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1.2 THE DYNAM-TEAM

1. Introduction
1.1 About DYNAM for Windows

Whether you are a first time DYNAM user or someone using a previous version, the practi-
cal oriented development has made it possible for anyone to start the program and find their
way around. Much of DYNAM's user-friendliness comes from the cooperative work with
customers and business partners. Their valuable tips contributed to improvements in DY-
NAM 4.xx and ultimately in this version of DYNAM for Windows.

DYNAM for Windows is fully integrated into RSTAB 5 for Windows. Eigenfrequency re-
sults can be integrated into the RSTAB printout report. Therefore, the results of all calcula-
tions are presented in one concise, complete report.

While working with DYNAM, the [F1] key can be used to open the online help system.
We wish you much success with RSTAB and DYNAM.

ING.-SOFTWARE DLUBAL GMBH

1.2 The DYNAM-Team

The following people contributed to the development of DYNAM for Windows:

e Program Coordinators:
Dipl.-Ing. Georg Dlubal
Dipl.-Ing. Peter Achter
Ing. Pavel Barto§

e Programmers:
RNDr. Zdenek Kosek
Mirza Hadei®
Dr.-Ing. Jaroslav Lain

e Program Testing:
Dipl.-Ing. Georg Dlubal
Dipl.-Ing. Peter Achter
Dipl.-Ing. (FH) Walter Rustler

e Manual and Help System:
Dipl.-Ing. Peter Achter

e English Translation:
Jana Rustler
Dipl.-Ing. (FH) Walter Rustler
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2.2 INSTALLATION PROCESS

2. Installing DYNAM

2.1 System Requirements

To use DYNAM, we recommend the following minimum system requirements:

Windows 95 /98 / NT 4.0 / 2000 Operating System

200 MHz Processor

64 MB Memory

CD ROM and 3.5” disk drive for installation

2 GB total hard disk capacity with 150 MB reserved for installation

4 MB Graphic’s card and monitor with a resolution of 1024 x 768 pixels

With the exception of the operating system, no product recommendations are made. DY-
NAM and RSTAB basically run on all systems that fulfill the system requirements. Your
computer does not need to have “Intel Inside”, and it is also unnecessary to have an expen-
sive 3D graphic’s card. Because DYNAM and RSTAB are generally used for extensive
calculations, the phrase “more is better” holds true.

2.2 Installation Process

Licensed DYNAM users should follow the installation instructions in the RSTAB manual.
DYNAM will be automatically installed. If there is an authorization fail message when
starting the DYNAM module from RSTAB, the program will run as a limited but func-
tional demo version.

2 DYNAM For WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH
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3. Working with DYNAM
3.1 Starting DYNAM

DYNAM can either be started from the Additional Modules—DYNAM menu or by select-
ing it from Additional Modules in the Position or Project Navigator on the left side of the
screen.

FRRSTAB 5.07 - [kuppel. L52]

4w Fle Edit View Insert Calculstion Pesuls Tooks Mask | Addiional Modules Window Help Rl

=t 5] S QQ| = @ Beezy v Fle | m = m g e i ﬂéﬂ”|
J = & cas b J & .‘ L [PITEIT e el D'MAM Characteristic Vibration Analysis E LF “E F a8 ’E X
“l%x %yxn%gw%sp.wi‘i.i“i”ﬁlmz Dthers 3 o e Rfl"':z‘vvz“"‘"”v"‘ﬁ-'z-s-’-lmg‘
ks ASTAB -
E-[B kuppel [Dema]*

=143 Topology
B-( Nodes
B-( Materials

-] Cross-sections

..... (2 Element Hinges

..... [ Element Patitions

-] Elements

-] Supports

..... [ Elastic Foundations

..... [ Nondinear Springs

..... (21 Rigid Couplings

..... [ Eceentiic Connections

..... [ Sets of Elements

=43 Loads

54 Load Systems

2453 LS - Selfwsight
-2 Element Loads

(3 L52-Snow
----- {23 LS Groups
----- {2 LS Combinations
(21 Results
(2 Printout Reports
=3 Additional Modules
..... o oo
----- £ DMAM B e fzEEEEFer v BEaq =2
""" (3 AsCK Node| Coar System | Rel Node Coordnates <]
----- {3 RsmOvE Mo | [C/AA/2/P] | Node Fi [m] a[] 2[] Commerts
""" (L ASCOMBI Polar 10 Gelaget
----- (2 Ramp B0 | Polar 40 Gelager
B1_| Polar 70 Gielagert
B2 | Polar . Gielagert
B3 | Polar 30 Gielagert
54
65
3 B
Nodes [ Materiaks | Cross-sections [ Hinges | Partitions | Elements | Supports | Elastic Foundation | Springs ] Rigid Couplings | E ccentric Connections | A

Starting DYNAM with the Menu or the Navigator

3.2 Masks

Input to define Eigenvalues and the output for numerical results can be done with masks.
DYNAM has its own Navigator with all available masks shown to the left. The masks can
be opened through the DYNAM Navigator or the Masks menu. Skim backward or forward
through the list with the [F2] and [F3] keys or with the [<<] and [>>] buttons at the bottom
of each mask. Click on the [Graphic] button to view results of the Eigenfrequency analysis.
(You'll find other information about viewing results in Chapter 3.4.) [OK] saves the input
and results before leaving DYNAM. [Cancel] ends DYNAM without saving any work
done. The [Help] button or the [F1] key will activate the online help system.

The title bar at the top has File and Help menus. Refer to Chapter 3.5 for the explanation of
their functions.

3.3 Input Masks

The full version of DYNAM consists of DYNAM BASIC, DYNAM ADDITITON 1 and
DYNAM ADDITION 2 modules. Different input masks are available depending on which
modules are authorized. Input masks are used to enter parameters for determining Eigen-
frequencies (DYNAM BASIC), forced vibrations (DYNAM ADDITION 1) or equivalent
lateral forces (DYNAM ADDITION 2).

DYNAM FOR WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH 3



3.3 INPUT MASKS -

3.3.1 Mask 1.1 General Data
After starting DYNAM, the /. General Data mask opens.
e~ |

File Help

IDYNAM] - Dynarmic Analysisj 1.1 General Data

Bl Input Data — General 3
- General Data Mumber of smallest Eigen- IV Respect self-weight of T
Additional Mazses walues to calculate: I 43: elements as mass with =
factar. o
Elen.:e[?t Ngmal Forces V' Forced Vibrations E . T =]
gRCIEaCI.IDn s ¥ Equivalent Lateral Farces Eactar . L
|- Dynamic Cases Effect of Masses——— - Internal Element Parlition for
- DCt V| in #-direction V| around % irnati I =1 W
. iy Approximation Methad: 1_'| v
= Eaka'alt'Unfafa"“Ie;e's o ittt ey T apering/El Foundations: IE 3
& Equg};ent atersl Foree | 1S i Z-direction W aroundZ LR . ~ o
—a
—Type of Mass Matiis——————  ~ Calculate additionally T
" Diagaonal ™ Node Deformations
" Consistent I Mode Masses
€ Unit matrix I™ Substitute Masses
™ Magnification Factors %I
— Respect of Geometrical Stiffne:
¥ Bespect Geometrical Stiffnass Matix for r H
Stability Effects [In 1.3 element narmal
forces must be entered or imported fram
RSTAR)
LComments:  |Earthquake
1 | ]
Lalculation | LCheck | Details | L4 > | Graphics | ok I

Mask 1.1 General Data

DYNAM can handle several DYNAM cases which are actually different dynamic analysis
for the same structure. This way a comparison between several calculations is possible.
Select an existing DYNAM case with the help of the list box. You can write Comments in
a field for each DYNAM case. The [Details] button opens a mask where specific parame-
ters can be selected before you [Calculate]. The [Check] button is available to run a plausi-
bility check.

DYMAM, Details

— Factor far

[aravity Acceleration: 10.00 | [mdz"2]

Cancel

— Detailz of [terations
b aximal number of -
|terations: I 20 3

Break Off Limit: I 1.000E-05

M,

Help

— Units far
Length: in -
Faorces:
Mazses:
—Local Torsig ft s of Elements

i
¥ Dizplay grapkazaly from F"hi:l 0.2000

DYNAM, Details

Number of smallest Eigenvalues to calculate: DYNAM BASIC determines the lowest Ei-
genfrequency of a structure. In theory, it is not possible to rule out lower Eigenfrequencies
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3.3 INPUT MASKS

from the analysis and determine the higher Eigenfrequencies at the same time. The analysis
must always start with the lowest Eigenfrequencies when calculating higher Eigenfrequen-
cies. With DYNAM BASIC, the 200 lowest Eigenfrequencies of a system can be deter-
mined.

Respect self-weight of elements as mass with factor: From the topology defined in RSTAB,
DYNAM can determine the resulting mass of the system from the elements. The mass will
be multiplied by the factor in the input field. Entering Zero in the field means that the ele-
ment mass will not be applied in the dynamic analysis.

Forced Vibrations: This checkbox is available only to DYNAM ADDITION 1 license
holders. When checked, excitation loads can be defined in Masks 1.4 and 1.6.

Equivalent Lateral Forces: This option is only available to licensees of DYNAM ADDI-
TION 2. By defining Norm values within Mask 1.7 (DIN 4149 and related, later EC 8, IBC
2000 and others) the static equivalent lateral forces will be analyzed.

Effect of Masses in/about X-, Y- and Y-directions: To determine in which global direction
masses should be considered, the appropriate boxes must be checked. DYNAM considers
element (topology) masses and also additional masses from nodes and elements defined in
the 1.2.1 Additional Node Masses and 1.2.2 Additional Element Masses masks.

Type of Mass Matrix: The type of Mass Matrix determines the accuracy of Eigenfrequen-
cies and the necessary computing time. In the consistent mass matrix, the same mathemati-
cal formula is used to arrange both the mass and stiffness matrix. Because precision is high,
it takes longer to compute.

A diagonal matrix is more simple so that the mass will be concentrated on the structure
nodes. The Unit Matrix is structured the same as the diagonal mass matrix, but contains
only the unit mass of the system, not the real mass. It also considers only the displacement
components of the mass. The unit matrix can calculate the spectral values of the stiffness
matrix. If the unit matrix is selected, no standardization follows. Therefore, the analysis re-
sults depend on units. The unit corresponds to the stiffness matrix. After selecting the unit
matrix, calculating the node and substitute mass are longer possible. Analysis with DY-
NAM ADDITION 1 and DYNAM ADDITION 2 will not be started when the Eigenvalues
of the stiffness matrix are unavailable and would therefore produce false dynamic analysis
results.

Internal Element Partition for: Under certain circumstances it may be necessary to define
more element divisions to reach a more approximate solution. The exactness of the design
will be increased, particularly for tapered or elastic bedded elements. By entering a number
greater than 1 in the input field, the program divides an element internally. You must use
whole numbers.

Example: For a simple single-span beam a maximum of 6 lowest Eigenfrequencies can be
calculated with a partition of 1. After entering 2 in Approximation Method, the 12 lowest
Eigenfrequencies can be calculated. To reach the same result in RSTAB, the single-span
beam would need to be divided by a node put in-between.

Calculate Additional Node Deformations: If this option is selected, mask 2.3 opens and
shows the deformations of the nodes standardized on the greatest deformation.

Calculate Additional Node Masses: After selecting the diagonal mass matrix, DYNAM dis-
tributes the entire mass to the nodes of the structure. However, active masses are consid-
ered in the calculation (controlling masses for the dynamic behavior of the structure).

Calculate Additional Substitute Masses: Details about the theory behind this are found in
Chapter 4.

Calculate Additional Magnification Factors: This option provides the resonance spectrum
of the excitation frequencies. Click on [Details] to define the damping ratio and angular
frequency of the load excitation.

DYNAM FOR WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH 5
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i\
7

Calculation

Detailz

M agrnification Factors, Details

— Magrification Factors, Details

Dramping R atio: I 0100 =

Angular Frequency of Cancel
E:-:i?atiu:un: e I 1.00000 - [1/sec]
Help

 axirnal Dynamic
M agnification Factar; I 5.02519

il

Magnification Factors, Details

Respect of Geometrical Stiffness: If the geometric stiffness matrix is used for the calcula-
tion, Theory II order will be applied. Through the slant of the system, normal forces create
additional bending moments that contribute to an increased or decreased stiffness of the
system. Check this box to open mask 1.3 and enter normal forces.

Respect Tension Force Effect: Tensile forces lead to an increase of the element's Eigenfre-
quency. Check this box to analyze the effect.

Comments: Particular notes can be entered here.

3.3.2 Mask 1.2 Additional Masses

DYNAM imports a defined structure from RSTAB. If a factor greater than 0 is entered in
the Respect self-weight of elements as mass with factor field in the 1.1 General Data mask,
DYNAM uses the element mass of the structure for the analysis. Additionally or alterna-
tively, you can define this information in the 1.2.1 Additional Node Masses/1.2.2 Addi-
tional Element Masses masks.

DYNAM - [kuppel] =]
File Help
|Oviant - Dynamic Analysis | Additional Node "
= Input Data = E - C - D E 3 G H -
Mo List of nodes Mass in direction Masz moments around
-~ General Data with mass . [Ib] ¥ [lb] Z [Ib] #birE] | v [bire]l | Z [lbirF] Cornments
Addtional Masses 46 11023171 | 1102.3171 | 11023171 00 0.0 00

i Element Marmal Forces

E| Excitation Cazes

- LEC

Dynamic Cases

-DC1

i Calculation Parameters

B- Equivalent Lateral Force

“EF1 Pick Mode

13-18,22-39.4245 [ 11023171 | 1102.3171 | 11023171 nao 0o nao

~|mfof | e

-

Take over from RSTAR |

B E -
No Mazs
List of elements with mass [Ibfin] Comments
1 13-24 1.047
2 13-24 0.322
3 13-24 0.322
4 13-24 1.047
5 |>3% 0910
I 0.540
7 25-38 0.557 -

Pick Elements
o | |
Lalculation | LCheck | Details | L4 > | Graphics ok Cancel Help

Mask 1.2 Additional Node/Element Masses

Import RSTAB loads as masses easily with the [Import from RSTAB] button. Only the
loads which would be defined as G or in the Z-axis direction will be imported from
RSTAB. If you want to import only individual node loads respective to element loads in
DYNAM, use the [Pick Elements] button or enter the loads by hand.

RSTAB imported element loads defined as Single Load or Trapezoidal Load will be dis-
tributed as mass over the entire length of the element. If, for example, there is a single load

DYNAM For WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH
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of 10 kN defined on an element 5 meters long, it will be converted into an element mass of
200 kg/m.

List of nodes with mass:
...numbers the nodes where additional masses should be considered.

Mass in direction:
...1is the amount of the mass that should be considered at the respective nodes.

Mass moments about:
The mass moments applied to the nodes. When importing data from RSTAB, rotational
moments on nodes will be automatically converted to mass moments.

List of elements with mass
...numbers the elements on which additional masses should be applied.

Mass
...1s the amount of the mass that should be applied on the respective elements.

3.3.3 Mask 1.3 Element Normal Forces

To consider element normal forces when analyzing the Eigenfrequencies check the Respect
Geometrical Stiffness Matrix for Stability Effects box in the 1.1 General Data mask. Then
you can access the 1.3 Element Normal Forces mask. Normal forces are assigned to one or
more elements in the same way as additional masses in the 1.2.2 Additional Element
Masses mask.

List of elements with Normal Forces
Enter the element numbers in column A that should be given defined normal forces.

N-forces
Define the values of the normal forces for each element listed in column B. Negative val-
ues are compression forces and positive values are tension forces.

