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Contravariant components of tangential stress 3
at time t- L ] [ ] [ ] L ] [ ] L L] L ] L] [ ) L e L [ ] L ] L ] L] 30
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1, INTRODUCTION

REPSIL* is a FORTRAN IV computer program developed at the BRL to
treat the large transient deformations of anelastic shells under blast

i loadings. The program uses the finite difference technique to solve the
§ equations governing the motion of thin Kirchhoff shells of negligible

' rotational inertia. These equations are derived in a recent BRL report
' [1]1**. That report, which also treats more general Kirchhoff shells,

constitutes the theoretical documentation for REPSIL. The present
report is a companion user's manual,

The equations on which REPSIL is based impose certain restrictions
on the types of shells and deformations that can be treated. As already
mentioned, only thin Kirchhoff shells of negligible rotational inertia
; can be treated. Moreover, as presently formulated, the program can only 1
; handle shells of uniform th.ckness having no cutouts, stiffeners, or , ]
. bifurcations. On the other hand, the formulation does treat the geometric i

nonlinearities due to large displacements exactly.

Within the limits of the above geometric restrictions, REPSIL can *
accept a wide variety of initial shell geometries. This is made possible 3
by the finite different formulation being coded independent of any 3
particular initial geometry. Hence, accommodating any initial geometry
simply entails programming it into the initial geometxy subroutine
according to the instructions contained in Chapter 6. The current
version of REPSIL comes with initial geometry subroutines for the

rectangular plate, the cylindrical shell and the conical shell; Section
2.3 contains instructions for their use.

<\ g o et = e

The prcgram also can accept arbitrary distributions over the shell
surface of initial impulse velocities and time varying pressures. The
minor programming necessary to specify such distributions is described
in Chapter 6. Presently, initial velocities at mesh points and over
rectangular regions of the shell surface can be specified on input
cards without need of programming, as detailed in Section 3.2.

REPSIL can simulate a rumber of boundary conditions along the four
edges bounding the shell. Three edges can have any combination of
clamped or hinged boundary conditions. The remaining edge and two of
the previous edges can be edges constrained to move in symmetry planes
of the problem. The boundary conditions are described in detail in
Section 3.2, where the procedure for selecting them is given.

o Sy [T T TR AR T T T RO
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*

Response of Elastic-Plastic Sheils to Impulsive Loadings

** Numbers in brackets correspond to the list of references on page
126,
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REPSIL can model a variety of anelastic material responses, although
the present version is limited to isotropic materials. Within that limit-
ation, the response can be either completely elastic or elastoplastic.

In the elasiic range the behavior is linear. The plastic response can
' be perfect or strain hardening and in either case it .in be made strain
rate dependent. Section 3.2 gives the precedure for eliciting these
material properties.

TTe T T e g T

A useful feature of the code is the automatic determination of an
optimum, stable time increment, REPSIL uses an explicit finite difference
approximation to the equations of motion; as is well known, such explicit
schemes are subject to numerical instability unless the size of the time
increment is limited to some maximum increment. The REPSIL program
i initially computes such a maximum increment based on criteria given in
! : Section 2.2 and then uses this increment or the increment specified
' by the initial data (see Section 3.2), whichever is smaller, for the
§ (corstant) time increment used to generate the solution. Hence, a
stable solution is guaranteed.

© o p———— ——yr

The program is provided with a damping option that permits the rapid
' attainment of final deformed configurations by numerically damping out

& the motion of the shell. Damping is mainly achieved through the artifice
: ‘ of automatically annihilating the kinetic energy whenever it reaches

a local maximum. Details on this procedure are given in Section 2.4,
while instructions for executing the option are in Section 3.2.

i REPSIL comes equipped with a number of print options for outputting

! results of the calculations at regular intervals. Printed out are such

t local measures of the deformation as the displacements and surface strains,
E and such global measures as the kinetic energy, strain energy and plastic

r work. There is also a companion plotting program that at regular intervals
: draws isometric and cross-sectional views of the deforming shell and that

f graphs time histories of the printed measures of deformations just
mentioned. The output options are described in Chapter 4 and illustrated

; by example problems in Chapter 5. Appendix D contains a description and

a listing of the plotting program.

This report is organized as follows: Chapter 2 presents the as-
sumptions and equations of the REPSIL formulation and outlines the
computational algorithm used to solve the equations; Chapter 3 describes
the input data, siows how to initiate and centinue a problem and select
E the various options, and gives rules-of-thumb for estimating the memory

and machine time requirements for a problem; Chapter 4 describes the
various output data generated by REPSIL and the formats in which they
are printed; Chapter 5 gives two example problems, describing how they
are set up and the kind of output data generated; Chapter 6 gives
instructions for programming arbitrary loadings and initial geometries.
Chapter 3, 4 and 5 contain the necessary information to run the program
as listed in Appendix E, with the associated loading and initial geometry
subroutines. A user desiring to model other loadings or initial geometries

20

aid

i

e b Sinl




- I

e B 2 e LA I LTS ORI

should read Chapter 6 for programming instructions. Such a user would
find a reading of Chapter 2 useful as background. On ths other hand,
the analyst or programmer who intends to make extensive changes in the
formulation or numerics of the program would do well to thoroughly
study Chapter 2 before proceeding to the study of Appendix E with the
aid of Appendix C, the 1list of program variables.

2, DESCRIPTION OF PROGRAM

2.1 Synopsis 2f Program

REPSIL treats the transient deformation of shells by approximating i
the initial value problem with an expli:it nonlinear finite difference
scheme. The finite difference equations are solved at eac. time increment i
to update the deformaticn variables. This procedure is repeated * 3
cyclically in order to generate the time history of the deformation. '
This chapter presents the equations of the REPSIL formulation and
describes the computational algorithm by which REPSIL solves them.

The formulation is based on equations that use a material or
Lagrangian description: the dependent variables of the theory aro

functions of n® *, the material coordinates of the middle surface of
the sheli; moreover variables defined outside the middle surface also
depend upon ;, the normal distance from the middle surface **, All
variables are functions of t, the time.

Some comments on the physical significance of the material coordinates
of the middle surface are in order. For simple initial geometries, the
middle surface material coordinates often have significance as distances,
arc lengths, or angles ***; however, this need not be the case, not even
for simple geometries. It is better to regard the material coordinates
abstractly as a pair of parameters defining the position of the middle
surface in space. In other words, the material coordinates serve as
parameters for the parametric representation of the middle surface in

space. That the parameters n® are also material coordinates simply
means that as the image of the middle surface changes in space as a

function of time, the pair of values n® associated with a given material
particle on the middle surface does not change, but remains fixed.

*  Index notation is used, with Greek indices ranging over the integers

1 and 2; hence, n? = n1 , nz

** The concept of material coordinates fu. a shell is defined more

precisely in [1].

*** For example, see the cases of the flat plate, cylindrical shell
and conical shell in Section 3.2.
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The finite difference scheme is obtained by making the dependent

variables of the theory discrete functions of nl. nz. ¢, t. Discretizing

the dependence on n® makes the dependent variables functions of the
intersection points of the two dimensional reccangular mesh resulting

from the division of the domain of n® into increments (see Figure 3.1
and 6.1); more precisely, the variables become functions of tho mesh

number pair (m,n), the integer pair corresponding to the mesh intersection

whose coordinates n® satisfy the relations

n1 =mn Anl + no1 ’ nz = n Anz + noz s (2.1)

with 4n® constant increments of the coordinates and o ¢ the coordinates
of a conveniently chosen origin.

The dependence cn ; is made discrete by conceptually dividing the
shell into K layer of equal thickness. Within each laver those
variables defined outside the middle surface are assumed constant with
respect to ;. Numbering each layer in sequence, k = 1, ..:K, the
variables become functions of the layer number k, as well as functions
of (a,n). When needed, the value of { in each layer is taken to be
its mid-layer value:

(k = L‘l—]‘-) p k=1, «..k, (2.2)

where h is the thickness of the shell.

The principal reason for making the dependence on ; discrete is in
order to model the variations of the stresses through the thickness. For,
while the functional form of the Jwpendence of the strains on 7 is
prescribed by the Kirchhoff hypothezis *, no such simplification is
possible for the stresses. Plasticity makes the a paloal determination
of the dependence of the stresses on { not feasible.

Strain hardening behavior is modelled using the 'mechanical sublayer
model' **: the stress tensor at a point is assummed to be a weighted sum
of J "sublayer" stress tensors or, more simply, J '"substress' tensors,
with each sublayer oveying che same linear incremental stress-strain
relation, but having different yield stresses. Using this model, there

will be K stress tensor values at each mesh point (m,n) and JxK substress
tensor values.

* Cf equation (2.15) of this report.

** This method of modelling strain hardening behavior 'ias been developed
and extensively used at the Aeroelastic and Struciure Research Lab.
of MIT. A detailed description of the method is given in [2; Sect.
504.2].
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The dependence on t, the time, is made discrete by replacing time
derivatives by equivalent finite difference operators. As already
mentioned, an explicit finite difference scheme :esults. The scheme
characterizes the change undergone Ly the dependent variables during a
time interval At., A constant time interval is used, which is automati-
cally determined by the program to assure numerical stability.

The basic function of the finite difference scheme is to advance
the values of the following fundamental variables.

oyi(u,n)'. the Cartesiai coordinates of the middle surface at
mesh point {(m,n);

oni(m,n), the Cartesian components of the unit normal to the
middle surface at mesh point (m,n);

. Auﬂ(mhn). the Cartosian components of the displacement increment ’
undergons by the middle surface at mesh point (m,n) during the
time interval A¢;

oa“e(m.n,k). the contravariant components of the striss tensor
(or, in the case of strain hardening, tho suhstress tensor)
tangential to the middle surfact at mesh point (m,n) at layer
(or sublayer) station k.

The dependence of the variables on (m,n) or (m,n,k) is indicated explicitly
to ¢mphasi.= thet their values are stured as 2- und 3-dimensional arrays

in the program. Frnm these fundamental variables all the other dependent
vaviatle. of the theory cre determined.

Y

For the siake of clari~y, the description of the computationcl
algorithn used by REPSIL i; separated into four groups of calculations:

e Initialization calrculatioas,
e Fipite differance calculations,
¢ Energy calculations,

« Surface strains calculations.

Within each group the description is organized by units of calculations.
Units can occur within the main program or as subroutiaes. In the latter
case, the subroutine description, which follows the subroutine name, is
indented. When a subroutine occurs within a subroutine, the description

*Latin indices indicate Cartesian components in Euclidean 3-space and
range over the integers 1, 2, and 3.
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of the embedded subroutine is further indented. All subroutine names
are complately capitalized.

2.2 Initialization Calculations

The initialization caiculations determine the program constants
and the initial values of the dependent variables from the input daota.
The flow chart in Figure 2.) summarizes the calculations, whc¢se de-
scription follows.

START Figure 2.2 cutlines this subroutine. The input data, including
material properties, is read into storage and program constants
are calculated. The minimum and maximum valuves of the mesh
numbers are determined from the boundary conditions. Subroutine
INGEOM is called within this subroutine,

INGEOM This subroutine generates the initial geometiy of the
shell, First, the Aimensions characterizing the part-
icular geometry bei. ., treated are read off the input

cards. Next, the finite difference increments An“ are
calculated, Finally, the subroutine computs the initial

Cartesian cooxdinutes yi(m.n) of the middle surface and
stores the resulting arrays. The user not finding a
suitable geometry among those described in Section 3.2
(flat plate, cylinder or cone)is referred to Section
6.4 for instructions on programming initial geometries.

Returning to START, the program calculates the interpolation
coeffienents at locations where STRAIN * computes the surface
strains and the mesh number of the mesh point bracketing these
locations. Next, a stable time interval At is found from the
criteria

2 1 1 E
At,, = T + .._.__] , C a —
M [(An‘) 2 an%)? Vo (1ev? (2.3)

)

1
1 1 1 1 1 Y+15v 2
At = = [l - = + + *
B® 2hc |12 ( Kz) ((Anx)«a (andy? B(MIMZ)Z)

These criteria result from a von Neumann stability analysis of
an elastic flat piate **; aty, is the maximum stable interval

for membrane motion and AtB for bending motion. The program

* Subroutine STRAIN is described in Section 2.5.
** A report describing this analysis is being prepared.
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selects for use in the finite difference calculations the
minimum of aty, Aty and the At prescribed in the input data.

The subroutine ends with the calculation of the remaining

prograim constants, most of which require for their determination

the values of an® computed in INGEOM.

The main program next determines whether the problem being solved
is a new one, starting from an initial (stress-free) configuration at
timo t,=0ora continuation of a problem whose solution up to some

time tl> U has already been calculated, called a restart problem or,

simply, a restert. If it is a restart, subroutine WRTAPE is called in
order to read data off the restart tape, after which subroutine PDATA
is called and the initialization calculations end (see Figure 2.1).

WRTAPE Depending on the instructions of the main program, this sub-
routine either reads off or writes on a tape, the restart

tape, the values of the fundamental variubles yi, ni. Au‘1 and
o“s, the surface strains and the energy variables at time step
prescribed by the initial data. This information is sufficient

to permit the program to continue the solution of the problem

from any of the prescribed time steps. During the initialization

portion of the program this subroutine reads this information

off the tape and during the finite difference portion it stores
the information.

PDATA  This subroutine stores on a tape, the plotting tape, the data

required by the REPSIL plotting program. A description of theso

data are given in Section 4.2, Appendix D describes and lists
the plotting progranm.

If, on the ocher hand, the program is tr *ing a new problem, WRTAPE is
not called at all and PDATA is not call intil later (see Figure 2.1),

Rather, for a new problem the program } 3eds to generats the infor-
mation otherwise obtained from WRTAPE.

As discussed in Section 3.2, the program treats symmetric defor-
mations about one or two plones. For such deformations, the shell

variables, in particular the middle surface coordinates yi, are
svmmetrically distributed about symmetry planes. The program imposes
this condition numerically by relating the coordinates one mesh spacing
outside the symmetry edge to the coordinates one mesh spacing inside

)
the edge. Typically, for the symmetry plane located in the y°, y3
coordinate plane and intersecting the middle surface along the curve

with mesh number m (see Figures 3.6 - 3.8 where m = 2) these relations
arc
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yl(m-l.n) = -y1(m+1.n)
yz(m-l.n) = yz(m+1.n)

ys(m-l.n) - y3(m+1.n)

} v m,m) 0, (2.4)

for all allowable n.

e T

The initial time to, kinetic energy T, strain energy Vv, damping
3 : ‘ werk W and external work W are next set equal to zero. This is

followed oy the arrays for the displacement increments Aul, the pressure
P, the tangentral strain components €48 and the tangential stress

components all being cleared to zero. If pressure loads are acting on
the shell, the initial pressure distribution is obtained from subroutine
PRESS, whose description is postponed until Section 2.3. If no pressure
loads are acting, the program skips PRESS and goes divectly to DGEOM.
DGEOM is described in Section 2.3, where it is shown that at this point in

the program it is called in order to calculate the normal n', the

¢

, ' 2
augmented pressure“P* the time constant 4t /(ao

r,) an. the initial

values of tre tersor g@S and b B Neat the program goes to STRAIN where

1

" the values of a of “and b a8 ‘are . 1nterpolated to give the metric tensor G, 4

“on the boundlng surfaces of the shell; the details of this calculation i
are given in Sectlon 2.5.: . » ;

N AR A

e e i

The rema:nder of the' 1n1t1a112at10n calcu’atlons are concerned w1th

3 o " obtaining the initial values of ths. displacement increment acrays aut (m,n)
SN and , the assoc1ated values of the klneilcleﬂergy T .and external work W.
' . The initial displacement increments cah 'arise in ‘three ways: (1) from an
= inicial impulse velocity distribution; -(2) from an initial pressure
- distributior or (3) from a combination of boih. ahould they be due to

an initial velocity distributicn or comhination, th« program calls INVEL.

EREETT I

e it e e e e S £

? INVEL This subroutine Jetermines the magnit@de of the initial velocity

v at each mesh puint and multiplies this by the normal ni(m,n)
‘to give the initial velocity distribution:

vi(mm) = v alqmn). . - (2.5

- #

The initial felocity magnitudes can either be r>ad off input
data cards, as shown in Section 3.2, or the user can program

an analytical expression for these magnitudes, a5 shown in
Section 6.2.
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The program then calculates the displacement increments due to the
initial velocity distribution

Aui(m.n) = vi(m,n) At (2.6)

and proceeds to subroutine BOUNDU. This subroutine, described in Section
2.3, adjusts the displacement increments one mesh space in from clamped
edge boundaries so that clamped edge conditions are satisfied and also
generates the displacement increment one mesh spacing outside symmetry
boundaries from the values one mesh spacing inside, using equations

for Au* very much like (2.3) for yi. Next the kinetic energy T
associated with the initial displacement increment distribution is
determined in subroutine KINET, described in Section 2.4. If there is

no initial pressure distribution, the displacement increments Aul(m.n)
and kinetic energy just determined are associated with the time interval
from to = (0 to t, = At and the initialization calculations terminate

with the calling of subroutine PDATA. On the other hand, if the shell
is also subjected to an initial pressure distribution, the displacement

increments Aul(m,n) and kinetic energy T just determined are associated

with the time interval from t_, = - At to t =0 * and the external

work due to the pressure distribution acting on the displacement increments
just determined is computed in subroutine PWORK, described in Section 2.4.
The program then proceeds to calculate the displacement increments for

the time interval [to, tl] using an equation which is nothing more than

the equation of motion (2.35) with the stresses set equal to zero:
i at?

auy = put - - P nt, (2.7)

with Aui and Au' the displacement increments for the time intervals
[to, tl] and [t_l, tol’ respectively. When there is no initial

impulse velocity distribution, but only a pressure distribution the
program goes from STRAIN to directly computing the displacement increments
for the interval [to, tl] using (2.7), with, however, the displacement

* The reason that the displacement increments were previously associated
with the time interval [to, tl] rather than the interval [t_l, to] is
that with no pressure acting and the shell being stress free at the
time ty the displacement increments are the same for both intervals.

On the other hand, a pressure distribution at time t, will cause the

displacement increments for [to, t1] to change from those for [t'l’ to].
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increments for [t-l’ to] set equal to zero.

Again, the new Aui are adjusted in BOUNDU to satisfy clamped edge
and symmetry edge conditions and the additional external work resulting
for the initial pressure distribution a:zting on the displacement incre-
ments for the interval [to, tl] is computed in PWORK. Lastly, the

kinetic energy during the time interval [to, tl] is calculated in KINET

and the program proceed to PDATA where information is gathered for the
plotting program, With this last operation the initialization calcu-

lation end and the program proceeds to the finite difference calculational
loop.

t
;
L‘i
%
t

2.3 Finite Difference Calculations

The finite difference calculations follow the initialization
calculations and are repeated each time step. They solve the finite
difference equations for the current values of the fundamental variables.
In this way, the values of these variables are advanced each time step
and the history of the deformation is generated.

o B TR T T

Aside from minor simplifications in notation, the finite difference
equations presented in this section are identical with those given in
[1; Sect, 7.3]. They are written in compact form with only finite' time
derivatives being shown explicitly; finite differences with respect

to material coordinates n° are symbolically represented by their
corresponding partials. At interior points and along symmetry bound-

‘ aries the program uses central difference operators, while along hinged
* and clamped boundaries it uses forward or backward difference operator,

all operators being of order ]Analz accuracy *.

e R

. . etk
i Tt e et S M i

e e T

Figure 2.3 outlines the finite difference calculations. They
comprise a sequence or, better still, a loop of calculations, which, as
already mentioned, are repeated every time step. The description of
this loop begins after £-1 time steps have elapsed, at the generic
time t. = (&-1) At. The values of the middle surface coordinates,
the normal to the middle surface and the tangential stress or substress
component are assumed known at this time and are denoted by appending

. 5 X i i
subscripted minus signs: y_, n_ and USB. Also the components of the

E displacement increment for the next time interval, from the time t_=
' (2-1) At to the time t = 2At, are known and are denoted simply as

dut. Using these values of the fundamental variables, the finite
difference calculations generate suceeding values of the fundamental

R T S0 AT T S YT
i Yo ancaNn e o M A A A

* Appendix A summarizes the explicit forms of these operators. 5
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|
] :
3 Figure 2.3 Flow Chart for Finite Difference, Energy and Surface '
_ Strain Calculations
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variable yi, ni, c“s and Auf at the time t = 2At as follows.

First the time is updated:
t=t +At, (2.8)

and checked against a prescribed maximum, thax' If the maximum is

exceeded, then the solution has progresses to completic: and calculations
stop. Otherwise, the program checks as to whether ther: is a pressure
loading acting on the shell at this time; if there is then the program
calls subroutines PRESS, POSITN, DGEOM, STRAIN, MOTION, PDATA and

DAMP in that order; if not, it skips PRESS and calls the remainder of
the sequence.

PRESS This subroutine supplies the values of pressure at mesh inter-
section points for the given time and stores them in the array
P(m,n). The user is expected to supply this information either
by programming some analytical expression for the pressure, as

outlined in Section 6.3, or by generating a tape with this data
in numerical form.

POSITN This subroutine simply calculates the coordinates of the middle
surface at the current time t using the formula

yb =yl + at, 2.9)

storing the values jin the arrays yl(m,n).

DGEOM This subroutine is summarized in Figure z.4. It begins by
calling subroutine GRAD.

GRAD This subroutine, using appropriate finite difference
operators. determines the first and second gradients of

y' and Au® with respect to the material coordinates n:

. . . \ .
y1=§)’__ , yr =X
o anu af anaanB
(2.10)
. . 2, 1
oo Vg *
o an® : an on

After GRAD the program stores the preceding values of the c..
i . . :
ponents of the normal n_ for later use in calculating strain

increments. From the first and second gradient of yl, the program
determines the differential geometric quantities characterizing

32

b

el L s




- - T ¥ A i L et i
- YT AR YT R ST XL A

s o e - * TR T TR b ¢

g TR T TS TR W WA s Ty T Ligan

p T PR G YT R T i

RO YT P TISTS TESTY g

f GRAD

J i

Store n.

4
;! }
Calculate agg, a,ni bag :
; |

f Set P*zoV/2p
; no yes |
' ' t=0? » 3
‘ Calculate Tag? bop Calculate At'/og, o ' !

l 1 |
: Calculote Aagp,Abag ABINIT
: a i
| i ]
] Calcvlate Aeap E

STRESS

S acau sl st ]
A

y 1
1 Y 3
L Calculate <48 ;
g ﬁ
| i
RESULT 3
] | ‘
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Figure 2.4 Flow Chart for Subroutiné DGEOM :
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the current position of the middle surface: the covariant com-
ponents of the metric a,g, the second fundamental tensor b,

i and the current normal ni, and also the determinant a of the
E metric as follows,

i _ _ 2 1
Bag™ Yo Yg v B mayy 8 - (8" !

(2.11)
n' = eleyi y$/a% , b o=nl vy

af g |

; where ele is the permutation symbol,** Next, the pressure :
: distribution is modified for use in the equation of motion:

P* = at p. (2.12)

The remainder of the subroutine's calculations depend on the time, 1
Since initiall, the shell is assumed to be in a stress-free state,
there is no need to calculate the stress fisld in DGEOM. Rather,
the subroutine determines certain time constants and stores these

for later use: Atz/(af I'y) is calculated for use in the equations .

of motion and the expression for the kinetic energy and the initial
values of 8.0 and baB at prescribed mesh points are selected using

subroutine ABINIT for use in STRAIN, as described in Section 2.5, i
At all subsequent times, the subroutine calculates the stress field
and other stress related quantities as follows. First, the con-

travariant components a*3 of the metric, the Christoffel symbols

. a
FQBY and the mixed components bB of the second fundamental tensor
are calculated:

11 12 22
a’ = azzla, a ® = -alz/a, a"® = all/a.

e o e ———

T ppE——————

(2.13)

Yo gY ad

6 i i a _
FuB Ys Yap ? bB = a  béB 1

v —— -

* We introduce the summation convention: terms or products of terms

having the same index appearing twice are tc be summcd over the range
of the index. In the casec of repeated Latin indices both will be
superscript since their basis is Cartesian, while repeated Greek i
indices will always appear as paired superscript and subscript.

s ** That is, eilk = 1 for i, j, A an even permutation of 1,2,3; = -1 for
i, j, h an odd permutation; = 0 for i, j, k non-distinct,

34

P e e et A WA R A% e RNt AR R e & 12 = a ,.M..._._M._..J...__.'__._.;_L_‘.A\;.A_J
e e e e Btk B ot i S T2 A 4 e b e e .




E
:
s
|
t

oo
i A

e B e e 5 ¥ B

- B e

Next the incremental changes ia 8.8 and baB due to the incremental
displacement Aui are determined:

af
. a " An An
i i o
4n_ = -n” u_ , An-—-—T—E.
@ e l1+n nf
S G SN ST S G
ABg TV Ug *¥g Uy Yy Yg (2.14)

, i i Y
dbub *n_u b + ruB AnY + quAn.

These expressions are exact with no approximations based on the

smallness of Au’ being used. The corresponding increments under-
gone vy the tangential strain components g AT the station (k)

distant from the middle surface are then calculated using the
Lquation

ACQB = %Aaua - CAbQB (2015)

This equation is based on the thin shell approximation *. Sub-
routine STRESS follows.

STRESS The principal function of this subroutine, outlined in
Figure 2.5, is to calculate the current stress or sub-
stress component from their preceding values and the
incremental change in the strain component. Calculations

begin by evaluating the metric 8y and inverse gaB
for the lamella g distance from the middle surface:

- 2
gus = auB - 2z buB » &= gll 822 = (812) ’

11

. (2.16)
12 22
g = 822/8 » 8 = 'glz/g » 8 = gll/g .

With these terms evaluated, the mixed components of the

incremental strain and preceding stress are immediately
obtained:

Q
=

ad a _
AeB g Aeée , o} =

da
-8 - 8gs°- (2.17)
Next, assuming that the incremental deformation is elastic,
the increments in the stress components "re calculated
using the lincar isotropic law:

* Cf [l Sect. ".i)
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'
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Elastic [ ‘\/ 1 Plastic
’3 '33 Calculate 53

;

f i

| ‘
b

Calculate quad. coef.
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L3

|
|
;

-
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compon%\ts oS
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Calculate strain energy

Figure 2.5 Flow Chart for Subroutine STRESS
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- (Beg + 135 Sg AeY) . (2.18)

in the case of strain hardening, Asg are elastic

increments in tiie substress components and are the
same for each layer. These increments are added to
the preceding values to give the components of a trial
stress or substress

ga-c°¢A§:.

5" % (2.19)

The trial stress is tested against the yield function

o8 =3 Son -7 @R -9t (2.20)

where y is the uniaxial yield stress or, in the case

of strain hardening, the yield substress; for rate
sensitive behavior 9, is assumed to depend on iae

second invariant of the strain rate deviator:

1
g =
% ® 9 (static) {1 * (@ Pl » (2.21)
with
e L (3,0, 8 1, v 2k .,
LR X [2 ASBAGQ > (AEY) ] . (5.52)

1f 0(08) < 0, then the trial stress is on or within

the yield surface and its components define acceptable
a . ga

B g *
Hence, the stress increment is indeed elastic and the
calculations for a plastic stress increment are skip-
ped, the program proceeding directly to (2.2%) below.

On the other hand, i£¢(gg) > 0, then the trial stress

is outside the yield surface and, hence, unacceptable,
In this case, the subroutine determines a correction
to the trial stress due to plastic flow, First, the
components of a corrector stress ar¢ determined:

L . ~m
gz = 3 (I-vlo 3 - (1-2v)0_ 63 (2.23,

values for the cuirsent stress components o
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The corrector stress gives the direction in stress space

in which to apply a correction to 3: in order to bring
{ the resultant stress components
. a _Ta Da " A
OB - QB - AA dq (2.‘4)

back to the yield surface, so that

el

Da

Ta

| 383
L]

~
(52}

This gives a quadratic equation in AX ]

2

AdA° - 2BAA+C=O, (2.26)
where ]
. DaDs 1 DaDg
A=0g0,-750, 0 |
3
- Da Tg 1 DQ Tﬁ ‘A=
B Uﬁ cu --S-OQ Ua (L.ﬁ:
T, T 1 T. T 2 2
C=ofc-3 o3of-F0,

which the program solves for the smallest positive value i
of 4a):

ar=B-(-a0 (2.28)

With 4A known, current stress or substress components
are determined from (2,24) and are then put into con-
travariant form i

o =g 0. (2.29)

* If AA turns out to be negative or complex, then the subroutine uses
a procedure described in [3; Sect. IV], which divides the elastic

increment components AEg into L elastic subincrements and applys a
correction to each step such that 4A is always positive,
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In the case of strain hardening, a weighted sum of the
substress compononts of the layer is taken to obtain
the layer stress components beforc being put in
contravariant form. The subroutine tinishes by
computing the contribution to the strain enrrgy of

the current stress using (2.39) of Section Z.4 and
returning to ODGEOM,

Next, the components of strain at prescribed locations on
the bounding surfacez of the shell are evaluated using (2.55: as
explained in Section 2.5. Subroutines RESULT and SYMTRY are
called next.

RESULT

This subroutine numerically integrates the stress
components (note: not the substress components) and
their moments through the thickness to give components
of the membrane and bending resultants:

Y4
Q** = a §o°‘" (1-c b)) &c

L as
M o g }E|ﬁ°3(1-¢ b)) - § (o b + o86 bHIC AL . (2.30)

SYMTRY

From these components the subroutine determines the
components of the stress resultant:

N . @8yl p oY 4l

. . 2.3
Yg * Tay (2.31)

This subroutine imposes the symmetry edge conditions

on ni. MQB and N** relating the values of these

variables one mesh spacing outside the symmetry edge
to their values one mesh spacing inside. Typically,

for the symmetry plane located in the yz, y3 coordinate

plane and intersecting the middle surface along the m
equals a constant curve these relations are:

nl(m-l,n) - -nl(m+l,n) .
2 2
n (m-1,n) = n"(m+l,n) . (2.32)

ns(m-l,n) = n3(m+1.n) ,
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Mll(n-l.n) - Nll(a¢l.n)

M2(m-1,n0) = -M¥(@e1,n) , (2.33)

M*2(n-1,n) = M3%(m+1,n)

N (m-1,n) = N (nel,n)
N3l (m-1,n) = N33 (me1,n)

Nsx(m-l,n) -Nsl(mﬁl.n)

(2.34)

N2@-1,n) = -N2(@e1,n)

sz(m-l.n) sz(m*l.n) ’

N2(m-1,n) = N3(m+l,n)

for all admissible n. These relations as well as relations

for other symmetry plane locations used in the program are
derived in [1; Sect. 6.4 and App. B].

Returning to DGEOM, the program determines the strain energy by
summing the contribution of each mesh point and layer as described

in Section 2.5. This ends DGEOM and calculations return to the
main program.

Next, the strain components at selected points on the bounding
surfaces are determined in subroutine STRAIN, as described in Section
2.5, after which subroutine MOTION is called.

MOTION

k- A e maARANL o G oo iR

This subroutine is summarized in Figure 2.6. Its principal

function is to determine the values Aui of the components of
the displacement increments undergone by the middle surface in
the time interval [t, t + At]. First a check is performed to
determine whother a pressure distribution is currently acting
on the shell. If a pressure distribution is acting, then
subroutine PWORK, which is described in Section 2.4, is called
in order to determine the contribution to the external work of

the pressure acting through the displacement increments Aui of
the time interval [t - At, t]. With no pressure loads acting,
the subroutine skips PWORK and proceeds directly to determine

Aui from the finite difference form of the equations of motion
40
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Figure 2.6 Flow Chart for Subroutine MOTION
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As indivated ‘earlier, the partials appearing in the right hand
side of these =2quations represent finite difference derivatives.
These cquatlons do net coincide with those glven in [1; Eq. (7.38)]

+ . .
due to the addition of the. term D Au+2 Aiu , representing a linear

viscous damping effect. However, this damping term only appears
when the damping option is used otherwise, the term is set equal
to zero. Next, subroutine BOUNDU is called.

BOUNDU Thls subroutlne generates the additional values of Au+
1 need along symmetry edges. and modifies the values of

Au+ along clamped edges so that clamped edge conditions

are satisified. As already described in subroutine
SYMTRY, the values of variables one mesh spacing outside
a symmetry adge are related to their values one mesh

spacing in. The conditions imposed on Aui are similar to

those impcsed on'yl in (2.4): for the symmetry plane

located in the yz, y3 coordinate plane intersecting the
middle surface along the m equals a constant curve

Aui (m-1,n) = -Aui (m+l,n) ,

M (@-1,m) = dul (n+l,n)

, (2.36)
Aué (m~1,n) = Aué {m+1.n)

Aui(m,n) 0’

for all admissible n. Along clamped edges the components

of the normal n' must remained fixed at their initial

values. This condition is achieved by adjusting duk
one mesh spacing in from the clamped edge so that its
component in the direction of the edge normal is 1/4

the value of the corresponding component of AuF two
ash spacings in from the edge. This adjustment guarantecs
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] that the tangent to the middle surface at a clamped

{ edge, which is computed using a one-sided finite derivative,
. will always lie in a fixed plane perpendicular to the

{ original normal. Typically, for a clamped edge fixed in

E the y3, y1 coordinate plane intersecting the middle surface

; along a curve with fixed mesh number n, the relations used
‘ ! are

Aui (m,n+l) = Au: (m,n+l) - Aun ni(m,n) » (2.37)

where

- i e e

Aun = nj(m,n) [Aui (m,n+l) - %-Aui (m,n+2)] (2.38) '

and Aui are the unadjusted components of the displacement {
increments one mesh spacing in from the clamped edge as
obtained from the equations of motion.

The remainder of MOTION is concerned with energy calculations,
i the de*tails of which are covered in Section 2.4. Briefly, the
' kinetic energy due to Auy is calculated and, if there is a

pressure loading, the portion of the external work due Au} is
also calculated. Then the total external work is computed and
finally the energy dissipated *; plasticity is determined.

[P

Returning to the main program, see Figure 2.3, the next subroutine
called is PDATA, which is described in Section 2.2. Following PDATA, !
; subroutine DAMP is czlled in order to compute the energy removed by i
: the damping, as described in Section 2.4. A check is next performed ;
to determine if inforwation for a restart should be collected by
subroutine WRTAPE at this time step. If no restart information need
be gathered, then the finite difference calculational loop is complete;
otherwise, WRTAPE and PDATA are called, again completing the finite
difference loop. This sequence of calculation has generated new values

i i aB
Y’ n) g
t i i (+13]

Yo, n_, 0_

B

and Au} of the fundamental variables from the old values

and Au®; the solution has been advanced a time step.

2.4 Energy Calculations

The energy calculations and the finite difference calculations are

] performed concurrently. The energy calculations use the results of the
finite difference calculations to determine the current values of the
kinetic energy, the strain encrgy, the external (pressure) work and the
plastic work (i.e. the energy dissipated by plasticity). When the damping
option is used, they also determine the energy removed by damping, called
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the damping work. The energy calculations have no influence on the finite
difference calculations and, hence, on the solution, except when the
damping option is employed. This section presents the equations and
procedure used in the REPSIL energy calculations; a theoretical report
justifying the use of these will be forthcoming shortly.

Because the energy calculations are embedded in the finite dif-
ferent calculations, the flow chart, Figure 2.3, used in describing the

latter calculation still pertains and will be referred to in the discussion
that follows.

The first calculaticn performed is for the strain energy. Immediately
after the current values of the mixed components of stress 0: are computed

in STRESS, Figure 2.5, the strain energy density ¢ per unit material
coordinate volume at mesh point (m,n) and layer k is calculated using:

4= % [(Oi +od? 2.0 (@ el - o of)] £2(2.39)

and simultaneously summed over all mesh points and layers. The strain
energy calculation is completed in DGEOM, where the last svm is multiplied

b{ the finite difference volume element giving the strain energy of the
shell:

V= Zk ¢ anan?ag

m,n, (2.40)

The kinetic energy calculation is accomplished in subroutine KINET,
which is , as shown in Figure 2.6, called by subroutine MOTION.

KINET The kinetic energy density y per unit material coordinate area
of the middle surface at the mesh point (m,n) is determined:
1 5 audl oaud . (2.41)
V=353 & =

Summing ¥ over all mesh numbers (m,n) and multiplying by the

finite difference area eiement, the kinetic energy of the shell
is obtained:

T(t + 2 4t) = 2 ¢ An* an% . (2.42)

Notice, sinc 2 the displacement increments du® are for the time
interval [t,t+At], the kinetic energy is proparly centered at
the time t + 1/2 At, as indicated. The kinetic energy at the
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time t is determined by averaging the values of the kinetic

energy at times t + %ﬂt and t - %At:

T () =3 [T (t+3ar) +T(t-3a0)] . (2.43)

The external work calculation is done in two steps, accomplisned by
MOTION calling subroutine PWORK twice, see Figure 2.6.

PWORK This subroutine calculates the work w per unit material coordinate
area of the middle surface at the mesh point (m,n) due to the

pressure P acting during half the displacement increment aut using
the equation

where the negative sign is a consequence of the pressure be

oppositely directed to n'. The subroutine then sums w over the
mesh points and returns to MOTION.

The first time PWORK uses the values of the displacemeat increments
for the time interval [t - At, t], determining the contribution to the
external work of the interval [t - 1/2 At, t]; the second time it uses
the values for the increment [t, t + At], determining the contributions
of the interval [t, t + 1/2 At]. These contributions are added and the
Yesult multiplied by the finite difference area element to give the
total external work during the time interval [t - 1/2 At. t + 1/2 At]:

AN (t) = X [o(t - §8) +w (t+1an)] ant an?,
m,n

i i . (2.45)
- - E [ Au ;Au,_ nt P*] An1 Anz .
m,n

This work increment, which is properly centered at time t, is then averaged
with the work increment at time t - At to give the work increment for the
time interval [t - At, t] centered at time t - 1/2 At:

AW (t - 1/2 At) = 1/2 [AW (t - At) + AW (t)]. (2.46)

This average work increment is added to the total external work up to
the time t - At to give the external work done up to the current time t:
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W (t) = W(t - At) + AW (t - 1/2 At). (2.47)

The reasons for doing the external work calculation in this rather
elaborate way are made clear in the forthcoming theoretical report on
the energy calculations.,

If the damping option is not in effect, then the only means by
which energy is dissipated is through plastic flow. This unavailable
energy is measured by the plastic work WP, which is simply the difference

of the total external work and the sum of the kinetic energy and strain
energy:

N, =WN-T-V. (2.48)

P

The plastic work is computed in MOTION, just following the external work
calculation, see Figure 2.6. With this calculation, the generation

of current values of W, T and V is complete and the energy calculations
end,

On the other hand if the damping option is in force, then there is
an additional means of energy dissipation, measured by the damping work
WD. In this case the plastic work Wy is computed from

Wp =W =T=-V-HW . (2.49)

The damping work WD is computed in subroutine DAMP which is called after
MOTION, in which the above calculation for Wp is performed. Hence, for

a proper sequencing of calculations, DAMP must compute the damping work
up to the next time step t + At.

DAMP This subroutine, which is schematically summarized in Figure 2.7,
controls the entire damping operations. As already mentioned in
the introduction, these operations remove the kinetic energy of
the system efficiently so that the shell approaches a static
equilibrium configuration quickly. The kinetic energy is removed
in two ways: first through viscous damping and second through the
use of a kinetic energy annihilation (KEA) procedure. The KEA
procedure is the principal means of energy removal, while the
viscous damping mainly serves to smooth out disturbances in the
solution caused by the abrupt nature of the KEA procedure.
Conceptually, the KEA procedure involves "freezing" the position
of the shell whenever the kinetic energy achieves a local max-
imum, so that the velocity and hence the kinetic energy vanish
instantaneously, followed by an immediate '"release' of the shell.
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Figure 2,7 Flow Chart for Subroutine DAMP
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Since it is highly unlikely that the shell will be '"frozen'" in

a static equilibrium configuration, it will resume its motion on
being '"released", but with the total energy reduced by the amount
{ of kinetic energy present when the maximum was achieved. This 3
' procedure is repeated at each maximum of the kinetic energy j

until the energy removed at some maximum is a small enough fraction

of the total energy removed, at which time the shell is considered _ 3
sufficiently close to its static equilibrium configuration and 1
computations terminate*. This procedure is motivated by two

considerations: first, the removal of energy is accomplished

efficiently, since it occurs when the kinetic energy is at a peak

and, second, should the kinetic energy be at its absolute maximum,

then the corresponding configuration would be a static equilibrium ;
g configuration. 3

e T o

B A4

i The subroutine begins by determining if the damping procedure is
; in force by checking the time t against the prescribed time t,

é at which this procedure is to begin. If ty is not exceeded the

remainder of the subroutine is not used and calculations return

; to the main program. When t, is exceeded, first the pressure P ’

is set to zero. Second, the kinetic energy is checked as to ]
whether it has just reached a local maximum by comparing its
value T, at the time t + 1/2 At to its value T_at t - 1/2 At.**

If T+ > T_ then no maximum has been reached and the subroutine

adds the increase in the damping work due to viscous damping
over this interval, which is simply a linear function of T_, to
the damping work WD at the time t to obtain the damping work WD

at the time t + At?

