| hd |

NRC Publications Archive
Archives des publications du CNRC

Seismic Hydrodynamic Forces Acting on 2D Models of Gravity Dams
Jablonski, A. M.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/20358989
Internal Report (National Research Council of Canada. Institute for Research in

Construction), 1990-11-01

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=0ccded4a7-f554-43d9-b69b-f79b37f5fe18
https://publications-cnrc.canada.ca/fra/voir/objet/?id=0ccded4a7-f554-43d9-b69b-f79b37{5fe18

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada



National Research  Conseill national
Councll Canada de recherches Canada

Institute for Institut de
- * . .. Researchin recherche en
T - Construction construction

TSeismic Hydrodynamic Forces Acting on

2D Models of Gravity Dams
Volume 1

by A.M. Jablonski

‘ AMNALYZED
internal Report No. 602 o

Date of issue: November 1990

NRC - ST
IRC &
LIBRARY ﬁ‘

DEC 3% 1990

BIBLIOTHEQUE
IRC

CNFIC ~  IIaT

This is an internal report of the institute for Research in Construction. 1t is not
to be cited as a reference in other publications.

Canadi




-2

CONTENTS

1. s (o 00T 3 o R 4
1.1  General Comments. .. ....... e e e e e e 4
1.2 Descriptionof Procedure . . . . ... ..o v iii it it 4
1.3 Listof Computer Programs . . . . . v v v it et sttt e i m e et e s e 5
2. User'sGuide toPrograms ., . . . . v v v v v o e i e it i s e it i e e as 6
21 General CommentS, . v v v v vt v e et e e e 6
22  EarthquakeInputData- ACCELN . . . . ... . ittt e e ey 6
2.2.1 Description of ACCELNProgram. .. ..............c.... 6

222 InputData. . ...t r i i e e e s 6

223 UL, L e e e e e e e 6

224 Proceduretorun ACCELNon VM. ... ............ .. ... 7

23  HarmonicResponse -BEMC2DN . . ... ..... ... .. ..., 7
2.3.1 Description of the BEMC2DNProgram . . ... .............. 7

232 InputDAata, . . v v v v e e e 9

2 T8 T 11 1 | 12

2.3.4 Proceduretorun BEMC2DNon VM., .. ... ... ... ..., 12

24  Earthquake Response -FOURTN . .. ... ... . it i ennn 13
24.1 Description of the FOURTN Program ., . . ................ 13

242 InputData. .. ... ... i i e e i e 15

243 OUPUL. 4 u s e e e e e e e 16

244 Proceduretorun FOURTNon VM, ... ... .............. 16

2.5  Plotting Program SSPLOTNZ .« v et et e et e e e 16
2.5.1 Description of the SPLOTN2 Program . . ... .............. 16

252 InputData, ... ... it ii i i e 18

253 OupuUL. ... i i i e e e e e e 19

254 Proceduretorun SPLOTN2on VM., . ... ... .. oo iie v 19

26 CombinedResponse - SUM ., . . ... . . . ity 19
2.6.1 Descripionofthe SUMProgram, ................v. ... 19

262 ImputData. . . ... i i i e e v e e 20

263 OutputData. . ... . ... i e e e 20

264 ProceduretorunSUMon VM, .. .. ................... 20

3. 3 =5 - 4ot - 21

Appendices in Additional Volume

~Appendix A, Numerical Bxample . . . . .. ittt i i i e e 3



Appendix B, Listings of Computer Programs , . . ... ... et e e e 24
B.1  Program ACCELN FORTRANAIL.......... N 25
B.2  Program BEMC2DNFORTRAN AL, ... ............. .30
B.3  Program FOURTNFORTRAN AL, ... ......... .00 v.. 84
B.4  Program SLPOTN2FORTRAN AL. ... .. ... ... .o v 91
B5 Program SUMFORTRAN AL, . ... ... ..o it it 102




1, INTRODUCTION
L1 ___General Comments

This document describes a procedure to be followed to evaluate seismic hydrodynamic
forces acting on 2D models of gravity dams. To meet objectives of this procedure a number of
computer programs had to be developed together with a modification of the core program
BEMC.2D based on the constant boundary element formulation. At the beginning of this
chapter, the short description of the procedure is presented. The rest of this document covers
user's guides to these programs together with a numerical example. Listings of them and
references are also included. :

1.2 Description Q‘f Procedure

The procedure is divided into four main steps. These steps should be followed according
to the presented description. '

Step 1 - Earthquake Input Data

~ First preparation of an input data file DATAS INPUT Al must be completed based on an
available earthquake record. Depending on the time step and the required number of points in
the Fast Fourier Transformation subroutines the specific total time (representative duration time
of an earthquake record) should be chosen. Creation of the file DATAS INPUT Al is made
through XEDIT (editor on VM) as e.g. a modification of a copied earthquake record file (in
“acceleration history). _

In order to obtain a file INPS1 INPUT Al run the program ACCELN FORTRAN Al.
After screening INPS1 INPUT Al w.r.t. number of points and chosen part of the original
earthquake file, it can be used as an input file to the programs in Step 3 - Earthquake Response.
Execution file EQN EXEC Al is used to run the program ACCELN FORTRAN Al. Details are
included in Section 2.2 - Earthquake Input Data.

Step 2 - Harmonic Response

The response of a dam-reservoir-foundation system subjected to a horizontal or vertical
excitation is obtained with the use of the previously developed computer program BEMC2DN
based on the constant boundary element formulation. The running of this program is fulfilled
using a batch file BATCHS BATCH Al. Input data file DATAM INPUT Al will be described
in detail in subsection 2.3.2. The program BEMC2DN FORTRAN A1l can create three output
files:

OUTM OUTPUT Al a complete output file for each frequency step;

EIGENM OUTPUT Al an empty file, which may be used in obtaining data from an
eigenvalue subroutine;

INFTM INPUT A1l a vital output file, which is used as an input file in step 3 -
Earthquake Response. Its name should be changed to INFT1
INPUT Al



Step 3 - Earthquake Response

The Fast Fourier Transformation technique is used to obtain the response of the system to
a horizontal or vertical component of the given earthquake acceleration record.

In order to obtain file OUTFFT QUTPUT Al run program FOURTN FORTRAN Al
with two input files: INPS1 INPUT Al from the ACCEL program and ]NFTI INPUT Al from
the BEMCZDN program. _

Execution file FOURTN2 EXEC Al is used to run the program FOURTN FORTRAN
Al (NE = 4096pts) or file FOURTN 1 EXEC Al is used to run a modified program FOURTNE
FORTRAN Al (NE 8192 pts). .

Details are included in Section 2.4.

Step 4 - Plotting

The set of DISPPLA subroutinés is used to obtain several output plots. They could be
first reviewed online and later be dumped onto the laser printer associated with VM,

In order to obtain output plots run the program SPLOTN2 FORTRAN A1l. Execution file
DUM2 EXEC Al is used to run this program. There are two input files: INPS1 INPUT Al
obtained from ACCELN FORTRAN A1l and OUTFFT OUTPUT A1l obtained from FOURTN
FORTRAN Al (or FOURTNE FORTRAN A1), for this program.

The program SPLOTN2 FORTRAN A1 using DISSPLA creates eight files:

Acceleration record (ACCEL vs TIME) by PLOTY;
FFT of Acceleration (Re) by PLOT2;
FFT of Acceleration (Im) by PLOT3;
FFT of Acceleration (Abs) by PLOT31;

Harmonic response vs. frequency (Re) by PLOTY;
Harmonic response vs. frequency (Im) by PLOTS;
Harmonic response vs. frequency (Abs) by PLOTS51,
Earthquake response vs. frequcncy by PLOT 6.

e S ad b

Note: The above listed 4-step procedure should be pcrformed for the horizontal and the vertical
excitations. In order to share results of the earthquake response by PLOTE6 a file named
SUM1 OUTPUT Al is produced. Rename this file to SUMIH OUTPUTAL for the
horizontal response and to SUM1V OQUTPUT Al for the vertical one. These files are
later used by an additional program SUM FORTRAN Al. An execution file SUMI
EXEC Al runs this program. The program SUM FORTRAN A1l produces the combmed
response from the superposmon of two components (horizontal and vertical).

List T
ACCELN FORTRAN ALl - to prepare an earthquake input data
BEMC2DN FORTRAN Al - to calculate a harmonic response
FOURTN FORTRAN Al - to calculate earthquake response

SPLOTN2 FORTRAN A1 - to plot results
SUM FORTRAN A1 - to plot a combined response




2, USER'S GUIDES TO PROGRAMS:
1 ' neral

In this chapter five computer programs are presented. The most important programs are:
a core program BEMC2DN FORTRAN Al, a FET program FOURTN FORTRAN Al and a -
plotting program SPLOTN2 FORTRAN Al. Each step of this procedure was planned to run
separately in allowing a prospective user to make appropriate changes in input and output
statements,

First each program is described and later its input and output. A description of a
procedure to run a specific program follows. A numerical example is presented in Appendix A.
The listings of those programs are included in Appendix B. All programs are written in
FORTRAN77.

2.2 Earthquake Input Data - ACCELN
2.2.1 Description of the ACCELN Program

This FORTRAN computer program can be used to calculate the input data file INPSI.
The program could accommodate any number of points used in the original earthqua.ke record.
It can read also any specified part from this record.

22.2 Input Data

The following parameters could be changed at the bcglnnmg and before running the
ACCELN program:
NT = number of time step (now set at 4096)
‘NI = initial step number to be read from the record file (now set at O)
NL = last step number to be read from the same record (any number depending on number of
steps in the earthquake record).

Input data is stored in the vector AC (9000). The dimension of the vector can be also
changed. Communication between input data file and the program is maintained by the OPEN
statement in the form:

OPEN (LEC, FORM = 'FORMATTED', STATUS = 'OLD', FILE = DATAS).

The input data file DATAS INPUT Al is a modified version of the considered original
earthquake data (in acceleration history). Depending on the time step and the number of points
in the Fast Fourier Transformation subroutines, the specific total time (duration) is chosen.
Creation of that file may be done using XEDIT (online editor on VM). READ statement for the
DATAS should be changed according to the format used in the earthquake record.

223 OCumpu

The program ACCELN creates an output file called INPS1 INPUT Al Qutput data is
stored in the vector A (9000). WRITE statement for the INPS1 should be changed accordingly
to the required format.



2.24 Procedure to run ACCELN oﬁ VM

To run the program ACCELN simply invoke the execution file EQN EXEC Al. The
execution file EQN EXEC Al is given below:

/* EXEC FILE EQN */

SETLEVEL FORTRAN NEW

'FI * CLEAR'

FORTVSL

FORTVS2 ACCELN '( NOFIPS NOPRTI'
LOAD ACCELN '(CLEAR START
SENDFILE INPS1 INPUT Al account name
EXIT

rmoni -
2.3.1 Description of the BEMC2DN Program

The constant boundary element program for 2D reservoirs - BEMC2DN FORTRAN Al
is a modified version of the previously developed program BEMC2D FORTRAN Al. The
program BEMC2D FORTRAN Al constitutes & VM/IBM version of the original program
BEMC.2D developed for the APOLLO/DOMAIN computer [1].

This program produces harmonic responses due to harizontal or vertical excitation in
hydrodynamic forces. Those results are later used as an input in the Fast Fourier Transform
analyses included in the next program FOURTN FORTRAN Al.

The BEMC2DN program can be used to calcuiate the hydrodynamic pressure on a rigid
dam storing a two-dimensional finite or infinite water reservoir and subjected to a horizontal
or/and vertical harmonic excitation.

The program uses the constant boundary elements. The pressures and the pressure
derivatives are assumed to have constant values over the element and equal to their values at the
mid-node of each element. The development of this 2D boundary element model of a gravity
dam-reservoir-foundation system subjected to ground motion has been presented by Liu and
Cheng [2}, Humar and Jablonski [3], and Jablonski [4].

There are no limitations on the shape of the dam face or the finite reservoir. The infinite
reservoir, however, has to be divided into two parts: one finite and irregular and other regular
but infinite. The upstream face of the dam, the reservoir surface, the bottom and the upstream
and of the reservoir (in case of the infinite reservoir this end is an intérface between irregular and
regular parts), are to be covered by a constant boundary element mesh.

The main program can handle lip to 100 boundary elements. However, this could be
extended to any number (depending on the computer capacity). :

The main program calls the eight following subroutines:

INPUT - toread all data and print the first part of the output.




EIGEN

EIGENR

FMAT

ADDEFBC -

ADDUND -
SLNPD -
OUTPUT -

-8-
t0 set and calculate the complex eigenvalue problem in case of infinite radiation
with foundation damping included.

to set and calculate the real eigenvalue program in case of infinite radiation only
and without foundation damping.

to form matrices G and H and rearrange them accordingly to the boundary
conditions on the top of the reservoir.

to modify the matrix H for the boundary conditions on the bottom of the reservoir
and at its far boundary (transmitting boundary), and to compute the vector of
known values of the R.H.S. of the system of equations. This subroutine forms the
system of equations for the damped case.

to form the system of equations and apply all B.C.'s for the undamped case.

the solver of linear equations systems (Gauss elirm'nation)

to reorder the vector of computed unknowns and print out the rest of the output
file,

The subroutine EIGEN calls the subroutine:

FSFEM -

to compute the real and imaginary portions of the eigenvector matrix and at the
same time to create the real and imaginary parts of the eigenvalue vector..

The subroutine FSFEM calls the following subroutines:

SET -

OQZHES -

CQZVAL -

COZVEC -

to form the complex matrices for the eigenvalue problem, which governs the
damped vibrations in the infinite part of the reservoir (A + iwy B) p = AZF p,
where matrices A, B and F are described in detail in Refs. 4 and 5.

this subroutine is a complex analogue of the first step of the QZ algorithm for
solving generalized real matrix eigenvalue problems {5). This subroutine accepts
a pair of complex general matrices and reduces one of them to upper Hessenberg
form with real (and non-negative) subdiagonal elements and the other to upper
triangular form using unitary transformations.

this subroutine is a complex analogue of steps 2 and 3 of the QZ algorithm for
solving generalized real matrix eigenvalue problems. This subroutine accepts a
pair of complex matrices, one of them in upper Hessenberg form and the other in
upper triangular form. The Hessenberg matrix must further have real subdiagonal
elements. It reduces the Hessenberg matrix to triangular form using unitary
transformations while maintaining the triangular form of the other matrix and
making its diagonal elements real and non-negative. It then returns quantities
whose ratios give the generalized eigenvalues,

is a complex analogue of the fourth step for solving generalized real matrix
eigenvalue problems, This subroutine accepts a pair of complex matrices in
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upper triangular form, where one of them further must have real diagonal
elements. It computes the eigenvectors of the triangular problem and transforms
the result back to the original system. This is the last step of QZ algorithm
originally developed by Stewart and Moler [5] and later modified by B.S. Garbov
frogn Applied Mathematics Division, Argonne National Laboratory, Ilinois,
USA, -

NORMA - normalizes the eigenvectors obtained from the QZ algorithm w.r.t matrix F.

The subroutine EIGENR calls the following subroutines:

SETR - forms the real matrices for the eigenvalue problem, wich governs the undamped
vibrations in the infinite part of the reservoir: A p = A2F p.

JACOBI - uses the generalized Jacobi method to solve the generalized real matrix

eigenvalue problem [6]. Eigenvectors and eigenvalues are presented in a
normalized form in its output.

The subrouting FMAT calls the following subroutines:

INTE - computes the G and H matrix elements except those on the diagonal by means of
numerical integration along the boundary elements. The numerical integration
uses the 4-point Gauss quadrature scheme.

INLO - calculates the diagonal elements of matrix G.
The subroutine INTE calls the subroutine:

BFUNCT - compuies the values of Bessel function Yo (kr) and its derivative using the series
representation of the Bessel functions [7,8].

Subroutines ADDFBC, ADDUND and OUTPUT call the subroutine:

TP - calculates the transformation matrix T, for adjustment of linearly formed for end
' condition into content element formulation.
2.3.2 Input data
Input data is read from the file DATAM INPUT A1 (unit No. LEC = 2).

The following table shows the order of presentation of data in the program BEMC2DN
FORTRAN A1l: '
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TABLE 2-1

Input Data for the BEMC2DN FORTRAN

Card Group | No. of Cards Format FORTRAN Variableg

A 1 18A4 TITLE

Bi 1 General Format [N = number of boundary elements
NO = last element number at top near the dam
N1 =last element number at the base of the dam
N2.= 1ast element number ai the reservoir bottom near the end
NOUT = 1, flag for detailed output,

0, flag for output at the dam only

B2 1 General Format |HY = height of the dam
C = velocity of sound in water
ALFA = wave reflection coefficient _
DF = vertical acceleration of the first mode at the far end

C N General Format (X,Y = coordinates of nodal points

D NI1-NO General Format |FID = boundary conditions on the dam face

E N2-N1 General Format [FIB = boundary conditions on the foundation base

F No. of cases | General Format {OMEGA = excitation frequency
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The node numbers must start from the element at the top of the reservoir adjacent to the
far end and numbered in counter-clockwise direction.

Units:

HY = height of the dam in m;

C = 1440 m/sec, velocity of sound in water,;

ALFA = wave reflection coefficient, dimensionless value from 0 to 1.0; _

DF = (.101937, gnit vertical ground acceleration (w/g, where w = 1 metric tonne and g
= 0.81 m/s4);

XY = coordinates of modal points in m; -

*FID = (, for vertical excitation; 0.101937, unit horizontal acceleration (w/g);

*F1B = {, for a rigid reservoir bottom; 0.101937, unit vertical ground acceleration;

OMEGA = inrad/s

BOUNDARY CONDITIONS ON INCLINED DAM FACE

hvi
1 %x0.101937
RESERVOIR
e
FID = 0.10337 x si
37xsin o EXCITATION
7
1 X 0.101937
RESERVOIR
VERTICAL

_ HARMONIC
FID = 0.101337 x cos o EXITATION
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BOUNDARY CONDITIONS ON INCLINED RESERVOIR BOTTOM

Z

RESERVOIR

1 x0.101937

n HORIZONTAL

i W <= HARMONIC

' o EXCITATION
FIB =-0.101937 x sin B

~

RESERVOIR

VERTICAL

HARMONIC

Whenever the direction of excitation component is the same as the one of the outward
normal to the reservoir boundary, the input value should be positive, and negative otherwise.

2.33 OQumput

The program BEMC2DN FORTRAN Al creates three output files: OUTM OUTPUT
A1, EIGENM OUTPUT A1l and INFTM INPUT Al. After chan;
INFT1 INPUT Al, it can be used as an input to calculate the spect

;

EXCITATION
'FIB=0.101937 x cos f

2.34 Procedure to run BEMC2DN on VM

To run the program BEMC2DN FORTRAN Al simply invoke the batch file BATCHS

BATCH Al. The batch file BATCHS BATCH Al is given below:

/¥ BATCHS */

/* TESTING BEMC2DN PROGRAM */

EXEC SYSPROF

ADDRESS COMMAND CP LINK account name 191 196 RR password

ACCESS 196 'B/A
TAGPRINT
TRACE C

SETLEVEL FORTRAN NEW

'F1 * CLEAR'
TEMPDISK C10

FI 3 DISK OUTM OUTPUT C
FI 6 DISK EIGENM OUTPUT C

ging the name of the last file to
fic earthquake response.
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FI 7 DISK INFTM INPUT Al

FORTVSL

FORTVYS2 BEMC2DN '(NOPRI NOFIPS'

LOAD BEMC2DN '(CLEAR START"

/% SENDFILE QUTM OUTPUT C account name */
J* TSSPRT OUTM OUTPUT C (CL D DEFAULT' */
SENDFILE INFTM INPUT Al account name

4 - R
24.1 Description of the FOURTN Program

The program FOURTN calculates the response in hydrodynamic pressures of the linear
dam-reservoir-foundation system to the excitation history given in the discrete form. The
program FOURTN FORTRAN Al employs the FFT routines originally developed by Paul
Swarztrauber, National Center for Atmospheric Research, Denver, Colorado, USA, and in the
‘form provided by the new version 1.0 of the math Library, IMSL [9].

- For obtaining the response to an arbitrary ground motion through the frequency domain
analysis, the standard procedure can be summarized in the following steps:

1. The excitation history has to be expressed in terms of the harmonic components.

2. The evaluation of the response of the linear dam-reservoir-foundation system is done
next.

3. The superposition of the harmonic responses to obtain the total response completes the
solution,

When the excitation history is given in terms of function of the acceleration a(t) and F(w)
represents the harmonic response of the system to unit excitation ei®, the so-called harmonic
synthesis is usually expressed as:

F(t) = % /A(w) F(w) e dw o (1)

-0

where

o

Aw) = f a(t) e~ dt o (2)

-0

Equation 2 represents the Fourier Transform of the acccleratlon function a(t), while Eq. 1
is the Inverse Fourier Transform of the product of the frequency functions A(a)) and F(w).

Both equations can be solved by a numerical technique based on the Discrete Fourier
Transform (DFT).

The first step is to assure the periodic type of excitation, which implies an approximation
of an arbitrary motion, which is not pcnodlc The infinite 1ntegrals 1 and 2 are replaced by the
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~ finite sums. The selected period of excitation, T, serves to define the lowest frequency in the
analysis. _

2r ' )
A = "—To ( )

The excitation period is then divited into N equal time steps At, and the acceleration
function a(t) is defined for the discrete time steps t;, = mAt,

The discrete forms of the expressions given by Egs. 1 and 2 can be rewritten as follow:

N-1

F(mAt) = %; Y (A(nAw) Finaw)] ¢ F | (4)
and "~
N-1 )
Alnbw) = At Y la(mAl)) e R (5)

Then, the Fast Fourier Transform (FFT) technique is used to evaluate Egs. 4 and 5. The
computer program FOURTN FORTRAN Al calculates the response of the system subjected to
an arbitrary excitation history given in the discrete form a(mAt).

Using the DFT implies that both the excitation history and the response are periodic
functions of period Ty, This results in errors in evaluation of the transient response of the
system. The excitation period is elongated by adding an additional grace band of zero
excitations to the end. It ensures that the system will have a period of free vibration so that the -
system will eventually come to the rest at the end of each period.

The program FOURTN FORTRAN Al has three parameters, which can be easily
changed.

NT = 4096, Number of steps to be employed in the FFT;
NC =200, Initial number of frequency steps employed to calculate harmonic response;
ND =10, Number of nodes at dam face introduced in the BEMC2DN program.

This program uses two input files: INPS1 INPUT Al and INFT1 INPUT Al. Reading
statements should be checked for both of them and replaced by required formats used in these
files.

The following steps are included in the main program:

Read an input data created by program ACCELN FORTRAN Al
Divide the acceleration vector by 100 to have it in m/s 2,

Carry out forward FFT;

Read required harmonic responses;

Moadify harmonic response to have it in the form ready for FFT routine;
Carry out inverse FFT for a chosen harmonic response vector.

S At

The main program calls the three following subroutines.

IWKIN (224611) -1 change the amount of space allocated. FORTRAN subroutines

that work with matrices as input or output often require extra arrays
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for use as workspace. IMSL routines usually do not require the user
explicitly to allocate such arrays for use as workspace (it is done
automatically). By default, the total amount of space allocated in the
common area for storage of numeric state is 5000 numeric storage
units. This space is allocated as needed for all variables. The user
can change the allocation by supplying the following FORTRAN

- statements in con_]uncuon with this subrouune

COMMON /WORKSR/RWKSP
REAL RWKSP (24611) |
CALL IWKIN (24611) It will request 24611 units (this number can be changed if required).

FFTCF (NT, AC, AN) -

If an IMSL routine attempts to allocate workspace in excess of the
amount available in common stack (5000), the routine issues an error
message that indicates how much space is required and prints
statements like above. Other details may be found in Ref. 9,

computes the Fourier coefficients of a complex periodic vector AC.
Where:

NT = length of the sequence or number of steps to be employed
in the FFT;

ACO) = processed acceleration vector from earthquake records of
length NT (input);

AN(I) = complex vector of length NT containing Fourler

coefficients (output)

FFTCF computes the discrete complex Fourier transform of a complex
vectof of size NT. The method used is a variant of the Cooley-Tukey
algorithm which is most efficient when NT is a product of small prime
factors. If NT satisfies this condition then the computational effort is
proportional to NT Log (NT) [9].

FFTCB (NT, Y2, Y2N) -

2.4 2 Input Data

computes the inverse Fourier transform of the vector Y2(I) = AN(I)
* Y1(I). AN() is a complex vector contammg Fourier coefficients
of the acceleration record. YI1(I) is a complex vector of total
hydrodynamic forces normalized w.r.t. the hydrostatic force (in this
case 5000 for the dam height 100 m). The method used by the
FFTCB subroutine is the same as above {9].

The following parameters could be changed at the beginning and beforc runrung the :

FOURTN program:

NT = number of steps in the FFT;
NC = initial number of frequency steps to calculate harmonic response;
ND = number of nodes at dam face (in the BEMC2DN program).

Two input files along with one output file are required and they are linked through the
OPEN statements in the form:
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DATA INPS1//INPS1 INPUT Al1Y
DATA INFT1//INFT1 INPUT AlY
DATA OUTFFI//OUTFFT OUTPUT A1/

OPEN (2, FORM = FORMATTED', STATUS = 'OLD', FILE = INPS 1)
OPEN (3, FORM = 'FORMATTED', STATUS ='OLD', FILE = INFT1)
OPEN (5, FORM = 'FORMATTED', STATUS = 'NEW', FILE = QUTFFT)

The input file INPS1 INPUT Al is an output from the ACCELN program, and INFT1
INPUT Al is an output created by the BEMC2DN program. READ statements for the INPSl
should be changcd according to the format used in this particular ﬁle

24.3 Outpur

The program FOURTN FORTRAN A1 creates an output file called OUTFFT OUTPUT
(very large file). That ﬁle should be deleted after being used in the next step (i.e. in plottmg

graphs).

244 Procedure to run FOURTN on VM

To run the program FOURTN simply invoke the execution file FOURTN2 EXEC Al
The execution file FOURTN2 EXEC Al is given below:

/* FOURT */

'FI * CLEAR’ ,

FORTVSL IMSL1 IMSL2

FORTVS2 FOURTN '(NOPRI NOFIPS'

FI 2 DISK INPS1 INPUT Al

FI 3 DISK INFT1 INPUT Al

FI 5 DISK OUTFFT OUTPUT Al '(RECFM F LRECL 80'
LOAD FOURTN '(CLEAR START

EXIT

_Plotting Program -
25.1 Description of the SPLOTN2 Program

The program SPLOTN2 produces following graphs (on screen of a tcrmmal or printed by
a laser printer): :

Acceleration record (time history) - PL.OT1

Real part of DFT of acceleration - PLOT2

Imaginary part of DFT of acceleration - PLOT3

Absolute value of DFT of acceleration - PLOT31

Real part of harmonic response - PLOT4

Imaginary part of harmonic response - PLOTS

Absolute value of harmonic response - PLOT31

Earthquake response in hydrodynamic pressure (time history) - PLOT6

e A Sl h
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The SPLOTN2 FORTRAN Al uses the routines from the DISSPLA package installed on

VM [10].
| The program has two parameters:

NT = 4086, number of frequency steps used in the FFT procedure;
NE = 4096, maximum dimension of arrays used in the program.

The reading of the acceleration history vector should be based on an appropriate format
in READ statement,

The main program calls the nine following subroutines:

NOMDEV(1) - to nominate a graphics device named in the DISSPLA command in
: ' the execution file DUM2 EXEC Al (level 0 — 1);

PLOT1(NE, X, Y)
PLOT2 (NE, X, ANR)

to plot acceleration history record;

to plot real paﬁ of DFT of acceleration history record;

. PLOT3 (NE, X, ANI)
PLOT4(NX, X, YIR)
PLOTS (NX, X, Y1I)

10 plot imaginary part of DFT of acceleration history record;

to plot real part of harmonic response (NX = 200 steps);

to plot imaginary part of harmonic response;

PLOT51 (NX, X, Z)

to plot absolute value of harmonic response;

PLOT31 (NE, X, AA) to plot absolute value of DFT of acceleration history;
PLOT6 (NE, X, Y2NR}- to plot hydrodynamic force time history (earthquake response);

DONEPL = - to terminate DISSPLA (level 1 = 0):

Each of the plotting subroutines uses the DISSPLA hierarchy along with a number of
DISSPLA (old and new) routines. '

The subroutine PLOT1 is described in detail as an example. The rest of subroutines
follows this example.

The subroutine PLOT1 (N, X, Y) has a number of steps. First, it sets steps and maximum
values on X and Y axes. It finds also maximum and minimum of the particular acceleration
history record. ' ' -

The subroutine PLLOT]1 calls the following DISSPLA routines:
PAGE (11.0, 8.5) - to set the page limits (DISSPLA sets the page limits to the standard

8.5 by 11 inch page size). This subroutine allows a change in the
page limits;
NOBRDR - to suppress the default page border in order to draw an enhanced

border;
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PHYSOR (1.0, 1.0) - to specify a physical origin on the page;
TRIPLX - to specify character style (fonts) - TRIPLX is one from eight
~ options; : _ _

TITLE (MANIC-3 STA2-A HOR.', 19, 'STEPS, 1 STEP = 0.02 SEC/, 21, ‘ACCELERATION

M/SEC/SEC!, 22, 9.0, 6.5)
- to specify t1t1cs and captions;

GRAF (XMIN, XSTP, XMAX, YMIN, YSTP, YMAX) - to draw axes;

MESSAG (MAX =',6,4.0,6) - to write specific captions and messages relative to physical origin
(example is given),

REALNO (RMAX, +2,4.8,6) - to place real numbers anywherc on a plot relative to the physical
origin (example is given);

INTNO (11, 6.6, 6)

1

to position integer numbers anywhere on a plot relative to the
physical origin (example is given);

STRTPT (0.0, 3.25) to move to the point without drawing the line from the phys1cal

origin to desired point (example is given);

CONNPT (9.0, 3.25) 10 connect successive points (in this case - (9.0, 3.25)) with straight

lines starting from the previous position (in this case - (0.0, 3.25));
CURVE(X,Y,N,0) to plot data (after the axis system has been defined and CA-
DISSPLA). IMARK = (0 (marker specification means pomts
connected without symbols drawn).

252 Inpui Data

Two initial parameters NT = 4096 and NE = 4096 may be changed depending on the
number of frequency steps used in the FFT procedure.

The SPLOTN2 FORTRAN Al uses two input files and creates one output file. they are
linked to the main program through three OPEN statements in the following form:

DATA INPS1//INPS1 INPUT AlY
DATA OUTFFI//OUTEFT QUTPUT AlY/
DATA SUM1//SUM1 OUTPUT AlY/,

OPEN (2, FORM = 'FORMATTED, STATUS = . = 'OLD', FILE = INPS1)
OPEN (3, FORM = FORMATTED', STATUS = 'OLD', FILE = QUTFFT)
OPEN (4, FORM = FORMATTED', STATUS = 'NEW', FILE = SUM1)
All input data is provided by two earlier programs ACCELN and FOURTN.

When all graphs are obtained, the output file OUTFFT can be deleted.
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253 Outpur

The program SPLOTN2 FORTRAN Al creates an outpilt file called SUM1 OUTPUT
Al. For horizontal response this name should be changed to SUM1H QUTPUT Al and for
vertical to SUM1V OUTPUT Al, respectively.

2.54 Procedure to run SPLOTN2 on VM

To run the program SPLOTN2 FORTRAN A1 invoke the given execution file DUM2
EXEC Al in two versions.

First version of the DUM2 EXEC Al is directed to review plots on screen of the terminal
interfacing VM:

/* DUM2 EXEC FILE */

F1 * CLEAR'

SETLEVEL FORTRAN NEW

FORTVS2

FORTVS2 SPLOTN2'(NOFIPS NOPRINT
DISSPLA SPLOTN2 FILE '(DUM2")
PLOT DUM2 TEKALL' (4010, 960)'

/* PLOT DUM2 LASER */

'FI * CLEAR'

EXIT

Second version of the DUM2 EXEC Al plots the final sets of graphs on the laser printer
located in the computer center. ' o '

/* DUM2 EXEC FILE */

'FI * CLEAR' .

