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SUMMARY

Described in this report are two computer programs for predicting the
transient large-deflection elastic-viscoplastic responses of thin single-layer
1nitially-flat unstiffened or integrally-stiffened Kirchhoff-Love ductile-
metal panels. The PLATE 1 program pertains to structural responses produced
by prescribed externally-applied transient loading or prescribed initial-
velocity distributions. The CIVM-PLATE 1 program concerns structural responses
produced by impact of an idealized nondeformable fragment. Finite elements
are used to represent the structure in both programs. Strain-hardening and
strain-rate effects of 1initially-isotropic material are taken into account.

An approximate analysis involving impulse-momentum relations is used
to predict the after-impact velocity components of the fragment and of the
mmpact-affected region of the panel from each impact; the procedure is termed
the collision-imparted velocity method (CIVM). Local fragment-panel impact
may be treated as perfectly-elastic, perfectly-plastic, or intermediate
between these two extremes. Also, the effects of friction between the
fragment and the impacted panel are taken into account. The imparted-velocity
information is used in conjunction with a finite-element structural response
code to predict the resulting transient structural response in small incre-
ments At in time. Similarly, the equations of motion for the fragment are
solved in small steps in time.

Illustrative examples for both PLATE 1 and CIVM-PLATE 1 are described,
input data are shown, and example solution data are given to enable the user
to check the adaptation of these computer programs to his particular

computing facilities.

xi



SECTION 1

)

INTRODUCTION

The PLATE and CIVM-PLATE computer programs are the first of a proposed
series of codes which are intended to be made available to the aircraft in-
dustry for possible use 1in analyzing three-dimensional (3-d) structural response
problems such as initially-flat plates subjected to prescribed initial velocity
distributions and/or external forcing functions, or subjected to impact by an
1dealized rigid fragment. In particular, the CIVM-PLATE code may be used for
the analysis of containment/deflection structures intended to cope with engine
rotor-burst fragments. This computer program may also be applicable to crash-
worthiness problems which are of interest to the automobile and nuclear power

plant industries.

The computer programs, written in FORTRAN IV, permit one to analyze the
large, three-dimensional, elastic-plastic responses of longeron-stiffened cor
unstiffened initially-flat single-layer thin plates. In actuality, elastic-
viscoplastic behavior 1is treated in this report since strain-rate effects are
taken into account; hereafter in this report, this behavior is termed simply
elastic-plastic for convenience. The PLATE code 1s designed to predict the
response of plates subjected to prescribed initial velocity distributions and/or
prescribed externally-applied forces. The CIVM-PLATE code is designed to pre-
dict the response of plates subjected to impact by a single 1dealized rigad
spherical fragment. The plate may be subjected to a variety of restraint
conditions, and linear-elastic line restoring springs may be specified. The
plate element used in these programs is restricted to a rectangular planform;
hence, the geometrical shape of the plate 1is restricted to a planform which can
be modeled by rectangular elements. The material behavior may be elastic

strain-hardening, and/or strain-rate sensitive.

The assumed-displacement finite-element model 1s used to obtain the
spatial properties of the plate, and the temporal solution 1is accomplished by
using the Houbolt finite-difference operator. For predicting the transient re-
sponses of plates to rigid-fragment impact (CIVM-PLATE code), energy and momen-
tum considerations are employed in an approximate analysis to predict the col-

lision-1induced velocities which are imparted to the fragment and to the affected



plate segments. The presence of fragment/plate surface friction is taken into
account. The collision-imparted-velocity method (CIVM) was originally de-
veloped for use in the CIVM-JET series of codes [1l, 2, 3, 4]* for the analysais
of 2-d ring structures subjected to fragment impact; the CIVM approach has been
extended to 3-d impact analyses for the CIVM~PLATE code. The pertinent analyti-
cal development and the solution methods upon which the PLATE and CIVM-PLATE

codes** are based are presented in Appendices A and B, respectively.

Section 2 contains a general description of the organization and capa-
bilities of the PLATE and CIVM-PLATE codes including (1) plate geometry, sup-
ports, elastic restraints, and material properties, (2) external loading options
and solution procedure for the PIATE code, and (3) fragment/plate collision in-
teraction analysis and solution procedure used for the CIVM-PLATE code.

Section 3 contains a description of the main program and subprograms associated
with the PLATE and CIVM-PLATE codes, and a description of the flow/usage of these
subprograms. The input data, user-prepared subprograms, and output information
for the PLATE and CIVM-PLATE codes are presented in Sections 4 and 5, respectavely.
A complete FORTRAN IV listing of the two codes is given in Section 6. Illustra-
tive examples, including input data and the resulting solution data, using the
PLATE and CIVM-PLATE codes are given 1in Sections 7 and 8, respectively. Finally,

Appendices A and B summarize the equations on which these programs are based.

%*
Numbers in square brackets [ ] denote references included in the reference

list.

%* %
Throughout this report, the terms PLATE and CIVM~PLATE are used for

simplicity rather than their correct names PLATE 1 and CIVM-PLATE 1; these
codes accommodate large deflections and elastic-inelastic material

behavior but various implementation features restrict their applicabilities

to small strain. TLater, finite-strain versions called PLATE 2 and CIVM-PLATE 2
wi1ll be prepared and released.
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SECTION 2

GENERAL DESCRIPTION OF THE PLATE AND
CIVM-PLATE PROGRAMS

2.1 Plate Geometry, Supports, Elastic Restraints,

and Material Properties

The present subsection i1s devoted to a general description of the capa-
bilities of the PLATE and the CIVM-PLATE program including (1) geometry, (2)
supports, (3) elastic restraints, and (4) material properties. It is important
to note that the capabilities of the PLATE and CIVM-PLATE programs are identi-
cal with respect to these categories. Thus, the present discussion will be
restricted to the PLATE code; any differences between the two codes will be
noted. Discussions of those features of PLATE and CIVM=-PLATE which differ
(1.e., solution procedure and external loading) are given in Subsections 2.2
through 2.5.

The PLATE computer code treats single layer unstiffened or longeron-
stiffened initially-flat plates of uniform thickness. The Kirchhoff hypothesis
1s employed; that 1s transverse shear deformation 1is neglected. Thus, the
total thickness of the plate should be small compared with the spanwise di-

mensions of the plate. A global XY2Z rectangular Cartesian coordinate system

with associated unit vectors i, 3, k 1s employed. The initially-flat plate is
assumed to lie in a plane which 1s parallel to the global XY plane. The unit
outward-normal vector of the plate, ;, 1s defined by the right-hand rule as

; = 1x§; the unit-outward normal direction of the plate 1s thus in the direction
of the positive z afls, and 1is automatically chosen once the directions of the
unit vectors ; and j (in the global X and Y directions, respectlve}y) have been
chosen. The choice of the positive direction for the unit vector 1 and ; also
serves to define the "inner" and "outer" surfaces of the plate; the positive
outward-normal of the plate is directed toward the "outer" surface of the plate.
FPor analyses using the CIVM-PLATE code, the positive outward normal direction
must be chosen such that fragment impact can occur only on the "inner" surface

of the plate (see Fig. 1).



In the spatial finite-element analysis, the plate 1s represented by an
assemblage of discrete (or finite) elements compatibly joined at the nodal
stations. For the present codes, the plate elements are restricted to rectangu-
lar planform and uniform thickness; the geometry and nomenclature of the present
four-noded rectangular plate elements are shown in Fig. 2, where a local (element)
xyz coordinate system has been adopted such that the sides of the element are
parallel to the x or y axis, the origin of the local xyz system (z=0) 1is located
at the geometric midsurface of the plate. The plate structure may contain void
regions (cutouts), but in all cases (whether or not cutouts are present) the
plate structure must be modeled by a series of rectangular elements. This re-
straction limits the types of plate structures which can be analyzed using the
present programs; 1in subsequent versions of the present codes, this restraction

could be relaxed by adopting a more general planform for the basic plate element.

The behavior of each finite element 1is characterized by a knowledge of
the six generalized displacements: u,v,w, 6 = ow/3x, Y = dw/dy, and ¥ = 82w/8x8y
at each of i1ts four (corner) nodal stations where u, v, and w are the transla-
tional displacements of the reference surface in the x, y, and z directions,
respectively. The displacement behavior within each finite-~element 1is repre-
sented by a bilinear interpolation in x and y for the inplane displacements u
and v and a bicubic interpolation in x and y for the transverse displacement w,
anchored to the generalized nodal displacements at each node (see Appendix A
for further details). The geometry of each finite-element 1is completely de-
fined by the side length dimensions and the thickness of the element, which 1s

assumed to be constant.

The present analysis may be applied to integrally-stiffened flat plates.
The stiffeners must be oriented in the global X and/or Y direction, are assumed
to be of constant cross section over each element, and must begin and terminate
only at an element boundary (i1.e., each stiffener must completely span one or
more rectangular plate element in the finite-element mesh). The geometry and
nomenclature for a typical stiffened plate element are given in Fig. 3. 1In
this 1llustration, the stiffener 1s located along the inner surface of the plate
element and 1s oriented in the Y direction: however, note that stiffeners may
also be located on the outer surface of the plate and may also be oriented in the

X direction.
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The formulation of the spatial properties for the X and/or Y direction
stiffeners follows the formulation used in Ref. 5 i1n which each stiffener 1s
treated as a discrete structural component, with behavior similar to that of a
beam element. The following assumptions have been made concerning the geometry

and deformation behavior of the stiffeners:

(1) 1In general, the stiffeners may be of material different from
that of the plate to which it i1s attached; however, perfect
bonding 1s assumed at the stiffener/plate interface. Thus,
displacements are assumed to be continuous across the inter-
faces.

(2) The stiffeners are characterized as being thin; that 1is, a
typical cross-sectional dimension of the stiffener is
small compared with a typical spanwise dimension of the plate,
and exhibit Bernoull:i-Euler behavior.

(3) The contributions of twisting strain of the stiffener about
1ts axial direction and bending strain of the stiffener in the
plane parallel to the plate midsurface have been neglected.
Only the normal strain of the stiffener in its axial direction

is taken 1into account.

Within this framework and by considering the compatibility of displacements at
the stiffener/plate interface, the displacement behavior of the stiffener can
be related to the generalized degrees of freedom at the nodes of the plate ele-
ment to which 1t 1s attached by employing the displacement interpolation assump-
tion of the plate. The spatial properties of the stiffener are thus defined by
a knowledge of the material properties and cross-sectional dimensions of the
stiffener, and the relative location and orientation of the stiffener on the
plate element. The reader 1s invited to consult Appendix A for further details

on the formulation of stiffener spatial properties.

Two types of support conditions for the structure are included in the
present programs: prescribed nodal displacement conditions and line elastac
restraints. The following six prescribed displacement boundary condition

options have been included (see Fig. 4a):



Constrained Degrees of Freedom

Boundary Condition along side Y = constant along side X = constant
Free None none
Symmetry v=y=x=0 u=6=x=0
Ideally Clamped u=v=w=0=y=x=0 u=v=w=0=1=y=0
Pinned-Fixed u=v=w=0=y=0 u=v=w=Y=y=0

Pinned, Free-Sliding
z-direction u=v=0=y=0 =v={=y=0

Pinned, Free=Sliding

(1nplane) normal u=w=0=y=0 v=w==x=0

Elastic restraints are provided in the form of linear elastic line translation
and torsional restoring springs which can be specified along any element boundary
or interelement boundary. Five spring constants (three translational and two
rotational) may be specified for each element boundary on which line restoring
springs are present (see Fig. 4b). A global effective stiffness matrix sup-
plied by the linear-elastic line restoring springs is evaluated, and derived

from the virtual-work statement.

For the present programs, the plate structure and the stiffeners can be
of different elastic, or elastic, perfectly-plastic, or elastic-strain-
hardening behavior. A maximum of five different material types may be specified
by the user to define the behavior of the stiffeners if different from that of
the plate. The strain-rate effects of each material can also be taken into
accoant. In the present analysis, the strain~hardening material 1s accounted
for by using the "mechanical sublayer model" [6,7];* see Figs. A.la-A.lc. A
useful feature of this model 1s 1ts accounting for nonlinear strain hardening,
anisotropic strain hardening, the formation of corners on the yield surface,
and the Bauschinger effect -- all of these are features that ductile metals
exhibit. No other material model appears to represent these features as
efficiently and faithfully as does the mechanical-sublayer model. Strain-rate

effects are included as described in Subsection A.S.

2.2 External Loading Options 1in the PLATE Program

The PLATE computer program 1s designed to predict the large, elastic

plastic deformation responses of stiffened or unstiffened flat plates subjected

*
Also, see Subsections 3.3.3 and 3.3.4 of Ref. 14, as well as Refs. 5 and 11.
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to elther a prescribed 1initial velocity distribution or a prescribed externally-
applied, time-varying force daistribution. In the present finite-element scheme,
initial velocity distributions are input as a vector of nodal velocities, at
time t=0, corresponding to the generalized nodal degrees of freedom in the
finite~element mesh. Prescribed externally-applied force distributions are in-
put as a vector of nodal forces corresponding to the generalized nodal degrees
of freedom in the finite-element mesh. In general, the spatial distribution

of these forces can vary with time so that this vector of nodal forces must be

redefined at each step of the finite-difference temporal solution.

Much of the user interaction required when using the PLATE code is 1in
the form of preparation of input data cards; wherever possible, internal logic
has been incorporated into the PLATE code to minimize the amount of user-
supplied data. However, for the present plate analysis, 1t i1s impractical and
computationally inefficient to attempt to provide the user with an all-inclu-
sive set of initial velocity distribution options and prescribed force distri-
butions (in both space and time). As a result, two computer subroutines
(INCOND and EXTL) have been 1isolated as user-interactive subroutines for the
generation of the vector of initial nodal generalized velocities and the vector
of prescribed externally-applied nodal forces at each time step. The user will
be required to write (in FORTRAN IV) the internal logic for these subroutines
corresponding to the particular problem being considered. Clearly, some basic
knowledge of computer programming and the finite-element method is required to
generate these computer subroutines. Guidelines for preparation of these sub-

routines, including simple example subroutines, are given in Subsection 4.6.

2.3 Solution Procedure for the PLATE Program

The spatial finite-element approach 1is utilized in conjunction with the
Pranciple of Virtual Work and D'Alembert's Prainciple to obtain the equations of
motion of the plate structure which 1s permitted to undergo large, elastic-
plastic, transient deformation. In the interest of conciseness and convenience
in this report, the user 1s invited to consult Ref. 1 and Appendix A for a de-
tailed derivation and discussion of the equation of motion utilized in the

PLATE code. For present purposes, 1t suffices to note that the governing



equations of motion for the complete assembled discretized structure correspond
to the conventional formulation of Ref. 1 and are written in the following

form:
GIRCOENSECOENSRCYEREE It (2.1)

where

{g*} and {g*} are the global generalized displacement vector
and acceleration vector, respectively.

M1 1s the mass matrix of the assembled structure.

[X] is the linear elastic stiffness matrix of the
assembled structure.

[Ks] 1s the global effective stiffness matrix
supplied by the linear-elastic line
restoring springs.

{r} 1s the global generalized load vector corres-
ponding to prescribed externally-applied
forces.

{FNL} represent equivalent "generalized loads"
arisaing from both large deflections and

plastic strains.

The matrix equations of motion are solved by employing the Houbolt finite-
difference operator. In the following, the general solution process 1is de-

scribed briefly.

First, information is provided to define the geometry of the plate and
the location and geometry of the stiffeners (i1f any). Material constants for
the plate and stiffeners are defined, and information related to the struc-
tural discretization is specified. Also defined are the time-step size, At,
the location and elastic constants of the line restoring springs, and the
prescribed displacement boundary conditions. Next, the mass matrix and
stiffness matrix for the entire structure are evaluated by assembling the ele-
ment mass and stiffness matrices. It should be noted that the PLATE program
provides the user with the option of selecting either a lumped (diagonal

matrix) mass modeling or a consistent (fully populated matrix) mass modeling.



—

Gaussian quadrature is used to evaluate these element matrices; the quadrature+
rule chosen yields an exact integration of these element matrices. Following
this step, the global effective stiffness matrix supplied by the linear-elastic
line restoring springs is evaluated. Then the proper prescribed displacement

conditions are imposed on these assembled mass and stiffness matraices.

Before beginning the timewise, solution of the equations of motion, the
generalized nodal velocity vector, {d*}o, at time t_and generalized nodal
force vector corresponding to prescribed externally-applied forces {F}l' at

time t,, must be specified. From this information, the generalized nodal dis-

1
placements and displacement increments are calculated for the first time incre-
ment At (1.e., from time to to time tl) from Eq. 2.1 written in the finite-
difference form corresponding to the Houbolt operator. From a knowledge of the
displacements, displacement increments, and current states of stress and strain,
one can determine the strain increments, stress increments, the stresses and/or
the plastic strains and the plastic strain increments through the use of the
pertinent elastic-plastic stress-strain relations including the plastic yield
condition and flow rule. From this information, one can calculate the equiva-
lent generalized load vector arising from large deflections and plastic strains.
Next, the generalized nodal load vector {F}2 corresponding to prescribed ex-
ternally-applied forces at taime t2 1s formed. Then, the proper recurrence
equations, which 1s the finite-difference representation of the equations of
motion, are solved to obtain the generalized displacements and displacement
increments of the next time increment (1.e., at time t2 = tl + At). The pro-
cess then proceeds cyclically for as many time steps as desired. For present
purposes, the above general description is considered to be adequate; one may
consult Appendix A for a more detailed discussion of the solution and evalua-

tion process.

In the PLATE code, the user 1s required to specify the time-step size,
At, to be used in the temporal solution of the eguations of motion of the
structure. The proper choice of the time-step size, At, requires some know=-
ledge of the characteristics of the Houbolt operator. For linear structural
analysis, the Houbolt operator 1s unconditionally stable; that i1s, no numerical

instabilities will occur regardless of the value of At. However, as the time

+Numer1cal integration (quadrature) is employed for these evaluations since it
1s much more efficient and less likely to produce errors than if an analyst
were to carry out and program (lengthy) expressions obtained by analytical
evaluations.
9



step size 1s increased, the solution will tend to diverge from the "exact"
solution because of the presence of false damping and of frequency distortion
contributed by the Houbolt operator; this 1is a problem of "convergence".
Usually, it i1s recommended that successive runs of the same problem be made,
each with a time~step size half that of the previous run until the computed
results of two successive runs are sufficiently close to each other (i1.e.,

to represent a converged soluticn). For nonlinear structure analysis, where
the effects of nonlinearities are included as equivalent loads (and these
equivalent loads are obtained by extrapolation --- (see Appendix A), the
Houbolt operator becomes conditionally stable [8,9]; that is, numerical in-
stability will occur 1f the time-step size, At, 1s too large. At present, no
rigorous rules exist for determining the maximum allowable At for nonlinear
analysis using the Houbolt operator. Thus, some numerical experimentation

may be necessary in order to determine an appropriate value for At.

To assist the user 1in the selection of a value for At, a "reference"
time~step size 1S calculated and output by the PLATE computer program. This
reference time-step Size, Atigx, 1s equal to the maximum time-step size which
could be used 1f the Central Difference timewise operator were employed, and
1s calculated as Atggx = 0.8(2/wmax). In this expression, wmax 1s the largest
natural frequency contained in the (linear) mathematical model of the structure,
and At i-z/wmax 1s the stability criterion (for the Central Difference operator)
of a corresponding linear dynamic system; the factor 0.8 1s introduced, as
in Refs. 1 through 3, to account for large-deflection effects. In the PLATE
program, the value of wmax 1s obtained by an iteration process applied to+

w® M) {q*} = ([ {q*} (2.2)

CD
Having obtained the value of Atmax' the actual time-step size to be used in

the PLATE program can be taken as some multiple of At;Zx (i.e., At = £ At;gx).
Again, no firm rules exist for the selection of the factor £, but results
presented 1in Ref. 1 suggest that values of up to £ = 6 will yield converged
and stable solutions. These results are by no means conclusive, but

do provide a reasonable guideline for the initial choice of At. To ensure

+ .
The inverse power method is employed to find .
max

10
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convergence and/or to eliminate instabllities, subsequent computer runs can

be made using a value of At half that of the previous run.

2.4 Fragment/Plate Collision Interaction Analysis

for the CIVM~-PLATE Program

The CIVM~PLATE computer program 1s designed to predict the large-deflec-
tion, elastic-plastic, transient responses of initially-flat stiffened or un-
stiffened plates subjected to impact by a single fragment. For analyzing the
collision-induced transient responses of contaimment and/or deflector plates
and fragment motions, the fragment is 1dealized as a non-deformable fragment
of spherical configuration (Fig. 5). The modeled-fragment radius, mass, mass
moment of inertia, and velocity components are specified by the user to cor-

respond with those of the actual fragment.

The process called the collision-imparted velocity method (CIVM), previ-
ously developed for the 2-d ring/fragment collision interaction analysis of
Refs. 1 through 4, has been extended for the present 3-d collision-interaction
analysis. In this procedure, energy and momentum considerations are employed
to predict the collision-induced velocities which are imparted to the fragment
and to the impact-affected zone of the plate. Also, the following simplifying

assumptions are invoked:

(1) The collision process 1s lnstantaneous and involves only the
fragment and the impact-affected zone of the plate. The impact-
affected zone 1s defined as the fraction of the plate that re-
sponds to fragment impact instantaneously with momentum changes.
The size of the impact affected zone 1s estimated from the speed
of a longitudinal elastic wave 1in the material and the computa-
tional time increment size At, or from alternate means (see
Appendix B).

(2) In an overall sense, the fragment 1s treated as being rigad,
but at the "immediate contact region" between the fragment
and the impacted plate the collision 1s regarded as acting in

a perfectly-elastic (e = 1), perfectly-inelastic (e = 0), or

11



(3)

(4)

(5)

(6)

an intermediate fashion (0<e<l), where e represents the

coefficient of restitution.

The colliding surfaces of both the fragment and the plate
may be either perfectly smooth (4 = 0) or may be "rough®”
(L # 0), where U denotes the coefficient of sliding
fraiction. Hence, respectively, force and/or momentum

(or velocities) are transmitted only in the normal-to-
surface direction or in both the normal and tangential

directions.

Although fragment/plate collision will, 1in general, occur
during a time step, At (rather than at the beginning or
end of a time cycle), the impact-induced velocity changes
of the fragment and the impact-affected zone of the plate
are imposed at the beginning of the cycle in which the
collision occurs. This assumption eliminates the need

to extrapolate displacement and velocity data between

time steps.

For the purpose of calculating the impact-induced velocity
changes of the fragment and the impact-affected zone of

the plate, the contact forces are the only ones considered
to act on the impact-affected zone of the plate and in an
anti-parallel fashion on the fragment. Any internal forces
which the plate segments adjacent to the impact-affected
zone may exert on that zone as a result of this instantane-
ous collision are considered to be negligible because this
impact duration i1s so short as to preclude their "effective
development". However, these internal forces are included
in the calculation of the post-impact displacement of the
plate.

To avoid unduly complicating the analysis and to maintain
program efficiency, each rectangular plate element is

divided into two triangular plate elements in the

12



derivation of the impact inspections and equations; the
global coordinates of the three corners of the triangle
define the plane in which collision may occur (see Fig. 6).
However, for transient response predictions, the plate con-
tinues to be modeled as a series of rectangular elements,

and general 3-d plate deformation behavior is assumed.

(7) For the analysis of stiffened plates, only the geometry
of the plate elements is considered in the impact in-
spection procedure. If impact occurs at a location on
the plate occupied by a stiffener, the impact 1s still
considered to occur at the inner surface of the plate.
However, stiffener mass contributions have been included
in the calculation of the post-impact velocity changes
of the fragment and impact-affected zone of the plate.
Thus, the subsequent motion of the plate and fragment

1s affected by the presence of stiffeners.

(8) To minimize the special options in impact inspection,

all impacts must occur at the inner surface of the plate.

An information flow schematic of the CIVM procedure 1is shown in Fig. 7.
Briefly, the analysis procedure indicated in Fig. 7 consists of the following

praincipal steps:

1. Motions and Positions of Bodies

The motions of the fragment and of the containment and/or deflector
plate are predicted and the (tentative) region of space occupied by each body

at the end of a given time cycle is determined.

2. Collision Inspection

Next, an inspection 1s performed to determine whether a collision has
occurred during the small increment (At) in time from the last instant in
time at which the body locations were known (beginning of the present time
cycle) to the present instant in time at which the body-location data are

sought. A collision i1s determined to have occurred if the (tentative) regions

13



of space occupied by the plate and the fragment overlap. If a collision has
not occurred during this At, one follows the motion of each body for another
At, etc. However, if a collision has occurred, one proceeds to carry out a

collision~-interaction calculation.

3. Collision~Interaction Calculation

In this calculation energy and momentum conservation relations are em-
ployed 1in an approximate analysis to compute the collision-induced changes in
(a) the velocities v_ , Vv (translational) and ® (rotation-

lv ,(L)

tx' gy’ Vfz ex’ Ygy’ Ysz
al) of the fragment and (b) the nodal velocities of the plate impact-affected
elements. These velocity changes are imposed at the beginning of the
present time cycle in which impact was determined to have occurred. Steps 1
and 2 are then repeated for the present time cycle until no plate/fragment
overlap 1s found at the end of the present time cycle; the resulting plate

and fragment locations are then the corrected-for-impact locations.

One then returns to step 1, and the process 1s repeated for as many
time increments as desired. The details of this analysis procedure as well as
various considerations and simplifying assumptions employed are discussed

further i1in Appendix B.

2.5 Solution Procedure for the CIVM-PLATE Program

The global solution procedure employed in the CIVM-PLATE computer pro-
gram is essentially the same as that employed in the PLATE computer program ex-
cept that initial velocity distributions and prescribed, externally-applied
forces are not included in the CIVM~PLATE program; these loading options are
"replaced" by the collision inspection-interaction analysis. The governing
equation of motion for the complete assembled discretized plate structure is
thus obtained by dropping the external nodal loading vector from Eq. 2.1 and

1s given by
Ml (&*} + )1 {q*} + (k) {a*} = (7L} (2.3)

where the definition of the terms in Eq. 2.3 are the same as those given in

Subsection 2.3.

In the present procedure, a diagonal "lumped” mass matrix is employed;

14



the use of a consistent (fully populated) mass matrix is not permitted in the
CIVM-PLATE program. Lumped mass modeling 1s chosen as a consequence of the
present collision-~interaction analysis in which the element (and structure)
mass properties are assumed to be lumped at the nodal points. Thus, for con-
sistency, the mass properties of the plate structure used in the global time-
wise solution procedure should also be nodal lumped masses; the use of a con-
sistent mass modeling in the global timewise solution would result in an
energy mismatch following each impact. In addition, the use of a lumped mass
matrix results in a decrease of the highest natural frequency for the assembled
structure, compared with the use of a consistent mass matrix, and thus permits
one to use a larger time step, At, for the structural response calculations
(see discussion in Subsection 2.3). This fact, coupled with reduced storage
requirements and additional savings of computation time in each time step be-
cause of the simple form of the mass matrix, makes the use of a lumped matrix

computationally efficient.

The equations of motion are solved through the use of the Houbolt finite-
dirfference operator whereby one obtains a recurrence equation which provides a
solution step~by-step in finite time increments. The discussion of the sta-
bility of the Houbolt operator given 1in Subsection 2.3 also applies to the
present impact analysis. However, as will be discussed in Appendix B, this
operator must be modified for time cycles in which plate/fragment collision
occurs. Experience to date with the CIVM-PLATE prodgram suggest that this modi-
fied operator 1s less stable than the conventional Houbolt operator, and thus
smaller time steps, At, must be used. Because (diagonalized) lumped masses
are used 1in all runs of the CIVM-PLATE program, the reference time step size,

AtCD

max
of the program. It 1s recommended that a value of At = 2*At$2x be specified

, discussed in Subsection 2.3 is calculated and output for each execution

on the initial run of a containment/deflector analysis. A more detailed dis-

cussion of this modified operator 1s given in Appendix B.

The general solution process employed in the CIVM-PLATE program .S
essentially identical to that employed in the PLATE program in terms of input
of geometric, mesh, and boundary condition information, and generation of

the assembled-structure mass (lumped mass modeling only) and stiffness matrices.
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Additional input 1s required for the CIVM-PLATE program to define the inatial
location and velocity components, geometry, and collision parameters of the
attacking fragment. In the following, the general timewise solution process
(which differs somewhat from that used in the PLATE program) is described

briefly.

The plate structure 1is assumed to be at rest at time to' and the posi-
tion and velocity of the attacking fragment are known at time to. From this
information the generalized nodal and fragment displacements and displacement
increments are computed for the first time increment, At. Then the fragment-
plate collision inspection-and-correction procedure is carried out. If one,
or more, fragment-plate collisions have occurred during this At, the coordi-
nates which locate the position of the fragment and the impact-affected nodes
of the plate are thereby corrected from their tentative uncorrected-for-impact

locations. Next, the strain increment developed from to to t. at every

1
Gaussian station (or point) required over and depthwise through each finite

element are calculated. From a knowledge of the previous states of stress

and strain, and the strain increments, one can determine the stress increments,
the stresses, and/or the plastic strains and plastic strain increments through
the use of the pertinent elastic-plastic stress-strain relations including

the plastic yield condition and flow rule.+ Next, one can calculate the
equivalent generalized load vectors arising from large deflections and plastic
strains. Then, the proper recurrence equations, which is the finite-difference
representation of the equations of motion, are solved to obtain the plate-nodal
generalized displacements and displacement increments of the next time incre-
ment. The pertinent equations of motion for the fragment are also solved to
obtain the displacements and displacement increments of the next time incre-
ment for the fragment. This process then proceeds cyclically for as many

time steps as desired. It should be noted that the plate structure remains

at rest until the first plate-fragment collision occurs.

For present purposes, the above general description i1s considered to
be adequate; one may consult Appendix B for a more detailed discussion of the

solution and evaluation process, including flow charts.

+
The mechanical-sublayer material model is particularly convenient and efficient
for these evaluations; see Figs. A.la through A.lc.
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SECTION 3

DESCRIPTION OF PROGRAMS AND SUBPROGRAMS

3.1 Organization of the PLATE and CIVM-PLATE Programs

The PLATE and CIVM-PLATE computer program package consists of two dummy
main programs (one each for PLATE and CIVM-PLATE) and 34 subprograms. Of
these 34 subprograms, 5 are used exclusively in the PLATE program, 8 are used
exclusively 1n the CIVM-PLATE program, and the remaining 21 are used by both
the PLATE and CIVM=-PLATE programs.

The dummy main program and subroutines used exclusively in the PLATE

program are

CMASSP INCOND MAINP
EXTL MAIN PRINT

The dummy main program and subroutines unique to the CIVM-PLATE program

are

COLLSN IMAINP IMPSS
IFRAG IMPACT INTRAC
IMAIN IMPDS IPRINT

The 21 subroutines used by both the PLATE and CIVM~PLATE prcgrams are

ARRT FACT MESHPM RCON SPRING
ASSEMK GAUSS OMULT RPLATE STRESA
BCONMK LMASSP PRTOP SFDM STRESC
EAROW MESHPA PSTRN SOLV STRESP
TSTEP

A description of these main and subprograms including the definitions of

calling arguments for each subprogram is given in Subsection 3.2.