DYNAM - [kuppel] =]
File Help
|Oviant - Dynamic Analysis | ement No o
8 Ir}put Data Mo i M-forces : =
.E;dn'?al [T::a List of elements with Marmal forces [kip] Comments
tional b asses -,— 1 ENH]
; Element Marmal Farces 2 2 1320
- Excitation Cases BE ERED
. ED 4 a5 1.095
Dynamic Cases 5 3 1174
oo E_|7 1.320
-+ Calculation Parameters 7 |z BN
E- Equivalent Lateral Force ] g 1715
~EF1 8 [1071 -1.850
m 12 -1.713
N EE 1340
12 |14 1124
13 |15 -0.881
14 | 1617 -0.710
15 |18 -0.873
16|19 1122
17 |20 -1.340
18 |2 -1.506
19 |zz -1.601
20 |23 -1.598 A
Fick Elementsl Take over fiom RSTAB |
1 | ]
Lalculation | LCheck | Details | L4 > | Graphics | ok I Cancel | Help |

Mask 1.3 Element Normal Forces
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3.3.4 Mask 1.4 Excitation Cases

Masks 1.4 to 1.6 can only be opened by DYNAM ADDITION 1 licensees.

EC Number: Define and save various types of excitation cases for a structure with a specifi-
cally assigned number.

Excitation Type: Three excitation types are available in DYNAM ADDITION 1. After de-
fining the excitation type, all other input tables will be adjusted automatically. It is not pos-
sible to mix several excitation types in one DYNAM case.

Accelerogram: One or more support nodes are stimulated when time and corresponding ac-
celeration are entered in the table. This excitation type is used to describe earthquake exci-
tations.

Time is entered in seconds. Always enter the time beginning with t=0. The time points
must be entered in increasing sequence, although the time steps can be any size. For nu-
merical reasons, set the last time point (Tn) higher than the top time limit (TI) of the inte-
gration:

Ti=0<Ty<...<Tp<TI<Tn

R~ |
File Help
= Input Data Excitation Ca:
General Data . I = Excitation € Accelerogram
Additional Mazses ECMumber: — |EC1 M% Tvpe: = Tabular Fgorces
Element Mormal Forces Description: IACCeIerogram 32 j ¢ Harmonic Forces
citation Cazes
- EC1 - Acceleragram
= Dynamic Cases Accelerogra
-0 A B C E -
Calculation Parameters Mo, Time Acceleration [in/zec™2] in
[=- Equivalent Lateral Force [sec] H-direction y-direction Z-direction Comments
LEF1 1 0.00000 0.00 0.00 0.00
0.10000 40.00 24.00 0.00
3 0.20000 £3.00 54.00 0.00
4 0.30000 23.00 34.00 0.00
5 0.40000 56.00 34.00 0.00
E 0.50000 £49.00 44.00 0.00
7 0.60000 56.00 55.00 0.00
g 0.70000 £3.00 B5.00 0.00
H 0.80000 34.00 £7.00 0.00
10 0.50000 £7.00 3.00 0.0
11 1.00000 45.00 34.00 0.00
12 1.10000 78.00 33.00 0.00
13 1.20000 35.00 33.00 0.00
14 1.30000 78.00 54.00 0.0o
4] | _>| 15 1.40000 126.00 £7.00 0.00 >
Lalculation | LCheck | Details | LI > | Graphics | ok I Cancel Help
|

Mask 1.4 Excitation Cases (Accelerogram)

DYNAM For WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH
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Tabular Forces: Enter time-dependent forces (single forces and moments) in a table.

R~ |
File Help
= Input Data Excitation Ca:
- Gieneral Data e I - Excitation € Accelerogram
dditional Masses EC Number: JECT M% Type: & Tabular Fgorces
lerment Marmal Forces Description: ITahular Forces 314 ¢ Harmonic Forces
- Excitation Cases
: " EC1 - Accelerogram
() Dynamic Cases Tabular Forces
RS, T B B C I R - |
i Calculation Parameters No. Time Force Mament
(1 Equivalent Lateral Force [sec] [kip] [kipin] Comments
LEF1 1 0.00000 0.230 0.0000
2 0.10000 0.350 0.0000
3 0.20000 0.500 0.0000
4 0.30000 0700 0.0000
5 0.40000 0.600 0.0000
E 0.50000 0.700 0.0000
7 0.60000 1.000 0.0000
g 0.70000 1.200 0.0000
H 0.80000 1.300 0.0000
10 0.50000 0.500 0.0000
11 1.00000 0.700 0.0000
12 1.10000 0.760 0.0000
13 1.20000 0.500 0.0000
14 1.30000 0.300 0.0000
4| | |15 1.40000 0.200 0.0000 hd
Lalculation | LCheck | Details | LI > | Graphics | ok I Cancel Help
|

Mask 1.4 Excitation Cases (Tabular Forces)

Harmonic Forces: Define dynamic loads (like vibrations caused by machines) affecting a
structure by entering amplitude, angular velocity and phase angle.

In this case, the force function f(t) and moment function m(t) have the following shape:

f(t) = A ¢sin (axt + ¢y), and
m(t) = A psin (Ot + Op),

R~ |
File Help
= Input Data Excitation Ca:
- General Data . = Excitation € Accelerogram
dditional Mazses ECMumber: — |EC1 M% Tvpe: = Tabular Fgorces
lerment Marmal Forces Description: IDSClIIatlonI j & Harmonic Forces
[+ Excitation Cazes
: " EC1 - Tabular Force
E| Dynamic Cases armo 0
. ebo B C ] E F G -
Calculation Parameters Mo Forces [kip]. [1/3]. [rad] Moments [kipin. [1/3]. [rad]
[=- Equivalent Lateral Force Amplitude Anag. Freq. | Phase Angle | Amplitude Ang. Freq. | Phaze Angle Comments
LEF 12.000 E7.0000 3.0000 (0.0000 0.0000 0.0000
2
3
1
5
E
7
g
3
10
11
12
13
14
4| | |15 =
Lalculation | LCheck. | Dietails | €4 ¥ | Graphics | ak I Cancel Help
|

Mask 1.4 Excitation Cases (Harmonic Forces)
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3.3.5 Mask 1.5 Dynamic Load Systems

After defining an excitation case as an accelerogram or as harmonic or tabular forces in
mask 1.4, open the 1.5 Dynamic Load Systems mask.

Dynamik LS Number: One or several different excitation cases can be combined in a Dy-
namic Load System and be identified by this number and a Description. The entire dy-
namic load system may also be multiplied by a Factor. Choose either Accelerogram or
Forces for the type of Excitation. It is not possible to mix an excitation of an accelerogram
with a force excitation in a dynamic load system. Below are two examples with different
excitation types.

D e |
Fil= Help
= Input Data — Dynamic Load System
Dyn LS na: lﬂ M Delete | Factor: IW Ekctation ?:Accelarogram
lernent Mormal Farces Description: IEarthquake j =P Farces

EI Excitation Cases

- heECT - Oscillation| ~Respect—————————————— - Damping Coefficients for

=) Dynamic Cases . —

L DC1 - Eathquake I Qta!-nplng _ Mass Matriz: 0.00
- v Initial Deformations . X —

; alculation Parameters ¥ Initial Velocit Stiffness Matrix 0.00

= E_quivalent Lateral Force i

..... EF1
B C E F N
EC Factor for Acceleragram in
Support Mode Mo, H-direction | “Y-direction Z-direction Comments
2-63 1 1.000 1.000 1.000

2

3

1

5

[5

7

g -

< | _>| Accelerogram Factors [ Dampingllnitial Defurmal\unsllnitial VEIUcilieSJ

Qalculationl LCheck | Details | LILI Graphics | Ok I Cancel | Help |

Mask 1.5 Dynamic Load Systems (Accelerogram Factors)

DYNAM - [kuppel] =]

File Help

IDYNAM] - Dynarmic Analysisj 1.5 Dynamic Load Systems

= Input Data r— Dynamic Load System

eneral Data . . Excitah " Accelerogram
Dyn LS no: IDE1 *| Mew| Delate Factar: I 1.00 +citation i

dditional Masses _I_I Type, & Forces

lement Mormal Forces Description: IEarthquake -

- Excitation Cases

; - EC1 - Dscillation | —Respect——————— | Damping Coefficients for

E| Di_l,lnarmc: Cazes ¥V Damping Mass Malis: —D i
""" DU_ - Earthquake v Initial Deformations - . [
slculation Parameters % Initial Velodii Stiffness Matrix 0.00

= E_quivalent Lateral Force nitial Yelncities

“EF1

3 B C [i] E F G H -~

Mao. EC Factor for forces in Direction Factor for moments around axis
Mode No wedirec | Yedireo | Zedirec | K-axiz f-aniz Z-aniz Comments
5263 1 1.000[  1.000[  1.000] 1000 1.000|  1.000 [ At supports
2
3
4
5
[5
7
g -
0| | ||| Load Factars [ Damping [ Initial Deformations ] Initial Velooities |

Qalculationl LCheck | Details | LILI Graphics | ok I Cancel | Help |

Mask 1.5 Dynamic Load Systems (Load Factors)

10
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3.3 INPUT MASKS

Several more options can be selected, each with their own corresponding tables as follows.

Damping: The damping of an Eigenfrequency is a dimensionless coefficient proportional to
the corresponding Eigenshape of the structure. It describes the ratio of existing damping to
critical damping. When calculating, it is assumed that the Eigenshape of the system is the
same with or without damping. This condition is only acceptable for low damping values.

DYNAM - [kuppel] =]
Fil= Help
IDYNAM1 - Diynamic Anal_usisj 1.5 Dynamic Load Systems
= Input Data — Dynamic Load System
- General Data . I z I Excitation ¢ Aceelerogram
Dyn LS no: Dl =] Hew | Delete Factor: 1.00 eital g
- Additional b asses _I _I Tupe: & Foices
- Element Marmal Farces Description: IEarthquake j

xcitation Cazes
- EC - Ogcillation | —Respect————————————— 1~ Damping Coefficients for

- Dynamic Cases . —
DL - Earthquake :; lg‘:.mrg gf y Mass Matiix: .00
- Calculation Parameters niial Letomatans Stiffness Matrix 0.00

IV Initial Velocities

- Equirvalent Lateral Force

..... EF1
B C N
Ma. Eigenfrequency Dramping
Mo, [-] Comments
1 = 0.050

2

3

1

5

[5

7

g -

< | Load Factors | Damping [ Initial Deformations | Inilial Velocities |

Qalculationl LCheck | Details | LILI Graphics | Ok I Cancel | Help |

=

|
Mask 1.5 Dynamic Load Systems (Damping)

Initial Deformations: Define the initial deformations and/or initial rotations, which deci-
sively influence the initial vibration process. Initial Deformations can only be applied to
those nodes which are not supported in the direction of the initial deformation. Any input
neglecting this rule will be ignored. Because DYNAM uses the method of Eigenvector
subspace projection, the initial conditions cannot be freely selected. The Initial deformation
vector must be a linear combination of the Eigenvector. (See part 5 of the theory section.)

DYNAM - [kuppel] =]
Fil= Help
IDYNAM1 - Diynamic Anal_usisj 1.5 Dynamic Load Systems
= Input Data — Dynamic Load System
- General Data . I z I Excitation ¢ Aceelerogram
Dyn LS no: Dl =] Hew | Delete Factor: 1.00 eital g
- Additional b asses _I _I Tupe: & Foices
- Element Marmal Farces Description: IEarthquake j

- Excitation Cazes

- EC - Ogcillation | —Respect————————————— 1~ Damping Coefficients for
wnamic Czses ¥ Darrping Maszs Matrix: 0.00
DC1. - Eslingelie v Initial Deformations - . —
- Calculation Parameters ¥ Initial Velocit Stiffness Matrix 0.00
E_quivalent Lateral Force i

..... EF1
A B C [i] E E G -
Ma. Made Defarmation [in] in Mode Ratation [rad] ar
Mode ¥-direction | “-direction | Z-direction | *-axiz f-aniz Z-arig Comments
1627 1.20 010 000  o0o000]  oooo[ 0000
2
3
F]
5
[5
7
g -

< | Load Factors | Damping InitialDeformationslInilialVeIUciliEsJ
LCalculation | LCheck | Details | << >3 | Graphics | Ok I Cancel | Help |

=

Mask 1.5 Dynamic Load Systems (Initial Deformations)
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3.3 INPUT MASKS

Initial Velocities: Enter the initial velocities in and/or about the global axes. As with the
initial deformations the nodes must be freely moveable (not supported) in or about the re-
spective axis because the velocity is the first derivative of the deformation.

DYNAM - [kuppel] =]
Fil= Help
IDYNAM1 - Diynamic Anal_usisj 1.5 Dynamic Load Systems
= Input Data — Dynamic Load System
- General Data . I . I Excitation ¢ Aceelerogram
Dyn LS no: Dl =] Hew | Delete Factor: 1.00 eital g
Additional b asses _I _I Tupe: & Foices
Element Mormal Forces Description: IEarthquake j

Excitation Cazes

-~ EC1 - Ogcillation | —Respect————————————— 1~ Damping Coefficients for
Dynamic Caszes ; —
-DC1 - Earthguake ¥ Daneing Masz Matris: 0.00]
" [+ Initial Deformatiors : : —
Calculation Parameters ¥ Initial Velocit Stiffness Matrix 0.0
=8 E_quivalent Lateral Force nial yelochies

..... EF1
A B C [i] E E G -
Ma. Welocity [infzec] in ‘elocity [rad/zec] ar
Mode ¥-direction | “-direction | Z-direction | *-axiz f-aniz Z-arig Comments
2839 5600 5400 500  o0000]  0o00[ 0000
2
3
F]
5
[5
7
g -
4 | _PI Load Faclurleamping l Initial D eformations | Iritial Yelocities |

Qalculationl LCheck | Details | LILI Graphics | Ok I Cancel | Help |

Mask 1.5 Dynamic Load Systems (Initial Velocities)

Damping Coefficient (@) for Mass Matrix: Coefficient O of the mass proportional damping.
The unit for ot is [1/s].

Damping Coefficient (B) for Stiffness Matrix : Coefficient [} of the stiffness proportional
damping. The unit for {3 is [s].

The damping matrix shape is: o M + K

The entire damping, including the damping D; for the Eigenfrequency o is: di = D; + %2 [
o/ o +B o]
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3.3 INPUT MASKS
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3.3.6 Mask 1.6 Calculation Parameters

Various parameters for the calculation can be selected in mask 1.6.

DYNAM - [kuppel] =]

File Help
IDYNAM] - Dynarmic Analysisj 1.6 Calculation Parameters
Bl Input Data —Settings for Integration, Time Steps—————— ¥ CaloulatelnnerForces ——————————————
E;’j’f‘a' [?aM‘a Time Step: T for Elements:
tional b asses ;
Element Nownal Farces | | Masimal Time: 15000002 [sec] [ =l M
Excitation Cases Wfith Extreme Values for:
_ Dscillat Evaluation of M N W 02 v 03 I i
ELC1 - Oscillation | - v Time
- Dynamic Cases L I 13’ e StzEs T ¥ H-2 ¥ M-2 Courses
-DCT - Earthquake
. Caloulation Parameters | | ¥ Calculate SupportForces ————————| [~¥ Calculate Node Deformations
B- Equivalent Latersl Force for Modes: for Modes:
- EF1 Jau =Pk | || Jan =] Pick |
‘with Extreme Yalues of: ‘with Extreme Y alues for:
¥ P ¥ Py ¥ P2 ¥ Time ¥ uis ¥ ut ¥ u2 ird Time
V M V M-y vV MZ Courses WV Phix W Phivv W PhiZ Courses
¥ Calculate Mods Yelocities — | ¥
for Modes: for Modes:
Jan = Pick | || Jan =] Fick |
‘with Extreme Yalues for: ‘with Extreme Y alues for:
| (T A 2 (VRS R (T rd Time | (T I 2 (TR S 2l [ ird Time
WV [Phix] ™ [PhiY) W [PhiZ] Courses WV [Phi]” W [Phit)” W [PhiZ)” Courses
‘l | _’I ToCalculate |

Qalculationl LCheck | Details | LILI Graphics | ok I Cancel Help |

Mask 1.6 Calculation Parameters

Integration, Time Steps Settings: Time Step and Maximal Time can influence the exactness
and length of the integration. It is important that the maximum time does not exceed what
was defined in mask 1.4. Use Evaluation every ... Time Steps to define whether results
should be provided for each time step or, for only every fifth time step, for example.

