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ABSTRACT

I
DIGES is a computer program that can perform dynamic analyses ofI structures. The dynamic loads exciting the structural system can be seismic

or loads acting directly on the structure.

| This report is complimentary to the Theoretical Basis of Diges where
the mathematical concept and background, the goals and capabilities of
the DIGES program are presented in detail. Specifically, the capabilities

.

include the direct generation of spectra, carthquake simulation, determinis-
.

tic earthquake solutions and system response under dynamic superstructure
loads.

In this manual the procedure to execute the program and apply it to

| particular problem cases is provided in detail. The detailed information is
associated with the on-line interaction with the program, the structure of

-- the required input files, which contain information on the dynamic input,
the foundation and the superstructure,'and the extraction of the desired
solution variables.
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I
EXECUTIVE SUMMARY

I
DIGES is a computer program written to perform dynamic analyses

| of structure / foundation systems excited by earthquake or superstructure
loads.

I The DIGES USERS MANUAL is a report containing information re-
garding the execution of the DIGES program. The description of the overall
system to be analysed, the different approaches that can be employed for

-| the solution of the dynamic problem and the mathematical foundations of
the various approaches are all contained in the Theoretical Basis of Diges

| report. The focus of this manual is primarily the DIGES software written
to implement the solution procedures described in the theoretical report.

| The contents of the DIGES USERS MANUAL are outlined below:

g . Definition of the overall system. The overall system consists of the
superstructure, the foundation, the soil medium and the dynamic ex-
citation. The selection of the most suitable analysis procedure for a
study problem is based on the available information regarding the listed
system components.

Description of the DIGES algorithm. A step by step procedure thate

I outlines the interaction with the program. This includes the selection of
the analysis, the specification of the dynamic excitation, the modeling
of the superstructure and the implementation of foundation and soil
medium properties. The formulation of the input files containing the
required input is also discussed in detail. Also, the selection of the

| solution output is outlined.

Sample Runs. The complete sequence of steps that lead to the solu-I e

tion of sample cases along with the interactive program responses is
presented.
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1.0 INTRODUCTION |

I ;

1.1 Problern Definition
|

|- The need to develop acceptable ficor response spectra has been an
ongoing process. Such spectra are affiliated with seismic loads that the l

!| structure is subjected to and they represent the prediction of the response of
various elevations within the structure that in turn can be utilized to predict .i

the response of sensitive equipment resting on a particular elevation. TheseI seismic loads are conventionally expressed in the form of design response

8Pectra for a niunber of reasons.

-| Consequently, the development of computational schemes which can
incorporate the information, or assessment, pertaining to the seismic load

g and, in conjunction with the dynamic characteristics of the structure, pre-
dict the elevation spectral responses has been the focus of earthquake re-
sponse prediction. The definition of the seismic load, which determinesI the theoretical basis of the link between excitation and response, has been
deduced from both deterministic as well as stochastic models.

| On one hand, the deterministic approaches seek to assess the elevation
response due to a prescribed ground excitation or a prescribed dynamic load

g on the structure itself. On the other, the stochastic approaches attempt to
define the floor response to en anticipated ground excitation that belongs
to a family of earthquakes which in turn is described by target response orI power spectra.

Within the stochastic processes, however, the statistics that accompany

| the definition of the ground excitation are usually carried over to the floor
response with an ensemble of realizations of the stochastic process that

I defines the ground excitation. This simulation of earthquakes procedure
that attempts to match the statistics of the target spectrum has been used
extensively both by directly linking the target response spectrum to an
artificial earthquake or by implementing the constraint of the power spectral
density function of the ground motion. The latter earthquake simulation

| process, more sophisticated in nature, matches some of the statistics of the
target spectrum with realizations (sample earthquakes) deduced from the

g power spectrinn of the stochastic process.
The direct link between a stochastic characterization of the ground ex-

citation and the stochastic floor response has received less attention (that

5
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I is what the usually above stands for). Through this process, the statistical
properties of an anticipated family of earthquakes, expressed in its power

| spectrum, are transferred to the structure of deterministically defined dy-
namic properties.

I 1.2 DIGES Profile

| The present effort has been undertaken so that an efficient theoreti-
cal / computational tool can be devised such that seismic problems of concern
to the regulatory agencies can be effectively treated. In this study, the directI link between the input excitation and the output response in the stochas-
tic sense is explored (from which DIGES is deduced). This dimension of

| the seismic analysis, along with the carthquake simulation procedures and
the deterministic seismic and dynamic response of the structure, define the

g DIGES computational domain.
Figure 1.2.1 depicts the physical system whose response to the action of

dynamic loads is sought. Participating in the generic physical system are theI superstructure, which is the focus of the resulting response, the foundation
and the soil medium the foundation / superstructure is resting on. Further,

| the different dynamic loads that can excite the physical system are shown.
An overall description of DIGES can be seen in Figure 1.2.2 where

g the general capabilities are listed. According to Fig. 1.2.2, analyses of
both stochastic and deterministic nature can be undertaken. While in the
deterministic analysis the consideration of dynamic superstructure loads

I has been implemented (an important element of dynamic analysis) along-
side with the classical treatment of defined ground motion, the stochastic

| analysis mode incorporates both the earthquake simulation and the direct
transferring of stochastic properties.

The relationships that connect the dynamic input to the system re-g
sponse are schematically shown in Figures 1.2.3 and 1.2.4 (stochastic and
deterministic modes respectively). In both modes of analysis the link is

I the transfer function H(w) of the system which identifies the superstruc-
ture/ foundation / soil medium interaction.

| The stochastic mode of Figure 1.2.3, which implements both the sim-
ulation and the direct stochastic transferring) seeks to evaluate elevation
response spectra induced by ground excitations that can be defined as both
target response spectra or cross-spectral densities of the stochastic process
describing the excitation-

0
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I
I The direct stochastic mode determines the cross spectral density matrix

of the response [+r(w)] for a stochastic process with cross spectral density
- +x(u)]. For a statistic process that defines the free field in terms of target

.

response spectra a consistent cross spectral matrix is formed and eventually

( transferred to the elevation. The simulation seeks the elevation response
spectra through by utilizing statistical properties of the responses at the

.

same elevation due to an ensemble of ground accelerations whose response
spectra match the target spectrum over some ofits statistic properties. As
shown, both simulation procedures are implemented (one leads to ground
motions from a response spectrum through its power spectrum and the
other to ground motions directly from the response spectrum).

g It should be emphasized here that the redundancy of transferring the
free field motion (either directly or through simulation) which appears to
exist in the DIGES computational capabilities,is not for real. ConsideringI that structures are dynamically treated mostly as linear systems, so all
of the above listed alternative procedures can be utilized, room must be

| left to explore the non-linear behavior of systems. While the direct mode
of spectra generation it will be shown to work well in linear systems and

g for stationary stochastic processes, work needs to be done to generalize its
applicability. This gap can be filled with the help of simulated earthquakes,
which as an ensemble can equivalently represent the stochastic process, byI exciting the non-linear system in the time space rather than frequency.

The deterministic mode of Figure 1.2.4 utilizes the system transferI function H(w) to evaluate the response spectrum at a specified elevation
due to a defined ground acceleration. The process requires that the input

| ground motion is expressed in the Fourier expansion of the record. The
evaluation of the response of the superstructure due to applied dynamic

g loads is also incorporated. Wind loads, impact loads and floor dynamic
loads due to equipment can be treated by utilizing a modified system trans-
fer function which relates the dynamic superstructure loads with the motionI of the foundation.

I
I
I
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I
I 1.3 Hardware / Software requirements

g The DIGES program that implements the various modes of dynamic
analysis has been developed on a SUN SPARCstation 1+ machine with
UNIX operating system. The program is written in FORTRAN-77 and itI is a stand-alone entity. Specifically, no externallibraries or subroutines are
invoked by the program. The only input to the program is interactive infor-

.| mation pertaining to the various aspects of the problem under solution as
well as external files containing tabulated information of both the structural

g system and the dynamic excitation.
Since the SPARC 1+ is a virtual machine, specifications of the mem-

ory requirements for the execution of the DIGES program are meaninglessI because of the internal memory swamping during execution.
To invoke the DIGES program a user need only type rundiges and

| the program will direct the user to the solution mode appropriate for the
specified problem.

I
I
I
I ;

;

I
1

I
I
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2. DIGES Algorithm
|

I The implementation of the theoretical background, pertaining to the
transferring of the free-field motion onto the superstructrure, into a compu-I tational tool has been achieved with the DIGES computer program which
utilizes the FORTRAN 77 computer language. The program itself resides
in the a SPARC 1+ Workstation with open window capabilities. The work-
station is part of an ethernet network that allows login from a remote host.

g This gives it the capability of window sharing between two remote hosts for
on-line communication.

The program itself reflects the capabilities already described in theI main text, such as direct generation of spectra, carthquake simulation, de-
terministic carthquake solutions and system response under dynamic super-
structure loads.

In the following the main programming features of the program will
be outlined as well as the sequence of processes that are incorporated for a
complete solution of any of the four major modules of analysis. Figure 2.1

g outlines the basic solution flow chart while Figures 2.2-2.5 describe in more
detail the operations executed in each solution module.

| 2.1 Main Program

The main program of DIGES plays the role of the driver of the pro-

| gram. It identifies the module of analysis, the form of free-field input, the
frequency content of the input along with the size of the dynamic problem,

g the geometric / dynamic properties of the soil / structure system and the loca-
tions where the response is to be evaluated. With this provided information
(both interactively and externally) the program has been designed to allo-I cate luemory space exactly equal to what the solution needs. This has the
advantage of utilizing all the working memory the host system may allow
instead of confining the computer code to a specified problem size. Further,
the ability of swamping memory space while the program is in execution
allows even further flexibility.I The sequence of operations are dictated by the main subroutine of the
program which calls appropriate subroutine families that calculate:

n. The modal properties of the superstructure are evaluated by succes-
sively invoking the subroutines that (1) identify the nodal locations

13
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with the degrees of freedom, (2) calculate the stiffness of the finite
eletucul system representing the superstructure (3) evaluate the band-
width and the global stiffness and mass matrices and (4) call the eigen-
solution subroutine that returns the eigenvalues and the eigenvectors
of the superstructure.

b. The equivalent rnass rnatrix of the superstucture is calculated (it
| represents the transferring of superstructure information-on the foun-

dation) by invoking subroutines that (1) calculate the rigid displace-

g ment matrix (2) the modal participation matrix (3) the mass matrix
of the superstructure for displacement about a reference point on the
foundation and (4) the mass matrix of the rigid foundation.

To this point the calculated information is independent of the dynamic

g frequency. From this point on the evaluation of system properties takes
place at every selected frequency value of the specified frequency range of
the harmonic solution.I c. The appropriate set (to the analysis module) of transfer functions

H;(w) is established for the entire frequency range. For example, forI modules 1 thru 4 H;(w) represents the transfer function that links
the free-field earthquake excitation with the total structural response.

| Such transfer function is the product of (1) a transfer function which
transfers the total foundation input characteristics to any d.o.f. of the

j superstructure, (2) a transfer function relating the foundation input
motion to the total foundation motion and (3) the scattering matrix
that incorporates the modification of the free-field motion due to theI presence of the massless foundation.
Specifically, the program invokes the modal amplification matrix rou-

| tine, the frequency dependent equivalent mass matrix routine and on
the basis of the type of foundation the impedance (or compliance) ma-
trices. Finally the scattering matrix is called and the total transferg
matrix of the system (complex) is calculated for every frequency.

| d. The free-fleid input is established in the frequency domain. If (1)
the direct transfer option has been chosen and the control motion is
in the form of a power spectral density, the cross spectral matrix over
the frequency range is formed. If the control motion is in response
spectra form, the consistent cross spectral matrix is evaluated for the

.I
14
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I solution frequency range by invoking the subroutines that generate
psd functions consistent with the free-field response spectrum. If (2)

- the simulation process is chosen then, depending on the spectra type
(power or response) chosen as representative of the stochastic process,

|
the fourier coeflicients of the simulated earthquakes are calculated by
going through the process as many times as the number of simulations
chosen. If (3) the deterministic analysis for an actual earthquake is to -I take place, the fourier coefficients of the record are established. This
is similar to the previous process for a single simulation except that
the time history is not generated. Finally, (4) if the system is excited
by a dynamic load in the superstructure, the fourier coefficients of

g the dynamic load are established by invoking the appropriate Fourier
Transform subroutine.

|
c. On the basis of the final form of the free-field motion (psd or Fourier ex- j

pansion coefficients) the routines that calculate either the cross-spectral
matrix of the output or the Fourier coefficients of the time history of

I the output are called appropriately. If the output response is in a psd
form,its response spectrum is calculated directly from processes inher-

i ent to the program, s ee Theoretical Basis of Diges. If the response is in
the form of a time history (or the Fourier coeff.), the linear acceleration

|
reethod is employed to calculate its response spectrum.

