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1. INTRODUCTION

RPSL1D is a spin off of the FORTRAN IV computer program REPSIL1’2
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 symmetry 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,
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 RPSL1D, 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.

7. m. Santiago, "Formulation 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, Oet. 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 RPSL1D 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 RPSL1D 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
n, to the

~

terms of a point, r, on the reference surface, the normal,

reference surface at r, and the distance from the reference surface, z:
X=x+c. (1)

Points on the reference surface are expressed in Cartesian coordinates
as

S S T 2 . 3.
I.‘\ -éj"‘Yll"'le"'Yls: (2)

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

and hence other dependent parameters, are functions of the material
(Lagrangian) parameters, £! and £2, and of time, t.

r = r(el,e2,0) = Y (el,e2,1) i - (3)

" The symbols of Reference 1 will usually be followed in this report.
The tilde below a letter denotes a vector (e.g. g).

6
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Our characterization of axial and slab symmetry is through speciali-
zation of the vector r and the material coordinates £! 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 RPSL1D 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 symmetry, the internal forces are all in this plane.

Let £! = 8, £2 = £, and introduce the orthonormal base vectors
(ﬁ,é,g) which vary with angle 6. These are related to (Ll,iz,is) by

the relations

i = 1(6) = cos® i, + sin6 i, , (4)
§ = 8(8) = -sind i + cose i, , (5)
k=i, - (6)

Then,
L=z(6,E,t) =RE+2ZK (7

where
R = R(E) = ()2 )T, (8)
Z=Z(g,t) = Y2 . (9)

7
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- orthonormal bases (11,12,13) and (i,é,i) with origin at

t",;' the center of end 1 of the shell, and a vector r to the

f,-_i surface of the axisymmetric shell.

L

g}

= The same formulation holds for every angle 6. Since evaluation
o is needed at only one angle, we naturally choose 6 = 0. Then,

- ~

- £(0,&,t) = R(g,t) £(0) + Z(&,t) k

o 3 . 2 .

P' = Y'(0,g,t) ig + Y“(0,g,t) i, - (10)
,'.. 8
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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%10°8. 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 107 °. (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).

1

Let Y! = g1, y2

v2(£2,1), and Y® = Y3(£2,t). Then,

. 2 : 3 .
r(gl,g2,t) = gli, + YO(E3,t) i, + Y (£5,1) iy . (11)

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

E2=¢ Y =R, andY: =12, (12)

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

R(E,t) 15 + Z(5,t) i,

t = ¢(0,¢,t)

et 4 + YA 4, . (13)

i Y'i,
Figure 2.2 - Model for Slab Symmetry.

Q9
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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 12

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.

The 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 10713,

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 (af!), 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:

+h/2 L
f £(z) dg ~ 80 2 flg) - (14)
-h/2 k=1

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

is in the center of the k'th layer. The parameter ¢ 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, Agl:

f +h/2 L
£f(g) dA = ag! f £(z) dz ~ ag) Az ) £(z,) - (15)
A -h/2 k=1

10




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

L
ff(c) dA ~ > W, £(z,)
" Tl " (16)

where the g, are not necessarily evenly spaced and Wk is the area assoc-
iated with ¢,. The ¢, and W _should be assigned so that Z:Wk is the

cross-sectional area of the beanm, E:Ck wk = 0 (so the reference surface
is the neutral surface for bending), and 2:(;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 4.1.1) for a
particular example. The user subroutine INGEOM for beams must also
supply the upper limit of the beam, ZU = g,. Subroutine START assigns
Te = 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 RPSL1D, 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 RPSL1D 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
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3.1

3.2

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 a, and b12 were zero and Ly and 9 replace

h/2 and -h/2. This was changed so that the interpolation in the non-
zero covariant components of strain, €11 and €99 (eOlB = %(ZAaaB t+ h EAbaB))

was replaced by interpolation in the changes in the covariant components
of the middle surface metric, ZAall and EAazz, and of the second funda-

mental tensor, IAb,, and IAb,,. Component Ifa,, 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.

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, £! and £2, are required at two points in this sequence of equations.
First, we need approximations to the first and second derivatives of position,
L, and the incremental displacement, Ar, to define the local geometry. Finally,

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

vector components of the bending resultant tensor, M*aﬂ

motion.

, for the equations of

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

2 27 %08 SO
+ At M aN*
Ay = Mo+ ('Y*) %—B T VNS E* . (17)
0 9E oL

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

The position at time t + At is I+ =1 + Ag+, where r is the position at time t.
The mass per unit initial middle surface area, Y*O’ is constant for a given
point. (The term in brackets has units of force per initial unit area.)

P* = -P a% n is the force per initial unit area along the normal, n, 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 ll direction, M*!2 = M*2! = 0, and the

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

2 22,22 2
AI:" = AL + ($§) 3 M > + _B.E__ + R*
0 (352) g2
~ell . ~xl . .
- (M* TS N*" . 1.1) ] (18)
+ +
L =+ 40y . (19)

(The transformation to this equation is outlined in Appendix A.) The vectors
Q*ZZ’ 3*2, and their derivatives and P* and M*ll may all have components in

both the 13 and 12 directions. N*l has a component in the il direction only.

“x11

For slab symmetry and beams, the term (M . iz + N*l ° il) is deleted.

For beams, Y%, is mass/unit length and the term in brackets is force/unit length.

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
e 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 £ =£2. To simplify the notation, replace £2 by y and use the notation
fy(n) and fyy(n) to represent the approximations to 3f/3£2 and 32f/ (9E2) 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:

I}

{f(n+1) - £(n-1)}/(2 ay) , (20)

fy(n)
{£(n+1) - 2 £(n) + £(n-1)}/(ay)2 . (21)

fYY(n)

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

fy(n+%)
fyy(n+%)

{f(n+1) - f£(n)}/ay , (22)
L{f(n+2) - £(n+1) - £(n) + £(n-1)}/(ay)2 . (23)

f

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

fy(n)

fyy (™

{£(n+) - £(n-%) Y2y , (24)
{£(n+1) = 2 £(n) + £(n-1)}/ (82 . (25)

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:

14
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: £, = {3 £(N) - 4 £(N-1) + £(N-2)}/(2 &) (26)
: fyy(N) = {2 £f(N) - 5 f(N-1) + 4 £(N-2) - £(N-3)}/(ay)2 , (27)
{ £, (N%) = (EN) - £8-1)Y/ay , (as before) (28)
' £ (N5 = 5(3 £N) - 7 £(N-1) + 5 £(N-2) - £N-3)}/(a)2 . (29)

In MOTION, for a free end, we have:

? t £,0)

= {£(N) - £(N-})1}/(ay/2) , (30)
- fyy(N) = {2 f(N) - 5 £(N-1) + 4 £f(N-2) - £(N-3)}/(ay)? . (31)
i It is also necessary to approximate N*2 = -3M*22/3f at the free end. This
1 is done in subroutine RESULT with
. . . ,
g R*2(N) = {4 M*22(N-1) - M*22(N-2)}/at , (32)
5 because
.
{ M*22(N) = 0.0 . (33)

3.3 External Points and End Conditions

The end conditions for a fixed or symmetric end is imposed in RFSL1D
by the initial positioning and the incrementing of a fictional external
point. The following notation is used to explain this:

X A vector to a point on the reference surface at time t.
(£ =Rig+Z3i,)

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

& £ -x

Iy A vector to the end point.

I; A vector to the internal mesh point adjacent to r,.

Ig A vector to the external point adjacent to Zp-

o, The unit normal to the reference surface at Lp-

(g = np i3+ my 1))

1z The unit tangent to the reference surface at rg.

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.

15
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3.3.1 Hinged Ends. The initial position of an artificial external
point at a hinged end is

T =21 -1 - (34)
The increment is
A£E = -A‘I“'I . (35)
We also set “
bgp = 0 . (36)

These inserts impose r, is constant and M*22 = 0 at the boundary. These

B
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

g = xp - 2z -zp) ~ztz. (37)

The corresponding increment is

AL

~

R AL R I A (38)

We also impose

brg = 0 . (39)

These inserts force g and Ry to remain constant. These are the condi-
tions for a clamped end given in Reference 1. (The components of n, 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 iz. The initial position of an

external point adjacent to a symmetry end is
I = xp - 200z - zp) - Lt 4, (40)
The change in Ip at each time step is
= - o ] i 41
brp = or; - 2{ar; * i} i, . (41)

These are the same equations used for clamped ends with i, = z.

16
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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 (N*“ and
M*22_ respectively) outside the symmetry end. We have

Mk 2 2 = Mx22 - 22 s 22 .
(M* )I =M< n, (FMr Jp Az + (FM ) i, (42)

defined at I» and

- (ﬁ*l)l = (FNé)I ‘il , (43)
@2 = (BND g+ (VD) 4y (44)
defined between x; and rp. The external values needed are

(FM2D) = (FM2D), (45)

(FMZ2)p = -(FMZ2) | , (46)

(FNDE = (PND); (47)

(FND)p = -(FN2); , (48)

(FND e = (FND), . (49)

3.3.4 Free Ends. One of the first problems posed for the RPSL1D 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

B*22 = 0.0 , f*2 = -3f*22/5¢ . (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.) 1IB = 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
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oy T h(1-(2k-1)/1L), (k=1,2,++,1) , (51)
Az = h/L, (52)
5, = W2, (53)
BT - W2, (54)
and approximate integration through the thickness by
ta L
Jf £(z) dg ~ %E; £(5) Az, (55)

T

where h is the shell thickness,r,u and g, 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 Sy is the center of the k'th
layer.

For Gaussian integration, we replace the Ty by

gy =k hx,, (56)
set
W = Wy (57)
and use the approximation
ta K
fc €0 ar~ (VD) L £(5) W . (58)

L

where the XL and ka are from tables for Gaussian integration (e.g. Table

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

L (59)

1 a x? -
PLx) = 7 T
2” Lt (dx)
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

Iy = TA Zk: £0050 (60)

18




Cia am o a4

L  NSSL000 7 M

A |‘ l-..

where

TA = Az = h/L . (61)

The fN(ck) signifies the value of the appropriate function at mesh point N
and integration station Ty where the gy, are in the center of evenly spaced
layers.

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

K
I, = (W/2) Egi W £y (5) . (62)

(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 (AN

The Ty and Wk equal to the area associated with ;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 RPSLI1D:

At

M = BE/C, (63)
sty = %(8E)2/(CCy) (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.

(E/p)l/2 , for beams. (65)
1
{E/ o2 - v¥)}?, for shells, (66)

c
C

Here, E is Young's modulus of Elasticity, p is mass density, andlv is
Poisson's ratio. C, is the approximation of { s g2 dA / § dA}Y: .
A A
For beams, .

: p 1
— Z 2
C, = LW ()77 W12, (67)
For shells h units thick, using Riemann sums with L equal layers,
20 .2, 1
C2 = {(1 - 1/L9) h°/12}% . (68)
For shells with Gaussian integration the approximation is exact:
2 T
C2 = (h“/12)7 . (69)

The program chooses a two digit truncated value 0.95 times the minimum

of Aty and Atg. 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 Af used by RPSL1D in these equations is the DETA2 supplied by
the user through subroutine INGEOM. The equations produce critical values

for AtM and AtB if At is the minimum distance between mesh points. Both AtM

and AtB 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 Af 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 Aty is critical. We have not been

able to prove the stability of the RPSL1D solutions when non-central differ- .
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 RPSL1D 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,
RPSL1D, if LOAD # 0., It will be called each time cycle
thereafter as long as LPRESS > NCYCLE.

INVEL 1is 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.

NI1B = 2 The index of the mesh point at end 1.

N2B = N1B + NMESH The index of the mesh point at end 2.

N1V 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.

1B This is the dominant control parameter. It should be
set to 1 or 0, if IB > 0, a beam is assumed. If IB < O,
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 O
in START.)

£ F™ ITAAER TN

DETAl (At!) 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 £ (£2 of Ref. 1, and n? 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) (N1B < N < N2B) The position vector-of the N'th mesh
point on the reference curve is Iy < R(N) iS + Z(N) 12'

The point In corresponds to the material coordinate point
& = (N - 1) DETA2.
ETAD2 and ETAG2(I), 1=1,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=1,LAYER (z,} These are the positions of integration
X p

stations through the thickness relative to the reference
surface, the neutral axis for bending of the beam.
(ZETA(1) < 0, ZETA(LAYER) > 0)

W(K), K=1,LAYER (wk) The cross-sectional area associated with
ZETA(K).

It is assumed that

2: Wk = Area of the beam's cross section.

k
2: (r,k)2 Wk = Moment of inertia.
k

: 22
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2: 2y Wk =0 (i.e. z = 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

N1B < 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 x WIDTHK would
equal the area of the circular cross section in that layer. Then we set

Z, = K/3 - 7/6 as a tentative location in the center of each layer. Finally
we found ZETA(K) = c Z, where c2 3 (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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WIDTHK DZETAK ZETA(K) Y/

K
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 0.0245154 1/12
5 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

DETALl = 2 = RADIUS

DETA2 = CYLL/FLOAT (NMESH)
IB =0

R(N) = RADIUS

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

If Gaussian integration is desired, IGAUSS = 1.
4,2 PRESS

Subroutine PRESS supplies the pressure, P(N), at each mesh point that
moves (N1V < 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 sectioms.
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 N1V < 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(1) = 0.0, TPR(I+1) > TPR(I),
and TPR(IPRESS) is larger than any time to be reached.

Linear interpolation is used at every entry to ccmpute the pressui. PO,
corresponding to time, TIME. The program then sets P(N) = FJO for N1V < N < N2V,

4,2.3 PRESS for Two Phase Pressure Decay in a Cyiivder. This sub-
routine, labeled PRESS of 3/10/76, is listed in Appendix 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 Py at point N is zero until the shock front

arrives at time TAy with peak pressure PO,. 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.

PN = 0.0 if t < TAN s
_ -a(t - TA) .

PN = PON e N if TAN <t < TBN , (70)
_ s =R(t - TB,) .

Py=Pe N if By <t

where a and B are the decay factors and P is the quasi-static pressure which
is reached at point N at time TBN found from
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P = PO e~ (TBy - TAY)

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

Content FORMAT
P, 8, (PID(I), I=1,6) (2E10.3,6A10)
¢z, CT, CP, TD (4E10.3)
o, ---, ISM (E10.3,10X,110)
(zZSI(1), TSI(I), PSI(I), I=1,ISM) (3E10.3)

Here,

P is the quasi-static pressure.
B 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 x ZSI(I) , (71)
TSI(I) = CT x (TSI(I) - TD) , (72)
PSI(I) = CP x PSI(I) . (73)

This converted table is also printed. For N1V <« N € N2V, TS(N) = 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 £ is assumed to be length
from end 1. Symmetry is assumed at end 1 where N = N1B = N1V = 2.)

TSB(N) = TBN is found from

TSB(N) = TS(N) +’{1n(PS(N)/§)}/a . (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) TSV (75)
psB(N) = p eFTSB(N) (76)
This completes the preparation. For every entry, the subroutine com-
putes e ® and e B and then, for NIV < N < N2v,
P(N) = 0.0 if t < TS(N) ,
P(N) = -e”°t pS(N) = -PO e -a(t - TAy) if TS(N) < t < TSB(N) ,(77)
PN = - Pt psB(N) = -F &Rt - TRy 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) = Z , (79)

where the velocity at point N is
Y=Riz+Z4i,. (80)

INVEL is called during the initiation sequence from the main program, RPSLID,
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 RPSL1D (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, 215,E12.6,15)
-, N, V (5X,15,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 N1B-1 (i.e. one) to all input mesh numbers.

The first input card is read and the program sets

DR(N)
DZ(N)

-SNR(N) * VR , (81)
-SNK(N) * VR , (82)

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

L = SNR(N) i + SNK(N) i, .

(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 + N1B-1, and sets

DR(N)
DZ(N)

-SNR(N) * V , (83)
-SNK(N) x 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 1INVEL 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 N1V < 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(ut) (86)
for these examples. The velocity at time t = 0 is

R(x,0) = 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
3 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:

ﬁ! x = 1.875104069 (N - N1B)/(N2B - N1B) , (88)
DR(N) = A {cosh(x) - cos(x) - 0.7340955137 [ sinh(x) - sin(x)]} . (89)

Simply Supported Beam:

= x = w(N - N1B)/(N2B - N1B) , (90)
;‘ DR(N) = A sin(x) . ‘ (91)
E Clamped Beam:

E, X = 4.730040744862 (N - N1B)/(N2B - N1B) , (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 £ through the last three end points.

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

derivatives of the position vector r.

I=Riz+21i,, (94)
R2 = 3R/3E , (95)
22 = 32/3t , (96)
D= {2+ z2)4)%, (97)
SNR(N) = 22/D , (98)
SNK(N) = -R2/D , (99)
n = SNR(N) i, + SNK(N) i, . (100)

The partial derivatives, R2 and Z2, at the clamped ends are approximated by
non-central differences through three end points. N is N1B or N2B, depending
on which end is clamped.

aR

i = {3R(N2B) - 4R(N2B - 1) + R(N2B - 2)}/(24%) .) (101)
&IN=N1B

(e.g.

29




b 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 IBCE1l = 4 or IBCE2 = 4. With the APLFRC option,

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

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

b. 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.

4 When ENDFRC is called, the force components and moments are supplied.
‘ The force at end 1 is
(102)

EFR1 i, + EFZ1 i

3 2"
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 > 0O decreases R(N1B) ,

EFZ1 > O decreases Z(NI1B) ,

EMI > 0 decreases R(N1B) and increases R(N1B + 1) ,
EFR2 > 0 increases R(N2B) ,

EFZ2 > 0 increases Z{(N2B) ,

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

EFR2
EFZ1 ‘—<—1 +EFZ2
EMI EM2
+EFRI
END 1 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 (IBCEl # 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 EFR1, EFZ1, EM1, EFR2, EFZ2, and EM2 to zero. These are never
changed. The APLFRC option then imposes a free end at end 1 if IBCEl = 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) (110,7A10)
(EFZT(1), TMFZ(I), I=1,NFZPTS) (2E15.7)
NFTHS, (LABELV(I), I=1,7) (110,7A10)
(EFTHT(I), TMTH(I), I=1,NFTHS) (2E15.7)
NFMUS, (LABELV(I), I=1,7) (110,7A10)
(EFMUT(I), TMMU(I), I=1,NFMUS) (2E15.7)

The first table is the horizontal force component, EFZ1, as a function of
time. The other two tables are of parameters 6 and u, 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, 86,
and u as functions of time by linear interpolation. It then sets

EFR1 = yuEFZ1 , (103)
EM1 = -ZU {sin(®) EFZ1 + [1 - cos(8)] 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,

T = SNK(NI1B) 13 - SNR(N1B) 12 s (105)

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

EFR1 = EFR1 x SNR(N1B) - EFZ1 * SNK(N1B) , (106)
EFZ1 = EFR1 x SNK(N1B) + EFZ1 * SNR(NIB) . £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 areu
(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 1la. If the
PLOTP option is in the deck, this input card must be included (see Section 6).
It selects NNPE (0 < NNPE < 9) values of N for which plots of P(N) are to be
made.,

The changes to RPSL1D 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 RPSL1DPLOT 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.
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~22

M=aM (108)
Q= a @2 - v2 W% (109)
V= (1/29 a(a W23/3cd) (110)

The RPSL1D analog of these equations is

AMS(N) = A22 x F22 (111)
QS(N) = A22 x (Q22 - BM22 * F22) (112)
VS(N) = {AMS(N+1) - AMS(N)}/(DETA2 x 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 RPSL1DPLOT.

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

+ ~ 22 A 2 2,..}
A~ = AI: + M* ,22 + E* ’2 (At) /(A’iro) 3 (114)

where

~ 22 22

s (115)
and

cel _ M 222 2 ~22 -

N*" =2a® (Q"" 2, + T,,” M " ) (116)

are vectors defining the bending and stress resultant terms. The notation
X,, and X, ,, denotes the partial derivatives 3X/ 3¢ and 32X/ (3£)2. The mass

per initial unit length for a beam is given by A!iro = Al’p Zwk .
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From the equations for shear force, axial force, and moment,

3 respectively,
!
N ~ - 1
:( V= a¥ (Mzz’2 R 2r222 i - (a Mzz)’z/a»z , (117)
8
b
& Q=a @7 -0, (118)
- M=a ﬁzz , (119)
and the relations
Y 2 %
a%,, = Ty 3%, (120)
- b2
n;z - = 2 ,§,2 H - (121)
Y
'%2 = a I, ’ (122)

which are also taken from Reference 1, we can transform the vector
M* 22 N* 2
(M*2%, 5, + N*%, ) (123)
into the form
(Vn+Q1,, (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 1
is the unit tangent.

B iy iy (125)
Tenp iy - s (126)
The force vector
E=((n+Qm) (127)
~22

can be computed at all midmesh points if the moment M = a M™" 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 = N1B at end 1 and N2B at
end 2, and subscript N+ to denote midmesh quantities. If end 1 is forced,

Fyin = EFZ1 i

Enis 2 ¥ EFRL 35, My = EML . (128)
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If end 2 is forced,

= i i = (129)
Fyop = EFZ2 i, + EFR2 i, , My, = EM2 .
For N1B < N < N2B,
Enets = Unagg Doy * Quagy Ty (130)

Then, the force per unit length at N = N1B and N1B+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:20n1s = Bnipay - Enap)/ (88/2) (131
(B 2)ni+e1 = BEnipesyz = Enipasg/ (28D » (132)
(E:2)n2p-1 = (Enozp-y - Enzp-3/2)/(28) (13%)
(s 2)nzp = (Enzp - Enop.y)/(88/2) - (1
The first and last of these are not central differences. The form
(B, )y = (122, + N*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 must 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

MW = F + Ar . (136)

The work by a moment of magnitude M applied while the normal vector changes
by an angle A9 is

AWM =1iM A6 . (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, AWF(t—%At) and AWM(t-BAt),

will be the average of '"work increments' computed at times t-At and t. We

"

compute:
AWF(t) = F(t) - {ar(t-Hat) + ar(t+sat)}/2 (138)
.!! MWL (t-}50t) = (AW (t-At) + MW (t)}/2, (139)
. MW (E) = - M(t)  {a6(t-%at) + do(t+lat)}/2 (140)
' MW, (E-50) = (oW (t-At) + MW (©)1/2 (141)
4 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 A{(t-BAt) 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 A8(t+kAt). We define A0(t+kAt) by

sin {A0(t+%8t)) i, = n(t) X n(t+at) . (142)

The unit normal at time t is available,

n(t) = SNK(N) i, + SNR(N) iy , (143)

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

= i 144
2 =4, (144)
a, = 3r'/3 , (145)
n(teat) = (a; X 32)/|31 X 32| , (146)
where
£+ = r(t) + Ar(t+kat) (147)

and 2, 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
RPSL1D. 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 N1B to the eroding end and advances the endpoint indices
when necessary. DE is zero initially. Whenever DE is greater than Af/4,
we subtract Af from DE and add 1 to N1B, N1V, and Nl1A (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 is 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 theory3. 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 RPSL1D, 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 RPSL1D. 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

34.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, (si,ci), with FORMAT (2E15.7), which terminates with
< 0.0 (NEST < 100). Then ENEST

As before, for the mechanical sublayer model,

ENEST is replaced by 1000.0 (infinity) and

ONEST 1S replaced by ONEST-1°
the point (el,ol) is replaced by (SIGZ/E, SIGZ), the elastic limit. Also,
as before, these are not engineering stress nor strain. If (eei,oei) are

engineering values,

. .
e; = gg5(1 * %e3) (148)
oei(l + cei) . (149)

g.
1

These correspond to the mixed components eg, og of the strain and stress
tensors used in RPSLID. The negative portion of the curve is defined by
ag(-€) = -o(¢g).