The PLATE program consists, therefore, of a dummy main program (MAIN) and

26 subroutines. The dummy main program has been included only to define array

17



dimensions which are problem dependent, and to input those parameters used

in the dimensioning process. MAIN then calls subroutine MAINP which 1s the
master subroutine which controls the flow of the transient nonlinear analysis.
The flow of subroutine MAINP with particular emphasis on subroutine usage 1is
shown in Fig. 8. The information provided in Fig. 8 together with the descrip-
tion of subroutines given in Subsection 3.2 and the theoretical developments
given in Appendix A, is intended to provide the user with a better understand-
1ng of the operation and execution of the PLATE program.

The CIVM-PLATE program consists of a dummy main program (IMAIN) and 29
subroutines. The dummy main program has been provided only to define array
dimensions which are problem dependent, and to input those parameters used in
the dimensioning process. IMAIN then calls subroutine IMAINP which controls
the flow of the impact-induced transient nonlinear analysis. The flow of
subroutine IMAINP with particular emphasis on subroutine usage 1s shown in
Fig. 9. The information provided in Fig. 9, together with the description
of subroutines given in Subsection 3.2 and theoretical developments given in
Appendix B, is intended to provide the user with a better understanding of the

operation and execution of the CIVM-PLATE program.

3.2 Program and Subprocgram Descriptions

In this subsection, each of the programs/subprograms used in the PLATE
and CIVM~PLATE computer codes 1is described. The programs/subprograms are
grouped (and presented alphabetically) according to those used only in the
PLATE code, those used only in the CIVM-PLATE code, and those common to both
codes. 1In each case, the subroutine names and argument list (as 1t appears
1n that subroutine) are given; each of the subroutine arguments 1s defined
and a description of the overall operation of the subroutine 1s given.

No attempt is made to describe the programming logic or to descrabe each
programming step of each subroutine. Information of this form could be
generated by a user facility by a careful comparison of programming logic
and associated theory presented in Appendices A and B, as well as various
programming conventions discussed throughout this report. Such a detailed
understanding of the PLATE and/or CIVM-PLATE codes would facilitate modifica-
tions and/or additions to the codes, but 1s not necessary for effective use
of the codes.

18
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3.2.1 Main Program and Subroutines Unique to the PLATE Program

In the following, the main program and subroutines used only in the

PLATE program are discussed.

SUBROUTINE CMASSP(NTYPE, XL, YL, TH, XF, SLOC, CSA, SMOI, EM, GBI, DENS)

Purpose:

Arguments:

NTYPE

XL

SLOC

csa
SMOI
EM(24
GBI(2

DENS

This subroutine computes the consistent mass matrix for a rectangular

plate element, x~direction stiffener element, or y~direction stiffener

element. The formation corresponds to Egs. A.28 and A.29 (for plate

elements), Eq. A.91 for x-~direction stiffners, and Eg. A.91b for

y~-direction stiffeners; see Figs. 10-14. Gaussian quadrature is

used to compute the required integral.

=1
= 2
=3

The

: The

.

The

: The

: The

Type of element

for plate element
for x-direction stiffener

for y-direction stiffener
x-direction length of the
y-direction length of the
plate element thickness

stiffener offset distance

location of the stiffener

(see Fig. 13)

: The

: The

stiffener cross-sectional

mass moment of inertia of

element

element

(see Pig. 12)

on 1ts corresponding element

area

the stiffener

(24) : The mass matraix of the element

4,24) : The matrix G -1 given by Eg. A.19

: The 1nitial mass per unit volume of the element
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SUBROUTINE EXTL(ELV,ITT,NP,NODE,XGI,YGT)

Purpose: This user-prepared subroutine 1is used to generate the nodal
generalized forces corresponding to prescribed externally-applied
forces at time tm (= mAt) as described in Subsection 4.6.2 and
corresponding to the development in Subsection A.1l.3.4.

Arguments:

ELV(I) : The user-defined nodal force vector at time t = ITT*DELTAT
(where DELTAT = At). ELV(I) 1s the generalized force
corresponding to the Ith generalized degree of freedom.

ITT The cycle number

NP(I,J) : The global node number associated with the Ith element
node of element J.

NODE (K) : The assembly list associating element degrees of freedom
with global degrees of freedom. If K is defined as
K=24*(J-1) + I, then NODE(K) 1is the global degree of
freedom number associated with the Ith degree of freedom
of element J.

XGI(I) The global X and Y coordinates, respectively, of the

YGI(I) Ith global node at time zero.

SUBROUTINE INCOND(DISP,VEL,NP,NODE,XGI,YGI)

Purpose:

Arguments:

This user-prepared subroutine 1is used to specify the initial (time

zero) conditions on the plate nodal displacements and velocities
g; and é;, respectively, required for the finite-difference solution
of the governing equations of motion (see Subsection A.3). Instruc-
tions for preparation of this subroutine are given in Subsection

4.6.1.

DISP(I) : The displacement at time zero of the Ith generalized nodal

degree of freedom
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VEL(TI) : The velocity at time zero corresponding to the Ith

generalized nodal degree of freedom

NP (I,J)
NODE (X)
XGI(I)
YGI(I)

See SUBROUTINE EXTL

MAIN !

Purpose: The dummy main program of the PLATE computer code. Problem
dependent array dimensions are specified in this dummy main
program and certain of those variables used in this dimensioning
process are input. Guidelines for preparation of the array

dimensions are given in Subsection 4.5

Arguments: None

SUBROUTINE MAINP(DELD,DIS,DISP,DISM1,DISMZ,FLN,FLVA,FLVM,FLVP,ELV,VEL,ICOL,
INUM, KROW, NDEX, STOR, STF ,AMASS ,NP,NODE, TAUSS , TAUSE, TAUEE, EPSSI,EPSSO,EPEEI,
EPEEO,EPSEI,EPSEO,NBC,BC,RFM, ILAST,UCF1, UCF2,XG, ¥YG,Z2G,XGI,¥GI, TAGSS, LNXS,XSPROP,
MATXS,TSGEE,LNYS, YSPROP,MATYS, LNRS, ISRS, SC,MAXEL , MNSL,MNSLT4, NBE, MBWE , MNXST,
MNYST, NVSA,NCON)

Purpose: The primary subroutine of the PLATE program. This subroutine
controls the flow of program input, structural response prediction,

and program cutput.

Arguments:

DELD(I) | The displacement increment and displacement vectors
* = * - * * * * *

PIS(IR) | Aqniy = (@ - Rl T Ty Loy Toeo

DISP(I) respectively (e.g. Eg. A.110). The Ith term in

DISM1(T) each vector corresponds to the Ith structural degree

DISMZ(I)’ of freedom.
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FIN(T) ) Vectors used to accumulate effective nonlinear and
FLVA(I) external nodal forces required to form the right-hand
FLVM(T) > side of Eq. A.114 (corresponding to Ith structural
FLVP(I) § degree of freedom).

ELV(I) : See Subroutine EXTL

VEL(I) : The velocity corresponding to the Ith structural

degree of freedom

ICOL(K) Vectors containing pointers used to locate

INUM(K) terms in the assembled stiffness matrix which is

KROW (X) P stored in compacted vector form (see Subsection 4.1.5)
NDEX (K) |

STOR (K) :+ Temporary vector in which the current external force

vector 1s stored

STF (J) : Assembled stiffness matrix stored in compacted vector
form (see Subsection 4.1.5)

AMASS (J) : The assembled (structure) mass matrix stored either
in compacted vector form (if consistent mass option 1is
used) or as a vector of the diagornal terms (i1f lumped
mass 1s used).

NP (I,J)
See Subroutine EXTL

NODE (K)

TAUSS(I,J,K) | The stresses ¢, 0 _, 0 , respectively at the Jth
xx yy Xy

TAUEE(I,J,K) > depthwise/sublayer integration station (J 1s a function

TAUSE(I,J,K) | of both location and sublayer) at the Kth spanwise
Gaussian integration station of the Ith plate element

at the current time.
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EPSSI(K,I) |
EPEEI(X,I) p
EPSEI(K,I) |
EPSSO (K, T) )

EPEEQ(K,I) ¢

EPSEO(K,I)J
NBC (J)

BC(J)

REM(J,K)

ILAST(J) :

UCF1(J)

UCF2(J)

XG(I)
YG(I)
ZG(I)
XGI(I)
YGI(I)

TAGSS(I,J,K):

The strains € _, € , and € _, respectively, at the
xx" yy xy
Kth Gaussian integration station (K=1,2, ...9)
on the inner surface of the Ith plate element.

As above, at the outer surface of the Ith plate

element

A list of the NB constrained degree~of-freedom numbers

and corresponding constrained values (BC(J) = 0.0 set

internally)

Matrix used in the calculation of the reaction forces
at constrained nodes, and contains the rows of the
assembled stiffness matrix (from the first nonzero term
to the last nonzero term in that row) corresponding to

each of the constrained degrees of freedom.

For row NBC(J) of the assembled stiffness matrix, the

column in which the last nonzero term 1is found.
Vectors containing the right-hand side of Eq. A.1l1l4

(prior to constraint) corresponding to constrained

degree of freedom NBC(J)
The current global (X,Y,2) coordinates, respectively,

of structural node I

See Subroutine EXTL

The normal stress, oxx' at the Jth depthwise/sublayer

integration station at the Kth spanwise Gaussian integra-

station of the Ith individual X-direction stiffener.



LNXS(I)

XSPROP (J, I)

MATSX (I)

TSGEE(I,J,K)

LNYS (I)
YSPROP (J, I)
MATYS(I)
LNRS (I)

ISRS(TI)

SC(K,I)

MNXST

MNYST

The plate element numbers to which the Ith individual

X-direction stiffener i1s attached.

Geometric and material properties of the Ith individual

X-direction stiffener. See Cards 28-34 (Subsection 4.2)

for definition of J = 1,2,3, ... 6.

The material type for the Ith individual X-direction
stiffener.

The normal stress, Oyy’ at the Jth depthwise/sublayer
integration station at the Kth spanwise Gaussian
integration station of the Ith individual Y-direction

stiffener.
Same as above (LNXS,XSPROP,MATXS), now for individual

Y-direction stiffeners.

The plate element number and element side number,

respectively, to which the Ith linear line restoring

spring 1s attached.

The given (K = 1,2, ... 5) elastic spring constant

]

restoring spring.

K ,K
(Ku,KV, ! e,K ) corresponding to the Ith line

Problem size and dimensioning variables input by

the user. See Card 1 (Subsection 4.2) for the

defainition of these parameters.
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MNSLT4

NVSA(I)

NCON(J, I)

MNSL*4 (maximum number of depthwise/sublayer integration

stations).

A list of those global node numbers at which nodal

average strain output is given.

The element numbers (J = 1,2,3,4 in general) which are

common to structure node number NVSA(I).

SUBROUTINE PRINT (DISP, XG,YG,2ZG,EPSSI,EPSSO,EPEEI ,EPEEQ,EPSEI,EPSEOQ, XGI, YGI,
NP,GBI,STDEP,NODE, RFM,NBE,MBWE, ILAST,UCF1,NBC, ICOL,NMSUB, SUBW, TAUSS, TAUEE,
TAUSE ,MAXEL,NZS,NXST, LNXS ,MATXS , XSPROP, TAGSS , MNXST,NYST,LNYS ,MATYS , YSPROP,
TSGEE, MNYST, NELES,LNRS, ISRS, SC, EK, IMASS ,AMASS, VEL, FLVM, KROW, NDEX , WFORCE,

CINETTI,NNSA,NVSA,NCON)

Purpose: This subroutine controls the calculation (as necessary) and output

of all quantaities (displacements, strains, energies, etc.) requested

by the user at regqular intervals during the timewise solution for

the PLATE program.

Arguments: The arguments DISP,XG,YG,ZG,EPSSI,EPSSO,EPEEI,EPEEO,EPSEI,EPSEO,
XGI,YGI,NP,NCDE, RFM,NBE, MBWE, ILAST, UCF1,NBC, ICOL, TAUSS, TAUEE,
TAUSE ,MAXEL, LNXS ,MATXS, XSPROP, TAGSS , MNXST, LNYS ,MATYS , YSPROP,
TSGEE, MNYST,LNRS, ISRS, SC,AMASS,VEL,FLVM,KROW,NDEX,NVSA, and NCON
are defined in Subroutine MAINP.

GBI (24,24)

STDEP (9, 24)

NMSUB(I)

SUBW(I,K)

See Subroutine CMASSP.

The matrix used to calculate strains from displacements

for an element. The rows correspond to the vectors
T T
Dyr Daee-
location within the element.

Dg of Egs. A.10 evaluated at a specified

The number of mechanical sublayers used to define the

uniaxial stress-strain curve for material type I.

The sublayer weighting factors Ck (Eq. A.120b) corres-
ponding to material type I.
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NZs :  4*MNSL where MNSL 1s the maximum number of mechanical
sublayers used to specify a material behavior and 4
depthwise integration stations are used.

NXST : The actual number of individual X-direction stiffeners.

NYST : The actual number of individual Y-direction stiffeners.

NELES : The number of element sides on which linear restoring
springs are attached.

EK(24,24) : The equivalent stiffness matrix for an element corres-
ponding to line restoring springs. The matrix is used
here to calculate the energy stored in restoring springs.

IMASS : Indicates the type of mass matrix emploved
= 1 for lumped (diragonalized) mass matrix
= 2 for consistent mass matrix.

WFORCE : Current value of the work done by the externally-
applied forces.

CINETI : The initial kinetic energy imparted to the structure by
the user-specified initial velocaity distribution.

NNSaA : The number of nodes at which averaged nodal strains

are to be output.

3.2.2 Main Program and Subroutines Unique to the CIVM-PLATE Program

In the following, the main program and subroutines used only in the

CIVM-PLATE program are discussed.

SUBROUTINE COLLSN(IOPT,XG,YG,ZG,PEN,RF,THALF,NNSR, XF, YF,ZF, XN, YN,ZN,T,NN1,
NN2,NN3)

Purpose: This subroutine performs the detailed collision inspection over
a triangular subregion of a plate element. If collision (plate
fragment overlap) 1is detected, the penetration distance, location
of maximum penetration distance on the element, and appropriate
coordinate transformation matrix are calculated. (See Subsection

B.2.1).
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Arguments:

IOPT

XG(I)
YG(I)
Z2G(I)

PEN(I)

THALF

NNSR

ZF

XN(I)
YN (I)
ZN(1)

T(3,3)

A parameter for subroutine usage.

1 if the entire check process is to be followed.

2 1f the subroutine 1s to be terminated after

calculation of the coordinate transformation matrix

for the triangular subregion.

Current global X,Y,Z coordinates of the Ith structural

node.

The penetration distance between the fragment and the
Ith triangular subregion.

The radius of the spherical fragment.
The plate half thickness.
The current triangular subregion being inspected.

The current global X,Y,2 coordinates of the center

of the spherical fragment

The global location (xn,yn,zn -- see Eq. B.1l2) of
the point of maximum penetration for the Ith

triangular subregicn.

The coordinate transformation matrix used to transform
from global to local (impact) coordinates. See

Egs. B.7 and B.8.

The global node numbers of nodes 1, 2, and 3,
respectively of the current triangular inspection

region.

SUBROUTINE IFRAG (PMASS,AMASS)
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Purpose: In this subroutine the initial fragment position and velocity,
fragment geometric properties, contact surface properties and
any symmetry options are input and printed for verification.
The fragment initial kinetic energy is calculated and the mass

matrix used in impact-interaction calculations is formed.

Arguments:

PMASS (1) : The lumped (diagonal terms only) mass matrix corxrrespond-
ing only to translational degrees of freedom, used in
impact-interaction calculations.

AMASS (I) : The lumped mass matrix for the complete plate structure.

IMAIN

Purpose: The dummy main program of the CIVM-PLATE computer code. Problem-
dependent array dimensions are specified, and certain of those
variables used in this dimensioning process are input. Guidelines

for preparation of the array dimensions are given in Subsection 5.3.

Arguments: None,

SUBROUTINE IMAINP (DELD,DIS,DISP,DISM1,DISM2,FLN,FLVA,FLVM,FLVP,VEL,ICOL,INUM,
KROW, NDEX, STF,AMASS,NP,NODE, TAUSS, TAUSE, TAUEE ,EPSSI,EPSSO,EPEEI,EPEEQ,EPSEI,
EPSEO,NBC, BC,RFM, ILAST,UCF1,UCF2,XG,YG,ZG,XGI,¥GI, TAGSS,LNXS,XSPROP ,MATXS,
TSGEE,LNYS, YSPROP,MATYS, LNRS, ISRS, SC,MAXEL, MNSL ,MNSLT4,NBE , MBWE , MNXST , MNYST,
NVSA, NCON, PMASS, VN, VNB, SI,NEFF ,ALPHA, NIAN)

Purpose: The controlling main program for the CIVM-PLATE code. The flow of
1input, timewise calculation, and output 1s governed by this primary

subroutine.
Arguments:
PMASS(I) : See Subroutine IFRAG

VN(J,I) : The translational velocity components in the global
X,¥,Z coordinates (J = 1,2,3) for the Ith impact-

affected node at the current time instant.
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VNB (J,I)

SI(I)

NEFF (I)

ALPHA(I)

NIAN

The remaining

Subsection 3.2.1.

X3

The translational velocity components in the local
(;,;,N) impact coordinate system (J = 1,2,3) for the

Ith impact~affected node at the current time instant.

For the current impact interaction calculation, the
distance |sl| (see Eg. B.16) from the point of impact
to the Ith impact~affected node.

For the current impact-interaction calculation the

global node number of the Ith impact-affected node.

The proportionality factor, al (see Egs. B.19), for
impulse distribution associated with the Ith impact-~
affected node for the current impact-interaction

calculation.

A user estimate of the maximum number of nodes which

will be affected by any impact.

arguments are as defined for Subroutine MAINP given in

SUBROUTINE IMPACT (XG,YG,2G,DELD,VEL,NP,VN,VNB,PMASS,NBC,SI,NEFF,ALPHA,

IMPCT1,NIAN)

Purpose: Controlling subroutine for impact inspection and interaction

calculations for general (no symmetry) impact cases). For each

step tame, this subroutine controls inspection for maximum plate-

fragment overlap. If impact has occurred, impact-affected nodes

are identified and their pre-impact velocities are updated to post-

impact velocities (similarly for the fragment) via the impact-

interaction calculations.

Arguments:

XG(I)
YG(I)
ZG(I)

See Subroutine COLLSN
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DELD(I) : The current vector Ag ml q e+l q n of nodal
displacement increments.
VEL(I) : The velocity corresponding to the Ith degree of
freedom at the beginning of the current time step
(from t to tm+l)'
IMPCT1 : Index indicating if impact has been detected during

the current execution of Subroutine IMPACT.

= 0 if no impact has been detected.

= 1 if impact has been detected.

The remaining variables are as defined in Subroutine IMAINP.

SUBROUTINE IMPDS (XG, ¥G,2G,DELD,VEL,NP,VN,VNB,PMASS,NBC,SI,NEFF,ALPHA,
IMPCT1,NIAN)

Purpose: Controlling subroutine for impact inspection and interaction

calculations for double-symmetry impact cases. The underlying

flow and purpose are the same as Subroutine IMPACT.

Arguments: All arguments are the same as in Subroutine IMPACT.

SUBROUTINE IMPSS(XG,YG,ZG,DELD,VEL,NP,VN,VNB,PMASS,NBC,SI,NEFF,ALPHA,
IMPCT1,NIAN)

Purpose: Controlling subroutine for impact inspection and interaction

calculations for single-symmetry impact cases.

Arguments: See Subroutine IMPACT.
SUBROUTINE INTRACT(S1,S2,A0,B1,B3,COEFR,FRNC,PTILDA)

Purpose: The impulse coordinates p _ /P _ '§N at the instant of termination

X Y
of the collision are calculated in this subroutine. The relations

used to calculate these values correspond to Cases I through III

(Egs. B.25 through B.28) of Subsection B.2.2.
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Arguments:

N

Sl Interaction constants, Sl'SZ’AO'Bl' and B3

S2 defined by Egs. B.22.

AQ >

Bl

B3

COEFR The coefficient of restitution, e, and coefficient of
FRNC friction, U, respectively, between the plate and

rigid spherical fragment surfaces.

PTILDA(I)

The impulse coordinates p _ , P _ , and §N (£ =1,2,3,
X Yy
respectively) at the instant of termination of the

collision.

SUBROUTINE IPRINT(DISP,XG,YG,2G,EPSSI,EPSSO,EPEEL,EPEEO,EPSEI,EPSEQ,XGI,
¥YGI,NP,GBI,STDEP,NODE, RFM,NBE, MBWE , ILAST,UCF1,NBC, ICOL, NMSUB, SUBW, TAUSS,
TAUEE, TAUSE,MAXEL,NZS ,NXST, LNXS, MATXS , XSPROP, TAGSS , MNXST ,NYST,LNYS ,MATYS,
YSPROP, TSGEE, MNYST,NELES ,LNRS, ISRS,SC,EK,AMASS, VEL,NNSA,NVSA , NCON)

Purpose: This subroutine controls the calculation and output of all
quantities (displacement, strain, energies, etc.) as requested
by the user at regular intervals during the timewise solution

for the CIVM-PLATE program.

Arguments: All arguments are as defined in Subroutine PRINT in Subsection

3.2.1.

3.2.3 Subroutines Used by both the PLATE and the CIVM-PLATE Program

In the following, the subroutines used by both the PLATE and the
CIVM-PLATE program are discussed.

SUBROUTINE ARRT (STF,AMASS,F,ICOL, INUM,KROW,NDEX,NODE,NDPE)
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Purpose: In this subroutine, the mesh nodal connectivity data in NODE(I)
1s used to establish the pointer arrays necessary to locate terms
in the assembled stiffness matrix (and mass matrix if consistent
mass is used) stored in compacted vector form. The number of
words of storage required for the assembled stiffness matrix 1is
calculated, output, and compared with the user estimate; if the
user estimate is too small, a message is output and the run
terminated. The assembled stiffness and mass (only for lumped

mass) matrices and force vector are zeroed.

Arguments:

F(I) : A force-type vector of length NDT, where NDT 1is the
total number of degrees of freedom for the current
plate structure being analyzed.

NDPE : The number of degrees of freedom per element (NDPE - 24

for the present plate elements).

All remaining arguments are as defined in Subroutine MAINP of
Subsection 3.2.1.
SUBROUTINE ASSEMK(EK,STF,INUM,NDPE,NODE,N)

Purpose: Perform assembly operation of the element stiffness matrix into

the assembled stiffness matrix.

Arguments:
EK(24,24) : The stiffness matrix for the current element.
STF (1) See Subroutine MAINP of Subsection 3.2.1.
INUM(I)
NODE (I}
NDPE : See Subroutine ARRT.
N : The current element number being assembled.
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SUBROUTINE BCONMK (STF,BC,ICOL, INUM,NBC)

Purpose: Imposes the boundary condition constraints (zero displacements)

on the assembled matrix [ 2 > M + K] given in Eqg. A.ll4, by zeroing

~

(Ae)™ ~

the row and column (not including the diagonal terms) corresponding

to each constrained degree of freedom.

Arguments: See Subroutine MAINP of Subsection 3.2.1.

SUBROUTINE EAROW (STF,NBC, ICOL,INUM,RFM,ILAST,NBE, MBWE)

Purpose: This subroutine extracts the rows of the assembled matrix [

M + K]
ey~ o~

(from the first nonzero term to the last nonzero term of that row)

corresponding to each constrained degree of freedom (prior to

constraining) and stores these values in the matrix RFM(I,J). The

user estimate of maximum bandwidth at a constrained degree of

freedom 1s checked; 1f the user estimate is too small, a message

1s output and the run 1s terminated.

Arguments: See Subroutine MAINP of Subsection 3.2.1.

SUBROUTINE FACT (STIFM,NCOL,KROW,NDEX, IDET,NTAPEG, IC)

Purpose: Performs triple-factorization on the assembled matrix [

M + K]
w2~

. T ,
in Eg. A.1ll1l4, putting it in the form L DL where L is a lower

~ mene -~

triangular matrix and D is a diagonal matrix. The original matrix

1s destroyed in this operation. Details of the triple-factoring

operation may be found in numerous texts on numerical methods and

finite-element methods.

Arguments:

STIFM(I) )
NCOL(I)
KROW(I)
NDEX(I)

>

IC(1)

These arrays correspond to arrays STF(I),ICOL(I),
KROW(I) ,NDEX(I), and INUM(I), respectively, as
defined 1n Subroutine MAINP of Subsection 3.2.1.
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IDET : A parameter set equal to the number of negative
diagonals in the assembled matrix being factored. If

the matrix is not positive definite, IDET = -1 is set

NTAPE6 : The device number used for printed output. NTAPE6=6
is used 1in the PLATE and CIVM-PLATE programs.

SUBROUTINE GAUSS(N,GS,GW)

Purpose: This subroutine defines the location of the Gaussian integration
stations and the corresponding weighting factors in one dimensional

space. The number of Gaussian stations used may be from 1 to 6.
Arguments:
N : The number of Gaussian stations to be used.

GS(I) : The location of the N Gaussian stations relative to

a normalized coordinate -1 < s < 1.

GW(I) The corresponding Gaussian weights at the N Gaussian

stations.
SUBROUTINE LMASSP(NTYPE, XL, YL,TH, SL,CSA,SMOI,EML,DENS)

Purpose: Thls subroutine forms the lumped (diagonal) mass matrix for a plate

or stiffener element.

Arguments:
NTYPE : Element type
= 1 for a plate element (unstiffened)
= 2 for an x-direction stiffener element
= 3 for a y-direction stiffener element
XL The x-length, y-length, and thickness, respectively,
YL of the plate element (if NTYPE=1l), or of the plate
TH element to which the stiffener i1s attached (if

NTYPE=2 or 3).
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SL : If NTYPE=2 or 3, the normalized § location (0 < & <1
of an x-direction stiffener on the plate element
(NTYPE=2) , or the normalized n location (0<n<1
of a y-direction stiffener on the plate element
(NTYPE=3).

csa The stiffener cross-sectional area and mass moment of

SMOI inertia, respectively (required only if NTYPE=2 or 3).

EML (24) : The lumped mass matrix for the element.

DENS : The original mass per unit volume for this element

(lb-secz/in4).

SUBROUTINE MESHPA(NP,NODE, XG, YG,ZG,NBC,BC, LNXS, LNYS, XGI, YGIL, XSPROP, YSPROP,
NXST,NYST, IMESH, MATXS ,MATYS)

Purpose: This subroutine controls input, formation, and output of mesh,
stiffener, and boundary condition information when the auto-mesh
generation option i1s chosen. A detailed dascussion of thas

subroutine 1s given in Subsection 4.1.2.

Arguments:
IMESH : See Card 2 of Subsection 4.2.
NXST See Subroutine PRINT of Subsection 3.2.1.
NyYsT

All remaining arguments are as defined for Subroutine MAINP of

Subsection 3.2.1.
SUBROUTINE MESHPM(NP,NODE, XG, YG, ZG,NBC,BC, LNXS,LNYS, XGI,YGI, XSPROP,YSPROP,
NXST,NYST, IMESH, MATXS , MATYS)

Purpose: Mesh generation subroutine (similar to MESHPA) when the manual

mesh generation option 1s chosen. A detailed discussion of thas

subroutine is given in Subsection 4.1.3.
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Arguments: Same as Subroutine MESHPA.

SUBROUTINE OMULT({SQVCT, RWVCT,ACC,NCOL,KROW,NDEX)

Purpose: This subroutine performs the matrix multiplication
(ACC) =(SQVCT) * (RWVCT) .

Arguments:

SQVCT(I) : A square (nxn) symmetric vector stored in lower
triangle compacted vector form, in a fashion consistent
with the pointers established in Subroutine ARR.

RWVCT(I) : A vector of length n of known quantities.

ACC(I) : The vector product (ACC)=(SQVCT)*(RWVCT) of length n.

NCOL(I) : Pointer array corresponding to ICOL(I) in Subroutine
MAINP.

KROW(I) See Subroutine MAINP in Subsection 3.2.1.

NDEX(I)

SUBROUTINE PRTOP (NNSA,NVSA,NCON,NP)

Purpose: In this subroutine, the print options to be executed at regular
user-specified time 1intervals are established. Relevant data
corresponding to various of these options is also defined. Those
options available and the associated input are given on Cards 51
through 62 in Subsection 4.2.

Arguments:

NNSA See Card 61 1in Subsection 4.2.

NVSA(I)

NCON(I,J) See Subroutine MAINP in Subsection 3.2.1.
NP(I,J)

SUBROUTINE PSTRN(G1ll,G22,Gl2,S,D)

Purpose:

The maximum principal strain and associated direction (in degrees,
with respect to the X axis) are calculated. Only principal

tensile strains are considered.
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Arguments:

Gll The strain components ¢ ,& , and € , respectively,
= yy Xy

G22 at a point on the plate structure.

Gl2

S : The maxamum principal tensile strain.

D : The direction (degrees) of the maximum principal

tensile strain (with respect to the X axis).

SUBROUTINE RCON (F,NBC)

Purpose: Subroutine which applies boundary constraints to the force vector.
Terms in the force vector corresponding to constrained degrees of
freedom are zeroed (it is assumed that all prescribed displacements

are zero).

Arguments:
F(I) : Force vector.
NBC(I) : List of those degrees of freedom which are constrained.

SUBROUTINE RPLATE (NTYPE,ANU, XL, YL, TH,SL,CSA,SLAM,SMOI,KT,GBI, YMOD)

Purpose: The stiffness matrix for an unstiffened rectangular plate element
(NTYPE=1), or an x-direction stiffener element NTYPE=2), or a
y-direction stiffener element (NTYPE=3) are formed in this
subroutine. The pertinent theoretical basis for the plate element
is found in Subsection A.1.3.3. The theoretical basis for

stiffener elements 1s found in Subsection A.2.3.
Argquments:

NTYPE See Subroutine LMASSP.

ANU : Poisson's ratio, V, for the element material type.

<L 3
YL
TH r See Subroutine LMASSP.
SL

SA

CSA

37



SLAM : The distance (in the z direction) from the centerline
of the stiffener to the midsurface of the plate (for
NTYPE=2 or 3).

SMOI : See Subroutine LMASSP.

KT (24, 24) : The calculated element stiffness matrix.

GBI (24,24) : The matrix E—l relating generalized displacement
parameters 0 to normalized nodal degrees of freedom
&; see Eg. A.19.

YMOD : Young's modulus for the element material type.

SUBROUTINE SFDM(SL,EL,XL,YL,GBI,STD)

T T T
Purpcocse: This subroutine generates the row matrices D_, PUARRE D9 of
Egs. A.10 used to evaluate strain components (or increments in
strain) at a specified location within an element in terms of
the element nodal generalized displacements.
Arguments:
SL The normalized location & = gv n= %7 respectavely,
T T
EL at which Dl' Dz, .o Dg are to be evaluated.
XL The dimensions a and b of the element in the x and
YL y directions, respectively.
GBI(24,24) : See Subroutine RPLATE.
STD(9, 24) : The strain in terms of displacement matrix. The rows

correspond to Df, DT ves DT of Egs. A.10 and the

~ ~2'
column correspond to ql, q2, q3, cee q24 (the element

generalized degrees of freedom).

SUBROUTINE SOLV(STIFM,G,SOL,NCOL,KROW,NDEX)

Purpose:

This subroutine performs the forward and backward substitution
operations required to complete the solution of a system of linear
simultaneous equations by the triple-factoring method. This

subroutine must be used in conjunction with Subroutine FACT.
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Arguments:

STIFM(I)

G(I)

SOL(I)

NCOL(I)
KROW(I)
NDEX (I)

The factored coefficient matrix obtained from

Subroutine FACT.