SETLEVEL FORTRAN NEW

FORTVSL

FORTVS2 SPLOTN2 (NOFIPS NOPRINT'
DISSPLA SPLOTN2 FILE '(DUM2Y

/* PLOT DUM2 TEKALL '(4010, 960)' */
PLOT DUM2 LASER

'FI * CLEAR'

EXIT

26  Combined Response - SUM
2.6.1 Description of the SUM Program

The program SUM FORTRAN A1l combines horizontal and vertical time histories of the
hydrodynamic force and plots them in the form of the combined response.

This program has one parameter:
NT = 4096, number of time steps in the time history of the hydrodynamic force.

It reads two vectors and adds them together. It uses also one subroutine PLOT1 (NX.Y)
- which is similar to one used in the program SPLOTN2.




-20 -

The main program calls the three following subroutines:

NOMDEYV(1) - to nominate a graphics device named in the DISSPLA command in
the execution file SUM1 EXEC Al (level 0 — 1);
PLOT1 (NT, X, E) - to plot the final combined response in hydrodynamic forces; -

DONEPL ' - to terminate DISSPLA (level 1 = 0).

The subroutine PLOT1 uses the DISSPLA hierarchy along with a number of DISSPLA
routines (see Section 2.5.1).

2.6.2 Input Data

The initial parameter, NT = 4096 can be changed depending on the needs and based on
calculations carried out previously.

The SUM FORTRAN Al uses twe input files and creates one plot. They are linked to
the main program through three OPEN statements in the following form:

DATA SUMIH//SUMI1H QUTPUT A1/
DATA SUM1V//SUM1V OUTPUT AlY

OPEN (2, FORM = FORMATTED', STATUS ='OLD', FILE = SUMIH)
OPEN (3, FORM = FORMATTED', STATUS ='OLD’, FILE = SUM1V)

All input data is provided by the program SPLOTN2.

2.6.3 Output

The program SUM produces one plot only for a combined response in hydrodynamic'
pressure (time history of hydrodynamic pressure). It does not create any output file,

264 Procedure to run SUM on VM
To run the program SUM1 invoke the given below execution file SUM1 EXEC Al.

/* SUM 1 EXECFILE */

'F1 * CLEAR'

SETLEVEL FORTRAN NEW
FORTVSL

FORTVS2 SUM '(NOFIPS NOPRINT'
DISSPLA SUM FILE '('SUM1Y)'
PLOT SUM1 TEKALL '(4010, 9600)'
/* PLOT SUM 1 LASER */

'FI * CLEAR'

EXIT
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The above version serves for checking actual graph on screen of the terminal interfacing

VM. In order to dump it on the laser printer change two following statements to the given form:

/* PLOT SUM1 TEKALL '(4010, 960)'
PLOT SUM1 LASER

(1]

[2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

REFERENCES

Jablonski, A.M., "Boundary Element Analysis of Earthquake Induced Hydrodynamic
Pressures in a Water Reservoir®, Vol. 2, User's Guides to Computer Programs, Ph.D.
Thesis Submitted to Carleton University, Ottawa, Canada, 1988.

Liu, PL.-F., Cheng, A.H.-D., "Boundary Solutions for Fluid-Structure Interaction”,
Journal of Hydrauhc Engmeeﬁng, ASCE, Vol. 110, 1984 pp. 51-64.

Humar, J.L., Jablonski, A.M,, "Boundary Element Reservoir Model for Seismic Analysis
of Gravxty Darns" Earthquake Engineering and Structural Dynamics, Vol. 16, 1988, pp
1129-1156. -

Jablonsiu AM., "Boundary Element Analysis of Earthquake Induced Hydrodynamic
Pressures in a Water Reservoir”, Vol. 1, Ph.D. Thesis Submitted to Carleton University,
Ottawa, Canada, 1988. ‘

Moler, C.B., Stewart, G.W., "An Algorithm for Generalized Matrix Eigenvalues
Problems", Journal of Numerical Analysis, SIAM, Vol. 10, 1973, pp. 241-265. .

Bathe, K.-J., "Finite Element Procedures in Engineering Analysis", Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, 1982.

MacLachlan, N.W., "Bessel Functions for Engineers", Oxford at the Clarendon Press,
Oxford, England, 1955.

Hanna, Y.G., “Application of Boundary Element Method to Certain Problems in
Structural Dynamics", M.Eng. Thesis Submitted to Carleton University, Ottawa, Canada,
1980.

User's Manual, Math/Library, Fortran Subroutines for Mathematical Applications,
Version 1.0, IMSL, Problem-$olving Software Systems, Houston, Texas, 1987,

CA-DISSPLA User Manual, Version 11.0, Volume 1 and 2, Corhputer Associates
International, Inc., NY, USA, 1988.




Ref
Ser
TH1

R42T

no. 602
Vo 2
BLDG.

IRC ryp

National Research Conseil national

Council Canada de recherches Canada
institute for Institut de

Research in recherche en
Construction construction

Seismic Hydrodynamic Forces Acting on
2D Models of Gravity Dams

Volume 2 - Appendices

by A.M. Jablonski

Internal Report No. 602

Date of issue: November 1990

WL o~ ST
LR o2l

[

LiIBRARY
DEC 17 1990

BIBLIOTHEQUE
IRC

CNRC ~ ITIST

This is an internal report of the Institute for Research in Construction. it is not

to be cited as a reference in other publications.

¥

Canadi

s SRy KR



SEISMIC HYDRODYNAMIC FORCES ACTING ON
' 2D MODELS OF GRAVITY DAMS

User's Guide to Computer Programs

Appendices

by

Alexander M. Jablonski

September 1990

Institute for Research in Construction
National Research Council of Canada
Ottawa, Ontario, Canada KI1A OR6



Appendix A:

Appendix B:

o o o W b
hphwio~

-2.

CONTENTS
Numerical Example . . . . .. ... ... ... i n 3
Listings of Computer Programs . . . .. ... ... ..., 24
Program ACCELNFORTRAN AL . . ... ...... ... ... 25
Program BEMC2DN FORTRAN AL, ... ........... ... .. 30
Program FOURTN FORTRAN A1. .. ... [P 84
Program SPLOTN2 FORTRAN AL, ... ... .. ........... 91

Program SUMFORTRANAL. . .. ... ... . o iin 102



-3-

APPENDIX A

NUMERICAL EXAMPLE
Input Data

For the purpose of illustration, a simple example is presented in this Appendix.

A two-dimensional infinite reservoir impounded by a straight gravity dam is subjected to

an El Centro horizontal acceleration (file INPSHE INPUT Al). The reservoir is modelled using
55 constant boundary element mesh as shown in Fig. A.1

H=100m

y1 FREE SURFACE
2019 1817 16 151413 121110 9 8 7/6 5§ 4 3 2 1

4
55 il

RESERVOIR
FINITE

54
INFINITE ¢
53 PART
3
52

51

TRANSMITTING
BOUNDARY 8
(FAR END)

N

NO
N1
N2

=X

34
L‘ 200 m
¥

Fig. A.1 The Constant Boundary Element Model of Infinite 2D Reservoir - N = 55
The list of the parameters used in the input data file, TESTM INPUT A1 is as follows:

55 (elements)

20 (last elem. number at the top near a dam)
30 (last elem. number at the base of the dam)
50 (last elem. number at the base near far end)

NOUT =1 (flag for detailed output)

HY
C

= 50 (height of the infinite part of the reservoir in meters)
= 1440 (velocity of sound in water in m/s2)

ALFA = 0.0 (coefficient of reflection in full damping case)

DF

= (.0 (vertical acceleration of the first mode at the far end)

Coordinates of the nodal points together with boundary conditions on the dam face and

on the foundation base together with excitation frequencies are listed in a copy of the original
file TESTM INPUT Al.
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00000000
0000000000
00 000
oo 0000
00 00 00
00 00 o0
00 00 00
00 oo 00
00 00 00
0000 00
0000000000
00000000

hb b>
b b b Y|
b b b )|
M hb|

h.b | W™
ANHHRN
SRR

b b b

Wi h b

b> | N
WM h b
N A

TITITL
TITTIT

222222222222 13333333337
222222222222 £EeEEEesssss
22 } 33 €€
22 133
22 b33
22 } 3333
22 13333
22 133
2e 133
¢ 22 g% £€
222222222222 <SESEEERELELE
2222222222 }3333333337
SS6SSSSSSSS N NN
SSSSSSSSSSSS NN NN
SS SS NNN NN
SS NNNN NN
SSS NN NN NN
SSSSSSSSS NN NN NN
SSSSSSSSS NN NN NN
SSS NN NN NN
SS NN NN NN
SS SS NN NNNN
SSSSSSSSSSSS NN NNN
SSSSSSSSSS NN NN
00000000
06000000000
00 000
00 0000
0o 00 00
00 00 00
00 00 00
060 o0 00
00 00 00
0600 -00
0000000000
00060000
11T 99999999995 TTTITI
TTTT §99999999999 TIT11l
55 188
99 It
99 144
9999999999 149
49599999999 11
g9 I
99 11
11 99 14
1 999999995959 11
9999995995999 144

| ST19 =SIN |

02-W | 8als =924 |
TIST WY | 14TS =SWY04 |
|

DISNOTEVr Y "ua |

8888888888
888899888098
88 88
88 88

88 88

98888889
88888888

88 88
88 88
88 88
988888888888

8888888888

000000000000
000000000000
0o a0
ao oo
(a]0] aa
ao oo
an . 0o
oo 00
Qo 00
00 0o
000000000000
000000000060

222222222222
c¢g2222222222
22
22
22
22
22
22
22
22 22
22ezzzezezze
ggce2eegze

T111
TITT

SSSSSSSSSS
SSSSSSSSSSSS
SS SS
SS
SSS

SSSSSSSSS

SSSSSSSSS
SSS

SS

SS SS
SSSSSSSSSSSS
SSSSSSSSSS

TN
111N

1Y¥v1S 02¢8r = €or
TOHADUNN TOWAJUNN\ TOWAJUN=I\3\O S3I0AON
dWNX3TV =1NNOJJIV d3sn

3 =SSVIJ :INIdd 09:€0:€T 0661
2332232233  SSSSSSSSSS WY yy
223233323322 SSSSSSSSSSSS WY uy
22 22 ss ss Wy Uy
22 ss Y uy
33 sss yd WY
33 SSSSSSSSS ddHd I YEEY
30 SSSSSSSSS  HuHdduuHNd¥Y
29 sss WY ¥y
20 . SS uY uy
2 23 ss SS ud uy
222233333337 SSSSSSSSSSSS  yuNuNNuNNUNY
2222233399 SSSSSSSSSS  vyuunuuuyyy
ggggddassgd vy vy reeeee
gggaagagadsd vy wv rrerreeee
ad ad vy Wy reoore
ad ad Vv vy rroorr
ad ag wv 11 re
9999999989  VVVYVYVVYYVY re
99999999989  YYVYVYYVYYYY re
ad 99 wv wv rr
ad 88 wv vy rr
ad ad vy vy rr
999949999989  VVYWVVYVYYYVY CICCCCRrer
99699969989  YVVVYYYVWY  OOCCOCCrer
Wi Wi
Wi Wi
Wi Wi
Wi Wil
Wi Wi
Wil Wi
WA MWW WM
W WHWH W
Hid WH W W
WHWH Wi
Wb Wk
WK Wi
Wi WH uY yy
Wi WH ud Y
Wi WA ¥Y Y
W b Y e
WA WK Y oy
(% WW  HYHYNHYEYYY
WA WW WWN dddddddyduYY
W W WA ud Y
W W WW KW dY Y
WAWW  WWWW WY Y
(X WHW  dududya YNy
HW W Hydddadey

‘21 9NV =3aWIl/3alva

i



[

. 130.0,32.

FILE: TESTM INPUT

Al NATIONAL RESEARCH CDUNCIL OF CANADA

2D INFINITE RESERVOIR BY THE BEMC

55,20,30,5
50,1440,0.
200.0,100.

0,1
00,0.0
0

190.0,100.0

180.0,100.
170.0,100.
160.0,100.
150.0,100.
140.0,100.
130.0,100.
120.0,100.
110.0,100,
100.0,100.
90.0,100.0
80.0,100.0
70.0,100.0
60.0,100.0
50.0,100.0
40.0,100.0
30.0,100.0
20.0,100.0
10.0,100.0
0.0,100.0
0.0,90.
0.0,80.
0.0,70.
0.0,60.
0.0,50.
0.0,40.
0.0,30.
0.0,20.0
0.0,10.0
0.0,0.0
10.0,2.5
20.0,5.0
30.0,7.5
40.0,10.0
50.0,12.5
60.0,15.0
70.0,17.5
80.0,20.0
90.0,22.5
100.0,25.
110.0,27.
120.0,30.

o000 QOoOo

140.0,35,
150.0,37.
160.0,40.
170.0,%2.
180.0,45.
190.0,47.
200.0,50.
200.0,60.

ocounowmomornmowmo

OO0 0O0O0O0OO0O

0

VM/HPO 4.2 CMS St422

TES00010
TES00020
TES0003

TES00040
TES00050
TES00060
TES00070
TES00080
TES00090
TES00100
TES00110
TES00120
TES00130
TES00140
TES00150
TES00160
TES00170
TES00180
TES00190
TES00200
TES00210
TESOQG220
TES00230
TES00240
TES00250
TES00260
TES00270
TESC0280
TES00290
TES00300
TES00310
TES00320
TES00330
TES003640
TES00350
TES00360
TES00370
TES003380
TES00390
TES00400
TES00410
TES00420
TES00430
TESG0440
TES0Q450
TES00460
TESQ0470
TES00480
TES00490
TES00500
TES00510
TES00520
TES00530
TES00540
TES00550

PAGE 00001



0TTTO0SIL 965L°9

00TT0S3L 82b5°9
06010S31 0921°9
080T0S3L 2628°9
02010S34 $229°S
090T0S3L 9s12°S
0S0T0S3L £806°Y
05010S3L 0209° b
0£010S31 2562°H
02010S3L $886° €

9189

8vls €

0890°%

219272

HhaH°2

9.H1°2

80981

0bsS° 1

22221

$026°0

9¢19°0

8905°'0
6800531 £22920°0-
8800531 £22520°0-
2800S3L £2.920°0-
9800S31 £24620°0~
5800S3L £2.620°0-
$800S31 . £2.H20°0-
£800S31 £2/920°'0-
2800s31 €22520°0-
1800S3L €22920° 0~
0800S3L £2.620°0-
6200531 £€22520° 0~
08200S31 £2.520°0-
2.00S3L £2.520° 0~
9.00S31 £22520°0-
5200531 £24520°0-
$200S31 ) £2.520°0-
£200S3L £€2/920°0-
2.00S31 £2/920°0-
T£00S3L £2/520°0-
0200S3L : £2/920°0-
06900S3L L56T0T°0
08900S31 L56101°0
0,900S31 ‘ L56T01°0
09900S31 L5610T°0
0990031 L£6T0T 0
05900S31 . L56101°0
0£900S31 L56T0T°0
02900531 L$6T01°0
0190031 LS6T0T°0
00900S31 _ L5610T°0
08500531 0°060°002
0.500831 0°'08°0°002
09500531 0°0.¢0°002

20000 39vd 22Y71S SHI 2°H OdH/WA  °°°  VAVNVYD 40 TTIONNCD HOYVISIY TVNOILYN 1V 1NdNI W1S3al :31T4 N

%



\

FILE: TESTM INPUT Al NATIONAL RESEARCH COUNCIL OF CANADA ... VM/HPO 4.2 CMS SL422 PAGE 00003
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7.9768 TES01180
8.2836 TES01190
8.5904 TES01200
8.8972 TESO01210
9.2040 TES01220
9.5108

9.8176

10.1244

10.4312

10.7380

11.0448 TESO1230
11.3516 TES01240
11.6584 TES01250
11.9652 TESO1260
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18.1012

18.4080

18.7148
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19.3284

19.6352
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20.5556

20.8624%

21.1692

21.4760

21.7828

22.089%6

22.3964

22.7032

23.0100

23.3168
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FILE: TESTM

23.9304
24.2372
24.5440
24.8508
25.1576
25.4644
25.7712
26.0780
26.3848
26.6916
26.9984
27.3052
27.6120
27.9188
28.2256
28.5324
28.8392
29.1460
29.4528
29.7596
30.066%
30.3732
30.6800
30,9868
31.2936
31.6004
31.9072
22.2140
32.5208
32.8276
33.1344
33.64412
33.76480
34,0548
34.3616
24.6684
34.9752
35.2820
35.5888
35.8956
36.2024
26.5092
36.8160
37.1228
37.4296
37.7364
38.0432
38.3500
38.6568
38.9636
39.2704
39.5772
39.8840
40.1908
40.4976

INPUT

Al NATIONAL RESEARCH COUNCIL OF CANADA

o

VM/HPO 6.2 CMS SL422

TES00900
TES00910
TES00920
TES00930
TES00940
TES00950
TES00960
TES00970
TES00980
TES00990
TES01000
TES01010
TES01020
TES01030
TES01040
TESG1050
TES01060
TES01070
TES01080
TESO01090
TES01100
TES01110
TESO01120
TESC1130
TES01140
TESO1180
TES01190
TES01200
TES01210
TES01220

PAGE 00004
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FILE: TESTM

40.8044
41.1112
41.4180
41.7248
42.0316
42.3384
42.6452
42.9520
43,2588
43.5656
43.8724
44,1792
44.4860
64.7928
45.099%6
45,4064
45,7132
46.0200
46.3268
46.6336
46.9404
47.2472
47.5540
47.8608
48.1676
48.4744
48.7812
49.0880
49.3948
49.7016
50.0084%
50.3152
50.6220
50.9288
51.2356
B5l.5424
51.8492
52.15¢60
52.4628
52.7696
53.0764%
53.3832
53.6900
53.9968
54.3036
54.6104
54.9172
55.2240
55.5308
£5.8376
56.1444
56.4512
56.7580
57.0648
57.3716

INPUT

Al NATIONAL RESEARCH COUNCIL QOF CANADA ... VM/HPO 4.2 CMS SL422

TES01230
TES01240
TES01250
TES01260
TES01270
TES01280
TES01290
TES01200
TES01310
TES01320
TES01330
TES01340
TES01350
TES01360
TES01370
TES01380
TES01390
TES01400
TES01410
TES01420
TES01430
TES01440

PAGE 00005
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Final Output Graphs from SPLOTN2 FORTRAN Al

The El Centro horizontal component of the acceleration record and the response to it in
the hydrodynamic pressures (hydrodynamic pressure history) and other graphs.

ogr  =0.00 (full damping)

NT = =4096 (number of points in the acceleration record and also number of steps used in the
FFT analysis)

Aw  =0.3068 rad/s (frequency step)

The El Centro component was recorded during the Imperial Valley earthquake in
California on May 18, 1940. It had a magnitude of M6.6. The measured peak acceleration was
PHA = -3.41705 m/s2 and number of points in the record was equal to 2687.
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"HLEXNMP
JABLONSK

TAG DATA: DR. ALEXANDER M. JABLONSKI RM 151 M-20

TR T Y 7 NRC/CSB VM/CMS NN D N DN DN NN BN DS B 0 NN IR A Dt IR DN DN D DA Jun N AN N D DN OO DO AN B AN B B DN DN BN

USERID: ALEXNMP DEVICE: 221LASER

DIST: JABLONSK TYPE: PLOT-POP <THICKPEN 2>
FILEID: DUM2 PLOTFILE A4 FORM: PAPER11

SPOOLID: 4366 CLASS: A

SYSTEM: NRCVMO1 COPY: 1

SUBMITTED: 4 SEP 1990 15:40:16 STARTED: 90/09/04 15:40:32
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HARM. RESPONSE — REAL PART
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. AT X
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USERID: ALEXNMP CLASS: A

SPOOLID: 4366 PAGES PRINTED: 00010

DEVICE: 221LASER KILOBYTES: 00372

FORM: PAPER11 COMPLETED: 90/09/04 15:44:58
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APPENDIX B

LISTINGS OF COMPUTER PROGRAMS

B.1  Program ACCELNFORTRANAL. ... ...............
B.2  Program BEMC2DN FORTRANAL. .................
B.3  Program FOURTNFORTRANALl. ... ...............
B.4  Program SPLOTN2FORTRANALl..................
B.S

program SUMFORTRANAL . . ... ... .. ...
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Program ACCELN FORTRA Al
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7

RRRRRRRRRRR MM
RRRRRRRRRRRR MMM

RR  MMMM
RR MM MM
RR MM M

RRRRRRRRRRRR MM
RRRRRRRRRRR MM

RR
RR
RR
RR
RR
NNNNRRRNNN
NNNNNNNNNN)
JJ
JJ
JJ
Jd
JJ
JJ
JJ JJ
JJ JJ
NNNNNNNRN)
NNNNNR
RRRRRRRRRRR
RRRRRRRRRRRR
RR RR
RR RR
RR RR
RRRRRRRRRRRR
RRRRRRRRRRR
RR RR
RR RR
RR RR
RR RR
RR RR

RR MM
RR MM
RR MM
RR MM

RR MM

AAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA

AA AA

AAAAAAAAAAAA
AAAAAAAAAAAA

SSSSSSSSSS
SSSSSSSSSSSS
Ss SS
SS
SSS

SSSSSSSSS

SSSSSSSSS
SSS

SS

SS ss
SSSSSSSSSSSS
SSSSSSSSSS

DATE/TIME= SEP 14, 1990 13:39:12

USER ACCOUNT= ALEXNMP
NODES O\ENC=NRCVMO1 \NRCVMO1l \NRCVMOl
JOB = J 381 START

M
MMM
MMMM
MM MM
MMM MM
MM MM
MM
MM
MM
MM
MM
MM
MM MM
MMM MM
MMMM MMM
MM MM MM MM
MM MMMM MM
MM MM MM
MM MM
MM MM
MM MM
MM MM
MM MM
MM MM
BBBBBBBBBBB
BBBSBBBBBBBB
BB BB
BB BB
BB BB
BBBBBBEBBB
BBBBBBBBBRB
BB BB
BB BB
BB BB
BBBBBBBBBBBB
BBBBBBBBBBB
cccecececee
cccececeeecece
o cc
cc
cc
cc
cc
cc
cc
cc cc
cceceececcece
ccececececcee
| PRINT: CL
i FORMS=
| FCB=
I ucs=

1
11
1111
1111
2222222222
222222222222
22 22
22
22
22
22
22
22
22
222222222222
222222222222
LL 000000000000
LL 000000000000
LL oo oo
LL 00 oo
LL oo oo
LL oo ag
LL oo oo
LL 0o oo
LL 0o oo
LL oo oo
LLLLLLLLLLLL ©£OCC000C0000
LLLLLLLLLLLL 0000CDODO0O0
5$585SSSSSS 00000000
S$SSSSSSSSSSS 0006000000
ss SS 00 0000
sS 00 00 00
sSS 00 00 00
$S5555SSS 00 00 00
S$SSSSSSSS 00 00 00
SSS 00 00 00
SS 0000 00
SS SS 000 00
SSSSSSSSSSSS 0000000000
. $SSSSSSSSS 00000000
ASS= E | DR. A.JABLDNSKI
SI1PT | RM. 151
STD8 | M-20
GT15 |

11 BE55555555555 11
11 555555555555 111
11 55 1111
11 55 11
11 55 11
11 BEES555555 11
11 5555555555 11
11 55 11
11 55 11
11 55 11
111111 555555555555 1111111111
111111 55555555555 1111111111
00000000
0000000000
00 0000
00 00 00
00 00 00
00 00 00
00 00 00
00 00 co
0000 00
000 00
0000000000
00000000
NN NN  SSSSSSSSSS KK KK
NNN NN SSSSSSSSSSSS KK KK
NNNN NN SS SS KK KK
NN NN NN SsS KK KK
NN NN NN SSS KK KK
NN NN NN SSSSSSSSS KKKKKKK
NN NN NN SSSSSSSSS KKKKKKK
NN NN NN SSS KK KK
NN NNNN SS KK KK
NN NNN SS SS KK KK
NN NN SSSSSSSSSSSS KK KK
NN N  SSSSSSSSSS KK KK
3333333333 8888888888 11
333333333333 888888888888 111
33 33 88 88 1111
33 88 88 11
33 88 88 11
3333 88888888 11
3333 88888888 11
33 88 88 11
33 88 88 11
33 33 88 88 11
333333333337 588888888888 1111111111
3333333333 8888888888 1111111111
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O0O000

s o Re Ny Nyl

QOO0 O0OOO0OO00

N
FILE: ACCELN

10
200

11

SUBROUTINE ACCEL(NT,DT,AC,A)
PROGRAMMER: ALEXANDER M. JABLONSKI

DATE: JULY 5, 1989
MODIFIED: JULY 6, 1989

CENTER: STRUCTURES SECTION
INSTITUTE FOT RESEARCH IN CONSTRUCTION
NATIONAL RESEARCH COUNCIL, CANADA

NOTE: THIS SUBROUTINE READS A PROCESSED EARTHQUAKE DATA
AND CONVERTS IT INTO INPUT DATA FILE FOR USE IN
FFT PROGRAM FOURT21

PROGRAM ACCELN

PARAMETER(NT=4096 )

PARAMETER(NI=0)

PARAMETER(NL=2324)

NT=NUMBER OF TIME STEP IN FFT

NI=INITIAL STEP NUMBER TO BE READ FROM THE RECORD FILE
NL=LAST STEP NUMBER TO BE READ FROM THE SAME RECORD

REAL AC(9000)
REAL A(9000)

CHARACTER%*22 DATAS,INPS1

DATA DATAS/'/DATAS INPUT Al‘'/

DATA INPS1/°'/INPS1 INPUT Al'/

LEC=2

IMP=3
OPEN(LEC,FORM="'FORMATTED* ,STATUS="'0LD" ,FILE=DATAS)
OPEN(IMP,FORM="'FORMATTED ' ,STATUS="'NEN',FILE=INPS1)

READ DATA FROM INPUT FILE DATAS

DO 10 I=1,NL
READ(LEC,200)AC(I)
CONTINUE
FORMAT(E13.6)

DO 11 I=1,NT
A(1)=0.0
CONTINUE

DO 20 I=1,NT
J=I+NI
IF(J.GT.NL) THEN
A(I)=0.0

GO TO 20

END IF

FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

° v

VM/HPO 4.2 CMS SL422

ACCO0010
ACCO000D20
ACCO00030
ACC00040
ACCOD0050
ACCO00060
ACC00070
ACC00080
ACCQQ090
ACC00100
ACCOO0110
ACC00120
ACC00130
ACC00140
ACC00150
ACCO00160
ACCO00170
ACCO00180
ACCO00190
ACC00200
ACC00210
ACC00220
ACC00230
ACC00240
ACC00250
ACCO00260
ACCO00270
ACC00280
ACC00290
ACC00300
ACC00310
ACCO00320
ACC00320
ACC00340
ACCO00350
ACCO00360
ACCO00370
ACC00380
ACC00390
ACC00400
ACC00410
ACCO00420
ACCO00430
ACC00440
ACCQ0450
ACCO00460
ACC00470
ACCQ0480
ACC00490
ACC00500
ACCO00510
ACC00520
ACCO0530
ACC00540
ACCO0550

PAGE 00001

-LZ_



-28 -

0990033V
0990032V
0590023V
0290022V
0290022V
0190020V
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NN¢T=r 0% 0Q
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P

RRRRRRRRRRR SSSSSSSSSS cceecccecce SSSSSSSSSS 00000000 3333333333 8888888888 11
RRRRRRRRRRRR SSSSSSSSSSSS  CCCCCCCCCCCC  SSSSSSSSSSSS 0000000000 333333333333 888838888888 111
RR RR SS SS CC cc ss SS 00 0000 33 . 33 88 88 1111
RR RR SS cc sS 00 00 00 33 88 88 11
RR RR SSS cc S§SS 00 00 00 33 88 88 11
RRRRRRRRRRRR  SSSSSSSSS cc SSSSSSSSS 00 00 00 2333 88888888 11
RRRRRRRRRRR SSSSSSSss CC SSSSSSSSS 00 00 00 3333 88888888 11
RR RR SSS CC SSS 00 00 00 33 88 88 11
RR RR SS CC SS 0000 0o 33 88 88 11
RR RR SsS SS CC cC ss SS 000 00 33 33 88 88 11
RR RR  SSSSSSSSSSSS  CCCCCCCCCCCC  SSSSSSSSSSSS 0000000000 333333323333 858838888888 1111111111
RR RR  SSSSSSSSSS ccceeeccee SSSSSSSSSS 00000000 3333333333 8888888888 1111111111
EEEEEEEEEEEE NN NN DODDDDDDOD 3333333333 8888888888 11
EEEEEEEEEEEE NNN NN DDDDDDDDDD 333333333333 888888888888 111
EE NNNN NN DD DD 33 33 88 88 1111
EE NN NN NN DD DD 33 88 88 11
EE NN NN NN DD DD 33 88 38 11
EEEEEEEE NN NN NN DD DD 3333 88888888 11
EEEEEEEE NN NN NN DD DD 3333 88888888 i1
EE NN NN NN DD DD 33 88 88 11
EE NN - NNNN DD 0D 33 88 88 11
EE NN NNN DD DD 33 33 88 88 11
EEEEEEEEEEEE NN NN DDDDDDDDDD 333333323223 888388888888 1111111111
EEEEEEEEEEEE NN N DDDDDDDDD 3333333333 8888888888 1111111111

363696 3656 3¢ 36 36 36 36 36 36 36 36 36 36 96 36 I6 36 36 36 36 26 636 I I 36 36 36 36 I6 36 J6.I6 I 36 3 36 36 36 36 I 36 36 36 3 36 9636 J6 36 36 JE JEIE 96 36 36 366 3696 36 I6 96 IE I6.96 36 36 36 36 36 6 I 36 I JE 9636 36 36 36 36 36 36 36 36 6 JE I JE I I JE 363 3696 36 36 I 36 J I I IE I I I 3 I 3 I I 6 36 I I 36 I H I I H 3
263636 36 36 36 36 36 36 6 36 36 3636 36 36 I6 6 36 36 36 I IEIE IE 636 36 3636 36 I I I6 6 IE 636 JE 36 I I6 36 6 6 IE 6 6 3636 26 36 I6 36 36 3636 I6 IEIE 36 36 36 I6 I6 I IE 6 36 36 36 I IE IEI6 3K I I IEIE I JE I IEIE IE 6 36 I 36 I6 I6 I6 I 6 I6 36 36 36 36 I IE 36 I6 I I IE IEIEIEIE I IE I I I 36 IE IEIE I IEIE I I I I H I3
***********************************************************************************************************************************
F6I6I6 I I6 96 36 I6-IEIE 6 36 36 I I IE I I I I 36 36 Y6 JEIE 36 36 I6 367636 36 36 JE IE IE IEIE 6 IEIE JE I JE IEFEIE I 6 I6 I IEIEI6 IEIE I IEI6 I 6 I6 6 JE IEIEIEIEIEIE 3 I IEIE I I I6 IE JEIEIEJ 6 I I JEIEIEIEIEIEIE IEIEJEIEIE I IEIEIEIEIEIEIE IEIEIEIEIE I I IE I I IEIEIEIEIEIIIEIE I H I I
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B.2

Program BEMC2DN FORTRAN Al

-30-



Y

RRRRRRRRRRR MM HH
RRRRRRRRRRRR MMM MMM
RR RRMMMM  MMMM
RR RR MM MM MM MM
RR RR MM MMMM MM
RRRRRRRRRRRR MM MM MM
RRRRRRRRRRR MM MM
RR  RR MM MM
RR RR MM MM
RR RR MM MM
RR RR MM MM
RR RR MM MM
MM MM
MMM MM
MMMM  MMMM
MM MM MM MM
MM MMMM MM
M4 MM MM
MM MM
MM MM
MM MM
MM MM
MM MM
MM MM
JUJIJIJIIS  ARAAAAAAAA  BBBBBEBBBBB
JUJJJJIJIS  AAAAAAAAAAAA BBBBBBBBBBBB
3 AA AA BB BB
J AA AA BB BB
J AA AA BB BB
3 AAAAAAAAAAAA BBBEBBBBBB
JJ AAAAAAAAAAAA BBBBBBB3BB
JJ AA AA BB 8B
NN N AA AA BB BB
0w AA AA BB BB
NERNNREN AA AA BBBEBBBBBB3B
JIJJug AA AA BBBBBBBBBBB
RRRRRRRRRRR  SSSSSSSSSS  CCcccceece
RRRRRRRRRRRR SSSSSSSSSSSS  CCCCCCCCCCCC
RR RR SS ss ccC cc
RR RR SS cc
RR RR SSS cc
RRRRRRRRRRRR ~ SSSSSSSSS  CC
RRRRRRRRRRR $SSSSSSSS €C
RR  RR sss cC
RR RR ss cc
RR RR SS Ss CC cc
RR RR  SSSSSSS$SSSS  CCCCCCCCCeee
RR RR  SSSSSSSSSS  CCCCCCCCCC
DATE/TIME= JUL 31, 1990 11:21:02 | PRINT: CL
USER ACCOUNT= ALEXNMP | FORMS=
NODES O\E\C=NRCVMOL \NRCVMO1 \NRCVMO1 |  FCB=
JOB = J4426 START | ucs=

