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1. INTRODUCTION

RPSL1D is a spin off of the FORTRAN IV computer program REPSIL
1'2

developed at the Ballistic Research Laboratory to treat large, transient,
elastoplastic deformations in thin shells. Thin shell programs, such as
REPSIL, replace the essentially three-dimensional geometry of the deform-
ing shell with a two-dimensional reference surface and some assumptions
about deformation through the thickness. The REPSIL family of programs
is based on theory that restricts them to thin Kirchoff shells with
negligible rotary inertia. The coding restricts the programs to shells

. of uniform thickness with clamped or hinged edges and a plane of sym-
metry. The RPSL1D version further restricts the program to geometries
where the reference surface of the shell is a function of one variable

-* and a symetry assumption.

Three geometries have been incorporated: axially symmetric shells,
slab symmetric shells, and laterally symmetric beams. The standard
REPSIL (with some modifications) could be used for these problems, but
RPSL1D is much faster and uses about one-fifth as much memory. Further,
RPSL1D results should be more accurate; the numerical derivatives with
respect to the symmetric variable are replaced by exact derivatives,

4 and spacing for the other variable can be made smaller without unreason-
able demands on machine storage or time.

The simpler one-dimensional model makes it easier to experiment
with alternate methods of computing. Many changes and additions have
been tried. Some of these have been incorporated into RPSLID, as tabu-
lated in Appendix C, and others discussed in Section 5 and Appendices
E and F may be useful in the future.

The purpose of this report is to record RPSL1D, as cataloged in the
CDC CYBER system at BRL, to record some user subroutines and useful
options, to serve as a user's guide, and to give the basic information
for further modifications. This is not a complete guide; the user
should also obtain a copy of Reference 2, the user's manual for REPSIL.
An understanding of the theory given in Reference 1 is also very help-
ful. The symbols in the present report, which are sometimes used with-
out sufficient explanation, are those of Reference 1.

Sections 2 and 3 and the list of equations in Appendix A should
bridge the gap between REPSIL and RPSL1D. In an effort to keep this
report within reasonable bounds, we will not repeat theory given in
Reference 1 nor will we repeat much of the information given in the
REPSIL user's manual, Reference 2.

lJ. M. Santiago, "Forulation of the Large Deflection Shell Equations
for Use in Finite Difference Structural Response Computer Codes,"
U.S. Army Ballistic Research Laboratories, Report No. 1571, Feb. 72.

J. M. Santiago, H. L. Wisniewski, N. J. Huffington, Jr., "A User's
Manual for the REPSIL Code," U.S. Army Ballistic Research Laboratories,
Report No. 1744, Oct. 74.
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The RPSL1D user must prepare input as described in Section 6 and
must supply proper "user" subroutines as described in Section 4. He
may retain the user subroutines with the cataloged program listed in
Appendix C, replace them with copies of user subroutines listed in
Appendices E and F, or replace them with his own subroutines.

For some particular applications it seems inevitable that some
modifications are needed or desirable. A number of possibly useful
options are described in Section 5 and listed in Appendices E and F.

The program, as stored in UPDATE form in the CDC 7600, is listed
in Appendix C. A complete list of FORTRAN names used in RPSL1D is given
in Appendix B along with their definition and some explanation. Two
example problems are discussed in Appendix E.

The accessory program for plotting output from RPSLID is discussed
and listed in Appendix D.

The main purpose of this report is to serve as a guide to the use
and possible modification of the RPSLID program. The author's interest
in this program is as a programmer. Hence, there is a bias in the pre-
sentation toward the frequent use of FORTRAN names and formulation, and
the trivial details of programming, at the expense of physical meaning.

2. MODELS

The first one-dimensional version of REPSIL treated axially sym-
metric shells. This was modified to handle slab symmetric shells, and
this in turn changed to treat symmetric beams.

The position, x*, of any point in the shell may be expressed in

terms of a point, y, on the reference surface, the normal, n, to the

reference surface at r, and the distance from the reference surface, C:

x= r+n . (1)

Points on the reference surface are expressed in Cartesian coordinates
as

1 2 3= yj _ + y2 2 + y3 (2)

where the j are the orthonormal basis for vectors in 3-space. The YJ,

and hence other dependent parameters, are functions of the material
(Lagrangian) parameters, ' and F2 , and of time, t.

I= r(', 2 ,t) - YJ( 1,&2,t) i. (3)

The symbols of Reference 1 will usually be followed in this report.
The tilde below a letter denotes a vector (e.g. T).
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Our characterization of axial and slab symmetry is through speciali-
zation of the vector X and the material coordinates &I and &2 . The basic

specializations are given in this section. A summary of equations is
given in Appendix A.

* The type of model is prescribed for RPSLID by control parameters
assigned in the user's subroutine INGEOM.

2.1 Axially Symmetric Shells

An axially symmetric shell is a shell of revolution (see Figure 2.1)
such as a circular cylinder or the surface of a truncated right circular
cone. A shell of revolution is the surface generated by revolving a
plane curve (actually two parallel curves so the shell has thickness)
about a line, called the axis of revolution, in its plane. Every point
of the revolving curve describes a circle whose center is on the axis.
For our shell, the curve must be smooth and must not intersect the axis
in the region of interest.

We study the motion of the shell by following the motion of the
curve formed by the intersection of the shell's reference surface and
a plane through the axis. We do not allow twisting in our model, so
the initial motion, and any loading, must be in this plane. Because of
the axial symnetry, the internal forces are all in this plane.

Let &1 = e, &2 = E, and introduce the orthonormal base vectors

CjQl) which vary with angle 0. These are related to 4 by

the relations

• (e) = cose 13 + sinej 1  (4)

6o (e) = -sine + cose 1 (5)

(6)

Then,

SZ-O,&,t) = R + Z (7)

where

R R(&,t) = {(Y 3) 2 + (y1 , (8)

* Z Z(&,t) = Y2 (9)

7
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Figure 2.1 - Model for axial symmetry showing the two

orthonormal bases (i,,3) and (Q,j ,) with origin at

the center of end 1 of the shell, and a vector X to the

surface of the axisymmetric shell.

The same formulation holds for every angle e. Since evaluation
is needed at only one angle, we naturally choose 0 = 0. Then,

r(O,&,t) =R(E,t) f() + Z(&,t) k

Y3 (O','t) 13 + y2(oF&t) ;L2  (10)
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To test this new program for axial symmetry, the same problem (an
initially cylindrical shell subjected to a uniform impulsive load) was
simulated with both programs. Both programs were run undamped for 200
time cycles and then damped. Both self terminated on time cycle 262.
The results were very close. The maximum difference noted in displace-
ment was less than 2*108. Since the displacement was about unity,
2*10-8 was also the relative difference in displacement. Strains and
displacement increments are ,ery sensitive to program differences. The
largest relative difference noticed in either was 10- s . (There were
relative differences of about 0.003 in all the printed energy values.
This was because the circumference of the right circular cylinder was
a circle in the axial symmetric program but was a 48-sided regular
polygon in the standard REPSIL.)

2.2 Slab Symmetric Shells

Slab symmetric shells may be characterized by the displacement of
any point being a function of its initial distance, &2, from end 1 (see
Figure 2.2).

Let Y = C, Y2 = Y2 (F2,t), and Y3 = Y3 (&2,t). Then,

r(&1 ,&2,t) = li + Y2 (E2,t) i2 + Y3 (&2,t) 3 (11)

To utilize the formulation and programming for axial symmetry, we
renamed variables

E2 = E, = R, andY = Z (12)

*: and confined evaluation to the plane Y1 = 0. Then,

-(0,,t)= R(&,t) j 3 + Z(Et) i2

Y 3(E t )  2+ Y2(&, t ) i2  (13)

'33

Fu .Ylil

• ' Figure 2.2 - Model for Slab Symmetry.
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To maintain slab symmetry, the loading must not contain any compo-
nent in the 11 direction.

For both axial and slab symmetry, Z is a distance along the 2

axis. For axial symmetry, R is the radial distance from the axis of
rotation. For slab symmetry, R is the perpendicular distance from the

y3 = 0 plane.

VThe initial slab symmetric coding was also tested by comparing with
results from a standard REPSIL run. (A minor coding change was needed
to insert cyclic boundary conditions in REPSIL.) The results were
nearly identical. The maximum relative errors in any variables were of
the order of 10 13

2.3 Laterally Symmetric Beams

One principal difference between slab symmetric shells and beams
is in the change of concept from area to unit length (e.g. pressure,
i.e. force/unit area, for shells and force/unit length for beams.) The
original beam considered was a narrow rectangular beam. It was treated
as a special case of slab symmetry with a uniaxial stress-strain relation
replacing the biaxial one. The uniaxial stress-strain was imposed by
using a new subroutine BMSTRS, instead of subroutine STRESS, for beams.
By setting the width, DETAl (A 1), to unity, the concept of surface area
became length without any further changes.

Treating beams that were not rectangular was more involved. It
required changes in fact as well as in concept. The main change was
for integrals through the thickness. The simplest form of numerical
integration through the thickness is used in the standard REPSIL:

f+h/2 L
f(c) dc - Ac f f(Ck )  (14)

-h/2 k=1

The thickness, h, is divided into L layers of equal thickness, AC = h/L,
and the function to be integrated is evaluated at each Ck' where Ck

is in the center of the k'th layer. The parameter C is measured from
the reference surface in the center of the shell.

For a beam, an integral through the thickness is replaced by an
integral over the cross-sectional area. When multiplied by the proper

metric, this becomes the quantity per unit surface area. For a beam,
the desired result is the quantity per unit length. For a rectangular
beam we could simply multiply the previous result by the width of the
beam, A 1 -:

f( ) dA = A h/2 f() d A A f(k )  (15)

A -h/2 k=l

10



This has been replaced by a more general form for laterally sym-
metric but not necessarily rectangular beams:

L

fk() dA 1 Wk f(k) (16)A k=l

where the Ck are not necessarily evenly spaced and Wk is the area assoc-

iated with C The ck and Wk should be assigned so that FWk is the

cross-sectional area of the beam, E'k Wk = 0 (so the reference surface

is the neutral surface for bending), and ()k)2 Wk is the area moment

of inertia of the cross section. (This form of integral approximation
is also suitable for Gaussian integration, which is preferred for shells;
see Section 3.4.)

See the discussion of INGEOM for a beam (Section 4.i.1) for a
particular example. The user subroutine INGEOM for beams must also
supply the upper limit of the beam, ZU Cu. Subroutine START assigns
Ct = ZL = ZU - h. For beams, ZU and ZL merely locate positions, upper

and lower respectively, at which surface strains are computed for out-
put. The shell versions set ZU = h/2, ZL = -h/2, and ZU is used in
START to compute a number of program constants.

Results from RPSL1D for small elastic displacements for vibrations
initiated in the fundamental transverse modes for clamped, hinged, and
cantilever beams are in good agreement with simple beam theory. An
example of buckling from lateral forces on the ends also agreed with
theory.

3. CHANGES FROM REPSIL

The principal reason for programming a one-dimensional version of
REPSIL was to have a simple vehicle for testing possible changes before
implementing them in REPSIL. However, the program proved very useful
for a variety of problems. Many changes have been coded. Some of
these were purely experimental, but most of them were for particular
problems. Most of the changes have been superseded or were not con-
sidered general enough to transfer to the CDC computer. Some of the
changes have been incorporated as part of RPSLID, as listed in Appendix C,
and some are retained as options.

In this section we will outline the changes made to REPSIL to
create the RPSLD program stored in the CDC 7600 as of September 1978,
and describe the new boundary condition implementation, the new dif-
ferencing scheme, Gaussian integration, and the new stability criteria.

11!



3.1 Outline of the Development of RPSLID

Initially, the REPSIL program, listed in Reference 2, was changed to a

one-dimensional code for axially symmetric shells (see Section 2.1).
A change of notation was introduced to eliminate errors.

This program was modified to include slab symmetry (Section 2.2).

This was then modified to include beams with a vertical axis of
symmetry (Section 2.3).

The method of imposing boundary conditions was changed by inserting
artificial, external points as described in Section 3.3, and the
divided difference approximations for partial derivatives were changed
(see Section 3.2) to a form using only central differences. The
system was made more compact by evaluating at mid-mesh points.

The code was changed to permit symmetry at either end and permit a free
end at end 2. This change was intended for beams only. (An option
called APLFRC, see Section 5.4, which permits forces to be applied
at either or both ends of beams is available.)

Coding was added to monitor maximum deflection and extreme surface
strains, and to print these extremes along with the surface strain
prints.

The computation of surface strains was revised. The original surface
strain computation was a copy of that described on pages 50 through 53
of Reference 2 except that a12 and b1 2 were zero and u and t replace

h/2 and -h/2. This was changed so that the interpolation in the non-

zero covariant components of strain, c11 and c22 (Eaa = (EAa ± h zAbad)

was replaced by interpolation in the changes in the covariant components

of the middle surface metric, EAa11 and ZAa 2 2, and of the second funda-

mental tensor, ZAb1 1 and EAb 2 2. Component EAa 2 2 is computed between

mesh points.

Optional Gaussian integration through the thickness of shells was

introduced.

Several minor, mostly cosmetic, changes were made.

The coding was transferred from the BRLESC computer to the CDC 7600

(with more minor changes) and stored in the UPDATE form.

* 3.2 New Difference Operators

* The primary purpose of the REPSIL family of programs is to solve the

equations of motion. This is done by a sequence of equations (see Reference 1,

pp. 99-106) that carry the solution forward one time step.

12
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Difference approximations of derivatives with respect to the material coor-
dinates, &I and &2, are required at two points in this sequence of equations.
First, we need approximations to the first and second derivatives of position,
I, and the incremental displacement, AT, to define the local geometry. Finally,

we need approximations for first partial derivatives of the components of the
stress resultant tensor, I*, and second partial derivatives of the normal

vector components of the bending resultant tensor, j, , for the equations of
motion.

The REPSIL equations of motion for a mesh point, as given in Reference 1,
are

A Aa + + +)- +2e + . (17)Y*0  a ac ac a

The change in the displacement of the point from time t to t + At is A +
+ +

The position at time t + At is Z = C + A+ , where C is the position at time t.

The mass per unit initial middle surface area, y*0 ' is constant for a given

point. (The term in brackets has units of force per initial unit area.)

P*ff -P ah n is the force per initial unit area along the normal, 1, due to a

pressure P. (a is the determinant of the covariant metric tensor.) The one-
dimensional assumptions remove a number of the terms in the equations of
motion. There are no terms in the 1 direction, A*12 = A*21 0, and the

derivatives with respect to El are simple functions which are computed
explicitly. The equations of motion become

A+  
+ (At) 2  

+ aN*2 +
+Y* ( a 2) 2  aE2

1+ il 2, (18)

X + Az (19)

(The transformation to this equation is outlined in Appendix A.) The vectors

j*22, '*2 and their derivatives and p* and . may all have components in

both the and i2 directions. , has a component in the 11 direction only.

For slab symmetry and beams, the term (M,11 * j2 + N,11 ) is deleted.

For beams, y*0 is mass/unit length and the term in brackets is force/unit ]pngth.

13
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The difference scheme used in the standard REPSIL has two defects which
* have occasionally been troublesome: the use of forward, or backward, dif-
* ferences at fixed edges may introduce a slowly developing instability which

cannot be eliminated by a reduction in the time step. (The presence of this
instability could be detected by an eigenvalue analysis of the linearized
equations of motion. We have carried out this analysis for a few cases with
very small grids. Unfortunately, for most useful meshes, the eigenvalue
analysis would take longer than the REPSIL program.) The other defect is
that the differences for first derivatives are not compact enough. (As an
experiment with the initial RPSL1D code, alternate points in a slab symmetric
run were at rest or given an initial axial velocity. The points initially
at rest remained at rest. The motion of the moving points produced a reason-
able solution.) These two defects have been removed from RPSL1D (and from
a modified version of REPSIL) by modeling fixed boundaries with artificial
external points and by introducing new difference operators which compute
and use forces between mesh points as well as at mesh points.

Three sets of central difference operators are used in RPSL1D to
compute first and second differences with respect to the Lagrangian coor-
dinate =E2. To simplify the notation, replace C2 by y and use the notation
fy(n) and f yy(n) to represent the approximations to f/ 2 and 2f/(a 2)2

respectively, evaluated at the n'th mesh point.

The first set of difference operators is used in subroutine GRAD to
approximate derivatives of position components, and derivatives of compo-
nents of displacement increments, at mesh points:

f y(n) = {f(n+l) - f(n-1)}/(2 Ay) (20)

f (n) = {f(n+l) - 2 f(n) + f(n-l)}/(Ay)2 . (21)
yy

The second set of difference operators is used in subroutine GRAD to
approximate the same derivatives at mesh midpoints:

f (n+ ) = {f(n+l) - f(n))/Ay , (22)
y
f yy (n+ ) = ff(n+2) - f(n+l) - f(n) + f(n-l)}/(Ay) 2 . (23)

The third set of central difference operators is used in subroutine MOTION
to compute terms for the equations of motion:

f y(n) = {f(n+ ) - f(n- )}/Ay (24)

f (n) = {f(n+l) = 2 f(n) + f(n-l)}/(Ay)2  (25)
yy

* These difference operators, which are used at fixed edges as well as at
internal points, are all central difference operators. The resulting system
of difference equations is stable with the proper choice of time step, At.
Unfortunately, when the program is run for a beam with a free end at end 2,
say n = N, backward difference operators have to be used at the free end.
In GRAD, for a free end, we use:

1



L
f (N) = {3 f(N) - 4 f(N-1) + f(N-2)}/(2 Ay) , (26)
y
f (N) = {2 f(N) - 5 f(N-1) + 4 f(N-2) - f(N-3)}/(Ay)2 , (27)
yy
f y(N- ) = {f(N) - f(N-1)}/Ay , (as before) (28)

f (N- ) = {3 f(N) - 7 f(N-l) + 5 f(N-2) - f(N-3)}/(Ay)2 (29)
yy

In MOTION, for a free end, we have:

f y(N) = {f(N) - f(N-13)}/(Ay/2) , (30)

f yy(N) = {2 f(N) - 5 f(N-l) + 4 f(N-2) - f(N-3)}/(Ay)2 . (31)

It is also necessary to approximate N*2 = _-,22/a at the free end. This

is done in subroutine RESULT with

A* 2 (N) {4 M* 2 2 (N-1) - A*22(N-2))/At (32)

because

=22(N) 0.0 . (33)

3.3 External Points and End Conditions

The end conditions for a fixed or symmetric end is imposed in RPSLID
by the initial positioning and the incrementing of a fictional external
point. The following notation is used to explain this:

A vector to a point on the reference surface at time t.
= R i3 + Zi2)

r A vector to a point on the reference surface at time t + At.
+

rB A vector to the end point.

rI A vector to the internal mesh point adjacent to rB

rE A vector to the external point adjacent to ZB"

nB The unit normal to the reference surface at ZB"

(f=Bnr 3 + nk 12)

Z The unit tangent to the reference surface at rB
( k = nk 3 +nr 2)

The initial position of external points is established in subroutine
BOUNDR and the corresponding increments are inserted in BOUNDU. The
initial normal at clamped end points is supplied in a new user subroutine
INNORM.
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3.3.1 Hinged Ends. The initial position of an artificial external
* point at a hinged end is

=2 r r (34)

'E-B '-I

* ." The increment is

Ar = -Ar (35)

We also set

Are = 0 . (36)

These inserts impose rB is constant and j,2 2 = 0 at the boundary. These

are the conditions for a hinged end as given in Reference 1.

3.3.2 Clamped Ends. The initial position of an artificial external
point adjacent to a clamped end is

Z rE = ZI - 2{(I - ZB) Z ) T (37)

The corresponding increment is

Ar = Ar - 2{Ar • . (38)_E _-I

-} We also impose

ArB =0 (39)

These inserts force ZB and n B to remain constant. These are the condi-

tions for a clamped end given in Reference 1. (The components of nB are set

in a user subroutine INNORM and never changed for a clamped end.)

3.3.3 Symmetric Ends. The treatment of symmetric ends is simply a
reduction of that for symmetric edges in REPSIL. A symmetry plane is
assumed perpendicular to the basis vector i2 . The initial position of an

external point adjacent to a symmetry end is

E =  I 2 { I-B) 2 (40)

The change in ZE at each time step is

Ar = ri - {r(1-E -I I 2{A1r • 2 (41)

* These are the same equations used for clamped ends with = T.

16

S



The external points at symmetry ends represent real points. They are
not artificial like those outside the fixed ends. Just as in the standard
REPSIL, we need to know membrane and bending resultant components (*z and
A*2 2 , respectively) outside the symmetry end. We have

(f4*22)Z -*22 ni = (FM2 2 ) + F22 (42)

defined at ri, and

(&*I) = (FN )1 ' (43)

(N*2) = (FN 2 ) i + (FN2) i , (44)

I r 1 -3 kI1 -2

defined between rI and rB. The external values needed are

(F22)E (F22) I(45)r ~E (FM I
(FM22  r2)
NF ) E -(FN 2 1 (46)

(FN1) E  (FN1)I (47)

(FN 2 ) E = -(FN 2 ) 1 (48)
(FN2) E 2-(N)I  (49)krE kI

3.3.4 Free Ends. One of the first problems posed for the RPSLID code
was for a cantilever I-beam. To model this beam a free end was needed. The
conditions for a free end (see Ref. 2, Eq. 6.52) are imposed by

.*2 2 = 0.0 , R*2 = .*22,A (50)

Regrettably, it is necessary to use non-central differences to approximate
this derivative, and other derivatives, at free ends (see Section 3.2).

The cataloged program permits end 2 to be free but not end 1. (The
optional coding called APLFRC, see Section 5.4, allows either end to be
free with, or without, applied forces. The applied forces, or absence
of forces, are supplied by a user's subroutine called ENDFRC.)

3.4 Optional Gaussian Integration

The original RPSL1D programming approximated integration through the
thickness of shells by Riemann sums assuming equal layers about evenly
spaced points. This is replaced with Gaussian integration only if IGAUSS
is 1 and IB is not 1. (These control parameters are set in the user sub-
routine INGEOM, see Section 4.1.) IB = 1 specifies a beam. We do not use
Gaussian integration with beams. We use Riemann sums with unevenly spaced
points and "weights" equal to their associated cross-sectional area (as
explained in Section 2.3). For the Riemann sums with L equal layers we
choose

17



k = h (1 - (2 k - 1) / L) , (k = 1,2,...,L) , (51)

AC = h/L , (S2)

= h/2 , (53)

I = - h/2 ,(54)

and approximate integration through the thickness by

Lu f ( ) dC - LI f ( c k ) AC (SS)

4 k=l

where h is the shell thickness, c u and C are the distances from the reference

surface (the middle surface) to the upper and lower surfaces, respectively.
L is the number of equally spaced layers, and ck is the center of the k'th

layer.

For Gaussian integration, we replace the k by

k h XkL (56)

set

Wk = WkL (57)

and use the approximation
L K

J fr u f(C) dc; (h/2) , f(k Wk (58)

C£ k=l

* where the xkL and W are from tables for Gaussian integration (e.g. Table
k kL

25.4, Handbook of Mathematical Functions, National Bureau of Standards). The
x kL are zeros of the Legendre Polynomial

')= 1 dL (x2 1)L (59)
PL (x 2L L (dx) L

Two sets of integrals are affected: the integral for strain energy in
subroutine STRESS, and the integrals for force and moment resultants in
subroutine RESULT.