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

. . L. . e 2
strain variation, e 1IN addition to o = Oye

Initially we set ¢ = €n = 0 = 0.0 .

Assume we have €, o, and e from time t-At (call these €, o, and sm'),
and Ae, the change in e from time t-At to time t. We recognize five cases

for Em- = 0. (For em' < 0, we change the signon ¢, o, Em-’ and Ae, and

proceed as for em' 2 0. At the end, we change the signs on ¢, o, and em.)

In all five cases we set

€= € + Ae . (150)
Case Conditions Results
(1) Ae = 0 o=0 +E Ae
€ < €n * € € = €m
(2) he < 0 oc=o0 +E Ac
€ > tm = €1 € = m
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Case Conditions Results

(3) Ae > 0 o = o(g)
E> e +€ €n = € - &

(4) Ae < 0 o= o(e + 251) - 201
e<e - g €n = €+ &
£ 2 -€

(5) Az < 0 o =ﬁ_o(_e)
e <e - g €T €+ g
€ < -5

The functional value o(¢) is found from the table (ei, oi) by linear inter-

polation.

(We should mention that the computation of strain energy is as if un-
loading to o = 0 can take place entirely elastically. That is, the strain
energy is assumed proportional to (c)2 where o = E €. This assumption, also
used in REPSIL and the catalogued RPSLI1D, is only true if |o| < 20,.)

The UPDATE cards for this option include some changes and additions to
COMMON in COMDECK MAIN, a few orders to initiat~ some new arrays to zero ir
the main program, RPSL1D, 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 . 'vposely sketchy. The user

must check these subroutines and their input. (NGEOM is always called first

and usually requires input from cards. INNORM 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 VARTABLES FORMAT
1 TITLE 8A10
2 MESH, NMESH, LAYER, YLDFAC 315,E12.6
3 MAXC, NCONT, WRIFE, DELTAT 315,E12.6
4 IBGEY, IBCE2, ¥BGE3, IBCE4 1615
5 LOAD, LPRESS, MDAMP, DAMPF, DFACT 315,2E12.6
6 E, FNU, SIGZ, RHO, THICKN, NSFL, ISR 5E12.6, 215
7 (SS1G(J), SEPS(J), DSR(J), PSR(J), J=1,NSFL) 4E15.7
8 NPRINT, (JCHK(I), I=1,3) 1615
9 NUMCY, (NCYCH(I), I=1,NUMCY) . 1615
10 NLPRIN, (JCYNLP(I), I=1,NLPRIN) 1615
11 N3D, (NC3DP(I), I=1,N3D) 1615
11a NNPE, (NPE(I), I=1,NNPE) 1615
12 EFABY, ETAD2, NSTRN 2E10.4,15
13 (BEFAGHH-, ETAG2(I), ANGLE(I), ANDLB(I),
NETAG(I), I=1,NSTRN) 4E10.4,15
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

o IBCE4 from card 4 is stored in position IBCE1l 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 1la 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.

Card 1 TITLE Alphanumeric statement for output identification.
Card 2 MESH Not used.

NMESH Number of meshes. (NMESH < 102)

LAYER Number of integration stations through the thickness.

This may be the number of layers as in REPSIL.
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Card 3

Card 4

Card 5

Card 6

YLDFAC

MAXC

NCONT

WRITFE
DELTAT

IBGEL
IBCE2

IBCE4

LOAD

LPRESS

MDAMP

DAMPF
DFACT

FNU
SIGZ
RHO

THICKN
NSFL

Parameter controlling substep size for plastic yielding
in shells. (2.0 is suggested)

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

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

Not used.

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

Numbers for end conditions. IBCEl and IBCE3 are unused.
IBCE2 is for end 2 (£ a maximum). IBCE4 is for end 1
(¢ a minimum). IBCE4 is stored in FORTRAN position IBCEl).
1 - clamped end, ’
2 - symmetry end,
3 - hinged end,
4 - free end, end 2 only with catalogued RPSLI1D,
forced end, either end with APLFRC option.

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

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.)

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

Viscous damping coefficient. [FT/L3)

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

Young's modulus. [F/L2]

Poisson's ratio, v.

Yield stress, o . (F/L2] (See card 7.)

Initial mass density per unit volume, p. [FT2/L"%, (i.e.
mass/L3)]

Thickness of shell. [L]

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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Card 7

Y

Card 8

Card 9

Card 10
g Card 11
o

Card 1la

s PO S P U S R S PPt P

ISR

SSIG(J),
SEPS(J)

DSR(J),
PSR(J)

Strain rate sensitivity control.
0 - no strain rate effect,
1 - plasticity is strain rate dependent.

Stress, o [F/L?], and strain, ¢ [L/L], at the corners
of the polynomial, uniaxial loading curve. (SSIG(1) is
replaced by SIGZ and SEPS(1) by SIGZ/E.) (If (eg,0g)
are 'engineering' strain and stress, o = os(l + es),

€ = es(l + es/2). )

Constants for strain rate behavior. These must be
included if ISR =1,

With the BSTRS option, cards 7 become:

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

EEB(I),
SSB(I)

NPRINT

JCHK(T)

NUMCY

NCYCH(T)

NLPRIN
JCNLP (1)

N3D

NC3DP (1)

Table of strain and stress (reverse order from above)
for up to 100 points. Table is terminated by
EEB(NEST) < 0. SSB(1) is replaced by SIGZ, and EEB(1)
by SIGZ/E, EEB(NEST) by 1000, and SSB(NEST) by
SSB(NEST-1) .

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

Numbers controlling printing at cycles on cards 9.
JCHK(1), or JCHK(2), > O 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,

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

Cycles for prints.

Number of JCNLP(I) to follow. (<51)

Cycles to print IMAT(N,K) and IMATM(N,K) arrays.
Number of cycles at which displacement plots are to be
made. (<51)

Cycles for plots.

(Include if PLOTP option is used.)

NNPE
NPE(I)

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

Index, N, of P(N) to plot as a function of time. P(N)
(N1V € 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 EFABL
ETAD2

NSTRN

Card 13 EFAGHE) 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 (2E10.5,15))
SLABL Length.
SLABW Multiplier for energy computation, Af! = 2.0 * SLABW,
Not used for beams.
1B IB > 0 denotes a beam.
If IB > 0, also read
(zu (E10.2))
((WIDTH(K), DZETA(K), ZETA(K), K = 1,...,LAYER) (3E10.2))
Al Location of upper surface.
WIDTH(K) Width of K'th layer.
DZETA(K) Thickness of K'th layer.
ZETA(XK) 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.

Not used.

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

Number of locations at which surface strains listed on
cards 13 are to be plotted and printed (see card 8).
(< 6)
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((TPR(I1), PPR(I), I=1,2,...)

[Time dependent pressure, LINPRS]
(2E10.3))

((-1.0) (2E10.3))
[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, NOUSE, ISM (2E10.3,110))
((zs1(1), TSI(I), PSI(I), I=1,ISM) (3E10.3))

Card 17 [Subroutine INVEL]
[Catalogued INVEL. Like INVEL in Reference 2.]
(--, NI, NF, VR, NV (10X, 215,E12.6,15))
(--, N, V (5X,15,E12.6))
NI, NF Mesh points NI+l through NF+l are given initial normal
velocity -VR. Mesh point at end 1 is numbered N1B = 2.
VR Velocity. [L/T]
NV Number of cards to follow.
N Mesh point N+1 given initial normal velocity -V.
\'f 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) (110,7A10))
((EFZT(I), TMFZ(I1), I=1 NFZPTS) (2E15.7))
(NFTHS, (LABELV(I), 1=1,7) (110, 7A10))
((EFTHT(I), TMTH(I), I=1,NFTHS) (2E15.7))
(NFMUS, (LABELV(I), I1=1,7) (110,7A10))
((EFMUT(I), ™MU(I), I=1,NFMUS) (2E15.7))
Card 19 [Subroutine ERODE. Part of EROD option.]

(NTEPTS, (LABEL(I), I=1,7)
((TEROD(I1), XEND(I), I=1,NTEPTS)

(110,7A10))
(2E15.7))

44




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 (il, i,, is)

and defined corresponding Cartesian components of position, Y!, Y2, 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 RPSLID as listed
in Appendix C, plus additional variables used in the options PLOTP, 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-
mation.

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, { }, it was first used in this report; if in
brackets, [ ], 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.

a Symbol of a covariant metric component first used

11 in Reference 1.

Column 3 partially describes the status of the variable:

C denotes a name in COMMON.
I denotes input.

S, denotes 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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APPENDIX C

LISTING OF REPSL1D

The version of RPSL1D discussed in this report is catalogued in file
RPSL1D, cycle 2, in UPDATE form at the time of this writing. There is one
COMDECK called MAIN. This is listed first. The remainder of the listing
is the COMPILE file image of RPSL1D formed through UPDATE with the COMDECK
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 FIN compiler to create symbolic reference maps.
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w—"r

T Tope—

Owia

*COMNFCKR Mo T

COMMON R (193) 47 (102) PR (103)eNZ2(1G3) eFV11R(1U2)oFME2R (1030 VAN
1] FM22K (103) oFNLTH{1NI) «FN2RI103) s FN2K(I03) eSARI102) oSAK(1N3) . vETR
2 TEMP(103)eF(103)«FPSL1(10)EPSL2(103) oFPSUL(103)FPSL2(]103), ~BIN
3 SIGI(1I0436)eSTIG2(102438)LMAT(103eb) 0 vEIN
6 NDEPST(R)WNEPSP2(A) ¢ ZFTALIE) ¢ LFTASL(6) sSSIMM(E6) oSSAMM (L) s (6) e mEIN
€ MEYCH(50) «NCINP (50) s UCYNMLP (S0) ’ MAIN

COMMON: NN RN22eRTDPeNETAL ¢DETA2¢RADIUSeNAMIDCAMMF, MBIN
1 DFACT«MDAMR (TNANMPLOADDELGAM MAIN

COMMON P oFNI 3o PNAT «STIGZoeGANZ o2LieZ] ¢LAYENCDNELTATeTIME oL MRESK, METR
1 PMEONCYCLF oNWITF oRCONTONSTHRNqCINER eCTINFSoCINFPeCY «C2eNFLOT, MEIN
7 DELSCeTBeMAXCoMRNITE«CLoCHsCINET STRENGFPLAST TARG, EMSeFMNeMATIM
3 NPPINTADNFLP oNMESHGIHCEL o IRCE2 o ISH oNSFL oKUMAXWYLNAFACNLY MAIN

COMMNN ATL(R) eNT2(A)eDONLLB) eDRZ(A) oFNIE) oFTAG2(R) ANGLE(H) o MEIN
1 ANGLP (6) oNETAG(6) «FPSS)(R) oFPSS2(6) e JCHK(I) MpIN

COMMON CMoaNQL oNR2eGNTGNZ2eNT1«NP2«FTADZ MATN

COMMON LSA(E) ¢HSA(ER) o ASEIA) sHSRI(K)eGIN1(A)eI22(A) MAIN
1 A111(A)ed221(RY ol 11 (RIeHRPI LRI GALL2(FR) sAR22IN)eb]11P2(6)eR2221(R) FAIM

COMMOL DOR(R) eFPSHI6) eSHIGIH) ¢SEPS(E) oSFIR) +SINZSGLE) ouT (1) MEIN

COMMON STIGZZ(6) oI MBIN

COMMUN R2e72e0M2eNZ22:F22e7220R2240227 MATN

COMPMON A114822¢SkABeCS2]119CS2220B110022eBTolM114IMZ24CINESTICINESZ MAIN

COMKON IS METR

COMMON MIRGNPHeNIVINRY MAIN

COMMON M1 AJRPAIPKTN2MIRDP PV MATN

COMMORSRKREM{103) oSARM{103) oSIGIM(103036) ¢ STE2M(10343R) oLMATHM(1N3e0)INMATIN

COMMOYN PEFXANEFXoTDEFXeEPSX (R) «NFPSAIR) s TFPSX(A) W VMAIN
1 RZ(1031e2Z(1031eGULII(103)eGUPPILIU3)e6GLLITI(]103)eGL22(103) MAIN
COMMOR PRI NI () ePBL 103 DRI (103)00A2(103) «F2(1R3) MAIN

COMMON TGAUSSw2FTA (&) 2w2FTSO(A) mEIM
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DOOOASHINOANOINAOA

AT ANON

anpl

1%

17

PR

1

FRuGHAN FESLI (IMNPUT 0L TRPLT oML DT TAMEGE INGIITeTaKE AS( HTELT

TAPF amr AT)

QCALLL MATM RERE

CHANGES TN SURFACE STRAIN (OMENTATICNS /26778

GCETTOMAL CauLSSIAN INTEONATION ~/Q/7e,
CEPMIT UP TO & MECHANICAL SURLAYEWS,
(1=UD)REPSIL MASTEw PRCGHRAN FO® CLC,

INGRCM FOW REAM OK SLAKR SYMMETRY,

IRCEI=]424CHA,

IRCE?3]1e2e2e¢0Rb,

LSen 1F Jtauvsssl,

NEFL  JLE, A

10713777

FRESS FUN CONSTANT PRESSURE,
H/728/74 177778

CHANCES TO PEWMIT SYNMMETRY AT FAD 1 INSFPTED CN 1/7/76

PFRMIT tIP TO « WMECHANTICAL SURLAYERS,
FANPP? FREE IF 1KCE2s34,
PIFFFRFNCES FUM FM CENTENED AT MFSH PGINMTS,

Br28/%4.

TAPE (NPLOT) PLOTTING DATA

IMITIATE PHOGRAM

CO 901 L=l
FPSX(L)==10n0n0,
EPSX(Le4)=100000,
DEFA=G,L0

LPLOT23
REWIND 2
NLP=)
NA M |

CaLlL STaAkT

VELETE RESTART,
GCTO 18

IF (NCONT LF. 0)
CALL WwHTAFE (2)

NSFL o LE, 4.
MAY GALY BF GCGR FOR AFaMS,
FUR FN IN MESKFES

(1.,F. WwRTAPE)

NPRINTZ (NCYCLF =m0 (NCYCLE sNDEL ) ) oN[ELP

GCTO &9
MCYCL =0
TIME=O,0
CIN‘.S‘OQO
TDM‘P:0.0
CINFP=O N
ErSE0,0
Niso,n
N2=z0.0

[T B B

SFT INITIAL DISPLACFMENTPRESSURFeSTHAIN AND STHESS = 0

DO 2R M) NN
AR (N) =N,
FZ(NYROLO
F(N)=ON
FRSL1(N) =0,
EPSLP(N) =00
FPSt (N)sD 0
FPSU2 (MmO, 0
0C 79 xa) KJrayx
SIGl (Men)zN 0
SIG2 (N.KYI=n, 0
SIGIM(NeK)mn, N
SIG2M (N oK) =N, 0
CONT INUE

IS Y Y P

LV S S Ve, Aeaadh I e

LalL Stpon
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FFELIO
wESLID
Th+

wESLID
RFSLLIN
WESLLD
kESLID
HESLID
KFSL1D
KESLID
RESLID
RPSLLID
RPSLLID
HESL1ID
PPSL1D
RESLID
PESLLD
RFELLD
RESLLO0
KESLLID
KFSLID
RESLLIO
wESLIN
WFSLL1D
FESLIN
FESLLID
KESLID
RESLLD
WESLLD
RESLIN
RESLIN
WESLID
RrSLID
WESLLID
RESLID
RPSLID
RESLIO
FFSLLD
PFESLLD
RELLID
RESL1D
KFSL1D
LI TR
HESLID
RFSLID
KESLIL
wFSLIN
FFELID
FrSLLL
FESLLIN
WESLID
WESLLID
wESLLD
REHELID
RESLID
RPELLID
FESLID
PHELILD
RFSLIOD
“FSLID
weepyn
mPtLa L

L TN PL =N

W W NN NN N ANV AN e o ot ot ot o st st bt e
NV=S DPNTRPLWAN—DOXENONP N~

a3
36
35

37
38
39
«0
6]
Y4
43
'Y 3
&5
LY
7
Y]
49
g0

82
S3
Se
L1
LYY
57
-1 ]
sQ
X0
Al

LK}




i A i adC

——

“?

43

46

&8

49

)

NeLGAMSNEL SR/ 7

CALL. DGFULM

CALL STwalIN

Ul 33 MsphlrenFR

AP? = 0,58 (DB (N)elA2(N=]1))

IR (M Fli, NYRYARPZINA2 (M)

IFIN JEQ, NP23)A2PECAP2(N=])

CUIIIN) = 1.0/7(0al(N)=2,007080R] (N))
Cue2(M) = 1,071 B22=7.0%7L*NR2 (N))
GLIT(MN) = 1,0/(CALIN)=Z, 0071 *CAL(N))
GCL.22(M) = L0710 822=2.00Z1. %082 (N))
AL(M) = 0.0

DAZ2(N=1) = 0,0

DELI(N)Y = 0.0

NH2 (M) = 0.0

COMTINUFE

CAP(NPR) = 0,0

EFSU2(MZR)Y = 0,0

EFSL2(N2F) = 0,0

IF(LOAR 6T, 0)GOTO 43

CALYL InvEL

0 39 ANsMlVeNZV
CRNISDFLTAT®K (N)
N7 (N)Y=DELTATORZ (N)
CONTIMUIE

CALL ROUNEH

CAaLL XIMFT
CINFS=2,URCINFT
TMRCECINES

IFLOADN) 42445063
CALL PRUFK

DO 66 NaNIVINZV
LRHIN)ZOR(N) =k (M) OSNR(N)®TEMP (N)
CZ(N)ZDZ (M) =F (M) SSAK (N)®TEMR(N)

CONT INUE

CALL ROLINYY

CALL PwOwe

ErQ=FNe

CALL KINET

TVRG=CINET
IF(NCYCH (1) JFleqs OINNNEP

whJTE INITTAL CARTESTAN CGURDINATES. PRFSSUKE
WRITF (Fe30N)
SREITF(FeGt D) (NG (NI oZ (M) oP (M) gNZ oNM)

CaLt FDhaTa (1)
FND INITIALTZATION

MCYCLE=SNCYCLE ]

TIMFETIME«NFLTAY

CrRFCK pukw FINAL STEP .

IF(NCYCIF 65T, MAXCIGLTR T0
CHFCK TF CALL PRFSS IS NFFIEN

IF(LPRESS ,GF, MCYCLE)CaLL PPFSS

CALL POSITN

Y AR TN

CAML STwaAIN

74

»FSLLD
PESLLD
FrSLIn
AESLLD
kRS
eSLLID
wESLID
RESLIVD
FFSLLD
wFEL10
RFPSLLD
RFESLLID
kFSLID
RESLID
PESLLO
WFSLLD
RFELL10
RFSLL10O
WESLID
AFSLID
KESLLID
FFSLLO
RESLLID
WESLLID
kESLLID
RFSL1D
RECLID
wFSLLD
RFSLID
wESLLD
WFSLID
wFSLL1D
RFSLLD
RESLID
RESLIO
®FSL)ID
RFSLID
RESLID
RFSLID
WFESLLD
RFSLLIV
®FSLID
oEsLIN
HESLLD
RESLID
KFSLLD
kFSLIPD
wESLID
WbSLID
WESLID
RESLID
RESLIN
wFSL10
RESLID
FRSLLND
BhSLLI0
WESLIC
RFSLID
WRSLLID
(1239
wESLLID
SOINE B

ﬁF$LiD

111
11?
113
116
11%
11€
117
11¢
11¢
120
121
127
122
12«

Lew




L
4
)

[

CAlLL MOTION wbSE 1D 127

3 CALL FNATS (2) pEELLD | Wdad

N CALLL. Damp KFSLID lev

- c CHECR FOR WESTAGT jUiMp BESLLN 130

i c TE(NCYCLF oMb MPITE}GLCTO S0 kESLLD 131

T c CalL wRTAME (1) : RESLID 137

). ( MEITFaxyRITEeNWITE wESLLD 133

. ¢ CALL PraTa (3) RFSLLD 13«

. COTH &g RFSLLD 13%

T0 TP (NCYCLE (LY, 2)STOPY wAIN, NCYCLE LV, . FEFSLLID 136

CALL PLATA (2) RFSL1D 137

CALL PDATA (4) &ESLLD 138

STOP* PROGRAN COMPLFTF PHSLLID 13¢@

300 FORMAT (1H] «20Ne1QORTINTTIAL COUKDIAATES 23X e#MPRFSSUKF /Y RESLID la0

1 3XelFHNeL1Xebri(N) 921X 0aMZ (M) e21XebkP(N)) . RFSLLID 16}

400 FORMAT((J4aad(2XekE23,16))) FFSLID 142

FND HESLID 143

SUPROUTTINE START START ?

(o #Call MAIN REPE TAF

DIMENSION TITLE(R) START .

