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ABSTRACT

The objective of this repert is to present input-output manuals,
sample runs and outputs of programs RCNATOUT, RCLINDYN, RCNATIN,
RCLINDYT, RCFORC1, RCLINDY3, RCFORCE, RCLINDY2, ORTHOG and ORTHOGI
which are used in the

0 estimation of the out-of-plane natural frequencies and

corresponding mode numbers

0 solution of the out-of-plane linear dynamic eigenproblem

o estimation of the in-plane natural frequencies and corre-

sponding mode numbers

0 solution of the in-plane linear dynamic eigenproblem

o solution of the out-of-plane linear dynamic problem for a

given frequency and amplitude of excitation at the top

o0 alternate solution of the out-of-plane Tinear dynamic eigen-

problem

0 solution of the in-plane linear dynamic problem for a given

frequency and amplitude of excitation at the top

0 ailternate solution of the in-plane Tinear dynamic eigenproblem

0 evaluation of the orthogonality condition of out-of-plane

natural modes, and

0 evaluation of the orthogonality condition of in-piane natural modes

of a compiiant riser with a planar static configuration without torsion,

respectively.

The initial approximations and the theory implemented in these programs

can be found in M.I.T. Sea Grant Report 85-19,
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Chapter I
INTRODUCTICON

The programs presented in this report solve the three-dimensional Tinear
dynamic problem of a compliant riser with a planar static configuration with-
out torsion. The sequence of steps the prospective user is supposed to
follow are described next.

0 Initially the user should use program RCINPUT for the preparation
of geometrical, structural and hydrodynamic characteristics of
compliant risers. This program is described in [3].

0 Next the 2-D static compliant riser problem should be solved for
the required excitation. Program RCSTAT2D s used for this step,
as described in [3].

0 Next it is suggested that the user employs programs RCNATOUT and
RCNATIN to obtain an estimate of the natural frequencies and mode
numbers for out-of-plane and in-plane motion of a compliant riser
with a planar static configuration without torsion. The above step
is not appropriate in a case of Zero current velocity since the
asymptotic theory used in RCNATOUT and RCNATIN is no longer valid [47.
This special case is treated below.

0 Using the natural frequency estimates, the out-of-plane Tinear dynamic
eigenproblem is solved using RCLINDYN and the in-plane Tinear dynamic
eigenprobliem is solved using RCLINDYT.

0 For the case of zero current velocity the out-of-piane linear dynamic

problem is solved as follows:



The program RCFORCT is used to obtain the out-of-plane linear forced
dynamic response for a certain frequency and amplitude of excitation at
the top without damping. The output from this program is then used as
an input to program RCLINDY3, which solves the out-of-piane linear dynamic
eigenproblem. The above method for zero current can be also used for
arbitrary currents,

0 For the case of zero current velocity the in-plane linear dynamic
problem is solved as follows: \

The program RCFORCE is used to obtain the in-plane linear forced 4
dynami; response for a certain frequency and amplitude of excitation at
the top without damping. The output from this program is then used as an
iriput to program RCLINDY2, which solves the in-plane linear dynamic eigen-
problem. The above method for zero current can be also used for arbitrary
currents.

o Finally, Programs ORTHOG and ORTHOG] can be used to evaluate the
orthogonality of cut-of-plane and in-plane natural modes. This provides
a check of the accuracy of numerical results.

A flowchart of the above procedures can be found in Table 1 below.
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10
Chapter I1
II.T Input-Cutput Manual for Out-of-Plane Natural
Freguency and Mode Number Estimation Program, RCNATOUT
This program is written in FORTRAN 77 and allows the interactive
estimation of the out-of-plane natural frequencies and the corresponding
mode numbers of compliant risers using an asymptotic method described in [4].

Before executing the program the user must make sure that

Devices five and six correspond to input/output from the terminatl,

0
0 Device eight must be associated with the data file containing geometric,
structural and hydrodynamic characteristics of the compliant riser

created by a previous execution of the data preprocessing program
- RCINPUT. This file has a logical record length of 80 characters.
0 Deviceften must be associated with the input data file containing
the non-dimensional static planar solution created by RCSTATZD.
This file has a logical record Tength of 132 characters.
0 Device eleven must be associated with an output file with logical record

length of 80 characters. Thig file contains the converged natural
frequencies and mode numbers as well as the characteristic equation
values at a series of frequency points. These natural frequency

estimates can be used as inputs for a run of RCLINDYN.

Input Yariables [Free Format]

At the beginning of the program the static 2-D solution created from
RCSTAT2D is read from device ten. The user is informed about the mean
current velocity in the x direction and the maximum non-dimensional static

effective tension. If the number of static division points is less than four
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or greater than the value of MNP {(Maximum Number of Allowable Points)
the program halts execution. If the mean velocity is zero, the program
halts execution because the asymptotic theory is no longer valid.

Then the geometric, structural and hydrodynamic characteristics of
the compliant riser are read from the file associated with device eight.
The user has the opportunity to review this data on his terminal and
decide either to continue with the program or stop (see [3]).

The user is then asked to input the upper Timit of the frequency range
and frequency spacing {in rad/s) for which he wishes to evaluate the char-
acteristic equation for the eigenfrequencies. The default lower limit of
the frequency range is 0.01 rad/s. The maximum permissible number of fre-
quency points is also displayed. The frequency spacing should be such,
so that the frequency points are less than the maximum allowable points.

Then the user is asked if he wants to change the value of
v = (E1™(0)/L%)/2

(for definition of variables see [4]) to be used to determine the approxi-
| mate natural frequencies for the out-of-plane problem. If he decides to
change v, he is asked the new value for wu.

Next the program evaluates the characteristic equation at all points
in the frequency range. Then the natural frequencies in the specified
range are determined. This is done by checking the change of sign in the
characteristic eguation. Finally, the program prints the following results

in the file connected with device 11:
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0 Number of natural frequencies in the specified frequency range.

o Mode number and corresponding natural frequency estimate.

o Two columns of real numbers, the first of which is the fregquency
{in rad/s) and the second, the corresponding value of the char-

acteristic determinant at this frequency.

11.2 Sample Run, Input and Output
I1.2.17 Linear Current Excitation

I1.2.1.1 Interactive Session

INPUT
Device 5 = TERMINAL

Device 8 = RCJOAOT DATA A
Device 10 = RCCL2DRR DATA A

QUTPUT
Davice 6 = TERMINAL

Device 11 = FREQOUT DATA A
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I1.2.1.2 RCJOAOT DATA A
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11.2.1.3 RCCLZ2DRR DATA A
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Chapter III
TTI.T Input-Output Manual for the Out-of-Plane
Linear Eigenproblem Solution Program, RCLINDYN
This program is written in FORTRAN 77 and allows the interactive
solution of the out-of-plane linear eigenprab}em for a compliant riser
with a planar static configuration without torsion, as described in [4].

Before executing the program the user must make sure that

o Devices five and six correspond to input/output from the
terminal

0 Device eight must be associated with the data file containing
geometric, structural and hydrodynamic characteristics of the
compliant riser created by a previous execution of the data
preprocessing program RCINPUT. This file has a logical record
length of 80 characters.

o Device nine must be associated with an output data file with
logical record length of 132 characters which upon completion
of the program contains a complete Tist of the inputs, initial
approximation and the converged solution of the problem.

o Device ten must be associated with the input data file containing
the non-dimensional static planar solution created by RCSTAT2D.
This file has a logical record length of 132 characters.

o Device eleven must be associated with an cutput file with logical
record length of 117 characters. This file contains the converged
solution of the problem in a concise form appropriate for use in
the preparation of illustrations and/or as an input to RCLINDYN

from device twelve in a subseguent execution of this program.
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o Device twelve may be associated with an input file containing
an initial approximate solution of an out-of-plane linear
dynamic problem, resulting from a previous execution of RCLINDYN.
This option can be used if greater accuracy is needed for the
solution of the problem. [Qevice twelve may be associated with
a dummy file name if this option is not used.

Input Variables [Free Format]

At the beginning of the program the static 2-0 solution created from
RCSTAT2D is read from device ten. The user is informed about the mean
current velocity in the X direction and the maximum non-dimensional static
effective tension. If the number of static discretization points is less
than four or greater than the value of MNP (maximum number of allowable
points) the program halts execution. If the mean velocity is zero, the
program halts execution because the asymptotic theory is no longer valid.

Then the geometric, structural and hydrodynamic characteristics of
the compliant riser are read from the file associated with device eight.
The user has the opportunity to review this data on his terminal and decide
gither to continue with the program or stop, see [3].

Next the user is asked whether he wants the initial approximation to
be calculated using asymptotics (input IEXIST = 0) or whether he wants to use
the option to read an initial approximation from device twelve created by a
orevious run of the same program (input IEXIST = 1).

Case 1 (IEXIST = Q)

The user is asked whether he wants to change the value of vz(EEm(O)/T-LZ)I/2
to be used to determine the natural frequency for the out-of-plane solution.

If he wants to change it, he.is asked the. new vaiue for .
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Next the user is asked to supply an initial guess for the natural fre-
quency in rad/s. The information for the approximate natural frequencies
is obtained by running RCNATOUT program which provides an estimate of the
natural frequencies and their corresponding mode-number.

The program calculates the approximate natural frequency using the
asymptotic theory and displays its value. Then the user is given the
alternatives:

o Input 1 if he wants to redo the calculation. This can be

used in case the converged frequency doesn't correspond to the
mode which the ase? wants to evaluate.

o Input 2 if he chooses to stop the program.

0 Input any other integer to continue with the program.

Next the user is asked to input the mode number corresponding to the
approximate natural frequency, as determined from RCNATOUT program.

The initial asymptotic approximation is evaluated and the orthonormalizing
constant used for r and ¥, as well as the fourth boundary condition at

s = 0 are printed. The user is then asked if he wants to review the initial
approximation by displaying it in his terminal. If he chooses to do so, he
should input 1. Subsequently the approximate solution is printed in the file
associated with the device nine. The following quantities are printed:

o MNumber of discretization points NP

o Natural fregquency (rad/s)

o Order of point {starting from the Tower end)

o Non-dimensional arc length

o Non-dimensional shear force in the n direction, Q?
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o Non-dimensional component of rate of rotation about f, Q%
o Non-dimensional component of rate of rotation about Z, u%
o Euler angle Bi

0 Euler angle 51 or $]

0 Non-dimensional displacement r

0 Non-dimensional natural frequency

Subsequently the program prints the maximum of the absolute value of the
initial {£=0) non-dimensional component of 51 in the E direction. This
number is used to estimate a reasonable tolerance for convergence of
iterations. The user is requested to input a tolerance as a fraction of
this number; e.g., 0.01 for 1% tolerance or better for all quantities of
interest. Typically Q? will be determined with an accuracy a little better
than the above fraction and all other variables will be even more accurate.

The user is given the opportunity to stop the program at this point
if he wishes. He should input 0 if he wants to stop.

If he chooses to continue he s asked to input the initial increment
of the continuation parameter & (condition O0<&<1). If no continuation
is required, then use &=1. If continuation is required, then &=0.1 will
usually suffice. For large changes between initial and final problem a
smaller value of &, e.g., 0.05 or 0.025 might be necessary.

Case 2 (IEXIST = 1)

In this case an initial approximation %o the solution for ==1 is avail-
able from a previocus run of RCLINDYN. The program reads the information
from the previous run concerning the number of division points, NP, the mode
number and the corresponding natural freguency. If the number of division

points 1s greater than MNP, the program stops execution..
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Then the user has the option to review the initial approximation by
displaying it in his terminal. The assumed boundary condition for the
curvature at the lower end of the riser is also printed.

Subsequently, the program prints the maximum of the absolute values
of the initial component of ﬁs in the g direction. This number is used
to estimate a reasonable tolerance for the convergence of iterations.

The user is requested to input a tolerance as a fraction of this number;
e.g., 0.01 for 1% tolerance or better for all quantities of interest.
Typically, Q% will be determined with an accuracy a 1ittle better than the
above fraction and all other variables will be even more accurate. Sub-
sequently the user is given the opportunity to halt the execution of the
nrogram.

After the initial approximation is fully defined the program enters
NAG subroutine DOZRAF which provides the iterative numerical solution to
the problem. The manual of this subroutine is included in Chapter X. The
input value of IFAIL is 111, indicating that the soft failure option with
error message and monitoring information printing has been selected. Error
messages are directed to device six.

Once the execution of DOZRAF is completed, the current value of IFAIL
is printed on the terminal. For an explanation of this parameter, see NAG
manuai for DOZRAF, Chapter X. Onily if IFAIL=0 or IFAIlL=4, the execution of
the grogram continues with printout of the riser characteristics and the
final solution of the problem. Ctherwise, the program stops. When [FAIL#0,
the user should consult the manual quoted above for interpretation of the

results and a possible course of action.
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If TFAIL=0 or 4, the riser characteristics and the final soclution
of the problem are printed in the file associated with device nine. For
the riser characteristics the same format is used as in program RCSTATZD.
This is described in [3] (pp. 23-25).

Following, the non-dimensional out-of-plane solution is written in
the file associated with device nine. The mode number, natural frequency
and final number of points NP at which the solution is available is printed
first. Then the following data is printed for I[=1 fo NP:
s, 01, 0F, 9%, 8, 8, 1, 2
with
FORMAT (8{1X, D10.4)).
Next, the maximum {non-dimensional) estimated errors of Q?, Q%, Of, 81, 2,

L provided by the NAG subroutine DOZRAF are printed. Subsequently, the

following data is written in the file associated with device eleven:
MODE, NP, SIGMAD: Mode number, number of points at which converged solution
is available and dimensional natural frequency (in rad/s} with
FORMAT (1x, I2, 1X, I3, 1X, D10.4) and
For I=1 to NP the non-dimensional

LA
Q]s .a&-ia ]s 'I; 8:

r, £, and dimensional current velocity VC(S)'
with

FORMAT (9{1x, Di12.86))

The data written in the file associated with device eleven, due to their
simple form, can be used very easily as input to plotting programs. In
addition, this data is useful in subsequent runs of RCLINDYN, if such an

option s selected.
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111.2 Sample Run, Input and Output

I
1

I1.2.17 Linear Current Excitation

11.2.1.1 Interactive Session

INPUT

Device 5
Device 8
Device 10

Device 12

QuUTPUT
Device b
Device 9

Device 11

ks

H

H

it

H]

TERMINAL

RCJOAODT DATA A*
RCCL2DRR DATA A*
DUMMY DATA A

TERMINAL
JOAOT DATA A
JOAQTA DATA A

Files included in Chapter II.
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Chapter IV
IV.1 Input-Output Manual for IﬁmPfane Natural Freguency
and Mode Number Estimation Program, RCNATIN

This program is written in FORTRAN 77 and allows the interactive
estimation of the in-plane natural frequencies and corresponding mode
numbers of compliant risers with a planar static configuration without
torsion using an asymptotic method described in [4].

Before executing the program the user must make sure that:

o Devices five and six correspond to input/output from the
terminal.

o Device eight must be associated with the data file containing
geometric, structural and hydrodynamic characteristics of the
compliant riser created by a previous execution of the data
preprocessing program, RCINPUT. This file has a logical record
length of 80 characters.

o Device ten must be associated with the input data file containing
the non-dimensional static planar solution created by RCSTATZD.
This file has a Togical record length of 132 characters.

0 Device eleven must be associated with an output file with Togical
record length of 80 characters. This file contains the converged
natural frequencies and mode numbers as well as the determinant
of the characteristic matrix at a series of frequency points.
These natural frequency estimates can be used as inputs for a run

of RCLINDYT.
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Input Variables [Free Format]

At the beginning of the program the static 2-D solution created
from RCSTATZD is read from device ten. The user is informed about the
mean current velocity in the x direction and the maximum non-dimensional
static effective tension. If the number of static division points is
less than four or greater than the value of MNP {maximum number of allow-
able points), the program halts execution. If the mean velocity is zero,
the program halts execution because the asymptotic theory is no longer
valid. Then the geometric, structural and hydrodynamic characteristics of
the compliant riser are read from the file associated with device eight.
The user has the opportunity to review this data on his terminal and decide
either to continue with the program or stop (see [3]).

The user is then asked to input the upper Timit of the frequency
range and frequency spacing (in rad/s} for which he wishes to evaluate the
characteristic determinant. The default lower 1imit of the frequency range
is 0.01 rad/s. The maximum permissible number of frequency points is also
displayed. The frequency spacing should be such so that the freguency
points are Tess than the maximum allowable points.

The user is asked to input the normal drag coefficient used in the
static solution. Its value together with the mean current speed is then
displayed. The program then asks the user to input estimates for » and T,
see [2,3]. These values will be used for the cable approximation of the
planar static solution. X must have the sign of the mean current speed

which is also displayed and for small top x (static) displacements, a good

estimate for c is -1/2%, [3].
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The program calculates X and ¢ using NAG subroutine COSNBF and
displays the solution as well as the values of the functions used to
determine the solution. These functions should, ideally, be zero.

The user 1is given the opportunity to redo the calculation of A and ¢

by trying a different initial estimate (input IPP=1}, [3]. Then the
program evaluates the characteristic frequency determinant at all points
in the interval requested. The determinant includes contributions from
the fast and slow in-plane dynamic solutions, see [4].

Then the natural frequencies in the specified range are determined.
This is done by checking the change of sign in the characteristic frequency
determinant. The program then outputs the results.

In the file connected with device eleven the following are printed:

o Number of natural frequencies in the specified frequency range.

0o Mode numbers and corresponding natural frequency estimate.

o Two columns of real numbers, the first of which is the frequency

(in rad/s) and the second, the corresponding value of the

characteristic determinant at this frequency.

IV.2 Sample Run, Input and Qutput
IV.2.1 Linear Current Excitation

I¥.2.1.1 Interactive Session

INPUT
Device 5 = TERMINAL

Device 8 = RCJOADT DATA A
Sevice 10 = RCCL2DRR DATA A¥

* -
Files inciuded in Chagter Il
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QUTPUT
Device 8 = TERMINAL
Device 11 = FREQIN DATA A
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IV.2.71.2 FREQIN DATA A
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Chapter V

V.1 Input-Output Manual for the In-Plane Linear
Eigenproblem Solution Program, RCLINDY]

This program is written in FORTRAN 77 and allows the interactive
solution of the in-plane linear eigenproblem for a compliant riser
with a planar static configuration without torsion as described in [4].

Before executing the program the user must make sure that:

0o Devices five and six correspond to input/output from the

terminal.

0 Device eight must be associated with the data file containing

geometric, structural and hydrodynamic characteristics of the

compliant riser created by a previous execution of the data

preprocessing program RCINPUT. This file has a togical record

length of 80 characters.

0 Device nine must be associated with an output data file with
Togical record length of 132 characters which upon completion

of the program contains a complete list of the input, initial

approximation and the converged solution of the problem.

0 Device ten must be associated with the input data file containing

the non-dimensional static planar solution created by RCSTATZ2D.

This file has a logical record fength of 132 characters.

0 Device eleven must be associated with an output file with Togical

record length of 117 characters. This file contains the converged

solution of the problem in a concise form appropriate for use in

the preparation of illustrations and/or as an input to RCLINDYT

from device twelve in a subsequent execution of this program.
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0 Device twelve may be associated with an input file containing an
initial approximate solution of an in-plane linear eigenproblem,
resulting from a previous execution of RCLINDYI. This option
can be used if greater accuracy is needed for the solution of
the problem. Device twelve may be associated with a dummy file
name if this option is not used.

Input Variables [Free Format]

At the beginning of the program the static 2-D solution created from
RCSTATZD is read from device ten. The user is informed about the mean
current velocity in the x direction and the maximum non-dimensional static
effective tension. If the number of static discretization points is Tess
than four or greater than the value of MNP (maximum number of allowable
points), the program halts execution. If the mean velocity is zero, the
program halts execution because the asymptotic theory is not valid for this
case. Then the geometric, structural and hydrodynamic characteristics of
the compliant riser are read from the file associated with device eight.
The user has the opportunity to review this data on his terminal and decide
either to continue with the program or stop, see [3].

Next, the user is asked whether he wants the initial approximation to
be calculated using asymptotics {input IEXIST=0) or whether he wants to use
the option to read an initial approximation from device twelve created by a
orevious run of RCLINDY1 [(dinput IEXIST=1}.

Case 1 (IEXIST = 0)

The user is asked to input the initial increment of the continuation

parameter S {condition O<de<l). If no continuation is required, then use &=1.
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If continuation is required, then & =0.] will usually suffice. For large
changes between initial and final problem, a smaller value of &, e.q.
0.05 or 0.025 might be necessary. The user is asked to input the normal
drag coefficient used in the static solution. Its value, together with
the mean current speed, is subsequently displayed. The program asks the
user to input estimates for X and ¢ [2,3]. These values will be used for
the cable approximation of the planar static solution. 1 must have the sign
of the mean current speed, which is also displayed and for small top x dis-
placement, a good estimate for ¢ is -(1/2)A, [3]. The program calculates
A and ¢ and displays the solution as well as the values of the functions
used to determine the solution. These functions should, ideally, be zero.
The user is given the opportunity to redo the calculation of ) and ¢ by
trying a different initial estimate (input IPP=1), [3]. Next, the user is
asked to supply an initial guess for the natura] frequency in rad/s. The
information for the approximate natural freguencies is obtained by running
RCNATIN program which provides an estimate of the natural frequencies and
their corresponding mode number.

During the calculation of the approximate natural frequency the user
s supplied with information about the determinant of the characteristic
matrix. Ideally this should become zero. The user may ignore the value
of I[FAIL printed in this case. Vanishing of the determinant of the character-
istic matrix allows the program to calculate the approximate natural freguency
and display its value. Then the user is given the following alternatives:

o Input 1 if he wants to redo the calculation. This may be used

when the converged frequency does not correspond to the mode

which the user wants to evaluate.
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o Input 2 if he chooses to stop.

0 Input any other integer to continue with the program.

Subsequently, the user is asked to input the mode number corre-
sponding to the approximate natural frequency, as determined from the
RCNATIN program.

Next a linear system of five equations is solved to determine
the constant coefficients multiplying the various terms composing the
overall solution allowing us to obtain the initial approximation [4].

The values of the above constant coefficients are displayed on the screen.
In addition, the sixth equation is alsoﬁevaiuated for the values of the
coefficients determined above. Ideally it should be zero.

The initial approximation is then evaluated and the orthonormalizing
constant used for p and g as well as the fourth boundary condition at s=0
are printed. The user is then asked if he wants to review the initial
approximation by displaying it in his terminal. If he chooses to do so, he
should input 1. Subsequently the approximate solution is printed in the
file associated with the device nine. The following quantities are printed:

0 Number of discretization points NP

0 Natural frequency

o Order of point (starting from the lower end)

o Non-dimensional arc length

0 Non-dimensional dynamic effective tension, ?T

-
-

o Non-dimensional shear force in the £ direction, Q?

o Non-dimensional component of rate of rotation about %;9?

0 Euler angle el
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0 Non-dimensional displacement p
0 Non-dimensional displacement q

0 Non-dimensional natural frequency.

Subsequently, the program prints the maximum of the absolute value
of the initial (e=0) non-dimensional component of §T in the ﬁ direction.
This number is used to estimate a reasonable tolerance for convergence
of iterations. The user is requested to input a tolerance as a fraction
of this number; e.q., 0.01 for 1% tolerance or better for all guantities
of interest. Typically Q? will be determined with an accuracy a little
better than the above fraction and all other quantities will be even more
accurate,

The user is given the opportunity to stop the program at this point
if he wishes. He should input zero if he wants to stop.

Case 2 (IEXIST = 1)

In this case an initial approximation to the solution for g=] is
available from a previous run of RCLINDYI. The program reads the informa-
tion from the previous run concerning the number of subdivision points, NP,
the mode number and the corresponding natural frequency. If the number of
subdivision points is greater than MNP, the program stops execution.

Then the user has the option to review the initial approximation by
displaying it in his terminal. The assumed boundary condition for Q? at
the lower end of the riser [4] is also printed.

Subsequently, the program prints the maximum of the absolute value of

the initial component of §I in the % direction. This number is used to
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estimate a reasonable tolerance for the convergence of iterations. The
user is requested to input a tolerance as a fraction of this number
e.g. 0.01 for 1% tolerance or better for all quantities of interest.
Typically Q? will be determined with an accuracy a little better than
the above fraction and all other gquantities will be even more accurate.
Subsequently the user is given the opportunity to halt the execution of
the program,

After the initial approximation is fully defined the program enters
NAG subroutine DOZRAF, which provides the iterative numerical solution to
the problem. The manual of this subroutine is included in Chapter 10.
The input value of IFAIL is 111, indicating that the soft failure option
with error message and monitoring information printing has been selected.
Error messages are directed to device six.

Once the execution of DOZ2RAF is completed, the current value of IFAIL
is printed on the terminal. For an explanation of this parameter, see
NAG manual for DOZRAF, Chapter 10. Only if IFAIL=0 or IFAIL=4, the execution
of the program continues with printout of the riser characteristics and the
final solution of the problem. Otherwise the program stops. When IFAIL#0,
the user should consult the manual quoted above for interpretation of the
results  and a possibie course of action. If IFAIL=0 or 4, the riser character-
istics and the final solution of the problem are printed in the file associated
with device nine. For the riser characteristics the format used in the program
RCSTATZD is also used here. This is described in [37 (pp. 23-25).

Following, the non-dimensional in-plane solution is written in the file
associated with device nine. The mode number, natural frequency and final

number of points NP at which the solution is available  is printed first.
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Then the following data is printed for I=1 to NP: s, Ty Q%, Q?, by

Py G, T with

FORMAT (8(1X,D10.4)).

Next the maximum (non-dimensional) estimated errors of T], Q%, Q?, by

P> 4, ¢ provided by the NAG subroutine DOZRAF are printed. Subsequently,

the following data is written in the file associated with device eleven:
MODE, NP, SIGMAD, XTOP, YTOP = Mode number, number of points at which

converged solution is available, dimensional natural frequency (in rad/s)

and x and y static displacements at the top with

FORMAT {1X,12,1X,13,3 (1X,D10.4))

and for I=1 to NP: the non-dimensional

s, T}, Q%, Q?, ®1» P» G, o and the dimensional current velocity Vc(s)

with

FORMAT (9{1x,D12.6)).

The data written in the file associated with device eleven, due to their

simple form, can be used very easily as input to plotting programs. In

addition, this data is useful in subsequent runs of RCLINDY1, if such an

option is selected, as explained before.

V.2 Sample Run, Input and Qutput

V.2.1 Linear Current Excitation

V.2.1.1 Interactive Session

INPUT
Device 5 = TERMINAL
Device 8 = RCJCAOT DATA A*

Device 10 = RCCLZDRR DATA A*

Device 12 = OUMMY DATA A
“Files included in Chapter II.
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CUTPUT
Device 6 = TERMINAL
Device 9 = INPLA1 DATA A

INPLATA DATA A

H

Device 11
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V.2.1.2 INPLA1 DATA A
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Chapter VI

VI.1 Input-Output Manual for the Out-of-Plane Forced Linear

Dynamic Problem Soiuticon Program, RCFORCI

This program is written in FORTRAN 77 and allows the interactive
solution of the out-of-plane forced undamped linear dynamic problem for
a compliant riser with a planar static configuration without torsion
for given frequency and excitation at the top as described in [4].
Excitation at the top is allowed. The output of this program can be
used as input to RCLINDY3 to solve the cut-of-plane linear dynamic
problem with homogeneous boundary conditions {out-of-plane eigenproblem).

Before executing the program the user must make sure that

0 Devices five and six correspond to input/output from the terminal

o Device eight must be associated with the data file containing
geometric, structural and hydrodynamic characteristics of the
compliant riser created by a previous execution of the data
preprocessing program RCINPUT. This file has a logical record
length of 80 characters.

o Device ten must be associated with the input data file containing
the non-dimensional static planar solution created by RCSTATZD.
This file has a Togical record length of 132 characters.

o Device eleven must be associated with an output file with logical
record Tength of 117 characters. This file contains the converged
solution of the problem in a concise form appropriate for use in
the preparation of illustrations and/or as an input to RCLINDY3

from device twelve in a subsequent execution of this program.
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Input Variables [Free Format]

At the beginning of the program the static 2-D solution created
from RCSTAT2D is read from device ten. The values of the mean current
velocity in the x direction and the maximum non-dimensional static
effective tension are printed on the terminal. If the number of static
discretization points is less than four or greater than the value of MNP
(maximum number of allowable points), the program halts execution.

Then the geometric, structural and hydrodynamic characteristics of
the compliant riser are read from the file associated with device eight.
The user has the opportunity to review this data on his terminal and
decide either to continue with the program or stop, see [3]. Then the
user is asked for the excitation frequency in {(rad/s}. In order to get
meaningful results, this frequency should be close to one of the out-of-
plane natural frequencies of the compliant riser. Next he is asked for
the r and 8 amplitudes of excitation at the top of the riser. Appropriate
values for these amplitudes range from one to zero. Then the user is
asked to supply the tolerance for convergence of iterations. Suggested
values are the excitation amplitudes or 1/10 of these values. However, at
the end of the run the results should be checked, since the maximum of the
resulting variables will be evaluated within this tolerance. Then the user
is asked to input the mode number corresponding to the freguency of excita-
tion.

Subseguently, the program enters NAG subroutine DOZ2GBF, which provides
the numerical soiution to the problem. The manual of this subroutine is

included in Chapter X. The input value of IFAIL is 111, indicating that
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the soft failure option with error message and monitoring information
printing has been selected. Error messages are directed to device six.
Once the execution of DO2GBF is completed, the current value of IFAIL
is printed on the terminal. For an explanation of this parameter, see
NAG manual for DO2GBF, Chapter X.

Only if IFAIL=0 or IFAIL=4, the execution of the program continues
with printout of the final solution of the problem. OQOtherwise, the
program stops. When IFAIL#0, the user should consult the manual quoted
above for interpretation of the results and a possible course of action.
If IFAIL=0 or 4, the solution is printed in the file associa&ed with
device eleven. The following quantities are printed:

MODE, NP, SIGMAD = Mode number, number of points at which con-
verged solution is available and dimensicnal
natural frequency (in rad/s)

with FORMAT (1X, I2, 1X, I3, 1X, D10.4) and
for I=1, NP: The non-dimensional

S’ Q?s Q:?ﬂ Q.i;, 6}1 85 Y‘, Z

with FORMAT (8(1X, D12.5))

The data written in the file associated with device eleven can be

used as input to program RCLINDY3.

VI.2 Sample Run, Input and Qutput
VI.2.1 Zero Current Excitation

VI.2.1.7 Interactive Session
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INPUT

Device 5 = TERMINAL

Device 8 = RCJOAOT DATA A*
Device 10 = RCZDZERR DATA A

QuTPUT
Device 6 = TERMINAL
Device 11 = (QUTZERIE

*
File inciuded in Chantar 77
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VI.2.1.2 RC2DZERR DATA A
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Chapter VII

VII.1 Input-Qutput Manual for the Qut-of-Plane Linear

Eigenproblem Solution Program, RCLINDY3

This program is written in FORTRAN 77 and allows the interactive
soiution of the out-of-plane Tinear dynamic eigenproblem for a compliant
riser with a planar static configuration, as described in [4]. The
initial (¢=0) approximation is prepared by RCFORCI. This program is
particularly asafuT in the case of zero current velocity where the
asymptotic theory is not valid.

Before executing the program the user must make sure that:

o Devices five and six correspond to input/output from the
terminal

o Device eight must be associated with the data file containing
geometric, structural and hydrodynamic characteristics of
the compliant riser created by a previous execution of the
data preprocessing program RCINPUT. This file has a logical
record length of 80 characters.

0 Device nine must be associated with an output data file with
Togical record length of 132 characters which upon completion
of the program contains a complete 1ist of the input, initial
aporoximation and the converged solution of the problenm.

o Device ten must De associated with the input data file containing
the non-dimensional static planar solution created by RCSTAT2D.

This file has a logical record length of 132 characters.
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o Device eleven must he associated with an output file with
togical record length of 117 characters, This file contains
the converged solution of the problem in a cancise form
appropriate for use in the preparation of illustrations and/or
as an input to RCLINDYN from device twelve.

¢ Device twelve must be associated with an input file containing
the initial approximate solution of the undamped forced out-
of-plane linear dynamic problem resulting from a previous
execution of RCFORCT.

Input Variables [Free Format]

At the beginning of the program the static 2-D solution created from
RCSTAT2D is read from device ten. The values of the mean current velocity
in the x direction and the maximum non-dimensional static effective tension
are printed on the terminal. if the number of static discretization points
is less than four or greater than the value of MNP (maximum number of
allowable points) the program halts execution.

Then the geometric, structural and hydrodynamic characteristics of the
compliant riser are read from the file associated with device gight. The
user has the oppartunity to review this data on his terminal and decide
efther to continue with the program or stop, see [3].

In this case an initia] (£=0) approximation to the solution is available
from a previous run of RCFORCT.  The program reads the information from the
orevious run concerning the number of discretization points NP, the mode
number and the corresponding frequency of excitation. If the number of dig-

cretization points is greater than MNP, the pProgram stops execution. The
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same happens if NP is less than the number of static discretization
points. Then the user has the option to review the initial approxima-
tion by displaying in his terminal. The assumed boundary condition for
the curvature at the lower ball point of the riser is printed at the
terminal. Subsegquently, the initial solution provided by RCFORCY is
printed in the file associated with the device nine. The following
quantities are printed:

0 Number of discretization points NP

0 Natural frequency {rad/s)

0 Order of point (starting from the Tower end)

o Non-dimensional arc length

0 Non-dimensional shear force in the E direction, Q?

o Non-dimensional component of rate of rotation about Z,Q%

0 Non-dimensional component of rate of rotation about §,§§

¢ Euler angle 81
o Euler angle R or Uy

0 Non-dimensional displacement r

o Non-dimensicnal natural freguency

Subsequently, the program prints the maximum of the absolute value
of the initial rate of rotation about 2 direction. This number is used
to estimate a reascnable tolerance for convergence of iterations. The
user is requested to input a tolerance as a fraction of this number; e.g.

0.01 for 1% tolerance or better for all quantities of interest. Typically,
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Q§ will be determined with an accuracy a 1ittle better than the above
fraction and all other variables will be even more accurate. After the
run the accuracy of the resuylts should be checked. The user is given
the opportunity to stop the program at this point if he wishes.

If he chooses to continue, he is asked to input the initial incre-
ment of the continuation parameter 3e (condition O<&<1). If no con-
tinuation is required, then use =1. If continuation is required, then
%e=0.7 will usually suffice. For large changes between initial and final
problem, a smaller value of e, e.g. 0.05 or 0.25 might be necessary.

After the initial approximation is fully defined, the program enters
NAG subroutine DO2RAF, which provides the iterative numerical solution of
the problem. The manual of this subroutine is included in Chapter X. The
input value of IFAIL is 117, indicating that the soft failure option with
érror message and monitoring information ﬁrinting has been selected. Error
messages are directed to device six. Once the execution of DO2RAF is com-
pleted, the current value of IFAIL is printed on the terminal. For an explana-
tion of this parameter, see NAG manual for DOZRAF, Chapter X. Only if
IFAIL = 0 or IFAIL = 4, the execution of the program continues with printout
of the riser characteristics and the final solution of the problem. Otherwise
the program stops. When IFAIL#0, the user should consult the manual quoted
above for interpretation of the results and a possible course of action. If
IFAIL = 0 or 4, the riser characteristics and the final sofution of the problem
are printed in the file associated with device nine. For the riser character-

istics the format used in the static program RCSTATZD is also used hers. This

is described in [3] (pp. 23-25),
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Next the non-dimensional out-of-plane solution is written in the
file associated with device nine.

The mode number, natural frequency and final number of points NP
at which the solution is available is printed first. Then the following
data 1s orinted for I=1 to NP:

A& .
Qi 9&91 giﬂ-} ’8'} ,5,!",2 W'ith

FORMAT (8(1X,D10.4)). Next the maximum (non-dimensional) estimated errors of
Q ,Qa,ﬂ%, },5, ,L provided by the NAG subroutine DO2RAF are printed.

Subsequently, the following data is written in the file associated with
device eleven:

MODE, NP, SIGMAD: Mode number, number of points at which converged solution
is availabie and dimensional natural frequency (in rad/s) with

FORMAT (1X,12,1X,I3,1X,D10.4) and

for I=1 to NP the non-dimensional

5 QT,M1,Q%,8},B r,Z and the dimensional current velocity V ( ) with

FORMAT (9(1X,D12.6))

The data written in the file associated with device eleven due to their
simple form can be easily used as input to plotting programs. In addition,

this data is useful in subsequent runs of RCLINDYN, if such an option is

salected,

VII.Z2 Sample Run, Input and Output
VII.2.1 Zero Current Excitation

VII.2.1.1 Interactive Session
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INPUT

Device 5 = TERMINAL

Device 8 = RCJOAOT DATA A*
Device 10 = RC2DZERR DATA A+
Device 12 = QUTZERTE DATA A+*
CUTPUT

Device 6 = TERMINAL

Device 9 = QUTZERT DATA A
Devfée 11 = QUTZERIA DATA A

FTie included in Chapter II.
F Tes included in Chapter VI.
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Chapter VIII
VII1.1 Input-Output Manual for the In-Plane Forced
Linear Dynamic Problem Solution Program, RCFORCE
This program is written in FORTRAN 77 and allows the inter-
active solution of the in-plane forced undamped Tinear dynamic problem
for a compliant riser with a planar static configuration without torsion
for a given frequency and amplitude of excitation at the top, as
described in [4]. Excitation at the top involving p and/or g is allowed.
The output of this program can be used as input to RCLINDYZ to solve
the in-plane linear dynamic problem with homogeneous boundary conditions
{in-plane eigenproblen).
Refore executing the program the user must make sure that
o Devices five and six correspond to input/output from the
terminal
o Device eight must be associated with the data file containing
geometric, structural and hydrodynamic characteristics of the
compliant riser created by a previous execution of the data pre-
processing program RCINPUT. This file has a logical record length
of 80 characters.
o Device ten must be associated with the input data file containing
the non-dimensional static planar solution created by RCSTATZD.
This file has a logical record length of 132 characters.
o Device eleven must be associated with an output file with logical
record length of 117 characters. This file contains the converged

solution of the problem in a concise form appropriate for use in
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the preparation of illustrations and/or as an input to
RCLINDYZ from device twelve in a subsequent execution of
this program.

Input Variables [Free Format]

At the beginning of the program the static 2-D solution created
from RCSTAT2D is read from device ten. The values of the mean current
velocity in the x direction and the maximum non-dimensional static effec-
tive tension are printed on the terminal. If the number of static dis-
Cretization points is less than four or qreater than the value of MNP
(maximum number of allowable points), the program halts execution.

Then the geometric, structural and hydrodynamic characteristics of
the compliant riser are read from the file associated with device eight.
The user has the opportunity to review this data on his terminal and decide
either to continue with the program or stop, see [3]. Then the user ig
asked for the excitation frequency in {(rad/s}). In order to get meaningful
results, this frequency should be close to one of the in-plane natural fre-
quencies of the compliant riser. Next he is asked for the p and g amplitudes
of excitation at the top of the riser. Appropriate values for these ampii-
tudes range from 1 to 0. Then the user is asked to supply the tolerance for
convergence of iterations. Suggested values are the excitation amplitudes or
1/10 of these values. However, at the end of the run, the resuylts should be
Checked, since the maximum of the resulting variables will he evaluated within
this tolerance. Then the user is asked *o input the mode number corresponding

to the frequency of excitation.
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_Subsequently, the program enters NAG subroutine DO2GBF, which
provides the numerical solution to the linear problem. The manual of
this subroutine is included in Chapter X. The input value of IFAIL is
111, indicating that the soft failure option with error message and
monitoring information printing has been selected. Error messages are
directed to device six. Once the execution of DO2GBF is completed, the
current value of IFAIL is printed on the terminal. For an explanation
of this parameter, see NAG manual for DO2GBF, Chapter X.

Only if IFAIL = 0 or IFAIL = 4, the execution of the program cdn«
tinues with printout of the final solution of the problem. Otherwise,
the program stops. When IFAIL#0, the user should consult the manual quoted
above for interpretation of the results and a possible course of action.
If TFAIL = 0 or 4, the solution is printed in the file associated with

device eleven. The following quantities are printed:

MODE, NP, SIGMAD, XTOP, YTOP = Mode number, number of points at which
converged solution is available, dimensional natural frequency (in rad/s)
and x and y displacements at the top with
FORMAT (1X,12,1X,13,3(1X,D10.4)) and
for I=1, NP: the non-dimensional
5. T45Q755995 845050, ¢ with
FORMAT (8(1X,D12.8))
The data written in the file associated with device eleven can be used

as input o program RCLINDYZ.
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VIII.2 Sample Run, Input and Qutput
VIII.Z2.1 Zero Current Excitation

VIII.Z2.1.1 Interactive Session

INPUT

Device 5 = TERMINAL

Device 8 = RCJOAGT DATA A*
Device 10 = RC2DZERR DATA A*x*

QUTPUT
Device 6 = TERMINAL
Device 11 = RCZDZEE DATA A

&
Fite included in Chapier [I.

E
*’* . 3 E:
File included in Chapter YI.
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VIII.2.1.2 RC2DZEE DATA A
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Chapter IX

IX.7 Input-Qutput Manual for the In-Plane Linear

Eigenproblem Solution Program, RCLINDYZ

This program is written in FORTRAN 77 and allows the interactive
solution of the in-plane linear dynamic eigenproblem for a compliant
riser with a planar static configuration, as described in [4]. The
initial {e=0) appraximatfén is prepared by RCFORCE. This program is
particularly useful in the case of zero current velocity where the
asymptotic theory is not valid.

Before executing the program the user must make sure that:

0 Devices five and six correspond to input/output from the
terminal

0 Device eight must be associated with the data file con-
taining geometric, structural and hydrodynamic character-
istics of the compliant riser created by a previous execution
of the data preprocessing program RCINPUT. This file has a
logical record length of 80 characters.

o Device nine must be associated with an output data file with
togical record Tength of 132 characters which upon completion
of the program contains a complete list of the input, initial
approximation and the converged solution of the problem.

o Device ten must be associated with the input data file containing
the non-dimensional static planar solution created by RCSTATZD.

This file has a logical record length of 132 characters.
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o Device eleven must be associated with an output file with
fogical record length of 117 characters. This file contains
the converged solution of the problem in a concise form
appropriate for use in the preparation of illustrations and/or
as an input to RCLINDYT from device twelve.

o Device twelve must be associated with an input file containing
the initial approximate solution of the undamped forced in-plane
linear dynamic problem, resulting from a previous execution of
RCFORCE.

Input Variables [Free Format]

At the beginning of the program the static 2-D solution created from
RCSTAT2D is read from device ten. The values of the mean current velocity
in the x direction and the maximum non-dimensional static effective tension
are printed on the terminal. If the number of static discretization points
is less than four or greater than the value of MNP {maximum number of allow-
able points), the program halts execution.

Then the geometric, structural and hydrodynamic characteristics of the
compliant riser are read from the file associated with device eight. The
user has the opportunity to review this data on his terminal and decide either
to continue with the program or stop, see [3].

In this case an initial [2=0) approximation to the solution is available
from a previous run of RCFORCE. The program reads the information from the
previous run concerning the number of discretization points NP, the mode

number and the corresponding frequency of excitation. If the number of
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discretization points is greater than MNP, the program stops execution.
The same happens if NP is iess than the number of static discretization
points. Then the user has the option to review the initial approximation by
displaying it on his terminal. The assumed boundary condition for the
~curvature at the Tower ball point of the riser is printed at the terminail.
Subsequently, the initial solution provided by RCFORCE is printed in the file
associated with the device nine. The following guantities are printed:

o Number of discretization points NP

o Natural frequency (rad/s)

o Order of point (starting from the lower end)

o Non-dimensional arc length

o Non-dimensional dynamic effective tension, T1
o Non-dimensional shear force in the % direction, Q%
o Non-dimensional component of rate of rotation about %,Q?

o Euler angle @T
o Non-dimensional displacement p
o Non-dimensional displacement q

o Non-dimensional natural frequency

Subsequently, the program prints the maximum of the absolute value
of the initial rate of rotation about 7 direction. This number is used
to estimate a reasonable tolerance for convergence of iterations. The user
is reguested to input a tolerance as a fraction of this number; e.g., 0.01

for 1% tolerance or better for all quantities of interest. Typically, Q§

wil1 be determined with an accuracy a little better than the above fraction
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and all other variables will be even more accurate. After the run the
accuracy of the results should be checked. The user is given the opportu-
nity to stop the program at this point if he wishes.

If he chooses to continue, he is asked to input the initial increment
of the continuation parameter & (condition 0<&<1}. If no continuation
is required, then use &=1. If continuation is required, then 8¢=0.1 will
usually suffice. For large changes between initial and final problem, a
smaller value of &, e.g., 0.05 or 0.25 might be necessary.

After the initial approximation is fully defined, the program enters
NAG subroutine DO2RAF, which provides the iterative numerical solution of
the problem. The manual of this subroutine is included in Chapter X. The
input value of IFAIL is 111, indicating that the soft failure option with
grvor message and monitoring information printing has been selected. Error
messages are directed to device six. Once the execution of DOZRAF is com-
pleted, the current value of IFAIL is printed on the terminal. For an explana-
tion of this parameter, see NAG manual for DO2RAF, Chapter X. Only if
[FAIL = 0 or IFAIL = 4 the execution of the program continues with printout
of the riser characteristics and the final solution of the problem. Otherwise,
the program stops. When IFAIL#0, the user should consult the manual guoted
above for interpretation of the results and a possible course of action. If
[FAIL = 0 or 4, the riser characteristics and the final sclution of the problem
are printed in the file associated with device nine. For the riser charactar-

istics, the format used in the static program RCSTATZD is also used here. This

is described in [31, {(pp. 23-25).
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Next the non-dimensional in-plane solution is written in the file
associated with device nine. The mode number, natural frequency and
final number of points NP at which the solution is available is printed
first. Then the following data is printed for I=1 to NP:
$,71505,20,81,p,0,0 with
FORMAT (8(1X,D10.4)). Next the maximum (non-dimensional) estimated errors

of T],Q§,Q?,¢},p,q,a provided by the NAG subroutine DOZRAF are orinted.

Subsequently, the following data is written in the file associated with
device eleven:

MODE, NP, SIGMAD, XTOP, YTOP: Mode number, number of points at which con-
verged solution is available and dimensional natural frequency (in rad/s)
and x and y displacements at the top with

FORMAT (1X,12,7X,13,3(1%,D010.4)) and

For I=1 to NP: the non-dimensicnal

s,T],Q$,Q?,¢},p,q,o and the dimensional current velocity Vc(s) with

FORMAT (9(1X,D12.6)). The data written in the file associated with device
eleven due to their simple form can be easily used as input to plotting
programs. In addition, this data is useful in subsequent runs of RCLINDY]

if such an option is selected.

IX.2 Sample Run, Input and Output
[X.2.17 Zero Current Excitation

1X.2.1.1 Interactive Session
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INPUT

Device 5 = TERMINAL

Device 8 = RCJOAQT DATA A*
Device 10 = RC2DZERR DATA Ax*
Device 12 = RC2DZEE DATA Axx+
ouTPUT

Device 6 = TERMINAL

Device 9 = RC2DZT DATA A
Device 11 = RC2DZ1A DATA A

*Fi}e included in Chapter [I.

# 3 4 kg ”~ i
Files included in Chapter VI.

e de L e
Fiie. inciuded. in-Chapter- VII1.

#
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Chapter X

INPUT-QUTPUT MANUALS FOR NAG SUBROUTINES
DOZRAF, DOZ2GBF, COSNBF, COSPBF, FO4ATF, FO3AAF
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NECTE: tefore using this
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DO2RAF

DO2RAF - NAG FORTRAN Library Routine Document

roatine, picase read the appropriate implementation document 10 check the inierprelauon of

b & iralicized 1erms and otber smplementation—dependent details. The routine name may b precision-gepeadent.

1

DO2ZRAF solves the two-point
ordinary differential equations,

. Purpose

2. Specification
SUBROUTINE DO2RAF {N, MNP, NP . NUMBEG, NUMMIX, TOL. INIT, X.

et

1Y,

2 JACEPS. JACGEP. WORK, [ WORK. IWORK, LIWORK,
TNTEGER N, MNP, NP, NUMBEG, NUMMIX, IRIT,

4 IWORK{LIWORK), LIWORK, IFAIL
real TOL. X[HNP). Y{IV. MNP},

boundary-value probi

em with general boundary conditions for a system of
using a deferred correction technique and Newton teration.

1Y, ABT, FCN, G, IJAL, JACOBF, JACOBG, DELEPS.

IFAILY
1Y, 1JAC, LWORK.

ABT(N). DELEPS. WORK(LWORK)
EXTEANAL FCN. 6. JACUBF, JACOBG. JACEPS. JACGEP

3. Description

DOZRAF solves a two-point boundary-value
problem for a system of N ordinary differential
cquations in a range {A.B) with B > A. The
system is written in the form
Y, = fi("*y1¢'2'~-'*yr~z)~ 1= 1,2,
(1)
and the derivatives [ are evajuated Dby 2
subroutine FCN supplied by the user. With the
differential equations (1} must be given a system
of N (nonlinear) boundary gonditions

S‘ (,Y{A},Y(B}} = Ot 1 e §12n-~aN
where
y(x) = [y (Rhyy Rty ()T )

The functions g; are evaluated by a subroutine G
supplied by the user. The solution is computed
using a finite-difference technique with deferred
correction allied 1o 2 Newton iteration 1o solve
the finite-difference equations. The technique
used is described fully in [1].

The user must supply an 2bsolute error tolerance
and mayv aiso supply 2n initial mesh for the

finite-difference  cguaLOns and  an  initial
approximate soiulion lalternatively a default
mesh ané  approximation  are used). The

APProXImais solution is corrected using Newion
eration and deferred  correction. Then,
additional points are added to the mesh and the
solution is recomputed with the aim of makng
the error evervwhere less than the user's
(oerance and of approximately squidisiribuiing
cne arror on the fnal mesh. The soiution is
returned on this final mesh.

17 *he solution is.reguired at 2 few specific points

SN AGFRIB JEITA MG December (981

i

then these should be included in the initial mesh.
If, on the other hand, the solution is required at
several specific points then the user should use
the interpolation routines provided in the EOI
chapter if these points do not themselves form a
convenient mesh,

The Newton iteration requires J acobian matrices

af, a8, S (2%
{ayj]‘ {ayjml an [ay}-(m}‘

These may be supplied by the user through
af.
subroutines JACOBF for —é-g‘» and JACOBG

for the others. Alternatively th Jacobians may
be calculated by numerical differentiation using
the algorithm described in 2.

For probiems of the 1ype (1) and (2) for which 1t
is difficuit 1o determine an initial approximation
from which the Newton iterauon will converge. 3
continuation facility is provided. The user must

set up a family of problems
=R (s R IN
gly(ALy(Bje) =0 (3)

£ 1

where = {f, [0y T pre., and wherg e 15 2

continuation parameter. The choice ¢ = G must
give a probiem (3} which is easy to soive and
¢ = | must define the problem whaose solutiorn is
actually required. The routing solves & sequence
of problems with ¢ values
OW£3<51<.‘<<£;=‘} {43
The number p and the values ¢ are chosen by the
equtine so that sach probiem can he soived using
the solution of iis predecsssor af 2 starung



DO2RAF

approximation. Jacobians ™

1 and -5—:& are
de

required and they may be supplied by the user
via routines JACEPS and JACGEP respectively

or  may

be computed by numerical

differentiation.

4.
[
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Parameters

N - INTEGER.

On entry, N must specify the number of
diffzrential equations.
Unchanped on exit.

MNP - INTEGER.

On entry, MNP must be set to the maximum
permitted  number of points in  the
finite-difference mesh, MNP = 3. If
LWORK or LIWORK (see below) is too small
then internally MNP will be replaced by the
maximum permitted by these values. (A
warning message will be output if on enury
IFAIL is set 10 obtain monitoring
information.)

Unchanged on exit.

NP - INTEGER.

Before entry. NP must be set to the number of
points 1o be used in the initial mesh
4 = NP = MNP

On zxit, NP contains the aumber of points in
the final mesh.

NUMBEG -~ INTEGER.

On entry. NUMBEG must specify the number
of feft hand boundary conditions (that is the
number involving v(A) only).

0 = NUMBEG < N.

Unchanged on exit.
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NUMMIX ~ INTEGER.

Or. erirv. NUMMIX must specify the number
of ccupied boundary conditions (that is the
number involving both y{A} and y(B)}).

0 = NUMMIX;

NUMBEG - NUMMIX = N,

Unchanged on exit.

TOL ~ real.

On entry, TOL must specify a positive absolute
error tolerance. If

Amx <Xy <. <Xyp = B
is the final mesh, zj(xi} is the j{th) component
of the approximate solution at x,, and ¥ }.(x) is

the j(th) component of the true solution of (1)
and {2), then, except in ex{reme circumstances,

it is expected that
|z;(x;) = (%)) <TOL, i = 12,..NP,
3= L2...N.
(5)

Unchanged on exit.

INIT - INTEGER.

On entry, INIT must specify whether the user
wishes to supply an initial mesh and
approximate solution (INTT#0) or whether
default values are to be used, {INIT = 0).

Unchanged on exit.

X - real array of DIMENSION (MNP).

Before entry, the user must set X{1} = A and
X(NP} == B.IfINIT = Qonenurya defauit
equispaced mesh will be used, otherwise the
user must specify a mesh satisfving

A= X{1) < X(2) < .. < X(NP) = B(§)
On exit, X{1).X(2)....X(NP) define the final
mesh (with the returned value of NP)
satisfying (6).

Y - real array of DIMENSION (1Y ,MNP).

If INIT =0 on entry, then Y need not be set.
If INIT#0 before entry, then the array Y
must contain an initial approximation to the
solution such that YiJ. 1) contains an
approximation w

¥;(x 0 = 12,...NP,
Jo= 12N
On a successful exit Y contains the

approximate solution z (x.} satisfying (5} on
the final mesh, that is
YD) = z;0x0 1 == 1.2,..NP

.........

where NP is the number of points in the {inal
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mesh. 1f an erTor has occurred then Y sontains
the latest approximation 1o the solwion. The
remaining cofumns of Y are not used.

1y - INTEGER.
On enury, 1Y must specify the first dimension
of Y as declared in the calling (sub)program.
1y = N
Unchanged on exit.

ABT -~ real array of DIMENSION (N).

Or successful exit, ABT(L, 1 = 1.2,..N,
holde the largest estimated error  {in
magnitude) of the 1{th) component of the the
solution over all mesh points.

FCN - SUBROUTINE, supplied by the user.
FCN must evaluate the functions f; (i.t. the
derivatives ¥';) 8t the general point X for 2
given value of EPS (see equation 3).

Tts specification is:
SUBROUTINE FCN{X.E?S.Y.?,N)
INTEGER N
real 1.EPS.YINY.F(N)

X ~ real.

On entry, X specifies the value of the
argument X, Tt wvalue must not be
changed,

EPS - real

On entry, EPS specifies the value of the
contiruation parameter, & This is 1 if
continuation is not being used. Its value
must not be changed.

Y - real array of DIMENSION (N).

On entry, Y(i} contams the value of the
argument ¥; for i = 1,2....N. These

values must not be changed.

F - real array of DIMENSION {N).
On exit, F(i) must contain the values of f,
P 12N
~ - INTEGER.
On entry, N specifies the number of
equations. 1is value must not ¢ changed.
FCN must be declared as EXTERNAL in the
{subjprogram from whick DOZRAF is calied.

G - SUBROUTINE, suppiied by the user.
G must evaluate the soundary conditions 1n
eguation 13} and piage them in BCO

Do 1.2 N

i Ladegencnn

i.%'AGF{J&:.’527:1?:_'45@3}5;* Becernber 1952
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1ts specification is:
SUBROUTINE G{EPS.YA V¥R B N)
INTEGER K
real EPS. YA{N) YB{R).BL{¥)

EPS - reel.
On entry, EPS specifies the value of the
coptinuation parameter, & This is 1 if
conptinuation i§ not being used. lts value
must not be changed.

YA - real array of DIMENSION (N).
On entry, YA{D) contains the value y;{A)
i = 1.2,..N. These values must not be
changed.

YB - real array of DIMENSION (N).
On entry, YB(D) contains the value y;(B),
jma 1,2...N. These values must not be
changed.

BC - real array of DIMENSION (N).

On exit, BC() must contain the value

g (y(A)y(B)e) 1 = 1.2,....N. These must

be ordered as follows:

(i} First, the NUMBEG conditions
involving only Y(A) {that is YA).

(it) Next, the NUMMIX  coupied
conditions involving both y(A) and
y(B) (that is YA and YB).

(it} Finally, the
N - NUMBEG - NUMMIX
conditions involving y{(B) (that is
YB}

N - INTEGER.
On entry, N specifies the number of
equations. Its value must not be changed.

G must be declared as EXTERNAL in the
(subjprogram from which DOZRAF s calied.

1JAC - INTEGER.

1f, on eniry, 1JAC = 0 then the Jacobian
matrices for the Newton jterations are
cajeulated by numerica: differentiation, and
the parametess J ACOBF. JACOBG, JACEPS
and JACGEP may De replaced by dummy
agtual parameters in the call 1w DOIRAF. {The
NAG routines DO2ZGAZ, DOIGAY. DO2GAZ
and DO2GAX respectively may be used as the
dummy parameters.j If JTJAC =0 ihen the user
must supply routings JACOBF and JACOBG
and zlso when continuation 15 used. routines
JACEPS and JACGEP.

Unchanged on 2xit.
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JACOBF - S'/BROUTINE. supplied by the
user,

&
JACOBF muast evaluate the Jacobian [;;5—] at
')
the point (x.y} and place —g;» in F(ij)
i

ij = L2..N.
Its specification is:

SUBAGUTINE JACOBF(X EPS,Y F N}

INTEGER ¥

real X EPS.Y{NI.F(N.N)

X — real.
On entry, X specifies the value of the
argument X. Its value must not be
changed.

EPS - real. .
On entry, EPS specifies the value of the
continuation parameter ¢ This is 1 if
continuation is not being used. Its value
must not be changed.

Y - real array of DIMENSION (N}

On entry, Y(i) contains the value of the
argument y,, i = 1,2,..N. These values

must not be changed.

F - real array of DIMENSION (N,N}.

af.

On exit, F(ij) contains the value of 5—;—‘—
j!

evaluated at the point (xy} for

ij = 1.2..N.

N - INTEGER.

On entry, N specifies the number of
equations. 1ts value must not be changed.

JACOBF must be deciared as EXTERNAL in
the (sub)program from which DOZRAF is
called.

JACOBG ~ SUBROUTINE, supplied by the

gser,

JACOBG  must  evaluate the Jacobians
- . 0B

[ 300 i
Gy (A gv. (B
and BJ respectively. The ordering of the rows
of AJ and BJ must correspond 1o the ordering
5f ihe boundary conditions described in the

specificztion of subroutine G above,

) and place them in Al

Page &
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The specification of JACOBG is:

SUBRGUTINE JACOBG(EPS.YA. YB,
1 AJ.BJ.N)

INTEGER N

real EPS. YA(N].YB(N),

1 OAJENLN] L BJLN.NS

EPS - real.

On entry, EPS specifies the value of the
continuation parameter, e This is | if
continuation is not being used. Its value
must not be changed.

YA - real array of DIMENSION (N).
On  entry, YA() contains y;{A),
i = 12 .. N. These values must not be
changed.

YB - real array of DIMENSION (N},

On entry, YB(i)} contains the value of
v, (B}, I = £,2,..,N. These values must

not be changed.
Al - real array of DIMENSION (N,N).

. N .o
On exit, AJ(i;j) contains o (A
ij = 1,2,...N.

B} - real array of DIMENSION (N,N).

B;

On exit, BJ(i,j) contains
ij = 1L2.,N.

N -~ INTEGER.
On entry, N specifies the number of
equations. Its value must not be changed.
JACOBG must be declared as EXTERNAL in
the (sub)program from which DO2RAF is
called.

DELEPS - real.

Before entry, DELEPS must be given a value
which specifies whether continuation s
required. 1f DELEPS = 0.0 or DELEPS =
1.0 then it is assumed that continuation is not
required. I 0.0 < DELEPS <« 1.0 thenitis
assumed that continuation is required unless
DELEPS < macheps? {where macheps
macheps 5 the smaliest number such that
1.0 -+ macheps > 1.0} when an error exit is
taken. DELEPS is used as the increment
ey T (see {43y and the choice
DELEPS = 0.1 is recommended,

On exit, DELEPS contains an overestimate of
ihe increment ¢ 5 Tt {in fact the value of

-1
i
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the increment which would have been tried if
the restriction ¢, = 1 had not been imposed).
{f continuation was not requested  then
DELEPS = 0.0 on exit.

If continuation is not requested then the
parameters JACEPS and JACGEP may be
replaced by dummy gctual parameters in the
call o DO2RAF. (The NAG routines
DO2GAZ and DO2GAX respectively may be
used 2s the dummy parameters.)

JACEPS - SUBROUTINE, supplied by the

user.

JACEPS must evaluate the derivative --gj- at

the point X if continuation is being used.
Otherwise the user is advised to use DO2GALZ
as the actual parameter JACEPS.
The specification of JACEPS is:
SUBRDUTINE JACEPS(X JEPS.Y.F.NY
INTEGER N
real L EPS. Y{N}.F(¥N]}

X - real.

On entry, X specifies the value of the
argument X. lts valuc must not be
changed.

EPS ~ real.

On entry, EPS must specify the value of
the continuation parameter, ¢ [is vajue
must not be changed.

Y - real array of DIMENSION (N).

On entry, Y{i ) contains the solution values
y, at the point X, i = 1,2,.,N. These

vaiues must not be changed.
F - real array of DIMENSION (N}

of.
On exit, F(i) must contain -gi- at the point
{xyhLi= 1,2,

N - INTEGER.
On entry, N spesifies the namber of
equations. {ts value must not he thanged.
JACEPS must be deciared as EXTERNAL it
the {subjprogram f[rom whick DOZRAF is
called.

JACGEP - SUBROUTINE, supplied by the
user.
. o8,
JACGE?P must svaluate the derivauives '“Z-";" if
continuation s being used. Otherwise the user
is advised. 1o use DO2GAX as the actual

N AGFLIR i 827/0:MK (Gl st December 1982
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parameter for JACGEP.
The specification of JACGEP is:

SUBROUTINE JACGEP(EPS.YA YB,
4 BCEP .Y}
INTEGER M
real EPS.YA{N).YB(N).BCEP(N}.

EPS ~ real.

On entry, EPS must specify the value of
the continuation parameter ¢ Its valus
must not be changed.

YA - real array of DIMENSION (N}

On entry, YA(i) contains the value of
v;{(A), j= 1,2.....N. These vaiues must not

be changed.

YB ~ real array of DIMENSION (N).

On entry, YB(i) contains the vaiue of
y; (B}, i = 1,2,..N, These values must

not be changed.

BCEP - real array of DIMENSION {N).

on.
On exit, BCEP(i) must contain -»ff

i = 12,..N.

N - INTEGER.
On entry, N specifies the number of
equations. Its value must not be changed.
JACGEP must be declared as EXTERNAL in
the (sub)program from which DOZRAF is
called.

WORK ~ real
{(LWORK).

Lised as working space.

array of DIMENSION

LWORK - INTEGER.

On entry, LWORK must specify the dimension
of the array WORK. .
LWORK = MNP(3N? +6N+2)+4N"+3N

{Inchanged on exit.

fWORK - INTEGER array of DIMENSION
{(LIWORK].
Used as working space.

LIWORK ~ INTEGER.
Op entry. LIWORK must specify  the
dimension of the array IWORK: f
LIWORK = MNP X (CXN+1) —+ ’*).?f
IJAC=0

Fgge £
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and
LIWORK = MNP X (2XN+1) = N
“w & MN - 2
i 1IJAC = 0.

Linchanged on exit.

IFAIL - INTEGER.

For this routine, the norma! use of IFAIL i
extended 10 control the printing of error
tnessages and monitoring information as well
as specifying hard or soft failure (see Chapter
POL).
Before entry, IFAIL must be set to a value
with the decimal expansion cba, where each of
the decimai digits ¢, b and a must have the
value D or 1.

a = 0 gpecifies hard failure, otherwise soft

failure;

b = { suppresses error messages, otherwise
error messages willi be printed (see
Section 6);
¢ = 0 suppresses monitoring information,
otherwise monitoring information
will be printed.
The recommended value for inexperienced
users is 110 {i.e. hard failure with all error
messages and monitoring information printed).
Unless the routine detects an error (see Section
6}, IFAIL contains 0 on exit.

6. Error Indicators and Warnings
Errors detected by the routine:

IFAIL = 1|
One or more of the parameters N, MNP,
NP, NUMBEG, NUMMIX, TOL,
DELEPS. LWORK or LIWORK has been
incorrectly set,
or X{1) = X(NP)
ar the mesh points X{I} are not ordered as in
(&

IFAIL = 2
A [finer mesh is reguired for the accuracy
requested: that is MNP is not large enough.
This error exit normally occurs when the
oroblem being soived is  ciffieult (for
example. there is & boundary faver) and high
accuracy 1s requested. A poor initial choice of

megh points will make this error exit more

tikely.

Fage £
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IFAIL = 3
The Newton iteration has failed 1o converge.
There are several possible causes for this
error:
(i; Faulty coding in one of the
Jacobian calculation routines;

{iiy 1If HJAC = { then inaccurate
Jacobians may  have  been
calculated numerically (this is a
very unlikely cause);

(iiiy A poor initial mesk or initial
approximate solution has been
selected either by the user or by
default or there are not enough
points in the initial mesh. Possibly,
the user should try the
continuation facility.

IFAIL = 4
The Newton iteration has reached roundoff
error level. It could be however that the
answer returned is satisfactory. The error is
jikely to occur if too high an accuracy is
requested.

IFAIL = 5

The Jacobian calculated by JACOBG {or the
equivalent matrix calculated by numericai
differentiation) is singular. This may occur
due to faulty coding of JACOBG or, in some
circumstances, to a zero initial choice of
approximate solution (such as is chosen when
INIT = 0).

IFAIL = 6
There & no dependence on ¢ when
continuation is being used. This can be due to
faulty coding of JACEPS or JACGEP or, in
some circumstances, Lo a zero initial choice
of approximate solution (such as is chosen
when INIT = Q).

IFAIL =7

DELEPS is required to be less than macheps
for continuation to proceed. It is likely that
either the probiem (3} has no sofution for
some vaiue near the current value of EPS
{ser the advisory print out from DCIRAF
or that the problem is so difficuit tnat even
with continuation it is uniikely to be solved
using this routine. If the laner cause is
suspeeted then using more mesh points
initially mayv heip.

IFAIL == 8
IFAIL = 9

indicares that 3 sericus error has occurred in
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2 cail 1o DO2RAF or LOZRAR respectively.
Check all array svbscripts and subroutine
parameter lists in calis 10 DOZRAF. Seek
exmert help.

7. Auxiliary Routines
Details  are distributed 10
machine-readabie form.

sites in

8. Timing

There are too many factors present 10 quantify
the timing. The time taken is negligible only on
very simpie probiems.

9. Storage
The storage occupied by internally declared
arrays is 250 rea! eiements.

1. Accursacy

The solution returned by the routine will be
accurate to the user’s tolerance as defined by the
relation (5) except in exireme circumstances.
The final error estimate over the whole mesh for
cach component is given in the array ABT. If w00
many points are specified in the initial mesh, the
solution may be more accuraie than reguested
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and the error may not be approximately
equidistributed.

11. Further Comments

The routine uses a labelied COMMON block
ADOZRA.

The user is strongly recommended o set {FAIL
to obtain self-explanatory error MesSages. and
also monitoring information about the course of
the computation. The user may select the
channel numbers on which this outpul is to
appear by calls of X04AAF {for error messages)
or XD4ARF (for monitoring information} - se¢
Section 13 for an example. Otherwise the default
channel numbers will be used, as specified in the
implementation document.

In the case where the user wishes 10 soive a
sequence of similar problems. the use of the final
mesh and solution from one case as the initial
mesh is strongly recommended for the next.

12. Keywords

Boundary Vaiue Problems,
Deferred Correction,
Differential Equations, ordinary,
Finite — Difference Method.

13, Example

We solve the differential equation
g ==y = 21y D)

with ¢ = 1 and boundary conditions
y(0) = ¥'(0) = 0, y'(i0} = 1

to an accuracy specified by TOL = 1 OE-4. The continuation facility is used with the continuation
parameter ¢ introduced as ‘n the differential eguation above and with DELEPS = 0.1 initially. (The
continuation facifity is not nesded for this problem and is used here for illustration.)

Note the cails to XO4AAF and XO4ABF prior to the call 10 DOZRAF.

WARNING: This single precision example Program may reguire amendment for certain impiementations. The resuits produced
may not be the same. If it Goubt, piease seek further advice {see Easential introduction 10 the Library Manuall.

13.1. Program Text

Z DG2RAF EXAMPLE PROGRAM TEXT
¢ WARK 8 RELEASE. NAG COPYRIGHT 1978
. LO0AL SLALARS
REAL DELEPS. TOL
TNTEGER I, IFIL. IJAL INIT.
* NP, NUMBEG. NUMMIX
: AR
) SCEO NN
Wi

(NAGFLIB:i827/0:Mk10:i st December (981
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C DOZRAF, XD4AAF, X044BF
¢

EXTERNAL FCN. G. JACEPS, JACGEP. JACOBF, J4COBG
DATA NOUT /6/
WRITE (NOUT.98897)
WAITE [NOUT.98896)
CALL XO4AAF(1. NOUT)
CALL XO4ABF({1. NOUT)
TOL & 1.08-4
LNORK = 2128
LINCRK = 303
WNP = 40
Now3
NP = 17
KUMBEG = 2
NUMNIX » O
X(1) = 0.0
X{NP) = 10.0
INIT = O
DELEPS = 0.1 .
TJAC = 1
IFAIL = 114
CALL DOZRAF(N. MNP, NP, NUMBEG. NUMMIX, TOL. INIT. X, Y. 3,
« ABT. FCN. 6. LJAC. JACOBF. JACOBG, DELEPS. JACEPS, JACGEP.
« WORK, LWORK, IWORK. LIWORK. IFAIL)
IF (IFAIL.NE.0) GO T0 20
WRITE (NOUT,39999) NP
WRITE (NOUT.99988) (X(J).(Y(I.J).I=1.N) J=1.NP)
WRITE [NOUT.999$5) (ABT(I).I=1.N)
20 STOP
99999 FORMAT (27HOSOLUTION ON FINAL WESH OF | 12, 7H POINTS/TX.
. JHX(1). 5X. SHY1[I). BX, SHY2{I), BX. SHY3(I))
95998 FORMAT (1X. O0PF10.3. 1PIE13.4)
29997 FORNAT (4{1X/). 31K DU2RAF EXAMPLE PROGRAM RESULTS/1X}
G996 FORWAT (1X/37HOCALCULATION USING ANALYTIC JACOBIANS)
399995 FORMAT (3BHOMAXIMUM ESTIMATED ERROR 8Y COMPONENTS/1H . 10X,
* 1P3E3 . 4)
END
SUBROUTINE FON(X. EPS. Y. F, W)
¢ .. SCALAR ARGUNENTS ..
REAL EPS. X
INTEGER M
. ARRAY ARGUMENTS ..
REAL FIM). YIW)

L]
T3 ¥y Ty o
T I

LS AN B

LV I 4.5 B &
R

2. AL, W)

¥
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REAL AL[H). Y{W). Z{¥)

ALLTY = Y1)
AL(2) = ¥(2)
ALY = 2(2) -
RETURN
END
SUBRGUTINE JACEPS{X. EPS.
c " SCALAR ARGUMENTS ..
REAL EPS. X
INTEGER ¥
c " ARRAY ARGUMENTS ..
REAL F(¥). YOW)

o

F(1) = 0.0
F(2) = 0.0

Y. F, W)

£{3) = -2.0°(1.0-¥(2)°¥(2})

RETURN
END
SUBROUTINE JACGEP{EPS. Y.
¢ " SCALAR ARGUMENTS ..
REAL EPS
INTEGER ¥
c ~ ARRAY ARGUMENTS ..
REAL AL{M). Y{®). I(M}

C . LDCAL SCALARS ..
INTEGER 1

po 20 I=1.3
AL(I) = 8.9
20 CONTINUE
RETURN
END

SUBROUTINE JACTOBF(X. EPS.

c  SCALAR ARGUMENTS ..
REAL EPS. X

INTEGER ¥

~ ARRAY ARGUMENTS ..
REAL F(M.¥). Y(¥)

L ]

_ LDCAL SCALABS ..
INTEGER I, J

£

ng 40 I=1.3

oo 2L oetl3
£(1.4) = 0.0
,ANTE
28 CONTINGE

Cﬁﬁ“’ﬂﬁ

r4 ! -

” <,2‘ = 5

F1z.3) % 1.0

FEIE A

cra o2y ow & CeY(23* Tog
- K ,o=Te
<
3
b

.
z
1y o= -Y{AS
;- = A
&

“EY ¥y
AT WAl

ENAGFUB:.’EQ?;‘G.M?(Es’i.‘f:x December (941

7. AL, W)

Y. F. W)
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END
SUBRDUTINE JACOBG(EPS y, 2. k. B, X))
i _ SCALAR ARGUMENTS .
REAL EPS
INTEGER W
" ARRAY ARGUMENTS .

