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ABSTRACT

DIGES is a computer program that can perform dynamic analyses of
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, earthquake 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 reguired 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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1.0 INTRODUCTION

1.1 Problem Definition

The need to develop acceptable flecor response spectra has been an
ongoing process, Such spectra are affiliated with seismic loads that the
structure is subjected to and they represent the prediction of the response of
various clevations within the structure that in turn can be utilized to predict
the response of sensitive equipment resting on a particular elevation. These
seismic loads are conventionally expressed in the form of design response
spectra for a number of reasons.

Consequently, the development of computational schemes which can
incorporace the information, or assessment, pertaining to the seismic load
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 determines
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
on the structure itself. On the other, the stochastic approaches attempt to
define the floor response to un anticipated ground excitation that belongs
to a family of earthquakes which in turn is described by target response or
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
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
power spectrum 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
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is what the usually above stands for). Throngh 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-
naiiic properties.

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 direct
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 earthquake simulation procedures and
the deterministic seismic and dynamic response of the structure, define the
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 the
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 systemn are shown.

An overall description of DIGES can be seen in Figure 1.2.2 where
the general capabilities are listed. According to Fig. 1.2.2, analyses of
hoth stochastic and deterministic nature can be undertaken. While in the
deterministic analysis the consideration of dynamic superstructure loads
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-
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
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 gronnd excitations that can be defined as both
target response spectra or cross-spectral densities of the stochastic process
describing the excitationp



The direct stochastic mode determines the cress spectral density matrix
of the response [#y (w)] for a stochastic process with cross spectral density
$ y (w)]. Tor a statistic process that defines the free field in terms of target
response spectra a consistent cross spectral matrix is formed and eventunally
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 of its 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 gronnd motions directly from the response spectrum).

It should be emphasized here that the redundancy of transferring the
free field motion (either directly or throngh simulation) which appears to
exist in the DIGES computational capabilities, is not for real. Considering
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
fur 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, by
exciting the non-linear system in the time space rather than frequency.

The deterministic mode of Figure 1.2.4 utilizes the system transfer
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
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 motion
of the foundation.
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1.3 Hardware/Software requirements

The DIGES program that implements the various modes of dynamic
analysis has been developed on a SUN SPARCstation 14 machine with
UNIX operating system. The program is written in FORTRAN-77 and it
is a stand-alone entity. Specifically, no external libraries 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
system and the dynamic excitation.

Since the SPARC 1+ is a virtual machine, specificaiions of the mem-
ory requirements for the execution of the DIGES program are meaningless
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.
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2. DIGES Algorithm

The implementation of the theoretical background, pertaining to the
transferring of the free-field motion onto the superstructrure, into a compu-
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.
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 the
main text, such as direct generation of spectra, earthquake simulation, de-
terministic earthquake 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
outlines the basic solution flow chart while Figures 2.2-2.5 describe in more
detail the operations executed in each solution moduie.

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,
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-
cate .uemory 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.

The sequence of operations are dictated by the main subroutine of the
program which calls appropriate subroutine families that calculate:

a. The modal properties of the superstructure are evaluated by succes-
sively invoking the subroutines that (1) identify the nodal locations
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with the degrees of freedom, (2) calculate the stiffness of the finite
¢lement system representing the superstructure (3) evaluate the band-
width and the global stiffiness and mass matrices and (4) call the eigen-
solution subrontine that returns the eigenvalues and the eigenvectors
of the superstructure.

b. The equivalent mass matrix 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-
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
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.

¢. The appropriate set (to the analysis module) of transfer functions
H,(w) is established for the entire frequency range. For example, for
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
superstructure, (2) a traunsfer function relating the foundation input
motion to the total foundation motior and (3) the scattering matrix
that incorporates the modification of the free-field motion due to the
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 transfer
matrix of the system (complex) is calculated for every frequency.

d. The free-field 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
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solntion frequency range by invoking the subroutines that generate
psid functions cousistent 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 coefficients 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
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 listory is not generated. Finally, (4) if the system is excited
by a dynamic load in the superstrncture, the fourier coefficients of
the dynamic load are established by invoking the appropriate Fourier
Transform subroutine.

