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ABSTRACT

This Program Description document describes the program structure and details of

a CDC 6600 Fortran IV digital computer program which applies minimum energy
principles to solve for buckling loads of orthotropic laminated plates. Given up
to 25 laminas and their material constants, this program calculates uniaxial com-
pressive buckling loads for the plate for a choice of 4 different boundary condi-
tions. A Program Method and Usage document is also available for this program. -

This program is developed for NASA, Langley Research Center, under Contract
No. NAS1-8858.
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1. ‘ SUMMARY

The BUCLAP program has the capability to solve for the critical uniaxial com-
pressive buckling load of an orfhotroplc laminated flat plate with various boundary
conditions. The method used here is the classical approach of minimum energy
consideration.. A variational principle is applied to derive the equilibrium equa-
tions and the consistent boundary conditions. Linearized theory is used.

Four different boundary coi:dition configuraticns are available.

1.1 Problem Description

This program was originated in connection with NASA Contract No. NAS1-8858.
The purpose of the computer program is to implement the unalyhcci work under
the same contract.

The objective is to develop a program which computes the axial compressive
buckling load for various composite reinforced metal plates.

The following four bounddry condition configurations are required:

B.C. I All sides simply supported.
'B.C. I - Loaded edges clamped, two sides simply supported.
B.C. Il Loaded edges simply supported, one side simply supported,

one side free.

B.C. IV Loaded edges simply supported, two sides free.

The program is written in such a manner that it can be used as a :
building block for further programming efforts (under this contract) on a program
for buckling of structural sections built up of flat orthotropic laminated plate
elements. | y

1.2 Program Design

The program is dimensioned so that it can handle rectangular plates with up to 25
laminas. The various laminas can be of either isotropic material, or orthotropic
material .  Sandwich cores, or glue layers, can be included in the laminate by
using their appropriate in-plane properties, and assuming that they have infinite
out-of-plane stiffness. For filamentary composites only fiber orientation paralle!
and normal to the load direction are allowed.

I
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The structure of the program is built as one main overlay for the purpose of gen-
erating absolute program tapes. The main program is in essence designed to find
the zero crossing of the buckling determinant DB, by a process in which trial loads
are increased stepwise until the determinant changes sign. The last step is sub-
divided by using a smaller load step until the sign change occurs again. This pro-
cess Is repeated until the sign change (critical load) is located to an interval of
sufficiently small size. The function subroutine DB returns the value of the buckling
determinant. In doing this DB needs to solve the equilibrium equations, which is
expressed as a complex determinant expression det{DT) ='0. ZARK, o complex root-
finder, is used for this purpose. The function subroutine DT is written for the pur-
pose of generating and evaluating the DT-determinant.

i

The program is coded in Fortran 1V and has been run on the ‘CDC 6600 computers
at The Boeing Company in Renton. The only data input required is by cards, and
all output is in the form of print. No data tapes or punched output is given.
The intent is to write the program in such a way as to facilitate converting and
running it at the computer installation of NASA at Langley Research Center.

1.3 Conclusions

The program has been subject to specific testing and checkout, which is shown in
Section 5.0 of Program Method and Usage document.

It is concluded that the program is in accordance with the original objectives,
as the results obtained are in good agreement with theoretical and fest results
available in the literature.

1.4 Recommendations

The numerical difficulties, inherent in the type of problem solved here, have estab-
lished the search strategy for determining the critical load. The progress of this
search depends upon the magnitude of the starting [oad and load interval. In certain
cases, two zero crossings of the buckling determinant occur for quite close buckling
loads; or the critical load is close to o load which gives double roots when the
equilibrium equations are solved. WUnder conditions like this, some care should be
exercised in chaosing the starting load and the iteration step size. If any difficulties
are encountered, the load increment input data can be decreased and another run
made.

The program has been coded with care so as to minimize the probability for any of
these problems to occur.
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2.0 | COMPUTER PROGRAM DESCRIPTION

2.1 Deflnitions

B.C. Short form of 'boundary condition configuration'. Often used in
this document together with a roman figure from | to IV to identi fy
the four available configurations.

'Coupling' Coupling between bending and stretching occurs when the coupling

stiffness matrix B is nonzero.

Definitions of other terms are also given where they are used, in the comments to
the flow charts and in the descriptions of each individual subroutine. The program
listing also contains a legend of the variables. - ‘
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2.2 Program Discussion

The structure of this program is designed as one main overlay for the purpose of
generating absolute program tapes. The overall structure of the program and the
communication lines to subroutines can best be seen from Section 2.3.1 where a
top level flowchart for the entire program is shown. See Section 3.0 for com~

ments on theoretical equations, and differences between theory and program for

practical reasons.

First the prog'ram reads the data and initializes ceriain variables, for the first dota
set. However, a check is made for an End-of-File card at the first data card read
in each set, so that the program will read and execute each set one by one until
encounter of EOF card. This way it is not necessary to load the program for each
data set. After the title card the program proceeds to read the rest of the data,
which contains various controls, data describing the geometry of the plate and also
material properties. Data for the material properties for one lamina may be given
in three ways. For detailed description of data and the different options please see
data input specifications (Method and Usage Document, Section 4.7). When they
are entered as fiber and matrix properties the subroutine MACON is called to com-
pute the other elastic constants (E11, E22, G12, etc.} and the lamina stiffness
matrix [Q].  When the Q-matrix is entered directly the program will compute the
properties E11, E22, etc., to print them out for checking purposes.

After the Q-matiix is established the location of the neutral reference plane with
respect to the chosen reference plane at one of the plate surfaces is calculated.

Now the plate stiffness matrices A, 'B, and D are established. A is exfensnonal
stiffness, B coupling stiffness, and D is the bending sﬂffness matrix .

When the B-matrix is zero (for isotropic plates and symmetric laminates) there is no
coupling between stretching and bending and the computations in the rest of the pro-
gram can be simplified and some computer time saved. A flag KXY is used in the
rest of the program to choose the appropriate path for a case of "no coupling.”

The program locks for a zero B-matrix by checking all of its elements against a

. specified tolerance (1.0 has been tried and found to be satisfactory during actual

use of the program). If they are all smaller than this tolerance the B-matrix is
assumed to be zero and the flag KXY is set to 1. If the material constants only
are required, the execution of the program will be interrupted here uccordmg to a

" control which is given in input data cards.

Four different boundcry condition configurations are available and any selection of
these may be chosen for each data set. This is done by looping four times and
checking corresponding positions in the control-array NCASE (see input specifications)
for which B.C.'s were specified in the input and then bypass the ones not required.
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The buckling displacement pattern chosen for a particular B.C. for the plate cor-
responds to o transverse mode N und/or o longitudinal mode M. In the input is
given lower and upper limits for all the modes relevant to the boundary conditions.
The program provides in the dimension statements for a maximum of 30 modes in
each direction so that the difference between upper and lower limits should not
exceed this limitation. For B.C. | both N and M are considered, for B.C. I/l N
alone is used while for B.C. Ill and B.C. 1V the longitudinal mode M is used.

The program is set up with !oops on both the modes, and for B.C.'s where the
mode for one of the two directions is irrelevant the respective loop limits are set
to one making that loop a dummy {oop.

The process for finding the critical load falls into two categories. For B.C. | the
load can be solved directly from the equilibrium equations as the displacement
pattern automatically satisfies boundary conditions. For B.C. I, Il, and IV the
boundary conditions are satisfied by solving the determinant expression |DB| = 0.
IDBI is the so called buckling determinant and in the process of establishing the
value of this determinant the equilibrium equations also will be solved. Solving
the equilibrium equations here, means that we have to find the complex roots of
another determinant expression |DT| = 0, this being the determinant of the coef-
ficient matrix for the equilibrium equations.

The search for the first zero crossing for the buckling determinant DB is set up as

a straight forward iteration procedure where a starting load is given and thereafter
the load is increased by a given step until the sign of the determinant changes.

After the first change in sign the program now uses as a start load the last load
before the sign change and as load step a secondary interval that was read in. At
subsequent sign changes this process is repeated each time halving the load step un- .
til the zero-crossing (and the critical lood for the current mode ond B.C.) is located
to an interval of size less than a certain per cent of the lower bound of the interval.
For loads less than 50 lbs/in 1% is used and for higher loads 0.5%.

Now the load is established by linear interpolation in this smoll interval, and we
. can go on to the next mode if any.

However, this search is complicated by the fact that at loads where double roots _
are encountered in the solution of the equilibrium equations, the sign of the buckling
determinant is unpredictable. (See explanation of Subroutine Function DB and DT.
The DB-function uses the ZARK-routine to solve the equilibrium equations and solves
with respect to p2 and thus when we talk about the *root" here we mean the root-
squared.) Because of this complication, the loads at which double roots occur have
to be found. The roofs (complex) consist of conjugate pairs and real numbers. At
the point where one conjugate poir degenerates into two real numbers of the same

size these can be interpreted os double roots, and thus o double root is detected when
the number of conjugate pairs or the number of negative real roots changes.
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For a real root {squared), if it goes from positive to negative, this means that it is
zero for some load in between, und we have a double root (0 when we take the
square root).

The load(s) which produce the double roots are located more closely by using the

same step iteration procedure as used for finding the critical load. The search for
the double root is started when a change occurs in the number of conjugate pairs,
total number of real' roots or number of negative real roots among the roots of the
equilibrium equation. If the critical load is sensed on the way to the double root
it will be located instead and the search for the “double root" abandoned.

The “double root" load is located to an interval of size less than 0.04% of the
lower bound of the interval for loads larger than 50 lbs..and 0.1% otherwise. This
small interval is then ignored in the remainder of the search for the critical load.

After the “double root™ location is found a new start is made on the search, but
with primary and secondary load step equal to 1/10 of the step sizes read in. If
nothing happens during the first ten steps after the “double root” the program will
return to the primary and secondary load steps that were read in.

In the coding the logic for finding the critical load and that for finding the loads
which gives “double roots® is overlapped and intermingled and the logic is best
seen from the program flowchart.

The smhal load &fter the “double root" will be the upper lumlf of the mterval to
which it is located.

In certain cases of double real roots this start load will also result in real roots
which are still practically double. This can also happen for the first trial foad
(read in) at the start of this mode, even though the chance for this is very remote.
When this happens a message is printed and this load is skipped. The new start
load is arrived at by perturbing the previous load by 19, but not less than 0.5
Ibs/in and not more than the primary interval. When the double real root has been
avoided the program will proceed normally.

The reason for being so careful is that one has found from experience that in some
cases the buckling load. can be quite close to a load which gives "double root" and
thus the critical load could be bypassed otherwise.

In situations where many load steps have to be made in order to find the critical

load and the loads which give "double root” it is possible to exceed available

array space if precautions are not taken. Consequently a restart with reset indexing

is made each time 50 loads have been tried, while still keeping track of possible

sign change and occurance of “double root,” thus allowing that the array space be
reused .
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When the total number of loadsteps used exceeds the limit 800 for the mode under
consideration, the calculations are interrupted and the program proceeds to the next
mode or data set, if any. A message is printed to this effect. The purpcse of this
check is to conserve computer time in cases where the startload and loadsteps are
chosen too low relative to the critical load. A rerun is then required with in-
creased startload and/or loadstep for this parficular data set.

For B.C. 1l two different buckling displacement patterns (one symmetric and one
antisymmetric) are considered simultaneously, and the two buckling determinants
are computed at the same time. Double roots occur for the same loads for both
cases and thus the logic is completely parallel for both. The program will choose
the smallest buckling load of the two displacement patterns as the critical buckling
load.

After the loop on all modes are done the program will select and print out the
critical loads and modes in @ manner relevant with the B.C. in question.
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2.3 Program Flowcharts

The following symbols will be used in the flowcharts given for this program:

@ Start or termination of program or subroutine.

Computation, Input, Output, Subroutine Call.

Start of Do-Loop.

Q ~ Decisions
o : O ~© Statement numbers, end of loﬁp, .connector.

Off-page and On-page connector.
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2.3.1

Top Level Flow:.-..‘.art for Ehﬁre‘ Program

=

Initialize and

Loop on
boundary
conditions

E2)

Loop on modes
n and/or m

this Boundary
Cond. |

Write results

Function DET
valuate red
\ determinant

\ Function DB

Establish
Buckling

Eoméauile j:::;ti Hf;f 2 Determinant
, .
- ”
I, ’
1 ’ / !
Inifial Toad i |
; 4 |
/ l
4 Increment loud ’ [
. . ’
, , Subroutine ZARK
ind complex
roots of equi-
~  \librium equations
1 \.\\\.‘.
A
End of loop

on n and/or m -

End of loop
on boundary

conditions

Subroutine
DBGEN

1 or 2 cols.
for DB-
matrix -

Subroutine
RGEN

Generate
R=matrix

LFﬁncfion DT

Supply
determinant for
equilibrium

equations

!
' uncﬁon CDTMm

~“Evaluate
complex



2.3.2 Intermediate Level Flowchart - Main Program: BUCLAP]

BUCLAPI

Initialize

Input:
Title card of

Please see the input specifications for
details on data formats. '

Do~loop on DO 50 | = index for current lamina

no, of 1=1, L L = no. of Jamina

faminae '
Read & write thickness & mat .- CO - control for which input option will
properties for this lamina be used for the lamina-properties.
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Output

Optional
Input

Output

Subroutine
Call

Read CONTI &
CONT2 if coj

B!
Fiber & matrix
rop. & also

if CO=2.

MACON
Computes mo-

terial constants
& lamina stiff~

ness matrix Q

p
CONTI & CONT2

Set elastic cond
tants E1, E2,

Write comment

Qutput:

| 1,62, RNUA,

Compute:

RNUB, G12

Q-motrix

Qutput:

Comment,
Q-matrix

Compuie: ¢
Elastic constant
El, EZ2, etc.

Material const .
for oll laycis

The available options are:

CO=0 Enter material pro-
perties E1, E2, efc.

CO=1 Enter fiber and matrix
properties and compute
El, E2, etc. Conti-
guity factors have no
¢hange for this lamina.

CO=2 Same as for CO=1 but
that the contiguity
. factors are different
than previous. These are
read once after the
first layer, and each
time they change.

CO=3 Enter Q-matrix directly.

MACON is a subroutine used

to compute the other material
constants when fiber and ma--
trix constants are given.

CONT, CONTI, CONT2
are contiguity factors.

If Q-matrix is entered directly,
the material-properties are de-
rived and printed for checking
purposes.,
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Compute
& print

Compute
& print

Do-loop on the
four available

8.C.~

" Do-loop on
transvene

mode N

Do~loop on
longitudinal

mode M

Neutral ref. plane
location Z

A-, B~-, & D-mufricazl

check if B—_mufrix zer

his B.C.

desired

1 &

Yes

Print ID label for
B.C. in progress

eleét approp. do~loop lim
N, NMIN, MMAX &

Print label for the current

E mode(s) N and/or M

If B~matrix - coupling stiffness—- is
zero there is no coupling between
bending and stretching . '

IPC(16) controls if only calculation for
material properties is required.

§

The array NCASE controls which
boundary conditions are to be selected.

If NCASE(KAS) # O then proceed and
do the work for this boundary condition.

See program listing of program descrip-
tion for more information on available
boundary conditions.

The limits for the loop on transverse
mode N and longitudinal mode M are
read in with the data and is now picked
up for use with the relevant boundary
condition.

For B.C.'s where the mode for one of
the two directions are irrelevant, the

limits for this direction are both set to
one. That loop is then o dummy loop.
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ompute:
Elements of (DR}

Function Call:

DBX=DET(DR)

End of calc.

Compute:

for B.C. I.

Buckling load NXCR "1

nitialize

9]

Function Call:

ntrols.

{B.C. 11 M, &IV K

counters

Perturb
Load

Set:

DBO=DB(STLD1)

!
!

‘This check done only
after return from found
double root and for the
initial load.

IPAIR,

INREAL

S

r

For B.C. | the loaded edges and both
sides are simply supported. The boundary
conditions are sotisfied automatically
through the way the displacement function
is chosen. Consequently the buckling load
can be found directly from the equilibrium
equations and withou! iteration. DR is the
same as the R-matrix for B.C. I.

Initial cail to the DB-function af the

. start of the iteration ond also after a

double root in the equilibrium equutions

-wos located. -

o

1PAIR = Nuymber of conjugale puiz
ainong the P-roots.

INREAL = Number of negotive real
roots among the P-roofs.
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T TT0 =110 + 1
NXL = NXU
Call

DB2 = DB(NXU)

SGN = DBl « DB2

double root
~Jocated

Go to 100

‘interval (read in) the first time.

110 = Counter for number of DB~-calls.

NXL - Lower bound for current load
interval .

NXU - Upper bound for current load
interval .

Set counter.

- Reset lower limit and increment will

give upper limit,

@

Find buckling determinant DB for the
incremented load.

The zero of the DB-determinant is lo~-
cated by finding where its sign changes
(if no double root was encountered).

KK - number of conjugate pairs currently.
{PAIR = number of conwgafe pairs pre-

viously.

KRN = number of negative real roots
currently.

INREAL = number of negative real roofs
previously . -

The check is done on the number of con-
jugate pairs and the number of negative
numbers in the roots P from the equilibrium
equations. ‘

If the KK or KRN change, a double root
occurs in the vicinity of this load. The
load which causes this double root will . -

then be located by iteration.

The tolerance for this iteration is set as

0.1% of the current load, for loads less
than 50 Ibs., otherwise o’
Reset upper “fimit and its DB—determmant

Go back with increment equal to secondary

For sub-
sequent iterations halve interval each time.
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'.

Qutput:

AB, RES, 1ICOM, NXU, NXL

| + e

SINC =2 . SINC

Eéufntﬁ'f“-l ‘

Qutput:

Comment

Go to
100

AB - Loads tried during iteration.
RES - DB~determinant values.
ICOM - Appropriate comments.

These arrays contain the information for
each call to DB.

NXU, NXL are in this case the upper and
lower limit of the intervals to which the
load that gives the dpuble robt is located.

1

SGN indicates if the sign of the DB-
determinant has changed between two
subsequent DB-calls.,

110 = 50. |f this limit is exceeded the
indexes are reset so that array space is
not overfilled and can be used over again.

Write appropriate comments and the results
obtained so far.

If the total number of DB-calls exceeds
800, the critical load should have been
found if the startlood and initial load in-
crements were chosen properly. In such a
case one will quit here and the user can
re-evaluate his data. A comment is pro-
vided to this effect, and the program pro~
ceeds to the next mode. Otherwise the
load increment is doubled and restart is
done by going back to 100.
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I |

SINC3 = SIN
Go to 100 @

J 110

interpolate

utput:
' i Modes N, M
1COM |
Qutput: )
NXCR, N, M

It is assumed that the load is [ocated
closely enough for practical purposes
if the DB-determinant zero-crossing is
narrowed down to an interval of size
lass than 0.5% of the lower limit of
the interval. |f the load is [ess than
50 (lbs/in) this percentage is 1.0.

The interval lower limit is reset and the
load ‘inérement halved before a return is
made to statement 100. This process is
repeated until the tolerances are satisfied.

The critical lood for this mode is located
to an interval of size less than a specified
tolerance. The load is then obtained
through linear interpolation in this interval.

NXCR - critical load (Ibs/in)

N - transverse mode

M - longitudinal mode

NXFIN - array containing loads for the
long. modes.

Store result for this longitudinal mode.

End of loop on longitudinal modes M. For -
boundary conditions where M is irrelevant
(B.C. I} only one pass is made.

NXFA - array for critical load for the
transverse modes .
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loct fhe load & mode
w ich iscnﬂ nl for this

Headin? Identification
Results fo cﬂrent trans=

this B.C. |

alec ﬂnul load and
critical transverse mode

N.

Quipuyt: I.;dd
propriate heading,
ndary conditions.

inal resulfs

B,C. 1. |

End of loop on the transverse modes N.
For boundary conditions where N is irrelevant
(B.C. HI and [V) only one pass is made through

this loop.

For B.C. | the buckling modes in both directions
are considered, and the output is consequently
treated differently.
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Select final

& the coresponding trans-

critical load

verse or _long. mode.
‘ QU!E’: [ 4
Appropriate heading,

boundary cond. Final
results for B.C. I1,1l1,1V.

-

Go

to 1 _(Q\

>

L

-~ CALL EXIT

( Finished )

The final output is labeled with
respect to which one of either the
longitudinal mode M or the transverse
mode N is relevant for the current
boundary condition. |

End of loop on the 4 available
boundary conditions.

Go back to the beginning of the
program for another data set.

If EOF is encountered instead of more
data program will jump to 501 and

exit.
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2.3.3 Intermediote Level Flowchart

Function Subprogram: DB

Optional
Intermed .

Oufpul'

CALL

Optional
intermed.
Output

Increment
counter IX.
lni tialize

Mode N or M

dalect guess-
values of p-roof

for ZARK |

Output I'E_rror message,

if any

0pfi§nd| -

Output

eordar the
roots. Establish

R, KRN & PIX

|
Reordered
P-values

L)

DB is used to form and evaluate the buckling
determinant.

NX - uniaxial compressive foad.

IX - counter for number of calls to this
- routine. 1t is reset after double roots
in det(DT) =0 and for every 50 calls
to DB.

p2 (see explanation below)

il

P
NR

number of roots.

ZARK is used to solve the complex determinant
expression det(DT) =0. Values of det(DT) is
supplied to ZARK by an external function sub-
program called DT. Expressed in polynomial
form the equilibrium equation would have only
terms with even powers of the parameter p. We
take advantage of this in that we solve for p2
and thus solve for half the number of roofs.

The ZARK program needs guess-values and there
are three possibilities for selecting these:

a. Let ZARK use its own set of guesses. The
control 10 is set for this for the initial DB~
call and at restart.

b. Use the perturbed P-values from the last load
tried as guess-values.

c. Use the perturbed P-values (P2) from last DB~
call before sign change or double root was en-
countered.

The P-roofs are ordered so that conjugate pairs
stand together in the array and the one with the
negative imaginary part first. Real numbers are
not reordered. At the same time KK KR, KRN
and PIX are generated

KR - number of real roofs + total number of
rools . :

KRN - number of negative real roofs.:

KK - number of conjugate pais.

PIX -~ array contdaining identification for the
respective p-values.
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CALL

Set control 1AB

DBGEN(PAX, B)

Set NS according
to Boundary
Condition

Set a col. in
[DBM] from real
part of {Bl.

P-value
real

Neo, complex

Set another col. in
[DBM] from imag.
part of [B}. ’

o

Check if any of the real roots p are double -
if so set |AB = 1 otherwise |IAB = 0. Two

real roots are comsidered to be double if they
are less than 3% different from each other.

PAX = p = /P

Set PAX so that it becomes a complex ;\uﬁlbgr
with both parts positive. This can be done for
reasons of symmetry. '

NS = number of rows.

[B] = output from DBGEN. Will contribute one

“or two columns in DB.

[DBM] = the matrix for the DB~determinant.

The [B] from one cell to DBGEN will contribute
one column of [DBM] for a real P-value and two
columns for a complex P-value or a negative real
P-valuve.

The reason for this process is that we will make
the DB-determinant real. For the case of complex
P-values occuring in conjugate pairs, the two
complex columns can be converted to two real
columns by a process of addition and subtraction
and by taking the common factor i =/-T
outside. .

Page 2.18



CALL | DBGEN(-PAX, B)

Set one col. in
[DBM] from real
part of [B].

this P-value
real

Set another col. in
[DBMI] from imag. part of
[B] from last DBGEN call

complete

No, complex .

Yes, DB-generation

For Boundary Condition I1l also the

negative values of P are used since

the enforced boundary conditions are
different along the two edges.

This is done by calling DBGEN with
p instead of p(PAX) and add one or
two more columns.

When the P-value is negative and real
PAX becomes a complex number and
thus for B.C. 11l will contribute two
columns.
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Optional
Qutput

CALL

Optional
Output

2=

~ Write [DBM]

kES(IX)=DET(DBM,
9.N$,V)

DB = RES{IX)
AB(IX) = NX

1

Time consumption
for DET, DB

SG1

Compute: | No

The DET function subprogram is used to
evaluate real determinants.

RES(IX) - buckling determinant for
DB-call no. 1X.

AB{IX) - load for DB-call no. 1X.

P2 is a save array for P-values to be per-
turbed and used as guess values for ZARK

in the case that the next DB-call gives a
sign change or a double root is encountered.
P2 will then be used for the DB-call fol-
lowing the change.
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2.3.4 Flowchart of Function Subprogram DT

DT(P '
. Enter

PS=CSQRT(P)

Subroutine
Call To: '

RGEN(PS)

Function
Call__

pr=cotm@®) f—

Compute;

t— b1=(3,3)

a
‘ ( Refum )

The DT function receives a parameter P
and returns the value of the determinant
of the R-matrix which is the matrix for
the equilibrium equation.

RGEN s called to generate the elements
of the R-matrix while CDTM is used to
evaluate its determinant.

If the determinant of the R-matrix is de-
veloped in a polynomial form it will have
only even powers of P.

Consequently we can reduce the order of
the problem by letting ZARK solve for
This is done_by entering the square root of
P (PS=p=/P) into the RGEN function.

'COUPLING' refers to coupling between
stretching and bending. In the case of no
coupling the DT-function returns the value
of element R(3,3) as function value.

DT is used by the complex rootfinder sub-
routine ZARK as an external function.
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2.3.5 Flowchart of Subroutine RGEN

RGEN (P)

RGEN is used for boundary conditions
It, 111, ond IV and generates elements

" of coefficient matrix [R] for the equili-
brium equations.

‘B.C." - Boundary Condition

‘Coupling' - Refers to coupling between
uniaxial stretching and bending. In the
case of no coupling (symmetric laminates)
only the element R(3,3) is calculated.

RGEN is used by the DT-function sub-
program and DBGEN subroutine. It uses
only complex numbers.

e :

Elements of [R)

Elements of [R] '

R@,3)
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2.3.6 Flowchart of Subroutine DBGEN

DBGENI(P, B

Inttialize

. - RGEN
- Compute: '3

ute: N
Set constants and misc.

variables.used repeotedly ;

6mpufe:

" (8]

‘ Reiurﬁ ' ’

This subroutine generates the elements for
one or two columns of the boundary condi-
tions matrix DB, (the buckling determinant)
returned as the complex array [B].

It is called by the DB-function subprogram.
In the case of coupling (between bending
and stretching) it becomes necessary to find
the relative displacements LT and L2 which
are then used in the expressions for [Bl.

The existance of coupling is determined by

testing the flag KXY and the appropriate
formulae chosen accordingly.
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3.0 _ SUBPROGRAM DESCRIPTION

Sections 3. i to 3.8 describe the various subprogrcms used. Some special comments
are made below regurdmg the equations used in the subprograms RGEN, DBGEN, and
the equations used in that part of the moin program where computations are made for

B. C I.

'Equations glven in Section 2.0 (Theory) of the Program Method and Usage Document
(here~in-after called "Theory Equations, ® in this section), are written in terms of the
length of the plate "a" and the width of the plate "b". When test cases of very wide
and very long plates were run on the program, it was found desirable to use a/b (for
w:cle plates) und b/a (for long plates), ratios instead of “a™ and “b" separately.

. For wide plates, the "Theory Equahons for Ryy, Ry2, and R22 are rnulhphecl by u2
those for Ry3 and Ry, are multiplied by a3 and that for Raz mulhpllecl by at.  Simi-
larly, for a long plate the multiplying factors become b2, b3, and b%. Thls results

in equations in terms of (a/b) for wide plates and (b/a) for long plates. These changes
are effected in the coding in DR(I, J), (1,J=1,2,3), in the main program and in the
subprogram RGEN through two factors F1 and F2. The use of these factors saves
separate coding, each for wide and long plates. The factors take the following values.

Table 3.1 Multiplying Factor for Wide and Long Plates

: a/b = 1 ‘ b/a < 1
Factor (wide plate)  (long plate)
Fl ' 1.0 b/a

F2 a/b 1.0

identical changes are effected in the coding of the subprogram DBGEN also, through
use of fhe same factors, . to distinguish between wide and fong plates.

Itis furfher pointed ouf fhat, in the main program codmg for B.C. I, R j and 'DR |
_ of "'I'heory Equations” are referred to as DR(l, J) and DBX, respechvely
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.3.1 Subroutine MACON

Author:

Purpose:

Method:

Usage:

Viktor Qeverli

This subroutine will compute the material constants and the lomina
stiffness matrix when the fiber and matrix properties are given for a
composite. Also the volume fraction coefficient for the fibers, the
contiguity factors, and the ply angle must be given. |

First the engineering constants E11, E22, »12, »21, and G are
established for the directions normal and parallel to the ply direction
of the lamina. All the formulae for this part is taken from

Tsai, S. W., Structural Behavior of Composite Materials, NASA-CR-71,
Section 2.0, (1964). Then the lamina stiffness matrix is computed
ond transformed to the plate axis, according to Ashton, J. E.,

Hulpm, J. C., Petit, P. E., Primer on Composite Materiais:
Analysis, Progress in Mofencll Science Senes, Vol. 111, Chopter 2.3,
Technomic: Pubhcuhons, 1969,

This subroutine is general in the sense that ‘any ply-angle may be
‘considered, but however the complete buckling analysis considers only
plates which are orthotropic with respect to the plate axes. Conse~
quently the use of this subroutine should be limited to ply angles of
0% and 90° when full buckling analysis is done. * If for some reason
the material constants and lamina stiffness matrix only is required the
user can use also other ply angles and optionally interrupt the program
after the material constanis are printed out. :

See Section 5.1 for glossary of variables in common.

CALL MACON(K, CONTI, CONT2)

] nput:

K Lamina index.

CONTI Contiguity factor used for G and ZMUI2.

CONT2 Contiguity factor used for E22 and ZMUZ] .

Conhgunty factors could be established from the hteruture (see the
above reference) or by tests.

Common Input:

EF, -GF, ZMUF, EM, GM, ZMUM UF, THETA

Common Qutput:
E1l, E22, G, ZMUI2, ZMU21, C
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Subroutines
Called:

Restrictions:

Equipment:
Language:
Precision:

Storage:

None
See Method and references above.

CDC 6600

Single

706

Fortran |V

8
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3.2 Function Subprogram DB

Author:

Purpose:

Method:

Viktor Oeverli

The purpose of this routine is to form and evaluate the buckling -
determinant DB for a given load and for given modes N and/or M.

The DB-function is called repeatedly by the main program in a search

procedure to find the smallest load where the DB function is zero.

The value of the DB function depends upon the roots of the equilibrium
equations, which are described by the determinant expression det(DT)=0.

The routine ZARK which is a complex root finder, is used to solve
this complex determinant expression.. The DT function subprogram
(external) is used by ZARK for the purpose of supplying function
values for trial values of the set of roofs, P.

Actually, ZARK solved for the set of roots P which are the square

of roots p from the equilibrium equations  (see description of DT

routine). The complex square roots of P are then used later as p.

The ZARK roufine requires three sets of guess-values to be supplied.
Optionally, ZARK routine can generate the sets of guess-values that
are needed. In this program ZARK uses its own values for only the
initial call to DB for the current mode and boundary conditions.

In all later calls to DB, some previous set of roots are used to make
three sets of guess values by perturbation. After a double root or
sign chunge is encountered, the set of roots from the last DB-call
(stored in P2 array) prior to the double root or sign change, are used
for the guess-values. Otherwise the set of roofs from the previous
DB-call are used. (See description of P2 at end of this section.)

If errors covered by the error code return for ZARK are encountered
the relevant error messages are fhen printed out.

The set of roots P given by ZARK are in a ron dom order and there-
fore have to be reordered.

These roots are reordered so that conjugate pairs are selected in a
manner so that they stond together and the one with the negative
imaginary part coming first. Two roots Pl and P2 are considered a
conjugate pair when the absolute values of both real and imaginary
parts do not differ by more than a selected tolerance.. The tolerances

are set to a value equal the real or imaginary part divided by 1
The real roots are reordered In increasing order when there are two ieal

roots and one conjugate pdir, otherwise they are not reordered.
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A root is assumed to be real number when its imaginary part is
less than 1078, as this tolerance was found to work satisfactorily
during actual use of the program.

Simultaneous to the reordering procedure, an array PIX(%) is set up
which contains numbering for each of the roots. Each conjugate

pair is given numbers sequentially from one and upwards (both roots

.of the pair are given the same number). The rea! roots are numbered
_sequentially upwards starting at o number which is one larger than the
total number of roots. These numbers are stored in PIX. The purpose
of this array is to asfublnsh once only which roots are real and complex,
and later the same information can be obtained from PIX..

Now oll the real roots are checked against each other to see if any
two of them are equal or so close to each other that they are vnd’uolly
double roots. If a double real root is found the control 1AB is set to
one ond is used in the main program,

The generation of the elements of the DBM matrix (buckling det.) is
done next. A procedure is used which gives the buckling determinant
in a real form. As mentioned earlier, ZARK finds the roots to the
second power. So, the complex square root of each one is taken fo
arrive at the roots PAX. A loop is done on the roots in which each
conjugate pair contributes two columns and each reel root one column
of DBM. When two columns of the DB-determinant are formed from
the conjugate values, then by a process of addition and subtraction of
the two columns, one column. of only real numbers and another column
of only imaginary numbers can be formed.: Then by taking the common
factor i (= /~1) outside, the determinant is made to contain only real
numbers.,

The negative roots (PAX =3/P.) are ignored for B.C. Il and B.C. 1V,
as the enforced boundary conditions are symmetric, whereas for B.C. HI
~ the negative rools also are considered. See "Theory" Section of the
Program Method and Usage Document .

The determinant is now evaluated by the DET routine and the load and
determinant value is stored in AB ond.RES.,

Paralle! to the above procedure for generuh ng the DB-determinant, for
B.C. Il another matrix DBMA is also set up for the alternate assymetric
displacement pattern as well. This determinant is also evaluated and
then stored in the RESA array. For B.C. Il the main program thus
investigates both an assymetric and @ symmetric displacement pattern.
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At the end of the routine the P2 array, which is used later for
the guess values for ZARK, is normally reset. By avoiding the
reset of P2 when a double root or a sign change occurs during
the current call of this routine, the values from a previous call
remain in P2.

Thus in the next DB-call P2 will contain those same values which
were obtained just prior to the detection of either a double root
or a sign change in the buckling determinant. Guess values for
ZARK can then be set up using as a basis P2 which came from a
load smaller than the one which gives the double root or sign
change. S

Usage: " See Section 5.1 for glossary of variables in common.
- DBl = DB(NX),

input: -
'NX  Load (Ibs/in)

Common Input:

KXX, KXY, DBI, DB2, DBIA, DB2A, DBA, N, M, PI, AL, BL,
INREAL, IPAIR, SGN, SGNA

Common Qutput:
IX, AB, RES, RESA, KK, KRNA, IAB

Error Returns: None -

Subroutines ‘ .
Called; | DBGEN, ZARK, DET

Restrictions: Special routine for BUCLAP only.

Equipment: .  CDC 6600

Language: - Fortran IV
Precision: Singl;:
Storage: - 26218 _
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3.3 Function Subprogram DT .

Author: Viktor Qeverli

Purpose: The purpose of this routine is to supply function values of the DT-
function. This function is the determinant of the coefficient matrix
for the equilibrium equations, and is used by the ZARK routine to
solve these equations.

Method: Subroutine RGEN is used to generate the complex elements of DT
(R-matrix) while the complex determinant evaluation is done by the
CDTM function subprogram.

The equilibrium equations expanded in a polynomial form will contain
only even powers of the root p.. (See Section 2.2.3.2 of Method
and Usage Document) The order of the equations can then be halved
by solving with respect to p.2 and then take the square root afterwards.
Since RGEN contains formultie in terms.of p, and DT is entered with
the parameter P (p.-squared) RGEN is called with the complex square
root of P. ! : . : :

The program uses the flag KXY to distinguish between symmetrical
and unsymmetrical laminates. For a symmetrical laminate (isotropic
plate, e.g.) the RGEN routine will compute only element R(3,3) and
DT-function is set equal to this element instead of evaluating the
determinant. | :

Usage: See .Section 5.1 for glossary of variables in common.

The DT function subprogram is used inside the ZARK routine which is
called in the following manner in the DB routine.

EXTERNAL DT ‘
CALL ZARK(N, GUESS, MAX,EP1,EP2,DT,1,ANS,FANS)

The other parameters in the calling sequence are defined in Section 3.8,

| nEut:

The DT function is called with a parameter P which is one trial root
in the iteration process. '

Common Input:
R, KXY
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Error Return:

Subroutines

. Coilred:

Restrictions:

Equipment:

Language:
Precision:

Storage:

CDTM - complex determinant evaluation
Spe;iul routine for BUCLAP only.

CDC 6600

Fortran IV

Single

51,
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3.4 Subroutine RGEN

Author: . Viktor Qeverli

Purpose: The purpose of this subroutine is to generate the elements of the
coefficient matrix R for the equilibrium equations.

Method: The program takes different paths according to which boundary condi-
: tions is being considered. The R-matrix is the same for B.C. Il]
and B.C. IV, See Method and Usage Document Section 2.2.3.2
for equations for B.C. Il and Section 2.2.3.3. and 2.2.3.4 for
equations for B C Il ond B.C. IV. |

F1 and F2 are fcctors incorporated for the purpose of avoiding
separate coding to handle very wide and very long plates as well.
F1 and F2 are set in the main program and is described in Section
3.0. The only element that is coded separafely for wide and long
plates is element R(3,3).

~ Usage: o See Section 5.1 for glossary of variables in common.

CALL RGEN(P)

InEut:

P One root of the equilibrium equations.

Common Input:
LC, NC, N2C, MC, M2C, AC, BC, DC, KXX, KXY, F1, F2

Common Oufhuf:
" : :

Ercor Refurﬁ: None -
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Subroutines
Called:

. Restrictions:

Equipment:
Language:
Precision:

. Storage:

Special routine for BUCLAP only.
CDC 6600
Fortran 1V

Single

611

" None

8
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3.5 Subroutine DBGEM !

Author: Viktor Qeverli
Purpose: " This subroutine generates the elements for the buckling determinant DB.
Method: A complex matrix [B] is generated. It will contain elements of one

or two DB columns, depending on whether its imaginary parts are
zéro or not, as one column is made from the real part of the number
and another from the complex part. Please see description and flow-
chart for Function Subprogram DB for further detoails.

The RGEN Troutine is called to generate the R-matrix which is used
to compufe the relative displacements L1 and L2.

: 'The code is divided into separate blocks for the three relevant boundary
- conditions 1l, III and IV, :

Pledse refer to Section 3.b for comments on the equations used..
No coupling between bending and stretching is detected by testing
the flag KXY and thus calculations can be minimized. See the flow-

chart for DBGEN routine. See Method and Usage document for equa-
tions.

Usage: See Section 5.1 for glossary of variables.

CALL DBGEN(P, B, B2)

Output:
B DB~column(s) output .
B2 DB-column(s) output - alternate assymmetric dlsplacement paHern -
B.C. 1l only -
~ Input: | 7
P One root of the set roots of the. equilibrium equations.

Common Input:

' AC, BC, DC, R, KXX, KXY, PI, AL, BL, LC, NC, N2C, MC,
M2C, Fl1, F2 - |
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Errors:

Subroutines
Called:

Restrictions:

Equipment:

 Language:
Precision:

Storage:

No error code returns.

RGEN - generates R-matrix.

Special routine for BUCLAP only.

CDC 6600

Fortran 1V
Single

'13138
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3.6 Fﬁnctiou‘ Subprogram DET

Author:
Purpose:

Method:

Usage:

Input:

Output:

Error Return:

. Subrouﬁnes
Called:

 Paul Lu

To evaluate the determinant of a real square matrix.

The given square matrix A is decornposed into lower and upper
triangular matrices, L and U, by Crout's method with partial
pivoting and row equilibration. Thereforg,

PA -“=LU

where P is a product of permutation matrices, and we have

det(PA) = det(L) det(V) = ¥, £

and
der(A) = (-1* ¥ £
(k is. the rotal number of row permutaﬁons performed on A )

DIMENSION A(NR, = N), V(>N)
Y = DET(A,NR, N, V)

A - elements of a given matrix stored in an array.
NR - the maximum row dimension of the array A.
N ~ the dimension of the square matrix.

V = a scratch array.

Y ~ the determinant

- DET=0. indicates that the gweﬁ matrix appears singufar to this

routine. The criteria for singularity is testing the magnitude of
a pivotal element against a given tolerance. This test is not fool

_proof, but reduces the chances of continuing when the matrix bemg

operated upon is hopeless for the given machine precision.
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Checkout:

. Restrictions:

Equipment:
Language:

Precision:

Storage:

The subprogram DET was used to evaluate the determinant of the
inverse Hilbert segment of order seven. The result is correct to

seven signiﬁcant figures.