1
11
1111
1111
2222222222
222222222222
22 22
22
22
22
22
22
22
22
222222222222
222222222222
LL 000000000000
LL £00000000C00
LL oo oo
LL oo 0o
LL 0o oo
LL ao oo
tL oo 0o
LL oo oo
LL oo . 0o
LL co a0
LLLLLLLLLLLL 000000000000
LLLLLLLLLLLL 000000000000
S$S5SSSSSSS 464
S$SSSSSSSSSSS 4464
ss ss 44 44
ss 44 G4
sss 44 GG
$SSSSSSSS 46466666644
SSSSSSSSS 446466464444
SsSs 44
ss 46
ss ss 44
SSSSSSSSSSSS 44
SSSS5SSSSS 44
ASS= E | DR. A.JABLONSKI
S1PT I RM. 151
STD8 I M-20
GT15 I

11 555555555655 11
11 5555855655555 111
11 55 1111
11 55 11
11 55 11
11 555655555 11
11 5555566565 11
11 55 11
11 55 11
11 55 11
111111 555555555555 1111111111
111111 55555555555 1111111111
00000000
0000000000
00 0000
co 00 00
00 00 00
00 060 00
00 00 00
c0 00 00
0000 00
000 00
0000000000
00000000
NN NN  S555555SSS KK KK
NNN NN S$SSS$SS$SSSS KK KK
NNNN NN SS SS KK KK
NN NN NN sS KK KK
NN NN NN SSS KK KK
NN NN NN  SSSSSSSSS KKKKKKK
NN NN NN SSSSSSSSS KKKKKKK
NN NN NN §SS KK KK
NN NNNN SS KK KK
NN NNN SS SS KK KK
NN NN SSSSSSSSSSSS KK KK
NN N  SSSSSSSSSS KK KK
444 2222222222 6666666666
6646 222222222222 666666666666
44 44 22 22 66 66
4G 64 22 66
44 64 22 66
4464444664664 22 66666666666
4466646646464 22 666666666666
44 22 66 66
44 22 66 66
44 22 66 66
44 222222222222 666666666666
4% 6666666666

222222222222
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N

FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA ... VM/HPO 4.2 CMS SLG22
BEM0O0010
FEH I I H I I NI I IN AN N IIIIIOENN NI XXX XBEMO00 20
BEMOOD30
PROGRAM BEMC.2D.I.FTN BcM0O0O040
BEMO0OO0O50
PROGRAM FOR THE SOLUTION DF A TWO-DIMENSIONAL RESERVOIR BEMO0060
PROBLEM WITH ONE INFINITE BOUNDARY AND DAMPING INCLUDED BEMO0OOD70
BY CONSTANT BOUNDARY ELEMENT METHOD BEMO00SO
SPECIAL B.C. AT FAR BOUNDARY THROUGH FEM, DAMPING INCLUDED BEM0O0090
BEM00100
PROGRAMMER: ALEXANDER M. JABLONSKI BEM0O110
BEM00120
DATE: JULY 9, 1987, BENMO0130
SUBSTANTIALLY MODIFIED AUGUST 27, 1987 BEM00140
MODIFIED JUNE 27,1989 BEM00O150
MOODIFIED AUGUST 1, 1989 BEM00160
BEMQOO0O170
CENTER: CASCADE, CARLETON UNIVERSITY BEM00180
BEMQOG190
NOTE: THIS PROGRAM 1S BASED ON PROGRAM BEML.2D.I.FTN BEM00200
BEM00210
F63EIE 669696 36 J6 3969636 36 369696 36 36 36 36 36 96 IEIE JEIE 2636 36 JE 96 96 39 36 36 36 I IEIEIEIEIE I I IEIIIEI NI NN NN NN XBEMO0220
BEM0O0230
N = NUMBER OF BOUNDARY ELEMENTS, READ THROUGH INPUT BEM00240
X = ARRAY CONTAINING X COORDINATES OF THE NODES BEM00250
Y = ARRAY CONTAINING Y COORDINATES OF THE NODES BEM00260
XM = ARRAY CONTAINING X COGRDINATES OF THE MIDPOINTS OF THE ELEMENBEM00270
YM = ARRAY CONTAINING Y COORDINATES OF THE MIDPOINTS OF THE ELEMENBEM00280
G = MATRIX IN THE BOUNDARY ELEMENT EQUATION BEM00290
H = MATRIX IN THE BOUNDARY ELEMENT EQUATION BEM003Z00
FID= ARRAY OF PRESCRIBED VALUES OF BOUNDARY CONDITIONS ) BEM0O0310
ON THE DAM FACE BEM0O0320
FIB= ARRAY OF PRESCRIBED VALUES OF BOUNDARY CONDITIONS BEM0O0330
ON THE BASE BEM00340
DFI = RIGHT HAND SIDE VECTOR IN BOUNDARY INTEGRAL EQUATION3 BEM00350
AFTER SOLUTION, IT CONTAINS THE VALUES AT THE BOUNDARY BEM0O0360
THAT WERE PREVIOUSLY UNKNOWN BEM00370
LEC = UNIT NO. CDNTAINING INPUT BEM00380
IMP = UNIT NO. ON WHICH OUTPUT IS WRITTEN BEM00O390
NX = 2%¥N = DIMENSION DOF THE SYSTEM OF EQUATIONS BEM00400
NU = DIMENSION DF H AND G MATRICES IN THE MAIN PROGRAM BEM00410
ND = DIMENSION OF THE SPECIAL BOUNDARY CONDITION MATRIX AT BEM00O420
FAR BOUNDARY IN THE MAIN PROGRAM BEMO0430
D = VALUE OF THE DETERMINANT OF CDEFFICIENT MATRIX BEM00440
CONST = OMEGA/C BEM00450
OMEGA = EXCITING FREQUENCY BEM00460
C = VELOCITY OF SOUND IN WATER BEM00470
CONST1=0MEGA BENM00480
CONST2=FOUNDATION DAMPING COEFFICIENT GAMMA BEM004<0
AFR=REAL PART OF EIGENVECTOR SI BEMO0500
AFI=IMAGINARY PART OF EIGENVECTOR SI BEMO0OS10
AKR=REAL PART OF KAPPA MATRIX BEM0O0520
AKI=IMAGINARY PART OF KAPPA MATRIX BEMO0530
NO=LAST ELEMENT NUMBER AT TOP OF RESERVOIR NEAR THE DAM BEM00540
N1=LAST ELEMENT NUMBER AT THE BASE OF THE DAM BEMO0O550

s MR N Re s Rz R Ne N NeNe R Ns Re o No Ne Ne N R N o No Re e e Ne N Re e Ne Ne e N N e N Ne Ne N N N e N Ne Ne Ne Ne Kz Xe e Ka K s X2 K24
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c N2=LAST ELEMENT NUMBER AT THE BASE NEAR FAR END BEM00560
c MF=NUMBER OF ELEMENTS ON BASE BEM00570
c ME=NUMBER OF ELEMENTS ON THE FAR BOUNDARY BEM00580
c HY=HEIGHT OF THE RESERVOIR BEMO0590
c BEM00600
PROGRAM BEMC2D ) BEM00610
IMPLICIT DOUBLE PRECISIDN (A-H,D-2) BEM00620
CGHMMON/MAIN/ CONST,N,LEC,IMP,NU,ND BEM0O0630
COMMON/ADD/ HY,PI,ME,MF,COMNST1,CONST2 BEM00640
DOUBLE PRECISION X(101),Y(101),6(200,200),H({200,200), BEM00650
&DFI(200),FID(50),FIB(50),HOLD(200,200),XM(101),YM(101) BEM00660

REAL AFI(20,20),AFR(20,20),AKR(20),AKI(20) BEM00670

REAL YR(20,500),Y1(20,500) BEM00680
COMPLEX YC(20,500),TX(500),HX(500) BEM00690
LOGICAL FLAG BEMO0700
CHARACTER*22 TESTM,0UTM,EIGENM,INFTM BEM0O0710

DATA TESTM /'/TESTM INPUT Al‘'/ BEM00720

DATA OUTM /'/0UTM DUTPUT C'/ BEM00730

DATA EIGENM /'/EIGENM OUTPUT C'/ BEM00740

DATA INFTM /*'/INFTM INPUT Al‘'/ BEM00750

LEC=2 BEMD0760

IMP=3 BEMOO770
IHRITE=% BEM00O780

ND=20 BEM00790
NU=200 BEM00OS00
PI=3.141592653 BEMO0810

OPEN (LEC,FORM='FORMATTED',STATUS='0LD"',FILE=TESTM) BEM00820

OPEN (IMP,FORM='FORMATTED',STATUS="NEW',FILE=0UTM) BEM00830

OPEN (IWRITE,FORM='FORMATTED',STATUS=‘NEN',FILE=EIGENM) BEM008640

OPEN (7,FORM="'FORMATTED® ,STATUS="'NEK',FILE=INFTM) BEMQ0850

c : - BEM00860
c READ DATA FROM INPUT FILE BEM00870
c BEMO0880
CALL INPUT(X,Y,FID,FIB,NO,N1,N2,NOUT,C,DF) BEM00890
NX=2%N BEMQ0900

NC=0 BEM00910

5 WRITE(IMP,300) BEM00920
READ(LEC ,%,END=15)0MEGA BEM0O0930
NC=NC+1 BEM00940
CONST=0OMEGA/C BEMQ0950
WRITE(IMP,350)OMEGA,CONST BEMCO0O960
CONST1=0MEGA BEMGQ970

c BEMO0980
c COMPUTE EIGENVALUES AND EIGENVECTORS FOR THE FAR BOUNDARY BEMO0O990
C BEM01000
IF(ME.GT.0)THEN BEM01010
IF(CONST2.GT.1.0E-08)THEN BEM01020
FLAG=.TRUE. BEMQ1030

CALL EIGEN(AFI,AFR,ND,ME,CONST,CONST1,CONST2,HY,AKR,AKI) BEM01040

ELSE BEMO1050

CALL EIGENR(AFR,ND,ME,CONST,CONST1,CONST2,HY,AKR,AKI,IMP,FLAG) BEM01060

END IF BEM01070

* HRITE(6,2001) BEMO1080
%2001 FORMAT(® ') BEM01090

BEM01100
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BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL DOF CANADA

END IF

OUTPUT RESULTS

CALL OUTPUT(XM,YM,FID,FIB,DFI,AFR,AFI,AKR,AKI,

%* NO,N1,N2,NCUT,FLAG,DF,NC,TPR,TPI,HXR,HXI,YR,YI)

TXRINC)I=CMPLX(TPR,TPI)
HX(NC )=CMPLX(HXR, HXI)
HRITE(7,%)INC,TXINC),HX(NC)
WRITE(7,300)

DO 30 I=1,N1-NO
YCR=YR(I,NC)
YCI=YI{I,NC)
YC(I,NC)=CMPLX(YCR,YCI)
WRITE(7,%)YC(I,NC)
CONTINUE

GO T0 5

format(6el3.5)
FORMAT(//,1X,70('%'},//)
FORMAT(1X, 'EXCITING FREQUENCY',E14.5,//,1X,

%*'WAVE CONSTANT',E14.5,//)

sTOoP
END

VM/HPO 4.2 CMS SL422

BEM01660
BEM01670
BEM01680
BEM01690
BEMO1700
BEMO1710
BEMO1720
BEMO1730
BEM01740
BEM01750
BEMO1760
BEM01770
BEMO1780
BEMG1790
BEM01800
BEMO1810
BEM01820
BEMO1830
BEM01840
BEM01850
BEMG1860
BEM01870
BEMO1880
BEM01890
BEM01900
BEM01910

------------------------------------------------------------------ BEM01920

SUBROUTINE INPUT(X,Y,FID,FIB,NO,N1,N2,NOUT,C,DF)

BEM0O1930
BEMO01940

FE I I636 I I3 I IE 6 3 IEIE I I IEIE I JEIE I IEIE I IE IEIEIEIE I IE IEIEIE I I IEIEIEIE I IE IEIE 6 36 I 6 JE IE I JIEIEIEIE I M I NN XN X XBEMO1 950

READS INPUT DATA

IMPLICIT DOUBLE PRECISION (A-H,D-Z)
COMMON/MAIN/ CONST,N,LEC,IMP,NU,ND
COMMON/ADD/ HY,PI,ME,MF,CONST1,CONST2
DOUBLE PRECISION X(1),Y(1),FID(1),FIB(1),C
CHARACTER*¢ TITLE(18)

WRITE (IMP,100)

READ TITLE

READ (LEC,150)TITLE

READ BASIC PARAMETERS
READ(LEC,*)N,NO,N1,N2,NOUT
READ(LEC,*)HY,C,ALF,DF
CONST2=((1-ALF)/(1+ALF))%*(1/C)
WRITE(IMP,300)N,NO,N1,N2,NOUT
WRITE(IMP,350)HY,C,ALF,CONST2

READ COORDINATES DF NODAL POINTS OF THE

BEM0O1960
BEMO1970
BEM0O1980
BEMO1990
BEMQ2000
BEM02010
BEM02020
BEM02030
BEM02040
BEM02050
BEM0D2060
BEM02070
BEM02080
BEM02090
BEM0O2100
BEMO2110
BEM02120
BEM02130
BEM02140
BEM02150
BEM02160
BEM02170
BEM0O2180
BEM02190
BEM02200

PAGE 00004
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c BOUNDARY ELEMENTS IN ARRAY X AND Y BEM02210
c BEM02220
WRITE(IMP,500) BEM02230
DO 10 I=1,N ) BEM02240
READ(LEC,%)X(I),Y(I) BEM02250
10 WRITE(IMP,700)I,X(I),Y(I) BEM02260
c BEMD2270
c BEM02280
c READ BOUNDARY CONDITION ON THE DAM FACE BEM02290
c BEM02300
WRITE(IMD,760) BEMO2310
WRITE(IMP,800) BEM02320
ILAST=N1-NO BEM02330
DO 20 I=1,ILAST BEM02340
READ{LEC,*)FID(I) BEMO2350
WRITE(IMP,750)I,FID(I) BEM02360
20 CONTINUE BEM02370
c BEM02380
c BEM02390
c READ BOUNDARY CONDITION ON THE BASE OF THE RESERVODIR BEM02400
c BEM02410
HRITE(IMP,770) BEM02420
WRITE(IMP,800) BEM02430
ILAST=N2-N1 BEM02440
DO 30 I=1,ILAST : BEM02450
READ(LEC,*)FIB(I) BEM02460
WRITE(IMP,750)1,FIB(I) BEM02470
30 CONTINUE , BEM02480
ME=N-N2 BEM02490
MF=N2-N1 BEM02500
c BEM02510
100 FORMAT(1X,60('%*'}//) BEM02520
150 FORMAT(18A4%) BEM02530 -
300 FORMAT(1X,'DATA',//,1X, 'NUMBER OF BOUNDARY ELEMENTS', ~ BEM025640
*13,//51X, *ELEMENT NUMBER AT TOP OF RESERVOIR NEAR THE DAM',I3,//, BEM02550
#*1X, '"ELEMENT NUMBER AT BASE OF DAM',I3,//,1X, BEM02560
*'ELEMENT NUMBER AT BDTTOM NEAR FAR END',I3,//,1X, BEM02570
*'FLAG FOR DETAILED OUTPUT',I3,/) BEM02580
350 FORMAT(1X,'HEIGHT OF DAM',E14.5,//,1X, BEM02590
*'VELOCITY OF SOUND IN WATER',E14.5,//,1%, BEM02600
*'WAVE REFLECTION COEFFICIENT',E16.5,//,1X, BEM02610
*'FOUNDATION DAMPING COEFFICIENT',E1%4.5//) BEM02620
400 FORMAT(2(2X,E14.7,2X)) BEM02630
500 FORMAT(' COODRDINATES OF THE NODAL PDINTS', BEM02640
%/79G% "POINT * , 10X, ‘X' ,18%,'Y'/) BEM02650
700 FORMAT(5EX,I3,2(5%X,E14.7)) BEM02660
800 FORMAT(5X, 'NCDE',6X» BEM02670
*'PRESCRIBED VALUE'/) BEM02680
750 FORMAT(5X,I3,8X,E14.7) BEM02650
760 FORMAT(//' BOUNDARY CONDITIONS ON THE DAM FACE',//) BEM02700
770 FORMAT(//' BOUNDARY CONDITIONS ON THE RESERVOIR BOTTOM',//) BEM02710
c BEM02720
c BEM02730
RETURN BEM02740

END BENM02750
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BEM02760

------------------------------------------------------------------ BEM02770

SUBROUTINE EIGEN(AFI,AFR,ND,ME,CONST,CONST1,CONST2,HY,AKR,AKI)

BEM0O2780
BEM02790

F6I6IEIEIEIE-IE 3 IE I 36 I IEIEIE IEIEIE IEIE I I IEIEIEIE I I6 JE I 2 636 2636 I 36 M I I I XIEIEIEIE I I IEMII I KN N XXX XBEMO 2800

DOUSLE PRECISION CONST,CONST1,CONST2,HY
REAL AFI(ND,ND),AFR{ND,ND),AKR(ND},AKI(ND)

DY=SNGL(HY/ME)

T=SNGL(CONST)

T1=SNGL(CONST1)

T2=SNGL(CONST2)

CALL FSFEMUAFI,AFR,ME,ND,T,T1,T2,DY,AKR,AKI)

RETURN
END

SUBROUTINE FSFEMUAFI,AFR,N,NM,T,T1,T2,DY,AKR,AKI)
363636 IEIEIIEIE I I I NI I IR I NI IEHIIIII I I NI NI IINIIIIE NI I I K

AFR= REAL PART OF THE EIGENVECTOR MATRIX

AFI= IMAGINARY PART OF EIGENVECTOR MATRIX

AKR=REAL PART OF KAPPA MATRIX DIAGONAL

AKI=IMAGINARY PART OF KAPPA MATRIX DIAGONAL

N=ME= NO. OF ELEMENTS ON THE FAR BOUNDARY

NM=ND= MAX. DIMENSION OF TNE EIGENVECTOR MATRIX

DY= PASSED LENGTH OF AN ELEMENT ( DP IN THE MAIN PROGRAM )
T=CONST= OMEGA/C ( DP IN THE MAIN PROGRAM )

T1=CONST1= OMEGA ( DP IN THE MAIN PROGRAM )
T2=CONST2=GAMMA

REAL A( 20, 20),B( 20, 20),Z( 20, 20),BHOLD( 20, 20),
AHOLDU 20, 20),AHOLDI( 20, 20),BHOLDI( 20,20),
ALFR( 20),ALFI( 20),BETA( 20),
EPS1, AI(20,20),BI(20,20),2I(20,20)

REAL AMAX1

COMPLEX FI(20,20),XM(20,20)

COMPLEX XKAP(20),XK2(20)

REAL AFRENM,NM),AFTUNM,NM), AKR(NM),AKI(NM)

INTEGER ERROR

DIMENSION INDEX(20)

DATA IWRITE/4/

@ v v

CALL SET(DY,T1,T2,N,NM,A,AI,B,BI)
DO 717 I=1,N
D0 718 J=1,N
AHOLD(I,J)=A(1,J)
BHOLD(I,J)}=B{(I,J)
AHOLDI(I,J)=AI(I,J)
BHOLDI(I,J)=BI(I,J)

718 CONTINUE

717 CONTINUE

BEMO2810
BEM02820
BEM02830
BEM02840
BEM02850
BEM02860
BEM0O2870
BEM02880
BEM02890
BEM02900
BEM0O2910
BEM02920
BEM02930
BEM02940
BEM02950
BEM02960
BEM02970
BEM02980
BEM02990
BEMO3000
BEM02010
BEMO03020
BEM03030
BEM0O3040
BEM03050
BEMO3060
BEM03070
BEMO3080
BEMO03090
BEM03100
BEMO3110
BEM03120
BEM03130
BEMD3140
BEMO03150
BEMO3160
BEMO2170
BEM03180
BEM03190

'BEM03200

BEMD3210
BEM03220
BEM03230
BEM03240
BEM0O3250
BEM03260
BEM03270
BEM03280
BEM03290
BEM03300

PAGE 00006
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o000

WRITE(IWRITE,20)
$ N

20 FORMAT(30H1THE FULL MATRIX A  OF ORDER,
$ I16,22H IS (PRINTED BY ROKWS}/)

DO 30 I = 1,N
20 WRITE(IWRITE,40)
$ (A(I,J),AX(I,J),J=1,N)
40 FORMAT(5(2F6.2,1HI,3X))
WRITE(IWRITE,41)
$ N
41 FORMAT(30HOTHE FULL MATRIX B OF ORDER,
$ 14,220 IS (PRINTED BY ROWS)/)
DO 42 I = 1,N
42 HRITE(INRITE,43)
$ (B(I,J);BI(I)J],J=1)N)
43 FORMAT(5(2F6.2,1HI,3X))

EIGENVALUES AND EIGENVECTORS USING CQZVAL AND CQZVEC

EPSY1 = 0.0
CALL CQZHES(NM,N,A,AI,B,BI,.TRUE.,Z,21) .
CALL CQZVAL(NM,N,A,AI,B,BI,EPS]1,ALFR,ALFI,BETA,
$ .TRUE. ,Z,ZI ,ERROR)
CALL CQZVEC(NM,N,A,AI,B,BI,ALFR,ALFI,BETA,Z,2I)
DO 719 I=1,N
DO 720 J=1,N
A(I,J)=AHDLD(I,J)
B(I,J)=BHOLD(I,J)
AI(I,J)=AHOLDI(I,J)
BI{I,J)=BHOLDI(I,J)
720 CONTINUE
719 CONTINUE
WRITE{IWRITE,292)
292 FORMAT( /715X, 7HALFR(X),19%X,7HALFI(1),19K,7HBETALL))
DO 295 I = 1,N

WRITE(IMRITE,293)
$ I,ALFR(I),ALFI(I),BETA(I)
293 FORMAT(I2,3(1PE23.6,3X))
295 CONTINUE
WRITE(IWRITE,300)

200 FORMAT(/14X,35HCOMPUTED EIGENVALUE AND EIGENVECTOR,20X)

DO 510 K = 1, N

BETA(K) = AMAX1(BETA(K),1.0E-50)
ALFR(K) = ALFR(K) / BETA(K)
ALFI(K) = ALFI(K) / BETA(K)

ONE EIGENVECTOR.

240 WRITE(IWRITE,350)
$ KyALFRI{K)H,ALFI(K),(2(1I,K),
$ ZI(I,K},I=1,N)

VM/HPD 4.2 CMS SL422

BEMO3310
BEM03320
BEMO3330
BEM03340
BEM03350
BEM03360
BEM03370
BEM03380
BEM03390
BEM03400
BEM03410
BEM03420
BEM03430
BEM03440
BEM03450
BEM03460
BEM03470
BEM03480
BEM03490
BEMO3500
BEMO3510
BEMO3520
BEM03530
BEM03540
BEMO3550
BEMO3560
BEM03570
BEMO3580
BEMO03590
BEM02600
BEMD3610
BEM03620
BEM03630
BEM03640
BEM03650
BEM03660
BEM03670
BEM03680
BEMO3690
BEMO3700
BEMO3710
BEM0O3720
BEM03730
BEM03740
BEM03750
BEMQO3760
BEM03770
BEM03780
BEM03790
BENMO3800
BEMO03810
BEMO03820
BEM038320
BEM03840
BEM03850

PAGE 00007

-8{-



7

FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA ... VM/HPO 4.2 CMS SL422 PAGE 00008

350 FORMAT(/12,1P2E23.6/(5X,2E23.6)) BEM03860
510 CONTINUE BEM03870
DO 610 K=1,N BEM03880

DO 620 L=1,N BEM02890
FI(K,L)=CMPLX(Z(K,L),ZI(K,L)) BEM03900

620 CONTINUE BEM03910
610 CONTINUE BEM03920
DO 611 I=1,N BEM03930
WRITE(IKWRITE,*) (FI(I,J),J=1,N) BEM03940

611 CONTINUE BEM03950
CALL NGRMA(FI,B,N,NM,XM) BEM03960

DO 81 I=1,N BEM03970
WRITE(IWRITE ,%*) (FI(I,J),J=1,N) BEM0O3980

81 CONTINUE BEM03990
DO 613 I=1,N BEM04000

D0 612 J=1,N BEM04010
AFR(I,J)I=REAL(FI(I,J)} BEM04020
AFI(I,J)=AIMAG(FI(I,J)]) BEM04030

612 CONTINUE BEM04040
613 CONTINUE BEM0O40K0
DO 171 I=1,N BEM04060
ALFR{I}=ALFR(I)-Tx*T BEM04070
XK2(I)}=CMPLX(ALFR{I),ALFI(X)) BEM04G80
XKAP(I}=CSQRT(XK2(X))} BEM04090
HRITE(IWRITE ,* }JXKAP(I) ’ BEM04100
AKR(I })=REAL(XKAP(I)) BEM04110
AKI(I)=AIMAG{ XKAP(I)) BEMOG120

171 CONTINUE BEM04130
RETURN BEM04140

END BEM0O4150

(o BEM04160
C  ormrermm e r et e e e ———— - BEM04170
[od BEM04180
SUBROUTINE EIGENR(AFR,ND,ME,CONST,CONST1,CONST2,HY,AKR,AKI BEM04190

1 ,IMP,FLAG) BEM04200

c 363636 36 26 96 36 36 36 36 3 36 I I I IEIE I FEIE I I I I IE I I WX NN W R X HNUN XA RN RN X XA ABEM06210
DOUBLE PRECISION CONST,CONST1,CONST2,HY BEM04220
REAL AFR(ND,ND),AKR(ND),AKI(ND)} BEM04230
REAL ALFR(20),A(20,20),F(20,20) BEM04 240
LOGICAL FLAG BEM04250

[ BEM04260
00 10 I=1,ME BEM04270
AKR(I)=0 BEM04280

- AKI(I)=0 BEM04290
10 CONTINUE : BEM04300
DY=SNGL(HY/ME ) BEM04310
T=SNGL(CONST) BEM04320
T1=SNGL(CONST1) BEM04330
T2=SNGL(CONSTZ2) BEM04340
FLAG=.FALSE. BEM04350
CALL SETR(DY,ME,ND,A,F) BEM04360
CALL JACOBI(A,F,ALFR,AFR,ME,ND} BEMGC4370

DO 30 I=1,ME BEM04380
TEMP=ALFR(I )}-T*T ’ BEM04390

TX=TEMP BEM04400

-65_
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IF(TEMP.LT.0) THEN BEM04410
FLAG=.TRUE. BEM04420
AKI{I)=SQRT(-TX) BEM04430
ELSE IF(TEMP.GT.0) THEN BEM04440
AKR(I)=SQRT(TX) BEM04450
ELSE " ) BEMD4460
WRITE(IMP,100) BEM04470

100 FORMAT(1X, 'RESONANCE HAS TAKEN PLACE') BEM04480
STOP BEM04490
END IF BEM04500

30 CONTINUE BEM04510
RETURN - BEM04520
END BEM0G530

c BEM04540

o e e et BEM0O4550

c BEM04560

(o BEM0G570
SUBROUTINE CQZHES(NM,N,AR,AI,BR,BI,MATZ,2ZR,2I) BEM04580

C FEIEI6IEIE 36 IE I IE I IEIE IE I IEIE 36 6 I6 IE I IEIE IE HE IE I I IE € I6IE IE 36 I6 I IE 3 IE I I6IE IEIE I I IEIEIE I I IEIEFEH I I H I N R XN XBEMOG590

c THIS ALGORITHM QZ FOR THE CLASS OF COMPLEX GENERALIZED MATRIX  BEM04600

c SYSTEMS EXHIBITING THE USE OF QZ TO FIND ALL THE EIGENVALUES BEM04610

c AND EIGENVECTORS FOR THE EIGENPROBLEM  A%X = (LAMBDA)*B*X . BEM0G620

c BEM0G630

c THE DIMENSION OF A,AI,B,BI,Z, AND 2Z2I SHOULD BE NM BY NM. BEM0464D

c THE DIMENSION OF ALFR,ALFI,BETA, AND NORM SHOULD BE NM. BEM04650

c THE DIMENSION OF AHOLD AND BHOLD SHOULD BE NM BY NM. BEM04%660

c THE DIMENSION OF AHOLDI AND BHOLDI SHOULD BE NM BY NM. BEM04670

c HERE NM = 20. BEM04%680

c BEMD4690
INTEGER I,J,K,LsN,K1,LB,L1,NM,NK1,NM1 BEM04700
REAL AR{NM,N),AI{NM,N),BR(NM,N),BI{NM,N},ZR(NM,N),ZI(NM,N) BEM04710
REAL R,S,T,TI,Ul,U2,XI,XR,YI,YR,RHO,Ull BEM04720
REAL SGRT,CABS,ABS BEM0G730
LOGICAL MATZ BEM04740
COMPLEX CMPLX BEM04750

c ) BEM04760

c THIS SUBROUTINE IS A COMPLEX ANALOGUE OF THE FIRST STEP OF THE BEM04770

c QZ ALGORITHM FOR SOLVING GENERALIZED MATRIX EIGENVALUE PROBLEMS, BEM04780

c SIAM J. NUMER. ANAL. 10, 241-256(1973) BY MOLER AND STEWART. BEM04790

c BEM04800

[ THIS SUBROUTINE ACCEPTS A PAIR OF COMPLEX GENERAL MATRICES AND BEM04810

c REDUCES ONE OF THEM TO UPPER HESSENBERG FORM WITH REAL (AND NON- BEM04820

c NEGATIVE) SUBDIAGONAL ELEMENTS AND THE OTHER TO UPPER TRIANGULAR BEM04830

c FORM USING UNITARY TRANSFORMATIONS. IT IS USUALLY FOLLOWED BY BEM04840

c CQZVAL AND POSSIBLY CQZVEC. BEM04850

c BEM04860

c ON INPUT- BEM04870

c BEM04880

c NM MUST BE SET TO THE ROW DIMENSION OF TWO-DIMENSIONAL BEM04890

c ARRAY PARAMETERS AS DECLARED IN THE CALLING PROGRAM BEM04900

c DIMENSIDN STATEMENT, BEM04910

c BEM06920

c N IS THE ORDER OF THE MATRICES, BEM04930

c BEM04940

c

A=(AR,AI) CONTAINS A COMPLEX GENERAL MATRIX, BEM04950

-Ov-
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10

20

B=(BR,BI) CONTAINS A COMPLEX GENERAL MATRIX,

««s VM/HPO 4.2 CMS Sl422

MATZ SHOULD BE SET TO .TRUE. IF THE RIGHT HAND TRANSFDRMATIONS

ARE TO BE ACCUMULATED FOR LATER USE IN COMPUTING
EIGENVECTORS, AND TO .FALSE. OTHERWISE.

ON OUTPUT-

A HAS BEEN REDUCED TD UPPER HESSENBERG FORM. THE ELEMENTS

BELOW THE FIRST SUBDIAGONAL HAVE BEEN SET TO ZERO, A

ND THE

SUBDIAGONAL ELEMENTS HAVE BEEN MADE REAL (AND NON-NEGATIVE),

B HAS BEEN REDUCED TO UPPER TRIANGULAR FORM. THE ELEMENTS

BELOW THE MAIN DIAGONAL HAVE BEEN SET TO ZERO,

Z=(ZR,Z1) CONTAINS THE PRODUCT OF THE RIGHT HAND
TRANSFORMATIONS IF MATZ HAS BEEN SET TO .TRUE.
OTHERWISE, Z IS NOT REFERENCED.