On the basis of the final form of the free-field motion (psd or Fourier ex-
pansion coefficients) the routines that calculate either the cross-spectral
matrix of the output or the Fourier coefficients of the time history of
the output are called appropriately. If the output response is in a psd
form, its response sp ctrum is calculated directly from processes inher-
ent to the program, «ee Theoretical Basis of Diges. If the response is in
the form of a time history (or the Fourier coeff.), the linear acceleration
wethod is employed to calculate its response spectrum.
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2.2 Program Input and Output

in the following, a description of the necessary input (interactive or
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 scrcen during exe-
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-
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
tlie distinction between various problems possible without the need to over-
write neither the input or the output. These files contain the following
mformation:

e Free-field control motion information or superstructure loads.

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-
sistent with the foundation type and the free-field ground motion

o System OUTPUT response information that also includes the INPUT
model and excitation as well as the complete output requested.
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Upon regnest of execution of DIGES, which can be invoked by typing
rundiges
at the system prompt, the first requested input is:
PROBLEM TITLE 7
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:

Type of analysis : (a) DIRECT generation of RS 7
(b) SIMULATION process 4
(c¢) SUPERSTRUCTURE loads ?
(d) SINGLE actual earthq 7
ANSWER WITH % o Rk c or d

The statement

Type of Analysis 7
Tle response to the reguest will be one of the following:

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

¢ Simulation specifying that a simulated ecarthquake process will be
used to calculate the response

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

e Superstructure indicating that the system is subjected to superstruc-
ture dynamic loads.
If vour selection is either direct or simulation the program requests the
form that the free-field input is expressed in, specifically PSD (power spec-
trum) or RS (response spectrum).
e power implies that the free-field control motion is in the form of 4 cross

spectral density matrix. This matrix will be transferred to the structure
directly (if the direct option has been chosen) or it will be used as the

22



stochastic process from which a number of simulated earthquakes will
he generated (stmmulation option).

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

.

b.

the number of concentrated nodal loads

the nodal location 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, a
rotational moment with vector along the z axis Mz is identified with
d.of = 6)

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
coincide with the number of harmonic frequencies you will eventually

select.

If vour 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 to
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 vour free-field input file.



e DYNAMIC INPUT FILE is requested next. The program provides
Ihe dlowing mformation and the filename is to be selected on the basis

3 ‘.‘?u.ii\*‘i‘» Vou h;q‘w .1310&1!\ arlm H'll

PSD parameters (direct-PSD based analysis)

PSD guess parameters & target Resp. Spectium
(direct-RS8 based)

PSD parameters for PSD-BASED earthq simulation

TARGET Response Spectrum for earthq. simulation

FOURTER expansion / Time hist. of ACTUAL earthgq

FOURIER expansion / Time hist. of SUPERSt. load

GEOMETRIC MODEL filename is requested by the program
I'is file contains the nodal elemental, foundation mat and soil in

}

01 ' 1 : o .
1l as the locations for output response. trurther details on

be provided later in the volume

If the analysis type selected is other than superstructure loads the

ogram seeks information asso« jated with the SEISMIC WAVES im]migilw_
mn the structure. The user is responsible in making the right selection of
the type of wave his seismic input represents (bodv or surface)
way waves propagate (vertical, inclined etc.)
the directional sense of the control }l"iili motion
['he program provides ON SCREEN information in an effort to ensure
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interactive response of the program during the identification of the seisimic




CONTROL PDINT MOTION : 1-D, 2-D or 3-D 7

respond by i, 2 or 3

S ELECT CONTROL POINT INPUT ORIENTION
CONSIDERING THE FOLLOWING.

3 Plane of propagation = x-2 plane

° x-z plane : P (body) - S8V (shear) waves
° y -~ directlon : SH (shaar) waves

° Horlzontally propg. SH waves : y ~dir.

o Horlzontally propg. Raylelgh : x,z dir.

° MOTE : for Vartical propagation : 8V = SH

so=

DIRECTION OF 1-D CONTROL POINT MOTION = 7

X
y
i

1

2

3

respond by 1 , 2 or 3

WAVE INCIDENCE

AND NATURE OF WAVES

SEISMIC WAVES ARE

(a) BODY WAVES ?
(b) SURFACE WAVES 7
ANSWER WITH a or b

DIRECTION OF WAVE PROPAGATION : (=) VERTICAL ?
(b) HORIZONTAL ?
{e) INCLINED ?
ANSWER WITH R or e

How CONTROL POINT MOTION (free-field) will
transfer to the foundation 7
(s) DIRECTLY 7
(b) thru Convolution/Deconvelution 7
(¢) thru SCATTERING 7
NOTE
o For DIRECT snalysis DO NOT use convl/deconv!

o For mult!layered medium USE conv!/deconv!