The magnitude of DET must be between the lower and the upper
bounds of the floating point numbers on the machine.

CDC 6600

* Fortran |V

Single precnsion except the accumulated inner product is done in
double pracmon

3218
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3.7. Function Subprogram CDTM

Author:
Purp_osé’: ,

Method:

Usage:

Input:

Output:

Error Return:

Subroutines
"Called:

Paul Lu
To evaluate the determinant of a complalx square matrix. -
The given square matrix A is decomposed into lower and upper

triangular matrices, L and U, by Crout's method with partial
pivoting and row equilibration. So we have

det(PA) = det{L) det{U) = 'El '

.
P,i

where PA = LU and P is o product of pérmutation matrices, and

_ -
det(A) = (-1) ;’.-flﬂi,i

‘where k is the total number of row permutations performed on A.

The routine uses the standard FORTRAN convention for storing complex
matrices, but it does not use FORTRAN complex arithmetic.
. _ / :

COMPLEX A, CDTM, Y |
DIMENSION A(NC, =N), V(zN)
Y = CDTM(A, NR, N, V)

A - elements of a given matrix stored in a complex array.

NR - 2x NC (the maximum row dimension of the complex array A).
N - the dimension of the square matrix.

V -~ a scratch array.

Y - the complex determinant.

Both the real and the imaginary parts of CDTM equal to zero
indicates the given matrix appears singular.  The criteria for

singularity is a zero pivot. This test is not fool proof, but re-
duces the chances of continuing when the matrix being operated
upon, is hopeless for the given machine precision.

None
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Checkout: ‘The subprogram CDTM was used to evaluate the determinant of the
: inverse Hilbert segment of order seven premultiplied by a diagonal
complex matrix with elements (14, 1-i, 1+2i, 1-2i, 143i, 1-3i,
1+47). The result is correct to seven significant figures.

Restrictions:  The magnitude of the real or the imaginary part of CDTM must be
between the lower and the upper bounds of the floatmg point
numbers on the machine.

Equipment:  CDC 4600
Language: Fortran |V

Precision: Single precision except the accumulated inner product is done in
double precision.

Storage: 6068
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3.8 ' Fortran |V Subroutine ZARK

Authdr:- P. F . Mesdore

Purpose: To find N zeros of an arbitrary complex valved function of a
complex variable.

Method: Muller's method of successive approximation with quadratic complex
polynomials. The Newtonian form of the approximating polynomial
is used. Successive zeros are found by factoring out previously ' -
found zeros. That is, if F(Z) is the original function, and a zero
Z, is computed, then the next zero will be found for the function
f(Z)/(Z-Z ). In general, if Z; i=0,...,n, are dlscovered zeros,
the next zero will be sought for the function.

F(Z)/ (Z-Z )

~ Usage: EXTERNAL FUN
o COMPLEX GUESS(3, N), FUN, ANS(N), FANS(N)
'CALL ZARK(N, GUESS, MAX, EP1, EP2, FUN, I, ANS, FANS)

inputs: N - Number of zeros to be found. Replaced by number of
zeros actually found if this is <N.

GUESS Complex array of starting guesses if 1 =-1. (If | =-2,
no starting guesses are given but array space must be
saved.) Thus, guesses for the mth zero will be in
array elements (I, m), (2,m), (3,m). No two points

for one guess must be the same.

MAX - Maximum number of iterations to be exécuted in
finding any one zero. :

Convergence tolerances. |Iteration will be terminated
if |X, - X II‘ EPV - (IX.1) or if |F (X)I.ﬁ EP2.

Xi ond X._ , dre the Iust two oppro.xnmahons to the
zero.

EP1,EP2

FUN - Complex function subprogram with complex parameter
, X which returns FUN = F(X). -

- Quiput: ] = =1 if guesses are supplied for all desired zeros.

=2 if no starting guesses are supplied. In this case
N guesses will be generated from points on the .
_unit circle.
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‘Qutput:

Subroutines
Called:;

Checkout: -

Restrictions:

Equipment:
Longu@m
Precision:

_Siom_ge:

- ANS -

e, 5 zeros of F(Z) = (X-2)°, EP1 = 1077, EP2 = 107

1140

Upon execution of the program | will contain:

0 - if the run was successful .

1 - if it failed to converge in maximum number of
iterations. In this case N will contain number
of zeros found.

2 - if it failed due to a previously discovered zero
lying on the iteration path of o subsequent one.
That is, if Z, is a new zero already found, then
the function we are dealing with is F(Z)](Z—Z )

. (see Method). Thus, if in converging to Z;, We

pass through Z,, F(Z)/(Z-Z o) is undefined. This
condlhon does not have a hugh probability of
occurring. |f it does occur, perturbing the
starting  guesses will help.

N dimensional complex aorray returning N zeros.

FANS - N dimensional complex array returnmg the function
o vuluos at' N computed zeros.
None

Successful runs were obtained for the following problems:
a. 3 zeros for F(Z) = sin Z-Z. EP] = 10'7, EP2 = 10—14,
b. 5 zeros for F(Z) =Z tan Z - (1+i), EP1 = EP2= 10 '°

5 zeros for f(Z) = (Z-(1+i))-(Z~(1-i)) (Z-|) ,
EP1 = EP2 3 1077,

d. 1 zero for F(Z) = Z-(1.1+1. 1, £P1 - e - 1010,
-20

‘The answers averaged seven places of the true answer.

None

~ CDC 6600

Fortran [V

Single
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4.0

4.1

‘SAMPLE PROBLEMS

Input for Sample J

TEST MATE &

2 - i
. 3 8.00 - z.8 1.0
023 34.56+6 2.%+6 L.25 1.0+6
033G 16.4+6 : 0.3 8.2+
023 34.06+€ 2.5+6 .22 Ge6

et —————

: .(blcnk cards here)

2.0
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4.2. Output for Somple 1 | :_ . L

. . ‘ f
T€3-285 ‘ " MAR 17 70
EUCKLING OF OR THOTROFTIC LAMINATED FLATES p
LOACING -= UNIFCRM  UNTAXIAL COMPRESSION

ECAMCARY CCHCITIONS L ALL ECGES SIMFLY SUPPCRTED
11 LOAZEC ECGES CLAMFEC, TWO SICES SIMPLY SUFFORTEC
111 LCACED ECGES SIMPLY SURFCRTES, CHE SICE SIMFLY SUPRIEC, ¢NE SICE FRER
IV LOALEDR ECGES SIMELY SUFFCRTEC, TW) SICES FREE

BEANEPRAANL S M b ARTERASNA B IRERERVRLN SV RO AL OB KLLONSRLH S LIS AN BKEDEFL LS CL DR F R 2D

TEST FLATE X
v
. BCUNCARY CONCITIONS CONSICEREC IN THES CATASET ARE

11
111
iv

STARTVALLES FOR LOMGITLELINAL MICES M
8.C.1 : &.C.IIT., 6.C.Iv -

STARIVALLES FCR TRANSVERSE M.L‘CS N
~B.C.1 B-C 11

MAXIMUM VALLES FOR LOMGETUCIKAL MCEES M
B-'C.l_ - G.C.1I11. B-C.IV

i o 1" 2

) MIIM VALLES FOR TRANSVERSE MOCES N ' !
B8.C.1 B.C.1l ‘

2 1
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WMCER OF LATERS

LENGTH
WICTH

STARTING LOAC
FRIMARY INTERVAL

SCC. INTERVAL (NOT USED {F ZERO) SINC2=

LAYER MND

LAYER NO

LAYER WO

“w N

v o= 3
A= 9.660
‘8L = 2.640
sue = 1.000
Sinc = 20.006

t  INPUT OFTION NO 0 WAS USED

2. 400000666 | 2.3550606-04

2.600

MUTX Y

1.834597E-02 3.0U00OUCGH
3.000GOUE-01 | 6.200A0GE*GE
1.804997E-02 ' 1, 0UOGILEG6

MATERIAL PROFERTIES WAS ENTERED AS E11,.622 E1C.
THICKMESS n = .02%0
E-HICWLUS E1 = | AGEUU . GOS0

E2 =  2SUOLU0 o0
FOLSSONS RATID RMUAZ 2550
, RN 0133
TURSICAL WL, 612 = LOECEAS . D006
2 iNFUT OFTECH MO 6 WAS USED ,
MATERIAL FROFERTIES WAS ENTERES AS £11,622 £1C.
THICKNESS Tt = L0500
E-MCULUS £1 = 1 64 UOCA OG0
, ‘ €2 = 16454155, SOUG
FOISSONS RATIO RNUAS 3000
- : RNUB= 3600
TORSICNAL KOC. 612 = 2 AL . A5
3 INFUT CPTION NO O WAS USED
MATERIAL FROFEATIES WAS DNTERES AS E11.€22 ET1C.
TMICRAESS " = 025G
E-#CCULUS E1 = TG OO0
_ €2 = 2850656 . ALG
POISSCNS RATIO RNUAZ ' 2500
. : RNUE= .C1a3
TORSIONAL MOC. 612 = 1 COGOOS , SOC0
Exx ) N T

3.4C60O0E+0T  2.300C0UESGE 2. SCOOUOE-GE

$.640000E+0T  1.64CSUUEGT  3.50GUOUE-O)

" 3.406500€4G7
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Q-HATRIX LAYER MO
34216970.099
621060.397
G.000

A-MATRIX LAYER NO
15621978 .,022
3206593 .407
0,000

QA-MATRIX LAYER NO
34216979.599
627880.397
8.000

LUCATION OF HEUTRAL FLAMNE
RELATIVE TO REFERENCE FLANE

%

U —

62T8E5_397
2511%21.587
u.c0u

- 5406593.407
18021974.022
0.000

€27380.397

2511521.%587
0.G00

G560
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A-MATRLX -
2611947.406
IG1723.690
0,000

B-MATRIX

C-MATRIX

2602.716
102,102
0.000

-3G1723.690
1026674955
0.000

102.102

C 310,861
a.45440
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ES-205 ‘ ' " MR 17 70
BUCKLING OF CRTHOTROFIC LAMIMATED FLATES

LOACING -- UNLFORM  UNIAXLAL COMPRESSICN

EOUNCARY COMCITIONS T ALL ECGES SIMFLY SURPCRTED
11 LOACEC ECGES CLAWED, TWO SICES SIHFLY SUFFCRTED v
T11 LOACED £L0CES SIMPLY SURFCATEC, CME SICE SIWFLY SUPPCRTED, CE SICE FREE
IV  LOACEC EDGES SIMILY SUFFCORTED, TWO SlCES FREE

. et ik 2 ok e Py Py Ao @ bRk e Ak PR S o

TEST FLATE K

abu  BONCARY CONCITICN ' .
RESILTS FOR ALL MOCES OF M FUR N = . __l

LOAC
6C99.043
322,051
4427.323
6461.G13

SR - X

FINAL RESULTS FOR THIS TRANSVERSE MOCE

3463% F.L.1.
2"
1

CRITICAL LOAC
FOR MCCES M
’ N

on

) . _ . Pagé47



TRANSVERSE MICE N = 2

N = 2 Mz 1

CCRITICAL LOAC

T

CRITICAL LOAC = _61350.8916 foL.I,
':»_a:.z‘uz 2.
CRITICAL LCAC = 24399.374%6 P.L.E-
N = 2 u = 3
CRITICAL LCAC = , 15314.8618 F.L.0.
. f
N = 2_“‘-’-' 4
13851.4565 PoL-1.
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1€s-238 ' o WAR 17 76
BUCKLING CF CRIMOTACHIC LAMINATEC FLATES

LOADING -— UNIFORM  UNLAXIAL COMERESSION
BOUNCARY COMCITIONS I . ALL ERGES SIMFLY SUFFIRTED
: I1. LOACEC ECGES CLAMFEC. TWD SICES SIMFLY SUPFORTET
111 LCACEC ECGES SIMPLY SUEACRTEC, CNE SICE SIMELY SUFFGTED, CME SICE FREE
IV LOWCET ECGES SIMPLY SURFORTED, TWD SICES FREE

- n y & M o At e s bl kool o i liaieok e etz

¢

TEST FLATE K

s COUNCARY CONCLTICH Eoaad
RESWLTS FOR ALL MICES OF M FCR N = 2
LowS M
8130G.892 1
24399.376 2
15314 .862 "3
13851 .40 4

FINAL RESULTS FOR THIS TRAMSVERSE WICE

CRITICAL LOAD

- 13853 F.L.T.

FOR HICES "= a
: N = e
TRANSY. WOCE : LONG. MCCE LW
1 : 4 1e2.851
2 o 4 13451406

| Page 4,9-



TES-288

BUCKLING CF CRTHITROTC LAMINATEC FLATES

LOACING ==

EQUMCARY CCHOITICNS |

TEST FLATE K

®on  ECURCARY CONCITICN I T

FINAL RESWATS -

) i
CRITICAL LCAD
FOR MCCES ' "

[ I [ )

UNIFORM  UMTAXTAL COMPRESSICH
ALL ECGES SIM-LY SWWHRTED
11 LOACEC ECGES CLAWRED,

WAR 17 TO

™) SICES SIWFLY SUPFORTEC

T1! LGACED ECCES SIMRLY SLRPIRTED, CME SICE SIMFLY SOFPIRTED, & SICE FREE

IV ULOACED £LCES SIMELY SUFFCRTED, NWO SICUS FREE
FEOESBEAORT S 5EF S FRE DI LBLD L OSEELT R U D FE SR SRAEA B GO R G EH AR S EAE LA FAER € 0.0

ALL WCCES CONSITERED

3463 F.L.0.
z
!
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€EECEECEBEGEEECEECEECESEECECEEECECED

8 .

EEEEECEEEREEEEECEEEFEEEEELECEELEEEETE -

e ool gk ok ik Ao ol ik i

L] -
* MCE IS, . N= : *
* : -
* )

o d bk kg b Ed b 0T REY b Gikioh

LoACS CE-CETERMINANTS

FLEY STMETRIC WCCE
3,00 C T 1.674%8E56
21.06 1 .CAGROE GO
41,66 1.GRESEE+D5
61.04 1.093CTESLG
81.0G 1.GI913E 40
161,060 1.1G8145e56G
128.60 1.11100€+45G
141.06 1.11€005+L0
161.50 1.12284E+45
161.05 1.12865E+0
201.00 C 1.33440E+00
221.06 1, 1251 0E+05
243.00 1.145T6E+G
Fa7s G VU 1.1813 764
5L _ I RO AR
301,56 1.1€245E 00
321.00 1. 16TIZE+S
341,00 1.17535Ce00
361.00. . 1.37BTSCHG
381.00 1, 1B4CEEHG
401.00 1,18935€+08
421,60 © L. IGMELEYDG
441 .05 ‘1.:99505-05
i6y.06 1.2049€E+00
£83 .00 1.Z100G8E+50
561,00 1.21519E+00
-~ 821,06 1.22019€+00
541.00 . 1.22858E400
‘881.66 1.Z3013€+50
581.00 1.23453€+50
661.00 1.23590€+50
€21.00 1.284T2€+00
‘641,00 1.28931E05
£61.60 1,25428€+00
681,00 3.25695€00
ro8.,00 1.26361E00
1#1.006 1.26823E+50
743,007 7L §,27283E450
761 .00 T LLETYSSESDD
781.00 1.28185E00
801.G0 L 1.20634E455
824,00 1.29014E»50"
- 441,00 1.29%12C50

8 BOUNCARY COMCITICH 15

CE-CETERMINANTS
ANTISTH4, MICE

1 .CE5TIESLC

1.09296€+00.

1.10EBE+LG
1. 3071 TE+LG
1.11421E+00
1.12121€+50
1.12816E+50
1.13457C L5
1.1415%E+40
3. T48TRELDG
1145587500
1.81€222C 05
1169026 +00
1.178210e00
1,108
1. 1RRRAE+LG
1.19950C«00
3. 2C2U3ESLD
1, 20851800
1.21856E 00
1.22137E+0
L. 221TAE+LG
1. 234CAE~0G
-1.24039€«L0

1.24669C+50

$.29268€+00
1.249086+50
1.26524E+540
C1.2TIZEELUS
1.27745L+00
1.28350E 00
1.28952€+L0
1.29550E+00
1,.3G145E¢50
1.3GT36E~LD

1.31323€+00
- 3. MNTE DD

1.32408C+50
$.35065€+50
1.93638L+50
1 .34208EC«30
1. 877200
1.59337€+50

COMENTS



461,09
881,00

61,60

921.60
941.00

961.00

g6t.00
1G01.50
1021.00

1.29946E+00
1.3G376E+00
1.308G2E400
1.31224E+60

L 1,31642E+00

1.32036C00
1.32467E4G0
1.32873€4G0
1.33275€400

1.35896E+C0
1.36451E+GU
1.31662€+50
1.3755GE+G0
1.33093E 460
t.38635E+00
1.39172E+50
1.397G5€+00
1.4G234€£+00

AEOVE ARE SO0 TRIES WITHOUT CHANGE N SIGN
DOUBLE LOAC-INCREMENT ANC START OVER AGAIN

LOACS
(FL1)

1041.5G
108100
1121.050
1161.060

1261.5G

1241.00
1281 .00
1321.G0
1361 .50
1401.90
1441.00
1481.0G0
1821.0G
1561.C6

1661.6G0 -

1641.C4
1681.00

1721.00

1761.059
18631.C0
1841.56
- 1881.00
1921.50
1961.00
o001 .00,
2541.00
2081.50
2121.60
2161.00
£2261.00
228V iwd
2281.50

2321.60

2%41.00
2401 .00
‘g441.00
2481 .00
2522.60
23%61.00
2601.00
2444 .00

2683 .00

‘2re1.00
2781.00
2801.0D
284,00
2881.00

CE-CETERMINANTS
SYMETRIC MICE

1.336TIE+00
1.34457E+50
1,.35225C+00
1.3597€C+G0
L.3671LIE+CG
1.374Z8E G0
1,33123E+C0
1.388125+60
1. .35 TTE*LO
1.4GL25E+00
1.45733£400
1. 4136TE00
1.41552E+50
1.42522€+00
1.43GTIE+G0

1. 43556400

1.28103E+05
1.88585E9040
14504000
1. ALATAEHG
1.45880€+00
1.4€235E+50
1. 4EE02E+D0

1.4€026E400

1.47212€+00
1. ATAGAE+O0
1.4T6E0E+GO
1.8785TE+50
1.471993C+00
1.48089E+0G
1.48130€+00
1.48124€+00
1.48C64E4GO
1.4 7945E+00

| $.4TT63E450

1.4T512€+00
1.47185€+50
1.487TTESGO
1.46273€+C0
1.45682E+00
1.849TTE+GD
3. 48151E0GD
1.43192C¢00
1.4Z084E+GO
1.408L9E+G0
1,39347E+50
$.37672€+50

CE-CETERMINANTS
ANTISYMM, MNCE

1.40735€+00G
141796405

©1,42020€+G0
1.43826E+00 -

1.44815c+00
1.45787€+00
1. 46T41E+50
1.47677€+00
1.48533£+°0
1.49490€+00
1.5G367E400
1.512226400
1.52G55€+06
1.52666E+50

- 1.53652€+00

1. 5421 3E+C0
1.55187E+00
1.556540454
1.5 iE D
1.57170E+00
1.57T92€+50
1.58372€+00

1.26915E+00-

1.59425€ 400
1 .59884€+00
1. GUILSELUG
1.€CETOESCO
1.64004E+00
1.61276E+00

' 1.61491E+00
 1,61648€+00

1.61735E+00
3. 61734E+00
1.6169TE+50
1.81558E+00
1.61331E+00
1.610G8E+00
1.6USBLELD

1.60030E+00

1.59312E+00
1.585€9E+00
1.37616E+G0
1.56498€+50
1.9%398E+00

1.93654€4190°

1.519640+00
1.45982£-00

LIMIT 50 CE-CALLS

COMENTS
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2921.89
2961.60
3601.60

3G41.60 -

1.35757€+00
1.33566E+00
1.31056E+GO
1.28176E+CGO

L.ATTIAE*GO
1,451 230450
1.421655+C5
1.35784E+0U

ABOVE ARE 30 TRIES WITHOUT CHANGE IN $IGH
COUTLE LOAC-INCREHENT ANC START CWER AGAIN

Loacs
FL1)

3081.00.

36160
3241.00
3323.00
‘34014 .00
3481.060
34063.00
3455.06
3AGT.LG
340%.00
T 311,04
. 3413.06
2415,.00
3417.595

3419.06

3421 .90
3423.00
3425%.50

3427.56

3429.06
3431.00
5433.05
343500

E-YEY -]
'343%9.00
3da1.00
3443.50
.3445.00
3447.C0

. B449.00

34s31.50

- 3453.G0

3455.00
3457.60
3439.60
. 3461.00
-+ 465,00
34861.00

CE-CETERMINANTS
SYMMETRIC MOCE

1.24862€400
1.165T9E+G0
1.65192€+00
8.86470€-01
5.13396£-01
~7.33324€-01
§.05343€-01
3.96280€-01
5.86396£-01
5.76278€-01
5.65513€-01
5.55269€-01
5.44336£-01
5.33193€-01
5.21685€-01
5.09341E-01
| 4.97639E-01

4.85049€-G1

4. T2041E-01
£.5857TE-O1
4.4261 TE-01
4,30110E-01
4,14599€-1
3.95215E-01
3.82674€-D1
3.6527T1E-G1

3.46877€-01
3.27323E-01 ¢

3.CE6386E-01
2.83759€-01
2.56959E-01
2.314206-04
1.99585TE-U1
1.61996E-01

© $.13600E-01

7.54141€-02

7.43434€-02

7.54141€-02

CB-CETERMINANTS
ANTISYMM . MICE

1.34912E+50
1.2533€E+56
1.12392€050
9.40328¢-01
6.46385E-51
-7.616T4E-GE
6.36291E-51
6.25981E-01

6.15442E-G1

6.G4664E-0L
5.93631E-03
$.82331¢-01
5. TSTAEE-G1
5.58885E-01
5.4564A5E 01
5. 3ar85ee-0G1
5.21168-03
5.07844E-C2
4.9a0856-01
4.79862€-01
4,6%1246-G1
‘4,496z -0
a,33R97E-01
At rRiee-01
3.99673€-01
3.81875¢-01
3.€22556-51
3.41735¢-01
3.19758¢-01

2.9€565E-01 .

2. 151 T0E-C1
2.4133CE-01
2.Ca3S4E-5)
1.68834E-5)
1.1627%€-61

T.85501E-42 .

7. TA4G3E-L2

L V.85501E-02

LIMIT 50 CB-CALLS

COMMENTS

DBLE ROOT ENCOUNTERD

- CELE RCOT ENCOUNTERE

CELE ROOT FQUNC

THE DOVELE ROCT IN THE F-VALUES ARE. IN THE FOLLOMWMING INTERVAL
WMICH WILL BE ICNCREC IN THE SEARCH FOR TRE CRITICAL LOAL

ML B

3461.600
3460.060

THE FIARST LOAC EXAMINED AFTES PASSING THE COAELE REAL ROOTS

CIC MOT PROCICE SIGNIFICANT CIFFERENCE CETWMLCN THE ROOTS

PERATURG LOAC ANC TRY AGAIN

~ Page 4.]3.



LOACS
ey

3463.60
34635.00
3467.00
3469.C0
. 3471.00
3473.60
3475.00

3477.60

3479.00
3481.00
350,00
321,00
3521.50
3861.60
353160
3601.00
3621.55
364190
3661.UG
3681.00
. 3701.00
3721.06
3741.00
3761.00
3781.00
3801.00
3821.00
3843,50
1861 .00

3881.00

3501.00
3921 .50
3941.00
. 3961.0G
3581.00
4001 ,00
4021.00
4043 .00
4061 .00
4081 .00
4101.060
4121.00
ltll.ﬂq
| 4161.00
4101.00

4201.00

. 4221.00
4241 .00
4261 .00
4z01.00
4361.00
4321.00

ABOVE ARE. SO TRIES WITHOUT CMANGE IN

CE-CETERMINANTS

'

STMETRIC MOCE

=2.47082E-01
=3.40G4895E-01
~4,12723£-04
-4 .T35T3E-01

-$,27005£-01 -

-5, 75GovE-01
~5.19575€-01
-§.39704E-01
-6.97734E-01
-7.33524€-01
-1,61229E+G0
-1.211E5€+50
-1,.367635+50
-1.49462€+00
-1.6LG2CE Y
-1.68500E+00
~1.TEALLE+T4S
~1,B2PTAE+00
~1.58153E+00
-} .S2GTEEHIA

Tl 964456400

=1.995%542C400
2. 02UACE+00
-2.G3852E+00
-2 .G5452E+00
-2.06261E+05
-2.07G58CH0

“2.OT2T€E40T

-Z.GTL4EE LG
~2.06EGAESUT
-2.08944E+G0
~2.04918E+50
-2.063636€+00
~2.02117TE+DG

| -2, CO037BESD0

-1.98433C+00

| =1 ,9629RE 0

«1,93985E+50
=1 .915CEE+GU
-1 -mn’itﬁﬂ
=1.881GAE+00
~1.83199E+00
-1.801 T1E+GO

' =4, TPCIGESGD
-  TSTBAESGC -
- =3.TC443E+00

=1.8T009E+00
ot , 834 G4E+LOD
=1 .59505E+00
=1 .58246E+00
«3.52525€+00
-3, 48T40E+DD

CE-CETERMINANTS

ANTISTHM, MCCE

-2.571219€E~-01L
=-3.54432€-01
-4,29495€-01
-4 .92669€-11
~§ ., 480A5E~GY

-5,97907E-01

-6.43438€-01
-6.85530€-01
-7.248451E-04
-T.E1674E~U1L

~1.5G4 7 TAE 00

=1.24082E+50
-1 AGSETEDD
-1 ,53343E+00
~1,632°8C+50
~1.71551E+0GO
~1, TRAVAIE H
-1 ,B3I85E L0
-1, 238431E+00
~1.920LsE+LO
=3 S4TSSE400
~1.06T21E+55
=1 JORCLSE +U0
-1 . QE6TTE+LO
-1, 98756C 0
-1.943R2T 4050
-1 .975CeC+00
=1 CELITTNG
-1.00a7EC 0
-1 .92334Cei]
-1.69942£450
~1.8T18EHS
-1.82113C+00

D =1.,840764E450

=1.TT152€+00

-1, T3298E05

=1 . E92L5E 00
=1 .64+
-1 .65302E+50
=1 .855700€ «00
"‘ .55829'5000
=31, 45793E+00

=1.406U3E+00 -

=1.35265E+00
~1.,298G1E+04

1. 24209E+00-

=1, 165GSE+GO
«1.12883E+00
" . GG 7565.60

 =1,GGTSEEUD

-9.48608C-01
~8.848T1E~Q)

S1CN

COUBLE LOAC-INCREMENT ANC START OVER ACAIN

COHMENTS

LIMIT 30 CcE-CALLS
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LOACS
Ly

4341.00
4381.09
4421.G0
4461 .60
4501 .00
4%41.09
4581.00
4621.060
4%583.G0
4585,C0
4587.00
4%29.00
4391.45C
4593 .70

N = 1

CRITICAL LOAD

CB~CETERMINANTS
SYHMETRIC MOCE

-L.44919Cv00

-§.37129E+450
-1.29195E+GO
~1.21153€E+56
~1,13036E+65
-2 . GABTAE+GY
~3.€6946E-01
-8.85236£-01

-9.62857E-G1 -

-9.5876TE-G1
~9, 5467801
-9, 5G595E~G1
-9.46552€-51
-9.42414E~51

2552.45753

- ANTISYMCTARIC MICE w.C. TD)

CE-CETEAMINANTS

ANTLSYMM MW.CE

~8.2Z414E-U1
-8,95533£~-04
-5.66391€-01
-4.35861€£-01
=-3.037193-41
=1,70754€-01
-3.70825c-02

9.69CE6E~-U2 -

-5.03881E-02
-2.36923%E-02
=1.69975E-02
-1.03004£-G2
=3.60324E-U3

3.0R457C-03

L W %

SON CHANG ANTISYMM,

CRIT. LE ANTISYHA,
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TES-28% . MAR 17 70

.

GUCRLING CF CQRTHOTROFIC LAMINATED F;LA!ES !

LOACIMNG -~- VNLFCRM GNTAXTAL COMERELSTON
FaAMCARY CCNCITICNS 1 ALL FCOLES SIMWLY SURPITED
11 LOACECC EDGES CLAWFEC, TWO SICES SIMALY SURFORTED
II1 LOWCED ECCES SIMPLY SUFFORTED, CME SICE SIMFLY SUPFLATEC, (ME SICE FREE
. Iv LOACEC ECGES SIMELY SUEFCRTEC, TWO SICES FREE
* . Aok Aot A L o S P S e TR D e Y

TEST FALATE K

s BOLREARY CONCITION L
RESLATS FCR ALL MXES N

LOAD N
4532.5716 1

FINAL RESILTS = ALL MOCES CONSICERED

CRITICAL LCAZ = 4592 P.L.l.
FOR MOCE =~ N = . ¥y
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EE EECCECCEDCECLEEEECEEEEEEECEELEEEED

B COUNCARY CONSTITION

L]

ECLEEECEELCECLELELECGEELECECEECEREEEE

LOACS
wLll

1.00
21.545
41 .60
61.56G
81.%0

16L.06

121.00
141,00
161.6GG
181 .00
26t .00
225 .06
243 .50
261 .00
201.06
263.00
265.00
267.00
269.00
271.00
273,060
27%.0G

2r7.00

. 279.00
261.00
266.00
261 .06
280.50
280.25
280.25
280,19

| THE COUBLE

WHICH WILL

My =
WX\, =

LOALCS
FLY)

CE-CETERMIRANTS

-2,13C35€+C6
~1.B7401E+0€

-1,63372C+46

~1.40920€+26
-1 .20130E+5LE
-1, 31 IESDE

. =~0,528A1E0S

“E.TR2SRZE+LS
«5.28160E+L5

=3.95652€+55
-2.87002€408

-1.9G27RE+SS
-1,09€25E 455

-4 ,958TsCo04

=€.4223EL 0D
=3.98313E+04
=3.45660C 54
~2.9418TE+Sa
-2.44489C+C4
=1.9€482E +5a
~1.505C4C 04

. -1,C5GT5E 0

-6.3397T0C+03
—2.27144C+53
-6.42296E+03
~3,.G7733E+02
6. A2296E 53

| -2.62356£¢03

-7 .G3586E2
-6.559€9E+G1
-7.03G56E+52
~2.20758L+02

260.187
260.123

' CE-GETERMINANTS

1

TELE RODT ENCIUTERD

CELE ROOT EMCONTERE

CELE ROOT ENCOUNTERS

DELE RODT ENCOLNTERD

CELE AOOT ENCOUNTERC

BELE ROOT ENCOUNTERD

SELE &OOT FOUNG

mor IN THE F=VALUES ARE IN THE FOLLOMING INTERVAL
EE FGNCREC IN THE SEARCH FOR THE CRITICAL LCAC

COPENTS

Page 4.17



280.19
282.19
284,19
2086.19
289.19
294.19

‘292.19 .

R 294.1%
296.17
298.19
na.19
338.:19
320.19
322.19
32A.19
326.19

l-rL- Tt

zr.19
326.695
327.19
326.94
326.81
IT6. 94

THE DOLELE
WHITH Wilk

"o

NXU
NXL.

LOACS
iFLl)

326.94
- 328.94
330.94
332,94
334.94
- 336.94
338.94
340.94
342.94
344.94

. 364 .94
CTT T84 . v

404 .94

424,94

‘444.94
464.94
404,94
504 .94
524,94
S44.94

526,98
928,94 .
33G.54

£32.94
535.94
$36.94

«2.20738E+62

~1.52233C¢04

-2.933060404
-4,25336E+04
-8 ,48215E954
-6.61817E+C4
~7.6599)E+04
-8,60562€+04
~9,4531 96404
-1.G2G01E+0%
-1.09GA5E 458
B, AZALIELCA
-9, 98426 +04
-8.70155E+454
-6 . D444 TESDA

~3.5981CE+04

254520454
1.23595E+04
-1.91633E+04
1.2159%9E+504

3.207e9e+L3

1. 14184€454
5,2G7656+53

326,937
326,812

CE-CETERMINANTS

5. 2UTEFESLD

3.,22579C+54

4, GA95TE+GA
5.82160C+54
6.87C23E+04
7.64334E004
8.T6432E 454
9. 64628E+04

1,04972E%58 .
1.13223E+05
1.85648E405

2.42238E+05
2.61756E+65
3.021 386468

3.G15616455

2.78523€+0%
2.31791E+GS

1.60359E+08

8.34511E+0a

| -5.07615EC

-8, 22T42€+54
4.GA844E+04
T 2.92314C¢Ga
1.75144E+54
3.13285E+03

«7.313T2€+03 .

COLE ROOT ENCOUNTERC

CELE ROOT ENCOUNTERE
CELE RODT ENCOUNIERD

CELE ROOT ENCOLNTERE
CEAE ROOT ENCOUNTERD

CELE ROOT FOUNG

ROOT IN THE F-VALUES ARE IN THE FOLLOWING INTERVAL
EE TGNIRED IN THE SEARCH FCR THE CRITICAL LOAC

COMMENTS

S1GH CHANGE IN 0B

"CRITICAL LOAC FOUMD

[
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" CRITICAL LCAC = ) 5$35.7623 P.L.1.
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CTES-28% . - ‘ MAR 17 13
BUCKLING OF CRTHOTROFIC LAMINATEC FLATES
LOACT MG =~ T UNIFCRM  UNTAXTAL COMFRESSICH
COUMCARY CONCITIONS [ ALL ECGES SIWFLY SURFORTEC
I1 LOWCEC ECGES CLAWED, TWO SICES SIMFLY SUPFCATLD
111 LOACED ECGES SIMFLY SUPRCRTEC, CME SICE SIMPLY SUFFIRTELD, L SICE FREE

IV LOACED ECGES SIMPLY SUFFORTEC, TWO SICES FREE
JOTTUIPUspRRTeReppuepaesespr e TITE RS FRTL S 2o et L sl s il Shnandads

TEST FLATE K

exs  ECUNCARY COMCITION 1 s
RESULTS FOR ALL MOCES M

LOAC “ _
$35.762 1 I

FINAL RESILTS -- ALL MOCES CONSICEREC

CRITICAL LOWC
FOR MOCE "

536 F.L.1. 'i
1

Puga 4.20
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rt

M

280.19
282.18
284 .19
286.19
288.18
299.19
292.19
294.19
296.19
298.19
318,19
333.19
324.19
122.19
324.39
323.19
32419

A

CALTICAL Loas =

[ E———

«9,.10126€+G0
~7.31941CE+51
-, 021 756411
~1,14116E+02
-1.24725E+02
-1.316GSE+C2

- +1,38596E402

~1.37212E 402
~1.36OLZE+62
=1.34617E+0G2
-4, 30G62E+01
1.32426E402
~2.84282L+U1
=1.30390E+G1
3.13265E200

-5.0493UE+00

3.13265€+00

' 323.8046

COLE ROOT ENCOUNTERC

SIGH CHANGE IN (B

CRITICAL LGAC FOLMNC

LN P
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981.00
A5G1 .00
iG21.09

1.46924E+04
1.291GUE»D4
1.1135GE~74

Ly 59 CB-CALLS

AGOVE ARE 50 TRIES MWITHOWT CHAMGE 1N S1GN

COLELE LOAG-INCREMENT AMC START CVER AGALN

LOACS
L)

1041 .00
1GA1 .00
1121.00
1643 .00
1085.00
1G87.00
1569.69
1091.00
1593 .06
1595.G6
1697.60
10649.50
1151.60
116356
1105.50
1167.60
1169.60
1111.00

1113.60 .

1115.65

1117.00 -

1119.0G
i‘l?l_.ﬂﬁ
11249.00

1121.09

1125.50
1121.00
1120.75

T™HE DOWELE
WHICH WILL.

XY
ML

LoACs

(L]

1126.75

1122.75

© 3124.78

1126.75
$128.73
115078

. 1132.73
134,79
1136.75
1138,73
1158.75
1178,74

1198.75

CB-CETERMINANTS

9,.36532€¢03

5. FABL2E+GH
9. 293320 w2
$,55837E+03
5.36C3TEHIS

5.17339€+43.

4.9TTEEE*S3
4, TT93TESSS
4.57812E+43
4.3734TE+53
4 .16488C+53
3.9%1 5453
3. 73255C+03
3, $G7635+53
A.2T444E+53
3.031308+53
2.77559€+53
2.50337C+0)
2.20845E+53
1. BACCEC+5Y

1.49_6'1620‘3_3:‘ N

9.94205E+02
-3, 29332C+i@
6. 1EELEL 02
~9.263320+02
2.84357E02
-5,29332E+2

-5.21215€002

1129.755

1120.550

CE-CETERMINANTS

-5.25215E462
-2.218GAE*G3

«3.GE081€+03
| =3 .69068E+03

-4 , 204 TRESGS
- .“!m‘q’
-8, 02295E+03
-4, 349€3E+53
«8, 6603 TE+DI

-5.93GAEE*GS -

7. 472R5E€+03
-8,G6161E5Y
=7.83119€+53

COMMENTS

"CELE ROOT ENCOUNTERC

DELE RODT ENGOUNTERD |
DELE RI0T ENCOUNTERS -
|

CELE ‘ROOT ENCOUNTERC
DELE ROOT FOURG

ROOT IN THE F-VYALLES ARE IN T FOLLOWING INTERVAL.
E€ IGNIRED IN THE SEARCH FoR THE CRITICAL LCAC

- COMENTS '

Poge 424



1A

1218.75 ~T.C3434E0)

1238, 79 -%.A251LE+G3
1258.7% . =4.19814E+0)
1273.15 -2.21163€+03
1208.7% 1.080785+02 SICN CHANGE IN CB
1280,79% -1,99429C+G3
1282.715 ~1.77363E+03
1264.15 -1.54972E+63
1206.79 -1,32253€0G3
128,78 -1.59210€+03
1295.1% ~8.5843TEL02 :
1292.7% ~6.21572E+02
3294.7% -3.819206402
295,78 -1.38297£+02
1294, 74 1.0a578E+02 CRITICAL LUal Fourg
# = 2
CRITICAL LOAS. = . | . 1297.8727 Fobal.

' Pdge_l'.ZS



-

CRITICAL LOAD

1E5-285 | A T MR T
EUCKLING OF ORTHOTROFIC LAMINATEC PLATES
LOADING == . UNIFORM  UNTAXTAL COMPRESSICH

BOUNCARY COMCITICONS B ALL ECGES SIMPLY SUFFORTEC
11  LOACED ECCES CLAH!-ED. ™ S1CES SIMFLY SUFPORTEC

118 LOACED ECGES SIMFLY SUFPCRTEC, CHE SICE SIMFLY SUFPRORTEC, CHE SICE FREE

IV LOWCET ECGES SIMPLY Su—F"GTED. ™D SICES FREE
O A A A A S A A 0 S AT A (A A G X SR A TR TR

TEST PLATE K

*4d  COUMHCARY COMCITION IV tes
RESLLTS FOR ALL MCES M

LoAC "

323,58 1
1297.878 . 2 -
FINAL RESWLTS -- ALL MXCES CONSICERES

324 F.i.l.
1

Hou

FOR WCT M

Page 4.26.
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4.3. Input for Sample 2

TEST FLATE J

e T '
& 1 3 1 S
F4 9.0G z.8 1.0
JGE6 16.4+6 - 6.3 6.2046

090 34.06+6 2.2¢6  G.25  1.Ge¢

#_‘__d__,,-;:-.-— (blank cards here)

2c.0 2.9

Poge 4.27 -



4.4  Quiput for Sample 2

1€5-208 . a ' WAR 17 TO
BUCKLING OF CRTHOTROPIC LAMLMNATEC FLATES

LOADING "—-- WNIFORM  UNIAXTAL COMPRESSICH

BOUNCARY COMCITIONS 1 ALL E€CGES SIMFLY SUFFORTED
11/ LOACEC ETGES CLAMFEC, TW> SILES SIMFLY SWFFORTED
111 LOACED ECGES SIMFLY SUFFCRTED, ONE SITE SIMFLY SUPFURTEC, OMT SICE FAREE
1V LCATED EDGES SIMPLY SUFRORIES, TW) SICES FREE ‘

ren 4 b e ol e e - bk e 4+ 3 ol Mol

TEST PLATE 7
o
BOUNCARY CONCETIONS COMSICERED IN THIS CATASET ARE
11
111
v
Tt 1 -3 1 :

STARTVALLES FOR LONGITLCTINAL MOCES M - ' .
" B.C.] ‘ g8.¢.111. B.C.EV

STARTVALUES FOR TRAMSVERSE MOCES N
8.€.1  B.C.II

1 |

THAXEMRM VALUES FOR LONG I TUC INAL MICES M
8.c.1 6.C.1I1. g.C.1v

—— ¥

. S T |

MAXIMUM VALUES FOR TRANSVERSE MCCES N ' ' o
B.C.1  B.C.II



NEER OF LAYERS L s e
LENGTH - : Al = 9.060
MICTH : - ] gL = 2.8G0
STARTIMNG LOAT SN0 = 1.000
© FRIMARY INTERVAL - SING = 20.000
SEC. IHTERVAL (NOT USEC IF 2ERO}  SINC2= T 2.000
LAYEA NI 1 1MUY CPTINH MO O WAS USED

MATERTAL PROFERTIES WAS ENTEWED AS E11,£22 ETC.