QUESTIONS AND COMMENTS SHOULD BE DIRECTED TO B. S. GARBOW
APPLIED MATHEMATICS DIVISION, ARGONNE NATIONAL LABORATORY

%3633 %%3%% INITIALIZE Z %33363%%3%%3%¢
IF (.NOT. MATZ) GO TO 10

PO 3I=1,N

bo2J=1, N
ZR{I,J)
21(1,J)

CONTINUE

0.0
0.0

wn

ZR(I,I) = 1.0
CONTINUE
¥33636366%%% REDUCE B TO UPPER TRIANGULAR FORM WITH
: TEMPORARILY REAL DIAGONAL ELEMENTS 3333333
IF (N .LE. 1) 60 TO 170
NM1 = N -1

DO 100 L = 1, NM1
Ll =L +1
S =0.0

DO 20 I =1, N
S = S + ABS(BR(I,L]}) + ABS(BI(I,L))
CONTINUE

IF (S .EQ. 0.0) GO TO 100
RHO = 0.0

DO 25 I =1L, N
BR(I»L) = BR(I,L) / S

»

BEM04960
BEM04970
BEM04930
BEM04990
BEMO5000
BEMO5010
BEM05020
BEM0O5030
BEM0O5040
BEM0O5050
BEM0O5060
BEM0O5070
BENMO5080
BEM0O5090
BEM0O5100
BEMO5110
BEMO5120
BEM05130
BEM0O5140
BENMO5150
BEM05160
BEM05170
BEMO5180
BEM05190
BEMO5200
BEM05210
BEM05220
BEMO5230
BEM05240
BEM05250
BEM05260
BEM05270
BEM05280
BEM05290
BEM0O5300
BEM05310
BEM05320
BEM05330
BEM05340
BEM05350
BEMO5360
BEM05370
BEM05380
BEM053%90
BEM0O5400
BEM0O5410
BEM05420
BEM05430
BEM05440
BEM05450
BEM05460
BEM05470
BEM05480
BEM05490
BEM05500
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70

80

20

100

103

105

AI(I,J) = AI(I,J) - T % BI(I,L) - TI % BR(I,L)

CONTINUE
XI = Ul * AI(L,J) - ULI * AR(L,J)
AR(L,J) = Ul * AR(L,J) + ULTl % AI(L,J)
AI(L,J) = XI :

CONTINUE

BRIL,L) =R % S

BI(L,L) = 0.0

DO 90 I = L1, N
BR(I,L) = 0.0
BI({I,L) = 0.0

CONTINUE

CONTINUE

VM/HPO 4.2 CMS SL422

BEMQ6060
BEM06070
BEM060890
BEM06090
BEMO6100
BEM06110
BEM06120
BEMD6130
BEM06140
BEM06150
BEMD6160
BEM06170
BEM06180
BEM06190
BEMC6200
BEMD6210
BEM06220

¥,exx3%%% REDUCE A TO UPPER HESSENBERG FORM WITH REAL SUBDIAGONALBENMG6230

ELEMENTS, WHILE KEEPING B TRIANGULAR 33333663633

DD 160 K = 1, NM1

K1l

=K +1

BEM06240
BEM06250
BEM06260

¥xexxxexxx SET BOTTOM ELEMENT IN K-TH COLUMN OF A REAL 36eexxexxx BEM06270

IF

R =

Ul

(AI(N,K) .EQ. 0.0) GO TO 105
CABS(CMPLX(AR(N,K},AI(N,K}))
= AR(N,K) 7/ R

UlI = AII(N,K) / R

AR(N,K)
AI(N,K)

R
0.0

it n

DO 103 J = K1, N

XI = Ul *¥ AI(N,J) - UlI % AR(N,J)

AR(N,J) = Ul * AR(N,J) + UlIl % AI(N,J)
AI(N,J) = XI
CONTINUE

XI

= Ul %* BI(N,N) - UlI % BR(N,N)

BR(N,N) = Ul % BR(N,N) + UlI * BI(N,N)
BI(N,N) = XI

IF

NK1

(K .EQ. NM1l) GO TO 170
= NM1 - K

%2%%3%%5%%%%% FOR L=N-1 STEP -1 UNTIL K+l DO ~= 33X3HHHH¥%
DO 150 LB = 1, NK1

L=N-18B
Ll =L +1

6336336363 %% ZERD A(L41,K ) %33636% %K%

S = ABS(AR(L,K)}) + ABS(AI(L,K))} + AR(L1,K)
IF (S .EQ. 0.0) GO TO 150

Ul = AR(L,K) /' S

UlI = AI(L,K) / S

U2 = AR(L1:K) /' S

R = SQRT(ULl»*Ul+ULlI*U1XI+U2%U2)

ur=ul /R
Ull = UlI / R
U2 =uU2 /R

AR(L,K) = R * S

BEM06280
BEM06290
BEM06300
BEM06310
BEM06320
BEM06330
BEMO6340
BEM06350
- BEM0O6360
BEM06370
BEM06380
BENM063290
BEM06400
BEMO06410
BEM06420
BEM06430
BEM06440
BENMO6450
BEM06460
BEM06470
BEM06480
BEM06490
BEM06500
BEM0O6510
BEM06520
BEM06530
BEM06540
BEM06550
BEM06560
BEM06570
BEM06580
BEM06590
BEM06600
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c

110

120

130

AI(L,K) = 0.0
AR(L1,K) = 0.0

DO 110 J = K1, N

XR = AR(L,J)
XI = AI(L,J)
YR = AR(L1,J)
YI = AI(L1l,J)

AR(L,J) = Ul % XR + UL * XI + U2 * YR
AI(L,J) = Ul % XI - UlI %* XR + U2 %* YI

AR(L1,J) = Ul % YR - U1I % YI - U2 * XR
AI(L1,J) = Ul % YI + UlI »* YR - U2 %* XI
CONTINUE

XR = BR(Li,L)
BR(L,L) = Ul * XR
BI(L,L) = -UlI * XR
BR(L1,L) = -U2 * XR

DO 120 J = L1, N

XR = BR(L,J)
XI = BI(L,J)
YR = BR(L1,J)
YI = BI(L1,J)

BR(L,J) = Ul % XR + U1l * XI + U2 * YR
BI{L,J) = Ul % XI - UlI % XR + U2 * YI

BR(L1,J) = Ul * YR - UlI * YI - U2 % XR
BI(L1,J) = Ul % YI + UlI * YR - U2 % XI
CONTINUE :

2336363636366 %% ZERD B(L+1,L) 3636636363335
S = ABS(BR(L1,L1)) + ABS(BI(L1,L1)) + ABS(BR(L1,L))

IF (S .EQ. 0.0) GO TO 150

Ul = BR(LL,L1) /' S

UlI = BI(L1,L1) / S

U2 = BRILL,L) / S

R = SQRT(U1xUl+UlI*UlI+U2%U2)

ur=ul /R

U1l = UlI / R

Uz =uz2/R
BR(L1,L1) = R % §
BI(L1,L1) = 0.0

BR(L1,L) = 0.0

DO 130I=1,1

XR = BR(I,L1)

XI = BI(I,L1)

YR = BR(I,L)

YI = BI(I,L)

BR{I,L1} = Ul % XR + UlI % XI + U2 * YR

BI(I,L1) = Ul % XI - UlI % XR + U2 * YI

BR(I,L) = Ul ®* YR - UlI * YI - U2 % XR

BI(I,L) = Ul % YI + U1l * YR - U2 % XI
CONTINUE

DO 140 I = 1, N

VM/HPO 4.2 CMS SL422

BEM06610
BEM06620
BEM06630
BEM06640
BEM06650
BEM06660
BEM06670
BEM06680
BEM06690
BEM06700
BEM06710
BEM06720
BEM06730
BEM06740
BEM0O6750
BEM06760
BEM06770
BEMO06780
BEM0O6790
BEM06800
BEM06810
‘BEM06820
BEM06830
BEM06840
BEM06850
BEM06860
BEM06870
BEM06880
BEM06890
BEM06900
BEM06910
BEM06920
BEM06930
BEM06940
BEM06950
BEM06960
BEM06970
BEM06980
BEM06990
BEM0O7000
BEMO7010
BEMO7020
BEM07030
BEM07040
BEM07050
BEMO7060
BEM07070
BEMO7080
BEM07090
BEM0O7100
BEM0O7110
BEM07120
BEM07130
BEM07140
BEM0O7150
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THIS SUBROUTINE IS A COMPLEX ANALOGUE OF STEPS 2 AND 3 OF THE

Qz

ALGORITEM FOR SOLVING GENERALIZED MATRIX EIGENVALUE PROSLEMS,

SIAM J. NUMER. ANAL. 10, 241-256(1973) BY MOLER AND STEMART,

AS

MODIFIED IN TECHNICAL NOTE NASA TN E-7305(1973) BY WARD.

THIS SUBRDUTINE ACCEPTS A PAIR OF COMPLEX MATRICES, ONE OF THEM

IN

THE HESSENBERG MATRIX MUST FURTHER HAVE REAL SUBDIAGONAL ELEMENTS.

1T

UPPER HESSENBERG FORM AND THE OTHER IN UPPER TRIANGULAR FORM,

REDUCES THE HESSEMBERG MATRIX TO TRIANGULAR FORM USING

UNITARY TRANSFORMATIONS WHILE MAINTAINING THE TRIANGULAR FORM

OF

THE OTHER MATRIX AND FURTHER MAKING ITS DIAGONAL ELEMENTS

REAL AND NON-NEGATIVE. IT THEN RETURNS QUANTITIES WHOSE RATIOS
GIVE THE GENERALIZED EIGENVALUES. 1IT IS USUALLY PRECEDED BY
CQZHES AND POSSIBLY FOLLOWED BY CQ2ZVEC.

ON

ON

INPUT -

NM MUST BE SET TO THE ROM DIMENSION OF TWO-DIMENSIONAL
ARRAY PARAMETERS AS DECLARED IN THE CALLING PROGRAM
DIMENSION STATEMENT,

N IS THE ORDER OF THE MATRICES,

A=(AR,AI) CONTAINS A COMPLEX UPPER HESSENBERG MATRIX
HWITH REAL SUBDIAGCNAL ELEMENTS,

B=(BR,BI) CONTAINS A COMPLEX UPPER TRIANGULAR MATRIX,

EPS1 IS A TOLERANCE USED TO DETERMINE NEGLIGIBLE ELEMENTS.
EPS1 = 0.0 (DR NEGATIVE) MAY BE INPUT, IN WHICH CASE AN
ELEMENT WILL BE NEGLECTED ONLY IF IT IS LESS THAN ROUNDCFF
ERROR TIMES THE NORM OF ITS MATRIX. IF THE INPUT EPS1 IS
POSITIVE, THEN AN ELEMENT WILL BE CONSIDERED NEGLIGIBLE
IF IT IS LESS THAN EPS1 TIMES THE NORM OF ITS MATRIX. A
POSITIVE VALUE OF EPS1 MAY RESULT IN FASTER EXECUTION,

BUT LESS ACCURATE RESULTS,

MATZ SHOULD BE SET TO .TRUE. IF THE RIGHT HAND TRANSFORMATIONS
ARE TO BE ACCUMULATED FOR LATER USE IN COMPUTING
EIGENVECTORS, AND TO .FALSE. OTHERKWISE,

2=(ZR,ZI) CONTAINS, IF MATZ HAS BEEN SET TO .TRUE., THE
TRANSFORMATION MATRIX PRODUCED IN THE REDUCTICN
BY CQZHES, IF PERFORMED, OR ELSE THE IDENTITY MATRIX.
IF MATZ HAS BEEN SET TO .FALSE., Z IS NOT REFERENCED.

ouTPUT

A HAS BEEN REDUCED TO UPPER TRIANGULAR FORM. THE ELEMENTS
BELOW THE MAIN DIAGONAL HAVE BEEN SET TO ZERO,

B IS STILL IN UPPER TRIANGULAR FORM, ALTHCUGH ITS ELEMENTS
HAVE BEEN ALTERED. 1IN PARTICULAR, ITS DIAGONAL HAS BEEN SET
REAL AND NON-NEGATIVE. THE LOCATION BR(N,1) IS USED TO
STORE EPS1 TIMES THE NORM OF B FOR LATER USE BY CQZVEC,

BEM07710
BEM07720
BEMO7730
BEMO7740
BEM07750
BEMO7760
BEM07770
BEM07780
BEM07790
BEMO7800
BEM0O7810
BEM0O7820
BEM07830
BEM07840
BEM07850
BEM(37860
BEMO7870
BEM07880
BEM07890
BEM0O7900
BEMQ7910
BEM07920
BEM07930
BEM07940
BEM07950
BEM07960
BEM07970
BEM07980
BEM0O7990
BEM0O8000
BEM08010
BEM08020
BEMO8030
BEM0O8040
BEM08050
BEM08060
BEM08070
BEM08080
BEM08090
BEM08100
BEM08110
BEM08120
BEM08130
BEM08140
BEMO08150
BEM08160
BEM08170
BEM08180
BEM08190
BEM08200
BEM08210
BEM08220
BEM08230
BEM08240
BEM08250

PAGE 00015

-97-



4

FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA ...

[z 2 s N R Ne s N Re Ne NoNo N Ne N NeNs RoNe N Ny Ny]

(o]

20

30

40

50

ALFR AND ALFI CONTAIN THE REAL AND IMAGINARY PARTS OF THE
DIAGONAL ELEMENTS OF THE TRIANGULARIZED A MATRIX,

BETA CONTAINS THE REAL NON-NEGATIVE DIAGONAL ELEMENTS OF THE
CORRESPONDING B. THE GENERALIZED EIGENVALUES ARE THEN
THE RATIOS ((ALFR+I*ALFI)/BETA),

Z CONTAINS THE PRODUCT OF THE RIGHT HAND TRANSFORMATIONS
(FOR BOTH STEPS) IF MATZ HAS BEEN SET TO .TRUE.,

IERR IS SET TO
ZERO FOR NORMAL RETURN,
J IF AR(J,J-1) HAS NOT BECOME
ZERO AFTER 50 ITERATIONS.

QUESTIONS AND COMMENTS SHOULD BE DIRECTED TO B. S. GARBOHW,
APPLIED MATHEMATICS DIVISION, ARGONNE NATIGNAL LABORATORY

IERR = 0
HHHHHXUKNXX COMPUTE EPSA,EPSB  ¥HIHIHIHIIHH€H
ANORM = 0.0
BNORM = 0.0
DO 30 I =1, N
ANI = 0.0
IF (I .NE. 1) ANI = ABS(AR(I,I-1)})
BENI = 0.0

DO 20 J = I, N

ANI = ANI + ABS{AR(I,J)]) + ABS(AI(I,J))
BNI = BNI + ABS(BR(I,J)) + ABS(BI(I,J))
CONTINUE '
IF (ANI .GT. ANDRM) ANORM = ANI
IF (BNI .GT. BNORM) BNORM = BNI
CONTINUE
IF (ANORM .EQ. 0.0) ANORM = 1.0
IF (BNORM .EQ. 0.0) BNORM = 1.0

EP = EPS1

IF (EP .GT. ©0.0) €60 TO 50

*xx%xx¥%%% COMPUTE ROUNDOFF LEVEL IF EPS1 IS ZERD 33633%%%3%%%

EP = 1.0

EP = EP / 2.0

IF (1.0 + EP .GT. 1.0) GO TO 40

EPSA = EP * ANORM

EPSB = EP * BNORM

300Xk x% REDUCE A TO TRIANGULAR FORM, WHILE
KEEPING B TRIANGULAR 333363633 3%%%

LOR1 = 1

ENORN = N

EN = N

VYM/HPO 4.2 CMS SL422

BEM08260
BEM08270
BEM08280
BEM08290
BEM08300
BEM08310
BEM08320
BEMO08330
BEM08340
BEM08350
BEM08360
BEM08370
BEM08380
BEM08390
BEM08400
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BEM08430
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BEMO08550
BEM08560
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BEM08710
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BEMO08730
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BEM08750
BEM08760
BEMO8770
BEM08780
BEM08790
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60

70

80

90

95

97

98

100

BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL DOF CANADA

INAXXXHX¥ BEGIN QZ STEP 33336333633
IF (EN .EQ. 0) GO TO 1001
IF (.NOT. MATZ) ENORN = EN
ITs = 0
NA = EN - 1
ENMZ = NA - 1
xxxxexnxx CHECK FOR CONVERGENCE DR REDUCIBILITY.
FOR L=EN STEP -1 UNTIL 1 DO -= JREX%¥%%%
DO 80 LL = 1, EN
LML = EN - LL
L=1LM +1 _
IF (L .EQ. 1) GO TO 95
IF (ABS(AR(L,LM1)) .LE. EPSA) 60 TO 90
CONTINUE

AR(L,LM1) = 0.0

Bkkxx%% SET DIAGONAL ELEMENT AT TOP OF B REAL 333%3¢363633%3%
Bll-= CABS(CMPLX(BR(L,L),BI(L,L))) '

IF (B1l1 .EQ. 0.0) GO TO 98

Ul = BRIL,L) / Bll

UlI = BI(L,L) / Bl1

D0 97 J = L

s> ENORN

XI = Ul * AI(L,J) - UlI * AR(L,J)
AR(L,J) = Ul % AR(L>J) + ULlI * AI(L,J)}
AIlL,J) = XI

XI = Ul * BI(L,J) - U1l * BR(L,J)
BR(L,J) = Ul % BR(L,J) + ULI % BI(L,J)
BItL,J) = XI

CONTINUE

BI(L,L) = 0.0
IF (L .NE. EN) GO TO 100
3kk%x€%%% ]1-BY-1 BLOCK ISOLATED 3336363636363

ALFR(EN) = AR(EN,EN)

ALFI(EN) = AI(EN,EN)

BETA(EN) = Bll

EN = NA

GO TO 60

#223%%%%%% CHECK FOR SMALL TOP OF B %3363 %%
Ll =1L +1

IF (Bl1 .GT. EPSB) GO TO 120

BR(L,L) = 0.0

S = ABS{AR(L,L)) + ABS(AI(L,L)) + ABS(AR(L1,L))
Ul = ARIL,L) / S

ULL = AI{L,L) /' S

U2 = AR(L1,L) /' S

R = SRRT(U1*U1+U1I*U1I+U2xU2)

Ul =Ul /R

ulr = Ul1l
Uz = U2
AR(L,L)
AX(L,L)

"N
QTN
-]

o X

DO 110 J = L1, ENORN

.

VM/HPO 4.2 CMS SL422
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BEMO09170
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N

110

120

122

124

N
FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

XR = AR(L,J)
XI = AI(L,J)
YR = AR(L1,J)
YI = AI(L1l,d)

AR(L,J) = Ul % XR + UlI % XI + U2 * YR
ATI(L,J) = Ul % XI -~ UlI * XR + U2 %* YI
AR(L1,J) = Ul * YR - U1l * YI - U2 * XR

AI(L1,J) = Ul % YI + UlI * YR - U2 » XI
XR = BRIL,J)}

XI = BI(L,J)

YR = BR(L1,J)

YI = BI(L1,J)}

BR(L1,J) = Ul * YR - U1T * YI - U2 * XR
BR(L,J) = Ul % XR + UlI * XI + U2 * YR
BI(L,J) = Ul % XI - ULI % XR + U2 »* YI
BI({L1,J) = Ul * YI + Ull % YR - U2 % XI

CONTINUE

LMl = L

L =11

G0 TO 90

23%3%%%%%%% ITERATION STRATEGY 363636363636%3%3%%

IF (ITS .EQ. 50) GO TO 1000

IF (ITS .EQ. 10) GO TO 135

%%3%%%%%%%% DETERMINE SHIFT %3M3%366%%

B33 = BR{NA,NA)

B33I = BI{NA,NA) :

IF (CABS(CMPLX(B33,B33I)) .GE. EPSB) GO TO 122
B3% = EPSB

B33I = 0.0

B44 = BR(EN,EN)

B44I = BI(EN,EN)

IF (CABSICMPLX(B44,B44I)) .GE. EPSB) GO TO 124
B44 = EPSB

B44I = 0.0

B3344 = B33 x B4G - B33] x BG4

B33441 = B33 * B44I + B33I * B4G

A33 = AR(NA,NA) % BG4 -~ AT(NA,NA) % B4qY

A331 = AR(NA,NA) »* B44I + AI(NA,NA) * BGG

A34 = AR(NA,,EN) % B33 - AI(NA,EN) % B33I
X - AR(NA,NA) % BR(NA,EN) + AI{NA,NA) % BI(NA,EN)
A34I = ARINA,EN) * B33I + AI(NA,EN) % B33

bd ~ AR(NA,NA) % BI(NA,EN) -~ AI(NA,NA) % BR(NA,EN)

AG3 = AR(EN,NA) * BG4
A43I = AR(EN,NA) % B4al

A4G = AR(EN,EN) % B33 - AI(EN,EN) * B33I - AR(EN,NA} * BR(NA,EN)

o

YM/HPD 4.2 CMS SL422

BEM09360
BEMQO370
BEM09380
BEM09390
BEM09400
BEM09410
BEM09420
BEM09430
BEM09440
BEM09450
BEM09460
BEMO9470
BEM0 9480
BEM09490
BEM09500
BEM09510
BEM09520
BEMOS530
BENMD9540
BEM09550
BEM09560
BEM09570
BEM09580
BEM09590
BEM09600
BEM09610
BEM09620
BEM09630
BEM09640
BEM0O2650
BEM09660
BEM09670
BEM09680
BEM09690
BEM09700
BEM09710
BEM09720
BEM09730
BEM09740
BEM09750
BEM09760
BEMQ9770
BEMO9780
BEM09790
BENM09800
BEMO9810

AGGI = AR(EN,EN) % B33I + AI(EN,EN) % B33 - AR(EN,NA) * BI(NA,EN) BEM09820

SH = A4%

SHI = A44I

XR = A34 % A43 - A3GI % A43I

XI = A34 % AG3I + A34I * AG3

IF (XR .EQ. 0.0 .AND. XI .EQ. 0.0) GO TO 140
YR = {A33 - SH) / 2.0

YI = (A331 - SHI) / 2.0

Z3 = CSQRT(CMPLX(YR*%2-YI%*2+XR,2.0%YR*¥YI+XI)}

BEM09830
BEM09840
BEM09850
BEM09860
BEM09870
BEM09880
BEM09890
BEM09900
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FILE:

125

135

140

170

BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

Ul = REAL(Z3)
ULI = AIMAG(Z3)
IF (YR % Ul + YI % UlI .GE. 0.0) GO TO 125

ul = -Ul

UlI = -U1I

Z3 = (CMPLX(SH,SHI) - CMPLX(XR,XI) / CMPLX(YR+Ul,YI+UlI))
X 7/ CMPLX(B33644,B336441)

SH = REAL(Z3)

SHI = AIMAG(Z3)

GO TO 140

2333%%%%%%% AD HOC SHIFT 3%%X%%%%%%
SH = AR(EN,NA) + AR(NA,ENM2)
SHI = 0.0
*x*xkx¥%%% DETERMINE ZEROTH COLUMN OF A 3336336363353
Al = AR(L,L) / B1ll - SH . '
AlI = AI(L,L) / B1l1l - SHI
A2 = AR(L1,L) / Bll
ITS = ITS + 1
IF (.NOT. MATZ) LOR1 = L
236263%%%%%% MAIN LOOP 296333363363 %
DO 260 K = L, NA
Kl =K+ 1
K2 =K + 2
KM1 = MAXO(K-1,L)
2335 3%%%%% ZERD A(K4)1,K-11 33333333
IF (K .EQ. L) GD TO 170
Al = AR(K,KM1)
AlI = AI(K,KM1}
A2 = AR(K1l,KM1l)
S = ABS(Al) + ABS(All) + ABS(A2)
Ur=a1,/s .
Ull = AlI / S
Uz = A2/ S
R = SQRT(U1»Ul+U1I*U1I+U2xU2)
ulr =uUl /R
Ull = UlI / R
uz=uU2 /R

DO 180 J = KM1l, ENORN

AR(K,J)

AT(K,J)

AR(K1,J)

AI(K1,J)

AR(K,J) = Ul % XR + U1l % XI + U2 * YR
AI(K,J) = Ul * XI - Ull % XR + U2 %* YI

<
e
nunnn

AR(K1,J) = Ul * YR - UlI * YI - U2 * XR
AI(K1l,J) = Ul % YI + UlI * YR - U2 * XI
XR = BR(K,J)
XI = BI(K,J)}
YR = BR(K1l,J)
YI = BI(K1,J)

BR(K,J) = Ul * XR + ULI * XI + U2 * YR
BI{K,J) = Ul % XI - UlI % XR + U2 % YI

BR(K1,J) = Ul * YR - ULT * YI - U2 * XR
BI(K1,J) = Ul * YI + U1l * YR - U2 % XI

VM/HPQ 4.2 CMS SL422

BEM09910
BEM09920
BEM09930
BEM09940
BEM39950
BEM09960
BENM09970
BEMD9980
BEM09990
BEM10000
BEM10010
BEM10020
BEM10030
BEM10040
BEM10050
BEM10060
BEM10070
BEM10080
BEM10050
BEM10100
BEM10110
BEM10120
BEM10130
BEM10140
BEM10150
BEM10160
BEM10170
BEM10180
BEM10190
BEM10200
BEM10210
BEM10220
BEM10230
BEM10240
BEM10250
BEM10260
BEM10270
BEM10280
BEM10290
BEM10300
BEM10310
BEM10320
BEM10330
BEM10340
BEM10350
BEM10360
BEM10370
BEM10380
BEM10390
BENM10400
BEM10410
BEM10420
BEM10430
BEM10440
BEM10450
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c

c

180

260

245

250

255

CONTINUE

IF (K .EQ. L) GO TO 240
AI(K,KM1) = 0.0
AR(K1,KM1) = 0.0
AI(K1,KM1) = 0.0

INWINNNRNE ZERD BIK+L,K ) 36335236333
S = ABS(BR{K1,K1)) + ABS(BI(K1,K1)) #+ ABS(BR(K1,K))

Ul = BR(K1,K1) / S

Ull = BIIK1,K1) / S

UZ = BR(K1,K) / S .

R = SQRT(U1*UL+U1I*UlI+U2%U2)

Ul =uUl/R
Uil = U1I / R
Uz =v2 /R

IF (K .EQ. NA) GO TO 245
XR = AR(K2,K1)

AR(K2,K1) = Ul %* XR
AI(K2,K1) -UlI * XR
AR(KZ,K) = -U2 % XR

DO 250 I = LOR1, K1

KR = AR(I,K1)
XI = AI(I,K1)
YR = AR(I,K)
YI = AI(I,K)
AR(I,K1) = Ul * XR + UlI * XI + U2 * YR
AI(I,K1) = Ul * XI - UlI * XR + U2 * YI

AR(I,K) = Ul * YR - U1l * YI - U2 * XR
AI(I,K) = Ul * YI + UlI * YR - U2 * XI

XR = BR(I,X1)
XI = BI(I,K1)
YR = BR{I,K)
YI = BI(I,K)
BR(I,K1) = Ul % XR + UlI % XI + U2 * YR

BI(I,K1) = Ul % XI - Ull * XR + U2 * YI

BR{I,K) = Ul * YR - U1l % YI - U2 * XR
BI(I,K) = Ul % YI + UlI * YR - U2 % XI
CONTINUE
BI(K1,K1) = 0.0
BR(K1,K) = 0.0
BI(K1,K) = 0.0

IF (.NOT. MATZ) GO TO 260

DO 2551 =1, N

XR = ZR(I,K1l)

XI = ZI(I,K1)

YR = ZR(I,K)

YI = ZI{I,K)

ZR(I,K1) = Ul ®* XR + UlI * XI + U2 * YR

ZI(I,K1) = Ul % XI - UlI * XR + U2 * YI

ZR(I,K) = Ul * YR - ULT % YI - U2 * XR
ZI(I,K) = Ul % YI + ULI * YR - U2 »* XI
CONTINUE

oo

VYM/HPO 4.2 CMS SL422

BEM10460
BEM10470
BEM10480
BEM10490
BEM10500
BEM10510
BEM10520
BEM10530
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BEM10560
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b4

BN

TRIANGULAR FORM, WHERE ONE OF THEM FURTHER MUST HAVE REAL DIAGONALBEM11530
ELEMENTS. 1IT COMPUTES THE EIGENVECTORS DOF THE TRIANGULAR PROBLEM BEM11540
AND TRANSFORMS THE RESULTS BACK TO THE ORIGINAL COORDINATE SYSTEM.BEM11550

FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA ... VM/HPO 4.2 CMS SL422 PAGE 00021

c ' BEM11010

260 CONTINUE BEM11020

€ seeeeexxxx SET LAST A SUBDIAGONAL REAL AND END QZ STEP xsemxxxx¥% BEM11030

IF (AI(EN,NA) .EQ. 0.0} GO TO 70 BEM11040

R = CABS(CMPLX(AR(EN,NA),AT(EN,NA))) ‘ BEM11050

Ul = AR(EN,NA) 7 R BEM11040

ULT = AI1EN,NA) / R BEM11070

AR(EN,NA) = R BEM11080

AI{EN,NA) = 0.0 - BEM11090

c BEM11100

DO 270 J = EN, ENORN BEM11110

XI = Ul % AI(EN,J) - ULI % AR(EN,J) BEM11120

AR(EN,J) = Ul % AR(EN,J) + ULI % AI(EN,J) BEM11120

AI(EN,J) = XI BEM11140

XI = Ul * BI(EN,J) - UlI % BR(EN,J) BEM11150

BR(EN,J) = Ul * BR(EN,J) + ULl % BI(EN,J) BEM11160

BI(EN,J) = XI BEM11170

270 CONTINUE _ BEM11180

c BEM11190

G0 TO 70 BEM11200

c seexxxxnxex SET ERROR ~- BOTTOM SUBDIAGOMAL ELEMENT HAS NOT BEM11210

c BECOME NEGLIGIBLE AFTER 50 ITERATIONS %X%Mx%x BEM11220

1000 IERR = EN BEM11230

c RININNNXXX SAVE EPSB FOR USE BY CQZVEC *HNFMIHKNKNH BEM11240

1001 IF (N .GT. 1) BR(N,1) = EPSB BEM11250

RETURN BEM11260

c 2x3%%%%%% LAST CARD OF CQZVAL 366%%XH%%% BEM11270

END BEM11280

c BEM11290

£ e e | BEM11360

c BEM11310

SUBROUTINE CQZVEC(NM,N,AR,AI,BR,BI,ALFR,ALFI,BETA,ZR,ZI) BEM11320

c BEM11340

INTEGER I,J,K,M,N,EN,II,JJ,NA,NM,NN BEM11350

REAL AR(NM,NJ,AI(NM,N),BRINM,N),BI(NM,N),ALFR(N),ALFI(N), BEM11360

X BETA(N),ZR{NM,N),ZI{NM,N) BEM11370

REAL R,T,RI,TI,XI,ALMI,ALMR,BETM,EPSB BEM11380

REAL CABS BEM11390

COMPLEX 23 BEM11400

COMPLEX CMPLX BEM11410

REAL REAL,AIMAG BEM11420

c BEM11430

c BEM11440

¢ BEM11450

c BEM11460

¢ BEM11470

c THIS SUBROUTINE IS A COMPLEX ANALOGUE OF THE FOURTH STEP OF THE  BEM11480

c @2 ALGORITHM FOR SOLVING GENERALIZED MATRIX EIGENVALUE PROBLEMS, BEM11490

c SIAM J. NUMER. ANAL. 10, 241-256(1973) BY MOLER AND STEWART. BEM11500

c BEM11510

c THIS SUBROUTINE ACCEPTS A PAIR OF COMPLEX MATRICES IN UPPER BEM11520
c
c
c
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FILE: BEMCZDN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

[z Bz Ee Nz Er R RNl NN N e e o N e Ro e Re Re N o Ne Ne Ne Re Re e Ne Ne Ke Ka X R R R o Rz R R R a)

IT IS USUALLY PRECEDED BY CQZHES AND CQZVAL.