ANSWER WITH a , b or c



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-
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 grouud acceleration.

¢. Motion is transferred to the foundation through scattering of the
npinging waves,

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

If the foundation motion is obtained through scattering of the free-field
then the program requests whether the scatter.ng matrix is analytical or
tabular. For SURFACE circular or rectangulir foundations and for (a)
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 7’

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

It also requests whether the soil medium is COMPLEX meaning multi-
lavered or single layered. If the mediun is a single layer (in the case
of OUTCROP rock motion) overlying a rock formation or a uniform half
space (for Soil SURFACE motion) the program requests information on
tlie soil laver 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 of
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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convolution /deconvolution is involved the free-field input can ONLY be
i terms of the Fourier coefficients of the earthquake. This implies that
in generating output Response Spectra DIRECTLY from a free-field Power
or Response spectrum one CANNOT form the foundation input motion
through convolution or deconvolution. If that is desired then the selected
ANALYSIS should be the SIMULATION of earthquakes which can result

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 harmonic analysis

b. maximum frequency (hz)

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

Following che size of the harmonic problem, the program asks for further
information regarding the direct generation or simulation analyses type
(if any of those have been selected).

a. If the selected analysis is direct the program requests fromn the user
to specify whether the free-field is in Power spectra form or response
spectra,

1. Direct analysis - power spectra. The program requests the spec-
ification of either analytic or tabular form of psd input 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
that hus been defined as the one with the earthquake record must con-
tain the ust 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
spectra. Thus, an analytical psd form is requested to be used in the
fitting process (1 through 6) along with the size of the parameter vector
that is form-specific and represents the initial gness. Next, the target
response spectrum is requested in terms of the number of frequencies it
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is specified at (psd to RS consistency will be achieved over these many
fregquencies). The input free-field motion file must accordingly contain
the wvector 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
of parameter vector is specified. If a tabular psdis to be used for the
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 number of artificial earthquakes that are to be generated.
2. Simulation analysis - response spectra. This analysis requires
that a target response spectrum is to represent the process in the free
ficld. The frequencies along with the corresponding response spectra
values must make up the free-field input earthquake file. Again, the
number of artificial earthquakes to be generated from the target re-
sponse spectrum is requested.

At the end of this step the program seeks information on the IMPEDANCE
matrix of the foundation. The frequency dependent [6X6] matrix is 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
are discussed in App. 1I. If tabulated results of the matrix exist for a
particular site then the program requests for the fillename 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
user is asked to respond to questions regarding
a. The number of nodal locations where the output response is to be
evalnated
b. The number of nodal points in the idealized stick model.

When the system prompt OUTFUT 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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During the execution of the program the following information is requested

and should be provided interactively,

a. STRUCTURAL DAMPING RATIO (10% = 0.10)

b. Whether the Foundation Mass matrix (diagonal terms only) is provided
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)
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2.3

Model Input File

This external file whose name has been interactively defined during

exeention 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
the instructions easily (note that the headings SHOULD NO7 be on the
input file). Specifically:

1.

The first record lists the number of nodal locations and the number of
beam elements used in the idealization of the superstructure (4 and 3
respectively for the sample model)

A listing of a number of records equal to the number of nodes specified
above. Each record contains the node number, the three global loca-
tions and six (6) 1D numbers corresponding to each degree of freedom.
For ID > 1 the d.o.f. is not constrained. For ID = —nodex the node
of the record is slaved on the master node nodex., 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 nodal location.

The record that follows the nodal listing 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 be
cousistent then the equivalent density of the beam element representing
the Hoor must be provided in the next set of records.

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 elasticity modulus, poisson ratio, axial
area, the three moments of inertia (in the local coord. system) and
the two shear areas. If consistent mass matrix has been specified from
the previous record thern 1e equivalent density of the element must be

added as the last element of each row.