Calculate Support Forces, Inner Forces, Node Velocities, Node Deformations, Node Accel-
erations: Mask 1.6 can also define some output parameters. Checking Time Courses lets
you define whether only the minimal and maximal values and the the corresponding time
points will be in the output or only results for each time point. This option can reduce the
amount of data to a minimum. Use the [Pick] button to graphically select which nodes and
elements should be listed in the results.

DYNAM FOR WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH 13
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3.3.7 Mask 1.7 Equivalent Lateral Forces

Mask 1.7 is only available to DYNAM ADDITION 2 licensees.

A common method in earthquake design is to reduce the dynamic acting earthquake to a
static problem by determining equivalent lateral loads. DYNAM ADDITION 2 is able to do
this for several international codes.

DYNAM - [kuppel] [ x|
File Help
IDYNAM] - Dynarmic Analysisj 1.7 Equivalent Lateral Foices
=l Input Data —Equivalent Lateral Fare
i General Data . L5 Humber: I 3
EF Mumber: |EF1 'l Mew | Delete | =
o Addtional Masses Action of & |n Direction of Eigenvibration
iption: |Chile Earthquake 1985 =
Elenjer?t Marmal Forces Description: I Il £ anthquake [ Earthquake ¢ |ser-defined Direction
() Excitation Cases
. - ECT- Oscilation | Norm : DIM 4143 vI
Dynamic Cases
DCT - Earthquake : L . —
Caloulation Parameters Earthg. zone: |4 l Building Class: Other I
E- Equivalent Lateral Force Parameter a-0: | 3.54000  [mds"2] Feduction
* EF1 - Chile Earthquz Factor Alpha: 0.20000
Factor for
lnﬂUEI’;CE of Calzulation Yalue 28500 [m/s"2)
aravin cal & . mis
Kappa: 1.00000
on of Eigenvibratio
A C i] E -
Mo. | Eigenvibration Coefl. Beta of Stand. Direction Beta
Mo. Auto | Response Spectum of Earthquake [*] Comments
&
2
3
4 -
1 | H
Lalculation | LCheck | Details | L4 > | Graphics | ok I Cancel Help

Mask 1.7 Equivalent Lateral Forces

EF Number: Several load systems with sets of equivalent lateral forces can be created in
RSTAB, defined with an EF number and given a Description .

LS Number defines the load system number to be created in RSTAB.

Action of Earthquake: The In Direction of Eigenvibration option automatically sets the di-
rection of the earthquake to the direction of the standardized deformation of the node with
the largest standardized Eigenvector. User-defined Direction lets you enter any Beta earth-
quake direction as an angle in reference to the global x-axis.

Norm: Select whether equivalent loads should be determined according to DIN 4149 (or
later to EC 8 or IBC 2000). For DIN 4149 the following parameters need to be defined.

Earthquake Zone: The differences in the structure of the continental earthquake shells are
described through earthquake zones. The characteristic size for an earthquake zone is the
parameter a,, which corresponds to an anticipated acceleration. For central Europe, consid-
eration of Building Class 1-4 is sufficient. For other regions, select Other in the building
class field and enter appropriate acceleration values.

Parameter a,: The program automatically sets an acceleration value if one of the earth-
quake zones 1 to 4 is selected. If Other earthquake zones are entered the parameter is user-
defined.

Factor for influence of ground - K:: The factor is 1.0 for hard rock and 1.4 for loose rock.

Building Class: This addresses the protective worthiness of the building. There are 3 cate-
gories, which the norms describe in more detail.

Reduction Factor alpha: Parameter a, can be multiplied by a reduction factor o. independ-
ent of the building class and earthquake zone. (See more about this subject in Chapter 7.2.3,
DIN 4149)

14
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3.3 INPUT MASKS

Calculation Value cal a: This value is made up of the parameter a,, the reduction factor o
and the factor for influence of ground x. After entering the parameters, cal a will be calcu-
lated automatically by the program. It can also be edited.

More input selection is needed in the following Selection of Eigenvibrations table.
Eigenvibration No: defines which Eigenvibration should be used.

Auto: Coefficient Beta of the Standardized Response Spectrum will be automatically deter-
mined according the selected norm (code). If Auto is not selected, a value can be entered to
enable a calculation beside the limits of the selected code. The Coefficient Beta of the
Standardized Response Spectrum is usually a function of the Eigenperiod T.

Earthquake Direction Beta: The user defines the beta angle under which the earthquake
wave will affect the supports of the structure. 0° corresponds to the positive global x-axis
while 90° corresponds to the positive global y-axis.

DYNAM FOR WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH
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3.4 RESULT MASKS
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3.4 Result Masks

3.

4.1 Mask 2.1 Eigenvalues and Eigen-
frequencies

After the successful calculation, DYNAM shows the first results in the 2.1 Eigenvalues and
Eigenfrequencies mask.

Fil= Help
IDYNAM1 - Diynamic Anal_usisj 2 1 Eigenvalues and Eigenfrequencies
= Input Data = B L D
Eigenvalue Angular Frequency Frequency Eigenperiod
-~ General Data [1/sec2] [1/sec] [Hz] [sec]
- Additional Masses 5765285 2.39851 038173 2619619
-~ Element Normal Forces |[eg 11.30880 3.36286 0.53522 1.868408
Excitation Cases 3 2163798 4 E51E6 0.74034 1.350739
~ECT - Oscillation | [l 283.32447 16.83225 2.67893 0.373283
Dynamic Cases 5 31555995 1776401 282723 0353703
~DC1 - Earthquake 5 35165642 19.54115 311007 0.321536
- Calculation Parameters 7 59550792 24.40303 3.88385 0.257476
=1 Equivalent Lateral Force |5 £19.15989 24.88292 3.96024 0.25251
= EF1 - Chile Earthque =g 00 95165 2830162 450434 0222008
= Results ) 10 967 42793 3142337 5.00118 0139353
~Eigenvalues and Eigenfi ™ 391 46872 31.48760 501141 0139545
- Eigenvibrations 12 111421178 33.37981 5.31256 0188233
- Inner Forces 13 117558361 34.28678 5.45691 0183254
- Support Forces 14 1445 85494 35.02440 6.05177 01652409
-~ Node Deformations 15 1543 82954 3929160 £.26345 0.158912
-~ Node Velooties 16 158650404 39.83094 £.33929 0.157746
- Node Accelerations 17 1597 60386 39.97004 636143 0157157
- Generated Equivalent L. I8 22930245 47 86554 7.62122 0131213
13 229362524 47.94398 7.62052 0131053
20 2625 48725 53.15531 £.45993 0119204
1] i ©
LI >3 | Graphics | Ok I Cancel Help
|

Mask 2.1 Eigenvalues and Eigenfrequencies

The results will be sorted by Eigenfrequency in a spreadsheet.

Eigenvalue
The Eigenvalue Ai [1/sec?] is calculated from the motion equation without damping.
(For the theory behind this, refer to chapter 4.)

Angular Velocity
The correlation between the Eigen angular velocity e [1/sec] and the Eigenvalue is:

7\.i=(1)12

Eigenfrequency

The Eigenfrequency fi [Hertz] is a measure for the incidence of the Eigenvibrations per
second. The Eigenfrequency and the Eigenperiod have a direct reciprocal relation to
each other: m = 2nfi.

Eigenperiod
The Eigenperiod To [s] describes the time difference the structure needs to carry out one
complete vibration.

16

DYNAM For WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH



3.4 RESULT MASKS

AN
7

3.4.2 Mask 2.2 Eigenvibrations

An Eigenfunction u(x) belongs to each Eigenfrequency. This function describes the Eigen-
vibration shape of the structure. Structure nodes deformations and rotations will be sorted
by element number, node number and Eigenshape number, and displayed by lines. The re-
sults are standardized on 1. That means the value of the largest deformation or rotation is 1.

DVNAM Dol &
Fil= Help
[Ovham1 - Dynamic snalysis =] genvibratio
- Input Data .B B - E E E — G H =
Element| Mode | Eigen Standardized D eformation Standardized Fotation
-~ General Data Mo No Na u % uZ Phi PhisY’ PhiZ
- Additional Masses 4 1 0.00158 097576 0.00174 003880 000127 000180
-~ Element Normal Forces 2 0.90764 0.03456 012330 0.00263 0.05333 001878
Bl Excitation Cases 3 0.09325 0.40533 -0.00109 0.01366 0.00198 020552
- ECT - DOscillation | 4 0.06759 0.44623 .0.09100 .0.03012 0.01668 027110
- Dynamic Cases 5 0.05582 051131 0.04654 -0.25470 0.02314 [EE]
- DC1 - Earthquake 3 043614 013124 064222 0.03773 019105 001423
- Calculation Parameters 7 012191 0.00510 032215 -0.28386 015413 007463
= Equivalent Lateral Farce 8 012854 0.25519 046473 0.26266 0.25545 001207
- EF1 - Chile Earthque E] 044011 009519 0.59857 005235 016026 008279
= Results ) 10 013860 0.02256 055375 0.25655 0.35848 004242
-~ Eigenvalues and Eigerfi 11 002738 017342 017061 0.33231 006335 005513
-~ Eigenvibrations 12 010812 0.26515 013834 004321 0.00653 003453
- Inner Forces 13 0.06205 013306 0.04505 0.01645 -0.07633 -0.04RE0
- Support Forces 14 003391 001800 0.03186 013745 -0.08794 005774
-~ Node Deformations 15 0.01043 099593 015440 -0.07045 010428 035123
-~ Node Velooties 16 0.05208 036681 -0.20801 -0.53550 0.29408 000856
- Node Accelerations 17 0.07512 0.03204 0.36777 0.26593 0.35060 005271
- Benerated Equivalent L. 18 002323 0.00332 017710 014543 0.27337 003322
13 001563 000433 0.08172 032104 -0.20682 007003
20 0.03371 0.07028 0.02202 0.23042 0.07908 005452
5 1 000151 097893 0.04115 003708 0.00205 000153
2 0.88788 0.02927 011405 0.00560 -0.05601 001920 |
4 | |
LI LI Graphics | Ok I Cancel Help
|

Mask 2.2 Eigenvibrations

The standardized Eigenvibrations can be used in the additional RSIMP module to create a
new structure in RSTAB that has the shape of this Eigenvibration. To determine the abso-
lute value of the Eigenvibration the standardized deformation is set to an absolute value in
RSIMP. More information on the topic is found in RSIMP
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3.4.3 Mask 2.3 Global Node Deformations

This result mask appears only when the Calculate Additionally Node Deformations field in
the 1.1 General Data mask is checked. The global node deformations will be sorted and
listed by node number and Eigenfrequency. At the end of the list are the extreme deforma-
tions relating to each Eigenfrequency.

O |
File Help
|Oviant - Dynamic Analysis | obal Node Deformatio
= Input Data - E - L - D 3 ol
—{|| Mode | Eigen Standardized Deformation
- General Data Mo No i Y Uz
- Additional Masses 1 -0.00127 0.95959 0.00003
-~ Element Normal Forc E 088412 -0.00442 -0.00004
B} Excitation Cases 3 0.09305 001270 0.00001
. ECT - Dscillation 4 -0.08346 013428 0.00050
El- Dynamic Cases 5 004721 0.26031 0.00147
- DCT - Earthquak B 0.32243 0.09744 0.00193
~ Caleulation Paramete 7 0.06571 0.0405% 0.00050
El- Equivalent Lateral Fe F] 0.04511 013472 -0.00052
"~ EF1 - Chile Earth 5 033354 0.20392 0.00005
- Results 10 0.05130 0.02096 -0.00001
-~ Eigenvalues and Eig 1 0.00026 -0.09736 -0.00019
- Eigenvibrations 12 008495 017566 0.00035
-~ Global Node Deform. 13 0.06725 0.01529 0.00000
- Node Masses 14 0.03320 0.06417 0.00053
- Substitule Masses 15 -0.02050 0.01018 -0.00020
- Dynamic Magificatic 15 0.02016 0.00723 -0.00029
- Inner Farces 17 0.01790 0.03317 0.00015
- Suppart FnrcES_ 18 -0.00154 -0.01422 -0.00034
-~ Node Deformations 13 -0.00485 0.00648 -0.00005
- Node Veloiies || 20 0.03077 0.08965 0.00375
-~ Node Accelerations 4 1 000158 0.97976 0.00174
- Generated Equlval_eill 2 -0.90764 0.03456 0.13330 d
4 »
LI LI Graphics | ok I Cancel Help

Mask 2.3 Global Node Deformations

18

DYNAM For WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH



3.4 RESULT MASKS

AN
7

3.4.4 Mask 2.4 Node Masses

This result mask appears only when the Calculate Additionally Node Masses field in the 1.1
General Data mask is checked. The masses will be sorted by node number and displayed
relating to the global coordinate system. The node masses are those relevant for dynamic
calculation. Note that a node supported in the Y- and Z-directions, for example, will only
be respected with its mass dynamically in the X-direction.

DVNAM Twppet _________________________________________&|
Fil= Help
IDYNAM1 - Diynamic Anal_usisj 2 4 Hode Masses
& B
BT Irput Data = Hode Mass [E]in
- Gieneral Data % v
-~ Addiional Masses 2367153 Z36.7153 0.0000
-~ Element Nommal For 4 59 544 53 544 0.0000
[ Excitation Cases 5 59,5644 53.5644 0.0000
" ECT - DOscillation B 50,5644 53,5644 0.0000
- Dynamic Cases 7 50,5644 53,5644 0.0000
- DET - Earthquak B 53 544 53 544 0.0000
-~ Calculation Paramete 3 59 544 53 544 0.0000 =
B Equivalent Lateral Fe 10 59,5644 50,5644 0.0000
- EF1 - Chile Earth 11 53 5644 53 5644 0.0000
= Results ) 12 53 5644 53 5644 0.0000
-~ Eigenvalues and Eig 13 11616815 1161.8815 0.0000
- Eigenvibrations 14 11616815  1161.8315 0.0000
-~ Global Node Deform. 15 1161.6815 |  1161.8315 0.0000
-~ Node Masses 15 13943513 1394.3513 0.0000
- Substitute Masses 17 13943513 1394.3513 0.0000
-~ Dynamic M agnific i iE 13343513 1394.3513 0.0000
-~ Inner Forces iE] 292.0342 292.0342 0.0000
-~ Support Forces 20 2920342 252.0342 0.0000
-~ Node Deformations 21 292.0342 292.0342 0.0000
- NodeVelooiies  __{|759 13943513 1394.3513 0.0000
- Node Accelerations 73 13343513 1394.3513 0.0000
. Generated Equiva‘f’ bl || T 13343513 13943513 0.0000 -
N
LI >3 | Graphics | Ok I Cancel Help
|
Mask 2.4 Node Masses
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3.4.5 Mask 2.5 Substitute Masses

This result mask only appears when the Calculate Additionally Substitute Masses field in
the 1.1 General Data mask is checked. The size of the kinetic equivalent mass, modal
mass, participation factors and substitute masses will be sorted and listed by Eigenfre-
quency.

