input Data T b C 1] E F G H 1 J ~
General data FE mesh Obiject wrlocation coordinate LC FE mesh point load =
Additional nodal masses FairkNo,  Type Na. [m] # [m] T [m] Z[m] Ho. Fx [kN] Fy [kN] Fz [kN]
Additional line masses Node 1 0.000 0000 | -100.000) 1 0.000 0.000 0.000
Additional member masses 2 Node 2 0.000 0.000 87500 1 51.614 0.000 0.000
Additional surface masses 3 Node k] 0.000 0.000 £2500( 1 32.235 0.000 0.000
To Caleulate 4 Node 4 0.000 0.000 37500 1 14.550 0.000 0.000
Equivalent lateral loads 5 Node 5 0.000 0.000 -12500( 1 2115 0.000 0.000
Results & Node E 0.000 0.000 0000 1 0.000 0.000 0.000
Eigervalues., Natural Frequenci |1 Node 1 0.000 0000 | -100000| 2 0.000 0.000 0.000
Eigenvectars by node 2 Node 2 0.000 0.000 87500 2 -186.940 0.000 0.000
Eigenvectaors by member 3 Node 3 0.000 0.000 £2500( 2 170.619 0.000 0.000
Eigenvectars by surface 4 Node 4 0.000 0.000 37500 2 274727 0.000 0.000
Eigenvector of FE mesh by pair |2 Node 5 0.000 0.000 -12500( 2 71.665 0.000 0.000
FE mesh point masses & Node E 0.000 0.000 0ooo| 2 0.000 0.000 0.000
Equivalent mass Factar 1 Node 1 0.000 0000 | -100000| 3 0.000 0.000 0.000
Gererated equivalent lateral for |2 Node 2 0.000 0.000 87500 3 -125.488 0.000 0.000
3 Node 3 0.000 0.000 62500 3 318796 0.000 0.000
4 Node 4 0.000 0.000 37500 3 -233.135 0.000 0.000
5 Node 5 0.000 0.000 -12500( 3 -152.608 0.000 0.000
3 Node E 0.000 0.000 0000 3 0.000 0.000 0.000
1 Node 1 0.000 0000 | -100.000| 4 0.000 0.000 0.000
2 Node 2 0.000 0.000 87500 4 -33.108 0.000 0.000
3 Node 3 0.000 0.000 £2500| 4 124754 0.000 0.000
4 Node 4 0.000 0.000 37500 4 -233.096 0.000 0.000
5 Node 5 0.000 0.000 -12500( 4 510.200 0.000 0.000
E Node E 0.000 0.000 0000 4 0.000 0.000 0.000 |+
Sort accordingto: () FE-mesh node numbers () Tppe of objsct () LC-No
< |

Figure 6.13: Mask 2.13 Generated Equivalent Lateral Loads

Individual equivalent loads can be shown transparently in the RFEM graphic window in the
display of load cases 1 - 4.

4= Example - Equivalent Seismic Loads - LC 1

Figure 6.14: Graphic Display of Exported Equivalent Load Cases 1 - 4

Now we can compare the calculated equivalent seismic loads with the values calculated
manually.
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Node Mass Normed Shift | Normed Shift | Normed Shift | Normed Shift
[kal v NST v NS2 v NS3 v NS4
1 0.00 1.00000 -1.00000 -1.00000 -0.42300
2 359375.00 0.84046 -0.48264 -0.26261 -0.06238
3 359375.00 0.52506 0.44026 0.66743 0.23522
4 359375.00 0.23716 0.70924 -0.48796 -0.43925
5 359375.00 0.03423 0.18481 -0.40310 0.96101
6 0.00 0.00000 0.00000 0.00000 0.00000
£m Fy. 588265 306069 -174743 249622
J n
Zm_*w_iz 373562 346418 328836 422517
] J
i [Hz] 2.06934 15.32607 45.90236 83.09013
fi [Hz] 0.32935 2.43922 7.30559 13.22420
Ti [s] 3.03632 0.40997 0.13688 0.07562
Se 0.1085 1.2196 2.5000 2.5000

When we start from the equivalent mass m,; and the ratio factor L;

o (Zmi "Vj,i)z
“Ym, '\I’j,iz
Lj=2m; -,

and the equivalent load

F = e 3
ii _T'mi "Wy 2e
j

we get the following results that are identical with the equivalent loads calculated in RF-

DYNAM 2007:
Node Eigenmode 1 Eigenmode 2 Eigenmode 3 Eigenmode 4
m.;=926365[kg] | m,;=270419kg] | m,;=92858lkg] | m,;=147476[kg]
F,, IN] F ., IN] F,, IN] F ., [N]

