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PREFACE

The National Center for Earthquake Engineering Research (NCEER) is devoted to the expansion
and dissemination of knowledge about earthquakes, the improvement of earthquake-resistant
design, and the implementation of seismic hazard mitigation procedures to minimize loss of lives

and property. The emphasis is on structures and lifelines that are found in zones of moderate to
high seismicity throughout the United States.

NCEER’s research is being carried out in an integrated and coordinated manner following a
structured program. The current research program comprises four main areas:

@

Existing and New Structures
Secondary and Protective Systems
Lifeline Systems

Disaster Research and Planning

-

@

@

This technical report pertains to Program 1, Existing and New Structures, and more specifically
to reliability analysis and risk assessment.

The long term goal of research in Existing and New Structures is to develop seismic hazard
mitigation procedures through rational probabilistic risk assessment for damage or collapse of
structures, mainly existing buildings, in regions of moderate to high seismicity. This work relies
on improved definitions of seismicity and site response, experimental and analytical evaluations
of systems response, and more accurate assessment of risk factors. This technology will be
incorporated in expert systems tools and improved code formats for existing and new structures.
Methods of retrofit will also be developed. When this work is completed, it should be possible to
characterize and quantify societal impact of seismic risk in various geographical regions and

large municipalities. Toward this goal, the program has been divided into five components, as
shown in the figure below:

Program Elements: Tasks:

Earnthguake Hazards Estimates,
Seismicity, Ground Motions Ground Motion Estimates,

and Seismic Hazards Estimates B New Ground Motion Instrumentation,
Earthquake & Ground Motlon Data Base.
¥

Geotechnical Studies, Soils Sita Response Estimates,
: . Large Ground Deformation Estimates,
and Soil-Structure Interaction Bon- Soil-Structure Interaction.
. ' Typical Structures and Criticat Structural Components:
Sys‘_tem Res ponse‘. S Testing and Analysis;
Testing and Analysis Modem Analytical Tools.

i V v Vuinerability Analysis,
Reliability Analysis Rafiabifity Analysis,

. B . Risk Assessment,
and Risk Assessment v Gode Upgrading.

Architectiral and Structural Design,
Expert Systems Evaluation of Exlsting Buildings,
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Reliability analysis and risk assessment research constitutes one of the important areas of Exist-
ing and New Structures. Current research addresses, among others, the following issues:

1.

5.
6.

Code issues - Development of a probabilistic procedure 1o determine load and resistance
factors. Load Resistance Factor Design (LRFD) includes the investigation of wind vs.
seismic issues, and of estimating design seismic loads for areas of moderate to high
seismicity,

Response modification factors - Evaluation of RMFs for buildings and bridges which
combine the effect of shear and bending.

Seismic damage - Development of damage estimation procedures which include a global
and local damage index, and damage control by design; and development of computer
codes for identification of the degree of building damage and automated damage-based
design procedures.

Seismic reliability analysis of building structures - Development of procedures to evalu-
ate the seismic safety of buildings which includes limit states corresponding to service-
ability and collapse.

Retrofit procedures and restoration strategies.

Risk assessment and societal impact.

Research projects concerned with reliability analysis and risk assessment are carried out to
provide practical tools for engineers to assess seismic risk to structures for the ultimate purpose
of mitigating societal impact.

The program MUMOID was developed for the purpose of computing global damage indices for
seismically damaged structures on the basis of the vibrational parameters such as the Maximum
Softening. As such, the computer program identifies the modal parameters of a linear structural
system. Maximum likelihood method is used for the idemtification from the accelerograms
recorded at the base and at some upper level of a structure. A Hme varying equivalent linear
system is found for nonlinear systems, by dividing the recorded accelerograms in a series of time
windows that may overlap. For each time window, structural softening is computed and the
maximism among these is used as the measure of global structural damage.
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ABSTRACT

A computer program for the identification of the modal parameters of a linear sauctural
system is described. Maximum Likelihood Estimation is used for the identification of the
modal parameters from the accelerograms recorded at the base and at some upper level

of a structure.

A time varying equivalent linear system can be found for nonlinear systems, by dividing

the recorded accelerograms in a series of time windows that may overlap or not.

The program MUMOID can be used for the evaluation of global damage indices based

on the vibrational parameters such as the Maximum Softening.
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SECTION 1
INTRODUCTION

DiPasquale and Cakmak [2] proposed global damage indices based on the vibrational
parameters of a siructure 10 characterize the seismic damage. They developed a dam-
age model based on the evolution of the natural period of a time-varying linear system
equivalent 1o the acrual nonlinear system for a series of non-overlapping time windows.
A maximum likelihood criteria for the identification of the time-varying equivalent linear

systern from the acceleration records at the top and as the base of the structure was used.

Their global damage index, named Maximum Softening, is given by

T
Spp=1— —

Tonaz

(1.1)

where,
dar : Maximum Softening

1o : Initial natural period

Timae + Maximum natural period of an equivalent linear system

The Maximum Softening as a global damage index has been tested by using experimental

results from reduced scale models and actual seismic records [2].

It has also been shown, from a Continuum Mechanics approach, that the Maximum Soft-
ening is related to the local stiffness and strength degradation through operations of av-

eraging over the body volume.

This report documents the computer program MUMOID used for the identification of
the time-varying equivalent linear system. MUMOID can be applied to the analysis
of earthquake records of civil engineering structures, yielding a global damage index
(Maximum Softening) and the probability of earthquake damage [2].
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The following section contains the manual for MUMOID with general information about

the program. The input and output variables, and the error messages are also described.

Section 3 presents the installation procedure. The way the program runs is illustrated

with an example.

Finally, the fortran source is listed in an appendix.
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SECTION 2
MUMOID USER’S GUIDE

2.1 Program Description

MUMOID is a program for the identification of the modal parameters of a linear struc-
tural system, from the accelerograms recorded at the base and at some upper level of the

structure.

A time varying equivalent linear system can be found for nonlinear systems, by dividing

the recorded accelerograms in a series of time windows that may overlap or not.

The procedure for Maximum Likelihood Estimation of the modal parameters was de-
scribed by DiPasquale and Cakmak in Reference [1]. The structure is modeled as an
n degree of freedom linear system with a measured earthquake ground motion. The
sources of uncertainty are considered to be unmeasured exitation due to other effects,
and the observation error. The modal parameters are found maximizing the likelihood

function.

The program begins reading the input and output acceleration records. After that, it is
decided how many time windows will be used, depending on the length of the records,

the length of each time window and the number of windows which overlap.

For each time window, MUMOID computes the sum of the squares of the prediction
errors for certain values of the modal parameters. The sum of the squares of the predic-
tion errors is minimized by the IMSL subroutine called ZXMIN, which makes use of a

modified Gauss-Newton algorithm.

If with the initial values of modal parameters convergence is not achieved, the process
is repeated with the modal parameters that produced convergence in the previous time
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window. If convergence is still not achieved, the user can input interactively new trial

modal parameters. The time window can also be changed.

If the trial values are to far from the solution, the program may stop due to overfiow or
division by zero errors. In that case, the analysis can be continued by modifying the input

file.

2.2 Irput

The input file for MUMOID must be named MUMO.PAR. This file must contain the

following cards:

Card 1 (A80):

Provide a single card with the job title

Card 2 (A29):

Provide a single card with the file name for the input acceleration (GROUND). The file

with the input acceleration is read using free format. The maximum number of sample

points is 16000.

Card 3 (A29):

Provide a single card with the file name for the output acceleration (ROOF). The file with

the output acceleration is read using free format. The maximum number of sample points

is 16000.

Card 4 (9I5):

Columns 1- 5: Number of modes in the model (NM).
The maximum number of modes is five. The most adequate
number of modes in most cases is two.
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Columns & - 10:

Columns 11 - 15:

Columns 16 - 20;

Columns 21 - 25:

Columns 26 - 30:

Initial sample point of the time window (ISTART).

The lowest value of ISTART that should be used is four, because
the previous sample points are used to evaluate the initial con-
ditions.

Number of sample points in the time window (IDELTA).
IDELTA should be chosen so that the length of the time window
is on the order of two or two and a half times the initial natural
period. A smaller time window makes convergence difficult and
may yield a negative estimate of the damping ratios. Larger time
windows produce too much smoothing of the varying natural

period.

Time shift between the two records expressed as the number of
sample points (NLAG).

This input variable accounts for the fact that actual acceleration
records may be not synchronized due to malfunctioning of the

triggering devices or to digitalization errors.
Code for new analysis or continuation of & previous one (INEW).

0: Continuation of a previous analysis. The results are ap-
pended to the existing file named “fper.res” (See Section

2.3).

1: A new analysis is started. A new file named “fper.res” is

created (See Section 2.3).
Code for subtraction of the mean (IMEAN).

0 : The modal parameters are identified from the given input

and output acceleration.
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1. The mean of the given input and output acceleration is sub-
tracted from the given input and output acceleration before

the identification of the modal parameters takes place.

Columns 31 - 35: Number of overlapping windows (NOVERLAP).
When NOVERLAP is equal to one, each sample point is only
in one window and there is no overlapping between windows, if

NOVERLAP is equal 10 two each point is in two windows, etc.
Columns 36 - 40:  Code for absolute or relative top level acceleration (NABS).

0. The output acceleration at the top level is considered to be

relative acceleration to the ground.

1: The output acceleration at the top level is considered to be

an absolute acceleration.
Columns 41 - 45:  Code for graphics (IGRAPH)
{ : No graphic output is obtained

1: A graphic output is obtained if the appropriate subroutine
called EAGRA is available. Figure 2-1 shows an example

of the graphic output.

Card 5 (F10):

Sampling interval in units of time for the input and output acceleration.

Cards 6 to 5+NM (3F10.0):

Initial values for the modal parameters of each mode:
Columns 1-10: Damping ratio (CSI(I))

Columns 11 - 20:  Angular frequency (OM(D))
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Columns 21 - 30: Participation factor (PART(I)).
It usually has a value between 1.2 and 1.5, A good trial value is
1.4. This value does not need to be input for the last mode, since

all the participation factors add to one.

2.3 Quiput

The output of the program MUMOID consist of the following files:

“modes.res’;

Contains a list of the estimated modal parameters for each time window. The covariance
mairix, the variance of the error, the estimated natural period and its variance are also

included.

“fper.res™:

Contains a table with four ¢olomns for each time window. The first one is time at the time
window’s middle point, the second one is the length of the time window, the third one is
the estimated natural period, and the fourth and last column is the standard deviation of

the estimated natural period.