REAL A[M.MY. B(M.M). Y(M}. Z{W)

¢ .
¢ . LOCAL SCALARS ..
INTEGER I. J
c .
96 40 1=1.3
00 20 J=1,3
A(I.J) = 0.0
B{1.J) = 0.0

20 CONTINUE
40 CONTINUE
A(1.1) = 1.0
a2.2y = 1.0 .
B(3.2) = 1.0
RETURN
END

13.2. Program Datz
None.

1.3, Program Results
DOZRAF EXAMPLE PROGRAM RESULTS

CALCULATION USING ANALYTIC JACOBIANS
DOZRAF MONITORING INFORMATION
MONITORING NEWTON ITERATION

NUMBER OF POINTS IN CURRENT WESH = 17
CORRECTION NUMBER 0 RESIDUAL SHOULD BE .LE. 1.0CE 00
ITERATION NUMBER 0 RESIDUAL = 1,00t GO
SOUARED NORM OF CORRECTION = §.90E 01
SQUARED NORM OF GRADIENT = 1.00£ 0C
SCALAR PRODUCT OF CORRECTION AND GRADIENT = 1.00E 0D
ITERATION HUMBER 1 RESIDUAL = 2.3 i1
CONTINUATION PARAMETER EPSILON = ¢.50E-2

UONITORING SEWTON ITERATION

. . . Moritoring information omitted.
NUMBER OF NIW POINTS S

WONITORING SEWTON ITERATION

xUy2IR DF BOINTS TN [UBRINT MESH = 33

CORRELTION NUMBER 1 RESIDUAL SHOULD BE LLE 1.228-0%
TTERRTION KUWBER 5 REZIDUAL = 3. SBE-GM4

Fage [0 INAGFLIBIRIT/0METD: P51 December (987}
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SGUARED NCORM OF PRARECTION = 1.70E-08
SGUARED NORM CF GRADIENT « 2.B9E-0T7
SCALAR PRODULT OF CORRECTION ARG GRAGIENT « . 28E-07
TTERATION NUMBER 4 RESIDUAL = 2 70£-08
¥ESR SELECTION

NUMBER OF NEW POINTS G
PORRECTION NUMBER § ESTIMATED MaxIwld ERROR = §.92E-05

£5TIMATED ERROR BY COMPONENTS
g 92£-05 1.81E-05 §.42E-05
SOLUTION ON FINAL WESH gF 33 POINTS

I3 v1(1} ¥2(1) ¥3(1)
o 000 0. G0ODE 00  0.0000E 00 1.8872E 00
o 962 3 2142E-03  1.0158E-01  1.5626E 00
o 125 1.25326-02  1.9536E-01  1.4398E DO
o 188 2 74768-02 2.8159-01  1,3203E OO
0 250 4 7578E-02  3.5048E-07  1.2054E 0O
0 375  1.0948E-01 4 97B0E-01  §.8235E-01
0 500 1.7093E-01 6.0968E-01  8.0477E-0°
0§25 2.5298E-01 6 9991E-01  6.4376E-01
o 703 3.0954E-01 7 4673E-01 5 5629E-01

0.781  3.6350E-07 7 8708E-01  4.78428-01
n.938 4.§776E-01 g §129E-01  3.4801E-07
1.084  6.3461E-01 §.97748-01  2.5017E-01
+.250  7.7781E-01 9.3077E-01  1.7628E-07
1.458  §.7480E-01 g 5383E-01  1.0768E-07
1 857  1.1768E 0O g.7733E-01 §.3852E-02
1 875  1.3815E 00 g 8758E-01 3.68741€-02
2.031 1.5362E GO §.8224E-01 2.3792E-02
2. 188 1.89%5E 00 ¢ 9523E-01  1.5143£-02
2.500 2.0031E OO q g828E-01  5.8470E-03
2 655 2.1591E Q0 g 9900g-01  3.5275E-03
2 813 2.3153¢ 0O 6 §843E5-01  £.0894E-C3
3,425 2.6277E 00 4 GgR3E-G1  7.0180E-04
3.756 3.2528E OO o 9008E-01  1.1337£-04
4.375 3.8778E 00 4.0000E 00  6.5800E-08
§ (60  4.502BE OO 4 QO0OE 00  5.70B5E-CE
5 625 5.1278E 00 4 BODOE 00 -1.2928E-06
§.250 5.7526E GO 4 OOGOE 00 5. 4482E-07
§.875 6.3778E U0 + GOUDE GO -2.28B0E-07
7 tgo  7.0G288 00 AQGHE 60 8 §17BE-08
g <25 7.6278E U0 4 GGB0E S0 -3 §7B4E-CE
s 750 8. 2528E OC 4 GonGE 03 1.5338E-CB
§.375 8.3778E S0 4 0OOBE 00 -6.7001E-09
a5 0006 §.5028E 0C 7 30068 00 3.5383E-0
UAXTMUM ESTIMATED ERRCR BY COMPONENTS

(223
Lih]
[AY]
S
>
(32)
1
L]
L¥3
Y
o
©3
(83
»
"y
1
£
L% 2]
[#1]
B
[A¥]
.
£
ELl]
'
]
L1
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D02 — Ordinary Differential Equations DOZGBF

1Y02GBF - NAG FORTRAN Library Routine Document

NOTE: before using ths routine, please read the appropriste implementation document to check the mierpretation of
dodd iralicized terms and other implementation-dependent details. The routine name may be precision-dependent.

1. Purpose
DO2GBF solves a general linear two-point boundary value problem for a system of ordinary differeatial
equations using a deferred correction technique.

2. Specification

SUBROUTINE DUG2GBF (A, B, N, TOL, FCNF, FONG. C. 0, GAM, ¥NP,

1 X, ¥, NP, W, LW, IN, LIW, IF&IL)

1 W(LW)
EXTERNAL FONF, FCNG

£33 O

INTEGER N, MNP, NP, LW, IW(LIW}, LIN, IFAIL
real A. B, TOL., C(N.N), D(N.N). GAN{N), X(MNP}, Y(N.UNP},

3. Description
DO2GBF solves the linear two-point boundary
value problem for a systen of N ordinary
differential eguations in the range (A,B). The
system is written in the form

y = F(x)y+G(x) (0
and the boundary conditions are written in the
form

Cy(A) + Dy(B) = v ()
Here F(x), C and D are N X N matrices, and
G(x) and v are N-component vectors. The
approximate solution tw (1) and (2) is found
using a finite-difference method with deferred
correction. The algorithm is a specialisation of
that used in subroutine DO2RAF which scives a
nonlinear version of {1} and (2). The nonlinear
version of the algorithm is described fully in [1].

The user supplies an absolute error tolerance and
may also supply an initiai mesh for the
construction of the frite-differsnce equations
(alternatively a default mesh is used). The
algorithm constructs 2 solution on a mesh
defined by adding points to the initial mesh. This
solution is chosen so that the error is everywhere
jess than the user’s tolerance and so that the
error i approzimately equidistributed on ihe
final mesh. The solution is returned on this final
mesh.

If the solution is reguired at a few specific points
then these shouid be included in the initial mesh.
If. on the other hand, the solution is required at
several specific points, then the user should use
the interpolation routines provided in the EOI
chapter if thess points do not themseives form 2

copvenient mash.

(NAGELIB 83400 Mu10:8ih November 1982}

4. References

1] PEREYRA, V.
PASVAY: An Adaptive Finite~-Difference
Fortran Program for First Order Nonlinear,
Ordinary Boundary Problems.
In Childs, B., Scott, M., Daniel, J. W,
Denmaz, E. and Nelson, P. {eds.)
‘Codes for Boundary Value Problems in
Ordinary Differentiai Equations.’
Springer - Verlag, Lecture Notes in
Computer Science, 76, 1979,

&. Parameters

A - real.

On entry, A must specify the Jeft hand
boundary point, A.

Unchanged on exit.

B ~ real.

On entry, B must specify the right hand
boundary point, B.
B> A

Unchanged on exit.

N — INTEGER.

On entry. N must specify the number of
equations; that is N is the order of system (1}.

Unchanged on exit.

TOL, ~ real.
On entry, TOL must specify 2 positive absolute
error toierance. If
A= xRy Ly B

15 the final mesh, z{x} 15 ihe approxumaie

FPage |
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solution from DO2GBF and yi(x) is the tne
solution of equations (1) and (1) then, excen
I exireme cases, it is gxpected that

{j2—y}{=TOL 3
where

{lu}} = max  max fu, (2]
(i=N 1=sNP

Unchanged on exit.

£CNF -~ SUBROUTINE. supplied by the user.

FCNFE must evaluate the matri x F{x)in {1y at
a general point X X and place Fij {2} in
Flighid ™ 12....MN.
Its specification is -

SUBROUTINE FCRF (X B

real %, F{n.n)
where n is the numericai value of N.

X - real. )

On entry, X specifies the value of the
independent variable x. Its value must not
be changed.

F - real array of DIMENSION {n.n}.

On exit. F(ij) must contain the (i) (th)
clement of the matrix F(xJ, o= 120
See Section 13 for an exampie.
FCNF must be declared as EXTERNAL in
the (subjprogram from which DQ2GBF is
called.

TONG -~ SUBROUTINE, supplied by the user.

FCNG must evaluate the vector G(xyin(l)at
a general point X = X and place G;(x} in
G, o= 1.2, N
1ts specification isi-

SUBROUTINE FONG{X.G)

real X, G(N)
where 0 1$ Lhc.numcricai vajue of M.

¥ -~ real.

On entry, X specifies the value of the.

independent variabie X. 13 value must not
be changed.

G ~ real arrav of DIMENSION )
On exit, G{i} must contain the i{th]
element of the vestor Gix). See Secuon 13
for an sxampie.
¥ONG must be declared as EXTERNAL in
the (subjprogram [rom which DOIGBF
calieds

rage 2
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C. D - real arrays of DIMENSION (NN}

GAM - real array of DIMENSION (N}
Before entry the arrrays C and D must be set
10 the matrices C and D in (2). GAM must be
sei to the vector v in {2y,

The rouline re-orders the rows of Cand D and
the components of GAM so that the boundary
conditions are in the order:

(i) conditions on y(A) only
(i) condition involving y(A) and y(B)
{iii} conditions on v(B) only.

The routine will be stightly more efficient if the
arrays C.D and GAM are ordered in this way
before entry. and in this event they will be
unchanged on exit.

MNP ~ INTEGER.

On entry, MNP must specify the maximum
permitted number of mesh points.

MNP = 32

Lnchanged on exit.

X - real array of DIMENSION (MNP}

On entry. if NP = 4 {sge NP helow) the
elements X{1),X{2),...X(NP) must define an
initial mesh satisfying

A= X(z)<X(2)<...<X(NP) = B (4
On exit. X(1),X(2)n KNP} define the final
mesh (with the returned vaiue of NP)
satisfying the reiation (4).

Y — real array of DIMENSION (N, MNP).

On successful exit, the array Y coniains the
approximate solution z(x) satisfying (3), on the
final mesk, that 1s
Y(JJi) = zj(x.:), I = 1.2...5F,
J o= 1,2,..N.
where NP is the number of points in the final
mesh.

The remaining columns of Y are not used.

NP - INTEGER.

On entry, NP must satisfy NP = 0 or
5 = NP < MNP H NP = 0 on entry,
default value of 4 for NP and 4 corresponding
equispaced mesh ¥(13.X{2) KNP are
used. If NP = 4 on entry, then 1he user must
define an initial mesh X as in (4} above.

On exit, NP contains the number of points in
the final (returned mesh.

W - real array of DIMENSION (LW}

fsed ay workspace.

2.’%’&6’?5.:’8:5&555:%%{Q'Sfé Apuember [ FEZ]
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LW - INTEGER.
On entry, LW must specify the lengih of the
array W,
LW = MNP X (INT=sN=D=IN? + 5N
Unchanged on sxit.

IW - INTEGER array of DIMENSION
(LIW).
Used as workspace.

LIW - INTEGER.

On entry, LIW must specify the length of the
array IW.
LIW = MNP X 2N + 1) = N

Unchanged on exit.

IFAIL - INTEGER. i
For this routine, the normal use of IFAIL is
extended to control the priming of error and
warning messages as well as specifying hard or
soft failure (see Chapter POL).

Before entury, IFAIL must be set w 2
value with the decimal expansion cba, where
cach of the decimal digits ¢, band a must have
the vailue 0 or L.
a = 0 specifies hard failurs, otherwise soft
failure;
Y == { supDresses error messages, otherwise
error messages will be printed (see
Section &);
¢ = 0 suppresses warning messages,
otherwise warning messages will be
printed (see Section 6).
The recommended value for inexperienced
users is 110 (ie. hard failure with all messages
printed).
Unless the routine detests an  &rrof {see
Section 6), [FAIL contains 0 on exit.

6. Error Indicators and Warnings

Errors dewscied by the routine:-
For some errors, the routine ocutputs an
explanatory error message on 1he current error
message unit (see NAG Library routine
XO4AAF ), uniess suppressed by the vaiue of
IFAIL on eatry.

[FAIL =
One ar more of the sarzmeters N, TOL. NP
MNP, LW or LIW (s incorrectivsel. B = A
st the condition (4} on X 1s not sausiied.

(N AGFLIB:I824/0 Mk 05t SNoveroer | 952
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IFAIL = 2
Either a row of C and the corresponding row
of D are both identically zero {that is the
noundary conditions are rank deficient) of
one of the matrices C or D is identically zero
{that is the problem is of initial value and ndt
boundary value typel.

IFAIL = 3
The routine has failed to find 2 solution w0
the specified accuracy. There are a variety of
possibie reasons including:

{i} The boundary conditions are rank
deficient. This will usually be
indicated by a message that the
Jacobian is singular (simple cases
of rank deficiency are flagged with
IFAIL = 2).

(i) Not enough mesh points Bare
permitted in order to atlain the
required  accuracy. This is
indicated by NP = MNP on
return from a call to DO2GBF .
This difficuity may be aggravated
by a poor initial choice of mesh
points,

{iii) The accuracy requested cannot be
attained on the computer being
used.

IFAIL = 4
A serious error has occurrsd in 2 call w
DOIGBF . Check all array subscripts and
subroutine parameter lists in calls to DOZGBF.
Seek expert help.

7. Auxiliary Routines

Details are  disiributed 10 sites  in
machine-readable form.

8. Timing
This depends on the difficulty of the probiem, the
qumber of mesh points (and meshes) used and
the number of deferred corrections.

9. Storage
The storage occupied by imternally deciared
arravs is 150 real ciements.

10. Accuracy

The solution returned by the routine will be
accurale 1o the uses's olerance as defined by the
seiznion {31 excopl In eXTTEME CIFCUMSIEnCES. If
100 many points are specified in e initial mesk,
che  solurion may  be  mOre  accurats than
sequested  and  ide  error  may net be
approximaialy squidistrivuted.

FPuye 3
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11. Furtber Comments

The routine uses a labelled COMMON block
ADGIRA.

The user is strongly recommended to set IFAIL
to obtain self-expianatory €rror messages, and
also monitoring information about the course of
the computation. The user may seiect the
channel numbers on which this output 5 1o
appear by calls of X04AAF (for error messages)
or XD4ABF (for monitoring information) ~ se&
Section 13 for an exampie. Otherwise the defauht
channel numbers will be used. as specified in the

D02 - Ordinary Differential Equations

implementation document.

In the case where the user wishes 0 solve 3
sequence of similar problems, the use of the final
mesh from one case is strongly recommended as
the initial mesh for the next.

12. Keywords

Linear Boundary Yalue Problems,
Deferred Correction,

Ordinary Differential Equations,
Finite-Difference Method.

13. Example

We solve the probiem (written as a first order system}
ey +y =0

with boundary conditions
y(0) = 0, y(1) = |

for the cases ¢ = 16™!

S

and ¢ = 107 using the default initial mesh in the first case. and the final mesh

of the first case as initial mesh for the second (more difficuit} case. We give the solution and the error at
each mesh point to illustrate the accuracy of the method given the accuracy request TOL = 1.0E-3.

Note the calls 10 X04AAF and X04ABF prior to the call to DO2GBF.

13.1. Program Text

WARNING: This siagle precision

example Program may require a

mendment for certain implementations. The results produced

may not be the same. if in doubt, please seek further advice (see Essentisl lntroduction to the Library Manual),

DOZGRF EXAMPLE PROGRAM TEXT

WARK 8 RELEASE. NAG COPYRIGHT 1978,
. STALARS IN COMMON

REAL EPS

)y

€y

¢ .. LOCAL SCALARS ..

REAL K. 8, TOL

INTEGER I, IFAIL, J.
. LOCAL ARRAYS ..

Li¥,

(]

REAL C(2.2). D{2.2). GAN[2). W(2052).

INTEGER IW(352)
¢ | FUNCTION REFEIRENCES
REAL SOL

| SUBROUTINE RES
DO2GBE . XGLAAF,

€

£ € &

Page 4

LW, MNP, N,

NOUT, NP

X(70). ¥(2.70)

INAGELIB.[824/0:Mk]0:8¢ & November 1982
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L¥ » 2052
LIN = 352
A= 0.0
B« 1.0
SALL XO4AAF(1, WOUT)
CALL XO4ABF(1. NOUT)
20 48 I=1.2
GAN(I) = 0.0
60 20 J=1.2
£{1.4) = 0.0
6{1.J) = 0.0
20 CONTINUE
40 CONTINUE
£{1.1) = 1.0
B(2.1) = 1.0
GAM{2) = 1.0
96 80 I=1.2
EPS = 10.0°°(-1)
WRITE [NOUT,$9998) EPS
IFAIL = 111 .

CALL DO2GBF(A. B, N, TOL, FCNF, FCNG. C. D, GAM, MNP,

s ¥, NP, W, LW, IN, LIW, IFAIL)
IF (IFAIL.GT.0) GO TO 100
WRITE (NOUT,99987) NP
DO 60 Ja1,NP
N(J} * ¥(1.J) - SOL{X(J))
80 CONTINUE
WRITE (NOUT.98986) (X({J).Y{1.J) . ¥{d) J=1.NP)
80 CONTINUE
100 STOP
99599 FORMAT (4{1X/). 31H DO2GBF EXAMPLE PROGRAM RESULTS/1X)
99998 EORMAT {1X/24HOPROBLEM WITH EPSILON = . E10.2)
00097 FORMAT (37HOSCLUTION AND ERROR ON FINAL MESH OF , 12,
o 7H POINTS/7X. 4HX(I). 4X. BHY(1,I). 5X, SHERROR)
99996 FORMAT (1X, 2F10.4, E12.2)
END
SUBROUTINE FUNF(X, F)
¢ .. SCALAR ARGUMENTS ..
REAL X
¢ _. ARRAY ARGUMENTS ..
REAL F(2.2)

¢ .. SCALARS IN COMMON ..
REAL EPS

L)
N 3
- =
- O

[T ' T
T ek St b ot S

R LV I A QN
P

€ 1EY IXKF OTFLOYR VY TY 7%

Pl - 1
<

(N AGFLIR 21410 MkI 05k November 1987]
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£ .. ABRAY ARGUMENTS |
SEAL B{2)
L -
G{t) = 0.0
6(2) = 0.0
RETURN
ERD
REAL FUNCTION SOL{X)
¢ .. SCALAR ARGUMENTS ..
REAL X
¢ L
) .. STALARS IN (OWMON .
REAL EPS
L .
L .. FUNCTION REFERENCES ..
REAL EXP
N ..
COMMON EPS N
SOL = (EXP(-X/EPS}~1.0)/{EXP(-T.0/EP§)-1.0)
RETURN
END

13.2. Program Data
None.

13.3. Program Hesults
DO2GBF EXAMPLE PROGRAM RESULTS

PROBLEM WITH EPSILON =  0.10E 00
DU2GEBF MONITORING INFORMATION

NUMBER OF POINTS IN CURRENT MESH = 15
CORRECTION NUMBER O  ESTIMATED MAXIMUM ERROR = §.59£-02

ESTIMATED ERROR BY COMPONENTS
E.57E-03 6.58£-02
NUMBER OF POINTS IN CURRENT MESH = 15
CORRECTION KUMBER T ESTIMATED MAXIMUM ERROR = 3.B0E-03

ESTIMATED Vﬁﬂﬂﬂ BY COMPONENTS
3.61E-04 3.B0£-03
NUMBER OF PGZHTS IN CURRENT MESH =« 15
CORRECTION NUMBER 2 ZSTIMATED MAXIMUM FAROR = 4 36E-04

ESTIMATED ERROR BY COMPONENTS
4.452-05 4 3BE-0¢
OLUTION AND ERROR ON FINAL WESH OF 75 BOINTS
1Y ¥ 23RO
©.C00C 0.0600 0 00E GO
3.0278  0.242% 0 44E-25
0.0556 ¢ £263 -0, 14E-08

age & INAGFLIB 182470 MO Rth Navember 1085
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G111
1887
.2222
L2778
3333
L4444
.5558
.BBE7
L7500
-8333
8187
. 0040

._;c::cymmc:@::pc:cmm

PROBLEM WITH EPSILON =

-

i i e B o S i S R o PR

.E708
-2t
.Bg17
.9378
(G644
13X
L8862
-9e8s
. 9985
5898
. 9998
. 0000

0.1BE-B5
J.128-04
0.18E-04
0.15E-04
0.11E-04
G.24E-04
0. 36E-04
G.18E-04
0.58E-05
0.12E-058
~0.91E-06
0.00E 00

J.10E-01

DCZGBF MONITORING INFORMATION

NUMBER OF POINTS IN CURRENT MESH = 49
CORRECTION NUMBER

8

ESTIMATED MAXIMUM ERROR =

.

ESTIMATED ERROR BY COMPONENTS

5.29€-04 5.28£-02

NUMBER OF POINTS IN CURRENT WESH » 49
LCORRECTION NUMBER

1

ESTIMATED MAXIMUM ERROR =

ESTIMATED ERROR BY COMPONENTS

1.27E-05

1.26E-03

NUMBER OF POINTS IN CURRENT MESH = 49
CORRECTION NUMBER

2

ESTIMATED WAXIMUM ERROR «

ESTIMATED ERROR BY COMPONENTS

1.67E-06 Z2.45E-04

SOLUTION AND ERROR ON FINAL MESH OF 49 POINTS

(1)
.6000
.0009
0018
.0028
0037
0046
.0058
. 0085
0074
0083
.0093
6114
5130

oy
il
o e
~E O

Cr o
e

7(23(1‘)&0(36}(30&90::}000@@

L I e

SRR PaN

L% 2R A% N 5% S 1

[
AP B oy

£

Y(1.1)

CFOY

3.0000
G.0884
g.1680
G.2425
0.3085
G.3708
g.4262
0.4770
8.
e
g
o
g
G
g
§
g

s2sz

5854
8538
(B7O8
L7285
L7727
g1
84314
85396
8818
8102

32k

ERAGR
g.00E G0
0.69E-08
0.18E-07
0.25€-07
0.33E-07
G.41E-07
G.47E-07
0.53e-07
U.59E-07
0.84E-07
G.708-07
G.72E-07
{.B8E~57
G.g2E-07
0.11£-08
G.13E-08
0.228~08
0.128-086
3.12E-08
0.43e-58

INAGFLIB 824/ MEIDETh November | &2

5.28E-02

1.2BE-03

2 45E-04
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il g oe v Qi o R ue e S v T e L o e R o Y e N e Y o Y v S 4o B i Y o e S R e T s s T e Y e R O S

.6278
.03c8
G333
0381
.g38g
L0447
0444
L0472
0500
0528
0556
0848
L0743
. 0833
0928
1019
ALY
. 1388
1687
.2222
L2778
3333
L4444
. 5556
.BBE?
7500
.8333
8167
.GGoo

B TR ST S YR e R N e I e K o [ s B v S s T s B e S o TR e O s O e B O o O e

O S AT T S Y

8378
L8529
9843
L9736
8785
8845
. 8883
8811
. 8933
L9849
8981
.§98s
8684
. 9888
.g89¢
.gooe
.00os
L0000
0000
000G
LGooe
0000
L0004
0000
i)
6000
.0000
N
.00ag

+ ¥

L = v o i e B = N B s B e Y < A e I e B v B o T o S o T e T e R O v S e S o S o O o R o B e B 2R > I

C13E-06
.12E-06
C13E-06
.15E-G6
CHSE-06
C18E-GB
C18E-06
 Y4E-GE
. 4E-0E
C13E-08
C13E-08
.33E-08
L13E-08
CABE-08
LBBE-06
.3BE-08
.28E-08
.16E-05
.S4E-06
. 50E-08
. 15E-06
.3BE-06
.34E-06
.47E-06
L13E-08
.2BE-0B
.20E-07
C19E-08
.00E a0
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COSNBF - NAG FORTRAN Library Routine Document

GOTE, before usng this rouune. picase resd the appropriste umpiemenution document to check lhe interprewstica of
boid iralicised terms ang other impiementation-dependen: details. The rouune mame may be precision-dependent.

1. Purpose

COSNBF is an easy-to-use routine o {ind a zero of a system of N noniinear functions in N variables by a

modification of the Powell hvbrid method.

2. Specification

SUBRODUTINE COSNBF (FCN, K, X, FYEC, XTOL. Wi, LWA, IFAIL)

£ INTEGER N, (WA, IFAIL
y real X{N}, FYEC(N). XTOL, WA{LWA)
¢ EXTERNAL FCN

3. Description

COSNBF is based upon the MINPACK routine
HYBRDI1. It chooses the correction at each step
as a convex combination of the Newwon and
scaled gTEQIEAL directions. Under redsonabie
conditions this guarantees global convergence for
starting points far from the solution and 2 fast
rate of convergence, The Jacobian is updated by
the rank~1 method of Broyden. At the starting
point the Jacobian is approximated by forward
differences, but thess are not used again until the
rank-1 method fails to produce satisfactory
progress.

4. References

{1] POWELL, M.J.D.
A hybrid method for nonlinear algebraic

equations. In  “Numerical Methods for
Nonlinear  Algebraic  Equations’, Ed.

Rabinowitz. P., Gordon and Breach, 1970,

{2] MORE, 1], GARBOW, B.S. and
HILLSTROM, K.E.
User Guide for MINPACK-1.
ANL-80-74, Argonne National Laboratory.

2, Parameters

FCN - SUBRGUTINE, supplied by the user.
FCN must caiculate the values of the funcuons
at X and return these in the vecior FVEC.

[ts specification 15~
SUBRGUTINE FOMIN. X, FYEL IFLAG)
THTEGER N, IFLADS
real L{NY FVEDIND

SN AGFLIB Y56/ A RS: nd Febeuary 198D

N - INTEGER.

On entry, N contains the number of
eguations. The value of N must not be

changed by FON.

X - real array of DIMENSION (N).

On entry, X contains the point at which the
functions are to be evalualed. The values in
X must not be changed by FCN.

FVEC ~ real array of DIMENSION (N).

On exit, unless IFLAG is reset to a negative
number, FYEC(i) must contain the value of
the (i)th funciion evaluated at X.

IFLAG - INTEGER.

In general, IFLAG should not be reset by
FCN. If, however, the user wishes 10
terminate sxecution {perhaps because some
iilegal point X has been reached) then
IFLAG should be set to a2 negative integer,
This value will be returned through IFAILL.

FCN must be declared as EXTERNAL in the
(sub)program f{rom which COSNBF is calied.

N - INTEGER.

On entry, N must specify the number of
equations. N > 0

Unchanged on exit.

X — real array of DIMENSION at least (N},

Before entry, X{}} must be set to a guess at the
j{thy component of the solution {§j = 12N}

On =xit. X coniains the final estimate of the
solution YECior.

Fape !
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EVEC - real array of DIMENSION at least (N).

On exit. FYEC contains the function values ai
the final point, X.

XTOL ~ real

On entry. XTOL must specify the accuracy in X
1o which the solution is required. XTOL = 0.0.
If XTOL is iess than machine precision {see
NAG FORTRAN Library routine X0ZAAF),
then machine precision is used. Sec Section 10.
The recommended value is the square root of
machine precision.

Unchanged on exit.

WA - real array of DIMENSION at least
(LWA).
Used as workspace.

LWA - INTEGER.
On entry, LWA must specify the dimension of
the array WA, LWAZNX{IXN+13)

Unchanged on exit.

IFAIL - INTEGER.

Before entry, IFAIL must be assigned a value.
For users not familiar with this parameter
(described in Chapter POI) the recommended
value 15 0.

Uniess the routine detects an error (sec next
section), IFAIL contains 0 on exit.

6. Error Indicators and Warnings

Errors detected by the routing:~

IFAIL <O

This indicates an exit from COSNBF because
the user has set IFLAG negative in FCN. The
value of IFAIL will be the same as the user's
setiing of IFLAG.

IFAIL = |

On entry, N = 0, XTOL < 00 or
LWA<sNX(3XN+13).

[FAIL = 2

There have bpesn al least 200 X (N=+1j
svaluazions of FON. Consider reswarting. (he
calculation from the final point heid in X

[FAIL == 3
No further improvement in the zpproximate
solution X is pessibie; XTOL is toc smali.

148

COS ~ Roots of One or More Transcendental Equations

IFAIL = 4

The iteration is not making good progress. This
failure exit may indicate that the system does
not have a zero. Otherwise, rerunning
COSNBF from a different starting poinl may
avoid the region of difficulty. Alternatively
consider using COSPBF or COSPCF which
require an analytic Jacobian,

7. Auxiliary Routines

Details  are  distributed  to sites  in
machine-readable form.

8. Timing

The time required by COSNBF to soive a given
problem depends on N, the behaviour of the
funciions, the accuracy requesied and the
starting point. The number of arithmetic
operations executed by COSNBF to process cach
call of FCN is about 11.5XN?. Unless FCN can
be evaiuated quickly, the timing of COSNBF will
be strongly influenced by the time spent in FCN.

9. Storage

There are no internally declared arrays.

10. Accuracy

COSNBF tries 1o ensure that
|1X—=XSOL||, = XTOL X 1{XSOL|,- I

this condition is satisfied with XTOL = 10™%
then the larger components of X have k
significant decimal digits. There is 2 danger that
the smaller components of X may have large
relative errors, but the fast rate of convergence of
COSNBF usually avoids this possibility.

The test assumes that the functions are
reasonably well behaved. If this condition is not
satisfied, then COSNBF may incorrectly indicate
convergence. The validity of the answer can be
checked, for exampie, by rerunning COSNBF
with a tighter tolerance.

11. Further Comments

Ideally the problem shouid be scaied so that at
the solution the funcuion values are of
comparable magnitude.

12. Keywords

Eguations, nonlinear algebraic. easy-1o-use;
Powell hvbrid method. sasy-to-use.

Pape 2
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13. lixample

‘fo -ictermine the values x ,..xg which satisfy the tridiagonal equations:~
(3~2x,)x, — Iz, = =]
e + (3% )%~ 2x,

ey S|

xXg +(3—-2xgdxg = ~ 1.

13.1. Program Text
c COSKBF EXAMPLE PROGRAMW TEXT
¢ MARK O RELEASE. NAG COFYRIGHT 1881
o .. LOCAL SCALARS ..
REAL FNORM, TOL
INTEGER IFAIL, J, NOUT

- el ow 23,8

¢ .. LOCAL ARRAYS ..
REAL FVEC(9). WA{180). X(9)

£ .. FUNCTION REFERENCES .
REAL FOSABF. SORT. XOZAAF

¢ .. SUBROUTINE REFERENCES ..

¢ COSNBF

¢

EXTERNAL FCN
DATA HOUT /6/
WRITE (NOUT.99998)
¢ THE FOLLOWING STARTING VALUES PROVIDE & ROUGH SOLUTION.

DO 20 J=1,9

X(J) = -1.£0
29 CONTINUE

TOL = SQRT(XD2AAF(D.0))

IFAIL = 0

CALL COSNBF(FCN. 9. X, FVEC. TOL. WA, 180, IFAIL)

FNORM = FOSABF{FVEC.S)

WRITE (NOUT.S9988) FNORM, IFAIL, (X{J).J=1.9)

ST0P
99999 FORMAT (4{1X/). 31H COSNBF EXAMPLE PROGRAM RESULTS/1X)
99988 FORMAT (5X. 31H FINAL L2 NORM OF THE RESIDUALS, E12.4//5X,

* 154 EXIT PARAMETER, I40//5X. Z7H FINAL APPROXIMATE SOLUTION//

s (5X, 3E12.4))

END

SUBROUTINE FCN(N. X. FVEC. IFLAG)
¢ .. SCALAR ARGUMENTS ..
INTEGER IFLAG. N

. ARRAY ARGUMENTS ..

REAL FVEC(N). X[N)

Y

3 4y

. LGCAL STALARS .
?-!E;i ONE, TENP, TEWP®Y, TEWPZ, THRIE, TWC, ZERG
NTEGER K

7y

DATA ZERC. ONE. TWO, THREE /0.8C.71.80.2.50.3.80/
0g 20 €= R

TEMP = [THREE-THO*X(K))*X{K)

TEMPY = IERD

IF (K NE.1) TENPY = X{X-*)

INAGFLIB 955/ MuE0:20nd February 1987 ] Page 3
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IF (K.NE.N) TEMPZ = X(Ke1)
EVEC(K) = TEMP - TEMP1 - TWO'TEMPZ + JNE
20 CONTINUE
RETURN
END

13.2. Program Data
MNone.

13.3. Program Resuits
COSNBE EXAMPLE PROGRAM RESULTS

FINAL L2 NORM OF THE RESIDUALS O.1133£-07
EXIT PARAMETER g

FINAL APPROXIMATE SOLUTION

~0.5707€+00 ~0.6818E+00 -0.7017E+CO

~0.7042E+00 -0.70%4E+00 -0.8919E+00
~.8638E+00 -0.5960E+00 -0 4184E+C0

Page 4 st INAGFLIBIG56/0. MES: 1 2nd Febrsary 19877
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COSPRF

COSPBF ~ NAG FORTRAN Library Routine Document

NOTE: bofore using this routine, pleass read the appropriste implementstion document to ¢heck the interpretasion of
boid irdicived werms and other implementaton—dependen: details. The routine name may de precision—dependent,

}. Purpose

COSPBF is an sasv-to-use routine to {ind a zero of & system of N nonlinear functions in N variables by a
modification of the Powell hybrid method. The user must provide the Jacobian.

2. Specification

SUBROUTINE COSPBF [FON, N, X, FVEC. FJAL, LOFJAC, XTOL, WA,

1 L¥A, IFAIL)
¢ INTEGER N. LDFJAC. LWA. IFAIL

2 real X(N). FYEC(N). FJAC{LDFJAC N, XTOL. WA(LWA)

¢ EXTERNAL FCH

3. Description

COSPBF is based upon the MINPACK routine
HYBR}. It chooses the correction at cach step
gs 2 convex combination of the Newton and
scaled gradient directions. Under reasonable
conditions this guarantees global convergence for
starting points far from the solution and a fast
rate of convergence. The Jacobian is updated by
the rank-1 method of Broyden. At the starting
point the Jacobian is calculated, but it is not
recaiculated until the rank-1 method fails 1o
produce satisfacory progress.

4. References

(1] POWELL, M.I.D.
A hybrid method for nonlinear zlgebraic
equations. In  ‘Numerical methods for
Nonlinear Algebraic Eguations’,
Ed. Rabinowitz, P., Gordon and Breach,
1570

2] MORE, 1.1, GARBOW, BS. and
HILLSTROM, K.E.
User Guide for MINPACK-1.
AN1.-80~74, Argonne National Laboratory.

5. Parameters

FCN - SUBROUTINE, supplied by the user.
Depending upon the value of IFLAG, FON mast
sither calculaie the vaiues of the functions a:t X
or calculate the Jacobian a1 X, returning these in
FVEC and FIAC respectively.

Its specification s~
SUBRSUTIRE #UNCH X FVED FUAL,
$LDFUAD.IFLAG)
CHTEGER NOLOFUAD IFLAI

rogl TURY FVEDIRY S

FINE AT KN
(LBE ALK

INAGELIB IS MEY 2ind February 1982

N - INTEGER.
On entry, N contains the number of

equations. The value of N must not be
changed by FCN.

X ~ real array of DIMENSION (N}
On entry, X contains the point at which the
functions or the Jacobian are to be evaluated.
The values in X must not be changed by
FCN.

FVEC - real array of DIMENSION (N).
On exit, uniess [IFLAG is reset 10 a negative
number, or IFLAG = 2 on entry, FVEC(i}
must contain the value of the i(th) function
evaluated at X. FVEC mus: only be changed
i IFLAG = | on entry.

FIAC -~ reai array of DIMENSION
(LDFJAC,N).
On exit, unless IFLAG is reset 10 2 negative
number, or IFLAG == | oneniry, FIAC(L))

aF

must contain the valae of &:}”{ = ,..N
{where F. is the i{th} fgnction, and X% the
jith} variabie) evaluated at X. FIAC must
only be changed if IFLAG = Z on entry.

LDFIJAC - INTEGER.

On entry, LDFJAC specifies the firgt
dimension of FIAC LDFIAC must not be
changed by FON.

Pogs !
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IFLAG ~ INTEGER.

On #nt'y, IFLAG s 1 if FVEC is to be
updater and IFLAG is 2 if FJAC is to be
updated.

In general. IFLAG should not be reset by
FCN. If. however, the user wishes to
terminate execution {perhaps because some
iliegal point X has been reached} then
IFLAG should be set to a negative integer,
This value will be returned through IFAIL.

FCN must be declared as EXTERNAL in the
(sub)program from which COSPBF is calied.

N - INTEGER.

On entry., N must specify the number of
equations. N > 0.

Unchanged on cxit,

X — real array of DIMENSION at least (N).

Before entry, X{j) must be set to a guess at the
j(th) component of the solution {j = 1,2,...N).

On exit, X contains the final estimate of the
solution vector.

FVEC - real array of DIMENSION at least (N).

On exit, " VEC contains the function values at
the final - Jint, X.

FIAC - real array of DIMENSION
{(LDFJAC,p), where p = N.

On exit, FIAC contains the orthogonal matrix Q
produced by the QR factorisation of the final
approximate Jacobian,

LDFJAC -~ INTEGER.

On eniry, LDFJAC must specify the first
dimension of FJAC as declared in the calling
(subprogram. LDFJAC = N,

Unchanged on exit.

XTOL — real

On entry, XTOL must specify the accyracy in X
1o whick the solution i required. XTOL = 0.0

i XTOL is itss then machine precision {see.

NAG FORTRAN Library routine XO0ZAAF)
then machine precision is used. See Section 10,
The recommended value is the sguare roct of
machine precision.
Unchanged on exil

WA - real array of DIMENSION at least
(LWA)

Used as workspace.

Page &

LWA -~ INTEGER.
On entry, LWA must specify the dimension of
the array WA, LWAZNX(N-+13}
Unchanged on exit.

IFAIL - INTEGER.

Before entry, IFAIL must be assigned a value.
For users not familiar with this parameter
{described in Chapter PO} the recommended
value is 0.

Unless the routine detects an error {see next
section), IFAIL contains 0 on exit.

6. Error Indicators and Warnings

Errors detected by the routine-

IFAIL < 0

A nepative value of IFAIL indicates an exit
from CO5SPBF because the user has set IFLAG
negative in FCN. The value of IFAIL will be
the same as the user’s setting of IFLAG.

IFAIL = |

On entry, N < 0, LDFJAC < N, XTOL <
0.0 or LWA<INX(N=+13).

IFAIL = 2

There have been 100 X (N=1) evaluations of
the functions. Consider restarung the
caiculation from the final point held in X.

IFAIL = 3

No further improvement in the approximate
solution X is possible; XTOL is too small.

IFAIL = 4

The iteration is not making good progress. This
failure sxit may indicaie tha: the system does
not have a zero. Otherwise, rerunning COSPBF
from a different starting point may avoid the
region of difficulty.

7. Auxiliary Routines
Diesails  are  distributed to sites in
machine-readable form.

8. Timing

The time required by COSPBF 1o solve 2 given

probiem depends on N, the behaviour of the
functions, the accuracy requesied and the
starting point. The number of arithmeuc
operations executed by COSPBF s about
115X N? 10 process each evaluation of the
functions and abour 1.3XN7 1o process esach
evaiuation of the Jucobian. Uniess FCN can be

(NAGFLIEH 937 0MKS 2 2nd February (9035,
¥ i
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evaluated quickly, the timing of COSPBF will be
strongly influenced by the time spent in FON.

9. Storage
There are no internally declared arravs,

10. Accuracy
CO5PBF tries to ensure that
[IX~XSOL|{, = XTOL X ||XSOL| ly-

If this condition is satisfied with XTOL = 10 ™%
then the larger components of X have k
significant decimal digits. There is a danger that
the smaller components of X may have large
relative errors, but the fast rate of convergence of
CUOSPBF usually avoids the possiblity.

The test assumes that the functions and Jacobian
are coded consistently and that the functions are

153
CosSPBF

reasonably well behaved. If these oanditions are
not satisfied then COSPBF may incorrectly
indicate convergence. The coding of the Jacobian
<&n be checked using COSZAF. If tne Jacobian is
coded correctly, then the velidity of the answer
can be checked by rerunning COSPBF with &
tighter tolerance.

11. Further Comments

Ideally the problem should be scaled so that, at
the solution, the function values are of
comparable magnitude.

12. Keywords

Equations, nonlinear algebraic, user-supplied
Jacobian, casy-to-use; Powell hybrid method,
user-supplied Jacobian, sasy-to-use.

13. Example

To determine the values x,....x, which satisfy the tridiagonal equations:~

(3—2x;)x; = 2x, = =1
=Xy FO-XX -2, =] 0=
~xg T (3—2xgixg = — L.

13.1. Program Text

2.3,..8,

i COSPBF EXAMPLE PROGRAM TEXT
¢ MARK 9 RELEASE. NAG C[OPYRIGHT 1881
¢ . LOCAL SCALARS .,
REAL FNORM, ToL
INTEGER IFAIL, J, NOUT
c .. LOSAL ARRAYS ..
REAL FJAC{S.93Y, FVEC[9), WA[89), X(8)
L .. FUNCTION REFERENCES ..
REAL FOSABF, SQRT. XQ2M4F
£ .. SUBROUTINE REFERENCES ..
£ LOSPEF
£ .
EXTERNAL FLH
DATA NOUT /8/
WRITE {NOUT, 98888,
N THE FOLLOWING STARTING VALUES PROVIDE & ROUGH SOLUTION.
DG 20 J=1.8
100Y = <1 EQ
20 LONTIndE
TOL = SORT{XBZMAFID.OD
IFAIL = 0
Cali CCEPBF{FLN. . X, FVEL, FJiC. TOL, WA, 899, IFaIL)
FNCRE = FOBABF/RVED . §)
WRITE [NOUT, 38888 FNORM, IFAIL. fX(J).J=%1.8)
§Toe

INAGFLIBIVSS b ks Sond February 15821
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99998 FORMAT (5X. 31H FINAL L2 KCRM OF ~HE RESIDUALS. E12.4//5X,
o« 15K EXIT PARAMETER, [10//5X, I7H FINAL APPROXIMATE SCLUTIOR//
s (5X, 3E12.4))

END

SUBROUTINE FCN(N, X. FVEC, FUAL. LDFJAL, IFLAG)

. SCALAR ARGUMENTS ..

INTEGER IFLAG. LDFJAC, W
¢ .. KRRAY AAGUMENTS ..

REAL FJAC(LDFJAC.N), FVEC(N), X(N)

«r

¢ .

o .. LOTAL SCALARS ..
REAL FOUR. ONE. TEMP. TEWPY, TEMPZ, THREE, Tw0, ZERO
INTESER J. K

¢

GATA 2ERO, ONE, TWO, THREE, FOUR /0.E0,1.£0.2.E0.3.ED.4.EO/
IF (IFLAG.EQ.2) GO 71O 40
DO 20 K=1.N
TEWP = (THREE-TWO*X{K))*X(K)
TEMPY = 2ERD
IF (K.NE.1) TEMP% » X({K-1)
TEMP2 = ZEROD
IF [K.NE.N) TEMPZ = X(K+1)
FVEC{K} = TEWP - TEMPY - TWC*TEWP2 + ONE
2 CONTINUE
60 70 100
40 CONTINUE
00 80 K=1.N
00 80 Je1.N
FJAC(K.J) = ZERDQ
60  CONTINUE
FIAC{K.K) = THREE - FOURSX(K)
IF (K.NE.1) FJAC{K.K-1) = -ONE
IF [K.NE.N) FUAC{K.K+1) = ~TWO
8C CONTINUE
100 CONTINUE
RETURN
END

13.2. Program Data
None.

13.3. Program Results
COSPRF EXAMPLE PROGRAN RESULTS

FINAL L2 NORM OF THE RESIDUALS 0. 1183E-07
EXIT PARAMETER !

FINAL APPROXIMATE SOLUTION

~f B7G7EDD <0 581BER0 -0 7017E-00
<. TC42E00 -0 7DT4EAD0 -0 388E+00
< BEABE-D0 -0 SHEIE.00 -0 47548400

Page 4 last! NAGFLIBIVS7/0:Mk5:22nd Frsruary 1982 )
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FO4ATF

FO4ATF ~ NAG FORTRAN Library Routine Document

NOTE: before using this routine, please read the appropriate implementation document o check the imterpretation of
boid iralicised terms and other implemsniation-dependent details, The routine name may be precision-dependent.

1. Purpose

FOLATF calculates the accurate solution of 2 set of real linear equations with a single right hand side,

Ax=b, by Crout’s factorisation method.

2. Specification

SUBROUTINE FO4ATF [A. IA. B, N, C, AA, TAA, WKS1, WKS2,

1 IFAIL)
c INTEGER IA. N, IAA. IFAIL

¢ real ACTA.N). B(N). CEN). AACTAA.N). WKST(N]. WKS2[N)

3. Description

Given a set of linear equations, Ax = b, the
routine first decomposes A using Crout’s
factorisation with partial pivoting PA = LUJ
where P is a permutation matrix, L is lower
triangular and U is unit upper triangular. An
approximation to x is found by forward and
backward substitution in Ly = Pb and
Ux = y. The residual vector r = b - Ax is
then calculated and a correction, d, to x is found
by the solution of LUd = r. x is replaced by
{x+d) and the process repeated until full
machine accuracy is obtained. Additional
precision accumulation of innerproducts is used
throughout the calculation.

4, References

[1}] WILKINSON, J.H. and REINSCH, C.
Handbook for Automatic Computation.
Volume I, Linear Algebra.
Springer-Verlag, 1971, pp. 93-110.

5. Parameters
A ~ reai array of DIMENSION (IA.p) where
p=N.
Before entry, A must contain the elements of
the real matrix.

Unchanged on exit,

IA « INTEGER.
On entry, IA must specify the first dimension
of array A as declared in the calling
{subjprogram,
[A = N

Unchanged on exit.

[NAGFLIZ [ I00/646: ME10:18th November [1932]

B - real array of DIMENSION at least (N).

Before entry, B must contain the elements of
the right hand side. (See Section 11).

Unchanged on exit.

N - INTEGER.

On eatry, N must specify the order of matrix
A,

Unchanged on exit.

C — real array of DIMENSION at least (N).

On successful exit, C will contain the solution
VECtor.

AA - real array of DIMENSION (IAAg)
where g = N.

Used as working space.

On successful exit, AA will contain the LU
decompositicn.

IAA ~ INTEGER.
On entry, 1A A must specify the first dimension
of array AA as declared in the calling
{sub)program.
[AA = N,

Unchanged on exit.

WEKS1 - reaf array of DIMENSION art fzast
{N3.

WEKSZ - reaf array of DIMENSION at least
(NY.
Used as working space.

IFAIL - INTEGER.
On entry, [FAIL must be set o § or |. For
users not  familiar  with  this parameter
{described in Chapter PO} the recommended
value is 0.

FPage |
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Unless the routine detects an error (see next
section), IFAIL contains O on exit.

6. Error Indicators and Warnings
Errors detected by the routine:~

[FAIL = |
The matrix A is singular, possibly dus to
rounding errors.

IFAIL = 2

The matrix A is too ill-conditioned to
produce a correctly rounded solution.

7. Auxiliary Routines

Details are  distributed to  sites  in
machine-readable form.

8. Timing
The time taken is approximately proportional to
N3,

F04 ~ Simultaneous Linear Equations

9. Storage
There are no internally declared arrays.

10. Accuracy
The computed solutions should be correct to full
machine accuracy. For a detailed error analysis
see [1], page 107.

11. Further Comments

The routine must not be called with the same
name for parameters B and C.

12. Keywords

Accurate Solution of Linear Equations,
Crout Factorisation,

Real Matrix,

Single Right Hand Side.

13. Example

To solve the set of linear equations Ax = b where

Azx

33 16 72 -~ 359
~24 =10 =57 and b = 281
8§ -4 —17 85

13.1. Program Text

WARNING: This single precision example program may require amendment for certein implementations. The results produced
may not be the same. If in doubt, please seek further advice (see Essentinl Introduction to the Library Manuai).

FO4ATF EXAMPLE PROGRAM TEXT
NAG COPYRIGHT 1975
MARK 4.5 AREVISED

Cx O 3 &

REAL A{5.5). B(5). C[5), AA(5,5), WKS1(18), WKS2(3)

INTEGER NIN, NOUT, I,
OATA NIN /5/. NOUT /8/
READ (NIN,99999) (WKS1(I).I=1.7)

WRITE (NOUT,99997) (WKS1(I).I=1,6)

N * 3

N, J, TA, IAA,

IFAIL

READ (NIN 9S888) £(A(I.J).J=1.N).I=1 N}, {B(I] I=1.N}

14 = &

a4 = 5

FalL = 1

CALL FO4ATF({A. IA, 8, N. L, Ax. TaA,

IF O{IFAIL.EQ.Q) GO TO 20
WRITE (NOUT 88886) I[FAIL
STOP
20 WRITE (NOUT,L98898) (C(I3.I=1.4]
STOP
30999 FORKAT (644, 14A3)

Page ?
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99998 FORMAT (3F5.0)
99997 FORMAT (4(1X/). 1H . 5A4, 1A3, 7HRESULTS/1X}
99996 FORMAT (2SHOERROR IN FO4ATE IFAIL = , I2)
99995 FORMAT (10HOSOLUTIONS/(1H . F4.1))

END

13.2. Program Dats
FO4ATF EXANPLE PROGRAM DATA

33 18 72
-24 -10 -§7
-8 -4 -17
-358 281 85

12.3. Program Results
FO4ATF EXAMPLE PROGRAM RESULTS

SCLUTTIONS
1.0

-2.9

-5.0

[NAGFLIB: 1 J00/646: M E10: 18th November (987} Page ¥ {lasi]
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WNOTE: before using this routine. plesse read the appropriate implementslion document 10
terms and other impiementation~dependent detzils. The routine name may %8

1.

INAGF LIB-0852/368: Mkl :Navember &3

FO3AAF

FO3AAF ~-NAG FORTRAN Library Routine Document:

check the interpretation of doid italicised
1.

Purpose
FO3JAAF calculates the determinant of a reul matrix using the factorisation method of
Crout. .

Specification
SUBROUTINE FOIAAF (A, IA N, DET WKSPCE. IFAIL)
L INTEGER IA N, IFAIL
¢ real A(IA.N).DET, WKSPCE(N]
Description

The routine calculates the determinant of A using the Crout factorisation with partial
pivoting, PA = LU, where P is a permutation matrix, L is lower triangular and U is unit
upper triangular. The determinant of A is the produ*::t of the diagonal elements of L with the
corract sign determined by the row interchanges. Additional pf&'CiSfOfl accumulation of
inner-products is used throughout.

References

1] WILKINSON, J.H.and REINSCH, C. ]
Handbook for Automatic Computation, Volume II, Linear Algebra, pp. 93-110.

Springer-Verlag, 1971.
Parameters

A -real arrayof DIMENSION (IA.p), wherep = N.
Before entry, A must contain the elements of the real matrix.
On exit, it will contain the Crout factorisation. with the unitdiagonalof U understood,
unless an error has occurred.

1A~ INTEGER.
On entry, IA must specify the first dimension of array A as declared in the calling
{sub)program.
[A=N
Unchanged on exit.

N~ INTEGER.
On entry, N must specify the order of th® matrix.
{Unchanged on exit.

DET - reaid.
On exit. DET will contain the value of the determinant. unless an error has occurred

{See Section 6).

WKSPCE - real arrayof DIMENSION atieast (N}
sed as working space..

Page i
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10.

11.

12.

13.

Page 2

IFAIL - INTEGER.

Before entry, IFAIL must be set to 0 or 1. Users who are unfamiliar with this
parameter should refer to Chapter POI for details. Unless the routing detects an error
or gives a warning (see Section 6), IFAIL contains O on exit.

For this routine, because the values of output parameters may be useful even if
IFAIL # 0onexit, users are recommended to set IFAIL to | before entry. Itis then
essential to test the value of IFAIL on exit.

Error Indicators and Warnings
Errors detected by the routine:~

IFAIL = |
The matrix A issingular, possibly dueto rounding errors. DET is set 10 0.0.

IFAIL == 2
Qverflow. The value of the determinant is toc large to be held in the computer.

IFAIL =3
Underflow. The value of the determinant is too small to be held in the computer.

Auxiliary Routines
Details are distributed to sites in machine-readable form.

Timing
The time taken is approximately proportional to N3

Storage
There are no internally declared arrays.

Accuracy

The accuracy of the determinant depends on the conditioning of the original matrix. For a
detailed erroranalysisses [1],p. 107.

Further Comments
None.

Keywords

Crout Factorisation,
Determinant,
Real Matrix.

Exampie
Tocaleulate the determinant of the real matrix:
33 16 ™
{-—24 -0 —37
-3 =4 =17
L i

[(NAGFLIB:953/368: Mkl 1: November 8]}
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13.1. Program Text

FO3AAF

W ARNING: Thissingle precisionexample program may requireamendment for certain impiementations. Theresults produced

may not be the same. If in doubt, piease seek further advice (see Essential Introduction to the Library Manual).

¢ FO3AAF EXAMPLE PROGRAM TEXT
i NAG COPYRIGHT 1875

C MARK 4.5 REVISED

€

REAL DETERM. A(4.4), WKSPCE(18)
INTEGER NIN, NOUT. I, N. J, Ia IFAIL
DATA NIN /5/. NOUT /8/
READ (NIN,99999) (WKSPCE(I).I=1.7)
WRITE (NOUT,99997) (WKSPCE(I) I=1.8)
N+ 3
READ (NIN.99998) ((A(I.J).J=1.N),I=1.8)
Ia = 4
IFAIL = 1
CALL FO3AAF(A. IA. N, DETERM, WKSPCE, IFAIL)
IF (IFAIL.EQ.0) 60 T0 20
WRITE (NOUT,Q9998) IFAILL
$TOP
20 WRITE ({NOUT,99995) DETERM
S$TOP
99999 FORMAT ({BA4. 1A3)
30998 FORMAT (3F5.0)
39997 FORMAT (4(1X/). 1H , 5A4. 1A3, 7HRESULTS/1X)
39996 FORMAT (25HOERROR IN FO3AAF IFAIL =, 12)
39995 FORMAT (24HOVALUE OF DETERMINANT = , Fd.1)
END

£33, Program Data
FO3AAF EXAMPLE PROGRAM DATA

33 8 72
-24 -10 =57
-8 -4 ~17

13.3. Program Results

FO3AAF EXAMPLE PROGRAM RESULTS

YALUE OF DETERMINANT = 8.0

{.“w&’ﬁFéj?.@ﬁiﬁé@:.ﬁdi£ i November 81}

Foged ilfost)
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¢ RCHNATOUT RCNQQQLO
© PROGRAM TC EVALUATE TRANSCENDENTAL EQUATION FCR A RANGE OF RCNOCG20
2 FPREQUENCIES IN ORDER TO DETERMINE APPROXIMATE YALUES OF THE NATUERAL RCNGOO3C
¢ FREQUENCIES OF COMPLIANT BISERS FOR OUT OF PLANE DYNAMICS WITH A 2-D RONQOO4C
C STATIC CONFIGURATICN. RCNOGOED
~ THIS PROGRAKM CAN BE USED TO DETERMINE APPRCXIMATE ESTIMATES OF NATURALRCHGOOE0
C FREQUENCIES TC USE AS INPUT IN THE OUT CF PLANE DYNAMICS PROGRAM, RCNOOOT0
©» WHICH IMPROVES THESE INITIAL ESTIMATES. RCNOOGBO
o DOUBLE PRECISION AXD THE NAG FORTRAN LIBRARY ARE USED THROUGHOUT . RCNOQGS0
C*Nt*t**x**sxttﬁt****w:u*t*:t*x*!xxx*xt*t*ﬂth*ﬂe!’:t*********w*t*z*xtru**RCHOG]_QG
o COPYRIGHT, 1985, MASSACHUSETTS INSTITUIE OF TECHNOLOGY RCNGGQLLO
¢ ALL RIGHTS RESERVED. RCNCOL20
C**xnr***n*tsuu:**t:n*tx*:**::it*at::t***nxtn*tx*t*xxta*xx*t«xsuc**gt*xnw**RCHQCl30
¢ PROGRAMMER GEORGE A. KRIEZIS3 JUKE 2, 1985 ¥.I.T. RCNQO140
C*x*t*ﬁ*****x***t****ﬂ***!*a***x*t*ﬂi*x*tﬂ*xw***x*t**ttt****ﬁ*s**t***t*tRcN{}clsﬂ
c RCHGCOLEC
¢ DEFINITION OF DEVICES: RCNOQLTC
¢ DEVICE 5 : INPUT FROM TERMINAL RCHOOL80
C DEVICE & : OUTPUT TO TERMINAL RONOG190
C DEVICE 8 : INPUT FROM FILE PREPARED BY RCINPUT {LRECL=80) RCNCOZ00
¢ DEVICE 10 : INPUT FROM FiLE CONTAINING APPRCKXIMATE N~D STATIC RCNCOZ1C
C SOLUTION CREATED BY RCSTAT2D {LRECL=132)} RCNOGZZ0
o DEVICE 1:i : QUTPUT TO FILE {LRECL=8C) RCNQO0230
c ) RCNODZ240
¢ DEFINITIONS OF PARARMETERS RCNOC250
¢ MNP = MAXIMUM NUMBER CF FREQUENCIES TC EVALUATE FUNCTION. RCNUG26C
c RONOOQZ2TC

IMPLICIT REAL=8(A~H,0-%) RCNO0OZB0

PARAMETER (MNP=300) RCNOQ290

CHARACTER=*80 NAME RCNOC300

COMMON/ INPUTO/NAKE RCNQO310

DIMENSION ?REQ(MNP),FVALHE(HNP),RANGL{HHP);RAHG2{MNP) RCNCO3Z0
c RCNGO33C
< READZD READS 2-D STATIC COMPLIANT RISER RCONOC34C
c SOLUTION CALCULATED FROM RCSTAT2ZD PROGRAM AND EVALUATES RCNOQ350
< THE MAXIMUM NONDIMENSIONAL STATIC EFFECTIVE TENSION {TCoMAX) RCNOO36C
C RCNOQ3TQ

CALL READ2D (TOMAX, VM, ICCC) RONOC380

IF(ICCC.EQ.D) STOP RCNCO3S0
< RCNC0400
c CHARAC READS RISER CEARACTERISTICS FROM UNIT 8 AND EVALUATES THE RCNOO410
g NONDIMENSIONAL COEFFICIENTS TC BE USED FOR THE ESTIMATION OF RCNOD4Z20
c THE NATURAL FREQUENCIES. RCNOO43C
< RCHCO44D

CELL CHARAC (TOMAX, TMAXAV, TLENG) RCHOG4E0
- RCNUGC4ABU
Z RCONOO470
c RCNOGC4ABO
1490 WRITE{6,13C0} MNP RCNOC480
1500 FORMAT(/' INPUT'/® THE ¥AXIMUM FREQUENCY AND FREQUENCY SPACING (INRCNOOBLO

« RAD/S)'/' FOR WHICH YOU WISH TC EVALUATE
«f MAKIMUY PERMISSISLE NUMBER OF FREQUENCY
READ(S,~) FREQH,DF

NIV = FREQH/DF

vP = FLOLT (HEP-L)

IF(DIV.GT.EP) GOTO 1459

15 = *,12)

PCINTS

-
o
FL

THE FREQUENCY FUNCTION'/RCNCO510

RCNOOBZO
RCNOG530
RCRGOEAC
ROWOCHER0
RCNGOS60
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c RCNQOBTD
¢ APPROX : EVALUATES THE TRANSCENDENTAL EQUATION FCR ALL FREQUENCIZSRONOOSS80
c IN THE RANGE REQUESTED. RCNGORSO
c RCNOCE00
CALL APPROX{FREQ,FVALUE, TLENG, TMAXAV, TOMAX,FREQH, DF,NDIV) RCNOOELO
” RCNOQB20
¢ DETERMINE THE APPROZIMATE VALUES OF EACH NATURAL FREQUENCY IN THE RCNOOS30
c SPECIFIED RANGE. THE EQUATION CHANGES SIGN AT EACH NATURAL RONODB40
c FREQUENCY. RCNGOB50
c RCROUBEED
¥ =0 RCNQOST0
DO 4852 I=1,NDIV-1 RONOOB80
CHECK = FVALUE(I)*FVALUE{I+1) RCNOCE90
IF (CHECK.LT.C.DO) THEN RCNGCOT7C0
K=K+ 1 RCNOG710
RANGL(K) = FREQ(I) . RONOOT20
RANGZ2 (K} = FREQ(I+l) RCNOO730
END IF RCNOO740
452 CONTINUE RCNOGT750
c RCNOCT760
c SUTPUT THE RESULTS RONOOTT0
c RCNOOTBO
WRITE(11,88668) NAME RCNOG790

8BE6 FORMAT (80A) RONGOBOO -
WRITE(11,86) RCHCO810
66 FORMAT(/' ESTIMATES OF QUT-CF PLANE NATURAL FREQUENCIES FOR A 2-D RCNOOE20
*STATIC CONFIGURATION'/) RCNOO830
WRITE{11,85)K RCHNOOB40
8% FORMAT(®' NUMBER CF NATURAL FREQUENCIES IN SPECIFIED RANGE: ',I3) RCNOOS850
RCNOGRE0
DG 76 I=i,K RCNOO8TO
WRITE(11,86) I,RANG1(I),RANGZ(I) RCNOQS80
RCNOGSSD

76 CONTINUE
86 FORMAT(' MODE = ',1I3/' NATURAL FREQUENCY BETWEEN'/1X,D12.6,' AND 'RCNOOSCO

=,D12.6,' RAD/SEC'/* A AR E XA R KA XXX ALK RKN RN AR KRR R KRR AR n ! ) RONQOZA0D

WRITE(11,24) RCNO0920
24 FORMAT(/' FREQUENCY (RAD/SEC)',2X,'EQUATICN VALUE') RCNOO93Q
DO 89 I=1,NDIV RCNOOS40
WRITE(11,25)FREQ(I),FVALUE(D) ' RCNDOOYS0
2% CONTINUE RCNOOS60
25 FORMAT(BX,D12.6,4X,D12.86) RCROO970
STOP RCNQD980
END RONDOSS0
RONGLOGO

SUBRSUTINE CHARAC {TOMAX, TMANAY, TLENG) RONGIOL

SUBROUTINE CHARAC READS THE COMPLIANT RISER CHARACTERISTICS FROM RONDLCZ20
DEVICE & AND EVALUATES ALL THE NCNDIMENSIONAL COEFFICIENTS USED RCNC1030

(2 €1 2

IN THE EVALUATION OF THE TRANSCENDENTAL ECQUATION AND THE RCNUL040
NONDIMENSIONALIZED FREQUENCIES. RCNGLG50
IMPLICIT REAL=8(A-H,0-2) RCNOLOB0
PARAMETER (¥NP=151} RONDOLGTO
CHARACTER=80 NAME RCNOL1GEO
COMMON/ INPUTC/NAME RCOND1OS0
COMMON/COEF/EFSXI (2, HETAN RCNO1100
DIMENSION EIAI (MNP}, RLENG{MEP), AMAETR (MNP) , TMARTA (MND) ROMOL110

DIMERSION RMASS (MNP}, AMAXI (MNP}, TMAXI (MNP} RCNQOL1ZC
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READ {(8,1000) NAME

FORMAT {B0OA)
READ (8,10C8) NSEG, TLEN,WA,RHCO,AI,CFLUID, PRESS

FORMAT (1X,I3,2(1X,D12.6)/4(1X,D12.8))

TLENG = TLEN

DG 1502 I=1,HSEG

READ (8,1003) RLENG(I),RMASS (1) ,RMASST,AMARI(I},WEIGHT,DXI,
«PXIETA,EA,EIETA,AC, EIETAS

CONTINUE

PORMAT(5(1X,D12.6)/6(1X,D12.8}}

DO 1332 I=1,NSEG
READ(8,1333) AHAET&(I),DETA,EIXE(I?,EEXiS,GIP,GI?S,EKAZE,XJ,ZE

CONTINUE
FORMAT (6(1%,D12.6) /3{1X,D12.6})

NON - DIMENSIONALIZATIONS

GRAV=9.81D0
WAM=WA/GRAV
WT=WA*TLEN
TOMAX = TOMAX*WT

NONDIMENSIONAL COEFFICIENTS USED IN THE EQUATIONS

TOMAXL = TOMAX/TLEN
TOML1 = TOMAX=TLEN
TOMLZ = TOML1=TLEN
TLENZ = TLEN==2
TMAXAV = G.DO

Do 2000 I=1,NSEG

 RLENG(I)=RLENG(I)/TLEN

" TMAXI(I) = RMASS(I) + AMAXI(I)
PMAETA(I) = RMASS(I) + AMBETA(I)
TMAXAV = TMAXI(I)*RLENG(I) + TMAXAV

CONTINUE

EPSXI(1) = EIXI(1)/TOML2
BpSXI(2) = EIXI(NSEG)/TOMLZ
HETR¥ = 5.D0

0o 4321 I=1,NSEG

HETA = TMAETA{I)/TMAXAYV

HETAM = HETAM + HETA=RLENG(I}
CONTINUE
RETURN
END

SUBRCUTINE READZD (TOMAX, VM, ICCC)
THTS SUBRQUTINE RERDS THE STATIC SCMPLIANT RISER SCLUTION FROM

RCHO1130
RONO1140
RCHO1L150
RCRC1LL60
RCNQ1L70
RCNOL1180
RCNOLLEOQ
RCNCL20U
RCHOLZ10
RCNO1Z20
RCNO1230
RCNO1240
RCHO1250
RCNQ1260
RCNQL1Z70
RCNO1280
RCNOLZB0
RCNOL1300
RCHOL3LO
RCNQ1320
RCNOL330
RCNG1340
RCHOL1250
RCNO13680
RCNO1370
RCKOL380
RCNOL390
RCNO14GO
RCRO1410
RCNQ1420
RCNO1430
RCNO1440
RCK01450
RCNO1480
RCND1470
RCNO1480
RCNO1480
RCNO1500
RCNC1510
RONCL520
RCNOLE30
RUNOLE4OD
RCHOLB3E0
RCNGLEE0
RCHO1570
RCHOL580
RCNOLEBO
RCNO16C0
RCRO1610
RCNO1620
RCH01630
RCK{1640

DEYICE 10. IT EVALUATES THE MAXIMUM "NONDIMENSIONAL STATIC TENSION.RCNO1LBED

TMPLICIT REAL#8(A-H,0~Zf
CARAMETER {MNB=LEL)
DIMENSION STATIC(MNP} KI(¥NP}

RCNGLIESD
RCNQLETO
RCNGLI68C
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c RCONO1E90
» STATIC(I) = STATIC EFPECTIVE TENSION 7C RCONOL700
C RCNOITLO
WRITE(S,2000) HNP RCNO1720
2000 FORMAT(' MNP=',I3) RCEOL730
c RONOL740
icre = 2 RCNO1750
READ(10,36455) NP,VH RCNOL780
36455 FORMAT(1X,13,1X,D12.8) RCNOLTTO
WRITE(G,23L11) ¥P,VK RCNO1780
2311 TFORMAT(® 2-D STATIC SOLUTION FROM DEVICE 10'/ RCHO1780
' NP =',13/ RCNQ1800
** MEAN CURRENT VELOCITY IN THE X DIRECTION IN M/S ,VM =',D12.8) RCNO1810
c RONO1820
IF({NP.LT.4) -OR. {NP.GT.MNP}) THEN RCNGI830
ICCe=0 RCNO18B40
WRITE(6,12439) RCNO1850
12435  FORMAT(® NP IS INAPPROPRIATE ; RUN STOPRS') RCNO1860
RETURN RCNO1870
ENDIF RCNO 1880
c RCNO1B3D
I¥ (VM.EQ.0.DO) THEW RCNO1S00
WRITE(6,124) RCNO1910
124 TFORMAT (' PROGRAM IS NOT VALID FOR ZERO MEAN CURRENT SPEEDR'/ RCND1920
* ' RUN STOPS') RCNG1830
ICCC = 0 RCNO1940
RETURN RONO1S50
END IF RCNOLE6D
o RCND1970
c READING FROM DEVICE 10 RONO1S80
c RCNO1290
DO 1021 I=1, NP RCNOZC00
READ(10,1833) X,8TATIC(I),8TATI2,STATI3,STAT4,XCO0R, YCOOR, RCNOZ010
»STRARC, TENSI, VLOCKI RCNQ2020
RI(I} = X RONOZ2G30
1021 CONTINUE RCNOZ040
1033 FORMAT(10({IX,Di2.8)) RCNO2050
c EVALUATE MAXIMUM STATIC EFFECTIVE TENSION RCNO2080
TCHMAX=DMAX1 (STATIC(L),8TATIC(2)) RCNOZ2CT70
DO 9859 I=3,NP RCNQZ080
TOHAX = DMAXI(TOMAX,STATIC(I)) RONDOZ030
9889 CONTINUE RCNOZ100
o RONGZ1LD
WRITE(S,15654) TOMAX RONO2120
1554 FORMAT!' Z=D STATIC SOLUTION SUCCESFULLY READ'/' MAXIMUM STATIC EFRCNOZLID
*FECTIVE TENSION/WA*L = ',szs. i BCNOZ140
o RONOZ150
RETURN RCNG2160

END RCHOZ217

c RC¥0OZ180
SUBROUTINE APPROX{FREQ,FVALUE,TLENG, TMAXAV, TOMAX, FRECH, DF,ND RONGC2190

o THIS SUBROUTINE EVALUATES THE TRANSCENDENTAL EQUATION AT ALL THE RCONO2250
o SPECIFIED FREQUENCY POINTS IN CRDER TO LOCATE REGIONS OF CHANGING BCONGIZZIO
o SIGH. RCNQZ220
IMPLICIY REAL#H{A-H,0-2) RONG2230
RONODZZ40

PLRAMETER (¥NP=300)

Gn e Lu
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COMMON/COEF/EPSXI{Z) (HET RCNO2Z80
TMENSION FVALUE(MNP),FREQ(MNP) RONQO22560
SVALUATE NU. IT I3 EXACT IF THE STRAIN RELIEF UNITS ARE THE SAME RCNOZ270
AT THE TWC ENDS OF THE RISER. RONOZZ80
XRU = DSQRT((E?SXE(1)+2P821{2}}/2.30) RCNO229C
WRITE(S,581) INU RCNG2300
sg1 FORMAT (' THE VALUE OF NU TO BE USED IS = Y, D10.4/" IF YOU WANT TO RCNCZ3LC
«CHANGE NU INPUT L') RCNO2320
READ{E,+} INU RONOZ 330
IF {INU.EQ.L) THEN RCNO2340
WRITE(&, =} ' INPUT ¥U' RCNOZ380
READ(S,*) XNV RCNG2360
END IF RCNO2370
RCH0O2380

EVALUATE THE TRANSCENDENTAL EQUATION FOR EACH FREQUENCY. RCKO2Z390
EYLLUATE NUMBER OF INCREMENTS. RONOZ 400
NDIV = NINT(FREQH/DF)+ L RCNG2410
INITIAL FREQUENCY FOR EVALUATION IS C.Ol1 RAD/SEC RCNG2420
SIGMA = 0.0QLDO*TLE G*DSORT ( THAXAV*HETAM/TCHAX) RCRO2430
DS = DF*TLENG»DSQRT (TMAXAV~HETAM/TCHAX} RCNOZ2440
Do 765 L=i,NDIV RCNO2450
FREQ(L) = .01 + (L=1)#*DF RCNDZ460
EVALUATE TRANSCENDENTAL EQUATION RCNO2470
RCNO2480

FV = (l-ﬁﬂmSIGHA**E*KEU**E)*DSIN(SIGHA}~2.EO*SIGKA*XNU*BCOS(SIGKR}RCKO249O
SIGMA = SIGMA + DS RCNOZ2E00
FVALUE(L} = FV RCNOZB40
765 CONTINUE RCNO2520
RETURN RCNQ2530

END RCNQZ2540
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RCLOCOLO

ALL RIGHT

RCLOOL4AC
DEFINITION QOF DEVICES: RCLOOLS0
DEVICE § ¢ INPUT FROM TERKINAL RCLOOLBO
DEVICE 6 : OUTPUT TC TERMINAL RCLOOLTO
DEVICE 8 : INPUT FROM FILE PREPARED BY RCINPUT {LRECL=80) RCLOOLBO
NEVICE § : COMPLETE OUTPUT TO FILE (LRECL=132) RCLOOLEO
DEVICE 10 : INPUT FROM FILE CONTAINING N-D 2-D STATIC RCLO0O200
SOLUTION CREATED BY RCSTAT2D (LRECL=132) RCLOOZL0
DEVICE 1i : CUTPUT TO FILE FOR PLOTS OR INPUT TO A NEW RUN RCLOO220
OF RCLINDYN (LRECL=117) ROLOOZ30
DEVICE 12 : INPUT FROM FILE CONTAINING APPROKIMATE N-D SOLUTION RCLGC240
CREATED BY A PREVIOUS RUN OF RCLINDYN (LRECL=117) CLOO250
RCLOOZE0
CCHMMON BLOCK CONTENTS (OVERALL REFERENCE) : RCLOGZT0
SOLUT = INITIAL APPROXIMATION AND SOLUTION MATRICES RCLOO2ZBO
STAT = STATIC COMPLIANT RISER SOLUTION. (EFFECTIVE TENSION, SHEAR  RCLOOZS0
FORCE, OMEGA ETA, PHIO, MAXIMUM STATIC EFFECTIVE TENSION, RCLOC300
MEAN CURRENT VELOCITY AND NUMBER OF STATIC DIVISION POINTS) RCLOC31O
STATI = FUNCTIONS OF STATIC RESULTS. RCLOO320
INDUTO = OUTPUT FILE HEADING RCLOCI30
-ypyT1 = RISER LENGTH, AVERAGE AND TOTAL WEIGHT AND NUMBER OF SEGMENTSRCLOO340 -
INPUT? = RISER TUBE INTERIOR CHARACTERISTICS RCLOOGES0
INPUTL = RISER SEGMENTS LENGTE RCLOO360
INPUTI = WEIGHT, STIFFNESSES AND STIFNESS DERIVATIVES. RCLOCZTO
TNPUT4 = CHARACTERISTIC DIAMETERS AND PERIMETER OF RISER TUBE. RCLOO3BG
*NPUTS = MASS AND ADDED MASS CHARACTERISTICS IN THREE DIRECTICNS RCLOQ330
INPUTE = RISER POLAR AND ADDED POLAR MOMENT OF INERTIA. RCLOD40O
COEF = NONDIXENSIONAL RISER CHARACTERISTICS USED IN THE EQUATIONS CLO04L0
COEFL = NONDIMENSIONAL RISER CHARACTERISTICS AT A SPECIFIC DOINT ROLOC4ZD
~ONST = PROBLEM CONSTANTS (PI,GRAVITY,WATER DENSITY. ROLOGA30
HOUNDA = BOUNDARY CONDITION FOR OMEGA XI AT 5=C ROLOO4A40
ooy = INTEGER COUNTING VARIABLE TC DETERMINE EACH DIVISION POINT ROLOC450
DEF = NU USED TC DETERMINE THE APPROXZIMATE NATURAL FREQUENCY, RCLOCEED
NU = 1/S0RT(EPSETA) RCLOGETD
RCLOC4EBO
IMPLICIT REAL#8(A-H,0-Z} RCLOC4AY0
PARBMETER (N=7,¥NP=151,NA=4, [¥=7] RCLOQBCC
PARAMETER ( LWORK=MNP* (3xNxx2+5%N+2) +4#Nax 243N} RCLOCSLO
DARAMETER (LIWCRK=MNP= [2xN+1] 48} ROLOOSB20
DIMENS TN WORK {LWORK] , IWORK (LIWCRK) ROLGOS3D
CEMMON /SOLUT/ R {MNE) , T (N, MNP} ,ABT (¥)  MODE RCLOCS40
COMMON/STAT/KI (MNB) , STATIC{NA, MNP}, VLOCKI (MNP} , TOMAX, VM, NP1 ROLOOBED
COMMON/COUR/ TOOUNT RCLOGGESD

§ RESERVED.