The Riemann sums for the force and moment resultants at a point N are
of the form

IN  TA , f N( ' (60)
k



where

TA = A = h/L (61)

The fN(zk) signifies the value of the appropriate function at mesh point N

and integration station Ck' where the Ck are in the center of evenly spaced

layers.

All that is needed to change these sums to Gaussian integration is to
select the proper 4k and Wk, replace fN (k ) by Wk N and set TA to h/2.

For example,

K
IN = (h/2) L Wk fN(k . (62)

k=l
(The form is the same for approximations of integrals over cross-sectional

area for beams. This is done with Riemann sums but with unevenly spaced ck"

The Ck' and Wk equal to the area associated with 1 k' are selected in the

user subroutine INGEOM, and TA is set to 1.0 in START.)

3.5 Convergence and Stability

Some examination of convergence and stability is essential for any
numerical solution of differential equations. The usual method of examining
convergence is to find solutions for a particular problem using an increasing
number of meshes until these solutions converge. Such tests with the REPSIL
family of programs have shown remarkable insensitivity to the number of
meshes for problems with large plastic deformation. In those cases tested
it seems that the maximum deflection, usually at the center, decreases
slightly with additional meshes, and the strain and deflection increase
slightly near the edges. For elastic vibration problems, more meshes may
be needed to permit high vibration modes. The choice of mesh, and hence
the accuracy, must ultimately be decided by the user.

Numerical solutions of differential equations by explicit methods such
as that used with the REPSIL programs will be unstable, because any intro-
duced error grows, unless the increment in the independent variable, At in
our case, is small enough. Considerable time and effort have been expended
in studying the stability for the various REPSIL codes. Even a cursory
discussion of the stability analysis is beyond the scope of this report.
The following bounds, based on a linear analysis of the non-linear difference
equations of motion for RPSL1D assuming the central difference operators,
are used in RPSL1D:

AtM = AE/C , (63)

At B = (AE) 2/(CC 2) . (64)
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Here, AtM and AtB are the stable time step for the linearized membrane and

bending equations of motion, respectively. C is the longitudinal wave speed.

C = (E/p) , for beams. (65)

C = [E/ p(l - v
2)} , for shells. (66)

Here, E is Young's modulus of Elasticity, p is mass density, and v is
Poisson's ratio. C2 is the approximation of{ f 2 dA / £ dA}

A A

For beams,

C2 =' { Wk / Z Wk}. (67)

* For shells h units thick, using Riemann sums with L equal layers,

C2 = (1 - 1/L2) h2/12} . (68)

For shells with Gaussian integration the approximation is exact:

2 -2
C2 = (h /12) . (69)

The program chooses a two digit truncated value 0.95 times the minimum
of AtM and AtB . This is used instead of the input At on input card 3 if it

is smaller than the input value given, or if the input value is negative or
zero.

The term A used by RPSLID in these equations is the DETA2 supplied by
the user through subroutine INGEOM. The equations produce critical values
for AtM and At B if A& is the minimum distance between mesh points. Both AtM

and At8 have been shown to be close to the limits for stability for runs

with fixed ends and a linearly elastic stress-strain relation. The user
* should examine all results for numerical instability. This shows up first

as rapid vibrations in strain plots. The inclusion of plasticity tends to
damp these vibrations, but they can still be detected. The user should be

"* particularly critical if there is a free or forced end (non-central differ-
ences are used), or if the structure is compressed. The stability formuli
are based on the assumption that AE is the minimum distance between mesh
points. The factor 0.95 permits some compression, but only up to 5% com-
pression if AtM is critical, or 2.5% if AtB is critical. We have not been

able to prove the stability of the RPSLID solutions when non-central differ-
0 ence equations are used, but we have not detected instability when a time

step that satisfies the stability criteria is used.
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4. USER SUBROUTINES

There are four, or possibly five, subroutines in RPSLID which the user
must either write, or select from existing versions. These "user" sub-
routines describe the geometry and loading. Three of them, INGEOM, PRESS,
and INVEL, are one-dimensional versions of subroutines described in Refer-
ence 2. Subroutine INNORM was added to supply the unit normal to the
reference curve at clamped ends. Subroutine ENDFRC must be included, to
supply the forces and moments on the ends of a beam, if the optional coding
APLFRC, which assumes this type of loading (see Section 5.4), is added to
the RPSL1D program. Some of these subroutines are always called and some
are called under control of input parameters. Any of the user supplied
subprograms may require input (this is under the control of the user). The
input for them follows all the other input (input is discussed in Section 6).
The user subroutines are listed below in the order they are called, with the
conditions for calling.

INGEOM is called from START shortly after the start of each run.

INNORM is called immediately after INGEOM from START.

PRESS is called from the initiation part of the main program,
RPSLID, if LOAD * 0. It will be called each time cycle
thereafter as long as LPRESS > NCYCLE.

INVEL is called in the initiation sequence in RPSL1D if LOAD 0.

ENDFRC is called from RESULT each cycle, except cycle 0, if the
APLFRC optional coding is included in the program.

Information is brought to each of the user subroutines, and carried
back to the rest of the program, through COMMON. The RPSL1D program is
intended to be stored in the UPDATE format. All the COMMON is contained in
a COMDECK called MAIN which is listed at the beginning of Appendix C. This
COMDECK is inserted into a subroutine with the directive *CALL MAIN. Of
course, information can also be passed from one user subroutine to another
through labeled COMMON. The parameters in the following list are commonly
needed in the user subroutines.

NMESH The number of mesh intervals in the length.

LAYER The number of layers in a cross section.
NIB = 2 The index of the mesh point at end 1.

N2B = NIB + NMESH The index of the mesh point at end 2.

NIV and N2V The range of indices of mesh points that move.

4.1 INGEOM

Subroutine INGEOM is called from START. It supplies the initial
geometry and some control parameters. The parameters supplied are listed
below.

IB This is the dominant control parameter. It should be
set to 1 or 0. if IB > 0, a beam is assumed. If IB < 0,
it is not.
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RADIUS This parameter separates radial symmetry from slab symmetry.
If RADIUS > 0, radial symmetry is assumed and the parameter
IS is set to 1 in START. Otherwise, IS is set to 2 in START.
(RADIUS is superseded by IB. If IB > 0, RADIUS is set to 0
in START.)

DETAl (A 1) This parameter is a multiplier for energy computations.
It should be the width of the reference surface. (If IB = 1,
DETAl is set to 1.0 in START. This makes the concept of
surface area and beam length interchangeable.)

DETA2 (A&) This is the distance between mesh points in the material
coordinate E (C2 of Ref. 1, and n2 of Ref. 2). (The stability
criteria assume that DETA2 is the minimum distance between
mesh points, and for some other coding it is tacitly assumed
that & is arc length from end 1.)

R(N), Z(N) (NlB < N < N2B) The position vector-of the N'th mesh

point on the reference curve is zN = R(N) + Z(N) -2

The point N corresponds to the material coordinate point

= (N - 1) DETA2.

ETAD2 and ETAG2(1), I=I,NSTRN The previously read parameters ETAD2
and ETAG2(I) may need to be converted to the same units as
DETA2.

IGAUSS Set IGAUSS = 1 for Gaussian integration (see Section 3.4).

Extra Parameters for Beams

If IB = 1, the cross section of the beam must be described. It is
defined as follows:

ZU (;u) The distance from the reference surface to the upper
surface of the beam.

ZETA(K), K=I,LAYER ( k) These are the positions of integration

stations through the thickness relative to the reference
surface, the neutral axis for bending of the beam.
(ZETA(l) < 0, ZETA(LAYER) > 0)

W(K), K=I,LAYER (Wk) The cross-sectional area associated with

ZETA(K).

It is assumed that

Wk = Area of the beam's cross section.
k

k ()2 Wk = Moment of inertia.
k
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rk Wk = 0 (i.e. = zero on the neutral surface).
k

4.1.1 INGEOM for a Flat Plate or Beam. This is the INGEOM stored with
RPSL1D (see Appendix C).

If the run is for slab symmetric motion of an initially flat plate,
there is only one'input card. The input is simply length, SLABL, and one-
half the width, SLABW, as it is for a similar standard REPSIL subroutine.
First, the subroutine reads SLABL, SLABW, and IB with FORMAT (2E10.4,I5).
The program sets

RADIUS = 0.0 ,

DETAl = 2.0 * SLABW

DETA2 SLABL/FLOAT(NMESH)

R(N) = 0.0 - NIB < N < N2B

Z(N) = (N - N1B) DETA2

IGAUSS = 1.

If IB < 0, the responding surface is an initially flat plate. The sub-
routine is finished.

If IB > 0, data describing the cross section of the beam is needed.
First, the subroutine reads ZU with FORMAT (3E10.2) and prints SLABL and ZU.
It then reads WIDTHK, DZETAK, and ZETA(K) with FORMAT (3E10.2), sets W(K) =
WIDTHK * DZETAK, and writes K, WIDTHK, DZETAK, ZETA(K), and W(K) for
K = 1,2,...,LAYER.

The following table is an example for a 6-layer subdivision of the
cross section of a solid, right-circular, cylindrical rod of unit radius:

K WIDTHK DZETAK ZETA(K)

1 1.032494026 1/3 -0.8253794582
2 1.717575183 1/3 -0.4952276749
3 1.962319769 1/3 -0.1650758916
4 1.962319769 1/3 0.1650758916
5 1.717575183 1/3 0.4952276749
6 1.032494026 1/3 0.8253794582

To produce this table we first arbitrarily chose layers of equal thickness,
DZETAK = 1/3. Then, we found WIDTHK so that W(K) = DZETAK * WIDTHK would
equal the area of the circular cross section in that layer. Then we set
ZK = K/3 - 7/6 as a tentative location in the center of each layer. Finally
we found ZETAK) = c ZK where c2 E (ZK)2 W(K) = 7/4, the area moment of

inertia for a circle of unit radius.

Similarly, for a rectangular beam with unit thickness and width w:
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KK
K WIDTHK DZETAK ZETA(K) ZK

1 w 1/6 -0.4225771 -5/12
2 w 1/6 -0.2535462 -3/12
3 w 1/6 -0.0845154 -1/12
4 w 1/6 0.0845154 1/12
S w 1/6 0.2535462 3/12
6 w 1/6 0.4225771 5/12

(Choosing integration stations and weights for Gaussian integration, see
Section 3.4, would probably be better for a rectangular beam.)

The choice of layers of equal thickness is convenient and reasonable
for these two examples, but not for all cases. With an I-beam, for example,
it would be more reasonable, and convenient, to approximate each flange with
a layer and put four layers in the web. If the beam is not symmetric ver-
tically it may be difficult to assign values that produce the correct area
moment of inertia without altering the area, or the location of the centroid.

4.1.2 INGEOM for a Cylindrical Shell. The subroutine INGEOM for a
cylinder is very simple (see the tabulation in Appendix F). The input is

* CYLL, RADIUS with FORMAT (2E12.6), where CYLL is the cylinder length and
RADIUS is the radius to the midsurface. The subroutine sets

DETAl = 2 ff RADIUS

DETA2 = CYLL/FLOAT(NMESH)

IB = 0

R(N) = RADIUS

Z(N) = (N - 2) * DETA2

If Gaussian integration is desired, IGAUSS = 1.

4.2 PRFSS

Subroutine PRESS supplies the pressure, P(N), at each mesh point that
moves (NlV < N < N2V). (this is actually the pressure difference for shells
and the normal force per unit length for beams, but we will continue to call

*@ it pressure.) The sign of P(N) was chosen so that a positive P(N) tends to
crush a cylinder or push a flat plate down.

Most of the PRESS subroutines for RPSL1D have been in two sections.
The first section reads input and makes other preliminary calculations the
first time the subroutine is called. The other part supplies the P(N) each

* time the subroutine is entered.

PRESS is called in the initial portion of RPSL1D if LOAD = 0. It is
called at the start of each succeeding time cycle in RPSL1D if LPRESS > NCYCLE.
Also, as long as LPRESS > NCYCLE, the P(N) are multiplied by a in subroutine
DGEOM. This multiplication changes the P(N) from pressure to force per unit

• initial area. If the program is continued beyond cycle NCYCLE = LPRESS, the
values of P(N) do not change. This means the force per unit initial area is
fixed, the pressure varies with the change in area. (At the initiation of
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damping, when NCYCLE = MDAMP, subroutine DAMP sets LPRESS and all P(N) to
zero. This must be changed if the program is to continue with both pressure
and damping.) NCYCLE is the count of time cycles. LOAD, LPRESS, and MDAMP
are input parameters. If LOAD = 0 and LPRESS = 0, PRESS will never be called
and all P(N) will be zero.

One of the weak points of using deformation codes to simulate reality
is in accurately describing dynamic pressure loading. It is difficult to
obtain accurate, repeatable measurements for enough points even with well-
controlled experiments. Such measurements tend to be very oscillatory due
to both reality and instrumentation. Even assuming a completely accurate
pressure record at some point, the effective pressure on a thin shell
would be different because of its rapid reaction. The best we can hope for
is an approximate simulation that will lead to useful results. Three ex-
amples are discussed.

4.2.1 PRESS for Constant Pressure. This is the PRESS subroutine with
the program in Appendix C. In the initial entrance for each run, the con-
stand pressure, PO, is read with FORMAT (E12.6). During each entrance it
sets P(N) = PO for NlV < N < N2V.

4.2.2 PRESS for Pressure as a Function of Time. This subroutine,
called LINPRS, is tabulated with Example 1 in Appendix E. Pressure is a
tabular function of time. On the first entrance, this subroutine reads
pairs of time and pressure data into TPR(I) and PPR(I) with FORMAT (2E10.3)
until TPR(I) < 0. Then IPRESS, the number of data points in the table, is
set to I-1. (It is assumed that IPRESS < 50, TPR(l) = 0.0, TPR(I+l) > TPR(I),
and TPR(IPRESS) is larger than any time to be reached.

Linear interpolation is used at every entry to compute -he pressui, PO,
corresponding to time, TIME. The program then sets P(N) - f) for NIV < N < N2V.

4.2.3 PRESS for Two Phase Pressure Decay in a C,iiier. 'This sub-
routine, labeled PRESS of 3/10/76, is listed in AppecriT F. It simulates
the pressure in a cylinder from an explosion at its center. This rather
involved subroutine is included because it demonstrates a number of the com-
mon features of pressure subroutines that simulate the loading from explo-
sions. The unbalanced pressure PN at point N is zero until the shock front

arrives at time TAN with peak pressure PON . The pressure then decays rapidly.

In this subroutine it decays rapidly, exponentially until it reaches a pres-
sure P which we call the quasi-static pressure. It then continues to decay
exponentially at a much slower rate.

P = 0.0 if t < TAN

PN = PON e-a(t - TAN) if TAN < t < TBN , (70)

PN =  R(t- TBN) if TBN < t

where a and B are the decay factors and P is the quasi-static pressure which
is reached at point N at time TB N found from
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TB e N - TAN) .

An outline of the subroutine is given below. First, the following
input cards are read on the initial entry.

Content FORMAT

P, a, (PID(I), I=1,6) (2E10.3,6A10)

CZ, CT, CP, TD (4E10.3)

O,---, ISM (E10.3, 1OX, I10)

(ZSI(I), TSI(I), PSI(I), I=I,ISM) (3E10.3)

Here,

P is the quasi-static pressure.

a is the quasi-static decay factor.

PID(I) is an alphanumeric title.

CZ, CT, CP, and TD are conversion factors to transform data to the
desired units (see below).

a is the shock pressure decay factor.

ISM is the number of entries in the following table (ISM < 50).

ZSI(I) is the distance from the middle, end 1, of the cylinder.

TSI(I) is the shock arrival time at ZSI(I).

PSI(I) is the peak shock pressure at ZSI(I).

These data cards are read, and their images printed, during the initial
entrance. The tabular data is then converted to the desired units with
the replacement formulas

ZSI(I) = CZ * ZSI(I) , (71)

TSI(I) = CT * (TSI(I) - TD) , (72)

PSI(I) = CP * PSI(I) . (73)

This converted table is also printed. For NlV < N < N2V, TS(N) S TAN and

PS(N) = PON are found by linear interpolation at distance Z(N) = (N - 2) * DETA2.

(Here is an example where the material parameter E is assumed to be length
4 from end 1. Symmetry is assumed at end 1 where N = NlB = NlV = 2.)

TSB(N) = TBN is found from

TSB(N) = TS(N) + {ln(PS(N)/P))/ . (74)

The program then forms PSB(N) and transforms PS(N) to a more convenient
form, as follows:
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PS(N) = PS(N) eaTScN) (75)

PSB(N) = P . (76)

This completes the preparation. For every entry, the subroutine com-

putes e-at and e- at and then, for NlV 4 N 4 N2V,

P(N) = 0.0 if t < TS(N)

P(N) = -e'- t PS(N) -PON e -a(t - TAN) if TS(N) • t < TSB(N) ,(77)

P(N) = -e-Ot PSB(N) -P e- (t - TBN) if TSB(N) < t

4.3 INVEL

Subroutine INVEL supplies the initial velocity of moving mesh points.
The velocity of all mesh points is preset to zero before INVEL is called.
This subroutine sets

DR(N) = R(78)

DZ(N) = (79)

where the velocity at point N is

v= Ri 3 + "i2  (80)

INVEL is called during the initiation sequence from the main program, RPSL1D,
if parameter LOAD is less than or equal to zero. The components of initial
velocity are changed to displacement increments by multiplication with At in
RPSL1D.

4.3.1 INVEL for Normal Velocity at Specified Points. The INVEL sub-
routine catalogued with RPSLID (see Appendix C) is a one-dimensional version
of the INVEL tabulated in the User's Manual (Reference 2). This subroutine
assumes all initial velocities are normal to the surface. The input cards
are:

Cards FORMAT

--,--,NI,NF,VR,NV (10X,21S,E12.6,I5)

-- , N, V (SX,IS,E12.6)

NI and NF are the minimum and maximum mesh numbers for an array of points to
be given initial velocity VR. NV is the number of mesh points to receive
initial velocity different from zero or VR. N is the mesh number for a point
receiving velocity V.

Note! This subroutine was written to use input cards for the
standard REPSIL. The mesh numbers NI, NF, and N are all relative to
the mesh point at end 1 being number 1. In RPSL1D, the mesh point at
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end 1 is numbered N1B. (Subroutine START sets N1B = 2.) Therefore, this
INVEL subroutine adds NiB-i (i.e. one) to all input mesh numbers.

The first input card is read and the program sets

DR(N) = -SNR(N) * VR (81)

DZ(N) = -SNK(N) * VR , (82)

for NI + NIB-1 4 N 4 NF + N1B-1, where the unit normal at mesh point N is

n=SNR(N) i 3 + SNK(N) i 2

(Notice the reversal in sign. VR is assumed to be an inwardly directed
velocity, possibly from impulsive loading, on the outside surface.)

The program then reads NV cards of the second type (NV may be zero),
replaces N by N + NlB-I, and sets

DR(N) = -SNR(N) * V , (83)

DZ(N) = -SNK(N) * V . (84)

The subroutine prints the initial velocities assigned. These initial
velocities are later converted to displacement increments by multiplying
them by At.

4.3.2 INVEL for Constant Lateral Velocity. This subroutine has been
used to simulate a rod striking a wall. The changes in the catalogued
INVEL to produce this are tabulated with Example 2 in Appendix E.

The constant velocity, VR, is read with effective FORMAT (20X,E12.6)

and the subroutine sets

DZ(N) = -VR (85)

for NlV 4 N < N2V.

4.3.3 INVEL for Beam Vibration in the Fundamental Transverse Mode.
A number of INVEL subroutines have been coded for beams. They were either
very simple or very specialized. As examples of simple codes for initially
flat beams, consider the following for the fundamental mode of free trans-

*verse vibrations. The transverse velocity of any point x at time t may be
written

R(x,t) = A X(x) cos(wt) (86)

for these examples. The velocity at time t = 0 is

k(xO) = A X(x) . (87)
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Here w is the fundamental frequency, X(x) is a function of the end
conditions, and the parameter A is arbitrary. We assume evenly spaced
points to find x. (These formulas are similar to those given by Enrico
Volerra, E. C. Zachmanoglou, Dynamics of Vibration, Charles E. Merrill
Books, Inc., Columbus, Ohio.)

Cantilever Beam:

x = 1.875104069 (N - N1B)/(N2B - NiB) (88)

DR(N) = A{cosh(x) - cos(x) - 0.7340955137 [ sinh(x) - sin(x)]. (89)

Simply Supported Beam:

x = w(N - NIB)/(N2B - NIB) , (90)

DR(N) = A sin(x) . (91)

Clamped Beam:

x = 4.730040744862 (N - NlB)/(N2B - NIB) , (92)

DR(N) = A {cosh(x) - cos(x) - 0.9825022145 [ sinh(x) - sin(x)] } (93)

4.4 INNORM

Subroutine INNORM is a new user-supplied subroutine that assigns the
unit normal at clamped ends. It is called in START immediately after the
call of INGEOM. The version of INNORM catalogued with the program in
Appendix C is the only one used up to now. It produces the correct normal
if the shape of the reference curve at the end can be written as a quadratic
equation in E through the last three end points.

The components of the unit normal, p, are defined in terms of partial

derivatives of the position vector Y.

r = R i3 + Z i , (94)

R2 = 3R/E , (95)

Z2 = 3Z/ , (96)

D = {(R2) 2 + (Z2) 2  (97)

SNR(N) = Z2/D (98)

SNK(N) = -R2/D , (99)

n = SNR(N) i3 + SNK(N) !2 (100)

The partial derivatives, R2 and Z2, at the clamped ends are approximated by
non-central differences through three end points. N is NIB or N2B, depending
on which end is clamped.

(e.g. _R I  = {3R(N2B) - 4R(N2B - 1) + R(N2B -2)/(2A)) (101)
N=NIB
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4.5 ENDFRC

Subroutine ENDFRC is a user subroutine that supplies the forces and

moments imposed at the ends of a beam. It is really a part of the option

called APLFRC (Section 5.4) which was programmed to utilize this type of

loading. The subroutine is not needed unless the APLFRC option is included

in the program and either IBCEl = 4 or IBCE2 = 4. With the APLFRC option,

IBCE1 = 4 signals an applied force and moment at end 1 and IBCE2 = 4 signals

an applied force and moment at end 2. A free end is a special case for

IF which the applied force and moment are zero.

Subroutine ENDFRC is called from subroutine RESULT when N = N1B if

IBCEl = 4, or when N = N2B if INCE2 = 4 and IBCEl * 4. Since RESULT is not

called in the initial sequence, there are no initial forces on the ends.

When ENDFRC is called, the force components and moments are supplied.

I The force at end 1 is

EFR1 i 3 + EFZ1 i2  (102)

The moment is EM1. Similarly at end 2, the force components and moment are

* EFR2, EFZ2, and EM2, respectively. Figure 4.5 and the following list both

explain the sign conventions.

EFR1 > 0 decreases R(NlB)

EFZ1 > 0 decreases Z(NlB)

Em1 > 0 decreases R(N1B) and increases R(NIB + 1) ,

EFR2 > 0 increases R(N2B)

EFZ2 > 0 increases Z(N2B)

EM2 > 0 increases R(N2B - 1) and decreases R(N2B)

EFR2

0 EFZ1 j)- EFZ2
E MI EM2

EFRI

* END I END 2

Figure 4.5 Sign Convention for Applied Forces on the End of a Beam.
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The program outside ENDFRC does not change these terms. Constant values
may be inserted in the initial entry and need not be reset. It does no harm
to insert values at an end that is not forced (IBCE1 * 4 or IBCE2 * 4); the
program ignores them.