“damage’

This file is written after the estimation of the modal parameters for all the time windows
in which the acceleration record is divided, 1s completed. When the computation stops
before the end, the file “damage™ may be obtained by using the program “DAMAGE?” that
computes the damage indices and the probability of damage. The input for the program
“DAMAGE” consist of a file with the information contained in “fper.res”. An interactive
input of the initial, final and maximum natural period, plus their standard deviations, is
also possible. The file “damage” includes the values of the following variables:
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1. Maximum Softening, é5s, given by Equation (1.1)

2. Maximum Softening Squared, &%,, given by:
T?

2 0

5M =1- T2

maxr

where,
dar : Maximum Softening

To : Initial natural period

Tnar  Maximum natural period of an equivalent linear system

3. Final Softening, ér, given by:

TZ
6]? = ]. - i
T%inaf
where,
T'tina : Final natural period
4. Plastic Softening, ép, given by:
T2
_ Sfinal
5}:: =1-—- —j,g—

where,
f $&+B(§M
a = —1.081
G = 4813

Sp = Maximum Softening
2-7
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2,22, 32,2 52 .2
o1 =0, oo+ Bof + 05

o, =0.260
o5 = 0446

- f}b_ UTmaz
o P(SM(TG " Tmax)

6. Initial natural period (TZERO INITIAL) and its standard deviation:

It is the estimated natural period for the first time window. Its value can be inter-
actively changed, if other sources of information about the initial natural period are

available.
7. Maximum natural period (TZERO MAX) and its standard deviation:

Maximum value of the natural period’s estimations, used for the computation of the

Maximum and Plastic Softening. See Equations (1.1) and (2.3).
8. Final natural period (TZERO FINAL):

Is the estimated natural period for the last ime window. Used for the computation

of the Final Softening. See Equation (2.2).

24 Error Messages

The following error messages from the IMSL routines may appear on the screen:

*4+% TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE ZXMIN

This error implies that the initial Hessian used by the routine ZXMIN is not positive
definite, even after adding a multiple of the identity to make all diagonal terms positive.
When this occurs convergence can not be achieved and new trial values are necessary.
First, the estimated modal parameters for the previous time window are used (if a pre-

vious time window exits). If those values do not produce convergence, the user has to
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provide new trial values. It will be seen later, that in some cases a “division by zerc” er-
ror may occur after this error. In that case the program stops, and it is necessary 1o run it
again after modifying the file MUMO.PAR in such a way that the computation continues

on the problematic time window with different trial values.

k% TERMINAL ERROR (IER = 130) FROM IMSL ROUTINE ZXMIN

This error implies that the the iteration was terminated due to rounding errors becoming
dominant. The parameter estimates have been determined with less than three digits. The
program does not stop, therefore, the user should judge the value of the results. The value

of the standard deviation of the natural period gives an indication of the error involved.

If the wial values are to far from the solution, the program may stop due to overflow or
division by zero errors. In that case, the analysis can be continued by modifying the input
file MUMO.PAR so that INEW is equal to zero and ISTART has the value corresponding

to the problematic time window. New rial values must be introduced.






SECTION 3
INSTALLATION AND EXECUTION

31 Instalation

MUMOID is written in Fortran-77 language and has been successfully installed on VAX
computer systems. All the calculations are performed in double precision. MUMOID
calls several IMSL subroutines [4] that are not listed in the appendix because the IMSL

library is proprietary.

The procedure to install MUMOID in a Micro-Vax IT is listed below:
£77 -c ~0 MUMQID.f

£77 -0 MUMOID MUMOID.o -limsl

3.2 Example

In this section the way the program is executed is illustrated with an example. The modal
parameters of a four story three bay building are identified from its nonlinear response.
A computer model was used for the computation of the response in this case, but the

procedure 1s equally applied in the case of a recorded response.

The input ground motion is an artificially generated earthquake sampled at intervals of
0.02 seconds. The input acceleration time history is in a file called “s.088.ach”. This file
has a total of 1250 lines, corresponding to a duration of the earthquake of 25 seconds.

The beginning and end of this file are as follows:

-3.85519
~3.69502
~3.42330
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~3.14241

-2.96653

The output acceleration in this case is the acceleration of the top level of the building,
and is in a file called “5.088.act”. The beginning and end of this file with a total of 1250

lines are as follows:

3.83858
3.83715
3.31873
3.08887
3.14178

3.93013

0.192492
0.132576
0.209899
0.418071

0.737268

The input and output acceleration are shown in figure 3-1. The input file, called

"MUMO.PAR” is as follows:
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3 BAYS 4 STORIES ARTIFICTAL QUAKE (M 8.8 , D 10 km)
s.088. ach
5,088, a0t

160 O

s
<
i
<
3

2

in

0,020
.05 7.00 1.40

0.05  22.00

The meaning of the entries in this input file was explained in Section 2.2. The most rel-
evant aspects are described now. The modal parameters are identified for the first two
modes. Two seconds nonoverlapping time windows are used, starting the deniification
procedure 0.1 seconds after the beginning of the records. No time shift i considered be-
tween the input and output acceleration, because the output acceleration was obtained by
means of a computer program. The mean of the given input and output is not subtracted
from them for the same reason. The sampling interval was 0.07 seconds. The starting
trial values for the modal parameters were obtained from a structural evalvation of the

computer model.

The program has to be run interactively, since new frial values for the modal parameters

czn be necessary.

The program runs {yping the name of the executable “MUMOID”. After that, the wial
values of the modal parameters are displayed, first the damping ratios for all the modes,

then the angular frequencies and finally the participation factors:

0.5000e-01 0.5000e-01 0.7000e+01 0.2200e+02 0.1400e+G1



The identification procedure is applied to the various time windows in which the dme
nistory is divided. The starting and final sample points of each window are prompied as

the calculation progresses:

5 105
108 205
206 305

During the analysis of the third time window this message is obtained:

ko TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE ZXMIN
Double complex division by zerc

##k Execution terminated

The fle “MUMO.PAR” 1s changed in this way:

3 BAYS 4 STORIES  ARTIFICIAL QUAKE (M 8.8 , D 10 km)
8.088.ach
s.088.act

2 206 100 0 0 0 1 0 0

0.020

0.05 5.00 1.40

0.05 22.060

The program is run again typing “MUMOID”, but the new trial parameters do not produce

convergence. The following message is obtained:
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0.5000e-01 0.5000e~01  0.5000e+01 0.2200e+02  0.1400e+01
205 305

s TERMINAL ERRCR (IER = 129) FROM IMSL ROUTINE ZXMIH

BOTH THE ORIGINAL AND THE LATEST VALUES FCR
THE PARAMETERS DC NOT WORK IN THE INTERVAL
TINITIAL= 4,10

TFINAL = 6.10

DO YOU WANT TO CONTINUE? (Y/N)

Y

DO YOU WANT TO CHANGE THE WINDOW? (Y/N)

N

DO YOU WANT TO CHANGE THE STARTING GUESS? (Y/N)

Y

There is the choice of changing the window or providing directly new starting guesses.
The use of a time window overlapped with the previous one may produce convergence
with starting guesses similar to the estimated parameters in the previous window. This
gives an indication of the changing in the modal parameters. In this case, after trial and

error, the following values were provided:

WRITE THE NEW PARAMETERS MODE BY MODE
-4

4.9

1.45
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07

22.4

The computation continued till the end, with the following on-line messages:

305 405
405 LOb
sk TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
505 605
%% TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
606 705
#4k TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
%% TERMINAL ERRUR (IER = 130) FROM IMSL ROUTINE
705 805
#%% TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
805 905
w4k TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
905 1005
%% TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
1005 1105
ek TERMINAL ERROR (IER = 129) FROM IMSL ROUTINE
#x% TERMINAL ERROR (IER = 130) FROM IMSL ROUTINE
1105 1205
=kx TERMINAL ERROR (IER = 129) FRCM IMSL ROUTINE
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After the last time window, before the computation of the probability of damage begins,
there is the choice of giving a value for the initial natural period, otherwise the natural

period estimated for the first time window is used:
TZERO INITIAL= 0,843740

DO YOU WANT TO CHANGE IT 7 (Y/N)

N

The results are in the file “modes.res”, of which the beginning and the end are shown:

3 BAYS 4 STORIES  ARTIFICIAL QUAKE (M 8.8 , D 10 km)

INTTTAL INSTANT 4.10
FINAL INSTANT 6.10
WINDOW WIDTH 2.02
NUMBER OF MODES 2
NUMBER OF PARAMETERS 5
TIME SHIFT 0

MODE NO. DAMPING FACTOCR  ANGULAR FREQUENCY PARTICIPATION FACTOR

1 0.4219e+00 0.4871e+01 0.1448e+01
2 0.6%981e-01 0.2237e+02 -0.4476e+00
VARIANCE OF THE ERROR 0.1341e+04

COVARIANCE MATRIX (SIX ELEMENTS PER LINE)
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0.5723e-02 0.2338e-03 -0.1724e~01 0.4958e-02 0.3137e-02
0.2338e-03 0.5390e~04 ~-0.1354e-02 -0.4301e-03 0.1195e-03
-0.1724e-01 -0.1354e-02 0.9590e-01 -0.7721e-02 ~0.8268e-02
0.4958e-02 -0.4301e-03 ~0.7721e~02 (.9789e-01 0.5673e-02
0.3137e-02 0.1195e-03 -0,8268e-02  0.5673e-02 0.3468e-02
FUNDAMENTAL PERIOD TZERO 1.29258
STANDARD DEVIATICGN OF TZERQ 0.08202

3 BAYS 4 STORIES  ARTIFICIAL QUAKE (M 8.8 , D 10 km)

INITIAL INSTANT 22.10
FINAL INSTANT 24,10
WINDOW WIDTH 2.02
NUMBER {F MODES 2
NUMBER OF PARAMETERS 5
TIME SHIFT 0

MODE NO. DAMPING FACTOR  ANGULAR FREQUENCY PARTICIPATION FACTOR
1 0.3093e-01 0.3599e+01 0.1383e+01
2 0.3562e-01 0.1526e+02 -0.3830e+00
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VARIANCE OF THE ERROR

0.3700e-01

COVARIANCE MATRIX (SIX ELEMENTS PER LINE)

0.1688e-05 0.624Le-06 0.379%e~06 0.5859e~06 .0000e+00
0.6245e~06  0.7098e-06 0.2262e~05 0.4145e-05 .0000e+00
0.379%e-06  0.2262e-05 0.8514e-04  0.3444e-04 .0000e+00
0.5859e-06  0.4149e-05 0.3444e-04  0.4278e-03 .0000e+C0
$.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00 .1960e~03
FUNDAMENTAL PERICD TZERO 1.74568
STANDARD DEVIATION OF TZERO 0.00458

And in the file “fper.res™

3 BAYS 4 STORIES  ARTIFICIAL QUAKE (M 8.8 , D 10 km)

1.10000  2.00000 0.84374  0.00289
3.10000  2.060000 0.84968  0.00364
5.10000  2.00000 1.29288  0.08202
7.10000 2.00000 1.16281 0.03382
9.10000 2.00000 1,20824  0.02659
11.10000  2.00000 1.32501 0.01805
13.10000  2.00000 38.30780 11.09053
15.10000  2.00000 1.46232 0.04084
17.10000  2.00000 1.76910 0.12317
18.10000  2.000CC 2.01625  0.0B336
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21.10000  2.00000 1.76128 0.08144

23.10000 2.00000 1.74568 0.00458

The meaning of this table was expiained in a Section 2.3. It can be seen by looking at the
file “fper.res”, that the standard deviation of the natural period for the time window cen-
tered around the time equal to 13.1 seconds is too large. The analysis of the time window

between 12.1 and 14.1 seconds is repeated using the following input file “MUMO.PAR™:

3 BAYS 4 STORIES  ARTIFICIAL QUAKE (M 8.8 , D i0 km)
£.088.ach
5.088.act
2 605 1C0 0 0 0 1 0 0
0.020
0.20 4.80 1.45

0.08 18.50

A new file “fper.res” is obtained, after eliminating the old line corresponding to the time

window between 12.1 and 14.1 seconds:

3 BAYS 4 STORIES  ARTIFICIAL QUAKE (M 8.8 , D 10 km)
1.10000  2.06000 0.84374  0.00289
3.10000 2.00000 0.84968 0.006364
5.10000  2.00000 1.29258  0.08202
7.10000  2.00000 1.16281 0.03392
8.10000  2.00000 1.20824  0.02689%9
11.10000  2.G0000 1.32501 0.01805
13.100G0  2.00000 1.63382  0.06917
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FIGURE 3-2 Natural Period of an Equivalent Linear System
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Figure 3-2 shows the evolution of the natural period of an equivalent linear system ob-

L 10000

.10000

10000

.10000

.10000

2.00G00

2.00000

2.00000

2.60000

2.00000

1.46232

1.76910

2.01625

1.76128

1.74568

tained from the file “fperres”.