ON

ON

INPUT -

NM MUST BE SET TO THE ROW DIMENSION OF TWO-DIMENSIGNAL
ARRAY PARAMETERS AS DECLARED IN THE CALLING PROGRAM
DIMENSION STATEMENT,

N IS THE ORDER OF THE MATRICES,

A=(AR,AI) CONTAINS A COMPLEX UPPER TRIANGULAR MATRIX,

VM/HPO 4.2 CMS SL422

BEM11560
BEM11570
BEM11580
BEM11590
BEM11600
BEM11610
BEM11620
BEM11630
BEM11640
BEM11650
BEM11660
BEM11670

B={BR,BI) CONTAINS A COMPLEX UPPER TRIANGULAR MATRIX WITH REAL BEM11680

DIAGONAL ELEMENTS. 1IN ADDITION, LOCATIGN BR{N,1) CONTAINS

BEM11690

THE TOLERANCE QUANTITY (EPSB) COMPUTED AND SAVED IN CQZVAL, BEM11700

ALFR, ALFI, AND BETA ARE VECTORS WITH COMPONENTS WHOSE
RATIOS ((ALFR+IXALFI)/BETA) ARE THE GENERALIZED
EIGENVALUES. THEY ARE USUALLY OBTAINED FROM CQZVAL,

Z=(ZR,ZI) CONTAINS THE TRANSFORMATION MATRIX PRODUCED IN THE

REDUCTIONS BY CGZHES AND CQZVAL, IF PERFORMED.
IF THE EIGENVECTORS OF THE TRIANGULAR PROSLEM ARE
DESIRED, Z MUST CONTAIN THE IDENTITY MATRIX.

CUTPUT-

A IS UNALTERED,

B HAS BEEN DESTROYED,

ALFR, ALFI, AND BETA ARE UNALTERED,

Z CONTAINS THE EIGENVECTORS. EACH EIGENVECTOR IS NORMALIZED

SO THAT THE MODULUS OF ITS LARGEST COMPONENT IS 1.0 .

QUESTIONS AND COMMENTS SHCULD BE DIRECTED TO B. S. GARBOHW,
APPLIED MATHEMATICS DIVISION, ARGONNE NATIONAL LABORATORY

BEM11710
BEM11720
BEM11730
BEM11740
BEM11750
BEM11760
BEM11770
BEM11780
BEM11790
BEM1180C0
BEM11810
BEM11820
BEM11830
BEM11840
BEM11850
BEM11860
BEM11870
BEM11880
BEM11890
BEM11900
BEM11910
BEM11920
BEM11930
BEM11940

------------------------------------------------------------------ BEM11950

IF

(N .LE. 1) GO TO 1001

EPSB = BR(N,1)
X3%%%%x%%% FOR EN=N STEP -1 UNTIL 2 DO == I6360363%3M%%%%

DO

800 NN = 2, N
EN =N+ 2 ~ NN
NA = EN - 1
ALMR = ALFRI(EN)
ALMI = ALFI(EN)
BETM = BETA(EN)

¥}k x % XXX FOR I=EN-1 STEP -1 UNTIL 1 DO -—- 3IHEHIHNH%¥%

DD 700 II = 1, NA
I =EN-1II

R
RI = 0.0

BEM11960
BEM11970
BEM11980
BEM11990
BEM12000
BEM12010
BEM12020
BEM12030
BENM12040
BEM12050
BEM12060
BEM12070
BEM12080
BEM12090
BEM12100
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c

c

N
FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

VM/HPO 6.2 CMS SL422

M=I4+1 BEM12110

BENM12120

DD 610 J = M, EN BEM12130

T = BETM % AR(I,J) - ALMR * BR(I,J) + ALMI * BI(I,J) BEM12140

TI = BETM * AI(I,J) - ALMR % BI{I,J) ~ ALMI % BR(I,J) BEM12150

IF (J .EQ. EN) GD TO 605 BEM12160

XI = T % BI(J,EN) + TI % BR(J,EN) BEM12170

T =T % BROJ,EN) - TI * BI(J,EN) BEM12180

TI = XI BEM12190

605 R=R+T BEM12200
RI = RI + 1I BEM12210

610 CONTINUE BEM12220
BEM12230

T = ALMR % BETA(I) - BETM »* ALFR(I) BEM12240

TI = ALMI * BETA(I) - BETM * ALFI(I) BEM12250

IF (T .EQ. 0.0 .AND. TI .EQ. 0.0) T = EPSB BEM12260

23 = CMPLX(R,RI) / CHMPLX(T,TI) BEM12270

BR(I,EN) = REAL(Z3) BEM12280

BI(I,EN) = AIMAG(Z3) BEM12290

700 CONTINUE BEM12300
BEM12310

800 CONTINUE BEM12320
¢ % END BACK SUBSTITUTION. BEM12330
TRANSFORM TO ORIGINAL COORDINATE SYSTEM. BEM12340

FOR J=N STEP -1 UNTIL 2 DO -~ ¥¥%36%3%3%¥%% BEM12350

DO 880 JJ = 2, N BEM12360
J=N+2-JJ BEM12370
M=J-1 BEM12380
BEM12390

DO 880 I =1, N BEM12400
BEM12410

DO 860 K = 1, M BEM12420

ZR(I>J) = ZR(I,J) + ZR(I,K)} * BR(K,J) - ZI(I,K) * BI(K,J)BEM12430

ZI(I,J) = ZI(I,J) + ZR(I,K) * BI(K,J) + ZI(I,K) * BR(K,J)BEM12440

860 CONTINUE BEM12450
BEM12460

880 CONTINUE BEM12470
e xn066€ NORMALIZE SO THAT MODULUS OF LARGEST BEM12480
COMPONENT OF EACH VECTOR IS 1 33333%%3%3¢3%% BEM126490

DO 950 J = 1, N BEM12500
T=0.0 BEM12510
BEM12520

DD 930 I =1, N BEM12530

R = CABS(CMPLX(ZR(I,J),2I(I,J))) BEM12540

IF (R.GT. T) T =R BEM12550

930 CONTINUE BEM12560
BEM12570

DO 940 I = 1, N BEM12580
ZR(I,J) = ZR(I,J} /' T BEM12590

ZI(I,J) = ZI(I,J) / T BEM12600

940 CONTINUE BEM12610
BEM12620

950 CONTINUE BEM12630
BEM12640

1001 RETURN BEM12650

PAGE 00023
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c 23%3%2%3%%%%% LAST CARD OF CQZVEC 33633634 :%%% BEM12660
END BEM12670

€ s e e BEM12680
Cc BEM12690
BEM12700

c BEM12710
SUBROUTINE NORMA(FI,G,N,NM,xXM) BEM12720

c I IEIEIIEIE I IEIEIEIEIE I I IEIEI I I IEIEH HIEIEIEI JIEIIINIIIIIIIONIIININ NN NN HHH RN XBEM1 2730
c BEM12740
COMPLEX FI(NM,NM),XM(NM,NM),TEMP(20),SUM1,SUM2 BEM12750
COMPLEX XI(20,20),X(20,20),X1,X2 BEM12760

REAL G(NM,NM) BEM12770

DATA IWRITE/4/ BEM12780

Cc BEM12790
DO 30 I=1,N ‘ BEM12800

DO 40 J=1,N BEM12810
SUM1=(0.0,0.0) BEM12820

DO 50 K=1,N BEM12830
SUM1=SUMY4+CMPLX(G(J,K) )*FI(K,I) BEM12840

50 CONTINUE BEM12850
TEMP(J)=SUM1 . BEM12860

40 CONTINUE BEM12870
SUM2=(0.0,0.0) BEM12880

PO 41 J=1,N BEM12890
SUM2=SUM2+4FI(J,I I*TEMP(J) BEM12900

41 CONTINUE BEM12910
SUM2=CSQRT(SUM2) BEM12920

DO 51 J=1,N BEM12930
FI(J,I)=FI(J,I)/SUM2 BEM12940Q

51 CONTINUE . BEM12950

20 CONTINUE BEM12960

C BEM12970
C FOR CHECK CARRY OUT [FITI*[GIx[FI}=[I] BEM12980
c : BEM12990
DO 100 I=1,N BEM13000

DO 110 J=1,N ' BEM13010
X1=(0.0,0.0) ’ BEM13020

DO 120 K=1,N BEM13030
K1=X1+FI(K,I)*CMPLX(G(K,J)) BEM13040

120 CONTINUE BEM13050
X(I,J)=X1 BEM13060

110 CONTINUE BEM132070
100 CONTINUE BEM12080
DO 130 I=1,N BEM132090

DO 140 J=1,N BEM13100
X2=(0.0,0.0) BEM13110

DO 150 K=1,N BEM13120
K2=RX2+X(I,K)I*FI(K,J) BEM13130

150 CONTINUE BEM13140
XI(I,J)=X2 . BEM13150

140 CONTINUE BEM13160
130 CONTINUE . BEM13170
PO 161 I=1,N BEM13180
WRITE(IMWRITE,*) (XI(I,J),J=1,N) BEM13190

161 CONTINUE . BEM13200
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o000 o0o0n

00 OO0

20

40
20

90
80

RETURN
END

SUBROUTINE SET(DY,T1,T2,N,NM,H,B0,G,B1)
36363636 36 39 I JEIEIEIEIE I I I I I I 62 I I I I, I IEIIEIHHHIEH I IH I

CALCULATES MATRIX [Alp=[H]l+ilBO]
MATRIX [Blp=(G]

REAL H(NM,NM},BO(NM,NM),G{NM,NM)
REAL BI{NM,NM)

DO 10 I=1,N

I1=I-1

I2=I+1

DO 20 J=1,N
IF(I.EQ.1.AND.J.EQ.1) THEN
H(I,J)=1.0

G(I,J)=1.0

ELSE IF (I.NE.1.AND.I.EQ.J) THEN
H(I,J)=2.0

6(I,J)=2.0

ELSE IF (J.EQ.I1.0R.J.EQ.I2) THEN
H(I,J)=-1.0

G(I,J)=0.5

ELSE

H(I,J)=0.0

G(I,J)=0.0

END IF

H(I,J)=H(I,J})/DY
G(I,J)=G(I,J)*(DY/3)
CONTINUE

CONTINUE

DO 30 I=1,N

DO 40 J=1,N
IF(I.EQ.1.AND.J.EQ.1) THEN
BOII,J)=T2*T1

ELSE

BO(1,J)=0.0

END IF

CONTINUE

CONTINUE

DO 80 I=1,N

DO 90 J=1,N

BI(I,J)=0.0

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SETR(DY,ME,ND,A,F)

VYM/HPD 4.2 CMS SL422

BEM13210
BEM13220
BEM13230

________________ BEM13240

BEM13250
BEM13260
BEM13270
BEM13280
BEM12290
BEM13300
BEM13310
BEM13320
BEM13330
BEM13340
BEM13350
BEM13360
BEM132370
BEM13380
BEM13390
BEM13400
BEM13410
BEM13420
BEM13430
BEM13440
BEM13450
BEM13460
BEM13470
BEM13480
BEM13490
BEM13500
BEM13510
BEM13520
BEM13530
BEM13540
BEM13550
BEM13560
BEM13570
BEM13580
BEM13590
BEM13600
BEM13610
BEM13620
BEM13630
BEM13640
BEM13650
BEM13660
BEM13670
BEM13680
BEM13690
BEM13700

---------------- BEM13710

BEM13720
BEM13730

JEIEIE 36 I IEIEIEIEIEIEIETEIE I 36 3636 96 3636 IE I6 36 36 36 36 36 36 I 3 IE IV T I IEIE K IEIEIE I IEI I IE I IEIIEIN K I IWIENNHNANXBEML3 740

BEM13750
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OO0

O0O00600

10

11
10

REAL A(ND,ND),F(ND,ND)
DO 9 I=1,ME

D0 8 J=1,ME
A(I,J)=0.
F(I,J)=0.
CONTINUE
CONTINUE
Al(l,1)=1/DY
A(1,2)=-1./DY
F(1,1)=DY/3
F(1,2)=.5%DY/3
DO 10 I=2,ME-1
A(I,I)=2/DY
FLI,1)=2%DY/3
A(I,I-1)=-1/DY
A(I,I+1)=-1/DY
F(I,I-1)=.5%DY/3
F(I,I+1)=.5%DY/3
CONTINUE
A(ME ,ME )=2/DY
A(ME,ME-1)=-1/DY
F(ME,ME )=2%DY/3
FUME,ME-1)=.5%DY/3
RETURN

END

SUBROUTINE FMAT(X,Y,XM,YM,G,H,HOLD,FID,FIB,DFI,NO,N1)

.+o VM/HPO 4.2 CMS SL422

BEM13760
BEM13770
BEM13780
BEM13790
BEM13800
BEM13810
BEM13820
BEM13830
BEM13840
BEM13850
BEM13860
BEM13870
BEM13830
BEM13890
BEM13900
BEM13910
BEM13920
BEM13930
BEM13940
BEM13950
BEM13960
BEM13970
BE!113980
BEM13990
BEM14000
BEM14010
BEM14020
BEM14030
BEM14040

26963636636 JE 36 JE JE I I I IEIEIE I I I I I 36 26 3636 366 36 36 36 36 362 36 I3 I I I IEIEIIIIIIIRIIIIIN WM II NN NN XX XBEM1G 050

FMAT COMPUTES THE G AND H MATRICES AND FORMS
THE SYSTEMS OF EQUATIONS AX=F

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
COMMON/MAIN/CONST ,N, LEC, IMP,NU,ND
COMMON/ADD/ HY,PI,ME,MF,CONST1,CONST2

DOUBLE PRECISION X(1),Y(1),GtNU,NU),H(NU,NU)},
1 FID(1),FIB(1),DFI(1),HOLD(NU,NU),XM(1),YM(1)

NX=2xN

DO 10 I=1,NX
DFI(I)=0

DO 11 J=1,NX
G(I,J)=0.0
H(I,J)=0.0
CONTINUE
CONTINUE

X(N+1)=X(1)
Y{N+1)=Y(1)

DD 12 I=1,N
XMII)=(X(I)+X(I+1))/2
YMOI)=tY(I)+Y(I+1))/2

BEM14060
BEM14070
BEM14080
BEM14090
BEM14100
BEM14110
BEM14120
BEM14130
BEM14140
BEM14150
BEM14160
BEM14170
BEM14180
BEM14190
BEM14200
BEM14210
BEM14220
BEM14230
BEM14240
BEM14250
BEM14260
BEM14270
BEM14280
BEM14290
BEM14300
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12 CONTINUE BEM14310

Cc BEM14320
b0 20 I=1,N BEM14330

DO 20 J=1,N BEM14340
IF(I-J)40,45,40 BEM14350

40 CALL INTE(XM(I),YM(I},X(J),Y{J),X(J+1),Y(J+1),A,B) BEM14360
H(I,J)=A ) BEM14370
Gt(I,J)=B BEM14380

GO TO 30 BEM14390

45 CALL INLO(X(J),Y(J),X(J+1),Y(J+1),5B) BEM14400
G(I,J)=B BEM14410
H(I,J)=-0.5 BEM14420

30 CONTINUE BEM14430

20 CONTINUE BEM14440

C BEM14450
C ARRANGE THE SYSTEM OF EQUATIONS BEM14460
c BEM14470
DO 150 J=1,NO BEM14480

DO 145 I=1,N BEM144690
CH=GtI,J} BEM14500
G(I,J)=-H(I,J) BEM14510
H(I,J)=-CH BEM14520

145 CONTINUE : BEM14530
150 CONTINUE BEM14540

c BEM14550
DO 160 X=1,N BEM14560

00 170 J=1,N BEM14570
HOLD(I,J)=H(I,J) ’ BEM14580

170 CONTINUE : BEM14590
160 CONTINUE - BEM14600

c BEM14610
RETURN ‘ " BEM14620

END BEM14630

c BEM14640
C e e e e e BEM14650
o BEM14660
SUBROUTINE INTE(XP,YP,X1,Y1,X2,Y2,H,G) BEM14670

Cc FEIEIEIIIIEN N IEIEI I, H I NN IR I NI NI W IINRIIIOXXBEM14 680
c ‘ BEM14690
c THIS SUBROUTINE COMPUTES THE VALUES OF THE H AND GMATRIX BEM14700
c OFF DIAGCONAL ELEMENTS BY MEANS OF NUMERICAL INTEGRATION BEM14710
c ALONG AN ELEMENT ' : BEM14720
Cc USING 4-POINT GAUSS QUADRATURE BEM14730
c RA=DISTANCE FROM THE POINT UNDER CONSIDERATION BEM14740
c TO THE INTEGRATION POINT ON THE BOUNDARY ELEMENT BEM14750
c BEM14760
IMPLICIT DOUBLE PRECISION(A-H,0-Z) BEM14770
COMMON/MAIN/ CONST,N,LEC,IMP,NU,ND BEM14780
COMMCN/ADD/ HY,PI,ME,MF,CONST1,CONST2 BEM14790
DOUBLE PRECISION XCO(4),YCO(4),GI(4),0ME(4]), BEM14800
&LEN,K ' BEM14810
K=CONST BEM14820
GI(1)=0.86113631 BEM14830
GI{2)=-6I(1) BEM14840

GI(3)=0,33998104 BEM14850

-89-
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00

o0

OO0 0O

0oO0

40

GI(4)=-GI(3)
OME(1)=0,34785485
OME(2)=0ME(])
OME(3)=0.65214515
CME(4)=DME(3)
AX=(%2-X1)/2
BX=(X2+X1)/2
AY=(Y2-Y1)/2
BY=(Y2+4Y13}/2
IF(AX.EQ.0)THEN
DIST=DABS{XP-X1)
ELSE
TA=AYZAX
DIST=DABS((TAXXP~YP+Y1-TA%X1 )/DSQRT(TA%*2+1))
END IF
SIG=(X1-XP)*(Y2-YP)-(X2-XP)*(Y1-YP)
IF(SIG.LT.0) DIST=-DIST
H=0
G=0
LEN=DSQRT(AX*AX+AY*AY }
DO 40 I=1,4
XCO(TI)=AX*GI(I)+BX
YCO(X )=AY*GI(I)+BY
RA=DSQRT( {XP-XCO(I))%%2+(YP-YCO(TI ) )%*%2)
CON=K*RA
CALL BFUNCT(CON,YO0X,Y1X)
G=G+YOX%OME(I )*LEN*0.25
H=H+Y1X%0OME( I )*DXST*K%(0.25/RA )*LEN
RETURN
END

SUBROUTINE INLO(X1,Y1,X2,Y2,G)

YM/HPO 4.2 CMS SL422

BEM14860
BEM14870
BEM14880
BEM14890
BEM14900
BEM14910
BEM14920
BEM14930
BEM14940
BEM14950
BEM14960
BEM14970
BEM14980
BEM14990
BEM15000
BEM15010
BEM15020
BEM15030
BEM15040
BEM15050
BEM15060
BEM15070
BEM15080
BEM15090
BEM15100
BEM15110
BEM15120
BEM15130
BEM15140
BEM15150
BEM15160

--------------- BEM15170

BEM15180
BEM15190

FEIEIEIE IE I JE 36 I I6 36 36 I6 IE I IEIEIEIE I IEIEIEIEIEIE IEIEIE IEIEJEIEIETE 6 IEFEIIEIE I IEIETEIEIEIEIEIEIEHE I IEFHIIE NN I N NI X XBEMIB 200

IMPLICIT DOUBLE PRECISION(A-H,0-2)
COMMON/MAIN/CCONST 3N, LEC , IMP ,NU,ND
COMMON/ADD/ HY,PI,ME,MF,CONST1,CONST2

THIS SUBROUTINE COMPUTES THE VALUES OF THE DIAGONAL
ELEMENTS OF THE G MATRIX

AX=(X2-X1)/2

AY=(Y2-Y1)/2

SR=DSQRT{ AX¥*3%2+AY%%2)
XXX=SR¥CONST
G=(SR/3.1415927 1*(DLOG({ XXX)-1.0)
RETURN :
END

BEM15210
BEM15220
BEM15230
BEM15240
BEM15250
BEM15260
BEM15270
BEM15280
BEM15290
BEM15300
BEM15310
BEM15320
BEM15330
BEM15340
BENM15350
BEM15360
BEM15370

------------------------------------------------------------------ BEM15380

SUBROUTINE BFUNCT(XX,Y0X,Y1X)

BEM15390
BEM15400

PAGE 00028
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FEI6IE 36 36 36 I6 I6 6 36 I 6 IE 36 IE I IE I I I 6 I IE IE I I IE JE 36 I6 IEIEIEIE JE 36 3 JE I6 I IE IEIEIEIEF6 I IE IEIEIE I I I IEIIEIEHINNH NN XBEM15410

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
COMMON/MAIN/CONST ,N, LEC , IMP ,NU,ND
COMMON/ADD/ HY,PI,ME,MF,CONST1,CONST2
REAL*8 XULTO,X0OSHO,XDSH1
INTEGER XF,20,Z
BESSEL FUNCTION CALCULATIONS
IF(%XX-15.9}1000,1000,2000
A=0.6366197724
B=0,5772156646
XULTO0=1.0
SIGMA=0.0
TY0=0.0
TY1=0.0
DO 7 1I=1,500
AF=1

=~1.0
20=XF+1.0
SINYO=Z*%(XF)
SINY1=2%%(20)
XOSHO={XX/2.0 1%x{ 2%XF )
XOSH1=(XX/2.0)%%(2%XF-1.0)
XULTO=XULTO*XF
XULT1=XULTO/XF
SIGMA=SIGMA+(1.0/XF)
VALUO=DLOG(XX/2.0)+B-SIGMA
VALUL=VALUO+(1.0/(2.0%XF))
TRMYO=( (SINYO*XCSHO )/ { XULTO*%2) )*{ VALUD)
TRMY1=( (SINY1%XOSH1 )/ (XULTO*®XULT1) )%*{ VALUL)
TYO=TYD+TRMYO
TY1=TY1+TRMY1
ERY0O=DABS{TRMYO/TYO)
ERY1=DABS(TRMY1/TY1)
IF(ERY0-ERY1)1l,1,2
ER=ERY1
GO TO 10
ER=ERYO
IF(ER-.001311,11,7
CONTINUE
YOX=A%(DLOG(XX/2.0)+B+TY0)
Y1X=A%({1.0/XX)-TY1}
GO 70 100
AH=3.1415926536/4.0
BH=XX-AH
CH=XX+AH
S1H=SIN(BH]
S2H=SIN(CH)
DHYD=S2H/(8.0%XX)
DHY1=S1H%3.0/(8.0%XX)
HH=XX~(3.0%AH)
S3H=SIN(HH)
EH=2.0/(3.1415926536%XX)
FH=DSQRT(EH)
XMY0=S1H-DHYO

BEM15420
BEM15430
BEM15440
BEM15450
BEM15460
BEM15470
BEM15480
BEM15490
BEM15500
BEM15510
BEM15520
BEM15530
BEM15540
BEM15550
BEM15560
BEM15570
BEM15580
BEM15590
BEM15600
BEM15610
BEM15620
BEM15630
BEM15640
BEM15650
BEM15660
BEM15670
BEM15680
BEM15690
BEM15700
BEM15710
BEM15720
BEM15730
BEM15740
BEM15750
BEM15760
BEM15770
BEM15780
BEM15790
BEM15300
BEM15810
BEM15820
BEM15830
BEM15840
BEM15850
BEM1E860
BEM15870
BEM15880
BEM15890
BEM15900
BEM15910
BEM15920
BEM15930
BEM15940
BEM15950
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AMY1=S3H+DHY1
YOX=XMYO*FH
Y1X=-XMY1*FH

100 RETURN

END

SUBROUTINE ADDFBC(H,G,HOLD,AFR,AFI,AKR,AKI,NO,N1,N2,
1 DFI,FID,FIB,DF)

VM/HPO 4.2 CMS SL422

BEM15960
BEM15970
BEM15980
BEM15990
BEM16000
BEM16010

~---BEM16020

BEM16030
BEM16040
BEM16050

F€ 3636 3636 I JE 36 I 3 I6 IE 6 I6 IE IE IEIEIEIE I IE 36 1 IEIE IEIEIE I IEIE I IEIE I I IEHIEIE ]I IR IR MMM XN NI XXX RN XBEMI 6060

IMPLICIT DOUBLE PRECISION (A-H,D-Z)

COMMON/MAIN/ CCONST,N,LEC,IMP,NU,ND

COMMON/ADD/ HY,PI,ME,MF,CONST1,CONST2

REAL AFR(ND,ND)},AFI(ND,ND),AKR(ND),AKI{ND)

DOUBLE PRECISION H{NU,NU),G(NU,NU),T(100,20)

DOUBLE PRECISION FID(NU),FIB(NU),DFI(NU)},HOLD(NU,NU)
REAL UL(20,20),VB(20,20),VL(20,20)},UB(20,20)
COMPLEX XKAP(20),PSI(20,20),TEMP1(20,20),TEMP2(20,20)
COMPLEX SUM3,DX(20)

REAL DXR(20),DXI(20)

REAL ULT(20,20),VLT(20,20),UBT(20,20},VBT(20,20)
REAL AFRT{(20,20),AFIT(206,20),TP(20,20)

REARRANGES H AND G MATRICES TO TAKE THE BASE AND FAR BOUNDARY
CONDITIONS INTO ACCOUNT

ARRANGE H MATRIX
REAL PART

IF(ME.GT.0)THEN

DO 20 J=1,ME

DO 10 I=1,ME
UL(T»JI=AFR(I,J}*AKR(J)
VB(I,J)=AFI{I,J)*AKI(J)
VL(I,J)=AFI(I,J)*AKR(J)
UB(I,J)=AFR(I,J)*AKI(J)

10 CONTINUE
20 CONTINUE

CREATE MATRIX TP WHICH TRANSFORMS VECTORS OF PRESSURES AND THEIR
DERIVATIVES AT FAR END FROM LINEAR FORMULATION INTOD CONSTANT ONE
{ FROM NODAL POINTS INTO MIDPOINTS )

CALL TRANSP(TP)

DO 21 I=1,ME
DO 22 J=1,ME
TEM1=0.0
TEM2=0.0
TEM3=0.0
TEM4=0.0
DO 23 K=1,ME

BEM16070
BEM16080
BEM16090
BEM16100
BEM16110
BEM16120
BEM16130
BEM16140
BEM16150
BEM16160
BEM16170
BEM16180
BEM16190
BEM16200
BEM16210
BEM16220
BEM16230
BEM16240
BEM16250
- BEM16260
BEM16270
BEM16280
BEM16290
BEM16300
BEM16310
BEM16320
BEM16330
BEM16340
BEM16350
BEM16360
BEM16370
BEM16380
BEM16390
BEM16400
BEM16410
BEM16420
BEM16430
BEM16440
BEM16450
BEM16460
BEM16470
BEM16480
BEM16490
BEM16500
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TEM1=TEM1+TP(I,K)*UL(K,J)
TEMZ=TEM2+TP{I,K}*VB(K,J)
TEM3=TEM3+TP(I,KI*VL(K,J}
TEMG=TEMG+TP(I,K)*UB(K,J)
CONTINUE

ULT(I,J)=TEM1
VBT(I,J)=TEM2
VLT(I,J)=TEM3
UBT(I,J)=TEM4

CONTINUE

CONTINUE

DO 41 I=1,ME

DO 31 J=1,ME
ULT(I,JI=ULT(I,J)-VBT(I,J)
VLT(I,J)=VLT(I,J)+UBT(I,J)
CONTINUE

CONTINUE

00 61 I=1,ME

DO 62 J=1,ME

TEM1=0.0

TEM2=0.0

DO 63 K=1,ME
TEML=TEM1+TP(I,K)*AFR{K,J)
TEM2=TEM2+TP{I,K)*AFI(K,J)
CONTINUE

AFRT(I,J)=TEM1
AFIT(I,J)=TEM2

CONTINUE

CONTINUE

DO 70 I=1,N

DO 60 J=1,ME

TEM1=0.0

TEM2=0.0

DO 50 K=1,ME

KK=K+N2
TEM1=TEM1+H{I,KK)*DBLE(AFRT(K,J))
TEM2=TEM2+G(I,KK)*DBLE(ULT(K,J))
CONTINUE ’
T(I,J)=TEM1+TEM2

CONTINUE

CONTINUE

DO 75 I=1,N
DO 72 J=1,ME
JJ=J+N2
H(I,JJ)=T(I,J)
CONTINUE
CONTINUE

IMAGINARY PART

VM/HPO 4.2 CMS SL422

BEM16510
BEM16520
BEM16530
BEM16540
BEM16550
BEM16560
BEM16570
BEM16580
BEM1659%0
BEM16600
BEM16610
BEM16620
BEM16630
BEM16640
BEM16650
BEM16660
BEM16670
BEM16680
BEM16690
BEM16700
BEM16710
BEM16720
BEM16730
BEM16740
BEM16750
BEM16760
BEM16770

" BEM16780

BEM16750
BEM16800
BEM16810
BEM16820
BEM16830
BEM16840
BEM16850
BEM16860
BEM16870
BEM16880
BEM16890
BEM16900
BEM16910
8EM16920
BEM16930
BEM16940
BEM16950
BEM16960
BEM16970
BEM16980
BEM16990
BEM17000
BEM17010
BEM17020
BEM17030
BEM17040
BEM17050
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o000

OO0

100

110
120

130
140

80
920

DO 120 I=1,N

DD 110 J=1,ME

TEM1=0.0

TEM2=0.0

DO 100 K=1,ME

KK=K+N2

TEM1=TEM1+G(I,KK J*DBLE{VLT(K,J))
TEM2=TEM2+H(I,KK )*¥DBLE(AFIT(K,J))
CONTINUE

T(I,J)=TEML+TEM2

CONTINUE

CONTINUE

D0 140 I=1,N

DO 130 J=1,ME
HIN+I,J+N2)=T(I,J)
CONTINUE

CONTINUE

END IF

IF(CONST2.GT.1.£E-08) THEN
TEMP=CONST1%CONST2

DO 90 I=1,N

DO 80 J=N1+1,N2
HIN+I,J)=G(I,J)*TEMP
CONTINUE

CONTINUE

END IF

FILL IN THE REST OF H MATRIX

150
160

DO 160 I=1,N

DO 150 J=1,N
H{I,J#N)==-H{I#N,J)
HII+N,J+N)=H(TI,J)
CONTINUE

CONTINUE

FORM RIGHT HAND VECTOR

170
180

190
200

DO 180 I=1,N

DO 170 J=NO+1,Nl
DFI(XI)=0FI(X)+G(I,J)*FID(J-NO)
CONTINUE

CONTINUE

DO 200 I=1,N

DO 190 J=N1+1,N2

DFI(I)=DFI(I)+G(I,J)*FIB(J-N1)
CONTINUE
CONTINUE

IF(DF.GT.0.0) THEN
DD 211 I=1,ME

VM/HPO 4.2 CMS SL422

BEM17060
BEM17070
BEM17080
BEM17090
BEM17100
BEM17110
BEM17120
BEM17130
BEM17140
BEM17150
BEM17160
BEM17170
BEM17180
BEM17190
BEM17200
BEM17210
BEM17220
BEM17230
BEM17240
BEM17250
BEM17260

" BEM17270

BEM17280
BEM17290
BEM17300
BEM17310
BEM17320
BEM17330
BEM17340
BEM17350
BEM17360
BEM17370
BEM17380
BEM17390
BEM17400
BEM17410
BEM17420
BEM17430
BEM17440
BEM17450
BEM17460
BEM17470
BEM17480
BEM17490
BEM17500
BEM17510
BEM17520
BEM17530
BEM17540
BEM17550
BEM17560
BEM17570
BEM17580
BEM17590
BEM17600
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220
210

250
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230

260
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101

290
280

BEMCZDN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

XKAP(I }=CMPLX(AKR(I),AKI(I))

DO 212 J=1,ME
PSI(I,J)=CMPLX(AFRT(I,J)},AFIT(I,J)}
CONTINUE

CONTINUE

00 210 I=1,ME

DO 220 J=1,ME
TEMPL(I,J)=PSI(I,J)/(XKAP(JI*XKAP(J))
CONTINUE

CONTINUE

DO 230 I=1,ME

DO 240 J=1,ME

SUM3=(0.0,0.0)

DO 250 K=1,ME
SUM3=SUM34+TEMPL(J,K)*PSI(I,K)
CONTINUE

TEMP2(J, I )=SUM3

CONTINUE

CONTINUE

DD 260 I=1,ME
DX(I)=-TEMP2(I,1)%SNGL(DF)

CONTINUE

DO 270 I=1,ME

DXRII)=REAL{DXII))
DXI(I)=AIMAG(DX(I))

CONTINUE
WRITE(IMP,101){DXR{I)},DXI(I),I=1,ME)
FORMAT(2(4X,E14.5))

DO 280 I=1,N

DO 290 J=1,ME

K1=J-ME+N
DFI(I)=DFI(I)+HOLD(I,K1}*DBLE(DXR(J))
DFI{I+N)=DFI(I+N)+HOLD(X,K1)%DBLE(DXI({J)})
CONTINUE

CONTINUE

END IF

RETURN

END

SUBROUTINE SLNPD(A,B,D,NX,NU,IMP)

VM/HPD 4.2 CMS SL422

BEM17610
BEM17620
BEM17630
BEM17640
BEM17650
BEM17660
BEM17670
BEM17680
BEM17690
BEM17700
BEM17710
BEM17720
BEM17730
BEM17740
BEM17750
BEM17760
BEM17770
BEM17780
BEM17790
BEM17800
BEM17810
BEM17820
BEM17830
BEM17840
BEM17850
BEM17860
BEM17870
BEM17880
BEM17890
BEM17900
BEM17910
BEM17920
BEM17930
BEM17940
BEM17950
BEM17960
BEM17970
BEM17980
BEM17990
BEM18000

" BEM18010

BEM18020

I HEIEIEIEIEIEIEIEIEIEIERIEIEIEIEIE I 36 36 36 26 I 26 3696 I J6 I IEIE NI IENIEN IR IINE J KNI I IR W UXBEM 18030

SOLUTION OF LINEAR SYSTEMS OF EQUATIONS
BY THE GAUSS ELIMINATION METHOD PROVIDING
FOR INTERCHANGING ROWS WHEN ENCOUNTERING
A ZERO DIAGONAL COEFFICIENT

A :SYSTEM MATRIX

B :ORIGINALLY IT CONTAINS THE INDEPENDENT
COEFFICIENTS. AFTER SOLUTION IT CONTAINS THE
VALUES OF THE SYSTEM UNKNOWNS

BEM18040
BEM18050
BEM18060
BEM18070
BEM18080
BEM18090
BEM18100
BEM18110
BEM18120
BEM18130
BEM18140
BEM18150



N

7

FILE:

aO000

O0O00

o000

o000

OO0

10
100

101

102
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NX ¢ ACTUAL NUMBER OF UNKNOWNS
NU : ROW AND COLUMN DIMENSION OF A

IMPLICIT DOUBLE PRECISION (A-H,0-2)
DOUBLE PRECISION A(NU,NU),B(NU)
N1=NX-1

DO 100 K=1,N1

K1l=K+1

C=A(K,K)

IF(DABS(C)-.000001)1,1,3

DO 7 J=K1,NX

TRY TO INTERCHANGE ROWS TO GET NON ZERO
DIAGONAL COEFFICIENT

IF (DABS{A(J,K))-0.000001)7,7,5
DO 6 LL=K,NX ’
C=A(K,LL)

ALK,LL)=ALJ,LL)

A(J,LL)=C

C=B(K)

B(K)=B(J)

BlJ)=C

C=A(K,K)

GO TO 3

CONTINUE

KRITE(IMP,2)K

D=0.0

GO TO 300

DIVIDE ROW BY DIAGONAL COEFFICIENT

C=A(K,K)

DO 6 J=K1,NX
ALK ,J1=A(K,J)/C
B(K)=B(K)/C

ELIMINATE UNKNOWN X(K) FROM ROW I

DO 10 I=K1,NX
C=A(I,K)

DO 9 J=K1,NX
A(I,J)=A(I,J)-C*A(K,J)
B(I})=B(I)-CxB(K)
CONTINUE

COMPUTE LAST UNKNOWN

IF (DABS(A{NX,NX)})-0.000001)101,101,102
WRITE(IMP,2)INX

D=0.