O |
File Help
IDYNAM] - Dynarmic Analysisj 2.5 Substitute Masses
A C
- Input Data = Kinetic: equiv. Mass Modal Mass Matrix Participation Factar Substitute Mass
- General Data
- Additional Masses 377256199 907.2178 5211 9660 425350141
-~ Element Normal Forc 2 31382.2300 924.9296 £229.4959 419535720
Excitation Cases 3 271422421 1071.2220 530.7603 262.9768
ECT - Oscillation 4 15375.9677 719.0765 66.2310 61002
Dynamic Cases 5 93626726 553174 2223534 B9.3770
DE1 - Earthguak 3 11084.7741 5364460 7017319 917.9444
-~ Caleulation Paramete 7 56596640 5238760 980395 12.4239
B Equivalent Lateral Fe 8 B1365.0425 610.9746 52.0157 44284
"~ EF1 - Chile Earth 3 18102.0850 557.0945 7E.3650 99330
(- Results 0 17833.3408 878.6255 882085 8.8556
-~ Eigenvalues and Eig 11 73960413 8351119 517302 32044
- Eigenvibrations 12 5024.1614 B51.4295 329.2008 1E6.3618
-~ Global Node Defarm. 13 40325453 7464676 206.4178 57.0733
- Node Masses 14 5608.4073 834.7145 118.1281 16.7174
-~ Substitute Masses 15 £357.5043 418.3179 17.8827 0.7645
-~ Dynamic: Magnificati 15 14324.6334 8915675 8.3151 0.0775
- Inner Farces 17 11643.0362 54,0866 46.9988 22412
- Support Forces 18 B033.92565 945.6437 1.3028 0.0018
-~ Node Deformations 13 11090.3595 946.9760 47768 0.0241
- NodeVelocities |5 12188.2027 60,8366 31.2192 1.4749
- Mode Accelerations
- [ienerated Equival_eill
4 I »
LI LI Graphics | oK Cancel Help

Mask 2.5 Substitute Masses
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3.4.6 Mask 2.6 Dynamic Magnification Factors

The result mask appears only when the Calculate AdditionallyDynamic Magnification Fac-
tors field in the 1.1 General Data mask is checked. Dynamic magnification factor and the
phase angle are given in the results. The dynamic magnification factor describes the dy-
namic load increase in comparison with the static load. Because of mass inertia, the vibra-
tion of the structure generally has a certain delay to the Eigen angular velocity of the excita-
tion. This is described as the delay angle or phase angle.

File Help
IDYNAM] - Dynarmic Analysisj 2_6 Magnification Factors
A D
& Irput Data = Angular Frequency | Dynamic Madnification Fhase &nale Excitation Frequency for maimal
-~ General Data [1/zec] Factars [rad] Diynamic Magnification [1/sec]
- Additional Masses 239851 1.20428 010059 2374405
-~ Element Normal Forc 2 336205 109455 0.06515 3.329057
B} Excitation Cases 3 4 E51E6 1.04739 0.04505 4604313
. ECT - Dscillation 4 16.83225 1.00347 0.01192 16.663072
(- Dynamic Cases 5 1776401 1.00312 0.01129 17 585470
- DC1 - Barthquak 3 1954115 1.00257 0.01026 19.344743
-~ Calculation Paramete 7 24.40303 1.00165 0.00821 24157768
B Equivalent Lateral Fe g 24.86292 1.00159 0.00805 24 532838
" EF1 - Chile Earth ] 2830162 1.00122 0.00708 28017174
(- Results 10 31.42337 1.00099 0.00637 71.107545
-~ Eigenvalues and Eig i 31.48760 1.00039 0.00636 EIREARE]
- Eigenvibrations 12 33.37331 1.00025 0.00600 33044327
-~ Global Node Defarm. 13 34.268678 1.00083 0.00584 33.942185
Node Masses 14 36.02440 1.000E8 0.00526 3764223
- Substitule Masses 15 39.29160 1.00064 0.00503 30836696
-~ Dynamic: M agrificati i 39.83094 1.00062 0.00502 39430622
- Inner Farces 17 39.97004 1.00061 0.00501 39568318
- Support Forces 18 47 86554 1.00043 0.00418 47404266 |~
- Node Defarmations
- Node Yelocities | Magnification Factors, Detail
- Node Accelerations I aximal Magnification
- Fenerated Equivaler ™ ’7 Factar ’ 5.02513 &I
4 I »
LI > | Graphics | ok I Cancel | Help |
|

Mask 2.6 Dynamic Magnification Factors
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3.4.7 Mask 2.7 Inner Forces

According to the mask 1.6 definitions, the selected inner forces, with or without their time
course, will be displayed. If Time Courses was not checked in mask 1.6, only the maxi-
mum and minimum inner forces and their time points will be displayed.

ot &
File Help
|Oviant - Dynamic Analysis | er Fo
= Input Data - .B L D E - E G H — ! =
—{|| Elem [s[s Time: Mode Forces [kip] Moments [kipin]
-~ General Dala No. [sec] N y-2 Y3 T M-2 3
-~ Additional Masses MieH ] 1.00000[ 7 -0.445 0568 2443  93756|  20105| 165417
-~ Element Normal Forc Maxv2 | 000000 7 0.321 0.485 0409 05152  71910|  10.3743
El- Excitation Cases Min¥Z | 130000 7 0393 0595 2256  BETE0|  -9.4713|  17.3437
+EC1 - Oscillation Maxv3 | 050000 7 0212 011 0.986 51724 1.4655|  4.7662
Dynamic Cases Min¥3 | 100000 7 0445 056G 2449  ga7ee|  20105| 165417
- DC1 - Barthquak MasT | 050000( 7 0212 [IRER 0986 61724 1_4E55 42682
-~ Calculation Paramete MinT | 1.00000] 7 0.445 0568 2443| 9.3756|  2.0105| -1R.5417
B Equivalent Lateral Fe Mawtz | 050000| 8 0212 0111 0,986 51724| 432187 | 04054
~~EF1 - Chile Earth MireM-2 | 1.00000] 8 0.445 0568 2449| 93756 |-106.0211 7.4872
B Results Mawhl3 | 000000 7 A 0,435 0403] 05132  7.1%10| 103743
-~ Eigenvalues and Eig MirM3 | 1.30000( 7 0393 01595 2256  BE7S0| 84719 -17.3437
-~ Eigenvibratians 5 1 ooooon | s 0302 0443 0303]  00130|  27383| 96806
-~ Gilobal Node Deform. 000000 9 0302 0.443 0309  00130] 104354 92126
Node Masses 050000 8 0.033 0.075 0733  36319] 404307  a.6466
- Substiute Masses A 0033 0.075 0733 36:9|  G3a7| 05551
-~ Dynamic Magnificatic 100000 & 0.280 0393 1427 7053| G09216] 137466
- Inner Forces 1.00000] @ 0.280 0399 1427 7053 a07017| 34586
-~ Support Forces 1.30000| & 0.305 -0.400 1573]  B7443| -az513|  13zi6
-~ Nods Deformstions 130000 8 0305|0400 1573 80443 -231676|  3.95%
-+~ Node Velocties g MaeN | 1.30000] @ 0305 0400 1573|8443 @azs13] 132106 |w
- Node Accelerations
i - [ienerated Equlval:er v|
L4 > | Graphics | ok I Cancel | Help |
|

Mask 2.7 Inner Forces
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3.4.8 Mask 2.8 Support Forces

According to the mask 1.6 definitions, the selected support forces, with or without their
time courses will be displayed. If Time Courses was not checked in mask 1.6, only the
maximum and minimum support forces and their time points will be displayed.

oA el [
File Help
IDYNAM] - Dynarmic Analysisj 2.8 Support Forces
- Input Data - B -B L D R & D H
— [i[s Time Forces [kip] Moments [kipin
-~ General Dala [sec] P P ; b Y MZ
- Additional Masses 1 0.00000 0125 0.250 0.502 0.0000 0.0000 03317 —
-~ Element Normal Forc 0.50000 1738 1,651 1.530 0.0000 0.0000 1.2480
&J- Excitation Cases 1.00000 0220 0312 0,403 0.0000 00000 2 9604
- EE1 - Decilation 1.30000 0212 .20 0,699 0.0000 0.0000 0.2178
Dynamic Cases ManPd | 050000 1.738 1.651 1,530 0.0000 0.0000 1.2480
- DC1 - Earthquak Min-P3_ | 1.30000 022 0210 0639 0.0000 00000 02178
-~ Calculation Paramete ManPY | 050000 1738 1.651 1,530 0.0000 00000 1.2480
B Equivalent Lateral Fe Min-PY | 1.30000 0212 0210 0633 0.0000 00000 02178
“~EF1 - Chile Earth MaxPZ | 10.50000 1738 1,651 1.530 0.0000 0.0000 1.2480
- Results Min-PZ | 1.30000 0212 0.210 -0.699 0.0000 0.0000 02178
-~ Eigenvalues and Eig MaeMH_ | 0.00000 0125 0.250 0502 0.0000 00000 03317
- Eigenvibrations Mint_ | 1.30000 0212 0.210 0633 0.0000 00000 02173
-~ Global Node Deform. Maxhy | 1.00000 0220 0312 0,403 0.0000 0.0000 2 9604
Node Masses MinM¥ | 0.00000 0126 0.250 0502 0.0000 0.0000 03317
-~ Substitute Masses MawM-Z | 0.50000 1738 1.651 1.530 0.0000 0.0000 1.2480
-~ Dynamic: M agrificati Min-tZ | 1.00000 0.220 0912 0.409 0.0000 00000 -2.9604
- Inner Farces 53 1 0.00000 0200 0,232 0820 0.0000 00000 04602
-~ Support Forces 050000 2323 1.761 0326 0.0000 00000 1.9216
-~ Node Deformations 1.00000 0.401 0.692 0,234 0.0000 0.0000 0,753
- Node Velocities | 1.30000 -0.209 0.062 1.397 0.0000 0.0000 47765 | >
- Node Accelerations
i - [ienerated EqulvaILeiLI
LI > | Graphics | ok I Cancel | Help |
|

Mask 2.8 Support Forces
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3.4.9 Mask 2.9 Node Deformations

According to the mask 1.6 definitions, the selected node deformations, with or without their
time courses will be displayed. If Time Courses was not checked in mask 1.6, only the
maximum and minimum node deformations and their time points will be displayed.

I = |
File Help
| R T rhd [|2:9 Node Deformatio
= Input Data - -B S D- i E £ i i . —
—{|| Mod; [i[s Time Dreformations [in] Rotations [mrad]
-~ General Data No. [sec] u ur uZ Phi, Phi'y’ Phi2
- Additional Masses 1 0.00000 0.76 0.07 0.00 259 300 832
-~ Element Normal Forc 0.50000 712 .05 0.00 432 =] 229
&J- Excitation Cases 1.00000 223 5.58 0.00 833 1,78 1027
+EC1 - Oscillation 1.30000 772 014 0.00 11.47 2611 8.3
Dynanic Cases Man U 050000 712 8.85 0.00 432 063 27
- DC1 - Barthquak Min u 1.30000 7.72 014 .00 11.47 2611 A3
-~ Calculation Paramete Ma L 050000 712 8.85 .00 432 [ 223
B Equivalent Lateral Fe Min uv 1.30000 77z 014 0.00 11.47 2611 831
*EF1 - Chile Earth Max uZ 0.00000 0.76 007 0.00 253 a00 B3
- Results Min uZ 050000 712 8.85 0.00 432 063 27
- Eigenvalues and Eig Mas Phix 1.30000 772 014 0.0 11.47 2611 531
-~ Eigenvibrations Min i< 0.50000 712 8.85 0.00 -4.32 068 229
- Global Node Deform. Man Phi*Y 000000 0.76 0.7 .00 253 9.00 B3
Node Masses Min Phiy’ 1.30000 772 014 0.00 11.47 26.11 831
-~ Substitute Masses Ma PHiZ 0.00000 0.76 0.07 0.00 259 300 8.32
-+ Dynamic Magrificatic Min PhiZ 1.00000 223 558 0.00 833 11,78 10.27
- Inner Farces 4 1 0.00000 0.88 0.68 070 050 896 E.20
-~ Support Forces 0.50000 713 5.0z 011 475 058 224
- Mode Deformations 1.00000 -2.45 482 055 1633 513 348
- NodeVelooities || 1.30000 807 078 1.99 11.87 1813 7E3|>
- Node Accelerations
i - [ienerated EqulvaILeiLI
LI > | Graphics | ok Cancel | Help |
|

Mask 2.9 Node Deformations
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3.4.10 Mask 2.10 Node Velocities

According to the mask 1.6 definitions, the selected node velocities, with or without their
time courses will be displayed. If Time Courses was not checked in mask 1.6, only the
maximum and minimum node velocities and their time points will be displayed.

I = |
File Help
| R e hd |2:10 Node Velo
= Input Data - -B S g D i E £ i 'G . —
—{|| Mod; [i[s Time WVelocities [insec] Welocities [mrad]
-~ General Data No. [sec] e ey w2 [Phiz<)’ {Phi%’ PHZJ
- Additional Masses 1 0.00000 258 .86 016 £80.95 -BER.02 £.39
-~ Element Normal Forc 050000 250 16.34 0.00 274,47 7013 359.09
&J- Excitation Cases 1.00000 17.76 11.02 005 143.46 128,54 4569
- EE1 - Decilation 1.30000 310 23.40 0.05 7362 21262 12341
Dynamic Cases Ma (U] 0.00000 258 088 015 £30.95 -EEE.02 £3
- DC1 - Barthquak Min (] 100000 -17.76 11.02 0.05 14346 12694 4569
-~ Calculation Paramete Was (L) 0.50000 2,50 15.34 0.00 27447 7013 335,09
B Equivalent Lateral Fe Min (Y]’ 1.30000 1310 -23.40 005 7362 21262 129.41
~~EF1 - Chile Earth Ma [UZ) 1.00000 1776 11.02 0.05 143.46 128,94 4563
- Results Min [uZ)’ 0.00000 258 088 -0.15 £30.95 -EEE.02 £3
- Eigenvalues and Eig Max PR | 000000 258 S 015 680 95 -BRE. 02 39
- Eigenvibrations Min [Phi<] | 0.50000 250 1534 00| -274.47 7013 393.09
-~ Global Node Deform. Max [PhiT | 1.00000 4776 1.0z .05 143,46 128.94 45.63
Node Masses Min [Phi?v] | 0.00000 258 086 015 £90.95| -666.02 3
-+ Substiute Masses Max [PhiZ] | 050000 250 15.34 0.00 27447 7013 399.09
-+ Dynamic Magrificatic Min PhiZ) | 0.00000 258 086 115 £80.95 -BRE02 6.39
- Inner Farces 4 1 0.00000 496 £.39 4318 £28.59 -270.92 EE.50
- Support Forces 0.50000 337 47.03 527 303.19 8336 #1352
-+~ Mode Deformations 1.00000 1625 £72 861 100.53 8350 £0.52
- NodeVelooities | 1.30000 16.01 1479 1663 11412 7362 4354 |~
- Node Accelerations
i - [ienerated EqulvaILeiLI
LI > | Graphics | ok I Cancel | Help |
|

Mask 2.10 Node Velocities
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3.4.11 Mask 2.11 Node Accelerations

According to the mask 1.6 definitions, the selected node accelerations, with or without their
time courses will be displayed. If Time Courses was not checked in mask 1.6, only the
maximum and minimum node accelerations and their time points will be displayed.