4.5.1 ENDFRC for One or Both Ends Free. The initial entry into this
ENDFRC sets EFRI, EFZI, EMI, EFR2, EFZ2, and EM2 to zero. These are never
changed. The APLFRC option then imposes a free end at end 1 if IBCE1 = 4,
and/or a free end at end 2 if IBCE = 4. This subroutine is tabulated in
Appendix F.

4.5.2 ENDFRC for Tabular Forces. This ENDFRC subroutine assumes that
end 2 is free and the forces on end 1 are supplied by tables. On the initial
entry this subroutine reads three tables. Each has a heading giving the
number of entries and an alphanumeric title.

Cards FORMAT

NFZPTS, (LABELV(I), I=1,7) (Il0,7A10)

(EFZT(I), TMFZ(I), I=I,NFZPTS) (2E15.7)

NFTHS, (LABELV(I), I=1,7) (II0,7AIO)

(EFTHT(I), TMTH(I), I=I,NFThS) (2E15.7)

NFMUS, (LABELV(I), I=1,7) (I10,7A10)

(EFMUT(I), TMMU(I), I=I,NFMUS) (2E15.7)

The first table is the horizontal force component, EFZ1, as a function of
time. The other two tables are of parameters 0 and V, respectively, as
functions of time.

The initial entrance into the subroutine reads and prints the input and
sets EFZ2 = EFR2 = AM2 = 0. On each entry, the subroutine finds EFZ1, 0,
and p as functions of time by linear interpolation. It then sets

EFR1 = pEFZ1 , (103)

EMI = -ZU {sin(O) EFZ1 + [1 - cos(e)] EFR1} . (104)

4.5.3 ENDFRC for Tabular Forces (Modified). This subroutine is like
the previous one except that the force on end 1 is assumed relative to the
tangent, 1, at end 1,

= SNK(NIB) 13 - SNR(NIB) i2 , (105)

rather than the horizontal direction, 42. The force components for that
subroutine are replaced by

EFR1 = EFR1 * SNR(NlB) - EFZ1 * SNK(NIB) , (106)

EFZ1 = EFR1 * SNK(NlB) + EFZ1 * SNR(NlB) . 107)
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A slightly modified version of this is tabulated with example 2 in
Appendix E.

5. OPTIONAL CHANGES

As has been stated before, it seems that any particular project for
RPSL1D requires some changes in the program. Ideally, these changes are
restricted to the user subroutines, discussed in the previous section,
which describe the geometry and loading. In this section we will briefly
discuss the seven sets of optional coding that are used with the two examples
in Appendix E. They are of varying utility. The plotting option PLOTP is
usually wanted. It was not added to the catalogued program because it is
very short and usually requires some additional coding to select the functions
of time to be plotted. The APLFRC option which permits loading the ends of

*beams by force and moment has been used a number of times. If it is used,
the option SHR3/1 must be included and the energy computation EAPFRC should
be added.

It is hoped that these options will be useful and serve as a guide for

introducing others in the future.

5.1 PLOTP (Plot Functions of Time)

This coding was originally inserted to plot the force/unit initial are,
(force/unit initial length, for beams) at prescribed mesh points as functions
of time. However, any function of time may be plotted by inserting coding
that stores that function's value into P(N) (N2B < N < 104) each cycle, and
requesting a plot for that P(N) on the new input card, card Ila. If the

.. PLOTP option is in the deck, this input card must be included (see Section 6).
It selects NNPE (0 4 NNPE < 9) values of N for which plots of P(N) are to be
made.

The changes to RPSLID are rather trivial: some new terms are inserted
into COMMON and MAIN, the new input card is read and its image is printed
in START, and the requested P(N) are stored in the plot data file in PDATA.
More extensive changes were required in the plotting program. These changes
are included in the plotting program stored in file RPSLIDPLOT except for
two orders (the optional coding) which read from the plot data file and acti-
vate P(N) plotting. This option is used with both examples in Appendix E.
(In example 1 the total large core memory requested for plotting is greater
than 131,071 words. Hence, the LCM = I parameter is specified on the FTN
control card.)

5.2 SHR3/1 (Compute Moment, Shear and Axial Forces

This option is for beams only. It computes the moment, M, at each
mesh point and computes the shear force, V, and the axial force, Q, between
mesh points. The following equations were extracted from Reference 1 by
Dr. Santiago.

3
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M aM (108)
Q a 2 b2 A22)

a 22 - b2 (109)

V = (1/a") 3(a A22 /aE 2) (110)

The RPSL1D analog of these equations is

AMS(N) = A22 * F22 (111)

QS(N) = A22 * (Q22 - BM22 * F22) (112)

VS(N) = {AMS(N+l) - AMS(N)}/(DETA2 * SRA) (113)

For convenience, the three new arrays are put in COMMON in COMDECK MAIN.
The rest of this option is in subroutine RESULT. A table of N, AMS(N), VS(N),
QS(N), A22, B22, Q22, and F22 may be printed at cycles prescribed by coding
inserted with the option.

5.3 MSQSVS (Plot Moment, Shear and Axial Forces)

This option was inserted to plot the moment, shear force, and axial
force computed with option SHR3/1 on the same cycles that cross-sectional
plots are made (i.e. whenever NCYCLE = NC3DP(I)). The only change in RPSL1D
is one statement in PDATA that stores the three arrays AMS(N), QS(N), and
VS(N) on the plot data file. The bulk of this option is inserted into the
plotting program catalogued in file RPSLIDPLOT.

5.4 APLFRC (Applied Forces at Beam Ends)

This option was inserted to permit an applied vector force and moment
at either or both ends of a beam. We will refer to this as a forced end.
A free end is a special case with zero applied force and moment. It is
assumed that the option SHR3/1 is included in the program.

The equation of motion, given in Reference 1, reduced to that of a
beam with no external forces is

Ar+ = Ar+ I 22 ,2+ N*2 (At)/(A'F) (114)

where

22 a hf42 2  (115)

and
.2 a ( 22 + 1'22

a a2 r222 R2 (116)

are vectors defining the bending and stress resultant terms. The notation
X,2 and X,22 denotes the partial derivatives 3X/a and ;2X/(3E)2 . The mass

per initial unit length for a beam is given by Ahr0 = A p FWk.
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From the equations for shear force, axial force, and moment,
respectively,

V = a (0 2 + 2r2 2 22 = (a A22), 2/a , (117)

Q= a (&22 - b2 A22) (118)

M = a A22 (119)

and the relations

a 2  r22 a (120)

= 2

= -b 2 ' (121)

a a2 T (122)

which are also taken from Reference 1, we can transform the vector

(A,22, 22 + h*2, 2) (123)

into the form

(V n + Q!)' 2  (124)

(The shear force and axial force, V and Q, are computed at all midmesh points,
and the moment, M, is computed at all mesh points, except at forced ends, by
option SHR3/1.) Vector n is the unit normal to the reference surface and T
is the unit tangent.

n nk l 2 + nr i3 (125)

=n ri2 - nk i 3 (126)

The force vector

F = (V n + Q ) (127)

can be computed at all midmesh points if the moment M = a M22 is known at
the mesh points.

The APLFRC option assumes a new user subroutine, ENDFRC (see Section 4.5),
which supplies M and F at forced ends. In the following, we use the subscript
N to denote quantities at the N'th mesh point, N = NIB at end 1 and N2B at
end 2, and subscript N+ to denote midmesh quantities. If end 1 is forced,

-NIB FZ1 -2 + EFR P ' MN1B = EMl . (128)
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If end 2 is forced,

EN2B = EFZ- 2 EFR2 3 MN2B = EM2 . (129)

For NIB 4 N < N2B,

FN+ = (VN+ -N+ + Q N++ ) (130)

Then, the force per unit length at N = NIB and NlB+1 if end 1 is forced,
and at N = N2B and N2B-1 if end 2 is forced, is found by the difference
formulas:

(E'2)NlB = (NB+ - -FNIB) / (  
,

2)  (131)

(,E'2)NlB+l =(F~l+ - F~Bh )/(AE~) (132)

(F)N 1 = (FI / F 1 )/(A (133)F ('2)N2B-l ("N2B- - ,.N2B-3/2 ) / (AE)

( '2)N2B = (N2B - 2B- ) (A / 2  (134)

The first and last of these are not central differences. The form

F, 2)N = (M.22,22 + N*
2 2) , (135)

where only central differences are employed, is used at all other moving
mesh points (see Section 3.2).

This option includes minor changes in MAIN, START, BOUNDR, and BOUNDU,
and more extensive changes in GRAD, RESULT, and MOTION, plus the user
supplied subroutine ENDFRC. Option SHR3/1 mttst also be used, and option
EAPFRC should be.

5.5 EAPFRC (Energy for APLFRC)

In the section for APLFRC we described the option which allows forces
to be applied at either end of a beam. The optional coding labeled EAPFRC,
which computes the work on the beam by the applied forces and moments, is
properly a part of the APLFRC option.

The work by a directed force, F, applied at a point that moves a vector
distance Ar is

*W =F • Ar (136)
F A1

The work by a moment of magnitude M applied while the normal vector changes
by an angle AO is

AWM = ±M AO . (137)

(The sign in this equation depends on the sign convention used.)
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This work must be compatible with work from pressure loading (see
Reference 2, pages 45 and 46), so an analogous method is used in RPSL1D.
That is, the external work from time t-At to time t, AW F(t- At) and AW M(t- At),

will be the average of "work increments" computed at times t-At and t. We
compute:

AWF(t) = F(t) •{Ar(t-!jAt) + Ar(t+ At)}/2 , (138)
F

AWF(t_ At) = {AWF(tAt) + AWF(t))/2 , (139)

AWM(t) = - M(t) {AO(t- At) + AO(t+ At))/2 , (140)

AW (t- At) = JAW (t-At) + AWM(t)1/2 (141)

at the forced ends.

Except for some preliminary set up, all the computation is carried out
in MOTION. The values of AWF(t-At), AWM(t-At), AO(t- At), and the components

of Ar(t- At) at any forced end, is saved from the previous cycle. The com-
ponents of Ar(t+ At) are already stored in the arrays DR(N) and DZ(N) by

* MOTION. We need to compute AO(t+ At). We define AO(t+ At) by

sin fAO(t+hAt)) i1 = n(t) X n(t+At) (142)

The unit normal at time t is available,

11(t) = SNK(N) i2 + SNR(N) i3 , (143)

but n(t+At) must be computed. This is computed from

al =il (144)w
a2 = r+/3 (145)

n(t+At) = (a1 X a 2)/I X a2 1 (146)

where

= r(t) + Ar(t+ At) (147)

and a2 is approximated by a forward or backward difference.

* 5.6 EROD (E-osion at a Beam End)

This option depends on the applied force option, APLFRC. being in
RPSLID. The basis for our model is to assume an end mesh point, denoted
by N = NIB, which moves according to forces on the true, nearby, eroding
end. Whenever enough erosion has occurred, the end mesh point is shifted
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to the next mesh point. (The eroding end cannot approach the midpoint of
the first mesh too closely, or the difference equations at that end would
be unreliable.)

We inserted a new subroutine, ERODE, which supplies the distance, DE,
from the mesh point NlB to the eroding end and advances the endpoint indices
when necessary. DE is zero initially. Whenever DE is greater than AC/4,
we subtract AE from DE and add 1 to NlB, NlV, and NlA (these are all indices
for the end point). The difference equations for the shear in RESULT and
force/unit length on the end point in MOTION were changed to reflect the
position of the eroding end. The ENDFRC subroutine was altered to use quad-
ratic interpolation to find the normal at the eroding end. (This last change
was not really tested since the rod remained straight in our application.)
Several minor inserts were made to permit reasonable plots.

This option is not as well tested as other features of RPSLID. This
brief discussion is included because the option i5 used with Example 2
(Appendix E). The motivation for Example 2 was to demonstrate that the RPSL1D
program could reproduce experimental strain records at two points along a
long rod penetrator, assuming a stress-strain curve, and a table of force
on the end and position of the end as functions of time, all derived from
the Karmann-Taylor theory 3. From the two strain records, the density, and
the cross-sectional area of the rod, one can derive the stress and force for
any strain, and the velocity at which the strain is propagated. From this
velocity, one has a linear relation between initial time and position of the
generating force for each strain. Two quite different tables of erosion and
force as functions of time were generated, one for a slow erosion rate and
the other for a rapid erosion rate. Both were used as input for RPSLID, and
both produced strain records in fair agreement with the test data.

5.7 BSTRS (Stress-Strain Option for Beams)

The optional coding labelled BSTRS is a stress-strain routine for beams,
which models the uniaxial curve more smoothly than the mechanical sublayer
model by using more points. The mechanical sublayer model in the catalogued
routine is generally superior, but the number of segments in the polygonal
stress-strain curve must be restricted.

In the erosion problem discussed in Section 5.6, we wanted to compare
the experimental strain-time response in a bar with output from RPSLID. The
strain response from RPSL1D at points along a bar agree closely with those
predicted by the Karmann-Taylor theory. That is, the velocity at which a
particular strain level is propagated down the bar is proportional to the
square root of the slope of the stress-strain curve at that strain. There-
fore, the strain-time records from RPSL1D at points away from the end of the
rod, in response to an increasing force at the end, have near discontinuities
corresponding to the corners of the polygonal stress-strain curve where there
are discontinuities in the slope. To remove these discontinuities, one needs

3A.D. Gupta and J.D. Wortman, "An Eroding Long Rod Penetrator Model for Hard
Target Penetration," Proceedings of the Third ASCE/EMD Specialty Conference,
September 17-19, 1979, University of Texas, Austin, Texas, pp 714-717.
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a smoother stress-strain curve. This was impractical with the mechanical
sublayer model, so the BSTRS option was coded. If enough points are used,
the uniaxial loading curve will be smooth enough. This option is not pro-
grammed for a strain rate effect nor for biaxial loading and there is no
obvious simple way to include either of them.

The positive portion of the uniaxial stress-strain curve is entered as
a table of points, (i,a ), with FORMAT (2E15.7), which terminates with

6 NEST < 0.0 (NEST < 100). Then ENEST is replaced by 1000.0 (infinity) and

a NEST is replaced by aNEST-l* As before, for the mechanical sublayer model,

the point (51,01) is replaced by (SIGZ/E, SIGZ), the elastic limit. Also,

as before, these are not engineering stress nor strain. If (sei aei) are

engineering values,

i = E ei(l + ei) , (148)

G. = a e(l + a e) . (149)
1 ei ei

2 2These correspond to the mixed components c2, G2 of the strain and stress

tensors used in RPSL1D. The negative portion of the curve is defined byo(-s) = -a~s).

For each integration station at each mesh point and at each midmesh,
we keep track of the strain, = e2' and the mean value of possible elastic

strain variation, m' in addition to a = 2

Initially we set c = m = a = 0.0. m

Assume we have e, a, and cm from time t-At (call these c-, a-, and cm-),

and Ac, the change in c from time t-At to time t. We recognize five cases

for Em- > 0. (For Em - < 0, we change the sign on -, - Em-, and Ac, and
proceed as for cm > 0. At the end, we change the signs on 6, a, and cm")

In all five cases we set

e + Ac. (150)

Case Conditions Results

(1) A > 0 a =a + E Ac

6 < + C C Em 1 m m

(2) AE < 0 = + E Ac

m 1 m m

38

U



Case Conditions Results

(3) Ae > 0 G = G(E)e me + C1 m = - C 1

(4) Ae < 0 o= o(e + 2e i) - 2

C<e m em +e 1

C > -C 1

(5) AE < 0 a = -- )
"E < Em -E 1  em  C + C1

C < -EI

The functional value (ce) is found from the table (ci, a.) by linear inter-

polation.

(We should mention that the computation of strain energy is as if un-
loading to a = 0 can take place entirely elastically. That is, the strain
energy is assumed proportional to (0)2 where a = E e. This assumption, also
used in REPSIL and the catalogued RPSL1D, is only true if Jl < 201.)

The UPDATE cards for this option include some changes and additions to
COMMON in COMDECK MAIN, a few orders to initiate some new arrays to zero ir
the main program, RPSLID, a change to read and store the new form for the
stress-strain table (input cards 7) in subroutine START, and a complete re-
placement of BMSTRS, the stress subroutine for beams.

6. INPUT

RPSLID originally used the same input as the standard REPSIL (see
Reference 2, pp 54-71). This is still true if the user-coded subroutines
are compatible. Table 6.1 lists the input for RPSL1D. The first part of
this table is like table 3.1 of Reference 2. Variables that are no longer
used have a line drawn through them, A brief description for each variable
is given after the table. More complete descriptions for some variables may
be found in Reference 2. These descriptions are still valid and will not be
repeated here. Units are indicated in brackets: T for time, L for length,
and F for force. Limits are those for the catalogued RPSLID (Appendix C);
most of these can be easily increased.

The input for user subroutines is listed in the order the subroutines
will be called. Examples of input are given, but the descriptions of the
input variables for the user subroutines are -.posely sketchy. The user
must check these subroutines and their input. iNGEOM is always called first
and usually requires input from cards. INNORi is called next; no input
has been needed so far. PRESS is called next if LOAD # 0. INVEL is called
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next if LOAD < 0. (PRESS will be called next if LPRESS > 0; so far no ver-
sion of PRESS has been coded for RPSL1D that required input after the initial
entrance. The initial entrance should occur with LOAD * 0, but it could
occur here.) ENDFRC will be called next if option APLFRC is used. Subroutine
ERODE, part of option EROD, would be called last.

CARD VARIABLES FORMAT

1 TITLE 8A10
2 HE8, NMESH, LAYER, YLDFAC 315,E12.6
3 MAXC, NCONT, WRITE, DELTAT 315,E12.6
4 WE!BG--, IBCE2, -I-BGE, IBCE4 1615
5 LOAD, LPRESS, MDAMP, DAMPF, DFACT 315,2E12.6
6 E, FNU, SIGZ, RHO, THICKN, NSFL, ISR 5E12.6,215
7 (SSIG(J), SEPS(J), DSR(J), PSR(J), J=I,NSFL) 4E15.7
8 NPRINT, (JCHK(I), I=1,3) 1615
9 NUMCY, (NCYCH(I), I=I,NUMCY) 1615

10 NLPRIN, (JCYNLP(I), I=I,NLPRIN) 1615
11 N3D, (NC3DP(I), I=I,N3D) 161S
lla NNPE, (NPE(I), I=I,NNPE) 1615
12 E-TA!, ETAD2, NSTRN 2E10.4,IS
13 (ETAGIT4}, ETAG2(I), ANGLE(I), ANDLB(I),

NETAG(I), I=I,NSTRN) 4EIO.4,IS

14 Input for subroutine INGEOM
15 Input for subroutine INNORM
16 Input for subroutine PRESS
17 Input for subroutine INVEL
18 Input for subroutine ENDFRC
19 Input for subroutine ERODE

Table 6.1 List of Input Cards

u IBCE4 from card 4 is stored in position IBCE1 and used as end 1
condition control.

o Omit card 7 if NSFL = 0 (or if NSFL = 1 and ISR = 0), unless the BSTRS
option is used. Card 7 is read with a different form and FORMAT
with option BSTRS.

o Card lla is included if, and only if, the PLOTP option is used.

The input variables in table 6.1 are described below. Additional
descriptions are given in Chapter 3 of Reference 2.

a
Card 1 TITLE Alphanumeric statement for output identification.

Card 2 MSH Not used.

NMESH Number of meshes. (NMESH < 102)

a LAYER Number of integration stations through the thickness.
This may be the number of layers as in REPSIL.
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YLDFAC Parameter controlling substep size for plastic yielding
in shells. (2.0 is suggested)

Card 3 MAXC Final time step. (Total number of time steps to final
time.)

NCONT Initial time step for run. This must be zero. Restart
capability has been deleted from the CDC version.

RNot used.

DELTAT Suggested time step. This will be replaced if it is
larger than the computed stable At or if entered as
0.0. [T]

Card 4 +BG l- Numbers for end conditions. IBCE1 and IBCE3 are unused.
IBCE2 IBCE2 is for end 2 (F a maximum). IBCE4 is for end 1
i(F; a minimum). IBCE4 is stored in FORTRAN position IBCEl).
IBCE4 1 - clamped end,

2 - symmetry end,

3 - hinged end,
4 - free end, end 2 only with catalogued RPSL1D,

forced end, either end with APLFRC option.

Card 5 LOAD Parameter which controls calls of INVEL and PRESS in the
initiation sequence. (If LPRESS > 0, LOAD * 0)

1 - call PRESS (supplies initial pressure)
0 - call INVEL (supplies initial velocity)
-1 - call PRESS and then call INVEL

LPRESS Subroutine PRESS is called each time cycle to supply
pressures in P(N), and then P(N) is converted to force/
initial unit surface area, until NCYCLE > LPRESS. The
force/initial unit area is constant after NCYCLE > LPRESS.
(For beams, unit area is replaced by unit length.)

MDAMP If NCYCLE > MDAMP, the damping procedures are carried
out. If NCYCLE = MDAMP, the program sets LOAD = 0,
LPRESS = 0, and all P(N) = 0.

DAMPF Viscous damping coefficient. [FT/L 3]

DFACT Parameter controlling termination of program during
damping. (Suggest .001)

Card 6 E Young's modulus. [F/L 2]

FNU Poisson's ratio, v.

SIGZ Yield stress, ao . [F/L 2] (See card 7.)

RHO Initial mass density per unit volume, p. [FT 2/L4, (i.e.
mass/L 3)]

THICKN Thickness of shell. [L]

NSFL Number of changes of slope in the polygonal approximation
of the uniaxial loading curve. (NSFL < 5)

0 - elastic behavior, no plasticity.
1 - elastic perfectly plastic response,

>1 - elastoplastic, strain hardening response.
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ISR Strain rate sensitivity control.
0 - no strain rate effect,
1 - plasticity is strain rate dependent.

Card 7 SSIG(J), Stress, a [F/L 2], and strain, e [L/L], at the corners
SEPS(J) of the polynomial, uniaxial loading curve. (SSIG(l) is

replaced by SIGZ and SEPS(l) by SIGZ/E.) (If (es,a s)
are 'engineering' strain and stress, a = Os(1 + es),
F = e s(1 + es/2). )

DSR(J), Constants for strain rate behavior. These must be
PSR(J) included if ISR = 1.

With the BSTRS option, cards 7 become:

(EEB(I), SSB(I), I = 1,2,...) FORMAT(2E15.7)

EEB(I), Table of strain and stress (reverse order from above)
SSB(I) for up to 100 points. Table is terminated by

EEB(NEST) < 0. SSB(l) is replaced by SIGZ, and EEB(l)
by SIGZ/E, EEB(NEST) by 1000, and SSB(NEST) by

I SSB(NEST-1).

Card 8 NPRINT Number of cycles between surface strain prints at points
defined on cards 13. Maximum deflection and extreme
strains are also printed.

JCHK(I) Numbers controlling printing at cycles on cards 9.
JCHK(1), or JCHK(2), > 0 requests prints of coordinates,
displacement increments, and pressure at mesh points.

JCHK(3) > 0 requests prints of surface normals, and
a print of surface strains on both surfaces, at all
mesh points.

Card 9 NUMCY Number of cycles for JCHK(I) controlled prints (card 8)
and energy balance summary. (<51)

NCYC1I(1) Cycles for prints.