A set of records equal to the number of nodes follow and each record
identifies the nodal location and the equivalent lumped mass properties

30



ational and rotational masses). These records

be in the input file when the lumped mass matrix has been

6. The next record provides information on the foundation with a sin
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
irrelevant. The last value is the density of the foundation medium.

!i\,[f|!!? i!“- execntion f f?;' ;"['!“\.v!?:l Y‘ll“ user 18 "\g;k"'z to K!Hl( }f\ “ r}H
6 x 6] Mass Matrix of the foundation (diagonal) is provided or must
e calculated by the progr: [f the mass matrix 1s to be calculated

the program the row of 6 diagonal elements should not be in

soll medium under

il density (b) the shear modulus

‘\«ni '[.HHil!I:‘p' ratio

tons is specified in the next record

to b imnteras tivels Spet thed




2.4 Input Files of Foundation Input Motion and Impedance

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 inpu. motion
(scattering) and the dynamic stiffness (impedance) are known for th type
of foundation as well as the soil profile. Through a number of stidies,
numerical results pertaining to these two matrices have been calculated
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).

The non-zero impedance coefficients of the [6 x 6] matrix are provided
first in Table 2.2.1 in two sets of columns. The first set lists the number
of the frequency (dimensionless), the frequency itself followed by the values
of Ky, K5, K92 and Ko4. The same set of columns will follow by listing
Ky, K44, Kgs and Kgg. Each K is represented by two columns (one for
the real and one for the imaginary part of the coefficient).

Similarly for 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
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 (Lharmonic
analysis frequencies), interpolation should be used to complete the vector
of the coeflicients,
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2.5

Input File of Free Field Excitation

1'his external file, also interactively specified during execution, contains

the necessary information that describes either the free-field excitation or
the dynamic loads on th» structure. Therefore, the contents of this file will
be mode-specific. Below is a description of what will DIGES be looking for
to read fror this external file after the analysis mode has been assigned.

1a.

1b.

Direct analysis - Power spectra - analytic form

The only contents will be vectors of size equal to the one specified in-
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-
tation is specified, the number of such vectors will be determined (3
consecutive vectors will be needed for a 3-D input).

Direct analysis - Power spectra - tabular form

Depending on the size of the dynamic problem which has been inter-
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).

Direct analysis - Response spectrum.

This mode requires a target spectrum, an analytic psd form, a vector
with elements the initial parameter guesses and certain statistical prop-
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 square fitting process
(1 allows variation, 0 holds parameter constant). The third record
contains the peak factor of the target spectrum, the p-percentile, the
tolerance for matching and the number of iterations. The fourth record
lists the viscous damping ratio of the response spectrum and the strong
motion duration of the earthquake. Finally, a list of records (equal to
ihe size of the dynamic problem and within the specified frequency
range) containing the number of the harmonic, the frequency and the
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arget response spectrum. The inpnt is

additional directions of the free-field

3. Simulation analysis - Power Spectrum
" |

I'he dynamic input of this mode will depend on the level of sophisti

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

3a. If the three components of free-field motion are considered to be inde
pendent and not statistically correlated, then the psd of each direction
must be provided. Thus, if the power densities can be described by any

vtic forms v the analytic formm has been selected,

of the parameters must bhe the only records in the 1n

other hand the power spectral densities for the three

available in tabular form, so the tabular mode has been

then the inj st contain a number of records equal

f the dynamic problem (number of frequencies) listing the

number, the frequency and the thre }':.s‘u’ values (if all three

nelnts are -\fg,[)'h;;;g?o cl

‘,zq,j based simulated r.i!'}w;!l vkes are to have the three directions
orrelated (a more sophisticated approach) then the input must include
the complete cross spectral density matrix must be provided for all
the frequencies that define the dynamic problem. Specifically, eleven
{ data must be available representing the harmonic number,

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)

Simulation analysis - Response spectrum
ode the simulated earthquakes utilize specified target re
For the general case where all three earthquake compo
required, the three target spectra (each for the corresponding
) must be available for all the frequencies of the dynamic prob
the input file will consist of five (the most) columns which
he harmonic number, the frequency and the spectral values of

directions




5.

a.

b.

C.

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 corfficients.

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
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 acceleration
at the corresponding time.

o 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.