G0 TO 300

BINX)=BINX)/A(NX,NX)

.

VM/HPO 6.2 CMS SL422

BEM18160
BEM18170
BEM18180
BEM18190
BEM18200
BEM18210
BEM18220
BEM18230
BEM18240
BEM18250
BEM18260
8EM18270
BEM18280
BEM18290
BEM18300
BEM18310
BEM18320
BEM18330
BEM18340
BEM18350
BEM18360
BEM18370
BEM18380
BEM18390
BEM18400
BEM18410
BEM18420
BEM18430
BEM18440
BEM18450
BEM18460
BEM18470
BEM18480
BEM18490
BEM18500
BEM18510
BEM18520
BEM18530
BEM18540
BEM18550
BE!M18560
BEM18570
BEM18580
BEM18590
BEM18600
BEM18610
BEM18620
BEM18630
BEM18640
BEM18650
BEM18660
BEM186790
BEM184680
BEM18690
BEM18700
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c APPLY BACKSUBSTITUTION PROCESS TO COMPUTE REMAINING BEM18710
c UNKNOKNS . . BEM18720
c BEM18730
DO 200 LL=1,Nl BEM18740
K=NX-LL BEM18750
K1=K+1 BEM18760
DO 200 J=K1,NX BEM18770
200 B(K)=B(K)-A(K,J1%B(J) BEM18780
C ‘ BEM18790
C COMPUTE VALUE OF DETERMINAT BEM18800
D=1.0 : BEM18810
DO 250 I=1,NX BEM18820
250 D=D*A(I,I) BEM18830
WRITE(IMP,333)D BEM18840
333 FORMAT('THE DETERMINANT =',E14.8) BEM18850
2 FORMAT( '%%x SINGULARITY 1IN ROW %xx’',I15) BEM18860
300 RETURN BEM18870
END BEM18880
o BEM18890
L e b e D D bl LD DL St bty BEM18900
o BEM18910
SUBROUTINE JACOBI(AS,BM,EIGY,X,ME,ND) BEM18920
c FIEIIEIEIEHIEIEIEIEIEIEE I IIE I IEHIEIEIEIE I I M I K IEHHIEINIEIIEIIEIIH I IIIEIIEIIMIIIIEINHHHH¥XBEM1 8930
c ] . BEM18940
REAL EIGV(ND),X(ND,ND), BM(ND,ND) BEM18950
REAL AS(ND,ND),D(150) BEM18960
C . BEM18970
C AS=A : STIFNESS MATRIX BEM18980
c BM=F : MASS MATRIX BEM18990
o NT=ME : TOTAL DOF BEM19000
C X ¢ FINAL EIGENVECTOR BEM19010
c EIGV: FINAL EIGENVALUE BEM19020
c IFPR=0 :FOR PRINTOUT OF INTERM. RESULTS BEM19030
C IFPR=1 :FOR PRINTOUT OF INTERM. RESULTS BEM19040
c BEM19050
c CONSTANSTS BEM19060
c BEM19070
NSMAX = 15 BEM19080
RTOL = 10.%x(-12) BEM19090
IFPR = 0 BEM19100
c BEM19110
c BEM19120
NT= ME BEM19130
c BEM19140
(o INITIALIZE EIGENVALUE AND EIGENVECTOR MATRICES BEM19150
c BEM19160
DO 10 I = 1,NT BEM19170
IF (AS(I,I) .GT. 0. .AND. BM(I,I) .GT. 0.} GOTO 9 BEM15180
WRITE (%,2020) BEM19190
STOP BEM19200
9 D(I) = AS(I,I)/BM(I,I) BEM19210
EIGV(I) = D(I) BEM19220
10  CONTINUE BEM19220
DO 30 I = 1,NT BEM19240
b0 20 J =

1,NT BEM19250
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C

o000

a0

000

20
30

40

60

70

80

RUI,J) 0.

X(I,I) 1.

IF (NT.EQ. 1)THEN
HWRITE (%,%)*' EIGENVALUE : ',EIGV(1)
RETURN
ELSE

. ENDIF-

INITIALIZE SWEEP COUNTER AND EIGEN ITERATION

NSHWEEP = ©

NR = NT - 1

NSWEEP = NSWEEP + 1

IF (IFPR .EQ. 1) WRITE (%, 2000) NSWEEP

CHECK IF PRESENT OFF-DIAGONAL ELEMENTS ARE LARGE ENOUGH TO
REQUIRE ZERDING

EPS = (.01%%NSWEEP }%x2

DO 210 = 1,NR

JJ =J + 1

DO 210 = JJLNT

EPTOLA (AS(J,K)*AS(J,K)IZLAS(J,J)I*AS(K,K))

EPTOLB (BM(J,K)*BM(J,K))/(BM(J,J)*BMIK,K))
IFULEPTOLA .LT.EPS) .AND. (EPTOLB .LT. EPS)) GOTD 210

nnxR+

IF ZEROING IS REQUIRED CALCULATE THE ROT MAT ELM CA ,CG

AKK = AS(K,K) %* BM(J,K] - BM(K,K) % AS(J,K)
AJJ = AS(J,J) * BMUJ,K) - BM(J,J) * AS(J,K)
AB = AS(J,J) * BM(K,K]} - AS(K,K) % BM(J,J)
CHECK = (AB*AB + 4.% AKK * AJJ)/G,
IF (CHECK .LT. 0.) THEN

WRITE (3%,2020)

sTOP

ELSE
ENDIF
SQCH = SQRT(CHECK)
D1 = AB/2. + SQCH
D2 = AB/2. - SQCH
DEN = D1
IF (ABS(D2) .GT. ABS(D1))THEN
DEN = D2
ELSE
ENDIF
IF(DEN .EQ. 0.) THEN
CA = 0.
CG = -AS(J,K)/AS{K,K)
ELSE
CA = (AKK}/(DEN)
CG = - (AJJ)/(DEN)
ENDIF

PERFORM GENERALIZED ROT TO ZERO THE PRESENT OFF DG. ELM

VM/HPO 4.2 CMS SL422

BEM19260
BEM19270
BEM19280
BEM19290
BEM19300
BEM19310
BEM19320
BEM19330
BEM19340
BEM19350
BEM19360
BEM19370
BEM19380
BEM19390
BEM19400
BEM19410
BEM19420
BEM19430
BEM19440
BEM19450
BEN19460
BEM19470
BEM19480
BEM19490
BEM19500
BEM19510
BEM19520
BEM19530
BEM19540
BEM19550
BEM19560
BEM19570
BEM19580
BEM19590
BEM19600
BEM19610
BEM19620
BEM19630
BEM19640
BEM19650
BEM19660
BEM19670
BEM19680
BEM19690
BEM19700
BEM19710
BEM19720
BEM19730
BEM19740
BEM13750
BEM19760
BEM19770
BEM19780
BEM19790
BEM19800
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IF (NT .EQ. 2) GOTO 190
JPL = J + 1

JM1 = J -1

KP1 =K + 1

KM1 =K -1

IF (JM1 .LT. 1) GOTO 130
DO 120 I =1,JM1

AJ = AS(1,J)

BJ = BM(I,J)

AK = AS(I,K)

BK = BM(I,K)

AS(I,J) = AJ + CG * AK
BM(I,J) = BJ + CG * BK
AS(I,K) = AK + CA »* AJ
BM(I,K) = BK + CA * BJ

IF (KP1 .GT. NT) GOTO 160

DO 150 I = KP1,NT

AJ = AS(J,I)
BJ = BM(J,I)
AK = AS(K,I)
BK = BM(K,I)
AS(J,I) = AJ + CG * AK
BM(J,I) = BJ + CG * BK
ASIK,I) = AK + CA * AJ
BM(K,I) = BK + CA * BJ

IF(JP1 .GT. KM1) GOTO 190
0O 180 I = JP1,KM1

AJ = AS(J,I)
BJ = BM(J,I)

AK = AS(I,K)

BX = BM(I,K)

AS(J,I) = AJ + CG % AK

BM(J,I) = BJ + CG % BK

AS(I,K) = AK + CA % AJ

BM(I,K) = BK + CA % BJ

AK = AS(K,K)

BK = BM(K,K)

AS(K,K) = AK + 2.% CA % AS(J,K) + CA % CA * AS(J,J)
BM(K,K)} = BK + 2.% CA % BM(J,K) + CA % CA % BM(J,J)
AS(J,J) = AS(J,J) + 2.% CG % AS(J,K) + CG * CG * AK
BM(J,J) = BM(J,J) + 2.% CG % BM(J,K) + CG % CG * BK
AS(J,K) = 0.

BM(J,K) = O.

UPDATE EIGENVALUE MATRIX AFTER EACH ROTAITON

DO 200 I = 1,NT

= X(I,J)

X(I,K)

X(I,J) = XJ + CG * XK
X(I,K) = XK + CA * XJ
CONTINUE

CONTINUE

xX X
X
"o

C UPDATE EIGENVALUE AFTER EACH SWEEP

s e

VYM/HPO 4.2 CMS SLa4z22

BEM19810
BEM19820
BEM19830
BEM19840
BEM19850
BEM19860
BEM19870
BEM15880
BEM19890
BEM19900
BEM19910
BEM19920
BEM19930
BEM19940
BEM19950
BEM19960
BEM19970
BEM19980
BEM19990
BEM20000
BEM20010
BEM20020
BEM20030
BEM20040
BEM20050
BEM20060
BEM20070
BEM20080
BEM20090
BEM20100

'BEM20110
BEM20120
BEM20130
BEM20140
BEM20150
BEM20150
BEM20170
BEM20180
BEM20190
BEM20200
BEM20210
BEM20220
BEM20230
BEM20240
BEM20250
BEM20260
BEM20270
BEM20280
BEM20290
BEM20300
BEM20310
BEM20320
BEM20330
BEM20340
BEM20350
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c : ' BEM20360

DO 220 I = 1,NT . BEM20370

IF (AS{I,I) .GT. 0. .AND. BM(I,I) .GT. 0.) GOTO 220 BEM20380

HWRITE (%,2020) . BENM20390

STGP - BEM20400

220 EIGV(I) = AS(I,I)/BM(I,I) BEM20410
IF (IFPR .EQ. O) GOTO 230 BEM20420

HWRITE (%,2030) BEM20430

HWRITE (%,710) (EIGV(I), I = 1,NT) BEM20440

c ‘ BEM20450
c CHECK FOR CONVERGENCE - BEM20460
c BEM20470
230 DO 240 I = 1,NT BEM20480
TOL = RTOL * D(I) ' BEM20490

DIF = ABS(EIGV(I) - D(I)) BEM20500

IF (DIF .GT. TOL) GOTO 280 BEM20510

260 CONTINUE BEM20520
c BEM20530
c CHECK ALL OFF DIAG, TO SEE IF ANOTHER SKWEEP IS REGD. BEM20540
c BEM20550
EPS = RTOL %% 2 BEM20560

DO 250 J = 1,NR BEM20570
JJ=J+ ) ’ BEM20580

DO 253 K = JJ,NT BEM20590

EPSA = (AS(J;K)*AS(J,K))/(AS(J,J)%AS{K,K)) BEM20600

EPSB = (BM(J,K)}*BM(J,K))/{BM(J,J)*BM(K,K)) BEM20610
IF((EPSA .LT. EPS) .AND. (EPSB .LT. EPS)) GOTO 253 BEM20620

GOTO 280 BEM20630

253 CONTINUE BEM20640
250 CONTINUE BEM20650
c BEM20660
c FILL BOTTOM TRAIANG OF RESLT MATRICES AND SCALE EG. VECT. BEM20670
c BEM20680
255 DO 260 I = 1,NT BEM20690
DO 260 J = 1,NT . BEM20700
AS(J,I) = AS(I,J) BEM20710

260 BM(J,I) = BM(I,J) BEM20720
DO 270 J = 1,NT . BEM20730

BB = SQRT(BM(J,J}) BEM20740

DO 270 K = 1,NT BEM20750

270 X(K,J) = X(K,J)/BB BEM20760
c BEM20770
c SORT EIGENVALUE AND VECTOR BEM20780
c BEM20790
510 KOUNT = 0 ) BEM20800
DO 520 I = 1,NT-1 BEM20810

IF (EIGV(I) .GT. EIGV(I+1)} THEN BEM20820

KOUNT = 1 BEM20830

CHNG = EIGV(I) BEM20840
EIGVII) = EIGVII+l) BEM20850
EIGV(I+1) = CHNG . BEM20860

DO 530 J = 1,NT BEM20870

CHNG = X(J,1) BEM20880
X(J>I) = X(J,I+1) BEM20890

X(J,I+1) = CHNG BEM20900

_69-
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000

530

520

275
276

280
290
710

910
920

930
960

CONTINUE

ENDIF

CONTINUE

IF (KOUNT .EQ. 1) GOTO 510

IF (IFPR .EQ, 0) GOTO 276

WRITE (%,960)

DO 275 K = 1,NT

HRITE (%,710) (X(K,J), J = 1,NT)
CONTINUE

RETURN

UPDATE D MATRIX AND START NEW SWEEP, IF ALLOWED

DO 290 I = 1,NT

D(I) = EIGV(I)

IF (NSWEEP .LT. NSMAX) 6OTO 40
GOTO 255

FORMAT (10(E12.5,1X))

FORMAT (//, ' %% STIFNESS MATRIX x%',/)

FORMAT (9(G10.4,1X)/

. 5X»9(610.4,1X)}

FORMAT (/7, * %% MASS MATRIX *x',/)

FORMAT (/7, ' FINAL EIGEN VECTOR OF MODAL SYSTEM',/)

2000 FORMAT (//,' SKEEP CYCLE IN JACOBI * ,I4,/)
2020 FORMAT (10X,'ERROR SOLUTION STOP',/

.5X, ' MATRICES NOT POSITIVE DEFINITE')

2030 FORMAT (' CURRENT EIGENVALUE IN %JACOBI* ARE',/)

END

SUBROUTINE OUTPUT(XM,YM,FID,FIB,DFI,AFR,AFI,AKR,AKI,
% NO,N1,N2,NOUT,FLAG,DF,NCsTPR,TPI,HXR,HXI,YR,YI)

FILE: BEMC2DN FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA <+« VM/HPO 4.2 CMS SLG22

BEM20910
BEM20920
BEM20930
BEM20940
BEM20950
BEM20960
BEM20970
BEM20980
BEM20990
BEM21000

. BEM21010

BEM21020
BEM21030
BEM21040
BEM21050
BEM21060
BEM21070
BEM21080
BEM21090
BEM21100
BEM21110
BEM21120
BEM21130
BEM21140
BEM21150
BEM21160
BEM21170
BEM21180
BEM21190
BEM21200
BEM21210
BEM21220
BEM21230
BEM21240

FEIEIEIEIEIEIEIEIEIEIEIE 36 IE 636 IE IE IEIEIEIEIEIEIEIEIEIEIEIEIEIE I IEIE IEIE I IEIEIEIEIEIEIEIE IE I HICIIIEIIIEN I N NN XN A XBEM21 250

IMPLICIT DOUBLE PRECISION(A-H,D-Z)

COMMON/MAIN/ CONST,N,LEC,IMP,NU,ND

COMMON/ADD/ HY,PI,ME,MF,CONST1,CONST2

DOUBLE PRECISION XM(1),YM(1),FID(1),FIB(1),DFI(1)
REAL AFR(ND,ND),AFI(ND,ND),AKR(ND),AKI(ND)

REAL UL(20,20),UB{20,20),VL(20,20),VYB(20,20)
DOUBLE PRECISIDON PRA(20),PIA(20),QRA(20),QIA(20)
COMPLEX XKAP(20),PSI(20,20),TEMP1(20,20),TEMP2(20,20)
COMPLEX SUM3,DX(20),PSIT(20,20)

REAL TEMP1R(20,20),TEMP2R(20,20)

REAL DXR{203},DXI(20),SUM3R

REAL ULT(20,20),UBT(20,20},VLT(20,20),VYBT(20,20)
REAL AFRT(20,20),AFIT(20,20),TP(20,20)

REAL YR(20,500),YI(20,500)

LOGICAL FLAG

RES=0.
WRITE(IMP,500)

BEM21260
BEM21270
BEM21280
BEM21290
BEM21300
BEM21310
BEM21320
BEMZ21330

' BEM21340

BEM21350
BEM21360
BEM21370
BEM21380
BEM21390
BEM21400
BEM21410
BEM21420
BEM21430
BEM21440
BEMZ1450

PAGE 00039
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OO0

o000

OO0

10

20

30

40

HWRITE RESULTS FOR RESERVOIR SURFACE

IF(NOUT.EQ.1)THEN

WRITE(IMP,600)

WRITE(IMP,330)

WRITE(IMP,600)

WRITE(IMP,100)

WRITE(IMP,600)

WRITE(IMP,300)

WRITE(IMP,600)

DO 10 I=1,NO
HRITE(IMP,200)XM(I),YM(I),RES,DFI(I)
CONTINUE

IF(FLAG)THEN

WRITE(IMP,600)

WRITE(IMP,320)

WRITE(IMP,600)

DO 20 I=1,NO
KWRITE{IMP,200)XM(X),YM(I),RES,DFI(I+N)
CONTINUE

END IF

END IF

WRITE RESULTS FOR ODAM FACE

HWRITE(IMP,600)
WRITE(IMP,340)
WRITE(IMP,600)
WRITE(IMP,100)
HWRITE(IMP,600)
WRITE(IMP,300)
WRITE(IMP,600)
J1=0

DO 30 I=NO+1,N1
Ji=J1+1
WRITE(IMP,200)XMIT),YMII),DFI(I),FID(I-NO)
YR(J1,NC}=DFI(I)
CONTINUE
IF(FLAG)THEN
WRITE(IMP,600)
WRITE(IMP,320)
WRITE(IMP,600)
J1=0

DO 40 I=NO+1,N1
J1=J1+1
WRITE(IMP,200)XM(I),YM(I),DFI(N+I)},RES
YI(J1,NCI=DFII{N+I)
CONTINUE

END IF

WRITE RESULTS FOR RESERVOIR BOTTOM

IF(NOUT.EQ.1)THEN
WRITE(IMP,600)
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HWRITE(IMP,350) BEM22010
WRITE(IMP,600) BEM22020
HRITE(IMP,100) ) BEM22030
WRITE(IMP,600) BEM22040
HWRITE(IMP,300) BEM22050
WRITE(IMP,5600) BEM22060

DO 50 I=N1+1,N2 BEM22070
QR=FIB{I-Nl) ' BEM22080
IF(CONST2.GT.1.0E-08)THEN BEM22090
QR=QR+CONST1*CONST2*DFI(I+N) BEM22100
END IF BEM22110
WRITE(IMP,200)XM(I),YM(I),DFI(I),QR BEM22120

50 CONTINUE BEM22130
IF(FLAG)THEN ) BEM22140
WRITE(IMP,600) : BEM22150
WRITE(IMP,320) BENM22160
WRITE(IMP,600) BEM22170

DO 60 I=N1+1,N2 BEM22180
QI=0 BEM22190
IF(CONST2.GT.1.0E-08)THEN : BEMZ22200
QI=QI-CONST1%CONST2*DFI(I) BEM22210
END IF BEM22220
HWRITE(IMP,200)XM(I1},YM(I),DFI(I+N],QI . BEM22230

60 CONTINUE : BEM22240
END IF BEM22250

c BEM22260
C WRITE RESULTS FOR THE FAR END BEM22270
c BEMZ22280
IF(ME.GT.0)THEN BEM22290
IF(CONST2.GT.1.0E-08)THEN BEM22300

DO 80 J=1,ME . BEM22310

DO 70 I=1,ME BEM22320
UL(TI,J)=AFR(I,J)*AKR{J) BEM22330
VBUI,J)=AFItI,J)I*AKI(J) BEM22340
VL(I,J)=AFI(I,J)*AKR(J) BEM22350
UB(I,J)=AFR(I,J)*AKI(J) - BEM22360

70 CONTINUE : BEM22370
80 CONTINUE - BEM22380
c BEM22390
CALL TRANSP(TP) : BEM22400

c BEM226410
DD 81 I=1,ME : BEMZ2420

DO 82 J=1,ME BEM22630
TEM1=0.0 BEMZ24940
TEM2=0.0 ’ BEM22450
TEM3=0.0 BEM22660
TEM4=0.0 BEM22470

DO 83 K=1,ME BEMZ2480
TEM1=TEM1+4TP(I,K)*UL(K,J) BEMZ22490
TEM2=TEM2+TP(I,K)*VB(K,J) ' BEMZ22500
TEM3=TEM34TP(I1,K)I*VLIK,J) BEM22510
TEMG=TEMG+TP(I,K)*UB(K,J) BEM22520

83 CONTINUE BEM22530
ULT(I,J)=TEM1 BEM22540

VBT(I,J)=TEM2 BEMZ2550
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VLT(I,J)=TEM3
UBT{I,J)=TEMG
CONTINUE
CONTINUE

DO 105 I=1,ME

DO 90 J=1,ME

ULT(I,d)=ULT(X,J)-VBT(I,J)
VLT(I,J)=VLT(I,J)+UBT(I,J)

CONTINUE

CONTINUE

ELSE IF(FLAG.AND.CONST2.LE.1.0E-08)THEN

CALL TRANSP(TP)

DO 120 J=1,ME

DO 110 I=1,ME
UL(I,J)=AFR(I,J)*AKR(J)
VL(I,J)=AFR(I,J)*AKI(J)
CONTINUE

CONTINUE

DO 121 I=1,ME

DO 122 J=1,ME

TEM1=0.0

TEM2=0.0

DO 123 K=1,ME
TEM1=TEM1+TP(I,K)*UL(K,J)
TEM2=TEM2+TP(I,K)*VL(K,J) .
CONTINUE

ULT(I,J)=TEML
VLT(I,J)=TEM2

CONTINUE

CONTINUE

END IF

IF(FLAG)THEN

D0 125 I=1,ME

SuM1=0

SUM2=0

DO 124 J=1,ME
SUM1=SUM14ULT(I,J)*DFI(N2+J)-VLT(I,J)*DFI(N2+J+N)
SUM2=SUM24+VLT(I,J)%DFI(N2+J)+ULT(I,J)*DFI(N2+J+N)
CONTINUE

QRA(I)=-SUM1

QIA(I}=-SUM2

CONTINUE

END IF

CALL TRANSP(TP)

DO 126 I=1,ME
DO 127 J=1,ME
TEM1=0.0
TEM2=0.0
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DO 128 K=1,ME BEM23110
TEMI=TEMI+TPUI,K)I*AFRIK,J]} BEM23120
TEM2=TEM2+TP(I,K)*AFI(K,J) BEM23130

128 CONTINUE BEM23140
AFRT(I,J)=TEM1 ] BEM23150
AFIT(I,J)=TEM2 BEM23160

127 CONTINUE . BEM23170
126 CONTINUE BEM23180
c BEM23190
IF(CONST2.GT.1.0E-08)THEN BEM23200
IF(DF.GT.0.0) THEN BEM23210

DO 111 I=1,ME BEM23220
XKAP(I)=CMPLX{AKR(I),AKI(I}) BEM23230

DO 112 J=1,ME BEM23240
PSIT(I,J)=CMPLX(AFRT(I,J),AFIT(I,J)) BEM23250
PSI{I,J)=CMPLX(AFR(I,J)},AFI(I,J)) BEM23260

112 CONTINUE BEM23270
111 CONTINUE BEM23280
b0 113 I=1,ME BEM23290

DO 114 J=1,ME BEM23300
TEMP1(I,J)=PSIT(I,J)/(XKAP({J)*XKAP(J)) BEM23310
114 CONTINUE BEM23320
113 CONTINUE BEM23330
DO 115 I=1,ME BEM23340

DO 116 J=1,ME BEM23350
SUM3=(0.0,0.0) BEM23360

DO 117 K=1,ME BEM23370
SUM3=SUM34TEMP1(J,K)*PSI(I,K) BEM23380

117 CONTINUE BEM23390
TEMP2(J,I)=SUM3 BEM23400

116 CONTINUE BEM23410
115 CONTINUE BEM23420
DO 118 I=1,ME BEM23430
DX(I)=TeMP2(1,1)%SNGL(DF) BEM23440

118 CONTINUE BEM23450
DO 119 I=1,ME BEM23460
DXR(I)=REAL(DX(I)) BEM23470
DXI(I}=AIMAG(DX(I)) BEM23480

119 CONTINUE BEM23490
END IF BEM23500

DO 140 I=1,ME BEM23510
SuM1=0 BEM23520
SUM2=0 BEM23530

DO 130 J=1,ME BEM23540
SUM1=SUM1+AFRT(I,J)*DFI(N2+J)-AFIT(I,J)*DFI(N2+4J+N)} BEM23550
SUM2=SUM2+AFIT(I,J)*DFI{N2+J)+AFRT(I,J)*DFI(N2+J+N) BEM23560

130 CONTINUE BEM23570
IF(DF.GT.0.0) THEN BEM23580
PRA(I )=SUM1+DXR(I) BEM23590
PIA(I)=SUM2+DXI(I) BEM23600
ELSE BEM23610
PRA(TI)=SUM1 BEM23620
PIA(I)=SUM2 BEM23630

END IF BEM23640

160 CONTINUE BEM23650
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ELSE IF(CONST2.LE.1.0E-08.AND.FLAG)THEN BEM23660
IF(DF.GT.0.0) THEN BEM23670

DO 141 I=1,ME BEM23680

CO 162 J=1,ME BEM23690
IFIAKI(J).GT.0.0) THEN BEM23700
TEMPLR(X,J)=-AFRT(I,J)/(AKI(J)I*AKI(J)) BEM23710
ELSE BEM23720
TEMPLR(I,J)=AFRT(I,J)/(AKR{ J)*AKR(J)) BEM23730

END IF BEM23740

162 CONTINUE BEM23750
141 CONTINUE BEM23760
DO 145 I=1,ME BEM23770

DO 146 J=1,ME BEM23780
SUM3R=0.0 BEM23790

DO 147 K=1,ME BEM23800
SUMZR=SUM3R+TEMP1R(J,K )*AFR(I,K) BEM23810

147 CONTINUE BEM23820
TEMP2R(J,1)=SUM3R BEM23830

146 CONTINUE BEM23840
165 CONTINUE BEM23850
DO 148 I=1,ME BEM23860
OXR(T J=TEMP2R( I, 1 )%SNGLI(DF) BEM23370

148 CONTINUE BEM23880
END IF BEM23890

DO 160 I=1,ME BEM23900
SUM1=0 BEM23910
SUM2=0 BEM23920

DO 150 J=1,ME BEM23930
SUM1=SUM1+AFRT(TI,J)*DFI(N2+J) BEM23940
SUM2=SUM2+AFRT(I,J)*DFI(N2+J+N) BEM23950

150 CONTINUE BEM23960
IF(DF.GT.0.0) THEN BEM23970
IF(FLAG) THEN BEM23980
PRA(I)=SUM14DXR(I) BEM23990
PIA(I)=SUM2 BE!M24000

ELSE BEM26010
PRA(X }=SUML14DXR(I) BEM264020
PIA(I )=SUM2+DXI(I) BEM24030

END IF BEM24040

ELSE BEM24050
PRALI)=SUM1 BEM24060
PIA(I)=SUM2 BEM24070

END IF BEM26080

160 CONTINUE BEM24090
END IF BEM24100

c BEM24110
o BEM24120
IF(.NOT.FLAG )THEN BEM26130
IF(DF.GT.0.0) THEN BEM24140

DO 311 1=1,ME BEM24150

DO 312 J=1,ME BEM24160
TEMOIR(I,J}=AFRT(I,J)/{ AKR{J)I*AKR(J)) BEM24170

312 CONTINUE BEM24180
211 CONTINUE BEM24190
DO 313 I=1,ME BEM24200
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D0 314 J=1,ME

SUM3R=0.0

DO 315 K=1,ME
SUM3R=SUM3R+TEMP1R(J,K)*AFR(I,J)
CONTINUE :
TEMP2R(J,I)=SUM3R

CONTINUE

CONTINUE

DO 316 I=1,ME
DXR(I}=TEMP2R(I,1)%*SNGL(DF)
CONTINUE

END IF

DO 180 I=1,ME

SUM1=0.