I = |
File Help
|Oviant - Dynamic Analysis | ode Acceleratio
= Input Data - -B S g L i = E £ G . —
—{|| Mod; [i[s Time Accelerations [indzec”2] Accelerations [mrad]
-~ General Data No. [sec] [T [T (w2 [Phi-=]” [Phir)” [PhiZ)”
- Additional Masses 1 000000 -199.80 17.89 -0.40 JFIB76| 10320| 142764
-~ Element Nomal Fore 050000 5413 28409 1.03 367710 308861 253180
&J- Excitation Cases 1.00000 .74 45324 124 A.301E4 407646 1429057
+EC1 - Oscillation 1.30000 476.96 471.53 173 -1.24EE4 547331 13308.13
Dynamic Cases Mar L] 130000  426.96 47183 173 -1.246E4 547331) 1330813
- DC1 - Barthquak Wi (L) noooo0| -199.80 17.89 -0.40 251676 210320] 14224
-~ Calculation Paramete Mar U] 1.30000 12696 47183 173 1.246E4 547331| 1330813
B Equivalent Lateral Fe Min [ 050000 5413 -284.09 1.03 367710 306861 253160
*EF1 - Chile Earth Man [uZ]” 1.30000 426.96 471.83 173 -1.246E4 547331| 1330813
- Results Min [uZ)” 000000 19380 17.89 -0.40 251676 | 210320( 142264
- Eigenvalues and Eig Max [Phi%)” | 050000 5413 78409 1.03] 367710 308861 253160
- Eigenvibrations Min [Phis<)” | 1.00000 3.7 15324 1.24| -1.301E4 407846 1420057
-~ Global Node Deform. Max [Phi*]” | 1.30000 426,96 47183 173 1Z46E4| 547331 1330813
Node Masses Min[Phi]” | 000000]  -199.80 17.89 040 251676 -2103.20| 142264
-~ Substitute Masses Max [PhiZ]” | 1.00000 374 46324 124 1301E4 407845 1429057
-~ Dynamic: M agrificati Min(PhiZ)” | 000000]  -139.80 17.89 040 251676 210320 -1.422E4
- Inner Farces 4 1 000000 24581 104226 26157 BI04E| 703726 901209
- Support Forces 050000 173  A4G133|  22690| 573745 33417 219376
-+ Mode Deformations 1.00000 I3476|  1547.87| 36754 781952 392594 1046440
-~ Node Velocities || 1.30000 0642 143333 48537 7274.94 424715 334311 |
- Node Accelerations
i - [ienerated EqulvaILeiLI
LI > | Graphics | ok Cancel | Help |
|

Mask 2.11 Node Accelerations
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3.4.12 Mask 2.12 Generated Equivalent Lateral
Forces

The results of the equivalent lateral force input data in mask 1.7 can be viewed in this result
mask. The list contains the Nodal Forces in X-, Y- and Z-direction sorted by the EF num-
bers.

DYNAM - [kuppel] =]
Fil= Help
[Ovham1 - Dynamic snalysis =] enerated Equivalent Lateral Fo
E C ] E F =
~GeneralData Al pp L5 Node Nodal Forces [RiF]
- Additional Masses Mo, Hurrber i i inZ
- Element Mormal Farc 3 25 0.000 0.040 0.000
[ Excitation Cases 26 0.000 0.040 0.000
- ECT - Dscilation 7 0.000 n.040 0.000
&) Dynamic Cases 28 0.000 0943 0.000
i DCT - Earthquak 29 0.001 0.943 0.000
- Caloulation Paramete an 0.001 0,945 0.000
= E_quivalent Lateral Fe El 0.002 0,949 0.000
“-EF1 - Chile Earth 3z 0.003 0947 0.000
(=3 Fiesul.ts ) 33 0.003 0.945 0.000
- Eigenwalues and Eig 34 0.000 0,947 0.000
- Eigenvibrations 35 0.003 0.946 0.000
-~ Glabal Mode Defarm. 36 0.003 0947 0.000
-~ Node Masses 7 0.002 0949 0.000
- Substitute Masses ) 0.001 0,945 0.000
- Dynamic M agnificatic 39 0.001 0942 0.000
- Inner Forces 40 0.000 0.002 0.000
~ Support Farces 4 0.000 0.002 0.000
- Node Defarmations 42 0.000 0.026 0.000
- Node Velocities 43 0.000 0.026 0.000
- Node Accelerations 44 0.000 0.026 0.000 hd
- Generated Equivaler_ |
3 I F r Generate RSTAB Load System... |
LI LI Graphics | Ok I Cancel Help |

Mask 2.12 Generated Equivalent Lateral Forces

[Generate RSTAB Load System...]

This button opens the following dialogue to Generate a new RSTAB Load System with
equivalent lateral forces.

Togonete @]
Mat Calculated Equivalent Lateral Forces Selected to Calculate:
Mo Description No Description B

L53 Chile Earthquake 1385

-

fdd—> addal | «-Remove | Removesl |

Generate I Cancel | Help |

To generate

Select the equivalent lateral forces on the left to import to RSTAB with the [Add] or [Add
All] buttons. On the right, any forces Selected to Generate can be removed with the
[€Remove] or [Remove All] buttons. The [Generate] button finishes the process and actu-
ally creates the RSTAB load system.
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3.5 MENUS

3.5 Menus

The menus contain the necessary functions to work with DYNAM Cases and results. Acti-
vate a menu by clicking on a menu title or simultaneously pressing the [Alt] key and the
underlined letter in the menu title. Activate functions within the menus the same way.

3.5.1 File

...lets you work with DYNAM Cases.

DYNAM - [kuppel] =]
File Help
Mew Caze... Chil+MN 3 1.1 General Data
FEename... | — "
Delete... | [peenerst 0
CreTeroT o Mumber of smallest Eigen- ¥ Respect self-weight of N
- Additional Masses walues to calculate: 20= elements as mass with =
- Element Nomal Forc _— lactor Wi
v Forced Yibrat
[+ Excitation Cazes I Fonedlyiine e Factor: 1.00 g' 2
F . ¥ Equivalent Lateral Forces S
i ECT - Dscilation 2 s
El- Dynamic Cases Effect of Masses——— - Internal Element Parlition for =5
C:ml. DF: i E;rthquatk ¥ in -direction I~ around % Approimation Methad: I 1 _I; T‘J‘ .E
|'_'| Ea c?ual IUTL atfaI'ﬂIEFf I e I el Tapering/El Foundations: E 3 ]
=1 Equivalent Lateral Fe . s T. g = =
; Z-direct dZ Gl
" EF1 - Chils Earth [ linZdiection I aroun —\JJ 3
= Fesults —Type of Mass Matiis——————  ~ Calculate additionally T
-~ Eigenvalues and Eig % Diagonal ¥ Naode Deformations
- Eigerwibrations  Consistent ¥V Node Masses
E|D:a\h:4ﬂd8 Deform, = Unit matrix V' Substitute Masses
ode Masses ¥ Magnification Factors Details...
- Substitute Masses _I
- Dynamic M agnificati — Respect of Geometrical Stiffne:
-~ Ininer Forces ¥ Bespect Geometrical Stiffnass Matix for ™ Respect Tension Force Effect
- Support Forces Stability Effects [In 1.3 element narmal
- Node Defarmations forces must be entered or imported fram
- Node Yelocities | RSTAB]

- Node Accelerations

. Generated EqUi\"d_EiLI LComments: I
1N 3

Qalculationl LCheck | Details | LILI Graphics | ok I

Menu - File

New [Crtl+N]

...lets you create a new DYNAM case.

Mew DYMHAM-Casze E

DNAM-Case

Mo IE_

Description:
IDynamic Analyzis j

0K I Cancel | Help |

New DYNAM Case

Give each New DYNAM Case a No. and Description. Click on the [Downward Arrow] for
a list of all existing descriptions. You may use one of these descriptions. [OK] creates the
new case.

28 DYNAM For WINDOWS © 2001 BY ING.-SOFTWARE DLUBAL GMBH



AN
v

3.5 MENUS

Rename

...lets you rename the Description and select a different No. for an existing DYNAM case.

Rename DYMAM-Case E

DNAM-Case

Mo |1

Description:
IDynamic Analyzis j

Ok I Cancel | Help |

Rename DYNAM Case

It is important to assign a number not already in use.

Delete
...shows all existing DYNAM cases in a list.

Delete Cases I

Earlhquke EY
E arthquake p-direction

Delete Cases

Delete a case(s) by clicking on the description and then on [OK].

3.5.2 Help

...opens the online help system.

Help Topics: RSTAB for Windows I

Cantents | Index | Find |

Click a topic, and then click. Display. Or click another tab, such as Index.

'@ ING.-SOFTWARE DLUBAL GMBH
0 RsTAR

@ 1 AboutRSTAR 5

@ 2 Instaling RSTAR

@ 3. Introductory Example

@ 4 RSTAR 5 for Windows

@ 5 warking with RSTAR

@ E. Importing and Exporting D ata
@ STEEL
() UPDATE REFORTS

@ DvMam

A msbBuCk

RSIMP

Ed
@ msTaB
2

Display I FErint... Cancel

RSTAB Help System
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4.2 PRINTING

4. Results

4.1 Screen Views

Following a successful calculation, you can graphically view the results with the [Graphic]
button. The current DYNAM case is automatically put in graphic form.

PERSTAR 5.07 - [kuppel, DYNAM1 - Eigenshape No.: 1 - 0.119 Hzl
4= Fle Edit Wiew Insett Calculation Besubs Took Mask AddtionalModuss Window Help |

nEdHdnge: [ AB QAR RREIF LU BEODNER
[ = ne & @ F e ] e omem omonicansss 5l « b [m i[5S Bm & ¥[e = - sio|= 26 E=|
4= RsTan

=-[B kuppel [Demo]*
=14 Topalogy

{23 Mod g
0 Mate =
[ Croe. @ Elgen- € Eorced

Clbim  hepss  Vibralions

[ Elem =
) Elorn Shepes [1-0119H: 7]

23 5upt| Factor 2| 2 F

(2 Elast
(23 Non-
@Rge——————
[ Eeee
=P [

oads
[ Load Systems
(3 LS Groups
[ LS Combinations A
(] Resuts
(2 Printout Reports
(=423 Additional Modules
[ STEEL

(2 DEFORM
(2 DYNAM

[ RSBUCK
[ RSMOVE
[ RSCOMBI A

...... (21 RSIMP

Angular Fragqusncy: 0745 [1/sec]
1.1 Hode Coordinates x|

= R I EEEN =S

Mode | Coor System Ref Node Coordinates ﬁl
Mo | [CAAZ/F] | Node #[m] ¥ [m] Z[m] Camments
Cartesian 0 [
2| Cartesian 0 [

[ [

[ [
3 |Folar 2 E. [ 180,
[ 4 | Polar H 3 0 18D, -
Nodes [ Materiaks | Cross-sections [ Hinges | Partitions | Elements | Supports | Elastic Foundation | Springs ] Rigid Couplings | E ccentric Connections | [

Press F1 for helpl [ [ [ [ I

Viewing Results Graphically

Activate the DYNAM case in the View Results drop down list box in RSTAB for the option
of viewing DYNAM results in the RSTAB working window. The DYNAM results are
viewed just like any other RSTAB load system results. A smaller floating window will
open to select which Eigenshape should be displayed. The distance of the Eigen shape
lines from the elements can be set with the Factor option. Use the [Set] button to apply the
altered factors for the line distance in the larger window. [DYNAM] takes you back to the
DYNAM module. Like all other graphics of RSTAB, the [Print] button in the RSTAB
main working window prints graphic results immediately or integrates the results in the
printout report.

4.2 Printing

To print the numerical results, return to RSTAB and open an existing [Printout Report] or
create a new one as described in the RSTAB manual. The DYNAM data follows the
RSTAB data in the printout report. Note that the printout report is an entire unit of all data
from RSTAB, DYNAM and other modules.
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4.2 PRINTING

i Printout Report - D1 All Chapters
Fle Edit Yiew Inset Options Help

[_[5]x]

B Suppoits

-3 Loads

[ General Data
(3 L5 1 - Selfweight
(31 L5 3- Chile Eanthquake 1985
{23 LS. LG Results
[ Inner Forces by Element
[ Support Forces and Support Moments

-3 DYNAM
123 DYNAMT - Dynamic Analysis
[ General Data

[ Additional Node Masses
[ Additional Element Masses
[ Element Nomal Forces
=423 Evcitation Cases
[ Excitation Cases
123 EC1 - Oscillation |
& Tabular Forces
123 Dynamic Cases
& Dynamic Cases
123 DCT - Earthquake
[ Load factors
O Damping
B Initial Deformations
[ Initial Velocities
B3 Results
[ Eigenvalues and Eigenfrequencies
[ Gilabal Mode Deformations
[ Mode Masses
B Substitute Masses
& Dynamic Magnification Factors
[ Inner Forces
B Support Forces
[ Node Defomations
[ Mode Velocities
[ Mode Accelerations
- [ DYNAM2 - Earthquake w-direction
123 DYNAM3 - Earthquake -direction
General Datal
£ DYNAMIC ANALYSIS
£ DYNAMIC ANALYSIS
£ DYNAMIC ANALYSIS

EG DALARIC LA VLS
Press F1 for help!

2

OE G| === ®E[FH= h’?

s

8
T
&
T
v |8

HOIDE ACCE LERAT DS

D42+ EARTHOINKE XNRECTION
GEHERAL DNT

DT EARTHOINKE *-DIRECTIN
GEHERAL DNT

DraaC RS
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DYNAM Data and Results in the Printout Report

The printout report has all editing and organization possibilities described in the RSTAB
User Manual. Note that the data can increase drastically with increasing number of nodes,
elements and load systems. We recommend making selections before opening the New
Printout Report dialogue as described in the RSTAB manual. In the global selection dia-
logue are additional options for the DYNAM data.

i Printout Report - D1 All Chapters
Fie Edt View Insat Options Help

MEIET

DE &~ = -0k @E|E= 4]

----- [ Addtional Nods Mas
----- [ Addtional Elsment M
[ Element Noimal Fore:
) Excitation Cases

- [E] Excitation Cases
-3 EC1 - Dscillation
B Tabular Forc
{23 Dynamic Cases

- [ Dynamic Cases

B3 D1 - Eatthquak

=53 Results

i [ Eigenvalues and
- [ Global Node Dsf
- [ Nods Masses
~ [ Substitute Masse
- [ Dynamic Magrifi
- B Inner Forces
- [ Support Forces
- B Nods Deformatio
- [ Nods Velocities
- [ Node Acceleratic ¥ Cavel
B[] DYNAMZ - Earthquake 1 [ | Contents
£~ DYNAM3 - Earthauake v
[ Gereral Data
{9 DYNAMIC ANALYSIS
8 DYNAMIC ANALTSIS
{9 DYNAMIC ANALYSIS

) CLABAIT A hLAL SIS

Press F1 fiar helpl

©- [ Supports
3 Loadk
i [ General Data
(2 LS 1- Sef-weight
(2 LS 3- Chile Earthaus | Program:
3 LS. LG Resuts Forer
[ Irner Forces by Elem
STEEL
[ Support Forces and ¢
DEFORM
-3 DYNAM R
(23 DYNAMT - Dynamic Anal [2onio
----- [ General Data

Printout Report Selection D1 [ x]

Global Selection Input Data | Fesuls |

-~ Input D ata 'g@
¥ 1.1 General Data Mo, Selection [& g 1-5,20]
¥ 1.21 Additinal Node Masses Nodes: |41 -
¥ 1.2.2 Addtional Element Masses Elements: [al -
W 1.3 Nommal Forces Elements: | &l -
¥ 1.4 Excitation Cases
¥ Excitation Case Index EC: [al -
Lines: [an -
~¥ 1.5 Dynamic Load Systems
¥ Dynamic Load Index DC: &l =l
¥ Accelerogiams Lines: |41 =
¥ Dynamic Forces Lings: |41 I
¥ Damping: Lines: {41 =
¥ Initial Deformations: Limes: | a1l =
IV Initial Yelocities: Lines: [an = L
0K | Concal Help

[Nurber of Pages: 113

[Pages 110-111 ||

Printout Report Global Selection Dialogue with DYNAM Global Selection Data
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4.2 PRINTING ——
In the Main Selection folder, check whether you want a Display of Input Data and/or Re-
sults. Under DYNAM Cases to Display, you can check the box to Display All DYNAM
Cases, or make specific selections by moving Existing DYNAM Cases on the left to DY-
NAM Cases to display on the right. To move cases from one list to the other, highlight a
case by clicking on it. Then click on the [Add >], [Add All], [Remove] or [Remove All]
buttons. Checking the Show Contents box in the lower left mask corner will display the en-
tire table of contents in the printout report.
Pragrann: Global Selection  Input Data |F|esu|ts|
RSTAR  Input Data
STEEL
DEFORM ¥ 1.1 General Data Ma. Selection [e g 1-5,20]
DYHAK ¥ 1.21 Additinal Mode Masses Nodes: |4l =l
RSBULK [+ 1.2.2 Additional Element Masses  Elements: |21l |
¥ 1.3 Nomal Forces Elements: |l |
¥ 1.4 Excitation Cases
V' Excitation Case Index EC: |l =
Lines: |all |
—¥ 1.5 Dynamic Load Spstems
V' Dynamic: Load Index DC: Al |
V' Accelerograms Lines: [Al |
¥ Dynamic Forces Lines: |all |-
¥ Damping: Lines: [Al |-
¥ Initial Deformations: Lines: [Al [~
V' Initial Velocities: Lines: [Al [~
W Coyet x|
[% Conterts Ok Cancel Help
DYNAM Selection — Input Data
In the Input Data folder, you can select whether information from the General Data, Addi-
tional Node Masses, Additional Element Masses and/or the Element Normal Forces masks
should be in the printout report. For each topic you can also specify single lines frommask
tables. Just enter the line numbers under No.-Selection or use the [Downward Arrow] be-
side the input fields. The same principle is used to define the data of the Excitation Cases
and Dynamic Load Systems. The dialogue may look different depending what DYNAM
modules are activated.
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4.2 PRINTING