The right-hand side vector (known) of the system of

equations.

The solution vector of the system of equations.

See Subroutine FACT.

SUBROUTINE SPRING(EK,SS,ISIDE,XL,YL)

Purpose: This subroutine calculates the effective element stiffness matraix

corresponding to line translational and torsional linear restoring

springs applied along the side of a rectangular plate element.

The theoretical basis for these calculations is given in

Subsection a.1.3.5.

Arguments:

EK(24,24)

SS(5)

ISIDE

XL
YL

I

The effective element stiffness matrix corresponding

to line restoring springs applied to an element.

The five elastic spring constants (Ku'kv'kw'ke'kw)

of the line restoring spraings.

The element side number (1,2,3, or 4) to which the

line restoring springs are attached.

The x and y dimensions, respectively, of the plate

element to which the line springs are attached.

SUBROUTINE STRESA (DISP,DELD,FLVA,ITT,NODE,MAXEL,MAX2, TSGEE,PLASTW,XGI, YGI,
NP, STDEA, GBI, NMSUB, DSR, PSR, SUBW, SNOM, NXST, XSPROP, LNXS , MATXS , NZS)

Purpose: This subroutine calculates the effective nodal force vector for an

x-direction stiffener element corresponding to nonlinear geometric

and material effects. The expression for this vector is given

by Eg. A.97.
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Arguments:
DISP(I)
DELD(I)

FLVA(I)

ITT
NODE(I)
MAXEL
MAX2

TSGEE(I,J,K)

PLASTW

XGI(I)
YGI(I)
NP(I,J)

STDEA (9, 24)

GBI (24,24)
NMSUB(I)

DSR(I)
PSR(I)

SUBW(I,K)

SNOM(I,K)

NXST

The displacement vector q;+l at the current time step
The vector of displacement increments Ag* = = g* . - g*
placeme ncr SO 1 T T - T

The vector of equivalent nodal forces for the structure
corresponding to geometric and material nonlinear

effects.
The current cycle number.

See Subroutine MAINP in Subsection 3.2.1.

Corresponds to MNXST on Card 1 of Subsection 4.2,

Matrix to store current stress values at Gaussian
integration (sublayer stations, corresponding to
matrix TAGSS(I,J,K) of Subroutine MAINP in Subsection
3.2.1.

A scalar corresponding to plastic work contraibutions.
See Subroutine MAINP in Subsection 3.2.1.

Strains 1in terms of displacement matrix corresponding

to STD(9,24) of Subroutine SFDM.
See Subroutine RPLATE.
See Subroutine PRINT in Subsection 3.2.1.

The strain-rate parameters, D and p, respectively,
(see Eg. A.122) of the Ith material type.

See Subroutine PRINT in Subsection 3.2.1.

The static yield stress cok for the kth mechanical
sublayer of the Ith material type.

See Subroutine PRINT of Subsection 3.2.1.
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XSPROP(J, I)

INXS(I) See Subroutine MAINP 1in Subsection 3.2.1.
MATXS (I)
NZS : See Subroutine PRINT in Subsection 3.2.1.

SUBROUTINE STRESC(DISP,DELD,FLVA, ITT,NODE, MAXEL,MAX2, TSGEE,PLASTW,XGI, YGI,
NP,STDEC, GBI,NMSUB,DSR,PSR,SUBW, SNOM,NYST, YSPROP, LNYS ,MATYS,NZS)

Purpose: Calculates the effective nodal force vector for a y-direction
stiffener element corresponding to nonlinear gecmetric and

material effects (Eg. A.98).

Arguments: Many of the arguments are identical to those of Subroutine STRESA.

Only those which are different are defined here.

MAX2 : Corresponds to MNYST on Card 1 of Subsection 4.2.
TSGEE(I,J,K) : See Subroutine MAINP in Subsection 3.2.1.
STDEC (9, 24) : Strains in terms of displacement matrix corresponding

to STD(9,24) of Subroutine SFDM.

NYST : See Subroutine PRINT in Subsection 3.2.1.
YSPROP(J,I)

LNYS (I) See Subroutine MAINP in Subsection 3.2.1.
MATYX(I)

SUBROUTINE STRESP(DISP,DELD,FLVA,ITT,NODE,MAXEL, TAUSS, TAUEE, TAUSE,EPSSI,
EPSSO,EPEEI,EPEEO,EPSEI ,EPSEQ,PLASTW, XGI,YGI,NP,STDEP, GBI ,NMSUB,DSR, PSR,
SUBW, SNOM,NZS)

Purpose: Calculates the effective nodal force vector for a plate element
corresponding to geometric and material nonlinear effects (Eg. A.35).
The theoretical basis for these calculations is given in Subsection
A.l.3.2.
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Arguments:

DISP(I)
DELD(I)
FLVA(I)
ITT

NODE (I)
MAXEL

TAUSS(I,J,K)
TAUEE(I, J,K)
TAUSE (I,J,K)

EPSSI(X,I)
EPSSO (X, I)
EPEEI(K,I)
EPEEO (X, I)
EPSEI(X,I)
EPSEO(K, I)

PLASTW

XGI(I)
YGI(I)
NP (I,J)

STDEP (9, 24)

GBI (24,24)
NMSUB (I)
DSR(I)
PSR(I)
SUBW (I,K)
SNOM(I,K)

N2ZS:

>

J

See Subroutine STRESA _

See Subroutine MAINP in Subsection 3.2.1.

See Subroutine STRESA.

See Subroutine MAINP in Subsection 3.2.1.

Strains in terms of displacement matrix corresponding

to STD(9,24) of Subroutine SFDM.
See Subroutine RPLATE.

See Subroutine PRINT in Subsection 3.2.1.

See Subroutine STRESA

See Subroutine PRINT in Subsection 3.2.1.
See Subroutine STRESA.

See Subroutine PRINT 1in Subsection 3.2.1.
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SUBROUTINE TSTEP (STF,AMASS,NBC,BC,ICOL,INUM,KROW,NDEX, TRIAL, SOLN)

Purpose: Subroutine used to calculate a reference time-step bound for the

Houbolt operator. The maximum natural frequency mmax of the

system 1s calculated from wz[M]{q*} = [K]{q*} using an iterative

+
technique.

The central-difference time-step bound AtCD = 2/w
max max

corresponding to linear systems 1s calculated and output. To

account for nonlinear effects, a reference time-step bound of

0.8(At§§x) 1s calculated and output. See Subsection 2.3 for a

discussion of the use of these reference time-step bounds.

Arguments:

STF (J)

AMASS (I)

N

NBC (J)
BC(J)

ICOL(K)
INUM(K)
KROW (K)

NDEX (K)

TRIAL(I)
SOLN(I)

The assembled stiffness matrix stored in compacted

vector form (see Subsection 4.1.5).

The assembled mass matrix for the structure,

stored as a vector.

See Subroutine MAINP 1in Subsection 3.2.1.

Trial and updated eigenvector solutions used in the

1teration scheme.

+
The inverse power method 1s used to calculate wmax'
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SECTION 4

USE OF THE PLATE PROGRAM

4.1 Discussion of Conventions Adopted in the PLATE Program

The PLATE program is designed to predict the large-deflection, elastic-
plastic, transient responses of stiffened or unstiffened flat plates sub-
jected to prescribed initial velocity distributions and/or prescribed extern-
ally-applied time-varying load distributions. The user-interaction required

to execute a run of the PLATE code falls into three categories:

(1) Preparation of input data cards

(2) Assigning of array dimensions in the dummy MAIN
program

(3) Preparation of internal logic for subroutines INCOND
and EXTL.

Instructions for preparation of input cards are given in Subsections 4.2
through 4.4, for array dimensioning in Subsection 4.5, and for preparation

of subroutines INCOND and EXTL in Subsection 4.6.

The PLATE program provides the user with the option of generating struc-
tural discretization information by using an automated mesh generation pro-
cedure or a manual mesh generation procedure. If the automated mesh genera-
tion procedure 1s employed, substantially less input data are required, and
bookkeeping tasks such as nodal and element numbering, generation of con-
strained degrees of freedom, etc. are performed internally according to well-
defined conventions. The purpose of the present subsection i1s to define those
problems for which automated mesh generation can be employed, and to discuss
the numbering conventions used when automated mesh generation is employed.

Also discussed are the schemes adopted for internal renumbering of stiffeners

and storage of the assembled stiffness matrix.

4.1.1 Use of Auto-Mesh Generation vs. Use of Manual

Mesh Generation

An automated mesh generation procedure has been provided in the PLATE
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program in an attempt to simplify the preparation of input data; this should,
in turn, result in fewer input data card errors. However, the auto-mesh gen-
eration procedure can be used only when all of the following conditions are
met:
(1) The planform of the plate structure must be rectangular
(or square)
(2) The plate must have no void regions (or cutouts)
(3) Prescribed (zero) displacement boundary conditions
must be imposed only along the outer boundaries of
the rectangular plate structure
(4) Only one boundary condition option (i.e., free, or
clamped, etc.) may be specified on each side of the
rectangular plate structure, and the specified
boundary condition must apply along the entire side

of the rectangular plate structure

If one or more of these conditions is not met, then the manual mesh-generation
procedure must be employed. 1In either case, 1t should be noted again that the
basic plate element used in the PLATE program is of rectangular planform; when
using either the automated or manual mesh generation procedure, the plate
structure must be modeled by a series of compatibly-connected rectangular

elements.

4.1.2 Conventions Adopted in the Auto-Mesh

Generation Procedure

When the auto-mesh generation procedure is employed, the numbering of
element nodes, global nodes, elements, and plate sides is performed internally
according to well-defined conventions; these conventions are i1llustrated in
Fig. 10. The rectangular plate lies in the global X-Y plane, with the X-axis
to the right and the Y-axis up, so that the global Z-axis would be out of the
paper. The four sides of the plate structure are numbered sequentially in a
counterclockwise fashion beginning with the side of the plate having the
minimum Y=constant value. Note also that the sides of the plate structure
and the sides of all plate elements are parallel to the X or Y axis. Elements

and nodes are numbered sequentially beginning at the lower, left-hand corner
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of the plate; the first row of nodes (elements) is numbered left to right,
followed by the second row of nodes (elements) numbered left to right, the
third row of nodes (elements) numbered left to right, etc. until all rows

of nodes (elements) have been processed. When this process is completed,

the number assigned to the node at the upper right-hand corner of the plate
structure will be equal to the total number of nodes in the finite-element
mesh. Similarly, the number assigned to the element in the upper, right-hand
corner of the plate structure will be equal to the total number of elements

in the finite-element mesh.

Once the global node numbers have been assigned, the global degree-of-
freedom numbers are assigned by taking (u,v,w,8,y,X) at global node number 1,
followed by (u,v,w,9,y,X) at global node number 2, etc., until all global
nodes have been processed. The total number of degrees of freedom in the
finite-element mesh, NDT, 1is thus given by NDT=6*NNT, where NNT is the total
number of nodes in the finite-element mesh. As an example of the corres-
pondence between global degree-of-freedom number and displacement parameter,
the global degree-of-freedom number (NDF) assigned to the w displacment
parameter at global node number 9 would be NDF=(9-1) *6+3=51. In general, the
global degree-of-freedom number assigned to displacement parameter J (J=1,2,
3, ... 6 corresponding to u, v, w,0,y, and X at a node, respectively) at

global node number I is given by NDF=(I-1)*6+J.

For purposes of assembling element matrices (stiffness, mass, loads,
etc.) into the global (system) matrices, certain "nodal connectivity" informa-
tion 1s required. In particular, the auto-mesh procedure determines for each
element the global node number associated with each of the four element nodes.
As shown 1n Fig. 10, the element nodes are numbered counterclockwise 1
through 4 beginning with the element node in the lower left-hand corner of the
element. As an example, the nodal connectivity information for element 5 of

Fig. 10 would be as follows:

ELEMENT NODE NUMBER GLOBAL NODE NUMBER
1 6
2 7
3 11
4 10
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This nodal connectivity information is internally generated in the auto-mesh
procedure. However, as will be discussed shortly, when the manual mesh gen-
eration procedure is employed, the user is required to input this nodal con-

nectivity information.

A thorough understanding of the above discussed numbering conventions
1s essential for the accurate preparation of input data cards, dimensioning of
arrays, and preparation of subroutines INCOND and EXTL. The numbers assigned
to global nodes, elements, degrees of freedom, plate sides, etc. are never
modified 1n the PIATE program. Thus, all input and output refers to thais

original numbering scheme.

Two types of meshes can be generated using the auto-mesh procedure:
(1) meshes for which the side lengths of elements in the mesh differ (non-
uniform mesh), and (2) meshes for which all elements in the mesh have the
same side dimensions (uniform mesh). The significance of this "option" 1s in
terms of the generation of the global (X,Y) coordinates of each node, and the
location of the origin of the global X~Y axis system. If a uniform mesh 1is

employed, the origin of the global X-Y axis system is automatically chosen to

be at global nocde number 1 (1.e., global node number 1 has (X,¥Y) coordinates
of (0,0)), and the coordinates of each node are automatically generated by
knowing the number of element subdivisions and the plate dimensions along
sides 1 and 4 of the plate. If a non-uniform mesh 1s employed, the origin of
the global X~Y axis system is chosen by the user, and in order to generate
the global X-Y coordinates of each node in the finite element mesh, the user
1s required to input the global X coordinate of each node along side 1 of the
plate structure and the global Y coordinate of each node along side 4 of the

plate structure.

For the auto-mesh procedure, prescribed displacement boundary conditions
are generated by choosing a boundary condition option (see Subsections 2.1 and
4.2) for each side of the plate. A list of constrained degrees of freedom
1s then internally generated by processing each of the plate sides in order
and identifying those degrees of freedom at each node of side 1, including
the end nodes of side 1, which are constrained as a result of the boundary

condition option selected for side 1 of the plate. In general, this laist of
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constrained degrees of freedom will contain duplicates because the corner
nodes of the plate are processed twice (e.g., if side 1 of the plate is
1deally clamped and side 2 of the plate is pin~fixed, then the degree of free-
dom numbers corresponding to displacement parameters u, v, w,y, and x at the
node where sides 1 and 2 meet will appear twice in the list of constrained
degrees of freedom). Thus, a sorting procedure is applied to this original
list of constrained degrees of freedem, such that the final list of con-
strained degrees of freedom contains no duplicates and the constrained degree

of freedom numbers appear in ascending order.

The previous discussion pertains to the auto-mesh generation procedure
only; a samilar discussion pertaining to the manual-mesh generation procedure
1s given in the next subsection. Alsoc, no mention has been made of stiffeners
in the present subsection; a discussion of conventions for stiffeners for both

auto and manual mesh generation procedures 1s given in Subsection 4.1.4.

4.1.3 Discussion of the Manual Mesh Generation Procedure

The manual mesh generation procedure has been included in the PLATE
code to accommodate as general a plate structure as possible. The only
restrictions are that (1) the plate be of uniform thickness, (2) the plate
be modeled by compatibly-connected rectangular elements, (3) the plate be
initially flat, and (4) the plate lie initially in a plane parallel to the
global X~Y plane. The price to be paid for this somewhat more general analy-
sis capability is the increased effort required to prepare the input data.

In particular, the user must assign element and global node numbers, input
the nodal connectivity information, input the global coordinates of each node
in the mesh, and input each constrained degree of freedom. Each of these

areas will now be discussed.

The user 1s required first to define the mesh pattern chosen for the
plate structure under consideration. Then the elements are numbered (from 1
to NET, where NET 1is the total number of elements in the finite-element
mesh) using any convenient scheme. Global node numbers (from 1 to NNT, where
NNT 1s the total number of nodes 1in the finite-element mesh) are then

assigned to each node on the plate structure. Note that in order to minimize
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the computer core storage requirements for the assembled stiffness matrix
and mass matrix (1f consistent mass modeling i1s chosen), the global nodes
should be numbered 1n such a way as to minimize the average semi-bandwidth
of the assembled stiffness matrix (see Subsection 4.1.5 for a discussion of
the storage of the assembled stiffness matrix). Having defined the element

and global node numbers, the nodal connectivity information for each element

in the finite-element mesh may be prepared; that is, the global node number
associated with the Ith element node (I = 1,2,3,4) is defined. It is impor=-
tant to note that the element nodal numbering convention discussed in Sub-
section 4.1.2 and shown in Fig. 10 must be used when the manual mesh genera-
tion 1s employed. Global degree-of-freedom numbers are assigned internally
as 1s done in the auto-mesh generation procedure; that 1is, by taking (u,v,
w,9,¥,%X) at global node 1, followed by (u,v,w,8,¥,X) at global node 2, etc.

until all global nodes have been processed.

The user 1s also required to input the global X and Y coordinates of
each global node in the finite-element mesh. The origin of the global XYZ
coordinate system may be conveniently chosen by the user. The positive
coordinate directions must be chosen so that (1) when viewing the finite-
element-modeled plate from the top, the global X direction is to the right
and the global Y direction is up and (2) all element sides are parallel to

erther the global X or Y axis.

Prescribed displacement constraint conditions on the plate structure
are defined by specifying the global degree-of-freedom number associated
with each generalized nodal displacement parameter which is to be constrained
(r.e., zero displacement). The global degree-of-freedom numbering convention
1s related to the global node numbering scheme chosen by the user as previ-
ously discussed. Any degree of freedom at any node of the structure may be
constrained. The list of constrained displacement parameters corresponding
to various physical constraint conditions, presented in Subsection 2.1, may
be of assistance to the user. The user 1s required to input the constrained

degree of freedom numbers in ascending numeraical order with no duplicates.

The preceding discussion i1s intended as a general overview of the
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manual mesh generation procedure. Detailed information regarding the use
of the manual mesh procedure i1s given in Subsection 4.3. Also, the topic
of stiffeners has not been discussed in the present subsection; a unified
discussion of stiffener conventions for both the auto-mesh and manual mesh

generation procedures is presented in the next subsection.

4.1.4 Numbering Convention for Stiffeners

The PLATE computer program accommodates the analysis of integrally-
stiffened flat plates where the stiffeners are required to be in directions
parallel to the global X or Y axas. These stiffeners are designated as be-
ing either "complete" or "additional" stiffeners. Both complete and addi-
tional stiffeners may be specified when using the auto-mesh generation pro-
cedure, whereas only additional stiffeners may be specified when using the

manual mesh generation procedure.

In order for a stiffener to be designated a complete stiffener, it
must (1) span the plate completely, (2) be of uniform cross section, and
(3) be made of a single material. Illustrative examples of complete stiffen-
ers are gaven in Fig. ll. The properties of a complete stiffener are charac-
terized by a knowledge of the global location of the centerline of the stif-
fener, 1ts cross-sectional dimensions, the distance from the midplane of the
plate to the neutral axis of the stiffener (offset distance), and the materi-
al properties of the stiffener (see Figs. 3, 11, and 12). In oxder for a
stiffener to be designated an additional stiffener 1t must (1) completely
span one element in the finite~element mesh, (2) be of uniform cross sec-
tion, and (3) be made of a single material. Input information required
for additional stiffeners includes cross~sectional dimensions, offset dis-
tance, material type, element on which the stiffener i1s located, and the

relative position of the stiffener on the element (see Fig. 13).

In the PLATE program, the numbering of X-direction stiffeners i1s per-

formed independently of the Y-direction stiffeners; 1.e., the X-direction stif-

feners are numbered from 1 to the total number of X-direction stiffeners and
the Y-direction stiffeners are numbered from 1 to the total number of Y-

direction stiffeners. In subsequent discussions in this subsection
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of stiffener numbering, conventions for only X-direction stiffeners will be
considered; however, the user should note that the discussion applies equally

to Y-direction stiffeners.

As discussed 1n Subsection 2.1, a stiffener 1is modeled as a beam-type
"element" compatibly attached to a flat plate element along lines parallel
to the global X or Y axes. The stiffness and mass properties (as well as
equivalent loads in the timewise solution) of the stiffeners are obtained by
evaluating the element stiffness and mass matrices for each individual stif-
fener spanning a single plate element. The element matrices are then assembled
into the global stiffness and mass matrices. The positioning of the stiffener
element matrices in the global matrices corresponds exactly to the positioning
in the global matrices of the element stiffness and mass matrices of the plate

element to which the stiffener 1s attached.

As a result of the above procedure, all stiffeners (complete and addi-
tional) are redefined as "individual® stiffeners and assigned individual stif-
fener numbers; this redefining and renumbering of stiffeners is performed
internally in the PLATE program. The properties of an individual stiffener
are identical to those for an additional stiffener (1.e., completely span one
plate element, be of uniform cross section, and be made of a single material).
Thus, a complete stiffener (spanning the plate structure) may be considered
to be a series of individual stiffeners. The convention used for renumbering
stiffeners as individual stiffeners will be discussed next, first for the
auto-mesh procedure and then for the manual mesh generation procedure. It 1s
essential that the user understand this renumbering procedure because subse-
quent input data, various array dimensions, and all program output refers to
the indavidual stiffeners. Again, note that the following discussion refers

only to X-direction stiffeners, but applies equally to Y-direction stiffeners.

When using the auto-mesh generation procedure, both complete and ad-
ditional X-direction stiffeners may be specified. Complete stiffeners are
implicitly user-numbered (from 1 to NAST, where NAST 1s the total number of
complete X-direction stiffeners) by the order in which the input data for

complete stiffeners are specified. Similarly, additional stiffeners are
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specified. Similarly, additional stiffeners are implicitly user-numbered
(from 1 to NAXS, where NAXS is the total number of additional X-direction
stiffeners) by the order in which the input data for additional stiffeners
are specified. The following notation will be useful in the discussion of

the stiffener renumbering procedure:

CSn = nth complete X-direction stiffener

ASn = nth additional X-direction stiffener

ISn = nth individual X-direction stiffener

NEAD = total number of plate elements in X-direction

The numbering convention for individual stiffeners is i1llustrated in Fig. 14
and 1s defined as follows. First CS1 is subdivided into a series of NEAD
individual stiffeners numbered left to right from 1 through NEAD. Next, CS2

1s subdivided into a series of NEAD individual stiffeners numbered left to
right from (NEAD+1l) to 2*NEAD. This process is repeated until each of the

NAST complete X-direction stiffeners has been subdivided into individual stif-
feners. 1In general, jth subdivision (3=1,2,3 ... NEAD) of the kth complete
X-direction stiffener (k=1,2,3, ... NAST) will be assigned the individual
stiffener number ISn=(CSk-1)*NEAD+j. After the processing of all complete
X-direction stiffeners, individual stiffener numbers from 1 through (NAST*NEAD)
will have been assigned. Next, the additional X-direction stiffeners (recall
that additional stiffeners have the same properties as individual stiffeners)
are processed in the order in which input data for additional stiffeners

have been specified. That 1s, the numbering of individual stiffeners continues
beginning with AS1l, then AS2, etc., until all NAXS additional X-direction stif-
feners have been renumbered. 1In general, the kth additional X-direction stif-
fener 1s assigned the individual stiffener number ISn=(NAST*NEAD)+k. The number-
ing of individual X-direction stiffeners is completed once all additional X-
direction stiffeners have been processed. The total number of individual X-

direction stiffeners (NXST) 1s thus given by NXST=NAST*NEAD+NAXS.

The above discussion applies equally to Y-direction stiffeners with
NEAD replaced by NECD (the total number of plate elements in the Y-direction),
NAST replaced by NCST (total number of complete stiffeners in the Y-direction),
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and NAXS replaced by NAYS (total number of additional stiffeners in the Y-
direction). Also, CSn, ASn, and ISn are now assumed to correspond to Y-
direction stiffeners. The renumbering of Y-direction stiffeners results an
the assigning of individual ¥Y-direction stiffener numbers from 1 through
NYST, where NYST 1s the total number of individual Y¥Y-direction stiffeners and
1s given by NYST=NCST*NECD+NAYS.

When the manual mesh generation procedure 1s used, only additional X

and/or Y-direction stiffeners may be specified (i.e., the option for complete
stiffeners 1is not included in the manual mesh generation procedure). Also,

1t should be recalled that the definitions of additional and individual stif-
feners are i1dentical. As a result, there i1is no need for internal renumbering
of stiffeners when the manual mesh generation procedure is employed. The
numbering of individual X-~-direction stiffeners is identical to the user-
numbering scheme for additional X-direction stiffeners implicitly chosen by
the order in which the data for stiffeners are input; the same 1s true for
indavidual Y-direction stiffeners. Thus, the user 1s directly providing input
data for the individual X and/or Y-direction stiffeners when using the manual

mesh generation procedure.

4.1.5 Storage of the Assembled Stiffness Matraix

A brief description of the manner in which the assembled stiffness
matrix, § 1s stored is presented in this subsection. An understanding of
this storage technique 1s required in order to provide the correct dimensions
for the assembled stiffness matrix and assembled mass matrix (1f consistent

mass modeling i1s chosen).

The assembled stiffness matrix 1s formed in such a manner that the i1th
row of this matrix corresponds to the ith global degree of freedom, and the
Jth column of this matrix corresponds to the jth global degree-of-freedom
number. In all cases the assembled stiffness matrix is symmetric, so that
only the lower triangular portion of § need be stored. 1In general, this
matrix 1s also banded and sparsely populated. A portion of a hypothetical
assembled stiffness matrix is shown in Fig. 1l5a; the left-hand boundary of

the shaded area represents the first nonzero entry in each row and the
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right-hand boundary of the shaded area represents the last nonzero in each

row. For present purposes the total bandwidth of the ith row in K is de-
fined as the total number of entries in the ith row between the first nonzero

entry and the last nonzero entry (inclusive), and the semi-bandwidth of the

1th row 1in § is defined as the total number of entries in the 1th row between
the first nonzero entry and the diagonal term (inclusive). In the PLATE pro-
gram, the assembled stiffness matrix is stored as a vector (one-dimensional
array) by rows, 1in order, beginning in each row with the first nonzero entry
and ending with the diagonal terxm(i.e., the semi-bandwidth entries of each
row are stored, row by row, 1in a vector; the leading zero terms in each row
are not stored). For example, the storage of the hypothetical § matrix of
Fig. 15a is shown in Fig. 15b.

In order to dimension the vector containing the assembled stiffness
matrix properly, the user must obtain an estimate of, for example, the
average semi-bandwidth. This requires some knowledge of the "assembly" pro-
cess in the finite~element method (see, for example, Ref. 10). Alternatively,
an abbreviated run of the PLATE program can be made to obtain the exact stor-
age requirements for the assembled stiffness matrix; guidelines are provided

in Subsection 4.8.

4.2 Input Information and Procedure for the PLATE 1 Code Using

Auto-Mesh Generation

The information required to punch a set of data cards for a run of the
PIATE 1 computer program 1s presented in a step-by-step manner in this section.
The variables to be punched on the nth data card are shown, and to the right
is the format to be used for that card; the definition of and some restric-
tions for each variable are given directly below. This 1is done for each
card, in turn, untal all are described. The notation "Card" implies that
only one card 1is required to input the data; the notation "card(s)" implies

that one or more cards may be required to input the data.

Card 1 FORMAT
MAXEL, MNSL, MNXST, MNYST, NBE, MBWE, MNC 8I10
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where

MAXEL

MNSL

MNXST

MNYST

The total number of elements in the finite-element
mesh.

The maximum number of mechanical sublayers employed
to model the material nonlinear behavior. Note

that the maximum number of mechanical sublayers
permitted per material type is 5.

The maximum number of individual X-direction stiff-
eners employed. Note that the total number of in-
dividual X-direction stiffeners is defined to be

the number of X-direction stiffeners spanning the
plate times the number of elements in the X-direction,
plus the number of additional X-direction stiffeners
spanning individual elements. If no X-direction
stiffeners are present, set MNXST=l.

Same as MNXST, except referring to Y-direction
stiffeners.

If reaction force output 1s requested (1.e.,

I0P5=1 on Card 51), set this variable equal to

the estimated total number of constrained degrees

of freedom after all duplicates have been eliminated.
If no reaction force output 1s requested (i.e.,
IOP5=0 on Card 51), then set NBE=l.

If I0PS5=1 (on Card 51), set this variable equal

to the estimated maximum total bandwidth of the

assembled stiffness matrix at a constrained degree
of freedom. For a particular row of the assembled
stiffness matrix, this number 1is equal to the
number of terms (including zeros) in that row
starting with the first non-zero term and ending
with the last non-zero term of that row (see Sub-
section 4.1.5). If IOP5=0, set MBWE=l.

The estimated total number of words of storage

required for the assembled stiffness matrix
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stored as the lower triangle from the first nonzero
term to and including the diagonal term of each row

(see Subsection 4.1.5).
Card 2

IMESH, IMASS, IMCONT, IPUNCH

where
IMESH Indicates the type of mesh being employed

=0 For a structure whose planform is rectangu-
lar (with no voids) and for which a mesh
of non-uniform elements is employed.

=1 For a structure whose planform is rec-
tangular (with no voids) and for which
a mesh of uniform (equal-size) elements 1is
employed.

=2 For all plate structures having non-rec-

tangular planform and/or containing voids.

If IMESH=0 or 1 1is specified, the automatic mesh-generation
subroutine is employed, and the following input cards are followed

(Caxrds 3 through 43).

If IMESH=2, the manual mesh-generation subroutine 1s employed;
Cards 3 through 43 are replaced by the input cards given in Subsection
4.3.
IMASS Indicates the type of mass matrix to be employed
=1 For lumped (diagonal) mass matrix
=2 For consistent (fully populated) mass matrix.
IMCONT Indicates whether present run 1s a continuation of
a previous run.
=0 1f present run is not a continuation run.
=1 1f present run i1s a continuation run.
IPUNCH Control parameter which indicates whether or not a
deck of continuation cards 1s to be punched follow-

ing the final cycle of the present run.
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=0 if no continuation deck 1s desired.

=1 if continuation deck 1s desired.

Card 3
NEAD, NECD 2014
where
NEAD The number of elements in the X-direction
NECD The number of elements in the ¥Y-direction
Card 4a
EPAN, ANUP, DENSP, TH, XDIST 5D16.7
Card 4b
YDIST, ZPOS
where
EPAN SIG(l)/EPS(1l) given on cards 46 and 47 for
the plate material (psi).
ANUP Poisson's ratio of the plate material.
DENSP Mass per unit volume of the plate material (lb-secz/in4)
TH Total thickness of the plate (in)
XDIST The dimension of the plate in the X-direction (in).
YDIST The dimension of the plate in the Y-direction (1in).
ZPOS The Z-location of the plate midsurface (in)
If IMESH=1, skap Cards 5 and 6.
Card(s) 5
XG(I), I=1, (NEAD+1)" 5D16.7
where
XG(I) The global X coordinates of the first row
of nodes in the X-direction, left to right
(plate sade 1).
Card(s) 6

YG(I), I=1, (NECD+1) 5D16.7

+

The i1nput notation XG(I), I=1, (NEAD+l) indicates that Card(s) 5 should con-
tain the values of XG(1l), XG(2), XG(3) ... XG(NEAD), XG(NEAD+l). Thas no-
tation is employed throughout the description of input.
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where
YG(I) The global Y coordinates of the first column
of nodes in the Y-direction, bottom to top
(plate side 4).
Card 7
NCSB(1), NCSB(2), NCSB(3), NCSB(4) 2014
where
NCSB(I) The displacement boundary condition applied to
the Ith side of the plate (sides are numbered
counterclockwise beginning with the side parallel
to the X axis having the lowest Y¥=constant value
as discussed in Subsection 4.1.2).
=0 Free
=1 Symmetry
=2 Ideally clamped
=3 Pinned, fixed
=4 Pinned, free sliding Z-direction
tangent to boundary
=5 Pinned, free sliding normal (inplane) to
boundary
A list of the nodal degrees of freedom constrained as a result of

each of the options i1s given in Subsection 2.1.