READ(R4100) TITLE . STARTY s

whITF(helad) TITLE ' START [

FEAN (KR4 108)NOUSE «NMESHGLAYEKYLNFAC CSTinT 7

HFAN(S¢108) MAXCoNCONTARITECPELTAY STLPT [

REAN(Se110) MOUSE o TRCE2«NOUSFE o [RCE) STeWT 9

HEAD (Re119) LOADCLFRESS«MCAMFoDANPF 4OFACT STERT 10

READ(Re120) EoFMUSIGZ orHOsTHICKNIMSFL o [SH STeRY 11

MEITF(RelnN) EeFrUeSIG2ekHO«THICKN STLRT 12

WPITE(6e170) NCUNToMAXCAPRINTONRITE STARY 13

WEITF(Ae17S) LAYERASTRNCLOAHCLPRESS S1éwT 14

WETITF (6«180) TRCELSIHCE? STHRT 15

IFINSFL EN. 1 «8NR, ISF FG. 0)EOTN 700 START 16

IF(MNSFL o0, 0 YGOTO To0 START 17

PEADN (84125) (SSIG(S)YoSFPS{J)sNSRIV) ePSRIJ) eUZ]eNSFL) STak? 1R

700 IF(NSFL oLTe 1) [SWH=ze] STARTY 19

IF(NSFL L1 T. 1) WSFLs) STLRT 20

REAN(8e110) APRINT«IJCHK (J)od=1e) STawT 21

FEAN(S5110) ALMCYS (NCYCHLJ) adElohlivCY) STARY 22

FEAN(S5¢110) ALPRINC(JCYNLP tU) edm] o MLPRIN) ) STeNT 23

RFAN(S56¢110) NIDINCINK(J) sJ=1eNIN) CTLRT 24

S$16(1)=8167 stent ?S

SEPS(1)1=8]16GZ2/F STorT 6

KJraxs) nYERONSFL STreY 27

SF St sYékm Fn

SIGZSQ())=SSThG (1) ewp STAHT év

$I6G22(1) = SSTG(L) . START 30

FO 798 (1=} NSFL CTAWT 31

TFCISP LT, 1)16ATe 764 ST ékT 3>

TF(DSF(U) 6T, Nah JANI, FSRIJ) oGT, ULPIGHTL T8I S1enT R

Te]l wrlITF (6e792) STowT 26

792 FOMMAT (//4hM FhikGrk Th STHAIN MARPEMING i STRAIN NATE ATA ) STiwT k13

STOPY STANT, FRROW [N STHAIM DATAY ST1EWT k1

TOd SO (U) = )1, 0/PSKIJ) STenY a

704 1F(J EN, 1) G(T0 78§ STEkT kL]

IF(SFPS(J)LFoSEPS(U=1)) GOTO 791 START 39

SFE(U)2(SSTA(LI=SS1G(J=)) )/ (SFFS(J)=SEPS(J=1)) STawT 40

PT(J=1) e (SE(J=1)=SF(U)) /L START 4}

STR2SL(Y)=(ESFPS(y)yoap STorT “?

SIGZZ (M =(FasSFrRS(JY) STl «]

798 COMTINDE S1ewT 'Y

WT(MNSFL)SSF(FSFL)/F START a8

[ CEFT 'R WNLNNaRY COANTON € LTr&T LY S

v TeCF = edeni iy PLEFElec e oL, O/ TN s lzink Ninwl -/

75




YT v~y

|
b

- NiwED STHRY an
. APPSANEC o]l STeeY “G
: MlvaMlee] CTewY <0
; LT DS Vi mY )
'( NlAazanive] STénm1 8¢
:, ¥ T LIRS START &3
L [ELI&CFY ¥, 2InlvsN]k SYeWT e
k-__ TR CIRCF 2 0F 0 2 ti e [RPER2 P L6 ) NPVENP & STenrY &5
b - NrzpMPAe) STLRY LYY
= IFCINCF2 JFC, 4) hazh2p STAwY 57
[ FEAN(R¢130) NCUSEFTAND JNSTHN STHRT &R
) FFAl(Re1%) (NOUSFoFTAGZ2(I) e ANGLF (1) eANGLIF (D) «NETAG(TI) e IZ1 o NSTHRM) ST12KY s9
CALL INGFOM STAWT 6n
4 Call INMOPV STpwmY 6]
. ¢ SIGMALS TC PPUGHAM FROM INGEQW, STLRY 62
c AXTAL SYMMFTRY (RADILS > 0,04 lkrs0), - STARY 3
c StLAr SYMMETWY  (RADIUS = 0,0 Ik=0), REANM (TH>0), STLRY (X3
‘. 18 = ) STAKT 133
| - TF IR JGY, 0) PADIUS = 0,0 STARY 66
L IF(RADPTUS LLF, N.0) 1S=2 S1AKT 67
" IF(IR (AT, NIDFTAL=] .0 STERT o
P GMEFLOAT(MN1H) «rTADZ/NETA2 ) . STARY 69
. (IS STERTY 70
7 FG2zt e STARTY 7
b - Chl=GhaFLOAT(NGL) START 72
1 Wh2ZFL DAT (NQF) =t STrARTY T3
[ f* 20 1=)]«NSTRN SYiKTY Te
; FRITISFLOAT(MNIE) «ETAG2([)/NETA2 STARY 7%
[ ] MIY (D) =Rt (]) START 76
3 MI2(THYsr T () 8] STARTY T
X Pr1sAIY(T) STARTY TR
L FN2SNT2 (1) STARTY 79
- PNLIIY =N (T) =P STk RO
d PN (1)sPrpaBh () STANT Al
& TFADNL(T) JGT. 0,S1GOTC 16 STAKT p2
C NM1CIY LE 177 STakT &3
NI3(I) = ATV (1) =) STERY Re
NNI(IY =2 DMLCT) « 0.5 START AS
-CT0 17 STekT HE
c ML) RY (/2 . START 67
1o PIZ(CTY = MTYCD) START (1]
(PIU]) & INIEY) = D& STApT rg
17 TF(NTA(L) 6T, 1)60TN )8 SYERTY Q0
< M3(TY LT Fe SHOFT TG 2o STer, -1
* NT3(I) = 2 STERT 9z
CA3I(TY = 0,0 SYPkY 93
COTH 20 : SYTEmT 94
YHOTFINTRLTY) LT, mPHal) CRTO 20 STLRT Qe
¢ MI3(T)Y BT APR=2, SKHIFT TU NPwe?, STemt Gk
MIA(T) = P oHeg STomT 97
M1 = 1.0 STAKY QF
20 CONTIMUE SYERY ay
ZAYFhz| AYE W SYAWRTY 100
c ORCEWRAM (CNSTANTS STBRT 16)
IF(IH Lk 0) ZUmD,“oTHICRN STAKY 102
ILe7UeTr]( KN STARY 103
CAM/ZTHICKRNGRERD STARY 104
APFLFPENPEINT ' STARY 10
Mo [TESNCUNTOREITE SYART 106
SuMmaR=n, 0 STANT 107
SUM2LREP L0 STERTY lo#
- THaSC2) T CIGAMI Fow GALSETAN TATFLNATTION TeWl, TRTCRNFSS, St Yoo
iPais qrg L lvsuNnszyn Siebks T
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b
IF(lALSS NF, 1)GrTR &¢ STEHT 111
[ SET Uk FOR GAUSSTAN [MNTEFEwATION w]Tk LAYREr (JLELF) BUCINTS STinNY 112
COTNIG]e62e600800465e6h) JILAYF W STLhY 113
e 278011} = AP STIwWT 116
’! w1} = 2.0 STenT 116
- GCOTn &0 STerY 11mA
3 w? ZFTALZ)Y 3 N,5T7A9u7kS|~Lbehe7); STekT 117
- 7ETA(1) = =7k Ta(?) STerY 11k
b wil) = 1.0 STEWT 119
. v(2) = 1.0 Q1K1 1e0
¥ caTn &0 STHRT 121
N 63 Z2FTA(R) = N,T7746596(+02414L308701) STAWY 122
ZETA(2) = 0,0 STanY 123
ZETA()) = =2ETA(3) START 124
- Y (1) B 0,5R55885546R56K¢ STIRT 12%
N W(2) © N RRRPHKPRHARARNG : STEKT 126
L (3 = w(l) START 127
.. CCTL Sn STéKT 12#
. 4e ZETA(L) = 0,H0]113021185Q4053471) ST1eRY 129
{ 2FTa(3) = 0,33uyn]1Ne3RRLH569 7L START 130
}! ZFTA(2) = =2FTA(3) STLRT 131
1 2FTa(l)s =72ETA(4) . STERT 132
= wil) = N, 34T7PS6Ru813T7456 CSTenT 133
- W(2) = D A852]145]154RAPK4k STIET 136
- . w{) = w(?) STLRT 13
v(4) = w(]) STEWT 136
ErTO K0 STAKRT 137
. 45 ZFTA(S) & D,G0RITGHa59IRAGL#TII STAWT 13n
¥1 ZETA(G) 3 D,5314n0210]10856K3270 STewT 139
) 7FTH(3) = n,n SToKT 140
’ ZFTat?) = «ZETA(a) START lel
ZFTA (1) = «ZETA(S) STPRY 147
W(l) 8 N,23RC20HURNGA]1 NG STAKT 1423
W(2) B 0,679620ATNGQQILE SThkT lésa
w(3) = D, SANFNRKRURFPRKG STEMTY 16%
w(6) = w(2) STAAT la6
w(6) = w(}) STamT 147
GOT(C &0n STeuT lan
4k Z2€TA(R) =2 N,822409514203152020 STHRT 149
7ETA(S) = 0,€6012093M04F025AMZL . STEnT lsp
7ETA(4) = N, 224AL1Q1HANKILCTETY, STLRT 181
26 TA(3) = =7FTA(4) STERT 182
ZFTA(2) = =2ETA(S) STLERT 13
RS D A A A Y| CTipT iy
v(1) = 0,171224092370170 STLWT 16&
Ww(P2) = 0,AR0TE 1574044139 STERT 166
K(3) = 0,4AT9129%6E72601 ‘ STEnT 157
v(a) = wW(3) STLhRT 154
»IS) = ¥ (2) «TewT 189
F(h) = wi(]) ST18E] 160
S0 CONTIMUE START 161
Mt 3 K=]el AYEF STekT 162
IF(1GAUSS LEGe 1)GOTH R) STakd 163
TP (IR Jlbe DI2PTA(RIZZUOL] ,Ne(2,08F L VAT(K) =] 0)/2AYER) STARTY 166
&1 CONTINUE START 1n&
SLVARP2SUIMpR R (K) STEWT 164
7FTASQ(K) = ZFTA(K)oa)D ST KT (%4
SUMPARSSIMP Al ew (K ) R72- TASG OK) STekY LYY
WZFTA(R) ® V(R)P2FTA(K) STERT 1&¢
W7FTSE(K) = 72FTA(R)De7FTA(K) STinmY 170
2 CONMTIMNLF STewY 171
TAZTRICKM/7AYF I STERTY 172
s vl v ie W d 1B g FEL N P
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PP
a @

&

?5

GheTa
18

Al

104

TFIICANSS 56, 1) Ta=gl)
IFLIN T, 0YGANZSHRQUSLMAR

Tlwe LLCHARwet T Y VUP AFiIT&aN
CFe2ClwT e sl
TF(IR ik, U) (=C/7SCRT () N=F Wl-0e?)
LFLMsNETAR/C
CTLE (Y uw] o F/778YFRGAD)OTH[Cab RO /17,44
TF(IH T a0 CTwUzSUNFAR/SUMEN
LELRZ N, SenFT1a26u2/(UeSiPT(CT®RO))
IF(T1GAVSS JEGe 1IDFLH = SURT(3,)9NETAZ®02/ (C4THICKP)
VELMINSAMINL(DFLHONELM)
NELMIME ,95880 11 (PFLEJCELM)
Stmzl 0
FSUwMz] ,1/8Um
StiwzStine]1 0,0
[P (RSUM LT, PELMIMYGOTO 30
GOTO 2%
RELMINSAINTLEL MINBSYM) /SUM
DELINSMFLYAT
IF(NFLIN JGT. D, D)INFLMINZAMINL(DELINSUFLMIN)
DrLTAT=[.FLMIN .
NELSUSHFLTATReS
G G8F /() ,NeF NI
PLAT=F/{1,0=FNUe®2)
RTUZ2ZE] 0/ (2, 0% TA?)
w{.222) 0 /1FTRPROP
w1?2%=1,0/NFTA?
Fl.22v 20, S/ FTAP R,
CASPFTAY®DFTaz
Ch = [, COTABPFTYL|olETaz /8

DarMPIMG CUNSTANTS
CP2P N FLTAT®AMPF /GAMZ
C18C2/(6,0C2)

whITF(Ael130)

wRITF(Aslaen) TITLF

WEITE (€e150) DETAY . NMESKHNETA?
WRTITF (R e300) PELReNFLMoELINCGNELTAY

whITHF (6e16N) FebNUSSTGZeRHOWTHICKN
vhRITF(RTITO FMCONTONAXCoNFHINT ARTTE

W ITF (Rel76) LAYEWNONSTREAJLUOAN LPHFSE
YRITF(Felr() THCELeIRCE2

wITE(Rrelua) (JCHR(I)elzled)

St Y R I B IR PRI W

wh ITHE(FeS0N) (JCYNLE(J)euzmloeMlBRIN)

FRITF (6e188) (MCACP(TYelxl oMl

IF(ISk LEC, =1) AFTTF(#e400)

TF(MSFL ofNe 1 oAml, ISk LEe 1) wkITE (Aeul=)
TEINSFL o(-Te ) oaMI, T8k LFUQ. n) wRITH{FRes]D)
IFINSFL oFte 1 oAND, TSFE oFC, N} ab TR (Feal®)
IFINSPE o6Te 1 oarll, ISk JE0, 1) wklTE (6eb20)
T INSEL (T 1) WhITE (R enZN)NSF]

WEITF(ReFP1) (LeSSTE(J) oSEFSIU) RSP IU) oPTR(J) eJ=1 oNSEL)

sEITF(RITM)

TIMFelf FLTATOF| 0aT (M ANE)

vEITF (Re2P0) PUAMP o TIME JRAVMBF JOFALT
IF(IRCE] LLTe 4 oAND, THCE? L1 T, C)IKFTURN
WRITH (FeQnaT6) )

STOPY STAwTY, FAIY BNC DEEIRNTTICAY
FORMaT(20xe 'FHC COANTTTIONS ACT ALLOWED?)
FORMAT (4P 1N aelh)

Cran*Tragr”y

FiEMET (4l er1fan)
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SYL LY
R
STeRT
CYI{wmY
STekT
START
STERT
STinT
S§TewT
STakWT
STEWT
STERT
STAkY
STenT
STeET
START
START
STekT
STHRT
ST2kT
STEkT
STAFT
STIWT
STEwY
STékT
STarT
STAKT
STHHT
SThkY
STARTY
STAKRT
STERT
STewT
STawWT
S1AWT
STémd
STAKRT
START
STAKRT
STekRT
STe kY
S1AmY
STar?
»ibrg
STimY
STERT
STeEwT
STEkTY
STAT
START
SVenrd
START
STERT
START
STERT
STekY
C1emY
STaWT
C1epT
STamT
STARY
CTIEY
Siphid

17«
17
174
177
17k
1749
1+4
11
182
183
1ha
lus
1Kke
187
18R
189
190
191
162
193
194
165
196
197
19K
199
20o
201
202
213

20h




110 FORMAT (14 TS) SYiwNT 217
119 FORMAT (IS 2F Y12, n) STenT 23m
120 PLNMAT(RE |2 ,FaP TR STekT 219
178 FORMAT(LFIR T STLhT Zen
130 FCraaT (2F10,64]5) CTenmT Zal
140 FORMATIIF) «SAX W 1SHBRL KEPSIL COUF//70Xenpl0/) S1anT 242
160 FORMET (a3A ¢ 30rLoMwiiTATIONY FPUw pPAFREY 1LSF 1irTRlseFlgets STenl z43
1 Abx e T4e25F MESHES IN ETAZ NIGECTICNIReTRINETAZRF 12ekelk) /) STLFT FL
160 FORMAT (A2« 1TRYIUNE'S #OLULDS =F12,6 STk 2445
1 72X ¢ 1THPUISSOMIS RATIC 3E12,6010%¢1THYIFELD STRESS =k 1266 SThinT 24n

2 /732X 1 TEMASS CENSTITY BE12.6910Xe1TRTHICKNESS 2 12e6 STAKT 267
an STihT 248
170 FO(RMAT(SRX J1HMSTANT AT TIME STEPIR/&5XelRHFINAL TIME STEP o1&/ STAKTY 269
1 SOXe21FSURFACE STRAINS EVFRYISel0OH TIME STER/ STPRT 250
CEXP1HFRESTART WwKHITE EVFRYIS 10K TIME STEBR/) STAwWT 2%1

17% FPURMAT (43X ¢ TFLAYEN 3ISe18XeRENSTRN =18/ STARY 252
1 43XeTHLOAD =151k XsHRLPRESS =15/) STEKWT 253
180 FOPMAT (R4X¢'RCUMDARY COMDITIONS y24X 401 /2/7374/ = CLAMPED/? STAKT 254
1 'SYMMETRY/HINOGED/FRFEY v STAWT 25%

" ? SOXe'FAD]Y (IHCFG) =0 ¢J4/S0XeEND? (IRCE2) =06]a/) START 256
- 185 FORMAT (SOX o PSFPRINT OPTION COUNTHOL CARC/SZ2Xe20M0/) = NC PRINT/PRIN STAKT 257
1T/80XeJ6e264H NISPLLCFMERT INCRFMENTS/ STAKTY F4-1)

? SO0Xelae3dPH CARTESIAM COORDINATFSe PRESSUKE/ STek?Y 259

T ROXelwe3dr SURFACF NOKMAL VFCTCGh (UMMCNENTS/) STERT 260
100 FORMAT (24X e4SHFRINT [MFORMATIUN AT THE FULLOWING TIME STEFS/(Z2é6Xe STLRT 261
1(14]1%))) START 267
195 FORMAT (2aXeFkbkY=l) FLNTS FOR THE FOLLUOWING TIME STEFS/(26X4(1€618))) STAKRT 263
7200 FORMAT (/46X e2SHSTART DAMPING AFTFR TIME STEF[9+SXerrTINE 2E1N0/ STanT 2646
140X THNANPF 2F 10 .00l AN «THDFACT 2F10,4) STERT 265
A0 FURNMAT(GTX PSEEENCTRG TIME INCRENEMTZ E12,A/76TXe25RMEMERANE TINE  STEWT 26k
1INCRFMEMT= F12,6/74TR25RINPUT TIME TACKEMENTE Blze0//66XeI1HTIM START r{.x4

PoF INCWEWMERT USER PY REFSILS F12.62) STewY 26R
G0N FOWMAT (/37TXeJZHCONSTITUTIVE FFLATION ELASTIC) START 2¢9
0% FORMAT (/37X TRHCOUNSTITUTIVE WRELATIOM ELASTUPLASTIC=NC wOFRRr HARD STEnT radil
1FNING=STRAIN FATE CFPENPENT) START 271
410 FOWMAT(/37X«TTHEONSTITUTIVE RELATICA ELASTUPLASTIC=wChR HAKRDEN] START 212
INCaSTEFAIN RATE TNDFBENCENT) START 773
615 FORMAT (3T 4AROFCONSTITUTIVE RELATIOM FLASTOPLASTIC=R() wOkK rARUF STIFT 274
INING=STRAIN FATE INERPFNDENT) . STERT 27%
«?0 FOPMAT (ATX«TSPCONSTITUTIVE KRELATIGA FLASTORLASTIC=WOK HARDENIM STAKRT 27&
1G=STRAIN RATE LFHEMITENT) START 217
&0N FORMAT (P42 e4QhFRINT L MATHIX (LMAT) AT THE FOULLUWIMG TIME STEHFS/ STERT ZTR
1(246Xe1A15)) STewT 219
220 rumMBT (38X 4¢3 irnTRESSexTialnr APl ivATICN PAS 3el0F SLPLATERS) STéni Enn
£21 FORMAT (/46X a4NFATHESS=STRAIN ANG STHAIN WALE PAKAME TERS/ STARTY LA}
120X e ThJeux e THSSTO(L) s AX G THSEPS (U e 16K e b RNISH(J) e X ok ]1/ESP LU/ START 2R2
PIP6Xal&eR2 o 1F2F 15, TeS5X4PELIS.7)) STENT rda]
FaD STPRT ¢ra
SURROLTIME TP VEL 1MVEL ?

r SCALL. VAIN MHERF TAH 1
C Fvat DAYF THWF I6ITIAL veLOCITY AT TIvkzn FOR ALL MESH FOINTS 1t VEL “
[ INBUT INDICES RFLATIVE TO FNRY FCINT =2 ) IAVEL S
RFAN(S«10OIN] eNFaVR eNY IMVEL é
fMleNTeN]bhe) LR AN 7
MFENFoN]Fa] It velL K
WEITF (Re20N) NI oNF VR IAVEL Q

o IMVEL 10
N 30 N=A] oNF . IrvEL 11

PR (M) ZavRESNN (M) IrVEL 172
CZ2(N)Z=VHASNKX (N) TAVEL 13

A CONTTIPUF INVEL 14
TR tMY I F . AVEL T &0 Th g A

e TTARedLin livewe [
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Ty

' @

@ =
L)

1a6
700
nn
wnn
ann

&n

7%
ey
1n
102
1

103 FORMAT (6 X e 1N o 1PXoEFRNRIN) 920X eShIZ(N) 021X earH(N) 212 ebn/ (N} e2]1Xobh

O &% Ks]ehy

rE Al (SaRb )NV
Az MeNlbm]
WHTITE (FalliN)M V0
Ul (N)yzey Qe (b))
FP7(r)zaudlik (0}
COMT I IR

wFTHES

FORMAT (10X ePICF12,Fe1%)
FOEMAT (1] «4OKke2MhsaT3a? TOP4I3e 18/ VFLULITY (VR)IZ4E1Ze0/)
FORMAT (2X o27r0UTHER VELCCITY NISTRIRUTICN/OAR W IRNeRXo1PV/)
FORMAT(RGX o R ePReE7 T, 1¢)
FURMAT (DX e TRaF124m)
EMD
SURROITILE BCSITN
#CALL MAIN RERF

30 90 M=) eAN
FIN)=R(P) NN (M)
Z(NY=7(N)YeDZ (M)
CONTINUE .
IFINCYCLE oNEo NCYCRIMMNIDIGOTL T8
TF(JCHR (1) JLF 0 AMNGJCHFR (2) LEL0)GCTO 75

WRITF DISPLACEMENT [NCHEMEATS, COCHDINATESs AND FRESSUKE
NCYCSNCY(CLF -]
whRITE (Fe1OIINCYCLE «TTINVE
WRITF(E«102)NCYCNCYCOLE
WFITH(Ael1Y)
WETTEC(OION) (Nl (A) ¢DZ (N} o (N) a2 (N) ePIR) o= okM)
FETIN
FORMAT (([ReS5(2XeF2301hR)))
FORMATLINHITINE STEP IS st X ebnTINFF1hoF)

FORMAT (/X0 A6FIISPLACERENT INCREMFMIS BETAFEN T.Seelaoslr ANDeT4,
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(0 & h=ZeLAYFR

SLvall = SiMALY ¢ SSIuN(K)

SLMuPP? = SUMAZ2 o SSIMA(K)