A file called “damage” with the damage indices and probability of damage, is obtained
after the analysis of all the time windows. When there is an interruption in the calculation,
as in the example presented herein, the damage indices have to be recompuied using the

program “DAMAGE”. A transcript of a session running the program “DAMAGE” with

0.04084

0.12317

0.05336

G.08144

0.00458

the file “fper.res” as the input file is now presented:

tremor: (example) 51 ¥ DAMAGE

COMPUTATION OF DAMAGE INDICES

ARE THE DATA IN A FILE 7 (Y/N)

WRITE FILE NAME

fper.res

TZERD INITIAL=

0.843740

DO YOU WANT TO CHANGE IT ? (Y/N)

The file named “damage” that was obtained is:

3-13



3 BAYS 4 STORIES  ARTIFICIAL

TZERCG INITIAL
STANDARD DEVIATION
TZERG MAX

STANDARD DEVIATION

TZERD FINAL

MAXIMUM SOFTENING
MAXIMUM SGFTENING(SQ)
FINAL SOFTENING
PLASTIC SOFTENING

PROBABILITY OF DAMAGE

<

QUAKE

84374

.00289

.01625

.05336

. 74568

.58153

.82488

. 76639

.25038

.00000
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APPENDIX A
FORTRAN SOURCE LISTING OF THE PROGRAM MUMOID

KUMOID IS 4 PROGRAM FOR THE IDENTIFICATION
OF STRUCTURAL PARAMETERS FROM EARTHOUAKE RECORDS
QF TEE BOTION OF THE BASEMENT AND OF SOME UPPER LEVEL

VRITTER BY: EDMONDD DI PASQUALE AND SAWNTIAGOD RODRIGUEZ-GOMEZ
DEPT. OF CIVIL ENGINEERING
PRINCETON UNIVERSITY

MARCH b, 1987

LAST HMORIFICATION JULY 1880

THE PARAMETERS IDERTIFIED ARE

DAMPING FACTORS

WATURAL FREQUENCIES

PARTICIPATION FACTORS

FOR EACH QF THE HM MODES THE USER SEEKS (MAXIMUM FIVE)

THE PROCEDURE USED IS HMAXIMUM LIKELIHOOD ESTIMATION
THE LIKELTHOOD FUNCTION IS WRITTEK IN TERMS OF THE MODAL
PARAHETERS

THE PROGRAM EXPECTS AK IWPUT FILE ‘MUMO.PAR’

THE PROGRAM GENERATES A DATABASE FOR TREMOR GRAPHICS
ROUTINES THROUGH THE SUBRQUTINE EAGRA IN FILE eaq.graphcomm
AND & DATSA CUTPUT IN THE FILES:

‘modes.res?

'fper.res’

‘damage’

REQUIRES THE FOLLOWING RDUTINES FROM
THE IMSL LIBRARY (1980 VERSIONW):

ZXMIE, LEQTIF, LINVIP AXD MDHOR

IMPLICIT REAL#8(A-H,0-7)
CHARACTER#31 ACORT
CHARACTER=B0 CDMMA
CHARACTER*B0 TITLE
CEARACTER*29 GROUND,ROOF
FXTERNAL FUNLINO

COMMOR/NUMODES /UK



17
19

298
ig

20
2b

30
40

50
60

72

COMMOK/EAQUA/U(16000) ,Y{16G00) ,E(16000)
COMMOE/CORLIK/ICON
COMMOK/WIEDOW/ISTART, IFIN
COMMOR/SANP/DT

COMMOR/ERR/TIER

DIMEESION PAR(24),XGUESS(24),PAROLD(24},
G(24),H(300),¥(500)

OPEH {24 ,FILE=’MUMO.PAR’,STATUS=’0LD’)
READ(24,697) TITLE

READ(24,995) GROUND

READ(24,999) ROCF

READ(24,1000) EM,ISTART,IDELTA,¥LAG,INEW,IMEAN ,HOVERLAP

,NABS, IGRAPH
IF (BOVERLAP .LE. 0) NOVERLAP=1
CALL HUMOSET (TITLE,GROUND,ROOF,IGRAPH)
READ{20,%) NT
HT=18000
READ{20,* ,END=17 ,ERR=17) (U(I),I=1,8T)
READ{22,# KT
READ(22,*,END=19,ERR=19) (Y(I),I=1,¥T)
EM1i=NH-1
HT=I-1
IF(NABS .EQ. 1) GDTO 18
bo 28 II=1,¥T
Y(ITY=Y(II)+U(IL)
H=3#HM-1
HE=M#*(N+1)/2
READ(24,1020) DT
IF (¥M.EQ.1) GOTO 25
DO 20 I=1,WH1
READ(24,1020) XGUESS(I),XGUESS{NM+I),XGUESS(24NM+I)}
READ(24,1020) XGUESS{NM),XGUESS{2+NN)

KT=NT-IABS(NLAG)
IF(KHLAG.EQ.0) GOTO 60
IF (FLAG.LT.O0) GOTD 40
DO 30 I=1,HT
Y{I)=Y(I+KLAG)

GOTO 60

DO 50 I=1,HT
U(I)=U(I~BLAG}
CORTINUE

YRITE(6,1010) (XGUESS(I),I=1,¥)

BWIND={HT~ISTART)/IDELTA
HYIND=HOVERLAP*(NWIND-1)+1

DO 1 IWIND=1 NWIND
IFIR=ISTART+IDELTA
WRITE(6,*) ISTART,IFIN

IF (IMEAW.EG.1) CALL ZERMEA

PO 7% I=1,¥
PAR(I)=XGUESS({I)
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I

L]

71

T4

80

81
82

85
1

CORTIRUE

BS5IG=3

HAXFN=1000

I0PT=3

CALL ZXMIN(FUNLINO,N,¥SIG,MAXFN,IOPT,PAR,H,G,V,W,IER)

IF (IER.¥E.129) GOTO 80
IF (I¥IND.EQ.1) GOTQ 89
Do 74 I=1.M
PAR(I)=PAROLD(I)
CONTINUE

CALL ZXMIKW(FUNLINO,N,RSIG,MAXFN,ICOPT,PAR,H,G,V,W,TER)

CONTINUE
IF (IER.EQ.$29 .0OR. IIER.EQ.:) THEN
WRITE(6,2000) DT+ISTART, DT#IFIN
READ(5,991) ACONT

IF (ACOKT.EQ.’¥?) STOP
YRITE(6,2005)

READ(5,891) ACONT

IF{ACONT.EQ.’Y') THER

WRITE(6,2006)

READ(5,%) TST,TFI
TSTART=INT{TST/DT)

IFIN=INT(TFI/DT)

WRITE(6,2007) ISTART,IFIN

ENDIF

WRITE(6,2008)

READ{5,981) ACONT

IF(ACORT.EG.’Y") THEW

WRITE(6,2010)

IF (HM.EQ.1) GOTO 82

DO 81 I=1,NMi

READ(5,*) XGUESS(I),XGUESS(NM+1),XGUESS(2+HM+1I}
READ(S,*) XGUESS(HK),XGUESS(2+NM)
ENDIF

GOTO 72
ENDIF

IF(IGRAPH .EQ. 0) GOTO 1ii

CALL EAGRA(U(ISTART+1),Y(ISTART+1),E{ISTART+1),W(1),Ww(401),
XW(411),DT,ISTART,IFIN,TITLE)

COMMA=’'plots -input eag.graphcomm > junk’
ICO=SYSTEM(COMMA)

111 CALL COVAL(PAR,V,¥ FM NLAG,WH,H,W(1),W(NH+1),DT,ISTART,IFIN,

X TITLE, INEW,W(NH+H+1))
ICO=SYSTEM(’ipr modes.res’)

ISTART=ISTART+IDELTA/NOVERLAP
PG 85 I=1,H

PAROLD (I)=PAR(I)

CONTINUE

COHTINUE

CALL DAMIND('fper.res’)

STOP
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991 FORMAT(AL)
987 FORMAT(ABO)
998 FUORMAT(AS0)
999 FURMAT(A19)

1000 FUORMAT(10IB)

1010 FORHAT(SEL3.4)

1020 FDRMAT(10F10.0)

2000 FORMAT(/, 'BOTH TEE ORIGINAL AND THE LATEST VALUES FOR’,/,
I*THE PARAEETERS DO WOT WORK IN THE INTERVAL:,/,
ITIRITIAL= LET.2,/,

IPTFINAL = N I
100 YOU WANT TO CONTINUE? (Y/N)?)