JUNE 4., 1985 ¥.I.T.

RCLINDIN
THIS PROGRAM CALCULATES THE OUT CF PLANE LINEAR DYNAMIZ RESPONSE OF A& RCLUQOZC
COMPLIANT RISER WITH A& 2-D STATIC CONFIGURATION BASED ON AN EMBEDDING RCLOCO3C
TECHNIQUE. THE PROGRAM PROVIDES AN INITIAL ANALYTIC APPRCKIMATION RCLOOGCAC
WHICH IT SUBSEQUENTLY IMPRCOVES USING MODIFIED NEWTON'S ITERATICH AND RCLOOOSC
A4 NON-UNIFORM GRID FINITE DIFFERENCE METEOD. RCLOQOBS
DOUBLE PRECISION AND THE NAG FORTRAN LIBRARY ARE USED. RCLOCOTQ
*ﬁ!’******a‘**Iﬂt***!**x**llw**!!tK****#R***t*****ﬁ**!tk***ﬁ*ﬂx**********RCLOGGBQ
COPYRIGHT, 1985, MASSACHUSETTS INSTITUTE OF TECHNOLOGY RCLOCOSQ
RCLOCL00

wxxxxnexrenxannnnnxnwrrxxxxROLOOIIC

RCLOOLZ0

*tx****t#**!!xit***t**xt*x*xt*t#**tx*ttf*gcasolae
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VM/SP CONVERSATIONAL MONITOR SYSTEM

EXTERNAL SUBROUTINES USED BY NAG LIBRARY RCLOOS70
EXTERNAL FON,G,JACEPS,JACGEP, JACOBF, JACOBS RCLOOS80
DATA NOUT /8/ RCLOOSS0
RCLOOSCO

READ2D READS 2-D STATIC SOLUTION CALCULATED FROM RCSTAT2D PROGRAM.RCLOOELO
IT EVALUATES THE MAXIMUM NONDIMENSIONAL STATIC TENSION (TOMAX) RCLODE20
RCLGOB30

CALL READ2D(NPI) RCLO0640
RCLOOESD

CHARAC READS RISER CHARACTERISTICS FROM UNIT 8 AND EVALUATES THE RCLOOESD
NONDIMENSIONAL COEFFICIENTS TO 3E USED IN THE EQUATIONS. RCLODBTO
RCLOCE80

CALL CHARAC (TLENG,IC,NPI) RCLOOESO
IF(IC.EQ.O) STOP RCLOOT00
RCLOO70

DEFINITIONE OF PARAMETERS ... ROLGGT2D
H = NUMBER CF EQUATIONS TO BE SOLVED BY DOZRAF RCLOO730
IY = NUMBER OF VARIABLES RCLOD740
MNP= MAXIMUM NUMBER OF PERMITTED POINTS IN THE NON-UNIFORM RCLOO7S0
F.D. MESH ( MNP >= 32) RCLOO7E0
IF(MNP.LT.32) THEN RCLOOTT0
WRITE(6,1257) MND RCLOO780
FORMAT(' MNP = ',I3,' IS NOT PERMISSIBLE') RCLODTS0
STOP RCLOO8BOO
ENDIF RCLOCB1D
NUMBER OF BOUNDARY CONDITIONS AT 8=0 RCLOD820
NUMBEG=4 RCLOOB30
HUMBER OF ¥IXED BCUNDARY CONDITIONS RCLOOS4G
NUMMIX=0 RCLO0850
PARAMETER DECLARING THAT INITIAL APPROXIMATION IS USER 3PECIFIED - RCLODSE0
INIT=1 RCLOOB7C
PARAMETER DECLARING THAT SACOBIANS ARE USER SPECIFIED RCLOOBS0
IJAC=1 RCLOOSS0
PARRAMETER CONTRCOLLING MONITORING OF CALCULATIONS RCLOOSGO
IPAIL=111 RCLOO910
RCLO0YZ0

RCLOO930

WRITE (&, 1500) RCL0OO940
FORMAT(' INPUT 1 IF YOU WISH TO READ INITIAL APPROXIMATION,' RCLO0950
*! CREATED BY A PREVIOUS RUN OF THIS PROGRAM'/ RCLODYBC
=' ELSE INPUT O (AN INITIAL APPRCXIMATION WILL BE CALCULATED LOCALLRCLOGSTO
Y)Y RCLOOEBO
READ(5,=} IEXIST RCLOOSSC
IF{({IEXIST.NE. 1) .AND. (IEZIST.NE.Q)} GOTO 409 ROLOLDOO
IP{IEXIST.EL.L) THEW CLG1GIO
RCLGLEZD

READAS : READE APPROXIMATE SCLUTION PROM DEVICE 10 FROM A RCLOLO30
PREVICUS RUN OF ACLINDYN (DELEPS = 1.00) RCLOI040

IT ALSC PROVIDES ICCC,NP, TOL= TOLERANCE OF ITERATIONS RCLOLOSC

THIS ALTERNATIVE ¥AY, FOR EXAMPLE, BE USED IF GREATER ACCURACY RCLOI0E0
I5 RECUIRED FOR THE PROBLEM SOLUTION. RCLOLGT0
RCLOLO8C

CZALL READAS{ICCT,HP,TOL) RCLO10%0
RCLOL100

IF THE NUMBER OF POINTS FRCK TEIS 30LUTION IS
STATIC SCLUTION POINTS, INTERPCLATE ALL CHARACTI

Tt e ow o
RCLOLI1G

RCLGLIZ0




FIiLE:

0 0 3 0

314

1

Oaao

€y O}

7891 WRITE(G, 7890)

170

RCLINDYN FORTRAN A VM/SP CONVERSATIONAL MONITOR SYSTEX
HEW NUMBER OF POINTS. RCLOLL3IO
ASSUMPTION : NP ALWAYS GREATER OR EQUAL TC KPI w01140
THIS 18 VALID IF THE SAME STATIC SCLUTICN WAS USED TO CBTAIN RCLOLLSO
THE APPRONXIMATE SOLUTION IN DEVICE 10. RCLOLLEC

RCLOLLTO

I¥ {¥P.GT.NPI) THEK RCLOLLEO
CALL INTERP(NP) RCLOL1SC
HPI=NP ROLOL2QO
ELS8F IF (NP.LT.HPI) THEW RCLOLZL0
WRITE(6,314) RCLO1Z220
FORMAT (' APPROXIMATE SOLUTION IN DEVICE 10 WAS NOT OBTAINED'/ CLGOL230

* ' FROM THE SAME STATIC SOLUTION, PROGRAM STOPS') RCLO1Z240
STOP RCLOLZED
END IF RCLOL2E0
DELEFS = 1.D0 RCLOLZ27Q
RCLO1280

ELSE RCLO1290
RCLO1300

APPROX : PROVIDES INITIAL APPROXIMATE SOLUTION FOR EPS=0. RCLOL1310
IT ALSC PROVIDES ICCC,NP, TOL. RCLD1320

RCLOLI330

CALL APPROX (TLENG, ICCC,NPI,TOL) RCLO1340
Np = NPI RCLO1330
RCLO1360

INCREMENT OF CONTINUATION PARAMETER RCLOL3TO
RCLOL380C

7900 FORMAT(' INPUT INITIAL INCREMENT OF CONTINUATION PARAMETER DELEPS'RCLO1380

7892

}

3 €1 0 O 9]

[

x/' IF NO CONTINUATION IS REQUIRED INPUT DELEPS = 1.D20'/ RCLO1400
«' IF CONTINUATION IS REQUIRED THEN ©.DO < DELEPS < 1.DC"/ RCLO1410
=' RECOMMENDATION :'/ RCLO1420
x' USUALLY DELEPS = 0.1D0 WILL SUFFICE'/ RCLO1430
x' FOR LARGE CHANGES BETWEEN INITIAL AND FINAL FROBLEM'/ RCLG1440
«' A SMALLER VALUE OF DELEPS, E.G. 0.05D0 OR 0.025D0 MIGHT BE'/ RCLO1450
*' NECESSARY') RCLO1480
READ(%,=) DELEFS RCLO1470
P ( {DELEPS.GT.1.D0) .0R. (DELEPS.LE.Q.DC) ) THEN RCLO1480
WRITE(8,7892) RCLO1430
FORMAT(' 0. < DELEPS <= 1.') RCLOL500
GOTO 7881 RCLOLS10
ENDIF RCLOLE20
. RCLO1530

ENDIF RCLO1540
SET COUNTING VARIABLE RCLOLSSD
ICOUNT = 3 RCOLOLBED
fP(ICCC.EC.0) STOP oL OLETO
RCLOL580

CALL XO4RAF (L, NOUT) ROLOLESO
oALL HO4ABF (1, NCUT) RCLOLBOD
RCLO1610

~ALL NAG SUBRCUTINE DOZRAF TC SOLVE THE TWC-POINT BOUNDARY VALUE RCLO1I620
PROBLEY USTNG A DEFERRED CCRRECTION TECHNIQUE AND NEWTOR'S ROLOLIB30
ITERATION. RCLOLB40
RCLOLIBED

~ALL DOZRAF (N,¥ND,NP,NUMBEG, NUMMIY,TOL, INIT,X,¥,IY,ABT,FCN, G, IJAC,RCLULEED
v 4 g

+3ACOBF, JACOBG, DELEPS , JACEPS , JACGEF , WORK, LWORK , IWORK, LIWORK, IFAIL} RCLO1G70
RCLO1EE0
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WRITE(S,5000) IFAIL RCLOLES0
FORMAT (* IFAIL =',13) RCLOLT00
RCLOL710
OUTPUT THE RESULTS RCLO1720
RCLOLTZ
IF{{IFAIL.EC.0).OR. (IFAIL.EQ.4}) THEN RCLO1740
CALL CUTPUT(NP) RCLOLTS0
ENDIF RCLOLTB0
RCLOLTTO
sTop RCLOLT80
END RCLO1780
RCLOLBOO
SUBROUTINE CHARAC (TLENG, IC,NP) RCLOLBLD
THIS SUBRCUTINE READS THE COMPLIANT RISER CHARACTERISTICS AND RCLS1820
EVALUATES THE NONDIMENSIONAL COEFFICIENTS TO BE USED IN THE RCLO1830
GOVERNING EQUATIONS., RCLO1840
IMPLICIT REAL=B{A-H,0~Z) RCLO1850
PARAMETER (MNP=151,NA=4,N=7) RCLO1850
CHARACTER=80 NAME RCLO1E70
COMMON/CONS'T/XPI,XPI12,RHOW, GRAV RCLOLBSO
COMMON/ INPUTO/NANME RCLG18%90
COMMON/ INPUTL/TLEN, WA, WT, NSEG RCLO1960
COMMON/INPUT2/RHQO, AI,CFLUID, PRESS, AC {MNP) RCLO1S1D
COMMON/ INPUTL/RLENG (MNP} , SEG (MNP+1) RCLO1S20
COMMON/INPUT3/WEIGHT (MNP) ,EA (MNP} ,EIETA (MNP) ,EIETAS (MNP} ,EIXI (MNE)IRCLO1S30
x, EIXIS (MNP) ,GIP(¥NP) ,GIPS (MNP) RCLO1540
COMMON/ INPUT4/DXI (MNP) ,PXIETA (MNF) ,DETA (MND) , DXIETA (MNP) RCLO1950
COMMON/INPUT5/RMASS (MNP) , RMASST (MNP) , AMAKXI (MNP) , AMAETA (MNP) , AMAZI (RCLO1960
*MNE) , TMAXI (MNP) , THAETA (MND) RCLO1S70
COMMON/ INPUTE/XJTZI (MNP} ,ACZT (MNP) , TIZI (MNB) RCLO1980
CCHMON/STAT/XI (MNP}, STATIC(NA,MNP) , VLOCKI (MNP) , TOMAKX, VM, NDBT RCLG19%80
COMMON/COEF/EPSXI (MNP) ,EPSXIS (MNP) , EPSETA (MNP) ,EPSETS (MNP) , EPSPI (MRCLO2000
*NP) (EPSPIS (MKP) ,HETA (MNP}, TLAMEZ2 (¥NP) ,HETAM, TMAZAV RCLO2010
COMMON/STATL/CONSTL (MNP) ,CONST2 (MNP} RCLG2020
COMMON/SOLUT/X (MNP) , Y {N,¥NP) ,ABT (N) , MODE RCLCZ2030
DIMENSION TENO(MNP),QXO (MNP} ,TOS (MNP) ,QXICS (MNP) RCLOZ040
RCLOZOS0
READ RISER CHARACTERISTICS FROM DEVICE B RCLO2060
READ (8,1000) NBME RCLO20C70
FORMAT {80A) RCLOZ080
READ (8,:1008) XSEG,TLEN,WA,RHOO,AI,CFLUID,PRESS RCLD2080
FORMAT(1X,I3,2{(1X,D12.6)/4(1X,.n12.6)) RCLOZ1C0
LENG = TLEN RCLO211D
DC 1802 I=1,.NSEG RCLOZLZD
READ (8,1003) RLENG(I],RMASS(I),RMASSTI(I},AMANI{I),.WEIGHT(I),D0KI (IRCLO2L30
#3 PHIETAR(I},BR{1),EIETA(I} A0}, BIETAS{} RCLOZLSE0
CONTINUE RCLOZ1B0
FORMAT(5(1X,D12.61/6{1X,012.8} ) RCLOZI160
RCLOZ170
DG 1332 I=1,NSEC RCLOZ180
READ(8,1333) AMAETA(I),DETA(I},BIXI(I),EIXIS(I},3IP{I},GIP3(1),AMARCLOZ190
*ZI(I),EI2T{1},AJ231(2) RCLOZ200
CONTINUE RCLOZZ10
FORMAT(G{1%,D12.6) /3{1X,D12.8}} ROLOZZED
‘ ROLOZZAC

¥ ram s BCLAZZA0
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7651 FORMAT(' DO YOU WISH A TERMINAL COPY OF RISER CHARARCTERISTICS!
x' IF YES INPUT 1 , IF NO INPUT 0')

REAL(5,=) IPRINT

Z?({IPQZNT.&E‘l}.éMﬁ.(Z?RZST.KB.S}) GOTO 7850

IF(IPRINT.EQ.1) THEN

ol
WRITE(S,1000) NAXE
WRITE(E,2500)

2500 FORMAT(' NSEG  TLEX
= CFLUID BRESS')

WA

RHOC

WRITE(6,200.) NSEG,TLEN,WA,RECC,AI,CFLUID,PRESS

001 FORMAT(:X,I3,6(1X,D12.6))
WRITE(6,3400)

3400 FORMAT(’ I RLENG
+ WEIGHT' /! DXI

RMASS

PXIETA

AD EIETAS®)

DO 3002 I=1,NSEG

RMASST

ER

Al

/

RCLOZ2250
RCLOZZB0
RCLOZZ7C
RCLOZZ80
RCLCZ220
ROLOZ30O
RCLCZ23L0O
RCLOZ320
RCLO2330
RCLOZ340
RCLOZ35C
RCLOZ 360
RCLOZZ70
ROLOZ238D
RCLOZ 3390
RCLOZ2400
RCLGZ410
RCLOZ420
RCLOZ430

+
At
v
i
t
At

WRITE(8,3003) I,RLENG(I),R&ASS{E),RKASST(E),AﬁAXZ(I),WEIGHT(I}.DKIRCLG?Q@G
*(Z},PXIETA(E).EA(I),EIE?A(I},AO(E).EIETAS(I)

3002 CONTINUE

3003 FORMAT (1X,I3,5{1X,D12.6)/4X,6(1X,D12.6})}

C
WRITE(&,1334)

1334 FORMAT(' I RMAETA
® GIP GIips /!

DO 1335 I=1,NSEG

DETA
AMAZI

EIXI
JZI

EIXIS
AJZI!

)

RCLC245C
RCLOZ480
ROLOZ2470
RCLOZ2480
RCLOZ430C
RCLRZ500
RCLGZEL

RCLOZE20

WRITE(6,1336) I,AHAETA(I),DETA{I),£IXI(I),EIXIS(I).GIP(I},GIPS(I),RCLOZSBO

*AMAZI (I),XJIZI(1) AJZT(I)
1335 CONTINUE

1336 FORHAT(lX,EB,E{lX,DlE.S)/éX,B(lX,Di2-6))

<
1701 WRITE(6,1700)

1700 FORMAT{' INPUT 1 IF RISER DRTA ARE CORRECT'/* INPUT O TC STCP')

RERD(S,=) IC

IF({IC.NE.O).AND. (IC.NE.1)) GOTO 1701

IF(IC.EQ.O) RETURN

[§

ENDIT

NON - DIMENSIONALIZATICNS

(SIS S]

GRAV=S.8LDL0
WAM=WE/GRAV
WI=Wh=TLEN
XPI=4.00xDATAN(1.00]
APIZ=XPI/2.0C
RHOW=1.02503

00

TOMBE = TUMAZWT
THD = WT/TOMRY

e TR IR
o= 5,:,;;;;%.»{...§ i

NONDIMENSIONALIZE CORRECTLY JXIO.

3
O

T} TND

FRCY Z2-D ETA

T
P

SCLYTION

RCLOZ2540
RCLOZ550
RCLOZ560
RCLOZET0
RCLOZ2580
RCLOZES0
RCLOZ2600
RCLOZBLO
RCLOZEZC
RCLOZB30
RCLOZ254C
RCLOZSS0
RCLOZS6C
RCLOZBTE
RCLOZ580
RCLOZEBC
RCLOZ70C
RCLOZ2710
RCLOZ2720
RCLGZ730
RCLOZ740
RCLGZ750
RCLOZ760
RCLGZTTC
RCLOZTEO
RCLGZ7S0

ROLGZROC

L L
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STATIC(Z2,I) = STATIC(2,I)*TND
CONTINUE

NONDIMENSIONAL COZFFICIENTS USED IN THE EQUATIONS

TOMAXL = TOMAX/TLEN
TOMLLI = TOMAXTLEN
TOML2 = TOML1+TLEN
TLENZ2 = TLEN==2
TMAXAV = (.00

DO 2000 I=1,NSES
RLENG (I}=RLENG(I)/TLEN
WEIGHT{I)=WEIGHT{I) /TOMAXL
EPSXI(I) = EIXI(I}/TOMLZ

EPSXIS{I) = EIXIS(I)/TOML1
EPSETA(I) = EIETA(I)/TOMLZ
EPSETS(I) = EIETAS(I}/TOMLL
EPSPI(I} = GIP(I)/TOML2
EPSPIS{I} = GIPS(I)/TOML1L
TMAETA(I) = RMASS{I) + AMAETA(I)

TMAXI{I) = RMASS(I} + AMAXI(I}
THMAXAYV = TMAXI(I)=RLENG(I) + TMAXAV
TIZI(L) = XJZI(I) + AJZI(I)
DXIETA(I} = DXI{(I)-DETA(I)

CONTINUE
HETZM = 0.DO

DO 4321 I=l,NSEG

HETA(I) = TMAETA{I)/TMAXAV
HETAM = HETAM + HETA{I)=*RLENG{I)
TLAMEZ{I) = TLEN2«TMAXAV/TJZI(I)
CONTINUE

EVALUATE FUNCTIONS OF STATIC RESULTS
DO 521 I=1,NP

TENQ(I) = STATIC(L1,I)

QG (1) = STATIC(2,I)
CONTINUE

EVALUATE DERIVATIVES OF STATIC QUANTITIES

CALL DER1('TENQO,XI,TDS,NP)
CALL DERI(QX0,XI,QKIOS,NP)
DO 86 I=1,NP

CONSTL(I) = T08{I) - STATIC(2,I)#STA

COMSTZ2{I) = QHICS(I} + STATIC{L,I)*8TATIC(3,I)
CONTINYE
SEG{I)=LEFT ORDINATE OF SEGMENT I

SEG(1)=0.D0
SEG(NSEG+1)=1.D0

DO 4000 I=2,NSEG
SEG(I)=RLENG(I~1])+SEG(I~1)
CONTINUE

INTRERPCLATE STRUCTURAL DIMEKSICHS TO NP PCOINTS
ASSUMPTION: NUMBER OF RISER SEGMENTS W
STATIC SOLUTION BOINTE

CHARACTERISTICE I35 SMALLER THAN THE
NSEG < NPI

I¥ (HSEG.GE.NPI} THEN

da

VH/SP CONVERSATIONAL HONITOR SYSTEM

RCLO281C
RCLO2820
RCLOZB3C
RCLOZ28B4C
RCLO2850
RCLOZBED
RCLOZB7C
RCLOZ2880
RCLOZ890
RCLOZ2900
RCLOZ910
RCLO2820
RCLO2Y3C
RCLO2Z2940
RCLC2250
RCLOZ960
RCLO287C
RCLOZ2980
RCLO2930
RCLG3000
RCLO3010
RCLO3G2C
RCLO3G30
RCLG3040
RCLO305D
RCLO3060
RCLO3070
RCL.O3080
RCLO3080
RCLO310C
RCLO3LLIO
RCLO3120
RCLG3L3C
RCLO3140
RCLC3150
RCLO3160
RCLO3170
RCLG3180
RCLO3180
RCLO3200
RCLO3210
RCLEC3Z22C
ROLG3Z230
RCLG3240
RCLO32E0
RCLLI260
RCLO3Z270
RCLGZZ8C
RCLO3290
RCLO3300
RCLG3310
RCLU3320
RCLO333¢C
RCLO3340
RCLO335C
RCLC3360
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WRITE (6,188} RCLO3370
188 FORMAT (' N3SEG => NPI,  PROGRAY STOPS®) RCLOZ380
e = Q RCLOI390
RETURK RCLO3400
END IF : ROLO3410
CALL STRUCT (ZPSXI,X, NP} RCLO3420
CALL STRUCT (EPSEIS, X, NP) ROLO3430
CALL STRUCT(EPSETA,X,HF} RCLO3440
CALL STRUCT (EPSETS,X.NP) RCLC3450
CALL STRUCT (EPSPI.X,NF) ROLD3460
CALL STRUCT (EPSPIS,X,NP) RCLO3470
CALL STRUCT(HETA,X.NP) ROLOI4B0
call ETRUCT (TLAMEZ X, NP) RCLO3450
RETURN ROLLOISO0
END RCLO3510
o4 ) RCLG3IS20
SUBROUTINE DERL (ARRAY,X,DERIV,H§P) RCLOIS3D
o THIS SUBRCUTINE EVALUATES THE FIRST DERIVATIVE OF R SERIES OF DATARCLO3Z40
c POINTS USING A SECCND ORDER APPROXIMATION (NONUNIFORM GRID FINITE RCLO33SC
c LIFFERENCES) RCLO3EED
IMPLICIT REAL*8({A-H,0-2) RCLO3S70
PARAMETER (MNP=151) RCLOJSEBO
DIMENSION ARRAY (MNP),DERIV (MNP} ,X (MNP} RCL.O3530
o END POINTS DERIVATIVE FIRST ORDER RCLO3E00
DERIV(L) = {-ARRAY{l)} + RRRAY{2))/(X(2)-X(1}) RCLO3610
DERIV(NP) = (-ARRAY(NP-1) + ARRAY(NP))/(X(¥P)~X(NP-1}) RCLO3620
c RCLO3630
Do 835 I=2,NP-1 RCLO3640
DY = X(I) = X({I-1) RCLO3650
DXL = X{I+1) = X{(I) RCLO3660
= DR/DXL RCLO3670
DERIV{I) = (D#{ARRAY{I+1)~ARRAY(I)) - (ARRAY{I~1)-ARRAY(I))/D)  RCLO3680
DERIV(I) = DERIV{I)/{DX ~ DX1) RCLOIEDD
236 CONTINUE RCLO3T00
RETURN RCLO3710
END RCLG3720
o RCLO3730
SUBRCUTINE READZD(NP) RCLO3740
o THIS SUBROUTINE READS THE STATIC COMPLIANT RISER SCLUTION FROM RCLO37S0
c DEVICE 16. IT EVALUATES THE MAXIMUM NONDIMENSIONAL STATIC TENSION.RCLO3760
IMELICIT REAL*S(RA-H,0-Z) RCLO3770
SARAMETER (N=7,¥NP=151, KA=4) RCLO3780
COH&%&/&TA”!XI{K&?}ISTATEC(HR,hNP‘ VLOCEI (MNP, TOMAX, VM, 4P: RCLO3790
COMMON/SOLUT/Y (MNF) , TN, ¥HP) ,ART{H) ,¥CDE RCLO3BCO
c RCLO3B10
c STATICIL, D) = STATIC TENSICON 70 BCLOIR2D
o gTATIC(Z, I} = STATIC SHEEAR PCRCE IN THE XI DIRECTION RCLOZBIO
o amaTIC(2, T} = STATIC OMEGA ARCUND THE ETA DIRECTION ROLOIBAD
< STATIO(4,I) = STATIC ANGLE PHI RCLO38E0
o ROLG3I8E0
WRITE (6, 2000) MNP RCLO3870
2050 FORMAT (' MNP=',I3) RCLO3ZRE0
< READ STATIC SCLUTION ROLOISTI
READ(LD,3645%9) NP, VM RCLO3S00
35450 FORMAT(LIY,IZ,1X.D12.5) ROLOHELY

WRITE(S,2311) HE,VH ROLOISZC
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2311 PORMAT(' 2-D STATIC SOLUTION FROM DEVICE 16'/ RCLO3230
: x1 NP =',13/ RCLO3S40
*' XEAN CURRENT VELOCITY IN THE X DIRECTION IN M/S , VM =',D12.5) RCLO3I9SD
< RCLOISE0
IF({NP.LT.4).0OR. (NP.GT.MNP)) THEN RCLOIZTO
IC0o=0 RCLG2GRO
WRITE(E,1243%9) RCLO3SOD
1243%  FORMAT(' NP IS INAPPROPRIATE ; RUN STOPRS') . RCLOS00D
RETURN RCLGO40L0
ENDIF RCLO4020
< RCLOD4030
c READING FROM DEVICE 10 RCLO4G40
¢ RCLO40S0
DO 1021 I=1,NP RCLO40S0
READ(10,1033} X(I),STATIC(1,I),STATIC(2,I),STATIC(3,1),STATIC(4,I)RCLO4OTO
=, XCOOR, YCOCR, STRARC, TENSI, VLOCKT (1) RCLO4080
EI(I) = X(D) RCLO4030
1021 CONTINUE RCLO4100
1033 FORMAT(10(i1X,Di2.8}) RCLO4110
c EVALUATE MAXIMUM STATIC TENSION RCLO4120
TOMAX=DMAR] (STATIC(L,1),8TATIC!L,2)) RCLO4L30
DO 9858 I=3,NP RCLO4140
TOMAX=DMAXI (TOMAX, STATIC{L,I)) RCLO4150
8859 CONTINUE RCLC4LED
c RCLO4170
WRITE(S,1654) TOMAX RCLO4180
1654 TFORMAT(' 2-D STATIC SCLUTION SUCCESFULLY READ'/' MAXIMUM STATIC ngcue4190
*XSION/WAL = *,010.4) RCLO4200
o RCLO4210
RETURN RCLO4220
END RCLO4230
ROLO4240
SUBRCUTINE READAS (ICCC,NP,TOL) RCLO4250
IMPLICIT REAL*8{i~H,0-~Z) RCLO4260
PRRAMETER (N=7,MNP=151, Na=4) RCLO4270
COMMON/SCLUT/X (ENP) , Y (N,MNP) ,ABT(N) ,MODE RCLO4280
COMMON/STAT/XI (¥NP) , STATIC (XA, MNP} , VLOCKI (MNP) , TOMAX, VM, NDI ‘ RCLO4290
COMMON/BOUNDA/ BOUND ROLO4A300
o) RCLO4210
o4 READAS READS INITIAL APPROCXIMATION RESULTING FROM A PREVIOUS RCLO4320
o RUN OF RCLINDYN (CORRESPONDS TO EPS = 1.D0) RCLO4330
o _ RCLO4340
C ¥(1,I) = SHEAR FORCE IN THE ETR JIRECTID RCLO4350
oy ¥{2,1) = C¥EGA ABOUT ZETR RCLO43B0
o ¥{3,7} = CHEGA ABOUT XI RCLO437D
c ¥{4,1} = THETA RCLO4380
o ¥{5,I) = ANGLE BETA RCLO4390
o (6,1} = QUT CF PLANE DISPLACEMENT 2 IN¥ THE ETA DIRECTION RCLOG40G0
c ¥{7,I} = NATURAL FREQUENCY RCLO4410
o X(I) = UNSTRETCHED ABC LENGTH S BCLO4420
c RCLOG430
WRITE(6,2000) ¥NP ROLOG440
2000 FORMAT{' MNP=',I3) RCLO44ES
o BEAD SCLUTION FROM DEVICE 12 RCLO4460
READ(12,36435%) %Pam,yﬁ,:iayaa RCLOG4 70

P

36455 FORMAT(IX,IZ,1X,73,1X,210.4) ROLUS480
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WRITE(S,2311) NP,¥ODE,SIGMAD

=311 FORMAT(' INITIAL APPROXIMATION FROM DEVICE 2/
' NP =',I3,' MODE NUMBER =',IZ,' SIGMAD =',DBl0.4)

IF({NP.LT.4).0R. (§P.GT.MNP}} THEXN
ICCC=
WRITE{6,12439)
12438 FORMAT (' NP IS INAPPROPRIATE ; RUN STCPS')
RETURN
ENDIF
z READING DATA FROM DEVICE 12 ...

DO 10011 I=1,NP
READ(12,10012) X(1),{¥(J,I),J=1,7),VLOCXI(I)
10011 CONTINUE
10052 FORMAT(S9{1X,D12.8))
o SET BOUNDARY CONDITION OMEGR XI(O)
BOUND = ¥(3,1)
¢
WRITE(9,1052) NP,SIGMAD

1052 FORMAT(' INITIAL CONDITION FOR EPS=1., AND NP

*URAL FREQUENCY = ',D10.4,' RAD/S'/
=7 I ARC SHEAR ETA CMEGA ZETA
* BETA R SIGMA')

DO 1661 I=1,KRP

WRITE(9,1603) I,%{I),¥(1,1),Y(2,1),¥(3,1),¥(4,1),¥(5,1),¥(6,1),

= ¥(7,1)
1601 CONTINUE
1603 FORMAT{1X,I3,8(1iX,112.8))
c
WRITE(E,9561)

9561 FORMAT(' DO YOU WISH A TERMINAL CCPY OF INITIAL APPROXIMATION'/

%' TF YES INPUT 1')
READ (&, «) IPRINT
IF(IPRINT.ED.L) THEN

WRITE(6,1082) NP
DO 965% I=1, NP

WRITE(6,1603) I,X{I},¥(1,1),¥(2,1),¥(3,I),Y(4,1),¥Y(5,1),Y(6,1),

= Y(7,I}
96595 CONTINUE
END IF
WRITE(&,L1722) BOUND
922 FORMAT(' ASSUMED BCUNDARY CONDITIOR */
x' CMEGA XI (0} =',D1Z.€)

9]

TOLL = C.IC
DO 3933 I=1,NP
TOLL = DMAX1
3333 CONTINUE
WRITE(6,3934) TOLL

(TOLL,DABS{Y{3,I)}}

it
L
Tk
i

»' THIS NUMBER CAN BE USED TO ESTIMATE '/

.7 A REASONARLE TOLEIRANCE FOR CCONVERGENCE 'CF ITERATIONS/

sy S

«' INPUT A FRACTION OF THIS NUNMBER T0 DETERMINE

<t E.G. INPUT 0.0L FOR 1% ACCURACY')

FORMAT (' MAXIMUM ABSCLUTE VALUE OF N-D OMEGAR X2

RCLO4490
RCLO4EGD
RCLO4510
RCLO4520
RCLO4E30
RCLO4540
RCLO4550
RCLO4560
RCLO4570
RCLO458C
RCLO4530
RCLO4600
RCLOASLO
RCL04620
RCLO4630
RCLO464G
RCLO4650
RCLO4660
RCLO4670
RCLO4680
RCLO4G30

NATRCLG4700

RCLO4710

THETARCLO4720

RCLC4TI0
RCLC4740
RCLC4730
RCLC4A760
RCLG4ATTO
RCLO4TB0
RCLO4730
RCLO4BCO
RCLO4810
RCLG4820
RCLO4830
RCLO484C
RCLO4B50
RCLO48BEC
RCLO4B7C
RCLO4880
RCLO4890
RCLO4800
RCLO4B10
RCLO4AYZ0
RCLG4SI0
RCLO4540
ROLCABED
RCLD4980

CLO4GT0
RCLG4980
RCLO4S90
RCLOEQQO
RCLOBCLO
RCLOBOZG
RCLOBG30

RCLOS0O40
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READ{E,x) TOLV RCLOS0S0

TOL = DABS (TOLV)»TCLL RCLOBOS0

Lo RCLOBOTO
1008 WRITE(S,1004) RCLOSCHD
1004 FORMAT(' IF YOU WISH TC &TOP IEPUT O/ RCLOSCYS0
x' IF YOU w*sn TG CONTINUVE WITH ITERATIONS INPUT 1t RCOLOSLO0
READ(S,*} ICCC RCLOGI10
IF{(ICCC.NE.C) .AND. (ICCC.NE.1}} GOTO 1005 RCLOS120

c RCLOB130
RETURN RCLO5140

END RCLOS150

c ROLOS160
SUBRCUTINE APPROX{TLENG, ICCC, NP, TOL) ROLOBLTO

c THIS SUBROUTINE EVALUATES THE APPROXIMATE ASYMPTOTIC ANALYTIC RCLOUSBIBO
> SOLUTION OF THE QUT OF PLANE DYNAMIC EQUATIONS. RCLOB1GD
c RCLOB200
IMPLICIT REAL#B(A-H,0~Z) RCLOS210
PARAMETER (N=7,MNP=151,NA=4) RCLOS220
COMMON/SCLUT/ X (MNP}, Y (N,MNP) ,ABT{N),MODE RCLOSZ230
COMMON/STAT/XI(MNP) ,STATIC (NA, MNP}, VLOCXI (MNP) , TOMAX, V¥, NPI ROLOSZ40
COMMON/COEF/EPSXI {MNP) ,EPSXIS (MNP) ,EPSETA (MNP} ,EPSETS (MNF) ,EPSPI (MRCLOS250

»NF) ,EPSPIS (MNP} ,HETA (MNP) , TLAMB2 (MNP) ,HETAM, THAXAV RCLOS260
COMMON/DEF /XNU RCLOSZ270
DIMENSION FVEC{1),XS{1),FJRC{1,1),WA(7) RCLOS280
EXTERNAL FCNS RCLOS290

o ROLOB3IGO
c APPROX DEFINES INITIAL ADPPROXIMATION (EPS=0.) RCLOS310
c RCLOS320
C ¥{1,1) = SHEAR PORCE IN THE ZTA DIRECTICH RCLO5330
o ¥{2,I) = OMEGL AROUT ZETA RCLOS340
c ¥{(3,1) = OMEGA ABOUT XI RCLO5350
c ¥{4,1) = THETA RCLOS360
c ¥{5,I) = BNGLE BETA : RCLOS370
c Y(6,I) = QUT OF PLANE DISPLACEMENT R IN THE ETA DIRECTION RCLOB3I8O
c ¥{7,I) = NATURAL FREQUENCY RCLOE390
c RCLO5400
c CETERMINE THE INITIAL APPROXIMATION TO THE NATURAL FREQUENCY RCLOS410
c SIGMA. RCLOB4L20
c NU IS EXACT IF THE STRAIN RELIEF UN ARE THE SAME AT THE TWO RCLOB430
C ENDS OF THE RISER. RCLO5440
ENU = DSQRT((EPSRI{1)}+EPSXI(NP))/2.D0} RCLOS450
WRITE (&, 581) XNU RCLOB4B0

881 FORMAT{(' THE VALUE OF NU TC BE USED I8 = ',DiC.4/°' RCLOS470
«CHANGE NU INPUT 1v) RCLOB4R0
READ{S, =} INU ROLOB4RS

IF {INU.ED.1; THEN RCLOASCO
WRITE(G,x} ' INPUT ¥’ ROLOSELG
READ{S,=) HNU RCLG5520

END IF CLOB53G

23 WRITE (6,38 RCLOBS40

98 FORMAT(® INPUT INITIAL GUESS FOR SIGHMAR IN RAL/SEC RCLOBESD
READ(S,*) XS(1) RCLOBEBC

o NONDIMENSIONALIZE SIGMA RCLOSE7D
K3{1) = ZS{1}=TLENG»DSORT(THAXEV~HETAX/ TOMAR) RCLOBER0

ETOL = 2.0-8 RCLOSBSEIS
RCLOSEO0

N5 = 1
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LDFJAC = 1 RCLOBBLO
LWk = 7 BOLOSE20
IFAIL = O RCLOBE30
CcnLL COSPEF TC EVALUATE T5MA USING A MODIFICATICN OF THE POWELL RCLUS64C
HYBRID XETHOR RCLOSE50
SRLL CQ&PE?(FCNS,NS,XS,?VEC,FJAC,LDFJAC,XTOL,WA,LWA,EFAIL} RCLOBEEC
WRITE(6,*) ' IFAIL FOR APPROKIMATE EVALUATION COF STGMA IS ', IFAIL RCLOSE70
SIGMAD = xs(1)*D&QRT{TG&AX/(Tﬁaxav«ﬁarax)}/TLENG RCLGSE80
WRITE(6,24) FVEC(L),SIGHAL RCLOSE90
24 FORMAT(1X,'THE PUNCTION IS F = ' ,D1C.4/* THE CONVERGED SIGHMA IS ',RCLOS700
«D10.4/' INPUT 1 IF YOU WANT T REDC THE ARLCULATION'/ RCLOSTL0
«' INBUT 2 IF YOU WANT TO STORP') RCLOBT2C
READ(S,=) ISIGHA RCLOB730
1r {ISIGMA.EQ.1) THEN ROLOE740
G0 TO 23 RCLOSTEO
ELSE IF (ISIGMA.EQ.2) THEN ROLOGTEC
0 = 0 ROLOSTIC
RETURY ROLOBTBO
ZND IF RCLOSTI0
SIGMA = XS8(1) RCLOSBOO
WRITE(6,=) ' INPUT MODE NUMBER CORRESPONDING TO ABOVE APPROXIMATE RCLO581C
*SIGHB! RCLOBB20
READ(S,*) MODE RCLOGBE30
RCLOS84C
~ALL SUBROUTINES TO FVALUATE INITIAL APPROXIMATION RCLOSES0
CBLL INITRP (SIGMA,NP) CLOS8E0
OuTeUT INITIAL APPROXIMATION TC DEVICE 9 RCLOSET0
WRITE(S,1002) NP,SIGMAD RCLOS880
1002 FORMAT(' INITIAL CONDITION FOR EPS=0. AND NP = v,13,' POINTS, NATRCLOS890
+URAL FREQUENCY = ',D10.4,' RAD/SEC'/ RCLOSBB00
*1 1 ARC SHEAR ETA OMEGA ZETA GHMEGA XI THETARCLOSSLO
* BETA R SIGHMA') RCLOSS20
Do 1001 I=1,8P RCLG5230
WRITE(S,1003) z.x(I),Y{a,z}.3(2.1),2(3.1),2(4,1),2{5,1),!{5,1), RCLOS240
= ¥Y(7.,1) RCLGBE50
1001 CONTINUE RCLOS960
1003 FGRMAT(;X.ZB.B(lx,alz.s)) RCLOBS70
RCLOG38C
WRITE{6,7361 ROLOS990
w551 FORMAT{' DO YOU WISH 2 ~ERMINAL COPY OF INITIAL ADPRCKXIMATION'/  RCLOB0O0O
«' IF YES INPUT 1°) RCLOB0OLO
READ{S, =) IPRINT RCLOBC20
TP (IPRINT.EQ.1) THEK RCLOBO30
WRITE(6,1002) NP,SIGHAD RCLOBO4AC
0o TES% I=i, HP ROLOBESE
WRITE(8,1003) :,:izéggé;,z},?{z,z>§zg3,:§;?i&;zéfiis,:;,-iﬁ,z}, ROLOBOES
«  Y{7,I} RCLOBOTO
7559 CONTINUE RCLOBOEO
END IF RCLOBOYC
TOLL = 5.D0 RCLOBLOC
o 3931 I=L,NP RCLOB11D
TOLL = BK‘Z;{TQLZ,DAES{?iﬁ,ZDEE RCLOBLZ0
2541 CONTINUE RCLOBL30
WRITE(6,3832) TCLL RCLOE140
3917 FORMAT (T MAXINY ABSOLUTE VALUE OF N-D OMEGA %1 18 =',Diz.8/ RCLOE150
<+ THIZ NUMBER CAN BE USED TC ESTIMATE */ BOLOELED
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«!' A REASONABLE TOLERANCE FOR CONVERGENCE OF ITERATIONS' /
** INPUT A FRACTION OF THIS NUMBER TO JEWERHENL THE TOLERANCE'/

«t E.G. INPUT 0.0L FOR 1% ACCURACY')
READ(5,#) TOLV
TOL = DABS(TCLVI=TOLL

WRITE(g,=) ' IF I0U WANT TO STOP INPUT O

RUAQCE,*§ ICCC
IF (ICCC.NE.Q) ICCC = L

RETURN
END

SUBROUTINE FCNS(X,X,FVEC,FJAC,LDFJAC, IFLAG)

mI1S SUBRCUTINE IS USED BY NAG ROUTINE COSPEF TO EVALUATE

THE PUNCTION WHICH DETERMINES SIGMA
IMPLICIT REARL#8(A~H,0-2)
COMMON/DEF/ZEKU

DIMENSION X{1),PVEC{1l),FIac{1,1)

IF (IFLAG.EQ.1) THEN

YM/5P CONVERSATIONAL MONITOR SYSTEM

RCLOBLTC
RCLOBLBO
RCLOBLEO
RCLOBZCU
RCLOBZL10
RCLOSZZC

CLOSE30
RCLOBZ40
RCLOB25Q
RCLOB2E0
RCLOG2TOC
RCLOG28BC
RCLOBZSC
RCLOB30C
RCLOE3LC
RCLOB320
RCLOG330
RCLOG34C
RCLOB350

FVEC(l)“{i.DD-X(i)**2*XN§**2)*DSEN(X(1))“2.DO*X(1)*XHU*DCOS(X{E))RCLGSBSG

ELSE IF (IFLAG.EQ.2) THEN

FJAC(L,1) = (1.D0X (1) **2%«XNU**2~2.DO*XNU) =DCOS (X (1))

FIAC{L,1) = FJAC(L,1} =+ 2.00%% (1) *XNU» {L.DO~XNU) «DSIN(X (1))

ELSE IF (IFLAG.LT.Q) THEN
sTOP

END IF

RETURN

ENDR

SYBRCUTINE INITAP(SIGMA,NP)
IMPLICIT REAL#*8(A~H,0-Z)
DARAMETER (N=7 ,MNP=151,NA=4)

COMMON/STAT/XI (MNP) ,STATIC (NA, MNP} ,VLOCKI (UNP) , TOMAX, VM, NP1

COMMON/SOLUT/X (MNP) , Y (N, MNP) ,ABT (N) ,HODE

COMMON/COEF/EPSKI (MNP) ,EPSXIS (MNP} , EPSETA (MNP) , EPSETS (MNP),

*NP) ,EPSPIS (MNP} ,HETA (MNP) , TLAMBZ (MNP) ,HETAM, THAXAV

COMMON/BGUNDA/BOUND

SIMENSION R{MNP),RS(MNP),RSS (MNP),RSSS (MNP) ,EPSI(MNF), RSI {MKF}

DIMENSION RSSI(MNP),RSSEI (MNP),AL(MNP)

THIS SUBROUTINE CALCULATES THE INITIAL APPRCXIMATION OF THE

SOLUTION ONCE SIGMA IS DETERMINED

TIND SIGMA
SZHETA = SIGMA/DSCRT{HETAM)
5O 444 K=l HP
v{7,¥; = SZHETA
CONTINUE
CONST = DCOS(SIGMA) + SIGMA#ANUxDSIN(SIGHAS

TBM RANGE OF A REAL<8 NUMBER SO THAT DEXP(X) IS
CONDITION XMINR<¥. USE B STRICTER LIMIT.

REAL=*S

RCLOB370
RCLOE3BO
RCLOB3TZO
RCLOG400
RCLGCBE4L0
RCLCB420
RCLOB430
RCLC6440
RCLOB450
RCLGE4E0
RCLOB4TO
RCLOE480
RCLGB4%0
RCLOBE0C

EPSPI (MRCLOS510

RCLOGSZ0
RCLOB530
ROLOE540
RCLOBSEQ
RCLOBSE0
RCLOGETC
RCLOBEBC
RCLOBESC
ROLOGE0C
ROLOGELD
RCLOBEZG
RCLOSBESD
RCLOBB4AT
RCLOGEEO
RCLOGE6L
RCLOBBTC
RCLOEGEC
RCLOBEZO
RCLOBTC0
RCOLOBTLO
RULOBTZ0
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~ALCULATE THE OUT OF PLANE DISPLACEMENT R AND ITS THREE RCLOGT30
NERIVATIVES (ANALYTIC EXPRESSIONS!? RCLOE740
BCLOETS0

¥NUl = DSORT(EPSKI(1)) RCLOETED
KNUZ = DSORT (EPSKI (NP1} RCLOETO
N = ENUL ROLOGETE0
DO 815 I=1 NP RCLOBTS0
SIG = SIGMA=X(I) RCLOEROO
cnSs = DCOS(SIG) RCLOSELO
SINS = DSIN(SIG) BCLOBB20
pOWERL = -X(I)/XNUl RCLOBE30
POWERZ = -{1~X(1))/XNUZ RCLOE8B40
+¥ (POWERL.GT.XKINR) THEK RCLOB850
expoL = DEXP(POWERL} RCLOGBEO
ELSE RCLOE8T0
EYpol = 0.0 RCLOBES0
END IF RCLOBBYC
1F (POWERZ.GT.X¥INR) THEN RCLOBS00
p¥PO2 = CONST»DEXP (POWERZ) RCLOG910
ELSE RCLOES20
FXPCZ = 0.00 RCLOBIZC
END IF RCLOGS4C
CALCULATE R, RS, RSS, RSSS ROLOE250
R{I) = -SINS/ (XNU=SIGMA) + COSS -~ EXPOL + EXPC2 RCLOG9IEC
RS (1) = ~COSS/ANU - SIGMA*SINS + (EXPGL + BXPOZ) /ENU RCLGES70
RSS(I) = SIGMA=SINS/XNU - SIGMR#x+2*C0SS + {(EXPOZ - EXPO1) /XNU=*2 RCLOESBO

RSSS(I)=3IGMA**2*COSS/KHU 4+ SIGMAx=3xSINS + {EXPG&*EX?O2)/X§U**3 RCLOBS20

DEFINE FIRST PART OF INITIAL APPROXIMATICH RCLOTO00
GHEAR FORCE IN THE ETA, OMEGAR XI, THETA, R ROLOTOL10
RCLOT020

¥{1,1) = EPSXI ()= (-RSSS(I)} + EPSXIS(I)* (~R8S{I)] RCLOT030
v(3,1) = -RsS{D) RCLO7C40
v(4,7} = -RS{I) BCLO7050
v(&,I) = ®R(I) RCLOTOGC
f£15 CONTINUE RCLO7070
RCLOTOBC

EVALUATE THE INDEFINITE INTEGRALS TC CALCULATE ANGLE BETA USING  RCLO7CE2C
THE TRAPEZOIDAL INTEGRATION ALGORITHM. RCLOT100
RCLOTI1C

EPSI{1) = 0.DG RCLOT1L20
R8T{1) = 0.D0 RCLOT130
pgar {1} = ¢.00 BCLGTL40
ResFEI iy = $.00 RCLO715C
ey 839 I=2 NP ROLOTLE0
xRz = (Z{I)-®(I-1)]*0.3D0 BOLDTLIG
RCLGTLEO

EpsI(I) = EPSI(I-1} + {;.ﬁG/E?SPIiE}+E.DGfE?SPI{1~1}}*%XZ ROLOTLIO
ROLOT200

me1 (1) = RSI{I-i) = (STRTIC(3, I rRs(z}+STaTIc(3,z-z)*&s(z—;))*GXERCL07219
ROLOTZ20

1 = (E?SET%(E}-E?SXi(I)}*STATZC{3,1} ROLO7230
22 = EE?SETA{Z~1)~§?SXI(1~LSE*S?ETEC(B,E-i) RCLO7240
REgI(I) = RSESI(I-1} + (grsmasi{iy + ToxRES(I-1) ) * D42 ROLOTZED
CLOT260

=3 = R3SI{I}/EPEPITI} ~ mEni(1-13/EpEpi{i~1) ROLOTZTC
magEril) = RSZEI(I-1) - EIwDEL RCLOTZE0
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839 CONTINUE CLO7290
c EVALUATE THE CONSTANT OF INTEGRATION ROLOT7300
&1 = (RSI{NP)-RSSEI(NP))/EPSI{(¥P) RCLGTILE
o) EVALUATE THE SECOND PART OF THE APPROXIMATE SOLUTICK BCLGT320
DO BE3 I=1,NP RCOLOTIZ0
¥(2,I) = (RSSI{I)} + C1)/EPSPI(I} RCLGT340
v(5,1) = -RSI{I) + Ci*EPSI{I) + RSSEI(I) RCLOT350
AL{I) = Y(B5,I)*=x2/TLAKBZ{I) + HETA(I)*Y¥(8,I)=x*2 RCLO7380
853 CONTINUE - RCLO7370
c CALCULATE THE ORTHONORMALIZING CONSTANT FOUR R AND BETA RCLO738B0
3 = 0.D0 RCLO7390
Do 842 I=2,NP ROLOT400
DXZ = (Z{I)-%(I-1})+C.3D0 CLOTALD
A= 5 + {AL{I)+AJ{I~1}}=DX2 RCLOT420
842 CONTINUE RCLO7430
& = DSQRT(R) RCLO7440
¢ ORTHONORMALIZE THE SOLUTION EXCEPT SIGHMA ROLOT450
DO 843 I=1,NP RCLC7460
DO 843 K=1,N-1 RCLOT470
$(K,I) = Y(X, I}/ RCLOT480
843 CONTINUE RCLOT490
o DETERMINE THE FOURTH BOUNDARY CONDITION AT S=0 RCLO7S00
BOUND = Y(3,1) RCLO7E10
WRITE(6,84) A,BOUKD RCLO7E20
84 FORMAT(' THE ORTHONCRMALIZING CONSTANT FOR THE APPROXIMATE'/ RCLOTE30
«' SOLUTION IS SORT(A) = ',D10.4/' THE BOUNDARY CONDITION AT 8=0  RCLO7S540
* OMEGAXI{0) = ',D10.4) RCLO7E50
RETURN RCOLOTESD
END RCLOTETD
c ROLOTS80
SUBROQUTINE STRUCT{ARRAY,X,NF) RCLO7E30
C TH1S SUBROUTINE CHANGES A SERIES OF DATA GIVEN IN RCLOTE00
c SEGMENTS "0 A SERTES OF DATA CORRESPONDING TO SPECIFIC POINTS RCLO7ELD
c ASSUMPTION: NSEG < NP RCLO7TE20
IMPLICIT REAL=8(A-H,0~Z) RCLOTE30
PARAMETER (MNP=151) RCLO7640
COMMON/INPUTL/TLEN,WA,WT, NSEG RCLOTES0
COKMON/ INPUTL,/RLENG (MNP} , SEG (MNP+1) RCLOTE60
DIMENSION ARRAY (MNP) ,HELP (MNP} ,X (MNP} RCLOTE7T0
o) RCLOTS80
IF(HSEG.EQ.1) THEN RCLO7E30
DO 83 Is=i,NP RCLOT700
HELP{I) = ARRAY (1) BCLOTTL0
83 CONTINUE RCLGTT20
EL3E RCLOTTI0
gELp{i) = ARRAY (1) ROLOTTAD
HELP{NP) = ARRAY(NSEG) RCOLGTTS0
=2 RCLOTIE0

DO 84 ¥=Z,HP~-1 ROLO777

TP ((X(K}.GT.SEG(I-1)).AND.(X(K}.LT.SEG(I}}) THEN RCLOTT80

HELP(K) = ARRAY(I-1] RCLOT790

LSE IF (X{¥K).EQ.SEG(I)) THENW RCLOTROO0

HELP{K) = 0.5DC=[ARRAY{I-1) + ARRRY(I)}] RCLOT810

FLSE IF (X{X).ET.3EG(I}) THEN RCLOTEZ0

HELF(K! = ARRAY(I} RCLO7820
T =T o+ 1 ROLOTE4A0
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END IF RCLOTEE0
CONTINUE RCLO78E0
£XD IF RCLG7870
0o 85 K=1,NP RCLOTSR0
ARRAY (K} = HELP{X) RCLOTESO
CONTINUE RCLOTSO0
RETURN RCLOTEL0
END RCLOTS20
ROLOTE30

SUBRCUTINE OUTPUT{NF) RCLO7940
THIS SUBROUTINE OUTPUTS THE RESULTS IN TWO FORMATS; & COMPLETE RCLOTSS0
TORMAL FORM AND A FORM TO BE USED FOR PLOTTING. RCLGT7S60
IMPLICIT REAL+E(A-H,C~2) RCLOTS7C
SARAMETER (MNP=151, NA=4,N=7) RCLO7S80
CHARACTER=B0 NAME RCLOTS90
COMMON/CONST/XPL , XPI2 , RHOW, GRAV RCLOB00O
COMMON/ INPUTO/NRME ROLOSCLIO0
COMMON/ INPUTL/TLEN, WA ,WI,NSESG ROLGBOZ0
COMMON/ INPUT2/RHOO, AL, CFLUID, PRESS, AC (MNP) RCLOBG30
COMMON/ INPUTL/RLENG (MNP) , SEG (MNP+1) RCLOBG4AO
COMHON/EHPUTB/WEIGHT{HNP},EA(HXP),EIETA(HN?),EIETAS(HN?}.EEXI(H%P)RCLOEGSO
«,EIXIS (MKP) ,GIP (MNP),GIPS (MNP) RCLOBOGC
COMHON/IHPHT4/DXI{MNP).?ﬁIETa(MNP).DETA(MNP),DKIETA(HNP) RCLOBCTO
COMHON/INF&TS/RHASS(MN?},RKASST(HNP),AKAXI(MNP},AMEE?A{HNP),AMAZI(RCLOSOSO
«MNP) , TMAXI (MNP} , THAETR {¥NP) RCOLOBO2O
COMMON/ INPUTS/XJZI (MNP) ,AJZI (MNP) , TIZI (MNP} RCLOE100
QGH%DN/STAT/XI(HNP}.STATEC(NA,HﬁP),VLOCXE(XNP),?OﬁAX,Vﬁ,NPI RCLOBLLO
COMMON/COEF/E?SXI(MNF),EPSXIS(MNP),EPSETA{ENP),EPSSTS(MNP),EPSPtixRCLBElEO
«NP) ,EPSPIS (MNP) ,HETA (MNP) , TLANB2 (MNP) , HETAM, TMAXAV RCLOBLIO
connom/cmﬁyz/mxz,EXIS,EE?A,EETAS,EP:,E?:S,HH,?LAHQ.TO,QXEO,OMEGAD,RCL08140
*(ONS1 , CONS2 RCLOB1SO
COMMON/SOLUT/X (MNP) , Y (¥, MNP) (ABT (X) ,MGDE RCLOBLED
NIMENSION Al (MNP) RCLOBLTO
~ALCULATE THE ORTHONORMALIZING CONSTANT FOR R AND BETA RCLOB180C
RCLO8180

DO 542 I=1,NF RCLOBZ0C
CALL COUNT(X{I}) RCLOB210
AL(I) = Y(5,I)**2/TLAM2 + HE=Y(5,I)=*2 RCLOSB220
CONTINUE RCLOBZ30
A = 0.DO RCOLOB240
No 642 I=Z,NP RCLOB250
nE2 = (X{I)-X{I-1))~0.8D0 RCLOBZE0
A= A + {AL{IJ+AL(I~1))*DXZ RCLOBZTC
CONTINUE RCLOB280
& = DSORT{3) RCLOBZZO
ARTHONORMALIZE THE SCLUTION EXCEPT SIGMA ROLOB3CO
Do £43 I=1 NP RCOLOBILO
Y(N,I) = DABS(Y{N,I})} RCLOB320

0o 6437 K=1,N-1 RCLOB320
Y(K,I) = Y(X,I}/A RCLOB340
CONTINUE RCLOB35C
oUTEUT RESULTS RCLOB3B0
WRITE(Y,1000) XAME BOLOB8ITU
FORMAT (20R) RCLOBI8C
BCLOBEI0

WRITE{Z,100L) ﬁSE%,TLZﬁ,K&,QHGG,%ﬁGW,AE,C?ZﬁE%,?EESS,%T,?QK&X,?%4

e

ROLOEECO
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FORMAT{1X,132,9X,' = NUMBER OF RISER SEGMENTE'/ RCLOB4LO
*1¥,D1Z2.6,' = UNSTRETCOHED RISER LENGTH IN ¥'/ RCLOB4AZC
#1X,D12.6,' = APPROXIMATE AVERAGE EFFECTIVE WEIGHT PER UNIT LENGTE RCLOB43C
=IN N/¥'/ RCLOB44C
*1X,D12.6,' = INNER FLUID DENSITY IN KG/¥3'/ RCLOB4S0
*1X,012.6,' = SALT WATER DENSITY IN KG/M3'/ RCLOB4BD
*1X,D12.6,' = INNER CROSS SECTIONAL ARER IN M2/ RCLOB470
=1X,D12.6,' = IKNER FLUID SPEED IN M/8'/ RCLOB480
*1%,D12.6,' = INNER FLUID OVERPRESSURE IN N/H2'/ RCLOB4SC
«1%,D12.8,' = APPROXIMATE TOTAL EFFECTIVE WEIGHT IN WATER IN N'/  RCLOSBS0C
*1X,D1Z.6," = MAXIMUM STATIC TENSION IN N'/ RCLOBSLC
*1¥,012.58,' = MEAN CURRENT VELOCITY IN THE X DIRECTION IN ¥/S7) RCLO8EZ0
EVALUATE DIMENSIONAL NATURAL FREQUENCY RCULOBS30
SIGMAD = Y(¥,1)~DSORT (TOMAX/TMAXAV)/TLEN RCLOBS40
WRITE(S,1002) NSEG RCLOBSS0
FORMATL(//* DATA PER RISER SEGMENT F OR NSEG =RCLOS5EQ
= ', I3, SEGMENTS'/"DINMNENSIONAL QUABYNTITIRCLISSTO
* 2SS IN THE S8.I. SYSTEHM/ RCLOBES0
'  RLENG DXI FXIETR a0 WEIGHT MASS RCLOBS90
= THASS AMAXT BMAETA AMAZI THAXT TMAETA RCLOBE00
®') RCLOBELD
TL = TOMAX/TLEN RCLGBE20
D0 1004 I=1,NSEG RCLOBE3C

WRITE({S,1003) RLENG(I}*TLEN,DXI{I),PXIETA{I),RO(1),WEIGHT (I}="L,RMRCLOBE40
*ASS(I),RMASST(L) ,A¥AXI(I) ,AMAETA{I) ,AMAZI (1), ™MAXI{(I), TMAETA(TI) RCLOBESO

1004 CONTINUE RCLOBEGO
FORMAT {12 (1X,D10.4)/) RCLOBETC
RCLGBE80

WRITE(2,10022) RCLOBESO

10022 FORMAT(® EA EIETA EIETAS EIXI EIXIS RCLOZE700
*  GIP GIPS DETA JZI AJZI TJZI') RCLOBT710

BO 10023 I=1,NSEG RCLO8720
WRITE(S, 10024} EA(I).EIETA{I),EIETAS(I),BIXI{(I}),EIXIS(I),GIP{I}, RCLOBT30
*GIPS{I},DETA(I),X32I{I),AJ2I(1),TI2I(I) RCLOB740
100232 CONTINUE RCLOBTS0
10024 FORMAT{(11(1X,Di0.4}/) RCLOB760
RCLOB7TT0

WRITE(9,761) MODE,SIGMAD RCLOBTRO

TEL FORMAT(! saaax st e sk s s a A A R AR KRR AR R X R XA T AKX RRR TR A A AN AR RN e w e xxxx ' ROLOBTSO

¥

s

LI

i

ok

x/ MODE NUMBERS®=",I2/" NATURAL FREQUE N RCLOEE2C
*C Y = ', D10.4,° RAQ/S'/' XEXXTXERXXAXXEKK XXX AR R KA R RS e sk nx 2RO 08810

AR TKRRARKXKRRRXR Y ) RULOBSEZ0
RCLOBA30

WRITE{S,1008) ¥P RCLOGSAD
FORMAT(/* ORTHONORMALIZED WONDIMENSIONAL RESULTS AT NE = 1, RCLOBESG
*I3,* POINTS'/ RCLOSBED
% g QETA CMEGAZETA OMEGAXI THETA BETL RCLOSR7O
x R BIGHAT) RCLOBSRBO
NORMALIZE ERROR BY COMPONENTS. RCLOBE90
DO 181 ImL,N-1 RCLOBSCO
ABT{I} = ABT(I)/& RCLOB3SLO
CONTINUE RCLOBY2L
D0 1010 I=1,NP RCLOBOID
WRITE(9,10:1) X{1y,(Y{7,1),.0=1,7} RCLOBES40
COWTINUE RCLOBYED
FORMBT IS (1X,D10.4} ) RCLORISD
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WRITE{S,10118) (ABT{I},I=1,7) RCLOBSTO

10119 FORMAT(' MAXIMUM ESTIMATED ERRCR BY canchzxfs*/;;x,?(;x,mzo.4)) RCLOBOBO
c RCLOBISS
o CLOS000
< cuTBUT TO FILE COWNECTED I0 DEVICE Li ROLOY0DLO
z THTS CAN BE USED FOR PLOTS OR INPUT TO ANCTHER RUN OF RCLINDIN RCLOSO2G
o RCLOBL3O
- RCLOG04D
CALL STRUC{VLOCXI,NP,NPI) ROLOSOSO
WRITE(11,36459) MODE,NP,SIGHAD RCLOQOED

36459 FORKAT{lX,IE,lX,ZB,lX,BlO.4} ROLOGOTC
no 3668 I=1,NP RCLOSCE0
WRITE{L1,36867) X{I):(E(J,E};JZl.?);VLGCXE(I) RCLOS080

3666 CONTINUE RCLOSLO0
3667 FORMAT(9(1X,D12.8)) ROLOS1I0
c ROLOYL20
RETURN ROLO9130

END RCLOYLAD

C RCLOS1S0
SUBROUTINE FCN (X,EPS,Y¥,F,N) RCLOG160

c 4718 SUBROUTINE EVALUATES THE FUNCTIONS USED BY DO2RAF TO SOLVE  RCLOSLTQ
c THE PROBLEM RCLO9180
TEPLICIT REALx8(A-E,0-Z) RCLO9190
DARBMETER (MNP=151) RCLOI200
coxﬁcx/cosfiﬁpsxz{xNP),apsxzstxx?),E?SET&{MN?),E?SETs(ﬂHP),EPSP:(HRCchzie
*ﬁ?),EPSPES{HNP),KETA(HK?},TLAMB2(HNP},HETAH,TXAKAV ROLOSZ220
cmnno&/coayzlaxx,Exzs,EETA,EETAS,EFI,spis,aﬁ,TLAnz,Ta,Qxxo.anGAG,RCLaszso
*CONS1 , CONS2Z RCLOSB240
DIMENSION Y (¥),F(N} RCLOE250

z L OCATE MESH POINT TC EVALUATE COEFFICIENTS RCLO9260
CALL COUNT(X) RCLOS270

o RCLOS280
F(1) = -EPS=QXIO=¥{2) + (1.DO+EPS* (T0~1.D0)) =¥ (3) RCLOS290

F(1) = F{1) + EPSx¥(4)=CONSL RCLO9300

F{L} = F{(1} - ERa»¥ (5) «CONS2Z ROLOGILO

(1) = F{L) - Y(V}s*zw(HETAx+EPS*(Hﬁ»HEEAM})*Y(e) RCLO9320

c RCLOS330
F(2) = (~EPIS*Y(2) - EPS=Y (T)xx2+¥ (5) /TLAM2}/EPI RCLOY340

F{2) = F{Z) + ?{3)*OHEGAG*(Ex1mEE§A)/EPE RCLOB3S0

z ROLOS3EO
7(3) = (~EXISxY(3} T Y(1)}/ER RCLE9370

Fi{3) = F{3) + E?S*Y{E)*OHEGAG*(EETA—EPI}/SKi RCLOS380

< ROLOY3ISO
T(4y = Y13} - EPS»{MEGAC*Y (5] RCLOS400

o ROLOG4LO
Fisy = Y(Z) + OMEGAC*Y (43 HOLOSEED

o ROLOS43D
Fia) = =¥{4) RCLOB440C

2 ROLOD4AS0
¥(7) = 0.00 RCLOS4E0
RETURN RCLO9470

ZND ROLOB480

o ROLOS4S0
ayBROUTINE G(EPS,¥A,YE,3C,N) BOLOGEO0

- ZOUNDARY CONDITIONS USED 3Y DOORAY BOLOSSLO
TOLOSERD

TMPLICIT. REAL#8{A-H,0-3)
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DIMENSION YA(NW},YB(¥},BC(N)
COMMON/BOUNDA/BOUND

BC{i1)=YA(4)
BC{2i=YA{3)
BC{3)=%A(8)
BC{4)=¥A{3) ~ BOUND

BC(3}=YB(4)
BC(&)=YB(5)
BC{7)=YE(5)

RETURN

END

SUBROUTINE JACOBF(X,EPS,¥,F,N)

THIS SUBROUTINE EVALUATES THE JACOBIAN OF THE EQUATIONS TO USE IN

NEWTON'S
IMPLICIT REAL=H(3-H,0-2)
PARRMETER (MNP=151)

COMMON/CORF/EPSKI (MNP} ,EPSXIE (MNP) ,EPSETA (MNP} ,EPSETS (MNP} , EPSPI (MRCLO9730

*NP} ,EPSPIS (MNP) ,HETA (MNP) , TLAMBZ (MNP) ,HETAM, THAXAV

ITERATION.

VH/SP CONVERSATIONAL MONITUR SYSTEM

RCLO®S30
RCLO9540
RCLOSBEED
RCLOSEED
RCLO9ETC
RCLOS2%8BO
RCLOE530
RCLOSE00
RCLOS610
RCLOS62G
RCLO96306
RCLO9640
RCLOSEE0
RCLOSEE0
RCLOSETS
RCL.O9680
RCLOS630
RCLOI700
RCLOG7L0
RCLOBTIL

RCLOS740

COMMON/COEF1/EXI,EXIS,EETA,EETAS,EPI,EPIS, HE, TLAMZ, 70,010, 0MEGR0, RCLOSTSED
=CONSL,CONS2
DIMENSION Y{N),F(N,RK)

LOCATE MESH POINT TO EVALUATE COEFFICIENTS

CBLL COUNT(X)

Do 817 M=1,N
F{I,¥) = Q.00
CONTINUE

F{1,2)
F(1,3)
¥(1,4)
F{1,8)

txj o Rf 4xy e
T s I S

SRS

-

vx

g hep
e,

-~

Led 2 Lo}
-
LES R 4%

Lo
4

-

e e

[ I3 &1
.- o

LR
R

ey rrg
PR

teg
o
s
R

1

i

it #

= —~EPSxZ. 00V (71 xY {5} /ERPI/TLANZ

~-EPS=QXI0
1.D0 + EPS=*{T0~1.00)}
EPS*CDONS1
~-EPS*CONS2

-Y (7) x*2» (AETAM+EPS* (HH~HETAN) )
~2.D0%Y(7)*Y (&) » (HETAM+EPS « (HH~HETAH) )

~EPIS/EPI
OMEGAO=* {EXI-EETA) /EFI
~EPS*Y (T)»«2/EPI/TLAKS

oS SewT
ow il R

EPS*OMEGAC* {EETA~EPI) /BEI
~EXIS/ERI

1.00
~EPS*OMEGAD

1.00

OMEGAC

RCLOS780
RCLO977C
RCLOB78O
RCLOVTS0
RCLLOSBOO
RCLO®81C
RCLOS9820
RCLO9830
RCLC9840
RCLOYEE0
RCLOSBED
RCLOB870
RCLCS880
RCLO28SC
RCLO9200
RCLOPBI0
RCLG9%20
RCLOG9YG30
RCLO9940
RCLO93B0
ROLOSIES
RCLOY270
RCLCS980
RCLOSSZO
RCLLOGGO
RCLIGOILIC
RCLLOOZO
RCLICO3Q
RCL10G4C
ROLICOES
HOLICO6BC

TIMT 5 T
ROLLOCTD

RULEIGGEO
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SUBROUTIXE JIBCOBG(EPS, YA, Y5,AJ,3J3,N)
TH1S SUBRCUTINE EVALUATES THE JACORBIAN CF
TMPLICIT REAL=*8{A~H,0-Z)
DIMENSION YA(K);YS(H);A&(N,E},EJ(N,H§
Bo 876 K=1,M
no 876 I=i,N
ag(k,I) = 0.D0

BJIK,I} = 0.00
CONTINUE
ac(l,4) = 1.00
AJ{Z;:‘S) = 1.00
aJ{3,8) = 1.DO
a5(4,3) = 1.D0
BJ(5,4) = 1.D0
BJ{6,5) = 1.D0
B83(7,6) = 1.0C
RETURN
END

SUBROUTINE JACEPS{X,EPS,?,F,N)
THTS SUBROUTINE EVALUATES THE
RESPECT TO THE CONTINUATION PARAMETER EPS.
IMPLICIT REAL»8{A-H,0-Z}
PARAMETER (NA=4,MNP=151)

CO&HON/STATfXI(HE?)'STATIC(NA,HNP},VLOCXE(HNP).TOHAK,VH,N?I
CDHMGN/CDEF/EPSXI{ENP),EPSXIS(M&P),E?SETQ(KKP),EPSETS(MXP);

*NP},EPS?ES(HNP),HETA(HNP).TLA&BZ(HNP),HETRK,TMAKAV

DERIVATIVES OF THE FUNCTIONS WITH

V¥/SP CONVERSATIONAL MONITOR SYSTEM

RCLIOCHY
RCL1QLOT
RCL1IOLLD
RCLICLZ20

THE BOUNDARY CONDITIONS.RCL1OL3C

RCL10140
RCL10OLS0
RCLIOLE0
RCLIOLTO
RCL1OLBO
RCL10120
RCL1GZ200
RCLLIOZ10
RCL10220
RCL1D230
RCL1OZ40
RCLLDZS0
RCL10260
RCLLICZTO
RCLLOZ80
RCL10Z22C
RCL1IO300
RCL1O310
RCL10320
RCLL0330
RCL10340
RCL10350
L103B0
RCL10370
RCL10380
FPSPI (MRCL10390
RCL10400C

COﬁMON/COEFleXI,EXES,EETA,EETAS,EPI,E?IS,HH,TLA&Z,TU,QXI0,0HEGAO,RCLiOélﬁ

«CONS1,CONS2Z
DIMENSTION Y(N) , F{X)
LOCATE MESH POINT TC EVALUATE THE COEFFICIENTS

CALL COUNT ()

P{1) = Y{4)=CONB1 - Y {E) «CONS2

F(1) = F(1) — QXI0=Y{2) + (To~1.00)*¥ (3}
Fl1)y = F{1) = v(7)xx22Y (6) « {HH-BETAM}
F{Z} = Y (T wx2x¥ (5} /EFI/TLAMZ

F{3) = (EETA-EPI) «OMEGRO*Y (2] /EXI
Fla} = -OMEGRO+Y(5)

r({5} = 0.00

Fi{g) = 0.B0

F(7) = 0.D0

RETURN

END

r3 4

SUBROUTINEG SACGEP{EPS, YA, 7B, BCER . N)
rETs SUBRGUTINE E

RCL10O420
RCL10430
RCL10440
RCL10450
RCL10460
RCL10470
RCLL0O4BC
RCL104%90
RCL1O500
ROLIOELO
BCLIOBZC
RCLLOE30
RCLIGS40
RCL1CEE0
RCLLGEED
RCLLC57C
RCL10580
RCL10530
RCLLOG00
RCLIOELO
RCLIUEZ0
RCLICEID

RCL10640
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CONDITICNS WITH RESPECT TC THE CONTIRUARTICN PARAMETER EPS.