SLMKLY = SHMF]Y ¢ SSIMM(K)I®ZETA(K)
SUMH2? = SUMBR22 +» SSPMM(K)®ZFTA(K)
SImC1] = SUMCIL » SSIMA(K)RZETASG(N)
SIMCP? = SUMC2Z o SSPMN(K)@Z2ETASC (h)
CONTINUF
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C112Stgp] | =2TBSHMR] L
NP22SHMAZ - =R TRHA MDD
FlisSitMpll=(FTeRM]T)aSUNMCY)
FPP2SUMHZ2« (1T enM2Z) ag MC22
IF(IP LEG. 2)GOTO 17
1P=] GCENNTES MESKE POINTS, [P=? NENCTES MESKHFS
NIFFFRFNCFS FORh FM CENTFED AT MESH PUIRTSe FOR FN IN MESKFS
[FIN JFGe NIP Lanbe IRCE] (Elle Y)FP230.N
IF (N Fl:a M2K JANDe THCF2 k0, JIF2230.0
TF (M JAF, NNYEOTO 1A
At N, ASEUNE [ CEF? Bae LUMPLTE ALl KESULTARNTS,
FMLIR(N)ETROF] 1 8SNK (M)
F@P2k (M) 2( 40
FNPAR (NYZ( L0
FAMITH (M) BTHUC) 1 @n(N)
AT FRFE FANM, FMNZOINYS (e MZ2/PNETA)ANY
JF(SHR(Nel) A, 0,N)FP28FV22W (Nal) /SNK (N=])
TF (SNl (Me]) Fliy NgNIFP22FM22K (Re1) /SANK{N=])
JEASMRE (Re?) JAr, DeM)F11EFM2PR(MNa?) /5NN (N=2)
TF (SMR (R@2) JFliy N gN)F1)SFMIPK (Na?) /SAN (Ne?)
F2P7BRTINP® (4, 00F22=F11)
ENPR (M) ZF 2205 (N)
FAPR (M) 2FP20SAK (N)
CCTH 1k
COrTIMILE
FMITR(NY=THOF ] ) *S50wIN)
Frilk(n)sTREF]OSwK (A IS NCT NSET
FMPPRIN)RTQRE Z20NN 5k (M)
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FMETHS
HMETRS
rETRS
HESTES
ErETWS
FAMETES
LR N 21
EFSTRS
RESIAT
TAr

RESULLT
RFSULLT
®ESULT
RFEULT
RESULT
kESULTY
RESULLT
NESLLT
HFSULT
WESULLT
WESLLT
FESLLTY
NESULT
FESLLY
RESULLT
RFSULT
RESLLT
HESULLT
RESLLT
KESULT
RESLLTY
RESLLT
QFSLLT
HESULT
RESLLT
RESLLTY
RESULT
HESLLT
KESLLT
ESULY
HESULLT
WESULLT
Fr suLd
QESLLT
RESULY
RESLLT
RESLLT
RESLLT
FESULLY
kESULT
e SuLl
RESLLT
wESLLT
RESLLTY
GESULT
WESLLT
RESUILT
FESULT
WESLLT
WESULT
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FrR2ZP (M) =TAB((C2P9R7eSAKRL (N} OCSYVE)
FRIK (M) =THUR (CP2872+¢CARM (M) O(SVD)
1 CONTIRLE
wF TURN
T SuUMAP2=N0,.0
SUMNHD220,(
SUsC22=0,0
DC A K)ol AYER
SUMB2? = SIMAZPew (K)SSLOIMN (K)
SUMKHD2 = SIMKE2D + SSPMA (K)SWTETA (K)
SLMAP2 = SUMCP? ¢ SSP2VM (K)®w7ETSQ(K)
H CONTTIMUF
GATD &
Q SI'M811 = 0,0
SLMu]] = (0,0
SUMCLT = 0.0
[0 1Dh K=m) o LAYER
SIMATL = SUMALY + SSIMA(K)®w(X)
CUMEF]) = SHiMbk ]l ¢ SSIMAN(K)eW 2+ TA(K)
SUMCL1]1 = SUMCIY + SSIMMIR)I®RZETSO(K)
10 COMTTIM
GOYn 7
Fry
SURROUTINE MCTION
#CAlLL MAIN HERF

IF(LOAR FN, 0)GOTE 30
FAS=n,0
CalLL PynNix

TRCF1=] e2enld, THCE2= ] e2e3000RG, R/ZR/T6 1/T7/7¢
AC CO 130 n=N1VeAZY
[FIN JMF, NNIGOTU 3}
SEFCIAL COLING FCw MeNN (& FRFE FMD)
VEBRDZP® (P N0FMRZR(N)a®  NEFMPDR(Ra] ) 46 NOF V22 (Ne2)=FMF2R (N=3))
1 2. 00 T(.2VO (FAP=(N)=FA2R(N=1}) ’
VZ=RN228 (2 NFME2K (N)aE [ 0RFMZPK (ha)]) 44 NEFENIZA (NP )=FME2R (N=3))
1 PP NRETOPMO (Fr 2K (M) abAPR (N=1))
IFIIS FLe 1IVREVReFV] I (N)aFMITRIN)
CUTO AW
3) CONTINIF
NIFFERENCES FUK Fa (ENTFRED AT MESH POINTSe FCF EN IM WESKHFS
VESRP 220 (FMPZFR (W) e?  n0FMP2W (N) oF M P2k (Nel))
1T +wTEPMO(FNIL (M) =bAZL (R=l))
V72RNP2e (FYP2K (Ma])a? fabmP2IK () eFFPEn (ANe]))
1 oWTPZNMR(FNPR (M) =FhEK (Re]))
TF(TS JFle 1IVASVReF VIR (NI GO (FA]TH(Re])ebNLTIM(N))
A& COHNTIMGH
TFILCANGFO.N)ICUTH S0
VEeVhkaQNP (N) P ()
VZ78VZaSMR (M) 2k (N)
CYU AR ULNES)
N21sN2 ()
PESBIWleyroTFVE (M)
(282N2fevZeTEmrk (M)
TF(THEMP FQ N ) GOTO 16
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RESULT
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’C 130 COMTINF MOTIGH “n
b Al Fec s, #OTIE0N 'y}
CALL ¥INFT MTTON P

IF (LAY AR GTE ARG WOTION - a3

AS CA[Y PUl WK MY fivn 4a

Frzn Qo0 pe(FrSerne) vCTIOGN “5

" ENREHP S FOTIUN NS
O TIF (THCEL JEN, 2V1EN27,08FN MOTION 47
IF(IRCE? JEU. 2)ENZZ ,O0EN MOTTON 4t

TARGETMR(eEN »TION 49

T8 PLAST=TANG=CINKE T=STHFN«TDANMK MCTIOGN S0

C . ~#GYICN 81

IF (NCYCLE (NP, NCYCKF(MANY) GUTG 140 MCTICN 52

F: WhITE(6£e9099]) NCYCLEGTIMESCINETeSTRENGFLAST«TAKG MOTICN 53
& AANZANNG ] MOTTIUN €
1640 RETURN MOTICN &g
L‘ c POTICN Sh
904Q1 FONMAT(//10k TIME STFPeISe3XenrTIME2aF 10 eBeIXeHHAINFTICS4E1Sebke3Xe MOTIUMN &7

E» ThFFL BSTIC2eF 1S HeAXAMPLASTIC=4FE18,0/14k TOTAL FNEFGYZeF1h,A) MOTIGN Sk
b er e FOTICN sea
3 SLRAKOLTING NFETAPE(KEY) wk1amF 2
C wWhTAPE HAS WEEN CELFTER, whTaFF 3
- STOKY WWTAPF LELFTHE whTarF “
. FAO w TAME <
¢ SURNOUTIME, STRATI SThaIN ?
(o BCALL MATIN MEWRE TEE 1

(o STEalIN 6

C FRIAT STRATNS UM [AMFD (W CQUTFN FACFES STFAIN 5

¢ STHRIN ¢

CIMENSTOR FEPSLAG(H) «FPSAND (R} STHAIN 7

[o AREFAYS FOW EXTRENME STRAINS wee [N STRAIN STHALIN [

CIMENSTION FPC(6) eFBPSXT(E) oNEFSXT (R)oLFFESX(R) STEAIN Q

FATA(I FRPSR (L) ol.=]1 o H) /HFFPSUIMAK RRFFSUZNAX e HMFPSLINAXeHFFPSIL 7 Ay STHAIN 10

1 MEFPSULMINGHMFESUZMTMNeAHEPSLIMINGRRERSLZVIN  STRAIMN 11

[ATA PI/3.1418426936R4T7G/ SThalIN 1?2

IF(MCYCLE AT, 0)GCTN 28 . STHAIN 13

¢ ceencccccsccnccccancane [N[TIAL EMTFY Scocccccveccnccccvacnccccana= STRAIN 14

BL 20 121 NSTRM CTHAIN 18

JlznTi(n ST+alN 1+

JPENT2LD) STHALN 17

J3zn13( ) STHAIN 1R

Bli = Lasvul) o il i) w8 (LYo bildl ) SThHE N IR

P11 = 1 EJD) o GRL LY et (uP)=nhl (U1)) STHAIN 20

E22 T RP2IJ1) ¢ BNL(L)@ (DR {UP)=NEP2 (J1)) LY I 21

A27 = NDAZ(JY) & UNIITIR(LAP LU )=(B2(uD)) SYkalN e7

7 = 71 STHAIN 23

TR (METAG(]Y JFG, 1)2927L SIFLIN 24

Gl = A1) = 7 e/nHor)] STHaAIM %

G2? = 877 = P,0102p0e2) STPALN ?¢

18 111 (I)=1.n/611 STRAIN 27

RI22(1)=1 . N/GR2 STHAIN rd

ANGFL =AMNGLF (1) @F1/71Kn ¢ STHALIN 26

SARS TN (ANGFL) STRAIN 3o

SeaCIS(ANMGFL) STRAIN N

ASA(1)=P, 00500087 €TEAIN a?

ESA(T)22,(19Skee) ’ STFATW Kk

ANGF L sANGLR (VP10 ,0 CTHALM LTS

SAaSIN(ANGFL ) STHeIN 35

SrECN. (ANGFL) STHAIN KLY

AW/ T3> pacaae CYL ATA k]

rSh{T)BP,n0Srav, STraN 3k
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FItp FXTwEmpy CF QSTFRalr. 8e it daxIrlsrd DEFRLFLTICN
00 uwnl | =14
FRSAT (L 1 ==tnnnng,
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FEFXT=r,r
00 Q08 Mzh)R4NPK
ERPCL1)=FPSULINIRCUTTINYS  FRC(2) = BEPSLZ2IN)SGHA2(N)
FPCI(MEPSLI(NI®GLITINIY  EFC(G)=FFRSLZ(M)®GL 22 (N)
e ant L=z}
IF (L GTs 4)GOTH NO?P
IF(FPSYT (L) LGF, EFCLLIIGOTO 908
EFSXT(L)SERC (LIS AEPSXT(L)=NY  COTC S0
[F(EPSXT (L) JLF, EFC(L=6))GNTD S0
FPSXTI(L)=EPC (L =6 % AMEPSXTIL ) =N
CUNTINUE
¢ Ql0 Lz]eR
EPSXT (1 )SSORT () 007, 00pESXT(L) )1, 0
TP (L 6GTe @)-OT0O 90k . ‘
IF(EPSR (1) LCGF, ERSXT(L)IGOATO 10
COTO 907
TF(FERX (L) (LELEFSXTILIICUTO Q10
FRSX(L)=FkSXT{1L.)x TFPSx{L)sTIME
MRS (L )sNFFSXT (L)
COMT INUF
D0 12 FP=NLVARY
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IF(NFF3T ,Gr, AYIMAJGOTC 912
NFFXTzaY3IrNS NOEF X TaM
CONTIM LiF
CEFPXT = SLWT(DFFAT)
TF(DEFX Lt-FE, PEFXRT) GOT( w13
NEFY=DFFXTS NORFXINDEFXTE  TREFXY=T [mE
CONTINVF

CHECK FOl SUKFACE STWAIN PRINT
IFINCYOLE LT, NPRIATHIGOTO 40

ANERTET2NPE INTonbEL Y

| INK=D

NC 46 T2]eNMSTRE

JisNnT1 ()

Jost1z ()

J3 s MDD

Caty = a1l (J1) e ONL(IYO(CAY U2V L))
NEYL 2 NELITY o nl (Yo lirl (U2)ePR] (U]))
CRe?2 =2 LR2101) & DALY @ (IR (U2)eNFP2(J1))
Na2?2 = TAZ(JY) o N1 e (DA2(Ue) )=l A2 ()
YA ¥4

IFINFTAGI]Y f0, 1)/7F27L

EPSR) = (1a1] = ZRern]l1) eV (]}
FPSk? = (| 4722 = 2ueithg?2) *Gl22(1)

FPSSY(1)259RT (1002084 ¢SKHl)e] 0
FESSP2(T)BSNAT (1 ,N42,00FFSRP) =] ,0
EPSANC(I)IRSAET (1 ,0¢RSA(TI®EPSH]ASALT)AEPSKD)=],0
FESAMK{IIBSUAT (1 4NeRSE(T)OFPSh]eASH(])®EMSRD =],
CONTIhUE ’

COmPONENTS GLF VECTOR CISPLACESENT
NIsNte((PzaNE (ML) et 1#L KIARD))
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TE VTR L v aTp S
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- MLFASSKHT} MFw SThalnN 103

X TEIMFTAGL (1) GFt L1IEeTn w7 STEAIN 1¢s

pLFNMZERG.TEW CTvulN 108

L‘ A7 whITF(RebS)F TP lI)ebFA(T) e ALFNep SO (L) ebPUSE(() STeaIN 16+

. VAMELF{T) ar OSARG () o BRGLE(T) ot kSaArE (]} CTRAIN 107

g 7O COMTINMGE SVhplw LGk

. r BRINTS OF FATFEME STEAINS ufil sp alMUw DEFLECTIUNS STheIN 100

- wETTF(AReQANYI TIME il YOLE STRalm 110

4 n0 921 1L=1.A SYFAIN 111

- Q21 WEITF (6eQ32)LEPSXIL) oFFSXT (L) oNFPSXT (L) STHAIN 112

< MEITF (e QAVINCUNTCNCYCLE STEAIN 113

£C Q22 L z]eR STHalN 11e

P2 WHRITF(AeUITILEPSRIL) oEPSR L)Y «TEPSA (L) oMEPSX (L) STEAIN 11&

CRITE (ReQBe))TIMF G NCYPLFDEFXToNOFEXT STealn 11e

PHITF (Re9a2)NCUNTGACYCLE sUEF X o NDEFATLFFX ) STRAIN 117

cOTC T STHAIN 114

Q) FORMAT(//20R4YEXTHFMFE GTHAINS AT TINEE?)PF13.Fs C1RALN 119

1 e TIME CYCLEZ® oIS e/a1XotSTRPAINT4TXeN?) STHAIN 120

Q3] FORMBT (20X *EXTHFME STHAINS HETwFFA CYCLES?IS,¢ aN[ te]Be/ STHAIN 121

1 32Xe'STHATN® QR 'TIME I YR gINT) STrALM 127

QA7 FORMAT (25X 4A10eF13.,8¢20419) . STEAIN 123

QA FORMAT(1RXAINGF 13 HelFF1S,ke2Xe]B) ’ STFAILN 174

Ga) FORMAT (/10X tvaATALM DPPLECTION AT TIMFS941PEL1Y he'y CYCLESYS STeATIN 12%

1 ISe/Z128¢'NFFIFCTICA R GEJSoheuXat(h 2 04]2.7)0}) STHaIN 128

C4? FURNAT(IOR o0 A2 TMLM DEFLECTION HETSEEN CYCLFStoaIS¢? ANUYeIS/e)3Xe  STHATIM 1727

YV MDFFLECTTIONSY IR LIS AeSao (N = 0] 7at) %0102, CTINFZIE 16,¢) STalM 1278
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c STHAIN 13¢

AU FOMMAT (/10K TTve STED TS5e3X ¢ShTTIME2eE1AR//14Ke19FSUAFACE STHATMS STRBIN 13
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FCTRCFY JNF, 23007 A0
FrPPE (M rel)s FUpdk(ylkel)
FAPOR (Nlre])zabmdPK(*]Fe])
FAITER (f {hral)z Fa dTh(N)m)
FAPH (P Irel)z wFAPW(ALF)

FNPK (MIH=1)E  FNZK (M)
FETHiwt
FLT
SUHMCUTTAE ARIATT(N)
STOE MeEIMIT LELETFNu
END
SLEROUTINE XKIMFT

“Call MAIN +cRF
CIMET=N,
PO K3 MEp VMOV
Chzy 0
IF(M (Fti, NIW)CNZ0,&
TFINLFOUN2R)CAN &
CINEY=CIMETo (D (N)OBD4[:Z (N)BBD) /TEME (N) BCN
CONT IMUE
TFLTHCE] LE0, 2)CINETE2,0%CINET
IF(IFCF2 oNF. 2)GUTC Re
CINET=2,09CINP T
CINER=CIMFS
CIrFS=0,5eCa9CINET
CINET=0 S8 (CINRS+CINFK)
F TR
FoD
SLEWQUTINMNE PWCRK

aCALL MATM mERE
CH 20 MMV NPY
Cra s
TP (N FO, NIR)ICNEN, 78
TF (NgFUoNgR)Chmn,g&
Pl (M) OSNR (M) N7 (N) #SAK (N)
EFSENSeCNONWEF (N
CONTINMUE
nFTHRN
FAD
SURFOLTINE DAME

#CALL MAIN PEWE

CHECK FOK STAKT NF CAMPING

FPINCYCLE oLie MUAMKIWE TURN

TEANCYCLE «GT. MDANME)GOTE 1K
POMITOR THE DAME TAG

PRHITF (R 1T VIRCYOLE o T IV

FGEMBT (/0 INTTIATEN PAMBING, NCYCIF 2 telhelODXe'TINMF 20 )PFI&,T)

Le-&N = n

LENFSRS = ¢

L€ 18 NeletN

P(n)=n,0

CONT INUIE

CUNTIMUF
TF(CIMFSaCINFR)IPNe20 460
TDAMKSTAMPeCINLT

bHITF(ﬁ-lt?I'CYCIt-FINFSoL(NFu.CYKEToTFANP.C[NEP
FORMAT (/0 STOEPTIIG FROCHDURF NCYCLE CIAFSeCTINFRaCINFT 411 AMBCINEP S

1 7 T1relPSFL&.T)
TFICTRETeINEE L1k, PRACTYOTNAMPIGET( &y
CO 30 Mayonn

(A7 YRR

AL TE IO

92

SYMTRY
SYMTRY
SYMThY
SYrTiY
SYMThY
SYMIKY
SYNTHY
SYMTWY
Ak INTT
AHINIT
AFINIT
KItET
Tk
KItETY
KINFT
KIteT
X1reT
rIrtET
KIMET
KIrET
RIMFT
KINFT
KIMET
KIte T
LB LN
KIreT
KIMETY
KIMET
PR (:RK
Tar

Py (WK
Py ORK
Fe(kK
Py (KK
Phi Kk
P RK
Poi.NK
PO RN
Pr{mK
nesE
Te+
18Np
Rerw
LAY
T13%
(:Bhr
Nark
(1Y 3
LEMF
NedF
(WY 1
NEpE
JINS
napw
nase
(Y133
Devr
(1Y
DAME
[pY 21X
ngsp
~AND

Lad»

— - —
AV - D

)

—
>rne
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WRN~D DT NP PP LW~
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ar CONTIMIF
CINEPECINFT
CIMNEST = CTNEW
(I*PFSP = LINFQ
CintSan,n
MEYCLE = NCY(CLF « )
TIMF = TIME ¢ el TAY
CALL ™OTION
IF(CIMES 1 F. LINES)IGOATO 39
COLLIFSTEW
29 CALL PPaTA(?)
a0 TLAMPETNAMPOC28CINFS
4% FFTUEM
&0 wiFITE(AelON) NCYCLF
MAXCEMCYULF
MNP INNID)Y =sACYCLE
CALL PDaTa (?)

GOTO &%
100 FORNMAT (1Pl el 0XeA0HRUNM SELF=TERMINATEU TIME STEPLIS)
END
SURKOUTINE DESTEP B
[§ eCALL valIM MEKF
c NFCREASF CELTAT  (IT IS TuU LARGF PGk STCPHING PRUCECUKRE)

GELTATESSEFT(CIFSI/CIMES) *DE) TAT
PSROLCENFLSA
CluLbs(
1 FLSUSLELTATO®)
C2=2,NeligL TATONAMPF /GGaM7
C1l=C2/(6,.0eC2)
(EL&=PELSW/NSGOLDL
FCFLSSNELR®(1,0=C1)/(1.0=ClULD)
CINFSECINESAPELS*#2/NELE
CINFT=0,59 (CTALSeCINER)
PLASTETNRO=CIRE TaSTREMTDAME
PO 10 Ms)loeNN
TFmP (N)PELROTFMP (N)
NE(N)Y2NELSONK (1)
RZ (MY =NFLS*NT (M)
10 CONTTIRAE

RE TURM
END
SURRGUTINE PRATA (L INK)

s CCALL MAIN MERE
NIMFASTON DAT(20)

PLOTTING PRICERLM

e NaXel

COTO (10 660e%0eAD) o TR
10 PMANE)
T] = 29AS5TRN o M

(o INITIATE FLOT PILE, RESTAFT CAFARILITIES DELFTEI,

18 whITF(MLOTIETANR2eGNGNSTRN
thTF(N&L(T)(GTAﬁQ(I).Fh(I)-NFTAG(I)'I-|.N<TkN)
AETSENZHeP |Q0 ]
sL!TF(NP|0T)RCVCIr.TI“EoNPTGo(H(N)o?(h).htNlh-h?a)

NO 2R 1=l.117
FaT(IY=0,(
28 COMTIMUE
IF(LOAN) 3Ne20e36
30 CAT(S)=TNRR
PAT LY ars L
(AT (T)®IARG
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PUBTA SFLFCTS aME wPITES NATA ON TAPEINPLOTY FUR THE WEPSIL

Pebb
NEre
1Y
fiee w
Charbk
Pavp
farp
fbkt
V124
nomp
DAME
DAMP
Cadbew
Gerp
W12
DarP
oaMp
Devy
NAM
DEME
DESTEP
Tak
NeESYEP
DFSTEP
NESTEP
NESTEV
nesTEP
DESTEM
NESTFP
CESTEP
UESTEP
DESTEP
PESTEP
NESTEE
PESTEP
NESTEF
OFSTEN
DESTER
DESTEP
LESTEP
DESTEP
PLATA
TiH
PLATH
wlATA
PCATA
rlaTa
PIATS
rletTA
Pl¢Ta
FOATA
PLATA
FCETA
Preva
PrATA
FLATA
PLATA
PleYaA
PDATA
r{bTa
pPraTa
HaER ¥
PlATA

13

23
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e d

IO D

A

an
&n

¢0

100

Jou
1o%

o .JI
]
1
1

CAT({R)=TMRG

IFLAGE)

Wk ITF(MOLOTY TFL Al

YRITR(MELLTY aCYCLmealiaT(IYalz101 1)
COTO Y0

FATLL)=Twe

LAT (7)) =1:]

FTaTtay =02

[LAT({S)=( INFT

GAT(A)=STREMeCTINET

FAT(T)=TLRG

NAT(RPY=LHAT (6) ¢TI AMP

J o= <

PC 65 1] NSTRN

RAT (JY=FFSSTILT)

NAT(Je 1) =FOSS2(1)

JEJe?