I ;

I

i

I
I
I
I ;

.
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. 2.2 Program Input and Output
|

I In the following, a description of the necessary input (interactive or i

read from an existing external file) that is required in order for the program |
,

to execute any of the possible four modes of analysis. The description of the
input will be in the same sequence with the information that the program

| requests as it is executing and it will be complimented with the request
messages and verification statements appearing on the screen during exc-

J cution. This way, the problem-specific input will appear more meaningful
to a user that wants to execute DIGES.

'| The input consists of information pertaining to the free-field ground
excitation or supestructure load description on one hand and description of
the geometric as well as dynamic properties of the overall system consist-I ing of the superstructure, the foundation mat and the soil medium that is
resting on.

.| Four (4) external files whose name will be identified interactively dur-
ing execution are essential. The variable identity of these files will make

g the distinction between various problems possible without the need to over-
write ncither the input or the output. These files contain the following
information:g

e Free-field control motion information or superstructure loads.

I e Nodal and elemental description of the superstructure, foundation
characteristics, soil medium properties and locations where response is
to be calculated.

e Frequency dependent impedance and scattering matrix values con-
I- sistent with the foundation type and the free-field ground motion.

e System OUTPUT response information that also includes the INPUTI model and excitation as well as the complete output requested.

8

I
I
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'Upon regnest of execution of DIGES, which can be invoked by typing i

rundiges
.I

;

at the systent proinpt, the first requested input is:
PROBLEM TITLE ?g

The input title (less than 80 characters) will help the user identify the
output file for later processing.
The selection of the analysis mode follows next with the system response:

I
(a) DIRECT generation of RS ?Type of analysis :

I (b) SIMULATION process ?

(c) SUPERSTRUCTURE loads ?

(d) SINGLE actual earthq ?
ANSWER WITH a b c or d, ,

I The statenient
Type of Analysis ?g

The response to the request will be one of the following:

I e Direct implying that the free-field input motion is to be transferred
to the structure directly,

e Simulation specifying that a simulated carthquake process will be
used to calculate the response

e Single implying that a single carthquake event will be transferred to
the structure from the free field.

I e Superstructure indicating that the system is subjected to superstruc-
ture dynamic loads.I If your selection is either direct or simulation the program requests the

forin ihat the free-field input is expressed in, specifically PSD (power spec-I trum) or RS (response spectrum).

e power implies that the free-field control motion isin the form of a cross
spectral density matrix. This matrix will be transferred to the structure i

directly (if the direct option has been chosen) or it will be used as the i

I ,

1

22
1I

- -



.h

I stochastic process from which a number of simulated carthquakes will
be generated (simulation option).

I e response indicates that the free-field motion is in response spectra
form which in turn implies that if direct transferring is to take place, aI consistent power spectral density matrix will be calculated and trans-
ferred or a set of simulated carthquakes will be generated based on the

| response spectra and then transferred (simulation option).

If your selection is Superstructure loads the program anticipates that
| there will be a file whose name will be interactively specified (that step

follows) and which contairs
g a. the niunber of concentrated nodal loads

b. the nodallocation and the local degree of freedom of the node the load
is acting (e.g. a force in x-direction Fx is identified with d.o.f = 1, aI rotational moment with vector along the z axis Mz is identified with
d.o.f = 0)| c. The time history of the concentrated load ( t vs. P(t) ). Note that the
number of points should be a power of 2 (for Fast Fourier purposes) and

g coincide with the number of harmonic frequencies you will eventually
select.

| If your selection is Single actual earthquake the program requests to
identify the form of the given earthquake specifically whether it is in the
time or frequency domain. If time is selected the program expects toI find in the free-field input file the time variation of the ground accelera-
tion. If frequency is selected the Fourier sine and cosine coefficients of the

| earthquake must be in your free-field input file.

I
I
I
I
I
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l

The DYNAMIC INPUT FILE is recptested next. The program provides )
the following information and the filename is to be selected on the basis j

.| of the type of analysis you have already selected. ]

I ,

(a) PSD parameters (direct-PSD based analysis)

I (b) PSD guess parameters & target Resp. Spectrum
(direct-RS based)

(c) PSD parameters for PSD-BASED carthq. simulation i

j (d) TARGET Response Spectrum for earthq. simulation ~(I-y
(e) FOURIER expansion / Time hist. of ACTUAL earthq l

f3 (f) FOURIER expansion / Time hist. of SUPERSt. load
!

|

The GEOMETRIC MODEL filename is requested by the program I

next. This file contains the nodal, elemental, foundation mat and soil in-
formation as well as the locations for output response. Further details onI ';

the two files will be provided later in the volume.

NOTE: !

L If the nnalysis type selected is other than superstructure loads the i

program seeks information associated with the SEISMIC WAVES impinging )
on the structure. The user is responsible in making the right selection of

a. the type of wave his.scismic input represents (body or surface)
b the way waves propagate (vertical, inclined etc.)

>E c th e directio " l Se " Se fthe c "tr 1 P I"t m ti "
E The program provides ON SCREEN information in an effort to ensure

compatibility between the selections of this step. Below is a copy of the
interactive response of the program during the identification of the seismic
excitation.

I
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CONTROL POINT MOTION : I-D, 2-D or 3-D ?

respond by 1, 2 or 8

.= .................. ... .. ........ ..

SELECT CONTROL POINT INPUT ORIENTION
CONSIDERING THE FOLLOWING.

x-z planeo Plane of propagation .

o x-z plane : P (body) - SV (ehear) waves

. I o y - direction : SH (shear) waves

o Horizontally propg. SH wavee y -dir.
Horizontally propg. Rayleigh x,z dir.o

- o NOTE : for Vertleal propagation : SV = SH
............ ........ . .. ...... ..... .....

. ?DIRECTION OF 1-D CONTROL POINT WOTION

x . I
*

y = 2
z . 8

respond by 1, 2 or 8

WAYE INCIDENCE

I AND NATURE OF WAVES

SEISWIC WAYES ARE :

(a) BODY WAVES ?

(b) SURFACE WAVES ?
ANSWER WITH a or b |

I DIRECTION OF WAVE PROPAGATION : (a) VERTICAL ?

(b) HORIZONTAL ? i

(c) INCLINED ? |
ANSWER WITH a b or e ;,

1

. I How CONTROL POINT MOTION (f ree-fleid) will i
'

transfer to the foundation ?
'

(a) DIRECTLY ?
(b) thru Convolution / Deconvolution ?
(c) thru SCATTERING ? |

i

NOTE:I For DIRECT analyala DO NOT use conyl/deconvlo

For multilayered medium USE convl/deconvlo

ANSWER WITH a b or e,

I

I
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The next layer of information requested by the program is associated with :

|the transferring of the CONTROL POINT MOTION to the foundation.
Specifically, three transfer choices exist: |

a. Control point motion is placed directly on the foundation of the struc-I ture. This is the simplest of the three choices since the free-field input
is not altered.

b. Motion is transferred to the foundation through convolution or de-
convolution of the given free-field ground acceleration.

g c. Motion is transferred to the foundation through scattering of the
impinging waves.

If the selection is the direct transfer no further information is requested ing
this step.

If the foundation motion is obtained through scattering of the free-field
then the program requests whether the scatter 3ng matrix is analytical or
tabular. For SURFACE circular or rectanguhtr foundations and for (a)I BODY waves and (b) SURFACE SH waves there are analytical procedures
inherent to the program that evaluate the foundation input motion matrix.

| For all other cases the user has to supply the frequency dependent scattering
matrix coefficients in an external file whose name is provided at the prompt:

| SCATTERING MATRIX TABLE IN file ?'

If the selected option for foundation input motion is through convolution
or deconvolution the program seeks to find from the user whether the
control point motion is given at the

a. OUTCROP rock
b. Soil SURFACE

I It also requests whether the soil medium is COMPLEX meaning multi-
layered or single layered. If the medium is a single layer (in the case

I of OUTCROP rock motion) overlying a rock formation or a uniform half
space (for Soil SURFACE motion) the program requests information on

| the soil layer thickness, rock shear modulus, rock shear velocity and the
depth from the surface the foundation input motion is to be evaluated. If
the soil medium is MULTI-LAYERED the program seeks the number ofI distinct horizontal layers. The properties of the layers will be interactively
provided by the user when the convolution routine is called. Note that when
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I convolution / deconvolution is involved the free-fleld input can ONLY be
in terms of the Fourier coefficients of the carthquake. This implies that l| in generating output Response Spectra DIRECTLY from a free-field Power i

or Response spectrum one CANNOT form the foundation input motion !

g through convolution or deconvolution. If that is desired then the selected )
ANALYSIS should be the SIMULATION of earthquakes which can result 1

from a given Power or a Response Spectrum.

After the program collects all the information on the input it specifies the

| size of the harmonic problem. Specifically,it requests for:

a. minimum frequency (hz) of the liarmonic analysis
g b. maximum frequency (hz)

c. number of harmonic frequencies in the interval or TIME POINTS.
When the frequency step is large the program asks the user to increaseI the number of harmonic frequencies to the next power of 2.

| Following the size of the harmonic problem, the program asks for further
information regarding the direct generation or simulation analyses type i

g (if any of those have been selected).

n. If the selected analysis is direct the program requests from the user

g to specify whether the free-field is in Power spectra form or response
spectra.
1. Direct analysis - power spectra. The program requests the spec-I ification of either analytic or tabular form of psdinput representing
the stochastic process in the free field. If analytic, the analytic psd

| form must be specified (1 or 2 or .. 6) as well as the number of param-
eters (constants) specific to each form. If tabular, then the input file

I that hus been defined as the one with the earthquake record must con-
tain the list of frequencies and corresponding power spectral values for
a number of frequency points equal to the size of the dynamic problem
defined earlier.
2. Direct analysis - response spectra. This implies that a consistent

| power spectral matrix must be deduced from the given target response
spect ra. Thus, an analytical pad form is requested to be used in the

I fitting process (1 through 6) along with the size of the parameter vector
that is form-specific and represents the initial guess. Next, the target |
response spectrum is requested in terms of the number of frequencies it
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I
I is specified at (psd to RS consistency will be achieved over these many

frequencies). The input free-field motion file must accordingly contain
the vector of initial parameters followed by the frequencies and the
corresponding target spectra values.

| b. The analysis type is simulation based on either POWER or RE-
SPONSE spectra.

| 1. Simulation analysis - power spectra. If the psd-based earthquake
simulation is to utilize an analytic form then the form and the length

,.g of parameter vector is specified. If a tabular psdis to be used for the
5 artificial generation, the frequencies along with the corresponding psd

values at uniform spacing must be contained in the earthquake input

| file. The input request of this branch is completed by the specification
of the niunber of artificial earthquakes that are to be generated.
2. Simulation analysis - response spectra. This analysis requiresg
that a target response spectrum is to represent the process in the free
field. The frcquencies along with the corresponding response spectraI values must make up the free-field input earthquake file. Again, the
number of artificial carthquakes to be generated from the target re-
sponse spectrum is requested.