DO 170 J=1,ME
SUM1=SUM1+AFRT(I,J)*DFI{N2+J)
CONTINUE

IF(DF.GT.0.0) THEN
PRA{T)=SUM1+DXR(I)

ELSE

PRA(T }=SUM1

END IF

CONTINUE

DO 205 J=1,ME

DO 190 1=1,ME
UL(I,J)=AFRT(I,J)*AKR(J)
CONTINUE

CONTINUE

DO 220 I=1,ME

SUM1=0

DO 210 J=1,ME
SUM1=SUM1+UL(TI,J)*DFI{N2+J)
CONTINUE

QRA(I)=-SUM1

CONTINUE

END IF

WRITZ(IMP,600)

WRITE(IMP,360)

WRITE(IMP,600)

KRITE(IMP,100)

WRITE(IMP,600)

WRITE(IMP,300)

WRITE(IMP,600)

DO 230 I=1,ME

K1=N2+I
HWRITE(IMP,200)XM(K1),YM(K1),PRA(I)},QRA(I)
CONTINUE -
IF(FLAG)THEN

WRITE(IMP,600)

KRITE(IMP,320)

WRITE(IMP,600)
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240

250

251

260

261

DO 240 I=1,ME

K1=N2+I
WRITE(IMP,200)XM(K1),YM(K1),PIA(I),RIA(I)
CONTINUE

END IF

END IF

END IF

COMPUTE TOTAL PRESSURE ON DAM

NE=N1-NO

DY=HY/NE
TPR=DFI(N1}

DO 250 I=NO+1,N1-1
TPR=TPR+DFI(I1)
CCONTINUE

NX=0
TPRR=DFI(N1)%0.5
DO 251 I=NO+1,Nl-1
NX=NX+1
RR=REALUINX-1)
TPRR=TPRR4DFI(I )%*((N1-NO)-RR~0.5)
CONTINUE
TPR=DY*TPR
TPRR=DY*TPRR*DY
HXR=TPRR/TPR
WRITE(IMP,600)
KRITE(IMP,370)TPR
WRITE(IMP,371)HXR

IF(FLAG)THEN
TPI=DFI(N1+N)

DO 260 I=NO+1,N1-1
TPI=TPI+DFI(I+N)
CONTINUE

NX=0
TPRI=DFI(N1+N)*0.5
DO 261 I=NO+1,N1-1
NX=NX+1
RR=REAL(NX-1)
TPRI=TPRI+DFI(I+N)*{ (N1-NO)-RR-0.5)
CONTINUE
TPI=TPI*DY

 TPRI=TPRI*DY*DY

HXI=TPRI/TPI
WRITE(IMP,600)
WRITE(IMP,380)TPI
WRITE{IMP,381)HXI
TPRT=DSQRT(TPR*%2+TPI*%2)
WRITE(IMP,600)
WRITE(IMP,390)TPRT
WRITE(IMP,600)

END IF
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c BEM25310
320 FORMAT(1X,'IMAGINARY PART') BEM25320
200 FORMAT(G{GX,E164.5)) BEM25330
100 FORMAT(1X,'BOUNDARY ELEMENTS®,// BEM25340
%,10X,'X*»17%, 'Y " 15X, ' PRESSURE ' ,6X, 'PRESSURE DERIVATIVE') BEM25350
300 FORMAT(1X,'REAL PART') BEM25360
330 FORMAT(1X,'PRESSURE AND PRESSURE DERIVATIVE ON RESERVOIR SURFACE' BEM25370
*) BEM25380
340 FORMAT(1X,'PRESSURE AND PRESSURE DERIVATIVE DN DAM FACE') BEM25390
350 FORMAT(1X,'PRESSURE AND PRESSURE DERIVATIVE ON BOTTOM') BEM25400
360 FORMAT(1X,'PRESSURE AND PRESSURE DERIVATIVE ON FAR END') BEM25610
370 FORMAT(1X, 'TOTAL PRESSURE ON DAM FACE, REAL PART',E14.5) BEM256:20
271 FORMAT(1X,'HXR =',E14.5) BEM25430
280 FORMAT(1X,'TOTAL PRESSURE DN DAM FACE, IMAGINARY PART',E14.5) BEM25440
381 FORMAT(1X,'HXI =',E16.5) © BEM25450
290 FORMAT(1X,'TOTAL PRESSURE ON DAM FACE, ABSOLUTE VALUE',E14.5) BEM25460
500 FORMAT(1X,70('%')) BEM25470
600 FORMAT(1X,' *) BEM25480
RETURN BEM25490
END : BEM25500
c BEM25510
€ e e BEM25520
c BEM25530
SUBROUTINE ADDUND(H,G,HOLD,AFR,AKR,AKI,NO,N1,N2,0FI,FID,FIB, BEM25540
*FLAG,DF ) V BEM25550
c BEM25570
IMPLICIT DOUBLE PRECISION (A-H,0-Z) BEM25580
COMMON/MAIN/ CONST,N,LEC , IMP,NU,ND BEM25590
COMMON/ZADD/ HY ,PT ,ME ,MF ,CONST1,CONST2 BEM25600
REAL AFR(ND,ND),AKR(ND),AKI(ND) BEM25610
DOUBLE PRECISION H(NU,NU),G(NU,NU},T(100,20) BEM25620
DOUBLE PRECISION FID(NU),FIB(NU),DFI(NU},HOLO(NU,NU} BEM25630
REAL U(20,20),V(20,20) BEM25640
REAL TEMP1(20,20),TEMP2(20,20) BEM25650
REAL SUM3,DXR(20) BEM25660
REAL UT(20,20),VT(20,20),AFRT(20,20),TP(20,20) BEM25670
LOGICAL FLAG BEM25680
c BEM256 90
C REARRANGES H AND G MATRICES TO TAKE THE BASE AND FAR BOUNDARY BEM25700
C CONDITIONS INTO ACCOUNT BEM25710
c BEM25720
C ARRANGE H MATRIX _ BEM25730
C REAL PART BEM25740
c BEM25750
IF(ME.GT.0)THEN BEM25760
DO 20 J=1,ME BEM25770
DO 10 I=1,ME BEM25780
ULT,J)=AFR(T,J)*AKR(J) BEM25790
10 CONTINUE BEM25800
20 CONTINUE BEM25810
¢ BEI25820
CALL TRANSP(TP) BEM25830
c BEM25840

DO 21 I=1,ME BEM25850
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DO 22 J=1,ME BEM25860
TEM1=0.0 . BEM25870
DO 23 K=1,ME BEM25880
TEM1=TEM14TP(I,K)*U(K,J) BEM25890
23 CONTINUE BEM25900

UT(I,J)=TEM1 BEM25910
22 CONTINUE . BEM25920
21 CONTINUE ’ BEM25930

c BEM25940
IF(FLAG)THEN BEM25950
DO 40 J=1,ME : BEM25960
DO 30 I=1,ME ) BEM25970
V(I,J)=AFR(I,J)*AKI(J) BEM25980

30 CONTINUE ] BEM25990
40 CONTINUE : BEM26000

c BEM26010
D0 41 I=1,ME BEM26020
DO 42 J=1,ME , BEM26030
TEM1=0.0 ) BEM26040
DO 43 K=1,ME BEM26050
TEM1=TEM14TP(I,K)*V(K,J) BEM26060

43 CONTINUE BEM26070
VT(1,J)=TEM1 BEM26080
%2 CONTINUE BEM26090
41 CONTINUE : BEM26100
END IF ' BEM26110
c BEM26120
c BEM26130
DO 51 I=1,ME BEM26140
DO 52 J=1,ME BEM26150
TEM1=0.0 : BEM26160
DO 53 K=1,ME BENM26170
TEM1=TEM14TP(I,K)*AFR(K,J) BEM26180
53 CONTINUE BEM26190

AFRT(I,J)=TEML P BEM26200
52 CONTINUE BEM26210
51 CONTINUE BEM26220
(o BEM26230
DO 70 I=1,N BEM26240
DO 60 J=1,ME ‘ BEM26250
SUM1=0 : BEM26260
SUM2=0 - BE!26270
DO 50 K=1,ME BEM26280
KK=K+N2 . BEM26290
SUM1=SUM1+H( I ,KK )*DBLE(AFRT(K,J)) BEM26300
SUM2=SUM24G( X ,KK )*DBLE(UT(K,J)) BEM26310
50 CONTINUE BEM26320

T(I,J)=SUML+SUM2 BEM26330
60 CONTINUE o BEM26340
70 CONTINUE BEM26350

(o : BEM26360
DO 75 I=1,N BEM26370
D0 72 J=1,ME . BEM26380
JJ=J+N2 BEM26390

H(I,JJ)=T(I,J) BEM26400
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72 CONTINUE BEM26410
75 CGNTINUE BEM26420
C . BEM26430
C IMAGINARY PART BEM26440
c BEM26450
IF(FLAG)THEN BEM26460
© D0 120 I=1,N BEM26470
DO 110 J=1,ME BEM26480
SUM1=0 BEM26490
‘DO 100 K=1,ME . BEM26500
KK=K+N2 BEM26510
SUM1=SUML1+G(I,KK)*DBLE(VT(K,J)}) BEM26520
100 CONTINUE BEM26530
T(I,J)=SUML BEM26540
110 CONTINUE ) BEM26550
120 CONTINUE BEM26560
Cc ) BEM26570
DO 140 I=1,N BEM26580
00 130 J=1,ME BEM26590
HON+I,J4N2)=T(I,J) BEM26600
130 CCNTINUE BEM26610
140 CONTINUE BEM26620
c BEM26630
C FILL IN THE REST OF H MATRIX BEM26640
c BEM26650
c BEM26660
DO 160 I=1,N BEM26670
DO 150 J=1,N : BEM26680
H(I,J+N)=~-H(I+N,J) BEM26690
HOI4+N,J+N)=H(I,J) BEM26700
150 CONTINUE BEM26710
160 CONTINUE . BEM26720
END IF BEM26730
. END IF . BEM26740
[of BEM26750
C FORM RIGHT HAND VECTOR BEM26760
c BEM26770
DO 180 I=1,N BEM26780
DO 170 J=NO+1,N1 BEM26790
DFICI)=DFI(I)+G(I,J)%FID(J-NO) BEM26800
170 CONTINUE BEM26810
180 CONTINUE BEM26820
c BEM26830
DO 200 I=1,N BEM26840
DO 190 J=N1+1,N2 BEM26850
DFI(I)=DFI{I)+G(I,J)*FIB(J-N1) BEM26860
190 CONTINUE ’ BEM26870
200 CONTINUE BEM26880
c BEM26890
IF(DF.GT.0.0) THEN BEM26900
DO 210 I=1,ME BEM26910
DD 220 J=1,ME - BEM26920
IF(AKI(J).GT.0.0) THEN BEM26930
TEMP1(I,J)=~-AFRT(I,J)/(AKI(J)*AKI(J)) BEM26940

ELSE ) BEM26950
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TEMP1(I,J4)=AFRT(I,J)/(AKR({J)*AKR{J)) BEM26960
END IF BEM26970
220 CONTINUE BEM26580
210 CONTINUE BEM26990
0O 230 I=1,ME BEM27000
0O 240 J=1,ME BEM27010
SUM3=0.0 BEM27020
DO 250 K=1,ME BEM27030
SUM3Z=SUM3+TEMP1(J,K )%AFR(I,K) BEM27040
250 CONTINUE BEM27050
TEMP2(J,I)=SUM3 . BEM270560
240 CONTINUE BEM27070
220 CONTINUE BEM27080
DO 260 I=1,ME , BEM27090
DXR(I)=-TEMP2{I,1)%SNGL(DF) BE}27100
260 CONTINUE BEM27110
DO 290 I=1,N BEM27120
D0 200 J=1,ME BEM27130
K1=J-ME+N BEM27140
DFI(I)=DFI(I)+HOLD(I,K1)I*DBLE(DXR(J)) BEM27150
300 CONTINUE BEM27160
290 CONTINUE BEM27170
END IF BEM27180
RETURN BEM27190
END BEM27200
c BEM27210
€ e e m e e BEM27220
c BEM27230
SUBROUTINE TRANSP(TP) BEM27240
(o4 63636 I6 7636 36 I6I6 I6 IE IEIEIEIE I 36 36 I6 IEIEIE IEIE I6IE IEIE IEIEIEIEIE IEIE JE IE IE IEIEIE I I IEIEIEIEIEIIEIIIEHK I IEIIIN N XX HBEM272 50
C BEM27260
C TRANSP COMPUTES THE MATRIX OF TRANSFOERMATION TP BEM27270
C FOR ADJUSTMENT OF LINEARLY FORMED FAR END CONDITION BEM27280
C INTO CONSTANT ELEMENT FORMULATION BEM27290
c BEM27300
IMPLICIT DOUBLE PRECISION (A-H,D-2) BEM27310
COMON/MAIN/ CONST,N,LEC,IMP,NU,ND BEM27320
COMMON/ADD/Z HY,PI,ME,MF,CONSTL,CONST2 BEM27330
REAL TP(20,20) BEM27340
¢ BEM27350
DO 10 I=1,ME BEM27360
DO 20 J=1,ME BEM27370
TP(I,J)=0.0 BEM27380
20 CONTINUE BEM27390
10 CONTINUE BEM27400
c BEM27410
DO 30 I=1,ME-1 BEM27420
N1=I+1 BEM27430
DO 40 J=1,N1 BEM27440
TP(1,J)=0.5 BEM27450
40 CONTINUE . : BEM27460
30 CONTINUE ) BEM27470
TP(ME,ME}=0.5 BEM27480
»* DO 50 I=1,ME BEM27490

* WRITE(6,%)(TP(I,J),J=1,ME) BEM27500
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PROGRAM FOURTN

FOR CALCULATION OF THE RESPONSE OF THE LINEAR
DAM-RESERVOIR-FOUNDATION SYSTEM

TO THE EXCITATION HISTORY GIVEN IN THE DISCRETE
FORM A(NT%DT)

BY MEANS OF THE FFT TECHNIQUE

PROGRAMMER: ALEXANDER M. JABLONSKI

DATE: APRIL 25, 1989
SUBSTANTIALLY MODIFIED JULY 11, 1989

CENTER: STRUCTURES SECTION
INSTITUTE FOR RESEARCH IN CONSTRUCTION
NATIONAL RESEARCH COUNCIL, CANADA

NOTE: THIS PROGRAM IS BASED ON THE THREE PROGRAMS:
FOUR21 -~ INITIAL VERSION OF THE FFT PROGRAM;

VM/HPO 4.2 CMS SlL422

FOU00010
FOU00020
FOU00O030
FOUC0040
FOUQ0050
FOUQ0060
FOUo0070
FOUO0080
FOUO00090
FOUOO100
FOUOO110
FOUO0120
FOU00130
FOUG0140
FOUDO0150
FOUOO0160
FOU00170
FOU00180

ACCEL - READING A PROCESSED EARTHQUAKE DATA AND CONVERTING FOU00190

IT INTO INPUT DATA (ACCELERATION VECTOR)
INPUTF - READING AN OUTPUT DATA FILE FROM THE CONSTANT
BOUNDARY ELEMENT PROGRAM BEMC2DN AND CONVERTING
IT INTO INPUT DATA (RESPONSE TO THE HARMONIC
EXCITATION)
PROGRAM FOURTN EMPLOYS THE FFT ROUTINES ORIGINALLY DEVELOPED
BY PAUL SWARZTRAUBER, NATIONAL CENTER FOR ATMUSPHERIC RESEARCH,

FOU00200
FQuo00210
FOU0D220
FOUo0230
FOU00240
FOU00250
FOU00260

DENVER, COLORADO, USA, AND IN THE FORM PROVIDED BY THE NEW VERSIONFOU00270

1.0 OF THE MATH LIBRARY, IMSL.

PROGRAM FOURTN

PARAMETER (NT=4096)

PARAMETER (NC=200)

PARAMETER (ND=10)

NT = NUMBER OF STEPS TO BE EMPLOYED IN THE FFT

NC = INITIAL NUMBER OF FREQUENCY STEPS EMPLOYED TO CALCULATE
JHARMONIC RESPONSE

ND = NUMBER OF NODES AT DAM FACE INTRODUCED IN BEMC2DN PROGRAM

nan

AC(I) = PROCESSED ACCELERATION VECTOR FROM EARTHQUAKE RECORDS

A(I) = MODIFIED ACCELERATION VECTOR - INPUT TO THE FORWARD FFT
ROUTINE

TX(I) = VECTOR OF TOTAL HYDRODYNAMIC FORCE (I=1,NC)

Y1(I) = MODIFIED VECTOR OF TOTAL HYDRODYNAMIC FORCE (I=1,NT)

YC(I,J) = HYDRODYNAMIC PRESSURE MATRIX (I=1,ND, J=1,NC)
YC1(I,J)= MODIFIED PRESSURE MATRIX (I=1,ND, J=1,NT)

COMPLEX ACINT), YC(ND,NC), TX(NC), HX(NC)
COMPLEX YCI(ND,NT}, YL(NT)

COMPLEX Y2(NT), Y2N(NT), AN(NT)

REAL A(NT), RWSKP(24611)

REAL Y1R(NT),Y1I(NT)

CHARACTER%22 INPS1,INFT1,0UTFFT

COMMON/HORKSP/ RHWSKP

FOU00280
FOU00290
FOUO00300
. FouUoo031o0
FOU00320
FOUO0330
FOU00340
FOUO00350
FOUOD360
FOU00370
FOU00380
FOUO0390
FOUJ0400
FOUGC410
FOU00420
FOU00430
FOUO00440
FCUO00450
FOUOOG60
FOU00470
FOU00480
FOUG0490
FOUOO0500
FOUO0510
FOUOO0B20
FOU00530
FOUO00540
FOUQO0550

PAGE 00001
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FOURTN  FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA ...

DATA INPS1/'/INPS1 INPUT Al'/
DATA INFT1/'/INFT1 INPUT Al'/
DATA OUTFFT/'/0UTFFT OUTPUT Al'/

OPEN{ 2,FORM="'FORMATTED*,STATUS='0LD',FILE=INPS1)
OPEN(3,FORM="'FOIMATTED* ,STATUS='0LD"',FILE=INFT1)
OPEN(5,FORM="'FORMATTED ' ,STATUS="NENW' , FILE=DUTFFT)

READ INPUT DATA FILE CREATED BY PROGRAM ACCEL

N=1+(NT/6)

DO 10 J=1,N

NX=(J-1)*6
READ(2,100)(A(I+NX},I=1,6)
CONTINUE

FORMAT(6F12.3)

DIVIDE THE ACCELERATION VECTOR BY 100 TO HAVE IT IN M/SEC*%2

DO 20 I=1,NT
A(I)=A(I)/100
CONTINUE

DO 30 I=1,NT
AC(I)=CMPLX(A(I),0.0)
CONTINUE

CARRY OUT FORWARD FFT

CALL IWKIN(24611)
CALL FFTCF(NT,AC,AN)

READ REQUIRED HARMONIC RESPONES TX, HX, YC

DO 21 I=1,NT
HRITE(5,%)I,AN(I)
CONTINUE

HRITE(5,300)
FORMAT(//,1X,70('%'),//)

DO 40 I=1,NC
READ(3,%)I,TX(I),HX(I)
READ(3,300)

DO 50 J=1,ND
READ(3,%)YC(J,I)
CONTINUE

CONTINUE

MODIFY HARMONIC RESPONSE TO HAVE IT IN THE FORM READY
FOR FFT ROUTINE

DO 60 I=1,NT
IF(I.GT.NC) THEN

VM/HPO 6.2 CMS SL422

FOUO00560
FOU00570
FOU00580
FOU00590
FOU00600
FOU00610
FOU00620
FOU00630
FOU00640
FOU00650
FOUD0660
FDUG0670
FOUQ0680
FOUJ0690
FOU00700
FOUG0710
FOUo00720
FOUOO730
FOUQ0740
FOUQ0750
FOUO0760
FOU00770
FOU00780
FOU00790
FOU00800
FOU00810
FDOUg0820
FOUo0830
FOU00840
FOUCOD850
FOU00860
Fouoos70
FOuUo08s0
FOU00890
FOU00900
FOU00910
FOUoo920
FOU00930
FOU00940
FOU00950
FOU009%960
FOU00970
FOU00980
FOUG0990
FOU01000
FOU01010
FOU01l020
FOUO1030
FOU01040
FOUO1050
FOUO1060
FOUO1070
FOU0l080
FOU01090
FOUO1100
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o000

oo0n

(2] o000

60

61

62

63

64

65

80
70

90

101

Y1(I)=(0.0,0.0)
GO TO 60
END IF

NORMALIZATION OF THE VECTDR Y1(I) W.R.T. HYDROSTATIC FORCE
IN THIS CASE FOR H=100 M (HEIGHT DG THE DAM)

Y1(I)=TX(I}/5000
CONTINUE

DO 61 I=1,NT
Y1R(I)=REALIY1(I))
Y1I(I)=AIMAG(Y1(I1))
CONTINUE

DO 62 I=1,NT/2
YIR(I+NT/2)=Y1R(NT/2-I+1)
CONTINUE

DO 63 I=1,NT/2
Y1I(I+NT/2)=-Y1I(NT/2-1+1)
CONTINUE

‘D0 64 I=1,NT

Y1(I)=CMPLX(Y1R(I),Y1I(I))
CONTINUE

DO 65 I=1,NT
KRITE(5,%)I,YI)
CONTINUE
WRITE(5,300)

DD 70 I=1,NT

DO 80 J=1,ND
IF(I.GT.NC) THEN
YC1(J,I)=(0.0,0.0)
GO TO 80

END IF
YC1(J,I)=YC(J,I)/200
CONTINUE

CONTINUE

CARRY OUT INVERSE FFT FOR A CHOSEN HARMONIC RESPONSE VECTOR
DO 90 I=1,NT

Y2(I)=ANII)*YL(I)

CONTINUE

CARRY INVERSE FFT

CALL FFTCB(NT,Y2,Y2N)

DO 101 I=1,NT

Y2N(I)=Y2ZN(I)/NT
CONTINUE

VM/HPO 4.2 CMS SL422

FOUO1110
Fouol112o0
FOUO1130
FOUOl1l40
FOUG1150
FOUO1160
Fouol170
FOU01180
FOU01190
Fouol200
FQuo1210
FOU01220
FOUo1230
FoU01240
FOUQ1250
FOouo1260
FOU01270
FOUO1280
FOUO1290
FOU01300
FOUO1310
FOUO01320
FDUD1330
FOUO1340
FOuUO1350
FOUO1360
FOUQ1370
FOUO1380
FOUo139%0
FOU01400
FOUol410
Fouol420
FOUO1430
FOUQ1440
FOUO1450
FOU01460
FOU01470
FOU01480
FOU01490
FOUo1s500
FOUO1510
FOU01520
FOU01530
FOUO01540
FOUO01550
FOU01560
FOUO1570
FOUo1580
FOUQ1590
FOUO1600
FOUO1610
FOUOl620
FOUC1630
FOUO1640
FOU01650

PAGE 00003
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c
DO 110 I=1,NT
HWRITE(5,%)Y2N(I)

110 CONTINUE

c
sTOP
END

c

c END OF THE FOURTN PROGRAM

YM/HPO 4.2 CMS SL422

FOUO1660
FOQUO1670
FOUC1680
FOUO01690
FOU01700
FOUO1710
FOUO01720
FOU01730
FOUD1740
FOUO1750
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NODES ONENC=NRCVMO1 \NRCVMO1l \NRCVMO1
JOB = J7079 START

RR MMM
RR MM MM

MM
M
MMMM
MM MM

RR MM MMMM MM
PRRRRRRRRRRR MM MM MM
RRRRRRRRRRR MM

RR MM
RR MM
RR MM
RR MM

RR MM

AAAAARAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA AA
AAAAAAAAAAAA
AAAAAAAAAAAA

SSS5SSSSSSS
SSSSSSSSSSSS
SS Ss
SS
SSS

S§SSSSSSSS

SSSSSSSSS
SSS

sS

SS SS
SSSSSSSSSSSS
SSSSSSSSSS

16:20:04

MM

MM

MM

MM

MM

MM
MM MM
MMM MMM
MMMM MMMM
MM MM MM MM
MM MMMM MM
MM MM MM
MM MM
MM MM
MM MM
MM MM
MM MM
MM MM
B3B3BBEBBBB
BBBBBBBBBBBB
ES BB
BB BB
B3 BB
BBBBBB3BBS
EBBBBBBBBB
BB 8B
BB BB
BB BB
BBBBBBBBBBBB
BBBBBEBBBBB

cceeceeecce
cceeeccccece
cc cc
cc
cC
cc
cc
cc
cc
cc cc
cceceececeece
ccceeceecce

PRINT: CLASS= E

Lty

LL

LL

LL

LL

LL

LL

LL

LL

LL

LLLLLLLLLLLL

LLLLLLERLLLL

SSSSSSSSSS

SSSSSSSSSSSS

SS SS

SS

S$SS

SSSSSSSSS

SSSSSSSSS

SSS
ss

SS SS

SSSSSSSSSSSS

SSSSSSSSSS

1
11
1111
1111
2222222222
222222222222
22 22
22
22
22
22
22
22
22
222222222222
222222222222
000C0C0030C0
000000000000
oo oo
0o (o]¢]
00 0o
00 00
co 0o
ao oo
(ala] oo
00 00
000000000000
000000000000
777777777777
77777777777
77 77
77
77
77
77
77
77
77
77
77

| DR. A.JABLONSKI

l

| FORMS= S1PT ! RM. 151
| FCB= STD8 | M-20

| ucs= GT15 I

11 555555555655
11 5555555555556 1
11 55 11
11 55
11 55
11 555555555
11 5555555555
11 55
11 55
11 55
111111 E55555E55555 1111
111111 55555555555 1111
00000000
0000000000
00 0000
00 00 00
0c 00 00
00 oo Do
00 00 00
00 00 ago
0000 oo
000 00
0000000000
00000000
KN NN SSSSSSSSSS
NNN NN SSSSSSSSSSSS
NNNN NN sS SS
NN NN NN SS
NN NN NN Ssss
NN NN NN  SSSSSSSSS
NN NN NN SSSSSSSSS
NN NN NN SSS
NN NNNN SS
NN NNN S5 SS
NN NN $5555S5SSSSSS
NN N  $SSSSSSSSsS
00000000 777777777777
0000000000 77777777777
00 0000 77 77
00 00 ©0 77
00 00 00 77
00 00 00 77
00 00 00 77
00 00 00 77
0000 00 77
000 00 77
0000000000 77
00000000 77

11
11
11
11
11
11
11
11
11
11
111111
111111
KK KK
KK KK
KK KK
KK KK
KK KK
KKKKKKK
KKKKKKK
KK KK
KK KK
KK KK
KK KK
KK KK
9999999999
999999999999
929 29
99 99
99 99
999999999999
999999999999
99
929
929 99
999999999999
9999999999

-z6-



7

\

FILE: SPLOTN2 FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

COOOOOOO0O0

OO0OO0O0O0OODOOOO0OO

10

20
100

PROGRAM SPLOTN
CALLS SET OF DISSPLA ROUTINES TO CREATE SET OF PLOTS

PROGRAMMER: ALEXANDER M. JABLONSKI

DATE: JULY 12, 1989
MODIFIED: JANUARY 31, 1990
MODIFIED: APRIL 18, 19¢0

CENTER: STRUCTURES SECTICN
INSTITUTE FOR RESEARCH IN CONSTRUCTION
NATIONAL RESEARCH COUNCIL, CANADA

PROGRAM SPLOTN

IT PRODUCES THE FOLLOWING PLOTS:
1. ACCELERATION RECORD

2. REAL PART OF DFT OF ACCEL.

3. IMAG PART OF DFT OF ACCEL.

4. REAL PART OF HARMONIC RESPONSE
5. IMAG PART OF HARMONIC RESPONSE
6. FINAL EARTHQUAKE RESPONSE

PARAMETER (NT=49096)

PARAMETER (NE=4096)

COMPLEX AN(NE),Y2N(NE),Y1(NE)

REAL X(NE),Y(NE),A(NE),AA(NE)

REAL X1(NE),XZ2(NE),X3(NE)

REAL ANR(NE),ANI(NE),Y2NR(NE),Y2NI(NE)
REAL YIR{NE),Y1I(NE),Z(NE)
CHARACTER*22 INPS1,0UTFFT,SUM1

DATA INPS1/'/INPS1 INPUT Al'/

DATA QUTFFT/'/0UTFFT OUTPUT Al'/

DATA SUM1/'/SUM1 OUTPUT Al‘'/
OPEN(2,FDRM="'FORMATTED ' ,STATUS="0LD "' ,FILE=INPS1)
OPEN(3,FORM="'FORMATTED ' ,STATUS="'0LD"*,FILE=OUTFFT)
OPEN(4,FORM="'FORMATTED ' ,STATUS='NER"' , FILE=SUM1)

CALL NOMDEV(1)

PI=3.1641592653
DO 10 I=1,NE
X(I)=REAL(I)
CONTINUE

N=1+(NT/6)

PO 20 J=1,N

NX=(J-1)%6
READ(2,100)(A(I+NX),I=1,6)
CONTINUE

FORMAT({6F12.3)

DO 30 I-1,NE
IF(I.GT.NT) THEN

VM/HPD 4.2 CMS SL422

SPLO0D10
SPLO00O20
SPLO0030
SPLO0OO40
SPLO0050
SPLOC0D60
SPLO00D70
SPLO00SD
SPL00090
SPLO0100
SPLO0110
SPL00120
SPLOO130
SPLO0140
SPLO0150
SPL0Ol60
SPLO0170
SPLO0180
SPL00190
SPLQO200
spLOD210
SPLO0220
SPLOO230
SPL0O0240
SPL00250
SPL00260
SPLO0270
SPLO0280
SPLO0290
SPLO0300
SPLOD310
SPL0O0320
SPLO0330
SPLO0340
SPL0O0O350
SPLO0360
SPLO0370
SPLO038D
SPL00390
SPLO0400D
SPLO0410
SPLO0G20
SPLC0430
SPLO0G4G0
SPLGO45E0
SPLO0460
SPL00470
SPL00480
SPL0O0490
SPLO0500
SPLOOS10
SPL0O0520
SPLOO530
SPL0O0540
SPLOO5S50

PAGE 00001
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300
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40
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410
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N
FILE: SPLOTNZ FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA

Y(I1)=0.0
END IF
Y(I)=(REAL(A(I)))/100.
CONTINUE

DD 399 I=1,NE
X1(I)=0.02%X(I)
CONTINUE

CALL PLOT1(NE,X1,Y)

DO 31 I=1,NE
READ(3,%)I,AN(I)
CONTINUE

READ(3,300)
FORMAT(//51X,70('%'},//)

DO 32 I=1,NE
ANR(I)=REAL(AN(I))
ANI(I)=IMAG(AN(I))
CONTINUE

CALL PLOT2(NE,X,ANR)

CALL PLOT3(NE,X,ANI)

DO 40 I=1,NE
PEAD(3,%)I,Y1(1)
CONTINUE
READ(3,300)

00 461 I=1,NE
Y1R(I)=REAL(YX(I))
Y1I(I)=IMAG(Y1(I})
Z(I)=SQRT(Y1I(I)*%2+4Y1R(I )%%2)
CONTINUE

NX=200

DO 410 I=1,NX
X2(I)=(0.3068%X(T))/(2%PI)
CONTINUE

CALL PLOTG(NX,X2,Y1R)

CALL PLOTS(NX,X2,Y1I)

CALL PLOTB1(NX,X2,Z)

DO 33 I=1,NE

AA(T }=SQRTUANR(I 1%%2+4ANI (I )%**2)
CONTINUE

VM/HPO 4.2 CMS SL422

SPL0O0560
SPLD0570
SPLOOS80
SPLO0O590
SPL00600
SPLO0610
SPLCO620
SPL0O0630
SPLO0640
SPLOO650
SPLC0660
SPLOD670
SPLODESD
SPL00690
SPLO0700
SPLOO710
SPLO0D720
SPLO0730
SPL00740
SPLO0750
SPL00760
SPLOO770
SPLO0780
SPLO0O790
SPLO0800
SpPLOO810
SPL0O0820
sPLOO830
SPL0084D
SPLO0850
SPLO0860
SPLO0870
SPLOO880D
SPLO0O890
SPL0O0900
SPLO0910
SPL00920
SPLO0930
SPLO09GO
SPL00950
SPLO0960
SPL00970
SPLO0980
SPL00990
SPLO100O
SPLO1010
SPLO1020
SPLO1030
SPLO1040
SPLO1050
SPLO1060
SPLO1070
SPL0O1080
SPLO1090
SPLO1100

PAGE 00002
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CALL PLOT31(NE,X,AA)

DD 50 I=1,NE
READ(3,%)Y2N(I)
50 CONTINUE
o
DO 51 I=1,NE
YZNR(I)=REAL(Y2N(I})
YZNIC(I )=IMAG(Y2N(I))
WRITE(4G,%)Y2NR(I)
51 CONTINUE
c
DD 510 I=1,NE
X3(I)=0.02%X(I)
510 CONTINUE
c
CALL PLOT6(NE,X3,Y2NR)
C
CALL DONEPL
sTOP
END