CONTINIIF

IFLAG=]

WEITF{(MPLOT) TFLAG . ‘

Wk ITEF(MPLUT) NCYCLEC(OAT(I)eIx=LoI])
CHECKR FOP 20 FLOT

IF (NCYCLE JNE, NCICPINNIC)IGOTO Yot

[T S TIPS

IFLaG=?

wEITE(MPLCT) IFL AL

NETSeM2h=N]He]

VETTE (MPLOTINCYCLE «TIME «MPTSe (RIN) o7 (N) oNsP1hoM2E)

cOTO 100

FAP FILF MPLUT % LEIETEN, MAKKEND RESTART PUGSITIONS Fuw BRLESC

CONTIMUFE
COTN 100

IFLAGEQOYCLY
WwRITF(NPLOUT) THL A
FE TS
Fap
SURKGUTINE PHFSS
SCRELL MAIN PRERF
COMSTANT PWESSLEFR = FO,
LATA THPESS/Z0Y/
sAVIPRFRS 53T, v i 2
IFRFES = )
FFAN(SI00G1E0
whk ITF(ARelUSIFN
PO & paNiveuPy
F(NYPO
wETURMN
FORMAT (F 17 an)
FOMMAT(//736X s VL LSTANT FRESSURF LCANING, ROzt IFELR,67)
ErL
SURANL TIME TAGENM .
STGPALS TC PrUGkAM FRCF INGFOM,
AFam (1FR>0),
SLak SYMMFIRY (RALIUS = 0,0 1F=0)
AXTAL SYMMpTRY (RADIUS > NgeNne I19s0) .
INGFUOM FON STRAICNT pEaAM (b Sp AR SYMMETWIC FLAT St AF
FVALI'ATE THE TRITIAL GFCMETRY
eCALL MalIN HERE
QET Sh(fOAM T 1.SF (aL,SSTar INTEGMATICH Th [ANCFNOM,
LEBUSS 2
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PiLTA
FCATR
I PTA
kisTa
FLLTA
PleTA
Lre74
FteTA
FrLTa
FreTA
FirTa
Pravs
PCATA
PIATA
P{ATA
Fl8TA
PrATA
FLETA
PEATA
PLETA
PIATA
FIETA
FIETA
PLLTR
PrAaTA
PLATA
PrATA
C1-ATA
PhaTa
L 2TA
PEATA
A AL
P(AIA
Pl&Th
PUATA
FieTh
FreTA
HLATA
PLATA
BEESS
T
FiESS
HEESS
Freoh
HhE QS
MHESS
PEESS
PRESS
[ B3
Bkt SS
ktFSS
HhESS
MEESS
IrMGCECM
[MEE UM
IPCECM
INCEOM
IMCEOQM
INCECM
INGRECM
Te

TP -FUm

irvocue?

ST NPT
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RANIUS = (40
RAPTUS 20,0 1S A STewaAL TO LSE SLAW SYMMETEY 0F kEaMm

aN

[FTA] = 2,088 Anw
FAMERCY IS COLEBUTER Fow A wINTH OF CETAL,
NFTal TFHETATIVFIY SFT AT Sl Anw, IF 16 > O UETAY SET TO 1,0 IN STANT

S~

|
|
|
.
' HEAD(Se100) SLanrbLe SLEFvelr
SR
b
-

CETA? = SLAHL/FLOAT(NMESK)

FVALUATF (RIN) «2(N) uhaN]lbaNZd)

[a Nz Nl

NO 10 Mah)RA2H

(M) = 0.0

.- 2(M)EFLOAT (N=MLF)OCFTA?
4 10 CONTILVE

{ IF(IP J1.F. 0) KFTURN
" RE AN (SeQh) 71y
\ WHITF (heQT) SLAWLZU -
= U0 12 k=) oLAYFK
L FEAN(SeQE) YINTHR P ZFTAKGZETA(K)
W (K)SwIDPTHKENZF TAK
.' PRITE (FolG) Kew[HTHK (NZETAK G ZETA(K) o (K)
. 12 COaTIMLE
a Q7 FOWNAT (/Y INGEG® FCH REAM OF | ENGTHS oL 1S,7/
K ® ¢ DISTANCE OF CENTHOIC FROW TOP GF HEAM ISVek15,7/
1 PAXG'DIMFNSTGCAS OF LAYFKSH/
b P PXA'K I G T At WINTHR Y, QX 'DELHEIGHTR 1 eAX o P ZFTA(R) *eRAX 4 YAREAK /)
E ar FULRMAT(3F1IN,E)
3 _ Q6 FORMAT (1342X46F15,7)
KFETIRM
- . 100 FORYAT(2F1N,4¢15)
. [2L9}]
SLARQUTINE TANURM
E “CALL MaIN HERE
NEW COADITIONS ON FIXxel ENDS 12712773
IMNOENM COMPUTFS THE INITIAL NUWGMAL AT CLAMPFD FAUS
THTIS VERSICA ASSUMES A4 QUANRATIC THel ThF THREE FAD PUINTS
IF(IRCF] MF, 1) G0ATN & ’
FeNY hartike IS CLAMFED
rF3eF (M]FeZ) ¢4l (P jel; ®3,00miN),
22%=7 (M1Fe2) 04 (02 (N1Ke] ) =3, N2 (N]K)
[2GUPT (FP802472002)% SAE(MIKIRZ22/DN SANR (N1R) 2=pR/y
E JFEATRCFEF2 NF, 1VGUTC A
c MNP MaNPRe 15 CLAMEED
hP22R (WPnep ) ey 00 (APHal) e, 00W (NPH)
2727 (MPFwR)=a ,N07 (F2Re)) e300/ (NPH)
NEQOLT (ke 0aDe70002)% SANINZR)IZ22/0% SNK (N2W) Bk /D)
A FFTURA
FAD

aOn "o

(2}
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HENIUJ
[rceqQv
[FCECM
LN XA
IMECH
1tCECH
Itk
INCEUM
INCECH
IN-EOM
IMGEOM
It CEUM
IMNCEQOM
ICCECM
INCEGH™
INCEOM
IrCEOM
IMNCEUM
IrCEUM
IMGCEOM
IMNCEOM
TFCELM
INCEUM
INCECM
[hCRO™
IrCEUM
[tGECM
IMGECM
IMNGEOM
INCECM
IMNCEUM
It CEUm
ItCEOM
IrCECWV
1t GCEQM
I CECM
IrNORV
Tré

INMCHEM
INt CRM
IPP UM
IMPORM
[POCKS
HINIEE
IME CRM™
INPOR M
IFML ™
IMNM W
M Crw
M Chm
1M CrM
INMCRM
INR Qe
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APPENDIX D

PLOTTING PROGRAM FOR RPSL1D

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
RPSLI1DPLOT, 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.

A1l 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 RPSLIDPLOT formed through
UPDATE. This listing gives the correct UPDATE card identifiers.
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FHOGRAM WRIPLT(INPLT«AUTPUT+HLOT+TAFEL2«TAPFOSINPUT«TAPHO=CUTEUT,
I TAPFaspLNT)
PLOTTING FOW L= OFFSTL,
HEPSID PLOTTING PACKAGE (CALCOMP PLOTTIANG, SPr=¢=T8)
IF NCYCLOMARCe INCREASE MAXC AND AKRRAYS IN PakwAY AMND PMLOTH,
PLATTING Fin)e 9/730/75 (FN(I0UZeN))

COMMON ETAGP (6) oPN(A) oNETAG(6) «NSTENmAXC
COMMON RR(103)eZZ(103)4Y(103)e2(10)

COMMON DAT(20) +NCYCLFE«TIME . ETAD?» GNONCYCL

CCMMON NAPECNPE (9) oPDAT(9)

COMMON /PARRAY/

1 TIM( 3002}« a2t 3002). U3l 3002)e CINI 3002)s STC( 3002),

2 TNR( 3002)«DAMPLT( 3002) +EPSS1(1P012) +EPSS2(10012)
COMMON/BLOTR/PD( 100246)
LEVEL2.TIM,PC
MAXC = 3002
MNPF = 0
NCYCL=D
APLOT=3
WEWIND NPLOT

READ (NPLOT) ETAD2+40ONNSTRN

REAND(MPLOT) (ETAG2(I)eFA(I) oMETAGII) o Ix1 oNSTHN)
RFAD(NPLOTINNPE « INPE(T) o I31 eNNPE) ACTIVATE FCR PLOTP
REAN (NP NT) NCYCLE«TIME oN1o (RR(N) 022 (N) «Ns1eN])
II=24NSTRN 8

SAVE INITIAL SHARE NEFDED FOR DEFLECTICN MAGMIFICATION IN PLALTROD
00 5 NeloM
Y(N)=ZZ (M)
2 (N) SRR (N) .
& CONTINUE
CALL PLOTID(NDY

10 READ(NPLOT) IFLAG
IF(EOF INPLOT) JNE. 0) GOTO 28
IF(IFLAG .EQ, Y949999)G0TC 30
IF(IFLAG FER, 11GOT 20
IFLIFLAG .EQ, 2)GOTQ 28
WRTITF (611 IFLAGINCYCL «NCYCLF
911 FORMAT (/7' RAC STUNAL FHOM TAKE,
I+ WUN FATLS3e GFT PARTIAL PLUT,
GNTO 2R

IFLAGeNCYCLoNCYCLE=®43]110)

20 RFAD (NPLOT) NCYCLFo(DAT(I)elsmlell)
1 «(PNAT(J) eds] oNNPE)
IF(FOF(NFLOT) JMEQ 0) GOTC 28
NCYCLESNCYCL #!
IF (NCYCL oGT, MAXCIGOTC 28
TIMINCYCL)®NAT (1)
UI(NCYCL) mCAT(2)
H2(NCYCL)=DAT (3)
CIN (INCYCL)=DAT(S)
STC (NCYFLIRBAT(6)
TNR (NCYCL)ACAT(T)
DAMPLT (NCYCL)=DAT (R) '
DO 22 I=9+11.2
JENCYCL ¢ MAXC®(leQ) /2
FPSS1(J)=DAT(])
T TN T.YY XA RSN
22 CONTINUE

ACTIVATF FUR PLOUTP
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wFIPLT
GEIPLT
wWEIFLT
RFIPLT
PRIFLT
REIPLT
RFIFLT
VAIN
MAIN
AN
MAIN
MATIN
MAIN
MAIN
MBIN
MA TN
REIFLT
HWPIPLT
HPI1FLT
REIPLT
REFIPLT
RFI1ELT
WFIFLT
KFIPLT
RPIPLT

‘P 1ELY

RFIPLT
RFIPLT
REIPLTY
wPIPLT
P1PLT
RFIPLT
REIPLT
REIPLT
REIFLT
PEIPLY
WRIPLT
WPIPLT
PRIFLT
RFIPLTY
PFIPLY
REIPLT
WEiELT
wE)IPLT
REIPLT
wP1PLTY
RRIPLT
REIPLT
RFI1FLY
REIFLTY
PHIPLT
REIPLT
RE1FLT
REIPLT
PELIPLT
HEIPLT
PFIELT
RPIPLT
REIELT
RELIPLT
ULAT-TI
#EiRLT

ODNPTANFWNDNIAL WUN

WAWANNVNNNA N NN N e e 0 s s 4t ft s ot pt s
N=DOPNPANPWN=DILEINIPASWN—-ZO
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J FPANANALErrerrdrrer Wuwwwww
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IF (NMPE (EQ, 0)GOTC 1O RELIFLT L]

£O 23 Is) «NNFE RELFLT &7

23 FDUIMCYCL L)Y = PPAT(]) REIPLT Sk

GCTC 10 wEIFLT L1

P8 PEAD(NPLOT) ACYCLE « TIMEGN] o (HRIN) «ZZ (N) oNE)eN1) REIPLT HO

IF(FOF (MPLOT) NE, 0) (CTO 28 RFI1FLT ~]

CALL PLOT3IN(ND) ErFIFLT (Y3

GOTO 10 QEIPLT 63

(o REIPLTY (XY

Pk WRITE(64100) M2XC WFI1FPLT 65

100 FORMAT (/720K ERRUOK ACYCL > MAXC=e15/) REIPLT 66

Cc THE LAST SET UF DATA IS NO GOND, PLCT THE WEST, WPIPLT 67

KCYCL = NCYCL = ) RPRIPLT 68

. ¢ REIMLTY 6q

an CALL GRAPK RHIPLY T0

CALL PLYFGE : KELIPLT 71

CaAL EYIT REIFLT T2

END RFIPLT 73

SURROUTINE PLOTILIT2) PLOTIC 2

F COMMON FTAG? (€) oPN(E) o+NETAG(H) «NSTRNeMAXC MATN 2
*‘ COMMON RP(103)¢22(103)¢Y(103)Z(103) veIN 3
3 COMMON DAT(20) «NCYCLESTIME S ETAD2e . GNJNCYCL MAIN [
3 COMMON NNFE JNPE (9) «FDAT(9) MAIN S
1 COMMON /PARRAY/ MAIN [
9 1 TIw( 2002) U2t 3002). U3( 3002)e CIN( 3002)e STC( 2N02)e MAIN T
. 2 TANW( 3002)«DAMPLT( 3INN2) +EFSSTIIRNL2Z) +EPSS2(1R012) MEIN ]
- COMMOM/PLOTR/PD( 300249) MAIN 9
A LLEVEL2+TIMPD MAIN 10
- DIMENSTOM X1(103)eX2(103) 0 HEAD2 () s READNI(2) PLOTAD L
- NIMENSION LABEL (4) PLCT3D <
DATA LAREL/'WCHTMAN® 1RIANG X976, '1PIPLTYY/ PLOTAD [

DATA T/0/ FLOT3D 7

DATA (HFAD2(TIK) o IK2143)/10HDEFLECTION 10K MAGNIFTENR 1H>/ PLOTID A

DATA (RFARI(TIK) ¢ IK=]142) /1O0HMICROSECON«IRDSD>/ PLOTID 9

IF(1.EQ.0)6G0T0 10 PLOTID 10

Is]e] PLETID 11

YRARNzZYRAFN+10,0 PLOT3D 1e

IF(1.LF,3)60TC 30 PLCTID 13

CALL PLTPGE FLOTAD 14

GOTN 20 . PL T3D 18

10 XPAGE=12,0 PLCTID 16

READ(Se11) NEFLMeSUFCeSP PLOTID 17

11 FORMAT(IF10,3.1%) eI ¢TI0 18

c mececccccccccccnncncece SCALE FACTUN FUW 3D, ,FLOT ececccceccccccense FL(T3U 1v

YMAX2Y (1) PLGTAD 20

Yo IN2Y(]) PLCT3D 21

ZvMAX27 (1) PLLTIO 2?

7¢MIN=Z (1)) PLLT3D 23

L0 12 d=1eT2 FLOT3O 24

YVAXSAMAAT (Y (N) o YMAX) PLETID e

YN IMEAMIN] (Y (N) e YMIN) PLOTRD 2¢

ZVAXZAMAX] (7 (N) o ZMBX) PLLTID 27

ZFINSAMINT (Z(N) o ZMIN) PLOTAP 2R

12 CONTINUF PLLT2D 29

[F(SF NE, NN)IGOTO 13 PLCTIAD k1

YSE(YMAX=YMIN) /SOFC pLOTID 31

758 (7MAXZMIN) /SOFC . FLCT3D 3?2

SFsAMAX] ( YSe7S) PLGTID kK]

IFISF GT, A 0 anDe SF LT, 0,99)60T0 13 PLLTID 3s

SFEAINT (SP) PLCT3D 3=

IF(SF LY. 1.0) SF=1,0 PILCOTIO kL

T D The YILBAGE L 2G4 Yol ARE: Tpyvan T

CALL PLTSCA (1e0e)aleNeNe0,o00l, el n) eLeTan g
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1%

14
¢
20
an
b
3 Cc
3
}
-
f!
*A
|
.
}
L.
[
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1
e
3 b4
" o
101
109
105
C

CALLL PLTYSYM (0,1enFAN2(1)e0ale
ENCODF (124 15.STEP)DEFLN
FORMAT(F1043e2R >)

Call PLYSYM (N,]1STFPen, " Pele=,ad)
Oelloe=eS)

CALL PLTSYM (0,1¢9-SCALF 1/>e0,N¢
ISF=IMT(SF)

ENCOUE(balneSTEP)]SF

FCRUMAT ([2472% >)

CALL PLTSYM (0,1¢STER«0,00 N,Qe=eb)

SF=1.,0/SF

9 o v & 0 L. L2 L} L L] L
YFAPNZO,0

I=1

YRAR=6 ,NeYRAKN

XEAREY O

ememecccccccesmeaa=e CENTER=LINE NEFLECTIOM PROFILF

YeAC=YRHAR

CALL PLTSCA(XPARIYHACsN,00Nelielella]l, l)

X1{1)=0,0

X2(1)==SFe7 (1)

X1(2)=0,0

X2(2)=SF#Z2 (1)

CALL PLTOTS(1e0eX1(1)eX2(1)e?40)
x2(1)=0,0

X1(2)sSFeY (12)

X2(2)=040

CALL PLTETS(leNeX1(1)eX2(1)a?eD)
K=z0

DO 60 Nmlol12

KaKe]

X1 (K)=SFeY (N)

X2 (X)=SFeZ (M)

CONTINUE

CALL PLTOTS(4e0eX1(1)eX2(1)eKeN)
CALL PLTRTS(4NaX1(1)e22(1)eke0)
K=0

CO 70 N=lel2

h=Ke]

RIUK)=SFE(Y(N)DEFLV® (27 (N) =Y (N)))
X2(K)=SF#* (7 (N)+DEFLM® (R (N)=Z(N)))

COMNTINUE

CALL PLTUTS(2¢0eX1(1)eX2(1)eKe0)
e & & 6 6 o < L] L J * &
CALL PLTSYM (1 ehHIYCLE>0400
EMNCONF (6+1014STEP) NCYCLE
FOAMAT ([Re1H>)

wHITE (Ae109INCYCLE

FCOMAT (v ISONMETWIC PLOT. CYCLE'IAR)
CALL PLTSYM (,1+STEFsNNe eRe=3,0)

TIsTIMF®)] . 0F¢
EMCONE (1041054STEF) T1
FCHMAT(FEole2F >)

CALL PLTSYM (,1¢STEFeN,00 ePe=2,2)
lele=3,2)

CALL PLTSYM (,14HEANA(1)904N0

*® & % 0 o o L ] - ° * *
RETIRN

END

SURARCUTINE GRAPK

Colle=,3)

L] *

22923,0;

COMMON ETAGP (#) oPN(R) sNETAG(A) «NSTHNeMAX(C

COMMON R (103)¢22(103)4Y(103)Z(103)

COMMON DAT(20) NCYCLE+TIME
FOMUON ANPE (ABE (9) LFNAT 7 Q)

COmMON /PARRAY/

100

ETAD?.

WNeANCYCL

[ K ])]
PLGTAD
FLCTAD
BLCYAN
#CTAN
&l T30
PLCTAD
PLCTID
PLECTID
PLITIAD
PLOTID
PLCOTID
PLCT3D
PLeT30
PLUTID
PLECTRD
PLOTID
PLOTID
PLOTIOD
PLCTID
PLCT3D
PLOT3D
PLOTID
PLCTID
PLOTID
#LCT3D
PLCTID
PLOT3D
PLCT3D
PLETAD
PLOTID
PLOTID
PLCT3D
PLGT3N
PLOTID
PLOTID
PLITID
PLETAD
PLCT3D
PLLTAN
PLE:TIAD
PLCT3D
PLLT3D
PLOTIL
PLIT3D
#LOT30
PLECTIO
P (T3D
PLOTIL
PLOYAD
FLOT3D
PLOTID
PLGTAD
FLOTID
PLIOTIC
PL(TID
PLOTID
GRAPK
MEIN
MATN
MAIN
vatTa
MALN

-

g |

a
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100

1 TIM( 3002)

LU2¢ IPN2) L3 3002)e FINE 3002) 0

2 TNR( J002)«DAMPLT( 30N2) 4EPSSI(18012) ¢EFSS2(18012)
COMMOAMN/PYL CTRP/PO( 3N02,6)

LEVEL 2« TIM 0O

CIMFNMNSTION
PATA(SYMI (1) eI=106)/10RCOMPONENT «10ROF VECTOR o 1OKF JSHELACFME ¢ IRNT
12/7¢(SYM2(I)e1=2142)/710HTIME (FICRICROUSECUNIS) D/
PATA(FTA2(I)oI=1431/10FFTAZ = «10h ( o SH

2

CALL

(SY&(I)aI=1e2)/710H

PLTPGF

XBAR=3.0
YFAR=2?2,0

x.=s7
YL=6

.9
b

NENCYCL

XS=1

CaLL
CALL
CaLL
catL
CALL

«OF 6

cesncscsrccasccanscasacnnces (RAPK (Nt cswccccccscmcncrncscrccccnene

FIXSCA
FIXSCaA
CONSCA
PLTSCA
PLTAXS

SYM1(4) «SYMP(2) e ETA2(3)+SY6

ENFRGY«QF FALANCE>/

(TIVM (L) eNoeXL o XS] o XMINL o XMAX]4OX1)
(U3(1) eNaYL ¢ YS1oeYMINTeYMAX]4DY])

(L201) eNaYt e YS1eYMIN)eYMAR]L4DY]) .
(XRARGYPARXMINL«YMINL19XS1eYS])
(DX1oDY) e XMINL e XMAX]1 e YMINL ¢ YMAX] 04)

TEMI1=XMAX]1eDX1/3.0

CALL

PLTDT2

Uzan = U2(N)

CALL
CALL

PLTSYM™
PLTDT2

1IN = UI(N)

caLL
CALL
CALL
CALL
CaLL
CALL
CALL
CaLL
CaLlL.

FNCORF

CALL

PLTSYM
LARFL A
PLTSCA
PLTSYM
PLTSYM™
PLTSYM
PLTSYM™
BLTSYV
PLTSYM

PLTSYM

(1e0eTIM(L)oU2(1)eNo)

(e1e3HDZ2>40,00 TEM] U2 N )
(1eOeTIF(1)¢UI(1)eNoO)

(el e3MNRE> 40,00 TEM1  JU3.N))

(DX1oDY1 e XMINL e XVAX] e YMIN] oYMAX] ¢XSele0)
(XBARGYRARN090e00l1eelol)

(el eSYMP (1) o000 3a0e=0.6)

(o1 eSYM1{1) 9040 wlePolet)

(el eSHLOCATIOND 00,0y Je00=1,0)
(e3e2M{D>e0.0» 3.Re=1,1)

(e342R)>e0,00 bebe=),l)

(o1 eETA2{1) 0,00 4al0=101)

(BeSNVSTER)ETAN?