THICKMESS T = 0500
E-HOCULUS El = 16400000 .. C4L0
' ’ E2 = © 16496500, OUO0 :
POISSONS RATIO RNUAS 3000 ' ~
: ANUBZ 3600
. = SO, OO

TORSICNAL WG, G12

LAYER NO 2 INUT CFTLON ND 0 WAS USED
MATERIAL SROFERTIES WAS ENTEAEC AS €11,622 ETC.

THICKNESS L = .D300
E-HICULLS £1 = 3L5EL000, 0000
£ = 25U, 0
FOISSINS RATIO RNUAZS - .2500
AMNLB= L0183
TCRSICtAL E., (12 = IRE Y n s REs )]
LATER EXX eYr ) Y MUYX G

1 1 SELCLOOE$GT 1.6285000E+07 L Moy ey g 3 GLOGOUE-SS . 6. 2TOEYTS
2 3. 806T50E+GT 2 . SOOUOUE + 06 2. 50000E -0 1.83499TE-LR 1. CUCLAEE »06

16
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v

A-HMATRIX

A-MATREX

LAYER' NO

18021978.522
$406593.467

0.660

LAYER MO

34216970.099
S218£0.397
0.000

LOCATICH 7F NEUTRAL FLANC
RELATIVE 10 REFEAIINCE FLANE

- S4UE593.4G7
18U213978.0L22
0.6G60

627880.337.

25113521.587

a.000

.Gsar

u.m
0.69u0
62GOGL0. 500

1

9,000
0.0

| 1000550, 000

Page 4.30



A~HATRIX

2611947.456

3L1723.690
9.9C0

G-MATRIX
-2609. 506
-8613.324
G.0u0

C-MATRIX
2u22.33e

3r9.063
9.000

301723.690

402€674.980

0.GGa

-8613.324
-28370.968
0.0G0

379.6G63

1273435

0.000

G.0ud
G.Guo
360045, 060

0.000
0.000
-9643.822

9,000
9.000
431.303

Page 4.31"
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eLEEEECECAEEELCECEEEECEEEEEEEEEEERED

B ECUCARY CCHDLITION

B8 .

EECEEEEEEEEEEEBEEEEEEEEEECECEBEBEEER

TRANSVERSE MOCE W

N = 1 »

CRITICAL LOAC

N = 1 H

CRTTICAL LOWE

N = 1 N

CRITICAL LOAD

N = 1 W

CRITICAL LCAC

- "

"

T953.6434

3976.8139

4232.2%€68

=822 5562

F.L.1.

P.L.1.

F.r.1.

. Page 4:32



TES-285 - . MAR 17 79 o

BUCKLING OF ORTHOTROFIC LAMINATED PLATES

LORC IHG -~ UNIFORM  UNIAXIAL CCMPRESSION

BOUNCARY CCMOLITICHS | ALL ECGES SIMFLY SURPORTEC
11 LOWCEC €CCES CLAMPEC, YWD SICES SIMPLY SUPPORTED
111 LOACED ECGES SIMPLY SUPFCRTEC, CHE SICE SImeLY su-ﬁ’ﬁn:c CHE SICE FREF
1V LOACET EDGES SIMPLY swr-cmec. ™D SICES FREE

e e e e sl a Py P e At ™

TEST FLATE )

e BOUNCARY CONCITION S e
RESULTS FOR ALL MOCES OF M FOR N = 1

- LOAB
T983.643
3976.814
4232.237
5522.598

&N e E

FINAL RESILTS FOR THIS TRANSVERSE MOCE

"CRITICAL LCAC
FOR MCCES ]
N

3977 Rl
2
1

D ~ ‘Page 4,33
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1€5-204 . ‘ ' MAR 17 7O
GUCKLING OF ORIHOTROFIC LAMINATEC FLATES

LOACING =~ . UNIFORM  UNSAXTAL COMWFRESSICN
BOUNCARY CONCITIONS I ALL ECGES SIMFLY SUFRCRTED .
- 11 LOADEC EDGES CLAMWEC, TWO SICES SIMPLY SUFFORTED
T11 LOACED ECGES SIMFLY SUFPORTEC, ONE SICE SIMFLY SUFFORTED, OWE SICE FREE
1V  LOACET ECGES SIMELY SURRORTEC, TWO SICES FREE :

e rars e it . " i ey

TEST FLATE 3

st SOUNCARY CONCITION Tl ek

FLNAL RESWLTS ~-— ALL MCES CONSLUERED

CRITICAL LOAD
FOR MOCES "
R "

3977 F.L.01.
2 -
1

Page 4.34
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Y

861.00
801,00
" 9GL,uu
921.00
941.00
961 .00
981,60
1001, GO
1621 .00

1.31481E+04
1.3435TE+C4
1.304T1E+G4
1.42024E+04
1.45616E+04
1.49246E404
1.42915C+04
1.36622E+04

1.650368E+C4

1.30593E+04
1.34C88E+04
1.37624E404
1.41199€+04
1.44814E+04
1.48469E+U4
1.32184E+04
1.85895E+C4
1.59673C+04

ABOVE ARE 50 TRIES WITHOUT CHANMGE IN SIGN
‘COUBLE LOAC-TNCREMENT ANC START OVER AGAIN -

LOACS
LT

1641 .06
1C31,00
1121.56

1161.GG -

1201066
1241 .00
1281 .50
T 1321.56
1361 .00
1492,56
1444 .00
1482 .00
1521.60

i561.04°

16G1.00

1641.56

1681.6G
1721.66

1761.6G

181,06
1841 .06
" 1881.00
| 1921.C0
1961 . GO
20G1 .00
2041 .00
2681.00
2121.00
2161.00
2251.60
2241.60
£281.00
2321.00
2361.00
2461.00

2441.60

2481.00
2921.06
2361.00

2601.00

2641.00
2881.00
2721.00
2763.00

2801.00 -
Feat.00.

" 2893.60

CE-CETERMIMNANTS
SYMETRIC MOCE

1.641520+C4
3.71836E+04
L.796T4E»
1. BTGEEE+04
1.935810E+0a

2.CA1GTE+08

2. 1255TE+4
2.2116CE+Cd
2.29915E+04

C.UABTLIECA

2.47080E+04
2.5TUSUE«Ca

2.6G451E+0Ca -

Z.TS9E3E+0a

2.8562cE+04

2.95436E i

3.05399E+0a

3.15509C 404
3.257T6TE+58
3.38173E+04
3.ABTR4E vk
S.4T421E+0a
3.68261E+5a

‘3. TGLA4E L4

3.90365C04
#.01632E«Ca
4.13033E+04
4.24568E+04
4,36236C+54
4.48033E+04
4.59956£+04

4, TZ000E 08

4,84162€~04
4.96437€+04
5.08817E+C4
5.21208€+G4

5.538716404 .
5.46528E004°

5.59259€+0a
5.72083E04

3.84896£+0s

5. 977T4E+G4
8.1067GE2O4
6.23564E 004
8.36433¢€04
6.49251€004

" B.G19BAESDA

DE-CETERMINANTS
- ANTESYHM.MCCE

1.63487€+04
1.T324E+L4
1.79138E+04
1.87T200E+04
1.95417E+04
2.G3TS0E+D4
2.12M18E+04
2.20U995E+04
2.29833E+04

2. 95819C+08

2.4T954E+Cs
2.872395€ 04
2.CE6TIE»Ca

2.16229€ 0 -

2.6859T1E+(a
2.95835c+04
3.05840E 404
3.19581E+Ca
3. 2€25REvis
3.36566E+0a
S.4T2UEE+C4
3.57870E+CA
3.68E56E s
I_T9560E 0

3.90578C04

2,061 TULE Dt

c4,12933E w08

A.24250C+08
£.35676E+04
4,471 TCE L4
2,.58752C+0a
A.TU9SESGL
4, B2USSE L4
4,93842E+04
5.05623E+54
5.1T42TC+C4

T 3.29739E 04

5.41043E+08

$,.52622C004

3.84557C+04
5.76223E+04
5.878026+C4
5.99263E+04
G ACSTTECa
€.21711E+Ga
6.3262¢6C+Ua
6.43282E¢0a

LIMIT SO CB-CALLS

‘

COMMENTS

Poge 4.36



L¢

2921.00
2961.00
3601.00
3041.00

6.T4EGEECD4
6.87CGICE+D4
£.599324€+04
7.1131864G4

8. 536200+04
6.63G15E+0A
€. 73 TTELCH

6.6224TE+04

ABOVE ARE 50 TRIES WITHOUT CHANGE 1M SIGN
COUCLE LOAC~INCREMENT ARG STARY OVER AGAIN

LOACS
L)

3681 .00
3161.00
3241.060
3321.00
3451.90
3481.560
3561.0G
34150
Ir2).00
3861.00
3a81.00
3961.00
2283.06
3885.00
3ge7.00
3866.G0
3887.06

THE OOUELE
WHICH WiLL

XY
XL

LOADS
Ll

3887.00
3889.00
5891.G0
3853.00
3895.00
3897.00
3699.00
3941.00
3503.00

3905,00

3925.00
3945, 00
'3965.00
3985.00
400500
4025.00

4045.6G0 -

| AGES .00
4085.00
' 43108.00
432%.00
4145,00
4165,00

CB-CETERMIKANTS
SYME TRIC MOCE

T7.22991E+04
T.44939E+04
T.64522C+034
T.8L3ISTE+GA

7.558166+0a.

7.3 i
7.528TTE+G4
7.52624540a
6. 3T9LSE w0l
5.541 10504

1.56TECE G

1.08524 88+ 05
1.244535¢54
T.31265£ 403
1 ADEETE $0a
4 CL122E+03
1. 156ETEH A

3857005
36856 . OO0

CE-TETERMINANTS
SYMETRIC MCCE

~1.1C6ETESCL
~2.22206E+04
-2.9352TE+04

=3.50135c 04

=3.983%51E+04
-4, 4T950E+Ca
-4 _T9423C¢04
B PR Rirs X v )
“5 . ATACPC e+l

| =8 TT56EEe04
-8.12351Ee04 .

-9.7T6T24E~04
-1 3L35TESDS
~§.20543E005
=1 . 26885E+05
=1 ,.35776EGS
~3.483485E+03

=1 . 463 84E+5%

-1.50G26E+05
~1.5311€6E+08
-1.85539€C+0%
-1, 57365E+08
-1, 58654E+08

CE-CETERMINANTS

ANTISYMM . MICE

6.90TA5E+G4
T.GSE45E+04
7.1656EE+04
T.234T2E+04
T.23442E+04
7.1438%5c+08

6.92576E+64

6.51283C+04
3.81131E+04
4,58330C+04
1.240006C+04
-8, 180455 +54
. 9.E3OITESLS
6.24665C+03
B, TZIBTE+S)

3.16509E+G3

B, 12TRIESLS

CE-CETERMINANTS

ANTLSYHM. MICE

~8.7278TE+C)
-1, 7EOTIE S04
«2. 3028404
-2, TYICIL#4
~3.12899E+04
-3, 4600LE+CA
-3, 7SBU2E ¢4
Y R In T
-4.28199€+04
-4 .51636E+C4
-6.271995E+54
-7, 4G5S9E 4
-8 ,33455E454

-8.990L25E+0a -

-9 dRS13C4C4H
~§.89236E+04
-1.G114CE+GS
-3.02859E+0%
~1,G3TI8E+US
=1, GAGSPESGS
-1.G3EDMELGS
“1.G2787E+GS
~1,01382E+6%

LIMIT 50 -CEB-CALLS

COENTS

CELE ROOT EMNCOUNTERD

CELE ~IOT ENCCUNTERD

CELE ROIT FOMC

ROOT IN THE F-VALLES ARE INH THE FOLLOWING INTERVAL -
EE€ IGMHORED IM THE SEARCH FCR THE CRITICAL LCAD
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ob

£105.06
4205.6G0
a4225%.00
4245,060
4265.00
4285.00
4305%.00
432%.00
4345.00,
4385.CG
4383 .00
4405.00
442%.00
4445.GG
4465.50
448%.040
4565.0G0
452% 00
454% .60
4565.9G
4565.05
460500

] = i

CRITICAL LCAD

-1,59454E+05
~1.59858E403
-1.59755E%05
-1.5932%E+03
-1,58549E+0%
-1 .ST452E+0S
-1.5655TE+DS
~4,54337E+G3
~1,52459E403
-1.5G292E+05
~1.47903E+0L5
-3, 4930EE+G3
-1 ,42%915E+03
-1 ,89545€+05
=1 .364UEE+TS
-1.33111€+5%
-1.,29671E+0%
-1 . 26595E+55
-1.22334E+05
-3 .185T7E+G3
-1,14€52E+03
-1.166296+09

4603 ,1850

ANTISTMHETARIC MCCE  €.C. D

-9.935236E404
-9, T25U4E+04
~9.4596GE04
-5.15901E+D4
-8,62594€+54
-8.46282E+04
~8.07183E+404
-7.65498E504
-7.21411E404
-8.75092€+04
-6.26701€+04
3. 76384£404
-9.24281E+04
-4, TOS21E+04
~4.,15228E+04

«3,53516E+04 -

~3,0049TE+04
2,41 275E+C4
-1 . 80048E+0A
=1.19613E+04
-8 TISIRELUI
5, PRABAEMR

F.L.1.

LC ANTISYHMM.
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b

1E5-285% : R MAR 17 70
B\I_KLIM OF CRTHOTACFPIC LAMINATED FLATES

LOASING =< UHIFORM  AUNTAXTAL COMPRESSTON

ECUNGARY CONCITIONS | ALL ECCES STMPLY SUFPCRTEC
11 LOWCED ECGES CLAMFED, TWD S1CES SIMPLY SUFFORTED
111 LOACEL ECCES SIMELY SURPCRTEC, CNE SINE SIMPLY SUPPIRTEC, CAE SICE FREE
IV LOACEC ECGES SIMELY SUPPORTED, TWO SICES FREE

o e e i bl Ll o e i e ol Lo e b bkt gy P ey

TEST FLATE J

et BOUNCARY COMCITION 11 e
RESWULTS FOR ALL HCCES H

LCAD : L
4603%.18% . 1

FINAL RESULTS -~ ALL WICES CONSICERES

CRITICAL LOAD

- 4653 F.L.1.
fOR MOCE N ‘

‘ Page 4.39



-

€

BEBBESEéBBBBBBEBEBBBEEEBBSEEBEEGEGEB

& CQUNCARY
& .

CEEECEECEEE6ECEEECEEEREEEECEEEEEECED

CONCITION

LRIV Tl TIEELRL L 2l do bl

) »
. MCCE =z 1 .
- *
« *
e N
LOADS CE-CETEAMINANTS
(FLI}
1.6G 3.39318€+15
21.50 T.ATTITEYIA
41,06 9.858C5ECe12
€1.00 1.5595€C014
81.G0 4, TI91TE+14
1G4 .00 5.84525E 14
121.00 4.65105€v14
141.00 2.556115 .12
123.CG 3.Ti81€E+14
125.50 3.36271E+14
127.00 2.90625E+14
129.0G° 2.55C365+14
138,06 2.17€69C+14
133.50 1.TLE3TEL4
135,00 1.30850Cet2
137.06 B.4E585E+13
139.060 3.79664E413
141.9C 2.396116+12
146,00 1.42825€413
141.00 2.39611€+12
140.5G 2.37265€4+12
t141.00 2.39611E+12
‘140,75 9.0G1T4E+1)
140.62 1.5316RE+41
140,56 - B.80354E+11
140G.62 ] 1.53168E+11
140.59 1.3392TE«1S
140.82 1.95168E411
THE DOWELE
WHICH WILL
NXU ® 140.623
X, 3 140.1994
LOACS CB-CETERMINANTS
L)
140.82 1.53516ME+11
142,82 1,217599€»13
144,82 2.433TGE+1)

118

!

COMMENTS

CELE ROOT

CELE ROOT

"BELE ROOT

CELE ROCT
CELE RODT
CELE ROOT
CELE RCOT

CELE ROOT

COMENTS

ECCLETERS

ENCOUNTERT
ENCOUNTERT

ENCOUHTERD
ENCOUNTERD

ENCOUNTERD

ENCOUNTERE

FounC

ROOT [N THE P-VALLES ARE IN THE FOLLOWING INTERVAL
BE IGNCREC 1IN THE SEARCH FOR THE CRITICAL LCAC

Page 4.40



¢k

146.62
148,62
150.62
152.62
134.62
156.62

156.62 °

178.62
198.62

218.62

238.62
258.62
240.62
242.62
244 .82
243.62
244,62
244 .12
244,62
244,37
244 .62
244.56
L VW 7.1
244.50

THE DOUELE

WHICH Wil

LOACS
(FLT}

244 .56
246.50
244.70
244.95
245.10
245.30
245.50
245.713
245.96
| 246.10
- 265,90
' 247.9G
246.90
246 .40
246.19
246,02
246,15

246.09

246.13

THE COUBLE ROGT IM THE F-VALLES ARE IN THE FOLLOWING INTERWAL

T IGHNORET IN THE

3.652616013

4.873526E+13
6.C3455E+13
F.3G536E+13
B.50260E+LD

© 9.68120€413

1.G8361E+14
2.0GIGEESLA.
2.21Ta5E+14
1.53539E+14
2.67355E+83

| ~2.226T1E+14

1.56051E+13
6.3131%58E+12
1.442G3E412
Z2.42819€+12
1. .44205E+12
8.085116E+11
1.442G3E+12
2.22667Ev11
1.442538412
3.192586+11

 6.AE91TESLID

3.19258E+11

244,505
P44 _4A37

CE-CETERHIMNANTS

3.19256E+11
-4, 96278€+12
2.GICCIE»12
3.56T44E*12
4.7171590€+12
5.€30TCE+12
€.0EL1E0E-12

5.91871E*12
4.86256€412

-3.21285€+118
~& GOLETESLA
-1 .8G165E+13
-8 42260E+32
-4,CE651E+12

" =i, 47901CeL2

3.2071271€012
-1 4TIIIE+12
1.232T1E+12

-3 .4T931E+12

CELE KOOT

CELE ROOT
CELE ROOT

CeLE ROCT

LELE ROOT
TBLE ROGT

CELE mOOT

CCOMENTS

CELE ROOT
CELE =OOT
CELE ROOT
CELE ROOT
CELE #AQOY

CELE ROOT

CELE ROOT

ENCOONTERD

ENCOUNTERC
ENCOUMTERC
ENCOUNTERD

ENCOUNTERD
ENGOUNTERE

FOUNG

ROOT IN THE F-VALLES ARE IN THE FOLLOWING INTERVAL
SEARCH FCR THE CAITICAL LOAS

EMNCOAUNTERD

ENCOUNTERS
EMCOUNTERD
ENCOUNTERS
ENCOUNTERE
ENCORNTERE

_CN(C;NTEEC

ENCOUNTERC

FOUNG

WHICH WILL BE IGNCREC EIN THE SEARCH FOR THE CRITICAL LCAG

NXU 3
NXL =

246.150
246.087

Page 4 .41



LOACS
{fLI}

246.15
248,13
250.18
252.15
254,15
256,15
258.15
260.13
262.13
264,195
204 .13
364,15
324.15%
34,19
364.15
384.15
acs.1%
£24.1%
444,15
464 .15
484 .15
504.15%
524.15
. 506.1%
568135
510.15
512.18
514,15
516.15

M = 1

CALTICAL LOWD

CB-CETERMINANTS

-1,47991E+12
-2.06859€+13
-4,59334E+13
-7.77431E413
~1.15776E+14
~1.59854E+14
-2.03907E+14

~2.65922€+14

-3,271920E+14

- =3.99948£+14
-1 .82400€+43

~3,13444E+1%
-5,58091C+18
-B,650T3E«19
~1.,22T95€+16
-1.6148T7E+16
-1.93451€+16
-2.27802E+16
-2.41731E+16
-2.30620E+16
-1.82265£+16
-8.23201E+15

8.6185€E1%
—6.R3572E+1%
-5.46930€+15
-5, 9805 1E+1%
-2.41332E+15
-T.BULEAC+14
- 9.36018EL4

515.5851

'COMMENTS

SIGH . OAANGE TN £8

CRITICAL LOAC FOUNC

Page 4.42



0
i

1L$-28% ) HAR 17 TG

EUCKLING CF CRTHOTROFIC LAMINATEC FLATES

LOACING -= LHNIFORM UNIAXIAL COMPRESSION
BOUN:AEY COMNTITIONS T ALL ECGES SIMFLY SWFFORTED
11 LOACED EDCGES CLAMFEDC, TWO SICES SIMELY SUFFORTED

111 LOACED ECGES SIMFLY SAFPORTEC, ONE SICE SIMFLY SUWFCRTED, CNE SICE FREE

IV LOACED ECGES SIPFL'I“ SLFFCRTEB. ™0 SIuis FEEE

TEST FLATE J

ok GOUKCARY CCRCITION - . I 3
RESWA. TS FOR ALL MCES K

LonG
'515.659 i

FINAL RESWLTS =~ ALL MCES CONSICERED

CRITICAL LOAC

515 F.L.1.
FOR MOCE | .

1

Page 4.43



9%

BBBEBBBBBBBGEE'BEEBGBEEEBGEEEBBBBBBEB

8 a
B BOUNCARY CONCITION - Iv B
8 8

BECEEEECECEBEBEEEEEECECEEEEEEEBEERER

etk ek L
» *
» MCE IS MW= ] .
- L ]
* . | ]
Sl AW Sk el ZOK S Aty ol ]
LOACS 06 -CE TERMINANTS COMMENTS
WL
1.00 -2.7984TE+10
21.06 - | =1.24267E+10
41.060 . 1.345Z4E+L9 SICH CHANCE IN CB
23.06 . =1.1§364E+10 .
25.00 ~3.89142E+59
27.00 | =8.69150E+09
29.00 =7.53412€+50
1.0 —6.41553E+09
33.00 -5 .34577E+09
35.00 - ILCRIED
" 37.00 T =3.30855EeC9
39.00 =2.3355GE+G9
41,06 -1, OUERD
43.00 @,441%2E 458 CELE ROOT ENCOUNTERD
42,00 | -7.B4122C+58 :
43.60 C B, 44154E+L8 CELE ROOT EMCOUNTERD
42,50 . —4,135138+G8
43.00 8,44154E+58 CELE RODT ENCOUMNTERT
42,78 Z.45012€+08 | CELE ROOUT ENCOUNTERC'
42 .62 -2.TA3I3E+LE
42.73 2.43052€+58 CELE ROOT ENCOUNTERT
42.69 1. 7145GE¢58 . .
42.7% 2.45G12C+08 CELE ROOT ENCOUNTERT
a2, . T2 ~B . 3TACTE LT . ’ '
42,75 2.45012€+58 CBLE ROOT ENCOUNTERC
_ A2.73 1.27165€+08 DELE ROOT FOUNG

THE DCUBLE ROOT TN THE F-VALUES ARE [N THE FOLLOWING INTERVAL -

WHICH WILL BE IGNCAED IN THE SEARCH FOR THE CRITICAL LOAC

[ (VI : 42.734
NXL 3 o 42.7T19

THE FIRST LOAL EXAMINEC AFTER FASSING THE COLELE REAL ROOTS
CIE MNOT PRCCUCE SIGNIFICANT ﬁlFFEECNCE EETWEEN THE ROOTS

FERTURE LCAC ANC TRY AGAIN
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LCACS
(FLIY

46,93
48,93
50.93
52.93%
54.9)
56.93
58.93
6G.93
€2.93
64,93
84.93

104.93

124.93
144.93
126.93
128.93

130,93

132.93
134.93
136.93
138.93
140.93
139,93
140.93
340,43
140,93

140,88

CO-CETERMINANTS

~1.11415€E+09
=1.63644E+09

4,.53644E+58

-1,59281E+09
-1,53218£+09

~1.45271E+09

-1.35136E+09
-1.22300c+09
~1.G3822€+09
-8.3E8183E+08
6.30G27E+09
1.2U337€+9
T.15325E+58
.3 6R423E+08
~3.34185E+43
3.68423F 408
2.2762RE+08
1.0C5820+0L8
-1.82975€+08
1.066C2€+08

3.8Y6ATEST

46,93
46.916

LE-CETERMINANTS

3.8764TE+DT
1.330TGE+DS
2.1G33xE+00
2.792UIECD
3. 42536E+3
4,01229€+09
4.53753E+09
5.GE€29%€+L9

5,83045€09
5.96135C+09

B.4E2TBE+SY

| 8.18929E+U9

S.63724E+(H
1.3TS02E+09

5.25132E459

4.83392E+0%
"4,371913E409
3.8TTLTESCD
5.31039€+09
2. 64185809
5.76548C+09
3.897€6E+08
1.11181E+09
3.89768E 58
3.56267E4G8
3.80768F+08
1,9387ZE+08

COMMENTS

CBLE

CELE
CELE
COLE
CELE

CELE
CeLE
CCLE

cELE
CELE

LY 3N S

CBLE ROOT ENCOUNTERC -

ROOQT

RQOT
0T
ROOT
FOCT

ROCT
RODT
AOOT

Azt

ROOT'

ENCOUNTERD

ENCOUNTERD
ENCCQUNTERC
ENCOUNTERD
ENCCUNTERD

ENCOUNTERE
ENCOUNTERD
ENCOUNTERS

ENCOUMTERT
FOuNC

ROOT IN THE F-vALUES ARE IN THE FOLLOWING INTERVAL
BE IGNOREC IN THE SEARCH FOR THE CRITICAL (CaC

CELE ROOT ENCOUNTERC

CELE RODT ENCOUNTERC

CELE ROOT ENCOUNTERC
CELE ROOT-ENCCUNTERC
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83

Ry

140,56
140,68
140,62
140.3%9
140,62

THE COMELE

CWHICH WILL

NXU
NXL

LOATS
(FLI)

180.62
la2.62
144 .52
146.62
148.62
150.82
122.62
134.62
156.€2
158.€2

ACOT IN THE F;VALUES ARE 1IN THE FOLLOWING INTERVAL -

2.815LGCE+GB
1,.93812E+08
9.43711E+07
1.4T6UBE+US
9.43TTIEYD?

LCELE ROOT ENCOUNTERE
CELE ®OOT ENCOUNTCRE

CELE ROOT FOUIE

EE IGNCREC IN THE'SEARCH FOR THE CRITICAL LOAD

140,619

140,587

CE~-CETERMINANTS

178.62

198.62
f18.62

238.62
22G.62 -

222.62
224 .62
226.82
| 2258.€2
23562
Z32.€2
234 .62
Z33.62

M = b 4

CRITICAL 1LOAD =

9.437TIE+OT
9.52325€+58
1,32717E+9
1.65259€+09
1.82310€+089
2.00619E+08
2.16GT3E+DS
2.292G1E+49
2.40327E415
2.49750E+59
2. 73034E409
2.GE0360+09
8.83743E+58

=1.878TSE+CS

7.22435E458
5 _95555E+08
£.74235€+58
3.535804+08
2.5368 4 E+53
1.2915554C8
2.95633C+07

-5.971 1 SE+LT
=1.E92B3E+57

33,2367

. COMMENTS

SIGN CHANGE IN 0B

SIGH CHAMGE IN CE
CRITICAL LCAC FOUMC

P.L.1.

Page 4.46



Tes-285 ' : - WAR 17 19
BUCKLING OF CRTHOTROFIC LAMINATED FLATES .

LOACING ~- UNIFCRM  UNTAXTAL COMERESSION

EQUNCARY CONCITIUNS 1 ALL ECCES SIMPLY SUFFCRTED ‘ .
11 LOATEC ECGES CLAMFEC, TWD SICES STMPLY SUFFIRTED
111 LOACED EDGES SIMPLY SURFPCRTED, CHE SICE SIeFLY SUFPORTED, CHe SITE FREE
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5. COMPUTER PROGRAM RECCRDS

5.1 Glossary of Program Variables

A legend for the variables is given in this section. 'Variables which
are not essential fo the understanding of the program and are used only locally
will be omitted. All common block variables are explained and it is attempted
to use the some name for these variables in all routines.

See data input specifications for explanation of variables which are read in.

Common Block A

LC Line load on plate - complex
NC Transverse buckling mode N/width BL - complex
N2C NC squared _
- MC Longitudinal buckling mode M/length AL ~ complex
M2C MC squared |
AC@3,3) Extensional stiffness matrix A - comp!éx
BC(3,3) Coupling stiffness matrix B - complex
DC(3,3) Bending stiffness matrix D - complex

Common Block AR

N : Transverse buckling mode
M " Longitudinal buckling mode
Pl . r=3.14...

In the program Pl is set by using the closest possible octal
representation of the number.

AL ~ Length of plate (same as @ in theory)
BL Width of plate (same as b in theory)

F1 and F2 Factors used in main program (for B.C. 1) and in the RGEN ond
DBGEN: routines to avoid separate coding for wide and long plates.
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Common Block BLK]

DBl Value of buckling determinant for previous load tried.

DB2 Value of buckling determinant for current load.

KK Number of conjugate pairs among the complex roots p of
the equilibrium equations. (Set in DB-rowtine)

KRN Number of negative real roots (p) + total number of roots.
(Set in DB-routine)

[PAIR Same as XK but for previous DB-call.

INREAL Same as KRN but for previous DB~call.

1AB Control for the case of double real roots. (Set by DB-routine)

IXT Count of number of times DB was called more than 50 times.

1XU Control for whether double root in p~roots was found.

SGN _ DBl «DB2. Reflects sign change in DB-~determinant.

'Common Block CON

KXX Control for current boundary condition. Set to 1, 2, 3, or 4.

KXY Flag set by program to mark whether this plate has coupling be-
' tween bending and stretching or not. The B-matrix is checked
against zero.

NCASE(10)  Array with controls set for the required boundary conditions. See
input data specs.

IPC(20) Array with controls read in.

Common Block ICK

IX - Counter for number of DB-calls (since last reset).

RES{100) Buckling determinant values for DB-calls.

AB(100) - Loads (Ibs/in) at DB~calls.

DBA Tronsfér of current value of buckling det. for an alternate displ.
' pattern (B.C. Il only).

DBI1A ~ Same as DBI but for assym. displ . pattern (8.C. I1)

DB2A Same as DB2 but for assym. displ . pattern (B.C. 1!)

SGNA Same as SGN but for assym. displ. pattern (B.C. I1)
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Si)mmon Btock RC

R(3,3)

Coefficient matrix for equilibrium equations.

Common Block TRS

Z MUM(25)
ZMUF(25)
GM(25)
GF(25)
VM(25)
VF(25)

7 MU12(25)
ZMU21(25)
ANGLE(25)
EM(25)
EF(25)

Poissons ratio for matrix n';ateriol ‘
Poissons ratio for fibers.

Shear modulus for matrix.

Shear modulus for fibars.

Volume froction coefficient for matrix.
Volume fraction coelficient for fibers.

Poisson ratio », for composite layer.

2
Poisson ratio ¥, for compesite layer.
Fiber orientation for the layer (degrees).
Modulus of elasticity fo: matrix.

Modulus ¢f clasticity (o fibers.

S‘oznmon Mock STF

E11(25)
£22(25)
G(25)

VHETA(25) -

Q(3,3,25)

Modulus of elesticity ~ direction 1.
Modulus of elasticity - direction 2.
Shear modulus ~ G127

Fiber oricrdation for the layes {rudiens ).

Lamina stiffness matrices.
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Main Program BUCLAPT - tocal Voriables

A3, 3)
B(3,3)
D@3,3)
TH(25)
H(26)
$11(25)
ZN

BCON(10)
NMIN, NMAX

MMIN, MMAX
DX(3,3)
ICOM(100, 2)

NXCR
NXFIN(30)

- NXFA(30)
NXF, NXFX
MODIN, MODM

Extensional stiffness matix for plate.

Coupling stitiness matrix.

Bending stiffness mahix.

Thicknesses of layers.

Coordinate of layer surfoce, measured from reference plane.
The first element of the S-matrix or [Q]-}.'

Location of neutral reference plane.

Alphanumeric label for the different boundery corditions.

Lower and upper limit for loop on transverse modes. Set
from read in arrays.

Lower and upper limit {0 Joop on longitudingl meodes. Set
from reed in arrays.

Real R-matiix.  Coefficien! natiix for equilibrium cavations.

Used only for B.C. 1.

Array containing alphanumeric comments describing nragress
of search for critical lead.

Buckling lood for current made N end/or M.

Storage for buckling loads for all modas M for onz fronsverse

mode N. _
Storage for critical buckling loads for sll 1.
Selected minimal critical buckling faud,

The modes N ard M for which the minimum aiticol load
occwus,
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" Function Subroutine DB - Local Variables

P(?) Set of roots from equilibrium equations - squared

P2(9) Set of roofs from equilibrium equations - squared but from a
previous DB-call (in the case of double-root or sign change)

PAX One root from equilibrium equations
NROOTS Number of roots from equilibrium equations (actual found)
NR Number of roots from equilibrium equations (expected)

GUESS(3,9) Three sets of guess~values for ZARK

PIX(?) Array parallel to P with control set to indicate conjugate pair or
real number

DBM(?, %) Buckling determinant - matrix
DBMA(9,9)  Buckling determinant - matrix assym. displ. pattern (8.C. It only)
B(%) One or two columns of DBM

BA(Y) One or two columns of DBMA
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502 Listings
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AUN VERSION FEB 70 19041 22/04/10

<

Ct#‘t‘t#tt‘#ttt#tﬁttt#ltt#tt#ttt#tt##tt#tt###t#tt##tt?*t#tt#####t###t*t#

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂhﬂﬂffﬂﬂﬂﬂ

OVERLAY {(BUCLAF1,0,0)
PROGRAM 50285A (INFUT,OUTFUT, TAPES=IRPUT, TAFEG=QUTPUT)

NAME

BUCLAPL
A COMPUTER PROGRAN FOR UNIAXLAL COMPRESSIVE BUCKLING LOADS
OF ORTHOTROPIC LAMINATED PLATES

CLASSIFICATION
NASA CONTRACT
CEVELORMENT
COCUMENTS
FROGRAM METHOD AND USAGE DOCUMENT
PROGRAM DESCRIPTION DOCUMENT '
EREPARED UNDER CONTRACT NO. NAS 1-8658  BY
THE BOEING COMPANY
RENTON, WASHINGTON
‘BEVELOFERS
THEORY A.V.VISMANATHAN FH. 20G6-237-2365
ORG.  G-BESG
STRESS ANALYSIS RESEARCH
PROGRAM V.OEVERLI PH, 206-237-4744
ORG.  G-2565-4
STRESS SYSTEMS
PURFOSE

THIS FROCRAM HAS THE CAFABILITY TO COMPUTE THE

CRITICAL UNIAXIAL COMFRESSIVE LOAD ON A RECT. ORTHOTRQFIC

LAMINATED PLATE WITH YARIOUS BOUNDARY CONDITIONS.

THE MAXIMUM NUMBER OF LATERS I5 25 . ADHESIVE LAYERS AND
. BANDWICH CORES MAY BE CONSICERED. A MINIMUM ENERGY

AFPFROACH 15 USED, TN WHICH A VARIATIONAL PRINCIFLE IS

EMPLOYED TO CEREVE THE EQUILIBRIUM EGUATIONS ANC THE

CONSISTENT BOUNCARY CONDITIONS. LINEAR THEORY 15 AFFLIED.

THE BOUNCARY CONDITIONS MOW AVAILABLE ARE

B.C. T ALL ELGES ANC SIDES SIMPLY SUFPORTEC.

B.C. Il LOACED ECGES CLAMFED, TWO SICES SIMFLY SUFFORTEC.

B.C.111 LOADED EGGES SIMFLY SUFP.,ONE SIEE SIMFLY SUFF.,ONE SIDE FREE
B.C. 1V LOADED EDGES SIMPLY SUFP.,TWO SIDES FREE.

gy
Buz
w2
Bu2
B2
Buz
sue
au2
su2
BuR
Bu2
B2
Buz
Bw2
B2
14
Bu2
Bu2
BU2
BuZ
BuR
B2

- BUR

Bu2
Bu2
BU2
Bu2
s
Bu2
Bu2
B2
Bu2
Bu2
B
guw2
BuU2
B2
Buz
Bu2
Bu2
Bu2

Bu2.

BU2
B2

B2 -

B2
Bu2
Bu2
B2
gu2
Bz
BU2

00002
60603
06004
00005
00006
00007
ootos
00069
00016
ouo11
00032
00013
GOO14
60015
60016
00017
06018
0OD19
60026
60621
60622
00023
60624
66025
oooze
06627
0Goze
6029
0G03G
00631
oGo32
00633
06034
00635
06036
6OG3 T
65038
60639
00040
00041
00042
00043
00044
00045
60046
00047
(0048
00649
00050
00051
00052
00053
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RUN VERSION FEB 70

000003
oto003
aqooos
00000y
otooos
000003
o0Go0s
o00Co003
005003
000003
000053
000003

006603
000003
ooga03
000GGs
Q0Dao3
000063

aaono3

000003 .

ononos
ooooas
onaanes
000010

000011
0oGo13
000014
000015
000030
000031
000033

000033

C
<
<
<

<

c .
Cbb bbb kbbbt t ks bk E b LS T EErbb R rrrs bbbt i ok kbbb ek

LANGUAGE

MACHINE

19041 22/04/70
FORTRAN 1V

CCC 6600 OPERATING SYSTEM SCOFE 3.1

CRNESEOREERRUE A SR ERRERREANNRELREERERRERRERRSERRRERERERERREIEFRERYERFEE

EXTESRAL [B

COMPLEX LC,NC,N2C ,MC,M2C,AC,BC,DC

COMMONZAZLC ,NC , N2C ,MC , M2C 4 AC (3,3} ,BC(3,3) ,0C(3,3)
COMMONZAR/N,H,P1 AL ,BL,F1,F2 '

COMMON/BLKE /0BT ,CE2 KK, KRN, TFATR , TNREAL ,TAB , I XT, 56N, 1)U
COMMON/CON/KXY KXY ,NCASE {10) , 1 FC (20)
COMMON/LCK/1X,AB (160} ,RES (100) ,RESA (100) ,CEA,LB1A,0B2A,SCNA
COMPLEX K(3,%)

COMMON/RC 7R

DIMERSION 513,3) ,CR (3,3} ,BCON{(16] ,1TITL (30) ,1COM(10G,2) ,V(10)
. CIMERSION A{3,3),6(3,3),0(3,%) .