Pintow Repor Selectiondl &
Prograrn: Global Selection I Input Data  Results |
[RsTeR | Result
SEEE;M No. Selection [¢ g 1-5.20]
DYNAM il Eigenvalues: |all =
RSBUCK [ 2.2Eigenvibrations Elementss LAl 4
¥ 2.3MNode Deformations Maodes: |l |
V 24 Node Masses Modes: |l |
V' 25 Substitute Mazses Eigenvalues: [All |
¥ 2 Dynamic Magn. Factors Eigenvalues: |all =
¥ 27 Inner Forces Eigenvalues: |2l |
¥ 2.8 Support Forces Eigerwalues: |l |
¥ 29Node Deformations Eigenvalues: |2l |
¥ 210 Mode Yelocities Eigenvalues: |2l |
¥ 211 Mode Accelerations Eigenvalues: |2l |-
g Ei:fernts ok Cancel Help

DYNAM Global Selection — Results

In the Results folder you can select data from masks 2.1-2.11 for inclusion in the printout

report. Use the same procedure as in the input data folder.
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5 THEORY
5. Theory
To better understand DYNAM, some theory is presented in this chapter. It is meant as a re-
fresher, not as a substitute for a textbook. The information is limited to the framework of
this program. First we will briefly look at the Eigenvalue analysis. Then the calculation of
the kinetic equivalent masses, participation factors and substitute masses will be reviewed
in separate paragraphs. An example is at the end of this chapter.
Equilibrium Equation for Static Systems
A structure reacts to static acting forces with deformations. It is generally assumed that the
system is still before and after the loading application.
In general, you need to consider a proportional correlation between the load and the defor-
mation of the system. This correlation is generally non-linear, but it can be assumed as lin-
ear in most user cases. The proportional factor between the load and the deformation is the
stiffness K of the system so that the equation for static cases is:
Kij xi = fj
with
Kij Stiffness matrix
xi = Deformation
fi = Load
i=j =1 in systems with one degree of freedom.
Calculating the Eigenfrequency
If a structure is stimulated for free vibration, you can see that the system always oscillates
between 2 energy conditions. So, E, . =E_ . resulting in the following:

Equation 4.1:
Mijxi + Kij X =0
In this equation the damping is not considered. This dissipation effect is not relevant to de-
termine the Eigenfrequency and Eigenshape.
Equation 4.1 will be solved when the following assumption is made for xi:

Equation 4.2:
X = CieM = u(x) c cos(ot—o)
When Equation 4.2 is merged within Equation 4.1, and assumpting that the c cos(ot - o)
expression is generally unequal to zero the result is:

Equation 4.3:

2

[My(~0°) + K] w0 = 0
When the equation of the u,(x) Eigenshape is unequal to zero, the Eigenfrequencies are de-
termined from the equation:

Equation 4.4:

2 —

det (K, - oM;) = 0
The Eigenfrequency o was already pointed out to us in equation 4.3. It is connected with
the Eigenfrequency of the structure through the relationship:
f =2no.
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Equation 4.5:

Equation 4.6:

Equation 4.7:

Equation 4.8:

After inserting the Eigenfrequency in equation 4.3, it results in the corresponding u,(x)
Eigenshape.

Kinetic Equivalent Masses

Structures with more degrees of freedom that have either concentrated or continuous mass
distributions can be reduced to a one mass oscillator with an equivalent kinetic mass by en-
ergetic deliberations. Typical examples are structures with vibration dampers or narrow,
tower-type structures. DYNAM calculates the kinetic equivalent mass for each single Fi-
genfrequency.

An example of a pipe mast will illustrate the theory more closely.

The movement of a pipe mast will be described through the following relationship:
y(xt) = y(x)-sin(ot) = Y -n(x)-sin(mt)

with

y(x,t): Displacement at x location in the mast in dependence of time

o: Angular frequency of the structure

n(x): Eigenshape, standardized to one in the location of the largest deformation

Y: Displacement in the location of the wanted kinetic equilavent mass.

DYNAM always takes for that the location of the largest deformation which is always stan-
dardized to 1 in the graphic display of the of the Eigenshapes. From this, the kinetic energy
of the structure results.

02Y2 f 1
Evn = x)dx| cos” wt

2 [ J

with
W(x): Continuous mass distribution.

Equation 4.5 shows the kinetic energy of the self-weight of the structure and the additional
element masses. The energy of the additional node masses still has to be added on so that:

Evn = Zm @Y% (xi) cos” ot

All n additional masses must be summarized.

Then the entire kinetic energy of the structure will be:

1 |
E. = Y. |]. (x)M (x)dxlcos ot+— Zm mn (x)cos ot

- [o J 2 i=1

The kinetic energy of an equivalent one mass oscillator structure will be:

y
Evn = E M ® Y? cos® ot
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After setting equations 4.7 und 4.8 equal the kinetic equivalent mass results in:
Equation 4.9:
n
2 2
= Juto 0o ax+ 2, mn*(x)
0 i=1
To calculate the kinetic equivalent masses in a different location, equation 4.9 is multiplied
with Y2/n%(x).
Example:
The kinetic equivalent mass will be calculated for a fixed pipe mast. We will assume that in
examples KINEQ1 to KINEQ3 undivided elements are used. A division will be done in
KINEQ4.
Data of the pipe:
Cross-section: Pipe 508x11 [mm] with a cross-section area of A=0.0172 m?
Height: 1 =20 m
Specific Weight: DYNAM y=7.85 - 10* N/m?
Mass distribution: L ="y/g- A =135 kg/m
T 2
5
El g
3 3
w
I L
Fixed Pipe Mast
KINEQI:
The self-weight, M =1 = 20m 135 kg/m = 2700 kg, is distributed evenly over the mast.
KINEQ?2:
The entire mass, M =1 pu = 20 m 135 kg/m = 2700 kg, is distributed equally on the end
nodes 1 and 2.
KINEQ3:
The self-weight is applied evenly as an external load on the mast.
Because in all cases we assume diagonal mass matrixes, the sum of the kinetic equivalent
mass in each case is the same as the effective mass. (Therefore: 1350 kg on Node 2)
KINEQ4:
The mast will be subjected to a partition (division) of 5. What occurs is a more exact calcu-
lation of the kinetic equivalent mass. For the calculation of the kinetic equivalent mass ac-
cording to equation 4.7, the Eigenshape is:
® 1 [ \E— SinhAL+ (COSAL hAD sinhA—sinA |
n = — | SINAG—SIN + (COSAC— COS -
2,72423 L coshA—cosA
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with A = 1.875 from which the integral

ju(x) N2 (x)dx = 0,25

[}

and so the size of the kinetic equivalent mass results as

M = u-Ljnz(x)dx = 135'2.20m-0,25 = 675 kg

[¢]

The calculation of the kinetic equivalent mass in DYNAM results in the numerical value of

M = 675,1 ke.
]
2 @ m=1350 kg T —=
“g “g n
= = X
P4 =z ( )
X X
<t <

o o J

< £ <

@Q [ Q

~ X ~

A 8 A

c i <

e 4 3

g g

2 Q

E 5

(0] o 4

o Q.

n n

1
KINEQ1 KINEQ2 KINEQ3 KINEQ4 First Buckling

Shape

Mass distribution of elements in KINEQ1 to KINEQ4

Equivalents masses and participation factors

If the user checked the box to determine the substitute masses in the mask 1.1, General
Data, before starting the calculation, the values for the following parameters would be
given in mask 2.5, Substitute Masses mask: Kinetic equivalent mass, Modal mass, Partici-
pation factor and Substitute mass.

The most important information about the structure is the distribution of the inertia force H,
that, dependent on Eigenshape V,, has a typical shape.

The inertia forces meet the following conditions:

Equation 4.10
(V" m)?

= wrmyy o2

i
with
V.: Eigenshape
M : Mass matrix

S,(T): Acceleration Spectrum of the Angular Frequency m,
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Equation 4.11

Equation 4.12

With the expressions
M, = V' m V, Modal Mass

L, = V' m Participation factor

equation (4.10) leads to

M= 1 Sar(T) = mg 8, (T)

with
m_ =12/ M. Substitute mass of the Eigenshape V,

As in equations 4.10 and 4.11 apparent, the substitute mass is dependent on the standard-
ized Eigenshape V,. Therefore DYNAM standardizes the Eigenshape to the location of the

largest deformation:

ivijz =1
-1

(i, j shows all displacement degrees of freedom for the Eigenshape V)

and calculates the Modal mass matrix and the participation factors with this as the basis.

A practical application is the following example. Further information can be found on page
678 of reference [11].

Example:

A 2D three-story structure has columns and beams considered to be without mass. The

moment of inertia is Iz,col = 25000 cm* for all columns and Iz‘ eam = 150000 cm* for the

beams. The mass of the beam will be distributed equally as 12500 kg on both end nodes.

12500 kg 12500 kg o
€
©

12500 kg 12500 kg Y
€
©

12500 kg 12500 kg Y
€
©

7777 77777 -

38
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Calculating the Substitute Masses of a 3-story Structure

Because it is a symmetric structure we get the same Substitute Masses for the left and right

nodes as results.

Eigen Shape
No.

Substitute Masses [kg]

DYNAM Literature Reference [11]
1 66592.,9 2,66369*%25000 = 66592,25
2 6989,7 0,2769%25000 = 6990,00
3 14174 0.05669%25000 = 1417,25
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6.1 EIGENFREQUENCY OF A SINGLE-STORY STRUCTURE

6. Examples

This chapter contains examples highlighting DYNAM's functions.

The first examples are single and a multi-story frames. Another example calculates the Fi-
genfrequency of a tower with tapered cross-sections. Using element partitions during the
calculation process allows an exact calculation of the Eigenfrequencies.

The examples here are borrowed from literature. You will see how results from literature
compare with results calculated with DYNAM.

6.1 Eigenfrequency of a Single-Story
Structure

We’ll use a simple frame with dimensions as shown below. The stiffness and load condi-

tions are:

Columns: Egey = 21000  kN/em®
Icq = 16270 cm®
Acg = 72,70  cm?

Girder:  Ecoporee= 3400 kN/cm?
Iga = 352940 cm?*
Acy = 4147,00 cm?

A load of p = 20 kN/m is applied on the girder.

p =20 kN/m
e be VI ELII iyl
— 3 4
2
S
8 1 3
] 2
6,00 m

zV

Example No. 1: Simple Frame with Steel Columns and Concrete Girder

The input in RSTAB is seen in the next figure.
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6.1 EIGENFREQUENCY OF A SINGLE-STORY STRUCTURE

FRRSTAB 5.07 - [Examplel, LS1] HEE
MEIET

s File Edt View Inseit Calculation Besuls Tooks Mask Additional Modules Window Help
l=EE T e e
:

hEdHad@aes |[ABOQABBRREOS p L4 BESDODS
[EEET | A e e =

L= RsToB
B 20.00
=43 Topology
120 Nodes
EHZH Materials
88 1 (Steel)
88 2 (Concrete B 35) 3 2

=23 Cross-sections

I 1 [Column; Steel)

I 2(Gider Concrete B 35,
(23 Element Hinges
(22 Element Partitions
(-1 Elements
E1Z3 Supports

A {12y
(3 Elastic Foundations
(231 Narvlinear Springs
(22 Rigid Cauplings
(22 Eccentic Connections
(22 Sets of Elements
=43 Loads
423 Load Spstems
=43 L1

E23 Element Loads

0 1 (Linear load in 1

23 LS Groups T h
(231 L Combinations
(23 Results U
(22 Printout Reparts 1.1 Hode Coordinates
=8 Sddnatiodds FEEE e |77 2| FHEE#H|3%3x3 B2 6 F e

21 DEFORM Node | CoorSystem | Fef Node Coordinates ]
No | [CAAAZ/P] | Mode % [m] Zm) Comments

[ DiYMAM
(13 RSBUCK Lartesian 0 0.000 0.000 | Supported

-

™

(23 RSMOVE Lartesian 0 6.000 0.000 | Supported
] 0.000 -3.000
]

(21 RSCOME! Cartesian
(23 RSIMP Cartesian 6.000 3000

Nodes | Materials | Cross-sections | Hinges | Partitions | Elements | Supports | Elastic Foundation | Springs | Rigid Couplings | Eceentiic Connections il 3

| —( E

Firess F1 for helpl 1 [ [ [ [

RSTAB: Example 1 Input

In DYNAM BASIC the first six Eigenfrequencies will be calculated. The input in the DY-
NAM 1.1 mask are as seen in the next figure. Besides the Number of smallest Eigenvalues
to calculate and the Respect self-weight of the elements as mass with factor options the de-
fault settings of the program can be left unchanged.

FRRSTAB 5.07 - [Examplel. L51]

s File Edit Wiew lnsert Calculaion Results Tools Mask Additional Modulss Window Help =& x|
nEdHdngen | AE VQRABRRESF T L UHE|REDOMNE O % % #(@iF Xne
[EEREEY s H o mEz s Elo ey s -so= s mEs
4? harad DYNM - [Example1]

&-[B Examplel [Demo]®
3 Topology Fie Help

Mod
53 atomis DR e || 11 General Data
B8 1(Steel] = Input Data - General

2 [Coricrets B 35) General Data Mumber of smallest Eigen- I™ Respect seli-weight of

23 Cross-sections Additional Masses values to calculate: 53. elements as mass with
factor:

X 1 (Columr; Stesl] -
Forced Yibral
DYNAM, Details =] piees Sasien Eacto: [ 100

I™ Equivalent Latersl Forces

oK I ~Effectof Massss—— ~Intemnal Elsment Partionfor————————
Cancel W inx-drection W amound % Approximation Method F_:n

Factor for
’VEIawty Aoeeleration, [m/s2]
W inY-drection W aound v =
- - £ B=
Details of Iterations = ¥ inZdiedton ¥ amundz | | L3PomaiEl Foundstions
Marimal nurber of _I

Iterations =  Iype of Mass Mt - Calculate addiionalk
Break OFf Limit 0.001 € Diagonal ™ Hode Deformations
& Consistent ™ Mode Masses
~Unitsbgr————————————————— Uit matris ™ Substiute Masses
Lenathy  [om = I Magnfication Factars _Detale_ |
Forces: |kn 7] ~ Respect of ical Stifn
Masses [ka x| ™ Bespect Geometrical Stiffness Matrix far I= | Hesnest Tiensin korce Eftest

Stabily Effects {In 1.3 element nomal
forces must be entered or impotted from

Local Tarsion Yibrafians of Elements loces
’V ¥ Display graphically fom Phe| 0.2000 !

Comments: |2D Frame, fist six Eigenvalues

Caleuation | Check Detais | | > Graphics oK

=43 Additional Modules |

Tatesian T ALY T OO0 Supported
3| Cantesian i 0.000 -3.000
4| Cantesian i £.000 -3.000
5 -
Nodes [ Materiaks | Cross-sections [ Hinges | Partitions | Elements | Supports | Elastic Foundation | Springs ] Rigid Couplings | E ccentric Connections | [

. i

Press F1 for helpl (| [ [ [

Input Mask 1.1 in DYNAM with Details Dialogue

The loads in RSTAB load systems are not always a result of masses. It is therefore possible
to decide which loads shall be considered as mass and respected in the DYNAM analysis.
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——

Click on the Import from RSTAB button in the 1.2 Additional Masses mask to convert the
loads to masses and enter the values in the input mask.