(¢ 1eSTFFaN, D0 4eBe=1,1)

FNCONE (ReR0«STEP)IQA

CaLL

ccccvennccrctensnsncnnaccnas GKAPN ThH( seecccccsmccscecccccccccacnn

PLTSYM™

YEANS12,0
PLTSCA(XRARJYKAR N No0eNelelelel)
PLTYSYM(o1eSY 4(1)490,00 2]1.Nele%)

CALL
CAaLL
CALL.
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL

creconcsncncancvencescccnns STRAIN PLUTS cccccceccrccrrcsscccccannn

PLTSYM(1eSYMZ (1) 00,00

FIXSCA
CONSCA
cOnNSCA
CONSC A
PLTSCA
FLTAXS
ILARFL A

(e 1eSTEPaN.N SeTe=1.1)

JeNe=(,4bk)
(CTIRT1)eNeYL oYSGeYMINGeYMARL IDYG)
(STCU1) aNoYLeYSaLeYMINGeYMAXSLWDYS)
(TNR(I) oNgYLeYSGeYMINGeYMAXGJLYS)
(CAVPLT (1) eNeYLoYSGeYVINGeYVMAXGIDYS)
(XBAHGYRARGXMIN] ¢ YMINGRS]14YSH)
(FX1oDYGoXNINL o XMAX] sYMINGoYMAXG v &)
(OX1eNIYL o XMINL o XMAXT s YMINGaYMAXG XSl o)

PLTCT2(140eTIM(1) «CIN(YI) eNe )
PLTDT?(1e0eTIMI1)oSTC(1)eNo )

PLTDT2

(1e04TIVM (1) ¢DAMPLT (1) oM 40)

PLTIDT2(1e0aTIM(1)aTNR (1) eNeN)

CO 100 [=2]1«rSTRN
JEleMAXCO(T~])
ITTW.FEREY , KETD, TEAOT T BT AN ETAG T ol o)

e

CYDATY

CONT IMUIE

101

STC(

(3)

YD/

02) .

MATA

MEIN

LT 3TN

vhIN

Gk oPH
GrEFR
GHerk
[ Td)
[ 1d 4
GRAPK
GREKFR
GHAPH
GHAPK
GRAFNK
GRAFM
GFrFR
GRAPH
Gk AFF
GHAFK
GRAPK
GFEPH
GPAPR
GFAFH
GFAFK
GRAFK
GFEFH
(hAPH
GRePH
GRAPK
Gk APH
GRAPN
GhAPH
GhAFK
GFEFPK
Gl PR
GHaPH
GRAFR
Gk APK
GFEPHR
GHFARK
GHARK
GFAPH
GhAPK
GRbFR
GRAFE
GhAPR
GhpFr
GFEPH
GhAFHK
GRibPr
Ghapw
CHapn
ChARKR
GRAPK
GRAKK
GF BPH
ChEFR
Gk BPH
GREPP
GFAFM
GhAPK
nhrPw
GrAPR
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" c PLOTTING F(N). 9/20/758 GHEPF LK
; IF(NMPF FQ.0)GNTH 26 CRAPH Y3
YRAR = 40,0 GF2Pr a5
PO 33 I=) JNNFF GFBM [
YRAR = YraR + 10,0 G 6,
F(YRAN ,GT, 30,0)CALL PLTPGH GHEFH ~R
IF (YRaR T, 0,0)YreB 3 2,0 GFaPP 6y
FACODF (74204STFPINFF (T) (¥ Y12 7¢
A0 FORMAT(2MF (4 1242H)>) GRAKFK 71
CALL PLYSCA(XPAPeYEARsN,0¢0e00)00elo0) GRAPH 72
CALL PLTSYM({,1eSYM2(1)e0aD0s 3e00=0,6) GFpPH 73
CALL PLYSYM(,1STEF+90.0, =1,2¢2.5) GFAFP T4
CALL FIXSCA(PD(14l) eNaYLoYSIeYMIN] oYMAX]4DY]) GHAFH 7%
CALL PLTSCA(XPAHQYF“POKNIMI.YM[NlOXSIQYSI) GRAbkH 76 -
N CALL PLTAXS(OX1eDY1oXMINLoXMAXLoYMINLoYMAX] 04} GHAPK 77
CALL LAMELA(CX14DY1oXMINIoXMAXLoYMINLoYMAK] XS o) o0) GFAPR 78
CALL PLYDT2(1e0eTINM(1) oerD(1el) eNo) GFAFNH 79
n 23 CCNTINUE GRAPP RO .
- IS CONTINUE GRAPH 81
CALL PLTPGE GPAPK 2
;‘ RE TUPN ) G APH 63
- &0 FORMAT (F7.341M>) Gf Ak 86
. FAD GFAbR 8s
- SURROUTINF STRAIM (XeYeZ, ETA2, PhLoMETAGUON) STHaIN 4
- CIFMENSTON X(1)aY(1)aZ(1)s SYM2(3)eSYVMI(2) +SYNA(2) eSYME(2) e CTRAM 3
e ISYMA(2) oX11(2) 0X2(2) STHAIN 4
. LEVFL2eXeYe? STREAIN 5
e UATA 1/0/eYS/100e/¢XS/1,0E6/ STHAIN I3
CATA(SYM2 (K) oK=143) /10META2 = 10K t oSH Y3/ STHAIN 7
b ? (SYMI(K) oKB1e2) /10-TIME (MICP410NOSECONDS) >/« STHAIN a
F 3 (SYM4 (K) oKB102) /1 ONSTRAIN (%) o]k>/e STFAIN 9
= 4 (SYMS (K) oK=142)/10NFTAL COMPOJSHNENTS/, SThaAIN 10
) ) (SYMA(K) oK=2142)/710META2 COMPOSHNENT>/ STRAIN 11
¢ STFAIN 12
IF(1.FO.0)GOTC 10 STRAIN 13
Iz1e] STRAIN 14
YRARNEYRARNC 10,0 STFAIN 15
IF(T1.LF.2)GOTC 25 STFAIN 16
: CALL PLTPGF STHAIN 17
an GQTO0 20 ‘ STHAIN 18
g 10 CALL PLTPGF STHAIN 19
X XL=T.9 STEAIN 20
. YL=h 4 STFAIN 21
. CALL FIRSTAIRNGTI) enaXL o XS g AMIMN X AN o, ST AN k24
. 20 YEaRNEn,0 STHAIN 3
I=1 . STRAIN 24
7% YRAKRZ?,NeYRAANN SINAIN 2%
XEap=2,0 STRAIN 26
: CALL PLYSCA (XHAMOYHAR N Ne0aloloflol o) cTralIN 27
& CALL PLTSYM (,]14SYMG(]1)¢490.00 ©16202,.5) SIRAIN 34
( CALL PLYSYM (414SYMI(1)e0.00 3.00=0.6) STHAIN ?9
- CALL PLTSYM (o1e9HLOCATIOND 4Ny 3e00=1,0) STEAIN 3e
e CALL PLTSYM (,342HI>40.n ARealel) STRAIN 31
;,. CALL PLTSYM (,342H]I>s0.00 Gohewlo]) ) STFAIN k4
. IF(NETALNELOIGOTO 230 STRA N 33
e CALL PLYSYM (41 46HOLTERS 90400 fefew],0) STRAIN 3 .
E GCTH 38 STREIN 34
AN 30 CALL PLTSYM (,146HINNFRE> 000 fofie=1,0) STRAIN 3s
2 368 CALL PLTSYM (,14S5YM2(]1)e0.0¢ 4.2e"101) STFAIN 37
b ENCODF (BeSOSTEPIETAD STFAIN kP
q CALL PLTSYM (.1¢STEPeN.Ne Gobe=1,1) STEAIN av
- FACONE (RN STFD) LAY SIHAIN 0
F CALL PLTSYM (Lie5TFFeUens Yelomiai) SThagwe 'Y
]
]
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L an

|0

1)
cth
cen
C(R)
cA)
C(e)
ciPm

100

110

120

12s
130

140

180

160
170

X1(1)=2,98

x2t(1)1==1,3

X1(2)=23.576

X2(2)==1.3

CALL PLTDTS (140eX1(1)eX2(1)e?eD)

CALL PLTSYM (,1e¢85YMS{1)aD, 0, 3e70=1.2)
X2(1)==1,5

X2(2)==1,.5

CALL PLTDPTS (4eNeX1(1)eX2(1)e240)

CALL PLTSYM (,1eSYME(])e0400 JeTe=1,€)
CALL FIXSCA (Y(J)oNeYLoYSleVYMINJYMAX DY)
CALL CONSCA (Z(J)oNeYLeYS1eYMINGYMAXDY)
CALL PLTSCA (XPARYPAPXMINCYMINGXS]1oYS1)
CALL PLTARS (DXeDYoXMINGXMAXoYMINCYMAKGG)
CALL PLTDT?2 (le0eX(1)oY(J)eNeD)

CALL PLTDT? (6¢0eX(1)eZ(J)eNeD)

CALL LAGELA (DXoDYoXMIMoXMAX YMINeYMAKeXSeYS)
RF TURN

FORMAT (FT.3¢1M>)

END

SUPPOUTINE FIXSCA (X oeNPTSeSTZ7FE e XSCALE«XMINXMAX DX}

RIMENSION X(1)eT(2)

MUST READ IN FIXSCA TO PUT X IN LFVEL 2,
LFVFL2+X
X=Ay TNEAR ARBAY OF NUMBERS IN CATA UN]ITS
NPTS=THE NIIMBEP OF X VALUES .

THE LFNGTE OF X DIMENSION OF THF GRAPN IN PLOTTER UNITS

XSCALE=THE SCALF IN DATA UNITS/PLOTTER UNIT
XMIN=THE ADJUSTED MININUM IN DATA LMITS
XMAXaTHE AGJUSTED MINIMUM IN NDATA UNITS
NX=THE DELTA X FOWR AXIS IN DATA UNITS
LOGICAL CONT

CONT=, FALSE,

¢aT0 o0

FNTRY (CONSCA

CONT= , TRUE ,

TxmIsX (1)

Tamazx(1)

DC 120 I=1.NPTS

IF(X(]) F.TXMT)GUTC 110

TXMI=X(])

GfOTO 120

IF(X(I)LE.TXFA)GOTO 120

TXrFASX(T)

CONTINUF

IF (JNOTL,CONTIGOTO 140

TFATXNT LT AMINMOR L TXMA GT JXPAXIGLTC 128
TAMI=XMINGARS (XMIN)®0N,00000]
TAMAZXMAX=ANS (AMAX)®#0,000001

CGOTO 140

TF(TXMI LT XMINYGUTO 130
TXMISXMINGARS (XMIN) 20, 000001

IF (TXMALGT XMAX)GOTE 140

TXMAZXMAX=ARS (XMAX)I®0,000001
DIFFsTXMA=TXNM]

IF(NIFF,LT.0,000001) NDIFF=20,000001
FNCONF (20s 1500 T) DIFF

FORMAT (1PF12,5)

NECONE (2N« 160e¢ T) COFFo TEXF
FOPMAT(FR,Se1X413)

IF(COFF,GT.2.0)GO0TC 180

PELTa=n,

GCOTO 200

103

STRAIN
STHAIN
STRAIN
CTCAIN
STRAIM
STFAIM
STRAIN
STHAIN
STFAIN
STRAIM
STRAIN
STFAIN
STRAIN
STRAIN
STRAIN
STHAIN
STRAIN
STRAIN
STFAIN
STPAIN
FIXSCA
FIXSCA
FIXSCA
FIXSCA
FI»SCA
FIXSCA
FIXSCA
FIxsSca
FIxXxSCa
FIxSCA
FIXSCA
FIxsSCA
FIXSCA
FIxsca
FI»SCa
FI»SCA
FIASCA
FIXSCA
FIXSCA
FIxSCA
FI»SChA
FIXECA
FIx»sCA
Firscea
F1ysCA
FIXSCA
FIxsca
FI»SCA
FIlra8SCA
FIXxSCA
FIXSCA
FIXSCA
FIXSCA
FIXSCA
F1xSCA
FIXSCA
FIxsSCa
FIXSCA
FIXSCA
FIXSCA
FlrsCa
crTy&ra
F1xSCa

L.




37 SteEase

H

ABLEI AILEN R et o Iv.~n.v‘ (faant

e~ o

P

AN e s can caen oy
¥ . P

~—w
r

180

1en
200

210
220

IF(COFF ,GT.4.,01G0TC 1ap
RFLTA=Q,2

GOTO 2n0

RELTA=N, &

NELTASNELTA®I0,0%*]F XP

0X=0FL TA

FMINEAINT (ARS(TXMI) /CEL TA)SDFLTA
IF(TXMT LT0) XWTAEe (XMINSDELTA)
AMAXZAINT (ARS(TXMA) /PELTA)SDELTA
IF (TXMAa,1 T4NIGUTO 210
XMAXEXMAX«NFL TA

GOTO 220

AMAXZ=XMAX
XSCALES(XVMAX=XMIN) /SIZ¢

RE TIIRN

FND
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FINSCA
FIXSCA
FIxSCA
F13SCA
FIxSCA
FIXSCA
FIXSCA
FI3sCA
FI1XSCA
FI»SCaA
FI1xSCa
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FIx8CA
F1)SCa
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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 RPSLI1D.
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 5. 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 RPSLID 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.
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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=1 and
the symmetry point at N=13,

® The LMAT matrix. A "1" signifies plasticity, and a "0'" 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.

e 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 ar¢ listed. ECl1 and EC2 are
the elongation strains in the £! and £2 directions, respec-
tively. El1 and E22 are internal covariant components of
strain. For slab symmetry, ECl and Ell 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.1.1 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

VOE T o STMEREZ (TR, AV TOATE RUM OF 173777 TEST FAUSSe FLCTPe LINPEE,
ACCIIr T w00, AE T EN o= 3NG4 A3CTG
ATTECHAOLTE] orFSLIDeTzYlv)

ULl ATF ok,

FTM(AeT Sl 20 eksN)

VAP JOFF,

LGC.

FXTT (I faTa IO PLOY TARE

RFY IMG(RLOT)

EETUEN COMETLE,

QFTURN GLGU,

PFETURNCLIPP,

ATTACKH (OLDPL o wWPSI TTPLGT o TD2Ul'W)
RFGTNQATTACHGMILOTL IR,

HUBNATF (F)

FTM (AT oF |l 2F o SL 20 el=0olLCM=T)

MARPC(OFF,

Lee,

FYTT ()

CEFGTM GFLNTWCALCOME L TEPE R,

?
SIRFMT PLOTE
#7  w#ESLID,A
c PEUTTING F(N),  9730/7%
aT  MAINV 2R
COMMON NRAPF o RFE( G) 4BNAT( Q)
a1 STANT P4
FFAN(RGIINIMARR o IZFE(T) o I=) oMNPF)
@7 FENATA 13
WRTTF(PPLOTIANFF « INPFE (T) « 121 oNNPF)
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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 5. 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 5.

t; 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

h groups with different UPDATE card identifiers we have: PLOTP, SHR3/1, MSQSVS,
s BSTRS, APLFRC (including a subroutine ENDFRC which is adjusted for erosion),
{ EAPFRC, 11/2/76 (a modification for EAPFRC), INVELC (an insert into INVEL

s which creates a uniform initial velocity toward end 1), and ERODE.

f

3

L]

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
b+ 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.
1
1
8

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.

1

g! 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:

e The displacement and coordinates. R and DR are effectively

) At e
- .

zero.
E‘ e The output from SHR3/1. The moment, MS, and shear, VS, are
ﬁ‘ zero. Only axial force, QS, is significant.
f- e The table of plastic stress occurrence.
i‘ e The components of the unit normal vector. The rod has not bent.
Ev e The surface strains.
?: e The energy balance.
'
. 118
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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 mm, 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).

——
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Listing of the batch job cards for Example 2

wORTMSTMFZ,.T30, DUPLICATE RUN OF 6/R/77 anD 10/12/77. EFUDING RGD,

ACCOUNT . WORTMAN,BING4X23679
ATTACKF+OLDPL o WPSL10ID=JDW
UPNATE o«F , .
FIN(Ael+SLEN+R=Q)
MAP «OFF ,
LGO.
EXIT(U) NATA TO PLOT TAPE
REWIND (RLOT)
RETURNCCOMPILE,
RETURNCLGO,
RETURNCOLDPL o
ATTACH(OLPPL +wPSLIDFPLOTIN=UlW)
RFGINCATTACHPLOTLIR,
UPDATF (F)
FIN(AelsELZF «SL=0eR=0)
MAPJOFF ,
LGO,
EXIT¢h)
BEGINGPLOTCALCOMPLTAPELD,
?
@ {ENT  PLOTP
#1 WNRPSLIND,S
e PLOTTING PIN), 9,30/7%
@] MAIN,ZR

COMMON MNPEJNPE( 9) 4PLATL 9)
o] START,.?s

RFAD(S«110INNPE o (NFE(I)oIx]1 oNNPF)
o] PDATA,13

WRITF (NPLOTINNPE (NPE (1) s I=]1oNNPE)
@] PCATA,10

DO 26 Izl NMPE

JENRE (1)

26 POAT(DY=P(U)

a1 PDATAL?7

1 «(PDAT(U) eu=1oNNPF)
of PRATA.G2

DO 46 =) JNNPF

JENPE (1)

an PNAT (V=P (U}

ol PDATAAS

1 «(PPAT (U) eus] oNNFF)
*INFNT  SHRI/I
o] RESLID.S

C FSTIMATE SHEAR FORCEe VSe AND MS ANC GSe 3/1/76¢ (FOR A PEAM)

] MAIN,PR
COMMON AMS(103) ¢S (103)eVS(10]3)

@] RFSULT 4R

c MS AT FREF FND IS 2eWQ (4/8/74), CHANGE wITH APLFRC,
AMS (MPR) = 0,0

a1 PESULT.Se
AMS (N) m AP29F 22

R WFSULTY A2
JSIMY 2 T iwG it el) e VARINYY/INETLIDRCG Y

200 QS(M) = AP20((22=RV¥22eF22)
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SHP
Ski

SFk
SHE

Sk

[ps 2

SKF

PLOTP
BLCTP
PLUTIP
PLOTP
PLOTP
PLOTP
pLOTP
PLOTPK
pPLOTP
FLOTPH
PLOTP

PLOTP

/1
371

/71
”n

i

3/




=

g

i

' ¢ VSeMS NS PRINT CONTROLLED SY CODING, SHR 3/1/76.

: c TO PRIMT EVERY 10 CYCLES,

. ¢ IF(MOPINCYCLE «10) JEQ. 0) GOTO 212 «/158/76

! TF(MCYPOLE LEN, 70 ,0Q, NEYCLE ,F0, 130)GOTH 212 TEST

- GOTO 218 Sk 3/1

1 210 FCRMAT(//% CYCLE NYeeXs'MS0013X¢tVSPel3Xe?QS?elIXtA22%412Xy SKFR 3/1

r 1 VR22V 412X 16722 e1PXeIM22%47/) SKF 3/1

- 211 FORMAT(J6e1241FTEIS,.T) SR 3/1

4 212 IF(M ,FQ, NIP JWRITE(6+210) skF 3/1

3 WRITE (6 e211INCYCLEONoAMSIN) oVS(N) «OS(N) sA22¢BM224G22+F22 SHF 371

: c QUTPUT OF MS(N2E) “/5/76 SFF 371

‘! IF(N Qs N2E=1)WRITE (6¢211)NCYCLE +N2R4AMS (N2R) SFR 371
218 CONTINUE ShE 371

#IDFNT MSQSVS
‘, *1 RPSLID.S
- C PLOTTING MSe GBSe AND VS, 3/19/76 LECSVS

] 1 PDATA.S2
) WRITE (NPLOT) (AMS(N) ¢QS (N) o VS (N) s NEN1H +N2B) +SOSVS
: #1DENT HSTRS
f‘ 1 RPSLIN,S
} c MEW UNIAXIAL STRESS=STRAIN CURVE FOR BEAMS, 4/1/77 ESTRS
c NOT COMPATIRLE wITH STREN OPTION, +STRS
o MAIN,S
3 SIGI(103¢A)e5IG2(1N0346) ¢LMAT (100 BETKS

op  MAIN,2A
COMMON SNRM(103) o+SNKM (103} eSIGIM(10306) ¢SIG2M(1030€) oL MATM(]1034e) ESTRS
1 MAIN,2R

Py

kN

COMMON EPSR(103¢6) +EPSRM(103¢6) ¢FPLE(1034€) ¢EPLEM(]10346) 0 HSTRS
; 2 EFR(100)¢SSA(100)NESTIEPSZ ESTRS
a1 PRPSLID.AO
: EPSR (NeK) = 0,0 ELTRS
) EPSREM(NeK) = 0,0 FSTHS
EPLR (N¢K) = 0,0 FSTHS
FPLRM(N¢K) = 0.0 BESTKS
*0 START,.165TART.20 .
DO 700 Is)le 99 ESTKS
READ(5T02)EFR(T) +SSP(]) RSTRS
IF(EFR(I) LT, 0.0) GOTO 701 FSTRS
700 CONTINUE ESTRS
70 NFST = [ +STKS
NSFL = | FSTRS
SSR(I) = SSKH(Tl=1) &STRS
FER(T) = 1000, HSTKS
SSR(1) = SIGZ FSTRS
EPS? = SIGZ/F FRTKS
EFM(1) = EPSZ FSTRS
BRITE(ReTNI) (TWEER(I) «SSB(I)eIz1eNFST) ESTHS
IF(SSRIMEST) GTe 2.N9SIGZIWPITF (6o TNG)INEST FSTRS
702 FORMAT(2F1S8.T) ESTRS
T03 FORMAT (/3X 4 'STRESS=STRAIN TARLE FOR RSTHS'/3Xe?10e6XeFPS(I)*eOXe FESTKS
2 'STIGII)I*e/([5¢1P2F15,7)) BSTRS
706 FORMAT (//t e0anWARNING#®® STRAIN FNFHGY SUSPICIOUS. STG(*e13 bSTRS
2 ') JGT, 20S1G7%//) ESTRS
oD HMSTRS,?3¢RMSTRS,30
c CHANGES IN FMSTRS FNR RSTRS &/1/77 ESTFS
IF(IP L,EQ, 1)GOTO 10 BSTHS
REPS = FPSRM(M.K) RSTWS
HEPI = EPLAW (NoK) ’ HSTKS
GOTO 11 BSTRS
10 BEPS = FPSA(N.K) FSTKS
RFPL = FPLH(NeK) ESTES
11 RFPILM = HFBL EETRS
IF(RFPLM™ GF, N,0) GOTO 13 BSTRS
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STG221 = =§l¢22!
DEPS?2 = -DEPSZF2