Card 8
NAST, NCST 2014
where
NAST The total number of complete stiffeners spanning
the plate i1n the X~direction (a maximum of 30
such stiffeners is permitted).
NCST The total number of complete stiffeners spanning

the plate in the Y direction (a maximum of 30
such stiffeners is permitted).
If NAST=0 (no X-~direction stiffeners spanning the plate), skip
Cards 9 through 16. If NCST=0 (no Y-direction stiffeners spanning the
plate), skip Cards 17 through 24.
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Card(s) 9

APCST(I), I=1, NAST 5D16.7
where
APCST(I) The global Y location of the centerline of the Ith
complete X~-direction stiffener which spans the
plate (subsequently referred to as the Ith complete
stiffener). Note that if IMESH=1 (uniform mesh)
the origin of the glcbal axis system 1s automatically
located at the first global node of the plate struc-
ture (Fig. 1ll).
card(s) 10
RHC(I), I=1, NAST 5D16.7
where
RHC(I) The total thickness (1in) of the Ith complete
X-direction stiffener (Fig. 12).
Card(s) 11
RWC(I), I=1, NAST 5D16.7
where
RWC(I) The width (in) of the Ith complete X-direction
stiffener (Fig. 12).
Card(s) 12
ECS(I), I=1, NAST 5D16.7
where
ECS(I) Young's modulus (psi) of the Ith complete
X-direction stiffener.’
Card(s) 13
ANUCS(I), I=1, NAST 5D16.7
where
ANUCS(I) Poisson's ratio of the Ith complete X-direction
stiffener
Card(s) 14
DENCS(I), I=1, NAST 5D16.7

+The user must for consistency and correctness provide a value for ECS(I) which
equals SIG(1l)/EPS(1l) for the material of which the stiffener 1s composed.
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where

DENCS (1)
Card(s) 15

XFCST (I)
where

XFCST(I)
Card(s) 16

MATCS (I)
where

MATCS (I)
Card(s) 17

APCST(I)
Card(s) 18

RHC(I),
Card(s) 19

RWC(I),

The mass per unit initial volume of the Ith complete

X~-direction stiffener (lb—secz/in4).

, I=1, NAST

The distance (1in) from the centroid of the Ith
stiffener to the plate midsurface. If the
direction of the vector from the stiffener cen-
troid to the plate midsurface 1s the same as the
direction of the global Z axis, then the sign

of this quantity 1is positive. If the direction
of the vector 1s opposite, the sign of thas

quantity 1s negative (Fig. 12).

, I=1, NAST

The material type for the Ith complete X-
direction stiffener (an integer value from

1 through 5). Note that the user will

specify up to 5 different material types

(and their associated linear or nonlinear
material behavior) on Cards 45 through 48;

the value of MATCS (I) indicates which of these
(user-numbered) material descriptions applies

to the Ith complete X~direction stiffener.

, I=1l, NCST
I=1, NCST

I=1, NCST
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Card(s) 20

ECS(I), I=1, NCST
Card(s) 21
ANUCS (I), I=1, NCST
Card(s) 22
DENCS (I), I=1, NCST
Card(s) 23
XFCST(I), I=1, NCST
Card(s) 24
MATCS (I), I=1, NCST
where
APCST (I)
RHC (I) The geometric and material properties of
RWC(I) the Ith complete Y-direction stiffener,
ECS (1) The definitions of these quantities are
ANUCS (I) ? those given in Cards 9 through 16, except
DENCS (I) that they now refer to complete Y-direction
XFCST (1) stiffeners.
MATCS (1)
/
Card 25
NAXS, NAYS
where
NAXS The total number of additional (see Sub-
section 4.1.4) X-direction stiffeners to
be located on individual user-specified
elements. Note that each of these individual
X-direction stiffeners 1s assumed to span the
individual user-specified element on which 1t
1s located.
NAYS The total number of additional Y-direction

stiffeners to be located on individual user-

specified elements.

el

5pl6.7

5p16.7

5D16.7

5R16.7
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If both NAXS and NAYS are greater than zero, Cards 26 through 43 are

required next. If NAXS=0, then Cards 26 through 34 are skipped. 1If

NAYS=0, then Cards 35 through 43 are skipped.

Card(s) 26

LNXS (I), I=1, NAXS

where
LNXS (I) The element number on which the Ith addi-
tional X-direction stiffener 1s located.
Card(s) 27
MATXS(I), I=1, NAXS
where
MATXS (I) The material type for the Ith additional
X-direction stiffener (see note for Card 16).
Card(s) 28
XSPROP(1,I), I=1, NAXS
Card(s) 29
XSPROP(2,I), I=1, NAXS
Card(s) 30
XSPROP(3,I), I=1, NAXS
Card(s) 31
XSPROP(4,I), I=1, NAXS
Card(s) 32
XSPROP(5,I), I=1, NAXS
Card(s) 33
XSPROP(6,I), I=1, NAXS
Card(s) 34
XSPROP(7,I), I=1, NAXS
where

XSPROP(J, I)

The geometric and material properties for the

Ith additional X-direction stiffener .
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=1

=3
=4
J=5

Thickness (in)
Width (in)
Young's modulus (ps:.)+

Poisson's ratio

Mass per unit initial volume (lb—secz/in4)

The normalized location, ns, of

the stiffener centerline on the
user-specified element (a value

from 0.0 to 1.0 inclusive). Note
that for the present calculation a
local x-y axis system 1is chosen whose
origin 1s at element node number 1.
The value of ns is calculated as the
location ys of the stiffener center-
line 1n the local x-y system divided
by the dimension of the element in
the Y-direction (Fig. 13)

The dastance (in) from the centroid
of the Ith additional X-direction
stiffener to the plate midsurface.

See Card 15 for definition of sign

convention.
Card(s) 35
LNYS(I), I=1, NAYS
where
LNYS(T) The element number on which the Ith additional
Y-direction stiffener i1s located
Card(s) 36
MATYS(I), I=1, NAYS
where
MATYS (I) The material type for the Ith additional

¥-direction stiffener (see note for Card 16).

+
Footnote on page 59 applies.
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Card(s) 37

YSPROP(1,I),
Card(s) 38

YSPROP(2,1I),
Card(s) 39

YSPROP(3,I),
Card(s) 40

YSPROP(4,1I),
Card(s) 41

YSPROP(5,1),
card(s) 42

YSPROP(6,I),
Card(s) 43

YSPROP(7,1I),
where

YSPROP (J,I)

I=1,

I=1,

NAYS

NAYS

NAYS

NAYS

NAYS

NAYS

NAYS

5D16.7

5D16.7

5ple6.7

5Dl6.7

5Dl6.7

5Dl6.7

5D16.7

The geometric and material properties for the

Ith additional Y-dairection stiffener.

J=1
J=2
J=3
J=4
J=5
J=6

J=7

+
Footnote on page 59 applies.

Thickness (in)

Waidth (an)

Young's modulus (p51f

Poisson's ratio

Mass density (lb—secz/in4)

Normalized location, Es' of the stiffener
centerline on the user-specified element.
The value of Es 1s calculated as the loca-
tion, X of the stiffener centerline in
the local x-y system divided by the dimen-
sion of the element in the X=-direction.
The distance (in) from the centroid of

the stiffener to the plate midsurface.

See Card 15 for definition of sign con-

vention.
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Card 44

PSR{1)

The total number of material types to be
utilized in the present run. A maximum of

5 different materials 1is allowed.

The number of mechanical sublayers used to

model the uniaxial stress-strain behavior

of the first type of material. A maximum of

5 mechanical sublayers 1s allowed.

NSUB

The Jth coordinate pair of the stress,d, and

strain, £, respectively, which 1s used to de-

fine the polygonal approximation of the uniaxial

stress-strain diagram (see Appendix A) for the

first material type. The units for SIG(J)

are

psi, and for EPS(J) are in/in. The number of

2014

2014

5p16.7

5ple.7

values appearing on each of Cards 46 and 47 should

be equal to the number of mechanical sublayers,

NSUB, defined on Card 45.

5p16.7

The values of the constants D and p, respectavely,

NMAT
where
NMAT
Card 45
NSUB
where
NSUB
Card 46
SIG(T), J=1,
Card 47
EPS(J), J=1, NSUB
where
SIG(J)
EPS (J)
Card 48
DSR(1),
where
DSR (1)
PSR(1)

used in the strain-rate sensitivity formula (see

Appendix A) for the first material type.
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strain~rate sensitivity 1is required, set these

parameters equal to zero.

Cards 45 through 48 are repeated for each of the NMAT (Card 44) materi-
al types to be defined (i.e., material type number 1 is defined by the first
set of Cards 45 through 48, material type number 2 is defined by the second
set of Cards 45 through 48, etc.). It is important to note that the plate
material must always correspond to material type number 1l; the material
type of each of the complete and/or individual stiffeners i1s specified by the
user (see Cards 16, 24, 27, and 31). It should also be noted that the value
of MNSL specified on Card 1 is equal to the maximum value of NSUB used to

define the various materaials.

Card 49
ITIMEF, INCRT, IOUT 2014
where
ITIMEF The time-step number {(or cycle number) at which
the present run will terminate.
INCRT The number of cycles between regular praintout
{(r.e., print every INCRT cycles).
IouT A praint parameter which i1s numerically equal to
the value of INCRT.
Card 50
DELTAT, TIMEF 5D16.7
where
DELTAT The time-step size, At (seconds), used in the
timewise solutlon.+
TIMEF The time (seconds) at which the present run will

terminate.

Note that a run of the PLATE computer code will terminate when either
the cycle number exceeds the value of ITIMEF (Card 49) or the time exceeds
the value of TIMEF (Card 50).

Card 51
IOPl, IOP2, IOP3, IOP4, IOPS, IOPB, IOP7, IOP8 2014

+
See Subsections 2.4 and 4.8.2 for guidance in selecting an appropriate At.
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The value of these parameters governs the type of output to be given

at every regular praintout cycle (1i.e., every INCRT cycles). A value of 0O

indicates that the particular print option 1is to be skipped; a value of 1

indicates that a particular print option i1is to be exercised. The output

associated with each of these print options 1s as follows:

IOP1

I0P2

I0P3

I0P4

IOPS

IOP6

I0P7

I0P8

Displacements and current (global) X,Y coordinates
for each node.

Strain components, principal (tensile) strain and
direction at the upper and lower surfaces evaluated
at the spanwise centroid of each element.

Strain components, principal (tensile) strain and
direction at the nine Gaussian spanwise stations
(evaluated at upper and lower surfaces at each
spanwise location) for user-specified element
numbers.

Strain components, principal (tensile) strain

and direction, and elongations (in user-speci-
fied directions) at additional spanwise locations
(evaluated at upper and lower surface at each
spanwise location) specified by the user.

Reaction forces at all nodes where displacement
constraint conditions have been imposed.

Normal strain at the upper and lower surfaces

at the three Gaussian spanwise locations for
user-specified X- and/or Y-direction stiffeners.
System energies (1.e., work input to structure,
structure kinetic energy, structure elastic energy,
structure plastic energy, and energy stored in
elastic restoring spraings).

Strain components, principal (tensile) strain and
direction at the upper and lower plate surfaces at
user-specified nodes. Note that these quantities

are calculated by nodal averaging.
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Some or all of Cards 52 through 62 will be required if any of options
IOP3, IOP4, IOP6, or IOP8 are to be exercised (i.e., if any of these parameters
are input equal to 1l). However, Cards 52 and 53 should be skipped 1f IOP3=0,
Cards 54 through 57 should be skipped 1f IOP4=0Q, Cards 58 through 60 should
be skipped 1f IOP6=0, and Cards 61 and 62 should be skipped 1f IOP8=0.

Card 52
NEGS 2014
where
NEGS The total number of plate elements for which
Gaussian station strain output is desired.
The value of NEGS cannot exceed 200.
Card(s) 53
LNGS(I), I=1, NEGS 2014
where
LNGS (I) A vector containing the element numbers for which
Gaussian station strain output is desired (NEGS
element numbers must be specified).
Card 54
NASP
where
NASP The total number of additional spanwise locations
on the plate structure where strain printout 1is
requested. A maximum of 50 additional spanwise
strain points i1s permitted.
Card 55
LNASP(I), SLASP(I), ELASP(I) I4,2Dl16.7
where
LNASP (I) The element number on which the Ith additional
strain point 1s located.
SLASP (I) The £ and 7n coordinates, respectively, of the Ith
ELASP (1) additional strain point. The normalized coordinates

are related to the local coordinates, x-y (whose

origin 1s at node 1 of the element) by
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Card 55 1s repeated

additional strain poaints have been processed.

=X
' n=5

where a 1s the length of the element in the

X direction

and b 1s the length of the element in the

Y direction.

for each additional strain point until all NASP
Note that the numbering of the

additional strain points follows the order in which their element and coordi-

nate locations are input.

Card 56

NASPE
where

NASPE

The total number of additional strain points at

which the directions for calculation of elongation

are to be specified by the user (NASPE < NASP).

Note that elongations in the directions 0° and 90°

{an the X and Y directions, respectively) are auto-

matically calculated and output for each additional

strain point. The purpose of Cards 56 and 57 1s to

2014

allow the user to specify other directions for elonga-

tion calculation,

1f desired,

additional strain points.

If NASPE=0, skip Card 57.

Card 57

NSP, DIR1,

where
NSP

DIR2

at some or all of the

The number of the additional strain point at which

I4,2D16.7

the directions for calculations of elongaticns are to

be specified.
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DIR1 The two directions (degrees) in which elongations

DIR2 are to be calculated at the NSPth additional
strain point. Angles are measured from the X
axis to the direction desired, with counter-

clockwise rotations being positive.

Card 57 is repeated for each of the NASPE additional strain points at

which the directions in which elongations are calculated are specified by

the user.
Card 58

NXSS, NYSS
where

NXSS The total number of individual X-direction and

NYSS Y-direction stiffeners, respectively, for which

Gaussian station strain output is desired.
(Note: the values of NXSS and/or NYSS cannot
exceed 200.)

Card(s) 59 (skip 1f NXSS=0Q)
INXSS(I), I=1, NXSS
where

INXSS(I) The X-direction stiffener numbers for which strain

output 1s desired.
Card (s) 60 (skip if NYSS=0)
INYSS(I), I=1, NYSS
where

INYSS(I) The Y-direction stiffener numbers for which strain

output is desired.

Note: The data input on Cards 58 through 60 must corres-
pond to the stiffeners as renumbered internally

(e.g., each stiffener defined as spanning the
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Plate 1s now treated as a series of individual
stiffeners spanning individual elements). The

rules used for the internal renumbering of stif-

feners are described in Subsection 4.1.4.

Card 61
NNSAa
where
NNSA The total number of nodes at which strain

output 1is desired.

If the value of NNSA 1s set equal to the total number of nodes 1in

the finite-element mesh, NNT, then Card 62 1is skipped. If NNSA is
less than NNT, then Card 62 must be input.
Card 62
NVSa(I), I=1, NNSA
where
NVSA(I) The global node numbers at which strain output
w1ill be gaiven.
Card 63
NELES
where
NELES The total number of element boundaries on which
linear-elastic line restoring springs are
located.
If NELES=0, skip Cards 64 and 65.
Card 64
LNUM, ISIDE
where
LNUM The global element number and local element side
ISIDE number (see Fig. 10) on which linear-elastic

line restorang springs are located.
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Card 65

Ss(1), ss(2), ss(3), ss(4), 8s(5 5D16.7
where
Ss(I) The five elastic spring constants (ku, kv, kw,
ke,kw) corresponding to the line restoring
springs located on side ISIDE of element LNUM.
The displacement direction and units for each
of these constants 1s as follows:
I=1 Translation u in X direction (lb/in per
in. of span)
I=2 Translation v in Y direction (1b/in per
in. of span)
I=3 Translation w in Z direction (lb/in per
in. of span)
I=4 Rotation dw/9x (in-lb/rad per in. of span)
I=5 Rotation dow/dy (in~lb/rad per in. of span)

Cards 64 and 65 are repeated for each of the NELES element boundaries
on which line restoring springs are located. Note that the distribution of
sprang stiffnesses along an element boundary 1s assumed to be constant, and
that line restoring springs which span entire sides of the plate, or large
portions of a side (encompassing a number of consecutive element boundaries)

must be treated as a series of restoring springs spanning individual elements.

The preceding input cards (1 through 65) apply to plate structures having
rectangular planform and no voids, and to runs which are not continuations of
previous runs. The input modifications required for plate structures having
non-rectangular planform and/or voids 1s given in Subsection 4.3. The addi-

tional input required for continuation runs is discussed in Subsection 4.4.

72



4.3 Modaification to Input when Using Manual Mesh Generation

The description of input given in Subsection 4.2 applies to stiffened
or unstiffened flat plate structures with rectangular planform and with no
void regions (e.g. cutouts). For such structures, the generation of mesh,
geometry, and boundary constraint information has been automated (subroutine
MESHPA) to minimize the amount of input information which must be prepared by
the user. However, for flat plate structures having non-rectangular planform
and/or containing void regions, an alternate scheme (subroutine MESHPM) has
been employed in which the user 1s required to input directly nodal connec-
tivaity, nodal coordinate, and constrained degree of freedom information.
Although 1input preparation 1is more cumbersome for such cases, this scheme does

provide the user with the flexibility to analyze more general plate structures.

Before preparing the input data, the user i1s required to assign a
global element number to each element in the finite-element mesh, and a global
node number to each node in the finite-element mesh. Also, a global XYZ coordi-
nate system should be conveniently located. The value of IMESH on Card 2 of
Subsection 4.2 should be defined as IMESH=2. The following input cards
(3" through 28') replace cards 3 through 43 of Subsection 4.2. For convenience,

a prime is used for the card numbers presented in this subsection.

Card 3' FORMAT

NNT, NET 2014
where

NNT The total number of nodes in the finite-element mesh

NET The total number of elements in the finite element

mesh.

Card 4°'

EPAN, ANUP, DENSP, TH, ZPOS 5pl6.7
where

EPAN SIG(1)/EPS(1l) given on cards 46 and 47 for the

plate material (psi).

ANUP Poisson's ratio of the plate material.
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DENSP

TH

ZPOS

Card 5'

NP(I,1),
where

NP (I,J)

Card 5'

in order, until all

Card(s) 6'

XG(1I), I=1,
Carxd(s) 7'

YG(I), 1I=1,
where

XG(I)

YG(I)
Card 8!

NB
where

NB
Card(s) 9'

NBC(I), I=1,

NP (I, 2),

1s repeated (I=1,2,3 ...

Mass per unit initial volume of the plate

material (lb—secz/in4).
Total thickness of the plate (an).

The Z location of the midsurface of the

plate (in).

NP(I,3), NP(I,4)

The global node number associated with the
Jth element node (J=1,2,3,4) of the Ith ele-

ment. The convention for element node

numbering 1is discussed in Subsection 4.1.3.

NET) for each of the NET

elements have been processed.

NNT

NNT

2014

elements,

5D16.7

5Dl6.7

The global X and Y coordinates, respectively, of

the Ith global node.

The total number of constrained degrees of

freedom (assuming no duplicates).

NB
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where

NBC (I)
Card 10'

NXST, NYST
where

NXST

NYST

A vector containing the global degree of freedom
numbers which are to be constrained (set equal

to zero for all time steps).
numbers input on Card(s) 9' must appear in as-

cending order with no duplicates.

The total number of individual X- and Y-direction
stiffeners, respectively, located on individual

user-specified elements.

If NXST=0, Cards 1ll' through 19' are skipped.

If NYST=0, Cards 20' through 28' are skipped.

Card(s) 11'

LNXS{I), 1I=1, NXST

Card(s) 12'

MATXS(I), I

Card(s) 13'
XSPROP(1,I),
Card(s) 14'
XSPROP (2,I),
Card(s) 15°
XSPROP(3,I),
Card(s) 16'

XSPROP (4,1I),

1, NXST

I=1, NXsST
I=1, ©NXsST
I=1, NXST
I=1, NXST
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Card(s) 17'
XSPROP (5,1I),
Card(s) 18'
XSPROP(6,1),
Card(s) 19

XSPROP (7,I),
where

LNXS(I)

MATXS (I)

XSPROP (J, I)

Card(s) 20'

I=1l, NXST
I=1, NXST
I=1, NXST

The geometric and material properties of the
Ith individual X-direction stiffener;
definition of these quantities 1s identical

to that given in Subsection 4.2, Cards 26

through 34.

LNYS (I}, I=1, NYST

Card(s) 21°'

MATYS(I), 1I=1, NYST

Card(s) 22'
YSPROP(1,I),
Card(s) 23"
YSPROP(2,I),
Card(s) 24!
YSPROP(3,1I),
Card(s) 25'
YSPROP(4,1I),
Card(s) 26'

YSPROP(5,1I),

I=1, NYST
I=1, ©NYST
I=1, NYST

I=1, NYST
I=1, NYST
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Card(s) 27'

YSPROP(6,I), I=1, NYST 5016.7
Card(s) 28'

YSPROP(7,I), I=1l, NYST 5R16.7
where

INYS (I) The geometric and material properties of the Ith

MATYS (I) individual Y-direction stiffener; the definition

YSPROP(J,I) of these quantities 1s i1dentical to that given

1n Subsections 4.2, Cards 35 through 43.

Note: When using the manual mesh generation option, all stiffeners
are treated as individual stiffeners located on individual

user-specified elements. As a result, no internal renumber-

ing of stiffeners 1is done, and any future reference to
stiffener numbers should correspond to the numbering scheme
chosen by the user 1in preparation of data Cards 11' through
19' (for X~-direction stiffeners) and Cards 20' through

28' (for Y-direction stiffeners).

This completes those input modifications required when using the
manual mesh generation option (IMESH=2). The remaining cards follow exactly

those given 1in Subsection 4.2 starting with Card 44.

4.4 Addaitional Input Required for Continuation Runs

An option has been provided in the PLATE code whaich allows the user to
terminate a computer run at a specified time step, and continue the analysis
in a subsequent computer run beginning with the time cycle at which the previ-
ous run was terminated. This continuation option allows the user to carry
out long-time analyses in a series of continuation runs (without starting
each run from time zero) with the opportunity to scan the data provided by

each run before continuing the analysis, 1f desired.

In order to continue a previous run, a deck of continuation cards

must be punched when the previous run terminates. This continuation deck
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1s obtained by setting IPUNCH=1 on input card number 1 (see Subsection 4.2},
and 1s used as input for the continuation run (as described below). The
parameter IMCONT 1s set to IMCONT=1 on input card number 1 to indicate that

the present run is a continuation of a previous run.

If a continuation run 1s being made, the deck of continuation input
cards should follow immediately after Card 65 of Subsection 4.2. It 1is
important to note that input Cards 1 through 65 should be i1dentical to those
used in the previous run (which is being continued) with the following ex-

ceptions:

1. ITIMEF on Card 49 must be set equal to the final cycle
number for the present continuation run. Note that the
cycle number 1s not reset to zero for a continuation run,
but, rather, is initialized to the value at the end of
the previous run.

2. INCRT and IOUT on Card 49 may be changed to obtain printout
at intervals different from the previous run.

3. TIMEF on Card 50 must be set equal to the final time for the
present continuation run.

4. The parameters on Card 51 which govern the type of output
to be given every regular praintout cycle may be redefined
(except for the option IOP5, which must have the same value
as in the previous run). The information given in data
cards 52 through 62 must also be altered to reflect any

changes made on Card 51.

The continuation deck starts with Card 66 and contains the following

information:
Card 66 Format
ITT, CINETI, WFORCE, POWMPL I6,3D15.7
where
ITT The cycle number at which the previous run was
terminated.

CINETI The kinetic energy imparted to the plate by the
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prescribed initial velocity distribution at time zero.
The work input to the structure.

g at time t .
n

The power = F
~D~l

I=1, NDT 5D15.7

The total daisplacement {(or rotation) of

degree of freedom I at time cycle ITT.

I=l, NDT 8D15.7

The total displacement (or rotational) of

degree of freedom I at time cycle (ITT-1).

I=1, NDT 5p15.7

The velocity of the Ith degree of freedom at
time cycle ITT.

I=1, NDT 5D15.7

The equivalent load, corresponding to nonlinear

effects, applied to degree of freedom I at time

cycle ITT.

If IOP5=0, Card(s) 71 are skipped.

WFORCE

POWMP1
Card(s) 67

DIS(I),
where

DIS(I)
Card(s) 68

DISP(I),
where

DISP(I)
Card(s) 69

VEL(I),
where

VEL(TI)
Card(s) 70

FLVA(I),
where

FLVA(I)
Card(s) 71

Ucr2(1),
where

UCF2(I)

I=1, NB 5p15.7

The force applied to the Ith constrained

degree of freedom at time cycle ITT.

79



Card(s) 72

STOR(I), I=1, NDT 5D15.7
where
STOR(I) The prescribed externally-applied force at
degree of freedom I at time cycle ITT.
Card(s) 73
TAUSS(I,J,K), (I=1, NET), (J=1, MNSLT4), (X=1,9) 5D15.7
Card(s) 74
TAUEE (I,J,K) 5D15.7
Card(s) 75
TAUSE(I, J,K) 5D15.7
where
TAUSS(I,J,K) The stresses 0, 0 , 0 , respectively at
XX Yy Xy
TAUEE (I,J,K) the Jth depthwise/sublayer integration sta-
TAUSE(I,J,K) tion (J 1s a function of both location and
sublayer) at the Kth spanwise Gaussian
integration station of the Ith element at
time cycle ITT.
If no X-direction stiffeners are present, Card(s) 76 will not be
included.
Card(s) 76
TAGSS(I,J,K), (I=1, NXST), (J=1, MNSLT4), (K=1,3) 5D15.7
where
TAGSS (I,J,K) The normal stress, Gxx’ at the Jth depth-
wise/sublayer integration station at the
Kth spanwise Gaussian integration station
of the Ith individual X-direction stiffener
at time cycle ITT.
If no Y-direction stiffeners are present, Card(s) 77 will not be
1ncluded.
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Card(s) 77

TSGEE(I,J,K), (I=1, N¥YsST), (J=1, MNSLT4), (K=1,3) 5D15.7
where
TSGEE(I,J,K) The normal stress, ny, at the Jth
depthwise/sublayer integration station at
Kth spanwise Gaussian integration station
of the Ith individual Y-direction stiffener

at time cycle ITT.

4.5 Guidelines for User-Prepared Array Dimensions

In addition to providing input data cards for the PLATE program, the
user 1s required to provide appropriate dimensions in the dummy main program
for a number of vectors and arrays used in the program. The sole purpose of
the dummy main program 1s to provide dimensions for those arrays and vectors
which are variably dimensioned in subroutines of the PLATE program. The
dummy main program then calls subroutine MAINP which i1s the main controlling

subroutine for PLATE program flow.

The justification for the variable dimensioning of arrays and the cor-
responding need to provide fixed dimensions in the present dummy main program
1s based on program efficiency. Computer core storage requirements contribute,
along with computer execution time, to the total cost of a run. 1In general,
those vectors and arrays which contribute most to the computer core storage
requirements have dimensions which are based on certain problem parameters
(e.g. number of elements, number of nodes, number of mechanical sublayers,
etc.) and, thus, are problem dependent. For 3-d plate analyses, where the
dimensions and thus storage requirements grow rapidly as the number of elements
is increased, maximum program efficiency (in terms of computer core storage)
1s obtained by providing dimensions for these arrays (vectors) which correspond

exactly to the pertinent parameters of the plate structure being analyzed.

A complete listing of the dummy main program for the PLATE program ig
given on the following pages. The user need be concerned only with that (first)

portion of the dummy main program related to array (vector) dimensioning. Shown
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are the names and associated dimensions (given as variables and constants where
appropriate) of those arrays which must be user-dimensioned. The definition
of each dimension variable is given directly below the full list of arrays

(vectors) to be dimensioned.

The user 1s required to prepare a FORTRAN IV DIMENSION statement which
contains all of the arrays and vectors shown with the appropriate numerical
dimensions substituted in place of dimension variables. This DIMENSION state-
ment should be inserted after the list of dimension variable definitions as
shown in the program listing. The dimension variables NNT, NPT, MAXEL, MNSL,
MNXST, MNYST, NRSS, and MNNSA may be determined exactly, whereas the dimension
variables MNC, NB, NBE, and MBWE (which are more difficult to determine ex-~
actly) may be over-estimated on the first run of a given problem and then ad-

Justed to the correct values in subsequent runs of the same problem.

In no case may a dimension variable be set equal to zero; the minimum
value for a dimension variable (all dimension variables are integers) 1is 1.
Thus, for example, 1f no X-direction stiffeners are present then the dimension
variable MNXST (maximum number of individual X-direction stiffeners) 1is set
equal to MNXST=1l (rather than zero). There 1s no restriction on the maximum

value which can be assigned to a dimension variable.

Seven of the dimension variables, namely MAXEL, MNSL, MNXST, MNYST, NBE,
MBWE, and MNC, are given as input to the PLATE program (see Card 1 of Subsection
4.2). The values specified for these variables on Card 1 of the input data
cards must be the same as the values assigned to these variables for dimension-

ing purposes.

Finally, the user should be aware of the fact that improperly dimensioned
arrays (vectors) can be a chief source of anomalous results for structural re-
sponse. In particular, 1f the value of a dimension variable is smaller than
the correct value, then data from the corresponding array or vector may be in-
correctly accessed during program execution. In such cases, program execution
often proceeds without apparent error, but response predictions will generally
be 1ncorrect. Thus, great care should be taken by the user 1in preparing the
DIMENSION statement for the dummy main program. Examples of proper DIMENSION

statements may be found in the sample problems of Section 7.
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PLATE 1 COMPUTER CODC.

ASRL TR 154-14.,......0RIGINAL REPORT VERSION OF PROGRAM

COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

TH1S 1S THE SMALL STRAIN VERSION.

ILLUSTRATIVE EXAMPLE FOR PLATE PROGRAM -~ FULL MODEL.

THIS DUMMY MAIN PROGRAM FOR THE PLATE PROGRAM REQUIRES SUBROUTINESS
ARRT ,ASSEMK,BCONMK,CMASSP, EAROW, EXTL,FACT,GAUSS,
INCOND, LMASSP ,MAINP , MESHPA ,MESHPM,OMULT ,PRINT,
PRTOP,PSTRN,RCON,RPLATE,SFDM,S0LY,SPRING,STRESA,
STRESC,STRESP,TSTEP.