- Card 10 NLPRIN Number of JCNLP(I) to follow. (<51)

JCNLP(1) Cycles to print IMAT(N,K) and IMATM(N,K) arrays.

Card 11 N3D Number of cycles at which displacement plots are to be
made. (<51)

* NC3DP(I) Cycles for plots.

Card lla (Include if PLOTP option is used.)

NNPE Number of plots to be made. (0 < NNPE < 9)

NPE(1) Index, N, of P(N) to plot as a function of time. P(N)
(NIV < N < N2V) is force per initial unit area (initial
length for beams). Other functions of time may be
plotted by storing them in P(N) (N2B < N < 104) and
listing N on this card.
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Card 12 HTAD& Not used.

ETAD2 Material coordinate of location at which displacement
as a function of time is to be plotted.

NSTRN Number of locations at which surface strains listed on
cards 13 are to be plotted and printed (see card 8).
(~6)

Card 13 EAGIR) Unused.

ETAG2(I) Material coordinate for surface strains.

ANGLE(I), Angles for additional strain calculations. (See Figure
ANGLB(I) 3.5, Reference 2)

NETAG(I) Selects surface for strain.
0 - Surface toward positive normal,
1 - Surface away from positive normal.

[Sample Input for User's Subroutines. See USER SUBROUTINE section.]

Card 14 [Subroutine INGEOM]

* [INGEOM for semi-infinite flat plate or beam. Catalogued INGEOM]

(SLABL, SLABW, IB (2E10.5,IS))

SLABL Length.

SLABW Multiplier for energy computation, A1 = 2.0 * SLABW.
Not used for beams.

IB IB > 0 denotes a beam.

If IB > 0, also read

(ZU (El0.2))
((WIDTH(K), DZETA(K), ZETA(K), K = 1,...,LAYER) (3E10.2))

ZU Location of upper surface.

WIDTH(K) Width of K'th layer.

DZETA(K) Thickness of K'th layer.

ZETA(K) Integration station for K'th layer.

[INGEOM for a right circular cylinder]

(CYLL, RADIUS (2E12.6))

Card 15 [Subroutine INNORM]

(No input for present INNORM)

Card 16 [Subroutine PRESS]

[Constant pressure. Catalogued PRESS]

(PO (E12.6))

PO Pressure. Force per unit length for beams.
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NN

[Time dependent pressure, LINPRS]

((TPR(I), PPR(I), 1=1,2,...) (2E10.3))
((-1.0) (2E10.3))

TO [PRESS with tabular data, exponential decay. 3/10/76]

*(PBAR, BETA, (PID(I), I=1,6) (2E10.3,6A10))
(CONCZ, CONCT, CONCP, TDIF (4E10.3))
(ALPHAS, NOrJSE, ISM (2EI0.3,IIO))
((ZSI(I), TSI(I), PSI(I), I=l,ISM) (3E10.3))

Card 17 [Subroutine INVEL]

[Catalogued INVEL. Like INVEL in Reference 2.]

(-,NI, NF, VR, NV (l0X,215,El2.6,15))
C-,N, V (5X, I5,E12.6))

NI, NF Mesh points NI+l through NF+1 are given initial normal
velocity -VR. Mesh point at end 1 is numbered NIB =2.

VR Velocity. [LIT]

NV Number of cards to follow.

*N Mesh point N+l given initial normal velocity -V.

V Velocity. [L/T]

Card 18 [Subroutine ENDFRC. Needed with APLFRC option.]

[End 2 free. Tabular forces on end 1.]

(NFZPTS, (LABELV(I), I=1,7) (IIO,7A10))
*((EFZT(I), TMFZ(I), I=l,NFZPTS) (2E15.7))

(NFTHS, (LABELV(I), I=1,7) (110,7A10))
((EFTHT(I), TMTH-(I), I=l,NFTHS) (2E1S.7))
(NFMUS, (LABELV(I), I=1,7) (Il0,7A10))
((EFMIJT(I), TMMIJ(I), I=1,NFMUS) (2E15.7))

Card 19 [Subroutine ERODE. Part of EROD option.]

(NTEPTS, (LABEL(I), I=1,7) (I10,7A10))
((TEROD(I), XEND(I), I=l,NTEPTS) (2E15.7))
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APPENDIX A

LIST OF EQUATIONS

In this section, we list the principal equations used in the standard
REPSIL and the corresponding equations used for axial symmetry, slab symmetry,
and beams, respectively. The notation in column 1 is that of Reference 1,
except we have assigned an orthonormal cartesian vector basis (ii 2. i3)

and defined corresponding Cartesian components of position, y1 , y 2, and y3.

The notation 'same' in any column means that the entry is the same as
that in the column to the left.
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APPENDIX B

DEFINITION OF FORTRAN VARIABLES

In this appendix we list the FORTRAN variables used in RPSL1D as listed
in Appendix C, plus additional variables used in the options PLOTW, SHR3/1,
MSQSVS, APLFRC, EAPFRC, EROD, or BSTRS. Extra columns and a lot of symbology
were used in an attempt to shorten the appendix but still give enough infor-
mat ion.

Column 1 is the FORTRAN name. Closely related names may be grouped.
Arrays are indicated by enclosing a symbolic integer in parentheses
(e.g. AMS(N)).

Column 2 lists the symbol used in this text or one of the references.
If the symbol is in braces, I ,it was first used in this report; if in
brackets, [ 1, it was first used in Reference 2; if in neither braces or
brackets, the symbol originated in Reference 1. Examples:

{ M) Symbol for moment in this report.

[A] Coefficient used in Reference 2.

a11 Symbol of a covariant metric component first used
in Reference 1.

Column 3 partially describes the status of the variable:

C denotes a name in COMMON.

I denotes input.

Sdenotes a variable that is rarely changed throughout a
computer run, as opposed to

S denoting a term that is fixed for one time step, or

T denoting a transient value.

D denotes a dummy argument for a subroutine.

Column 4 names the subroutine which stores the variable. (If other
subroutines change or store these variables, they will usually be listed in
Column 6.)

*Column 5 gives the stage of development when the variable originated:

U denotes a variable described in Appendix C of the User's

Manual (Reference 2),

R denotes a newer name included in the RPSLID file,

any name is the option that first used the variable.
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Column 6 defines the variable and may give additional information such
as a reference, a limiting value, a formula, the input card that it is
entered on, or any other item of interest.
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1

APPENDIX C

LISTING OF REPSL1D

The version of RPSLID discussed in this report is catalogued in file
RPSL1D, cycle 2, in UPDATE form at the time of this writing. There is one
CO DECK called MAIN. This is listed first. The remainder of the listing
is the COMPILE file image of RPSL1D formed through UPDATE with the CONDECK
images replaced with the COMMENT statement *CALL MAIN HERE.

This listing gives the correct UPDATE card identifiers. It could be
used for simple changes through UPDATE. For involved changes, the user
would be wise to use the FTN compiler to create symbolic reference maps.
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C()Mm(7C ).1 ) * ) ri. 1f(13) .07 (1 3) *F%, I P (1 ) 9P2. 0 (1 3) p PI K 2
I FIO?2i(1O3) ,FNlTt'(1ln3) FN2I103), kK13.t'If3 SM 1l) t 3

3 v~f. s'~i

r "YC450)NC3(r).JCYNLPI50) I-AIN~ 7
cnloA 'ef~ vh.9O2 T& ETA19EtT2#,~l U N3)o&PI 9 IPAF I

I OF*CT.4.)ATAPLhlL(i)LAM 1, IN Q

I .N(ltNCYCLF.NkITF*tCOtKT.ISTI.NCINEr,.CTN'FS.CItIFP.C1 .C?,vfL)TOl potIN 11

3 NOJPINT.FlLId.t~frS..-INCE1 ,IRCE2.IS5..N5FL.K-JmNEYLPFAC.fLP ?#AIN 13

Cntn M AIN 1F.

COMMO(1.N#N)9. OF2n t'SpeSnG6)SpSF(E,5rZS0q)hT MA IN 16
COMP-AN PSA 7(f) kA(6 S h eI 6 61 6 ti ?$j AN1
1(I (441 P.4 pIfIo (0, )f?? qH7??.0()*A17 A 9A ,? h)of O11Z1 #? p PP IN 10
rom,0- IS 0-l .*?.So- (b)CSS1 () S 1 ),CSp??.H l I 92. T*I G it ,?CIP S1.Ci(b) P-FIN 19

rnvwnN 1-% MAIN 23
CflMP(If' ?PIRoKN2..NIVeN?v MAIN P4

C10101t'N PF X iF eLOF -P AM *F tX P *F S ~ IVAIN 27
1 P713.Z13.,1113.t?(Q3GtlJ3.LP13 'IN ?p

CflO'. Ir:AUS.'.ZFTAE) .wZFTSCI(A) P-S1P1 30
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PRU4AAlf 1I.6-51- 11A T.411 T1T.IT. TP3!48IIIT.TAI' 01( ,T,T . F~cL1O p
I TABP us-1.nT~ WlL 11)I 3O CALL I- I IFPE ThP

C 141-',LIfr)
CIlCr IKt SksRFACF SThAIN I.0"VTATCNS './2#./7ft PPSLII) A
60CTTerNAL 0fuuSSII IKIEWAT1(ON AQ7.I-Se, 11; I(ALISSX. ~ 1'L1(' 7

C fA4IPMIT UP To' 6 mECHANICAL rjLAYEiS. Nl-FL *LE. O kl'!LIL FC (1-1)QFPSTL mASTkm 0PCrWAI, FOP CUC. 10/13,/77 PIFSLID (
C 1~IrFOI. FkAM CPk SLAI4 SYAPMETAY. 1jr-tS% FQa' COIKSTAKT I"QF55ki.I. 1-1SL1O in
c I"Cimle2oCw'. IRCF?=Ie2*3#OP4. m/20/74 1/'7/7#% Pd-5LI 11c CI.*NC-ES To PFkMIT SYa'$ETRY AT Ft.O I INSFPTE~a ON 1/7/'76 RISL1ID 1?c PFRPtTT tip TO -6 IOCHANICAL SUHLAYFNS. NSFL .E. 4. RPSLID 13C Fk-P) FPFE IF IHCE2SA. 9/2P/?4. MAY (ALY "F' iV FCW AFAMS. PI- 10 1
C 11hIFPFFNC~ES FUAw FM CENTENFo AT FSH FUIPTSs FOP FN IN Mlt$i-ES 91-SL~f 1) iC TAPF (NPLOT) PLuT1N OATA VPSLID 16C RFSL1O 17
C INITTIATE PwnGP6At Pl-!-Ll1U 1

rPP'5LID 19CO QOI Lal.4 RP44LI0 20
FP5XIL lu-llnfi. F41-SLID 21

colEP5(L4)zoO~jk. FFLID 22

c F 51. 11) 24&.PLO~w3 WFSL1O 25
PEWI(.4O I PI-SLin 2l
NILPaI PI-S L ID 27
NK No I -P SL 11 2pCALL ATAI-T Pr-11 L 24

WF PL 11) 30C 1'FLEIE RESTART. (!.F. *PTAPE) WF SL In 31c IF A-CnNT *LF. 0) (iCTo 15 RW-!Lifl 3?
c CALL bPTAPE (?) kiFSLID 33C NPRTNTs IN( YCLF-0)IJ(fCYCLE 91DEL P) ),NUELP PlW!-L IP 34

r EfTO 4Q W45LI0 3S
IS ItCYCL uO PI4SLID 36TIMF*O.o PP!L1(i 37

CINF58O.0 PI'SLI0 38yn Aso=p .P n PFSLID 39
CIFPSO. A P-LI 40

El So.0PF L I r 4101.ISO* p PP-L 10 4?rpso .n ahf-SL 10 43

4 r4

C SFT INTTIal- ITSPLACFwEIT9PPF5SURF.STW1 AND STRIESS a n RPFLIDC P bI U1L 47
17 Dc, PIA t~u1.N S 11) 4t,

nP (N)S.an & L I) 49
I Z(N)nnnP II-! L I1, (f) Ul A n- S4L~f V)

*~~~~~ FPL Ima)FYLU S?

FPSIN)uO.fl 'Ja LIO S4
FPSI'? (1k,) SO .fA RISLID CI

SIC.PaKa. I41.LID 514
sIGIklt...K)wn.O 145LIO S
SI A 10 K) a. 0 PSLIO lf?A CNT TN'sIF wl,5L10
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flt L(,Amu PF L S4./,:- F7 4 10)

CALL STWA1A I.4I

IFF)IN *Ff',%. PA??=L'A?(#.-) l4L0 Q7

C11I I IV')aI . / M..'Call(.)P01L~ (N.) I R14LII 71
a-2~ IAn/F *?22.0ZLP!2i) P 10 72

GLllI I z 1 .0/ MAIF~..*~etlFd WFLID 73
v.2F)u10F A220I*~F) PF$L1O 74

VIMF.) z 0.0 RP4Lln 7s
6= AP (I-i z 0.0 110D 76

OPI (t) z 0.0 F-F4110 77
MI'(" 0.0 F01-5110 7t4

33 co,,rTP.IF NPSLIO 7'.
r A? FP?)F) a 0.0 F-01-SLID A 0

z l.(1 r.4-LID F41
EI-SL?('.F) z 0.0) wl-5L 1f) 142
IF(Lnl~l *bT. IWITO 43 R6.5L 10 143

C Il-SLIn h

r7 (N)zVELTATC'7(N) I-PSL1') F49
145 CONTTF-l'E IJF!'L IU 90

CALL Fio'ris g,141L1IU0 4
CALL KINFT P1ID C2
CIIYFSx? * C I FT 91!11I(0 Q
TF,,pCzrIK5 lPSFL1D

C 6.14110 9D
IF (L('Af) 4,9Ar*b U-SLID 96

C PP SLIf) 97
4? CALL PF*ilK HI-!SLI0 9P4

C F#ISL1D ,99
43 DO 44 KN.IV.KV I4F LID 100

I:W(.J~0A(.~)IFF*)*NH()OTI.IFN)Rl-L1D 101
tZ(N~~~zflZ~~fq)-P (.*F'1N)TPF) ISL 10 102

44 CONTIN14~ F SL 10 103
CALL R010-f.IJ I-SLI U 104
CALL PWw I-SL I 105

1;ok4=NC-L1ID I jsf
CALL 14INET 40-SL 11) 107
TtNqGnr IF.3 T RI-SLID 109

c bWF..IF INITIAL CARTESIAN CCOL10IK.ATES* tIlF'SD6. R-SLll 110

94AITF (6.3('0) 1-1 !L I D III

c 1 !- L I r 113
4Q CA'LL Pti&TA (1) WFlSLID 114

c F940 II"ITIALIZATI't I-SLID 116
r Ill-SL ID 117

cfl N'CCLENCYCLE*1 rP!,L10 lip
T I mPuTl I .O*FLTT AP-!-L 11) 1IV'

C Cl-VFCW ti) FTI'AL STEP 6.65110 120
IFFNCY:IF AT. PIAAC)rc.Tfl TO kl- Lilr 1?

c C4FCP, TF CALL Wg9Fq IS N4FFt'Ff) WP!SLI' 12;)
*IFLPPFSS O0F. tCYCLE)ICALL PPFSS I-ISLIn 177'

CALL PVSITN kf-5LF ID I
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CALL 161TI('N bdIt)I U?
CALL PrATA (2) PF FL I ) I P 1

C IF (NCYCLF *N4 . UPJTII) -CTO'~ k- ' L In I -I
C CALL 'vkTolJ (1 PF LID 13?
C mg ITF =.P I E +. I IF d- &L I' I 13.
r CALL $'CATA (3) WF!-Inf 13,*

C*O)Ttl r-o Pl--IFl 13';
70 It' (NrYCL *LT. ?)STrPv wAlt'. NCYCLk .11. PI.'SL~f 13 k

CALL PrA7A (3) WF!-L1O 137
CALL PDATA (4) 1-ISfLlD 13I0
STOPI PPOGRA' COrPU'TF I P SL 10 130

3ri~ o Flnw1AT (#I t.?Pf 04 1 IiT I AL COUN1 fIA TE 5 23 X fHPIiFS SU14F/ RP-LI V 140
1 3X .I H e I IX .41-1- (N) o 211X*4042(P)9 .1 X 941-P (K 0)- ~I D 141

400 FPPAT( (!'.312XoE23.IA))) PI-SLID 14?
FND F4 FL ID 143
Sl'PW(0UTTpjF START STAI"! p

C *CALL PAIN' 04EPE TAL' 1
IISFNSJAN T!TLkEAH) START 4
REAnt(Eolofl) TITLE SM-iT 6
*I.ITI~h*140) TITLE S7AtgT fs
FFAfl('%.10l;)NOUSF.NtO'S.4LAYEk.YLIFlAC eTtwT 7
f4FAO)(r. 10r) kAXC.,VCT.r P1TEef)LTAT STAPT p

NEAO6..lO) NLI.~IPCF?*NOfl5Fv1PCEI ~~
PFAu(r-ol5) LtOA *L5PESS. PCAP'I..l)AIWPF OF ACT STtkT in
IJF4FI(C.1 ?n) E.NISr~it* IKoF*S STIPT 11
'WiIlTF (6.1sn) EF~*FpSoIG2,H09Tl~lCKK 5!IART I?
*PITE (ft170) %CNCT9AXCNPWNT*.PT START 13
-14ITF A. 17'- LAYEP.P'STh.LOA[).L'PFSS SlAo-T 1',
*FPTTF(6o.10 IR~to1.ICE? STAR~T is
It (t'SFL Ef). 1 ANr.. ISP FG'. 0)CVflTf 7A0 $TANI Is,
IE(N.SFL Ffl. 0 (iOTfl 70f) STA04T 17

70A IF~kNSFL *LT. 1) 1S'0s-1 STAf.7 19
IF (uS~t .1 T. 1) NSFLzI rsT I. R 20
&F~fl(,;.1o) LKPPINT.(JCI.9U.J)vJzl) STA.wT 21

PF A0 (5 .I P NLM( Y 9 mYr t'C) o i 1.NPCY) STA WT 2?
PEAO(Sol10) NLPIN(JCKLJUJ)J1.t'fNFil) S1'&WT 23
PFAfl(,%*1I0) N3P.(NC3nwt~j)9J2!oh3l) F!:k- 24
SSlb(1)=!,l Sl.T ?5
SFDS(1 )u~jry7/F Slof-T pA

SI(GZZC) a SSI(-(l) 5TD.0 - 30
ClI 7Qr ix.ft.qFL STAkT 31

I FCI S R L) . 1. 0. *AN T 0 ~ (J 7(d U.)GTL 4 SlAkT 3p

70-1 v,#1ITF (6.7Q?) STi-F, 34
79? F OkAT//S F&I-uO TK 4;TIA It HAF-rt .It*, w S74A IN 14AlE i:ATA ) SUP-~T 3S

STOP' STAI-T. t'NRUW IK !-T*At : nATA' SIAkT 3F
741 VSw(i) a 1.n/PSi-(J) S 7Ai 17

704 IF(J .En. 1) C-i T' 7Qr STtl-T 34

4 I(S~SJ)LP~Eb(j-))GOTO 791 bSlANT 3Q

V,(JI~(S(JI)S~J)/ESIAkT 41
SYAo-T 4p

7 I klTI 1 lt#.T '.3

WT (NSFL.) SE (P L) IF S 7A 7 F
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JAL FVI~h Sl T 60-
CPAUPl + TNTepviDT C;,

I5 i= * p . S. . Io

IF ( ~ITIFS *FC. 0.) TT~.25

'.#.VO(I'U43) Nt*FTA0?/OITA? STAI.T !;9

CA I :LNlLCA ("LI A1rT f%
S1SVF 0TC P(GAO F-I.,NONW STRT 73

IS 2 A0 145N~R Sk
IF IS .67 . fl) RADIUS (L)/rn.0 STAPT 75

I (~~I A I I L * 0 ST 0 T 7

IF-IR T niFTIM) SU A T M.

PlI )"PP'C START la0
TFU(t't S 7,6T 1.)~rf 1STIT 71

C I I)- LP A /?(.GI S1 Af-T 73

Pfl 3(J) (1C) *.5SIAI-T 75

C l1 1 1 STAPIT T,7

UN I3h I (~~ I ) I Sl.5 7A,

r7 I ItT ) l 1. 1'i(I.Tfl I 1 ST1RT 940

NTF() UI ST 0,511.1C 169?ky
c I I )L ; *l A.f 514. A3

C13l) 20 K5 - 7tl.7 94

i % 13) 01 1 )-? SI-IFI Pt P.'? t~T

1IF(P13 .l T. 0) /l!i).TisI) 5111.1 10
ZL7iTr )M SL. 1003

r,(1IU. zCI o .-n 51:17 30
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rmi ZFo2 &I .1AYb .1 117

P .A v-1u? ctTl -T I1 14

0 1.0- STtkY I1?0

ZFTA ( 2 17t a 71,50 SIiw T 1237
7F TA I I -Z Tmt3 SUOCT I I

WM3 11 1.41 STAF.T 11?

'i'. ZTA( r l$i1hlSfbeI SlA~ t H Q

&3 F TA (% sZT n 7431ff24837 STfkT 121

7F TA(Iz -7h A ( ) STAIT 132

P() a n.? S~T~t 1?(.

r( IIIWil STAAT 137
CC FTAIU F. n .~~1Q..QsA~oI 57lT 13$4

-~44 ZETA(10 z l~$h3115,3Z STA$1 129
7FTAM3 n.33fmfw';~~5*L START 130
ZFTAI?) =-ZFTAI') CIAkT 131

WI)m FA(& STARiT 132

*(I) z f.7P;'04l3$$%Q STAtiT 133

w(1) a %VC21 STAkl 13
4) a kt STt..T I147

45 7FTA(S 111)= 1 7% -& 3 .Q4 he'91'?0*52711 ST7A sT 134
ZFTA(&) a n.5~?(,93jIaAAb?5A*ZL S TARt I 3
7FTA ('.) 11f.0'11JnR177 STI.1T 140
7FTA(P) a-ZETAI&) S7TART 141
ZF TA (I) a -71 TA (S) 5T t 14P

w (I ) a fln 1?.d3a7 START 11

I?() m It.4 fl7I.~qa3qf STArT 144
w(3) z n.r'.tA7QmlQ1pppgoQ SUPT 157
1%(4) x* 4(3) STOAT 14$
IV (s) a w4? sTA.4 147

4 AZIAh) a w) q:2t95I&il 5*ZoPT- 1f49

7FTA z=S -?ET () ST1ART LI -

I, I.h7f!15130.74TI39 STA IT 17II

(4 w (3)Tt~& %11.7 150
2 r IN STL..! I%
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tF I" .- ( 1,Is 1O* L~ - c
1FII. .1 *. u) C=/(.TIlli.') 14T 176-

1 6;L. &fFT A ?/C S TA F j7Q

I FL~.A's .~. lf)Fi 1 S9(3.*l I ?/CT~ S 7j; o-T 10

I1~ F 0 I 5fS FC )O izhQ 3*n ?O? C0 ICrS -1 11

S W. rsI '1 10 4) ST P T Ik4P

V.07(1 ?N STAI-T 190

3 r, rFLt P ,=hIN TNFL h-uIN*SlIM1/SUM~ 17114

IFL Ik=r-FL 7 114PI- 102

I F PL IN . OT . n FL ~A*IN nLIKqF0 N STtkT 193

PlD LTA~uI-ft W N SWI4k 14

litLSU=)F LT a ** 5 SAr.