At the end of this step the program seeks information on the IMPEDANCEI matrix of the foundation. The frequency dependent [6X6] matrixis common
to all types of analysis and can be analytical or tabular. The program

| contains analytic formulation for circular and rectangular foundations that
can be either on the surface or embedded. These analytical expressions

.g are discussed in App. II. If tabulated results of the matrix exist for a
particular site then the program requests for the filename of the external
table containing the coefficients of the matrix (see Table 2.2.1).

In order to help the program allocate the appropriate memory space, the

g user is asked to respond to questions regarding
a. The number of nodal locations where the output response is to be

evaluat edI b. The number of nodal points in the idealized stick model.

g When the system prompt OUTPUT SEND TO FILE ? appears, the
user must specify the name of the output file where all the output results
are going to be written.
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I During the execution of the program the following information is requested

and shouhl be provided interactively,

I a. STRUCTURAL DAMPING RATIO (10% = 0.10)
b. Whether the Foundation Mass matrix (diagonal terms only) is provided

I in the INPUT file (see Model Input File) or should be calculated by
the program. ,

| c. GEOMETRY of the foundation (rectangular or circular)
d. POSITION of the foundation (surface or embedded)

I
I
I
I
I
I
I
I
I
I
I
I
I
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I 2.3 Model Input File

This external file whose name has been interactively defined during
execution of the program contains complete information regarding the su-

| perstructure/ foundation / soil system. Table 2.1 is a listing of a typical such
file with added headings on each category of input so the user can follow

I the instructions easily (note that the headings SHOULD NOS be on the
input file). Specifically:

g 1. The first record lists the number of nodallocations and the number of
beam elements used in the idealization of the superstructure (4 and 3
respectively for the sample model)

2. A listing of a number of records equal to the number of nodes specified

I above. Each record contains the node number, the three global loca-
tions and six (G) ID numbers corresponding to each degree of freedom.
For ID > 1 the d.o.f. is not constrained. For ID = -nodez the nodeI of the record is slaved on the master node noder. If ID = 0 then the
corresponding d.o.f. is constrained (a node with all six ids = 0 is a

| fixed node). It should be emphasized that no particular order is
required in numbering the nodallocation.

3. The record that follows the nodallisting is a single number that can be
either zero or a positive integer other that zero. A zero on the record
indicates that the Mass Matrix of the superstructure is lumped at the
nodes. A positive integer indicates that the Mass matrix is consistent
and must be evaluated by the program. If the mass matrix is to beI consistent then the equivalent density of the beam element representing
the floor must be provided in the next set of records.

<| 4. The number of records that follow reflect the number of elements in the
model. Each such record contains the element number,its connectivity
(the end nodes), the equivalent clasticity modulus, poisson ratio, axial*

area, the three moments of inertia (in the local coord. system) and

:g the two shear areas. If consistent mass matrix has been specified from
W the previous record then '.te equivalent density of the element must be

added as the last element of each row.

it 5. A set of records equal to the number of nodes follow and each record:

identifies the nodallocation and the equivalent lumped mass properties
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I
I at each node (both translational and rotational masses). These records

shouhl only be in the input file when the lumped mass matrix has been
I selected.

G. The next record provides information on the foundation with a sin-I gle row of four values. Specifically, the first three values represent
the dimensions of the foundation such as the length, the width and

| the height. For a circular foundation the value in the position of the
length corresponds to the radius of the foundation while the width is

g irrelevant. The last value is the density of the foundation medium.

7. During the execution of the program the user is asked to specify if the

g [G x 0] Mass Matrix of the foundation (diagonal) is provided or must
he calculated by the program. If the mass matrix is to be calculated
by the program the row of the 6 diagonal elements should not be inI the file.

.g 8. The next record contains four (4) properties of the soil medium under
the foundation. These are (a) the soil density (b) the shear modulus
(c) the poisson's ratio and (6) the soil damping, ratio.

D. The number of response cutpin kcations is specified in the next record '

and it should be the same with the number to be interactively specified |I during execution.

D. The actual nodallocations for response output. 1

I
I

Lg

|I
r

'I
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2.4 Input Files of Foundation Input Motion and Impedance

I This files that are specified interactively during execution are to be
invoked during the formulation of the transfer functions of the complete
system provided that no available analytic expressions for the two matrices
exist.

| For a particular type of seismic wave the complete characterization of
the response of the foundation requires that the foundation inpui motion

g (scattering) and the dynamic stiffness (impedance) are known for tha type
of foundation as well as the soil profile. Through a number of sttdies,
niunerical results pertaining to these two matrices have been calculatedI for various types of waves and foundation geometries. For available such
numerical results and in accordance with the specifics of the soil type, the

| foundation geometry and the type of seismic waves the input file will be
formed as follows (see Table 2.2).

I The non-zero impedance coefficients of the (6 x 0] matrix are provided
first in Table 2.2.1 in two sets of colunms. The first set lists the number
of the frequency (dimensionless), the frequency itself followed by the valuesI of Ku,K s,K22 and K . The same set of columns will follow by listing24i
Kaa, K44, Kss and Kee. Each Ki; is represented by two columns (one for

| the real and one for the imaginary part of the coefficient).

Similarly fo- the foundation input motion, Table 2.2.2, the three non-

| zero elements of the (6 x 3) complex matrix that correspond to the given
wave type, will be provided in separate columns that list the frequency

g number, the frequency (dimensionless) and the three frequency dependent
elements of the matrix each of which is represented by two columns (real

- and imaginary).

The available solutions are tabulated for a limited number of frequen-
cies. To apply these results in a much larger dynamic problem (harmonicI analysis frequencies), interpolation should be used to complete the vector
of t he coefficients.

I
I
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I 2.5 Input File of Free Field Excitation |

| This external file, also interactively specified during execution, contains
the necessary information that describes either the free-field excitation or

| the dynamic loads on the structure. Therefore, the contents of this file will
be mode-specific. Below is a description of what will DIGES be looking for
to read from this external file after the analysis mode has been assigned.

la. Direct analysis - Power spectra - analytic form
The only contents will be vectors of size equal to the one specified in-I teractively during execution and whose elements are the parameters
describing the psd form. The length of the vector must coincide with

| the form of analytic psd that has been selected (i.e it form 6 requires
7 such parameters). Depending on the number of directions the exci-

g tation is specified, the number of such vectors will be determined (3
consecutive vectors will be needed for a 3-D input).

| lb. Direct analysis - Power spectra - tabular form
Depending on the size of the dynamic problem which has been inter.

I actively specified, records ,as many as the size of the dynamic problem
and within the specified frequency range, must be listed in the input
file. Each of these records the number identifying the harmonic, the
frequency and the corresponding to the number of directions of the
input psd values (i.e. two such columns for a 2-D input).

2. Direct analysis - Response spectrum.
This mode requires a target spectrum, an analytic psd form, a vector

| with elements the initial parameter guesses and certain statisticalprop-
erties of the target spectrum. Table 2.3 is a sample listing of a free-field
description of this mode. The first record contains the initial parame-
ter guesses, the second are keys determining whether variation of the
corresponding parameter is allowed in the least sguare fitting process
(1 allows variation, O holds parameter constant). The third record-
contains the peak factor of the target spectrum, the p-percentile, the

| tolerance for matching and the number ofiterations. The fourth record
lists the viscous damping ratio of the response spectrum and the strong

g motion duration of the earthquake. Finally, a list of records (egmd to
the size of the dynamic problem and within the specified frequency
range) containing the number of the harmonic, the frequency and the

33
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I '

corresponding ordinate of the target response spectrum. The input is
repeated (with its own values) for additional directions of the free-field

| excitation.

t! 3. Simulation analysis - Power Spectrum
The dynamic input of this mode will depend on the level of sophisti- ;

| cation one wishes to implement in the earthquake generation. Hence,
1

3a. If the three components of free-field motion are considered to be inde- ]E:

5 pendent and not statistically correlated, then the psd of each direction |

must be provided. Thus,if the power densities can be described by any j
| of the six (6) analytic forms, so the analytic form has been selected,

then the vectors of the parameters must be the only records in the in-

I put file. If on the other hand the power spectral densities for the threc
directions are available in tabular form, so the tabular mode has been!

selected, then the input file must contain a number of records equal
| to the size of the dynamic problem (number of frequencies) listing the

harmonic number, the frequency and the three ped values (if all three

| components are simulated). {
l

3b. If the psd-based simulated earthquakes are to have the three directions j. g
B correlated (a more sophisticated approach) then the input must include

the complete cross spectral density matrix must be provided for all i

| the frequencies that define the dynamic problem. Specifically, eleven f
columns of data must be available representing the harmonic number, i

g the frequency, the three diagonal elements of the cross spectral matrix
and the three off diagonal elements each of which is represented by two
columns (one for amplitude and the other for phase angle). .

I i

4. Simulation analysis - Response spectrumI With this mode the simulated carthquakes utilize specified target re-
,

sponse spectra. For the general case where all three earthquake compo- )

| nents are required, the three target spectra (each for the corresponding ]
direction) must be available for all the frequencies of the dynamic prob- j!

'

I lem. Thus the input file will consist of five (the most) columns which
contain the harmonic number, the frequency and the spectral values of
the three directions. j
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5. Analysis of a given Single Earthquake
This mode requires that the input of an actual earthquake be in the
form of time history of the ground acceleration or be already decom-
posed in its Fourier coefficients.

-| e If the time history is available then the input file contains a record
indicating the uniform time step and the number of time points (this

g number should be a power of 2 and twice the solution frequency number
to take advantage of the fast Fourier transform) followed by a vector of
size equal to the number of time points representing the accelerationI at the corresponding time.
e If the carthquake is already expressed in its Fourier coefficients, four

| columns containing the harmonic number, the frequency and the two
coefficients will represent the dynamic input.

- 6. Superstructure dynamic loads
The first record in the external file contains three (3) elements whichI indicate:

a. the number n of nodal concentrated loads that apply on the super-

| structure
b. the time increment At of the record (s)

I c. the number of time points (= number of harmonic frequencies).
For n number of such loads n sets of the following records must be

listed. The first record of the set contains the nodal location of the super-
structure and the degree of freedom along which the load applies (a value
from 1 to 6). The set is completed with three columns of data containing

| the time point number, the time value and the corresponding force value.

'I
I
I
I |

I
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I !

I $ of nodes # of elements
4 3

'

nod #
~

x y z DOF-x -y -z -xx -yy -zz

16 0.0 0.0 129.0 1 1 1 1 1 1 )15 0.0 0.6 110.0 1 1 1 1 1 1 iI 14 0.0 0.0 56.0 1 1 1 1 1 1 '

la e.e e.e e.e e e e e e e

key Indicating that mass matrix of structure is LUMPED
eI elem ndi nd2 E P.R. An Ixx Iyy Izz Ay Az

1 la 14 6.18E8 0.17 1894 4526287 2263144 2263144 742 742

I 2 14 15 6.18E8 0.17 1894 4526287 2263144 2263144 742 742
3 15 16 6.18E8 0.17 1894 4526287 2263144 2263144 742 742

Hode # Mx Wy Mz Mxx Wyy Mzz

16 273600 273686 273696 204388006 264368068 656868066
15 330600 336600 330688 424677ees 424677900 1969821066
14 33520e 33520e 33520e 681716ece 651716968 1936850ees
la 6.008 0.668 8.see 8.eese 0.9669 e.seees

Foundation Realus (or a) b Thickness Density

10.0 0.0 3.8 150.0

W(1,1) M(2,2) M(3,3) M(4,4) M(5,5) W (6,6)

3116106 311ftlee 3208908 18391825000 18391e25eee 22643089668

Underlying Soli : Density Shear Modulus P.R. Damping
3.63 488000 0.33 e.05

# of locations for DUTPUT
1

- ACTUAL nodal output location (f l oor)
16

I
| Table 2,1 Listing of input record for ModelInput File

I
I
I |
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I
Impedance Coefficients

frq K-11 K-15 K-22 k-24

5
1 0.0 4.8900 0.4890 -0.3990 -0.0399 4.8900 0.4890 0.3990 0.0399
2 0.5 4.8000 1.9300 -0.4720 -0.0552 4.8000 1.9300 0.4720 0.0552
3 1.0 4.6500 3.4100 -0.5270 0.0229 4.6500 3.4100 0.5270 -0.0229

2b b.h b.kkbo 2h hbbb b$bbhh b.kkhb b$kkbb 2b.hbbb b.bbbk b.kkbo
21 10.0 3.0500 31.2000 -0.0138 0.1640 3.0500 31.2000 0.0142 0.1640

frq K-33 K-44 K-55 K-66

1 0.0 6.1900 0.6190 4.3500 0.4350 4.3500 0.4350 5.7700 0.5770I 2 0.5 5.9500 3.1100 4.1000 0.5350 4.1000 0.5350 5.5200 0.6710
3 1.0 5.4400 5.6900 3.6400 0.9670 3.6400 0.9670 5.0100 1.1100

2h h$b k$k6bb 5b$bbbb 1$bbbb lb.bbbb bbbb ib.bbbb 3.bkbb lb$bbbb1

21 10.0 1.0100 62.1000 1.5000 15.8000 1.5000 15.8000 3.2900 16.1000

I
Table 2.2.1 Typical Listing of Foundation Impedance Matrix

I
I

Scattering Coefficients (horiz. SH waves)
frq S-li R-ij R-ik

1 0.0 1.00 0.00 .00 0.00 0.00 0.00
2 0.5 .957 0.00477 .000847 .000131 .0115 .243

8
3 1.0 .831 0.0240 .00365 .00169 .0180 .454
. ... .... ...... ...... ...... .... ....