IMPLICIT RERL*8({A~H,0~Z}
DIMENSION YA{HN},YB{N),BCER{N)
DG 871 K=1L.N

BCEP{X}) = 0.D0
CONTINUE
RETURN
END

SUBROUTINE INTERP(NP)

THIS SUBRCUTINE INTERPCLATES THE RISER CHARACTERISTICS AND THE
STATIC SOLUTION TO THE NEW NUMBER QF POLNTS NP.

ASSUMPTION: NP .GE. NPT
IMPLICIT REAL=8(A-H,0~Z)
PARAMETER (MNP=151, Nas4, ¥=7)

VM/SP CONVERSATIONAL MONITOR SYSTEN

RCLLCE5C

CL1O66C
RCLICETC
RCL10E80
RCLLOBS0

CL1070C
RCLLO7LO
RCLLCT20
RCL1ICT30
RCLLC740

CLIQ758
RCLIOTE0
RCL1Q770
RCLLO780
RCL1O7S0

COMMON/COEF/EPSRI{MNP)  EPSKIS (MN®) ,EPSETA (MNP) ,EPSETS (MNP} ,EPSPI (NRCL1QB00

*NP} ,EPSPIS (MNP} ,HETA (MNP} , TLAMB2 (MNP) ,HETAM, TMAXAV
COMMON/STAT/XI (MNP) ,STATIC(NA,MNP) , VLOCKI (MNP} , TOMAX, V¥, NPT
COMMON/STATL/CONSTL {MNP) ,CONBTZ (MNP)
COMMOX/SCLUT/Z (MNP}, ¥ (N, ¥KP) , ABT(N) ,MODE

DIMENSION HELP (MNP}

INTERPCLATE STRUCTURAL DATA T0 THE NEW NUMBER OF PCINTS

CALL STRUC(EPSXI,NP,NPI)

CALL STRUC(EPSXIS,NP,NPI}
CALL STRUC{EPSETA,NP,NPI)
CALL STRUC{EPSETS,NP,NFI)
CALL STRUC(EPSPI,NP,NPI)

CALL STRUC(EPSPIS,NP,NPI)
CALL STRUC(HETR,NP,NFI)

CALL STRUC (TLAMBZ,NP,NPI)
CALL STRUC{CONSTL,NP,NPI)
CALL STRUC(CONSTZ,NP,NPI)
CALL STRUC(VLOCKI,NP,NPI)

INTERPOLATE STATIC SOLUTION TO THE NEW NUMBER OF POINTS

oC 45% ¥=1,3
0O 458 I=1,NPI
HELP{I} = STATIC{(X,I}
CONTINUE
CALL STRUC(HELP,NP,NPI)
DO 457 I=1,NP
STATIC{(K,I) = HELP(I)
CONTINUE
CONTINUE
DO 339 I
XI{i}
CONTINUE
RETURN
END

=1, NP
= X{1)

SUBRCUTINE STRUC(ARRAY,NP,NPOLD)
THIE SUBRCUTINE INTERPCLATES A SERIES OF DIVISION POINTS

SERIES OF DIVISION POINTS.
IMPLICIY REAL=8(A~H,0~Z)
PARAMETER (MNP=151,NA=4, =7}

COMMON/SOLUT/X (MNP , Y IN MNP} A
COMMON/STRT/XI{MNP) STATIC{NA, MNP ,VLOCKI (MNP}, TOMAK, V¥ NP1

PR

BT (N} ,¥0DE

RCLIOBLO
RCL1CEZ0
RCL1CB3C
RCLICB4L
RCL1OBSG
RCL1OB6O
RCL1O870
RCL10O8ED
RCL10B30
RCLICB0O
RCL1CHLC
RCL1OSZC
RCL10930
RCL1DO940
RCL1GSS0
RCL1CSBL
RCL1097C
RCLL0O9BO
RCL10%90
RCL110O00O
RCL1I1CLO
RCL11C20C
RCL1IG30
RCL11040
RCL110OSO
RCLLIOES
RCLLLOT7C
ROLLLOSBO
RCLLLGHC
RCLIIIOC
RCOLLLLLC
RCL1I11ZC
RCLL11I30
RCLL1L14C
RCLILISC
RCL11i60
RCL1ILITO
RCL111BG

ROLLLISO




188
FTLE: RCLINDYN FORTRAN &

LT.1.D-7) THEN

VM/SP CONVERSATIONAL MONITCR SYSTEM

g ey

SIXEHSION ARRAY (MNP) ,HELP (NP RCL1ILZ210

¢ RCLLLAZ20
HELP(L) = ARRRY(1) RCL11230

HELP (NP} = ARRAY (NPOLD] RCL1L1240

no 82 I=%,NPCLD ROTLILIZE0

0o 8L K=2,NP-1 RCLL1Z6O

IF {{K(K).Gf.XI{I*i)}.AKE.(X(K).LT.XI(Z))) THEN RCLLL270

CONV = {X(K)~xz{z—z))*(ARRAY(:)»ARRAY(Ima))/(Xz{z}~xz{z-a}) RCL11280

wErp(K) = ARRAY(I-1) - COWV RCLLLZBO

ELSE IF (¥{®) .EQ.XI(1}) THEN RCL11300

HELP (K) = ARRAY (I) RCLLL310

EXD IF RCL11320

@1 CONTINUE RCL1L330
gz  CONTINUE RCL11340
Do 8% ¥=1i,NP RCLLL350

ARRAY (K) = HELP{X) RCL1L3BO

g5  CONTINUE RCLLLIZTO
RETURN BCLL1L3IBO

END RCL11380

c RCL11400
SUBROUTINE COUNT(X) RCL11410

o THIS SUBROUTINE EVALUATES ~HE RISER CHARACTERISTICS AS WELL AS THERCLL1420
c gTATIC SOLUTION AT A POINT 2. RCL11430
< +o RETURNS THEIR VALUE IN ~OMMON BLOCK CUEFL. RCL11440
IMPLICIT REAL#8(A-H,0-2) ©L11450
SARAMETER (MNP=151,N3=4) RCL11460C
ﬁsﬁuon/ccEFfEPsx:(MNP},EPSXIS(ﬁN?),EPSETA(&NP),E?saTs(Hﬁ?),5?5?1(M3€L11470
*N?},E?SPIS(KHP).HE?A{HHP),TLAxBZ(MNP),HE?AH,TXAXRV RCLI.1480
COHKON/STAT/XE(HKP),STATIC{NA,Hﬁ?),VLGCKI(KNP),TOBRK,VM,HPI RCL11430
cnxxoa{smaz;/csuswx{xxp),coxswz(ﬁﬂy) RCL1180C
COHKON/COEFL/EXI,EXIS,EETA.EETAS.EPI,EPZS,HH,TLRHZ,TG,QXZ0.0MEGAG,RCLLLSLO
»CONSL,CONS2 ROLL1520
COMMON/COUN/ ICOUNT RCL1I1S30

¥ = ICOUNT RCL.11540

IF (X.EQ.XI(M)) THEN RCLL1SE0

g¥XI = ZPSXI(¥) RCOLLLEB0

EXIS = EPSXIS(M) RCL1LETO

ZETE = EPSETA(M) RCL11580

EETAS = EPSETS (M) RCL11590

gpT = EPSPI(X) RCL11600

EpIS = EPSPIS (M) RCL115610

g = HETA{M) RCLL1620

mr A¥2 = TLANBZ (M) CT.11630

=0 = STATIC(L. X ROLL1E40

CEIO = sTATIC{Z, ¥ RCLLLIBEO

AMEGAC = STATIC(Z,M) RCOLL1680

cONS1 = CONSTL (M) ROL1IBTC

cONS2 = CONSTZ (M) RCLLLEBO

smouyT = ICOUNT + 2 ROLLIGZ0
TPIX.EQ.1.D0) ICGUNT = 1 RCL11700

ELSE IF i(X‘LT.Xiiﬁ}).Aﬁﬁ.{X.GT.X:{X~i}}} THEN RCL11710

ZTEF = DRES(XI(M)-X} ROLLITZD

o THIS IF STATEMENT IS5 70 ACCOUNT FOR A COMPUTER INACOURACY IF RCL11TAD
o SEPRESENTATING AND BOURTING REAL NUMBERS. BOL11740
7 (DIFF RCLLIITS0

ROLIL7GO
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TP (¥I(M).EQ.1.D0) ICOUNT = 1
END IF
0K = (E=EI{M-1)}/{(XI(M)-XI(¥-1})
TXI = EPSKI(M-1) + (EPSXI{¥)-EPSXI(M-1))sDX
TXIS = EPSKIS{M~1) + (EPSKIS(M)-EPSKIS(¥-1))=DX
CETA = ERSDTA(M-1) + (EPSETA(M)~EPSETR (M~1))*=DX
EETAS = EPSETS(M-1) + {EPSETS(M)-EPSETS(M-1))#*DX
EPT = EPSPI{M-1) + (EPSPI(M)-EPSPI{M-1})»=DX
EpIS = EPSPIS(M~1) + (EPSPIS(M)-EPSPIS{¥~-1))»DX
FH = HETA(M-L) + (HETA(M)-HETA({M-1))=DX
mroaws = TLAMAD (M-1) + (TLAMB2 (M)-TLAMBZ (M-1))=*DX

™o = STATIC(1,¥-1) + (STATIC({L,M)-STATIC(L,¥-1))*3X
OXI0 = STATIC(Z,M-1} + (STATIC(Z,¥)~STATIC{2,M~-1) ) =DX
OMEGAC = STATIC(3,M-1) + (STATIC(3,M)-STATIC(3,E-1))=DX

CONS:L = CONSTL(M-1) + (CONSTL(M)-CONST1({M-1)}*DX
CONSZ = CONSTZ (M-1) + (CONSTZ(M)-CONSTR2(¥-1))=*DX
ELSE

WRITE(S,*) ' ERROR OCCURED IN COUNTER, NP =',X
ZND IF

RETURN

END

YM/SP CONVERSATIONAL MONITOR SYSTEM

RCLILTTG
RCLIL78O
RCLIL7SC
RCLLL18BOOD
RCL11BLC
RCL11BZO
RCLL1IB3D
RCL11840
RCLL1850
RCL11B&C
RCL1187¢
RCLL1BES
RCL11BBC
RCL113CC
RCLL1S1O

CL11820
RCL11830C
RCL11240
RCLLLZSC
RCLL1960
RCLLLIDTO
RCLLIBBO
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Z RCNATZI RCNOCOL1C
¢ PROGRLM TC EVALUATE THE DETERMINANT OF MATRIX P FOR A RANGE COF RCNOQC2C
C FREQUENCIES IN ORDER TO LETERMINE APPROXIMATE VALUES OF THE NATURAL RCNCOO3C
C FREQUENCIES OF COMPLIANT RISERS FOR IN PLANE DYNAMICS WITH A 2-D RCNGO040
T STATIC CONFIGURATIONK. RCONGOOS0
C THIS PROGRAM CAN BE USED 7C DETERMINE APPROXIMATE ESTIMATES CF RCHGOO60
C NATURARL FREQUENCIES TC USE AS INPUT IN THE IN~PLANE DYNAMICS PROGRAMS,RCROCOTO
C WHICH IMPROVE THESE INITIAL ESTIMATES. RCROQQO8O
¢ DOUBLE PRECISION AND THE NAG FORTRAN LIBRARY ARE USED THROUGHDUT,. RCNODOSBC
C WKB VERSION OF THE PROGRAM. RCNOQLOO
Cx****tw:x**uawt*x**axsut*:**ug*a*n*g**x***mxxxax*xs**a*ax*s***ws*wa*x**mﬂ{}{}}_ig
C COPYRIGHT, 1985, MASSACHUSETTS INSTITUTE OF TECHKOLOGY RCNOQ120
C ALL RIGHTS RESERVED. - RCNCOL3G
c***w*ax***k**tiﬁ*xn**ﬂ2‘#1:*#Zﬁt*#xt‘k*t******t*xt**t*x***x*kx!*z*x*#t!xﬂtgc}]oaiq{}
C PROGRAMMER GEQRGE A. KRIEZIS JUNE 5, 1985 M.I.LT. RCNOQL50
A R R A AR A R AR I TN A A AR AR AR A AN R AR AAN AR AR NRER AN ek w e e w ke x a RONOOLE0
c RCONGQOLT70
C DEFINITION OF DEVICES: RCNQC18O
C DEVICE 5 : INPUT FROM TERMINAL RCNOQL90
C DEVICE & : OUTFUT TO TERMINAL RCNOOZ00
C DEVICE 8 : INPUT FROM FILE PREPARED BY RCINPUT (LRECL=80) RONOO210
C DEVICE 10 : INPUT FROM FILE CONTAINIKG AFPPROXIMATE N~-D STATIC RCNQUZZ0
c SOLUYTION CREATED BY RCSTAT2D (LRECL=132)} RONGO230
C DEVICE 1: : QUTPUT TO FILE (LRECL=80) RONQOZ40
c RCNOQ250Q
C DEFINITIONE OF PARAMETERS RCHOOZ60
C MNP = MAXIMUM NUMBER OF FREQUENCIES TC EVALUATE DETERMINANT. RCRGO270
C RCNQC2BC

IMPLICIT REALxS(A-H,0-Z) RCNQQZ90

PARAMETER (MNP=300) RCNCO300

CHARACTER=Z0 NAME RCNQO310

COMMON/ INPUTO/NANE RCNOOC320

DIMENSION FREQ(MNP),PVALUE(MNP) ,RANGI (MNP} ,RANGZ (MNP) RCNOQ33C
c RCNOQ340
c READZD READE 2-D STATIC COMPLIANT RISER RCNCO3E0
c SQLUTICOK CALCULATED FROM RCSTAT2D PROGRAM AND EVALUATES RCNOC380
c THE MAXIMUM NONDIMENSIONAL STATIC EFFECTIVE TENSION (TOMAX). RCNGQO37C
c RCNGO380

CALL READZD({TOMAX,V¥,ICCC) RCNOO3S0

IF(ICCC.EQ.O)} STOP RCNDC400
c . RCNO041i0
- CHARAC READLS RISER CHARACTERISTICS FROM UNIT 8 AND EVALUATES THE RCNOO4ZC
c NONDIMENSIONAL CCEFFICIENTS TC BE USED FOR THE ESTIMATION COF RCNOO430
. THE NATURAL FREQUENCIES. RONOCELC
c RCNOO450

CALL CHARAC(TOMAX, TMAXAV, TLENG, V¥) RCNOO4E0
c RCHO0470
- RCNOO480
z RCHOO490
1499 WRITE(E,1500) MyP RCNCC560
15G0  FORMAT{(/' INPUT'/' THE MAXIMUY FREQUENCY AND FREQUENCY SPACING (INRCN0OO0510

» RAD/S) FOR'/' WHICH YOU WISH TO EVALUATE TEE DETERMINANT OF MATRIRCNOOSZO
=% P'/' MAXIMUM PERMISSIBLE NUMBER OF FREQUENCY POINTS IS5 = ',I3) RCNOOS2O
READ (%, )} FREQH,DF RCHOO540
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FILE: RCNATIN FCRTIRAN A VM/SP CONVERSATIONAL MONITCR SYSTEM
IF(DIV.GT.XP) GOTO 1495 RCNOOBTO
¢ RONQOE80
c APPROX :EVALUATES THE DETERMINANT OF P FOR ALL FREQUENCIES SELECTEDRCNOCESO
c +7 USES THE FAST AND SLOW ASYMPTOTIC SOLUTIONS AND APPLIES THE RCNGOE00
o BOUNDARY CONDITIONS FOR THE CoOMPLIANT RISER. RCHOUEL0
o) ROCNOOE20
CRLL AF?ROX(?REQ,P?ALSE,?LENG,THRXAV,TDH%X,?REQB,DF,&EIV} RCNOOE30
¢ RCHO0B40
c NETERMINE THE APPROXIMATE VALUES OF SACH NATURAL FREQUENCY IN THE RCNQOE30
¢ SPECIFIED KANGE. THE DETERMINANT SHUANGES 3SIGN AT EACH NATURAL RONQOBE0
o FREQUENCY . RONGOBTO
c RONOOEBC
K=20 RCNOOESO
Do 4%2 I=1,KNDIV-1 RCNGOT700
~HECY = PVALUE(I)=PVALUE({I+l) RCKOOTLO
IF (CHECK.LT.O0.DO) THEN RCHNDO720
K=K+ 1 RONCOTIO
RANGL(K) = FREQI{I) RONDOT740
RANG2(R) = FREg(I+1 RCNOO750
EXD IF RCNOC760
452 CONTINUE RCNOOT7T0
c RCONGOTS0
o CUTPUT THE RESULTS RONOOT90
o) ‘ RCNOOSGO
WRITE{11,8668) NAME RONOGS10
85666 FORMAT(80A) RCONGOB20
WRITE(11,36) RCNOOB30
36 FORMAT(/' ESTIMATES OF IN-PLAKE NATURAL FREQUENCIES FOR A 2-D STATRCNOOR40
xIC CONFIGURATION') RCNOCBE0
WRITE(1L1,85)K RCNOOBE0
o5 FORMAT(/' NUMBER OF NATURAL FREQUENCIES IN SPECIFIED RANGE: 1,13) RCNOOBTO
RCNDOBSC
0o 76 I=1,K RCNQOE30
WRITE{.i1.88} 1, RANG1{I).RANG2(I) RCNOGS00
RONDOSL0

76 CONTINUE
86 FORMAT(' MODE = ',13/' NATURAL FREQUENCY BETWEEN'/1X,D12.8," AND *RCNGOSZ0
*,512.6," RAD/SEC /! x*wu*xx***x****xx*ux*x**xx******zx**t****') RCNDOS30

WRITE(11,24) RCNOOB40

=4 FORMAT (/' FREQUENCY {RAD/SEC}'.2x,'nzTERHIﬂANT') RCHOCES50
U0 89 I=1,NDIV RCNOGEE0
WRITE(L11,25)FREQ(I) [PVALUE(]) RCNOOS70

89 CONTINYE RCNOOQS80
~5 FORMAT(5X,D512.5,4%,D12.5) RCNOQYSO
STop SONGLOGE
END RONOLOLD
RCHOLI0Z0

SUBROUTIKE ~HARAC (TOMAX, TMAKAYV, TLENG, VK1) RONG1D3C
SUBROUTINE CHARAC READS THE COMPLIANT RTSER CHARACTERISTICS FROM  RCNOLO40
DEVICE 8 AND EVALUATES ALL THE NONDIMENS IONAL COEFFICIENTS USED RONCLGEC

IN THE EVALUATION OF THE P MATRIX AND THE DIXENSIONAL NATURAL RCONGLO80
FREQUENCIES. RONGLOTC
TMPLICIT REAL=*8(A~H,0-Z) RONDLOBO
DARAMETER (MNP=151) BCNDLOB0
CHARASTER*20 NAME RCNOLLICO
SOMMON/ THPUTG/HANE BONOLLLO
BONGLIZD

SN/ COHST /LR ALY WHOW , GRAY NG

el ] -]
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COMMCN/COEF/EPSETA(2) ,HZETAM, DXI¥, VK, KL
DIMENSION EIETA (MNP} ,DEI{HNE) ,RLENG(MNP)

V¥/SF CONVERSATIONAL

MONITOR SYSTEX

RCKOLLZC
RCNOLL40

BIMERSION RMASS (MNP}, RMASSTIMED),AMANI (MNP, AMAETA(MND} , A¥AZI (MNPIRCNOLLE0
=, TMAXI (¥NP) , TMAZI (MNP} ,HZETA (MNP}

VM o= VM1
READ (8,1000) NAME

FORMAT (80A)

READ {8,1008) NESEG,TLEN,WA,RHOO,AI,CFLUID,BRESS
FORMAT(1X,I3,2(1X,Di2.8)/4{1X,D12.6))

TLENG = TLEN

DO 13027 I=1,NSEG

READ (8,10C3) RLENG(I).RMASS(I),RMASST(I),AMAXI(I),WEIGHT,DXI(I],

*PRIETA,BA,EIETA (L) ,AC, BIETAS
CONTINUE
FORMAT(5(1X,D12.8)/6(1X,D12.6})

DO 1332 I=1,NSEG

RCRQLIBD
RCONOLLTQ
RCNCLI1BC
RCNQ1IL15C
RCHO120C
RCNOLZL10
RCNQLZ220
RCNCLZ30
RCNG1240
RCHO1250
RCKROLZ6C
RCHOL270
RCNOLZBO
RCNGL280
RCNC1300

READ(R,1333) AMAETA(I),DETA,EIXI,EIXIS,GIP,GIPS,AMAZI(I) ,XJZI,AJ2IRCNGL3LD

CONTINUE
FORMAT{S(2X,D12.68)/3(3X,D12.8})

NON = DIMENSIONALIZATIONS

GRAV=9.81D0
WAM=WA/GRAV
WT=Wa=TLEN
XPI=4.D0=DATAN(1.D0)
XPIZ=XPI/2.D0
RHOW=1.025D03

TOMAX = TOMAX*WT

NONDIMENSIONAL CCEFFICIENTS USED IN THE EQUATIONS

TOMAXL = TOMAX/TLEN

TOML1 = TOMARY*TLEN
TOMLZ = TOML1*TLEN
TLENZ = TLEN==*Z
THAXAV = (.DC

DXIM = 0.D0
DO 2000 I=1,XN8EG
RLENG(1)=RLENG(I}/TLEN
TMAZI(I) = RMASS(I; + AMATI(I]
TMAZI(I) = RMASS(I} + AMAXI(I;
THAXAY = TMAXI (Ii#RLENG{I) + TMAHAY
DHI¥ = DEI¥ + DEI{I)«<RLENG(I)
CONTINUE
EPSETA(L) = BIETA(L)/7ToMLZ
EPSETA{Z) = EIETA(N3EG)/TOMLZ
HZETEM = .00
DO 4321 I=1,NSEG
HZETAR(I) = TMAZI(I}/THAXAV
HEETAM = HZETAM + HIETA(I)*RLENZ

CONTINVE

(RIS, B

S |

RETURN

RCNO1320
RCNO1330
RCNOL1340C
RCNO1350C
RCNOL380
RCNOL3T70
RCNOL1380
RONO13SC
RCR0O1400
RCNO1410
RCNGC1420
RCNO1430
RCNQ1440
RCNC1450
RCNQO1460
RCNQ1470
ROUNGC148C
RCONQ149C
RCEO1500
RCNQOLELU
RCNC1520
RCONG1530
RCNO1540
RCNOLEB0
RONQLSEL
RONQLEY

RCNG1I800
RCNQOLEL0
RCNOLEZU
RCNO163D

CNOLBA0
RCNC1B50
RCNO1I880
RONCLETO

RCNOLBRO
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Y¥/SF CONVERSATIOKAL MONTTOR SYSTEX

END RONOLBS0
os RCNO1700
SUSRCUTINE READ2D (TOMAX, VM, ICCC RONGLTLO
c 7213 SUBROUTINE READS THE STATIC COMPLIANT RISER SCLUTIOK FRCM RONOLTZC
o DEVICE 10. IT EVALUATES THE MAXIMUM NONDIMEMSICNAL STATIC TENSION.RCNO1730
& IT PROVIDES ALSC THE ¥ AND Y DISPLACEMENTS AT THE TOP COF THE RCNOL740
¢ COMPLIANT RISER. RCNGLTS0
TMPLICIT REALE(a~H,0-2) RCHD17E0
PARAMETER (MNP=131) RONCLTT0
~OMMON/STATL/XTOP, YTIOP RCHOL1780
DIMENSION xcao&(xxpk.YCGGR(MxQ),STATIciﬁx?},xziﬁﬁ?) RCNOL790
o RCNC1800
o gTETIC(I) = STATIC EFFECTIVE TENSION ™o RCNO1810
c RONO1820
WRITE(6,2000) MNP RCNO1830
2000 FORMAT(' MNP=',I3) RCND1840
c RORO1B50
I00C = 1 ROKO1860
READ(10,36459) NP,VH RONG1870
16450 FORMAT(1X,13,1X,D12.6) RCNOLES80
WRITE(6,2311) NP, VM RCNO1890
5311 FORMAT(' 2~D STATIC SOLUTION FROM DEVICE 10/ RCNO18GO
' KP =',13/ RONGQ1S10
«t MEAN CURRENT VELOCITY IN THE X DTRECTION IN M/S ,VM =',D12.8) ROND1520
< RONO1930
IF({NP.LT.4).CR. (NP.GT.MNP}) THEN RCN01840
1Coo= RCHNC1%50
WRITE(8,12439) ROCNO1980
12436  FORMAT (' NP IS INAPPRCPRIATE ; RUN STOPS') RCNO1870
RETURH RCNO1980
ENDIF RCONO1990
c RCNO2000
IF (VM.EQ.0.DO) THEW RCNO20L0
YRITE(6,1248) ROKOZ2020
1240 FORMAT{' PROGRAM IS NCT VALID AR ZERO MEAN CURRENT SPEED'/ RONOZ030
%+ ' RUN STORS') RCONG2540
ICCe = O RCNOZ050
RETURN RCNOZ080
END IF RCNOZ2070
c RCNO2080
< READING FROM DEVICE 10 RONOZOS0
c RONOZ100
00 1021 IwL.NP RONOZ1LO

READ (10, 1033 K;STHTICs:}§£?&TIE,$TA?33?S?QTQPXCSGRQ?},?CQGRiEE RCONGZ21Z
=STRARS, TERST, VLOCED RONG2130

XI{1y = 4 RCNDZLED

1021 CONTINUE ROCNO2Z150
ip33  FORMAT(L0(1X,D12.6)) RONGZ160
» SVALUATE RISER TCP X AND Y CCORDINATES BCHOZL70
e = XCCOR{(¥P) RONOZ180

yTop = YOCOR(NP) CNOZ180

i nyALUATE MAXIMUM STATIC EFFECTIVE TENSION RONDZ200
?ﬁﬁéﬁ=ﬁ*éﬁii3?%fi$(i}.STATZC(E?? RONG2Z10

By GREZ [=3,4P° RCHOZ220

neMAY = DMAXI (TOMAX, STATICIIN RONODZZ36
BONOZZ40

385¢ CONTINUE
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< RCNO2Z50
WRITE{S,1854} TOMAX RCHCZZ60
1654 TORMAT(' 2-D STATIC SCLUTION SUCCESFULLY READ'/' MAXIMUM STATIC EFRCNO2Z7Q
*FECTIVE TENSION/WA*L = ',D10.4) RCNGZ2Z80
< RCNQZ280
RETURN RCNGZ2300C
ERD RCNQZ2310
RCNQ232¢C

8]

SUBRCUTINE APPROX (FREQ,PVALUE,TLENG, TMAXAV, TOMAX, FREQE,DF,NDIV) RONQ2330
THIS SUBROUTINE EVALUATES THE DETERMINANT OF MATRIX P AT ALL THE RCNO2340

c
c SPECIFIED FREQUENCY PCINTS IN ORDER TO LOCATE REGIONS CF CHANGING RCNQZ350
c SIGN. RCNO2360
IMPLICIT REAL*8(A~H,0-2) RONO2370
PARAMETER [MNP=300) RCNG2380
CORMON/CONST/XPT, XPI12 , RHCOW, GRAY RCONOZ2390
COMMON/COEF/EPSETR (2) ,HZETAK , DXIN, VH,XL RCHCZ400
COMMON/OMA/OMAPP (2) ,PRICC(Z) RCNG2410
DIMENSION FVEC(2),XS(2),WAS(13),WKSPCE(E) RCNOZ2420
DIMENSION PVALUE(HX?).?REQ(H&P),A{E,S),P{5,6) RCNG2430
EXTERNAL FCHS RCNO2440

o} NETERMINATION OF THE CABLE APPROXIMATION OF 2-D STATIC SOLUTION. RCNG2450
c e POWELL HYBRID METHOD IS USED (SEE PROGRAM RCSTATZD FOR RCNG2460
c BETAILE FOR THE SLOW SOLUTION) RCNG2470
o EVALUATE K RONOZ480
WRITE(&,1781) RONO2450

1781 FORMAT(* INPUT NORMAL DRAG COEFFICIENT YSED IN STATIC SOLUTICON') RCNOZ500
READ(S,*}CD RCONO2510

¥¥ = 0.5D0*REOW*DEIM*xCD*xVY«DABS (VM) *TLENG RCONO2520
WRITE(&,8881) VM,CI RCNOZB30

881 FORMA™ (' MEAN CURRENT SPEED =',D12.6/' NORMAL DRAG COEFFICIENT =',RCNO2Z540
*D12.6) RCNOZE50

c RCNGZBED
2601 WRITE(&,1501) RCNO2E70
1501 FORMAT(' INPUT ESTIMATES OF LAMBDA AND C*/ RCNG2580
xt LAMBDA MUST HAVE THE SIGX OF MEAN CURRENT SPEED'/ RCNG2580

'  POR SMALL XTOP 2 GOQD ESTIMATE OF C IS -C.S=<LAMEDR') RCNO2600
READ(5,=) XL,XC RONG2610

c RONG2E20
S(1) = 3L RONO2530

X8{2) = XC RCNQOZ2540

XTOL = 1.D-8 RCNOZES0

Ng = 2 RCNOZBE0

LWk = 18 RCNC2E70

z RONQZBRE
c ~aLl HAG SUBROUTINE CUSNBF 7C DETERMINE THE CABLE APPROEIMATIOCE RCNOZETD
IFAIL = O RONG2700

~ALL CGENBF(FONS,NS,XS,FVEC,HTOL,WAS, LWA, IFAIL] RCNGZ710

z RONC2720
YRITE{(6,1358) IFAIL,XS{1),%43(2) RCNG2730

<356 PORMAT(' SOLUTION FOR CABLE ...'/' IFRIL =',I2/ RCNOZ2740
x' LAMBDRE =',D12.8/ RCNG2750

= =t ,D12.6) RCNOZ2760

o RCNO2770
WRITE(S,2800) FYEC{1},FVEC{Z] RBONOZTAC

S50 FORMAT (' VALUE OF FUNCTION FOR HORIZONTAL DISPLACEMENT =',U1Z.6/ RCNOZT90
&' YALUD OF FUNOTION FOR VERTICAL DISPLACEMENT =°,012.6/7 RCHOZBOD
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x' DO YOU WISH TC TRY A STFPERENT INITIAL LAMDA, Ok o/ RONO2810

«' IF YES INPUT 1') ROHG2B20

READ{S,*) IFP RCNOZ283C

IF {(IPE.EQ.L) GO TO 2801 RONO2840

IF (IFAIL.NE.G) GO TO 2601 RCNOZ850

o RC¥G2ZBEC

XL o= 5(1) RCNOZBT0

X0 = X8(2) RONO28B8C

TE = XK/XL : RCNGZ2830

WRITE{S,1654) XL,XC,TE RCNO2900

1654 FORMAT (' CABLE APPROXIMATION '/ RONGZ2810

«' LAMBDA =',Di2.6,' C =',Di2.8.° TENSIOK =',012.6) RCNQZS20

c RONG2830

o DETERMINE VALUES OF PHIOO AND OMEGA ETA AT THE TOF AKD BOTTOK OF RCKO2940

< THE RISER USING CABLE APPROXIMATION. RONGZE50
g = 0.00 RONG2980

oH100(1) = PHIO(S,XL,XC) RCNG2870

OMAPD (1) =XL*DSIN(PHIOO(1))**2 RONG2980

c RCNQ2590

s = 1.D0 RONG3000

PHIOO(2) = PHIC(S,XL,XC) RCRG3010

GHAP?(2)#XL*DSIK(PHIOD(2)}**2 RCNQ3020

c RCNG3030

o CALCULATE FUNCTICNS F THAT DETERMINE THE SLOW DYNAMIC SOLUTION RCNQ3040

C AT THE TOP AND BOTTOM OF THE RISER. RCNO3080

CALL FUNC(PHIOO,HZETAN,XL) RCNO306C

c RCNO3070

C EVALUATE TEE P MATRIX FOR EACH FREQUENCY RCN0O3080

108 = O RONG3020

c SVALUATE NUMBER OF INCREMENTS RONO3100

NDIV = NINT(FREQH/DF)+ 1 RCNQ3110

c INITIAL FREQUENCY FOR EVALUATION IS 0.01 RAD/SEC RCNO3120

SIGMBA = o.o;nouTLENG*DSQR?(TMAXAV/TOMAX) RONO3130

Dg = DF*T&ENG*DSQRT(?xAXAV/TOMAK) RCNG3140

. RCNO31S0

Do 76% L=1,KDIV RCND3160

FREQ(L) = .01 + (L=1)*DF RCNO3170

c EYALURTE MATRIX P RCNO3180

CALL XMATR(P,SIGMA,IOS) RCNG3180

108 = i CRO3200

o FIND ITS DETERMINANT USING NAG SUBROUTINE FO3AAF (CROUT RONG3210

» FACTORISATION METHOD]. RCNO3220

oo 882 I=3,5 RCW03230

o0 852 K=1,8 RONOIZ4

A{I,Ky = P(I,K] RONGIZED

#52 CONTINUE 2CNO3280

IFAL = 1 RONCIZTO

CALL ?GEAAF(A,M,N,DET,wKSPCE,z?Azs RONG328C

SIGMA = SIGMA + DS RCNO3IZEO

PYALUB(L) = DET RCHO3300

145 CONTINUE RONG3IZL0

RETURN RCNO3320

BND RONC3330

o RONO3 340

SUBBOUTINE soye (NS, 48, FVEC, IFLAG) RONOEEE0

o 18 SUBROUTIHE EVALUATES THE cNCTIONS FOR THE HORIZONTAL ARD QONGIIE0
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VERTICAL DISPLACEMENT OF THE CABLE SOLUTION. IT 18 USED BY NAG

SUBROUTINE COSNBF.
IMPLICIT REAL=8{a~H,0~Z)
COMMON/STATL/YTOP, YTOP
DIMENSIOK XS{NS},FVEC(NS)
LAMBDA AND £ ARE UNKNCWNS
XL = Z5(1)

XC = %5{(2)

¥LINV = 1.DO/XL

PRIGS = PHIC{0.DO,XL,XC)
PHIOL = PHIC{1.D0,%XL,XC)

H

]

Fi = XLINV=(1.D0/DSIN(PHIO0)-1.DC/DSIN(PHIOL))
F1 = F1-XTOP
FVEC{1} = Fi

DTAN (PHEIOL/Z2.DC)
DTAN{PHIDO/Z2.D0)

3]

TT1
TTO

#

S P2 o= XLINVaDLOG(TTL/TTO)

s

F2 = F2~-YT0P
FVEC(Z) = F2
RETURN

EXD

FUNCTION PHIO(S,XL,RC)

THIS FUNCTION EVALUATES PHIOC OF THE CABLE SCLUTION AS A FUNCTION

OF 8, LAMBDA AND C.
THPLICIT REAL*B{A~H,0~2Z)
COMMOK/CONST/XP1 ,XP12, RHOW,GRAV

YVAR = ~{AL=8+XC)

PHIO = DATAN(1L.DO/XVAR)
I¥ (ZVALR.LT.0.DO) THEN
PHIO = PHIC + XPI

END IF

RETURN

ZND

noH

SUBROUTINE XMATR(P,SIGHA,I0S)

THIS SUBROUTINE EVALUATES THE 6X6 MATRIX P ELEMENTS
AT FREQUENCY SIGMA.

IHPLICIT REAL*E (A~H,0-Z)

COMMON/SLOW/F1i2),¥2(2) ,F3(2),F4{2),FE(2) . FB(2]
COMMON /COET/EPSETA (2}, EZETAY, DEIN, VX AL
COMMON/COHA/DMAPE (2}, PHIGO(Z)

DIMENSION P(E,8;

SVALYATE ARLL CONSTANT ELEMERTS {NOT A FUNCTION OF ZIGMA)

1P (I08.85.C) THEW
oo 881 I=l1,6
DC B8L K=1,8

P(I,¥) = 0.0C

CONTINUE

B(L1,2) = DSIN(PEIDC(1))*=2
(1,3} = 1.0C
pli,5; = FLil}
pii,8) = F2il)

VM/SP CONVERSATICONAL MONITOR SYSTEM

RCNO3370
RCNG3380
RCNOZ389C
RCHO3400
RCNO3410
RCNO3420
RCNC3430
RCHG3440
RCNC34350
RCH03460
RCNQ347C
RCHO3480
RCNO349C
RCNO350C
RCNQ3E1C
RCNQ3IS20
RCNG3530
RCNC3540
RCNO3550
RCNO3560
RCND3570
RCNO358C
RCNO352C
RCNO36C0
RCNQ3B10
RCNQ3620
RCNG3620
RCNG3640
RCNO3650
RONO36E0
RCNO3E70
RCNO3680
RCNO3690
RCNO3700C
RCNO371Q
RCNO3720
RCNO3730
RCKO3740C
RCNO375C
RCRO3760
RCHO377C
RCRO378C
RCNO37SC
RCNG38CC
RCHO3E1C
RCNO3BZC
RCNG3BAC
RCNO3G4C
RCHO 3850
RCNC3880
RCNG3B70
RCNO3880
RCNO38%0
RCNG IGO0
RCNG321C
RCHU33Z0
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B{2,2) = NS IN(2.DO*PHIO0O(L)) RONGO3HI0
2{2.,3) = ~~.SGX(BSQRT(EPSETA{1)}*Oﬁﬁ??{l}} ROHO3940
p(2,5) = F3(1)} RONG32S0
p{z,6) = F&li} RCHOIVE0
P(3,3) = 1 .00/ (EPSETA{L) =0NAPR{1)) RONO3970
2(3,5) = F5(i) RCNO288C
p{3,8) = F&(L) RONO3IB90
p{4,4) = 1.00 RCONO4C00
p(4,5) = F1{2) ROND4AQLO
5(4,6) = F2(2) RCNO4U20
p(5,4) = a.aef(nsgaw(xyszraie))*GEAP?(Z}} RONO4CI0
(5,5} = F3(2} RONO4040
P(5,8) = F4{2)} RCONQ4ADSD
P(6,4) = 1 .00/ (EPSETA{2) »OMAPP (2]) RCNO4060
p(&,5) = ¥5{2) RCHO4070
pig,5) = F6(2) CRO408B0
END IF RCNO4090
EyALUATE ELEMENTS THAT ARE A PUNCTION OF SIGHR RCNO4100
coSS = DCOS (SIGHA) RCHO4110
IINS = DSIN(SIGHMA) RCNO4L20
p{2,1) = SIGMA/XL RCNG4130
P(3,1) = STGMA*DSIN(PHIOO(1)*2.D0) RCND4140
P(3,2) = = SIGMA=*2 /KL + Z.DO*OﬁAQP(l)*DCOS{Z.DO*PEEOO{l)) ROND4L50
p{4,1) = SINS*DSIN(PHIOO(2))*%2 RCHD4160
P{4,2) = COSS*DSIN{PHIDO0(2) ) =+2 RONO4170
p{5,1} = SINS*DSIN(PHZOO{2}*2.DO} + SIGMA=CLSS/XL RONGLL80
w(g,2) = COSS*DSIN(PHIDO(2)%2.80) - SIGHA*SINS/XL RONO41S0
RCNO4200

Pi6,1) = (2.DO*OHAPP{2)*DCGS(PHIOO(Z}*E,BO) - SIGMR**x2/XL)*SINS  RCNO4210
s(g,L) = P(6,1) + SIGﬁA*COSS*SSZN(PHIGO(Z)*2.30) RONO4220
RCNO4230

p(5,2) = (E.DO*GMAPP{Z)*DCGS(PHIOG(E)*2.BO) - STGMAx*2/XL)*COSS  RCNC4240
p(6,2) = P(6,2) - SIGMB*SINS*BSZN(PHIGG(2)*2.30) RCNO4Z50
RETURK RCNO4260
END RCNG4270
RCNO4280

SUBRCUTINE FUNC (PHIOC,HZETAN, XL} RCRO4250
THTS SUBROUTINE EVALUATES THZ FUNCTIONS THAT RESULT FROM THE RCNO4300
APPROXIMATE SLOW SOLUTION FOR IN-PLANE DYNAMICS OF COMPLIANT RCOND4310
RISERS. THIS SUBROUTINE EVALUATES THESE FUNCTIONS AT T TWO ENDE RCN0O4320
OF THE RISER. RCHG4330
TMPLICIT REAL=8(A-H,O-Z) RCND4340
csxxoﬁjsacw;?:izs.?2{23,93{2>,F4{2},F§<2},?6i2> RONQ43S0
~IMENSION PHIOO{Z) RONO4360
¥ptz = 2.00=DATAN(L.D0) RONO43T0
4 = HAZETAM BONO4IB0
Hp = Hxxl RONG43B0
oo 837 I=1.,2 RONG4400
~OSPHI = DCCS (PHIOG(I)) ROND4410
SINPHT = DSIN(PHICO(I) REONO4420
COSZPHE = DEOS (2.D0*PHIGO (1)) RCNO4430
~CEPHZ = COSPHI=x*Z RONO4440
aINPHE = SINPHIx=Z RONQ44ED
HOND44E0

= CCSPHIx{L.D0w (H- .so%x“sgyﬁz;a,zﬁz‘3§35+3§52e,3a*ce$?§2;gcya44?a

= Fri{i} = ~eEpuT e (Hei. 007 *COSPEALE DLV ROMO44ET
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537 CONTINUE
RETURN
END
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RCNO4490
1.06 - HZ - H=(¥-1.D0)/2.DO=CCSPHZ RONO4E0D
F2{1) + HZ={SINPHI + COSPHI=(XFIZ -~ PHIOO(I})) RCNO45L0
RCONC4B20
#=wSINPHI* (H=1.00)/2.00*COSPH2 = (1 .00+ (3.D0~H) »COSPHZ/12.D0)RCNC4S30
FI(I1} - SINPHI RCNC4540
RCNQ455(
SINDPHI={Hx (E=1.D0)*COSPHI - H2*({¥PIZ - PHICC(I}}} RCNO4560
RCNO4570
2.00 - B + (H~1.D0)={(6.D0~H)=COSPHZ2/6.D0 RCNO458R0
FE(I)} + 5.00/24.D0x (B-1.DD)={H+3.00) »COSPHZ=*2 RONO4580
~F5 (1) *XLxSINPH2*COSPHI RCONQO4600
RONO4BL0
Hn {H=-1}*COSZPH + HZ~SINPHI ~ HIZ»({XPI2 - PHIOO{I)}+COSPHIRCNU4520
XL*SINPHIZ=F&(I) RCKD4E30
RCND4B40
RCONO4E50
RCNO4660
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FILE: RCLINDYl FORTRAN &

vM/sp CONVERSATIONAL MONITOR SYSTEM

C RCLINDY: RCLCDOLO
C THIS PROGRAX CALCULATES THE IN~PLANE LINEAR DYNAMIC RESPONSE OF a RCLOQO20
C COMPLIANT RISER WITH A Z~-D sTATIC CONFIGURATION BASED ON AN RCLOODID
C EMBELDING TECHNIQUE. THE PRCGRAM PROVIDES aN INITIAL aNALYTIC RCLOO040
C APPROXIMATION WHICH IT SUBSEQUENTLY IMPROVES USING HODIFIZD NEWTON'S CLO00E0
C ITERATION AND 2 NON-UNIFORM GRID FINITE DIFFERENCE HETHEOD. RCLQQOBD
C DOUBLE PRECISION AND THE NAG FORTRAN LIBRARY ARE USED. RCLOCO70
C*x***w*tx!a‘tt**!**xi**xk*****x*xuk*a*ki:a*x&xtr*wt**t*z****x****x*xt****&‘cr‘{}a{}sf}
C COPYRIGHT, 1985, MASSACHUSETTS INSTITUTE oF TECHNOLOGY RCLOOOSO
C ALL RIGHTS RESERVED. RCLOCL0D
{‘:s*n:wn*ax*x**:x**ar:**swaa**xsw*ws****x*naxxttx**a*tu»zx*a*t*w:*n:x*:x*:&CLf}GllG
C PRCGRAMMER GECRGE A. KRIEZIS JUNE 5, 1585 M.I.T. RCLOOL20
Cwma**gtat*w*tut*:tx*nx*x:tu:xara:**xtt**suzx****xnﬂt:xn-apxxwtth*xnxwwwx*RcL{}{}}_3o
< RCLOO140
C DEFINITION OF DEVICES: RCLOC1SO
C DEVICE 5 INPUT FROM TERMINAL RCLOO160
C DEVICE 8§ OUTPUT TO TERMINAL RCLCOL70D
C DEVICE & INPUT FROM FILE PREPARED BY RCOINDYT {LRECL=80) RCLOQ18BO
C DEVICE 9 CCEPLETE OUTPUT TO FILE (LRECL=132) RCLOO13G
C BDEVICE 10 : INPUT FROM FILE CONTAINING N-D ETATIC 2-D RCLOC20O
c SOLUTION CREATED BY RCSTATZD {(LRECL=132) RCLOGZ210
C DEVICE 11 : OUTPUT TO FILE FOR PLOTS OR INPUT TC A NEW RUN RCLoG220
c QF RCLINDY] {(LRECL=1217) RCLOD230C
C DEVICE 12 : INPUT FROM FILE CONTAINING APPROXIMATE N-D SOLUTICON RCLOO240
cC CREATED BY A PREVIOUS RUN OF RCLINDY: (LRECL=217) RCLOGZ5D
c RCLCOZB0
C COMMON BLOCK CONTENTS (OVERALL REFERENCE) : RCLOU270
C SOLUT = INITIAL APPROXIMATION AND SOLUTION MATRICES CLODZ8O
C 37TaT = STATIC COMPLIANT RISER SOLUTION. (EFFECTIVE TENSION, SHEAR RCLOGZSG
c FORCE, OMEGA ETa, PHIC, MAXINUM STaTIC EFFECTIVE TENSION, RCLLG30D
c MEAN CURRENT VELCCITY AND NUMBER OF STATIC DIvVISION POINTS). RCLCO310
C STATL = X aNp v DISPLACEMENTS AT TOP COF RISER. RCLOO320
C STATZ = FUNCTIONS OF STATIC RESULTS. RCLOO33D
C INPUTO = guTRyUT FILE HEADING RCLOO340
C INPUTL = RISER LENGTH, AVERAGE AND TOTAL WEIGHT AND NUMBER OF SEGMENTSROLOG3SE0
C INPUT2 = RISER TURE INTERICOR CHARACTERISTION RCLGO38D
C INPUTL = RISER SEGMENTS LENGTH RCLOQ370
C INPYTE = WEIGHT, STIFFNESSES AND STIFNESS DERIVATIVES, RCLOO38BO
C INPUTY = CHARACTERISTIC DIAMETERS AND PERIMETER OF RISER 7TUBE. RCLOO390
C INPUTS = MASS AND ADDED MASS CHARACTERISTICS IN THREE DIRECTIONS RCLO0400
C INPUTE = RISER POLAR AND ADDED POLAR MOMENT OF INERTIA. RCLGO410
C COEF * NONDIMENSIONAL RISER CHARRCTERISTICS USED IN THE EQUATIONS RCLOO420
C COEFL = HONDIMENSIONAL RIZER CHARACTERISTICS AT A SPECIFIC poIyT RCLOO43D
C CONST = PROBLEM CONSTANTS {(p1, GRAVITY, WATER DENSITY! RCLOG44D
C BOUNDE = EQUNDARY CONDITION FoRm CHEGR ETA AT S=n ROLOO4LSED
T COUN = INTEGER COUNTING VARIABLE 7o DETERMINE Facn BIVIZION 2oiwy RCLOV4SED
© MATRIY = MATRIY P FOR ESTIMATION OF THE APPROXIMATE NATURAL RCLOG470
o FREQUENCIZE. RCLOO4RO
C SLOW = APPROXIMATE 3SLOW SOLUTION VECTORS RCLOG430
T OMA = LAMBDA, PHIOG AND CMEGA ETA FOR THE CABLE APPROXIMATION RCLOOS00
c RCLOCSLS
IMPLICIT REAL*8(A~H,0~2) RCLOGS20
PARAHETER(N*?,XA;ziSL,NA:4,I‘=?) RCLOCE3G
PARAMETER (LWORK=MND+ (3« = *IEEANEI I hGaNn T ETAN) RCLOCESD
?AﬁéﬁETEE(Llwcﬁxzxg?*{2*§+2}*§§ RCLOGEED
RILOCEED

DIMEKSIOH WGEK(;WSRK},IQDQK{LIWSRK}
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COMEON/SOLUT/X (MNP) , Y (N,MNP) ,ABT(N) ,¥ODE RCLGOBTO
COMMON/STAT/XI (MNP} ,STATIC(NA,MNP), VLOCKI (MNP} , TOMAX, V¥, NPT RCLOOS80
COMMON/COUN/ TO0UNT ROLOOSSD
EXTERNAL SUBROUTINES USED BY NAG LIBRARY RCLOODEOO
EXTERNAL FCN,G,JACEPS, JACGER, JACOBF, JACOEG RCLOOGLE
DATE NCUT /8/ RCLODEZD
RCLOOE30

READ2D READS 2-D STATIC SCLUTION CALCULATED FROM ROSTATZD PROGRANM. ROLOOESD
1T EVALUATES THE MAXIMUM NONDIMENSIONAL STATIC EFFECTIVE TENSION RCLOOESO
RCLOOBSED

CALL READZD{NDD) RCLOOET0
RCLOOERO

CHARAC READS RISER CHARACTERISTICS FRCM UNIT & AND EVALUATES THE RCLOOEI0
NONDIMENSIONAL COEFFICIENTS TO BE USED IN THE EQUATIONS. RCLOSTOO
RCLOCT7LD

CALL CHARAC(TLENG, IC,NPI) CLODT20
IP{IC.EQ.0) STOP RCLOOT730
RCLOCT4O

DEFINITIONS OF DARAMETERS ... RCLOGT50
¥ = NUMSBER OF EQUATICNS TO BE SOLVED BY DOZRAF RCLOOT760
IY = NUMBER OF VARIABLES RCLOOT770
HNP= MAXIMUM NUMBER OF PERMITTED POINTS IN THE NON-UNIFCRM RCLOO780
F.D. MESE { MNP »>= 32) RCLOOTS0
IF{MND.LT.32) THEN RCLOOBDO
WRITE{g,1257) NP RCLOCELD
FORMAT(' MNP = ',I3,' IS NOT PERMISSIBLE') RCLOOB20
STCoP RCLOOE3D
ENDIF RCLOOB40O
NUMBER OF BOUNDARY CONDITIONS AT S=0 RCLOOBSD
NUMBEG=4 RCLOOSED
NUMBER OF MIXED BOUNDARY CONDITIONS RCLOOS70
NUMMIX=0 RCLOCE8O
PARRMETER DECLARING THAT INITIAL APPROXIMATION IS USER SPECIFIED RCLOOS90
INIT=1 RCLOOSO0
FARAMETER DECLARING THAT JACCBIANS ARE USER SPECIFTED RCLOQSL0
IJAC=1 RCLOCS20
PARAMETER CONTROLLING MONITORING OF CALCULATIONS RCLOO930
IFAIL=111 RCLOOS40
RCLOOSS50

RCLOO9S0

WRITE(8,1500) ROLOCSTO
PORMAT (' IKPUT 1 IF YOU WISH TO RKEAD INITIAL APPROXIMATION, '/ RCLOOSE0
®7 CTREATED BY A PREVIOUS RUN OF THIS PROGRAM'/ RCLOCSSC
=’ ELEE INPUT O (AN INITIAL APPROXIMATION WILL BE CALOULATED LOCALLRCLOLIOO0
=7} RCOLOIGLOD
READ(Z,=) IExigT RCOLOLOZD
IF{(IEXIST.NE.Ll) .AND. (IZXIST.NE.Q) ) GOTO 1499 BCLO1030
IF(JEXIST.EQ.L) THENW RCLOL040
RCLCLO080

READAS : READS APPROXIMATE SOLUTION FROM DEVICE 10 FROM A RCLOLGED
PREVIOUS RUN CF RCLINDY: (DELEPS = 1.D0) RCLO1070

IT ALSC PRCVILES ICCC,NP, TOL= TCLERANCE OF ITERATIONS RCLOLOSO

THIS ALTERNATIVE ¥AY, FOR EXAMPLE, BE USED IF GREATER ACCURACY ROLOLOSO
Is REQUIRED FOR THME PROBLEM SOLYTION. RCLOLIGO
RCLOILLO

100D, NP, TOL) ROTLELLE0

:A;}; E‘;Eéﬁéﬁ g FAL 0 S Y 2{:‘ B e S f
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c RCLOL13G
- IF THE NUMBER OF BOINTS FROM THIS SCLUTION IS GREATER THAN THE RCLO1140
c STATIC SOLUTION POINTS, INTERPOLATE ALL CHARACTERISTICOS T0 TR RCLOL15G
c NEW NUMBER OF POINTS, RCLOL1B0
e ASSUMPTION : NP ALWAYS GREATER OR EQUAL TO NpT RCLO1170
o THIS IS VALID IF THE SaME STATIC SOLUTION WAS USED O CBTAIN THERCLO1180
< APPROKIMATE SOLUTION IN JEVICE 0. RCLOL1580
< RCLOLIZOG
IF (NP.GE.NDI} THEN RCLO1210
CALL INTERP{NP) RCLO1220
NBI=NP RCLOL1230
ELSE IF (NP.LT.NPI) THEN RCLO1240
WRITE{&,314) RCLOL1250
314 FORMAT (' APPROXIMATE SOLUTION IN DEVICE 10 WAS NOT UBTAINED'/ RCLOLZGO
* ' FROM THE SAME STATIC SOLUTION, PROGRAM STCPS') RCLO1270
STOP : RCLO1280
END IF RCLO1280
DELEPS = L.I0 RCLOL30C
o) RCLO1210
ELSE RCLG1320
c RCLO1330
c INCREMENT OF CONTINUATION PARAMETER RCLO1340
RCLO1250

7881 WRITE(6,7830)
7880 FORMAT(' INPUT INITIAL INCREMENT OF CONTINUATION PARBMETER DELEPS'RCLOL3E0

/7 IF NO CONTINUATION IS REQUIRED INPUT DELEPS = i.Dov/ RCLO1370

*' I¥ CONTINUATION 18 REQUIRED THEN 0.DC < DELEPS < 1.pot/ RCLO138C

*' RECOMMENDATION :'/ RCLO1390Q

*' USUALLY DELEPS = 0.100 WILL SUFFICE'/ RCLO1400

*' FOR LARGE CHANGES BETWEEN INITIAL AND FINAL PROBLEN'/ RCLO1410

*' A SMALLER VALUE OF DELEPS, E.G. 0.05D0 OR 0.025D0 MIGHT BE'/ RCLO1420

*' NECESBARY') RCLO1430
READ(5,+} DELEPS RCLO144D
IF((DELEPS.GT.l.DD).OR.{DELEPS.LE.D.DO)} THEN RCLO1450

WRITE (6, 7892) RCLO1460

7882 FORMAT(' 0. < DELEPS <= 1.%) RCLOL4TD
GOTO 7831 RCLO1480

ENDIF RCLO1490

c RCLO1500
C APPROX : PROVIDES INITIAL APPROXIMATE SOLUTION FOR EPS=Q. RCLO151D
C IT ALSO PROVIDES ICCC, 8P, TOL. RCLO1520
c RCLGO153¢
CALL APPROX(TLENG,ICCC,NPE,TGL) RCLJ1540

NP = NPT RCLOIBED

c RCLULE80
ENDIF RCLCLE7D

z SET COUNTING VARIABLE RCLC1380
ICCUNT = 3 RCLO1s80
IF{ICCcc.ER. .0 sTO RCLGO1E00

c RCLOLE1LD
CALL XC4ARF(1,NOUT) RCLOLE20

CRLL XO4ABF(1,NOuT) RCLO1S3G

c RCLA1840
c CALL NAG SUBRDUTINE DOZRAF TO 30LVE THE TWO-PCINT BOUNDARY VBLUE RCLOLGED
< PROBLEY USING a UEFERRED CORRECTION TECHNIQUE AND NEWTON'S ROLOLIBED
o ITERATION. ROLGLET0
- RCLOLBERY
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CALL DQZRAF (¥, MNP, NP,KUMBEG,NUMMIX,TOL,INIT,X,Y,IY,ART,FCN,S, IJAC, RCLOLESD

=JACCEBF, JACCEG, UELEPS, JACEPS, & GE?,%C&K;LWGRK,¢WGRKfu WORK, IFAIL) RCLOLITOCQ

RCLULTLE

WRITE(6,5000) IFAIL RCLOLTZO
FORMAT (' IFRIL =+¢,13) RCLOLT3C
RCLC1740

OUTPUT THE RESULTS RCLOLTS0
RCLLL780

IF((IFAIL.ED.O).OR. {IFAIL.EQ.4)) THEN RCLO1770
CALL OUTPUT(N®) RCLG1780
ENDIF RCLOLTS0
RCLOLBOO

STOP RCLO1810
END RCOLO1B2C
RCLOLB30

SUBROUTINE CHARAC(TLENG, IC,NP) RCLG1840
THIS SUBROUTINE READS THE COMPLIANT RISER CHARACTERISTICS AND RCLG1850
EVALUATES THE NONDIMENSICNAL COEFFICIENTS TO BE USED IN THE RCLOLBEO
GOVERNING EQUATIONS. RCLOLB70
IMPLICIT REAL*8{a~H,0-2) RCLO1880
PARAMETER {¥NP=151,NA=4 ,N=7) RCLO1830
CHARACTER*80Q NAME RCLO1300
COMMON/CONST/YPI,XPI2,RHOW, GRAY RCLOL1G10
COMMON/ INPUTO/KAME RCLO1920
COMMON/INPUTL/TLEN, WA, WT, NSEG ROLOL1S30
COMMON/INPUT2/RHCC, AL, CFLUID, PRESS, AC (MNP) RCLOLI4AD
COMMON/ INPUTL/RLENG (MNP} , SEG (MNE+1) RCLOLI50
COMMON/ INPUT3/WEIGHT (¥NP) ,EA(MNP) ,EIETA(MNP) ,EIETAS (MNP} ,EIXI (MNP)RCLO1960
%, BIXIS (MNP) ,GIP(MNP),GIPS (MNDP) RCLOLET7O
COMMCN/INPUT4/DXI (MNP} ,PXIETA (MNP) ,DETA (MNP}, DXIETA (¥N2) RCLO1E80
COMMON/INPUTS/RMASS (MNP) , RMASST (MNP) , AMAXI (MNP) , AMAETA (MNP) , AMAZI (RCLO1990
*MNE) , TMAXT (MNP}, TMAZI (MNP} RCLO2000
COMMON/INPUTE/XSZI (KNP) ,AJZI (MNF) , 021 (MNP) RCLOZ010
COMMON/STAT/XI{MNP},STATIC(NA,MNP) , VLOCXI (MNP) , TOMAX, V¥, NPI RCLOZ2C20
COMMON/COEF /EPSETA (MNP) , EPSETS (MNP) ,HZETA (MNP) ,HXI (MNP} ,ECOM (MNP) , HRCLG2030
=ZETAM, TMAXAV,DXIX RCLO2040
COMMON/STATZ/CORSTL (MNP} ,CONST2 {MNP) CLO2050
COMMON/SOLUT/X(MNE}, 7 (N, ¥MNP) ,ABT(N) ,¥CDE RCLO2C6E0
DIMENSION TENO(YNP),QXO(MNP),TOS (MNP),QXIO0S (MND) RCLC2070
RCLOZ2080

READ RISER CHARACTERISTICS FROM DEVICE B RCLO2090
READ (8,1000) NAME RCLO210D
FORMAT (BOA) ROLOZLAD
READ (§,1008) NSEG,TLEN.W&,®HOO,AI,CFLUID,PRESS BCLOZ2LEG
PORMAT{LY,13.2{3K.012.8)/4(1%,012.58)] RCLGZL30
TLENG = TLEN RCLGZ140
00 1802 I=L,NSEG ROLOZIED
READ {8,1003} RLENG(I} RMASS{I;,RMASST(I),AXAXI(I) , WEIGHT(I) ,0KI{IRCLO2LED
=} PEIETA{I; ,EA(I) ,ETETA(] i A0{I},EIETAS(I) RCLOZ17D
CONTINUE CLOZIR0
FORMAT(5(1X,D12.61/8(1%,BL2.6)) Rczczzsc
CLOZ200

00 1332 I=L,NSEG %Muuaz;c
READ(E, 1333} AMAETA(I},DETR(I} ,EINI/IY ,BIXIS(I),8ID(1),CIPa/I), AMARCLOS 2D
*ZI(IY,ESEI(0) AR RCLOZZI0
CONTINUE ACLO2Z40
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FORMAT(6(1X,D12.8)/3{1X,D12.6)) RCLOZ250
RCLO2260

o= RCLO2270
RCLOZ280

WRITE (5, 7651) RCLC22%0
ORMAT(' DO YOU WISH A TERMINAL COPY OF RISER CHARACTERISTICS'/  RCLOZ30O
*' IF YES INPUT 1 , IF NO INPUT 0') RCLG2310
READ(Z,=) IPRINT RCLDZ320
IF({IPRINT.NE.1) .AND. (IPRINT.NE.0)) GOTC 1650 RCLOZ330
IF{IPRINT.EQ.L) "THEN RCLC2340
RCLOZ350

WRITE(E,1000) NAME RCLOZ2360
WRITE(6,2500) ROLOZ370
FORMAT (* HNSEG LE Wa RHOO I RCLOZ380
= CFLUID DRESS') RCLO23%0
WRITE(s,2001) NSEG,TLEN,WA,RHOC,AI,CFLUID, PRESS RCLOZ400
FORMAT(1X,I3.6(1X,D12.8)) RCLOZ2410
WRITE (6, 3400) RCLO2420
FORMAT (' I RLENG RMASS RMASST AMAKI RCLO2430
*  WEIGHT' /! DXI PXIETA EA EIETA RCLO2440
* aAD EIETAS') RCLOZ2450
DO 3002 I=1,NSEG RCLOZ2460
WRITE(5,3003) I,RLENG(I),RHASS(I),RXASST(I),AMAXI(E},WEEGHT(I),DXIRCL0247G
*(I),PXIETA(I),EA(I),EIETA(I},AG(I),EZETAS(I} RCLOZ480
CONTINUE ROLO24%0
FORMAT(lX.13,5{1X,312.5)/4X,6{lX.DiZ.E)) RCLO2500
RCLOZS10

WRITE(5,1334) RCLO2520
FORMAT{’ I AMRETA DETA BIXI EIXIS RCLO2E830
*  GIp GIPET /! AMAZI JzI AJZI' ) RCLO2540
DC 1335 I=1,NSEG RCLO2550
WRITE(S, 1336) z,aaAETA(I).DETA(I),EIXI(I},s:xzs(z),GIP(I),GIPS{I),RCLozsea
*AMAZI(I) ,XJZI(1),AJ2I(1) RCLO2570
CONTINUE RCLG2580
FORHAT(lx.13,6{1x,312.6)/4x,3{Lx.Bzz.S}) RCLOZ2550
BCL32600

WRITE({5,1700} RCLOZE1D
FORMAT (" INPUT L IF RISER DATA ARE CORRECT'/' INPUT 0 TC STQP') RCLO2620
READ(5, =} IC RCLO2630
IF((IC.NE.0).AND. {IC.NE.1}) GOTO 1701 RCLOZBE40
IF(IC.EQ.Q) RETURN RCLOZ2650
RCLO26680

ENDIF RCLOZETD
RCOLOZERD

HON - DIMENSIONALIZATIONS RCLOZE9D
RCLOZ700

GRAV=S.3100 RCLOZ710
WAM=WA/GRAV RCLG2720
WT=WAxTLEN ROLO2730
XPI=4 .DO*DATAN(2.D0) RCLOZ740
XPI2=EPI/2.1C RCLOZ750
RHOW=1.025D3 RCLO2760
RCLGZTIO

RONDIMENSICNALIZE CORRECTLY OXIC, T9 FROM 2-5 STATIC SOLUTION BCLO2780
RCOLOZ7S0

BULOZHOC
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TND = WT/TOMAX
DO 228 Isi,NP

STATIC(Z,I) = STATIC{i,I)*TXND
STATIC(Z,I) = BSTATIC(Z,1)=T8D

CONTINUE

HONDIMENSICOHAL COEFFICIENTS USED IN THE EQUATIONS

TO¥AXL = TOMAX/TLEN
TOMLLI = TOMAX~TLE
TOMLZ = TOMLI«TLEN
LENZ = TLEN=*=Z
THAXAY = 0.00

DXIM = 0.DO
DO 2000 I=i,HSEG
RLENG (I} =RLENG(I)/TLEN
WEIGHT(I)=WEIGHT(I)/TOMAXL
ECM{I) = TOMAX/ER(I)
EPSETA{I) = EIETA(I)/TOML2
ERPSETS(I) = EIETAS{I)/TOMLi
TIZI(I) = ZIZI(I} = AJZI(I)

THAZI(I} = RMASS(I) + AMAZI(D)
TMAXI{I) = RMASS(I) + AMAXI(D)
TMAXAV = TMAXI(I)=RLENG(I} + TMAXAV
ORITM = DEIM + DXI(I}«RLENG(I)
DEIETA(I) = DEI(I)-DETA{I)
CONTINUE

HZETAM = 0.D10
DO 4321 I=1,NSEG

HZETA(I) = TMAZI(I)/TMAXAV

HZETAM = HZETAM + HZETA(I)*RLENG(I)
HEI(I) = TMAXI(I1)/TMAXAY

CONTINUE

CALCULATE DERIVATIVES OF STATIC QUANTITIES
Do T3 I=1,NP

TENO(I) = STATIC(L,I)

ORO{I) = STATIC(2,I

CONTINUE

CaLi DERI (TENO,XI,TOS,NP)

CaLL DERLI(QXO,XI,QXINE, ¥P)

EVALUATE FUNCTIONS OF STATIC RESULT

D¢ B I=i,NP

CONETL(I) = TOB{I) - STATICIZ, I1#8TATIC(3,I7
COESTZII) = QXIOS{I} + STATIC(L,Ii=8TATIC{3,I

CONTINUE

SEG{I}=LEFT CRDINATE OF SHEGMENT I
SEG{1)}=0.D0

SEG(NSEG+1)=1.00

DG 4000 I=Z,NSEG
SEG({I)=RLENG(I-1)+8EG{I-1)
CONTINUE

INTRERPOLATE STRUCTURAL |

DIMENSICHS TC NP POINTS
ASSUMETION: NUMBER OF RIS
)

it
sren

CHARACTERISTIOS IS SMALLER THAN THE S7TRZIC SOLUTIO

-
ER SEGHMENTE WITH DIFFEREN

trd
¥ PUOINTE

VM/SF CONVERSATIONAL MONITOR SYSTEM

RCLOZBLC
RCLOZB2C
RCLOZ2830
RCLOZB40
RCLOZES0

CLOZBED
ROLOZB7Q
RCLOZE80
RCLO2890O
RCLOZ2GCO
RCLOZ91C
RCLOZ2920
RCLOZE30
RCLG2940
RCLOZ950
RCLCZ960
RCLO2870
RCLG2980C
RCLG2250
RCLOZ20CC
RCLO30LC
RCLGO3020
RCLO3030
RCLG3040
RCLO3050
RCLO3GED
RCLO307C
RCLO30BG

CLG30390
RCLO3100
RCLO3110
RCLO312C
RCLO3130
RCLC3140
RCLL3150
RCLOZ180
RCLO3170
RCLO318C
RCLO3180
RCLO3200
RCLO3210
RCLO3220
RCLO3Z230
RCLC3Z4C
RCLO32Z50
ACLOZZ80
RCLO3ZTGC
RCLG3Z8C
RCLO3ZZS0
RCLG330GC
RCLGZ3:10
RCLO3320
RCLOZ330
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o NSEG < NPT RCLO2370
c RCLO3I380
IF (NSEG.GE.NPI) THEN 103390

WRITE (&, 188) RCLO3400

188 FORMAT (' NSEG => NPI, PROGRAM STOPS') RCLG3410
0= RCLO3420

RETURY RCLO3430

END IF RCLO3440

CALL STRUCT(EPSETA,X,NP) RCLG3450

CARLL STRUCT(EPSETS,X,NP) RCLO34B0

CALL STRUCT(EOK,X,N®) RCLO3470

CALL STRUCT(HZETA,X,NP) RCLO348¢

CALL STRUCT{HYI,X,NP) RCLO3480
RETURN RCLO3S00

END RCLO3SL0

c RCLO3520
SUBROUTINE READZDI(NP) RCLO3530

o) THIS SUBROUTINE READS THE STATIC COMPLIANT RISER SOLUTION FROHM RCLO3540
c DEVICE 10. IT EVALUATES THE MAXIMUM NONDIMENSIONAL STATIC TENSION.RCLOZSS0D
IMPLICIT REAL»8(2~H,0-2) RCLO3560
PARBMETER (N=7,MNP=151, NA=4) RCLO3570
CGMHON/STAT/XI{HHP},STATZC(HA,MNP},VLGCXI(HNP},TOHAX,VM,NPI RCLG3880
COMMON/STATL/XTOP, YTOR RCLO258390
COMMON/SOLUT/X (MNP} , Y (N, MNP) ,ABT (N) , MODE RCLC3IB00
DIMENSION XCOOR (MNF), YCOOR (MNP) RCLO3610

o RCLO3620
c STATIC(1,I) = STATIC EFFECTIVE TENSION TO RCLO3630
c STATIC(2,I) = STATIC SHEAR FORCE IN THE XI DIRECTION RCLO3640
c STATIC(3,I) = STATIC OMEGA ARCUND ETA DIRECTION RCLO38650
c STATIC(4,I) = STATIC ANGLE PHI RCLO3660
c RCLC367C
WRITE{6,2000) MNP RCLG3680

2000 PORMAT{' MNP=',I3) RCLO3690
¢ READ STATIC SOLUTION RCLO3700
READ (1¢,384539) Np,vM RCLOZ710

36459 FORMAT(1X,I3,1X,D12.5) RCLO3T20
WRITE(S,2311) NP,VH RCLO3730

2311 FORMAT{' 2-D STATIC SOLUTION FROM DEVICE 10/ RCLO3740
*' NP =',13/ RCLO3I7S0

*' MEAN CURRENT VELOCITY IN THE X DIRECTION IN M/§ VM =1 n12.8) RCLO3780

o RCLG3ITTIO
IF{{NP.LT.4) .OR. {NP.GT.¥NP}) THEN RCLO3780
100C=0 RCLO3790
WRITE(S,12435) RCLOZEND

12438 FORMAT (' NP IS INAPPRCPRIATE : R2UN BTORS) ROLO3810
RETURN RCLOIBZO

ENDIF RCLO3830

c RCLO38L0
o READING FRCM DEVICE 10 RCLO3BS0
& RCLO3860
OC 1021 I=1,Np RCLO3BTC
READ(10,1033) x(:),sTATEC{;,z>,STETIC{z,z},STATZC(B,::,swarzc(4,z)aczoagso

"y ZCOCR{I}, YCOOR(I) ,STRARC, TENSI, YLOCKI (1) ROLOZBYD
ZIi1; = %13 ROLO3S00

1021 CONTINYE RCLO3SLE
1033 FORMATII0{1¥,D:iZ.61) BOLO3G20
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c SYALUATE RISER TOP X AND Y DISPLACEMENTS RCLO3930
£TOP = XCOOR (KP) RCLOIB40

YTOP = YOOOR(NP) RCLO3950

o EVALUATE MAXINUM STATIC EFFECTIVE TENSIOH RCLO3960
TOMAN=DMAXL {STATIC(L, 1}, 8TATIC{(L,2)) ROLOIDTO

DG 9859 I=3,NP RCLOIBHO
TOMAX = DMANZ (TOMAX,STATIC(L,I)) ROLO3IGSC

G859  CONTINUE RCLO4000
c ROLO4CLO
WRITE(E,15584) TONAY RCLO4020

1854 FORMAT(' 2-D STATIC SOLUTION SUCCESFULLY READ'/' MAXIMUM STATIC EFRCLC403D
*FECTIVE TENSION/WA=L = *,D1C.4) RCLO4040

< RCLO4030
RETURN RCLO40E0

END ROLG4G70
RCLO40R0

SUBROUTINE READAS (ICCT, NP, TOL) RCLO40SD
IMPLITIT REAL=8(A-H,0-%) RCLO4100
PARAMETER (N=7,MNP=151, ¥A=4) RCLO4L10
COMMON/SOLUT/X (MXP) , Y (¥, MNP} ,ABT{N),¥ODE RCLO4L20
COMMON/STAT/XI (MNP) ,STATIC(NA,MNP) , VLOCKI (MNP) , TOMAX, VM, NP1 RCLO4130
COMMON/STATL/XTOP, YTOP RCLO4140
COMMOR /BOUNDA/BOUND RCLO4LED

c RCLO4LB0
o) READAS READS INITIAL APPROXKIMATION RESULTING FROM A PREVIDUS RCLO4170
c RUN OF RCLINDYL (CORRESPONDS TO EPS = 1.D0) RCLG4130
c RCLO4190
o) ¥{(1,I} = DYNAMIC TENSION : RCLO4200
c v{2,I} = SHEAR FORCE IN THE XI DIRECTION 1L.04210
c ¥Y(3,I) = OMEGA ABOUT ETA RCLO4220
c ¥Y(4,I) = DYNAMIC ANGLE PHI RCLO4230
c Y(5,I) = DISPLACEMENT IN THE ZI DIRECTION, P {(TANGENTIAL) RCLO4240
c ¥(6,1) = DISPLACEMENT IN THE XI DIRECTION, { (NCRMAL) RCLO4Z250
c ¥(7,1) = NATURAL FREQUENCY RCLO42B0
c () = UNSTRETCHED ARC LENGTH S RCLD4270
o RCLO4280
WRITE(&,2000) MNP RCLO4250

2000 FORMAT(' MNP=',1I3) RCLO4300
c READ SOLUTION FROM DEVICE 12 RCLO4310
READ{12,36459) MODE,NP,SI1GHMAD,XTOP, ¥TCP RCLO4320