(= r*F/ I(I . F .I) s11w7 196

PI.47=F/t1 .A-Fh~i*4?) ST.,'T 197

'd.'?? 1 *O/tFTA?**? SY id-I 4

I-1V'?M=1 .0/rFTA2 STA14T 200

cAI-22kfT1*rp/TA;*, 7td 2021

r .. cOTarP!alo*rTA E 5 sA -T 2n

r rDAfP~1(: CLNSTANTS S71'WT 204

C?u?.l*VF L TAT*t!AmPF /CAZ ST116T 205
CI.C/('.SC?)-l-4T 20fi

c STAEJT 211T

w TE (f 150l) (JETAI. NMPC,(..flFTAP SIA)-T 210

lPTRTF (f-930If PI' LI.rl Lk -tL!NFLTAT STA)-I Z,11

%kITv (6~. 1ef) F.fLuS1(,y'd4M0.TliICKN 514147 21?

wk ITF (0;. 1701 tC0oT 9NANC Nljk INT.414 lTP sl Pd-T 213

W- ITF (P..174) LAYtpisKSTP~vL0Ar9LPNF55 CIl . 21'&

.I TF (6'. 1141) cJcM(I).I=1.3) S7111.7 211'
* i Trt I? * . i it (r i, ) i= .i.o :) ~i i c I

I-* I Tl-O .oj) (JCYNI I- (J Jul .rt P-A [f Sit l.? 21P

1ik ITF (06 IQ';) (fC.VPf ( I y aI q P:41. S71).? 21"

FI S& . C. I) Ati ITTF (46.41) SUNT 2?

I - (MSFL. k n . I . A.-'. IS5- FV(. 1) bI.TT1 (694f-!-) SYPNI 271

IF (Nc-F[ *(-T. I 11-j-. Ft;. al) &f-ITI. ff..Jf) SIAIP? R??

IF. ffkr1.L F(J. I A45r. 15g; nF.) .S~A'1- T*I.T ipl

I1 .F1 .(-T. I AtX-. 15)- IEO. 1) wi-ITI:(f,94?fN) SI&I-- 2P'

145P rL . -T . II 17 F 16 11f)NSF I T p1. 7 22

iITF I' *, 11 n I SIAWT 227

TI"Fwf.F1TAT*FI OATO-1 rAM) SytkT 22"4

1FI~- *L0. 4 AtNr. IvCE? .1 1. r)1.TUI-h $ t oT 23v

C4&7 A FII.-va.?V~s $Ff1' rChIAITTfl.S P-(T ALL (jot(; 10-, ?~5l* 31

Ik Fi.1.(.1ATI4l,1.&..) ST41.1 23'.
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110 FOt AT (I#'. I N 1Ti- 737

I I C OWAT (3?AltYUt' IFL1j PF?. I P. f

3,1n SCh-TtofT 24$
170 F(RO-AC..$~~T AT IIM )-- rT'x.AH;, 1-TPSP CO*r/4).A STAf-T 24

I If-I TS'"3R F SF SINi E A? .14k7 S.PlO oIM 1 REI~ 51D7 250P1.0.I. S 4
14 W2 A ? N. 1I 7Y KV ITAS PIVITF1 EFRIS1) TTMF SV)sitkiT 2 4

3/).)LOf S~.$X$.LiS =1/ SAT 253
170 F(JPNAT(NS2;.ItISAwTAkY FSE~c/b.0FNJ TI STE *L$ I-/ STAkT 4Q

1 !%5X21-SWFC 7kv/HIS EYFfl/Ii..FP /~' ~ S11,97 29n
2 0.~'l (INCFA) EVFR'50IS9rfl (I)CE2 -'.14/ SlAO'T 25-1

17T/ (MAT.IX*724$ zTSPLACF'ENI NqFMN =1/ STAF47 ?5
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APPENDIX D

PLOTTING PROGRAM FOR RPSLID

The plotting program is an independent program. The RPSL1D program
stores data for plotting through unit 3 which is equivalenced to file BLOT
on the PROGRAM card. The plotting program, which we have catalogued in file
RPSL1DPLOT, reads data from unit 3 also equivalenced to file BLOT. For some
runs it may be advantageous to catalogue BLOT and repeat the plotting program
to reproduce plots that were unsatisfactory because of scaling (input card)
or system problems.

This program uses the BRL plotting subroutines described in ARDC TR6
(BRLESC FORTRAN PLOTTING SUBROUTINES, Monte W. Coleman, John V. Lanahan,
July 1970) as amended for CDC by local publication SPB-6-78, May 2, 1978.
Conversion to SCOOP, the plotting system used in Reference 2, or another
plotting system, would not be difficult.

The main program, RP1PLT, reads binary data from unit 3 (equated to
BLOT) and controls the program flow. If the input variable IFLAG is 1, an
array of data for one time point is read and stored. If IFLAG equals 2,
different data is read and PLOT3D is called. If IFLAG equals 99999, or
certain abnormal conditions occur, the program calls subroutine GRAPH.

Subroutine PLOT3D reads a control card on the initial entry containing
DEFLM, SOFC, and SF with FORMAT (3E10.3), and sets up scaling for isometric
plots of the "center line deflection profile" of Reference 2. This is a
plot of the initial position of the reference curve, and the current position
of the curve with the difference magnified by DEFLM. If SF is greater than
zero, it is the reciprocal of the scale factor between the internal length
measure and inches on the plotting surface. If the input SF is not greater
than zero, the program assigns an SF that attempts to scale the plot of the
initial curve into an SOFC by SOFC inch square which also includes the origin.

Subroutine GRAPH plots displacement increments DR and DZ vs. time at
point (ETAD1, ETAD2) and the energy balance plot: time vs. kinetic energy,
kinetic energy plus strain energy, total energy, and total energy less damping
work. Subroutine GRAPH calls subroutine STRAIN to produce NSTRN plots of
strains in the coordinate directions vs. time at points prescribed on input
cards 13. If the PLOTP option is included, GRAPH also produces the NNPE
prescribed plots of P(N) vs. time.

All the COMMON variables are included in COMDECK MAIN. The longer arrays
are put in LEVEL 2 (a special version of FIXSCA was inserted to use them); if
more than 3000 time cycles are recorded, these arrays and MAXC must be
increased to plot them.

The following list is the COMPILE file image of RPSL1DPLOT formed through
UPDATE. This listing gives the correct UPDATE card identifiers.
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Pk~cPAM I PLT(INILT.OLTPUTIaLOT.TAI-LI3,TA uEIYJU.TAP 6xUOJTPUT. kPHPLT
I TAPF3ut'inT) Ql II'L T 3

C IPLOTTII~E, FVJ I-C OFIZL e4'PT A
C RFPSjIO PLUTTTINOC PArIAGE (CALCOMP Pi.0TTT.(-. SIR--P FIPLT 9
c IF NLYCLIPACe IKCWFASE MfXC AND AWPAYS IN IJAkWAY AND IPLOTI- P IIL T A
r PLnTTj(4 Pliv). 9/30/75 (fpn(30U2aQ)) Wl-IlLT 7
C F II-KT A

CCM001v ETAGPtoP(Af4EAG(h).NSTJN.MAXC PA IN 2
CompOnk QPE(103)oZZ(Ifll) Y(I03) .Z(103) PA IN 3
COmmtON nAT(P0),NCYCLFTI'Ea ETAO7, QN.I*aCYCL MIN 6
CCM60O NKPEs&PE(91,PO)AT(9l 10AIN
COMiMON /PPAARAY/ MAIN
I TIP( 3002)o IJ21 30021. U31 3002)o CINIf 3002)v STC( 3002), PAIN 7
P TNP( 3002)*DAMPLT( 3A02)*EPSSIf1P012)oEPSS2(1A01?) MAIN A

C0MlWON/RLUTP/PD( 10, MAIN 9
LEVEL2sTIM9PC INAIN 10
mAXC a 3002 RPIPLT 1(e
kNPF a 0 SJPIPLT 11

NCYCLaO RIPPLT 12
KPLOTw3 Rkli1PLT 13
kEWIND NPLOT R-1aJLT 14

C RPI1PLT 1
PFAn(NPLOVT) FTA0on.NoN'iTRt IPIP'LT Its
REAfl(N-PL07 (ETA.2(1).FN(I),METAG(I),1INSTNN) RP I KLT 17

c PFAD(MPLOT)NNPE.(NPF(1).Iul.NNPEI ACTIVATE FOR4 PLOIP PPIPLT 1$
DEAfl(NPLOT) NCVCL~TIF.N1(PP(N).?Z(N)Ihsl1eh) IIILT

I~~~F IA uZNTt. PPT 20
CPIIPLT 21

C SAVF INITIAL SNAPF NEEDt FOP CEFLECTION MAbNIFICATIUP. IN Pt(.T30V RPIIWLT 2
Do 5 Na1.NI W'PIPLT 23
Y(N)=ZZ(16) §141P1T 24
?(N)uQP(%) RFIPLT 2c

A CONTINUE RPIPLT 26
CALL PLnT3O(kl) Sf-IPLT 27

c RP1PLT pp
10 AEAO(NPLUT) IFLAG PfIPLT 29

IF(EDF(N4PLOT) *INEa 0) GOTO 28 I'PIFLT 30
TECIFLAG sEQ. 4QQ9Q)GVTv 30 kPIPLT 31
IF(TFLA6 sFQ. 1IGOT 20 Pf-IPLT 32
IFIIFLAG .En. 2)9070 PS RF)PLT %3
WMPTTF(6.91Il)FLAGNCYCLNCYCLF PFIPLT 36

911 IORMAT(//t R~AC S14KAL FQOP TAkE, IFLAGeNCYCL*NCYCLFu',3110) R1-IPLT 35
C TO' WON ;AILS* liFT PAPTIAL ILUT. iF. 0L T 304

GOT() 2P 10P IPLT 37
C PPLT 3S

Pn RFAD (NIJLOT) hCYCLF9(DST(I)qIulII) WPIPLT 39
I 1 *PflAT(J)j).juNPF) ACTIVATF FUN PLOTP PP)PLT 4
IF(FOFNPL)T) *.te. n) 60TV PS 41 1KT 41
%CYCLaNtCYCL.1 RFIPLT 6?

IFENCOfL. *GT, MAAC)GOTG 2ts RF1PLT 43
TIm(&CYCLlsnAT( I) Pl-I I-LT 66

113(NCYCL)aCATM? RP1PLY 65

112I(NCYCL)nUAT(3) PPIFPLT 46
CIN INCYCL)mnATM5 PIILT 47
STC (NCYCL)UAT(b) PI;IPLT 4
TKA (NCYCLI*CATE?) RPIIPLT 4
tOAmPL.T (NCYCL) *nAT (F) PP IPLT r
00 22 IaQ.II.2 PPIPLT Al
~JONCYCL o 0AXC*(I.@)/2 Rl'I K T 5?
FPS1(.j)mC)AT( ) Rl'1PLT 52

?2 CONTINUF 4 P1L T
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IF(NtNPP .t. 0)rnTC 10 WI*II-LT t.
rO 23 IuI.NNE A#W1HLT '67

23 PnINCYCL.1 a POCATUI) W4'IPLT so-
C-rT. If) 146 1FLT 9

IF(FOFPP~,LOT) ok.JP A)I t-OTO PF I1FIT 1%
CALL PLOT3fl(Nl) i-WFLT S
SO7O 10 QPIPLT e3

CRPIFLT t4
Ph %RITEFc.,lon) VAXC Pf-IPLT fis
100 FORMATU/POM E1WPtI KCYCL ),MAXCzoI51) PFIPLT 66

C THE LAST SET OF DATA IS NO GOAD., FLCT THE WEST* 14PIP'LT 67
KCYC. a NCYCL - I PPIPLT 614

C RP-IPLT 6Q
in CALL GRAPP~ RI-IPLY 70

CALL PLTFSE kl-IPLT 71
CA-S.L EYIT PF 16LT 72
END PFIPLT 73
SUPR0O1T1NF PLOT3j( jp) PLOT30 2
CCMMON FTAG7(6)oPN(4.l.NETA6(6j.N5TPNoM6XC MAAIN ?
COMMON RP(103).7Z(1Q3) .V(103)oZ(103) VIN, 3
COMMON nAT(20)vNCYCLE.TIPEo ETAO29, QNoNCYCL MAIN 4
CVMMON Nt4'E*NPE(9)oPOAT(9) MAIN 5
COMMON /PARPAY/ MAIN 46

I Tll-( 3002)o UP( 30P2)o U3( 3002). CIN( 3002)9 STC( 300P). MAIN 7
P TNk( 3002) eDAPVLT( 30A2)oEPSSl(1Pnl2)qEP5SS(1P012) MAIN H
COMt'ON/PLOTP/PO ( 3002.9) MAIN 9
.EVFL2oTIM.PO MA IN 10
DIMENSION4 X1(103)*XP(103)9 tHEADP(3),H-EAn3(2) PIOT3V
POA'NSION LAHEL(4) PICT30
DATA LAPIEL/#wCPTmAN9.'P3D9I,6x3q749.ONP1PL.T'/ PLOT3D 6
DATA T/f/ f-LVT3D 7
n ATA (HFADP?(TK).IKal,3)/1OD(FFLECTION,1OH PAAGNIFIEreim),/ PLOT30 A
VATA (hFAP3(IK).IKI,,)1/10NMTCROq CON.?IOS>/ PLVT30 9

*IFII.AJ.o)(i0T0 10 PL (T 3V 10

121#1 PLU73n 11
YPAPNxYFPFN1O.0 PLO73D 102
IFfI.LF.3)GOTC 30 PLrCT3D 13
CALL PLTPSF 1-(T3D 1'
S0TO 20 PL T30 c

10 XPA6E2. PLrT3 16
P~EA(sell) nEFLN.S0FCo5p P10730 17

11 FOPMAT(3Fln.3.1m' P1 tT30
C--------------------------- FCLF FACTURd Fus 30*1-LOT-------------------- PLCT3tU IL

YPAX=Y (1) Pt(.731l PC
VM TNzY (U P1(7T30 P1
ZPAXSZ (1) PL(:730 2?
7M IN.? (1) PL(U.T31) 23
r.1) 17 Po1.T2 Rt 0730 24
VIAzAlfAA1 (%)!~I.YMbX) PL(-T3n F
YkIp-cAMINI(Y(K).YMIN) PL (IT 31)
7PAXU~fA~Xl (7(N) .ZMAX) PL(31) FI7

?p INUAMINI?(..ks).ZtIN PLC,73P PPk

IF(SF *NF. M.0)6070n 13 PB FT3D Vr
YSlYtMAX.YMTk) /SOFC PLrT3D 31
?Su(7mAx-7mtK)/SnFr PLUM3 32
qFBAMAXI ( YSq4Sl PLUM3 3?
171SF .PT. n.ft .ND. SF .LT. O.qQ)GOTO 13 P1A73n 3
SFxAINT(S P1073D 3%
17(579 LT7. 1.01 SFa1.0 P10730 304

CALL PITSCA (l.0sI.0fl.fl90.0oloII.) 0(073n 3P

99



CAL.L PLTS'VM (0. 1 *FAO2lM)o..no ()fl #-.31 Pt C'T3D ?
ENCO0F (I2. 1;.STEP) OFFL. OL (T31) 40

CALL PLTSYM (0.lQI-SCAtF 1/Ie.l.0 0.0l.-.14) PIU73r; 4

ISF= IN~T(SF I Pt CT30 44

1A ICQk.AT(12*?,4 )) Pt (T730 #
('ALL PLTSY' (0.1.STFP9t'.l f*Q.-.5) Pt('131 47
SFu1 O0/SP PL(T30 48

C' * * * * 4 4 * 0 0 0 P10730 4

20 YPAPNZO.O PLrT30 50
1.1 PL(T3V 51

:%A VPAP=4.l.YRA~t P1(30 52
XFAPuI on PL(-730 F

C------------------------ CFKTER-LINF DFFLECTION IPROILF----------------- PLC7'10 54
YEACUYHAP PLOT30 S
CALL PLTSC* (XPARYIAC0.0,f.(Il.0.1.Ut) PtO7T3D 56

XIII=0 *n KOM3 57
2(21) -S*Z 1)PIC.T30 so
Xl 23:.0PL('730 59

X22) =SF*Z (1) PLOT30 6
CALL PLTDTS(1.0.A1(12.22(1) ?.0) PL(73D 61
2(2(12=0 *0 PL (430 A?
Xl (2)sSF~Y(T2? PLOT3) eh3
X2 (P) z0 .0 P-L T3D A4

Van P10M30 66

DO 6n~f Nal,!? PL(T30 f,7

Xl (K)SF*Y(M) PLOT3n h9
X?(K M SF*Z (Ok) Pi 0730 70

An CONTINUE PLI 730 71
C'ALL PLTI'i7(A.0.X1(I1vX?(1)K-0) PLT731) 72
CALL P17075(3.041(12 .?(I)*.t0) P1073E' 73
Kzn Pt 0730 74
C0 70 N.).!?2 PL1 730 7S
ltK* I PI(U730 7 i
XI1(K)uSF4(Y(N).flEFLM*(Z7(N)-Y(N))) PL U-T30 77

7n C0'TTINt IE Pt CT30 79
CALL PLT0TS(2.flX1 (1)q.2(() K.0) P(73D P10

(ALL PLTSYM4 l.1.6.4YrLF~0.0* .19-3.0; PL('13L P
FNCOPF ('*101.STEP) NCYCLE P1(730 F

101 F4'WPA ( I'5.IN)) P01730 P

WuPITF (A.109)NCYCLE PLi('30 (R

109 FCOM*AT( I fSnPtFTkIC PLOT. CYCLEOIA) P1(730 t4,

TImT IFFl . F Pt ( TiP ?A
EKCir'E (10*10r *STFP) TI IPL073V 44

In5 F('R"AT(F(1.I*2- >) Pt 0730 90
CALL PLTSYtA (.19STFP*fl.0. 2-? PL(U11( 91

*CALL PLTSYP f.I.MiEAr('1().0.fl 1.1.-?.2) PL(T30 Q
C 4 4 * * * * 0 4 * * Pt f P1(3r Q3

RE7IIAN PL( T30 Q i
FNn P10730' q
FtRI.'UTpjF (',lApk 6PAPI 2
COMMmN FTAG2.-)PN(A)NTA(A).NST4.mAxC $PAIN 2
CC"MAN I(1? Z(0).(0).13 MAIK 3
COMMON tAT(P0)sNCYCLF*TI~t* FTADP. iNoNCYLrCP tAI1N 4

C0OMOPN /PAYI 00AI1N #-
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7I'.( s~2 Up( 1ft02) 0 L3( ?002. C.IKi 3i102). 5%C 3t02. ATth
PTIfRC 34io2).flAVPLT( 3nflf2)EPSI(A12).EpSS(1H4)lp) lt IN

X, E sF fr- ION ~ symIAA)syI'.?(pl. FTA?(3)vSV4(31 GlI.A' P

PATA(FT&?(I)qJ:1.3)/lIA-FTA? .10)' I *IH )/e (,PA.- 7
2 (SY4(IhoIzI92)/10H EFRGY,*Q)- FALANLE>/ G-))

C GPAIJ)- Ql
CALL PLTPC'F 61IA l)- 10
XHAPu3.fl 611AP)- 11
VPARu2.0 Gk1AP.. 1?

YLU#,.4 GF-AP' 14
NzNCYCL GF'OPP 15
XSmI.OFok GF-APH 16

C-------------------------------- bRAP- O'NE------------------------------- Ao-) 17
CALL FIXSCA IT1'(l).N.XLX51.XhII1XPAX1,OXI) 61-APM. I
CALL FIXSCA (U3(1).N.YtYS1.YM1N1.VMAX1,DYI) (PAP- I
CALL COP.SLA (L?(l).N.Yt.YSIeYINIY*AlA1.ODY1) . 7 APH 20
CALL PLTSCA (XRAW*YPAR9XV1NI9YPINI9XS1,YSI) GPAP- 21
CALL PLTAX% (XoA1.ov1XWrN1.XMAXl.Y'IItvA~*4) G-A1-H 22
TFM1=*raA~1.fxl/3.0 GPAP)t- 23
CALL PLTL)72 (I*09T1W(I) .U2(I).IK.0) 61-APH) 24
U204 z Up (N) 6ptr)H 25
CALL PLTSYM (.I.3M)'Z.fl.0 TE01 *UP N4 ) ?-~) 6

4CALL PLTVT2 (1 .0.TI (1 .U3 (1) .N*f) G1-t)- 27
113N z U3 (N) 61-API- piq
CALL PLTSYt' (.1q3mrR>,,0.09 TE)') 9113- N r 69APp 2

CALL PLTSCA fXRAP*YFAP~m000.091 .0.1.0) O4APlw 31
CALL PLTSYa4 (.1.SYV'2(1)90o09 3.09.-0.6) GI-API- 32
CALL PLTSY00 (.l.SypI(j)qq0.0. -1.pq.1.4) G1-,t HI 3
CALL PLTSYM (.101HLOCATIO),90.l. 3.0*-1.0) Gl-oPt' 34
CALL )-LTSYI (.3*?#vf>*0.09 3.As-I.1) (.Il-v- 3%
CALL Pt TSy' 9.,H)f~l G.i.11)OAl-l- 36
CALL PLTSYtA (.GT?()00 41-.) f-)ip- 37
FlNCOFrF (P.5fl.STEP)FTAnP 01- 9Pt. 3#4
CALL PLTSYP' (.1STFPFln.no 4..-.) 9APP4 34
FNCOPW (AegO.STEP)O 6)-Al-- 40
CALL PLTSYP. (.1.STFP.o.fl. 5.7o-.1 r.-APH- 41

C--------------------------------- API T~(1------------------------------,- 61PPI-
V)-*1IP1.0 r)-Al-I- 43
CALL PLTSrA(XPAP.YPAP~n.fl,0o1.n0. .) GP A I- t 4
CALL PLTSV0(.1.SY 4(119Q0.09 410..) 9A)I

CALL FIXSCA (Clt(1).NYL.YS4.VMIN4.YMAX4.0Y4) 01-API- 47
CALL CnNSCA (STC(1).N.yL.Yq4YIN4.Y-AXA~flV4) G61-A-
CALL CON.SCA ( T NQ ( I) N sYL 9YS4 9YIN4 9VOI- X4 9UY4) 61l-' PI
CALL CONSCA (rAWPLT(1).NYLoYS4YI-IN4,V)-AX4.DY4) Pl-A- g
CALL PLTSCA (XrA.YARKf.IN.YPOT.4.9S1.S4I C-1-AI-m s

4CALL. FLTAXS (r1,D4XI-IN.XI-AX1.vPTN4.YMAX4,4) 01-AM.1 sip
CALL LARFLA (CXl*fYA.XV!N14XWAX.YII4.YVAAt4AS.1.l) C61-AF- 153
CALL PLTLVT2(I,0*Tl'(1) .CIN(Il.Nenl) 6)-APH 5
CALL PLTDTP(1.09TIW(1 .STC(fl.N9Go C49APH 5"
CALL PLTDT2 (1*0qTV)(1) .AMPLT(1) .I.O) sfI-
CALL PL TOYT2(n11 (1 *0*Tt0(I)9T NO I ) * N %) 61l-H 1 57

C------------------------------- STI-AII. PLOTS----------------------------,-PA Pl S
tr0 100 Islet-STRN OF (1A- Id

J aI +00AXC* (T - I) 641- API 9 (1

inn CONTI.I'F C-I- A PM 06
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C PLnTTING P(N). /1 2j79i~t*
IF(NPPF *FQ.O)GnTll 1 4 litAP00
YpAp * 40.0 04,A PH 6
no 33 t=lOJNNP 6.A l A

VPW Yt-A(W 10.0 SP Al-" O A
IF(YPAk *GT. 391.O)CALL PLTP(* Vl-t pl (I
IF (VIAR *(T. le .0) V" 60 2 2.0 ogap
FKC00F (7.:k0.cTFP)NF(T)AlAp. 04

?0 FVPMAT (21'P C I?.2I))) CF-A. 70
CALL PLTSCA(XIHAP.YPAP.o.o..OI0.1 .0) (Flh 7?
CALL PLTSYI4(.1.SYMlcl)9nen, 3.09-0.6) (,:Fop 73CALL PLTSYM(.1.STEP*90.09 -1 .20.S) 4AP?. 74CALL F IXSCA (PO ( I I) *N eYL s1.YS I Y I 9 YfA I 61 GAPH 79
CALL PLTAXS0DX1.oYl.XMIN1,XMAXltYPxN1,YPAXI.