HEPS = «REPS
REPL = =RFPL
13 REPS = REPS + NEPSF2

IF(DEPS?22 LGF, U.MGCTO &
IF{FFFS GF. REPL=FPSZIGOTO 15
IF(RFRS ,GT, =FPSZ)GOTO 16
CALL DVDINT( «REPSeSIGP2+EFEReSSRANESTW2)
S1622 = ~S1Ge22
GOTO 17

14 IF(REPS .LE, REPL+EPSZ)GOTO 1S
CALL DPVDINT(RFEPS+SIG22EEHeSSBINEST2)
HEPL. = BFPS = EPSZ
LMNK = ]
GOTO 1R

16 SI1G22 = S1G721 « E*NEFS22
6OTO 18

1A CALL DVDINT(REPS+2,09EFPSZeSIGP2EERNISSReNEST4?2)
SIG22 = SI1G22 = 2.0%S1G6Z

17 LMNK = ]
RFPL = REPS + EPS2

18 IF(RFPLM™ ,GE. D.0)CGOTO 19
SIGP2 = =S1GP?
HFPS = =BEPS
FEPL = =REPL

19 IF(IP L,FG, 1) GUTO 20
FPSHM (NeK) = HFPS
EPLRM (NJK) = BEP|
GOTO 21

20 EPSB(NeK) = REPS
FPLE(NeK) = RFPL

21 CONTINIUIE

SINFENT  APLFRC
81 RPSL1ID.S

C APPLIFD FORCE (AND MOMENT) AS FND CONDITION &, 4/12/76

c APL FRC ASSUMES SHF 3/1 1S INCLUDEEL IN THE DECK,

c THE APPLIED FORCE CHANGE TO (1=D) REPSTL FOR HBEAMS REQUIKFS
C A USEW SUPROUTINE. ENDFRCe TO SUPPLY END FORCES AND MOMENTS,

o1 MAIN,28
COMMON EFR1sEFZL1eEML oEFR2eEFZ24FM2
el START.54
IF(IRCF1 .FQR. 4)N1V=NLR
ef START,230
TF(IRCF1 .LT. & +AND, IBCE2 LT, SIRETURN
#D GRAD.,9.GRAD.10
IF({IRCEFl JNE. 4 40K, N GT, MIAIGOTO H
C IRCF1=4 AND N=N1R, USE FORwaRN DIFFFHFNCES
R2 = RTD20(=3,0% A(M)e4,0% R(Nel)l= R(Ne2))
22 = RTIN20(«2,00 Z(N)eayN® Z(Nel)= 2(Ne2))
DR2 = RTLU2a2(=3,090R (N)+4,02Nk(Ne))=DR(Ne2))
BZ2 = RID2#(=3,0%02(N)+4,0%N7 (Ne]1)=U2(N+2))
R2? = KD220(2.0% R(N)=5,0% R(Ne])e4,0® R(Ne¢2)= R(Ns3))
222 = RD220(2.0% Z(NI=5,0® Z(Ne])es,0® Z(Ne2)= Z(Ne3))
DR22 = HD229(2.00PK(N) =S5, 0#DR(Ne1)+4,0%DR(Ns2)=DR(N*3))
D272 2 RD224(2.00C2(N)aS5,N807 (Ne1)+4.0%DZ(Ne2)=DZ(Ne3))

GOTO 20 .
B TF(TIRCEZ NFe & JCRy M 4LT, N2RIGOTO 9§
c IRCF2=4 AND N=N2R, USF RACKWAFD LIFFERFNCFS,

D GkAD,36.GRAD,3S
TF(TRCF1 .NE., 4 oCR, N ,GT, NIR )G0OTO 18

¢ IPCF1z24 AND NzZNYR tel/2y, HEF AOMaCENTHAL & POIWT IND [IFFEGEAATS
R22 = KD22MA (2,08 R(N)=T,0® R(Ne1) 45,08 K(Ns2)e K(Ne3))
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BETES
FETHS
FSTKS
FSTwS
FSTRS
FSTHS
RETRS
ESTRS
bSTHS
FSTRS
KSTRS
ESTRS
BSTRS
ESTHS
ESTRS
RSTRS
ESTES
FSTRS
FSTRS
ESTRS
FSTRS
RSTRS
KSTRS
ESTHS
RSTRS
RETRS
ESTRS
HSTRS
BSTHS
FSThS
ESTRS
RSTHS
FSTRS

AFL
AbL
AFRL
(14}

AFL
APL
AFL

(141

APL
AbL
AbL
Akl
AkL
AFL
aFL
AFL
AkL
AFL
(14

AkL

AR
akl
Akl

FRC
FRC
F&C
FRC

FRC
FRC
FPC

FRC
FRC
FRC
FRC
FRC
FRC
FRC
FRC
FWC
FRC
FRC
FRC
FRC

FRC
Puc
FHC
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222 = KP22M0 (3,02 Z(N) =T, 08 Z(Nel)eS5,0¢ Z(Ne2)= Z(N+3)) AL FRC

DR22 2 hD22M2 (F,09CR(N) =T, 09DH{Ne]) 5,080k (Ne2) =Dk (Ne23)) AFL FRC
€722 = r(02209(3.00NZ (M) =T 00LZ(Ne1)+5,08D7 (N+2)=0DZ (Ne3)) ARl FHC
AT 20 Akl FRC
18 IF(IRCEZ MF. 4 «CRya N LT, MPR&1IGUTO 16 AFL F¥C

C IHCE?34 AMD N=NZHe] (+1/2), USF NONCFNTRAL & POINT 2AD CIFFERFANCES AFI FHC
Of  WESULT 3G PESULT.49

IF (N (FU. N2B JANC, IHCEZ2 JEN. 4)1GOTC 13 AFL FPC
IF (M MEy NIE JOR, TRCEL oNEo 4)G0TO 16 AFL FRC
C N=N1R ANP IBCF1=4, APPLIED FORCE FNDI, APL FRC
CALL FNCFRC APL FRC
AMS (NTR) = EM] AF1. FkC
GOTO 1R AFL. FRC
< N = N2R AND [RCE?ms, APPLIED FORCF END?. APL FRC
13 IF(IRCE] (NE. 4)CALL EMNDFRC AFL FRC
AMS (N2B) = EM2 APL FRC
GOTO 1R APL FRC

oh #OTION,11eMOTION,18
C APPLIED FCRCE (AND MOMENT) AS FND CCNOITION 4, 4/12/774 A+L FRC
IF(IRCEL (NE. & OR. N «GTe N]Be11GOTO 13 AFL FRC
IF (N ,GT, NIKIGOTC 11 AFL FRC
c Meh]R AND IHCEls4, USE OIFFFRFNCE (F(Nel/2)=F(N))/(DETA2/2)e AFL FkC
VR = 2,0#RTCZM® (VS (N) #SNRM (N) «CS (N) ®SNKM (N} =EFR]) AkL FRC
V7 = 2,08RTLZMB (VS (N) eSNKM{N) QS (N) *SNRM(N) =EFZ1) APL FRC
GNTO 3% AkL FRC
11 MaNe] APl FRC
c Mzt iHe]l AND IhCE2264, USF DIFFFRENCE (F(Ne¢1/2)=F(N=1/2))/DETAZ? AFL FRC

VR=RTN2M® (VS (N) #SNRM(N) =QS (M) *SNKM (N} =VS (M) ®SNEM (M) ¢S (M) #SNKM (M)} AKLFRC
VZaHTN2M® (VS (N) OSAMKM(N) QS (N) #SNAM (N) =VS (M) SSNKM (M) =QS (M) ®SARM (M) ) £FLFRC

GOTN 35 AFL FRC

13 IF(IKCE2 oNEo & «CR, N (LT, N2R=1)GOTC 31 APL FRC
IF(N (LT, N2R)GOTO 16 . sPL FRC

c NzMPR ANPM IRCE2=24, USE DIFFFRENCE (F(N)=F(N=1/2))/(0eTa2/2) "L FRC
MeN2fH-] ‘I FRC

VR 2 2,06RTC2MB (EFR2=VS(M)OSNRM (M) ¢QS (M) #SNKM (M) ) uflL FRC

VZ = 2,00RTL2MB (EFZ2=VS (M) #SNKM (V) «QS (M) #SNRM ()} AbL FRC

GoTo 35 AFL FRC

16 M = N2R=2 AFL FRC

C NaNPR=1 AND [HCFPzs, USF DIFFFRENCFE (F(Ns?,/2)=F(N=1/2))/DETA2 AFL FRC

VP2RTNP2M® (VS (N) FSARM (M) =uS (N) 2SNKM (N) =VS (M) SSNRM () ¢Q5 (M) *SNKM (M) ) AFLFRC
VZzRTOZM® (VS (1) SSNKM(N) ¢GS (V) SNHMIN) =VS (V) ESNKM (M) =S (M) SSARM (M) ) APLFRC

COTH 38 APL FRC
1 ROUNDR,Q

[F{IRCF1 .fQ. 4)GOTO 20 AFL FKC
1 ROUNDU,LT

IF(IRCE]l .EC, 4)GOTO 20 APL FRC
#AF
PNFCK ENDFPC

SURROUTINF FNDFRC ErCFWC
c TRF APL FRC CHANGE TO (1=D) RFPSIL FOR REAMS RFQUIRFS 8 ULSER EMOFRC
[of SURKQUTINE ENDFRC TO SUPPLY FORCES AND MOMENTS AT WOTh EN[S,. ENCFRC
[ FOP AN INTITIALLY STRAIGHT RAEAMe RI(N)ISQ.0e 2(N)=(N=2)UETAZ. ENDFRC
(of FFZ1>0 DECRFASES NZ7(2)s EFR1I>0 DECREASFS Dik(2) EPCFRC
[of EFZ2>0 INCREASES NZ(N2B)Ye EFR2>0 INCREASES DR(M2B) EMUFNWC
c EMI>0 NECREASES NR(2) AND INCHREASES DR ()) ErDFRC
C EMP>0 INCREASES DR(NZB~1) AND NECREASES DR (NZB) t* OFRC
C ENUFRC
eCALL WMAIN
c TARLLAK INPUT FOR FFZ1e EFTHe AND EFMU. 10/27/77¢ 10/27/7s
[« MODIFIED (12/7/7RA) FORCH RFLATIVE TO NOKRMAL 12777176
c FFR] & EFMUSFEFZl. EM) = Z2Ua(EFZ1OSIN(EFTH) «fFRI®COSIEFTHY) t0/727/7764

AIMENGTION L ABELVITY "F7T1a0Y JTMF7(a) oEFTRT (4N) «TVTH{AN) A/,

1 EFMUT (D) e TMM(4N) aze/s1?
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el
c

el

el

DATA IFMDFR/0/ 10727776

[F(TENDFR (GT, 0)6GCTO 1 10727776
[ENDFR = 1 16727776
READ (S41NAINF7RTSe(LARELV(TYgI=147) 107227/776
WRITE (belN1) (LARFLV(I)al=1e7) oNFZETS 1€/729/76
RFAD (S5102)( EFZT (1)eTMFZ(I) oI=1sNFZPTS) 1(/727/776
WRITF (Fe103) ({1eEFZT (1)eTMFZ (1) o1zl sNFZPTS) 1€727/76
HFAD (S¢100INFTHS o (LAKELVI(I)oIz1eT) 16727776
WPITF(Ael04) (LARFLV(IVeIZ1e7) eNFTHS 1729776
REAN (5102Y( EFTHT(I)9TMTH(]) o121 «NFTHS) 1Crs27/76
WRITF (Ae103) (TeEFTHT(I) 9 TMTH(I) o T2l +NFTHS) 10/727/76
RFAD (S¢1N0INFMUS o (LAKELVII) oI=147) 10727776
WRITE (64105) (LABELV(I)sI=1e7)4NFMUS 16/29/76
READ (S4102)( EFMUT(I) o TMMUC(T) o131 oNFMUS) 10/271/76
WRITE(Ae103) (ToEFMUT(I) o TMMUCT) o T=] o NFMUS) 10/727/76
FFR2 = 0,0 10721776
EFZ2 = 0.0 10727776
EM2 = 0,0 10/727/76
1 CALL DVOINTUTIMECEFZ1eTMFZoFFZT W NFZFTS2) 10721776
CALL DVDINT(TIMESEFTH TMTHOEFTHTAFTNS42) 10727776
CALL DVDINT(TIME+FFMUTMMUEFMUT JANFMUS$2) 16727776
FFR1 = EFMUSEFZ1 10721776
EMLI= «7Ua(SIMN(EFTHI®EFZ] & (1.0=COS(EFTH))I®EFR]) 10/729/76
CODE CHECKING PLOTS, 10/28/74 ccrs10/76
P(83) = EF71 7720
RFPLACE COMPUTATIONM OF FFZ1 aND EF2Z IN ENDFRC 12/7/76 CARDS trcr2l
IMTERPOLATE FUR NORMAL AT FNC wITk QUAORATIC INTERPCLATICA EFOD21
XM¥X]1 = DE - NETA2 FErRCD21
XMX2 = DE = 2.0%DETA2 FFCD21
X=x0 = DE, X2=X1 = X1=X0 = DETAZ2, EF0D21
SNRFEND= (XMX28 (XMX]2SNR (N1H) =2, 090F *SNR(NIB+ 1)) +DE®XMX]1®SNR(N1Re2) EROD21
1 )reapzam EROD21
SNKFND= (XMX20 (XMX1#SNK (NIB) =2, 08NF*SNK (N1Pe]1) ) sDESXMX]1®SNK (NIRe2) EFOD21
1 1#RD22Mm EFOC21
AAA = SOWT(SKRFND®®2 o SNKEND@e®2) ERUD21
SNREND = SNREND/AAA FEROD21
SNKFND = SNKEND/AAA EFODL21
TFFRY1 = EFRI®SNREND « EFZ19SMKEND EROD2?1
EFZ1 =FFR19SAKEND + EFZ1®SNREND ERUD2]
EFR] = TEFR] troC21
TEFKY = FFRI®SNR(NIH) « EFZ19SNK (NIH) 1271776
FFZ1 = FFRI2SNK(NIR) + EFZ1#SNR(NILK) 1777776
EFRY1 = TEFRI 1277776
FETURN 10727776
106 FORMAT (11047410 . 1C727/776
101 FORMAT (*1SUFRKOUTINE ENDFRC 10/27/76« TARULAR DATA FFZ14EFTHOEFMUI410/27/T6
1 /0 TABLE 14%¢7A106I5¢% POINTSY/4Xet]106XoEF2T 0 99Ke'TINE®)10/2T7/76
102 FORMAT(?2FE165,7) 10727776
103 FORMAT ([S+1P2F15,7) 106727776

106 FORMAT (/¢ TABLF 24%e7A100I50% POINTSV/4Xet I 4hAXa ' FFTRT I 4OXQ ' TIMEY)IL/2T/T6
105 FORMAT (/0 TABLE 34947210415 ¢® POINTSYI /&Kot Tt o 6Xe EFMUTI ¢GXo ' TIME®)ID/27/76

END 10721776
SIDFNT EAPFRC
RPSLID,S
EXTFRNAL WNRK FCR APL FHC OF 4/12/76. (6/7377¢) EAP FRC
MAIN,2R
COMMON DWFIPLLTHIPNWF2P4NTHPP EAP FRC
WPSL1D,43 ’
DTRIP 3 0,0 EAP FPC
DWF1P = 0,0 Erb FRC
CWE?P = 0,0 EAF FKC
FTHPO = n.n EAF FQC
MOTION,40

en
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3
.

IF(N ,6T. NIR)GOTU 130 EAF FRC
5 ORIl = CR! EAF FRC
B D211 = D21 £6F FRC
- 130 CONTINUE EAk FHC
ﬁt IF(TRCE] JNE, 416GCTO 131 EAP FHC

Nah]# EAF FPC
- NWF 2«0 56 (EFH1I®(TRI1+DR(N) ) SEF218(DZT1eDZINII) EAF #WC

R2ZNTD24 (=« 00 (RIN)oDH(N)) 46,00 (R(Ne1)eDH (Ne]1))=(RINe2)+DR(Ne?))) EAF FRC
Z23RTU2¥ (3,09 (Z (N1 oBZ (NI 44,09 (Z(N+]1)+D2(N+1))=(2(Ne2)+DZ(Ne2))) EAF FRC

D = SUNT (22082 + H2wep) EAb FRC
SNEN = 22/0 EAP FRC

SNKN = =R2/D EAF FRC

OTHFT = ARCSIN(SNK (N)#SNRN « SNR(N) ®SNKN) EAF FRC

E! DWM 3-0.5%FM1# (DTHIP + DTHET) £AP FRC
= - TNRG a TMRG + 0.5%(NWF + OWM + DwE1LP) EAP FRC
4 DWE1P = DWF + DwM EAF FRC
DTHIP = DTHET E&F FRC

131 IF(IRCE2 .NF, 4)GOTO 132 EAP.FRC

N=NPR EsF FRC

3 DwF = 0,59 (EFR2#(DRI+DRS) + EFZ2#(N21+D2S)) EAF FRC
A R2sQTD2# (R(N=2) +DR (N=2) =6 (0% (R(Ne1) ¢DR (N=1)143,0# (R (N)+DR(N))) EAP FRC
" Z23NTN29 (Z(Ne2) ¢NZ(Na2) =4,0# (Z(N=])+DZ(N=]))+3,0%(2(N)sDZ(N)}) EAP FRC
D 2 SQRT(22e%2 + R20#2) EAF FRC

SNRN = 72/C E8F FRC

SNKN =2 =R2/D ESF FRC

OTHET = ARCSIN(SNK (N)®SNKN = SNK (N) *SANKN) EAP FKC

OWM ==0,SeEMZ2®(OTHZP + DTHET) €¢F FRC

TNRG a TNRG + 0,50 (DWF ¢ OWM + DwE2P) EAF FRC

| DWE2P = DWF + Dwh EAF FRC
[ ] DTH2P = NTHET FAF FRC
} 132 CONTIMUE EAF FRC

| *IDENT  11/2/76
) *1 ®FSLID.S

. c INSENT TO REMOVE FAILURE MALT AT FREE OR FORCED FND., 11/2/76 11/2/76
s A 81 KWMSTRS,13

) C INSERT TO REMOVE FAILUWE WALT AT FRFE UR FORCFD ENC. 11/2/76 11/2/76
- IF(622 .GT, 0.0)GCTO 2 1172776
?! IFLIP .EO0. 2)60TO 2 1172776
= IF (N +EQ. N1R (AND, IHCE!.EQ.‘)G??‘I;OE.IQ 1172776
- IF(M (FQ. N2R AND. 1BCE2.F0.4)GP221,0E=10 ' 1172776
g 2 CONTIMUE 1172776

SINENT  INVFLC
®1 INVEL.S

, ¢ LuTFRAL VFLOCITY « Vie TOWARD FNU 1., \WIVALS
c ENTIHF RUD MOVING WITH COMSTAMNT VELOCITY. 7/20/76
wWRITF (64333) 1/78/7¢
333 FOPMAY(//' LATERAL VELNCITY TOWARD END 1. 1/R/TH¢//) 178776
U0 29 NEN1VeA2V 7720776
. DZ (M) zaVR 178776
- 29 WRITF(AF6KINGNZIN) o DR (N) 178776
- RETIRN 178/76
- 6h6 FORMAT(* N2'4T3¢% DNZINIS 941PF13,6¢' DR(NI= *4F13,6) 1/8/16
- #IDENT ERON?H
L. oI APSLIN.S
! c ENNSTION OF FND1. 17/26/76. PUT AFTEK APLFRC AMND SHR3/1, ¢ROD
: c INCLUDE SURROUTINE £RODE AND CORKECT SURNOUTINF ENGFHC,
o] MAIN,?R
COMMON NE ' FeCD21
1 HPSLID,179
oLl ERODE EF0021
s o1 RESULT.61
F 6 IF(M LG, NIRIVSIN)2(AMS(Ne1)«AMS(N)) / (SRA® (DETA2=F))

IFIN FG, NIR)GOTC 200
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#] MOTTION,26
IF (M NE, NIH «0F. TRCEL JNFo 6)GOTO36
Cc REPLACES VRPeVvZ COMBUTATION IN MCTION wHEN NaN]lR ANC IHCElse
VR = (VS(N)°SPPM(N)CQS(N)’SNK“(N)'FFRI)/(ﬂgS'UETA; =0k )
v7 = (VS(N)'SNKN(N)0QS(N)°SNH~(N)-FFZ])/(OoS'DETﬂ? - UE)
3A CONTINUE
@] STRAIN,B]
IF(Jl +6E. NIR) GOTO 46
EPSS1(1) = EPSS2(I1 = 0.0
EPSANG(T) = EPSANKR(I) = =}1,0E20
GOTO &k
446 CONTINUE
] STRAIM,9T
IF(NQ]1 L0E. NIH)GOTN 4o
DY = N2 = 0,0
GOTO(T1450) oL INK
649 CONTINUE
o] PDATA,7
NIK = 7
oD PDATA,.61
100 NIR = N1A
RETIAN

ONECK  ERNNE
SURPOUTINF FROCE
INSFRT ANY INPUT FOk EWODE AFTFR INPUT FOR ENDFEC.
THIS USER  SUAKCUTIMNE COMPUTFS THE FROSION ON FNDL OF A ROD,

C

c

c THIS VERSIUN ASSUMFES TABLE OF FROSION FRUM END OF ROD VS TIMF.
c THE TARLE PRESUMAALY AGREES wlTh ENDFRC VS TIME TAELE IN ENRFKC
€
»

AND STRESS=STHAIN TABLE WEAD M INFUT,
CALL maAlM
DIMFNSION LAPLTE(7) o TEROD(100) «XErRD(100)
DATA TERONE/D/
IF (TIERCDE LEQ. 1)1GOTO 10
DECOM = DETA2/4.0
IFRODE = 1
FRONP = 0.0
DE = 0.0
READ(S«100)NTEPTSe (LARLTE(T) o I2147)
WRITE (6101 INTEPTS. (LARLTE(T) oT=]eT)
RFAD (Sel102)( TERON(I)«XEMP(I) o T21sNTFPTS)
WRITE(6e103) ({+TEROD(T) s XFND(I) o121 9NTFPTS)
100 FORMAT(I10,7A10)
101 FORMAT(*1SURROUTINE FRGDE 5/26/77, TARULAR DATA TIME VS XEND'/
2 1540 POINTS'SXeTA104/6Xe 847X TINFI 4G XEND?)
102 FORMAT(2¢15,7)
103 FORMAT(IS8,2E16,7)
10 CALL DVRINT (T IME SEROD s TERUD e XEND o NTERPTS 4 2)
DFELDF = FROD = ERCPP
"E = OF « OFLDF
ERPODP = EROD
P(54) = FROD
C CONE CHECKING PLOT %/27/77
19 [F(DF LT, CFCOMIGOTN 20
NF = DF =NETA2
RINIR) = Z(RIR) = =],nE20
c THE FOLLCWING CARND [S NEFNED IF THF DECK INCLUFRFES MSQSVS.
AMS (N1FH) =2 QS(NIH) = VSINIR) = n,p
NIR = N1V x N1A = N]Re}
GNTo 9
70 RETUEN
[ L))