Superstructure dynamic loads

The first record in the external file contains three (3) elemnents which
indicate:

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

the time increment At of the record(s)

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.



# of nodes # of alemants

4 3
nod § x y 2 DOF«x ~y “-X =xx ~yy =%
16 .0 9.9 120.9 1 1 1 1 1

16 e.9 0.8 110.0 1 1 1 1 1

14 0.0 0.0 66.9 1 1 1 1 1

13 e 0.0 0.0 ? [ [ @ [

kay Indicating that mases matrix of structure Is LUMPED
[

@lem ndl nd2 E P.R. Ax Inx Iyy Izx

L.

Ay Az

1 13 14 S8.10ER 0.17 1304 4628287 2268144 2263144 742 742
2 14 16 6.18E8 ©.17 1394 <B26287 2263144 2263144 742 742
3 16 18 6.18E8 ©£.17 1394 4B20287 2263144 22683144 742 742

Node # Mx My Mz x Myy
18 273609 273808 273600 204308000 204308000
i6 ERLLT sascee B30600 AR4E77000 424877000
i4 ass20e BABZOE 35200 021716000 601716000
13 o o00 0. 500 ¢ 000 [ ® . 0000
Foundstion Raalus (or e) b Thickneses Denslty
io.e 8.0 a.e 168.0
M(1,1) M(2,2) M(3,3) M(4,4) M(5,E)

dlislee 3118.00 3208000 13391025000 13301028000

Underlying Soll : Density Shear Modulus PR,
3.63 “90000 2.33

# of locations for OUTPUT
1

ACTUAL node! output location (floor)
16

Mz
60883000
1009021000

1036860000
L

M(8,8)
22643080000

Damping
.05

Table 2.1 Listing of input record for Model Input File
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Impedance Coefflicients

frq K-11 K=-15 K-22 K=-24
1 0.0 4.8%00 0.48%0 =0.3990 =0.039%9 4.8900 0.4890 0.3990 0.0399
2 0.5 4.8000 1.9300 ~-0.4720 =0.085%2 4.8000 1.9300 0.4720 0.05852
3 1.0 4.86%500 3.4100 =0.5270 0.0229 4.6500 3J.4100 0.5270 ~0.0229
20 9.5 3.1400 29.7000 =0.0377 0.1400 3.1400 29.7000 0.0381 0.1400
21 10.0 3.0500 31.2000 ~0.0138 G.1640 3,0800 31.2000 0.0142 0.1640
frq K-13 K-44 K~55 K-66
1 0.0 6.1900 0.61%0 4.3500 0.4350 4.3500 0.4350 $.7700 0.5770
2 0.5 85.9500 3.1100 4.1000 0.5350 4.1000 0.53%0 5.5200 0.6710
3 1.0 5.4400 5.6900 3.6400 0.9670 31,8400 0.9670 5.0100 1.1100

20 9.5 1.16G60 58.9000 1.5900 15.0000 1.5900 15.0000 3.3400 15.3000
21 10.0 1.0100 62.1000 1.%5000 15.8000 1.5000 15.8000 3.2900 16,1000

Table 2.2.1 Typical Listing of Foundation Impedance Matrix

Scattering Coefficients (horiz. SH waves)

frq S=-ii R~13 R=ik
i 0.0 1.00 0.00 .00 0.00 0.00 0.00
a 0.5 987 0.00477 .000847 ~,000131 ~-.0115 -.243
3 1.0 .83 0.0240 . 00365 -.,00169 -.0180 -, 454
40 9.8 «110 . 0606 ~.00016 -.00111 ;:iéé ~:i£;
21 10.0 0666 0964 -,00075 -.0004 -.0813 =~.202

Table 2.2.2 Typical Listing of Foundation Input Motion Matrix
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initial parameter values for the PSD form
9.90 10.998 949.85 J.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

TARGET RESPONSE SPECTRUM

1 0.500000 0.831821
2 0.514813 0.852060
3 0.530065 0.872792
B 0.545768 0.894028
5 0.561937 0.915780
6 0.578585 0.938062
7 0.595726 0.%560886
8 0.613375 0.984265
9 0.631547 1.00821
10 0.650257 1.03274
100 8.99987 2.61022
101 9.26650 2.55441
102 9.54103 2.49993
156 46.1621 1.00000
187 47.5297 1.00000
158 48.9379 1.00000
159 50.2877 1.00000
160 51.8805 1.00000
161 93.417% 1.00000
162 55.0000 1.00000

Table 2.3 Typical listing of input of free-field control motion.