2005 FORMATOODD YOU WANT TO CHANGE THE WINDOW? (Y/H)?)

9006 FORMAT(/,*WRITE THE NEW WINDOW®)

2007 FORMAT(/, HEW ISTART= /,IE,/7NEW IFIK= ' ,IE)

2008 FORMAT( DO YOU WANT TO CHANGE THE STARTING GUESS? {Y/H)?)

2010 FORMAT(/,’WRITE THE NEW PARAMETERS MODE BY ¥ODE')

END

SUBRDUTIRE CHANGE(ALFA,N,WK)

TMPLICIT REAL#8(4-H,0-Z)
DIMENSION ALFA(L),WK{1)
DO 10 I=1,H
10 BE(H-I+1)=ALFA(I)
DG 20 I=1,H
20 ALFA(T)=WR(I)
RETURSN
END
SUBROUTINE CLEAR(A,X)

IMPLICIT REAL#8(A-H,D-Z)
DIMEKSION A(%1)

DO 10 I=1,¥
10 A{I3=0.D0
RETURY
END

SUBROUTINE COFCAR{CSI.OM,ALFAL,W,DT,AVAN,WK)
TMPLICIT REAL+8(A-H,0-Z)
DIMENSTON CSI(i),0M{1) ,4LFACL)  AVAN(N, 1)

EN=K/2
CALL. CLEARCAVAN, N#¥)

DO 50 I=i,HH

AVAWN(2%T-1,1)=1.10
SC=DSORT(1.D0~CSI(1)=CSI(1))

b 40 J=2,¥

Ji=J-1
ESP=DEXP(~CSI{I}*0M{I)*DT+DFLOAT{IL))
ANG=OM(I)=DT+DFLOAT(J1)+5C
AVAR{2+T-1, I)=ESP+DCOS{ANG)

AVAN(2#T ,J)=ESP*+DSIN(ANG)

Ad



40 CORTINUE
ESP=DEXP{-CSI{I)*0M{I)*DT*DFLOAT(N))
ANG=0M{I)+DT*FLOAT (W) =*3C
ALFA(24I-1)=-ESP*DCOS(ANG)

ALFA(2%I )=-ESP*DSIN(ANG)

50 CONTIHUE
IDGT=8
CALL LEQTIF(AVAN,1,¥,¥,ALFA,IDGT,WK,IER)
RETURK
E¥D
SUBROUTINE COMCLE(Z,X)
€ e e e o et b e e . e s
C ZEROES AN ARRAY OF COMPLEX NUMBERS
CUOMPLEX#*16 Z(1)
DO 10 I=1,F
10 Z2{I}=(0.D0,0.D0)
RETURK
END
c
e e e o B 0 S e b S s
C

SUBRGUTIKE COMP{TITLE,TMAX,STMAX,TINI,STINI,TFIN)
CEARACTER*80 TITLE
40 SMAX= 1.- TINI/TMaX
SMAX2=1.~ (TINI/THAX)=*=*2
SFIK =1.~ {TINI/TFIN)=*2
SPLAS=1.- (TFIN/THMAX)#%2
SDELTA= SHAX*(STINI/TINI + STMAX/TMAX)

ALFA = -1.081
SALFA = .26
BETA = 4.8i3
SBETA = .446

SI = SALFA#+2+(SBETA#SDELTA)**2+ (BETA*SDELTA) ##2+ {SMAX*SBETA) #*2
%I = ALFA + BETA*SMAX
C PDAM = 1. - ANORDF({i.-XI)/SI)
CALL HDROR((1.-XI)/SI,AKDR)
PDAM = 1. - ANOR
WRITE(55,200) TITLE
WRITE(55,150) TINI,STINI,THAX,STMAX,TFIN
WRITE(S5, 100)SMAX,SHAX2,SFIN,SPLAS, PDAM
C ICO=SYSTEM{’1lpr damage’)
200  FORMAT (A80)
100 FORMAT (/,"MAXIMUN SOFTENING",4X,Fi4.5,
/ ,"MAXIMUM SOFTEKING(SQ)",F14.5,
/,"FINAL SOFTENING",6X,Fi4.5,
/ ,"PLASTIC SOFTENING",4X,F14.5,
/ ,"PROBABILITY OF DAMAGE",Fi4.5)
150  FORMAT (/,/,"TZERD INITIAL™,8X,Fi4.5,

bd bt b

X /,"STANDARD DEVIATION",3X,F14.5,

X /,"TZERO MAX",12X,F14.5,

X /,"STANDARD DEVIATION",3X,F14.5,

X /,"TZERO FIFAL",10X,F14.5)

RETURK

END

SUBROUTINE COVAL (PAR,V,N,NM,NLAG,NH,H,COV,Z,DT,ISTART,IFIN,TITLE,
X THEW, W)



[N ]

10

50

&0
65

70
80

PROCESS THE RESULTS OF THE MODAL IDENTIFICATICN
AXD GENERATES THE CUTPUT TO UNIT 56

IMPLICIT REAL»8 (A-H,0-Z)

CHARACTER*80 TITLE

DIMENSIONE PAR(1),cOV{1),Z{1),H(1),¥(1)
DIMENSION CSI(5),0M(5),PART(5)

DATA PI /3.14159285/

REWIND 56
EMi=HH-1
ET=IFIH-ISTART+1
TIN=DT+FLOAT(ISTART)
TFIN=DT+FLOAT(IFIK)
TWIKD=DT*FLOAT(HT)
DO 1 I=%,8M
CSI(I)=PAR(I)
DO 2 I=1,8M
OM(I)=PAR(NM+I)
PART (K¥)=1.D0
IF (HM.EQ.i) GOTGC &
DO 3 I=1,HM1
PART (I)=PAR{2=NN+I)
DO 4 I=1,HM1
PART(NM)=PART (N¥)-PART(I)
CONTINUE
¥RITE(66,990) TITLE
WRITE(56,995) TIN,TFIN,TWIND
YRITE(S6,1000) NM
YRITE(56,1001) ¥
WRITE(56,1002) NLAG
WRITE(56,1C10)
PO 10 I=1,KH¥
WRITE{56,1020) I,CSI(I},GM{I),PART(I)
V=V/FLOAT(¥T)
WRITE(ES,1030) V
IEVERT E I¥ cov
IDGT=4
CALL LINV1P (H,¥,COV,IDGT,D:,D2,IER)
GENERATE THE CORRELATION MATRIX
DD 5O I=1,KH
COV{I)=2.D0+V%COV(I)
PRINT OUT TEE COVARTANCE MATRIX
WRITE(S6, 1040)
DO 80 I=1,H
Ig=I~1
IF {I.EQ.1) GOTO 65
DG 60 J=1,I1
Z{I)=COV(TI*{I+1)/2+]-1)
CORTINUE
DO 79 J=I,W
Z(=COV(I+Ix{J-1)/2)
WRITE(56,1050) (Z(J),J=1,¥)
COMPUTE THE FUNDAMENTAL PERIOD AND ITS VARIAKCE
TO=2.D0=PI/0M(1)
VTO=COV{{KH+1) = (KN+2)/2)
D1TO=~TO/OH{1)
D2T0=-DITO/0M(1)
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281
890
995

iooo
100t
1002
1010

o020
1030
1046
10560

1060
1070

20

30

50

80

TO=TO+D2TO*VT0/2.D0
VTO=D1TC*DiTC*VTO
WRITE(E6,1060) TO
VTO=DSQRT(VT0)
WRITE(56,1070) VTO

CALL WRIFP(TO,VTO,INEW,TIN,TFIN,TITLE,W(1),¥(101),W(201),5{301))
RETURK

FORMAT(AL)

FORMAT(///,480)

FORMAT(/, INITIAL INSTANT’,10X,F8.2,/, FINAL INSTANT’,12X,¥8.2,/,

I'WINDOW WIDTH? ,13X,F8.2)

FORMAT(/,’NUMBER OF MODES’,10X,IS5)
FORMAT(’NUMBER OF PARAMETERS®,5X,IE)
FORMAT('TIHE SHIFT’,1BX,15)

FORMAT(/, "MODE KEO.’,1%,’ DAMPIRG FACTOR *, 1%,

X* ANGULAR FREQUEECY *,1iX,?PARTICIPATION FACTCR’)

FORMAT(I6,3E15.4)

FORMAT(/, *VARILYCE OF THE ERROR’,5X,E13.4)

FORMAT(/, *COVARIANCE MATRIX (SIX ELEMENTS PER LINE) ’,/)
FORMAT(BE13.4)

FORMAT(/, 'FUKDAMENTAL PERIOD TZERD’,5X,F10.5)
FORMAT(*STANDARD DEVIATION OF TZERG®,Fi2.5)

E¥D

SUBROUTIKE DAMIND
CEARACTER*80 TITLE

CEARACTER*1 A4

DIMENSION THE(100),TW(100),T0(100),ST0O(100)
I=1

REWIND 54

READ{54,200) TITLE

READ{54,210,END=20) THME(I),TW(I),To(I},sT0(I}
=TI+

GD TO 5

CONTINUE

¥PER=I-1

TINI=TO(1)

STIEI=STO(1)

TFIN=TC(NPER)

THAX=TO(1)

KHAX=1

DD 20 J=2,HPER

IF (T0(J) .LE. TMAX) GO TO 30

THAX=TO(J)

KHAX=]

CONTINUE

STMAX=STO(XMAY)

PRINT* ,"TZERD INITIAL=",TINI

PRINT#+ ,"D0D YOU WANT TO CHARGE IT 7 (Y/E)"
READ (5,1010) 4

IF (A4 .EQ. “¥") GO TO 80

IF (A4 .NE. “Y") GO TO 50

WRITE(6,*) 'WRITE TZERD INITIAL AND ITS STANDARD DEVIATION (F10)°
READ (5,1050) TIEI, STINI

CALL COMP{TITLE,TMAX,STMAX,TINI,STINI,TFIN}

A-T



200  FORMAT (A80)
210  FORMAT (4F10.4)
1010 FORMAT (A1)
1050 FORMAT {2F10.0)

BETURN
EKD
¢
C
C
SUBROUTI¥E DIFCOF(A,B,C,CSI,OH,DT,ALFA,BETA,N,0L,08,WK)
C ___________________________________________________________________
C COMPUTE THEE COEFFICIENTS OF THE DIFFERENCE EQUATION
C FROM THBE DISCRETE-TIME SYSTEM (C,4.B)
C __________________________________________________________________
INPLICYT REAL=B(A-E,0-Z)
DIMENSION A(H,1),B(4),C{1),ALFACL),BETA(L),0L(N,1),08(H,1),
b CSI(1),0M(1),WK(1)
C COMPUTE THE COEFFICIENTS OF THE CHARACTERISTIC POLYNOMIAL
CALL COFCAR{CSI,OM,ALFA,N,DT,WK{1), WK{N=K+1))
C COMPUTE THE TRANSFORMATION EATRIX T TO THE OBSERVABILITY C. F.
CALL OBSITY(A,C,OL,N,WK)
C COMPUTE THE INVERSE OF THE NEW OBSERVABILITY MATRIX
CALL HCOS(ALFA,ON,H)
c COMPUTE BNEW=0ON##%-1#0L#*RB
CALL VECHNEW(O¥,OL,B.¥,WK)
C WRITE(6,1010) (ALFA(I),I=1,H}
¢ REARRANGE TEE BETA COEFFICIENTS
DO 10 I=1,¥
10 BETA(I)=B{E-I+1)
c REARRANGE THE COEFFICIENTS IN ALFA
CALL CHANGE(ALFA,N,WK)
RETURN
1010 FORMAT{(4E13.4)
END
SUBROUTINE DISAPP(CSI,OM,B,AEX,BDI,DT,WK,®)
C ____________________________________________________________________

IMPLICIT REAL*B(A-H,0-Z)
DIMENSION B(1),AEX(N,1),BDI(1),WK(1),CSI{1),08(1)
COMPLEX*16 WC(440)
C COMPUTES THE STATE TRANSITIOR MATRIX AND ITS INTEGRAL
HOi=1
HO2=NeN+1
HO3=2#H+N+1
HO4=2eH*H+H+1
CALL HMATEXP(CSI,OM,B,AEX,WK(1),¥,DT,WC(NO1),WC(HO2),WC(NO3),
X WC(H04) , WK(K02))
¢ COMPUTES THE DISCRETE INPUT VECTOR
CALL MULMA(WK(1),B,BDI,N,HE,1)
RETURN
1010 FORMAT(4EI3.4)
END