1 0 0 0 0
2 51606.496 -186899.042 125377.2 -33110.9255
3 32240.0909 170487.677 -318649.346 124853.349
4 14562.2595 274648.344 232965.457 -233151.235
5 2101.81372 71566.4098 192450.971 510098.276
6 0 0 0 0
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m3 10 14 n 15 12
E
=
2
I
B
7 g g
m2 7 12 2 13 E
E
=
2
]
B
4 E 6
m1 4 10 5 11 &
E
=
2
]
B
1 1 3
1 z E]
: x A A
6.000m 6.000m

Figure 6.15: Scheme for Example No. 5: Modal Frame Analysis

This example was taken from the literature [13], page 99 ff and page 117 ff.
Members 14, 15: El; = 32 000 KNm?

Members 10, 11, 12, 13: 2 El; = 64 000 KNm?

Members 1, 4, 7 a 3, 6, 9: El; = 30 000 KNm?

Members 2, 5, 8: 2 El; = 60 000 KNm?

ml =8t

m2=m3 =30t

In this example we calculate the first three eigenmodes.
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RE-DYNAM 2007 - [Exampli

File Settings Help

CA1 - Dynamics

Modal Frame Analysis]

Input Data
General data
Additional nodal masses
Additional line masses
Additional member masses
Additional suface masses
To Calculate

Determination af

1. Eigenvectors

[ 3 Equivalent lnads

tass Considered

InDirection: [W]x%  Aboutdsis: [
Or v
Oz Oz

Standardizing the eigenmodes
(& To1 sothat max {ui} =1
() From Mass so that {utT. MLt =1

LComment

Settings
MNumber of Lowest

Eigenvectars [Eigenvalues)
to be Calculated:

[ Apply Self Weight As Mass

[

Eigerwalue Solver Method

(%) Sub Space lteration Method
() ICG - Iteration Methad

Internal member division

[ Internal divigion of members

Nurmber of divisions: I:I

[Calculat\on ][ Check ][ Details ]

RF-DYNAM

H
.:.'
H

Figure 6.16: Mask 1.1 General Data without Self Weight Application

Conversion of masses m1, m2 and m3 into additional nodal masses:

RE-DYMNAM 2007 - [Example_5 Modal Frame Analysis]

File Settings Help

CA1 - Dynamics

-~

Input Data
General data
Additional nodal masses
Additional line masses
Additional member masses
Additional suface masses
To Calculate

E

H

Ligt of nodes
Ho. with mass my [ka]
10000.00
2 179 10000.00
1012 2666.67

w

=

o

@

i

@

w

=

11
12
13
14
15
16
17
15
13
20
21
22
23
24
25

(&)

Comments

Figure 6.17: Mask 1.2 Additional Nodal Masses
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X

o

CAT - Dynarnics: ~ E

Input Data
General data Eigen- Eigenvalue
Additional nodal masses 3 wil1452]
Additional line masses 6523384
Additional member masses 2 1195.46781
Additional sulface masses E] 354543393
To Calculate

Results

Eigenvalues, Matural Frequenci
Eigenvectars by node
Eigervectors by member
Eigenvectars by suface

£ >

B \ C [ D [
Angular frequency Mat. frequency Eigenperiod
o [rad/s] fiHz] Ti[s]
8.32069 1.32428 132428
34 57554 5.50287 5.50287
55.54355 5.47665 5.47665

Figure 6.18: Table 2.1 Eigenvalues, Natural Frequencies and Periods

The following table compares RF-DYNAM 2007 results with results from the literature:

Eigenmode Eigenperiod T, [s]
No. DYNAM Literature [13]
1 0.75513 0.755128
2 0.18172 0.181723
3 0.10552 0.105522
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(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9l

[10]

(11]

[12]

[13]

DIN 1311

Klingmdiller, O. Lawo, M., Thierauf, G. (1983)
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Stabtragwerke, Matrizenmethoden der Statik und Dynamik, Teil 2: Dynamik

Fr. Vieweg & Sohn, Braunschweig

Klotter, K. (1981)

Technische Schwingungslehre, Bd. 1, Teil A: Lineare Schwingungen, Teil B:
Nichtlineare Schwingungen, Bd. 2: Schwinger von mehreren Freiheitsgraden,

Springer, Berlin

Kolousek, V. (1962)
Dynamik der Baukonstruktionen
VEB-Verlag f. Bauwesen, Berlin

Kramer, E. (1984)
Maschinendynamik
Springer, Berlin

Lehmann, T. (1979)
Elemente der Mechanik IV: Schwingungen, Variationsprinzipe
Fr. Vieweg & Sohn, Braunschweig