COMMOR/ TRS/ZHUM (25) , ZMUF (253 , GH(25) ,GF {25) , YM(25) , VF (25) ,ZMU12 {25)
1 ,2MUR1 (25) ,ANGLE (25) ,EM(25) ,EF (25)
COMMON/STF/E11 (25) ,E22 (25) ,& (25) , THETA (25) ,@(3,3,25)

DOLELE 511 ,ZN,5M1,5H2 HF,HF1

BIMENSION 511 (25) ,H{28),EK (26),TH(25)

REAL NX.NXU,NXL,NXO,NXF ,NXFIN, NXFA , NXFX,NXCR

REAL LTCMIN

CIMERSTON EST(3,1),MXCR(1),CENX (1) ,HXFIN(35) ,NXFA (30) ,MOCA (36)
CIMENSION NMT (4) ,HMI {4) ,NMA (4) ,HMA (4)

1 CONTINUE
BCON1) = 1GH _ 1
BCON(2) = 1GH 11
BCCN(3) = 1GH 111
BCON(£) = 10H Iv
cO 5 J=1,3
EO 5 K=1,3
co 5 1=1,28%

s 2.k, 1) = 0.0

NTEST=1

CALL CATE{DCAT,YEA)

Fl = 0172162207732506420551

c LOCATE REFERENCE FLANE AT ONE SURFACE
| CHREEERRR AL EE R SRRSEREEARE SEREERSRERRRRRRR R bk kbR bk
He1) = 6.0
<
CHEBEERF R R AR A A SR A RS S SR AR AR SRR R LSRR SRE RO AR RN SRR SEIE RS
c
c LEGENC
[ .
< MAIN FROGRAM BUCLAFI - LOCAL VARIABLES.
c ------- - -
c ITITL  -ARRAY CONTAINING TITLE OF FROBLEM

Bu2
Bu2
114
a2
Bu2
By2
B2
By2
1114
Bu2
Buy2
a2
Bu2
Buz
By2
Bu2
Bu2
B2
BU2
Bu2
BU2
Bu2
114
By2
Bu2
B
Byz
BL2
By2
BU2
Bu2
Buz
Bu2
Bu2
B
BYu2
Bu2
B2

B

Bu2
Bu2
BU2
Bu2
6uz
Bue
Bu2
suz
BY2
BuZ
Bu2
By2
gue
Buz

COGSe
06655
0O65E
GOGS?
6GOS8
00659
00GEo
GOGE1
ODGE2
GGG 63
OGG 64
GGGES
G066
o0GoET
GoGies
00569
GLo TS
6oG 7L
OGG T2
GOGTS
0oGT4
GG575
05516
GGGT?
LG TE
(rirsy,)
GLGSY
65081
Gons2
65583
GOLEL
GGosS
GO086
05567
o0Coss
GGGES
(17t ]
05691
66692
00G93
6GO94
ristal-T]
06696
65597
60098
00GS9
66160
001061
00162
06163
65164
oo10s
00366
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RUN VERSION FEB 70 19641 22/04770

<
<
C
<
C
C
<
<
c
<
C
c
<
<
<
<
C
c
c
C
<
C
c
<
C
C
C
c
C
C
c
c
c
c
[ 4
<
<
<
C
C
<
<
c
<
C
<
<
<
<
<
[ 4
<

1FC 1Y) ~CONTROL FOR PRINT OF INTERMECIATE RESULTS LIKE
THE P-VALUES (WHICH ARE THE
ROOYS OF THE DT-CETERM = ZERO)
AND ALSO THE CB-CETERMINANT ANC
1T$ VALUES.

IPC 1) =1 ACTIVATE INT. FRINT

IPC11) =0 SUPPRESS SAME.

NCASE(I) -CONTROL. ARRAY FOR CESIREC BOUND.CONC.
NCASE(I) =1 DO COMPUTATIONS FOR B.C. 1

NCASE(I) =0 CON"T ,ETC.

TH(25) THICKNESSES OF LAYERS.

Hi26) COORRBINATE OF LAYER SURFACE, MEASUREC FROM REFERENCE
FLANE

1125 THE FIRST ELEWENT OF THE S-MATRIX

IN LOCATION OF MNEUTRAL REFERENCE PLANE.

BCON{10) ALFHANUMERIC LABEL FOR VARIOUS BOUNG., CONDITIONS

NMIN, NMAX LOMER ANC UFFER LIMIT FOR LOOF ON TRANSVERSE MOCES.
’ FROM READ IN ARRAYS. '
MHMIN, MMAX LOWER ANC UFFER LIMIT FOR LOOP ON LONGITUCINAL MCCES.
) FROM REAC IN ARRAYS.

MME (1) STARTVALUES FOR LOOF ON W-HOCES(FOR B.C. I}

MMA (1) ENCVALUES FOR LOOF ON M-MCCESIFOR B.C. I

MME (D) STARTVALUES FOR LOOF ON N-MCCES (FOR B.C.I)

HMA (1) ENCVALUES FOR LOOF ON N-HOCES (FOR B.C.I)

L NAEBER OF LAYERS
Te STARTING LOAD IN SEARCH FOR CRITICAL LOAD
SINC PRIMARY INTERVAL IN LOAD SEARCH

SINC2 SEC. INTERVAL IN LOAD SEARCH

IF SIN2 = 0. ¢FROG. THEN SETS SINC2 TO SINC/10,
EXERCISE CARE IN CHOICE OF START LOAD AND INTERVALS

T THICKNESS OF LAYER.

€1,E2,RNUVA,RNUB ,612,011,212,0321 ,ANC Q66 ARE MATERTAL FROPERTIES.

A3 EXTENSIONAL STIFFHRESS MATRIX FOR FLATE.

B(3.:3) COUPLING STIFFNESS MATRIX.

D{3,3) BENCING STIFFNESS MATRIX.

DR(3, ) REAL R-MATRIX. COEFFICIENTS FOR EQUILLIB. EQUATIONS

USED ONLY FOR B.C.I.
ICOM(100,2) ARRAY CONTAINING ALFHAKUMERIC COMMENTS DESCRIBING
FROGRESS OF SEARCH FOR CRITICAL LOAD.
NXCR BUCKLING LOAD FOR CURKENT HOCE N AND/CR M.
NXFIN(30) STORAGE FOR BUCKLING LOALS FOR ALL MOCES M

FOR ONE TRANSVERSE MOCE M.
NXFA (30) STORAGE FOR CRITICAL BUCKLING LOACS FOR ALL N.
NXF 4 NXFX SELECTED MWINIMAL CRITICAL SUCKLING LOAC,

MOC N, MODH THE MOCES N AND B FOR WHICH THE MINIMUM CRITICAL LOAD
: OCCURS,

B2

- BU2

-1
Bu2
Buz
114
Bu2
114

Buz:

Bu2
Byz
Bu2
B2
Bue
Bu2
Buz
B2
By2
Bu2
Bu2
BLR
B2
By
e
BUZ
su2
sw
B2
B
Bu2
B
Bu2
114
Buw2
Bu2
Buz
Bu2
Bu2
Bu2
B2
Bu2
B2
BU2
By2
Buw
Buz
Bu2
Bu2
BuU2
Buz
Buz
Bu2
Bu2

aoiov
00108
00109
00110
00111
00112
00113
00114
Do115
ao116
0oiir
ooi18
00119
Do126
0121
goize’
06123
0G124
G125
00i2e
Doi27
pDaize
Do129
00130
00131
00132
00133
0G134
GGi3s
DO136
0G137
OG138
GG13e
00140
00141
00142
00143
o144
00145
ooide
DO147
DG148
00145
DO15C
06151
ooisez
00153
00154
00185
- DO15§
00157
Doisé
00159
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RUN VERSION FEB 70

AN ANAAARAANAAANANONARDONNAARNARAANAARAANAOARNAPRNDNAAPRANANRANNRNNADN

COMNON BLOCK

14

AC(3, )
BC3., M
oCcis.y

COMMON BLOCK

AL
BL
Fi ANC F2

COMMON BLOCK

19643 22/G4/70

A

LINE LOAD ON PLATE - COMPLEX

TRANSVERSE BUCKLING MOGE N/WIGTH BL - COMFLEX
NC SQUARED

LONGITUBINAL BUCKLING MOCE M/LENGTH AL - COMFLEY
WC SQUARED

EXTENSIONAL STIFFNESS MATRIX A - COMFLEX
COURLING STIFFNESS MATRIX B - COMPLEX

BENCING STIFFNESS MATRIX D - COMFLEX

AR

TRANSVERSE BUCKLING MODE

LONGI TUDINAL BUCKLING MODE

=3.14...

PI IS5 SET BY USING THE CLOSEST FOSSIBLE QCTAL
REFRESENTATION OF THE NUMBER.

LENGTH OF PLATE (SAME AS A IN THEORY)

- WIBTH OF PLATE (SAME AS B IN THEORY)

FACTORS USED IN MAINFROGRAM  (FOR B.C. I) AND
IN RGEN ANC DBGEN ROUTINES TO AVOIC SEFARATE
COCE FOR WIDE AND LONG FLATES

BLK1

VALUE OF BUCKLING CETERMINANT FOR FREVIOUS LOAD TRIED

VALUE OF BUCKLING CETERMINANT FOR CURRENT LOAD.
NMEER OF CONT.FAIRS AMONG THE COMFLEX ROOTS OF

. THE EQUILIBRIUM EQUATIONS (SET IN DB-ROUTINE)

KRN
IPAIR
INREAL
IAB
IxT

1Xv
56N

COMMON BLOCK

kXX

KXY

NCASE (1D}

- IFC(20)

NKUHEER OF MEGATIVE REAL ROOTS (F} ¢ TOT. NO. OF ROOTS

(SET IN CB-ROUTINE)

SAME AS KX BUT FOR FREVIOUS CB-CALL.

SAME AS KRN BUT FOR FREVIOUS CB-CALL.

CONTROL FOR CASE OF COVBLE REAL ROOTS.

(SET IN CB-ROUTINE)

COUNT OF NUMBER OF TINMES CB WAS CALLED MORE THAN
50 TIMES.

CONTROL FOR WHETHER COUBLE ROOT IN P-ROOTS WAS FOUND.

CE14CB2. REFLECTS SIGN CHANGE IN CE-DETERMIMNANT.
CON

CONTROL FOR CURRENT BOUNDARY CONDITION.
SET Y0 1.,2,3, OR 4. :

FLAG SET BY PROGRAM TO MARK WHETHER THIS FLATE HAS

COUPLENG '

BETWEEN BENDING AND STEETCHING OR NOT.THE B-MATRIY 1§

CHECKED AGAINST ZERO.

ARRAY WITH CONTROLS SET FOR THE REQ. BOUNG. COND.
SEE INPUT CATA SPECS.

ARRAY WITH CONTROLS REAC IN.

suz
ByR
-4V
euz
Bu2
BWR
Bu2
Bu2
Bu2
114
BU2
Buz
Buz
Buz
BuR
:104
By2
BL2
By2
BuU2
Bu2
Bu2
g
B
B
eu2
114
-4
6u2
BL2
Bu2
B2
Bu2
Bu2
Buz
Buz
BUZ
Bu2
Bu2
Byz
BU2
Bu2
BU2
B2
By2
BuY2
B2
Bw
guz
Bu2
BU2
Bu2
B2

006160
06163
00162
00163
00164
00165
00166
00167
00168
00169
60170
ooi7e
00172
00173
001 74
00175
00176
00177
001 78
00179
06186
0o181
06182
00183
00164
00185
00186
65187
o388
00189
00196
06191
00192
00193
00394
00195
06156
00197
00198
00199
00200
00201
f6202
00203
00204
00205
06206
00207
00268
00209
00210
00213
o212
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RUN VERSION FEB 70

000036
- 000047

000052

19041 22/04/70

COMMON BLOCK TCK
X COUNTER FOR NUMBER OF CB-CALLS ~SINCE LAST RESET.
RES ($GO) BUCKLING DETERMINANT VALUES FOR CB-CALLS.

L
-
4

L L 2 T T L TE LTI

c

<

<

c

<

< AB (100} LOADS (LBS/IN) AT DB-CALLS. A
< ‘DBA TRANSFER OF CURRENT VALUE OF BUCKLING DET. FOR AN
(4 ALTERNATE OUSFL. PATIERN (B.C. I1 ONLY)

4 DB1A SAME AS DB1 BUT FOR ASSYM. DISFL. FATTERN (B.C. 11}
< tozA SAME AS DB2 BUT FOR ASSTN. DISFL. PATTERN (B.C. ID)
4 SGNA SAME AS SGN BUT FOR ASSYM. DISFL. PATTERN (B.C. ID)
C

4 COMWON BLOCK RC

c -, o —

(4 R{3,3) COEFFICIENT MATRIX FOR EQUILIBRIUM EQIATIONS

(4

4 CONMON BLOCK TRS

c ------------

C WM 25) PO1SSONS RATIO FOR MATRIX MATERIAL.

¢ ZMUF (25) POISSONS RATIO FOR FIBERS

¢ oM (25) SHEAR MODULUS FOR MATRIX.

4 oF (25) SHEAR MODULUS FOR FIBERS.

(4 VH (25} VOLUME FRACTION COEFFICIENT FOR MATRIX.

(4 vF (25) VOLUME FRACTION COEFFICIENT FOR FIEBERS.

¢ ZMyi2i25)  FOISSON RATIO FOR COMPOSITE LAYER.

(4 M1 (25) FOISSON RATIO  FOR COMPOSITE LAYER.

< ANGLE (25) FIBER ORIENTATION FOR THE LAYER (CEGREES).

< EM(25) MOBULUS OF ELASTICITY FOR MATRIX.

4 EF (25) MODULUS OF ELASTICITY FOR FIBERS.

[ 4

c COMMON BLOCK STF

c -

< E11(2%5) MODULUS OF ELASTICITY - DIRECTION 1.

c €22 (25) MODULUS OF ELASTICITY - DIRECTION 2.

4 G(25) SHEAR MOCULUS - ¢12.

c THETA (25} FIBER ORIENTATION FOR THE LAYERS (RACIANS).

c 2(3,3,25) LAMINA STIFFNESS MATRICES.

<

CHRARAR L SRS EERE SR PR R S SRR ERERRER R bRk ok
c

c READ CATA

C

(4

C

REAC (5,5066) (ITITL(I),1=1,8)
IF{EQF,5) 501,7

P R st R s sttt il g il Sl S22l il Sl 2l sl
UNLESS ANOTHER CATASET 1S PRESENT THE FROGRAM WILL

JUMP TO 501 AND EXIT .

SESFEREEEERR RS R A EEREEERRE R RAN S KR KEARFERTEEERERRERREERE RSN

ANMOAADND

T CONTINUE

BuR
By2
su2
Bu2
Buz
Bu2
Bu2
suz
1174
B
Bu2
B2
Bue
Bu2
BUz2
Bw2
sue
114
Buz
Bu2
BUR
B2
Bu2
BU2
Bu2
Bu2
Bu2
B2
Bue
B
BlR
Buz
B
Bu2
114
By
BY2
ewe
BuU2
gu2
Buz
Buz
Buz
Bu2
Bu2

- BU2

su2
BU2
1-14
B2
Buz
su2
Bu2

00213
00214
gaz1s
60216
ooz17
00218
06219
00220
te221
o222
00223
D224
00225
60226
06227
66228
00228
0G230
GG233
oG232
00233
oG234
00235
60236
06237
00238
Go239
00246
OG241
ooza2
00243
00244
66245
00246
G247
coz46
gu249
00256
oo2s1
oozs2
00253
to254
6025s
GG256
06257
60258
00259
06260
00261
00262
00263
(0264
0265
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RUN VERSION FEB 70 ' 19G41 22/04/70

000632
000046
000062
oooar2
UG0104
600118
0003120
0O0124
ooo12¢
000140
460152
oooL56e
000160
000164
006166
0046173
0oo1Ys
ooo2G7?
oopa227
006231

0GG2355 -

000241
005243
6oG247
600253
6602635
onGzT1
0nezTs
000305
oog3zs
GO06331
GGO335
000347
06033
0o6357
ooGser
D0G407

000427

000431
00G4dY
GOG434
000435
ouGa36

000465 -

006410
ooC4 12

000474

ANRNNAANDND

10

11

WR1TE(8,5011)

WR1TE(6,5011)

WRITEL6,2000) DAT,YEA

WR1TE 16,5007 (ITETLLDY ,1=1,8)
REAC(S,5013) (18C(1),158,16)
0o & 121,16

IFUPCCDLLE. D) Ipcil) = 0
CONTINUE

WRITE (6,3014) (IPCIL),121,1)
READ (5,5013) (NCASE (1} ,1=1,4)
WRITE(6,202%)

£o 10 I=1,4

IFC(NCASE(1).LE.O) NCASE()= ©
IF(NCASE(I) .€Q. 0) GO 1O 10
WRITE(6,2026) BCONLIY

CONTINUE _
WRITE(6,5014) (NCASELI) ,1=1,4)
REAC {5,5013) ¢ MMT (D) ,I=1,4), (NMI ()1 ,3=1,2))
Co 31 1=1,4

IFOMICI}.LT.L) KNIz 1
TFOMI (1) .LT.1)  MMl(Id= 1
CONTINUE

WRITE (6,5045)

WR1TE (6,5042)

WRITE (6,50450) MMI (1) ,MMI (3) ,HM] (4)
WRITE (6,5042)

WR1TE (6,5043)

MRITE (6,5041) KMl (1) ,NMI{2)

REAC (5,5013) (( MMA (13,121 ,4), (NMA (D) ,J=1,2))

WRITE (6,504T)

WR1TE(5,5042)

MRITE (6,50407 MMA (1) ,MMA (3) [ MMA (4)
WRITE(6,5046)

WRITE (6,5043)

WRITE(6,5G41) NHA (1) ,NMA (2)
REAC{5,5000) L,AL,BL ,STLD,S5INC,S5INC2
WRITE (6,5008) L,AL,BL,STLD,SINC,SINC2
SINCA = SINC C
IF(SINC2.EQ. 0.) SINC2 = SINC/10.

CONT1 = 0.0
CoNT2 = 9.0
0O 50 I=f,L

REAC (5,5021)T,Q11,Q12,222,Q56,65,IMU,VFC,ANG,CO

‘IF(€0.LE. 0.0} €¢=0.0
TH{I)=T
Hil+1)=H{I)+T

tttt‘t*ttttttf#tttt*ttt#ttt#*tttttt##t#*#tttt##t#*###t#t*#t#t#*t##
THE CONTROL - . CO CETERMINES THE FORM IN WHICH THE MATERIAL

PROFERTIES WILL BE ENTEREC

EARSEANESREEAAAEEERFEE FEEREETRTRRARERREERF EEBRESEEF ERXRPREERAREE RS

T1F(C0.€Q.1.0 .OR. CO.EQ.2.0) ¢O T{ 30

114
11~
Byz
B2
:1ird
Bu2
B2
By2
sU2
BU2
BuU2
Bu2
BuU2
Bu2
BU2
BU2
Bu2
-1 -4
Bu2
BUZ2
Bu2
BuUZ
BU2
By2

B2

B2
BU2
Bu2
Bu2
Bu2
Bu2
BU2
BuUR
B2
BU2
Bu2
Bue
Bu2
BU2
Bu2
BY2
B2
B2
Bu2
Bu2
Bw
Bu2
Bu2
By2
Bu2
2214
Bu2
B2

66266
56267
o268
65269
66270
Go2T11
Gozre
66273
GozZT4
66275
Go276
Gozry
ouzrs
co2re
606286
65281
60262
GG283
G284
G285
60286
66287
65286
G269
65296
65291
G292
60283
00294
65295
65296
[ rirra)d
00298
00299
GO300
65301
00352
65363
00304
065365
56356
65307
60308
GG3Go
UG310
GO313
£6312
65313

- 00314

G031
60316
oG31T
Go3s
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RUN VERSION FEB T0

000503

000504
000314
000320
600522
000524
ooos2s
000526
000530
000531
000534
005536
066540
B50541
000543

000544

006546
GOOS46

ptgsse
06G55%56
000562
0003714
000576
000661
L H T 1]
Go0s04

19045 22/04770

Bu2
By2

Bu2
Bu2
Bu2
Buw2
Bu2
B
Bu2
Bu2
Bu2

- BUR

Bu2
Bu2
114
Bu2
B
Buw2
BU2
Bu2
Bu2
BU2
B2
gu2
Bu2
Bu2
Bu2
Buz
BU2
Buz
Bu2
Bu2
Bu2
Buz
Buz
B8R
vz
Buw2
BU2
Bu2

IF{CO.EQ.3.0) GO 10 48
< .
[ 4 t#tt‘ftttitttttt“tttt#ttt#tttttt#tt*ttt##t#*#ttt*ttt#t#tttttttttt BY2
[ 4 THIS INPUT OPTION (CO = 6.) BPROVIDES FOR THE MATERIAL FROFERTIES Bu2
[ 4 T0 BE ENTERED AS E£1,E2,ETC.(FOR 150TROFIC AND ORTHOTROFIC LAMINA) BuZ2
[ 4 ##it##t*lt*#ttttttt#####t“ttt##ttt#ttt*#t*#t#tttttt*##ttt##tt### BU2
[ 4
WRITE (6,5050) 1,CO
WRITE (6, 5052)
Eil = a1
EX(I) = E1
€2 = Q12
IFid12.€0. 0.0) E2 = €1
RNUA = Q22
RNUB = 0.0
IF(RNUA.NE. 0.0) RNUB = RENUASE2/EL
612zQ66
E11(1)=E1
E22 (1)=E2
ZMU12(1)= RNUA
ZHU21 (1) =RNUE
etl) = ¢12
¢ TO 35
30 CONTINUE
[ <
CioklokkirckE koo kbt ook b bk g e otk ook fedok ok ko
c )
c THIS INPUT OFTION (CO=1.0R 2.) FROVICES FOR MATR. PROFERTIES TO BE
C ENTEREC AS
C FIBER ANC MATRIXFROFERTIES (FOR COMFOSITE LAMINAE}Y
[
C THE REQUIRED ELASTIC CONSTANTS CAN THEN BE COMFUTED
C BY THE PROGKAM.
[ o SUBROUTINE MACON 1S USED FOR THIS FURFOSE.
c .
c EF (1) MOCULUS OF ELASTICITY FOR FIBERS
c eFil) SHEAR MOCULUS FOR FIEERS
¢ IMUF (1} FOTISSONS RATIO FOR THE FIBERS
[ EMLD) MOCULUS OF ELASTICITY FOR THE MATRIX MATERIAL
c GM(I) SHEAR MOCULUS FOR MATRIX
C ZHMII) POISSONS RATIO FOR MATRIX
< ¥F (1} YOLUME FRACTION CCEFFICIENT FOR FIBERS
z::::-;,, Shkkkk kb ks bkt trik ki skriis ok k ik g Skt bk kkbkks
C

WRITE (6,5050) I,CO
WRITE(6,5053)
IF(C0.E2.2.0 )

ANGLELT) = ANG

THETA (1) =ANGLE (I} #FP1 /718G,
EF{Iy=a11

eFi{l=4qi2

INUF LT =022

REAC{5,5001) CONT1,CONTZ

Buz
Buz
Bu2
Bu2
By2
Bu2
Bu2
Buz
Buz

60359
00320
00321
06322
00323
00324
oos2s
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
0G336
60337
60338
00339
G0348
G0341
00342
00343
D344
00345
06346
06347
60348
60349
00350
06351
pa3s2
06353
00354
00355
00356
06357
00358
00359
00360
00361
06362
00363
00364
00365
00366 -
G0367
00368
00369
00370
00371
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RUN  VERSION FEB 10

o000
co0go?
o0Ge1y
0nce12
G006t

ooaes?
000851
000654
00o0ese
000660
0o0€ess
000663

pririel 171
000654
0ooTG4
060705
0eaT10
ooor12
oGl
Qaori4
Qo0T16
goone

ousTiE
goarze
0GGT32
oonoTso
LR LY
000754
006?57
0DGr6L
006763
000764
000766
aoo766
000774
000774
anorre
001000
0G10C3
001653
001004
001006
0a1607T
001021

1]

AN NAD

41

45

19041 22/04/770

Enilizaie
Mil)z 68
INUM(TI=INY
VF 1) = ¥FC

WRITE(6,5054) EF (1),GF (1), ZHUF (1) ,EMI) ,GM (1), 2HUMIL) ,VF (D),

ANGLE(T)
1FICO.EQ.2.0 )
CALL MACON(I,CONTL,CONTR)
E1 = E11{(D)
G12=¢ (1}
RNUA = ZuMpi2(1) -
€2 = 22}
RNUE = ZWu2i (1)

CONTINUE

WR1TE(6,5009) T,E1,E2,KNUA,RNUB,G12

1F{CO.HE. 0.0} GO TO 45
RNUL = 1.0 ~RNUASRNWE

@11 = EL/RNUL

Q@22 = E2/RNUL

QiZ = RNUA#E2/RNUL
Q66 = 612

&0 TO @1

CONTINUE

WRITE(§,5055)

CONTL ,CONT2

WR1TE(6,5050) 1,CO
WRITE (6,5651)
WRITEL6,5610) 7,Q11,812,Q22,066
IMULIZ(T) = Qtz/a22

MUt (11=@12/Q11
Zu=1.6-ZMU12 (T3 &ZMU21 (D)
E11(1)=@11 22V

El = E11(1)

E22 (1)=q22%2U

Gl = €66

CONTINUE

Qul,t, =11
ar,2,11=e12

Qatz,1,I)= @12
Q(2,2,1):=Q22

0(3,3,1)= @66

CONTINUE

. %4 26,0

co 55 J=1,3

£O 85 K=1,3

$Q = 56 + G(J.K.H

IF(AES(SA) .LT. 1.E-6) ¢O TO 54

su2
B2
BU2Z
Bu2
sy2
BUZ
BU2
Bu2
BUZ
U2
B2
BuU2
BUZ
Bu?
BU2
B2
Bu2
Bu2
BU2
BU2
BU2
BUZ
Bu2
BuzZ
BUZ
BuU2
BU2
BLZ
BU2
B2
BU2
B2

B2

Bu2
B2
Buz
B
BU2
ew
Bu2
Bue
Bu2
Bu2
b2
Bu2
Bu2
Bu2
Bu2
B
Bu2
Bu2
Bu2
B2

0032
00373
00374
00375
00376
00377
00378
aosrs
00380
00361
og3s2
an3es
00384
00385
a6386
Q038T
60388
00389
00390
00391
06392
00393
00394
06395
00396
60397
0g3gs
00339
00409
06401
00402
00403
004064
00465
00466
00407
60408
. G0409
00410
00411
00412
00413
00414
00415
00416
00417
00418
00419
00420
00421
0422
00423
00424

Page 5.14



FUN  VERSION FEB 710 15041 22/04/70

Lo1624 S11(1) = 1.GC/CBLE LEY) eu2 Dos2s
101643 €0 10 50 Buz 66426
(01044 sS4 311(1) = Q.60 By 60427
101050 S0  CONTINUE su2z 00428
001053 WRITE(8,4D03) BU2 00429
01086 WRITE (6,406G6) (1,E13 (1) €22 (1), ZHUL2(T) ,ZHUR21 41,6410, 1=1,0) su2 0G430
001102 4003 FORMAT(1HO 1%, SHLAYER 93, 3HEXX, 13X, 3HEYY , 12X, 4HHUXY , 12X, 4HMUYX, sue o043

T 15X, IMG/ 1) BuU2 0432

6031102 4006 FORMATI4X,12,5(3X,E13.6}) BY2 00433
001162 ‘ WRITE 16,5011) BU2 00434
Q01166 o 56 1=1,L 1T Go43s
[ : pU2 0437

c * - SEEERE reepoewesmmrT s v e ey 2N 1] ) 00438

c LOCATE NEUTRAL REFERENCE FLANE Bu2 66433

C koo Ch bk akd ik LR RS R kR ks kd BUR GG440

(4 o BUR2 GOs41

061110 56  WRITE(6,5012) (1, (tR¢J,K,11,J21,8),K=1,3)) BuR 0G436

- 001134 SMi = 0.0D BU2 00442
001336 sw2 = 0.00 BU2 OG443
Do1141 to & I=i,L ‘ BU2 00444
G0i142 IF(S11 (I} .E@. U.0C) 6O TO 60 Bu2 ‘Gh445
001145 SM1 = SHL + D.S#TH(1)&(H (1+3)+HIT) ) 7S11 () ! BU2 05446
001174 $HZ = SMZ + TH(I)/S11(1) : B2 GGdéaT
00123 60  CONTINUE ' BuU2 Co448
aoi211 N = SM1/SMR ' 1 G449
oo1232 INX = SNGL (ZN) B2 G0450
001235 WRITE (6,5062) ZNX BL2 00451

c . ' [:]¥-4 Go452
Chitrid: b4k g ey EASEELLESEE BUR 0G453
< CALCWATE A.B, ANC C-MATRICES Bu2 0454
c BUR GG455
c A 1S EXTENSIONAL STIFFNESS By2 60456
c B IS COUFLING STIFFMESS _ Buz . OOAST
c ¢ IS BEMCING STIFFNESS BuYZ GG458
(4 : ew 60459
CEErtE bbb kbbb ki Sl A S S S R S E R SRS A S bbb ts BLR GU460
¢ Bu2  CO461
Bo1242 . oo 10 1=1,3 B2 00462
001244 to 10 J=1,3 - BU2 00463
001245 Adl,J) = 0.0 , BU2 DO464
001250 8, = 0.0 B2 00465
o0p1252 ca,n = 0.6 Buw2 0G466
001254 CO 70 M:1,L ' BU2 0G4E7
001255 HP = H(N) - 2N Bu2 0G468
001263 HP1z HiNM1Y-ZN ‘ Bu2 06469
op1272 AT, 8) = ACE,J34RUT,J,N) $TH(H) Bu2 06470
061302 BAI,3) = B{LI,J1+Q(1,J,N)#TH(N) #(HFL+HF) /2.0 B2 00471
005337 70 BU,3) = GO, N+Q(T,J,H) $TH (N} # (HFL #HPL+HF1 (HF +HPHF) /3.0 Bu2 CL4T?
001414 WRITE(6,5G63) ((A(I,J),1=1,8),058,3) B BuU2 004713
001432 ' WRITE(6,50G4) ((B(T1,J),1=1,5),4=1,3) B2 Go4T4
001450 WRITELS,5005) ((B(1,0),I=1,5),)=1,) . 11 00415
001466 ~ IFUIRCU16) .ER.5) ¢Q TO 561 B2 00416
¢ , . : Bu2 Go4TT
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RUN VERSION FE& 70 19041 22764770

001470
001472
0014713
ODtarTa
0G1473
001476
0015064
ao1513%

001526

001543

001546
0015350
001531
G01552

001560
091562
001564
001565
OD1567
001512
0015785
001605
001615
0ois2t

003625
cos627

CHRABAERESREIERE RN ESRARSERREAR NS AR RRRbbRARbhb bt kbR bbb babs bbb kiisds BU2

< FIND OUT IF THE B-NATRIK 1$ 2ERO,THEN THERE 1$

[ 4 _NO COUPLING BETWEEN STRETCHING AND BENCING

¢
ToL = 1.0
3%
KNT
0o 72 1=1,3
DO T2 21,3
IF(ABS( B(1,J)).LT. TOL) KNT = KNT ¢ 3
ACUIJ) = CMPLX(ALL,0),00)
BC(E, ) = CMRLXIB(I,J),0.)

72 DC(L, ) = CHFLX(CAI.,.0.)
IF(KNT .€Q. 9) KXY =1

(- - I

COBVRRERAERNARERE R AR SRR AR SRR ERERAEERREREERERRARRES AR T ERRRFRRRRETRNN AL

b e o e

LOOF OM THE VARIOUS BOQUNCARY CONCITIONS STARTS HEEE

1.E. NCASE(1).ER. I  CO CALCULATIONS FOR B.C.I
ANC NCASE($).NE. 1 OMIT B.C. 1

kb ki e P b b e b o A e iy sl sheii s sl i e 2k ol &

C
c
c
< THE CESIRED B.C. ARE FICKEDR FROM ARRAY NCASE
<
<
C#
C

00 600 KAS=1,2

TFINCASE IRAS) .EQ. 0) GO TO &GO
KXX =KAS ‘ )

WRITE (6,2036) BCONIKXX)

D T L L Lo

8w
BuU2
BY2Z
BU2
Bu?
Bu?
BU2
BUZ
Bu2
BU2
BUZ
BU?
Bu2
BUZ2
BU2
BUZ
BU2
BU2
suz2

-Bu2
¥ Buz

BU2
Bu2
Bu2
By2

11

SET THE MAXIMUM NUMEER OF WODES TO BE INVESTIGATED AND
_ RELEVANT TO THE B.C. IN QUESTION

MMAX 1S RELEVANT ONLY FOR B.C. I,I111,ANC IV

MMAX 18 RELEVANT ONLY FOR B.C. 1 AN 11

*»

S dcicdolob b bk el ek

nannn”hAOAON

NMIN =NMI (KAS}

MMIN =MMI (KAS)

RMAX =NMA (KAS)

HMAX ZMMA (KAS)

IF (KXX.EQ.2) HMIN = 1

IF (KXX.EQ.2] MMAX = 8

IF(KXX.EQ. 3 .OR. KXX.EQ. 4) NMAX =
IF (KXX.EQ.3 .OR. KXX.EQ. &) MNMIN = 1§
IF(NMAX.LT. NMIN} KMAX = NMIN

IF (MHAX.LT. MMIN} MMAX = MMIN

L]

<

(YT T Pe it PER 2222 2228 L f 2222 22 S22 o Sl i ot it P sl Lol sl

< -LOOPS ON MAXIMUM NUMBER OF N ANC M MODES START HERE

Cotsnkibestbissbiibbbist Lo bsnrsbbbkbhbbbbbhbbbbhithbhibbbsibdbrditshs

€

BO 400 N=NMIN,NHAX
1F(KXX .EQ.1 ANE. N.GCT.RMIN WRITE (6,5011)

BU2
Bu2
B2
Bu2
BLR
Bu2
Bu2
Bu2
Bu2
B
Bu2
B2
Bu2
:1%4
Bu2
w2
Bu2
Bu2
BU2
By2
Bu2
BLR
Bu2
Bu2
Buz
Buz

aGars

- 00479

00480
Go4B1
00482
00483
00484
00485
00486
Go487
00488
00489
00490
00491
00492
00453
06494
00495
00496
00497
G498
DO499
003060
nosoq
00502

- 00503

60564
0osos
00566
Gos07
06508
60509
00510
00511
oosi2
Q0513
00514
00515
00516
nasi?
Dos18
0Ls19
00520
ops21
fOos22
0o0s23
oasz4
0os25
oosz2é
oGsz?
cos28
Dosz9
00530
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RUN YCASION FEG 70

001642
DO163¢
00i€s0
00tsr3
oo1r0Y
vo1r2e
oG1747
acirsry

001774
0031776
002602
02003
O02004
002010
002611
GO261%
062615
002620
602620
apgees
oazozs
aona262?
062030
002034
002640
002047
002650
002G53
002062
002664
OU2665

002076

002116
go2122
o0zi127

c

C‘#“*‘***“**t#“ittt*ttt*ttttttt*‘#*t###ﬁ*###*‘#‘**#*tt#ﬁtt##tt#*t*#*#
1S DONE HERE

(COEFF. MATRIX FOR EQUILIB. EQUATIONS)
AND 175 CETERMINANT EVALUATEC BY THE CET-FUNCTION.

<
C
c
<

CRERRERREAE R AR R R R S O R ko &

<

<

81

nAanNAN

19041 22/04/70

IFIKXX .EQ.2  .AND. N.GT.NMIN)
O 200 M=KKIN,MMAX

IFCRXX  .EQ.3  LAND. M.GT.MMIN)
IFIKXX  LEQ.4  .AND. W.GT.MKIN)

TIF(KXX.EQ. 1

WRITE(6,5011)

WRITE (6,5011)
WRITE(6,5011)

JAND. IPC{1).EQ. 1) WRITE(G6,3005) N,M

IF(KXX.EQ.1 .ANG. TPC{1) .NE., 1 .AND. M.EQ. 1__! WRITE(6,2030) N

1F (RXX.EQ.2) WRITE(6,3050) N
IFIKXX.EQ.3 .OR.KXX.EQ.4) MWRITE(S

ALL THE COMPUTATION FOR B.C. 1
THE OR-MATRIX
IS GENERATED

13051 M

FROM THIS THE LOAD MX CAN BE SOLVED CIRECTLY.

IF(IFC(1).EQ.1 } WRITE(6,1000)

Be1,1)*FA2%FA +(B(1,2) + 2.0t8 l3 +3) Y &PATPER

IF(KXX.NE.1) GO TO 87
lFtALIBL LE.1.0) GO TO 80
= BL/AL
F2 z 1.9
RLL = FLISPI/(BLABLAFLEMEF1EN)
0 T0 s:
fiL = 1.
fe = ALIBL
RLL = FISPI/ (ALBALSFLOAT (M) #FLOAT(M))
CONTINUE
PA = WaFi
F& = NaF2
PA2 = PASFA
FB2 = FB4FE
CR(1,1} = -AC1,1)4FA2  -A(3,3)%FE2
CR{1,2) = -(A(1,2) + A(3,3))%FARFE
CRU1,3) =
CRiz,1) = CRWU,2)
CR{2,2) = ~-A{(2,2)%FE2 A3, 3 £PA2
DR{2,3) = (B(1,2) +2.%8(3,3))%PA23FE + B(2,2) ¢FE24FE
CR{3,1) = -CR(1,3)
CR(3,2) = -CR(2,3)
CK(3,3) =
1 +04(2,2) %FB2+FER

((CR(1,J),1=1,3),J=1,0)

THE FUNCTION SUBFROGRAM DET
EVALUATION OF REAL
BY THE MATH. ANALYSIS GROWF

- -

-

CET(CR,3,3,V)

pBY =
NXCR =
¢0 TO 18D ~

~DBX#KRLL/ (DR (1,2) %0k (2,1) -CK{1,1)4CK(2,2))

C{1 1) SPAZFFAZ +(2.40(1,2) +4.%(3, 3))#FA2#rBZ

15 DEVELOFEC FOR THE FURFOSE OF
CETERMINANTS
FOR THIS FROGRAM

gu2
Bu2
gue
Bu2
Buz
1174
Bu2
Buz
Bu2
Bu2
Bu2
Buz
BU2
gu2
Buz2
au2
s
114
Bu2
Bu2
puz
Bu2
Bu2
Bu2
BU2
Bz
Buz
Buz
Bu2
Bu2
Buz
Buz2
Buz
Bu2
Bu2
BU2
B2
BL2
B2
BU2
B
Buz
-1
eu?
ew
Bue
Buz2
fuye
euz
Bu2

CEREREEAREAASREERAR SR RREEERE S EEREREEXRE R LSRR bbb RS b bRk bR Es 2582 BY2

4

ENC OF 8.C. I

auwe

(£ 223232122 1382222322122 222 IR T e E 222222202 2222222223222 2 2z s 1]

00531
00532
00533
00534
00535
00536
00537
00538
00539
00540
06541
00542
00543
00544
0G545
00546
00547
00548
00549
0Gss0
bOsst
6o552
60553
00554
00555
00556
00557
00558
00559
00560
00561
00562
00563
00564
00565
00566
00567
00568
00569
00570
gasT1
00572
06573
00574
00575
00576
pos7?
00578
00579
00580
00584
00382
00583
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RUN VERSION FEB 70

002130

002130
002134
062133
002136
002136
002140
002142
ooz142
poz152

002162

ob2167

002174
oo217S
062176
an2iry
602260
602201
oo2202
oa2203
062204
00220%

oc2208

ooza2oa?
002219
002211
no2212
oo2213
aa2214

002216

oo2217

" ovz220

" 49041 22/04/70

c ' : : By2

. Ctttttttttttitttlttttttttt#tlt#‘t#tttttt##tt#tt#tttttttt##ttttttt*t#t#tt BUZ
4 ] _ Bu2
87  CONTINUE : , Bu2
[3 B2
Cttttttttttttttttttttttttttttttttttttttt##‘#t‘ttt#tttttttttttt#ttt#tt##t BuU2
¢ INITIALLIZE COUNTERS AND CONTROLS 11
Cttttttlltttttttttittttttttt#tt#tttttttttttttttttt#ttttt!ttttttt#ttt#ttt BUY2
3 B
1F (AL/BL .LE. 1.0) 0 To o8 . BWwR

Fi = BL/AL _ . Bu2

Fe = 1.0 ' . (1]

co 10 89 o Bu2

88 F131.0 B2
F2 = AL/BL B2

89 CONTINUE Buz
NC = CMELX(FLOATIN) ,0.)%F2 B

= CMPLX(FLOAT (M) ,0.)8F1 Bu2

K2CT NCINC BU2
< < ' _ BU2
(4 , . B2
i1x= 0 B2

116.= 0 ' : Bu2
Ixx=0 sue
IXT=0 Bu2

1xu=0 B2

15= , BUZ

1AB = 6 . BU2-

cs1 = 6.0 ) BU2

seN = 0.0 B2

SGNA = 0.0 : : ~ w2

CE1A = 0.0 ' Bsu2

KRN = : . {11

Kk =0 - ' : - By

IFAIR = O . Co - B2
IMREAL = O ‘ Bu2

STLD = STLD . - BU2

SINC = SINCK B2
Ixv=0 BU2

IxH = 10 - B2

c S BuUR
’ ttt#tttttttttt##t‘#tttv-Tvv',.1T" gkt iskiistikisnkkdikikikk BU2
(¥ RETURN TO STATEMENT =--80--- WHEN A. A COUELE ROOT WAS LOCATED  BU2
c B. THE FIRST TRY AFTER A COUBLE B2
< ROOT DIO NOT PROCUCE ENOUGH BU2
C CHANGE 5O THAT RooT 15 STILL Bu2
c PRACTICALLY COUBLE ' BL2
c 148 ts THE CONTROL FOR CASE B o su2
C §AB31  INSIGNIFICANT CHANGE IN DOUBLE ROOT ‘ su2
¢ IAB=D O.K. BU2
Cttt‘tttltttttttt‘ltttttt‘t#tt#‘ittttttttt#tt#ttttt#ttttttttﬁttttttttttt BU2.
C _ U2
Y ' GBO = OB (STLGY) ‘ , sy2

00584
00585
00566
oosar
60588
00589
00590 -
00591
60592
00593
06594
06595
00596
06597
60598
00599
0GEGE
oL60L
00662
66653
06604
00605
0GeGE
GGeGT
oosss
06&59
GGe1G
ooei1
00612
GUE13
OoE14
G0615
GGS16
00617
G615
GGELS
GGe2G
0Us21
06622
00523
org24
oo62s
06626
00627
oGe28
0Ge29
00635
06631
06632
00633
00634
00635
00636
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oo2223
002226
002230
av2231
002232
002234
002240
002244

002246

Q02250
nozes2
002255
002261
002263
002264,

002264 -

on2264
002266
G022&67
fozz7s
0azz214
og2276
an2301
. 0023063

002304
002366
' 002307
602316
002326
| 002330
002331
002335
002337
062342

<
c
<
c
c
c
<
¢
[-
c
c
4
<
c
<
c
<

92
93

91

C

Caeiolock Rk Sl o e s sl A

C TFIKXX.EQ.2) DBEA =

SEESEEEE

19041 22704770

CEA
Tconts ,1)=104

tCoMtl ,2)=1CH

IF(1AB .EQ. 0} O TO 9%
1FL15192,92,93
WRITE(6,503T)

WRITE (6,5D36)
ICOMCIX,1}=10HSTILL CBLE
TCOM(IX,2)=10H REAL ROOT
ANCR = STLD1/100,
IFANCR.GT. SINC) ANCR =
1F (ANCR.LT.0.51ANCR=D.5
STLE1 = STLCL + ANCR
IX=0

&0 10 90

commus

1IFAIR =

INREAL = lum

SINC3 = SINC2

1F(IXH.EQ. O) SINC3I= SINC/10.
CE2-C80
IF{XKXX.EQ.2) CB2A
NXU = ST1LC1

SINC

= CBOA

,'15=i

okl

RETURN TO STATEHENT ---150--- WHEM C A SIGN CHANGE OCCURRED IN

THE CB-CETERMINANT ANC THE
CRITICAL LOAC 15 EEING
CIRCLEE iIN.