20 9.5 .110 .0606 .00016 .00111 .150 .155
21 10.0 .0666 .0964 .00075 .0004 - 0813 .202.

I
I

Table 2.2.2 Typical Listing of Foundation Input Motion Matrix

8

8
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I
I initial parameter values for the PSD form

9.90 10.998 949.85 3.871 23.211 182.02 0.0086

keys definining variation of parameters
1 1 1 1 1 1 1

target spectra properties
3.0 0.84 0.05 20

damping ratio and earthquake strong motion
0.05 20.0

I TARGET RESPONSE SPECTRUM
1 0.500000 0.831821
2 0.514813 0.852060

5
3 0.530065 0.872792
4 0.545768 0.894028
5 0.561937 0.915780
6 0.578585 0.938062

5
7 0.595726 0.960886
8 0.613375 0.984265
9 0.631547 1.00821
10 0.650257 1.03274
... ........ .......

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

I 100 8.99987 2.61022
101 9.26650 2.55441
102 9.54103 2.49993

khb kbkbbk kbbbbb
157 47.5297 1.00000

i158 48.9379 1.00000 |

I 159 50.3877 1.00000 |160 51.8805 1.00000 '

161 53.4175 1.00000
162 55.0000 1.00000I l

l

I
g Table 2.3 Typical listing of input of free-fleld control motion.

I

I
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1I 2.0 Snmple Runs with the DIGES Program

'I lu Ihis section the step-by-step procedure to execute DIGES is outlined ,

and the interactive response of the program is listed. The sample problems |'I are used to invoke the different solution moduli of DIGES for the user to
familiarize with the procedures. The goal of these sample runs is to present
(a) the physical problem, (b) the selection of the appropriate modulus based
on the excitation input and (c) the solution output for the system variables

g of interest.

Outline of a Generic Sample Problem:
.I Two system configurations, shown in Figure 2.0, have been used to

outline the solution procedure. Specifically, Model-1 is a representation ofI a structure with a single floor connected to a cylindrical surface foundation
resting on uniform clastic half space and its input file can be seen in Table

| 2.4. Model-2 is a 4-node,3-clement structure described in Table 2.1 and it
also rests on similar foundation. For both models the lumped mass matrix

g option is selected.
The diagonal [6 x 6] mass matrix of the foundation is also provided

along with the properties of the soil medium.I The frequency-dependent impedances are evaluated via an analytic ap-
proximate expression (from Pais and Kausel) due to the geometric simplicity
of the interacting systems (circular foundation - uniform half space).

The models are excited by either a vertically propagating SH seismic
wave or a time varying superstructure load. Since the propagation is verticalI the foundation input motion will simply be the motion of the control point
on the surface (i.e. R., = 1.0 and the rest of the scattering matrix is equal
tozero).

The free-field carthquake is in the form of power spectra that are com-
patible to either RG-1.60 or Newmark-Hall Response spectra. These spec-
tra will be used for the Direct generation of floor spectra or the Simulation
option. The superstructure dynamic load is an assumed time-varying con-I centrated load applying at one of the nodes of Model-2.

The basic steps followed in all the sample cases are summarized below:

a. The analysis mode is defined and the applicable input is supplied.
b. The eigensolution of the structural modelis performed.

39
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,

c. The excitation input is identified and transferred to the structure thru
the appropriate relations. This input includes the superstructure loads.

| d. The response spectrum at the specified floor and direction is calculated.
In the case of the dynantic load, the resulting foundation forces and

|
the tiine-varying displacements at the specified floor are calculated.

:

I
I

I
I
I
I
I
I
I
I
I
I
.I ~
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Figure 2.8 Newmark-Hall and Spectrum from Compatible PSD.
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I

I Sample Run 1. The Direct Generation Option is selected for the 1-floor
systein of Table 2.4 that is subjected to a vertically propagating P-wave

| expressed in the form of a PSD that led to the matching in Figure 2.1
(Newmark-Ilall). The solution output is the Response Spectrum at the floor

| in the vertical direction (only direction that will be excited). The interactive
steps present the entire procedure along with the graphical representation
of the input and output PSD and the output response spectra.

Tnble 2.4 Input file for Model-1.

2 1

I 14 0.0 0.0 100.0 1 1 1 1 1 1

13 0.0 0.0 0.0 0 0 0 0 0 0
0
1 13 14 1.0E0 0.17 67.7 24060 12030 12030 33 33
14 11900 11900 11900 171600 171600 188500

I 13 0.000 0.000 0.000 0.0000 0.0000 0.00000
M40,0 840.0 100.0 150.0
107100 197100 107100 1339102 1339102 2264308
0.000172 19514 0.33 0.e5

14

i
PROGRAMEXECUTION

I
I =========u====s===================================

D1reet 0enerat Ion =

I =
of == 4

= lResponse Speetrau
=e

e Dr, N. Simos & Dr. A.M. Philippacopoulos =

==================================================

PROBLEM TITLE 7
study of vertical spectra for HFBR

: (a) DIRECT generation of RS ?Type of analysis^^

(b) SIMULATION process ?

(c) SUPERSTRUCTURE loada ? 1

(d) SINGLE metual earthq ?

ANSWER WITH a b, e or d,

Form of Free-Fleid Input : (a) POWER Spectre ?
(b) RESPONSE Spectra ?

ANSWER WITH a OR b
-

I
|
I

I
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|

l

DYNAWIC INPUT FILE
INPUT la one of following data sete :

)...................................
i

I (e) PSD parameters (direct.PSD based analyels)
tb) PSD guess parameters & target Resp. Spectrum

(direct-RS based)
(c) PSD paremeters for PSD-BASED earthq. simulation
(d) TARGET Response Spectrum f or earthq, simulation

I
(e) FOURIER expension / Time hist, of ACTUAL eartiq
(f) FDURIER expension / Time hist. of SUPERSt. lead

FILENAWE ?

I podep.Inpt
GE0WETRIC WODEL IN FILE F
hfbrO9.dat

I CONTROL POINT WOTION : 10, 20 or 30 ?

respond by 1, 2 or 3
1

i
SELECT CONTROL POINT INPt/T ORIENTION

CDNSIDERING THE FOLLOWING.

Plane of propagettono a m.: plane

' o n.z plane : P (body) . SV (shear) waves
o y . direction : SH (shear) waves

^

Horizontally propg. SH waves y .dir.o
o Norltontally propg. Rayleigh : x,z dir.

'

NOTE ; for Vertical propagation : SV a SHo

W
DIRECTION OF 1 0 CONTROL POINT WOTION ?=

= 1

E
y = 2
z = 3

respond by 1, 2 or 3
3

1 WAYE INCIDENCE
AND HATURE OF WAVES

I SEI5WIC WAVES ARE :

(e) SODY WAVES ?
(b) SURFACE WAVES ?

ANSWER WITH a or b

.I
e

DIRECTIDH OF WAVE PROPAGATION : (a) VERTICAL ?
(b) NORIZDNTAL ?
(c) INCLINED ?

ANSWER WITH a b or e,

a

I How CONTROL POINT WOTIDN (free fleld) will
transfer to the foundablon ?

(a) DIRECTLY ?

I (b) thru Convolution / Deconvolution ?
(c) thru SCATTERING ?

NOTE *

I For DIRECT aralysis DO NOT use convl/deconvlo

o For muittleyered medium USE conyl/deconvi

ANSWER WITN a b or c,

F0utcATION INPUT WOTION applied DIRECTLY

||
44
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FREQUENCY RANOE for the Analysle (Hz)

WINIWUW FREQUENCY (Hz) =?
.3
WAXIWUM FREQUENCY (Hz) =?

-I 33,.
a ?NUMBER of free, or time pointe

1824
Free-Fleid POWER SPECTRA : (e) ANALYTIC f

(b) TABULAR fI ANSWER WITH e OR b

e
PSD FORW (of 6) describing free-fleid ?

6

E You CHOSE en ANALYTIC PSD form hence your Input
solemic file must conteln the corresponding number
of perameter values (many se the input directieae)

m.... ...... -...... ..-

E form of IWPEDANCE WATRIX: (e) ANALYTIC f ,

I

(b) TA80LAR f

ANSWER WITH e OR b
e

I
sma sswassssmumasassavussmassmussma wammewussmazzmams

EVALUATE RESPONSE at i of locations = ?

= = = . . . . . . . . = = = = = = . = = = = = = =

I 1

...... . . .. ... .= .

= ?HOW WANY NODES ARE THERE IN STICK bODEL

I IMPORTANT Should coincide with number
shown in WODEL Input file

==================================================
2

========... . .m=== . -

OUTPUT SEto TO FILE f

I ============== ....
output.out

wem===========me=========me==s=====ses
4 INPUT SUWWARY

========= == .m
<

d i re.c.tANALYSIS SELECTED =
hfbr .detINPUT FILE model-f ound-soll info a
podep.InptINPUT FILE (eerthq. PSD,RS,th - lood) =

imped.detINPUT FILE lap =

I sceter.datINPUT FILE seat =

output.outOUTPUT FILE =

====== .=_

*

NUWBER OF NODES = 2
= 1NUW8ER OF ELEWENTS

5- TOTAL ka>WBER Oc DOF = .6 NUWBERED AS
NOCE 00F-1 00F-2 DOF-3 00F-4 DOF-6 00F-6

I TOTAL NUMBER OF DOF = 6 NOW8ERED AS

NODE DOF-1 DOF-2 D0F-3 DOF-4 DOF-5 DOF-6

(vu) (uy) (uz) (ths) (thy) (ths)

61 2 3 4 5
i

14
.iS

|

I
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I
E

-.--.-.-. . - - - -
LUWPED WASS WATRIX

1of SUPERSTRUCTRURE
(Hodel masses in input file)

I ELEWENT NUWBER BAN WIDTH
1 6

wax!WUW BANDWIDTH IN W & K WATRICIES e 6
EICENVALUES & EIGENVECTORSI No. = 1 eigenvalue a 15.5239
No. = 2 eigenvalue = 15.5239
No. = 3 eigenvalue a 75.4268
No. m 4 eigenvalue a 417.682I No. = 5 eigenvalue e 417.682
No. m 6 eigenvalue = 233.552

STRUCTURAL DAWPING RATIO =?I 8.67

WASS WATRIX OF THE FOUNDATION : ?

1= Dlagonal elements provided In INPUT file

,1
6= Watria to be evaluated by the program

respond with 1 or 8
1

CE0WETRY OF THE FOUNDATION i ?