DUMMY MAIN PROGRAM WHICH PROVIDES OIMENSIONS FOR THOSE ARRAYS

(VECTORS) WHOSE DIMENSIONS ARE PROBLEM DLPENDENT,

THE FOLLOWING ARRAYS MUST BE DIMENSIONED BY THE USER AS SHOWN:
DIMENSION DELD(NDT),DIS(NOT),DISP(NDT),D15M1(NDT),DISM2(NDT),
FLN(NDT) ,FLVA(NDT) ,FLVM(NDT), FLVP(NDT),ELV(NDT) ,VEL(NDT),ICOL(NDT)MAINOO20
, INUM(NDT) , KROW(NDT) ,NDEX(NDT) . STOR (NDT) , STF(MNC) , AMASS (MDI M),
NP(4,MAXEL) ,NODE(24¢MAXEL),TAUSS(MAXEL,4+MNSL,9),

TAUSE (MAXEL ,4+MNSL,9) , TAUEE (MAXEL,4MNSL,9),EPSSI(9,MAXEL),
EPSSO(9,MAXEL),EPEEI(9,MAXEL),EPEEO(9,MAXEL),EPSEI(9,MAXEL) ,

EPSEO(9,MAXEL) NBC(NB),BC(NB) ,RFM(NBE,MBWE), ILAST(NBE) ,UCF1(NBE),

UCF2(NBE),XG(NNT) ,YG(NNT) ,ZG(NNT) ,XGI (NNT),YGI(NNT),

TAGSS (MNXST ,4*MNSL,3) , LNXS{MNXST) ,XSPROP(7 ,MNXST) ,MATXS(MNXST),
TSGEE (MNYST ,4*MNSL,3) (LNYS(MNYST),YSPROP (7 ,MNYST) MATYS(MNYST),
LNRS (NRSS), ISRS(NRSS),SC(5,NRSS) ,NVSA(MNNSA) ,NCON(4,MNNSA)

WHERE,
NNT

NDT
MNC

MDIM
MAXEL
MNSL

NB
NBE

MBWE

TOTAL NUMBER OF NODES IN THE ASSEMBLED FINITE-ELEMENT
MODEL.

TOTAL NUMBER OF DEGREES OF FREEDOM IN THE ASSEMBLED
FINITE-ELEMENT MODEL = G6+*NNT,

ESTIMATED NUMBER OF WORDS OF STORAGE FOR THE ASSEMBLED

STIFFNESS MATRIX (LOWER TRIANGLE STORED BY ROWS FROM FIRST

NONZERO TERM).

DIMENSION OF ASSEMBLED MASS MATRIX,

NDT 1F LUMPED MASS OPTION IS CHOSEN.

MNC 1F CONSISTENT MASS OPTION ]S CHOSEN,

NUMBER OF ELEMENTS IN FINITE-ELEMENT MODEL. )
MAXIMUM NUMBER GF MECHANICAL SUBLAYERS EMPLOYED.

NOTE~-— MNSL MUST BE LESS THAN OR EQUAL TO 5.

ESTIMATED NUMBER OF CONSTRAINED DEGREES OF FREEDOM PRIOCR
TO ELIMINATION OF DUPLICATES.

ESTIMATED NUMDER OF CONSTRAINED DEGREES OF FREEDOM AFTER
ALL DUPLICATES HAVE DEEN ELIMINATED (IF IOP5 = ).

1 IF 10P5 = O

ESTIMATED MAXIMUM DANDWIDTH OF ASSEMOLED STIFFNESS MATRIX
AT A CONSTRAINED DEGREE OF FREEDOM (1F 10P5 = 1),

1 IF 10P5 = 0

—

MAINOOOO
MAINOOOY
MAINOOO2
MAINOOO3
MAINOOO4
MAINOOOS
MAINOO0OB
MAINOOO7
MAINOOOB
MAINO0O9
MAINOO1O
MAINOO 11
MAINOO12
MAINOO13
MAINOO14
MAINOOtS
MAINOO16
MAINOO17
MAINOO18
MAINOGO19

MAINOO21
MAINOO22
MAINQO23
MAINOO24
MAINOO2S
MAIN0CO26
MAINOO27
MAINGO28
MAINOO29
MAINOO30
MAINOOJ1
MAIN0032
MAINOO33
MAINO034
MAINOO3S
MAINOO36
MAINO0O37
MAINOO38
MAINOO39
MAINOO4O
MAINOOA4T1
MAINOO4Z
MAINOO43
MAINOO44
MAIN0045
MAINO0A4G
MAINOO47
MAINOOA4B
MAINOO49
MAINOOSO
MAINQOS1
MAINOO52
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€ MNXST = MAXIMUM NUMDER OF X-DIRECTION STIFFENERS. MAINOOS3
c s 1 1F NO X-DIRCCTION STIFFENERS. MAINOOS4
C  MNYST = MAXIMUM NUMBER OF Y-DIRECTION STIFFENERS. MAINOOSS
c = { IF NO Y-DIRECTION STIFFENERS. MAINOOS6
C NRSS @ TOTAL NUMDER OF ELEMENT SIDES ON WHICH LINE RESTORING MAINOOS7
c SPRINGS ARE LOCATED. MAINOOSD
c = { IF NO RESTORING SPRINGS ARE PRESENT. MAINOOS9
C  MNSLT4 = 4+MNSL MAINOOG0O
C  MNNSA = MAXIMUM NUMBER OF NODES REQUESTED FOR STRAIN OUTPUT (IF MAINOOG1
c 10PB=1). = { IF 10P8 = 0 MAINO0G2
c MAINOOG3
IMPLICIT REAL*B(A-H,0-Z) MAINQOGA4
DIMENSION DELD(390),D15(390),DISP(350),D15M1(390),015M2(390), MAINOOGS
2FLN(390),FLVA(390),FLVM(390),FLVP(390),ELV(390),VEL(390),ICOL(390)MAINOOGE
3,INUM(390), KROW(390) ,NDEX(390),STOR(390),STF(14037),AMASS(14037), MAINOOD6E7
4NP(4,40) ,NODE(1152),TAUSS(48,12,9), TAUSE(48,12,9),TAUEE(48,12,9), MAINOOGS
SEPSSI(9,48) ,EPSS0(9,408) ,EPEE1(9,48) ,EPEED(9,48),EPSEL(9,40), MAINOOG9
6EPSED(9,48) ,NBC(60),BC(60),RFM(60,60),ILAST(60) ,UCF1(60),UCF2(60),MAINOOT0
7XG(65),YG(65),2G(65) ,XGI(65),YGI(65),TAGSS(1,12,3),LNXS(1), MAINOOQT71
BXSPROP(7,1) MATXS(1),TSGEE(1,12,3),LNY5(1),YSPROP(7,1) ,MATYS(1), MAINOO72
9LNRS(1),ISRS(1),SC(5,1) ,NVSA(6 ),NCON(4,6 ) MAINOQ73
COMMON/BAS/NDT ,NET ,MN,NB ,NIRREG,MNC MAINOO74
COMMON /INOUT/ MREAD,MWRITE,MPUNCH MAINOO?75

C DEFINE CARD READER, LINE PRINTER AND CARD PUNCH UNIT NUMBERS. MAINOO76
MREAD = 5 MAINOO77
MWRITE = 6 MAINOO78
MPUNCH = 7 MAINOO79
READ{MREAD, 500 )MAXEL ,MNSL ,MNXST ,MNYST ,NBE ,MBWE , MNC MAINOOBO

500 FORMAT(8110) MAINOOBH
WRITE (MWRITE,600) MAINO0OB2

WRITE (MWRITE,610) MAXEL MAINOOB3

WRITE (MWRITE,620) MNSL MAINOOBA

WRITE (MWRITE,530) MNXST MAINOOBS

WRITE (MWRITE,640) MNYST MAINOOBG

WRITE (MWRITE,G50) NBE MAINOOB7

WRITE (MWRITE,6G0) MOWE MAINOOOS

WR1TE (MWRITE,G70) MNC MAINOOBS

600 FORMAT('1 PLATE 1 COMPUTER CODE (SMALL STRAIN THEORY) : USER INPUTMAINO0S0
T ¥ FOR ARRAY DIMENSIONS') - B MAINOO91
610 FORMAT(' ‘', 'MAXEL =',110) MAINOO92
620 FORMAT(' ', 'MNSL =',110) MAINOO93
630 FORMAT(' ', "MNXST =',110) MAINO094
640 FORMAT(' ', 'MNYST =',I110) MAINOO9S
650 FORMAT(' ', 'NBE =',110) MAINO096
660 FORMAT(' ', 'MBWE =',110) MAINOO97
670 FORMAT(' ', "MNC =',110) . MAINOO98
MNSLTA=MNSL +4 MAIN0O99

CALL MAINP(DELD,D15,01SP,DISM{,DI15M2,FLN, FLVA,FLVM,FLVP,ELV,MAINO100

2VEL, 1COL, INUM,KROW,NDEX,STOR,STF,AMASS NP ,NODE, TAUSS, TAUSE , TAUEE, MAINO101
3EPSS1,EPSSO,EPEEL, EPEED,EPSEL,EPSED,NBC, BC,RFM, ILAST,UCF1,UCF2,  MAINO102
4X%G,YG,2G,XG1,YGI,TAGSS, LNXS,XSPROP, MATXS, TSGEE, LNYS,YSPROP,MATYS, MAINO103
5LNRS, ISRS,SC,MAXEL ,MNSL ,MNSLT4,NBE, MBWE ,MNXST ,NYST ,NVSA ,NCON) MAINO104
CALL EXIT MAINO105
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END

NOTE: 1.

MAINO100

The dimension 6400 for arrays STF and AMASS was obtained by the
procedure described 1in items 1 through 4 on page 100. Also, see

Figs. 16 and 17a.

For detailed instructions on establishing dimensions and input

data, see the example problems discussed 1n Section 7.



4.6 Guidelines for User-Prepared Subprograms

The timewise solution of the governing equations of motion for the
structure (Eq. 2.1) 1is accomplished by employing the Houbolt finite-difference
operator. As shown in detail in Appendix A, this results in the following

matrix recurrence equation

2 NL 2 . 1
* = —— * %
[(At)2 M K R " T A R T R (4.1)

where M, K, Ks' F, FNL, and g* are defined in Subsection 2.3, and é* 1s the
vector of nodal genealized velocities. The subscripts m+l and m refer to

quantities evaluated at discrete time instants tm+l = (m+l) At and tm = mAt,

where m 1s the time step number. The matrices M, K, KS, and vector FNL are

internally generated and are assumed to be known.t However, the vector Fm+l’

which 1s the vector of prescribed externally-applied nodal loads at taime tm+l

must be provided by the user to represent the spatial and temporal distribution

of the external load being applied to the plate structure.

In general, the displacement vector q; 1s known from the solution of
Eq. 4.1 at time tm' and the velocity vector, é; 1s calculated from the
Houbolt finite-difference expression and is thus also known. However, values

of the displacement and velocity vector at time zero, q6 and éa, required for

the solution of displacements q{ at time t1 are not known and must be provided

by the user as initial conditions on the governing matrix equation of motion
(which 1s a second-order differential equation). These initial (time zero)
conditions on the displacement and velocity vectors must correspond to the
spatial distraibution of displacement and velocity for the problem under con-

sideration.

Subroutines INCOND and EXTL have been included in the PLATE program to
provide, respectively, the values of q6 and és (1nitial conditions), and the

external loading vector, at each time step. Because of the many feasible

§m+l'.

spatial distributions for qs, qs, and Fm+l

wraiting of self-contained, automated logic for subroutines INCOND and EXTL has

and temporal distribution of F, the

been deemed i1nefficient and impractical. Instead, the user 1is required to

+ N . .
The vector Fmﬁl 1s estimated by linear extrapolation from earlier known values
L NL . NL NL

NL
(Em and Em-l) by Em+l =2 gm - Em—l'
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write the internal locgic for these two subroutines corresponding to the problem

under consideration.

Guadelines for the preparation of subroutines INCOND and EXTL are given
in Subsections 4.6.1 and 4.6.2, respectively. Both subroutines must be prepared
for each execution of the PLATE program even 1f the values of gs, és and/or
g are zero. For the sake of simplicity, no READ statements should appear 1in
either subroutine; all data should be specified in the user-prepared internal
logic. FORTRAN IV WRITE statements should, however, be included in these sub-
routines to verify input data. A simple example of internal logic 1is given in
each of Subsections 4.6.1 and 4.6.2; additional examples may be found in the

sample problem of Section 7.

It 1s assumed that the user has a working knowledge of the FORTRAN IV
computer language and thus no specific discussion of the programming language
has been included. Although maximum flexibility has been maintained by requir-
1ng the user to prepare these subroutines, automated versions of subroutines
INCOND and EXTL could be prepared by the user (or programming personnel) to
accommodate a variety of initial condition and external loading options often

encountered in a given analysis or design group.

4.6.1 User-Prepared Subroutine INCOND (PLATE Program)

The user 1s required to write (in FORTRAN IV) a subroutine which gener-
ates the i1nitial velocity for each degree of freedom, VEL(I), I=1l, NDT, and
the 1nitial displacement, DISP(I), I=1, NDT, for each degree of freedom in the
finite-element mesh. This subroutine 1s called prior to the first time cycle

for each run of the PLATE code. The subroutine should be prepared as follows:

SUBROUTINE INCOND (DISP,VEL,NP,NODE, XGI,YGI)
IMPLICIT REAL*8(A-H,0-2)
DIMENSION DISP(1l),VEL(l), NP(4),NODE(1l), XGI(1l),YGI(1)
COMMON/BAS/NDT,NET, MN, NB, NIRREG, MNC
Insert User-Code to generate
VEL(I),I=1,NDT
DISP(I),I=1,NDT
RETURN
END
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The first four cards and final two cards of subroutine INCOND must be as

shown.

The arrays NP, NODE, XGI, and YGI, and variables NDT, NET are available

to the user and contain the following information:

NP (I,J) The global node number associated with the Ith

element node of element J.

NODE (K) The assembly list associating element degrees of
freedom with global degrees of freedom. If K 1s
defined as K = 24*(J-1)+I, then NODE (K) 1is the
global degree of freedom number associated with

the Ith element degree of freedom of element J.

XGI(I) The global X and Y coordinates, respectively, of
YGI(I) the Ith global node at time zero.
NDT The total number of degrees of freedom in the

finite-element mesh.

NET The total number of elements in the finite-element

mesh.

The information in these arrays may be used as required but must not be

altered by the user-supplied internal logic.

The user should note that the conventions adopted for global node
numbering are preserved for the present subroutine. Also note that in most
cases (such as impulsively-loaded plates) the vector DISP(I), I=1,NDT 1s set
equal to zero (zero initial displacement) and certain of the degrees of free-
dom are gaven an initial velocity. For example, the following set of state-
ments generates zero initial displacement for all degrees of freedom, and an
rnitial velocity of 2794 in/sec for the transverse w degree of freedom for

nodes 1 through 9:

DO 10 I=1,NDT
DISP(I) = 0.0DO
10 VEL(I) 0.0D0
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DO 20 I=1,9
II (I-1)*6+3
20 VEL(II) 0.2794D+04

4.6.2 User-Prepared External-Loading Subroutine EXTL (PLATE Program)

The user 1s required to write a computer subroutine which generates the
vector of prescribed externally-applied forces (ELV(I), I=1,NDT) applied to
each global degree of freedom at time tm. It should be emphasized that this
vector of externally-applied (time-dependent) nodal forces corresponds to the
total load applied at that instant of time. This subroutine is called for
each cycle starting with the first cycle in the timewise solution. Thus, the
user 1s required to define the spatial distribution of the external forces
at each taime instant (1.e., at each time t = ITT*DELTAT, where ITT 1s the

current cycle number and DELTAT is the time step size, At). The subroutine

should be prepared as follows:
SUBROUTINE EXTL (ELV,ITT,NP,NODE,XGI,YGI)

IMPLICIT REAL*8(A-H,0-%)
DIMENSION ELV(1l), NP(4,1), NODE(l), XGI(l), YGI(1l)
COMMON/BAS /NDT,NET, MN, NB, NIRREG, MNC

COMMON/TIM/DELTAT, TIMEF, ITIMEF, INCRT, IOUT, TIME, ITIME
Insert user-code to generaée the spatial distribution

of the external forces, ELV(I), I=1, NDT, at time
t=ITT*DELTAT. Note that if no external forces are
present in the current run of the PILATE code, the
vector ELV(I), I=1, NDT must be set equal to zero.
RETURN
END

The arrays (vectors) NP,NODE,XGI, and YGI, and variables NDT and NET
retain the definitions given in Subsection 4.6.1 (it should be emphasized,
however, that XGI(I) and YGI(I) are the global X and Y coordinates, respec-
tively, of the Ith global node at time zero) and the parameters ITT and DELTAT
have been defined in the preceding discussion. It should also be noted that

the contents of the wvector ELV(I), I=1, NDT are modified after the call to sub-

routine EXTIL.
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As an example, assume that a nodal force, F, of constant amplitude, but

varying in time, of the form

F = 100 sin(25t)

is applied to the transverse w degree of freedom at nodes 1 through 5. The
following set of statements could be inserted in subroutine EXTL to generate

+
the necessary external loading vector at each time step:

DO 10 I=1,NDT
10 ELV(I) = 0.0D0Q
Do 20 I=1,5
II=(I-1)*6+3
20 ELV(II)=100.0DO*SIN(25.0DO*ITT*DELTAT)

4.7 Description of the Qutput

The printed output begins with a reiteration of the program input which
defines the problem being solved. Although portions of the output associated
with mesh generation are different for the auto-mesh versus manual mesh options,
sufficient information 1s given so that the user can verify the accuracy of the
input data provided. The 1initial output which 1s generated on each run of the

PLATE program 1s summarized in the following categories:

Dimension Parameter Data

The variables input on Card 1 are output to verify these dimension

parameters.

Finite Element Mesh Information (Auto-Mesh Generation)

Geometric and material data for the plate and general mesh subdivision
information 1s first reiterated. Next, the nodal connectivity information
(which 1s the set of global node numbers assigned to the 4 nodes of each
element) 1s output. The user-selected boundary condition for each side of
the plate 1s then printed, and the specific constrained degrees of freedom
are output 1n ascending order with no duplicates. Finally, 1if X and/or Y
direction stiffeners are present, data for each stiffener are printed. These

data are given in terms of each individual (as renumbered -- see Subsection 4.1.4)

+ .
This information could be supplied in any other allowable FORTRAN form.
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stiffener and include the element number on which the stiffener 1s located,
material type, thickness, width, Young's modulus, Poisson's ratio, material
density, normalized location on the element, and the offset distance of the

stiffener.

Finite~Element Mesh Information (Manual-Mesh Generation)

This output is similar in form to that obtained when the auto-mesh
generation procedure is employed. 1In this case, however, most of the output
1s simply a reiteration of data input by the user. This output should be

used to verify the accuracy of the user-prepared input data.

Mass Modeling Chosen

A message 1s printed indicating which mass model (lumped or consistent)

has been chosen by the user.

Storage of Global Stiffness Matrix

The actual number of words of storage required for the assembled stiff-
ness 1s output. If too little storage has been allowed by the user, the run

1s terminated and a message indicating this 1s prainted.

Stress-Strain Data for Each Material Type

The total number of material types selected by the user 1s output and
the following data are then printed for each material type: the coordinate
pairs (stress, strain) which define the piecewise linear approximation to the
actual stress-strain curve, the yield stress of each mechanical sublayer, and

the strain rate parameters for that material type.

Time-Step Information

The time-step size, At, final time and final increment number, and the

number of cycles between regular printouts for the present run are output.

Praint Options

A list 1s prainted of those quantities which will be output at each
regular print cycle. This information corresponds to those praint options
exercised by the user as well as all pertinent data necessary for any given

option. For example, 1f option IOP3 1is exercised, a list 1is printed of
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plate element numbers for which Gaussian station strain output is requested.

Line Restoring Spring Data

If line restoring springs are present, input data corresponding to
each linear-elastic line restoring spring 1s reiterated. These data include
the element number and element side number on which the line restoring spring

1s located, and the five spring constants input by the user.

Reference Time~Step Size

An eigen-analysis 1s performed and the following reference data are
generated and output: the highest natural frequency, wm ; for the equivalent
ax

linear finite-element model, a reference time step size, (At)R £ = 2/w
ef. max

(which 1s the stability criterion for the Central Difference operator) of

a corresponding linear dynamic system, and finally a reference time-step
CD

size, (Atmax)Ref = O.8(At)Ref; the factor 0.8 1s introduced to account for

large-deflection effects when using the Central Difference operator [1-3}.

The PLATE program, however, utilizes the Houbolt finite-difference operator,
and this final reference time step size, (Atigx)Ref’ may be used to choose

the actual time-step size as discussed in Subsections 2.3 and 4.8.2.

Dimensions Related to Reaction Force Output (If Applicable)

If reaction force output has been selected (IOP5), an operation 1is
performed which extracts and stores in array RFM the rows of assembled stiff-
ness matrix corresponding to the constrained degrees of freedom. During this
operation, the extracted row of the assembled stiffness matrix which has the
largest bandwidth 1s i1dentified. This row number (which must correspond to
a constrained degree of freedom number) and the corresponding bandwidth are
printed. If the calculated maximum bandwidth at a constrained degree of
freedom (printed) i1s larger than the user estimates (MBWE on data input
Card 1; also used to dimension array RFM) of this guantity, the run is termai-
nated and a message to this effect i1s printed; the user should make appro-

priate changes to MBWE on Card 1 of input data and to the dimension of RFM.
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This completes the 1initial output generated by the PLATE program. All
other output 1s i1in the form of structural response data at user-specified
intervals; these data are also output prior to the first time cycle to verify
initial geometry and displacement conditions, and at the end of the first time
cycle. The data output corresponds to those output options selected by the
user, and only that output selected by the user will appear. However, for
the sake of completeness, the output generated by each of the print options

1s shown. The following output 1s generated every INCRT time cycles:

**%* INCR. NO. = TIME = SEC.

NODE U v W PSIX PSIY TWIST X-POS. Y-POS. Z-POS.
1
2

3

+
REACTION FORCES AT CONSTRAINED NODES

NODE RX (LBS) RY (LBS) RZ (LBS) MX (LBS-IN) MY (LBS-IN) MXY (IN-IN-LBS)
4
13
24

+Note that the "reaction force" MXY multiplied by its associated generalized
displacement 7, results 1in a quantity with units of energy:IN-LB.
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'STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTROID OF EACH ELEMENT

EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN IPRINC.STRAIN(T) DIRECTION (DEG)

ELEM. INNER QUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER

1

STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT USER-SPECIFIED NODES

EPS~-X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC.STRAIN(T) DIRECTION (DEG.)
NODE INNER OUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER
7
10
14
18

STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT GAUSSIAN STATIONS
FOR SELECTED ELEMENTS
RESULTS FOR ELEMENT NUMBER [LNUM]
EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTICN(DEG.)
STA.INNER OUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER

(This set of statements i1s repeated for each user-specified element.)

94



56

STRAIN COMPONENTS,

PRINCIPAL(TENSILE) STRAIN AND DIRECTION, AND ELONGATIONS AT SPECIFIED ADDITIONAL POINTS

SURFACE EPS-X STRAIN EPS-~Y STRAIN SHEAR STRAIN ELONG. (DIR.1)

POINT NO.

1

w NN

INNER
OUTER
INNER
OUTER
INNER

STRAIN,

STIFFENER

NUMBER

16
18
21

STRAIN,

STIFFENER

NUMBER

2
3
1
1

o
3

ELONG. (DIR.?2)

EPS-XX, AT GAUSSIAN STATIONS ON SPECIFIED X-DIRECTION STIFFENERS

STATION 1

INNER

OUTER

STATION 2

INNER

OUTER

STATION 3

INNER

OUTER

EPS-YY, AT GAUSSIAN STATION ON SPECIFIED Y-DIRECTION STIFFENERS

STATION 1

INNER

OUTER

STATON 2

INNER

OUTER

STATION 3

INNER

OUTER

PRINC.STRN(T)

DIRECTION (DEG)



SYSTEM ENERGIES (IN-LB)
WORK INPUT TO STRUCTURE = [EWORK]
STRUCTURE KINETIC ENERGY = [CINET]
STRUCTURE ELASTIC ENERGY = [ELAST]
STRUCTURE PLASTIC ENERGY = [PLASTW]
ENERGY STORED IN ELASTIC RESTRAINTS = [SPREN]
where
INCR. NO. = Current cycle number
TIME = Current time in seconds
NODE = Global node number at which the quantity 1is being
evaluated. For displacement output, all nodes all
processed; for reaction force output, those nodes
which are constrained are processed; and for nodal-
average strain output, only those nodes specified
by the user are processed.
u \
v
W = The current displacement u, v, w, 8 = 3w/dx, ¥ = dw/dy, and
PSIX X = 82w/3x3y, respectively, at the node.
PSIY
TWIST |
X-POS )
¥-POS = The current global X, ¥, and Z coordinates of a node.
Z-POS
’ N
RX (LBS)
RY (LBS)
RZ (LBS) = The generalized reaction forces, Rx, Ry, and Rz, and moments,
MX (LBS-IN) r Mx' My' and Mxy at a constrained node.
MY (LBS-IN)
MXY(LBS-IN—INL
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EPS-X
EPS-Y
SHEAR

PRINC.STRAIN(T)

DIRECTION (DEG.)

INNER

OUTER

STA.

The strain compo s € £ and € i ;
ponent Exx, eyy’ nd Exy' respectively;
the printed shear strain exy is the engineering value

-- which 1s twice 1ts tensorial counterpart.

The (maximum) praincipal tensile strain component.

If all principal strains are compressive, a value

of 0.0 1is prainted.

The direction in degrees, measured from the positive
global X direction, of the maximum principal tensile
strain.

Indicates strain component 1is evaluated at the inner
surface of the plate (or stiffener).

Indicates strain component is evaluated at the outer
surface of the plate (or stiffener).

Element number for which Gaussian station strain
output 1s given.

Gaussian station number at which strain data is
output. A 3 by 3 spanwise Gaussian integration rule
1s used and the strains are prainted at each of these
nine Gaussian stations. The location of these sta-
tions on an element 1s given 1in terms of normalized
coordinates § and n and the local (element) x, y
coordinate locations (assuming element node number 1
has local coordainates (x,y) = (0,0) can be obtained

from the formulas

a(l+g)/2
b(1l+n)/2

X

y

where a and b are the x and y dimensions of the ele-
ment § and n take on the following values at

each stataion:

97



POINT NO.

ELONG. (DIR.1)
ELONG. (DIR.2)

STIFFENER
NUMBER

STATION 1
STATION 2
STATION 3

EWORK
CINET
ELAST
PLAST

SPREN

STATION NUMBER £ VALUE n VALUE

W 0 g4 00 1 b W N+

~0.774597 -0.774597
0.0 -0.774597
0.774597 -0.774597
-0.774597 0.0
0.0 0.0
0.774597 0.0
-0.774597 0.774597
0.0 0.774597
0.774597 0.774597

The number of the additional strain point; this number
is 1implicitly assigned by the user by the order in
which additional-strain point information is input.
The relative elongation in the two user-specified

directions

The user-specified indivadual X or Y-direction stiffener

number for which strain data are output.

Spanwise Gaussian station on the X or ¥Y-direction

stiffener at which strain is calculated.

Work input to the structure.

Current kinetic energy stored in the structure.
Current elastic strain energy stored in the structure
Total plastic work done on the structure (mechanical
work dissipated during plastic flow).

Total energy stored in linear elastic restoraing

sprangs.

If continuation cards have been requested, a message 1s printed at the

conclusion of the run indicating that a continuation deck has been punched and

also indicating the cycle number at which the continuation will begain.
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4.8 Guides and Restrictions for Code Usage

The sequence of steps necessary to run the PLATE program {(1.e., prepara=-
tion of input data cards, dimensioning of arrays in the dummy main program, and
writing of internal logic for subroutines INCOND and EXTL) have been discussed
earlier in this section. In prainciple, this information 1is sufficient to exe-
cute the PLATE program. However, in practice, use of the PLATE program may be
unnecessarily costly unless the options and features of the PLATE program are

used efficiently.

The purpose of the present subsection i1s twofold: first, to dascuss
various techniques for efficient code usage in terms of computation time, com-
puter core storage, and program cost, and second, to discuss the proper inter-
pretation of program output. The present discussion 1is intended only to point
out certain key areas for efficient code usage; additional areas will be identi-

fied by the user through experience.

4.8.1 Dimension of the Assembled Stiffness Matrix

The largest single block of storage required in the PLATE program 1s for
the assembled stiffness matrix, K. If consistent mass modeling 1is employed,
an additional block of storage equal to that required for X, is also required

for the assembled mass matrix, M.

The manner in which the assembled stiffness matrix 1s stored has been
discussed in Subsection 4.1.5. The total storage requirements for § are di-
rectly proportional to the total number of nodes 1in the finite-element mesh
and the average semi-bandwidth of the assembled stiffness matrix. The total
number of nodes can be reduced by using fewer elements in the mesh; generally,
the mesh size will be dictated by geometry and accuracy considerations. How-
ever, the user should be alerted to the fact that an excessively-refined mesh
will lead to excessive computer core storage requirements and computation time
(the amount of computation time per time cycle 1is directly related to the

total number of elements).

For a fixed mesh arrangement, the total storage requirements for K can

be reduced by minimizing the average semi-bandwidth of K. For a rectangular
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plate, this 1s accomplished by numbering the global nodes so that the differ-
ence between the lowest and highest global node number assigned to any given
element 1s minimized. When the auto-mesh generation routine is used, global
nodes are numbered sequentially left to right for the first row of nodes, then
left to right for the second row of nodes, etc. Thus, the global nodes are
numbered "fast" in the X-direction and "slow" in the Y-direction. The average
semi-bandwidth will be minimized 1f the "fast" numbering direction has fewer
nodes than the "slow" numbering direction. When using the auto-mesh genera-
tion routine, the side of the rectangular plate having the fewest nodes should
always be aligned parallel to the global X-direction (the fast numbering da-
rectlon).+ A similar argument can be made when using the manual mesh generation
routine; number global nodes sequentially choosing the direction with fewest

nodes as the "fast" numbering direction.”

The damension, MNC, of K (vector STF in the PLATE prodram) can be esti-
mated if the user has a knowledge of the assembly process in the finite-
element method. Alternately, the PLATE program can be used directly to obtain

the exact value of MNC for each new analysis as follows:

1. Prepare all input data, internal logic for subroutines INCOND
and EXTL, and dimensions in the dummy main program for the
analysis being considered, except

2. Set the value of MNC on input Card 1 equal to 1 and dimension
STF (1) (and AMASS(l) 1f consistent mass modeling 1is elected).

3. ©Next run the PLATE program. The exact value of MNC will be
calculated and output, and the run will terminate since the
correct value of MNC is larger than the specified value (of 1
as per step 2) of MNC.

4. Change the value of MNC on Card 1 and the dimension of STF
(and AMASS 1f consistent mass modeling 1s elected) to the
correct value as calculated on the abbreviated run. Then

proceed with the desired analysis.

If the user provides an estimate of MNC which 1s larger than the correct

value, the analysis will proceed and the run will not be terminated. However,

+
These guidelines have been followed in the present examples; see, for example,

Figs. 17 and 19.
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the correct value of MNC will always be calculated and printed as output so
that the value of MNC used on Card 1 and for the dimension of STF (and AMASS
1f IMASS = 2) can be adjusted to the correct value for subsequent runs. Use

of the correct value for MNC 1s advised to minimize storage requirements.

4.8.2 Selection of Time-Step Size

The total computation time 1s directly related to the number of time
cycles, which 1s in turn related to the time step size At; as At 1s decreased,
more time cycles will be required to obtain solutions up to a given final
time. Alternatively, the value of At cannot be set arbitrarily large because

of solution convergence and stability considerations (see Subsection 2.3).