36459 FORMAT (IX,12,1X,13,3{(1%,D10.4)) RCLO4330
WRITE{&,2311) NP,¥ODE,SIGMAD,XTOPR,YTCP RCLO4340

2311 FORMAT{' INITIAL APPROXIMATION FROE DEVICE 224/ RCLC4380
% NP =°,I3,' MODE NUMBER =’ ,I2,' SIGMAD =',010.47' £ &47 T0P =',  ROLO43ED
#010.4,% ¥ AT TOF =°,D10.4) RELO43TC

b RCLO43B0
IFL{NP.LT.4) LOR. (NP.GT.¥MNP) ) THEY RCOLO43B0
ICTO=0 RCLG4400
’RITE&E,lZQ:S} RCLO4410

12433  FORMAT(' NP IZ INAPPROPRIATE ; RUN STOPS') RCLO4420
RETURY RCLOS430

ENDIF RCLO4440

o ROLO4450
o READING DATAE FROM DEVICE 12 ... RCLG4460
» RCLO44TE
RCLO4450
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RCLINDY1 FORTRAN &

READ{1Z,10012) x(:},{Y{J,:),Jza,7},vzocx:(z}

10011 CONTINUE
10CLl2 FORMAT(9(1X,D12.8))
< SET BOUNDARY CONDITION OMESR ETA{D}
CUND = ¥(3,1)
c
WRITE($,1052) NP,$IGMAD
1052 FORMAT(® INITIAL CONDITION FOR EPS=1. AND NP = ',73," POINTS,
*URAL FREQUENCY = !, ,Di15.4,! RAD/S'/
x’ I ARC TENSION QX1 OMEGA ETR P
* P Q SIGMA')
00 1601 I=1,NP
WRITE(9,1803) I,X(E),Y(i,Z},?{Z,I),Y{S,I),Y(é,:),?(S,I),Y{E,I)
= ¥{7,I)

1801 CONTINUE
1603 FORMAT(1X,I3,8(1X,D12.8))
c
WRITE(8,2561)
9561 FORMAT(' DO YOU WISH A TERMINAL COPY OF
=* IF YES INPUT 1')
READ(5, =) IPRINT
IF{IPRINT.EQ.1) THEN
WRITE(&,1052) Np
DO $&5% I=1,NP
WRITE(S,1603) LX(I),¥(2,13,¥(2,1),0¢
v(7,I
CONTINUE
END IF
. WRITE(&,1722) BOUND
1722 FORMAT(' ASSUMED BOUNDARY CONDITION '/
' COMEGA ETA (0) =',D12.5)

INITIAL APPROXIMATIGN'/

3,1),Y(4,1),¥(5,1}),%1(6,1
*x

BESS

C

TOLL = 0.D0
DO 3933 I=:i,NP
TOL1 = DMAX1(TOLI,DABS(Y{3,I}))
3833 CONTINUE
WRITE(6,3934}) TOL1

3934 FORMAT(' MAXIMUM ARSOLUTE VALUE OF N-D OMEGE ETA I3 =',012.8/
*' THIS NUMBER CAN BE USED TC ESTIMATE */
*' A REASONABLE TOLERANCE FOR CONVERGENCE OF ITERATICNS'/

=' INPUT A FRACTION OF THIS NUMBER ™0 DETERMINE THE TOLERANCE'/

E.G. INPUT 0.01 FOR 1% ACCURACY')
READ(5,+) TOLY
DABS (TOLV) =

» F

T

TOL = TOLL
-
e
1005 WRITE{(&,1004]
004 FORMAT(' IF YOU WISHE TC STOP INPUT ot/
*' IF ¥0U WISE TO CONTINUE WITH ITERATIONS INPUT 1*)
READ(B,~} ICIC
IF((ICCC.NE.C).AKD. (ICCC.NE. L)) qomo 1008
™~
o
RETURN
END
-
SUBROUTINE APPROX (TLENG, [000, 42, 700
c THIS SUBRCUTINE EVALUATES THE ACDROXIMATE ASYMPTOTIC ANALYTIC

VH/SP CONVERSATIONAL MONITOR SYSTEM

RCLO4430
RCLO4300
RCLO4330
RCLO4520
RCLO4530
RCLO4540
CLO4530
NATRCLO4560
RCLU4570
RCLO458G
RCLO4ESO
RCLG4800
RCLO4610
RCLO4820
RCLO4630
RCLO4840
RCLO4650
RCLO4BE0
RCLO4670
RCLC4s80
RCLO4690
RCLO4700
RCLO4710
RCLO472C
RCLO4730
CLO4740
RCLO4750
RCLO4780
RCLO4770
RCLO4780
RCLG4790
RCLO48B0OO
RCLO4810
RCLC4BZ0
RCLO4E3D
RCLC4B40
RCLO4850
RCLO4860
RCLO4870
RCLO488C
RCLO4890
RCLO490C
RCLG4310
RCLO&SZ0
RCLG2930
RCLO4S40
RCLO4950
RCLU4960
RCLO497¢
RCLG4980
RCLO459580
RCLGE00E
RCLOSOLO
RCLOEBCZO
2CLOSC30

RCLOBOS0

HI

[

Wy
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FILE: RCLINDYL FORTRAN 2 VM/5P CONVERSATIONAL MONITOR SYSTEM
c SOLUTION OF THE IN-PLANE DYNAMIC EQUATIONS. RCLOSCSEC
c THE SOLUTION COKNSISTS OF A SLOW AND A FAST PART. RCLOSOSD
IMPLICIT REAL*B(A~H,0-2) RCLABCTO
PARAMETER (N=7,MNP=151,NA=4) RCLOSOB0
COMMON/CONST/XPI,XPI2, REOW, GRAV RCLOS0S0
COMMON/SOLUT/ X(MNP),Y{N,¥NP] ,ABT(N} ,MODE RCLGSL00
COMMON/STAT/XI {MNP) ,STATIC(NA,MNP), VLOCKI {MNP) , TOMAX, VM, NPT RCLOSL10
COMMON/COET /EPSETA (MNP) ,EPSETS (MNP}, KZETA (MNP}, HXI (MNP) ,EOM {MNP)} ,HRCLOS5120
= ZETAM, TMAXAV, DEIM RCLOS130
COMMOK/MATRIX/P(6,6), 108 RCLOB514C
COMMON/OMA/OMAPE (MNP) , PHIOO (MND) XL RCOLGSLS0
DIMENSION FVEC{2),X5{2) ,WAS{19} ,FVECL(1),XSS8(1),Wa81(8) RCLOBLED
DIMENSICN A(%,5),B(5},C{5} ,AA(3,5} ,WKSL({5),WKE2(5) RCLOS170
EXTERNAL FONS,FONSS RCLOS18C
C RCLOS180
o) APPROX DEFPINES INITIAL APPROXIMATION (EPS=0.) RCLOS200
o) RCLOB210
o ¥{1,I) = DYNAMIC TENSION RCLO5220
c ¥Y(2,I} = SHEAR FORCE IN THE XI DIRECTION RCLOS230
C ¥{3,7I) = OMEGAR ARBQUT ETA RCLOS240
C ¥{4,I) = DYNAMIC ANGLE PHI RCLOS250
o) Y{(5,I) = DISPLACEMENT P IN THE ZETA DIRECTION (TANGENTIAL) RCLOS2&0
C Y(6,I) = DISFLACEMENT O IN THE XI DIRECTION (NORMAL) RCLOSRTO
o Y(7,I} = NATURAL FREQUENCY RCLOS280
c RCLOB290
C DETERNINATION OF THE CABLE APPRCXIMATION OF 2-D STATIC SOLUTICN  RCLOSIO0C
< THE POWELL HYBRID METHOD IS USED {SEE PROGRAM RCSTAT2D FOR RCLOS310
c DETAILS FOR THE SLOW SOLUTION) RCLOS320
WRITE(&,1781) RCLOB3320
1781 FORMAT(' INPUT NORMAL DRAG COEFFICIENT USED IN STATIC SOLUTION') ROLOS340
READ(S,~)CD RCLOS350
XK = 0.5D0*RHOW*DEIM=CD*VM*DABS (VH) *TLENG RCLOS360
WRITE(&,8881) VM,CD RCLOB370
8881 FORMAT(' MEAN CURRENT SPEED =',D12.8/' NORMAL DRAG COEFFICIENT =!',RCLOS380
*D12.6) RCLOS3G0
od RCLOS400
2801 WRITE(&,1501) RCLOB410
1501 FORMAT(' INPUT ESTIMATES OF LAMBDA AND Ct'/ RCLOS420
»' LAMBDA MUST HAVE THE SIGN OF ¥EAN CURRENT SPEED'/ RCLOS430
#'  FOR SMALL XKTOP A GUOOD ESTIMATE OF € IS ~0.5xLAMBDA') RCLO5B440
READ(5,*) XL,XC RCLOS4E0
C RCLOS4B0
X8{1} = XL RCLEOESTO
Z5(2) = XC ROLOB4AB0
HTOL = 1,08 BCLO54A90
HE = 2 RCLOSS00
LWA = 19 RCLOBELO
> RCLOBE2Z0
< CALL NAG SUBRCUTINE COSNBF TO DETERMINE THE CABLE APPRCHIMATION  RCLOSEI0
IFRIL = O RCLOSB40
CALL COSHBF (FCHS,NS,¥S,FVEC,XTOL,WAS, LWA, IFAIL) RCLOS550
o RCLOSESS
WRITE{G,L3586) IFRIL,X8(1),%8(2) RCLOSET0
13ES FORMAT(' SCLUTTON FPOR CABLE. . ..°/' IPBRTL =',I2/ RCLOBESQ
' LAMEDA =' ,DI12.8/7 CLOS550
wt =Y NLELE RCLOSS0T




217

FILE: RCLINDY: FORTRAN A VH/SP CONVERSATIONAL MONITOR SYSTEM
c RCLOBE1O
WRITE(6,2500) FVEC(1},FVEC(2) RCLOSE2D
2500 FORMAT(' VALUE OF FUNCTION FOR HORIZONTAL DISPLACEMENT =',012.68/ RCLOSE3ID
="' VALUE OF FUNCTION FOR VERTICAL DISPLACEMENT =' D12.8/ RCLOSE40
** DO YOU WISH TO TRY A DIFFERENT INITIAL LAMBA, T, OR TOLERANCE'/ RCLOS630
** IF YES INPUT 1Y) RCLOSEE0
READ(S, =} IpP RCLOSST0
iF (IPP.EQ.1) GO TO zs02 RCLOBEB0
IF (IFAIL.NE.O) G0 TO 2801 RCLOBES0
& RCLOBET00
L= X8(1) ROLGETLO
XC = 2852 RCLOST720
TE = XK/XL RCLOST30
WRITE(5,1654) XL,XC,TE RCLOST40
1654 FORMAT(' CABLE APPROXIMATION '/ RCLOB7?50
*' LAMBDA =',D12.6,"' C =',Di2.6,' TENSION =1 ,D12.8) RCLOS760
c RCLOB770
¢ DETERMINE SERIES PHIOO AND OMEGA ETA USING THE CABLE APPROXIMATIONRCLOETED
C RCLOS790
DO 1239 I=1,NPI RCLOSS00
8 = XI{1) RCLOS810
PHICO(I) = PHIC(S,XL,XC) RCLOSS20
OMAPP (I)=XL*DSIN{PHIOO(I)) nx2 RCLOSA3D
123% CONTINUE RCLOS5840
c RCLOS850
c CALCULATE FUNCTIONS F THAT DETERMINE THE SLOW DYNAMIC SOLUTION RCLOB860
o RCLOS870
CALL FUNC{PHIOO,HZETAM,XL,NP) RCLOS880
c RCLOS890
c DETERMINE THE INITIAL APPROXIMATION TO THE NATURAL FREQUENCY RCLOSS00
C DETERMINANT OF THE 8X6 MATRIX P SHOULD BE ZERC. RCLOSEID
I08 = 0 RCLOB920
S8 = 1 RCLOSS30
LWaL = 8 RCLO5940
23 WRITE(&,+) ' INPUT INITIAL GUESS FOR SIGMA IN RAD/S' RCLOBS50
READ(5,=} XS8(1) RCLO5960
c NONDIMENSIONALIZE SIGMA RCLOSS70
X88(:) = XSS5 (1) *TLENG»DSQRT ( TMAXAV/TOMAX) RCLOES980
XTOL = 1.D~8 RCLOBSS0
IFAIL = 0 RCLOB0OCO
o RCLOGCLO
o CALL COSKBF TO EVALUATE SIGMA USING A MODIFICATION OF THE POWELL RCLOGGCIO
z HYBRID METEOD RCLGBOZR0
CALL CGEXBFfFCK$$,§SS,XSS,FV£GL,fTQLyWRSifbwai,Z?éfii RCLOBGAD
WRITE(S,*) ' IFAIL FOR APPROXIMATE EVALUATION oF SIGHA I3 ', IFAIL ROLOEOSD
SIGMAD = XSS{1!+D3QRT (TOMAK/TMAKAV) /TLENG RCLOECED
o) RCOLOBOTD
WRITE(G,24) FVECI{L),5IGMAD RCLOBOSD

24 FOR¥AT(1X,'THE DETERMINANT IS = ',D10.4/° THE CONVERGED SIGMA IS 'RCLOBCS0
*,D10.4/" INPUT 1 IF YOU WANT TO REDC THE CALCULATION'/' INPUT 2 IFRCLOBLOG

* YOU WANT TC 3TOR+) . RCLOG11O
RERD(E,*) ISIGHA RCLOB120
IF (ISIGMA.EQ.1} THEN RCLUBL3G

GO TC 23 RCLOGL4C
ELSE IF (ISIGMA.ED.Z2) THEY RCLOELSC
too = 3 HOLOB1ED

i

ks et et et
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RETURN RCLOBLTO
END IF RCOLOBLBO
SIGHR = X85(1) RCLOBLEO
WRITE(S,«} * INPUT ¥CDE NUMBER CORRESPONDING TO ABOVE APPRCXIMATE ROLOE200
*SIGMA’ ROLOS210
READ{S,~) MODE RCLOB220
c RCLOS2Z30
c LIMINATE ONE ROW AND ONE COLUMN FROM P MATRIX, AND DETERMINE RCLOE240
o] THE LINEAR SYSTEM OF EQUATICNS TO SOLVE FOR THE CONSTANT RCLOEZ30
c COEFFICIENTS OF THE APPROXIMATE SOLUTION. (SET Ai=l.) RCOLOBZ60
C ROLCE270
CRLL XMATR(P,SIGHMA,I0S) RCLOBZBO
DO 780 K=1,5 ROLOB2S0
Do 751 I=2,6 ROLOBI00
A(K,I-1} = P{X,I) RCLOB3LO
751 CONTINUE RCLOB320
B(K) = -B{¥,1) RCLOB330
T8O CONTINUE RCLOS340
c RCLOG3S0
c USE NAG SUBROUTINE FO4ATF TO SOLVE THE LINFAR SYSTEM TC DETERMINE ROLOG3IED
o] THE CONSTANT COEFFICIENTS USING CROUT'S FACTORISATION METHOD. LOB37C
c ROLOB380
IFa = RCLOE390
Iz =5 RCLOB4O0
CALL FC4ATT{A,IA,B,IA,C,AR,IR,WKS1,WKS2,IFA) RCLOB4ELO
WRITE(6,+} ' IFRIL FOR THE EVALUATION OF CONSTANT COEFFICIENTS IS'RCLOB4ZD
*, IFA RCLOG430
ITE{&,863) {(C{I),I=1,1n) ROLOG4ELD
863 FORMAT(' CONSTANT COEFFICIENTS ARE:'/' Al = 1.00 Bl ="', RCLOB450
*D10.4/' Gl =',D10.4,' Dl =',D10.4/' Ci1 =',D1i0.4," C2 =',D10.4) RCOLOG4SD
¢ CHECK IF SIXTH EQUATION IS SATISFIED RCLOG47T0
TEST = P{6,1) RCLO6480
Lo 766 I=1,5 RCLOB4AS0
TEST = TEST + P{8,I+1}=C(I) RCLOESQO
765 CONTINUE ROLOBELY
WRITE(S,778) TEST RCLOGB520
775 FORMAT(* SIXTH EQUATION = ' ,D10.4) RCLOB530
C RCLOB540
c CRLL SUBROUTINES TC EVALUATE INITIAL APPROXIMATICN RCLOGEEQD
CALL INITAP(C,SIGMA,NP) RCLOBSE0
c CUTPUT INITIAL APPROXIMATION TC DEVICE 9 ac165570
WRITE{S,1002) ¥P,SIGMAD CLOSEBO
1002 FORMAT{' INITIAL CONDITION FOR EPS=Q. AND NP = ',I3,°' DOINTS, xAmR LOBEIC
*URAL FREQUENCY = ©,010.4,' RAD/SECY/ RCLOGEO0
w 1 ARC TENSICH SHEAR XI OMEGA ET2 PHILRCLOSELE
» P o SIGMA" ) RULGBEZ0
0 L001 I=1.NP ROLUBB30D
WRITE{Q,:C 30 ILE{I)L.¥(3, 1), V42,15, 04{3,1),Y04,1),¥45,1),7i5,I), RCLOBE4D
« 7(7,1 RCLOBESD
1001 CONTINUE RCLOGEAD
1003 FORMAT(LX,I3,8(1%,D12.8}) RCLOBETO
o ROLUGER0
WRITE(S, 7861) ROLOBEDO
TESL FORMAT(' DO I0U WISH A TERMINAL COOPY OF INITIAL APPROYIMATIONG®, LOBTO0
=% IF YES INPUT 17! ROLOETLO
ZEADIS, «) IPRINT ROLOGTIZ0
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IF{IPRINT.EQ.L) THEN RCLOB730
WRITE({S,1002) ¥P,SIGMAD RCLOB740
D0 7859 I=1,NP RCLOGTS0
WRITE{5,1003) :,X{:},?(L,:),Y(z,z},2(3.z),2(4,5),Y(5,I},¥(6,z), RCLOBT60
= ¥{7,1) RCLOSTTO
7855 CONTINUE RCLOETE0
END IF RCLOB730
c RCLOBECO
TOLL = 0.D0 RCLOBRIOD
00 3931 I=1,NP RCLOGEZ0
TOLY = DMAXI(TOL1,DABS(Y{3,I)}) RCLOGB30
3831 CONTINUE RCLOE8B40
WRITE{&,3932) TOL: RCLOSHS0
3832 FORMAT(' MAXIMUM ABSOLUTE VALUE OF N-D OMEGA ETA IS =',Di2.8/ RCLOBRED
*' THIS NUMBER CAN BE USED TO ESTIMATE '/ RCLOGRTO
*' A REASONABLE TOLERANCE FOR CONVERGENCE OF ITERATIONS'/ RCLDERA0
*' INPUT A FRACTION OF THIS NUMBER TO DETERMINE THE TOLERANCE*/ RCLOBRIO0
=' E.G. INPUT 0.01 FOR 1% ACCURACY') RCLOGS00
READ(S,*) TOLV ROLOBSLO
TOL = DABS (TCLV) *+TOL1 RCLOBS20
WRITE(S,*) ' IF YOU WANT TO STOF INPUT o RCLOBY30
READ(%,*) IcCo RCLOBS40D
IF (ICCC.NE.Q) Iooo = 32 RCLOBYS0
¢ RCLOGYS0
RETURN RCLOE570
END RCLOBEB0
o) RCLOBII0
SUBROUTINE FCNS(NS,XS,FVEC, IFLAG) RCLO7000
o THIS SUBRCUTINE IS USED BY NAG ROUTINE COSNBF TO DETERKINE THE RCLO7010
o CABLE AFPROXIMATION. RCLO7020
IMPLICIT REAL#*8{A~H,0-7) RCLG7030
COMMON/STATL/XTOP, YTOP RCLO7040
DIMENSION XS (NS),FVEC(NS) RCLOT050
o) RCLOT060
XL = ¥X8{1) RCLG7070
XC = X8(2) RCLO7GBO
XLINV = 1.D0/XL RCLO7090
FEIGC = PHID(0.DO0,XL,XC) RCLO7100
PHIOL = PHIO(1.DQ,XL,XC) RCLG71L0
¢ RCLO7120
FL = XLINV*{1.DG/DSIN(PHIO0)-1.D0/DSIN (PHIOL)) RCLO7130
Pl = Fi-XTOP CLOT140
FYEC(1) = F1 RCLO7L30
o] RCLOTISD
TTL = DTAN{PHICL/Z.DO) ROLOTLT
TIC = DTAN(FHIOG/Z.DD) RCLO7180
F2 = XLINV«DLOG(TTL/TTS) ROLOT7IG0
FZ = PZ-YTOP RCLOT7200
FVEC(Z) = F2 RCLO7Z210
RETURN RCLO7220
END RCLOT230
o) CLO7240
FUNCTION PHID{S,XL, X CLOTEB0
o THIS FUNCTICN EVALUATES PHIGO GIVEN €, LAMEDA AND ~ RULC7260
IMPLICIT RERL#S{a=~H,0-2) ROLOTZTG
/ BOLOTEED

COMMON/CONST/AET 4512 RADY , SRAY
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o RCLOT260
XVAR = - (XL#*8+XC) RCLOT300
PHIO = DATAN{1.DO/XVAR) LO7310
IF (ZVAR.LT.0.DO) THEX RCOLOTIZ0
PEIQ = PHID + XPI RCLO7330
END IF ROLOT7340
RETURN RCLOTA50
EXD BCLOT360
RCLO7370
SUBROUTINE FONSS(NSS,XS8,FVECL, IFLAG) RCLO738C
c THIS SUBRCUTINE IS USED BY NAG ROUTINE COSNBF TG EVALUATE THE RCLCT73S0
o DETERMINANT OF MATRIX P AND SOLVE FOR THE APDRONIMATE NATURAL RCLO7400
" FREQUENCY. RCLOT4L0
I¥PLICIT REAL#*8({A-H,0-Z) RCLOT7420
PARAMETER (N=8) RCLO7430
COMMON/MATRIX/ P(6,6),I08 ROLOT440
TIMENSION XSS{NSS),FPVECI (NSS)  A{(N,N) ,WKSPCE(W) ROLOT450
c CREATE THE MATRIX P ROLOT460
SIGMA = X85(1) RCLO7470
CALL XMATR(P,SIGMA,IOS) CLOTAB0
I08 = 1 ROLGT7430
o FIND I'TS DETERMINANT USING NAG SUBROUTINE FO3ZAF (CROUT RCLO7500
t FACTORISATION METHCD) . RCLO7510
DO 652 I=1,8 RCLO7520
DG 652 K=1,6 RCLOTE30
3{1,8¥) = P(I,K} RCLO7540
£572 CONTINUE RCLOTSE50
IFAT = 1 RCLOTS60
CALL FO3AAF(A,N,N,DET,WKSPCE,IFAI) RCLO7E70
WRITE{S5,842) IFAI,DET RCLOTSB0
842 FORMAT(' IFAIL FCR THE DETERMINANT QF P =',I2/' DET =',D12Z.8) RCLO7S90
c RCLC7650
FVECL(L) = DET RCLOTELD
RETURN RCLOTB20
END RCLCT7E30
8 RCLOT7640
SUBRDUTINE XMATR{P,SIGMA,I10S8) RCLO7650
ad THIS SUBROYTINE EVALUATES THE MATRIX P(6,8) EZLEMENTS RCLOTE60
¢ AT FREQUENCY SIGMA. RCLG7S70
IMPLICIT REAL#8(A-H,0-Z) RCLO7680
PRRAMETER (MNP=151,NA=4) RCLOTE90
COMMON/STAT/XI (MNP) ,STATIC(NA MNP}, VLOCKI (MNP}, POMAX, VY, NPI ROLGTTIO0
CCMMCN/COEF /EPSETA (MNP) ,EPSETS (MNP , HZETA (MNP} ,EXI (MNE) , EOM (¥NP) ,HRCLGTT10
R TETAN, THANAY , DXIM RCLOTTIO0
COMMON/SLOW/FL (MNP}, PR (MNP) , FR{¥ND) , F4 (XND! , TR (KNP} , F& (MNP} ROLOTTIO
COMMON/CHA/CHAPR (NP , PEICO (MNT) XL RCLGT740
DIMENSION £(5,5) RCLOTIS0
o EVALUATE ALL CCNSTANT ZLEMENTS (NOT 2 FUNCTION OF SIGMA) RCOLCTTED
IF {I0S.EQ.0) THEN ROLSTTIG
SINPO = DSIN(PHIOC(L}) RCLG7780
SINPL = DSIN(PBICC(WEI;) RCLOTTS0
SINZPO = DSIN(Z2.DO*PHIZC(1)) ROLGTR00
SINZPL = DEIN{Z.DO«PHIOGC{NPI}} RCLOTELO
COBPO = DUNSIPHICO(L:) ROLOTRZ0
CUSPL = DOCS{PHIODI{NDI): BOLOTEIC
COEZPG = DOCS{Z.D0=PEICO{L}] BOLOTRLD
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Co82py = BCOS{Z2.50*PHICC (NPT )
DO B8: I=1,8
DG 881 K=1,8
?(fo{{) = (.
CONTINUE
PL2,2) = SINDPOx2Z
P{1,3) = 1.p0

oG

P{1,8) = Fi(y)
B{1,8}) = F2{y)
P{2,2) = sinzpe
P{2,3) = ~1.DC/ (DSQRT (EPSETA (1) ) xOMAPP (1))
B{2,5) = #3{1)
P{2,8) = F4(1)
P(3,3) = 1.D0/ (EPSETA(1) »OMAPP (1))
P(3,5) = F5(1}
P{3,8) = Pg{1)
P(4,4) = 1.Do
P{4,8}) = F1{NPI)
P(4,8) = F2{NPI)
P(5,4) = 1.00/ (DSQRT (EPSETA (NPI) ) xOMAPZ (NPI) )
P(5,5) = F3(NPI)
P{5,8}) = F4(NPI)
Pi6,4) = 1.D0/ (EPSETA (NPI) *OMAPP (NPI))
P(&,8) = P5(NPI)
P{E,8) = FE(NPID)
END IF

EVALUATE ELEMENTS THAT ARE A FUNCTION OF SIGMA
C088 = DCOS{SIGMA)
SINS = DSIN(SIGMA)
P(2,1) = SIGMA/XL

= SIGMA=SIN2PO
= = SIGMA=*Z/XL + Z.00*0MAPP (1) =COS2P0

p{3,1)
B(3,2)

SINS#SINPLx»2
COSS*SINPL#=2

P(4,1)
P(4,2)

#o#

SIGMA*COSS/XL + SINZPL=SING
= ~SIGMASINS/AL + SIN2P1*00SS

P{5,1)
B(5,2)

SINSx (2.DO*CHAPP{NPI) «CO82DL - SIGMA*=2/XL)
P(6,1) + SIGMA*COSS*SINZPL
= JOEBx (~SIGMA=#2/XL + 2.DC=CMAPP (NPI)=C082P1
(6,2} = P(6,2) ~ SIGHA*3INID1+«STNS

+

—

o0
o g
o

M)
EaL
i
1

SUBROUTINE INITAP(C,SIGMA,NP)

IMPLICIT REAL=*8{aA~H,0-2)

PARRMETER (N=7,MNP=151, NA=4)
CGE&QN/S?ATKKI(MNP},STATZC(%A,KNP),VLDCXE(MNP},TOM&X,VM,%?Z
CGEMGN/STATEKCGﬁSTl(M&P),CCNSTZ(X&??
CC%MQN/SGLGT/X{MN?}f?§§,ﬁ§?§,éﬁf{ﬁ};MGQE

VM/SP CONVERSATIONAL MONITOR SYSTENM

RCLO785(Q
RCLOTBEC
RCLLT87C
RCLGO788¢
RCLG7830
RCLO780C
RCLO7910
RCLOTGZC
RCLE7830
RCLO7940
RCLIT7350
RCLO7980
RTLC7870
RCLL7980
RCLCT7930
KCLOBOOO
RCLO8BOLC
RCLOBOZD
RCLOBO3D
RCLOBO4D
RCLOBOSO
RCLO8OS0
RCLOBOTO
RCLOBO80
RCLOBOSC
RCLOB100O
RCLOBL1O
RCLOB120C
RCLOBL3D
RCLO8140
RCLOBL1SO
RCLO8160D
RCLOBLITC
RCLOB1BC
RTLOB19O
RCLOB200
RCLOB210
RCLOB220D
RCLOB230
RCLO8240
RCLOBZ5D
RCLOB260
RTLOB27TC
RCLO8Z280
RULO8BZ3C
RCLOB300
RCLOB3LO
RCLOB320
RCLOB330
RCLOB34C
RCLOB350
RCLOB3E0

RCLOBITO

ﬁgﬂﬁﬁﬂfCGEF/SPSETA(MNP},2953?5{%%?},ﬁEETQfﬁNP},HXI{HKP},ECM{KKP},HRCLGBESG

*GETAM, THANAY DY TE

3512 &4

ﬁGﬁ%Gﬁ/S&GW}?i{HE?};?25%N?};?3{KN?};Fé{ﬁ%??; {¥ND}

Fay
in

(MNP, F

i

RCLOB39C
BCLOB400
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COMMON/BOUNDA/ BOUND
COMMOR/CMA/OEAPP (MNP, PEIOD{MNP) , XL

DIKENSION P(MNP),Q(MNP),QS(MNP),AL{MXP),(5),D
DIMENSION OMETAL (MNP} ,OMETLS(MNP),

111 (MNP}
Y2 {MKP) Y28 (MNP}

THIS SUBROUTINE CALCULATES THE INITIAL APPROXIMATICON OF THE

SOLUTICH ONCE SIGMA AND

THE CONSTANT COEFFICIENTS

DO 444 K=1,NP

¥{7,K}

= ZIGME

CONTINUE

IBM RANGE OF A REAL=8 NUMBER SO THAT DEXP(X)
CONDITION ZMINR<X.

EMINR=—

I8 REAL~»B
USE A STRICTER LIKIT.

£5.D0*DLOG{16.D0)

XMINR=KMINR/3.00

CALCULA
{ARALYT

XNUL =
ENYZ =
Do 815
8IG =
coss =
SINS
SINP
CLO8P
SINZE
cos2p
ZINP2
POWERL
POWERZ
IF (PO
EZPC
ELSE

1]

H

1]

TE TEE IN PLANE DISPLACEMENTS P AND ¢ AS WELL AS {8
IC EXFRESSIONS)

DSCRT(EPSETA (L))
DEQRT (EPSETA (NF})
I=1,NP

SIGMA*X (1)

DCCS{8IG)

DSIN(8I®)

DSIN(PHICO(I))

DCOS (PHICO(I))
DEIN{PHIGO(I)=2.D0)
DCOS (PHINO (I} =2.00)
SINPx=2

= ~X({I)/XNU1

= -{1-X{1))/EK¥U2

WERL.GST.XMINR} THEN

1 = DEXP(PCWERL)

o

EXPOL = 0.D0

END IF
IF (PO
EXPO

pPiI) =
P(I} =
f‘!g""?ji’_‘

i

o(1)
o(1)
ceI)

:5:}

LT Yy
PRI §

= 5(1)

WERZ.GT.XMINR) THEN
2 = DEXP(POWER2)

28]
H
s

[
)
(]

[£x]

P: o+ C{43xFL{I} + CUB)*F2(I}

SIGHASCOSS/¥L + SINZPxSINS

+ C{1)x(~JIGMA=SING/XL + SIN2P=C0O8S)
QLI ~ C(2)+EXPCL/[ENTUL»CMAPPITY) + O 4)=F
S{I1 = C{IV=EXP0R/ (ANUSOMADB{I)} + CI(5)#F&

RATD

i e

3T}
401}

ARE OETERMINED.

IBxSTHPZ + C{1}+COBS*8INPZ + C(Z)#EEPCL + C{3)»EEPO7

VM/SP CONVERSATIONAL MONITOR SYSTEX

RCLOB4ALO
RCLOB4ZD
RCLOB430
ROCLGBL40
ROLOB450
RCLOB4SSC
RCLOB4TO
RCLOB480
RCLEB4S0
RCLOBECO
RCLOBELO
RCLOBS20
RCLOBE30
RCLO8540
RCLOBEE0D
RCLOBEED
RCLOBET0
RCLOES5R0
RCLOBES0
RCLOBEOD
RCLOBB1C
RCLOBBZ0
RCLO8BS30
RCLOB640
RCLOBESC
RCLOBEBO
ROLOBETO
RCLOBESYD
RCLOBEDO
RCLOBTOO
RCLOBTLO
RCLOBT20
RCLO8T30
RCLOE8740
RCLO8750
RCLOBT&D
ROLOCEBTIC
RCLOBTBO
RCLOB7SO
RCLOBBOO
RCLOBELO
RCLOBBR20O
RCLOVB3C
RCLUBB4C
ROLOBEZ0
RCLOBEBAD
RCLOBETC
RCLOBERO
RCLOBESO
ROLOBYNC
RCLORYLC
RCLOBSZO
RCLOBY3D
?Ci&&?%C
RCLOBYED

RCLOBSSD
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SL = SINS*(Z.DOxOHAPP(I)»COS2P ~ SIGMA=*2/XL) RCLOBS70
Di = DI + SIGHMA*SINZD«COSS RCLOSS80
RCLOBS30

02 = COS8x{~ SIGHMA==2/XL 2.D0%0MAPP (1) =COSZP) RCLSEG00
DZ = D2 - SIN2P+8IGMA=SINS RCLOS010
CLOBC20

@S{I) = D1 + C(iy=ns + C{2)+EXPOL/ (XNUL»=2xOMAPR(1}) + C{4)=F5{I)RCLOSG3D
g5{I) = gs{1} + C{3)*EXPO2/ (XNUZ==2xOMAPP (1)) + C(S)«F8(1} RCLOBO4D
RCLOSCSO

RL{I) = P(I)»=2+HZETAN + O(I)»»3 RCLOSQ0SD
. CONTINUE ROLOSCTO
CALCULATE THE ORTHONORMALIZING CONSTANT FOR B AND 0 RCLGY0B0
A = 5.00 RCLOSCSO
DO 842 I=2,NP RCLOS100
DE2 = (E{I}=X(I~1))}=0.5D0 RCLO9110
A=D1 + (A1(I)+A2{I~1))*DX2 RCLO9120
CONTINUE RCLO913D
& = DSQORT(A) RCLO9140
ORTHONCRMALIZE P, Q AND QS AND DETERMINE DHII RCLO%S150
DO 843 I=1;NPB RCLOS1ED
B(I) = P{1)/2 RCLGS170
(I} = g(1)/a RCLOS180
05(1) = 0s8(1)/A RCLOS250
PHIL(I) = (QS(I)+STATIC(3,I)*P(I)}/(L.DO+EOM(I)) RCLOS200
CONTINUE RCLOS21D
RCLO9220

EVALUATE THE DERIVATIVES OF PHIL AND OMETAI NUMERICALLY. RCLOG230
CALL DERI (PHIL,X,OMETAL,NP) RCLOS240
CALL DER: (CMETAL,X,0OMETL1S,NP) RCLO925D
DETERMINE THE INITIAL APPROXIMATION RCOLOY260
DO 883 I=31,NP RCLO927G
¥(2,I) = ~EPSETS(I)*CMETAL(I) - EPSETA(I) »OMETLS (1) RCLO9280
¥(3,I} = OMETAL(I) RCLOS290
¥Y{4,I) = PBIL(D) RCLOS300
Y(8,1) = P(I) RCLOS310
¥2{I) = ¥(2,1) RCLOS 320
Y(6,1) = g(I} RCLOS330
CONTINUE : RCLOY340
EVALUATE DYNAMIC TENSION FROM THE FIRST EQUATION BY INTEGRATION  RCLOS9350

USING THE TRAPEZOIDAL RULE. THE INTEGRATION CONSTANT IS DETERMINEDRCLOS3E0
USING THE SECOND EQUATION AND EVALUATING TENSION IN THE MIDDLE OF RCLO9370

THE RISER.
CALL DER1(Y2,X,¥28,%P)
EVALUATE CONSTANT OF INTEGRATION AT N7 POINT

5
§

T2RIRI) + Y{3,HI} = Q{ﬁ:}*i{?,l}**ZEZSTATICQE,ﬁi}
1,81} = CONSTLINI}*BHIL(NI;/STATIC(I, N1
EQUATION, FORWARDS AND BACKXWARDS

TERM = (STATIC(2,I)=OMETAL(T) + STATIC(Z,I~1)«CHETRL(I~1) ) »DX2

TERM = TERM + {STATIC(Z,I)}*72(I) + STATIC(3,I-1)»¥2(1-1)}=DX2
TERM = TERM + (CONST2(I}=PHIL{I} + CONZTZ (I-l}*PHIL (I~} #1Ks

Y1,1) = ¥(1,I-1) - HZETAM=Y(7,l)xx2%(P(I}+P(T~1))xDX2 + TERM
CONTINUE
DC 872 I=NI,2,-1

RCLOS380
RCLOS390
BCLOS400
RCLOS420
RILCE420
RCLOS430
RCLOS440
RCLOS4ED
RCLOB450
RCLOS470
RCLOS480
RCLOS9450
RCLOSS0C
RCLOGE10
BCLO9EZD
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DX2 = {~X{I}+X{I-1)}=C.5D0 RCLDOBS30
TERM = (STATIC(Z,I)«CMETAL{I) + STATIC(Z2,I~-1)=OETA1(I~1})*DX2 ROLOI540
TERM = TERM + ({STATIC(3,I}»Y¥Y2{I) + STATIC(3,I-1)=¥2(I~1)}=DX2 RCLOSSSO
TERM = TERM + ({CORSTZ(IJ»PHIL{I} + CONSTZ2{I~-1)#*PHIL(I-1)}«DX2 RCLOUSS0
Y{1,I-1) = Y(1,I} - HZETAM»Y(7,1i»*2={P{I}+P{I-1])1+DX2 + TERM RCL0OB572
CONTINUE RCLOS580
DETERMINE THE FOURTH BOUNDARY CONDITION AT 8= RCLOY390
BOUND = ¥(3,1) RCLOYED0
WRITE(6,84) A,BOUND ROLESELD
FORMAT (' THE ORTHONCRMALIZING CONSTANT FOR THE APPROXIMATE'/ RCLOSE20
*' SOLUTION I8 3QRT(A} = ',D1C.4/' THE BOUNDARY CONDITION AT S=0 ISRCLO9E30
= DMEGAETA{C) = ',Di0.4) RCLOSE40
BETURN RCLOSB50
END ROLOYES0
RCLOSE70

SUBROUTINE FUNC({PHICO,HZETAM,XL, NP} RCLOSESD
THIS SUBROUTINE EVALUATES THE FUNCTIONS THAT RESULT FROM THE RCLOSES0
APPRONIMATE SLOW SOLUTION FOR IN-PLANE DYNAMICS OF COMPLIANT RCLOGTO0
RISERS. RCLOSTLO
IMPLICIT REAL+*B{A-H,0-Z) RCLOST20
PARAMETER (MNP=151) RCLOS730
COMMON/SLOW/FL (MNP) , F2 (MNP) , F3 {MNP) ,F& (MNP) , F'S (MNP) , F6 (MNP) RCLOG740
SIMENSION PHIOO(MNP) RCLOSTSO
HPI2 = 2.DO=DATAN(1.0C) RCLOSTE0
H = HZETAM RCLO97T70
HZ = Hwax2 RCLOS780
o 537 I=1,NF RCLOST0
COSPHI = DCOS{PHISO(IN) RCLOSE00
SINPHI = DSIN(PHIOO{(I}) RCLOYE10
COS2PH = DCOS(2.DO=PHICO(I)) RCLOSB2C
TOSPHZ = COSPHI=*2 RCLGSB30
SINPH2 = SINPHI=x2 RCLO9840
RCLODSS0

F1(I) = COSPHI*(L1.30+(H~1.DQ)*COSPHZ/6.D0*(3.D0+H)/20.D0*COSPHZ ) RCLOGRES
Fi{I) = F1{I) + COSPHI=*{H-1.D00)*COSPHZ/6.D0 RCLOSETO
RCLOYE80

F2(I) = 1.D0 = H2 = H*(H~1.00)/2.D0*COSPH2 RCLO9820
F2{I) = F2(I) + H2~(SINPHI + COSPHI=(XPIZ - PHIGC{I)}) RCLOSS00
RCLOS610

F3{I} ==SINPHI»(H~1.D0)/2.00=C08SPH2={1.D0+{3.D0+H) »COSPHZ/12.D0IRCLOSS20
F2{I} = F3{I} - SINPHI ROLO2S30
RCLO9940

F4L{I} = SINPHI= (Hw {H~1.D0)«COSPHI ~ H2={(XPIZ ~ PHIOO(I}} ROLOSBS0
RCLOZEE0

FELI} = P.00 - H 4 [H-1.001=({5.00-H12008P4E2/6. 00 RCLGYBTO
FEL{I) FE{I] + 3.D0/24.50= (H~1.00)* (H+3.00) «xODSPHZ =2 RULOSEARC
FE(I} = =PB{I)«ZL+SINPHZ»COSEHT CLOYSSO
RCL1OOUD

FE(I) = Hx(H-1)*COS2PE + HZ~SINPHI - H2x(YPI2 -~ PHICO(I) ) =C0SPHIRCLIOOLD
FE{I} = ZL=SINPHZ=F&6{I) RCL1OGZC
CONTINUE RCL1GO3C
FORMATIIZ, 7{2X,012.6)} RCL10O04D
RETURY CLIO0RY
EXD ROLLOOED
RCLISGTO

ROLIODEG
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T THIS SUBROUTINE CHANGES A SERIES OF DATA GIVEN IN RCL10O0%0
o SEGEENTS TO A SERIES OF DATA CORRESPONDING TO SPECIFIC DOTNTS RCLICLO0
c ASSUKPTICON: NSES < KP RCL1GL1O
IMPLICIT RERL=*8(3-H,0~2Z) ROLIOLZO
PARAMETER (¥NP=151} RCLIOL30
COMMON/ INPUTL/TLEN, WA, WT,NSES RCL10140
COMMON/ INPUTL/RLE RG{HHPJ SEG (MNP+1) RCLL1D150
DIMENSION ARRAY (MNP) HELP(MNP) ,X(MND) RCL1C180
> RCL10O1T7C
IF(NSEG.EQ.1) THEN RCL1O180
DO B3 Isi,NP RCLIOLSO
HELP({I} = ARRAY({1) RCL10200
B3 CONTINUE ROLLO2180
ELSE RCLLOZ20
HELP(1} = ARRAY(1) RCL10230
HELP(NP) = ARRAY (NSEZ) RCL1DO240
1=2 RCOLIC250
DO 84 K=2,Np-1 RCL10260
IF ((X{K).GT.SEG(I~1)).AND.(X{K).LT.SEG(I})) THEN L15270
HELP(K) = ARRAY(I~1) RCLLOZ280
ELSE IF (X{(K).EQ.SEG(I)) THEN RCL102S0
HELP(K) = 0.5DO« (ARRAY(I-1) + ARRAY(I)) RCL10O300
ELSE IF (X{K).GT.SEG(I)) THEN RCOL1D310
HELP(K) = ARRAY{I) RCL10320
I=1+1 RCL1O330
END IF RCL10340
&4  CONTINUE RCLi0350
END IF RCL1O360
DO BS K=i,NP RCOL1G370
ARRAY {K) = HELP(K) ROL103B0
85 CONTINUE RCL10390
RETURN RCL10400
END RCL10410
c RCL10420
SUBRCUTINKE DER1(ARRAY,X,DERIV,NP) RCL10430
o THIS SUBRCUTINE EVALUATES THE FIRST DERIVATIVE OF A SERIES OF DATARCLLC440
c POINTS USING A SECOND ORDER APPROXIMATION (NONUNIFORM GRID FINITE RCL1O450
c DIFFERENCES) . RCL10460
IMPLICIT REAL*B{A~H,0~3) RCL10470
PARAMETER (MNP=151) RCOL1D4S0
DIMENSION ARBAY (MNP) ,DERIV{MNP),X(H¥E) ROL10490
- USE FIRST ORDER FOR END POINTS DERIVATIVES RCL10500
DERIV{1) = (~ARRAY(1) + ARRAY/Z)}/(X{(2)-X{1)} ROLIOSLT0
DERIVIND) = (-ARRAY(NP-1) + RRRAYVINE}}/(X(¥P)-X{ND-1}) RCLLGSZC
z RULIOS30
DO OB3E ImE, NP~ BCLIOS4D
DE = X{(I) - {1~} ROLLIOSS0
D¥1 = X{I+1) ~ X(I} ROLLIOASEC
D = Dy/p¥1 RCLIOSTO
DERIV(I) = (D= (ARRAY(I+1)~ARRAT(I}} - (ARRAY(I-1}~ARRAY(I}}/D) RCLLOBBO
BERIV{I) = DERIVI{I)/(DE+DXL) RCLLOSI0
836 coxwzxwa RCLIDEO0
RETURN RILIOGLO
EAD RCLIDBZO
< RCLIGA30

BROUTINE QUTBUT (NP} RCLLOBLD

U.?
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THIS SUBRCUTINE CUTPUTES THE RESULTS IN TWO FORMATS:; A COMPLETE RCL10EZ0
FORMAL FORM AND A FORM TO BE USED FOR PLOTTING. RCLLO6S0
IMPLICIT REAL*8({A~H,0~Z) RCLLIDETO
PARAMETER (MNP=151, NA=4,N=7) RCL10OE80
CHARACTER=SC NAME RCL1DEDO
COMMOK/CONST/XPI,XP12,RECW, SRAV RCLIOTO0
_-COMMON/ INPYTO/NAME RCLIOT7LC
COMMOK/INPUTL/TLEN, WA WT,NSEG RCLISTED
COMMON/INPUTZ/REOC, AL, CFLUID, PRESS, AD (MNP) RCOLIOT30
COMMON/ INPUTL/RLENG (MNP) , SEG{MNP+1) RCOLLO740
SOMMON/ INPUT3/WEIGHT (MNP) ,EL (MNP} ,EIETA (MNP) ,EIETAS (MNP) , EIXI (MNPIRCLLIOTED
* , BIXIS (MNP} ,GIP (MNP} ,GIPS(NNP) ROL1O760
COMMON/ INPUTL/DET (MNP) ,PHIETA (MNP) , DETA (MNP} , DXIETA (MNP) RCL1O7T0
COMEON/INPUTS/RMASS (MNP) ,RMASST (MNP}, AMAXT (MNP) , AMAETA (MNP} , AMAZI (RCL1OTS0
«MNP) , TMAXYI (MNP) , THAZI (MNP) RCLLIOT7S0
COMMOR/INPUTE/XIZI (MNP} , AJZI (MNP) , TIZI (¥NP) RCL1080O
COMMON/STAT/XI (MNP) ,STATIC (KA, NP}, VLOCTKI (MNP, TOMAX, V¥, NPT RCLI0OBLO
COMMON/STATL/XTOP, YTCP RCL1OBZO
COMMON/COEF/EPSETA (MNP) , EPSETS (MNP) , HZETA {MNP) , HXI (MNP) , EOM (MNP} ,HRCL10830
«ZETAM, TMAXAV,DXIM RCL10840
COMMON/COEFL/EETA,EETAS , HZET  HX, EOMI , TC,0X 10, OMEGAC, CONS1,CONS2  RCL10O850
COMMON/SOLUT/X (¥NP) , Y (¥, MNP} ,ABT (N) ,MODE RCL108E0
DIMENSION A1 (MNP} RCL10O870
CALCULATE THE ORTHONORMALIZING CONSTANT FOR P AND C RCL10880
RCL108Y0
DO 542 I=1,NP RCL10900
CALL CSOUNT(X(I)} RCLLOS1D
AL{I) = Y{5,1)»x2=HZET + HM=Y(&,I1)#*=2 RCLIOSZO
CONTINUE RCL10930
= 0.00 RCL10940
DO 642 I=2,NP RCLIOS50
DX2 = {X{I}=-X(I~-1))=0.53D0 CL10SE0

A =3 + {Bi{I)+AR2(I~1}}=DX2 ROL1IOSY
CONTINUE RCL10980
4 = DSCRT(A) RCL10B9S0
ORTHONORMALIZE THE SOLUTION EXCEPT SIGMA (POSITIVE) RCL11000
DO 843 I=1,N4P RCL11010
Y(N,I) = DABS{Y{(N,I)) RCLi11020
DG 843 K=1,N-1 RCL11G30
Y{K,I} = Y(K,I)/a RCL11040
CONTINUE . RCL11050
OUTPUT RESULTS RCL11060
WRITE(S,1000) NAME RCLI1G7T
“ORﬁAT{Saé; RCLLLGEO
RITE(S,100%L) NSEG,TLEN,VWA,RHOC,REOW,AI,0FLUID, FRESS,WT, TOHAK, VM, RCLLIIGSO
x&ffyfrazxfahc?*ﬁazx ROLLILLOD
RCL11110
FORMAT(1X, 13,94, = NUMBER OF RISER ZEGMENTS '/ RCL11120
*1X,D12.6,' = UNSTRETCHED RISER LENGTH IN MY/ _ RCLI1130
=1¥,D12.5," = APPROXIMATE AVERAGE EFFECTIVE WEIGHT PER UNIT LENGTH RCL11140
=IN N/¥'/ RCLIILAD
*1%,012.58,' = INNER FLUID DENSITY IN XKG/¥3'/ BCL1L160
*iﬂ,ug,,é, = SALT WATER DENSITY IN K&/M3+/ RCL1117D
*#1%,017.6," = INNER CROSS SECTIONAL ARER IN M2Z©/ ROLILIEBG
*¢£,3&2,§,? = INKER FLUID SPEED IN ¥/5°/ RCL1I1190
*1H,BA2,E, 7 = INNER FLUID-OVERPRESSURE IH/Y¥/¥2 RCLLL200
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*1X,D12.6,' = APPROXIMATE TOTAL EFFECTIVE WEIGHT IN WATER IN ¥t/ RCLILZLD
*1X,D12.6,' = AVERAGE STATIC TENSION IN N/ RCL1L220
*1X,D12.6,' = MEAN CURRENT VELOCITY IN TEE X DIRECTION IN M/3'/ RCL11230
*lX,D12.8," = CCCRDINATE AT TOP IN X'/ CL1I1240
*LX,D12.8,' = Y COORDINATE AT TOP IN ') CLLI1230

c EVALUATE DIMENSIONAL NATURAL FREQUENCY RCL11280

SIGHAD = Y{N,l}*ESQRT{TC%QX/THAXAV)fTLEﬁ RCLLIIZ70
RCLI128C

WRITE(9,1002}) NSEG

A0C2 FORMAT(//' DATA PER RISER S Ea MENT FOR NSEG =RCLLIZ2OC
*'4I3,) SEGHENTS'/'DINENSTIONDR L OQUANTI TIRCLILIIOD
*ES IN THE 3.1, SYSTEUN/ RCL11310
' RLENG oxz PXIETA AC WEIGHT MASS RCLL11320
* THASS AMBYI AMAETA BMARZT THAXI TRAZI RCLL1330
x1) RCL11340

TL = TOMAX/TLEN ROL1L3SO
RCL11380

DG 1004 I=1,NSEG
WRITE(9,1003) RLENG(I)*TLEN,QXZ{E);PXEETA(E)'AO(I),WEIGHT(I}*?L,RMRCLl137O

*ASS(I),RHRSST(E},RKAXI(I).AﬁAETA(I),&KéZI{I),?HAXI{I},?MAZI(I) RCLL138C
1004 CONTINUE RCL11390

1003 FORMAT(12(1X,D10.4)/) RCL11400
c RCLI1410
WRITE(S,10022) RCL11420

10022 FORMAT(' EA ErgT EIETAS EIXI EIXIs BOL11430
x  GIP GIPS DETA JZI AJZI TIEI) RCL11440
RCL114850

DO 10023 I=1,NSEG
WEITE (S, 10024) EA(I),EEETA(I),EIE?AS(Z},EIXI(E},EZKIS(I},GIP{I), RCL114B0
*Gz?s(z),asfhtzk.XJZI(I),AJZZ{I),TJZI(I) RCL1147G

LOGZ3 CONTINUE RCL11480

10024 FORMAT(11(1X,D10.4)/) RCL1:480

cC RCL113C0

WRITE(9,761) MODE,SIGMAD RCL11i510

TEL FOR}{AT(' xw**w*xvz*x*xz**x*****x*****xa:‘:x**w**x*x***xwmw*xwtta*tta‘RCL1152{}

/0 ¥ODE NUMBER= ‘e Iz2/ NATURAL FREQUEN RCL11530

*2 ¥ o= r,010.4,¢ RAD/S /¢ x***w:x*x*st***waxttztxnxtta*****x*xxzxnnRCLlj_S;}G

LAEREE R LI F TR AN RCL1I1B50

c RCL11580

WRITE(S,1008}) NP RCL11870

1009 FORMAT(/' ORTHONORMALIZED NONDIMENSIONAL RESULTS AT NP = ', RCL11580

*I3,' POINTS'/ RCL11ESC

® g TENSION QXTI CHMEGAETA PEI P RCLLLB0OO

* g SIGHMA') RCLi1i61C

DO 1010 I=1,NP RCL1isZ2

WRITE(D,1011) LIV, (945,17 ,0=1,7) RCLLILB3IO

iUL0  CONTINUE RCLLLE4G

10L1 FORMATI(S{LE,Di0.4)3 RCLL1GE0

D0 188 I=r.N-2 FOLIIGED

ABT(I} = BABT(I}/a RCL1IIB70

189 CONTINUE RCLL18BY

WRITE(S,10119) (ABT(I),I=1,7 RCL11690

10119 FORMAT(' MAXIMUM ESTINATED ERROR BY COMPONENTS ' /11X, 7{(1X,D10.4)} RCLI1T700
Z HCL1171

z RCL1L720
C CUTPUT TC FILE CONNECTED 70 DEVIOD 11 RCLILT20

¢ TEIS CAN BE USED FOR PLOTS OR INPUT TC ANCTHER RUN OF RCLIKDYL BRCLIL740
z R2CLILTEC
- RULILTAD
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CALL STRUC{VLOCKI, NP, NPI) BCLL1LTIO
WRITE(11,38455) MODE,NP,SIGHMAD,XTOP,YTOP RCL11780
FORMAT{1X,I12,1X,I3,3(1X,D10.4)) RCL11780
DO 3866 I=1i,NP RCL11800
WRITE(11,3867) X{(I),{¥{(3,I),J=1,7),VLOCXI(D) RCL11810
CONTINUE . RCLL1B20
FORMAT (S (1X,D12.6)) RCLL183C
RCLLi1B4AD
RETURN RCLILB50
END RCL11880
RCLLIBTO
SUBRQUTINE FCON{X,EPS,Y,F,N) RCL11BBO
THIS SUBROUTINE EVALUATES THE FUNCTIONS USED BY DOZRAF TC SOLVE  RCL1I1890
THE PROBLEM. RCLL1900
IMPLICIT REAL*8{A~H,0~Z) RCL11G10
PARAMETER (MNP=151) RCL11820
COMMON/COEF/EPSETA (MNP) ,EPSETS (MNP} ,EZETA (MNP ,HXI (MNP) , EOM{MNP) ,HROLL12S30
*ZETAM, TMAXAV, DXIM RCL11940
COMMON/COEF1/EETA, EETAS ,HZET , HX, EOXI, T0,QXI0,CMEGAQ,CONSL,CONS2  RCOLL19SD
DIMENSION ¥(N),F(N) RCLI1GE0
LOCATE MESH POINT TO EVALUATE COEFFICIENTS RCLI187C
CALL COUNT{X) RCLL1980
RCL1189C
FU1) = QXIO=Y (3} + OMEGAC#Y(2) + CONS2=Y(4) RCL12000
(1) = F{1} - (HZETAY + EPSx (HZET~HZETAM) }»x¥{5)1=Y(7)»x2 RCL12010
RCL12020
F(2) = «(1.D0 + EPS=(T0-1.D0))*Y{3) - OMEGRO=Y{1) RCL12030
¥{2) = F(2) - CONS1+Y(4) RCL12040
F(2)} = F(2) = (1.D0 + EPS*(HX~1.DOJ)xY(B) =Y {7) %2 RCL120%0
RCL12060
F(3) = -« Y(2)/EETE ~ EETAS~Y (3)}/EETA RCL12070
RCL12080
F(4) = ¥(3) RCL12090
RCL12100
F{5) = OMEGAQ*Y (&) + EPZ+EOMI«Y{1) RCL12110
RCL1IZ120
F{g) = Y{4} + F(4}*EOMI=TC - OMEGAO=Y (5) RCL12130
RCL12140
F{7) = 0.D0 RCL12150
RETURN RCL12180
EKD RCL12170
RCLLIZLBO
SUBROUTINE G(EPS,YA,YB,.3C,N) RCL12130
BOUNDARY CONDITIONS USED BY LDOZRAF RCL1Z2200
IMPLICIT REBL#*8(A~H,0~2) RCLLZZL0
LIMENSION YA(N),7B{N),BC(H) RCLLZZZ0
COMEON/BOUNDA/ BOUND RCL12230
RCLLIZZ40
BC(1i=Ya(4) RCLLZ250
BC{21=YR{B) RCL12280
BC{3i=Y&{5) RCL1Z27
BC(4)=Y4(3) - BOUND RCL12280
ROLIZ290
BO(81=YB{4) RCLLZ300
BC{6)=YR(5) RCL1IZILD
Bo{T7)=YB(8 ROLIZIZH
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END

SUBROUTINE JACOBF(X,EPS,¥,F,N}

THIS SUBROUTINE EVALUATES THE JACORIAN OF THE EQUATIONS TO USE IN

NEWTOK'S ITERATION.
I¥PLICIT REAL*B{3-H,0-Z)
PARAMETER {MNP=151)

VM/SP CONVERSATIONAL MONITOR SYSTEM

RCL1Z330
RCL12340
RCLLZ2350
RCLLIZ2380
RCLL2370
RCL1238C
RCL123%0
RCLLZ2400
RCL12410

COHHO&/CQEFKEPSETA(HN?)#EPSETS{ﬁﬁP),HZETR(HH?}.KXZ(H%P},EOH{KNP},HRCL&?&EG

=~ ZETAY, THAXAV,DXIN

COMMCHN CGEFE/EETA,EETAS,HZET,HX.EOHE.TC,QXIOyOHEGAO,CSNSL.CDNSQ

DIMENSION Y(N},F{(¥N,¥)
LOCATE MESH POINT TO EVALUATE CCEFFICIENTS

CALL COUNT(X)

Do 817 I=1,N
DC B17 M=1,¥W
F{(I,¥) = C.DO
CONTINUE

F(1,2) = QMEGAQ

F{1,3) OxIo
F{1.,4) = CONS2
F{1,3} = -(HZETAX + EPSx* (HZET-HZETAM) ) x¥ (7) 22

F{1,7) = ”2.D0*Y(7)*(HZETA§+EPS*{HZET*%ZETAM})*Y(S)

F{2,1) = -OMEGAC
F(2,3) = =(1.D0 + EPS*(T0~1.D0))

F{2,4) = -CONS1

F(2,6) = =(L.D0 + EPS*(HX~1.D0))*¥(7) s>

F(2,7) = =2.D02Y(7)%¥(8)=(1.D0 + EPS=(HX~1.D0))

F{3,2) = ~1.DO/EETA
F(3,3) = -EETAS/EETA

F{4,3) = 1.00

F(5,1) = EOMI<EPS
F(5,68} = OMEGAD

F(5,4) = 1.DC + EOMI«TO
F(6,8) = -0OMEZAD

SUBRCUTINE JRCOBG(EPS,YA,YE,&J.585,%)

RCL12430
RCL12440
RCL12480
RCL12480
RCL12470
RCL12480
RCL1249¢
RCL12500
RCL12510
RCL12520
RCL12530
RCL12540
RCL12350
RCL125680
RCL12570
RCL12580
RCL12580
RCL1260C
RCL12610
RCL126B2¢
RCL12630
RCL12640
RCL12650
RCL12660
RCL12670
RCL12680
RCL128%0
RCL12700
RCL12710
RCL12720
RCL12730
RCLLZ74C
RCLLIZ750
ROLIZTSED
RCLLZTTC
RCL1278Q
RCLLZTIC

THIS SUBROUTINE EVALUATES THE JACOBIAN OF THE BOUNDARY CONDITIONS.RCOLLZ2800

IMPLICIT REAL+8(A~H,C-2)
DIMENSICON YA(N),YB(N),AJ(N,N),BJ(¥N,N)
DG 876 K=1,N

DC 876 I=1,N
RI{K,I} = .00
BI(K,I) = 5.5C

CONTIRUE

RCL12ZB10
RCL1Z820
RCL12830
RCLLIZB40
RCL1ZEBSD
RCL1Z860
RCLIZE7C

ROLLZEE0
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RCLINDYY FORTRAN A

AJ{1,4; = 1.00

aJ{2,3} = 1.0Q

AJ(3,6} = 1.D0

AJ{4,3} = 1.D0

BJ(E,4} = 1.00

BJ{&,8; = 1L.D0

BI(7,6) = L.D0

RETURH

END

SUBROUTINE JACEPS{¥,EPS,Y,F,N)

THIS SUBROUTINE EVALUATES THE DERIVATIVES COF THE FUNCTIONS WITH
RESPECT TO THE CONTINUATION PARAMETER EPS.

IMPLICIT REAL=*8(A-H,0-2)
PARAMETER (KA=4 ,MKP=151)
COMMON/STAT/XI (MNP),STATIC(NA,MKP) , VLOCKI (KNP) , TOMAX, VH, NPT

VM/SP CONVERSATIONAL MONITOR SYSTEM

RCLLZBSO
RCLLZBOD
RCLLZSL0
ROLIZB2C
RCL12930
RCL12840
RCL1ZB50
CLIZ88C
RCL1297C
RCLIZSES

RCL1Z9%0
R L.L30G0
RCL1IZ010
RCL1I3020
RCL13030
RCL13040
RCLL3C50

COMMON/COEF/EPSETA{MNP) ,EPSETS (MNP} ,HZETA (MNP} ,HZI (MNP}, EO¥ (MNP} ,HRCL13060

~ZETAM , THAXAV ,DXIN

COMMON/COEYL/EETA, BEETAS , HZET, HY, EOMI, T0,QXI0,OMEGAD,CONSL, CONER

DIMENSION Y(N),F{®)
LOCATE MESH POINT TC EVALUATE THE COEFFICIENTS

CALL COUNT(X)

F(1) = = (HZET-HZETAN) x¥ (5) «¥ (7) ==2

F{2)} = ~(HE-1.D0)=7{68)«¥(7)=*2 = (T0-1.D0)=Y(3)}
F{3) = 0.D0

F(4) = 0.D0

F(5) = EQMI=Y (1)

Fi{B) = 0.D0

F(7) = 0.D0

RETURN

END

SUBROUTINE JACGEP (EPS,Y¥A,YR,BCEP,N}
THIS SUBROUTINE EVALUATES THE DERIVATIVES OF THE BOUNDARY
CONDITIONS WITH RESPECT 70 THE CONTINUATION PARAMETER EPS,
IMPLICIT REAL*8{A~H,0~7)
DIMENSION YA(N),7B{K},BCEP(N)
0C 871 K=i,W
BUEP{X) = 0.00
CONTINUE
RETURK
END

SUBRCUTINE INTERP (NP}

THIS SUBRCUTINE INTERPCLATES THE RISER CHARACTERIETICS AND THE
BTATIC SOLUTICON TG THE NEW NUMBER OF PUINIS NP.

ABSU ﬂ?T,Q NP .GE. NPI

I¥pLICIT x”éfngs H,0-2}

9&R§§E”S?Eﬁﬁﬁ*i”i,1§ & H

=Yy
SOMMON/COEF/EPEETR (MNP L ERPSETS{MEPY  HZETE (MNE) 0¥ I V?ﬁf}?" EOM Y

*ZETAH, THAXAY , DETE

RCL13070
RCL13080
RCL130%0
RCLL3LGO
RCOLLZILO
RCLL3120
RCL1I3L30
RCL13140
RCL13150
ROLLILEO

CL13170
RCL13180
RCL1I31GC
RCL13200
RCL132:10
RCL13220
RCL13Z230

CL13249
RCOLL3250
RCL13260
RCLI3270
RCL13280
RCLL32%90

ROLIZ300

e o
CLAIZLG

RCLIZZZC
ROLLIZ33C
ROLLZ340
RCL1335C
RCL1336C
RCL1I3370
RCLL338C
RCLL338C

ROLIZ4006
RCOLL3I42:0
ROLLIGZG

'fdﬁww;sz
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RCLINDYL PORTRAN & VM/SP CONVERSATIONAL MONITOR SYSTEM
CSHHGN/S?ATfXI(HH?),STATEC(NA.MKP)pVLOCXI(XHP},TOK&X,VX,H?E RCL13450
COMMOK/STAT2 /CONSTL (MNP) ,CONSTZ (KND) CL13480
COMMON/SOLUT/X (MNP), Y (N, MNP} ,ABT(N) ,HODE RCL13470
CIMENSION HELP (MNP) RCL13480
INTERPOLATE STRUCTURAL DATA TC THE NEW NUMBER OF POINTS RCL13490
CALL STRUC (EPSETA,NP,NPI) CLII500
CALL STRUC (EPSETS,NP,NPI) ROL1IZSL0
CALL STRUC(EOM,NDP,NPIJ RCL13520
CALL STRUC(HXI,NP,NPI} RCL13E30
CALL STRUC{HZETA,HNP,NDI ROL13540
CALL STRUC(CONSTL, NP,NBID) RCL13BS0
CaALL STRUC(CONSTZ2,NDP,NPI) RCL13560
CALL STRUC{VLOCXI,NP,NPI} RCL13570
SNTERPOLATE STATIC SOLUTION 7TC THE NEW NUMBER OF POINTS RCLL3E80
DO 459 K=1,3 RCL13530
DO 4538 I=1,NPI RCLL3&CO
HELP{I} = STATIC(K,I) RCL13610
CONTINUE RILIIG20
CALL STRUC {HELP,NP,NPI) RCLI3GIN
DO 4%7 I=1,NP RCL1364G
STATIC(K,I) = HELP(I) RCL13650
CONTINUE RCL13650
CONTINUE RCLL3BTO
DO 33% I=1,NP RCL13680
XI(I) = X(1) RCL13690
CONTINUE ROL13700
RETURN RCL13710
END RCL13720
RCL13730
SUERCUTINE STRUC(ARRAY, NP, NPOLD) RCL13740
THIS SUBROUTINE INTERPOLATES A SERIES OF DIVISION POINTS 70 A NEW RCL13750
SERIES OF DIVISION POINTS. RCL13760
IMPLICIT REAL*8(A~H,0~%) RCLL3770
PARAMETER (MNP=151,NA=4, N=7) RCL13780
COMMON/SCLUT/X (MNP} , Y (N ,MNP) ,ABT(N) , MODE RCL13790
COHHOHXSTAT/XI(MRP),STA?IC(N&,MNP},VLOCXZ(MN?),TOMAX,VX,NPI RCL13B0OO
DIMENSION ARRAY (MND) ,HELD (MNP) RCL13810
RCL13820
HELF (1) = ARRAY(1) RCLL13830
HELP (NP} = ARRAY(NPOLL) RCL13840
Do 82 I=2,NPOLD RCL13850
DO BL K=2,NP-i RCLL28BC
IF ((A(K) .GT.XI{I~11) . AND. (X(K).LT.XI(I)}) THEN RCLLIBTO
CONV = (X{E)=ZI{I-1})# (ARRAY (I} -ARRAY{I~1)}/(XI(1)=RI(I~1}) RULIZAB0
HELFI(K] = ARRAY(I=-1) + TNV ROL138%0
EL8E IF {XIW¥y.Z0.HI(1)) 7THRY RCL13B00
HELP{K) = ARRBRY(I} RCLLI39L0
END IF RCL13920
CORTINUE RCL13930
CONTINUE RUL13S40
DO 8% K=1,ND RCL13950
ARRAY (X} = HELP(K) RCL13SE0
CONTIRUE RCLIASTO
RETURN RCLL3%80
END CLlieso
ROL14000
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SUBROUTINE JOUNT{X)

THIS SUBRQUTINE EVALUATES THE RISER
STATIC SOLUTION AT A POINT XK.