FRRSTAB 5.07 - [Examplel. L51]

& Fie Edt View Inset Calculation Resuls Tooks Mask Additionsl Modules Window Help =13
DEaHgnEes - ||fE QR ERRIF IO 44| REMAOODSE (0@ £ % 8@ X e
BE: v nat ares|as =000 [m[l = o) W ) 222 0 ) | o ]
4_‘-: RSTAB I
=B Example [Demol*
=143 Topology File Help
-3 Mod
Eg Mt DYNAMT - Dynamic Analysi = Additional Node Masse
0 SR T E— B c D £ F q H 5
B8 1[Steel) - Input D ata N Lt of nods M promm m 7]
B8 2(Concrets B 35) Genersl Data o ist of nodes ass in direction ass moments aroun
o with mass Rlkgl | Ylkal | Zlkgl | Xlkomed] | Y ko] | Z kgl | Comments
B3 Cross-sections Additional Masses ILAPILEICH L 2L LIRS |

I 1 (Column; Stesl)

2

I 2 (Girder; Concrete 3

----- (2 Element Hingss T

----- (L Element Partitions 3

-] Elements 3
=423 Supports = Element loads as mass | =

A 112y

----- Elastic Foundations ick Node ke over from
Pick o Take aver fiam RSTA8 Toke avet o FETAR
Load Syster. [IETRNNGG———— - |

Mor-inear Springs
h Factor .000
Wi x

----- (L1 Rigid Couplings 1.2.2 Additiona
3
ak I Cancsl | Help | IM] Comments

----- (2 Eceentric Connections
----- (20 Sets of Elements
=43 Loads
54 Load Systems
=43 L51
B3 Element Loads
£ 1 (Linear lo
..... (2 LS Groups
----- (2 LS Combinations
(21 Resus X

g Printout Fisports Fick Elements Take aver hom RS TAE | | [IE=])
143 Addltional Modulss
..:g sreeL Colouistion | Check | Detais | <« | » Graphics ok | cwes | web ||

_____ (1 RSMOVE Tartesian T ALY 00| Supported
Cartesian 0 0.000 -3.000
Cartesian 0 £.000 -3.000
5 -

|

o
z
2
z
z
-

Nodes [ Materiaks | Cross-sections [ Hinges | Partitions | Elements | Supports | Elastic Foundation | Springs ] Rigid Couplings | E ccentric Connections | [
. B

Press F1 for helpl (| [ [ [ [

Importing RSTAB Loads as Masses

The loads in the corresponding RSTAB load system are then divided by the Gravity Accel-
eration constant as set in the Details dialogue of mask 1.1 and entered as mass.

NAM - [Example1]
File Help
DYMAMT - Dymarmic Analysis Additional Nod c
- Input Data B L D £ £ G H 2
Mo List of nodes Mass in diclion Hass maments aiound
General Data with mass ® [kal ¥ [kal Zlkal | % [kamn?] | 7 k] | 2 (kgon?] | Comments
Additional Masses
2
3
)
5
3
7 =
Pick Hode Taks over from RSTAB

A T -
Mo Hass
List of slements with mass Tka/mm] Comments
2 20000

| @ f | [ e o

Pick Elements :
Caleuiction | Check | Des | | ] Graphics | (13 Cancel Help

Additional Masses Mask after Importing Loads as Mass
You could just enter the single value in this basic example, but the import possibility is a
useful tool with more complicated structures.

Now the input is finished and the analysis can be started with [Calculate]. The following
masks list the results.
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DYNAM1 - Dyramic Analysic = genvalues and Eigenfrequencie
=5 Input Data - ] L ] £
Eigen | Eigenvalie | Angulai Fiequency | Frequency Eigenperiod
General Data No [1/sec™2] [1/sec] [Hz] [sec]
Addiional Masses 1593 34005 44 54684 710676 01407308
- Rssults 2 10604.60925 10257868 16.38957 0.081014
Eigenvalues and Eigerfi ™3 102020.46814 1350034 50.85006 0.019686
Eigenvibrations f) 569474.82700 754 63656 72010338 0008326
5 1 351E+06 116216901 184 95434 0005405
B 23586406 1535.47270 24437807 0.004032

| ] Graphics | O | Camcel | Heb |

First Six Eigenvalues in the 2.1 Eigenvalues and Eigenfrequencies Results Mask

Eie Hep
DYNAMT - Dynamic Analysis genvibratio
= Input Data E £ E I =
Element| Nods | Eigen Standardized Deformaion Standardized Fotation
General Dala No | Ko | Mo ui wr uZ Phi Phi'Y PhiZ
Addiional Masses 1 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
- Results 2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Eigenvalues and Eigeri 3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
G el 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 1 1.00000 ooooo|  0mo2 000000]  -D14160 0.00000
B 0.00485 0.00000 014230 0.00000] 100000 0.00000
3 0.03814 0.00000[ 052280 0.00000 1.00000 0.00000
4 000542 0.00000 1.00000 0.00000 085108 0.00000
5 000282 0.00000 053888 0.00000 100000 0.00000
3 1.00000 0.00000 0.01086 0.00000 0.01028 0.00000
Z 31 1.00000 noooon| 001012 0.00000] 014160 0.00000
2 000485 0.00000 014230 000000] 100000 0.00000
3 003814 000000 052280 0.00000 100000 0.00000
4 -0.00542 0.00000 1.00000 0.00000 0.85108 0.00000
5 0.00282 0.00000 0.59868 0.00000 1.00000 0.00000
3 1.00000 0.00000 001088 0.00000 00028 0.00000
4 1 100000 0.00000 001012 000000] 014160 0.00000
B -0.00485 0.00000 014230 0.00000 1.00000 0.00000
3 003814 0.00000 052280 0.00000 1.00000 0.00000
4 000542 0.00000 1.00000 00000] 085108 0.00000 | >
4] T
ﬂ ﬂ Graphics | ok | concel Help
\

Eigenvibrations — Standardized - Largest Value is 1

Finally the graphic view of the Eigenvalues is activated with the [Graphic] button.
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6.1 EIGENFREQUENCY OF A SINGLE-STORY STRUCTURE

FNRSTAB 5.07 - Examplel [_Ta]x]
Fle Edit Wiew lnset Caloulsion Besubs Took Mask Addtional Modules Window Help

IbZdHdmses - |AEIQRBREEIS v HuE||2 800D ||D = 4 #ak e

|BE: v net @r s a| o omncanmerl « v [milosl|[Eloe Fe s om0 D= = EE]
: .
PN Examplel, DYNAM1 - Eigenshape No: 1 - __ [H[=] E3 ||*= Examplel. DYNAMT - Eigenshape Mo 2 - [W[=] B3| P2 Esamplel. DYNAMT - Eigenshape Mo 3 - S [=]ES

DYMAM, Dynan ysis
 Eigens Coreed
3 shapes itarations: 4 3 2 4 3 P 4
Shapes: [1-7.106H: =] =]
Eactor 13: el J
1 3 3 1 3
DvyHAM
1 2
1 m 2z 1 " z .-y ==
z z z
Angular Frecuency: 44.647 [1/sec] Angular Frecusncy: 102,974 [1/sec] Angular Frequency: 3185 [1/sec]

PN Examplel, DYNAM1 - Eigenshape No.: 4 - . [l E | [¥2 Examplel. DYNAM1 - Eigenshape No.: 5 - .. B[] B |[¥2 Examplel. DYNAM1 - Eigenshape No.: 6 - ...

V V

z z z
Angulsr Fracuency: 754 636 [1/ssc] Angular Frecuency: 116247 [1/ssc] Angulsr Fracuency: 1535.47 [1/ssc]

Firess F1 for helpl 1 [ [ [

Graphic View of All Six Eigenvibrations in Six RSTAB Windows

The above view is reached by opening six working windows in RSTAB with the Win-
dow—New menu and individually adjusting all six windows. Use the Window—Tile Verti-
cally menu to arrange them equally. Remember that the first DYNAM Case must be acti-
vated and the Display Results button used to view the results. The procedure is identical to
display results of load systems. An additional floating window allows the selection of the
Eigenshape to be displayed as well as the adjustment of the distance of the Eigenshape to
the original structure.

44
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6.2 MULTI-STORY FRAME

6.2 Multi-story Frame

A multi-story frame will be analyzed as described in the first example. The topology and

loads are described below:

p =20 kN/m
VPRl
7 9 8 Columns:

Esea = 21000 kN/em®
§ 3 6 Ieol = 16270 cm*
° _ 2

p = 20 kKN/m Acg = 72,70 cm
vreed 33l Eiieeed il
[ 8 6 Girders:

EConcre(c = 3400 k_N/CI'l’l2
§ 2 5 IGira = 352940 cm*
’ Acal = 4147,00 cm®

p =20 kN/m
SVIVII LU LIITIItI]]
3 7 4 On each girder a load of

p =20 kN/m is applied
€
s |! 4

1 X 2
T & 2z
6,00 m
zV

Example No. 2: Multi-story Frame

The following pictures describe the step by step input and analysis of the structure in DY-

NAM BASIC:

DYNAM - [Example 2]
File Help

(RGN RGENEERE TR AN 11 General Data

= Input Data General
General Data Murnber of smallest Eigen-
Addiional Masses values to calculate: =

™ Forced Yibrations
I™ Equivalent Lateral Forces

I Respect self-weight of
elements as mass with
factor

Eacton 1.00

W in‘v-diection W around 'y
W inZ-diection W aroundZ

i~ Effect of Masses——————————— ~ Intemal Element Partition for
¥ ingdiection W aound Approsimation Method: 1 _I::'
TaperingEl Foundations: | 6=

- Ivpe of Mass Mati ~ Calculate addi
" Diaganal ™ Node Deformations
' Consistent ™ Hode Masses
€ Unit matrix ™ Substitute Masses

™ Magnification Factors ~_Dtails

~Respect of Geometrical Stiff

I™ Bespect Geometrical Stiffness Matii for
Stability Effects (In 1.3 element normal
forces must be ertered of imported from
RSTAB)

I~ | Fespect Tiension foree Effect

Comments:  [Mult-story frame

Caleuiction | Check | Des | | ]

Graphics | Cancel

Mask 1.1 General Data

Use mask 1.1 to set the six smallest Eigenvalues to calculate and disable the respect of self-
weight as in example 1. In the 1.2 Additional Masses mask, import the loads from RSTAB

LS 1las masses in DYNAM.
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6.2 MULTI-STORY FRAME

le Help

DYNAMT - Dynamic Anahsic = Additional Nod :

= Input Dts E L D £ £ E; H N
Mo | Listofnodes Mase n dvection Wass moments aiaund

General Data
Additional Masses

with mass Rkal | Ylhkal | 2kl | %[kamnt] | ¥ kel | 2 (kgme?] | Comments

| @ | e ol

Pick Node Take over from RSTAB

B T -
Mo Hass
List of slements with mass Tka/mm] Comments
73 20000

| @ f | [ e o

Pick Elemerts
Caleuiction | Check | Des | «| » Graphics (13 Cancel Help

Masses Imported from RSTAB Loads

Start the analysis with [Calculate] and view the results as below:

DYNAM - [Example 2]

Eie Hep
DYNAMT - Dynamic Analysis encie
= Input Data 8 L ) £
Eigen | Eigerwalus | Angular Frsquency | Frequsncy Eigenperiod
General Dala No [1452c72) tsec] [Hz] [sec]
Addiional Masses 28062261 16.75179 2EEB13 0.375075
B Fiesuls H 27015 36053 B2 12646 828059 0120788
Eigenvalues and Eigeni ™3 7357 74532 8577730 1365168 007325
Eigerivibrations ) 5041.41380 367393 14.27205 0.070067
5 T2401.77162 11136324 17.72401 0.0564206
A 15624 54876 [EGE] 1983726 0080258

ﬂﬂ Graphics | ok | concel Help

le I
DYNAM1 - Dyramic Analysic = genvibratio
- Input Data £ L _D E £ G H =
Element| Mode | Eigen Standardized Deformalion Standardized Fiotation
General Data Mo | Wo | Mo U W uZ Phi Phisr PhiZ
Addiional Masses 1 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
- Results B 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Eigenvalues and Eigerl 3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Eigenvibrations 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
31 034718 0.00000[ 001155 0.00000] 007647 0.00000
2 1.00000 0.00000 001987 000000] 008763 0.00000
3 097664 0.00000 000231 00000] 010313 0.00000
4 0.00056 0.00000 0.20247 0.00000] 016820 0.00000
5 000484 0.00000 016732 0.00000 0.24843 0.00000
B 000038 0.00000 017874 000000] 100000 0.00000
B 3 1 034718 0o0000[ 00118 00000] 007647 0.00000
B 1.00000 0.00000 0.01967 0.00000] 004763 0.00000
3 0497864 0.00000 0.00231 0.00000] 010313 0.00000
4 0.00056 0.00000 020247 00000] 016320 0.00000
5 000484 000000 016732 0.00000 024543 0.00000
3 0.00038 0.00000 017874 0.00000] 100000 0.00000
5 1 0.74342 0.00000[ 001825 0.00000] 006237 0.00000
2 063822 0.00000 004673 0.00000 019614 0.00000
3 1.00000 0.00000 001158 0.00000] 007480 0.00000
4 -0.00400 0.00000 0.36971 0.00000 011897 0.00000 |~
4] @ H
| ] Graphics | 0K | Cancel Help
\

Eigenvibrations Result Mask
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6.2 MULTI-STORY FRAME

FNRSTAB 5.07 - Example 2 [_Ta]x]
Fle Edit Wiew lnset Caloulsion Besubs Took Mask Addtional Modules Window Help

DZdHaREe [[fE IQABRBRRO S O XA Y| BS IO0E D & 5 5@k X e

lEm: v et 27 a| o ommasesl « » mul5el[B0e e s A -e o)== [LEE
|
= (o] ]

Example 2, DYNAM1 - Eigenshape No.

E= Example 2, DYNAM1 - Eigenshape No.: 1 -._. [[=] Ed ||F=Example 2. DYNAMT - Eigenshane Mo

& Eigen © Foced \_J_/
chapes  ibiton:
Shepes: [1-26e6Hz  v] =]
P —
DM |
M -~ i S—T— L e 4
ngular Fregquency: 16.752 [1/sec] ngular Frequency: 89674 [1/sec] ngular Fregquency: 85 777 [1/sec]

N Example 2, DYNAM1 - Eigenshape N: PN Example 2, DYNAM1 - Eigenshape No. PN Example 2, DYNAM1 -

- -+ B e
Angulsr Fracuency: 111,363 [1/ssc] Angular Fracuency: 125015 [1/ssc] Angular Fracusncy: 52.028 [1/sec]

Firess F1 for helpl 1 [ [ [

Graphic Display of All Six Calculated Eigenshapes in RSTAB

Now all six shapes should be printed to the printout report. Press the printer symbol in the
toolbar and follow these settings:

FRRSTAB 5.07 - Example 2 M
File Edit Miew Inset Caloulation Besuls Tools Mask  AddtionalModules Window Help

DEdHEBIes [[AB IQABBGREIF T Y Y4 |REDODS H B K e
[BE: v ne b @r e ] e]omem omonicanss 5l « b [m 55| Bo 6 &]e = pio|= =6 E=|

—— [ S
(*1Eigen €l Gored Graphic Printout [x]
shapes Vi ations
e, (Pt of Piint
. i
Shapes 1-2666Hz d j € Only Current Window | | ¢ Ditect to Printer 7—'

3
Factor: | 1= & Al\indows on & ToPrintout Reparit: |01 7 Cancel
Sereen  To Clipboard Hel

R — ~Graphic Option
DV | Graphic Descrption o
IDYNAMIE BNALYSIS

£ As Screen View Details

& window Filing

€ InSesle1: [0 -

% - _— -
ngular Freguency: 16.752 [1/sec] - . quency: 85.777 [1/sec]
= = — =l

N4 - Example 2, DYNAM1 - Eigenshape No..... [ - -
Graphic Printout, Details
- Print Syl Border =
 Monachrome & Without Border [ |
€ With Gray Scale  Simpls Border _ cencel |
o e |
~Page Dplion:
\J ™ Uss Entire Page
%
Vertical Sias of 0T
Graphic [nage; | 100 Bt it e
™ Display Printout I= | Brintalues o Get Basition # it
Fiepart on [OK] Fiesults Caurse

I

- x % -—{x
#ngular Frequency: 111.363 [1/sec] #ngular Frequency: 125015 [1/sec] Angular Frecuency: 52.028 [1/sec]

Press F1 for helpl (| [ [ [ [

Graphic Printout and Corresponding Details Dialogue Set to Print All Six Windows on One Page

Open the printout report in RSTAB to preview the document.
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D1 All Chapters

Eile Edit Miew Inseit Options Help

[_[5]x]

O G| == 1= =00 ®E|FH= h’?