Lipinski, J. (1972)
Fundamente und Tragkonstruktionen fir Maschinen
Bauverlag, Wiesbaden

Lorenz, H. (1960)
Grundbau-Dynamik
Springer, Berlin

Maller, F. P. (1978)
Baudynamik, Betonkalender 1978
Ernst & Sohn, Berlin

Natke, H. G. (1989)
Baudynamik
B. G. Teubner, Stuttgart

Nowacki, W. (1974)
Baudynamik
Springer, Berlin

Petersen, Ch. (1996)
Dynamik der Baukonstruktion
Vieweg Verlag, Wiesbaden

Flesch, R. (1993)
Baudynamik, praxisgerecht
Bauverlag GmbH, Wiesbaden und Berlin

Meskouris, K. (1999)
Baudynamik, Modelle Methoden Praxisbeispiele
Ernst & Sohn, Berlin

Schwingungslehre

BI. 1 Kinematische Begriffe, Febr. 1974

BI. 2 Einfache Schwinger, Dez. 1974

BI. 3 Schwingungssysteme mit endlich vielen Freiheitsgraden, Dez. 1974
Bl. 4 Schwingende Kontinua, Wellen, Febr. 1974
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DIN 4024

DIN 4024

DIN 4025

DIN 4112
DIN 4131
DIN 4132

DIN 4133

DIN 4149

DIN 4150

DIN 4178
VDI 205

VDI 2057

Bl.4.2

VDI 2062

VDI 3831

KTA 2201

Dlubal

Maschinenfundamente
Bl. 1 Elastische Stutzkonstruktionen flir Maschinen mit Entwurf rotierender
Massen, Mai 1983

Stutzkonstruktionen fur rotierende Maschinen
(vorzugsweise Tisch-Fundamente fiir Dampfturbinen), Jan. 1955

Fundamente flir AmboBhammer (Schabotte-Hammer).
Hinweise fur die Bemessung und Ausflihrung, Okt. 1958

Fliegende Bauten. Richtlinie fiir Bemessung und Ausfiihrung, Febr. 1983
Antennentragwerke aus Stahl. Berechnung und Ausfiihrung, Marz 1969

Kranbahnen, Stahltragwerke. Grundsatze fir Berechnung, bauliche
Durchfihrung und Ausfiihrung, Febr. 1981
Beiblatt Erlauterungen, Febr. 1981

Schornsteine aus Stahl. Statische Berechnung und Ausfihrung, Aug. 1973

Bauten in deutschen Erdbebengebieten

Teil 1: Lastannahmen, Bemessung und Ausfiihrung tblicher Hochbauten,
April 1981, Beiblatt 1

Teil 1: Zuordnung von Verwaltungsgebieten zu den Erdbebenzonen,
April 1981

Erschiitterung im Bauwesen

Teil 1:  Grundsatze, Vorermittlung und Messung von SchwingungsgréBen
Vornorm, Sept. 1975

Teil 2:  Einwirkungen auf Menschen in Gebauden, Méarz 1986

Teil 3:  Einwirkungen auf bauliche Anlagen, Mai 1986

Glockentlirme. Berechnung und Ausfiihrung, Aug. 1978

BeurteilungsmaBstabe fir mechanische Schwingungen von Maschinen,
Okt. 1964

Beurteilung der Einwirkung mechanischer Schwingungen auf den Menschen,
Mai 1987

Bl. 1 Grundlagen, Gliederung, Begriffe

Bl. 2 Bewertung

Bl. 3 Beurteilung

Bl.41 Messung und Bewertung von Arbeitsplétzen in Gebauden

Messung und Bewertung von Arbeitsplatzen auf Landfahrzeugen
Bl.43 Messung und Beurteilung fur Wasserfahrzeuge

Schwingungsisolierung
Bl. 1 Begriffe und Methoden, Jan. 1976
Bl. 2 Isolierelemente, Jan. 1976

SchutzmaBnahmen gegen die Einwirkung mechanischer Schwingungen auf
den Menschen, allgemeine SchutzmaBnahmen, Beispiele, Nov. 1985

(Kerntechnische Anlagen): Auslegung von Kernkraftwerken gegen seismische
Einwirkungen

Teil 1 Grundsatze, Jan. 1975

Teil 2 Baugrund, Nov. 1982

Teil 4 Auslegung der maschinenelektrotechnischen Anlagenteile, Nov. 1983
Teil 5 Seismische Instrumentierung, Jan. 1977
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