IT RETURNS THEIR VALUE IN COMMON BLOCK COEFL.
I¥PLICIT REAL*B({A~H,0-Z) -
PARAMETER (MNE=151,NA=4)

CHARACTERISTICS AS WILL

YM/3P CONVERSATIONAL MONITOR BYSTEX

RCL14010

AS THERCLI4Q20

RCL1403C
RCL1404C
RCL.14050
RCL14080C

COMMON/COEF/EPSETA (MNP) ,EPSETS (MNP) ,HZETA (MNP} ,HXI (MNP) , EOK (MNP) ,HRCL14G70

*ZETAM, THAXAV, DXIK
COMMON/STAT/XI {MNP) ,STATIC(NA, MNP}, VLOCKI (MNP}, TOMAZ, VK, NPI
COMMON/COEFL/EETA,EETAS, HZET  HX, EOMI, T0,QXI0 , OMEGAC, CONSL, CONSZ
COMMON/STATZ/CONSTL (MNP) ,CONST2 (MNB)

COMMON/COUN/ TCOUNT

M = ICOUNT

IF {X.EQ.XT(HM)) THEX
EETR = EPSETA(X)
EETAS = EPSETS(M)
HX = HXI(X)

HZET = HZETA (M)

EC¥I = ECM{M)

70 = STATIC(L.¥)
QXIC = STATIC(Z,HM)
OMEGAS = STATIC(3,NM)
CONS1 = CONSTL{M)
CONG2 = CONST2(X)
ICOUNT = ICOUNT + 1

IF(X.EQ.L.D0} ICOUNT = 1
BLSE IF ((X.LT.XI{M)}.AND.{(X.GT.XI(¥~-1))]
DIFF = DABS{XI(M)~-X)
THIS IF STATEMENT IS TO ACCOUNT FOR A COMPUTER INACCURACY IN
REPRESENTING AND EQUATING REAL NUMBERS.
IF {DIFF.LT.1.D-7) THEN
ICOUNT = ICOUNT + 1
IF {XI{M).EQ.1.D0)
END IF
DX = (X-XI(M-2)) /(XTI {M)-XI(¥=-1))
EETA = EPSETA(M=~1) + (EPSETA(M)~EPSETA(M-1))*DX
EETAS = EPSETS{M-1} + (EPSETS(M)~-EPSETS (M-1))*DX
HX = HEI{¥~1) + (HEXI{M)~HXI{M-1))=DX

THEN

ICOUNT = 1

HZET = HZETA(M-1) + (HZETA(M)~HZETR(M-1))=*DX

EOMI = EOM{H=-1) + (EOM(M)-EOM(M~1)]=DX

70 = STATIC{L,M~1) - {(STATIC(L,M)~STATIC(1,M-1)}*DX
OXID = STATIC{Z,M-1) + (STATIC(2,¥)-STATIC{Z, ¥-1))*=DX

STATIC(Z,%-1) + [STATIC(Z,E)}-STATIC(Z,H-1
CONSTLIN-1) + (CONETL(MI-CONETI{M-1))=DX

CONETZ (M- o+ (CONST2{¥}-CONSTZ (M-1)+DXK

OMEGRD =
TONEL =
coNs2 =

gy
=T =
o deand e

WRITE{(G,*) ' ERROR OCCURED IN CCUNTER, NP =",Y
ERD IF
RETURK

END

RCL.1408C
RCL14090
RCLi14L0Q
RCL141.0
RCL14120
RCL14130
RCL14140
RCL14150
RCL141860
RCL1417C
RCL14180
RCL14180C
RCL14200C
RCLI4210
RCL14220
RCL14230
RCL14240
RCL14250
RCL142Z60
RCL14Z70
RCL14280
RCL14280
RCL14300
RCL14310
RCL14320
RCLLI4330C
RCL14340
RCL14350
RCLi4360
RCLI4370
RCL14380
RCL14380
RCOLI&400
RCLi441

RCL14420
RCLLS420
RULI4440
RULIS4EE
RCL 14460
RCLI4470
RCLi4480C
RCL1443G
RCL148CC
RCL14310
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Chapter XV

Listing of Program RCFORC1 FORTRAN A
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FILE: RCFORCL FORTRAN 3 YM/SP CONVERSATIONAL MONITOR SYSTEM
T RCFORCL RCFOOCLIQ
o TETS PROGRAM CALOULATES THE OUT OF PLANE LINEAR DYNAMIC RESPONSE OF A RCFCOUIO
= COMPLIANT RISER WITH A 2-D STATIC CONFIGURATION FOR A GIVEN FREQUENCY RCFCOU3C
o AND BMBLITUDE OF EXCITATION AT THE TOF (R OR B EXCITATION IS ALLOWED) .RCFO0040
o A NONUNIFORM GRID FINITE DIFFERENCES AND DEFERRED CORRECTION TECHNIQUERCFCOOCSC
o IS5 USED.THE QUTPUT OF THIS PROGRARM CAX BE USED As INPUT TO RCLINDYZ TORCFOUOED
¢ SOLVE THE OUT OF PLANE DYNAMICS PROBLEY WITH HOMCGENEOUS BOUNTARY RCFOOCTE
< CONDITIONS {(EIGENPROBLEM) . RCFQUCES
o THIS PROGRAM WILL BE PARTICULARLY USEFUL IN THE CASE OF ZERC CURRENT RCFQOCYC
~ VELOCITY WHERE THE ASYMPTOTIC THECRY IS NO LONGER VALID. RCFOCLO0
¢ COUBLE PRECISICN AND THE NAG FORTRAN LIEBRARY ARE USED. RCFOCLLIC
’“"‘x**x*nw*xttksxt*****t*tw**xﬁw:xxw*was:x*ftwt*xﬂﬁgw***xw*x*x**t***ww**a*R POLL20
¢ CCPYRIGHT, 1985, MASSACHUSET?TS INSTITUTE OF TECHNCLOGY RCFO0L30
C ALL RIGHTS RESERVED. RCFOQL4A0
Cw*nxt**i****u*xxtuxw*x*w**x*tn*x*x**xnx-xwx***x*x**x*au*vzwx*x*a*w*xt**x*ch‘Q{j‘ 20
T PROGHAMMER GEORGE A. KRIEZIS OCTCBER &5, 1988 ®.I.T. RCFOCLE0
cssc*wx*tg***x*******a**x*xw*gx*x***x**x**w*xxszx**x*x*xﬁ*a***xw*stx:***RCFQQ;?Q
z RCFOCLEC
¢ DEFINITION OF DEVICES RCFOCLBO
T DEVICE & : INPUT FRGH TERMINAL RCFOO2LE
o DEVICE & @ QUTPUT TO TERMINAL RCFOCZLD
¢ DEVICE 8 : INPUT FRO¥ FILE PREPARET BY RCINPUT (LRECL=80) RCFO022G
o DEVICE 10 : INPUT FRO¥ FILE CONTAINING APFROXIMATE N-D STATIC RCFOLZ3C
c SOLUTION CREATED BY RCSTATZD  (LRECL=132) RCFRC240
C DEVICE 11 : QUTPUT TC FILE FOR PLOTS QR INPUT TO A RU RCFOCZ50
- OF RCLINDY3 (LRECL=117) RCFOGE50
o RCFROZ70
& COMMON BLOCK CONTENTS (OVERALL REFERENCE): RCFO0280
Z 8CLUT = SGLUTION MATRICES RCTOCZSC
T BTAT = STATIC COMPLIANT RISER SOLUTION RCFOO3CQ
C STAT2 = FUNCTICNS OF STATIC RESULY RCFOC3LY
C INPUTL = RISER LENGTH, AVERAGE AND TOTAL WEIGHT AND NUXBER OF SEGMENTSRCFOL3Z0
C INPUTL = RISER SEGMENTS LENGTH RCFOG330
C CCEF = NCONDIMENSIONAL RISER CHARACTERISTICS USED IN THE EQUATIONS RCFOG340
o COEFL = NONDIMENSIONAL RISER CHARACTERISTICS AT A SPECIFIC POINT RCFOG38C
< COUN = INTEGER COUNTING VARIABLE TC DETERMINE EACH LDIVISION POINT RCFOC360
C FREQ = NCNDIMENSICNAL FREQUENCY OF EXCITATION RCYFO0370
c RCFOC380
I¥PLICIT REAL*S(A-H,0=Z) RCFOQ390
PARAMETER (N=8 ,MNP=15],NA=4, [Y=8) RCFOC400
PARAMETER (LW=MNPx (3xN»»2+5#N+Z) +3xN*22+5%XN} RCFOO410
PARAMETER (LIW=KNP~ (Z#N+1)+¥) RCFOO4ZC
DIMENSION W(LW),IW(LIW),C(¥,¥),0(N,¥) , GAMIN] RCFD0O&E30
TOMUCH/SOLUT/X (KR 7 {N MNP  MODE RCFO0440
COMMON/STAT/EI (MNP} STATICINA, N¥P) , VLOCKT [HNF) , TOMAX , VK, NP1 ROTCO4EC
COMMON/COER/EPSEI (MNP L EPSHIS{MNT )  EPSETA (MNP EPSETS (MNP EPEFI (HRCFOO450
*NPY ,EPSPISIMND) HETR(#HP ), TLAMBZ (MNP  HETAM, THAXAV RCFGG4A70
COMMON/COUN/ICOUNT ROFOLAED
DOMMON/FREQ/ZLANDA RCFOG4AS0
(o EXTERNAL SUBRCYUTINES USED BY NAG LIBRARY RCFOO50C
EZTERNAL FCNF,FCHNG RCFOSHLC
DATR NCUT /&/ RCFGOSZC
< ROFLGEZ0Q
z SEADZD READS 2-D STATIC SCLUTION CALCULATED FRON RUSTATZD PRUGRAN RCFOCOE40
- I PYALUATES THE ¥AXTHUM NONDINDESTONAL STRTIC EFFECTIVETENZION - ROFOOSED
- ROFOOEED
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FILE: RCFORCYI FORTRAN A VM/SP CONVERSATIONAL MONITOR SYSTEM
CALL READZD(NPI RCFO0570

o RCFOOSE0
o CHARAC READS RISER CHARACTERISTICS FROM UNIT 8 AND EVALUATES THE ROFOOSID
z NONDIMENSIONAL COEFFICIENTS TO BE USED IN THE EQUATIONS. RCFOOB00
o RCFO0610
CALL CHARAC(TLENG, IC,NPI} RCFOOB20
IF(IZ.EQ.O) sTop CFO0630

z RCFO0640
¢ DEFINITIONS OF PARAMETERS ... RCFO0B50
- N = NUMBER OF EQUATIONS TO BE SOLVED BY DO2GRF RCFOOE6D
o ENP= MAXIMUM NUMBER OF PERMITTED POINTS IN THE NON-UNIFORM RCPOQETD
c F.D. MESH ( MNP »>= 32) RCTOGES0
IF{MNP.LT.32) THEN RCFOOES0
WRITE(S,1257) MNP RCFOQ7G0

1257 FCRMAT (' MNP = ',I3,' IS NOT PERMISSIBLE') RCFO0710
STOP RCFOG720

ENDIF RCFOOTIC

< PARAMETER CONTROLLING MONITCRING OF CALCULATIONS RCFOO740
IFAIL=111 RCFQOT750

o BOUNDARY POINTS FOR TWC~POINT BCUNDARY VALUE PROBLEM RCFCOTE0
3=0.D00 RCFOCTT7C
B=1.D0 RCFOOTRO

< RCOFOCTE0
WRITE(&,=)' INPUT ZXCITATION FREQUENCY IN RAD/S® RCFOO800
READ(S,») SIGH RCFO081L0

c NONDIMENSIONALIZE SIGMA RCFOO820
SIGMA = SIGM*TLENG*DSORT (TMRAIAV/TOMAY RCFOO830
HLAMDA = SIGMAR#==2 RCFOO840
WRITE(E,*)' INPUT AMPLITUDE OF EXCITATION AT TOP OF RISER FOR R' RCFOO85C

READ (5, ) BOUNDR RCFOO860
WRITE(E,+)' INPUT AMPLITUDE OF EXCITATION AT TOP OF RISER FOR B' RCFO0870
READ(3, =) BOUNDER RCFOCRBO
WRITE(6,*) INPUT TOLERANCE FOR CONVERGENCE OF ITERATIONS' RCFOO890
WRITE{E,~) ' SUGGESTED VALUE IS THE EXCITATION AMPLITUDE CR 1/10 OFRCFCOS00

=~ THE EXCITATION AMPLITUDE® RCFOO9LO
READ(5,+}TOL RCFO0S20
WRITE(&,*}' INPUT MODE NUMBER CORRESPONDING TC FPREQUENCY OF EXCITARCF00930
=TION' RCFQ0940
READ(S, =) MODE RCOFGOZ50

P = NPI RCFOCE60

0O 832 I=1,N RCFO0G70
GA¥(I) = 0.D0 RCFOOSHD

UG 532 ¥=1,¥ ROFOOY50
SHILEI=0LDG RCFOLAG0
D{I,Ki=C RCFDLIGLO

£32 CONTII RCFGL020

o DEFINE BOUNDARY CONDITIONS USED IN THE EQUATIONS. RIFOLOZD
GRM(E: = BOUNDE RCPOLO4A0
GAM{8) = BOUNDR RCPOLIOS0
C{i,4) = 1.00 RCFOLO6E0
C{2,5} = 1.D0 RCFOLOTO
C{3,8) = 1.D0 RCFOLICE0
Di4,4) = 1.00 HCFOLOBS
Di%,5) = 1.00 RCFOLIO0
DEE,8) = L.0D RCFOL1LD

c SET COUNTING VARIABLE ROFGLLZ0
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RCFORC: FORTRAN 2

-y
BT =
&‘ME-

ICOUNT = 1
CALL KO4AAF (L,NOUT)
~ALL X04ABF{L . NOUT)
o4 ~nrl NAG SUBROUTINE DO2GBF I SOLVE
o aCUNDARY VALUE PROBLEM USING A DEFERRED
~RLL DORGBF(A,B,N,TOL,FONF,FONG
*3L)

IFAIL
IFRIL =1, I3

ITE(&,8000)

9000 FORMAT('

THE LINEAR TWO-PGINT
; CORRECTION TECHNIQUE.

VM/SF CONVERSATIONAL MONITCR SYSTEM

RCFGLLZ0
RCFC1L40
RCFOLLEC
RCFCL180
RCFGLLTO
RCFOLLBC
RCFOILE0
RCFCU1200

,C,D,GAK,KN?,X,?,N?,%,LW,EW,LIW,I?ARC?GEZ;O

RCTOLZZO
RCFOLZZEC
RCFGL240
RCTCLA230
RCFCLZHC0
RCFOLZTE
RCFOLZBO

CFGLIB0
RCFGL30Q
RCFOLILO
RCFC1320
RCFOL3ZED
ROF01340

CFO1380
RCFOL360
RCFOL37O
RCFGLIBO
RCFO1380
RCFOL400
RCFOL4LT
RCF01420
RCF01430
RCFO1440
RCFS1450

(MNP} ,EPSPI(MRCFO14&0

RCFO1470
RCFQO1480
RCFO1490

o
z oUTRPUT THE RESULT
cF((IFAIL.EC.C) .OR. {IFAIL.EC.4)) THEXN
CALL OUTPUT(NP)
ENDIF
STCP
END
SUBROUTINE CHARLC(TLENG,IC,NP)
c THIS SUBROUTINE READS THE COMPLIANT RISER ~HARACTERISTICS AND
o) TYALUATES THE NONDIMENSIONAL CCEFFICIENTS T BE USED IN THE
o GOVERNING EQUATIONS.
TMPLICIT REAL=B(A~E,0-Z)
SARAMETER (MNP=131,Na=4 ,N=5}
CHARACTER*80 NAME
ooMMON/ TNBPUTL/TLEN, WR, WT, NSES
COHHON/INPUTL/RLENG(HNP},SEG(MNP+L}
CGMﬁGN/STAT/XZ(HN?}.STATEC(NA,MNP},vLOCXI{MNP},TOMRX,V%,NPZ
CO&&CN/COEF/E?SXI{MNP),EPSKES(MNP),EPSETA(MNP},EPSETS
tNP),EPS?IS{MN?},HETA(MNF).TLAMSZ{MNP).HETRM,TMAXAV
COMHGN/STREE/COHSTL(M%P},CCNSTE{XN?}
COMMON/SOLUT/X (MNP) , Y (N, MNP) , MCDE
DIMENSION RMASS(MNPF,RMASST(MH?),AHAXI(MN?),AHAETA{MNP),AMQZI(KN?}ECFOisﬁa
*.TMAXI(MNP},THAZZ{ﬁﬁp},TMAETA(HNP}
DIMENSION LIZ (MNP ,AJZI (MNE) , TJZI (MNP}
DIMENSION axz:xxp),9XIETA{MN9},BETA<Hﬁ?),DKEEEA(%HP}.AG(H&?}
DIMENSION W Eﬁﬁ?(ﬂﬂ?),ié{MNP};EIET%(KK?),EZE?AS{KN?),EEXI{HKP},
*ﬁ:ﬁzaiﬁﬁ?},ﬁ:?{ﬁﬂ?%,sz;SE%N?}
SIMENSION wENG (MNDY , RO UHNP) , TOS (MNP, QHI0E {MNF)
= READ RI r DEVICE &,
®EAD {8
L1000 FORMAT(
READ (¥ nT TN, WA, RHOC, AT, CFLUID, PRESS
1008 FORMAT LBV /2%, 012.80)
TLENG =
nooLB02
READ (B SMASSTII) ,AMANI(I) WEIGHTII) DXI!
%}, PRIETE LEIETAS(I)
CONTINUE
PORMAT (3 (1X,012.6) /5114, D12.8))

RCFOLELO
RCFOL52C
RCFSLEZC
RCFGLE4C
RUFCLEE0
RCTOLBED
RCFLLETD
BCFCLEE0
BOFGLESD
RCFCLETC
RCFCLBI0
RCFCLBED
RCFGLBZ0
RCFGLE40
ROFCIBEC
RCFOLEE0
ROFGLETLC
RCFOLEBO
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FILE: RCFORCL TFORTRAN A V/SP CONVERSATIONAL MONITOR SYSTEM
c RCFOLIE9D
DG 1332 I=1,NSEG RCFCL7T00
REAﬁ(S,;33g} AMAETA(I),DETA{I),EIXI(I},EIXIS(I),5IP{I),GIPS(I),AMARCFOLII1G
*ZI(I),EIZT (11, AT21(D) RCFOL720
1332 CONTINUE RCFO1730
1333 FORMATIB(1X,012.8)/3(1X,.b12.8)) RCFOL740
z RCFOL750
IC=1 RCFOLTED
c RCFDLTTO
TE50  WRITE(S,7851) RCFO1780
7E5L FORMAT(' DO YOU WISH A TERMINAL COPY CF RISER CHARACTERISTICS'/ CFOLT90
*' IF YES INPUT L , IF NC INBUT o) RCFC1800
RERD{S, =) I?Rzﬂr RCFO1810
IF({IPRINT.NE.L).AND.{IPRINT.NE.O)) GOTC 7850 RCFOL1B20
IF(IPRINT.EQ.L} THEN RCFO1830
o RCFO1840
WRITE(&,1000) NAME RCFO1B5D
WRITE(§,2500} RCFOLIBE0
250C FORMAT(' NSEG  TLEN Wa RHCO Al RCFO1870
» CFLUID PRESS') RCFO1880
WRITE(6,2001) NSEG,TLEN,WA,RHOC,AI,CFLUID,DRESS RCFO18%0
2001 FORMAT(1X,I3,8(1X,D12.58)) RCF01900
WRITE (6, 3400) RCF01910
3400 FORMAT(® I RLENG RMASS RMASST AMAXT RCFO1S20
*  WEIGHT! / DX PHIZTA EA EIETA RCFO1830
* a0 EIETAS") RCFO1540
DG 3002 I=1,NSEG RCFO1850
WRITE(E, 3003; I,RLENG(I),RMASS(I) ,RMASST(I),AMAXI (1) ,WEIGHT(I),DXIRCFO1960
»(1),PKIETA(I),EA(I),EIETA(I),AQ(I),EIETAS(I) RCF0O1970
3002 CONTINUE RCFO1980
3002 FORMAT(1X,IZ,5(1X,D12.5)/4%,5{1%,D12.5)) RCFO1990
o RCFO2000
WRITE(5,1334) RCF22010
1234 FORMAT(® I AMAETA DETZ BI1XI EIXIS ROFO2020
»  @IP GIps' /1 BMAZT JZI AJZI' 1 RCFO2030
DG 1335 I=1,NSEG RCFC2040
WRITE(6,1336) I,AMAETA(I),DETA(I;,EIXI(I),EIXIS(I),GIP(I),GIPS(I),ROP02050
*AMAZI (1) ,XJZI(I),AJ21(D) RCFQ2Z060
1335 CONTINUE RCFO2070
1336 FORMAT(1X,I3,8(1X,D12.5)/4X,3(1%,D12.8)) RCFOZ080
» CFO2090
1701 WRITE(G,1700; RCFOZ10C
1700 FORMAT(' INPUT 1 IF RISER DATA ARE CORRECT'/' INPUT 0 TC STOB'}  ROFO21L0
READ(E, =} IC ROFOZ1IZD
ICLRELC)LARDL {ICUNEL LY GOTO 1701 RCFOZL30
IF(IC.EC.0) BETURN RCFOZ140
o) RCFOZLE0
ENDIF RCFOZ1G0
s RCFC2170
z NON - JIMENSIONALIZATIONS RCPO2LE0
ol ROFGZLIE0
GRAV=9.3100 ROFC2200
WEE=WA/GRAEY RCFGZZLO
WT=WA*TLEN ROFOZE20
RPI=4.00+DATAN{2.00) ROFC2230
APIZ=¥BI/2.00 BOFOT240
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FILE: RCFORC1 FORTRAN A VM/3P CONVERSATICONAL MCNITCR SYSTEM

RCFOZE50

RECW=1.02503
RCFO2280

< NONDIMENSIONALIZE CORRECTLY QXIO, TO FROM 2-D STATIC SOLUTION RCFQZ2270
< RCFQZZ8O
TOMAX = TOMAX=WT RCFOZ280C

TND = WI/TOMAX RCFOZ3CC

DO 228 I=L, NP RCFOE3L0
STATIC{1,I} = STATIC(L,I)~TND RCFQZ320

: STATIC{2,1} = STATIC(Z,I)~THD RCFQZ33C
239 CONTINUE RCFOZ340

RCFO225C

NONDIMENSIONAL COEFFICIENTS USED IN THE EQUATIONE CFC2360

Gan

TOMAXL = TOMAX/TLEN R
TOMLL TOMAX *TLEN BC
TOMLZ = TOML1=TLE .
TLENZ = TLENx#2 RC
TMAXAV = 0.D0 ' RCFC242C
Do 2000 I=1,NSEG RCFO243C
RLENG{I}=RLENG(I)/TLEN RCEFOZ4A4G
WEIGHT{I)=WEIGHT{I)/TOMRXL RCFDZ450
EPSXIS(I) = BIXIS(I)/TOMLI RCFCZ460
EPSXI(I) = BIXI(I}/TOML2 ROFD2470
EPSETA(I) = EIETA(I)/TOMLZ RCF02480
EPSETS(I) = EIETAS{I)/TOMLL RCFO2450
TIZI(I) = XIZI(I) + AJZTI(I} RCFOZEG0
THMRETA(I) = RMASS(I) + BMAETA(I) RCFO2510
TMAXI(I) = RMASS(I) + AMAXI(I} RCFO2520
THAXAV = THAMI{I)*RLENG(I) + TMAXAY RCEOZE30
EPSPI{1) = GIP{I)/ToML2 RCFO2540
EPSPIS(I) GIPS(1)/TONLL RCFOZE50
DXIETA(D) DRI(I)-DETA(I} RCPO2550
2000 CONTINUE RCFOZ570
HETAM = 5.DO RCFOZ580
DC 432i I=1,NSES RCFD2530
HETA(I) = TMAZTA{I}/TMAXAV. ROFO2B00
HETAM = HETAM + HETA(I}=RLENG{I) RCFDZ510
TLAMBZ{I) = TLENZ=TMAXAV/TJIZI{(I) RCFOZ620

4321 CONTINUE ROFOZ63C
RCPOZE40

]

-
c

o CALCULATE DERIVATIVES OF STATIC QUANTITIE RCFO2650

50 737 I=1,NP RCFO2660

SENG(T) = STATIC(L,T) ROFOZET0

QEOII] = BTATICZ, I ROFLZ880

739 CONTINUE ROFOZE50

~aLL DERL (TENG,XI,70S,NP) RCFQ2700

cALL DERL(QXO0,XI,0%I08,NB} RCFH27LE

¢ SVALUATE FUNCTIONS OF STATIC RESULTS. RCFOZ720

00 86 I=1,NP RCFD2730

CONSTI(I) = TOS(I) -~ STATIC(Z,I)*STATIC(Z,I) RCFO2740

CONSTZ(I) = CXIOS(I} + STATIC(1,I)*STATIC(3, 1) ROFO2750

56 CONTINUE RCFOZ7E0

- ROFGZ7TTO

o SES SEEINATE. 0T SEGMENT SAPRD TR

SEG ; RCFOITHC

SEG 1,00 ROTOZEOC
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LE: RCFORCI FORTRAN &

D0 4000 I=2,NSEG
SEG{I)=RLENG(I~1)+SEG(I~1}

400 CHTINUE
INTRERPCLATE STRUCTURAL DIMENSIONS 70 NP POINTS
ASSUMPTICON: NUMBER OF RISER SEGMENTS WITH CIFFERENT
CHARACTERISTICS IS SMALLER THAN THE STATIC SOLUTION PGINTS

NSEG < §pI

O O 01 €1 ¢

I¥ {NSEG.GE.NDPI) THEN

WRITE(&,188)
155 FORMAT (' NSEG => NPI, PROGRAM STOPS')

I = ¢
RETURN

END IF

CALL STRUCT(EPSETA,Z,NP)

CALL ETRUCT{EPSETS,X,NP)

CALL STRUCT(EPSFI,X,NF)

CALL STRUCT(EPSPIS,X,NP)

CALL STRUCT(EPSYI,X,NP)

CALL ETRUCT (EPSXIS,X,NP)

CALL STRUCT(HETA,X,NP)

CALL STRUCT{TLAME2,X,NP)

RETURN

END

]

SUBROQUTINE READZ2D (NP}
THIS SUBROUTINE READS THE STATIC COMPLIANT RISER SOLUTION FROM

Py

€1 O

THPLICIT REAL+*8 (A~H,0-%)

PARAMETER (N=5,MNP=131, NA=4)
COHHON/STAT/XI(MN?},STATIC(&ﬁ,KNP),VLOCXEiﬁﬁ?),TGMkX,VH,NPI
COMHON/SOL?T/X(MNP),Y{N,MNP),ABT(N},HOEB

[H

STATIC TENSION TO
STATIC SHEAR FORCE IN THE XI T
STATIC OMEGA IN THE ETA DIRECTI

STATIC ANGLE PHI

STATIC(L, 1)
STATIC(Z,1)
3TATIC(3,I)

STATIC(4,1)

It

GO0 0

WRITE(6,2000) MNP
FORMAT{' MNP=',I3)
READ STATIC SCLUTION
READ(10,3645%) N2, VM
FORMAT(1X,13,1¥,D012.5)

T TS S e
WRITE(8,2321)

{1 b3
(]
(&)
<

o]
h
s
31
0

[
£ak
P
¥
]
[
o
o
e
i
W3
{

= MERN CURRENT VELOCITY ¥ THE ¥ CIRECTION IN M/5 ,vM =',D12.8)

IF{{N¥P.LT.4) .CR.{NF.GT.¥NP}} THEN

R
e S e e R

WRITE(g,124723)
FORMAT{' NP IS INAPPRCPRIATE ; RUN ETOPS )
RETURY

[

HEADING FROM DEVIOE 0

DEVICE 10. IT EVALUATES THE MAXTMUM NONDIMENSIOKNAL STATIC TENSION.

VM/SP CONVERSATIONAL MONITOR SYSTEM

RCFO2810
RCFG2820
RCFOZ28B3D
RCFO2840
RCFO2830
RCFOZBE0
RCFO2870
RCPCZ88C
RCFO2830
RCFO2900C
RCFGZ910
RCFO292¢

CFC2930
RCFC2Z940
RCF02950
RCFO2960
RCF02970
RCFQ2980
RCFUZ9280
RCFC3000
RCFO3010
RCF03020
RCFO3030
RCFGO3040
RCFC3050
RCFO308C
RCFC2070
RCFo3080
RCFC3090
RCFO3100
RCFO3110
RCF03120
RCFO3130

CF03140
RCFO3150
RCFC3I160
RCFOZ2170
RCFO2180
RCFO3130
RCFO3200C
RCFO3Z10
BCFO3220

RCFO3230
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FILE: RCFORCYI FORTRAN B V¥/SP CONVERSATIONAL MONITOR SYSTEM
I~ RCFG33TC
DO 1021 I=i,NP RCF03380
READ(1C,1033) X{zb,S€a?z:iz,z},3?grzc{2,z).STA?EC(E,:},STATIc(é,I)RC?03393
x,XCO0R, YCOOR, STRARC, TENSI, VLOCKI(I) RCF03400
£I(I) = X{1) ROFO34L0
1021 CONTINUE RCF(3420
1033 FORMAT(L10(1X,Di2.8)) RCFO3430
o EVALUATE MAXIMUY STATIC EFFECTIVE TENSION RCF03440
TOMAX=DMAK: (STATIC(L,1),8TATIC(L,2)) ROFO3450
00 9859 I=3,NF ROFO3480
TOMAK=DMAXL (TOMAX, STATIC{L, I} RCFOILTO
9889 CONTINUE RCFO3480
oy RCF0345C
WRITE(&,165%4} TOMAX RCFO3IEC0
1654 TFORMAT(' 2-D STATIC SOLUTION SUCCESFULLY READ'/' MAXTMUY STATIC EFRCFOIZLO
«FECTIVE TENSION/W&=L = ',510.4) RCFO3E20
¢ RCFO3530C
RETURYN RCFC3540
END RCFOIES0
C RCFO3580
SUBROUTINE STRUCT (ARRAY, X, NP) RCFO357C
c rHTS SUBROUTINE CHANGES A SERIES OF DATA GIVEN IN SEGMENTS RCFO3580
c 0 A SERIES OF DATA CORRESPCONDING TO SPECIFIC PCINTS RCFO3590
z ASSUMPTION: NSEG < NP RCFO38GC
INPLICIT REAL#*8(A~H,0-Z) RCFO3610
PARAMETER (MNP=151) RCFD3620
COMMON/INPUTL/TLEN, WA, WT, NSEG RCFC3&30
COMMON/ INPUTL/RLENG (MNP} , SEG (MNP+1) RCFG3840
DIMENSION ARRAY (MNP) ,HELP{¥NP},X(MNP) RCFOIES0
c RCFO3660
IF{NSEG.EQ.L) THEN RCFO36870
Do 83 I=L, NP RCF03680
HELP{I} = ARRAY (1] RCFO3650
83 CONTINUE RCFG3T0C
SLSE RCFC3710
HELP (1} = ARRAY (1} RCFO3728
EELP(XP) = ARRAY (NSEG) ROFO3730
I=2 ROFOZ740
Do 84 X=2,NP-1 RCFO3750
1F ((X(K).GT.S8G(I-1}) .AND.(X(¥).LT.SEG{I})) THEN RCFO3760
HELP(K) = ARRAY(I-1) RCFOITIO
SLSE IF (X(K).EQ.3EG{I}} THEN RCFO3780
HELP (K} = 5.8D0* (ARRAY(I-1} » ARRRY(1}) BOFO3ITE0
FLEE ¥ (H{¥)}.3T.3EZ(I;) THEW ROFOIBON
HWELP{X) = ARRAYI(I) BOFOA8LT
I I+ 1 ROFQIBZ0
END IF DCOFCIEEE
B4  CONTINUE RCOFO384L0
EXD IF RCFO3EED
00 55 K=1,NF RCFD3IBB0
RERAY (K} = HELF(X) RCFOIBTC
BE CONTINUE RCFO3880
RETURN RCFOIRDO
END RCPUISRO0
o RCFO3I9LO
5 ROFOISEC
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FILE: RCFCRC1 FORTRAN 3 VM/SP CONVERSATIONAL MONITOR SYSTENM

ERIES OF DATARCFLISIO

THIS SUBROUTINE EVALUATES THE FIRST DERIVATIVE OF A S
POINTS USING A SECOND ORDER APPROXIMATION (NONUNIFORM FRID FINITE RCFO3I940
DIFFERENCES). RCF02I950
IMPLICIT REAL#*8(A~H,0-2) RCFGASSE0
PARAMETER {(MNP=151) RCFO3S70
SIMENSION ARRAY (MNP),DERIV(MNP),X (MNE) ROFS3880
USE FIRST CRDER FOR END POINTS DERIVATIVES RCFO 3990
DERIVIL) = (-ARRAY{i) + ARRAY(2))}/(X{2)-X(1)} RCFO4000
DERIV(NP) = (-BRRAY(NF-1) + ARRRY (NP} )/ {X(NB) =X (NP~1}) RCFO4CL0
ROFO4020
00 838 I=Z,NP-1 RCFO4030
0¥ = Z{I) = X(1-2) ROF04040
DEL = X{I+1) = X{I} RCFO4050
D = DE/DX1 RCTOACED
DERIV(I} = (D= (ARRAY(I+1)~BRRAY(I})) - (ARRAY {I=-1)~ARRAY (I))/D} RCFO40710
DERIV(I) = DERIV(I}/(DX+DXL) ROFO4080
836 CONTINUE RCFO4090
RETURN RCFO4100
END RCF04110
RCFO4120
SUBROUTINE OUTPUT (NP) RCF04130
THIS SUBRCUTINE CUTPUTS THE RESULTS IN A FORM TO BE USED AS INPUT RCFO4140
FOR A RUN OF RCLINDYZ. ROFO4150
IMPLICIT REAL#*8(A=~H,0~2) RCFO4169
PARAMETER (¥NP=151,Na=4, N=6) RCF04170
COMMON/ INPUTL/TLEN, WA, WT, NSEG RCFO4180
COMMON/S?AT[XI{MNP),STATIC(NA,HNP},VLOCXI(MN?),TOMAX,VK,NPZ RCF04190
COMMGN/COEF/EPSXI(MNP).EPSXIS(MNP),EPSETA{MNP),EPSETS(MNPJ.EPSPI(MRCFoézoo
xN?),sPspzs(MN?),HETA(M&P},TLAM32<MNP),HETAM,TﬁAxAV RCFO4210
COMMON/SCLUT/X (MNP} , Y (N, MNE} , ¥ODE RCFO4220
COMMON/FREQ/XLANDA RCFG4230
c RCF04240
SIGMAD = DSQRT (XLAMDA=TOMAX/TMAXAV) /TLEN RCF04250
SIGMA = DSORT (XLAMDA) RCFO4260
c ROF04270
c RCFO4280
c OUTPUT TC FILE CONNECTED TO DEVICE 11 RCFO4280
c THIS CAN BE USED FOR PLOTS OR INPUT TO A4 RUN OF RCLINDY3 RCFO4300
o ROFD4310
c RCFO4320
WRITE(11,3645%) MODE,NP,SIGMAD RCF04330
36439 FORMAT(1X,12,1X,I3,1%,010.4) RCFU4340
DG 3866 I=1,NP RCF04350
WRITE(LL,3867) Z(1;,17(3,2),3=1,6),57643 BUROLE60
3866 CONTINUE ROFC4370
IE6T  FORMAT(H{1X,DiZ.&n) ROFOARED
o ROFD4330
RETURN RCFO4400
END RCFG4410
o ROFC4420
SUBROUTINE FONFIX,P) RCF04430
z THIS SUBROUTINE EVALUATES THE WATRIX F(X) AT 3 GENTRAL POINT X RCFO4440
o THIS MATRIX IS USED BY NAG SUBRDUTINE DOIGRF. ROUFO4480
IMPLICIT REAL=8(E~H,0-2) ROFO4450
DARAMETER {¥MND=151, N=a) RCPCA4T0

s
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RCFORCLI FORTRAN A Y¥/Sp CONVERSATIO
+NPY,EPSPIS (MNP) ,HETA(¥KP) , TLAMBZ (MNP)  HETAN, TMAXRYV

QG%KONJCC:F*fEXI,EXIS,EE?A,EETRS,EFI,3935,&&,*MAHS,TQ,QKIV,wﬁECAQ,

«CONSL,COKSZ2
COMMCN/FREQ/XLAMDE
DIMENSION F{N,XN)
LOCATE MESH POINT
CALL CSOUNT{X)

DG B7S Imi,N

0O 878 K=1,N

FII,K) = 0.00

SONTINUE
F{1,2) = -QXIC
#(1,3) = T0
F{i,4) = CONES1
F{1,8) = -CONSZ
F{i,6) = ~-XLAMDA+HH
F(2,2) = -EPIS/EPI
F(2,3) = (EXI-ZETA)=OMEGAQ/EPI
F(Z,8) = -XLAMDA/TLAM2/EPI
F(3,1) = L.DO/EXI
F(3,2) = (EETA-EPI)*OMEGAC/EXI
F{3,3) = -EXIS/BYI
7(4,3) = 1.00
#(4,5) = ~-0OMEGAC
#(5,2) = 1.DO
F(5,4) = OMEGAQ
F(Syé) = 'loBG
RETURN
EXD

SUBROUTINE FCONG(X,3)

THIS SUBRCUTINE EVALUATES VECTCOR G(X) AT A

T IS USED BY NAG SUBRQUTINE DOZGBF.
IMPLICIT REAL#B(A-H,0-2)
PARAMETER (N=5)

DIMENSION G(N)
ooosL7 IsL ¥
GiIy = C.DG

o e e TTY RITEET
L7 OONTINGE

RETURN
END

IHE COUNT(H)
RGUTZNE EVALUATES THE R
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RCF04480
RCFG45G0
RCFO45L0
RUFO45Z0
RCFO4E30
RCFO434C
RCFO4550
RCFO4560
RCFO4E7C
RCF04380
RCFO4520
RCFQ4E00
RCFG46L0
RCFO4E20
RUFO4E£30
RCFL4640
RCFO4BED
RCFU4660
RCFC4870
RCFU4680
RCFO4E30
RCFC470C
RCFO4710
RCFO4720
RCFC4730
RCFO4740
RCFO4750
RCFO4760
RCFC47T0
RCFC4TE0
RCF24790
RCFO48CC
RCFO4810
RCFD4820
RCFO4830
RCF048B4C
RCFO4850
RUF04880
RCFC4870
RCF0488C
RCF04330
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RCFCRCL FORTRAN 2

*ﬂ?),EPS?ZS(HN?),HETE{H%P),TLAHBE(H&?),‘ETAK.THAXAV

CGHKQK!STA?/KI(H%?}fSTATEC(HA,HKP),QLGCXZ{HN?}

VM/SP CONVERSATIONAL MONITCR SYSTEM

RCFORCES

» TOMRX, V¥, NPT RCFOS080

CO%BON/CGEFL/&XZ,EXZS,SﬁTA;EE?AS,E?E,E?IS,E%,TLAHE,T + G410, OMEGRC, RCFOS070

*CONS1, CONS2 RCFOS080
cexacNXSTATzfccxsrz{ﬁN?},CGNSTZCxﬁg} RCFOS0S0
COMMON/COUN/ ICOUNT RCFOS100
M o= ICOUNT BCFOS110
IF (Z.EQ.XT(¥)) TrEN RCFOS8120

EETR = EPSETA(M) RCFUS130
EETAS = EPSETS (M) RCF05140
EXI = EPSXI (M) RCFOBLE0
ERIS = EPSXIS (M) RCYOB160
EPI = EPSEI (M) RCFOBLTC
EFIS = EPESPIS{M) RCFU5180
HH = HETA{M) RCF05180
TLAMZ = TLAMBZ (M) RCFOSE200
T = 3TATIC(L.M) RCFO5210
QXI0 = STATIC(Z,M) RCFO8220
CMEGAQ = STATIC(3,M) RCFO5230
CONSL = CONSTL{M) RCF05240
CUNS2 = CONSTZ (M) RCPOS2350
ICOUNT = ICOUNT + 1 RCFO5260
IF{X.EQ.1.D0) ICOUNT = 1 RCFO8270
ELSE IF ({X.LT.XI{M)).AND,(X.GT.XE{Mwi))) THEN RCFO5280
DIFF = DABS(XI{M)-X) RCFU5280
THIS IF STATEMENT IS 7O ACCOUNT FOR A COMPUTER INACCURACY IN RCFOS300
REPRISENTING AND EQUATING REAL NUMBERS. RCFOS5310
IF (DIFF.LT.1.D~7} THEW RCFO5320
ICCUNT = ICOQUNT + 1 CFO5330
IF {XI(M).EQ.1.30) ICOUNT = : RCFO5340
END IF RCFO5350
oy o= (X*XI(M*l))f(XI(ﬁ%"XI{M~l)} RCFOB360
EXI = EPSXI{¥-1) + (EPSKI(M}-EPSXI (M-1))=DX RCFOS370
EZIS = EPSXIS(M~1) + (EPSKIS{M)~EPSKIS (M=1})xDx RCFO5380
EETA = EPSETA(¥~1) + (EPSET (M} ~EPSETE (M~1) ) +DX RCFO53890
EETAS = EPSETE (M-1) + {EPSETS (%) ~EPSETS (M-1} ) xDX RCFO5400
EPI = EPSPI(M~1) =+ (EPSPI(M)~EPSPI(¥~1)) DX RCFO8410
EPIS = EPSPIS(M-1) + (EPSPIS(M)~EPSPIS(M-1)) DX RCFO5420
HH = HETA(M~1} + (HETA (M) ~HETA (¥~1) ) *D¥ CF05436
TLAMZ = TLAMB2(E-1) + (TLAMB2 (M) ~TLAMEZ (M-1)) DX RCFO5440
TO = STATIC!(1,M-1) + (STATI (1, M}=8TAPIC{I, H=1) ) »DX . RCFOS450
SEIC = STATIC{Z,HM~2) + (STATIC{2,M}-STATIC(2,M~1) ) +Dx RCFOB4E0
CEEGAC = STATIC(3,M-1) + {37 TIC(3,M)=STATIC(3,M~1) ) «DX RCFO5470
CONSL = CONSTI(M-17 » {CONSTL(M}~CONSTL (M~17) #D¥ ROFCS480
CONEZ = CONSTZ (M~1) « {CONST2 (M) ~CONSTZ (M-t »0x RUFO5450
ELSE RCFOS500
RCFCS510

WRITE(Z,=) ' ERRCR COCURED Ty COUNTER, NF =',M RCFOBE20
END IF RCFOS530
RETURN RIFOS540
RCFOESED
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Chapter AVI

Listing of Program RCLINDY3 FORTRAN A
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RCLINDYS rOﬁ”R&ﬁ A

L]
oy

TﬁZS 3?0@33% CALCULATES THE OUT OF PLANE LINEAR

DYMA¥IC RESPONSE CF A

COMPLIANT RISER WITH A 2-D STATIC CONFIGURATION BASED ON AN
EMBEDDING TECHNIQUE, THE INITIAL EMRBEDDED APPROXIMATION

BY PRCGRAM RCFORCL AND THE FINAL SCLUTION IS CBTAINED
NEWTON'S ITERATION AND A NON-UNIFCRM GRID
DOUBLE PRECISION AND THE NAG FORTRAEN LIBRARY ARE USED.

?Nqﬂ?‘?‘m‘:}‘fﬁ"‘

COPYRIG 1¢88, MASSACHUSETT sTIiv

ALL RI K?S RESERVED.

IS8 PREPARED
UZING MCD
FINITE DIFFERENCE METHOD.

J.
IFIED

VM/SP CONVERBATIONAL MONITOR SYSTEM

RCLOGOLC
RCLCQOZC
RCLOOO30
ROLOOO4T
RCLOCOSC
ROLOQOGC
RCLOQCTC

xzxxx*xnxxwwrx****wxa*tt*xtw*w*x*ta*wxxrxxtwwzxxxaxxzxﬁxtw**x*xxxxtw***gﬁagooaﬁ

OF TECHRCOLLGGY

RCLGOOSC
RCLOCLO0

AN at

t*#**tt**#*****ﬂﬂ******Kﬂ*ﬂ**ﬁ********’R****’l****#*ﬂ******f*******!***RCLUQJ’*V

-4
PROGRAMMER GEORGE A. KRIEZIS CCTOBER 5, 18985
*

M.I.T.

RCLGOLZO

ERE AR A ALART KR A AR T ARSI XA EX KRR R AR AR AN AR A A AN AR AR XA LA RO ek vk v x e x0T, O01 A0

RCLOC140

DEFINITICK OF DEVICES: ROLOCLEC
DEVICE & : INPUT FROM TERMINAL RCLOOLEO
DEVICE & : CUTPUT TO TERMINAL RCLOOLTO
DEVICE 8 : INPUT FROM FILE PREPARED BY RCINPUT (LRECL=BOQ) RCLOOLIBO
DEVICE § : COMPLETE OQUTPUT TO FILE (LRECL=132) RCLOOLBO
DEVICE 10 ¢ INPUT FROM FILE CONTAINING APPROXIMATE N-3 STATIC RCLOC200
SCLUTION CREATED BY RCSTATZD (LRECL=132) RCLOOZ210

DEVICE 21 : OUTPYT TC FILE FOR PLOTE OR INPUT TO A NEW RUN RCLOCZZC
OF RCLINDY3 (LRECL=117 RCLOCZ30

DEVICE 12 : INPUT FROM FILE CONTAINING APPRCKXIMATE EMBEDDED SCLUTICON RCLOCZ240
CREATED BY RCFORCL (LRECL=117) RCLOC250

RCLOO260

COMMON BLOCK CONTENTS (OVERALL REFERENCE): RCLOQZTG
SOLYT = INITIAL EMBEDDED APPROXIMATION AND 3SO0LUTION MATRICES RCLO028BQ
STAT = STATIC COMPLIANT RISER SOLUTICOH RCLOQ230
STATZ = FUNCTIONS OF ZTATIC RESULTS RCLOO30C
INPUTC = GUTPUT FILE HEADING RCLOG31O
INPUTL = RISER LENGTH, AVERAGE AND TOTAL WEISHET AND NUMBER OF SEGMENTSRCLOG320
INPUTZ = RISER TUBE INTERICR CHARACTERISTICS RCLOC33C
I¥PUTL = RISER SEGMENTS LENGTH RCLOD340
INPUTI = WEIGHT, STIFFNESSES AND STIFFNESS DERIVATIVES RCLOC3EC
INPUT4 = CHARACTERISTIC DIAMETERS AND PERIMETER OF RISER TUBE. RCLOG380
I¥PYTS = MASS AND BDDED MASS CHARACTERISTICS IN THREEZ DIRECTIONS RCLOCZ7C
INPUYTE = RISBER PCLAR AND ADDED POLAR MOMENT OF INERTIA. RCLOG380
COEF = NONDIMENSIONAL RISER CHARACTERISTICE USED IN THE EQUATIONS RCLOQ3ISO
COEF1 = NONDIMENSIONAL RISER CHARACTERISTICS AT A SPECIFIC POINT RCLOC4AGO
CONST = PROBLE¥ CONSTANTS (PI, GRAVITY, WATER DENSITY) RCLO04LD
BOUNDA = BOUNDARY CONRITICHN FOR OMEGA XI AT 3=C AND EMBEDDED BCUNDARY RCLOU4ZD
CONDITIONE TROM FPROGRAM ROFORCL RCLGO43C

SCUH = INTEGER COUNTING VARIABLE TC DETERMINE EACH DRIVISICN PUINT RULOCAET
FECLAODLES

IMPLICIT REAL*8{2-H,0-Z) BCLCCes0
PARAMETER {N=7, MNP=151  Na=4 , [¥=7) RCLOGLATO
PARAMETER (LWORK=MND* {IxN# 22402 N+2 ) ~duN2xx2+3%N) ROLGO48S
vAdAFbTEQQL’%CRF*MHD*i?*ﬁ+ R RCLOO4B0
DIMENEION WORK(LWORK) , IWCRK (LIWCRK] CLOQRCU
COMMON/SOLUT/Z (MNP}, Y (N, MNF) ,ABT(N) ,MODE RCLOOSBIC
COMMON/STAT/XI (MNP} ,STATIC(NA MNP, VLOCKI (MNP}, TOMAN, VM, NPT RCLOOBZD
COMEON/COUN/ TO0UNT RCLOCESG
EXTERNAL SUBRCUTINES USED BY NAG LIBRARY RCLOCES40
EXTERNAL FCH, 2, JACEPS, JACGEP, JACDEF, JACUEE ROLOOBED
RUCLOGCESE

DATH NOUT /E5/
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ROLINDYI FORTRAN A

YM/SP CONVERSATIONAL MONITOR SYSTEM

< RCLOGCETC
< READZD READS £-D STATIC SCLUTION CALCULATED FROM RCSTATZ2D PROGRAM.RCLOOIBC
c IT EVALUATES THE MAXIMUM NONDIMENSIONAL §TATIC EFFECTIVE TENSIO RCLOUSE0
- ' RCLCQBA0
CAaLlL REAR2D(NPI) RCLOQELS
< CLO0BAT
- SHARAC READS RISER CHARARCTERISTICS FROM UNIT § AND EVALUATES THE RCLOGE23C
< NONDIMENSICONAL COEFFICIENTS TC BE USED IX THE EQUATIONS. RCLCOB40
(o RCLOQBS0
vAﬁu CHARAC(”L”NG,IC,&PE) RCLGOB60
Ir LEQ.0) STCP RCLOQETO
c RCLOOERBO
C DEFINITICHS OF PARAMETERE ... RCLOCEBC
C N = NUMBER OF ECUATIONS TO BE SCLVED BY DOZRAF RCLOGTCC
T 1Y = NUMBER OF VBRIABLES RCLOQ7LO
< ¥ND= MAYIMUM NUMBER OF PERMITTED POINTS IN THE NON-UNIFORM RCLOOT20
- F.D. MESE { MNP >= 32) RCLOO7T30
IF(MNP.LT.32) THEN RCLGO74C
WRITE(G,1257) MNP RCLOQT30
12587 FORMAT(* MNP = ',I3,' IS NOT PERMISSIBLE") RCLEO760
STOP RCLOO7TC
ENDIF RCLOCT8C
C NUMBER OF BOUNDARY CONDITIONS AT §=0 RCLOCTSC
127€ NUMBEG=4 RCLOOEAC
c NUMBER OF MIXED BOUNDARY CONDITIONS RCLOOELC
NUMMIE=0 RCLOOBZO
cC DPARAMETER DECLARING THAT INITIAL APPRCXIMATION I3 USER SPECIFIED RCLOCB30O
INIT=L RCLOOB40
c PARAMETER DECLARING THAT JACOBIANS ARE USER SPECIFIED CLoo250
IJAC= RCLDOBE0
c PARAMETER CONTROLLING MCNITORING OF CALCU JLATIONS RCLCOBTO
IFRIL=L11 RCLOCEBC
< RCLOCBIC
< RCLGOSGCC
C SEADAS : READS APPRCAIMATE EMBEDDED SOLUTICK FROM DEVICE iC RCLOCOLO
< T ALSO PROVIDES ICCC,NP, TOL= TCLERANCE COF ITERATIONS RCLOCE2C
c RCLOCS30
~ALL READAS(ICCC,NP,TOL) RCLOCYP4AC
c RCLOOS50
c 17 THE NUMBER OF PCOINTS FRCM THIS 3SOLUTION 18 GREATER THAN THE RCLOOSE0
< STATIC SOLUTION PCINTS, INTERPCLATE ALL CHARACTERISTICS 70 THE uuu0970
< NEW NUMBER OF PCINTS. RCLOOEBO
c ASSUNPTION : NP ALWAYS GREATER OR EQUAL TO NPl RCLOOES0
c wyts 1S YALID IF THE SAME STATIC SOLUTION Wald USED TO OBTAIN THE  RCLOLOCO
c APPROYIMATE EMBEDDED SCLUTION IH DEVICE 1. RCLOLOLE
z RCLOLOZD
iF NPT} THEN RCLLOLOZC
INTERP (NP RCLGL040
ﬁ? CLCZCSJ

ELSE P.LT.NPI) THEN RCLCLO
ITE(E, 314) QCLg~V7G
314 Rﬁ%?f’ APBRO¥IMATE 3OLUTION IN DEVICE 10 WAS NOT CBTAINED'/ RCLOLCBO
= oM THE SAME STRTIC SCLUTION, PROGRAX STOPS') RCLOZ0OB0

£
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FILE: RCLINDYI FORTRAN 2 VM/SP CONVERSATIONAL MONITOR SYSTEYM
c INCREMENT OF CONTINUATION PARANETER RCLOLIZ0
TRGL  WRITE(S,78%30) RCLO1140
783C FORMAT(' INPUT INITIAL INCREMENT OF CONTINUATION DARAMETER DELEPS'RCLOLLSD
x/" IF NO CONTINUATION 1S REQUIRED INPUT DELEPS = 1.D0'/ RCLOLIGD
*' IF CONTINUATICK IS REQUIRED THEN 0.D0 < DELEPS < 1.D0'/ ROLOLILITO
*' RECOMMENDATION :'/ RCLG1IL80
*' USUBLLY DELEPS = 0.1D0 WILL SUFFICE'/ RCLO1130
«' FOR LARGE CHANGES BETWEEN INITIAL AND FINAL PROBLEX'/ RCLG1Z00
*' A SEALLER VALUE OF DELEPS, E.G. $.CS500 OR C.025D0 MIGHT BE'/ RCLOLZ10
** NECESSARY') RCLO122C
READ(S,+} DELEPS RCLOLZ30
IP{{DELEPS.GT.1.00) .0R. (DELEPS.LE.C.DO) ! THEN ROLOLZ40
ITE(E, 7892) ROLO1250
T892 FORMAT{' Q. < DELEPS <= 1,'} RCLCL280
GOTO 7891 _ RCLOL27G
END IF RCLO1280
o SET COUNTING VARIABLE RCLOL2%0
ICOUNT = 3 RCLOLICO
IF{ICOC.EC.O) sTOP RCOLOL2LO
o RCLOL1320
CALL XO4AAF{1,NOUT) RCLOL330
CALL XO4ABF(1,NOUT) RCLO1340
o ROLOL13Z0
c CALL NAG SUBROUTINE DOZRAF TO SOLVE THE TWO-POINT BOUNDARY VALUE RCLOL3IED
™ PROBLEM USING A DEFERRED CORRECTION TECHNIQUE AND NEWTON'S RCLO1370
C ITERATION. RCLO1380
CALL DOZRAF (N,MNP,NP,NUMBEG, NUMMIX TOL,INIT,X,¥,IY,ABT,FON, G, IJAC, RCLOLISO
*JACOBF , JARCCBG, DELEPS, JACEPS , JACGEP , WORK, LWORK , IWORK, LIWCRK, IFAIL) RCLO1430
o RCLOL41L0
WRITE(5,50058) I[FBRIL RCLO1420
900C FORMAT(' IFARIL =',13) ROLO1430
c RCLO1440
- QUTPUT THE RESULT RCLG1450
o RCLO1480
IF({IFAIL.EZ.0).0R. (IFRIL.EQ.4)) THEN RCLO14T0
CALL OQUTPUT(NP) RCLO1480
ENDIF RCLO1450
c RCLCL500
STOP RCLO1510
END RCLOLE20
RCLOL530
SUBRCUTINE CHARAC(TLENG,IC,NP) RCLOLE40
o THIS SUBROUTINE READS THE COMPLIANT RISER CHARACTERISTICS AND TLOLBAC
- EVALUATES THE KONDIMENSIONAL COBFFICIENTS T0O BE USED IS TRE ROLOLSES
o GOVERNING EQUATIONS. RCLOLETS
IMPLICIT REAL*B{A-H,0-2) ACLOLSRO
PARAMETER (MNP=121 , NA=4, N=7} ROLOLESD
THARACTER#S0 NEME ROLOLBGO
COMMON/CONST/YPI,XPT2, RHOW, GRAY RCLOLB1O
COMMON/ INPUTCO/NAME RCLO1EZD
COMMON/INPUTL/TLEN, WA, WT, NSEG RCLOLBIO
COMMON/INPUTZ/REOG, AT, CFLUID, PRESS, A0 (MND) RCLO1640
COMMON/INPUTL/BLENG (MNP}, 8EG {MNDP+1 ] ROLOLIE50
COMMON/ INPUTI/WEIGHT (MNP) ,EA (MNP, EIETA (¥¥P) ,EIETAS(MNP] ,EIXI (MNDP) ROLOLESD
* EIXIS(ENP} ,GIP (MNP}, GIPSIMND] BCLOLETO
BEO

COMNON/INPUTA/DEI (MNP, PRIETR (MNP} ,DETA(YNP) ,DEIETE (MNE) CLOLEE
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COHKCﬁf{ﬁPQTE/RK&SS(MN?),RHASST{KN?}.A%AXZ{MNP}.AﬁAETA{%ﬁP},AMAZZ{RCLQR&EG

=MNP}, THAYI (MNP}, TMAETA (MND) RCLOLTOG
CGHMDNfEﬁPU?&fXJZI{XNP}géJZI(ﬁNP};TJEE(KHP} RCLOL7L0
COMMOR/STAT/XI (MNP} ,STATIC(NA, MNP}, LOCKI (MNP}, TOMAX, VM, NPI RCLOLIT720
CGHK%HfCOgF/E?SXI{XN?),E?SXIS(KN?},E?SH?A(&H?}gE?SETS{MN?},E?SPZ(%RCLSi?EG

*NP) ,EPSPIS(MNP) ,HETA (MNP) , TLAMBZ (MNP) ,HETAM, TMAXAV RCLOL740
COMMON/STATZ/CONSTL (MNP) , CONSTZ (MNP} RCLULTSEC
COMMON/SOLUT/Z{MNP) , ¥ (X, MNP) ,ABT{N),¥ODE RCLO1760
DIMENSION TENG (MNP}, QXC (MNP}, TOS (MNP) , QX108 (MNP) RCLO1T77C

c RCLDL780
- READ RISER CHARACTERISTICS FROM DEVICE 8 RCLOLTSO
RCLO18B0OC

READ (8,1000) NAME

1000 FORMAT(S0A! RCLOLBI0
READ (8,1008) NSEG,TLEN,WA,RHCO,AI,CFLUID,PRESS RCLO1820

1008 FORMAT{LX,I3,2(1X,D12.6)/4(1X,D12.5}) RCLO1830
TLENG = TLEN " RCLC184C
RCLO1850

DO 1502 I=1,HNSEG
READ {(8,1003) RLEXG(I}pRHASS{E),RMASST(I},AHAXI{I},WEIGHT{E),BXE{IRCLGiSGO

. =) PXIETA(I},EA(l),EIETA(I),A0(I),EIETAS(]) RCLO1870
1802 CONTINUE RCLO 1880
1003 FORMAT(5(1X,D12.6)/6(1%,D12.6)) RCLOL89C
o RCLOL3C0

DC 1332 I=1,NSEG RCLO1910
READ(8,1333) AMAETA(I) ,DETA(I},EIXI(I),EIXIS(I),GIP(I),GIPS{I), AMARCLO1920
*ZI(I),XIZI(I) ,AJZ1(1) RCLO1930

1332 CONTINUE RCLO1S40
1332 FORMAT(6(1X,D12.8)/3(1X,Di2.8}) RCLO1950
o) RCLO1960
IC=1 RCLO1370

c RCLO1S8C
7850 WRITE(S,7851) RCLO1GS0
7651 FORMAT(' DU YOU WISH A TERMINAL COPY OF RISESR CHARACTERISTICS'/  RCLOZ0O0O
' IF ¥YES INPUT L , IF NO INPUT C°) RCLO2010
READ(5,*} IPRINT RCLOZOZ0
IF({IPRINT.NE.L} .AND. (IPRINT.NE.C)) GOTC 7630 RCLO2430
IF(IPRINT.EQ.Z) THEN RCLOZ2040

< RCLO2050
WRITE(&,1000) NAKME RCLOZ060
WRITE(E,2500) RCLG2070

25QC FORMAT(' NSEG  TLEXW 7 RHOC AI RCLO2080
* CFLUID PRESS') RCLOZG90
WRITE{8,2001) NSEG,TLEN,WA,RHDC,AI,CFLUID,PRESS RCLO2100

2001 FCORMAT(LX,I3,8{1Z,D12.58)) RCLGZLIO
WRITE (S, 3400) RULOZIZ0

3400 FORMAT! I BLENG RMLSER RUESET RMEXI ROLSZ2130
*  WEIGHT' ' oy PHIETR 8 EIETA RCLOZLI40

* IETAS ROLOZ150

oo 3002 I ROLOZLAD
WRITE{S,3 DXIRCLOZLTO

#{1} ,PXIET ROLOZLED

3002 CONTINVE ROLCZLF0
3003 FORMAT(1X,I3,5(1X,D12.6)/4X,6(1%,012.5)) ROLOZ200
o RCLOZZLIO
WRITE(E,1334) RCLOZZ20

1334, PORMAT (Y I AMRETZ TIHT EIXI1g ROLGZZ230
*  GIR Frpme /o 17T A37T ROLOZZAC
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DG 1338 I=1,NSEG CLC223C
WRITE{(&,1336) I,AMAETA{I},DETA(D) (EIXI(I),EIXIS(I),GIP(I),GIPS(I),RCLOZ260
*AMAZI(I),8J21(I),AJ21(7) RCLOZ27D
CONTINUE RCLGZ280
FORMAT(1X,I3,8(1X,D12.8)/4X,3(1%,012.8)) RCLOZ290
RCLO2340

WRITE{S,1700) RCLO2310
FORMAT (' INPUT @ IF RISER DATA ARE CORRECT'/' INPUT o TO gToRY) BCLC2320
READ{S,»} IC RCLOZ330
IF((IC.NE.C).AND. (IC.NE.1)) GOTC 1701 RCLOZ340
IF(IC.EQ.0) RETURN CLO23B0
RCLOZ360

ENDIF RCLG2370
RCLOZ380

NON - DIMENSIONALIZATIONS RCLO23%0
RCLOZ2400

GRAV=8.8100 CLO2410
WAM=WRA/GRAV RCLOZ2420
WT=WA«TLEN RCLOZ2430
XPI=4.D0#+DATAN{(1.D0) RCLGZ2440
¥PI2=XPI/2.D0 RCLOZ2450
RHOW=1.025D3 RCLO2480
RCLOZ470

NONDIMENSIONALIZE CORRECTLY QKIO, TO FROM 2-D STATIC SOLUTION RCLC2480
RCLO2490

TOMAX = TOMAX#*WT RCLG2800
THD = WT/TOMAY RCLOZ510
DG 229 I=1,%¥p RCLO2820
STATIC (2,1} = s*AT:cai,z) THD RCLOZ530
STATIC(2,I) = STATIC(2,I)=TND RCLOZB40
CONTINUE RCLO2850
RCLOZ560

NONDIMENSIONAL CCEFFICIENTS USED IN THE ZQUATIONS RCLG2570
RCLO2580

TOMAXI, = TOMAX/TLEN RCLO2530
TCHLL = TOMAY=TLEN CLOZ2&00
TOML2 = TOMLL+TLEN RCLO28B1D
TLEN2 = TLEN®»3 RCLOZB20
TMAXAY = 3.D0O RCLS2630
DC 2000 I=1,NBEG RCLO2640
RLENG{I)=RLENG!I)/TLEN RCLG2680
WEIGHT(I}=WEIGHT{I)/TOMAYL, RCLU2560
EPSEIII) = ZIXI(I)/TOML: RUOLGZETD
EPSXIS(I) = EIXIS{I:/TOoML: %czaznaa
EFSETA{I! = EIBTA(I}/ToMLD RCLG2E50
EFSETS{I}) = EIETAS{I/T0MLL RCLOZTO0
EPEPI(I} = GIP(I)/mToMLD BCLG27LO
EPSPIS(I) = SIPS{zy/ToMn: RCLO272¢C
TIZIMI} = XJZI(I) + AJZIII) RCLOZTAD
TMAETA(I) = RMASS{I) + AMAETA{I) RCLOZ740
TMAXI(I} = EMASS(I) +« aMaAXI(I) RCLG278G
TMAYAV = TMAKI(I)=RLENG(I) + TMAYXAY RCLGZ2780
DEIM = DHIM + DXI(I)=RLENG{I) 2czc2??c
= DEI{I}=DETRII) RCLGZTRO

BCLOZ790

ROLGZANH
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DO 4321 I=1,NSEG RCLOZ2810
HETA (I} = THAETA(I)/TMAXAY RCLOZBZO
H“T = BETAM + HETA{I}+RLENG(I) RCLOZE30

TLAMBZ(I) = TLEN2*TMRXAY/TJIZI(I) RCLOZ840
»st-‘-E RCLO2E5S
RCLOZ8S0

CALCULARTE DERIVATIVES COF STATIC OUANTITIES RCLOZETD
o0 73T I=1,%P RCLOZESD
TENG(I) = STATIC(:,I) RCLOZESC
CEO{I} = STATIC(2,I} RCLO2800
CONTINUE ROLC2910
CALL DER:(TENG,XI,TOS,NP) CLOZ2S20
CALL DERI{0X0,XI,0XI08,Np) RCLOZE20
EVALUATE FUNCTIONS OF STATIC RESULTS RCLOZ940
00 58 I=i,NP RCLG2850
CONSTLI(I)} = TOS(I) - STATIC(2,I) *STATIC(Z, 1) ROLOZ960
CONST2(I) = QRIOS(I} + STATIC(I,I)#STATIC(3,: RCLG2E70
CONTINUE RCLOZ980
RCLO29%0

SEG(I1)=LEFT ORDINATE OF SEGMENT I RCLO3000
SEG(1)=0.D0 RCLO3IOLO
SEZ{NSEG+1)=1.D0 RCLO3G2D
DG 4000 I=2,NSEG RCLO3030
BEG{I)=RLENG(I-1)+SEG(I~1 RCLO3040
CONTINUE RCLO3050
INTRERPOLATE STRUCTURAL DIMENSIONS TO NP POINTS RCLO3CED
ASSUMPTION: NUMBER OF RISER SEGMENTS WITH DIFFERENT RCLO3070
CHARRCTERISTICS IS SMALLER THAN THE STATIC SOLUTION POINTS RCLO30BO
NSEG < NPI RCLO30%0

RCLOZI00

IF (NBEG.GE.NPI) THEN RCLO2110

WRITE(6, 188) RCLO3120
FORMAT(' NSEG => NPI, PROGRAM STOPS') RCLO3130
T =0 RCLO3140
RETURN RCLO3IL50

END IF RCLG218D
CALL STRUCT(EPSXI,%,NE) RCLO3170
CALL STRUCT(EPSXIS,X,NB) RCLO3180
CALL STRUCT (EPSETA,X,ND) BCLO3190
CALL STRUCT{EPSETS,X,NP) RCLOZZ0O0
CALL STRUCT(EPSPI,X,NE) RCLGBZlO
CALL STRUCT{EPSPIS,X,NP) LG3220
CRLL ZTRUCT(HETAR,X,NE) wb;ﬂzzzﬁ
CALL STRUCT(TLAMEZ, X, N5} RCLO3Z40
RETURN ACLGIZED
END RCLO3IZED

akua““*
SUBRCUTINE QEAEE@éﬁp% Lo3zao

THIS SUBROUTINE READS THE STATIC COMPLIANT RISER 20 LUTION FROM RCLQ329G
swvrca ¢c. IT "VALﬂémuS THE MAXIMUM NONDIMENSIONAL STATIC TEXSION.RCLO3300
I¥PLIC REAL*B(A-H,C~T) RCLO3Z10
fggaxz ER (N=7,MNP=151, Ni=4) ROLG3320

gxayfs?a* 391 Hﬂ?%,STAT”ﬁi&ﬁ;?%P},fLCCK” (MNP} POMAY, VY, NPT RCLO3330

:ostﬁf TAXAMNEG , Y ON, M8, RATYN ) , MODE RCLO3I 340

ROLO33S0

STATICCL,I) = STATIC EPFECTIVE TENSION 1o RCLOARES
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STATIC{2,I) = sTarIc SHEAR FORCE IN THE X7 DIRECTION
STATIC(3,1) = sTaric UMEGA IN THE ETa DIRECTION
STATIC(4,1) = gmarre ANGLE PHI

WRITE(&,2000) Myp
FORMAT(' MNP=',I3)

READ STATIC SOLUTION

READ(10,3645%) Np,vn
FORMAT{1X,I3,1X,D12.¢8)

WRITE(6,2311) NB,VvM

FORMAT(' 2~-D sTATIC SCLUTICN FROM DEVIC
= NP =, T3/

oy

*' ¥EAN CURRENT VELCCITY IN THE ¥ DIRECTION IN M/8 (V¥ =',012.8)

IF((NP.LT.4) .OR. (NP.GT.MNP}} THEN
1ceo=g
WRITE(E,12439)
TORMAT(' NP 1S INAPPROPRIATE ; RUN STOPS')

RETURN
ENDIF

READING FRCM DEVIC 10

DC 1¢21 I=1,wp

vM/sp CORVERSATIONAL KONITOR svs7eM

RCLE337¢

CLU3380
RCLE3390
RCLO340D
RCLG3410
RCLO3420
RCLO3430
RCLG3440
RCLO3450
RCLO3480
RCLG3470
RCLO3489
RCLO3490
RCL0O3500
RCLO3B10
RCLO3520
RCLO3530
RCLO3840
RCLO3550
RCLG35860
RCLO2870
RCLO3ERD
RCLO3IZ90
RCLO3600

READ(:0,1033) X{I),STATIC{A.I},STA?EC(Z,I),STATIC{B,I}rSTATIC(étZ}RCLO3610

*,XCOOR,YCOGR,STEAHC,TENSI,VLOCXI{Z)
XI(I) = X(1)

CONTINUE

FORMAT (10{1X,D12.8))

EVALUATE MAXIMUM STATIC EFFECTIVE TENSION
TOMAXzﬁﬁAX1(S?ATIC(l,l),STATIC(1.2))

DG 9859 I=3,Np
TQMAXwDMAXl(TOHAX,STATIC(l,Z)}

CONTINUE

WRITE(&,1654) TOMAX

FORMAT(' 2-D 3TATIC SOLUTION SUYCCESFULLY READ'/' MAXIMUNM STATIC

*FECTIVE TENSION/WA*L = ',010.4)

RETURN
END

SUBRCUTINE RSAZAS{ECQC;%P,TOL}
IMPLICIT REAL#*E (3~H,C-72)
?ﬁ&%ﬁngﬁ{ﬁx?,HN?=151,§ém4}
CSMHGE/SBLST!X{%%?},Y{&,ﬁﬁ?};ﬁﬁ?fﬁ},%&ii
CG%HG%/STAT%KI{M%P%,STATIC{%%.&%PE,VL&CXI{EN?};TQ%AX,?M;E?E
CSHM&ﬁ/E%UNE&fBCHHS,BCU%ER,30§NEB
READAS READS “NITIAL EMBEDDED APPROXIMATION RESULTING FROM
RUN OF RCFORCL

Y(1,I) = SHEMR FORCE IN THE BT SIRECTION
2,1} = oMEca ABGUT ZETA

¥{3,I} = cmEca ABCUT ¥

(4,71} = DyNamIc ANGLE THETA

RCLOz&20
RCLO3430
RCLO3640
RCLO3650
RCLO3E80
RCLG3670
RCLO3680
RCLO3830
RCLOZ2700
RCLG3710
RCLG3720

EFRCLO3730

RCLO3740
RCL03750
RCLO3760
RCLO3770
RCLO3780
RCLO2790

i
d
A

[

ta)

o3

(&)

(]

£
&
14
{0 M
fo
o 68

RCLC3R3
RCLO384

RCLO3880
RCLO38E0
RCLO3E870
RCLE388D
RCLO3890
RCLO3900
RCLOZ910
RCLUZ820
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o Y{8,1} = DYNAMIC ANGLE BET2 RCLO3SI0
z {8,1) = ouT oF ?LANE DISPLACEMENT, R RCLOZS4A0
c ¥Y{7,I) = NATURAL FREQUENCY RCLO3850
c (D) = UNSTRETCHED ARC LENGTH 8 ROLCIBED
o ROLO2570
WRITE(S,200C) ¥NP RCLO3SB0

2000 FORMAT{' MNP=',I3) RCLO3SS0
z RCLO4000
READ(12,38459) MODE,NP,SIGMAD RCLO40LD

3645% FORMAT(1X,12,1X,132,1X,D10.4) RCLO4C20
WRITE(E,2311) NP,MODE,SIGMAD RCLO4030

23l FORMAT(' INITIAL APPROXIMATION FROM DEVICE 12'/ RCLO4040
x*' NP =',I3,' MODE NUMBER =',I2,' SIGMAD =',D10.4) RCLO40S0

c RCLOA0B0
TF({NP.LT.4).0R. (NP.GT.¥ND)) THEM RCLO4D70
IC0C=0 RCLO4ORO
WRITE(8,12439) RCLO4030

1243%  FORMAT(' NP IS INAPPROPRIATE ; RUN 3STOPS') RCLO4130
RETURN RCLO4110

ENDIF RCLO4L20

o) RCLO4130
C READING DATA FROM DEVICE 12 ... RCLO4140
c ROLO4150
DO 10011 I=1,NP RCLU41E0

REA D(12,~0612) X0, (83,13 ,3=1,7) CLO4L70

10011 CONTINUE RCLO4180
10012 FORMAT(B(1X,D12.8)) RCLO4130
o EMBEDDED BOUNDARY CONDITIONS AND CMEGAE ¥I:(05) RCLG4200
BCUND = ¥(3,1) RCLO42:0
BOUNDE = Y(5,NP) RCLO4220
BOUNDR = Y(&,NP) RCLO4Z30

c RCLO4240
WRITE(9,1052) XP,SIGMAD RCLO4250

1052 FORMAT(' INITIAL CONDITICN FOR EPS=0. AND NP = ',I3,' POINTS, NATRCLO4Z50
*URRL FREQUENCY = ',D10.4,' RAD/S'/ RCLO4270

xt I ARC SHEAR ETA OMEGA ZETA GMEGR XI THETARCLO4280

* BETA R SIGMAY) RCLO4250

DO 1601 I=i, NP RCLO43GO
WRITE(®,1803) I,X(I),¥{1,I),¥(2,1),¥(3,I),7(4,1),%(5,1),¢¢( (6,1}, RCOLO43L0

* ¥{(7,1 RCLO4320

1801 CONTINUE RCLO4330
1803 FPORMAT(1X,I3,8(1X,D12.6)) ROLO4240
o BCLOS3S0
WRITE(S, 5881 BCLO43E0

Y561 FORMAT(' D0 YOU WISE A TERMINAL TCBY OF INTTYAL APPRONIMATION'/  ROLO437D
! IF YES INPUT 1) RCLO4350

RERD (B, =) IPRINT RCLG4390
IF{IPRINT.EQ..) THEN ROLOA400
WRITE(£,1082) NP RCLO4410

0O 26885 Isi,NP RCLO442C
WRITE(E,1803) I,40I),Y(L,1),¥(2,1),743,1),9(4,1),7(5,1),7(6,1), ROLO4430

¥ ¥{7,13 ROLO G440
RCLC44E0

z«sqym*" 3\;( f“-‘é

W
£
LYt
Ay

B
B o s BT ot ATy T RIMITMTYA Y
722 FORMAT(® ASRUMED BOUNDARY 00YDioIio:

&emgw- T s 7
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*' CHEGA XI (o) =',012.6) RCLO4490
c RCLO4500
TOLL = 0.D0 RCLO4SL0
DO 3831 I=1,Np RCLG4520
TOLLI = 3%AX1(?C£1;QABS{Y{3,I}}} RCLO4530
3931 CONTINUE RCLO4540
WRITE(8,3932) ToLz RCLO455C
3932 FORMAT(' MAXIMUM ABSOLUTE VALUE oF N-D OMEGA XI 13 =, D12.8/ RCLO4560
*' THIS WUMBER CAN BE USED TO ZSTIMATE e RCLO457C
*' A REASONABLE TOLERBNCE FOR CONVERGENCE oOF ITERATIONS '/ RCLO4580

** INPUT A FRACTION oF THIS KUMBER T DETERMINE THE TOLERANCE' / RCLG4390
*' E.G. INPUT 0.01L OR 0.1 IF THE INITIAL ESTIMATE FOR OMEGA XIi+/ RCLO4800
*' I3 SMALL'/' APTER THE RUN CHECK THE ACCURACY CF THE SOLUTION') RCLO4B10

READ(S,+) TOLYV RCLO4820

TOL = DABS{TOLV)TOLL RCLO4630

C RCLO4840
10085 WRITE(s,1004) RCLO4650
1004 FORMAT(' IF vou WISH TO STOP INPUT o/ RCLO4EES
=' IF YOU WISH TO CONTINUE WITH ITERATIONS INPUT ') RCLO4E70
READ(B,x) oo RCLO4880
EF{(ICCC.NE.G}.AND-fZCCC.NE.L}) GOTC 1005 RCLO4E30

c RCLO4T700
RETURN RCLG47L0

END RCLC4720

< RCLO4730
SUBROUTINE STRUCT {(ARRAY,¥,NP) RCLO4740

c TEIS SUEBROUTINE CHANGES A 3ERIES OF DATA SIVEN IN RCLO4750
c SEGMENTS TO A SERIES aF DATR CORRESPCNDING ToO SPECIFIC POINTS RCLO4780
< ASSUMPTION: NSEG < ND RCLO4770
I¥PLICIT REAL*8(a~H,0-2) RCLO4780
PARAMETER (MNP=151 RCLD4790
COMMON/I&PUTL/TLEN,WA,WT,NSEG RCLO4800C
COHMON/INPUTL/RLENG(HNP},SEG(MN?*l RCLO4810
DIMENSION ARRAY(HNP),HELP(MNP},X(HN?) RCLO4820

c RCLO4830
IF(NSEG.EQ.1) THEN RCLG4840

D0 83 I=1,NpP RCLO4850

HELP(I} = ARRAY(1) RCLO4860

B3 CONTINGE RCLO48 70
ELSE RCLO4880
HELF(1) = ARRAY(1) RCLO4E9C
HELP(NP) = ARRAY (NSEG) RCLO4B00

I=2 RCLO4E10

OC 84 H=Z, P~y RCLOS3Z0

i¥ {fZ{K}.ST.£ZG§fWE33 AND.{Xi®y .y BEG(I}Y) THENW RCLO4B30

HELP(X) = ARRAY(I-1; RCLO4940

ELBE IF (XK} .EQ.8EG(I} THEX ROLO49ED

HELP (K} = U.5DC% {ARRAY (T2} =+ ARRAY (1}) RCLO49E0

ELSE IF (XK} .GT.SEG{I); THEN RCLO4370

HELP{K} = ARRAY(I: RCLO4980

I =1+ RCLO499g

END IF BILOBOOD

84 CONTINUE RCLOBOLG
ZHD IF RCLCBo20

IC BE Hep,yp &

ARRRY K} = HEL2/E O
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85 CONTIKUE RCLOSO50
RETURN RCLOBOE0
EXD RCLOB07C

RCLOSCED

SUYBROUTINE DERL(ARRAY,X,DERIV,NP) RCLOB0S0
wHYa SUBRCUTINE EVALUATES THE FIRST DERIVATIVE OF A SERIES OF DATARCLOZIGC
POINTS USING B SECOND ORDER APPROMIMATION (NONUNIFORM GRID FINITE RCLOS11C
DIFFERENCES) . RCLOBLZ0
IMPLICIT REAL*8(A«H,0-Z) RCLOBL30
PARBMETER (MEP=151 ROLOS140
CIMENSTON ARRAY (MNP),DERIV(MNP),X{¥NP) RCOLOSLED
USE FIRST ORDER POR END POINTS DERIVATIVES RCLOBLES
DERIV(L) = (=ARRAY{1) + ARRAY{(2))/(X(2}-R{1}) RCLOBLTO
DERIV{NP) = {~ARRAY(NP-1} + ARRAY(MP))/{X{NP)~X{NB-1}} RCLOB18D
RCLOS5190

DO 836 I=2,NP-1 RCLOS200
D¥ = X{I) = ¥(I-1} RCLOB210
DEL = R(I+i) — X{I1) RCLOS220
D = DE/D¥: RCLOBZ30
DERIV(I) = (D» (ARRAY (I+1)=-ARRAY(I})) - (RRRAY(I~1)-ARRAY(I)}/D} RCLOB240
DERIV(:) = DERIV{I}/(DH+DX1} RCLOS250