=)

2-3
=

[ Contents
£ RETAR

[ General Data

{23 Topology

[ Nodes

& Materials

B Cross-sections

B Elements

B Supports

{23 Loads

[ General Data

aLst

{23 L5, LG Results

¢ [ Inner Forces by Element

¢ [ Inner Forces by Cross-section

7 [ Support Forces and Support Moments
#- [ Global Node Deformations
)

I

[ Gilobal Element Defomations
NEM
DIYMAMT - Dynamic Analysis
[ General Data
[ Additional Element Masses
E-{23 Results
[ Eigenvalues and Eigenlrequencies

9 @55

=]

Press F1 for help!

Ingenieurbiro Arton Mustermann
Wustravate 37, 12148 WUSTERATALT

Fropet Dama
Beispicle

‘vamwn ExampkZ

e

canarznoe

DVNAMIC & NALYSIS

[Eam g e s

\\_/

o w2z e ey 22T

[Easrarapa fe- &

[t ey, 2

\_/

o m . 2813 et | | e ¢ iy 3203 1t

B RATAR AT AT - 10 Fape Smemies

o3 Sohears Bbal GEn

|Number of Pages: 9 |Paged

Preview of DYNAM Data in RSTAB Printout Report
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6.3 THE MuNicH RADIO TOWER

6.3 The Munich Radio Tower

A tower structure like the radio tower in Munich, Germany will be analyzed with tapered
cross-sections and elements from various materials regarding its Eigenfrequencies. In this
example the stiffness is entered as a constant to each element. However, DYNAM can also
handle tapered cross-sections through its internal element partition feature. It simplifies in-
put because the stiffness only needs to be entered at the beginning and ending of an ele-
ment. The internal stiffness distribution will be calculated automatically. This example also
demonstrates that dynamic analysis can be done when just a few input parameters are
known (Geometry, stiffness and mass distribution). Even if the exact shape of the cross-
sections aren’t known, it is possible to describe its stiffness by the modulus of elasticity and
the moment of inertia in RSTAB.

AN
v

Structure Model Stiffness
293,90 ® 11 m=6[t
. I= 0,0223m"*, A=20m*
o 27150 § 10 m=18[1]
w 4 2
I= 0,1779m*, A=20m
251,90 § 9 m=15114
I=7,5325m*, A=1000m°
] 22390 ¢ 8 m=629t
I= 45,4550m", A=1000m”
) ~
185,80 T 7 m=2724[1 |_410,6510m"*, A=1000m’
171,30 ¢ 6 m=2229 1] . .
° I= 116,6220m*, A=1000m
m 157,30 ® 5 m=4234[1]
-] 4 2
© I= 189,3500m*, A=400m
IS
o
o

103,95 ¢ 4 m=3014[t]

I= 414,8100m*, A=400m?

5040 ¢ 3 m=3383

I= 848,5720m*, A=400m?

14,85 2 m=3868 [t]

— 0,007771  m=1856 [{]

I= 3168m", A=20m?

Example No. 3: Munich Radio Tower

The equivalent input in DYNAM is shown in the following pictures:
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P

DYMAMT - Dymarmic Analysis

1.1 General Data

- Input Data Gieneral i
General Data Mumber of smallest Eigen- ™ FRespect seff-waight of ‘0
Additional Masses wvalues to calculate: 3 elements as mass with =

. factar, o

R e by | Foreed st Eror [T 33

\genvaues AndLGEM | | Equivalent Latersl Forces Eastar L
Eigennibrations ol
i~ Effect of Masses - Intemal Element Partition for — T

W inxdiection I aiound | | Apprasimalion Method: | 1= FiE

¥ inY-diection W around Y P S — IE -1

W inZdiection @ soundz | o = o3

|

i~ Ivpe of Mass Mati i~ Calculate

" Diaganal ™ Node Deformations
' Consistent ™ Hode Masses
€ Unit matrix ™ Substitute Masses

™ Magnification Factors ~_Dtails

~Respect of Geometrical Stiff

I~ Respect Geometical Stffness Mati for I~ | Fespect Tiension foree Effect
Stabilty Effects (In 1.3 element nomeal

forces must be entered of impotted frm

RSTAB
LComments:  |Murnich Radio Tower, Eigenfrequencies
4] I H
Caleuiction | Check | Des | «| » Graphics | Cancel

Input Mask 1.1 General Data

FIRSTAB 5.07 - [Example 3. DYNAM1 - Eigenshape No.- 4 - 1.898 Hz]
4u Fle Edi View lnset Calculalion Resubs ook Mask AddiionalModues Window Help NEE|
hEdHa@ae o AB0QABBRREIS LU B DODS ® B b |
[ElEE e n et @ | ][ omenic anapss | 400 [0 S S| | W e FE = 2 C 0= = U E=]
[ R3TAB ‘
5B Example 3 [Cppri
M D - ewampe e
(22 Modes | ElE Help
0 Materic [T 2461 - D i nabsis =] Additianal Node Masse -
M Coses | T —
=) Input Diata ] L I 3 £ & H =
3 Elemer No | Listofnodes Mass in dreclion Mass moments around
2 Elemer General Data with mass R | |zl ®lmnE] | [n] | Z[wnf] | Comments
(3 Elemer Sibiliand Hxss 1 5. 5. 5. .0 .0 0
(2 Suppor || £ Results 2 .0 .0 L0 |
21 Elastic Eigenvalues and Eigent [—3 0 0 0
23 Manin Eigenvibrations 7} 0 0 0
2 Rigd € 5 X X X .0 .0 .0
22 Eceent 5 222,000 | 2229.0000 | 2229, .0 .0 .0
[0 Sets of 7 2724,0000 | 2724.0000 | 2724, .0 .0 .0 -
=43 Loads
3 Load s Fick Node Take aver from RETAB
=Jrye
L5 ton 1.2.2 Addtional Eloni@usmns - - .
o g :!!:E::‘::Er lrﬁlawty Accelerstion: 10,00 [mes"2] l—l
Cancel Comments
£ STEEL - Dietaik of Iterations r-
[0 DEFOF ! Hee |
3 Dvha Masimal number of =
0=
D RSB Iterations:
2 RSMOY Break Off Limit 1.000E-05
22 RSEO 5
2 RSIMP - ~Units for _
= Length: mm 7|
o — ick Elements Foes: [t ] Take aver from RETAB
Colculstion | Check | petsis | e = J Cancel Help
‘ "Ln:a\ Torsion ibrations of Elements —
¥ Display graphically from Phi | 0.2000 |
[Press F7] Begir Loc Comments
3= . . . ———— . 00| VERT
[CEEE oo/ 10 [ 10 [0 [ o[ 0 | Z2400| VERT -
Wodes | Materials | Crass sections | Hinges | Partfions | Elements [ Supports ] Elastic Foundalion | G prings ] Figid Couplings | Eceentic Connestians D
Fress F1 for helpl 1 [ [ [ [

Mask 1.2 Additional Masses and DYNAM, Details Dialogues; All Masses Active in X-,Y- and Z-

Directions

DYMAM - [Example 3]

Eie Help

DYMAM1 - Dynamic Analysis

5 Input Data

enersl Data

ddtional Masses

EF Results

Eigenvalues and Eigen
Eigenvibrations

B C D E
Eigen = Eigenvalue | Angular Frequency | Frequency Eigenperiod
No [14sec”2] sex] [Hz] [sec]
137259 1.14568 0.18234 5484229
2 2365345 4.86348 0.77405 1.291911
2 8315562 911857 145133 0689024
[ 142.20823 11.92511 1.85754 0.526367

Eigenvalues and Eigenfrequencies Result Mask
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le I
DYNAM1 - Dyramic Analysic = genvibratio
- Input Data £ L _D 3 £ G H =
Element| Mode | Eigen Standardized Deformalion Standardized Fiotation
General Data Mo | o | Mo U W uZ Phi Phisr PhiZ
Addiional Masses 4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
- Results A 0.00082 0.00000 0.00000 0.00000]  -0.00011 0.00000
Eigenvalues and Eigerl B -0.00053 0.00000 0.00000 0.00000 0.00008 0.00000
Eigenvibrations 3 0.00055 0.00000 0.00000 0.00000] 000007 0.00000
4 000034 0.00000 0.00000 0000|0002 0.00000
Z 2 1 0.00082 0.00000 0.00000 0.00000]  -0.00011 0.00000 —!
B -0.00053 0.00000 0.00000 0.00000 0.00008 0.00000
3 0.00055 0.00000 0.00000 00000| 000007 0.00000
4 000034 000000 0.00000 00W00|  000m2 0.00000
31 0.02308 0.00000 0.00000 0.00000] 000110 0.00000
B 001768 0.00000 0.00000 0.00000 0.00080 0.00000
3 001448 0.00000 0.00000 000000] 000048 0.00000
4 002306 0.00000 0.00000 0.00000] 000067 0.00000
E 31 0.02308 0.00000 0.00000 0.00000] 000110 0.00000
B 001766 0.00000 0.00000 0.00000 0.00080 0.00000
3 001448 0.00000 0.00000 00000] 000048 0.00000
4 002306 000000 0.00000 0.00000] 000067 0.00000
4 1 011116 0.00000 0.00000 0.00000] 000247 0.00000
B -0.05025 0.00000 0.00000 0.00000 0.00071 0.00000
3 003248 0.00000 0.00000 000000] 000023 0.00000
4 004283 0.00000 0.00000 000000] 000004 0.00000
[ 4 1 011116 0.00000 0.00000 0.00000] 000247 0.00000 |~
4] @ H
| ] Graphics | 0K | Cancel Help
\

Eigenvibrations Result Mask

E=RSTAB 5.07 - Example 3

Eile Edit Miew Inset Calculation Results Jools Mask AdditionalModules Window Help

DEegEa QOQQ“.@ NDQ‘&E\@@@@d”|ﬁ’§.aﬁ“%gﬁﬂmﬁ
“gxa e g m g i’z.*}i“*jﬂDYNAM1-Dynam.cAna|ys.sv\ o v o T

[

|Er e ¥le sz ss= ]

[ R3TAB
£-[B Example 3 [Dema]*
=43 Topology

E-(2 Modes

o[ Materials

#-{1]) Cross-sections £ =
23 Element Hinges = Eigere  © Corced
2 Element Paritions shapes Vs

£1-E3 Elements . AITTTEm [Toiezre =]
1 [Bel-2:Section 12; || Shapest]1-0182Hz  Floy
Section 2-3; = Factor 3 253: ek

[
[

; Section 34; 1=

; Section 4.5; 1=

; Section 5-6; |=

; Section B-7; |=

; Section 7-8; 1=

Section 85 1=

= 3 (Be:310; Section 310
= 10 [Be10-11; Section 10 == r—
== —

B3 Supparts Angular Fracuency: 1145 [1/ssc] Angular Fracuency: 4,853 [1/ssc]
A 1Y)

YNAM1T

Example Example 3, DYNAM1

igenshape No.- 4

(22 Elastic Foundations
(22 Norvlinear Springs
(1 Rigid Couplings
{22 Eceentiic Connections \\
(22 Sets of Elements
143 Loads

(2 Load Systems

(3 LS Groups

(23 LS Combinations
(22 Printout Reparts
=423 Additional Modules
(23 STEEL
(21 DEFORM

]

[ RSBUCK

(23 REMOVE

(23 RSCOMEI

23 RSIMP = =
4 | 13 |Janautar Frecuency: 8113 [1/5ec] Angular Fracusncy: 11925 [1/sec]

Firess F1 for helpl (| [ [

Eigenshapes Graphic Display
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Appendix: Literature Reference
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(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Klingmiiller, O. Lawo, M., Thierauf, G. (1983)
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

Kriamer, E. (1984)

Maschinendynamik

Springer, Berlin

Lehmann, T. (1979)

Elemente der Mechanik IV: Schwingungen, Variationsprinzipe
Fr. Vieweg & Sohn, Braunschweig

Lipinski, J. (1972)

Fundamente und Tragkonstruktionen fiir Maschinen
Bauverlag, Wiesbaden

Lorenz, H. (1960)

Grundbau-Dynamik

Springer, Berlin

Miiller, 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
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Baudynamik, Modelle Methoden Praxisbeispiele
Ernst & Sohn, Berlin
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DIN 1311

DIN 4024

DIN 4024
DIN 4025
DIN 4112

DIN 4131
DIN 4132

DIN 4133

DIN 4149

DIN 4150

DIN 4178

VDI 2056

VDI 2057

VDI 2062

VDI 3831

KTA 2201

Schwingungslehre

Bl. 1 Kinematische Begriffe, Febr. 1974

Bl. 2 Einfache Schwinger, Dez. 1974

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

BIl. 1 Elastische Stiitzkonstruktionen fiir Maschinen mit Entwurf rotierender
Massen, Mai 1983

Stiitzkonstruktionen fiir rotierende Maschinen

(vorzugsweise Tisch-Fundamente fiir Dampfturbinen), Jan. 1955
Fundamente fiir AmboBhammer (Schabotte-Himmer).

Hinweise fiir die Bemessung und Ausfiihrung, Okt. 1958

Fliegende Bauten. Richtlinie fiir Bemessung und Ausfiihrung, Febr. 1983
Antennentragwerke aus Stahl. Berechnung und Ausfiihrung, Mirz 1969
Kranbahnen, Stahltragwerke. Grundsitze fiir Berechnung,

bauliche Durchfithrung und Ausfiihrung, Febr. 1981

Beiblatt Erlduterungen, Febr. 1981

Schornsteine aus Stahl. Statische Berechnung und Ausfiihrung, Aug. 1973
Bauten in deutschen Erdbebengebieten

Teil 1: Lastannahmen, Bemessung und Ausfiihrung iiblicher Hochbauten,
April 1981

Beiblatt 1 DIN 4149, Teil 1: Zuordnung von Verwaltungsgebieten

zu den Erdbebenzonen, April 1981

Erschiitterung im Bauwesen

Teil 1: Grundsitze, Vorermittlung und Messung von Schwingungsgréen
Vornorm, Sept. 1975

Teil 2: Einwirkungen auf Menschen in Gebduden, Mérz 1986

Teil 3: Einwirkungen auf bauliche Anlagen, Mai 1986

Glockentiirme. Berechnung und Ausfiihrung, Aug. 1978

Beurteilungsmafstébe fiir 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.4.1 Messung und Bewertung von Arbeitsplitzen in Gebduden

Bl. 42 Messung und Bewertung von Arbeitsplitzen auf Landfahrzeugen
Bl. 43 Messung und Beurteilung fiir Wasserfahrzeuge
Schwingungsisolierung

Bl. 1 Begriffe und Methoden, Jan. 1976

Bl. 2 Isolierelemente, Jan. 1976

SchutzmaBnahmen gegen die Einwirkung mechanischer Schwingungen auf
den Menschen, allgem. SchutzmaBinahmen, Beispiele, Nov. 1985
(Kerntechnische Anlagen): Auslegung von Kernkraftwerken

gegen seismische Einwirkungen

Teil 1 Grundsitze, 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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