To aid the user in the selection of At, the PLATE program will calculate
and output a reference value for At. For each new structural analysis or each
new mesh arrangement of the same structure, 1t 1s recommended that an abbreviated

run of the PLATE program be made to obtain the reference At as follows:

1. Prepare all input data cards, internal logic for subroutines
INCOND and EXTL, and dimensions in the dummy main program for

the actual analysis, except

2. Set ITIMEF=1 on Card 49 so that the program will terminate
after one cycle of execution. The value of At (DELTAT on

Card 50) can be set equal to any value.

3. When the PLATE program is run, the reference value of At
wi1ll be calculated and printed as output. In subsequent
runs, this value of At can be used as a reference; ITIMEF
on Card 49 and DELTAT on Card 50 should be set equal to

the desired values for the actual analysis.

The significance of the calculated reference At and 1its relation to
"allowable" values of At has been discussed 1in Subsection 2.3. For initial
runs of a given problem, 1t is recommended that the actual value of At used

be between 2 and 6 times the reference At. In most cases, some numerical
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experimentation will be necessary to determine 1f the solution has converged.
It 1s recommended that the larger factor be used on the initial run, followed
by a run using half the previous value of At. This process 1s repeated until
the solution has converged. This convergence check can be carried out over
only a portion of the desired analysis time to save computing costs, and the
full taime analysis can be carried out once a suitable value of At has been

found.

Experience gained by the user with the PLATE program will help to mini-
mize the amount of numerical experimentation necessary in later analyses. It
1s recommended that a record be kept of calculated vs. converged (allowable)
At values. For example, experience gained to date suggests that for impulsively-
loaded plates, a value of At four times the reference value will yield converged

solutions.

4.8.3 Use of Lumped Mass vs. Use of Consistent Mass

The PLATE program provides an option for using either lumped or con-
sistent mass modeling. The choice of mass modeling i1s not arbitrary and the

user should understand the relative advantages and disadvantages of each.

Consistent mass modeling 1s, as indicated by its name, the more consistent
approach from a variational standpoint. The kinetic energy of the plate ele-
ment 1s approxaimated by employing an interpolation polynomial for the nodal
velocities which 1s 1dentical to that used for the nodal displacements. As
shown in Appendix A, this approach leads to an element mass matrix which 1is in
general fully populated; 1.e., the kinetic energy includes coupling effects be-
tween various nodal velocities. The important fact i1is that the kinetic energy
1s based on an interpolation of velocities which 1s consistent with the inter-

polation of displacements used to define the potential energy.

On the other hand, lumped mass modeling 1is based on average element
velocities rather than on interpolated element velocities. The average ele-
ment velocities are calculated from a weighted average of the nodal velocities
and a lumped (diagonal) mass matrix result. In effect, the total mass and
mass moment of inertia of the element are calculated and then lumped at each

node, the proportions going to each node being determined generally by element
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geometry. For the present uniform-thickness, rectangular plate elements,
equal portions (one-quarter of the total) are given to each node (see Appendix A

for a detailed derivation).

The more important considerations, however, are computational efficiency
and accuracy. The computer core storage requirement for an assembled consistent
mass matrix 1s identical to that of the assembled stiffness matrix (1.e., MNC
words of storage) whereas the assembled lumped mass matrix requires only NDT

words of storage to store the diagonal entries.

In terms of computation time, slightly more time 1s required to perform
operations with the banded assembled consistent mass matrix than is required
with the diagonal assembled lumped mass matrix. Also, the reference At 1is in-
versely proportiocnal to the maximum frequency in the assembled finite-element

model. The maximum frequency when using consistent mass modeling 1s larger

than that calculated when using the present lumped mass modeling.+ This
could, in effect, reduce the maximum allowable time-step size for convergence
and/or stabaility and thexeby increase computation costs.

Because of 1ts relative efficiency, lumped mass modeling 1s often used
and comparative studies (e.g., Refs. 1 and 19-23) suggest that little or no loss
in solution accuracy will be observed. Generally, computer core storage limita-
tions dictate that lumped mass modeling be used. Theoretical-experimental corre-
lation studies carried out using the PLATE program suggest that lumped mass
modeling is both accurate and adequate when using relatively refined meshes. How-
ever, 1f computer storage limitations permit, the user may wish to carry out a

series of comparative studies to assess the relative merits of the two mass models.

4.8.4 Selection of Qutput Options

Numerous useful options have been provided for the user which calculate
and praint displacement, strain, reaction force, and system energy information
at user-specified intervals. The defainition of these eight options (IOP1,
IOP2, ... IOP8) 1is given on Card 51 of Subsection 4.2. Each option 1is useful,
but not always necessary, and the user should be aware of the cost vs. value
of each option before i1t 1s specified. The purpose of the present subsection

1s to discuss the implications of each option in terms of lines of output,

+
See Subsection 2.5.3 of Ref. 11 and Refs. 19-23.
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computation time, and core storage. The question of the relative value of
the output options (in particular for strain output) will be taken up in the

next subsection.

In some installations, a portion of the cost of computing is related
to the number of lines (or pages) of printout generated. 1In the following
table, the number of lines of output generated by each output option at each

printout cycle 1is given (note that these figures do not include headings):

OPTION DESCRIPTION LINES/QUANTITY
I0P1 Nodal displacements and 1/Node

current location
I0P2 Element centroidal strains 1/Element
I0P3 Gaussian station strains on 9/Specified Element

user-specified elements

I0P4 Strains at user-specified loca- 2/Specified Location
tions

I0P5 Reaction forces at constrained 1/Constrained Node
nodes

I0P6 Gaussian station strains on 3/Specified Stiffener

user-specified stiffeners
IoP7 System energies 5 lines

IOPS8 Strains at user-specified nodes 1/Specified Node

In terms of computer core storage requirements, only Options IOP5 and
IOP8 require additional storage (see Subsection 4.5); Option IOP8 requires
S*MNNSA additional words of storage and Option IOP5 requires NBE* (MBWE+3) ad-
ditional words of storage, where the variables MNNSA, NBE, and MBWE are de-
fined.in Subsection 4.5. The use of Option IOP5 will require significantly

more additional core storage than the use of Option IOPS.

The information printed when Options IOP1l, IOP2, and IOP3 are exercised
1s avallable at the time of output and no additional computations are required.
However, the information required for Options IOP4 through IOP8 must be calcu-
lated at each printout cycle before it can be printed; thus, additional com-

putation time will be required 1f any of these options 1s exercised.
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Experlence to date suggests that these options do not add a significant amount
of computation time, particularly i1f the number of praintout cycles 1s only a
small percentage of the total number of cycles (e.g. 1 praintout cycle every

5 time cycles).

Total lines of printout and total additional computation time will be
dependent on both the options selected as well as the total number of praintout
cycles requested. Both will often be dictated by the type of response informa-
tion being sought and the degree of definition required in the time response.
In general, it 1is recommended that displacement (IOPl) and system energy (I0P7)
output be obtained for each run of the PLATE program. In view of increased
storage and computation time, reaction force output (IOP5) should be sought
only when necessary. Some form of strain output (IOP2, IOP3, IOP4, IOPS6,
and IOP8) should be obtained for each run of the PLATE program. A discussion
of strain calculation and interpretation 1s given in the next subsection; it
1s mmportant that the user understand these areas so that efficient use may be

made of the strain output options.

4.8.5 Comments on Strain Calculation

The PLATE program provides options which allow the user to obtain strain
output at element centroids, element Gaussian stations, nodal points, stiffener
Gaussian stations, as well as other user-specified locaticns. This flexibility
can be of great value to the user but care should be taken in the selection and

interpretation of these strain results.

The strain-displacement relation employed for the present rectangular
plate elements 1s given 1in Appendix A. Some nonlinear terms have been included 1in
the membrane strains, but only linear terms are included in the bending be-
havior. Thus, the membrane nonlinearities have been assumed to be more signifi-
cant than bending nonlinearities. The calculated distribution of strain may be
quite different from element to element and in general will be different than
the "exact" distribution; 1n the present finite-element model the predicted
strain distribution approximates the actual strain distribution in an average
(integral) sense, and not in a pointwise sense. Although the calculated strain

distribution may agree with the exact distribution at one or more points within
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an element, the location of these "best"” points for monitoring strains cannot
be readily determined. Also, strains will not be continuous along interelement

boundaries or at nodes where two or more elements are joined.

Because of these facts, certain precautions should be taken by the user
when assessing strain distraibutions in space and/or time. The type and amount
of strain output will depend on the problem being considered and the region of

the structure under closest scrutiny. If general strain distribution informa-

tion 1s sought over a large portion of the structure. If detailed stress
distribution information at various time instants 1s sought over a small
region of the structure, then both nodal average strains and Gaussian
station strains for elements in this small region could be employed. In
either case, when these calculated values are plotted, the analyst can

then make a reasonable "faired" estimate of the "proper" distraibution. It
should be noted that severe strain gradients within an element do not
necessarily indicate poor behavior of the solution; however, 1t is in these
regions where the analyst must excercise the greatest caution in making a

reasonable faired estimate of the proper distraibution.

If strain time-history information i1s required at various points on the
structure, these points may be specified as additional strain points (i1f the
point does not already fall at or near a nodal point or element centroid) and
the time histories can be obtained directly. Two recommendations should,
however, be followed whenever strain time-history data are sought. First, it
1s recommended that spatial distributions near these points of interest be
obtained at several time instants to assess whether or not the strain at the
point of interest 1s 1n reasonable agreement with the curve-fitted (or faired)
distribution in that region of the structure. Second, 1f a point of interest
falls near a node, nodal average strain information at that node should be
preferred over the strain information obtained near the node (which 1s not
averaged): i1n general, for elements (such as those in the PLATE program) ex-
hibiting discontinuous strains at interelement boundaries (and therefore also

at nodes), average strain values at nodes (or interelement boundaries) should
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be preferred over the strain values evaluated near the node (or interelement
boundary) using only the strain distribution from one element. If these steps
are followed, a reasonable engineering assessment of strain information should
be obtained.

The equations in Appendix A have been developed within the assumption of
large deflections but small strains. Thus, reliable results may not be obtained
in localized regions where large strains are predicted. The actual strain level
at which the "small strain" assumption becomes invalid has been examined and
discussed 1n Ref. 14; the reader 1is referred to Ref. 14 for further information

and guidance.
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SECTION 5
USE OF THE CIVM-PLATE PROGRAM

5.1 Introduction

The CIVM-PLATE computer program is designed to predict the large-
deflection, elastic-plastic, transient responses of initially-flat stiffened
or unstiffened plates subjected to impact by a single i1dealized rigad
spherical fragment. Much of the programming logic used in the CIVM-PLATE
computer program 1s identical to that used in the PLATE program, as evidenced
by the large number of computer subroutines common to both programs (Section 3).

The two key differences between the PLATE code and the CIVM~PLATE code
are: (1) the PLATE program 1is designed to predict transient responses of
initially~-flat plate structures subjected to prescribed initial velocity
distributions and/or prescribed externally-applied forces, whereas the
CIVM-PLATE program is designed to predict transient responses of initially-
flat plates subjected only to single fragment impact, and (2) the PLATE
program allows the user to choose either consistent or diagonalized lumped
mass modelling, whereas the CIVM-PLATE program uses only a diagonalized
lumped mass model.

User interaction with the CIVM-PLATE program 1s reduced (by comparison

with that required for the PLATE program) to the following two tasks:

(1) Preparation of input data cards

(2) Dimensioning of arrays in the dummy main program.

These two tasks are essentially identical to the corresponding tasks required
when using the PLATE program. In the PLATE program, the user 1is required to
prepare internal logic for subroutines INCOND and EXTL to define the 1initial
velocaity distribution and externally-applied force distribution. These types
of loading are not included in the CIVM-PLATE program and thus no preparation
of internal logic 1s required to use the CIVM-PLATE program; instead, the

user 1s required to prepare additional input data cards (as described in
Subsection 5.2) to define the geometry, initial position, and initial velocity

components of the rigid spherical fragment, and several collision parameters.

108



With respect to structural geometry, nomenclature, and numbering conven-
tions, material properties, time-step information, and output options, the
CIVM~PLATE program is 1identical to the PLATE program. The discussions in
Subsection 4.1 on the use of auto-mesh generation versus the use of manual
mesh generation, conventions adopted in the auto-mesh and manual-mesh genera-
tion subroutines, numbering convention for stiffeners, and storage of the
assembled stiffness matrix apply equally to the CIVM-PLATE program; the user
may wish to review this information before attempting to run the CIVM-PLATE
code. Also, a general overview of the collision-interaction analysis and
solution procedure 1s given in Subsections 2.4 and 2.5, and the equations on
which the CIVM-PLATE program 1s based are developed and discussed in

Appendix B.

5.2 Input Information and Procedure

The structural geometry, nomenclature, material properties, output
options and time step input required for a run of the CIVM-PLATE code 1is
identical to that required for a run of the PLATE code. For a run of the
CIVM-PIATE code using the auto-mesh generation procedure, cards 1 through 65
of Subsection 4.2 are input exactly as given in Subsection 4.2 with the

following modifications/additions:

(1) cCards 1 and 2 of Subsection 4.2 are modified as shown below.

(2) cCcards 66 through 72 are added following card 65 of Subsection 4.2

If the manual mesh generation procedure is used, the input data presented in
Subsection 4.2 are modified exactly as described in Subsection 4.3; the above
modifications/additions required for the CIVM-PLATE program still apply. The
variables to be punched on the nth data card are shown, and to the right is
the format to be used for that card; the definition of and some restrictions

for each variable are given below.

Card 1 (Replaces Card 1 of Subsection 4.2) Format
MAXEL, MNSL, MNXST, MNYST, NBE, MBWE, MNC, NIAN 8110
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where

MAXEL 1

MNSL

MNXST Array dimension parameters as defined on Card 1

MNYST > of Subsection 4.2

NBE

MBWE

MNC J

NIAN An array dimension parameter used in the dummy
main program and defined as the estimated
maximum number of nodes which will be affected
by a single impact.

Card 2 (Replaces Card 2 of Subsection 4.2) 2014

IMESH, IMCONT,

where
IMESH
IMCONT
IPUNCH

IPUNCH

Mesh, continuation, and punched output options as

defined on Card 2 of Subsection 4.2

Card 66 (Follows Card 65 of Subsection 4.2)

XF, YF, ZF 5D16.7
where
XF The global X, Y, and Z coordinates respectively, of
YF the centroid of the spherical fragment at time zero.
ZF These coordinates must be chosen so that no plate/
fragment overlap occurs at time zero.
Card 67
VF(l), VF(2), VF(3) 5D16.7
where
VF (1) The translational velocity components (in/sec) of
VE (2) the fragment in the global X, ¥, and Z directions,
VF (3) respectively, at time zero.
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Card 68

OMEGF (1), OMEGF(2), OMEGF(3) 5D16.7
where
OMEGF (1) The rotational velocity components (rad/sec) of the
OMEGF (2) fragment about the global X, Y, and Z directions,
OMEGF (3) respectively, at time zero.
Card 69
RF, FMASS, FMOI 5pl6.7
where
RF The radius of the spherical fragment (in).
FMASS The total mass of the spherical fragment (1b—sec2/1n).
FMOI The mass moment of 1nertia of the fragment about its
c.g. (lb-secz—ln).
Caxd 70
COEFR, FRNC, LEFF 5D16.7
where
COEFR The coefficient of restitution between the fragment
and the impacted plate inner surface; O<COEFR<l1,
1 for perfectly elastic, 0 for perfectly inelastic,
O<COEFR<1 for intermediate.
FRNC The coefficient of fraiction between the fragment
and the plate inner surface.
LEFF The radius of a circle from the point of impact on

the plate by the fragment to the "boundary of the
impact-affected region for a single impact”.

E

(1-v7)
Po

and is calculated internally, where E 1s the elastic

= 0 means that Le 1s assumed to be [

ff

modulus, V 1s the Poisson ratio, po 1s the mass per
unit initial volume of the plate material, and At

1s the time-step size.

= a specified value that 1s used in place of and
T as argued
in Subsection 2.5.2 of Ref. 11, a physically
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Card 71
NSYM,
where
NSYM
IPSS
ICUT

IPSS, ICUT

plausible value 1is Le £ - nh independent of the

time step size, wherefh 1s the plate thickness
and n may be specified as some positive number
such as 2, 2.5 ... or some other selected value
(n=2 is often used). Any other prescribed value

could be selected by the user.

2014

A parameter which indicates the type of symmetry
option elected for the present impact analysis

0 1f no symmetry option is employed.

1 1f the single symmetry option 1s employed.

2 if the double symmetry option is employed.

A parameter used in conjunction with the single

symmetry option (1f NSYM=1l) to denote the plate

side number which 1s a line of symmetry.

= 0 if NSYM=0 or NSYM=2 is employed

= 1 if plate side number 1 (i.e. the global X-axis)
1s the line of single symmetry.

= 4 1f plate side number 4 (1.e. the global Y-axis)
1s the line of single symmetry.

A parameter which indicates whether or not impact

inspection and correction 1s to be followed for the

entire response history.

= 0 if impact inspection and correction 1s to be
followed at all time instants.

= 1 if impact inspection and correction is to be

terminated once the fragment kinetic energy 1is

less than a specified fraction of the fragment

kinetic energy at time zero.
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The single symmetry option (1.e. NSYM=1) can be exercised only when the

following conditions are satisfied:

(1)

(2)

(3)

The plate 1s rectangular (or square) with no cutouts, and half

of the plate 1is modeled (i1.e. the analysis is carried out for

one half of the plate with one boundary of the half-plate model
being a symmetry boundary).

Initial and subsequent fragment/plate collisions occur along the
line of symmetry (plate side 1 if IPSS=1, or plate side 4 1if
IPSS=4).

The 1initial position and velocity components for the fragment must
be specified i1n a fashion consistent with the assumption of motion
which 1s symmetric with respect to the global X axis (1f IPSS=l1)
or with respect to the global Y axis (if IPSS=4).

These conditions and other conventions adopted in the CIVM-PLATE code dictate

some of the input which must be specified as follows (1f NSYM=1 on Card 71):

(1)

(2)

(3)

(4)

(5)

IMESH on Card 2 must be set equal to 0 or 1 so that the auto-mesh
generation subroutine 1s exercised.

If IMESH=0 is specified, then the global X and Y coordinates of
node 1 of the structure must be specified to be 0.0 (locating the
origin of the global X-Y system at node 1l). This 1s accomplashed
by setting XG(1)=0.0 on Card 5 and YG(1l)=0.0 on Card 6.

The symmetry boundary condition must be chosen for the plate sade
which 1s the line of symmetry. This 1s accomplished by setting
NCSB(1l)=1 on Card 7 1f IPSS=1 (global X axis 1s the line of
symmetry) or by setting NCSB(4)=1 on Card 7 1f IPSS=4.

The centroid of the fragment must be located along the line of
symmetry. Thus, YF=0.0 must be specified on Card 66 1f IPSS=1

or XF=0.0 must be specified on Card 66 1f IPSS=4.

The translational velocity components of the fragment must be
consistent with the single symmetry option. If IPSS=1 (global

X axis 1s the line of symmetry) then the Y-component must be zero;

this 1s accomplished by setting VF(2)=0.0 on Card 67. If IPSS=4
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(6)

(global ¥ axis 1s the line of symmetry) then the X-component must
be zero; this is accomplished by setting VF(1)=0.0 on Card 67.
The rotational velocity components of the fragment must also be
consistent with the single symmetry option. If IPSS=1 then the
components of angular velocity about the X and 2 axis must be
zero —- set OMEGF (1)=0.0 and OMEGF (3)=0.0 on Card 68. If IPSS=4
then the components of angular velocity about the Y and Z axes
must be zero -- set OMEGF (2)=0.0 and OMEGF (3)=0.0 on Card 68.

It should be noted that the fragment mass, FMASS, and fragment mass

moment of 1inertia, FMOI, input on Card 69 still correspond to the whole

fragment.

If NSYM=1l, FMASS and FMOI are internally reduced for the half-

plate (single symmetry) impact analysis.

The double-symmetry option (1.e. NSYM=2) can be exercised only when

the following conditions are satisfied:

(1)

(2)

(3)

The plate 1s rectangular (or square) with no cutouts, and a
quarter of the plate is modeled (1.e. a doubly-symmetric finite-
element mesh 1s used to model the plate).

Initial and subsequent fragment/plate collisions occur at the
center of the plate.

The only nonzero velocity component of the fragment is the

translational velocity in the global Z direction.

These conditions and other conventions adopted in the CIVM-PLATE code

dictate some of the input which must be specified (when NSYM=2) as follows:

(1)

(2)

IMESH on Card 2 must be set equal to 0 or 1 so that the auto-mesh
generation subroutine 1s exercised.

If IMESH=0 1s specified, then the global X and Y coordinates of
node 1 of the structure must be specified to be 0.0 (the origin
of the global X-Y cocordinates must be located at node number 1,
which 1s the center of the plate). This is accomplished by
setting XG(1)=0.0 on Card 5 and YG(1l)=0.0 on Card 6.
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(3)

(4)

(5)

(6)

The symmetry boundary condition option must be chosen for plate
sides 1 and 4; this 1s consistent with the convention of choosing
node number 1 as the center of the plate. This 1s accomplished by
setting NCSB(l)=1 and NCSB(4)=1 on Card 7.

The global X and Y coordinates of the fragment centroid at time
zero (XF, YF on Card 66) must be set equal to zero (i.e. the
fragment is located directly below structural node number 1).

The translational velocity components of the fragment in the X
and Y darections (1.e. VF(l) and VF(2) on Card 67) must be set
equal to zero; the only nonzero component of velocity 1s VF(3)

in the Z-direction.

The rotational velocity components of the fragment, OMEGF (1),
OMEGF (2), and OMEGF(3) on Card 68 must be set equal to zero.

It should be noted that the fragment mass, FMASS, input on Card 69

still corresponds to the whole fragment. If NSYM=2, FMASS 1s internally

reduced for the quarter model (doubly symmetric) impact analysis.

Card 72 (skip 1if ICUT=0)

CUTR
where

CUTR

nle.7

A factor which, when multiplied times the initial
fragment kinetic energy, determines when the impact
inspection and correction process 1is to be terminated.
That is, when the fragment kinetic energy at a
particular instant of time i1is less than CUTR times
the initial fragment kinetic energy, then no further
impact inspection/correction calculations will be
made. Note, however, that transient structural
response calculations may be continued beyond final
impact inspection/correction (additional discussions

of this feature 1s given 1in Subsection 5.5.2).

The above input 1s complete for runs of the CIVM-PLATE which are not

a continuation of a previous run (1.e. for cases when IMCONT=0 1s specified
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on Card 2). For runs which are a continuation of a previous run (i.e.
IMCONT=1 1s specified on Card 2), the punched deck of continuation cards
from the previous run (obtained by setting IPUNCH=1 on Card 2 for the

previous run) follows immediately after Card 72 (or Card 71 1f ICUT=0 is

specified on Card 71).

Some additional comments related to continuation runs should be
observed. The discussion (in Subsection 4.4) of input data which must (or
may) be changed for continuation runs of the PLATE code should also be
followed for continuation runs of the CIVM-PLATE code. In addition, the
following rules should be observed when preparing input data Cards 66

through 72 for continuation runs of the CIVM-PLATE program:

(1) Input data on Cards 66 through 70 must be identical to that used
on the 1nitial run of the present analysis {(in which the deck
of continuation cards was punched). This 1s necessary so that
the inaitial (time zero) kinetic energy of the fragment may be
calculated correctly. Input data provided in the deck of
continuation cards will then update the fragment position and
velocity components to the correct values prior to the first
solution time cycle of the continuation run.

(2) The values of NSYM and IPSS on Card 71 must not be altered for
continuation runs.

(3) The value of ICUT on Card 71 and/or the value of CUTR on Card 72
may be changed for continuation runs. The implications of and
possible reasons for such a change are discussed in Subsec-

tion 5.5.2.

5.3 Guidelines for User-Prepared Array Dimensions

The second (and final) task required to run the CIVM-PLATE program 1S
the assigning of fixed dimensions to arrays in the dummy main program
associated with the CIVM-PLATE code. This task 1is essentially identical to
the dimensioning task associated with the PLATE code, and the user should
consult Subsection 4.5 for a general discussion of guidelines to be followed

in the preparation of array dimensions.
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A listing of a dummy main program for the CIVM-PLATE program 1s
given on the next page. The arrays to be dimensioned are shown and their
dimensions are given in terms of a set of problem-dependent parameters. The
definitions of these parameters are also shown in the listing. The user 1is
required to prepare a FORTRAN IV DIMENSION statement including all arrays
shown in the sample DIMENSION statement; problem dependent parameters are
replaced by the fixed value of each parameter for the problem being considered.

The user will note that all parameters, except NIAN, have also been used
in the dummy main program associated with the PLATE program (again as a
result of the general similarity between the two codes). Some additional
discussion of the parameter NIAN i1s perhaps necessary. As indicated in the
listing, the parameter NIAN 1s defined as the estimated maximum number of nodes
which will be affected by a single impact, and may be estimated as follows.
When plate/fragment impact occurs, the coordinates of the point of impact on
the plate are determined. The impact-affected region of the plate 1s then
defined as that region falling within a circle of radius Leff‘ All nodes
which fall within this circle of radius Leff are considered to be impact-
affected nodes (see Appendix B for additional details).

In general, the precise location of all impacts 1s not known a priori.

Thus, the user should first select Le (see Card 70) and then assume that

an impact will occur in the region offihe plate having the most dense popula-
tion of nodes (1.e. that region having the most highly refined mesh). The
number of nodes falling within the impact-affected region for this hypothetical
(worst-case) plate/fragment impact may be used as a base value for NIAN.

Those ncdes falling near to the impact-affected region could also be included
in the estimate of NIAN to provide a liberal estimate of this parameter; in

all cases, the value of NIAN should be overestimated. During each cycle in
which impact occurs, the value of NIAN 1is checked against the actual number

of impact-affected nodes. If the value of NIAN 1s less than the actual

number of nodes affected, a message is printed and the run 1is terminated;

the actual number of impact-affected nodes (for the cycle in which the run

1s terminated) 1s included in the printed message.
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WHERE,
NNT
NDT
MNC
MAXEL
MNSL
NB

NBE

MBWE

MNXST

OCOCOOOOO00O000O00O00O000O00O00C0O0000O0O0000NDOOOOCOO0 o

MNYST

u nou

N on

(LI LI [N ]

CIVM-PLATE 1 COMPUTER CCDE. IMANOQOOQ
IMANQOO1

THIS DUMMY MAIN PROURAM FOR THE CIVM PLATE PRUGRAM RLQUIRELS 1MANOOO2Z
THESE SUBROUTINES: IMANO0O3
ARRY ,ASSTMK,BCONMK, COLLSN, EARQW, FACT, GAUSS, I FRAG, IMANOOO4
IMAINP, TIAPACT, IMPDS, IMPSS, INTRAC, 1PRINI , LMASSP, IMANOOOS

ME SHPA ,MESHPM, OAULT , PROTOP ,PSTRN, RCON, RPLATE , SFDM, I1MANOOOG
SOLV,SPRING,STHRLSA,STRESC,STRESP , 1STEP, IMANOOO7
IMANOOOS

ILLUSTRATIVE EXAMPLE FOR CIVM PLATE PROGRAM - FULL MODEL, IMANOOOS
IMANOO10

SMALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SPILKER IMANQO11
. IMANOO12

ASRL TR 154-14.......O0RIGINAL REPORT VERSION OF PROGRAM IMANOO13
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 IMANOO14
IMANOO 1S

DUMMY MAIN PROGRAM WHICH PROVIDES DIMENSIONS FOR THOSE ARRAYS IMANOO16
(VECTORS) WHOSE DIMENSIONS ARE PROBLEM DEPENDENT. IMANOO17
THE FOLLOWING ARRAYS MUST BE DIMENSIONED BY THE USER AS SHOWN: IMANOO18
DIMENSION DELD(NDT),DIS(NDT),DISP(NDV),DISMI(NDT),DISM2({NDT), IMANOO19
FLN(NDT) ,FLVA(NDT) ,FLVM(NDT) ,FLVP(NDT),VEL(NDT), ICOL(NDT), IMANOO20
INUM(NDT),KROW(NDT) ,NDEX(NDT) ,STF(MNC),AMASS(NDT ),NP(4,MAXEL), IMANOO21
NODE(24+MAXEL),TAUSS(MAXEL,4#MNSL,9), TAUSE (MAXEL,4*MNSL,9), IMANO 022
TAUEE (MAXEL ,4+MNSL,9) ,EPSSI(9,MAXEL) ,EPSSO(9,MAXEL) ,EPEEI(9,MAXEL) IMANOO23
LEPEEO(9,MAXEL),EPSEI(9,MAXEL),EPSED(9,MAXEL),NBC(NB),BC(NB) ., IMANO 024
RFM(NBE ,MBWE), ILAST(NBE) ,UCF1 (NBE),UCF2(NBE) ,XG(NNT) ,YG(NNT), IMANO 025
ZG(NNT),XGI (NNT), YGI(NNT), IMANOO26

TAGSS (MNXST ,4+MNSL,3) , LNXS(MNXST) ,XSPROP(7,MNXST) ,MATXS(MNXST), IMANOO27
TSGEE (MNYST ,4*MNSL,3), LNYS(MNYST) ,YSPROP (7 ,MNYST) ,MATYS(MNYST), IMANOO28
LNRS(NRSS), ISRS(NRSS),SC(5,NRSS) ,NVSA(MNNSA) ,NCON(4,MNNSA), IMANCO29
PMASS (NNT) , VN(3,NIAN) ,VNB(3 ,NIAN),SI(NIAN) NEFF(NIAN), ALPHA(NIAN) IMANOO30

IMANOO31
IMANOOQ32
TOTAL NUMBER OF NODES IN THE ASSEMBLED FINITE-ELEMENY MODELIMANOO33
TOTAL NUMBER OF DEGREES OF FREEDOM IN THE ASSEMBLED FINITE~IMANGO34

ELEMENT MODEL = B6*NNT. IMANOO35
ESTIMATED NUMBER OF WORDS OF STORAGE FOR THE ASSEMBLED IMANOO36
STIFFNESS MATRIX (LOWER TRIANGLE STORED BY ROWS FROM FIRST IMANOO37
NONZERO TERM). IMANOO38
NUMBER OF ELEMENTS IN FINITE-ELEMENY MODEL. IMANOO39
MAXIMUM NUMDER OF MECHANICAL SUBLAYERS EMPLOYED. IMANO 040
NOTE-~ MNSL NMUST BE LESS THAN OR EQUAL YO 5. IMANOOA1
ESTIMATED NUWMBER OF CONSTRAINED DEGREES OF FREEDOM PRIOR IMANOO42
TO ELIMINATION OF DUPLICATES, IMANO 043
ESTIMATED NUMBER OF CONSTRAINED DEGREES OF FREEDOM AFTER IMANOO44
ALL DUPLICATES HAVE BEEN ELIMINATED (IF 10PS = 1), IMANOO45
t IF 10PS = 0 IMANOO46
ESTIMATED MAXIMUM BANDWIDTH OF ASSEMBLED STIFFNESS MATRIX IMANOOA7
AT A CONSTRAINED DEGREE OF FREEDOM (IF 10P5 = 1). IMANOOA4S
1 IF J0OPS = 0 IMANO 049
MAXTMUM NUMBER OF X-DIRECTION STIFFENERS. IMANO OS50
1 IF NO X~DIRECTION STIFFENERS. IMANOOS1

MAXIMUM NUMBER OF Y-DIRECTION STIFFENERS. IMANOOS2
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C DEFINE CARD READER,

500

600

610
620
630
640
650
660
670
680

NRSS

MNSLTA4
MNNSA

4*MNSL

Wou ot H

NIAN

1 IF NO Y-DIRECTION STIFFENERS.

TOTAL NUMBER OF ELEMENT SIDES ON WHICH LINE RESTORING
SPRINGS ARE LOCATED.