MORE THAN 50 CALLS HAVE BEEN
MACE TO DE-FUNCTION WITHQUT
CHANGE IN SIGN OR ENCOUNTER-
ING COUBLE ROOT.

A CHANGE IN NUMBER OF REAL
ROOTS OR NUMBER OF CONJUGATE
PAIRS FOUND FROM THE CT-FUNC
-TION. THIS INDICATES A
BOVUBLE ROOT WHICH 1S THEW
LOCATEB WRE CLOSELY

L]
L a2 222 22 ]

166

110=110G+1

1M = Ix +}
IF{IXH.EQ. 10 .A.
IFLINE.EQ. 10 .A.
NXL=NXU

cet=ce2
IF(KXX.E4.2) CBIA = CB2A
NXU = NXL ¢+ SINC

ce2=cB (NXU)

1F (KXX.EQ.2} CE2A = LEA

IXV.EQ.1} SBINC =
IXV.EQ.1) SINC3= SINC2

SINC4

Bu2
11
Bu2
Bu2
Bu2
Bu2
Bu2
s
BU2
Bu2
Bu2
Bu2
B
Bu2
Bu2
BU2
Bu2
Bu2
Bu2
Bu2
B
BU2
B2
Bu2
su2
e
Bu2
184
ewe
Bu2
Bu2
114
B2
B2
BU2
eu2
BU2
Buz
Buz
Buz
BuU2
Eu2
bu2
R
BU2
Buz
Bu2
BuR
guz

T BU2

BuU2
Bu2
Bu2

aoE3?
00638
00639
GOG40
Ode41
00642
O0G43
aGe44
00645
00646
0oe47
GOG48
00c49
60650
06651
66652
bOe53
GoEs54
GOEess
GGe56
0GesT
fGess
GU659
GoGE60
Gh66t
tiGee2
60663
00664
GGE6S5
GhEEE
Toe6T
Uoeed
0069
GO670
6osT1
oo6712
GOET3
0seT4
GoETS
GGETE
GOsr7?
oLosrs
GOETY
06680
OGes1
0Gs82
00683
00684
00665
pilal 113
boe8?
o0gés8
ooe8s

Page 5.19



KUN  YERSIOM FEB 70

002345
0p234?
0023554
992360
Gozasr
002370
onz400
002402
002403
0G2403
002411
002413
002422
002424
002426
gp2427
ao2431
GoZa34
002436
002437

oG24a37y
Goz462

oo2s507
002517
002520
002521
Do2s22
062523
00252%
002526
002527
062530
002532

op2ss2
0G2532
002334
ouzs36
602536
pO2s46

C

Caoktrirktd

COME TO =---102--- WHEN THE COUELE ROOT OF THE CT-FUNCTION iS5

C
c
C
c

18641 22/04/77G

1COMITX,1)=1GH

1CouLIL,2)z10H

SCN = SIcN(1.G DBIItS!GN(i g,c82)

IFIKXX.EQ.2) SOUNA = SIGNIL.O,CE1A)#SIGM{1.0,CE2A)
1%Y =

IF{KK.EQ. IFAIR .AND. KRH .EQ. INREAL) G0 TO 103
TCOM(IX,1)=tGHDBLE ROOT '
1COMITX,2) =1GHFOUND

TOLD = 0.04/106.

IF(NXL.LT. 5G.) TOLD= O.1/71G0,

TIFLSINC.LTY. NXL*TOLD} GO 1O 102

IFCIPCI1)Y .EQ. 1) WRIYE(G6,5034)
ICOM{IX,1)=1GHCBLE ROOT

ICOHIIXg2b=10HEHCOUNTERD

NXU = NXL

tBz = 0Bl

IF (KXX.EQ.2) EB2A = UBiA

SINC = SINCY

SINC3 = SINC3/2.0

40 T 100

kol

—

KRRk bk b g

LOCATEC To THE TOLERAHCE SFECIF

424

162

1

1

IF (KXX.NE.2}WRITE (6,3015) ((AB (1) ,RES{T) ,1COM(I 1) ,ICOMIT,2)},1=1,

1§ 4)

IF(KXX.EQ. 2lhﬁITE(5.3011)([AB(I)|RES(11.RESA(I)|ICOH(I ),

TCOM(I ,2)),1I=1,IX)
WRITE(6,5035) NXU,NXL
Ixu=0
10 =0
Ix=0
STLC1 = NXU
SINC = SINC&/IG.

I =
Ixv=1
ICcoM(t ,1)=1CH

5
g

- ICOM{1 +2)=1CH

€0 To 90

c

bk ks skdthdkiikkopbbi iy kb kbbb ek kbbb k5%

COME TO "'153"' TO CHECK FOR SIGN CHANGE IN CB-CETERMINANT
AND IF LIMIT OF SD\DB"CRLLS IS EXCEECED,
Cokkiddhbksbkibkkbkibbtbbbbhb bbbk kb g bbbibhrb ks O Rt L s S LR LA

103 CONTINUE

107 -
109

1F (KXX.EQ.2) GO 1O 107

IFISEN.LE. G.) €O TO 1G5

0 TO 109

IF(SGN.LE. O..0R. SGNA.LE.G.) GO 10 105
CONTINUE

By2
Buwe
1114
B2
Bu2
Bu2
Bu2
Bu2
B2
su2
Buz
Buz
au2
Bu2
euz
gu2
Buz
Bu2
Bu2
Bu2
Buw
Bu2
gy
Bu2
w2
Bu2
Bu2
Bu2
Buz
Buz
Bu2
Bu2
Buz
B2
suw2
Buz
Bu2
|:1%4
Bu2
Bu2
Bu2
B2
BYZ
BL2
BUZ
Buz
Bu2
Bu2
Bu2
Bu2
L2
Bu2
Bu2

00690
00653
BDg92
00693
00694
00ess
00696
00697
o00e9B
00699
aoroo
00101
aaroz
00703
00704
007Gs
0070e
gorar
00708
00709
00740
00711
oariz
oo7is
0014
Goris
0orie
oarr
cor18
00719
00720
Lird
GOrez
oor23
oor24
oar2s
oarze
oor2r
Dor2s
00729
08730
o003t
oors2
0arss
60734
00735
0073¢
00737
0o73s

. 00139

00740
00741
004z
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0G2546
002551
002583
002554

oo257T

002624
002630
002631
002632
002633
002635
002636
002646
002642
002642
002644
002645
0G2647
602652
002653

D02661

062662
002662
002664
002666
002670
oo2671
002672
002674
052705
002717
o02717
002730
002733
002734
002735
002741

. g02742

002743
oo2t4s

002747

002750

ooz752

oo2753

By2
Buz
g
Bu2
guz
Bu2
Bu2
Bu2
Bu2
Bu2
su2
Bu2
BU2
BUZ
Bw
Bu2
B2
B
By
ew
By
Buw2
B2

" BUWR

1FI11G.LE. 50)60 TO 100
1COMCIX,1)=10M LIMIT 3G
1COMIIX,2)=10K TB-CALLS
1F (KXX.NE.2)WR]TE (6,3040) ((AB 1) ,RESCI) ,1COMLI, 1), 3COMLT,2)) ,1=1,
1 10
1F (KXX.EQ.2IWRITE (6,3011) ((AB (I) ,RES (1) [RESA (1), TCOMLL 1),
1 Tcom(I,2)),I=1,1x) )
WRITE(6,1002)
110 = O
It =0
1XE=1
NCB = SOHIXX
LIM = 800
IFOEB.CE. LIM) GO TO 104
IXF = IXT ¢ 1
IXX = IXX ¢ 1
SINC = SINC#2.0
NXU = WXL
cez = CB1
IF(KXX.ER.2) CB2A = CBI1A
&0 1O 160
104 MWRITE(E,5G19) LIM
60 TO 110
(4
cs x Aiotockoi it golol Sk oot alaloinloh-dotnintoto ddbteiic bl ok
c COME TO ~--1G5--— TO HALVE LD INTERVAL WHEN SIGN CHANGE OCCURS
c OF CHECK IF INTERVAL IS LESS THAN SFECIFIED
C TOLERANCE FOR CRITICAL LOAT
CHkkk: S £ i loini oot & b ot b okk
c
105 CONTINUE
ICOMLIX,1)=1GHCRITICAL L
ICOMCIX,2)=1GHOAD FOUND
IFIKXX.NE.2) GO TO 1G§
I1Xvy = ©
TCOM{IX,1) = 1GHCRIT. LC
1ICOM(1X,2) = 1GHSYMMETRIC
IF(SGN.LT. D. .A. SGNA.LT.D.) 3ICOM(IX,2) = 1CHEOTH MOCES
IF(SGR.GT. O. .A. SGNA.LT.D.) ICOM{IX,2) = I1GHANTISYMM.
1G6 CONTINUE
IF(SINC.LT.NXL/1GG. . AND. NXL.LT.50.) &0 TO 116
IFCSINC.LT. NXLZ20G.) 6O TO 110
NXU = NXL
te2 = CB1
IF(KXX.EQ.2) CB2A = CB1A
SINC = SINC3
SINCE = SINK3/2.0
ICOM(IX, 1)=10HSIGN CHANG
1CoM{lX,2)=4GHE IN CB
1FIKXX.NE.2)GO TO 100
ICOMIIX, 11 = SGHSON CHANG
TCOMLIX,2) = ICHSYMMETRIC
IFUSGN.LT. 0. .A. SGHA.LT.D.) [ICOMIIX,2) = 1GHBOTH MOCES

B
BU2
B
Bu2
114
BR
B2
Bu2
su2
B2
Bu2
Bue
-1
Bu2
117
Buz
Bu2
Bu2
puz
B
Bu2
BuU2
BU2
-4
Buz
Buz
BU2
Bu2
Bu2

00743 .
00744
00745
00746
00747
00748
00749
00750
00751
00752
00753
00754
00755
00756
00757
00758
00759
00760
00761
00762
06763
00754
00765
06766
60767
65768
00769
00770
vy £ 21
Do772
00773
oorTs
00775
a0776
00777
sor7e
00179
00780
06781
00782
00763
00784
00785
00786
00787
00788
00789
00790
00791
00792
00793
00754
00795
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RUN VERSION FEB 1D 19641 22/04/10

0027164
Go2rré

ao2rr?
on2rrr
003005
0G30oT
0O3016
003623
8G3625

DG3I04Y

063074
OO30T4
0031686
003116
0G3133
oos141
0G3143
003 82
© OO31S7
OOS162

OD3163

003187

003470

| O03317T4
053114
ous17T
003201

0o3203
003205
on32oT
oD3211
003213
003215
003216
663220
oos222

gosg2r

oG3238

<

CORESRSERREREIERRRERANEEREREELGER A NEERERRERREARRRR AR ERRERERRSERLH 6 LS

COME TO ---110--- WHEN THE CRITICAL LOAD I3 LOCATED 1N AN
INTERVAL OF SIZE LESS THAM A SPECIFIEC TOLERANCE
THE CRITICAL LOAC 1S THEN ESTABLISHED EY LINEAR

C
<
<
<

CHEEESEEREERR LS ERERER LR LS ERRRARERA bbb rb bbb etk kR Rk bbb bk

<

IFISGN.GT. 0. .A. BCHA.LT.0) TCOMLIX,2) =
0 TG 100

INTERFOLATION.

110 CONTINUE

112

1

1

NXO = CBIs{NXU-NAL)/ (CB1-CB2) +NXL

IF (KXX.NE.2) GO TO 112

IFISGN.LT.G. A, SGNA.GT. 0.) GO TO %12
NXO = CB1A&(NXU-NXL)/(CBIA-CB2A) +NXL
NXCR = NXO .

IF (KXX.NE.2)MRITE(6,3061G) ((AB (1} ,RESLL) ,ICOMUL, 1), Tcomndl,2)) =1,

10

IF{KEX.EQ.2)WRITE(6,30611) L(AE (1) ,RES{I) ,RESA (1}, JCOH (T, 1),

Icomil |21' |I=1 llX)

180 CONTINUE

182
183
156

200
C

IF(KXX.EQ.1) WRITE(6,3066G4) N,M
IF(KXX.EQ.2) WRITE(6,3G06) N
1F(KXX.EQ.3 .OR.KXX.EQ.)WRITE(6,3567)M
WR1TE (6,2067) RXCR

IF(KXX.NE.2) GO TO 190 A
IFISGHN.LT.G..A. SGNA .GT.G.) GO TO 182
IF(SGN.LT.G..A. SGNA .LT.0.) GO TO 183
WRITE(6,35G9)

60 10 196

WR1TE (6,3608)

60 TO 1806

WRITE(6,3612)

CONTINUE

NN = H-MMIN+1

NXFIN(MM)= NXCR

CONTINUE

P R O e e re TR

10HANTISYHM,

'

Carrpkiokikkd ¥

C

Crrrskrpbibibkk ki ibbkbtfkds lvskkdsbbbdtrdkiidirbsipppiirrt e ey

[ 4

ENC OF LOOP ON LONGITUDINAL MOCES M

NN s N-NMIN+1

NXFA (KN) = NXCR
IF(KXX.ER. 2) GO TO 4GO
MOCE = MMEN

NOM = MMAX-MMIN® 1

NXF = NXFIN(1)}

IF (NOM.LE.1} GO TO 301
po 3D_D 1J=2,NOM

IF (ABS (NXF) .L.T. ABS (NXFINCIS))}) €O TO 300
NXF = NXFIN(EJ)

MOCEs 1J +HMIN-§

Buz
Bu2
su2
Bu2
:1174
gu2
B2
gue
BuU2
11~
BU2
Buz
114
BU2
BuR
bue
EU2
BUR
su2
BuUR
Bu2
B2
B2
BU2
-11-4
BU2
BU2
BuU2
BU2
Bu2
Bu2
B2
BuU2
Bu2
Bu2
Bu2
Bu2
Bu2
sU2
BU2
BU2
B2
B2
BU2
Bu2
B2
BU2
Bu2
Bu2
Bu2
BU2
11 -]
11~

o0r9¢6
00797
oG98
007199
0GeG0
06801
ooso2
0Gens
GO8G4
Dosos
GO80s
GGaoT
Gosos
0Gsgo
668106
pGei1
aGs12
0Ge13s
OGe14
06845
boste
ocB17?
oosie
OO0s819
GD82o
Gos21
onszz
-0G823
06624
aGaz2s
aceze
ocear
Goses -
Bos29
00830
06833
0os32
60833
66834
Q0835

- 0BB36

00837
00838
00839
05849
66841
0Ds42
00843
00844
00845
00846
00847
aos48
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RUN  VERSION FEB 70 19041 22/64/70

003232 300 CONTINUE . . B2 0C849
£0323s 301 CONTINUE ‘ BuUR 00850
003235 MOCM = MODE _ BUR2 60651
003237 WRITE(6,2000) DAT,YEA : BU2 foss2
003248 WRITE(6,5007) {ITITLIIY,I21,6) BU2 opgsy
003260 ‘ WRITE(6,5031) BCONIKRX) BiR 00854
003266 TFIKXX.EQ. 3 .OR. KXX.EQ.4) GO TO 340 BU2 06555
003276 WRITE (6,2020) N B2 00856
003303 WRITE(6,2021) CANXFINCI-MMIN#1) 1), 1=MMIN, HMAY) BU2 ogest
003321 IF(NOM.EG.1) GO TO 350 BY2 00858
003323 WR1TE (6 ,2008) Bu2 00858
003327 MRITE(6,200G9) NXF,MOCE,N sue 0c8&0
DO3341 %0 TO 350 su2 oosst
003342 540 CONTENUE BUz  0OGB&2
003342 WR1TE(6,2619) euw GGBE3
003346 WRITE(6,2021) CINXFINCI-MMINFL) 1), 1SMKIN,MMAYX} BU2 00864
003364 350 CONTINUE BU2 00865
003364 NXFA (NN} = NXF BU2 onses
003366 MOCA (NN} = MOCE BU2 05567
¢ _ B2 00868
Carrsrrbbkpkiitit SEEEK R e bkEEEeEbrrkEt bk bbbitk BU2 0GB 69
< END OF LOOP ON TRANSYERSE  MOCES N Buz 00870
cutunmm;tnmm#w#mm#aut#ut##m#uu#mn BU2 [216]:¥ 4
C . _ BuU2 o008 T2
003370 400 CONTINUE : B2 0os 73
003373 IF(KXX.NE. 1) GO TO 470 : Bu2 LG8 74
< Bz OG875
C s biniolokoiriuob s dalololold ook kb s BUR 00876
< OUTPUT FOR BOUNDARY COND. I BU2 0877
c* sk iotoioiabobooloios + Ao oo tok kool ik b ikt o o) skk BUR2 BGS78
< BU2 Do879
003375 HON = NMAX-NMING1 B2 (1] 1]
003376 NXFX = NXFA (1) Bu2 06881
003400 MCOCN = NMIN N 11 06882
0034561 MOCH = MOCA (1) ‘ : By2 06883
003402 IF (NON.EQ.1) GO TO 451 BU2 0864
003404 WRITE (6,5015) ({1 ,MOCA (T-NMIN+1) NXFA (I-NHIN+1)) , E=KMIN, NMAX) Bu2 06sss
pO5423 Co 450 1J=2,NON S U2 00886
005425 IFCAES (NXFX) .LT.ABS(NXFALIJ))) GO TO 450 BL2 00887
003432 NXFX = NXFA (1J} B2 66888
003433 MOCM = MOCA (1N : BL2 DD8es
003434 MOCN = TJeNMIN-1 sy  €oeso
003436 430 CONTINUE su2 06891
ODS441 - 451 CONTINUE _ Bu2 60892
005441 WR1TE(6,20G0)CAT,YEA By2 0oagy
003451 WRITE(G,5007) (IT1TL (1) ,1=1,8) - Bu2 oogo4
003463 WRITE (6,5031) BCON(KXX) B2 00895
003474 WRITE(6,5018) ' BLR 00896
003475 WRITE (6,2009) NXFX,MOCM,MOCN Bu2 00897
s Bu2 00898
CARSEREPREREAESRERRIRERRRESE R EEE S AR ERER RN R RERRRRR bRk R ERR SRR B2 06899
C END OF OUTPUT FOR B.C.1 . ' : Bu2 06960

CHERERRREIERRERRE SRR TR SR SR AL RE RS RRP LA RATRRETERREICERRERR SRR h kT bbid e BUZ noso1

1
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RUN  VERSION FEE 70 19041 22/04770

003507
003510

003510
003513
003514
003518
003517
Q03521
og3s22
003530
003531
003533
003536
003536
BO3546
003560
003566

0B3sr2

003610
003610
on3sie
DolE26
Q03645
003esr
063647
003650

003651
a036s1

0G3651

003651
ag3651
003654

<
&0 TO G400
470 CONTINVE
<

Buz
Bu2
Buz
BuU2

CHARERRE AR ERRS S K ARRRRARRRR RN S SRRk ks kR R kb Rk Rk AR R bk & BUR
< OQUTFUT FOR BOUNDARY CONDITIONS 11,111 ANC IV 15 CONE MERE. Bu2
CHRRERRERR R AR ERR AR RI AR R EAR SRR RS RN SRR R R RS RV ERRRREF ERRREEELIE BUZ

[d BL2
NON =NMAX~ NMIN+1 ({14

MODN= NMIN BUZ

NXFX = NXFA (1) BU2
IF(KXX.NE.2) GO TO 473 eu2
1F(NON.ER.1) GO TO 472 Bu2

DO 471 1J=2,NON . Bu2
IF(ABSINXFX) .LT. ABSINXFA(IN))) GO TO 471 BU2

NXFX = NXFA(LS) Bu2

MODN = 134¢NMIN-1 BU2

471 CONTINUE Bu2
472 CONTINUE Bu2
WRITE(6,2000) CAT,YEA BUR2
WRITELE, 50667 (1TITLATY ,1=1,8) B2

WRITE (6,5031) BCONIKXX) BU2

WRITE (6,2016) BuUR
MRITE(6,2011) ((NXFA(T-NMIN*11,13,I=NMIN,KRAX) Bu2

473  CONTINUE BU2
WRITE(6,5618) , BuU2
IF(KXX.EQ.2) MRITE(G,26G12) NXFX,MOCH su2
IFIKXX.EQ.3 .OR. KXX.EQ.4} WRITE(6,2G13) NXF,MOCM BUR

660 CONTINUE Buz
SGO0  CONTINUE w2
GO TO 1 Bu2

SG1 CALL EXIT BU2
C Bu2
s b A b e AR R S x B2
4 FORMAT STATEMENTS 114
COtils AR PR A A R A e bRk s BUD
< BL2
1000 FORMAT (#0CR-MATRI X%/ (3F20.3)) gu2
1002 FORMAT (4DABOVE ARE 50 TRIES WITHOUT CHANGE IN 51¢H%/ Uz
1 & DOUBLE LOAD-TRCREMENT AND START OVER AGAIN%/) suz
2000 FORMAT (%1 TES-285%55X,A6,2X,A6// Bu2
1 % BUCKLING OF ORTHOTROFIC LAMINATED FLATES®// BU2

£ % LOACING -~ UNIFORM  UNIAXIAL COMPRESSION®/ BU2

5 & BOUNCARY CONDITIONS T ALL EDGES SIMPLY SUFFORTECE/ BL2

4 21%,$11 LOACEC EDGES CLAMFED, TWO SIDES SIMFLY SUFFORTED#H/ Bu2

S 21X,¢111 LOADEC ECGES SIMPLY SUPPORTEC, ONE SICE SIMFLY SURFCRTED BU2

6, ONE SICE FREES/ _ BwR
7 21%,61V LOADEC ECGES SIMFLY SUFFORTEC, TWO SICES FREE®/ BY2 -

[ 1.3} RESER Rk ERb R Rk R kSR bE kLR SRk s Sk E Rkt b khbkkRh sk pnbb ks ek, BU2
P2OHELEEERFXAREFERERRERE/ /) Bu2
2007 FORMAT{® CRITICAL LOAD = #F20.4% F.L.1.8/73% Bu2
2008 FORMAT(30#////% FINAL RESULTS FOR THIS TRANSVERSE HWODE#/} Bu2
2009 FORMAT(#GCRITICAL LOAD  =#Fifi,0% P.L.I.%/% FOR MODES ¥ =110/ BU2

ocac?
00903
00904
06905
00906
0GaGT
onsos
posos
0910
00911
ng912
0og13
06914
00915
0091e

.Dosty

00918
00919
00920
00921
oo922
00923
06924
00925
00926
00927
00928
06929
06930
00931
00932
60933
00934
66935
06936
06937
00938
00939
00940
00941
00942
00943
00944
00945
00946
00947
00948
00949
00950
00951
00952
00953
00954
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003651
003651
003651
003684
003651
063651
003651
003651
003651
003651

003651
003651
003651

403651
00¥&51
003651
0036351
003651

063651

DO3E51

GG3653
093651

0638651
063651
063651

063651
GO36S1
003651
G0S6S1
003651
003651

003851

1 15X,8N =#110//)
2011 FORMAT (s046X*LOAD#IXNS/{1X,F10.3,1101)

2012 FORMAT (40CRITICAL LOAD  =#4F10.0% F.L.E.%/% FOR MOCE N =*150)
2013 FORMAT (#OCRITICAL LOAD  =#F10.0% P.L.i.%/% FOR MODE M =#110)

2G18 FORMAT(SORESULTS FOR ALL MODES Nx/)

2619 FORMAT (AGRESULTS FOR ALL MODES M¥/)

262G FORMATULHORESULTS FOR ALL MODES OF M FOR M= * I8/}
2021 FORMAT(xUaGX*LOADHI NN/ (1X,F10.3,1101}

2025 FORMAT (#IBOUNCARY CONDLYIONS CONSICEREC 1IN THIS CATASET ARE®)
2626 FORMAT(30X,A10)

' 2630 FORMAT (#1BEBEECBBEEEEBEEEEEEBEEEEEECEECEEEEEE*/% BA3AX, 4B/

1% B BOUNCARY CONDITION #AJ0,% B/ B434X¥B%/
#% BEEBEEEBEBEBEBEBEEEBEEEEBEBBESEEEEEB*/ /)
2G31 FORMAT(#OTRANSVERSE WODE N =*110//)
3664 FORMATLMON =#I%x M =xI15/)
3065 FORMAT (3LHG#kkkebkbekibsriskribsdoribiick/2H #,26X,1H&/2H ¥,4X,
1 ISHMODES ARE N =,15,5H */2H *,16X,3HH =,15,5H */
2 2H %,28X,1H#/31H rkkkikkibkibbkk oot kipi ks £ 7}
3606 FORMAT(MIN  =#15/)
3007 FORMNAT( (MM =%I[5/)
3IGG8 FORMAT(® SYMMERIC MCOCE (B.C. 1D)#/)
3609 FORMAT{* ANTISYMMETRIC MOCE (B.C. 111 %/}
3010 FORMAT (#045X4LOACS#SX4DE-CETERMINANTS #1 GXACOMMENTS#/6 X% (PLI) %//
1 (x,fF10.2,7X,£13.5,10X,2A10)}
3511 FORMAT (#0%5XsLOADS#SX+CB-CETERMINANTS &5 X+CB-DETERMINANTS %
1 1GXACOMMENTS#/6X% (FLT) #6X#SYMMETRIC MODESTXHANTISYHM. HOCES//
2 (1x,Fi6G.2,2(7X,E13.5),10%,2A10))
3012 FORMAT{% CRITICAL LGACS FOR BOTH MOCES ARE NEAR EACH OTHER
1 6.C. 1%/} : :

3550 FORMAT (31HO kil ik il kb S/ 20 ¥,28X,1H%/2H #,4X,
1 A1SHMOCE IS N =,15,%H */2H %,26X, SH%/
2 2H %,28X,1H%/31H sdebdkis el R gpdoik/ /1)

3651 FORMAT (31HDRGEdkkikirtsrkatibatbbrbkdbit/ZH #,26X,1H&/2H #,4X%,
1 ISHWOCE IS5 M =,I5,5H &/2H *,28%, 1H%/
2 2H %,28X,1H&/31H sk ¥ bk idoiokbbo ol / £ /)

SGGS FORMATI(110,7F16G.2)
5GG1 FORMAT(BF1G.2) :
5GG2 FORMAT(1HD ;% LOCATION OF NEUTRAL PLANEZ/
1 2X,4RELATIVE TO REFERENCE FLANE * F1G.4/)
5603 FORMAT(OHIA-MATRIX//{1X,3F20.3))
SL0L FORMAT (IHGE-MATRIX// (1%X,3F2C.3})
5005 FORMAT(OHOC-MATRIX/Z (1X,3F2G.3))
JLGE FORMAT(BALD)
5007 FORMAT(1IH ,BA10)

SGGS FORMAT (#1NUMEER OF LAYERS L =%12G/
1 # LENGTH AL =¥F20.%/
t & WIDTH BL =#20.37 //
3 % STARTING LOAC STLD =%F20.3/
4 # PRIMARY INTERVAL SINC =#F20.3/
L # SEC. INTERVAL (NOT USED IF ZERO) SINC2=%F20.3/)
S009 FORMAT (#0%,16X,#THICKNESS 71 =sF20.4/
1 15X,% E-MODULUS E1 =4F20.4/
z 32X, %E£2 =#F20.4/

Bue
Bu2
Buz
BUR
117
Buw
suz
B
Bu2
Bu2
Bu2
Bu2
B2
Bue
Bu2
Buz
Buz
Bu2
buz
Buz
Bu2
vz
Bu2
Bu2
Buz
By2
Bu2
B2
B2
Buw
Buw2
B2
Bu2
Bu2
eu2
Bu2
ewe
B2
Bue
g
Buz
BLR
Bu2
B
Buz
Buz
B2
Buz
114
Buz
By
Bue
Bu2

0G4S
GLY 56 -
GO9sT
GG9s8
00959
DG960
GG961
00962
00963
0G5 e4
GG965s

60966

acser
00568
GUSES
aueTo
06971
o972
GO9I
o974
00975
GGs76
uaeT?
bGg78
o979
60980
G0981
G5as2
Go983
GGags
GoaBs
00988
Gosey
ooges
00989
Gos90
60591
Go992
00593
0Go9e
GG995
00996
0oa97
GGa9s
60999
016G0
01061
01002
01003
01604
o0100s
01006
01607
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003651

G03651
003651
003651
oussse
003651

G03651
003651
11131

003651
GO3651
063651
003651
003651

oo36s51

GO3651

003651

003651
003651
0D3651
0u3651
0D3651
003651
003651
003651

003651
063651
003651
a03ss1
003651

003651

3 15%,% POISSONS RATIO KNUA=#F20.4/

4 32X $RNLE=AFR0.4/

S 15%,% TORSIONAL MOD. 12 =4F20.4//)
$010 FORMAT (#0%,16X,#THICKNESS T1 =#F20.4/

1 32%,5HQ13 =, F20.4732x,5HQ12 =,Fe0.4/32x,5HQ22 =,F20.4/
® 32X,.5HQ¢E =,F20.47/)
$011 FORMAT (1H1)
5012 FORMAT (#0Q-MATRIX#, 50X, #LAYER NO *[5/7(10X,3F20.3))
5013 FORMATULGIS) .
$014 FORMAT{1X,161%)
SO13 FORMAT (#04//79%, $TRANSY. MOCE#10X*LONG. WODE#LGX¥LOAD®/
1 (1x,2120,F20.3))
3037 FORMAT(LX,F20.3,212G,F2G.3)
3018 FORMAT(M#//7//% FINAL RESWLTS ~-- ALL MOCES CONSIDERED®/)
5019 FORMATC(R LIMIT FOR NO OF CB-CALLS OF # 15 15 EXCEECED®/
1 & EXTRAPQLATE FOR LOACH/# NOTE ANSWER IS WOT RELIABLE#///
2% IT IS RECOMMENCED THAT YOU REVIEW YOUR BATA FOR A POSSIELE#/
38 CHANGE OF STARTLOAD ANC LOACINTERVALS#*//)
5021 FORMAT (10F8.2)
5030 FORMAT (0 NMAX = #187% MMAX = *I8/)
5031 FORMAT (4HO®k, * BOUNCARY CONDITION % ALG,5H  *kx/)
SO33 FORMAT (% BUCKLING LOAC#F20U.3% FOUNDS*/)
SO034 FORMAT (#OWARNING - A COUBLE ROOT IN £ =~ INVESTIGATE THE LOAC REGI
10N UP TO THIS DOLELE ROOT*//)
5035 FORMAT (#0THE COUBLE ROOT IN THE F-VALUES ARE IN THE FOLLOWING INTE

Buz
Bu2
Bu2
B2
Buz

‘Bue

BUR2
B2
:11-4
Bu2
B2
Bu2
Bu2
B
BU2
B2
Bu2
314
Buz
Bu2
Bu2
su2
BU2
B2
Bu2

SRVAL®/% WHICH WILL BE IGNOREC IN THE SEARCH FCR THE CRITICAL LOACZ BUR

2/7% NXU = %20.37% KXL = ¥F20.3//)

175%/
2/% GID NOT PROCUCE SIGNIFICANT CIFFERENCE BETWEEN THE ROOTS#/
3/% FERTURB LOAC ANC TRY AGAIN #///)

S037 FORMAT (#0THE START LCAC WAS TO CLOSE 10 COUELE REAL ROOTS%/
17% PERTURB LOAD ANC TRY AGAIN%¥//)

S040 FORMAT (#0%110,10%,2110/7/)

S04t FORMAT (#0%21107//)

S042 FORMAT (% B.C.IMI3XE.C.ITL. %4X48.C. TVH)

5043 FORMAT(® B.C.1 B.C.11%}

SG44 FORMAT (#0STARTVALUES FOR TRANSVERSE 'MODES N¥).

5045 FORMAT(#0STARTVALUES FOR LONGITUDINAL MODES M&)

5046 FORMAT(#OMAXIHUM VALUES FOR TRANSVERSE MOCES N

5047 FORMAT (SOMAXIMUM VALUES FOR LONGI TUDINAL MODES W)

3050 FORMAT (#/OLAYER NO #I5% INFUT OFTION NO #F5.0% WAS USEDH)

S051 FORMAT(17X,%THE @~MATRIX WAS ENTERED DIRECTLY#/)

50352 FORMAT(LTX,#MATERIAL PROPERTIES WAS ENTEREC AS £11,E22 ETC.%/)
5053 FORMAT (17X, #MATERIAL FROFERTIES FOR FIBER AND MATRIX WAS GIVEN®/)

5054 FORMAT (#0%16X,8FIBER PROFERTIES®/17X,%E-MOCULUS EF =¥r20.4/
1 17X, %6-HOCULUS GF . =&F20.4/17X,%FOISSON RAT. ZMUF =#F20.4//
2 17X, #MATRIX FROPERTIES* F1TX, ¥E-HOCULUS EM =%F20.4/
3 17X #C-MOCULUS GH  =4F20.4/17X,%POISSON RAT. ZIMUN =%F20.4//
4 17X, #VOL.FRACT. CO. VF =¢F20.4/17%,%PLY ~ ANGLE  =%F20.47/)

5055 FORMAT(3D#16X,$CONTIGUITY FACTORSH//1TX4FOR G-MOCULUS AND FQISSON
15 RATIO 2ImMui2 CONTE =#F$D.4/ $TXHFOR E2-MOCULUS

Buz

$G36 FORMAT (#0THE FIRST LOAC EXAMINEC AFTER PASSING THE COUBLE REAL KOO BL2

Bu2
BU2
B2
Bu2
B2
ew
18-
B
Buz
su2
Bu2
BU2
Byz
Bu2
Bue
Buz
Bu2
Bu2
BU2
Bu2
B2
Bu2
Buz
BU2
Bu2

01658
01609
01010
01011
0i012
01013
01034
01015
01016
01017
- 21618
01019
01020
01021
D1022
01023
01624
D1025
01Gze
oc2r
giazs
g1629
61635
01631
01032
01033
031634
01635
01036
D1637
01638
01639
G1620
01041
01042
01643
01044
01045
GiG4e
01047
03G48
01649
01050
01051
G16s52
01053
01054
01055
01056
01057
G1Gss
01059
G1060
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g ‘ CONT2 =sF10.4//) Bu2 01061
00381 END - Bu2 01082
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RUN  YLR3IION FEB 10

19041 22704770

PROGRAM LENGTH INCLUDING 1/0C BUFFERS

012933

STATEMENT FUNCTION REFERENCES

LOCATION

STATEMENT NUMBER REFERENCES

LOCATION
L LT v
000015
0o00s2
000124
000173
000241
000546
000664
0U0716
000766
001663
GO1G50
001044
0GI1GGT
061214
oGi2h11
062626
602136
602136 -
002142 .
C02226
002264
002234
G0224G
Go2304
002437
662532
002653
" 002662
onz117
002536
002546
0027177
03623
03674
003163
603170
003174
003232
003235
003342

GEN TAG

GEMN TAG
Loooos
L00020
L0004
Looare
LOD124
LoD153
L00315
L00360
LOO3T3
LOG413
LO0420
LOC442
LD0441
LDo427
L0505
LDO756

L0076l

LG1043
LO1620
Lo1D22
LO1051
LO1105
L51663
LO1068
LD1121
LD1210
L01243
L0321
101325
LO3344
101250
101254
101400
101440
LO1427
LO1470
LO1474
LO1477
Loys22
LO1524
LO1565

SYH TAc

SYH TAG
1

3

7

s
10
11
30
38
40
41
4s
50
54
55
€0
8D
81
87
86
89
1]
o1
92
93
160
102
103
104
108
106
107
109
130
112
180
162
163
150
300
304
340

REFERENCES

REFERENCES
003647
NONE

NONE
oot121
000165
000237
ooos0z

000545

060503
00uTLs
060704
001043
0010623
NONE
001144
052660
0o201G
003775
Go2132
002135
062263
002231
0G2232
002233
002436 -
O0G2414
ot23r?
002637
002534
oozeer
002533
002535
062661
003006
po2127
0G3151
003156
003142
003226
oo3217
003275

0662601
062133
002531

002547

DO2535
oo2714

cozr27
003615
063650

603162

GO2550

062545

o623z

G367

0o2652

oo2rat

bozrie
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603364
003310
003438
003441
003510
603333
003536
003810
G03647
003630
003645
0G4036
004042
004056
GG4155
604163
664172
004203
004210
004220
004230
004235
0Gaz42
004251
004256
004263
604270
604312
CGO4aM7T
064323
004346
004351
004354
064361
CO04366
- DO440)
GG4423
004434
CO4437
603767
6U3T20
004502
604505
004507
004523
004527
004533
004537
GO4543
0G4544
- OG4g14
004663
004703

19041 22/64/10

350

101375
LoL5YY 400
LOts26 430
LO1630 451
LO16s2 470
101670 4m
Lo1672 412
Lo1715 473
Lo1738 500
LO1T36 301
101733 400
CO0164 1000
€O0170  G02
Co0204 - 2000
C003C3 2007
C00341 2008
cO00320 2009
coos3y 2011
cou336 2012
CGO346 2013
con3se 2018
CO0363 2019
COG370 2020
cuoary 2021
C0Ga04 2025
CGL413 2026
C00416 2030
COG44D 2031
CO0445 3004
CGG451 3005
coGA74 . 3606
¢GG477 3007 .
¢GG502 36008
CCO567 3009
CGG514 3010
€GG527 3611 -
cooss1 3012
Cous62 3050
CO0EGS 3051
CO0O35 4063
COOD46 4006
cone3t 5060
CO0633 5061
€0GE35 5002
cuoest 5003
CO06S5 5004
€0Ge61 5005
€00665 5006
cODes? 3007
comsrz 8008
CO0T42 5009
¢01011 5510
C01031

5011

003322
003210
003431
003403
003374
003527
003520
003816
NONE

BOGGS1
001550
002160
002624
060662
003133
063323
003327
003572
003616
063635
003566
003342
003275
003303
666152
656165
061552
061741
063676
061716
093116
663125
603163
063156
062441
062464
063176
6061751
001766
601652
001056
000367
000564
001234
001414
061432
061456
000535
000672

060407

DO0E64
ogors2
Gauos2

003344

Do1467
no3ysor

003236

003475

063346

oo2ss6
oozen1

(03246

006056

003635

063441 063536

003026

003051

003451 003546

001102 001636 001652  DO3667
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004703 €01033
004713 €01041
to4ris <B1043
004120 co1048
0D4731 co10s?
004738 €01063
QOaT44 €o10T2

c04rTs co1123 |

00417 co1i2s
005004 ca1132
005012 €U1140
005017 CO1145
005032 C€D1169
onsos4 <G1202