SUBROUTINE EIGINV(ZI,W,K)
COMPLEX*16 ZI(N,1),W(1i),WCOo
HM=R/2

CALL COMCLE(ZI,N=*N)
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50

10

1010

10

1010

DO 80 I=1,HM
WCO=(1.D0,0.00)/(DCORIG(W(2#I-1))~W{2+I-1))
ZI(2#1-1,1  )=DCONJIG(W(2%I-1))*WCO
ZI{2%I-1 NHM+I)=-UCOD
ZI(2%1 I J)=-W{2#I-1)*¥CO
ZI¢2+1  ,HM+I)=WCOD
CONTINUE
RETURE
E¥D
SUBROUTINE EIGHOD(CST,OM,R,Z,W)
COMPUTE EIGENVALUES AND EIGENVECTORS FROM THE MODAL MODEL
IMPLICIT REAL*8(A~E,0-2)
DIMENSIOR CSI(1),0M(1)
COMPLEX+16 Z(W,1),W(1)
HH=H/2
CALL COMCLE(HW,¥)
CALL COMCLE(Z,K=K)
Do 10 I=1,HM
DRE=—CSI(I)*0HM(I)
DIM=0M(I)+«DSQRT(1.D0-CSI(I)*CSI(I))
W(2+I-1)=DCHPLX(DRE,DIN)
W{2+I) =DCHPLX(DRE,-DIH¥)
2(%,2#1-13={1.D00,0.D0)
Z(%,2+#I) =(1.D0,0.D0)
Z{HM+T, 2¢T-1) =W (2% I~1)
Z{HM+I,2#1)  =W(2«])
CONTINUE
RETURH
FORMAT(4E13.4)
E¥D

SUBROUTINE FIGAT(AEX,AEXI,Z,Z1,W,DT,N)

IMPLICIT REAL#8(4A-H,0-2)

COMPLEX#*16 Z(N,1),W(1),2I(W,1)

DIMENSION AEX(W,$),ABXI(N,1)

DO 10 I=1.¥

b0 10 J=1,H

AEX(I,)=0.D0

AEXI(I,J)=0.D0

PO 10 K=1.KE
REX(I,I)=AEX(I, J)+DREAL (CDEXP (W{X)*DCHPLX (DT, 0.D0))#2(1,X)*
b ZI(K,3)
AEXT(L,J)=ABXI{I,2)+DREAL{(CDEXP(W(K)*DCKPLX(DT,0.00))~1.D0)=
X Z(I,K)=ZI(K,3}/W(¥K))

RETURR

FORMAT(4E13.4)

EXD

SUBROUTINE FUNLINO (N,PAR,V)

IHPLICIT REAL*8(A-H,0-2)
COMMOX/EMCDES/ KM
COMMOR/BEAQUA/U(16000),Y(16000) ,E(16000)
COMMDH/CONLIK/ICON
COMMOB/WINDOW/ISTART, IFIN
COMMOR/SAMP/DT

DIMENSION PAR(1),
X CSI(B),0H({5),PART(E),
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10

20

30

40
50

[}

2000

OO0 0an0

(9}

e b e

X

B{10),C{10},
ADIC100),BDI(10),
ALFA(10),BETA(10),
U0(10),vY0(10),E0(10),
WK(1000)
IEITIALIZATION

R2=2+RH

KHi=NM-1

DO 10 I=1,HH

CSI(I)=PAR(I)

DO 20 I=1,WHM
OM(I)=PAR(NH+I)

PART(1)=1.D0

IF(HH.EQ.1) GOTO 5O

DO 30 I=1,HM1
PART(I)=PAR(2#NM+I)
PART(EM)=1.D0

DO 40 I=1,HMi
PART(WM)=PART{KH)-PART(I)
CORTIHUE

WRITE(58,2000)

FORMAT(/)
WRITE{58,1010)(CSI{I),I=1,KK)
WRITE{58,31010) (OM(I},I=1,HM)
WRITE(S8,1010) (PART(I),I=1,HH)
REWIND 58

GENERATE THE SYSTEM MATRIX

CALL SYSVEC(B,C,CSI,ON,PART,2*NH)
COMPUTE TEE DISCRETE APPROXIMATION
CALL DISAPP(CSI,OM,B,ADI,BDI,DT,WK,2%NM)
COMPUTE TEE COEFFICIENTS OF THE DIFFERENCE EQUATION
¥11=1
H12=N2*K2+1
H13=2+N2¢H2+1
CALL DIFCOF(ADI,EDI,C,CST,0M,DT,ALFA,BETA, 2+ N¥ WK(N11) ,WK(¥12),
WK(N13)}
Hii=1
Ei12=K11+N2+¥N2
W13=Hi2+N2
E14=N134¥2
B1E=K14+H2
E16=Ni5+H2%N2
CALL LOURD (Y,U,ISTART,IFIK,ALFA,BET4,N2,E0,Y0,U0,
WEK{N11) ,WK(N12) ,WK(N13) , WK (N14) ,WK{N15) ,WR{KN18))
COMPUTE THE LIKELIHOOD FUNCTIOH
CALL LIKFUK(Y,Y,E,ALFA,BETA,U0,Y0,EQ0,HM,ISTART,IFIN,V)
WRITE(5E,1010) V

RETURN

1010 FORMAT(4Ei3.4)

c

END

SUBROUTINE LIKFUN(YU,Y,E,ALFA,BETA,UC,YO,EQ,NM,ISTART,IFIN,V)
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COKPUTE THE LIKELIHOOD FCT FOR A GIVEN SET OF PARAMETER
ALFA,BETA

IMPLICIT REAL#*8(A-H,0-2Z)

COMMON/ERR/ITER

DIMENSION U(1),¥(1),E(1),ALFA(1),BETA(L),U0{1),Y0(L),E0(1)

IIER=0

H=2%HH

Fi=H-1

2000 FORMAT(2E23.13)
DO B J=1,K
U0(J)=U(ISTART-J)
Y0(J)=Y(ISTART-I)
& CONTINUE

¥=0.D0

DO 30 I=ISTART,IFIN
E(I)=Y(1)
Do 10 J=1,K
10 E(I)=E(I)-ALFA{I)*EO(I)+ALFA{I)*YO(J)~BETA(I)*U0(T)
IF (DABS(E(I)) .LT. 1.D4) THEN
V=V+E(I)*E(I)
ELSE
IIER = 1
Vo= 1.00
END IF
DO 20 J=1,¥i
HIi=K-J+1
BJ=H-]
UO(HIL)=Uo(NI)
YO(HIL)=Yo(N)
20 EO(RI1)=EO(KJ)
Uo(1)=u(1)
Yo(1)=y(I)
30 EO(1)=E(I)

V=V/2.00
RETURN

101¢ FORMAT(4E13.3)
END

SUBROUTINE LOURD(Y,U,ISTART,IFIN,ALFA,BETA,¥,EC,Y0,¥0,
X A,B,ETO,EN,ENO,WK)

IMPLICIT REAL*8(4-H,0-Z)

DIMEESION ¥{(1),u(1),ALFA(1),BETA{1),E0(1),Y0{1),U0(1),

I ACH,1),B{1) ,ETO(L) ,ENC1) ,BRO(Y, 1) ,WE(D)
INITIALIZATION

CALL CLEAR(EN,H)

CALL CLEAR(ENOQ,H#N)

CALL CLEAR(CETO,H)

CALL CLEAR(A,H#N)

CALL CLEAR(B,X)

Bi=N-1



B0 5 I=1,H
5 ENO(I,I)=1.D0
BG 7 I=1,¥
UO(I)=U{ISTART-I)
7 ¥0(I)=¥(ISTART-I)
LOOPVERD
DO 100 I=ISTART,IFIH
COMPUTE ET
ET=Y(I)
pg 10 J=1.¥
10 ET=ET-ALFA{J)*ETO{J)+ALFA(J)*YO{J)~BETA(J)*U0(])
YRITE(6,*)} I,ET
CDHPUTE EX
Do 20 L=1,K
EN{L)=0.D0
po 20 J=1,W
20 BN(L)=E®{L)~-ALFA(J)*ENO(L,])
WRITE(6,1010) (EN(M) ,M=1,N}
COMPUTE 4(K,L) AND B{K)
Do 40 K=1,K
B{K)}=B(K)+ET*EN(K)
DO 40 L=1.%
20 A(K,L)=2(X,LY+EN(K)*EN(L)
RESET MEMORIES
DG 50 J=1,H1
Hi=N-J
Hil=H-J+1
YO(RI1)=YO(ED)
BO{RI1)=U0(HT)
ETO(HI1)=ETC(RI)
DO 50 K=1,%
50 ENO(K,¥J1)=ENC(X,¥I)
YO(1)=Y(I)
U0 {1)=U(1)
ETO(1)=ET
DO 100 XK=1,W
100 ENO(X,1)=EN(X)
IDGT=4
CALL LEQT:F (4,1,%,¥,B,IDGT,WK,IER)
DO 110 I=1.%
110 EO(I)=-B(I)
RETURHN
1010 FORMAT{4E13.4)
END

SUBROUTINE MATEXP(CSI,OM,B,AEX,AEXI,N,DT,Z,ZI,W,WA,WK)

IMPLICIT REAL#8(A-H,0-7)

DIMENSION AEX{N,1),ARXI(N,1),CSI(1),0M(1),B(1),WK{1)
COMPLEX*16 Z(H,1),ZI(H,1),¥W(1),Wa(1)
COMPUTE THE EIGEKVALUES AND THE EIGENVECTOR OF 4
CALL EIGHOD(CSI,OM,N,Z,W)

COMPUTE THE INVERSE OF THE MATRIX OF EIGENVECTORS
CALL EIGINV{ZI,®,N)

CALL COMCHE(ZI,®,¥,6)

COMPUTE AEX=PHI*%~1 % DIAG(EXP{LAMBDA)) % PHI
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CALL FIGAT(AEX,A&EXI,Z ZI,W,DT,W)

RETURY
1010 FORMAT({4E13.4)
E¥D
C
SUBROUTINE HMCOS(A,AM,H)
C ___________________________________________________________________

C COMPUTES THE INVERSE OF THE OBSERVABILITY HMATRIX
C FOR THEE OBSERVER CAKONICAL FORM

IMPLICIT REAL+8(4A-H,0-2)
DIMENSION A(i),AM(¥,1)
DATA UND/1.DOC/
CALL CLEAR{AM,N*N)
Bi=H-1
DO 10 K=1,K1
DO 10 L=1,K
AM(K-L+1,L)=A(K+1)

10 CONTINUE
po 20 I=1.,K
AM(N-TI+1,1)=UND

20 CONTIRUE
RETURH
END

9]

SUBROUTINE MULMA (4,B,C,L.M.E}
CO¥PUTES C=A4xB
L=NO OF ROWS IN 4
N=HQ COF COLUMNS IN B
H=COMMON DIMENSION
IMPLICIT REAL*8(4-E,0-Z}
DIMENSION A(L,1),B(M,1),c(L,1)
DO 10 I=1,L
DO 10 J=1,R
€(I,1)=0.D0
DO 10 K=1,¥4
10 C(1,2)=C{I,3)+A(I K)*B(K,3)
RETURY
END

(2 PN ]

SUBROUTINE MUMQSET(TITLE,GROUED,ROOF,IGRAPH)
CHARACTER#80 TITLE
CHARACTER*29 GRDUND,ROCF
OPEN (20,FILE=GROUKD)
OPEN (22,FILE=ROCF)
c O?EN(SS,FILEz’diag.check’)
CPEN(56,FILE="modes.res’)
UPEK(55,FILE='damage’)
GPEN(54,FILEW’fPer.reS’)
IF (IGRAPH .EQ. 1) OPEH{62,FILE='eaq.graphcomm’)

RETURN
EXD
C
. SUBROUTINE 0OBSITY(4,C,0,N,0T)
0 oo o A T 1 1
c COMPUTE TEE DOBSERVABILITY MATRIX O FOR {C,A)
£ v e e ot e 2 A

IMPLICIT REAL#8(A-H,0-Z)
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OO0 0

DIMENSION ACH,1),C(1),0(¥,1),0T(N,1)

DO 10 I=1,¥
10 OT(I,1)=C(I)

DO 20 I=2.%

CALL MULMACOT(1,1I~1),4,0T(1,I),1,%,H)
20 COETINUE

CALL TRASP(OT,C,E,H)

RETURN

ERD

SUBROUTINE SYSVEC(E,C,CSI,0M,PART,N2)
GEEERATES THE
INPUT VECTOR B
OBSERVATION VECTOR C
FROM THE PHYSICAL PARAMETERS
CSI,0M.PART
IMPLICIT REAL#8(4&~H,0~Z)
DIKENSION B(1),C(1),CS1{1),0M(1) ,PART{1)
DATA UNG/1.DC/,DUE/2.D0/
BE=R2/2
CALL CLEAR(B,¥2)
CALL CLEAR(C,¥2)
DD 20 I=1,¥M
20 B{WNM+I)=-PART{I)
DO 30 I=1,¥H
C{I)}=-0M{1)+DM{I)
30 C(KH+I)=-DUE*CSI(I)#0X(I)
RETURK
1010 FORMAT(4E£13.4)
EED
SUBROUTINE TRASP(A,AT,H,¥)
IMPLICIT REAL*8(A-K,0-Z)
DIKENSION ACH,1),AT(H,1)
DO 10 I=1,¥
DO 10 J=1,H
10 AT(I,I)=4(1. 1)
RETURHK
END

SUBROUTINE VECKEW(ON,OL,B,N,WK)
IMPLICIT REAL#8B(A-E,0-2)
DIMENSION OL(F,1).00(N,1),B{1),wK(3}

CALL MULMA(DL,B,WK,¥,¥,1)
CALL HULMA(ON,WX,B,N¥,N,1)
RETURK

EX¥D

SUBRGUTINE WRIFP(TC,VTO,INEW,TIK, TFIN,TITLE,THE, TW,FPER, VARF)
CHARACTER#80 TITLE

IMPLICIT REAL#8{A-H,0~Z)

DIMERSION TME(1),FPER(1),VARF(1)},TW(1)

TAV=(TIN+TFIR}/2.

THIND=TFIN~TIN

IF (INEW.REQ.1) GOTO 250

REWIND b4



READ(54,999%) TITLE
I=1
90 READ(54,1080,E¥D=100) THE(I),TW(I),FPER(I),VARF(I}
T=I+1
GOTC 90
100 COETINUE
EFPER=I

I=1
IF{TAV.LE.TEE(I)) GOTO 150

120 I=1+1
IF (TAV.GE.TME{I-1).AND.TAV.LE.THME(I)) GOTD 150
IF (I.GE.HFPER) GOTO 200
GOTO 120

150 CONTIEUE
HF1=¥FPER-I
DO 155 J=1,WFi
THE{XFPER-J+1) =TME(NFPER-I)
TW{YFPER-J+1) =TW(NFPER-I)
FPER(NFPER-J+1)=FPER(NFPER-I)
VARF(HFPER-J+1)=VARF(NFPER-1)
155 CONTINUE
THE(L)=TAV
TH(I)=TWIKD
FPER{I)=TO
VARF(I)=VTC
REWIND 54
WRITE(54,999) TITLE
DO 1680 I=1,NFPER
WRITE(S54,1080) THE(I),TW(1),FPER(I),VARF(I)
WRITE(6,1080) TME(I},TW(I},FPER(I)},VARF(I)
160 CONTINUE
RETURK
200 CONTIKUE
WRITE(6,1080) TAV,TWIND,TO,VTO
WRITE(54,1080) TAV,TWIKD,TO,VTO
RETURN
250 CONTINUE
REWIND 54
WRITE(54,9998) TITLE
INEW=0
WRITE{6,108C) TAV,TWIXD,TO,VIC
WRITE{54,1080) TAV,TWIND,TO,VTO
RETURN
999 FORMAT(A80)
1080 FORMAT(4F10.5)
END

SUBROUTIKE ZERMEA

IMPLICIT REAL#8(A-E,0-Z)
COMMON/EAQUA/U(16000),Y(16000) ,E{16000)
COMMON/VINDOW/ISTART, IFIN

ANU=0.DOC



AHY=0.DO
DO 16 I=ISTART,IFIN
AMU=AMU+U(I)
AMY=AMY+Y (I}

10 COKTIRUE
ETi=IFIN-ISTART+1
AMU=AMU/FLOAT(HTL)
AHY=AMY/FLOAT(HTYL)
DO 20 I=ISTART,IFIN
U(I)=U(I)-A4KU
Y(I)=Y(I)}-AKY

20 CONTIXUE
RETURK
E¥D

DESACTIVATE THE REMAINING CARDS IF THE SUBROUTINE EAGRA
IS AVATLABLE

SUBRCUTINE EAGRA (Y,Y,E,R,AX,AY,DT,ISTART,IFIN,TITLE)
GEKERATE THE DATABASE FOR THE PLOTTING FUNCTIONS
QuUTPUT IN eaq.graphcomm

IMPLICIT REAL*8{4-H,0-Z)

CEARACTER%8C TITLE

WRITE(*,%) °*SUBROUTINE EAGRA KOT AVAILABLE’
WRITE(#,*) ’GRAPHICS HOT POSSIBLE’

STOP

RETURH

EXD
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APPENDIX B
FORTRAN SOQURCE LISTING OF THE PROGRAM DAMAGE

PROGRAM TO COMPUTE DAMAGE INDICES ANWD PROBABILITY OF
DAMAGE USING THE OUTPUT OF MUMOID IR 4 FILE
OR VALUES FRO¥ THE KEYBOARD

YRITEE BY SANTIAGO RODRIGUREZ-GOMEZ
DEPARTHENT DOF CIVIL ENGINEERING
PRINCETON UNIVERSITY
OCTOBER 1988

PROGRAM DAMAGE
CHARACTER*1 AA
CEARACTER#78 FILEWAME,TITLE
OPEN (55,FILE="damage")
PRINT#,“COMPUTATION OF DAMAGE INDICES"
5 PRINT=+," ARE THE DATA IN &4 FILE 7 {Y/N)"

READ (5,1010) A4
IF {44 .EQ. "Y")} GO TO 10
IF (A4 .HE. "N") GO 70 &
PRINT* ,"WRITE TITLE"
READ (5,%) TITLE
PRIET#*,"WRITE TZERD INICIAL AWD ITS STANDAR DEVIATION"®
READ (5,%) TIKI,STINI
PRINT*,"WRITE TZERO MAXIMUN AND ITS STANDAR DEVIATION®
READ (5,%) THMAX,STHAX
PRINT+,"WRITE TZERD FINAL "
READ (5,%) TFIE
CALL CO¥P(TITLE,TMAX,STMAX,TINI, STINI,TFIN)
sTop

10  PRINT#," WRITE FILE HaME"
READ (5,1000) FILEFAME
CALL DAMIND(FILENAME)

000 FORMAT (A78)

010 FORMAT (4% )
STOP
E¥D

SUBROUTIKE DAMIND(FILENAME)
CHARACTER»T8 TITLE ,FILERAME
CHARACTER=*1 A4

DIMENSION T{1000,2)



20

30
50

80
200
210
1610

40

200
100

GPE¥ (54 ,FILE=FILERAKE)

I=1

READ(54,200) TITLE

READ (54, # ,EXD=20)A,B,T(I,1),T(I,2)

I=I+1

G0 TO 5

TIHI=T{1,1)

STINI=T(1,2)

TFIN=T(I-1,1)

THAX=0

STHAL=C

DO 30 J=1i,I-t

IF (7T(3,1) .LE. THAX) GO TD 30

THAX=T(J,1)

STHAX=T{J,2)

CONTINUE

PRINT* ,“TZERD INITIAL=", TINI

PRINT* ,"D0 YOU WANT TO CHANGE IT 7 (Y/N)"
READ (5,1010) 44

IF (A& .EQ. "H") GD TO 80

IF (Ah .HE. "Y") GO TO 50

PRINT*,"WRITE TZERO INICIAL AND ITS STANDAR DEVIATION®
READ {5,*) TIKI,STINI

CALL COMP{TITLE,THAX,STMAX,TINI,STINI,TFIN)
FORMAT (478)

FORMAT (4F10.4)

FORMAT (41)

RETURN

END

SUBROUTINE COMP(TITLE,TMAX,STHMAY,TINI,STINI,TFIN)
CHARACTER*78 TITLE

SHAX= 1.~ TINI/THMAX

SHAX2=1 .- (TINI/THAX)**2

SFIN =1.- (TINI/TFIH)*=*2

SPLAS=1.- (TFIN/THAX)**2

SDELTA= SHAX#(STINI/TINI + STHAXL/TMAX)
ALFA = -1.081

SALFA = .28

BETA = 4.813

SBETA = .4486

SI = SALFA#%2+{SBETA*SDELTA)##2+ (BETA*SDELTA) ##2+ (SHAX#SBETA) #2

II = ALFA + BETA+SMAX

PDAM = 1. - ANORDF{(1i.-XI)}/SI)

CALL HDNOR((1.-XI)/SI,ANOR)

PDAK = 1. - ANOR

WRITE{E5,200) TITLE

WRITE(65,150) TIKI,STINI,TMAX,STHAX, TFIN

WRITE(S5, 100)SMAY,SHAL2 ,SFIN,SPLAS, PDAY

ICO=SYSTEK(’LPR damage’)

FORMAT (A78)

FORMAT (/,"MAXIMUM SOFTENING",4X,Fi14.5,
/L UMAXIMUM SOFTERING(SQ)",Fi4.5,
/,"FINALL SOFTENING",8X,F14.5,

[/ “PLASTIC SOFTENIHG",4X,F14.5,
/,"PROBABILITY OF DAMAGE",F14.5)

P Pt B
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FORMAT (/,/,"TZERC INITIAL",8% ,Fi14.5,

P4 g pd bd

RETURH
END

/,"STAKDARD DEVIATION",K3X,F14.5
/ MTZERD MAX“,12X,F14.5,
/,"STAKDARD DEVIATION",63X,Fi4.5
/,"TZERD FINAL",10X,F14.5)

1]
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{PB88-213806/A8),

"Combining Structural Optimization and Structural Control," by F.Y. Cheng and C.P. Pantelides,
1/10/88, (PB88-213814/A8).

"Seismic Performance Assessment of Code-Designed Structures,” by H.H-M, Hwang, I-W. Jaw and
H-1. Shau, 3/20/88, (PB8S-219423/A8).
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NCEER-88-0008

NCEER-88-0009

NCEER-88-0010

NCEER-88-0011

NCEER-88-0012

NCEER-88-0013

NCEER-88-0014

NCEER-88-0015

NCEER-88-0016

NCEER-88-0017

NCEER-88-0018

NCEER-88-0019

NCEER-88-0020

NCEER-88-0021

NCEER-88-0022

NCEER-88-0023

NCEER-88-0024

NCEER-88-0025

NCEER-88-0026

NCEER-88-0027

"Reliability Analysis of Code-Designed Structures Under Natural Hazards,” by HH-M, Hwang, H.
Ushiba and M. Shinozuka, 2/25/88, (PB88-229471/AS).

“Seismic Fragility Analysis of Shear Wall Structures,” by I-W Jaw and H.H-M. Hwang, 4/30/88,
{PBB9-102867/A8).

"Base Isolation of a Multi-Story Building Under a Harmonic Ground Motion - A Comparison of
Performances of Various Systems,” by F-G Fan, G. Ahmadi and 1.G. Tadjbakhsh, 5/18/88,
(PB8YS-122238/A8).

"Seismic Floor Response Spectra for a Combined System by Green’s Functions,” by F.M. Lavelle, L. A,
Bergman and P.I, Spanos, 5/1/88, (PR89-102875/45).

"A New Solution Technique for Randomly Excited Hysteresic Structures,” by G.Q. Cai and Y K. Lin,
5/16/88, (PBRY-102883/A5).

"A Swdy of Radiation Damping and Soil-Structure Interaction Effects in the Cenwrifuge,” by K.
Weilssman, supervised by ILH. Prevost, 5/24/88, (PB89-144703/A8).

"Parameter Identification and Implementation of a Kinematic Plasticity Mode] for Frictional Soils,” by
J.H. Prevost and D.V. Griffiths, to be published.

“Two. and Three- Dimensional Dynamic Finite Element Analyses of the Long Valley Dam,” by D.V.
Griffiths and L.H. Prevost, 6/17/88, (PB89-144711/A8).

"Damage Assessment of Reinforced Concrete Structures in Eastern United States,” by AM. Reinhomn,
M.J. Seidel, S.K. Kunnath and Y.J. Park, 6/15/88, (PB89-122220/A8).

"Dynamic Compliance of Vertically Loaded Strip Foundations in Multilayered Viscoelastic Soils," by
S. Ahmad and A.S5.M. Israil, 6/17/38, (PBRY-102891/A8).

"An Experimental Study of Seismic Structural Response With Added Viscoelastic Dampers,” by R.C.
Lin, 7, Liang, T.T. Soong and R.H. Zhang, 6/30/88, (PB89-122212/A8).

"Experimental Investigation of Primary - Secondary System Interaction,” by G.D. Manolis, G. Juhn and
AM. Reirhorn, 5/27/88, (PBR9-122204/A8).

"A Response Spectrum Approach For Analysis of Nonclassically Damped Structares, " by LN. Yang, S.
Sarkani and F.X. Long, 4/22/38, (PB89-102909/A8).

"Seisrmic Interaction of Structures and Soils: Stochastic Approach,” by A.S. Veletsos and A.M. Prasad,
7/21/88, (PBBY-122196/A8).

"Identification of the Serviceability Limit State and Detection of Seismic Structural Damage," by E.
DiPasquale and A.S. Cakmak, 6/15/88, (PB89-122188/A8).

"Mulii-Hazard Risk Analysis: Case of a Simple Offshore Structure,” by B.K. Bhartia and E.H.
Vanmarcke, 7/21/88, (PB89-145213/A8).

"Automated Seismic Design of Reinforced Concrete Buildings," by Y.S. Chung, C. Meyer and M.
Shinozuka, 7/5/88, (PB89-122170/A8).

"Experimental Study of Active Control of MDOF Structures Under Seismic Excitations,” by L.L.
Chung, R.C. Lin, T.T, Soong and A M. Reinhorn, 7/10/88, (PR89-122600/A8).

"Earthquake Simulation Tests of a Low-Rise Metal Structure,” by 1.5, Hwang, K.C, Chang, G.C. Lee
and R.L. Ketter, 8/1/88, (PB89-102917/A8).

“Systems Study of Urban Response and Reconstruction Due to Catastrophic Earthquakes,” by F. Kozin
and H.K. Zhou, 9/22/88, (PB90-162348/A5),
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NCEER-88-0028

NCEER-88-0029

NCEER-88-0030

NCEER-88-0031

NCEER-88-0032

NCEER-88-0033

NCEER-88-0034

NCEER-88-6035

NCEER-88-0036

NCEER-88-0637

NCEER-88-0038

NCEER-88-0039

NCEER-88-0040

NCEER-88-0041

NCEER-88-0042

NCEER-88-0043

NCEER-88-06044

NCEER-88-6045

NCEER-88-6046

"Seismic Fragility Analysis of Plane Frame Structures,” by H.H-M. Hwang and Y.K. Low, 7/31/88,
(PB89-131445/A8).

"Response Analysis of Stochastic Structures,” by A. Kardara, C. Bucher and M. Shinozuka, 9/22/88,
(PB89-174429/A8).

"Nonnormal Accelerations Due to Yielding in & Primary Swucmre,” by D.C.X. Chen and L.D. Lutes,
8/19/88, (PB89-131437/A8).

"Design Approaches for Soil-Structre Interaction," by A.S. Veletsos, A.M. Prasad and Y. Tang,
12/30/88, (PB89-174437/A8).

"A Re-evaluation of Design Spectra for Seismic Damage Control,” by C.J. Turkstra and A.G. Tailin,
13177/88, (PB89-145221/A8).

“The Behavior and Design of Noncontact Lap Splices Subjected to Repeated Inelastic Tensile 1.oading,”
by V.E. Sagan, P. Gergely and R.N. White, 12/8/88, (PB89-163737/AS8).

"Seismic Response of Pile Foundations," by §.M. Mamoon, P.K. Banerjee and S. Ahmad, 11/1/88,
(PB89-145239/A8).

"Modeling of R/C Building Structures With Flexible Floor Diaphragms (IDARC2)," by A.M. Reinhom,
S.K. Kumnath and N. Panahshahi, 9/7/88, (PB89-207153/A5).

“Solution of the Dam-Reservoir Interaction Problern Using a Combination of FEM, BEM with
Particular Integrals, Modal Analysis, and Substructuring," by C-§. Tsai, G.C. Lee and R.L. Ketter,
12/31/88, (PB8I-207146/AS8).

"Optimal Placement of Actuators for Structural Control,” by F.Y. Cheng and C.P. Pantelides, 8/15/88,
{PBB8G-162846/A8).

"Teflon Bearings in Aseismic Base Isolation: Experimental Stadies and Mathematical Modeling,” by A.
Mokha, M.C. Constantinou and A M. Reinhorn, 12/5/88, (PB89-218457/A8).

"Seismic Behavior of Flat S$iab High-Rise Buildings in the New York City Area,” by P, Weidlinger and
M. Euouney, 10/15/88, (PB9(-145681/A8).

"Evaluation of the Farthquake Resistance of Existing Buildings in New York City," by P. Weidlinger
and M. Ettouney, 10/15/88, 10 be published.

“Small-Scale Modeling Technigues for Reinforced Concrete Structures Subjected to Seismic Loads,” by
W, Kim, A. El-Auar and R.N. White, 11/22/88, (PB89-189625/AS5).

"Modeling Stwong Ground Motion from Multiple Event Barthquakes,” by G.W. Ellis and A.S. Cakmak,
10/15/88, (PB89-174445/A8).

"Nonstationary Models of Seismic Ground Acceleration,” by M. Grigoriu, 5.E. Ruiz and E.
Rosenblueth, 7/15/88, (PB83-189617/A8).

"SARCF User's Guide: Seismic Analysis of Reinforced Concrete Frames,” by Y.8. Chung, C. Meyver
and M. Shinozuka, 11/9/88, (PB89-174452/A8).

"First Expert Panel Meeting on Disaster Research and Planning," edited by J. Pantelic and I. Stwoyle,
9/15/88, (PBRY-174460/A8).

"Preliminary Studies of the Effect of Degrading Infill Walls on the Nonlinear Seismic Response of Steel
Frames,"” by C.Z. Chrysostomou, P. Gergely and I.F. Abel, 12/19/88, (PB89-208383/A8).
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NCEER-89-0001
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NCEER-89-0003
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NCEER-89-6006

NCEER-89-0007

NCEER-89-0008

NCEER-89-0009

NCEER-89-R010

MCEER-89-0011

NCEER-89-0012

NCEER-89-0013

NCEER-89-0014

NCEER-89-0015

NCEER-89-0016

NCEER-89-P017

NCEER-89-0017

"Reinforced Conerete Frame Component Testing Facility - Design, Construction, Instrumentation and
Operation,” by S.P. Pessiki, €. Conley, T. Bond, P. Gergely and RN, White, 12/16/88,
(PBR9-174478/A5).

"Effects of Protective Cushion and Soil Compliancy on (he Response of Equipment Within a Seismi-
cally Excited Building,” by L.A. HoLung, 2/16/89, (PR89-207179/A5).

“Statistical Evaluation of Response Modification Factors for Reinforced Concrete Structures,” by
H.H-M. Hwang and I-W. Jaw, 2/17/89, (PE89-207187/A8).

"Hysteretic Columns Under Random Excitation," by G-Q. Cai and Y.K. Lin, 1//89, (PR8%-196513/
AS).

“Experimental Smudy of ‘Elephant Foot Bulge’ Instability of Thin-Walled Metal Tanks," by Z-H. Jia and
R.L. Ketter, 2/22/89, (PB89-207195/A8).

"Experiment on Performance of Buried Pipelines Across San Andreas Fault,” by J. Isenberg, E.
Richardson and T.D. O’ Rourke, 3/10/89, (PBS9-218440/A5).

"A Knowledge-Based Approach to Structural Design of Earthquake-Resistant Buildings," by M,
Subramani, P, Gergely, C.H. Cenley, J.F. Abel and A H. Zaghw, 1/15/89, (PB89-21 B465/A8).

“Liquefaction Hazards and Their Effecis on Buried Pipelines,” by T.D. O'Rourke and P.A. fLane,
2/1/89, (PB89-218481).

"Fundamentals of System Identification in Structural Dynamics,” by H. Imai, C-B. Yun, O. Maruyama
and M. Shinozuka, 1/26/89, (PR89-207211/A8).

"Effects of the 1985 Michoscan Earthguake en Water Systems and Cther Buried Lifelines in Mexico,”
by A.G. Ayala and M.J. O"Rourke, 3/8/89, (PB89-207229/A5).

"NCEER Bibliography of Earthquake Education Materials,” by K.E.K. Ross, Second Revision, 9/1/89,
(PB90-125352/A5).

“Inelastic Three-Dimensional Response Analysis of Reinforced Concrete Building Structures (IDARC-
313), Part I - Modeling,” by S.K. Kunnath and A M. Reinhom, 4/17/89, (PB90-114612/A8).

“Recommended Modifications 0 ATC-14," by CID. Poland and J.O. Malley, 4/12/89,
(PB90-108648/A8).

"Repair and Strengthening of Beam-to-Celurn Connections Subjected 1o Barthquake Loading," by M.
Corazao and A.J. Durrani, 2/28/89, (PB90-109885/A8).

"Program EXKALZ for Identification of Structural Dynamic Systems,” by O. Maruyama, C-B. Yun, M,
Hoshiya and M. Shinozuka, 5/19/89, (PB90-109877/AS).

"Response of Frames With Bolted Semi-Rigid Connections, Part I - Experimental Study and Analytical
Predictions,” by P.J. DiCorse, A.M. Reinhom, LR, Dickerson, J.B. Radziminski and W.L. Harper,
6/1/89, to be published.

"ARMA Monte Carlo Simulation in Probabilistic Structural Analysis,” by P.D. Spanos and M.P.
Mignolet, 7/10/89, (PB90-109893/A8).

"Preliminary Proceedings from the Conference on Disaster Preparedness - The Place of Earthquake
Education in Qur Schools,” Edited by K.E.K. Ross, 6/23/89.

"Proceedings from the Conference on Disaster Preparedness - The Place of Earthguake Education in
Cur Schools,” Edited by K.E.K. Ross, 12/31/89, (PB90-207895).
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NCEER-89-0018

NCEER-89-0019

NCEER-8%-0026

NCEER-89-0021

NCEER-89-0022

NCEER-85-0023
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NCEER-89-0025

NCEER-89-0026

NCEER-89-0027

NCEER-89-0028

NCEER-89-0029

NCEER-89-0030

NCEER-89-0031

NCEER-89-0032

NCEER-89-0033

NCEER-§9-0034

NCEER-89-0035

NCEER-89-0036

"Multidimensional Models of Hysteretic Material Behavior for Vibration Analysis of Shape Memory
Energy Absorbing Devices, by E.J. Graesser and F.A, Cozzarelli, 6/7/89, (PB90-164146/A%).

“Nonlinear Dynamic Analysis of Three-Dimensional Base Isolated Structures (3D-BASIS)," by S.
Nagarajaiah, A.M. Reinhorn and M.C. Constantinou, 8/3/89, (PB90-161936/A5).

"Structural Centrol Considering Time-Rate of Control Forces and Control Rate Constraints,” by F.Y.
Cheng and C.P. Pantelides, 8/3/89, (PB90-120445/A8).

"Subsurface Conditions of Memphis and Shelby County,” by K.W. Ng, T-8. Chang and H-H.M.
Hwang, 7/26/89, (PE0-120437/A5).

"Seismic Wave Propagation Effects on Straight Jointed Buried Pipelines,” by XK. Eltmadi and M.J,
O'Rourke, 8/24/89, (PR90-162322/A8).

“Workshop on Serviceability Analysis of Water Delivery Systems,” edited by M. Grigoriu, 3/6/89,
(PBS0O-127424/A8).

"Shaking Table Study of a 1/5 Scale Stecl Frame Composed of Tapered Members," by K.C, Chang, 1.S.
Hwang and G.C. Lee, 9/18/89, (PB90-160169/A8).

"DYNAI1D: A Computer Program for Nonlinear Seismic Site Response Analysis - Technical Documen-
tation,” by Jean H. Prevost, 9/14/89, (PB90-161944/A8).

"1:4 Scale Model Studies of Active Tendon Systems and Active Mass Dampers for Aseismic Protec-
tion," by AM. Reinhorn, T.T. Soong, R.C. Lin, Y.P. Yang, Y. Fukao, H. Abe and M. Nakai, 9/15/89,
(PB90-173246/A8).

"Scattering of Waves by Inchusions in 2 Nonhomogeneous Elastic Half Space Solved by Boundary
Element Methods,"” by P.K. Hadley, A. Askar and A.S. Cakmak, 6/15/89, (PB90-145699/A5).

“Statistical Evaluation of Deflection Amplification Factors for Reinforced Concrete Structures,” by
H.H.M. Hwang, J-W, Jaw and A.L. Ch'ng, 8/31/89, (PB90-164633/A8).

"Bedrock Accelerations in Memphis Area Due to Large New Madrid Earthquakes,” by H.H.M. Hwang,
C.H.S. Chen and G. Yu, 11/7/89, (PB90-162330/AS).

"Seismic Behavior and Response Sensitivity of Secondary Structural Systems,” by Y.QQ. Chen and T.T.
Soong, 10/23/89, (PB90-164658/A8).

"Random Vibration and Reliability Analysis of Primary-Secondary Structural Systems,” by Y. Ibrahim,
M. Grigoriv and T.T. Soong, 11/10/89, (PB90-161951/A8).

"Proceedings from the Second 1.8, - Japan Workshop on Liquefaction, Large Ground Deformation and
Their Effects on Lifelines, September 26-29, 1989," Edited by T.D. O'Rourke and M. Hamada, 12/1/89,
(PB90-209388/A8).

"Deterministic Mode! for Sejsmic Damage Evaluation of Reinforced Concrete Structures," by IM.
Bracei, AM. Reinhom, I.B. Mander and 85.K. Kunnath, 9/27/89.

"On the Relation Between Local and Global Damage Indices," by E. DiPasquale and A.S. Cakmak,
8/15/89, (PB90-173865).

"Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silts,” by A.J. Walker and H.E. Stewart,
7/26/89, (PB90-183518/A8).

"Liquefaction Potential of Surficial Deposits in the City of Buffalo, New York,"” by M. Budhu, R. Giese
and L. Baumgrass, 1/17/89, (PB90-208455/A85).
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NCEER-89-0038

NCEER-89-0039

NCEER-89-0040
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NCEER-90-0008

NCEER-90-0009

NCEER-90-0010

NCEER-90-0011

NCEER-90-0012

MNCEER-90-06013

NCEER-90-0014

NCEER-90-0015

"A Determinstic Assessment of Effects of Ground Motion Incoherence,” by A.S. Veletsos and Y. Tang,
7/15/89, (PB90-164294/A8).

“Workshop on Ground Motion Parameters for Seismic Hazard Mapping,” July 17-18, 1989, edited by
R.V. Whitman, 12/1/89, (PB90-173923/A%).

"Seismic Effects on Elevated Transit Lines of the New Vork City Transit Authority," by C.J. Cos-
tantino, C.A. Miller and E. Heymsfield, 12/26/89, (PR90-207887/AS).

"Centrifugal Modeling of Dynamic Soil-Struciure Interaction,” by K. Weissman, Supervised by I.H,
Prevost, 5/10/89, (PB90-207879/AS).

"Linearized Identification of Buildings With Cores for Seismic Yulnerabitity Assessment,” by I-K. Ho
and A.E. Aktan, 11/1/89.
“Geotechnical and Lifeline Aspects of the October 17, 1989 Loma Prieta Earthquake in San Francisco,”

by T.D. &'Rourke, H.E. Stewart, F.T. Blackburn and T.S. Dickerman, 1/90, (PB90-208596/A8).

"Nonnormal Secondary Response Due to Yielding in a Primary Structure,” by D.CK. Chen and L.D.
Lutes, 2/28/90.

“Earthquake Education Materials for Grades K-12," by K.E.K. Ross, 4/16/90.
"Catalog of Strong Motion Stations in Eastern North America," by R.W. Bushy, 4/3/50,

"NCEER Steng-Motion Data Base: A User Manuel for the GeoBase Release (Version 1.0 for the
Sun3),"” by P. Friberg and K. Jacob, 3/31/90.

“Seismic Hazard Along a Crude Oil Pipeline in the Event of an 1811-1812 Type New Madrid
Earthguake,” by H.HH.M. Hwang and C-H.8. Chen, 4/16/90.

"Site-Specific Response Spectra for Memphis Sheahan Pﬁmping Station," by H.H.M. Hwang and C.S.
Lee, 5/15/90.

"Pilot Study on Seismic Vulnerability of Crude Oil Transmission Systems,” by T. Ariman, R. Dolry, M.
Grigoriu, F. Kozin, M. &'Rourke, T, O'Rourke and M. Shinozuka, 5/25/90.

"A Program to Generate Site Dependent Time Histories: EQGEN," by G.W. Eilis, M. Srinivasan and
A8, Cakmak, 1/30/90.

"Active Isolation for Seismic Protection of Operating Rooms,” by M.E. Talbott, Supervised by M.
Shinozuka, 6/8/9.

"Program LINEARID for ldentification of Linear Structural Dynamic Systems,” by C-B. Yun and M,
Shinozuka, 6/25/90.

“Two-Dimensional Two-Phase Elasto-Plastic Seismic Response of Earth Dams,” by AN. Yiagos,
Supervised by L.H. Prevost, 6/20/90.

"Secondary Systems in Base-Isolated Structures: Experimental Investigation, Stochastic Response and
Stochastic Sensitivity,” by G.D. Manolis, G. Jukn, M.C. Constantinou and A.M. Reinhorn, 7/1,90.

"Seismic Behavior of Lightly-Reinforced Concrete Column and Beam-Column Joint Details,” by S.P.
Pessiki, C.H. Conley, P. Gergely and R.N. White, 8/22/90.

"T'wo Hybrid Control Systems for Building Structures Under Strong Earthquakes," by JLN. Yang and A.
Danielians, 6/29/50.
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NCEER-90-0021
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NCEER-90-0024

NCEER-90-6025

NCEER-90-0026

“Instantanecus Optimal Control with Acceleration and Velocity Feedback,” by IN. Yang and Z. Li,
6/29/90.

"Reconnaissance Report on the Northern Iran Earthquake of June 21, 1990,” by M. Mehrain, 10/4/90.

"Evaluation of Liguefaction Potential in Memphis and Sheiby County,” by T.S. Chang, P.S. Tang, C.S.
Lee and H. Hwang, 8/10/90.

"Experimental and Analytical Study of a Combined Sliding Disc Bearing and Helical Steel Spring
Isolation System,” by M.C. Constantinou, A.S. Mokha and A.M. Reinhorn, 10/4/90,

"Experimental Study and Analytical Prediction of Earthqueke Response of a Sliding Isclation System
with a Spherical Surface,” by A.S. Mokha, M.C. Constantinou and A.M. Reinhorn, 10/11/90.

"Dynamic Interaction Factors for Floating Pile Groups," by G. Gazetas, K. Fan, A. Kaynia and E.
Kausel, 9/3/90.

"Evaluation of Seismic Damage Indices for Reinforced Concrete Structures,” by 8§, Rodrfguez—G&nez
and A.8. Cakmak, 9/30/90.

"Study of Site Response at a Selected Memphis Site,” by H. Desai, S. Ahmad, G. Gazetas and M.R. Oh,
10/11/90.

"A User’s Gaide to Strongmo: Version 1.0 of NCEER’s Strong-Motion Data Access Tool for PCs and
Terminals,” by P.A. Friberg and C.A.T. Susch, 11/15/90.

"A Three-Dimensional Analytical Study of Spatial Variability of Seismic Ground Motons,” by L-L.
Hong and A.H.-S. Ang, 10/30/90. |

"MUMOID User’s Guide - A Program for the Identification of Modal Parameters,” by S.
Rodri guez-Gimez and E, DiPasquale, 9/30/90.
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