1 IF NO RESTORING SPRINGS ARE PRESENT.

MAXIMUM NUMBER OF NODES REQUESTED FOR STRAIN QUTPUT
(IF 10P8=1)
ESTIMATED MAXIMUM NUMBER OF NODES WHICH WILL BE AFFECTED
BY A SINGLE IMPACT.

IMPLICIT REAL48(A-H,0-Z)

DIMENSION DELD(450),DIS(450),DISP(450),D1SM1(450),DISM2(450),
2FLN(450),FLVA(450) ,FLYM(450),FLVP(450),VEL(450),1C0OL(450),
3INUM(450),KROW(450) ,NDEX(450) ,STF(16335),AMASS(450),
4NP(4,56) ,NODE(1344),TAUSS(56,12,9), TAUSE(56,12,9),TAUEE(56,12,9),
SEPSS1(9,56) ,EPSSO(9,56) ,EPEEL(9,56) ,EPEEN(9,56) ,EPSEI(9,56).,
6EPSEQ(9,56) ,NBC(60),BC(60) ,RFM(1,1) ,ILAST(1),UCF1(1),UCF2(1),
7XG(75),YG(75),2G(75) ,XGI(75),YGI(75),TAGSS(1,12,3),LNXS(1),
B8XSPROP(7,1) ,MATXS(1),TSGEE(28,12,3) ,LNYS(28),YSPROP(7,28) ,MATYS(28IMANO0O70
9),LNRS(28), ISRS(28),5SC(5,28) ,NVSA(8),NCON(4,8), PMASS(75),VN(3,75), IMANOO71
A VNB(3,75),51(75) ,NEFF(75),ALPHA(75)

COMMON/BAS/NDT ,NET ,MN,NB ,NIRREG ,MNC

COMMON /INOUT/ MREAD,MWRITE,MPUNCH
LINE PRINTER AND LARD PUNCH UNIT NUMBERS.

MREAD = 5
MURITE = 6
MPUNCH = 7

READ(MREAD, S00)MAXEL ,MNSL ,MNXST ,MNYST ,NBE ,MBWE , MNC ,NIAN

FORMAT(8I10)

WRITE (MWRITE,600)
WRITE(MWRITE,610) MAXEL
WRITE(MWRITE,B620) MNSL
WRITE (MWRITE,B630) MNXST
WRITE(MYRITE,640) MNYST
WRITE(MWRITE,G650) NBE
WRITE (MWRITE,660) MBWE
WRITE(MARITE,670) MNC
VRITE (MWRITE,680) NIAN
FORMAT ('1 CIVM-PLATE 1 COMPUTER CODE (SMALL STRAIN THEORY) : USER

+INPUT FOR ARRAY DIMENSIONS')

FORMAT(' ', 'MAXEL =',110)

FORMAT("' ', "MNSL =',110)

FORMAT(* ', '"MNXST =',110)

FORMAT(' ', '"MNYST =',110)

FORMAT(' ', 'NBE =',110)

FORMAT(* ', 'MBWE =',110)

FORMAT(' ', *MNC =',110)

FORMAT(' ', *NIAN =!',110)

MNSLT4=MNSL ¥4

CALL IMAINP(DELD,D1S,D1SP,DISMY,DISM2,FLN, FLVA,FLVM,FLVP,

2VEL,ICOL, INUM,KROW,NDEX,

STF,AMASS,NP,NODE, TAUSS, TAUSE, TAUEE,

3EPSSI ,EPSSO ,EPEE] ,EPEEQ ,EPSE] ,EPSEO ,NBC,BC,RFM, ILAST ,UCF1,UCF2,
4XG,YG,2G,XGI,YGI,TAGSS, LNXS, XSPROP,MATXS, TSGEE, LNYS,YSPROP,MATYS,
SLNRS, ISRS,SC,MAXEL ,MNSL ,MNSLT4 ,NBE, MBWE ,MNXST ,MNYST ,NVSA,NCON,

IMANOOS3
IMANOOSA4
IMANQOSS
IMANOOS6
IMANOOS?
IMANOOSS
IMAN0OS9
IMANOOGO
IMANOOG1
IMANOOG2
IMANOQOG3
IMANOOGA4
IMANOOGS
IMANOOGE
IMANOOG7
IMANOOGE8
IMANOOGS

IMANOO72
IMANOO73
IMANO074
IMANOO7S
IMANOO76
IMANOO77
IMANOO78
IMANOO79
IMANOOBO
IMANOOS1
IMANOOB2
IMANOOS83
IMANOOB4
IMANOOBS
IMANO 086
IMANOOSB7
IMANO 0SS
IMANOOS9
IMANQ090O
IMANQOO91
IMANO092
IMANO093
IMANG094
IMANOO95
IMANO 096
IMANO 097
IMAN0098
IMANO099
IMANO 100
IMANO101
IMANO102
IMANO 103
IIANO 104
IMANO105
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IMANO106

6PMASS ,VN,VNB,SI,NEFF,ALPHA,NIAN)
CALL EXIT IMANO 107
END IMANO 108
NOTE: 1. The dimension 3000 for array STF and the dimension 84 for

AMASS were obtained by the procedure described in items

1 through 4 on page 100. Also, see Figs. 19a and 19b.

For detalled instructions on establishing dimensions and

input data, see the example problems discussed in Section 8.



5.4 Descraiption of the Output

The pranted output generated by the CIVM-PLATE program (as with the
PLATE program) falls into two general categories: (1) initial output which
reiterates user-supplied input and defines additicnal internally-generated
data regarding geometry, material properties, boundary conditions, output
options, and timewise solution parameters, and (2) solution output generated
at user-specified time intervals and corresponding to those output options
exerclised by the user. 1In both of these categories, the output generated 1is
essentially identical to that generated by the PLATE program; only those
differences between the output generated by the two codes will be discussed.

All of the initial output generated by the PLATE program is also auto-
matically generated by the CIVM-PLATE program. The reader should refer to
Subsection 4.7 for a complete description of this initial output. In
addition, the 1nitial output now reiterates the data supplied for the fragment
geometry, properties, initial location, and initial velocity components, as
well as the collision parameters specified by the user. Also, the 1initial
kinetic energy of the fragment is calculated and output. The user should
note that a reference time step size will always be calculated and output
because the CIVM-PLATE code always uses a diagonalized lumped mass model.

Solution data output at user-specified time intervals and consisting of
that data requested by the user through the appropriate selection of output
options 1s also essentially i1dentical to that generated by the PLATE program;
the user should consult Subsection 4.7 for a description of this output. 1In
addition to the user-selected output data, the following data are printed at

each regularly-scheduled praint cycle:

FRAGMENT GLOBAL LOCATION AND VELOCITY COMPONENTS

X-LOC Y-LOC Z-LOC VEL-X VEL-Y VEL-2 OMEGA-X OMEGA-Y OMEGA-2Z
[XF] [YF] (2F] [VF(1)] [VF(2)] [VF(3)] [OMEGF(1)] [OMEGF(2)] [OMEGF(3)]
where

XF The current global X, Y, and 2 components, respec-

YF tively, which locate the c.g. of the spherical

ZF fragment.
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VF (1) The current translational velocity components in the
VF (2] > global X, Y, and Z direction, respectively, of the
VF (3) ] fragment.

OMEGF (1) ) The current angular velocity components about the

OMEGF (2) > global X, Y, and Z axes, respectavely, of the

OMEGF (3) ] fragment.

The system energy output generated by the CIVM-PLATE ccde is slightly
different from that generated by the PLATE code and appears as follows:

SYSTEM ENERGIES (IN-LB)

FRAG TRANSLATIONAL KINETIC ENERGY = [CINFTN]
FRAG ROTATIONAL KINETIC ENERGY = [CINFRT]
WORK INPUT TO STRUCTURE = [EWORK]
STRUCTURE KINETIC ENERGY = [CINET]
STRUCTURE ELASTIC ENERGY = [ELAST]
STRUCTURE PLASTIC ENERGY = [PLASTW]

ENERGY STORED IN ELASTIC RESTRAINTS

[SPREN]
The parameters EWORK, CINET, ELAST, PLASTW, and SPREN are defined in
Subsection 4.7, and the parameters CINFTN and CINFRT are defined, respec-

tively, as the translational and the rotational kinetic energy of the fragment

at the current time. Note that for the present impact analysis the current
total work input to the plate structure is the difference between the
1nitial (time zero) kinetic energy of the fragment and the current kinetic
energy of the fragment. Also the total plastic work done on the structure
1s calculated indirectly by PLASTW = EWORK - (CINET + ELAST + SPREN). Thus,
1f the coefficient of restitution, e, has been assigned a value in the range
Xe<1l (corresponding to an inelastic collision), then the energy loss in
each inelastic collision will be included in the total plastic work which
1S output.

In addition to the above information which 1s printed at each desired
time cycle, whenever there 1s an impact the following information is printed

out:
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IMPACT IT = [ITIME] ELEMENT = [LNMP] SUBREGION = [NSR]
GLOBAL IMPACT LOCATION (XN,YN,ZN) = [XN] [YN] [2N]
PENETRATION DISTANCE (IN.) = [PEN]

THIS IS IMPACT NUMBER [NIMPCT]

where

ITIME = Time cycle number during which this impact
occurred.

LNMP = Element number in which impact occurred.

NSR = Triangular subregion of element LNMP in which
1mmpact occurred (equal to 1 or 2 --- see Fig. 6).

XN The global X, Y, and Z coordinates, respectively,

YN whach locate the point of plate/fragment impact.

ZN

PEN = Penetration distance which is the amount of
plate/fragment overlap prior to impact correction.

NIMPCT = The total number of plate/fragment impacts,

including the present impact, which have occurred.
If the full model version of the impact subroutine 1is being used and if

more than one penetration has occurred, the penetration distance (line #3 above)
w1ll not be printed out because the scheme which averages the impact location

does not average the penetration distance.

If one of the symmetry impact options has been elected, this printed
output also will include a message indicating which of the symmetry options

is in effect.

5.5 Guides and Restrictions for Code Usage

5.5.1 General Guidelines

As a result of the similarity between the CIVM-PLATE and PLATE codes,
most of the discussion of guidelines for use of the PLATE code (Subsection 4.8)
also apply to the CIVM-PLATE code. In particular, the discussions on selection
of output options, strain calculation, and dimensioning of the assembled stiff-
ness matrix apply directly to the CIVM-PLATE program and will be commented
upon only briefly in this subsection. The selection of a time-step size, At,
for the CIVM-PLATE program 1s somewhat more involved and will be discussed in

Subsection 5.5.2.
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The output options available in the CIVM-PLATE code are i1dentical to
those available in the PLATE program. The discussion of output options
presented 1in Subsection 4.8.4 should be followed in the selection of output
options for the CIVM-PLATE program. It is recommended that displacement,
system energy, and some form of strain output be selected for each run.

Strain calculation in the CIVM-PLATE program 1s identical to that of
the PLATE program and the discussion in Subsection 4.8.5 should be followed.
The recommendations in Subsection 4.8.5 should be followed more carefully
when strain data are sought near the region of plate/fragment impact. Severe’
strain gradients will generally be found 1in this region; strain distributions
in this region at various time instants should be used to supplement strain
time-history data sought at locations in this region.

The technique outlined in Subsection 4.8.1 for determining the dimension,
MNC, of the assembled stiffness matrix, STF, should again be used with the
CIVM-PLATE program. Note, however, that this dimension now applies only to
the assembled stiffness matrix (array STF) and does not apply to the assembled

mass matrix since only lumped mass modeling is used in the CIVM-PLATE program.

5.5.2 Selection of a Time-Step Size

The selection of a suitable time-~step size, At, 1in the CIVM-PLATE
program 1s somewhat more involved as a result of the process used to impose
1mpact-induced velocity changes on the plate structure and on the fragment.
Since it 1s the velocity changes imposed on the structure which affect the
choice of At, attention will be restricted to the plate structure 1in the
present discussion.

As shown in Appendix B, the CIVM-PLATE program, in effect, employs two
different timewlse operators. For time cycles in which no plate-fragment
1mmpact occurs, the Houbolt operator i1s employed. For time cycles in which
plate-fragment impact does occur, the nodal velocities in the impact-affected
region of the plate are redefined to be the post-impact wvelocities (calculated
by using impulse-momentum -~- see Appendix B) and a modified operator 1s used;
this modified operator may be viewed as a version of that in the Generalized

Acceleration Method. In both cases, the equivalent loads corresponding to
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large deflection and plasticity effects are approximated by using a linear
extrapolation of their values at the previous two time instants.

To assess the stability of this modified operator compared with that
of the Houbolt operator, a simple one degree-of-freedom cubic-hardening
spring-mass system subjected to a prescribed initial velocity was analyzed
using each of these operators; linear extrapolation was used to estimate
the nonlinear equivalent loads. Fér the particular problem being considered,
the solution obtained by using the modified operator became unstable for a
At value approximately half that of the At value at which the solution using
the Houbolt operator became unstablef+ Quantitataively, these results suggest
that for the same plate structure, an analysis by the CIVM-PLATE program will
require a smaller At than an equivalent analysis by the PLATE program.

Problems of stability of the modified operator are most likely to occur
1f the modified operator 1s used every cycle for many cycles (1i.e. 1f impact
occurs on many successive cycles). Such instabilities have been observed
during theoretical-experimental correlation studies using the CIVM-PLATE
code. Spurious oscillations in the predicted strain time-histories at
several locations along a narrow plate subjected to normal impact at its
center were observed at a time just prior to fragment rebound. In this case,
impacts had occurred during each of approximately 200 time cycles prior to
instability. Once impacts stopped (following fragment rebound), the strain
time-histories stabilized, prcbably as a result of the improved stability
of the Houbolt operator.

Additional study of the probable sources of this instability is needed.
Although not conclusive, experience to date suggests that a value of At no
larger than twice the reference time step size which 1s calculated and output
w1ll yield stable solutions (recall that lumped mass modeling 1s used in the
CIVM-PLATE program, and thus a reference time step size 1s calculated and
output on each run of the program). However, the user should monitor the
solution output, particularly strain data, to determine 1f an instability
has occurred. If so, a smaller value of At should be used, until the

instability 1s removed.

+
Note, however, that no i1terations are being carried out within a given time
step At to achieve convergence.
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An alternate, but less appealing, approcach for eliminating this
instability has also been included in the CIVM-PLATE program. If desired,
the parameters ICUT on Card 71 and CUTR on Card 72 (see Subsection 5.2) can
be specified such that impact inspection and correction will be terminated
(also terminating the use of the modified operator) once the fragment kinetic
energy is less than CUTR times the initial fragment kinetic energy. This
approach 1s based on experience to date in which instabilities are generally
found to occur when only approximately 5% of the initial kinetic energy 1is
left in the fragment (just prior to fragment rebound). In princaple, it
could be argued that one i1s neglecting only 5% (for example) of the energy
input to the plate structure and that, in fact, a portion of this energy 1is
returned to the fragment as the plate and fragment rebound and the plate
imparts kinetic energy to the fragment. However, when a value of CUTR = 0.05
was used on the previously-mentioned impact analysis where instability was
observed, it was found that the predicted permanent strain levels, although
stable, were substantially less than the experimentally determined strain
levels; when a stable At value was used instead of the cut-off option,
predicted strain levels were found to be 1n essential agreement with experi-
mentally-determined strain levels.

As a general rule, instabilities should be eliminated by reducing the
value of At. As a last resort, the cut-off option can be exercised to
advance the solution beyond the point of instability; however, in this case
the analyst should be alerted to the possible error in predicted transient
strain levels (after the option 1s imposed in the taimewise solution) and

permanent strain levels.
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COMPLETE FORTRAN IV LISTING OF THE

SECTION 6

PLATE AND CIVM~PLATE PROGRAMS

6.1 Subprograms Common to both Codes

The following 21 subprograms (or subroutines) are common to both the

PLATE and the CIVM-PLATE program:

ARRT FACT
ASSEMK GAUSS
BCONMK LMASSP
EAROW MESHPA

MESHPM
OMULT
PRTOP
PSTRN

A FORTRAN IV listing of each follows.
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RPLATE
SFDM
SOLvV

SPRING
STRESA
STRESC
STRESP
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SUBROUTINE ARRT(STF,AMASS,F,ICOL,INUM,KROW,NDEX,NODE,NDPE)
IMPLICIT REAL+8(A-H,0-2)

ASRL TR 154~14.... ..URIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

DIMENS ION AMASS(1)

DIMENSION STF(1),F(1),ICcOL(1), INUM(1) ,KROW(1),NDEX(1),NODE(1)
CONMMON /BAS/NDT ,NEZT ,MN,NBD,NIRREG, MNC

COMMON /INOUT/ MREAD,MWRITE,MPUNCH

IN THIS SUBROUTINE, THE MESH NODAL CONMECTIVITY DATA IN NODE(I) IS
USED TO ESTABI ISH THE POINTER ARRAYS NECESSARY TO LOCATE TERMS IN
THE ASSEMBLED STIFFNESS MATRIX (AND MASS MATRIX IF CONSISTENT MASS
IS USED) STORED IN COMPACTED VECTOR FORM THE NUMBER OF WORDS OF
STORAGE PZQUIRED FOR THE ASSEMBLRD STYIFFNESS MATRIX IS CALCULATED,
OUTPUT, AND COMFARED WITH THE USER ESTIMATE, IF THE USER ESTIMATE IS
YOO SMALL, A MESSAGE 1S OUTPUT AND THE RUN IS TERMINATED

THE ASSEMBLED STIFFNESS AND MASS (ONLY FOR LUMPED MASS) MATRICES AND
FORCE VECTOR ARE ZERCED.

D0 598 I=1,NDT
598 1COL(1 )=NDT
PO S00 I=1,NET
NA=NDT
I1=(1-1)~NDPE
DO 5300 J=1,NDPE
I1U=11+J
MZ=NODE(IIJ)
5300 IF(NA .GT. NZ) NA=NZ
DO 500 J=1,NDPE
1IJsI1+d
wilu-nwCOI(Ilu)
S00 IF(ICOL(NIIU).GT.NA) ICOL(NIIJ)=NA
5601 INUM(1)=1
DO 599 1=2,NDT
599 INUNM(I)=I-ICOL(I-1)+INUM(I-1)
DO 591 I=1,NDT
591 INUM(TI)=INUM(I)~ICOL(I)
M= INUM(NDT) +NDT
WRITE(MWRITL,515) MmN
515 FORMAT (/2X,' MAX SIZE IS ',16)
IF(MN-MNC) 521,521,5211
5211 WRITE(MARITE,520) MN
520 FORMAT (/2X,'MN=',18,' THE DIM OF STIF IS TOO SMALL')
GO TO 9993
521 CONTINUE
NIRREG=0
INDEX=0
ISET=1
DO 116 [=1,NDT
L=1COoL (1)
IF(ICOL(I)-ISET) 117,116,119
119 ISET=1COL(I)
GO TO 116
117 NIRREG=NIRREG+1
IF(NIRREG~NDT/2) 711,711,712

ARRT0000
ARRTQGCO1
pnoTOOLD
ARRT0003
ARRT0004
ARRT0005
ARRT0006
ARRT0007
ARRTO00GS8
ARRT0009
ARRT0010
ARRTOO11
ARRT0012
ARRT0013
ARRTOO014
ARRTQ0015
ARRT0016
ARRTO017
ARRTCO18
ARRT0019
ARRT0020
ARRT0021
ARRTO022
ARRT0023
ARRT0024
ARRT0025
ARRT0026
ARRT0027
ARRT0028
ARRT0029
ARRTO0030
ARRT0031
ARRT0032
ARRTO0033
ARRT0034
ARRT003S
ARRTC036
ARRT0037
ARRT0038
ARRT0039
ARRT0040
ARRTQ041

ArAvAA 8~
Foavine v vie

ARRT0043
ARRTO0044
ARRT0045
ARRT0046
ARRTO0047
ARRTO0048
ARRTO0049
ARRT0050
ARRT0051
ARRTOC52
ARRT0053
ARRT0054
ARRTQO055
ARRT0058
ARRT0057
ARRT0058
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711 KROW(NIRREG) =1
MDEX(NIRREG) = INDEX
116 INDEX= INDEX+ I-L
712 CONTINUE
DO 20 I=1,wN
20 STF(1)=0.0
00 10 I=1,NDT
AMASS(1)=0.0
10 F(I)=0 0

9999 RETURN
END
SUBROUTINE ASSEMK(EK,  STF, INUM,NDPE ,NODE ,N)
IMPLICIT REAL~8(A~H,0-2)
c
c ASRL TR 154-14.... ..ORIGINAL REPORT VERSION OF PROGRAM
C COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980
c
C THIS SUBROUTINE IS USED 8Y BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.
c
DIMENSION STF(1),INUM(1) ,EK(NDPE,NDPE),NODE(1)
COMMON /BAS/NDT ,NET ,MN,NBD,NIRREG,MNC
c

ARRT00S59
ARRT0060
ARRT0062
ARRT0063
ARRT0064
ARRT006S
ARRT0066
ARRTO0067
ARRTOOG8
ARRT0069
ASMK0000
ASMKOOQO1
ASMKO0002
ASVMK0003
ASNMK0004
ASMK0005
ASMK0006
ASMKO007
ASMKO008
ASMK0009
ASMKOO010

C THIS SUBROUTINE ASSEMBLES THE ELEMENY STIFFNESS MATRIX IN1U THE ASSEMBASWMAUUYY

C STIFFNESS MATRIX
C
NN=(N-1)>NDPE
DO 100 I=1,NDPE
KMA=NODE (NN+1)
5 0O 100 IlI=t1,1
O KNA=NODE(NN+11)

KA=TNUM(KMA) +KNA
TF(KNA .GT KMA)KA=INUM(KNA)+KMA
STF(KA)=STF(KA)+EK(I,II)

100 CONTINUE
RETURN
END
SUEBROUTINE BCONMK(STF, 8C, ICOL, INUM,NBC)
IMPLICIT REAL*B(A-H,0-2Z)
C
C ASRL TR 154-14. .... ORIGINAL REPORT VERSION OF PROGRAM
C COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980
Cc
C THIS SJUBROUTINE 1S USED BY BOTH THE PLATE AND ThE CIvin FLATE PkO3RAm>.
Cc
DIMENS ION STF(1), BC(1),ICOL(1),INUM(1),NBC(1)
COMMON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC
Cc
C THIS SUBROUTINE 1MPOSES THE BOUNDARY CONDITION CONSTRAINTS (ZERO
C DISPLACEMENTS) ON THE ASSEMBLED MATRIX (2M/(DELTA T SQUARED)+K)
C GIVEN IN EQUATION A 114, BY ZEROING THE ROW AND COLUMN (NOT
C INCLUDING THE DI AGONAL TERM) CORRESPONDING TQO EACH CONSTRAINED
C DEGREE OF FREEDOM
Cc

IF(NB EQ O)RETURN

DO 100 I=1,NB

#=NBC( 1)

KA=K+1
IF(NEC(I).GE.NDT)GO TO 10
DO 200 Jy=KA,NDT

ASMKOO12
ASMKOO13
ASMKOO14
ASMKOO15
ASMKO016
ASMKO0Q17
ASNKO0018
ASNMKOO19
ASMK0020
ASMK0021
ASNK0022
ASMK0023
ASMK0024
BCMKO000
BCMKO0001
BCMKO002
BCMKOO003
BCMK0O004
BCMiK000S
oCunGuud
BCMK0007
BCWMKO008
BCMKO 009
BCMKOO010
BCMKOO1t1
BCMKOO012
BCMKOO13
BCMKO014
BCMKO015S
BCMKOO16
8CMIKOO017
BCMKOO018
BCMKOO19
BCMKO020
BCMKOO21
BCMKL0022
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200
10

500
100

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

(STCRED BY ROWS

IF(ICOL(J) GT K)GO TO 200
KK=NBC (I)+INuUM(J)
STF{AK)=0 0

CONTINUE

KA=K-1

IF((NBC(I).LE.1) OR.(ICOL(K).GT.KA))GO TO 100
MCO=1COL(K)

DO 500 U=MCO,KA
KK=J+INUM(K)

STF(hK)=0.0

CONTINUE

CONTINUE

RETURN

END

SUBRCUTINE EAROW(STF,NBC,ICOL, INUM,RFM,ILAST,NBE ,MBVWE)

IMPLICI( REAL~8(A-H,0-Z)

ASRL TR 154-14.... ..ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHJSETTS INSTITUTE OF TECHNOLOGY 1980

DIMENSICN STF(1),NBC(1),ICOL{1),INUM{1),ILAST(1) ,RFM(N

CO!TA0ON /BAS/NDT ,NET ,MN,NB ,NIRREG ,MNC
COMMON /INOUT/ MREAD,MWRITE,MPUNCH

e afvy

Vil b

THIS SUBRDUTINE EXTRACTS THE ROWS OF THE ASSEMBLED MATRIX, STF
FROM THE FIRST NONZERO TERM 7O THE DIAGONAL)

CORRESPONDING TO EACH CONSTRAINED D.O.F.. THE MATRIX RFM(K,J)

<)

BCMK0023
BCMK0024
DCmnll2o
BCMK0026
BCMK0027
BClMK0028
BCMK0029
B8CMKC030
BCMKQO31
BCMK0032
BCMKQ033
BCMKG034
BCMK0035
BCMK0036
ERQW0000
ERQW0001
EROW0002
EROW0003
EROW0004
EROW0005
EROWQ006
ERO%Q007
CRCLCCOC
EROW0009
EROW0010
EROW0OO01 1
EROW0012
EROW0013
EROWQO 14

CONTAINS THE K-TH ROW OF STF, AND IS USED TO COMPUTE REACTION FORCESEROWCO1S

EXTRACT TERMS IN K-TH ROW FROM FIRST NONZERO TERM TO DIAGONAL TERM.

10

32

IT IS ASSUMED THAT THE CONSTRAINED D.O.F.
DUPLICATES

IF(HB EQ.O)RETURN
MEN- O

LNM=0

DO 50 INB=1,NB
K=NBC ( INB)

NN=0

KA=ICOL(K)

DO 10 J=KA,K
NHN=NN+1
KK-J+ T NUM(K)
RFM{INB,NN}=STF(KK)

FIND ROW WHICH HAS LAST NONZERO TERM IN COL. K.

IL=K

IF(K.EQ NDT)CO TO 30
KA-K+1

DO 20 I=KA,NDT

IF(K GE.ICOL(I))IL=1
CGNTINUE
ILAST(INB)=1L
MM=ILAST(INB)-ICOL(K)+1
ir(mn. LT mdw)GO TO 32
MBW=MiA

LhNM=K

CONTINUE
IF(K.EQ.NDT)G0O TO 50

LIST CONTAINS NoO

EROWO016
EROW0017
EROW0018
EROW0019
EROW0020
EROW0021
EROW0022
EROW0023
EROW0024
EROW0025
EROW0026
EROW0027
Eonunnag
EROW0029
EROW0030
EROW0031
EROW0032
EROWG033
EROW0034
EROW0035
EROW0036
EROW0037
EROW0038
EROW0039
EROWO040
ERCW0041
EROW0042
EROV0043
EROW0044
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EXTRACT TERMS IN K-TH COL. FRCM (K+1)ST ROW TO LAST NONZERO TERM
IN K~-TH COL..
C3 40 I=KA,IL
NN=NN+1
IF(K GE ICOL(I1))GO 70 35
RFM(INB,NN)=0.0
GO 10 40
35 KK=INUM(I)+K
RFM(INB,NN)=STF(KK)
40 CONTINUE
50 CONTINUE
WRITE(MWRITE ,600)MEB%, LNM
IF(M3BW GT.MBWE)WRITE(MWRIYE,G610)
1F(M3W GT MBWE)CALL EXIT

EROW0045S
EROW0046
EoOWROAT
EROW0048
ERQWO0049
EROW0050
EROW0051
EROW0052
EROWC 053
EROW0054
EROW0055
EROXNOO56
ERCWOO57
EROU0O0S58

600 FORMAT ('0','MAXIMUM BANDYIDTH OF',I6,2X,'IS FOUND FOR (CONSTRAINEDEROW0059

2) DEGREE~OF~FREEDOM NUMBER',I6)

EROW0060

610 FORMAT('0',' ==+ USER ESTIMATE OF MAX. BANODWIDTH AT A CONSTRAINED DEROW0061

2 0.F IS TOO SMALL---RUN HAS BEEN TERMINATED')
RETURN
END
SUBROUTINE FACT(STIFM,NCOL,KROW,NDEX,IDET,NTAPEG, IC)
IMPLICIT REAL*8(A-H,0-Z)

ASRL TR 154-14 ... , ORIGINAL REPGRT VERSION OF PRQOGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

OIMENS ION STIFM({1),NCOL(1),KROW(1),NDEX(1),IC(1)
COMMON /BAS/NROWS ,NET ,MN, NBD,NI RREG, MNC

THIS SUBROUTINE PERFORMS TRIPLE-FACTORIZATION ON THE ASSEMBLED
MATRIX (2M/(DELTA T SQUARED)+K) IN EQUATION A.114, PUTTING IT IN THE
FORM (L TRANSPOSE)+«D»t WHERE L IS A LOWER TRIANGULAR MATRIX AND D IS
A CIAGOWAL MATRIA.THI ORIGINAL MATRIX IS DESTROYED IN THIS OFERATICN.
DETAILS OF THE TRIPLE-FACTORING OPERATION MAY BE FOUND IN NUMERDUS
TEXTS ON NUMERICAL METHODS AND FINITE-ELEMENT METHODS (EQUATION 9).