GO05104 co1232
00s117 CO1245

uDs123 <G1231

005126 cai2se
DO5133 c01261

- GOS137? C01265

005145 CcO31273

GO5153 Chi1s01

005161 CO1367
0Gs167 CO0131%
005176 61324
005204 Ch1332
DDs213 CO1341
0oszz2s €O1351
005265  CG1413

EXTERNALS AMD TAGS

m - -
QUTFYC.-
CET -

s002G0 CATE
S6O6G0 MACON
s012060 EXIT

BLOCK NAMES ANQ LENGTHS

A -
£ 3 -

VARIABLE

000100 AR
0O0461  RC
REFERENCES

LOCATION GEN TAG
005733 ATGDZD
000001¢08 AGSGOS
060012C01 AGODO1
DOODD3CO2 VG131
006452 vOO234
006412 vO0151
000310C07 ADGO33
005744 ALBG23
COB034CD1 AGUGO2

15641 22/G4/70

5012
5013
S014

 s01s

017
s018
501%
sG21
5030
5031
$G33
5634
5035
5036

5637
5640
5641
5042
5G43
5044
S045
5046
5647
5550
5654
5652
5053
5054
5055

SLO300
SGGTOG
$G13G6

-GLGOGT
Gooo22

SYH TAG
A
AB
AC

AL

ANCE
ANG
ANGLE

BC

061703
001167
DGO104
0on126
003403
NONE

003471
062653
CC0435
NONE

003260
NONE
002416
002507
000467
062653
662234
onG2s3
oou27s
060247
060271
GGOZ65
600243
0GG34T
DGO32S
GO05G4
GO0726
GOO514
GO6556
G60613
CDGE41

INFUTC, -
EBLE -~
ENC. -

BLK1 -
TRS -

000140
acoi7s

003610

003463

ooas14
003163

000335
00035y
0oa3st
DOG3s3

DOGS46

$D0400
S01G00
01455

060012
000423

REFERENCES

002030
HONE
NONE
coO374
0g2251
060460
NONE
bo2o42
NONE

oon207

003560

ou06e4e
sk {3

0oL716

IFENDF .-
SNGL -
@BNTRY . -

CON -
SIF -

0oo30s

001751
003463

S05500
SG116G
5006100

GOOC40
DGuS0S

060414 001776 002012

002254
Dooss

0G22ss

002234
003560

aGz130

Do224G

002137
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005368
000004C02
006413

006400
006401
00375
aogsrt
00D435C0%
00308
OUs441
ooe4s0
00g451
G0000GChY

000456C05
000001¢03
D00457C05

0o0n56C01
605354
0063 T2C07
00s114
0OD341C0T
006303
0DG4a14

000000CL o
006415

005031C16
0GGLG5C02

DOODGECO2
GO0GE2C10
000113CG7
00006207
006407
006420
boed62
BOEDSE
006060
006367

19041 22/0G4/10

ADGO14

vooisz
voo152

voo137?
V00140
AODO22
vog12s
vooz3l
ADDOS1
vooz206
voo231
voo232
vooz1ié

vogzai

vou23e

vOG23T

ADOOG3
AGGO13
AGGO3S
ADOOAS
AGGG34
ACGGO&7
vOGi53

ADDG36
voo154

AGOD3T
vOG1TT

voozaa -

AGGO4G
AGGO26
AODG25
va0146
vGOs 57
AGOD44
voGo 7y
voaors
voo123

 BCON

BL
<o

CONTY
CONT2

OAT
BBA
CBNX
oBX
pBO
CBOA
[+

pBiA
ch2
CB2A

ec
LR

EF

EM
EST
[}
Ei1
€22
Fi

]

HP
HF1

000004

Q00376
000462
000704
000433
0ao434
002070
000030
002224
NONE

oozi121
agez22
Do2225

060452
poe:xs
ooGo3s
061262
001270
oooa14

Daoi64

000435
000574
000630
O0po750
po1107
a01284
001475

000416
000465
0goT23
000567
000571

0o006S
002343

on2124
0D2274
aGz22T?
0023390

002334

0og3z?
go2rrr
ao2333
aG361e

062116

Goos32
661623

ueaszs

662003

on2G14

OGGEDT
oGDs44
GooaT2
001303
001301
06011y
a0oL 70

GO0470 -

0GGsie
0006632
GooTes
ooy112
003243
DO1504

001776
0oGs11

ao0cs44
00GE4E

no32q

002353
062364
02341

GG2344

Goz122

GLOS536

GOG532

G6o2012

Go2o23

660657
651144
661343
601336
600122
650173
665567
666620
065634
©o1011
601121
001245

062033
000553

0o0es1
oooes2

003444

002427
002432
002350

Do2361

0GO655
006540

Go2o521

002135

ooaro
001263

gooiz24
006230
600521
ooGe22
lilal:1 31
Gpi026
001131
coian

062130

aoons5e2

063541

062645

002656

GG2430

002433

000671

rinel-t

002134

oG2141

0GoT14

aoo157
000235
000535
000624
000654
001044

001141

001310

002140
QGG63T

002733
oG213v
(62646

602651

0GoTis
oOosT3

o0G2137

0G2147

oo0is2
0an241
G0Gss1
060626
ooor21
0010506
o117
O01474
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GOGO0SCOY
005411
006463
. DO000sSCo3
000004C03
a00014C04
005377

ﬂﬂﬂﬂﬂﬂcoﬁ

ones4t -
000007CU3
00001103
006446
OGE443
006442
Q06444
006365

DOE366
006427
06G002C03
006426
COGGO3C03
GGG0GGC04

aGoon1Ccoe
006373

0G00GOCoL
006302
006456
000001C02

QU0006CO1
0064ST
006361
066433 -

006351
006431

006307
006461
066464

18041 22/04770

vobz15
AUOO16
vOD247?
voozes
vio224

ADOOOS

ADGOLS
voozar

v0o230
V06212
V00213
Vo227
Vo211
V00210
Vo021 4
voG121

vooizz
Yoo170

voGa23 .

vGo167

V66222

vio171

voG166
voG130

vooung
vonii1
voo242

vooi76-

voGoor
vaa243
AGGO60
voG17s

- AQUOSE
- VaosT3

ADGOS#
vio245
vag2s0

TAB
1Com
1)
INREAL
IPAIR
1PC
ITITL

ix

I
Ixt
Ixv
1xy
xx
110
1s
4

K
KAS
KK
KNT
KRN
KXX

KXY

LCHIN
LiM

MODA
MOCE
HODH

002202
go2227
003221
boz212
goz211
001712
HOME

002174
002456
002631
ooz21?
002177
002200
oo2216
002176
002175
002201
000012
001244
006613
001547

602216

Go1473
ao2207
DG1551
001673
02222
002437

. 002665

003074
Do3268
663626
Got472
aGo3rz
001466
HONE

NONE

002635
001657
002004
0o31T4

' G02161

003176
000340
001566

003360

006256
601563
003174
003353
003400
oos212
063236

0g223
go2s2?
oay23e
002266
nozzes
on§T32

002244
002303
002662
602270
002367
062517
o02314
002632
GO2304
acz2232
0o6ots
001272
060616
601560
GG2264
GG1562
Gh2265
GG1555
001707
no227s

0G2462

ao273s5
GO3106
0033712

GO1543
0no4l2

052656

- 001662

002014
662167
OGLs74
001573
003211
D34tz

o032l
003401

003424
002374
gazs 1o
002076

002263
oo2s21
002743
002305
002640
002632
ooes2s

Go2s20
a6z363
0uno2s
UG1410
0Go023

003645

0G2370
0O1542

DO237s

061566
o126
o62331
acz532
002746
Da3116
063466

601656

Co1676
062020
001621

O01621
go3zz27

003235
03433

DO3436

002414

002345
002550
003043
002525

002670
002546

601005
GO147S
oG160s

001626
01747
602341
062554
663605
003141
063515

001676

Go1723
002152

003201

ooi1656

063306

03334
0G3scz

oo3set

oGasT?
062573
003670

062636

0GIGo7T
0G156G5

OGle42
GO175T
002357
ooas577
0o3c24
0032a7
003563

Go1131

061734

003163

oo3212

0061663
003310

003366
003642

o03s33

002422
(Gz620

001016

64657
Go1774
602430
Q02646

. po3047

603263
003614

001214

ao1rn1
003130

003315

001677
003351

Page 5.32



KuN VERSION FEB 70

00G4EE
008370
000010€01
00D000CD2

000002¢01
000002C04
006455
0D635S
a0s4d2

0086345
(06430

006460
0oE462
006463
0De17TT
Goe301
006203
606242
006204
066300
006201

0062060

006262
0G0004C01
006435
00ca3T
006436
006440
06o602C02
0GO144€10
066403

006404
006405
0086406

4uou00ocoe
000145C05
000311C05
- 006434
006416
posa1?
Doss21
ons343

19041 22/0€/7G

voo2s2
vooi24
voooi1
vOo16a

voooos
ACDDD4
viG241
ADOOSTY
vooi74

AODUSS
vao1 2

viO244
voO246
voGzst
vao10o
ADQGS0
VOG104
ADGOS3
ADDOS2
voo107
voa1o2

voo1G1

vuo16G3
vGLooSs
voG2t2
vaa204
VG203
vOuG20s
vag127
AUOG42
vho142

vo0143
Y00144
VG0145

ADOC11

AGOOOT

AOOGID
V00204
vODi5S
¥00156
VGO160
ACODE2

HOCN
MTEST
w2c
L]

NCASE

FAZ

B2
Fl

Q13
Q12
ez2
ass
RES
RESA

RLL
RHUA

RKUB .

Rnul
-]

G03400
406030
0021713
001254
oo1721
003113
062151
NONE

- DD2634

0og362
G01564
003604
060300
001561

003374

203530
Go3204

oG3214

063375
NONE

0062126
o215
663376
663214
oG3377
oo232T
0G2717
Go23hz
o02521
053004
GG2166
652022
062626
0G2524
602027
OO6G34
NONE

GOh442
oGoTS?
GOD444

. 8G0rT2

0GG446
60o763
00450
003604
NORE
NONE
NONE
062607
acos27
000530
Gaara?
NONE

063435

001263
001744
003203
oo2162

Uozeds
001604

001614
003406

003575

003364
oo3216
UD3402

oasn24

Go3za23

063415
Gu3311
003426
002335
003001
aG2326
Gn2644
0G3n22

062625
662030
662026
aGz2632
aGosTy

0006520
0eoTT0
0060523

000526
0oo1TY
060534

002047

0pos3o
0ous3d

603504

00276
901754
003300

001618

001615
003411
0a3s77

10k 1)}
603436

0603137
003332
003533
63354
063560
0G24G4
063017
002336
oo2733
003023

062035
002043
602636
002044
062666

0GGeG1

00Ge03

oGhed4

oGGe06

gozi2s
000665
060543

003513

001626
gozoz2z
003336

003370

G01e32
Q03414

003321
003532
Go3177
GO336s
Gu3et

003514
0602425

GO2337

003000

002043
GG205s
bo205e
oG2057
062016
pooTi
000713
oooriz

Goorss

000675
060663

003532

001631
002142
093370

CO3417

DO1646

603434

GO3517
603206
003640
GG3524

GG2514

602426

062671

oGeGr2

GO5737
OGUT41
600743

0GOT45

0GaTaS
0oGeT?

003623

O01€45 .
603101

Go3sia-

0G3203
003510

GO3533

Go3621
GO2643

aozs12

0GO7S53
onarsi
060754

GG0764

ono70é
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RUN VERSION FEE 70
000010C03
" 000460C0S

one3rs

. 008316
006453
aoedTY?
006052
aoe0s4
a0s423
0063 T4
006445
005766
0De4G2
006146
600113C10
00s423
006454
ogsra1
0001 75C07
006411
GOD144COT
006372
Ghe410
0GUO3ICoT
GGOLSOCOoY
UGG226C07
ooo2s57Ca7
006050
006424
Oge422

START OF CONSTANTS
003652

19041 22/04/70

voo21?

voG220

vOU134

vOoG135
voozss
vOo136
VGGGes
vOooGET
VG162
vio133
vib226
AGGGa3
vyoG1al
AGGD46
AOGO41
YOGi6S
voh240
AGGG1Y
AGGGIG

vh5150

ALGO2T
VOG126
voGIAT
AGDO24
AGOG23
AGGO31
AGLO32
vOLOE3
VOG163
VGhi6t

START OF TEMFORARIES

005306

START OF INCIKECTS

. DD5330

$PACE REQUIRED TO €
056100

OMFILE

SeN
SOHA
SINC

SINC2
SINCS

SINCa

SMi
Sue
sa
STLE
S$TLCL

-1 5

THETA
ToL
Toe

NFC

YEA
IMu
IMUF
ZMum
nnz
FA -3 0
IN
INX
i)

DU22G4

- 0027153

002205
003145
000402
602315
oo27s?
0GO404
vazzro
000430
001135
001137
001003
0GD400
anzels
NONE

060440
NONE

HONE

gotam
052404
Gu2117
NONE.

066456
HONE

0Gn031
Go0454
NONE.

NONE

NONE

NOHE

661231
(51234
ouGrse

002357
002764
DO2366

oot422
62335

000424
goz213
no2214
0031150
o0117S
001013
(60420
0G2220

G004T1

001560
002410

Gooe12

oaGosT
DOOeit

Go1232

Lo1237

62534
GO3GGTY

062541

655427
02411

050430
0G2325
062314
601172
GG12te

bG2212
Go2z247

CulE6?

0o2412

653243

ga1256

002536
003143
002676

anzess
002435

hirrd 34
aG2434
002523
DOi216
001220
0G2261

0eGT3s

003446

Gh1264

0G2673
0G275%

0c2252
ag2s524

noziz4
ao27141

0C2361

03543

0G216s
063611

go2271
GGoz6a2

foa2s22
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RUN VERSION FEB 10 19641 22/G4/70

000606
000606

ooooos
000036

nn

AAAAMARRAAPANARRANNAAARAAADPANANRANA/NANDAND

SUBROUTINE MACON (K ,CONTL,CONT2)

SERRRTRAANBESREREERREREREEEEERNERR LR CARRACEESRIERERIRERFRERRRRRREERAELS

PURPOSE
TH1S SUBROUTINE WILL COMFUTE MATERIAL CONSTANTS AND THE
LAMINA STIFFNESS MATRIX WHEN FIEER AND MATRIX FROFPERTIES
ARE GIVEN FOR A COMPOSITE LAMINA

UPDATE

3/15/10 PROGRAMMED BY VIRTOR OEVERLI
APPROVED  BY AL HILLSTROM

DISCUSSION
THIS SUBROUTINE 1S WRITTEN WITH THE INTENT OF PROVICING FUTURE
USERS WITH A POSSIBILITY TO USE A DIFFERENT FORMULATICN
BY EXCHANGING THIS ROUTINE WITH THEIR OWN. ALSO AS FURTHER
FROGRESS IN MATERIAL TECHNOLOGY IS MACE THIS ROUTINE SHOULD
BE IMFROVED : :

THE FORMULAE USED HERE ARE THOSE SHOWN IN

T5A1 .S.U; ~STRUCTURAL BEHAVIOR OF COMFOSITE MATERIALS- SECTION 2.0
NASA CR-T1 1964

ANC

ASHTON,J.E. HALPIN,4.C. PETIT,F.E, -FRIMER ON COMFOSITE MATERIALS
JANALYSIS, FROGRESS IN MATERIAL SCIENCES SERIES,voL. IIi,
CHAFTER 2.3, TECHNOHIC FUBLICATIONS, 1969.

IRFUT  ARGUMENTS
K = LAYER NO
CONT1 ,CONT2-CONTIGULTY FACTORS

© COMMON INFUT  EF,GF 4 ZMUF ,EM,GM, ZMUM, YF , THETA

COMMON OUTFUT E11,E22,6,2ZMU12,2M.21,C
SEE MAIN FROGRAM FOR LEGENC ON VARIABLES
IN COMMON

SUBROUTINE USER MAINFROGRAM EUCLAF

Chb bkt Sk s 3053 AEFREE eSS ok s ink bk doicolof ok f s ko ok g

<

A AN

COMMON/STF/E11 (25) ,E22 (25) ,G {25) , THETA (25) ,C{3,3,25)
COMHON/ TRS/ZHUM (25) , ZHUF (25) ,GM(25) , GF (253 ,VM(25) , VF (25) ,ZMUA2 (25)
3 JZMU21 (25) ANGLE (25) ,EM(25) ,EF (25)

shskkknkdRbErsRLiE ‘:tmt#mﬂ###ﬂittt*tt#ﬂttt$*uﬂt#
COMFUTE E11,VM .
FEREEEEERRR AR R R R RS H AR SRR SR SR R R L PR ER AP RS RR RS R R E A R T

E11 (K} =EM LK)+ CEF (K)~EM (K) ) $VF (K)
XKFZEF (K) 7 {1.D-ZMUF (K}) 5.5

MAC
MAC
MAL
HAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
RAL

MAC -

MAC
HAC
MAC
MAC
MAC
MAC
MAC
WAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
HAC
HAC
MAC
MAC
MAC
HAC
HAC
HAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC

06602
06603
GGG
00003
DGGOs
06007
06668
05609
06010
66011
06012
00013
06014
00015
00516
GOG1 7
66018
60019
00620
00621
00622
06023
00624
6GG2S
6GG26
coo27
06628
65629
o630
60034
60032
00033
GG534
06035
05036
06037
00538
00039
00640
00044
06642
00043
00044
06045
06046
00047
06048
00049
06050
60051
ooos2
00653
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RUN YVERSION FEB 70

ooauz2

000026
oobe2?
000033
000038
000040
0000a2
00043
o00G50
' 8OG053
GOGO5E

060116
CGo114
ous121
006124

acnl44

OGG1I4T
ano147

000207

0GG214
000222
0GG227
0662353
006232
065233
600235
pGO242
" 000250
noG2s?
006253
00025%
060256
0GG25Y

(o BN A BE o 3K o BN o]

ol a N a M alal

nNANMNMAN

19041 22704770

WiK)I=1,0-VYF (K} -

tt#‘t*ttitt#t##*t#‘t*t#*#tt##t###tt*t#**##t#t*t###t#t*#t##*#t*####

COMPUTE G,ZMU12

ttttttittitttttttttt#t#t*#*tt##tt##**#t#t#tt#**#t‘ttﬁtt#tit#*#t*#‘

CONT = CONTY
KM=EM(K) 7 (1.0-ZHUM (K) ) %.5
XMMM= XKMEZHUM (K)

CFRYE (XKF-XKM) SYHIK)

XFUFZ XKF$ZMUF (K)
XMGH=2 . O#XKME G (K)
XFGM=2 . DKXKF+GM (K)
XMGF=2 . DAXEME GF (K)
XFCF=2. 08XKF 4 GF {K)

1FMV)
IF(ABS (ANGLE (K}) .EQ.45.0)CONT=0.0
GFM= (GF (K) -GM{K) JHVMIK)
GFEM=GF (K) +GM (K}

© ZWUL2 (K)= (1.0-CONT) % (XFMPEXMGHAVE (K} + XKMMEXF GHAEVM (K) ) 7 (XKFXXHGM- oM
£ (K} $CFHV) +CONT & CXMMMEXF GF RV (K) + XFMFRXMGF¥VF (K] ) / (XKF&XMGF - GF (K} %G

€66z (1.G-CONT) #GM (K} % (2 . GHGF (K} ~GFM) / (2, 0GM (K} #GFM) +CONTEGF (K) %4

1CFPM-GFH) 7 (GFPMYGFM)
GIR)=GGE

CGIFUTE €22,2nu28

e " e s o s ol o e e e b v oy e o

""" stk b o

CONT = CONT2

& bt kol

E22 (K) =2 .0% (1 .0-ZHUF {K)+ (ZHUF (K) ~ZMUM (KY ) VM (K} ) % (1 .0-CONT) 2 {XKF
LAXMGH-GH (K) $GFMV) / (2, D4XKME GHIK) +2 GEGFHVI +CONT# {XRF $XHGF = GF IR %

2GFUV) 7 (2 ,08XKM GF (K) 42.D%GFMV))
ZMUZE (K)=E22 (K) $ZMU12 (K) FE11 (K)

dnlokdeded dhe e e ok

ESTABLISH LAMINA STIFFNESS MATRIX FOR LAYER NO. K

S e

B L L TP I e S e T Sl S L e

CH1=E11 (K} 7 {1 .—ZHUL 2 (K} ZHU21 (K))
C22=E22 (K} /7 (1. ~ZMULZ2 (K} RZMU2L {K))
C12=THU1 2 (K) ¥(22

€16=0.

€26=0.

CE6=G (K)

IN=COS (THETA LK) )

IN=-SIN(THETA (X))

AzIMEed

Bz (ZMEIN) $32

CC=INSIME43

B=ZIN+d

E=ZM*IN*&3

FzA+D

bk

WAC
MAC
MAL

MAC

MAC
MAC
MAC
MAC
MAC
MAC
WAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
WAC

MAC

MAC
MAC
MAC
HAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
HAC
MAC
MAC
MAC

WAL

MAC

MAC

MAC
MAC
MAC
HAC
MAC
MAC
MAC
MAC
MAC

MAC

MAC

00054
00035
00656
00057
00058
00059
a0060
00063
00062
00063
00664
0006
00066
00667
00068
06669
000670
00074
00072
00073
00074
06o75
00076
aoarz
60678
00979
00080
60681
06682
00683
06084
60085
00066
06G8T
06688
0GGBS
00096
66691
00692
00093
ooo94
00095
00096
66097
00096
p0O0S9
00100
00104
00102
00103
00104
00105
00106
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RUN VERSION FEB 10 19641 227G4/710

Q00261
000263
00266
togzTa

. 0O0¥OT

a00326
000344
000364
000402
000423
D00430
aDo433

000436
00D436

€62CC-E

HH=A-3 .38

Z1=3.+%8-0

CU1,;1,Ki=ASCLL42 sBel)1244,.$CCRCL640%C22
$44,5C8C2644 4B HCEE
Ci1,2,K)=BaC11+FeC12-2 $GGHC16+B 22
142, 3CCHC2E-4. 4B #CE6
Ci3,1,K)=-CCCI1+GGaCI2+HHAC1GHEKC22+
L1ZI4C2642. 266466
C(2,2,K1=0aC11¢2 454 C12-4. % EXCIGHANC22-4,
18(CHC26+4 . 2B HCEE
Ci3,2,K)2-Cl14E-CL12%5G4C16R2Z1+C224CC+
1C264HH-2 . &CEEXGG
CU3,5,K)=BsC11-2 B 12-2, . %GC4C16+8
TSCR242. 2GGC26+ (F-2.4B) #C66
Ci2,1,%)=C(1,2,K)

C11,3,K)1=C(3,1.,X)

C(2,3,K)1=C(3,2,K)

RETURN '

ENC

MAC
MAC
MWAC
MAC
MAC
MAC
MAC
MAC
MAL
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
MAC
RAC
MAC

00107
o108
0010%
00510
o011t
ao112
00113
06184
00115
00116
00117
ooi18
oD119
00120
00121
D122
Qo123
oD124
ao12%
Goi2s
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RUN  VERSION FEB 70 ° 19641 22/04/70

SUBFROGRAM LENGTH
000706

STATEMENT FUNCTION REFERENCES

LOCATION GEN TAG  SYM TAG  REFERENCES
STATEMENT NUMBER REFERENCES

LOCATION GEN TAG = SYH TAG  REFERENCES

EXTERNALS ANC TAGS
Cos - 806100 SN - $0u2G0 ENC. - SOGIGO

BLOCK NAMES ANC LENGTHS
$IF - ©o0sgs  TRS - 000423

VARIABLE REFERENCES

LOCATION GEN TAG  SYM TAG  REFERENCES

0006TS voao5 A o251 GGL25T GOU354

G0G31GCGZ ADGOLG ANGLE GGG13D .

0GGET6 whioGs2 B onozs2 | GDO263 055273 0Oon3o3 6Go316 ono322

' 066356 656365 GLn4G2 000413

006144C01 ADUGOS c DO52E7 056356 05G325 600344 GGO363 0G5464
oGG422 GOG42S GGGA2Y 006436 6o0432 050433

GGO6TT VGGO5S cC - 600254 Goo261 065275 6o6327 00o356 Coo3T3

066651 Vuo525 CONT 0O0G26 655161 GoG136 ODG166

GO06ES vOGO41 ci1 - onG221 GOG272 656311 000330 GGO347 665365
060497 '

gnGEE7 VGODA3 c12 GGG230 G274 oon342 006331 000351 GOU3GE
0416

0066TS vaGhusa C16 con23y Gn5276 00G314 006333 GGO3s53 - GOL3T0
0GG412

_DOGGEG voooaz 22z . 000226 GG63G6 GOO316 060335 0a03ss oon3TE
06G414

VOUETE VOonas 26 st td GoG352 05G326 006337 oGa3s7Y GhO3 TS
006416

00072 VO0O46 66 065234 GGO364 Go0323 ooo341 006361 COG3TT
GGL420 .

006760 v00O54 1] 066255 GG025T CnG265 000217 060346

000761 VOG5S £ 006256 60261 006301 00G333 060352 50366

000372C02 AOGO20 EF 066oo07T GOGo3 T

00034102 ADOOL?  EM oGos06  GOGS30

0506GGCGY ADDON1 Eil 065011 6502114 0on217

GGODS1CO1 ADGDGZ ~ E22 006202 6oG2G7 - GLO22S

00oTG2 vO0056 F ont2e0 06031 0656402

0000G2CDI ADGOO3 G 000144 - 0GG232 . .

000115C02 ADDOYY GF 006050 aGuoss GGGO5E 000114 000321 060130
060147

o0oose2 V00036  GFM 060120 066124

APage 5.38



RUN VERSION FEB TD

000634
00nuGed
Q00703

000664
0B0062C02

000704

- 0900113C0%
0001 15C02
00D144C02
000661 .
000EST
UDGESS

- 000650

00652
000660
0GO656
0G06S3
GOO70S
00GE73
006G31C02
GOONGOCO2
OOG226C02
600257C02
0o06T4

START OF CONSTANTS
GCOa3Y

190431 22/04/70

vioa3o
vooos?
vo0osY

voooso
AODO1O

vooos0
ADOGOO4
AOOO1S
AQOO12
voo03s
vOGO33
Y0003

v0Oo24

vaGo2e
vae034
viogs2
vooo27
VOoGe1

vouoar .

AGGOGT
AUDGOS
AGODL#
AGOO1S
vGGUSs0

START OF TEMPORARIES

005445

START OF INCIRECTS
oGoss: -

SPACE REQUIKED TO €
037600

OMFILE

GFuY
GFEN
G

eGe
CH

HH
THETA
vf

XFGF
XFGM
XFMF
AKF

XKM
XMGF
XHGH

1

M
IMUF
ZMuM
Inuie
Imuey
IN

006637
006123
066262
066411
06143
000041
000187
000265
0GO234
006012
9660622
00GOSS
000047

066041

0GoG21
0n0163
GGoO32
GGoose
GGGG44
GOG34
ey
oGG241
GOOG1S5
Gtoo2e
0oG103
Goo2te
GGG247

000060

71H( 3T )

000045

000332
000242
000023
00a03s
660064
acoury
600065
0000634

- 000043

6ooos?
0oGoT?
0DO064
GOO335
000250
0GoG37?
oooa32
660210
ooo215
006251

0Goor3

000330

~ 0000TY

000375

oooose
aoaced

ooeoTs
600046

006051
0GO666
O00164
06Ga76
aco3Tl

0GO174
050175
Gn0214
oGa2e22

600151

0u0344

000115

GooiLT

GO0O54

Doo150
000154

anGz21

GoCIeT ago3TY

gociz2 GOG131

Gaoit?

GoGhT2 00G1S4

GoG22r
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RUN VERSION FEB 70 190641 22/04/70

~"n

ANARNAR”RALAAMNAAAAANAARANANRNAANOANDRANRNNDNARANNANRNNNAAAANAARANNNAAD

FUNCTION CB INX)

PURPOSE

THLS aﬁaouﬂua CENERATES AND EVALUATES TME CETERMINANT CB
FOR A GIVEN LOAD NX ARD MODES N AND/OR WM.

UPCATE

3715770 FROGRAMMED BY VIKTOR OEVERLI
AFFROVED  BY AL HILLSTROM

CISCUSSION

THE BUCKLING DETERMINANT CB 1S FORMED FROM THE BOUNDARY CONCTTIONS
OF THE FROBLEM. 1TS VALUE CEFENDS UFON THE ROOTS OF CETI(ETI= @
THE DT-CETERMINANT MUST BE ZERO TO SATISFY EQUILIERIUM EGUATIONS.
CET(CT) = O 15 SOLVEC USING THE COMPLEX ROOT-FINDER ROUTINE

ZARK . ZARK WILL USE THE CT-FUNCTION SUBRQUTIME TO

SUPFLY THE TT-FUNCTLON VALUE. '

THE CBGEN ROUTINE IS CALLEC TO @ENERATE CB-COLUMNWE SE
AND THE CE? ROUTINE PERFORMS THE REAL DETERMINANT EVALUATION

THE ABOVE PROCECURE HAS AN EXCEFTION FoR B.C. I WHEN THE
BOUNCARY CONC. {ANC CB) 1S AUTOMATICALLY SATISFIEC EY THE
WAY THE CISPLACEMENT FUNCTIONS WERE CHOSEN. THE LOAC CAN
THEN SE SOLVED CIRECTLY FROM THE EXPRESSION CETICT) =G .

‘FOR THE OTHER B.C. THE CB-FUNCTION IS CALLEC REFEATEDLY
WITH ENCREASING LOAC IN GIVEN STEFS UNTIL A ZERO CROSSING
IS FOUND. THE STEFS ARE THEN HALVEC UNTIL THE CRITICAL LGAC
15 FOUNC WITH ACEQUATE ACCURACY. MORE MOCES ARE INVESTIGATED
IN THE SAME MANNER :

THPUT ARGUMENTS - NX LOAC LBS/IN

COMMON INFUT KXX,KXY,061,082,061A,0824,B6A,N,M,F1,AL,BL
INREAL , TFAIR,SON, SGNA, IXU,IXT

COMMON OUTPUT  ~IX,AB,RES,RESA KK KRN, IAB
SEE MAIN FROGRAM FOR LEGENC ON VARIABLES
IN COMMON

FROGRAN SUBROUTINES  ZARK,DET,CT,B6GEN

SUBROUTINE USER MAIN FROGRAM BUCLAFL

(o TP 2 o3t 2222t 2222 222 i did 2 i it a0t d 22 i sz2zsad 22zt

}

tttlitt"tt#“t*#tt**tt*###*#*t#tttt#tlit*t#ttttt#tttftt*##tttt##tt***# [31:3

ce
ce

ce
ce
oB
tB
DB
ce
pB
te
b8
£
L8
c8
ce
cB
ce
cB
cB
ce
cB
cb
2]
{127]
te
CE
ce
ce
CE
cB
e
cb
cB
tB
CB
tB
0B
ce
CE
r:]
CE
LB
CE
e
Ce
DB
cb
oL
te
CE
b6

voo02
00003
o] [} ]
060GS
000GE
0ooo?
o0oos
Q0609
60610
oo011
ooo12
06013
00614
00015
00016
boG17
0GO18
06G18
56626
Doo21
0Go22
00623
00624
OGG25
06626
G662y
06628
66625
00636
06031
ooo3z
00033
00034
o0on3s
00536
06037
00038
00039
06040
0641
0642
00043
00044
(a1
00046
0oo4y
goD4s
06049
00056
00051
00052
00053
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RUN VERSTION FEE 6

00GG0S
aooGoY
000003
0Goooy
000003
0000063
U00o03
00000%
oucoo}
gogoos
0000603
aooooy
aonony
000603

000603
DGOGOS
0000GE
0cooer
800010
6aa014
onoG2y
pono2e2
oono2s
auoos4
oGon3T

000040

000043
0OD04S
D00G46
006065
000113
000111
cooi1z

ANAR/AANR AN ANAAN

10

110

19641 22704770

EXTERNAL €1
COMFLEX DT

COMPLEX GUESS(S,9),P(9),FE(9),B(9) ,BAL9),FX(9),F2(9)

COMPLEX PY

COMPLEX FAX

INTEGER FOX,PCHK (9) ,PIX{9) ,PIXX(9)
CIMENSION CBM{9,9) ,CEMA(9,9),v(10)
REAL NX

COMFLEX LC,NC . N2C , MC ,M2C,AC,BC,OC

COMNONZAZLC JNC \N2C , MC ,H2C (AC{3,3) ,BC{3,3),0C 3.0

COMMONZAR/N M, PT AL BL

COMMON/BLKS 7CB1 ,0B2 KK KRN, FPAIR , INREAL , TAB, IXT,5GN, XV

COMMOR/CON/KXX, KXY JNCASE (10) , 1FC {20)

ONHONIICKIIX.Aﬁliﬂﬂi.RES(iDD):RESA(IEG].DBA;BBIA.DBZA,SGNA
SRk Rk Rk ek drk ok k Sapiop o ok ok ek Ak dok b i R
LEGENG
(9 SET OF ROOTS FROM EQUILIERIUM EQUATIONS ~ SQUARED
F2 9 SET OF ROOTS FROM EQUILIBRIUM EQUATIONS - SQUARED
BUT FROM A FREVIOUS CB-CALL (IN THE CASE OF
COWBLE-RQOT COR SIGN CHANGE)

FAX ONE ROOT FROM EQUILIB. EQUATIONS

NROOTS NUMBER OF ROOTS FROM EQUILIE. ER. (ACTUAL FOUND)

R NMBER OF ROOTS FROM EQUILIB. E@. (EXPECTEC)

GUESS (3,5) THREE SETS OF GUESS-VALUES FOk ZARK

FIX(9) ARRAY FARALLEL TO P WITH CONTROL SET TO INCICATE
CONJUGATE FALR OR REAL NWMEER

CEN{9,9) BUCKLING CETERMINANT- MATRIX

CEMA (3,9} BUCKLING DETERMINANT- MATRIX ASSYHM. DISFL. FATTERN

' (B.C. IT ONLT)
B(9) ONE OR TWO COLS. OF CEM
BA (5) ONE U"i TWO COLS. OF CEMA
sl d S S o3 --nﬁ****-w ''''' 3k - :**ﬁ*g###—ki*ﬁtﬁtﬁt

X=1IXx+1
sct = G,

SciA= 0.
cO1G 1 =1,%

8(I) = (G.,0.)
BA(I) = (G.,0.)
£o 16 J=1,9
CBMA (I,J) =G,
CBMII 1) =5,

= CMFLX{NX,0.)
NE = 4
IFIKXY .EQ.1) NR = 2
NOOTS = MR

IF(IPC(1).NE.1) . GO TO 110G

IF(KXX.EQ.2} WRITE(6,26G0) NX,N,NK,IX
IF(KXX.EQ.3 OR. KXX.EQ.4)
CONTENUE

MAXREF = 300

EF1=1.E-9

WRITE(6,1999) NX,M,NR,IX

]
-
ce
ce
cB
0B
oe

oB
te
ce
ce
ce
cé
2]
cB
ce
£b
ce
ce

cB.

cB
ce
cB
eB
CE

cB

cB

ce
ce
CB

ce

[+:]
0B

ce
ce
ce
ve
bs

0B
cB
ce
ce
]

0GG54
06sss
DGGSE
60657
60058
06659
0GGE0
00061
00062
0Go63
DGG64
60565
06666
0o06T
60068
00069
0GG 10
66073
06572
65573
GOGT4
60575
oo 76
60577
06678
coo7e
GEG80
Go081
60082
60083
00084
0O06S
6OC8S
GGC8 7
06588
GG5E9
GOGS0
65691
66092
60093
' GOn94
0C595
60096
05097
00598
00099
06100
60101
00102
66103
60104
06105
00106

Page 5.41



RUN VERSION FES 70

Go0114

o011 8
00ci 24
000123
660134
o615y
000159
ono1 71
00G177
" npo2is
C00236
GGC216
060220
TGO234
GG0242
GL5260
o errd 3|
G662 62
GLG262

o0uzes
ohazTs
GoD2YT
000301

066324
660327
GO0340
oDO341
060345
000347
000353
0O0353
©00353
600353
006353

Lo

19041 22/04/70

COBREREESRREERRERTARERRERRR SRR TR L KR EREREREEFREERERRRLREERENRERREREIERESL
BEFORE CALLEING 2ZARK A SET OF GUESS VALUES HAS 10 BE FROVICED

FOR THE P-VALUES, OR THE FROFER CONTROL SET 50 THAT ZARK WILL
AUTOMATICALLY SELECT GUESS VALUES

CASBEESEREERR SR REREESE AR AL SR KRR R LA SR RE TR R RO EEE KA EEERRERRREEEE LSS

.AND. 1XT .EQ. §) €O TO 130

AND.IXVU.EG.D)GOTO 117

1F (KK.EQ.LPAIR AND.KRN.EQ.INREAL.A.5GN.GE.D..A.56NALGE.O.)COTO11T

117 CONTINUE

p24{1) + (0.00%1,G.)sF2{l}

F2 (1} + (-0.001,5.5)%F2401

Ep2 = 1.£-9

c

<

¢

¢

(4
IFCIX.LE.2
1o -1
1F LIX.LE.2.
0O 118 I=1,NR
GUESS UL, T) =
GuUESS (2,11 = P2(D)

118 GUESS{3,1) =

%0 TO 14D

GO 3120 1=1,NR

GUESS (1,1}

GUESS(2,1)
120 GUESS(, 1Y

GO TO 140
136G 10 = -2
140 CONTINUE

piUly + (8.001,0.)%F (1}
Pl
B(I) + (-G.001,0.4F (1)

CALL SECONT{T1)

c - - — -
4 THE SUBROUTINE ZARK 1S CEVELOFEC FOR THE PURFOSE OF
c FINDING ROOTS OF A COMFLEX FUNCTION
['d BY THE MATH. ANALYSIS GROUF FOR THIS FROGRAH
€  ememeemscssscssssessrss—m—c-————— e ol e L e - T o Al e e T
CALL ZARK (NROQOTS,GUESS ,MAXREF,EF1,EF2,0T,10,F,FF)
CALL SECONG (T2)
T=12~-T14
IFCIFC (1) .E@.1) WRITE(6,2061) C(F(I),FFL1)),1=1,NRQOTS)
4
bk S kLS SR AR bk d kS S S8 Errts b bt bbbk btk Sy
< WRITE ERROR MESSAGES IF ANY
btk 4 ot ddotnlobriok ot okt 4l ki db bk tolk ok b b
<

IF o1y

150,151,152

156 IF(IFC(1).EQ.1) WRITE(E,2002) T

GO T0 153

151 WRITE(G,2003)

«@ TO 153

$52 WRITE(6,2004)

153 CONTINUE

2002 FORMAT(% ZARK SUCCESSFUL*3DX,$TIMECONSUMFTION® F10.2/)

2D03 FORMAT(® ZARK FAILED TO CONVERGE IN THE MAX. NO OF ITER. SFEC.%/)
2004 FORMAT(# ZARK FAILEC - A ZERO IN THE PATH OF A SUBSEQUENT ONE*/)
2001 FORMAT (% CB. COMFLEX F-SET#SGXAFUNCTION-VALUESH/ (1X,2E25.14,10X,

1 RE25.14})

Ly L v ]
M m

228

(v}
m

88888888888888883888888388888388888883888

00107
og108
an109
06110
00111
not12
06113
00114
oo115
00116
o011y
o018
00119
00120
on121
o122
60123
00124
0o125%
00126
ooi27
oo12e
ao129
00130
omn
ot132
00133
00134
GG135 .
0o13s
G137
00138
aG139
60140
00141
0G142
00143
GO144
0145
ao146
0otar
00148
D149
00150
oo151
aoi52
0D153
00154
00155
00156
00157
Doss8
0fn1 59
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RUN VERSION FEE TO 19041 22/04/10

6003353
CCC336
00O3&0
000363
Q00364
000365
0oh366
000367
000370
00O T2
000373
000374
0003716
000400
000400
Q00402
000404
0GG413
060421
000430
GGO43S

000456
006456
000456
0004 D
6G0473
auo4AT6

000476
00GS5G4
oGosoe
ooos10
aaos12
000514
0G0s1e
006516
000523
ooos2s
ooosa?
000531
Q00344
000545
000550
600552

000554

c .
< GENERATE TERMS OF THE CB-MATRIX{(FORMEC FROM BOUNCARY CONCITIONS)
C
< FIRST REOKCER THE F-VALUES
Ctt##tt#tt#t###t*t##ttttttt#i#*#‘###t*#**#####‘t#t*ttt*#t#t*tt*tt**#ﬁ#t#
¢ .
0O 519 I=1,NR
PIN(IY) = @
519 PCHE(1Y = O
KX = 0
KR = MK
KRN = O
1=0
K=0
s20 1 =1+1
T DO%2s J =1, W
K =)

Ct#‘t#“ttlttt#t#tttt*#ttt‘#tt#t###tt*t##t#tt*t####t*tt‘tittttt#tti*#*t#

IF(FCHR (3) -NE, J) GO TO 526
525 CONTINUE
526 CONTINUE
o 530 J=K,NR -
IF(FCHR (J) .EQ. J) GO 1O 530
IF (ABS (AIMAG (R (K))) .LT. 1.E-6) GO TG 550
TOLRZ SABS (ATMAG (# (K}})#1.E-6
IF(ABSIREAL (F{K})) .LT. 1.E-6) GO TO 527
TOLR: =ABS (REAL (F(K)))*l.E-6
IF(ABS (REAL (F(K})) - REAL(F(D)} .LT. TOLRL _.AND.
1ABS ATMAGLF (K)) +ATHAG(F(J))) .LT. TOLR2) GO TO 54G
%0 T0 S3G
527 CONTINUE
TF(ABS(AIMAG(F (K)) +ATMAGIF(J))).LT. TOLR2) GO TO 3545
530 CONTINUE
WRITE(6,2010)
2010 FORMAT (#0AN ERROR AFFEARED IN THE F VALUES®/
1 % A CONFLEX ROOT THAT IS NOT ONE OF A CONJUGATE FATR#/)
540 PX(I) = F(K)

KK = KK + 1
PIX{K) = KK
PIX(J} = KK
PIXX(I} = KK
PCHKIR) = K
1=1I+1

PX(I) = P(J)
PIXX(I) = KX
PCHK(S) = J
¢0 10 §00

545 PX(I) = CHPLX(D. ,AEMAGIF(K)]}}
KK = KK + |
FIXIK) = KK
PIXIJ) = KK
PIXX(I) = KX
P(K) = PX(I}

ce
4]
ce
]
o8
te
(v
ce
]
be

S22 R23R882E8BERS

-R - - N -] [= -]

06160
noi1el
ooge2
00163
00164
0016%
00166
00167
aoie8
001e9
nairo
00171
oo1vz
00173
00174
06175
00116
ooir?
oG 78
0119
00180
00181
oois2
aG183
00184
00185
o186
oo187
0d1e8
go1839
00190
oo191
oo192
00193
00194
00195
00196
00197
0pi9s
60159
Q0260
00201
oozo2
00203
00204
o203
00206
aoz07
cozos
00209
goz210
oo211
00212
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RUN VYERSION FEB 10 19041 22/04/70

000864
00056%
000564
ooosr?
000605
ooos0?
000811
000532
Go0625
006626
000634
000637
006641
000646
000650
000650
00065S

0ubeE6L

00666
000672
05067S
000676
000701
ap0710
ocor2Y
pooYT27

ooor2y
000736
000732
anG7T34
onnTss
000740
T OoDT42
oOuoT43
ooorsz
goo7e4
ooo76T
060712

goorrz
pooTT4
" G00TTE
000777
601000
001803

.