836 CONTINUE ROLOS260
RETURN ROLOSZ7TO
END RCLOE28G

RCLCS29G

SUBROUTINE QUTPUT(NE) RCLOS300
THTIS SUBROUTINE SUTBUTS THE RESULTS IN TWO FORMATS; A COMPLETE RCLOS310
FORMAL FORM AND A FORM TO BE USED FOR PLOTTING. RCLOB320
IMPLICIT REAL*B(A-H,0-Z) RCLOS330
DARAMETER (MNP=151,NA=4,N=7) RCLOB340
SHARACTER=*80 NAME RCLOB3GO
COMMON/CONST/YPL, XPI2 , RECW,GRAV RCLOB380
COMMON/ INPUTC/NAME RCLOS370
COMMON/ INPUTL/TLEN WA, WY, NSEG RCLOS380
COMMON/ INPUTZ2/RHOC, AL, CFLUID, PRESS, AC (MNE) RCLO5390
SOMMON/ INPUTL/RLENG (MNP) , SEG{MNE+1) RCLOS400
COMMON/ INPUTI/WEIGHT (MNP} ,E3{MNP} EIETA (MNP) ,ZIETAS (MNP} ,EIXI (MNP)RCLOB41D
*,EIXIS (MNE) ,GID (MNP}, GIPS (MNF) RCLOB420
COMMON/ INPUT4/DXI (MNP}, PXIETA (MNP) , DETA (MNP} , DX IETA (XNFP) RCLOS5430
COMMON/ TBPUTS/RMASS (MNP) , RMASST (MNP} , BMAXI (MNP} , AMAETA (MNP}, AMAZI (RCLO5B440
*MNP) , TMAXI (MNP}, TMAETA (MNE) RCLOB4R0
COMMON/ INPUTS/XJIZI (MNP, BJZI (MNP} , TIEI (MNP RCLOB4ED
COMMON/STRAT/XI (MHE) ,STATIC NG, BENP) , VLOCHI (MNP}, TOMAX , V¥, ¥PI ROLOS470
COMEON/STRT1/ETOP, ITOF RCLOB4RD
COMMON/COEF/EPSyT (MNP} EPSEIS (MNP, EPSETA (MNP, EPSETS (MNP}, EPSPI {MRULOSSEC
*¥P) ,EPSPIBI{MND) HETA (MNP, TLAMBY (MNP} ,HETAN, THAXAY RCLOS500
COMMON/COEFL/EXT L ERIS  EETA, EETAS, 5P, EDIS, HE, TLAKZ, 70, 0K 10 . OMEGAS , ROLOEELD
*CONSL,CONS2 ROLOBEZO
COMMON/SOLUT/ ¥ (MNP}, Y {N, MNP}, ABT (N}, MODE RCLOE53C
DIMENSION ALINNF) ROLOB540
SALOULATE THE ORTHONORMALIZING CONSTANT FOR R AND BETA RCLOBEED
RCLOBSSC

o0 542 IsLi,HE RCLOSE7D
CALL COUNTIZLIN ROLOBSED
BIITY = VI8, 17##=2/TLANE + HE#=Y (8, Y=l ROLOEEGE
LYY RULOBELD
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BC 842 I=2,uP
DEZ = (K(I}=-X{I-13}=0.8DC
& = A + (AL{I)+A1(I~1}}=DX2

CONTINUE
A = DSORT(A

}

CRTHONORMALIZE TEE SOLUTICN. EXCEPT SIGMA
5O 643 I=Li, NP

7{N, I}

DABS(Y(N,2))

DC 543 K=1,N-1

¥{K,I)
CONTINUE

YK, 1) /8

SUTPUT RESULTS
WRITE(S, 1000} NAME

FORMAT(80A)

WRITE(2,1001) HSEG;TLEN,WA,RHOO,RKOW,AI,C”LHED,P.ESS,WT,TOMAX,VH

FORMAT (1X,13,9X,' = NUMBER OF RISER SEGMENTS'/

* X, D1z.8,
*1E,D12.8,¢
*IN N/M'/

"3.;"::52-2-5: !
=X, Di12.8,°
*.X,D12.8,"
« 11X, D12.8,!
* X,012.8,
* X, 012.6,°
*1X,DL2.6,
*1X,D12.68,

#

[}

2]

4]

H

UNSTRETCHED RISER LENGTH IN ¥t/

APPROXIMATE AVERAGE EFFECTIVE WEIGHT PER UNIT LENGTH

INNER FLUID DENSITY IN KG/M3'/

SALT WATER DENSITY IN KG/M3'/

INNER CROSS SECTIONAL AREA IN M2'/

INNER FLUID SPEED IN M/§'/

INNER FLUID CVERPRESSURE IN N/¥2'/

APPRCXIMATE TOTAL EFFECTIVE WEIGHT IN WATER IN N'/
MAZIMUM STATIC TENSION IN X'/

MEAN CURRENT VELOCITY IN THE ¥ BIRECTION IN M/S')

EVALUATE DIMENSIONAL NATURAL FREQUENCY
SIGMAD = Y(N.l}*DSQRT(TOHAXfTHAXAV) TLEN
WRITE(S, 1002} NSEG

m
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RCLCBEL0
RCLO3BZC
RCLCS63D
RCLOSE40
RCLLBESC
RCLOS&&0
RCLOSETD
RCLOSE8C
RCLGEES0
RCLOZ700
RCLO571

RCLOST20
RCLOS730
RCLEB740
RCLOB7S0
RCLOS780
RCLOS770
RCLOE780
RCLO5790
RCLOBBOO
RCLDO5810
RCLOSBZO
RCLO583C
RCLOS840
RCLOB8E0
RCLO3860
RCLOS8B7T0
RCLOBB8O
RCLOSB30
RCLO5900C
RCLOBSG10
RCLO5320

G =RCLOSS30

FORMAT(//' DA TA PEGR =R I3ER SEGMENT F O R NSE
* ',I3," B3 EGMENTS /T MENSIGOCNGRZL CURNTI T IRCLOSSSD
*ES8 IN THE 5. 1. SYSTEMHM'/ RCLOJ950
* RLENG CXI PXIETH AC WEIGHT MaSsS RCLO3S60
* THASS AMAXI AMAETR AMAZT THMAXY TMAETAR RCLOS970
* '3 RCLO5980
TL = TCHMRX/TLE¥ RCLO59%0
DC 1004 I=1,NSEG RCLOGOO0
WRITE(2,1003) RLENG(E)*T&EK.DXI(I);PXZET%{EJ.RO(:},WEIGHT(I}*TL,RHECLOBOiO
*335(3}rEMASST(I),AHAXI{E}pﬁHRETAfEB.AHAZI(I§,THAXZ{EE,TEAETA(E) RCLOBO2C
CONTINUE RCLOSC30
PORMAT(LZ2{1X,310.4: 1) RCLOBOAT
RCLUECED
WRITE(S,10022) RCLOBOED
L0022 FORMATI: ZA ZIETA EIETAS IXIz RCLCEO70
*  GIP FIPs DETA GZI TIZI) RCLOBCHO
DO 120Z3 I=1,NSEG RCLOGCSO
WRITE(S,10024) EA{I},EIET%{I},EIETAS{Z),EEXI(I},EIEIS 11.,GIP{I}, RCLOBLOC
*GIPS(:};SETA{I},XJZI(I};AJZIEZ?,?JZI{IE RCLOELLD
CORTINUE RCLE81L20
FORMAT(11{1X,D16.43 /) RCLO&130
RCLOBL40
WRITE(B, 781 MODE,STaMan RULOELED
?’:Q}ggjf i s:xskx**r&xrg*xw*xﬂ»x**ww*x*se:ss&xﬁtsvsrx*x*wxtxxazw@:xst»*xts@ﬁgcijéig{}
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FILE: RCLINDY3 FORTRAN A

Ja KODE NUMBER= LI/ NATURAL FRrE EQ UV EN RCLDBLTD
* Y = YL010.4, 0 RAD/5' /v t*z*wﬂxa:**z*tx:*xR:x*t*tax*z*xtxz*****!*ﬂtLGﬁleg
EREREARX AR R AN ) RCLOBLGD
o RCLOBZ0C
WRITE({9,1009) NP RCLGB210
1509 FORMAT(/' ORTHONCRMALIZED NONDIMENSIONAL RESULTS AT Np = v, RCLOE220
*I3,' POINTS'/ RCLOBZI0
L 5 QET OMEGAZETA COMEGAXI THETA BETA RCLOBZ4O
® R SIGHA") RCLOBZED
DO 1010 I=1,Wp RCLOE260
WRITE(S,1011) (1), (343,10 ,3=1,7) RCLO&27D
1010 CONTINUE RCLOB280
1011 FCRMAT(8(1X,D10.4)) RCLDB230
< NORMALIZE ESTIMATED ERROR BY COMPONENTS. RCLOE300
BO 188 I=1,N-1 RCLO63L0
ABT(I)=ABT(I)/a RCLO6320
188 CGﬁTZNUE RCLOEI3Q0
ITE(9,10119) (ABT(I),I=1,7) RCLO6340
10118 “ORMATf MAXINUM ESTIMATED ERRCR BY COMPONENT T8'"/11X,7{1X,010.4}) RCLOE350
c RCLGOE360
< RCLOE3TD
< OUTPUT TO FILE CONNECTED TC DEVICE :31 RCLOG380
< THIS CAN 3E USED FOR PLOTS CR INPYT TC ANCTHER RUN OF RCLINDYS RCLOE390
c RCLOB400
< RCLOB41Q
CALL STRUC(VLOCXI,ND,NBI) RCLOB420
WRITE(11,36453) MODE, NP, SIGHMAD . RCLOB430
36458 "GRMAT(lK.-u;‘X,;w,+X.CiO 4} RCLOB440
DC 3668 I=1,NP RCLOB450
WR’ME{*¢,3657} X{I).{?(J;I},J=l,7},VLOCXI{3) RCLOB460
3666 CONTINUE RCLOG470
2887 FORMAT(S(1X,D12.8)) RCLO&480
C RCLGBE490
RETURN RCLOEEQO
END RCLOB510
C RCLOES20
SUBROUTINE FCN(X,EPS,Y,7,N) RCLOB530
) THIS SUBROUTINE EVALUATES THE FUNCTIONS USED 3Y JOZRAF TC SOLVE RCLOB540
c THE PROBLEM. RCLOB550
IMPLICIT REAL*8(A~H,C-3) RCLG6560
PARAMETER (MNP=151) RCLOBEYD
COMMON/COEF EPSXI (MNP} ,2PSHIS{MND) } EPSETA (MNP}, EP ETS (MNP} ,EPSP I {MRCLOBEE0
NP}, EPSPIS (MNP}, “"m“‘ﬁ“P‘;'_A§s4{¥§9},%”mﬁ%,fvéﬁé’ ?Cuﬁ&tﬁﬁ
o} Mﬂéh{fﬁﬁ“_fuhﬁiﬁﬁIS EETA, “EmﬁzfﬁPE;EP-u,ﬁﬁ,*Hn%¢,~v S8I0,CHMEGAC, RCLOB50D
*OONSL,CONSZ RCLIBELD
DIMENSION TIN},Fid) HCLCBBZO
c LOTATE MESH P@ HT TC EVALUATE COEFFICIENTS RCLOBERD
CALL COUNT (¥} RCLOEE4D
- RCLOB&5D
FLl) = To»v{3) - QRIG»Y(Z) + CONSL=Y(4) - CONSZ=v{5} RCLOBSEED
F(i} = F{1} = HHxT{E)»Y(7) =22 RULOBETD
o %C DESE0
FU2) = -EPIS»ViZ}) « €?’I~EETA}*3EEGAC*553§ LSEGQV

FOZV = (FU2) = Y8 =vivia Y TLREZY /ERY] HVL
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A W E i

- RCLOB730
F{4) = 7(3) ~ OMEGAO«Y(s) RCLOB740
¢ ROLOB7S0
FS5) = OMEGRO*Y(4} « y(2) : RCLO&750
o RCLOE770
F(8) = ~v(4) RCLOB780
Q RCLOB790
F{7) = 5.p0 RCLOG8O0
RETURN RCLOGBLC
END RCLO6820
- RCLOGB30
SUBROUTINE G(EPS,Y3,YB,BC,¥) RCLO6840
¢ BCUNDARY CONDITIONS USED BY DO2RAF RCLO6G850
IMPLICIT REAL#S(A-H,0-7) RCLOBBED
DIMENSION YA(N),¥B(N},BC(N) RCLO687G
CONMON/BCUNDA/BOUND, BOUNDR, BOUNDE RCLO6880
c RCLO6830
BC(1)=YA(4) RCLOS00C
BC(2)=YA(5) RCLO6910
BC(3}=Y4(s) RCLOE920
BC(4)=YA(3) - BOUND RCLO6930
o RCL0O6940
BC(5)=YB(4) RCLO6950
SC(6)=YB(5) -~ 30UNDE + EPS~BOUNDE RCLOBSEC
BC(7)=YB(6) - BOUNDR + EPS~BOUNDR RCLOGS70
- RCLOES80
RETURN RCLGE990
END RCLO7000
c RCLO7G10
SUBROUTINE JACOBF(X,EPS,Y,F,¥) RCLO7020
¢ TAIS SUBROUTINE EVALUATES THE JACORIAN COF THE BQUATIONS IO USE IN RCLO7010
c NEWTON'S ITERATION. RCLO7040
IMPLICIT REAL*S(A-H,0-2) RCLO7050
PARAMETER (MNP=151) RCLO7050
COMHOR/CGEF/EPSXI(MN?}.EPSKIS(MNP),E?SETA{MNP),EPSETS(MN?},EPSPI(MRCLG?O?O
*NP},EPS?IS€HHP),HETA£MRP},TLAHEZ(MNP},HETAM.TMAXAV RCLO7080
COMMQNfCGE?l/EXI.EXIS,EETA,EETAS,EFI,EPIS,HH,TLAME,TO,QXI0,0MEGAO,RCLQ?OQO
*CONS1,CONS2 RCLO7130
DIMENSION Y(N},F(N,N) RCLO7110
¢ LOCATE MESH POINT TG EVALUATS CCEFFICIENTS "RCLO7120
CALL COUNT (%) RCLOT130
c RCLO7140
DC 817 I=1,x RCLO7150
DO 817 ¥=1,¥
FII,¥5 = g.00
817 CONTINUE
Fi1,2} = -gxro
F(1,3) = 70
Fil,4) = coNs:
F{1,3) = -CONg2
FIL,8) = ~HH+Y{7)xn2
FI1,75 = ~2.D0%¥ (7} aimiev ig)
F(2,2) = -EPIs/EPT
FI2,2) = (EXI-EETA)~OMEGAC/2D] RCLO7280
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F(2,5) = ~¥(7)==2/TLAMZ/EFT RCLOT29G
FI2,7} = -2.D0*Y{(7)*Y(5)/TLAMZ/ED? RCLOT3I00
RCLOT3L0

F{3,1) = 1.0G/BE%: RCLS73Z20
F{3,2) = (EETA-EDPI)=OMEGAC/EXI RCLO7330
F(3,3) = -EXIS/EXI RCLOTI40
RCLO72%0
F(4,3) = 1.00 RCLO7380
F{4,3) = -OMEGAC RCLOT3TC
CLO73RG
5,2) = 1.0C RCLOT7390
F{5,4) = OHMEGAC RCLOT74C0
RCLOT410
P(8,4) = ~1.D00 RCLG7420
RETURN RCLO7T430
END RCLO7440
ROLOTE50
SUBROUTINE JACCBG(EPS,Y3,YB,AJ,B87,N) ROLOT460
THIS SUBRCUTINE EVALUATES THE JACOBIAN OF THE BOUNDARY CONDITIONS.RCLOT470
IMPLICIT REALxS(2-H,0-2) RCLOT4AS0
ODIMENSION YA(N),YB(N),AJ(N,¥),BJ(N,N) CLOTAG0
DO 876 K¥=1,N RCLOTE00
DO 876 I=1,N RCLOT5LD
AJ{K,I) = 0.D0 RCLCTE20
BJ(K,I}) = 0.D0O RCLOTE30
CONTINUE RCLOT540
RCLO7555
Aj{1,4) = 1.D0 RCLOTE60
A5(2,%5) = 1.00 RCLO7870
aJ{(3,8) = 1.00 RCLOT580
AJ(4,3) = 1.D0 RCLOT550
RCLOT600
BJ(3,4) = 1.D0 RCLO7S10
BJ(&,5} = 1.00 ROLOTEZ0
BJ(7,6) = 1.D0 RCLOTE30
RETURN RCLOTE40
ZND RCLO7650
RCLO7E60

SUBRCUTINE JACEPS (X,EZPS,Y,F,N) RCLOTE70
TH1S SUBRCUTINE EVALUATES THE DERIVATIVES OF THE FUNCTIONS WITH CLOTERD
RISPECT TC THE CONTINUATICN BARAMETER EPS. RCLOTE30
IMPLICIT REBL*B{4~F,0~Z) ROLOTT00
DIMENSION TN}, ¥4 BCLOT7L0
RCLOTTZC

Fiiy = 9,00 RCLOTTE0
CLOTTSG

FiZ) = 0.00 RCLOTTS0
RCLO77EQ

P{3) = 5.DG ROLO7770
Fi4) 3.00 RCLOTI8O
F{3) = 0.I0Q RCLOTTI0
ROLOTE0D

P{8; = 5.00 RCLOTELO
2 LO7E30
: ROLOTEAD
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RCLL7850
SUBRCUTINE JACQEP(QPS,YA,?E,SCEP;N} RCLG7880
THIS SUBROUTINE EVALUATES THE DERIVATIVES oF THE BOUNDARY RCLO787D
CONDITIONS WITH RESPECT TO THE CONTINUATION PARAMETER EPg. RCLO7880
IMPLICIT REAL*8{A~H,0-2) RCLO7BGD
CGHKSK/EGUNS&fBGEND,EOQHDR,EGUN&S RCLCT800
DIMENSION YA{N),YB(%),BCQ?{N) RCLO791C
SC 871 K=1,¥ BCLO7920
BCEP(K) = ¢.po RCLC7830
871 CONTINUE RCLO7940
BCEP(8) = BOunDm RCLGT950
BCEP(S) = BOUNDR RCLO7860
RETURN RCLGTS70
END RCL&7380
RCLO7890
SUBROUTINE INTERP (NP) RCLO2OOO
THIS SUBROUTINE INTERPCLATES THE RISER CHARACTERISTICS AND THE RCLOBOLO
STATIC SOLUTION TO THE NEW NUMBER oF POINTS NP. RCLOBOZO
ASSUMPTION: NP .GE. NPI RCLOBC30
IMPLICIT REAL*B{A-H,0~2) RCLOBC40
?ARA%ETER(&N?#lSi,NA”%,N*?} RCLOB0O5S
CGMKON/COEF/EPSXE(HNP),EPSXIS{MHP}.EPSETA(HNP),EPSETS(HN?),EPSPI(MRCLD&OéO
*N?),EPSPIS(HNP),5E?A(MH?),TL§HBE(HKPJ,HETAM,TMAXAV RCLOSO7D
COMKON/S?AT/XE(MNP},STATZC{NA,MNP),VLOCXI{KNP),TOMAX,VM,ﬁPE RCLOBCRO
COMMON/S?ATE/CONSTL{MNP),CGNST?(MNP) RCLOBOGO
CGHKGN/SOLUT/X{HRP),Y(N,MNP},ABT{N),MOSE RCLOBLOO
OIMENSION HELP {MNP) RCLCBL10
INTERPOLATE STRUCTURAL DATA T0 THE NEW NUMBER oF POINTS RCLOB120
CALL STRUC(EPSXZ,NP,NPI} RCLOBL30
CALL STRUC(EPSXIS,NP,NPI} RCLOB140
CALL STRﬁC(EPSETA,NP.NPI} RCLO8158D
CALL STRHC{EPSETS,NP,NPI) RCLOB180
CALL STRUC(EPSPI,NP,NPZ) RCLoBL70
CALL STRUC{EFSPIS,NP,NPI) RCLOB180
CRLL STRUC(HETA,NP,NBI) RCLOB1390
TALL S?RUC(TLAMEE,NP,NPI} RCLO8200
CALL STRUC(CGNST&,NP,NPZ} RCLOS21G
CALL S?RQC{CONSTE,NP,NPI} RCLOBZ 20
CALL STRQC{VLQCXI,NP,&PI) RCLOBZ30
INTERPCLATE STATIC SOLUTION 70 THE yEW NUMBER OF pOINTS RCLOB240
D¢ 4358 H=31,3 RCLC8250
DG 458 I=1,Npy RCLOBZS0
HELE(I} = ETATIC{K, I rCLogzvo
458 CONTINUE RCLog2a0
RCLOgzan
BCLO&300
RCLo®31p
457 RCLOG320
<559 RCLO8330
RCLOB340
! RCLO83ES
338 ConTINuE RCLOB280
RETURN RCLOBI 7D
END RCLO8250
BCLOE2%0
SUBRCUTINE gfﬁﬁi{égﬁé?;ﬁ?gﬁﬁéiﬁﬁ RCLOB4ACS

33
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THIS SUBROUTINE INTERPOLATES A SERIES OF DIVISION POINTS TC 24 NEW RCLOB4LO

SERIES OF DIVISION POINTS. RCLOB4ZC
IMPLICIT REAL#Z(A-H,0-Z) RCLOB43D
PARAMETER (MNP=181, NA=4, =7} RCLOB440
COMMOR/SOLUT/X (MNP}, ¥ (N, ¥NP) ,ABT (N} ,MODE RCLOBASS
CQ%KON/STAT/XI{%KP},S?“TEC{&A,&&P),VLQCXI(K&?),TQMAX,VK,ﬁPI RCLCB460
DIMENSION ARRAY (ENP) ,HELP{MNP) RCLOBETO
RCL.OB48C

RCLOB4SC

HELP{l} = ARRAT (1}
HELP(NP) = ARRAY(NPOLD) RCLOB50C

D& 82 I=2,NPOLD RCLOBBLC
L0 Bi K=2,NB-% RCLCE520
IF {({X(K).@T.4I(I~-1) ) .AND. (R(K).L7.XI(1})) THEN RCLOBESOD
CORV = {R(R)~EI(I-1))=(ARRAY(I}-ARRAY (I~1))/(XI{(I)=XI(I=1)) RCLOBB4C
HELP(K) = ARRAY(I~1i) + COmvY RCLL8550
ELSE IF (X{K).EQ.XI(I)} THEN RCLOBE6D
HELP(K) = ARRAY(I) RCLO8E7C

END T RCLO8B58BO
CONTINUE RCLIBE8S0
CONTINUE RCLOBBOC
DO B3 K=1,NP RCLCB61LO
ARRAY (K) = HELP{K) RCLOBBZ0
CONTINUE RCLOBE3D
RETURN RCLCBE40
ERD RCLOBES0
RCLOBEEC

RCLGOBETO

SUBROUTINE COUNT(X)
THIS SUBROUTINE EVALUATES THE RISER CHARACTERISTICS AS WELL AS THERCLOBE8BO

STATIC ZOLUTION AT A POINT XH. RCLCBERO
1T RETURNS THEIR VALUE IN COMMON BLOCK CQEFL. RCLOBTCO
IMPLICIT REAL=B(A~H,0-2) RCLOB71D
PRRAMETER (MNP=151,NA=4) RCLOB7Z0
COMMQ&/CGEF/EPSKI(HN?},EPSXIS{MNP},EPSETA(MNP),EPSETS{KNP},EPSPE(KRCLOB?EO
*NP) ,EPSPIS (MNP) ,HETA (MNP) , TLAMBZ (MNP} , HETAM, TMAXAY RCLOB740
CGMXON/STAT/XZ{MNP),S?ATIC(NA,EN?},VLOCXI{HN?),TOHAK,VM,NPZ RCLOB7SC

LS

COMMGN/CGE?E/EXE,EXZS,EETA,EETAS,EPI,EPIS,HH.?LAMZ,TG,QX;V,UEKGAO,RCLOS?ﬁG
*CONSL,CONS2 RULGETT70
COMMON/STATZ/CONSTL (MNP) , CONSTZ (MNP) RCLO8780
COMMONK/COUN/ ICOUNT RCLOB7I0

¥ = ICCUNT RCLOSSBLO
IF {X.BEQ.XI(M}) THEN RCLOEBLC
EXI = EPSXI(M) RCLOBSZE

EXIZ = EPSXIS(M) RCLOBR3C

ZETA = EPSETA(Y) ROLOB84D

BETAS = EPSETS (M} RCLOBESS

EPI = EP3DI (M} ROLOBEED

ZPIS = EPSPIS(M) ROLOBBTO

HH = HETA(M) RCLOBES0

TLAMZ = TLAMBZ (M) RCLOBEYC

TC = STATICNL, N RCLOBGO0

OXIC = STATIC(Z,M) RCLGOB91O

OMEGAC = ZTATIC(3, M) RCLORSZO

CONSL = CONSTL(M} ROLOBS 30

CONSZ = CONSTS (M) RCLOBI40

ICOUNT = ICODUNT 4+ 1 RULOZYSD

D9t oo ROLOBSED

- B e 5 1 F EF TR %
IF(R.EQ.1. D0 [o0URTewsl
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ELSE IF ((X.LT,XZ{K}§.A%B,(K‘GT.XI(H-LJ}) THEN RCLOBSTD
DIFF = DABS (XI(M)-X) RCLC8980
THIS IF STATEMENT IS To ACCOUNT FOR A& COMPUTER INACCURACY IN RCLOBSSG
REPRESENTING AND EQUATING REAL NUMBERS, RCLOSQCO
IF (DIFF.LT.L1.D~7) THEN RCLOSCLO
ICCUNT = ICOUNT » 3 RCLO®G20
iF {XI(M).EQ.1.D0) ICOUNT = 1 RCLOSO30
END IF RCLOSG40
¥ = (X—XI(M~;))/(XZKH}*KE(H-ljJ RCLOSB0S0
EXI = EPSXI(M~1} + {EPSXI () ~EPSKI (¥~1)) DX RCLOSOSD
EXIS = EPSXIS(M-1) + (Epsxzszx)uspsxzs(x~z})*Dx RCLOBOT7C
EETA = EPSETA(M~1) =+ (EPSETA(K)“EPSETéfﬁwl))*BX RCLOSOBO
EETAS = EPSETS(M-1) + fE?SETS{H}«EPSETS(ﬁMi}}*SX RCLOSCS0
EFI = EPSPI(M-1) + (EPSPI{M)~EPSPI (M~1))}xDX RCOLOB100
EPIS = EPSPIS(M~1) + (E?SPIS(H}*EPSPIS{H*i))*DX RCLO9110
HE = HETA(¥~1) + (HETA (M} ~EETA (M=1) ) » Dy RCLO9120
TLAMZ = TLAMBZ (M~1) + (TLA£B2fM}-TLAMBZ{§-l})*QX RCLOZ130
TC = STATIC(I,¥-1) + (smATIC(;,x)~STATzc(1.H-1))*Bx RCLO9140
QXIO = STATIC(2,M-1) + (STATEC{2,H}-STATIC(2,M*l})*DX RCLO9150
CMEGAC = STATIC(3,M-1) + {srawzcia,x)~swarzc(3,m—1})*mx RCLOB18D
CONSI = CONSTL(M-1) « (CONSTl(M)-COHSTi{H-i})*DK RCLOS170
CONSZ = CONSTZ (M-1) = (CON$T2(M)-CONST2(H-1))*DX RCLOS1R0
ELSE RCLO®130
BRCLO9200

WRITE(E,*) ' ERROR OCCURED Ix COUNTER, NP =',¥ RCLO9210
END 1IF RCLO®220
RETURN RCLO9230

END RCLOG240
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Listing of Program RCFORCE FORTRAN A
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FILE: RCFORCE PORTRAN & VH/35p CORVERSATIONAL MONITOR SYSTEM
< RCFORCE RCFOQO10
C THIS PROGRAN CALCULATES THE IN-PLANE LINEAR DYNAMIC RESPONSE OF A RCFO0QO2Z0
C COMPLIANT RISER WITH & 2~ sTATIC CONFIGURATION FOR A GIVEN FREQUENCY RCT0QCI0
C AND AMPLITUDE OF EXCITATION AT THE TOP (P OR Q EXCITATION I8 ALLOWEE).RCFGGQ4O
C A NONUNIFORM 5RID FINITE DIFFERENCES AND DEFERRED CORRECTION TECHNIQUERCFCOOSD
C If USED.THE OUTPUT OF THIS PROGRA¥ CAN BE USED A8 IxpuT T RCLINDY2 TORCFO00BG
¢ S0LVE THE IN-FLANE DYNAMICS PROBLEM wiTH HOMOGENECUS BOUNDARY RCFOQG70
C CONDITIONS {EIGEXPROBLEK). RCFOO080
C THIS PROGRAM WILL BE PARTICULARLY USEFUL IN THE CASE OF ZERO CURRENT RCFCODSH
C VELOCITY WHERE THE ASYMPTOTIC THEORY IS ¥NO ZONGER VaLID. RCFOOL00
T DUUBLE PRECISION AND THE NaG FORTRAN LIBRARY ARE USED. RCFOLLILO
Ca'***!*x**xt#wﬂ*wa!x***txt*x**tttw*ae*:ttwt***t*xat*k:*:&x*t*t*xtt**t**ﬁx!*RCf’GOl‘?O
¢ COPYRIGHT, 1985, MASSACHUSE™TS INSTITUTE OF TECHNCLOGY RCFOOL30
T ALL RIGHTS RESERVED, RCFC0140
Ct***t!tk#t*i**ﬁ'ttx*!#!***xtttnx**kt***a***********xtt!*x*t***tw*xtt**ttRCFDQisg
T PRUGRAMMER GEORGE &. KRIEZIZ JUNE &, 1985 f.1.7. RCFOQ160
C**:*******t***w:*s**t*x*tx*wx&*xx*u*txtt**tt*t*11'*wx'xx*t***tﬁt**t***t*k*QCFGGl7(}
c RCFOOQL80
¢ DEFINITION OF DEVICES: RCFOO190
C DEVICE 5 INPUT FROM TERMINAL RCF00Z00
C DEVICE & QUTIPUT TO TERMINAL RCF00210
C DEVICE 8 : INPUT FROM FILE PREPARED BY RCINPUT (LRECL=80) RCFOo220
¢ DEVICE 10 : INPUT FROM FILE CONTAINING APPROXINATE ¥-D 3TATIC RCFO0230
< SOLUTION CREATED RBY RUSTATZD (LRECL=122) RCF00240
C DEVICE 131 : OUTPUT TO FILE FOR PLOTS CR INPUT 70 A& RUN RCFO0250
¢ OF RCLINDYD2 (LRECL=117) RCFO0260
c RCFQ0270
C COMMON BLOCK CONTENTS (CVERALL REFERENCE) ; RCFCO280
C SOLUT = SOLUTION MATRICES RCFOL290
< sTAT = STATIC COMPLIANT RISER soLuTIoNn RCFOO300
C STATL = X ayp Y DISPLACEMENTS AT TOP OF RISER RCFOO310
¢ sraTz = FUNCTIONS OF STaTic RESULTS RCFO0320
C INPUTLl = RISER LENGTH, AVERAGE AND TOTAL WEIGHT AND NUMBER COF SEGMENTSRCFO0330
C INPUTL = RISER SEGMENTS LENGTH RCFO0340
C COEF = NONDIMENSIONAL RISER CHARACTERISTICS USED IN THZ EQUATIONS RCFOG350
C COEFL = NONDIMENSIONAL RISER CHARACTERISTICS AT A& SPECIFIC POINT RCFO0380
C Coun = INTEGER COUNTING VARIABLE T0O DETERMINE EACH DIVISION POINT RCFO0Q370
C FREQ = NONDIMENSIONAL FREQUENCY OF EXCITATION RCFOQ380
C RCFO0390
I¥PLICIT REAL~8 (A-H,0~2) RCFC0400
PARAHETER(N=6.HNP#151,NA=4.IY*ﬁ) RCFDO410
PARAMETER(LW=HNP*{3*N**2+§*N+2)+3xN**2+5*N) RCFGO420
PARAMETER{LEWﬁHﬁP*(2*N+l)+H} RCFO0430
DIMENSION W{iw},ZW(LIW},C{H,N};E(E,ﬁi;ﬁéﬁiﬁ? RCFO0440
CGMEQ%/S%LE?/XEHNF),Y{ﬁ,HﬁP?;ﬁGBE ROFO0450
iﬁﬁﬁaﬁngéffXZiﬁﬁp},S?A?EC’Hé,Hﬁ?},?LﬁCXZ{H&P},TOH&E,?H;N?I RUFOU4ED
CS%HG&/CGE?fEPSETA{KK?};EPSETS{ﬁﬁpﬁ,HZETE{KNP},HXZ{HNP};aQﬁigﬁ?ﬁ,HECFﬂﬁé?D
*EETRAM, TMAKAY , DXIN RCFO0480
COMMON /N / To0unT RCFO0430
COMMON/FREQ/XLAMDA RCFODE00
o EXTERNAL SUBROUTINES USED BY NAG LIBRARY RCFOO510
EXTERNAL PONF , FONG RCFO0520
DATA NOUT /&/ RCFO0UB30
< RCPOOB40
c READZD READS 23 STATIC 30LuTION CALCULATED FROM RCITATZD PROGRAM.RCFDOSSD
c IT EVALUATES THT ¥ iy NCNDIMENSIONZL STATIC EFFECTIVE TENSION mowoosen
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RCFORCE FORTRAN A VE/SP CONVERSATIONAL MONITOR SYSTEM
RCFOO570
CALL READZD(NPI} RCPOUSR0
RCFOOE50
CHARAC READS RISER CHARACTERISTICS FROM UNIT € AND EVALUATES THE RCFO06CO
NONDIMENSIONAL COEFFICIENTS TC BE USED IN THE ECUATIONS. RCFO0E1C
RCFDOB20
CALL CHARAC{TLENG,IC,NPI) RCFGO0O630
IF{IC.EC.C) sToOP CFOCE40
RCFOOESD
DEFINITIONS OF PARAMETERS ... RCFODEE0
¥ = NUMBER OF EQUATIONS TC BE SOLVED BY DOZGSF RCFOOET0
MHP= MANIMUM NUMBER OF PERKITTED POINTS IN THE NON-UNIFORM RCFOO680
F.D. ¥ESH ( MNP >= 32} RCFG0630
IF{MNP.LT.32) THEN RCFOCTO0
WRITE{E,1257) MNP RCPOOTIO
FORMAT(' MNP = ',13,' IS NOT PERMISSIBLE') RCPOOT720
sTOoPR RCFOO730
ENDIF RCFOO740
PARAMETER CONTROLLING MONITORING OF CALCULATIONS RCFC0T750
IFAIL=111 RCFOCT7S0
BOUNDARY PQINTS FCOR TWO-POINT BOUNDARY VALUE PROBLEM RCFOO770
A=0.00 RCFO0O780
=1 .00 RCFOOT7S0
RCFOOR00
WRITE(6,#)' INPUT EXCITATION FREQUENCY IN RAD/S® RCFGOBLO
READ(5,*) SIGM RCFO0820
HONDIMENSIONALIZE SIGMA RCFO0830
SIGMA = SIGM=TLENG*DSQRT (TMAXAV/TOMAX) RCFO0840
XLAMDE = SIGMA=2+2 RCFOO850
WRITE(6,x)* INPUT AMPLITUDE OF EXCITATION AT TOP OF RISER FOR P' RCFOO860
READ ({5, =) BOUNDP RCFOOBTO
WRITE(6,=)' INPUT AMPLITUDE OF EXCITATION AT TOP OF RISER FOR Q' RCFOO88C
READ (5, =) BOUNDD RCFO0890
WRITE(6,*)' INPUT TOLERANCE FOR CONVERGENCE OF ITERATIONS! RCFO0900
WRITE(6,*)' SUGGESTED VALUE IS THE EXCITATION AMPLITUDE OR 1/10 OFRCF0O0S10
* THE EXCITATION AMPLITUDE® RCFOOE2D
READ(S, =) TOL RCFO0S30
WRITE{E,*)' INPUT MODE NUMBER CORRESPONDING TO FREQUENCY COF EXCITARCF00940
TION® RCFOQS50
READ (5, =) MODE RCFOO980
NP = NPI RCFCOSTO
DO 832 Isl,H RCFDOSR0O
GAM(I} = C.DO RCFOOGO0
o0 537 K=l,H RCFOLOOD
CT{I,E)=0.00 RCFO1010
D{I,K}=0.00 RCFOLOZO
CONTINUE RCFOL03C
DEFINE BOUNDARY CONDITICNS USED IN THE EQUATIONS. RCFO1040
GRM ({5} = BOUNDP RCFOLO50
GARM (8) = BOUNDD RCFOL060
Cli,4) = 1.00 RCFCLOTO
C{2,5) = 1.D0 RCFG1080
C{Z,E8) = 1.00 RCFOLI090
Di4,4) = 1.0 RCFOL1OD
L{5,8) = .00 BCFDLILG

ROPGLLIZD
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c SET COUNTING VARIABLE RCPCL130
ICOUNT = 1 RCFO1140
c RCFLLLBD
CALL XO4AAF(1,¥NCUT) RCFOIL60
CALL XO4ABF{1,NoUT) RCFOLLTD
c RCFOL180
I CALL NAG SUBROUTINE DO2GBF TC SOLVE THE LINEAR TWO-DOINT RCFP0L190
& BOUNDARY VALUE PROBLEM USING A DEFERRED CORRECTION TECHNIQUE. RCFCL200
o RCFOL210
CALL DGZGBF{A,B,ﬂ,TOL,?CNF,FCKG,C,D,GAK,HKP,K,Y,NP,W,LW,IW,LIW,IFARCFOLZEO
«1L) RCFD1230
c RCPO1240
WRITE(E,9000} IFAIL RCFOLIZBO
S00C FORMAT(' IFAIL =',I3) RCFO1260
o RCFOL270
c QUTPUT THE RESULTS RCFO1280
o RCFO1290
IF{{IFAIL.EQ.0).OR. {IFAIL.EC.4)) THEN RCFO1300
CALL QUTPUT (NF) RCFPOL310
EXDIF RCPO1320
o) RCPO1330
STOF RCF01340
END RCF31250
RCFO1360
SUBROUTINE CHARAC(TLENG,IC,NP) RCFO1370
o THIS SUBROUTINE READS THE COMPLIANT RISER CHARACTERISTICS AND RCF01380
c EVALUATES THE NONDIMENSIONAL COEFFICIENTS TO BE USED IN THE RCF01380
o) GOVERNING EQUATICNS. RCOF01400
IMPLICIT REAL#*8(A-H,0~%) RCF0O1410
PARAMETER (MNP=151, NA=4, N=6) RCFD1420
CHARACTER#80 NAME ROFQ1430
COMMON/ INPUTL/TLEN, WA, WT, NSEG RCF01440
COMMCON/ INPUTL/RLENG (MNP) , SEG (MNB+1) RCF01450
CGKMDN/STA?/XI(HNP}.STATIC(RA,MNP),VLOCXE{HNP),TGHAX,VM,R?I RCFG1460
COMHO&/CDEF/EPSETA(HNP}.EPSETS(MNP),HZETA(HNP),&XI(MNP),EOH(HNP),HRCFOié?O
*ZETRM, TMAXAY, DXIM : ROFD1480
COMMON/STATZ2/CONSTL (MNP) ,CONSTZ (MNP) RCFO1480
COMMON/SOLUT/X (MNP}, Y (N, MNP) , MODE RCFO1500
DIMENSION RHASS{&NP),RMASST(ENP},AMAKI{MHP),AMAE?A{HNP},AKAZI(HN?)RCFGISLG
*, THAXI (MNP) , THAZI (MNP) RCFO1520
DIMENSION AJZT (MNP) ,AJZI (MNP) , TIZI (MNP} RCFO1530
DIMENSION SKI{MNP),?XIE?A{HNP},DETA{KHP),SXIETA(HN?},RG{HHP) RCFO1540
DIMENSION wngHT(Mxp),aA<xN?},EZE?A(gﬂP}fEEETAS{Mﬁ?),szﬁzéxﬂyk, RCFOL1830
*EIXIS (MNP} ,ZIP{MNP),GIPS (¥NP) ROFPOLSED
DI¥ENSION TENG (MNP}, QXGC (MNP) , TOS {MNP) , 0XIDS [HND) RCFOLETD
o ROPSLEED
¢ READ RISER CHARACTERISTICS FROM DEVICE 8. RCFO1580
READ {8,1000) Namse RCFO1600
1000 FORMAT (802) RCFOI610
READ (8,1008) NSEG,TLEN,WA,RHOO,AI,C LUID,PRESS RCFO1620
1008 FORMAT(1X,I3,2(1X,D12.8)/4{1%,012.86)) RCFO183D
TLENG = TLEN RCFO1640
DO 1502 I=1i,NSEG RCFO1650
READ (58,1003 RLEﬁG{I},REAESffJ,fHASS?(I},AHAXI{E},WEIGET(IE,&XE?ZRC?SLS&G
*) L PRIETA{I) EA{I),EIETA(I) ,a0(1), ETETAS (1) BCFOL1E70

02 CONTINUE ROFPCIESC
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FILE: RCFORCE TFORTRAN 2 : YM/SP CONVERSATIONAL MCONITOR SYSTEM
1003 TFORMAT(S{(iX,Diz.8)/8(1%.p12.8)) RCFOLE90
< RCFHLT00
DO 1332 I=1,NSEG _ RCFOLTLO
READ(B,1333) AMAETA(I},DETA(I),EIXI{(I),2I4I5(1),GIP(I),GIPS{I),ANARCFOLIT2D

221 {1}, RIZI(I),AJEI{I) RCFC173C

1332 CONTINUE RCFQ1740
1333 FORMAT(8(1X,D12.8)/3(1%.,D12.8)) RCOFPOLTED
c ROFOLTE0
Tom1 RCFQLTT0

< RCFOL780
7850 WRITE(S,7851) RCFOLTE0
7g51  FORMAT(® DO YOU WISH A TERMINAL COPY OF RISER CHARACTERISTICS'/  RCFOLEQQ
' IF YES INPUT 1 , IF NO INPUT Q') RCFOLB10
READ(5,*} IPRINT RCPOLE20
IF({{IPRINT.NE.1).AND. (IPRINT.NE.C}) BOTO 7850 RCFOLB30
IF{IPRINT.EQ.1) THEN RCFOLB40

c RCFQLES0
WRITE(S,1000) NAME RCFOLEBD
WRITE{6,2500) RCFOLET0
2500 FORMAT(' NSEG  TLEN WA RYOC %4 RCFOLB80
= JFLUID PRESS') RCFOL890
WRITE(6,2001} NSEG,TLEN,WA,RHECO,AI,CFLUID,PRESS RCFC1800
2001 FORMAT(1X,13,6(1X,D12.8)) RCFOL1916
WRITE(6,3400) RCF01920

3400 PORMAT(' I RLENG RMASS RMASST AMAXZ RCFOL930
= WEIGHT' / DXI PXIETA EA EIETE RCFO1940

* AD EIETAS') RCFG1950

DO 3002 1=1,NSEG RCFOL1SE0
WRITE(S,3003) I,RLENG(I),RMASS(I),RMASST(I),AMAXI{I),WEIGHT(I}),DXIRCFOLET0
*{I),PRIBETR(Z),EA(L) ,BIETA{L} ,20(1) ,BIETAS(D) RCFO1980

3002 CONTINVE RCFD1990
3003 FORMAT(1X,I3,5(iX,D12.8)/4X,6(1X,D12.6)) RCFO2000
c RCFO2C10
WRITE(S,1334) RCFO2020
1334 FORMAT(' T AMAETA DETA EIXI EIXIS RCFO2030
*  GIP Gips' /! BMAZI JZI AJZI ) RCFOZ040

00 1335 I=1,NSEG . RCFO2050
WRITE(6,1336) I,AMAETA(I),DETA(I),EIXI(I},EIXIS(I),GIP(I),GIPS(I},RCFO2080
eRMAZI{I) ,RIZI(I) ,A0I(L) RCFO2070

1335 CONTINUE RCFO2080
1338 FORMAT(:iX,I3,8(1X,D12.8)/4%,303X,012.650) RCFO2090
c RCFOZ100
1701 WRITE(S,1700) RCFG2110
L700  FORMAT(' INPYT 1 IF RISER DATE ARE CORRECT/' INBPUT O 70 3TOR) BOPOZAZC
RERD(E, =) IC BOFOZLIC
IF({IC.HE.Q).AND. {IZ.NE.L1}) GOTC 1701 RCFO2140
TR{IC.EC.O) RETURN RCFOZLED

o ROFOZ16B0
ENDIF RCFOZLTO

o RCFO2180
< NON - DIMENSIONALIZATIONS RCFOZ180
oy RCFOZ200
SRAV=Y.8100 ROPOZ2L0
WAM=WA/GREY ROFOZ220
WT=WA~TLEN ROFGIZA0
ROFOZZAC

XPI=4.D0=DATAH (1,007
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EPI2=XPI/2.D20 RCFG2250
RHOW=1.025D3 RCPO2280

o RCFOZ2290

c NONDIMENSIONALIZE CORRECTLY YXI0, TO FROM 2-D STATIC SOLUTION RCFQ2280

c RCPO2290
TOMAY = TOMAX*WT ] CFO2300
TND = WT/TOMAX RCFC2310
DO 228 I=1,%p RCF0Z2320

STATIC(L,I) = STATIC(L,I)=TND RCF02330
STATIC(2,I) = STATIC(2,I)*TND RCFG2340
229 CONTINUE RCFO2350

o RCFC2380

c NONDIMENSIONAL COEFFICIENTS USED IN THE EQUATIONS RCFO2370

c RCFO2380
TOMAXL = TOMAX/TLEN RCF02390
TOMLL = TOMAXATLEN RCFO2400
TOMLZ2 = TOMLI+TLEN RCF02410
TLENZ = TLEN*x2 RCFO2420
THAXAV = 0.D0 RCF02430
DXIM = o.D0 RCFG2440
DO 2000 I=1,NSEG RCF0O2450

RLENG(I)=RLENG(I)}/TLEN RCFUZ2460
WEIGHT (I)=WEIGHT (I)/TOMAXL RCF0Z2470
ECM(I) = TOMAX/ER(I) RCF02480
EPSETA(I) = EIETA(I)/TOML2 RCFC2490
EPSETS(I) = EIETAS(I)/TOMLL RCFO2500
TIZI(I) = XJIZI(I) + AJZI(I) RCFO2510
TMAZI(I) = RMASS(I) + AMAZI(I) RCF0O2520
THAXI(I) = RMASS(I) + AMAXI(I) RCFO2530
TMAXAV = TMAXI(I)*RLENG(I) + TMAXAV RCFO2540
DEI¥ = DXIM + DXI(I)=RLENG(I) RCFPC2550
DXIETA(I) = DXI(I)-DETA(I) RCFQO25860

2000 CONTINUE RCFO2570
HZETAM = Cc.Do RCFO2580
DO 4321 I=:1,NSEQ RCFO2580

HZETA({I) = TMAZI(I)/TMAXAV RCPOZB00

HZETAM = HZETAM + HZETA (I)«RLENG(I) RCFG2610

HXI(I} = TMAXI(I)/TMAXAV RCF02620

4321 CONTINUE RCPO2630
c RCFO2640
c CALCULATE DERIVATIVES OF STATIC QUANTITIES RCFU2650
BC 737 I=1,NP RCPO2E60
TENG{I} = STarIc(i,1} RCFO2E70

QECII} = sTATICIZ2. D) RCFGZES0

737 CONTINUE RCFO26%0
CALL DERL(TENG,ZI,TOS,NB) RCFGZTO0

CALL DERI{QX0,XI,XI0S,NP) RCFD2710

2 EVALUATE FUNCTIONS OF STATIC RESULTS. RCFO2720
5C 88 I=1,NP RCFO2730
CONSTL(I) = TOS(I} = STATIC(2,1)+8TATIC(2, 1) BROFUZ2740
CONST2(I) = QXI0S(I) + STATIC(L,I)=STATIC(3,T) RCFOZ750

56 CONTINUE RCFC27ED

c ROFOZTT0

< SEG{I}=LEFT ORDINATE OF SEGMENT T ROFC27AD
SEG{L)=0.D0 RCFOZ2790
SEGINSEG+1i=1,D00 RCFO2800
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90 4000 1=2,KSEG RCFOZB10
SEG(I)=RLENG{I~1)+SEG{I~-1 RCFOZB20

4000 CONTINUE ROFO2830

o INTRERPOLATE STRUCTURAL DIMENSIONS TO ND POINTS RCFOZB40

o) ASSUMPTICN: NUMBER OF RISER SEGMENTS WITH DIFFERENT RCFL2850

c CHARACTERISTICS IS SMALLER THAN THE STATIC SOLUTION POINTS RCPC2860

c NSEG < NPT RCFO2870

c RCFCZ88D
IF (HSEG.GE.NPI) THEN CFO2850

WRITE (&, 188) RCFO2900
188 FORMAT(' NSEG => NPI, PROGRAM STOPS') RCF02910
=20 RCFO2920
RETURN ROFG2930
END IF RCPC2940
CALL STRUCT(EPSETA,X,NP) RCFOZ950
CALL STRUCT (EPSETS,X,NP) RCFO2960
CALL STRUCT (EOM,X,NP) RCFQ2970
CALL STRUCT(HZETA,X,NP) RCF(2980
CALL STRUCT{HXI,X,NP) RCFO2990
RETURN RCFO3000
EXD RCFO3010

c RCFO3020
SUBROUTINE READ2D{NP) RCFD3030

c THIS SUBROUTINE READS THE STATIC COMPLIANT RISER SOLUTION FROM RCFO3040

c DEVICE 10. IT EVALUATES THE MAXINUM NONDIMENSIONAL STATIC TENSION.RCEFO3050
IMPLICIT REAL#8(A~H,0-2) RCFO3060
DPARAMETER (N=6,MNP=151, Na=4) HCFO3070
COMMON/STAT/XI (MNP} , STATIC (NA,MNP) , VLOCKI (MNP) , TOMAX, V¥, NPT RCF03080
COMMON/STATL/XTOP, YTOP RCFO30G0
COMMON/SOLUT/X (MNP} , ¥ (N, ¥NP) ,ABT{N) ,MODE RCF03100
DIMENSION XCOOR(MNP), YCOOR (MNVD) RCFO3110

c RCFO3120

c STATIC(1,I) = STATIC TENSION TO RCFO3130

o) STATIC(Z,I) = STATIC SHEAR FORCE IN THE XI DIRECTION RCFO3140

c STATIC(3,I) = STATIC OMEGA IN THE ETA DIRECTION RCFOILS0

o) STATIC{4,I} = STATIC ANGLE PHI RCF03180

o RCFO3170
WRITE(&,Z000) MNP RCF03180

2000 FORMAT(' MNP=',13) RCFO3190

o READ STATIC SOLUTION RCFO3200
READ{1C,3545%) Np,VM RCF032:10

36459 FORMAT(1X,I3,:1X,Di2.8) RCFO3220
WRITE(&,2311) NP,VM RCFL3Z30

2311 FORMAT(' 2-0 STATIC SOLUTION FROM DEVICE 100/ RCFOEZ40
t NP =, I3/ ' RCFG3250
*' MERN CURRENT VELOCITY IN THE X UIRECTION IN ¥/84,VHM =7,DI2.5)  ROFO3260

c RCPC3270
IF({NP.LT.4) .OR. (NP.GT.MNP)} THEN RCFO3Z80

faceialty RCFO3290
WRITE(E,12439) RCFO3300

12438 FORMAT{(' NP IS INAPPROPRIATE ; RUN STOPS') RCPO3310
RETURN ROFD3320

EXDIF CFO3330

o ROFGI340

& READING FROH NEVICZE Lo RUFO32S0

o ROFOIIED
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DC 1021 I=1,NP RCFO3370
READ(10,1033) X(E},S?ATICflpI),STRTIC(2,I),STA?IC(3,§)rS?ATIC(é,I)RCFGS38G

*:XCGGR{I);YCOOR{:}rS?RARC:TENS:,VLGCXE{Z) RCFO3390
XI(I) = X{(1) RCFO3400
RCFG3410C

1021 CONTINUE
+033 FORMAT(10(1X,D12.5)) RCFPO3420
¢ EVALUATE RISER TOP X AND Y CCORDINATES RCFPO3430

XTOP = XCOOR(NP) RCFO3440

YIOP = YCOOR(NP) RCF03450

c EVALUATE MAXIMUM STATIC EFFECTIVE TENSION RCFO3460
TGHAX=DMAX£(S?ATIC(A.l).STATIC(l,2}} RCFO3470

BO 9839 1=3,8p RCF03480
TGHAXmDﬁAXi{TDHAX,STATzc(z,I)} RCF03450

9859 CONTINUE RCF03500
c RCFO3510
RCFO3520

WRITE(E,1654}) TOMAX
1654 FORMAT(' 2-D STATIC SOLUTION SUCCESFPULLY READ'/' MANIMUM STATIC EFRCF03530

*FECTIVE TENSION/WA*L = ',D10.4) RCF03540

< RCOFG3580
RETURN RCF03560

END RCF03570

e RCFO3ES80
SUBRQUTINE STRUCT (ARRAY,X,NP) RCFO3590

> THIS SUBRCUTINE CHANGES 1 SERIES OF DATA GIVEN IN SEGMENTS RCFO3600
C TO A SERIES OF DaTa CORRESPONDING TO SPECIFIC BOINTS RCFO3510
¢ ASSUMPTION: NSEG < NP RCFO3620
ZMPLICIT REAL*8(A-H,0~3) RCF0O3630
PARAMETER {MNP=151) RCFQ3840
COMMON/INPUTL1/TLEN, WA, WT, NSEG RCF03650
CGMMON/INPUTL/RLENG(MNP},SEG(MN?+1) RCFO3660
DIMENSION ARRAY (MNP} ,HELP (MNP) , X (MNP) RCFO3670

o RCF03680
IF{NSEG.EQ.1) THEN RCFO3630

DO 83 I=1,NP RCFO3700

HELP(I} = ARRAY(1) RCFO3710

83 CONTINUE RCF0C3720
ELSE RCFO3730
HELP(1) = ARRAY(1) RCFO3740

HELP (NP) = ARRAY (NSEG) RCFO3750

I=2 RCFG3760

D0 84 X=2,Npw1 RCFO3770

IF ((X{K).G$.SEG{Z«1}).A§B.(X(K).LT.SEG(I})) THEN RCFC3780

HELP{X) = ARRAY(I-1) RCFO3780

ELSE IF (X{R).EQ.SEGII}} THEY ROFOIBCO

BELP(K) = C.500% (ARRAY (T-1) + ARRRY (1)} RCFO38LD

ELSE IF (£{K) .GT.SEG(I)) TEEN RCFQ38EZ0

HELP (K} = BARRAY (I} RCFO3830

I= 1+ RCFO3840

EXD IF RCFO3850

34 CONTINUE RCFU3860
END IF RCFO3870

DC BS K=1,Np RCFU3RE0

ARRAY (K) = HELD(X) RCPHIRGG

85 CONTINUE RCFO3900
RETURN RCFCISIG
ROPOIGIO

ERD

E2ed
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RCFORCE FORTRAN A

SUBROUTINE DERL (ARRAY,X,DERIV,NP)

VM/SP CONVERSATIONAL MONITOR SYSTEM

RCFQ3930
RCF03940

TEIS SUBRCUTINE EVALUATES THE FIRST DERIVATIVE GF A SERIES OF DATARCFO3950
POINTS USING A SECOND ORDER APPROXIMATION (NONUNIFORM GRID FINITE RCPO3S60

DIFFERENCES) .
IMPLICIT REAL»8(A~H,0-%)

PARAMETER (MNP=151)

DIMENSION ARRAY (MNP) , DERIV(MNP) ,X (MND)

USE FIRST ORDER FOR END FOINTS DERIVATIVES
DERIV{1) = (-ARRAY(L) + ARRAY(2))/(X(2)=X (1))
DERIV(NP) = {(-ARRAY(NP-1) + ARRAY (NP} ) / (X(NP)~X (NP~1))

DG 836 I=2,Np-1
DX = X(I) =~ X{I~1)
DKL = Z{I+1} ~ X(I)
D = DX/D¥1

DERIV(I) = (D= (ARRAY (I+1)~ARRAY (1)) - (ARRAY(I-&}“ARRAY(Z}F/D)

H

DERIV(I) DERIV(I)/{D¥+DX1)
CONTINUE
RETURN

END

SUBROUTINE QUTPUT(NE)

RCFQ2870
RCFG3980
RCFO3950
RCFO4000
RCFC4010
RCFO4020
RCFO4030
RCFD4040
RCFO4050
RCFO4080
RCFO4070
RCFG4080
RCFO4080
RCFO4100
RCFO411

RCFQ4120
RCFO4130
RCF04140
RCFO41580

THIS SUBROUTINE OUTPUTS THE RESULTS IN A FORM TO BE USED AS INPUT RCFO4160

FOR A RUN OF RCLINDYZ.
IMPLICIT REAL=*8(A=~H,0-2)
?ARAHETER(MNPELSI;ﬁA#41N=5)
COMMON/ INPUTL/TLEN, WA, WT, NSES

CSMHON/STAT/XI(HNP),STATIC{NA,HNP},VLOCXI

COMMON/STATL/XTOP, YTOP

COMEDN/CGEF/E?SET&(HNP)fEPSETS(HNP},HZETA(ﬁNP),HXI(MNP},EOM{MN?)

*ZETAM, TMAXAV, DXIH
COHMGN/SOLGT/X(HNP),Y(N.MHP),MODE
COMMON/FREQ/XLAMDA

SIGMAD = DSQRT (XLAMDA» TOMAX/TMAXAV) /TLEN
SIGMA = DSQRT (XLAMDA)

OUTPUT TO PILE CONNECTED TO DEVICE 11
THIS CAN BE USED FOR PLOTS OR INPUT 7O A

WRITE (11, 36453} MODE, NP, SIGMAD, X700, v
FORMAT (1X,12,1%,13,3{1%,010.4))

OC 3888 I=1,Hp

WRITE(11,3667) X(I},{¥(J,1},3=
CONTINUE

FORMAT(B(1X,D12.5))

1
(8}, 8IGHA

Pt

RETURN
END

VERCUTINE FONFYX, Py
THIZ SUBRCUTINE ZvaLUATS
"HIS MATRIX 15 USED'BY NAQ Sumrommrs

LRt
¥

-k

(MNP) , TOMAX, VM, NPI

RUN OF RCLINDYZ

RCFO4270
RCFO4180
RCF04180
RCFO4200
RCFO4210
RCFP04220
»HRCF0423¢
RCFO4240
RCFD4250
RCFO4260
RCFO4270
RCFG4280
RCFD4250
RCFO4300
RCF04310
RCFO4320
RCFO4330
RCFD4340
RCFO4350
RCFO4380
RCFO4370
RCFO4380
RCFO43%90
RCF0440C0
RCFO4410
RCF04420
RCP04430
BOFC4440
ROFC4450
RUFU4460
RCFO4470
RCFO4480
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FILE: RCFORCE FORTRAXN A

VK/se CONVERSATIONAL MONITOR SYSTEM

IMPLICIT REAL#8(A~H,0~2) RCFD4430
PARAMETER (MNP=151,N=g) RCFO4500
ccxncxfccs?/zpsswa(xﬁyy,EPSETs{MNP},HZE?A(xxy),sz(xgp),Eaxfxxy},HRCFo45aa
*ZETAM, TMAXAV, DX IM RCF04520
COXRON/CGEFI/EE?A,EETAS,HZET,HX,EOMI,?Q,QXEQ,GHEGAG,CONSl,CQHSE RCF04530
COMMON/FREQ/XLAMDA RCFO4540
DIMENSION F(N,N) RCF04588ED

c LOCATE MESH POINT ™0 EVALUATE COEFFICIENTS RCFO4580
CALL COUNT(X) RCF04570

c RCF04880
DO 878 I=y,N RCFPU4580

DO OBTE K=i,N RCFO4600

F(I,LK) = 0.no RCFO4610

875  CONTINUE RCF04620
o RCFU4630
F{1,2) = OMEGAD RCF04640
F{1,3) = Qx10 RCFO4650
F(1,4) = coxs? RCFO4880

F(1,5) = ~XLAMDA=HZET RCFO4670

c RCF04680
F(2,1) = - oMEGAG RCF048395
F{2,3) = -1p RCFO4700
F(Z,4) = ~CONS1 RCF04710
F{2.8) = ~XLAMDA=HX RCF04720

c RCFO4730
F(3,2) = ~i.D0/EETA RCFC4740
F{3,2) = -EETAS/ZETA RCPD475D

c RCF04750
F(4,3) = 1.po RCFC4770

o RCF04780
FI5,1} = mEoM: RCF04790
F{5,6) = OMEGAO RCF04800

o RCFO4810
F(6,4) = 1.D0 + EOMI=TO RCF04820
F{6,5) = -OMEGAQ RCF04830
RETURN RCF04840

END RCP04850

o) RCFO4860
SUBROUTINE FCNG(X,G) RCFO4870

c TRIS SUBROUTINE EVALUATES VECTOR G(X} AT A GENERAL POINT X. RCFO4880
c IT IS USED BY Nag SUBROUTINE DO2GBF. RCF04890
IMPLICIT REAL*8{A~H,0~2) RCF04900
PARAMETER (N=§) RCFO4810
DIMENSICN $(N) RCFO4920

5C 817 1=1, RCF04330

G{I} = t.00 RCF04%40

817 CONTINUTD RCFO4550
RETURN RCFO4960

END RCFPO4S7D
RCFO4580

SUBROUTINE COUNT(X) RCF04590

z THIS SUBROUTINE EVALUZTES THE RISER CHARACTERISTICS Ag WELL AS THERCFO5000
o STATIC SOLUTION AT 2 GENERAL POINT %. RCFOB0LG
ol 1T RETURNS THEIR VALUE ¥ COMMON BLOCK CoEF:L. ROPOS0Z0
IMPLICIT REAL*B(A-H,0-2) RCFOSOIs

PAR i BCFOEDEn

METER (MNP=151 ,¥a=4a)

e
Wk
i
&)

i,
e
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COHMGK#COE?/EPSETA{HHP)fEPSETS(ﬁNP},HZETA{X§?):HXI(KNP}.E&K{HNP).HRCFOSOSG

*ZETAM, TMAXAV, DXIX
CGHKGN/STR?JKI(KK?),STATZC{Hk,HﬁP},VLOCXI{HKP},TOMAX,VX,HPI
CﬁﬁﬁGHfCCEFl/EE?A,EETES,KZET,HX;EDMI,TG,QXIG,GKEGAG,CQN51,CG§SE

COMMON/STAT2/CONSTL (MNP} ,CONST2 (MND)
COMBON/COUN/ ICOUNT
¥ = LCOUNT
IF (Z.EQ.XI(M}) THEN
EETA = EPSETR(M)
EETAS = EPSETS{H)
HX = HXI(¥)
HZET = HZETA(Y)
EOKI = EOM (M)
TO = STATIC{1,M)
QXI0 = STATIC{2,M)
OMEGARY = STATIC(3,X)
CONSI = CDNST1(M)
CONS2 = CONST2(M)
ICOUNT = ICOUNT = 1
IF(X.2Q.1.D0) ICOUNT = 3
ELSE IF ((X.LT.XI(M)).AND.(X.GT.XI(M=1))) THEN
DIFF = DABS{XI{M)-X)

THIS IF STATEMENT IS TO ACCOUNT FOR A COMPUTER INACCURACY IN

REFRESENTING AND EQUATING REAL NUMBERS.
IF (DIFF.LT.1.D~7) THEN
ICOUNT = ICOUNT + 1
IF (XI(M).EQ.1.DD) ICOUNT = 1
END IF
DX = (X~XI(M=1))/(XI(M)~XI(¥~1))
EETA = EPSETA(M~1) + (EPSETA(M)-EPSETA(M-1))*0%
EETAS = EPSETS(M-1) + (EPSETS(M)-EPSETS (M-1))+DX
HX = HEXI(M-1) + (HXI(M)-HXI(M-1))=*DX
HZET = HZETA(M-1) + (HZETA(M)-HZETA(M-1))+DX
ECMI = EOM(M-1) + (EOM(M)~EOM{¥~1))sDX
0 = STATIC(1l.M-1} + (8T TIC{1, M) ~8TATIC{1,¥=1))»DX
QLI = STATIC{(2,M-1) + (STATIC(2,M)~STATIC(2,H~1))x*DX
OMEGAC = STATIC(3,H~1) + (STATIC(3,¥)~STATIC{3,H~1)) *DX
CONSI = CONST1(M~1) + (CONSTI(M)-CONSTL(M~-1})=*DX

CONS2 CONSTZ (M~1) + (CONSTZ (M)~CONSTZ (M-1))*DX
ELSE

WRITE{6,*} ' ERROR CCCURED I¥ COUNTER, NRi=%,M
END IF

RETUR

END

RCPOB060
RCFOS070
RCFOS080
RCFOB0S0
RCFUS100
RCFCS110
ROFO5120
RCFOB130
RCFQO5140
RCFCB1IED
RCFOELED
RCFPOB170
RCFOS180
RCFOB190
RCFOS5200
RCFO5210
RCFOB220
RCFO5230
RCFCE240
RCFO5250
RCFOBZE0
RCF05270
RCFOB280
RCFQ52%0
RCFO5300
RCFO5310
RCF0S320
RCFO533¢C
RCF08340
RCFO5350
RCFOE360
RCFO5370
RCFOE380
RCFO5390
RCFO5400
RCF054z0
RCFO5420
RCFO5430
RCFOB440
RCFO5450
RCFO5460
RCFQ8470
ROFOS480
RUFOE430
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FILE: RCLINDY2 PORTRAN - A VE/SP CONVERSATIONAL MONITOR SYSTEX
¢ RCULINDYZ2 RCLOOG1D
C THIS PROGRAM CALCULATES THE IN~PLANE LINEAR DINAMIC RESPONSE OF A ROLOOC20
C CONPLIANT RISER WITH A 2-D STATIC CONPIGURATION BASED ON AN RCLGO03D
C EMBEDDING TECHNIQUE. THE INITIAL EMBERDED APPRCXIMATION IS PREPARED RCLOCO40
C BY PROGRAM RCFORCE AND THE FINAL SOLUTION I3 CBTAINED USING M¥ODIFIED RCOLODOSO
C HEWTON'S ITERATICN AND A NON-UNIFORM GRID FINITE DIFFERENCE METHOD. RCLJCCE0
C OCUBLE PRECISION AND THE NAG FORTRAN LIBRARY ARD USED. CLOOO70
Cxwa‘txRk**t**tx*****t*x!*******ka#n***x*t****ﬁx'k**t**t***t‘k***tw*RR*ttx*RCLG{}GSG
C COPYRIGHT, 1985, MASSACHUSETTS INSTITUTE OF TECHNCLOGY RCLO0OOSO
C ALL RIGHTS RESERVED. RCLOQIO0
C*****t*x*u**xﬂw*x***t**tt**t**ﬂ’zatt!*tt*t*u*x#***t***t****!****x***!**tRCLOQllQ
C PROGRAMMER GEORGE A. KRIEZIS JUNE &, Loesg M.I.T. RCLOCLZ2D
Cw#**tat***xaw*w:****t*tnm*a*at**:a*tt*x:tat*k:x:ttxz**x**z:tx***ttt#zktRCLOOlBQ
C RCLOOL140
C DEFIKITION OF DEVICES: RCLOCLSD
C DEVICE § : INPUT FROM TERMINAL RCLOOLEBO
C DEVICE 6 : QUTPUT TC TERMINAL CLOOLTO
C DEVICE 8 : INPUT FROM FILE PREPARED BY RCINPUT (LRECL=80) RCLOCiIgY
C DEVICE ¢ : COMPLETE OUTPUT TO FILE (LRECL=132) RCLOOIS0
C DEVICE 10 : INPUT FROM FILE CONTAINING APPRCXIMATE N-D STATI RCLOO200
< SOLUTICK CREATED BY RCSTAT2D (LRECL=132) RCLOOZ10
¢ DEVICE 11 : CUTPUT 7O FILE FOR PLOTS OR INPUT TO A NEW RUN RCLODZ22D
- OF RCLINDYZ2 (LRECL=117} RCLOCZ3C
¢ DEVICE 12 : INPUT FROM FILE CONTAINING APPROXIMATE EMBEDDED SOLUTICN ROLOGZ40
c CREATED BY RCFORCE (LRECL=117) RCLOC25C
- RCLOC2S80
¢ CUMMON BLOCK CONTENTS (OVERALL REFERENCE) : RCLOGZ70
C SCLUT = INITIAL EMBEDDED APPROXIMATION AND SOLUTION MATRICES RCLOC280
C STAT = STATIC COMPLIANT RISER SOLUTION RCLOOZ290
C STATY! = X AND Y DISPLACEMENTS AT TOP OF RISER RCLOO300
C STAT2 = FUNCTIONS OF STATIC RESULT RCLOC3L10
C INPUTIO = QUTPUT FILE HEADING RCLOO320
C INFUT1 = RISER LENGTH, AVERAGE AND TOTAL WEIGHT AND NUMBER OF SEGMENTSRCLOOIIO
C INPUTZ = RISER TUBE INTERIOR CHARACTERISTICS RCLOO340
C INPUTL = RISER SEGMENTS LENGTH RCLGC250
C INPUT2 = WEIGHT, STIFFNESSES AND STIFFNESS DERIVATIVES RCLOQ38C
C INPUT4 = CHARACTERISTIC DIAMETERS AND PERIMETER OF RISER TUBE. RCLOO3T7O
T INPUTS = MASS AND ADDED MASS CHARRCTERISTICS IN THREE DIRECTIONS RCLOO38C
C INPUTE = RISER POLAR AND ADDED POLAR MOMENT OF INERTIA. RCLOO380
C COEF = NONDIMENSTIONAL RISER CHARACTERISTICS USED IXN THE EQUATIONS RCLLO4C0
C COEFL = NONDIMENSIONAL RISER CHARACTERISTIOS AT & SPECIFIC POINT RCLOG41D
C CONST = PROBLEM CONSTANTS (P, GRAVITY, WATER DENSITY RCLOOGZG
C BOUNDA = ECUNDARY CONDITION FOR OMEGA ETA AT F=0 AND EMBEDDED BOUNDARYROLOG4AIOD
z CONDITIONE FRCH PROGRAM BUOFOROE ROLOO440
< COUN = INTEGER COUNTING VARIABLE 70 DETERNINE EACH SIVISION POINT RCLOCA30
z RCLOO46C
IMPLICIT REAL*8{A~H,C~-7} RCLOG47D
PARAMETER (N=7 ,MNP=151 ,NA=4, [¥=7) RCLOD48O
PARAMETER{LWORK*M&P*{3*N**2+6*§+2}*4*&**2*3*%} RCLCO480
PARRMETER (LIWCRK=MNP=* (2sN+1}+N) RCLOOBOO
DIMENSION WORK { LWORK) , IWORK { LIWORK) RCLGCALG
COMMON/SCLUT/X (MNP) , T (¥, MNP) ,ABT (N} ,MODE RCLOOEZS
CGHKG&XSTAT{XZ{K%P},STATZC{NA,EKF},VL&CKZ{%%PE,TGXAX,VH,N?E RCLOUS3D
COMMON/COUN/ ICDUNT RCLOOS4D
< EXTERNAL SUBROUTINES USED BY NAG LIBRARY ROLLOOEED
EATERNAL FOH, G, JRCEPS , JACBED, JACOEY , JArnES RCLOOBES




269
FILE: RCLINDY2 FORTRAN A

VH/SP CONVERSATIONAL MONITCOR SYSTEM

DATRE NOUT /&/ RCLOCSE7D

c RCLOOS80
c READZD READS 2-D STATIC SOLUTION CALCULATED FROM ROSTATZD PROGRAM . RCLOOSSS
> IT EVALUATES THE MAXIMUM NCNDIMENSICONAL STATIC EFFECTIVE TENSION RCLOOEOOD
c RCLOOSLD
CALL READZD{NPI) RCLOOB20

o RCLOOE30
c CHARAC READS RISER CHARACTERISTIOG FROM UNIT 3 AND EVALUATES THE RCLOOE4D
c NONDIMENSIONAL COEFFICIENTS 70 BE USED IN THE EQUATIONS. CLOOBS0
o RCLOOBED
CALL CHARAC(TLENG, IC,NPI) RCLOOE70
IF{IC.EQ.0) sTOP RCLOOB80

c RCLODESO
c DEFINITIONS OF PARAMETERS ... RCLOOTO0
e N = NUMBER OF EQUATIONS TO 88 SOLVED BY DOZRAF RCLOO710
c IY = NUMBER OF VARIABLES RCLOOT20
c MNP= MAXIMUM NUMBER OF PERMITTED POINTS IN THE NON-UNIFORM RCLOO730
C F.D. MESH ( MNP >= 32) RCLOO740
IF (MNP.LT.32) THEN RCLOOTS0
WRITE(S, 1257) MNP RCLOOTE0

1257 FORMAT(' MNP = ',I3,' IS NOT PERMISSIBLEY) RCLOOTTO
sTOPR RCLOOTRO

ENDIF RCLOGTS0

c NUMBER OF BCUNDARY CONDITIONS AT S=Q RCLOO&CO
1276 HNUMBEG=4 RCLOOB1O
C NUMBER OF MIXED BOUNDARY CONDITIONS RCLOOB20
NUMKIX=( RCLOOB30

c PARBMETER DECLARING THAT INITIAL APPROXIMATION IS USER SPECIFIED RCLO0OB40
INIT= RCLOOBS50

< PARAMETER DECLARING THAT JACOBIANS ARE USER SPECIFIED RCLOD8ED
IJaC=)1 RCLOO870

o) PARAMETER CONTROLLING MONITORING OF CALCULATIONS RCLOCSH80
IFAIL=111 RCLOOSS0

< RCLOOS00
c RCLOOS10
c READAS : READS APPROXIMATE EMBEDDED SCLUTION FROM DEVICE 10 RCLODS20
C 1T ALSO PROVIDES ICCOC,NP, TOL= TOLERANCE OF ITERATIONS  RCLO0930
c RCLOOS40
CALL READAS (ICCC,NP,TOL) RCLOD9ED