D T T, . (2.50)

On the other hand, if T+ £ T_, a local maximum has been reached

and the KEA procedure goes into effect. To maintain the energy

balance, the kinetic energy removed at this time t is added to
the damping work:

+

WD = WD + T, (2.51)

This method for reducing kinetic energy appears to be in common use; !
See, for example, DAHL, BEELER and BOURQUIN [4] who use this method to :
obtain computer solutions of some solid state physics problems. j

** Cf, the description of subroutine KINET, where the notation T(t+l/2 At)
and T(t-1/2 At) was used for T, and T_.

*
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The sum of kinetic energy T removed at this time and the kinetic
energy T* removed by the previous KEA calculation is compared to

the damping work W;. If this sum ic a small enough fraction of
w;. then the maximum time for the problem tnax is set equal to the

present time t, after which the main program causes the problem to
terminate, see Figure 2.3. If the sum is not sufficiently small,

then the displacement increments Au{ are set equal to zero, making
the velocities at time t + 1/2 At and, hence, the kinetic energy T

vanish. Since Aui = 0, the position of the shell and stress field
at the time t + At will remain the same as at the previous time t.
Hence, these variables need not be recalculated and the subroutine
can proceed to increase the time step and call MOTION in order to

calculate the displacement increments Aui* for the interval
[t + at, t + 2 At] and the kinetic energy T , at the time t + 3/2
at. The kinetic energy T,  is next compared with T_. If T < T_

then the subroutine finishes the uamping operations by calling
PDATA in order to collect some plotting information and returns
to the main program. However, if T __ > T_ then experience has

shown that a numerical instability due to the KEA operations is
likely to occur. To remedy this the subroutine calls subroutine
NESTEP in order to compute a smaller stable time increment At*,

DESTEP This subroutine calculates a decreased time step At* that
prevents the KEA operations from causing an instability:

T 3
At -( - ) at | (2.52)
T

++

Then the values of Au' and T++ are adjusted for the
decreased time step by scaling:

. 2 .
ol o 2 Tg + DAt At* i
duy, 2T, + Dot At du . (2.53)

2 2
2 Ty + DAt At*
2T, + DAt) (At ) Teo (2.54)

Returning from DESTEP back to DAMP, PDATA is called and the
calculations return to the main program as before.
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245 Surface Strain Calculations

The su.face strain calcvlations, like the energy calculations, are
embedded in the finite difference sequence of calculations. They do not
influence the solution, but their results are a consequence of the solution
and provide useful local measures of the validity and reliability of the
solution. The elongational strains in prescribed directions at prescribed
locations on the bounding surfaces of the shell are calculated. The
equations used are derived in [1; App. D] and give the exact elongation
per unit initial length, with no approximations based on the smallness
of strain being invoked. The strains are intended to simulate the read-
ings of strain gages bonded to the shell at these locations,

The strain calculations take place in subroutine STRAIN. However,
before these calculations are performed, the interpolation coefficients
and the mesh numbers bracketing the strain locations are calculated in
START, see Figure 2.2, and subroutine ABINIT is called during the initial
pass through DGEOM, see Figure 2.4.

ABINIT This subroutine uses the mesh numbers of the mesh points bracketing
the strain locations, as determined to START, to select the initial
values of a,a and qu at the bracketing mesh points. These values

are stored in arrays for later use in STRAIN.

The above calculations are performed initially and oniy once. The
covariant components of strain €, On the bounding surfaces of shell are

computed in DGEOM each time step for every mesh point using the equation
L1
€ag " ap * 3'(Aau8 th AbuB)’ (2.55)

where €3g 8T€ the covariant strain components at the previous time

(t - at), h is the shell thickness and the + or - sign depends on whether
the bounding surface is on the negative or positive side of the normal

nt, respectively., The covariant components of strain are used in STRAIN,
immediately following DGEOM.

STRAIN This subroutine calculates the elongational strains in pre-
determined directions at predetermined locations on the surfaces
of the shell. It also computes the components of the total
displacement of a predetermined locations on the middle surface.
These directions and locations are specified in the input data, !
see Section ' 3.2. At each strain location four elongational :
strains are found: two along the coordinate curves and two in ‘
directions specified in the input data by the angles § made

with the nl coordinate curve, see Figure 3.5, The first time
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Figure 2,8 Flow Chart for Subroutine STRAIN
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this subroutine is executed, see Figure 2.8, the interpolation
coefficients calculated in START are used to linearly interpolate
the initial values of 8.8 and bua to obtain the corresponding

values AGB and BuB at the strain locations. From these values,

the components of the surface matric GaB at these locations are
calculated:

Gyg " Ay thBg o (2.56)

where, as in (2.55), + or - depends on the surface lying in the

negative or positive direction of ni. Also, the direction

coefficients o and 8 are calculated from the angle ¢ specifying 1
the strain directions: i

a=sine / J1-38§ B = cos 8 - al (2.57)

where § is a function of GGB:

8 =6,/ / 6,,65; (2.58)

This calculation ends the initial pass through the subroutine. 3
For all subsequent time steps, the subroutine uses a different 1
compatational loop to calculate the elongational strains and |
the components of total displacement, as shown in Figure 2.8,

First, the values %48 at the mesh points bracketing the strain

loca:ions are linearly interpolated to give the covariant
compcnents of strain EGB at tho strain locations. These com-

ponents are combined with GGB to give the intermediate strain
components

From these intermediate components, the subroutine determines

é
{
— |
= E1/Gyy s gy EpplGyy s Y 2 Epy / /GGy, (2.59) i
!
i
the elongational strains along the n* and nz coordinate curves: |

E=/Tv2e -1 , Ey= JT+2¢ -l (2.60)
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and in the direction specified by 0:

Ey = /rl 2 (82c1 + 2 aBy + o s, =1 (2.61)

The remainder of the subroutine involves determining the total
displacement components U1 at a predetermined location. The

components of displacesent increments Aui at the mesh point
surrounding the displacement location are linearly interpolated

te give the components of displacement increment AUi at this i
location., These components are added to the previous values

of the components of the total displacement Ui to give their
current values,

Tl T N | (2.62) ' ;
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3. DESCRIPTION OF INPUT

3.1 Input Cards

The data needed to run REPSIL are supplied on ‘.jut cards and, in
the case of certain pressure louadings, on a user-gene:.ated input tape.
Instructions for gencrating the pressure input tape are guiven in Section
6.2. The input cards assign values to the FORTRAN variables listed in
Table 3.1 in that order using the formats indicated.

Table 3.1 List of Input Cards

[TV VT USRNSSR EE

CARD VARIABLES FORMAT!
1 | TITLE 10A8
2 | MESH, NMESH, LAYER, YLDFAC 315,E12.6
3 | MAXC, NCONT, NRITE, DELTAT 315,E12.6
4 | IBEC1, IBEC2, IBEC3, IBLC4 415
5 | LOAD, LPRESS, MDAMP, DAMPF, DFACT 315,2E12.6
o |E, FNU, SIGZ, RHO, THICKN, NSFL, ISR SE12.6,215
> | (SS1G(J), SEPS(J), DSR(J), PSR(J), J=l, NSFL) 4E15.7
8 | NPRINT, (JCHK(J), J=1,3) 41s
9 | NUMCY, (NCYCH(J), J=1, NUMCY) 1615
10 |NLPRIN, (JCYNLP(J), J=1,NLPRIN) 1615
11 |N3D (NC3DP(J), J=1, N3D) 1615
12 | BTADI, ETAD2, NSTRN 2F10.4,15
13 | (ETAGI(I), ETAG2(I), ANGLE(I), ANGLB(I),
NETAG(I), I=1, NSTRN) 4E10.4,15
14 | LENGTH, WIDTH [for ilat plate] 2E12,6
LENGTH, RADIUS, THETA [for cylindrical shell] 3E12.6
LENGTH, RADI, RADF, THETA, MASH [for conical shell] | 4E12.6,IS
15 |MI, MF, NI, NF, VR, NV 415,E12.6,15
16 |M,N,V 218,E12.6
54




The following rules should be obeyed in preparing the input cards.

o Omit card 7 if either NSFL = 0 or NSFL = ] and ISR = 0; otherwise,
the number of card 7's must match NSFL.

¢ The number of card 13's must match NSTRAN > 1.

*Only one card 14 is used, with the data matching the particular
subroutine INGEOM used.

e Omit cards )5 and 16 if LOAD = 1 or NCONT » 0,

e Omit card 16 if NV = 0; otherwise, the number of card 16's must
equal NV,

s inssiccitionts

The input cards can be gr.uped according to the type of data they
supply:

Cards 2,3 Data controlling the finite difference and
numerical analysis.

Card 4 Parameters for selecting boundary conditions. ‘

Card 5 Data controlling the type of loading and the
damping option.

Card 6,7 Material properties.

Card 8,9,10,11 Printing and plotting control numbers.

Cards 12,13 Data specifying locations where displac~ment
components and surface strains are to be
Calculated.

Card 14 Dimensions of shell.

Caxd 15,16 Data characterizing the initial impulse velocity.

3.2 Description of Input Variables

The input variables are described below in the order in which they
appear on th2 input cards, as listed in Table 3.1. The dimensions of a ]
variable are indicated by capital letters in square brackets following
the short underlined description of the variable, with F representing i
force, L length, and T time. The program is written to accept any
consistant set of dimension units. For example, the mass density in the
pound-inch-second system of units for a material weighing 1 pound per

1 1b-sec?
386 in4 '

cubic inch would be
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Card 1 TITLE Title to identify run.

| Not to exceed 80 alphanumeric
;_’ characters.

Card 2 MESH Number of mesh intervals in the n1 direction.

NMESH Number of mesh intervals in the n2 Jdirection.

R il AL

Figures 3.6 - 3.8 show the orientation of the mesh

relative to the nl and n2 directions for the initial

geometries presently progremmed in REPSIL. The choice
of MESH and NMESH should only be based on the portion
of the shell to be actually analyzed; additional intervals
due to exterior mesh points along symmetry boundaries :
should be disregarded. MESH and NMESH are limited by 4
the maximum number of M and N mesh elements permitted :
by DIMENSION and COMMON statements (see Section 3.3):

e A3 T e TN g W T T

2 ; IBCE3 = 1,3 ‘;;
MESH < M ax " ; 1
h 3 ; IBCE3 = 2

1 ; IBCE2 = 1,3 ;
HMESH <N - %2

- ; IBCE2 = 2

-

LAYER Number of layers into which the shell thickness is

divided. The shell is divided into layers, within which
the stress is assumed constant, in order to facilitate
the modelling through the thickness of the stress profile 1
resulting from plasticity. Hence, the greater the number '
; of layers used, the more accurately is the stress profile
‘ presumably modelled, but at the expense of longer caoaputa-
tion times and greater memory requirements. LAYER = 4

has been found to be a good compromise giving reasonably
accurate deflections.

TR T TR
&

YLDFAC  Pajumeter controlling the 'thickness" of ellipsoidal

annuli surrounding yield surface in stress space. The ]
ellipsoidal annuli divided the excursions of the stress
increment outside yield surface into subincrements making
the calculation of the stress or the yield surface more
accurate, see Appendix B. Accuracy increases with value
of YLDFAC, but at the expense of increased computation

times, with YLDFAC = 1 a good compromise. In order not to
use this option set YLDFAC = 0.

¢ T

4
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i Card 3 MAXC

NCONT

NRITE

DELTAT

e T e e T T

Card 4 IBEC1
IBEC2
IBEC3
IBEC4

v e s

. e e

N R g T R AT s T ) T R e T I T S T T e e e G
(P e o g ST ekl - ;

Time step at which it is desired to terminate the
problem.

Time step at which it is desired to begin the problem.
For new problems NCONT = 0 and for restart problems
NCONT = time step from which solution is continued.
Notice that always NCONT < MAXC.

Time steps elapsed between the gathering of restart

data. Restart information written on the restart
tape(tape #1l)every NRITE time steps. If it is planned

to restart a problem, NRITE < MAXC; if restart information
is not desired, make NRITE > MAXC and omit tape.

Finite difference time increment [T]. Using equations
(2.3), the program calculates time increments that assure
numerical stability in the membrane and bending modes of
vibration and then chooses the minimum of these and the
input DELTAT to use in the finite difference calculations.

If DELTAT = 0.0, the program chooses the minimum stable
time increment.

Number prescribing boundary conditions along the edges
of the shell. In Figure 3.1 the edges are inumerated
relative to the (M,N) grid and the admissible values of
the boundary control numbers at each edge are listed.

Clamped edge condition (1). Coordinates of middle surface

y* and components of normal n* are fixed at their initial
values alcng this edge.

Symmetry edge condition (2). Edge lies in a symmetry
plane about which the shell and the loads are symmetrically
distributed. Edge 1 is always a symmetry edge located in

the y1 = (0 symmetry plane, see Figures 3.6 - 3.8. The

symmetry plane for edge 2 is y2 = LENGTH, see Figure 3.6
and 3.7. The symmetry plane for edge 3 is the same as

that for edge 1, namely yl = 0, and hence is applicable
to shell intersecting this plane twice, such as cylinders
and cones, see Figure 3.7 and 3.8. Care should be taken
that the symmetry edge condition be compatible with the
particular shell geometry treated, e.g. although IBCE3

=2 is admissible, it is certainly not appropriate to

the flat plate (Figure 3.6) or the cylindrical panel
wvith THETA < 7 (Figure 3.7).
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EDGE 3 4

| M= MESH + 2 :
E N=1 N=2 N:=3 N=NMESH +1 i
i

EDGE 1: 1IBCEl
EDGE 2: IBCE2
EDGE 3: 1IBCE3
EDGE 4: IBCE4

2 (SYMMETRY)

1 (CLAMPED), 2 (SYMMETRY) OR 3 (HINGED)
1 (CLAMPED), 2 (SYMMETRY) OR 3 (HINGED)
1 (CLAMPED) OR 3 (HINGED)

=

Figure 3.1 Admissible Boundary Conditions "
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Hinged edge conditions {3). Coordinates of middle
surface y1 are fixed at their initial values along

this edge, but normal n' is free to rotate about edge.

Number controlling mode of loading

a -], initial impulse velocity and prcssure-time loading,
= 0, initial impulse velocity,
= ], pressure-time loading.

Initial velocity distribution, other than those represent-
able by cards 15 and 16, and pressure-time histories must
be supplied by the user in appropriate form through sub-
routines INVEL and PRESS; instructions for doing this are
in Sections 6.2 and 6.3, respectively.

Distribution of pressures over shell after time steps
LPRESS fixed at the LPRESS distribution. If LOAD = 0,
set LPRESS = 0. 1If user does not desire to fix pressure
distribution, make LPRESS > MAXC.

Time step at which damping starts. Numerical damping is
used to rapidly slow down the motion of the shell in order
to obtain a final equilibrium configuration. MDAMP is
selected after most of the plastic dissipation is over.
This entails a preliminary run in order to estimate from
the energy balance when plastic deformation is vitually
finished; the damping run is continued from the time

step closest to MDAMP as a restart problem (see Section
3.4). If damping is not desired set MDAMP > MAXC, other-
wise values for DAMPF and DFACT must be supplied below.

Viscous damping coefficient used in smoothing solution

during damping [FT/LS]. Should not be too large in
order to avoid overdanping and consequently prolonging
the time to reach a final configuration.

Parameter controlling termination of problem during

damping. If the ratio of the sum of the energies removed
in two consecutuve kinztic energy annihilations to the
damping work is less than DFACT, the problem terminates
(see Figure 2.7). The smaller DFACT is made, the less
the residual kinetic energy at termination, but at the
expense of longer machine times.
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3

E
FNU
SIGZ

RHO
THICKN

NSFL

ISR

Young's modulus)jF/Lzl.

Poisson's ratio.

Yield stress;jF/Lz]. For perfectly plastic behavior SIGZ
is the maximum stress 0, on the uniaxial loading curve,
Figure 3.2; for strain hardening behavior SIGZ is the
stress ¢, at the first change in slope in the polygonal

approximation to the loading curve, Figure 3.3.

Initial mass density per unit volume [FPZ/L4],

Thickness of shell [L].

Number of changes in slope in the polygonal approximations
to the uniaxial loading curve (equal to the number of
stress sub._ayers):

= 0, no plasticity = elastic behavior,

= 1, elastoplastic with no strain hardening,
> 1, elastoplastic with strain hardening.

Strain rate sensitivity control

0, plasticity is strain rate independent,
1, plasticity is strain rate dependent.

Card 7* SSIG(J),SEPS(J) Stress [F/L®] and strain [L/L] at points of

slope chaqggrof the polygonal approximation to
the uniaxial loading curve, Figure 3.3, where
J = 1, NSFL. The program automaticallvy makes
these data compatible with those on Card 6 by
setting SSIG(1) = SIGZ and SEPS(1) = SIGZ/E.
For the strain rate sensitive case, take these
data from the static loading curve.

DSR(J),PSR(J) Emperical constants used to model strain rate

sensitive behavior, d and p of equation (2.21).
Pair of constants must be specified foi each
slope change (i.e. each stress sublayer) on the
polygonal approximation to the loading curve,
J =1, NSFL. On the stress-strain diagrams,
Figure 3.4, the straight line portions of the

oy -

* Omit card 7 if either NSFL = 0 or NSFL =1 and ISR = 0.
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Figure 3.2 Uniaxial Loading Curve for the Elastic/Perfectly-Plastic 3
Constitutive Model
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Figure 3.3 Uniaxial Loading Curve for the Strain Hardening Constitutive :
Model and Polygonal Approximation to Loading Curve
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Figure 3.4 Polygonal Approximations to the Uniaxial Loading Curve at
various Constant Strain Rate Levels for Strain Rate
Sensitive Materials
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Card 8 NPRINT

Card 9 NUMCY

JCHK(J)

constant strain rate curves are parallel to the corre-
sponding portions of the static loading curve. The strain
€; at each point of slope change is magnified from the

corresponding static strain e ,°by the rate sensitivity
J |

factovw:
1

° € J

where ¢ is the strain rate, see (2.22). If the same
values uf DSR(J) and PSR(J) are used for all J, the
stress °j at each point of slope change is also magnified

from the corresponding static stress cj°:
' 1

oy = o [1 &) pi] .

g, = (0, / ej ) ej s

so that

J J

as illustrated in Figure 3.4a.

Number of elapsed time steps between surface striin
prints. This print is described in Section 4.1.5. The
remainder of the strain print data is specified on

Card 13. If this print is not desired, set NPRINT >
MAXC.

Numbers controlling the printing of output data:

JCHK(1), components of displacement increments,
JCHK(2), coordinates of middle surface and the pressure,
JCHK(3), components of surface normal;

0, data not printed,
JCHK(J) =
1, data printed.

Number of time steps for which JCHK(J) controlled data
and energy balance data are to be printed. Sections
4.1.2 and 4.1.3 describe these prints.
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NCYCH(J)

Card 10 NLPRIN

JCYNLP(J)

Card 11 N3D

NC3DP(J)

Time steps at which JCHK(J) controlled data and energy
balance data are printed. If these prints are not
desired, set NUMCY = 1 and NCYCH(1) > iIAXC.

Number of time steps for which the LMAT (M,N,K) array
s printed. See Section 4.1.4 for a description o
this print.,

Time steps at which the LMAT (M,N,K) array is printed
If thi< print is not desired, set NLPRIN = 1 and
JCYNLP(1) > MAXC.

Number of time steps for which isometric and cross-sec-
tional plots are drawn. A description of the plotting
capasilfties of REPSIL is given in Section 4.2.

Time steps at which isometric and cross-sectional plots

are drawn. If plots are not desired, set N3D=1l and
Nc3DP (1) > MAXC.

Card 12 ETADI,ETAD2 Material coordinates of location at which the com-

NSTRN

ponents of displacements are calculated and plotted

[dimensions correspond to those for ETAG1(I), ETAG2(I)
below].

Number of locations at which surface strains are
calculated and plotted .

Card 13 ETAG1(I), ETAG2(I) Material coordinatcs of locations at which

surface strains are calculated and plotted, Figure
3.5. Dimensions depend on subroutine INGEOM:

Flat plate, distance along width and length,
Figure 3.6,

Cylinder, angle in degrees from the symmetry plane
and distance along axis, Figures 3.7.

Cone, angle in degrees from the symmetry plane and
arclength along the cone generator, Figure 3.8.

ANGLE(I) ,ANGLB(I) Angles 6 measured in degrees from the

NETAG(I)

1
direction counterclockwise about the normal og—the
directions in which surface strains are calculated,
Figure 3.5, where 0 < 6 < 180°.

Number selecting the bounding surface on which surface

strain calculations are performed, Figure 3.5:

= 0, surface on positive side of normal,
= ], surface on negative side of normal.
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Card 14

Card 15*

A b Tt bt

LENGTH
W1DTH
RADIUS
RADI ,RADF

THETA

MASH

MI ,m

NI ,NF

e am— b

——————e A

e g i e e e e ol e o

Dimensions of shell specified on this card. Data
spacifying dimensions must be compatible with the
particular subroutine INGEOM used. The next three
tigures show the orientations relative to the Cartesiar

coordinate axes yi and the associated compatable bound-
ary conditions for the three INGEOM subroutines
presently programmed in REPSIL.

Length of plate along symmetry boundary [L], Figure
3.6, Length of cylinder axis (L], Figure 3.7.
Length of cone along axis (L], Figure 3.8.

Width of plate up to symmetry boundary [L], Figure 3.6.

Radius of cylinder [L], Figure 3.7.

Swmall and large radii of cone [L], Figure 3.8.

Angle subtended by cylindrical or conical vanel

measured from the symmetry plane [Degrees], Figures
3.7 anTSQBO

Number controlling mesh proportions for cone:

= 0, equal mesh intervals along meridian, Figure 6.2a,
= 1, constant mesh proportions, Figure 6.2b.
For the details of this option see Section 6.4.

This card gives the data on the uniform initial
impulse velocity field and gives the number of
points with nonuniform impulse velocity, see Figure
3.9. As indicated in the figure, velocities are
directed in the opposite sense to the normal.

Minimum and maximum values of mesh number M for point
receiving uniform initial impulse velocity VR.
2 < NI < MF < MESH + 2.

Minimum and maximum values of mesh number N for point

receiving uniform initial impulse velocity VR.

1 < NI < NF < NMESH + 1.

* Cards 15 and 16 omitted if LOAD = 1 oxr NCONT > 0.
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SYMMETRY PLANE

R

M=2+ MESH
N= 1+ NMESH

i i O A

Bnte. Bl inedSaient L M

IBCEl = 2
with flat plate geometry (see IBCE2 = 1, 2 or 3

Boundary conditions compatible

] Figure 3.1 for key): IBCE3 = 1 or 3 f J

IBCE4 = 1 or 3

Figurc 3.¢ Flat Plate Geometry




SYMMETRY PLANE

IBCEl = 2

Boundary conditions -

compatible with cylindrical IBCB2 = 1, 2 or 3

geometry (see Figure 3.1 IBCE3 = 1 or 3 when 0 < g < 180° (as shown)
for key): a1, 2 or 3 when ¢ = 180°

IBCE4 = 1 or 3

Figure 3.7 Cylindrical Shell Geometry
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SYMMETRY PLANE

IBCE3 = 2
Boundary conditions "
compatible with conical IBCEZ = 1 or 3
goometry (see Figure 3.1 IBCE3 = 1 or 3 when 0 < 8 < 180°
for key): = 1,2 or 3 when A = 180° (as shown)
IBCE4 = 1 or 3

*IBCE2 = 2 would result in discontinous slope across boundary .
Figure 3,8 Conical Shell Geometry
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VR Uniform initiai impulse velocity received by mesh
points (M,N) in the intervals MI ¢ M<MF § N1 = N < NF,
{L/T].

NV Number of mesh point receiving nonzero initial impulse

velocity other than uniform velocity VR.

card lo* Each card 16 gives data for each mesh point receiving

nonuniform initial impulse velocity; nence total number

ot card 16's must equal NV,

M,N Mesh numbers of point receiving initial impulse
velocity V other than uniform velocity VR.

v Initial impulse velocity at mesh point (M,N) [L/T].

3.3 Array Size, Memory Requirements and Computation Times

Often, the size of arrays must be adjusted in order for the program
to accommodate a new problem. Such adjustments entail changing DIMENSION
and COMMON statements to assure that array size equals or éexceeds the
maximum values of array indices required by the problem.

The maximum values of array indices are easily determined from the
input data, as shall now be shown. First, denote the maximum values >f
the indices M,N,K,J and KJ (see Appendix C.1l for their definitions) ¥
appending the subscript 'max'" to each. Then Mm and N a depend on tne

. : 1 : \ | s .
nunber of mesh intervals in the 1~ and n~ directions (specified ovw il.put

card 2) and the boundary conditions along edges 3 and 2 respectivelv
ccard 4):

- {MESH + 2 ; IBCE3 = 1,3 (31
max MESH + 3 ; IBCE3 = 2 . L2 %
N - {NMESH +1 ; IBCE2 = 1,3 (3.2)
“max NMESH + 2 ; IBCE2 = 2 . -
Moreover, Kmax equals the number of layers into which the shell is
divided (card 2):
Kmax = LAYER , (3.3)

fdae s maas s ea LAty T TR asr s Frewemegre AT DPRE T ST L L2t R RITRRRENRPETE &N TR

¢ Cards 15 and 16 omitted if :OAD = 1 or NCONT > 0.
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: Jmax equals the number of breaks in the polygonal approximation to the
loading curve (Card 6):

Joax = NSFL, (3.4)

e and KJmax is the product of Kmax and Jmax:

RN

KJmax = LAYER * NSFL . (3.5)

The arrays affected by changes in the maximum values of these indices
are listed in Appendices C.2 and C.4. The maximum values of the remaining

array indices usually need no adjusting because they are sufficiently
large for most problems.

e A S At

The storage of arrays constitutes the major portion of the memory
requirements of REPSIL, with the rest of the memory requirements used
to store the remainder of the program. The memory needed to store the
remainder is more or less fixed and depends on the compiler that the
computer uses; for example, the BRLESC computer at the BRL uses between
11,000 and 12,000 words for this purpose. The memory required,to store
the arrays depends on their size, specified by prescribing the maximum

values of array indicies, and hence may change with the problem being
solved.

T T RN T S Y T TS AT

e ket

It is useful to have an estimate of the memory required by a
problem, to see if the computer can accommodate it. For an estimate it
is sufficient to consider only the large arrays — the two and three
dimensional arrays. A count of these arrays, listed in Appendices C.2 :
and C.4, shows that there are 26 two dimensional (M,N) arrays, 3 three :
dimensional (M,N,KJ) arrays and 1 three dimensional (M,N,K) array. Hence,

S T Y

fanls L Rath it el

a problem whose maximum index values are Mmax Nmax Kma and KJ :
? Kw.x Jmax will use
SA = Mmax Y Nmax x (26 + Kmax x (3 % Jmax + 1)) (3.6)

i A e

words of memory to store these arrays. An estimate on the amount of
memory a given computer uses to store the remainder of the program

is most easily obtained as the difference between the total memory

used on a given problem and SA for the given problem. If this difference

is SR' then Zor any new problem a good sstimate of the total number of
words of memory needed is

ST = SR * SA = SR * Mmax X Nmax x (26 + I(ma.x x (3 x Jmax *1). (3.7)

et
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The maximum values Mmax‘ Nmax’ Kmax and Jmax can also be used to

estimate the time a given problem will take on a computer. This follows
from the fact that the computer takes approximately the same time to
solve the finite difference scheme for a given substress at a given
layer and mesh point; hence, the total computation time is roughly
proportional to the product of the number of substresses Jma , 0f layers

Kmax' of mesh points Mmax)‘Nmax and the total number of time steps

Nt 8 MAXC - NCONT . (3.8)

Therefore, once the time T* taken by the computer to solve a problem
with the values J*max’ K*max’ M*max’ N*max and N*t is established,

then an estimate of the time T for any other problem with the values
Jmax' Kmax’ Mmax’ Nmax and Nt is given by the ratio

T _ Mmax X Nmax X Jmax X Kmax 3 Nt . 9
T = M* x N¥ x J* X K* X N* (3.9)
max max max max t

This relation only gives approximate times because it neglects such
factors as the operations at boundary point differing from those at
interior points, the different number of interations for the plastic
stress at different mesh points, the compile times not being proportional.

However, the relation serves as a useful rule-of-thumb, giving over-
estimates as the number of mesh intervals increases.

3.4 Continuation of Problem (Restart)

Every NRITE number of time steps information is written on the
restart tape about the current state of the solution. As discussed in
Chapter 2, this information is sufficient for the program to continue
the solution from any of these prescribed time steps; such a continuation
is called a restart. The restart of a problem entails certain necessary,
advisable and permissible changes in the input data, as follow.

Necessary changes are changes without which the restart problem
cannot be solved. These changes are confined to Card 3. The initial
time step NCONT must be set equal to some multiple of NRITE at which time
step there is written information on the restart tape; this is usually
chosen as the last time step on the tape. Also, the last time step
MAXC must be changed to a value greater than NCONT.

Advisable changes are changes that either reduce the amount of
input data or assure meaningful output data. First, Cards 15 and 16
may be omitted. Second, the time steps specified on Cards 9, 10, and 11

at which output data is collected should be changed so as to fall within
the new interval between NCONT and MAXC.
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Permissible changes are changes that affect the collecting of restart
and output data or the functioning of the damping operations. On Card
3 NRITE mav be changed so that restart information is collected at a
different interval. Also, on Card 8 the interval between the times

at which surface strains are printed may be changed by altering NPRINT
and a different sclection of arrays may be printed by altering JCHK{J).
On Card 5, DAMPF and DFACT, which control damping operations, may be
freely changed. Also, if LPRESS and MDAMP were greater than the new
value of NCONT, thev may be changed.

Finally, s few words of caution., If it is planned to continue a
problem, provide a tape to collect the restart information; otherwise,
omit the restart tape. Any changes in the input data that affect the
siz¢ of arrays should never be made. Lastly, note that there is no
restriction on repeatedly continuing the solution of a problem.

4. DESCRIPTION OF OUTPUT

REPSIL outputs the results of calculations in two forms: printed
output and plotted outpu:. This chapter describes the various output
options available and how the.e are controlled through the input data.

Refercnce will be made to tables and figures in Chapter 5 as samples of
printed and plotted output.

4.1 Printed Output

4.1.1 Input Datz., The printed output begins with a title page
reitcratine the input data and giving the critical At resulting from
the REPSIL stability check, see Tables 5.3 and 5.15. 1f LOAD = 0 or -1,
the uniform initial impulse velocity specified on Cards 15 and 16 will be
printad out next, Table 5.16, Therc¢ follows & print of the initial values
of the Cartesian coordinates Yi and pressure P ai all mesh intersections
(M,N). Table 5.4 and 5.16 give samples of these arrays at select values
of M. The user need not request any of the above prints; they are auto-
matically produced by REPSIL for any initial run. For a restart run only
the title page is printed.

4.1.2 Displacement Increment, Cartesian Coordinate, Pressure and
Surface Normal Arravs., By setting the input variables JCHK(I) = 1 for
1 =1,.,3 (see Section 3.2, Card 8), the values of the displacement
increments Ui, Cartesian coorlinates Yi and pressures P, and surface
nolT.al: 3Ni at every intersection (M,N) are printed at each NCYCH(J)
time stop (Card 9). Samples of these arrays at select values of M
appuar . Tables 5.5 - 5.7, 5.9 - 5.11 and 5.17 - 5.22. Notice that
the ¢ -placement increments are for the time increment just preceding
time strep NCYCH(J).

)

L-‘uu,_, [




- - YTy A P
e et ep o ey T ey A SRR AT L A I TVT S TR RS TR SRR n

G e e TR T W L 0T

RPN

e e 5 T

s e o

[EP———

e T - ——

4.1.3 Energy Balance. The program prints the values of the kinetic
energy CINET, strain enexrgy STREN, plastic work PLAST and external work

TNRG for the entire shell every NCYCH(J) time steps (Section 3.2, Card 9),
as shown in Tables 5.13 and 5.23.

4.1.4 Stress Subincrement Array. The stress subincrement array

LMAT (M,N,K) is printed every JCYNLP(J) time steps (Section 3.2, Card

10), see Tables 5.8, 5.12, 5.18, 5.20 and 5.22. The value of LMAT at the
location (M,N,K) is an approximate measure of the amount of plasticity
occurring there during the given time interval: if LMAT = 0 the stress
increment lies within the yield surface and, hence, is elastic; otherwise
LMAT equal the number of stress annuli outside the yield surface traversed
by the stress increment, see Appendix B for a detailed description.

ek ok

4.1.5 Surface Strains. The surface strains EPSSI(I), EPSS2(1),
EPSANB(I) and EPSANG(I) at locations specified on input Card 13 are printed
every NPRINT elapsed time steps (Card 8). These strains, shown in Tables
5.13 and 5.23, simulate the reading of strain gages alined at the angles

indicated there relative to the n1 direction, see also Figure 3.5. l

o

4.1.6 Error Messages. An inability to satisfactorally calculate a
plastic stress increment at a location (M,N,K) results in an error print,
wherein the values of the quantities involved in computing the stress
at this location are printed and the calculations terminate. This print
occurs for two reasons: either the lead coefficient AA in the quadratic 1
equation for TAMBDA is negative or the values of TAMBDA continue to 1
remain complex even after the use of 100 stress subdivision. The reasons

that both these results are unacceptable and do not permit the continuation
of the solution are given in [3; Sect 1II]}.

4.2 Plotted Output

The plotted output is generated by a separate plotting program
described in Appendix D, This program works from a tape generated by
REPSIL on which plotting data is stored. The program employs the Cal
Comp Standard Plotting Package SCOOP. The plots shown in this report
are generated by the Cal Comp Model 780 Plotter,

4.2.1 Isometric and Cross-sectional Plots. REPSIL stores on tape the 3
Cartesian coordinate array Yi at the initial time step and at subsequent
time steps as specified by the values of NC3DP(J) on Card 1ll1. From these
data the plotting program generates two types of plots at each of these
time step: an isometric drawing of the distorted image of the finite
difference mesh passing through the middle surface; and a pair of cross-
sectional drawing through the Yl = 0 symmetry plane and a plane normal i
to the Y2 axis, as specified in the input to the plotting program. The !
scale of the drawing and a factor to magnify thc displacements from the i
initial position must also be specified as input. These plots are
illustrated by Figures 5.3 and 5.8. The zeroth time step plots are
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automatically generated without the user requesting them., Notice that

these plots print the input data: the mesh number N of the crossection,
the scale and the magnification factor.

4.2.2 Ener Displacement and Surface Strain Histories. At every time
step REPSIL also stores on tape three groups of data: the kinetic

energy CINET, strain energy STREN, plastic work PLAST, external work TNRG
and, when the damping procedure is used, the damping work TDAMP; the
components of the displacement at the location specified on Card 12;

and the elongational surface strains in the n1 and ”2 coordinate direction i
at the location specified on Card 13, {

The plotting program, using the first group of data, plots a time
history of the balance of energies during deformation, as illustrated
in Figures 5.4 and 5.9; notice that graph b of Figure 5.9 is an enlarg- \
ement of the last 400 microseconds of graph a to bring out the details 3
of the energy balance during damping operations. In Figures 5.4 and 5.9a
the top line represents the external work, with that in Figure 5.4 being
due to a pressure loading and in Figure 5.9a due to an initial impulse
velocity; in Figure 5.9b the external work line falls of the graph. In
all three graphs, the bottom line is the kinetic energy and the line
second from the bottom is the totai =nergy of the shell. Hence, the
difference between the bottom line and the second from bottom line
represents the strain energy and the difference between thie top line
and the second from bottom line represents the energy dissipated.
When damping operations are not used, as in Figure 5.4 and the first
405 microseconds in Figure 5.9, the energy dissipated is solely due to
the plastic work. However. at the inception of the damping procedure
(405 microseconds in Figure 5.9b) a third line appears dividing the
energy dissipated irto two parts: the plastic work represented by the ]
difference between the top line and this new line and the damping work 3
represented by the remaining difference.*

The second group of data is used by the plotting program to plot
a2 time history of the components of displacement at a given location,
as illustrated in Figures 5.5 and 5.10. The location as specified in
the REPSIL input is printed with the plot.

* In principle, the plastic work and the damping work are monotone
increasing function of time and when the external work is constant

the total energy is monotone decreasing. That this is only approximately
true of Figure 5.9b is a consequence of the numerical inaccuracy of

the finite difference solution. For the same reason, in purely elastic
problems it is found that the total energy oscillates about the external
work rather than coinciding. However, an excessive rise of the total
energ; sv.r the external work is usually an indication that something 1is

going wrong with the solution, e.g. too large a time increment leading ;
*0 a numerical instability. ‘
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The third group is usad to plot time nistories of the elongational

strains on the surface of the shell in the n1 and n2 coordinate
directions (see Figures 3.6 - 3.8 for the coordinate directions of the
i various geometries employe, as well as Figure 3.5) at prescribed

E locations. These plots are illustrated by Figures 5.6 and 5.11. with

the solid line being the strain in the n1 direction and the dash iine

: the strain in the nz direction. The locations as specified in REISIL,
i including which bounding surface, are reproduced on the plots. A
maximum of 6 locations can be plotted at present.

& 5. EXAMPLE PROBLEMS

; i This chapter demonstrates the use of REPSIL to solve two typical
E ; shell problems. Correct preparation of input data, including proper
!

implementation of various options available in REPSIL is illustrated. ; .

Portions of the printed and plotted output are displayed. These serve E 1
4 ‘ as checks on the proper functioning of the code, esp.cially useful to i
P users adapting REPSIL to their computers. For reasons of economy, no
L attempt is made to discuss the accuracy or significance of results.

i ' S.1 Example 1: Pressure loaded Flat Plate

The first problem involves finding the deformation history of a
simple-supported, rectangular, steel plate¢ subjected to loads resulting
from the detonation of an explosive charge. Figure 5.1 shows the ,
dimensions and orientation of the plate and charge. This example ;
illustrates the use of the following REPSIL options. :

*Flat plate initial geometry i
: ®Analytically specified pressure loading : 3
eHinged edge and symmetry edge boundaries !
® Strain hardening - strain rate dependent material behavior
® Problem restart or continuation

The material properties of the steel in the elastic range are:

Young's modulus E = 30 x 106 psi i 1

% Poisson's ratio v = 0.3 2
: . -4 1lb - sec
! Mass density p =7.3235 x 10 " ——————
. 4
- in
In the plastic range the steel is assumed to strain harden in a strain

rate dependent manner. This behavior is approximated by using a 3 i :
substress model with the following values of the paramerers. ‘ j
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Figure 5.1 Geometry for Example Problem 1
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a 78,000 psi € = 0026 in/in d, = 40 in/in-sec P,=5

1 1
g, = 120,000 psi €, ™ .0082 in/in d2 = 400 in/in-sec P =3
95 = 180,000 psi €y = .0482 in/in dy = 4000 in/in-sec P3-1

Figure 5.2 shows the resulting polygonal approximations to the uniaxial ;
loading curves at four strain rate levels. ’

The pressure loading is simulated by programming into subroutine
PRESS the pressure relation

0; for t < ta
P (m,n) = 225 x 24465.5 e-lSOOO(t-ta)

225 + 2 (m,n)

; for t > ta’

where r (m,n) is the distance from the center of the plate to the mesh
intersection (m,n) and

¢ o J225 ¢ ri(mm) - 15
a 142000

is the arrival time of the shock front at (m,n).

Taking advantage of the two fold symmetry of the problem, only the
lower right quarter of the plate, as shown in Figure 5,1, is treated.
Ccnsequently, edges 1 and 2 are symmetry boundaries and edges 3 and 4
ainged boundaries (compare with Figures 3.1 and 3.6). Also, only the
half width and half length of the plate are prescribed as input dimensions.
The problem uses a 20 x 32 square mesh and 4 layers through the thickness.
A time increment of 4 microseconds is prescribed, a figure well below the

critical time increment predicted by the REPSIL stability criteria
(see Table 5.3).