550

600

€02

PCHK (K) = ¥

IT=1+1

PREI) = CHPLXAD, ,AIMAGIR (D))

PUIY = PXLTY

PIXX(1) = KK

PCHR(J) = 4

%0 To 600

PXII) = CHELX(REAL(PI%)),D.}

KR = KR + 1

LFAREAL(P(K}}.LT. 0.} KRN = KRN ¢ 1
PIX(K} = KR '

PIXX(L) = KR

PR} = PXL1)

PCHR(K) =

¢o YO €62

IFCATHAG(FX(I-§)).LT.0.) O TO 602
PAX = FXLI)

Pxid) = FXU-1}

PX(I-1) = FAX

IFLI.LT.NR) GO TO 520

0O 603 I=i,NR

PIX(I = FLXX(E)

PLI} = PXID)

IF(IPC{1).EQ.1) WRITE(6,2069) (FX(D), I=1,NR)
FORMAT (#OREORCEREC F-SET#/ (1X .zezs 14))
CONTINUE

it sk ikl s i e el ok '“L&A‘Lf#ﬁg*

CHECK IF ANY OF THE REAL ROOTS ARE DOUBLE (WITHIN 3 FCT)

- DO 805 J=IXA MK

€05
606
610

oI a3 o B a ]

e ool ke e e i i sl e i e e e drode e e bk daleode ok el o sk

IAB = G

IF (KR.ER. NR) GO TO €10 .
NRX = MR- 1

Co 666 I=1,NRX

IF(FIX(I) .LE. NR) GO TO 606
IXA = 1 #1

RAT = REAL(F(I)I/REAL(P(]))

IF(RAT.¢T. D.97 .AND. RAT.LT,1.03) 1AB= 1
CONTENUE

CONTINUE

CONTINUE

ki Epf Rk EkEs ¥ '-**?#’??t*********$$$*t#ﬁ#ﬂ#ﬂ*##t$
IN THE CASE OF ONE CONJ. FAIR AND TWO REAL ROOTS

THEN REORCER ALSCQ REAL ROOTS IN INCREASING ORCER

TS Ty e T T Ae R R T SR e P2 22 22 a s L et Dl sl
IFINR.NE.4) GO '!'0 620

IF (KR.HE.2) GO TO 620

IR=D

co 611 I=1,MR

. IFCPIX(I) .LT.MR) GO TO 611

IR=TR+$

B
- 0

CB
+:]
.}
B
B
cB
o8
£B
te
£B
;]
ce
4]
0B
oe
pe
Le
D8
cB

oo213
00214
po235
00216
00217
o218
00219
00220
00221
oo0z22
o223
00224
00225
00226
06227
o622
00229
00230
Do231
00232
00233
00234
06235
00236
06237
00238
09239
06240
oo241
00242
00243
00244
00245
00246
oG24 7
00248
00249
00250
00251
00252
00253
00254
00255
00256
o257
00258
00259
00260
00264
00262
00263
00264
00265
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RUN VEKSION FEB T0 19041 227047710

001004
001007
001011
001014
001015
001015
aoi1022
aosin27?
001033
001034
00103r

001037

L1%4

611
€20
<

COMERA SRR R R AARER AR IR R RS SRS ER AR LTS A ERERRRLEREE LS SRR RAELF K EX

<

CakAt R SRR R SRR KRR R R R R R R SRR bR 8 5%

C

001640 -

601041
001043

001045

GO1047
001052
0601055%
001056
DO1663
001064
901670
001873
061073
001162
oo1111
001114
00s116

001122

001124
001126
bos142
501150
003151
001160
001172
001175
DoL1716
po11vy
ooi1207
001221
001221
001223
001225
oni242
po1247
001255

170
i1

172

1715

199

259
251

IFLIR.EQ.2.0c0 TO 612
tRL = 1

PY = PLY)

6O 10 611

CONTINUE

IF(P41Y.6T. PY) GO TO €20
P(IR1) = PLD)

P = M

&0 T0 620

CONTINUE

CONTINUE

GENERATE CB-MATRIX (BOUNDARY CONCITIONS)

Xx=0

-t el A

0

1 +1

Jx=Jx e+

1IF (FIXUX) .E@. 0) GO TO 1Tt

PAX = CSART(FLIX))

pox = PIXUIX)

PIXLX) =0

1F( #OX .GT.NR} GO TO 175

BO 172 JY =1,KR ‘

If (FOX .EQ. PIXCJY)Y PIX(I¥Y) = O

CONTINUE

CONTINUE

1F (REAL (FAX) .LT. O.) FAX =CMFLX(-REAL (FAX) ,AIMAG{FAX))
IFCGAIMAGIFAY) .LT. G.} FAX =CMFLX(REAL (FAX) (~AlMAG(FAX))
CALL CBGEN{FAX,D,BA) :

NS = NR

IF(KXX.EQ. 3) NS =2#NK

co 200 J=1,NS

IF(KXX.NE.2) GOTO 200G

IF(FOX.GT.NR .A. REAL(PLIX)) .LT. 6.0} GO TO 199
CEMA(S,1) = REAL (BAUJY)

O TO 200

CEMACJ,1} = AIMAG(BA ()}

CeMJ,1) = REAL(B())

IFC $OX .CT.NR) GO TO 251

I =1+

B0 250 J=1,NS

IF(KXX.EG.2) CBMA(J,1)= AIMAGIBA L))

CBMLI, 1) = ATMAG(E (D)

CONTINUE

IF(KXX.NE.Y) GO TO 300

11 = I + NR )

IF(POX.CT.NR .AND. REAL(F{JX)) .LT. 0.0) 6O TO 261
CALL CBGEN{(-PAX,B,BA)

IFIPOX .LE. NR) I1 = 14 =1

0O 260 J=1,N5

]
[
oB
oe
0B
ce
oB
0B
oe
ce
oe
oB
ce

232388222 RR2RBEREEEREES

Q9
-]

oo
mmwuwg

oo oaoo 2
3mwaw8mm

00266
06267
Gozes
0o2es
00270
noa2re
oo2r2
acz2rs
GG274
oG27s
fczre
0o27y
v ]
GG279
L2806
bozel
Go282
65283
ao284
Gozes
oo286
oG287r
GG268
00269
0290
0o291
oG2s2
GG293
gC294
GG295
05296
ooeot
0a2es
06299
65300
05301
oo3ne
0O353
00304
0G30s
GO306
GO3GT
onsia
oG309
06310
0C311
0o312
GG313
Go314
GG315
0o3ie
GG3LT
Gos1e
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RUN  VEKSION FEB 10 19048 22/04/70

0c1287
oo1267
001273
aot2re
ooi2re
001307
go1307?

061312
001314
0g1317
001322
001342
001344
Qo134T
0a1352
00132
0o1372

GO13T4
001402
061413
CO1415
051417
051431
051434
661436
061440
001450

001466
063470
001472
oo14T4
001503

001518 .

001524
oG1524

ten  DBMLJ,11) = REALIB (I
1F{POX.GY. NR} GO TO 300
11 2 14 + ¢
261 DO 265 J=1,N5
265 OBMIJ,I1Y = AIMAG(B(S))
300 CONTINUE
IF(L.LT.NRIGO TO 17D
4
Ct#*tttttttttt#tttttttttt#ttt#t#tt#ttttttt#ttt*tt#ttt#tttt#tt##tttttttt#
¢ EVALUATE THE DETERMIKANT OF THE CB-MATRIX
Cttttttt###t###t##tt#tttt#ttttttt#*#t##tt##t**##*t#t#*t#t###tttt#*#tt##t

c
IF(IPCLI).NE.1Y . GO TO 341
WRITE (6,1002)
DO 340 I=1 NS
340 WRITE(6,1003) (CBM(I, ) ,J=1,N5)
IF (KXX.NE.2) GOTO 341
WRITE (6,1004)
CO 342 1=1,NS
342 WRITE(6,3003) (CEMALI,J),J=1,NS)
341 CONTINUE
CALL SECONG (T1)
c ————— - - - T ——— o o A W e h S -
C THE FUNCTION SUBFROGRAM LCET 15 CEVELOFEC FOR THE FURFOSE COF
4 EVALUATION OF REAL CETERMINANTS
4 BY THE MATH. ANALYSIS GROUF FOR THIS FROGKAM
[ 4 ———— - i -
RES{IX) = CET(DEM,9,NS,V)
IF(KXX.EQ.2) RESA(IX) = CETIDCBMA,9,N5,V)
CALL SECONC(T2)
T=7T2-T )
IFC(IFC(1).EQR.1) WRITELS,200) T
AB(IX) = NX -
CB = RES(IX)
CBA = RESA(IX)
IF(IPC (1) .EG.1} WRITE(6,2006) CB
IFCIFC {3y . EQ.1 .AND. KXX.EQ.2) WRITE(6,2008) CBA
c .
E s T o T ettt aa s e Pe R PR s S L p 222 2 Pl 2t d Sl t
C SAVE P-VALUES IN P2-ARRAY FOR LATER FERTURBATION ANC USE AS
< GUESS VALUES FOR ZARK -~ IN THE CASE OF ENCOUNTERED
< DOUBLE ROOT OR SIGN CHANGE IN THE NEXT CE CALL.
CREEESEEEFEERAER AR RN ERE R kRt R STt br bRkt R sk s bk okl s £rb bk
[

IF(IX.€Q.1) GO TO 615
IF(KK.NE. IFAIR) GO TO 608
I (KRN.NE. INREAL) GO TO 608
$G1 = SIGN(1.0,0B1)#STGN(1.0,RES(IX))
IF (KXX.£Q.2) SGIA =STGN(1.0,CBIA}SSIGN(1,0,RESA(IX))
IF (561.L7.0..0R. S5GIA .LT. 0.) 6O TO 608
€15 CONTINUE
00 607 1=1,9

.

v}

B

-]
b8
pB
ce
ce
0B
o8

ce
ce
4]
V]
cB
ce
te

- o8

ce
cB
cE
ce

-3
ce
.t8

L6

ce

cB

ce
ce
ce

ce
£B
cB
o8
te
]
ce
pe
ce
te
pe
ce
v
cB

00319
00320
oo321
agsz2
00323
00324
00325
00326
oos2r
oo3z8
1os29
00330
00331
00332
00333
0a334
G0335
00336
00337
0o33s
00339
Q0340
00341
an3a2
00343
00344
00345
00346
GO347
00348
00345
. 00350
00351
00352
Da3s53
GO354
00355
00356
40357
Go3se
- 00359
0G360
o036l
00362
00363
06364
00365
00366
oo3er
ao3s8
00365
00370
oo37d
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RUN VERSION FEB 70 19041 22/04/10

po1s2¢ - 807 P2(1Y s PAD)

GO133S €08 CONTINUE

001535 900 RETURN

aD1831 1999 FORMAT(® LOAD ON PLATESF10.3% LBS/IN&IOX#MOCE M#15,10X#NR= IS5,
1 10xsIxzel%)

001837 2000 FORMAT (¥ LOAD OH FLATEXF10.3% LES/IN#1OX#MOCE Nx15,1GX#NR=%15,
1 10X X=%15)

GD1337 2006 FORMAT{® CB-CETERMINANY 13,5/

"POYSST  PODT FORMAT (#0 CE-CETERMINANT EVALUATION TIME # F1G.3/)

001537 2008 FORMAT(# CB-CETERMINANT ~ANTISYMN. #£13.5/)

001537 1002 FORMAT (#0 CEM-MATRIX#®/}

oo1537 1063 FORMAT(1X,9€13.5)

001337 1004 FORMAT(#0 OBM-MATRIX  ANTISYM. MOCE “B.C. IT ONLY#/)

001537 e

te
o8
oe
[+
o8
[+]:]
te
t8
[r: ]
]
CB
cB
to
ce
cB

06312
0031}
00374
00375
0L3 76
0o3T?
.oo3re
na3re
00380
00381
DG3e2
00383
00384
00385
00386

5
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RUN VERSIOH FEEB TO

SUBPROGRAM LENGTH
coge21

STATEMEMT FUNCTION HEFERENCES

LOCATION

STATEMENT NUMBER REFERENCES

LOCATION
066111
ono216
060261
000262
Goos2T
000341
00634t
0GG3S53
GG1041
6010643
601670
aoiGTy
001154
001160
001207
GG1221
061257
Go1274
Go1276
GO1307
oG13r2
- OOU3TO
050450
GOG456
oG04 70
000476
0nos31
oosst2
0OGeso
aoGerz
goor2r
OOGTE4
0ooreT
002526
001535
gaorrz
001034
001015
001524
001637
001535

19041 22/704/70

CEN TASG

GEN TAG
LOGOAG
L0G160
L.00110
L0G111
LoG130
LOO136
LG0142
LOGL4S
LGG36S
LOG366
LGuAGE
LGG410
LGGAST
LGGA40

LGGASA

LCOASE
LGGATS
LEG564 .
LEGSGT?
LGGSt2
LGGSSD
LGG160
LG5 76
LOG210
166212
LGG217
LGG232
LGG24T

“.0026%

LOGZ2E6
LOG3GS
LOG327T
LGG353
LOGE27
LGD63
LOD333
LO0361
100353
LOO624
LOG3E3
L0563

STHM TAG

YN TAG
110
11r
130
140
150
151
152
153
170
in
112
115
199
260
250
251

- 260

261
265
360
341
520G
526
527
539
540
545
550
600
602
€04
665
606
667
608

610

611
612
615
620

-900

REFERENCES

REFERENCES

000045
000133
600123
o0o215
HONE

poo32s
060326
060340
001311
001046
001066
601061
001141
001125
661265
Go1173
NONE

oD3241
NONE

01222
001313
0CO674
000375
660427
060403
06455
GoD4ey
600412
060536
600647
ooa711
000762
060737
NONE

00147
000731
001002
061006
001467
606773

- ap1am

GOGOT4
006152

066260

000346

0G1273
GG1343

GGG455

GGoeLY
GOGES4

6G1473

GG10614

CoOoT?S
001473

061523

001620 001033
601523
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RUN VERSION FEB 70

Go1717
001122
a0t res
601653
001664
001607
001560
001587
001577
001675
001703
003711
001641
001621

EXTERMALS AND TAGS
er - $00100
CSART - $00500

19041 22/04/70

€00157
cpoleR

- €00165

€00113

cGo124

00047
€00020
conger
00037
€00133
00143
€o0181
€00101
€00061

QUTPTC.~

CBGEN

BLOCK NAMES ANC LENGTHS

A - - 000109
Ik - 000461

AR

VARIABLE REFERENCES

LOCATION GEN TAG

0GO001C0S
0006012¢061
002143

002165
GO0034C01
002010

0O0&55C0S
002313

0D2434
000000C03
0004564065
000056C01
062576
002577
op212y
002013

gozsti

AUGG23

AGOUL6E

AUGOGY

AOCGOS
ADGOYT
ooz

VGG131
AOGO1Y

AOCG14
voo132
vOGL133
ADGO20
VOOOTS
vagoTe
ADGOO3
ADOGO1

Yooo64

1002
1003
1004
1999
2000
2004
20062
2003
2004
2006
2007
2608
009
2010

' $006200
S0G600

OUGLOS

SYH TAG
AB
AC
B

BA
BC
]

CBA

CBMA
fol:3 ]
CB1A
cc
EF1
Er2
FP
GUESS

061313
661321 061351
061343
05G0T4
GGG0SO
065304
ooG33l
0560341
GGO3AT
aG1441
0031422
061457
GGO712
000472
© SECOND - SDO0300
CET - SOD7IGD
BLK1l - G0O042
REFERENCES
051431
NONE
GG5510 o611
GG1276
GGOG14 0G1112
NONE ’
665164 00G206
GO1535
661437 - GG1462
- 606525 061164
CO1374
oeinz2 001145
GG15G0
6561516
NONE
GOG113 060265
poGi14 600266
ooo2r2 D003 14
GGO156 0Go170
0GO264
GGGOGT 000014
G0G234 000355
- 060537 000551
000650 pooere
005787 0oor??
GO1041 001145
001223 ao1307

ZARK
END.

CON

001160

001142

oon227

0G1213

001155

000200

ooo0zz

000366
Boose2
000675
aoi007
GO1155
001321

SGO400
$610G0

060045

001267
061151

0060251

GG1260

001204

acozzl

006154
0DG3T0
000572
GO07G5
GO1015
001364
001325

501244
061201

GG1435

Gos277

001356

(50233

Ga0171
GLC476

00G620

GoOT34
GO1034
661204
601337

aG1257

001245

061444

001326

G014G4

oonz43

onG2s v
ooos12
000636
Qaor4e
001040
001213
001351
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RUN  VERSION FEB T0

00000603
0o000sCoy
Quzeto

00000403
000014C04

002613
oo2&6i4 -
000e006Ccos

902611
aoonarcoy
0D0011Ca3
002620
oo2s512

oD2615
002616
0026035

GGE0G2C03

002604
: annoa3cas
_! . 06GGOOCGS

000601 C0a

00GGGOCDE

00604061 C02

002575

1 000006C01
DGGO10CDL
00G000CG2
aooon2Ccol
00006204
002573

002574
002610
002617

0p0904<01
002077

19041 22/04770

vOD117
v00105
vOG4Go
V00103

AGOD22

via123
VG124
YODO61

voii2s
vhoorT?
VGG101
VG130
VLGOBS

vGa12s
wiG126
viost4

yooioz

viG113
vaGiG4
vosars

voone?
VGoo34
veoonT3
YGOOT4
vuoh42
VoG4
vioaGr2
viGg3e
ADOG21
vooGes

vGoo e
vGo120

vGoi127

VOGG40
AOOGG2

1a8
INREAL
10
TFALR
1EC

IR
- IRl

Ix
1xXA
IxT

1xu
I1

M
JY

KK
Rk
KEN
KXX

KXY
LC

MAXREP

w2C

NCASE

NROOTS
NRX

N2C

001358
60BT727
60140
000124
000334
006044
001437
0o0r7e
GO$010
o6onay
001431
060741
000120
DOO130
001224
600021
000510
0807142
001460
oc1256
001037
001663

060367

GOD427
000545
060133
001479
000364
0E0137
GoOd46
001341
gcon3y

0G5o3s -

000101
Doo151
NONE

NONE

08G055
HNONE

NONE

0oDo37
000256
ooorz2
001034
001223
000544
000733
oo111s
001332
NONE

oo6220
000413

000462

001367
000763
ocisre
060261
001470
000302
001450
001003
oo1021
000061
061466

0n1253
000372
060525
000764
001163
061275
005043
601070
000373
0656437
Go0s12
DOU363

060624
060365
GO00ES
oG140G2

Goozes

0006042
000361
000730
001057

001250

066264
QoLT67
0c1121
ac1337

0oG23e
000421
0uG500

onys25

600210

600327

0Go1Gs
001474

0G1261
0Gosnl
CGG547
0G1123
001176

661052

Lilrlatdsis]
406461
bOGe26
GoGsGa

0oO0TI0
GnGes2
061116
651453

GGG043
866376
600736
0601070
oGi2er
ooO3LT

Goi167
003362

000242
60430
Doos17

661533

onGs24

0ooT10

anoti4

Go1272

GGU43S
GOO564
Gh1141
Go1260

GG1125

O0G4G4-

606500
Lo0634
G50524

GOOTT4
Go1a72
601123
6G1563

00ossY
000470
005764
052114
001307

ao121¢6
Go1367

Arjivgs!
BGG43S5
0GG534

001314

aa1sry

001300
000456
oGGs76
Go1151
61267

go1225

G00413
GUGSGS

Gros543

001176

0001G3
0Gces72
ooz
001532

001265
Go1375

000314
000440
00oss3

001420

00141%

06G4 70
00Ge07
001154
oo1212

Goos21
000531

GGoe0se

ao1224

oooz213
GoG0s
0010661
Ooi172

001304
001405

000404

000456
000564
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RUN VERSTON FEB 10

002255
002260

oo2z11

002302
aa2257

opz2207

oo22s3
o2231
Do2612
6U0145C0S
000311C05
000G10C63
G00465CGS
oo2567
002570
002653
oozen7
002606
002601
062602
ov2s55

START OF CONSTANTS
001540

19041 22/04/70

vooo23
ADODSO

ADDDI

AGOOL2
vooozs

AGGG06

viGo21
AGGOOT
wig122
ADGOU24
ADDO2S
VL0106
vao107Y
gririil )
Youoe3
vio1ie
vOo0116
vaG11§
vuG110
vGii1l
AGUGLS

START OF TEMFORARIES

ooiT32

START OF INCIRECTS
001772

SPACE REQUIREC TO C
043000 ’

OMFILE

PAX

PCHK

PIX

PIXX
FOX

fx

PY
P2
RAT
RES
RESA
SGN
SGNA
561
SG1A

ToLkl
TOLRZ
T

ocosTY
goovae
001046
0aoes7
001511
0o03sT
oo0ea7
000356
00067E
001064
ooosi2
001054
001250
000476
000620
000666
0032613
Goa1ss
000751
001400
0Dt411
060143
000146
oaonos
0LUoGs
GOO306
060434
060420
060262
GoG271s

- 001375

000632
601610
001126
DOOE6ET
001241
600374
000546
000506
0DO73S5
001066
000523
0G1657
DOi267
000516
000642
000762
o101 Y
00G173
oG TS2
001433
001435

001562
GO1514
056334
GoG446
Qa6451
con277
nDoo277
aG1406

000626
001015
001225
001G51

0Go4G2

onnsio
001000

006552
001065

ooossy
0GO650
GGor17v
ouGL 77
Uﬁid?4
001555

6G1515
0o1517

G416

600466
001372
GO1413

000640
001622
ooiszr
001073

000514

aoonsas

001045

080605
0o1134

000555
00G6S5

001526

G0$425

0G1415
G01415

0o0700
061623

061106

0G0s25

000556
001052

000637
ooiin

ooos572
Gooes:

000743
Goiozy

oo1162
0GGsE1

000834
GO10654

0uGe77?
001236

000601
060662
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RUN  YERSION FEB 10 19041 22704770

050003
000053
000503
060003
000003
000003
000006
00010
000013
009014

(s 2 al

FUNCTION BTIP)

SEESRARRER R AR AR R AR R AR AR AR EEREREERRERRSRA SR AR EEREERE R EREERE RS

PURPOSE

¢

THIS SUBROUTINE GCENERATES AND

EVALUATES THE DT-DETERMINANT.

THE DT-DETERMINANT EXFRESSION REPRESENTS THE
EQUILIBRIUM EQUATIONS.

UPCATE

3715770 PROGRAMHED BY VIKTOR QEVERLI
APPROVED BY AL HILLSTROM

CISCUSSION

SUBROUTIME RGEN GENERATES THE ELEMENTS OF DT WHILE
FUNCTION CDTM EVALUATES THE CETERMINANT

SE ARE SOLVING FOR P

THE CT-CETERMINANT EXFRESSION IN POLYNOMIAL FORM CONTAINS
ONLY EVEN POMWERS OF P . THUS WE CAN HALVE THE ORDER
OF THE FROBLEM.

WE SOLVE ONLY HALF THE NUMBER OF ROOTS BY ENTERING THE

SQUARE ROOY OF P INTO THE CT-FUNCTION

INFUT ARGUMENTS P (TRIAL ROOT IN ITERATION}
COMMON INFUT K,KXY

SEE MAIN PROGRAM FOR LEGENZ ON VARIAGLES
IN COMMON

RGEN,CCTM |
ZARK (USED IN CE-FUNCTION)

ﬂl'\ﬂﬂﬂ-l’\ﬂﬁﬂﬂﬂﬂﬂﬂl‘\ﬂﬂhﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

n

COMMON/CON/K XX, KXY (NCASE {1G)  1FC (20)
COMFLEX CT,K(3,3},F,F5

COMPLEX (CTM

DIMENSION V{3)}

COMMON/RC/ K

PS= CSARTIP)

CALL RGEN(FS)
IF(KXY.EQ. 1) GO TO 50
NC=3 :

NR=24NC

THE FUNCTION SUBPROGRAM <CDTM 15 CEVELOFED FOR THE PURPOSE OF
EVALUATION OF COMFLEX CETERMINANTS

eT
0T
cT
oY
or
BT
o1
oY
bt
oY
By
oY
DT
LT
T
1]
ct
1]
*3]
*2)
0T
BT
T
CT
tT
CcT
CT
T
c1
er
e

e1 .

CT
eT
CcT
CT
cT
$ CT
BT
*28
BT
BT
1]}
1)}
o1
1]
1]
oT
+2]
cr
LT
et

00052
oaGos
0GoG4
065GS
064G6
00GGT
06666 ‘
000G
05010
00611
06612
06G13
0Goi14
GLG1S
GOG16
60017
GE518
oG9
06026
ooG2s
GGG22
Gios2s
G624
GGO25
GO526
6on27
6oG28
Gooize
OG0
00031
Goo32
GLG33
e Yl
GOo3s
GUo36
05U3T
60038
65539
UGGAD
00541
GGz
06543
GOG44
0GG45
0GGids
00047
GUG4B
0G0£9
6oGso
GGos1
06652
6Co53
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RUN  VERSION FEE 70 19041 22704770

000045
000621
000623
600026
000030

<
<

50
160

BY THE WATH, ANALYSIS GROUP FOR THIS FROGRAR oY
e o R R R e ek s -— D‘]’
BT = COTMIR,NR,3,¥) - 1
%0 10 100 - BT
BT = R(3,3) ‘ 3]
RETURN ‘ ot
END ‘ oy

DGO54
0o0ss
00056
00037
00058
00G59
00060
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RUN VERSION FEB 7O 19041 22/04/70

SUGPROGRAM LENGTH
000051

STATEMENT FUNCTION REFERENCES
LOCATION GEM TAG  STM TAG
STATEMENT NUMBER REFERENCES

LOCATION GEN TAG  SYM TAG
o6aG2y LGGO17 50
000G26 LODG20 100

EXTERNALS ANC TAGS
CSQRT - SOGI10G RGEN -~ SOG200

BLOCE NAMES ANC LENGTHS
CON -  0GOG4AYS KC - 600022

VARIABLE REFERENCES

LOCATION GEN TAG  STM TAG

. 0DOGAZ VGGo11 CCTH
000036 VGGGG2 eT
OGOG14C01 AGGGEZ 1FC
DGOGGLCh1 VGOGi4L KXY
GGGG47 VGGG15 NC
D00GG2C51 AGLSSY NCASE
000056 VGG516 R
060540 YOGOGT ES
OGOCGGCG2 AGLOS3 g
GGGG44 AGG5SE v

START OF CONSTANTS
000031

START OF TEMFORARIES
00032

STARY OF INCIRECTS
0B0036

SPACE REQUIREL TO COMPILE
035200

REFERENCES

REFERENCES

goooie
0coo22

CCTH = $OD36D

REFERENCES

NONE

6GoG20

NONE

GGO011
GOG013
NONE

GoOG14
Ganoos
600015
0oooi e

0oaG24

OGGG1S
GoOGGE

EnC.

Goa026
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RUN  VERSION FEB 70 19041 22/04/170

000GO3
006003
000003
000o0s
000003
000003
000003
500003
040003

oaoooy
000D:3
600020

ﬂﬂﬂ‘ﬂﬂﬂﬂﬂnf\ﬂﬂﬂﬂhﬂﬂﬂﬂﬂﬂﬂﬂﬂ'ﬂﬂﬂﬂﬂﬂﬂ

SUEROUTING RGEN(F)

"N

SOSOREAIRESEUREEEASRERIRSR SRR RI AR AR AR SRR R LR ERE R R Rk AR RN TE

~

PURPOSE

THIS SUBROUTINE GENERATES THE ELEMENTS OF THE EQUILIBRIUM
EQUATIONS MATRIX R -- THE CETERMINANT OF R 1S CALLED DT

UFBATE

3/15/70 FROGRAMMED BY VIKTOR OEVERLI
AFFROVED  BY AL HILLSTROM

DISCUSSION
RGEN 15 CALLEC BY CY (FOR EVALUATION THE DT-DETERMINANT)

AND BY DBGEN (GENERATION OF THE BUCKLING DETERMINANT CB) .
FOR THE CASE OF NO COUFLING (KXY=1) ONLY ELEMENT R(3.3) IS

NEECED -
INFUT ARGUMENTS P TRIAL ROOT OF EQUILIE. EQUATIONS
: WHEN CALLED BY CT (ZARK-1TERATION)
ONE ROOT OF EQUILIB. EQ.
SHEN CALLEC BY CBGEN
COMMON IRFUT LG, NC, NLC , MC , M2C ,AC ,BC,0C, KXX, KXY
Fi,F2
COMMON QUTFUT R : .
SEE MAIN FROGRAM FOR LEGENC ON VARIAELES
IN COMMON
SLWEROUTINE USEK CT,CEGEN

&k ik Sobinioick ook b b ki bk bk bk
COMFLEX P,PS&,FAV,CX,R(3,3)

COMFLEX £Z,LY

COMPLEX LCNC,R2C ,M( ,M2C ,AC,BC,CC

COMMON/AZLC (NC ,N2C (MC ,K2C ,AC (3,3) ,BC(3,31,0C(3,3)
COMMON/AR/N M, Pl ,AL,BL,F1,F2

COMMON/CONZREX KXY \NCASE (10) , 1FC (20)

COMMOR/RC/ R
P = F
IF(KXX.NE.2) GO TO 3G
C .
CHEEREEERE R RS SRR bR A RR E MR ERSERRREERERS S Sk kSRR S REARRERNE AL EIRSS

< BOUNCARY CONCITION II
CHRFEREEE AR R R RS EE RNk bbbkt R R RS R SR EERREEREER SRR R E R AR U R AR SR LS4 6 H

<
P = P#F1
F5Q = PP
FAV = FSEsF5E

ReE
RCE
RGE
feE
ficE
ReE
RGE
RGE
ReE
RGE
RGE
RGE
RGE

RGE

RGE
RGE
RGE
®GE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
KGE
RGE
RGE
RGE
RGE
KRGE
KGE
KGE
KGE
kGE
RGE
KGE
kGE
RGE
KGE
RGE
KeE
RGE
KGE
KGE
RKGE
ReE

GGoc2
0DGO3
GooG4
| nni
Li1rir]
GOGOoT
oooos
GOGo9
0oo10
GoG11
Gan12
05513
05014
GGo1S
GuG1e
0oGLY
Gua18
GGO19
GLG2G
GG521
Gooze
- 06523
GoG24
60025
GUG26
Goa27y
Goh28
a2z
00030
Go031
o0o32
Go033
GLOs4
0O535
00036
0Go3T
ilr .t ]
00039
GGO40
60041
Goo42
60043
G044
0o04s
00048
GoOO4YT
GL048
Gnoas
Gooso
96051
aoGs2
06GS3
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RUN VERSION FEB 10

000023
ooo02T
606050
000063
000103
000124
as0127
000142
001 61
000183
0001 86

doo22r
000232
0062453
000246
aoo2et
900z6es

gapzes .

006276

000302
000307
000334
000316

000337 -

ooa3s2
o0o370
060406
006411
GO0424
GGG443
oud44s
000450

000511
000514
Gooss1

000531 -

ooosse
000553
0050553
600953
000356
ooosse

1F (xxY

19041 22/04/70

E£&.1) 60 T0 30

CX = (BC(1,2) *+42.,0.)4BC(3,3))8PaNC

R, 1)
Ri1,2%
RO
R(2,1)
Ri2,2)
Riz,3)
RS, D)
RS, 2}
3 R(MD
D |

AC(1,1)4P5Q = ACH3I, 3)#N2C
=CIAC(1,2) ¢ AC(3, 3))aNCSP)
~(BCL1,1)5p5Q%p = CXENC)
==R(1 .2)‘
2 ACUII,DISFS5@ -~ AC(2,2)*N2C
Tt BCIZ,2)SN2CONC -~ CX#P
z R{1 |"
==Ri2,N
= +0C (1,1 0PaY -{2.03DC (1,2}
+4,.080C (3,3 ) 4FSAMN2C  + DC(2,2) sN2CHNZC

IF{AL/BL.LE.1.0)60 TO 31

LY = L
0 10

CHPSRABLIBLZ (P14P1)
32

3 LYSLCHPSQMALEAL/ (FIHFI)

32 Ry, W
G0 TO

=R(3,3)+LY
100

S0 CONTINUE
TF{KXX.NE. 3 .ANC. KXX.NE. 4} O Y0 &0

<

Cantakiciok doioiok)

c BOUNDA
c BOUNDA

RY CONDITION TIf
RY CONDITION 1V

N b EEh e e s P o s

ook ikl stk ikk ook ckobokk ok ikt bR

C

P = FAF2

FsSQ =
FAU =
- IF (KXY

F4F
FSAsFSQ
.€Q. 1) GO TO 55

CX = (BC(1,2) #(2,,0.)3BC(3,3))8M0 %P

R1.0)
Ki1,2)

"R,

R{2,1)
K(2,2)
R(2,%)
R(3,1}
R{(3,2}

55 RO,3)
1 +*4

=AC(1,1)a2C +AC(3,3)PSA
(ACI(3,2)+ AC(3,3))sMC%P
BC(1,1)4M2CHMC - CX*F
= ~R{1 32)
AC(2,2)%F82 = AC(3,3)#M2C
CXsM - BC{(2,2) #5047
-k(1,3)
R(2,3)

L

= + BCI1,1) MM2CHM2C - (2.040C (1,2)
JOSDC(3,3) ) 4PSAAM2C  + DC(2,2) sPQV

IF(AL/BL .LE. 1.0} CO TO 56

LY=-1C
¢ 10

EMCEMCLBLEBL/ (FT¥FI1)
57

56 LY =-LCHMCHMCRAL®AL/ (FLEFD)

$7  R(,®)

60  CONTIN

1060 CONTIN
P = P2
RETURN
END

=R(3,3)4LY
UE
UE

RGE
RGE
RGE
RCE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RoE
ReE
ReE
RGE
RGE
RGE
KGE
RGE
RGE
RGE
KGE

-RGE

RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE

. RGE

RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
RGE
ReE
RGE
RGE
RGE
RGE
RGE

0G0s4
0Goss
00056
oposy
oo6se
00059
00060
pooe1
bDOoez
00063
0Go64
Qooes
00066
0cGeT
aGoes
0G0e9
00076
oooT1
acor2
ono73
06074
a6o7s
onars
naory
ooare
6Go79
nrl v
bUGs1
aoGez
00683
aqGsy
ooaes
frrl:1:4
oGG8 7T
0Gass8
06689
a6630
06691
ongsz
06093
ielil-T
0oooas
0oose
00697
ooogs
0C03%9
00100
00104
os102
00103
00104
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RUN VERSION FEB 10

SUBPROGRAM LENGTH
000613

19041 22704770

STATENENT FUNCTION REFERENCES

LOCATION

GEN TAG

STATEMENT WUMBER REFERENCES

LOCATION
000166
000246
006261
000266
000450
006531
0a0s46
000553
000553

EXTERNALS AND TAGS
ENG . - S0G100

GEN TAG
Looo2s
LO0G32
L0033
LGOD3S
LOGOST
LOGG G4
LooGes
L0006S
LGOOES

PLOCK NAMES AND LENGTHS

A - 000100

AR

VARIABLE REFERENCES

LOCATION
000G12¢01
000003¢02
600034C01
000004C02
000603
0000S6C01
000GOSCo2
000006Ca2
0oDG14C03
D0CODGCDS
000001C03
060000C04
000607
000006¢01
00001001
£00002¢04
00000203
D00G04COL
oo0002C02
000601
000877

GEN TAG
A00002
V00043
AGOGO3
vG0D44
vB0CGE
AGOODA
V0041
V00046
ADODGE
VG0D40
v0UG42
VUoG16
vooo14
V00024
V00026
V60020
A0000S
v00022
V00045
v00004
V00052

SYH TAG

SYM TAG
30

"

32

50

85

56

7

&0

100

apoaoy

STM TAG
AC
AL
BC
BL
X
BC
Fi
F2 -
IrC
KXX
KxY
w
LY
[
H2c
NC
NCASE
N2¢
2
Feu
psa

REFERENCES
REFERENCES
006026
000231
000245
000006
0o0315
000513
000s30
000265 DGG275
000265 000275

CON - 006040
REFERENCES
OoGO47  0GO336
G00226  GGO254
000163 GGO367
060227  0GO240
060046 060113
000260 000462
065010
000277
NONE
000005 000266
00GG24 000313
060233  G00247
060244 000260
D00327  OGO360
000340 000374
000043  0GOOT1
NONE
6o00Se 000135

. 000232  0DO0246
000023 000202
0O001e  OODO3T
000110 000115

RC

GoGS10

0uns511

Gona152

00G51 5

ooo262
ago3re
acG4e1?
000114

000143
000514

006312

006032
DOG130

onoGz2

060541

066335

000532
poosar
000425
000464
00046

oop212
000531
0060503
0ao0ss
000144

caa3ry

000545
000517
Q60476

oog21?

000104
ooo147

lDUGdZd

ao0s47
Go0534

000105
005154
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RUN  VYERSIOW FEB 710

‘000605  VGGO12

0GO0OO0CC4 AGGOOY

START OF CONSTANTS
000557

START OF TEWPORARIES
000363

STARY OF INCIRECTS
ooosry

SPACE REQUIRED TO COMPILE
037600

19041 22/04/70

000174

000303
000432
unoset
000004
000062

oouz07

- 000306

000433

006553
000331

Gog220
ouG321
DOG436

000233
0GO345
00G456

ooh2st
GoC412
000413

foc2s4
0Go426
GGas04
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RUN VYERSICON FEB T0 19041 22/04/70

008668
000006
0C000S
oOU00E
CO0G06
000006
BODOGE
000006
000006

. 000006
000006
£00010
000013
000015

. DODOLS
00005 S

| 060133

ARAAMNAARARANAANARANANROANAANANANNNAAAOANADN

SUBROUTINE DBGCEN{F,B.EBA) tBe
4 -1
(ttttttttttttttttt#tt#ttttttttttttttttttttttttttttltttt#tttt##tt#tttt#tt 117
tBe

PURPOSE 0BG
‘ _ -1

THIB BUBROUTINE GENERATES THE ELEMENTS FOR ONE OR TWO COLUMNS OF  LEBG
THE BOUNDARY COMBITIONS MATRIX 0B. (THE BUCKLING BETERMIKANT) CEG
£BG

UPDATE 14
: | pBe

3/15/70 PROGRAMMED BY VIKTOR OEVERLI 8
APEROVED - BY AL HILLSTROM CB¢

(-1

DISCUSSION £BG
- £BG

1T CONTRIBUTES ONE COLUMN TO B FOR EACH CALL WHEN P 1S REAL ANC  TBG
TWO COLUMNS WHEN ¢ 1S COMPLEX 1

P 15 A ROOT OF THE CETRMINANT EXFRESSION DET(CT) = O BEG
o8B

INFUT  ARGUMENTS : # (RoOT) (14
OUTFUT ARGUMENTS : 8  CONTAINS ONE OF TWO COLUMNS pBG
. FOR DB-TETERMINANT CBG

BA  SAME AS B BUT FOR ALTERNATE ASSYM. ©BG

pISE. FATTERN FOR B.C. II tBe

COMMON INPUT AC+BC ,BC (R KXX KXY ,FT ,AL BL ,LC,NC s N2C \MC , M2C "33
F1,F2 (14

tee

'SEE MAIN FROGRAM FOR LEGEND ON VARIABLES CEG

IN COMMON 1

‘ ' tBe
SUBROUTINE USER . e 314
Lse

P e T m e S e R s S s s s s bbbk ek kbt CBG
' tBc

COMPLEX P4P5Q,B,K(3,3),L1,12 (1
COMFLEX FZ.:BA,S5X,CX cB6G
COMPLEX LC,NC,N2C ,WC ,M2C ,AC ,EC,CC 1)
COMMONZAZLE s NC (N2C , MC s M2C ,AC (3,3} ,BC(3,3),0C (3,3 (114
COMMON/AR/N, M4 Pl ,AL \BL,FE ,F2 ' -1
COMMON/CON/K XX s KXY , NCASE (16) , IRC (20) CBG
COMMON/RC/ R £BG
COMPLEX ALF,CMTAN CBG
COMPLEX CSIN,CCOS,EA,EAN £eG
DINENSTON Bi1) ,BACLL) ' £8¢

L = (6.,0.) LBG
L2 = {0,,0.) CBG
IFIKXY .£Q. 1) GO TO 4G DBG
CALL RGEN(P) CBG

L1 = (R{2,398R(1,1) -ill.3):5(2.1’)!(&(1.2)#&(2 11-R(2,2)#R(1,1)) CBG

L2 = (R1,5)8R(2,2) -R(2,3#R({1,2)1/7(R(1,2)#R{2,1)-K(2,2)#R(1,1)} CB¢

40  CONTINUE bB¢é

Go0o02
aoo03
06004
a0aos
00606
00oDY
0G00s
00009
00010
0oo11
00012
00013
00014
0ao1s
ono1e
Goo17?
auois
00019
06020
00021
ono22
onG23
onoz4
66025
0U026
oGn2r
ooGze
06029
66030
60031
aoa3e
00033
00034
GOO3s
U503e
GGo3y
00038
aGo39
60040
00041
0oG42
00043
00044
ao04s
00046
oooarT
0oon4s
06049
00050
LGS
06052
00053
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uun VERBION FEB 70 19041 20704770

uootas
000117
oooier

000132
000137
000144
ooo1es
0oo1ITS

00017

000203

osoz11

onner

oooess
000273
ovo21e
000310
ooosey
coosee

oooseR

000324

000324
" 000388
000338
000341
000346

ofga1l .

. DDoaz4
000466

. DObATY

0D0S34
000536
0000}
000831
000637
o00r02

000703
000703

ALr2 n_mz.” C S R T £8e

ALAZREAL (ALF) ' T _ - 0BG

ALTEATMAGIALFY . - = ' 08¢

THCO= TANH (ALR) #COS (ALD) : - ' c8e
THST=TANH (ALR) $SIN(ALD) _ 0BG

CHMTAN SCHPLX (THCO, STNIALT)) ZCHPLX (COS (ALTY , THST) . bB¢

8% = CHALX(COS LALT) ,THBD) _ ' -1

IF (KXX.NE.2) 6O TO %0 , 13

< ' , . 1

< BOUNDARY CONDITION 11 086

CWMMWWWWQ .14
c . DBG

= m . : . B

P8 = PRP - , (-1

© B = {1.0,0.) . ‘ ' - cB6

B(2) = CHTANSPZ ‘ : 1)

BAL1) = cmnmsx . : ST e

BA(R) = PZasX - R b8
IF (KXY.EQ.9) - eo T0 100 ' ' 0BG

B(3) = ACI3,3)4 24P -ACU .zm.mx: - BC(t,1)40%0 ¢ BCU y2) $2C 086,

. B =LY _ , o 0BG

. BAES) = CHTAMMB(3)#8X © o . - DB

BALS) = CHTANSLISSX - . o o -1

- esTOI000 , - o 086

S0 CONTIME ' ' : D86

1FKXX. NE.3) GO 1000 . ' ' B To-. DBE

51 CONTINUE o ‘ : ' 0BG

c . ‘ 0BG

(12

13

£86G

o ‘ . _ . _ : 086

EAS (1.,0.)4CHTAN - | _ .

. EAN= (5.,0,) - cuuu . - o " DBG

P = P2 ' , S . 086

PSQ = PP ‘ ‘ 213

B(1) = EAs(-BCU .z)muosctz.zm.tmu a .euuac —nctz.z)wsm tse

CX = L2%F # MCHLL (-1

8(2) = BIS)#P $EAS(-2.4BC(3,308CUMNC ¢ 4.4DCI3,3)4M2CHP). CBG

8(3) = EAN - CBG

. BU8) = EANS(-BC(1,2)NCHL24BC(2,2) K 14P #ccu.a:mc-ecm.zuasm CBG

1F (KXY.EQ.1) €O TO 100 0BG

B(S) = EAS(-AC(S ,2) SMCHL2#AC(2,2) $L1474BC UL, £) #42C-BC (2,2) #P5A) £BG

B(6) 5 EASIAC(S,3)sCX ~2.98C ¢3.3mncm © 086

BT = EANMLZ 17

8(8) = EAMB(-AC(1 .2) SNCHLZ+AC (2,2 L14P4EC 1,2 mzc-sc lz '2) tPSﬂ! CBG

60 10 100 3 _ 0B%

60  CONTINUE ' - - S -
- JFIKXX.NE.4) GO TO 70 _ o ‘ ' B 1

< , - ©8G

. 1:mtumumum‘muumtmummuuntnmuunmn %1

00054
00035
0o0se
0o0sT
00058
00059
00060
oones
opose
00063
00064
00065
00066
00067
~ 0ooes
00069
00070
0ooTS -
00072
00073
0o0T4
0ooTS
© B0D76
onory
00078
toore
00080
oooes |
00082
00083
00054
00565.
00086
00087
00088
toses
00090
00093
0G092
00093
06094
00095
00096
00097
- 00098
00099
60100
00104
00102
00103
00104
00105
00406

- Page 5.60



AUN VORBION FIEB 70 19041 22/04/70 -

¢ BOUNDARY CONBITION 1V ' 08¢ 00107

ctﬁttt“ttttttu#ttttt‘tttuttttﬂtt“tqtt*ittﬂﬂtttttttt“#tt#ttﬂitnt [+1:13 actios

<. S : (7] 00109

. oonres P = PaF2 - : OBG 00140
00071L $3Q = Pap : 0BG n011d
coorie B} = -BC(1,2)aMCaL2 +BC (2,2} $LI1SP4DC (1 ,2) M2C-DC (2,2) #PSA DBé 00112
000753 ©OCR B LESF YMOHLS 0BG 00113
000766 . BMRY = CHTANS(-BC {1 ,2) SHCHLR24PHBC (2,2) SLI4PSQIDC UL ,2) 4M2CHP DBG 00114
1 ~0C (2,2) $PSALP-L, #8C (3,3 SCAMMC +4.,30C {3,3) H2CHF) DBG 00148

001070 . IFIRAY.EQ.1) €O TO 16O 0BG 00116
001072 B(3) & ~AC(1,2)SNMCHLE +AC(2,2)%L1%P +BC (1,23 #M2C -BC (2,2)3P5R BBG 00117
001121 BE4) = CHTARBIAC{3,DI#CX =-2.%BC(3,3)#M*P) tBG 00118
001157 70 CONTINUE ‘ ' -1 00119
004157 100 CONTINUE ‘ D86 60120
001497 bo 108 1=1,8 D86 o021
oofiet 101 B(I) = B(I)%SX : 0BG 00122
001372 P = P2 . D86 06123
ansLrs RETURN . ' _ e8¢ bo124
001178 END , oS 00125
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RUN  VERSION FEB T0

BUBFROGRAN LENGTH
001313

BTATENENT FUNCTION REFERENCES
LOCATION GEN TAG
STATEMENT NUMBER REFERENCES

LOCATION GEN TAG

000113
ooo322
060324
00070
001157
001157
Go1161

EXTERNALS AND TAGS
RGEN -  SGOLGOD
. - 306500

19041 22/04/70

L0001
LODDS4
LOGOS6
Luoars
L6o111
Lon111
L0011

TANH

BLOCK MAMES ANDG LENGTHS

A - DO01G0

AR

VARIABLE REFERENCES

LOCATION GEN TAG

- 00G012CG1
og12712
001307 -
a01306
000034C01

. 001306
001274

fo12re
co1270
0ODOSECO1
oogsoe
001304
006005CO2
£00006C02
001312
000014C03
000DOGCO3
000081CG3
. DOBOOOCDY
003260

ADODOZ
YOG044
vO00e3
voOGe2
AODOG3
voops2
VODO4E

voooaso
va0020
AGDOO4
wicos4
vaGose
vooger
vooo70
voooT1
ADDOOG
vGooes
voaoeo
vopoz2
vo00i0

SYN TAc

SYR TAG
40

5D

51

60

10

160

101

300200

GoouoG?

REFERENCES

REFERENCES

000044
000174
NONE

0060323
000235
Bho23s
NONE

cos -

ooos2s
0uo32y

500300

0Gh04G

SYM TAG . REFERENCES

AC
ALF
ALl
AR
8c
€Cos
CHMTAN

CSIN
cx
bC
EA
EAN
Fi
F2
1
1FC
KXX
KXY
Le
L1

' 600236
o125
000131
ooo127
BOG256
NONE

600163
000332
NONE
Co0423
NONE

6o6327
000334
000176
000336
601169
NONE

con1 13
606012
NONE

‘006007
000417
foio02

060126
050136
056133

0oG211
onioe2
000430

000402
000466

o006
001170

oaa322
060233

000053
000s02

601104

000535
006535

SIN

fC

060143
060140

fotziy
001150
0ohe02

000457
ooGs26

000703
000534

ooo247

000547

aoor02
Goora2

$00400

aooG22

- 00150

00276

000765

060573
000634

001070

ooo27s
000650

060704
060704

000164

000310

001036

foog22
0OGETS

000311
goorz?

Goion
0G1o71

0oo3s2s

Go1130

000357
00761
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AUN  VERSION FEB 10

- goites  vOODLP
00000601 VOGO3O

000010¢01 vDUO32

0o0002CO1 VOUO24
000002C03 AOODOGS
008004C01 VOOG26
ooogogcoz vooos:

DO1256  VOOOD4

001264 vooo014
000000C04 ADDOO1
ooi2ee voooie
0013190 voooe4
001311 voooes

START OF CONSTANTS
001176

START OF TEMPORARIES
001213

START OF INCIRECTS
001245

SPACE REQUIREDC TO COMPILE
0414060

19041 22704770

L2

NCASE
N2
Pl
-]

[ 4
X

THCO
THSI

000011
000542
DO107?
DO034T
000840
001140
000367

- 001013

gaozs2
NOHE

000265
o117

; G00204

00666
oootie
000024
aoo1 710
000136
0G0143

Qo012

000632‘

000415
ooo7iY

000442
no10s:

0a02e0
000714
poo212
000033
000220
0oD133
0GD345

000237
000643

000433
aoorsy

000513
001114

000344
0007T4S

oog22s

00oa63
onn227

000166

0co3s%2
ooo7r22

000472
0G0GT57

060560

0uG37s
00160S
oos172

000303

006410

oaGarse

00Gs3T
001041

000661

nogs20
001023

00U314

00047S
ooorT2

000612
Go1074

0COT40

onps5es
oo1122

0061163
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KUN  VERSION FEB 70

oopoor
aocoar
cooooy

ooooor -

008011
800012
000014
000015
000022
000035
aooos?
000040
000052
000053

000G354 .

000055
anoose
00005
000GED
000064
aoooss
ocooro
aanars
o000Te
boo11s
0a0122
ogot2r
000131
000134
000134
000135
000140
000142
0OD1 43
000144
000130
00p15e
000163
000165

000168 -

000171
ooD1 72
o617
000200
000204
0D02035
oog2oT
000254
co021s
006217

FUNCTION CEY(A,NR,N,V)

TO EVALUATE THE DETERMINANY OF A REAL SQUAKE MATRIX
" DIMENSION A(NR,1),Vi1)

OOUBLE PRECISION SUM,DX

DATA EPS/QLGAOTTITITITTITITTITGS

ESzB.4EPS
DO 5 I=1,N
smu-

00 103 J=1,N
OX=A L1, )
SUM=SUMYCX$D X
=SUM

IF(Y) 40,40,%
VLI =1, 73QARTLY)
CET=1.

0o %0 K=1,N

. b=k

21

116G

22

30
35
40

45

46

a1,

48

x=0.

Ki:K-1

00O 25 I=K,N

¥Y=A(I,K)

TFIK1Y 22,22,21
SUM=0. '
DO 110 J=1,Ki
bxX=AL1,J)
SUM=SUMADXHA (J,K)
Y=Y-SuUM

AL ,K)=Y
Y=ABS(Y4V(l})
IF(Y.LE.X} GO TO 25
x=Y

L=l

CONTINUVE
IFIL.EQ.K) 6O TO 35

CET=-CET

0O 30 J=1,N
AR, )

ALK, Jy=AIL, D)
AL, )=y
VIL)=VIK)

CONTINUE

IFIX-EB) 40,4545

DET=0.

&0 10 5%
X=4.7A (K, )
DET=CET#A (K ,K)
Q1

IFC{J-N) 4T,47,8%0

YA (K, J)

IFIKL) 49 .49.4_5

SuM=4,

0O 120 1=1,K1

19641 22/04/70

DEY
BET
DEY
DETY
RET
DET
BET
BEY
DET
DETY
CET
CET
DET
DET
QET
CET
OET
DET
CEY
DET
OETY

BET

CET
CET
OET
BET
CET
CET
CET
DET
CET
CEY
bETY
DET
BET
DET
CEY
bEY
DEY

oET

CET
DET
bET
pEY
DET
DET
PET
bET
DET
DET
BET
DET

ooso02
oogo3
06004
000os
000Ds
0ooo7

- Qooos

00pas
00615
00011
00012
ooo13
00014
00o1s
oonie
000t 7
00018
06019
00020
[1Ts-3]
onoz2
00023
U024
oon2s
00026
0BG27
0co28
00029
06630
DOD3Y
oop32
00033
00034
ooo3s .
DOG3E
ouos7
00038
06039
Dooan
00041
00G42
a0043
06044
00045
DOG46
DOO4T
00048
00049
60050
Go0st
00052
00053
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RUN YERSION FEB 70

ooo2e0
oon22s
000244
000251
ooogs?
000260
060260
000263
000243

ouzAiR,I)
120 SUNaBUH+DXHA (L, J)
YaY-SM
49 ALK, JIzX8Y
Jujel
&0 TO 48
S0 CONTINUE
55 RETURM
END

19041 22/04/70

BET
CEY
RET
oET
DET
DET
oET
DEY
DET

06034
0605S
00056
Goos7?
00058
0oGS9
oooeD
0G0s1
00062
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RUN  YERSICN FEB T0 19041 22704770

SUBFROCRAW LENGTH
000321

STATEMENT FUMCTION REFERENCES
LOCATION GEN TAG  STM TA& REFERENCES
STATEMENT NUMBER REFEREMCES

LOCATION GEN TAG  SYM TAC  REFERENCES

000040 .L0DD24 5§ NONE

o0o0se L0043 21 NONE

uooigz  LOOOSS 22 0GOCG4  0DODES
000135  LOOOEL 25 000132 000333
600166  LODOTE 35 0001431

000171 LOOOT?T 40 6GG0ST

000173  LOD10L 45 000167 000170
aao0zos LOO1G4 46 - OG0257

000207  LOO10S 47 000206

0O021S  LODIOT 48 NONE

ooO25t  LOD117 49 660214

000260  LOD122 50 606266

00D263 100124 55 600172

EXTERNALS ANC TAGS
SGRT -~ SOOIDO ENG. - SDG2GD

BLOCK MAMES ANC LENGTHS
VARIABLE REFERENCES

LOCATION CEN TAG SYM TAG - REFERENCES

- 000303 - VOOOOS CEY GGo052 000142
000306 w0010 cx 060020 . 000023
0063510 voooi2 EPS 0O000T
ooo3t1 vOeo13 E8 ¢00010 000166
ooo312 vGGo14 I 000011 0oso1s

: GOD135 ono217

060313 vODD1S J 000014 oooo32
DoO20s 000210

000313 vooo17 L] 000053 060061
000164 000173

000320 vipozz Ki 000056 GDo064
000316 vogoeo L 000054 Doo134
600304 vOODG S SuM 600012 gooD21

000111 000113
6ooponss 0001351
aeoose 000040
060147 000157

o00317  vOoO21
000314 VOOO1S

-

STARY OF CONSTANTS .

oOo174

0Go074

DOGD4AS
aon244
Qoo 0
006225
000076
oaczar
ooo112
poo13?
oGDa3s
aco21%
000166
000063
0ao213

00G202
000102

000057

boo112
aoGzs2
oooi23
006220
000213
ooo154
000034
ogo227

ogoiTY

006114
000243

GGoZed
Goo223

GoooTi
00143
000140
GGo251

060241
060156

- 000GES

0006240
aon2ss
ooc121
066250

Gtoo231

006122
0O02064

000144
0006260

ogo1e2
000160
oon2a4

0oo126
ooG2s5s
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RUN VERSION FEB T0 19041 22/04/70

ootzes

START OF TEMPORARIES
000271

START OF INDIRECTS
ooo27s

SPACE REQUIRED TO COMFILE
036200
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RUN VERSION FEL 70 19045 22/04/70

000007
gooooy

0o0ooT.

aooqar
000010
000011
000013
000014
oootie
lilelird]
ogoo2r
006050
000052

000053 .

- 000ass

- 0000eD

000062
000064
£00065
000056
000070
000071
000072
000073
00074
000075
000077
000103
000167
000110
000112
000113
o011
000116
000120
ooo125
000131
000157
000205
000213
000220
ooozes
000231
oo0232
000236
000240
000242
000243
000246
ooo250

105

10

110

15

20

FUNCTION CDTMICA ,NR N, V)

TO EVALUATE THE CETERWINANT OF A COMPLEX MATRIX

BIMENSION CAINR,1),V(1),COET(2)
DOUBLE FRECTSION 3SuUM,0X,DT,50M
COMFLEX CDTM
K2=N*N

00 § I=1,K2,2
11=1+1

SuM=0.

[+]s] 105 J=‘|“
DX=CAL1,J)
oY=CAtliL b
SUH=SUMID XD X+DY DY
Y=SUM

IFLY) 97,973
J=1172

viJy=1.7Y

CONTINUE

CCET(1)=1.
CBET(2)=0.

B 95 K=1,N

KK=K-1

K2=2+K

Ki=K2~-1

Li=Kt

Z=0. .

O 25 I=K1,N2,2
I1=5+1

X=CA{1,X)
¥=CA{I1,K)

IF(RK) 15,15,10
SUM=0.

SOM=0.

o 110 J=1,KK
J2=24d

H=42-1

EX=CA(l, )
EY=CA(I1,)
SUMSSUMFDX#CA (J1,K) -CYHCA{J2,K)
SOM=SOMPDXSCA (J2,K)+DY#CA (J1,K)
X=X-SUM

Y=Y~-SON

CA(I,R)=X
CA(I1,K)=Y

=372

S (XsX* YY) SV ())
IF(Z-%)y 20,25.25
z:: . .
Li=1

CONTINUE

L2=L3+1

LH=L2/2

ceT
BT
o7
T
42
1421
<t
Y
o7
T
T
DT
<DI
€T
<ot
<1
<oy
T
(<12}
(<131
(1)
ot
Y
Y
cCcT
LT
CoT
<CT
T
T
T

CBT-

T
L4}
coT
T
T
coT
coT
T
T
CCT
coT
(42
<oy
<Y
cer
oY
o111

- €DT

cer
<Y

00002
00003
00004
00005
06006
00007
00008
05009
00040
00011
00032
00053
00014
0GOS
00016
00017
60018
60019
06020
Bo021
00622
60023
00024
06025
00026
60027
66028
00529
66030
00031
0603z
GG033
06034
GOO35
00036
00037
DOO38
00039
06040
00041
60042
00043
00044
00045
00046
00047
a0048
66049
00050
00051
£00S2
00053
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KUN VERSION FEB 70 19041 22/04/70

oo0234
000233
000254
oo0233
eC0236
000263
000267
gooeT4
000300
000302
000305
000306
£00310
00034
000314
000321
500323
0a0327?
voo332
000334
000335
000342
000344
000346
000346
000353
oDC3SY
0GO360
0G0362
000363
GG03ESs
000366
000310
c0037S
000401

000427

000455
000463
cotaTo

- 000501

000s11
ooos12
- OopDs12

0U051S
000515 -

- 000516
opus1y
000823
000523

40
45

5
80

120

L 14

100

IF(Li~-K1) 30,45,30
COET(1)=-CDET (1)
CRET(2)=-CCET{2)
JasN
XeCA(RL )
YaCA K2, )
CAIRL  JIZCALLL )
CAIRZ2,J)=CA (LR, I)
CA{LE,))=X
CA(L2,0)=Y

s3=1
1IF{J} 40,40,3%
ViLHI=VIK)
CONTINUE
X=CA (K1 ,K)

=CA(K2,K)
TeXaxsY Y
WEXHDET (1) -YHCCET (2)
COET{2)=X4COET (2)+Y#{CET 4%
CLET (1) =W

IF(CCET (1) .EQ.0. . ANC.CDET (2} .EQ.0.) GO TO 100

J=K+1

1IF (3-N) B80,80,95

CONTINUE

U=CA (K1,J)

W=CA (K2, 1

1F{KK) $0,90,85

SUM=0.

SOM=0 .

0o 120 1=4,KK

12=2%1

I1=12-1

DX=CA (K1,1)

DY=CA (K2,1} -
SUM=SUMADXHCA (11, J)-CTHCALIZ, N
BOM=SOMIDNACA (12, N +0YRCA(11,))
E=U-SuM

W= S0

CA LKL , ) = (USX+WsY) /2

Ch (K2, J)= (WX~ U4} /2

Jz et

0 10 75

CONTINUE

¢0 TO 100

COET(3)=0.

CPET(2)=0,
COTH=CMPLX (CCET (1) ,COET(2))
RETURN '
END

(43}

T

ot
cov
T
<t
DT
€oT
ey
T
T
T
T
<1
oY
(<))
<13
w1
ccT
T
DY
oY
T
@1
T
T
T
7Y
7T
T
@7
7
T
T
1o}
L )
T
T
T
BT
coT
(4] )
Y
<07
T
oY
€T
€01
o1

000%4
oo0ss
00058
ooosy
oooss
00039
a0060
00061

- 00062

00063
00064
00065
00066
anee?
GoDsa
00069
00070
06071
ooore
0ooTs
ona74
ooo7s
60676
oooTT
nGore
oGoT9
00080
00084
66082
G008
oGoss
00DBS
00086
60087
0GGas
600689
0600
po0st
po092
00093
06094
DOo9S
00096
60097
0BO9s
00099
00400
Go104
ogi02
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RKUN  VERSION FEB 7D

SUBPROGRAM LENGTH
000806

BTATEMENT FUNCTION REFERENCES
LOCATION GEN TAg
STATEMENY NUMBER REFERENCES

LOCATION GEN TAG

000053
@os110
Q06220
060240
. 000243
' GODRSS
000256
600310
006314
000344
000346
0G03es
000470
000st2
0Gos1S
ooustLr

EXTERNALS ANG TACS
ENC. -  S001GO

18041 22704270

L0002
Lo00s?2
LogoTn
Loo0Ts
Logorz
100104
Lonior
LoO0117
L90126
LO0133
LOGi34
LO0137
LOG15S
Lo0161
LO0164
Lo0166

BLOCK NAMES AND LENGTHS .

VARIABLE REFERENCES

LOCATION GEN TAG

000550
000546
0003se
00DSS4
000366
000583
000s64 -
000605
000565

000600

ADOGO1
vGoOoos
vooo1s
vioo11

wigozs

vooo20

00021

vooD42

~ vooog2

. V00035

SYNM TAG

STH TAG
3
10
13
20
23
30
35
a0 -
a5
75
80
e5
$0
95
97
160

SYM TAc
CCET
COT™

(11

X

oY

I

n

)}

REFERENCES
REFERENCES

NONE

NONE

000107

NONE

066236 0Gog3ar
NONE

600307

GO0306

ooozs2

000511

060345

NONE

000357

GOO345

co0os2

000321  0DOS34
REFERENCES
OG0063 060253
000521 000522
NONE :
000021 00030
000410 000434
000026 000036
000417  DDD44S
000010  ©DOOO16
000241 000243
000012  Ooo022
000225 000367
000565  DOO3EE
00OD15  DODO4S
000235 00025s
000347 000402
000117  0OD130

ooo327

0opg23
000130

000057
000364
006053
000400
000465
000054
ouozs7
000475
0001 63

000515

006140

000147

00D0T4
000452
oooars
006431

000114
a00304
000508

o0oos17

DOGi64
000173
000126

000162

o262

000343

000373
060400
066220
065124

066231
0GG344
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Nk _ VERBION FLB 70

START OF CONSTANTS

aoosr?
000370

- fo0sT

ooosTs

ooosT2:

000¢02
a0Bs14
o00s0d
G00s562
0003560

006s52
000e04
000603
00asTs
00067

000575

19041 22/04/70

vi0034
vooozs

voooze
vouo3lo

vooo27
vooo3y
vGooss
vionss
vooo1T
vioo1s
voooor
vooD4i
vouo40
vooass
vOGO24

vooo32

START OF TEMPORARIES

o0oSs30

START OF INDIRECTS

00DSs36

SPACE REQUIREC TO COMFILE

0371100

”
K

KK
Kt

000115
600GeS
000341
DOGOET
000074
aoo473
000070
060503
Q00250
0c00T2
000247
000607
000112
000451
000013
000155
000352
000331
000102
ono2e2
000051
000266
005073

Q0o011e
oooor?
ao0os512
000106
oo0251

gooeee

000310
060242
000275
000060
000162
000463
onoobze
000206
000455
000333
ooazos
060301
000056
004303
000235

GOO13S
690132

coozos
oon2se

0oo274

060243
o2
000243
000201

0UGD44
0o0360
060462
600356
o212
6h0320
000106
000324
000243

oooe21

000356
0Gasid

Gco320
odoozr2

aoo213

000047
000406
004 10
060462
Gonzes
000324
gooz12
660472
000326

00G311

0C0453
000346

. 0po3sz

aoo21?

006362

000410
Goo4zs
GoosGl
0GO467T
aop23z
060470
oooz1y
rivirkive
666477

ooo31s

00037C

000314

06Ga32

CoD136
G00045¢

0GhaT1
Gnu240
0GosGo
ono23u

GLoso?
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RUN VERSIOM FEB T0 19041 22/04/10

ooon14
© 000014

Q00014

00001S
ooL020
00002}
000031
000038

060044
000047
000032
oaaass
050056
" 00GOED
00G0e2
GGGO6Y

80G006S
0GoaTo

ogogre

0000
0000Te

800160 |

060103
000164
ooo120
C0o135

000151 -

000154

000200
000220
oaozan
000z60
000261
goozee
poozey
000264
ooozrs
Go030s

SUBROUTINE ZARK (N,GUESS MAX,EPL,EF2,FUN,1 ,ANSA ,FANSAY
COMPLEX FANX
COMPLEX GUESS (3,1} ,FUN,ANSAL1) ,FANSA(L) ,FA,FB,FC,5CDBT,S5DCAT,COLT,

1 TEMPYL , TEMP2 ,5DD T, SDDXT . X1 , X2, X3 ,FX1,FX2,FX3,B1,62,83

100

11

=01 84140000006G00600000
IF GUESSES CIVEN GO TO 11
1F(1.EQ.~1) €O TO 1}
DO 100 Ixsi,N
CUESS (1, IXIeCHPLX {1, 4A ,A)
GUESS(2,IX)=(~.5,.888)
CUESS(3,IX)=(~.8,-.4)
SET UP GUESSES FOR FIRST THREE POINTS
AI=GUESS(3,1)
X1=GUESS(1,1)
X2=GUESS{(2,1)
INITIALIZE ERRCR COCE
1=0
BEGIN RAIN LOOP FOR N ZEROS
€O 7 WN=1,N
IF WORKING ON FIRST ZERO NO NEED TO ¢Q TO FLUB

1F (\N.EQ.1) GO TO 2
IF SOME ZERQS ALREACY FOUNE 6O TO FLUB TO DIVIBE THEM QUT
N1 .
FX1=FA
Fa2=FB
FX3=FC
INITIALIZE ERROR COCE
LX=1
INITIALIZE CENOMINATOR MULTIFLIERS
Bi=(1.,0.)
. B2=81
83=B1

15
17

BEGIN LOOP TO CALCULATE CENOMINATOR FROCUCT

Co 1514=1,K

B1=B14(X1-ANSA LJD))

B2=B2* (X2-ANSA (JJ))

B3=B3% (X3-ANSA (11))

CONTINUE
CHECK CENOMIRATOR FOR ZERO

IFLICAES (B1) .EQ.D) .OR., (CABS(B2) .€Q.0).0K. (CAES(E3) .EQ.U)) GO TO 16
COMPUTE MODIFIED FUNCTION VALUS

FA =FUN(X1)/B1

‘FB SFUN(X2) /B2

FC =FUNI(XY) /B3
0 T0 17
Lx=0
IF{LX.EQ.0) GO TO B
0 T03
FAZFUN(X1)
FBzFUN(X2}
FC=FUN{X3)
INITIALIZE QUANTITY FOR MULLER 1TERATION

AR
TAR
IAR
AR
AR
ZAR
IAR
IAR
ZAR
ZAR
IAR
ZAR
ZAR
ZAR
ZAR
ZAR

ZAR

ZAR
AR
ZAR
2AR

ZAR

AR
ZAR
IAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR

AR
ZAR
ZAR
AR
ZAR
ZAR
ZAR
ZAR
ZAR
IAR
2AR
2AR
ZAR
IAR

00602
00003
DO0o4
00005
0000¢
DDODT
oonoos
00009
00010
006011
00012
- 00013
00014
oobts
00016
oao17
ifa1TE ]
06019
aGh20
Goo21
06622
osa623
0DG24
06025
oco0zé
00627
06628
G5029
05030
06631
00032
00033
0GhH34
06035
05036
00637
06038
05039
65040
G641
06042
00043
00044
00045
00646
00047
00048
00049
a00s0
oooss
00052
po0s3
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RUN YVERSICN FEB 70 18041 22/04/70

oonsy

000340
0O0341
600362
000452

000447

000436
000443

000447
000443
ouo4e?
000470

000473

000514
000534
000538
0oosa2
000542

000544

000547
500S 51
000554

000555
000557
otose2

0Gosea
0Doses
000603

000606

000832 .

0006SS
000656
GOo0ssY

000660

ooorey

000731

000733
000736
- 000742

oDoT4S

3 S0CBT= (FB-FC) 7 {X2-X3)
BEGIN KULLER LOOP
80 1 11=1,MAX
SODAT= (FA-FB) / (X1-X2}
BDOT= (SDDAT-SCCBT) 7 (X4 -X3)
TEMP1=SOCAT# (X1-X2) 40DDT
TEMPRSCSART (TERFLSTENPL -4, 4FASDDDT)
S0DXT= TEHPL - TEMP2
S0DTSTENPL+ TENP2

CHECK FOR DENOMIMATOR OF MAXIMUM MAGNITICE

IFC(CABS(A0DXT)) . CT. (CABS(SDDTY)) GO TO 4
TEMPL3B0DT
W T8
4 TEMP1=SDDXY
CORRECT OLD VALUE
5 ANSA (NN} =X1-{(2.8FA) 7TEMPY
1F FIRSY ZERO DONT NEEC FLLE
FANSA (NN) =FUN(ANSA {NN) }
IFINN.NE.1}GO TO 14
FANX=FANSA (NN)
¢ T0 10
14 K=NN-1
" FX1=FANX
FX2=FB
FX3=FC
L%=1
INITIALIZE CENOMINATOR NULTIPLIERS
Bi= ‘1 - ,0 .}
B2=61
B3=B1

BECIN LOOP TO CALCULATE CENOMINATOR FROCUCT

" o 184431,k
- BI=B1% (ANSA (NN) ~ANSA {1 1))
18 CONTINUE
CHECK CENOMINATOR FOR 2ERO

IF ({CABS {B1).EQ.0) .OR. (CABS (B2) .EQ.0) .0R. (CABS (B3) .EG.0)) 6O TO 18

: COMPUTE MODIFIED FUNCTION VALUS

FANX=FUN (ANSA (NN) ) 7B1
¢O TO 20

19 LX=0

20 IF(LX.Ee.0) GO TO 8

MAKE CONVERGENCE CHECK
10 1F C(CABS (ANSA (NN) -X1) . LE. (EF1%(CABS (ANSA (NN))
1 (CABS (FANSA (NN} ) .LE.EP2)) GO TO €

1) .OR.

IF LAST ITERATION SKIP PREPARATION FOR MNEXT ONE

IF(IT.EG. RAXIGO TO §

. PUSH DOWM POINT LIST
X322
x2=x1
XL 2ANSA (NN)

SEDBT=SODAT
PUSH DOWN FUNCTION VALU LIST
FC=FB

AR
ZAR
AR
IAR
IAR
2AR
IAR
ZAR
ZAR
AR
ZAR
2AR
2AR
ZAR
ZAR
TAR
ZAR
ZAR
ZAR

AR
AR
ZAR
ZAR
ZAR
ZAR

ZAR
AR
IAR
ZAR
ZAR
ZAR
ZAR
AR
TAR
TAR
ZAR
AR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR
AR
IAR

ooos4
00055
00056
00057
£onse
00059
00960
00061
oooe2
0Go63
00064
cooes
00066
o067
06068
00069
00076
oo
00072
60073
DCO74
00075
00076
00077
00078
o079
00680
00081
00662
00663
6OGS4
00085
00086
© 0OD8T
0C688
DGGSI
06030
06591
00092
65093
00094
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104
00105
00106
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AUN YLRSION FEB T0 19041 22/04/70

000747
cooTs2

000734
ooors?

COuTsn
ono7re2

000752

0007164
aoare7
toorT3

ooo7TY
001002

001662
001604
oni10as
001006

=FA

FASFANX

ENC MULLER LOOP
CONTINUE :
IF MAX L1TERATIONS ATTAINED SET N EQUAL TO NUMBER OF FOUND
N=HN-1 ‘
SET ERROR CODE TO INDICATE MAX ITERATIONS EXCEEDED
I=1 :
RETURN
IF ALL ZEROS FOUND, QUIT
IF(NN.EQ.N} GO TO 7
IF MORE ZEROS LEFT TO FIND, SET UF KEW STARTING GUESSES
X{TGUESS [1,NN+1) , .
X2=GUESS (2 ,NN+1)
ASSGUESS (3,NN+L)
END LOOP FOR NN ZEROS
CONTINUE ‘
RETURN .
SET FLUB ERROR COCE
1=2
N=NN-1
RETURN
END

AR
ZAR
ZAR
ZAR
AR
ZAR
2AR
ZAR
ZAR
ZAR
ZAR
AR
AR
ZAR
ZAR
ZAR
AR
ZAR
ZAR
ZAR
ZAR
ZAR
ZAR

ooior
noiGs
06169
060110
0G111
ooi12
0Gi13
00134
D014s
0o116
06117y
G118
ao11%
Go120
00121
aoi22
0a123
G124
oot2s
Goi2g
oo12r
Go128
Go129
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RUN  VERSION FEB 70

SUBPROGRAM LENGTH
001140

19041 22/04/70

STATEMENT FUNCTION REFERENCES

LOCATION GEN TAG BYN TAG

STATEMENT KUHBER REFERENCES

LOCATION
000754
000264
000317
000470
BG0473
ooo7e2
000777

© 001002
0OD6E0
00G044
000542
000261
000262
050656
000657

EXTERNALS AND TACS

CASS - 800100

GEN TAG
LO0231
LO0010¢
Lo0117
LOD14%
L06142
LOD238
L00243
o024
Loa240
LOCO26
190152
LODL52
LOO1G3
LO0265
Loo20e

CSARTY

BLOCK NAMES AND LENGTHS

VARIABLE REFERENCES

LOCATION GEN TAG

001138
660001

001123
001125
oosi2r

001073
001063

oooooe
ao1064 -
001065

001067

vooug2
Log012

vB0o54
voogse
vyOGOeD

voon2e
¥o0014

LODD13
voooie
vO0016

voao20

SYM TAG
A
ANSA

B1

-B2

B3

coceT
FA

FANSA
FANX

FC

REFERENCES

REFERENCES

005730
ooose!
000263
000463
00B&67
G00726
BOO763
GO0Z62
OoG5A1
GOGGLT
600535
oos17Y
UGG260
050631
065655

END.

GGG6S T

SCG300

REFERENCES

000014
Go0104

, GO0TSS

aGooT4
060556
006077
0oD612
060101
000605
060401
006062
000747
006527

. DODS40

00006S
000744
GooGs7

poso21
666120

OooGTS
Goo557T
LoG126

005143

0604114
aGa217
06a753
060660
oGos44
06o237
oooTs0

GGG2s7

660560
oco112
000575
GG0133
060150
006426
000273
DOGES4
apo30s

op0315

. DOOSE6

000117
000602
0001606

- DOG153

aoo345

000751
000323

000325

000631

GODi 65

000617

000232

ooozs2

000423

000347

otiassi

BooGTS
poa212
CoUg47Y
GoGse0

G0G563

OlDaT4

060546

60046
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RUN VERSION FEE 70 19641 22/04/10

0014145 vOQo4s Fxi 00to64 000545

001187  VODDSO.  Fxz 00GG66 000550
001124 VODOS2  FX3 DGOG71  000SS2
O0GOGO  LOOG1Y 1 DOCO1S  OO0OSS  C30760 061002
001137 VOOGI0 I 000340  OOBY2Y  (0D754
001132 VDOGES  Ix 060020  00GO33 :
001135  VOOGE? M) 060103 000121 000565 000603
001134  VOODES K 000062  O001s1  000S4y 000603
001138  VDGOS6  LX 000072 000261 000262  0OGSS¢ 000656  0O06ST
001113 VOOO64 NN 00GOST 000501  000S30  O0OS42  00GS67  0OCE32
' 000661  OGO6T6  DOO736  0007s6  DOOYe2  OGG777
: 001003 :
001Gs3  VODG24  SCDAT UGO360 000366 000406  GGO742
. 001Gr1 V00022 SCEBT 060336 000367  OGOT43
001163 V00034 SCOT 0UO446 000452 000464
001108  VOOG36  SCDXT OGO44f  00DAS4 000470
001677  VOGOSD  TEMPY GOO445 000416  GOO436  OGO442  DOD466  OGG4TL
066503
001104 VOOO32  TEMP2 GGO43S 000437  OOC444
001167  VOOOD4G X1 0GOGS0 000105 000177 GGO264  0GO341 00036
_00G402  000S02  OOOT81  GOOT33  GGO741  OGOT66
001111 VOOO4Z X2 G0GGS3 000122 GOO220  OGG274  ©OGO317  0GO342
' 000403  DOO730  0OCOT34  00GTT2
003113 VGOO4d X3 G0CG46  O0G136  GO0240  GOO3GS  GGG320 - DGO3ES

oaaTI2 oGorTe
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