I 1m CIRCULAR
2m RECTANGULAR

respond with 1 or 2
1

POSITION OF FOUP@ATION : ?

e= SURFACE
1= EW8EDDED

respond with 5 or 1

1
6
=========================

F0UNDATI0N SUWWARY
=========-- - --

I WASS WATRIX e 1
CE0WETRY a 1
EWBEDWENT = 8
DIWENSION -a m 848.898
DIWENSION -b a 6.
THICKNESS = 106.8800
DENSITY = 158.998

.

PAUSE: To resume execution, typer go

I
Any other Input will terminate the program.
go
Execution resumed after PAUSE.
===================

3EISWIC INPUT SUWWARY

I '-
- = = = = = = = = = = = - - - - - = = =

ANALYSIS SELECTED = direct
FORW OF INPUT FREE-FIELD SPECTRA = power
EARTHQUAKE DIRECTION m 3
FREQUENCY RANCE (f-mim i f-max)

I.
= 8.380908 33.9898

NIMPER OF FREQUENCIES IN RANGE = 1924
EARTHQUAKE INPUT FILE podep.inpt=

= = = = = . . = = = = = = = = = = = = = = = = = - - - - - = = = = = = = = = = = = = = = = = =

t

i
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I

I
I

FREE-FIELD PSD INPUT. DIR. m 3
Enter m1,n2 (m to stop)

1
2

1.885E+81 1---------------- ------------------- -- =------- =--- - --1
1 e 1

- I 1 * 1

1 1

1 e e 1

1 1

1 1I 1 1

1 e 1

1 e 1

1 1

1 1

I 1 1

1 e 1
1 1

1 e 1

i 1

I 1 1

1 e 1

1 1

1 e 1

1 1

I- 1 1

1 e 1

1 1

1 1

1 e 1

I 1 = 1

1 1

1 1

1 1

1 e 1

'5
1 e 1

1 1

1 e 1

1 e 1

1 1

I 1 1

1 e 1
1 e 1
1 1

1 e 1

1
1 e 1

1 e 1

1 1

1 e e 1

1 e 1

1
1 e 1

11 e e

1 e 1

1 e e 1
1 es 1

I
1 * 1

le e 1
11 e

. e 1
1

'

1

1
1 e 1

1 = 1
1 e 1

1 ** 1

1 as 1

1 .. 1

1 8.eeeE+88 ---------------------------------------------------emesee.......
1.885E+ee 2.073E+e2

Enter x1,x2 ( m to stop)
1

I

I
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I

I
I

1

I =================================================

Sol 1 PROPERTIES :
density, shear mod., pr, damp

1.72eeeE-84 39028.e e.33eeee 2.eeeeeE-e2

I- r.========n=======================================

=================================================

N00AL LOCATIONS (output) : 14

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

========= mar ========================================

t
STARTINO HARW0NIC ANAL. SIS

===================================================

completed frequency = 128 of 1924
completed frequency = 256 of 1924I completed frequency = 512 of 1824
completed frequency = 768 of 1924

END 0F HARW0NIC ANALYSI3

I
PSD OUTPUT AT CHOSEN D.O.F.

d.o.f. = 1
Enter x1,n2 ( = to stop)

1

1
1

00 YOU WANT THE Response Spectrum of PSD f
type yes or no
no
PSD OUTPUT AT CHOSEN D.O.F.I d.o.f. = 2
Enter x1,z2 ( = to stop)

1
1

' I
DO YOU WANT THE Response Spectrum of PSD ?
type yes or no
no

i

I
I

' I
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I
PSD OUTPUT AT CHOSEN D.O.F.

8
J.o.f. = 3
Enter si,m2 ( = to stop)

1

2

'

2.027E+81 1----------------+---------------------------------------------I
1 e 1
1 e 1
1 e 1
1 1
1 e 1

. 1
1 1
1 e 1
1 1
1 1
1 e 1
1 1

5
1 e 1
1 1
1 e i
1 1
1 1

. 8 1 e 1
-

1 1
1 e 1
1 1
1 1
1 e 1,

1 1
'

'

1 e 1
1 1
1 1

I
1 e 1
1 1

1 e 1
1 e 1
1 1

5
1 e 1
1 e e 1
1 1
1 1
1 e 1

I 1 e 1
1 e 1
1 e 1 ,

1 e 1 '

1 ee . 1

1
1 ..... 1
1 e e . 1
1 e 1
1 e 1
1 e e 1

I 1 e e 1
1 e 1 i

1 e e 1 |
1 *** 1
1 e 1

. 1e 1
1 1
le 1
e 1
1 1

5
1 1
1 e 1
1 1

'
1 1
i 1

l

i
1 e 1 -

e.eeeE+ee -----------------------------------------------------ee ..eeeee.
1.886E+ee 2.673E+82 )Enter ni,n2 ( = to stop)

1

I
.
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l
1

I Do YOU WANT THE Response Spectrum of PSD ?
type pas or no
yes

RESPONSE $FECTRW demping = $.eeeeeE-e2))>>>> ONE WORE ITERATION WAS DONE

I PLOT of RESPONSE SPECTRW at DOF r 3, Enter m1,m2 ( m to stop)
1

2

-

0.91st-el 1------------------------------------------------o-------------11 1'

1 1 '

'

I 1 1

1 1

1 1 .)
|e 1

I
1 !

2 e 11
1 1

1 1

1 1

1 1

5
1 1

1 1
e 11

1 1'

1 1

1 1 1
e = 11

I 1

1 1

1 1e
'

3

1 1
1

.

1 1=
2 e

1 1 le.
1 1

+=
1 1

5
*

1 1
e

1 1
e e 11 e

1 1

1 1

I.
e

1 1
e

1 1
e

1 1
ee . 11 ==

1 1

I e==+ese
1 1e.
1 1e

a 11 e
1 1

, g1 e

1
1 1.

. I1
e 11 *

1 *e 1*

1 eeen

I
11 e
11 e

1 1
g1 e
g1 e

i
11 a

1 1'
11 *
g1 e
g

1 *e

1
11 a

1e 1
1**

I

1 1

1 3t e.eeeE+es -----------=- 1==--------------------------- --- - - - - - - - - - - -1,es5E+0e
2.873E+e2Enter m1,m2 ( = to stop)

1

'
I

I
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I
E

Sample Run 2. The simulation made of Diges is executed with the I

Model-1 (Table 2.4) and a vertically propagating SH wave. The free field |
'

i

accelerations are generated from the compatible to RG.I.00 power spectra.

|
For demonstration purposes 3 earthquakes are generated and transferred to
the structure. The ontput is an equivalent response spectrum deduced from
the ensemble of earthquake responses at the floor that is evaluated basedI on the specified (by the user) standard deviation.

h ======================================,,===========

DIreet 0e narat Ion ==

i
of ==

= Res ponse Spectra =
=

= Dr H. Simos & Dr. A.M. Philippacopoulos =

==================================================

PRODLEM TITLE ?
Response Spectra Generation Via SIWJLATION

Type of analysis : (a) DIRECT generation of RS ?
(b) SIMULATION process ?I (c) SUPERSTRUCTURE loads ?
(d) SINGLE actual earthq ?

ANSWER WITH a b, c or d,

b
====================================================

OUTLINE of SIMULATION process selected

PSD or RS --> Time Hlet --> Harm. Soln --> floor RSI ====================================================

SIMULATION process based on r (a) POWER spectra ?

I (b) RESPONSE spectra ?
ANSWER WITH a OR b
a

DYNAMIC INPUT FILE

===================================================

INPUT la one of following data mets :

8
_________________._________________

(a) PSD parameters (direct-PSD based analyols)
(b) PSD guess parameters & target Resp. Spectrum

(direct-RS based)I (e) PSD parameters f or PSD-BASED earthq. simulation
(d) TARGET "esponse Spectrum for earthq. simulation
(c) FOURIER expansion / Time hist. of ACTUAL earthq
(f) FOURIER expansion / Time hist. of SUPERSt. load

===================================================

FILENAME ?
psdep.Inpt

I
GEOMETRIC MODEL IN FILE 7
hfbree.dat

51
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E

CONTROL POINT MOTION . I-D, 2-D or 3-0 ?

respond by 1, 2 or 3

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

. I
SELECT CONTROL POINT INPUT ORIENTION

CONSIDERING THE FOLLOWING.

o Plane of propagation x-z plane=

I o x-z plane : P (body) - SV (shear) waves
o y - direction : SH (shear) waves

Horizontally propg. SH waves y -dir.o
-

o Horizontally propg. Rayleigh a x,z dir.
E o NOTE : for Vertical propagation : SV = SH

ss.==4=====.m=====.==..==.==.m======================

DIRECTION OF 1-D CONTROL POINT WOTION . ?
- x . I

y = 2

8
z = 3

respond by 1, 2 or 3
1

I., .
WAVE INCIDENCE

AND NATURE OF WAVES

SEISMIC WAVES ARE :

(a) BODY WAVES ?
(b) SURFACE WAVES ?

ANSWER WITH a or b

I DIRECTION OF WAVE PROPAGATION : (a) VERTICAL 7
(b) HORIZONTAL 7
(c) INCLINED 7

ANSWER WITH a b or c

1
,

- )

How CONTROL POINT MOTION (f ree-fleid)- wi ll :
!transfer to the foundation ?I I

(a) DIRECTLY ?
(b) thru convolution / Deconvolution ?
(c) thru SCATTERING ?'

NOTE:

For DIRECT GENERATION of SPECTRAo

DO NOT use conyl/deconv1. NOT APPLICABLE I

For multilayered medium USE conyl/deconvl 'o

1ANSWER WITH a b or e ',

form of SCATTERING MATRIX: (a) ANALYTIC ?
'

NOTE If soli formation Is other
than uniform half space = TABULAR

I ANSWER WITH a OR b
=

52
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11
FREQUENCY RANCE for the Analysis (Hz) i

WINIWUW FREQUENCY (Hz) =?
8.3
WAXIWUW FREQUENCY (Hz) =f
33.9

8
NUWBER of freq. or time points =?
$12
Power of point-size = 9
SIMULATION SPECIFICATIDN

I PSD FORW (of the 6) to CENERATE artificial T.Hs, f
6

NUWBER of ARTIFICIAL EARTHQUAKES = 7
3

5 EVALUATE RESPONSE at 9 of locations = ?
(NOTE : Solution at all DOF of node)
1

HOW MANY NODES ARE THERE IN STICK WODEL = f

IMPORTANT fit : Should coincide ulth number
shown i n WODEL I nput f i le

|| -

NUMBER OF NODES = 2

8
NUMBER OF ELEWENTS = 1

TOTAL NUMBER OF DOF = 6 NUWBERED AS
NODE DOF-1 DOF-2 DOF-3 00F-4 DOF-5 DOF-8

TOTAL NUWBER OF DOF = 6 NUWDERED AS
NODE DOF-1 DOF-2 00F-3 DOF-4 DOF-5 DOF-6

(um) (uy) (ur) (thm) (thy) (thz)

8 14 1 2 3 4 5 6
13 8 e e e e e

I ===============================================
LUWPED WASS WATRIX
of SUPERSTRUCTRURE

(Nodal masses in input file)

ELEMENT NUWBER BANDWIDTH
1 6

WAXIWUW BANDWIDTH IN W & K MATRICIES = 6

8
EIGENYALUES & EICENVECTORS

No. = 1 eigenvalue = 15.5239
No. = 2 eigenvalue = 15.5239
No. = 3 eigenvalue = 75.4260

t' No. = 4 eigenvalue = 417.6e2
No. . G eigenvalue = 417.692
No. = 6 eigenvalue = 233.552

STRUCTURAL DAWPINDO RATIO =?

I, e.85

==================================================
3EI$WIC INPUT SUWWARY

==================================================

I ANALYSIS SELECTED = simulation
FORW OF INPUT FREE-FIELD SPECTRA = poser
EARTHQUAKE DIRECTIDN = 3
FREQUENCY RANCE (f-mim ; f-man) = e.38eees 33.0000

i
NUWBER OF FREQUENCIES IN RANGE = 512
EARTHQUAKE INPUT FILE = frfield.dat

==================================================

||
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. .