The problem is solved in three successive runs. The initial run
is set for a maximum of 400 time steps, giving a solution for the first
1600 microseconds. Table 5.1 gives the input for this run in the same
order as outlined in Table 3.1. The first restart or continuation run
is prescribed for the next 400 time step. Only the input data on Cards
3, 9, 10 and 11 are changed, as shown in Table 5.2. The second restart

run continues the solution 389 time steps further and requires changes
in Card 3, 9, 10 and 11 as before.
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Figure 5.2 Polygona! Approximations to Uniaxial Loading Curves at Four
Levels of Strain Rate
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Card
Card
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Card
Card
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Card
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Table 5.1

Card 8§

10
11
12
13a
13b
13¢
13d
13e
13f
14

Table 5.2

Card 3
tard 9
Card 10

Card {1

.300000E 08 .300000E 00 ,780000E 05 ,732350E-03 .100000E 00 3 l

Input Data Cards for Initial Run of Flat Plate Problem
EXAMPLE 1 FLAT PLATE WITH PRESSURE LOADING
20 32 4 .100000E 01
400 0 100 .400000E-05
2 2 3 3
1 1500 1500 0.0 0.0
78000.0 . 0026 40.0
120000.0 .0082 400.,0
180000.0 .0482 4000.0
100 1 1 1
100 200 300 400
100 200 300 400
4 100 200 300 400
0.0 32.0 6
Q.0 32.0 45,0 22.5
0.0 32.0 45.0 22,5
0.0 0.0 45.0 22,5
0.0 0.0 45.0 22,5
20.0 3., 45,0 22,5
20.0 32.0 45.0 22,5
32.0 20.0

Input Data Cards Changed for the First Restart Run

800 4o¢C
4 500
300

4 500

100 .400000E-05
600 700 800
600 700 800
600 700 800
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Sample listings of the printed output for the initial run are
given in Tables 5.3 - 5.13. The program prints the Ui (M,N), Yi (M,N).
SNi (M,N, arrays over the entire range of (M,N), of which Tables 5.4 -
5.7 and $.9 - 5.11 give the values for M = 2,10 and 1 ¢ N < 33 (i.c. the

values along y1 = 0 and yl = 8, see Figure 5.1). Also the program prints
the LMAT (M,N,K) array at every station through the thickness, of which
Tables 5.0 and 5.12 give the array values at K = 3,4, Table 5.13 shows
the surface strains and energy balance prints,

Figures 5.3 - 5.6 present examples of the plotted output as obtained
on the Cal Comp Model 780 Plotter using the plotting program described
in Appendix E. Notice that the plots with time as the abscissa, Figures

5.4 - 5.6, are for the initial run plus the two successive restarts, an
automatic feature of the plotting program.

o acadile
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: Table §.3 First Page of Printed OQutput Summarizing the Input Data and
! Results of Stable Time Increment Check

g ORL REPSIL rONE

E ExXAMMLE 1 FIAT PLATE WITH BRERASURE LJADING

20 MEQMES IN THE @TAL DImpeTioN  (DETAL 80.300000F 01)
: 9 MEQWES IN THE BTA2 DIREETION  (DETAQ ¢0,100000€ 01)

i OENDING  TIME INCREMENT® 0 ,514304E-08
! MEMORANE TIME INCREMENTSe .ooosssh-os 1
; INBUT TIME INCREMENTS N ,400000E-05 ;

' TIME INCREMENT USED RY NEPS¢Le 0,400000E=-05

YOUNG'S MApULUe =8,300000E 08
POISSON'S RATIA -o 300000€ 0o vIELD STRESS U, 780000F 0S8
MASS DENSITY 1 732380803 THICKNESS *0,100000% 03

START AT YIME STeP 0
FINAL TIME STEP 400

PRSI R S

' SURFACE STRAINS EVERY 100 TIME STEP ‘
t RESTART WRITE ®gVERY 100 YIME 5TEP i
: ' i
LAYER & 4 NSTRN = é i
Loin ® 1 LPRESS s 1500 ‘

BOUNDARY CONDITIONS
1/2/3 8 CLAMPED/SYMMETYRY /HINGED

EDGEL = 2
FDGER v 2
EDGE3 s 3
&DGFe = 3

PRINY APTION CONTROAL rARD
071 u NO PRINT/PRINY
1 DISPLACEMENT INCREMENTS
1 CARTESIAN COORDINATES) ORESSURE
1 SURFACE NORMAL VECTOR COMPINENTS

PRINT INFORMATION AT THE FOLLOWING YIME SYEPS
100 200 300 400

PRINT | MATRIX (LMAT) AT THE FOLLOWING TIME STRMS
100 200 300 400

3=D PLOTS FCR THE FOLLOWING TIME STEPS
100 200 300

00
CONSTITUTIVE RELAYION ELASTYOPLASTICWORK NARDENING=STRAIN RATF DEPENDENTY
STRESS=STRAIN APPROXIMATION HAS 3 SHRLAYERS

e e e R (o Y T T

STRESS=STRAIN AND STRAIN RATE PARA\METERS

N J $S1G (Y)Y SerPS(Jy) . DS(V) 1/7PSR( 1)
‘ 1 7.8000000 04 2,6000000€-N3 4,0000000F U1 2,0000000E%01
2 1.20n0000F 0% 8,72000000F-03 4;00000005 v@  9,33333348e=01
3 1,8000006E 0% 4,8200000E-02 ¢,0000000€ 03 1,000000nE 00
sfénv DAMBING AFTER TIwE =TEP 1300 Tive 30,8000E-02
BAMPF s0,00008 00 NFACT =0,0000k VO
L 83
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7 Table 5.4 Sample of Initial Values of Cartesian Coordinates and
E
] Prewsure Arrays for M = 2 and 10
INITIAL CARTES1AN COGROINATES PRESSURE
3 L. Yitn,n} Y2 (NN} Y3(N,N) L{LILL
] 7 1 0.2000000000000000€ 00  0.000C000GIOCU0O0DE 00  0.0000000I00000000E 0O  0.000O0000GECEEECOE €O
2 0,00000C00C0000000E 00  0.1000000000000060E Ol  0.00000200000000006 00  0.0CGCO0000OCCOCOCE GO
g 3 0.,0700000000000000€ 00  0,20000000000000006 1  0,0000000000000000E 00  0.0C000C0IOCCCOO00E 20
i 4 0.000000000000G000E OC 0,300 €0l o 00000000 00  0.00000000800COCO0E 00
1 $  €.000000000U000000E 00  0.4000000000000000E 0L  0,00180000C00GO000E 0Y  0.00CC0G00CCCOBCCOE €O
, 4  0.00000C0000000000€ 00  0.5000000000000000€ 01 0. 0000C000000€ 00  0.GCCOGO000CCGOCCOE GO
i 7 0.0000000000000000€ 0G o.oooooooooc:ooooos 01  0.0000001000000000€ 00  0,0CCO00000CO0COOE 90
8  0.,3000000000C00000€ 00  0.7000030000000000 ol 0. 000€ 00  0.0C0000000CCC2LCOE O
3 * 0.30000C0000000000€ 00 0.00000000000000005 o1 0.0000000000000000! 00 0.0C000000CCCLCCLCE CO
10 0,00000C0000000000€ 00 0. (23 00 0.0CC00000CCCCCCCCE €O
E 11 0.0000000000C00000E 00  0.10000000000000006 02 0.0000000000000000! 00 C.0000000000CC0G00E (C
! 12 0.0000000000000000E GO  0.1100000000000000E G2  C.0000000U00000000€ 00  0.0CCOOPIOCOCCOCOOE 00
13 0.00000C0GCOCO0000E 00 €.12000000000001700¢ 02  0.0000000.000000006 00 0.0C00000CCCLCCLLOE <0
1¢  0.00000C00C0C0G090E 00  0.1300000000000000€ 02 0.0000000000C00000E 00  0,0C0000000CCCOCO0E QO
15  0.7000000000000000F 00  0.1400000000000000E 02  0.00000000GOCO0C00E 00  0.00000000000C0OGI0E J0
16 0.00G00000C0000000€ v0  0.1500000000000000€ 02  C.J000000000C00700€ 00  ©.0CC00000CCCCOCOOE CO
17  0.0000000000000000€ 00  0.16000000000000008 02  0.0000000000CG0C00E 0N  C.0COCO000000COCCOE CO
18  0.0000000000000000E 00  0.1700000000000000€ 02  0.000¢J0(000000000€ 00  0.0000000000CCOCOQE CO
19  0.0000000000000090€ 10 0 1800000000000000E 02  0.0000000000000000€ 00  0,00000000C0CCOCOCE 00
20  0.0000000000C000005 60  0.1900000000000000€ 02  0.,0000000000C00000E 0O  0,0C000000C0OCCOCO0E 00
21  0.0000000000000000€ 00 0.2000C00000000000€ 02  0.0000000300C00000€ 00  0.0CC0000Q00COCOCO0E 00
22  0.0000000000000000€ G)  0.2100000000000000¢ 02 0.0000000000000000c 70  0.000000000CCCOCO0E CO
23 0.0000000000000000€ 00  0.2200000000000000€ 02  0.0000000000000070F 00  0.0C000000CCCCCGO0E 0O
26  0.0000000000000000E 0C  0,.2310000000000000E 02  0.0N00000000000000€ 00 0.0C00G0000CQGCOCCOE 20
2% 0.0000000000000000€ 00  1.2400000000000000€ O«  0.0000000000G000C0E G0  0.000000003CCCCCCOE CO
26  0.000000000000G000E 00  0.2500000000000000€ V&  0.000000000300¢200€ 00  0.0C000000CCCCCLCGOE CO
27 0.00000C0000000000E 00  0.2600C00000000000E 02  0.0000000000000000€ 00  0.0C000000CCCCCCOJE OC
28  0.00000G0000CO0000€E 00 0. 27000000000000005 02  0.70C0000000006000€ D¢  0.000000005CCCOCO0E CC
29  0.000000G000000000E 00 0,2 00000E 02 0. 0000600000000000€ 00 0.C0000000UCGCCCCOE CO
. 30 0.0000000000000C00E 00 0.2900000000000000E 02  0.0000000000000000€ 00  0.00000000GCCCOCO0E 20
; 31  0.00000000006000000€ 00  0.3000000000000000€ 02  0.0000000000009000f 00  0,0C000C000CCCOCGUE CO
i 32  0.20000C0000000000E 00  0.3100000000000000€ 02  0.0000000000000C00E 00  0.0C000000CCCCOCQOE GO
i 33 0.00000C00C0C00C00E 00  0.3200000000000C00E 02  0.00000000000Q0000E 00  0.2446530CCCCCOCO0E 35 ;
: 10 1 0.80000C00C0000000E 01 0.,0000000000000000€ 00  0.0000000000CC3000z 00  0.CCO0000GCCCCCLOIE CC b
: 2 0.800097C000GC00Q00E O1 0.100C000000003000€ 01  0.0000000000000000t 00  0,0C0000000CCCCCCCE CO E
E 3 0.8000000000000000€ 01 0.2000000000000000€ 01  0.0C00000000000000€ 00  0.00C00000CCCCCCCCE CO ;
N 4  9.8000000000C00000C 01 0.3000000000000000€ 01  0.0000000030000000€£ 00  0.0C0000COCCCCOCCCE GO 3
i 5  0.8000000000000000¢ 01 0.4J00000000000000€ 0L  0.0000000C000000G0E 00  0.0G00000CCLLUCCCOCE CC ;
¢ 6  0.8000000000000000€ 01 0.5000000000000000€ 01  0.000000000000UCJ0E 00  0,0CC00000CCCCCCCCE CO
0 T 0.%0000C0000000G00€ 01 0.4$000000000000000€ OL  G.00C0000000CO0000E A0  0.CCOC0COOCCCCCCCCE wO g
; 8  0.8000000020000000€ ¢ 0.700000000006C0000€ 01  0.0000000C00000GI0E 00  ©.00000000( "CCOCOQE IO
§ 9  0.8000000000C00CNOE 91 0.80000000000060000€ 0L  0.006000000L000UJ0E 00  0,0C0COLCOCCCCOCCOE OU
£ 10  0.%00000C0000L0C000€ O1 0. 00000000€ 01  0.0000000006000J0€ 0  0.CCCUCCCCCCCCCCCCE CO
t 11 0.8000000000C00000€ 01 0.1000000000000000€ 02  0.0000000C00C00000€ 00U  0.CCCOQCOCICCCCLLNE J0
12  0.8000000000000000F 01 0.110000000000C000E 02  0.00000000G0000000& 00  9.00000V000CCCOCO0E WC K
' 13 0.800000009C0000CG0E 01 0.1200000000000000€ 02  0.0000000003000000€ 00  0.0C0000000CCLCCCOE OO z
! 14 0.8C20000000000000E 01 0.1300000000000000€ 02  0.0000000690000CJ0€ 00  0,CCCOCOCCLLCLC ICCE CC i
L 15  0.8000000000000000€ 01 U.1400000000000000€ 02  0.000000CCOJCO0C00E 00  0.0CQ000000CCCOCOJE Q0
4 16 0,5000000020000000€ 01 0.1500000000000000€ 02  0.00000,J000C00000€ 00  0,0C00J000CCCGOCO0E OC
' 17  0.800000000000C000F 01 0.1600000000000000€ 02  ©.00000000CO000000E O  0.0C000000GCCCOCCCE CC A
¢ 18  ©.80000C0U0UCO0000E 0L 0.1700000000000000€ 02  0.0000000000C009C0E 00  0.CCCCCCCCCCCCCCCCE CO 1
N 19  0.3C00000000000000€ 01 0.1000000000000000€ 02 0.000000000GCO0000E 00 0.CCCO0000CCCCACOVE OL
E 20 0.800000U000000Q00E 01 0.19000000000C0000€ G2 0.00¢0000000000000€ 00 0,20300000CCCCCCO0F O
: 21 0.,80000C¢0000C00000E 01 0.2000000000000000E 32  0.0000000000000000€ 00  Q.6CCCO0QCCCCCTCCCE CC
f 22 0.80000000C0CO0CO0E 01 0.2100000000000000E 02  0.0000000000C00C00& 00  0,UCCCCOCCCCCCCCCCE CO
{ 23 0.8000000000000000€ O1 0.2200000G000C0GO0E G2  0.0000000000000000& 00  0,000000000CCCCLO0E CO b
L 24  0.9000000000C00000€ 01 0.2300000000000000E &2 0.03000000000000000€ 07 0.00000GC00CCCCCOOE OC
¥ 2% 0.0090000006000000F 01 0.2400000000000000€ @2  0.00C000C000CAQ0090E 00  0.CCCCQOOCCCCCCCCSE CO
: 26  0.%0000C0000000000E 01 0.2%060009000C0000€ 22  0.0000005C00CN0000c 00  0,0CCOCO000CCCOCOOE GO
H 2v  0.300000000000C000E 01 9.2600000000000000€ 02  0,0000000000000000& 00 . CO0OQQOCCCCCCCCOE CG
5 20 0./0002C0000000000F 01 0.270000000000" JOE W2 0.0000000500000000€ 00 0.6.336000CCCCCLCOE OC
' 29  0.80005C0000000000€ 01 0.2400000000000000€ 02 0.0000000000000000E 00 0.0CCOCCCCCCLLCLCCE CO
H 30 0.8000080000CIC000€ O} v.290€0000000000000¢ ¢ 0.0000007000000000¢ 09 0.06000000CCCCCCCoE CO
3 0.30000G000000C000E 01 0.3000000000002000¢€ 0¢ €.0000000000000000€ 060 0.0C00C0NCCCCTCCCOE GO
32 0. 2000000000C00000E 0L 0.3100000000000000€ U2 0. 0000009000CV000CE 00 0.0CCCY0GOCCCLNCQ0E I
33 (.80000C00000007 00E C1 0.3200000000000000¢ 22 0.00C00CC000C0CCI0E 00  0,0CCOQ000CCECCCLCTE CC
'
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Sample of Displacement Increwents Array During Time Increment
199 to 200 for M = 2 and 10

DISPLACEMENT INCREMENTS BETREEN T.5. 199

Ul{MN)
0.00€0000000000090€ 00
0.00C00CG0000J0000E 00
0.000000UNQ0000N00E OC
0.00C0000CO0000000E OC
0.00C000000C0U00000€ 00
0.00000000G0000000E 00
0.0062000000000000¢€ 00
0.00CCO00CQ0000000E 00
0.00CC0O0CCO0C00000€ 00
0.000C000000000000€ 00
0.000000000000CO00€ 00
0.00€0020000000000€ 00
0.010CCO00000000000F 00
0.000000000CG00000E 00
0.0000006000000000€ 00
0.0000000C00000000€ 00
0.0060000n00000030E 00
0.000C000C00900000€ GO0
0.0GC000V000020000E 00
0.00C0Q2CC00C0000QCE 00
0.0000000U0CCO0000F 00
0.0000000000000000€ 00
0.0000000C0C0NO0OCOE QO
0.0000000002000000€ 00
0.000000000C000000E QO
0.00CC0JICO0000CO0E 00
0.00CC0GUCOTOD0D0CE 00
0.00CCOJ0LTI2090000E 0OC
0.0CC0000000CO0000€ 0O
0. 00C00G0L00000000E CC
0.00C0G0OUNOT000000E 02
0.0CCO009GC0O002N00E 00
0.000C0O0GC:CO00000E 09

0.00C0000000000000€ 00
=0.9367931064029214E-06
-0.53198070736761 66E~0S
~0.14636506466912884E-05

0.2577635059557098€E-C4
-0.79326367083086931€~05

0.9736339864651590€-05

0.144416676651214%-04

0.42520646874690%5E-05

0.379/79531664T549E~04
0.2065600270560T753E~04
0.367521806331T7805€E~04
~0.1268702946147533E-05
0.4087752628936T09€-04
0.5663015836442154E~04
0.6593T7268644T71896E-04
0.1067078279420197€-03
0,949099949C9451 75E-04
0410136147428R;3946€-03
0.949047699701.357E~04

+L416853T75T25915TE-02
0.1754142348527070E-03

01694469141 03406323€-03

2.1404496526327821£-03

0.15¢2T74°57328265E-03

N.101985074512511€E-03

041%6:721)4CEHVIT15E-03

0.1627043°961269200~02
0.2069522821120799€-03
0.2219073771893363E-03
0.2211373807693563E~03
0.156550UA4T510459€-03
Ve3125814182922277€E-02

U2 (P,N)

0.0000000000000000€& 00
«0.1381206393653739E-04
+0s2375343470663745E-04
=0.4720040488698901E~04
=0.5000229763695276E-04
=0.97195654087315917E~04
=0.8292596569873348E~0¢
=0.10244700044662928£~03
-0.10033317421097568¢-03
=0.1310745969676948E~03
=0.1536371012669076€6~03
=0.2164696023739369E~03
=2.2042007798745957€-03
=0.1892760728979044E~03
=0,21630187445408673E-03
=0.154569080468346804£~03
=0.2130450507042500E-0)
=0.2293594139886903E~0)
~0.197TT7726T7079¢95€6~03
=0.200306594292%0829€-0)
=0.19769570441414932E-03
~0.1176605779205775€E-03
=0.2183472079786409€-03
=0.1150983869082797¢c~03
=0.06856T6002T769L13E~04
~0.11410181672865856-03
=0.77515869665108130E-04
=C.5338714258114868E-04
=0.8783717403050155€-04
~0.71563153237329932E~04
=0.,1932272522140175E~00
0.6TT1410273254223E~064
0.000000000000GC0OQE 20

0.0000000000000000€ 0G
~0.1934307557308223€~04
~0.87906852905530954E~05
~0.1039791110262683E~04
0.55626088208307563L~-05
0.2139139T744) 71304£~064
0c10134199002638476-05
0.18095683078942409E-04
0.4829530130226414E~05
=0.1243705795220926E~04
0.104697605TTEM080E~04
«~0.3067¢33625348410E-04
«0.2245857195002%38E =04
=0.5000187558670575€~04
~0+57711936110169779E~04
~0.4061778322411T700€~04
~0.9097365160005708c-04
=0.9357838501299170&~06
=0.901228827700:ATHE-O
«0.6369638946751248E~-0¢
=0.5487998986304590C-04
=0,24340821597274A70E-04
=0.6753179360222226E-04
~0.8052488359613026E~04
=~0.4054505051603422€~0¢
C.1517090049:26T42E~-04
~0.01445279745469975<04
=0.209080601926229650L~C4
=0.1194432230405943E-06
~0.1061741629519551E-03
0.5802377T953685049E~04
0.3517116302069396E~04
0.0000%0000000G000E 00
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0.0000000000000000€ 00
«0.41608480328986917€-03
“0.0474440913923587E-0)
«0.14230840541853202€E-02
“0.,1779364250648563%€~02
«0,2303303105088261€E~02
=0.2736902933C260866E-02
=0.32951366048226084E£-02
~0.370873%2%6807441E-02
=0.45046531168145721E-02
«0.5020667473699230E~02
-0.5522972854020365E-02
=Ue6104938%562385423E~02
-0.,6431512541T190C8E-02
=0.69745819350601418E~02
="a.T72310816325527253€E~02
-0.7705063805635238€~-02
-0-7850570817561857€~-02
=0.8172739998317206£~02
~0.8185992246671717:=-02
~0.8011574519626505€-02
~0.7838782354107206€-02
~0e78257757264690370€6-02
=0.7495273269677910E~02
=0.7320251921932451€-02
~0.T17TTO54356977719€~02
~0.7339178246913641€-02
~0.7323212650284600E~02
=0.T7439A899R05486476E~02
=0.7531315721 '22282€-02
= eTI1N157657475296€~02
=0.7636193690124109:~02
“0.8156761964262543E-02
0.0000600C00005000E 00
=0.2212602323124786E-0)
=0.4354805858474219E-03
~0+3046060999894601€6-0)
=0.6259591087167490E-0)
«0.86313682533513934€-0)
=0.11977632433426926-02
=0.150462294%663701£6-02
~0.1012568261607337E~-02
«0.,22108538947899959€-02
=0424796292T1162409E-02
=0.2016299092642461E-02
+043038635553745534E-02
=0+36402606171126956028=-02
~0.37693020931881341E~02
=0.4133N5744806376TE-02
=0.4594070595072928€-02
=0.4910451120870080€6<02
=0+5124806004898764€~02
“N.5326621093544308E~02
=0.52297025756825543E-02
*0.51736264226418164E-02
~0.4968211820931878F-02
~5a4991519678772019¢~02
«0.69140T0645289152E-02
“0eAT762491235036106E~0"
~0.4788483532%55068776~02
~0+T0214U4166045606E-02
=0.4716001576772645E~02
=0.48796951214402084£~-02
“0.4670T498558516651E-02
~0.4659847749990856E~02
=0.480520¢926758087t-0¢
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Table 5.6 Sample of Cartesian Coordinates and Pressure Arrays at Time
Step 200 for M = 2 and 10

200 TINE  0,0000C000£~0)
CARTESIAN COORDINATES

YitR,N, 20%)

0400200C00020000008.

0+ 0000060000000000F
040000060003000000¢
0. 2000000032,00009¢
©.007020009°700090€
0.000020606..000000€
0.60003C000430000GE
0.00000€0000500090¢
0.00000000009000C0F
G+ 000006U0G0GOOUOOE
¢+ 00000000GI000003€
€.900~2650€3C0Cu00L
0. 60000C000uUCO009E
0.030000000000600¢
0.00000000000C00CL
64 3000000090000000E
0.€0000C0000COCOO0E
0.0000000000300000€
U+ 0€ 2006 20035000000F
0.£000C0GUIILI009E
0. £09000C000000000¢
J,30000000 30000000F
¥4 0090950030300000€
¢+ 0060CIC00CI000000E
0400000300C067.00000€
0,00200C009:J900000E
¢+ 00900C002I500000€E
9.05003C)000000000€
2.0000000000000009€
0. 2000002009000000F
€+9000vC00 3030 IGOIE
9.0€993¢000209900¢
¥, 00000C009VV0SI00E
085230500 203U 00IE
14793973227872 7414
347999590794 03438F
3.7999536726516393F
2.79797903 94261 TTSE
243000296257355872¢
0.4200492759399781E
0.8001315629169993F
24R001n6T152 161 545E
0.R03263153197C083E
Ue@0I3303992069259E
U.4004221716739729€
G.500518U31584245TE
0.3006.59598936349€
0.303727344632%064¢
U, 1086653428220A5F
0.900965528341 L 920
0+901077130425¢ 921F
0.9012060269510901C
2.N013294971527412E
0.80143521506989771¢
0.,9015301097612963¢
2.2017348073330954¢
4.90197CT116027T690F
U.P0202U8553114321¢
0.€02159019L96A94]F
0.9023205T7(22R908E
7.90264 771 26990069€
UeP025939743951624E
04302691535¢T75315€
0.8027934470152658€
3.A0243599565941 66€
0.902830532248 TS89

a0

Y2iMeNy 200}
0.0000000000000000¢
0.9999639602400206¢
0.1999923771 346841 E
0.2999951392091313¢
0.3999944225224123¢
0.49990194 6449591 6¢
0.5999734150T747283¢
0.6999629057411831¢
0.7999518618175310¢
0.09993322A6265000E
0.9999129364243030¢
0.109%87335844¢ sei
0.1199857682334034E
0.1299821908145814¢C
0.1399810552355361¢E
0.1499790077229687¢
0.13997608831595512¢
0.169974T6419508708¢
0.1799732157523514¢
0.1899702545286974¢
0.1999693108620917¢
0.209967566267327%€
002199646436 769303€E
0.2299653673669818¢
0.2399629462953092¢
0.2499631710599600¢
042599630172617308¢
0.2699655995203323€
0.2799682030232250€
0.2099739719603%)93¢€
0.29998073554187096€
0.3099913507074701€
0.3200000000000000E
0.00000000000C00QQ0E
0.99993733961 70459E
0.1999912262528011¢
0.,29998299826 T84 08E
0.39998147046723513E
0.499974608951929792¢
0.5999702780932307¢
0.6999647236452590€
0.7999536035512374¢
0.09993572619¢81088¢
0.9999241616793481E
0.1099895257387506€
0.1199892013007349E
0.1299864029760508¢
0.1399861653185095¢€
0.1499840784600682¢€
0.1399835272143853E
0.1699813101678216¢
0.1799805803583359¢
0.109978343541524¢E
0.1999T784269054536¢
0.2099767461723362¢
0.2199764641700348E
0.2299743323580055¢€
042399751727890038¢€
0.2499T745°02537334E
0.259973902715%899E
Ge2699TT0094T731253€
0.2799788291673956¢k
0.289982363822119¢6¢
0.29998798178248022¢
0.309993113951846901E
0.32000000000%9%0uUt
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01
oL
Q2
02
v2
02
02
32
0z
[+73
02
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0z
02
02
02
02
02
02
02
Q2
[}
2
v

YI{PIN, 20D
0.0000000003000000E

=0.578770434T7783275¢~

=Je 1134194189527340%
“CelT3%92787027889T3E
=0.23212v4121180228E
=0.2908723205803003¢
=0.343T13411U940949E
«0.4088972533546703€
=0.468054484384777)€
~0.,527492234T78T70467E

»0.58T2477041867224¢ v

=0.666978R637264820T¢
-0.70%8701201216622¢€
~0.76341564793555029¢E
=0.8203182562318046€
~0.876200087226%327¢
=0.9313939286794805¢€
=0.9056320513624752€
=0.1039145206000769¢
«0.1091934426954038E
-0411433059195739L9E
~0.11931626T72062931E
«0.1241504209589963€
=0.1200421227415664¢
=041333424967944081¢
=2a137632895729680834¢
=0.14169679042441330¢E
~0.14%54564612176037¢
“0. 148769921 7480606E
=0.15156154606768002€
«0.1536646919434049E
~0.1549453092611953¢
=0.1554093976030353¢

00
01
00
00
00

G« 0000000C00I00000k QU
~0.5149942277337489¢-01

«0.10316429734834208¢
«Qs1552214871938123E
“0.20T2699291925028¢€
=0.2592649504297181¢
~0.3110199833167050¢
=0,362844R8816456T178E
=0.4150536777016116¢
~0.44678200098973082¢
~0.5205929355C63546¢C
=0.5726151309320850E
«0.6232931835693T34E
=0.,67294638382746628¢E
“0eT721623003504147: ¢
=0.70696297/39780766€
=(.0166219901334795¢
=0.8627041446406915€
=0.9078296A98116915¢
=0.9518733515G48169¢
=0.9942925143136004E
=C¢a1035153785756821¢
«0.107423824230479306¢E
=Us11122740T7262948T¢
=0.1148709702267225E
«0.1183747954084299¢
~0.1217172682523426E
~Ue1248121T77380287E
=0.1275942349123790E
=~0.12992346403183508¢
=0413169689443710241¢E
=ua.1328353277272R08E
~0.1332175654565731¢E

PRESSURE
PINN)
C.CCCCO000CCLCCLCCE
0.0L679198082160510¢€
0.794075%914381119¢
0.7732311151001857¢€
0.75419006%¢A16129E
0.736894264 “8162¢€
0.T21209471 240 779E
C.T7CT733108C23584642¢€
0.6549805537267740¢
0.604205804103C763¢
0.67498062364602)35E
0.6¢T2835121779712¢€
C.6610973131379158E
0.6564076006322952€
0.67320157204403223€
0.651445C0747¢0556E
C.65118GT310160CH4E
0.6523241091540035€
0.6540593972182595¢
0.858T7341TCCISSICSE
0.66387315016939G2€
0.67017121CC1AT728aE
0.677485970E58336]E
C.6856300008220533¢
0.694369187407365CE
0.70341234502:.97126E
0.712421600C3CS5318E
0.7210181691¢6008256¢
0.720793977¢7¢6128€E
0.73536839%52219T11L
0.7403602765472027¢€
0.T434829591273441¢E
0.T7445459030421148€
9.0060000CCLOCCLOCE
0.84108575908¢69C208¢
0.¥179390275v34015E
0.7958936023236643E
0.775644792¢2545C3E
0.7572231874321815¢
Ve 7402060064 3822CHE
0.725016595C967601€
0.71132387649C21778E
0.659141T37¢9¢847SE
0.68842832370800808¢€
0.6791452070B69¢633¢
0.6712%63962338905E
0.6647271425937266¢
0.6595224989180131€E
0.65560550¢820723211E
0.652935535337v209¢
0.6514465067470085%6€
0.65113772086251281€
Co.6218040172242964E
0.65362212419274085¢E
0.656246691C11299¢
0,65963391¢4C48673E
0.6L36350075472125€
0.668C784T86228¢659€
0.6727670346418C82E
0.6774859782583391E
0.6820081223591¢69€E
C.606104%5945049450€
0.6095580202247072€
0.692177402614273SE
0.6938130129742256¢C
0.69436918740873¢5CE
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Table 5.7 Sample cf Surface Normal Components Array at Time Step 200

TINE STeP

10

OO dOUVELN—F

for M = 2 and 10

299 TIME

0.,AC00C0C0OL-03

SURFACE MORMAL VECTOR COMPONENTS

SNL{m,N)
0.7030062000C00000€ 00
0.7000000000600000¢ 00
0.7009000000200000€ 90
0,00000000CU0Q0000%E (0
0+20000CC020000000¢ 00
0.2000000000000000€ 00
0,30000C000CC00000E 00
0,20900C0000%00000€ 00
0.9000000000200000€ 00
0.0000390000000000€ 00
0.00003C0000000000E 00
0.0000000000C00000E 00
0.0000000000C00000€ 00
0.0000000000000000E 00
0.0000200000000000€ 00
G.0000000000000000E 00
0.0000000000000000€ 00
0.0000000000000000€ 00
0.0000000003900000€ 00
0.0000000000000000€ 00
0.00000C0000C0OCO00E 00
0.0000000000000000€ 00
0.0000000000000000E 00
0.0000000000000000€ 00
0.00000¢60000C00000€ 00
0.0000000000000000E 50
0.20000C0000000000€ 00
0.0000000000C00000E 00
0.0000000000000000€ 00
0.70000C2000000000F 00
0.2000000000C00J00€ 900
0.00000G2000C00000F 00
0.0000000000000000¢ 00

0.0000000000000G0O0OE 00
=0.1669875511732491E-02
«0.74331293011392908E~02
=0.531537184691525¢E-02
=0.7068453344170014E-02
=-0.9883560520375210€-02
~0.1084420144572609€-01
=0.1272981648847809E-01
~041482421940176093€-01
-0.1678118036782868€-01
-0.,1852192880714826E-01
-0.,2092210655€99830€~01
=0.2308955639646668E~01
~0.2523982T22416899€-01
=0.2740011884183273E-01
-0.2967589225060644E~01
-0.3171868369136157E~01
=Ue3395643879461171E-01
=Ue3613365871922697E~C1
=0.3840959818430T7T12€-01
=0.40756113077%52912€~01
=0.4320748193769214E~0C1
«0.4536163035890641E-01
~0.4759602745287188€-01
-0, 4986118137038644F~01
~0e321515272R7T51B4&E~01
~0.5400547021522983E~01
-0:5563692932312091€~01
=0,3699550374619865€E-01
=0.7798106291915533€-01
~0e5902355004941417€-01
=GCe1920213295317994E-01
-0.39989801335902¢25€E~=01

SN21{PyN)
0.57940857481663093¢~CI
0.57616039598838680€~C1
0.5772939002038021E~01
0.58253723720086324E~01
0.5085756028) 164920€-01
0.5869835111796001€E~01
0.5691532016478697€~01
0.59073589564013085€~01
0.5920226871409443€~-01
0.5950259421219623€~01
0.59654772681242225¢E~01
0.5922352270819250€~-01
0.58134884812008081€6~01
0.5714396880024767€~01
0.5634554452449292E-01
0.5546391738165598E~01
0.5451239004557585E~01
0.5380745730216241E~01
0.5318780513532761€~01
0.5201994904933800£~01
0.5055619382739656€E~-01
0.4909143223011414€-01
0.4758056388384516E-01
0.45087590520799637¢-~01
0.4391628158072367€~01
0.4173491537729273¢~01
0.3908319619295600€E~01
0.3%33441056067107¢E~01
0.3049895754374618(~01
0.24451187085445006E-01
0.1090121029083301€E~01
0.8714811380069692E-~0¢
0.0000000000020000€ OV

0.5135%303855117731¢€~01
0.5151550307932584k~ul
04517937346599%040E~01
0.5197480191562081¢E~0)
0.5194390815117043E-01
0.5181929040065611€~01
045173521629105604€E~01
0.5195418283060255€E~01
0.5243168492683684£-01
0.5271034011170938€-01
0~5233¢93274307905E~01
0.512991114298125«E~01
0.5012038509115521E~01
0.49126408246675829€~01
0.4830305198158600£-01
0.4746629210724347E-01
0.4650798143124404E-01
0.,4557T7658716088024£~01
0.4456155915458730€~01
0.432129388003¢2829€-01
0.41627986652239704€~0)
0.40530825031897457C-C4
0.3855T776476909315E~01
0.3716631855114924E-01
0.357610%5269169298¢E-01
0.36241581460153603€-01
0.32177287664286846E-01
0429398450506236596-01
0.25569037284777471:~01
0.20533116503187891:-01
0.1456730969411512:=01
0.76007T745622918771:~02
0.00000003000000001: VU

87

SNALM,N)

Ca99631954694148850¢
U.9962388162824138C
Ue9983322680528201¢
0.9983018099115385¢
0.9982829752906997¢
V.9982757652953579¢
De9YE2629039124961E
0.9982536317859309¢
0.9982460074446103¢
0.9962281509164210E
0.9982: YU6B1812656E
0.9982447467219811E
0.9963067373993550€
0,9983659483524849E
Ce¥984112270665453E
Ue99845069220208490¢
0.9985130942213623¢
0.9965513294461513E
Ue9985845269104094E
0.9986400458545381¢
0.9987212179911304¢
2.9987942887218635€
0.9988674035829255¢
0.9989471464103327¢
0.9990352147007244¢
0.9991287188538CT3E
0.99923596C0091 L TBE
V.9993755447429C10E
049995347985881957¢
0.9997010250132319¢
0.99985T1643443403¢
0.99996202513102665E
0.1000000000CU0CO0E

0.9986805622577925E
Ue9984TCT988CO0022€
049986519026530844E
0.9986342507584856€
Qe F986249B835L1404E
0.998616965355%0119¢
0.9986019560845619¢
0.9583683324933582E
0.9985144TT70782527€C
0.998408813373030860F
Qe FIBASLOLABLATITAE
0.998464152".+8100l¢
0.9984T6-487829796¢
0.9986737230610994E
0.99545603346471078¢
0.%904319168239367¢
0299841420901 74535E
0e998383%2121906411C
0.99083522320634844¢
0.9983272733365341¢
0.9983015835157338¢E
Ce998263°163236933E
0.9902262371306604¢E
0.9981749761119338E
0.9981157296139218¢
Ca9980519687296422¢
0.99802205954848460¢C
Ga99080181677698171E
0e9980469612523682E
0.998106%010656C85¢
0.9981502958389698¢E
Qe9981992408292105¢
Q9982050547197 492¢
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ay at Time Step 200 for

Layers X = 3 gnd 4

Table 5.8 Sample of Stress Subincrement Arr
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Sample of Displacement Increments Array During Time Increment

399 to 400 for M = 2 and 10

DISPLACEMENT [INCHEMENTS BETWEEN T.S.

UL(MyN)
0.090C000C00020000€ 00
0.000000000C000000€ 00
0.00€0000000000000€ OO
0.000%000000000000€ 00
0.0060000000.,0C000C GO
0.0000000000000000E 00
0.0000000000000C00€ 00
0.0000000000000000€ 00
0.02C00C0000000000E 00
0.000000GC0000C000E 00
0.0000000000000000€ 00
0.0000000000000000E GO
0.0000000000000000€ 00
0.0020000000000000€ 00
0.0000600000000000€ )0
0.0060000C0G000000E 00
0.0uC3000C2"000000E 0O
0.0000000000000000€ 00
0,000000000G0C0O0UCE QO
0.0000000000000000E 00
0.0000000CQVY00000E 00
0.0000000000000000€ 00
0.0000000C00000000E 00
0.,0000000000000000€ QO
0.0000000000000000€ 00
0.0000000000000000E 00
0.0000000000000000€ 00
0.0000000000G000000E 00
0.00CC000C00000000E Q0
0.000000000000Q000€ 00
0,0000900C0V000000€E GO
0.00C00000Q0000000€ €0
0.0000C0000000000C0E 00
0.09G00J0C00000000€ 00

~0.4770754949355576E~-04
~0.6611567314536658E-07
~0,2549289901720193E-04
~0.5109789316327839E-04
=0.7643822324891550E~04
0.6515251803264600E-04
0.5377344060740208E-04
0.2190741636500994E-04
0.14G6801126356095€-03
0.6565010450412602€E-04
C.28864085503920303E~04
0.8720845370807517E-Ca
0.512351695127TUS9E~04
~0.4110106531020584E-05
0.2354062691085453E=04
~0.89462762593595190€E~04
0.73201695639648T77E~04
0.182662802749422%€-04
0.3938612508707786E-06
=0.2426859029020859E~04
~C.112810138387770%E-0)
~0.8913274648727T732E=-04
=0.2636798199086T40E~04
~0.567761624250693%E-04
+0.9606452080636070€E-04
~0+107932254033%658€~-0%
~0e2413125134087902E~04
=0.10277887026198651€E-03
0.1194832407458604E-0¢
=~0.9991466786306900%€~04
~0.4390814225568451€-04
=0.0849211113053738€E-04

U2 {meN)
0.G000000000000000E €0
-0.T8270864260845424E~04
~0.5202663369540224£-04
0.1259292905004027€E~04
0.60765993T02T72402E~09
~0.1612526561347885E-03
0.1503384481163329E-04
~0.135829914328508351€-03
~0.78639667042394835E-04
«0.98310943408567919€~-04
-0.2156389773652301€-03
~0.,2008738904093247E~02
~0.4T4T457837557605€E-04
0.8123271123307386E-04
~0.1962291869902040E~-04
0.2551052649710283E-04
0.5168390723675440E-~0%
-0.86887550927802¢42E~04
0.6271185555497%38E~04
~0.1107670087610G243€-0)
0.7423969718964788L-04
0.T7643984354499332E~04
-0.5225602527510881£~04
=0.2T19794446518273E6~04
0.5203559279456042E-04
0.1377554471292373€E-03
0.1667237905957389E-0)
~U0e3T6280T2T44881106~04
0.1963360202321T45E~04
0.15041066926483091€-03
0.1460445543131196£-03
0.6460706216664402E~-04
0.0000000000000000t 00
0.0000000000000000€ GO
0224735469576 T7951TE~06
=0.5415390628280890874E~04
=0.508404354778997T7L~04
-0.110694291201808087E-03
=~0.162230422547839T7E~04
=0.5096290T738340T40E-04
<0.9325T750 7644368133604
=0.8007435645953491£-04
~0.1647272390027941E~03
-0.5206550818505338¢E~04
-0.1198274021712756£-0)
~0.1223861543029325£-03
~0.,50896T9634189021E~04
=0.1429679941905883E-03
“0.4932083563704358E~04
0.4942813523319602E-04
0.93508721557879336L-04
=0.4698440830289077E~04
0.12635602516533063E-04
0. 4455079753781 846E~-04
0.2861447988806T730E=04
CchB844514TAGSTI254E~04
«0.11279624309242Q0E~0)
=0.7070208151711585E~04
~0.2899%5964L67910084£-05
~0.8519200370223044E~04
=0,30572%26240T734605E~04
0.5713905678287226E-04
~0.0948041228277551E~-04
0.10156980865135332€ -03
0.3949491148134010E~04
0.,0000000000000000€ 00

T T TR LT T Y A ey T T o o

399 ANC 400

U3 (MyN)
0.0000000000000000€ 00
*0.18E7415645554234E-03
~0.1525946892134154E-0)
~0.33518115%502311134€~03
~0.19290%53428044718E~0)
~0.23979950865387863t~0)
~0.2%06655180£10989€-0)
~0.3740715647691516E-03
=0.3440130872141165€-023
~0.4518981913863369€-03
«0.1262405221485340E~0)
=0.9512025336242927€E-04
0.301300446859410810£-02
0.5622971945173987¢-03
0.9676818325278087E-03
0.1258792139171492€~02
0.1708308245429524E-02
0.2062072261405049E-02
0.2503357487101452E-02
0.2915668046368819€E-02
0.3062659663769643E-02
0.3299257071485427t-02
0.33196550562283856-02
0.3269716456263]198E-02
0.3152022264604700t-02
0.3147978291306039€~02
0.3001532797809580E~02
Ga2T7T11703056054493E-02
0.2037568213226276E~02
0.278648566520550%€-02
0.2720954831598117€-02
042917537256768694E~02
0.2077853662753165€-02
0.000000CC00000000& 00
«0.2974497746349073E~0)
~0.4311794024616110€~-02
=0+4625365204107660€~03
=0+579093877C,55993E-03
“0.6513186087140760€-03
-0.7861093078455202E-03
=0.8671590706444568€-0)
~0.8(10588450977380E-03
=0.91063036050860153E-03
=0,7197508718649239€-03
-0.6188107592955552€E-03
=043109125740850136€E-03
~0.4588132105118111E-04
0.2418445107460484E~03
0¢3943115343312060€-0)
0.5776552695912365E-0)
0.08879721353125315€-03
0.1181303382099804€-02
Q.14T724633158258596E-02
0.1702726138393248E-02
S.1838758678379059€E~02
0.1934487681056946E-02
0.2024249062362166E-02
0,1938314404194014E-02
0.1917558599208607€~02
0.1083803019306)76€-02
0.18990944488874561€-02
0.1815292378836000€-02
Q.1730785814518515€-02
0.1969018202427332€-02
0.19290858169380239E-02
0,1787040383487114E-02
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Table 5.10 Sample of Cartesian Coordinates and Pressure Arrays at Time
Step 400 for M = 2 and 10

TINE STEP <O Fing

" N YitMeNy 400)

H 1 €+ 30700€0006206000F 00
2 C¢+$03002400000000% 00
3 0.006000600000020008 00
&  .vu02000002u30LODOE J0
$  0.)099C:003v000070¢ 00
[ J¢ WI00C00000L0008 20
7 0.20300€002L 200000 00
8  ©0.0000°00000C00000¢ QO
9 0.2020000000C000000 00

10 042070%0013070LC00E 00
11 Q. 300000\ JOUOOGUYOQOE 00
12 0. 20000003000C0008 00
13 0+ 20003500Q0C00G00E 00
le 0.30300C00C3J05000E 00
15 0.0030090000000000¢ 20
16 0,00702¢0030J0C000E 00
LT 0.707006C0%C0CV00E 00
18 €+ J3003CN0020Q0000E 00
19 0, 000020V023U0CVUQ0E 00
20 0,.00202Q0005209000€ 00
21 0.00900C00CUGQ0000E 20
22 0,00000C00JCu02V0%E 0D
23 040000¢30000000000t 00C
24 0,0020C00GOCOMCOOE 0Q
25 0.00203C00C0CCCO0IE 29I
26 0490003000040000Q0E 00
27 Q.000304606020200CC00 00
20 0.,00003C000330C30¢F 00
29 V¢ 30200¢205C 0000028 09
30 0..0022€00C0C02C00° 00
3l 0, 0000035300 L0NCO0E 00
32 0420202990 50300000F 00
33 0.C0090C000.CO%CCOE 00
10 1 0. BQ000CO0ICCOCO00E 01
2 0. 7999463977499974E Q)
3 0.7999712026712909¢ 0L
L] 043000279332945516F Cl
5 0.800093374157132645 C}
[ 0.8921980869231310F 01
7 0. R003644651410247€ 01
[ ] 0.60050CH092565362E 01
9 0.8007325297163699F 01
19 0.9339504886209193F 01
1l 0,8011690010294600E 01
12 0,8013961555925172F 01
ta 0.%016141112411534€ 01
14 0.8010430031268%267C 0]
15 0.802066386870170LE 91
16 0.80225267331236%1E 01
17 0.£024 348048116800 01
19 CaB029943606447051F 01
19 U.802T7541734670854F 01
20 0.3028617792631183¢ 01
21 0.00301813652415%0€ 0}
22 0.2030905396357420F 0}
23 0.,90320303584636995%€ 01
24 0.803276869529215%3€ 0}
23 0,80332%56496175932¢ 0)
24 0.80338643A5334990E 01
27 U.80341981770358198€ 01
28 043034760980T702831E 01
29 U, 20346 74052310275E 01
30 CeB735437560952838€ 01
3l V. 3035243403329383€ 01
»n 0.8035413447189692€ 0}
n J.8035287096507280€ 01

N 14600COCOL~02

CARTESIAN COORULIVATES
Y2(meN, 400)
0.0000000000000000€ Q0
Q.9C3ITLI6TTT133409E QU
0. 19910313034600558E 01
C.20064899254%06179¢ 0Ol
0o3901943222267893¢ 0L
0.4977279215120816E 0.
0.597387363962157%¢ 01
0.,6970204679382300€ 01
0.7967066056050100¢€ 01
0.3904784084262439€ 01
0,99024829904208790¢ 0Ol
0,1096264737018491E 02
0.11963699876U37T72L 02
0.1296155315233641E 02
0.13961689604067364L 02
0.1496316750395679E Q2
0.1596420592290380€ 02
0.1696605528139823¢ Q2
0.17967T7R0599080062E 02
0.18970L118116°TQ0E G2
C.1997216689402501¢ Q2
0.,20974714867596310E 02
0.2197707201235867E Q2
0.2297965881916999¢€ 02
Q.2398177576110006k Q2
0.2690428932722194¢ Q2
Ce25984335850126021¢ 02
0.26988356611799544E€ J2
0.2799079851420297€ 02
0.28993011P1564056E 02
0.2999541595949241€ 02
0.30997433941%2207€ 02
0,220000000000Q0000E 02
0.000000020000000vE 00
0.,997268769364465¢ 00
0.199458C102525932¢E 01
0.2991990070208322€ 01
0.3989026%5880084287¢ 01
C.4987182640609776E 01
0.59085162456067779¢ 01
0.6982969745122238¢ 01
0.7981533830507295¢€ 0|
0.0982090807Q2718086E ¢l
0.99792642945047733%E€ 0L
0.10978334479005687€ 02
0.,1197016148756306E 02
0129782127031 3844E Q2
0.13970853311401140F 02
0.1497917457007360€ Q4
0159799509621 3138€ Q2
0.1698082%677456380L 02
0.1798191073335599¢k 02
0.1890296550550ul3¢ 02
0.,1998414300558736€ 22
0.2098339559123829¢ w2
0.2198604234422984E G2
0.229080893925%46823¢ 02
0.23908956322261444€ 02
0.2499090073740315E 02
0.25992212039617428 02
0.2699333131926417€ 02
0.2T799472303612451E 02
0.20395898989608563¢ 02
0.2999732226299996E€ 02
0.3099859116473941E 02
0.3200000000000000€ Q2

90

YilPyNy 4000

Q0.00000000000V00Q0E
~0.1262048170627175¢
=0.2323416C319%83924¢
-Q0,370330%01836761¢
«0.50362473021300383¢
=0.,6278805700324873¢
=0, 749819541 7249140F
=0.8687279333135340¢
~0.984101707T096345E
~0.1093678875097017¢
~0.11964409431714590¢€
~0.12923603674812062¢€
~0.13802660808208145E
~0,1459430689650245%¢€
~0.1530887197758526€
~0.15953196040520816E
=0.1653251449847397¢E
~0.1706222462739068¢E
~0.1753663332917867¢
=0.1796563006683662€
=0.1834433154015361€E
=0.,18683938781575%6¢E
~0.10963832443320068¢
“0,19252000T70945617E
~0.1946092060707236¢
~0.1966539713263535%€
~0.1904097646%059082¢€
~0.1999254058435485450¢C
~0.20118796806532295¢€E
~0.2022202472731050¢
~0,:03010785596057 7€
-0.2025092570681502¢t
“0«2030001488392345¢L

0.0000000000000000E
~0.10194402966804460E
-0, 203391T76T2831318¢E
~0,3037297981393019¢
~0.4028601341T717271¢
“0.50035494572T4481E
~0.39540400293508369¢L
“0.,6876265795014543E
~0.7756523272233940E
“0.08592292T414T1640E
“0e93743560901248174E
~0.10101236079852328¢
~0.1UT6T26606181304€
~0.1137200379582373¢
~0.1192097204185232€
~0.1241783766371022€
=0.1206970468833966E
=0.)327897633304332¢
=0.1364TLTIVI946T46E
=04 0397T34E 12435461 F
=0.1427248917172914E
~0.1453394068321960¢
=0.164765T78C00T81553E
=~0.149694971(, *ANB8E
~0.15151510157%.I88¢
~0.1530978M6T7 743081 €
“0.154446499333966848¢E
=0,1555017904098587¢
~0.156542297339%227¢
=0.1573032999027969E
=0.15T8%527657924640¢
~0.12082186082213971E
=Ce 15034623960 T2416E

PRESSURE
PlNN)
6.00€00000CLCCCCOCE CO
C.24837CO0CTIAOY50E-Co
Ge2419569194902430E-04
0,23331342772C9930E-C4
0e2293189447931000E~Co
0.224295221004£54TE~Ce
Co21935062930945730E-04
0.2132584017Ca5104E~Ce
0.2116990306240184E-C4
0.20022003334C0219E~C4
0.2054133634010693E~04
0.2C30700410461440CE-Co
0.2CL1003274897154E~CH
0.1697611503CC0840E~Co
0.,19870545742317536~C4
0.1582569939¢L4JR54E-Co
0.19017CA095¢4) 544E-C
0.1505104236T00430€6-04
0.1992899746¢59224E-Co
0.2C040691€42616511E~%4
0.2C20330336226859€-04
Ce2C39497396149522E~C4
0,2061750054CCI8T4E-Co
0.2006%44765¢C8C27E-Co
0,2113137046878884¢~Co
0.214065042¢237269€-C4
0.2160076067234L24E-04
0.2194237310173783€-04
0,2217919253T17CS6E-CA
0.2237900616251CACE-08
0.22531001536122087E-Ca
0.2262603252C0812%E~Co
0.22650300047€63123E-C4

0.0CC000CCCCCCCCCoE CO
0.2561901682961 046E-C4
0,24891915559 488560
C.2422101052921¢60E-04
0.2360479697225321E-06
0.23041130536795C0E~-04
0.2¢5201326¢2563C¢5E~Ce
0.22064055211C935CE~Ce
0. 21647351 704762076~Co
0.21276619052922756~Ca
0,2C95C58326374R37E-C6
0.2C66807497491343E-04
04204279980818CCT0%-04
0.,2022929T408430191€-C4
0.2C070907242CC733E-04
0.19951T0506794 729E~04
0.1987044950475%065-Co
0.1982549955655054€6~C4
0.1981573766251531E~04
0.1983847362391564E~C4
0,1969134418041312€6~C4
0419971216297559576-0¢
0.2C074297952758%CE~04
0.2009607455429349E~04
0.2C33120694097128E-04
0.2047397135C3I51526~C4
0.2C61758054C03874E-0)4
C.207552005565C050E~)4
0.20079846426433CAE~24
3.2C9069A273379595E-C4
0.2106467T04594699E-04
0.2111445272034811€6-0¢
0.2113137045976094E-~Ca
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Table 5,11

TIME STew

10

Arrv—— T T Caaah Lo

-
a

CO UC U &N

Sample of Surface Normal Components Array at Time Step 400

for M = 2 and 10

wy TV 9,1500C000 =00
SHURFACE NORMAL VECTOR CA%PINENTS

SNL1UMN)
SeS007360CLL05000C 00
0. JOCOQCNICLCINNNIE 00
U 20000C0005505G908 00
9e 000U CUOSUTUILOOF 0O
0.2000380050C0CCUIE 0O
0. 0000 00N09205C00E 00
0, 303335409090 99G00E 0O
04 Y030°€CNGLONUCCIVE OC
0,J0C03CCQCCTO00CNE 0O
0,73GN023C0029C0C0N0E OC
0,)07200C2005C000008 00
T40G0ICU0C0CO0VNIE NC
0« 20300CI2C0NQ0Q00E CO
G.7020GC000030CO0(E 0O
Ce203C0CI000CLA0O0E D0
Ve J0000CUOLICOOCLOE 0O
Ge10003CHNCACO000NF 0O

+«J0000C00005(0000F 0O
Ve 70000CCGCUCOO0COF 00
UeACLOJICLOH.C00000E QO
0. 40003CRAGICH0992E 00
0..500C00000J0CQ0000F QO
0.73202C0002003CNIF Q0

« 2030260000 02¢20C 00
C+000¢C0O0CIC00000E 00
0,20300C00CUCO2000E QO
0,13922C3003C000Q00E 00
Qe Z3CIIC00CHCO%029F 00
G.20G00C00C0C0IC0IE NQ
0. 2030 CO0CUCCCO00E 00
VuNI9CICOVCOIGA0CIE 00
Ce 200CICCATIATUO0CIF 0O
0,33v003J0GIC0GO00E 00
0.2000000002007000F 00

=0.36437C0761522574E-02
~J.11463812664769513E~01
=0e1T73699839%T05445F=-01
~Ua23350 7328991 46596E-01
=0.29171575%6588620€~-01
~Ja349T7292302621939E-01
“C4102AGRGLZ902]199E-01
“(e4b6949606727659T71E-01
~0,.2258325374939417E-01
~Ce57899808963237C0%€-01
=« 6298BT03IISTNZHHE=-0
=0.6763709120161838E~01
=0.7180309514265934€~0]
~0.75595C38674215125E-01
~0e TI03T4TT2T443144C-01
-0.,7238978550265T740€=-01
-0,95301584122251676~01
=Ce9T9772836329434°5-0])
-0e7027237920854672E~01
=0.921508612310T1945€~-01
=34333T264425234159E-01
=.752937443953532&E~01
~0e6356586945T44200E-01
=0e3T744707574357098E-01
~0.,9833780519372098€~01
~0.96%92C5959605420F =201
=0.99490500373864559F =01
~0.19921565506213991F=-01
~Ja10052230542839%9F 00
=Ce1079382682423.29E 0G
~Je 101176403703 7,227 NO
~Ue 1013195158584 ]1%54F 00

SNZIMyN)
0.1259438236377535¢ O¢
0e12574314275462497¢8 QU
04125592498292040617E CO
Cel252118350545483¢ uu
0.1263440411820% 16k OO
0,1226627333524021t OC
0.,120C098782666495¢ 00
Q.11673758176263626L VU
C.1120704798096157€ 00
0.1050816033055283%¢ Q0
0.9911081021817243E-01}
0.7160CE16448660351t=01
0.8315004582592052L-01
C.7506055834267283E-01
N.6TT304494944686TE~01
Ge6093148543176672E~0)
0.5528623P90944591E~0)
0.5005440718302291¢t~ul
0.4503310742402104t-01
0.4025297035755706€-01
0.3580995034336639E6~0)
0.3188060268951205¢€-01
0.278235394T7274755€-01
0.24190641776303528t-01
0.2111620757046566E-01
0.185%5710670574592€-01
0.163204939797Q1T6€E-01
0.138508887460395115€~01
0a1144761094095897&-01
0.9092715383698147E-0¢
Ca643069T03411249TE~02
0.3279282361539989E~02
0.0000000000000000E QU
0.10194154122345306€ ©0
0.101443729708626087E 0O
Cel006625423177331E 00
0.9948134439638992€-01
0.9606647370525801E-01
0.9607055304207587€~01
0.9342370123232040E-01
0.8989056784954705€-01
0.85615492229643173E-C)
0.807228480120708083¢E~ )
0.7530118006662580E-u1
0.6950597019779783€~01
0.6342168184504954E~01
0.5758492549537525€E~01
0.9219804655002300E~01
0.4735468494097715E-01
0.4297591278091432E-01
0.3880057981875988E-01
0.348642160%52599512¢E-01
0.312062¢659290592E~01
0.2777219183202221€E~-01
0.2660251474355664E-01
0.2173305518367674E~01
0.19226485312319080€-01
0.1696068707256063E-01
0.1460344726292553E-01
0.1238696191573141¢6-01
0.10446447584620892%£~01
0.958H928754512229E-02
Cob5391ITISLHLTTIGE~C2
0445457975665 71236-0¢
0.2453722013297306c-02
0.00CNCU00000%90VCE Qv

91

SNi{M4N)
Ve9920273749448670E
0.992062a317048779¢
0499208190%7629451F
Te992130029764%581E
C.9922386912524329)3¢
Ue992648413CTT4204L
0.9927726976092886¢
0.99316268021%33880¢
U.9937002581¢26024¢
0e9943857235240474¢
Qe 995070402 T439789E
0.9957951315457395¢
0.996537C294877480¢
0e99T178977205840%E
Ue9977034565039194¢
0.9981382863445017¢
UeN984TORLE2T92R25¢€
0.998746492523C0173¢
Je990898544950076784E
Ge9991891178440573E
09973586180427982¢C
0+9994916843936930E
Ve 9990128S03831916E
0.9997271690277820¢
049997770279884290¢
D.99982TR020692916E
Ue9998668118AR59I0E
0.9999039610054462¢
0.9999344739550409¢E
09995886404 319945¢
0.9999793228540556E
049999944231 191%13E
0+ 1000000000C00CI0E
0.99479C3510739121¢C
0.994825270250391TE
Cu994856R982193404E
Q.99488T2CT6213138¢E
Ce 9949050 TI9T46275E
0.9949469474 541 989E
0«99501201334461687E
Ve 9951062]163025031LE
Ua 3952214430588410C
Ve 99S3ATTIB2TT5942TE
Ca995478502364644958E
0.9955909518227811¢E
0+995692178419479TE
0e995755135508T7836€E
0.9957713600882089¢E
0.99574228832100866¢
0.9956731361644351€
De V95599394 7125331 E
0.9955129438644531€
0.9954280832756431€E
0.9953577050465760¢
0.9952706518001999¢&

0.9952119254607716E

0.9951602014517759¢
0.9950961775240891¢k
Ve 9950459263254145¢€
0.99502106697461390¢
Je9949836049220726¢E
0.9949582631454131E
0e3942152261151389C
0.2949952371063267TE
Ue?940641534533077¢
Ue97485393686918)19¢
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Table 5.12 Sample of Stress Subincrement Ar

UOOOOOOOOOOOOOOOOOOOOO000000000000
HOOOOOOOOOOO0000000000000000000000
NOOOOOOOOOOOOOO0000000000000000000
“000000000000000000000000000000000
HO00000000000000000000000000000000
HOOOOOOOOOO00009000000000000000000
NOOOOOOOOOO00000000000000000000000
HOOOOOOOOOOOCOOOOOOO00000000000000
NOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOO
UOOOOOOOOOOOOOO0000000000000000000
UOOOOOOOO0000000000000000000000000
HOCCOGCOOGOCOQCOOOCOOCCOOCOOOOOOOO
NOOOOOOOOOOOOOOOOOOOOOO00000000000
POCO00CO0O0OCOOCDO~OO0CO000O000000000O00C00
WOODO0OCOO0O00O0LCOO0O0O0OCOOOOO000OIODO0O0000
SO0 DOOCOOCCD00000COCO0000ODONO0O0OC
OO0 O0COOOICCODODOOODIONOCOONTODVWO0O
Y- N-X-X-X-X-X-¥-X-F-¥-Y.¥-N- Y- ¥ N-N-R-F-¥-¥-F-N<N-R-N-N-R-N-J-R-R=]
C€CDO0DLOOOO~C0OC=OOO0OO000ODOO0ROLOOOOOO
MDD OO NOOCOOO0O0NODONO000ODTOOOT

NODOOOCOO=DMNOO0DC0II0D000000000D200°
-
=

ZAaNNECHOPr@OCO=NALNIFNBDOO
) el o) ot ol ) ol o b =t O

4)

LMAT(MyN,

uonvloooGOOOOoooooaoooooooooooooooo
no.Ucoooooooooooooooooooooooooooooo
woooooooo00ooooooooooooooooooooooo
HO0000000000000ooooooooooooooooooo
uoooooo0000000Oooooooooooooooooooo
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5.2 Example 2: Impulsively Loaded Cylinder

The second example involves a dynamic buckling problem: determine
the final equilibrium configuration of a clamped end, aluminum cylinder
due to an inwardly directed, instantaneous impulse delivered over a
; rectangular region of its surfac., The impulse imparts a uniform
: velocity of 7500 in/sec over an 180° arc extending the entire length
of the shell, The dimensions and geometry of the problem are shown in
Figure 5.7. The example employs the following REPSIL options.,

t
:
I
i

g L TR T

eCylindrical shell initial geometry
e Input card specified impulsive loading

e Clamped edge and symmetry edge boundaries

s Elastic-perfectly plastic, strain rate insensitive material behavior

E e Damping procedure
£

1 . .

; The material properties

of the aluminum are:
Young's Modulus E = 10.7 x 106 psi

Poisson's Ratio v

1/3 1

Yield Stress Oo

42,000 psi

2
2.59066 x 10”4 b - sec”
in

Mass Density o

e v e

As already indicated, the material 1s assumed perfectly plastic at the
yield stress and independent of the strain rate,

Advantage is taken of the symmetry of the problem to restrict the
; analysis to the portion of the shell on the positive side of the yz, y3

coordinate plane between the yl, y3 coordinate plane and the crossectional
symmetry plane, located midway between the ends of the cylinder, Figure 1
5.7, This makes edges 1, 2 and 3 symmetry boundaries and edge 4 a clamped

boundary (compare with Figures 3.1 and 3.7). Also, only 180 degrees of
the circumference and half the length are prescribed as the input
dimensions and the loaded region is restricted to the first 90 degrees

$ arc, The example uses 20 mesh intervals in the circumferential direction ,
‘ and 12 in the axial direction, giving an almost square mesh. The thickness ’
is divided into 4 layers., The time increment is deliberately set equal

to zero in order to assure that the stable time increment determined by
the program is used to solve the example,

98

_— rasachaean WL PRSI e et
et e a2 S s many T i IR TS




A Ny T TR R AT AT R AT e TR, D T Ty o e T Y T T o T T e v i e IR AT TR T R IR TR

-
~
)
| :
042" |
j :
; B
e
% E
i
{
\CROSSECTIONAL
E SYMMETRY
3 PLANE
CLAMPED \
EDGE AXIAL SYMMETRY
PLANE
l Figure 5.7 Geometry for Example Problem 2 ‘-
| |




- YIRS YRR
R R TERTTIT TRRAN T T

- S B v s\l et A AL AL A T e 7 3 T

T T TS TR A X T 1T ST Y W L A T P TTR T .

N TR TR RO T LAl = N

The damping option is used to obtain a final equilibrium coufigura-
tion. Based on a preliminary solution of the example without the use

of damping it is determined that most of the plastic work is accomplished
by time step 270. Hence, the damping for this example is picked to begin
at time step 270, The example is set to run until time step 600, Since
the run may not be terminated by damping before time step 600, provision
is made for collecting information for a restart run every 100 time steps,
Table 5.14 lists the input data for the run in the order shown in Table
3.1. Notice that while the diameter to the outer surface is specified

in Figure 5.9, Card 14 calls for the radius to the middle surface. Also,
because half the area associated with each mesh point along the 90°

line (i.e. along M = 12) receives the full impulse, only half the

impulse velocity is assigned to these points in Cards l6a -~ 164,

N
:
P
¢
'
¢

o TR T T T

Tables 5.15 -~ 5.23 give sample listings of the printed output,
: For the sake of economy, only the values of arrays Ui(M,N), Yi(M,N),
} SNi(M,N) at M= 2, 12, 22 and 1 s N 5 13 (i.e. along the 0°, 90°, 180°
meridians) are given, Also, the LMAT (M,N,K) array is given at K = 1,2,
Figures 5.8 - 5.1i give examples of the plotted output, Notice that

: the damping operations terminate the run at time step 525, corresponding
; to approximately 643 microszconds.
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Table 5.14 Input Data Cards for Cylindrical Shell Problem

Card 1 EXAMPLE 2 FULL CYLINDER WITH IMPULSIVE LOADING

Card 2 20 12 4 0.0

Card 3 600 0 100 0.0

Card 4 2 2 2 1

Card § 0 0 270 .100000E 00 .S500000E-02

Card 6 .107000E 08 ,33333333  .420000E 05 ,259066E-03 .4200005-01 1 0
Card 8 50 1 1 1

Card 9 7 100 125 200 250 300 400 500

Card 10 4 100 200 3000 400
Card lla 24 25 50 75 100 125 150 175 200 225 250 275 300
Card 110 325 350 375 400 425 450 475 500 525 550 575 600

Card 12 90.0 1.5 6 ;
Card 13a 0.0 3.0 45.0 135.0 1 ,
Card 13b 0.0 3.0 45.0 135.0 0 ]
Card 13¢ 45.0 3.0 45.0 135.0 1 ;
Card 13d 45.0 3.0 45.0 135.0 0 \
Card 13 90.0 1.5 45.0 135.0 1 ;
Card 13f 90.0 1.5 45.0 135.0 0 ;
Card 14  .300000E 01 .295800E 01 .360000E 03

Card 15 2 11 2 13 .750000E 04 13

Card 16a 12
Card 16b 12
Card lé6c 12 .375000E 04
Card 16d 12 .375000E 04

2 .375000E 04
3
4
S
Card 16e 12 6 .375000E 04
7
8
9

.375000E 04

Card 16f 12 .375000E 04
Card l6g 12 .375000E 04
Card 16h 12 .375000E 04
Card 16i 12 10 .375000E 04
Card 16j 12 11 ,375000E 04
Card 16k 12 12 .375000E 04
Card 164 12 13 .375000E 04

o et ta kil i st
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Table 5,15 First Fage of Printed Output Summarizing the Input Data and
Results of Stable Time Increment Check

R aEPSIL coObE
#ea EXAMBIE 2 FULL BYLINDER WITh IwPUI'SIVE LOADING eee

20 MESWES IN THE EYAL DIMECTION  tDETAY =p,232323F 00
12 MFSWES IN TWE £ETAZ DIREETION (DETA2 0,2%0000F 00)

BENDING  YIME INCREMENT® 0,089333E-05
MEMBRANE TIME INCREMENTS 0,487000E~05
INPUT TIME INCREMENTY® 0,000000E 0O

TIME INCREMENT USED BY REPStLw 0.150000E~05

YOUNG'S MBDULUS «0,107000E o8
POISSON'S RATIA #0.333333¢ 00 YI1ELD SYRESS tU.420000k 0%
HaASS DENSyTY 20.2590685-03 THIEKNESS 0.420000%-01

START AT YIME STEP 0
FINAL TYIME STEB 600
SURFACE STRAINS eVERY 850 ?lmg STgp
RESTART WRITF EVERY 400 TIME SYEP

LAYRR @ ' NSTRN ¢ [
Loan o 0 LPRESS = 0

BOUNDARY CONDITIONS
17273 a CLAMPED/SYMMETRY HINGED

£DGEL ?
EDGEZ2 = 2
EDGEY = 2
EDGE4 = 1

PRINT APTION CONTRAL rFARD
074 = NO PRINT/PRINY
1 NISPLACEMENT ;NCREMENTS
1 CARTESIAN COORDINATES, SRESSURE
1 SURFACE NORML VecTOR cOMPONENYTS

PRINT INFORMAYION AT TWE FOLLOWING TIME STEPS
100 125 200 2%0 3u0 400 Sop
PRINT L MATRIX (LMAT) AT THE FO _ OWING TINF STEpS
1900 200 300 4r0
3«D PLOTS FrR tug FOLLAWING TIME STEPS
e 50 75 100 125 150 475 200 22% 2% 275 300 325 3%p 378
425 450 475 s00 S5 539 875 g

CINST . TyT{VE RELATYON ELASTOPLASTICUNA WORK WARDENING-STRAIN RATE INDEPENDENT

STRESS-STRAIN aND STRAIN RATE PARAMETERS

4 $S16(J) SERPS(J) , bsm¢w) 1/PSR(J)
1 4.2000000c 0¢ 3,9252338E+13 2,0000000€ 00 0.0000000g 00
START DAMPING AFTER TIME STEP 270 YIVE 20,40506-93
BaMPF €0,4000E 20 OFaCT *0,%000€-C2

N
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Table 5.1uv Second Page of Printed Output Summarizing the Input Impulse
Ve .ocities snd Sample of Third Page of Output with Initial
Values of Cartesian Coordinates Array for M = 2, 12, and 22
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; Table 5.17 Samples for M = 2, 12, and 22 of Displacement Increments
E Array During Time Increment 124 to 125 and of Cartesian

, Coordinates and Pressure Arrays at Time Step 125
DISP_ACERENT IACREuBN?S OB TuEn 1,8, 186 ANR 128

L] N L] T ILILH TLICTLE]
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. P 0.0000%0000000v00® 00 o0, a9108806730%000 28508 0, 99011%4090C 41000t
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Samples at Time Step 125 of Surface Normal Components Array
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Table 5,19 Samples for M= ?, 12, and 22 of Displacement Increments
Array During Time Increment 249 to 250 and of Certesian
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Table 5.21 Saiples for N e 2, 12, and 22 of Dispiscencat Increments
Arvay During Tise Incremsat 499 o
Coerdinates and Pressure Arreys &2 Time
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6. IMPLEMENTATION OF LOADINGS AND INITIAL GEOMETRIES

REPSIL can be made to accept arbitrary impulse loadings, arbitrary
: time and space varying pressure loadings, and, within certain limits,
- arbitrary initial shell geometries., This involves a small amount of
| programming confined to certain REPSIL subroutine: INVEL, PRESS and INGEOM.
; This chapter describes the acceptable ways of implementing loadings and
geometries into REPSIL so as to be compatible with the code's formulation.

6.1 Two Approaches to laplementing Loads and Geometries

i Implementing a loading or an initial geowetry in REPSIL basically
involves assigning to each mesh point (m,n) a value of initial impulse
velocity or a value of pressure for each time step, or values of the
initial coordinates of the middle surface. These values can be assigned
in two ways: first, they can be read off a tape or cards and assigned
to the mesh points by the appropriate subroutine; second, an analytical
expression programmed into the appropriate subroutine can generate these
values, which the subroutine then assigns to the mesh points. The first
approach requires that data be gen>rated outside the program and be read
onto a tape or punched onto cards. The data itself can be generated
analytically, numerically or experimentally -- this approach will accept
all; therein lies its advantage, especialiy for ad hoc problems. Its
E drawbacks are the tediousness of reading onto a tape or punching onto
] cards large numbers of values especially when many mesh points are
employed, and necessity of regenerating new data for a givon physicel
problem whenever the number of mesh intervals is changed. The second
approach has none of these drawbacks, but does require that the data
be expressible analytically. These analytical expressions are most
conveniently written as functions of the underlying material coordinates

(nl. nz) rather than the mesh numbers (m,n), for then the forms of the
expressicns ar2 not affected by a change in the number of mesh intervals.
The value of such an expression at a mesh point (m,n) is obtained as the

value of the function at the material coordinates (nl, nz) corresponding
i to the point (m,n) :

nl(m) = n: + (m-1) an} , nz(n) = ng + (n-1) Anz ' (6.1)

* These equations are closer to the indexing of m and n used in the
program than (2.1), reflecting the fact that FORTRAN does not permit
zero values of array indices.
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where, for M x N mesh intervals, 1 <m <M+ 1,1 <n<N=+1and

nt e =2 an® e = (6.2)

In the subsequent sections, in which the implementation of the loading
and geometry subroutines are individually described, the two approaches
are again covered, as they apply to each subroutine.

6.2 Subroutine INVEL

Initial impulse loadings are specified in subroutine INVEL. At
the zeroth time step INVEL assigns a value of impulse velocity to each
mesh point. The velocity is free to vary spatially over the shell
surface, but at present is restricted to be directed along the normal -
a minor restriction that is easily remedied by allowing tangential

components to be defined through the middle surface basis vectors, see
Section 2.3.

As stated in the previrus section, two approaches can be used in
programming INVEL. With the first approach, INVEL simply reads off
cards or a tape a sequence of values corresponding to the normal
velocity v at each mesh point. Each value is immediately multiplied
by the surface normal at thc mesh point to give components of the
velocity

viavnl, (6.3)

which are then stored in the as yet unused three M x N arrays Aui(m,n).
A form of this approach is used for the subroutine INVEL presently in
REPSIL, which is specified on input Card 15 and 16, see Section 3.2.
(A listing of this subroutine is given in Appendix E.)

The second approach requires some analytic expressions of the form
vyt nd (6.4)

for the normal velocity as a function of the material coordinates. The
material coordinates are limited to the rectangular domain specified in
INGEOM, see [6.10) of Section 6.4, With this approach, (6.1) and (6.4)
are botn programmed into INVEL; (6.2) need not be included since the

increments ~n® are calculated in INGEOM. INVEL dstermines the normal
/elocity it mesh peints by calculating the values of the material
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coordinates at the mesh point (m,n) using (6.1) and substituting thege
values in (6.4) to obtain

v(m,n) = v(nlm), n*()). (6.5)

% As with the first approach, these values are immediately multiplied by
: the normal to obtain the components of the velocity at (m,n), which

are then vtored in the three M x N arrays Aui(m.n).

6.3 Subroutine PRESS

Time/space varying pressure loads ure specified in subroutine
PRESS. Each time step this subroutine assigns a value of pressure to
each mesh point.

! With the fir:t of the two approaches to programming already mentioned,
at each timo step PRESS reads off cards or (more usually) a tape a sequence
: of values of the pressure P at each mesh point and stores these values

j in the M x N array P(m,n) for later use in subroutine MITION, sce

Section 2.3, This approuch has becn used in REPSIL for a numler of cases,
in which the pressure data has been expirimentally/numerically geperated;
reports on these cases are in »r _paratiun.

For the second approacli, analytic oxpressions fcr the pressure 1
as a function of the material cocrdinates and the ‘“.ime:

12
PaF (n", n% 1) (6.6)

are programmed into PRESS, along with (6.1); the material coordinates
are limited to the rectangu'ar domain (6.10) specified in INGEOM. At
each time step &, PRESS calc.iates the pressure P at each mesh point
(m,n) by determining the material coordinates of the mesh point frm
(6.1), the value of time at time step & from

t(L) = 2 At (6.7)

and substituting these values in (6.6): !

P(a,n) = P(n'@m), n¥(m), t(a)). (6.8) |
As with the first approach, these values are stored in the M x N array
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P (m,n). This spproach is used to generate the pressure data for example
problem 1 (Section S5.1); a listing of this PRESS subroutine is in
Appendix E.

6.4 Subroutine INGEOM

The initial geometry of the shell is specified in subroutine
INGEOM. A new subroutine INGEOM must be written for each initial geometry
or at least each family of initial geometries.* The only restrictions
on the admissable geometries are that the middle surface be simply
connected and bounded by four smooth edges, such that none of the corners
formed by intersecting edges are reentrant or straight.

Particularizing the remarks of Section 6.1 to initial . ;ometries,
the basic function of INGEOM is to set up a correspondence .atween mesh

numbers (m,n) and coordinates yi in 3-space through which the middle
surface of the shell initially passes; this correspondence should be
one-to-one. As already mentioned, two spproaches can be used in
programming INGEOM. First, INGEOM can just comprise instructions for

reading off cards or a tape a sequence of ordered triplexes (yl. yz, ys)
and storing these in three M x N arrays yl(m.n). yz(m.n) and ys(m.n).

Of course, the sequence of triplexes yi must be chosen carefully, not
only for sake of obtaining a one-to-one correspondence, but also in

order that the correspondence be topologically continuous in the following
sense: neighboring points in space are assigned adjacent mesh numbers in
the proper order, as indicated in Figure 6.1. This uapproach requires

that the increments in material coordinates, An1 and Anz. be assigned
convenient values that are subsequently used to form finite difference
quotients. Also, it is important that the number of mesh intervals

M and N assigned elsewhere in the program jibe with tha spacing implied
by subroutine INGEOQM.

The second approach uses one or more sets of analytic expressions
giving the Cartesian coordinates yi of the middle surface parametrically
as functions of the material coordinates n°:

11,1 2 2 2 2
Yy =y (n,n) ,y =y (nl.n ) y3 - ys(nl,nz) . (6.9)

These functions are required to be continuous and one-to-one in the
domain over whick the material coordinates vary; the domain itself is

* REPSIL has INGEON subroutines for a flat plate, cylindrical shell and
conical shell programmed, see Section 3.2 and Appendix E.
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limited to some rectangle in the material coordinates plane:

Leng v nden?en? (6.10)

n<n
Consequently, the parametric representation of the middle surface is

simply a one-to-one continuous map of a rectangle in the nx. nz.

plane into 3-3pace, from which automatically follow the aforementioned
topological continuity and restrictions on the boundary. It should be
noted that the parametric representation is not unique--many exist for a
given surface. Moreover, the material coordinates need not have physical
significance, such as arc length, angle, etc., although often a

simple transformation can give thea such meaning.

With the second approach, equations (6.9) are programmed into INGEOM,

as well as (6.1) and (6.2). For a given physical problem, the extent

of the shell is fixed by the limits on the material coordinates (6.10).
Once the number of mesh intervals M x N are specified, the subroutine

computes the constant intervals an® using (6.2) and the values of the

"
material coordinates ﬂl(l) and n“(n) at the mesh points (m,n) using
(6.1). Substituting these values of the material coordinates into the
analytical expression (6.9), the uubroutine calculates the Cartesian i
coordinates of the mesh points:

1

y = yl(l.n) , yz - yz(n.n) , ys

= y3mm) ., (6.11)

thus mapping the rectangu.ar M x N mesh in the nl. n2 plane into a
curvelinecar mesh in 3-space, as pictured in Figure 6.1. As with the
first approach, the subroutine stores these values in three M x N arrays.

The second approach to programming INGEOM will be illustrated
with an example of a shell having ‘for its initial middle surface a
frustum of a circular cone with an axial length L, a small radius Ro and
large radius Rf. Let the frustrum be located relative to the yl. yz. ys

axis as shown in Figure 3.8, With this orientation the coordinates of
the frustum are parametrically given by

1 R
yl = n! sin n? ) yz = %—-}-ﬁg L, y3 = n! cos n? R (6.12)
£ 0

wit: the material coordinates limited to the domain

1.2
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In this representation both paramoters have physical significance: nl
being the radius from the cone axis and nz the angle about the axis.

This representation is not unique; for example, n1 can be replaced

by a puramoter ﬁl measuring arclength along generators through the trans-
formation

~

1 1
n"®=n csca ,

with . the cone angle:

Re _ R
a = arctan —— (6.14)

resuluing in the representation

- 9 - -
yl ® nl sin a sin n% , yz - (n1 . So) ¢cos a , ys = n1 sin o cos n2 »
(6.15;
with domairn
M el
S (= R, esc a) ¢ nt < S¢ (= Rg csc a), 0 ¢ n“<2n% . 6)

Clearly, a transformation repiacing nz by circumferential arclength

cannot exist, for it is impossible fcr the same angle nz at different
location along the cone axis to subtend equal arclength on the surface
of a cone. For the same reason, the image of an % x N mesh under the
representation (6.15) or for that matter (6.12) will yield a curvilinear
roctangular mesh with nonequal rectangles: as shown in Figures 3.8 and
¢.2a, while the meridional lengths of rectangles are equal, the circum-
tverential lengths increase with the radius. However, it is possible

through a judicious transformation of :1 or n1 into say 51 to obtair
nonuni form meridional increments that give similar rectangles (i.e,
rectanyles of constant side ratio). Using differentials, thc condition

that constant increments Aﬁl and An2 g*ve rectangles with a constant
m.ri ‘lonal! tu arcumferential side ratie of v cun be wr tten as
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Assuming that n' is a function of n® and using (6.15), this condition
is shown to be equivalent to the differential equation

S aksina Al , K= lO

dnt A n
Chosing the lower limitc on ﬁl to be zero for the sake of convenience,
the solution of this differential equation yield the transformation

N . -1
n1 =5 e Ksina n

S
- £

in the range U < K sin « nl < In g-. This transformation is substituted
o

in (6.15) to give the parametric representation

. -1
yl So sin a X sin n2 e K sin a n

. -1
2 So cos a X (eK sin a n

<
]

-1) (6.17)

. -1
y3 S, sin a x cos n2 e KSina m

over the domain
0 <Ksina ﬁlfln—g ,Ofn2<21r . (6.18)

Since the program specified the number of mesh intervals M and N rather

than the increments An®, the constant K can be conveniently set equal to
unity. Also (6.15) and (6.17) can be summari-ed in a single general

representation by a change in *he scale of ﬁl, giving the representation

yl = So sin a sin nz f(n1 sin a)

2 .1 .
y = So cos a [f(n” sin a) - 1] (6.19)
y3 = So sin a cos nz f(n1 sin a),
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] ! where for a uniform meridional spacing :
{: 5 1
e " ‘
[ 1 1 1 S¢ !
{ f(n" sina)=an" sina ; 1 <n” sina < 3 (6.20) ;
l 0 :
| and for a constant side ratio : 3
1 1 1 S¢ f
5 f(n” sin a) = exp(n” sina) ; 0 <n” sina < 1n -l (6.21) g £
i ) § ;
Z‘ ' The programming of this representation is straightforward and is included f ;
% in the listing in Appendix E. Figure 6.2 shows the difference between the i 3
: two types of spacing for given M x N mesh intervals, reproduced from Cal ; k
: | Comp plots. ? ‘
L : 3
¢ ! '
% |

IS e .

a. Constant meridional increment b, Constant (almost square) side ratio

o,

e it v i . N e o~ ZE R S

Figure 6.2 Comparison of the 18 x 9 Mesh Genevated by Subroutine INGEOM
for the Frustum of a Cone Using the Constant Meridional
Increment Option and the Constant Mesh Proportions Option
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; APPENDIX A,
; FINITE DIFFERENCE OPERATORS
; The partial Jdifferential equations solved by the REPSIL code
i ‘ employ the following partial derivatives with respect to the material
: coordinates:

9 2
: 2 2, A __i_az_ _a

1] 2 ? » ’ 2 .

E 3n1 N (an%) an anz (anz)

These partials are approximated in the code by finite difference

; operators of order | An |2 in accuracy. These operators, which were
: symbolized by their corresponding partials in Section 2,3, will now
@ be given explicitly.

Let F(m,n) represent a typical mesh function (the position

ccerdinates y1 or the bending resultants M“B, for example) defined over }
the domain of mesh points m im<me and n, $n < At interior

mesh points where the mesh numbers (m,n) satisfy m, <m< me and

n; <A <ng, central difference operators, symbolized by the superscript
{ ¢, are used:

A_F_c_ (man) = F(m+1.Ln) - F(m'lan) »
An1 2An1

3FS (m,n) _ F(m,n+l) - F(m,n-1),
i =

% an” 2An2 A
[ A %S (m,n) _ F(m+l,n) - 2F(m,n) + F(m-1,n) , 3
canly? (anl)?

AZFC (m,n) _ F(m,n+1) - 2F(m,n) + F(m,n-1) ,

3
(an®)* (an%)?
E _*f¢  (m,n) _ F(mtl,n+l) - F(m-1,n+1) - F(m+l, n-1) + F(m-1,n-1) , ’
T3 = T2
ontAn An~An

. 1 2 . . . . .
with An", &n~ (constant) increments in the material coordinates. Notice
that the mixed partials operator involves the successive application of
the first partial operators:
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AFc g S
Fc (m,n) = ——z(mfl n) - —z (m-1 n) (m n+l) - (m n-1)
AnIAn ’AﬁT’ 2Ari2

or more compactly:
A FL = & [aF®\€ . A OF
anlanZ  anI\&nZ) ° EnZ \anT

Along the boundaries where m = m; OF M Or n = n, OF Ng central

difference operators cannot be used to approximate all partials due

to F(m,n) not being defined outside the domain of mesh points. Rather,
some ot the above central difference operators are replaced by either
forward or backward difference operators. Specifically, along m = m,

c Ach

or me only the central difference operators and(——zjzare employed.

The remaining operators are replaced by forward difference operators
(denoted by the superscript f) along m = m, :

£
3L (o) = - E(MD) - AF(melin) ¢ F(ue2on)

2 °Ff (mny = 2F(uN) - SE(mel,n) + 4F(me2,n) - F(me3,m)

(ant)? (anly2
F AFC AFS

2,8 s A - 4 e+ A e,
A
pnianz (@1 = - 2An1

and by backward difference operators (denoted by the superscript b)
along m = m.:

e
U ()« o) = ) Bt
’ 24nl
AZFb AF _oony = 2E(@mn) - SF(m-1,n) *+ 4F(m-2,n) - F(m-3,n)
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A°F° (m,n) = An an an .
An-an” 2An1

Notice again that the mixed partials operator involves the successive
application of first partial operators (forward or backward with respect

to n1 and central with respect to nz):

Ef oy e 2 (AFC) £ A% - s (AFC b
» i » 2 [}
AnlAnz an An2 AnIAn An1 An2

Where possible the code takes advantage of this fact to reduce calculations,

aFC %S
Along the boundary n = n. or n, the central operators =— and are
i f An1 (Anl)z

retained, while the remaining operators are replaced by appropriate
forward or backward operators obtained from the above operators by inter-

changing the roles of m and n, and n1 and n2 simultaneously.

At the cormers of the domain where m = m, or mf and n = ni or nf

the remaining central operators are replaced by the forward or backward
operators appropriate to the common boundaries; in particulcr, the mixed
partials operators involve the successive application of the appropriate
forward or backward first partial operators -- for example, at m = m, anJd

n‘llf
AF A arP ) f
anlan? an;  \4n, .
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1 APPLENDIX B
; COMMENTS ON ELASTOPLASTIC STRESS EVALUATIONS

In the REPSIL code stresses at time t are calculateada in the
manner of (finite) incremental plasticity using the incremental strains

E Aeg which occur between time t - At and time t as well as stored values
E of the stresses at time t - At. In the finite difference analysis

i these calculations are made at every (m,n) mesh node for each k layer.
i Additionally, where the strain-hardening constitutive option is used,

| stresses or, more precisely, substresses are calculated for each j

. sublayer of the mechanical sublayer model (see [2; Section 5.4.2]) and
? the stresses in each k layer are determined as weighted averages of

i the stresses in the j sublayers,

ki i,

At locations where the incremental strains Acj entail plastic
: flow, the flow parameter AA of (2.24) must be evaluated as the root of
. a quadratic equation, see (2.26). An algorithm for dealing with the
E various types of roots which may occur has been dcveloped by Huffington
| [3]. If complex roots occur this algorithm subdivides the elastic stress
! increment, defined by (2.18), into L equal subincrements (for purposes of
stress calculation only) in each of which elastic stress increments |

b

Agg /L take place. Stress caiculations are performed for each of the i
L subincrements, consecutively. If at any stuge of this process a complex ,
root is obtained, the value of L is increased and the calculation is re-

initiated, This procedure is contirued until real stresses are determined

i for time t,

Experience with this procedure has shown that under certain
circumscances it may be desirable to use the subdivided increment
algorithm even when real roots are obtained for the full increment.

} An illustration of this is depicted in Figure B,1, where for simplicity
it is assumed that oi and og are principal stresses (o; = 0), The

values shown on this figure were taken from an actual computer solution,
Starting from the stress state labeled '"1'", the components of the trial

) E . o .
elastic stress vector Ac were calculated using (2.18) and the correction

stress vector - A\ 3 was determined by use of (2.23) and (2.28). These
calculations which resulted in a real root for A\, indicate that the

actual stress increment Ac for the full time step is represented by

the vector joining points "1" and "2". Similarly calculations for the ~
next time step result in a stress increment from point '"2" to point :
"3" and subsequent calculations indicate continued oscillations between ]
the third and fourth quadrants.

Suspecting that these caiculations were inaccurate, the calculations
for the first time step were performed using the suhdivided stress
increment alporithm with [=2, At the ond of the first h..f increment,
the stress »tate labeled "'1,5" was predicted anc, for eud of the second
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half step, the point labeled "2*'", Thus, the revised stress increment
for the full cycle is presented by the vector Ao*, Repeat applications
of this algorithm using larger values of the subincrement counter L

did not produce any appreciable revision of the stress increament vector
Ao* so that this procedure appears to be rapidly convergent,

§ It is apparent that the inaccuracy associated with the use of L=l
in this example results from the large excursion outside the yield

surface performed by the Ac vector. As a rational approach to arriving
at ( appropriate value of L to use in a given case, consider that the ;
yield surface is surrounded by concentric ellipsoidal annuli which are §
labeled L=»1,2,3,°++ as one progresses radially outward from the yield !
surface (see Figure B.1). The elastic region within the yield surface
is arbitrarily designated L=0, Then the appropriate value of L for ;
the subincrement calculation would be deterrined by the designation j

of the ellipsoidal annulus in which the tip of the AE vector is located

i.e., the trial stress state S given by (2.19). The analytical form- 3
i ulation of the criterion for selecting L may be expressed as:

E QT + 0;5 é
» _ L = INT {YLDFAC = -1

9

{ where INT si nifies the "integer part of" the quantity within the curly

{ brackets. 'nte that ¢T, the function defined by (2.20) with the com- )
E
:
3

ponents of g substituted, is already calculated within the STRESS

subroutine to test for yielding, The coefficient YLDFAC is a parameter

(not necessarily integral) which permits variation of the "thickness"

of the concentric ellipsonidal annuli in stress space. The user should

choose YLDFAC to suit his compromise between minimum computer time

(YLDFAC=Q, for which no subdivision of the elastic stress increment

occurs a&s long as a real AX root is obtained) and maximum accuracy ;
(YLDFAC+ =, corresponding to differential subintervals). Although no !
systematic study of the effect of varying YLDFAC has been conducted, :
it appears that reasonably accurate stress determinations have been

obtained using YLDFAC = 1 with only nominal increases in machine time. i
For this value of YLDFAC the ellipsoidal annulas interfaces intersect {

the oz axes at integral multiples of the uniaxial yieid stress o,.

The REPSIL code now provides an optional printout of L (m,n)
arrays for each k layer of the structural shell at specified time
cycles, These arrays provide a definition of the regions of the :
structural shell within which plastic flow is occuring as well as a i
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qualitative indication of the magnitude of the flow activity. Where
a strain-hardening constitutive model is being employed, the largest
value of L for any of the sublayers w

ithin the kth layer will be printed.
Samples of the L array print format are included with the example problems.
see Tables 5.8, 5.12, 5.18, 5.20 and 5.22.

I i
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Figure B,1 Graphical Representation of Stre~s Increments
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APPENDIX C.
DEFINITION OF PROGRAM VARIABLES

In this appendix we list the FORTRAN variables used in the program
and give a brief description of each, identifying where possible the
variable witi the symbol used in the body of the report. The variables
are grouped according to whether they are integer or real and whother they
represent an array or not. Within each group the variables are listed
alphabetically. Index notation is applied to certain sets of FORTRAN
variables, with Greck indices ranging over the integers !, 2 and Latin
indices over 1, 2, 3, as before. These indices are not subscripted or
superscripted. Latin indices are distinguished from letters in the
FORTRAN names by not being caupitalized. Input variables already described

in Section 3.2 are identified by a superscript §.
C.l Intcger Variables
Name Symbol Description ;
I Index corresponding to surface strain locations,
1 < I < NSTRN.
11,12 Dummy indices for elements of the arrays MI1(I)
and MI2(I).
f IBCELS
? IBCE2§ Numbers controlling boundary conditions along ;
| IBCE3$ edges (input data, card 4). !
L IBCE4S %
! IFLAG Control number used in subroutine PDATA.
; 11 Dimension of DAT(J) array, IIs2eNSTRN + 8.
% ISRS Strain rate sensitivity control (input data,
f card 6).
3 3
1
i J Index corresponding to stress sublayers, \
i 1 < J < NSFL. Also a general dummy index.
, J1,J2 Dummy indices for elements of the arrays NI1(I)
§ and NI2(I).
& K k Index corresponding to layer stations,
1 < K < LAYER. 1
KD Dummy argument replacing K.

Preceding page blank




{ : KEY Control number governing mode of operation of
' subroutine WRTAPE: 1, write data on tape
2, read data off tape.

NJ Index corresponding to the Jth stress sublayer
f of the Kth layer, 1 < KJ < KJMAX.
I
l KJMAX Total number of stress sublayers in the entire
F thickness of shell, KJMAX s NSFL*LAYER.
: N Total number of stress sublayers in the first
\ (K-1) layers, KN = NSFL*(K-1).
: L L Number of subincregents into which the elastic

a

stress increment AOB is divided for plastic
flow calculations described in Appendix B,
L < 100,

LAYERS§ K or Km‘x Total number of layers into which the thickness
is divided (input data, card 2).

e ————

; LC Counter for the elastic stress subincrement used
in plastic flow calculations described in
Appendix B, 1 < LC < L + 1. 3

_ LINN Control number used in subroutines STRAIN and
[ PDATA.
| LMNK Counter for the maximum number of subincrements

L occuring in a layer, supplying entrees for
the array LMAT (M,N,K).

LOADS Control number governing mode of loading (input
data, card 5). 1
3
] LPRESSS Last time step at which pressure is nonconstant
: (input data, card 5).
E M m Mesh number in the nl direction, 1 < M < MM, ;

M1 Maximum value of M at wnich strains and stresses
E are calculated, a function of the edge conditions
along boundary 3:

Ml = MS, symmetry edge
MM, clamped or hinged edge. !

F MASHS Number controlling mesh proportion of conical
shell (input data, card 14).
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M1

MDAMP §

MESH §

MF§

MI§

M1, M2

N1

N3D3
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Final time stop (input data, card 3).

Maximum value of M at which the displacement
increments are not modified by clamped edge
conditions along boundary 3:

MR, clamaped edge
MBl=

MS, symmetry or hinged edge.
Dummy argument. replacing M.

Time step 4t which damping operations begin
(input data, card §).

Number of mesh intervals in the n1 direction
(input data, card 2).

Maximum value of M for points receiving uniform
initial velocity VR (input data, card 15).

Minizum value of M for points receiving uniform
initial velocity VR (input data, Card 15).

Total number of mesh points in the nl direction.

Values of M at mesh points bracketing the location

at which the displacement Ul is determined, see
subroutine STRAIN.

MR = m‘z.

Time steps at which restart data is collected
by subroutine WRTAPE.

m = m‘l.
Mesh number in the nz direction, 1 < N < NN.
Maximum value of N at which strains and stresses
are calculated, a function of the edge conditions
along boundary 2:
NS, symmetry edge
N1l=
NN, clamped or hinged edge
Number of time steps at which 3D plots are
drawn (input data, card 1l1).
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NBl

NB2

NCONT §
NCYC
NCYCLE
ND

NDELP

NF§

NI

NLP

NLPRINS

NMESH

NN
NN3D
NNA
NFLOT

NELNTS

Minimum valud of N at which the displacement
increments are not modified by rlamped edge
conditions along Loundary 4:

2, hinged wige
3, clamped edge.
Maximum value of N at which the displacement

increments are not modified by clamped edge
conditions along boundary 2:

NR, clamped edge

o -

NBze 3
NS, symmetry or hinged edge

Initial time step (input data, card 3).
NCYC = NCYCLE - 1.

Time step.

Dumay argument replacing N.

Number of time steps between surface strain
prints, replaces NPRINT in program.

Maxioum value of N for points receiaving uniform
initial velocity VR (input data, card 15).

Minimum value of N for points receiving uniform
initial velocity VR (input data, card 15).

Counter indexing the array JCYNLP(J).

Number of times the array LMAT(M,N,K) is
printed (input data, caxd 10).

Number of mesh intervals in the n2 direction
(input data, card 2).

Total number of mesh points in the n2 direction.
Countor indexing the array NC3DP(J).

Counter indexing the array NCYCH(J).

Plotting tape unit number.

Input on card 8 as the number of time steps
between surface strain prints, replaced by NDELP

in program. 1In program NPRINT gives the time
step, at which surface strains are printed.
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NQL,NQ2

NR
NRITLS

NS

NSI'LS J

NSTRNj

NUMCY §

ML

C.. Integer Arrays

JCHNJ ) 5

JOYNLP(WT) £

IMAT(M,NK)  L{".,n)

Mii. MI2(1)

NC3DP() §

NCYCH(J &

NETAG(I) ¢

Nei(ly, Nicgly

Valuos of N at mesh poi.ts bracketing the

location at which the displacement Ui is
determined, see MQL, MQ2.

NR & NN-2

Number of time steps betwecn collection of
resturt data (input data, card 3).

NS = NN-1,

Total number of stress sublayers in each layer - a
plasticity modelling control (input data, card 6).

Total number of locations at which surface strain
are computed (input data, card 12).

Number of time steps at which JCHK(J) controlled
data and energy-work data are printed (input
data, card 9).

Number of mesh points receiving initial velocities
V different from uniform initial velocity VR
(input data, card 15).

Print control (input data, card 8).

Tiwe steps at which array UMAT(M,N,K) is printed
(input data, card 1Q).

Matrix of maximum stress subincrements for the
Kth layer, see description of L and LMNK, and
Appendix B.

Values of M at mesh points bracketing the Ith
surface strain location, MIl(I) < PM(1) < MI2(I)
s MII(1) + 1.

Time steps at which 3D plots are obtained (input
data, card 11).

Time steps at which .JCHK/J) controlled data a.d
energy-work data ar¢ printed (input data, card
9).

Control seiecting surface on whioh Ith surface
strain location is situated (input data, card 13).

Values of N at mesh poants bracke ing the Ith
surface strain locativn, NII(I) < PN(I) < NI2(I)
SNITTLY o+ 0

NS
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(.3 Real Variables

All
Al2t AaB
A22
AA

ALFN

ANGEL

ARl1l

Av12| ARag a*®

AR22

AVGRAD

Bil
B12}Bag
B22

BM11
BM12(,
BM21{"
BM22

Mag

BT

C1

ClOLD
Cc2

CA

CB

CINEP

-2B

2DAt/T,,

anlan2
anlan2ag/E

T*

Covariant components of middle surface metric.

Coefficient of quadratic equation for AA.

Alphanumeric print indicating surface on which
strain are determined.

ANGLB(I) or ANGLE(I) in radians.
Contravariant components of middle surface metric.

Cylinder radius or average cone radius, zero for
flat plate,

Coefficient of quadratic equation for AA.

Covariant components of middle surface 2nd
fundamental tensor.

Mixed components of 2nd fundamental tensor.

Trace of 2nd fundamental tensor.

Sound speed, c =‘/5T%:373

Program constant used in equations of motion,
Cl = C2/(4 + C2).

0l1d value of Cl in subroutine DESTEP.
Program constant used in damping work calculations,

Program constant used in kinetic energy and
work calculations.

Program constant used in elastic energy
calculations.

Kinetic energy removed by previous KEA operation.
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CINER T, Kinetic energy at time t - 1/2 At,
% - CINES T,, T,, Kinetic energy at time t + 1/2 At or at time |
§ " ¢ + 3/2 At in subroutines DAMP and DESTEP. 3
; CINES1 T_ Previous value of CINER in subroutines DAMP and :
: DESTEP,
E CINET T Kinetic energy at current time t. ;
? CM,CN Weighing factor accounting for reduced areas at ‘
2 boundarys in summing for the kinetic energy and
: work.
§ csil1
3 CSs112
§ Cs122 CSapy T, @ Christoffel symbols for the middle surface. . :
; cs211 Y gy : i
; CS212 f i
CS222 '
CSMI} CSMa Normal components of FNTai.
CSM2
D Bz-AC Discriminant of quadratic equation for AA.
D1 i Components of the displacement of the middle ]
: Dzz Di U surface particle with material coordinate '
: D3 ETAD1, ETADZ,.
f DA a Determinant of the surface metric 3,8
E DAll One half the incremental change in a8 during
‘ DA12$ 1/2 Aa 8 the time interval from t - At to t.
; DA22 @
; DAMPF§ D Viscous damping coefficient (input data, card 5). 1
3
DB11 Incremental change in bo‘3 during the time :
08122 Ab 8 interval from t-At to t.
DB22 @
DELB Aty Critical bending time increment for stability. :
DELGAM Atzlro Program constant used to calculate TEMP(M,N). !
DELIN At Temporary storage of input DELTAT.
DELM AtM Critical membrane time increment for stability. :
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DELMIN

2
DELR At*
At

2 .
DELS (ét*) §?°:32:, Factor used in computing au' and T in subroutine
)

At
DELSQ At 2
DELTA §
DELTATS At
DEPS11
DEPS12 o
pEps2] | DEPSaB  Aeg
DEPS22
DETAL
DETAZ} And

1 1
DETAN 5 (1 - §2)

DEFACTS

DG g
DN An

DNLI} An
DNL2

DNRI}
DNR2

SGL1L ]
DSG12L o
DSG21L bog/L
DSG22L

DSIGL1

DSIG12 Eq
DSIG21 DS1Gap Aas

DS1G22

to

DSQOLD at

Minimum of DELB and DELM rounded off.

Factor used in computing aud and T in subroutine
DESTEP, see (2.53 and 2.54).

DESTEP, see (2.53 and 2.54).
DELSQ = DELTAT**2.

Time constant used in subroutine STRAIN.

Time increment (calculated by program or input
on card 3).

Mixed components of the strain increment AeuB

Increments in the nl and nz material coordinates,
respectively,

Factor used in calculating DELB, see (2.3).

Factor for terminating damping operations (input
data, card 5).

Determinant of 8yg
Normal component of increment in nt.

. . . |
Tangential components of increment in n".

. . a o
Contravariant form of Ana, apove; An = a BAnB

E
Subincrements into which Aog below is divided.

Mixed components of elastic stress increment.

0ld values of DELSQ in subroutine DESTEP.
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H
¥
:
v
3
4

L

DUSN1L

DUSN i
DUSN2

DW

DXd4
DY4

Ed

EN
ENR

ENS
EPSDOT

EPSR1
EPSR2
GRAMMAR

ETAI}
ETA2

ETADlé}
ETAD25

Fl1
FlZs
F2¢'

FLAYER
FLOATL

FNT11
FNT12
FNT13
FNT21
FNT22
FNT23

FNUS

G

Au
“n

niAul

1/(An1)4}
1/ (a4

E

MW (t-3 At)
AW(t-At)
Antln
AwEt)
AnlaAn

el
ezg

2Y

Qo

MQB

_—
as %4

()

A}

1/L

ia

P4

[ty

ag

e [P U TSR S

Corrections applied to the normal components of

Aui along clamped edges and at clamped corners,
respectively.

Normal component of aut.

Factors used in calculating DELB,see (2.3)

Young's modulus (input data, card 6).

Work increment in the time interval t-At to t.
Value of ENS at the time t - A..

Proportional to work increment in the time
interval t-1/2 At to t+l1/2 At.

Deviator strain rate used in strair rate
dependence law.

Intermediate compcnents of strain used in
calculating surface strains.
Material coordinates nl and nz of middle

surface particles.

Material coordinates of the point at whicn

the displacements U' are calculated (input
data, card 12).

Proportional to bending resultant FMaB (M,N).
Factor used in calculating DELB.

Fraction of stress subincrement.

Proportional to stress resultant FNai (M,N).

Poisson's ratio (input data, card o).
Shear Modulus.
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Gll

GAMMAR
GAMZ l'o = ph

GR 1/ /[6),G,,

GR11 6
GR12 g
GR22

GTWO o9

H 1/2 h
LENGTHS

PHIT Ly
Pl
PLAST W

PM1
PM2
PN1
PN2

E
PRAT ™2
Qlls

Ql2
Qa2

™

QMI,QMZ}
QN1,QN2

RA 1/a
RADIS§

RADIUSE

R TN ISP RO SROR W R

gaB
a‘ Ag

e« st o bR e T RS

Used in subroutine STRESS for the metric Bqg

of the lamella ¢ distance from the middle surface
and in subroutint STRAIN for the initial metric
GaB on the bounding surface.

See EPSR1 above.

Mass per initial middle surface area.

Time constant computed from GaB .

Inverse of metric gue.

Twice the shear modulus G.
Half the shell thickness, H = 35%955.

Length of plate, cylinder, or cone '(input data,
card 14).

Yield function.
The mathematical constant 7.

Plastic work.

PM1 = MI1(I)

PM2 = MI2(I) Conversion from integer to
PN1 = NI1(I) ficating point form.

PN2 = NI2(I)

Material constant.

Proportional to membrane components of stress
resultant.

Mesh numbers corresponding to material coordinates
ETAD1 and ETADZ,

Interpolation coefficient used to compute the
displacement components Di.

1
RA =DK|

Small radius of conical shell (input data, card 14).

Initial radius of cylindrical shell (input -ata,
card 14).
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3 RADFS Large radius of conical shell (input data, cerd 14).
k
¢ RD11  i/(anl)2 Program constants used in computing second order
] L RD12  1/4Anlan2 finite difference derivatives, see Appendix A.
RD22  1/(4&n2)2
-1
k RG 1/g RG De
¢ ! RHCS§ P Initial mass density (input data, card 6).
? RN1 { Cartesian components of unit normal SNi (M,N) at 3
: . RN2§ n_ the previous time t - At. :
% RN3 !
; 3 I y
; RR! 1/a RRA SRR §
E : RSUM Factor used in rounding off DELMIN, ¢
% RTD1 1/2An1 Program constunts used in computing first order § ]
; RTD2 1/2tn2 finite difference derivatives, see Appendix A. § ;
' SA,SB a,B Constants for computing surface strain in 6 % k
] direction. i ;
SIG11
; SIG12 a Mixed components of stress at time t. §
: s1Gz | 168 9y %
‘ S1G22 1
SIG11D ?
SIG12D $IGagD ga Mixed components of plastic flow corrector stress. g
SIG21D B )
SI1G22D ;
SIGII % 3
‘ SIG121 a Mixed components of stress at time t - aAt. ] 1
' s1G211({SI16FL o.g 3
: S1G221 §
i
SIGL1L .
SIG12L a Mixed components of trial stress. ;
S1G22L :
SIGYSQ 002 Square of yield stress or square of yield stress 3
magnified by rate sensitivity factor. :
SIGZ§ 9, Uniaxial yield stress (input data, card 6). ;
f‘
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SNN ninf Scalar product of normals at times t and t - At.

§ SRA  a ? SRA = SQRT (DA).
Ef
§ SRDEL 1/ /1-82 Time constant used in subroutine STRAIN.
f
i SRG  g? SRG = SQRT (DG).
}
P SS11 Weighted sum of the mixed components of sublayer
3 §s12 a stress rfor given layer, giving the layer stress.
! SSaf ¢
2 §s21 B
; §522
E STREN v Elastic strain eneirgy.
!
% SUM Factor used in rounding off DELMIN.
[ SUMALL T o8 Sum of components of layer stress SSIMN(k), etc.
% SUMAlzz ” o over all layers.
; SUMA22
; SUMB11° Ecaac Sum of first moment of components of layer stress
; SUMBle k SSIMN(k), etc. over all layers.
i SUMB22
SUMC11 3. aR 5 Sum of second moments of components of layer
SUMClZ% ke ¢ stress SSIMN(k), etc. over all layers.
SUMC22
t T2 _l_i_%é_gj Factor used in calculating DELB, see (2.3).
: 8(An*aAn*
. : _ THICKN
; TA Ag uayer thickness, TA = FAYER
TAMBDA A Factor measuring amount of plastic flow.
TB a%A; Program constant used in calculating resultants.
5 AP Wy Damping work. Z
; THETA! Angle subtended by cylindrical and conical panels
. (input data, card 14).
1 THICKNS h Thickness of shell (input data, card 6).
TIME t Current time, TIME = NCYCLE*DELTAT.
TNRG W Total external work (due to pressure). ;
TR 1/(2antan?) TRD = 2*RD12. '
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5 U1l

| ul2

§ Uui3 Uaj i First finite difference derivatives of the

; uzl 1 Uy displacement increment Ui (M,N) with respect to

: u22 material coordinates ETAa.

; u23

E ULl

§ U112

5 U113

; ulal Uagi ui Second finite difference derivatives of the
U122 aB displacement increment Ui (M,N) with respect

! uiz3 to material coordinates ETAc,

? u22l

: u222

1 U223J

: UlR . Components of displacement increment during the

; U2R Aut time interval [t - At, t].

; U3R

5 uls . Comn.. .nts of displacement increment during the

? u2s Au, time interval [t, t + At]. 3
uss)

E VE \' Initial velocity at mesh points not receiving

; uniform initial velocity VR (input data, card 16). 3

E VF1 . Force due to the pressure P (M,N) in the equations

i VF2 -pnt of motion.

t VF3s

) VM1 2,08 1 Foi..c due t. bending resultants FMag(M,N) in the

; VM2 3 (M n) equations of motion. )

b onadnB '
VM3 3

3 VN1 L% Force due to s °s resultants FNai(M,N) in the

4 VNzt 5 equations of »  .n.

i VN3 an

’ VRS v Uniform initial velocity (input data, card 15).
WIDTHS Half width of plate {input data, card 12).
Y1l
Y12 i
Y134y s i First finite differcnce derivatives of the position 1
Y21 Ya vector Yi (M,N) with respect to material coordinate ;
Y22 ETAa, forming local basis for middle surface. ;
Y23 :
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Yl11l

g Y112

l Y113

| Y121l Yagi i Second finite difference derivatives of the

: Y122} yaB position vector Yi (M,N) with respect to

| Y123 material coordinates ETAa.

! Y221

H Y222

g Y223 /

E YLDFACS Parameter governing the ''thickness'" of stress

i ellipsoidal annuli, see Appendix B (input data,

f card 2),

f YRI11

? YR12

; ;2;? YRai a“sy; Dual or reciprocal basis to the basis Yai.

E YR22 :

g YR23 i

L ZAYER K Floating point representation of LAYER, i

; 3

i ZETAK 2¢ ZETAK = 2 » ZETA(K). 1

!

:

E

t
i
i
!

)

I
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C.4 Real Arrays

Alll(l)}
A121(1) Y AaBL ()
A221(1)

AllZ(I)}
A122(1) ) AaB2(I)
A222(1)

AL113(1)
A123(I)}A083(1)
A223(1)

Al14(1)
A124(I)} AaB4 (1)
A224(1)

ANGLB(I)§
ANGLE(I)I}

ASA(L) ,ASB(I)  2a°

B111(I)

8121(1)} BaBl(I)
B221(I)

B112(I)
B122(1)
B222(1)

}
|

BaB2(I)

B123(X)
B223(I)

BaB3(I)

B114(I)
B124(I)
B224(I)

BaB4 (1)

BSA(I), BSB(I) 288
CSA(1), CSB(I) 2aB
DAT(J)

DEPS1(K) 4e)1

DEPS2(K) Ae22
DGAMMA (K) Ae)?2

Initial ay3 at mesh point (MI1(I),NI1(1)).

Initial agg at mesh point (MI1(K), NI2{(I)).

Initial aaB at mesh point (MI2(I),NIl(I)).

Initial 8, at mesh point (MI2(I),N(2(I)).
Angle specifying direction of surface strains
Ee at location I (input data, card 13).

Constant for computing surface strain in & direction.

Initial byg at mesh point (MI1(I), NI1(I)).

Initial bgg at mesh point (MI1(I), NI12(I)).

Initial bag at mesh point (MI2(I),NI1(I)).

Initial bag at mesh point (MI2(I),NI2(I)).

Constant for computing surface strain in 9 direction.
Constant for computing surface strain in @ direction.
Array storing energy, displacement and strain
plotting data each time step.

Elongational components in the nl and n2 directions

and shear component of strain increment in the Kth
layer.

149




g e T e YT e T TN RS TTATRTERETYEL TR YW B ¢

OMI(I), DM2(I)} Interpolation coefficient used to compute components
DN1(I), DN2(1) of surface strain at location I.
DSR(J) § dj Constant in strain rate dependence law (input data,
card 7). '
: EPSANB(I)} E Elongational surface strains in the © directions at
? EPSANG{1) 8 location 1.
g EPSL1(M,N) €11 Elongational components in the nl and nz directions
! EPSL2(M,N) ezzz and shear component of strain on the negative
} GAMMAL(M,N) €]2 bounding surface at mesh point (M,N).
% EPSS1 (1) E) Elongational surface strains in the nl and n“
; EPSS2(1) E, directions at location I.
E EPSUL(M\N) €]) Elongational components in the n1 and n2 directions
: EPSU2 (M,N) ezzz and shear component of strain on the positive
: GAMMAU(M,N} «¢]2 pounding surface at mesh point (M,N).

E ETAGI(I)s} " Material cuordinates of the Ith surface strain i
¢ ETAG2(I) s locatisn (fnput data, card 13).
& FM11(M,N) Components of the bending resultant tensor at
: PM12(M,N) at  the mesh point (M,N).
FM22(M.N) FMag (M,N) M
FN11(M,N)
FN12(M,N)
] FN13(M,N) ; ia Components of the stress resultant tensor at the
? FN21(M,N)(FN“‘(M'N) N™" Desh point (M,N).
» FN22 (M,N)
FN23(M,N)
GAMMAL(M,N) See EPSL1(M,N) above.
GAMMAU(M,N) See EPSU1(M,N) above.

GIi2(1) 2/ metric G,, at strain location I.

; GI1l(I) l/Glé ’ Time constants computed from the initial surface
' 11922
Gr22(1) 1/Gy; )

P(M,N) P, P* The pressure or augmented pressure at mesh point
(M,N).
PM(I)} m,n Mesh numbers corresponding to material coordinates
: PN(I) ETAGI (I) and ETAG2(I). !
PSR(J) s P, Constant in strain rate dependent law (input data, 9
’ cazd 7).
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SE(J) Slopes of Jth segments of polygonal approximation
to strain hardening stress-strain curve.

SEPS(J)} Gj Strains at corners of polygonal approximation to
strain hardening stress-strain curve (input data,
card 7).

SIG1(M,N,KJ) oé%‘ Normal and tangential components of stress in the

SIG2(M,N,KJ) ¢ 1 2 :

TAU(M,N,KJ) o12 n~ and n” directions at mesh point (M,N), layer K,

sublayer J.

SIG2SQU) o Square of yield stress at Jth sublayer.
SN1(M,N) { Cartesian components of unit normal to middle
SN2(M,N) n surface at mesh point (M,N).

SN3(M,N)

SSIMN(K) oéi Normal and tangential components of stress in
SS2MN(K) 992 layer K, obtained from the mixed component form
STMN(K) o SSaB by raising index.

SSIG(J)S °j Stresses at corners of polygonal approximation

to strain hardening stress-strain curve (input
data, card 7).

STMN(K) See SSIMN(K) above.
TAU(M,N,KJ) See SIG1(M,N,KJ) abave,

TEMP (M,N) Atz/(ao’sro)Value of time constant at mesh point (M,N).

UL (M,N) i Cartesian components of displacement increment

U2 (M,N) Au undergone by the mesh point (M,N) in the time

U3 (M,N) interval At,

WT(J) Weighing factors used in summing the sublayer
stress to obtain layer stress, see SSaB .

Y1(M,N) . Cartesian coordinate of the mesh point (M,N) on

Y2(M,N) y1 the middle surface.

Y3(M,N)

ZETA(K) 4 Distance along the normal from middle surface to
midpoint of Kth layer.

ZETASQ(K) &2 Square of ZETA(K).
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APPENDIX D
REPSIL PLOTTING PROGRAM

This is an independent program, separate from the REPSIL progranm,
It was written to satisfy the requirement for a visual display of the
output from REPSIL and PETROS structural response programs. This plot-
ting program is useful in quickly interpreting results that in tabular
form would be extremely difficult if not impossible, to understand.

The program makes use of the Cal Comp Standard Plotting Package
SCOOP which is standard software for a large number of computing systems.
If SCOOP is not available it can easily be adapted to any particular
plotting system.

D.l Description of Main Program and Subroutines

The main program reads the plotting date tape and controls the flow
of information. If the variable IFLAG equals one, data is read and
stored in the plotting data arrays. If it equals two, data is read and
the program calls subroutine PLOT3D, When IFLAG equals 99999 the program
valls subroutine GRAPH.

If the number of cycles arc greater than MAXAR-2 an ERROR PRINT
will occur indicating the need for enlargement of the following data
arrays: TIM(MAXAR), Ul(MAXAR), U2(MAXAR), U3(MAXAR), CIN(MAXAR), STC(MAXAR)
TNR(MAXAR), DAMPLT(MAXAR), and EPSS1(N), EPSS2(N), where subscript N
is equal to NSTRN*MAXAR., If memory is available MAXAR and the plotting
data arrays can easily be enlarged.

Subroutine PLOT3D reads one control card and plots a cross-section,
profile and isometric view of the middle surface of the shell. The
coordinate data points Y1 (M,N), Y2 (M,N) and Y3 (M,N) are mapped into
XP, YP for each M and N to form the isometric view of the surface. Every
line lying on the surface is plotted, not just those which are visible
(cf. Figure 5.8).

The surface is plotted by connecting successive (M,N) mesh points
with straight-line segments for each M over all N on the mesh and, in
turn, connecting successive (M,N) mesh points for each N over all M.

Input parameters on the control card allow considerable flexibility
in plotting the three views. The deflection can be magnified in order
to bring out the details of the deformation pattern. The scale to which
the plots are drawn can be adjusted in two ways. First, the scaling
factor SF is found avtomatically, ell three dimensions are scaled
independently in order to fit the surface into a cube. Then the maximum
scale of the three dimensions is selected as the desired scaling. If
the maximum is less than one, SF is set to one. Second, the user specifies
the scaling factor SF on the input control card.
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It is recommended that the first way be used with a cube size,
SOFC, of 3.5 inches for every new surface to automatically find SF,
See Figures 5,3 and 5.8 for examples of the plotted output.

Subroutine GRAPH produces two graphs. First, time vs displacements
Ul, U2, U3 at the coordinate point (ETAD1, ETAD2), see Figure 5.5 and
5.10. The second graph is energy balance information (time vs kinetic
energy, strain energy, total energy and total damping work) which is
useful for detection of numerical instabilities and as an indication
of when the solution may be terminated, see Figures 5.4 and 5.9.

Subroutine STRGRA produces NSTRN graphs of time vs clongaticnal

strain in the n1 and nz directions at the coordinate point (ETAGI,
ETAG2) on the inner or outer surface of the shell. The results can be
compared with cxperimental measurements recorded by strain gauge mounted
on the surface, see Figures 5.6 and 5.11. See REPSIL input, Section

3.2 for the description of NSTRN.

Subroutine SEDSHL will plot a dashline instead of a solid line.

Subroutine MAXMIN finds the maximum and minimum point for two
or more arrays of data on the Y-axis for a given plot.

D.2 Input Plotting Control Card

Variables Format
DEFLM, SQFC, SF, NPT 3E10.4, IS f

DEFLM Deflection magnification factor.
SOFC Cube size, automatically finds scale factor SF,.
SF a0, Scaling factor SF is found automatically.

>0, Desired scale factor.
Example: Scale 1/2, punch a real number 2 in columns 21

to 30.
Scale 1/10, punch a real number 10 in columns i
21 to 30, 1
NPT Mesh point location in the n2 direction at which a cross-

section is desired.
Following are some examples of the plotting control card.

Example 1 :
DEFLM = 1,0, SOFC = 3,5, SF = 0.0, NPT = 13 '

kxample 2
DEFIM = 3,0, SOFC = 0.0, SF = 2,0, NPT = 33
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Example 3
DFFLM = 100.0, SOFC = 0.0, SF = 10.0, NPT = 10

D.3 Description of Variables

Name Definition

All, Al2, A2l Constants wused in the mapping fuuctions XM, YM to

A22, A23 rotate and transform [Y1l, Y2, Y3] into [XP, YP]

CIN(1500) The array of numbers, corresponding to kinetic
energy used in the energy balance plot.

DAMPLT(1500) The array of numbers, corresponding to total
damping work used in the energy balance plot.

DAT (20) Array used in the plotting data tape input list.

EPSS1(9000) The array of numbers, corresponding to the

strains in nl direction.

EPSS2(9000) The array of numbers, corresponding to the strains
in the n2 direction.

ETAD1, ETAD2 See Section 3.2 and Appendix C.

ETAG1(6), ETAG2(6) See Section 3.2 and Appendix C.

HEAD1 (4) First line of the title that appears on the first
isometric plot.

HEAD2 ( 3) Second line of the title that appears on the first
isometric plot.

HEAD3(2) Title that appears on every isometric plot.

I1 Number of mesh points in the nl direction.

I2 Number of mesh points in the n2 direction.

IBCE3 Boundary condition value,

IBUF (1000) Array used by the Cal Comp basic software package

IPEN Control for pen during movement,
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IFLAG

Ml
MAXAR
MAXA

NCYCL

NCYCLE

NETAG(6)

NPLOT
NSTRN
PA(4)

PM(6), PN(6)
QM, QN

SF
SOFC

STC(1500)

TEl, TEZ’ TE
TI

TIM (1500)

TIME

TNR (15G0)

RN TS P PPt SR S BNV VO

[ VORI U7 VST UL R SRS ARG YT, P08 YOO S U R VUSRS U YR VG S5 ST PSS 2 S0

A flag. When it equals 1, the program will read
data for the time wise plots, When it equals 2,
the program will read data for the cross-section,
profile and isometric views, When it equals
99999, the program will plot the time wise plots.,
Same as I1,

Size of plotting data arrays.

MAXA = MAXAR-Z

The number of time steps for each curve on the
time wise plots,

Time cycle counter.

Zero or one, corresponding to inner or outer
surface used in the titie of the strain plots,

Magnetic tape input unit number.
Number of strain plots,
Array that stores the dash line pattern.

The arrays which stores the mesh location (M,N)
that appear in the title on the strain plots.

Mesh location (M,N) that appear in the title on
the vector displacement plot.

Scale factor.
Size of cube.

The array of numbers corresponding to strain
energy used in the energy balance plot,

XYZ Values used in the mapping functions,

TI = TIME x 1.0 x 106

The array of numbers corresponding to time used
in the time wise plots.

Current values of time,

The array of numbers corresponding to total energy
used in the energy plot.
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U, (1500)

U, (1500)}
U§ (1500)

Y(25, 35)

X(25, 35)}
Z(25, 35)

X1(90)

X2(90)

XBAR, YBAR

XL

XM (Al, A2)

XMAX
XMIN
XP,YP

XPAGE

Y1(25,35),Y2(25,35),

Y3(25,35)

YM(AL,A2,A3)

YMAX, YMIN
YP

ZMAX, ZMIN

R U VTS SIS T e AR R O

fhe arrays of numbers curresponding to the vector
displacement U1, U2, U3.

The arrays of numbers corresponding to tne initial
shape, YI(M,N), Y2(M,N), Y3I(M,N).

The array of XP values for plotting the cross-
section anu profile views,

The array of YP values for plotting the c1 .i3s-
section and profile views,

Board coordinate point on the plotting p2per in
inches, measured from the lower left conuer of the
page.

Length of X-axis in inches,

X-axis mapping function used in isometric view,
Maximum X-coordinate.

Minimum X-coordinate.

X,Y coordinates on the plotting surface.

Plotting page leagth.

See Appendix C,

Y-axis mapping function used .n isometric view,
Maximum and Minimum Y-courdinate,
See XP.

Maximum and Minimur. Z-cooirdinate.

D.4 FOQTRAN Listing of Plotting Progrum

A complete FORTRAN listing is given in the following order.