2.6 Sample Runs with the DIGES Program

lu this section the step-by-step procedure to execute DIGES is ontlined
and the interactive response ot the program is listed. The sample problems
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
of interest.

Outline of a Generic Sample Problem:

Two system configurations, shown in Figure 2.6, have been used to
outline the solution procedure. Specifically, Model-1 is a representation of
a structure with a single floor connected to a cylindrical surface foundation
resting on uniform elastic half space and its input file can be seen in Table
2.4. Model-2 is a 4-node, 3-element structure described in Table 2.1 and it
also rests on similar foundation. For both models the lumped mass matrix
option is selected.

The diagonal [6 x 6] mass matrix of the foundation is also provided
along with the properties of the soil medium.

The frequency-dependent impedances are evalnated 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 vertical
the foundation input motion will simply be the motion of the control point
on the surface (i.e. Kz, = 1.0 and the rest of the scattering matrix is equal
to zero).

The free-field earthquake is in the forin 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 assnmed time-varying con-
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 model is performed.

39




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 dynamic load, the resulting foundation forces and
the time-varying displacements at the specified floor are calculated.
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Figure 2.6 Sample Model Configurations.
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Figure 2.7 RG.1.60 Target and Spectrum from Compatible PSD.
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Figure 2.8 Newmark-Hall and Spectrum from Compatible PSD.
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Sample Run 1. The Direct Generation Option is selected for the 1-floor
system of Table 2.4 that is subjected to a vertically propagating P-wave
expressed i the form of a PSD that led to the matching in Figure 2.1
(Newmark-Hall). 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.

Table 2.4 Input file for Model-1.

2 1

14 .0 0.0 192 .9 1 1 1 1 i 1

13 0.0 0.0 .0 e @ (4 o 2 e

o

1 13 14 1.0E8 ©8.17 67.7 24060 12030 12039 33 33
14 11900 11900 11900 17160¢ 171680 188500

13 o aee @ @00 @ . ove 0. oo ©.0000 @.00000

nap . @ 840 @ 100.9 ibe .o

@710 107100 107100 1339102 1339102 2264308
o.200172 19614 ©.33 2.06

1

14

PROGRAMEXECUTION

SNSRI ENTSRNTIIRDRN morrsgsrrzzgazEsIzossIsaes
= =
= Direct Generation =
- o f =
% Respongse Spectroa =
- =
= Dr. N. Simos & Dr. A.M. Philippacopoulos =

AT AT IrISUESCIATIRTIISNINE
PROBLEM TITLE ?
study of vertical spectra for HFBR
Type of analysis : (8) DIRECT generation of RS ?
(b) SIMULATION process ?
(c) SUPERSTRUCTURE loads ?
(d) SINGLE actus! earthq ?
ANSWER WITH 8y P c or d
a
Form of Free-Fle!d Input : (a) POWER Spectra 7
(b) RESPONSE Spectra 7
ANSWER WITH a OR b
a



PYNABTLC INPUT FILE

INPUT is one of following data sets

{v) PSD parametars (direct-PSD based analyals)

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

(e) 5D parameters for PSD-BASED eartha. simulation

(d) TARGET Response Spectrum for serthg. simulation

(o) FOURIER qxpansion / Time hist., of ACTUAL eartlq

() FOURIER expansion / Time hiat. of SUPERSt. load

FILENAME ?

padep . inpt

GEOMETRIC MODEL IN F I L E ?
hfbro® dat

CONTROL POINT MOTION : 1-D, 2-D or 3-D 7?7

respond by 1, 2 or 3
1

SELECT CONTROL PUINT INPUT ONIENTION
CONSIDERING THE FOLLOWING.

° Flane of propagstion = x-z plene

o ¥-xr plane ¢ P (body) ~ SV (shear) waves
0 y = direction : SH (shear) waves

° Horizontally propg. SH waves : y -dir

0 Horizontally propg. Rayleigh : x,z dir

o NOTE for Vertical propagstion : SV = SH

DIRECTION OF 1-D CONTROL POINT MOTION 