READ-IN PSD parameters = 7
=?
9.9

5
18.998
949.85
3.871
23.211
182.62

I e.ee86
=================================================

Soll PROPERTIES r
density, sheer mod., pr, denp

1.720esE-e4 39928.e e.530ees 2.eeeeeE-82

... - - - .... - - .. - - . - - - - - . -

I ================================================
\

NODAL LOCATIONS (output) : 14

=========s=======================================

5 ===================================================
STARTINQ HARW0NIC ANALYSIS

===================================== - ===========

5
completed frequency = 64 of 512
completed frequency = 128 of 512
completed frequency = 256 of 512
completed frequency = 384 of 512

8
END DF HARW0NIC ANALYSI$

CALLINQ SIWULAT10N
W 0 D E

=================================================

I ZPA of EARTHQUAKE FAWILY (in G-s) = ?
1.e

*

=================================================

DAWPING of CROUNCO SPECTRUW = 7I (to define input ground accel.)
0.05

DAMPING for FLOOR SPECTRUW = ?

i
8.05
====================================

output : 14
d.o.f. 1 2 3 4 5 6

ji[ ====================.3==============.============

SUPPLY seeds for 3 earthquakes

333333

5 555555
777777

=================================================
TRANSFERIN0 EARTHQ. 1

I
.

=================================================

=================================================
7RAN$FERINO EARTHQ. : 2
=================================================

=================================================
TRANSFERINO EARTHQ s 3
=================================================

.

11
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I
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

0UTPUT L0 CATION $

a y Rx Ry Rs

'I
node a 14

Clobal 0.0.F . 1 2 3 4 5 6
Output Rank 1 2 3 4 5 6*

4
SPECIFY the Rank of the D.O.F for output
3

==============,==================================

RE$PON5E SPECTRA

5 at DOF due to all fictitious earthquakes
=================================================

(freq)

0.485 0.823 8.819 5.814
8.818 8.848 8.068 e.857
1.215 8.189 6.116 8.101
1.628 8.123 8.2e6 8.211

, 2.825 9.218 8.266 e.394
..... .... ...... ........ .

e

19.439 4.376 4.723 4.891
19.844 4.250 4.751 4.963

1
28.249 3.985 4.962 4.962
26.654 4.825 4.949 4.652
21.058 4.177 4.991 4.204
21.463 4.155 4.782 4.333

71.686 6.25 62 7.38
72.085 6.543 7.117 7.446
72.498 6.794 7.163 7.413
72.896 7.983 7.209 7.307

I' 73.388 7.169 7.255 7.387
73.785 7.296 7.298 7.632
74.119 7.366 7.327 7.758
74.515 7.469 7.338 7.768
74.928 7.388 7.293 7.724

5
7%.325 7.328 7.281 7.877
75.739 7.319 7.844 7.993

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

EQUIVALENT
RESPONSE $PECTRUW

STANDARD DEVIATIONS ABOVE THE WEAN F
1.e

E

I
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I
PL0T R. Spectrum of output rank i 1
Enter x1,x2 ( x1 = x2 to skip or move on)

I
1

1

PL0T R. Spectrum of output rank 2-

Enter si,u2 ( x1 = x2 to ship or move on)
1

I' 1

PL0Y R. Spectrum of output rank 3*

Enter x1,x2 ( x1 m x2 to skip or move on)
1

2
8.799E+0e 1----- ---- .-------- - --

-- =-1
<

1 1
1 1
1 1
1 e 1

5
1 1
1 e 1
1 . 1
1 . I
1 1
1 e 1

8 1 * 1
1 . 1
1 1
1 1
1 e 1

5
1 1
1 1
1 . 1
1 . 1'

1 e 1
>

1 . . 1
1 . . 1
1 1
1 1.

1 1

1
1 e 1
1 .. . 1
1 .. . 1
1 . 1
1 . 1

1
1 e 1'
1 e 1
1 1
1 1
1 1

'I 1 e 1
1 1
1 . . 1
1 1
1 1

5
1 .*. 1
1 . 1
1 . 1
1 . . I

1 ..... .. 1

5
1 ...... 1

i
1 ..........
1 1
1 1
1 1
1 1
1 1 l
1 1
1 1

e
1 1

5
1 1
1 1 i"

1 1
. . 1

1 ;

.
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Sample Run 3. The superstructure load option is executed in this sam-
ple run for a time varying concentrated load, shown in Figure 2.9, applying

h on flie iniddle floor (node) of Model-2. The load input is in a file named !

loads.dat, Table 2.5, and the output is the forces exerted on the foundation

g as well as the resulting displacements on the top nodal location.

400 j

300 I
:

k
200 i

1, '

) !2 100
!

r
S A nl ,I L $ b hU

, .

E %l( (v ir J( ) { _j" 4

| L100 g
-

q

-200 i <

h -300

| 0 0.5 1 1.522.533.544.555.56
'nme (sec)

I
Figure 2.9 Superstructure Load

I Table 2.5 Input File of Dynamic Load

I # of acting loads Time step # time points
1 0.068 128

nodal location d.o.f along which force is actingI 14 1
3.90025E-02 -8.934128
7.81250E-02 -0.009678

'8 ........................

1.445313 67.84847
1.484375 16.98985

k$bhbbib bb.bhhbb
''

4.609375 -39.84630

b.bbbbbb' kb$$$khb
'

5.625000 -19.47718
5.664063 36.67180

I
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I. . .

D1reet 0enerat I o n' .=

. of :
Reeponse Spectra= .

I = .

= Dr. N. Simos & Dr. A.M. Philippacopoulos .
===.======. ...=...z.============u===.======.3====

PROBLEM TITLE ?

I Superstructure Load
Type of analysis t (a) DIRECT generation of RS ?

(b) SIWULATION process ?

(c) SUPERSTRUCTURE loads ?
(d) SINGLE actual earthq ?

.I ANSWER WITH a b, e or d,

e
STRUCTURE IS SUBJECTED TO C0NCENTRATED

NODAL F0RCES
- expressed in TIME domain. The number of time points

should be equal with the number of HARWONIC freq.
of the analysis.

DYNAWIC INPUT FILE

INPUT is one of following data sets :
............_- =- - ..........

(a) PSD parameters (direct-PSD based analysis)

.I (b) PSD guess parameters &' target Resp. Spectrum
(direct-RS based)

(c) PSD parameters f or PSD-BASED earthq. simulation
(d) TARGET Response Spectrum for earthq. simulation

I (e) FOURIER expansion /' Time hist. of ACTUAL earthq
(f) FOURIER expansion / Time hist. of SUPERSt. load

===.==.==.====3.=========...==========.=====.m==.m.

I FILENAME ?
loads.dat
GEOMETRIC WODEL IN FILE ?
nympl3.dat

FREQUENCY RANGE for the Analysis (Hz)

MINIMUW FREQUENCY (Hz) .?
0.3

'I WAXIMUM FREQUENCY (Hz) =?
15.0
NUMBER of freq. or time points .?
128

I FREQUENCY STEP TOO LARGE I
,

COTO THE NEXT POWER OF 2
.

'

256
.

form of IMPEDANCE MATRIX: (a) ANALYTIC ?I (b) TABULAR ?
ANSWER WITH a OR F
"

i

EVALUATE RESPONSE at # of locations ?=

1 1

HOW MANY NODES ARE THERE IN STICK WODEL . ?

IuPORTANT ? Should coinelde with number I
shewn in WODEL input file

aI OUTPUT SEND TO FILE ?

output.out
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..................................................
INPUT SUMMARY

I ..................................................

superstructu IANALYSIS SELECTED .

INPUT FILE medel-found-soll Info . exmpl3.dat
INPUT FILE (earthq. PSD,RS,th - load) . loada.dat

-- I
INPUT FILE imp Imped.dat.

INPUT FILE seat . acater.dat
DUTPUT FILE . output.out

I

e...=...=........=...........e..=.=...............

}
|

NUMBER OF NODES . 4
NUMBER OF ELEMENTS = 3

!

, TOTAL NUMBER OF DOF . 18 NUMBERED AS
l N0DE DOF-1 DOF-2 DOF-3 DOF-4 00F-5 DOF-6

i

TOTAL NUMBEb 0F DOF . 18 NUMBERED AS |

I NODE DOF-1 00F-2 DOF-3 00F-4 DOF-5 DOF-6
(ux) (uy) (uz) (thm) (thy) (thz)

16 1 4 7 10 13 16
15 2 5 8 11 14 17I 14 3 6 9 12 15 18
13 0 0 0 0 0 0

m..==...==.==....==.=====.m.. man..m======...==.
LUMPED MASS MATRIX
of SUPERSTRUCTRURE

(Nodal masses in input file)

I f
...............................................

ELEMENT NUMBER BANDWIDTH I

1 16
2 17
3 17

MAXIMUM BANDWIDTH IN M & K MATRICIES . 17
EIOENVALUES & EIGENVECTORS
. ........=............. ..
No. . I eigenvalue . 52.9404

I No. . 2 eigenvalue . 290.100
No. . 3 eigenvalue . 161.631
No. . 4 eigenvalue . 52.9404 j
No. . 5 eigenvalue = 290.180

{No. . 6 eigenvalue = 161.631 i
No. . 7 eigenvalue . 104.1761 1
No. . 8 eigenvalue . 576.070 d

|No. . 9 eigenvalue . 319.238
No. . 10 eigenvalue . 604.649 |I No. . 11 eigenvalue . 493.846 q
No. . 12 eigenvalue . 312.948 'I

No. . 13 eigenvalue . 604.649 j
No. . 14 eigenvalue . 493.846 i
No. . 15 eigenvalue . 312.948 l
No. . 16 eigenvalue . 336.302 )
No. = 17 eigenvalue . 314.042 j
No. . 18 elpenvalue . 221.510 J

1
"

i

4

I
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I
STRUCTURAL DAMPING RATIO =?

.
0.05 ;

MASS WATRIX OF THE FOUNDATION : ?

1= Dlagonal elemente provided in INPUT file
e= Matrix to be evaluated by the program

I respond with 1 or e
1

GEOMETRY OF THE FOUNDATION : ?

1= CIRCULAR
2= RECTANGULAR

respond with 1 or 2
I

I POSITION OF FOUNDATION : ?

e= SURFACE
1= EMBEDDEDI respond with e or 1

0
==============c.s=================================

F0UNDATION SUMMARY
=======.==========================================

= 1MASS liATRIX
= 1GEOME"RY
= 0EMBEDhENTI DIMENS10N -a = 10.00000

DIMENSIO.'l -b = e.
THICKNESS = 3.00000
DENSITY = 150.000

I ==================================================

==================================================
SEISMIC I *1 P U T SUMMARYI ==================r ,=============================

superstructuANALYSIS SELECTED =
= 0.300000 15.000sFREQUENCY RANGE (f-mim ; f-max)
= 256

.I
NUMBER OF FREQUENCIES IN RANGE

= loads.datEARTHQUAKE INPUT FILE

==================================================

||
=================.====.s==================

superstructuDYNAMIC ANALYSIS =

SUPERSTRUCTURE load a concentrated

==========================================
=================================================

I. UNDERLYING SOIL PROPERTIES :
= 3.33758Density
= 2.81002E+06Shear Modulus
= 0.330000Poisson Ratio
= 5.eeeeeE-02Soll Damping

I- ================================s================

s================================================

I NODAL LOCATIONS (output) 16+

=================================================

I
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I
===============================================r.===
5TARTINO HARW0NIC ANALYSIS ;

===================================================
.

= 16 of 128completed frequency=
a 32 of 128completed frequency
= 64 of 128completed frequency
= 96 of 128completed frequency

.

= END 0F HARW0NIC ANALYSI$

CALLINO L0AD5

I =============================================
number of concentrated f eeds 4 1

CONCENTRATED LOAD 1

nodal location 4 14 LOCAL dof a 1
NODAL location : 14 QLOBAL dof : 3
=============================================

. I ========================================
PLOT SUPERSTRUCTURE FORCE 1 ?
type a yes or no

========================================I no

================s============================
FOUNDATION FORCES due to SUPERSTRUCTURE LOADS
us===========================================

- I
Fu Fy Fx Wx Wy Wz

6.77174 e. 6. 8. -531.222 8.

-3.e5094 8. e. e, -687.623 8.

-5.41287 8. c. 6. -492.74e e.

I 2.63456 e. 6, 8. -258.158 c.
e.469508 8. 8. 6. 13.7735 s.
-7.39591 e. 8. 6. -127.581 8.

-3.06698 8. 6. 8. -343.589 c.
5.91683 8. 6. 8. -224.459 8.

I -2.99491 0, s. e, -98.42e6 5.

-12.7748 8. 6. 8. -528.587 8.

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

..................................
-38.6796 9. 8. 8. -464.883 6.

I -7.80916 0, c. 8. -1344.61 e.
9.78688 8. 9. 8. -1371.32 8.

-27.82e1 -5. 8. 8. -1188.75 8.

-38.6844 6. 5. 6. -3528.67 e.
-7.91444 8. 6. 8. -4338.62 8.

I -59.7789 8. 6. 6. -2632.18 8.

-124.128 s. 8. 8. -4296.24 6.

32.1468 8. 6. 6. -6465.87 6.

33.1957 e. 8. 8. 8312.93 8.

-8.51175 5. 6. 8. 17673.7 8.

I 71.6213 e. 8. 8. -375.228 6.

====================================
PLOT FOUNDATION FORCES ?
type , yes or no

====================================

I no
=================================================
TO7AL SUPERSTRUCTURE DISPLACEWENT at i

NODAL location i 16
=lth OLOBAL d.o.f. i 1 4 7 le 13 16 .

l=================================================
_

Un(t) Uy (t) Uz (t) Rx(t) Ry(t) Rz(t)=

7.e2141E 88 e. 8. 8. 3.67111E-89 e.
9.95254E-88 0, c. 6. 3.76810E-89 e. ,

I '!
1.27376E-87 8. e. 8. 3.85262E-89 8.

I1.52887E-87 8. 8. 8. 3.93121E-89 8.

1.77385E-87 e, s. c. 4.ee215E-e9 e.
2. pe 385E-0 7 e. e. 8. 4.06996E-89 e.
2.23148E-87 e. s. e. 4.14e64E-89 6.

' I . . . .... .. .. ... ... .... ........

.

||
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I. APPENDIX I. System Excitation

I
A free-field carthquake rnay be in the forni of a response spectrum,

:| power spectrum or time varying acceleration.
By selecting the DIRECT approach in the first level of branching it is

autornatically irnplied that a power spectruin is to be transferred directly:
I to the floor. For a specified free-field power spectrum (either in a closed

fann expression, equations I.1 thru I.5 below, or a tabular representation)
no manipulation of the input takes place prior to the solution. If, however,|

the DIRECT approach is selected while the free-field carthquake is in the

g form of a response spectrum a power spectrum compatible to the given re-
sponse spectrum must be established. This is achieved through the process.
described below:

I.1 Response spectra to power spectra

The response spectrum characterizing the free-field motion RS (w,()t

is known for the frequency range of interest. This spectrum could also be

| called target Response Spectrum. Assume that the power spectrum con-
sistent with the target response spectrum is <Fe(w, A)_ where A is a vector
of parameters that are specific of the power spectrum. These parameters '

define the shape of the analytical expression of the psd and they are un-
known until the consistency between the power and the response spectra is
achieved.

In order to begin the iterative process, an analytic expression for the

| psdis chosen and initial values of parameter vector A are asstuned. Over the
years, several closed form expressions that can describe the power spectrum
of earthquake ground accch: rations have been proposed. The expressionsI that the DIGES program utilizes are the following: |

1.2 Analytical Forms of PSD in DIGES

i. Kanai-Tajimi (Form 1) )

I 1 + 4C(5")2
S,(w' A) = So [1 - (5;)212 + 4Q(y;)2 |

|

I 1
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A=[c,,w,s# (I 1) !y

ii. Ruiz-Penzien (Form 2)

1 + 4(2(y;)2 (y;)4
I s'(w' A) = s [1 - (5;)2j2 + 4(2(g;)2 {1 - (j;)2]2 4 4(2(g;)2

I
A=((g,W,So,(p,W] (I.2)y p

I
iii. Superposition (Form 3)

I
2

~

(1 + 4( )(1 - c ]s,(w, A) = s Pko
_ 2)2 + qg2

A = {{1, wi, S , (2, W , S ] (I.3)i 2 2

Dy multiplying tite above expressions with tite filter
1

I 1
(I.4)1+ag22

I where a is a small parameter (a < 1.0), new forms of analytic psd are ,

- deduced, specifically: !

Form 1 - Form 4 |
l

Form 2 - Form 5 ||
(I.5).g

Form 3 -> Form 6

I
1

I |
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I 1.3 Earthquake Sirnulation

| If the simulation option is selected to transfer the free-field earthquake
to the structure it is implied that an ensemble of generated earthquakes !

| will be transferred by utilizing the Transfer Function of the system H(w)
according to the relationship ,

I F (w) = H(w)F,(w) (I.6)y

g where F,(w) and F (w) are the Fourier expansions of the input and outputy

respectively. ,

The artificial carthquakes can be generated from either a power or |I a response spectrum characterizing the free-field stochastic process. The !

required information for the generation and transferring of the earthquake

| casemble based on the two possible types of free-input are listed below:
PSD Based Ground Acceleration Simulation

1

| A time history g(t) of an artificial acceleration generated from the form
1

N |I g(t) = ((t)[2 { v F (wg)Aucos(wi + pg)] (I.7) |6 to

|i=1

wg = i Aw Aw = w"
N

where w is a cutoff frequency above which the power spectrum is assumedo

to vanish and is a parameter specified by the user when he is interactively

'| asked to define the frequency range of the analysis and N is the number of
uniform frequency increments.

{$g} is a vector of random phase angles uniformly distributed between 0 and
2r and is selected by the program on the basis of a SEED number provided

'

g by the user (interactively). Different choices of the vector of random phase
angles willlead to a different simulated earthquake that has both the mean
and the autocorrelation of the stochastic process described by the PSD ofI |

the stochastic free-field process.

g <Fo(w) is the power spectral density of the process and is also specified by the
user when the program requests the psd form (of the 6) that the generation
is to be based on.
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I ;

I ((l) is a modulating function, see Figure I.1, that introduces the nonsta-
tionarity in the generated record. Three (3) parameters are associated with
t his function, tj , t2 and c, and are specified by the user interactively. Thus,
the carthquake duration must be assessed.

The simulated carthquake g(t) is periodic with a period

27r

I To = Aw (I.8)

so the duration of the generated ground motion can be determined on the
basis of the selected cutoff frequency w and number of frequency incre-o

ments N. Since Fast Fourier processes are invoked in the transferring of the

g simulated earthquakes the value of N should be large enough (N ;> 1024)
and a power of 2.

I
Simulation Based on Response Spectra

I -

Simulated earthquakes that belong to the family the target response

| spectrinn represents can assume the form,

NI g(t) = ((t) { C (w) sin (wi + pi) (I.9)i t
i=1

I
where C (w) is the amplitudes of the io, contributing sinusoid and di s itsi4

phase angle. ((t) is the deterministic envelope function described in the
previous section.

Similarly,any choice of the vector p which contains the uniformly dis-

| tributed in the interval {0,27t} non-correlated phase angles and a set of
amplitudes C(w) will define a ground motion.

g In order for the generated ground motion to be consistent with the tar-
get response spectrum, the amplitudes C(w) have to be iteratively adjusted
so that the difference between the target response spectrum, which charac-I terizes the random process, and the generated one from g(t) is minimized
over the control frequencies. This iterative consists of the following steps:

a. The frequency range and the number of uniform increments N are
interactively defined by the user.

05
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I
b. A random vector of phase angles is selected based on the supplied

SEED number (the user provides as many SEEDS as are simulated

'| carthquakes)
c. An initial set of amplitudes C ngsgor(w) is chosen. While it is desirablei

| to minimize the iterations by starting at the best guess for the vector
Cing, gor (w), that can be achieved by assigning the amplitudes of the
Fourier expansion of the zero-damping target spectrum, theoretically

I' any choice should work. In this study the entire initial vector is set
equal to one (1.0) by the program so the user does not need to specify

'| it.
d. ((t) is specified by providing the three parameters t ,t2 and c.i

.g When the complete ensemble of generated earthquakes has been trans-
ferred to the structure, the response of the system at any d.o.f. can be then
seen as a single Response Spectrum which is deduced from the average ofI the ensemble of response spectra each deterministic process will provide,

{'"" I RS (ws,()I RS (wi,() = (I.10)
#

y
H

| along with the statistical properties of the ensemble of amplifications at
every specified frequency wg, [m + a) * RS(ws). The number of standard

g deviations o is provided by the user interactively after all the simulated
earthquakes have been transferred to the structure.

I
I ?
I

1 -

2 e-c(tt)2t

' ' :- t
tj t2I Modulating Function

I
Figure I.1 Non-stationary Modulating Function
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I I.4 Deterministic Input Analysis

| For the particular case of a recorded accelerogram of an actual carth-
quake event that represents the free-field motion a deterministic analysis

g can be utilized. This analysis will resemble a single transfer of the simula-
tion process discussed previously.

Thus, the accelerogram of the seismic event in the form of its Fourier
I- expansion,

N

g a(t)octuoi = { C,(w)e'"''' (I.11)
i=1

g is transferred to the floor through equation (I.6). The user interactively
specifies the frequency range and the number N of uniforrn increments.

I
I.5 Superstructure Dynamic Loads

Dynamic loads acting on the superstructure will be in'the form of a
.

time history of the intensity. Periodic or not the time history record will
be equivalently represented by its Fourier decomposition,

m

I p(t) = { Au(w)e""''
k=1

Au = 27r (I.12)T
The available time history record is specified by the user by the name of the
file that contains it along with the number of uniformly spaced time points

| N and the frequency range of the Fourier decomposition (same as that of
the analysis). Similarly, since Fourier transform processes are implemented

g the number of points should be large and also a power of 2.
The Fourier decomposition of the dynamic load is transferred to the

structure through the transfer function H *(w) listed in the Theoretical4I Basis of Diges according to the relation,

| U (w) = H *(w)P(w) (I.13)t 4

I
G'T
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APPENDIX II. Impedances and Foundation Input Motions

I
II.1 Foundation Impedances

I The relationship of harmonic generalized external forces and moments
exciting a rigid foundation and the response of such foundation is expressedI in terms of the [G x 0] frequency dependent impedance matrix. In addition
this matrix depends on the geometry of the foundation as well as the prop-
erties of the underlying soil medimn. The complexity that accompanies the
exact description of the kinematic interaction between the foundation and
the soil has limited the ntunber of generic analytic solutions. To circumventI this difficulty so studies of parametric nature can be conducted, approzi-
mate analytical solutions have been deduced for simple geometry founda-
tions such as circular and rectangular. The problem, even for the simple
geometries, gets further complicated for foundations that are embedded in
the soil. Still, approximate relations have been derived to accommodate the
two simple geometries.

In the process of deducing the approximate formulae models, for em-I bedded foundations in particular, sophisticated numerical analyses have
been utilized (finite or boundary element methods) leading to various ana-

| lytic expressions that approximately describe the same response.
Listed below is one of the several sets of approximate impedance for-

| mulae the same way they have been implemented into the DIGES compu- I

tational process. Each of the elements reflect both the stiffness and the
damping contribution according to the relation K = k + ia c where k andoI c are normalized stiffness and damping coefficients and no is the dimen-
sionless frequency no = y with = the shear wave velocity and a the

| characteristic length.