4 ). 66po?. 77CALL LAIL($I *fOIIXAI~$IIYPX9~ l) (71.ApI 7ACALL PLTnTP(190vTp'(1, .1-(1.1),.d.) pAPH 7
?3 CCNTINIE 

PA?. $~ CNTUuEGRAPH A ICALL PLTP64E 
OPApt. P?RE TUPPN 
Cd. A PH 63.o FORPAT (F7.3*1H) 6F APH? 84

SUPPOI'TINF STRA1IN (X*Ys?9  ETA?# Pf~l*NETAeJ.f ST1-AIN pvIlrrNSION X(1)qy(1)gZ(1)q SY2(3)SY3(2)SY.4(2.SYI&'g?)e 571-Al? 3
LFVFL2.e ,Y.7 ST5vAIN SLO(ATA l//o.y/I0./XS/l.OFb/SAI

rAAS"*)Kl3/0FA z .1014 .5H ))./P ST1-AII 72 (SM()Kl2/0T~ (poicpsinihortEcoknfs))/, STI.AIN3 (SYM4(K)*Ku,2)i10,.STRAIN (M),jI-/. STPAIN4 (SY?.5(K).iMule2)/..nHgFTAl CO0.'*S1'NEKT)-/* SI1'AIN 10*S (SYNA(K)9g~u1.2)/1IFTAP COMP9SNENT)I/ STRAIN 11
SCAI 12

!F(U.FO.O)COTC 10 ST1-AIN 13

571lS~-Al?. 14YFAPUYPAPN. * I) STf-AZN isIF(I.LF.,,AGOTC PS 
STrAItJ 1?CALL PLTPOF, 
ST1-Al?. 17GOTO 20 PAN R)P CALL PLTP14F 
STI-AIN IXLx7.Q 
ST1-AIN p70

YLA.45TFAI?. ?IC."LL CAA 
TPO VYhfAPZf.nSTAN 

F

CALL 
SLSC TA4C.?.Pnno~..~ A0 5 IN 27

CALL PLTSYM (.19SYt03(1U*.Os 3.0.-Os6) STI-AIN P9CALL PLTSYM (.1.9HLVCATyOr.~.oA.fl 3.09-1.0) S7(hAIN 30*CALL PLTSYM (.3,?I't)-9.At 3.8s-1.1) sTIAIN 31CALL PLTS'vM (.397miv~o.nt 60A.0-10) 571-AZ?. 3?IF(NFTA.NE.0)G0OT( 30 ST16alh 33CALL PLTSVM (.1,8HCLTEP-jvO*O, A.MG-1.O) STR-AIN 34COTO 35 
STPAJN 330 CALL PLTSY" (.1.6?4lNNFPlo*0. 6.00-1.0) 511-Al? 3063A CALL PLTSYM (..r'7,oO. 41-I! PAIN 37F?.COFlrr8SnSTEP)ETA? 
511-AIN 3CALL PLTSYM (.1.STFP90.o &.'q)j TPAII 3'..

LA.LL PLTSY" *.ifl14j. 
-

102



X?(1)3-1.3 STI-AIN 43
Xl (2)x3.6;7h STPAI' 164

CALL PLTDTS 57OX 1 X2l ~o~1.AIN' 4f6
CALL PLT5Y4' (*I.SYM'4(1)on.n9 3.79-1.3) STFAIN' 47

X p( ) - . STPI .N 414
X2 (2) =-I.5 STI-AIN 49
CALL PLTOTS (441AlIl)*X2(1).p.0, 57PAIN 9;0
CALL PLTSYM (.1,SYW6(1)*.Oo0 3.7*-1.S) CTI.AIl. 51
CALL FIXSCA (Y(J)9hsYL9S.Y'INYAX11Y STPAIN 52
CALL CONSCA (Z(J),N.YL.YSI9Yl-IN9YMAXDY) STFAIN ci3
CALL PLTSCA (XPAR*YPAP*XIAIN*YMINOXS1,YS1) STFhAIN 64
CALL PLTAXS (DX*DY*XMIKXMAXq~mIN.YkAAe4) STPAIN Ss
CALL PLTDTP c1.O.X(1)9Y(J)tW0) STPAIN 56
CALL PITDTP (4#0*X11).ZfJ)*N.0) STF.AIN 57
CALL LASiELA (0Z~fYsXtI AX *VMIP Y.AX eXS*S) STPAIN S
WFItI'N STI-AIN So9

rP FORMSAT (F?.3.114)) STPAIN 60
FKI' STPAIN 61
SuIppmhTINE F TXSCA (X.NPTSSTFXSCALEX'INJl.'AXeOX) FIILSCA p
Vl!#FNSION X(11'.T(2) FIXSCA 3

C M'UST RFAn IN FIXSCA TO PUT X IN LFVEL ?o FIJISCA
LFVFLP.X FIXSCA S

C(I) X-Al T*NEAW ARPAY OF MIMPFRS IN CA7A 11NIIS FTXLSCA 6
Ci11 NPTS-T14E WNlIJEW OF X VALUkS .FI)SCA 7
C(T) TI-E LFk(TlN OF X 0)I0FNSION OF Tl'F C-rAPH I4N PLOTTFW INITS FIYSCA Y'
CIR) XSCALF-T9E SCALE Ik DATA UNITS/PLOTThR UNIT FI)SCA 9
COP) XMIN-TIE ADJLUSTED MTNTPNLM IN D)ATA L.NIITS FIXSL;A 10
C (f) XPAX-THV ADJUSTED MTNIOL0 IN DATA (INITS FI)SCA 11
Ctp) nX-THF E 'LTA X FOR AXIS IN DATA UNITS FIASLA 12

LOGICAL CONT FIASCA 13
CONTz.FALSE. FIXISCA 14,
COTO 100 FD)SCA is
FNTDY CON.SCA FI)SCA 16
CONT. .TPtF FI)SCA 17

100 TXMTwX(I) FTXSCA f
T~mAuX (1) FIASCA 19
DO I?0 Ix1.NPTS FTXSCA 20
IFIXCI) .hF.TXMT)GOTO 110 FI)SCA ?
TXml=X (Ii FI)SCA 2?
SOTO 120 FIXSCA ?3

110 IF(X(I).tE.TXMA)GOTO 1?0 FI)SCA 24
TXP*uxi1) 25SL p

120O CONT TMOE F1YSCA f
IF(.NOT.C'NT)CoTO 140 FIXSCA 27
IF CTXI.LT.Xio'it.OfR.TXdAA.GT.Xr'AK)Ct,T(. 125 FlXSCA F
TXVIxX"4IN+APS(XMI'1.0.00flfl FI)SCA pC'
TX14AxXNAX-A4S (lXdAAX 0.000001 FliLSCA 30
C-OTO 140 FI)SCA 31

17% IF(TXMI.LT.XkIK,)GoTO 130 F1XSCA I?
TxmruxmIlN.AIS(XMIN)*0.n00O0l FIXSCA 33

130 IF(TXMA.GT.XWAX)GOTr 140 FIPSCA 34
TXMAxXMAX-APS (APAX)*0.000001 FI)SCA 35

140 OIFF=TXIiA-TXPI FIYSCA I.
IF(nTEF.LT.n.0n01 OIFF2SO0000 FI)SCA 37
ENCOPF (?Oo 150. T) 01FF FIXSCA 10

15.0 FO~fAAT(IPF12.r, FIXSCA 3
OFCO)E (20. 160. T) COIFF. IE)IF FIXSCA 4()

160 FOPMAT(FA.S. IX03) FIXSCA '1
170 TF(COFF.CGT.7.n)GOTC 100 FP)SCA 4P

rgl-v~zft~ c * CCA
roroO Poo FIXSCA A
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140 fF(CCVFF.&T..Ol3(OTC IQP F I S(A
rFPLTA=0.2 FIISCA 4

GOTO 2fl0 FDSCA 7
ln rEL TAXO .c A OrSCA 41
200 r)FLTA=rETAo10.1)..TFXP FIAhSCA 6

DIX=OFL TA FDSCA r

7FIIN.A1?NT(AS(TXMI)/CETA)*O)FLTA FI)SCA SI

AlA=ITASTtAIPLA*FT F1)SCA l
rFeTX'A.IT.o0cGUT0 210 PI)SCA 8
XMAXXA)I~nflL A F1)SCA %t
GOTO 22 ?XCa5

210 XPOAXZ-XMi4X FDFCA R

270 XqCALFxIXlwAX-WIIN)/SIZk IIC 1
HET'FND1SCA S

FNUI FJXSCA #10
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APPENDIX E

EXAMPLES

Two examples are given in this appendix. These were originally jobs
run on the BRLESC computer, now defunct, and transferred to the CDC CYBER 70
Model 76 computer to check the program there. The two jobs test, and hence
illustrate, many of the available options and internal variations of RPSL1D.

*For both examples, the complete SCOPE 2.1 batch job is listed and a sample
of the output is given. The sections of the batch job are separated in the
listings by question marks which listed for the multipunch end of record and
end of information signals.

E.1 Example 1: Pressure Loaded Flat Plate

The first example involves finding the response along the shorter
symmetry line of a flat 4 by 15 inch soft aluminum plate. (Results from
the standard REPSIL and the slab symmetric version of RPSL1D are very similar
for this elongated plate.) This example demonstrates the introduction of a
new PRESS subroutine, the use of the optional coding PLOTP, and the activating

. of Gaussian integration and damping. Both the new PRESS routine and the
option PLOTP are inserted by making changes in the program through UPDATE;
both also require input data cards. With the catalogued INGEOM, Gaussian
integration is automatically used with slab symmetry if IB = 0 on input card

,* 14. Damping was activated from time At on by setting MDAMP = 0 on input
card S. The damping option was used here to help simulate displacement of
the plate by quasi-static pressure loading. This is not the usual use of
damping. Damping is a device normally used to bring a responding surface
to rest at its final equilibrium configuration after the loading is removed.
Since subroutine DAMP is not entered until cycle one, when NCYCLE = 1, the
subroutine did not shut off pressure loading as it will if entered with
NCYCLE = MDAMP. This run terminated at cycle 3546 with a displacement of
.66 inches.

A listing of the batch job deck and samples of output for Example 1 fol-
low. The first part of the job deck is the SCOPE 2.1 control statements to

set up and run RPSL1D and the plotting. The next set of cards is UPDATE
directives and new FORTRAN statements for RPSL1D. The input data cards for

RPSL1D are next. (The input and output for this example are in the now

* forbidden pound-inch-second system. If this is discomforting, pretend the

*. units are SI units for some very exotic material.) After the data there are

UPDATE changes for the plotting program, including changes for the PLOTP
option and a change to permit up to 6000 time cycles. Finally, there is a
data card to control plotting.

Following the job listing are sample listings of output. This starts

with a summary of the input and the initial Cartesian coordinates as

. prescribed by INGEOM. All the output should be inspected to uncover errors,

but these two sets should receive very close attention.

105



The output at cycle 3000 for this example is listed next. This includes:

*Displacement increments, coordinates, and pressure at each
mesh point including the virtual external point at N=l and
the symmetry point at N=13.

0 The LMAT matrix. A 1"1 signifies plasticity, and a "10" denotes
an elastic response, on the current cycle. For each column
labeled N, there are two rows for each integration station K.
The first row is for mesh point N. The second row is for
midmesh N.

* The components of the surface normal at each mesh point, the
2 columns on the left, and at each midmesh.

# Surface strains at all mesh points. For each mesh point,
the strains on the upper surface are listed first, then the
strains on the lower surface are listed. EMl and EC2 are
the elongation strains in the El and E2 directions, respec-
tively. Ell and E22 are internal covariant components of
strain. For slab symmetry, ECl and Eli are zero.

* The tabulated output for the NSTRN prescribe surface strains
accompanied by prints of extreme strains and maximum deflec-
tion for the current cycle, and for the entire run.

* The energy balance summary.

In our listing, this is followed by three prints noting the use of the
kinetic energy annihilating procedure (a part of damping which stops motion
at kinetic energy maxima) and finally a print of the prescribed surface
strains, etc. at cycle 3500.

The occurrence and frequency of this output is controlled by input cards
8, 9, and 10.

Figures E.l.l through E.1.4 are samples of plotting output. For most
publication purposes, it is desireable to do some relabeling, but these plots
have not been retouched. Figure E.1.1 shows displacement at selected time
steps. Figure E-1.2 shows the displacement of the selected central mesh point
and the energy balance as functions of time. The scallops in these plots
occur when the stopping procedure was exercised. This energy balance plot
shows the four possible curves. These are, from low to high: kinetic energy,

* kinetic energy plus elastic strain energy, kinetic energy plus elastic strain
energy plus the work in damping, and the total energy. Figure E.1.3 is the
first two of the six strain plots requested for this run. Figure E.1.4 is
a plot of force per initial unit area at mesh point 3. The pressure increased

* linearly to a maximum of 80 psi and then remained constant, but the area in-
creased throughout the entire run.
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Listing of the Batch Job Cards for Example 1

ATT!,(r- I "Lfrr-I PS-L I P' * I df
I ]iPr ATF.ti.

4 -50 *OFF .
Lar.

FWITM) r&TA Tr, PLO'T TAPE

PFTU1-k,LrIPL.
ATTAC1 (OLIPL .WI"q I1(11 UT *'=j(W

iiPfnATF (F)

-AAP.*OFF.
L 1(1.

F r T t'* PL (T * A Icn (lP T A Pt' .

I 9;"', T P1. fiTP
*T P PS L I n .

PI 0 LT T I Nr P(t). q~7 I n/ tLOTR
0 T k

*T CTAIT.P

*T FIrATS.13
!-TTF (?PLVT.:t-~ . (NOEF I I I:1 t4NPF) PLOTP

T Or A TA 1.fIF POi
*~ pr~TA*~0PLOTP

PA JPA(I)xPj PLOT)"
PD. FAT.P j

I * (-VI'W) . ,1 PNP4F) PLOTP
Of IIATA.&?

f*0 4A T..'r.) PLOT-

1* A. flT ) i-(WJI PLOTI-

J*(r r T( I) z =1 1*I: F) PLOT)P
Off F t 7 It r -s

'~~l & 4 . P - 0 I - q * 4

r IFC.CI,.F 'wy LI'#.I TNTFI-'-ULATTr't .T~t. w~svpFcT Tr. TItt IN L I. Pt-PS

r 7 PL;1I r fi. IF TR, (T ) .1- .( T I nl?74,'7TK-
r Fr~vi.T (Ff 111.3) TW~fI.T1- *1704 K-I-6ATIVE TPk. I 1It~N

r r ,sI (P Tcr I I.) Pjn (%I L I INI PS
PATt TIr-1S/f/ I ItI-Ps

VW'-I TF(A, Intl I ItF-pS
a n If~'"S
a 1 +11 I TNPQS

!PITPiw(j) .LT. fl.(1)GVOf 3 L I 1-'S
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E.2 Example 2: Eroding Rod

This example uses the beam option of RPSL1D and utilizes all seven
of the options listed in Section S. This program was designed to illustrate
that the test strain-time records at two locations along a steel rod pene-
trating a steel plate could be reproduced by varying the force and the rate
of erosion on the end. Two quite different tables of erosion and force were
used, and both returned strains that were close to the test values at three
locations. This example used a fast erosion rate. Mesh points 2 and 3 were
eroded by time cycle S.

The batch job cards and some sample output are listed. The batch job
for this example is rather long. The first section of the run stream is the
SCOPE 2.1 control statements. The next section is the UPDATE directives and
new FORTRAN statements for RPSL1D. Breaking this section into the nine
groups with different UPDATE card identifiers we have: PLOTP, SHR3/1, MSQSVS,
BSTRS, APLFRC (including a subroutine ENDFRC which is adjusted for erosion),
EAPFRC, 11/2/76 (a modification for EAPFRC), INVELC (an insert into INVEL
which creates a uniform initial velocity toward end 1), and ERODE.

The next section in the job cards is the input data. The input, and

output, for this example are in SI units: meters, seconds, kilograms,

Pascals, etc. This leads to some awkward scaling on both input and output,
but assures a consistent, unambiguous system. Along with the usual input
data, this section contains a long table of strain vs. stress for the
BSTRS option, input to approximate a solid cylindrical beam for INGEOM, no
input for PRESS, a card with initial velocity for INVEL, three tables for
ENDFRC, and a table for ERODE.

The next section is UPDATE changes for the file RPSLIDPLOT for options
MSQSVS and PLOTP. Finally, there is an input data card to control the
plotting.

The tabular output listed is two of the seven pages which reflect input
(most of the omitted tabulations are simply copies of input tables), and the
output at cycle 130. The output at cycle 130 includes:

* The displacement and coordinates. R and DR are effectively
zero.

* The output from SHR3/1. The moment, MS, and shear, VS, are
zero. Only axial force, QS, is significant.

* The table of plastic stress occurrence.

* The components of the unit normal vector. The rod has not bent.

* The surface strains.

* The energy balance.
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4
Six of the output plots are shown next. (An isometric plot of the rod

and plots of MS, QS, and VS were made at cycles 70 and 130. The isometric
plot is uninteresting, and MS and VS are zero.) A plot of QS vs. mesh point
number at cycle 130 is included to illustrate output of the MSQSVS option.
We also include plots of several functions of time: the displacement of mesh
point 5, strain plots at 19.26 mm and 39.67 m, a plot of force on end 1, EFZ1,
which was stored in P(53), and the erosion at end 1 which was stored in P(54).

1
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K Listing of the batch job cards for Example 2

wPT"*STMFZ'.T30. MW.ILICATF RUN OF 6/A/7? AND 10/12/77. ERUDIN. R(D.

ACCO&I'T. WOWiTPAN8309*X3979
ATTACI-*OLPPLkWSL 10.IDw.JOW.
upnATE .F.
FTN (A.! SLEO.RUO)
MAP .OFF.
LGV.
EXIT(U flATA TO PLOT TAPE
REwINDO(PLOT)
R VTLURN. COmA LE.
RM)NINeL6O.
'FTUNN.O0L(It.
ATTAC),(OLfPL.PSLInPLOT.IO=jrw)
HFC.!N ATTArH9PLnTL IP.
t-POATF (F)
FTN (A.!eELwF.SL=0.Rz0)
MAP.OFF.

FX IT (11)
kF(INPL0T.CALCO4P*TAPEI3.

*I C:F NT PLOTP

r PLOTTING P(N). 9/3nl/75 PLOTP

COMPON -NPE *NPE( q)9PUA T ( 9) PLCTP
*I START.?4

PFADC;*10)tKPF*NFE(~elloNNF) LI P
*1 PDATA.13

WRITFCNPLOT)NNPke(NPE(I).!llNNPE) PLOTP
*I PCATA.10

00 26' In1.N Pf PLOTP
Ju'NPF (1) PLOTP

26 PDAT(1)P(J) PLOTP
Or POATA.?7

I .(PnAT(J).. =19NNPF) PLOTIJ
of PflATA.42

Of0 46 To) .NKPF PLOTP
JuNPFM PI LOT$,

SPflATcI1)Ptj) PLOTP
of PVATA.4S

I * (0!ATW() .ju) NNP-F) ,WLOTP
**!DFNT SP/

*1 PPSLID.S
C F5T1MATF SPMEAb FORCE. VS. ANn MS AND OS. 3/1/706 (FOR A PEAP) SI-P 3/1
*I AN. PA 

OF 1COMMION At-q(103).tJS(1fl3)9VS(1l)S-3/

Or RFS(ILT.:NSIF /
"'MS AT FQEF VND Tq ZENOQ (4/5/76). CHiAKACF *ITH APLFPC. S"4 3/1

AmS(b.?"I z 0.0 SI-P 3/1
**1 PESIILT.-%4

OR &FSIILT.AP

;)PQ i)S(IN)a ?*(22P2F2)F3/
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C 'S.PS.QS PPINT CONTROLLED 9Y1 COPING. SHR 3/i/7b.
C TO OPINT EVEHY 10 CYCLES.
C IF(monflCrLE.101 EO. 0) GOTO PIP q/ 15/76'

TFUACrLF En 7n .09. NrYCL . .,a. l3flkiOTn 21? TFST

210 FCPMAT(//l CYCLE NItf-XtS'13.1VSI.I3X.oU(SS.I3)I.A22'.l2X, S-R 3/1
I *.22'.1?.'(?~.7X.N2?./)SI- 3/1

?11 FOPPA'T( U. !3.1P7E15.7) SI-F. 3/1
212 IF(P- *FQ. N1IP )WPITE(6921O) SI-P 3/1

WP1TF(6,211)NCYCLE.NAMS(N).VS(N).OS(N),A2,AM22,O22.F22 SI-F 3/1
c OUTPWIT OF MSIN2&' dk/5/76 SFPI 3/1

IF(N A0U. N2I'-1)wPTTE(69211)NCYCLF.NR.AI4S(N2RI SI-P 3/1
210 CONTINUE S04F 3/1

*IDFNT mSOSVS
*I PPSLlP.S
C PLOTTING MS. OS. AND VS. 3/Iq/76 I6SCSVS
*1 POATA.c;2

WRITF(NPLOT) (AMS(N).QS(N)VS(N)NNlWN2S) IsQSVS
*IPENT ASTPS
*I PPSLIn.5
C NEW UNIAXIAL STRESS-STRAIN CURVE FOP BEAMS. 4/1/77 i-STRS
C NOT COMPATILF~ wITI- STREN OPTION. I.5TRS
*n MAI.*5

3 S16fl103.A).sIG2(l36)LATC1O1.A). -S
OD MIN.2A

COMMON SNRPM(103).SNKM(103).SIGI (103. .oS162mU0O3eLAT(103t) FSTF-S
*I MAIN.20

COMMON EPSRI1(3.,)EPSPM(1036)EPL(l3E)EPL.(103,6). PSTNS
2 FFR(10.S511100)I4EST9EPSZ FSTRS

*I PPSLID.60
EPSP (NoKI z 00n E! TN~S
EPSP-M(NoKI x 0.0 I-STIES
EPLR (MeK) a 0.0 F STIES
FPLRM(NK) z 0.0 ISTI.S

*n START.IA.START.20
no 700e 121. 49 FSTNS
REAP (S.702)FFRA( I) SSP (I) SR
IP(EFPIl .LT. 0.0) GOTO 701 FSTRS

700 CONTINUE ESTRS
701 NFST a I I-STIES

NRFL z I STPS
SSP(I) a SSHI--) t-STAS
FERMI z 1000. E4STI.S
ssa( I Iua SIGZ I ,T1
EP57 a SIGZ/F I-STIES
EPRI'() x EPSZ FSTIES
WPITF(qN73T.EEI1(II.SSB(I),Izl.NFST) I-STIES
!F5(FESF'T) .GT. 2.n*SIGZ)%PITF(6*704)NEST FSTAS

70? FOPMAT(?Flq.7) FSTPS
703 Fl)RnAT(/3X.PSTPESS-STRAIN TARLE FOPH ISTFSf/3XslIf*6XofFPS(I)la9X, I-STRS

2 'STGi(II ',/CIF%.1P2E5.7)) PSTI4S
704 FORMAT(//# ***WAkNINGo** STRAIN FNI-WGY SUSPICIOUS. Slb(tvl3o I-STRS

P ') G(T. 2)*51G7t//) F'STRS
*0 HPSTPS.?3of4MTRS.30
C CI-ANSFS IN RMSTRS FOR HSTPS 4/1/77 E-STRS

IPITP .EO. IGOTO 10 biSTF-S
PEPS aPSPM(I-.K) PSTIES
IiEPI a EIJL641(NsK) f-STIES
SOTO 11 PSTPS

to HEPS z FPSR4KeP) (-STkS

14FP = FPLl4(N.I') i-STPS
11 RFV'N = EVPL r~

IFuPFPLM .0F. n.0) GOTO 11 kSTks
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STC*221 z -S1C*221 1ESTI.S
DEPS?2 z -DEPS..2 PsTkS
I.FPS z -HEPS F~i

AFOL -iZPL ST.kS
13 REPS = I-FOS; + nEPS72 tSH

IF!PEP522 GOF. o.nflO' 14IST-
IF1-FFPS GF3. lFPL-FPS7COTO ISlS k
IF(PFPS *GT. -FP57)GOCTl 16 i-STkS
CALL MVINT( -'4tSSIG?2EFHSSR,NSTv?) b'.ITlS
SIG?2 z -STG22 fPSTRS
GnTO 17 FiSTPS

14 IFIPEPS .LE. REPL#FPSZ)GOTO I5 PISTHS
('ALL AVPINT (8FPSSIG22.EEHSSR.NEST,2I PSTPS
tEPI. z HFPS - EPSZ STkS
LlMNK w I1SR
rOTn 1$ PSTPS

15 SIG22 = STA721 + E'OEPS22 E'bTFS
GOTO IS PSTPS

106 CALL OvOn#T (PEPS.2.O.EPSZSIG?2.FE69SP.NEST4?, FSTRS
STG?2 z SIG22? - 2.0*SIGZ EbSTWS

17 LMN4K a 1 FPSTIS
FFPL m EP * FI"SZ F-STPS

IP IF(RFPLA PGE. fl.0)COTO 19 SR
SIC.? = -SC-??I-STl-S

PFPS = -ES SR
FEPL z -REPL iSTWS

IQ1 IF lIP *FG. 1) GOTO 2n -Sk
FPSI4M(N.K) z mFPS IPSTWS
EPLPtA(NoK) 2 RPL F'sTes
GOTO 21 PSTi-S

PO EPSR(NoK) = R~EPS SR
FPL[PINqo) z PFPL I'ST14S

21 CONTINuIE PSTPS
*InFNT APLFPC

*I RPSLIO.5
C APPLIFD FORCE (AND O MENT) AS FND CONDITION 4. 4/12/76 APL FPC
C APL FPC ASSUMES SHP 3/1 15 INCLUD.C IN THE 0ECK. AL- FPC
C THE APPLIED FORCE CHAN4GE TO (1-0) REPSTL FoR 4EAmS l-E(UIkFS APL Fl-C
C A USEW SI.POUTTNE. ENDFMC. TO SUPPLY END FORCES AND MOMENTS. A PC FPC
*1 00A I N .2

COMMON EF91 EFZ1.EMI .EFR?.EFZ29FO2 APL FRC
*T STAPT.54

IF(TPCFI F0O. 4)NlVRN1R API FPC
0 Fi STAHT.230

TFUIRCF1 *LT. 5 A*ND. ISCE2 .LT. SIWETURN API FPC
*D C.Ab.Q*GRAD.1O lI R

IFUIRCFI *NF. 4 *Ck. N *GT. NPuC-O0TO 8 hl P
C IrCF1=4 AND N=NIA. USE FORwARD D)IFFFWFNCES APL. FRC

Q? RTnoe(-3.fl* P(Ni)*4.00 W(N*11- RIN.?)) Al-I FPC
Z= WTr2(-3.o. Z(N)44.flO ZIN.!)- ZcN*2fl ALI FPC

OR2 c RTUj24(-3.0*CR(N,.4.0*ll-N*fl.OPcN.2)) AL- FRC
n72 = QTD?*(-3.0.0ZuN).4.0*l7cN.1))UZIN.z)) Al-I Fl-C
PP? a l-0226C2.f* f4(N-5.0* P(Nol)*.0

0 
R(KN421- N(N.3fl APL. I4C

Z?2 z PD?P*(2.O' Z(N)-5.O* 7(N*1)*'.0* Z(N*2)- Z(K.3)) Al-I. FWC
09?? z l-02?ou2.fl*rRuN)-.n*oRcNIn4.0*oR(N.42-oPcN,3)) API Fl-C
DZ?? a lD2*2.0CZ(N)-.no07(N#1).4.0.DZ(N.?)-OZ(%.3n) Al-I FAC
C.OTO P0 AFI. FPC

8 IFUIRCE? *NF. 4 *CP. h *LT. NPH)COTO 9 Al-I PAC
C TPCF2=4 ANP N=N2P. USE HACKUAI.D UITFFERENCFS. AL Fl-C
80 GPAO.3'.GPAO.3S

IFcIPCFI *NE. 4 *CA. N *GT. NIR IGOTO IS AFL FRC
C TPCFI=4 INV ~N1NP f.1/pt. 11F KO -LFN.'AL 46 0flI-.T 'NKD r:IFfEtiAl~5 .Al-L ?C

RP kPf?2m*(3.flo '(N)-7.0* (.)* l [;(N*?)- oHN#3)) AK- I WC
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Z2? = fr'7?a* 3.00 ?Mi -7.n* Z (N*1 *5.0 0 Z (N*2)- 7(N.32) Al-I1 W~C
DW?2 a WF)2*(.OC K 10[W0y )#iOD N2 O N3 APL FWC
C72? a ?-021o .ooZ (N )7. oiuZ N# H +.007N2) -07 cN*3f Al-t, FWC
(.rrn ?0 01. FPC

I A IFIIPCE'2 NFE. 4. .-P. N *LT. Npw-1)tCuTo Jr. £1 Fi-C
C TPCF?24 £14 NZNPP4- (1121. LJSF %ON-(:FNTFAL 4 POINT pND cIFRENCES API FkC
or. kEltLT.%PFSIIT.49

IFIN .F(. N2b *A1C. IFPCE2 .60. A)ITO 13 AFL PC
IFIN Wek N O'.R. IRCE1 oNE. 4)(iTO IA. AFL FRC

C NmNIP ANr IACElZ4. APPLIED FORCE FNO1. APL FRC
CALL FNDFRC API FRC
ANSINIR) a EI API FkC
C*OTO IP AFI. FRC

CN a NR AND IRCEP4. APPLIED FORCF ENO2. APL FPC
13 IFMI-CEI .NE. 4ICAIL FNDFRC AFL FRC

AMS(Ni) z E02 APL FRC
0OTO 1A Apt FRC

OP 100TION.11,OTION.18
c APPLIED FCRCE (AND OOMENT) AS END CONDITION 4&. 4/12/7A Al-IL FRC

IF(IPCEI *NF. 4 *OR. K .GT. N1B.1)GOTO 13 AFI FRC
IF(N A(T. Nll-IGOTO 11 API FRC

C N1~ AND INCElUA. USE DTFFFRFNCE f((N,1/2)-F(K-))l(ETA2/?). AFL Fl-C
VR a 2.f*RTCM*VS(NIOSNRM(NY).GSN)*SNKO(NY)-EFRI) A01. E-C
V7 z ?.DORTC2m*(VS(N)OSNKM(N)4QS(N)*SNPRM(N)-EFZI) ApI FRC
GnfTO 35 API FRC

11 M=N-I API Fl-C
C M1'1AND 11-CE2x4. USF DIFFFRENCE (FIN.1/?)-FfN-I/2fl/VETA? API Fl-C

VRzPTr2NA*(VScNI*5NPM(N)-(S(.)SNKA(N)-VS(M)*SNM()41S(M)OSKPi(M)) APLFRC
V ZONT r?M* V f SNK m(N).Q0S (N) OS NP (N) -VS ()SK I() -S (1)SNRPM(00) ) 9I-L FPC
flOTn 39 APLI FRC

13 IF(Il-CE? *NE. 4 .OP. N *LT. N29-11GOTC 31 ApI FPC
IF(N *LT. N2P)GOTO 16 &iit FRC

C NinNS A~l' IRCE2z4. USE DIFFFRENCE (F(N)-FIN-I/2fli(DkTA?/?) -.1 IPC
fAZN?P'-1 I FRC
VP a 2. 0bI9TC 2 *( P2-V S 0A) 0ShRM C0 +OS0) *SN(0 1iM) PL FPC
VZ z ?.fl*RTflP9.*(EF22-VS(M)OSNKt(V)-QS(P)*SNE.M(e.l AI4 Fl-C
6070 3S AFL FRC

Ik M = 112 API FRC
C N&N?Pk-l AND Il'CF2=4. DSE nIFFFRENCF (F Nq,)-F(N-I/2)l/PETA2 AFL FPC

VPxPTfl?M(VScN)oSNiRM)-ScNISNX(N)VS(,.SNM(M)QS(M)SrKMINo)) Al-LFWC

C*OTO 35 Apt El-C

IF(IPCFI *EQ. 4)0070o Po ALI FlC
*1 HOLNO1I.7

IF(IPFI~ .EC. 4)(?OTc) Po API FPC
OAF
*nFCo' ENI)FPC

SUiRl-IITINF FhIW.QC E- t- C 64C
C TM-F APL FPC CHANGE TO (1-f) PFPSIL FOR -EAMS PFOUIRFS A I-SEP tf-.,'-3ElC
C SII$IOUTTNE ENOFPO TO SUPPLY FORCES AND 400MENTS AT R OTH F-IS. fKCFRC
r FOR Aly INITIALLY STRAIGHT AEA0. P(NisO.O. ZIN)u(N-2)UETA?* fKDF&C
C FF713-0 DECREAsES n712). FFR1)0 DLCREAF DPI?) EI-CFPC
C EF22>0 INCRFASES r)Z(NR)o EFR2,fl INCREASES DR(N?9) EI-DFOC
C EPR10 nECREASES DRIP AND INCREASES OR13) FI-DFAC
C EM?0o INCREASES DR(N2H-II AND nECPEASES DRIN28) II-DFRC
C FK.UFAC
-CALL M-A1IN
C TAIILAP INPUJT FOR FF71. EFTH. AND EFwu* 10127/7k& 10/27/7b
C MODIFIED (12/7/76) FORC- RFLATIVE TO NORMAL 12/7/76%
C FFRI a IFML2OPFZ1. Er-i a ZU* E7I*SIN(EFTN)IFFR1OCOS(EFT')) (('/27/7%

fI' 9"S T ON. 9AQLLV 71'F 7T 4TF 7 1Esl f4 % .TOf4n&01 20,?
1 EFFAUT (401. TOAMu(4fl) /H8/T7
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DATA IF JFPR/0/ C (/27/70,
IF(IENDFW *GT. 0)6CTO I 1 0/27/76S

PFAn (5.102n)1 FT (I),TMF().=1.NFITS 1(/27/76

%RITFde 9103)(1.EFZT (1)*TmF7(1)9Twl9NF7PTS) IC/27/76
NFAD 15.100)KFTHS .(LA ,ELV(UI2li.7) 10/27/76
%P1TF(6s..04) (LAHFLV(1).I1.7?)oFTR-S IC/29/TA
PEA) t5.*102)1( EFTT ( 1) 9TtRTH( I) 9 jzj NFHS) 10/27/76
bA1TF(6.101)(TEFTT(I)TMTHlc),*.zpFTHS) 10/27/76
RFADl (59100)NFMUS 9(LAfRELV(I)slml97) 10/27/76
WRITE (6.105) (LAIF.LV(1) .121.7) ,NFMulS 10i/29/76
READ (5121EUT(I)9TmlwUU)%!uiNFVUS) 10/27/76
WRITE (6s 103) ( I EF MUT (I ) 9TdU (T).Txl NFjUS) 10/27/76
FFP a 0.0 10/27/76
EFZ? z 0.0 10/27/76
EM2 z 0.0 1 0/27/76

I CALL nvD)INT(TIME.EF7l .TMFZFFZT.NFZPTS.2) 10/27/7f,
CALL OVA)INT (TIME.EFTN.TMTHFTHT.P.FTHS.2) 10/27/76
CALL r.VrPINT(T TF FFMU ,TMMUEMUT INFMUS 921 10/27/76
FFPI z FFMUOEFZI 10/27/76
Eml= -7U*(SIK(EFTl-*FF71 * (1.0-COS(EFTHn)OEFNI) 10/29/76

C CODE CHFCXING PIOTS. 10/?R/7A CC/10/76
P(1;3) z EF71 7/20

C PFPLACE COMP1uTATION OF FFZI ANP EFZ2 IN ENDFRC 12/7/76 CAMOS El CV21
c INTFRPnLATJ FOR N4OPMAL AT FN0 wiTiq OUA0PATIC INTERPCLATICK PON

0XMVI z DE - nETA2 FrfO.0l
XUX2 a DE - 2.00DETA2 F FGDo21

C X-Xo = DE. X2-XI z Xl-XO a nETA2. EF-OD21

1 )P22M FROD21
SNKFND(XX2(Xt4XoSNK(N F;2.0.0nFSNK~l lP.1))oE*MX1.SNKpI~P*P) EP0OD21
1 ) *PD?20* FPDC 21
AAA c c.RT (SNPFND*02 * SNKEN(D..2) FRODPi
SNRFNP a SNPENO/AAA F 1.0021
SNKFNOi z SNKEND/AAA EP.0U21
TFFPI a EFDI*SNREND - EFZ1'SNKEND fl OO?1
EFZ! uFF910SNENO + EFZ1*SNPENn F 1u021
FFRI = TFFRI El-OD21

C TFRl x FFRI*SNW(NjH) - EFZ1*SNK(N]H) I P/7/76
C FFZl FF~l*SNK(Nl8) + EFZ1*SNR~YP') 17/7/76
C FFTP! TFFRI 12/7/76

PFTUHN 10/27/76
100 FOWMAT (I10*10l) IC/27/76
101 FOPMAT(IISUIQouTI. EKUFkC 10/77/76. TAHULAP DATA FFZIEFTH*FFd(Jl*10/27/76

1 /I TAPLE 1.197A1091599 POINTS',4X*'Il96X9*FFZT f99XolTI~kl)l0/2T/76
102 FORMAT(PE1S.7) 10/27/7h
103 FVRMAT C1S. IPPFlS.7) 10/27/76
)n4 FORMAT (/I. TARLIF 2. .7* A10.915. o 9030NfTS I/4X 91 'IXs IF FT1T IVX o TOME $) 10/27/76
105 FORMATU@ TAHtk 3.'.7A10915.' 0OINTSI/4X.tlIS6e.EFENUTe,9X.ITIRE.) 10/27/76

*END 10/27/76
*IOFNT FAPFPC
01 iQPSL1I('.
C EXTFRNAL hARPK FCR APJL FkC OF 4/12/76. (6/3/7t) EAP FPC

COMMON DWF1P.(,THjP.rCqFP90Tt-PP FAP FPC
Of WPSLID.&3

nTIP a 0.0 EAP FPC
DWFIP x 0.0 FAI- FPC
DWF?P a 0.n EAP F1.C

rT;) 0.n EAP FOC
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IF(N .(3T. NIR)COTO 130 FOP~ FPC
OPII a DR! EAP FRC
OZxI a onT Fk FPC

130l C0NTINqJ FAp FpC
IFCTRCHl NF. 4)SCTO 131 EAP FIPC
NuNIP4 F0 FPC

ONF ~EAF FWC

R2UTOC-3O*R).fR(N )..0.uic,1)o~c~.1)-ccN.).D(N~)) EAP FRC

D a SUIJT(720*2 * W?**P) EM- FRC
SNRN a 72/0 EAR FPC
SNKN a -P2/0 EAP FPC
OTMFT a ARCSTN(SNK(N)*SNRN - SNR(NI@SNKN) EPP FRC
0MM a-o.5*FM1*(DTlH1P + DTHET) EAP FRC
TNPA~ a TNPG * O.S*(flWF # 0MM * DWEIP) EAP FRC
OMEIP a DWE * 0MM EPP' FRC
DTHIP a OT94ET EM-P FPC

131 IE(IPCF2 .NF. 4)GOTO 132 EAR .FPC

DWF a O.S*(EP142*(nRI.0PS) * EFZP*(PZI.0ZSfl EAP FRC
R~mT07(R(-2)OR(-2I~.0(R(~1)DN(.1).3.O(PNl.I4(fl) EAP FRC

ZP=RTfl(Z(N.2).fZ(N2)-4.0*(Z(N).Z(N1)13.0O2ZN.0Z(N))) EAR FRC
O) a SQPT(Z2**? + R20*21 EAP FPC
SNRN a Z21C~ EM- FPC
SNKt. a RP2/0 EM-' FkC

nTH47 2 ARCSIN(SNK(N)*SNkN - SNR(N)*SNKN) EAP FWC
DWM z-0.5eEP2*(OTP2P + nTMET) FIP FRC
TNRG a TNRA + O.S*(DWF + wmM * D'SF2P) EM- FRC
DWE2P a DwE # 0MM EM- FPC

4 THP a nTHET FM- FIWC
132 CONTIkIIE EM- FRC

*InFNT 11/R/76
*1 RFSLID.S
C INSFWT TO REMOVE FAILURE HALT AT FREFE OR FORCED FND. 11/P/76 11/2/76
*I FRSTPS.13
C INSEkT TO REMOVE FAILURE HALT AT FREE OP FORvCFD END. 11/P/76 11/2/7h

IF(A2? .6%. O.fl)GCTO 2 11/2/76
IFIIP *EG. 2)GOTO 2 11/2/76
IF(N *EG. NIR .AND. I&CE1.EO.4le2?pl.oE-IO 11/2/76
IF(H *FG. N2P *ANn. ISCE2.FO.4)6?px1.OE-lo 11/2/76

7 CONTItNLIE I117f.
eTOENT TNVFLC
*I INhVEL.6
c LmTFPAL VFLOCITY . VH9 TOWARD FK-J 1. 1/id/76

C ENTIWF ROD MOVING WITH C014STANT VELOCITY. 7/20/76
WRITE (69333) 1/p/76

333 EOPMAT(//S LATERAL VFIOCITY TOWARD END 1. 1/0/7t6//) 1/8/7f%
U0 29 NuNIV*S,2V 7/20/76
DZ (SN) -VP 1/p/76

2Q WRITE t6.E6A)N~nZ(N) .DR(N) 1/8/76
RFTIIIPN 1 /t/76

fiA6 FORMAT(l Nottl3of nZ(J)s '.1PF13.6*' OP(N)w 99F1396) 18T

*IDENT EROIP6
*1 RPSLINS.
c EROSION OF FNOI. 1;0/26/76. POT7 AFTER APLFRC AND SOR3/1. EROD
C INCLUDE SUIhROUT!NE ERODE ANO0 CORkIECT SURMo0UTINE ENDFwC.
*1 MA IN. ?P

COMMON nE F CO?1

*1 RPSLifl.ipq
CALL ERvDE EROPiI

*1 PESIJLT.61
TIN *FG. N16P)V()2AI.S(N*l).AMAS(N))I/ISUA.(DEFTA2-CF) I
IN FEG. NIP)(iOTC 200~
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'I MOTTUN.26

c PFPLACES VP.VZ roMPUTATION IN t'CTIrN Il-4N NaNIH AND IbCE~v4 EPC2
VP2 VS(-\)*SWHM()OS(%)*SNi.#c(,FFPI/n.5.rIFTA? -Oil El~clr.21

3V7 a (VS(N)*SNKM(NIOS(N)*SN M(N)-FFZHI/h(OS*D)ETA2 UE) I10V21
3krONT INOF

*1 STRAIiJ.81
IF(j1 .6E. KIP) CIOTn 44 FFOL?21
EPSSI(II u EPSS2(U) . 0.0 EI-0021
FPSANG(T) a EPSANPUl) a -l.0E20 EF0021
GnTn 46 f.~

44 CONTIUE FQOD21
01 STRATiI.97

IF(N~j .bF. NIH)GOTO 4.9 Fr-0021
DI = r)2 z 0.0 F 1.ODP1
GOTO(71,5o) eLINK FI'OD21

44~ CON4TINUE E ROO?1
*1 PPATA.7

NI6H a ? H.0021
Or) IOATA~q,1

100 NIP a NIA fpODl
RFTIIPN EPOtI21

OAF
*I)FCK Eoflr,,

SUP'POIITINF FFOCE FFPuD21C INFFPT ANYV INPUT FOP EkODE AFTFP INPUT FOR ENDFPC. P400D21
C THIS LISFA SUa4NCUTIpNE COmPUTFt THE FROSION ON FNfDI OF A Qofl. EP021
C TOTS VERSION ASSUNFS TABLE OF FROSION FROM FNI) OF ROD VS TIMF. FP0026C TNE TAHLF PPESLi'ARLY AGRiEs WITO ENDFRC VS TIME TAIPLE IN FNflFIC FP002f-
c ANO) STQESS-STRAIN TAbLE HEAO low INPUT* ki-0026
*CALL MAIN.

DIMFNSION LAFLTEM*)TFAOOhlO0)oxE Ohloo) ErFOO26DATA IEPOnE/O/ fE.00?I
IF(IEPOOF .EQ. 1CGOTn T0 FPC0C21
OECOM a OETA2/'..0
IFROf = I E EEOC21
FROINP a 0.4 FI-OD2f6
DF a 0.0
RFAD(S.10O)NTEPTS.(LARLTE(I,Iui1) EP0026.
WRITE(6.oll1NTFPTS.(LAMLTE(Ti,,IUI.) FP'0D26PFAD (Ss102l( TE~rfI)#XEi(P(I).IsINTFPT9) P.4026
WHITE(E,.10h) (LTEROD(I).XFNO(I).IsINTFPTS) MUMSO2

100 FORPfAT(I~flTAlo) Fp.OO?6101 FOPP-AT(t1SUPR0LJTINF ERODE 5/26/7T# TAIFULAR DATA TIIE VS XENUI/ EP'0D26
2 Ti.' POINTS'.5Xe7610,,'.X~eIl.7xolTmFWQX,.YENU.) FPCD?6

10? FnAMAT(EIS.7, PP.0026
103 FORMAT(I59PEIS.7p FS1CD26

10 CALL )VINT(T1HrV.EnrO1.TkJI).XEN.N FPTS,2) VPRD26
I1FLDF a FROV - Ew.Crp FPOV?A

VE OF + OFLnF P POD2b
FROOP a FPOD fc~P(54) a FROD CC4C CODEF CHECKING PLOT 5/27/77 cc

IQ IFM(F .LT. CFCOMNMOTn 20 EPCD21
OF x OF -nFTA? FC~PCNIR) a Z1Mi z -1.nE20 EFU1021

C THE FOLLOCWTNG CARn IS.tNEF()EO IF TMF (lECK INCLUrFES MSGSVS. FF10021
AMS (NIH4) a QS (NIH) z VS(N1P) a 0.' F*100?1NIP 2 Nly a NIA a KIP.1 FI-0021
GnTO IQ F14021

PO PFTI'PN PP.0021
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FPODINS POD (2F4 PY 8*1m Vol kFPEAT OF 6f/P/77 RUN

36 b p.n

130 A QQQ .Snnn(F-f
4 '4

n 0 QQQQ 6R.47%7 0001
1.q8457l4Ell .27 1.3QOOOOOFQ 77q('. .00912P 4 0
0.007 1.340 F9

0.00 l.51 t9
0,009 1.564 E9
0.010 1.597 E9

0.011 1.62 4 E9
0.012 Io6h4 E9

0.013 1.669 FQ
0.01A I.AHA E9

0.015 1.705 E9
0.016 1.721 L9
0.017 1.73h E9
0.016 1.750 E9
0.019 1.763 E9
0.0?0 1.776 t9
0.022 1.799 E9

0.n24 IA20 E9
0.0?6 1.§40 E9
0.2 1.160 F9
0.030 1 79

0.n32 I.P97 E9

0.034 1.CoI Eq
0.036 1.932 Eq

n* 0.030 1.949 E9
0.040 1 .66 9

0.045 2.006 EQ
0).050 2.04A F9
P0.05 2.08F, FQ

0.060 P.126 F9
(1.065 P. 164 E
0.070 2.202 F9
0.075 P.P3Q FQ
0.000 2.76 F9

0.0p5 2.31? E9
0.090 2.344 E9
-. 09% P.364 F9
0.100 2.419 EQ
0.105 P.4S4 E9
0.110 2.49 19

0.115 2.523 F9
0.1?0 2.957 F

0.1p5 P.S90 F9
0.13n 2.62 f4

0.13S P.656 F9
0.140 P.(PQ F9
0,145 2.721 F9
0.150 2.7r3 E9

. 0.30 3.713 E9

-1.0
PO I 1 1
2 70 130
2 70 130

2 ?0 130
2 53 54

0.021167 0
0.00% '5.0 13S.0 0

1 .0l10 1, ,.0 n 135.0
0.015 45.0 13S.0 0
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A 192f4 5. 13S.0 0
.039^7 45.n 135.0 0

nts 45.0 135.0
.no4n64

.nPO64
4.1GA0@F-3.3467F-3-3.35~l1I.3

7.Q74117F-31 .3SA67E-3-6,.70NMAE-d
7.874P7F-31.354A7k-3 6.7np6P.4
6.90023P:-31.3S467E-3 2.nl2bE-3
4.14AO6F-31.3S467F-3 3.3S43E-3

100n.
PQ FF21 ANDO T1PE 6/3/77 CASE 8

n.0 0.0
72160.00 1.ORO F-6
7A750.00 1.sq90 -
81140.00 1.790 F-6
P2"460.00 2.143 E-6
A5950.on P0715 F-6
P76Sn.00 2.415 F-6
R9380.no 3.11S F-6
8014Q0.00 3.315 F-6
Q?2?0.00 3.G 15 F-6
QroQfl.on 3.490 1;-
97AOO.fl0 4072 F-6
QQ94O.0fl 4.947 P-b
102160.00 -. 2; F-At
104310.nn S.S79 E-6
lOE.3Qf.OO 5.qAAI F-6
110430.nn A.5140 E-6
114350.00 7.1?3 E.6
IIAP0.f0 7.574 E-A
1214A0.00 7.Q43 P-A
I12;650.00 14.24 n E-
129260.00 1.4Q5 F-A
132790.00 14.717 E-6
136250.00 P.917 E-ts
13Q630.00 Q.117 F-6
1440.00 q.317 F-6
1c;9310.00 4.017 F-6
1Q215O.0fl lq.R17 F-6
182090.00 1.00000

7 TI-ETA 2 0.0. 3/8/77
0.0 o.0
0.0 1.0

7 Mil x 0.0. ?/R/77
o.n 0.0
n.0 1.0

29 Ty'AF AIV.r XFNO) 6/3/77 CASP H~
o.m00 F-(1 3000f E-3

1.001' F-6 6.nnO E-3
.FO F-6 9.000 F-3

1.790 F-6 Q.2S6 E-3
2.143 F-6 9.256 F-3
2.715 F-6 q.2rS F-3

7.1 -6 Q.403 F-3
3.115 F-6 Q.4A2 E-3
1.315 E-6 Q.644 E-3'
3.c;I5 F-6 S.PqS F-3

*3. F90 E -r .#.59 F-3
4b.372 F-A 9.~'55 F-3

c;P? F-h q.M55 t.-3
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r% Q6 -6 9. ASS F-3
6.5140) F-6E 9 ..m5 f-3
7 .1 ?3 f -A I. r i -
?.574 f-6 q Pib -
7.Q43 F-6 Q .155% -

la. &A F-6j 9 -
A45 F-6 9 .t-5 E-3

A.717 F..6 Q*bs5 F-3
P.917 F-6 9.P6.4 E-3
9.117 F-6 9*9J03 E-3
9*317 F-h q.91S F-
q.R17 F-6 9.91'5 F-
190117 F-6 9.QIS F-3
1.00000 9.'~1b F-3

*TOFNT PLnTP
on PPIPLT.18

EAfl(NPLOT)f4NPF.(KPF(1),I1.N*1NPF) PLOTP
on iRPIPLT.40

I e(POAT(,J)eJul*#YNPF) PLOWP
-Inl mSaSV5
on) MATN.10
C PfLTTING uiS9 QS. AND VS. 3'1Q/7@ P'SOSYS

COI0.ON/P'SOSVS/ AMS(103).ofS(103.*VS(03eXSN103) #'s45VS
LFVFL ?.TlmoPC*S PSQ~SVS

r PLOTTING ?AS. CS9 At-O VS. 3/19/?b PSOSVS
* ~'n (NPLOT)(AMS(N.).OS(N)o.SIN).NUI.NI) 00osvs

I F ( j 0F yP L 0T 1 * 1 OG cT 0 H PSGSVS
on PLOT30.53

XPAP a 3.0 16'SGS VS
*1 PLOT3fl.Q3
C PLOTTING MS. Q59 AND VS. 3/#16E ISGSVS

IF INCYCI E .EQ. 0) PFTI.PN I.SQSVS
ENCOiF (10.7II~o0H)PCYCLE sosvs

711 F0RPAT(ShiCYCLF*I4*Iw)0 tsOSVS
NCW.1 a 10MMESHl PTS.) frSCJSVS
CALL PLTPGF P'SQSV4S
00 7? 131.1? ISaSVS
XSN(I) a FLOATM4l1.0 16SG.SVS

77 CflNTTNI* SQSVS
CALL PIXSCA(Xbh(I)o IP?.9.nSMq.xMINS.XP.AJS.0ELDXS)tssv
CALL FIASCAIAPaS(I)o 12.6.4.flSYV'vI1NS.YMAXS9flELUYS) t-susvs
CALL PL ISCA (3.0. 2.090.0%.flO1 .0. 1.0) #luSVS
o~n z AH M.At.Y~jITS
CALL PLTSYm(.l.HO. 90.0. -IP s tswsVS
C ALLt PLTSY4(.1.WOPsfl.0. 3.5e-1.0) 005I.SVS
rALI I.LTSYM ( * LFs1s .*f 3.te-.h~) t'SS
CALL PLTSCA (.0 ?.osxtMiNseYMiNs~sxs~rsys) tpsaSVS
CALL PLTP'T7(lsfl.AS&(l)*AMSflls 12.0) "QSsVS
CALL P1 TAWSIFLUXr-.OF0ys.M~ftS.XIAASVMINSYAAS.A) IVS&SVS
CALL L i L 41L FL 11X S.D0E L Y S.*X 0 1 NS.XP A AS.sYMI N SeVYM A S. .o0.91.e0 16SQSVS
12001 a 12-1 lpSQsVS
r0 73 T=1912r1 tSQsvs
X%14(1) a xv~ikilo.a 6kscsvs

73 CflNTI NUF 00!QSVS
CALL FIXSCA( iIS(l).T2M1.eb.4.flSY5.YP1NS.YiAxs~flFLUYS) IS(Isvs
(ALL1. P1ITSCA (3.O.912.fl(.00..o..0.1U) "(QSVS
1-n a sk n), A# YLUtITS
CALL PLTSYM(.1.MO. Q0400 tlS0SVS

CALL PlT~vMf.l*"LUH.0.09 30cie-0.61*SS)
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CALL PI.TSCA t'.0n. .XfrI~INs NrS.c-XS~rSvS) Fqsvs
CALI PLTrTCIor'*XSNU)e O S(1') .I~fA1O) P'SQSVS
CALL PL-TAXS ccFLIuXSDELrvSgxo-1NS.~AxSpII~oY'AS.) PS.CSV5

CALI P1 TSCA(3.C1.2?.0.o('.O.O.o.1.0.1.U) P. s(svs
i-n a %H ).Al"'VuI ITS
CALL PLTSymC.l*H40. qO.fl, 11Gv
CALL P1 T5YM(.l.HlI)P.O.Pq 3o~o-tlof P-SQSVS
CALL PLT5YM(oI9MOPI .0.0. 3o5.-Oob) tpsISVS
CALL PLTSCA (3.O.22.0.9t'JNSoYP'INS.DSXS.DiSYS) "'ScSvS
CALL PLTDT2(I9OoX5N(I)s VS(I) .I?f41.O) fASQSVS

CALL PLTAXS (PFLlS.0)ELrYSXP.'!S.XAXS.YMINS.Y,'AXS.4) #'S(Jsvs
CALL LAf-ELA(0EtflXS.0ELDYS.AMINS.XbAXS.I1NS.YPAXSI.O.I.O) P'SOSVS

* 1.4 tVS(OSVS

1.0 .
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APPENDIX F

SOME ALTERNATE USER SUBROUTINES

UPDATE input cards for alternate versions of the user subroutines INGEOM,
PRESS, and ENDFRC are listed in this appendix. Other versions of the user
subroutines are listed in Appendices C and E. Descriptions for user sub-
routines are given in Section 4.

The following are listed in the order given:

PRESS for Two Phase Pressure Decay in a Cylinder. This is
described in Section 4.2.3.

INGEOM for an axisynmetric cylinder. This is described in
Section 4.1.2.

ENDFRC for one or both ends free. This is described in
Section 4.5.1.

1
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Oft 0RFSS.&.Pr.FSS.I4

C PPFSS SIjI-0fI FtP :1/10/7b. TAI-t!LAQ DATA.
PUS1TTION ZST a I1 rrmp IFSPnNrjS Tn TkE I-(* W~iOIL PIK7INI 2.

r Ttl1c I.DrcF CeT 11- 9(, A~ rv~6FTW!C aXT~vm'19TN.(: (YL!'-rEp

I 1JS0(1O03).PTta0)
rATA rPI-SS/fl/
IF(TP'WPSS .GT. ()brTn 30
!PWdFSS *I
AFbP(5. 100) P1-ARWtETA. (PID( I) .1.1.et)
I.FAP (5.105) CCNCZCGNCT.CONCP.TDIF
WPITF(6*10?) PPA0,PETA.(PIO(1).Iuleoi).TOIF.CONC2.C0NCT.CONCP
RPAfl(SoI03)ALPhASI 0US. 915A 12/2/7S

WPTTF(6.104) ALPHAS.(?SI(1) .TSI (1)S'SI U) .I.1ISt4I I?/2/75
CCONVSERT CATA T41 ZolIN. TuSFC. P81.6/SGIN. 12/2/7S
Do 2 1.1.1*k
ZSI(I a COKC7*ZST(T)
TSTMT a COKCT.(TST(T)-TDIF)

PST()RCVCP*PI(I)12/2/75
P C0NT eI1IE

hOITF (A, l0f,) (ZSI( 1) TST(I) .PSI( T) , 11ISlE)
C INITIATE DATA FCU CU#POTINU TI-F FkSSUP

Ct, ?A NaFN1VONpV
Onh a FLVAT(P.-?)*CETA?
CALL. r'dr)NT(rFN.TS(N) .ZS1,TSI.IS~.?)
CALL 'rNnN.-(I SIP,,s.?

*TSH4(N) a TS(k) - A~(HRP()/L1A
PS(N) a f-S(K)*EXP(ALP1-AS*TS(N))

SN a 2PwEP(E,*S(

7mi CON TTI i

C C0(OPUTF T7I-E m)RESSURF
30 EALPHT a FXP(-ALPI.AS*1Imt)

Fo.ETAT a FXP.(-9ETATIP.E)
C~O 30 PvNiV.NpV
IF(TTIO- *LT. TS(N))rnTV 40
IF(TI1sF AT7. T(N))60OT0 31
P(N) = -FALP1HT*PS(k)
VnTO IQ

It P04) If -EHFTAT*PSP(N)
3Q CnNTINUF
&o PFTURt

innf P0QMAT(2FI 0.3*hA 10)
1n (11 u~oAT(3E1iO.3)

102 F0F4,AT(// *1XPWES5 SUt-OUTINE F01W 1-I0 1.TRICTLEh93ulf/70-.1
I /I FPCor TAI-LFS OF AQ.IVAI, TIMF A#D PEAK 64iESSU(E VS PCSTI(N.'/
2 POSITIONJ a 0 CCNQFS00NPS TO f,.2 UI -0 PEPSIL.9/
3 *T"- 61-AST-ST7ATIC PIESSUIJN ISvIPFIS.79%X*1wlTH F)IPONFNTIALI
4 * #.APPNA CUEEFICIVNT uvE15.7/Ift~o6A10/
4* I #PUIJ TTI0F. TS19 QtPUCLD PY TrI~a' *FIS,.7/
5 MIM-ESVeN CUEF'FICTF14TS FOR Z. T. AND P ARE 13E15.7)

103 FknUAT(PEIO.3.T 10)
)fl' FUQeAT(//20Xs'!NRUT '1** './0 ALPHASsfelf-EISo7.

I ,,7X..751..1?A.OTSI..12X,'0S19,13E15.7) )
I Ott FORAT//rX9TA"1jLdG rAT& AFTER CrNVLIISIONI/

III F0Wh.AT(//qwvpjNAL I'ATA I/Mm1Z'4x1TStI31'PS'13X
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*rA L MAIR'

c CFT Pwoss-om To) I;SF ('AUSS IAN INTI (MATWIN

IPFAg)(S.110) CYLLIWACI(jS

rFTAI a p.0.1. 1415q26SS35PQ7Q3.0A 0 1 S
c OFTAI a 2*PI*.AnItJS GIVES ENFPGY 0OA ENTINE CYLrNOFP

DTP CYLL/FLOAT(M645")

C- FVALL-ATF PIN) APLO ZIM.) KZS'.uNF.2t 00
nO 10 PBPoNil

Z(fN)sFLC(AT(K-2)0OFTAP
In CONTIN(IF

OFTIOUN
1on FOPI-AT(2E12.6.)
101 FORtAaTc//' tNrlknP9 FOR C'rLINnFR 12/3/75. LENGTH' -lIPFI5*695Xs

I I RAflIUS a*F1%.OA/)
EP, n

OAF
*VPFCK FNI'Fpr

SLAAPOhITIfl-V FKDWCFOFPC
*C-L MATO
c ErrFNgc
C TNF APL FsPC 09ANAC-E Tn (1-0) PERSIL FOR~ PEAMq 'aECUIRFS .A tlSFP Fk-EIRC
C SIHf~r(UjTTP6F FNOFrr TO SUPPLY FOPCES AN.D POOMENTS AT POTH FADS. tt-URC
c FOR~ AN INITIALLY RTPAIGPT REAM, R(N)80.0e Z(ft)u(N-P)0ETA?* FKDFPC
r- FF71>0 nPCW,-ASFS f)7(2)9 EF9130 L)FC$.FA5F5 DP(Z) ENL'FRC
C FF7?!OA IKCPFASFS n7th2H)q EFP2 EO 1KCIPEASFS DP(N?P) I-PCFkC
r Fml3.( rFcQASES fnp(p) Ahn INCIRPASFLS D4(3) F~C-FPC
r F'47f- T*CEA;! nee2Qa-I) ANP F'FC,-EDSFS UP(QN) E NrFP.
C ft43IFNC
c TI.Tr, VFIWSTON IS FlID A PFAM wITh OPNF* TWn. OR NO FPFF FNflSe FoHFPC

rATA IFtrFQ/o, #' c* AC
TFUIFOPF,- *C-T. fl)PETIol. FiOOFRC
1F(F a I iiOFP
FF01 w n~o 14 CFRC
FF71 z 00 FVFl

Fm 0.0 k r-LFR4C
FFQ mA0 F NI)1 WC

FFZ? a P.n I4DFIAC
FmP * . tO FPC
P F TI FtnFIAC
FjnO ENOFPC
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c VF CTO A TNo r~c..y rote FtT AT 10.1- F(r4 ~At I.AP I/Pfl,7A S I kE~

c V' STIJAIfN PI-N.-Y CVMPtITATI('N 1/2n/h76 STI.EN
* fIMFlV5TvI+ CST(5)*,PFST(609LSTC%) tkl

OT P-STRS.J3
C tF STIWAIK FPI'FCV COMtPITAT~nly 1/20/76 STWLNI

IF(TP .F(.. PIC-0Tu 1403 STRaEN
SST(J) z S!02? ST6kEN
LST(J) = J STW'EN

*0 PfASTP5 .3t%
c NEW STRAIN FN.FPGY COMPUJTATION 1/20/76 STREN
*TI i.-PSTRS.34
C WFW STQATK FhaFN(PY COMPUTATION l/?0/76 STRE%

IF(IP *FC. 2)(*OTO 7M STRdEN
TF(INqFL A~T. DO(OT(' 10 5TkrEN
rcTPFM x(FSSPZ**2 SThwEN
PnfTO 3n STEEN

10 TF(SS?2 .E. n.fl),CTfO 12 STROEN
S% -5S?2 STIPEN

t'O 11 I..! .NSFL STkEN
f1 ;T(I.) z -';!T L) STREN

13 rFqT(L) z (5rc6MI-e - SST(L))/F SIREN
LLAST= SFL-l SIREN
PO 16; LzlLLAST SF
JSTAPT a Ll STIREN
ro 14 JCJSTAFT.N4SFL STREN
IFfr~rT!L LT1. n rTfJ!)G,0TO' 14 ST4PFJ
OSTFmP s DEFSTLI) STREN
rFATCL) a nFlST(J) $TREN
r:FqT(j) = nSTFOOIJ STREN
L STFOOP zLST(L) TE
LqT(L) zLST(J) STkFN

.T(J) x LSTP Pkf
14 CrINTIPNIE STflEN
I S C N T I NUF SIREN

FM a 1.0 STREN
=SlF A.0 STREN

On Pr- Lm1.NFL STPEN
FAA a !* TI.EN

PFPSTP a -qS2?IFSTA4 fTt
P!Tr4FP- = 11STar'. * (SSFP)**2IFm !TF

IF(P'FP!-Tk .L . OEST(Lf (iOTn 30 fTWiEN
c COPK-FP AT rFST(L) It. tL,,PL0ArTN(i rt.'-VE S1INEN

1),STI.Ffv 2=ST - CSQP2)**?/Fm FT kEM
11 z U-T(L) !TIkFN

PA z W - 4T(LI) S7.WEN
0'FrTl = CFSTUt STI-FN
04 PO Jut .AISFL STPFN

l'F;Tj aIF'TCJ) - nF!;TL !.I pEN

?n Cfl6,TTMLF STREN

in ST&f, z STWFA *SPG*f*flST;FN '.TPEN
.1r CONTIll STNoEN
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LIST OF SYMBOLS

[FORTRAN name in brackets]

a determinant of surface metric [DA]

E Young's modulus of elasticity [E]

h shell thickness [THICKN]

i1, 2,vi3 orthonormal vector basis

Normal vectors of stress moment resultant (See Reference 1).
= .8n = a M a n = a (M aa + M aa)n

NModified stress resultant tensor (See Reference 1).

n or N index associating variables with the N'th mesh point (e.g. R(N)) [N]

unit normal vector to reference surface, n = nk 2 + nr i 3"-3

r position vector to a point on the reference surface

R,Z position components. r = R i + Z i [R(N),Z(N)]-3 -

t time [TIME]

Wk area or weight associated with Ck [W(K)]

At time increment [DELTAT]

2 2
ACA&2  spacing of C between mesh points [DETA2]

Sis &
2

1 2 1 2
2 material (Lagrangian) coordinates (called n ,n in Reference 2)

normal distance fr('i reference surface

Ck c at k'th integration station [ZETA(K)]

C on lower (upper) surface of shell [ZL,(ZU)]

v Poisson's ratio [FNU]

p mass density [RHO]

145

I



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

12 Administrator 1 Commander

Defense Technical Info Center US Army Electronics Research
ATTN: DTIC-DDA and Development Command
Cameron Station Technical Support Activity
Alexandria, VA 22314 ATTN: DELSD-L

Fort Monmouth, NJ 07703
Commander
US Army Materiel Development 1 Commander
and Readiness Command US Army Missile Command

ATTN: DRCDMD-ST ATTN: DRSMI-R
5001 Eisenhower Avenue Redstone Arsenal, AL 3589R
Alexandria, VA 22333

1 Commander
3 Commander US Army Hissile Command

US Army Armament Research and ATTN: DRSMI-YDL
Development Command Redstone Arsenal, AL 35898

ATTN: DRDAR-TSS (2 cys)
DRDAR-TDC 1 Commander

Dover, NJ 07801 US Army Tank Automotive Rsch

1 Commander and Development Command
US Army Armament Materiel ATTN: DRDTA-UL
and Readiness Command Warren, MI 48090

ATTN: DRSAR-LEP-L, Tech Lib
Rock Island, IL 61299 1 Director

US Army TRACOD Systems
Director Analysis Activity
US Army ARRADCOM ATTN: ATAA-SL, Tech Lib
Benet Weapons Laboratory White Sands Missile Range
ATTN: DRDAR-LCB-TL NM 88002
Watervliet, NY 12189

1 AFELM, The Rand Corporation
Commander ATTN: Library-D
US Army Aviation Research 1700 Main Street
and Development Command Santa Monica, CA 90406

ATTN: DRDAV-E
4300 Goodfellow Blvd. 1 Massachusetts Institute of
St. Louis, MO 63120 Technology

Aeroelastic & Structures Rsch Lab
1 Director 77 Massachusetts Ave

US Army Air Mobility Research ATTN: Dr. E. A. Witmer
and Development Laboratory Cambridge, MA 02139

Ames Research Center
Moffett Field, CA 94035 Aberdeen Proving Ground

Dir, USAMSAA
1 Commander ATTN: DRXSY-D

US Army Communications Rsch DRXSY-MP, H. Cohen
and Development Command Cdr, USATECOM

ATTN: DRDCO-PPA-SA ATTN: DRSTE-TO-F
Fort Monmouth, NJ 07703 Dir, USACSL, Bldg. E3516, EA

ATTN: DRDAR-CLB-PA

147



USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet. fold as indicated, staple or tape closed, and place
in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number____________________

2. Does this report satisfy a need? (Comment on purpose, related

* project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)___________________________

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)______

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name:_________________ __

Telephone Number:_____________________

Organization Address:______________________



I

I

I