1., MAIN Program
-

PLOT 3D
3. GRAPH
4. STRGRA
5. MAXMIN
6. SCDSHL
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REPSIL PLOTTING PROGRAM (CALCOMP SOFTWARE PACKAGE SCOuP)
COMMON ETAGL(O)sETAG2( &) PMI6) oPNEL) ¢NETAGIG) ¢ NSTRNyMAXAR

COMMON Y1125535)0Y2025935),Y3(25,35),X125,35),Y125,35),20(25,3%5)
COMMON DAT(20)¢yNCYCLEyTIME,IBCE3,ETAD] ,ETADZ +QM QN NCYCL

COMMON T IM(1500),UL(1500),0201500),U3(12500),CIN(1500),5TC(1500),
LTNR(1500)+DAMPLT(1500)¢EPSS1{9000) ,EPSS2(9000)

NCYCL=0
NPLOT=3
REWIND NPLODY
NAXAR=]1500
MAXA=MAX AR-2

REAOINPLOT) IBCE3LETAD1.EVAD2,QMsQONsNSTRN
READINPLOY) (ETAGLUI)oETAG2UI)oPRIL)¢PNLI) oNETAG(I)oI=]L ¢NSTRN)
READINPLOT) NCYCLEyTIMESMLoNL ol IYLIMgN) s Y2IMgN) (VI (M N) oMzl ML),
IN=1,N1)
1I=2eNSTRN+8
SAVE INITIAL SHAPE NEEDED FOR DEFLECTION MAGNIFICAYION IN PLOTID
D0 5 H=]l,M]
00 5 N=l,N1
X(MoN)I=YL{MyN)
Y{MyN)=Y2({M,N)
Z(MyN)sY I{MyN)
5 CONTINUE
CALL PLOT3DIMI,NL)

10 READINPLOT) IFLAG
IFLIFLAG +EQ. 99999)GOTO 30
GOTO( 20, 25) ¢ IFLAG

20 READ (NPLOT) NCYCLEZ(DAT{1) 0=),11)
NCYCL=NCYCL+ 1
TIMINCYCL )=DATI 1)
ULINCYCL )=DAT(2)
U2(NCYCL }=DAT(3)
U3INCYCL )=DAT(4)
CIN (NCYCL)=DAT(S5)
STC (NCYCL)=DAT(S)
TNR (NCYCL)=DAT{7)
DAMPLTY{NCYCL )=DAY(8)
00 22 129411,2
JNCYCL ¢+MAXARS( 1~9)/2
EPSS1(J)=DATLI)
EPSS2(J1=DAT(1+1)

22 CONTINUE
IFINCYCL .GE. MAXA)GOTO 28
G070 10

25 READ(NPLOT) HCYCLEyTIME ML oNL L UEYE(MgN) oY2IM4N) o YI(M¢N) M=l M]),
IN=1 N1}
CALL PLOT3D(MI,N]1)
GOoTo 10

28 WRITE(64100) NCYCL
30 CALL GRAPH
CALL EXIY

100 FORMATI1SHIERROR NCYCL = ,15929H ENLARGE PLOTTING DATA ARRAYS)
END
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MAIN
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MAIN
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SUBROUTINE PLOTID (11,12) LLIT R
: DIMENSION 1BUF({1000),X1490),X2(90) ¢HEADL (&) JHEAD2(3),HEADI(2) pLOT 2
E COMMON(USE MAIN) PLOT 3
: COMMON /PLOTD/ YNPWXDISToPALS) PLOY &
: DATA 1/0/4AL1/7.707107/,A22/.707107/+A21/~.408248/4A22/.408248/¢ PLOT 5
E 1A23/.8106497/ PLOT &
! DATA (HEADL(IK) ¢ IK=144)/730HCROSS SECToLOHION DEFLEC,1OMTION AT N 4PLOT 7
b 12He /7 PLOT @
g DATA (HEAD2( 1K), I1Ka1,3)/1OHDEFLECTION,LOH MAGNIFIED,IH / PLOT 9
; DATA (HEAD3(IK)yIK=142)/710H MICROSECO,3HNDS/ PLOT 10
‘ DATA (PA(J)gJ=1e4)}/algelpalyal/ PLOT 1L
i c PLOT 12
; XM{AL,A2)=SFo(ALLI®AL+AL28A2) PLOT 13
! YM{AL A2,A3)uSF®(A218A1¢A220A24A23%A3) PLOT 14
! c PLOY 1S
: 1F(1.EQ.0)G0TO 10 PLOT 16
: falel PLOY 17
! XBARN=-4,25 PLOT 18
; YB8AR210.0 PLOT 19
: YNP=YNP+10.0 PLOT 20
i IFLI.LE.3)IGOTO 30 PLOT 23
: CALL PLOT (XDISToe-YNP,-3) PLOT 22 ;
i GOv0 20 PLOT 23 ]
) 10 XPAGE=200.0 PLOT 24 y
! READ (Sy11) DEFLM,SOFC,SFyNI2 PLOT 25 1
XD1ST=6,75 PLOT 26 ]
11 FORMATI3ELO.4415 PLOT 27
A et T S SCALE FACTOR FOR 3D PLOT PLOT 28
XMAX=X{241) PLOT 29
: XMINSX(2,1) PLoT 30
1 YMAX=Y(241) PLOT 31
- YMIN2Y(2,1) PLOT 32
IMAXsZ(2,41) PLOT 33 4
IMINSZ(2,]) PLOT 34 ;
00 12 M=2,11 PLOY 35
00 12 N=],I2 PLOY 36
4 XMAXSAMAXL(X (MyoN D)o XMAX) PLOT 37
x XMINSAMINTUX (MoN ) o XMEND PLOT 38
YMAX=AMAXL(Y (MyN ) o YMAX) PLOT 39
YMINSAMINI(Y (MaN ) o YMIN) PLOT &0
ZMAXSAMAXLIZ (MgN ) ¢ZMAX) PLOT 41
IMINSAMINLIZ (MyN) oZMIN) pLOY 42
{ 12 CONT INUE PLOT 43 :
' IF(SF NE. 0.0)60T0 13 PLOT 44 3
F XS=(XMAX=-XMIN)/SOFC PLOT 45 ]
YS=(YMAX=-YMIN)/SOFC PLOY 46
2S=(ZMAX=ZMIN)/SOFC PLOT A7 :
SFeAMAXL{XS,YSe2S) PLOT 48
( SF=AINT(SF) PLOT 49 k
« IFISF LT, 1.0) SF=1.0 pLOT S0
13 CALL PLOTS ( IBUF+10004XPAGE) PLOT 51
3 CALL SYMBOL (1¢001.0ye1yHEAD]40.0,32) PLOY 52
CALL NUMBER (999.5999.9+1yN1290.042HIS) PLOT 53
CALL SYMBOL (1.090.8¢.19HEAD240.0421) PLOT S |
CALL NUMBER (999.,999,,.1,DEFLM,0.0,1) PLOT S5 !
CALL SYMBOL (1.000.60.19B8HSCALE 1/,0.0,8) PLOT 56 ]
CALL NUMBER (99947999490 19SF90e0,=1) PLOT 57 }
SF=1,0/5F PLOT S8 !
c cemcecmacaca- T cewmeaaeplLOT 59 i
20 YBAR=4,3 PLOT &0 :
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XBARN=1,.1
YNPaYBAR
le]
XBAR” XA LRN

B s 3 Rl il 2o

PLOT
PLOT
PLOT
PLOTY

MIDSECTION DEFLECTION
CALL PLOT (XBAR,YBAR,-3)

CALL PLOT 10400-1.0,3)

CALL PLOT (0.001.0,2}

CALL PLOT (0.,000.0¢3)

CALL PLOT (1.000.0,2)

K=0

00 90 M=2,11

KsKe]

X1{K)=SFeX(M,NI2)

X2IK)sSEOZ{N,NI2)

CONTINVE

X1{K+1)=0,0

X1(K+2)=1.0

X2{Ke1)=0,0

X2(K+2)s1.0

CALL SCOSHM (X1loeX2eKoloPAp4)

CALL LINE (X1¢X2¢K9gLl9=1,2)

K=0

DO 95 M=2,11

KsK+]
XUK)=SFE{X(MyNI2)*OEFLMS(YI(M,NI2)=X(NeNI2)))
XT(K)sSFO(Z{M NT2)¢DEFLMOIYI(MNIZ2) 2N NI2)))
CONT INUE

CALL LINE (X1yX2¢Kolelss)

PLOT
PLOT
PLOT
PLOT
PLOT
PLOY
PLOT
PLOT
PLOT
PLOTY
PLOT
PLOT
PLOT
PLOT
PLOTY
PLOT
PLOT
PLOT
PLOY
PLOT
PLOT
PLOY
PLOT
PLOT
PLOY

XBx2.25

YB=-2.0

CALL SYMBOL {(XBoeYHe o leO6HCYCLE 40.046)

CALL NUMBER (999419999« 1¢NCYCLE,0.0,2KHIS)
YBsYB-0.2

Ti=sTIME*1.00E 06

CALL NUMBER (XByVByoleTI0.003)

CALL SYMBOL (999.99999¢1sHEAD3,40.0,13)

PLOT
PLOY
PLOT
PLOT
PLOTY
PLOY
PLOT
PLOT
PLOT

------------------ CENTER LINE DEFLECTION PROFILE
CALL PLOT (0.003.0,-3)

XB»SFaY({2,12)

Y8s20.0

CALL PLOT (Xx8,YB,2)

X8=0,0

YBs-SFeli2,1)

CALL PLOT (XByY8By3)

YBaSFsl (2,1}

CALL PLOT (XByYBy2)

L=2

00 85 J=1,2
K=0

00 82 N=1,12
KsK¢l
X1{K)sSFeY{LyN)
X2{K)=SFSZIL4N)
CONTINUE
X1{K¢1)=0.0
X1(K+2)=1,.0

X2i{K+1)=0.0 160
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PLOY
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOTY
PLOTY
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOT
PLOTY
PLOTY
PLOT
PLOT
PLOT

61
62
63
64
65
66
o7
68
69
70
71
T2
73
74
75
716
n
78
19
80
8l
82
83
84
85
a6
87
es
a9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
13
114
115
116
117
118
119
120
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X2(K+2)=1.0 PLOT 121
CALL SCOSHL (X14X2yKelsPAg4) PLOT 122
. ; CALL LINE (X14K2eKole~1,2) PLOT 123
; ’ K=0 PLOYT 12¢
: DO B3 N=1,12 PLOT 125
| K=Kel PLOT 126
t X1(K)nSFE(Y(L,N)+DEFLM®{Y2(LyN)=Y{LN))) PLOT 127
! X2(K)=SFS(Z{LyN)+DEFLN®{YI(LINI=Z{LN) D) pLOT 128
& 83 CONTINUE PLOT 129
; CALL LINE {X1pX29Kolylo4d) PLOT 130
! IFLIBCE3 NE. 2)G0TO B6 PLOT 131
. L=Ji PLOT 132
85 CONTINUE PLOT 133
: c N e we== DRAW AXIS PLOT 134
: 86 CALL OLOT (4.25,~3.09~3) PLOT 135
: CALL PLOT (040y=14043) PLOT 136 ?
T CALL PLOT (0.091.042) PLOT 137
; CALL PLOT (0.0,040,3) PLOT 138
CALL PLGT (-A124-A22,42) PLOY 139
; CALL PLOT {040¢0.043) PLOT 140 1
5 CALL PLOT (Al14A21,2) PLOT 141 1
i ¢  —m———- ————reesmm———— —oow -- PLOT 142 ;
i DO 50 M=2,11 PLOT 143
IPEN=3 PLOT 144
DO 40 N=1,12 PLOT 145
TEL=X(MgN)+DEFLMO (Y1 IMN)=XCMyN}) PLOT 146
TE2sY (M N)*DEFLMS{Y2(MNI-Y(MyN)) PLOT 147 ;
TE3=Z (M N)+OEFLME(YI(MoNI=Z (M yN)) PLOY 148 ]
XPuXM{TEL, TE2) PLOT 149
YPeYMITEL,TE2,TEY) PLOT 150
35 CALL PLOT (XP,YP, IPEN) PLOT 151
IF(IPEN LT. 3)GOTO 40 PLOY 152
IPEN=2 PLOT 153
GOTO 35 PLOT 156
40 CONTINUE PLOT 155
; 50 CONTINUE PLOT 156
' 00 70 N31,12 PLOT 157
IPENx3 PLOY 158
DO 60 M=2,11 PLOT 159
TEL=X (M NI *DEFLM®(CL{MN)~X(MyN)) PLOT 160
TE2=Y(MyN) SDEFLM®(V2(MyN)=Y (M,N)) PLOT 161 ;
TE3=Z(MyN)+DEFLMO(YIIMN)~Z (M,N)) PLOV 162
XPsXM{TEL,TE2) PLOT 163
YP=YMITEL,TE2,TE3) PLOT 184
45 CALL PLOT (XP,YP,IPEN) PLOT 165
IF(IPEN LT. 3)GOTO 40 PLOT 166
IPEN=2 PLOT 167
GOTO 45 PLOT 168
; 60 CONTINUE PLOT 169
70 CONTINUE pPLOT L70
RETURN , PLOT 171
| END PLOT 172
1
i
4
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SUBROUT INE GRAPH (111

OIMENSION SYML(AD SYM2{IDoETALII) T Ac i st s X1(4) 9 X2(4) GRAP
COMMON (USE MAIN) GRAP
COMP.ON /PLOTD/Z YNPoXDIST.PALS) GRAP
OAA(SYML(I)oImind)/710MCOMPONENT (10HOF VECTOR o10HDISPLACEME, 2HNTGRAP
a/ GRAP
UATAC(ETALIT ) ol=]1,3)/710Ni (A) = ¢10H ( 44 )/ GRAP
1 (ETA2(I)1=143)/10HETA2 = +10H { '&H Vo GRAP
DATALSYH2(TI )ol=143)710HENERGY BAL ¢ 1OMANCE, POUN,8HD-INCHES/ GRAP
GRAP

X01ST=8.0 GRAP
CALL PLOT (XDISTo~YNPy~3) GRAP
XBAR=0.0 GRAP
YNP=22.0 GRAP
XLe8,0 GRAP
YLs6.0 GRAP
NsNCYCL GRAP
CALL SCALE (TIMyXLoNel) GRAP
XMINsTIM(N®)) GRAP
XSsTININ2) GRAP
ceccanmreneecaee GRAPH ONE (VECTOR DISPLACENMENT) GRAP
CALL MAXMIN (UloYMIN,YMAXe1oNol) GRAP
CALL MAXMIN (U2, YMINoYMAXelyNo2) GRAP
CALL MAXMIN (U3, YMIN,YNAX,1,No2) GRAP
Xlt1}aYMIN GRAP
X142)=YNAX GRAP
CALL SCALE (X1,YLe201) GRAP
YHIN=X1¢3) GRAP
YSsxXli(a) GRAP
ULINS])=aYNIN GRAP
Ul(Ne2)uys GRAP
U2(Ne+L)=VNIN GRAP
U2iN+2)aYs GRAP
UIINS1)=YHRIN GRAP
U3IN®2)=YS GRAP
CALL PLOT (XBAR,VNP,-3) GRAP
CALL AXIS (000,00 4MTINE ;=4 XL 90,0, XMIN,XS) GRAP
CALL AXES (0.000.00SVYML432,YL 990.0,YMIN,YS) GRAP
CALL LINE (T]IKe,UL,N¢1,0,0) GRAP
TX=TIN(NDI/RS¢,2 GRAP
TYs{ULINI=YNIN)/YS GRAP
CALL SYMBOL (TXyTYyelyp2HUL90.0,2) GRAP
CALL LINE (TIMaU2N9190,0) GRAP
TYS(U2(N)-YHIN)/7YS GRAP
CALL SYMBOL (TXeTVYeely2HU240,0,2) GRAP
CALL LINE (TIMaU3,Ny1,0,0) GRAP
TY=(UINI-YNIN)/ZYS GRAP
CALL SYMBOL (TXeTYVeels2HUI$0.042) GRAP
CALL SYMBOL (2419=1:09c198HLOCATION,0.0,8) GRAP
CM.L SVH!O'. (3.0"‘ols.o§'l" .0.0.N G."
CALL SYMBOL (S5¢3¢-1.1%0c8%¢lH 40.041) GRAP
CAL.L SYnaoL (3.1.-0.9..1.57!1.0.0.26) GRAP
CA (. NUMBER (3.8,999.,.1,ETAD1+0.0,3) GRAP
CALL NIRAER (4.08,999.501,QM,0.0,43) GRAP
CALL SYMBOL (3.19=2e1se19EVA2,0.0,24) GRAP
CALL NUMBER (3.08,999.9:1,ETAD2,0.0,3) GRAP
CALL NUMBER (4.8,999.9.1,QN20.0,3) GRAP
GRAPH THO (ENERGY BALANCE) GRAP

XBAR=0,0 GRAP
YNP=10.0 GRAP

162

OO NOWEWN -

n
[ 4
i e

dsin JP S (VPRSPPI AWPSUNEE PRI USRS




\
V
.
§
.
:
I3
P

Farm e TR

163

CALL MAXMIN (CINoVYMIN,YMAXy. +Nsl) GRAP
CALL MAXMIN (STC,YMIN,YMAX, L My 2) GRAP
CALL MAXMIN (TNRyYMINoYMAY o 1yNy 2} GRAP
CALL MAXMIN (DAMPLT,YMIN,YMAX ]l yNo2) GRAP
XLE1)=YMIN GRAP
XL1{2)svYMAX GRAP
CALL SCALE (Xh,YLo241) GRAP
YRiNaR1()) GRAP
YSsxlte) GRAP
CININ®L)sYHIN GRAP
CININ®2)aYS GRAP
STCINeL)=sVYMIN GRAP
STCING2)uYS GRAP
TNR{N®*L)sYMIN GRAP
TNR{N®2)=YS GRAP
DAMPLT(INOL)=VMIN GRAP
OAMPLT(N®2)=YS GRAP
CALL PLOT (XBAR,YNP,~3) GRAP
CALL AXIS (04000.00OHTIME =4y KL 4004 XNINJRS) GRAP
CALL AXIS (Co0e0.0eSYM2209VL 990.0,VYNIN,YS) GRAP
CALL LINE (TIN CINgNy190,0) GRAP
CALL LINE (TIMySTCeNy1,40,0) GRAP
CALL LINE (TImM,TNRgNy1,0,0) GRAP
CALL LINE (TIN ,DAMPLTNe1,0,0) GRAP
meececsamnee cecccccas SURFACE STRAIN GRAPHS -~veccccacccccncwccaxasGRAP
DO 100 1=1,NSTRN GRAP
JeleMARARS( -1} GRAP
CALL STRGRA (TINM,EPSSL1.EPSS2,ETAGLUIoETAG2IL),PHITI) PNLLD, GRAP
INETAGLT ), JdeN) GRAP
100 CONTINUE GRAP
RETURN GRAP
END GRAP

6l
62
63
04
(1]
66
67
(1]
69
70
11
12
T3
T4
1%
T6
L4
78
19
80
8l
e2
83
LT}
e
86
87
as
a9
90

92
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SUBROUTINE STRGRA (XyYolZoETALIETAZPHLyPNL I NETAJIN)

X IS THE NAME OF THE ARRAY CONTAINING THE X COORDINATE OATA.
Yol IS THE NAMES OF THE ARRAVS CONTAINING THE v COORDINATE ODATA.
ETAL,ETA2 LOCATION POINT USED IN THE TITLE.

PMLyPNL MESH LOCATION USED IN THE TVITLE.

NETA IS THE CONTROL FOR INNER OR OUTER USED IN THE TITLE.

J IS THE LOCATION OF THE FIRST OATA POINT IN ARRAYS ¥ AND & FOR
EACH STRAIN PLOT,

N IS THE NUMBER OF DATA POINTS.

OIMENSION XC LD YEL)oZARDoSYMALI)SYM(3)sSYMII2) ,SYNAI2)oX1(A),y
1X2(4)

COMMON /PLOYD/  YNPXDIST,PALS)

OATA(SYNLI(K) oRule IV /10HETAL = » 104 L Ll Vo
1 (SYM2{K) oKu1lp3)/10HETAR » +10H { 1L Vo

2 (SYMI(K)oKm]y2)/LOHETA2 COMPO,AMNENT/,
3 (SYRAIK) oK1 2)710HETAL COMPO4SHNENT/

LFL1.EQ.Q0)GOY0 10
lajel
YNPayYNP+10.0
YBAR+*10.0
IFL1.LE.3)GOTO 23
YNP=YNP=10.0
CALL PLOT (XDIST,~¥YNPy~-)3)
GOY0 20
10 x01ST=13.0
CALL PLOY (XDISTo=YNPo-3)
XL=8,0
YL%6.0
CALL SCALE (XyXLyNel)
XMIN=X(N¢1l)
XS=X{N+2)
20 XBAR=0,0
YNP2Q,0
YB8AR=0,0
i=]
2% CALL MAXMIN (YoYMIN VMAXoJoNol)
CALL MAXMIN (ZoYMNINyYMAXyJyNe2)
X1ll)=VYNIN
X1(2)sYMAX
CALL SCALE (XleYLe2,1)
YHIN=X1L3)
YSuxite)
JM=J N
JSsJeNe]
Y(JM)sYNIN
Y{JS)sYS
L(JM)=YNIN
L4JdS)avs
CALL PLOT (XBAR,YBAR,-13)
CALL AXIS (0.0,0,004HTIME ;=4 XL s0.0oXMINXS)
CALL AXIS (0.,000,0,10HSTRAIN { ), £0sYL 90,0, YMIN,YS)
CALL SVYMBOL (1.83=1.09e1,8HLO0CATION,O,0,8)
CALL SYMBOL (2¢73=1c1%0e4,1H 40.0,1)
CALL SYMBOL (5.09=1c15¢c4¢lH ¢0.041)
IFINETA .NE. 0)GOTO 30
CALL SVYMBOL (5¢3¢=1¢00e1,5HOUTER,0.0,5)
6O0T0 3%
30 CALL SYMBOL (S5e39=1¢09eloSHINNER,0,0,5)
35 CALL SYMBOL (2.8:-0.9y¢19SYNL40.0,24)
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STRG
s$TRa
SThé
SThe
STRG
$TRE
STRE
STRG
STRG
STRG
STRG
STRG
STRG
STRG
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STRG
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STRS
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STRG
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CALL NUMBER (3,50999%.9¢10ETAL30.0,3)
CALL NUMBER (4,.5,999,4.1¢PN1,0.0,3)
CALL SYMBOL (2489=1elpealySYN2,0.,0,24)
CM.L NU“'ER ‘ ’o " q,‘l. olle 'AZOOOOO’,
CALL NUMBER (A4:57999.0¢1sPN1¢0.043)
X1{1)=2.9

X2t1l)==1,3

Xit2)=3,4

Xet2)=~1,3

X1(3)=0,.0

X2{3)=0,0

4'(&)=}),0

Xx2i{4)=1,0

CALL LINE (X19X29201+0,0)

CALL SYMBOL (3.69=1c39019SYNG,0.0,14)
X2{1)s=~1.9%

X2(2)u=1,9%

CALL SCOSHL (X1yX202010PAy0)

CALL SYMBOL (3469=1.%9¢1,5YM3,0.0,14}
CALL LINE (X YtJ)yNy1,0,0)

CALL SCOSHL (XyZ(J)eNoloPAg4)

RETURN

END

STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG
STRG

‘61
62
63
64
[ 1]
86
' 14
68
69
70
T
T2
13
T4
73
76
17
78
79
80
81
82
] )

L
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SUBROUTINE MAXMIN (AgAMINJAMAX, JoNoKEY)
OIMENSION AL D)

GOTO (10,20),KEY
Jl=J

JanJeN=-]

ANIN®AL J1)
ANAX=ALY2)

00 100 l=Jl,J2
AMAX=AMAXLEAMAX, A(T
AMIN=AMINL{AMIN,ALL
CONT INVE

RETURN

END

N
)
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SUBROUTINE SCOSHL (Xo¥ oMy INC oPA,N) sene )
CLl) X,¥ ARE THE NAMES OF THE ARRAYS CONTAINING THE X AND V scos 2
c COORDINATES, AND THE SCALING PARAMETERS. (SEE *SCALE',) $COS )
‘ C(1) M IS THE NUMBER OF POINTS IN THE X AND Y ARRAYS. (HIS DOES SCDS &
i c NOT INCLUDE THE TWO EXTRA LOCATIONS FOR THE SCALING PARAMETERS. SiDS 8
' CU1) INC 1S TME INCREMENT THAT THE SCOSML SUBROUTINE IS TO USE SCDS &
¢ IN GETTING DATA FROM THE X AND V¥ ARRAYS., (SE&E *SCALE®.) scos 7
CLL) PA IS THE NAME OF THE LINEAR ARRAY WHICH CONTALNS THE ELEMENTS SCOS o
K (3 OF THE PATTERN WHICH 1S TO BE REPEATED UNTIL THME CUAVE $¢DS 9
c IS DRAWN. SC03 10
F c PALL), POR 12193:%¢accsees CORRESPOND TO THE DASMES IN SCos 11
c THE PATTERN, WHILE SCOS 12
¢ PALT)y POR 182¢4980cccces CORRESPOND TO THE SPACES $CoS 1)
i ¢ BETWEEN THE DASHES. SCDS 14
i CUL) N 1S THE NUMBER OF BLEMENTS IN THE PATTERN DESCRIPTION. $COS 18
| DIMENSION PALL) RELD, V(L) SCos 16
NPaM® INCeL $¢DS 17
NQeNPeINC $COS 18
OXe1.0/X{NQ) SCOS 19
: EXsX (NP) sCos 20
; OYel.0/VINQ) $Cos 21
' EVeY(NP) scos 22
‘ Xe0 $COS 23
| OLN=0.0 SCOS 24
[ OX2=(X{1)=FR)eDX sCos 23
; Ov2=(Y(1)=FY)eDY SC0S 26
=1 $COS 27
; Jal scos 28
OTD=PA( L) $COS 29
CALL PLOT(D22,0Y2,3) $C0S 30
GoTOo 30 s$Cos 31
} 20 0S1=DV2-DV1 SCoS 32

‘ 0C0=DX2~DX1 $Cos 33 ]
; OLN=SQAT( DS 1s0S 1+0C000CO) SCOS 34
| XaM0D(J,y 2) SC0S 38
‘ IF(OLNLLE.OTDIGOTO 30 SCOS 36
| DX1=0X1+DTDODCO/DLN sCDS 37
; OV1s0DV1+DTOSDSI/OLN stos 38
; CALL FLOT(DK1,0V1,3~K) SCOS 39
Jujel SCOS 40
| 1F1J.GT. NI I $COS ol
OTO=PALJ) SCOS &2
GOTOo 20 SCOS 43

30 IFIR.NE.OICALL PLOTIDX2,0V2,2) SCOS &4 ]
Oxl=Dx2 SCDS 43
DYi=0Y2 SCOS &6
I1s14INC SCOS &7
TF(1.GT.M) RETURN SCOS 48
OX2e(X(1)=~FR)oDX $COS 49
Ov2=tY{1)=FVeDY SC0S 50
OTD=0TO-OLN sCos 31
G0 70 20 SCoS 32
€ND $C0S %)
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; . APPENDIX E.
| FORTRAN LISTING OF THE REPSIL PROGRAM

The listing is given in the following order, consisting of Main
program and 22 subroutines.

1. MAIN Program 12. BOUNDU
i 2. START 13. ABINIT
E 3. INVEL 14. SYMTRY
4. POSITN 15, KINET
5. DGEOM 16, PWORK
6. GRAD 17. DAMP
7. STRESS 18. DESTEP
| 8. RESULT 19. PDATA 1
9. MOTION 20, PRESS* "
| 10. WRTAPE 21a. INGEOM (Flat Plate) ;
11. STRAIN 21b. INGEOM (Full Cylinder)

2lc. INGEOM (Cone)

o et i,

There are three nonstandard FORTRAN statements used:

1. COMMON (USE MAIN) is used instead of repeating long COMMON
statements in the subroutines that appear in the MAIN progran.

2. CALL SKIPFILE (t,n) is used in subroutine PDATA to move tape
t forward n file marks. The next READ or WRITE statement will
begin with the information after the file mark.

3. CALL BACKFILE (t,n) is used in subroutine PDATA to move tape t
backward n file marks. The next READ statement will begin with the
information after the file mark, the WRITE will erase the file mark,

*Subroutine PRESS gives the pressure loading applied in the flat
plate example, Section 5,1,
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TYCIM T SR ST T N

I C HAIN PROGRANM AN 1
: C MAIN 2
{ c TAPE 1 RESTARY INFORMATION MAIN 3
: c TAPE (NPLOT) PLOTTING DATA MAIN &
: COMMON V1(23434)9Y2023434)4V¥3(23,.24)4UL(2334),U2(23,34),UB(23,34)NAIN 5
! LoFML11123436)9FM12(23¢34) oFN22123434) oFNLL (23¢34) oFNL2(23434), MAIN &
% 2FN130230 34) o FN211 239 34)9FN22(23,34) ,FN23(23,34) ¢SNLI23434), MAIN 7
b ISNC23034)JSNI{23034)e TENP(23934) 9P (23+34) 4EPSLL (23,34), MAIN 8
3 GEPSL2(23¢34) yGAMMALT 23,34)EPSUL(23,34) EPSU2123,34) yGANNAU(23,34)NAIN 9
E 5¢5161(23934912)¢S16G2023¢34012),TAUI23,34,12)+LMAT (23,34, &), MAIN 10
4 6DEPS1(4)s0EPS2(4) oDCANMAL4) oZETACA) o SSLUN(4) ¢ SS2MNI(4) oSTHN(4) 4 BAIN 11
b TZETASQ(4)oNCYCHISO0)oNCIDP(50) » JCYNLP(S0) MAIN 12
i COMMON MM MR 4 NSy NNoNRoNS N1 oML RD11,R012,RD22RTOL,RTD2,MB1, MAIN 12
! 10ETAL1,DETA2, TRDyNN3D o DAMPF 4DFACT o MDAMP o TOANP . LOAD yDELGAN RAIN 14
] COMMON EoFNU¢GoPRAT9SIGL 9GANZ oH ol AYERJDELTAY » TINE o LPRESS,6THO, MAIN 15
: LNNNy NCYCLEINRITEoNCONT/NSTRN¢CINER ¢yCINES+CINEP+C1C2,NPLOT, MAIN 16

20ELSQeTAJMAXCoMRITE9CACBoCINEToSTRENPLASTTNRG 4NBL1 o NB2,ENS,ENR MAIN 17
COMMON NPRINT NDELPoMESH o NMESH,IBCE1,IBCE2,IBCE3,IBCE4,ISR,NSFL, MAIN 18
IKJMAX.YLDFAC,NLP MAIN 19
! COMMON MIL(6 ) MI286)eNILL6)oNI2(6) DML (62 20M2(6) ,DN1(6)DN2(6), MalN 20
i 1PMIE) oPNIG) o ETAGLIE) ETAG246) JANGLE(6) JANGLB (6D ¢NETAG(6)9EPSS1(6),MAIN 21
2EPSS2(6) ¢ JCHK(3) MAIN 22
COKMON QMoQNyMQL,MQ2,NQLNQ29QN19QM2,QNL s ON2+D1,02,034ETADLETAD2 MAIN 23
COMMON GI114(6),G12216)oGI12(6)ASAL6) ,BSA(6) CSAIS)ASBI6) BSBI6)MAIN 24
1C58(6),8111(6)¢B121(6),822106),A211(€6),A121(6)0A221(6)-B112(6), MAIN 2%
2812216),8222(6),A21216),A122(6),A222(6),B113(6),B123(6;.8223°’6), MAIN 26
3A113(6),A22316)9A223106)9B114(..+8124(0),B224(6),A1161(6),A124 y RAIN 27

s T

ez e Ty T

5 4A224(6)yDSR(2),PSRI3)¢SSIG(3) 4SEPS(3)4SE(3),SIGZSQ(3) 4WT(3) RAIN 28 :
: CONMON Y114Y12,Y13,Y21,Y22,Y23,UL1,U12,Ut3,U21,U22,U23, MAIN 29 1
, 1 Y111,V112,Y123,Y121,Y122,Y123,V221,Y222,Y223, MAIN 30 3
2 U111,U112,U213,U121,U122,U123,U221 ,U222 U223 MAIN 31 i
COMMON A11,A124A22,SRA,CS1114CS1124CS1224C52114C5212,C5222, MAIN 32
1 811,8120822,8T,8M11,8M12,BM21,BM224CINES] MAIN 33 ;
c MAIN 34
NPLOT=3 MAIN 38 t
nLPe1 NAIN 36 i
L NNN= 1 MAIN 37
: CALL START MAIN 28
' 4 MAIN 39
¢ CHECK IF THIS 1S A RESTART RAIN 40
: IFINCONT .EQes 01GCTC 15 MAIN 41
. CALL WRTAPE (2) NAIN 42
j NPRINT=(NCYCLE~NOD INCYCLE yNDELP ) ) +NDELP MAIN 43
GOTO 49 MAIN 44
c SET CYCLE NUMBER = O MAIN &S
15 NCYCLE=0 MAIN 46
! TINE=0.0 MAIN 47
' CINES=(.C MAIN 48
TCAHP=0.0 MAIN 49
CINEP=0.0 MAIN 50
ENS=0.0 MAIN 51
C120.0 MAIN 52
£2%0.0 MAIN 53 :
C320.0 MAIN 54 1
c SET SYNMETRY BOUNDARY CONDETIONS FOR EDGEL,EDGE2,EDGE3 MAIN S5 ;
. IF(IBCE2 «NE. 2)GOTO 17 MAIN 56
| CO 16 Ma2,M1 MAIN 517
YL(MyNN)=Y1(MyNR) MAIN S8
Y2(MyNN)==Y2(MsNR ) 42.09Y2(MsNS) MAIN 59
Y3{MoNN)=YI(M,NR) MAIN 60
]
170




N AT LT R R R T ST A S

g P TR TR A Y TR YT T R I 0 T ST SR O AR g
g e erm e LR gy TR TP VTR N TIPS T GO S R A RO T T e R Y T CE SR
" T TR 3 T g e 0 - SRR

16 CONTVINUE RAIN 61

17 €O 20 N=l1,NN NREN 62
Y1(1eN)==Y1(2,N) NAIN 63
Y2(1eN)= Y2{3,N) NAIN 64
Y3(1N)a Y3(3,N) WAIN 68
IF(1BCEI NE. 2)GOTO 20 MNAIN 66
r V1(MMoN)==Y1{MR4N) MAIN 67
; Y2(MMeN)= Y2(MR,N) HAIN 68
s Y3(MMeN)= YI{MR,N) MAIN 69
: 20 CONTINUE RAIN 70
c AIN 71
c SET INITIAL OISPLACEMENT,PRESSURESTRAIN AND STRESS = 0 MAIN 72
CO 28 M=l MM NAIN 73
DO 28 N=1,NN MAIN T4
UL(MyN)=0.0 MAIN 18
U2(M¢N)=0.0 MAIN T¢
: U3(MeN)=0.0 saIn 77
' PUM,NI=0.0 KkIN T8
1 EPSLIIMN)=0 .0 MAIN 78
, EPSL2(N,N)=0.0 NAIN &0 ;
: GAMMAL(M,N)=0,0 MAIN 81 .
; EPSUL(MyN)=0.0 MAIN @2
‘ EPSUZ(M,N)=0.0 AN 82 i
% GANMAU(M,N)=0,.0 NAIN 84 3
? CO 28 Ksi,KJMAX NAIN 8% :
: SIGI{M,N.X)=0, MAIN 86
! SIG2(KeN K )0, MAIN 87
t: TAU(MAN K JeQ. MalN @@ Y
; 28 CONTINUE MAIN 8S
: c ®AIN 90
; : IF(LOAD) 29, 30,29 MAIN 91
g 29 CALL PRESS MAIN 92
: 30 CELGAM=DELSQ/GAMZ MAIN 93
c WRITE INITIAL CARTESIAN COCRDINATES, PRESSURE MAIN 94
: WRITE( 6, 300) MAIN 95
! CO 46 M=2,M1 MAIN 96
E 46 WRITECGo400 )Mo (NoYLUMoN) o Y2(MoN) o ¥3IMoN) 4P (MyN) yNu1,N1) MAIN 97
{ c MAIN 98
¢ CALL CGEGM MAIN 99
] CALL STRAIN MAIN 100
v IF(LOAD) 31,31,43 MAIN 101 ;
‘ c MAIN 102
3 31 CALL INVEL NAIN 103
' c MAIN 104
b CO 25 Me2,MS$ #MAIN 105
g 00 35 N=2,NS PAIN 106 :
; UL(M,N)=DELTATSUL(M,N) MAIN 107 ' 3
; U2{N,N)SDELTATOU2{NyN) NAIN 108 3
b U3 (Mo N)=DEL TATOU3 (N M) ®AIN 109 :
[ 35 CONTINUE AAIN 110
CALL BOUNDY ®aIN 111 p
CALL KINEY AAIN 212 3
CINES=2.08C INEY MAIN 113
TNRG-CINES MAIN 114
c MAIN 115
IF(LOAD) 42,45,43 MAIN 116
c MAIN 117
42 CALL PMORK MAIN 118
c MAIN 119
43 0O 44 We2,MS KAIN 120
]
171
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4

43
49

50

40
62
o4

66

0
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00 44 Nm2,NS
UL(RyNI=ULIMNI=PIMNISSNLIMN,NISTENP (M N}
UM N)I=URIRNI=P(RoUIOSN2INN)ISTENP (MyN)
U (Mo NI=UI (M N)-PI{R NI SSNIINGNISTENP{NyN)
CONT INVE

CALL BOUNDM

CALL PMORK

ENA=ENS

Call KINET

YNRG=CINET

IGINCYCMI]) .EQ. OINNN=2

CALL PDATA (1)

BND INITIALIZATION
NCYCLE=NCYCLE+]
VIRE=VIMECDELTAT

CHECK FOR FINAL STEP
SFENCYCLE-NAXC) 60460,70

CHECK IF CALL PRESS IS NEEDED

IZILPRESS=NCYCLE) 64962462
CALL PRESS
CALL POSITN
CALL DGEOM
CALL STRAIN
CALL MOTION
CALL PDATA (2)

CALL DAmP
CHECK FOR RESTART Oump

IFINCYCLE~NRITE) 50066450

TALL WRTAPE (1}
NRITE=MR ITESNRITE
CaALL POATA ()

6oT0 30

IFERCYCLE LT 25)CALL EXIT
CALL PDATA (3}

CALL POATA (&)
CRLL €XIT

MALN
MAIN
MAIN
MAIN
NAIN
MAIN
MAIN
NAIN
MAIN
MAIN
RAIN
MAIN
NAIN
RAIN
MAIN
MAIN
MAIN
MAIN
NAIN
RALIN
NAIN
MAEN
NAIN
NAIN
NATN
NAIN
NAIN
MAIN
KAIN
MAIN
RAIN
MAIN
MAIN
KAIN
MAIN
MAIN
MAIN
HAIN

300 FORMAT(1HL, 32Xy 29N INITIAL CARTESIAN COCARDINATES 232X oSHPRESSURE/Z3X A IN
L10HMN 3Ky LHNo ORGTHY L (MM ) o LOX o THY2{MgN) 918X THYI (M N) 420X ¢6HP (MyN) ) MAIN

400 FORMATI 214, 4(2X0E23.2601/7(208,41(2X,E23.16)))
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700

791
792

793
794

795

SUBROUTINE START
OIMENSION TITLE(O)
COMMON (USE MAIN)
READ(5,100) TITLE
READL 59 105) MESHNMESH.LAYER,YLOFAC
READIS,105) MAXCoNCONT¢NRITE yDELTAT
READ(Sy110) IBCEL,IBCE24IBCE3,1BCES
READ(Sy115) LOAD:LPRESSoMDAMP DAMPF 4OFACT
READ(5,320) EyFNU,SIGZoRHOy THICKNyNSFL,ISR
IFINSFL .EQ. 1 AND. ISR .EQ. 0)GOTD 700
IFINSFL .€EQ. 0 )GOTO 700
READ (54125) (SSIGLJI)4SEPS(J) yOSRUJ) 4PSRIJ) 9y JI=14NSFL)}
IFINSFL LT, 1) [SR==)
IFINSFL oLTe 1) NSFL=}
READ(S,110) NPRINToCJICHK(J) 9Jd=1¢3)
READ(Sy110) NUMCYoINCYCHUJ) 9 =] o NUMCY)
READ(S¢110) NLPRINy (JCYNLP{J) =1 ,)NLPRIN)
READISy110) N3Dy (NC3DPUJ)yJI=1,N3D)
SSIGI1)=S1G2
SEPS(1)=S16G2/€
KJMAX =L AYER®NSFL
SE(1)=E
SIGISQ(1)=SS1G(1)*s2
DO 795 J=1yNSFL
IFUISR JLT. 1)GOTO 794
IF(DSR{J) «GT. 0.0 .AND. PSR(J) .GT. 0.0)GOTO 793
WRITE(6,792)
FORMAT(/7746H ERROR IN SYRAIN HARDENING OR STRAIN RATE DATA )
CALL EXIT
PSR(J) = 1.0/PSR{J)
IF(J .EQ. 1) GOTO 795
IF(SEPS(J).LE.SEPS(J-1)) GOTO 791
SE(JI=(SSIGLII-SSIGIJI-1) ) /USEPSLII-SEPS(I-1))
WT{J=1)=(SEC(J-1)-SE(J})/E
SIGISQ(J)=(ESSEPSIJ) )02
CONTINUE
WTINSFL)sSEINSFL)/E
CHECK NUMBER OF MESH POINTS NEEDED FOR ETAL,ETA2 DIRECTVIONS
MMaMESHe2
NN=NMESHel
N1=NN

CHECK BOUNDARY CONDTIONS FOR EOGE2
IF(IBCEZ .NE. 2)GOTO 4
NN=NMESH+2
Nl=NN-1

M]l=MM
MB 1=AN-2
N8 1=3
N8 2sNN=-2
CHECK BOUNDARY CONDTIONS FOR EDGE3
IF(IBCEI .NE. 2)60T0 5
HM=MESH+I
MisHR-1
MB L1=MM-]
NS=MR-1
NS=NN-1
MR=MM-2
NR =NN=-2
IFLIBCEY .EQ. 3) MBl=MS

L2 L1
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STAR
STAR
STAR
STAR
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STAR
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IFUIBCES LEQ. 3) NB1=2 STAR 81

IF(IBCE2 .NE. 1) NB2=NS STAR 62
c : STAR &3
READ( S, 130) ETADL,ETAD2,NSTAN STAR 64
c READU S+ 15) (ETAGLU I ) 9ETAG2( 1) yANGLE(L) ¢ANGLBIN) yNETAGSL) o Im), NSTANISTAR 65
STAR &6
CALL INGEOM STAR &7
QN=2,0+ETADL/DETA]} STAR 68
QN=1,0¢ETAD2/DETA2 STAR 69
NQ L=QM STAR 70
NQ2=nQl+1 STAR 71
NQ1=QN STAR 72
NQ2=NQ1+1 STAR 73
QM1=QM-FLOAT(MQL) STAR 74
QAM2=FLOAT(MQ2)-QN STAR 75
ON1=QN-FLOAT(NQL) STAR 76
ON2=FLOATINQ2)-QN STAR 77
00 20 I=1,NSTRN STAR 78
PHLI)=2.0¢ETAGL(1)/DETA) STAR 79
PNt1)=1.0¢+ETAG211)/DETA2 STAR 80
RIL(LYePU(T) STAR 81
nia(l)=Nil(l)+}) STAR 82
NIL(I)=PN{I) STYAR 83
NI2(1)aNIltl)e) STAR 8A
PHI=MIL(I)} STAR 85 )
PH2=M]2(}) STAR 86 E
PNI=NIL1(I) STAR 87 4
PN2=NT2(1) STAR 88 3
OML(1)=PM(T)~PNL STAR 089
OM2(1)=PH2-PMI]) STAR 90
ONL{I)=PN(I)-PNL STAR 91
ON2( 1 )=PN2-PN( D) STAR 92
20 CONTINUE STAR 93
c TIME INCREMENT 8Y VON NEUMAN STAR 94
C=SQRTI(E/ (RHO®(1.0-FNU®e2))) STAR 95
DELM=2.0/(C*SQORT{1.0/DETAL®024]1,0/DETA2%%2}) STAR 96
ZAYER=L AYER STAR 97
FLAYER=(ZAYER/2.0)¢%2 STAR 98
OETAN=,0833333333333333~(1.0/148,0¢FLAYER)) STAR 99
OX4=1.0/DETAL*%4 STAR 100
OY4=1.0/0ETA2%84 STAR 101
T2=(1.0¢15.0°*FNU) /(8. 08DETAL#$20DETA2#42)} STAR 102
OELB®1.0/(2.0%THICKN®C#SQRTIDETAN®(DX4+DY4+T2) 1) STAR 103
DELMIN=ANINL{DELB,DELNM) STAR 104
SUM=1.0 STAR 1085
25 RSUMS1,0/5Un STAR 106
SUM=SUM#*10.0 STAR 107
IF(RSUM .LT. DELMINIGOTYO 30 STAR 108
GOvT0 2% STAR 109
30 DELMIN=AINT(DELMINGSUNM)/SUM STAR 110
DEL IN=DEL TAY STAR 111
IF(DELIN .GV. O.O0)DELMIN=AMIN] (DELINGDELNMIN) STAR 112
DELTAT=DELMIN STAR 113
C PROGRAM CONSTANTS STAR 114
Ha 0. S*THICKN STAR 115
GAMI=THICKNSRHO STAR 116
NDELP =NPR INY STAR 117
MR ITE=NCONTONRITE STAR 118
00 3 K=1,LAYER STAR 119
ZETAIK)=H®{1.0~-{2.0%FLOAT(K)-1.0)/7ZAYER) SYAR 120
174
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ZETASQIK) = ZETAAK)®e2 STAR

3 CONTINUE STAR
TA=HO{2,0/2AVER) STAR
DELSQ=DEL TAT#S 2 STAR
Ge,50E/(1.0¢FNU) STAR
GTNO=G*2.0 STAR
PRATSE/(1.0=-FNUS$2) STAR
RVD1=1.0/71{2.0*DETAL) STAR
RT02=1.0/¢ 2.08DETA2) STAR
rO1i=1.0/D0ETAL®e2 STAR
RD22=1.0/DETA20%2 STAR
RD1220.25/7(DETALISDETA2) STAR
GCASDETAL®DETA2 STAR
CB=TASDETALSDETAR/E STAR
TRD=2.0#RD12 STAR
DAMPING CONSTANTS STAR
C222.0%0EL TATSDANPF /GANZ STAR
ClaC2/(4.0+C2) STAR
STAR

MRITE( 64130) STAR
MRITE(6,140) VITLE STAR
WRITE(6,150) MESH,DETAL,NMESH,DETA2 STAR
WRITEC 69300) DELB¢DELMDELINJDELTAT STAR
MRITE(64,160) EoFNUySIGZoRHO, THICKN STAR
WRITE(6,1T70) NCONT,MAXC ¢NPRINT,NRITE STAR
WRITE(64175) LAYER/NSTRNsLOADoLPRESS STAR
WRITE(6,180) IBCEL, IBCE2,IBCE3,IBCES STAR
WRITE(G9185) (JCHK(I),1=1,3) STAR
WRITE(6,190) (NCYCH(I )oI=1,NUMCY} STAR
WRITE( 64500} (JCYNLPUJ) J=1,NLPRIN) STAR
WRIVE(6,195) (NCIDP(1)yI=1oyN3D} STAR
IF{ISR .EQ. ~1) WRITE(6,400) STAR
IFINSFL .EQ. 1 <AND. ISR +EQ. 1) WRITE(64405) STAR
IFINSFL .GYV. 1 .AND. ISR +EQ. O) WRITE(6,410) STAR
IFINSFL (EQ. 1 .AND. ISR €Q. 0) WRITE{(6,415) STAR
IF(NSFL .GY. 1 .AND. ISR .EQe. 1) WRITE(6,420) STAR
IFINSFL.GYJ1IWRITEL 6y B20)INSFL STAR
WRITE(6,821)1(J3¢SSIG(I)oSEPSIJI) yUSRIJ) 4PSRED) 9 I=1,NSFL) STAR
WRITE(6,110) STAR
TIME=DELTAT®FLOAT{MDANP) STAR
WRITE16,200) MDAMP, TIME,DAMPF OFACT STAR
RETURN STAR