I. Surface Foundations

a. Circular Geometry

-| Horizont al:
Ku = Kf,(k$ + ia c$)o

| where, ;

Kf, = 32(1 - v)Gr ; k% = 1.0 ; cl = 0.576,,1 - 8v
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I Vertical:
Ky = K'(k" + ia c")oI where,

; k" = 1.0 ; c?, = 0.85,I K* = 1 - v

I Rocking:
Kn = K,*(k* + ia c")o

f where,
38Gr 0.30

K "* = ; k"a = 1.0 ; c" =
g 3(1-v) l + Be

B+ = 3(1 - v)Io| 8pr 5

Torsion:I Kr = K"(k? + ia c?)i o

| where, Kf=18{"* ; k? = 1.0

V, Ie_| #o _ _

'~
r(1+$) k,

I
v = Poisson's ratio of foundation medium

I G = Shear Modulus of foundation medium
r = radius of circular basemat
p = mass density of foundation mediumI Io = total mass moment of inertia of structure and basemat
about the rocking axis of the base

| I, = polar moment of inertia of structure basemat.

I
I
I
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I
b. Rectangular Geometry

g Vertical:
Ky = K,"(k + ia c)o

,| dal 4"Nk=1.0
b+a$ KO

I- 0.2 10
d = 0.4 + b=

1 + 3($ - 1)
Horizontal:

Kn, = KS,(k + in c)o

| 4j
k = 1.0 c=g

_

Kn, = Kn,(k + ia c)o

E 4hk = 1.0 c = go

I h y

Rocking:
g , = K , (k + ia c)I o

4cx L
".2daj = T li o

I k=1.0 b+aj KS,/+"$
L

d = 0.55 + 0.1 g-l

g
/ = 2.2 - (

b = 2.4 -
33

| xy, = Kn,(k + ia c)o

h k = 1.0
0.55aj Y(I) "$
b + aj KE, / + "$

g 1.4 18

b = 0.6 + ( )3 / = 10 + 175() - 1)I . .
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I Torsioni-

s
Ke = Kf(k + ia c)o

" "
k=1.0 b+aj 3Kf f+aj

c=
g

5-1 1.4

f = 1 + 3(j - 1)0 7d = 0.33 - 0.03
;| B

;| 1 + 0.33(j - 1)
'

b=

| where,

K" = GB [3.1( B )" 76 + 1.6]
L

4

,|
1-v

GB L
Kyi, = 2 - v[0.8( B ) " + 2.4]|

L
Kyi, = Kyi,(2 - v) + 0.8GB(B )

GB

I Kh, = 1 - v[3.2( )+0.8]

g KS, =
_

[3.73( )2.4 + 0.27)

Kf = GB (4.25( )2.4s + 4.06]
3

2(l~")I a-
1-2v

and L and B are half of each side of the rectangular foundation (alwaysg
L > B).

I
|E

I
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I
E II. Embedded Foundations

|
a. Cylindrical Foundations

.

Vertical:

h K, = K,'(k + ia c)o

x(a+2ri)| k = 1.0 c= K:
GR

-- g. IIorizontal:
ICn = Kg(k + ia c)'o

I x[1.0 + (1.0 + a)r1]& = 1,o c_~ Kg

Rocking:

Kn = Kfi(k + ia c)o

0.35aj
k = 1.0 -

1.0+af"

x{{ + ri + (lj )rf} 3{5 + 0.84(1 + a)r[ 5
6

,2 g ,,
g ' K *,

GR3

2
b=

1 + ri

Torsion:

Kr = Kf(k + ia c)o

" 6 og*

k = 1.0 - c-
1.0+aj

-

Kt
GRs

.0

|
b= ,

0.37 + 0.87rf

I Coupling:

Knn = (0.4ri - 0.03)Kn
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where the static coefficients are given by the formulae:

h K{ = KE(1 + 0.54ri)
|

| Kjf = Kyf(1 + ri) |

aKh = Kyf[1 + 2.3ri + 0.58r J

K' = K,"(I + 2.67r1)

h Khif = (0.4ri - 0.03)Kjf

where the o superscript denotes the static surface coefficients previouslyI listed while R and E are the radius of the foundation and the depth of the
cinbedment respectively and ri = j.

b. ernbedded rectangular foundations

| vertical:
Ky = K(.(k + ia c)o

I ari+r2(1+ri)]"
k=1.0

b+af K(,
c=

*

d = 0.4 + b=
rt 1+3(ri-1)g

Horizontal:I K , = Kjf,(k + ia c)it o

[ri + r2(a + ri)]k = 1.0 c=
EL $1x

lt 11, = Kjf,(k + ia c)o

4{ri + r2(1 + ari))g 1. _ 3'o '=~

K*11 y

Rocking:
K r, = Kh,(k + ia c)i n
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I
'la "2 d = 0.55 + 0.1/ri - 1 b = 2.4

0.4
k=1.0

k+af 3
r i

I
4(r2 + I, + yrirj + r2r1 + yri) a$ ff

| Kyi, f + a$ + g f+af'*

0.4 4(ari + 1)rj
| | = 2'2 ~ "

3 3Kfi,r

Kn, = Kfz,(k + in c)o

I 0.55a"2 1.4
b = 0.G +k=1.0 b+aj 3r

1

4(rfr2 + arjri + rj + 3r2r2 + ary) a$

3Kft, f + af + D f+ajc _-

I
D = 4(ri + a)rj1.8

g f
1.0 + 1.75(ri - 1) 3Kft,

Torsion:
Ke = K,*(k + ia c)o

2la" 0.8
k = 1.0 - d = 0.33 - 0.03/r1 - 1 b=

1 + 0.33(r1 - 1)I
4(3rir2 + arf r2 + r r2 + ar2 + r| + ri) a$

2

"

g 3Kt f + aj

1.4

g f
1 + 3(r1 - 1)0 7

-

| conpiing:

Kun.= Ku,
I

Kun,= Ku,
I
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where tiie corresponding static coefficients are approximated with the ex-
'

pressions:
m K(r = K?,[1.0 + (0.25 + 0.25)rj 8)

Il

Kjf = Kjf[1.0 + (0.33 + )rj 8)

Kh, = KE,[1.0 + r2 + (0.3
ri

| 1.6
KL, = Kyt,[1.0 + r2 + (0.35 + rf

|
K," = Kf(1.0 + (1.3 + 1.32)rj 9]

.

T1

while the two ratios r1 and r2 represent

| L E
r1 = 3

; r2 = g

i

I
I
I i

|

I !

I

I
,

I

I
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II.2 Foundation Input Motion

DIGES distinguishes three general cases relating the free-field motion
with the foundation input motion:I ,

1

A: Free-field directly applied as input motion 4

| According to this case the foundation input motion is equal to the i

free-field motion (i.e., Uci = US). This case represents early stages of ;

seismic analyses of building foundation systems according to which the
criteria motion was directly applied at the bottom of the soil springs.
This reflects primarily cases involving surface foundations. Since theI free-field is applied directly as the excitation of the building foundation
system the (6 x 3] matrix H (w) takes the form3

-

(I)
-

H(w)- (II.2.1)I 3

_ (0) ,

| where (I) and (0) are (3 x 3) unit and null matrices respectively.

| B: Convolution / Deconvolution
In this case the foundation input motion is the free-field motion at some
depth, depending on the characteristics of the embedded foundation.I The free-field motion at a given depth is obtained through convolution
or deconvolution depending on whether or not the criteria motion is

| treated as an outcrop motion or a surface (or near surface for very soft
top layers) motion. The current version of DIGES utilizes vertically

g propagating body waves, i.e. shear waves (for horizontal motion) and
dilatational waves (for vertical motion) for computing H (w), i.e.3

I
I
I

I
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LI

I
-H3(w) 0 0 -

|| H (w) 00 3

0 0 H,(w)
H (w) = ( I.2.2)3 0 0 0I 0 0 0

_ 0 0 0 .

- .Un(w), Hy(w) are transfer functions for convolution / deconvolution opera-
tions related to the one dimensional propagation of shear and dilatational

| waves respectively. DIGES has the option to allow the user to input convo-
lution/ deconvolution data from external sources (e.g., CARES, SHAKE).

g Inherent to the program are a set of analytical models that allow the convo-
lution and deconvolution of the control point motion in uniform half space
or a single layer overlying the bedrock.

C: Kinematic Interaction
g In the case of foundation input motion incorporating kinematic inter-

action effects due to the scattering of the seismic waves by the rigid
foundation Hs(w) is a (6 x 3] frequency dependent matrix containing

.I the scattering coefficients which depend on the types of seismic waves
considered, the properties of the underlying medium and the geometry

| of the foundation itself. DIGES has generally two (2) options regarding
the formation of H (w). The first option corresponds to user supplied3

I scattering data. These values reside on external file (s) while their for-
mat has been specified in the section discussing the Foundation Input

- Motion input file (Table 2.2.2). The second option involves analyti-
cal models that can used directly with minimum input data. They
correspond to the scattering matrix of surface foundations (circular or

| rectangular) for body waves impinging at any angle and for surface SH
waves. The analytical formulae can be found in Reference 18. Through
either approach, however, the transfer function will take the form

R,,(w) 0 R ,(w)~ l

O Ryy(w) 0 lI R,,(w) 0 R,,(w) i

"" "( *) 0 UI.2.3)
'

Hs(w) = 0
R,.(w) Rrr(w) |

L L
R,y(w) g0

- L -
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I
g where L is a reference length. It should be noted that in the most

general of cases which is the non-verticalincidence of seismic waves all

| of the coefficients appearing above must be evaluated.

g

I

I
I
E

I
E

I
I
I
I

I
'

E
|

I

1'I
78

I



,

I
i

I APPENDIX III. Superstructure Modeling !
s

I
The Diges formulation idealizes the superstructure with a stick model

| description consisting of flexible members with equivalent stiffness and mass
matrices. The finite element representation utilizes the 3-D elastic beam
properties which allows for six degrees of freedom in each nodal location.I The special feature that allows rigid links between nodal locations in the
finite element idealization has been incorporated. The presence of such links

~

will allow for a rnaster/ slave relationship between two nodes and enable i
the evaluation of the response of a superstructure with such particularities. (

g The select. ion of (a) consistent mass matrix or (b) lumped mass ma- I

trix is made possible by the specifying the value of the key in the input file.
It is a single record on the line of data inunediately after the nodal specifi-I cations. key = 0 implies that the lumped mass matrix is used (diagonal)
and key = 1 that the consistent matrix will be formed. Note that for the

| latter case the density of each finite element must be provided as the last
!cohunn of the element connectivity records that immediately follow. The

I stiffness matrix is always consistent.
The consistent stiffness matrix in the coordinates of the finite element

is shown in Equation III.1 and the mass matrix in Equation III.2. 1

I
t

I i

I |
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I
where:

12 EI

| + v = u s .,1i> ;
12E $> = os.p

E= Young's modulus
l = molnent of inertia normal to direClion ii

B
G = Shear modulus = z1 g

g A = Cross sectional area
A,i = shear area normal to direction i
L = length of element connecting nodes I and J.I v = Poisson's ratio
J = torsional moment of inertia (= J, if I, = 0, = I, otherwise)
J, = polar moment of inertia = I + I,y

p = density

E
The global solution, however, must be expressed in the global rather

g than local coordinates since the superstructure degrees of freedom are ex-
pressed in these coordinates. Thus, in order to form the final system ma-
trices in the global coordinates, specified as X, Y and Z on Figure 5-1, a
transformation matrix (Tr] is utilized such that,

(K ] = (Tr]7'[Kioc][Tr] (III.3)yi

and similarly,
[hI } = (T,}''\Af oc}[T,.} (III.4)gi t

I
[Tr] relates the vector of displacements in the element Cartesian coordinates

g to the Global Cartesian coordinates through the relation

_

ui = (TvJu (III.5)

The formation of the global stiffness and mass matrices [K) and [M] will !

| involve the assemblage of the individual stiffnesses which are already trans- |

formed while for the special case of lumped global mass matrix, [M] will |

g take the diagonal form,

I
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I

I
~ m{'

-

I O mj'
(M is] = 0 0 m|' (III.6)g

| . . . .

_0 0 0 0 0 m;' .

It should be expected that slight changes in the eigensolution of the super-
structure will be observed by using the lumped mass matrix.
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