C RCLOOSE0
o IF THE NUMBER OF POINTS FROM THIS SOLUTION IS GREATER THAN THE RCLGOST0
o) STATIC SOLUTION POINTS, INTERPOLATE ALL CHARACTERISTICS TO THE RCLOOY80
] NEW NUMBER OF POINTS. RCLOOSI0
c ASSUMPTION : NP ALWAYS GREATER OR EQUAL TO NPI RULGLCCD
o THIS I8 VALID IF THE SAME STATIC SOLUTION WAS USED TO OSTAIN THE RCLOLOLD
t APPROXIMATE EMBEDDED SOLUTION IN DEVICE 10. RCLOIOZO
< RCLG1C30
IF (NP.GE.NPI) THEN RCOLOL040

CALL INTERP (NP} RCLO1050

NPI=¥P RCLO1060

ELSE IF {(ND.LT.NPI) THEN . RCLG1oD
WRITE(5,314) RCLOLO8O

314 FORMAT (' APPROXIMATE SOLUTION TN DEVICE 10 WAS NOT OBTAINED'/ RCLOLOGD
* ' FROM THE SAME STATIC SCLUTION, PROGRAM STOPS') ROLOIIOD

ST RCLSIL1D

e e Sk

Fe

by
i

ROLOLLIG
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c RCLOLL30
c INCREMENT OF CONTINUATION PARAMETER RCLOL140

7891 WRITE{(&,78%0) RCLOI15C
7880 FORMAT(' INPUT INITIAL INCREMENT OF CONTINUATION PARAMETER DELEPS'RCLOLIE0

x/' IF NO CONTINUATION IS REQUIRED INPUT DELEPS = 1.207/ BRCLOLILTD
*' IF CONTINUATION IS REQUIRED THEN C.DC < DELEPS < i.pov/ RCLO2180
*' RECOMMENDATION :'/ RCLO119C
»" USUALLY DELEPS = C.iD0 WILL SUFFICE'/ RCLO1200
*! FOR LARGE CHANGES BETWEEN INITIAL AND FINAL PROBLEM'/ RCLCL1210

#' A SMALLER VALUE OF DELEPS, E.G. (.05DC OR 0.025DC MIGHT BE'/ RCLO1220D

»' NECESSARY') RCLG1230
READ(5,+} DELEPS RCLO1240

IF ((DELEPS.GT.1.D0) .OR. (DELEPS.LE.C.D0)) THEN RCLOLZ50
WRITE(&,7892) RCLOLZB0

TBY2 FORMAT(* 0. < DELEPS <= 1.4} RCLO1270
GOTO 7891 RCLO1280

END IF RCL0O1290

o SET COUNTING VARIABLE RCLO13GO
ICOUNT = 1 RCOLG1310
IF{ICCC.EQ.0) sTOP RCLOL32D

c RCLO1330
CALL XO4AAF {(1,¥0Um) RCLO1340

CALL XO4ABF({1,NouT) RCLO1350

¢ RCLO136D
o CALL NAG SUBROUTINE DU2RAF TO SOLVE THE TWC-POINT BOUNDARY VALUE RCLO1370
c PROBLEM USING A& DEFERRED CORRECTION TECHNIQUE AND NEWTON'S RCLO1380
c ITERATION. RCLO1390
CALL DozaAE(N,HNP.xp,Nsxaas,yuxxzx,roL.IN;?,X,Y,IY,AET,?OR,G,EJAC.RCL01400
*JACGBF.J&CQBG.BELEFS,JACE?S,JACGE?,WORK,aWGRK,zwoax,szonx,IFAIL) RCLO141D

c RCLO1420
WRITE(E,9000) IFRIL RCLO1430

2000 FORMAT(' IFAIL =',I3) RCLO1440
c RCLO1450
c OUTPUT THE RESULTS RCLO1460
c RCLO1470
IF((IFAIL.EQ.0).OR. {IFAIL.ED.4}) THEN RCLO1480

CRLL QUTPUT(NE) RCLO1430

ENDIF RCLO15G0

c RCLOLS10D
STOP RCLO1E20

END RCLO1530
RCLO1540

SUBROUTINE CHARAC{TLENG, IO, NP) RCLOLEED

o THIS SUBROUTINE READS THE COMPLIANT RISER CHARACTERISTICS AND ROLGLE6D
o EVALUATES THE NONDIMENSIONAL COEFFICIENTS TC BE USED TN THE RCLOLS70
c GOVERNING EQUATIONS. RCLO1580
IMPLICIT REAL*8(A-H,0-2) RCLO1530
PARRMETER (MNP=151, Na=4, =) RCLOIBGO
CHARACTER*80 NAKE RCLOIELD
COMMON/CONST/XPI, P12, RHOW, GEAV RCLO1ISZC
COMMON/ INPUTO/NAKE CLOL1B30
SOMMON/ INPYTL/TLEN,WR, WT, NSES RCLO1640
COMMON/INPUTZ/RHOO, AL, CFLUID, PRESS, A0 (XNP) RCLOLES0
COMMON/ INPUTL/RLENG (MNP}, S2C {(MND+1] ROLOLIBAD
csﬁgcyf:§?3?3/¥E3§H?{25?$,Eﬁégﬁy}fgzzfaéxg?};gfawasiﬁﬂyé,azxz{xgyégczaze7§

* EIZIS (MNP) ,GID{¥NP} ,BIPS (MYT) RCLGLBED
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FILE: RCLINDYZ FORTRAN 3 VM/SP CONVERSATIONAL MONITOR SYSTEM
COHHGX/IK?BT%/EXE(KKP},PXEETA{%KP},SETR{KH?},QXEETA{KNP} RCLO16%90
coxxsx/zypsfs/ﬁxass(nxP),RﬁASST{XKP),AHAXE{HNP},Axazwa(xﬁp},AHAZI(RCLG;?GG
*MNP) , TMAXI (MNP) , TMAZI (MNP) RCLO1710
caxxax/zypﬁféfxszz{xsg},anz{xNP},?J I(Myp) RCLOLT20
couﬁaﬁ/sra?fxz{xypj,s?AT;C{NA,HRP),vaacxz{MN?>,Teﬁax,vx,ﬁpz RCLO1730
CGHXC&fCOEF/EPSETA{MNP),EPSETﬁfHNP),RZETA(ﬁN?),HXI(HHP}.EQK(HN?),HRCL0174G

*ZETAM, THANAY, DX CLOLTED
COMKG&XS?RTE/CONST;{ENP),CONSTZ{HN?} RCLOLTEO
ccxxaﬁ/sanv?fxix§P),z{g,HN?}.ABT(N),xoaﬂ ROLOITTO
DIMENSION TENO{MHP},QXO(HRP),TOS(HNP),QXIGS(HEP) RCLOL780

< RCLO1790

o) READ RISER CHARACTERISTICS FROK DEVICE @ RCLOL800
READ {8,1000) NAME RCLOLBLO

100C FORMAT(goA) RCLO1820
READ (8,1008) NSEG,TLEN,WA,RHOO,AI,CFLUID, PRESS RCLO1830

1008 FORHAT{lX;23;2(lX,DlQ-é)/é(lX;ﬁiE»E)) RCLO1B4CQ
TLENG = TLEN RCLO1850
DO 1502 I=1,NSEG RCLO18S0
READ (8,1003) RLENG€E),RXASS(1),RMASS?iz),AMAXI(E},WEIGH?{E),DKI(IRCLOL&?O
*),PXIETA{I),EA(I},EIETA(E},AG{IJ,E:E?As(z} RCLO1BSO

18302 CONTINUE RCLO1890

1003 FORMAT (5(1X,D12.6) /6(1X,D12.6)) RCLO150D

C RCLO1S10
DO 1332 I=1,NSEG RCLO1920
READ(8,1333) AHAETA(I),DETA(I),EIKZ(I),EIX:S(I),GZ?(I),GEPS(I},AMARCLGIQBQ
*2I{1},X3ZI(1),AJ21(1) RCLO1%40

1332 CONTINUE RCLO1980

1333 FORMAT(8(1X,D12.6) /3 (1X,D12.8)) RCLO1GED

o RCLO1970
IC=1 RCLO1S8D

o RCLO1990

7650 WRITE{5,7651) RCLOZ200C

7651 FORMAT(' DO YOU WISH A TERMINAL COPY OF RISER CHARACTERISTICS'/ RCLO2010
*' IF YES INPUT L , IF NO INPUT 0') RCLOZO20
READ(5,*») IPRINT RCLOZ0O30
IF((XPRENT.NE.l).AND.(IPRENT.NE.O)} GCTO 7850 RCLOZ040
IF{IPRINT.EQ.1) THEN RCLOZ050

o RCLOZ2080
WRITE{&,1000) NAME RCLO2070
WRITE(B,2500) RCLO2080

2500 FORMAT(' NSEG TLEN WA RHOO 2z RCLOZ2080
= CPLUID PRESS ") RCLOZ100
WRITE(S,2001) NSEG, TLEN, WA, RHCO,AI,CFLUID, PRESS RCLOZ110

2001 FORMAT{1X,I3,6(1X,D12.56)) RCOLOZIZ0
WRITE{&, 2400} RCLOZL30

3400 FORMAT (- k¢ RLENG RMASS R¥ASST AMAXT ROLOZIAG
*  WEIGHT® / DEI PRIETA ER EIETA RCLOZ1S0
* 2 EIETAS®) RCLOZ160
DO 3002 I=1,N8EC RCLOZ170
WRITE(6,3003) I,Rzzgs{zﬁ,RxAssf:},RﬁASSTizk,AMsziI},WEIGH?{:ﬁ,szaczozzao
*{z),pszfA{z),aafz;,EEETA(E},AG{zj,EIET&S(:} BCLCZ2190

3002 CONTINUE RCLC2200

3003 FGQMATCLX,EE«S{iX,DiE.53/43,5{iX,S12L£§} BCLOZZ210

- RCLOZIZ0
WRITE{&, 1334} ROLGZ2E0

I A¥AETI DET 2IXI EINIE BCLGZIAD

1334 FORMAT(:

i i 24




FILE: RCLINDYZ FORTRAN 2

13358
1338

1701
1700

[#}

{0

3 €3 0

229

Gaaq

272

YM/SP CONVERSATIONAL MONITOR SYSTEM

*  GIP FIPG' /! AMAZI Jzz: AJZI' ) Rczczzﬁa
30 1335 I=1,HNSEG CLO2260
WRITZ(6,1336) I,AMAETA(I},DETA(I),EIXI{(I),EIXIS{I),GIP(I) LGIPS(IY, RC 02270

=AMRZI(I),2321(I),A021(2) RCLOZ280
CONTINUE RCLOZ290
FORMAT(1X,13,6(1X,D12.8)/4%,3{1X,D12.6)) RCLOZ300

RCLOZ2310
WRITE(E,1790) RCLOZ320
FORMAT (' INPUT 1 IF RISER DATA ARE CORRECT'/' INPUT 0 T0 STOP')  RCLGZ233C
READ(S,=} IC RCLOZ340
TF({IC.NE.OQ).AND. {IC.NE.1)) GOTO 1701 RCLGZ2350
IF(IC.EQ.QC) RETURN RCLOZ360
RCLGZ37C
EXDIF RCLO2380
RCLO2390
HO¥ ~ DIMENSIONALIZATIONS RCLOZ400
RCLCGZ2410
GRAV=2.81D0 RCLO2420
WAM=WA/GRAV RCLO2430
WT=WA=TLEN RCLO2440
API=4.DO=DATAN{1.DO) RCLO2450
XPI2=XPI/2.D0 RCLOZ460
RHOW=1.028D3 RCLOZ470
CLO2480
NONDIMENSIONALIZE CORRECTLY QXIO, TO FROM 2-D STATIC SOLUTION ROLOZ490
RCLOZS00
TOMAX = TOMAX*WT RCLO2510
THD = WT/TOMAX RCLOZ252¢
DO 229 I=1,NP RCLG2530
S8TATIC(L,I) = STATIC(1,I)=TND RCLO2540C
STATIC(2,I) = STATIC(2,I)~TND RCLOZ550
CONTINUE RCLO2560
RCLG2870
NONDIMENSIONAL COEFFICIENTS USED IN THE EQUATIONS RCLO2580
RCLO2530
TOMAXL = TOMAX/TLEN RCLO2600
TOMLL = TOMAX*TLEN RCLOZ2610
TOMLZ = TOMLI*TLEN RCLOZ620
TLENZ = TLEN#*#x2 RCLOZ2630
TMAXAY = §.DO RCLG2540
DXIM = 2.D0 RCLOZ2E50
00 2000 I=i,NSEG RCLOZE60
RLENG(I)=RLENG{I)/TLER RCLGO2870
WEIGHT (I} =WEIGHT (1) /TOMAXL CLOZERD
ECM{I) = TOMAX/EA(I} RCLO2ES0
EPSETA{I} = EIETRA{I}/TOMLE RCLOZ70
EPSETS(I} = EIDTAS(I:/TOMLL RCLOZ710
TIZILI) = ZIZI(I) + BJIZI(IY ROLOZTZD
TMAZI{T} = RMASS(I) + AMAZI(IS RCLOZ730
THAXI{I) = RMASS{I} + AMAXI(I) RCLOZ740
TMAKAV = TMAXI{I)*RLENG(I} + TMAXAY CLOZTE0
DXIM = DEIM + DXI{(I)*RLENG(I) RCLG2760
DAEIETR{T) = DXI(I)~DETA{L) RCLG2770
COWTINUE RCLOZTBO
HZETAM = 0. ;0 ROLOZTIR0
: RCLOZRCD
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HZETA(I) = THMAZI (I)/THAXAV
HZETAM = HZETAM + HZETA(I)*RLENG(I)
HXI (I} = TMAXI(I)}/TMAXAV

CONTINUE

CRLCULATE DERIVATIVES OF STATIC QUANTITIES
DC 737 I=1,NP
TENO({I) = STATIC(1,I)
QXO(I) = 8TATIC(Z,I
CONTINUE
CALL DERL(TENO,.XI,TOS,NP)
CALL DERL(QX0,XI,Q¥Ios,up)
EVALUATE FUNCTIONS OF STATIC RESULTS
DO 56 I=i,NP
CONSTL(I) = TOS(I) =~ STATIC(2,I *STATIC{3,I)
CONSTZ(I} = QXI0s{I) + STATIC(L, I}=8TATIC(3,1)
CONTINUE

SEG(I)=LEFT ORDINATE OF SEGMENT I
SEG{1)=0.D0

SEG(NSEG+1)=1.D0

DO 4000 I=2,NSEG

SEG(I)=RLENG(I-1)+8EG(I~1)

CONTINYUE

INTRERPOLATE STRUCTURAL DIMENSIONS TO NP POINTS
ASSUMPTION: NUMBER OF RISER SEGMENTS WITH DIFFERENT
CHARACTERISTICS IS SMALLER THAN THE STATIC SOLUTION POINTS

NSEG < NPI

IF (NSEG.GE.NPI) THEN
WRITE(S, 188)
FORMAT (' NSEG => NPI, PROGRAM STOPS')
IC =0
RETURN
END IF
CALL STRUCT(EPSETA,X,NP)
CALL STRUCT{EPSETS,X,NP)
CALL STRUCT (ECM,X,NP)
CALL STRUCT (HZETA,X,NP)
CALL STRUCT (HXI,X,NP)
RETURN .
END

SUBRCUTINE READZD (NP

THIS SUBRCUTINE READS THE 3TATIC COMPLIANT HISER SOLUTION F
CEVICE 10. IT EVALUATES THE MAXINUM NONDIMEN NSIONAL STATIC 7

I¥PLICIT REAL=B{A~H,0-7)
PARAMETER (N=7 ,¥NP=151 ,Na=4)

COMMON/STAT/XI (MND} , 57 TATIC(NA,¥NP),VLOCLI (MNP}, TOMAY, VM,NPI
COMMON/STATL/XT0P, YTOP

COMMON/SOLUT/X (HNP) , Y (N, MNP} FABT (N} ,MODE

UIMENSION XCOOR(MNE) , YCOOR (MNP)

s Ty T
STATIC(L, I} = STATIC EFFECTIVE TENSION 70
STRTICIZ, 1) = STATIC SHEAR FORCE IN THE X7 DIRECTION
STRTICIZ.I) = STETIC OMEGA IN THE BT DIRECTION

G?
ENS

VM/SP CONVERSATIONAL MONITCOR SYSTEX

RCLO2810
RCLCZ2820
RCLOZ830
RCLO28B4¢
RCLOZB5C
RCLOZ2880
RCLOZBTO
RCLOZ880
RCLCZ890
RCLOZS00
RCLO2910
RCLOZB20
RCLO2230
RCLOZ2940
RCLO2950
BCLO296C
RCLO2970
RCLO2980
RCLOZ2990
RCLGO3000
RCLO3C1C
RCLO3020
RCLO3G3C
RCLO3040
RCLO3050
RCLO3080
RCLG3070
RCLO308C
RCLC30%90
RCLOZ100
RCLO3110
RCLO3120
RCLO3130
RCLO3140
RCLG3150
RCLO2180
RCLO3170
RCLO3180
RCLO3190C
RCLO3200
RCLO3210
RCLO3220
RCLGO3230
RCLG3240

RCLG3Zs50

ICNLRCLOZ28C

RCLC3Z7C
RCLU3280
RCLO32%C
RCLG3300
RCLG33.LC
RCLO3320
RCLO3330
RCLO3340
RCLOZ35C
RCLLEZ&0
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c TATIC(4,I) = STATIC ANGLE PHI RCLG3370
& LO3380
WRITE{§,2000) MNP RCLO3390

2000 TFORMAT{' MNP=',I3) RCLG34G0
z READ STATIC SCLUTION RCLO3410
READ{10,36453) NB, VM RCLO3420

36459 FORMAT(1X,I3,1%,D012.8) RCLO3430
WRITE{(&,2311) XP,VM RCLO3440

2311 FORMAT(' 2~D STATIC SOLUTION FROM DEVICE 10'/ RCLG3450
=t NP =1,13/ RCLO3460

*' MEAN CURRENT VELOCITY IN THE X DIRECTION IN M/S ,VM =',512.8) RCLO3470

o RCL{3480
IF{(KP.LT.4).0R. {¥P.GT.MNP)) THEN RCLO3480
ICCC=0 RCLO3BG0
WRITE({&,12439) RCLO3B10

12439  FORMAT(' NP IS INAPPROPRIATE ; RUN STOPS') RCLO3520
RETURN RCLO3S30

ENDIF LG3540

¢ RCLO3B50
c READING FROM DEVICE 10 RCLO3560
< RCLO3570
00 1021 I=1,NP ROLOZSARO
READ(10,1033) x(z},srATIc(z.z),STATIcfz,E),STATICCE,E),S?Afzc(é,z)ﬁczcasga

* ,XCOCR(I) ,YCOOR({I},STRARC,TENSI,VLOCKI (1} RCLO3600
XI(I) = %{1) RCLE3610

1521 CONTINUE RCLO3620
1032 FORMAT(10(1X,D12.5)) RCLO3630
o EVALUATE RISER TOP X AND Y COORDINATES RCL0O3640
XTOP = KCOOR(NP) RCLO3650

YTOP = YCOOR(NP) RCLO3660

o) EVALUATE MAXIMUM STATIC EFFECTIVE TENSION RCLO3670
TOMAX=DMAXL (STATIC(L,1),$TATIC(1,2)) RCLO3680

DO 9859 I=3,NP RCLO3630
TOMAX=DMAXL (TOHAY ,STATIC{1,I)) RCLO3700

9859 CONTINUE RCLO3710
[ RCLO3720
WRITE(S,1654) TOMAX CLO3730

1654 FORMAT(® 2-D STATIC SOLUTION SUCCESFULLY READ'/' MAXIMUM STATIC EFRCLO3740
*FECTIVE TENSION/WA=L = ',010.4) RCLG3750

o) RCLO3760
RETURN X RCLO3770

END RCLO3780
RCLOZTO0

SUBRCUTINE READAS{IDCC,NP,TOL) ROLGAS0O
I¥PLICIT REAL#*8{a-H,0-3) ROLO3810
PARAMETER (N=7 ,MNFP=151, HA=4} RCOLO3820
COMMON/SCLUT/X{MNP} , ¥ [N, MNP) ,ABT(¥) ,¥00E RCLO3830
COMMOR/STAT/XI (MNP) ,STATIC (NA,MNP) , VLOCKI (MNP), T TOMAY, V¥, NPT RCLO3840
COMMON/STATI/XTOP, ¥T0P RCLO3BSC
COMMON/BOUNDA/BOUND , BOUNDE, BOUNDD RCLO38ED

c RCLO3ETO
o READAS READS INITIAL EMBEDDED APPROXIMATION RESULTING FROM RCLS3880
c RUN OF ROFORCE RCLO3ISE0
~ RCOLOZS0D
z = ¥ RCLO3TLD

1w i“"‘)

HAMIC TEHBIC
AR

vy -
4 i
SHE FORCE.IN THE XI DIRECTION?

L S
E—
[0 I S
-

Lt B
ot S

BCLOZAIS

it I LS




FILE: RCLINDYZ FORTRAN & VM/SF CONVERSATIONAL MONITOR SYSTEX
o ¥{3,I) = OMEGR ABQUT ETA RCLOIS30
c ¥{4,I}) = DYNAMIC ANGLE PHI RCLO3540
c ¥(5,I) = DISPLACEMENT IN ™HE 2T DIRECTION, P (TANGENTIAL) RCLO3950
c Y{&,I}) = DISPLACEMENT IN THE XI DIRECTION, O (NORMAL) RCLO38S0
o Y(7,I) = NATURAL FREQUENCY RCLO3STO
c X{1) = UNSTRETCHED ARC LENGTH & RCLOZS80
c RCLO3SS0
WRITE{B,2000) MNP RCOLO40CD
2000 FORMAT(' MNP=',I3) RCLO4GCLO
C RCLO4020
READ(12,36459) MODE,NP,SIGMAD,XTOR,YTOP RCLO4030
26459 FORMAT(1X,I2,1X,13,3(1X,010.4)) RCLO4040
WRITZ(6,2311) NP,MODE,SIGMAD,XTOP,YTOP RCLO4050
2311 TFORMAT(' INITIAL APPROXIMATION FROM DEVICE 2/ RCLO40BC
=" NP =',73,' MODE NUMBER =',I2,' SIGMAD =',010.4/" X AT TOP =', RCLO4070
*D10.4,' ¥ AT TOP =',D10.4) RCLO4080
c RCLO40S0
IF((¥P.LT.4).OR. (NP.GT.¥NP)}) THEN RCLO4100
ICCC=0 RCLO4110
WRITE(5,12439) ROLO4120
12439  FORMAT(' NP IS INAPPROPRIATE ; RUN STOPS '} RCLO4130
RETURN ROLO4140
ENDIF RCLO4150

ol RCLO4180
¢ READING DATA FROM DEVICE 12 ... RCLO4170
c RCLO4180
DO 10011 I=1,NP RCLO4190
READ(12,10012) Z(I),(Y(J,1),J=1,7) RCLO4200
10011 CONTINUE RCLO4210
10012 FORMAT(B{1X,D12.6)) RCLO4220
c EMBEDDED BOUNDARY CONDITIONS AND OMEGA ETA(0) RCLO4230
BOUND = ¥{3,1) RCLO4240
BOUNDP = Y({5,NP) RCLO4250
BOUNDD = Y{5,NP) RCLO4260
c ROLO4270
WRITE(9,1052) NF,SIGMAD RCLO4280
1052 FORMAT(' INITIAL CONDITION FOR EPS=0. AND NP = '.13,7 BOINTS, HATRCLO4290
*URAL FREQUENCY = ',D10.4,' RAD/S'/ RCLO4300
x I ARC TENSION )84 OMEGA ETA PHI RCLD4210
* P 0 SIGMA') RCLO43Z0
DO 1601 I=1,NP RCLG4330
WRITE(S,1603) I,K(I},Y{A,I},YfE,I),Y(B,I),Y(é,Z},Y{S,E),Y(E,I}, RCLO4340
* ¥(7,1) RCLO4350
1601 CONTINUE ROLO43I50
1803 FORMAT(IY,I3,8(1X,012.5)) RCLG437O
o) RCLO438D
WRITE{S,59881) RCLO4390
9561 FORMAT(' DO YOU WISH A& TERMINAL COPY OF INITIAL APPROZIMATICN'/  ROLO44J0D
' IF YES INPUT 1') RCLO4410
READ(S, =) IPRINT ROLOZ4A2D
IF{IPRINT.EQ.L) THEN RCLG4430
WRITE(8,1052) Np RCOLO4A4E40
00 9639 I=1,NP RCLO4450
WRITE(Z,1603) Z;Y{I},?{ial},?{2,15;?{3,23,Eié,EE,EiﬁfI},Yiﬁ,E}, RCLO4480
= ¥{7,1} ROLO4ASGTD
ROLOS480

SEED

275

COETINUE
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ZND IF RCLO4450
WRITE(S,1722) BOUND RCLO43C0

1722 FCRMAT(® ASSUMED BOUNDARY CONDITION ¢/ CLO4510

=' CMEGA ETA {0} =',D12.8) RCLO4E20

c RCLO4B30
TCLL = 0.h0 RCLO4B4D
DO 3931 I=1,%P ROLO4550

TOLL = DMAXI{TOLI,DABS(Y{3,I))) RCLO4580

3831 CONTINUE BCLO4570
WRITE(6,3%32) TOLi RCLO4ER0

3532 FORMAT(® MAXIMUM ABSOLUTE VALUE OF X~-D OMEGA ETA IS =',D12.5/ ROLO4590
*' THIS NUMBER CAN BE USED TO ESTIMATE '/ RCLO4S00

*' A REASONABLE TOLERANCE FOR CDNVERGENCE OF ITERATIONS'/ ROLO4E10

*' INPUT A FRACTION OF THIS NUMBER TO DETERMINE YHE TOLERANCE®'/ RCLO4620
*' E.G. INPUT 0.0l OR 0.1 IF THE INITIAL ESTIMATE FOR OMEGR ETA'/ RCLO4E30
*' IS SMALL'/' AFTER THE RUN CHECK THE ACCURACY OF THE SOLUTION') RCLO4640

READ(5,+) TOLV RCLO4E50

TOL = DABS{TOLV)*TOLL RCLO4660

o RCLO4670
1005 WRITE(&,1004) RCLO4ES0
10C4 FORMAT(' IF YOU WISH TO STOP INPUT 0'/ CLO4630
*' IF YOU WISE TO CONTINUE WITH ITERATIONS INPUT 1') RCLO47T0C
READ(5,=+) icco RCLO4710
IF((ICCC.NE. Q) .AND. (ICCC.NE.1)) GOTO 1005 RCLO4720

C RCLO4730
RETURN RCLG4740

BND RCLO4750

o RCLO&7E0
SUBROUTINE STRUCT{ARRAY,X,NP) RCLO4770

c THIS SUBROUTINE CHANGES A SERIES OF DATA GIVEN IN RCLO4780
c SEGMENTS TC A SERIES OF DATA CORRESPONDING TO SPECIFIC POINTS RCLO4730
c ASSUMPTION: NSEG < NP RCLO4800
THPLICIT REAL*8{A-H,D-2) RCLD4B10
PARAMETER (MNP=151) RCLO4820
COMMON/INPUTL/TLEN, WA, WT, NSEG RCLO4830
COMMON/ INPUTL/RLENG (MNP) , SEG (MNP+1) RCLO4840
JIMENSION ARRAY (MNP),HELP (MNP),X (MNP) RCLO485D

c RCLO4860
IF{MSEG.EQ.L} THEN RCLO4870

DO 83 I=i,NP RCLO4880

HELP(I) = ARRAY(1) RCLC48S0

83 CONTINUE RCLO4900
EL3E RCLO4910
HELP{1} = ARRAY(Z) ROLGAS20

HELP (P} = ARRAY (N5EG) RCLO4830

I=2 ROLO4ASA0

BC B4 K=Z,¥p-1 ROLO4SED

IF ({X(X).GT.SEG(I~1)).AND. (X(X).LT.SES(I))}) THEN RCLOGSES

HELP (K} = ARRAY(I-1) RCLO4%70

ELSE IF (X{K).EQ.SEG(I)} THEN RCLO4SS0

HELF(KJ = C.5D0=(RRRAY(I-1) + ARRAY(I}) RCLO4290

ELESE IF (X{K}.GT.8EG(I)) THEN RCLOSCOO

HELP(K) = ARRAY(I} RULOBCLO

I =21+ 3 RCLOBGZO

END IF RCLOBAID

RCLCS040

84 CONTINUE e




277

FILE: RCLINDYZ FORTRAN & VHE/SP CONVERSATIONAL MONITOR SYSTEM
END IF RCLOBOSD
DO 85 K=1,NP RCLOE060
ARRAY(K) = HELP(XK) RCLOB070
8% CONTINUE RCLOBOSD
RETURN RCLOSOSC
END RCLOBLOO
c RCLOBILO
SUBROUTINE DERI(ARRAY,X,DERIV,NP) RCLGSB120
o THIS SUBROUTINE EVALUATES THE FIRST DERIVATIVE OF A SERIES OF DATARCLOSL30
c POINTS USING A SECOND ORDER APPROXIMATION (NONUNIFORM GRID FINITE RCLOS140
fod DIFFERENCES) . RCLOS1SD
IMPLICIT REAL#8(A-H,0-Z) RCLOSLE0
PARAMETER {MNP=15:) RCLOSL7D
DIMENSION ARRAY (MNP) , DERIV (MNP}, X (MNP) RCLOB18C
c USE FIRST CRDER FOR END POINTS DERIVATIVES RCLOS1S0
DERIV(L) = (-ARRAY(1) + ARRAY(2)}/{X(2)-%(1)) RCLOB200
DERIV (NP} = (~ARRAY(NP-1) + ARRAY (NP) ) /(X (NP) ~X (KP=1)) RCLOB210
o RCLCB220
DU B38 I=2,NP~1 RCLOS230
DX = X{I) - X(1-1}) RCLOB240
DKL = X{I+1) - X{1) RCLOSB250
D = DX/DX1 RCLOS260
DERIV(I} = (D*{ARRAY(I+1)-ARRAY(I)) - (ARRAY (I-1)~ARRAY (1)) /D) RCLOZ270
DERIV(I) = DERIV(I)/(DX+DX1) RCLOS280
836 CONTINUE RCLOS290
RETURN RCLOS300
END RCLOS310
c RCLO5220
SUBROUTINE QUTPRUT (NP) RCLOS330
o THIS SUBROUTINE OUTPUTS THE RESULTS IN TWO FORMATS: & COMPLETE RCLOS240
o FORMAL FORM AND A FORM TO BE USED FOR PLOTTING. RCLO5350
IMPLICIT REAL*8(A-H,0~7) RCLOS360
PARAMETER (MNP=151,NA=4, N="7) RCLG537D
CHARACTER*80 NAME RCLOSB380
COMMON/CONST/XPI,XPI2,RHOW, GRAV RCLOS390
COMMON/ INPUTO/NAKE RCLOB400
COMMON/INPUTL/TLEN, WA, WT, NSEG " RCLOS410
COHHGN/IHPUT2/RHDO,AI,CFLUiS,PRESS,AO(MNP) RCLOS420
COMMON/INPUTL/RLENG (MNP) , SEG (MNP+1) RCLOS430
COHMON/IHPUTB/WEIGHT(HKP},EA(HKP),EIETA{HNP},EZRTAS(MNP},EIKI(KNP)RCLGS44Q
*,EIXIS (MNP) ,GIP (MNP) ,GIPS (MNP) RCLOS450
COHHON/INPUT4XDXI(HNP},?KIETA(H%?},DETA{MNP),GXIETA(MHP) RCLOS460
CG&%GN/ZHPUTE/RHASS{MHPE,RHASST(H%P}gAH&XE{xﬁPE,AHAETA{&NP),AﬁAZI{RC&GEé?G
*MHP) , THAXI (MNP}, TMAZI (MND) RCLOB4BG
COMMCN/ INPUTE/XIZI (MNP}, JEI{MNHP)  TIEI (¥ND) RCLOB4G0
COMMON/STAT/XI (MNP) ,STATIC (NA, ¥ND), VLD HI{¥ND) ,TOMAX, VH, NPT ROLGSEQ0
COMMON/STATL/XM0B, ¥T0D RCLOS510
CSMKSEXCGEF/EPSETA<H§?},EFQETS{MN?},azET&{xﬁyj,sz{aﬂp},3&%(%NP},§&CL05520
*ZETEM, THAXAY , DXTY RCLOS530
COMHDN/&OEFL/BETA,EETAS,%ZET,HX,EG%E,TG,QKIG,OHEGAQ,CCNS;,CONSE RCLOB540
COMMON/SOLUT/X (MNP}, ¥ (N, MNP} ,ABT(N) , MODE HCLOS5ED
DIMENSION AL{MNP) RCLOS560
o CALCULATE THE ORTHONORMALIZING CONSTANT POR D LHD O ROLOSETD
o RCLG5380
DO 342 Is1,¥P ROLCSEE0

fART T CQ%}?{T {3’;{’:} } RCLQﬁéQQ

S B s bt
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B1{I) = Y(B,I)%x»2+HZET « HY=Y(5, I)xx2 RCLOS610
5427 CONTINUE RCLOS620
A = 0.D0 RCLOSSE30
DG 642 I=2,NP RCLOS64G
DE2 = (X({I)-X{I-1))=0.3D0 RCLOS650
3= A o+ (BL{I)+A1{I-13)*DX2 ROLCEEED
542 CONTINUE RCLOSETS
& = DSQRT{A) RCLOSE80
oy ORTHONORMALIZE THE SOLUTION EXCEPT SIGMA RCLOSE90
Do 843 Is=1,NP RCLOB7I00
Y(N,I) = DABS{Y(N,I) RCLOS5710
DO 843 K=1,N-1 ECLOBT20
YIK,I) = Y{X,I)}/a RCLOS730
643 CONTINUE RCLOS740
RCLOBTS0

QUTPUT RESULTS
WRITE(3,100C) NAME RCLOS760

1000 FORMAT{80A) RCLOS770
WRITE(S,1001) NSEG,TLEN,WA,RHOC, RHOW,AI,CFLUID, PRESS, WT, TOMAX, VM, RCLOS780

L

*XTOP*TLEN, YTOP«TLEN RCLOS780
< RCLOS800
1001 FORMAT(1X,I3,8X,' = NUMBER OF RISER SEGMENTS'/ RCLOSB10

*1%,D12.8,' = UNSTRETCHED RISER LENGTH IN M'/ RCLOB82Z0

*lX,D12.6,' = APPROXIMATE AVERAGE EFFECTIVE WEIGHT PER UNIT LENGTE RCLO5830

=IN N/M'/ RCLOS5840

*1X,D12.6,' = INNER FLUID DENSITY IN XG/M3'/ RCLOSBED

*1X,D012.6,' = SALT WATER DENSITY IN KG/M3'/ RCLOSBED

=1X,D012.6," = INNER CROSS SECTIONAL AREA IN M2'/ RCLGBB70

*1X,D12.6,' = INNER FLUID SPEED IN M/S'/ RCLOSB80

*1X,B12.8,' = INNER FLUID OVERPRESSURE IN N/M2'/ RCLOS890

*1X,D12.6,' = APPROXIMATE TCTAL EFFECTIVE WEIGHT IN WATER IN N'/ RCLOS500

*1X,D12.56,' = MAXIMUM STATIC TENSION IN N'/ RCLOS91C

*1X,012.6,' = MEAN CURRENT VELOCITY IN THEE X DIRECTION IN M/S'/ RCLCSS20

x1X,D12.8," = K COORDINATE AT TOP IN M'/ RCLOSS30

*1X,012.6,' = Y COORDINATE AT TOP IN M') RCLOS340
o EVALUATE DIMENSIONAL NATURAL FREQUENCY RCLOSS50

SIGMAD = Y(N,1)+DSORT (TOMAX/TMAYAV) /TLEN RCLOSS60
WRITE(S,1002) NSEG RCLOSS70
1002 FORMAT(//* DATA PER RISER SEGMENT FOR NSEG =RCLOS980

* 'yI3," SEGMENTS/"DIMENSIONAL QUANTI T IRCLOS9SC

*ES I N THE §.I. SYSTEM/ RCLOBCOD

*t RLENG DXI PXIETA A0 WEIGHT MA3S RCLOBOLO

* TMASS AMAYI AMAETA AMAZI THAYI TMAZI RCLOGOZO

* '3 BCLOBOIO

TL = TOMAX/TLEN gaLasaéa
L.OB050

i’r@ .:-&JU‘E' J-_}uf S“"!“‘
WRITE{2,1003) RLENG(I}=TLEN, PEI(L),PEIETR(LY ,B0¢ ﬁi,Jviwdm’*}*?L,RHECLOEGEQ

rAS$i ) RMASST(I),AMAXI(I),AMAETA{I) ,AMAZY (T (TMAXT (1), TMRZI(I] RCLGELTC
L0004 CORTINUE RCLOBOBO
1003 FORMAT{1Z{1X,D10.4i/) RCLOBOSC
c RCLGE10C
WRITE{S,10022) RCLOBLLD
LOGZZ FORMAT O EA EIETA ZIETAE EIXI ZIXIs RCLOB1Z0
*  GIF FIP3 DETA JEI AJZI TIZI ) C*”S*QE
DO LOCZE I=L, NBEG CLOEL2D
WRITE(D,10024) BRI BIETA(I)ETETAB (L), BIRI (17, EIXIS(I), 61500, NCLGSLEG
*GIPS(I},DETRII) RJZI(I),AI711).702110) RCLOGLES
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CONTIKUE RCLOGL7C
FORMAT{11(1X,D10.4)/) RCLOBLBY
RCLOGLED
RCLOG200

WRITE(Y,761) MCDE,SIGMAD

FORMAT(® tt*t*tx*antwt!zt*txxn**xt!x**x*t*x*w***xx#*wkt*t*wx*t**x'RCLGSZLO

x/t X¥ODE NUMBERSE=',12/" NATURAL FREQUE

N RCLOB220

*C ¥ = *,010.4,° RAD/S+ /¢ x**x*:xua**tr*aa*xx#xzn*tww*xn*xn*xt:x**aRCLQﬁQBQ

¥y =

EEEEEARR AR TR KRR )

WRITE(S, 1008} NP
FORMAT (/' ORTHONCRMALIZED NONDIMENSIONAL RESULTS AT NP = 1,
*I3," POINTS'/

x1 8 TENSION OxI OMEGRETA PHI B
* 0 SIGMAT)

DC 1010 I=1,NP

WRITE(9,1011) X(I),(¥(J,I),3=1,7)

CONTINUE

FORMAT (8({1X,010.4))

NORMALIZE ESTIMATED ERROR BY COMPONENTS.

DO 189 I=1,N~1

ABT(I)=ART(I)/2

CONTINUE

WRITE(9,10119) (ABT(I),I=1,7)

FORMAT (' MAXIMUM ESTIMATED ERROR BY COMPONENTS' /11X, 7(1X,D10.4))

CUTPUT 70 FILE CONNECTED TO DEVICE 1
THIS CAN BE USED FOR PLOTS OR INPUT TC ANOTHER RUN OF RCLINDY:

CALL STRUC({VLOCKI,NP,NPI)
WRITE(11,36459) KODE,NP,3IGMAD,XTOPR,YTOP
FORMAT (1X,12,1X,13,3(1X,D10.4))

DO 3666 I=1,NP

WRITE{LlL, 3867} £01),(2(3,1),3=1,7) ,VLOCXI(I)
CONTINUE

FORMAT (9 (1X,D12.8))

BETURN
ERD

SUBROUTINE FON(X,EPS,Y,F,N)
TEIS SUBRCUTINE EVALUATES THE FUNCTIONS USED BY DOZRAF TO SCLVE
THE PROBLEM.

IMPLICIT REAL#*H(A~E,0-Z)

PARAMETER {MNP=151)
CGMMG§Z$$EF£E?SET§{§§P},EF%ETS{EN?},%XBT&{XBP},HXI{KH?},EGM{KN?}
*ZETAM, TMAXAV, DX Ix

coHHcNfcsayi/aﬁTA,EETas,ﬁzaT,HX,EGMz,T +QEIO, OMESAD, CONSL,00NS2
DIMENSION Y(N),F(N)

LOCATE MESH POINT TO EVALUATE COEFFICIENTS

CALL COUNT(X)

]

MEGRC#*Y (2) =+ CONS2#Y{4)

(1) = JRE (T xnz

*ry e

(1) o= OXICeY(3Y + 0D
] {1} - HZET=v{

RCLOSZ40
RCLOBZ80
RCLOG260
RCLOBZT7D
RCLOB280
RCLO&290
RCLOB30C
RCLOB310
RCLOB320
RCLOB3IZD
RCLOB340
RCLOE350
RCLOB360
RCLOE370
RCLOE380
RCLOE3S0
RCLOGB400
RCLOG410
RCLOG420
RCLOB430
RCLOG440
RCLO6450
RCLOB460
RCLOG470
RCLOG48C
RCLOG480
RCLOG500
RCLOB510
RCLOB520
RCLOES30
RCLOG540
RCLOBSEQ
RCLOB560
RCLOBS70
RCLO6B580
RCLOBES0
RCLOBEST
RCLO86LD
RULIBEZO
s HRCLOGE3C
RCLOSB40
RCLOBES0
RCLOBEE0
RCLOBETO
RCLOGS8D
RCLOSE50
RALISTOC
RCLOBT1D

oy
RHCLOE720
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F(2) = ~T0«¥(3) - OMEGAO=Y (1)

F(2} = F(2) - CONS1+Y(4)

F{2) = P(2) = HEX=xY(8)a¥{7)xx2

F(3) = = Y(2)/EETA - EETAS»Y(3)/EETA

Fl4) = 7(3)

F(5) = OMEGAD~Y(8) + EOMI»Y{1)

F(B) = Y(4) + Y(4)=EOMI«TO - OMEGAO=Y(5)

F(7) = o.00
RETURN
END

SUBROUTINE G(EPS,YA,YB,BC,N)
BOUNDARY CONDITIONS USED BY DO2RAF
IMPLICIT REAL*8(A-H,0-72)

DIKENSION YA(N)},YB(N),BC(N)
COMMON/BCUNDA/BOUND, BOUNDP, BOUNDQ

BC(1)=Ya(4)
BC(2)=Ya(5)
BC{3)=Yn(8)
BC({4)=YA(3) ~ BOUND

BC(8)=YB(4)
BC(68)=YB(5} - BOUNDP + EPS*BOUNDP
BC(7)=YB(6) - BOUNDQ + EPSxBOUNDQ

RETURN
END

SUBROUTINE JACOBF (X,EPS,Y,F,N)

THIS SUBRCUTINE EVALUATES THE JACOBIAN OF THE EQUATIONS TO USE IN

NEWTON'S ITERATICN.
IMPLICIT REAL=8(A~H,0~Z)
PARAMETER (MNP=1581)

VM/SP CONVERSATIONAL MONITOR SYSTEM

RCLGE730
RCLOB740
RCLOE730
RCLGETE0
RCLOBTTC
RCLOE780
RCLGB790
RCLOGBOD
RCLOBBLY
RCLOSBZD
RCLOE830
RCLOGB4C
RCLOEBEO
RCLO&86EO
RCLOGB7T0
RCLOEBBO
RCLOE8B3C
RCLG6300
RCLOEZ10
RCLOBI20C
RCLOGT30
RCLOG340
RCLGE950
RCLOE9ED
RCLOES7C
RCLOBI8D
RCLOE390
RCLO7000
RCLO7CLC
RCLG7020
RCLO7030
RCLG7040
RCLO7080
RCLO7080
RCLO7070
RCLO7080
RCLOT080
RCLO7100
RCLO7110

COHMG%KCOEF/&?SETA(KX?);EPSETS(MNP},HZET&(MHP),HXI{MN?},EDM(MNP),HRCLO?&EO

*ZETAM, TMAXAV, DXI¥
CGMMON/COE?l/EETA,EETAS,EZE?,HX,ECXI,TG,QXZG,OHEGAG,CONS&,CONS2

DIMENSICH YN} ,F{N,N)

LUCATE MESHE PCINT TC EVALUATE CCEFFICIENTS

i L f

CARLL COUNT(H)

DS BLT I=LLN
DO B17 ¥=1.H
PII,H} = 0.00
CNTINUE

(1,2) = OMEGAC
) = OHIO

= CONS2

= ~HZET«Y (7] %x2

~Z.D0*Y (7} *HZET*Y (5]

E
~
s {ad
[N
i

Wy ovrp ot oref ey
N
rope
-
vt KR
[ Y]

o

RCLG713¢
RCLO7140
RCLOTLEG
RCLOT150
RCLC717C
RCLOT71BO
RCLO718¢C
RCLG7200
RCLO7210
RCLO7220
BECLOT230
RCLO7240
ECLOTES0
RCLO7ZEC
RCLOTZ70

bolal BF e B ) 3
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o RCLO7250
F{2,1) = ~-DOMEGAD RCLOT300
F(2,3} = -7 RCLO7T310
F(2,4) = -COoNS1 RCLCT320
F(2,8) = ~HX=¥(7)x#2 RCLST330

F{2,7} = “2.DC*Y(T7) xY (6) aHX RCLO7340

¢ RCLOT380
F{2,2) = -1.D0/EETH RCLO7380
F{3,3) = ~EETAS/EETA RCLG7370

< RCLO7380
F(4,3) = 1.00 RCLO7390

< RCLGT7400
F{3,1) = soMI RCLO7410
F(5,8) = OMEGAO RCLO7420

c RCLO7430
F(6,4) = 1.D0 + EOMIxTe RCLO7440
F(6,5) = ~OMEGAD RCLO7450
RETURK RCLO7460

END RCLG7470

c RCLO7480
SUBROUTINE JACOEG (EPS, YA, YB,AJ,BJ, N) RCLO7490

c THIS SUBROUTINE EVALUATES THE JACOBIAN OF THE BOUNDARY CONDITIONS.RCLO7500
IMPLICIT REAL*8(A~H,0-7) RCLO7510
DIRENSION YA{R),YB(N),AJ(N,N).BJ(N,X) RCLO7520

DC 876 K=1,N RCLO7E30

DO 876 1=1,N RCLO7540

AJ{K,I) = o.po RCLO7550

BI{K,I}) = 0.D0 RCLO7560

B76 CONTINUE RCLO7570

c RCLO7580
AJ{1,4}) = 1.p0 RCLO7590
AT{Z,5) = 1.D0 RCLO7800
AJ(3,8) = 1.po RCLO761D
AJ(4,3) = 1.n0 RCLO7&E20

o RCLO7630
BJ(5,4) = 1.00 RCLOT640
8J(6,5) = 1.D0 RCLO7650
BJ{7,8} = 1.p0 RCLG7860
RETURN RCLO7&70

END RCLO7830

o RCLO7890
SUBRQUTINE JACEPS (X,EPS,Y,F,N) RCLO7700

< THIS SUBROUTINE EVALUATES THE DERIVATIVES OF THE FUNCTIONS wIvy CLOTTLO
o RESPECT 70 THE CONTINUATION PARARMETER P53, RCOLGT7ZO
IMPLICIT REAL#B{A~H,0~2) RCLO7730
PARAMETER (Na=4, ¥NP=151 RCLO7740
caxgexfsTAfozixHP},sra@zcg%g,xﬁp},?Lﬁcxzixﬁ?},?Gxax,va,ypz RILO77RD

[$

&

3

COMMON/CCEF /EPSETA (MND)
*ZETAM, TMANAV,DXIN
COMMON/COEFL/EET ,EETAS,HZET,HX,EGMZ.Tﬁ,szc,cxzsas,ccxsz,caﬂsz

DIMENSICN ¥(N},FI%)

rag

3
[

(1) = o.

F{2)

it
]
o
<

;E?SETS(MN?};EZETA(H&?},BXIikN??,EOM(MKP}.ERCLOT?SG

RCLO7770
RCLO7780
RCLG7750

LLOTBO0
RCLO7810
RCLO7820
RCLO7820

BCLOT840
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F{3} = 0.D0 RCLOTB50
F(4) = 0.D0 RCLO7860
F{5) = 0.D0 ROLCTBIO
o RCLO7880O
F{B) = 0.D0 RCLOTE90
F(7y = 0.00 RCLO7900
RETURN RCLOTSLO
END RCLOTS20
o RCLO7E30
SUBROUTINE JACGEP(EPS,YA,YB,EBCEP,N) RCLO7940
o THIS SUBRQUTINE EVALUATES THE DERIVATIVES OF THE BOUNDARY RCLOTS50
z CONDITIONS WITH RESPECT TO THE CONTINUATION PARAMETER £P3. RULO7S60
I¥PLICIT REBL*B({&~H,0-Z) ROLOTITO
COMMON/BOUNDA/BOUND, BOUNDP , BOUNDQ RCLOTS80
DIMENSION YA(N),YB(N},BCEP(N) KCLO7990
D0 871 K=1,H RCLOBOCD
BCEP(X) = 0.D0 RCLOSO1D
CONTINUE RCLOBG20
BCEF(5) = BOUNDP RCLO8030
BCEP(6) = BOUNDQ RCLOB040
RETURN RCLOBCSO
END RCLOBOEG
z RCLOBO70
SUBROUTINE INTERP (NP) RCLOBOSO
C THIS SUBROUTINE INTERPCLATES THE RISER CHARACTERISTICS AND THE RCLOBOYO
g STATIC SOLUTION TQ THE NEW NUMBER OF POINTS NP. RCLOBLOD
c ASSUMPTION: NP .GE. NPI RCLOBL1O
IMPLICIT REAL=*8(3~H,0-2) RCLOB120
PARAMETER (MNP=151, NA=4,N=7) RCLOBL30
COHMON/COEF/EPSETA(HNP),EPSETS(M&P),HZETA(HN?),HXI(HNP),EOH(XNP),HRCLGBl#O
=ZETAM , TMAXAV,DXINM RCLOBL5C
COHHOK/STA?/XI(KNPJ¢S?A?IC(NA,HXP).VLGCXI(MH?).TOMAX,VH,NPI RCLOB1A0
COMMON/STATZ2/CONSTL (MNP) , CONST2 (MNEB) RCLOBLTO
COMMON/SOLUT/X(MNP) , Y(N,MNP) ,ABT(N) , MCDE RCLOS180
DIMENSION HELP (MNB) RCLOB190
o INTERPOLATE STRUCTURAL DATA TC THE NEW NUMBER OF POINTS RCLOB200
CALL STRUC(EPSETA,NP,NPI) RCLOBZ220
CALL STRUC(EFSETS,NP,NPI) RCLOB220
CTALL STRUC(EOM,NP,NPI) RCLOBZ30
CALL STRUC (HXI,NP,NPI) RCLO8240
CALL STRUC{HZETA,NE,NPI) RCLOB25(
CALL STRUC(CONSTL,NF,NFI) RCLOB2ZED
TALL STRUC (CONSTZ,NE,NPI) RCLOS270
CALL BTRUC(VLOCKI,¥P,NEI} RCLOB280
z INTERPOLATE STATIC SOLUTION TO THE NEW NUMBER OF porwre~ RCLOB250
DO 455 K=1,3 RCLORBIDY
DO 438 I=1,NPI RCLOBILO
HELP{I} = ZTATIC(¥,T RCLOS320
458  CONTINUE RCLOB3I3C
CRLL STRUC{HELP,NP,NPI) RCLOE340
OC 457 I=i,NP RCLOB3S0
STATICIK,I) = HELP(D) RCLOBISO
487 CONTINUE RCLOB3ITD
458 CONTINUE RCLOS380
DOO339 I=1,upé RCLOB2S0

XT0T) = 2O RCLOBAGD

Lahe b e F has
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CONTINUE
RETURN
END

SUBRQUTINE STRUC(ARRAY, NP, NPOLD)

THIS SUBROUTINE INTERFOLATES 2 SERIES OF DIVISION POINTS 70 A NEW
SERIES COF DIVISION POINTS.

IMPLICIT REAL#*B(A-H,0~Z)

PARAMETER (MNP=151, NA=4, N=7)
COHKGN/SOLUT}X(HRP),Y(H,KHP),AS?CN),X&DE
ccﬁxaﬁ/swﬁmfxz{xu?},STATIC(NA,aNP},VLocxz
DIMENSION ARRAY (MNP) , HELP (¥NP)

(¥NP) , TOMAX, VM, NPT

HELP(1) = ARRAY{1)
HELP (NP} = ARRAY (NPOLD)
DO 82 I=Z,¥POLD
DG 8L K=2,8bB-1
IF ({X(K}.GT.XI(I*A)).ANS.{X{K}.LT.XI(E))) THEN
CORV = (X(K}—xz(1-1)}*(ARRAE{I)~A§&AY(1-1))f(xz
HELP{K) = ARRAY(I-1} + CONV
ELSE IF (X{K).EQ.XI(I})) THEN
HELE(K) = ARRAY(I)
END IF
CONTINUE
CONTINUE
DO 88 K=1,NP
ARRAY (K) = HELP(K)
CONTINUE
RETURN
END

{I)-XI(I~1})

SUBROUTINE COUNT(X)

IS SUBROUTINE EVALUATES THE
STATIC SOLUTION AT A POINT X.
1T RETURNS THEIR VALUE IN COMMON BLOCK COEFL.
IMPLICIT REAL*8{A~H,0-Z)

CARAMETER (MNP=151,NA=4)

CO&HON/COEF/EPSETA(MN?),EPSETS(HKP),HZETA(MNP};HXI(HNP)

*ZETAM , TMAYAY, DXIM

COHMON/STAT/KI(HXP),STATIC{KA,HNP},VLOCXI{HNP),TOMAX,VM,HPI
coxxox/canz/EETA,Earas,HZET,HX,EGMI,?o,QXIG,QMEGAG,CONSL,consz
COHHGH/STATZ/CSNS?;{HNP},CENST2{MNP}
COHMON/COUN/ TCOUNT

¥ = ICOUNT

IF (R.EQ.XI(®Yy vHEN

EETR = EPSETR (M)

EETAS = EPSETS(¥]

HE = HXI(¥)
HZETA (M}

EOMI = EoM(M)

TO = STATIC(L,X)
QKIO = STATIC(Z,M)
OMEGAQ = STATIC(3,¥)

CONBL = CONSTL (M
CONSZ = CONSTZ (M)

el ats

el 11, B Exad &
: LCOUNT +

LRSS L N

VM/SP CONVERSATIONAL MONITOR SYSTEM

RCLO8410
RCLOB420
RCLLB43¢C
RCLOB440
RCLOB4S0
L3B460
RCLOB4T0
RCLGB480
RCLOB4SC
RCLOBS00
RCLO8510
RCLOE5Z0
RCLGES53C
CLo8540
RCLOBS50
RCLOBSE0
RCLOBE7O
RCLOB5E0
RCLOBSS0
RCLUBGCO
RCLOBB10
RCLOSBE20
RCLCBG30
RCLOBE40
RCLOBBED
RCLOBGE0
RCLOBETO
RCLOB&20
RCLOBSI0
RCLOBT0C
RCLOB710
RCLO8720

RISER CHARACTERISTICS AS WELL AS THERCLCSTIO

RCLOB740
RCLO8730
RCLOBT60
RCLO8B770

+ EOM (MNP}, HRCLOB780

RCLOB790
RCLOBBOO
RCLOBB1O
RCLOBRZC
RCLOBR3C
RCLGBR40
RCLOSEE0
RCLOBBED
RCLGBE7C
RCLO8Ba0
RCLOBE30
RCLOSSOD
RCLO8910
RCLOBYS20
RCLOBS30
RCLOB940
RCLOBSED
RCLOBSED
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IF(X.EQ.1.D00) ICOUNT = 1
ELSE IF ((X.LT.XI(M)).BND.(X.GT.XI(M-1})) THEN
DIFF = DABS(XI(M}-%)

THEIS IF STATEMENT IS TO ACCOUNT FOR A COMPUTER INARCCURACY IN

REPRESENTING AND EQUATING REAL NUMBERS.
IF (DIFF.LT.I.D=7) THEN
ICCUNT = ICOUNT + 1
IF {XI{¥).EQ.1.DO) ICOUNT = 1
END IF
DX = (X~XI(M~1)})/(XI(M)=XI(M~1})
ZETA = EPSETA(M-1) + (ESPSETA(Y)-EPSETA(M~1))2DX
EETAS = EPSETS{M~-1) + (EPSETS(¥)~EPSETS(M~1))}+DX
HE = BEXI(M-1) + (HEI{M)-HXI{(M~-1))=DX
HZET = HZETA(M~-1) + (HZETA(M)-HZETA(M-1))*DX
EOMI = EOM({M~1) + (EOM(¥)-EOM(M-1))=+DX
TO = STATIC(1,¥-1) + (STATIC(L,M)-STATIC(1,M-1))+DK
UKIO = STATIC{2,M-1) + (STATIC(Z,M)~STATIC(2,M~1))DX
OMEGAD = STATIC{3,M~1) = (STATIC{3,M)~-STATIC(3,M~1))*DX
CONS1 = CONSTL(M-1) + {CONSTL{M)~CONSTL(¥~1)}*DX
CONS2 = CONST2(M-1) + (CONST2(M)-CONST2(M~1))=DX
ELSE

WRITE(E,=) ' ERROR OCCURED IN CCUNTER, NP =t .M
END IF

RETURN

END

VM/SP CONVERSATIONAL MONITCR SYSTEN

RCLOBI70
RCLO8Y80
RCLOBISO
RCLOBCOC
RCLOBCLO
RCLUSCZC
RCLOBO30
RCLOB040
RCLO9CSO
RCLOSOED
RCLOSC7C
RCLOB0S0
RCLOSOS0
RCLO9100
RCLCS110
RCLO9120
RCLO9130
RCLOS14C
RCLO®150
RCLOB160
RCLOB170
RCLODIBO
RCLO91SC
RCLOO200
RCLO9210
RCLOSZ20
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Appendix A

Programs ORTHOG and ORTHOGI
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1. Input-Qutput Manual for Program CRTHOG

This program is written in FORTRAN 77 and allows the user to
check the orthogonality condition for the out-of-plane eigenvectors.
The orthogonality condition is derived in [47].

Before executing the program the user must make syre that

0 Devices five and six correspond to input-output from the
terminal

0 Device four must be associated with an input data file
containing an out-of-plane eigensolution resulting from
an execution of Program RCLINDYN or RCLINDY3. The input
file has a logical record length of 117 characters,

o Device three must be associated with an input data file
containing another (or the same) out-of-plane eigensolution
resulting from an execution of Program RCLINDYN or RCLINDY3.
This input file also has a Togical record length of 117
Characters.

Input Variables

At the beginning of the program the user is asked to input the total

mass per unit length in the % direction, m? and the total! mass per unit

-

—— . I + -
fength in the £ direction, mr.  These values should be given in kg/m.
Then, the user is asked o input the riser length in meters and the total

polar moment of mass inertia ger unit length J3° in kg-m. For simpiicity,

!
i

oy

the above values are assumed o be constant aiong the length of the riser
for the purposes of this program. The program then evaluates and orints

the value of the orthogonality condition.
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2. Sample Run, Input and Qutput

Interactive Segsion

INPUT
Device 5 = TERMINAL
Device 4 = J0ADIA DATA A*
Device 3 = JOAOZA DATA A
ouTPYT

Device 6 = TERMINAL

S ——
File included 1in Chapter III.
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JOAG2A DATA A
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3. Input-Output Manual for Program CRTHOG]

This program is written in FORTRAN 77 and allows the user to check
the orthogonality condition for the in-plane elgenvectors. The ortho-
gonality condition is derived in [4].

Before executing the program the user must make sure that

o Devices five and six correspend to input-output from the termipal

o Device four must be associated with an input data file contain-
ing an in-plane eigensolution resulting from an execution of
Program RCLINDY1 or RCLINDY2. The input file has a Togical
record length of 117 characters,

¢ Device three must he associated with an input data file contain-
ing another {gr the same) in-plane eigensolution resulting from
an execution of Program RCLINDY] or RCLINDYZ2. This input file

41s0 has a Togical record Tength of 117 characters.

Input Variables

At the beginning of the program the user is asked to input the total mass
per unit length in the g'direction, m% and the total mass per unit length
in the 3 direction, m?. These values should be given in kg-m. For sim-
plicity, these valyes are assumed to be constant along the length of the
riser for the purposes of this program. The program then evaluates and
orints the value of the orthogonality condition.
4. Sample Run, Input and OQutput

Interactive Session



INPUT

Device 5 =
Device 4 =

Device 3 =

ouTPUT

i

Deyice 5

A

File included in Chaster ¢.

293

TERMINAL
INPLATA DATA Ax
INPLAZA DATA A

TERMINAL
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INPLAZA DATA A
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5. Listing of Program
QRTHOG FORTRAN A
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FILE: ORTHOG FORTRAN A V¥/SP CONVERSATIONAL ¥ONITOR SISTEX

04 PROGRAM CRTHOG CHEDKS OHTHOGONALITY 2F EIGENVECTORS FOR THE ORTOO0LO
c LINEAR DYNAMICS OF COMPLIANT RISERS (OUT OF PLANE DYNAMICS). ORTO0020
c DOUBLE PRECISION IS USED THROUGHOUT. ORTQOC30
C#***tt*!ktz*ltx#!xw*x*tﬁ*r*#*xt*t*ﬂaﬂ**ks:ﬂ*x*xaz*‘#t*!**txxx**z***nt:*tORTQOQé‘Q
c COPYRIGHT, 1985, MASSACHUSETTS INSTITUTE OF TECHNOLOGY ORTOO050
c ALL RIGHTS RESERVED. ORTO00GD
C**x:!t*txkﬁxt*t*#ttx%*ttxx**xt***xzxx*tt**tx!!x‘&*x*x*t*x*xkkt!ﬁ**xumxw**ORTQQG?{}
c PROGRAMMER GEORGE A. XRIZZIS JUNE B, 1385 M.I.T, ORTC008D
{:***ttxtx**xta»*tx*sstmtaxxw*xx***xx**u*xwaxx*x:xnx*nx:x*x**zw**tswat*k*nxORT{}{}Ggg
< CRTO01I00

c DEFINITION OF DEVICES: ORTOCLL
< DEVICE 4 : INPUT FROM FILE CONTAINING AN CQUT OF PLANE ORTQ01Z0
c CYNAMICS SOLUTION (LRECL=117) ORTCOL30
< DEVICE 3 : INPUT FROX FILE CONTAINING AN OUT OF DPLANE CRTO0140
C DINAMICS SOLUTION {LRECL=117) ORTGO150
IMPLICIT REAL#G{A~H,0~2) CRTO0160
PARAMETER (MNP=151) ORTOOL170
DIMERSION XK{HHP),K2(HNP},BETAi(HNP),SETA2(MNP),Ri{ﬂﬁ?},RZ(MNP) ORT00180
ODIMENSION Al{MNP) CRTO0LB0
WRITE(6,54) CRTODZ0C
54 FORMAT(' INPUT TOTAL MASS PER UNIT LENGTH IN ETA DIRECTION AND'/ ORTGOZL0
*' TOTAL MASS PER UNIT LENGTH IN XI DIRECTION IN KG/M') CRTOCZ20
READ({5,+) TMAETA,TMAXI ORTO0230
HETA = TMAETA/TMAX? CRT00240
WRITE(6,72) CRTO0250
72 FORMAT(' INPUT RISER LENGTH IN M AND'/*' TCOTAL POLAR MOMENT OF MASSORT00260
* INERTIA PER UNIT LENGTH IN KG=M'} ORTO0Z70
READ(B,=) TLEN,TJIZI URTO0280
LANBZ = TLEN=*2xTMAXI/7JIZI ORTC0230
READ (4,30} MODEL,NPL,SIGHAL ORTOC300
DO 30 I=1,¥p1 ORTCO310
RERD (4,28) XK1{I},.BETAL(I),R1(D) ORTOO320
50 ZONTINUE ORTOG330
30 FORMAT(1X,I2,1X,I3,1X,D1C.4) ORTOU340
28 FDRHAT(AX,HLE.E;533,312.6,1X,ﬁ12.5'26X) ORTOQ35C
READ(3,30) MODEZ2,NP2,S5IGMAZ QRTLO360
DO 51 I=1,Np2 ORTOO2TG
READ(3,28) %2(I),BETA2(I),R2(I) ORT0O0380
51 CONTIRUE ORT00380
c INTERPOLATE DATA TO THE SAME NUMBER OF POINTS {HIGHER NUMBER) ORTO0400
IF (HB2.GT.NP1) THEN ORTO0410
KP=NP2Z ORTO0420
CALL STRUC(BETAL,X1,X2,4P2,NP1) ORTO0430
CALL STRUC(R:I,X1,X2,8P2,NP:) SRTO0440
D0 88 I=1,NP2 ORTCL450
H1{I; = ¥zi{1} ORTO04E0
&6 CONTINUE ORTOC4TS
ELSE IF (NPL.GE.NEZ) THEN ORTCO480

CALL STRUC{BETAZ,XZ,X1,NPi, NP2} OHTOO490

CALL STRUC(RZ,X2,%1,KP1,NP2) JRTCOS00

NP = NP1 ORTCOELC

END IF CRTDOBZ0

< CALCULATE THE ORTHONORMALIZING CONSTENT LRTO0530
50 989 I=i,NF CRTOCE4D

£ = BETAL(I}*BETA2(I}/TLAMBEZ CRTDOSE0

EL(T) = HETA=RI(Ij«B2(I) + 2 ORTOO360




FILE:

[#]

(94

g8

ORTHOG FORTRAN A

CONTINUE

300

X1(I-1}1%0.500
g

+ AL{I-13)*DX2

WRITE(6,14} A
FORMAT (* ORTHOGCONAL VALUYE = ',D1Z.6)

Jop
END

SUBRQUTINE STRUC{ARRAY,XI,X,NP,NPCOLD)}
THIS SUBROUTINE INTERPOLATES 2 SERIES AT NPOLD DIVISICON POINTS

A HEW SERI

ES AT NP DIVISICON POINTS.

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

PARAMETER (MNP=151)

DIMENSION ARRAY (MNP)  HELP (MNP}, XI (MNP} ,L{MNP]
HELP (1) = ARRAY (1}

HELP (NP) =

DC 8z 1=2,

ARRAY (NPOLD)
NPOLD

00 81 K=2,NP-i

IF{{H{K)
CONV =
HELP (K)

ELSE IF
BELP(¥K)

END IF

CONTIRUE
CONTINUE
Do 85 ¥=1,

ARRAY (K)

CONTINYE
RETURN
END

LETLXI(I-1) ) JAND L (KK . LT.XI(I))) THENW
(R(R)=XI{I-1)) = (ARRAY (I)-ARRAY (I-1))/(XI(I)=-XI{I=-1})}
= ARRBY(I-1)} + CONV

{(£(X).EQ.XI{I)) THEN

= ARRAY{I)

NP
= HELF({K)

VM/SE CONVERSATIONAL MONITOR SYSTEM

ORTCO570
ORTOOS80
ORTGOBB0
CRTC0E0D
ORTCOBLO
ORTOCE20
ORTOCE30
CRINCE40
ORTOGESD
CRTOCHEC
ORTO0E7C
QRTOQEBC
ORTO0ES80
QRTCOTCC
ORTCO7TLO
ORTIOL720
CRIGOT3C
ORTO0740
ORTOCTEC
ORTOC780
ORTOCT770
CRTOU78C
CRTOCTHO
ORT00BCC
CRTO081G
ORTCOBZO0
ORTCO820
ORT00840
ORTOO8E0
QRTOCB&0
CRTOUBTO
CRTOOBBC
ORTCOBSC
CRTCC900
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6. Listing of Program
ORTHOGT FORTRAN A
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FILE: ORTHOGL TFORTRAN A VM/SP CONVERSATIONAL MONITCR SYSTEM

< PROGRAM ORTHOGL CHECKS ORTHOGONALITY OF EIGENVECTORS FCR THE CRTOCOLO
(! L INEAR DYNAMICS OF COMPLIANT RISERS (IN-PLANE DYNAXICS). ORTOOCZ0
< DOUBLE PREJISION IS USED THRCUGHCUT. ORTCO030
Ctxt*x**a!t*xt*****t:xk:**x***znk#tw*x**tttxw:w*x#xa**tutttx**ﬂx*x**xxktGHTQGG4Q
z ~OPYRIGHT, 1985, MASSACHUSETTS INSTITUTE OF TECHNCLOGY ORTO00E0
< ALL RIGHTS RESERVEL. ORTOOOSES

' ke 4
ﬂ*x*****x*xxxx*xtnwx*xx*x**:wtxt:**gx***xut:xz*ix*xxxrsxgr::x«*x*xr*****@&fﬁ@ﬁ;G

< PROGRAMMER GECRGE A. KRIEZIS SUNE 8, 18835 ORTGCOOBC
C***ts#*t*x:*x*w:**tzx:**xkt***t**xxt#***xt*x*ux!x***tn*xt*tﬁktr**#*!ﬂx*ORTCGQ?Q
z CRTOCLOU
c DEFINITION OF DEVICES: ORTOCLLO
Z DEVICE 4 : INPUT FROM FPILE CONTAINING AN IN-PLANE DYNAMICS ORTCOL2O
c SOLUTION (LRECL=117) ORTOCL30
c DEVICE 5 : INPUT FROM FILE CONTAINING AN IN-PLANE DYNAMICS DRTOCLED
c SOLUTION (LRECL=117 ORTOCLE0
IMPLICI™ REAL*8(A-H,C~Z) ORTOCLE0
PARBMETER (MNP=151) ORTO0LTO
DIMENSION Xl(MN?).XE(M&P)eEETAi(MN?).BE?&?(KKP).Rl(ﬁNP),RZ(HNP} CRTOGLEO
DIMEKSION AL (MNP) ORTO0LI0

BXI = 1.0C ORTCOZ00
WRITE(E,45) ORTOCZL0

45 FORMAT{' INPUT TOTAL MASS PER UNIT LENGTH IN ZETA DI CTION AND'/ ORTCO2Z0
x' TOTAL MASS PER UNIT LENGTH IN XI DIRECTION IN KG/¥') ORTTOZ30
READ(5,+} TZETA,TXI ORT00240
HZETA = TZETA/TXI ORTOGOZB0
READ{4,35) MODEL,NPL,SIGMAL,XTOF,YTOP ORTCO260

DG 53¢ I=1,NPL QRTCCZTO
READ(4,28) %1(I),BETAL{I),R1(I} ORTOOZ80

50 CONTINUE ORTCC290

30 FORMAT(1X,I2,1X,I3,1%,D10.4,1X,D10.4,1%,D10.4) ORTOC200

28 FORMAT(1X,D12.6,53X,D12.6,1X,D012.6,28%) ORTCC3LO
READ{3,30) MCDEZ,NPZ,SIGMAZ, XTOPZ,¥YTOPZ ORTO0320

DC §1 I=1,NPZ ORTOG330
READ(3,28) X2(1),BETAZ(I),RZ(I) ORTO0340

53 CONTINUE CRTO0350

C INTERPOLATE DATA TO THE SAME NUMBER OF PCINTS. ORTO0380
IF {NP2.GT.NPLl) THENW ORTOQ370
NP=NP2 QRTOG380C

CALL STRUC(BETAL,XL,X2,NP2,NPL) ORTC0380

CALL STRUC(RL,%1,X2,NP2,NPL) ORT00400

Do 66 I=1,NPZ CRTOO410

X1y = Z2(1) ORTUO42C

o6 CONTINUE SRTCC43C
FL3E ¥ (NPL.GE.NPZ! THEN ORTCOE40

CALL STRUC{BETAZ,XZ, X1, NFL,NPZ) CRTOO4AB0

CALL STRUCIRZ,XZ,Z1,KPL,HFZ) SRTOCEED

NP = HPL CRTOO4TC

ENG IF ORTO048C

- CELCULATE THE ORTHONORMALIZING CONSTANT GRTOO49C
DO 93 I=1, NP SRTOOE00

T = BETAL{I}=BETAZ{I)~HZETA SETOGSLE

B1{I} = HEI=RI{I}=R2{I} + B ORTOOEZC

9% CONTINUE ORTODEIC

3 = 0.00 ORTOUS4G

0042 I=ZL NP SRTODOERG

DEZw (E1{I)=X1{T~1}) =0, BU0! GETCOERRE




@]
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CRTHOGY FORTRAN 2 VM/SP CONVERSATIONAL MONITOR SYSTEM
A= R+ (A1{I} + AL {I-1))=Dx2 CRTO0SYG
CONTINUE CRTOO580
WRITE(E,14}) a CRT20530
FORMAT{' ORTHOGONAL VALUE = L012.08) ORTO0S00
SToPR ORTOO6L0
END ORTO0E20
CRTO0630
SUBROUTINE STRUC(ARRAY,XI,X, NP, NPOLD) JRTO0640
THIS SUBROUTINE INTERPOLATES 2 SERIES AT NPOLD DIVISION POINTE TO ORTOOESD
A NEW SERIES AT NP DIVISION POINTS. ORTOOSE0
IMPLICIT REAL*B(A~H,0-7) CRTGOB7G
PARAMETER (MNP=151 CRTSO680
DIMENSION ARRAY(MN?},HELP{KNP),XI€MNP},K{HNP} ORTO0OBY90
HELP(1) = ARRARY(:) ORTO0700
HELP(NP) = ARRAY (NPOLD) ORTOO710
B0 B2 I=2,NPOLD CRTOCT20
DO 8L H=2z2,Np-1 SRTOCT30
ZF{{X(K).GT.XE(Imi}).ANB.{X(K}.LT.XI(E})) THEN ORTGOT40
CONV = (X(KJ—XI(le))*(ARRAY{:)uARRAY{I«l}}/(xz{z)—xz<z~1)) ORTO0750
EELP(K) = ARRAY(I~1} + conv ORTO0760
ELSE IF (X(K).EQ.XI(I)) "HEN ORTCO770
HELP(K) = ARRAY(I) CRTOOT780
END IF CRT00720
CONTINUE ORTO0800
! CONTINUE CRTOOBLD
DC 85 K=i,ND ORTO0820
ARRAY (K) = HELP(XK) . CRTOOE30
CONTINUE ORTO0840
RETURYN ORTGO850

END ORTO0BGD