15 FORMATI4AELQ.4415) STAR
100 FORMAT(8AL1D) STAR
105 FORMAT({315,€E12.6) STAR
110 FORMAT{1615) STAR
115 FORMAT(315,2E12.6) STAR
120 FORMAT({SEL2,6,215) STAR
125 FORMAT(4ELS5.T) STAR
130 FORMAT(2EL1O.4415) STAR
STAR

140 FORMAT(1H1+53Xs 1SHBRL REPSIL CODE//24X,8A10/) STAR

150 FORMAT (38X 14929H MESHES IN THE ETAL OIRECTION,3X,8H(DETAL =EL2.6,STAR

11H)/38X 9149 29H MESHES IN THE ETA2 DIRECTION,3XoBH(DETA2 =E12.6¢ 1H)ISTAR
2/) STAR
160 FORMAT(5TXo LTHYQUNG*S MODULUS =E12.6 STAR
1 /32X ¢ 1THPOISSON*S RATIO =E12.6410Xs1 THYIELD STRESS SE12.65TAR
2 /732X 4 LTHMASS DENSITY =E12.6910Xy2 THTHICKNESS SEL2,6STAR
LTA) STAR
170 FORMATI>2Xy LOHSTART AV TIME STEPIS/S5X,18HFINAL TIME STEP 415/ STAR

175
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t : 1 85X, 21HSURFACE STRAINS EVERYIS,10H TINE STEP/ STAR 181
; . 2 58X 21HRESTART WRITE EVERYIS,10H VIME STEP/) STAR 182
) 5 175 FORMAT(A3X, THLAYER =]5,18X,8HNSTRN =[5/ STAR 183
b ! 1 43XeTHLOAD =]S,18X,8HLPRESS =15/) STAR 184
i 180 FORMAT( 54X, L9HBOUNDARY CONDITIONS/4TX,31H1/2/3 s CLAMPED/SYMMETRY/STAR 185
v LHINGED/5TX o THEDGEL =] 4/5TX,THEDGEZ =14/57X,THEDGE) al4&/ STAR 186
b 2 STXy THEDGEA =14/) STAR 187
i 185 FORMAT{50Xs25HPRINT OPTION CONTROL CARD/S2X,20H0/1 = NO PRINT/PRINSTAR 188
i LT/750Xe 149 24H DISPLACEMENT INCREMENTS/ STAR 189
) 2 50X,14932H CARTESIAN COORDINATES, PRESSURE/ STAR 190

3 SOXo14s33H SURFACE NORMAL VECTOR COMPONENTS/) STAR 191
‘ 190 FORMAT( 24X 45HPRINT INFORMATION AT THE FOLLOWING TIME STEPS/(24X, STAR 192
4 11 1615))) STAR 193

195 FORMAT(24X,38H3-D PLOTS FOR THE FOLLOWING TIME STEPS/ (24X, (1815)))STAR 194
: 200 FORMAT(/A6Xy29HSTART DAMPING AFTER TIME STEPISSX OHTIME =EL0.4/ STAR 195
; 140X THOAMPF =ELO4 4y 16Xy THOFACT =E10.4) STAR 196
; 300 FORMAT(4TX,25HBENDING TIME INCREMENTs E12.6/47X,25HMEMBRANE TIME STAR 197

LINCREMENT= EL2.6/4TX, 25SHINPUT TIRE INCREMENT= El2.6//44X,31HTIMSTAR 198

{ 2E INCREMENT USED BY REPSIL= E12,6/) STAR 199
i 400 FORMATI/37Xp32HCONSTITUTIVE RELATION ELASTIC) STAR 200
: 405 FORMATI /24X, TSHCONSTITUTIVE RELATION ELASTOPLASTIC=NO WORK HARDSTAR 201
; LENING-STRAIN RATE DEPENDENT) STAR 202
; 410 FORMAT(/724X, TTHCONSTITUTIVE RELATION ELASTOPLASTIC~NORK HARDENISTAR 203
P ING-STRAIN RATE INOEPENDENT) STAR 204
! 415 FORMAT( /724X, 00HCONSTITUTIVE RELATION ELASTOPLASTIC~NO WORK HARDSTAR 205
; LENING=-STRAIN RATE INDEPENDENT) STAR 206
L 420 FORMAT({/3TXs TSHCONSTITUTIVE RELATION ELASTOPLASTIC~WORK HARDENISTAR 207
; ING~STRAIN RATE OEPENDENT) STAR 208
{ 500 FORMAT( 24X, 49HPRINT L MATRIX (LMAT) AT THE FOLLOWING TIME STEPS/ STAR 208
E 1t24X,1615) STAR 210
: 820 FORMAT(ISX9ILHSTRESS=STRAIN APPROXIMATION HAS,13,10H SUBLAYERS) STAR 211
821 FORMAT( /46Xy 40OHSTRESS~-STRAIN AND STRAIN RATE PARAMETERS/ STAR 212
130Xe LHJ ¢ OX o THSSIG(J ) o X THSEPS(J) 914X, 6HOSR(J) ¢8X,8H1/PSR(J)/ STAR 213
20 26Ke 15¢5Xe1P2EL1S.Te5Xs2E15.T7)) STAR 214
. END STAR 215
‘
g
!.
]
f 2
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& SUBROUTINE INVEL *ees

1
i
§ \ COMNON (USE MAIN) INVE 2
; : C EVALUATE THR INITIAL VELOCITY AV TINE=O FOR ALL MESH POINTS INVE 3
; ; READE 54 100) B3, MF o NTyNF o VRNV INVE &
} WRITE(6,200) M1 NF,NI,NF,VR INNE S
: ¢ INVE &
DO 30 Mgl NF INVE 7
g : 00 30 NsI,NF INVE 8
g . ULIME NI ==-YRESNL{M,N) INVE 9
; UZUMIN) 2-VRESN2{M,N) INVE 10
! - UMY N ) =-YRESNIIN N ) INVE 11
E ; 30 CONTINUE INVE 12
Y ' IFINV)S50,50,40 INVE 13
E 40 WRITE(64300) INVE 14
' 00 45 K=]l,NV INVE 15
READIS9300) MyN,yV INVE 16
% WRITE(5e400) KyNoV INVE 17
; UL (NN ) s=YESN]L {MeN) INVE 18
; U2(NeN)==VESN2 My N) INVE 19
g UB{MyN)=-VESNI{HN) INVE 20
: 45 ZONTINUE ‘ INVE 21
! S0 RETURN INVE 22
; c INVE 23
* 100 FORMAT(AI5,EL2.6,13) INVE 24
; 200 PORMAT( 1H1o31Xo3H(M=y 135 1H o132, 9H) AND (N=oI3,iH,,13{30H) RECEIVE INVE 25
[ LFULL VELOCITY, (VR)= E12.6/) INVE 26
: 300 FORMAT( 52X, 2THOTHER VELOCITY DISTRIBUTION/STX LHM,4X 4 1HNGBX,1HV/) INVE 27
. 400 FORMAT(S54X,215,2X,E12.6) INVE 28
- 500 FORMAT(215,E12.6) INVE 29
: BND INVE 30
\
b
r.
3
¥
3
!
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SUBROUTINE POSITN

| sess )
i CONMONCUSE WNAIN) pOSE 2
b DO S0 Malomn POSI 3
; 00 50 Nel,NN POST o
: VI(MeNI=Y R (NN UL (N, N) POSI 8
: FZIMuNI2Y 2NN ) ¢U2E N, N) POSE o
g VS(MINIaYI(MyN)eUIIM,N) POSY 7
! 50 CONTINUE POSE @
i IFINCYCLE .NE. NCYCHINNN)IGOTD 7% POSt 9
| c WRITE DISPLACEMENT INCREMENYS POSt 10
i IF(JCHKI(L)) 83,853,588 POS1 11
; 5% NCYCSNCYCLE-L POST 12
. WRITE (64509) NCYC,NCYCLE POS1 13
i WRITE (8,991%) POSI 14
i 00 60 Mu2.M1 POSL 1S
: 63 WRITE {6,9917) n.1~.ux|n.ub.uz'n.nt.ustn.n».n-l.u:» POSE 16
¢ C WRITE CARTESIAN COORDINATES, PRESSURE POSL 17
; 63 TF(JCHKI2)) T75,75,68 POS: 18
' 65 NRITE (64999910 NCYCLE,TINE POSL 19
: NRITE (6)903) NCYCLEoNCYCLE,NCYCLE POSY 20
i 00 70 Me2,M] POSE 21
z T0 WRITE (6,902) NplN.Vl(N.N)'YICN.NI.V3(N.Ni-P(H.N)'N-I.Nlb POSt 22
! 75 RETURN POSE 23
b c POSI 24
509 FORMAT(IHL1,21X,36HDISPLACEMENT INCREMENTS BETWEEN ToSeoldobN AND,. POST 25
§ 1l4,/) POSE 28
g 9915 FORMAT( 1M .sx.lnu.‘x.lnn.xox.vuuntu.N).lex.vnuz(n.u)snax.7uuzcu.u»::§: 27
4 13 28
g 9917 sonnarclb.ls.stax.ezs.ne)/«x11.3«2x.523.15)nn POST 29
: 99991 FORMAT(10H1TINE STEP.ISs6Xy5H TIME,E16.8) POSI 130
' 903 FORMAT( 36Xy 21HCARTE STAN coonolNArss.sox.onvnessua£/3x.zun.ax‘tnu. POSY 31 «
~ 19x.7nv1tn.u.|~.1ui.13:.1uvzcn.n.|‘.xu).lsx.vnvatn.n.l‘.xut POSE 32 3
' 20 15Ky GHP(MgN} ) POST 33 j
902 FORNAt(2!4.4(2‘.523.l63/(l&o6(2X.EZ3.16l)) POST 34 :
: END PISL 38
;
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SUBROUT INE DGEOM aeee )
COMMON (USE MAIN) 0GE0 2
STREN=0,0 CCEO 3
CO 90 W=2,M) CGEO &
€O 9C Nul,Nl 0GEO 8
CALL GRAC (MyN) CGEO ¢
AN1=SNY(M,N) CCE0 2
ARN2=SN2(M,N) UGEO @
RN3=2SN3(M.N) CGEO
Alleyilee2ey]20824v] 3002 CGEO 10
A22sY210820v 220820723082 OGEO 11
Al2aY1leV21eV120Y220Y130Y2) CGEO 12
CA=AL1®AZ2-A)2002 CGEO 12
RA=1,0/04A OGEO 14
SRA=SQRT{OA) CGEO 15
RRA®1,0/SRA CGED 1¢&
IF(LPRESS o+GE. NCYCLE) P (MyN)aSRA®P (M,N) 0GEO 17
IFINCYCLE +EQ. CIGUTO 86 DGEO 18
IF(M.EQ.MN .AND. IBGE3.EQ.1)GCTC 87 CGEO0 19
IFIN.EQe] +AND. IBCEA.EQ.LIGCTC 87 DGEO 20
IFINJEQ.NN AND. IBCE2.EQ.1}GCTC 87 DGEC 21

86 SN1(M,N)SRRAS(YL20Y23-Y130Y22) CGEO0 22
SN2(MyN)=RRAS{Y130Y21-Y118Y23) 0GEO 23
SNI(MN)=RRA®(Y118Y22~V128Y21) DGED 24

87 ML1eSNI(M,N)OYI214SN2(M,NI®YL12¢SNI(M,NIOY]11) LGEC 25
B12eSNIEMIN)OY)I214SN2IMyNIOYL22¢SNI(M,N) #V123 DGEO 26
B22=SNL1UMyN)SY221¢SN2IM,N)SY22 20 SNIIN,N)®Y223 DGEO 27
IF (NCVCLE.GT.0) 6CTC 88 rGEO 28
TEMP (M,N ) =DEL GAMSRRA CGEO 29
CALL ABINIT(M,N) OGEO 30
€010 90 CGEO 31

88 AR11l= RA®A22 06t0 32
AR22= RA®ALL 0GEQ 22
AR12=-RA®AL2 DGEO 34
BM117ARL1®B11+AR1 20812 0GEO 2%
BN122ARL19B124AR 120822 0G0 3¢ ¥
EN2)=ARLZ98114AR220812 0GE0 37 2
BM225ARL 2981 24AR22¢8 22 DGEO 38 {
BT=aM1)eBM22 0GEO 39 ‘
VR11=ARLISY114AR] 20V 2] DGE0 40
YR12=AR118Y ] 2¢AR120Y22 0GEQ 41 i
YR13sARL119Y12¢AR120V23 CGEO 42 |
YR21=AR12%Y 1 1¢AR229Y21 CGED 43 \
VR22=AR129Y1Z0AR220Y22 CGED 44
YR23=AR120Y12¢AR220Y23 CGE0 43
CS111sYRI1SY)114YRIZ2OV1I1Z4VRIIOVLLD CGEO A4
CS112+YR119Yi2]10YRI20Y122¢YR1IOV]2) CCZ0 47
CS122=YR114Y2214YR120Y2224YR]L I9Y22) DGEO 48
CS211=YR21V111+VYRI28V1124YR234Y]1) 0GEO 49
CS2123YR218Y1214YR228Y1224YR238Y] 23 CGEO 50
CS5222=YR219Y2214VYRI2¢Y2224YR230Y22) 0GEO S)
CNL1==RN18U11-RN28UL2-RNI®U]L3S CGEO 53
CNL2==RN 18U 2 1-RN29U22-RN38U23 CGEO 53
CNR1=AR1I1ODNL 1+AR 2 20DNL2 RGEO 54
CNRZ=ARL 29DNL 1 ¢AR 2280NL 2 CGEO 55
SNN=RNLOSN1(MyN) sRN2SSN2(M,N) $RNI®SN3 (M, N) CGEO 56
CN={ONL2ZSDNR 1 +DNL 29DNR 2) /(1,04 5KN) CGED 57 i
CALlsY118Ul1eV128Ul20Y130U13=CaSO(ULLP824UL20024U13092) CGEO &8
CA22=Y21%U2)eY 2200224V 230U23-Co 58 (U21 08241228024 0L22082) CGEO 59
CA1220.50(Y[18U214Y210UL14Y120U220Y220U12¢ Y1 30U234Y230U13 CGEO &0
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=Ul1oU21-Ul12eU22-Ul3%23) céeo

: COL1=ANLOUD LIORN2OULL2¢RNISULL3eCSL11PONLI*CS211 SDONL2481] SON cceo
: CB22oRNISU22L*AN2SU2224RNISU2230CS1220DNL14CS22200NL24022¢0N oeeo
; COL2sRNIPULZ1OANZSULZ2RNISUL234CS11200NLL4CS21 2ODRL2481 290N ceeo
! CO 89 Kal,LAVEN tGee
? CEPS1INI=DALL=-2ETALIK)®DB1] neeo
: CEPS2(N)aDA22-2ETA(R)ODB22 tGceo
i CGAMNALK )oDAL2-2ETA(KI®DSI12 (J17)
; CALL STRESS (MyNsK) 0Geo
; 89 CONTINUE cGeo
' EPSLIUMNI=EPSLLINGN)CDALLONODBEL cGeo
EPSL2CMINDInEPSL2(NyN)eDA2201H*0B 22 0GEO
GANMAL(MyN)GARNAL (MyN ) #DAL 24H00DB] 2 0Geo
f EPSULIMN)IEPSUL(MN)*DALL-N®DB1] cGeo
! EPSUZIM NIEPSUZINNI*DA22-HODB 22 0GEO
: GANMAU(N,N)=GAMNAUIM N )+DAL 2-HODBL 2 0ce0
: CALL RESULT (M4N) cGeo
i 90 CONTINUE CGEo
L IFINCYCLE .EQ. 0)GOTO 820 0GEO
. CALL SYNMTRY tceo
; 100 STRENaCB*STREN 0GEOD
t 1F(IBCE2 .FQ. 2) STRENw2,0¢STREN 0GE0
{ (4 WRITE LMATRIX tGeo
; IFINCYCLENE.JCYNLPLNLP) )GOTO 820 c6ed
] NLPaNLPe) 0680
; WRITECSy 811 INCYCLE, T INE C6R0
g 0O 802 K=1,LAYER CCe0
; WRITE(6,012)KotN,HaZ,N1) 0ceo
! CO 802 NslyN} cGeEd
. 802 WRITE(S, 813N, (LMATIMyNGK) jMum2,M1) 0ceo
c WRITE SURFACE NORMAL VECTCR oGeEo
820 IF(NCYCLE NE. NCYGCHINNN)IGGTS 700 06EO
TFLJCHKI25) 700, 7C0 800 0GEO
800 WRITE(6,900) NCYCLE,YINE 0GEO
WRITELS,910) 0G0
O 810 M=2,M] CGEo
810 WRITEL{69920) MoINeSNIIMeN) o SNZIMN) ¢SNI (NN} 4Nol,(NL) 0GEO
700 RETURN cGeo
c £Geo
811 FORMAT{LONITING STEP IS, 6X, AHTINE ,1PELS. T, H. o 10X, )
1  AQCHSUBCIVISIONS OF TIME INCREMENT IN STRESS/) 0GEO
s 812 FORMAT(//20X, OHLMATAN NG 12,1K0//79 N s ,4013/7) CGE0 102
g 813 FORMAT(I3,5X,4013) 06E0 103 ]
900 FORMAT(IOMHLITINE STEP,I15¢6X,5H TIAE E16.8) CGEO 104
910 FORNAVL 22Xy IZHSURFACE NORMAL VECTOR COMPONENTS/3X,1 OCEO 105
LHM o 3% o LHN 99X OHSNLI CMoN) - L TX o OHSN2EMN) s 1 TX o BHSNI (2 N) ) 06E0 106
- Q20 FORMATI 21490 2XE29415)/7¢10,3120,E23.16))) 0680 107
i EWC CGE0 1.e
i
180
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SUBROUY INE SARAD ¢DND) oo
COMMON (USE RALN) GRAD
N=ND GRAD
N=NO GRAD
1F {(R.2Q.MN) GOTO 3 GRAD
Yils ATOLOLVI(NeL o N)=YL{N=-1,N)) GRAD
Yidn ATOLS(Y2(NeLN)I=-Y2(N=14N)) SRAD
Yida RTDIG(YIINGLoN)=YIIN=1,M)}) GRAD
Ull= RTDLO(ULINeLN)=ULIR=1,N)) GRAD
Ul2= RTDLIS{UIRGL,NI=URIN=1,N)) GRAD
Ul3e RTDIS(UIINeL yNI=UIIR=1,yN)) GRAD
Y11aROL1GEIVIINGL N)I=2.00VL LN NI ¢ VLLN=1,M)) GRAD
Y1120RD11O(V2INeL o N)=2,00V2{N NI o VR(N=1,M)) GRAD
YI1D2ROLAC(VIINCGL N I=2.00Y3 (N N)SVSLR=1,N}) GRAD
ULLIsROLLIGIULINGLoN)I=2.00UL (NyN) oUL (M=1,N)) GRAD
UL120R011G(U2INCL,NI=2,08UZ (N NI SUZ(R=1,N)) GRAD
UL13=RD11OCUBINGL yNI=2,00UB{N NI SUSIR=1oN)}) GRAD
IF (N.EQ.1) GOTO 1 GRAD
IF (M.EQ.NN) GOTO 2 GRAD

Y121oRDL2GLVIINGL o NOL ) =VR(M=1 JNeL )=V (N2l oN=10¢VL (N=1yN=1))
Y1229°RD120(V2INOLyN4L)=V2UN=1 N )=Y2 (Mol oN=1) ¢ V2 (N=1yN=1})
Yi2IRD12GCVYIINOL NOL)=YI(N=L o NeL)=VYI (N0l oN=1 )¢V (N=1oN=-1))
UL2LsRDLZSLULINGIyN4L ) =UL{N=1 yNeL)=UL (Ne] oN=1 ) ¢UL (N=1 o N~1}) GRAD
Ulll‘lol!‘(UIIIOI.NOI)°U!IN-I.NOI)-UZ|NOIQN—IlOUlil-l'N-1='

)

UL238RDL1ZOIUIINGL o N4 )=UBIN=1 s N¢ L )=UB (Ne] ¢ N=1 ) +UD (N=1yN=1 GRAD
GOTO & GRAD
1 Y121oRD120(VL{IN=1,N*2)=V1{Ne] N¢2) GRAD
1 =400 (YL (N=-1yN*1)=VL (Ne] N¢L)))=3,0¢RTD2OY]LL GRAD
Y122%R0128(V2{N=14N¢2) Y2 (Mol N+ 2) GRAD
1 =408 (V2{R=1¢N*L)=V2(Ne]1,N®]1)))=3,00RTD2¥Y]2 GRAD
V123sRD120(VYI(N=14N¢2)=-YI{ Nl N¢2) GRAD
1 =400 (VI M=1¢Ne*LI=VI{NeLlN*1)))=3,08RTD2OV]1D GRAD
V121=R0D120(UL(N=1 N*2)=UL{No1Ne 2} GRAD
1 =400 (UL IN=1,N*L)=UL(Me], ,N*1 1)) ~3.08RTDZ W11 GRAD
UL1225R0120 (U2 N=1,N¢2)-U2(Nel N0 2) GRAD
1 =400 (U2(M=LyN*1)=U2(ReLN*1)))=3.08RTD2W]2 GRAD
UL23=RD12%(UI(N=-1,N*2)=-U3(Ne] Ne2) GRAD
1 ~4.00 (UM IN=1,N+L1 )=UB(NGLoN¢1 D) )=3,0%RTD2U1D GRAD
GOTO 4 GRAD
2 Y121oRD126(VI( Mol N-2)-Vi({N-]¢N-2) GRAD
1 ~4,00(VI{NOL N=1)=V1{N=1yN~=1))}*3,00RTD2OY]] GRAD
Y1225RD128(V2(N¢L N~2)~Y2(M=1,N-2) GRAD
) § ~4,00(V2(NL N=1)-Y2{M=14N~1})1¢3.00RTD2WY]12 GRAD
Y123=RD125(VI( Nl o N-2)=YI{N=] o N-2) GRAD
| =400 LYIINGL N=2)~VY3{N=1 N=1)))¢3,0°RTD20V]) GRAD
VI21oRDR20(UL(NSL  N=2)=UL{N~1 4 N~2) GRAD
1 =4, 00 {ULING L N=L)=ULtN=1yN=1)) ) *3.00RTD2 V1) GhAD
U122=RD12¢(U2( N1 N=2)=U2 (M=1N-2) GRAD
1 =400 (U2{N+1 )N=1)~U2{N=1yN-11})93.00RTD2WI12 GRAD
VL23aR0120(UI N1 N=2)~UB{N=]1,N=-2) GRAD
1 =4.00 (U {NeloN=1 1=-US(N~14N=-1)))+3,00ATD2MU]) GRAD
GOTO 4 GRAD
3 Viie RTOLM{VL(M=2,N}=4,08VL(M-1oN}¢3.00VL (NeN}) GRAD
Yide RTOLS(V2{N-2,N)=4,00V2{N=L o N}+3,00V2( NN} ) GRAD
Yids RTOLO(VYI{N-2,N)=4.00Y3{ N1 N3, 08VIIN,N)) GRAD
Ulle RTOLO(ULIN=2,N)~4,00UL (N-1 N} 3. 00UL (M,N)) GRAD
Ul2e RTDLISIU2IA=2,N)=4,0%U2{N-1 o N)+3,.0%UZ(M,N)) ' GRAD
Ulds RTDOAS(UIIN=2,N =4, 08U IN=-1oN)+3,08U3(M,N)) GRAD
VILI®RD110{2.08Y1(MoN)«S5.00VL{M=1 NI ¢4,00V] (M=2,M)=YLIN=I¢N}) GRAD
Y1125RD116(2.00Y2(MeNI=3.00Y2(N~] ¢N) ¢4, 00V (N=24N)=Y2{N~34N)) GRAD
18)
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VILNADLLGI2.00VI (NN )=3.00VD{\i=1 oN) 04,00V IN=-24N}~Y3(N=3,N})
VELIORDL1S12.00UL (NN )-8, 00UL (M=] )N} 4. 00U (H=2 yN) =YL (M=, N) }
VL12%R0110(2.00U2ENoN1=-3, 00URIN=1 ¢ N) ¢4,00U2 (N~2 NI =UR(N=3,N))
VL132ROLIS(2.00UB 1NN )I=S, 00UB L] ¢N) ¢4.00UI (N=2yN) U {N=3,N))
4 IF (N.BQ.1) BOTO S
I1F (N.EQ.NN) GOTO o
v2le ATOZOLYLIN NAL)=ViiNeN=-1))
V22e RTDRO(VR{NNOL)=YRINN=1})
Y23« RTO2GAVI{NNOLI=YIININ=1))
U21l= RTO28LULIN NSLI=ULINN=-1]))
U22= RTO2S(URINeNOL)I~URINN-1})
U23= ATDRS(UBINNeL)I=USINN=-1))
V22L1GRDRAS (VLN NOL)=2.00YL (HeN) oYL (MoN-1))
YR222SRDZGUVRINGNOL 1= 2. 00V2 (NN *Y2(NN=-1))
Y22IORD2ZOLVI( NNl )2, 00V (NN e YI(MoN=-1})
UZ2L0RD22G(ULINGNGLI=2,00UL (MoNI QUL (MoN=-1) )
U222=RD22S LU AGNOL 1= 2, 00U2INNI¢UININ-1))
U2235RD220 (U I NG N1 1= 2, 00UIININI UM N-1))
IF (ANE.NN) BOTO 7
Y121aR01204VE(MN-2oNol ) =YL {N=24N~-1)
=4.00(VEtM=1 NoL b=V (M=14N~1)))e3,.00RTOL #Y21
Y1229RDLICLVRIN-2 NeL )=Y2(N=2,N-1)
=400 {V2(N=14NoL )=Y2(N=1oN=1))) 03, 00RTOLOY22
YA23SRDL2C(YIIN=2,N4L)-V3{N=-2,N~-1)
=408 (VI N=1,N¢L )=VY3UiN=1,N=1))103,00RTDL Y2}
UI21sRDL20{ULIN=2,N¢1)=ULIN=2,N-1)
=4.00(ULIN=1yNOL)=UL{N=L4N=1)})¢3,00RTDL %21
V1220RD120{U2IN=2,N*Ll )=UR(M=2yN-1)
“8s00(U2(N=-1oNeLl )-U(N-1 N=11))¢3,0RTOLI W22
ULZIIBRDLZO (UM N=24NeL 1~UB{N=2,N~1)
oo ;6-0‘103(“—!."01l-U!(N—I.N—Il030!.0‘R'Dl‘023
€o¥
S V2le=RTD2S(V1{NNe2)=4.00V1(NoNeLIvIL0OY] (N4N))
¥22u=RTD2O{Y2(NyNe2)=4, 00V {N N1} 03, 00Y2{NN))
Y230 RTOIS(VI(HING2)~ 4, 00YI (N NOL)¢3, 00VIIN,N))
U21e=RTO20 (UL (NyNe2)-4.08UL (N yNe 1) ¢3,.00UL (NN))
Y22e-RTD2%(U2(NyN42)=4,00U2{N N1 )+3,00%U2(NN))
U230-RTD2E (U NN R )= 4. 00US NN 1) 3, OSUS L NN) )
V2215R022¢(2.00V1 (N NI=3. USYLIN NG L) 04,00V (MyN*2)=Vi(NyNe3))
V2220RD22%( 2, 00VZ(N N)-3.00Y2 (N NILI A, 00V2 (N N¢2)=V2{NyNe3))
VI2ISRD220(2.00VIIN N )-S5, 00YIIN N1 )04, 00V (N N*2)-YB(MyN+3))
U221%R0D22¢(2.00UL (N N3, 00UL (M yNeL) ¢4 00UL (HyN+2)-UL(NgNe3) )
U222=R0226(2.00UZINyN)=3.00U2 (N N¢ 1) 04, 00U2 (N yN*2)=U2(NLN®3))
U2238RD22C( 2. 0FUBIN N I=3. 00U N NOLI ¢4, OBUB (N N*2) -USINyNeI ) )
IF (N.KE.MN) GOTO 7
V121u=ROL120IVP1(N=-24N¢2) -4, 08 (VL (R=1 yNe2) ¢VL (N=2yN¢])
=4, 00VL{N=-1oNe 1) i=9.00YLIN M) )43, 00(RTDLOV21=RTD2%¥1 1)
V122e=RDL120(V2(N=24Ne 21 =4, 00 (Y2 {N=1 N2} V2 (N=2 yNel)
“4.0072(N=1oNo L) )=9,00Y2( N, N} )3 .06 (RTOLSY22-ATD24Y12)
V123==ROL20(V3{N=-24N¢2)=4.00( VI (N=]  Ne2) ¢ VI (N=2y Nel)
=400V (N=-1,N¢1) )=9,.00YI{N,N) )3, 00(RTOLSV23-ATD20V1))
UL25=~ROL20CULIN=2,N¢2) -4, 00 (UL {N-1 N0 2) 0UL (=2 N¢1)
o =4 0%WIIN=1oNeL) 1=-9.00ULINyN) )03, 00 (RTOL W21 -RTD2WI1 L)
UL220=RD120(U2{IN=29Ne¢ 2) =4, 0P (U2 (N=L s Ne 2} ¢UZ (N=2 ¢ Ne1 )
=4, 00U2(N=-14NOL) )=, 00U2(N,N} 03,08 (RTDL®22-RTD2WU1L2)
UL230=ROL20 (U IN=-2 ) Ne 2] =4, 00 (UI(N=1,No2) oUI(R=-2,N¢])
=4, 00U N=-1yN¢L) )=9. 00U (N N) )¢, 08 (RTDL®U2I-RTD2WI1Y)
Qoto ?
& V2l= RYD2O(VI{NN-21~4. 00V (N N=1003,00Y] (M, N}
Y2l= ARTDIC(V2(NN=-21~4.08VY2(NyN-10¢3,08Y2(N,N))
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(1]
69
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(1
8
87
e
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"
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¥23= RTO20(VYI(MoN-2)=4,00Y3(MyN=1)¢3,00V3({N,N))

U2le RTD2S(ULIMyN=2)=4.00UL (MyN=-1)¢3,0%UL(M,N})

U22e RTD2®(U2MNyN=2)=4,00U2¢(MN=1)1¢3,0%U2(M.N))

U23= RTO2O(UI(MyN=2)=4,00U3(MyN=1)43,0%U3(N,N})
Y221uRD22¢(2.00Y1(MyNI=3.00YL (MyN=1)¢4,08YL (M yN=-2)=Y1(MyN-3))
V2229RD22¢(2.00Y2(NyN)=5,00Y2 NeN=1) ¢4, 08Y2(NyN=-2)=-Y2(NeN-3))
¥Y223=RD22%(2,00Y3{MgN)=5.00YI(MyN=L1}+4,00Y3(HyN=~2)=YI{NgN=3))
U2215RD22%{2.00UL (MyN)=3.00UL (MyN=1)44,00UL (MyN=2)=UL (MeN=3))
U222=RD22%(2.,0%U2(MyN)=5,00U2 (MyN=1}+4.0%U2 (MyN=~2)=UR(MeN-3))
U2232RD22% (2, 08U {MyN)I=3.0%UI(NyN-1) ¢4, 00UB(MyN=-2)-U3 (M N-3))
IF (MNE.MM) GOTO 7

Y121le RDL28(YL(M=2,N-2)=4,00 (YL (M=1yN=2)+Y]l {N=2¢4N~1)

1 ~4,00YL{MN=14N=1))=9.,00V1(M;N))+3,00{RTDL&Y2]1+RTD22Y]11)
¥122= ROL2#{Y2{N=2yN=2)=4.00 (Y2 IN=-1 N~2)¢¥2(N=24N~1)

1 ~4,00V2(M=1yN=1) )=9.00V2(MyN) )3, 08 (RTDLE*YV224RTD2¢Y12)
Y123= RDOL120(YI{M=29N=2)=4.00{YI3{ M=) N=~2)¢VI(M~2,N-1)

1 =4, 00Y3(N=1yN=1) )=-9,08YI(MyN) )03, 0%{RTDLEY2I4RTD20Y1))
Ul2l= ROL2%(UL(M=2yN=2)=4. 0% (UL ({N=]yN=2) ¢UL [ M=2,yN~1)

1 ~4.00UL(M~1yN=1) }=9.08UL (MyN) 1 #3,0%{RTDL W21 +RTD2WI1 1)

Ul22% ROL2#{U2(M=24N~-2)-4,08(U2{H=1,N=2)2U2(M=2yN-1)
1 =4,00U2(M=1¢N=1) )=9.00U2(M;N) ) ¢3,0¢(RTD1 #U2Z +RTD2*V12)
Ul23® RDL2¢(UI(M=2,N-2)=4,0%(UI{N-14N-2) U3 (H=2¢N-1)
1 ~40%UIIM=1yN=1))=-9, 08U (MyN) 103, 08{RTDI#Y23+RTD22U13)
T RETURN
ENOD
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SUBRGUT INE STRESS (MDe ND9KD) sy ]
C CONSTITUTIVE RELATION-~LINEARLY ELASTIC, OR ELASTIC-{-PERFECTLY STRE 2
’ c PLASTIC OR -STRAIN HARDENING). OPTIONAL STRAIN RATE DEPENDENCE STRE 3
¢ COMMONLUSE MAIN) STRE 4
‘ ;=MD STRE 5
; b D STRE 6
: K=KD STRE 7
| $S11=0.0 STRE 8
i $512=0.0 STRE 9
i $521=0.0 STRE 10
! $522=0.0 STRE 11
{ LMNK =0 STRE 12
¢ KN=(K-1)®NSFL STRE 13
. ZETAK=2 ,0#ZETA(K) STRE 14
Gll =ALl1-ZETAK*B11} SYRE 15
; Gl2 =A12-ZETAK#B12 STRE 16
3 G22 =A22-15TAX®B22 STRE 17
: DG=G11#G22-G12%%2 STKE 18
: SRG=SQRT(DG) STRE 19
' RG=1.0/06 STRE 20
, GRIl = RG * G22 STRE 21 i
¢ GR12=-RG%G12 STRE 22
i GR22 = RG * G11 STRE 23 '
‘ DEPS11 = GRI1*DEPS1(K) ¢ GR12*DGAMMA(K) STRE 24
¢ DEPSL2 = GR1I2%DEPS2(K) + GRLL*IGAMMA(K) STRE 25
: DEPS21 = GR12%DEPSLIK) + GR22%DGAMNMA(K) STRE 26
' DEPS22 = TR22%DEPS2(K) + GR1I2*DGAMMA(K) STRE 27
E D51G11 = "RAT*(DEPSIl ¢ FNU*DEP522) STRF 28
' DSIGlc = STWOSDEPSL2 STRE 2§
¢ DS1G21 = GTRO®DEPS21 STRE 3¢
f 051622 = PRAT*(DEPS22 + FNUSDEPS11) STRC 31
I IF(ISR.GT.O0)EPSDOT=SQRY(DEPSL11%(DEPSLI-DFEPS22) +DEPS22%%2 STRE 32
‘ 143 ,0%DEPS 1 2#DEPS21) /DELTAT STRE 133
DO ) J=14NSFL STRE 34 4
Kd= N+ STRE 35
! SIGLLIZGLI#SIGL{MyN¢KJ)+GL2¥TAU{M,N KJ® STRE 36 3
r S1Gi21=C12%SIGL(MyNoKJ)+G22¥TAU(M Nk J) STRE 37
i SIG211=G12%SIG2{MyNKJI+GL1*TAUIMN(KJ) STRE 38
b S1G221=G22¢SIG2(M NyKJI¢+G12%TAUIMyN,XJ) STRE 39
S1GYSQ=SIGZISQ(J) STRE 40
[ IF(ISR.GT.0)ISIGYSQ=SIGYSQ® (1, 0¢ (EPSDOT/DSRIJ) I *4PSR(J) ) *»2 STRE 41 ]
=1 STRE 42
LC=1 STRE 43
t SIGIlL=SiG11I+DSIG11 STRE 44
: SIGL2L=SIG12[+DSIG12 STRE 45 ;
' $1621L=S1G211+DSIG21 STRE 46 4
, STG22L=S15221+D51622 STRE 47
b IFIISR.LT.UIGOTO 2 STAF 48
] PHITSSIGLILO(SIGLIL-SIG22L)+S1G22L*#2+3,.0%S1G12L*S1G21L-5IGYEQ STRE 49
| IF(PHIT.LEL0,0Vu0T0 2 STRE 50
, L= INT(YLDFAC®(SORT( (PHIT+SIGYSQ)/SIGYSQ)I~1.0))+1 STRE 57
100 S:1611=51G111 STRE 52
S1612=$1G121 STRE 53
S1621=516211 STRE 54
S1€22=516221 STRE 55
! IF(L.EQ.1)GOTO 3 STRE 56
| Le=1 STRE 57 ,
FLOATL=1.0/FLOAT(L) STRE 58
DSGLliL = DSIGLL*FLOATL STRE 59 i
DSG12L = DSIGL2%FLOATL STRE 60
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0SG2IL = DSIG21&FLOATL STRE

DSG22L = DSIG22¢FLOATL STRE
101 S1GLlL= SIG11+DSG11L STRE
Si16la2L= S1G12+DSG12L STRE
SIG21L= SIG21+DSG2lL STRE
SI1G22L= 51G22+DSG22L STRE
PHITsSIGLIL®(SIGLIL-SIG22L)+SIG22L%22+3,0¢51G12L¢SIG21L~51GYSQ STRE
IF(PHIT .GT, 0.0)GOTO 3 STRE
ELASTIC STRE

2 $1G11 = SIG11L STRE
S1Gl12 = SiGlaL STRE
$1G21 = SIG21L STRE
$51G22 = SIG22L STRE

GO 10 9 STRE
PLASTIC STRE

3 SIGL1D0 = {2.0-FNU)*SIG11-(1.0-2.0%FNU)*S1G22 STRE
S1G12D0 = 3,0%{1.0-FNU)¢SIG12 STRE
SIG210 = 3.0%(1.0-FNU)*51G21 STRE
$1G22D = (2.0-FNU)*S1G22-(1.0-2.0%FNU)*SIG11] STRE

AA = SIGL10¢#2-SIGl10¢SIG22D+S1G22D%¢2+43,0*51G120*516G210 STRE

B8 = ~(SIGLIL*{2.0%S1I6G110~516G22D)+S1G220L%(2.0#5S1G220~-S1IG11D)+3,0*(SSTRE
11G12L&¢S1G21D+S1G21L*S1G12D)) STRE
D=Bse2-4 ., SAASPHIT STRE
IF(L .GTe LMNK) LMNK={ STRE
IF(AA)By 1604 STRE

8 WRITE(6410) STRE
10 FURMATULH 24Xy 14HAA NEGATIVE AT) STRE
GOTO 12 STRE

4 IF(D .LT. 0.0 «OR. B .GT. 0.0)GOTO 16 STRE
TAMBDA={-B8~-SQRT(D)) 7{ 2. %AA) STRE
SIGLL = SIGLIL-TAMBDA®SIGLLD STRE
SIG12 = SIGL2L~-TAMBDA®*51G120 STRE
S1G21 = J!G21L-TAMBDA*SIG21D 5TRE
S1G22 = SIG22L~-TAMBDA*51G220 STRE

9 LC=LC+] STRE
IF(LC-L)1V1,101,4102 STRE

16 L=L+l STRE
IF{L=-1001100,100,103 STRE

103 WRITE(6,104) STRE
104 FORMAT{1H ,4Xy36HSTRESS CALCULATION UNSATISFACTORY AT) STRE
12 WRITE(69105)NCYCLE MgNyKplLLC STRE
108 FORHAT(!H '9x.9HTlHE STEPQ"QSX.ZN""l2|5"2HN’012'5x'2HK*.lZQDKQZSIRE
lHl=.13.5X'3HLC=.13) STRE
WRITE{G69L106) EPSLL{MeN) ¢EPSL2(MyN) yGAMMALE{MN) yEPSUL(MyN), STRE
LEPSUZ2(MyN) o GAMMAU(MsN) sDEPSL(K) 4DEPSZ2(K) yDGAMMA(K) , STRE

2 SIGLUMyNKI)ySIG2(MsNyKJ) o TAUIM9N,KJ),DSIGLL, STRE
20S1G12+0S16G21e0S16G229SIGLLsSIGL2¢SIG214SIG22¢SIGLIL,SIGL2L,S1G21L,STRE
351G22L+SIGLIDySIG12D9SI62109SIG22D9AA¢B,4PilIT STRE
106 FORMATUIH oYXy THEPSLL =EL15.893KyTHEPSL2 =E15.893Xy8HGAMMAL =E15.8,STRE
171H 49Xy THEPSUL =E15.,8,3X¢THEPSUZ =ELS5.843Xy8HGAMMAU =E15.8, STRE

1 /1H 9%y THDEPS]) =9E15.893X,THDEPS2 =,EL15.8,3XTHDGAMMA=,€E15.8,/1STRE
ZH .9!.7HSIGI ‘9515.803X.7NS!GZ ’pElS.OQ’X.’HTAU '.EIS.O.IlH '9STRE
3Ky THOSIGL1=9yE15.843Xy THOSIGL234ELS5.843XyTHOSIG21=,EL15.8¢3Xy THDS 1G2STRE
42=3E15.89/71H 49Xy THSIG11 =3E15:.8; 35Xy THSIG12 =4,E15.843%,THSIG21l =,ESTRE
515,89 3Xy THS1IG22 =4EL5485/1H 49X, THSIGL1t=C15,8 43X THSIG12L=,E15.8STRE
693Ny THSIG2IL %) E15.84IXyTHSIG22L=yEL15,8,/1H ,9XoTHSIGL10=,EL15.843%X,SIRE
TTHSIG120%yEL15.8¢3Xy THSIG21D=9EL15. 843Xy THS1G220=¢EL15.84/1H 49Xy THAASTRE

8 =yE15.893Xy Th8 29E15.843XoTHPHIT =,E15.8) STRE
NC3DP(NN3D)=NCYCLE STRE
CALL PDATA (2) STRE
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CALL PDATA (3)

CALL POATA (4)

CALL EXIT

SS11sS511+SIGLLeNTL )
$S12=5512+S1G12*uT(J)}
SS218S521+51G21eWT( )
$52205522451G22¢W T J)
SIGLINyNyKJ)=GR11851G11+GR12#S51G12
SIG2(MyN KJ)=GR22851G22+GR12%51621
TAU (MyNoKJ)=GR12¢SIG22¢GR11#51621
CONT INUVE

IFIM EQ. & «OR, M .EQ. MLISRG=0.5""RG
IF(N +EQ. 1 -OR. N .EQ. N1)SRG=0.5%SRG

T O T T A I T LT

STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE
STRE

STREN=STREN¢{ (5511455221982~ (1. +FNU)#2.%(S511#5522-5512%5521))%SRGSTRE

SSINNIK )=GR1I1®*SSA1+GR12#5512
SS2ANIK I=GR22% 5S22+¢6R 12% 5521
STMNIK)=GR12¢S5224GR11*S521

LUATEN Ny K) = LMNK

RETURN

END
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SUBROUT INE RESULT(MD,ND)

COMMON (USE MAIN)

THE CALCULATION OF THE STRESS AND MOMENT RESULTANTS FOLLOW
M=MD

N=ND

TB=TA®*SRA

SUMAL1l = SSIMN(1)

SUMA22 = SS2MN(1)

SUMAlL2 = STMN(1)

SUMBLL = SSIMN(L)SZETA(1)
SUMB22 = SS2MN(1)*ZETA(])
SUMBLR2 = STMN{1)®ZETAL(L)
SUMCL] = SSIMN(1}%ZETASQ(1)
SUMC22 = SS2MN(1)®ZETASQ(L)
SUMC12 = STMN(1)&ZETASQ(])

IF{LAYER .EQ. 1)GOTO S
DO 4 K=2,LAYLR

SUMALL = SUMALL ¢ SSLIMN(K)

SUMAZZ = SUMA22 ¢ SS2MN(K)

SUMAL2 = SUMAL2 + STHN(K)

SUMBLL = SUMBLL ¢ SSIMN(K)*ZETA(K)
SUMB22 = SUMB22 + SS2MN(K)*ZETA(K)
SUMBLZ2 = SUMBL2 ¢ STMN(K)*2ETA(K]
SUMCLL = SUMCLL ¢« SSIMN(K)*ZE TASQ(K)
SUMC22 = SUMC22 ¢+ SS2MN(K)*IETASQ(K)
SUMCL2 = SUMCL2 + STMNIK)®2ETASQIK)

CONTINUE

Ql1l=SUMALL-BT+SUMBL1
Q22=5UMA22-8TeSUMB22
Qi2=5UMA]12-BTeSUMBL2
Fl1=5UMBL1~(BT+BM1]1)®SUMC11-BM12¢SUNCL12
F22=SUMB22-{BT+BM22)¢ SUMC22-BM2]1*SUMCL2
F12=5UMB12~-!.5¢BTHSUMCL2~0.5¢(BM212SUNMCL]1+BML2*SUMC22)
IFCIBCE4 .NE. 3)GOTO 1

[F(N «NE. 1)GOTO 1

F22=20.0

IF(IBCEZ .NE. 3)GOTO 2

IFtN «NE. NN)GOTO 2

F22=0.0

IF(IBCE3 .NE. 3)GOTO 3

IF(M NE. MM)GOTO 3

F11=0.0
CSM1=CS111#F11¢CS5122%F224¢2.0%CS112%F12
CSM2=CS211%F114C5222¢F22+42.08CS212%F12
FNT11=Q11%Y114Q12%Y21¢CSHI#SNL (M,yN)
FNT12=Q11¢Y12¢Q12%Y22+LSML*5N2 (M,N)
FNT132Q1l1%Y134Q128Y234CSML1*SN3(M,N)
FNT21=Q12%Y114Q22¢Y21+CSM2*SN1 (M,yN)}
FNT222Q12%Y124Q22%Y224C SM285N2 (M4N)
FNT233Q12¢Y]134Q22¢Y234L SM2*SN3 (M,N)
FML11(MyN) = TBeF11

FM22{MyN) = TB*F22

FM12{MyN)} = TBeF1l2
FN1LIMyN) = TB®FNTI11
FN21i1M,N) = TB*FNT21
FN13(MyN) = TB*FNT13
FNL12(MyN) = TBeFNTL2
FN22(MyN) = TBeFNT22
FN23({MeN) = TBeFNT23
RETURN
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. SUBROUT INE MOTION S0k 1
F COMMON(USE MAIN) MOT I 2
! C MOoT 1 3
; VF1=0.0 MOT 1 4
: VF220,.0 MOT 1 5
¢ VF3=0,0 MOt 1 6
{ IF(LOAD) 10,30,10 Mot 1 7
{ 10 ENS=0,.0 MOT | 8
{ CALL PWORK mMoTlI 9
! C MOoTI 10
i 30 DO 130 M=2,MS MOT1I 11
] DO 130 N=2,NS Mot 12
; VMI=RODLE®(FMLYI(ME L NI SSNLIM2L ;NI =2.0¢FMLL {MyN)*SNL(MyN) MOTI 13
! 1 SFMLILIM=1,N)ESNL1(M=-1,N))e TRO ®(FM12({Me]l,N*1)SSN] MOTL 14
: 2 EMELNGL)-FML2{ME L N=L)}ESNLIME L N=L)=FML12 (M~1 ,No¢L)*SNL{M=-1,N¢LIMOTE 15
: 3 JOFML2(M=1yN=L)*SNL(M=14N=1) ) *RD22*(FM22(MyN+1)*SNL(M,N¢]1) MOTIL 16
! 4 = 2e0%FM22(MeN)}SSNLI(MN)*FM22(MN -1 )®SMLIMyN=-1)) MOt 1 17 p
i VM22RDL1IC(FMLLIMeL N)SSN2/ “+ ]l gN) =2, 08FMLL (M N)SSN2(MyN)+FMLLEM=-1,NMO" { 18 ]
: 1 JESN2(M-1,N) )+ TRD - FML2(Mel N*L1)*SN2IMe) ,NeL)-FMLI2(M+1, N=-1MITT 19
. 2 JESN2(MEL N-L1)-FML12.v. oNELISSN2ZIM-]1 Nel)+FML2{M-1,N=-1) BSN2(MMOT] 20
: 3 ~LeN=1))¢RD22%(FM22 (MyN* L) &SN2 (M N¢L1) =2, 0%FM22 (M N)*SN2(H,N;¢FMOT]T 21
' 4 M22{MeN-1)8SN2{MyN-1)) MOTI 22

VMIzROLISG{FMLL(M® Lo NI OSSNI(MELoN) =2, 00FMIL (MeN)ESNI(MyN)}+FMLLIM-1,NMOTI
1 JESN3(M-14N})+ TRO ®(FML2{M&)yN*1)%5N3 (Me] yN¢L)-FR12 (N1 ,N-MOT ]
2 LIPSNI(MeLgN-1)-FML2{M-1yN+1)®SNI(M-1 ¢N+L1) ¢+FML2(N-1,N-1)%SN3 MOTI
3 (M=1sN=-1))+RD22¢(FM22{MN¢ L) SSNI(MyN¢1) -2, 08FM22(M, N} *SN3I(MyN) MOTI
4 +FM221MgN-1)8SNI{ MyN-1)) MOT [
VNLI=RTYDIS(FNLL{M*L1 ,N}=-FNLL1{M-1,N))eRTD24{FN21 (MyN¢1)-FN21(M,N=1)) MOTI

VN2sRTOL®(FNL2(Me¢L1oN)-FNL2(M--1 4N) ) ¢RTD2#{FN22 (MyN+1)~FN22(M,N-1)) MOTI
f YNI=RTOI®{FNLII(M+ 1o N)~FNL3(M=1,N)) ¢RTD2*{FN23 (MyN+1)-FN23(M,N-1)) HOTI

WwwiwwwihNNNNDDN
VMEHEWNERROLODRNOWNSW

: IF{LOAD) 40,50,40 MOT 1 ;
: 40 VFLa=SNLIM,N)*P{M,N) MOT1 1
VF22-SNZ(M N)SP{M,N) MOT I
VF3==SN3(M,N)*P (M,N) MOTI
c MOTI
S0 ULR=UL(MyN) MOTI 3¢
U2R=U2(MyN) MOT1 37
U3R=U3(MyN) MOTI 38
U1S=ULR+(VML+VNLFVF L)X TEMP (MyN) MOT1 39 3
UZS=U2R4(VM2+VN2+VF2) S TEMP (H,N) MOTL 40
U3S=UIR+(VM3I+VNI+VF3) STEMP (M,N) MOTI 41 ;
IF(TDAMP .EQ. 0.0)GOTO 115 MOTI 42
c VISCOUS DAMPING C1 MOTI 43
UlS=U1S-(ULS+ULR)*C1] MOTI 44
1 U25*U2S-(U2S+U2R)*C1 MOTI 45
] U3S=U3S-(U3S+U3R)&C1 MOTI 46
¢ 115 ULIMyN)I=ULS MOT1 &7
U2(M,N)=U25S MOTI 48
U3 (MyN)=U3S MOTI 49
130 CONTINUE MOTI 50
CALL BOUNDU MOTI 51
CALL X INET MOVl 52
_ IFILOAD) 65, 75,65 MOTI 53
: 65 CALL PHORK MOTI 54
: EN=0.5¢CA% (ENS+ENR) MOTI 55
ENR=ENS MOTI 56
IF(IBCE2 .NE. 2)GOTO 74 MOTI 5T
EN=2.0%EN MOTI 58
74 TNRG=TNRG*EN MOTI 59
] 75 PLAST=TNRG=CINET-STREN-TDAMP MOTI 60
;
, 189
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c nov1
IFINCYCLE +NE. NCYCHU(NNN)}) GOTO 140 nov!
WRITE{6,99991) NCYCLETIME,CINET,STREN,PLAST, INRG nor!
NNN=NNN¢1 nov 1

140 RETURN notTi

c Movi
99991 FORAAT(//LOH TIME STEPI593XoSHTIME=yE16.08,¢3X ¢OHKINETIC=oEL1548, 33Xy NOT 1
1GHELASTIC=4E15:8¢3X,BHPLASTIC=4E15.8/714H TOTAL ENERG. =oEL5.8) MoT1

END nori
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SUBROUTINE WRTAPE (KEY) sose )
< WRITE ¢ READ CONTINUATION RUN TAPE (KEY=l, WRITE KEY=2, READ) WRTA . 2

3 COMMON(USE MAIN) WRTA 3
: GOTOU 10420)4KEY WRTA 4
4 10 WRITECL) NCYCLE,TIME,CINES,CINEP, TNRG, TDAMP,D1,02,03 4 ENR WRTA 5
b WRITECL) (LUICMN)gU2IMeN) qUIIMoN) YL (MeN) o YZ(MN) YItNN), WRTA [
' LEPSLLEMN) JEPSL2IMp %) yGAMMAL (MyN) sEPSULLMyN) g EPSU2{MyN), WRTA 7
2GANRAU(MIN) P {MyN) yNa L) NN) (M=l g MM} WRTA 8

. WRITELL) (C(SIGRUMoNGK} pSYG2UNsNsK) o TAUIMoNoK) ¢y WRTA 9
T ‘ 1Ko Ly IMAK ) gN=D o NN ) o M ]l g MH) WRTA 10
E , T OMRITECL) CISNLENANY o SNZIMyN) o SNI{MoN) yTEMPIM,N) ¢Nx1 NN}, Nul,4H}  WRTA 11
b - WRITELL) (GILLEN)GI22(N)4GIA2(N) sASAIN) +BSAUN) 4CSAIN) ASBIN), WRTA 12
; IBSBIND,CIBIN) o NaLyNGTRN) WRTA 13
\ WRITE(69100) NCYCLE (TIME WRTA 14
: RETUPN WRTA 15,
- ¢ WRTA 16
20 REWIND 1 WRTA 17

3 25 READ (1) NCYCLE,TIME,CiNES,CINEP » TNRG TDAMP,D1,02,034ENR WRTA 18
i READ (1) (CULTMoNDIoU2UMoNIqUIIMN) oYL IMyN) 4 Y2 (MyN) Y3 (MyNJ, WRTA 19
{ LEPSLLUMN) o EPSL2(MaN) yGAMMAL (MyN) JEPSUL (MyN) o EPSU2IMYN), WRTA 20
¢ 2GAMMAU(NGN) oP(MoN) g N= 1o, NN) M1 o AM) WRTA 21
! READ t1) (H(SIGLUMINGX) oSIG2ZIMINoK) s TAULNN.K ), WRTA 22
! 1K= 1y KJMAX ) yN=1 o NN) g Mu L o MM) WRTA 23
b READ (LM USNL{MoND o SN2EMND ySNI UM N yTERZ(MsN) N1, NN) g Mm 2y MM) WRTA 24
: READ (1) (GIRLC(N),GI22(N},GI120(W) 4ASAIN) oBSAIN) +CSAIN) JASBIND, WRTA 25
) LBSBIN) 4 SSBUIN) N=1,N5TRN) WRTA 26
| IF{NCYCLE.NE.NCONT)GITO 25 WRTA 27
l WRITE(64200) NCYCLE,TIME WRTA 28
S RE TURN WRTA 29
! C WRTA 30
: 1U0 FORMAT(//724H TAPE 1 WRITTENy NCYCLExI&¢7TH T{ME=E15.8) WRTA 31
i 200 FORMAT(//39H1INFORMATION READ FROM TAPE 1 FOR UYCLEI&,7TH TINE=EISWRTA 32
| 1.8) WRYA 33
END WRTA 36
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SUBROUT INE STRAIN ;;t.
RA

PRINT STOAINS ON INNER OR OUTER SURFACE STRA
STRA

DINENSION EPSANGIG) EPSANB(S) STRA
COAMON {USE RAIN) STRA
DATR 21/3.141592653589793/ STRA
JIFINCYCLE .CT. 0)GOTO 25 STRA
» INITVIAL ENTRY - STRA

DO 20 Inl NSTRN STRA
AllaDM2U L) (DN2(1)eALLLCT)*DNLLL)®ALL 20 STRA
1 SONLLTIS(DN2(I)CALLICN)+DNLITIOALLALL STRA
AL2=DM2UEIS(DN2UTIOAL 21 (1 ¢UNLLL I 9AL22LE STRA
B | SONRLLIINIDN2(L)ISAL23(L)+DNILTI®AL2441 STRA
AS2=DM2U L) (DN2E1I0A221 (L) +ONL (T ) %A2211 STRA
1 *ONL(LIS(DN2(XICA22311)+0NLLT)SA24 (1 STRA
BI1=DM2{1}o(DN2(1)sBL1L(T1¢DNLI(I)®BLL2(1 STRA
1 +0MLICTIO(DN2EL IRBIL3{T)¢DNLIT)*BLLINI STRA
B12=DM2(3)6(DN2( 21081 21(1j+DNLLI)OBL 2211 STRA
i A0MLLT I (ONZLE JeBL2311)+DNLLL) B2 24(] STRA
B2:=0M2{ 1) (DN2ITICB221111¢DNLCIDOBR222¢1 STRA
1 DML IS (ON2IL)IOB22311)2DMLLT) #B224(1 STRA
IE(NETAG(1).EQ.1)GGTO 10 STRA
Gll &= All-2.0%HeB11 STRA
612 = A12~2.0%H*B1? STRA
G22 » A22-2.0%HeB22 STRA
GOY0 1% STRA
Gll » Alle2,0%HeB11 STRA
Gl2 » Al2¢2.0%HO812 STRA
G22 & RA2202.00H8822 STRA
GIiltI}»1.0/612 STRA
Gla211)=1.0/G22 STRA
GR=SQURT{GI11{1)*G122¢1)}) STRA
DELTA=G127GR STRA
QI12111=2.0%GR STRA
SRDEL=1.0/SQRT{).0-DELTA®S2] STRA
ANGEL=ANGLEL1)*P1/180.0 STRA
SA=SROEL&S IN(ANGEL} STRA
SBaCOSI{ANGEL ) -DELTASSA STRA
ASAI 1 )=2,005A002 STRA
BSA(l)=2.0eSB88y STRA
CSA(1)=2,035AeSB STRA
ANGEL=AMNGLB(1)*P1/180.0 STRA
SA=SROELASINIANGEL ) STRA
SBaCOS{ANGEL)-DELTA®SA STRA
ASBL ] ¥=2,0053082 STRA
BSB(I)=2,0858042 STRA
CS811)=2,00SAeSH STRA
CONTINUE STRA
GOTS 71 STRA
- STRA
LINKe) STRA
CHECK FOR SURFACE SYRAIN PRINT STRA
IFINCYCLE-NPRINT) 40G»30,30 STRA
NPRINT=NPRINTHNDEL? STRA
LINKe2 STRA
D0 46 I=1,NSTRN STRA
Ilsxil(1} STRA
Ji=NINT) STRA
12sMI2(1; STRA
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Ja=Nl2t1) STRA
IFINETAGLTI) +EQ. 1) GOTO 44 STRA
€PSR1Y a(DM20EI*(DON2C(TISEPSULLIL JL)*ONLLTI®EPSULITL,J2)) STRA

1 *OMLEI)S(DN2CLIREPSUL(T24J1)¢DONLLTD)®EPSULLIZ,J2))106111L1T) STRA
EPSR2 «(OM2{ 1 )®(DN2(1)*EPSU(IL +JR)+DNL (1) SEPSU2(TD,4J2)) STRA

| SOMLLLIC(ON2UTISEPSU2(I2,J1)+ON1 (1) SEPSU2(T2,42)0)0G61221 1) STRA
GAMMAR =(OM2(T)S(DN2ITIOGAMMAU(LL o JLIONL (Y ) SGANMAU(L11,J2)) STRA

1 SOMLLL)S(DN2CT)SGAMMAUCT2, J1)*ONL (T ) *GAMMAULTI24J2)))*GRL2(L)STRA
GOTO 45 STRA

44 EPSR] =(OM2(1)#(DON2LT)SEPSLItLL oJL)«ONLITYSEPSLL(TL,4J2)) STRA
1 YOMIC IV (DON2ITISEPSLLUL2, 1Y *ONLLT)SEPSLL(12,J2)))08GH1141) STRA
EP3R2 =(OM20 1 )S(DN2 UL ISEPSLZUTL o JLE*DNILRDSEPSL2111,442)) STRA

1 FOMLEIIC(ONULI*EPSL20124J0)+ONL LTI SEPSL2(12,J2)))0G12241) STRA
GAMMAR =(ON2(T)S(DN2UL)SGAMMAL (Il o JL)¢DNL (1) SGAMMAL(11,42)) STYRA

) +ONLULIS(DN2UT) *GAMMAL (124 J1)*DNL LT ) SGANNAL (124 J2)))*GEL2(T)STRA
45 EPSS1{1)oSQRY(1.042,0%EPSR]1)-1,0 STRA
EPSS2( 1 )=SQRT(1.0+2.,0¢EPSR2)~-1,0 STRA

EPSANGLI)=SQRY(1.0¢BSA(I)SEPSRLI*ASALL)SEPSR24CSALIT)®GAMNMAR)=1.0 STRA
EPSANBLI)=SQRT(1.0¢BSB(1)CEPSRI+ASBII)SEPSR24CSBIL)SGAMMAR) 1,0 STRA

46 CONTINUE STRA
COMPONENTS OF VECTOR DISPLACEMENT STRA
OLsD1¢(QM2%(QN2%ULIMQ1,NQL)+QNL*UL(MQL(NQ2)) STRA

1 +QM1S(QN20UL(MQZ NQL)QONLOUL (HQ2,NQ2})) STRA
02=D2+(QM20(QN2*U2(MQ L+ NQL } +QNL2U2(MQL ,NQ2)) STRA

1 +QM1*(QN2%U2(MNQ2,NQL) +QN1*U2(MQ2,NQ2)}) STRA
D3=D3+{QM2%(QN2*U3(MQ1,NQL)+QNL12U3 (MQ1,NQ2)) STRA

1 +QM LI*(QN2#U3 (MQ2,NQL} ¢QNL SUI {MQ2,NG) ) ) SVRA
GCTO (71450),LINK STRA

50 WRITE(6+60) NCYCLE.TINE STRA
D0 70 1=1,NSTRN STRA

AL FNu=5HINNER STRA
IF(NETAGI1).EQ.1)GOTO 67 STRA

AL FN=5SHOUTER STRA

61 WRITEL6:65) ETAGLII)oETAG2(1) oPMIL) oPN(I)JALFNLEPSSLILTI)LEPSS2(I), STRA
LANGLE( T ) EPSANGI(1),ANGLBCI ) oEPSANBLI) STRA
70 CONTINUE STRA
71 RETURN STRA
STRA

60 FORMAT(//.0H TIME STEPoISe3X,SHTIMNE=,E16.8//714Xy15HSURFACE STRAINSSTRA

1o 37Xy 19HSTRAIN GAGE READING//2XoAHETAL ¢4 XoGHETA2,6X o LHMe TXy LHNe SX 9 STRA
24HFAUE , 8Xy THANGLE 0y10X,; BHANGLE 90,6XSHANGLE 918X ¢SHANGLE/) STRA
65 FORMATULH oF o3y XoFTe302XoFTad ol XoFTe392X,A51X,2(2X4EL5.8)y STRA
12024 F&a2y 2X9EL%.8)) STRA
END STRA
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SUBROUTINE BOUNDY
COMPUTAYION OF Ul,U2+U3 AT THE BOUNDARY

COMMON (USE MAIN)
IGLIBCES (EQ. 3)GOTO 121
DO 120 Me=2,MB1
DUSN=(ULIM42)-0.250UL (M, 3)1OSNLIN,L)
| *LUANL 2)-0.250U2( M4 3) ) SSN2IN,1)
2 +1UNM,21-0,230U3 (N3 ) )OSNIIN,L)
ULIM, 2)=UL(Me2)=SN1(My1)SDUSN
U2(My 21=U21My2)=-SN2(Ny1)SDUSN

120 U3 INy2)=U3(Me21~-SNIIM,1)0DUSN

121 LFCIBCE2 .NE. 1)GOTO 123
09 122 M=2,M8])
DUSN={UI(M¢NSI=0.258ULINyNR) ) $SN]L (M NN)
1 +LUINNSI=0.250U2(NNR) ) *SN2 {RyNN)
2 LU MgNSI=0.250UI(MeNR))SSNI I, NN}
ULLIHNS }aUL (Mg NS )=SNL1 (M, NN}SOUSN
U2U{NyNS)I=U2{MyNS)-SN2 (N NN)*DUSN

122 UI(MgNSI=UI(KNS)-SNI(MyNN) ¢DUSN

123 IFUIBCE3 .NE. 1)G0Y0 50
DO 124 N=NB1,NB2
DUSNE(ULIMS,NI=-0.25%UL(MRyN) ) *SNL (MMyN)
1 *{U2INSyNI=0.258U2{NRyN) ) *SN2 (NNyN)
2 SLUIIMS NI ~0e 250U (MR yN) ) *SNI (MM N)
ULIMS o NI=UL{MSsNI=-SNL (MM N) ®DUSN
U2(RS ¢NIeU2(NSyN)-SN2 (MM¢N) 2DUSN

124 U3 (NS N)=UIIMS+NI-SN3 (MMyN)®DUSN
IF{IBCE4 .NE. 1)6G0TO 1295
DUSN1={UL(MS,21-0,25¢ULINS,3))*SNL(NS,1)

1 +(U2INS42)-0.,250U2{MSy3) ) S¢SN2 (NS, 1)
2 S(U3INS,2)-0.250U3(MS,3) )ESNIINMS,]1)

DUSN2={ULIMS,2)~0,25%UL (MR ,2) ) *SNL (MM, 2)
1 *{U2INS4.2)-0.25%U2(NR42) ) *SN2 (MM, 2)
e +{UIIMS42)-0.25¢U3{NR42))IESNI(MN,2)

UL{MBy2)=UL(MS92)=0,52(SNL1(MSy1)SOUSNL*SN]L (HM,2) ¢DUSN2Z)
U2(M6»2)=U2(NS92)=0.5¢{SN2INS¢1)*DUSNL+SN2 (HMM,2)*DUSN2)
U3(MS,2)=U3(NS92)=0.5¢(SNIIMS,;1)*DUSNL*SNI (MM,2 ) *DUSN2)
125 IF{IBCEZ2 .NE. 1)GOTO 50
DUSN2=(ULIMSeNS)~=0.25%UL {MR¢NS) ) ¢SNL (MM,NS?

)} +(U2UMSyNS)=0.25%U2(MR4NS) ) #SNZ {MM,NS)
e +1UBINS NS )~0s 25%UBTMRoNS) ) #SNI(MN,NS)
DUSNL1=(ULIRS¢NS)=0.25%UL INSyNR) ) 2SNL [ MS,NN)
1 +{U2(MS4NS)=0,250U2(MSyNR) } #SN2 (MS,NN}
2 S{UII(NSINS)I=0. 258U (IS NR) I ESNI{MS NN?

ULIHSoNS)I=UL(MSINS)I-0.58(SN]L (MSyNN) ®DUSNL+SNL (KM, NS ; #DUSN2)
U2(MSsNS)I=U2{MSNSI=C.50 L SN2{MSyNN)*DUSNL+SN2 (MMyNS ) SDUSN2}
UB(MSoNS)=UI(MSyNSI=0.5¢ (SNI(MSoNMN)SDUSNL+SN3 (MM,NS ) #OUSN2)
SET SYMMETRY BOUNDARY CONDITIONS FOR EDGEl,EOGE2,EODGE3
50 IFLIBCE2 .NE. 2)G0T0 30
00 25 M=2,M]1
UL(MyNN)=ULIMyNR)
U2(MyNN)==U2(M,NR )}
U3{MyNNI=U3{MyNR)
U2(MyNS )=0.0
25 CONTINUE
30 DO 5 N=1yNN
Ul(2iN)= 0.
UL{1pN)I=~UL(3,4N)
U2(14N)= U2(3yN}
U3(14N)= U3l 3¢N)
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IFLIBCED NE. 216070 S
UiltRSN)= 0.0

ULIMN NIn-ULInR,N)
U2IMR NI Y2{MR N)

Ul ,N)Ia UIIRRN)
CONT INVE

RETURN

END
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SUBROUTINE ABINITINN) (1 1}

COMMON (USE MAIN) ABIN
00 200 1«1,NSTRN ABIN
TEINLEQNILUTL)Y AND. (N.EQ.NILRIL) . OR. N.EQ.NI2(1))IGOTO 208 ABIN
TR EQMI2IL) AND. (N EQ.NILIL) OR, N.EQ.NI12(1)))GOTV0 220 ABIN
Gato 200 ABIN
209 1F(N (EQ. N12(1))GOTO 210 ABIN
ALLLMLD=AL) ABIN
AlL21t 1 )=A02 ABIN
A22101)=A22 ABIN
sllltld=nll ABIN
sl2ltli=a12 ABIN
8221111022 ABIN
GOTo 200 ABLN
210 all2tl)=all ABIN
Al22t1)=A12 ABIN
A22211)1=A22 ASIN
silztli=a1l ABIN
sl22t1)=812 ABIN
82221 1)=p22 ABIN
GOTO0 200 ARIN
220 IFIN .EQ. Nl2(1))GOTO 225 ABIN
All3tl)=Al) ABIN
Al23 1)=A)2 ABIN
A2231)=A22 ABIN
8li3dl)=Bil ABIN
8l123t1)=p12 ASIN
8223 1)=822 ABIN
GOVo 200 ABIN
229 Allail)=All ABIN
Al24t1)=A)2 ABIN
A224t1)=022 AGIN
8llatli=n1l ABIN
Blaetid=nle ABIN
82241 1)=822 ABIN
200 CONTINUE ABIN
RETURN ASBIN
END ABIN
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SUBROUTINE SYATRY
COMON (USE RALIN)

00 10 Nal,N)
SNLlLyN)u~SNLLIN)
SN2(1eNIn SN2L3N)
SN3tLeNIa SNIL3I.N)
FNLLELWN)= FRLLLD,N)
FN22E LoN)= FR22(34N)
FRL2M L N)==FNL 2(3,N)
FNLLILGN)= FNLLI3,N)
EN210 LyNI==FN21(3,N)
FMLIM LoN)a=FNL3(3,N)
FN120 LoNPa=FNL2(34N)
EN22L LyN)= FN22(3N)
FN2IM LoN)m FN2ILIN)
CONTINVE

IFCIBCE)Y .NE, 2)60T0 30

D0 20 N=}i,Nl
SNLINMN)==SNLIMRyN)
SN2INMNI= SN2IMR,N)
SN AR NI= SNI(MR(N)
ENLLINNN D= FNLLINR,WN)
FR22(MM M Y= FR22(MR N}
EML2 MM N ) u=FRL2( MR yN)
FNLILIMN N D= FENDLLIMRN)
ENZ2L1IMNN ) ==FN2LINRyN)
ENLIEMMN ) ==FNLS(MR4N)
ENL2IMN NI ==FNI12(MRN)
FN22UM N )= EN22(MRN)
FNIM MM N I= FN2IIMRIN)
CONTINUE

IFUIBCE2 .NE. 21GOVO SO

00 40 M=) .MM
SNLIN,NN)= SNIIMyNR)
SN2(ReNN) =»=SN2 (NyNR)
SNI{R,NNI= SNI(N)NR)
FRLLIMNND = FMLLIMGNR)
FRL20M NN ==FML12(M¢NR)
FR22(M NN )= FR22(NyNR)
FN1LUMNN)= FNLL(MoNR)
FN2LIM NN DI =-FN21{NyNR)
FN13{M,NN)= FNL3{MyNR)
ENL2{MoNN ) ==FN12(MyNR )
FN22IMNN)= FN22(MyNR)
FN23IMoNN ) ==-FN23{MyNR )
CONTINUE

RE TURN

END
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SUBROUT INE K INET

sasn

COMMON (USE MAIN) K INE

CINET=0. KINE

DO 20 M=2,MS KINE

CM=1,0 KINE

IFIM.EQ.2 .OR, (IBCE3.EQ.2 .AND. M.EQ.MS)})ICM=(Q, S KINE

D0 20 N=2,NS KINE

] CN=1.0 K INE

f IF(IBCE2 .EQ. 2 JAND. N .EQ. NSICN=0.5 KINE

¥ 20 ClNEl*ClNETO(Ul(H'Nl"?’uZ(H;N)“Z*U!(HoN)“Z)ITEMPIH.N)'CM‘CN K INE

{ IF(IBCE2 ,NE. 2)GOTO 25 K INE

: CINEY=2,0¢CINET KINE

i 25 CINER=CINES K INE

CINES=CA®CINCY KINE

' CINET=0.58(CINES+CINER) KINE

RE TURN K INE

! ENC KINE
§
4
'
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SUBROUTINE PWORK

CUMMON (USE MAIN)

DO 20 M=2,MS

CM=1.0

IF{M.EQe2 OR. (IBCE3.EQ.2 AND. M.EQ.MS))ICM=0.5
00 20 N=24NS

CN=L.0

IF{IBCE? +EQ. 2 +ANDs N .EQ. NSICN=0.5
OWN=ULIMyN)I®SNL{MoN)¢U2(MeNIESN2(M,N)+UI[MyN)®SNI{MyN)
ENSZENS-CMOCN*CUHeP (M,N)

CONTINUE

RETURN

ENC
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20

30

39

45
50

100

SUBROUT INE DAMP
COMMON (USE MWAIN)

CHECK FOR START OF DAMPING
IF(NCYCLE .LT. MDAMP)RETURN
DO 15 M=]l,Mn
DO 15 N=1,NN
PiM,N)=0.0
CONT INUE
IF(CINES~CINER ) 20,20,y 40
TOAMP »TOAMP+CINET
IFICINETSCINEP .LE. DFACTSTDAMP)GOTO S50
D0 30 M=l,MM
DO 30 N=1,NN
UL(M¢N)I=0.0
UZ(N.N)-0.0
U3{M¢N)=0.0
CONTINUE
CINEP=CINET
CINES1=CINER
CINES=0.0
NCYCL E=NCYCLE+]
TIMEsTIMESDELTAT
CALL MOTION
IF(CINES .LE. CINES1)GOTO 39
CALL DESTEP
CALL PDATA(2)
TDAMP=TDANP+C2¢CINES
RETURN
WRITE( 6,100} NCYCLE
MAXC=NCYCLE
NC3DP (NN2D)=NCYCLE
CALL POATA (2)

GOTO 45

FORMAT( 1H1,10X¢30HRUN SEL{‘~TERMINATED TIME STEP,I5)

END
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SUBROUT INE DESTEP

CHANGE DELTAT
COMMOM (USE MAIN)
DELTAT=SQRT(CINESL/CINES)®DELTAY
0SQOL D=DEL SQ
GloLD=C1
OELSQ=DELTATee?2
C2=2,.0vDEL TAT*DANPF /GAMZ
Cl=C2/14.0¢C2)
OELR=DEL $Q/DSQOLD
DELS®DELR®(1.0-C1)/7¢1.0-C20LD}
CINES=CINES®DELS*82/DELR
CINET=0Q.5¢(CINES+CINER)
PLAST=TNRG-C INET-STREN~-TOANP
0G 10 N=2,M1
00 10 N=i,N1
TEMPIMN)=DELR®TEMNP (M N}
UL{YyN)2DELS*UL(N,N)
UZIAsN)=DELSSU2{NN)
U3(My N)=DEL S®UI{MN)
CONTINUE
RETURN
END
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SUBROUT INE PDATA(LINK) eoes 1
DIMENSION DAT(20) POAT 2 ]
COKMON (USE RAIN) POAT 3
c POATA SELECTS AND WRITES DATA ON TAPE(NPLOT, FOR THE REPSIt POAT &
c PLOTTING PROCRANM POAT s
c POAT ¢
GOTO (10040,50,60),LINK POAT 7
10 NN3D=1 PDAT &
‘ 11=2¢NSTRNSE POAT 9 )
r LFINCYCLE .EQ. 0)GOTO 13 POAT 10 i
; 12 CALL SKIPFILE (NPLOT,1) PDAT 11
} READINPLOT) IFLAG POAT 12
IFUIFLAG .EQ. 99999)60T0 14 PDAT 13
READINPLOT) IFLAG PDAT 14
IF(IFLAG «NE. NCONT+1)GOTO 12 PDAT 15
14 CALL BACKFILE (NPLOT,1) POAT 16
GOTO S0 POAT 17
; 15 WRITEINPLOT) IBCE34ETADL,ETAD2+QMoQNyNSTRN PODAT 18
! WRITE(NPLOT) (ETAGL(I)oETAG2(L)oPN(L) 4PNCI),NETAG(I)41I=1,NSTRN) PDAT 19
; WRITECNPLOT) NCYCLE ,FIME W ML1oNLo{ (YL (MgN) yY2(MyN) ,Y3(H,N)oMe1t N1 ), POAT 20
i IN=14N1) PDAY 21 1
; c POAT 22
§ 00 25 1I=1,I1I POAT 23
: DAT(1)=0.,0 PDAT 24
9 25 CONTINUF POAT 25
' IF(LOAD) 30,30,35 PDAY 26
{ 30 DAT(5)=TNRG PDAY 27
{ DAT(6)=TNRG PDAT 28 ‘
g DAV(7)=TNRC POAT 29 \
: DAT(8)=TNRG POAY 30 i
; 35 [FLAG=1 POAT 3]
WRITE(NPLOT) IFLAG PDAT 32
WRITE(NPLOT) NCYCLE,(DAT(I),1=1,11) POAT 33
GOTO 100 POAT 34 X
(4 PDAT 35 :
: 40 DAT{1)=TINE POAT 36 i
! DAT(2)=D} POAT 37 i
g DAT(3)=D2 POAT 38 !
| DAT(4)=D3 PDAT 39
g DAT(S)=CINEV PDAT 40
i DAT(6)=STREN+CINET POAT 41 \
‘ DAT(T)=TNRG POAT &2
; DAT(B)=DAT(6) ¢ TOANP PDAT 43 !
; =9 POAT 44
i DO 45 I=1,NSTRN PDAT 45
' OAT(J)=EPSSI(T) POAT 46
! DAT(J+1)=EPSS2(1) PDAT 47
v J=Je2 POAT 48
' 45 CONTINUE POAT 49
; TFLAG= PDAT S0
: WRITE(NPLOT) IFLAG PUOAT 51 ]
‘ WRITE(NPLOT) NCYCLE,(DAT(I),1=1,11) PDAT S2 §
; c CHECK FOR 30D PLOT POAT 53
! IFINCYCLE .NE. NC3CP(NN3D))GOTO 100 PDAT Sé
; NN 30=NN 30+ 1 PDAT S5
f IFLAG=2 POAT 56
| MRITE(NPLOT) IFLAG POAT 57
! MRITEINPLOT) NCYCLT o TIME sMLoNLo (CYLUM)N) Y2 {M,N) o Y3 (M N) ,M=14M1), PDAT 58
: IN=1,NL) POAT 59 i
¢ GOTO 100 PDAT 60 1
3
{
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c

c

50 ENO FILE NPLOY
60v0 100

60 1FLAG=99999
WRITE(NPLOT) 1FLAG
100 RETURN
END

PDATY
PDAT
POAY
POAT
PODAT
POAT
POATY
PDATY




COMNON 71PN/
0O 10 He2,nS
00 10 N=2,NS

PiN,N)=0.0
IF(TINE LT,

10 CONTINUE
RETURN
END
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SUBROUT INE PRESS
) COMMON CUSE MAIN)

RSQL23,434)

Y1)GOT0 10

TI{SQRT(RSQ(M,N)*225,0)~15.0)7144000.0

PCH.N)-550‘737.5‘5!?(-13000.0‘(IINE-VIDDI(RSQlNoNlOZZS.O)
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SUBROUTINE INGEON

FLAT PLATE
COMNON (USE MAIN)
CONMON /IPR/ RSQL23,34)
REAL LENGTH

READ (54,100) LENGTH,WIOTH
DETAL=WIDTH/FLOAT{NESH)
DETA2«LENGVTH/FLOATUNMNESH)

00 10 M=2,M]

00 10 N=l,N1

YLIMyN)aFLOAT(M-2)¢DE TAL
Y2(MeN)=FLOAT(N-1)®DETA2

Y3({MyN)I=0.0
RSQAIRGN)IaY LM NISE24{Y2{N,N)~LENGTH)®®2
CONTINUE

RETURN

FORMAT{ 2E10.4)
END
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SUBROUT INE INGEON

[ 117 1
CYL INDER INGE 2 {
COMMON (USE MAIN) INGE 3
REAL LENGTH INGE o
OATA DTOR/,1765329251984329E-01/ INGE 5
INGE
READ (34 100) LENGTH,RADIUS, THETA INGE 7
OETAL=THETA®RADIUS®DTOR/FLOAT (MESH) INGE &
DETAZ'LENG'HIF&OQIINHESH) INGE 9
DO 10 Ma2,M} INGE 10
ETALXFLOATIN=2)oDLTAL INGE 1)
00 10 N=1,N] INGE 12
EVA2«FLOATIN~1)eDETA2 INGE 1)
YLIM(N)=RADIUS®S INCETAL/RADIUS) INGE 14
Y2(M N n£TAZ INGE 1S
Y3(MN)=RADIUS®CCSIETAL/RADIUS) INGE 16
CONT INUE INGE 17 ]
INGE 18
ETADL=E(ADL®RADIUS#D TOR INGE 19
DO 20 1alyNSTRN INGE 20
ETAGI(I!*EYAG!IIDORADIUS‘DTOR INGE 2) 4
CONT INUE INGE 22
RETURN INGE 23
INGE 24
FORMAT(3E12,6) INGE 23
END
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SUBROWT INE INGEON
COMICAL IMELL
COMNON (USe NalIN}
ABAL LENGTM
OATA DIOR/.17083292%19943296-0)7

READ(IS, 1000 LENGYM,RADL,RADF, THETA ,MASH
AVFACATANOURADE-RADT ) ZLENGTH]
SONALEF=S INLALPA)

CALALEel ,0ASINALEF
COTALFLENGTH/CRADF-RADI )
ETALF~RADISTHETASDTON

ININASH .£9. 01GOY0 )

€8A21=0.0
ELAF=RADLACSCALFOAL OG(RADS /RAD] )
CoT0 2

€LA21=RADIACSCALF
ECN2FaRADRSCSCAL F
OBTAL=ETALF/FLOATINESH)
OBYAZa(ETAIF-BTA21)/7FLO2 ( {ANESH)
ORNIL1=DEVAR/RADI

DENIZ2=0ETA2*SINAL E/7RAD!
CHI21I=2TA2I*SLMALF /RAD]
gl

INCTHETA LY, 180.0)GOT0
MHalens/2

i lapiiie}

LT

1R020AM .00, MN9¢2) Nu=lemms2
00 10 M=) a4l
CHIZ=FLOATMM-L )0 DCHE2oCHE T
Fh=CNS2

IRANASH G¥. O) FINK<EXP(CHIZ)
00 10 =2,y

CHIL=FLOATIN-20e0CNHE

YR N)=RADI*9IN{CNHILL®F 1NN
Y2 N)oRAD I SCOTALFS (AINK~1.0)
YR, N)oRADISCOS(CNI 1 1oF IKX
CONT Inug

IBLTHETE AT, 180.010010 50
IR 020N LV, N3+2)60T0 30
M lamyel

IR2000) 8Q. MHe2) RUL=KY
% N=),N]

Lo M) Nyl 0

Nle 2-0

YN, N)=VIENR N )
VYEM NV IINK )
VIR NI aYLOINR )

08 40 W=]l,N]

D0 40 RaMMI, MY

MMeiSe2-N

YRAM  NEuYLINK . N)

V2N, NI=Y2INK )
VYIWN, N =~ W N

CALRAD=CSCALFoRAD]
ETADL~ETAOLSRADISOTOR

IRANASH E0. 11EVAD2<CSCRAD®ALOGH 1.+ET7AD2/CSCRAD)

D8 43 l«}l,NSV3N
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