SUSROUTINE PLOTL(N,X,Y)
REAL X(N),Y(N)
RMi X=0.0
RM. N=0.0
DO 5 I=1,N
RMAX=MAX({RMAX,Y(I))
RMIN=MIN(RMIN,Y(I))
5 CONTINUE
DO 6 I=1,N
IF(RMAX.EQ.Y(I)) THEN
R1=I%0.02
ELSE IF(RMIN.EQ.Y(I)) THEN
R2=1%0.02
END IF
6 CONTINUE
YMAX=42.5
YMIN=-2.5
XMIN=0
®MAX=90.0
XSTP=10.0
DO 10 I=1,N
IF(Y(I).GT.YMAX) YMAX=Y(I)
IF(Y(I).LT.YMIN) YMIN=Y(I)
10 CONTINUE
YSTP=0.5
CALL PAGE(11.0,8.5)
CALL NOBRDR
CALL FHYSOR(1.0,1.0)
CALL TRIPLX

CALL TITLE('TAFT SCHOOL HOR.',16,'TIME SEC',8,
%'ACCELERATION M/SEC/SEC',22,9.0,6.5)

CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)

CALL MESSAG('MAX = ',6,4.0,6)

voe

VM/HPO 4.2 CMS SL422

SPLO1110
SPLO1120
SPLO1130
SPLO1140
SPLO1150
SPLO1160
SPLO1170
SPLD1180
SPLO1190
SPLO1200
sPLO1210
SPLO1220
SPLO1230
SPLO1240
SPLO1250
SPL0O1260
SPLO1270
SPLO1280
SPLO1290
SPL0O1300
SPL0O1310
S$PLO1320
SPL01330
SPL0O1340
SPLO1350
SPLO1360
SPLO1370
SPL01380
SPL01390
SPLO1400
SPLO1410
SFLO1420
SPL0O1430
SPL01440
SPLO1450
SPLO1460
SPLO1470
SPL01480
SPL01490
SPLO1500
SPLO1510
SPLO1520
SPLO1530
SPLO1540
SPLO1550
SPLO1560
SPLO1570
SPLO1530
SPLO1590
SPL0O1600
SPLO1610
SPLO1620
SPLO1630
$PLO1640
SPLO1650

PAGE 00003
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CALL MESSAG('MIN = ',6,4.0,5.5)
CALL REALNO(RMAX,+2,4.8,6)

CALL REALNO(RMIN,+2,4.8,5.5)
CALL MESSAG('AT X = ',7,5.8,6)
CALL MESSAG('AT X = ',7,5.8,5.5)
CALL REALNJ(R1,+2,6.6,6)

CALL RZALNO(R2,42,6.6,5.5)

CALL STRTPT(0.0,3.25)

CALL CONNPT(9.0,3.25)

CALL CURVE(X,Y,N,0)

CALL ENDPL(O)

RETURN

END

SU3ROUTINE PLOT2(N,X,Y)

REAL X(N},Y(N)

YMAX=4200.0

YMIN=-200.0

XMIN=0

XMAX=6500

XSTP=500

DO 10 I=1,N

IF(Y(I).GT.YMAX) YMAX=Y(I)

IF(Y(I).LT.YMIN) YMIN=Y(I)

CONTINUE

YSTP=50.0

CALL PAGE(11.0,8.5)

CALL NOSRDR

CALL FHYSOR(1.0,1.0)

CALL TITLE('DFT OF ACCEL. - REAL PART',25,
*'STEPS, 1 STEP=D.3068 RAD/S',26,'AMPLITUDE OF ACCELERATION',25,
%9.0,6.5)

CALL CGRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)

CALL STRTPT(0.0,3.25)

CALL CONNPT(9.0,3.25)

CALL CURVE(X,Y,;N,0)

CALL ENDPL(0O)

RETURN

END

SUBROUTINE PLOT3(N,X,Y)

REAL X(N),Y(N)

YMAX=4200.0

YMIN=-200.0

XMIN=0

XMAX=64500

XSTP=500

0D 10 I=1,N

IF(Y(I).GT.YMAX) YMAX=Y(I)

IF(Y(I).LT.YMIN) YMIN=Y(I)

CONTINUE

YSTP=50.0

CALL PAGE(11.0,8.5)

CALL NOBRDR

CALL PHYSOR(1.0,1.0)

CALL TITLE('DFT OF ACCEL. - IMAG. PART',26,

VM/HPO 4.2 CMS SL422

SPLO1660
SPLO1670
SPL01680
SPLO1690
SPLO1700
SPLO1710
SPLO1720
SPLO1730
SPLO1740
SPLO1750
SPLO1760
SPLO1770
SPLO1780
SPLO1790
SPLO1800O
SPLO1810
SPLO1820
SPLO1830
SPL01840
SPL01850
SPL01360
SPL01870
SPL01880
SPL01890
SPL01900
SPL0O1910
SPL01920
SPL01930
SPL01940
SPLO1950
SPL01950
SPL0O1970
SPL0O1980
SPL0O1990
SPL02000
SPL0O2010
SPL02020
SPL02030
SPLO2040
SPL02050
SPL02060
SPL0O2070
SPLO2080
SPLO2090
SPLO2100
SPLO2110
SPLO2120
SPLO2130
SPLO2140
SPLO2150
SPLD2160
SPLO2170
SPL02180
SPLO2190
SPL0O2200

PAGE 00004
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10

11

*°'STEPS, 1 STEP=0.3068 RAD/S',26,'AMPLITUDE OF ACCELERATION',25,

%9.0,6.5)

CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)
CALL STRTPT(0.0,3.25)

CALL CONNPT(9.0,3.25)

CALL CURVE(X,Y,N,0)

CALL ENDPLLO)

RETURN

END

SUBROUTINE PLOT4(N,X,Y) .
REAL X({N),Y(N)
PI=3.141592653

YMAX=40.2

YMIN=-0.2

XMIN=0

XMAX=10

XsTP=1

00 5 I=1,N
RMAX=MAX(RMAX,Y(I)})
RMIN=MIN(RMIN,Y(I))
CONTINUE

DO 6 I=1,N
IF(RMAX.EQ.Y(I)) THEN
R1={1I%0.3068)/t 2%PI1)

ELSE IF(RMIN.EQ.Y(I)} THEN
R2=(1%0.3068)/(2%PI)

END IF

CONTINUE

DO 10 I=1,N
IF(Y(I).GT.YMAX) YMAX=Y(I)
IF(Y(I).LT.YMIN) YMIN=Y(I)
CONTINUE

DO 11 I=2,N
IF(Y(I).GE.Y(I-1)) GO 7O 11
YM=Y(1)

CONTINUE

YSTP=0.05

CALL PAGE(11.0,8.5)

CALL NCBRDR

CALL PHYSOR(1.0,1.0)

CALL TITLE('HARM. RESPCNSE - REAL PART',26,

*'FREQUENCY HZ',12,'TOTAL HYDR. FORCE/STAT. FORCE',

%29,9.0,6.5)

CALL GRAF{XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)
CALL MESSAG{ 'MAX = ',6,4.0,6)
CALL MESSAG('MIN = ',6,4.0,5.5)
CALL REALNO(RMAX,+2,4.8,6)

CALL REALNC(RMIN,+2,4.8,5.5)
CALL MESSAG('AT X = ',7,5.8,6)
CALL MESSAG('AT X = ',7,5.8,5.5)
CALL REALNO(R1,+2,6.6,6)

CALL REALND(R2,42,6.6,5.5)

CALL STRTPT(0.0,3.25)

CALL CONNPT(9.0,3.25)

CALL CURVE(X,Y,N,0)

cee

VM/HPO 6.2 CMS SLg22

SPLO2210
SPL02220
SPL0O2230
SPL0O2240
SPL02250
SPLO2260
SPLO2270
SPLO2280
SPL0O2290
SPLO2300
SPLO2310
SPLO2320
SPL02330
SPL0O2340
SPLO2350
SPL0O2360
SPLO2370
SPLO2380
SPL02320
SPL0O2400
SPLO2410
SPL0O26420
SPLO2430
SPL02440
SPL0O2450
SPLO2460
SPLO2470
SPLO2480
SPLO2490
SPL02500
SPLO2510
SPLD2520
SPLO2530
SPL0O2540
SPLO25E50
SPLO2560
SPLO2570
SPL02580
SPLO25%0
SPLO2600
SPLO2610
SPLO2620
SPLO2630
SPL02640
SPLO2650
SPLO2660
SPL0O2670
SPL02680
SPLO2690
SPL0O2700
SPL02710
SPLO2720
SPLD2730
SPL0O2740
SPLO2750

PAGE 00005
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10

CALL ENDPL(O)
RETURN
END

SUBROUTINE PLOT5(N,X,Y)}

REAL X(N),Y(N)

PI=3.141592653

YMAX=40.2

YMIN=-0.2

XMIN=0

XMAX=10

DO 5 I=1,N

RMAX=MAX({RMAX,Y(I))

RMIN=MIN{RMIN,Y(I))

CONTINUE

DO 6 I=1,N

IF(RMAX.EQ.Y(I)]} THEN

R1=(I*0.3068)/(2%PI)

ELSE IF(RMIN.EQ.Y(I)) THEN

R2=(1I%0.3068)/(2%PI)

END IF

CONTINUE

XsTP=1

DO 10 I=1,N

IF(Y(I).GT.YMAX) YMAX=Y(I)

IF(Y(I).LT.YMIN]} YMIN=Y(I)

CONTINUE

YSTP=0.05

CALL PAGE(11.0,8.5)

CALL NOBRDR

CALL PHYSOR(1.0,1.0)

CALL TITLE('HARM. RESPONSE - IMAG. PART',27,
%'FREQUENCY HZ',12,'TOTAL HYDR. FORCE/STAT. FORCE',
%29,9.0,6.5)

CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)

CALL MESSAG('MAX = ',6,4.0,6)

CALL MESSAG('MIN = ',6,4.0,5.5)

CALL REALNC(RMAX,+2,4.8,6)

CALL REALNOD(RMIN,+2,4.8,5.5)

CALL MESSAG('AT X = ',7,5.8,6)

CALL MESSAG('AT X = ',7,5.8,5.5)

CALL REALNO(R1,+2,6.6,6)

CALL REALND(R2,42,6.6,5.5)

CALL STRTPT(0.0,3.25)

CALL CONNPT(9.0,3.25)

CALL CURVE(X,YsN>0)

CALL ENDPL(O)

RETURN

END

SUBRDUTINE PLOT6(N,X,Y)

REAL X({N),Y(N)

YMAX=+0.1

YMIN=-0.1

XMIN=0

XMAX=90.0

VM/HPO 4.2 CMS SL422

SPL0O2760
SPL02770
SPLO2780
SPLO2790
SPL02800
SPLO2810
SPL02820
SPLO2830
SPL02840
SPL02850
SPL0O2850
SPLO2870
SPLO2880
SPL02890
SPL0O2900
SPLO2910
SPLO2920
SPL02930
SPL0O2¢%40
SPL02950
SPL0O2960
SPL02970
SPLO2¢980
SPL02990
SPLO3000
SPLO3010
SPL03020
SPL03030
SPLO3040
SPL0O3050
SPLO3050
SPLO2070
SPLO3080
SPLO3090
SPLO3100
SPLO3110
SPLO3120
SPL0O3130
SPL03140
SPLO3150
SPLO3160
SPLO3170
SPLO3180
SPL0O3190
SPL0O3200
SPLO3210
SPL03220
SPL0O3230
SPL0O3240
SPLO3250
SPL03260
SPL03270
SPLO3280
SPL0O3290
SPLO3300

PAGE 00006
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XsTP=10.0 SPLO3310
DO 5 I=1,N SPL03320
RMAX=MAX(RMAX,Y(I)) . SPL03330
RHIN=HIN(RMIN,Y(1)) SPLD3340

5 CONTINUE SPL03350
DO 6 I=1,N : SPL03360
IF(RMAX.EQ.Y(I)) THEN ) SPL0O3370
R1=I%0.02 SPLO3380
ELSE IF(RMIN.EQ.Y(I}) THEN " SPL0O339%0
R2=1I%0.02 SPLO3400
END IF SPLO3410

6 CONTINUE SPLO3420
DO 10 I=1,N SPL03430
IF(Y(I).GT.YMAX) YMAX=Y(I) SPL03440
IFIY(I).LT.YMIN) YMIN=Y(I) ’ SPL03450

10 CONTINUE SPL0O3460
YSTP=0.025 : SPL0O3470
CALL PAGE(11.0,8.5) SFL03480
CALL NG3RECR SPLO34¢%0
CALL PHYSOR(1.0,1.0) ) SPLO3500
CALL TITLEZ('TAFT SCHOOL RESPCNSE',20,'TIME SEC® SPLO3510
*,8, 'TOTAL HYDR. FORCE/STAT. FORCE',29,9.0,6.5) SPLO3520
CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX) SPL035320
CALL MESSAG('MAX = ',6,4.0,6) SPLO3540
CALL MZSSAG('MIN = ',6,4.0,5.5) ) SPLO3550
CALL REALNO(RMAX,+3,4.8,6) SPLO3560
CALL REALNO(RMIN,+3,4.8,5.5) SPLO3570
CALL MESSAG('AT X = *',7,5.8,6) SPLO3E80
CALL MESSAG('AT X = ',7,5.8,5.5) SPLO3590
CALL REALNO(R1,+2,6.6,6) SPLO3600
CALL REALNO(R2,42,6.6,5.5) - SPLO3610
CALL STRTPT(0.0,3.25) SPL03620
CALL CONNPT(9.0,3.25) SPLO3630
CALL CURVE(X,Y,N,0} . SPL03640
CALL ENDPL(O} ] SPLO3éS0
RETURN - SPLO3660
END SPLO3670
SUBROUTINE PLOT31(N,X,Y) SPLO3680
REAL X({N),Y(N) SPL0O3699D
YMAX=4200.0 . SFL03700
YMIN=-200.0 : SPLO3710
XMIN=0 SPLO3720
XMAX=4500 SPL0O3730
XSTP=500 SPL03740
D0 10 I=1,N : SPL03750
IF(Y(I).GT.YMAX) YMAX=Y(I) SPLO3760
IF(Y(ID.LT.YMIN) YMIN=Y(I) SPLO3770
10 CONTINUE SPLO3780
YSTP=50.0 SPL0O3790
CALL PAGE(11.0,8.5) SPL0O3800
CALL NCBRCR SPLO3810
CALL PHYSDR(1.0,1.0) SPLO3820
CALL TITLE('DFT OF ACCEL. - ABS. VALUE',26, SPLO3830
*'STEPS, 1 STEP=0.3068 RAD/S',26,'AMPLITUDE OF ACCELERATION', SPL03840

#25,9.0,6.5) SPLO3850
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10

CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)

CALL STRTPT(0.0,3.25)

CALL CONNFT(9.0,3.25)

CALL CURVE(X,Y,N,0)

CALL ENDPL(O)

RETURN

END

SUSBROUTINE PLOTS1(N,X,Y)

REAL X(N),Y(N)

PI=3.1641592653

YMAX=40.2

YMIN=-0.2

XMIN=0

®MAX=10

XSTP=1

D0 5 I=1,N

RMAX=MAX(RMAX,Y(I))

EMIN=MIN(RMIN,Y(I)})

CONTINUE

DO 6 I=1,N

IF(RMAX.EQ.Y(I}) THEN

R1=(I%0.3068)/(2%P1)

ELSE IF(RMIN.EQ.Y(I)) THEN

R2=(1I%0.3068)/(2%PI1)

END IF

CONTINUE

DO 10 I=1,N

IF(Y(I).GT.YMAX) YMAX=Y(I)

IF(Y(I).LT.YMIN) YMIN=Y(I)

CONTINUE

YSTP=0.05

CALL PAGE(11.0,8.5)

CALL NCBRDR

CALL PHYSOR(1.0,1.0)

CALL TITLE('HARM. RESPONSE - ABS. VALUE',27,
%'FREQUENCY HZ',12,'TOTAL HYDR. FORCE/STAT. FORCE*,
%29,9.0,6.5) '

CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX)

CALL MESSAG('MAX = ',6,4.0,6)

CALL MESSAG('MIN = ',6,4.0,5.5)

CALL REALNO(RMAX,42,4.8,6)

CALL REALNO(RMIN,+2,4.8,5.5)

CALL MESSAG('AT X = ',7,5.8,6)

CALL MESSAG({'AT X = ',7,5.8,5.5)

CALL REALND(R1,42,6.6,6)

CALL REALNO(R2,42,6.6,5.5)

CALL STRTPT(0.0,3.25)

CALL CONNPT(9.0,3.25)

CALL CURVE(X,Y,N,0)

CALL ENDPL(O)

RETURN

END

VM/HPO 4.2 CMS SL422

SPLO3860
SPLO3870
SPLO3880
SPL0O3890
SPL03900
SPLO3910
SPL03920
SPLO3930
SPL03940
SPL0O3950
SPLO3950
SPLO3970
SPLO3980
SPL03990
SPL0O4000
SPL0O4010
SPL04020
SPLO4030
SPL04040
SPLO4050
SPLO4060
SFL04070
SPL0O4080
SPL0O4090
SPL04100
SPLO%4110
SPL04120
SPLO4130
SPL04140
SPLO4150
SPL04160
SPL04170
SPL04180
SPL0O4190
SPL04200
SPLO4210
SPL04220
SPL04230
SPL04240
SPL04250
SPL04260
SPL04270
SPL04280
SPL0OG290
SPLO4300
SPL04310
SPLO4320
SPL04330
SFL04340
SPL04350
SPL0G360
SPL0O4370

PAGE 00008
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v

RRRRRRRRRRR S$SSSSSSSSS cceceececcece SSSSSSSSSS 777777777777 00000000 777777777777 9999999999

RRRRRRRRRRRR SSSSSSSSSSSS CCCCCCCCCCCC  SSSSSSSSSSSS 77777777777 0000000000 77777777777 999999999999
RR RR SS Ss CC cC ss Ss 77 77 00 0000 77 77 99 929
RR RR SS cc SS 77 00 00 00 77 99 929
RR RR SSS cc SSS 77 00 00 00 77 99 929
RRRRPRRRRRRR  SS5SSSSSS cc SSSSSSSSS 77 00 00 00 77 999999999599
RRRRRRRRRRR SSSSSSSSs  CC SSSSSSSSS 77 00 00 00 77 999999999999
RR RR 8ss CcC SSS 77 00 00 00 77 99
RR RR SS CC SS 77 0000 0o 77 929
RR RR SS Ss CC CC Sss SS 77 000 00 77 99 99
RR RR  SSSSSSSSSSSS  CCCCCCCCCCCC  SSSSSSSSSSSS 77 0000000000 77 999999999999
RR RR  SSSSSSSSSS cceeececcece SSSSSSSSSS 77 00000000 77 9999999999

EEEEEEEEEEEE NN NN DODCODDDD 777777777777 00000000 777777777777 9999999999

EEEEEEEEEEEE NNN NN DDDDDDDDDD 77777777777 0000000000 77777777777 999999999999
EE NNNN NN DD DD 77 77 00 0000 77 77 29 99
EE NN NN NN DD DD 77 00 00 00 77 99 99
EE NN NN NN DD DD 77 00 00 00 77 99 99
EEEEEEEE NN NN NN DD DD 77 60 00 00 77 999999999999
EEEEEEEE NN NN NN DD Do 77 00 00 00 77 999999999999
EE NN NN NN DD DD 77 00 00 00 77 29
EE NN . NNNN - DD oD 77 0000 00 77 99
EE NN NNN DD DD 77 000 00 77 99 99
EEEEEEEEEEEE NN NN  DDDDDDDDDD 77 0000000000 77 999999992999
EEEEEEEEEEEE NN N -DDDDDDDDD 77 00000000 77 9999999999

€363 I6 36 6 IEIE IE I IE- I 6 IEIE IE 36 I I 3¢ 36 3676 36 36 IEI6 I6 36 26 36 6 36 I6 36 36 3¢ 36 IE 32 36 I 36 36 36 36 36 I6 36 I6 36 J6 IE 36 IE 3 I6 36 I6 26 I6 36 JE IE 363 36 36 .36 IE I6 IE IEIE I6 6 IE IE IC IE IE IE 6 I IE I 6 IE 36 IEI6 I6 6 3636 IE IE IE I IE IE IE IE JE I6 I6 6 IE J I I I6 36 I 6 IEIEIE I 36 I6 I IEIEIE I 36 2 6
63636 36 I6 36 36 36 3636 36 36 36 36 IE 6 36 3636 36 I 36 6 3 36 36 36 36 36 6 IE 36 I 36 36 3656 36 6 IEIEIE I I I I I6 36 I 636 36 36 36 I6 I 6 36 6 36 36 3636 36 36 J6 36 I I IEIE 36 36 36 J6 IE 6 6 36 6 36 36 36 3 36 I6 36 36 6 IE I 6 JE I JEIEIEIEIE I 53636 36 36 I6 I6 IE I IEIE I JIEIE 36 3636 I 36 I6 W I I I IEIE 3 36 36 3¢
FEIEIE 33636 2636 IE 3636 I I 96 I6 6 366 36 36 JE I6 IEIEIEIE 36 36 36 I6IE 3 36 36 36 3636 36 JIEIEIEIE IE I IEIE I6 6 I6 3 I6 JE I I6 6 JEIEIEIEIE IE JE J6 36 36 3 IE IE IE I IE IE I I I6 6 I I IEIE I I IEIEIEIEIEIEIE I IE I IEIEIEIEIEIE I I 36 JE 6 IEIEIEIE I IE I IE I IEIEIEIEIEIEIE I INIEIEIE I 336 3626
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B.5  Program SUM FORTRA Al



7

DATE/TIME= AUG 13,

RRRRRRRRRRR MM MM
RRRRRRRRRRRR MMM MMM
RR RR  MMMM MMMM
RR RR MM MM MM MM
RR RR MM MMMM MM
RRRRRRRRRRRR MM MM MM
RRRRRARRRRRR MM MM
RR RR ™ MM
RR RR MM MM
RR RR MM MM
RR RR - MM MM
RR RR MM MM
MM MM
MMM MMM
MMMM MMMM
MM MM MM MM
MM MMMM MM
MM MM MM
MM MM
MM MM
MM - MM
MM MM
MM MM
MM MM
JIJJIIJIIS AAAAAAAAAA  BBBBBBBBBBB
JJJJIJIJIJJ  AAAAAAAAAAAA BBBBBBBBBBBB
JJ AA AA BB BB
JJ AA AA BB BB
JJ AA AA BB BB
JJ AAAAAAAAAAAA BBBBBBEBBB
JJ AAAAAAAAAAAA BBBBBBBBBB
JJ AA AA BB BB
JJ JJ AA AA BB BB
JJ JJ AA AA BB B8
NNNRNS SN AA AA BBB3BBBBBBBB
NENNNN AA AA BBBBBBBBSBB
RRRRRRRRRRR $SSSSSSSSS ccceeeccecc
RRRRRRRRRRRR SSSSSSSSSSSS CCcccccccecce
RR RR SS ; ss ¢cC cc
RR RR SS cc
RR RR SSS cc
RRRRRRRRRRRR  SSSSSSSSS cc
RRRRRRRERRR §8888SSSs = CC
RR RR sss CC
RR RR Ss CC
RR RR Ss Ss ccC cc
RR RR  SSSSSSSSSSSS  cccccccceecce
RR RR  S$SSSSSSSSS ccceeccccce

USER ACCOUNT= ALEXNMP
NODES O\ENC=NRCVMO1l \NRCVMO1l \NRCVMO1l
JOB = J7310 START

1990 12:10:54

PRINT: CLASS= E

LL

LL

LL

LL

LL

LL

LL

LL

LL

LL

LLLLLLLLLLLL

LLLLLLLLLLLL
SSSSSSSSSS

SSSSSSSSSSSS

Ss Ss

SS

SSS
SSSSSSSSS
SSSSSSSSS

SSS
Ss

33 ss

S5SSSSSSSSSS
S$SSSSSSSSS

1
11
1111
1111
2222222222
222222222222
22 ‘22
: 22
22
22
22
22
22
22
222222222222
222222222222
0000000000c0
000000000000
00 0a
0o oa
Q0 oo
co o0
oo 00
0o oa
2o} 00
0o oo
000000000000
000000000000
777777777777
77777777777
77 77
77
77
77
77
77
77
77
77
77

| DR. A.JABLONSKI

|

| FORMS= S1PT | RM. 151
| FCB= STD8 | M-20

| ucs= GT1S ]

11 5555555555585 11
11 555555555555 111
11 55 1111
11 55 11
11 55 11
11 BEEEE5555 11
11 5555555555 11
11 55 11
11 55 11
11 55 11
111111 5555856555555 1111111111
111111 55555555555 1111111111
00000000
0000000000
00 0000
00 00 o0
00 00 00
60 00 00
00 00 00
00 00 0o
0000 00
000 00
0000000000
00000000
NN NN  SSSSSSSSSS KK KK
NNN NN SSSSSSSSSSSS KK KK
NNNN NN SS SS KK KK
NN NN NN SS KK KK
NN NN NN SSS KK KK
NN NN NN  SSSSSSSSS KKKKKKK
NN NN NN SSSSSSSSS KKKKKKK
NN NN NN §SS KK KK
NN NNNN SS KK KK
NN NNN  SS SS KK KK
NN NN SSSSSSSSSSSS KK KK
NN N  $888SsSSss KK KK
33323333333 11 00000000
333333333333 111 0000000000
33 23 1111 00 0000
33 11 00 00 00
33 11 00 00 00
3333 11 60 00 00
3333 11 00 00 00
33 11 00 00 00
33 11 0000 00
33 33 11 000 00
333333333333 1111111111 Q00000000
3333333333 1111111111 00000000
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N

FILE: SUM

o0 OOCO0O0O0OOOO00000

10

20

15

PROGRAM SUM

CALCULATES THE SUM OF EARTHQUAKE RESPONSES
TO VERTICAL AND HORIZONTAL COMPONENTS

OF GROUND MOTION

PROGRAMMER: ALEXANDER M. JABLONSKI

DATE: AUGUST 2, 1989
MODIFIED: FEBRUARY 1, 1990

CENTER: STRUCTURAL SECTION
INSTITUTE FOR RESEARCH IN CONSTRUCTION
NATICNAL RESEARCH COUNCIL, CANADA

PROGRAM SUM

PARAMETER(NT=4096)
REAL EH(NT), EV(NT), E(NT), X(NT)

CHARACTER%22 SUM1H,SUM1V

DATA SUM1H/'/SUM1H OUTPUT Al'/

DATA SUM1V/'/SUM1V OUTPUT Al'/
OPEN(2,FORM="'FORMATTED ' ,STATUS="0LD',FILE=SUM1H)
OPEN(3,FORM="'FORMATTED ' ,STATUS="'0LD "', FILE=SUM1V)

CALL NOMDEV(1)

READ(2,%)(EH(I),I=1,NT)
READ(3,%]}(EVII),I=1,NT)

DO 10 I=1,NT
E(XI)=ER(I)+EV(I)
CONTINUE

DO 20 I=1,NT

X(I)= 0.005%REAL(I)
CONTINUE

CALL PLOT1(NT,X,E)
CALL DONEPL

sTOP

END

SUBRDUTINE PLOTL(N,X,Y)
REAL X{N),Y(N)
RMAX=0.0

RMIN=0.0

DD 15 I=1,N
RMAX=MAX(RMAX,Y(I)}
RMIN=MIN(RMIN,Y(I))
CONTINUE

DO 16 I=1,N
IF(RMAX.EQ.Y(X}) THEN
I1=I%0.005

FORTRAN Al NATIONAL RESEARCH CDUNCIL OF CANADA

s

VM/HPO 4.2 CMS SL422

SUM0O0010
SuUM00020
SuMooo3go
SUM00040
SUM00050
SUM00060
SUM00070
SUM0O0080
SUM00090
SUM00100
SUM00110
SuUM00120
SUM00130
SUM00140
SUM00150
SUM00160
SUM00170
SurMoc180
SUM00190
SUM00200
SUM00210
SUM00220
SUM00230
SUM00240
SUM00250
SUM00260
SUM00270
sSuM00280
SUM00290
SUM00300
SUM00310
SuUMD0320
SUM00330
SUM00340
SUM00350
SUMC0360
SUM00370
SuMo0380
SuM0G390
SUM00400
SUM00410
SUM00420
SUM00430
SUM00440
SUM00450
SUM00460
SUM00470
SUM00480
SUM00490
SUM00500
SUMO0510
SUM00520
SUMOC530
SUMB0S40
SUM00550

PAGE 00001
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FILE: SUM FORTRAN Al NATIONAL RESEARCH COUNCIL OF CANADA ... VM/HPO 6.2 CMS SL422 PAGE 00002

ELSE IF(RMIN.EQ.Y(I)) THEN SUMO0560
12=I%0.005 . SUM00570
END IF ) SUM0OQ580
16 CONTINUE SUM00590
YMAX=+0.5 SUM00600
YMIN=-0.5 SUMO0610
XMIN=0 SUM00620
XMAX=25.0 SUMG0630
XsTP=2.5 SUM00640
DO 10 I=1,N SUM00650
IF(Y(I).GT.YMAX) YMAX=Y(I) SUM00660
IF(Y(I).LT.YMIN) YMIN=Y(I) SUMCO0670
10 CONTINUE : SUM00680
YSTP=0.10 SUM00690
CALL PAGE(11.0,8.5) ) SUM00700
CALL NOBRDR SUMOO710
CALL PHYSOR(1.0,1.0) SUM00720
CALL TRIPLX SuM00730
CALL TITLE('MANIC3.1 COMB. SAGUENAY CHICOUTIMI RESPONSE',43,° SUM00740
&TIMZ SEC',8,'TOTAL HYDR. FORCE/STAT. FORCE',29,9.0,6.5) SUM00750
CALL GRAF(XMIN,XSTP,XMAX,YMIN,YSTP,YMAX) SUM00760
CALL MESSAG('MAX = ',6,4.0,6) SUM00770
CALL MESSAG('MIN = ',6,4.0,5.5) SUMD0780
CALL REALNO(RMAX,+3,4.8,6) SUM00790
CALL REALNO{RMIN,+3,4.8,5.5) SUM00800
CALL MESSAG('AT X = ',7,5.8,6) SUMO0810
CALL MESSAG('AT X = ',7,5.8,5.5) SUM00820
CALL INTNO(I1,6.6,6) SUM00830
CALL INTNO(IZ2,6.6,5.5) SUM00840
CALL STRTPT(0.0,3.25) SUM0O0850
CALL CCONNPT(9.0,3.25) SUM0O0860
CALL CURVE(X,Y;N,0) suMo0o870
CALL ENDPL(O) SUM00380
RETURN . SUM00890
END SUM00900
C SUMO0910

c THIS IS THE END OF PROGRAM SUM SUM00920
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RRPRRRRRRRR SSSSSSSSSS cceceeecece SSSSSSSSSS 777777777777 3333333333 11 00000000
RRRRRRRRRRRR SSSSSSSSSSSS CCCCCCCCCCCC  SSSSSSSSSSSS 77777777777 333333333333 111 0000000000
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RR RR SS cc SS 77 33 11 00 00 00
RR RR SSS cc SSS 77 33 11 00 00 00
RRRRRRRRRRRR  SSSSSSSSS cc SSSSSSSSS 77 3333 11 00 00 00
RRRRRRRRRRR $88855SSS CC SSSSSSSSS 77 3333 11 00 o0 (o]
RR RR §ss CC SSS 77 33 11 00 00 00
RR RR §S CC SS 77 33 11 0000 00
RR RR SS Ss ccC CC ss SS 77 23 33 11 000 00
RR RR  SSSSSSSSSSSS  CCCCCCCCCCCC  SSSSSSSSSSSS 77 3333332333333 1111111111 0000000000
RR RR  SSSSSSSSSS ccecececcce SSSSSSSSSS 77 3333333333 1111111111 00000000
EEEEEEEEEEEE NN NN DDDDDDDDD 777777777777 3333333333 11 00000000
EEEEEEEEEEEE NNN NN DODDDDDDD 77777777777  333333I3IIIIIZ 111 0000000000
EE NNNN NN DD DD 77 77 33 33 1111 00 0000
EE NN NN NN DD DD 77 33 11 00 00 00
EE NN NN NN DD Do 77 33 11 00 G0 00
EEEEEEEE NN NN NN DD bD 77 3333 11 00 00 00
EEEEEEEE NN NN NN DD DD 77 3333 11 00 00 00
EE NN NN NN DD DD 77 33 11 00 00 00
EE NN NNNN DD bD 77 33 11 0000 00
EE NN NNN DD DD 77 33 33 11 000 00
EEEEEEEEEEEE NN NN  DDDDDDDDDD 77 333333333333 1111111111 0000000000
EEEEEEEEEEEE NN N DDDDDDDDD 77 3333333333 1111111111 00000000
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