LOWER TRIANGULAR FACTOR OF K MATRIX TO BE COMPUTED AND STORED IN

STIFM

FROCESS COLUMN 1

I=1

IDET=0

IF(STIFM(1)) 152,122,101
152 IDET=IDET+1
101 INDEX=0

IROW=1

TEST=1 0

hN=1

DO 103 [=2,NROWS

KN=KN+I-NCOL (1)

IF (NCOL(I)-1) 103,102,103
102 STIFM(hN)=STIFM(KN)/STIFM(1)
103 CONTINUE

DO 121 1=2,NROUYS

IP1=1+1

Imt=1-1

SUM=0.0

NCK=0

EROW0062
EROW0063
EROWO064
FACTQ000
FACTO0001
FACT0002
FACTO003
FACT0004
FACT0005
FACT0006
FACT0007
FACT0008
FACT0009
FACTO010
FACTOO11
FACT0012
FACT0013
FACTO0014
FACTO0015
FACT0016
FACTO0017
FACTOO018
FACTOO019
FACT0020
FACTO0021

canTanAan
AV IV vew

FACT0023
FACT0024
FACT0025
FACT0026
FACT0027
FACT0028
FACTO0029
FACT0030
FACT0031
FACTQ032
FACT0033
FACT0034
FACT0035
FACTO0036
FACT0037
FACT0038

-
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CET

140

104
150

151
105

-

«
<)

108
109

110
130
131

111
112
114
115
116

190

121

1000

122
1001

1002

I1I=NCOL(I)

INDEX= INDEX+I-111

IF (IM1-ITI) 150,140,140
DIAGONAL TERMS

DO 104 J=II1,IM1
1J=INDEX+J

1CUU=1C(J)+J
SUM=SUM+STIFM(IJ)+STIFM(IJ)*STIFM(ICUJ)
1I=INDEX+]

SUM=STIFM(II )-SuUM
IF(SUM) 151,122,105
IDET=IDET+1
TES=DABS(SUM/STIFM(II1))
IF(TES-TEST) 106,107,107
TEST=7cS

IROW=1

STIFM(II)=SUM

OFF D1AGONAL TERMS

IF (1-NROWS) 108,121,121
KNDEX= INDEX

DO 116 K=IP1 ,NRCWS
KK=NCOL(K)

KNDEX= hADEA+ h=Ki
SUM=0.0

IF (KK=-III) 110,130,130
KK=111

IF (IM1-KK) 112,131,131

DO 111 J=KK, IM1

IU=INDEX+J

Ku=KND EX+d

ICJU=1C(J)+y
SUM=SUM+STIFM(IJ)+STIFM(KJ)*STIFM(ICJY)
IF (I-Kh) 114,115,115

IF(NIRREG .LE 0) GO TO 121
IF(NIRREG .GT. NROWS/2) GO TO 116
GO TO 190

KI=KNDEX+1I
STIFM(KI)=(STIFM(KI)-SUM)/STIFM(LI)
CONTINUE

GO 1O 121

MCK=NCK+1

IF(NIRREG LT. NCK) GO TO 121
IP1=KRCY{NCK )

IF(I LT NCOL(IP1)) GO TO 190
IF(IPt LT K) GO TO 190
KNDEX= NDEX (NCK)

GO TO 109

CONTINUE

WRITE (NTAPE6,1000) IROwW,TEST,IDET

FCRMAT (42HOROUNDING ERROR PARAMETER IN FACTORING ROW, I4,2H =,F12,
18,5X, 'NO OF NEGATIVE DIAG=',I15)

RETURN

WRITE(NTAPEG,1001) I

IDET=-1

FORMAT (27H1 MATRIX NOT POSITIVE DEFINITE IN ROW,I4)
WRITE(NTAPEG,1002) SUM

FORMAT (2X,'SGR DIAG TERM=',D15.8,/2X, ‘PART FACT K',//)
RETURN

END

FACT0039
FACT0040
FACTOO0A4
FACT0042
FACT0043
FACTO0044
FACT0045
FACT0046
FACT0047
FACTQ048
FACT0049
FACT0050
FACT0051
FACT0052
FACT0053
FACTO0054
FACT00SS
FACT0056
FACT0057
FACTO0058
FACT0059
FACYT0060

cAaAYAA~Y
LAvivwews

FACT00G2
FACTO0063
FACTQ064
FACTO065
FACT0066
FACT0067
FACTO068
FACT0069
FACT0070
FACTGCO71
FACT0072
FACT0073
FACTC074
FACTO075
FACTO0076
FACT0077
FACTO078
FACT0079
FACI0080
FrACcToC2Y
FACT0082
FACT0083
FACTO084
FACT0085
FACT0086
FACTO087
FACTOO88
FACT0089
FACT0090
FACTQ091
FACT0092
FACT0093
FACT0094
FACT009S
FACT0096
FACT0097
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THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

THIS SUBROUTINE DEFINES THE LOCATION OF THE GAUSSIAN INTEGRATION
STATIONS AND THE CORRESPONDING WEIGHTING FACTORS IN ONE DIMENSIONAL

SPACE. THE NUMBER OF GAUSSIAN STATIONS USED MAY BE FROM 1 T0 6.

20

30

40

50

——

SUBROUT
IMPLICI

ASRL TR

DIMENSI
GO TO(1
GS{(1)=0
Gw(1)=2
RETURN
GS1=-0
GS(1)=G
GS(2)=~
CW(t)=1
cu(2)=t
RETURN
GS1=-
GS(1)=G
GS(2)=0
G5(3)=-
GW1=.
GW(1)=G

Gvi(2)= 8838888888888889D+00

GW(3)=
RETURN

GS1=-.86113631159405300D0+00
GS2=- 33989810425848560D+00

GS(1)=
GS(2)=
GS(3) =~
GS(4)=-~
Gui=
Gw2=
GU(1)=G
Cw(2)=G
GU(3)=
GW(4)=
RETURN
GS1=-0

GS2=~
GS(1)=G
GS(2)=G
GS(3)=0
GS(4)=-
GS(5)--

GWi=z,

uwW2=
Gw(1)=C
GW(2)=G
GW(3)=.
Gw(4)=

INE GAUSS(N,GS,GW)
T REAL*8(A-H,0-2Z)

154-14. .. ORIGINAL REPORT
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

ON GS(6),GuW(6)
6,206,350,40,50,60) ,N
oDOo
.0D0
577350269189626D0+00
S1

GsS1

obo

0090
7745956692414830+00
S1
.000000C00000000D+00

GS1

5555555555E55556D+00
W1

Cwi

GS1
GS2
GS2
GS1t
3178548451374540D+00
65214515486253€0D0+00
w1
w2
GW2
Gw1

906179815938664D+00
.538469316105683D+00
Si
S2
.0D0

GSs2

GS1t
236926585056189D0+ 00
470628670459366D+00
w1
W2
56888 88838888890+ 00
GW2

VERSION OF PROGRAM

GAUS0000
GAUS0001
GAUS0003
GAUSC004
GAUSO0005
GAUS0006
GAUS0007
GAUSO0008
GAUS0009
GAUS50010
GAUSO001t
GAUS0012
GAUS0013
GAUS0014
GAUS0015
GAUSOO16
GAUSQ017
GAUSO0018
GAUSO0O019
GAUS0020
GAUS0021

AVECAAARA
GALCSCC22

GAUS0023
GAUS0024
GAUS0025
GAUS0026
GAUS0027
GAUSQO28
GAUS0029
GAUS0030
GAUS0031
GAUS0032
GAUS0033
GAUS0034
GAUS0035
GAUS0036
GAUS0037
GAUS0038
GAUS0039
GAUS0040
GAUS0041
RacANAD
GAUS0043
GAUS0044
GAUS0045
GAUS0046
GAUS0047
GAUS0048
GAUS0049
GAUS0050
GAUS0051
GAUS0052
GAUS0053
GAUS0054
GAUS0055
GAUS0056
GAUS0057
GAUS0058

——
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GW(5)= Gw1 GAUSQ059
RETURN GAUS0060

0 GS1=-.832465514203152D+00 CAUCTCC
GS2=-.6612093686466265D+00 GAUS0062
GS(1)=GS1 GAUS0063
GS(2)=GSs2 GAUS0064
GS3=-.238619186083197D+00 GAUS0065
GS(3)=GSs3 GAUS0066
GS(4)=- GS3 GAUS0067
GS(5)=- GS2 GAUSC06G8
GS(6)=~ G51 GAUS0069
GW1=,1713244923781700+00 GAauso070
GW2=.360761573048139D+00 GAUS0071

GW3= 467913934572691D+00 GAUS0072
GY{(1)=Cuw GAUS0073
GwW(2)=Gw2 GAUS0074
GW(3)=Gw3 GAUS0075
GW(4): Gw3 GAUS0076
GW(3)= GW2 GAUS0077
GW({6)= Gu1 GAUS0078
RETURN GAUS0079

END GAUS0080
SUBROUTINE LMMASSPINTYPE, XL,YL, TH, SL,CSA, SMNT EML ,NENS) t MSPOANO
INPLICIT REAL*8(A~H,0-2) LMSPO001

c LMSP0O002
Cc ASRL TR 154-14 .. ..ORIGINAL REPORT VERSION OF PROGRAM LMSPO003
C COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 LMSP0004
C LMSP000S
C THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.LMSP0006
C LMSPQ007
DIMENSION EML(1) LMSPO008

C LMSPO009
C THIS SUBROUTINE FORMS THE LUMPED (DIAGONAL) MASS MATRIX FOR A PLATE LMSPOO10
C OR STIFFENER ELEMENT LMSPOOt1
w0 T0(106,59,70) ,NTYPE LMSPOO012

(o LUMPED MASS FOR PLATE LtMSP0O013
10 AM1I=XL*#YL*TH LMSPCO14
AM2=AM1*TH+*TH/12.0 LMSPOO1S

Co 40 1=1,4 LMSPOO 16
InC=6~(1-1) LMSPOO17

DC 20 J=1,3 LMSF0018
JJ=INC +d LMSP0019

20 EML(Ju ) =AM /4.0 [ icratotointel
CO 30 J4=4,5 LMSP0021
JJ=INC+uU LMSPOO22

30 EML(JU )=AM2/4.0 LMSP0O023
40 EML(INC+6)=0 ¢ LMSP0024
GO 10 90 LMSPOO25

(o LUMPED MASS FOR X-DIRECTION STIFFENER LMSPO026
50 AM1=CSA*XL LMSF0027
AM2=SMOI*XL LMSP00O28

Dt=1 0-StL LMSF0029

D2=SL LMSP0030

DO 60 I1=1,4 LMSPOO031
FCT=D2 LMSPQO032

1F(I EQ 1 OR.I EQ 2)FCT=D1 LMSPO0O33
INC=6+(I~1) tMSPO034
EML(INC+1)=AM1+FCT/2.0 LMSP0035

EML{INC+2)=EML(INC+1) LMSPO036

l { ' ! | | I ' ‘ !



C

[

SET

OO00O0O000

OoO0O0000

60

70

80
90

100

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

EML(INC+3)=EML(INC+1)
EML(INC+4)=AM2+FCT/2 O
EML(INCHE}=SEML{INC])
EML(INC+6)=0 ©

GO TO 90

LUMPED MASS FOR Y-DIRECTION STIFFENER

AM1=CSA»YL

AM2=SMOI*YL

D1=1 0-SL

D2=SL

DO 60 I=1,4

FCT=D2

IF(I.EQ 1.0R.I1.EQ 4)FCT=D1
INC=6+(1I-1)
EML{INC+V)=AMI1*FCT/2 O
EML(INC+2)=EML(INC+1)
EML(INC+3)=EML(INC+1)
EML(INC+4)=AM24FCT/2.0
EML(INC+5)=EML(INC+4)
EML(INC+6)=0 0
CONTINUE

MULTIPLY BY DENSITY FOR THIS ELEMENT.

DO 100 1=1,24
EML(I)=EML(I )~DENS
RETURN

END

SUBROUTINE MESHPA(NP,NODE,XG,YG,ZG,NBC,BC, LNXS,LNYS,XG1,YGl,

24ASPROP ,YSPROP ,NXST,NYST, IMESH, MATXS
IMPLICIT REAL>B(A-H,0-2)
INTEGER TY,PE,TY1,PE1,TY2,PE2

ASRL TR 154-14 .. . ORIGINAL REPORT

DIMENSION NP (4,1),NODE(1),XG(1),YG(1),2ZG(1),NBC(1),BC(1),NCSB(4),

2NC(6), XSPROP(7,1) ,YSPROP(7,1) ,NSC

3NBCEC(5),XGI (1) ,YCI(1),LNXS(1) ,LNYS(1),RHC(30),RWC(30) ,ECS(30),

4ANUCS (30),DENCS(30),SLCS(30),XFCST(
SMATXS(1),MATYS(1)

DATA NSC/1.4,6.3"'0.1.2.3.4.5.6".2v30516l0p1'2t51612*°v23305o80

@2=0/

DATA NEC/2,5,6,3¥0,1,2,3,4,5,6,1,2,3,4,6,0,1,2,4,6,2%0,1,3,4,6,

€240/
DATA MBCEC/3,6,5,4,4/
DATA NBCSC/3,6,5,4,4/
DATA TY1,TY2,PEt,PE2/' SIN',' DOU',

COMMON/PLATE /XDIST ,YDIST,TH,HXL,HYL,NEAD,NECD,DENSP ,EPAN, ANUP,

2THALF
COMMON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC
COMMON /INQUT/ MREAD,MWRITE,NMPUNCH

+MATYS)

VERSION OF PROGRAM

COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

(6,5),NEC(6,5),NBCSC(5),

30),APCST(30) ,MATCS (30),

'GLE ', 'BLE '/

TH1S ROUTINE FORMS MESH, BOUNDARY CONDITION, AND STIFFENER
INFOPMATICN FOR FLAT PLATE PROBLEM. THE STIFFENERS ARE

ASSUMED TO BE CRIENTED IN THE X AND Y DIRECTIONS,
ENTIRE PLATE AT PRESENT A MAXIMUM OF 30 STIFFENERS IN EACH

DIRECTION 1S PEFMITTED

THE MESH IS MADE UP OF RECTANGULAR

PLATE BENDING ELEMENTS, IN A UNIFQRM OR NONUNIFORM PATTERN.

SPANNING THE

——

LMSPCO37
LMSF0038
Lnennolo
LMSPO040
LMSP0041
LMSP0O042
LMSPQ043
LMSP0044
LMSPO0O4S
LMSPOO4a6
LVMSPO047
LMSPOO48
LMSP0049
LMSPO0OS0
LMSPOOS1
LMSPO0O52
LMSPO0S53
LMSP0O054
LMSPOO5S
LMSPOO56
LMSPOOST
LMSPOOSS8
LwidrOuoy
LMSPO0O60
LMSPO061
LMSPO062
MSPAOOOO
MSPAOOO1
MSPAOQO2
MSPAOQO3
MSPAOOO4
MSPAQOOS
MSPAQOOOS
MSPAQOO7
MSPAQOOS
MSPAOQO9
MSPAOO10
MSPAGO11
MSPAQO12
MSPAOO13
MSPAOO14
MSPACO1S
MSrAaGv Lo
MSPAOOQ17
MSPACO1S
MSPAOQ19
MSPAQ020
MSPAOO21
MSPA0022
MSPA0O023
MSPAOO24
MSPAQO25
MSPAQO26
MSPA0G27
MSPAQO28
MSPAOO29
MSPAO0O30
MSPAOO31
MSPA0032

PAGE 0008
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PLATE IS OF UNIFORM THICKNESS.

IF IMESH=0 , A NOMUNIFOPM MESH IS ASSUMED,
IF IMESH=1 , A UNIFORM MESH IS ASSUMED.
GENERAL MESH INFORMATION
READ(MREAD,500)NEAD,NECD
READ(MREAD,S10)EPAN,ANUP ,DENSP ,TH,XDIST,YDIST,ZPOS
THALF=TH/2.0D0
NET=NEAD*NECD
NDPE=24
NDPN=6
NXST=0
NYST=0
NEAD1=NEAD+1
NECD1=NECD+1
NDT=NEAD1*NECD1*NDPN
NNT=NEAD1*NECD1
c FORM NP(I,J), I=tOCAL NODE NUMBER, J=ELEMENT NO.
C X-DIR FIRST, Y-DIR. NEXT
LNUM=0
DO 10 NE=1,NECD
INCE=(NE-1)*NEAD1
00 10 NS=1,NEAD
LNUM=LNUM+1
NP(1,LNUM)=TNCE+NS
NP(2,LNUM)=NP(1,LNUM)+1
NP(3,LNUM)=NP(2,LNUM)+NEADI
10 NP(4,LNUM)=NP(3,LNUM)-1
Cc FORM NODE VECTQOR-~= ASSEMBLY LIST
DO 30 I=1,NET
INCI=(I-1)+NDPE
DO 30 J=1,43
INCU=(J-1)*NEPN
DO 30 K=1,NDPN
INCIJK=INCI+ INCJ+K
30 NODE(INCIJK) =NP(J, I )*NDPN-NDPN+K

o000 0n

C SPACE COORDINATES OF NODES.

IF(LIAESH EQ.1)GO TO 32

c FOR NONUNIFORM MESH, READ Y=0 NODAL COORDS. AND X=0 NODA{ COORDS.

READ(MREAD,510) (XG(I), I=1,NEAD1)
12=NECD¥NEAD 1+1

READ(MREAD,510) (YG(I), I=1,I12,NEADI)
GO TO 38

c FOR UNIFORM MESH GENERATE THIS INFO AUTOMATICALLY
C ASSUMING FIRST NODE AT (0,0)

32 DX=XDIST/NEAD
DY=YDIST/NECD
HXL=DX/2 0
HYL=DY/2 0
DO 34 I=1,NEAD1

34 YG(I)=(I-1)»DX
DO 36 I=1,NECD1
12=NEAD1I1*xI-NEAD

36 YG(I2)=(I-1)=DY

cv " ~
C ILL CUT XG, Y&, ZG

38 DO 40 IY=1,NECDt
INCY=( IY=1)*NEAD1
DO 40 IX=1,NEAD1
I2=INCY+IX

MSPA0O033
MSPAOO034
mMcoANNaE
MSPAOO36
MSPAOO37
MSPAQ038
MSPAOO39
tASPAGOA0
MSPAQO41
MSPAO042
MSPAQO43
MSPAQO44
MSPA0045
MSPAO0O46
M5PA0047
MSPAOO48
MSPAOQ49
MSPAOOSO
MSPAOOS1
MSPA0OS2
MSPAQO0S3
MSPAQ0S4
MSPAQNGR
MSPAQOS56
MSPAQOS7
MSPACOSS8
MSPAQOS9
MASPACO60
MSPAQOGt
MSPA0OG2
MSPAQO063
MSPA00G4
MSPA0065
MSPAQOCGEE
MSPAOO067
MSPAOOGS
MSPACOE9
MSPAQO70
MSPAQO71
MASPAOO72
MSPAQO073
MSPAQO74
MSPAQOO7S
MSPAOQ76
MSPAOQ77
MSPAQQ78
MSPAQO79
MSPAQ0BO
MSPACOB1
MSPAQ0B2
MSPAQOO83
MSPAO0OB4
MSPAQO2BS
MSPA0086
NSPACOBY
MSPAOOBS
MSPAQOB9
MSPAO090
MSPAQO91

PAGE 0009



LET

OQOOOOO0O

(4]

~0

41

42

S0

52

60

62

70

72
80

XG(12) =XG(IX)
YG(I12) =YG(INCY+1)
2G(12)=2P0S
DO 41 I=1,NNT
XGI(I)=xG(1)
YGI(I)=YG(I)

BOUNDARY CONDI TICNS

CONVENTION FOR FLAT-PLATE BOUNDARY CONDITION OPTIONS,

0 - FREE

=~ SYMJAETRY

- IDEALLY CLAMPED
= PINNED-FIXED

ODWN -

READ(MREAD,500) (NCSB(I), I=1,4)
NBT=0

SIDE 1=---Y=0, VARY X
IF(NCSB(1).EQ 0) GO TO S50
MM=NCSB(1)
NN=NBCEC(MM)
DO 42 NS=1,NEAD1
INS=(NS-1)*NDPN
DD 42 1=1,NN

NBT=NBT+1
NBC(NBT)=INS+NEC(I,MM)
SIDE 2~~- X=ADIST, VARY Y

IF(NCSB(2) EQ.C)GO 1O 60
MM=NCSB(2)

NN=NBC SC(MM)

DO 52 NE=1,NECD1
INE=NE *NEAD1 +NDPN-NDPN
D0 52 I=1,NN

NBT=NBT+1
NBC(NBT)=INE+NSC(I,mM)
SI0C 3~=- v-iDIST, VARY X

IF(NCSB(3) EQ 0)GO TO 70
MM=NCSEB(3)

NiN=NBCEC(MM)

DO €2 NS=1,NEAD1

INS=NEAD1+NECD*NDPN+ (NS-1)*NDPN

DO 62 I=1,NN

NBT=NBT+1

WBC(NBT)=1H3 +NEC{T,MM)
SIDE 4--- X=0, VARY Y

1F(NCSB(4).EQ.0)GO TO 80

MM=NCSB(4)

NN=NBC SC (Au)

DO 72 NE=1,NECO1

INE=(NE-1)*NEADT*NDPN

DO 72 I=1,NN

NBT=NBT+1

NBC(NBT)=1dE+NSC(1,MM)

CONTINUE

SORT CONSTRAINED D O.F., LOWEST 70 HIGHEST,

1F(NBT EQ.O)ND=0
IF(NBT.EQ.0)GO TO 850

REMOVE DUPLICATE CONSTRAINED D.O.F.

NB=1
DO 820 I=2,NBT

— PINNED-FRLE SLIDING Z-DIRECTION
- PINNED-FREE SLIDING/NORMAL (INPLANE)

—_—

NCBS(SIDE)

ELIMINATING DUPLICATES.

——

MSPAQO92
MSPAO0OS3
HenrQCoe
MSPAQO9S
MSPAQO96
MSPAQO97
MSPACQGS
MSPACO99
MSPAO100
MSPAO101
MSPAO102
MSPAQO103
ASPAQ104
MSPAC10S
MSPA0106
MSPAO107
MSPAQ108
MSPAO109
MSPAQ110
MSPAO111
MSPAO112
MSPAO113
MSPANYI 14
MSPAO115
MSPAO116
MSPAO117
MSPAO118
MSPAO119
MSPAO120
MSPAO121
MSPAO122
MSPAO123
MSPAO124
MSPAO12S
MSPAC126
MSPAO127
MSPAO128
MSPAO129
MSPAC130
MSPAO131
MSPAC132
MSPAG133

ram A~
[Ty SO et

MSPAQ135
ASPAO136
MSPAO137
MSPAO138
MS5PA0139
M5PA0140
MSPAO141
MSPAO142
MSPAQ143
MSPAO144
MSPAQ145
MSPAO146
MSPA0147
MSPAO148
MSPAO149
MSPAO150

PAGE 0010
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C

C
c

c

8E€T

810

820

830

840

845
850

INFORMAT ICN FOR STIFFENERS.

NI=NBC (1)

DO 810 J=1,NB

IF(NEC(J) EQ NI)ZC 7O 8290
CONTINUE

NB=NB+1

NBC(NB )=NI

CONTINUE

REARRANGE, LOWEST TO HIGHEST.

N8T=0
NBT=NBT+1

NMIN=NDT+1

DO 840 II=NBT,NB
IF(NBC(II).GT NMIN)GO TO 840
NMIN=NBC(1I)

NI=11

CONTINUE

NSTOR=NBC(NBT)

NBC(NBT }=NBC (NI)

NBC(NI )=NSTCR

IF(MBT LT NB)GO TO 830

DO 845 I=1,NB

BC(1)=0.0D0

CONTINUE

OR CIRC STIFFENER SPANS ENTIRE DIMENSION OF STRUCTURE.

105
110

115

READ(MREAD,500)NAST,NCST

INFORMAT ION FOR X-DIRECTIGN STIFFENERS SPANNING PLATE.

IF(NAST EQ 0)GO YO 100
READ(MREAD,510)(APCST(I),1=1,NAST)
READ(MREAZ,510){(RHC(1),I=1,NAST)
READ(MREAD,510) (RWC(1),I=1,NAST)
READ(MREAD,S1G)(ECS(1),I=1,NAST)
READ(MREAD,510) (ALUCS(I),I=1,NAST)
READ{MREAD,510) (DENCS(I),I=1,NAST)
READ(MREAD,510)(XFCST(1),I=1,NAST)
READ(MREAD,5023)(MATCS(I),1=1,NAST)
NN=0

DO 115 NES=1,NAST

DO 105 I=1,NECD

12=NEAD1*I+1

APOS=YG(12)

IF(APOS GE APCST(NES))NROW=I
IF(APOS GE.APCST(NES))GO TO 110
CONTINUE -
I1=NEAD1*(NROwW—1)+1
12=NEAD1*NROW+1

SLCS(NES)=(2 DO~<APCST(NES)-YG(I1)=YG(I2))/(YG(I2)-YG(L1))
DO 115 NS=1,NTAD

NN=NN+ 1

LNXS{NN ) = (NROW-1)*NEAD+NS

NN=0

DO 116 I=1,NAST

CO 116 J=1,NEAD

NN=NN+ 1

MATXS{NN)=MATCS(I)
XSPROP (1 ,NN) =RHC(1)

XSPROP (2,NH!) =RNC(1)

XSPRC?(3,NN) =ECS(I)
XSPRCP (4 ,NN) =aANUCS (1)

f ! ! ! i i

FOR PRESENT ANALYSIS, EACH AXIAL AND/

MSPAQ151
MSPAO152
IIEnAI-\Q s:
MSPAO154
MSPAO155
MSPAO156
MSPAQ157
MSPAO158
MSPAO159
MSPAO160
MSPAO161
MSPAO1IG2
MSPAO163
MSPAO164
MSPAQ165
MSPAQ166
MSPAQ167
MSFAQ168
MSPAO169
MSPAO170
MSPAC171
MSPAO172
MOFAUVI (3
MSPAG174
MSPAO17S
MSPAO176
MSPAO177
MSPAO178
MSPAO179
MSPAO180
MSPAO181
MSPAQ182
MSPA0183
MSPAQ184
MSPAO185
MSPAO186
MSPAO187
MSPAO188
MSPAC189
MSPAO190
MSPAG191
MSPAQO192
MIFAJI1SS
MSPAO194
MSPAO195
MSPAO196
MSPAQ197
MSPAQ1G8
MSPAO199
MSFAQ200
MSPAQ201
MSPAQ202
MSPAO203
MSPAO204
MSPAQ205
MSPAO206
MSPA0207
MSPAQ208
MSPA0209

PAGE 0011



c

6€T

C

c

116

100

85
90

95

96

120

122
125

127
128

XSPROP (5,NN) =DENCS(1I)

XSPROP (6,NN) =(SLCS(1)+1.0D0)/2.0D0
XSPROP (7 ,NN) =XFCST(1I)
NXST=NAST*NEAD

INFORMAT ION FOR Y-DIRECTION STIFFENERS SPANNING PLATE.

IF(NCST EQ 0)GO TO 120
READ(!AREAD,510) (APCST(I1),I=1,NCST)
READ(MREAD,S510)(RHC(I),1=1,NCST)
READ(MREAD,510)(RWC(1),I=1,NCST)
READ(MREAD,510) (ECS(1),I=1,NCST)
READ(MREAD,510) (ANUCS(1),I=1,NCST)
READ(MREAD,510) (DENCS(I) ,I=1,NCST)
READ(MREAD,510) (XFCST(1),I=1,NCST)
READ(MREAD,500) (MATCS(I),I=1,NCST)
NN=0

PO 95 NES=1,NCST

DO 85 I=1,NEAD

POS=XG(I+1)
IF(POS.GE.APCST(NES))NCOL=I

1F(POS GE.APCST(NES))GO TO 90
CONTINUE

SLCS(NES)=(2.D0+#APCST{NES)~XG( NCOL+1)~XG(NCOL))/ (XG(NCaL+1)~

&XG(NCOL))

DO S5 NE-1,NECD

NN=NN+1

LAYS(NN ) =NCOL+NEAD* ( NE~1)
NN=z0

DD 96 I=1,NCST

DO 96 J=1,NECL

NN=NN+1

MATYS (NN)=MATCS(I)

YSPROP (1,NN) =RHC(1)

YSPROP (2,NN) =RWC(1I)

YSPROP (3,NN) =ECS(1)

YSFROP (4,Nh) =ANUCS( 1)

YSPROP (5,NN) =DENCS( 1)

YSPROP (6 ,NN) =(SLCS(1)+1.0D0)/2.0D0
YSPRQP (7 ,NN) =XFCST(1I)
NYST=NCST*NECD

CONTINUE

J1=HXST+1

J2=HNXST+NAXS

READ(MREAD,S00)NAXS ,NAYS

IF(NAXS.EQ C)GO TO 125
READ(MREAD,500) (LNXS(J), J=di,J2)
REAB(MREAD,500) (MATXS(J) ,Jd=J1,J2)

DO 122 1=1,7
READ(IMREAD,S10) (XSPROP(I ,J),J=J1,42)
1F(NAYS EQ 0)GO TO 128

J1=NYST+1

JU2=NY5T+NAYS

READ(MREAD,500) (LNYS(J),J=d1,d2)
READ(MREAD,500) (MATYS(J) ,d=d1, Jd2)

o0 127 I=1 7

READ(MREAD,510) (YSPROP(I,J),d=d1,d2)
NXST=NXST+NAXS

NYST=NYST+NAYS

PRINT INFORMAT ION

INFORMAT ION FOR ADDITIONAL STIFFENERS ON INDIVIDUAL ELEMENTS.

——

MSPA0210
MSPAO211
MSPAG219
MSPA0213
1MSPAO214
MSPAG215
MSPA0216
MSPAO217
MSPAC218
MSPAO219
MSPA0220
MSPA0221
MSPA0222
MSPA0223
MSPAD224
MSPA0225
MSPAO226
MSPA0227
MSPAO228
MSPAO229
MSPA0230
MSPA0231
MSPA0232
MSPA0233
MSPA0234
MSPAD235
MSPA0236
MSPA0237
MSPA0238
MSPA0239
MSPAO240
MSPA0241
MSPAO242
MSPAG243
MSPA0244
MSPAQ245
MSPAO246
MSPA0247
14SPAO248
MSPA0249
MSPAO250
MSPA0251
MSPAD252
MSPA0253
MSPAO254
MSPAD255
MSFA0256
MSPAO257
MSPAO258
SPAO259
MSPA0260
MSPA0261
MSPA0262
MSPA0263
MSPAO264
MSPA0265
MSPA0266
MSPA0267
MSPAO268

—

PAGE 0012



ort

130

135

13501

13502
13503

136

140
150

160
170
500
510
600

605

WRITE(MWRITE ,600)

WRITE(MWRITE ,605)XDIST,YDIST,ZPQS,TH,EPAN, ANUP ,DENSP,NEAD,NECD,

2NDPE ,NET,NDT  NXST,NYST
WRITE(MWRITE ,625)

WRITE{MWRITE ,625)

DO 130 I=1,NET

WRITE(MWRITE ,627)1,(NP(J,1),J=1,48)
WRITE(MWRITE ,700)

WRITE(MWRITE ,701)

1=0

DO 135 NSIDE-t,4

NN=NCSB(NSIDE)

IF(NN [Q.O0)WRITE(MWRITE, 900)NSIDE
IF(NN EQ.1)WRITE(MWRITE, 901)NSIDE
IF(NN EQ 2YWRITE(MWRITE, 902)NSIDE
IF(NN EQ.3)WRITE(MWRITE, 903)NSIDE
IF(NN,EQ 4)WRITE(MWRITE, 9C4)NSIDE
IF(NN EQ 5)WRITE(MWRITE, 905)NSIDE
1F(NN .EQ. 1) I=I+1

CONTINUE

1IF(I EQ O) GO Tgo 13503

NG=2%1

IF(T .EQ 2) GO TO 13501

TY=TY1

PE=PE1

GO TO 13502

TY=1v2

PE=PE2

WRITE(MWRITE ,634) NO,TY, PE
CONTINUE

IF(NB EQ 0)GO 7O 136

WRITE(MWRITE ,635)NB
VRITE(MWRITE ,636) (NBC(I),I=1,NB)
CONTINUE

IF{WAST.ZC T )GC TO 150

WRITE( MWRITE ,650)

WRITE(MWRITE ,651)

DO 140 I=1,NXST

WRITE(MWRITE ,655)1,LNXS(I),MATXS(I),(XSPROP(J,I1),d=1,7)
IF(N\YST.EQ 0)GO TO 170
WRITE(MWRITE ,660)

WRITE(MWNRITE ,661)

CO 160 I=1,NYST

WRITE(MWRITE ,655)1,LNYS(I),MATYS(I),(YSPROP(U,1),d=1,7)
CONTINUE