]
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tFOL2]
ErhOr2)
FkOL2]

EFou21
Er0021
EFOD2)
EFPOD21
EROD2])

Fr0D21
FF0D21
EROD2)
ERQOD21

tkOD21

ErOD21
EFOD21

FreD21
Frob21l
EroC21
EROD26
EROD2¢6
E+0026

EFOL26
E&002)
FFCD21

ErGD21
EROD26

Ek0026
FEOD26
FROD26
tFouD26
FLOD?26
EFOD26
FRCD26
EKOD26
EFCD26
tROD26
E500276
EROD2e
tkCD26
(1
cC
EFCDEY
FPCD21
EFOD2]
ErOD21
FKO0D21]
FR0021
FL0OD21
Ekov21
E+002]




1
3
¢ FRODING ROD (2S& RY B,12H MW) WFPEAT OF #/p/77 RUN
3 36 6 2.0
q 130 f Q9004 ,500NN0F=h
'S 'Y
3 n N %G00 KA, 46757 SO0}
1,945714E11 .27 1,3900000F9 7790, 004128
- 0.007 1.390 £9
. 0,008 1.515 +9
N,N09 1.566 £9
0,010 1.597 €9
0,011 le€26 €9
0,012 letbg E9
0,013 1,669 €9
0,014 1.6H8 E9
0.01% 1,705 £9
z 0,016 1.721 £9
& 0.017 1.736 €9
) 0,018 1.750 €9
0,019 1763 E9
o 0.020 1.77¢ t9
>‘ 0,022 1.799 €9
0.N26 1.R20 E9
& 0.026 1,640 £9
. ) 0,028 1,860 F9
. 0.030 1.67% t9
: 0,032 1.R97 £9
0.036 1,618 £9
0,036 1.932 £9
0,03R 1.949 €9
0,040 1.566 E9
0,045 2.00R €9
0.050 2.04R £9
0,055 2.08k F9
0.060 ?2.126 F9
0,065 2elbe EY
0,070 2.202 X
0,075 ?.7139 €9
0,080 ?2.276 £9
0,088 2.312 ES
0,090 2.34H £9
0,098 ?.3R4 £9
0.100 24410 &9
0,105 2.454 €9
0.110 2.449 +9
0.11% 2.523 £E9
0,120 2.557 9
0.12% 2.590 €9
0,130 2:624 E9
0.138 ?.65¢ £9
0,140 ?.680 £9
N.145 2.721 F9
0.150 2.753 E9
0.30 3.713 E9
'loo
20 1 1 1
2 70 130
2 70 130
2 70 13¢
2 53 S6
0.021167 .
N.n05 45,0 135.0 o
~L010 8.0 138.0 0
N 018 eh,0 13%.0 0
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«N1924 45,0 136.0 0
« 03947 45,0 135.0 [V
06 45,0 135.0 0
« PS4 0040R6G 1

NhaNts
6,1SA06F=3]1,3%66T7F=3=3,3%543F =3
A eANNZ23€E=3] ,35GuATF =22, 012nE=3
TeQT4ATE=3] . 3546TF=3=h ,TIHAE =6
TeGT6HTE=I] ,354ATE=3 6. TNAKF =4
6.98023FE=31,3546TE=1 2,0126€=3
4.19A06F=31.3564ATF=3 3,3543E3

1:'3 T

1000,
_ 29 FF21 AMD TIME 6/3/17 CASF B
- 0.0 0.0
e 72160400 1.0R0 E=b6
. TR750.00 1.590 E-b
F 81140,00 1.790 Fe6
= A2160,00 2.163 E=6
" R5550,00 ?7.715 E-6
3 87650.00 24415 E-6
{ A93BD.ND 3.115 F=6
o 90690,00 3.315 Feb
[ Q2220.00 3,815 £=6
¢ Q8090,00 2,490 Feb
L Q7A00.00 4,172 Feb
b,\ QU0 00 6oRa? b=t
K | 102160.00 €,287 E~h
. 104310.00 €,579 E-6
106390,00 5.948 [ 27
1106430,.00 ~,5H0 E=6
= 1164350.00 7.123 E=6
A 11R200.00 7.574 E-6
: 121660,00 74943 Feb
‘?‘(‘50-00 ".?“0 t-b
129260.00 H.485 Feb
132790,00 R,717 E=6
126250.00 8,917 E=6
139630,00 9.117 £-6
142960.00 9,317 Feb
159310,00 9.A17 E-6
192950,00 19,A17 F=6
192050.00 1.00000
2 TRETA 3 0,0, 3/8/77
N0 el
0,0 1.0
- ? MU 3 0,0, /8717
- 0,0 0.0
n.0 1.0
29 TIMF aMD XEND  6/3/17 CASH B
0.000 Feb 3,000 £3
L. 1080 F=t D00 E=3
1,590 E~6 9,000 E-3
1.790 Feb 6G,256 E=3
2.143 Fe6 9,296 €E-3
2.718 Fe6 9,286 tE=3
7.915 E~6 9,403 E«3
3.118 Feb 9,602 E-3
2,315 Eet G.b64 E=3"
3.515 Feb G MRS €3
e 1,890 E~é 9,455 £-3
) ©,372 Fet 9,85% Fe3
4 R Faf G ,u85 [}
t=3

;- 8,297 Fer G ,R55
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Lo S.579 Fabt §,.BSS te3
. &.96A E=6 9,#55 Fe3
o T Fab G u&5 f=1
h . 7.123 Febk Y, ¢85 [
(1! 7.574 te6 9,85 Fel
> 7.963 E=b G, r85 te3
: A,260 Feb 9,85 fel
R.495 Feb §,E&5 Ee3
R.717 =6 Q,8&5 Fe3
R.917 Feb G.Rk4 E=3
: 9.117 Fe6 9,H03 E=3
X 9.317 Feh 9,915 F=3
Q.A17 F=b 6,915 fe3
= . 19.R17 €=6 9,915 £=3
: 1.00000 9,91% Fe3
2
. ®IDFNT PLOTP
- . *p  RP1PLT.18
.. REAN (NPLOTINNPE ¢ (NEF (1) o121 o NNPF) FLOTP
- an  KPIPLT,40
‘ 1 «(PDAT(J) edn] oNNPE) PLOTP
*In  MSQSVS
on MAIN.10
. c PLOTTING MSe GSe AND VS, 3/16/76 FSGSVS
P COMMON/FSUSVS/ AMS(103)+0S(103) oVS(103) e XSAN(103) vEESVS
RS LFVFL2 ¢ TIMPR AMS *SUSVS
s .1 “plpLYQ‘*]
: ¢ PLOTTING MSe BSs AND VS, 3/19/78 »SGSVS
RPEAD (NPLOT) (AMS{N) ¢NS (N} o VS (N) eNx] oN1) MSQSVS
IF (ROF (NFLOT) oNE. DIGCTO 28 +SQSVS
*n  PLOTIN,S3
XHAR = 3.0 MSGSVS
®1 PLOT3IN.Q3
¢ PLOTTING MSe GS, AND VS, 3/19/76 FSGSVS
IF(MCYCIE JEG. 0) PFTLRN FSGSVS
ENCONE (104711 eHDRINCYCLE +SOSVS
711 FURMAT(SHCYCLEsTéelM>) ¥SQSVS
MDR1 = JOMMESH PTS,.> ~»SUSVS
CALL PLTRGE FSLSVS
00 72 Isml.12 : +SQSVS
XSN(I) = FLOAT(L)e1.0 FSLSVS
72 CONTINUE FSQSVS
CoLL FIRSCAIXSNIL)e T247.9¢NSXSsXMINS XMAXSDELDXS) MSUSVS
CALL FIASCA(AMS(1)e I246.6eNSYSeYMINSIYMARSIDELLYS) »SLSVS
CALL PLTSCA(3.0¢ 2+0+0.090,001400140) VEUSVS
"D = &R M ANYUNITS
CALL PLTSYM(,1eHDe 9N 0o  =1,202.%) *SUSVS
CALL PLTSYM{,1eHDPeN, 04 3.50=1.0) +ELSVS
CALL BLTSYM(,1eHDF1 0.0 3.5e=,b) FEUSVS
CALL PLTSCA(3a00 2o00XMINSeYMINS+NSXS ePSYS) MEQSVS
CALL PLTPT2(140¢XSMNC1)eANS(1)e T240) m»SUSVS
CALL Pl TAXSIDFLUXSeNFLNYSeXMINS «XFARSsYMINS s YMAXS et ) MSLSVS
CALL LABELAILFLNXSODELDYS e XMINSeXMAESeYMINS¢YMAXSs1000140) +SQSVS
I2M] = 21 *SGSVS
ro 73 Is1.12v) +SASVS
XSN{T) = XSN(I)e0,& *SCSVS
73 COMTINUE . ¥8QSVS
CALL FIXSCAL QS(1)eT2M140,4s0SYSaYMINS YMARSINFLUYS) +SLSVS
CALL PITSCAII.0012:0e0,000.001a0e1,40) *SUSVS
N = % 0> AAYUNITS
CALL PLTSYM{,1enMDe 90Ny «],202.5) ¥SQSVS
FALL OLTSYM{, ] HPELA, D, 3eCeml f) LSQEVS
CALL PLTSYM( 1 ¢HDFie0, 00 3eSemlo6) »SQSVS
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wrorey

1.0

CatL
catl
CALL
caLt
CaAlLL
caLl
rH =
Catt
CaLL
CALL
caLL
CAaLL
[ 1R E
CALL
1 =4

PLTSCA(2,04120eXMINSIYMINSDEXSNSYS)
PLIET2(1ePoeXSMN(1)e QS(1)el2w],40)
PLTAXS(CFLUXSeDELTYSeXMINS e XVARSoYMINS o YMAKS4)
LARFLA(CHLUOXS oOFLIYSeXMINS UM GXSeYMINCqYMALSe]eU0]l0u)
FIRSCA( VS(1)el2Ml 0h 6 ol'SYSoYMINSeYMAXSLOFLOYS)
PLTSCA(IoN 0276000 e00eNolelel, )

S >

PLTISYM(,1ebe QN 00 =1,2e¢2,59)
PLTSYM (1 eHIFe 0,06 3eSe=l,)
PLTSYM{ ,1eHDF1eN,00 3eSe=0,6)

PLTSCA(3,0022.N00XMINSeYMINSDSXSeNSYS)
PLTOT2(1e0eXSM(1)e VS(1)o[2M140)

PLTAXS (NFLDXSeNELTYS o XMINS o XMAXS o YMINS e YNAXS 04}
LAKELA(DELDXSeDELDYS e XMINS ¢ XRARS s YMINS o YMANS o] D01 00)

3.0
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FEQSVS
MEQSVS
MEGSVS
rSOSVS
~¥SGCSVS
FEQSVS
AMYUNITS
rEGESVS
MEOQSVS
MSUSVS
MSESVS
mMSQSvS
+»SUSVS
~SOSVS
+FSLSVS
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E.2.1. Plot of axial force, Q, at cycle 130 and the
displacement history at mesh point 5.
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Figure E.2.2. Strain plots at 19.26 mm and 39.67 mm.
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APPENDIX F

SOME ALTERNATE USER SUBROUTINES

e
b
}.TE
I
L‘

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 axisymmetric cylinder. This is described in
Section 4.1.2.

,-7-7 YTy

ENDFRC for one or both ends free. This is described in
Section 4.5.1.

M AL

b GLERUINE S I et B
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°on

30

PRFSS.44PKFSS. 14

4]

30

at
ac
40
100
101
108

102

103
106

106

111

PRPFSS SUFRCUTIMNF, 3/10/70s TAFULAR 0ATA,
FOSITION Z2ST 3 0 AOKKESPONDS TO ThE = wirSIL FOINT N=22,
THIC LDFES QrT b 60k 4 SYMMETWIC AXTXYMMETR IC ( YLIMNDER
CIMFASIUN 7ST(S0)eTST(E0) oFST(S0)aTSIINI) ¢PS(INA) eTSKH(103)
1 PSR103) PTIU ()
CATA TPRESS/DY
IF(IPRFSS ,GT. 0)1GOTH a0
IPWFSS =1
RFAN(S4]100) PHARETAL(PID(I) sIxlee)
KFAD(S¢10S)CCNCZ+CONCT+CONCPTDIF
BRITF(As102) PRARSIBETAL(PIOII) oI21e6) e TDIFoCONCZsCONCT«CONCP
READ(S¢103)ALPHAS R OUSFE ¢ ISM
FEAD(Se101) (ZSTUY)WTSI(I) ePST(I)alImloISM)
WRITE (Fe104) ALPHAS o (ZSI(I)eTSTI(TI)ePSI(1)elmlsISM)
COMVERT CATA TO ZsIN, TaSEC. PsLB/SCIN,
0O 2 Isl,.lSv
ZSI(I) = CONC7Z*ZSTI(D)
TSI(Y) = CONCT®(TST(1)=TDIF)
FSI(T)=sCONCP®*PSI(])

CONTIMUE
WRITF(Ae10A) (ZSTIC(T) 4TSTII) «PSI(T)eIs]loISM)
INITIATE CATA FCR COMPUTING THFE PRESSUPE

CU 28 MEN1VNPV

NFEN = FLOAT(N=2)9CETAZ

CALL PVOINT(CFNeTSIN) «2ST1eTSTeISKe2)

CALL PVEINTIDENGFS(N) ¢ZSToPSTeISMe?)

TSA(N) = TS(N) = ALOG(PBHAR/PS(N))/ALPRAS

PS(M) = FSIN)SEXP (ALPKHAS®TS(N))

PSH(N) 3 FPARIEAP (RETISTSE(N))

CONTINMUE

PHITF(Re] L1 (ZIN) o TSINY oPSIN) «TSH(N) oFSB (NI sNBNLVeN2V)

COMPUTE TrE PRESSURF

EALPHT = FXP («ALPrASSTME)

FrETAT = EXF(=RETASTINE)

CO 30 papiVeNPY

TF(TIME LT, TSIN)IGOATO 40

IF(TIMF GT, TSH(N)IGOTO I

P(N) = «FALPRT®PS(N)

GOTO 29

P(N) = obHFTATORSR (N)

CONTINUF

FFTURY

FORMAT (CEF10,3¢0A10)

FURMAT (3610, )

FOOMAT (4E10,)

FORMAT (/7 IXIPRESS SUFRWOUTINE FOw 1=0 STRUCTURE «A/Z10/T76,¢
1 /¢ FBCw TARLFS OF AQKRIVAL TIMFE APD PEAR EwESSURE VS PCSITICNeY/
2 ' POSTITION =2 0 CCROFSPONNS TO Am2 UF 1=D REPSILLY/

3 ¢ THF WI'ASTeSTATIC PHESSUNFE [SYI1PFI%.TeSXe'WITH FRXPONENTIAL ¢
4 ¢ CAMPING CCEFFICIFNT S'F15,7/10RehA10/

* ¢ IMPUT TIMFe TSTe ReDUCED RY TNRIF2Y  oF15,7/

& ' COPVFRSINN CUEFFICIENTS FCHR Zo To AND P ARE '3E1E,7)

FORMAT (PE1NL,34T10)

FURMAT (//20X e * INPLUT NATA 179 ALFHASEY 4 1KELS,T.
1 J/7TXe 2SI 1 e12Xe0TSI012Xe'PET*/(IELS.T))

FORMAT (/78X e *TAMLLAG MPaTA AFTER CONVERSIONY/

1 TR0 ZST 012Xt TSI 12X e RSTI/(1PEIELSLT))

FORMAT (//8X*F INAL 1PATA C/REIZVIAATTSTIIXPSI]IX
1 'TSEYI2X10SRY///(1REE1H,T))

EMD
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Cama A r
-

on  INGFUM TINMNREUM 67

eCALL Palm

(o

r TAGEON Rk aXTSYNMERTRIC CYL NV, Y2/ 2775,
(o

c SFT PHOGRAY TO LSF GAUSSIAN INTEORATIOM

1RAbSS = )

AN (Sel1GN)CYLLeRATTUS
wHITF(E£«101)1CYLL«RADTLS

RETAY = 2,0€3,1415926535R97934RADTIL.S

c DFTALl = 2#PI®KANIUS GIVES ENFRGY FOR ENTIRE CYLINOFR
DFTA2 = CYLL/FLOAT(NMESH)
Is = 0

¢ voo0e FVALUATE RIN) AND Z(N) s NSNIRIN2W seose

NO 10 MNB2«N2R
R(N)=RACIUS
ZIN)SFLOAT(N=2)@OFTA?
10 CONTINUE
RETHRN
100 FORMAT(2ELR.¢)
101 FORMAT(//° TINGEOM FOR CYLINDFR 12/3/7S. LENGTH =301PF]S.6¢5X,
1 ¢ RADIUS 3¢ ,4F15,.,k/)
END

aaf
SPECK  ENFFRC

SURKOUTINF FADFRC
*CAlL MATM

THF APL FAC ChAMGE TO (1=D) REPSIL FOR KEAMS RECUIRES A USFR
SURRCUTTINE FNDFRC TO SUPPLY FORCES AND MOMENTS 8T BOTH FADS,
FOW AN INTTIALLY STHAIGHT REAMy RIN)Z0,0e¢ Z(NIm(N=2)DETA2,
FF21>0 NFCWEASES NZ(2)e EFRI>N UFCHEASES DRI(2)

FF77>0 INCRFASES N72(N2R) o EFB2>C [NCREASES DR(MNPR)

FMI>0 NFCHFASES NR(Z) AND INCRFASES DM (3)

FHR>N INCREASES NR(r24a]) AND PFCAEASFS DR (12H)

O0OONNANNONON

ThIS VFRSTON IS FOR A RFAM WwITH ONFe Twile OR NC FREF ENNS,
CaTA TFFFR/0Y/
IFCTENPFI LGT, DIFETUWA

1FMFH =
FFOY! = n,n
FF71 = (N0
EM1 = 0,0
FFR? = 0,0
F’Z? s NN
FV2 = 0,0
FETURM

FND
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FMNOFRC

ENDFHC
FADFRC
EMDFRC
EMDFRC
EMDFRC
ErCFKC
FrOFRC
ENCFRC
EADFRC
FrMUFRC
FACERC
ENDFRC
FADFRC
EACFRC
FANDF RC
EMUFRC
EMDERC
FADFRC
ENDFRC
FMDFRC
ENDFRC




*1p  QTRFN
*1  ARSLIN,&

c CFLOCTOAIN EnrEGRY COMRPOTATION FOR A dbam, 1/20/76 SThEM
T L0 ENSTRR, 7
f c MEY O STRAIN PNEREGY COMBUTATION 17220776 STHREN
NIMENSTOM SSTIS) «NFST(S) oLST(S) STREN
i T RVMSTRS,32
(o} MEW STRAIN FMFRGY COGMPLUTATION 1720776 STeeN
IF(IP Fl. Z2)C0TL H0)] STREN
SST(J) = St16G2? STHEN
LST(UY = STHENM
oD  RMSTPS, 36
c NFW STRAIN FAFEGY COMPUTATION 1/20/76 STREM
®1 FMSTRS,I9
c NFWw STRATN FivFHGY COMPUTATION 1/20/76 : STREMN
TF(IP FGC. 2VGOTO 28 STREN
TFIMSFL ,GT, 1)GOTD 10 STREN
NETPEN = (SS22)1402 STREN
GaTo 3n STHEN
10 TF(SS?22 LE. N, MGCTH 12 STREN
8822 = =5827 STREN
£O 11 L=} NSFL STREN
1V SST(IL) = ~SST (L) STREN
12 MO 13 | =21 «NSFL STREN
13 PFST(L) = (SIGZZ(1) « SST(L))/F STREN
LLAST=rSFL =] STREN
fO 18 L=1l4LLAST STREN
JSTAPT = L1} STHEN
PO 14 JuJSTARTWNSFL STREN
IFICEST LY LT, NESTINIGOTO 14 STRFEN
NSTFMP 2 DESTI(L) STHREN
PFET(L) = DFST(Y) STREN
FST(J) = NSTFMP STREN
LSTFMP = ((ST(L) STREN
LST(LY = LST(Y) STHEN
LST((U) = L STFMP STHEN
14 CONTINIE STHEN
18 CONTIMUF STREN
FM = 1,0 . STHEM
FSTRFNM =2 A0 STREN
PN P& Lzl WMSFYL STHREN
FQTAK = Fmef STREN
NEPSTR = «S§22/FSTak STREN
DSTRFA = NSTekN » (SKPP)082/FM STREN
IF(PFPLTH Lk, DEST(L)) GATA 30 STREN
(o CORNER AT TFST(L) T¢& UMLOARTING CUMVE STNEN
S827 =2 «FSTARS(DEFPSTR&EST (L)) STREN
RSTRFN 2 DGTHEN « (§S22)882/FM STREM
LYl = LSTHLL)Y STRFN
EM =2 bV = WT(LY) STHEM
PFSTL = CRST(L) STKEN
TO 20 Just «MSFL STRFN
PEST(J) = DFST(J) « NESTL STREN
20 COMTTINIE STHREN
2% COMNTINUF STREN
AN SThF = STHEA o SPGaN(K)ANSTRFEN STREN
A8 CONTIMUK STHREN
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LIST OF SYMBOLS

[FORTRAN name in brackets]

determinant of surface metric [DA]
Young's modulus of elasticity [E]
shell thickness [THICKN]
orthonormal vector basis

Normal vectors of stress moment resultant (See Reference 1).
1

ns= a’é(MclB + Msa)g .

Modified stress resultant tensor (See Reference 1).

index associating variables with the N'th mesh point (e.g. R(N)) [N]

unit normal vector to reference surface, p =n, i, + n i,

position vector to a point on the reference surface
position components. r = R 13 + 2 12 [RIN),Z(N) ]
time [TIME]

area or weight associated with y [W(K)]

time increment [DELTAT]

spacing of 52 between mesh points [DETA2]

£ is g7

material (Lagrangian) coordinates (called nl,nz in Reference 2)
normal distance frcm reference surface

z at k'th integration station [ZETA(K)]

z on lower (upper) surface of shell [ZL,(ZU)]
Poisson's ratio [FNU]

mass density [RHO]
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ideas, etc.)

4. Has the information in this report led to any quantitative
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please fill in the following information.

Name:

Telephone Number:

Organization Address:







