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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

19



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.

33



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
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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),

52



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.

67



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.
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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.
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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.)
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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:
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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.
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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

113



(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.

114



(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



f—

61T

O0OOO0O0OO0O0

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.

126



.-

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

PAGE 0003



OOOOO0

T€T

OOOOOOOOO0O0O0

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

——

PAGE 0006
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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

.



9ET

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

FORMAT (2014)

FORMAT (5D16 7)

MSPA0269
MSPAQ270
meoAQnTy
MSPAC272
MSPAG273
MSPAO274
MSPAQ275
MSPAO276
MSPAQO277
M3PA0278
MSPAQ0279
MSPAQ280
MSPAG281
M5PA0282
MSPA0283
MSPAO284
MSPAQ285
MSPA0286
MSPAG287

MSPAO288Y

MSPA0289,
MSPAQ290
MSPAND29 Y
MSPA0292
MSPAO293
MSPA0294
MSPA0295
MSPA0236
MSPAQ297
MSPAQ298
MSPAQ299
MSPAQ300
MSPAQ301
MSPA0302
MSPAO303
MSPAQO304
fASPAO305
MSPAG306
MSPAQ307
MSPAQ308
MSPAQ309
MSPAO310
MSPA0312
MSPAO313
MSPAC314
MSPAO315

FORMAT ('0', ' AUTO-GENERATED FINITE~-ELEMENT MESH INFORMATION FOR STIMSPAQ316

2FFEMNED OR UNSTIFFENED FLAT-PLATE PROBLEM')
FORMAT (///

25x, ' X=LENGTH (IN) =',D015.7/
354, 'Y~ LENGTH (IN) =',015.7/
45X, 'Z-POSITION(IN) =',015 7/
55X, ' THICKNESS(IN) =',D15.7/
65X, ' YOUNCS MCDULUS(PSI) =',D015.7/
75X, 'POISSONS RATIO =',D15.7/
85X, 'DENSITY( LB~SEC**2/IN+»4) =',D15.7/
95X, 'NO. OF ELEM. IN X-DIRECTIGN =',I13/
=t

ASX,'NO. OF ELEM. IN Y-DIRECTION 115/

I ) ' | i | I

MSPAO317
MSPAO318
MSPAO319
MSPAO320
MSPAO321
MSPA0322
MSPA0323
MSPAO324
MSPAQ325
MSPA0326
MSPAQ327
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OO0 CGOO

o000

625

626
627
700

701
900
9C1
902
903
204
905
650
651

655
660
€661

63
635

636

TH

BSX,'NO OF D O F /ELEM =', 115/ MSPAO328
C5X,'TOTAL NO. OF ELEMENTS =', 115/ MSPAO329
0SX,'TOTAL MNC CF C C ¢ =', 118/ mMcornd2n
ESX,'NO. OF X-DIR STIFFENERS =', 115/ MSPAO331
F5X,'NO. OF Y-DIR. STIFFENERS =',115) MSPAO332
FORMAT (* ','THE GLOBAL NODE NUMBERS ASSOCIATED WITH EACH ELEMENT AMSPA0333
2RE AS FOLLOWS ') MSPA0334
FORMAT (' ',5X,'ELEMENT',5X, 'GLOBAL NODE NUMBERS') MSPAO335
FQRMAT (' ',5X,16,51,416) MSPAO336
FORIAAT (*0', ' BOUIIDARY CONDITIONS (SEE WRITEUP FOR CONVENTION FOR SIMSPA0337
2DE NUMBER AND BOUNDARY CONDITION)') MSPAO338
FORMAT ('0', ' SIDE NUMBER' ,5X, 'BOUNDARY CONDITION') MSPAO339
FORMAT (' ',16,10X,'FREL") MSPAO340
FORMAT (' ',16,10X, 'SYMMETRY") MSPAO341
FORMAT (' +I16,10X, "IDEALLY CLAMPED') MSPAO342
FORMAT (' ',16,10X, 'PINNED-FIXED") MSPAO343
FORMAT (' ',16,10X, 'PINNED-FREE SLIDING Z-DIRECTION') MSPAO344
FORMAT (' ',IG,104, 'PINNED-FREE SLIDING/NORMAL (INPLANE)!) MSPAOG34S
FORMAT ('0',' INFORMATION FOR X-DIRECTICN STIFFENERS!') MSPAO346
FORMAT ('0','STIFF NO.',2X,'ON ELEM ',1X,'MAT. NO.',3X,'THICKNESS'MSPA0347
2,10X, " WIDTH' ,4X, 'YOUNGS MOD.',2X,'POISSON RATIO' ,8X,'DENSITY',7X, MSPAC348
J'ETA-LOC.',6X,'OFFSET,ZF ') MSPAO0349
FORMAT (' ',17,5X,15,16,3X,7D015.9) WMorAO3IDoU
FORMAT (0", "' INFORMATION FOR Y-DIRECTION STIFFENERS') MSPAO351

FORMAT ('0','STIFF. NO ',2X,'ON ELEM.',1X,'MAT. NO.',3X,'THICKNESS'MSPA0352
2,10X, 'WIDTH' ,4X,'YOUNGS MOD.',2X,'POISSON RATIO',8X,'DENSITY',7X, MSPA0353

3'pSI-LOC.',.6X,'OFFSET,ZF"') MSPA0354
4 FORMAT (3X,'(SYSTEM ENERGIES ARE 1/',I1,' THEIR ACTUAL VALUES BECAUMSPAO3SS
+SE OF THE',2A4,'SYMMETRY CONDITION)') MSPAO356
FGRMAT ('0',' THE FOLLOWING®',I16,2X, 'DEGREES OF FREEDOM ARE CONSTRAINMSPAO3S7
2€ED') MSPAQ358
FORMAT (* ',2015) MSPAQ359
RETURN MSPA0360
END MSPA0361
SUBROU TINE MESHFM(NP,NODE, XG,YG,ZG,NBC,BC, LNXS,LNYS,XG1,YGI, MSPM0000
2XSPROP ,YSPROP,NXST ,NYST, IMESH, MATXS,MATYS) MSPM0001
IMPLICIT REAL=8(A-H,0-Z) MSPM0002
MSPM0003

ASRL TR 15314, . . ORIGINAL REPORT VERSION OF PROGRAM MSPM0O004
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 MSPMO00S
MSPM0006

IS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.MSPM000O7
MSFwedGB

DIMENSION NP (4,1),NODE(1),XG(1),YG(1),2G(1) ,NBC(1),BC(1),LNXS(1), MSPMOOQ9
2LNYS(1),XGI(1),YGI(1),X¥SPROP(7,1),YSPROP(7,1) ,MATXS(1) ,MATYS(1) MSP0010
CONMMON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC MSPMOO11
CO™MAON /PLATE /XDIST,YDIST,TH,HX{ ,HYL,NEAD,NECD,DENSP,EPAN, ANUP, MSPI0012
2THALF MSPIN0013
COWMON /INOUT/ MREAD,M¢RITE,MPUNCH MSPM0O014
MANUAL MESH GENERATION FOR FLAT-PLATE STRUCTURES HAVING NON~RECTANG-MSPMOO1S
ULAR PLANFORM, VvOIDS, OR REQUIRING SPECIAL CONSIDERATIONS NOT MSPM0OQ16
INCLUDED IN AUTO- GENERATION ROUTINE. MSPMOQ17
MSPMOO18

READ(MREAD,S00)NNT,NET 1ASPMQO19
REAC(MREAD.SE1C)EPAN, ANUP ,DENSP , TH,ZPOS MSPMC020
NDT=KNNTx6 MSPM0021
NDPE=24 MSPM0022
NDPN=5 MSPM0023

THALF=TH/2.0 MSPM0024
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44\

10

30

«“0
45

50
60

70
80

130

136

140
150

READ IN NODAL CONNECTIVITY INFORMATION.
DO 10 I=1,NET
READ(MREAD,506G) (WF(J,1),J=1,4)
DO 20 I=1,NET
INCI=( 1-1)*NDPE
DO 20 J=1.,43
INCJU=(J—1)*NDPN
DO 20 K=1,NDPN
INCIJK=INCI+ INCUTK
NODE( INCIJK) =tP(J, 1) *NDPN-NGPN +K
READ IN NODAL X AND Y COORDINATES.
READ(MREAD,S10) (XG(I),I=1,NNT)
READ(MREAD,510)((G(1),I=1,NNT)
DO 30 I=1,NNT
XGI(I)=XG(I)
YGI(I)=v¢G(I)
ZG(1)=2P0S
READ IN CGNSTRAINED DEGREES OF FREEDOM IN ASCENDING OROCER, NO
DUPLIiCATES
READ(MREAD,500)NB
IF(N8 EQ 0)GO TO 45
READ(MREAD,S500) (NBC(1),1=1,NB)
DO 40 I=1,NB
BC(I)=0 ©
CONTINUE
READ IN INFORMATICN FOR STIFFENERS.
READ(IMREAD,S00)NXST,NYST
PROPERTIES FOR X-DIRECTION STIFFENERS.
IF(NXST EQ.0)<C TO 60
READ(MPEAD,500) (LNXS(1),1I=
READ(MREAD,500) (MATAS{1),I
oo 50 1=1,7
READ(MREAD,S510) (XSPROP(I,d),J=1,NXST)
CONTINUE
PROCERTIES FOR Y-DIRECTION STIFFENERS.
IF(NYST.EQ 0)GO TQ 80
READ(MREAD,50C0) (LNYS(I), I=1,NYST)
READ("MREAD,S500) (MATYS(1),I=1,NYST)
DO 70 I=1,7
READ(MREAD,S510) (YSPROP(I,J),J=1,NYST)
CONTINUE
PRINI INFORMATION,
WRITE(MWRITE 600)
WRITE(MWRITE ,605)EPAN,ANUP,DENSP,TH,ZPOS, ,NDPE,NET,NDT , NXST,NYST
WRITE(MWRITE ,625)
WRITE(MWRITE ,6235)
DO 130 I=1,NET
WRITE(MWRITE,527)1,(NP(J,1),d=1,4)
IF(NB EQ 0)GO TO 1335
WRITE(MWRITE ,635)NB
WRITE(MWRITE ,636)(NBC(I),I=1,NB)
CONTINUE
IF(NXST.EQ 0)CC TO 150
WRITE (MWRITE ,550)
WRITE(MwRITE ,B601)
DO 140 I=1,NAST
WRITE(MWRITE ,655)1,LNXS(1),MATXS(1),{XSPROP(UJ,I),d=1,7)
IF(NYST EQ.0)GO TQO 170
WRITE(MWRITE ,€60)

1,NXST)
=1 ,NXST)

| i | [ l )

MSPM002S
MSPMO026

rammsen A
Y SRR

MSPM0028
MSPM0O29
MSPM0030
MSPMOO31
MSPMO032
MSPM0033
MSPM0034
MSPMOO35
MSPM0O036
MSPMO037
MSPM0038
MSPMO039
MSPM0040
MSPI0041
MSPM0042
MSPM0043
MSP{10044
MSPM0045
MSPRO00Q46
HMepNoCT
M5PMO0O4B
MSPM0O049
MSPMOO50
MSPMOOS1
MSPM0052
MSPM00S3
MSPM0054
ASPMOOS5
MSPMO0S6
MSPMO057
MSPM0058
MSPIA0059
MSP0060
MSPMOO061
MSPM0062
MSPMOO0G3
MsSPMO064
MSPMO0G5S
MSPIAC066
MIOMNNRT
MSPMOOE8B
MSPMO069
MSPIA0070
MSPMOO71
MSPMCOT72
MSPMOOT73
MSPM0074
MSPMOQ75
MSPMQO76
MSPMOQ77
MSPMOQ78
1ASFIA0079
MSPIMo0E0
MSPA00B 1
MSPMOO08B2
MSPIN00B3

]
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e NeNe]

80
170
500
510
600

605

655
660
661

635

v30

™H

WPITE(MWRITE ,061) MSPM00OB4
DO 160 1=1,NYST tASPMCOBS
WRITE(MWRITE ,655)1,LNYS(I) ,MATYS{I),{YSPROP{J,I),d=1,7) hpjerattelelotel
CONTINUE MSPM0087
FORMAT (2014) MSPMOOBSE
FORMAT (5D16 7) MSPM0089
FORMAT (‘0*,' USER-GENERATED FINITE-ELEMENT MESH INFORMATION FOR STIMSPM0090
2FFENED OR UNSTIFFENED FLAT-PLATE PROBLEM') MSPM0091
FORMAT(/// MSPM0O092
65X, * YOUNGS MODULUS(PSI) =',D015.7/ MSFMO093
754, 'POISSONS RATIO =',015.7/ MSPM0094
BSX,'DENSITY( LB-SEC#+2/IH**4) =',D15.7/ MSPM009S
55X, 'THICKNESS(IN) =',D15.7/ MSPMO096
45X ,'2Z~-POSITION(IN) =',015.7/ MSPM0097
EEX,'"0 OF D C F /ELEM. =', 115/ MSPM0098
C5X,'TOTAL NO. OF ELEMENTS =4, 115/ MSPMO099
D5Xx,*TOTAL NO. OF D O F. =, 115/ MSPMO100
ES5X,'NJ. OF X-DIR. ST1FFENERS =4, 115/ MSPMO101
F5X,'NO. OF Y-DIR. STIFFENERS =',115) MSPMO102
FORMAT (' ',' THE GLOSBAL NODE NUMBERS ASSOCIATED WITH EACH ELEMENT AMSPMO103
2RE AS FOLLOWS .') MSPMO104
FORMAT (* ',5X,'ELEMENT',5X, 'GLOBAL NODE NUMBERS') MSPMO105
FOPMAT (' *,5X,I6,5Y 415) McomMnIng
FORMAT (‘0', ' INFORMATION FOR X-DIRECTION STIFFENERS') MSPMO107

FORMAT ('O','STIFF NO ‘', 2X,'ON ELEM.',1X,'MAT. NO.',3X,'THICKNESS®MSPM0O108
2,10X, 'WIDTH' ,4X, 'YOUNGS MOD.',2X,'POISSON RATIOQ',8X,'DENSITY',7X, MSPM0109

3'ETA-LOC."',6X, 'OFFSET,ZF ") MSPMO110
FORMAT (* *,17,5X,16,3X,7D15.5) MSPMO111
FORMAT ('0', ' INFORMATION FOR Y-DIRECTION STIFFENERS') MSPMO112
FORMAT ('0','STIFF NO.',2X,'ON ELEM.',1X, MAT. NO.',3X,'THICKNESS*MSPM0113

2,10X, 'WIDTH' ,4X, 'YOUNGS MOD.',2X,'POISSON RATIO',8X,‘DENSITY',7X, MSPMO114

3'pSI-LOC.',6X, 'OFFSET,ZF') MSPMO115
FORMAT ('0',' THE FOLLOWING',16,2X, 'DEGREES OF FREEDOM ARE CONSTRAINMSPMO116
2ED') MSPMO117
FURMAT (* ',2ulD) MSPMO118
RETURN IASPMO119
END MSPMO120
SUBROUTINE OMULT(SQVCT,RWVCT,ACC,NCOL,KROW ,NDEX) OMLT0000
IMPLICIT REAL*8(A-H,0-2) OMLTO0001
OMLT0002

ASRL TR 154-14 ,. .. ORIGINAL REPORT VERSION OF PROGRAM OMLT0003
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 OMLT0004
(IR A VEVEVE ]

IS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.OMLTO0006
CMLTC007

DIMENSION SQVCT(1},RWVCT(1),NCOL(1),ACC(1),KROW(1),NDEX(1) OMLTO0008
COMMON /BAS/NROWS ,NET ,MN, NB ,NIRREG,MNC OMLT0009
COMION /INOUT/ MREAD,MwRITE,MPUNCH OMLT0O010
OMLTOO011

TO FIND ACC OF (SQVCT)=*(RWVCT)=(ACC) oMLTO0012
OMLT0013

INDEX=0 OMLTO0014
HROWM =NROWS -1 OMLTO01S
IF (NIRREG .GY 0) GO TO 2060 OMLT0016
HIGh SPECD PRCDUCT FOR REGULAR MATRICES OMLTOG17
DO 100 NN=1,NROVM oMLTOO018
SUM=0.0 oMLTO019
IP1=NN+1 OMLT0020

KST=NCOL(NN) oMLT0021
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101

102
100

104

103

200

106

107

108

109

105

201

502

INDEX =INDEX +NN-KST

DO 101 KPL=KST,NN

1S=INDENtKPL
SUM=SUM+SQVCT(IJ)*RUVCT (KPL)
NOW FOR THE COLUMN ELEMENTS
JNDEX=1U

DO 102 KPL=IP1,NROWS

IF(NN LT.NCOL(hPL))GD TO 100
UHDEX =UNDEX +KPL-NCOL(KPL)
SUM=SUM+SQVCT (UNDEX)*RWVCT(KPL)
ACC{NN)=ACC (NN)+SUM

NOW FOR THE LAST ROW
KADD=NCOL(NROWS)

SUM=0 0

INDEX = INUc K +NROWS-KADD

DO 103 KPL=hADD,NROWS
1J=INDEX+KPL
SUM=SUM+SQVCT(IJ) *RUVCT (KPL)
ACC(NROWS)=ACC(NROWS)+SUM
RETURN

MEDIUM SPEED PRODUCT FOR NIRREG .LE. NROWS/2
IF (NIRREG .GT. NROWS/2) GO TO 201
DO 105 NN=1 ,NROWM

IP1=NN+1

KhST=NCCL(NN)

INDEX =INDEX+NN-KST

SUM=0 0

DO 106 KPL=KST,NN

TU=INDENKPL
SUM=SUM+SQVCT (IJ) +RWVCT (KPL)
NCK=0

JNDEX=1J

DO 108 KPL=IP1,NROWS

IF(NN .LT. NCOL(KPL)) GO TO 109
UNDEX=UNDEA+KPL-NCOL(KPL)
SLM=SUM+SQVCT(JUNDEX) *RWVCT(KPL)
GO TO 105

NCK=NCK+1

IF (NCK .GT.NIRREG) GO TO 105
IF (KPL GE KROW(NCK)) GO TO 109
IP1=KPOY(NCh)

JUNDEX =NDEX{ NCK)+NN

GO TO 107

ACC{NN)=ACC (NN)+SUM

GO 10 104

DO 5073 NN=1 ,NRGWM

IP1=NN+1

K=NCOL (NN)

INDEX = INDEX +NN-K

SuUmM=0 O

DO $02 KRX=K,NN

TJ=INDEX+KR X
SUM=SUM+SQVCT(IJ)*»RWVCT (KRX)
JNDEX =1J

D2 €04 XKRX=1P1,NROWS
hn=NCOL(KPX)

JNDEX = JNDEX+KRX~K

IF (N LT7. K) CO 1O 504
SUM=SUM+SQV CT(JNDEX)*RWVCT(KRX)

| | : } f ;

omMLT0022
0OMLT0023
QuyToANDA
OMLTO0025
OMLT0026
OMLT0027
oMLT0028
OMLT0029
OMLT0030
OMLTOO031
OMLT0032
OMLTO0033
OoMLT0034
OMLT0035
OMLTO0036
OMLT0037
OMLT0038
OMLTQ039
OMLTQ040
OMLTOO041
OMLTO0042
OoMLT0043
UML luv4d
OMLTO0045
OMLTO0046
oMLYo047
oMLT0048
oML T0049
OMLT0050
OMLTO0051
OMLT0052
OMLTO0053
OMLTO0054
OMLTO005%
OMLTO0056
omMLT0057
OoMLTO00S58
OMLT0059
OMLTO0060
OMLTO061
CMLT0062
OMLT0063
OmLiCo0s
OMLTCO065
OMLTO0066
OMLTO0067
OMLTO068
OoMLTO00G9
OMLTO0070
OMLTO071
OLT0072
OMLTCO73
GMLT0074
OMLT0075
OMLT0076
OMLTO0077
oMLTO0078
OMLT0079
OMLTO080
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504 CONTINUE OMLTO0081
503 ACC(NN)=ACC (NN)+5UW oMLT0082
GO TO 105 T TCCC3

END OoMLT0084
SUBRCUTINE PRTOP(NNSA,NVSA,NCON,NP) PRTO0000
IMPLICIT REAL*8(A-H,0-2) PRTO0001

c PRTO0002
c ASRL TR 154-14, . .ORIGINAL REPORT VERSION OF PROGRAM PRTOQ003
C COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 PRT00004
c PRTQ0005
C THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.PRTO0006
C PRTC0007
DIMENS ION NVSA(1),NCON(4,1),NP(4,1) PRTO0Q0O8B
COIMMON /BAS/NDT ,NET ,MN,NB ,NIRRE G, MNC PRT00009
COMVON/ASP/SLASP(50) ,ELASP({50) ,EDIR(2,50),NASP,LNASP(50) PRTO0010
COMMON /PRNT/ ICP1,10p2,10P3,10P4,10PS,10P6,10P7,10P8 PRTO0011
COMMON /GSOUT /NEGS, LNGS(200) PRTO0012
COMMON /SSOUT /XSS, NYSS, INXSS(200),INYSS(200) PRTO0013
COMMON /INQUT/ MREAD,MWRITE,MPUNCH PRTO0014

C PRINT CONTROL FOR PROGPAM (0=NO, 1=YES) PRTG0015
Cc I0Pt NODAL DISPLACEMENTS AND LOCATION PRTO0016
C 10P2 ELEMENT CENTROID STRAINS, PRINCIPAL STRAIN AND DIRECTION. PRTO0017
Cc ICP3 STRAINS, FRINCIPAL STRAIN AMC DIRZCTICMN AT G.S. CF sroc. PRTCCOC
c EL EMERNTS ., PRT00019
c 10P4 STRAINS, PRINC STRAIN AND DIR., AND ELONGATION IN SPECIFIED PRT00020
C DIRECTIONS AT ADDITIONAL LOCATIONS PRTO002t
c 10P5 REACTION FORCES AT CONSTRAINED NGDES. PRT00022
o4 10P6 STRAIN AT GAUSSIAN STATIONS FOR SPECIFIED X~ AND/OR Y- PRT00023
o4 DIRECTION STIFFENERS. PRT00024
Cc I0P7 SYSTEM ENERGIES. PRTOCO2S
C 10P8 STRAIN COMPONYENTS, PRINCIPAL STRAIN AND DIRECTION AT SPECIFIEDPRT0O0026
C NODES (USING NODAL AVERAGING). PRTO0027
Cc PRT00028
READ(MREAD,500;10P1,10P2,10P3, I0P4,10P5,10P6,10P7,10P8 PRT00029

C IF 10P3=1, REAC TN ELEMENTS SPECIFIED FOR G.S. STRAIN QUYPUT. PRT00030
IF(IOP3 EQ.0)GO TO 10 PRTO0031
READ(MREAD,500)NEGS PRT00032
READ("AREAD,S00){LNGS(1),I=1,NEGS) PRTO0033

10 CONTINUE PRT00034
Cc IF 10P4=1, READ IN INFO FOR ADDITIONAL POINTS. PRTO0035
IF(I0P4 EQ 0)GO TO SO - PRTOC036
READ(MREAD,500)NASP PRT00037

DO 20 I=1 ,NASP paTANNlR

20 READ(MREAD,520)LNASP(1),SLASP(I),ELASP(I) PRTO0039
DO 30 I=1,MASP PRTQ0040
EDIR(1,1¥=0 CLO PRTO0041

30 EDIR(2,1)=90.¢cD0 PRT00042
READ(MREAD, SO0 )NASPE PRTO0043
IF(NASPE £Q.9)GO 70 50 PRTO0044

D0 40 I=1,NASPE PRTO0045
READ(MREAD,520)NSP ,DIR1,DIR2 PRTO0046
EDIR(1 ,NSP)=D]IR1 PRT00047

40 EDIR(2,NSP)=DIR2 PRT(Q0048
50 CONTINUE PRTO0049
C If 10F0=1, REnD IN STIFFENER NuWMBER3 FOR STRAIN OUTFUT. PRTCC050
IF(10P6 EQ 0)GO TO 51 PRT00051
READ(MREAD,S500)NXSS,NYSS FRTO0052
17(NXSS GT.0 )READ(MREAD,5C0) (INXSS(J),u=1,NXSS) PRTO0053
IF(NYSS GT.0)READ(NREAD,SGO) (INYSS(J),d=1,NYSS) PRT00054
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51  CONTINUE PRTO0055
C IF 10P8=1, READ IN NOBDE NOS. FOR NODAL AVERAGE STRAIN CALCULATION. PRTO0056
1F(IOF8 EQ.C)CO TO S8 PrTCCCCT
READ(MREAD,500)NNSA PRTUGOS8
C IF NNSA=NNT, THEN ALL NODES ARE INCLUDED AUTOMATICALLY PRTOC059
NNT=NDT/6 PRTO0060
IF(NHSA EQ.NNT)CO TO 53 PRTO0061
READ(MREAD,500) (NYSA(1),I=1,NNSA) PRT00062
GO TO 55 PRT00063
53  CONTINUE PRT00064
DD 54 I=1,NNT PRT00065
54  NVSA(I)=1l PRT00066
55  CONTINUE PRT00067
DEFINE ELEMS. CONNECTED AT EACH REQUESTED NODE. PRTO0068
DO 57 I=1,NNSA PRT00069
NN=NVSA(I) PRTO0070
DO 57 J=1,4 PRTO0071
NCON( J,1)=0 PRTO0072
CO 56 K=1,NET PRTO0073
IF(NP(J,K) NE.NN)GO TO 56 PRT00074
NCON(J,1)=K PRTD0075
GO TO 57 PRY00076
56  CONTINUE PRTANN7Y
£7  CONTINUE PRT00078
58  CONTINUE PRT00079
WRITE (MWRITE ,600) PRT00080
WRITE(MyRITE,610) PRT00081
1F(I0P1 EQ 1)WRITE(MWRITE,620) PRT00082
IF(I0P5 EQ 1)WRITE(MWRITE,625) PRT00083
IF(10F5 EQ.2 )URITE (MWRITE,630) PRT00084
IF(IOP8 EQ.0)GD TO S9 PRT00085
WRITE (MwRITE ,635)NNSA PRTD0086
WRITE (I4JRITE ,E50) (NVSA(T),I=1,NNSA) PRT00087
59  CONTINUE PRT00088
iIF\IOF3.EG 0)G0 TO 60 PRT00089
WRITE (MWRITE , 640)NEGS PRT00090
WRITE(MARITE ,650) (LNGS(1),I=1, NEGS) PRTO0091
60  CONTINUE FRT02092
IF(10P4 EQ 0)GO TO 80 PRT00093
WRITE (MWRITE ,660)NASP PRT00094
WRITE(MWRITE ,670) PRT00095 .
DO 70 I=1,NASP PRTO0096
76 wHITE(MwRI7TE,680)1,LNASP(I),SLASF(I),ELASP(I),EDIR{I,I}.EDiRi2,1) FATSCSOT
BO  CONTINUE PRT00098
1F(IOP6.EQ 0)GO 7O 84 PRI00099
IF(NXSS EQ 0)GO To 82 PRT00100
WRITE(MWRITE ,700)NXSS PRT00101
WRITE{MWRITE ,650) ( INXSS(dJ),J=1,NXSS) PRT00102
82  CONTINUE PRT00103
IF(NYSS.EQ 0)G0 TO 84 PRT00104
WRITE(MWRITE ,710)NYSS - PRT0010S
WRITE(MWRITE ,550) (INYSS(J),J=1 ,NYSS) PRTO0106
84  CONTINUE PRTO0107
IF(IOP7.€EQ 1 )WRITE(MWRITE,690) PRT00108
5C0 FOAMAT (2014) PRT00109
$20 FCRWMAT (14,2D16.7) PRTO0110
600 FORMAT('O',*#+xx+r DUTPUT CONTROL INFORMATION *%%%%') PRTCO111

610 FORMAT('0','THE FOLLOWING RESULTS WILL BE GIVEN AT EVERY REGULAR PPRT0O0112
2RINTOUT CYCLE.!') PRT00113

J | ! | ‘ ! ! 5 l ! ! I ) | )
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620
625
630
635
640
650
660
670
680
690
700

710

co

c
C
C
c
C TH
C
<
C

c

TH

0O0OO0O000

FORMAT (' ',5X,'NODAL DISPLACEMENTS AND LOCATICN') PRTQ0114
FORMAT (' ',5X,'REACTION FORCES AT CONSTRAINED NODES') PRT0O0115
FOR"AT(' '.5"\.'51-'2"!“ CC”DQ“E“TS, PP!“'CID’“_ STPA T Aur_\ :!n.rr:r:cu Aoan_\l:ﬂ 15
2T CENTROID OF EACH ELEMENT') PRTOO0117
FORMAT (' *',SX,'STRAIN COMFONENTS, PRINCIPAL STRAIN AND DIRECTION APRTOO118
27 THE FOLLOWING',I5,2X, 'NODES (OBTAINED BY NODAL AVERAGING):') PRTO0119
FORMAT (* *',5X,'STRAIN COMPONENTS, PRINCIPAL STRAIN AND DIRECTION APRT00120
27 EACH GAUSSIAN STATION FOR EACH OF THE FOLLOWING',IS,2X,'ELEMENTSPRT00121
3" PRT00122
FORMAT (* *,10X,2015) PRTO0123
FORMAT (' ',5X,'STRAIN COMPONENTS, ELONGATION IN SPECIFIED DIRECTIOPRTG0124
2NS, PRINCIPAL STRAIN AND DIRECTION AT THE FOLLOWING',I5,2X,'ADDTL.PRT00125
3 POINTS ') PRTO0126
FORMAT (' ',5X,'ADDTL POINT',2X,'ON ELEM.',4X,'PSI-LOCATION',4X, PRT00127

2 EVA-LOCATIUN',24, 'ELUNG. DIK.-1(DEG)',2X, 'ELONG. DIR.-2(DEG)") PRTO0128
FORMAT (' ',5X,19,5X,16,2X,2016.7,4X,D16.7,4X,D16.7) PRT00129
FORMAT (* *,5X,'SYSTEM ENERGIES ') PRTO0130
FORMAT (' ',5X,'STRAIN AT GAUSSIAN STATIONS FOR THE FOLLOWING',15, PRTC0131
22X, 'X-DIRECT ION STIFFENERS.') PRT00132
FORMAT (' ',5X,'STRAIN AT GAUSSIAN STATIONS FOR THE FOLLOWING',I5, PRTO0133
22X,'Y~-DIRECTION STIFFENERS.') PRTO0134
RETURN PRT00135
END PRIVV IO
SUBROUTINE PSTRN(G11,G22,G12,S,D) PSTNOQOO
IMPLICIT REAL+8(A-H,0-2Z) PSTNOOO1
PSTN00QO2

ASRL TR 154-14 .. .ORIGINAL REPORT VERSION OF PROGRAM PSTN000O3
PYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 PSTNOQO4
PSTNOQOS

IS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.PSTNO0O6
PSTNOOO7

CALCULATE MAX PRINCIPAL STRAIN (TENSILE ONLY) AND CORRESPONDING PSTNOOOB
DIRECTION WITH RESPECT TO X-AXIS (IN DEGREES). PSTNGOO9
C=DSQRT((G11~C22)**2+G12+%G12) PSTNOO10
A1=(G11+G22+C)»0 5 PSTNOO11
$2=(G11+G22-C)»0.5 PSTN0O12
5=0.0 PSTNOO13
IF(A1.GT S)S=a1 PSTNOO14
IF(A2.GT.S)S=A2 PSTNOOtS
IF(G11.NE G22)G0 TO 10 PSTNOO16
D=45 0 PSTNOO17
RETURN PSTNGO18
CONTINUE F3Ti60.45
At1=G11~G22 PSTNCO020
D=DATAN2(G12,X1) PSTNOO21
DIVISION OF D BY 2 AND CONVERSION TO DEGREES PSTNQO22
D=D~28.64789D+00 PSTN0023
17(S EQ 0.0)L-0.0 PSTNO024
RETURN PSTNO025
END PSTNOO26
SUBROUTINE RCON(F,NBC) RCONQOOO
IMPLICIT REAL*B(A-H,0-2) RCON00O1
RCON0002

ASRL TR 154-14.. ORIGINAL REPORT VERSION OF PROGRAM RCON00O3
COPYPICHT (C) * ASSACHUSETTS INSTITUTE OF TECHMOLOGY 1980 RCONO0O4
RCONQOOS

IS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLAYE PROGRAMS.RCON00OG
RCONCOO7

DIMENSION F(1),NBC(1) RCONOCOB
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COMIMON /BAS/NDT ,NET ,MN ,NBD ,NIRREG ,MNC

THIS SUSROUTINE APOLIES BCOUNDARY COMSTRAIMTS YO THE FOOCE vwegvae
TERMS IN THE FORCE VECTOR CORRESPONDING TO CONSTRAINED DEGREES OF
FREEDOM ARE ZEROED (IT IS ASSUMED THAT ALL PRESCRIBED DISPLACEMENTS
ARE ZERO).

100

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

ZERDING OF RHS ASSUMING FIXED CONDITIONS
IF(NBD EQ 0)RETURN
DO 100 1=1,NBD
NN=NBC (1)
F(NN)=0 ©
RETURN
END

RCONOOO9
RCONOO10
chklc\n‘ 4
RCONOO12
RCONOO13
RCONOGO14
RCONOO1S
RCONOO16
RCONOO17
RCONGO18
RCONOQO19
RCONCO20
RCONOQO21
RCONCO022

SUBROUTINE RPLATE(NTYPE, ANU,XL,YL,TH,SL,CSA,SLAM,SMOI,KT,GB],YMOD)RPLT0000

IMPLICIT REAL=8(A-H,0-2)
DOUBLE PRECISION KT

ASRL TR 154-14. . ..ORIGINAL REPCRT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

DIMENSIOM GBI(24,24),KTLXS(10) ,KTLYS(10),CB1(4,4),D01(4,13),G5(6),
2GW(6),STOR1(4,13),STOR2(24,24) ,KT(24,24),T(24)

THE STIFFNESS MATRIX FOR AN UNSTIFFENED RECTANGULAR PLATE ELEMENT
(NTYPE=1), OR AN X-DIRECTION STIFFENER ELEMENT (NTYPE=2), OR A

Y_

DIRECTION STIFFEMER ELEMENT (NTYPE=3) ARE FORMED IN THIS

SUBROUTINE THE PERTINENTY THEORETICAL BASIS FOR THE PLATE ELEMENT
IS FOUND INMN SUSSECTION A 1 3 3. THE THEORETICAL BASIS FOR STIFFENER
ELEMENTS IS FOUND IN SUBSECTION A.2.3.

10

20

DATA KTLXS/2,4,13,15,17,18,20,22,23,24/
DATA KTLYS/7,8,14.16,17,19,21,23,22,24/
00 5 1=1,24
DO 5 J=1,24
KT(I,J)=0.0

FORMATION OF K-TILDA FOR PLATE
IF(NTYPE NE 1)GO TO 160

INPLANE CONTRIBUTIONS TO K-TILDA

FORM C-BAR
DO 10 I1=1,4
pDC 10 J=1,4
CB1(I,J)=0 0
CB1(1,1)=1.0/(XL+XL)
CB1(1,2)=ANU/(%LsYL)
C81(2,1)=CB1(1,2)
CB1(2,2)=1 0/(YL*¥YL)
CB1(3,3)=(1 0-ANU)/(2.0%YL*YL)
CB1(3,4)=CB1(3,3)+YL/XL
cB1(4,3)=CB81(3,4)
CB1(4,4)=(1 0-ANU)/(2.0%XL*XL)
Do 20 I=1,4
0o 28 u=1,1
CB1(1,d)=CB1 (I,J)*TH/(1 O-ANU%ANU)
NGS=2
DG 30 1
Do 30 U

1,4
1,8

RPLTO0001
RPLT0002
RPLT0003
RPLT0004
RPLTO0005
RPLTC006
RPLTO007
RPLTODOR
RPLTO009
RPLTO0010
RPLTOO11
RPLTO0012
RPLTOO13
RPLTO0014
RPLT0015
RPLT0016
RPLT0017
RPLTOO18
RFLTO019
RPLT0020
RPLTO0021
RPLT0022
RPLT0023
RPLTGO024
RPLTO0025
RPLT0026
RPLT0027
RPLTOO28
RPLT0029
RPLT0030
RPLT0031
RPLTO0032
RPLT0033
RPLT0034
RPLT0O035
RPLTO036
RPLTO0037
]RPLTO0038
RPLTO039
RPLTOC40
RPLTO041
RPLTO042
RPLT0043
RPLT0044
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35

40
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60
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90

100

105

D1(1,0)=0.0

CALL GAUSS(NCS,G5,GW)
DO 35 II=1,NGS
GS(I1)=(1.0+GS{Il))/2.0
GW(II)=Gw(lIl)/2.0

LOOP OVER GAUSS STATIONS

DO 70 NY=1,NGS

DO 70 NX=1,NGS

D1(1,2)=1.0

D1(1,4)=GS(NY)

D1(2,7)=1 0

D1(2,8)=GS(NX)

D1(3,3)=1 0

D1(3,4)=G5(NX)

D1(4,5)=1.0

D1(4,8)=GS(NY)

DO 40 1=1,4

DO 4¢ J=1,8

STOR1(1,d)=0.0

DO 40 K=1,4
STOR1(1,u)=STOR1(I,J)+CBI(I,K)*D1(K,J)
0O 50 I=1,8

DO 50 J=1,8

STOR2(1,J)=0 ©

DO 50 K=1,4
STOR2(1,U)=STOR2(I1,U)+D1(K,I1)*STOR1(K,J)
DO 60 1=1,8

CO 60 J=1,8
KT(I,d)=KT{1I,0)+STOR2(I,J)*GW(NX)*GW(NY)
CONTINUE

BENDING CONTRIBUTIONS TO K-TILDA

D3 80 I=1,3

DO 80 J=1,3

CB1(I,d)=0 0

CB1{1,1)=1 C/XL+*3
CB1(1,2)=ANU/IXLAXL+YL*YL)
CB1(2,1)=CB1(1,2)

CB1(2,2)=1 O/YL**4
CB1(3,3)=(1.0-ANU) /(2.0 XL*XL*YL#YL)
DO 90 I=1,3

DO 90 dJ=1,3

CB1(1,u}=CB1(1,J)*TH**3/(12.0%(1.0-ANU*ANU))

NGS-4
Po 100 1=1,3

DO 100 J=1,13
D1(1,J)=0 O

CALL GAUSS(NGS,GS,GW)
DO 105 11=1,NGS
GS(I1)=(1.0-GS(I11))/2.0
GW(II)=Gw(Il)/2.0

LOOP OVER GAUSS STATIONS

DO 140 NY=1,NGS

DO 140 NX=1,NGS
D1(1,2)=2 0

D1(1,4)=2 0*GS(NY)
D1(1,6)=2 O*GS(NY) «GS(NY)
D1{(1,7)=6 0«GS(NX)
D1(1,9)=D1(1,7)+GS(NY)
D1(1,11)=D1(1,9)+GS(NY)

RPLTO045
RPLTO046
ROLTANAT
RPLT0048
RPLT0049
RPLT0050
RPLT00S51
RPLTO052
RPLT0O053
RPLT0O054
RPLTO0SS
RPLTO056
RPLTO057
RPLTO0S8
RPLT0O0S9
RPLTQ060
RPLT0061
RPLT0062
RPLT0063
RPLTO064
RPLT0065
RPLTO0G6
RPLT0067
RPLTO068
RPLTO0069
RPLTQ070
RPLT0071
RPLT0072
RPLT0073
RPLT0074
RPLT0075
RPLT0076
RPLTO077
RPLTOO78
RPLT0079
RPLT008BO
RPLTOO81
RPLT0082
RPLTO083
RPLTOOE4
RPLT008S
RPLT0086
RPLTOO88
RPLTO0089
RPLT0090
RPLT0091
RPLT0092
RPLT0093
RPLT0094
RPLTO095
RPLTCO96
RPLT0097
RPLT0098
RPLT0099
RPLT0100
RPLTO101
RPLT0102
RPLT0103
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160
c

*70

180

D1(1,12)=D1(1,6)*+GS(NY)
D1(1,13)=D1( 1)+«GS({NY)
D1(2,3})=2 0
D1(2,5)=2.0*GS(NX)

D1(2,6)=D1(2,5)*GS(NX)
D1(2,8)=6.0%GS(NY)
D1(2,10)=D1(2,8)*GS(NX)
D1(2,11)=D1(2,6)*CS(NX)
D1(2,12)=D1(2,10)+GS(NX)
D1(2,13)=D1(2,12)*GS(NX)
D1(3,1)=2 0

D1(3,4)=4 0*xCS(NX)

D1(3,5)=4 0*GS(MNY)

D1(3,6)=8 0*CS(NX)*GS(NY)
DI(3,9)=0.0%GLo(NX)*GS(NX)
D1(3,10)=6 0+GS{MY)>GS(NY)
D1(3,11)=D1(3,9)r2.0+GS(UY)
D1(3,12)=D1(3,10)«2 0*GS (NKX)
D1(3,13)=D1(2 9)+D1(3,10)/2.0
00 110 I=1,3

D0 110 J=1,13

STOR1(1,J)=0 0

DO 110 h=1,3
STORT(I,J)=STORI(I,J)+CB1(I,K)*D1(K,J)
DO 120 I=1,13

D0 120 J=1,13

STOR2(1,J)=0 0

0C 120 K=1,3
STOR2(I,J)=STOR2(I,u)+D1(K,I)*STOR1(K,J)
DO 130 I=1,13

DO 130 J=1,13
KT(I+11,d+11)=sKT(I+11,J+11)+STOR2(IL,J)*GW(NX)*GW(NY)
CONTINUE

DO 150 I=1,24

0O 150 J=t1,24

KT(I,J)=KT(I ,y)*XL*YL

THIS COMPLETES FORMATION OF K~TILDA FOR PLATE

GO TO 270
CONTINUE

FORil BASIC BLOCK (10 BY 10) FOR K-TILDA OF STIFFENERS

DO 170 1=1,10
DO 170 J=1,10

STOR2(1,4)=0 G
STOR2(1,1)=1 ©
STOR2(1,2)=5SL
STOR2(1,3)=2 ©
STOR2(1,4)=2 0+SL
STOR2(1,5)=2 N*SL=SL
STOR2(1,6)=3 ©
STCR2(1,7)=3 0*SL
STOR2(1,B8)~3 G*SL#SL
STOR2(1,9)=3TOR2(1,5)*SL
STOR2{1,10)=3 0+SL%*3

00O 180 dJ=1,10
STOR2(2,J)=STOR2(1,J)*5L
STOR2(3,J)=STGR2(1,u)*2.0
STOR2(3,4)=STOR2(3,J)*5L

STOR2{5,J)=STCR2(4,J)*SL
STOR2(6,6)=i12 0

RPLTO104
RPLTO105
RDITOIAAR
RPLTO107
RPLTO108
RPLTO109
RPLTO110
RPLTO111
RPLTO112
RPLTO113
RPLTO114
RPLTO115
RPLTO116
RPLTO117
RPLTC118
RPLTO119
RPLTO0120
RPLTO121
RPLTO122
RPLTO123
RPLTO124
RPLTO125
RFLTS.ZO
RPLTO127
RPLTO128
RPLTO129
RPLTO130
RPLTO131
RPLTO132
RPLT0133
RPLTO0134
RPLT0135
RPLTO136
RPLT0137
RPLTO138
RPLTO139
RPLTO140
RPLTO141
RPLTO142
RPLT0143
RPLTO144
RPLTO145
RFLY014C
RPLTG147
RPLTO148
RPLTO149
RPLTO150
RPLTO151
RPLTO152
RPLTO153
RPLTO154
RPLTO155
RPLTO156
RPLTO157
RPLTO158
RPLTO159
RPLTO160
RPLTO161
RPLTO162
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STOR2(6,7)=12 04+SL
STOR2(6,8)=12 0+SL*SL
STOR2(6,2)=S C*SL=~+3
STOR2(6,10)=2 0+STOR2(6, 9)
DO 190 u=7.,10
STOR2(7,J)=STOR2(6,d)*SL
STOR2(8,J)=STOR2(7,d)*SL
190 STOR2(9,J)=STOR2(5,J)*5L
STOR2( 10,10) =5TOR2(8,10) »SL
DO 200 I=1,10
DO 200 J=1,10
200 STOR2(J,I1)=STOR2(I,J)
IF(NTYPE EQ.2)DL=XL
IF(NTYPE.EQ 3)DL=YL
Ct=CSA/DL
C2=C1*SLAM/DL
C3=SMDI/(DL#*%3)
DO 210 1=1,2
CO 210 u=1,2
210 STOR2(I,J)=STCR2(I,J)*C1
DO 220 I1=1,2
DO 229 J=3,10
STOP2( I,U)=STOR2(1,u)*C2
<20 STOR2(J,I)=STOR2(I,J)
DO 230 1=3,10
DO 230 U=3,10
230 STOR2(I,J)=STOR2(1,J)*C3
c EXPAND TO K-TILDA FOR X-DIRECTION STIFFENERS
IF(NTYPE EQ. 3)GO TGO 250
DO 240 I=1,10
H DO 240 J=1,10
g NI=KTLXS(1)
NU=KTLXS(J)
240 KT(NI,NJ)=STOR2(I,J)
GO 10 270

c THIS COMPLETES FORMATION OF K~-TILDA FOR X-DIR. STIFFENER.

250 CONTINUE
C EXPAND TO K-TILDA FOR Y-DIRECTION STIFFENERS
CO 260 I=1,10
DO 260 J=1,10
NI=KTLNS(1)
NJ=KTLYS(J)
260 KT{NI,NJ)=STOR2(I.U)

C THIS COMPLETES FORMATION OF K-TILDA FOR Y-DIR. STIFFENER

270 CONTINUE
c FORM K~-BAR FOR ELEMENT
DO 280 I=1,24
DO 280 J=1,24
STOR2(I,JU)=0.0
D0 280 K=1,24
280 STOR2(I,J)=STCR2(I,U)+KT(I,K)*GBI(K,J)
DO 280 I=t,23
DO 290 u=t1,24
KT(I,J)=0 0O
OC 200 4=%,213
290 KT(I,J)=KT(I,J)+GBI(h,I)+STOR2(K,d)
C FORM SCALING VECTOR FOR NODAL DOF
T(1)=1.0
T(2)=1 0

RPLTO0163
RPLTO164
CLEYR L YY-T
RPLTO166
RPLT0167
RPLT0168
RPLTO169
RPLTO170
RPLTO171
RPLTO172
RPLTO173
RPLTO174
RPLTO0175
RPLTO176
RPLTO177
RPLTO178
RPLTO179
RPLTO180
RPLTO181
RPLTO182
RPLTO183
RPLTO184
RPLTN18S
RPLY0186
RPLYO187
RPLT0188
RPLTO189
RPLT0190
RPLTO191
RPLT0192
RPLTO193
RPLTO0194
RPLT0195
RPLTO196
RPLT0197
RPLTO198
RPLTO0199
RPLT0200
RPLT0201
RPLTG202
RPLTO0203
RPLT0204
RPLTO0205
RPLT02086
RPLT0207
RPLT0208
RPLT0209
RPLT0210
RPLTO211
RPLTO212
RPLT0213
RPLT0214
RPLTO21S
RPLT0O216
RPLTO217
RPLTO0218
RPLTO0219
RPLT0220
RPLT0221
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T(3)=1 0
T(4)=xL
T(S)=YL
T(6)=XL*YL
D0 300 I=1,6
T(I+6) =T(1)
T(I+12)=T(I)
300 T(1+18)=T(I)
SCALE STIFFNESS MATRIX
00 310 I=1,24
DO 310 J=1,24
310 KT(I,J)=KT(1,J)»T(1)*T(J)*YMOD
RETURN
END
SUBROUTINE SOLV(STIFM,G, SOL,NCOL,KROW,NDEX)
INPLICIT REAL*8(A-H,0-2)

ASRL TR 154-13... . .ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUEROUTINE 15 USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS,

DIMFNSION STTIFM(1)Y,G(1),KROW(1)Y NDFX(1) SDOL(1),NCOL(1)
COVMMON /BAS/NROWS ,NET ,MN, NBD,NI RREG,MNC

THIS SUBROUTINE PERFORMS THE FORWARD AND BACKWARD SUBSTITUTION
OPERATIONS REQUIRED YO COMPLETE THE SOLUTION OF A SYSTEM OF LINEAR
SIMULTANEQUS EQUATIONS BY THZ TRIPLE-FACTORING METHOD. THIS
SUBROUTINE MUST BE USED IN CONJUNCTION WITH SUBROUTINE FACT.

SOLVE (LL*)(SCL)=(FORCE) FOR DISPLACEMENTS (SOL)
INTERMEDIATE SOLUTION USING THE LOWER TRIANGLE
100 INDEX=0
SOL(1)=G(1)
00 104 1=2,NRGWS
IM1=1-1
SUM=0 O
K=NCOL (1)
INDEX= INDEX+ I-K
IF {(IM1-K) 103,101,101
101 0O 102 J=h,IM1
1J=INDEX+d
SU=SOL (J)
102 SUM=SUM+STIFM(IJ)+SU
103 II=INDEX+I
104 SOL(I)=G(I)-sSum
SOL CONTAINS THE INTEPMEDIATE SOLUTION
CCOMPLETE THE SOLUTION USING THE UPPER TRIANGLE
SOL(NROWS)=SOL(NROWS)/STIFM(II)
INDEX= INDEX~NROWS+NCOL (NROWS)
IF(NIRREG GT 0) GO TO 111
DO 109 KK=2, NROWS
T1=NROWS+1~KK
IP1=1+1
SL-2 0
JNDEX= INDEX+1
DO 107 J=IP1,NR0VS
K=NCOL (J)
IF (i-K) 108,106,106

) J [ J f

RPLT0222
RPLT0223
eoLycana
RPLT0225
RPLT0226
RPLTC227
RPLTO0228
RPLTO0229
RPLT0230
RPLT0231
RPLT0232
RPLT0233
RPLTO0234
RPLTO0235
SOLV0000
SOLV0001
SOLV0002
SOLVGC003
S0LV0004
SOLV000S
SOLV0006
SOLV0007
soLvooons
SOLV0009
soLvoo10
SOLVoO11t
SOLvo012
SOLV0013
SOLvoOo14
SOLV001S
S0LV0016
S0LV0017
soLvoo18
soLvoo19
S0LV0020
S0Lvo021
SOLV0022
SOLV0023
S0LvV0024
SOLV0025
SOLV0026
S0Lv0o027

L vAAAA
- -~

SOLvVC029
S0LV0030
SOLV0031
SOLV0032
SOLV0033
SOLV0034
SOLV0035
SOLV0o036
SOLvV0037
50Lvo038
S0LV0039
SOLv0040
SOLvVo041t
S0Lvoo042
S0LV0043
SOLv0044
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COPYRIGHT (C)

JHDEX= UNDEX+ J-K

SU=S0L (J)
SUM=SUM+STIFM(INDEX)+SU
IT=INDEX~I
SOL(I)=SOL(I)/STIFM(II)-SUM
INDEX= INDEX- I +NCOL(1I)
RETURN

IF(NIRREG-NROWS/2) 116,116,112
TOO MANY IRREGULAR RDWS FOR ACCELERATED SOLUTION
DO 115 KK=2, NROWS
I1=NROWS+1-KK

IP1=1+1

JNDEX= INDEX+1

SUM=0.0

JUNDEX= INDEX+ T

DO 114 J=IP1,NROWS

K=NCOL (J)

JNDEY = UNDEX+ J~K

IF (I-K) 114,113,113

SU=50L (J)
SUM=SUM+STIFM(JUNDEX )~SU
CONTINUE

11=INDEX+1
SOL(I)=SOL(I)/STIFM(II)-5SuUm
INDEX= INCEX-I+NCOL(1)
PETURN

ACCELERATED SOLUTION FOR CASE WITH IRREGULAR ROWS
DO 125 hK=2, NROWS
I1=NROWS+1-KK

IP1=1+1

SUM=0 O

NCK=0

JUNDEX= INDEX+I

DO 119 J=IP{ ,NROWS

K=NCOL (J)

IF (1-K) 120,118,118

JNDEX= UNDEX+J-K

SU=S0L (J)
SUM=SUM+STIFM(JNDEX)*SU

CO TO 124

NCK=NCK+1

IF(NIRREG-NCK) 124,121,121
IP1=KROw(NCK)

IF (I-NCOL(IPY)) 120,122,122
IF (IP1-d) 120,123,123
JHDEX=NDEX(NCK)+I

GG 10 117

II=INDEX+I
SCL(1)=SOL(I)/STIFM(II)-SULM
INDEX=INDEX~ I+NCOL (1)
RETURN

END

SUBROUTINE SPRING(EA,SS, ISIDE, XL,YL)
IMPLICIT REAL»8(A-H,0-2)

ASRL TR 154-14 . . ..ORIGINAL REPORT VERSION OF PROGRAM
fIASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

SoLvoo4as
SOLvo046
SDI \vunnAar
S0LvV0o04s8
SOLvV0049
SOLVO0S0
SOLV0051
SOLV0052
SOLV0053
SOLV00S4q
SOLV00SS
SOLV005S6
SOLV0057
sSoLvVo0ss8
SOLV0059
SOLV0060
SOLV0061
SOLV0062
SOLV0063
SOLvVo064
SQLV0065
SALV0066
EITRRVIVECY]
soLveoes
SOLVQ069
SOLV0070
SOLV0O071
SOLV0072
SOLVQ073
sSoLvoo74
SOLVQ075
SOLV0076
SOLV0077
SOLvVo078
SQLV0079
SoLvoQs8o
SOLVOO081
SOLV0082
SOLV0083
SOLv0o084
SOLvo08s
SOLvoo08s
3CLveTa7
SGLV0088
SOLv0089
SOLV0090
SOLV009t
S0LV0092
SOLV0093
SOLV0094
SOLV008S
SOLV0096
SPHGQ000
SPNGO001
SPNG0002
SPNG0003
SPNG0004
SPNGO0O0S

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PRGGRAMS.SPNG0006
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c

PST

C

c

0

20

30

DIMENS ION EK(24,24),55(5),SK(12,12),LIST(12,4),T(24)

DATA t187/1,2,3,4,5.6,7,.8,9,10,11,12,7,8,2,10,14%,¢2,*2,153,12,5
B17,18,19,20,21,22,23,24,13,14,15,16,17,18,1,2,3,4,5,6,19,20,21%
022.23,24/

SUBROUTINE TO CALCULATE THE EFFECTIVE ELEMENT STIFFNESS MATRIX,
EK(24,24), CORRESPONDING TO LINE TRANSLATIONAL AND TORSIONAL LINEAR
RESTORING SPRINGS APPLIED ALONG THE SIDE (ISIDE) OF THE RECTANGULAR
PLATE ELEMENT, RPLATE.
THE SPRING CONSTANTS, SS(I),I=1,5 CORRESPOND, RESPECTIVELY, TO
TRANSLAT IONAL SPRINGS (LB/IN) IN THE U, V, AND W DISPLACEMENT
DIRECTIQNS AND ROTATIONAL SPRINGS (IN~-LB/IN) IN THE W,X AND W,Y
ROTATION DIRECTIONS
SIDE NOTATION ,

ISIDE=1 ALONG SIDE Y=0.

ISIDC=2 ALONG SIDE X=XL.

ISIDE=3 ALGCNG SIDE Y=YL.

ISIDE=4 ALGNG SIDE X=0.

DO 10 I=1,12
DO 10 J=1,12
SK(1,4)=0.0
DO 20 I1=1,224
D0 20 u=1,24
EX(I,J)=0.0

ASSIGN TERMS WHILH ARE COMMON TO ALL SIDES.
SK(1,1)=55(1)/3
K{2,2)=55(2)/3
Sh(7,1)-SS(1)/6
SK(7,7)=55(1)/3
SK(8,2)=55(2)/6.0
SK(8,8)=55(2)/3.0

ASSIGN TERMS FOR SIDES 1 OR 3.
IF(ISIDE.EQ 2 DR ISIDE EQ 4)GD TO 30
SL=XL
SK(3,3)=13 0+55(3)/35.0+6.0%55(4)/(5 O0*XL*XL)
SK(4,3)=11 0SS(3)/210.0+55(48) /(10.0*XL*XL)
SK(4,4)=SS(3)/105 0+2.0%55(4)/(15.0%XL*XL)
SK(5,5)=13 0xS5(5)/(35.0+YL*YL)
SK(6,5)=11 0*55(5)/(210.0=7L»YL)
SK(6,8)=5SS(5)/(105.0xYL*YL)
5h(9,3)=SSI31/70 0-6.0+SS(4)/(5 OxXL*XL)
SK(9,4)=13 0%55(3)/420.0-5S5(43) /(10.0%XL*XL)
SK(9,9)=SK(3,3)
SK(10,3)==SK(9.,43)
SK(10,4)=-55(3)/140 0-5SS(4)/(30.0xXL*XL)
SK{10,9)=-5K (4,3)
SK(10,10)=5K(4,4)
SK(11,35)=5SS(5)/(70 0+YL*YL)
SK(11,6)=13 0+S5(5)/(420 O*YL*YL)
SK(11,11)=8K (5,5)
Sh(12,5)==SK(11,6)
Sh(12,6)=-SK(11,5)/2.0
5n{12,13)--51{5,5)
SK(12,12)=5K (6,6)
GO TG 40

ASSIGN TERMS FOR SIDE 2 OR 4.
SL=YL

QO OO0

SPNGC0O7
SPNGCO08

SPNGCO10
SPNGOO11
SPNG0012
SPNGOO13
SPNGOO14
SPNGOO15
SPNGOO16
SPNG0017
SPNGOO18
SPNG0019
SPNG0020
SPNGO0O21
SPNG0022
SPNGC023
SPNG0024
SPNG0025
SPNG0026
SPNG0027
SPNGG028
spmGoQ2e
SPNG0030
SPNG0O31
SPNG0032
SPNG0O033
SPNG0034
SPNG0O035S
SPNG0036
SPNG0037
SPNG0038
SPNG0039
SPNG0O040
SPNGOO041
SPNG0042
SPNG0043
SPNG0O044
SPNGO045
SPNG0046
SPNG0047
SPNC0048
SPNG00A9
SPNG0050
SPNG00S51
SPNG0052
SPNG00S3
SPNGO054
SPNG0055
SPNGOO56
SPNG00S57
SPNGOOS8
SPNGQ059
SPNG0060
SPNG0061
SPNG0062
SPNG0063
SPNGO0O64
SPNG0065
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50

80

90

SK(3,3)=13 0455(3)/35.0+6.0+S5(5)/(5.0%YL*YL)
SK(4,4)=13 0+S5(4)/(35 O+XL*XL)
SK(5,3)=11.C+S5(3)/210 O SS(S) /(10 O+YL*YL)
SK(5,5)=55(3)/105 0+2.0+55(5)/ (15.0%YL*YL)
SK(6,4)=11 0455(4)/(210.C*+XL*XL)
SK(6,6)=5S(4)/(105.0%XL*>L)
SK(9,3)=55(31/70 C-6 0+S3(5)/(5.0%YL*YL)
Sh(9,5)=13 0x55(3)/420 0-S5(5)/(10.0+YL=YL)
SK{9,9)=SK(3,3)

SK(10,4)=55(4)/(70.0xXLxXL)

SK(10,6)=13 0+55(4)/(420 0+XL*XL)

SK{10, 10)=5K (3,4)

SK(11,3)=-SK(9,5)
SK(11,5)=-55(3)/140.0-55(5)/(30.0%YL*YL)
SKi11,9)==5K (5, 3)

Sh(11,11)=5SK(5,5)

SK(12,4)=-SK(10,6)
SK(12,6)=-55(4)/(140.0%XL*XL)
SK(12,10)=~SK(6,4)

SK(12, 12)=SK (6,6)

CONTINUE

FORM UPPER TRIANGLE AND MULTIPLY BY SIDE LENGTH.

nO 50 I=1,12

DO 50 J-1,1
Sh(I,J)=SK(I,J)+SL
SK(J,I)=SK(1,0)

ASSEMBLE INTO APPROPRIATE LOCATIONS IN 24 BY 24 STIFFNESS MATRIX.

0O €0 I=1,12
IR=LIST(I,ISIDE)
DO 60 J=1,12
IC=LIST(J,ISIDE)
ER(IR, IC)=SK(I,J)

FOPM TRANSFORMATION VECTOR.

DO 70 1=1,24
TWi)-i.C

D0 80 1=4,22.,6
T(I)=xXL

T(I+1) =YL
T(I+2) =XL=YL

SCALE STIFFNESS MATRIX.

DO 90 1=1,24

CO 90 J=1,24

En(l,J)=En(I ,J)}-T(1)*T(J)
RETURN

END

SPNGO066
SPNGOG6E7
gomCoernce
SPNG0069
SPNGOO70
SPNGCO71
SPNG0072
SPNGO073
SPN30074
SPNGOO75
SPNG0076
SPNG0O077
SPNG0O078
SFNGO079
SPNG0080
SPNG0081
SPNG0082
SPNG0083
SPNGo084
SPNGQ08BS
SPNGO086
SPNGO087
SPNGOORR
SPNG0089
SPNG0090
SPNG0091
SPNG0092
SPNG0093
SPNG0O0S4
SPNG0O095
SPNG0096
SPNG0097
SPNG0098
SPNG0099
SPNGO100
SPNGO101
SPNGO102
SPNG0103
SPNG0104
SPNGO105
SPNGO106
SPNG0107

CnMAAL An
it wo

SPNGO109
SPNGO110
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[Nz X%]

10

9¢1T

SUBROUTINE SFDM(SL,EL,XL,YL,GB1,57D)
IMPLICIT REAL*8(A-H,0-2)

ASRL TR 154-14... ..
COPYRIGHT (Cj MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

ORIGINAL REPORT VERSIGN OF PROGRAM

DIMENSION D(9,24),5TD(9,24),GBI(24,24)

Do 10 I=1,9

DO 10 J=1,24
D(I,J)=0 0
D(1,2)=1 O/XL
D(t,4)=EL/XL
D2,7)=1 0/YL
D(2,8)=SL/YL
D(3,3)=1 0/YL
D(3,4)=St/vL
D(3,6)=1 0/XL
D(3,8)=EL/XL
D(4,13)=2 0
D(4,15)=2 0*EL
D(4,17)=D(4,15)*EL
D(4,18)=6.0%5SL
D(4,20)=D(4, 18)*EL
D(4,22)=D(4,20)+EL
D(4,23)=D(4,17)~EL
D(4,24)=D(4,22)*EL
D(5,14)=2 0
D(5,16)=2 0*SL
D(5,17)=D(5,16)*SL
D(5,19)=6 O+EL
D(5,21)=D(5,19)*SL
D(5,22)=D(5,17)*SL
D(5,23)=D(5,21)+*5L
D(5,24)=D(5,23)*SL
D(6,12)=2 0
D(6,15)=4 0*SL
D{6,16)=4 0*EL
D(6,17)=8 0+SL*EL
D(6,20)=6 0*SL=SL
D(6,21)=6 O0+EL*xEL

w,Y

D(6,22)=12 0+SL*SL*EL
D(6,23)=12 O+«SL*EL=EL
D(6,24)=18 0+5L*SL*EL*EL

D(7,10)=1 0
D(7,12)=EL
D(7,13)=2 0*5SL
D(7.15)=0(7,13)+EL
D(7,168)=EL*EL
D(7,17)=D(7,15)*EL
C{7,1C)=3 C~SL-5L
D(7,20)=D(7,18)+EL
D(7,21)=D(7,16)+EL
D(7,22)=D(7,20)=EL
D(7,23)=D(7,17)*EL

ORDER IS U,X
0.5%(U,Y-V,X)

L.

V,Y

SPILKER

SUBROUTINE TO CALCULATE MATRIX WHICH DETERMINES STRAIN
COMPONENTS FROM NODAL DISPL..
W,YY 2+uW,XY W, X

U,Y+V, X

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.
SMALL STRAIN FORMULATION VERSION WRITTEN BY R.

W, XX

SFDMO000
SFDM00O01

Ll LYYW N
[ER IRV TRRORORONN

SFDM00O03
SFDMG004
SFDMC00S
SFDMO0OG6
SFDM0O007
SFDM00O08
SFDM0O009
SFOM0010
SFDM0OO11
SFDM0012
SFDMC013
SFOM0014
SFDMQO15
SFDM0O016
SFDM0017
SFDM0OO18
SFDM0019
SFOM0020
SFDM0OO21
SEOMUU2Z
SFDMO023
SFDM0024
SFDM0025
SFDM0026
SFOM0Q27
SFOM0028
SFOM0029
SFDMQ030
SFDMO031
SFDM0032
SFDM0033
SFDM0034
SFDIM0035
SFDMQO36
SFDMOO37
SFDMO038
SFDMO039
SFDMO040
SFDM0041
SFUMULY 2
SFDM0043
SFDMO0A4
SFDIMG045
SFDM0046
SFDMO047
SFDMO048
SFDM0049
SFDIN0050
SFDIMOO0S5
SFDIA0052
SFDIM0053
SFDW0054
SFOM00SS
SFDM0056
SFDM0057
SFDM0O0SS8
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LST

D(7,24)=D(7,22)=EL
D(B,11)=1 0
D(8,12)=5L
D(8,14)=2 O*EL
D(B,15)=5L*S¢t
D(8,16)=D(8, 14)+SL
D(8,17)=D(8,16)*SL
D(8,19)=3.0%EL*EL
D(8,20)=D(8, 15)*SL
D(8,21)=D(8,19)*SL
D(8,22)=D(8, 16)+5L*SL
D(8,23)=D(8, 21)*5L
D(8,24)=D(8, 23)»SL
D(9,3)=1.0/(2 0+«YL)
D(9,48)=SL/(2.0%YL)
D(9,6)=-1 0/(2.0xXL)
D(9,8)=-EL/(2 0+XL)
DO 20 u=10,24
D(7,4)=D(7,9)/4L
D(8,d)=D(8,J)/YL
D(6,U)=D(6,J)/(XL*+YL)
D(4,J)=D(4,4)/(XL*XL)
20 D(S,J) =D(5,J)/(YL*YL)
DO 30 1=1,9
DO 30 J=1,24
STD(1,J)=0.0
DO 30 K=1,24

30 STD(I,J)=STD(I,J)+D(I,K)+GBI(K,6J)

DO 40 J=4,22,0

DO 40 I=1,9

STD(1,d)=STD(1,J)=*XL

STD(I,U+1)=STD(1,d+1)*YL

40 STD(1,d+2)=STD(I,U+2)*XL*YL

RETURN

END

SUBROUTINE STRESA(DISP,DELD,FLVA,ITT,NODE,MAXEL,MAX2,
2TSGEE, PLASTW , XGI, YGI,NP, STDEA, GBI ,NMSUB,DSR, PSR, SUBW, SNOM,NXST,
3XSPROP , LNXS, WATXS ,NZS)

IMPLICIT REALx8{A-H,0-2Z)

C

C ASRL TR 154-14. - ORIGINAL REPORT VERSION OF PROGRAM

C COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNDLOGY 1980

Cc

C THIS SUSROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLAYE PRORAMS.
C

C SMALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SPILKER

c

DIMENSION DISP(1),DELD(1),FLVA(1),SNL(9),EQNL(3G),EP(9),DEP(I),
2ELFP(36),NODE(1), TSGEE(MAX2,NZS,3)

DIMENSION XCI(1),YGI(1), NP(4,1),STDEA(9,24),G8I(24,24)

DIMENS ION NMSUB(1),DSR(1),PSR(1),SUBUH(S5,1),SNOM(S5,1),ZGAUS(6),
2ZGAUW(6) ,AGAUS(6) ,AGAUW(6),RFL(4),RZETA(4) ,RWEGH(20),SN0O(S),
3XSPROP (7,1), LNXS(1) ,MATXS(1)

COMMON /PLATE /XD1ST,YDIST,TH,SLE,ELE,NEAD,NECD,DENSP,EP AN, ANUP,
2THALE

COMMON /BAS/NDY ,NET ,MN,NB ,NIRREG,MNC

COMLION /TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, I0UT, ITIME

C

C THIS SUBROUTINE CALCULATES THE EFFECTIVE NODAL FORCE VECTOR FOR AN

SFDM00S59
SFDM0060
SFDMOO61
SFDM0062
SFDMO063
SFDMO064
SFDM0065
SFDMQOG6
SFDY0067
SFDM0O068
SFDMO069
SFDMOO70
SFD0071
SFOM3072
SFDM0O073
SFDMO074
SFDM0OO7S
SFOM0076
SFOM0O077
SFDMOO78
SFDMO079
SFDM0080
SFDMOO0B1
SFDMO0B2
SFDM0O083
SFOMO0843
SFDMQ085
SFDM0086
SFDM0087
SFDM0088
SFDM0089
SFDM0090
SFDMO0091
SFDOM0092
SFDMOG93
STRAQ00O
STRAGOO1
STRA0002
STRA0003
STRAQ004
STRAQ005
STRAQ006
STRAQ007
STRAQ008
STRA0Q09
STRAQO10
STRAQO11
STRAQO12
STRA0013
STRA0014
STRAQO15
STRAQO16
STRAQO017
STRAQO18
STRA0O19
STRA0020
STRA2021
STRA0022
STRA0023
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C X-DIRECTION STIFFENER ELEMENT CORRESPONDING TO NONLINEAR GEOMETRIC

C AND MATERIAL EFFECTS THE EXPRESSION FOQR THIS VECTOR IS GIVEN

C BY EQUATION A.97

c

8S1

11

12

13

99

NA=3
NZ=4

CALL GAUSS(NA,AGAUS,AGAUW)
CALL GAUSS(NZ,ZGAUS, ZGAUW)

PO 50 NST=1,NXST
RH=XSPROP(1,NST)
RW=XSPRCP(2, NST)

YDUNG= XSPROP (3,NST)

HNU=XS PROP(4 ,NST)
EL=XSPROP(6,NST)
XF=XSPROP(7,NST)

LNUMR= LNXS(NST)

LNUM=NST

MAT=ATAS(NST)

D=DSR(MAT)

P=PSR(MAT)

NSUBL=NMSUB( MAT)

DO 10 1Z=1,NZ

RFL(LZ)=0 S+RH*ZGAUW(LZ)
RZETA(L2)=0.5~RH>ZGAUS{LZ)-XF
DO 11 LZ=1 NZ

DO 11 LS=1,NSuUBL

JZ=LZ+ (LS-1) «NZ
RUEGH(JZ)=RFL(LZ)+SUBW(MAT,LS)
DO 12 LS=1,NSUBL

SNO(LS )=SNOM (MAT,LS)

CC5=0 ©

€C6=0 0

IF(D EQ.0.0)GO 10 13
CC5=1.0/P

CCB=-1 0,/D/DELTAT

CONTINUE

NNN1=NP(1,LNUM)
NNN2=NP (2, LNUM)
NNNA=iP (4, LNUM)
SLE=(XGI(NNN2)~XGI(NNN1))/2.0
ELE=(YGI(NNNJ)=~¢GI(NNN1))/2.0
XL=2 Q*SLE

YL=2 D*ELE

Lo 99 J=1,24

ELFP(J)=0 O

PLAST2-=0.0
DO 100 KS=1,1
SW=RW

DO 100 KE=t ,NA
SL=(AGAUS(XE)+1.0)/2.0
CALL SFDM(SL,EL,XL,YL,GBI,STDEA)

EW=SLE«AGAUW(KE)

SWEW= SW+EW

JA=hE+({K5-1 ) *NA

DO 60 u=1,9

EP(U)=0.0

DEP(J)=0 O

DO 60 K=1,24
NNN=( LNUMR=1 ) *24+K

STRAQ024
STRAQ025
STR&CN26
STRA0027
STRAQ028
STRAGO29
STRACO30
STRA0031
STRAQ032
STRA0033
STRAQ034
STRAO0035
STRA0036
STRA0037
€TRAQO38
STRA0039
STRAQ040
STRA0041
STRA0042
STRA0043
STRA0044
STRA0045
STRAQ046
STRA0047
STRA0048
STRA0049
STRA0050
STRAQ051
STRA00S2
STRA00S53
STRA0054
STRA0055
STRA0056
STRAQ057
STRA0058
STRA0059
STRAQO060
STRAQOG61
STRA0062
STRAQOGB3
STRA006G4
STRAQO65
cTeAANGE
STRAQ067
STRAQO68
STRA0069
STRA0070
STRAQO071
STRAQ072
STRAQO73
STRAQO74
STRA0O075
STRA0076
STRACO77
STRAO078
STRAQO79
STRA0080
STRAOCST1
STRA0082

PAGE 0003



6ST

60

152

21

20
22

45

156

155

*50

163

164

165

166

100

INDEX=NODE(NNN)
EP(J)=EP(J)+STDEA( J,K)*DISP(INDEX)
DEP(J)=LE(J)~STDEA( J{)rorLo{IroEy)
CONTINUE
EPEEM=EP(1)+EP(7)¥»2/2.

DEPEEM=DEP( 1)+EP(T7)*DEP(7)-DEP(7)»x2/2.
BPNEE=0.0
BPMEE=0.0

PLASY1=0 0O
DO 150 LZ=1,NZ
EPEEZ=EPEEM-RZETA(LZ)*CP(4)
DEPEEZ=DEPEEM-RZETA(LZ) *DEP(4)

GPEE= YOUNG»* EPEEZ
PTEE=0 O

FACTOR=1.

IF(D EQ 0.0) GD TO 152

FACTOR=1.+{CC6+DABS(DEPEEZ) )**CC5
DO 155 LS=1,NSUBL
JZ=LZ+(LS-1)*NZ
SNY=SNO(LS) *»FACTOR
TAEE=TSGEE( LNUM ,JZ,JA)
DSNEE = YOUNG ~DEPEEZ
TMEE= TAEE+D SNEE
IF(TMEE-SNY) 20,45,2%

TAEE=SNY

PSS1=( TMEE~SNY)/YOUNG

PLAST1=PLAST1+PSS1*TAEE*RWEGH( JZ)

GO TO 156
IF(TMEE+SNY) 22,45,45
TAEE=~SNY

PSS1=( TMEE+SNY)/YOUNG ’

PLAST1=PLAST1+PSS1+TAEE*RWEGH( J2Z)

GO 1O 158

CONTINUE

TAEE= TMEE

CONTIRUE

TSGEE (LNUM |, UZ,JA)=1AEE
PLAEE=GPEE~TSGEE( LNUM ,JZ,JA)
PTEE=PTEE+P LAEE*RYEGH(JZ)

CONTINUE

BPNEE=BPNEE+PTEE

EPMEE =BPMEE -PTEE+RZETA(LZ)

CONTIRNUE

DO 163 J=1,9

SNL(J)=0 0
SNL(1)=YOUNG*RH~EP(7)**2/2.~-BPNEE
SNL(4 )=YCUNG*RH*XF+EP(7)*%2/2 .-BPMEE
SNL(7)=(YOUN-S=RH+ (EPEEM+XF+EP (4))—-BPNEE)*EP(7)
CO 164 J=1,9

SNL(J)=SNL(J)*SWEWN

DO 165 uJ=1,23

EQNL(J)=0.0

DO 165 K=1,9

EQNL(J)=EQNL(J)+STDEA( K,J) *SNL(K)
CO 1€ J=1, 23
ELFP(J)=ELFP(J)+EQNL(JY)

FLAST2=PLAST2+PLAST1+SWEW
CONT INUE
DO 201t J=1,24

STRA0083
STRAQ084
grnanooe
STRA0086
STRA0087
STRAO088
STRA0089
STRA0090
STRAQ091
STRAQ092
STRA0093
STRA0094
STRAQ09S
STRAQC96
STRA00S7
STRA0098
STRAC099
STRAO100
STRAO101
STRA0102
STRA0103
STRAO104
SIRAVIUD
STRAO106
STRAO107
STRA0108
STRA0109
STRAO110
STRAO111
STRAO112
STRAO113
STRAO114
STRAO115
STRAO116
STRAO117
STRAO118
STRAO0119
STRAO0120
STRAQ121
STRAO122
STRAO123
STRAO124
STrRaGI125
STRAO126
STRAO0127
STRAO0128
STRAO129
STRA0130
STRAO131
STRA0122
STRAO133
STRAO134
STRAO135
STRA0136
STRAO0137
STRAO138
STRAO0139
STRA0140
STRAO141
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c

201

50

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

NNN=( LNUMR=1 ) +24+4

M=NODE (NNH)

FLVA(M)=FLVA(M}~ELFP(J)

PLASTW=PLASTW+PLAST2

CONTINUE

RETURN

END

SUBROUTINE STRESC(DISP,DELD,FLVA,ITT,NODE,MAXEL, MAX2,
2TSGEE, PLASTW ,XGI,YGI NP, STDEC, GBI ,NiMSUB,DSR, PSR, SUBW, SNOM,NYST,
3YSPROP , LNYS, MATYS  NZS)

IMPLICIT REAL*8(A-H,0-2)

ASRL TR 154-14. . ORIGINAL REPORT VERSION OF PROGRAfM

COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

SMALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SPILKER

DIMENSION DISP(1),DELD(1),FLVA(1),SNL{9),EQNL(36),EP(9),DEP(9),
2ELFP(36),NODE(1), TSGEE (MAX2,N2S,3)

DIMENS ION XGI{1),YGI(1),NP(4,1),STDEC(9,24),GBI(24,24)
DIMENSION NMSUS(1),DSR(1).PSR{1),SUBW(5,1),SNOM(5 1),ZGAUS(6),
2ZGAUW( 6),AGAUS(6),AGAUW(G) ,RFL{4) ,RZETA{4) , RWEGH (20),SNG(5),
3YSPROP(7,1), LNYS(1),MATYS(1)

COMMON /PLATE /XDIST,YDIST,TH,SLE,ELE,NEAD,NECD,DENSP,EPAN, ANUP,
2THALF

COMMON /BAS/NDT ,NET ,MN,NB,NIRREG,MNC
CCMMON/TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, IOUT,ITIME

gc THIS SUBROUTINE CALCULATES THE EFFECTIVE NODAL FORCE VECTOR FOR A
OC Y-DIRECTION STIFFENER ELEMENT CORRESPONDING TO NONLINEAR GEOMETRIC
C AND MATERIAL EFFECTS. THE EXPRESSION FOR THIS VECTOR IS GIVEN
C BY EQUATION A.98.

c

e
(&)

11

NA=3

NZ=4

CALL GAUSS(NA,AGAUS,AGAUW)
CALL GAUSS(NZ,ZGAUS,ZGAUW)

DO 50 NST=1,NYST
RH=YSPROP(1,NST) -
RW=YSPROP(2,NST)

{OUNC= YSPROP (3 NST)
HNU=YS PROP (4 ,NST)
SL=YSPRCP (&, NST)
XE=YSPROP(7,NST)
LNUMR=LNYS(NST)

LNUM=dST

MAT=MATYS(NST)

p=DSR(MAT)

P=PSR( MAT)

NSUBL=NMSUS( MAT)

CO 10 LZ=1,NZ

RFL(LZ)=0 SxRH1ZGAUW(LZ)
RICTA(L2)s0. CIRH-ICAUS(LZ)~XF
DO 11 LZ=1,NZ

DO 11 LS=1,NSUBL
JZ=LZ+(LS=1) *NZ

RWEGH(JZ)=RF L(LZ)*SUBW(MAT,LS)

l | F | l l

STRAO142
STRA0143
STDAI\1AR
STRA014S
STRA0146
STRA0147
STRAO148
STRC0000
STRCO001
STRC0002
STRC0003
STRCO004
STRC0O00S
STRC0O006
STRCO007
STRCO0O8
STRCO009
STRCO010
STRCOO1 1
STRC0012
STRC0013
STRCO014
STRCON1S
STRCO016
STRCOO017
STRC0018
STRC0019
STRC0020
STRCO021
STRC0022
STRC0023
STRC0024
STRC0025
STRC0026
STRC0027
STRC0028
STRC0029
STRC0030
STRC0O031
STRC0032
STRC0033
STRC0034
STRC0035
STRC0036
STRCO0037
STRC0038
STRC0039
STRC0040
STRCO041
STRCO042
STRCQ043
STRC0044
STRC0045
STRC0046
STRCQ047
STRCO048
STRCO049
STRCO0S50
STRC0051
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12

13

99

5
()

152

21

DO 12 LS=1,NSUBL

SNO( LS )=SNOM (MAT, LS)

CC5=0.0
CC6=0 O

IF(D EQ 0 0)GO TO 13
CCS=1 0O/P

CCb=1.0/D/DELTAT
CONTINUE
NNNi=NP(1,LNUM)
NNN2=NP(2,LNUY)
NNN4=NP(4,LNUM)
SLE=(XGI(NNN2)-XGI{NNN1))/2.0
ELE=(YGI(NNN4)-YGI(NNN1))/2.0
XbL=2 0#*SLE

YL=2 O*ELE

PO 99 J=1,24

ELFP(J)=0 O

PLAST2=0 0
DO 100 KS=1,1
SW=RW

CO 100 KE=1,NA

EL=(AGAUS(KE)+1 0)/2.0
CALL SFOM(SL ,EL.AL,YL,GBI,STDEC)
EW=ELE*AGAUW(KE)

SWEW=SW+EW

JA=KE+(KS-1)*NA

D0 60 v=1,9

EP(J)=0.0

DEP(U)=0 O

DO 60 h=1,24
NNN= ( LNUMR=1 )*24+K

INDEX=NODE(NNN)

EP(JU)=EP(J)+STDEC({ J,K)+*DISP(INDEX)
DEP(U )=DEP(J)+STDEC( J,K)*DELD(INDEX)
~Aa Y [ LI~

EPEEM=EP(2) +EP(B)**2/2.
DEPEEM=DEP(2)+EP(B)*DEP(8)~DEP(B)*+2/2.
BPNEE=0 O

BPMEE-0.C

PLAST1=0 O

DO 150 LZ=1,NZ

EPEEZ =EPEEM-RZETA(LZ)+EP(5)
DEPEEZ=DLRPECM-NZETA(LZ) *DEP(S )
GPEE=YOUNG* EPEEZ

PTEE=0 O

FACTOR=1.

IF(D.EQ.O0 0) GO TO 152

FACTOR=1 +(CCo6*DABS(DEPEEZ))**CCS
DO 155 LS=1 ,NSUBL
JZ=LZ+(LS-1)*NZ

SNY=SNO(LS) =FACTOR
TAEE=TSGEE( LthUM ,JZ,JA)

DSNEE =YOUMG~DEPEEZ
TMEE=TAEE+DSNEE

IF(TMEE-SNY ) 20,45,21

TAEE = SNY
PSS1=( TMEE-SNY)}/YQUNG
PLAST1=PLAST1+PSSI1*TAEE*RWEGH(JZ)
GO TO 156

STRC0052
STRCO0S3
STRCONRA
STRCO055
STRCO056
STRCO057
STRCOO0S8
STRCO059
STRC0O060
STRCO061
STRCO062
STRC0063
STRCO064
STRCQ065
STRCO066
STRC0O067
STRC0068
STRCO069
STRCGO70
STRCO071
STRCO072
STRCO073
STRC0O074
STRC0O075
STRC0O076
STRCO077
STRC0078
STRC0079
STRC0080
STRCO081
STRC0082
STRCO083
STRC0084
STRCOO0BS
STRCOCB6
STRC0087
STRCO088
STRCOCB9
STRC0090
STRCO091
STRC0092
STRC0093
gyocnnoa
STRC009S
STRCO096
STRC0097
STRC0098
STRC0O099
STRCO100
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20
22

45

156

155

163

164

165
166

100

201

50

IF(TMEE+SNY) 22,45,45

TAEE=~-SNY

PSS1=( TMEE+SNY) /YOUNG

PLAST1=PLAST 1+PSS1*TAEE=RWEGH( JZ)
GO 10 156

CONTINUE

TAEE=TMEE

CONTI NUE

TSGEE (LNUM ,UZ,JA)=TAEE

PLAEE =GPEE-TSGEE( LNUM ,JZ,JA)
PTEE=PTEE+P LAEE+RWEGH(JZ)
CONTINUE

BPNEE =BPNEE +PTEE

BPMEE =BPMEE-PTEE*RZETA(LZ)
CUNT 1 NUE

DO 163 J=1,9

SNL(J)=0 0

SNL(2)=YOUNG+RH<EP B)*%2/2.-BPNEE
SNL(B5)=YOUNG*RH«XF*EP(8)**2/2 . ~BPMEE
SNL(8)=(YOUNG+RH= (EPEEM+XF+EP (5))-BPNEE)*EP(8)
0O 164 J=1,9

SNL(J)=SNL(J)*SWEW

DD 165 J=1, 24

EQNL(J)=0 O

DO 165 K=1,9
EQNL(J)=EQNL(J)+STDEC( K,J) *SNL(K)
DO 166 J=1,24
ELFP(UJ)=ELFP{J)+EQNL(J)
PLAST2=PLAST2+PLAST1+SWENW

CONTINUE

DO 20t J=1,24
NNHN=( LNUNMR=1 )} »24+4
M=NODE (NNN)
FLVA(M)=FLVA(M)-ELFP(J)
PLaSTW-FLASTW+PLAST?2

CONTIHUE

RETURN
END

STRCO111
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QCTRrN1 4
STRCO114
STRCO115
STRCO116
STRCO117
STRCO118
STRCO119
STRC0120
STRCO121
STRCO122
STRCO123
STRC0124
STRCO125
STRCO126
STRCO127
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STRCO0129
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37TRISS3
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STRC0137
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STRC0143
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SUBROUTINE STRESP(DISP,DELD,FLVA,ITT NODE,MAXEL, TAUSS, TAUEE, TAUSE, STRP000O
2EPSSI, EPSSO,EPEE] , EPEEQ, EPSEL, EPSEC, PLASTW ,XGI,YGI NP, STDEP,GBI, STRP0OOOt

3NMSUB, DSR, PSR, SUBW, SNOM, N2S) STRP0002
IMPLICIT REAL+B(A-H,0-2) STRP00O3

c STRP0004
c ASRL TR 154-14...... DRIGINAL REPORT VERSION OF PROGRAM STRPOCOS
C  COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 STRPO006
[ STRPO0O?
C THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.SIRP000S
c STRPO009
C SMALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SPILKER STRPO01O
c STRPOO1Y
DIMENSION DISP(1),0ELD(1),FLVA(t),SNL(9),EQNL(36) ,EP(9),DEP(9), STRP0O412
2ELFP(36) ,NODE(1), TAUSS(MAXEL,N25,9), TAUEE(MAXEL ,N2S,9) , TAUSE(MAXELSTRPOO13
3,NZ5,9),EPSS1(9,1) ,EPSSO(9,4), EPEEL(9,1),EPEEO(9,1),EPSEL(9,1), STRP0O14
AEPSEO(9,1) STRPOOIS
DIMENSION XGI(1),¥YGI(1),NP(4,1),STDEP(9,24),6B1(24,24) STRPOO16
DIMENS ION NMSuUB(1),0SR(1),PSR({ 1),5UBW(5,1),SNOM(5,1),2GAUS(6), STRPOO17
22GAUN(6) .GFL(4),GZETA(4) ,GWEGH (20),SNO(5),AGAUS(6) ,AGAUW(6) STRPOOtE
COMMON /PLATE /XDIST ,YDIST ,TH,SLE,ELE,NEAD,NECD,DENS,YOUNG ,HNU, THALFSTRPO019
COMMON /BAS/NDT,NET ,MN,NB ,NIRRE G, MNC SIRP0020
COMMON/TIM/DELTAT, YIMEF, TIME, I TIMEF, INCRT, 10UT, I TIME STRPOO21
COMMON /INOUT/ MREAD,MWRITE,MPUNCH STRP0O022

c STRP0023
C THIS SUBROUTINE CALCULATES THE EFFECTIVE NODAL FORCE VECTOR FOR A STRP0024
C PLATE ELEMENT CORRESPONDING TO NONLINEAR GEOMETRIC AND MATERIAL STRPO025
C EFFECTS THE THEORETICAL BAS1IS FOR THESE CALCULATIONS 1S GIVEN IN STRP0026
C SUBSECTION A.1.3.A. S1RP0027
c STRPOO28
CONt=(1.0+HNU)/(3.0+YOUNG) STRP0029

NA=3 STRP0030

NZ=4 STRPO031
NSUBL=NMSUB( 1) STRPO032
D=DSR(1) STRP0033
P=PSR( 1) STRP0034

CALL GAUSS{NA,AGAUS,AGAUW) STRP003S

CALL GAUSS(NZ,ZGAUS,ZGAUW) STRP003G

DO 10 LZ=1,NZ STRP0037
GFL(LZ)=0 S+ TH*ZGAUW(LZ) STRP0038

10 GZETA({1Z)30,5+THeZGAUS(LZ) STRP0039
DO 20 LZ=1,NZ STRP0040

DO 20 LS=1,NSUBL STRPO04Y
JZ=L2+ (LS-1) *NZ STRPO042

20 GWEGH{JZ)=GF L{LZ)*SUBW(1,LS) STRP0043
CC5=0 0 STRP0044

CCG:=0 0 STRPO04S

1F(D €Q.0.0)GO TO 30 STRP0046
C€CS=1,0/P STRP00A47

CC6=1 0/D/DELTAT STRP0048

30  EE1=YOUNG/(1.0-HNU¥HNU) STRP0049
EE2=HNUEE STRP00S0
EE3=YOUNG/2 O/(1.04HNU) STRP0O0S1
HNU1=( 1 0~2,0%HNU)/3.0/(1.0~HNU) STRP00S2

DO 35 LSs{,NSUBL STRPO0S53

35  SNO(LS)=SNOM(1,LS) STRP0O0S4
DO S50 LNUM=t ,NET . STRP00SS
NNN1=NP(1,LNUM) STRPOOS6
NNN2:=NP{2,LNUM) STRPOOS7
NNNA=NP({4,LNUM) STRPOOSS
SLE=(XGI(NNN2)=-XGI (NNN1))/2.0D00 STRPO0OS9
ELE=(YGI(NNNA)-YGI{NNN1))/2.0D0 S1RP00GO

D0 99 J=1,24 STRPO061

99 ELFP(u)=0 O STRPQO62



60

yot

DO 100 KS=1 ,NA

SWsSLESAGAUW(KS)

DO 100 KE=1,NA
SL={AGAUS(KS)+1.0)/2.0
EL=(AGAUS(KE)+1.0)/2.0
XL=2 0 +SLE
YL=2 O+ELE
CALL SFOM(SL,EL,XL,YL,GBI,STDEP)

EW=EL E+AGAUW(KE)

SWEW= SWeEW
PLAST3=0 O

JA=KE +{KS-1)9NA

DD 60 U=1,9

EP(J)=0.0

DEP(J)}=0.0

DO 60 K=1,24
NNN=( LNUM=1) +24+K
INDEX=NODE(NNN)

EP(J)=EP(J)+STDEP({  J,K)*DISP({INDEX)

DEP(J)=DEP({J)+STDEP{  J,K)*DELD(INDEX)

CONT1NUE .

EPSSM=EP(1)+EP(7)ee2/2.

*+EP(9) *+2/2,
EPEEM=EP(2) +EP(B)+22/2.
*4EP(9) %4272,
EPSEM=EP(3)+EP(7)+EP(B)
DEPSSM=DEP(1)+EP(7)*DEP(7)~DEP(7)s+2/2.
*+EP(9) +DFP(9)-DEP(9)++2/2,
DEPEEM:=DEP(2)+EP(B)+DEP(B)-DEP(B)*+2/2,
*+EP(9) *DEP(9)~DEP(9)e"2/2

DEPSEM=DEP(3)+EP(7)+DEP(B)+DEP(7)+EP(B)~DEP(7)*DEP(B)
LN=LNUM

EPSSI(JA,LN)=EPSSM+THALF*EP(4)

EPEE]L (JA,LN)=EPEEM+THALF+EP(S)

EPSEL (JA,LN)=EPSEM+THALF*EP(6)

EPSSO(JA,LN)=EPSSM-THALF*EP(4)

EPEEO(JA ,LN)=EPEEM-THALF+EP(5)

EPSED (JA,LN ) =EPSEM-THALF*EP(G)

BPNSS5=0 O

BPNEE=0 O

BPHSE=0 O

BPMSS=0 O

BPMEE=0 0

BPMSE=0.0

DO 150 LZ=1,N2Z
PLAST2:0.0

EPSSZ=EPSSM~-GZETA(LZ)+EP(4)

EPEEZ=EPEEM~GZETA(LZ)*EP(5)

EPSEZ=EPSEM-GZETA(LZ)*EP(6)

DEPSSZ=DEPSSM~GZETA{LZ)*DEP(4)

DEPEEZ=DEPEEM~GZETA(LZ)*DEP(S)

DEPSEZ=DEPSEM~GZETA(LZ) *DEP(6)

GPSS=EEV»EPSSZ+EE2+EPEEZ

GFEE=EE2*EPSSZ+EE1+EPEEZ

GPSE=EE3+EPSEZ

P155=0 0

PTEE=0 O

PTSE=0 O

FACTOR=1,

1F(D EQ.0.0) GO TO 152

SECINVaDEPSS2#¢24DEPEEZ++2-DEPSSZ*DEPEEZ+ . 7500*DEPSEZ s e2

SECINV=SECINV*2 D0/3.00
IF(SECINV .LT7. 0.000) WRITE(MWRITE,151) NNC,ITT

STRPQO6I
STRPO064
STRPOOGES
STRPOO66
STRPOO67
STRPOOGS
STRPQO69
STRPOO7Q
STRPOOT1
STRP0OO72
STRP0O73
STRPOO74
STRPOOTS
STRPOO76
STRP0077
STRPOO78
STRPOO79
STRPO0BO
STRPO0OBY
STRPOOB2
STRPO0B3
STRPOOB4
STRPO0OBS
STRPOO8BSE
STRPQO8B7
STRPOOGS
STRP0O0BY
STRPO090
STRPOOOt
STRPO092
STRP0093
STRPO094
STRPOO9S
STRPQO96
STRPO097
STRPO098
STRPOQYY
STRPO100
STRPO101
STRPQ102
STRPO103
STRPO104
STRPO10S
STRPO106
STRPO107
STRPO108
STRPO109
STRPO110
STRPOI1
STRPO112
STRPO113
STRPO114
STRPO11S
STRPO116
STRPO117
STRPO118
STRPO119
STRPO120
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STRPO122
STRPO123
STRPO124
STRPO12S

151 FORMAT (1HO, ' SECOND INVARIANT OF DEVIATORIC STRAIN RATE IS NEGATIVESTRPO126
+ AT SUBINCREMENT',13,' AT TIME STEP',110/20X,'STOP IN SUBROUTINE SSTRPO127

2TRESP. ')

STRPO128
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152

40

41

159

45

46

157

44

49
156

155

IF(SECINV.LT.0.0) CALL EXIT
FACTOR=1.4(CC6+DSQRT(SECINV)) eCCS
DO 155 LS=3 ,NSUBL
SIGMSQ=(SNO(LS)*FACTOR) »#2
JZsLZ+(LS~1)eNZ

NNN=1

SNN=z1 .

CONT I NUE
PLAST1=0 O

NNC=1

TASS= TAUSS(LNUM ,JUZ,JA)
TAEE=TAUEE( LNUM ,J2,JUA)

TASE= TAUSE( LNUM ,JZ,JA)
DSNSS=(EE1«DEPSSZ+EE2+DEPEEZ) /SNN
DSNEE=(EE2+DEPSS2+EE1+DEPEEZ) /SNN
DSNSE=EE3+DEPSEZ/SNN

CONT I NUE

TMSS= TASS+DSNSS

TMEE= TAEE+D SNEE

TMSE= TASE+DSNSE

CZ=TMSS*+24+ TMEE*+2-TMSS+TMEE+3,¢TMSE++2-SIGMSQ
IF(CZ LE. 0.0) GO TO 45

TAUM= TASS+TAEE

TC55=TASS~HNU1+TAUM
TCEE=TAEE-HNU1*TAUM

TCSE= TASE
AZ=TCSS**+2-TCSS*TCEE+TCEE*+2+3,.¢TCSE*e2

BZ=TMSS*TCSS+TMEE+TCEE- (TMSS» TCEE+TCSS*TMEE) /2. +3.*TMSE*TCSE
DISCR=82+82~AZ+C2

1F({DISCR LT 0 0) GO TO 157
HLAMD2=BZ+DSQRT(DISCR)
IF(HLANMD2 . LE 0,0) GO TO 157
HLAMDA=CZ/H LAMD2
PSS1=HLAMDA+«CON1+(2 O+¢TASS-TAEE)
PSS2=HLAMDA«CON1+*(2.0¢TAEE-TASS)
PSS3=HLAMDA*CON1+6 Q*TASE
PLAST1=PLAST 1+4PSS1»TASS+PSS2¢TAEE+PSSI*TASE
TASS= TMSS-HLANDA+TCSS

TAEE= TMEE-HLAMDATCEE

TASE= TNSE-H LAMDA* TCSE

GO 10 46

TASS=TMSS

TALE=TMEE

TASE= TMSE

IF(NNC.EQ NNN) GO TO 156
NNC=NNC+1

GO 10 41

NNN=NNN+1

SNN=NNN

IF(NNN-99) 40,40,44
WRITE(MARITE ,49)KTT

STRP0O129
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STRPO141
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STRPO144
STRP0145
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STRP0O152
STRPO153
STRPO164
STRPO1SS
STRPO156
STRPO157
STRPO158
STRPO169
STRPO160
STRPO161
STRPO162
STRPO163
STRPO164
STRPO165
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STRPO168B
STRPO169
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STRPO17Y
STRPO172
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STRPO174
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STRPO177
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FORMAT(' SUBINCREMENT IN PLASTICITY RELATION .GT.99 AT ITs',15)STRPOI18Y

CALL EXIT
TAUSS (LNUM ,JZ,JA)=TASS

TAUEE (LNUM ,UZ,JA)=TAEE

TAUSE (LNUM ,JZ,JA)=TASE

PLASS =GPSS=TAUSS{ LNUM ,JZ,JA)
PLAEE =GPEE~ TAUEE ( LNUM ,JZ,JA)
PLASE =GPSE~TAUSE{ LNUM ,JZ,JA)
PTSS=PTSS4+F LASS*GWEGH(JZ)
PTEE=PTEE+P LAEE+GWEGH(J2Z)
PTSE=PTSE+P LASE+GWEGH{JZ)
PLAST2 =PLAST 2+PLAST1+GWEGH{JZ)
CONTINUE

BPNSS =BPNSS +PTSS

STRPO1D2
STRPO183
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STRPO189
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150

164

165
166

100

201
50

BPNEE =BPNEE+PTEE

BPNSE =BPNSE +PTSE

BPMSS =BPMSS~-PTSS+«GZETA(LZ)

BPMEE =BPMEE-PTEE*GZETA(LZ)

BPMSE =BPMSE-PTSE*GZETA(LZ)
PLAST3=PLAST3+PLAST2

CONT I NUE

SNL(1)=(EE1+EP(7)*%2/2. +EE2*EP(B)**»2/2.)* TH-BPNSS
*+((EEV+EE2)*EP(9)*%2/2.)*TH

SNL(2)=(EE2+EP(7)%*2/2 . +EE1*EP(B)**2/2. )+ TH-BPNEE
*+((EE1+EE2)+EP(9)+*2/2.)*TH

SNL(3)=(EE3+EP(7)*EP(8) )*TH-BPNSE

SNL(4)=-BPMSS

SNL(5)=-BPMEE

SNL(6)=-BPMSE

SNL(7)=((EE1+*EPSSM+EE2+EPEEM) »TH-BPNSS)*EP(7)
*+(EE3+EPSEM+ TH-BPNSE)+EP(8)

SNL(B)=((EE2*EPSSM+EE1+EPEEM) » TH-BPNEE)*EP(8)
*+(EE3+ EPSEM+ TH-BPNSE)*EP(7)

SNL(9)=({EE1+EPSSM+EE2*EPEEM) *TH~-BPNSS)+EP(9)
*+((EE2+*EPSSM+EE1+EPEEM)» TH-BPNEE)*EP(9)

DO 164 U=1,9

SNL(J)=SNL{J)+SWEW

DO 165 J=1,24

EQNL(U)=0 ©

DO 165 K=1,9

EQNL(J)=EQNL(J)+STDEP( K,J) *SNL(K)

D0 166 J=1,24

ELFP(J)=ELFP(JU)+EQNL(J)
PLASTW=PLASTW+PLAST3*SWEW

CONT I NUE

DO 201 J=1,24

NNNN=( LNUM=1 ) #2444

M=NODE (NNNN)

FLVA(M)=FLVA(M)+ELFP(J)

CONTINUE

RETURN

END
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SUBROUVINE TSTEP(STF,AMASS,NBC,BC,1COL, INUM,KROW,NDEX, TREAL,SOLN)
IMPLICIT REAL+B(A-H,0-2Z)

ASRL TR 154-14...... ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED BY BOTH THE PLATE AND THE CIVM PLATE PROGRAMS.

DIMENSION STF(1),AMASS(1),BC(1),NBC(1),ICOL(1),INUM(T) ,KROW(1),
ANDEX( 1) ,TRIAL{1),SOLN(1)

COMMON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC

COMMON/PLATE /XD,YD, TH HX ,HY ,NEA,NEC,DENS, EPAN, AN, THF

COMMON /INOUT/ MREAD,MWRITE ,MPUNCH

COMMON /MASSM/ IMASS

SUBROUTINE TO CALCULATE THE CENTRAL-DIFFERENCE TIME-STEP BOUND.
ITERATION IS USED TO CALCULATE THE HIGHEST NATURAL FREQUENCY OF THE
ASSEMBLED STRUCTURE. NOTE-- HOUBOLT OPERATOR

USED IN PRESENT PROGRAM. CALCULATED BOUND SERVES ONLY AS A
REFERENCE NO

GENERATE INITIAL GUESS
DO 20 I=%,NDT
TRIAL(I)=1 0DO
CONSTRAIN ASSEMBLED STIFFNESS MATRIX
CALL BCONMK{STF,BC,1COL, INUM,NBC)
1F(IMASS EQ. 2) GO TO 28
DO 25 1=1,NB
KK=NBC (1)}
TRIAL(KK)=0 0DO
00 27 1=1,NDTV
IF(ANASS(1) EQ.0.0)TRIAL(1)=0.0D0
CONTINUE
GO 10 29

C CONSTRAIN CONSISTENT MASS MATRIX.

28
c
29

30

35

CALL BCONMK( AMASS, BC,ICOL,INUM ,NBC)
NORMALIZE SO TRIAL VECTOR 1S A UNIT VECTOR

SuM=0 0DO

00 30 I=1,NDT

SUM=SUM+TRIAL(I)*TRIAL(I)

SUM=DSQRT(SUM)

DO 35 I=1,NDT

TRIAL{I)=TRIAL(1)/SUM

EPS=1 OD-7

BOLD=1 0DO

NNN=Q

C FOR CONSISTENT MASS MATRIX, REPLACE M BY FACTORED M.

c

c
10

c

[

45

IF(IMASS .EQ. 2} CALL FACT(AMASS,ICOL,KROW,NDEX,10ET,MWRITE, INUM)
BEGIN ITERATION LOOP
DO 100 [TER=1,200
NNN=NNN+1
ZERO OUT SOLUTION VECTOR
DO 40 I=1,NDT
SOLN(1):0 0DO
MULTIPLY STIFFNESS TIMES TRIAL
CALL OMULT{STF,TRIAL,SOLN,ICOL ,KROW,NDEX)
IF(IMASS EQ 2) GO TO 46
MULTIPLY PRODUCT BY MASS~INVERSE
DO 45 1=1,NDT
TF{AMASS(1).EQ 0.0)GO TO 45
TRIAL(1)=SOLN(I)/AMASS(])
CONTINUE
GO To 47

T5TPO00O
TSTPOOOY
1STPO002
TSTP0003
15TPO004
TSTPQQOS
TSTPOOO06
15TP000O7
1STPQOOS
151P0009
1STPOO10
1STPOO1 Y
TSTPOO12
TST1PO013
1STP0O0I4
TSTPOO1S
1STPOO16
TSTP0017
1STPOO18
1STPOO19
1STP0O020
1STPOO21
1STP0022
1STP0023
¥ST1P0024
TSTPO025
TSTP0026
1S1P0027
TS1P00O28
TS1P0029
15TP0030
1STP0OO3Y
1STP0032
TSTPO033
15TP0034
T1STP003S
T1STP0036
TSTP0O037
T5TP0030
1STPO0O39
151P0040
151P0041
TSTP0042
TSTP0O043
151P0044
TSTPO04S
1S1P00A6
151P0047
TSTPOO48
T5TP0049
1STPO0SO
TSTPOOSH
15TP0052
TSTPQOS53
TS1PQ0S4
1STPO0SS
1STPO0S6
1STP00ST7
15TP00S8
TSTPOOS9
1STP006O
TSTPOOG 1
TSTP0062



46  CALL SOLV(AMASS,SOLN,TRIAL,ICOL,KROW,NDEX)
47  BNEW=-1 DO
C SEARCH FOR MAX VALUE IN TRIAL VECTOR.
IHCLD=0
DO 49 I=1,NDT
CHECK=DABS(TRIAL([))
IF(BNEW .GT. CHECK) GO TO 48
BNEW=CHECK
IHOLD= I
48  CONTINUE
IF(IHOLD .NE. 0) BNEW=TRIAL(IHOLD)
C NORMALIZE SO TRIAL VECTOR IS A UNIT VECTOR
DO 55 I=1,NDT
IF(TRIAL(I) .EQ. 0.DO) GO 10D S5

IF(DABS(10.0DO*TRIAL(1)/BNEW) ,.GT. 1.D0~76) GO TO 55

TRIAL(1)=0.DO
55 TRIAL(I)=TRIAL(I)/BNEW

Cc IF THIS 1S FIRST ITERATION, SKIP CONVERGENCE CHECK

IF(ITER EQ 1)GO TO 100
CRATIO=DABS(1.000-BNEW/BOLD)
IF(CRATIO.LE.EPS)GO TO 110
Cc IF NOT CONVERGED CONTINUE ITERATION
BOLD=BNEW
100 CONTINUE

CONVERGENCE FOUND OR MORE THAN 200 ITERATIONS TAKEN

(o
110 BONE=BNEW
P BONE=DSQRT ( BONE)
© WRITE(MWRITE ,600)BONE
C PRINT OUT FINAL VALUE OF EIGENVECTOR.
NNT=NDT/6
WRITE(MWRITE, 114)
DO 112 NN=1,NNT
J1=(NN-1)*6+1
J2=J1+5
112 WRITE(MWRITE,116) NN, (TRIAL(J),J=Jt,u2)

114 FORMAT (1H0,23X,'HIGHEST EIGENVECTOR NORMALIZED BY LARGEST VALUE'/
1 1HO,10X, 'NODE',6X,'U',12X,'V"* 12X, 'W!,11X,'PSIX',9X, *PSIY',9X,

2 'TWIST!')

116 FORMAT(11X,14,6D13.5)
WRITE(MWRITE ,610)NNN,CRATIO
S75=2., 0D0/BONE
WRITE(MWRITE ,620) STS
ST5=0 8D0*STS
WRITE (MWRITE ,630)STS

600 FORMAT('0','HIGHEST NATURAL FREQUENCY(RAD/SEC)=*',D15.7)
610 FORMAT (' ','AFTER',14,2X,'ITERATIONS, CONVERGENCE RATIO=',D15.7)
620 FORMAT (' ','CENTRAL-DIFFERENCE BOUND ON TIME-STEP(SEC) FOR LINEAR

25YSTEM=',D15.7)

630 FORMAT (' ','ACTUAL TIME-STEP BOUND (SEC) WOULD BE=',D15.7)

RETURN
END

TSTPOO63
TSTPOOG4
TSTPOO6S
TSTPOOG6
TSTPOGG7
TSTPOOG8
TSTPOOGY
TSTPOO70
TSTPOO71
TSTPOO72
TSTPOO?73
TSTPOO74
TSTPOO75
TSTPOO76
TSTPOO77
TSTPOO78
TSTPOO79
TSTPOO8BO
TSTPOOB1
TSTP0OOB2
TSTPOOB3
TSTPOOB4
TSTPOOBS
TSTPOOB6
TSTPOOB7?7
TSTPOOBS
TSTPOOB9
TSTPO090
TSTPO0O91
TSTP0092
TSTPOO93
TSTPO094
TSTPO09S
TSTPOO96
TSTP00Y7
T5TP0098
TSTPOO99
TSTPO100
TSTPO101
TSTPO102
TSTPO103
TSTPO104
TSTPO10S
TSTPO106
TSTPO107
TSTPO108
TSTPO109
TSTPOt10
TSTPO111
TSTPO112
TSTPO113



6.2 Subprograms Unigue to the PLATE Code

The following 6 subprograms (or subroutines) are unique to the PLATE

program:

CMASSP INCOND MAINP
EXTL MAIN PRINT

These specific versions of Subprograms EXTL, INCOND, and MAIN given 1in this
subsection are principally for 1llustration, but are also those used for the
1llustrative example given in Subsection 7.2.1 for the complete plate. The
user must write his own versions of these programs consistent with his problem
data 1f he wishes to analyze any other example problem.

A FORTRAN IV listing of these 6 subprograms follows.
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SUBROUTINE CMASSP(NTYPE, XL,YL, TH,XF,SLOC,CSA,SMOL ,EM,GBI,DENS)
IMPLICIT REAL+B(A-H,0-2Z)

ASRL TR 154-14.. . ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED EXCLUSIVELY BY THE PLATE PROGRAM.

DIMENSION EM(24,24),GBI(24,24) ,AMT(5,5),GS(6),GW(6),P(5,24),
25TOR1(5,24),STOR2(24,24),7(24)

THIS SUBROUTINE COMPUTES THE CONSISTENT MASS MATRIX FOR A
RECTANGULAR PLATE ELEMENT, X-DIRECTION STIFFENER ELEMENT, OR
Y-DIRECTION STIFFENER ELEMENT. THE FORMULATION CORRESPONOS 71O
EQUATIONS A 23 AND A 29 (FOR PLATE ELEMENTS), EQUATION A.91A FOR
X-DIRECTION STIFFENERS, AND EQUATION A.91B FOR Y-DIRECTION
STIFFENERS. A GAUSSIAN QUADRATURE IS USED TO COMPUTE THE REQUIRED
INTECRAL

NGS=4
CALL GAUSS(NGS,GS,GHW)
DO 5 1=1,NGS
CS(I)= (1 C+CS(2))/2.0
> GN(I)=GW(1)/2.0
NGX=NGS
NGY=NGS
D0 10 1=1,5
DO 10 J=1,5
10 AMT(I,J)=0.0
Do 20 1I=1,5
DO 20 J=1,24
20  P(I,4)=0 0
DO 25 I=1,24
DO 25 J=1,24
25  EM(1,4)=0.0
GO TO(320,40,40),NTYPE
M-TILDA FOR PLATE ELEMENT
30 ANT(1,1)=TH
AMT (2, 2)=TH
AMT (3, 3)=TH
AMT(4,4)=TH*+3/(12.0D0«XL*XL) - B
AMT(5,5)=TH*+3/(12 ODO*YL=*YL)
GO TO 50
M-TILDA FOR STIFFENERS.
40 AMT(1,1)=CSA
AT (2, 2)=C3A
AMT (3, 3)=CSA
ANT(4,4)=SMOI/ (XL*xXL)
ANT(5,5)=SM0T/ (YL+YL)
AMT (4, 1)=-CSA*XF/XL
AMT(1,4)=AMT (4,1)
AMT (5, 2)=~CSA*XF/YL
AMT (2, 5)=AMT (5,2)
IF(NTYPE EQ 2)NGY=1
ITANTYIC.ES. S)RCX=1
50  CCNTINUE
LOGP DOVER GAUSS STATIONS.
DO 100 Ky=1,NGY
DO 100 NX=1,NGX

| J |

CMSPQ000
CMSPQO0O1
grecplo2
CMSP0Q03
CMSPO0O04
CMSP0005
CMSP0006
CMSP0007
CMSPQOOSB
CMSP0009
CMSPQO10
CMSPOO11
CMSP0012
CMSP0013
CMSPQO14
CMSP0015
CM5P0016
CMSP0017
CMSPOO18
CMSP0019
CMSP0020
CMSPOO21
CMSPO022
CMSPQ023
CMSP0024
CMSP00O25
CMSP0026
CMSP0027
CMSP0028
CMSP0029
CMSP0030
CMSP0031
CMS5P0032
CMSP0033
CMSP0034
CMSPQO035
CMSP0036
CnspPe037
CMSP0038
CMSP0039
CMSP0O040
CMSPQ041
CmspP0042
CrspP0043
CMSP0044
CMSP0045
CMSP0046
CMSP0047
CMSP0048
CMSP0049
CMSP0050
CMSPQOS1
CMSP0052
CMSP0OO053
CtiSP0054
CMSP0OS5S
CMSP0056
CMSPQO57
CMSPOOSE
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SL=GS(NX)
EL=GS(NY)
GWX=GW (NX)
GWY=GHW (NY)

IF(NTYPE.EQ.2)EL=SLOC
IF(NTYPE.EQ 2)GWY=1 O
IF(NTYPE.EQ. 3)SL=SL0OC
IF(NTYPE EQ.3)GWX=1.0

P(1,1)=1.0
P(1,2)=5L
P(1,3)=EL
P(1,4)=EL*SL
P(2,5)=1.0
P(2,6)=SL
P(2,7)=EL
P(2,8)=SL*EL
P(3,9)=1 0
P(3,11)=5L
P(3,11)=EL
P(3,12)=5L*EL
P(3,13)=SL*SL
P(3,14)=ELxEL
P(3,15)=5L*SL+EL
P(3,16)=SL=EL~EL
P(3,17)=SL*SL¥EL+EL
P(3,18)=SL*=3
P13,19)=EL*=*3
P(3,20)=P(3, 18)*EL
P{3,21)=SL*P(3,19)
P(3,22)=P(3,20)+EL
P(3,23)=P(3,21)+SL

P(3,23)=P(3,18)*P(3,19)

P(4,16)=1.0
P(4,12)=EL
PlA,12)=2 CxsL
P(4,15)=2.0*SL*EL
P(4,16)=EL+EL
P(4,17)=P(4,15) «EL
P(4,18)=3.0*SL*SL
P(4,20)=P(3,18)+EL
P(4,21)=P(4, 16)*EL
P(4,22)=P(4,20)*EL
?(4,23)=P(a,17)+EL
F(4,24)=P(4,22)=EL
P(5,11)=1 0
P(5,12)=SL
P(5,14)=2.0%EL
P(5,15)=SL*SL
P(5,16)=2 0=SL*EL
P(5,17)=P(5,16)»SL
P(5,19)=3.0xEL*EL
P(5,20)=P(5,15)*SL
P(5,21)=P(5, 19)*SL
P(5,22)=P(5, 1T)*SL
P(5,23)=P(5,21)*SL
P(5,24)=F(5,23)=SL
Do 60 I=1,5

DG 60 J=1,24
STOR1(I,JU)=0.0

CMSPO0S9
CMSPUO6G0
CMSPANARY
CMSPOGB2
CMSP0063
CMSPO0G4
CMSP0O06S
CMSPO0E6
CMSP00B7
CMSP0O068
CMSP0069
CMSP0O0O70
CMSPQO71
CMsSP0072
CMSP0073
CMSPOCT74
CMSP0O075
CMSP0D76
CMSPQO77
CMSP0078
CMSP0079
CMSP0O030
CMSP0081
CMSP0082
CMSP0QO83
CMSP0084
CMSP008S
CMSPOOBS
CMSP0087
CcMSPQO88
CMSP0089
CMSP0090
CMSPQ091
CMSP0092
CMSP0093
CMSP0094
CMSP0O09S
CMSP0096
CtaSP0097
CMSP0098
CMSP0093
CMSPO100
CMSD!\‘ IJ!
CM5P0102
CMSP0103
CMSPO104
CMSPO10S
CMSP0O106
CMSPO107
CMSP0108
CMSP0O109
CMSPO110
CMSPO111
CMSPO112
CMSPO113
CMSPO114
CMsSPO1S
CMSPO116
CMSPO117
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60

70

80
100

110
Cc

130
Cc

140

150
C

160

DO 60 K=1,5
STOR1(I,J)=STORI(I,J)+AMT(I,K)*P(K,u)
L3 70 I=1,25

DG 70 U=1,24

STOR2(I,U)=0.0

DO 70 K=1,5
STOR2(1,J)=STOR2(1,J)+P(K,I)*STOR1(K,J)
DO 80 I=1,24

0O 80 J=1,1
EM(I,J)=EM(I,J)+STOR2(I,J)+GWX *GWY*DENS
CONTINUE

D0 110 1=1,24

DO 110 J=1,1

EM(T,J)=EM(I ,J)*XL*YL

EM(J,I)=EM(I,4)

PRE- AND POST-MULTIPLY BY G-BAR-INVERSE MATRIX.

p0 120 I=1,23

PO 120 J=1,23

STOR2(1,J)=0.0

DD 120 K=1,24
STOR2(I,J)=STOR2(I,J)+EM(I,K)*GBI(K,J)
DO 130 I=1,24

CO 130 J=1,24

EM(1,0)=0 0

DO 130 K=1,24
E(I,0)=EM(I,J)+GBI(K,I)*STOR2(K,J)

FORWM SCALING MATRIX FOR NODAL D.O.F..

DO 140 1=1,24
T(I)=1.0

DO 150 1=4,22,6
T(I)=xXL
T(I+1)=YL
T(I+2)=XL*YL

SCALE MASS MATRIX.

b0 160 1=1,24

DO 160 J=1,24
EM(1,J)=EM(T,J)*T(1)*T(J)
RETURN

END

CMSPO118
CMSPO119

A An
IR VLW

CMSPO121
CMSP0122
CMSP0123
CMSPO124
CMSP0125
CMSPO126
CMSP0O1.27
CMS#0128
CMSPO129
CMSPO130
CMSP0131
CMSPO132
CMSPO1233
CMSPO134
CMSPO135
CMSP0136
CMSP0137
CMSFP0138
CMSP0O139
CM5P0 140
cmMsPo141
CMSP0142
CMSP0O143
CMSP0144
CMSP0O145
CMSP0O146
CMSP0147
cmMSP0ot14s8
CMsP0149
CMSP0150
CMSPO151
CMSP0152
CMSP0153
CMSP0O154
CMSPO155
CMSP0156
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SUBROUTINE EXTL(ELV,ITT,NP,NODE,XGI,YGI,GBI)

IMPLICIT REAL*B(A-H,0~-2)

ASRL TR 154-14. . ,.ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED EXCLUSIVELY 8Y THE PLATE PROGRAM.

THIS VERSION 1S FCR THE EXAMPLE OF A RECTANGULAR PLATE, CLAMPED

ON THE TOP AND BOTTOM EDGES, FREE ON THE OTHER TWO EOGES

IMPULSIVE LOAD APPLIED SYMMETRICALLY TQ ITS CENTRAL REGION,
DIMENSION ELV(1),NP(4,1) NODE(1),XGI(1),YGI(1),GBI(24,24)

THIS USER-PREPARED SUBROUTINE IS USED TO GENERATE THE NODAL
GENERALIZED FORCES CORRESPONDING TO PRESCRIBED EXTERNALLY—APPLIED

EXTLOGQOO
EXTLO00O1

- YrAAaAn
- v v va.

EXTL0003
EXTLQOO4
EXTLQOOS
EXTLOOO6
EXTL0O0O7
EXTLOOCS
EXTLO009
EXTLOO10
EXTLOO11
EXTLOO12
EXTLOO13
EXTLOO014

WITH AN

FORCES AT TIME T SUB M (=M~DELTA T) AS DESCRIBED IN SUBSECTION 4.6.2 EXTL0OO1S

AND CORRESPONDING TO THE DEVELOPMENT IN SUBSECTION A.1.3.4,

DEFINE SIZE OF VECTOR CONTAINING UNIT LOAD OVER ALL DOF IN CENTRAL

EXTLOO16
EXTLOO17
EXTLOO18

REGION OF PLATE. WIDTH OF LOADED REGION IS 1.497 IN.,LENGTH IS 1.8 IN.EXTLO019

DIMENS ION ALOAD(150),AL1(72),

AL2(78)

EQUIVALENCE (AL1(1),ALOAD(1)), (AL2(1),ALOAD(73))

COMMON /BAS/ NDT,NET,MN,NB,NIRREG,MNC
COMMON/TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, ICUT, ITIME
COMMON /INOJT/ MREAD,MURITE,MPUNCH

DEFINE TIME AT WHICH LOAD DROPS TO ZERO AND MAX VALUE OF IMPULSE.

DATA TEND/25.D-6/AMAXP/21934.4DO{
DEFINE FIRST AND LAST DOF IN" LOADED REGION.

DATA IDOF/121/,LDOF/270/

DEFINE VALUES OF UNIT LOAD AT EACH DOF IN LOADED REGION

DATA AL1/2%0 .00, 4210312D-1,
12~0.D0, 8420625D0-1,
12*%0 .00, .8420825D~1,
,2*0 DO, 8420625D-1,

2%¥0 DO0,.8420625D-1,
+2%0.D0,.1684125D+0,
+2+¥0.D0,.1684125D+0,
210 DO, 1684125D+0,

,2+0 00, 85420625D0-1,
,2*0 DO, 1684125D+0,
DATA AL2/2+0 D),.16841250+0,

WP OODNOUNH WK -

1 +2+¢0.00,.1684125D+0,
2

3 +2%0.D0,.34206250-1,
4 +2%0.00,.168451250+40,
5 ,220 DO,.1684125D+0,
6 ,2+0.D0,.168412506+0,
7

8 .2%0 .D0O, 4210312D-1,
9 +2>0 DO,.84206250-1,
A +2»0.C0, B83206250D-1,
o +2-0.00,.8520625D0-1,
C

ZEROQ QUT LOAD VECTOR.

DO 1 I=1,NDT
1 ELV(I)=0.0D0

.2626182D-2,
.0000000D+0,
. 0000000D+0,
. 0000000040,
,2+0.D0, 4210312D-1,-.2626182D~2,
.5252365D-2,

00000G0OD+0,
. 0000000D+0,
. 0000000D+0,
.2+40.00,.8420625D0-1,-.5252365D-2,
. 5252365D0-2,

0000000N+0,

. 00000000D+0,
0000000D+0,
,2+40 .00, 8320625D-1,-.5252355D0-2,
. 52523650-2,
. 00000000D~0,
- 0000000040,
. 0000000D+0,
.24+0.00, 84205250-1,-.5252365D0-2,

.31577340-2,
.63154680-2,
.63154680-2,
.63154680-2,
.3157734D-2,
.0000002D+0,
.0000000D+0,
.0000000D+0,
.00000000+0,
.0000000D+0,
.0000000D+0,
000000 0N+0

.00000000+0,
.0000000D+0,
.0000000D+0,
.0000000D+0,
.00000000+0,
.0000000D+0,
.00000000+0,
.0000000D+0,

. 26261320-2,-.3157734D-2,
. 00000000+0,~.6315468D~-2,
. 00000000+0,-.63154680~-2,
. 5008000C~0,-.63154568D0~2,

»240 DO, 4210312D-1,-.26261820-2,~.3157734D~-2,

EXTLO020
EXTLOO21
gvrLigoa2
EXTL0023
EXTLOO024
EXILOO2S
EXTLO026
EXTLQ027
EXTLOO28
EXTLO029
EXTLO030
.1969637D-3EXTLO031
-.0000000D+0EXTLO032
.0000000D+0EXTLOO33
.0000000D+0EXTLO0O34
~.1969637D-3EXTLO035
.0000000D+0EXTLOO36
.Q0000000D+0EXTLO037
.000C000D+0EXTLOO38
.0000000D+0EXTLO0039
.0000000D+0EXTLO040
.0000000D+0EXTLOO41
NNOAANOTEN/FXTIONGD
.0000000D+0EXTLO033
.0000000D+QEXTLOO44
.0000J00D+0EXTLOO45
.0000000D+0EXTLO046
.0000000D+0EXTLO047
.0000000D+0EXTLOO48
.0000000D+9EXTLO049
.0000000D+0EXTLOOS0
=.1369537D-3EXTLO0S1
.0000000D+0EXTL0052
-0000000D+0EXTLOOS53
-0J900000D+0EATLOOS4
-19696370-3/EXTLO05S
EXTLO0S6

EXTLO057

EXTLOOSS
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Co0o600

a0

(o]

100

o000 0

IF THIS TIME STEP IS BEYOND LAST TIME OF IMPULSE RETURN WITH
EXTERNAL LOAD VECTOR SET TO ZERO.

TYM=(ITT-1)~DELTAT
IF(TYM GT. TEND) RETURN

INTERFPOLATE TO FIND MAGNITUDE OF IMPULSE AT THIS TIME.

AMULT=AMAXP=* (TEND-TYM )/TEND

FILL IN VALUES OF LOAD IN CENTRAL REGION OF PLATE.

DO 2 I=1DOF, LDOF
J=1-1DOF+1
2 ELV(I1)=AMULT ~ALOAD(J)

OUTPUT LOADS IF THIS IS A REGULAR PRINTING CYCLE.

I1I=ITIME/INCRT*INCRY-ITIME
IF(IIT.NE.O) RETURN

NNT=NDT/6

WRITE(MWRITE 100) TYM ,(J,J=1,6)

EXTLOO59
EXTLGO60Q
EXTt 0061
EXTLOO62
EXTLO063
EXTLOOG4
EXTLO065
EXTLO06G
EXTLOOG67
EXTLOOGSE
EXTLO0G9
EXTLQO70
EXTLOO71
EXTLO072
EXTL0073

FORMAT (1HO/1HO,10X,'TIME=" ,D16.6,*' SEC.'/1H ,33(1H.), ' EATERNALLY AEXTLOO74

~PPLIED USER SPECIFIED LOADING',33(1H.)/iH ,6X,*NODE',6(7X, 'DOF¥*,
& 11,3X)/8X,3(10X,"' (LBS)'),1X,3(7X, ' (IN-LBS)'))

I1=1

DO 3 1=1,NNT

12=6+1

WRITE(MWRITE ,101) 1,(ELV(J),d=11,12)

11=12+1

CONTINUE

101 FURJAT (€X,13,2X,6015.6)

RETURN

END

SUBROUTINE INCOND(DISP,VEL,NP, NODE,XGI,YGI)
IMPLICIT REAL-8(A-H,0-2)

ASRL TR 154-14. ... ORIGINAL REPORY VERSION OF PROGRAM

COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED EXCLUSIVELY 8Y THE PLATE PROGRAM.

DIMENSION DISP(1),VEL(1).NP(4,1),NODE(1),XGI(1),YGI(1)
CCIAMON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC

TH!S USER-PREPARED SUBRCUTINE IS USED TO SPECIFY THE INITIAL (TIVE
ZERO) CCNDITIONS ©N THE PLATE NCDAL DISPLACEMENT AND VELOCITIES,

(Q ZErRO)~ AND (Q DOT ZERO)+*, RESPECTIVELY, REQUIRED FOR THE FINITE-
DIFFERENCE SOLUTICN OF THE GOVERNING EQUATIONS OF MOTION (SEE
SUBSECTION A 3).

10

CUNMMY ROUTINE - SETS VELOCITY AND DISPLACEMENT TO ZERO INITIALLY.

DO 10 I=1,NDT
DISP(1)=0.0D0O
VEL(I)=0.0D0
RETURN

END

EXTLOO7S
EXTLOO76
EXTLOO77
EXTLOO78
EXTLOO79
EXTLOO080O
EXTLOOB1
EXTLO0B2
EXTLOOB3
EXTLO084
EXTLOO8S
INCD000O
INCD0001
INCDOJ02
INCDO003
INCDOCO04
INCDO00S
INCDQOO06
INCDO0O7
INCDOOO8
INCOQ0Q9
INCDOO10
INCDOO1 ¢
INCDOO12
INCDOO13
INCDOO014
INCDOO1S
INCDGO16
INCDO017
INCDOO18
INCDCO19
INCDO020
INCD0O021
INCDOO022
INCD0023
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PLATE { COMPUTER CODE,

ASRL TR 154=14.44¢0+,ORIGINAL REPORT VERSION’DF PROGRANM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE QF TECHNOLOGY 1980
THIS 1§ THE SMALL STRAIN VERSION,

ILLUSTRATIVE EXAMPLE FOR PLATE PROGRAM -~ FULL MODEL.

THIS DUMMY MAIN PROGRAM FOR THE PLATE PROGRAM REQUIRES SUBROUTINES!
ARRT ,ASSEMK,BCONMK,CMASSP, EAROW, EXTL,FACT,GAUSS,
INCOND, LMASSP ,MAINP  MESHPA ,MESHPM,OMULT ,PRINT,
PRTOP,PSTAN,RCON,RPLATE,SFOM,50LV,SPRING,STRESA,
STRESC,STRESP, TSTEP,

DUMMY MAIN PROGRAM WHICH PROVIDES DIMENSIONS FOR THOSE ARRAYS

(VECCTORS) WHOSE DIMCNSIONS ARE PROBLEM DCPENDENT.

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

TAUSE (MAXEL ,4¢MNSL,9), TAUEE (MAXEL,4sMNSL,9)  EPSSI(9,MAXEL),
EPSS0(9,MAXEL) ,EPEEI(9,MAXEL) ,EPEEQ (9, MAXEL),EPSEI(9,MAXEL),
EPSEO(9,MAXEL) ,NGC(NB) , BC(NB) ,RFM(NBE,MBWE) , ILAST(NBE) ,UCF1 (NBE),
UCF2(NBE) ,XG(NNT) ,YG(NNT),2ZG(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

N
NDE

MBWE

TOTAL NUMBER OF NODES IN THE ASSEMBLED FINITE-ELEMENT
MODEL.
TOTAL NUMBER QF DEGREES OF FREEOCM IN THE ASSEMBLED
FINITE-ELEMENT MODEL = 6#NNT,
ESTIMATED NUMBER OF WORDS OF STORAGE FOR TIIE ASSEMBLED
STIFFNESS MATRIX (LOWER TRIANGLE STORED BY ROWS FROM FIRST
NONZERQ TERM).
DIMENSION OF ASSEMBLED MASS MATRIX,
NOT IF LUMPED MASS OPTION IS CHOSEN.
MNC 1F CONSISTENT MASS OPTION IS CHOSEN,
NUMBER OF ELEMENTS IN FINITE-ELEMENT MODEL, *
MAXIMUM NUMBER OF MECHANICAL SUBLAYERS EMPLOYED.
NOTE-- MNSL MUST BE LESS THAN OR EQUAL TO 5.
ESTIMATED NUMBER OF CONSTRAINED DEGREES OF FREEDOM PRIOR
TO ELIMINATION OF DUPLICATES.,
ESTIMATED NUMBER OF CONSTRAINED DEGREES OF FREEDOM AFTER
ALL DUPLICATES HAVE BEEN ELIMINATED (IF 10P5 = 1),
{ IF 10P5 « 0
ESTIMATED MAXIMUM BANDWIDTH OF ASSEMOLED STIFFNESS MATRIX
?TlA CONSTRAINED DEGREE OF FREEDONM (IF 10P5 = 1),

F 1QP5 = 0

MAINOGOOD
MAINOCOOH
MAINODOQ2
MAINOGO3
MAINQOQ4
MAINOOOS
MAINOOOS
MAINOOQ7
MAINOOOD
MAINOOOD
MAINOO10
MAINOO1Y
MAINOO12
MAINOO13
MAINOO14
MAINOO1S
MAINOO16
MAINOO17
MAINOO1O
MAINOO19

MAINOO21

MAINOD22
MAINOO23
MAINOO24
MAINOO25S
MAINOO26G
MAINOO27
MAINOO28
MAINOQOQ29
MAINO0QJO0
MAINQGO3H

MAINOOQ32
MAINOO33
MAINOOJ4
MAINOO3S
MAINOO36
MAINQO37
MA1INOOJB
MAINOOJ9
MAINOOAO
MAINOOQ41
MAINOO4Z
MAINOOAJ
MAINOGA4
MAINO045
MAINOOAG
MAINOOA7
MAINOO40
MAINOOQA9
MAINOOS0
MAINOOSH
MAINOOS52
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MAXIMUM NUMDER OF X-DIRECTION STIFFENERS. MAINOOS3

L MNXST =
c » { 1F NO X-DIRECTION STIFFENERS. MAINOOSA
C  MNYST = MAXIMUM NUMBER OF Y-DIRECTION STIFFENERS. MAINOQSS
c = { IF NO Y-DIRECTION STIFFENERS., MAINOOSG
C NRSS p TOTAL NUMBDER OF ELEMENT SIDES ON WHICH LINE RESTORING MAINOO57
c SPRINGS ARE LOCATED. MAINOOSO
(o = { JF NO RESTORING SPRINGS ARE PRESENT, MAINOOSS
C  MNSLT4 = A4+MNSL ‘ MAINOOGO
€  MNNSA = MAXIMUM NUMBER OF NODES REQUESTED FOR STRAIN OUTPUT (IF MALINOOGH
c 10P0=1). = § IF 1QPB = 0 MAINO062
c MAINOOG3]
IMPLICIT REAL+¢B(A~H,0-Z) MAINOOGA4
DIMENSION DELD(390),015(390),DI5P(390),D1SM1(390),D15M2({390), MAINOQOBS
2FLN(390),FLVA(390),FLVM(390),FLVP(390),ELV(390),VEL(390),1COL(390)MAIHO0GE
3, INUM(390), KROW(390) ,NDEX(390),5TON{390) ,STF(14037) ,AMASS(14037), MAINOOG7
4NP(4,40) ,NODE(1152),TAUSS(40,12,9), TAUSE(40,12,9),TAUEE(403,12,9), MAINOOGS
5CP551(9,48) ,LPSS0(9,40) ,EPEE](9,40) ,EPEEQ(9,40) ,EPSEL(9,40), MAINOOGO
GEPSEQ(9,48) ,NBC(60),BC(60) ,RFM(60,60),ILAST(60) ,UCFY(60),UCF2(60),MALNOOTO
7XG(65), YG(SS).zG(GS) xcl(ss) YGI(65),TAGSS(1,12,3), LNXS(I) MAINOOTH
BXSPROP(7,1) MATXS(i).TSGEE(l 12,3), LNYS(i) YSPRDP(? 1), MATYS(\). MAINOO72
9LNRS (1), 15n5(1) §C(5,1), NVSA(G ) NCON(4 6 ) MAINOO73
COMMON/DAS/NDT.NET.MN.NB.NIRRCG.MNC ] MAINOO74
COMMON /INOUT/ MREAD,MWRITE,MPUNCH MAINOO75
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(B8110) MAINOOOH
WRITE (MWRITE,G00) MAINDOB2
WRITE (MWRITE,610) MAXEL ' MAINOOB3
WRITE (MWRITE,520) MNSL MAINOOBA
WRITE (MWRITE,630) MNXST MAINOOBS
WRITE(MWRITE,640) MNYST MAINOOBG
WRITE(MWRITE,G50) NBE MAINOOO?
VRITE (MWRITE,6G0) MOWE MAINOOOS
WRITE (MWRITE,G70) MNC MAINOODI
600 FORMAT ('1 PLATE 1 COMPUTER CODE (SMALL STRAIN THEDRY) i USER INPUTMAINGOS0
- TFFOR ARRAY "DIMENSIONS') MAINOOQOY
610 FORMAT(' ', 'MAXEL s=',110) MA1N0092
620 FORMAT(' ', *MNSL =',110) MAINOOS3]
630 FORMAT(' ', 'MNXST =',110) MAINGO094
G40 FORMAT(' ', 'MNYST =!',110) MAINO09S
650 FORMAT(' ', 'NBE =',110) MAINOO96G
660 FORMAT(' ','MBWE =',110) MAINOO97
670 FORMAT(' ', 'MNC s!,110) . MAINOOSS
MNSLT4=MNSL*4 / MAINOO99
CALL MAINP(DELD,D1S,DISP,DISMY,D1SM2, FLN, FLVA, FLVM, FLVP,ELY,MAINO 100,

2VEL,1COL, INUM,KROW,NDEX,STOR, STF,AMASS ,NP,NODE, TAUSS, TAUSE , TAUEE, MAINO1O1
3EPSSI ,EPSSO ,EPEEL,EPEEQ,EPSEI ,EPSEQ ,NBC,BC, RFM, 1LAST ,UCF1,UCF2, MAINO102
4XG,YG,ZG,XG1,YGl,TAGSS, LNXS,XSPROP , MATXS , TSGEE, LNYS,YSPROP ,MATYS, MAINO10J
SLNRS ISRS SC, MAXEL MNSL MNSLT4 HDE , MBWE, MNXST HNYST NVSA, NCON) MAINO104
CALL EXIT MAINO10S
END .
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SUBROUTINE MAINP(DELD,DIS,DISP ,DISM1,DISM2,FLN,FLVA,FLVM,FLVP,ELY,MANPOOOO
2VEL,ICOL, INUM,KROW,NDEX, STOR, STF,AMASS NP, NODE, TAUSS, TAUSE, TAUEE, MANPOOO$
3EPSSI, EPSSO, EPEEL ,EPEED, EPSELD, EPSEQO,NBC,BC,RFM, ILAST,UCF1,UCF2, MANP00O2
4XG,YG, 2G,XGl ,YGI, TAGSS, LNXS,XSPROP ,MATXS, TSGEE, LNYS,YSPROP,MATYS, MANPQOO3
SLNRS, I SRS,SC ,MAXEL ,MNSL,MNSLT4 ,NBE,MBWE ,MNXST ,MNYST ,NVSA,NCON) MANP00O4

IMPLICIT REAL*B(A~-H,0-Z) MANPQOOS
MANPQOOG

ASRL TR 154-14,..... ORIGINAL REPORT VERSION OF PROGRAM MANPQOO7
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 MANPQOOB
MANPOOO9

SMALL STRAIN FORMULATION VERSION WRITTEN BY R L. SPILKER MANPOQ10Q
MANPOOT 1

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE PLATE PROGRAM MANPQO 12
MANPOO13

DIMENSTON DELD(1),DIS(Y),DISP(1),DISMI(1),DISM2(V),FLN(1),FLVA(1),MANPOO14
2FLVM(1 ) ,FLVP (1), ELV(1),VEL(1), I1COL(1),INUM(1),KROW(1),NDEX(1), MANPQO1S
3STOR(1),STF(1),AMASS(1),NP{4,1),NODE(1),TAUSS{MAXEL,MNSLT4, 9}, MANPOO16
ATAUSE(MAXEL,MNSLT4 ,9), TAUEE(MAXEL,MNSLTA,9) ,EPSSI(9,1),EPSSO(D,1)MANPOOLT
S.EPEEI(9,1),EPEED(9,1),EPSEI(9,1),EPSED(9,1),NBC(1),BC(1),RFM(NBE, MANPOO1S
SMDNE).lLASl(l).UCFI(l).UCF2(l).xG(!).YG(t).ZG()).xGl(I).le(i). MANPOO1Q
71AGSS(MNXSI,MNSL14.3).LNxS(I).xSPROP(?,I).MAIxS(I).ISGEE(MNYS!. MANPOO02Q
BMNSLTA ,3) LNYS(1) ,YSPROP (7,1) ,MATYS(1),LNRS(1),ISRS(1),SC(5,1) MANPOO29
9,NVSA( 1), ,NCON(4,1) MANPOO22

MANPQO23
THE FOLLOWING DIMENSION STATEMENTS ARE FIXED FOR ALL COMPUTER RUNS. MANP0024

DIMENS ION 5!6(5).EPS(5).DSR(5),PSR(S).ES(G).SUBN(S.S).SNO(S.H), MANPQO2S
2NVSUB( 5) ,EK(24,24),681(24,24), EML(24),STDE(9,24) ,EM(24,24),55(5) MANP0026

DATA GBI/t 0,~t 0,-1 0,1.0,2440.0,1 0,1 0,-1.0,1 00,2440 0,1.0, MANPOO27
23+0 0,-3 0,3 0,240 0,9.0,2 0,2 0,2+0 0,-6.0,-6 0,4 0,940 0,1,0, MANPCO29
32¢0 0,~2 0,2+0 0,-3 0, 0,2+0 0,2 0,-3.0,-4 0,2.0,10+0.0,1.0, MANPOO29
42+0 0,-2.0,-3 0,0,0,6 1.0,2.0,0.0,-4.0,-3 0,2 0,11+0.0,1,0, MANPOOJO
$2¢0.0,-2 0,~2 0,4 0,2+ .2+t 0,-2.0,-2.0,1 0,0.0,1.0.0 0,-1 0, MANPOO3)
C25+0 0,1 0,0 0,-1 O, MANPOO32

6.0,1
0,0 0,
0.0,2

62840 0,3 0.3+0.0,-9 0,-2.0,3+0 0,6.0.6 0,-4 0,12+0,0,-1 0,3+0.0, MANPOO3]
73 0,1.0,3+0 0,-3 0,-2.0,2.0,14+0 0,3 0,0 0,-6 0,240 0,~2 0,0 0, MANPOO34
84 0,3.0,~2 0,1440 0,-1.0,0 0,2 0,2+0 0,3 0,0 0,-2.0,-1.0,1.0,3¢0 OMANPOO3S
9,1.0,27+0 0,1 0,3240 0,9 0,440.0,-6 0,-6.0,4 0,16+0.0,-3 0,4+0 O, MANPOO3G
A3 0,2.0,-2 0,160 0,-3 0,4+0 0,2.0,3 0,-2.0,16+0 0,1 0,4+0 0,~1.0,MANPOO3?
B-1 0,1 0,240 0,1 0,-1,0,26+0 0,1.0,-1.0,29+0.0,3.0,290.0,-9 0,0.0,MANPOO38
C-2 0,2+0 0.6 0,6 0,-4 0,15%0.0,3 0,-6 0,30 0 ,=2.0,3.0,MANPOO39
04 0,-2 0,13+0 0,1 0,290.0,3 0,0 0,1.0,2¢0.0,~2 0,-3 0,2.0,15+0.0,MANPOOAQ
€-1 0,2 0,390,0,% 0,-1.0,-2 0,1.0/ MANPOOA4 S
COMMON /PLATE /XDIST ,YDIST ,TH .HXL.HYL,NEAD.NECO.DENSP.EPAN,ANUP. MANPOO42
2THALF MANPOO1]
COMMON /BAS/NOT ,NET ,MN,NB ,NIRREG,MNC MaNPOO4g
COMMON/TIM/DELTATY, TIMEF, TIME, I TIMEF, INCRT, 1OUT, I TIME MANPOOAS
COMMON /PRNT/ JOP1,10OP2,10P3,10P 4, I0PS, 10P6, 10P7,10P8 MANP0O46
COMMON /INQUT/ MREAD,MWRITE,MPUNCH MANPOOAT
COMMON /MASSM/ IMASS MANPOOA4G
MANPOOA4gQ

PLATE COMPUTER CODE, MANPOOQSO
CONTROLLING ROUTINE FOR ELASTIC-PLASTIC, LARGE DEFLECTION TRANSIENT MANPOOSH
ANALYSIS OF STIFFENED AND/OR UNSTIFFENED FLAT PLATES MANP0OS52
MANPOOS3

IPASS= MANPOOS4
NDOPE=24 MANIOOS5S
READ(MREAD,500) IMESH, IMASS, IMCONT, I PUNCH MANPOOSE
MANPQOS?

MESH GENERATIDN MANPOOSE
IF(IMESH EQ.0 OR.IMESH EQ.1)CALL MESHPA(NP ,NODE, XG,YG, 2G6,NBC,BC, MANPOOS9
2LNXS,LNYS ,XG1,YGI, XSPROP ,YSPROP ,NXST ,NYST, IMESH,MATXS, MATYS) MANPOOGO

IF{IMESH EQ.2)CALL MESHPM(NP,NODE,XG,Y¥G,2ZG,NBC,BC,LNXS ,LNYS,XGI, MANPOOG1
2YGI ,XSPROP,YSPROP,NXST,NYST . IMESH ,MATXS ,MATYS) MANPOOG2



700
710
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1F(IMASS.EQ, 1 )WRITE(MWRITE,700)

IF(IMASS.EQ. 2)WRITE(MWRITE,710)

FORMAT ('0°, ' PRESENT RUN USES LUMPED MASS MATRIX')
FORMAT (*0',' PRESENT RUN USES CONSISTENT MASS MATRIX')

SETUP OF STORAGE

CALL ARRT(STF,AMASS,FLVA,1COL, INUM,KROW,NDEX,NODE ,NOPE)
IF(IMASS.EQ.1)GO TO 8

DO 7 I=1,MNC

AMASS(1)=0.0

CONTINUE

STRESS-STRAIN INFORMATION FOR EACH MATERIAL.
NOTE-- PLATE MATERIAL 1S ASSUMED TO CORRESPOND TO FIRST MATERIAL.

NA=3

NZ=4

READ(MREAD,S500)NMAT

WRITE(MARITE ,600)

CON1=2 DO+(1 DO+ANUP)/3.DO
CON2=2.00+(0.500~ANUP)/3.D0

DO 60 I=1,NMAT
READ(MREAD,500)NSUB
READ(MREAD,510)(SI1G(d),J=1,N5UB)
READ(MREAD,510) (EPS(J),d=1,NSUB)
READ(MREAD,510)DSR({1),PSR(1)
ES(1)=S16G(1) /EPS(1)

C DEFINE VALUE OF YOUNGS MODULUS BASED ON EPS(1) AND SIG(1) .

10
20
30

8LT

40

50

60

500
510
600
610
615

620
630
[

1F(1 EQ 1) EPAN=ES(1)

IF(NSUB-1)30,30,10

DO 20 LS=2,NSUB

ES(LS)=(SIG(LS)=SIG(LS~1))/(EPS(LS)-EPS(LS~1))

ES(NSUB+1)=0 0

CON3=ES(1)%{0 SDO~ANUP)/(1.0D0+ANUP)

Al=0 0DO

ASUM=0 0DO

EI1=0 0DO

ESUM=0 0DO

DO 40 LS=1,NSUB

ASUM=ASUM+AY

Al=1 DO~CON1<ES(LS+1)/(ES(1)~CON2+ES(L5+1) )—-ASUM

SUBW(I,LS)=A1l

ESUM=ESUM+E]

IF(LS NE NSUB) Ele(1.DO-ES(LS+1)/ES(1))*(EPS(LS+1)-EPS(LS))

SNO(I,LS)=ES(1)*EPS(LS)+CONI+ESUM

CONTINUE

NMSUB( I }=NSUB

WRITE(MWRITE ,610)1

WRITE({MWRITE ,615)

DO 50 J=1,NSuUB

WRITE(MWRITE ,620)J,SIG(J),EPS(V),SNO(1,J),SuUBW(],J)

WRITE(MWRITE ,630)DSR(1),PSR(1)

CONTINUE

FORMAT (2014)

FORMAT (5D16 7)

FORMAT ('0',' PROPERTIES FOR USER-SPECIFIED MATERIALS')

FORMAT ('0', ' PROPERTIES FOR MATERIAL NUMBER',13)

FORMAT (' ',’' SUBLAYER',5X, 'STRESS POINT',5X, 'STRAIN POINT',SX,
2'YIELD STRESS',2X, 'WEIGHTING FACTOR')

FORMAT (' *,15,4X,016 7,1X,D16.7,1X,016.7,1X,016.7)

FORMAT (' *,'STRAIN RATE PARAMETERS: D=',016.7,2X,'P=',016.7)

TIME-STEP INFCRMATION

READ(MREAD,S500) ITIMEF, INCRT, I0UT
READ(MREAD,S10)DELTAT,TIMEF
WRITE(MWRITE ,640)

WRITE(MwRITE ,650)DELTAT
WRITE(MWRITE ,660) TIMEF, 1 TIMEF
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WRITE(MWRITE ,670) INCRT MANPO129

640 FORMAT('0',*TIMEWISE SOLUTION PARAMETERS') MANPQ 130
650 FORMAT(' ','TIME-STEP S!ZE=',D16.7,2X,.'SEC.") MANPO134
660 FORMAT(' *,'RUN WILL TERMINATE AT TIME =»' ,D16.7,2X,'SEC. OR AT CYCMANPO132
2LE NUWMDBER',18) MANPO133

670 FORMAT (' ','REGULAR PRINTOUT WILL BE GIVEN EVERY',I5,2X,'CYCLES') MANPO134
c MANPO135
C ESTABLISH PRINT OPTIONS MANPO 136
CALL PRTOP(NNSA,NVSA,NCON,NP) MANPO137

IF(MN .GT MNC) WRIVE(MWRITE,675) MN,MNC MANPO 138

675 FORMAT{1HO,10(1He), 'ASSEMBLED K REQUIRES',17,' ENTRIES.USER MAS DIMANPO139
*MENSIONED FOR ONLY',17,. CALL EXIT.') MANPO140
IF(MN GT MNC )CALL EXIT MANPO 141

c MANPO 142
€  INITIALIZATION MANPO 143
N2SUBL =NZsMNSL MANPO144
NASQ=NA+NA MANPO 145

DD 200 1=1,9 MANPO146

DO 200 J=1,NET MANPQ147
EPSSI(1,J)=0.0 MANPO 148
EPSSO(1.,4)=0.0 MANPO149
EPEEI(1,J4)=0 O MANPO150
EPEEQ(1,u4)=0.0 MANPO 151
EPSEI(1,U)=0.0 MANPO152

200 EPSEO(1.J)=0 O MANPO153
DO 204 I=1,NET MANPO154

DO 201 J2=1,N2SUBL MANPO155

DO 201 JA=1, NASQ MANPO156
TAUSS(1,JZ,0A)=0.0 MANPO15T
TAUEE(1,J2,UA)=0.0 MANPO158

201 TAUSE(1,JZ2,JA)=0.0 MANPO159
c MANPO 160
DO 301 I=1,MNYST MANPO161

- DO 301 JZ=1,NZSUBL MANPO162
< DO 301 JA=1,NA MANPO 163
O 301 TSGEE(I,JZ,JA)=0.0 MANPO164
c MANPO165
DO 303 I=1,MNXST MANPO 166

00 303 JZ=1,NZSUBL MANPO167

DO 303 JAsi,NA MANPO168

303 TAGSS(1.J2,44)=0.0 MANPO169
c MANPO170
PLASTW=0 0 MANPO 1T
TIME=0 O MANPO 172
ITIME=O MANPO173

Cc MANPO174
C  FORMATION AND ASSEMSLY OF STIFFNESS AND MASS MATRICES MANPO 75
C  FOR PLATE ELEMENTS MANPO176
304 NTYPE=1 MANPO177
SL=0 DO MANPO178

CSA=0 DO MANPO179
SLAM=0 DO MANPO 180

DO 220 LNUM=1,NET MANPO 181
NNN1=NP(1,LNUM) MANPO 182
NNN2=NP(2,LNUM) MANPO 183
NNN4zNP({4,LNUM) MANPO 184
XL=XGI (NNN2) ~XGI(NNN1) MANPO185
YL=YGI (NNN4)-YGI (NNN1) MANPO186

C IF DURING THIS PASS ONLY THE CONSISTENT MASS MATRIX IS BEING REFORMED,MANPO187
C BYPASS OTHER UNNECESSARY CALCULATIONS. MANPO 188
1F(IPASS .EQ 2) GO 10 214 MANPO189

CALL RPLATE(NTYPE,ANUP,XL,YL,TH,5L,CSA,SLAM,SMOI ,EK,GB1,EPAN) MANPO 190

CALL ASSEMK(EK,STF, INUM, NOPE,NGODE, LNUM) MANPO191

GO T10(204,214),1IMASS MANP0192

204 CALL LMASSP(NTYPE,XL,YL,TH,SL,CSA,SMOI,EML,DENSP) MANPO193

LL=(LNUM=1) «NDPE MANPO194
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C IF DURING THIS PASS ONLY THE CONSISTENT MASS MATRIX IS BEING REFORMED,

210
214

220

DO 210 I=1,24

LLI=LL+)

NN=NODE(LLI)

AMASS( NN)=AMASS(NN)+EML(T)

GO TO0 220

CALL CMASSP(NTYPE,XL,YL,TH,XF,SL,CSA,SMOI,EM,GBI,DENSP)
CALL ASSEMK( EM,AMASS, INUM,NDPE ,NODE , LNUM)

CONTINUE

FOR X-DIRECTION STIFFENERS

IF(NXST EQ 0)GO 10 250

NTYPE=2

DO 240 NN=1,NXST

SL=XSPROP(6, NN)

XF=XSPROP(7,NN)

ANUS=XSPROP( 4,NN)

RW=XSPROP(2,NN)

LNUM=LNXS(NN)

RH=XSPROP(1,NN)

YM=XSPROP(3,NN)

DEN=XSPROP(S ,NN)

CSA=RW*RH
SMOI=RIH*RWeXFeXF+RW+RH++3/12.0
XL=XGE (NP(2, LNUM))=XGI(NP(1,LNUM))
YL=YGI (NP(4, LNUM) ) =YGI(NP{1,LNUM))

C BYPASS OTHER UNNECESSARY CALCULATIONS.

=
[}
o

c

C IF DURING THIS PASS ONLY THE CONSISTENT MASS MATRIX IS BEING REFORMEO,

224

230
234

240
250

IF(1PASS EQ 2) GO 10 234

CALL RPLATE(NTYPE,ANUS,XL,YL,RH ,SL,CSA,XF ,SMOI1,EK,GBI,YM)

CALL ASSEMK(EK,STF,INUM,NOPE,NODE, LNUM)

GO 10(224,234),IMASS

CALL LMASSP(NTYPE,XL,YL,RH ,SL,CSA,SMOI,EML,DEN)
LL=(LNUM=1)*NOPE

00 230 1=1,24

NNN=NODE(LL+I)

AMASS ( NNN)=AMASS (NNN)+EML(T)

GO 10 240

CALL CMASSP(NTYPE,XL,YL,TH,XF,SL,C5A,SMOI,EM,GBI ,DEN)
CALL ASSEMK( EM,AMASS,INUM,NDPE ,NODE, LNUM)
CONTINUE

CONTINUE

FOR Y-DIRECTION STIFFENERS

IF(NYST EQ 0)GO TQ 280
NTYPE=3

DO 270 NN=1,NYST
RH=YSPROP(1,NN)
RW=YSPROP(2, NN)
YM=YSPROP{3, NN)
ANUS=YSPROP( 4,NN)
DEN=YSPROP{5 ,NN)
SL=YSPROP(6,NN)
XFzYSPROP(7,NN)

CSA=RW *RH
SMOI=RH*RW+XF+XF+RW+=RH*+3/12.0
LNUM=LNYS(NN)
NNN1=NP{1,LNUM)
NNN2=NP(2,LNUM)
NNNQ=NP(4,LNUM)
XL=XGI (NNN2) =XGI(NNN1)
YL=YGI (NNN4) -YGI{NNN1)

€ BYPASS OTHER UNNFCESSARY CALCULATIONS.

IF(IPASS EQ. 2) GO YO 264

CALL RPLATE(NTYPE,ANUS,XL,YL,RH ,5L,CSA,XF ,SMOI,EK,GBI,YM)

CALL ASSEMK(EK,STF, INUM,NDPE,NODE, LNUM)
GO TO( 254,264), IMASS

254 CALL LMASSP(NTYPE,XL,YL,RH ,SL,CSA,SMOI,EML,DEN)
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LL=s(LNUM=-1)*NDPE
DO 260 1=1,24
NNN=NODE(LL+1)
260 AMASS(NNN)=AMASS(NNN)+EML(1)
Go 10 270
264 CALL CMASSP(NTYPE,XL,YL, TH,XF,SL,CSA,SMOI, EM,GB]I ,DEN)
CALL ASSEMK( EM,AMASS, INUM,NDPE ,NODE, LNUM)
270 CONTINUE
2B0 CONTINUE
C IF DURING THIS PASS ONLY THE CONSISTENT MASS MATRIX IS BEING REFORMED.
C BYPASS OTHER UNNECESSARY CALCULATIONS.
IF(1PASS .EQ 2) GO TO 920
1F(1PASS EQ 3 .AND. NELES .EQ. 0) GO YO 290
IF(IPASS EQ 3) GO 10 741
C  FORMATION AND ASSEMBLY OF EQUIVALENT STIFFNESS MATRIX FOR LINE
C  TRANSLATIONAL AND TORSIONAL LINEAR RESTORING SPRINGS APPLIED TO
C SIDES OF ELEMENTS
READ(MREAD,500) NELES
1F(NELES EQ 0)GO TO 289
WRITE{MARITE, 720)
WRITE(MWRITE,730)
DO 288 1=1,NELES
READ(MREAD,500)LNUM,1SIDE
READ(MREAD,510)(5S(J),us1,5)
LNRS(1)=LNUM
ISRS(1)=1SIDE
DO 285 K=t,5
285  SC(K,1)=SS{K)
WRITE(NMYRITE ,740)LNUM, ISIDE,(5S(J),.u=1,5)
NNN1=NP(1,LNUM)
NHN2=NP(2,LNUM)
NNN4=NP (4, LNUM)
XL=XG1 (NNN2) -XGI (NNN1)
YL=YGI (NNNA) -YGI (NNN1)
CAlLt SPRING(EK,SS, ISIDE,XL,YL)
288 CALL ASSEMK{EK,STF,INUM,NDPE,NODE,LNUM)
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720 FORMAT('0','LOCATION AND PROPERTIES OF LINE TRANSLATIONAL AND ROTAMANP0297

2TIONAL LINEAR RESTORING SPRINGS')
730 FORMAT('0','ELEM NO *,2X, ‘ELEM. SIDE*,BX,'KX(LB/IN/IN)',BX,
2'KY(LB/IN/IN)',BX, *KZ(LB/IN/IN)"® ,2X, 'K-THETA(IN-LB/RAD/IN)*, 2X,

3'K-PST (IN-LB/RAD/IN)')
740 FORMAT(' ',15,6X,15,5X,5D20.7)
GO 10 289

C RESTORE THE SPRING STIFNESS MATRICES.
741 DO 743 1=1,NELES
LNUM=LNRS(I)
1SIDE=1SRS(1)
DO 742 KAY=1,S
742 SS(KAY)=SC(KAY,I)
NNM1=NP(1,LNUM)
NNN2=NP(2,LNUM)
NNNA=NP({4,LNUM)
XL=XG1 (NNN2) ~XGI{NNN1)
YL=YGI (NNN4} -YGT (NNN1)
CALL SPRING(EX,SS, ISIDE, Xt,YL)
743 CALL ASSEMK(EK,STF,INUM,NDPE,NODE,LNUM)
289 CONTINUE
IF(INCONT EQ 1)GO TO 334
IF(IPASS GT 1) GO TO 920
C  GENERATE PLATE INITIAL CONDITIONS (POS. AND VELOCITY)
CALL INCOND(DISP,VEL ,NP,NODE,XGI,YGI)
C  CONSTRAIN INITIAL CONDITIONS.
CALL RCON(VEL,NBC)
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CALL RCON(DISP,NBC) MANPO324

CALCULATE KINETIC ENERGY IMPARTED TO PLATE BY INITIAL VELOCITY MANPO32S
DISTRIBUTION, MANP0326
CINETI=0 O MANPO327
GO T0 (291,293),1MASS MANPO328
CONTINUE MANP0329
DO 292 I=1,NDT MANP0330
CINETI =CINET I+AMASS(I)*VEL(I)*VEL(L1)/2.0 MANPQ331
GO T0 296 MANPOJ332
CONTINUE MANP0333
DD 294 I=1,NOT MANPO334
FLVM(I)=0 O MANP033S
CALL OMULT(AMASS,VEL,FLVM,1COL ,KROW,NDEX) MANPO3356
DO 295 1=1,NOT MANP0337
CINETI=CINETI+VEL(1)+FLYM(I)/2.0 MANPO338
RK AT INITIAL TIME 1S ZERO. MANP0339
WFORCE=0.0 MANPO340
CONTINUE MANPO3A41
HDT=0 SDO+DELTAT MANP0342
CALCULATE TIME STEP BOUND. MANP0343
IF(IPASS EQ 1)CALL TSTEP(STF, AMASS,NBC,BC,ICOL, INUM,KROW,NDEX, MANPO344

1 FLN,DELD) MANP0345
IF(IPASS EQ 3 .AND, IMCONT.EQ.1) GO TO 290 MANPO346
IF(IMCONT EQ 1) GO TO 2891 MANPO347
LCULATE USER EXTERNAL LOAD VECTOR AT INITIAL TIME. MANPO348
[ARES] MANPQ349
CALL EXTL(ELV,ITT,NP,NODE,XGI, YGI,GBI) MANPO350
LCULATE POWER AT INIVIAL TIME STEP. MANPO3S T
POWNP=0 DO MANP0352
DO 8999 I=1,NDT MANP0353

9 PO&MP=POWMP+ELV(I)*+VEL(L) MANP0354
T UP EQ A 117 FOR THE INITIAL TIME AND SOLVE FOR ACCELERATIONS. MANPOI55
SO SET INITIAL EQUIVALENT FORCES TO ZERO. MANPO356
00 900 I=1,NDT MANPO357
STOR(1)=0 DO MANPO358
FLN (1)=0 DO MANPO359
FLVM{T )sELV( 1)+FLN(I) MANPO360
CALL OMULT(STF,VEL,STOR, ICOL, KROW,NDEX) MANPO361
NISH FORMING R H S OF EQUATION MANPO3G2
DO 902 I=1,NDT MANPO363]
FLVM(I )=FLVM(I)-STOR(I) MANPO3G4
LVE FOR ACCELERATIONS AT INITIAL TIME. MANPO3GS
GO 10 (904,908) , IMASS MANPQ3G6

R LUMPED MASS MATRIX OPTION MANPO367
DO 906 I=1,NDT MANPQ3G8
IF(AMASS(1) .EQ. O DO) STOR(1)=0.00 MANPO369
IF(AMASS(I) EQ O DO) GO TO 906 MANPO370
STOR(I )=FLVM{1)/AMASS(I) MANPO371
CONTINUVE MANPO372
GO 10 910 MANPO373

R CONSISTENT MASS MATRIX OPTION. MANPO374
CALL SOLV(AMASS,FLVM,STOR, ICOL ,KROW,NDEX) MANPO37S
CONTINUE MANPO3T6
PRINTOUT FOR INITIAL VALUES MANPO377
IF(IOPS EQ 0.OR.NB EQ.0)GO TO 320 MANPO3T8
DO 319 I=1,NB MANPO379
UCF1(1)=0 O MANPO3BO
CONTINUE MANPO3B1
RO OUT VECTOR FLVM FOR USE IN PRINT. MANPO3B2
00 911 I=t1,NDT MANPQ3I83
FLVM(I)=0 DO AANPO 384

CALL PRINT(DISP,XG,YG,ZG,EPSSI ,EPSSO,EPEEL ,EPEEQ,EPSEL ,EPSED, XGI, MANP038S
2YGI NP ,GDBI,STOE ,NODE,RFM,NBE,MBWE, ILAST ,UCF1,NBC, ICOL ,NMSUB, SUBW,MANPO3B6
3TAUSS, TAUEE, TAUSE ,MAXEL,NZSUBL ,NXST, LNXS,MATXS, XSPROP, TAGSS ,MNXST , MANPOIBT
4ANYST,LNYS ,MATYS,YSPROP, TSGEE ,MNYST ,NELES,LNRS,ISRS,SC, EK, IMASS, MANPO388
SAMASS, VEL,FLVM,KROW,NDEX ,WFORCE,CINETI ,NNSA,NVSA ,NCON) MANPOIB9



IF(IMASS.EQ. 1) GO TO 920
C MUST RECREATE THE CONSISTENT MASS MATRIX.
1PASS=2
00 914 Ist,MN
914  AMASS(1)=0 DO
GO TO 304
920 CONTINUE
IF(1PASS €Q 3) GO TO 290
ITT=1TT+1
C CALCULATE USER EXTERNAL LOAD VECTOR AT SECOND TIME STEP.
CALL EXTL(ELV,ITT,NP,NODE,XGI, YGI,GBI)
1Ti=177-1
C FIND OISPLACEMENTS AT SECOND TIME STEP BY SOLVING €Q. A.116.
CONA=6 DO/DE LTAT
CONB=CONA/DE LTAT
00 922 I=1,NDT
FLVM(1)=2 D0«STOR(1)+CONAVEL(1)+CONB*DISP(1)
922 FLVA{1)=ELV(1)+FLN(1)
GO YO (924,930), IMASS
C LUMPED MASS
924 00 926 1=1,NB
KK=NBC (1)
926 AMASS(KK)=0 DO
D0 928 1=1,NDT
L=1+INUM(T)
FLVA(1)=FLVA(T)+AMASS(I)*FLVM(1)
928 STF(L)=STF(L)+CONB*AMASS(1I)
GO 10 938
930 CALL BCONVK( AMASS,BC,I1COL,INUM ,NBC)
CALL OMULT(AMASS,FLVYM,FLVA,ICOL,KROW,NDEX)
DO 932 I=1,MN
932 STF(I)=STF(1)+CONB*AMASS(1)
938 CALL FACT(STF,ICOL,KROW,NDEX, IDET ,MWRITE, INUM)
- CALL SOLV(STF,FLVA,DIS,1COL,KROW,NDEX)
® DT2=DELTAT++2
w CONC=0 SDO/DELTAT
C EVALUATE LEFT SIDE OF EQS. A.115C AND OF A.118.
DO 940 1=1,NOT
DISMI(1)=DI2+5TOR(1)+2 0DO*DISP(I)-DIS(1)
940 VEL(1)=CONC#* (3 DO+DIS(1)-4 ODO«DISP{I)+DISMI(1))
C CALCULATE POWER FOR SECOND TIME STEP,
POWIAP1=0. D0
DO 942 1=1,NDT
942  POWMIY =POWMP 1+ELV( I)sVEL(])
WHORCE =WFORCE+HDT » (POWMP +POWMP 1)
C GO BACK AND RECREATE ASSEMBLED M AND ASSEMBLED K.
2891 DO 2892 Iat, MNC
2892 STF(1)=0 0DO
1PASS=3
C OEFINE NUMBER OF TERMS IN MASS MATRIX.
2893 IF(IMASS EQ. 1) IMEND=NDT
IF(IMASS EQ 2) IMEND=MNC
00 2894 I=1, IMEND
2894 AMASS(1)=0 000
GO TO 304
290 CONTINUE
DO 333 1=1,NDT
333 STOR(1)=ELV(I)
IF(IMASS.EQ 2)GO 10 322
00 321 1s1,NDT
321 FLVM(1)=ELV(1)+2.0%AMASS(I)*(VEL(I)+DISP(1)/DELTAT)/OELTAT
GO 70 325
322 CONTINUE
00 323 I=1,NDT
323 FLVM(1)=2 0+ (VEL(1)+DISP(1)/DELTAT)/DELTAT
CALL OMULT(AMASS,FLVYM, ELV,ICOL ,KROW,NDEX)
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D0 324 Is=1,NDT
FLvM(])=ELV(I)
CONTINUE
1F(1QPS EQ.0.0R.NB.EQ.0)GO TO 329
00 327 I=1,NB
11=NBC (1)
UCF2(1)=FLVM(I1)
DO 330 I=1,NDT
FLVA(1)=0.0
COND=2 DO/DT2
FORM LHS
GO T0(297,310),IMASS
CONTINUE
DO 307 Il=1,NDT
L=lI+INUM(IT)
STF(L)=STF(L )+COND*AMASS(11)
GO T0 318
CGH TINUE
D0 315 11=1,MN
STF(11)=STF(11)+COND*AMASS(I1)
CONTINUE
1F(I0PS.EQ.1)CALL EAROW(STF,NBC,ICOL,INUM,RFM,ILAST NBE MBWE)

CONSTRAIN LHS
CALL BCONMK(STF,BC,ICOL, INUM,NBC)

FACTOR LHS
CALL FACT(STF,I1COL,KROW, NDEX,IDET ,MWRITE, INUM)
1F(IMCONT EQ 0) GO TO 340
INPUT FOR CONT INUATION RUN
READ(MREAD,800) ITT,CINETI,WFORCE,POWMPY
READ (MREAD,810)(DIS(1),1=1,NDT)
READ (MREAD,810)(DISP(1),I=1,NDT)
READ (MREAD,B10)(VEL(I),I=1,NDT)
READ (MREAD,B10)(FLVA(I),.I=1,NDT)
1F(I0PS EQ 1 AND NB GT O)READ (MREAD,B10)(UCF2(1),I=1,NB)
READ (MREAD,B10)(STOR(1),1=1,NOT)
READ (MREAD,B10)(((TAUSS{I,Jd,K),I=1,NET),J=21,MNSLT4),K=1,9)
READ (MREAD,B810)(((TAVEE(Ll,V,K),Is1,NET),J=1,MNSLT4),K=1,9)
READ (MREAD,810)(((TAUSE(1,J,K),1=8,NET},J=1,MNSLT4),K=1,9)
1F(NXST EQ 0)GO TO 336
READ (MREAD,810)(((TAGSS(I,J.,K),1=1 ,NXST), J=1 ,MNSLT4),K=1,3)
CONTINUE
IF(NYST EQ 0)GO TO 337
READ (MREAD,810)(((TSGEE(I,J,K),1=1,NYST),u=t ,MNSLT4),K=1,3)
NNT=NDT/6
DO 338 l=1,NNT
NN=(1-1)46
XG(1)=XGI(1)+DISP(NN+1)
YG(I1)=YGI(1)+DISP(NN+2)
2G(1)=2G(1)+DISP(NN+3)
BEGIN LOOP OVER TIME STEPS
ITT=1TT+14
DO 350 J=1,NDT
DELD(J)=DIS(J)-DISP(Y)
DISMI(J)=DISP(J)
DISP(U)=DIS(J)
FLN(J) =FLVA(J)
FLVM(J)=0.0
FLVA(J)=0.0
POWM=POWVPY
NNT=NDY/6
DO 351 J=1,NNT
NNz (J=1)*6
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XG(dJ)e XG(J)+DELD(NN+1)
YG(uy)=YG(J)+DELD(NN+2)
A5 2C(U)=2G(J)+DELD(NN+3)
IF(IOP5.EQ 0.OR.NB.EQ.0)GO TO 353
DO 352 1I=1,NB
352 UCFI(I)=UCF2(1)
353 CONTINUE
[ CALCULATE WORK OF EXTERNAL FORCES.
POWMP1 =0 DO
DO 355 I=1,NDT
355  POWMP Y =POWMP 14STOR(1)*VEL(1)
WFORCE =WFORCE+HDT « { POWM+ POWMP 1 )
CALCULATE EQUIVALENT LDADS
FOR PLATE ELEMENT
CALCULATE EQUIVALENT LOADS FOR PLATE ELEMENT

o000

CALL STRESP(OISP,DELD,FLVA,ITT ,NODE,MAXEL, TAUSS, TAUEE, TAUSE,
2EPSS!, EPSSO, EPEEL, EPEED, EPSEL, EPSED, PLASTW,XGE,YGI NP, STDE, GBI,

3NMSUB, DSR,PSR,SUBW,SNO , NZSUBL )
c FOR X-DIRECTION STIFFENERS
IF(NXST EQ 0)GO TO 360

CALL STRESA(DISP,DELD,FLVA,ITT ,NODE,MAXEL,MNXST, TAGSS, PLASTW, XGI,
2YGl NP ,STDE, GBI ,NMSUB,DSR, PSR, SUBW,SNO ,NXST,XSPROP,LNXS,MATXS,

3NzsuBL)
360 CONTINUE
C  FOR Y-DIRECTION STIFFENERS
1F(NYST.EQ 0)GO TO 370

CALL STRESC(DISP,DELD,FLVA,ITT ,NODE,MAXEL ,MNYST, TSGEE, PLASTW,XG!,
2vGI MNP ,STDE, GBI ,NMSUB,DSR,PSR, SUBW,5ND ,NYST,YSPROP,LNYS,MATYS,

3NZSUSL )
370 CONTINUE
Cc PRIMT CuTPUY
ITHE=ITT=y
TINE=]TIMESDELTAY

CALL PRlNT(DlSP.XG.YG.ZG.EPSS[.EPSSO.EPEEl.EPEEO.EPSEI.EPSEO.XGX.
2YG].NP,GBL.STDE +HODE . RFM,NBE, M3VE, ILAST,UCF1,.NBC, ICOL, NMSUS, SUBW,
3IAUSS,TAUEE.TAUSE.MAXEL,NZSUBL.NXST,LNXS.MATXS.XSPROP.TAGSS.FNXST.
4MYSI.LVYS,MAT\S.VSPROP.TSGEE.MNYSI,NELES.LNRS.lSRS.SC.EK.IMASS.
5AMASS,VEL.FLVH,KRON.NDEX.UFORCE.CINETI.NNSA,NVSA.NCON)

s8T

C CALC EXTERNAL LOAJING VECTOR
CALL EXTL(ELV,ITr+1,NP,NODE,XGI,YGI,GB81)
00 375 1=1,NOT
375 STOR(])=ELV(1)
C  FORM RHS
IF{IMASS EQ 2)GO TO 382
0O 380 I=1,NDT

380 FLVM{I)*=(2.0+«FLVA(I)-FLN(I))+ELV(1)+2.0¢AMASS(I)*(VEL(1)+DISP(1)

2/CELTAT)/DELTAT
GO TO 387
382 CONTINUC
DO 384 1=1,NDT
FLVM(I )22 O« (VEL(I)+DISP(1)/DELTAT)/DELTAT
384 ELV(I)=ELV(I)=-(2.0+FLVA(I)=FLN(I))
CALL OMULT{AMASS,FLVM,ELV,ICOL ,KROW,NDEX)
00 386 I=1,NOT
386 FLVM(I )=ELV(1)
387 CONTINUE
IF(10PS EQ O OR.NB.EQ.0)GO TO 389
DO 388 1=1,NB
11=NBC (1)
388 UCF2(I)=FLVM(11)
4 CONSTRAIN RHS
389 CALL RCON(FLVM,NBC)
[ SOLVE FOR DISPLACEMENTS
- CALL SOLV(STF,FLVM,D1S,1COL,KROW,NDEX)
A CALCULATE VELOCITY
DO 390 I=1,NDT
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C THIS SUBROUTINE CONTROLS THE CALCULATION (AS NECESSARY) AND QUTPUT
C OF ALL QUANTITIES (DISPLACEMENTS, STRAINS, ENERGIES, ETC.) REQUESTED
C BY THE USER AT REGULAR INTERVALS DURING THE TIMEWISE SOLUTION FOR

VEL{I)=(3 O*DIS(1)~4.0+DISP(1)+DISM1(1))/(2.0*DELTAT)

CHECK FOR CONT INUATION

2EPSEC, XGI,YGI,NP,GBI,STDEP,NODE,RFM,NBE,MBWE, ILAST,UCF 1 ,NBC,1COL,

3NMSUB, SUBW, TAUSS, TAUEE, TAUSE ,MAXEL,NZS,NXST, LNXS,MATXS ,XSPROP,

IP(ITIME LT ITIMEF.AND.TIME.LT.TIMEF)GO TQO 340

1F(IPUNCH EQ.0)GO TO 420

WRITE(MPUNCH,800) ITT,CINETI,WFORCE,POWMP{

WRITE ( MPUNCH , 810)(015(1) I1=1,NDT) )
WRITE (MPUNCH ,810) (DISP(1),1=1, NDT)

WRITE( MPUNCH ,B10} (VEL(I) .1 =1.NDT)

WRITE (MPUNCH ,810) (FLVA(I),I=1, NDT)

1F(IOP5.EQ 1 AND NB.GT 0)W RITE(MPUNCH,810)(UCF2(I),[=1.NB)
WRITE(MPUNCH ,810) (STOR(1),I=1,NDT)

WRITE(MPUNCH ,B10) ( ((TAUSS(I,J,K),I=1,NET),d=1,MNSLT4),K=1,9)
WRITE (MPUNCH ,810) ( ((TAUEE(I,J,K),I=1,NET),d=1,MNSLT4),K=1,9)
WRITE( MPUNCH ,B10) ( ( (TAUSE(I,J,K),I=1,NET),d=1,MNSLT4) ,K=1,9)
IF(NXST EQ 0)GO TQ 400

WRITE(MPUNCH ,810) ( ((TAGSS(1,J,K),I=1,NXST),d=1,MNSLT4) ,K=1,3)
CONTINUE

IF(NYST EQ.0)GO TQ 410

WRITE( MPUNCH ,810) (((TSGEE(I,J,K),I=1,NYST),J=1,MNSLT4) ,K=1,3)
WRITE(MWRITE ,820) 17T

RETURN

FORMAT (16,3D15.7)

FORMAT (5D15. 7)

FORMAT ('0', ' CONTINUATION CARDS HAVE BEEN PUNCHED AT ITT=',17)
END

SUBROUTIMNE PRINT(DISP,XG,YG,ZG,EPSSI,EPSSO,EPEE1,EPEEO ,EPSEI,
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4TAGSS, MNAST, NYST,LNYS,MATYS,YSPROP, TSGEE ,MNYST,NELES, LNRS, ISRS,SC, PRNT0003

SEK,IMASS,AMASS,VEL ,FLYM, KROW,NDEX ,WFORCE,CINETI ,NNSA,NVSA,NCON)

ASRL TR 154-14... ..ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

2,1),EPEED(9,

SMALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SP1LKER

THIS SUBROUTINE IS USED EXCLUSIVELY BY THE PLATE PROGRAM.

IMPLICIT REAL*8B(A-H,0-2)

PRNT0004
PRNTO00S
PRNTO006
PRNTQ007
PRNTQOO8
PRNT0009
PRNTOO10
PRNTO011
PRNT0012
PRNTO0013
PRNTOO14

DIMENSION DISP(1),XG(1),YG(1),ZG(1),EPSSI(9,1),EPSSO(9,1),EPEEI(9 PRNTQ015

1) ,EPSFI(9,1),EPSEC(9,1) ,XGI(1),YGI(1),NP(4,1),GBI(24 PRNT0016
3,24),STDEF(S,24) ,NODE(1) ,EP(9) ,ELONG(2) ,RFM(NBE ,MBWE) , ILAST(1),

FRNT0017

4UCF1(1),NBC(1),ICOL(1),RF(B),NMSUB(1),AGAUS(6),AGAUW(E),ZGAUS(6), PRNT0018

S72GAUW(6) SUBW(S5,1) TAUSSIMAXEL ,N7S5,9),TAUEFIMAXEL NZS 9) TausF
6 (MAXEL ,NZ5,9) ,LNAS(1) ,MATXS(1) XSPROP(7,1),TAGSS(MNXST ,N2S,3),
TLNYS(1),MATYS(1),YSPROP(7,1),TSGEE(MNYST,NZS,3) ,LNRS(1),ISRS(1),
BSC(5,1),55(5),EK(24,24),EQ(24) ,STOR(24) ,AMASS(1),VEL(1),FLVM(1),

9KROW(1),NDEX (1) ,NVSA(1) ,NCON(4,1)

b

COMMON /FLATE /XDIS, YDIS, TH,HX,HY ,NEAD,NECD, DSP,EPAN,ANUP, THALF

CONON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC
COMMON/TIM/DELTAT, TIMEF, TIM:, ITIMEF, INCRT, IOUT, ITIME
COMMON /ASP/SLASP(50) ,ELASP(50) ,EDIR(2,50) ,NASP,LNASP(50)
COMMON /PRNT/ IOPY,1CP2,10P3,10P4,10PS, 10P6, 10P7,10P8
COMMCN /GSOUT /NEGS, LNGS(200)

CONMON /SSOUT /NXSS,NYSS, INXSS(200), INYSS(200)

o~ A Iversy w s . ~ e = oarns A
Cllwatin JINSLT/ u’r’"EnU,mnRITA_,:\u‘u.u..u

‘ | | | j i ' J

PRNTO001S
PRNT0020
PRNTO0021
PRNT0022
PRNT0023
PRNTQ024
PRNT0025
PRNT0026
PRNTO0027
PRNTQO28
PRNT0029
PRNTO030
PRNTOO31
PRNTQ032
PRNT0033
PRNT0034
PRNT0035
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C THE PLATE PROGRAM.

c

O

L8T
X3}

C

10

20
30

31

32
33

34

39

IF(ITIME LE.1)GO TG 10
TII=ITIME/INCRT+*INCRT-ITIME
IF(I11 NE.O)GO TO 500
CONTINUE
WRITE(MWRITE ,600)ITIME, TIME
NODAL DISPLACEWMFNTS AND LOCATION,
IF(I0OP1.£Q.0)GO TO 30
WRITE(MWRITE ,610Q)
NNT=NDT/6
DO 20 NN=1,NNT
JU=(NN~-1)*6
Ji=dJd+1
Uy2=0.'+6
WRITE(MWRITE ,620)NN, (DISP(J) ,J=d1,u2) ,XG(NN),YG(NN),ZG(NN)
CONTINUE
REACTICN FORCES AT CONSTRAINED NODES.
IF(I0PS EQ 0.0R NB.EQ.0O)GD TO 39
WRITE(NMWRITE ,550)
WRITE(MWRITE ,560)
DETERMINE NODE NO. OF FIRST CONSTRAINED D.O.F..
NC=NBC 1)
NNT1=(NC-1)/6+1
DO 31 1=1,5
RF(I)=0 0
LOOP OVER CONSTRAINED D.O.F..
DO 38 INB=1,NB
DETEFMINE NODE NO. OF PRESENT CONSTRAINED D.O.F..
NC=NBC (INB)
NN2=(NC~1)/6+1
IF NN2 NE.NN1, CALC. OF RF FOR NODE NN1 IS COMPLETE~-PRINT OUT
VALUES
IF(NN2 EQ.NN1)GO T0 33
WRITE mwRITE ,370)NNY,{(RF(J),d=1,6)
NN1=NN2
DC 32 1=1,6
RF(1)=0.0
CC=-UCF1(INB)
Nn=0
IB=ICOL(NC)
IE=ILAST(INB)
B0 34 I=I1E,Icg
NN=NN+ 1
CC=CC+RFM{INB,NN)*DISP(1)
NOF=NC—(NN1-1)~6
RF{NDF )=CC
CONTINUE
WRITE(MWRITE ,570)NN1,(RF(J),d=1,6)
CONTINUE
CENTROIDAL STRAIN INFORMATION. -
IF(IOP2 EQ 0)GO TG 50
WPITE(MYRITE ,G30)
WRITE(MWRITE ,640)
WRITC(MARITE ,534)
DO 40 LNUM=1 ,NET
G11=EPSSI(5, LNUM)
G22=EPEEI(5, LNUM)
G12=EPSEI(S5, LNUM)

PRNT0036
PRNTCO037

nesMTANAA
T R OR 0144

PRNTQ039
PRNT0GA40
PRNTO041
PRNT0042
PRNT0043
PRNT0044
PRNTQ0045
PRNT0046
PRNT0047
PRNTQ048
PRNT0049
PRNT0050
PRNT0051
PRNTQ052
PRNTQ053
PRNTO0GS54
PRNTQG55
PRNT0056
PRNT0057
PONTNARR
PRNTO059
PRNT0060
PRNT0061
PRNT0062
PRNT0063
PRNTO064
PRNT0065
PRNT0066
PRNTQ067
PRNT0068
PRNTQ069
PRNTQ070
PRNT0071
PRNT0072
PRNT0073
PRNT0074
PRNTQ07S
PRNT0076
PRNT0077
PRNT0079
PRNTC080
PRNTOO08t
PRNT0082
PRNT0083
PRNTO084
PRNTO008S
PRNT0086
PRNT0087
PRNT0088
PRNTQ089
PRNT0090
PRNTC0Q91
PRNT0092
PRNT0093
PRNT0094

j——

PAGE 0010



C

88T

40

50

51

52

CALL PSTRN(G11,G22,G12,51,DIRI)
G11=EPSSO(5, LNUM)
G22-EPEEO(5, LAUN

G12=EPSEQ(5, LNUM)

CALL PSTRN(G11,G22,G12,50,DIR0)
WRITE(MWRITE ,650)LNUM,EPSSI(5, LNUM) ,EPSSO(5,LNUM) ,EPEEI (5, LNUN),

2EPEED(5,LNUM) ,EPSEI(5,LNUM) ,EPSEO(S5,LNUM),SI,SO,DIRI,DIRO
CONTINUE
NODAL AVERAGE STRAINS.

1F(IOP8B.EQ 0)GO TO 55
WRITE(MWRITE ,900)
WRITE(MWRITE,640)

WRITE(MWRITE ,920)

DO 53 II=1,NNSA

G11U=0.0

G11L=0.0

G22U=0.0

G22L=0.0

Gi2u=0 0

G12L=0.0

NNUM=NVSA(II)

DENOM=0 0DO

DO 52 Jd=1,4
IF(NCON(JJ,11).EQ.0)GD TO 52
DENOY= DENONM+ 1.0D0
LNUM=NCON(JJ ,I1)

NRNT=NP(1,LNUM)

NNN2=NP(2, LNUM)

NNN4=NP(3,LNUM)
XL=XGI (NNN2) -XGI(NNN1)
YL=YGI (NNN3) -YGI (NNN1)

SL=0 0

EL=0 0

IF(JJ.EQ.2.0R JJ EQ.3)SL=1.0
IF(Ju EQ 3.0R.JJ EQ 4)EL=1.0
CALL SFDM(SL,EL,XL,YL,GB!,STDEP)
Do 51 J=1,9

EP(J)=0.0

CO 51 K=1,24

NNN=(LNUM=1) + 244K

N=NOD E(NNN)
EP(J)=EP(J)+STDEP(J,K)*DISP(NN)
EPSSM=EP(1)+EP(7)~EP(7)/2 O+EP (3)*EP(9)/2.0
EPEEM=EP(2)+EP(8)~EP(B)/2 O+EP(9)*EP(9)/2.0
EPSEM=EP(3)+EP(7)+EP(2)
G11L=G11L+EPSSM+THALF+EP (4)
Gi11U=G1IU+EPSSIA-THALF*EP (4)
G22L=G22L+EPETM+THALF*EP (5)
C22U=G22U+EPEEM-THALF=*EP{5)
G12L=G12L+EPSEM+THALF*EP (6)
G12U=G12U+EPSEM~THALF*EP(5)
CONTINUE

G1tL=Gt1L/DENOM

Gt1U=G11U/DEHLCIA

G22L=G22L,/CENDY

G22U=G22U/DINOM
G12L=G12L/DENCM

G12U=312U/DENOM
CALL PSTRN(G11L,G22L,G12L,SI,DIRI)

PRNTQQ9S
PRNT0096
roeTece?
PRNTOO0SS8
PRNT0099
PRNTO0100
PRNTO101
PRNTO0102
PRNTQ103
PRNTO0104
PRNTO0105
PRNTO0106
PRNTO107
PRNTO108
PRNT0O109
PRNTO110
PRNTO111
PRNTO112
PRNT0113
PRNTO114
PRNTO115
PRNTO0116
PRNIVIY Y/
PRNTO118
PRNTO119
PRNTO0120
PRNTO121
PRNTO0122
PRNTO0123
PRNTO0124
PRNTO0125
PRNTO126
PRNTO0127
PRNTO128
PRNTO0129
PRNTO130
PRNTO131
PRNT0132
PRNTO0133
PRNTO134
PRNT0135
PRNTO0136
FRNIO LT
PRNTQ138
PRNTO0139
PRNTO0140
PRNTO0141
PRNTO142
PRNTO0143
PRNTO144
PRNTO0145
PRNT0146
PRNTO147
PRNTO0148
PRNTO0149
PRNTO150
PRNTO1651
PRNTO0152
PRNT0153
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68T

CALL PSTRN(G11U,G22U,G120,S0,DIR0) PRNT0154

53  WRITE(MWRITE ,650)NNUM,G11L,Gt1U,G22L,G224,G12L,G12U,51,50,DIRI, PRNT0155
+ DIROD ooMTAszE

55 CONTINUE PRNT0157
C GAUSS STATION STRAIN PRINTOUT. PRNTO 158
1F(IOP3.€Q.0)GO TO 70 PRNT0159
WRITE(MNRITE ,660) PRNT0160

DO 60 HNAN=1,NEGS PRNT0161
LRUM= L NGS (NN ) PRNT0162
WRITE(MARITE ,670) LNUM PRNT0163
WRITE(MWRITE ,640) PRNTO164
WRITE(MWRITE ,645) PRNT0165

DO 60 NG=1,9 PRNT0166
G11=EPSSI (NG, LNUM) PRNT0167
G22=EPEEI (NG, LNUM) PRNTO168
G12=EPSLI (NG, LNUM) PRN10169

CALL PSTRN(G11,G22,G12,S1,DIRI) PRNT0170
G11=EPSSO(NG, LNUM) PRNTO171
G22=EPEEO(NG , LNUM) PRNT0172
G12=EPSEOQ(NG , LNUM) PRNT0173

CALL PSTRN(G11,G22,G12,50,DIR0) PRNT0174

60  WRITE(MWRITE,ES0)NG,EPSSI(NG,LNUM),EPSSO(NG, LNUM),EPEEI (NG, LNUM), PRNTO175
2EPEEQ(N3,LNUM) ,EPSET(NG, LNUM) , EPSEQ(NG,LNUM),S1,S0,DIRE ,nIng PRNTQ178

70 CONTINUE PRNT0177
C ADDITIONAL STRAIN POINTS. PRNT0178
IF(IOP4.ELQ 0)GO TO 110 PRNTO0179
WRITE(MWRITE ,690) PRNTO180
WRITE{MWRITE ,695) PRNTO181

DO 100 KK=1,NASP PRNTO182
LNUM=LNASP(KR) PRNT0183
SL=SLASP(KK) PRNTO184
EL=ELASP(KK) PRNT0185
NNNT=NP{1,LNUM) PRNT0186
NNN2=NP(2,LNUM) PRNT0187
NNNA=NP(4,LNUNM) . PRNTO188
XL=XGT (NNN2) -XGI (MNN1) PRNT0189
YL=YGI (NNN4) —=YGI (NNN1) PRNT0190

CALL SFDM(SL ,EL,XL,YL,G81,STDEP) PRNTO 151

DO 80 u=1,9 PRNT0192
EP(J)=0 O PRNT0193

DO B0 K=1,24 PRNT0194

NAN= ( LNUM=1) 244K PRNT0195
NN=NODE ( NNN) PRNT0196

80 EP(J)=EP(J)+STDEP(J,K)*DISP(NN) PRNTO0197
EPSSM=EP(1)+EP(7)*EP(7)/2.0+EP (9)*EP(9)/2.0 PRNTO0198
EPEEM=EP(2)+EP(B)+EP(B)/2.0+EP (9)*EP(9)/2.0 PRNT0199
EPSEM=EP(3)+EP(7)»EP(8) PRNT0200

DO 100 11=1,2 PRNT0201
FCT=1 0DO PRNT0202
IF(IT.EQ 2)FCT=-1 0ODO PRNT0203
G11=EPSSM+FCT+THALF+EP(4) PRNT0204
G22=EPEEM+FCT*THALF+EP(5) PRNT0205
GI2=EPSEM+FCT*THALF*EP(6) PRNT0206

CALL PSTRN(G11,G22,G12,5[,DIRI) PRNT0207

CT CC 1s%,2 PRNT0208
THET=EDIR(I, KK)*».1745329251994330D0-01 PRNT0209
CT=DCDS(THET) PRNT0210
ST=DSIN(THET) PRNTO211

ELONG( I)=G11 »CT*CT+G22=ST*ST+G12*CT*ST PRNT0212



90

C

c

061

120

130

140

150
C

ELONG( 1)=DSQRT(1.0+2 O+ELONG(I))-1.0

PRNTO0213

IF(IT.EQ,1)WRITE(MWRITE, 700)KK ,G11,G22,G12 ,ELONG(1),ELONG(2),51,DIPRNT0214

+R1

- .
roiNniva 1

IF(II.EQ.2)WRITE(MWRITE, 710)KK ,G11,G22,G12,ELONG(1) ,ELONG(2),5S1,DIPRNT02186

+R1 PRNTO217
1C0 CONTINUE PRNTO218
110 CONTINUE PRNT0219
CALCULATICN AND PRINTOUT OF GAUSS STATION STRAINS ON STIFFENERS. PRNT0220
IF(IOP6.EQ 0)GO TO 1990 PRNT0221
NA=3 PRNT0222
CALL GAUSS(NA,AGAUS,AGAUW) PRNT0223
FOR X-DIRECTION STIFFENERS PRNTO224
IF(NXSS.EQ 0)GO TO 150 PRNT0225
WRITE(MWRITE ,730) PRNT0226
WRITE(M'RITE,7ES) PRNTO0227
WRITE(MWRITE ,790) PRNT0228
D0 130 NX=1,NXS5S PRNT0229
NST=T.IXSS(NX) PRNT0230
LNUM={ NXS(NST) PRNTO0231
NNN1=NP(1,LNUN) PRNT0232
NHN2=NP(2,LNUM) PRNT0233
MRNA=NP (4, LNUM) PRNTO0234
XL=XCT (NMN2) =XCI(HNNT) neMTRaZE
YL=YGI (NNN4 ) -YGI (NNN1) PRNT0236
EL=XSPROP(G, NST) PRNT0237
DO 130 tG=1,NA PRNTO0238
SL=(1 O+AGAUS(NG))/2 0 PRNT0239
CALL SFOM(SL,EL,XL,YL,GBI,STDEP) PRNTO0240
EP(1)=0.0 PRNTO0241
£pP(4)=0.0 PRNT0242
EP(7)=0 O PRNT0243
DO 120 K=1,24 PRNTO0244
NNN= ( LNUM=1) *24-K PRNT0245
NN=NODE (NNN) PRNT0246
EP(1)=kPLV)+STDEP(1,K)*DISP(NN) PRNT0247
EP(4)=EP(4)rSTDEP(4,h)*DISP(NN) PRNTO248
EP(7)=EP(7)+STDEP(7,K)~DISP(NN) PRNT0249
NN=(NG—1)*2+1 PRNT0250
STOC(NN)=EP(1)+EP(7)*EP(7)/2.0+(0.5«XSPROP(1,NST)+XSPROP(7,NST)) PRNT0251
2*»SP(4) PRNT0252
STOR(NN+1)=EP(1)+EP(7)*EP(7)/2.0+(XSPROP(7 ,NST)~-0.5*XSPROP(1,NST))PRNT0253
2+EP(4) PRNT0254
CONTINUE FRINIUZDD
WRITE(MWRITE ,800)NST, (STOR(dJ), d=1,6) PRNT0256
CONTINUE PRNTQ257
FOR Y-DIRECTION STIFFENERS. PRNT0258
IF(NYSS.EQ 0)GO TO 190 PRNT0259
WRITE(IWWRITE ,810) PRNT0260
WRITE(MWRITE ,78%) PRNT0261
WRITE(MWRITE ,790) PRNT0262
DO 180 NY=1,NYSS PRNT0263
NST=IN(SS(NY) PINT0264
LNUM=LHYS(NST) PRNT0265
NdNT=NP LT, LNUN) PRNTO0266
NNN2=NP(2,LNUM) PRNT0Z257
NNNA=NP (4, LNUL) PRNT02568
Al.=XGI (NNN2) -AGI (NNNY) PRNTO269
YL=YGI (NNN4) -YGI {NNN1) PRNT0270

SL=YSPROP(6, NST)

PRNT0271
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DD 170 NG=1,NA

EL=(1 O0+AGAUS(NG))/2.0

CALL SFDM(SL EL,X.,YL,C21,STDED)

EP(2)=0.0

EP(5)=0.0

EP(8)=0.0

DO 160 K=1,24

NNN= ( LNUM=1) *24+K

NN=NOD E (NNH)

EP(2)=EP(2)+STDEP(2,K)+DISP{NN)

EP(S)=EP(5)+STDEP(5,K)*DISP(NN)
160 EP(8)=EP(B)+STDEP(8,K)*DISP(NN)

NM=(NG-1)*2+1

STOR(NN)=EP( 2)+EP(B)~EP(8)/2.0+(0.5«YSPROP(1,NST)+YSPROP(7,NST))

24ErF(D)

PRNT0272
PRNTO0273
BDNTNN74
PRNT027S
PRNT0276
PRNT0277
PRNT0278
PRNT0279
PRNT0280
PRNTO281
PRNT0282
PRNT0283
PRNT0284
PRNT0285
PRNT0286

STOR(NN+1)=EP(2)+EP(B)*EP(8)/2.0+(YSPROP(7,NST)~0.5+4YSPROP(1,NST))PRNT0287

. 24+€P(5)
170 CONTINUE
180 WRITE(MWRITE,B00)NST,(STOR(JY),d=1,6)
190 CONTINUE
C CALCULATION AND PRINTOUT OF SYSTEM ENERGIES.
IF(IOP7.EQ.0)GO TO 440
C  ELASIIC STRAIN ENERGY STORED IN STRUCTURE.
C FOR PLATE ELEMENTS.
NA=3
NZ=4
NSUBL=NMSUB( 1)
CALL GAUSS(NA,AGAUS, AGAUW)
CALL GAUSS(NZ,ZGAUS,ZGAUW)
ELAST=0 O
S1=1 0/EPAN
S2=—-ANUP*S1
$3=2.0+(1 O+ANUP)/EPAN
DO 240 LNUM=1,NET
NNNT=NF(1,LNUM)
NNN2=NP(2, LNUM)
NNNA=NP(4,1NUN)
HXL=(XGI(NIIN2)-XGI (NNN1))/2.0
HYL=(YGI(NNN4)=-YGI (NNN1))/2.0
DO 240 KS=1,HNA
SWzHXL *AGAUW (KS)
DO 240 KE=1,NA
EW=HY L *AGAUW {KE)
A=zKE+ (KS=1) *NA
STOR1=0 O
DO 230 1LZ=1,NZ
ST1=0 0
$72:0.0
ST3=0 0
DO 220 LS=1,NSUBL
UZ=tZ+(LS-1) =NZ
ST1=ST1+SUBW (1,LS)+TAUSS ( LNUM, UZ,JA)
ST2=ST2+SUBW(1,LS)*TAUEE(LNUM,JZ.JA)
220 ST3=ST3+SUBW(1,LS)+TAUSE (LNUM, JZ,JA)
PO0D=S 14 (STT*ST1+ST2+ST2 )42 OxS2+ST1+ST2+S3+ST3*ST3
230 STOR1=STOR1+FROD+0.5+TH+ ZGAUW( LZ)
240 ELAST=ELAST+STGOR1+SW*EW/2.0
C ELASTIC ENERGY IM X-DIRECTION STIFFENERS.
IF(NXST.EQ 0)GO TO 280

16T

PRNTO288
PRNTO0289
PRNT0290
PRNT0291
PRNTO02952
PRNT0293
FANTUZD-
PRNT0295
PRNT0296
PRNT0297
PRNTO0298
PRNT0299
PRNT0300
PRNTO0301
PRNT0302
PRNT0303
PRNT0304
PRNTO0305
PRNT0306
PRNT0307
PRNT0308
PRNTO0309
PRNTC310
PRNTO0311
PRNT0312
PRNT0313
TRAT3S3I1S
PRNTO0315
PRNTO316
PRNTO317
PRNTO0318
PRNTO0319
PRNT0320
PRNT0321
PRNT0322
PRNT0323
PRNT0324
PRNT0325
PRNT0326
PRNT0327
PRNTO228
PRNT0329
PRNT0330
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2590

260

270

280
C

¢6T

290

300

310

320
C

330

DO 270 NST=1 ,NXST
LNUM=LNXS(NST)
NNN1=NP{1,LNUM)
NNH2=NP(2,LNUM)
HXL=(XGI(NNN2)-XGI (NNN1)) /2.0
MAT=MATXS(NST)
NSUBL=NMSUB( MAT)

St1=1 O0/XSPROP(3,NST)
EW=XSPROP(2, NST)

DO 270 KE=1,NA

SW=HXL *»AGAUW (KE)

STOR1=0 O

D0 260 tZ=1,NZ

ST1=0.0

D0 250 LS=1,NSUBL

JZ=LZ+ (LS=1) 4NZ

ST1=ST1+SUBW (MAT,LS)*~TAGSS(NST ,JZ,KE)
PROD=S 1*ST1%ST1
STOR1=STOR1+PROD+0.5+XSPROP(1,NST)*ZGAUW(LZ)
ELAST=ELAS{+STOR1*EW*SW/2.0
CCNTINUE

ELASTIC ENERGY STORED IN Y~-DIRECTION STIFFENERS.

IF(NYST.EQ 0)GO TG 320

DO 310 NST=1,NYST
LNUM=LNYS(NST)
NNN1=MP(1,LNUM)
KNNA=NP (4, LNUM)
HYL=(YGI(NNN4)-YGI (NNN1) }/2.0
MAT=MATYS(NST)
NSUBL=NMSUS( MAT)

S1=1 0/YSPROP(3,NST)
SW=YSPROP(2, NST)

DO 310 KS=1,NA

EW=HYL *AGAUW (KS)

STOR1=0 0

D0 300 LZ=1,NZ

ST1=0 0

DO 290 LS=1,NSUBL

UZ=LZ+ (LS=1) *NZ

ST1=ST 1+SUBW (MAT,LS)*TSGEE(NST ,JZ,KS)
PROD=5145T1+5T1
STOR1=STOR1+PROD+C.5+YSPROP (1, NST)*ZGAUW(LZ)
ELAST=ELAST+STOR1*EW*SW/2.0
CONTINUE

CALCULATION OF ENERGY STORED IN ELASTIC RESTORING SPRINGS.

SPREN=0.0

IF(NELES EQ.0)GO TO 380
DO 370 NS=1,NELES
LHUM-LHRS (NS )

ISIDE= ISRS(NS)
NNN1=NP(1,LNUM)
NNN2=NP (2, LNUN)
NNN4=NP (4, LNUM)
AL=XGI (NNN2) =XGI (NNN1)
VE=YART (NNHA) —yGI (NNNT)
DO 330 1=1,5
SS(I)=SC(I,NS)

CALL SPRING(EK,SS,ISIDE,XL,YL)
L=(LNUM-1)%24

PRNT0331
PRNT0332
PRNTO0333
PRNT0334
PRNTO335
PRNT0336
PRNT0327
PRNTO0338
PRNTO339
PRNTQ340
PRNTO341
PRNTQ342
PRNT0343
PRNTQ344
PRNTQ345
PRNTO0346
PRNT0347
PRNTO0348
PRNTO0349
PRNTQ0350
PRNTO0351
PRNT0352
PRNT01353
PRNT0354
PRNTO355
PRNT0356
PRNT0357
PRNTO0358
PRNTO0359
PRNTO360
PRNTO361
PRNT0362
PRNT0363
PRNT0364
PRNTO0365
PRNTQ366
PRNTO0267
PRNTO368
PRNT0369
PRNTO0370
PRNTO371
PRNTO0372
PRNT0373
PRNT0374
PRNTO375
PRNT0376
PRNT0377
PRNT0378
PRNT0379
PRNTO0380
PRNTO381
PRNT0382
PRNTO0383
PRNT0334
PRNT0385
PRNT0386
PRNT0387
PRNTO388
PRNTO0389
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€61

340

350

360

370

380
C

390

400

420

Cc

Cc
430

Cc

(o

500
550
560

570
600
610

620
630
640
644
645
650
660

670
690

695

DO 340 I=1,243 PRNT0390
LL=NODE(L+I) PRNT0391
EQ(I)=DISP(LL) PRNT0392
DO 350 I=1,24 PRNT0393
STOR(1)=0 0 PRNT0394
DO 350 K=1,24 PRNT0395
STOR(I)=STOR (I)+EK(I,K)*EQ(K) PRNT0396
STOR1=0.0 PRNT0397
DO 360 1=1,24 PRNT0398
STOR1=STOR1+EQ(I)*STOR(1) PRNT0399
SPREN=SPREN+STOR1/2.0 PRNT0400
CONTINUE PRNF0401

CALCULATE KINETIC ENERGY OF THE STRUCTURE. PRNT0402
CINET=0 O PRHT0403
GO TD(390,410),IMASS PRNT0404
CONTINUE PRNT0405
CO 400 I=1,NDT PRNT0406
CINET=CINET+AMASS(1)*VEL(I)*VEL(I1)/2.0 PRNT0407
GO To 430 PRNT0408
CALL OMULT(AMASS,VEL,FLVM,ICOL ,KROW,NDEX) PRNT0409
DO 420 1=1,NDT PRNT0410
CINET=CINET+VEL(I)*FLVM(I)/2.0 PRNT0411

CALCULATE WORK INPUT TO STRUCTURE AS SUM OF CURRENT WORK OF EXTER- PRNT0412

NAL FORCES PLUS WINETIC ENERGY OF INITIAL VELOCITY DISTRIBUTION. PRNT0413
EWORK=WFORCE +CINETI PRNT0414

CALCULATE PLASTIC WORK BY SUBTRACTION. PRNT0415
PLASTW=EWORK-ELAST-SPREN-CINET PRNT0416

PRINTOUT ENERGIES PRNT0417
WRITE (MWRITE,720) PRNT0418
WRITE(MWRITE,730) EWORK PRNT0419
WRITE(MWRITE ,740) CINET PRNT0420
WRITE (MWRITE,750) ELAST PRNT0421
WRITE (MWRITE ,760) PLASTW PRNT0422
WRITE(MWRITE ,770) SPREN PRNT0423
coMTInuE PRNT0424
CONTINUE PRNT0425
FORMAT ('0', ' REACTION FORCES AT CONSTRAINED NODES') PRNT0426
FORMAT ('0',2X, 'NODE',4x, 'RX(LBS)',8X, 'RY(LBS)',8X,'RZ(LBS)"*,7X, PRNT0427

2'MX(LBS-IN)* ,5X, 'MY(LBS-IN)"',5X, 'MXY(LBS-IN-IN)') PRNT0428
FORMAT (* ',16,6D15 5) PRNT0429
FORMAT ('0',"' #x**+ INCR. NO =',15,2X,'TIME=',D12.4,1X, 'SEC.') PRNT0430
FORMAT ('0','NODE',6X, U’ , 12X, ' V! 12X, W', 11X, 'PSIX',9X,'PSIY',9X, PRNT0431
2'7T4IST',7X,'¥-POS ' ,7X,'Y-POS.‘,7X,'Z-P0OS. ") PONTAAZD
FORMAT (' ',14,9D13 5) PRNT0433
FORMAT ('0', ' STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECPRNT0434
2TION AT CENTROID OF EACH ELEMENT') PRNT0435
FORMAT ('0',14X,'EPS~-X STRAIN', 12X, 'EPS-Y STRAIN', 12X, ' SHEAR STRAINPRNT0436
2',12x, '"PRINC. STRAIN(T)',10X, 'DIRECTION(DEG.)"') PRNT0437
FCRMAT (' ‘', 'ELEM.',5(7X, 'INNER',7X, 'DUTER')) PRNT0438
FORMAT (' *,'STA. ' ,5(7X, 'INNER',7X, 'OUTER')) PRNT0439
FORMAT (* ',14,1X,10D12 4) PRNT0440
FORMAT ('0', ' STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECPRNT0441
2TION AT GAUSS STATIONS FOR SELECTED ELEMENTS') PRNT0442
FORMAT ('0', ' RESULTS FOR ELEMENT NUMBER',IS5) PRNT0443
FORMAT ('0', ' STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECPRNT0444
2TION, AND ELONGATIONS AT SPECIFIED ADDITIONAL POINTS') PRNT0445

FORMAT ('0',' POINT NO.',2X,'SURFACE',2X,'EP5-X STRAIN', 2X,'EPS~Y STPRNT0446
2RAIN', 2X, 'SHEAR STRAIN', 1X,'ELONG.(DIR.1)*,1X,’ELONG. (DIR.2)"*,1X, PRNT0447
3'PRINC. STRN(T)',1X,'DIRECTION (DEG.)") PRNTO0448
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785
790
800
810
900

920

FORMAT (*
FORMAT (*

+17,5X, ' INNER' ,1X,7D14.5)
»17,5X,'0UTER! ,1X,7D14.5)

FOPMAT ('0', ' SYSTEM ENERGIES(IN-L3}!

FORMAT (*
FORMAT ('
FORMAT (*
FORMAT (*
FORMAT ('

55X, 'STRUCTURE KINETIC ENERGY
+5X,'STRUCTURE ELASTIC ENERGY
+5X,'STRUCTURE PLASTIC ENERGY
+5X, 'ENERGY STORED IN ELASTIC RESTRAINTS=

[T T [ 1)

'
'
'
',5X,'WORK INPUT TO STRUCTURE
'
'
'
'

D15.7)
+015 7)
'D15.7)
,015.7)
+D15.7)

PRNT0449
PRNTO0450
nl'\ll‘ft\)‘:l'
PRNT0452
PRNT0453
PRNT0454
PRNTOQ455
PRNT0456

FORMAT (*'0', ' STRAIN, EPS~XX, AT GAUSSIAN STATIONS ON SPECIFIED X=DIPRNT0457
2RECTION STIFFENERS')
FORMAT (*0','STIFFENER',14X,'STATION 1',15X, 'STATION 2',15X,
2'STATION 3')

FORMAT (*
FORMAT (*

FORMAT ('O, ' STRAIN,

',' NUMBER',5X, 3(7X,'INNER',7X ,*0OUTER'))
',15,7X,6D12.4)

2RECTION STIFFENERS')

FORMAT ('0', ' STRAIN COMPONENTS,

2CTION AT USER-SPECIFIED NODES')

FORMAT ('
RETURN
END

', UNODE ' ,5(7X, *INNER',7X, 'OUTER'))

PRNT0458
PRNT0459
PRNTO0460
PRNTO461
PRNT0462

EPS-YY, AT GAUSSIAN STATIONS ON SPECIFIED Y-DIPRNT0463

PRNT0464

PRINCIPAL (TENSILE) STRAIN AND DIREPRNT0465

PRNT0466
PRNT0467
PRNTO468
PRNT0469
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6.3 Subprograms Unique to the CIVM-PLATE Code

The following 9 subprograms (or subroutines) are unique to the

CIVM-PLATE program:

COLLSN IMAINP IMPSS
IFRAG IMPACT INTRAC
IMAIN IMPDS IPRINT

This version of IMAIN 1is provided principally for illustration, but also 1is
appropriate for the 1llustrative example given in Subsection 8.2.1 for the
complete plate. The user must write his own version consistent with his
particular problem data 1f he wishes to analyze any other example problem.

A FORTRAN IV listing of these 9 subprograms follows.

195
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SUBROUTINE COLLSN(IOPT,XG,YG,ZG,PEN,RF,THALF,NNSR,XF,YF,ZF,XN,YN, CLSNQOOO

2ZN, T,NN1,NN2 ,NN3) CLSNGOO1
IMPLICIT PSAL¥B(A-H,0-2) cicunnna

c CLSN0O0O03
c ASRL TR 154-14.... ..OCRIGINAL REPORT VERSION OF PROGRAM CLSNCO004
C COPYRIGHTY (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 CLSNJ0OS
c CLSN00O06
C THIS SUBROUTINE IS USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM. CLSN00O7
c CLSN0QOS
DIMENSION XG{1),YG(1),ZG(1),PEN(1),XN(1),YN(1),ZN(1),T(3,3) CLSN0009

c CLSNO010
C THIS ROUTINE PERFORMS DETAILED COLLISION INSPECTION OVER A CLSNOO11
C  TRIANGULAR SUBREGION OF THZ PLATE, CALCULATING THE PENETRATION CLSN0O012
C DISTANCE, PEN(I), AND LOCATION, XN(I), YN(I), ZN(I), OF THE CLSNGO013
C  CONTACT POINI, ON THE SURFACE, I¥ COLLISION OCCURS WITHIN THE CLSNOO14
C  TRIANGULAR SUBREGION CLSNOO15
C IF 10PT=1, THE ENTIRE CHECK IS FOLLOWED. CLSN0O16
C IF 10PT=2, THE PRGCESS IS TERMINATED AFTER CALCULATION OF THE CLSNO017
c COORDINATE TRANSFORMATION MATRIX FOR THE TRIANGULAR CLSNOO18
c SUBREGION. CLSNOO19
c CLSNCO020
C FOR PRESENT, UNIFORM THICKNESS IS ASSUMED IN THE TRIANGULAR REGION. CLSNO021
C LLONVU L.
C DEFINE COMPONENTS OF A,B,C OF VECTOR IN Z-BAR DIRECTION CLSN0023
X21=XG (NN2)=- XG(NN1) CLSNO0O24
Y21=YG (NN2 )= YG(NN1) CLSN0025
Z21=ZG (NN2)—-ZG(NNT) CLSN0026
X31=XG(NN3)~XG(NN1) CLSN0OO27
¥Y31=YG(NN3)=-YG(NN1) CLSNOO28
Z31=2G (NN3)=-ZG(NN1) CLSN0029
As¥21%231-Y31+221 CLSN0030
BaX31»221-X21-231 CLSNOO31
C=X21%¥Y31-X31%Y21 CLSN0032
AL3=DSQRT(A~A+B+B+C*C) CLSN0033

C CALCULATE DISTANCE BETWLEN FRAGMENT CENTROID AND PLATE MIDSURFACE. CLSN0034
C IF OFP IS NEGATIVE FRAGMENT CENTROID IS BELOW MIDSURFACE. CLSN0035
DFP=(A+(XF=XG(NN1) )~B%(YF-YG(NN1))+C*(ZF-ZG(NN1)))/AL3 CLSN0036

C CALC. PENETRATICN DISTANCE (ASSUMING UNIFORM THICKNESS AND CLSNCO037
C PENETRATION IN DIRECTION OF NORMAL FROM FRAGMENT CENTROID TO CLSN0038
C REFERENCE SURFACE) CLSN0039
PEN(I‘NSR)=RF+THALF+DFP CLSH0040

C IF PENETRATION DIST. IS LESS THAN OR EQUAL TO ZERG, RETURN TO CLSN0041
C CALLING RGUTINE CLSG0a.
IF(PEN{NNSR) LE 0 O)RETURN CLSN0043

C FIND COORDS OF INTERSECTION OF NORMAL (FROM FRAG TO SURFACE) WITH CLSN0O0A44
C THE SURFACE. CLSN0045
XN(NNSR)=XF-A+DFP/AL3 CLSNQ046
YN(NNSR)=Y+~E-DFP/AL3 CLSN0047
ZN(NNSR)=2F~C«DFP/AL3 . CLSNOO4S

C ESTABLISH TRANSFORMATION MATRIX ; (BAR)=T#+(GLOBAL). CLSHO0049
C Z-BAR IS NORMAL TD THE PLANE ANOD DIRECTED TOWARD THE OUTER SURFACE CLSNOOSO
C OF THE PLATE X-BAR IS IN IhE DIRECTION FROM TRIANGLE NODE 1 TO CLSN0OO0S1
C  TRIANGLE NODE 2 CLSN0OO052
AL1=D3QRY (X21+X214Y21+Y214221%221) CLSN0O053
T(1,1)=X21/AL1 CLSNOOS4
T(1,2)=Y21/AL1 CLSNOO55
T(1,3)=221/AL1 CLSNOOS6
T(2,1)=(Bs221-C+Y21)/(AL1+AL3) CLSN0OO057

T(2,2)=(C*+X21-A+Z21)/(AL1*AL3) CLSNO058
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T(2,3)=(A*Y21-8%X21)/(AL1%AL3)
T(3,1)=A/AL3
T(3,2)=8B/AL3
T(3,3)=C/AL3

C IF THIS ROUTINE HAS BEEN CALLED ONLY TO CALCULATE T, RETURN
IF(IOPT EQ.2)RETURN

c FIND X-Y COORDS OF NODES AND INTERSECTION POINT IN BARRED SYSTEM
XB1=XG(MN1)*T(1,1)+YG(NN1)*T{1,2)+ZG(NN1)*T(1,3)
YB1=XG(MN1)*T{2,1)+YG(NN1)*T(2,2)+ZG(NN1)*T(2,3)
XB2=XG(NN2)*T(1,1)+YG(NN2)=T(1,2)+2G(NN2)*T(1,3)
YB2=XG(NN2)*«T(2,1)+YG(NN2)*T(2,2)+ZG(NN2)*T(2,3)
XB3=XG(NH3)«T{1,1)+YG(NN3)*T(1,2)+2G(NN3)=T(1,3)
YB3=XG(NN3)*T(2,1)+YG(NN3)*T(2,2)+2G(NN3)}*T7(2,3)

XEBN=XN (NNSR) *T(1,1)+YN(NNSR)*T (1,2)+ZN{(NNSR)*T(1,3)
YBN=XN (NNSR) »T(2,1)+ N{HNSR) =T (2,2)+ZN{NNSR)*T(2,3)

(o DEFINE TRIANGULAR (AREA) COORDINATE PARAMETERS FOR THIS SUBREGION.
AREA2=X82+YB3+A81«YB2+XB3*YB1-XB2*YB1-XB3+YB2~-XB1+YB3
A1=XB2+Y83-XB3+YB2
A2=XB3*YB1—-XB1*YB3
A3=XB1*»YB2-XB2+YBt
B1=YB2-YB3
B2=YB3-YB1
B3=YBt ~YB2
C1=xB3-XB2
C2=XB1-XB3
C3=XB2-XB1

c EVALUATE TRIANGULAR COORDS (L1, L2, L3) AT FRAGMENT/NORMAL

C INTERSECTION POUINT (POINT OF CONTACT)
CL1=(A1+B1=XBN+C1+YBN)/AREA2
CL2=(A2+E2*XBN+C2«YBN)/AREA2
CL3=(A3+B3+XBN+C3+YBN)/AREA2

c FOR CONTACT POINT 70 LIE IN TRIANGULAR SUBREGION, CLt, CL2, AND CL3

C MUST ALL BE BETWEEN O AND 1 (INCLUSIVE). IF NOT, SET PENETRATION

c DISTANCE TO A LARGE NEGATIVE NUMBER.

C USE A NECATIVE EPSILON AND 1 - EPSILON INSTEAD OF AN EXACY 0. AND 1.

C TO AVOID INACCURACIES WITH CCMPUTER ROUNDOFF.

ZiP=-1.D-10

ONE-1 DO-Z1IP

IF(CLT .LT.2IP.0OR CL2.LY.ZIP.OR.CL3 LT.ZIP.OR.CL1.GT.ONE.QR.CL2.
2GT.ONE .OR.CL3 GT ONE)PEN(NNSR)=-1.0D10

RETURN -

END

SU3ROUTINE IFRAG(PMASS, AIMASS)

IMPLICIT REAL#8(A~H,0-Z)

ASRL TR 154-14... ..ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM.

OO0

DIMENS ION PMASS(1),AMASS (1)
COMMON /FRAG/ XF ,YF,ZF ,DELF(3),VF(3),DTHETF(3),0MEGF(3), RF,FMASS,
2FIA01,FKEO,FKEC
COMMON /PROPC/ COEFR,FRNC,USEF ,NSYM, 1PSS,IUSEF
SO /PLATEZ /XD, YD, THP YL  HYL ,MEAD,NECD, DENSP ,EPAN,ANUP , THALF
COMMON /EAS/NDT ,NET ,MN,NB,NIRREG,MNC
COMMON /INCUT/ MREAD,MWRITE,MPUNCH
[
C IN THIS SUBROUTINE THE IMITIAL FRAGMENT POSITION AND VELOCITYY,

CLSNOOS9
CLSNO0GO
Clsmr\nz_:1
CLSNQOO0G2
CLSNO0G3
CLSNO0G4
CLSN006S
CLSNOOG6
CLSN0O067
CLSNOOGS
CLSNOO069
CLSNCO70
CLOSNOO 71
CLSN0072
CLSN0073
CLSNQO74
CLSNQOG75
CLSN0076
CLSNO0077
CLSNOO78
CLSNQO79
CLSNOOgO
€1 SNONRY
CLSNOOS82
CLSNO083
CLSNQO084
CLSNOOBS
CLSN0086
CLSNOO087
CLSNOO8S8
CLSNOO89
CLSNOO90
CLSNO0091
CLSN0092
CLSN0O093
CLSNQO94
CLSN0095
CLSNOO096
CLSNO097
CLSNOO98
CLSNO099
CLSNQ100
IFRG0OOOO
IFRGOOO
IFRG0002
IFRGOOO3
1FRGOOO4
IFRGCO05
1FRGO0O06
IFRGOOO7
1FRGOOOB
1FRG0009
1FRGOO10
IFRGOO11
1FRCO012
IFRGOO13
IFRGOO14
IFRG0OO15
I1FRG0O16
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FRAGMENT GEOMETRIC PROPERTIES, CONTACT SURFACE PROPERTIES

AND ANY SUMMETRY OPTIONS ARE INPUT AND PRINTED FOR VERIFICATION.

THE FRAGMENT IMITIAL KINETIC ENEPCY IZ CALCULATED AND THE NMASS MATND
USED IN IMPACT INTERACTION CALCULATION IS FORMED.

C

15

C

86T

i8

500
510
600

NNT=NDT/6

READ{MREAD,S500)XF,YF,ZF
READ(MREAD,S00)(VF(1),1=1,3)
READ(IMREAD,500) (OMEGF(1),1I=1,3)
READ(MREAD,500)RF, FNMASS, FMOI

READ IN CONTACT SURFACE PROPERTIES

READ(MREAD,5GO)COEFR,FRNC
READ(MREAD,510)NSYM, IPSS, ICUT, TIUSEF
IF(NSYM £Q 2)FMASS=FMASS/4 0DO
IF(NSYIM.EQ.1) FMASS=FMASS/2.0D0
IF(NSYM EQ.1) FMOI=FMOI/2.0DO
CUTR=2.0D0

IF(ICUT EQ.1)READ(MREAD,S00)CUTR
IF(YUSEF.EQ. 1) READ(MREAD,500) USEF

FRAGMENT INITIAL KINETIC ENERGY

FKEO=0.0
Do 15 I=1,3

FKEU=F KEO+0 5+ (FMASS*VF(I)*VF(1)+FMOI*OMEGF (1)+*OMEGF(I))

FKEC=FKEO+CUTR

PRINT OUT THIS INFORMATION

WRITE(MWRITE ,G00)
WRITE(MWRITE ,601) XF
WRITE(MARITE ,G602) YF
WRITC(M@RITE ,603) ZF
WRITE(MWRITE ,B804) VF(1)
WRITE(MWRITE ,605) VF(2)
WRITE(MWRITE ,606) VF(3)
WRITE(MWRITE ,607) OMEGF(1)
WRITCLwanRiITE ,008) OmEGF(2)
WRITE(MWRITE ,6038) OMEGF(3)
URITE(MWRITE ,610) RF
WRITE(MWRITE ,611) FMASS
WRITE({MWRITE ,612) FMOI
WRITE(MWRITE ,630) FKEO
WRITE(MWRITE ,613)
WRITE(MWRITE ,614) COEFR
WRITE(MwRITZ ,615) FRNC
WRITE(WMWRITE ,616) NSYM

IF(NSYM EQ.1 AND IPSS EQ 1) WRITE(MWRITE,617)
TF(NSYM EQ.1 AND.IPSS EQ.4) WRITE(MWRITE,618)

IF(NSYM.EQ 1) WRITE(MWRITE,619)
IF(NSYM EQ 2) WRITE(MWRITE,620)
IF(ICUT EC 0)GO TO 18

WRITE( MWRITE ,6430)
WRITE(MURITE ,650) CUTR
WRITE(IURITE ,6680) FKEC

WRITE (MWRITE ,670)

CONTINUE

IF(IUSEF EQ.C) WRITE(MWRITE,700)
IF(IUSEF.EQ 1) WRITE(MWRITE,710) USEF
FORMAT (5Dt6 7)

FORMAT (2014)

FORMAT ('0',' FRACMENT LOCATION, VELOCITY,

J l ' I

READ IN FRAGMENT INITIAL LOCATION, VELOCITIES, AND PROPERTIES

[

1FRGO017
IFRG0018
1FpCooto
1FRGC020
1FRGO021
1FRG0022
1FRG0023
IFRG0024
1FRG0O025
1FRG0026
1FRGO027
1FRG0028
1FRG0029
1FRG0030
1FRGOO31
1FRG0032
1FRG0O033
1FRG0034
1FRG0035
1FRG0036
1FRGO037
1FRG0O038
TFRGONRY
IFRGC040
1FRG0O041
1FRG0042
1FRGOC43
IFRG0044
IFRGO045
1FRG0046
1FRG0047
1FRG0048
1FRG0049
1FRGO0S0
IFRG00S1
1FRG0052
IFRG0O053
IFRG0O054
1FRGO0SS
IFRGO0S6
1FRG0057
1FRG0058

YemAm A~
IR onne)

1FRGO0O6G0O
IFRGO0O61
IFRGJ062
IFRGOO0O63
IFRGO0O64
IFRGO065
IFRGOO66
IFRGOO67
IFRGO068
I1FRG0O069
IFRG0070
IFRG0071
I1FRGQO72
IFRGO073
1FRGO074

AND PROPERTIES AT TIME=0.IFRGO0O7S
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601
€02

604

620
630
640
650
660
670

700
710

20

30

20 SEC.') 1FRGOO76
FORMAT (' *,5X,'X—LOCATION(IN) =' ,015.7) 1FRG00O77
FORMAT (' ',5X,'Y=LNCATION(INY s! NS 7)Y TERCANTA
FORMAT (' *,5X,'Z~LOCATION(IN) =!',D15.7) 1FRG0O0O79
FORMAT (' ',5X,'X-VELOCITY(IN/SEC) =',D15.7) 1FRGCO8O
FORMAT (* *,5X,'Y-VELUCITY(IN/SEC) =',D15.7) 1FRG0O81
FORMAY (' *,5X,'Z~VELOCITY(IN/SEC) =',015.7) I1FRGOO82
FORMAT (' *,5X,'OMECA-X{RAD/SEC) =',D15.7) 1FRG0083
FORMAT (' ',5X, 'OM:GA ~Y(RAD/SEC) =',D15.7) 1FRG0OO84
FORMAT (* '.5& 'OMEGA=-Z(RAD/SEC) =',015.7) IFRGOO08S
FORMAT (* ',5X,'FRAGWENT RADIUS (IN) =',D15.7) 1FRGOO86
FORMAT (' '.SX,'FRAGMENT MASS(LB-SEC*SEC/IN) =',D15.7) 1FRG00O8B7
FORMAT(' ',5X,'FRAG. MOM INERT(IN~LB-SEC*SEC) =',D15.7) 1FRG0088
FORMAT ('0', ' CONTACT SURFACE PROPERTIES') 1FRG0089
rOvmaT (' ' ,5A,'COeF. OF RESTITUTION=',Di15.7) I1FRGO0OS0
FORMAT (' ',5X,*FRICTION COEFFICIENT=',D15.7) 1FRG0091
FORMAT (' ',SX,'NO. OF SYMMETRIES =',14) IFRGC092
FORMAT (' ',$X,'THE GLOBAL X AXIS IS THE LINE OF SYMMETRY') 1FRG0093
FORMAT (' ',5X,'THE GLOBAL Y AXIS IS THE LINE QF SYMMETRY') 1FRG0094
FORMAT (' ',5X,'(FRAGMENT MASS, MASS MOMENT OF INERTIA AND KINETIC 1FRG0O09S

1ENERGY ARE ONE-HALF THEIR ACTUAL VALUES BECAUSE OF SINGLE SYMMETRYIFRG0O096

1) 1FRGO097
FORIMAT (' ',5X, (FRAGMENT MASS AnD nINETIC EWERGY mnRC CGINE=QURATER U1inGew30

1F THEIR ACTUAL VALUES BECAUSE OF DQUBLE SYMMETRY)') I1FRG0099
FORMAT (' ',5X,'KINETIC ENERGY( IN-LB) .D15.7) IFRGO100
FOPMAT('O' ' IMPACT INSPECTION/CDRRECTION wILL BE TERMINATED WHEN') IFRGO101
FORMAT (' ',5X,'THE CURRENT FRAGMENT KINETIC ENERGY IS LESS THAN', IFRG0102

2D16.7, 2X, Tlm:s THE INITIAL FRAGMENT KINETIC ENERGY.') 1FRGO103
FORMAT (' ',SX\,'THIS CUT-UFF POINT CORRESPONDS TO A FRAGMENT KINETIIFRGO104
2C ENERGY 0F',D16 7,2X,'IN-LB. ") 1FRG0O105
FORMAT (' ',5X,'NOTE THAT STRUCTURAL RESPONSE CALCULATIONS WILL CONIFRGO106
2TINUE BEYOND TERVMINATION OF IMPACT INSPECTION/CORRECTION.') 1IFRGO107
FORMAT ('0','EFFECTIVE LENGTH WILL BE CALCULATED INTERNALLY') 1FRG0108
FORHAT( 0',"USER SPECIFIED EFFECTIVE LENGTH=',D15.7) 1FRG0O109
CALCULATE NODAL POINT MASSES FOR IMPACT/INTERACTION USE. THIS 1FRGO110
EXTRACTED FROM SYSTEM LUMPED MASS VECTOR BY NEGLECTING ROTARY 1FRGO1 11
INERTIA CONTRIBUTIONS. EFFECTS OF POSSIBLE NONUNIFORM MESH IFRGO112
AND STIFFENERS INCLUDED AUTOMATICALLY. FOR PLATE ANALYSIS ONLY 1FRG0O113
NDPN=86 1FRGO114
DO 20 I=1,NNT 1FRGO115
PrASS(1)=0 0 1FRGO116
DO 30 I=1,NNT IFRGO117
INC=(I-1)4HCPNr1 irncotsc
FMASS(1)=AMASS(INC) 1FRG0119
RETURN 1FRGO120

END 1FRGO121

!
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SUBROUTINE IMPACT(XG,YG,Z2G,DELD,VEL ,NP,VN,VNB,PMASS,NBC,SI,NEFF, IMPT0000

2ALPHA, IMPCT1 ,NIAN) IMPT0001
IMPLICIT REAL*8(A-H,0-2) IMPT0002
IMPT0003

ASRL TR 154-14.......0RIGINAL REPORT VERSION OF PROGRAM IMPT0004
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 IMPT0005
IMPT0006

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM. IMPT0007
IMPTO008

DIMENSION XG(1),YG(1),2G(1),DELD(1),VEL(1) ,NP(4,1),LNC(4),PEN(B), IMPTO009
2XN(B), YN(B), ZN(B),T(3,3),SI(1) ,NEFF(1),ALPHA(1),VN(3,1),VNB(3,1), IMPTOO010

30MEGFB(3) ,VFB(3),PMASS(1),PTILDA(3),NBC(1),LRP(8) IMPTOO19
COMMON /PLATE /XD,YD,THP,HXL,HYL ,NEAD,NECD,DENSP,EPAN,ANUP, THALF IMPT0012
COMMON /BAS/NDT ,NET ,MN,NB,NIRREG,MNC IMPT0013
COMMON /TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, IOUT, ITIME IMPTO0014
COMMON /PROPC/ COEFR,FRNC,USEF ,NSYM, 1PSS, 1USEF IMPT0015
COMMON /FRAG/ XF,YF, 2F ,DELF(3),VF(3),DTHETF(3),0OMEGF(3), RF,FMASS, IMPT0016
2FMO1, FKED,FKEC IMPTOO17
COMMON /INOUT/ MREAD,MWRITE,MPUNCH IMPTOO18
IMPTO0019

CONTROLL ING ROUTINE FOR COLLISION INSPECTION/IMPACT INTERACTION IMPT0020
ANALYSIS INCLUDING FRICTION. 1IF IMPACT HAS OCCURED, THE NODAL IMPT0021
VELDCITIES, VEL, AND FRAGMENT VELOCITIES, VF AND OMEGF, ARE UPDATED IMPT0022
TO THEIR POST-IMPACT VALUE. NODAL AND FRAGMENT DISPLACEMENTS AND IMPT0023
LOCATIONS ARE NOT MODIFIED IN THIS SUBROUTINE. IMPT0024
PRESENT ANALYSIS ASSUMES UNIFORM THICKNESS PLATE, AND SINGLE IMPT0025
FRAGMENT . EFFECTS OF MAXIMUM PENETRATION ONLY ARE INCLUDED. IMPT0026
IMPT0027

UPDATE GLOBAL COORDINATES TO TRIAL VALUES IMPTQ028
IMPCT1 =0 IMPT0029
NDPN=6 IMPT0030
NNT=NDT/6 IMPT0031
DO 1 I=1,NNT IMPT0032
NNI=(1~1)+«NDPN IMPT0033
XG(1)= XG(I)+DELD(NNI+1) IMPT0034
YG(1)= YG(I)+DELD(NNI+2) IMPT0035
ZG(I1)= ZG(I)+DELD(NNI+3) IMPT0036
UPDATE FRAGMENT POSITION ASSUMING SAME INCREMENTAL QUANT., AS PREV. IMPT0037
XF=XF+VF(1)*DELTAT IMPTO038
YF=YF+VF(2)*DELTAT IMPT0039
ZF=ZF+VF(3)*DELTAT IMPT0040
Do 7 1=1,3 IMPTO041
DTHETF (1)=DELTAT*OMEGF(1I) IMPT0042
DELF(1)=DELTAT*VF(1) IMPT0043
FIND MINIMUM DISTANCE SQUARED FROM FRAGMENT TO NODE IMPT0044
DMIN=1.0D10 IMPT0045
DO 10 1=1,NNT IMPT0046
DIST=( XF=XG( 1)) *%*24+(YF-YG(I))*+24+(ZF-ZG(1) )*+2 IMPTQ047
1F(DIST.LT.DMIN)NC=1 IMPTOO048
IF(DIST.LT.OMIN)DMIN=DIST IMPT0049
10  CONTINUE IMPT0050
SEARCH NODAL CONNECTIONS FOR ELEMENTS CONNECTED TO NODE NC IMPTOOS 1
NEC=0 IMPT0052
DO 20 I=1,NET IMPT0053
D0 20 J=1,4 IMPT0054
IF(NP(J,1).EQ.NC)NEC=NEC+1 IMPT005S
IF(NP(J,1).EQ.NC)LNC(NEC)=1 IMPT0056
IF(NEC.EQ.4)GO TO 30 IMPT0057
20  CONTINUE IMPT0058
30 CONTINUE IMPTQ059

CHECK FOR PENETRATION IN EACH TRIANGULAR SUBREGION OF THE NEC ELEMS.IMPT0060
NRP=0 IMPTO061
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70

AAs0.0

BA=0 0

CA=0.0

XA=0.0

YA=0.0

ZA=0.0

DO 50 1=t ,NEC
LNUMaLNC(1)

DO 50 NSR=1,2
NNSR=( 1-1)*2+NSR
NN1=NP (1, LNUM)
NN2=NP (NSR+1, LNUM)
NN3=NP (NSR+2, { NUM)

CALL COLLSN(1,.XG,YG,2G,PEN,RF, THALF ,NNSR XF,YF,ZF ,XN,YN,2ZN,T,

2NN1 NN 2,NN3)
IF(PEN{NNSR) LE.0.0) GO TO S0
NRP=NRP+1
LRP(NRP)=NNSR
LSP=NNSR
PENM=PEN(NNSR)
LNMP= L NUM
AA=AA+T(3,1)
BA:=BA+T(3,2)
CA=zCA+T(3,3)
XA=XA+XN(NNSR)
YAzYA+YN(NNSR)
ZA=ZA+ ZN(NNSR)
CONTINUE

SK1P OUT IF NO PENETRATION
1F(NRP EQ 0) GO 1O 300

CALC RADIUS OF REGION OF INFLUENCE, EFLN
FOR PRESENT ASSUME DELTAT-STARsDELTAT
EFLN=DSQRT(EPAN/DENSP/(1.00~ANUP+#2) ) «DELTAT

IF(IUSEF.EQ.1) EFLN=USEF

CALCULATION OF TRANS. AND EFFECTIVE POINT OF IMPACT WHEN MORE THAN

ONE OVERLAP IS FOUND.

IF(NRP EQ 1} GO TO 65
AL3=DSQRT(AA+AA+BABA+CASCA)
DA=(AA+BA)/CA
AL1=DSQRT(2.000+DA*DA)
AL2=AL 1+AL3
T(1,1)=1 0/AL1
T(1,2)=t 0/AL1
T(1,3)=-DA/ALY
T(2,1)=-(BA*DA+CA) /AL2
T(2,2) =(CA+AA+DA)/AL2
T(2,3)=(AA-BA)/AL2
T(3,1)=AA/AL3
7(3.2)=BA/AL3
1(3,3)=CA/AL3
LSR=LRP(1)
XN(LSP )=XA/DFLOAT(NRP)
YN(LSP)=YA/DFLOAT{NRP)
ZN(LSP )=ZA/DFLOAT(NRP)
CONTINUE

DETERMINE WHICH NODES FALL IN TH1S CIRCULAR REGION

NK=0
DO 70 I=1,NNT

DIST=DSQRT((XN(LSP)=XG(1))»s2+ (YN(LSP)=YG(1))ee2+(ZN(LSP)-2G(1))

2342}
IF(DIST.GT.EFLN)GO TO 70
NK=NK+ 1
SI(NK)=DIST
NEFF(NK)=]
ALPHA(NK)=1,000-DIST/EFLN
CONTINUE

IMPTO062
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IMPT0071
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USER ESTIMATE OF NK IS TOO SMALL, TERMINATE RUN,
TF(NIAN .GE, NK) GO TO 73
WRITE(MWRITE ,640) ITIME
WRITE(MWRITE ,650) NIAN
WRITE(MWRITE ,660) NK
WRITE(MWRITE ,670)
CALL EXIT
3 CONTINUE
TEMPORARY UPDATE OF EFLN IF NKsOQ.
1F(NK GT 0) GO TO 74
NN3=NP (LNMP, 3)
NN1=NP {LNMP, 1)
EFLN=DSQRT(( XG(NN3)=XG(NN1))*+2+(YG(NN3)=YG(NN1))»e2
24(2G(NN3)~ZG(NN1))*2)
WRITE(MWRITE ,730) ITIME
WRITE(MARITE ,740) EFLN
GO 10 65
CONTINUE
CALC CONSTANT, CONST, ASSUMING TOTAL IMPULSE APPLIED TO NODES IS
EQUAL TO TOTAL IMPARTED IMPULSE.
FOR PRESENT, ASSUME IMPULSE IS ZERQ AT EFLN.
CONST=0.0
DO B0 I=1,NK
CONST=CONST+ALPHA(1)
CONST=1 O/CONST
CALC ALPHA(1)=CONST*ALPHA(I)
00 90 I=1,NK
ALPHA( 1)2ALPHA(1)*CONST
ESTABLISH TRANSFORMATION MATRIX, T,CORRESPONDING TO TRIANGULAR
SUBREGION WHERE IMPACT HAS OCCURED,
NOTE THAT TRANS 1S IN THE FORM XYZ-BAR=aT*XYZ
IF MORE THAN ONE OVERLAP, SKIP (USE T ABOVE).
1F(NRP GT 1) GO TO 95
NN=(LSP+1)/2
LNMP=LNC{NN)
NSR=LSP-2¢(NN-1)
NN1=NP (1, LNMP)
NN2=HP (NSR+1 , LNMP)
NN3=NP (NSR+2 ,LNMP)
CALL COLLSN(2,XG,YG,2G,PEN,RF, THALF,LSP XF,YF,ZFXN,YN,2N,T,
2NN1,NN2,NN3)
CONTINUE
EXTRACT NODAL VELOCITIES IN IMPACTY AFFECTED REGION.
00 100 I=1,NK
NNI=(NEFF(1)~=1)eNDPN
po 100 u=t,3
K=NNI+J
VN(J,§)=VEL(K)
TRANSFORM NODAL VELOCITIES INTO BAR SYSTEM
00 110 I=1,NK
Do 110 J=1,3
VNB(J, 1)=0.0
DO 110 K=1,3
VNB(J, 1)=VNB(J,I1)+T{J,K)*VN(K, 1)
CALC. ASSUMED PRE-IMPACT VELOCITIES OF FRAGMENT
TRANSFORM THESE QUANTITIES INTO BAR SYSTEM
DO 130 1=1,3
OMEGFB(1)=0 0
VFB(1)=0 0
DO 130 K=1,3
CGIAEGFB(1)=OMEGFB(1)+T(1,K)*OMEGF(K)
VFB(1)=VFB(I)+T(1,K)eVF(K)
CALC. IMPULSE INTERACTION CONSTANTS, S$1,52,A0,81,B3
S1=VFB(1)+RF «OMEGFB(2)
S2=VFB(2)-RF *OMEGFB(1)
AO=VFB(3)

IMPTO128
IMPTO129
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IMPTO131
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IMPTQ133
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IMPTO135
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IMPTO139
IMPTO149Q
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IMPTO169
IMPT10170
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Bl=1.0/FMASS+RFeRF/FMOI
B3=1.0/FMASS
DO 140 1s=1,NK
S1=S1-ALPHA(J)eVNB(1,1)
§2=52-ALPHA(1)*VNB(2,1)
AQ=AO-ALPHA(1)sVNB(3,1)
AM=PNASS{NEFF(I))
B1=B1+ALPHA(1)¢ALPHA(I)/AM
140 B3=B3+ALPHA(I)=ALPHA(1)/AM
IF A0 LE O O, NO COLLISION CAN OCCUR
IF(AO LE 0 000)GO TO 300
SET IMPACT INDEX TO INDICATE IMPACT HAS OCCURED.
IMPCT =1
CALC POST-IMPACT MOMENTUM COORDINATES IN BAR SYSTEM
CALL INTRAC(S1,52,A0,81,B3,COEFR,FRNC,PTILDA)
CALC POST~IMPACT VELOCITY DIFFERENCES OF NODES IN BAR SYSTEM
(I E. V-PRIME MINUS V)
DO 180 I=1,NK
K=NEFF (1)
AM=PMASS(K)
00 180 J=1,3
180  VNB(J,1)=ALPHA(I)*PTILDA(V)/AM
C CALC. POST-IMPACT VELOCITY DIFFERENCES OF FRAGMENT IN BAR SYSTEM
DO 190 1=1,3
190 VFB(1)=-PTILDA(1)/FMASS
OMEGFB (1)=PTILDA(2)*RF/FMOI
OMEGFB(2)=-PTILDA(1)«RF/FMOI
OMEGFB(3)=0 DO
C  TRANSFORM POST-IMPACT NODAL VELOCITY DIFFERENCES BACK TO XYZ SYSTEM
DO 200 I=1,NK
DO 200 U=1,3
VN(J,1)=0 ©
DO 200 K=1,3
200 VUN(J,1)=VN{V,1)4T(K,J)+VNB(K,1)
C TRANS. POST-IMPACT VELOCITY DIFFERENCES OF FRAGMENT TO GLOBAL
[ SYSTEM AND ADD TO PRE-IMPACT VELOCITIES TO GET POST=IMPACT FRAG.
C VELOCITIES
0O 210 1=1,3
DO 210 K=i,3
OMEGF ( 1) =OMEGF(1)+T(K,1)*OMEGFB(K)
210 VF(1)=VF(L1)+T(K,L)}sVFB(K)
C  UPDATE NODAL VELOCITIES TQ POST=IMPACT VALUES.
DO 230 I=1,NK
NNI={NEFF(1)-1)*NDPN
DO 230 J4=1,3
K=NNI+J
230 VEL(K)=VEL(K)+VN(d,1)
C  CONSTRAIN VEL
CALL RCON(VEL ,NBC)
1F(NRP EQ.1) GO TO 250
WRITE(MWRITE ,700) ITIME
WRITE(MWRITE ,710) (LRP(1),I=1,NRP)
WRITE(MWRITE ,720) XN(LSP),YN(LSP),IN(LSP)
GO 10 300
250 WRITE(MARITE ,600)ITIME, LNMP,NSR
WRETE(MWRITE ,610)XN(LSP) ,YN(LSP) ,ZN(LSP)
WRITE(MWRITE ,620)PEN(LSP)
300 CONTINUE
C  REDUCE FRAGMENT POSITION TO PRE=-IMPACT VALUE
XF=XF-DELF(1)
YF=YF~DELF(2)
2F=ZF=-DE(4(3)
C  REDUCE NODAL COORDS. TO PRE~IMPACT VALUES
DG 220 Is1,NNT
NNI=(I-1)*NDPN
XG(1)sXG(I)-DELD(NNI+1)

o0 0 0 o
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220
600

610
620
640

6590

660
670
700
710
720
730

740

YG(I1)=YG(1)-DELD(NNI+2)

2G(1)=ZG(I)~DELD(NNI+3)

FORMAT ('0',10X,'IMPACT CYCLE=",]10,2X,'ELEMENT=",]15,2X, 'SUBREG]ON
2=',13)

FORMAT (' ',10X,'GLOBAL IMPACT LOCATION (XN,YN,ZN)=',3D15,7)
FORMAT (* ',10X,'PENETRATION DISTANCE(IN.)=',D15.7)

IMPT0260
IMPTO261
IMPT0262
IMPT0263
IMPT0264
IMPT0265

FORMAT ('0', ' *»++*x USER ESTIMATE OF NUMBER OF IMPACT-AFFECTED NODESIMPT0266

1 TOD SMALL AT CYCLE NUMBER',17) IMPT0267
FORMAT (* ',5X, 'USER ESTIMATE ( PARAMETER NIAN IN DUMMY MAIN PROGRAMIMPT0268
1)=*,15) IMPT0269
FORMAT (' *,5X,'ACTUAL NUMBER OF IMPACT AFFECTED NODES=',17) IMPT0270
FORMAT (' *,5X,'RUN HAS BEEN TERMINATED') IMPTO271
FORMAT ('0', 10X, ' IMPACT CYCLE=',110) IMPT0272
FORMAT (0, 10X, 'SUBREGIONS PENETRATED:',B14) IMPT0273
FORMAT ('0',10X,'POINT OF EFFECTIVE IMPACT(XA,YA,ZA)=',3D15.7) IMPT0274
FORMAT ('0','++ TEMPORARY UPDATE OF EFFECTIVE LENGTH AT CYCLE' IMPTO0275
2,15) IMPT0276
FORMAT (' ','EFFECTIVE LENGTH=z' ,D15.7) IMPT0277
RETURN IMPT0278
END IMPT0279
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SUBROUTINE IMPDS(XG,YG,ZG,DELD,VEL,NP,VN,VNB,PMASS ,NBC,S1 ,NEFF, IMDS0000

$ALPHA, IMPCT1  NIAN) IMDS0001
IMPLICIT REAL+8(A-H,0-Z) 1M0S0002

[ 1MDS0003
c ASRL TR 154-14..,. . ORIGINAL REPORT VERSION OF PROGRAM IMDS0004
C  COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 I¥DS000S
[ 1MDS0006
C THIS SUBROUTINE IS USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM. 1MDS0007
c IMDS0008
DIMENSION XG{1),YG(1),2G(1),DELD(1),VEL(1) ,NP(4,1),LNC(4),PEN(8), IMDS0009
2XN(B), YN(8), ZN(8),T(3,3),S1(1) ,NEFF(1) ,ALPHA(1),VN(3,1),VNB(3,1), IMDSOO10
30MEGFB(3),VFB{3),PMASS(1),PTILDA(3),NBC(1) IMDS001 Y
COMMON /PLATE /XD, YD, THP ,HXL ,HYL ,NEAD,NECD,DENSP,EPAN,ANUP , THALF IMDS0012
CONMON /BAS/NDT ,NET ,MN,NB ,NIRREG ,MNC 1MDS0013
COMMON/TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, JIQUT, I TIME IMDS0014
COMMON /PROPC/ COEFR,FRNC,USEF ,NSYM, 19SS, IUSEF IMDS0015
COMMON/FRAG/ XF ,YF , ZF ,DELF(3) ,VF(3),DTHETF(3),0MEGF(3), RF,FMASS, IMDS0016
2FMOL,FKED,FKEC 1MDS0017
COMMON /INOUT/ MREAD ,MWRITE,MPUNCH IMDS0018

[ IMDS0019
C CONTROLLING ROUTINE FOR COLLISION/IMPACT INTERACTIONS 1MDS0020
C ANALYSIS INCLUDING FRICTION, ASSUMING DOUBLE=-SYMMETRY IMDS00214
C OPTION IS EXERCISED. 1MDS0022
C IMPACT CAN OCCUR ONLY WITH ELEMENT NUMBER ONE (IMPACY IS IMDS0023
C ASSUMED TO BE CENTERED AT GLOBAL NODE NUMBER 1). IMDS0024
c IMDS0025
C UPDATE NODAL GLOBAL COORDINATES TO TRIAL VALUES. IMDS0026
c 1M0S0027
IMPCT1=0 1MDS0028
NDPN=6 IMDS0029
NNT=NDT/6 1MDS0030

DO 1 I=1,NNT IMDS0031
NNI=(1~1)*NDPN I1MDS0032
XG(1)=XG(1)+DELD(NNI+1) IMDS0033
YG(1)=YG(1)+DELD(NNE+2) IMDS0034

1 2G(1)=ZG(1)+DELD(NNI+3) IMDS0035

c IMDS0036
C UPDATE FRAGEMENT POSITIONS IN Z-DIRECTION. IMDS0037
c 1MDS0038
DELF(3)=VF(3 )*DELTAT IMDS0039
ZF=ZF+DELF(3) I1MDS0040

[ 1MDS0041
C CHECK FOR PENETRATION IN EACH TRIANGULAR SUBREGION OF ELEM. #1. IMDS0042
[ I1MDS0043
D0 50 NSR=1,2 1MDS0044
NNSR=NSR IMDS0045
NN1=NP(1,1) I1MDS0046
NN2=NP (NSR+1 ,1) IMD50047
NN3=NP (NSR+2,1) IMDS0048

50 catL COLLSN(1,XG,YG,ZG,PEN,RF, THALF ,NNSR,XF,YF,ZF ,XN,YN, IMDS0049
1ZN, T, NN1,NN2 ,NN3) IMDS0050

c IMDSOCS 1
c SEARCH FOR MAXIMUM PENETRATION IMDS0052
[ 1MDS0053
PENM=0.0E0 IMDS0054

1F (PEN(1).GT.0 0) LSP={ 1MDS0055

1F (PEN(1) GT.0.0) PENMaPEN(1) 1MDS0056

IF (PEN(2).GT.PENM) LSPa2 1MDS0057

1F (PEN(2).GT.PENM) PENMsPEN(2) IMDS0058

[ IMDS0059
C SKIP QUT IF NO PENETRATION. 1MDS0060
[ 1MDS0061

IF(PENM.EQ.0.000) GO TO 300 1MDS0062
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LCULATE RADIUS OF REGION OF INFLUENCE, EFLN.

EFLN=DSQRT (EPAN/DENSP) »DELTAT
IF(IUSEF.EQ. 1) EFLN=USEF

PACT IS ASSUMED CENTERED AT X=0, Y=0,
TERMINE WHICH NODES FALL IN THIS REGION.

CONTINUE
NK=0

00 70 I=1,NNT
DIST=DSQRT{XG(I)*XG(1)+YG(I)*YG(I)+(ZG(1)=2G(1))*+2)
IF (DIST.GT.EFLN) GO 10 70

NK=NK+ 1

S1(NK)=DIST

NEFF(NK)=I

ALPHA(NK)=1.000-DIST/EFLN

CONTINUE

USER ESTIMATES OF NK IS TOO SMALL, TERMINATE PROGRAM.

1F (NI1AN,GE.NK) GO 10 73
WRITE(MWRITE ,640) ITIME
WRITE(MWRITE ,650) NIAN
WRITE(MWRITE ,660) NK
WRITE(MWRITE ,670)

CALL EXIT

CONTINUE
EMPORARY UPDATE OF EFLN IF NKe=O.
IF(NK GV 0) GO TO 74
NN3=NP ( LNNP, 3)

NN1=NP {(LNVP, 1)

EFLN=DSQRT(( XG(NN3)=XG(NN1))*e 2+ (YG(NN3)~YG({NN1) )*»+2
2+4{ZG(NN3)=ZG(NNt1))»e2)
WRITE(MWRITE,730) ITIME
WRITE(MWRITE ,740) EFLN

GO 10 65

CONTINUE

€ CALCULATE ALPHAS FOR WHOLE PLATE.
C

[+ X2 X1

75

80

20

EXTRACT NODAL Z-DIRECTION VELOCITES IN IMPACT~AFFECTED REGION.

NEAD1=NEAD+1

NECD1=NECD+1

DO 75 I=1,NK

NN=NEFF (1)

IF (NN EQ 1) GO TOD 75

NROW={ NN-1) /NEAD1

IF (NROW EQ.0) ALPHA(I1)=2.0D0*ALPHA(L)
NCOLM=NN-NROW¢NEAD1~1

1F (NCOLM EQ 0) ALPHA(1)=2.0D0+ALPHA(I)
1F (NROW GT.0,AND.NCOLM,GT.0) ALPHA(1)=4.0D0+ALPHA(I)
CONTINUE

CONST=0 0D0

DD 80 I=1,NK

CONST=CONST+ALPHA(I)

CONSTa 1 0D0/CONST

DO 90 I=1,MK

ALPHA( F)=ALPHA(1)*CONST

DO 100 Is1,NK
NNI=(NEFF(1)~1)+*NDPN

100 VN(3,1)=VEL(NNI+3)
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C CALCULATE INTERACTION CONSTANTS A0 AND BJ.
c
AQsVF(3)
B3=1.000/FMASS
00 140 I=1.NK
AQ=z=AO-ALPHA({ I)*VN(3,1)
J=NEFF (1)
140 B3=B3+ALPHA(1)«ALPHA(I)/PMASS( V)
1€ (A0.LE.O 0DO) NO COLLISION CAN OCCUR.
IF (A0 LE 0,000) GO TO 300
SET IMPACT INDEX TQO INDICATE IMPACT HAS OCCURED.
IMPCTt =1
CALCULATE Z~DIRECVION IMPULSE.
PTILDA(3)=(1.000+COEFR)*AD/B3

CALCULATE POST-IMPACT Z-DIRECTION VELOCITIES AT IMPACT
AFFECTED NODES.

anoOn0 O0nN0n0 000 00

D0 150 I=1,NK
JENEFF (1)
NNI=(J=1)*NDPN
150 VEL(NNI1+3)=VEL(NNI+3)+ALPHA(1)*PTILDA(3)/PMASS(J)
C CALCULATE POST-IMPACT Z-DIRECTION VELOCITY OF FRAGMENT.
c
VE(3)=VF(3)-PTILDA{3)/FMASS

C

C PRINT MESSAGE.

[+
WRITE (MWRITE,600) ITIME,NSR
WRITE(MWRITE ,610)XN(1),YN(1),ZN(1)
WRITE (MWRITE,620) PENM
WRITE (MWRITE,630)

300 CONTINUE

REDUCE FRAGMENT Z-POSITION TO PRE~-IMPACT VALUE.

ZF=ZF-DELF(3)

REDUCE NODAL COORDINATES TO PRE-IMPACT VALUES.

o000 0006

00 220 I=1,NNT
NNI=(1-1)*NDPN
XG(1)=XG(1)=DELD(NNI+1)
YG{I)=YG(1)~DELD(NNI+2)
220 2G(1)=ZG(1)~-DELD(NN1+3)
600 FORMAT ('0', 10X, 'IMPACT IT=',110,2X, 'ELEMENTst,
1 SUBREGION=' ,13)
610 FORMAT(' *,10X,'GLOBAL IMPACT LOCATION (XN,YN,ZN)=',3015.7)
620 FORMAT (' ',10X,'PENETRATION DISTANCE(IN.)=',D15.7)
630 FORMAT (' ', 10xX,'DOUBLE SYMMETRY OPTION IN EFFECT')

640 FORMAT ('O', '#ee»e USER ESTIMATE OF NUMBER OF IMPACT-AFFECTED Yy

1'NODES TOO SMALL AT CYCLE NUMBER ',17)
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650 FORMAT (' ', 5X,'USER ESTIMATE (PARAMETER NIAN IN DUMMY MAIN PROGRAIMDS0186

)= *,15)

660 FORMAT (' ', SX,'ACTUAL NUMBER OF IMPACT AFFECTED NODES = ',17)

670 FORMAT (' ',5X,'RUN HAS DEEN TERMINATED')

730 FORMAT('0‘,'++ TEMPORARY UPOATE OF EFFECTIVE LENGTH AT CYCLE®

2,19)
740 FORMAT(® ',*EFFECTIVE LENGTH=' ,D15.7)
RETURN
END
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SUBROUTIRE 11PSS(XG,YG,zG,DELD,VEL,NP,VN,VNB,PMASS,NBC,S1,NEFF,
1ALPHA, IMPCT1 ,NIAN)
INPLICIT REAL*8(A-H,0-2)

ASRL TR 154-14. ... ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM.

DIMENSION XG(1),YG(1),2G(1),DELD(1),YEL{1) ,NP(4,1),LNC(4),PEN(8),

2XN(8),YN(B),ZN(8B),T(3,3),SI(1) ,NEFF(1),ALPHA(1),VN(3,1),VNB(3,1),
30MEGFB(3),VFB(3),PMASS(1),PTILDA(3),NBC(1)
COMMON yPLATE /XD, YD, THP ,HAL ,HYL ,NEAD,NECD,DENSP,EPAN,ANUP , TFALF

INSS0000
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COMMON /BAS/NDT,NET ,MN,NB ,NIRREG,MNC

COMMON /TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, IOUT, I TIME

CoMMON /PPODC/ CQUFO FaNC,USES “SYM IPSS, TUSEF

COMMON /FRAG/ XF,YF,2F,DELF(3),VF(3),DTHETF(3),0MEGF(3), RF,FMASS,
2FMOL, FKED,FKEC

COMMON /INCUT/ MREAD,MARITE,MPUNCH

CONTROLLING ROUTINE FOR COLLISION INSPECTION/IMPACT INTERACTION
ANALYSIS INCLUDING FRICTION, ASSUMING SINGLE~-SYMMETRY OPTION IS
EXERCISED. IMPACT CAN DCCUR ONLY ALONG PLATE SIDE NUMBER 1 IF
IPSS=1, OR PLATE SIDE NUMBER 4 IF IPSS=4

UPDATE NODAL GLOBAL COORDINATES TO TRIAL VALUES.

IMPLTY =0

NEAD1=NEAD+1

NCCD1=NECD+1

NDPN=5

NNT=NDT/6

DO 1 I=1,NNT

NNI=(I~-1)+NDPN

AG{I)=XG(I)+DELD(NNI+1)

YGL1)=YG(1)+DELD(NNI+2)
1 ZG(I1)=2ZG(1)+DELD(NNI+3)

UPDATE FRACMENT POSITICN.

Do 7 1=1,3

DTHETF (1)=OMEGF(I)*DELTAT
7 DELF(I)=VF(1)«DELTAT

XF=XF+DELF(1)

YF=YF+DELF(2)

ZF=ZF+DELF(3)

DETERMINE WHICH ELEMENTS ARE TO BE CHECKED FOR POSSIBLE IMPACT.
IF (IPSS.EQ 4) GO 70 14

FOR CASE WHERE SIDE 1 (X-AXIS) IS LINE OF SYMMETRY,
FIND MINIMUM DISTANCE SQUARED FROM FRAGMENT TO NODE.

OMIN=1 0D10
0O 10 I=1,NEAD1
DIST=( XF=XG(I))+x2+(YF-YG(I))**2+(ZF~ZG(I))*»*2
If (DIST.LT.DMIN) NC=1I
IF (DIST LT CMIN) DMIN=DIST
10 CONTINUE

DETERMINE ELEMENT NUMBERS CONNECTED TO NODE NC.

NEC=0
I (NC EQ.1) GO 7O 12
NEC=NEC+1
LNC(NEC)=NC~-1
12 coMTINuE
IF (NC EQ NEAD1) GD TO 20
NEC=NEC+1
LNC(MZC)=NC
GO TO 20

IMSS0013
IMSS0014
TMccanee
IMSS0016
IMSS0017
IMSS0018
IMSS0019
11ASS0020
IMSS0021
IMSS0022
114550023
IMSS0024
IMSS0025
IMSS0026
IMSS0027
111550028
IMSS0029
IMSS0030
IMSS0031
1MSS0032
IMSS0033
IMSS0034
Im3suuod
IMSS0036
IMSS0037
IMSS0038
IMSS0039
IMSS0040
IMSS0041
IMSS0042
IMS50043
IMSS0044
I1MSS0045
IMSS0046
I1MS50047
IMSS0048
IMSS0049
IMSS0050
IMSS0051
IMSS0052
IMSS0053
IMSS0054
IM350055
IMSS0056
IMSS0057
IMSS0058
IMS50059
IMSS0060
IMSS0061
IMSS0062
IMSS0063
IMsSso064
IMSS0065
IMSS0066
IMSS0067
IMSS0068
IMSS0069
IMSS0070
IMSS0071

PAGE 0013



oo

OO0

0TZ
coo coo o000

OO0

OO0

FOR CASE WHERE SIDE 4 (Y-AXIS) IS LINE OF SYMMETRY.

14 CONTINUE
DMIN=1 0D10
DO 16 I=1,NNT ,NEAD1
DIST=( XF=XG(1))*+2+(YF-YG(I))#*%2+(2ZF-ZG(1) )**2
IF (DIST.LT.DMIN) NC=!
IF (DIST.LT.DMIN) DMIN=QIST
16 CONTINUE

DETERMINE ELEMENT NUMBERS CONNECTED TO NODE NC.

NEC=0
NROW=(NC-1)/NEAD1+1
IF (NROW EQ.1) GO 1O 18
NEC=NEC+1
LNC(NEC)=(NROW-2) *NEAD+1

18 CCNTINUE
IF (NRCW.EQ NECDt) GO TO 20
NEC=NEC+1
LNC(NEC)=(NRQW-1)*NEAD+1

20 CONTINUE

CHECK FOR PENETRATION IN EACH TRIANGULAR SUBREGION OF

THE NEC ELEMENTS.

DO 50 I=1,NEC
LNUM=LNC(I)

DO 50 NSR=1,2
NNSR=( I-1)*2+NSP
NN1=NP (1,LNUM)
NN2=NP (NSR+1 , LNUM)
NN3=NP (NSR+2 , LNUM)

50 CatlL COLLSN(1,X¥G,YG,2G,PEN,RF, THALF,NNSR,XF,YF,ZF ,XN,YN ,ZN,T,NN1,

TNN2,NN3)
SEARCH FIR MAXIMUM PENETRATION.
NEC2=NEC*»2
PENM=0 .0DO -
DO 60 I=1,NEC2
IF (PEN(I)} GY.PENMY |SP=]
IF (PEN(I).GT.PENM) PENM=PEN(I)
60 CONTINUE
SKIP QUT IF NO PENETRATION
IF (PENM EQ.0 0) GO TO 300
CALCULATE RADIUS OF REGION OF INFLUENCE, EFLN

EFLN=DSQRT(EPAN/DENSP)*DELTAT
IF(IUSEF.EQ. 1) EFLN=USEF

POINT OF CONTACT MUST FALL ON LINE OF SYMMETRY.

IF (IPSS.EQ.1) YN(LSP)=0 ©DO
IF (IPSS.EQ.4) XN(LSP)=0.0DO

! } ) | |

IMSS0072
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C DETERMINE WHICH NODES FALL IN THIS REGION OF INFLUENCE.

C

aoon

112

(9]

C CALCULATE AND SCALE ALPHAS FOR PRESENT SINGLE SYMMETRY ANALYSIS.

(2}

o000

5

74

S

70

IF

73
T

75

80

90

ES
FO

92

CONTINUE

NK=0

DO 70 I=1,NNT

DIST=DSQRT(( XN(LSP)-XG(1))*#2+ (YN(LSP)~YG(I))*=*2
14 (ZN(LSP)~ZG(1))+*2)

IF (DIST GT.EFLN) GO T0O 70
Nh=NK+ 1

SI(NK)=DIST

NEFF(NK)=1
ALPHA(NK)=1,0D0-DIST/EFLN
CONTINUE

USER ESTIMATES OF NK IS TOO SMALL, TERMINATE PROGRAM.

IF (NTAN.GE.NK) GO TO 73
WRITE(MWRITE ,650) ITIME
WRITE(MWRITE ,660) NIAN
WRITE(MWRITE,670) NK

WRITE (WMWRITE ,680)

CALL EXIT

CONTINUE

EMPORARY UPDATE OF EFLN IF NK=0.
IF(NK GT 0) GO TO 74

MN3=NP (LNMP, 3)

NN1=NP {LNMP, 1)

EFLN=DSQRT (( XG(NN3)-XG(NN1)) %% 2+ (YG(NN3)~YG(NN1) ) **2
2+(ZG(NN3)=ZG (NN1)) *»2)
WRITE(MWRITE,730) ITIME
WRITE(MWRITE,740) EFLN

GO TO 65

CONTINUE

DO 75 1=1,NK

NN=NCFF(I)

NROu= ( NN-1)/NEADI
NCOLM=NN-NROW+NEAD1-1

IF (IPSS EQ.1 AND.NROW.EQ.O0) GO TO 75
IF (IPSS ECG.4 AND.NCOLM.EQ.O0) CC 1O 7S5
ALPHA(1)=2.0D00*ALPHA(I)

CONTINUE

CONST=0 0DO

CO 80 I=1,NK

CONST=CONST+ALPHA(I)
CONST=1.0D0/CONST

DO 90 I=1,NK

ALPHA( 1,=ALPHA(1)*CONST

TABLISH COORDINATE TRANSFORMATION MATRIX, T, IN
RM (XYZ-BAR)=T*(XYZ).

po 92 [=1,3
D0 92 J=1,3
T(I,4)=0.0D0
NN=(LSP+1)/2
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LNMP=LNC (NN)
NSR=LSP-2*(NN-1)
IF (IPSS EQ 4) GO TO 94

TRANSFORMATION WHEN X-AXIS IS LINE OF SYMMETRY.

NN1=NP (1,LNMP)
NN2=NP (2, LNMP)
ESL=DSQRT((XG{NN2)-XG(NN1))**2+(ZG(NN2)—-ZG{NN1)) ++2)
SINB=( ZG{NN2 )~-ZG(NN1))/ESL
C0SB=( XG(NN2 )-XG(NN1))/ESL
T(1,1)=C0SB

T(1,3)=SINB

T(2,2)=1.000

T13,1)=-3InB

T(3,3)=C058

CO TO 96

94 CONTINUE

TRANSFORMATION WHEN Y-AXIS IS LINE OF SYMMETRY.

NN1=NP (1,LNMP)

NN2=NF (3, LidiFr)
ESL=DSQRT((YG(NN2)-YG(NN1))*%2+(ZG(NN2)=-ZG(NN1)) *%2)
SINB=( ZG(NN2)-ZG(NN1))/ESL

COSB=( YG(NN2)-YG(NN1))/ESL

T(1,1)=1.0D0

T(2,2)=C0SB

7(2,3)=SINB

T(3,2)=-SINB

T(3,3)=C058B

96 CONTINUE

EXTRACT NODAL VELOCITIES IN IMPACT-AFFECTED REGION.

DO 100 I=1,NK
NNI=(NEFF(I)-1)*NDPN
COo 100 J=1,3

K=NNI+J

100 VN{J,I)=VEL(K)
TRANSFORM NODAL VELQCITIES INTO BAR SYSTEM.

D9 110 1=1%,NK
DO 110 J=1,3
VhE(J, 1)=0.0D0
O 110 K=1,3

110 VHE(J, 1)=VNB(J,I)+T(J,K)*VN(K, I)

TRANSFORM FRACMENT VELOCITIES INTO BAR SYSTEM

6O 130 I=1,3
GMEGFB(1)=0 00O

VFB(I1)=0 0DU

DO 130 K=1,3
OMFGFR(I)=0MEGFS(T)+T (I, K)*OMEGF(K)

130 VvFB(I)=VFB(I)+T(I,K)xVF(K)

CALCULATZ IMPULSE INTERACTION CONSTANTS.
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S1=VFB(1)+RF*OMEGFB{2)
$2=VFB(2)~-RF *OMEGFB(1)
AO=VFB(3)
B3=1.0D0/FMASS
DO 140 I=1,NK
S1=Si1~-ALPHA( I)*VNB(1,1)
$2=52-ALPHA( I )*VNB(2,1)
AO=AO0-ALPHA( 1)*VNB(3,1)
J=NEFF (1)

140 B3=B3+ALPHA( I)*ALPHA(1)/PMASS(J)
81=83+RF*RF/FMOI

IF A0 1S NON-POSITIVE, THEN NO COLLISIONS CAN OCCUR.
IF (AO.LE.0.0) GO TO 300

SET IMPACT INDEX TO INDICATE THAT IMPACT HAS OCCURED.
IMPCT1 =1

MODIFY S1 OR S2 FOR SINGLE SYMMETRY IMPACT.

IF (IPSS.EQ.1) S$2=0.0D0
IF (IPSS.EQ.4) S1=0.000

CALCULATE POST-IMPACT MOMENTUM COORDINATES IN BAR SYSTEM.
CALL INTRAC(S1,52,A0,B1,B3,COEFR,FRNC,PTILDA)

CALCULATE POST-IMPACT VELOCITY DIFFERENCE OF NODES AND FRAGMENT
IN BAR SYSTEM (1.E. V~-PRIME MINUS V).
DO 180 1=1,NK
K=NEFF (1)
AM=PMASS(K)
DO 180 u=1,3
180 VNB(J, 1)=ALPHA(I)*PTILDA(J)/AM
DO 190 1=1,3
190 VFB(1)=~PTILDA(I)/FMASS
OMEGFB (1)=PTILDA(2)*RF/FMOI
OMEGFB (2)=-PTILDA(1)*RF/FMOI
OMEGFB(3)=0. D0
TRANSFORM POST-IMPACT NODAL VELOCITY DIFFERENCE BACK TO XYZ SYSTEM.

DO 200 I=1,NK
DO 200 u=1,3
VN(J,1)=0.0D0
00 200 K=1,3
200 UN(J,I)=VN(J,I)+T(K,J)*VNB(K,I)

TRANSFORM POST- IMPACT VELOCITY DIFFERENCE OF FRAGMENT TO GLOBAL
SYSTEM AND ADD TO PRE-IMPACT VELOCITIES TO GET POST-IMPACT
FRAGMENT VELOCITIES.

DO 210 1=1,3

D0 210 K=1,3

OMEGF ( 1)=OMEGF (I)+T(K,1)+OMEGFB(K)
210 VF(I)=VF(I)+T(K,I1)+VFB(K)

UPDATE NODAL VELOCITIES TO POST-IMPACT VALUES.
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DO 230 I=1,NK IMSS0309
NNI=(NEFF{I)~-1)=NDPN Pl Ry
DO 230 J=1,3 IMSS0311
K=NNI+J IMSS0312

230 VEL(K)=VEL(K)+VN(J,kI) IMSS0313
CONSTRAIN VELOCITY IMSS0314
IM5S0315

CALL RCON(VEL,NBC) IMSSC316
IM550317

PRINT MESSAGES. IM330318
IMSS0319

WRITE(MWRITE ,606)ITIME, LNMP,NSR IMSS0320
WRITE(MWRITE ,610)}XN(LSP) ,YN(LSP),ZN(LSP) IMSS0321
WRITE(MWPITE 620 FPEN(LSP) IM530322

IF (IPSS EQ.1) WRITE(MWRITE,630) 14550323

IF (IPSS.EQ.4) WRITE(MWRITE,640) IMSS0324

300 CONTINUE IMSS0325
1MSS0326

REDUCE FRAGMENT POSITION TO PRE-IMPACT VALUE. IM550327
IMSS0328

XF=XF-DELF(1) 1MSS0329
YF:YF—DELF(2) TMSSN1I1n
ZF=ZF~DELF(3) IMSS0331
IMSS0332

REDUCE NODAL COORDINATES TO PRE~IMPACT VALUES. IMSS0333
IMS5S0334

DO 220 I=1,NNT IMSS0335
NNI=(1-1)*NDPN IM550336
XG(1)=XG(I1)-DELD{NNI+1) IMSS0337
YGa(I)=YG(I)~-DELD(NNI+2) IMSS0338

220 ZG(I)=ZG(1)-DELD(NNI+3) IMSS50339
600 FORMAT('0',10X,'IMMPACT IT=*,110,2X,'ELEMENT=',15,2X, 'SUBREGION=*, IMSS0340
113) IMS550341
GG FGRMAT (' ', 10N, 'GLDBAL IMPACT LGCATION(XN,YN,ZN)=*',3D15.7) 1MS350342
620 FORMAT(' *',10X,'PENETRATION DISTANCE(IN.)=',D15.7) IMSS0343
630 FORMAT (' ‘',10X,‘'SINGLE SYMMETRY OPTION IN EFFECT ALONG X-AXIS') 1MS50344
620 FORMAT (' ',10X,'SINGLE SYNMMETRY QPTION IN EFFECT ALONG Y-AXIS') IMSS0345
650 FORMAT ('0', '»+xxx USER ESTIMATE OF NUMBER OF IMPACT-AFFECTED *, IMSS03485
1'NODES TOO SMALL AT CYCLE NUMBER ‘',17) I1MSS0347
G6J FORMAT (' *, 5X,'USER ESTIMATE (PARAMETER NIAN IN DUMMY MAIN PROGRAINSS0348
im)= ', 15) I1M550349
67C FORMAT (' ',5X,'ACTUAL NUMBER GFf IMFACT AFFCCTED KOCIS - ', 17, Hiiojotoledete
€6C FORMAT (' ',5X,'RUN HAS BEEN TERMINATED') IMSS0351

730 FORMAT('0','+s* TEMPORARY UPDATE OF EFFECTIVE LENGTH AT CYCLE! IMS5S0352

2,15) 1M550353

740 FORMAT (' *','EFFECTIVE LENGTH=',D15.7) 11550354
RETURN IMSS0355
END 114550356
SUBROUTINE INTRAC(S1,S52,A0,B1,B3,COEFR,FRNC,PTILDA) INTCCO000
IMPLICIT REAL*8(A-H,0-2Z) - - INTCO0001

INTC0002

ASRL TR 154-14 . . ..ORIGINAL REPORT VERSION OF PROGRAM INTCOGO03
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 INTC0004
INTCO0005

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM. INTC0006
INTC0007

DIMENS ION PTILDA(3) INTCO008

INTCO0009
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THIS SUBROUTINE CALCULATES THE POST-IMPACT MOMENTUM COORDINATES

IN 3-D MOMENTUM SPACE A GRAPHICAL SOLUTION TECHNIQUE WAS USED TO
DETERMINE THE ANALYTIC EXPRESSICHMNS UCED IM THIS POUTINE,  Tuc
PARAMETERS S1, S2, AND Bl DEFINE THE LINE OF NO SLIDING, AND AO
AND B3 DEFINEC THE PLANE OF MAXIMUM APPROACH. COEFR IS THE
COEFFICIENT OF RESTITUTION AND FRNC IS THE COEFFICIENT OF FRICTION
BETWEEN THE CONTACTING SURFACES. PTILDA(I) IS THE VECTOR OF
POST~IMPACT MOMENTUM COORDINATES (OUTPUT) IN THE X-BAR, Y-BAR,

AND Z-BAR (NORMAL) DIRECTIONS RESPECTIVELY.

CALC. TANL=TANGENT(LAMBDA)
CONST1=DSQRT (S1*51452452)
TANL=83+«CONST1/(AO+B1)
CONSIDER PERFECTLY SMOOTH CONTACT SURFACES
IF(FRNC.G1 0.0)GO 10 10
PTILDA(1)=0.0D0
PTILDA(2)=0.0D0
PTILDA(3)=(1.0DO+COEFR)*A0/83
RETURN
CONTINUE
1F(FRNC.GE.TANL)GO TO 20
CASE WHERE FRNC LESS THAN TANL
COSTB=S1/CONST1
SINTB=S2/CONST1
PN1=A0 /B3
PTILDA(1)=COSTB*FRNC*(1.0DO+COEFR)*PN1
PTILDA(2)=SINTB*FRNC*(1.0DO+COEFR)*PN1
PTILDA(3)=(1.0D0+COEFR)*PN1
RETURN
CONTINUE
CASE WHERE FRNC GREATER THAN OR EQUAL TO TANL
ALSO CASE OF PERFECTLY ROUGH CONTACT SURFACES
PTILDA(3)=(1.0DO+COEFR)*AQ/B3
PTILDA{1)=51/B1
PTILDA(2)=S2/81
RETURN
END

INTCOO10
INTC0011
myconsn
INTCO0013
INTCO0014
INTCOO1tS
INTCOO016
INTCO017
INTCOO18
INTCOO19
INTC0020
INTCCO21
INTCO022
INTCO023
INTC0024
INTCO025
INTCOO028
INTC0027
INTCOO28
INTCOO029
INTCO030
INTCO0031
INILUUIZ
INTC0033
INTC0034
INTC003S5
INTC0036
INTC0037
INTCO038
INTC0039
INTCO0430
INTC0041
INTC0042
INTC0043
INTC0044
INTC0045
INTCO0046
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SUBROUTINE IMAINP(DELD,D1S5,01SP,DISMI,DISM2,FLN, FLVA,FLVYM,FLVP,
2VEL,ICOL, INUM,KROW,NDEX, STF,AMASS ,NP,NODE, TAUSS, TAUSE, TAUEE,
3EPSSI, EPSSO, EPEET, EPEED, EPSEL, EPSEQ,NBC,BC,RFM, ILAST ,UCF1,UCF2,
4XG,¥G, ZG,XGl ,YGI, TAGSS, LNXS, XS PROP ,MATXS , TSGEE, LNYS, YSPROP,MATYS,
SLNRS,1S5RS,SC ,MAXEL ,MNSL, MNSLT4 ,NBE ,MBWE ,MNXST ,MNYST,NVSA,NCON,
6PMASS, VN,VNB ,SI ,NEFF,ALPHA ,NIAN)

IMPLICIT REAL+8(A-H,0-2)

ASRL TR 154-14 ..... ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

HIS SUBROUTINE ]S USED EXCLUSIVELY BY THE CIVM PLATE PROGRAM.
MALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SPILKER

DIMENSION DELD(1),D1S(3),DISP(1),DISMI(1),DISM2(1),FLN(1),FLVA(Y),

2FLVM(1) ,FLVP (1), VEL(1),1COL(3) . INUM(1) ,KROW(1), NDEX(1),
3 STF(1),AMASS(1),NP(4,1),NODE(1),TAUFS{MAXEL ,MNSLT4,9),

INMNPOOOO
IMNPOOOY
IMNPOOO2
IMNPOOO3
1MNPOQOA
1MNPOQOS
IMNPOOOG
1MNPOOOT
IMNPOCOB
1MNPOOO9
IMNPOO1O
IMNPOO Y
IMNPOO12
IMNPOO13
IMNPOO14
IMNPOO1S
IMNPOO16
IMNPOO1T

ATAUSE (MAXEL ,MNSLT4 ,9) ,TAUEE(MAXEL ,MNSLT4,9) ,8PSSI(9,1),EPSSO(9,1) IMNPOO18
S,EPEEI(9,1), EPEEQ(9,1) EPSEI(9,1),EPSEO(9, 1) ,NBC{1),BC(1),RFIA(NBE, IMNPOO19

6MBWE) , ILAST( 1) ,UCF1(1) ,UCF2(1) ,XG(1),YG(1),2G(8) ,XGI(t),YGI(1},
TTAGSS(MNXST, MNSLT4,3) ,LNXS(1}, XSPROP(7,1) ,MATXS( 1), TSGEE (MNYST,
BANSLTA ,3),LNYS(1),YSPROP(7,1),MATYS(1),LNRS(1),ISRS(t),5C(5,1)
9 ,NVSA( 1) ,NCON(4,1),PMASS (1) ,VN(3,1),VNB(3,1),S5L(t),NEFF(1),
TALPHA( 1)

THE FOLLOWING DIMENSION STATEMENTS ARE FIXED FOR ALL COMPUTER RUNS.

DIMENS ION SI1G(S),EPS(5),0SR(5) ,PSR(5),.ES{6),5UBW(S,5),SNO(S5,5),
2NMSUB(5),EK(24,24),GB1(24,24), EML(24),STDE(9,24) ,55(5)

DATA GBI/1 0,-1 0,-1 0,1 0,24+0.0,1,.0,-1 0,-1 0,1 0,24+0,0,1.0,
23+0.0,-3 0,-3.0,2+0 0,9 0,2 0,2 0,2¢0 0,-6.0,-6.0,4 0,90 0,1 0,
32+0 0,~2 0,240 0,-3 0,6 O *0 0,2 0,3 0,4 0,2 0,1040.0,1.0,
42+0.0,-2 0,~3 0,0 0,6 0,0 20,0 0,-4.0,-3.0,2.0,11+0.0,1.0,
52+0 0,-2 0,-2 0,4 0,240 0 -2 0,-2.0,t 0,0.0,1 0,0 0,~1.0,
C25+0 0,1 0,0.0,-1 O,
628+0 0,3 0,340 0,-9 0,-2 0,3+0.0,6.
73 0,1 0,3+0.0,-3.0,-2 0,2 0,14+0.0,
84 0,3.0,-2 0,13+0 0,-1 0,0 0,2,0,2»
9,1 0,27+0 0,1.0,3240.0,9.0,4+0.0,-6 0

10,2
0,1 0,
.2¢1 0,
0,6 0,-4.0,12+0 0,-1 0,340 0,
3 0 0,-6 0,2¢0.0,~-2 0,0.0,

0

6 0,4 0,1690.0,-3 0,4+0.0,

IMNPOO20
IMNPOO21
IMNP0022
IMNPOO023
IMNPOO24
IMNPOO25
IMNPQO26
IMHNPOO27
IMNPOO28
IMNPOO29
INNPOO30Q
IMNPOO31
IMNPOO32
IMNPOO33
1MHPO034
IMNPCO3S
1MNPOO 6

o,
0,1 0,0 0,-2 0,~1.0,1 0,3+0.01NMNP0OO3T7

IMNPOO38

A3 0,2 0,~2 0,16+0 0,-3.0,4+0 0,2.0,3 0,-2 0,16%0 0,1 0,4+0 0,~1.0, IMNPOOI9
8-1 0,¢ 0,2¢0 0,1 0,-1 0,26+0 0,t 0,~% 0,29+0 0,3 0,2+0.0,-9.0,0.0, IMNPOO4D

C-2 0,240 0,6.0,6 0,-4 0,15+0 0,3 0,-6 0,390 0

+=2.0,3.0, IMNPOO4Y

04 0,~2 0,13*0 0,~1.0,2+0 0,3 0,0.0,1.0,2+0.0,-2 0,-3.0,2.0,15¢0.0, IMNP0042

€-1 0,2 0,30 0,1 0,-1 0,-2 0,1 0O/
COMMON/PLATE /XDIST,YDIST, TH ,HXL,HYL,NEAD,NECD,DENSP, EPAN,ANUP,
2THALF
CONMON /BAS/NDT ,NET ,MN ,NB ,NIRREG ,MNC
COMMON/TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, IOUT, ITIME
COMMON /PRNT/ 1OP1,10P2,10P3,10P4,10P5, 10P6, 10P7,10P8
COMMON/FRAG/ XF ,YF,2F ,DELF{3),VF(3),DTHETF(3) ,OMEGF(3), RF,FMASS,
2FMOI , FKEQ,FKEC
COVMON /PROPC/ COEFR,FRNC,USEF ,NSYM, 1PSS, JUSEF
COMION /INOUT/ MREAD,MwRITE,MPUNCH
COMMON /MASSM/ IMASS
CIVM-PLATE 1 COMPUTER CODE
CONTROLL ING ROUTINE FOR ELASTIC~PLASTIC, LARGE DEFLECTION TRANSIENT
ANALYSIS OF STIFFENED AND/OR UNSTIFFENED FLAT PLATES SUBJECTED 10
IMPACT BY A S"NGLE FRAGMENT.

IPASSat
IMASS=1
NDPE=24
READ(MREAD,S500) IMESH, IMCONT, IPUNCH

IMNP0O043
IMNPOO 44
1MNPO0AS
IMNPOOAS
IMNPOO4TY
1MNPOO4B
IMNPOOAQ9
IMNPOOSO
IMNPOOS Y
IMNP0052
INNPOOS)
IMNPOQS4
1MNPOOSS
IMNPOOS6
1MNPOOST
INNPOOSE
IMNPOOS9
IMNPOOGO
IMNPOOG Y
IMNPOOG2
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st
600
610
615

620

630
c

640

MESH GENERATION
ITF(IMESH EQ 0.OR.IMESH.EQ.1)CALL MESHPA(NP,NODE,XG,YG, 2G,NBC,BC,
2LNXS,LNYS,XGI,YGl, XSPROP ,YSPROP ,NXST,NYST, IMESH,MATXS, MATYS)
IF(IMESH.EQ 2)CALL MESHPM{NP,NODE,XG,Y¥G,ZG,NBC,BC,LNXS ,LNYS,XGI,
2YG1 ,XSPROP,YSPROP NXST ,NYST, IMESH,MATXS,MATYS)

SETUP OF STORAGE
CALL ARRT(SYTF,AMASS,FLVA,ICOL, INUM,KROW,NDEX,NODE,NDPE)

STRESS-STRAIN INFORMATION FOR EACH MATERIAL.
NOTE-~- PLAYE MATERIAL IS ASSUMED TO CORRESPOND TO FIRST MATERIAL.
NAz3
NZ=4
READ(MREAD,500}NMAT
WRITE (MWRITE ,600)
CONt=2 DO+«{1 DO+ANUP)/3.DO
CON2:=2.D0+(0 5D0O-ANUP)/3.D0
DO 60 I=1,NMAT
READ(MREAD,500)NSUB
READ(MREAD,510)(S1G(J).J=1,NSUB)
READ{MREAD,510)(EPS(J),J=1,NSUB)
READ{MREAD,510)DSR{1),.PSR(1)
ES(1)=S1G(1)/EPS(1)
FINE VALUE OF YOUNGS MODULUS BASED ON EPS(1) AND SIG(t) .
1F(1 EQ 1) EPAN:=ES(1)
1F{NSUD-1)30,30,10
DO 20 LS=2,NSUB
ES{LS)={SIG(1LS)-SIG(LS~1))/(EPS{LS)-EPS(LS~1))
ES(NSUB+1)=0.0
CON3=ES{1)+(0.500-ANUP)/ (1.0D0+ANUP)
A1=0 0DO
ASUM=0 ., 000
E1:0 00O
ESUM=0 0DO
DO 40 LS=1,NSuB
ASUM=ASUM+A]
Al=1 DO-CONY «ES(LS+1)/(ES(1)-CON2*ES(LS+1))=~ASUM
suBw(l,LS)=A1
ESUM=E SUNHET
IF(LS NE. NSUB) El=(1.DO-ES(LS+1)/ES(1))*(EPS(LS+1)-EPS(LS))
SNO(T,LS)=ES(t)+EPS(LS)+CONI+ESUM
CONTINUE
NMSUB{ 1) =NSUB
WRITE(MWRITE ,610) 1
WRITE (MARITE ,615)
00 50 J=t,NSuB
WRITE(MWRITE ,620)J,S1G(dJ),EPS(J),SNO(],J),5UBW(I,J)
WRITE(MWRITE ,630)DSR(1), PSR(I)
CONTINUE
FORMAT (2014)
FORMAT (5016 7)
FORMAT ('0',' PROPERTIES FOR USER-SPECIFIED MATERIALS')
FORMAT ('0*,' PROPERTIES FOR MATERIAL NUMBER',I3)
FORMAT (' ','SUBLAYER',5X,'STRESS POINT*,5X,'STRAIN POINT', 5X,
2'YIELD STRESS',2X, ‘WEIGHTING FACTOR')
FORMAY (' *,15,4X,D016 7,1X,016.7,1X,016.7,1X,016.7)
FORMAT (* *,' STRAIN RATE PARAMETERS: D=',016.7,2X,'P=',D16.7)
TIME-STEP INFORMATION
READ(MREAD,500) 1 TIMEF, INCRT, IOUT
READ(MREAD,510)}DELTAT, TIMEF
WRITE(MwRITE ,640)
WRITE(MWRITE ,650) DELTAT
WRITE(MWRITE ,660) TIMEF, ITIMEF
WRITE(MWRITE ;670) INCRT
FORMAT (*0*,' TIMEWISE SOLUTION PARAMETERS')

IMNPOO63
IMNPOOG4A
IMNPOO6S
IMNPOOGE
IMNPOOGT
IMNPOOGB
IMNFOOGY
IMNPOOT70
INMNPOOT
IMNPOOT2
IMNPOOT73
IMNPOOT4
IMNPOOT7S
IMNPOOT76
1MNPOOT7
1taP0O078
IMNPOO79
IMNPOOBO
IMNPOOBY
IMnpP0082
IMNPOOB3
1MNPOOB4
IMNPOOBS
IMNPOOBS
IMNPOOBT
IMNPOOBS
IMNPOOBY
IMNPOO90O
IMNPOOIY
IMNP0092
IMNPOO93
IMNPOO94
IMNPQOSS
IMNPOOOS
IMNPOO9?
IMNPOOQ
IMNPOO99
IMNPO10O
IMNPO 1O}
IMNPO102
IMNPO103
IMNPO 104
IMNPO 105
IMNPO 106
IMNPOI1OT
IMNPO 108
IMNPO109
IMNPO110
1IMNPO1 1Y
IMNPO112
IMNPO1 13
IMNPOY 14
IMNPO11S
INNPOI116
INNPO11 7
IMNPOY B
IMNPO1 19
IMNPO120
1MNPO 1 2)
IMNPO122
IMNPO123
IMNPO 124
IMNPO 125
ItANPO 126
IMNPO127
IMNPO1 28
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650
660

670

675

200

201

301

303

304

210
220

FORMAT(® *,°'TIME-STEP S1ZE=',D16.7,2X,'SEC.")

IMNPO129

FORMAT(® ', *RUN WILL TERMINATE AT TIME =',D16.7,2X,*SEC, OR AT CYCIMNPO130

2LE NUMBER',18)

IMNPO 131

FORMAT (* ','REGULAR PRINTOUT WILL BE GIVEN EVERY',15,2X,'CYCLES®) IMNPO132

ESTABLISH PRINT OPTIONS
CALL PRTOP{NNSA ,NVSA,NCON,NP)
IF(MN .GT, MNC) WRITE(MWRITE,E75) MN,MNC

INNPO133
IMNPO134
IMNPO135
IMNPO 136

FORMAT (1HO, 1 0(1H+*) , 'ASSEMBLED K REQUIRES',17,* ENTRIES.USER HAS DIIMNPO137

*MENSIONED FOR ONLY',17,'. CALL EXIT.')
IF(MN GT MNC)CALL EXIT

INITIALIZATION
NZSUBL =NZsNNSL
NASQ=NA*NA
D0 200 1=1,9
00 200 J=t,NET
EPSSI(1,4)=0.0
EPSSO(1,4)20.0
EPEEI(1.J)=0.0
EPEEO(1,d)=0 0
EPSEI(1,d)=0.0
EPSEO(1,J)=0 0
DO 20t I31,NET
00 201 JZat,NZSUBL
DO 201 JA=1,NASQ
TAUSS(1,JZ,8A)50.0
TAUEE(1,UZ,JA)=20.0
TAUSE(1,4Z,0A)=20 O

00 30t Is1,MNYST
DO 301 JZ=t,NZSUBL
DO 301 JA=1,NA
TSGEE(1,JZ,JA)=0.0

DO 303 I=1,MNXST
DO 303 JZat,NzZSUBL
DO 303 JA=1,NA
TAGSS(1.JZ,JA)=0.0

PLASTW=0.0
TIME=0.0
ITIME=0

FORMATION AND ASSEMBLY OF STIFFNESS AND MASS MATRICES
FOR PLATE ELEMENTS

NTYPE=1

D0 220 LNUM=1 NET
NN1=NP (1, LNUM)
NN2=NP (2,LNUM)
NN4=NP (4, LNUM)

XL=XGl (NN2)=~XGI{NN1)

YL=YG] (NN1)=YGI(NNt)

CALL RPLATE(NTYPE,ANUP,XL,YL,TH,0 D0,0.D0,0.D0,0.D0,EK,GBI,EPAN)
CALL ASSEMK(EK,STF, INUM,NOPE,NODE, LNUM)

CALL LMASSP(NTYPE,XL,YL,TH,SL,CSA,SMOL,EML,DENSP)

LL=(LNUM=-1)*NDPE
DO 210 1=1,24
NN=NODE(LL+1)

AMASS(NN)=AMASS(NN)+EML(T)

CONTINUE

FOR X-DIRECTION STIFFENERS
IF(NXST EQ 0)GO TO 250

NTYPE=2
DO 240 NN=1,NXST
SL=XSPROP(6, NN)

IMHNPO138
IMNPO 139
ItPO 140
INNPO 141
IMNPO142
IMNPO143
1MHPO144
IMNPO 145
IMNPO 146
IMNPO147
IMNPO148
IMNPQ 149
1MNPO1S0O
IMNPO151
IMNPO 152
IMNPOIS3
IMNPO 154
IMNPO15S
IMNPO1S6
IMNPO1ST
IMNPO15B
IMNPO159
1MNPO160Q
IMNPO16GY
IMNPO 162
IMNPO16I
IMNPO164
IMNPO 165
IMNPO166
1IMNPO1GT
1MNPO 168
IMNPO16G9
IMNPO1T0O
IMNPO1 71
INNPO172
IMNPO173
INNPO174
IMNPO175S
INIPOIT6
IMNPOITT
IMHPO1ITO
IMNPO179
IMNPO 100
INNPOI1B1
IMNPO1B2
IMHPO B3
IMNPO 184
IMNPO 185
IMNPO 186
IMNPO187
IMNPO 188
IMNPO 189
IMNPO 190
IMNPO19O1
INNPO192
INNPO193
IMNPO194
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C
c
C

260
270
280

XXF=XSPROP(7,NN)

ANUS=X SPROP(4,NN)

RW=XSPROP(2,NN)

LNUM= LNXS(NN)

RH=XSPROP(V,NN)

YM=XSPROP(3,NN)

DEN=XSPROP(S ,NN)

CSA=RW*RH
SMOI=RH*RW*XXF+XXF+RW¢RH*+3/12.0
NN1=NP (1, LNUM)

NN2=NP (2, LNUM)

NNA=NP (4, LNUM)

XL=XG1 (NN2)=-XGI{NN1)

YL=YG] (NNA)~-YGI(NNY)

CALL RPLATE(NTYPE, ANUS,XL,YL,RH ,SL,CSA,XXF ,SMOI,EK,GB1,YM)
CALL ASSENMK(EK,STF,INUM,NDPE,NODE,LNUM)
CALL LMASSP({NTYPE,XL,YL,RH ,SL,CSA,SMOI EML,DEN)
LL=(LNUM-1)sNDPE

DO 230 1=1,24

Jsll+l

NNN=NODE(J)

AMASS ( NNN) *AMASS (NNN)+EML(1)

CONTINUE

CONTINUE

FOR Y-DIRECTION STIFFENERS

1E(NYST EQ.0)GO TO 280

NTYPE=3

DO 270 NN=1,NYST

RH=YSPROP(1,NN)

RW=YSPROP(2, NN)

YM=YSPROP{3J, NN)

ANUS=Y SPROP{ 4 ,NN)

DEN=YS PROP(5 ,NN)

SL=YSPROP(6, NN)

XXF=YSPROP(7 ,NN)

CSA=RW+*RH

SMOI=RH*RW*X XFeXXF+RW*RH*+3/12,000
LNUM=LNYS(NN )

NNN1=NP(1,LNUM)

NNH2=NP(2, LNUM)

NNN4=NP(4,LNUM)

XL=XGI (NNN2) -XGI(NNNt)

YL=YGI (HNNA) ~YGL(NNNT)

CALL RPLATE{NTYPE,ANUS,XL,¥L,RH ,S5L,CSA XXF ,SMQI,EK,GB1,YM)
CALL ASSEMK{EK,STF,INUM,NDPE,NODE,LNUM)

CALL LMASSP(NTVYPE,XL,YL,RH ,S5L,CSA,SMOI ,EML,DEN)
LL=(LNUNM=-1)e NDPE

00 260 1=1,24

NESURS |

NNH=NOQDE(J)

AMASS{ NNN)=AMASS{NNN)+EML(1)

CONTINUE

CONTINUE

IF(IPASS .EQ. 3 AND. NELES .£Q. 0) GO TO 290
IF(1PASS €EQ. 2) GD TO 74%

FORMATION AND ASSEMBLY OF EQUIVALENT STIFFNESS MATRIX FOR LINE
TRANSLAT IONAL AND TORSIONAL LINEAR RESTORING SPRINGS APPLIED TO
SIDES OF ELEMENTS

READ(MREAD,S50Q0)NELES
IF{NELES EQ 0)GD TO 289
WRITE(MWRITE ,720)
WRITE(MWRITE ,730)

00 288 I=1,NELES
READ(MREAD,500)LNUM, ISIDE
READ(MREAD,510)(SS(J),ust,5)
LNRS (1 }=LNUM

IMNPO19S
IMNPO 1386
IMNPO197
IMNPO198
IMNPO199
IMNPO200
ImMNPO201
IMNP0O202
IMNPO203
IMNPO204
IMNPO205
IMNP0206
IMNPO207
IMNPO208
IMNPO209
IMNPO210
IMNPO211Y
IMNPO212
IMNPO213
IMNPO214
IaNPO21S
IMNPO216
IMNPO217
IMNPO218
IMNPO219
IMNP0O220
IMNPO221
IMNPO222
1MNPO223
IMNPO224
IMNPO22S
1MNPO226
IMNPO227
IMNPO228
IMNPO229
IMNPO230
IMNPO231
IMNPO232
I1MNPO233
IMNPO234
IMNPO235
IMNPO236
IMNP0237
1MHP0238
IMNPO239
1MnP0O240
INHPO24Y
IMNP0O242
INNPO243
IMNPO243
IMNPO245S
1MNPO246
IMNPO247
IMNPO248
IMNPO249
IMNPO250
IMNPO251
1MNPO252
IMNPO253
IMNPO254
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IMNPO257
IMNPQ258
IMNPO259
IMNPO260



oze

285

288
720

740

741

742

743

289
c ¢C

2891
2892

2894

290
¢c ¢

291
cC F
307
c C
c F

319
320

ISRS(1)=1SIDE

D0 285 K=1,5

SC(K.1)=55(K)
WRITE(MWRITE ,740) LNUM,ISIDE,(SS{J),u=1,5)
NNN1sNP(1,LNUM)

NNN2=NP(2,LNUM)

NNN4=NP(4,LNUM)

XL=XGI {NNN2) -XGI{NNN1)
YL=YGI (NNN4) ~YGI{NNN1)

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

CALL ASSEMK(EK,STF,INUM,NDPE,NODE,LNUM)

IMNPO261
IMNPO262
IMNPO263
IMNPO264
IMNPO265
IMNPO266
IMNPO267
INNPG268
IMNPO269
IMNPO270
IMNPO271

FORMAT ('0',' LOCATION AND PROPERTIES OF LINE TRANSLATIONAL AND ROTAIMNPO272

2TIONAL LINEAR RESTORING SPRINGS')

FORMAT ('0*,'ELEM. NO *,2X, 'ELEM. SIDE',BX,'KX(LB/IN/IN)®,8X,
2'KY(LB/IN/IN)® 08X, '"KZ(LB/IN/IN)® ,2X, *K-THETA(IN~-LB/RAD/IN)',2X,
3'K-PST1 (IN-LB/RAD/IN)")

FORMAT (* *,15,6X,15,5X,5D20.7)

GO 10 289

DO 743 1=1,NELES

LNUM=LNRS (1)

1SIDE= ISRS(1)

DO 742 KAY=1,5

SS(KAY )=SC(KAY,1)

NNN1=NP(1,LNUM)

NNN2:=NP(2,LNUM)

NNN4A=NP{4,LNUM)

XL=XGI (NNN2)-XGI {(NNN1)

YL=YGI (NNN4) -YGL (NNN1)

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

CALL ASSEMK(EK,STF,INUM,NDPE,NDDE, LNUM)

GO 10 290

CONTINUE
ALCULATE TIME STEP BOUND (FOR REFERENCE ONLY).

CALL TSTEP(STF,AMASS ,NBC,BC,ICOL,INUM,KROW,NDEX,DISP,DELD)

1F(10P5 EQ 0 .OR. NB .£Q. 0) GO TO 290

1PASS=2

DO 2892 I=1,MNC

STF(1)=0 0DO

DO 2894 I=1,NDT

AMASS(1)=0 0DO

GO 10 304

CONTINUE
ENERATE INITIAL CONDITIONS ON FRAGMENT.

CALL I FRAG{PMASS,AMASS)

NIMPCT =0

1110

DO 291 I=4,NDT

015(1)=0.0

DISP(1)=0 O

FLVA(1)=0.0

VEL(1)=0 O
ORM LMS

DO 307 1l=1,NDT

L=11+1NUM(IL)

STF{L)=STF(L)+2.0D0¢ AMASS( 11)/(DELTATDELTAT)

IF(10P5 EQ 1)CALL EAROW(STF,NBC,{COL,INUM,RFM,ILAST ,NBE ,MBWE)
ONSTRAIN LHS

Catt BCONMK(STF,BC,ICOL, INUM,NBC)

ACTOR LHS
CALL FACT(STF,ICOL,KROW,NDEX,1DET ,MWRITE, INUM)
IF(IMCONT EQ t)GO TO 335

PRINTOUT FOR INITIAL VALUES

IF(10P5 EQ 0.0R.NB.EQ.0)GO TO 320
00 319 1=i,NB

UCF1(1)=0.0

CONTINUE

IMNPO2723
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IMNPO276
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NOCHK= 0
GO TO 340
INPUT FOR CONTINUATION RUN
READ(MREAD,800)ITT ,NIMPCT
READ (MREAD,B810){D1S(1),1=1,NDT)
READ (MREAD,810)(0ISP(1l),1=1,NDT)
READ (MREAD,B8t0){VEL(1),1s1,NDT)
READ (MREAD,B10)(FLVA(I),1=1,NDT)
1F(10P5 EQ ' AND NB GY O)READ (MREAD,B10)(UCF2(I).I=1,NB)
READ (MREAD,810)(((TAUSS(I,J,K),I=1,NET),Jn1,MNSLTA) K=1,9)
READ (MREAD,B810)(((VAUEE(TI,J,K),I=1 ,NET), U=l ,MNSLTE),Kn1,9)
READ (MREAD,B1O)(((TAUSE(1,J,K),I=1 NET),J=1,MNSLT4),Ke1,9)
1F(NXST €Q 0)GO TO 336
READ ({1READ,810)(((TAGSS(I,d,K),I=1 ,NXST),J=1 ,MNSLTA),Ket,3)
CONTINUE
IF(NYST €Q 0)GO TO 337
READ (MREAD,B10)(((TSGEE(1,J,K),I=1,NYST),u=1,MNSLT4),Ket,3)
READ(MREAD.BIO)XF,YF,ZF, (VF(JU) ,Jd=1,3),(OMEGF(11),11a¢,3)
NNT=NDT/6
00 338 l=1,NNT
NN=(I-1)+6
XG(1)=XGI(1)+DISP{NN+1)
YG(I)=YGI{I)+DISP(NN+2)
2G(1)=2G(1)+DISP(NN+3)
NOCHK =0
FKE=0 O
DO 339 1=1,3
FKE=FKE+0.5D0(FMASS»VF(I1)eVF( 1)+FMOI+OMEGF(X)*OMEGF(L))
IF(FKE LT.FKEC)NOCHK=1
BEGIN LOOP OVER TIME STEPS
1TT=1TT+1
NSINC=0
DD 350 J=1,NDT
DELD(J)=01S(J)-DISP(u)
DISMI(J)=D15P(J)
DISP(J)=DIS(V}
FLN(J) =FLVA(J)
FLVvM{y)=0 0
FLVA(J)=0 ©
NNT=NDT/6
DO 351 J=1,NNT
NNz (J=1)+6
XG(J)=XG(J)+DELD{NN+1)
YG(J)=YG(J)+DELD(NN+2)
2G(J)=2G(J)+DELD(NN+3)
IF(NOCHK EQ 't .OR. ITT .EQ. 1) GO TO 343
XE=XFeVF(1)*DELTAT
YF=YF+VF(2)sDELTAT
2ZF=ZF+VF(3)+DELTAT
CONTINUE
1F{10P5 EQ 0.0R NB.EQ.0)GO TO 353
00 352 I=1,NB
UCF1(1)=UCF2(})
CONTINUE

CALCULATE EQUIVALENT LOADS

360

FOR PLATE ELEMENT

CALL STRESP(DISP,DELD,FLVA,ITT ,NODE,MAXEL, TAUSS, TAUEE, TAUSE,
2EPSSI, EPSSO, EPEEL, EPEED, EPSEI, EPSEOQ, PLASTW ,XGI,YGI NP, STDE,GB],
INMSUB, DSR,PSR,SUBW,SND ,NZSUBL)
FOR X~DIRECTION SVIFFENERS

1F(NXST EQ 0)GO TO 360

CALL STRESA(DISP,DELD,FLVA,ITT ,NODE,MAXEL,MNXST, TAGSS, PLASTW, XGI,

2yGI,NP,STDE, GBI ,NMSUB,DSR, PSR, SUBW,SNO ,NXST ,XSPROP,LNXS ,MATXS,
INZSUBL)

CONTINUE
FOR Y-DIRECTION STIFFENERS

t
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IF(NYST.EQ 0)GO TO 370
CALL STRESC(DISP,DELD,FLVA,ITT ,NODE,MAXEL ,MNYST, TSGEE, PLASTW,XGL,
2YGl ,NP,STDE, GBI ,NMSUB,DSR,PSR, SUBW,SND ,NYST,YSPROP,LNYS,MATYS,
INZSuUBL)
370 CONTINUE
C  PRINT QUTPUT
ITINE=1YT~-1
TIME=ITIME*DELTAT
CALL IPRINT(DISP,XG,YG,2G,EPSS]1,EPSSO,EPEEL ,EPEEO,EPSE] ,EPSED,XGI,
2YGl,NP,GBI,STDE ,NODE,RFM,NBE, MBWE, ILAST,UCF1,NBC, ICOL ,NMSUB, SUBW,
3TAUSS, TAUEE, TAUSE ,MAXEL ,NZSUBL ,NXST, LNXS,MATXS,XSPROP, TAGSS ,MNXST,
ANYST,LNYS,MATYS,YSPROP, TSGEE ,MNYST ,NELES, LNRS, ISRS,SC, EK,
SAMASS, VEL ,NNSA ,NVSA,NCON)
c FORM RHS
372 CONVINUE
NSINC=NSINC+1
1F{NSINC GT 20)WRITE(MWRITE,900)
IF(NSINC GT 20)RETURN

IMNPOJ93
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900 FORNMAT('0','MORE THAN 20 ITERATIONS REQUIRED TO CONVERGE AN IMPACTIMNPO41t

2 SOLUT ION--RUN HAS BEEN TERMINATED')
DO 380 I=1,NDT
380 FLVM(1)=-(2.0D0+FLVA(1)-FLN(I)) +2.0DO*AMASS(I)*{VEL(1)+DISP(})
2/0ELTAT)/DELTAT !
1F(10PS EQ O OR NB EQ.0)GO TO 389
DO 388 1=1,NB
11=NBC (1)
388 UCF2(1)=FLVM(II)
C  CONSTRAIN RHS
389 CALL RCON(FLVM,NBC)
C SOLVE FOR DISPLACEMENTS
CALL SOLV(STF,FLVM,D1S,ICOL,KROW,NDEX)
DO 390 I=1,NDT
390 DELD(1)-DIS(1)-DISP(1)
€ CHECh FOR SKIP OF 1MPACT INSPECTION/CORRECTION ROUTINE.
IMPCT1=0
IF(NOCHK EQ 1)GO TO 394
C CHECK FOR IMPACT
IF(NSYM EQ 0)CALL IMPACY(XG,YG,2G,DELD,VEL,NP,VN,VNB,PMASS,NBC,SI,
1 NEFF,ALPHA , IMPCT1,NIAN)
IF(NSYM EQ 1) CALL IMPSS(XG,YG,2G,DELD,VEL,NP,VN,VNB,PMASS,NBC,
151 ,NEFF,ALPHA, IMPCT1 ,N1AN)
IF(NSYM £Q 2) CALL [MPDS(XG,YG,2G,DELD,VEL,NP,VN,VNB,PMASS,NBC,
1S1,NEFF,ALPHA, IMPCT1 ,NIAN)
IF 1MPCT1=1, IMPACT HAS OCCURED. CALCULATE NEW TRIAL DISPLACEMENT,
Dis
IF(IMPCT1 EQ t)GO 1O 372
IF IMPCT1=0, THEN NO IMPACTS. TRIAL DIS 1S CORRECT. PROCEED 10
NEXT TIME
IF(NSINC.GT. 1)NIMPCT=NIMPCT+1
IF(NSINC GT 1)WRITE(MWRITE,B830 )NIMPCT
IF(NSINC EQ.1)GD TQ 394
C  SPECIAL CALCULATION OF VELOCITY IF IMPACT HAS OCCURED.
DO 392 1=1,NDT
392 VEL(1)=2 0DO+(DIS(1)-DISP(I))/ODELTAT-VEL(])
GO T0 398
394 CONTINUE
C  NORMAL UPDATE OF VELOCITY.
DO 396 I=1,NDT
396 VEL(I)=(3 ODO+DIS(1)-4.0D0*DISP(1)+DISMI(1))/(2.000«DELTAT})
398 CONTINUE
FKE=0.0
DO 399 1=1.3
399 FKE=zFKE+O SDO«(FMASSeVF(I)eVF({ 1)+FMOI+OMEGF (1)*OMEGF(1))
IF(FKE .LT.FKEC)NOCHK=1
C  CHECK FOR CONTINUATION
FF(ITIME.LT. ITIMEF.AND.TIME.LT . TIMEF)GO TO 340

ao 00
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IF(IPUNCH.EQ.0)GO T0 420 IMNFO459

WRITE{MPUNCH,800)ITT,NIMPCT IMNPO460
WRITE(MPUNCH,B10) (DIS(I) ,I=1,NDT) IMNPO4G6 1
WRITE(MPUNCH,B810) (DISP(1),1=1,NDT) IMNP0462

WRITE (MPUNCH,810)(VEL(I),I=1,NDT) IMNPO463
WRITE( MPUNCH ,B10) (FLVA(I),I=1,NDT) IMNPO464
1F(10PS.EQ 1.AND.NB.GT.O)WRITE(MPUNCH.810)(UCF2(I).I=1.NB) IMNPOA6S
WRITE(MPUNCH,810)(((TAUSS(I.J,K).I=1.NET),J=1,MN5LT4),K=1.9) IMNPO466
wRITE(MPUNCH,B10)(((TAUEE(I.J,K),X=1.NET),J=1,MNSLT4).K:1.9) IMNPO4G7
NRITE(MPUNCH,B!O)(((TAUSE(I.J.K),l=1,NET).d=1.MNSLT4).K:1,9) IMNPO4GB
IF(NXST.EQ.0)GO TO 400 IMNPO469
WRITE(MPUNCH,810)(((TAGSS(I.J.K),I:l.NXST).d=1,MNSLT4).K=1.3) IMNPO470

400 CONTINUE IMNPO471
IF(NYST.EQ.0)GO TO 410 IMNPOA72
WRITE(MPUNCH.810)(((TSGEE(I.J.K),I:!.NYST).d=1.MNSLT4).Ktlca) IMNPO473

410 WRITE(MPUNCH,810)XF,YF,ZF,(VF(J),J=1.3),(OMEGF(II),II=1,3) IMNPO474
WRITE(MWRITE ,820) 17T IMNPOA47S

420 RETURN IMNPO476
800 FORMAT(2110) IMNPO477
810 FORMAT (5D15.7) IMNPO478
820 FORMAT ('0',' CONTINUATION CARDS HAVE BEEN PUNCHED AT ITTs',17) IMNPO479
830 FORMAT(' ',10X,'THIS IS IMPACT NUMBER',17) IMNPO4BO
END IMNPO481
S5UBROUTINE IPRINT(CISP,XG,.YG,ZG,EPSSI,EPSSO,EPEE],EPEED,EPSE], IPRT0000
2EPSEO.XGI,YGI.NP,GBI.STDEP.NODE,RFM,NBE,MBWE,ILAST.UCFI,NBC.!COL. IPRT0001
3NMSUB,SUBN.TAUSS,TAUEE.TAUSE,MAXEL,NZS.NXST,LNXS.MATXS,XSPROP, 1PRT0002
4TAGSS,MNXST.NYST,LNYS.MATYS.YSPROP,TSGEE,MNYST.NELES,LNRS.ISRS.SC.IPRT0003
S5EK,AMASS,VEL ,"INSA,NVSA,NCCN) IPRT0004
IMPLICIT REAL*B(A-H,0~-Z) IPRTO00S

C IPRTO006
c ASRL TR 154=-14 ...... ORIGINAL REPORT VERSION OF PROGRAM IPRT0007
c COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 IPRT0008
[» IPRT0009
C THIS SUBROUTINE 1S USED EXCLUSIVELY 8Y THE CIVM PLATE PROGRAM. IPRTQO10
c IPRTOO11
C SMALL STRAIN FORMULATION VERSION WRITTEN BY R. L. SPILKER IPRIQO12
Cc IPRT0013

DIMENSION DISFP({1),XG(1),YG(1),ZG(1),EPSSI(9,1),EPSSO(9,1),EPEEI(9 IPRT0014
2,1),EPEEO(9.1),EPSE1(9.l),EPSEO(9,1).XGI(1),YGI(1),NP(4.1).GBI(24 IPRTO015
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3,24),STDEP(9.24),NODE(1),EP(Q),ELONG(2).RFM(NBE,MBWE).lLAST(l),

AUCF1(1), NB~(1) ICOL(1),RF(6),NMSUB(1),AGAUS(6),AGAUW(6),ZGAUS(6),

SZCAUW(S) Sy 1) Tnl'SS('\"‘X _’:u-rc 9) YAu:EIﬁjIAvEI M?s'f\) 'rnurl—

6 (MAXEL ,NZS, 9) LNKS(1).MATXS(1) XSPROP(7,1) ,TAGSS (MNXST ,N2S, 3).

TLNYS(1),MATYS(1),YSPROP(7,1), TSGEE(MNYST NZS,3), LNRS(l) ISRS(1),
83C(5,1).SS(S),EK(24,24),EQ(24),STOR(24).AMASS(1).VEL(1),NVSA(I).

ONCON(4,1)

COMMON /PLATE /XDIS,YDIS,TH4,HX,HY,NEAD,NECD, DSP,EPAN,ANUP , THALF
COMMON /BAS/NDT ,NET ,MN,NB,NIRREG,MNC

COMMON /TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, I0UT, ITIME

COMMON /ASP/S LASP(50) ,ELASP(50) ,EDIR(2,50),NASP,LNASP(50)
COMMON /PRNT/10P1,10P2,10P3,10P4,10P5,10P6,10P7,10P8

COMMON /GSCUT /NEGS, LNGS(290)

COMWON /SSOUT /NXSS,NYSS, INXSS(200),INYSS(200)

Co“™ON /FRAG/ XF ,YF,2F ,DELF(3) ,VF(3),CTHETF(3),0MEGF(3), RADF, FMASS,
2FMO1, FKED,FKEC

COMMON /INCUT/ MREAD,MWRITE,MPUNCH

THIS SUBROUTINE CONTROLS THE CALCULATION AND QUTPUT OF ALL QUANTITIES
(DISPLACEMENTS, STRAINS, ENERGIES, ETC.) AS REQUESTED BY THE USER AT
REGULAR INTERVALS DURING THE TIMEWISE SOLUTION.

IF(ITIME LE.1)GC TO 10
I11=1TIME/INCRT*INCRT-ITIME
IF(III.NE.O)GO TO 500
CONTINUE

WRITE(MWRITE ,600)ITIME,TIME

NOCAL DISPLACEMENTS AND LOCATION.

IF(IOP1.EQ.0)GO TO 30

WRITE(MWRITE,5610)

NNT=NDT/6

DO 20 NN=1,NNT

JU=(NN=1)+6

J1=JdJd+ 1

J2=JJ+6

WRITE(MWRITE ,62G)NN, (DISP(I),I=d1,J2) ,XG(NN),YG(NN),ZG(NN)
CONTINUE

WRITE!MWRITE,$40)

WRITE(MWRITE ,950)

WRITE(MWRITE ,260)XF,YF,ZF,(VF(1),I=1,3), (OMEGF(J),J=1,3)

REACTION FORCES AT CONSTRAINED NODES.

IF(10P5.EQ.0 OR NE.EQ.0)GO TO 39
WRITE(MWRITE ,550)
WRITE(MWRITE ,560)

DETERMINE NODE NO. OF FIRST CONSTRAINED D.O.F..

NC=NBC (1)
NH1=(NC=1)/6+1
DO 31 I=1,6
RF(1)=0.0D0

LOOP OVER CONSTRAINED D.O.F..

DO 38 INB=1,NB

DETERMINE NODE NO. OF PRESENT CONSTRAINED D.O.F..

NC=NBC ( INB)
NN2=(NC-1)/6+1

I LNZLUNILNNY, CALC. CF RF FOR NODE NN1 IS COMPLETE-~PRINT JUT
VALUES

IF(NN2.EQ.NN1)GC TO 33
WRITE(MWRITE ,570)NNt, (RF(J),d=1,6)
NN1=NN2
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po 32 1=1,6
RF(1)=0.000
CC=~UCF1(INB)
NN=0

IE=1COL(NC)
IE=ILAST(INS)

DO 34 1=18,1E
NN=NN+1
CC=CC+RFM(INB,NN)*DISP(I)
NDF=NC—(NN1~1)+6
RF (NDF )=CC
CONTINUE

WRITE(MWRITE ,570)NN1Y, (RF(4),U=1,6)

CONTINUE

CENTROIDAL STRAIN INFORMATION.

IF{IOFP2.EQ 0 )GO TO SO
WRITE(MWRITE ,630)

WRITE/MWRITE ,640)

WRITE({MARITE ,644)

DO 40 LNUM=1 ,NET

G11=EPSSI(5, LNUM)

G22=EPLEI(5, LNULM)

G12=EPSF1(5, L1itiM)

CALL PSTRN(G11,C022,G12,SI,DIRI)
G11=EPSS0(5, LNUM)
G22=EPEEO(S, LNUM)

G12=EPSEO(S, LNUM)

CALL PSTRN(G11,G22,G12,S0,DIRO)

WRITE(MWRITE ,650) LNUM,EPSSI(S, LNUM) ,EPSSO(5,LNUM) ,EPEEI(5,LNUM),
2EPEEC(5,LNUM) EPSEI(S,LNUM) ,EPSED(S,LNUM),S1,S0,0IRI,DIROD

CONTINUJE

NODAL AVERAGE STRAINS.

1F(I0OP3 EQ.0)GD TO 55
WRITE(MWRITE ,900)
WR1TE L maRITE ,530)

WRITE(MWRITE ,920)

DO 53 I1=1,NNSA

G11U=0 0DO

G11i=0 CDO

G22U=0.0D0

G221.=0.0D0

G12U=0.0D0

G12L=0.CD0

NNUM=NVSA(II)

DENOIA=0.0D0D

DO 52 Ju=1,4

IF(NCON(JU,11) EQ 0)GO TO S2
DENOM=DENOM+1.000
LNUM=NCON(JJ ,11)
NHH1=NP {1, LI{UM)
NHNN2=HP(2,LNUM)
NNNA=NP(4,LNUM)
XL=XGI (NNN2) ~XGI(NNN1)
YL=YGI (NKN4) ~YGI (NNN1)

SL-0 0C¢C

EL=0.0D0

IF(JJ EQ 2 OR.UJ.EQ 3)SL=1.000
IF(JJ EQ 3.0R.JJ EQ 4)EL=1.0D0
CALL SFOM(SL,EL,XL,YL,GBI,STDEP)
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PO 51 J=1,9
EP(J)=0.0D0
DO 51 K=1,24
NNN=( L NUM=1) *24+K
NN=NODE (NNN)

51 EP(JU)=EP(J)+STDEP(J,K)*DISP{NN)
EPSSM=EP{1)+EP(7)+EP(7)/2.0D0+EP(9)~EP(9)/2.0D0
EPEEM=EP(2)+CP(8)«EP(8)/2.0D0+EP(9)*EP(9)/2.0D0
EFSEM=EP(3)+EP{7)+EP(8B)
G11L=G11L+EPSSM+THALFAEP (4)
G11U=G11U+EPSSM-THALF*EP (4)
G22L=G22L+EPEEM+THALF*ER(5)
G22U=G22U+EPEEM-THALF*EP (5)
G12L=G12L+EPSEM+THALF*»EP (6)
ul2u=G 1 2U+EP 3c-THALF=EP(6)

52 CONTINUE
G1tL=G11L/DENOM
G11U=G 11U/DENCM
G22L=G22L/DENOM
G22U=G22U/DENGM
G12L=G12L/DENCM
Gi12U=G12U/DENCM
CALL PSTRN(G11L,G22L,G12L,S1,D1R1)
CALL PSTRN(G11Y,G22U,G12VU,50,D1IR0)

53 NRITE(MWRITE,GSO)NNUM,GI1L,GllU,G22L.G22U.G‘2L.G12U,SI,SO,DIRI.

+ DIRO
55 CONTINUE
C GAUSS STATION STRAIN PRINTOUT.
IF(I0OP3 EQ.0)GO TQ 70
WRITE(MWRITE ,660)
DO 60 NN=t ,NEGS
LNUM= L NGS (NN )
WRITE(MWRITE ,670) LNUM
WRITE(MwWRITE,€40)
WRITE(MWRITE ,645)
DO 60 NG=1,9
Gl11=EPSSI(NG, LNUM)
G22=EPEEI (NG, LNUM)
G12=EPSET (NG, LNUI4)
CALL PSTRN(G11,G22,G12,S1,DIRI)
G11=LPSSO(NG, LNUM)
C22=EP FEO(NG , LNUM)
G12=EPSEDQ (NG, Liihd)
CALL PSTRN(G11,G22,G12,50,DIR0)

60 URITE(MWRITE.650)NG,EPSSI(NG.LNUM).EPSSU(NG,LNUM),EPEEI(NG,LNUM),

2EPEEO(kG,LNUM),EPSEI(NG,LNUM).EPSEO(NG,LNUM),SI,SO,DIR!.DIRO

70 CONTINUE

C ADDITIONAL STRATN POINTS.
IF{IOP4.EQ.0)GO TO 110
WRITE(MWRITE ,690)
WRITE(MWYRITE ,599)

DO 100 KK=1,NASP
LNUM=LNASP(KK)
SL=SLASP(KK)
EL=ELASP(XK)
NNNT1=NP{1,LNUM)
NNN2=NP(2,LNUM)

NNN4= "(4,LNUN)

XL=XGI (NNN2)~XGI(MNNN1)

9z

1 | ! , ) !

IPRT0134
IPRT0135
1eRTN1 A
1PRT0137
IPRT0138
IPRTC139
IFRT0140
IPRTO141
IPRTO142
IPRT0143
IPRT0144
IPRTO145
IPRTO146
IPRTO147
1PRT0148
1PRTO149
IPRT0150
IPRTO151
IPRT0152
IPRT0153
IPRT0154
IPRTO155

drnaiviov
IPRTO157
IPRT0158
IPRT0159
1PRT0160
IPRTO161

IPRTO162
IPRT0163
IPRTO164
IPRTO165
IPRTO166
IPRT0167
IPRTO168
1PRTO169
IPRTO170
IPRTO171

IPRTO172
IPRT0173
I[PRTO174
IPRTO175
ITRICI7C
1PRTO177
IPRTO178
IPRTO179
IPRTO180
IPRTO181

IPRTO182
I1PRTO183
IPRTO184
IPRTO185
IPRTO186
IPRTO187
1PRT0188
1PRT0189
IPRTO0190
IPRTO191

IPRTQ192
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Lze

C

C

80

-0

100
110

YL=YGI (NNN4) —YGI (NNN1)

CALL SFDM(SL,EL,XL,YL,GBI,STDEP)
DD B0 J=1,9

EP(J)=0.DO

DO 80 K=1,24

NNN= ( LNUM=1) ¥24+K

NN-NOD E ( NNN)
EP(J)=EP(J)+STDEP(J,K)*DISP(NN)

EPSSM=EP(1)+EP(T7)+EP(7)/2.0+EP (9)+EP(S)/2.0
EPEEM=EP(2)+EP(8)«EP(8)/2.0+EP(9)+EP(9)/2.0

EPSEM=EP(3)+EP(7)*EP(8)

DO 100 I1I=1,2

FLT=1 0DO

IF(IT EQ 2)FCT=-1 0DO
G11=EPSSN4+FCT=THALE+EP(4)
C22=EPELM+FCT»THALF=EP(S)
G12=EPSEM+FCT+THALF*EP(6)

CALL PSTRN(G11,G22,G12,SI,DIRI)
00 90 I1=1,2

THET=EDIR(I,hK)*0 1745329251994D~-01

CT=DCOS(THET)
ST-DSIN(THET)

ELONG( I)=G11*#CT*CT+G22*ST*ST+G124CT#ST
ELONG( 1)-DSQRT(1 0+2.0*ELONG(I))~-1.0
IF(1I1 EQ 1)WRITE(MWRITE,700)KK,G11,G622,G12,ELONG(1),ELONG(2),S51,

+ DIRI

IF(I1 EQ.2)WRITE(MWRITE,710)KK,G11,G22,G12,ELONG(1),ELONG(2),51,

+ DIRI
CONTINUE
CONTINUE

CALCULATION AND PRINTOUT OF GAUSS STATION STRAINS ON STIFFENERS.

IF(IOP6.EQ 0)GO TO 190
HA=3
CALL GAUSS(NA,AGAUS,AGAUW)

FOR X-DIRECTION STIFFENERS.

1F(NXSS EQ 0)GO TO 150

WRITE (MWRITE ,780)

IRITE(MYRITE ,785)

WRITE(MJRITE ,790)

DO 140 NX=1, NXSS

NST=INXSS(NX ) ~
LNUWI=LNXS{NST)

MNHT=NP (1, LNUM)

KELN2=NP (2, LNUM)

NNNA=NP(4,LNUM)
XL=XGI (NNN2) =XGI (NNN1)
YL=YGI (NNN3) -YGI (NNN1)
EL=XSPROP(6, NST)

D0 130 NC=1, NA
SL=(1.0C00+AGAUS(NG))/2.0D0
CALL SFDM(SL,EL,XL,YL,GBI,STDEP)
EP(1)=0.0

EP(4)=0 0

EP(7)=0.0

0O 120 v-4,24

NNN=(LNUM=1) *244K

NN=NOD E (NNN )
EP(1)=EP(1)+STDEP(1,K)*DISP(NN)
EP(4)=EP(3)+STDEP(4,K)~DISP(NN)

IPRT0193
IPRTO194
Ioornigs
1PRTO156
IPRTO197
IPRTO1S8
IPRT0199
1PRT0200
IPRT0201
1PRT0202
1PRT0203
IPRT0204
1PRT0205
IPRT0206
IPRT0207
1°RT0208
IPRT0209
IPRT0210
IPRTO211
IPRT0212
IPRT0213
IPRT0214
IPRTO215
1PRT0216
1PRT0217
1PRT0218
IPRT0219
IPRT0220
1PRT0221
IPRT0222
1PRT0223
1PRT0224
IPRT0225
1PRT0226
1PRT0227
1PRT0228
1PRT0229
1PRT0230
IPRT0231
IPRT0232
IPRT0233
IPRT0234
IPRT0235
1PRT0236
IPRT0237
1PRT0238
1PRT0239
IPRT0240
1PRT0241
1PRT0242
1PRT0243
1PRT0244
1PRT0245
1PRT0246
1PRT0247
1PRT0248
1PRT0249
1PRT0250
1PRT0251

-—
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C

120

130
140
150

8cc

C

C
c

170
180
190

EP(7)=EP(7)+STDEP(7,K)*DISP(NN) IPRT0252
NN={NG—=1)*2+1 IPRT0253
STOR(NN)=EP(1)+EP({7)*EP(7)/2.0+{0.S+XSPROP (% ,NST)+XSPRCP (7,067} IMnTC2C4
2+EP(4) IPRTO255
STOR(NN+1)=EP(1)+EP(7)*EP(7)/2.0+(XSPROP(7,NST)~0.5+*XSPROP(1,NST)) IPRT0256
24+EP(4) IPRT0257
CONTINUE 1PRT0258
WRITE(MWRITE ,800)NST,(STOR(J), J=1,6) 1PRT0259
CONTINUE I1PRT0260
FOR Y-DIRECTION STIFFENERS. 1PRT0261
IF(NYSS EQ.0)GO TO 190 IPRT0262
WRITE(MARITE ,810) 1PRT0263
WRITE(MWRITE ,785) IPRT0264
WRITE(MWRITE ,750) IPRT0265
DO 180 NY=1,NYSS IPRT0266
NST=INYSS(NY) IPRT0267
LNUM=LNYS(NST) 1PRT0268
NNN1= JP{1,LNUM) 1PRT0269
NMN2=NP (2, LNUN) IPRT0270
NNNA=NP(4,LNUM) IPRTO271
XL=XGI (NNN2) -XGI(NNN1) IPRT0272
YL=YGI (NNN3)~YGI (NNN1) IPRT0273
SL=YSPPOP(5, MST) 1pRvTNA274
DO 170 NG=1,NA IPRT0275
EL=(1.0+AGAUS(NG))/2.0 1PRT0276/
CALL SFDM(SL,EL,XL,YL,GBI,STDEP) I1PRT0277
EP(2)=0 0 I1PRT0278
EP(5)=0 O 1PRT0279
EP(8)=0 0 IPRT0280
DO 160 h=1,24 IPRTO0281
NiN=( LNUM=1) #+24+h IPRT0282
NN=NOD E ( NNN) 1PRT0283
EP(2)=EP(2)+STDEP(2,h)*DISP(NN) 1PRT0284
EP(5)=EP(5)+STDEP(5,K)*DISP(NN) I1PRT0285
Er18)=cF{6)r3TOEP({B,K)*DISP(NN) I1FRT0286
NH=(NG=1)*2+1 1PRT0287
STOR(NN)=EP(2)+EP(B)*EP(8)/2.0+(0.5%*YSPROP (1,NST)+YSPROP(7,NST)) IPRTO288
2~EP(5) IPRT0289
STOP(NN+1)=EP(2)+EP(8)+EP(B)/2.0+(YSPROP(7,NST)—-0.5*YSPROP(1,NST)) IPRT0290
2+EP(5) IPRT0291
CCNTINUE IPRT0292
WRITE(MWRITE ,800)NST, (STOR(J), U=1,6) IPRT0293
CONTINJE IFRTIZSS
CALCULATION AND PRINTOUY OF SYSTEM ENERGIES. IPRT0295
1F(I0OP7 EQ 0)GO TO 440 1PRTO2S6
ELASTIC STRAIN ENERGY STORED IN STRUCTURE. IPRT0297
FOR PLATE ELEMENTS. IPRT0298
NA=3 IPRT0299
NZ=4 IPRT0300
NSUBL=NMSUB( 1) 1PRTO0301
CALL GAUSS(NA,AGAUS,AGAUW) IPRT0302
CALL GAUSS(NZ,ZGAUS,ZGAUW) IPRT0303
ELAST=0 0O 1PRT0304
S1=1.0/EPAN IPRT0305
$2=~ANUP#S1 1PRT0306
S$3=2 0+(1.0+ANUP)/EPAN I1PRT0307
DO 240 LNUM=1,NET IPRTO308
NNN1=p2 (1, LNUM) IPRTO309

NNN2=112{(2,LNUM)

IPRT0310
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NNHN4=NP(4,LNUM) IPRTO311
HXL=(XGI(NNN2)~-XGI(NNN1))/2.000 IPRTG312
HYL=(YGI(NWRS) -YGI(1NR?) )/2.55¢C irnTazis

DO 240 KS=1,NA 1PRT0314
SW=HXL *AGAUW (KS) IPRTO315

DO 240 KE=1,NA 1PRTO316
EW=HY L * AGAUW (KE) 1PRT0317
JA=KE+ (KS=1) *NA 1PRTO318
STOR1=0.0 IPRT0319

0O 230 LZ=1,NZ 1PRT0320
ST1=0.0 1PRT0321
ST2=0.0 1PRT0322
ST3=0 0 1PRT0323

DO 220 LS=1, NSUBL 1PRY0324
JUZ=LZ+(LS—~1) *NZ IPRT0325
ST1=ST1+SUBW (1,LS)*+TAUSS (LNUM, JZ,JA) 1PRT0326
ST2=ST2+SUBW (1,LS)+TAUEE (LNUM, JZ,JA) IPRT0327

220 ST3=ST3+SUSW (1,L5)*TAUSE (LNUM, JZ,JA) IPRT0328
PROD=S1+(ST14+ST1+5T2xST2)+2.0+S2+4ST1%5T2+S3*ST3+ST3 IPRT0329

230 STOR1=STOR1+PROD+0.5+TH* ZGAUW( LZ) 1PRTO330

240 ELAST=ELAST+STORI#SW*EW/2.0 1PRT0331 /

C  ELASTIC ENERGY IN X~DIRECTION ST IFFENERS. IPRT0332
IF(NXST €Q.0)GO TO 280 1PKIU333

DO 270 NST=1 ,NXST IPRT0334
LNUM=LNXS{NST) IPRT0335
NNN1=NP(1,LnUM) IPRTQ336
NMN2=NP{2, LNUM) IPRTQ337
HXL=(XGI(NNN2)~XGI(NNN1))/2.0D0 1PRT0338
MAT=MATXS(NST) IPRT0339
NSUBL=NMSUB ( MAT) 1PRT0340

St=1 0/XSPROP(3,NST) 1PRT0341
EW=XSPROP(2, NST) 1PRTC342

DG 270 KE=1,NA 1PRT0343
SW=HXL*AGAUW (KE) IPRT0344
STOR1=0 0 1PRT0345

DO 260 LZ=1,NZ 1PRT0346
ST1=0 0 1PRT0347

DO 250 tS=1, NSUBL 1PRTO348
JZ=tZ+ (LS-1) *NZ 1PRT0349

250 ST1=ST1+SUBW (MAT,LS)*TAGSS(NST ,JZ,KE) IPRTO350
PROD=S1+ST1%ST1 IPRT0351

260 STOR1=STOR1+PROD+0.5*XSPROP(1,NST)*ZGAUW(LZ) IPRT0352
70 ELAST=ELASI+STORI*EW*SW/2.0 irRivons
260 CONTINUE 1PRT0354
C ELASTIC ENERGY STORED IN Y-DIRECTION STIFFENERS. 1PRT0355
IF(NYS1.EQ 0)CO TO 320 1PRT0356

DO 310 NST=1,NYST 1PRTO357
LHURM=LNYS(NS T IPRT03%8
HNNA=NP(4,LNUN) IPRT0360
HYL=(YGI(NNNA)-YGI(NNN1))/2.0D0O I1PRTO361
PAT=MATYS(NST} IPRTQ362
NSUBL=NMSUB(I4AT) 1PRT0383
S1=1.0/YSPROP(3,NST) IPRT0364
SW=YSPROP(2, NST) 1PRTO36S

CO 210 XS=1, A 1PRTO366
EW=HYL *AGAUW (hS) IPRT0367
STOR1=0 0 IPRT0368

DO 309 LZ=1,NZ 1PRTO369

STi=0.0 IPRT0370



0€e

300
310
320

c

C

C

(¢} o0

o

330

340

350

360
370
380

400

DO 29G LS=1,NSUBL

JZ=LZ+ (LS=1) *NZ

ST1=ST14SUBU (MAT,LS)+TSGEE(NST, 32, KS)
PROD=S1%ST1x5T1

STOR1=STOR1+ PRCD+0.5*YSPROP(1, NST)+ZGAUW(LZ)
ELAST= ELAST+STOR1 4EWU*SK/2.0

CONTINUE

CALCULAT ION OF ENERGY STORCD IN ELASTIC RESTORING SPRINGS.

SPREN=0.0
IF(NELES.EQ.0)GC TO 380

DO 370 NS=1,NELES
LNUR=LNRS(NS )

ISIDE=ISRS(NS)
NNN1=NP(1,LNUM)
NRN2=NP(2,LNUM)
NNN4=NP{4,LNUM)
XL=AGI (NNN2) -XGI (NNN1)
YL=YGI (NNN4) -YGI{NNN1)

D0 330 I=1,5

$S(1)=SC(1,NS)

CALL SPRING(EK,SS,ISIDE, XL,YL)
L=(LNUM-1)~24

DO 240 I=1,24

LPI=t+1

LL=NODE (LPI)

£Q(1)=DISP(LL)

DO 350 I=1,24

STOR(I)=0.0

DO 350 h=1,24
STOR(I)=STOR(1)+EK(I,K)*EQ(K)
STOR1=0 0

0O 360 I:1,24
STOR1=STOR1+EQ(1)+«STOR(1)
SPREN= SPREN+STOR1/2 0
CONTINUE

CALCULATE KINETIC ENERGY OF THE STRUCTURE.

CINET=0.0
DO 400 I=1,NDT
CINET=CINET+AMASS(I)*VEL(I)*VEL(I)/2.0

CALCULATE KINETIC ENERGY OF THE FRAGMENT.

CINFRT=0.D0
CINFTN=0.DO
DO 420 I=1,3
CINFRT=CINFRT+0 S5D0+FMOI *OMEGF (I)*OMEGF (1)

420 CINFTN=CINFTN+D SDO*FMASS~VF(I }*VF(1)

WORK INPUT TO STRUCTURE EQUAL TO DIFFERENCE BETWEEN INITIAL
AND CURRENT FRACMENT ENERGIES.

EVORK= FKED-C INFRT-CINFTN

CALCULATE PLASTIC wORA BY SUBTRACTION.

PLASTW=EWORK~-ELAST-SFREN-CINET

PRINTOUT ENERGIES.

WRITE(MWRITE ,720)
WRITE(MWRITE ,725) CINFTN
WRITE(MWRITE ,728) CINFRT
WRITC('4 RITC,738) CVORK
WRITE(MWRITE ,740) CINET
WRITE(MWRITE ,750) ELAST
WRITE(MWRITE ,760) PLASTW
WRITE ! MWRITE ,770) SPREN

I | ‘ I 3 5

IPRT0371
IPRT0372
1"“‘\1’1_\'_7'13
IPRT0374
IPRTO0375
1PRTO376
IPRT0377
1PRT0378
IPRT0379
IPRTO380
IPRTO381
IPRT0382
IPRTO383
1PRT0384
IPRT0385
1PRTO0386
IPRT0387
IPRT0388
IPRT0389
IPRT0390
IPRT0391
IPRT0392
10070303
IPRT0394
IPRT0395
IPRT0386
IPRT0397
IPRT0398
IPRT0399
IPRT0400
IPRTG401
IPRT0402
I1PRT0403
IPRTO0404
IPRT0405
IPRT0406
IPRTCA407
IPRT0408
IPRT0409
IPRT0410
IPRTO0411
IPRT0412
I1PRTO0413
IPRT0414
IPRT0415
IPRT0416
IPRT0417
IPRTO418
IPRT0419
IPRT0420
IPRT0421
IPRT0422
1PRT0423
IPRT0424
IPRT0425
IPRT0426
IPRT0427
IPRT0428
IPRT0429
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500
559
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570
600
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620
630

640

644
645
650
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670
690

695

700
710
720
725
726
730

750
760

~n
v lw

780
785
790
800
810
900
920
950

960

CONTINUE 1PRTC430
CONTINUE IPRT0431
FORMAT ('0',' REACTICM FORCES AT CONSTRAINED NODES') IPRTNAN
FORMAT ('0',2X, '"NODE*,4X, 'RX(LBS)*,8X,'RY(LBS)',8X,'RZ(LBS)',7X, IPRTQ433
2'MX(LBS-IN)"' ,5X, 'MY(LBS~IN)',5X, 'MAY{LBS—-IN-IN)®) IPRT0434
FORMAT (' ',16,6D15.5) IPRTO0435
FORMAT ('0',* *rxex INCR NO.=',I15,2X,'TIME=',D12.4,1X,'SEC."') IPRT0436
FORMAT ('0', ' NODE',6X,'U' , 12X, 'V' 12X, 'W' 11X, 'PSIX*,9X, 'PSIY*,9X, IPRT0437
2 TWIST',7X, ' X-POS ',7X,'Y-POS.*,7X,'Z-P0OS.") IPRT0438
FORMAT (' ',14,9D13 5) 1PRT0439
FORMAT ('O, ' STRAIN COMPONENTS, FRINCIPAL(TENSILE) STRAIN AND DIRECIPRT0440
2TION AT CENTROID OF EACH ELEMENT') IPRTO0341
FORMAT('0',14X,'EPS-X STRAIN', 12X,'EPS~Y STRAIN',12X,*'SHEAR STRAINIPRT0442
2',12X, '"PRINC. STRAIN(T)',10X,'DIRECTION(DEG.)"') IPRT0443
FORMAT (' ', 'ELEM ',5(7X, 'INNER',7X, 'OUTER')) IPRT0444
FORMAT (* ','STA. ',5(7X, 'INNER"',7X,'OUTER')) IPRT0445
FORMAT (' ',I4,1X,10D12 3) IPRT0446
FORMAT ('0',' STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECIPRI0447
2TION AT GAUSS STATIONS FOR SELECTED ELEMENTS') IPRT0448
FORMAT ('0',' RESULTS FOR ELEMENT NUMBER',IS) IPRT0449
FORMAT ('0', ' STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECIPRT0450
27TI0ON, AND ELONGATIONS AT SPECIFIED ADDITIGNAL POINTS') IPRTO451

FORMAT ('0', ' POINT NO.',2X,'SURFACE*,2X.'"EPS—X STRAIN',2X 'EPS-Y STIPRT0452
2RAIN', 2X,'SHEAR STRAIN',1X,'ELONG.(DIR.1)*,1X,'ELONG. (DIR.2)',1X, IPRT0453

3'PRINC. STRN(T)',1X,'DIRECTION (DEG.)") IPRT0454
FORMAT (' ',17,5X,'INNER',1X,7D14.5) IPRT0455
FORMAT (' ',17,5X,'OUTER',1X,7D14 5) IPRT0456
FORMAT ('0*, ' SYSTEM ENERGIES(IN~-LB)') I1PRT0457
FORMAT (* ' ,5X,'FRAG. TRAMNSLATIONAL KINETIC ENERGY =',D15.7) IPRTO458
FORMAT (* ',5X,'FRAG ROTATIONAL KINETIC ENERGY =',015.7) IFPRT0459
FORMAT (' ',54, 'WORK INPUY TO STRUCTURE =',D15.7) IPRTQ460
FORMAT (' *',5K,'STRUCTURE KINETIC ENERGY =',015.7) IPRT0461
FORMAT(' ',5X,'STRUCTURE ELASTIC ENERGY =',015.7) IPRT0462
FORMAT (' ',5X,'STRUCTURE PLASTIC ENERGY =',D15.7) IPRT0463
ToRWAT (! ',CSX,'CNCRGY STORED IN ELASTIC RESTRAINTS=',015.7) IPRTO4€AQ
FORMAT ('0', ' STRAIN, EPS-XX, AT GAUSSIAN STATIONS ON SPECIFIED X-DI IPRTC465
2RECTION STIFFENZRS?) IPRT0466
FORMAT ('0', ' STIFFENER',14X,'STATION 1',15X,'STATION 2',15X, IPRT0467
2'STATION 3') IPRT0468
FORMAT (* *',' NUMBER',S5X,3(7X,'INNER',7X ,'OUTER')) 1PRT0469
FORMAT (' ',15,7X,6D12 4) IPRT0470
FCRMAT ('0', ' STRAIN, EPS-YY, AT GAUSSIAN STATIONS ON SPECIFIED Y-DIIPRT0471
2RECTION STIFFENEPSY) innToaTn
FORMAT ('0*', ' STRAIN COMPONENTS, PRINCIPAL (TENSILE) STRAIN AND DIREIPRT0473
2CTION AT USER-SPECIFIED NODDES') IPRT0474
FOPMAT (* ', 'NODE ',S5(7X, 'INNER',7X, 'OUTER')) IPRT0475
FORMAT ('0', ' FRAGMENT GLO3AL LOCATION AND VELOCITY COMPONENTS') IPRT0476
FORMAT (* '.QX.'X—LOC'.QX.'Y‘LOC',SX,'Z-LOC‘.QX,'VEL-X',9X,‘VEL-Y‘,IPRTO477
29X, 'VEL-Z',7X, 'OMEGA-X', 7X, 'OMEGA-Y' ,7X, ‘OMEGA-2Z") IPRT0478
FORMAT (* ',9D14 &) IPRTO0479
RETURN - IPRT0480

END IPRT0481

—
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CIVM=PLATE 1 COMPUTER CODE.

THIS DUMMY MAIN PROGRAM 1OR THL CIVM PLATE PRUGRAM RCQUIRCS
THCSC SUBROUTINES:
ARRY ,ASS CAMIC, DCONMK, COLLSN, CAROW, FACT, GAUSS, | FRAG,
IMAINP, [HAPACT, IMPDS, IMPSS, INTRAC , IPRINT ,LMASSP,
MESHPA ,MESHPM, 0AULT , PROTOP ,PSTRN ,RCON,RPLATE ,SFDM,
SOLV,SPRING,STRLSA,STRESC,STRESP ,TSTLP.

ILLUSTRATIVE EXAMPLE FOR CIVM PLATE PROGRAM ~ FULL MODEL.
SMALL STRAIN FORMULATION VERSION WRITTEN B8Y R. L. SPILKER

ASRL TR 154-14..,,...0RIGINAL REPORT VERSION OF PROGRAM '
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

DUMMY MAIN PROGRAM WHICH PROVIDES DIMENSIONS FOR THOSE ARRAYS

(VECTORS) WHOSE DIMENSIONS ARE PRODLEM DEPENDENT,

THE FOLLOWING ARRAYS MUST BE DIMENSIONED BY THE USER AS SHOWN;
DIMENSION DELO(NDT),DIS(NDT),DISP(NOT),DISMI1(NDT),DISM2{NDT),
FLN(NDT),FLVA(NDT),FLVM(NDT) , FLVP{NOT),VEL(NDT) ,ICOL(NDT),
INUM(NDT) ,KROW(NDT), NDEX(NDT) STF(MNC), AMASS(NDT ) NP(4,MAXEL),
NODE(24+MAXEL) , TAUSS(MAXEL,4%WNSL,9), TAUSC(MAXEL 4+MNSL,9),

{EPEEQ(9.,MAXEL), EPSE!(Q MAXEL) ,EPSEQ(9,MAXEL). NBC(NB) BC(NB).
RFM(NBE,MBWE),ILAST(NBE).UCFI(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},

PMASS (NNT), VN(3,NIAN) ,VNB(3,NIAN) ,SI(NIAN) NEFF{NIAN),ALPHA (NIAN)

WHERE,

ELEMENT MODEL = 6%¥NNT.

MNC s ESTIMATED NUMBER OF WORDS OF STORAGE FOR THE ASSEMBLED
STIFFNESS MATRIX (LOWER TRIANGLE STORED BY ROWS FROM FIRST
NONZERD TERM),

tAAXEL s NUMBER OF ELEMENTS IN FINITE-ELEMENT MODEL,

MNSL = MAX]MUM NUIADER OF MECHANICAL SUBLAYERS EMPLOYED.
NOTE~~ MNSL MUST BE LESS THAN OR EQUAL YO 5, .

NB s CSTIMATED NUMBER OF CONSTRAINED DEGREES OF FREEDOM PRIOR
70 ELIMINATION OF DUPLICATES,

NBE v ESTIMATED NUMBER OF CONSTRAINED DEGREES OF FREEDOM AFTER

ALL DUPLICATES HAVE BEEN ELIMINATED (3F I0PS5 s 1),

1 IF 10P5 = 0

MBWE & ESTIMATED MAXIMUM BANDWIDTH OF ASSEMBLED STIFFNESS MATRIX
AT A CONSTRAINED DEGREE OF FREEDOM (IF IOPS s 1),

o000 OO0O0O0000000000000O000000O0000OG000 o

= | 1F I0PS =5 O .
MNXST = MAXIMUM NUMBER OF X-DIRECTION STIFFENERS. .
= 1 JF NO X-DIRECTION STIFFENERS,
MNYST = MAXIMUM NUMBER OF Y-DIRECTION STIFFENERS.

IMANGQOO

“IMANOOO1

IMANOOO2
IMANOOOG3
IMANOOO4
IMANOOOS
IMANOOOG
IMANOOO7
IMANOOQOS
IMANOOOS
IMANOO1O
IMANOO1 ¢t
IMANOO12
IMANOO13
IMANOO14
IMANGO 1S
IMANOO16
IMANOO17
IMANOO18
IMANOO19
1MANOO20
IMANOO21
IMANOQ22

TAUEE (MAXEL ,4+MNSL,9) ,EPSSI(9,MAXEL), EPSSO(9,MAXEL),, EPEE[(B MAXEL) IMANOO23

IMANDO24
IMANO02S
IMANO026
IMANOO27
IMANOO28
IMANOO29
IMANOQ30
IMANOO31t
IMANOQ32

NNT s TOTAL NUMBER OF NODES IN THE ASSEMSLED FINITE-ELEMENT MODELIMANOO33
NDT = TOTAL NUMBER OF DEGREES OF FREEDOM IN TYTHE ASSEMBLED FINITE-IMANOO34

IMANO035
IMANOOQ36
IMANOOQ37
IMANOO38
INMANOO39
IMANOOA40
IMANOOA41
IMANOOA42
IMANGOA43
IMANOO44

- IMANO04S

IMANOQ46
IMANOODA47
JMANOO4SB
IMANO049
IMANOOSO
IMANOOS1
IMANOQS2
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C DE

500

600

610
620
630
640
650
660
670
680

MNSLT4

1 IF NO Y-DIRECTION STIFFENERS.

TOTAL HUMBER OF ELCMENT SIDES ON WHICH LINE RESTORING
SPRINGS ARE LOCATED.

I IF NO RESYORING SPRINGS ARE PRESENT.

4+MNSL

MAXTHMUM NUMBER OF NODES REQUESTED FOR STRAIN QUTPUT

(IF 10P8=1).

ESTIMATED MAXIMUM NUMBER OF NODES WHICH WILL BE AFFECTED
BY A SINGLE IMPACT,

IMPLICIT REAL+8(A-H,0-2)

DIMENSION DELD(450),D1S(450),DISP(450),D15M1(450),01SM2(450),
2FLN(450) ,FLVA(450) ,FLVM(450),FLVP(450),VEL(450),1C0L(450),
3INUM(450) ,KROW(450),NDEX(450) ,STF(16335) ,AMASS(450), N
4NP(4,56) ,NODE(1344),TAUSS(56,12,9), TAUSE(56,12,9), TAUEE(56,12,9),
SEPSS1(9,56) ,EPSSO(9,56) ,EPEEI(9,56) ,EPEEOD(9,56) ,EPSEI(9.56),
B6EPSED(9,56) ,NBC(60),BC(GO),RFM(1,1),ILASY(1),UCF1(1),UCF2(1),
7XG(75),YG(75),2G(75) ,XG1(75),YGI(75),TAGSS(1,12,3),LNXS(1),
BXSPROP(7,1) ,MATXS(1) ,TSGEE(28,12,3) ,LNYS(28),YSPROP(7,28) ,MATYS(28
9),LNRS(28), ISRS(28),SC(5,28) ,NVSA(8) ,NCON(4,8),PMASS5(75) ,VN(3,75),
A VNB(3,75),SI(75) .NEFF(75),ALPHA(7S)

COMMON/BAS/NDT ,NET ,MN,NB ,NIRREG ,MNC

CONMMON /INQUT/ MREAD,MWRITE,MPUNCH

FINE CARD READER, LINE PRINTER AND CLARD PUNCH UNIT NUMBERS.

MREAD = S .

MURITE = 6

IMPUNCH = 7 .

READ(MREAD, 500 )MAXEL ,MNSL ,MNXST ,MNY ST ,NBE ,MBWE , MNC,NIAN

FORMAY(8110)

WRITE (MWRITE,600)

VRITE (MWRITE,B10) MAXEL

WRITE(MWRITE,620) MNSL

VIRITE (MWRITE,530) MNXST

WRITE(MURITE,640) MNYST

WRITE (MWRITE,650) NBE

VRITE(MWRITE,GB0) MBWE

VWRITE(MURITE,G70) MNC

WRITE(MWRITE,680) NIAN

FORMAT ('1 CIVM-PLATE 1 COMPUTER CODE (SMALL STRAIN THEORY) § USER’
+INPUT FOR ARRAY DIMENSIONS') v T e e )

FORMAT(* ', 'MAXEL =',110)

FORMAT(* *, 'MNSL =',110)

FORMAT(' !, 'MNXST =x',110)

FORMAT(' :.'MNYST =',110)
'
l'

NRSS

MNNSA

N1AN

FORMAT (' 'NBE =!',110)

FORMAT (! 'MBWE s',110)

FORMAT( ' 'MNC =',110)

FORMAT(' ', 'NIAN =',110)

MNSLTA4=MNSL +4

CALL INAINP(DELD,DIS,DISP,DISMY,DISM2,FLN, FLVA, FLVM,FLVP,
2VEL, ICOL, INUM, KROM ,NGEX, STF,AMASS ,NP,NODE, TAUSS, TAUSE , TAUEE,
3EPSS1,EPSSO,EPEE],EPCED,EPSET ,EPSEO,NBC,BC,RFM, ILAST ,UCF1,UCF2,
4XG,YG,2G,XGI,YGl,TAGSS, LNXS,XSPROP, MATXS, TSGEE, LNYS, YSPROP , MATYS,
5LNRS, ISRS,SC,MAXEL ,MNSL ,MNSLT4 ,NBE, MBWE ,MNXST,MNYST ,NVSA,NCON,

IMANOOS3
IMANQOS4
IMANOOSS
IMANOOSGE
IMANOOS?
IMANOOS8
IMANOOS9
IMANOOGO
IMAN0 061
IMANOOG2
IMANOOG3
IMANO 064
IMANOO65
IMANOOGE
IMANOOG7
IMANOOGS
IMANOOG9
IMANOO70
IMANOO7 1
IMANOO72
IMANDO73
IMANOO74
IMANQO75
IMANOO76
IMANOO77
IMANOO78
IMANOO79
IMANOOBO
IMANOOBT
IMAN0OB2
1MANOOB3
IMANOOB4
IMANO 085
IMANOOBSE
IMANOOB7
IMANOOQGS
IMANOOBY
IMANOO90
IMANO D091
1MAN0092
IMAN0093
IMANQO94
IMANOQ9S
IMAN0096
IMAN0 097
1MANO098
IMANO099
IMANO100
IMANO 101
IMANO 102
IMANO 103
1MANO 104
IMANO 105



801 ONVYW]
LOVONVYWI
901 ONVINI

an3
11x3 1Y)
(NVIN'VHSIV' 443N IS ONA'NA"' SSYVI49

234



SECTION 7

PLATE 1 CODE EXAMPLE: TRANSIENTLY-LOADED
NARROW RECTANGULAR PLATE

To illustrate the use of the PLATE 1 computer program, a narrow
rectangular plate with both ends clamped is analyzedf The plate is subjected
to a prescribed distributed vertical-direction transient external loading.
Three alternate finite-element modelings are described, and the associated
input data for each are shown. However, for conciseness, solution output
data are given for only one of these models; these results can be employed
by the user to check the adaptation of PLATE 1 to his particular computing

facilitaes.

7.1 Problem Description

A narrow rectangular uniform-thickness aluminum plate with both ends
ideally clamped and both sides free 1s subjected to a uniform w-direction
triangular time-pulse pressure loading Fi = P, = p, = 21,934.4 ps1 for a
25-microsecond duration, as depicted in Fig. 16. This pressure loading
covers the entire width of the plate and a 1.80-in spanwise region centered
at the midspan station. This plate 1s of 0.102-in thickness, 1.497-in
width, and 8.00-in span.

The 1nitial mass per unit volume po of this plate material 1is assumed
to be 0.25384 x 10"3 (lb—secz)/in4. The uniaxial stress-strain (J,€)
properties of the plate material are represented by a 3-sublayer version
1 = 44,200 psa,
= 76,400 psi, 0.615;

of the mechanical-sublayer material model, defined by Ol,E

0.00442 1in/in; 02,82 = 49,200 ps1, 0.0760; and O_,€

this behavior is described as elastic, strain haideilng (EL-SH). In addition,
1t 1s assumed that this material yields in a rate-dependent fashion with the
strain-rate constants assumed to be 4 = 6500 sec-l and p = 4; this material
1s thus described concisely as of EL~SH=-SR type where SR denotes that the
material 1s strain-rate sensitive. Also, 1t 1s assumed that this initially-
1sotropic material has an elastic (Young's) modulus of 10 x 106 psi and a

Poisson ratio of 1/3.

*
Additional examples and transient response predictions obtained by using the

PLATE 1 program are described in Subsection 7.2 of Ref. 14 as the "small
strain" calculations.
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The generalized nodal loads for a plate element of dimensions

(a,b) subjected to externally-applied locads Fi = F? = Fi = Fi = Fs =

(%,y)
B A A o .
= Fy = 0 and Fz = po (psi) -~ (see Subsection A.l.3.4 and Egs. A.54)

F_= FA
z X

-- can be shown for the present LLC plate element to be:

Degree of Freedom (DOF)+

1 v w v v RS
3x 3y Ixdy

Node 1l 2 3 4 5 6
1 0 <0 ab a2b ab2 a2b2
4 24 24 144
5 0 o ab a’s ab® _ a’p’
4 24 24 144
3 0 0 ab _ a2b _ ab2 azb2
4 24 24 144
4 0 0 ab ab ab2 _ a2b2
4 24 24 144

These values apply for a unit value of uniform pressure loading bgi hence,
1f p, = po(t), the appropriate corresponding element nodal loads are
obtained by multiplying the above values by po(t).

For each of the three modelings emploved, 1t i1s necessary to provide
a specific version each of subroutines EXTL (prescribed transient external
loading) and INCOND (initial conditions). A listing of the subroutines for

each of these three example modelings follows.

+ . R
See Fig. 2 for definitions and signs of these generalized displacements;
the positive generalized loads are defined consistent with these directions.
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ASRL TR 154-14....
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J
Subroutines

1

] i ]
for the Full-Plate Model

SUBROUTINE EXTUL(ELV,ITT,NP ,NODE,XGI,YGIl,GBI)
IMPLICIT REAL+8(A-H,0-2Z)

.+.ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE PLATE PROGRAM.

THIS VERSION IS FOR THE EXAMPLE OF A RECTANGULAR PLATE, CLAMPED

ON THE TOP AND BOTTOM EDGES,

IMPULSIVE LOAD APPLIED SYMMETRICALLY TO ITS CENTRAL REGION.
DIMENSION ELV(1),NP(4,1) ,NODE(1),XGI(1),YGI(1),GBI(24,24)

THIS USER-PREPARED SUBROUTINE IS USED TO GENERATE THE NODAL
GENERALIZED FORCLS CORRESPONDING TO PRESCRIBED EXTERNALLY~APPLIED
FORCES AT TIME T SUB M (=M+DELTA T) AS DESCRIBED IN SUBSECTION 4.6.2
AND CORRESPONDING TO THE DEVELOPMENT IN SUBSECTION A.1.3.4,

DEFINE S1ZE OF VECTOR CONTAINING UNIT LOAD OVER ALL DOF IN CENTRAL
REGION OF PLATE.

COMMON /BAS/ NOT,NET,MN,NB,NIRREG,MNC
COMMON/TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, 10UT,ITIME
COMMON /INOUT/ MREAD,MWRITE,MPUNCH
DEFINE TIME AT WHICH LOAD DROPS TO ZERQ AND MAX VALUE OF IMPULSE.
DATA TEND/25.D—G/,AMAXP/219344DO/

DEFINE FIRST AND LAST DOF IN LOADED REGION,

DATA 1DOF/121/,LDOF/270/

FREE ON THE OTHER TWO EDGES

DEFINE VALUES OF UNIT LOAD AT EACH DOF IN LOADED REGION.

DP2O0OONONHWN -

QOPOOONOUDLWN=

DATA AL1/2+0.D0,.42103120-1,

+2+0.D00,.84206250-1,
»2+0.00,.84206250-1,
+2+¢0.D0,.84206250-1,
+2*0.D0,.4210312D~1,
+240.00,.84206250-1,
12+0.00,.16841250+0,
¢2%0.00,.16841250+0,
+240.00,.16841250+0,

.2626182D0-2,
. 0000000040,
. 0000000040,
. 0000000040,

-.2626182D0-2,

. 52523650-2,
. 0000000D+0,
. 0000000040,
. 0000000D+0,

+2%0.D0,.8420625D-1,-.52523G65D-2,

+2+0.D0, .8420625D0~-1,

+2+0.D0,.1684125D+0,
DATA AL2/240.00,.1684125D+0,

+12+0.00,.16841250+0,
12+0.00,.84206250~1,
+2»0.D0,.84206250-1,
+12+0.00,.16841250+0,
+240.00,.16841250+0,
+240.D00,,16841250D+0,

.5252365D-2,
.00N0000D+0,
. 00000000+0,
.0000000D+0,

-.52523650-2,

. 52523650~2,
. 0000000040,
. 0000000D+0,
.00000000+0,

+2¢+0.00,.84206250~-1,~, 525236502,

+2+0.00,.42103120~1,
+2+%0.00,.84206250~1,
+240.00,.849206250D0~1,
12+6.00,.849208250~1,

C ZERO OUT LOAD VECTOR.

00 1 I=1,NDT

1 ELV(1)=0.000

.26261820-2,~
. 0000000040, ~
.00000000+0,~
. 00G00000+0, -

.31577340-2,
.6315468D-2,
.63154680-2,
.6315468D-2,
.31577340-2,
.00000000+0,
.0000000D+0,
.00000000+0,
.00000000+0,
.00000000+40,
.00000000+0,

.0000000N+0.

.00000000+0,
.00000000+0,
.0000000040,
.00000000+0,
.0000000D+0,
.00000000+40,
.00000000+0,
.0000000D+0,
.3157734D-2,
.63154600-2,
.63154680-2,
.6315468D-2,

+2%0.00,.4210312D~1,~.26261820-2,~-,31577340-2,

EXTLOCOO
EXTLOO0O1

UYL ANAM
vt v v Va

EXTL0003
EXTLO00O4
EXTLO00S
EXTLOOQOG6
EXTLO0O7
EXTLOOOB
EXTLO0O09
EXTLOO10
EXTLOO11
EXTL0012
EXTL0013
EXTLO014
EXTLOO1S
EXTLOO016
EXTLOO017
EXTLOO18

WITH AN

WIDTH OF LOADED REGION IS 1,497 IN.,LENGTH IS 1.8 IN.EXTLOO19
DIMENS ION ALOAD(150),AL1(72),AL2(78)
EQUIVALENCE (AL3(1),ALOAD(1)), (AL2(1),ALDAD(73))

EXTLO020
EXTLOO21
EXTLOO22
EXTLO023
EXTLOO24
EXTLO025
EXTL0026
EXTLO027
EXTLOO28
EXTL0029
EXTLQOO30
.1969637D-3EXTLO031
.0000000D+0EXTLOO32
.0000000D+0EXTLO033
.0000000D+0EXTLOO34
~.1969637D~3EXTL0O035
.0000000D+0EXTLOO36
.0000000D+0EXTLOO37
.0000000D+0EXTLOO38
.0000000D+0EXTLO039
.0000000D+0EXTLOOA0
.00000000+0EXTLOO4 Y
NODNO0NNLN/FXTLION4D
.0000000D0+0EXTLO043
.0000000D+0EXTLOO44
.0000000D+0EXTLO04S
.0000000D+0EXTLO046
.0000000D+0EXTLO047
.0000000D+0EXTLOO48
.0000000D0+0EXTLO049
.0000000D+0EXTLO0OS50
~.1969637D~3EXTLO0S
.0000000D+0EXTLO052
.0000000D+0EXTLO0S3
.Q0000000+0EXTLOOS4
.19696370~3/ EXTLO0SS
EXTLO056

EXTLOOS7

EXTLO0SS
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C IF THIS TIME STEP IS BEYOND LAST TIME OF IMPULSE RETURN WITH
C EXTERNAL LOAD VECTOR SET TO ZERO.
TYM=(ETT-1)*DELTAT
IF(TYM .GT. TEND) RETURN
C INTERPOLATE TO FIND MAGNITUDE OF IMPULSE AT THIS TIME.
AMULT = AMAXP* (TEND-TYM )/ TEND
C FILL IN VALUES OF LOAD IN CENTRAL REGION OF PLATE.
DO 2 1=1DOF, LDOF
J=I-IDOF+1
2 ELV(I)=AMULT*ALOAD(J)
C OUTPUT LOADS IF THIS IS A REGULAR PRINTING CYCLE.
I11=1TIME/INCRT*INCRT-ITIME
IF(IT1I.NE.O) RETURN
NNT=NDT/6
WRITE(MWRITE (100) TYM ,(J,J=1,6)

EXTLOOS9
EXTLOOGO
EXTLOOG1
EXTLO062
EXTLO063
EXTLO0G4
EXTLOO6S
EXTL0066
EXTLQOG67
EXTLOO0ES
EXTLO069
EXTLOO70
EXTLOO71
EXTL0O072
EXTLOO073

100 FORMAT (1HO/1HO,10X,'TIME=",D016.6,* SEC.'/1H ,33(1H.),' EXTERNALLY AEXTLO074
+PPLIED USER SPECIFIED LOADING',33(1H.)/1H ,6X,'NODE',6(7X,'DOF¥#*, EXTLOO7S

& 11,3X)/8X,3(10X,'(LBS)'),1X,3(7X,'(IN-LBS)"'))
I1=1
DO 3 I=1,NNT
12=6*1
WRITE(MWRITE,101) I,(ELV(J),u=11,12)
1121241
3  CONTINUE
101 FORMAT(6X,13,2X,6D15.6)
RETURN
END
SUBROUTINE INCOND(DISP,VEL,NP,NGODE,XGI,YGI)
IMPLICIT REAL*B(A-H,0-Z)

ASRL TR 154-14..... ..ORIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE PLATE PROGRAM.

AOOCOO0O

DIMENSION DISP(4),VEL(1) ,NP(4,1),NODE(1),XGI(1),YGI(1)
COMMON /BAS/NDT ,NET ,MN,NB ,NIRREG,MNC

DIFFERENCE SOLUTION OF THE GOVERNING EQUATIONS OF MOTION (SEE
SUBSECTION A.3).

OOoO0O0O0O0O00O0O00

DO 10 I=1,NDT

DISP(1)=0.0D0
10 VEL(1)=0.000

RETURN

END

THIS USER~-PREPARED SUBROUTINE IS USED TO SPECIFY THE INITIAL (TIME
ZERO) CONDITIONS ON THE PLATE NODAL DISPLACEMENT AND VELOCITIES,
(Q ZERO)* AND (Q DOT ZERO)*, RESPECTIVELY, REQUIRED FOR THE FINIYE=-

DUMMY ROUTINE - SETS VELOCITY AND DISPLACEMENT TO ZERQ INITJIALLY.

EXTLO076
EXTLOO77
EXTLOO78B
EXTLOO79
EXTLO080
EXTLOOB1
EXTLO0B2
EXTLO0B3
EXTLOO084
EXTLOOBS
INCDOOQO
INCDOOO1
INCD0002
INCDQ003
INCDO004
INCDO0OOS
INCDO006
INCD0007
INCDOOOB
INCD0O009
INCO0010
INCDOO11
INCDOO12
INCDO0O013
INCDOO14
INCDANE R
INCDOO16
INCDOOQ17
INCDOO18
INCDOO19
INCDOO20
INCD0021
INCD0022
INCD0023
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Subroutines for the Half-Plate Model

SUBROUTINE EXTL(ELV,ITT,NP,NODE,XGI,YGI,GBI1) EXTL1000
IMPLICIT REAL¢B(A~H,0-2) EXTL1001
EvILiona

ASRL TR 154-14.......0RIGINAL REPORT VERSION OF PROGRAM EXTL1003
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 EXTL1004
EXTL1005

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE PLATE PROGRAM. EXTL1008
EXTL1007

THIS VERSION IS FOR THE EXAMPLE OF A RECTANGULAR PLATE, CLAMPED EXTL1008
ON THE TOP AND BOTTOM EDGES, FREE ON THE OTHER TW0 EDGES WITH AN EXTL1009
IMPULSIVE LOAD APPLIED SYMAETRICALLY TO 1TS CENTRAL REGION, EXTL1010
EXTLIO1Y

ONLY THE RIGHT HALF OF THE PLATE 1S MODELLED USING THE SYMMETRY EXTL1012
CONDITION ON THE LEFT EDGE. THIS IS THE SINGLE SYMMETRY CASE, EXTL1013
DIMENSION ELV(1),NP({4,1) NODE(1),XGI(1),¥GI(1),GBI(24,24) EXTL1014
EXTL1015

THIS USER-PREPARED SUSROUTINE IS USED TO GENCRATE THE NODAL EXTL1016
GENERALIZED FORCES CORRESPONDING TO PRESCRIBED EXTERNALLY-APPLIED EXTL1017
FORCES AT TIME T SUB M (=M+DELTA T) AS DESCRIBED IN SUBSECTION 4.6.2 EXTL1018
AND CORRESPONDING TO THE DEVELOPMENT IN SUBSECTION A.1.3.4, EXTL1019
EXTL1020

DEFINE SIZE OF VECTOR CONTAINING UNIT LOAD DVER ALL DOF IN

CENTRAL EXTLIO21

REGION OF PLATE. WIDTH OF LOADED REGION 1S .7485 IN, LENGTH IS 1.8 IN,EXTLIN22

DIMENS 10N ALOAD(90) EXTL1023
COMMON /BAS/ MNDT,NET,MN,NB,NIRREG,MNC EXTL1024
COMMON/TIM/DELTAT, TINEF, TIME, I TIMEF, INCRY, IOUT, ITIME EXTL102S
COMNON /INOUT/ MREAD,MWRITE ,MPUNCH EXTL1026
EXTL1027

USE DATA STATEMENTS FOR VALUES WHICH WILL NOT CHANGE THROUGHOUT RUN, EXTL1028
EXTL1029

DEFINE TIME AT WHICH LOAD DROPS TO ZERO AND MAX VALUE OF IMPULSE. EXTL1030
DATA TEND/25.D-6/,AMAXP/21934. 400 EXTL1031
DEFINE FIRST AND LAST DOF IN LOADED REGION. EXTL1032
DATA 1DOF/73/, LDOF/162/ EXTL1033
DEFINE VALUES OF UNIT LOAD AT EACH DOF IN LOADED REGION, EXTL1034
DATA ALOAD/2+0 00,.4210312D-1, 26261820-2,.3157734D-2, ,19696370~3 EXTL1035S

1 +2*0 C0,.84206250~1, .00000000+40, .63154680-2, .00000000+0EXTL1036

2 ,2%0 DO, 42103120-%,-,2626182D-2, .31577340-2,-,19693370-3CXTL1037

3 ,2+0,D0,.84206250-1, $2523650-2, .00000000+0, .0000000D+0EXTL1038

4 .2+0 DO,.1684125D+0, 00000000+0, .0000000D+0, .0000000D+0EXTL1039

S 4240 DO,.84206250~1,~.52522650-2, .00000000+0, .0000000D+0EXTL1040

6 4240 0O, B84206250-1, .52523550-2, .0000000D+0, .00000000+0EXTL104Y

7 1240.00,.1684125D+0, .00000000+0, 0000000040, .0000000D+0EXTL1042

8 +240.D0, B4320625D-1,-,52523550~-2, .00000000+0, .000CI00D+0EXTL1043

9 .2+0 DO, 84206250-1, ,5252335D-2, 00000000+0, .0000000D+0EXTL1044

A +2+0.00, 1681125D+0, .00000000+0, .0000000D+0, ,000000CD+0EXTL104S

8 +2+0 CO,.8420625D-1,~,52523650-2, 0000000D+0, .0000000D+0EXTL1046

c 12%0.00, 4210312D-t, 26251820-2,~.31577340-2,-,1969637D-3€EXTL1047

D .240 DO, 84206250-1, 00000000+0,~ 63154G8D-2, .0000000D+0EXTL1048

E 1240 D0,.42103120-1,-.26261820-2,-.31577340~2, ,19696370-3/EXTL1049
2ERO OUT LOAD VECTOR. LXTL1050
00 1 I=1,NDT EXTL1051

t ELV(I)=0 0DO EXTL1052
TYMa(ITT=-1)sDELTAY EXTL1053

IT TIIS TIIS SYCF IS CEYOHD LAST TINE OF IMPULSE RETURN WITH EXTL1054
EXTERNAL LOAD VECTOR SET TO 2ERQ. EXTL1055
1F(TYM  GT. TEND) RETURN EXTL1056
INFERPOLATE TO FIND NAGNITUDC OF IMPULSE AT THIS TIME. EXTL10S7
AMULT = AMAXPe (TCND~TYM )}/ TEND EXTL10S8
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C FILL IN VALUES OF LOAD IN CENTRAL REGION OF PLATE.
DO 2 1=1DOF,LDOF
J=1-IDOF+1
2 ELV(I)=AMULT +ALOAD(J)
C OUTPUT LOADS IF THIS IS A REGULAR PRINTING CYCLE.
111=1TIME/INCRT+INCRT-1T IME
IF(I11.NE.O) RETURN
NNT=NDT/6
WRITE(MWRITE,100) TYM ,(J,J=1,86)

EXTL1059
EXTL1060
EXTL10CH
EXTL1062
EXTL1063
EXTL1064
EXTL1065
EXTL1066
EXTL1067

100 FORMAT (1HO/1H0,10X,'TIME=',D16.6,"' SEC.'/1H ,33(1H.),' EXTERNALLY AEXTL1068

+PPLIED USER SPECIFIED LOADING',33(1H.)/1H ,6X,'NODE',6(7X,'DOF#!,

& I11,3X)/8X,3(10X,*(LBS)*),1X,3(7X,'(IN-LBS)!))
I1=1
DO 3 1=1,NNT
122641
WRITE(MWRITE ,101) I,(ELV(U),U=11,12)
1121241
3 CONTINUE
101 FORMAT (6X,13,2X,6D015.6)
RETURN
END
SUBROUTINE INCOND(DISP,VEL,NP,NODE,XGI,YGI)
IMPLICIT RRAL*8(A-H,0-Z)

ASRL TR 154~14.......0RIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE IS USED EXCLUSIVELY BY THE PLATE PROGRAM.
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DIMENSION DISP(1),VEL(1) NP(4, 1), ,NODE(1),XGI(1),YGI(1)
COMMON/BAS/NDT ,NET ,MN,NB ,NIRREG,MNC

THIS USER-PREPARED SUBROUTINE IS USED TO SPECIFY THE INITIAL (TIME
ZERO) CONDITIGHNS ON THE PLATE NODAL DISPLACEMENT AND VELOCITIES,

(Q ZERO)» AND (Q DOT ZERO)», RESPECTIVELY, REQUIRED FOR THE FINJTE=-
DIFFERENCE SOLUTION OF THE GOVERNING EQUATIONS OF MOTION (SEE
SUBSECTION A.3).

DUMiAY ROUTINE - SETS VELOCITY AND OISPLACEMENT TO ZERO INITIALLY.

OO0 OO000O0

DO 10 I=1,NDT

DISF(1)=0.0D0
10 VEL(I)=0.0D0

RETURN

END

EXTL1069
EXTL1070
EXTL1071
EXTL1072
EXTL1073
EXTL1074
EXTL1075
EXTL1076
EXTL1077
EXTL1078B
EXTL1079
INCD1000
INCDIOOY
INCD1002
INCD1003
INCD1004
INCD1005
INCD1006
INCD1007
INCD1008
INCD1009
INCD1010
INCD1O11
INCD1012
INCD1013
INCD1014
INCD101S
INCD1016
INCD1017
INCD1018
INCD1019
INCD1020
inCoi1%2s
INCD1022
INCD1023
INCD1024
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Subroutines for the Quarter-Plate lModel

SUBROUTINE EXTL(ELV,I1TT,NP,NODE,XGI,YGI,GE1)
IMPLICIT REAL+*8(A~H,0~-2)

ASRL TR 154~14.......0RIGINAL REPORT VERSION OF PROGRAM
COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980

THIS SUBROUTINE 1S USED EXCLUSIVELY BY THE PLATE PROGRAM.

THIS VERSION IS FOR THE EXAMPLE OF A RECTANGULAR PLATE, CLAMPED
ON THE TOP AND BOTTOM EOGES, FREE ON THE OTHER TWO EOGES WITH AN

IMPULSIVE LOAD APPLIED SYMMETRICALLY TO ITS CENTRAL REGION,

EXTL2000
EXTL2001
EXTI2002
EXTL2003
EXTL2004
EXTL2005
EXTL2006
EXTL2007
EXTL2008
EXTL2009
EXTL2010
EXTL2011%

ONLY THE UPPER RIGHT QUADRANT 1S (MODELLED USING THE SYVMMETRY CONDITIONEXTL2012

ONE BOTH THE EQTTOM AND LEFT EDGES. THIS IS THE DOUBLE SYMMETRY CASE.

DIVMENSTON ELV(1),NP(4,1) ,NODE(1),XGI(1),YGI(1),GB1(24,24)

THIS USER-PREPARED SUGROUTINE IS USED TO GENERATE THE NODAL

GENERALIZEDO FORCES CORRESPONOING TO PRESCRIBED EXTERNALLY~APPLIED
FORCLS AT TIML T SUB &1 (=MsDLCLTA T) AS DESCRIDLO IN SUBSECTION 4.6.2

AND CORRESPONDING TO THE DEVELOPMENT IN SUBSECTION A.1.3.4.,

DEFINE SIZE OF VECTOR CONTAINING UNIT LOAD OVER ALL DOF IN CENTRAL
REGION OF PLATE UIDTH OF LOADED REGION IS .7485 IN.,LENGTH 1S .9 3N.

DIMENS ION ALOAD(543)

COMMON /BAS/ NDT,NET,tN,NB,NIRREG,MNC
COVMON /TIM/DELTAT, TIMEF, TIME, I TIMEF, INCRT, IOUT, ITIME
COMIAON /INOUT/ MREAD,MWR1TE,MPUNCH

USE DATA STATEMENTS FOR VALUES WHICH WILL NOT CHANGE THROUGHOUT RUN.

DEFINE TIME AT WHICH LOAD DROPS TO_ ZERQ AND MAX VALUE OF IMPULSE.
Y 3£55b3)

DATA TEND/25.D-6/,AMAXP/219
DEFINE FIRST AND LAST DOF IN LOADED REGION.
DATA 1DOF/1/,LDOF/S4/
DEFINE VALUES OF UNIT LOAD AT EACH OOF IN LOADED REGION.

EXTL201t3
EXTL2014
EXTL2015
EXTL2016
EXTL2017
EXTL2010
EXTL2019
EXTL2020
EXTL2021
EXT12092
EXTL2023
EXTL2C24
EXTL2025
EXTL2026
EXTL2027
EXTL2028
EXTL2029
EXTL2030
EXTL2031
EXTL2032
EXTL2033
EXTL2034
EXTL2035

DATA ALOAD/2+0 DO, .4210312D0-1, .2626182D-2,.315773430-2, .19696370~3 EXTL2036

ONOVLWN =

ZERD OUT LOAD VECTOR.
DO 1 I=1,NDY
1 CLv(1)=0 0DO
IF THIS TIME STEP 1S BEYOND LAST TIME OF IMPULSE RETURN WITH
EXTERNAL LOAD VECTOR SET 1O ZERO.
TYMa{ITT=1)*DELTAT
IF(yra  GT. TVEND) RETURN
INTERPOLATE TO FIND MAGNITUDE OF IMPLLSE AT THIS TIME.
ANMULT = AMAXP+ (TEND-TYM )/ TEND
FILL IM wALUES OF LOAD IN CENTRAL REGICN OF PLATE.
DO 2 1=IDOF, LDOF
J=1-1D00DF+1
2 ELV(1) =AMULTY *ALOAD(Y)
OUTPUT LOADS IF THIS IS A REGULAR PRINTING CYCLE.

+2¢0.00,.83206250-1, .0C000000+4+0, .G3154G8D-2, .0000000D+0EXTL2037
+2%0.00, 42103120-1,~.26261820-2, .3157734D-2,~.19696370-3EXTL2038
1240.,00,.84206250~1, .52523650-2, .0000000D+0, .0000000D+0EXTL2039
+240.D0,.16841250+40, ,00000000+0, 00000000D+0, .00000000+0EXTL2040
12+0.00,.84206250-1,~,52523G50~-2, .00000000+0, .0000000D+0EXTL2041
+240 DO, 42103120-1, .26261920-2,~.31577340-2,-.19695637D-3EXTL2042
«2+0 DO, B8420625D-1, .0000000D+0,-.6315468D-2, .0000000D+0EXTL2043
v240.00,.42103120~1,~.26261820-2,~.3157734D0~2, .19696370-3/EXTL2044

EXTL2045
EXTL2046
EXTL2047
EXTL2048
EXTL2049
EXTL2050
EXTL2051
EXTL2052
EXTL20S53
EXTL2054
EXTL2055
EXTL2056
EXTL2057
EXTL20S8

—r
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I1I=1TIME/INCRT*INCRT-ITIME EXTL2059

IF(111.NE.G) RETURN EXTL206G0
NNT=NDT/6 £xTL29¢e!
WRITE({MWRITE,100) TYM ,(J,d=1,6) EXTL2062

100 FORMAT (1HO/1H0,10X, ' TIME="',D16.6,' SEC.'/1H ,33(1H.),' EXTERNALLY AEXTL2063
4PPLIED USER SPECIFIED LOADING' ,33(1H.)/1H ,6X,'NQDE',6(7X,'00F#*', EXTL2064

& 11,3X)/8X,3(10X, ' (LBS)*),1X,3(7X,' (IN-LBS)*)) EXTL2065

11=1 EXTL2066

DO 3 I=1,NNT EXTL2067
12:6+1 EXTL2068
WRITE(MWRITE ,101) 1I,(ELV(J),J=11,12) EXTL2069
I1=1241 EXTL2070

3 CONTINUE EXTL2071
101 FCRMAT (6X,13,2X,6D15.6) EXTL2072
RETURN EXTL2073

END EXTL2074
SUBROUTINE INCOND(DISP,VEL,NP,NODE,XGI,YGI) INCD2000
IMPLIZIT REAL#B(A-H,0-Z) INCD2001

c INCD2002
c ASRL TR 154-14.......0RIGINAL REPORT VERSION OF PROGRAM INCD2003
C COPYRIGHT (C) MASSACHUSETTS INSTITUTE OF TECHNOLOGY 1980 INCD2004
c INCD2005
C THIS SUBROUTINE IS USED EXCLUSIVELY RY THE PLATF PROGRAM INCD200R
c INCD2007
DIMENS ION DISP(1),VEL(1),NP(4,1),NGDE(1),XGI(1),YGI(1) INCD2008
COMMON /BAS/NDT ,NET ,MN,NB ,NIRRE G, MNC INC02009

c INCD2010
C THIS USER-PREPARED SUBROUTINE IS USED TO SPECIFY THE INITIAL (TIME INCD2011
C ZERO) CONDITIONS ON THE PLATE NODAL DISCLACEMENT AND VELOCITIES, INCD2012
C (Q ZERO)*» AND (Q DOT ZERO)*, RESPECTIVELY, REQUIRED FOR THE FINITE-  INCD2013
C DIFFERENCE SOLUTION OF THE GOVERNING EQUATIONS OF MQTION (SEE INCD2014
€ SUBSECTION A.3). INCD2015
c INCD2016
C  DUMMY ROUTINE — SETS VELOCITY AND DISPLACEMENT TO ZERO INITIALLY.  INCD2017
00 10 I=t,WdT INCD2018
DISP(1)=0.0D0 . INCD2019

10 VEL(1)=0.000 INCD2020
RETURN INCD2021

END INCD2022

raus
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The FORTRAN laisting of the main program for the full plate example 1s
given on pages 175 and 176. For the half plate and the quarter plate
models, the associated main programs are the same except for the following

DIMENSION statement:

DIMENSION DELD(390),D15(390),DISP(320),DISM1(390),0ISM2(390), MAINQOGS
2FLN(390),FLVA(390),FLVYM(320),FLVP(390),ELV(390),VEL(390),ICOL(390)MAINOOGEE
3, INUM(390),KR0OW(390) ,NDEX(390) ,STOR(390),STF(14037),AMASS{14037), MAINOOE7
4NP(4,48),NODE(1152),TAUSS(48,12,9),TAUSE(48,12,9),TAUEE(48,12,9), MAINOOGB

5EPSS1(9,48),EPSSO(9,48) ,EPEEI(9,48) ,EPEED(9,48) ,EPSEI(9,48), MAINOOG9
B6EPSED( 9.48),NBC(60),BC(60),RFM(60,60),ILAST(60) ,UCF1(60),UCF2(60),MAINOO70
7XG(65) ,YG(65),ZG(65) ,XGI (65),YGI(65),TAGSS(1,12,3),LNXS(1), MAINQO71
BXSPROP(7,1),MATXS(1),TSGEE(1,12,3),LNYS(1),YSPROP(7,1) ,MATYS(1), MAINQO72
9LNRS(1),ISRS(1),5C(5,1),NVSA(E ),NCON(4,6 ) MAINQQ73

For the half-plate example, replace the original above DIMENSION

statement with this DIMENSION statement:

DIMENS ION DELC(234),D1S(234),015P(234),DISM1(234),DI5SM2(234), MAIN10O67
2FLN(234),FLVA(234),FLVM(234) ,FLVP(234),ELV(234),VEL(234),ICOL(234)MAINTICGS
3,INUM( 234),.KROW(234) NDEX(234) ,STOR(234),STF(5643),AMASS(5643), MAIN1069
4NP(4,24) ,NODE(576),TAUSS(24,12,9),TAUSE(24,12,9) ,TAUEE(24,12,9), MAIN1O70

5EgrPsS51(9,24),€EP550(9,24), EPEEI(9,24) ,EPEED(9,24) ,EPSEI(9,24), MAIN1071
6EPSEO(3,24),N3C(75),8C(75),RFM(69,48),1LAST(69),UCF1(69),UCF2(69),MAINI0T72
7XG(39) ,YG(39).2G(39),XG1(39),YGI(39),TAGSS(1,12,3),LNXS(1), MAIN1073
BXSPROP(7,1),MATXS(1),TSGEE(1,12,3),LNYS(1),YSPROP(7,1) ,MATYS(1), MAIN1074
SLNRS(1),ISRS(1),SC(5,1),NVSA(6 ) ,NCON(4, §) MAIN107S

For the quarter-plate example, replace the original DIMENSION statement

with this DIMENSION statement:

DIMENSION DELD(126),DIS(126),D1SP(126),DISM1(126),0ISM2(126), MAIN2065
2FLN(126),FLVA(126) ,FLVM(126),FLVP(126),ELV(126),VEL(126),ICOL(126)MAIN2066
3,INUM( 126),KROW(126),NDEX(126) ,STOR(126),STF(2889),AMASS(2889), MAIN2067
4NP(4,12),NODE(288),TAUSS(12,12,9),TAUSE(12,12,9) ,TAUEE(12,12,9), MAIN2068

S5EPSSI(9,12),EPSSQ(9,12),EPEEL(9,12) ,EPEED(9,12),EPSEI(9,12), MAIN2069
6EPSED(9,24),NBC(75),8C(75) ,RFM(44,48),ILAST(44),UCF1(44),UCF2(44),MAIN2070
7XG(21) ,YG(21),ZG(21) ,XGI(21),YGI(21),TAGSS(1,12,3),LNXS(1), MAIN2071
8XSPROP (7,1),MATXS(1),TSGEE(1,12,3),LNYS(1),YSPROP(7,1) ,MATYS(1), MAIN2072
9LNRS(1),ISRS(1),S5C(S,1),NVSA(6 ),NCON(4, 6) MAIN2073
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7.2 Modeling and Input Data

For illustrative purposes, three different structural models of the
narrow-plate specimen depicted in Fig. 16 are described in the following.
First, the entire plate is modeled by 48 LLC plate elements as shown in
Fig. 17. Next, since symmetry exists about the y axis, the half-plate is
mcdeled with the same basic finite-element breakdown, with symmetry about
the y axis invoked; this results in a 24~element model (Fig. 17). Finally,
advantage 1s taken of the fact that there are, in fact, two axes of symmetry:
hence, the third model 1s the l2-element quarter-plate model shown also in
Fig. 17. For each of these three models, the selected numbering of elements
and nodes 1s shown in Fig. 17.

Pilot calculations show that the largest natural frequency in the
linear-system mathematical model of the whole plate 1s wmax = 3,052,755
rad/sec. Hence, 1f the timewise central-difference model were used to
predict the linear transient response of this model, a At not exceeding
At = 2/wmax = 0,655 Usec would be required. However, since the PLATE 1
program employs the Houbolt operator, a reasonable choice is At = 2.5 usec,
as discussed 1in Subsection 4.8.2; reasonable behavior for At 5~6[0.8(2/mmax)]

£ 3.14 usec would be expected.

Solution output data will be requested at the end of every 10 time
steps or cycles; however, for conciseness these data will be included here
only for the end of time cycles (or time steps) O, 1, 2, 10, 20, 140, and
150 (last). The desired solution output data are indicated as the following

print options (Card 51 of Subsection 4.2):

0Pl Displacements and current (global) X,Y,Z coordinates for

each node.

I0P2 Strain (Green) components as well as principal (tensile)
strain and direction at the upper and lower surface

evaluated at the centroid of each element.

10p4 Strain (Green) components, principal (tensile) strain and
direction, and elongations (in user-specified directions)
at additional spanwise locations (evaluated at both upper
and lower surfaces at each spanwise location) as specified

by the user.
244



IOP5

I0P7

I0P8

Reaction forces at all nodes where displacement constraint

conditions have been imposed.

System energies (i.e., work input to structure, structure

kinetic energy, structure elastic enerqgy, structure plastic

energy, and energy stored in elastic restoring springs).

Strain (Green) components, principal (tensile) strain and

direction at the upper and lower plate surfaces at user-

specified nodes (by nodal averaging).

Print options IOP3 and IOP6 are not desired; hence, set these quantities

equal to 0 on Card 51 (of Subsection 4.2).

Summarized concisely as follows

are the affected element or node numbers for each of the three finite-

element models (see Fig. 17):

Output
Option

I0Pl

I0P2

I0P4

IOPS

Full-Plate
Model

All Nodes
All Elements

Elements 2,6,10,14,
26,34,38,42 and 46

Degrees of Freedom
1 through 30
inclusive and 361
through 390

inclusive

+
See Fig. l7c.

Half-Plate
Model

All Nodes
All Elements

Elements 1,3,5,7,
11,17,19,21 and 23

Degrees of Freedom
1 through 19
inclusive, 22,24,
37,40,42,55,58,60,
73,76,78,91,94,96,
109,112,114,127,
130,132,145,148,
150,163,166,168,
181,184,186,199,
202,204, and 217
through 234

inclusive

245

Quarter-Plate
Model

All Nodes
All Elements

Elements 1,5,7,
9 and 11

Degrees of Freedom+
1,2,4,5,6,8,11,12,
14,17,18,19,22,24,
37,40,42,55,58,60,
73,76,78,91,94,96,
and 109 through

126 inclusive



Full-Plate Half-Plate Quarter-Plate

Model Model Model
I0P7 Entire Structure Entire Structure Entire Structure
I0P8 Nodes 33,35, 38,40, Nodes 19,21,22,24, Nodes 1,3,4,6,10,
48,50 28,30 12

The associated input data on each card are described for the full-plate, the
half-plate, and the quarter-plate model 1in Subsections 7.2.1, 7.2.2, and
7.2.3, respectively. However, solution output data are presented in

Subsection 7.3 only for the full-plate model.

7.2.1 Input Data for the Full-Plate Model

The values to be punched on the data cards are as follows (see Fig. 17a):

Card 1 8110
MAXEL = 48
MNSL =3
MNXST = l+
MNYST = l+
NBE =1"
MBWE =1"
MNC = 14037
Card 2 2014
IMESH =0
IMASS = 2
IMCONT =0
IPUNCH =0
Card 3 2014
NEAD = 4
NECD = 12
Card 4a 5D16.7
EPAN = 0.1D8
ANUP = ,3333333D0

+

As noted on page 82, these quantities must be set equal to 1 in accordance
with FORTRAN rules because they are used as dimensioning variables; they
must not be set equal to zero.
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Card

Card

Card

Card

Card

Card

DENSP

XDIST

4b
YDIST
ZPOS

XG(1)
XG(2)
XG(3)
XG(4)
XG(5)

6a

¥YG(1)
YG(2)
YG(3)
YG(4)
YG(5)

6b
YG(86)
YG(7)
¥G(8)
¥G(9)
¥G{10)

6c

¥YG(1l)
¥G(12)
YG(13)

7

NCSB (1)
NCSB(2)
NCSB(3)
NCSB (4)

0.25384D-3
0.102D0
1.4970D0

8.0D0
0.0DO

0.0D0O
.37425D0
.7485D0
1.12275D0
1.4970D0

0.0DO
.775D0
1.55p0
2.325D0
3.1D0

3.55D0
4.0D0
4.45D0
4.9D0
5.675D0

6.45D0
7.225D0
8.0D0

S v O N
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5D16.7

5D16.7

5D16.7

5D16.7

5Dl6.7
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Card 8
NAST =0
NCST =
Card 25*
NAXS = 0
NAYS =0
*
Card 44
NMAT =1
Ccard 45
NSUB =3
Card 46
SIG(1) = 44,2D3
SIG(2) = 49,2D3
SIG(3) = 76.4D3
Card 47
EPS(1) = ,00442D0
EPS(2) = ,0760D0
EPS(3) = 0.615D0
Card 48
DSR(1) = 6500.D0
PSR(1) = 4.0D0
Card 49
ITIMEF = 150
INCRT =1
I0UT =1
card 50
DELTAT = 2.5D-06
TIMEF = 3.75D-04
Card 51
I0P1 =1
I0P2 =1
*
For omitted cards, see page 251.
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2014

2014

2014

2014

5D16.7

5D16.7

5D16.7

20T4

5D16.7

2014



IOP3 =0
I0r4 =1
IOPS =1
I0P6 =0
I0P7 =1
I0P8 =1
*
Card 54
NASP =11
Card 55a
LNASP(1l) = 2
SLASP(l) = 1.0D0
ELASP(l) = 0.0DO
Card 55b
LNASP(2) = 2
SLASP(2) = 1.0DO
ELASP(2) = .2580645D0
Card 55c¢
LNASP(3) = 6
SLASP(3) = 1.0DO
ELASP(3) = .2903226D0
Card 554
LNASP(4) = 10
SLASP (4) = 1.0D0
ELASP(4) = .3225806D0
Card 55e
LNASP(S) = 14
SLASP(5) = 1.0D0
ELASP(5) = .3548387D0
Card 55f
LNASP(6) = 26
SLASP(6) = 1.0D0
ELASP(6) = 0.0DO
*For omitted cards, see page

249

2014

I4,2p16.7

I4,2p16.7

I4,2p16.7

I4,2D16.7

I4,2p16.7

I14,2D16.7



Card 55g
LNASP(7) = 34
SLASP(7) = 1.0DO
ELASP(7) = .6451613D0
Card 55h
LNASP(8) = 38
SLASP(8) = 1.0DO
ELASP(8) = .6774194D0
Card 551
LNASP(9) = 42
SLASP(9) = 1.0DO
ELASP(9) = .7096774D0
Card 553
LNASP(10) = 46
SLASP(10) = 1.0DO
ELASP(10) .7419355D0
Card 55k
LNASP(11) 46
SLASP(11l) = 1.0DC
ELASP(11) 1.0D0
Card 56
NASPE =0
card 61°
NNSA =6
Card 62
NVSA (1) = 33
NVsSa(2) = 35
NVSA(3) = 38
NVSA(4) = 40
NVSA(5) = 48
NVSA(6) = 50
Card 63
NELES =0
%*
For omitted cards, see page 251,
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I4,2D16.7

I4,2D16.7

I4,2D16.7

I4,2p16.7

I4,2D16.7

2014

2014

2014

2014



Cards 9 through 16 are omitted because NAST on Card 8 is zero (that is, there
are no complete X-direction stiffeners).

Cards 17 through 24 are omitted because NCST on Card 8 is zero (that is, there
are no complete Y-direction stiffeners).

Cards 26 through 34 are omitted because NAXS on Card 24 1s zero (that is, there
are no additional X-direction stiffeners).

Cards 35 through 43 are omitted because NAYS on Caxrd 24 1s zero (that 1s, there
are no additional Y-direction stiffeners).

Cards 52 and 53 are omitted because IOP3 = 3 on Card 51.

Card 57 is omitted because NASPE = 0 on Card 55. Cards 58 through 60 are
omitted because IOP5 = 0 on Card 51.

The following 1s the complete input deck for this example:

48 3 1
o ) 0 0 1 1 1 14037
4 12
0.108 .333333300 .2 - .
2 ono 5 ono 53840-3 10200 1.497000
0.000 .3742500 .748500 1.12275D0 1.4
0 ¢DO .7750D0 1.5500 2.32500 g??gg
3.5500 4.000 4.450D0 4.900 5.67500
6.45D0 7.225D0 8.000
2 0 2 0
o] o]
o] Q
1
3
44.203 49.203 76.4D03
.00442D0 .076000 0.61500
6500.00 4.000
150 1 1
2.5 D-06 3.750-04
1 1 Q 1 1 0 1 1
11
2 1.0D0 0 000
2 1.000 . 258064500
6 1 0DO .290322600
10 t 0D0O .322580600
14 1.000 .354838700
26 1 090 0.000
34 1.000 .645161300
33 1.000 .677413400
22 1.000 .709877400
46 1.0D0 .74193550D0
a6 1.000 1.000
0
6

33 35 38 40 48 50
0
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7.2.2 Input Data for the Half-Plate Model*

The values to be punched on the data cards are as follows (see Fig. 17b):

Card 1 8I10
MAXEL = 24
MNSL = 3
MNXST =1
MNYST =1
NBE =1
MBWE =1
MNC = 5643
Card 2 2014
IMESH =0
IMASS = 2
IMCONT =0
IPUNCH =0
Card 3 2014
NEAD = 2
NECD = 12
Card 4a 5Dp16.7
EPAN = 0.1p8
ANUP = ,3333333D0
DENSP = 0.25384D-3
TH = 0.102DC
XDIST = 1.4970D0
Card 4b 5D16.7
YDIST = 8.0D0
ZP0OS = 0.0D0
Card 5 5D16.7
XG(1) = 0.0D0
XG(2) = .37425D0
XG(3) = .7485D0

*
Certain input cards are omitted; see page 251.
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Card

Card

Card

Card

Card

Card

Card

Card

6a

YG(1)
¥G(2)
YG(3)
YG(4)
YG(5)

6b
¥YG(6)
YG(7)
¥G(8)
YG(9)
YG(10)

6c

YG(11)
¥G(12)
YG(13)

2
NCSB (1)
NCSB (2)
NCSB(3)
NCSB (4)

8
NAST
NCST

25
NAYS
NAYS

44
NMAT

45
NSUB

0.0D0
.775D0
1.55D0
2.325D0
3.1D0

3.55D0
4.0D0
4.45D0
4.9D0
5.675D0

6.45D0
7.225D0
8.0D0

H N O o
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5D16.7

5D16.7

5D16.7

2014

2014

2014

2014

2014



Card

Card

Card

Card

Carxd

Card

Card

Card

46

SIG(1)
SIG(2)
SIG(3)

47

EPS (1)
EPS(2)
EPS(3)

48
DSR(1)
PSR(1)

49
ITIMEF
INCRT
IouT

50
DELTAT
TIMEF

51

I0P1
I0P2
I0P3
I0P4
IOP5
IOP6
I0P7
I0P8

54
NASP

55a

LNASP(1)
SLASP(1)
ELASP (1)

44.2D3
49.2p3
76.4D3

.00442D0
.0760D0
0.615D0

6500.D0
4.0D0

150

2.5D-06
3.75D-04

H P O H =4 O K

11

0.0DO
0.0D0
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5D16.7

5D16.7

2014

5D16.7

2014

2014
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Card

Card

Card

Card

Card

Card

Card

Card

55b

LNASP(2)
SLASP(2)
ELASP(2)

S5¢

LNASP(3)
SLASP(3)
ELASP(3)

55d

LNASP (4)
SLASP (4)
ELASP(4)

55e

LNASP (5)
SLASP(5)
ELASP(5)

55€

LNASP (6)
SLASP(6)
ELASP (6)

55¢g

LNASP(7)
SLASP(7)
ELASP(7)

55h

LNASP (8)
SLASP(8)
ELASP(8)

551

LNASP (9)
SLASP(9)
ELASP (9)

1
0.0D0
.2580645D0

3
c.0Do
.2903226D0

5
0.0Do
.3225806D0

7
0.0D0
.3548387D0

11
0.0D0
1.0D0

17
0.0po
.6451613D0

19
0.0D0
.6774194D0

21
0.0DC
.7096774D0

255

I4,2p16.7

I4,2p16.7

I4,2D16.7

I14,2D16.7

14,2D16.7

I4,2D16.7

I4,2D16.7

I4,2D16.7



Card

Card

Card

Card

Card

Card

553

LNASP (10)
SLASP(10)
ELASP(10)

55k

LNASP(11)
SLASP(11)
ELASP(11)

56
NASPE

6l
NNSA

62
NVSA (1)
NVSA(2)
NVSA(3)
NVSA(4)
NVSA(5)
NVSA(6)

63
NELES

]

23
0.0D0
.7419355D0

23
0.0D0
1.0D0

19
21
22
24
28
30

256

I4,2p16.7

I4,2p16.7

2014

2014

2014

2014



The following 1s the complete input deck for this example:

24 3 1 1 1 1 5643
0 2 Q Q
2 12
0.108 .333333300 .253840-3 . 10200 .7485000
8.0C0 0.000
0.0D0 .3742500 .748500
0.000 .775000 1.5500 2.32500 3.100
3.55C0 4.000 4.4500 4.900 5.67500
5.4500 7.225D0 8.000
2 0 2 1
0 0
0 o]
1
3
44 203 49.203 76.403
0044200 .076000 0.615D0
6500.00 4.00C
150 1 1
2.5 C—-06 3.750-04
1 1 o 1 1 ] 1 1
11
1 .0D0 0.000
1 .020 .2580645D0
3 .000 .290322600
S .000 .322580600
7 000 .35483870D0
11 .000 1 0DO
17 .0D0 645161300
19 .CDO .677419400
21 .0D0 . 709677400
23 . 000 .741935500
23 .0D0 1.000
0
5]
19 21 22 24 28 30
0

257



7.2.3 Input Data for the Quarter-Plate Model®

The values to be punched on the data cards are as follows (see Fig. 17c):

Card 1 8I10
MAXEL = 12
MNSL =3
MNXST =1
MNYST =1
NBE =1
MBWE =1
MNC = 2889
Card 2 2014
IMESH =0
IMASS = 2
IMCONT =0
IPUNCH =0
Card 3 2014
NEAD = 2
NECD =6
Card 4a 5D16.7
EPAN = 0,.1D8
ANUP = .3333333D0
DENSP = 0.25384D-3
TH = 0.102D0
XDIST = ,74850D0
Card 4b 5p16.7
YDIST = 4.0D0
2P0OS = 0.0D0
Card 5 5p16.7
XG(1) = 0.0D0
XG(2) = ,37425D0
XG(3) = .7485D0

*
Certain input cards are omitted; see page 251.
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Card

Card

Card

Card

Card

Card

Card

Card

Card

YG(1)
YG(2)
YG(3)
YG(4)
YG(5)

6b
YG(6)
YG(7)

-
NCSB (1)
NCSB(2)
NCSB (3)
NCSB (4)

8
NAST
NCST

25
NAXS
NAYS

44
NMAT

45
NSUB

46

SIG(1)
SIG(2)
SIG(3)

47

EPS(1)
EPS(2)
EPS(3)

0.0D0
.4500D0
0.90D0
1.675D0
2.45D0

3.225D0
4.0DC

H M O

44.,2D3
49.2D3
76.4D3

.00442D0
.0760D0
0.615D0
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5D16.7

5D16.7

2014

20T4

2014

2014

2014

5D16.7

5D16.7



Card

Card

Card

Card

Card

Card

Card

Card

48
DSR(1)
PSR(1)

49
ITIMEF
INCRT
I0UT

50
DELTAT
TIMEF

51

IOPl
IoP2
IOP3
I0P4
I0P5
I0P6
I0P7
I0P8

54
NASP

55a

LNASP (1)
SLASP(1)
ELASP (1)

55b

LNASP(2)
SLASP (2)
ELASP(2)

55¢

LNASP(3)
SLASP(3)
ELASP(3)

5Dl6.7
6500.D0

4.0D0
2014
150
1
1
5D16.7
2.5D-06
3.75D-04
2014
1
1
0
1
1l
0
1
1
2014
6
I4,2D16.7
1
0.0D0
0.0D0
I4,2D16.7
5
0.0DO
.6451613D0
I4,2Dpl6.7
7
0.0D0
.6774194D0
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Card

Card

Card

Card

Card

Card

Card

55d

LNASP (4)
SLASP (4)
ELASP (4)

55e

LNASP(5)
SLASP (5)
ELASP(5)

55€

LNASP (6)
SLASP (6)
ELASP(6)

62

NVSA(1)
NVSA(2)
NVSA(3)
NVSA(4)
NVSA(5)
NVSA (6)

63
NELES

9
0.0D0
.7096774D0

11
0.0D0
.7419355D0

1L
0.0D0
1.0D0
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I4,2D16.7

I4,2D16.7

I4,2D16.7

2014

2014

2014

2014



The following 1s the complete input deck for this example:

W—=0Q0~

O = NO 4+~ W~NWN=O =

[eR o N o]

12

g.1C8
4.000
0.0D0
0.0D0
3.22500
2 1

[o]s])

.0D0
.000
.0D0
.0D0
. QD0

10

.333333300
0.000
.3742500
.450000
4.0D0

49.203
.076000
4.000

3.750-04
Q 1 1

0 Qco
.645161300
.677419400
.70967743p0
.741935500

1.000

12

.253840~3

.748500
0.9000

76.403
0.615D0
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1.67500

2889

.7485000

2.4500



7.3 Solution Output Data for the Full-Plate Model

The following is the output for 150 cycles (375 usec) of response of
the transiently-loaded narrow plate specimen depicted in Fig. 16, for the
full-plate finite-element model shown in Fig. 17.

The first segment of the output describes the initial geometry, material
properties and boundary conditions of the plate as well as element numbers
and global node numbers of the finite elements used to model the structure.
Noted also are the constrained degrees of freedom and the properties of each
sublayer of the mechanical-sublayer material meodel: (a) stress, (b) strain,
{c) yield stress, and (d) weighting factor.

The next segment describes the ocutput to be given at every regular
printout cycle. This output consists of (a) the generalized displacements
of and the global location of each nodal station, (b) the reaction forces
at each constrained node, {(c} the strain components as well as the principal
(tensile) strain and direction at the centroid of each element, (d) strain
components as well as princaipal strains and associated direction at 6 nodes
as described, (e) strain components, elongations in specified directions,
and principal strain and associated direction at each of 11 identified
"additional locations", and (f) a tabulation of the various energies of the
system. Also given are the generalized nodal forces from the externally-
applied loading whenever those forces are non-zero.

In the interest of conciseness, only a portion of the called-for output
1s shown. Included are: (1) all input-verification information and (2)
scheduled output at the end of time cycles 0, 1, 2, 10, 20, 140, and 150 (last)f
This output listing 1s intended for use in verifying the (successful) adapta-

tion of the PLATE 1 program to a user's computing facility.

+ X ;
An auxiliary comouter run was made with printout every cycle to gave the
output shown at the end of time steps 1 and 2.

263
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PLATE { COMPUTER CODE (SMALL STRAIN THEORY) 3 USER INPUT FOR ARRAY DIMENSIONS
MAXEL = 48

MNSL s 3
MNXST = 1
MNYST = 1
NBE = 60
NBY'E = 60
MNC = 14037

AUTO-GENERATED FINITE-ELEMENT MESH INFORMATION FOR STIFFENED OR UNSTIFFENED FLAT-PLATE PROBLEM

X=LENGTH (IN)
Y~LENGTH ( IN)

0.1497000D+01
0.8000000D+01

Z-POSITION(IN) 0.0
THICKNESS(IN]) 0.1020000D+00
YOUNGS MODULUS (PSI) 0.10000000+08

POISSONS RATIO
DENSITY(LB-SEC**2/[N+*q)

0.3333333D+00
0.2538400D0~03

NO CF ELCM IN X-DIRECTION 4
NO OF ELE* IN Y-DIRECTION 12
NO OF 0 O F /ELEN 23 : !
TOTAL NO OF ELEMENTS 43
TOTAL HO OF U O F 390
NO  OF X-DIR STIFFENERS 0

NO QF v~-DIR STIFFENERS 2
THE GLOEAL NODE NUMoERS ASSOCIATED WITH EACH ELEMENT ARE AS FOLLOWS i

ELEMENT GLOSAL NDCE NUMBERS

1 1 2 7 6
2 2 3 8 7
3 3 4 9 8
3 4 5 10 9
5 6 7 12 11
6 7 8 13 12
7 8 s 14 13
8 9 10 15 14
9 11 12 17 16
10 12 13 18 17
11 13 14 19 18
12 12 15 20 19
13 16 17 22 21
14 17 18 23 22
15 18 19 24 23
16 19 20 25 24
17 2t 22 21 26
18 22 23 28 27 ‘
19 23 23 29 28 :
20 24 25 30 29 ‘
21 26 27 32 3
22 27 28 33 32
23 28 29 33 33
24 29 30 35 33
25 31 32 37 36
26 322 33 38 97
27 33 33 33 38
2¢ 34 35 40 a9
29 36 37 a2 &1
30 37 33 43 a2
31 338 39 a4 43
32 3y a0 45 43
33 41 42 a7 a6

34 42 43 48 47
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35 43 44 49 48

36 34 a5 £0 49
37 46 a7 52 51
38 47 48 83 52
39 48 a9 4 53
40 49 50 55 54
41 51 52 57 56
42 52 53 S8 57
a3 53 54 59 58
44 54 33 €0 59
a5 56 57 62 61
46 57 58 63 62
a7 S8 €9 64 63
48 59 60 &5 64

BOUNDARY CONDITIONS (SEE WRITEUP FOR CONVENTION FOR SIDE NUMBER AND BOUNDARY CONDITION)

SIDE NUMBER BOUNDARY CONDITION

1 IDEALLY CLAMPED
2 FREE
3 IDEALLY CLANMPED
4 FREE

THE FOLLOWING 60 DEGREES OF FREEDOM ARE CONSTRAINED
1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16
21 22 23 23 25 26 27 28 29
371 372 373 374 375 3716 317

30 361 362 363 364
378 379 380 381 382 383 384

PRESENT RUN USES CONSISTENT MASS MATRIX
MAX SIZE IS 14037
PROPERTIES FOR USER-SPECIFIED MATERIALS

PROPERTIES FOR MATERIAL NUMBER 1

SUBLAYER STRESS POINT STRAIN POINT YIELD STRESS WEIGHTING FACTOR
1 0 44200700+05 0.44200000-02 0.44200000+05 0.99378610+00
2 0 49200000+05 0.76000000~01 0.84885000+06 0.17256920-02
3 0 76400000405 0.61500000+00 0.69092000+407 0.44881900-02

STRAIN RATE PARAMETERS 0= 0 65000000404 P= 0.40000000+01

TIMEWISE SOLUTION PARAMETERS

TIME-STEP SIZ2E= 0 25000000-05 SEC

RUN WILL TERMINATE AT TIME = 0 37500000-03 SEC. OR AT CYCLE NUMBER 150

REGULAR PRINTOUYT WILL BE GIVEN EVERY 10 CYCLES

#ésss OQUTPUT CONTROL INFORMATION swses

THE FOLLOWING RESULTS WILL BE GIVEN AT EVERY REGULAR PRINTOUT CYCLE:
NOODAL DISPLACLMENTS AND LOCATION
REACTION FORCES AT CONSTRAINED NODES
STRAIN COMPONENTS, PRINCIPAL STRAIN AND DIRECYION AT THE FOLLOWING
33 35 38 40 48 50

STRAIN COMPONENTS, ELONGATICN IN SPECIFIED OIRECTIONS, PRINCIFAL STRAIN AND DIRECTION AT THE FOLLOWING
ELONG. DIR -2(DEG)

ADDTL. POINT ON ELEM. PSI-COCATION ETA-LOCATION ELONG DIR.=-t(DEG)
1 2 0 10000000+01 00 [J]
2 2 0.10000000+01 0.25836450+00 [}
3 6 0 1022000D+01 0 29032250+00 00
4 10 0 10000000+01 0 322500G0+00 00
S 14 0.1000000D+01 0 35483870+00 0o
6 26 0 1000000D+01 00 00
7 34 0 1000000D+01 0 6351613D+00 0.0
8 38 0 10000000+01 0 6774194C+00 00
9 42 0 10000000+01 0,.70967740+00 00

10 36 0.1000000D+01 0 7419355D0+00 00
1 46 0.1000000D+0t 0 1000000D+01 0.0

365 366 3687
385 386 387

18 19 20
368 369 370
388 389 390

'

6 NODES (OBTAINED BY NODAL AVERAGING)?

0.90000000402
0 9000000D+02
0 9000000D+02
0 90000000+02
0.9000000D+02
0.90000000+02
0 9000000D+02
0.90000000+02
0 90000000+02
0.9000000D+02
0.90000000+02



ROUNDING ERROR PARAMETER IN FACTORING ROW 150 =

HIGHEST NATURAL FREQUENCY(RAD/SEC)=

99¢

SYSTEM ENERGIES

4
[=]
[=]
m

VOOV DWN -

0.30527550+07

0.11560148

HIGHEST EIGENVECTOR NORMALIZED BY LARGEST VALUE

o000

337850-39
323740-39
322020-39
32374D-39
337850-39
108740-38
106230~38
105330~38
106230-38
108740-38
30224n-38
299770-38
0.299.0D-38
-0 299770D-38
0 30293p-38
-0 81171D-38
0 810670-38
-0 81060D-38
0 810b"D-38
-0 811710-39
0 185100-37
~0 186420-37
0 18656D-37
-0 186420-37
0 185100-37
-0 226250-37
0.22301D0-37
-0 2282G0-37
0 22801D-37
~0 226250-37
0 185400-37
-0 186320-37
0 18G550~-37
-0 18642D-37
0 165300~37
-0 811/10-38
0 81C670-38
-0 810600-38
0 81067D-38
~0 B81171D-38
0 302910-38
=0 249770-38
0 2923400-38
-0 239770-38
0 30293D-38
-0 10874p-38
0 106230-38
-0 105930-38
0 106230-38
-0 108740-38
0 33785C6-39
-0.323740~39

t

1
CO0O0OOO0OO0O0OODOOOOO0

1
oo

-0

.

.

v

coOo0QOC

150590-39
49596 D-40
912150-52
49596 D-40
150590-39
361190-39
12626D-39
37017D-51
12626D-39
28119D-39
81416D-39
269850-39
119170-50
269850-39
814180-39
151€70~-38
50439D-39
350060 D~50
504390-39
15157 0-38
165020-38
$5309D-39
851920-50
553090-39
165020-36
872980-50
100550-49
106040-49
10072D-43
877590-50
165020-38
553090-39
83830D-50
55309D-39
16502D-38
15157D0-38
604390-39
346720-50
504330-39
151570-38
814180-39
2094%5D~39
117310-50
26985D-33
€13180-29
381190-39
126260-39
36061 D~-51
126260C-39
381190-39
15059D-39
495960-40

[-¥-N-¥-N-]
CO0O0O0

-0
-0
-0

-0
-0
-0

-0
-0
-0

-0
-0
-0

-0
-0

]
o

1

COO0O0OO0OO0O0O0OCOO0ODOOOOOOOOO0OO0O0OOOOOO

W

14396D-04
19032D0~-05
203350-10
150310-05
143960-04
365480~04
48299D-05
518920-10
482908D-05
36548D-04
11180L0-03
137810-04
159310-09
147800-04
111850-03
573850~03
758510-04
81410D-09
75849D-04
573840-03
45369D-03
601320-04
641890-09
60131D-04
4536480-03
163100~-12
213240-13
32050D-15
20312D-13
157750-12
45469D-03
601320-04
6341890-09
60131D-C1
154680-03
574860-03
758510-04
813100-09
75849D-04
573840-03
11186D-03
147810~04
159310-09
14780D-04
111850-03
365480-04
482990-05
518920-10
482960-05
36548D-04
14398D-04
190320-05

PSIX

[-N-N-NN-]
[-N-N-N.X-]

0.426610-03
0.18868D-03
0.152940-03
0.188680-03
0 42661D~03
0 108320-02
0 48067D-03
0 38994p-03
0 480660-03
0.108420-02
0 332050-02
0.14712D-02
0 119650-02
0 147420-02
¢ 332050-02
0.170210-01
0 75436D-02
0 61188D-02
0 754350-02
0 170210-01}
0 13474D-01
0 59581D0-02
0 482920-02
0 59584D-02
0.13374D-01
~0 480160-11
=0 21J355D~11t
=0 17284D-11
-0 210700-11
-0 46009D~-114
-0 13473p-0t
-0 595840-02
-0 402920-02
-0 595810-02
-0 133730-01%
-0 170210-01
-0 754360-02
-0 b1108D0-02
-0 754350-02
~0 1/0210-01
-0 32205D-02
-0 147120-02
-0 119b50-02
-0 1474209-C2
=0 33205D-02
-0 10842D-02
-0,480670-03
-0 38994D-03
-0 480G6uLD-03
-0 10812D-02
-0 42661D0-03
-0 16€680~-03

PSIY

[N -N-¥-)
ocooQ

00
-0,187970-03
-0 222060-04
-0.237330-09

0 222050-04

0 167970-03
~0 628170-03
-0 8303tD-04
-0 883450-09

0.830290-04

0 628160-03
-0 19493D-02
-0 257620-03
~0 276970-08

0 257620-03

0 194940-02
-0 733020-02
-0 9668780-03
-0 104130-07

0 968750-03

0 73301D0-02
-0 258680-01
-0 341980-02
-0 36G410-07

0 34197D-02

0 25868D-01
-0 3372%0-01
~0 44595D0-02
-0 47737D-07

0 445940-02

0 337290-01
-0 258680-014
-0 341980-02
-0 36641D0-07

0 341970-02

0 2580680-01
-0 733020-02
-0 9568780-03
-0 104130~-07

0 968750-03

0 733010-02
-0 19441D-02
~0 257620-03
-0 27697D-08

G 25762D-03

0 194910-02
-0.620170-03
«0.4830310-04
-0 883340-09

0 830290-04

0 628160-03
-0 167970-03
-0.22206D-04

NO OF NEGATIVE OIAGe 4

TWIST

[-N-X-N-X-]
«
[-X-N-N-X-]

0.497780-02
0 220190-02
0.1784950-02
0.220190-02
0 49778D-02
0.186240-01
0 82463D-02
0.668690-02
0 824G20-02
0 186240-01
0 578400-01%
0 256500-01
0 208110-01
0 256500-01
0 578390-01
0,217480+00
0 964410-0%
0 702430-01
0 906440D-01
0.217180+00
0 76705D0+00
0 33971D+00
0 27548p+00
0 33971D+00
0 767040+00
0 100000401
0 442720+00
0.354970+00
0 442720+00
0 999990+00
0 767050400
0.339710+00
0 275480+00
0.339717:00
0 767040400
0 21748D+00
0 964410-01
0 78243D-01
0 9G4400-01
0 217480400
0 578400-01
0 256500-01
0 20811D-0t
0 25G50D-01
0 578390-01
0 186240-01
0.824630-02
0 668690-02
0 824G20-02
0 186240-01
0 497780-02
0.220190-02



S8
59
60
61
62
63
64
65

AFTER 106 [ITERATIONS, CONVERGENCE RATIO=
CENTRAL-OIFFERENCE BOUND ON TIME~STEP(SEC) FOR LINEAR SYSTEMs
ACTUAL TIME-STEP BOUND (SEC) WOULD BEs

TIME=

“scsens o s s

NODE

L9z
-
) VONONbWN -

N
(44
CO0OQCOOOCO0OOOO0OOOOOO0OO0OOO0OOOOOO0OOOODOOOOOOOLOO0O0OOCO

.

[-R-N-N-¥-X-N-N-N-N-N-H-R-N-N-N-N-N-R-N-R-F-R-N-H RN -N-N-N- NN N RN NN RN NN

0.322020-39 0 B6867D-52
-0 32374D-39 0 495960-40 -0.19031D-05 -0.18868D0-03
0 337850-39 -0.15059D-39 -0 14396D-04 -0 426610~03
00

00

[-X-¥-]
[-N~N-)

0.0

v s ae

DOFW¥
(L8S)

(=X ~N-]
[-R-N-R-]
OO0

. .

[-N-N-N-N-N-N-N-R-N-F-N-N - N-N-N-N-N-N-N-R-N-R-N-F-N-E-N-N-E-F-N-R-N-N-F-N-N-R-N-N-N-N-N-N-N-N-N-]

[-R-N-N-N-F-R-N-N-N-Nol-FoR-N-N-N-NoRN-Fo RN N-N-N-N-N NN ¥ Nol=NoR NN R-NoNoHRof RN

0 953940200

Q 52411680~06

DOF#3
(L8S)

RS

0000000000000 [OoOOCOOOOC

000000000 OO0OD0OLOOODOOO

0 923507D0+03
0 184701D+04
0.1847010+04
0 1847010+04
0 9235070+03
0 1847010+04
0 369403D+04
0.3694030+04
0 3694030+04
0 1847010+04
0 184701D+04
0 3694030+04
0 369403D+04
0 369403D+04
0 184701D+04
0 184701D+014
0 3569303D+04
0.369403D+04
0 3G24030+04
0 1847010+04
0 923507D+03
0 1847010+04
0 184701D+04
0 1847010+04
0 9235070+03

[N N1

0
0
0

00

[-N-N-]

[*]
0
0.
0.0
7

)

[-N-R-N-N-N-N-N-N-N-R-N-N.N-N-F-N-¥- NN -N-NeN-N-F-N-N-N-N-N-N-N-¥-N-F-N-N-NoR-N-N-NoN-N-N-y-NN]

0.203350-10 -0.152940-03 ~-0.237330-09

0.178490-02
0.222050-04 0,220190-02
0 167970-03 0.497780-02
0.0 0.0
00 0.0
0.0 0.0
o0 0.0
0.0 0.0

DOF ¥4
IN-LBS)

(
(]
0
0
0
0
0
0
0
0
o
(]
0
0
0
0
0
0
0
0
[+]
576037D+02
0
]
0

576037D+02
1152070403
0
0
0
1152070403
115207D+03
[}
0
0
1152070+03
115207D+03
0
0o
0
1152070+03
5760370+02

0
[}
[}

5760370+02

(=X N4

0.65514600-06

DOF#S
IN~LBS)

0
.0
0
0

.

(
0
0
0
[}
0
Q
Q
0
[}
0
0
0o
0
[}
[}
0

692630D+02
1385260403
1385260+03
1385260+03
6926300+02

[-N-N-N-N-N-N-N-N -N-N-N-N-N-N-N-N-F-N-N-N-N-N-N-N-N-F- RN NN N-N-N-N- NN
[-N-N-N-R-NoN-N.N-NoleNoN=Na

o0

-0 6926300+02
-0.138526D+03
-0 1385260+03
-0 1385260+03
-0 6926300402

00

00

0.0

cesesseess EXTERNALLY APPLIED USER SPECIFIED LOADING. ivcveavsssoocssscsesssscsscssans

DOF¥#6
IN-LBS) .

IR

COO0LOCOHLOOOOOOOCOOCOOOOODOLHOOODLOOODOOOOOOOOOODOOOOOOCOO~

32028D+01

320280+01

32028D+01

32028D+01
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692

46 o0 0 0.0 0.0 0.0 0.0 0.0 00 0.567500401 0.0
a1 0.0 00 0.0 0.0 00 0.0 0.37425D0+00 0.56750D+01 0.0
a8 o.0 0.0 0.0 0.0 00 0.0 0.748500400 0.567500+01 0.0
49 9.0 00 00 0.0 00 0.0 0.112270+01 0.56750D+01 0.0
50 00 0.0 0.0 0.0 0.0 0.0 0.149700+01 0.567500+01 0.0
St 0O o0 00 00 00 0.0 0.0 0 645000+0¢ 0.0
52 00 00 0.0 0.0 Q0 0.0 0 37425D+00 0 645000+01 0.0
S3 00 00 00 0.0 o0 0 0 0.748500+400 0.64500D+01 0.0
51 00 0.0 00 0.0 00 0.0 0.11227D401 0 64500D+01 0 0
55 00 o0 0.0 0.0 0.0 0.0 0.149700+01 0.64500D+01 0 O
56 00 o0 00 0.0 0.0 0.0 00 0 722500401 0 0
57 00 00 00 0.0 00 0.0 0 374250400 0.72250D+01 0 0
58 0 0 o0 00 0.0 00 o0 0.748500+00 0 72250D+01 0.0
53 00 00 00 00 00 0.0 0 112270+01 0 722500+01 0.0
§0 00 00 0.0 o0 0.0 0.0 0 149700401 0.72250D+01 0.0
61 00 00 00 00 00 0.0 0.0 0.800000401 0.0
62 0O o0 0.0 0.0 00 0.0 0 374250400 O B80000D+01 0.0
63 00 o0 00 o0 00 0.0 0.748500+00 0.80000D+01 0.0
64 00 00 00 00 0.0 0.0 0 112270+01 0.80000D0+01 0.0
65 00 00 00 0.0 0.0 00 0.149700+01 0.800000+01 0.0
REACTION FORCES AT CONSTRAINED NODES
NODE  RX(LBS) RY(LBS) RZ(LBS) MX(LBS~-IN) MY (LBS=IN) MXY(LBS~IN-IN)
1 0.0 00 0.0 0.0 0.0 0.0
2 00 00 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 00 00
a o0 00 0.0 0.0 0.0 0.0
5 00 00 0.0 00 0.0 00
61 0.0 0.0 0.0 0.0 00 0.0
62 0.0 00 0.0 0.0 00 00
63 0.0 0.0 00 00 0.0 00
64 0.0 0.0 0.0 00 0.0 0.0
65 0.0 0.0 0.0 o0 0.0 00
STRAIN COMPONENTS, PRINCIPAL{TENSILE) STRAIN AND DIRECTION AT CENTRGID OF EACH ELEMENT
EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)
ELEM INNER CUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER
1 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.45000402 O 4500D+02
2 0.0 00 0.0 0.0 00 00 0.0 00 0.4500D+02 0.45000402
3 00 00 00 00 00 00 0.0 0.0 0.45000+02 0.4500D+02
a 00 00 0.0 00 00 00 0.0 00 0.45000402 0.45000+02
5 0.0 00 0.0 00 00 00 0.0 00 0 45000402 0.4500D402
6 00 00 00 00 00 00 00 0.0 0 45000402 0.45000402
7 o0 00 00 00 00 00 . 00 0.0 0 45000402 0.4500D402
8 0.0 00 00 00 00 00 00 0.0 0 45000402 O 45000402
9 0.0 o0 0.0 00 00 00 i 00 00 0 45000402 0 4500p+02
10 00 00 00 00 00 0.0 Il oo 00 0.4500D+02 0.45000+02
11 oo 00 00 0.0 o0 0.0 00 0.0 0 45000402 O 45000+02
12 00 00 0.0 00 00 00 00 00 0 45000402 0 4500D4+02
13 00 00 00 o0 00 0.0 00 00 0.45000+02 0 4500D+02
14 00 00 0.0 00 0.0 00 00 00 0.4500D402 © 4500D+02
15 00 00 00 00 00 00 o0 o0 0 45000402 0 4500D+02
16 0.0 [V ¢} 0.0 00 00 0.0 o0 [ ] 0 45000402 O 45000402
17 00 0.0 0.0 00 00 00 0.0 00 0.45000+02 0.45000+02
18 00 00 0.0 00 00 0.0 0.0 0.0 0 45000402 0.4500D+02
19 00 0.0 00 00 0.0 0.0 00 0.0 0.45000+02 0.4500D+02
20 00 0.0 00 00 00 0.0 00 0.0 0.45000402 ©0,45000+02
21 0.0 0.0 00 00 00 00 00 00 0.45000402 0 45000+02
22 00 0.0 00 °0 00 0.0 00 00 0.45000+02 0.45000+02
23 0.0 00 00 00 00 00 0.0 00 0.45000402 0.45000+02
24 G0 0.0 0.0 00 0.0 0.0 00 00 0.45000+02 O 45000402
25 00 0.0 0.0 00 o0 00 0.0 0.0 0.45000+402 ©0.45000+02
26 00 00 0.0 00 0.0 0.0 6.0 0.0 0.45000+02 ©.45000402
0.0 00 00 00 00 00 0.0 0.0

“ . e
N

0.45000402 0.45000+02



28 0.0 0.0 0.0 (] 0.0 0.0 9.0 0.0 0.4500D+02 0.4500D+02
29 0.0 0.0 0.0 0.0 00 0.0 00 0.Q 0.45000+02 0,45000+02
30 [J] 0.0 0.0 00 0.0 0.0 0.0 0.0 0.45000+02 0,45000+02
31 0.0 0.0 0.0 g0 00 0.0 00 0.0 0.4500D+02 0.4500D0+02
32 00 0.0 0.0 o0 00 0.0 0.0 0.0 0.45000+02 O 4500D+02
a3 00 00 0 00 00 0.0 00 0.0 0 45000402 0.4500D+02
34 0.0 00 00 o0 o0 0.0 00 00 0.450004+02 © 4500D+02
35 00 Q0 0.0 0.0 090 00 0.0 0.0 0 45000402 0.45000402
a6 0.0 00 (] 00 0.0 00 o0 00 0.45000+02 0.45000+02
37 00 oo o 0.0 [ ] 00 00 0.0 0.45000402 0.45000+02
38 00 00 0.0 00 00 0.0 00 00 0 45000402 0 4500D+02
39 00 0.0 00 00 o0 00 00 00 0.45000+02 0 45000402
40 00 0.0 00 00 00 00 00 00 0 45000402 © 45000402
a1 00 00 00 o0 00 .0 o0 00 0.4500D+02 0 45000D+02
42 00 o0 00 00 00 00 00 0.0 0.45000402 0 45000+02
43 00 00 00 0.0 0.0 00 0.0 0.0 0 45000402 0.45000+02
a4 oo 00 o0 0.0 0.0 00 () 0.0 0 4500D+02 ©0.45000+02
45 00 o0 co 00 00 [l ) 00 0.0 0,45000402 0.45000+02
46 00 00 0.0 00 0.0 0.0 0.0 0.0 0.45000402 0 45000+02
a7 00 00 00 00 00 00 00 00 0.4500D+02 O 45000+02
48 00 00 0.0 o0 00 00 0.0 00 0 45000402 0.45000+02

STRAIN COMPONENTYS, 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
33 o0 00 o0 00 o0 00 00 0.0 0.4500D0+02 0 45000402
35 o0 6o o0 00 0.0 00 0.0 0.0 0.45000+02 0 4500D+02
38 0.0 co 0 00 a0 0.0 00 Q.0 0.45000+02 0 45000+02
40 0.0 0.0 0.0 00 00 0o 00 00 0 4500D+02 O 4500D+02
48 00 00 0.0 00 00 0.0 0.0 0.0 0.45000402 0.45000+02
50 [ 040 00 00 o0 0.0 0. 0.0 0.45000402 0.45000402

[ 8]
~
© STRAIN COMPONENTS, PRINCIPAL{TENSILE) STRAIN AND DIRECTION, AND ELONGATIONS AT SPECIFIED ADDITIONAL POINTS

POINT NQ. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG (OIR.1) ELONG.(DIR.2) PRINC. STRN(T) DIRECTION(DEG.)

1 INNER 00 0.0 00 00 0.0 00 0 450000402
1 OUTER 00 0.0 (U] 0.0 00 00 0.450000+02
2 INNER 00 0.0 00 00 0.0 00 0 450000402
2 OUTER 00 0.0 0.0 00 00 00 0 450000402
3 INNER 00 00 0.0 00 00 0.0 0 450000402
3 QUTER 00 00 00 o0 00 00 0 45000D+02
4 INNER 00 00 00 00 00 00 0 45 10D+02
4 OUTER 009 00 00 00 0.0 00 0 450000402
5 INNER 00 0.0 o0 o0 00 00 0 450000402
S OUTER 00 00 o0 00 , 00 0.0 0 450000402
6 INNER 00 00 00 00 00 00 0 450000+02
6 CUTER 0.0 0.0 oo 00 0.0 00 0.45000D0+02
7 INNER Q0 09 o0 00 i oo 00 0 450000+02
7 OUTER 00 0.0 o0 o0 0.0 00 0.450000+02
8 INNER (V] 0.0 00 00 00 00 0 450000402
8 ouTER 00 00 00 00 00 00 0.450000+02
9 INNER 00 00 00 00 0.0 0.0 0 45000D0+¢02
9 OUTER 00 00 00 00 00 (] 0.450000+02
10 INNER 00 o0 o0 0.0 00 00 0.45000D+02
10 OUTER 00 0.0 00 00 0.0 00 0.450000+02
i INNER 0o 00 00 00 0.0 00 0.450000+02
11 OUTER 0.0 0.0 00 0.0 0.0 . 0.0 0.450000+02

SYSTEM ENERGIES(IN-LB)

WORK INPUT TO STRUCTURE = 0.0
STRUCTURE KINETIC ENERGY = 0.0
STRUCTURE ELASTIC ENERGY = 0.0
STRUCTURE PLASTIC ENERGY = 0.0
ENERGY STORED IN ELASTIC RESTRAINTSa 0 0



TIMNE= 0.2300000-05 SEC.
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NODE DOF#1 DOF#2 DOF#3 DOF#4 DOF#¥5 0QF#6
(18s) (L8s) (18S) (IN-LBS) (IN-LBS) (IN-LBS)
1 00 0.0 00 00 0.0 0.0
2 00 0.0 0.0 0.0 6.0 0.0
3 o0 0.0 0.0 0.0 00 00
4 0.0 00 oo 00 0.0 0.0
5 0.0 0.0 00 00 00 00
6 00 00 00 00 0.0 00
7 00 00 00 00 00 00
8 00 0.0 00 00 o0 00
9 00 0.0 00 00 00 00
10 00 0.0 00 00 9.0 00
11 o0 00 ] 00 0.0 00
12 00 00 00 00 0.0 0.0
13 00 0.0 60 00 00 0.0
14 00 00 o0 00 00 0.0
15 00 00 00 00 0.0 00
16 0.0 00 00 00 0.0 00
17 00 00 0o 00 00 oo
18 00 00 00 00 00 00
19 00 00 0.0 00 0.0 00
20 90 0.0 00 0.0 00 0.0
21 00 00 0 8311560+03 0 518434D+02 O 6233670+02 0 388825D+01
22 0.0 0.0 0 1662310+04 0 0 0.1246730+03 0 0
23 00 00 0 166231D+04 0 0 0 1246730403 0 0
24 0.0 00 0 166231D+04 0 0 0 124673D+03 0 0
25 00 0.0 0 831156D+03 =0 518434D+02 0 6233670402 -0 388825D+01
26 0.0 0.0 0 166231D+04 0 1036870403 0.0 00
] 27 00 0.0 0 3323620404 0 0 00 00
= 28 00 00 0 3321620404 0 0 0.0 00
29 00 0.0 0 3324620+04 0 O ao o0
30 00 0.0 0 166231D+04 -0 1036870403 0 O 60
3 0.0 00 0 1662310404 0 1036870+03 0 0 00
32 00 00 0 3324620404 0 0 00 00
33 00 00 0 3324620+04 0 0 00 00
34 00 0.0 0 3324620404 0 0 00 00
3y 09 00 0 166231D+04 =0 1036870403 0 0 00
36 00 0.0 0 106231D+04 0 103687D+03 0 0 0.0
37 0.0 0.0 0.3324620+04 0.0 00 00
as 00 00 0.3324620+04 0 0 00 0.0
a9 0.0 00 0 3324520404 0.0 00 00
40 0 0.0 0 1662310+04 -0 1036870+03 0.0 00
a1 00 0.0 0 8311560+03 0 £18434D+02 =-0.6233670+02 -0 3888250+01
a2 00 00 © 166231D+04 C 0 -0 1246730403 0 0
a3 090 0.0 0 156231D+04 0 0 -0 1246730403 0 0
44 0.0 0.0 0 1562310403 0 © -0 1246730+03 0 0
as 00 0.0 0 8311562+03 -0 518434D+02 -0 6233670+02 0O 3888250+01
45 00 0.0 00 00 00 00
47 00 0.0 00 00 00 0.0
a8 00 co 0.0 00 00 00
49 00 0.0 00 00 0o 0.0
50 00 0.0 00 00 00 o0
51 00 0.0 00 00 0.0 00
€ 00 00 60 60 00 0.0
53 00 00 00 00 0.0 00
54 00 0.0 0.0 00 00 00
55 00 0.0 00 00 0.0 00
56 00 0.0 00 00 0.0 00
57 0.0 0.0 00 00 00 0.0
58 0.0 00 ] 00 00 0.0
59 0.0 0.0 0.0 0.0 00 0.0
60 0.0 0.0 co 30 0.0 0.0
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62
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64
65
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O0DOOO0OOOOOOO0OOOOCOOOOOOLOOONOOOORDOVOOOOOCOOOOOOOOCOODD

[-N-X-X-¥-)
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ROUNDING ERROR PARAMETER IN FACTORING ROW 150 =

ROUNDING ERROR PARAMETER IN FACTORING ROW 150 =

W
00
0.0
00
00
00
0.515190-05
0 43962D-05
0 433750-05
0 439620-05
0.515190-05
0 199220-04
0.174310-04
0.172620-04
0 17431D-04
0.199220-04
0 991790-04
0.88537D-04
0.879820-04
0 88537D-04
0.99179D-04
0 134790-02
0 134000-02
0 13395D0-02
0.134000-02
Q 134790-02
0 258Y3D-02
0 258570-02
0 25861D-02
0 258570-02
0 258930-02
0 25651D0-02
0 256370-02
0 256360-02
0 2563.D-02
0 256910-02
0 25089330-02
0.25u570-02
0.25861D-02
0 258570-02
0 25893D-02
0 134790-02
0 134000-02
0 133950-02
0.134000-02
0 134790-02
0.89179D-04
0 88537D-04
0.879820-04
0 885370-04
0 991790-04
0.159220-04

(=R RN-]
.
[-N-N-N-¥-]

0.2500D0-05 SEC.

PSIX

©CO0O0O0O0
.o .
[N -N-R-N-]

-0.145t90-04
-0 14371D0-05
0.441700-16
0.143710-05
0 145190-04
-0.464610-04
-0.389370-05
0.13365D-15
0 389370-05
0 4G461D-04
-0 190270-03
-0 123700-04
0 426590-16
0 12370D-04
0 190270-03
-0 14959D-03
-0 127650-04
0 645910-15
0 127650-04
0 149590-03
-0 452650-04
0 11536D-04
0 296260-15
-0 115860-04
0 45265D-04
-0 23795D-04
-0 184780-05
-0 957350-16
0 184760-05
0 23795D0-04
~0 452050-04
0 115860-04
-0 81218p-18
-0 11586D-04
0 452650-03
=0 149590-03
-0 127650-04
0 285310-15
0 127650-04
0 149590-03
-0 190270-G3
-0 123700-04
0 32499D-15
0 123700-04
0 190270-03
-0 464610-03

0.28916102

0.34295915

CO0O0CO0OD0DO0OODOOOOOCOOOOOODOOODOO

1
co

[N -N-N-N-N)

NOQ OF NEGATIVE D1AG=

NO OF NEGATIVE DIAGwe

55451D-04
471450-04
464770-04
471450-04
$5451D-04
271210-03
23448D-03
231790-023
23448D-03
271210-03
125240-02
110500-02
10959D0-02
110500-02
125240-02
108970-0t
103650-01
103410-01
103660-01
10u970-01
$11400-03
425940 03
426290-03
425940-03
511400-03
210680-14
54G44D-16
255870-15
3LE34D-15
LYBGID-15
$11400 03
429910 03
42v290-03
A42594D-03
511400-03
108270~ 01
103660-Ct
103310-04
10365D-01
108970-01
125240-02
110500 02
10659D0-02
110500-02
125240-02
271210-03

IS FOUND FOR (CONSTRAINED) DEGREE-OF-FREEDOM NUMBER

TWIST

00000
[-X-N-N-N-]

.
.
.
.
.

-0.161300-03
~-0.165380-04
0.513870-15
0.1653380-04
0.161300-03
~0.697380-03
-0.64409D-04
Q 21406D-14
0.64409D-04
0.697380-03
-0 27066Dr02
-0 2086G10-03
0.53380D-14
0 20861D-03
0.270660-02
-0 94515D0-02
-0 50944D-03
0.77473D0-14
0 S50944D-03
0.945150-02
0.124760-02
-0 540270-04
0 27136D-13
0 540270-04
-0.124760-02
0 601010-13
0 35420013
0 318610-13
0 205340-13
0 251610-13
-0 124760~02
0 540270-04
0.190210-13
-0.54027D-04
0 124/60-~02
0 94515D-02
0 509440-03
-0 162530-13
-0.50934D-03
=0 94515D-02
0 27066D-02
0.208610-03
-0.234330-14
-0 20U610-03
-0 2706LD-02
0.69738D0-03

372

0

X-P0OS.
0.0
0.374250+00
0.748500+00
0.11227D0+01
0 149700+01
0.0
0.374250+00
0.74850D0+00
0 112270+01
0.149700+01%
[]

0 374250+00
0 748500+00
0.112270+014
0 149700401
00

0 37425D+00
0.748500+00
0 112270401
0 149700+01%
00

0.374250+00
0.748500+00
0 11227D401
0 149700401
00

0.,374250+00
0 74850D+00
0 112270+01%
0.14370D0+01
00

0 374250400
0 74850D+00
0.11.227D+01
14970D+01
V]

37425D+00
74850D+00
112270401
14970D+01
0

374250+00
0.748500+00
0.11227D0+01
0 149700401
00

0.374250+00
0 748500+00
0.112270+01
0 145700401
0.0

oco0O0CCOO0O

0.
0.
0.
Q.
0.
0.775000+00
0 775000+00
0.775000+00
0.775000+00
0 775000+00
0.15500D+01
0.155000+01
0 15500D+01
0 155000+01
0.15500D+01
0 232500+01
0 23250D+01
0 232500401
0,.232500+01
0 232500+01
0 3100004014
0 31000D+01
0 310000401
0 31000D+01
0 310000401
0.35500D+01
0 355000+01
0 355000401
0 3550004014
0.355000+01
Q 4000004014
0 400000+01
0 40000D+01
0 40000D+01
0 40000D+01
0.445000+01
0 44500D+01
0 445000+01
0 44500D+014
0.445000+01
Q 490000+01
0 4950000+01
Q 49000D+01
0.490000+01
0 43000D+0%
0 567500+01
0.567500+01
0.567500+01
0 567500+01
0 567500401
0.645000+01

0.51519D-05
0 439620~-05
0.43375D-05
0.43962D0-05
0.515190-05
0.199220-04
0 174310-04
0 17262D-04
0.174310-04
0 19922D-04
0.991790-04
0.885370-04
0 879820-04
0.88537D-04
0.99179D-04
0.13479D-02
0 134000-02
0.133950-02
0.131000-02
0 134790-02
0,25893D-02
0 25457D-02
0 25861D-02
0.25857D-02
0.258930-02
0 25651D0-02
0.256370-02
0.25636D-02
0.25G37D-02
0 256510-02
0 258913D-02
0 258570-02
0 258610-02
0 258570-02
0.25893D-02
0 134790-02
0.134000-02
0.133950-02
0.134000-02
0.134790-02
0.931790-04
0 885370-04
0.879020-04
0.885370-04
0.991790-04
0.19922D-04



52 0.0 0.0 0.174310-04 -0.38937D-05 -0 234480-03 0.644090-04 0 37425D+00 0.64500D+01 0.174310-04
53 0.0 00 0.172620-04 0 161210-16 -0 231790-03 -0 544270-15 0.748500+00 0.645000+0%1 0.172620-04
54 00 00 0 174310-04 0 38937D-0S -0 234480-03 -0.64409D-04 0.11227D+01 0.645000+01 0.174310-04
55 0.0 0.0 0.199220-04 0 46461D-04 -0 27121D-03 -0 69738D-03 0.14970D+01 0.64500D0+01 0.199220-04
$6 0.0 00 0.515190-05 -0.145190-04 -0.554510-04 0 16130D-03 0 O 0 72250D+01 0.51519D-05
57 00 00 0 439520-05 -0.143710-05 -0 47145D-04 0 165380-04 0 374250400 0.72250D0+01 0.439620-05
S8 00 00 0.433750-05 0 123400-16 -0 464770-04 -0 81810D-16 O 748500400 0.722500+01 0.433750-05
S8 00 00 0 439820-05 0 14371D-05 -0 47145p-04 -0.165380-04 0.112270+01 0.722500+01 O 439620-05
60 00 00 0 515190-05 0 145190-04 -0 55451D-04 -0.161300-03 O 14970D+01 0.722500+01 0.515190-05
61 00 00 0.0 00 0o 0.0 0.0 0 80000D0+01 0.0
62 00 00 s o 0.0 0.0 o0 0 374250400 0 B80000D+0t 0.0
63 0.0 00 00 0.0 0.0 00 0 74850D+00 0 60000D+01 0.0
64 00 o0 [} 00 00 0.0 0 112270+01 0.800000+01 0.0
65 00 0.0 00 0o 00 0.0 0 149700+01 0.800000+0%1 0.0
REACTION FORCES AT CONSTRAINED NODES
NODE RX (LBS) RY(LBS) RZ(LBS) MX(LBS~IN) MY (LBS-IN) MXY(LBS=IN-IN)
1 0.0 0.0 0 19108D+01 0.129290+00 0 336970400 0.22568D0-01
2 00 0.0 0 365670+01 0.801310-02 0.643900+00 0 131070-02
3 0.0 (] 0.369470+01 ~0.363100-14 0 65001D+00 -0 20456D-14
4 o0 0.0 0 36567D+01 -0 801310-02 0 643900+00 -0 131070-02
S o0 00 0 191080+01 -0 12229D+00 0.336970+400 ~0 22568D0-01
61 o0 0.0 0,191080+01 0.129290+00 -0.,336970+00 ~-0.225680~01
62 0.0 0.0 0 36567p+01 0.801310-02 ~0 64390D0+00 -0.131070-02
63 00 00 0.369470+0t 0.330050-13 ~0.65001D+00 ~0.603%2D-14
64 00 0.0 0 365670+01 -0 B80131D-02 ~0,64339300+00 0.131070-02
65 0.0 Y] 0.12108D0401 -0 12929D+00 =0.336970+00 0.22568D-01
STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTROID OF EACH ELEMENT
EPS~X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)
NELEM. INNER OUTER INNER OUTER INNER ouTER INNER OUTER INNER OUTER
< t -0.10200-05 0 1020D0-05 0.29300-05 -0 2330D-05 -0 9521D-07 0.95210-07 0.29310-05 O 10200-05 -0.8931D+02 0.69050+00
w 2 -0.1204D-06 0 12040-06 0.30300-~05 -0 30300-05 ~-0.1264D-07 0.12640-07 0.30300-05 0.1204D-06 -0 8989D0+02 0.11500+00
3 -0 1204D-06 0.1204D-06 0.30300-05 -0 30300-05 O 1264aDp-07 -0.1264D0-07 0.3030D-05 0 1204D-068 0.8989D+02 -0.11500+00
4 -0 1020D-05 0 10200-05 0.29300-05 -0 2930D-05 0 9521D-07 -0 9521D-07 0.29310-05 O 1020D0-05 0 8931D+02 -0.6905D+00
5 -0 26530-05 0 23530-05 0.11760-04 -0 11760-04 -0.10620-05 0 1062D-05 0.11760-04 0 26730-05 -0.87890+02 0.21070+01
6 -0 2688D-06 0 2385D-06 0 12110-04 -0 12110-04 -0 13800-06 0 13800-06 0.12120-04 O 26910-06 -0 8968D+02 O 3193D+00
7 -0 2638D-06 0 2638D-06 O 1211D-04 -0 12110-04 0 1380D-06 -0 13800-06 0 1212D0-04 O 26910-06 0 B9IEBD+02 -0 31930400
8 -0 26530-05 0 2653D-05 0 1176D-04 -0 11760-04 0 1062D-05 ~0.10620-05 O 11780-04 0 26738-05 O 8709D+02 -0 21070+01
9 -0 95380-05 0 95980-05 0 5520D0-04 -0 5517D-04 -0 3594Dp-05 0 3555D-05 O 55250-04 O 9647D-05 -0 88430+02 O 15710+04
10 -0 7955D-06 0 7955D0-06 O S665D-04 -0 S65610-04 -0 42190-06 0 4220D-06 0 5665D-04 O 7963D-06 -0 89790+02 © 210GD+00
11 -0 70550-06 0 7955D-06 O 5C65D-04 -0 56610D-04 0 4219p-06 -0 4220D-06 O 56650-04 O 79630-06 O 89790+02 -0.21006D+00
12 -0 0596D-05 0 9598D-05 O 55200-04 -0 5517D-04 0 3554D-05 -0 35550-05 0 55250-04 O 9647D-05 O 8£430+02 -0 15710401
13 -0 63630-04 0 6363D-04 0 6023D-03 -0 60210-03 -0 1258D-04 0 12590-04 0.6024D-03 O 6369D-04 -0 8946D+02 O 5417D+00
14 -0 22590-05 0 22590-05 O 60810-03 -0 60790-03 =0 1085D-05 0.10850-05 O 60810-03 O 2259D-05 -0 89950+02 O 50694D-04
15 -0 2259D-05 0.2259D-05 O 6081D-03 -0 6079D-03 O 1035D0-05 -0 10850-05 O 6081D-03 0 22590-05 O 8995D+02 -0 S094D-01
16 -0 63630-04 0.63630-04 0 60230-03 -0 60210-03 0 1258D-04 -0 1259D-04 0 6021D-05 O 63690-04 O BIAED+02 -0 5417D+00
17 0 91720-04 -0 91720-04 -0 1202D-02 0 1205D0-02 -0 153gD-04 0.1544D-04 0 917G0-04 0 1205D-02 -0 34040400 O BIGGD+02
18 0 3571D-05 ~0 35710-05 -0 12180-02 0 12210-02 -0.19210-05 0 19230-05 0 35720-05 O 1221D-02 -0 45050-01 O B99GD+02
19 0.35710-035 -0 35710-05 -0 1218C-02 0 1221D-02 O 19210~05 -0 19230-05 © 35720-05 0 1221D-02 O 4505D-01 -0 B39G0D+02
20 0 9172D0-04 -0 91720-04 -0 1202D-02 0 1205D-02 0 15380-04 ~0 1544D-03 O 9176D-04 0,1205D-02 0.3404D+00 -0 896GD+02
21 -0 46080-05 0 4608D-05 O 43522D-04 -0 36210-04 0 1128D-05 -0 1128D-05 O 46220-04 O 4614D-05 O 8936D+02 -0 6358D+00
22 -0 23940-06 0 2334D-06 O 48560-04 -0 4E58D-04 O 2263D-06 -0 22630-06 O 48580-04 O 2496D-06 O B9IB7D+02 -0 13286D+00
23 -0 24940-06 0 2494D-06 0 4858D-04 -0 46580-04 -0 2203D-06 0 22630-06 0 48580-04 O 2496D-06 -0.68987D+02 O 1328D+00
24 -0 4E0UD-0S 0 4G0UD-05 O 46220-04 -0 4621D-04 -0 1128D-05 0 11280-05 O 4622D-04 O 4614D-05 -0 89360402 © 63580400
25 -0.4608D-05 0 4608D-05 O 45622D-04 -0 4521D-03 -0.1128D-05 O 11280-05 O 46220-04 O 4614D-05 -0 89360402 O 63580D+00
26 -0 21910-06 0.2394D-06 O 4858D-04 -0 4850D-04 -0 2263D-06 0.2263D-0G6 O 4858D-04 O 249GD-06 -0 B9A7D+02 O 1320D+00
L 27 -0 2494D-08 0 2494p-06 0 48580-C4 -0 3B530-04 0 2264D-06 -0 22GJD-06 © 4050D-04 0 2490D-06 O BIATD+02 =-0.132uD+00
28 -0 4608D-05 0 4508D-05 0.46220-04 -0 4621D-04 0.1126D-05 -0 11280-05 0 46220-04 0,4614D-05 0.8936D+02 -0.6358D+00
29 0 9172D0-04 -0 91720-04 -0 12020-02 © 1205D-02 O 15380-04 -0 15440-04 0 91760-04 O 1205D-02 0.3404D+00 -0 B96G0+02
30 0 3571D-05 -0 3571D-05 -0 12180-02 0.12210-02 0.19210-05 -0 19230-05 O 3572D-05 0.12210-02 0.4505D-01 =0.899G0+02
31 0 55710-05 -0 35710-05 -0 12180-02 0 1221D-02 =0.19210-05 O 19230-05 0 35720-05 O 1221D-02 -0 4505D-01 0.689960+02
32 0.91720-03 -0.9172D0-04 -0 12020-02 0 12050-062 =-0.15340-04 0.15440-04 0.917GD-04 0.12050-02 -0.34040+400 0.8966D+02
33 -0.63630-04 0.63630-04 O 60230-03 -0 6021D-03 0.1258D-04 -0 12590-04 0.6024D-03 O 6369D-04 0.8346D+02 ~0.5417D+00



34 -0 22590-05 0.22590-05 O 6081D-03 -0 60790-03 0.10850-05 -0.10850-05 0©0.6081D0-03 0.2259D0-05 O 89950402 -0.5094D-01
35 -0 22590-05 0 22590-05 0.6081D-03 -0.60790-03 -0.10850-05 0.1085D-05 0.6081D-03 0.22590-05 -0.8595D+02 0.5094D-01
36 -0 6363D-04 0 63630-04 0.60230-03 -0 6021D-03 -0 12580-04 0.1259D0-04 0.6024D-03 0 63690-04 -0.8946D+02 0.54170+00
37 -0 9598D-05 0 9598D-05 0 55200-04 -0.5517D-04 0 3554D-05 -0 35550-05 0.55250-04 0 9647D-05 0 8843D+02 -0.1571D+01
38 -0 79550-08 0.79550-06 0.56650-04 -0 S56610-04 O 42190-06 -0.42200-06 0.56650-04 0.7963D-06 0 8979D+02 -0.2106D+00
39 -0 79550-06 O 7955D-06 O S665D-04 -0 5661D-04 -0 4219D-06 0 42200-06 O 5665D-04 0 7963D-06 -0.8979D+02 0 2106D+00
40 ~-0.9598D-05 0 9598D-05 0.55200-04 -0 S5170-04 -0 35540-05 0 35550-05 O 5525D-04 0O 96470-05 -0 88430+02 0.15710+01
41 -0 26530-05 0 2653D-05 0 1176D-04 -0 1176D-04 0,1062p-05 -0 1062D-05 © 11780-04 0.2673D0-05 0 8789D+02 ~0 2107D+0f
42 -0 26880D-06 0 2688D-06 0.1211D0-04 -0 1211D-04 0.13800-06 -0 1380D-06 O 1212D-04 O 26910-06 0 8968D+02 -0 31930+00
43 -0 2688D-06 0 26880-06 © 1211D-04 -0 1211D-04 -0 1380D0-06 0.1380D-06 O 12120-04 0 26910-06 -0 8968D+02 0.3193D+00
44 -0 26530-05 O 26530-05 0 1176D-04 -0 117GD-04 -0.10620-05 O 10620-05 0.1178D-04 0.2673D-05 -0.8789D+02 0.21070+01
45 -0 10200-05 0 10200-05 0 2930D-05 -0 2930D-05 O 9521p-07 ~0 9521D-07 © 2931D-05 0.10200-05 0 89310402 -0 63050400
46 -0 1204D-06 0 1204D-06 0 30300-05 -0 30300-05 O 12640-07 -0 12540-07 © 3030D0-05 0.1204D-06 O 8989D+02 -0.11500+00
47 -0 12040-06 0 12040-06 0.30300-05 -0 30300-05 -0 1264D-07 0 12640-07 0 30300-05 0.1204D-06 -0 8983D+02 0.11500+00
48 -0 10200-05 0.10200-05 O 29300-05 -0 2930D-05 ~0 9521D-07 0 95210-07 0 2931D-05 0.10200-05 -0 8931D+02 0.6905D+00
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 QUTER INNER OUTER INNER OUTER INNER QUTER INNER DUTER
33 -0.2436D-06 0 2436D-06 -0 6264D-04 O 6264D-04 0 3250D-14 -0 32500-14 0 0 0.6264D-04 0 O ~0.90000+02
35 0.10370-04 -0.10370-04 -0 7935D-04 O 79350-04 O 2560D-14 -0.2566D-14 0.1037D0-04 0 79350-04 0.81960-09 -0.90000+02
38 0 2445D-05 -0 2445D-05 0 21330-03 -0 21310-03 O 1940D~14 -0 1941D~14 O 21330-03 0 0 0.80000+02 0.0
40 0 13700-04 -0.13700-04 0 27890-03 -0 2786D-03 0 12730-03 -0 12720-03 0.2934D-03 O 7851D-06 0.7718D+02 -0.1283D+02
48 -0 21600-05 0 21600-05 -0 3639D-03 O 3G651D-03 ~0 2394D-15 0 23870-15 0.0 0 36510-03 . 0.9000D+02
S50 0 83850-04 -0 83820-04 ~0.4005D-03 0.4021D-03 -0.27630-03 0.27580-03 0.1205D~03 0 43850-03 ~-0.1485D+02 0.7521D+02

STRAIN COMPONENTS,

POINT NO. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG (DIR 1) ELONG (DIR 2) PRINC STRN(T) DIRECTION(DEG.)
1 INNER 00 =0 390720-05 0 0 00 -0 390720-05 0 O o0
N 1 OUTER 00 0 390720-05 0 O 00 0.39072D-05 0 390720-05  0.900000+02
2 2 INNER 0 731240-07 -0 311950-06 -0 990240-17 0 73124D-07 =0 31195D-06  0.73124D-07 -0.73671D-09
N 2 OUTER -0 73124D-07 0 31201D-06  0.99026D-17 ~0 74124D-07 O 31201D-06 O 31201D-06  0.900000+02
3 INNER -0 155750-06 -0 B80799D-05 -0 52211D-16 -0 1.575D-06 =0 80799D-05 0 O 00
3 OUTER 0 155750-06  0.80625D~05 0 522090-16 0 1.5750-06 0.80824D-05 O 808250-05 0 900000+02
4 INNER -0 370630-06 -0 233290-04 ~0 19224D-15 -0 3,0680-06 -0 23329D-04 0 O 00
4 OUTER 0 370680-06 0 233870-04 0 19221D-15 0 370G68D-06 0 23387D-04 0 233870-04 0 900000402
5 INNER -0 109690-05  0.13879D0-03 -0 176320~15 -0.10969D-05 0.138780-03  0.13879D-03 =-0.900000+02
S OUTER 0 109690-05 ~-0.137200-03 0 17546D-15 0 $09630-05 =-0.137210-03 O 109690-05 0.363470-10
6 INNER -0 24361D-06 =-0.62636D-04 0 324980-14 -0 24361D-06 ~-0.626380-04 0 0 oo
6 OUTER 0 24361D-06 0 626350-04 -0 32498D-14 0 213610-06 0 62634D-04 0 62636D-04 ~0 900000402
7 INLER -0 103GSD-0S5 0 13879D-03 0 566930-15 -0 109G9D-05  0.138780-03  0.138790-03 0 900000+02
7 OUTER 0 109G69D-05 -0.137200-03 -0 S68050-15 0 109,90-05 -0 13721D-03 O 10969D-05 -0 11767D-09
8 INNER -0 37068D-06 -0 233290-04 0 25099D-16 -0 3/0680-06 =-0 23329D-04 0.0 00
8 OUTER 0 370680-08 0 233870-04 -0 2508uD-16 0 3/008D-06 0 233870-04 O 233870-04 -0 90000D+02
9 INNER -0 15575D-06 -0 807990-05 0 16811D-16 =-0.1£575D-06 .-0.80799D-05 0 O 00
9 OUTER 0 155750-06 0 B08250-05 ~0 168110-16  0.15575D-06 0,808240-05 O 80825D0-05 ~0.900000+02
10 ILNER 0 731240-07 -0 31195D-06 0 775920-18 0 73124D-07, -0 31195D0-06 0 73124D-07 0.577260-10
10 OUTER -0 731240-07 0 31201D-06 -0 77594D-18 ~0.731240-07 0 31201D-06 0.312010-06 ~-0.900000+02
11 INNER -0 124400-22 ~-0.39€720-05 0 86910D-21 0.0 -0.390720-05 0 0 0.0
11 OUTER 0 12340D-22  0.390720-05 -0 86910D-21 0.0 0.390720-05  0.390720-05 =0.90000D+02

PRINCIPAL(TENSILE) STRAIN AND DIRECTION,

AND ELONGATIONS AT

SYSTEM ENERGIES(IN-LB)

SPECIFIED ADDITIONAL POINTS

WORK INPUT TO STRUCTURE
STRUCTURE KINETIC ENERGY
STRUCTURE ELASTIC ENERGY
STRUCTURE PLASTIC ENERGY
ENERGY STORED IN ELASTIC RESTRAINTSs

0.40116400+03
0 1456689D+03
0.1127671D+01
0.25436750+03
00

TIMEa 0.5000000-05 SEC.
“steer cavsessesseee 4 sesseess EXTERMALLY APPLIED USER SPECIFIED LOADING.cvcuvcvuatansassnesssassnncsssns
NCDE DOFwx1 DOF# 2 DOF#3 DOF#4 DOF#S DOF#6
{L8S) (L8s) (LBS) (IN-L8S) (IN-LBS) (IN-LBS)
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©93230-08
477200-21
693230-08
320550-07
26745D-06
296500-07
18116D~20
29€600-07
26745D-08
238160003
275000~-08
879130-20
27500D-08
0 381600-06
0 33972D-05
0 83€890-06
0 495780-19
83684D-C6
349720-05
0 181290-07
0 22826D-06
28624D-19
22326D-06
181290-07
0 76287 10-06
0.767260-07
0 17333D-19
78723D-07
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64 0.0 0.0 0.0 0.0 0.0 0.0 0.112270+01 0.800000+01 0.0
65 0.0 o0 o0 0.0 o0 0.0 0.149700+01 0.800000+401 0.0
REACTION FORCES AT CONSTRAINED NODES
NODE RX (LBS) ARY(LBS) RZ(LBS) MX(LBS-IN) MY(LBS-IN) MXY(LBS-IN-IN)
1 -0 1438900-01t 0.218190-02 0.342600+01 0 22219D+00 0 59755D+00 0.390430-01%
2 0 197120-01 ~0 12578D-01 0 657870+01 0 123190-01 0.114430+01 0.21494D-02
3 -0 86649D0-15 0.825240-02 0 66355D+01 0 211570-12 0.115480+01 0 379840~13
4 ~0.197120-M -0 125780-01 0.65787D+01 =0.12319D-01 0.114340+01 ~0.21494D-02
S 0.148900-01 0.21812D-02 0 332600+01 =0.222190+00 0,597550+00 -0.390430-01
61 -0.14820D-01 -0 21819D-02 0 342600401 0.222190+00 ~0.597550+00 -0 390430-01
62 0 19712D-01% 0 12578D-01 0 657870+01 Q 12319D-01 -0 11444D+09 ~0 21494D-02
63 ~0.36478D~14 -0 82524D-02 0.66355D+01 0 576680-13 ~0.115480+01 ~0.11000D0~-13
64 -0,19712D-01 0.12573D-01 0 65787D0+01 =0 123190-01 ~0.114440+01 0.214940-02
65 0.14890D-01 -0 218190-02 0 33260D+01 =0.222190+00 =0,597550+00 0.390430-01

STRAIN COMPONENTS,

EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)
ELEM. INNER QUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER
1 =-0.75060-06 © 85480-06 -0 81770-06 O 82250-06 -0.2871D-06 0 17150-06 0.0 0 92590-06 0.0 0.39680+02
2 -0 2251D-06 O 20660-06 ~0.75120-06 O 74470-06 O 278GD-07 0.40830-07 0 O 0 7454D-06 0.0 0.8783D402
3 -0 22510-06 0.2066D-06 -0 7512D-06 O 7437D~06 -0 27860-07 -0 40830-07 0 © 0 74540-06 0.0 -0.87830+02
4 -0.7506D-06 0 85480-06 -0 8177D-06 O B225D0-06 O 2871D-06 -0.17150-06 0 0 0 92590-06 0 0 -0 3968D+02
5 =0 32620-05 0 2731D0-05 0.1789D-05 -0 14300-05 -0.2375D-05 0 28930-05 0 20540-05 O 3184D-05 -0.7741D402 0.1740D+02
6 ~-C 5765D-06 O 3d26D-06 O 21850-05 -0 1797D-05 -0 3460D-07 ~0 2198D-07 0 2186D-05 0.4808D-06 -0.89640402 ~0.27650+00
7 -0 57850-06 0 4808D-06 0 2185D-05 -0 1797D-05 O 34600-07 0 21980-07 O 2186D-05 O 4B080D-06 O B964D+02 0.27650+00
8 -0 32620-05 0 27310-05 Q 17890-05 -0 14300-05 0 23750-05 -0 28930-05 Q 2054D-05 O 3184D-05 0 77410402 -0.1740D+02
9 -0 1811D0-04 0.1850D-04 0 60750~04 -0 5588D-04 -0 10820-04 0 9203D0-05 0 61120-04 0 1878D-04 -0 86100+02 0.3527D+01
10 -0 19270-05 0 18300-05 0 6255D-04 -0 580GD-04 O 51200-06 -0 41170-06 O 62600-04 O 18410-05 O B8977D+02 ~-0.1969D+00
11 -0 19270-05 0.18400-05 0 62590-04 -0 58060-04 -0 51200-06 0 41170-06 0 6260D-04 0.1841D-05 -0.89770+02 0.1969D+00
3 12 -0 1811D0-04 0.18500-04 0 60750-04 -0 55880-04 0.10820-04 -0 92030-05 O 61120-04 O 1876D-04 O 8610D+02 ~-0.3527D+01
~ 13 -0 3198D-03 0 3140D-03 0.20290-02 -0 20320-02 0.35000-04 -0 29650-04 0 20290-02 O 3141D-03 0 B89570+02 =-0.3621D+00
14 0 6537D-05 -0 8780D-05 © 2048D-02 -0 20520~02 -0 38220p-05 O 5089D-05 0.2048D0-02 0 O ~0.8995D402 0.0
1 0 65370-05 -0 8780D-05 O 2048D-02 -0 2052D-02 O 3822D-05 -0 50890-05 0O 20480-02 0 O 0 89950+02 0.0
16 -0 3198D-03 0 31400-03 0 20290-02 -0 2032D0-02 -0 35060D-04 0 29650-04 0 2029D-02 O 31410-03 -0.89570D+02 O 3621D+00
17 0 4304D-03 -0 43670-03 -0 37910-02 0 387950-02 -0 46720-04 0 3492D-04 0 4306D-03 O 3879D-02 -0.3170D+00 O 8977D+02
18 -0 G3470-05S 0 35010-0S -0 3841D-C2 0 39290-02 O 4160D-05 -0 52970D-05 0 O 0 39290-02 0.0 =0.899G6D+02
19 -0 62470-05 0 35010-05 -0 38410-02 O 39290-02 -0 4160D-05 0 52970-05 0.0 0 39290-02 00 0 899GD+02
20 0 43010-03 -0 4367D-03 ~0 37910-02 0 38790-02 O 46720-04 -0 33920-04 0 43060-03 O 38790-02 O 3170D+00 -0.89770+02
21 -0 15800-04 0 1452D-04 0 2425D-03 -0 23010-03 0 39020-04 -0 36570-04 O 2440D-03 O 15880-04 0 85710402 -0 4252D+0%
22 -0 5158D0-05 0.4337D-05 0 25440-03 -0 24250-03 -0 6869D-05 O 6166D-05 O 2544D-03 O 4376D-05 -0 B8924D+02 O 71550400
23 -0 5158D-05 0 43370-05 0 2544D-03 -0 2425D-03 0 6869D-05 -0 G1660-05 O 2544D-03 O 437G6D-05 O 89240402 -0 7155D+00
24 -0 15800-C4 0.14520-04 © 2425D-03 -0 23010-03 -0 39020D-04 0 36570-04 0,24400-03 O 1588D-04 -0 8571D+02 0.42520+01
25 -0 15£00-04 0 14520-04 0 2425p-03 -0 23010-03 -0.3902D-04 0 3057D-04 0 24400-03 0.15880-04 -0 8571D+02 0 4252D+01
26 -0 51500-05 0 433706-05 © 25343D-03 -0 2425D-03 0 6369D-05 -0 GIGGD-05 0 2544D-03 O 4376D-05 O 8924D+02 -0.7155D400
27 -0 5156D-05 0 43370-05 0 2544D-03 -0 2325D-03 -0 6369D-05 0 616GD-05 O 2544D-C3 0.437GD-05 ~-0.8924p+02 0O 7155D+00
2 =0 1580D-04 0 13520-04 0 2425Dp-03 -0 23010-03 0 3902D0-04 -0 3657D-04 0 24400-03 0 15880-04 O 8571D+02 -0.4252D+01
29 0 4304D-03 -0 4367D-03 -0 3791D-02 0 3879D0-02 0 46720-04 -0 31920-04 0 4306D-03 0 38790-02 0 3170D+00 -0.89770+02
30 -0 6347D0-05 0 35010-05 -0 3841Dp-02 O 3929D-02 -0 4160D0-05 0 5297D-05 0 O 0 3929D-02 0 0 0 8996D+02
31 -0 6347D-05 0 35010-05 -0 38410-02 O 3929D-02 O 4160D-05 -0 52970-05 0 O 0 3929D-02 0 O -0 8996D+02
32 0 4304D-03 -0 43670-03 -0 37910-02 O 3B679D-02 -0 46720-04 0 33920-04 0.43060-03 O 3879D-02 -0 31700400 O B977D+02
33 -0 3198D-03 0 3130D-03 0 2029C-02 -0 20320-02 -0 3506D-04 0 296L50-04 O 20290-02 O 3141D-03 -0 89570402 0.36210+00
34 9 65370-05 ~0 87800-05 0 20480-02 -0 2052D-02 0 3822D-05 0 50890-05 0 2046D-02 O 0 0 89950402 0 0
35 0 65370-05 -0.8750D0-05 © 2048D-02 -0 2052D-02 -0 38220-05 0 50890-05 0 20480-02 0 0 -0 89950+02 0.0
36 -0 31980-03 0 31400-03 © 2029D-02 -0 2032D-02 0 3506D-04 -0 2565D-04 0 2029D0-02 O 31410-03 0.8957D+02 -0 3621D+00
37 -0 1811D-04 0.1850D-04 0 6075D-04 -0 55880-04 0 10820-04 -0 9203D-05 0 6112D-04 O 18768D-04 0O 6610D+02 -0.3527D+01
38 -0 1927D-05 0 1810D-0S 0 6259C-04 -0 580GD-04 -0 5120D-06 © 41170-06 0 6260D-04 0.1841D-05 -0 89770+02 O0.1969D+00
39 =-0.1927D-05 0 1849D-05 © 62590-04 -0 5B06D-04 0 51200-06 -0 41170-06 0.62600-04 0.18410-05 O 89770402 -0.1969D+00
40 -0 1811D0-04 0.18500-04 0 6375D-04 -0 5584D-04 -0 10820-04 0 9203D-05 0 61120-04 O 1878D-04 -0 B610D+02 0.3527D+01
41 -0 32620-05 0 2731D-05 O 1789D-05 -0 14300-05 0 23750-05 -0 28930-05 0 2054D-05 0.31840-05 0.77410402 -0.17400+02
42 -0 5785D-06 O 4u0BD-06 O 2185D-05 -0 1797D-05 O 34600-07 0,21968D-07 0 2186D-05 0.4808D-06 O B964D+02 0.27650+00
43 -0 57850-06 0 4406D-06 0 21850-05 -0 17970-05 -0 31500-07 -0 2198D-07 0 2186D-05 O 48080D-06 -0 89640+02 ~0.2765D+00
44 =0 32620-05 0 2731D-05 0.17690-05 -0 14300-05 -0 2379D-05 O 2893D-05 0 20540-05 0,.31840-05 ~-0.77410+02 0.17400+02
45 =-0.75060-06 0.8548D-06 -0 81770-66 0.82250-06 0.2071D-06 -0.17150-06 0.0 0.92590-06 0.0 ~-0.3968D+02

PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTROID OF EACH ELEMENT

'



46 -0.2251D-06 O 2066D-06 -0.75120-06 0.7447D-06 -0 2786D~07 -0.4083D-07 0.0 0.7454D0-06 0.0 -0.8783D+02
47 -0.2251D-06 QO 2066D-06 -0 7512D-06 O 7447D-06 0.2786D-07 0.4083D-07 0.0 0.7454D-06 0.0 0.8783D+02
44 -0 7506D-06 O 8548D-06 ~0.8177D-06 O B2250-06 -0.2871D-06 0.1715D-06 0.0 0.9259p-06 0.0 0.3968D+02

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 OUTEK INNER OUTER INNER OUTER INNER OUTER INNER OUTER
33 -0 1097D-05 0 6767D-06 O 8008D-04 -0.6843D-04 0 25200-14 -0.2520D0-14 0.8008D-04 0.67670-06 0.9000D+02 -0.1045D-08
35 -~0 1826D-04 0 14580-04 0.2419D-04 -0 1132D-04 0.1026D0-14 -0.1026D-14 0.24190-04 0.14580-04 0.9000D+02 -0.1135D-08
38 -0 1238BD-05 0.1120D-06 -0 6095D-03 O 6139D-03 0.22080-14 -0.2208D-14 0.0 0.61390-03 0.0 -0.90000+02
40 0.3407D-03 -0 3334D-03 -0.46460-03 0.47360-03 0 11690-02 -0.1166D-02 0.6478D-03 0.77800-03 0.2772D+02 -0.6243D+02
48 -0 2828D-05 0 23130-05 -0.91020-03 O 9111D0-03 0.33380-16 -0.33720-16 0.0 0.9111D-03 0.0 -0.9000D+02
50 0.2339D-03 -0 23160-03 -0.1075D-02 O 1081D-02 -0.5737D-03 0 5744D-03 0.2938D0-03 0.11410-02 -0.1180D+02 0.7818D+02

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

8Lz

POINT NO. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG (DIR.1) ELONG.(DIR.2) PRINC. STRN(T) DIRECTION(DEG.)
1 INNER 0 473920~-43 0.11157D-05 -0.61574D0-21 0.0 0.114570-05 0.11157D-05 -0.90000D+02
1 OUTER 0 473920-43 -0.109340-05 =0 61574D-21 0.0 ~0.10934D-05 0.0 00
2 INNER 0 96753D-07 0 1/6280-06 0 154190-07 0 3L753D-07 0.17628D~-06 0.177030-06 0.84514D+02
2 OUTER -0.10631D-06 =~0.153910-06 0.154190-07 -0 10631D0-06 -0.15391D-06 0.0 0.0
3 INNER -0 264750-06 € .281340-05 0.11352D0-09 -0 20L475D-06 0 281340-05 0.281340-05 0.89999D+02
3 OUTER 0.19245D-06 ~-0.25240D-05 0 11352D0-09 0.192450~-06 =-0.252400-05 0.192450-06 0.119720-02
4 INNER -0 $8631D-06 0.17956D-04 -0.813000-08 -0 58631D-06 0.17956D-04 0.179560-04 -0.89987D+02
4 OUTER 0 474200-06 -0.13203D-04 -0.813000-08 0 474200-06 -0.13204D-04 0.474200-06 -0.170280-01
5 INNER 0 820190-06 0.873150-03 0.171480-06 0.82019D-06 0.872770-03 0.87315D-03 0.89994D+02
5 OUTER -0 241660-05 =-0.87317D0-03 0 17148D-06 -0 21167p-05 -0.87356D-03 0.0 0.0
6 INHER -0 10974D-05 0 80084D-04 0 25196D-14 ~-0.10974D-05 0 80081D-04 0.80084D-04 0.90000D+02
6 QUTER 0 67672D0-06 -—0.68432D-04 -0.25199D-14 0 67672D-06 -0.68435D-04 0.676720-06 =-0.10446D-08
7 INNER G 652019D-06 0.87315D0-03 ~0.171480-06 0.820190-06 0.872770-03 0 87315003 -0.89994D+02
7 OUTER -0 24166D-05 =~0.87317D-03 -0 17148D-06 =-0.241670-05 -0.87356D-03 0.0 0.0
8 INNER -0 58631D~-06 0 179560-04 0 81300D-08 ~-0.58631D~06 0.17956D-04 0.17956D-04 0.89987D+02
8 QUTER 0.474200-06 -0.13203D-04 0 81300D-08 0.4.4200-06 -0.132040-04 0.47420D0-08 0.170280-01
9 INNER -0 264750-06 0.28134D-05 -0.113520-09 -0.20L4750-06 0.28134D-05 0.28134D0-05 -0.89999D+02
9 OUTER 0 19245D-06 -0.252400-05 =-0.113520-09 0.192450-06 =0.25240D-05 0.192450-06 ~-0.11972D-02
10 INNER 0 98753D-07 0.17628D-06 -0.15419D-07 0.3L7530-07 0.17628D-06 0.177030-06 =~0.84514D+02
10 OUTER -0 106310-06 =0.15391D0-06 -0 15419D-07 -0 10631Dp-06 =-0.15391D-06 0.0 0.0
11 INNER 0 64420D-22 0.11157D-05 0.487330-20 00 0.11157D0-05 0;011570"05 0.900000+02
11 OUTER ~-0.644200-22 -0.10934D-05 0.17071D-20 0.0 ~0.109340~-05 . 0.0
SYSTEM ENERGIES(IN-LB)
WORK INPUT TO STRUCTURE = 0 7522995D+03
STRUCTURE KINETIC ENERGY = 0 4927275D+03
STRUCTURE ELASTIC ENERGY = 0 8634123D+01
STRUCTURE PLASTIC ENERGY = 0.25093790+03
ENERGY STORED IN ELASTIC RESTRAINTS= 0.0 )
*
*&xx+ INCR. NO.= 10 TIME= 0.2500D-04 SEC.
NODE U v W PSIX PS1Y TWIST X-PGsS. Y-POS. Z-PQS.
1 00 c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.37425D0+00 0.0 0.0
3 00 0.0 0.0 0.0 0.0 0.0 0.748500+00 0.0 0.0



6LT

o
0
0 375390-02
0.172900-03
0 328310-17
-0 172900-03
-0 375390-03
0 51893D0~03
0 22141D-03
0 235310-16
=0 22141D-03
-0 518910-03
0 628800-03
0 375300-03
0 229750-16
-0 375480-03
-0 62880D-03
0 249810-02
0 972590-03
-0 880370-16
-0 97269D-03
=0 249810-02
0 152110-02
0 82648BD-03
-0 586250-16
-0.82648D-03
-0 152110-02
0 133160-02
0 £53160-03
0 207320-16
=0 55316GD-03
~0 13316D-02
0 152110-02
0 62648D-03
0 154280-15
-0 826480-03
=0 152110-02
0 24991D~-02
0 972690-03
-0 101860~15
-0 972590-03
-0 219810-02
0 62880D-03
0 375480-03
0 41973017
=0 375480-03
-0 628800-03
0 518940-03
0 221410-03
0 386920~17
~0 221410-03
-0 $516930-03
0 375390-03
0 17290D-03
0 344230-17
=0 172300-03
~0 37539D-03
00

0
[¢]

cooo
o000

0.0
0.0
0 11017002
0 100750-02
0 937810-03
0 100750-02
0 110170-02
0 255610-02
0.25025D0-02
0 24181D-02
0 250250-02
0 255610-02
0 479300-02
0 432610~-02
0 428700-02
0 432610-02
0 479300-~02
0 31733D-02
0 27280D0-02
0 27313D-02
C 272800-02
0 3173,0-02
-0 216570-02
-0 181160-02
=0 19584D-02
-0 181160-02
-0 245657D-02
0 28346D-15
0 120200-15
0 47325D-16
-9 872780-17
-0 10701D0-15
0 24657D0-02
0 181160-02
0 195840-02
0.181160-02
0 216570-02
=0 31733D-02
-0 27240D-02
-0 27313p-02
-0 272800-02
-0 31733D-02
-0 479300-02
-0 432610-02
-0 428700-02
-0 432610-02
-0 47%3¢p-02
-0 255610-02
-0 250250-02
=0 231810-02
-0 25025D-~02
-0 255510-02
-0 110170-02
-0 100750-02
-0 937810-03
-0 100750-02
-0 110170-02
00

(=R NN
oo oo

.

0.0
0.0
~0,535390-03
-0.437580-03
-0 438050-03
-0 437580-03
-0 535390-03
0 2913%D-02
0 22386D0-02
0 214250-02
0 223850-02
0 291390-02
=0 121310-01
-0 83097D0-02
-0.802370-02
-0 830970-02
-0 12131D-01
0 85074D-01
0 85752D-~01
0 85758D-01
0 857520-01
0 85074D-01
0 172650+00
0 167750+00
0 167330+00
0 16775D+00
0 172650+00
0 19535D+00
0.190890+00
0 130750+00
0 1908YD¢00
0 195400+00
0 17265D+00
0 167750+00
0 157330+00
0.167750+00
0 172650+00
0 850740-01
0 857820-01
0 837580-01
0 85752D-01
0 85074D-0t
~0 121310-01
-0 830970-02
-0 B0237D-02
-0 830970-02
-0 12131D-01
0 29139D-02
0.223660-02
0 214250-02
0 2238560-02
0 291390-02
-0 535390-03
-0.437580-03
-0 438030-03
-0 437580-03
-0 535390-03
0o

COO0CO
cCOo0CO

REACTION FORCES AT CONSTRAINED NCDES

NODE

RX(L8S)

RY(LBS)

RZ(1DBS)

00
00
Q0 697020-03
0 339850-04
0 253970-16
-0.,339850-04
~0 697020~03
~0 42725D0-02
~0 569480-03
~0 291770-195
0 5G9480-03
0 427250-02
0 21474D-01
0 30158D0-02
-0 828760~15
-0 301580-02
-0 21473D-01
0 37644D-02
0 454030-03
-0 291780-14
-0.454030-03
-0 376340-02
-0 299630-01
-0 39461D0-02
0 185790~14
0 39461D-02
0 299630-01
-0 236350-01
~0 290980-02
0 332200-14
0 290900-02
0 23635D-01
-0 29963D-01
-0 394610-02
0 125510-14
0.39461D-02
0 299630-01
0 37644Dp-02
0 451030-03
-0 60255014
~0 45403D0-03
-0 376340-02
0 21474p-01
0 301580-02
-0 94017D-15
-0 30158D-02
=0 214740-01
-0 427250-02
~0 569480-03
-0 417420-16
0 5G948D-03
0 427250-02
0 697020-03
0 339G650-04
-0 80377D-16
-0 339850-04
-0 697020-03
[J+]

[~ =X~ -1
ooo0

00
00

-0
-0
-0
-0
-0
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]
o

-0
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-0
-0
~0
-0
-0

-0
-0
-0

-0
-0
-0
-0
-Q

[-R-N-NoN NN NN
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681630-92
531110-02
519300- 02
531110 02
681630-02
60749D-02
357790-02
282330-02
357790-02
607490- 02
16607D-02
866200-02
980360- 02
85620002
186070-02
226320100
209970400
203100400
209970400
226320100
121320400
116500+ 00
117070+ 00
116800400
121320400
24744013
259510-14
Cu6130-15
80-910-15
138910-13
121320100
116800+ 00
117070100
116800400
121320 00
226320400
209970400
208100+00
209970490
226320400
186070-02
¥G6200-02
95036D-02
800200-02
18C07D- 02
007499-02
357790-02
282330-02
357799-02
607497-02
681630- 02
531110-02
5193¢3-02
©31110-02
661630-02

MX(LBS~IN)

0.0
0.0
0.111780-01
0.970210-03
0 12393D-14
-0.970210-03
-0 111780-01
-0.15508D0-01
-0.334840-02
0 .423870-15
0 33484D-02
0 155080-01
0 64964D-01
0.87201D-02
-0 933310-14
-0 97201D-02
-0 649564D-01
-0 95707D-01
~0.t1509D-01
-0 40704D-13
0.11509D0-01
0 95707D-0t
~0.12969D0-01
~0 259970-02
-0 574570-13
0 259970-02
0 12969D-01
-0 337060-12
-0 27534D-13
-0 271470-13
-0 535130-13
~0 25087D-12
0 129690-01
0 25997D-02
0 6I699D-14
~0.259970-02
-0 12963D-01
0 957070-01
0.11509D0~-01
0 806020-13
=0.115090-014
~0.957070-01
-0 649640-01
~0.97201D-02
0 65422p-14
0.97201D0-02
0 64964D-01
0.155080-01
0 33184a0D-02
0 270670-14
-0 334840-02
-0 155080-01
-0 111780-01
~0 970210-03
0 592520-15
0 9570210-03
0.111780-014

MY(LBS-IN)

0.11227D+01
0 14970D+01
0.375390-03
0.374420+00
0.748500+00
0 11226D+01%
0.149660D+014
0 51893D-03
0 374470+00
0 748500+00
0 112250401
0.14965D+01
0 628800-03
0 374630+00
0 748500+00
0 11224D+01
0 149640+01
0 249810-02
0 375220400
0 748500D+00
0 112180+01
0 149450+01
0 152110-02
0 37508D+00
0.748500+00
0 112190+01
0 149550+01%
0 13316D-02
0 37480D+00
0 748500+00
0 112220+01
0.14957D+01
0 152110-02
0 37508D+00
0 748500:00
0.112190+01
0 14955D+014
0 24981D-02
0 375220+00
0.748500+00
0 112180401
0 149450401
0.628800-03
0 374630+00
0.748500+00
0.112230+01
0 149640+01
0 51A930-03
0 37447D400
0 748500+00
0 112250401
0.14955D+01
0 375390-03
0.374420+00
0.748500+00
0 112260401
0 14966D+01
00

0 374250+00
0 748500+00
0.112270+01
0.149700D+01

—

00

0.0

0.77610D+00
Q 776010+00
0 776000400
0 77601D+00
0.776100+00
0.155260+01
0.15525D+01
0.155240+01
0.155250+01
0 155260+01
0 232980+01
0 232930+01
0 23293D+01
0.232930+01
0 232980+01
0.31032D+01
0.31027D+01
0 310270+01
0 310270+01
0.31032D+01
0 354750+01
0 35402001
0 35480D+01
0.354020+01
0.354750+01
0 400000401
0 40000D+01
0 40000D+01
0 400000401
0 40000D+01
0 44525D+01
0 44518D0+01
0 44520D+01
0 445180+01
0 445250401
0 489680+01
0 489730+01
0 48973D+01
0 48973D401
0 489660D+01
0 56702D+01
0 56707D+01
0 567070+01
0 567070+01
0 5G702D+01
0 644740+01
0 64475D+01
0 644760401
0 64475D+01
0 644740+01
Q0 722390+01
0 72240D+01
0.722400+01
0 72240D+01
0 72239D+01
G 80000D+01
0 800000+01
0 800000401
0 80000D+0t
0.800000+01

MXY(LBS-IN-IN)

- e—— ——

0.0
0.0
-0 535390-03
-0 437580-03
-0.438050-03
-0 437580-03
-0 535390-03
0.291390-02
0.223660-02
0.214250-02
0.22386D0-02
0.291390-02
-0.121310-01
-0.83097D-02
-0.802370-02
-0 83097D-02
-0.121310-014
0.850740-01
0 857520-01
0 857580-01
0.857520-01
0.850740-01
0 172650+00
0.16775D+00
0.167330+00
0.16775D+00
0 17265D+00
0.195460+00
0.190890+00
0.190750+00
0.190890+00
0.19546D+00
0.172650+00
0 16775D+00
0.167330+00
0.16775D+00
0 17265D+00
0.850740-01
0.857520-01
0 857580-01
0 857520-01
0 85074D-01
-0 12131D-01
~0.830970-02
-0 60237D-02
-0.83097D-02
-0.12131D-01
0 29139D-02
0 22386D-02
0 214250-02
0 22386D-02
0 291390-02
~0.535390-03
-0.43756D-03
-0.438050-03
-0 437580-03
-0.535390-03
0.0

[-N NN

.
.
.
.

[~X-X-%-]

«———— .



=0.13544D+03
~0.181630+02
0.16698D~12
0,18163D+02
0.13544D+403
=0.13543D+03
-0.181€30+02
-0 85976D-12
0 181630402
0 135440+ 03

~0.29965D+03 =0 31238D+02
=0.471270+03 =0.51304D+02
~0.457290+03 ~0.533120+02

-0 471270+03
-0 299650+03
0 299uL5D+03
0 471270+03
0.457290+03
0 471270+03
0 299050+03

«0.513040+02
-0 31238D+02
~0.31238D+02
-0.51324D+C2
=0 53312D0+02
-0 513040102
-0 31238D+02

STRAIN COMPONENTS,

-0.247130+01
-0 13785D+09
-0 33618D0-13
0.137850+00
0 237130+01
-0 24713C+01
=0 137850409
0 257520~12
0.137850+00
0 247130+01

-0.592160+01
-0, 10160D+02
-0 103160402
~0 101600402
-0 59216D+01
0 59210+0%
0 101600+02
0 10316D0+02
0 101600+02
0.592160+01

~Q 42464D+00
~0.,942230-02
-0 22326D0-13
0.942230-~02
0 42464D+00
0 42464D+00
0 94223D-02
-0 373190-13
-0 942230-02
-0 42464D+00

PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTLOID OF EACH ELEMENT

EPS-X STRAIN

EPS-Y STRAIN

ELEM, INNER OUTER INNER OUTER
i -0.1809D-03 -0 36010-03 O 9933D-03 0.17290-02
2 -0.2205D-03 -0 2315D-03 ©0 9512D-03 O 1636D-02
3 <~0 22050-03 -0 2315D-03 © 9512D-03 © 163GD-02
4 -0 18090-03 ~0 3601D-03 O 99330-03 O 17290-02
5 -0.7561D-03 -0 5798D-03 0 25680-02 0 1272D-02
6 -0 53473D-03 -0 S063D-03 0 2439D-02 0 1353D-02
7 -0 5473D0-03 -0 S0630-03 0 24390-02 O 1353D-02
8 -0.7561D-03 -0 5798D-03 0 25G8D-02 0 12720-02
9 -0.8508D-03 -0 6197D0-03 0 3054D-02 0 2827D-02

10 -0 79150-03 -0 8032D-03 © 30820-02 O 22070-02
1t -0 79150-03 ~0 80320-03 0 30820-02 0 22070-02
12 -0 85080-03 -0 61970-03 0 3054D-02 0 2827D-02
13 -0 56340-02 0 1014D-02 © 1991D-01 -0 74939D-02
14 -0 2317/0-02 -0 12840-02 0 1911D0-01 -0 7053D-02
15 -0 23170-02 =0 1264D0-02 O 1911D-01 -0 7053D-02
16 -0 5634D-02 0 10140-02 © 1991D-0t -0 7499D-02
17 -0 8336D-03 -0 50500-02 -0.3166D-02 0 18510-01
n 18 -0 2097D-02 -0 2710D-02 -0 2482D-02 0 1830D-01
g 19 -0 2097D-02 -0 2710D-02 -0.2182D-02 0 1830D-01
20 -0 83380-03 -0 5050D-02 -0 3166D0-02 O 1851D-01
21 0 1371D0-02 -0 S5157D-02 -0 7£450-02 0 1933D0-01
22 -0 1356D-02 -0 2330D0-02 -0 7871D-02 O 1861D-01
23 -0 1356D-02 -0 23300-02 -0 7871D~02 O 1861D-0t
24 0 1371D0-02 -0 5157D-02 -0 7535D-02 0 19330-01
25 0.1371D-02 -0 51570-02 -0 7545D-02 O 1933D-01
26 -0 1356D-02 -0 23300-02 ~-0.7871D-02 O 1861D-01
27 -0 13560-02 -0 23309-02 -0 7871D-02 0 18610D-01t
28 0 1371D0-02 ~0 S157D-02 -0 75450-02 O 19330-01
29 -0 83380-03 ~0 5050D-02 -0 316G0-02 O 1851D-01
30 -0 2097D-02 -0 2710D-02 -0 2382D-02 0 18300-01
3t -0 20970-02 -0 27100-02 -0 2432D-02 O 1830D-0t
32 -0 83380-03 -0 5060D-02 -C 316GD-02 O 1851D-0t
33 -0 56340-02 0 1014D-02 O 19910-0t -0.,7499D-02
34 -0 23170-02 -0 1284D-02 O 19110-01 -0 7053D-02
35 -0 23170-02 -0 1284D-02 0 1911D~01 ~0 7053D-02
36 -0 5631D-02 0 1014D-02 O 1991D-01 -0 7499D-02
37 -0 85080-03 -0 6197D0-03 O 3054D-02 O 2827D-02
38 -0 79150-03 -0 80320-03 O 30320-02 0 22070-02
39 -0 7915D-03 -0 80320-03 0 30920-02 0 22070-02
40 -0 85080-03 -0 6197D-03 0 30540-02 © 29270-02
41 -0 75610-03 -0 5798D~03 O 2568D-02 .*1.720-02
42 -0 5473D-03 -0 S063D-03 O 2439D-02 0 135%30-02
43 ~0 54730-03 -0 S0G30-03 0 24390-02 0 1353D-02
44 -0 75610-03 -0 57980-03 0 25580-02 0 12720-02
45 -0 1809D-03 -0 3G501D-03 0 9933D-03 0 17290-02
46 ~0 2205D-03 -0 2415D-03 0 95120-03 0 1636D-02
47 -0 2205D-03 -0 24150-03 0 95120-03 0 16360-02
48 -0 1809D0-03 -0 3601D-03 0 99330-03 0 1729D-02

STRAIN COMPONENTS,

SHEAR STRAIN

INNER

0 19270-03

0 90650~-04

-0 9065D-04
-0 19270-03
-0 3507D-03
-0 8980D-04
0 8980D-04

0 35070-03

0 1094D-02

0 68760-04

~0 €878D-04
-0 10210-02
0 74790-03

0 4089D-03

40890-03
=0 74790-03
-0 51710-02
-0 6203D-03
0 6203D-03

0 5171p-02

-0 47370-04
-0 26140-03
0 26140-03

0 47a70-04

0 47470-04

0 261130-03

~0 2614D-03
-0 47370-04
0 51710-02

0 62030~03

-0 62030-03
51710-92
-0 7479D-03
-0 40890-03
0 4099D-03

0 74790-03

-0 1031D0-02
6878D-04
0 68780-04

0 10940-02

0 35070-03

0 89800-04

-0 898¢0-04
~0 35070-03
-0 1927D-03
-0.9068%0-04
0 90650-04

0 19270-03

PRINC. STRAIN(T)

OQUTER INNER OUTER
0 2628D-03 0 10010D-02 0.17370-02
0 1065D0-03 0 95300-03 0 16380-02
-0 1065D0-03 0 95300-03 0 16380-02
-0 26280-03 0,10010-02 0.1737D-02
0 20540-03 0 25770-02 0.12780-02
-0 977GD-04 0 2440D-02 0 13550-02
0 97760-04 0 2440D-02 0.1355D-02
-0 20540-03 0.2577D-02 O 1276D-02
~0 24980~-02 O 31290-02 0 3147D0-02
-0.18410-03 0 3082D-02 0 2210D-02
0 18410-03 0 30820-02 0.2210D-02
0 2196D-02 0 31230-02 0 3147D-02
0 2946D0-02 0 19910-0f 0 1262D-02
0 4716D-03 0.19120-0t 0 O
-0.,471G60-03 0 1912D-01 0 O
-0 2946D0-02 0 1991D-01 0 12620-02
0 8464D-03 0 83650-03 0 1852D-01
-0 36950-03 0 O 0 18300-01
0 3695D0-03 0 O 0 18300-014
-0 84G4D-03 0 83650-03 O 1852D-01
-0 40160-03 0 1371D-02 0 1933D-0%
-0 75330-03 0 0 0 1861D-01
Q 75330-03 0 0 0 18610-01
0 40160-03 0 1371D0-02 0.1933D-01
0 1016D0-03 0 13710-02 O 1933D-01
0 75330-03 00 0 18610-01t
~0 7%330-03 0 0 0 1861D0-01
-0 40160-03 0 13710-02 O 1933D-01
-0 84G4D-03 0 83650-03 0.1852D-01
0 36950-03 0 0 0 1830D-01
-0 36950-03 0 0 0 1830D-01
0 B8454D-03 © 83650-03 O 18520-01
-0 29460-02 O 1991D-0f 0 12620-02
-0 47160-03 0 19120-0t 0O 0
¢ 47160-03 0 1912D-01 0 O
0 29460-02 0 1991D-0t 0 1262D-02
0 21980-02 0 3t1290-02 0 3147D-02
0 18410-03 0 3082D-02 0 22100-02
-0 18410-03 0 30820-02 0 22100-02
-0 21980-02 0 3129D-02 0 3147D-02
-0 20540-03 0 2577D-02 0 12780-02
0 9776D-04 0 2440D-02 0.13550-02
-0 9776D-04 0 2440D-02 O 1355D0-02
0 2054D-03 ©0 257/7/D-02 O 12780-02
-0 26260-03 0 1001D-02 0 17370-02
-0.10650-03 0 95300-03 0 1638D-02
0 1065D-03 ©0 95300-03 0.1638D-02
0.26200-03 0 1001D-02 0.17370-02

PRINCIPAL (TENSILE) STRAIN AND DIRECTION AT USER-SPECIFIED NQODES

DIRECTION(DEG.)

INNER
0.85340+02
0.87790+02

~0 87790+02
~0.85340+02
-0 8699D+02
~0 B8914D+02
0 89140402
0.86990+02
0 82170402
0.8949D+402
-0 8949D+02
-0 82170+02
0 8916D+02
0.89450+02
~0 8945D+02
-0 8916D+02
-0.32860402
00
00
0 32860402
-0 15250+00
¢ o
00
0 15250400
0 1525D+00
00
0.0
-0 1525D+00
0.32860+02
0.0
0.0
-0.32860+02
-0 89160+02
-0 89450402
0 8945D+02
0 8916D+02
-0 8217D+02
-0 8949D+02
0.83490+02
0 82170402
0 86990+02
0 B914D+02
~0.89140+02
-0.86990+02
~0.685340+02
~0 87790+02
0.87790+02
0.8534D+02

- s - e b - e e e e

QUTER
0.86410+02
0.88380+02

-0,88380+02
-0.86410+02
0 86840+02
-0 8850D+02
0.88500+02
-0 8684D+02
-0 7374D+402
-0 80250D+02
0 88250402
0.7374D+02
0 9544D+01
00
00
~0 9544D+01
0 8897D+02
-0 8950D+02
0 89500+02
-0 8897D+02
~0,8953D+02
-0 8897D+02
0 8097D+02
0 8953D+02
0 89530402
0.8097D+02
-0 8U97D+02
-0 89530+02
-0.8897D+02
0 B89500+02
~0 89500+02
0 88970+02
~-0.95440+01
(Y]
00
0 9544D+01
0 7374D+02
0 88250+02
~0 88250402
-0 7374D+02
-0 8684D+02
0.8850D0+02
-0.88500+02
0 8684D+02
-0 B6410+02
=-0.88380+02
0 8838D+02
0.86410+02



*  NODE
33
35
38
40
a8
50

STRAIN COMPONENTS,

POINT NO.

8Z

s

Zz
[=]
(=]
m

R o an o ot b ot b s
COONOUNLWN=OOO~NOUNDWN —-

EPS-

INNER
-0.19700-02
0.18810-02
-0.2377D-02
0.53010-02
-0 8061D0-03
-0 4623D-02

X STRAIN
QUTER
~0 9863D0-03
~0.53820-02
-0 20380-02
~0 81120-02
~0.12000-02
0 3733D-02

PRINCIPAL(TENSILE) STRAIN AND DIRECVION,

EPS~Y
INNER
-0.44390~-02
-0 15000-02
-0 16540-01
-0.19340-01
0 13220-01 -~
0 1450D-0t ~

STRAIN

OUTER

0 13200-01
0.12460-01
0.23170-01
0 27110-01
0 12720-01
0 13700-01

SHEAK STRAIN PRINC. STRAIN(T) DIRECTION{DEG.)

INNER OUTER INNER OUTER INNER OUTER

-0.27090-14 0.28220-14 0 0 0.13200~01 0.0 0.90000+02

-0 26030-13 0 25140-13 0.1881D-02 0.1246D0-01 -0.2206D-09 0.90000+02

0.50480~15 -0.79420-15 0.0 0 24170-01 0.0 -0.90000+02

-0 4506D-02 -0.18610-02 0 55040-02 0.2714D-01 -0.5t61D+01 -0.88490+02
0 6684p-15 -0 66620-15 0,13220-0t 0.0 0.90000+02 .

0.66160-02 -0 6637D-02 0 1506D0-01 0.43430-02 0 80460+02 ~0.1042D+02

AND ELONGATJONS AT SPECIFIED ADDITIONAL POINTS

—_—

—
—

SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG (DIR 1) ELONG (DIR 2) PRINC STRN(T) OIRECTION(DEG.)
1 INNER 0 223320-35 0 17478D-02 0 423630-17 00 0 174630-02 0 174780-02 0 90000D+02
1 OUTER 0 224320-35 0.827200-03 0 423630-17 00 0.826860-03 0.827200-03 0.900000+02
2 INNER -0 117760-03 0.133430-02 -0 66803D-05 -0 117770-03 0 133340-02 0 13343D-02 ~0 893680+02
2 OUTER =0 12069D-03 0 12416D-02 -0 668030-05 -0 12069D-03 0 123090-02 0 12417D-02 -0 89860D+02
3 INNER -0 513660-03 0 311130-02 -0 B38300-04 -0 51379D-03 0 310650-02 0 311180-02 ~0 89338D+02
3 OUTER ~0 48:58D-03 0 561250-03 -0 838300-04 -0 44570D-03 0.56109D-03 0.562920-03 -0 877110402
4 INNER -0 5%8750-03 0 356300-03 =-0.18645D-03 -0 $.8910-03 0 356540-03 0 366000-03 -0 84244D+02
4 OUTER -0 890C5D-03 0 486270-02 -0 18645D0-03 -0 8Y044D-03 0 48708D-02 0 488420-02 -0 89075D+02
-] INNER -0 144010-02 0 171020-01 -0 642700-04 -0 14412D-02 0 169580-01 0 171020-01 -0 89901D+02
S CUTER -0 16989002 -0 11760D-01 -0 64270D-04 -0 17003D-02 -0 11830D-01 00 9.0
6 INNER -0 196980-02 -0 449880-02 =0 27244D-134 -0 14718D0-02 -0 45090D-02 00 00
6 OUTER -0 98629D0-03 0 132030-01 0 280750-14 -0 91G768D0-03 0.13117D-01 0 13203D-01 0 90000D+02
7 INNER ~0 14401D~-02 0.17102D-01 0 €4270D0-04 -0 14412D0-02 0 169580-01 0.17102D0-01 0 89901D+02
7 OUTER -0 14989D-02 -0 1175600-01 0 632700-04 -0.170030-02 -0 11830D-01 00 00
8 { INNER -0 55875D-03 0 356600-03 0 186150-03 -0 S'B8910-03 0 35654D-03 0 366000-03 0 84244D+02
8 OUTER -0 89005D-03 Q 48927D-02 0 18645D-03 -0 89044D-03 0.48708D-02 0 488420~02 0 890750+02
9 INNER -0 51356D-03 0.31113D-02 0 838300-04 -0 513790-03 0 310650-02 0 311160-02 0.893380+02
9 OUTER -0 485580-03 0 561250-03 0 83830D-04 -0 485700-03 0.56109D-03 0 562920-03 0 877110402
10 INNER -0 11776D-03 0.133430-02 0 668030-05 -0 117770-03 0 133340-02 0.133430-02 0 89868D+02
to OUTER -0 120690-03 0.124160-02 0 668030-05 -0 120690-03 0.124090-02 0.124170-02 0.09860D0+02
1 INNER 0 29881D0-20 0.174780-02 -0 449270-17 00 0 174630-02 0.174780-02 ~0.90000D+02
11 CUTER -0 29881D-20 0.827200-03 -0 439070-17 o0 0.82686D0-03 0.827200-03 -0.90000D+02
=1
SYSTEM ENERGIES(IN-LB)
WORK INPUT TO STRUCTURE = 0 38488320+04
STRUCTURE KINETIC ENERGY = 0 33017230+04
STRUCTURE ELASTIC ENERGY = 0 12309500+03
STRUCTURE PLASTIC ENERGY = 0 4240136D+03
ENERGY STORED IN ELASTIC RESTRAINTS= 0 0
INCR., NO.=» 20 TIMEa 0.5000D-04 SEC.
u v W PSIX PS1Y TWIST X-pP0S. Y-POS. 2-P0S.
0.0 o0 0.0 0.0 00 0.0 00 00 .0
o0 co 00 (] 0.0 0.0 0 374250400 0 O 0.0
o0 [} 00 (] 0.0 0.0 0 748500400 0.0 0.0
00 00 00 00 00 0.0 0 11227D0+01 0.0 0.0
00 [y 0.0 00 00 00 0.149700401 0 O 0.0
0 282990-02 2 70454D-02 0 381470-02 -0 365810-02 0.25434p-01 -0.458870-01 0.282990-02 0.782050400 0.381470-02
0.137570-02 0 622480-02 0 299970-02 -0 900200-03 0.181500-01 -0.640430-02 0 375630400 O© 781220400 0.299970-02
=0 221720-16 0 60713D-02 0 23621D-02 -0 397200-15S 0 170360-01 -0 10036D-13 0.748500+00 0 781070400 0.28621D-02
—0 13757D-02 0 62248D-02 0 299970-02 O 900200-03 0 181500-01 O 64043D-02 O 112140401 0 781220400 0 299970-02
=0 282990-02 0,704540-02 0.38147D-02 O 365810-02 0 254340-0% 0O 45837D-01 O 149420401 0 782050400 0.381470-02
0 376070-02 0 14370D-01 -0 135030-01 0 937010-02 -0 685170 01 0.11810D+00 O 37607D-02 0 156450+01 -0 13503D-01
0 176010-02 0 14671D0-01 -0 107070-01 O 459380-02 -0 4S859D-01 O 23092D0-01 O 376010+00 0 156470+01 -0.107070-01
-0 10143D-15 0 14550D0-01 -0 989220-02 O 100400-15 -0 422097-01 -0 202000-13 O 748500+00 O 15646D+01 -0.989220-02
-0 176010-02 0 14571D-01 -0 10707D-01 -0.459380-02 -0 35889D-01 -0.230920-01 O 112100401 0 15647D+01 ~0,107070-01
-0 376070-02 0 144700-01 ~0 135030-01 -0 93701D-02 -0 68517D-01 ~0.118400+00 O 149320401 0.156450+01 -0.135030-01
0 402930-02 0 2G0910-01 0 122020-01 0 35573D-01 0.192710+00 ~0.64781D-0% 0.40293D-02 0.23519D0+01 0.122020-01
0 18939D-02 0 252420-01 0 206680-01 O 124270-01 0 183500400 ~0.701830-02 O 37614D+00 0.23502D+01 0.2066680-01
=0 19689D0-15 0 246J70-01 0 226090-01 O 16883D-14 0 18212+00 -0 281010-13 0.74850D+00 O 23490D+01 0.226090-01
=0.189490-02 0 252420-01 0.206G8D-01 -0 124270~01 0.163500:00 0 701030-02 O 112090401 O 23502D+01 0.206G80-01
=0 402930-02 0 26891D-01 0 122020-01 -0 355730-01 0 19271D.00 0.647810-0t 0 149300+01 0.235190+01 0.122020-01
0.616090-02 0.167560-01 C 214260+00 O 184290-01 0.37400D0+00 -0.31792D+00 0.616090-02 0.311680+01 0.21426D+00

21



22 0,276260-02 0.146880-01 0.217660+00 0.378910-02 0 337oouaoo ~0.34691D0-01 0 377010400 0.31147D+01 0.21766D+00
23 -0.32645D0-15 0.14470D-01 0.218220+00 -0.391870-14 0 34173D.00 -0 95645D0-13 O 74850D+00 0.311450+01 0.21822D+00
24 ~0 276260-02 0 14688D0-01 0 217660+00 -0.37891D-02 0 347000400 0.34691D-01 0.112000+01 0.31147D+01 0.21766D+00
25 -0 616090-02 0 16756D-0t1 ©0.214260+00 -0.18429D0-01 0 374000400 0.117920+00 0.14903D+01 0.31168D+0% 0.21426D+00
26 0 604050-02 -0.89338D-02 0.387350+00 -0 437020-01 0 35418D+00 ~0.192940+00 0.604050-02 0.35411040%f 0.38735D+00
27 0 275590-02 -0.63G650-02 O 376800+00 -0 14951D-01 0 313110:00 -0 428310-01 O 377010400 O 354360401 0.376800+00
28 0 737840-16 -0 62579D-02 0.374330+00 0.18874D-13 0 306730+20 -0.18285D-12 0 74850D+00 0.354370+01 0.374430+00
29 =0 275593-02 -0 62665D-02 0 376300+00 0 14951D-01 O 313110100 0.3200310-01 0 112000401 O 35436D+0% 0.37680D0+00
30 -0 60405D0-02 -0 €9434D-02 O 337350+00 O 437020-01 0 354180400 0.19294D+00 O 14910D+01 0 35411D+01 0 38735D+00
31 0 71232D0-02 -0 1075L2D~14 0 463250+00 -0 98762D-01 0 181710-12 -0.186250-11 O 712320-02 O 40000D+01 0.46329D+00
32 0 26769D-02 -0 37378D-15 0 44276D+00 -0.229530-01 O 36616D-13 -0 147650-12 0 37693D+00 O 40000D+01 0.44276D+00
33 0 420620-15 -0 670150-15 0 439230+00 O 115190-13 0 176110-13 -0 14384D-12 0.74850D0400 0 40000D+01 0.43923D+00
34 -0 267690-02 -0 87349D-15 0 4327060+00 0.229530-01 -0 17070D-14 -0.266380-12 0.112010+01 0 400000401 0.44276D+00
35 -0 71232D-02 -0 26910D-15 0 46329D+00 O 987620-01 -0 10056D-12 -0.12605D-11 0,14899D+01 0.400000+01 0.463290+00
36 0 60405D-02 0 89435D-02 0 337350+00 -0 437020~-01 -0 35418D+00 0.19294D+00 O 60405D-02 0.44589D0+01 0.387350+00
37 0 275590-02 0 G350L50-02 0.37660D+00 -0 1493510-01 -0 31311D0+00 0.428310-01 0 37701D0+00 O 44564D+0%1 0.37680D+00
38 0 9291830-15 0 6257¢D-02 0 37433D+00 -0 23384D-14 -0 30C73D400 O 26049D0-13 O 748500400 O 445630401 0 37443D+00
39 -0 275590-02 0 63665D-02 © 376800+00 O 149510-01 -0 313110+00 -0.428310-01 0 112000+01 O 44564D+01 0.376800+00
40 -0 601050-02 0 693385-02 O 3B7350+00 0.437020-01 -0 354180100 -0 192940+00 0 14910D+01 0 445890401 @ 38735D+00
41 0 6100Y0-02 -0 16756D-0t O 21426D+00 0 1B429D-01 -0 37400D+00 0.11792D+00 O 61609D-02 O 488320+01 0.21426D+00
42 0 2/626D-02 -0 14588D0-01 O 21766D+00 0 37891D-02 -0 337000¢00 O 346910-01 0 37701D+00 O 40853D+01 0.21766D+00
43 -0 69709D-15 -0 14470D-01 O 218220+00 -0 165910-13 -0 34173D+00 0.171600-12 0 748500400 O 48855D+01 0 218220+00
44 -0 276260-02 -0 14EB6D-01 0 217660+00 -0 37591D~02 -0 347000+00 -0 346910D-01 O 112000401 0.488530+0% 0.21766D+00
45 ~0 616090-02 -0 16756D-01 0 214206D+00 -0 184290-01 -0 373000+00 =-0.117920D+00 0.14908D+01 O 48832D+01 0.21426D+00
46 0 402930-02 -G 20891D-01 0 122020-01 O 35573D-01 -0 192710400 O 64781D-01 O 40293D-02 O 56481D+0t O 12202D-04
47 0 189490-G2 -0 25242D-0t O 20(680-01 O 124270-01 -0 183500400 O 701830-02 O 37614D+00 O 56498D+01 0.20668D-01
48 -0 3780623-15 -0 24G37D-0t 0 22509D0-01 0 21270D-14 -0 18242).00 -0 18621D-13 0 74850D0+00 O 56502D+01 0 22809D-01
49 ~0 18949D0-02 ~0 25242D0-01 0 20660D-01 -0 124270-01 ~0 183500400 -0.70183D0-02 O 11209D+01 O 506498D+01 0.20668D-01
50 -0 40293D~02 -0 208910-01 0 122020-0% -0 355730-01 -0 19271D+100 ~0.64781D-01 O 14930D+01 O 56481D+01 O 12202D0-01
51 0 376070-02 -0 144700-01 -0.135030-01 O 937010-02 O 685170-01 -0 11840D+00 O 37607D-02 O 64355D+01 -0 135030-0%
52 0 176010-02 -9 13671D-01 -0 10707D-01 0 459380-02 0 458890-01 -0 230920-01 O 37601D+00 O 64353D+01 -0.107070-01
53 -0 19630D-15 -0 135500-01 -0.98922D-02 0.78133D-15 0 422099-01 -0 103120-13 0 748500+00 0 64354D+01 -0.989220-02
b 54 -0 17601D-02 -0.14C710-01 -0 107070-01 -0 45938D-02 O 458890-01 0O 23092D0-01 O 112100+01 0 64353D+01 ~0 10707D-01
¥ 55 -0 375070-02 -0 11470D-01 -0 135030-01 -0 93701D0-02 0 G65170-01 O 11840D+00 O 149320+0%1 O 643550+01 -0.135030-01
56 06 232990-02 -0 704530-02 0 38147D-02 -0 3G581D-02 -0 25434D-01 O 45887D-01 0O 28299D-02 0.721000+01 0.38147D-02
57 0 13757M-02 -0 62248D-02 0 299970-02 -0 90020D-03 -0 18150D-01 0 64043D-02 O 37563D+00 O 721080+0%t 0.29997D-02
$3 -0 502580-17 -0 60713D-02 0 28621D-02 0.400S6D-15 -0 170360-01 -0 27142D-14 0.748500+00 O 721890+01 0,28621D-02
59 ~0 137570-02 -0 622480-02 0 29997D-02 O 900200-03 -0 18150D-01 -0 640430-02 O 11214D+01 O 72188D+01 0.29997D-02
60 -0 28299D-02 -0 70454D-02 0.38147D-02 O 3G65810-02 -0 25434D-01 -0.45887D-01 O 149420401 0,.72180D0+01 0.38147D-02
61 00 00 00 00 o0 [N ] 00 0.800000+01 0.0
62 00 00 00 00 o0 0.0 0 374250+00 0.80000D+01 0.0
63 00 00 00 00 00 0.0 0 748500+00 0.80000D+01 0.0
64 00 00 00 00 [} 0.0 0 11227D0+01 0,80000D+01 0.0
65 0 0 00 00 00 00 00 0.149700+01 0.800000+01 0.0
REACTION FORCES AT CONSTRAINED NODES
NODE RX (LBS) RY(LBS) RZ(LBS) MX(LBS~IN) MY(LBS~IN) MXY (LBS-IN-IN)
1 -0.75353D0+03 -0 14543304043 0 10847p+02 0 11578D+01 0.260350+00 0.134000+00
2 -0 696000402 -0 235570+04 0.47066D+01 0 74311D-01 -0 16905D+01 -0 15812D-01
3 0 636550-~11 -0 22951D+04 0.472610+01 0 169720~-11  ~0.196590+01 0 35318D-12
4 0.695000402 -0 235670+04 0 47066D+0t =0 74311D-0t1 ~0 169050+0% 0.158120-01
5 0.75363D+03 -0 13544D0+04 0 10847D+02 -0.115780+01% 0.260350+00  =-0.134000+00
61 -0 75363D+03 0 13543D-04 0 108470402 0.11578D+01  -Q.2G0350+00 -0 13400D+00
62 ~0 69G0CD+02 0 23567C+04 0 4706GD+01 0 74311D-01 0.169050+01 0 158120-01
63 ~0 60254D-11 0 229510404 0 372610401 Q0 503830-12 0.196590+01 -0 74107D0-13
64 0 696000+02 0 23557D+04 0 47066D+01 =0 74311D-01% 0 169050401 -0.158120~01
65 0 75383D+03 0 14544D+04 0 10847D+02 -0.11578D+04  ~0.260350+00 0.13400D+00
STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTROID OF EACH ELEMENT
EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)
ELEM, INNER QUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER
1 -0.2274D-02 -0 1608D-02 0 9S770~-02 0 72520-02 0 1609D-02 0 16260-02 0 99300-02 O 7326D-02 0.86230+02 0.84800+02
2 =-0.18610~02 -0 18150-02 0 S072D0-02 ¢ 6796D-02 0 6911D0-03 O 67400-03 0.50830-02 O 6809D-02 0.8819D+02 0.8776D+02
3 =0.1861D-02 -0.1815D-02 0.90720-02 © 6796D-02 -0.69110-03 ~0.67400-03

v.0.90830-02 0.68090-02 ~0.88190+02 -0.8776D+02

2



ODRA~NO KL

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
a7
38
39
40
a1
42
43
a3
45
46
47
48

€82

TRAIN COMPONENTS,

NODE
33
35
38
40
48
S0

STRAIN COMPONENTS,

POINT NO.

-0.22740-02
~0.29650-02
=0 40520~02
-0 40520-02
=0.2965D-02
-0 2203D-02
-0 6428D2-02
-0 63280-02
-0 92040-02
-0 10100-01
-0 76813D-02
-0.76830-02
-0 1010D-01
-0 8449D-02
~0 €672D0-02
-0 66720-02
-0 8439D-C2
-0 100SD-02
-0 4316D0-02
-0 43160-02
-0 1009D-02
-0 10090-02
-0 43160-02
-0.43160-02
-0 1009D-02
-0 8449D0-02
-0 66720-02
-0 6G672D-02
-0 81390-02
-0 1010D-01
-0 76830-02
-0 7681D-C2
-0 1010D0-01
-0 92040-02
~0.634280-02
-0 6128D-02
-0 9204D-02
-0 29650D-02
~0.40520-02
-0 40520-02
=0 2965D-02
-0 2274D-02
-0 1861D0-02
-0 18610-02
~0 2274D-02

EPS-

INNER
-0 56770-02
0.8233D-02
-0 £2530-02
-0 2975D0-02
-C 63510-C2
-0 93480-02

INNER
OUTER
INNER
OUTER
INNER
QUTER

WWON e =

SURFACE

-0.1608D-02
-0 6749D-02
=0 43270-02
=0 43270-02
-0 62490-02
-0 13580-02
-0 3314p-02
-0 3314D-02
~0 13580-02
-0 32760-02
-0 47430-02
-0 4743p-02
=0 4276D-02
=0.9347D-02
-0 B80590-02
~0 80690-02
~Q 9347D0-02
=0 175G60-0t%
-0 1014D-01
-0.1014D-01%
-0.17560~01
=0 1755D0-01
~0 10130-01
-0 10140-01
-0 1756D-01
-0 9347D-02
-0 B069D0-02
-0 80569D-02
-0 9347D-02
=0 42760-02
-0 47430-02
=0 4743D-02
-0 4276D-02
-0 13580-02
-0 3314D-02
-0.,3314p0-02
-0 13%80-02
-0 6249D-02
-0 43270-02
-0 4327p-02
=0 6249Dp-02
~0 16080-02
-0 1315D-02
=0 1815D0-02
-0 16080-02

0.98770-02 0.72520-02
0.56800-02 0 15250-01
0 7t280-02 0.1506D-0%
0 71280-02 0 15060-0t
0 56800-02 0 1525D~0t
0 3079D0-01 -0 5557D-03
0 28690-0t -0 1003D~02
0 28690-01 -0 1003D-02
0 30790-01 -0 5557D0-03
0 29150-01 0 661606-02
0 2770D-01 O 6623D-02
0 2770D0-0y O 66230-02
0 29150-01 O 6616D-02
0 15300-01 0 22200-01
0 1433D-0v 0 22320-0%
0.1443D0-01 0 22320-01
0 15400-01 O 22200-01
-0 9126D0-02 0 6391D-01
-0 1111D-01 0 5868D-01
-0 1111D0-01 0.58660-01
~0 91260-02 0 6391D-01
-0 91260-02 0 6491D-01
-0 t111C-01 O S5868D-01
-0.11110-01 0 59660-01
-0 91260-02 0 6491D-01
0 1540D-01 0 22200-0%
0.1433D0-01 0 22320-0t
0 14313D0-0% O 22320-01
0 1540C-01 0 2220D-0%
0 29150-01 O 6616D-02
0 2770D-01 0 6623D-02
0 27700-01 0.66230-02
0 2915D-0t 0 66160-02
0 3079D0-01 -0 55570-03
0 28690-01 -0 1003D-02
0 28690-01 ~0 1003D-02
0 30790-01 -0 5557D-03
0 56800-02 0 15250-~01
0 7128D-02 O 1506D-01
0 71230-02 0 15060-0%
0 5680D-02 0 15250-01
0.906770-02 0 72520-02
0 99720-02 O 6796D-02
0 9072D-02 0 679GD-02
0 98770-02 O 7252D-02

-0.16090-02 -0,1626D0-02
0.10510-02 -0.83590-03
0.21320-03 -0.44Q50-03

-0.21320-03 0 44050-03

-0.1051D-02 0 83590-03
0.72830-03 -0 3031D-02
0 1990D-04 -0 9786D-03

~0 19900-04 0 97860-03

-0 72830-03 0 3G31D-02
0 14920-02 0 24210-02
0 3634D-03 0 1241D-02

-0.36340-03 -0 12440-02

~0 1422D-02 -0 2421D-02

-0 1004D-01 0 5273D-02

-0 26200-02 0 8G490-03
0 26200-02 -0 80490-03
0 1004D-0%1 -0 5273D-02

-0 77230-02 0 33620-02

-0 1SB1D-02 -0 52420-03
0 1581D0-02 © 52420-01
0 77240-02 -0 33620-02
0.7724D-02 -0 3362D-02
0 15810-02 0 52420-03

-0 15810-02 -0 $2420-03

-0 77245-02 0 33620-02
0 1001D-01 -0 52730-02
0 26200-02 -0 8049D-03

-0 26200-02 0 80490-03

-0 10040-01 0 $273D-02

-0 1492D-02 -0 24210-02

-0 35310-03 -0 12440-02
0 3634D-03 0 1244D-02
0.14920-02 © 24210-02

-0 72830-03 0 30310-02

-0.19900-04 0.9786D-03
0 1990p-04 ~0 9786GD-03
0.72835-03 -0 30310-02

-0 10510-02 0 83590-03

-0 21320-03 0 44050-03
0.21320-03 -0 43050-03
0 1051D-02 -0 83590-03

-0 1€090-02 ~0 1626D-02

~0 69110-03 -0 6740D-03
0 69110-03 0 67400-03
0 16090-02 0 16260-02

PRINCIPAL (TENSILE) STRAIN AND OIRECTION AT USSR-SPECIFIED

X STRAIN
CUTER
-0 8628D-02
-0 22240-01
-0 84740-02
=0 12606D-01
-0 37720-02
-0 78320-03

PRINCIPAL(TENSILE) STRAIN

EPS-Y STRAIN

INNER OUTER
-0 14480-01 © 42300-01
~0.1460D0-01 0 5435D-01
0 6246D0-03 0 6130D-01
0 1309C-01 0 75130-01
0 3277D-01 O 4054D-03
0 3585D-01 0 4247D-02

AND DIRECT

SHEAR STRAIN

INNER QUTER

~0 14330-13 0.15020-13
-0 13640-12 0 1207D-12
0 2146D-14 -0 31720-14
=0 27200-01 0 1216D-0%
~0.19180-14 0 1850D0-14
-0 25090-02 @ t1061D0-01

< ELONGATIONS AT

0.9930D-02 0.73260~02 ~0.86230+02 ~-0.8480D+02
0 5711D0-02 0.15250-01 0.8653D402 -0.88890+02
0.71290-02 0.1506D-01 0.8945D+02 -0.8935D+02
0.71290-02 0.1506D-01 -0.8945D+02 O 69350+02
0.5711D-02 0 1525D-01 -0.8653D+02 0.808890+02
0 30790-01 O 6107D-03 0.8948D+02 -0.5241D+02
0 28690-01 0 0 0 8998D+02 0 0
0 28690-01 0 0 -0 8998D+02 0 O
0 30790-0f O 6107D-03 -0 8948D+02 0 52410+02
0 2916D-01 0 6749D-02 0.8891D+02 © B374D+02
0 2770D-01 O 6657D-02 O 89710402 O 8688D+02
0 2770D-01 0 6657D-02 -0 6971D+02 -0.8688D+02
0 29160-01 0 6749D-02 -0 88910+02 -0 8374D+02
0 16420-01 0 2242D-01 -0 78586D+02 O 8526D+02
0.1451D-01 0 2233D-01 -0 B646D+02 O 8924D+02
0 14510-01 0 2233D-01 0 B646D+02 -0 8924D+02
0 1642D-01 0 2242D-01 0 78580402 -0 8526D+02
0 5347D-03 0 6494D-01 -0 21790402 0.8883D+02
0.0 0 5868D-01 0 0 -0 89780402
00 0 58668D-01 0 O 0 89700+02
0 5347D-03 O 6494D-01 0.2179D+02 -0 8883D+02
0 5347D-03 0 6434D-01 0 2179D+02 -0 8863D+02
00 0 5868D-01 0 O 0 89780402
00 0 S866D-01 0 O -0 8970D+02
0 5317D-03 O 64940-01 -0 21790402 © 8883D+02
0 16420-01 0.2242D0-01 O 78580402 -0 B526D+02
0 14510-01 0 2233D-01 O B8G646D+02 -0 8924D+02
0 1451D-01 © 2233D-01 ~0 86460+02 O 8924D+02
0.16420-01 0 22420-0% -0.7858D+02 O B852GD+02
0 2916D-01 0 6749D0-02 -0.88910+02 -0 8374D+02
0 2770D-01 0 6657D-02 -0 B8971D+02 -0 8688D+02
0 2770D0-01 O 66570-02 O 8971D+02 O B68HD+02
0.29160-01 0 6749D~02 0.8891D+02 0 8374D+02
0.30790-01 O 6107D-03 -0 8948D+02 0.5241D+02
0 28690-01 0 0 -0 8998p+02 0 0O
0.28690-01 0 0 0 89980402 0 ©
0 30790-01 O 61070-03 O 89480+02 -0.5241D+02
0 §7110-02 O 1525D-03 -0 86530402 O 88890402
0 71290-02 0 1506D-01 ~0 8945D+02 0.8935D+02
0 71290-02 0.1506D-01 0.8945D+02 -0 B935D+02
0 5711D-02 0.1525D-01 0.8653D0+02 -0 8889D+02
0 99300-02 0.73260-02 -0 8623D+02 -0 B48B0D+02
0.9083D-02 O 6809D-02 -0 88190402 -0.8776D+02
0 90830-02 0 6809D-02 O 8819D+02 O 87760+02
0 9930D-02 0 7326D0-02 0.86230+02 0.8480D+02
NODES
PRINC. STRAIN(T) DIRECTION(DEG.)
INNER OUTER INNER OUTER
00 0 42300-01 0 0O 0 90000402
0.82330-02 0.5435D-01 =-0.17110-09 0.80000+02
0 624GD-03 0 6130D-01 O 90000+02 -0 9000D+02
0.2085D-01 0 7555D-01 -0 6028D+02 O BGOGD+02
0 32770-01 0 4054D-03 -0.9000D+02 0.90000+02
0 35890-01 O 7601D-02 -0.8835D0+02 0.57690+02

STRAIN ELONG,(DIR.1) ELONG (DIR.2) PRINC. STRN(T

-0 9:¢6310-03
-0 331650-03

EP3-X STRAIN EPS-Y STRAIN SHEAR

0 10231D-33 0.70499D-02 -0.286090-16 .
0 10231D-33 0.8G6179D-02 -0 22609D-16 00
-0 9G5840-03 0.893330-C2 -0 105830-03
-0 931320-03 0.70353D0-02 -0 10508D-03
-0 38790D-02 0 6.4132D0-02 -0 38477D0-03

~0.406930-02

0.154920-01

~0.33477D-03

-0 3uB650-02
-0.407760-02

0.702520-02
0.858110-02
0.80018D-02
0.760640-02
0.639270-02
0.153740~01

0.704990-02
0 861790-02
0 803410-02
0 76356D-02
0.64168D-02
0.15494D0-01

SPECIFLED ADDITIONAL POINTS

) DIRECTION(DEG.)

-0 900000+02
=0.900000+02
-0 896630+02
-0.896460+02
~0.689300+02
-0.894370+02

—



8¢

CUOOCNIOOUUIS D

10
10
11
11

INNER
QUTER
INNER
DUTER
INNER
DUTER
INNER
OUTER
INNER
OUTER
INNER
QUTER
INNER
OUTER
INNER
OUTER

-0 57591D-C2
-0 38793D-02
-0 69399D0-02
-0 48318D~02
-0 557720-02
-0 86280D0~-02
-0 69399D-02
-0 48318D-02
-0.57591D-02
-0 387930-02
-0 387900-02
-0 408930-02
~0 96584D0-03
-0 93142p-03
0 138440-18
-0 13844D-18

SYSTEM ENERGIES(IN-LB)
WORK INPUT TO STRUCTURE
STRUCTURE KINETIC ENERGY
STRUCTURE ELASTIC ENERGY
STRUCTURE PLASTIC ENERGY

ENERGY STORED IN ELASTIC RESTRAINTS

0.24165D-01
0.24215D-02
0 21350D-01
0.26603D-02
-0.14483D-01
0.422950-0t1
0 213500-01
0.266030L~02
0.241650-01
0.242150-02
0.641320-02
0.15492D-01
0.80338D-02
0.76353D-02
0.704990-02
0.86179D-02

U B ou R M

0.0

-0,56794D-03
~0 56794D-03
~0.90536D-03
-0 90536D-03
-Q 14195013
0 15149D-13
0 S0536D-03
0.90536D-03
0 567940-03
0.567940~03
0.384770-03
0 384770-03
0 105880-03
0 10588D-03
0.691170-17
0.62386D-17

0.3848832D+04
0.23814370+04
0.2736041D+03
0 1193791D+04

~-0.5,758D-02
-0.3L8690-02
=0.69642p-02
-0 48435D-02
-0 56934D-02
-0 B86656D-02
-0 GUG420-02
-0.484350-02
-0 577580~-02
~0,34869D-02
~-0.388650-02
-0.40776D-02
-0.906310~03
-0.93185D-03
0.0

0.0

0.23880D-01
0.24186D-02
0.21127D-0%
0 26568D-02
~-0.145839D-01
0.414370-01
0.211270-01
0.26568D-02
0.23880D-01
0.24186D0-02
0.63927D-02
0.153740-01
0.80018D-02
0.76064D-02
0.70252D-02
0.85811D-02

0.24168D-01
0.24343D0-02
0.21357D-01
0.268760-02
0.0

0.42295D-01
0.21357D-01
0.26876D-02
0 24168D-01
0 24343D-02
0.64168D-02
0.15494D-01
0.80341D-02
0.76356D-02
0.704990-02
0.861790-02

-0.894560+02
~0.874250+02
-0.89084D+02
~0.865550+02
0.0
0.900000+02
0.89084D+02
0.865550+02
0.89456D+02
0.87425D+02
0.88930D0+02
0.894370+02
0.89663D+02
0.89646D+02
0.900000+02
0.900000+02



*# k%% [NCR.

68¢

37
38
39

NO. =

U

[N R eRoN ]
CcCoOO0OO0OO0O

0 11168D-01
0.53935D-02
0.39218D0-12
-0 53935D0-02
-0 111680-01
0 10482D-01
0 53509D-02
0 10598D~-11
-0 53509D-02
-0.10482D-01
0.99764D0-02
0 48527D-02
0.12465D-11
-0 48527D-02
-0 99754D~02
0 820920~-02
0 28831D0-02
0 90110D-12
=0 388310-02
-0 820920-02
0.85445D-02
0 43943D0-02
0 475490-12
~0.43943D0-02
-0 85445D-02
0.12252D0-01
0 46056D-02
0 18158D-12
-0.46056D-02
-0.12252D-01
0 85445D-02
0.439430-02
-0 13822D-12
-0 43943D-02

140 TIME=

v

[N eRoNa)
[~ =N ]

00
-0 16063D-01
~0.168820-01
~0 16938D-01
-0 164820-01
-0 16063D-01
-0 47561D0-01
-0 4G237D-01
~0 459740-01
-0.46237D-01
~0.47561D0-01
-0.49729D-01
-0 477600-01
-0 46977D0-01
-0 477€C0D~01
-0 49729D-01
-C 31763D-01
-0 313070-01
-0 30698D-01
-0 3t3070-01
-0.317630-01
-0.21497D-01
-0.21507D-01
-0 21314D0-01
-0 21507D-01
=0.21497D-01
-0.128280-11
0 19815D-11
0 97387D~11
0.19362D0~11
-0 2G6007D0-12
0.214970-01
0.215070-01
0.21314D-01
0.215070-01

3500D0-03 SEC.

W

.

[N N ol
[«Rel-Nol)

0 22456D+00
¢ 22373D+00
0.22341D+00
0 22373D0+00
0 224560+00
0 512250+00
0 510970+00
0 51063D+00
0.51097D+00
0.51225D+00
0.751110+00
0 745550+00
0.743620+00
0 745550+00
0 751110+00
0.89283D+00
0 83973D+00
0 888100+00
0.889730+00
0 89283D+00
0.856260+00
0.948160+00
0 345630+00
0 948160+00
0 95626D+00
0 9G6231D+00
0 95365D+00
0.95040D+00
0 95365D0+00
0.96231D+00
0.95626D+00
0 94816D+00
0.935630+00
0.94816D+00

PSTX

(sl o =N ]
[eN ol =]

0.0
-0.38388D-02
-0.14533D-02
-0 541970~-12

0.14533D-02

0.38388D-02
-0 98638D-02
-0.23590D0-02
-0 22515D-11

0 23590D-02

0.98638D-02
-0 200500-01
-0 99619D-02

0 273220-11

0 99619D-02

0 200500-01
-0 62094D-02
-0 82074p-02

0 69554D-12

0.82074D-02

0.62094D0-02
-0 30929D-01
-0.12569D-01
-0.957750-12
0.12569D-01
0.30929D0-01
-0 178670-01
-0 20740D-01
~0.285190-12
0.20740D0-01
0.17867D-01
=0.309230-01
-0.125690-01
0.11766D0-11
0.12569D-01

PS1Y

[eNeNeNoN-]

350400+00
360990400
362610+00
36099D+00
350400+ 00
39266D+00
38957D+ 00
389470+00
38957D+00
392660+ 00
337550+00
324120+00
32257D+00
324120+00
337550100
0.245€6D+00
0 21480D+00
0 208970400
0.21480D+00
0 245660100
0.13937D100
0.11210D400
0.10868D400
0 11210D+00
0 139370+00
0.92588D-10
0.195220-10
-0.19881D-10
0 12620D-10
0.664540-10
-0.13937D:00
-0.11210D+00
-0 10868D+00
=0.11210D0+00

CO0OO00O0OD0DOO0OOOOOOQOOOOO0O0C

TWIST

0.20650D0-01
0.13046D-01
-0.211210-11
-0.13046D-01
-0.206500-01
-0 62600D0~01
0.81612D-03
-0.31344D-11
-0.81612D-03
0 626000-01
-0.133260+00
-0 64496D-02
-0.95271D-11
0 64496D-02
0.133260+00
-0.175560+00
-0.36351D-01
~0.425410~12
0.36351D-01
0.17556D+00
-0.141550+00
-0 22280D-01
-0 927130-12
0.22280D-01
0.14155D+00
-0.54499D0-09
0..19140D-09
-0.266750-10
-0.18811D-09
0.39031D~-09
0.14155D0+00
0.22280D-01
0.95883D-12
~0.222800-01

X-pP0OS.
0.0
0.374250+00
0.74850D+00
0.11227D+01
0.14970D0+01
0.11168D-01
0.37964D+00
0 748500+00
0.11174D+01
0.14858D+01
0.10482D-01
0 37960D0+00
0.748500+00
0.11174D+01
0.14865D+01
0.997640-02
0.37910D+00
0 74850D+00
0.11179D+01
0.14870D+01
0.82092D-02
0.37813D+00
0.748500+00
0.111890+01
0.148880+01
0.85445D0-02
0.37864D+00
0.74850D0+00
0.11184D+01
0.148850+01
0.12252D-01
0.378860+00
0.748500+00
0.11181D+01
0.148470+01
0.854450-02
0.37864D+00
0.74850D+00
0.11184D0+01

75894D+00
0 758120+00
0.758060+00
0.75812D0+00
0.75894D+00
0.15024D+01%
0.15038D+01
0.15040D+01
0.150380+01
0.15024D+01
0.227530+01
0.227720+01
0.22780D+01
0.227720+01
0.22753D+01
0.30682D+01
0.306870+01
0.306910+0t
0.3068B7D+01
0.30682D+01
0.352850+01
0.35285D+01
0.35287D+01
0.35285D+01
0.35285D+01
0.400000+01
0.40000D+01
0.400000+01t
0.40000D+01
0.400000+01
0.447150+01
0.447150+01
0.447130+01
0.44715D+01

0.224560+00
0.22373D+00
0.22341D+00
0.223730+00
0.224560+00
0.512250+00
0.51097D0+00
0.51063D+00
0.510970+00
0.51225D+00
0.75111D+00
0.74555D+00
0.743620+00
0.745550+00
0.75111D+00
0.89283D+00
0.88973D+00
0.88810D+00
0.88973D+00
0.89283D+00
0.95626D+00
0.94816D+00
0.94563D+00
0.94816D+00
0.95626D+00
0.96231D+00
0.95365D+00
0.95040D+00
0.95365D+00
0.96231D+00
0.95626D0+00
0.94816D+00
0.945630+00
0.948160+00

—



40 ~0 854450-02 0 21497D-01 O 95526D+00 0.30929D-0! -0 132370400 ~0.14155D+00 O 148850401 0.44715D+01 0.956260+00
‘a1 0.820920-02 0 31763D-01 0.892830+00 -0.62094D-02 -0 24566D+00 0.17556D+00 0.820920-02 0.49318D+01 0.892830+00
42 0.388310-02 0 313070-01 0.§89730+00 -0 82074D-02 -0 214800400 0.363510-0t 0.378130+00 0.493130+01 0.88973D+00
43 -0 787890-12 0 309980-01 O 888100+00 O 38751D-12 -0 20837D100 0.48970D-11 O 748500400 0.49309D+01 0.888100+00
44 -0,388310-02 0.31307D-01 0 899730400 O 820740-02 -0 214800100 -0 36351D0-01 O 11180D0+01 0.49313D+01 0.889730+00
45 -0 B82092D0-02 0 31763D-01 O 89283D+00 O 62094D-02 -0 24566D+00 -0.175560+00 O 14888D+01 0 49318D0+01 0.89283D+00
46 0 99764D-02 0 397290-01 0 751110+00 -0 200500-01 -0 337550400 © 13326D0+00 0.997640-02 0 57247D+01 0.751110+00
47 0 48527D-02 0 477600-01 0 74555D+00 -0 996190-02 ~0 32412D+00 0 64496D-02 0.37910D+00 0.572280+01 O 74555D+00
48 -0 17127D-11 0 46977D-0t O 743620+00 -0 634370~12 -0 322570400 -0 22217D-10 O 748500+00 0 57220D+01 0.74362D+00
49 -0 46527D-02 0.47760D-01 0.745550+00 O 996190-02 -0 324120+00 -0 64496D-02 O 11179D0+01 0 57228D+01 0.74555D+00
50 -0 997640-02 0 49729D-01 O 751110+00 0 200500-01 -0 357550100 -0 13326D+00 O 14870D+01 0 572470401 0.751110+00
S1 0 10482D0-01 0 475610-01 0 512250+00 -0 9B633D-02 ~0 392660100 0 62600D-01 O 101820-01 0 64976D+01 0 512250400
52 0 523509D0-02 0 46237D-01 0 510970+00 -0 235900-02 -0 359570+00 -0 81612D-03 0 379600+00 0 64962D+0%1 0.510970+00
53 -0 16977D-11 0 35974D-01 0.510530+00 O 37255D-11 -0 3839470400 -0 69404D-11 0 74850D0+00 0.64960D0+01 0.51063D0+00
54 -0.535090-02 0 46237D-0t O S10970+00 O 23590D-02 -0 359570+00 0.B1612D-03 0.111740+01 O 649620401 0.51097D+00
55 -0 10482D0-01 0 47561D-01 0 512250+00 O 98638D-02 ~0 392650+00 -0 62600D-01 O 14865D+0t 0.64976D+01 0 51225D+00
56 0 11168D-01 0 160630-01 0 22456D+00 -0.38388D-02 -0 35040D+00 -0 206500-01 O 1t1680-01 0 72411D+0t 0.22456D+00
57 0 539350-02 0 168820-01 0 223730+00 -0 14533D-02 -0.36099D+00 -0 13046D-01 0.37964D+00 0.724190+0% 0.223730+00
58 -0 49691D-12 0 16930D-01 0 223410+00 0 27186D-12 -0 362610400 -0.39224D-11 O 748500+00 O 72419D+01 0 22341D0+00
59 -0 53935D-02 0 16862D-01 0 22373D+C0 O 145330-02 -0 360990400 0.13046D-01 O 111740+01 0.72419D+01 0 22373D+00
60 -0 11168D-01 0 t6063D-01 0 22456D+00 0.383880-02 -0 350400¢00 0.20650D-01 O 14858D+0% 0.72411D+0t 0.22456D+00
61 00 co 00 00 00 0.0 00 0.800000+08 0.0
62 00 00 [ ] 00 00 0.0 0 37425D0+00 0.80000D+01 0.0
63 00 00 00 00 0.0 0.0 0 74850D+00 O 80000D+01 0.0
64 00 00 [} 00 00 0.0 0.112270+40% 0 80000D+01 0.0
65 0.0 0.0 00 00 00 0.0 0 149700+01 0.80000D0+0% 0.0
REACTION FORCES A’ CONSTRAINED NCDCS
NODE RX (LBS) RY(LBS) RZ(LBS) MX(LBS-IN) MY (LBS-IN) MXY(LBS-IN-IN)
1 ~0 208510423 -0.55717D+03 -0 19668D0+03  ~0.17373D+02 -0 391410402 ~0 257090+¢01
2 -0 5B213D+02 -0 67276D+03 ~0 35976D0+03 0 196490400 -0 67213D+02  -0.392300-01
3 -0 11835D-07 -0 65654D+03 -0 35882D0+03 0 206920-09 -0.68003D+02 0 97145D-10
» 4 0 58213D+02 -0 6727€D+03  ~0 35976D+03 -0.19649D+00 =-0.672130+02 0 392300-01%
& S 0 20851D+03 =0 557170403 ~0.196668D+03 0.173730+02 -0.391410+02 0 257090401
61 -0 208510403 0 557170403 -0 196680403 -0.1737304+02 0 39141D0+02 0.25709D+01
62 -0 55213D+02 0 67278D+03 -0 35976D+03 0 19549D+00 0.672130+02 0 392300-01
63 0 14230D-08 0 656540+03 -0 35882D+03 0 970570-09 0 68003D0+02 -0 23037D-10
64 0 582i3D+02 0 672760+03 -0 359760403 -0 196490+00 0.67213D0+02 -0 392300-01
65 0 20851D+03 0.557170+03 ~0 19668D+03 0.173730+02 0 391410+02 -0.25709D+01
STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTROID OF EACH ELEMENT
EP53-X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC STRAIN(T) DIRECTION(DEG.)
ELEM, INNER QUTER INNER OUTER INYER OUTER INNER OUTER INNER QUTER
1 -0 7425D-02 -0 79510-02 0 61570-01 0 1471D-01 O 6811D-02 0 9373D-02 0 6174D0-01 0 15640-01 0.87170+02 0.7876D+02
2 -0 6931D-02 -0 7475D0-02 0.60510-01 0 12810-01 0 28830D-02 0.34040-02 0 6054D-01 O 1295D-01 0.88780+02 0.8524D+02
3 -0 6934D-02 -0 7475D0-02 0 6051D-01 0.1281D~01 -0 20830-02 -0 3404D-02 0 6054D-01 0.1295D-01 -0 88768D+02 -0.8524D+02
4 -0 742:0-02 -0 7951D-02 O 6157D0-01 0 1471D-01 -0 6831D-02 -0 9373D-02 O 6174D-01 O 1564D-01 -0.87170+02 -0.7876D+02
5 -0 14830-01 -0 13300-01 € 3126D-01 0 2703D-01 -0 3S€6D-03 0 15150-02 0.31260-01 0 2705D-0% -0.8975D+02 0.8895D+02
6 -0 1320D-01 -0 13420-01 O 3178D-01 0 2820D-01 0 29975D-04 0.1187D-03 0 31780-01 0 28200-01 0 8998D+02 O 89920+02
7 ~0 1426D-01 -C 1315D0-01 0 3178D-01 0 2820D-01 -0 29)40-04 -0 11870-03 0 3178D-01 O 2820D-01 ~0 B89980+02 -0 89920402
8 -0.14830-01 -0 14300-0t © 3126D-01 0 2703D-01 © 3966D-03 -0 15150-02 0 31260-01 O 2705D-01 O 89750402 -0 BE95D+02
9 -0 1331D-01 -0 1304D-01 ©C 32570-01 0 4089D-01 -0 1241D-03 0.40980-02 0 32570-01 O 4097D-04 -0 8992D+02 O B787D+02
10 -0 12880-01 -0 13370-0t 0.3113D0-01 0 4019D-0t -0 38/20-03 0 11040-02 0.31430-01 0 4019D-04 ~0 8975D+02 0 89420+02
11 -0 12880-01 -0 14370-01 0 3143D-01 0 4019D-01 0 38720-03 -0 11040-02 0 3143D-01 0.4019D-04 O B975D+02 -0 8342D+02
12 ~0 1331D-01 -0 1404D-01 0 3257D-01 O 4089D-01 O 1241D-03 -0 4096D-02 0O 3257D-01 O 4097D-01 O B89920+02 -0 8787D+02
13 -0 12210-01 -0 12990-01 0 2514D-01 0 3875D-01 O 39750-02 -0 2944D-02 0 2554D-01 O 38800-0% O B699D+02 -0 8837D+02
t4 -0 1082D-01 -0.12C1D-01 0 2425D-01 © 3910D-01 0 10300-02 -0 2392D0-03 0.24260-01 O 3910D-0f O B916D+02 -0 8987D+02
15 -0 10820-01 -0 1251D-0% 0 242£p-~01 0 391CD-01 -0 10300-02 0 23920-03 0 24260-01 O 3910D-01 -0 89160+02 O BIB7D+02
16 -0 12210-01 -0 1299D-01 0 2534D-0t © 3875D-01 -0 33750-02 O 2944D-02 0 25540-01 O 3880D-01 -0 B695D+02 0.8837D+02
17 -0 99390-02 -0 1217D0-0t O t7350-01 0 4053D-01 -0 1C020-02 0 57400-03 0 17060-01 0 40530-0t -0.8894D0+02 0O B8969D+02
18 -0 9517D-02 -0 12560-01 O 1646D-01 0 3932D-01 O 3879D-03 0 9845D-03 0.1646D-01 O 39320-01 0.8957D+02 O 894G60+02
19 ~0 05170-02 -0 1256D-0t 0.16460-01 0 39320-01 -0.38790-03 -0 98345D-03 0 16460-01 0.39320-0%1 -0 8957D+02 -0 8946D+02
20 -0 99390-02 -0 1247D0-01 O 1705D-01 0 4053D0-01 0.1002D-02 -0.57400-03 0.1706D-01 0.4053D0-01 0.8894D+02 -0 89690402
21 -0 13420-01 -0.17360-01 0.34200-01 0 61430-01 0 S1160-02 0 3974D-02 0 3433D0-01 O 6148D-0t1 0.86930+402 0.8856D+02

f



L8T

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4q1
42
43
44
45
a6
a7
48

-0.95520-02
-0 95520-02
=0.13420-01
-0 13520-01
-0 9552D-0C2
-0 9552D0~02
~0.13420-01
-0 9239Dp-02
=0 93170-02
-0 95170-02
-0 99390-02
-0 1221D-01
-0 10820-01
-0 10820-01
=0 1221D-01
-0 13310-01
-0 1288D-01
-0 12880-01
=0 1331D0-0t
=0 131330-01
=0 14280-01
-0 14260-01
-0 1483D-01
~0 7425D-02
-0 6933D-02
-0 69330~02
-0 7425D-02

STRAIN COMPOWENTS,

NODE
33
35
38
40
48
50

EPS~
INNER
~0.10850-01
-0 23790-01
-0.9632D-02
-0 80250-02
=0 11470-01
-0.1200D0-01

STRAIN COMPONENTS,

POINT NO.

SURFACE

~0.14430-01
-0.1443D-01
~0.17360~-01
=0 17360-01
=0 1343D-01
-0.1413D-0%
-0 17360-01
~0 12470-01
-0 12£60-01
-0 1256D0-0t
-0 12170-01
=0 1299D-01
=0 1251D-0t
-0 12510-01
-0 12990-01
~0 1404D-01
-0 14370-01
~0 14370-01
=0 1:04D-01
-0 13300-01
-0 13156-01
-0 1445D-01
=0 14300-01
-0 79510-02
-0 7175D-02
-0 74'50-02
-0 79510-02

0.35250-01
0.35250-01
34200-01
3420D-01
35250-01
35250-0t
34200-01
17050-01
16460-01
16460-01
1705D0-01
2534D-0t
24250-01
24250-01
25440-01
32570-01
3143D-01
31435D0-01
32570-01
31260-01
31760-01
31780-01
3128C-01
6157D-01
6051001
60510-01
61570-014

OCOO0OOO0OD0O0OO0OODOOOOOCOCOOOODOD

0 6004D-01
0 6004D~01
0 6143D0-01
0 6143D-0t
0 60010-0t
0 60040-0t
0 61430-01
0 4053D-01
0 39320-01
0 39520-01
0 4053D-01
0 3875D-01
0 3910D-01%
0 3910D-01
0 38750-01
0 4089D0-01
0 20190-01
0 40190-01
0 4089D-01
0 27030-01
0 28200-01
0.28200-01
0 27030-01
0 14710-01
0 12810-01%
0 12810-01
0.1471D0~01

0 $C13D-03
~0.50130-03
~0.51160-02
~0 511G6D-02
-0 50139-03

0 5013D-03

0 S1160-02

0 10020-02
~0 3879p-03

0 3879D-03
-0 1002D-02
=0.397v0-02
=0.1050D-02

0 1030D-02

0 3975Dp-02

0 1241p-03

0 38720-03
-0 38720-03
-0 12410-03

0 335¢€r-03
-0 2995D-04

0 2995D-04
~0 39660-03
-0 6841D-02
-0 28030-02

0 2883D-02

0 6831D-02

—

0 6654D-03 0 3525D-01
-0 66540-03 0 35250-01%
-0.39740-02 0 3433D-01
-0 3974D-02 0,34330-01
-0 66540~-03 0.3525D-01

0 6654D-03 0 35250-01

0 39740-02 0.3433D-01
-0 57400-03 0 17060-0t
-0 9845D-03 0 164GD-01

0 9345D0-03 0 1646GD-0t

0 57400-03 0 1706GD-0t

0 2244D-02 0 2554D-0%

0 23920-03 0 24260-01
-0 23920-03 0O 24260-01
-0 2944D-02 0 2554D-01
-0 4C980-02 0 32570-01
-0 1104D-02 0 3143D-01%

0 1104D-02 0 31430-01

0 40380-02 0 3257D-0%
-0 1515D0-02 0 312860-0t
-0 1187D-03 0 3178D-01

0 11870-03 0 3178D-01

0 15150-02 0 3126G6D-01
-0 93730-02 0 61740D-01
-0 34040-02 0 60540-01

0 34040-02 0 60540-01

0 93730-02 0 61730-01

PRINCIPAL (TENSILE) STRAIN AND DIRECTION AY USER-SPECIFIED NODES

X STRAIN
QUTER
-0.1377D-01
~0 1674D~01
=0 1365D-01
-0 13190-01
~0.1456D-01
~0 1497p~01

PRINCIPAL(TENSILE) STRAIN

EPS-Y STRAIN

INNER
0 64790-01
0.70230-01
0 23060-~01
0 29390-01
0 5108C-0t
0 5210D-01

OUTER
29940-01
2533D-01
56410-01
60520-01
7242p~01
82240-01

000000

AND DIRECTION,

SHE

INNER
~0.3463D-11
0.38410-10
-0 2182D-12
-0 14280-01
-0 8334p-12
-0 16570-01

0 6004D-01
0.6004D~01
0.61480~01
0.61480-01
0 60040-01
0 6004D-01
0 6146D-01
0 4053D-01
0 3932D-01
0 39320-0%
0 4053D-01
0 38800-01
0 391GD-01
0 3910D-01
0 38800-01
0 40970-01
0 4019D-01
0 40190-01
0 40970-01
0 2705D-01
0 28200-01
0 2820D-01
0.2705D-014
0 1564D-01
0 12950-01
0.12950-01
0 1564D-04

PRINC. STRAIN(T)

Aft STRAIN
OUTER INNER
0 19780-11 0 64790-01
-0 41210~10 0 70230-01%
-0 44380-12 0 24060-01
0 14590-01 O 3081D-01
0 3698D-11 @ 51080-01
0 10620-01 0 53150-0t

VOQONNOONUNDIDWWNON = -

10

INNER
OUTER
INNER
QUTER
THNNER
OUTER
INNECR
OUTER
INNER
OUTER
INNER
OLTER
INNER
OUTER
INNER
OUTER
INKER
OUTER
INNER
OUTER
INNER
OUTER

EPS~-X STRAIN
0 320100-25
0 320100-25

=0 36713D-02

-0 376690-02

-0 141410-01

=0 14616D0-01

~0 1321600-01

-0 11277D-01

=0 105¢60-01

-0 133870-01

-0 10837D-01

-0 137660-01

-0 10596C-01

~0 134970-01

-0 1316CD-01

~0 14277D~01

-0 131431D0-01

~0.146160-01

-0 367130-02

-0 37€690-02
0 358980-18

-0 35898018

SYSTEM ENERGIES(IN-LB)

EPS-Y STRAIN
0 44231D-01
-0 B79520-01
0 458700-01
-0 427260-01
0 295370-01
0 278020-01%
0 30134D-01%
0 54159D-01
0 19191D-01
0 SIZJ4310-01
0.647930-01
0 29937D-01
0.191910-01
0 €23310-01
0 30134D-01
0 544590-01
Q 29%37C-01%
0.278020-01
0 4538700-01
~0 427260-01
0 412310-01
=-0.879520-01

SHEAR STRAIN ELONG (DIR.1) ELONG (DIR 2) PRINC

0 50604D0-12
0.50604D~12
=~0.387760-013
-0 307/vD-04
0 97338D-04
0 97336D-04
0 11500D-02
0 1.5090-02
0 17374D-02
0 17374D-02
0 172900-10
0 227370-10
-0.173740-02
-0 173740-02
-0 1150¢0-02
=0 115020-02
=0 9733uD-C3
~0.973380-04
0 337760-04
0.387760-04
0.641170-12
0 641170-12

00

00

-0 3L7680D0-02
~0 3/7400-02
-0 142420-01
-0 14724D-01
~0.135510~01
=0 113i40D-01
~0 106530-01
=0 115900-01
=0 1090G6D-01
=0 138620-01
“0 106530~01
=0 115900~01
-0 1,5510-01
-0 113800-01
=0.142420-01
-0 14724D-01%
-0 3067800-02
-0 3/7400-02
00

00

0.433030-01
~0.92202D-01
0.448640-01
~0 436800-01
0 29113D-0%
0 27426D-0t
0.296930-01
0 530520-01
0.190160-01
0 51029D-01
0.628200-01
0 29501D-01
0 190100-01
0.51029D0-014
Q0 296930-01t
0 530520-0t
0.291130-01
0 274260-01%
0.448640-01
-0.436800-01
0.433030-01
~-0.922020-01

OUTER
0 29940-01
0.2533D0-01
0 56410-0%
0.61240-01
0.72420-01
0 8253D-01

442410-01
0

45870D-01
0

295370-01
278020-01
3014tD-01
544G64D-01
192160-014
523420-01
64793D~01
299370-01
0.192160-01
0 52342D-0%
0.301410-01
0 54464D-01
0 29537D-01
0.278020-01
0 45870D-01%
0.0

0.44241D-01
0.0

[-R-R-N-N-¥-N-N-N- NNl

0.83680+02 0.8974D+02
-0.89680+02 -0.8974D+02
-0 8693D+02 -0.88560+02
-0 8693D+02 -0 8856D+02
-0.8968D+02 -0.89740+02
0 8968D+02 0.8974D+02
0 B86930+02 0.885GD+02
0 8894D+02 -0.89630+02
-0 89570402 -0 8940,D+02
0 89570402 0 8946D+02
-0 8894D+02 © 8969D+02
-0 B699D+02 0 8837D+02
-0 8916D+02 0 B89870+02
0 8916D+02 -0 89870+02
0 86990402 ~0.88370+02
0 89920+02 -0 87870+02
0 8975D+02 -0 8942D+02
~0.8975D+02 0 8942D+02
-0 8992D0+02 0.87870+02
0 B975D+02 -0.8895D+02
-0 89980+02 ~0.8992D+02
0 8998D+02 0 89920+02
-0 89750402 0.8895D+02
-0 87170402 -0 787GD+02
-0 88780+02 -0.8524D+02
0 88780402 0.8524D+02
0 87170402 0.7876D+02
OIRECTION(DCG.)

INNER OUTER

-0 9000D+02 0©0.90000+02
0.90000402 -0.9000D+02
-0 90000402 -0.90000+02
~0.7958D+02 0.84400+02
-0 90C00+02 0.9000D+02
-0 8275D+02 0.86880+02

AND ELONGATIONS AT SPECIFIED ADDITIONAL POINTS

0 90000D0+02
00
-0.899780+02
o0
0 899360402
0 89934D+02
0 89244D+02
0 895200+02
0 B68331D+02
0 895244D+02
0.900000+02
0 900000+02
-0 88331D+02
-0 892440+02
-0 6892440+02
-0 895200402
-0 899360+02
-0 89934D+02
0 899760+02
0.0
0.90000D+02
0.0

STRN(T) DIRECTION(DEG.)

—_—
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WORK INPUT TO STRUCTURE

STRUCTURE KINETIC ENERGY
STRUCTURE ELASTIC ENERGY
STRUCTURE PLASTIC ENERGY
ENERGY STORED IN ELASTIC RESTRAINTSa

NO.=

u

[-X-N-N-N ]
CoO0O0C0

0.105770-01
0 $1089D0-02
0 17067D-12
=0 $10890-02
=0 10577D-01
0 991640-02
0 506320-02
0 809720-12
-0 50632D0-02
-0 99164D-02
0 936300-02
0 451010-02
0 10040D-11
=0 461010~02
-0 946300-02
0 78379D-02
0 37051D-02
0 742220-12
-0 370510-02
=0 789790-02
0 822570-02
0 41950D-02
0 33151D-12
=0 41950D-02
~0 822570-02
0 118710-01%
0 436070-02
0 16244D-12
-0 436070-02
-0 118710-01
0 822570-02
0 419500-02
0 893240-14
=0 419500-02
-0 822570-02
0 789790D-02
0 370510-02
~0 41837D~-12
=0 37051D-02
-0 78979D-02
0 946300-02
¢ 461010-02
~0 10255D~11
-0 461010-02
=0 946300-02
0 991640-02
0.506320-02
=0 11043D0-11
-0 500320-02
~0.991640-02
0 10577D~01
0 510890-02

150 TIME=

v

[~N-N-N-N-]
(=X -N-NeN ]

-0 15472001
=0.159570-01
~0 15916D-01
~0 159570-01
-0 15472D-01
=0 42556D-01
-0 412450-01
-0 40976D-01
~0 41245D-01
-0 425560-01
-0 424520-01
=0 30797D-01
-0 40075D-01
=0 40797D-01
=0 424520-01
-0 28001D-01
~0 279120-01%
~0 270760-01
-0 275120-01
-0 280010~01
=0 20683D-01
-0 203510-01
-0 20112D0-01
-0 203510-01
-0 20683D-01

0 47311D0-13
20GagD-11
10208D0~-10
193350~11
708150-12
20683D-01
203510-01
20112D~-01
20351001
206030-01
250010-014
9 27512D-01%
0 270760-01
0 27512D0-01
0 28001D-01
0 424520-01
0 407070-0)
30L75D-01
107970-01
42152D-01
42%56D-01
41235Dp-014
0.409760-01
0 412450-01
0 42556D-01
0.154720-01
0.159570-01

OO0 O0O0COO

(=R N-R-X-}

0.37500~03 SE

18550+00
17090+00
0 216550+00
0 21709D0+00
0 2t168550+00
0 490510400
0 489220+00
0 488870+00
0 489220+00
0 49051D0+00
0 71707D+00
0.712430+00
0 71067D+00
0.712330+00
0 717070+00
0.870380+00
0 86704D+00
0 B6519D0+00
0 86704D+00
0.870380400
0 9.308590+60
0 938430+00
Q0 935170+00
0 93843D+00
0 948590+00
0 96137D+00
0 95008D+00
0.945750+00
0 95038000
0 96197D+00
0 948590+00
0 938430+00
0 935170400
0 938430+00
0 94859D+00
0 870350+00
0 867040+00
0 865190+00
0 867040+00
Q0 87038D+00
0 717070+00
0 712330+00
0 710670400
0 71243D+00
0 717070+00
0 490510+00
0 489220+00
0 488870+00
0 489220+00
0 430510+00
0 21655D+00
0 217090+00

0.38488320+04
0.8794630D0+02
0.6741908D+02
0.36934660+04
0.0

C.

PSIX

[-N NN -]
(=N~ N]

0.0
-0.625830-02
-0.262100-02
-0 857200-12

0 262100-02

0 625830-02
-0.985160-02
-0 236590-02
-0 23143D-114

0 236590-02

0 985160-02
~0.152070~01
-0 88388D-02

0 233170-11

0 88388D-02

0 152070-01
-0 570920-02
-0 919650-02
=0 779610-12

0 919650-02

0 $70920-02
-0 383490-01
~0 16392D0-01
-0 28075D-12

0 16392D-0t

0 383490-01
-0 29993D-01
-0 263950-01
-0 422580-13

0 2G395D-01

0 29999D-01
-0 38349D-01
-0 16392D0-01

0 27328D-11

0 163920-01t

0 383490-01
~0 570920~02
-0 919650-02

0 60115D0-11

0 91965D-02

0 570920-02
-0 15207D-01
~0 883660-02

0 2Ga425D-11

0 88288D-02

0 15207D0-01
-0 985160-02
-0 236590-02

0 631940-11%

0 23G6590-02

0 98516D~02
-0 625830-02
-0 262100-02

COO0OOOCOODOOOOOOOOCOOOOOOOTOLOOCOOO0ODO

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

PS1Y
0
0
0
0
0
3

37560400
347610+00
349260+ 00
347610400
33756N0400
37709D+00
3743920+00
374600400
374390+00
377090+00
333670400
320490+00
319069100
320490400
333670+00
270580+00
237840400
23135D+00
237840100
270580100
170720400
139050400
1343430+00
139050+ 00
170720+ 00
127270-09
$7128D-10
24023D-10
487630-10
981540-10
170720400
139050100
134432+00
139050400
170720400
2705804100
237840400
231350400
237840+ 00
270580400
333670400
32049000
319060400
320490400
333670400
377090400
374390+00
374600400
37439D+00
377090400
$37565:00
347610+00

0 157680-01
0.13124D0~01
-0 29345D0-11
~0.131240-01
~-0.157680-01
-0.662970-01
0.243230-02
~0.230260-11
-0.24323D-02
0.662970-01
-0.13143D+00
-0.581650-02
-0.109140-10
0 581650-02
0 13143D+00
-0 178120+00
-0 397520-01
0 393820-11
0.397520-01
0.17812D0+00
~0.16177D+00
-0 286220-0t
0 208160-11
0 286220-01
0 16177D+00
~0.592000-09
0.18001D0-09
-0 274190-10
-0 18904D0-09
0 429410-09
0 16177D+00
0 285220-01
0 95934D~11
-0 286220-01
-0 161770+00
0 17812D+00
0 397520-01
0.10183D0-19
~0 397520-01
-0 178120400
0.13143D+00
0 581650-02
-0 234580-10
-0 581650-02
~0 13143D0+00
0 6562970-01
-0.243230-02
-0 815920-11
0.243230-02
-0 60L297D-01
-0.157680-01
-0.131240-01

X-P0S.
0.374250+00
0.74850D0+00
0.112270+01
0.14970D+01
0.10577D0-01
0.379360+00
0.74850D+00
0.11176D+01
0 1468640+01
0.991640-02
0.37931D+00
0.748500+00
0.11177D0+01
0 148710404
0.946300-02
0 3768GD+00
0 748500+00
0 11181D+01
0.148750+01%
0 78979n-02
0.377960+00
0.748500+00
0 11190D+01
0 148910401
0 82257D-02
0 37844D+00
0 74850D+00
0 11186D+01
0.148880+04
0.118710-01
0 37861D+00
0 748500+00
0 11184D0+01
0 144510401
0 822570-02
0 378440400
0 748500+00
0 11196D+01
0 14888D+01
0 78979D-02
0 377960400
0 748500400
0 1113500+0%
0 148910+01
0 94630D-02
0 37086D+00
0 748500400
0.11181D+01
0 14875D+01
0.99164D0-02
0 37931D0+00
0.74850D0+00
0.111770+01%
0.148710+01
0 105770-01
0.379360+00

POS.

Y=
0
0
]
0
0

[-N-N-N-N-]

0.759530+00
0.753040+00
0.759080+00
0.75904D+00
0.75953D+00
0.150740+01
0 15088D+01
0.15090D0+01
0 150880+01
0 15074D0+01
0 22825D+01
0 228420+01
0 22849D+01
0.228420+01
0 228250+01
0 307200+01
0 307250401
0 30729Dt01
0 307250+01
0 307200+01
Q 35293D+01
0 352960+01
0 352990+01
0 352960401
0 352920+01
0 400000+01
0 400000+01
0.400000+01
0 40000D+01
Q 40000D+01
0 447070+01
0.447030+01
0.44701D+01
0 447040+01
0 447070+01
0 492000+01
0.492750+01
0 492710+01
Q 492750+01
0 49280D+01
0.57175D0+01
0 571580+0)
0 57151D+01
0 5731560+01
0 57175D0+01t
0 6492GD+01
0 649120+01
0 643100+01
0.649120+01
0.649260+01
0.72405D0+01
0.724100401

218550+00
0.217090400
0.216550+00
0.21709D+00
0 21855D+00
0.490510+00
0 46922D+00
0 48087D+00
0 489220400
0.49051D+00
0.717070+00
0.712430+00
0.71067D+00
0.712430+00
0.717070+00
0.87038D0+00
0.86704D+00
0.865190+00
0 86704D+00
0 870380400
0 94859D+00
0 93843D+00
0.93517D+00
0.93843D+00
0 94859D+00
0.96197D+00
0.95000D+00
0 94575D+00
0.950060+00
0 961970400
0.948590+00
0 93643D+00
0 935170+00
0.938430+00
0.948590+00
0.870380+00
0 867040+00
0.86519D+00
0.86704D+00
0 870380+00
0.71707D+00
0.71243D+00
0.710670+00
0.712430+00
0.71707D+00
0.490510+00
0.489220+00
0.480870+00
0.489220+00
0.490510+00
0.21855D+00
0.217090+00



-

$8,-0,17301D~12 0.15916D-01 0.216550+00 0.138740-11
£9 ~0.51089D-02 0.153570-01 0 217090+C0 0 262100-02 -0 347610+00
60 -0.105770-01 0,154720-01 0.21855D+00 0O 62583D-02 -0,337560+00
61 0.0 o0 0.0 (V] 0.0
62 00 0.0 00 V") 00
63 0.0 o0 0.0 00 0.0
64 00 00 00 00 o0
65 00 0.0 oo 0.0 0.0
REACTION FORCES AT CONSTRAINED NODES
NODE RX(LBS) RY(LBS) RZ(LBS) MX(LBS~IN)
1 -0.179010+03 ~0 141560403 ~0.41818D0+02 ~0.59745D+01
2 -0 303620402 =0 305660+02 ~0.75548D+02 0 28669D-01
3 0.44715D-08 ~0 44600D+02 =0 75675D+02 -0 606520-09
4 0.30362D+02 -0 3056(C+02 ~0 755480+02 -0.28G690~01
5 0 173010+03 ~0 141560+03 =0.418180+02 0 597450+01
61 =0 179010+03 0 141560+03 ~0 41818D+02 -0 59745D+01
62 -0 303620+02 0 30566D+02 -0 75544D+02 0 286690~01
63 -0 167650~07 0 44600D+02 -0 756750402 0 142770-08
64 0 30362D+02 0.30566D+02 -0 755438D+02 ~0.28669D-01
65 0.17901D+03 0 14156C+03 =0 41818D+02 0 597450+01

STRAIN COMPONENTS,

EPS-
ELEN. INNER
1 =0 6995D-02
2 -0 64720-02
3 -0 63720-02
4 -0 69950-02
5 -0.1397D0-01
6 -0.1339D-01
o 7 -0 13390-01
o 8 -0.1397D-01
v 9 -p 1276D-01
10 -0 1227D-01
11 -0 1227D-01
12 -0 12780-04
13 -0 1204D0-01
14 -0 1032D-01
1S -0 1032D-01
16 -0 1204D-01
17 -0 9523D-02
18 -0 8699D0-02
19 -0 8699D-02
20 -0 9523D-02
21 -0 1205D0-01
22 -0 8241D-02
23 -0 6241D-02
24 -0 1205D0-01
25 -0 1205D-01
26 -0 8231D-02
27 -0 82410-02
28 -0 12050-Ct
29 -0 9524D-02
30 -0 8699D-02
31 -0 Bb9ID-02
32 -0 9527D-02
33 -0.12040-01
34 -0 1032001
35 -0.10320-0%
36 -0 12040-01
37 -0 1276D-0
38 -0 1227001
39 -0 12270-0t

-0 349260+00 -0.65051D-11

0.131240-01
0.157680-01

Co0OoOO
[~N-N-N-N-]

MY {LBS~IN)
~0.66443D4+C1
-0 434000+01
-0 432630401
-0 434000401
-0 664430+01
0 664430401
0 434000+01
0.432630+01
0 434000401
0 664430401

0.74850D+00
0.11176D0+0%
0.148640+01
00

0.374250+00
0.748500+00
0 112270401
0.14970D+01

MXY{LBS-IN-IN)

-0 386510+00
~0 17978D-01
0.2224300-11
0.17978D-01
0 386510+00
0 386510400
0 17978D0-01
-0 402980-10
-0 17978D-01
-0.38651D+00

0.724090+01
0.724100+01
0,72405D+01
0.800000+01
0.800000+01
0.800000+01
0 800000+01
0.800000+01

0.2
0.2
0.2
0.0
0.0
0.0
0.0
0.0

PRINCIPAL(TENSILE) STRAIN AND DIRECTION AT CENTROID OF EACH ELEMENT

X STRAIN
OUTER
-0 75610-02
-0.71750-02
~-Q 71750-02
~0 7€610-02
=0 13v00-01
-0 1379D0-01
-0 1379D-01
-0 13600-01
-0 13150-01
-0.13570-01
-0 13570-01
-0 13150-01
=0 12100-01
-0 11880-01
-0 1188D0-01
-0 12100-0%
-0 1212D-01
-0.1236D-01
-0 12360-01
~C 12120-0t
-0 1758D-01
~0 1451D-014
-0 13510-01
-0 175ubD-01
-0 17580-01
-0 14510-01
-0 11510-01
-0 17%8D-01
-0 12120-01
-0 12365-01
-0 12350-0%
=0 12120-01
-0 1210D0-0}
=2 115bD~01
=0 11LL0-01
-0 $2100-01
-0 1315D-01
=0 13570-0t
-0 13570-01

EPS-Y STYRAIN

INNER
586 00-01
57570-01
57570-01
$9500-01
28510-01
29060-01
29060-01
28510~01
31290-01
30150-01
30150-01
31290-01
25330-01
24220-01
21220-01
25330-01
1556D-01
14310-01
13310-01
1SS60-01
25782-01
22310-01
29310-01
28760-01
28780-01
29610-01
25510-01
297€0-01
15560-01
14310-01
134310-01
15535D0-01
25330-01
2422D-01
24270-01
25330-01
312¢D0-01
3015D-01
30150-01

DOOCOOVLQOOCO0OOO0ODOO0O0OOOO0O0O0OO0OCOODOOOOOO0COOOO

0.

COCOCOO0O0OOCOOOOOOCOO0OO0O0OLOODOO0O0OOO0OO0VO0OO0OOOOOOOO

OUTER
13490-01
1163001
11630-01
13490-01
24590-01
25690-01
25690-01
24590-01
3804D-01
37400-01
37400-01
38040~01
35000-01
3564D-01
3564D0-01
35000-01
38010-01
36870-01
36870-01
38010-01
623470-0%
60310-01
69310-01
6247D-01
62470-01
6031D0-01
60310-01
6247001
23L,010-01
30870-01
36870-01
39010-01
39000-01
32540-01
356G1D-01
35000-01
33010-01
37400-01
3740D0-01%

SHEA
INNER
0 62270~-02
0 26180-02
-0 2b18D-02
-0.62279-02
-0 7G140-04
0 13050-03
-0.13050-03
0 76140-04
0 32920-03
-0 27490-03
0 2749D-03
~0 32920-03
0 31200-02
0 812430-03
-0 B124D-03
-0 3420D-02
~0 25790-02
-0 21350-03
0 213%D-03
0 25790-02
0 4224D-02
0 17990-03
~0 17990-03
=0 4224p-02
-0.42210-~C2
-0 17990-03
0 179y6-03
0 322aD0-02
0 2579D-02
0 21350-03
-0 21350-03
-0 25790p-02
-0 31200-02
-0 8121D-03
0 81240-03
0 31.200-02
=0 32)2:5-63
0 27190-03
~0 2749p-03

R STRAIN
OUTER
0 93480-02
0 33750-02
-0 33750-02
-0 93460-02
0 1263D-02
0 4G850-04
-0 46850-04
-0 12630-02
0 37870-02
0 11110-02
-0 11110-02
-0 3787D-02
-0 2592D0-02
-0 11990-03
0 11990-03
0 2592D-02
0 12670-02
0 10260-02
-0 10260-~02
-0 12670-02
0 4614D-02
0 73390-03
-0 7939D-03
-0 46140-02
~0 4G14D-02
-0 79390-03
¢ 79390-03
0 4G14p-02
~0 1267D-02
-0 1020L0-02
0.1026D0-02
0 12670-02
0 2L,92D-02
0 11990-03
-0 11990-03
-0 25920-02
0 378/0-02
-0 11110-02
0,11110-02

PRINC. STRAIN(T)

INNER
0 5874D-01
0 5760D-01
0 57600-01
0 58740-01
0 2851D-01
0 2906D-01
0 29060-01
0 28510-01
0 31290-01
0 30150-01
0 30150-01
0 31290-01
0 25410-01
0 2422D-01%
0 2422D-01
0 25410-01
0 1562D-01
0 1481001
0 14810-01
0 15620-014
0 28880-01
0 29620-0%
0 2962D-01%
0 28086D-01
0 2888D-01
0 29620-01
0 2962D-01
0 28838D-01
0 15620~-01
0 14810-01
0 14810-01
0 15620-01
0 25410-01
0 2422p-01
0.234220-~01
0 25410-01
0 31240-01
0 3015D-0t
0.30150-01

OUTER
0 1448004
0.11780-01
0.1178D-01
0 14480-01
0 2460D-01
0 25690-01
0 25690-01
0 2460D-01
0 38110-01
0 3741D-01
0 3741D-01
0 3811D-01
¢ 3504Dr01
0 35640901
0.,3564Dp01
0 3504Dw0}
0 3802D-01
0 36880-0t
0 3688D-01
0 38020¢01
0.62540601
0 60310R01
0 6031Dw01
0 6254001
0 6254D-01
0 6031D-01
0 60310-01
0 6254D-01
0 38020-01
0 3688D-01
0 36880-01
0 38020-01
0 35040-01
0.35640-01
0.35640-01
0 350aD-01
0 38110-04
0 3741D-0%
0.37410-0t

DIRECTION(DEG.)

INNER OUTER
0.8729D0+402 0.7803D+02
0.688830+02 0.8491D+02
-0.868830+02 -0.8491D+02
~0.87290+02 -0.7803D+02
-0.89950+02 0 8905D+02
0.89910+02 0.8997D+02
-0.8991D+02 -0 8997D+02
0 89950402 -0 89050+02
0.89790+02 0.8780D+02
-0 8981D+02 0.89380+02
0 8981D+02 -0 8938D+02
-0 8979D+02 -0 8788D+02
0 87390402 -0 88420402
0 89330+02 -0 8993D+02
~0 8933D+02 O 8993D+02
-0 B7390+02 0 88420402
~0 87060402 0 89280+02
-0.8974D+02 0.8940D+02
0 8974D+02 -0 8940D+02
0 87060402 -0 89280+02
0 87050402 O B8835D+02
0 8986D+02 O B8970D+02
-0 898GD+02 -0 6970D+02
-0 87050+02 -0 B8835D+02
-0 B705D+02 -0 8835D+02
-0 890360102 ~0 8970D+02
0 898GD+02 O 89700+02
0.8705D+02 O 8835D+02
0 B7C6D+02 -0 89280+02
0 8974D+02 -0 0940D+02
-0 8974D+02 0 8940D+02
-0 87060+02 O 8920D+02
-0 87390402 O 8U42D+02
-0 89330402 O 89930402
0 89330402 -0.89930+02
0 87390402 -0.8842D+02
~0.8979D+02 -0 8788D+02
0.8981D+02 ~0.8938D+02
~0.89810+02 0.8936D+02

—

16550400
17090+00
18550400



40
a1
42
a3
44
45
46
a7
a8

-0 1276D0-01
-0 13470-01
-0 1339D-01
~0 1339D-01
~-9.1337D-01
-0 6Y25D-02
~0 64720-02
-0 647.2D-C2
-0 6995D-02

-0 1315D-01
-0.1360D-01
=0.1379D-0t
-0 1379D-01
-0 12360D0-01
-0 75.1D-02
-¢ 7175D0-02
=-0.71720~02
-0.7561D-02

0 31295-01 O 3804D-0t
0 2851D-01 0 2459D-01
0 2506D-01 0 2569D-01
0 29060-01 0 2563D-01
0 23510-01 0 2459D-01
0 5350D-0t 0 1349D-0t
¢ 5/57D0-01 0 1183D-01
G €7570-01 0 1163D-01
0 £850D-01 O 1349D0-01

0 3292p-03
0 7014D-04
~0 130LvD-03
0 13050-03
-0 7614D-04
-0 62270-02
-0 2618D-02
0 2618D-02
0.6227D-02

0 7787D0~02
-0 120630-02
-0 4685D-04

0 4685D-04

0 12G3D-02
-0.9348D-02
-0 3375D-02

0 3375D-02

0 9348D-02

0 31290-01
0 2851D-01
0 2906D-01
0.230GD-01
0 2851D-01
0.5674D0-01
0 57600-01
0.5760D0-01
0.5874D-01

0.3811D-01
0.2460D-01
0.2569D-01
0.2569D~-01
0.24600-01
0 1448D-01
0.11780~-01
0.11780-01
0.1448D-01

0.8979D0+02
0.8995D+02
~0.8991D+02
0.8991D+02
~0.8995D+02
-0.87290+02
-0.8883D+02
0.8883D+02
0.8729D+02

0.8788D+02
—-0.8905D+02
-0.8997D+02
0.8997D+02
0.8905D+02
-0.78030+02
-0.8491D+02
0.8491D+02
0.78030+02

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

EPS—-X GTRAIN EPS~Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)

NODE INNER OUTER INHER OUTER INNER OUTER INNER OUTER INNER DUTER
33 -0 93950-02 -0 1391D-01 0.5916D-01 0 3022D-01 -0 3371D-11 0 2223D-11 0.5916D0-01 0.3022D-01 -0.90000+02 0.9000D+02
35 -0 2203D-01 -0 1719D-01 O 6345D-01 0 2749D-01 0O 4495D-10 -0.4265D-10 O 6445D-01 0.2749D-01 0.9000D+02 -0.90000+02
38 -0 8546D-02 -0 1387D-01 O 2047D-0%1 O 5777D-01 O 8271p-12 -0 1130D-11 0.20470-01 0.5777D0-01 0.90000+02 -0.90000+02
40 -0.68470-02 -0 13.2D-01 O 2737D-01 O 6400D-01 -0.17750-01 O 1525D-01 0.2954D-01 O 6475D-01 -0.7629D+02 0.8441D+02
48 -0.1088D-01 -0 1375D-01 O 5216D-01 O 6758D-01 -0 1291D-11 © 3782D-11 O 5216D-01 0.6758D-01 -0.9000D+02 0.9000D+02
50 -0 1228D-01 -0 1342D0-01 O 5341D-0f O 76710-01 -0 1536D-01 0.11450-01 0.54300-01 0.7707D-01 -0.8342D+02 0.8638D+02

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

POINT NO. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG.(DIR.1) ELONG.(DIR 2) PRINC. STRN(T) DIRECTION(DEG.)
1 INNER 0 60618D-26 0.43823D-01 0.22021D-12 00 0 429030-01 0.43823D-01 0.90000D+02
1 OUTER 0 ©0618D~-26 -0 84898D-01 0 22021D-12 00 -0.88844D-01 0.0 0.0
2 INNER -0 34469D-02 0 446270-01 0 281110-04 -0.31529D-02 0.43673D-01 0.-44627D-01 0.89983D+02
2 OUTER -0 35987D0-02 -0.413830-01 0.281110-04 -0,3,052D0~02 ~0.42276D~01 0.0 0.0
3 INNER -0 13241D-01 0.26606D-01 0.28584D0-03 -0.1'330D-01 0.262620-01 0.26607D-01 0.897950+02
3 OUTER ~0 13590D~01 0 26765D-01 0 285B84D-03 ~-0.11090D-01 0.26416D-01 0.26765D~01 0.897990+02
4 INNER -0 12756D-01 0 27426D-01 0.11090D-02 -0 12839D-01 0.27060D-01 0.274340-01 0.89210D+02
4 OUTER -0 135200-01 0 51728D-01 0 11090D-02 -0 14613D-01 0.50455D-01 0 51733D-01 0.89513D+02
o 5 INNER -0.10031D-01 0.192000-01 0 165850-02 -0.10082D-01 0.19019D-01 0.19223D-01 0.883760+02
0 5 OUTER -0 12889D-01 0.481250-01 0.16585D-02 -0 1:973D-0t 0.47020D-01 0.48137D-01 0.89221D+02
© 6 INNER -0 $3955D-~02 0.59164D-01 0.18701D-10 ~0 944000-02 0 57511D-01 0.59164D-01 0.900000+02
6 OUTER ~0 13908D-01 0.302210-01 0.24294D-10 -0.11006D-01 0.29778D-01 0.30221D0-01 0.90000D+02
7 IMHER -0 102310-01 0.192000-01 -0 165B8SD0-02 -0.10082D-01 0.19019D-01 0.19223D-01 =0.88376D+02
7 OUTER -0 12889D-01 0 48125D-01 -0.165850-02 =-0.1.,973D-01 0.470200-01 0.48137D-01 =-0.89221D+02
8 INNER -0 12756D-01 0 27426D-01 -0.11090D-02 ~0.123390-01 0.270600-01 0.27434D-01 -0.89210D0+02
8 OUTER -0 135200-01 0 517280-01 -0.11090D-02 -0 $13613D-01 0.50455D-01 0.517330-01 -0.89513D+02
9 INHER -0 13241D-01 0 26606D-01 -0.28584D-03 ~-0.1:3300-01 0.26262D-01 0.26607D0-01 =-0.897950+02
9 QUTER -0 13990D0-01 0 267650-01 -0 28584D-03 =~0.1090D~01 0.26416D-01 0.26765D-01 +-0.89799D+02
10 INNER -0 34469D0-02 0 446270-01 =-0.28111D-04 -0 3¢529D-02 0.43673D-01 0.44627D-01 ~0.89983D+02
10 QUTER -0.35987D-02 -0.41383D0-01 ~-0.281110-04 -0.30052D-02 -0.,42276D-01 0.0 0.0
11 INNER 0 59735D-18 0.43823D-01 0.22324D-12 0.0 0.42903D-01% 0.43823D-01 0.90000D0+02
11 OUTER -¢ 59735D-18 -0.84898D-01 0 22324D0-12 0.0 ~-0.88844D-01 0.0 ‘ 0.0

SYSTEM ENERGIES(I1N-LB)

WORK INPUT TG STRUCTURE
STRUCTURE KIN(CTIC ENERGY
STRUCTURE ELASTIC ENERGY
STRUCTURE PLASTIC ENERGY

ENERGY STORED IN ELASTIC RESTRAINTS

[ L { I (I | I 1)

0.0

0 3848832D+04
0.11355260+03
0.4064170D+02
0 36946370+04



SECTION 8

CIVM-PLATE 1 CODE EXAMPLE:
FRAGMENT-IMPACTED NARROW RECTANGULAR PLATE

To 1llustrate the use of the CIVM=-PLATE 1 computer program, a narrow
rectangular plate with both ends ideally clamped and 1ts two sides restrained
by only z-direction line elastic springs 1s analyzed.* The plate 1s subjected
only to impact by a single non-deformable spherical "fragment". Two alternate
finite-element modelings of the plate are described, and the associated input
data for each are shown. However, for conciseness, solution output data are
given for only one of these modelings; these results can be employed by the
user to check the adaptation of CIVM-PLATE 1 to his particular computing

facilitaies.

8.1 Problem Description

A narrow rectangular uniform-thickness aluminum plate (0.200 x 1.60 x
6.80 1n) with an aluminum stiffener of 0.1 by 0.2 1n cross section "integrally
attached", located at the plate's midwidth upper-surface station, and extend-
ing for the full 6.80-1in span -- as depicted in Fig. 18 -- 1s the example
structure. Its two ends are 1ideally clamped. Along i1ts other twe sides
there are only z-direction line springs of kz = 3,000 1b/(1in-in of span);
hence, kx = ky = ke = kw = 0.

This plate 1s impacted by a solid (non-deformable) steel sphere of l-inch
diameter; the initial point of impact 1s near the midwidth-midspan station of
the plate. The pre-impact line of flight of the sphere is in the y,z
"symmetry" plane and 1is approaching along a line at 60° from the y (spanwise)
axis as shown in Fig. 18. Prior to impact the sphere is assumed to have a
translational velocity of 2794 in/sec and to be rotating about the x axis
with W = 1650 rad/sec; hence, initially w W = 0. Also, it 1is

£x £y - Yfz
assumed that a fixed value of the coefficient of friction U = 0.20 applies

*

Additional examples and transient response predictions obtained by using the
CIVM~PLATE 1 program are described in Subsection 7.6 of Ref. 14 as the
"small strain" calculations.
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during impact-interaction between the fragment and the plate. Fragment-plate
impact is assumed to be perfectly-elastic; hence, e = 1 1s used for the

coefficient of restitution. Hence, the pertinent fragment data are:

fo =0 wfx = 1650 rad/sec

ny = 1397.0 in/sec u&y =0

sz = 2419.675 in/sec , wfz =0

m, = 0.3815 x 1073 l—b'lsnﬁ— I, = 0.3816 x 107¢ 1n-1b-sec?

Also, during an impact, the value of the impact-affected "circle radius" Leff

1s assumed to be Le = 0.42 inch which 1s slightly greater than twice the

thickness (h = 0.20ffn) of the uniform plate.

Both the plate and the stiffener are assumed to consist of the same type
of aluminum. Its mass per unit volume 1s assumed to be 0.25384 x 10-3
(lb—secz)/1n4. The uniaxial stress-strain (0,c) properties of this material
are represented by a 3-sublayer version of the mechanical-sublayer material
model, defined by Ol,s = 44,200 psi, 0.00442 in/in; 02,82 = 49,200 psi,
0.0760; and 03,83
assumed to be insensitive to strain rate; hence, 1t 1s specified that

1
= 76,400 psi, 0.615. For this example, the material 1is

D=p = 0. The material's elastic modulus and Poisson ratio are assumed

to be, respectively, 10 x lO6 psi and 1/3.

8.2 Modeling and Input Data

For illustrative purposes, two different structural models of the
stiffened-plate specimen depicted in Fig. 18 are described in the following.
First, the entire plate 1s modeled by 56 LIC plate elements as shown in
Fig. 19. Next, since this problem involves symmetry only about the y,z
plane, a 28-element half-plate model with symmetry invoked along the plate's
midwidth station is used. The two models otherwise employ the same basic
finite-element layout. For each of these models, the selected numbering
of elements and nodes 1s shown in Fig. 19.

Pi1lot calculations showed that the largest linear-system natural

frequency of the full-plate structural model 1is Wox = 0.1748 x 107 rad/sec.
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Hence, 1f the timewise central-difference model were used to predict the
linear transient response of this model, a At not exceeding At = 2/wmax = 1.14
Usec would be required. However, since the CIVM-PLATE 1 program uses the
Houbolt (and a modified Houbolt) operator, a reasonable choice is At = 2.0
Usec, as discussed in Subsectaion 5.5.2.

Solution output data will be requested at the end of every 10 time steps
or cycles; however, for conciseness, these data will be included here only
at the end of tame cycles (or time steps) 0, 1, 2, 3, 4, 140, and
150 (last) ¥ The desired solution output data are indicated as the following

praint options (Card 51 of Subsection 4.2):

IoPl Displacements and current (global) X,Y,Z coordinates of

+
each node .

I0P4 Strain (Green) components, principal (tensile) strain and
direction, and elongation (in user-specified directions)
at additional spanwise locations (evaluated at both upper
and lower surfaces at each spanwise location) as specified

by the user.

I0P7 System energies {(i1.e., work input to structure, structure
kinetic energy, structure elastic energy, structure plastic
energy, energy stored in elastic restoring springs, and

fragment translational and rotational kinetic energies)

I0P8 Strain (Green) components, principal (tensile) strain and
direction at the upper and lower plate surfaces at user-

specified nodes (by nodal averaging).

Print options IOPZ2, ICP3, and IOP5 are not desired; hence, set these
quantities equal to zero on Card 51 (of Subsection 4.2). Summarized concisely
as follows are the affected element or node numbers for each of these two

finite-element models (see Fig. 19):

+

Automatically at each printout time, one obtains the global X,Y¥,Z location
of the fragment as well as its translational and rotational velocity
components.

293



Output Full-Plate Half-Plate

Option Model Model
IoPl All Nodes All Nodes
I0P4 Elements 30,31,34,35 Elements 15 and 17
I0P7 Entire System Entire System
ICP8 Nodes 38,39,43,44, Nodes 22,23,25,26
48,49,53,54 28,29,31,32

The associated input data on each card are described for the full-plate and
the half-plate model in Subsections 8.2.1 and 8.2.2, respectively. However,
solution output data are presented in Subsection 8.3 only for the full-plate

model.

8.2.1 Input Data for the Full-Plate Model

The values to be punched on the data cards are as follows (see Fig. 19a):

Card 1 8110
MAXEL = 56
MNSL =3
MNXST =1
MNYST = 28
NBE =1
MBWE =1
MNC = 16335
NIAN = 75
Card 2 2014
IMESH =0
IMCONT =0
IPUNCH =
Card 3 2014
NEAD =4
NECD = 14
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Card 4a

Card 4b
YDIST
ZPOS

Card 5
XG(1)
XG(2)
XG(3)
XG(4)
XG(5)

Card 6a
¥G(1)
YG(2)
YG(3)
YG(4)
¥G(5)

Card 6b
YG(6)
¥G(7)
YG(8)

YG(9)
YG(10)

Card 6c¢
YG(11)
YG(12)
YG(13)
YG(14)
YG{15)

0.1D8
.3333333D0
0.25384D-~3
0.200D0
1.600D0

6.8D0
0.0D0

0.0D0
.400D0
.800D0
1.200D0
1.600D0

0.0D0
0.40D0
0.80D0
1.40D0
2.0D0

2.60D0
3.0D0
3.4D0

3.8D0
4.2D0

4.80D0
5.40D0
6.0D0
6.4D0
6.8D0
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5pl6.7

5D16.7
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Card 7
NCSB(1) = 2
NCSB(2) =0
NCSB (3) = 2
NCSB (4) =0
Card 8
NAST =0
NCST = 2
Card 17*
APCST(1) = 0.775D0
APCST(2) = 0.825D0
Card 18
RHC(1) = 0.2D0
RHC(2) = 0.2D0
card 19
RWC(1) = 0.05D0
RWC(2) = 0.05D0
Card 20
ECS(1) = 0.1D8
ECS(2) = 0.1D8
Card 21
ANUCS (1) = 0.3333333D0
ANUCS (2) = 0.3333333D0
Card 22
DENCS (1) = 0.25384D-3
DENCS (2) = 0.25384D~3
Card 23
XFCST (1) = =-0.2D0
XFCST (2) = -0.2D0
*
For omitted cards see page 308,
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2014

5D16.7

5D16.7

5D16.7

5D16.7

5D16.7

5D16.7
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Card 24
MATCS (1) =
MATCS (2) =1
Card 25
NAXS =0
NAYS =0
Card 44%
NMAT =1
Card 45 b
NSUB = 3
Card 46
SIG(1) = 44.2D3
SIG(2) = 49,2D3
SIG(3) = 76.4D3
Card 47
EPS(1) = ,00442D0
EPS(2) = .0760D0
EPS (3) = 0.615D0
Card 48
DSR(1) = 0.0D0
PSR(1) = 0.0D0
Card 49
ITIMEF = 150
INCRT =1
I0UT =1
card 50
DELTAT = 2.0D-06
TIMEF = 3,00D-04
*
For omitted cards see page 308,
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5D16.7
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Card 51

IOPl =1

IOP2 =0

IOP3 =0

I0P4 =1

I0PS =0

I0P6 =0

I0P7 =1

10P8 =1
Card 54*

NASP = 4
Card 55a

LNASP(1) = 30

SLASP (1) = 0.5D0

ELASP(1) = 0.5D0
Card 55b

LNASP(2) = 31

SLASP (2) = 0.5D0

ELASP (2) = 0.5D0
Card 55c

INASP (3) = 34

SLASP (3) = 0.5D0

ELASP (3) = 0.5D0
Card 554

LNASP (4) = 35

SLASP (4) = 0.5D0

ELASP (4) = 0.5D0
Card 56

NASPE =2
*For omitted cards see page 308,
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Card 57a
NSP
DIRL
DIR2

Card 57b
NSP
DIR1
DIR2

Card 61*
NNSA

Card 62
NVSA (1)
NVSA(2)
NVSA(3)
NVSA(4)
NVSA(5)
NVSA(6)

Card 63

Card 64a

Card 65a
Ss(1)
Ss(2)
Ss(3)
SS(4)
SS(5)

Card 64b
LNUM
ISIDE

1
45.0D0
135.0D0

2
45.0D0
135.0D0

33
35
38
40
48
50

28

0.0D0
0.0D0
C.3000D+04
0.0D0
0.0D0

*
For omitted cards

see page 308,
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Card 65b
Ss(1)
S8(2)
SS(3)
Ss(4)
SS (5)

Card 64c
LNUM
ISIDE

Card 65c¢
SS(1)
SS(2)
SS(3)
Ss(4)
SS(5)

Card 64d

ISIDE

Card 65d
Ss(1)
Ss(2)
Ss(3)
Ss (4)
Ss(5)

Card 64e

ISIDE

Card 65e
SS(1)
SS(2)
SS(3)
SS(4)
SS(5)

0.0D0
0.0DC
0.3000D+04
0.0D0
0.0D0

12

0.0D0
0.0D0
0.3000D+04
0.0DO
0.0DO

16

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

20

0.0DO
0.0D0
0.3000D+04
0.0D0
0.0D0
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Card 64f
LNUM
ISIDE

Card 65f
S5(1)
Ss(2)
Ss(3)
Ss(4)
SS(5)

Card 64g

ISIDE

Card 65g
Ss(l)
Ss(2)
Ss(3)
Ss(4)
Ss(5)

Card 64h
LNUM
ISIDE

Card 65h
Ss(1)
Ss(2)
5s(3)
S5 (4)
SS(5)

Card 64a

ISIDE

24

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

28

0.0D0
0.0DC
0.3000D+04
0.0D0
0.0D0

32

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

36

301

2014

5D16.7

2014

5p16.7

2014

5p16.7

2014



Card 651 5pl16.7

SS (1) = 0.0DO
SS(2) = 0.0DO0
Ss(3) = 0.3000D+04
SS(4) = 0.0D0
SS (5) = 0.0D0
Card 643 2014
INUM = 40
ISIDE = 2
Card 653 ) 5D16.7
ss(1) = 0.0DC
SS(2) = 0.0D0
S5 (3) = 0.3000D+04
Ss(4) = 0.0D0
SS(5) = 0.0D0
Card 64k 2014
INUM = 44
ISIDE = 2
Card 65k 5Dp16.7
ss(1) = 0.0D0
S5(2) = 0.0D0
SsS(3) = 0.3000D+04
Ss(4) = 0.0D0
Ss(5) = 0.0D0
Card 6442 2014
INUM = 48
ISIDE = 2
Card 65% 5pl6.7
sSs (1) = 0.0D0
SS5(2) = 0.0D0
SS(3) = 0.3000D+04
SS(4) = 0.0D0
Ss(5) = 0.0DO
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Card

Card

Card

Card

Card

Card

Card

64m
LNUM
ISIDE

65m

SS(1)
Ss(2)
SS(3)
Ss(4)
Ss(5)

64n

ISIDE

65n

ss(1)
§s(2)
Ss(3)
SS (4)
Ss(5)

640
LNUM
ISIDE

650

SS (1)
5s(2)
Ss(3)
SS(4)
Ss(5)

64p
INUM
ISIDE

52

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

56

0.0DO
0.0DC
0.3000D+04
0.0D0
0.0D0

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0
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Card

Card

Card

Card

Card

Card

Card

65p

sS(1)
SS(2)
Ss(3)
SS(4)
ss(5)

64q

ISIDE

65g

SS(1)
ss(2)
Ss (3)
SS (4)
Ss(5)

64r
LNUM
ISIDE

65r

S5(1)
SsS(2)
Ss5(3)
Ss(4)
Ss(5)

64s

ISIDE

65s

ss(1)
SS(2)
SS(3)
SS(4)
ss(5)

0.0DC
0.0DC
0.3000D+04
0.0D0
0.0D0

0.0DO
0.0D0
0.3000D+04
0.0D0
0.0D0

13

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

17

0.0D0
0.0DO
0.3000D+04
0.0D0

0.0D0
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Card 64t
LNUM
ISIDE

Card 65t
Ss (1)
Ss(2)
Ss(3)
SS (4)
Ss(5)

Card 64u

ISIDE

Card 65u
Ss(1)
Ss(2)
SS(3)
Ss(4)
Ss(5)

Card 64v

ISIDE

Card 65v
Ss(1)
S5(2)
Ss(3)
Ss(4)
Ss(5)

Card 64w

ISIDE

21

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

25

0.0D0
0.0DC
0.3000D+04
0.0D0
0.0D0

29

0.0D0
0.0D0C
0.3000D+04
0.0D0
0.0D0

33
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Card 65w
sS(1)
S5(2)
SS(3)
Ss(4)
SS(5)

Card 64x
INUM
ISIDE

Card 65x
Ss(1)
Ss(2)
§s(3)
SS(4)
SS(5)

Card 64y

ISIDE

Card 65y
SS (1)
Ss(2)
Ss(3)
SS(4)
SS(5)

Card 64z

ISIDE

Card 65z
ss(1)
SS(2)
Ss(3)
SS(4)
SS(5)

0.0D0
0.0D0
0.3000D+4
0.0DO
0.0D0

37

0.0D0
0.0D0
0.3000D+4
0.0D0
0.0DC

41

0.0D0
0.0D0O
0.3000D+4
0.0D0
0.0D0

45

0.0DO
0.0DO
0.3000D+4
0.0D0
0.0D0
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Card

Card

Card

Card

Card

Card

Card

64aa
LNUM
ISIDE

65aa

Ss(1)
ss(2)
Ss(3)
Ss(4)
SS(5)

64bb
LNUM
ISICE

65bb

s$s(1)
Ss(2)
Ss(3)
SS(4)
Ss(5)

66

YF
ZF

VF (1)
VF(2)
VF(3)

68

OMEGF (1)
OMEGF (2)
OMEGF (3)

1]

]

49

0.0D0
0.0D0
0.3000D+4
0.0D0
0.0D0

53

0.0D0
0.0D0
0.3000D+4
0.0D0
0.0D0

0.8D0
3.394412D+00
-0.6098787D+0

0.0D0
1397.0D+00
2419.675D+00

1650.0D0
0.0DO0
0.0D0
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Card

Card

Card

Card

Cards

69 5D16.7

RF = 0.5D0

FMASS = 0.38153D-03

FMOI = 0.38160D-04

70 5D16.7
COEFR = 1.0D0

FRNC = 0.2D0

71 2014
NSYM =0

IPSS =0

ICuT =0

IUSEF =1

73%* 5D16.7
EFFL = 0.42D0

9 through 16 are omitted because NAST on Card 8 is zero (that 1s, there

are no complete X-direction stiffeners).

Cards

there

Cards

there

Cards

Cards

Card

26 through 34 are omitted because NAXS on Card 25 i1s zero (that 1is,

are no additional X-direction stiffeners).

35 through 43 are omitted because NAYS on Card 25 1s zero (that is,

are no additional Y-direction stiffeners).

52 and 53 are omitted because IOP3 on Card 51 is zero.

58 through 60 are omitted because IOP6 on Card 51 1is zero.

72 1s omitted because ICUT on Card 71 is zero.

The following is the computer input deck for this example:

*
For

omitted cards see page 308.
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60¢€

o o0 o
4 14
0.108 .333333300
6.800 0 0DO
0.000 .40000D0
0 000 0.4D0
2.60D0 3.0D0
4.800 5 4D0
2 0o 2 o
o 2
. 77500 .825D0
200 .200
.05D0 .05D0
0.108 0.108
0.3333333 D00.33333333 )
0.25384 D-3 0.25384 D-3
-0.200 -0.200
11
o o0
1
3
44 203 49 2p3
.00442D0 .0760D0
0.0D0 0.0D0
150 1 1
2.0D-06 3.0D-04
t 0 o 1 0 0 1 1
a
30 0.5D0 p.SDO
31 0.5D0 9.5D0
34 0.5D0 0.500
35 0 500 0.500
2
1 45.0D0 135.0D0
2 45 0DO 135.000
8
38 39 43 44 48 49 53 54
28
a2
0.0D0 0.0D0
8 2
0.000 0 0DO
12 2
0.0D0 0.0D0
16 2
0.000 0.0D0
20 2
0.0D0 0.000
24 2
0.000 0.000

28

.25384p~3
.80000
0.800

3.4D0
6.0D0

76.4D3
0.615D0

0.3000 D+04
0.3000 D+04
0.3000 D+04
0.3000 D+04
0.3000 D+04

0.3000 D+04

.20000
1.200
1.400

3.8D0
6.4D0

0.0D0
0.000
0.000
0.000
0.0D00

0.0D0

16335

75

1.600D0
1.6D0
2.0D0

4.200
6.8D0

0.0D0
0.000
0.0D0
0.0D0
0.0D0

0.000



0TE

28

32

36

40

44

48

52

56

13

17

21

25

29

33

37

41

45

49

53

0.0DO

2
0.0D0

2
0.0D0

2
0.0D00

2
0.0D0

2
0.000

2
0.0D0

2
0.0D0

4
0.0D0

4
0.0D00

4
0.0D0

4
0.0D0

4
0.0D0

4
0.0D0

4
0.0D0

4
0.0D0

4
0.0D0

4
0.0D0

4
0.0DO

4
0.0D0

4
0.000

4
0.0D0
0 8DO0
0.0D0
1650.0 D+00
0.500
1.0D00
o] ] 1

0.42D0

0.000
0.00D0
0 0D0
0 000
0 0DO
0.0D0
0.0D0
0.000
0.0D0
0.0D0
0.000
0 o000
0.0DO
0.000
0.000
0.000
0 0DO
0.0D0
0 000
0.000
0.00D0
0 000
3.394412 D+00
1397 0D+00
0 000

0.381513 D-03
0.2D0

0.3000
0.3000
0.3C00
0.3000
0.3000
0.3000
0.3000
0.3000
0.3C00
0.3000
0.3000
0.3000
0.3000
0.3000
0.3000
0.3C00
0.3000
0.3000
0.3000
0.3000
0.3000
0.3000
-0.6098787
2419.675

0.38160

D+04
D+04
D+04
D+04
D+04
D+04
D+04
c+04
D+03
D+04
D+04
D+04
D+04
D+04
D+04
D+04
D+04
D+04
D+04
D+04
D+04
D+04

D+0
D+00

0.0D0
D-04

0.0D0
0.000
0.000
0.000
0.0D0
0.0D0
0.0D0
0.0D0
0.000
0.0D0
0.000
0.0D0
0.000
0.000
0.000
0.0D0
0.0D0
0.0D0
0.000
0.0D0O
0.000

0.0D0

0.0D0
0.0D0
0.000
0.0D0
0.0D0
0.0D0
0.0DO0
0.0D0
0.0D0O
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0
0.0D0

0.0D0



8.2.2 Input Data for the Half-Plate Model*

The values to be punched on the data cards are as follows (see Fig. 19b):

IMESH
IMCONT
IPUNCH

Card 3

Card 4a

Carxd 4b

XG(1)
XG(2)
XG(3)

I

28

14

6561
45

14

0.1D8
.3333333D0
0.25384D-3
0.200D0
0.800D0

6.8D0
0.0D0

0.0D0
. 40000D0
.800D0

*

Certain input cards are omitted; see page 308,
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2014

2014

5D16.7

5D16.7

SDl6.7



Card

Card

Card

Card

Card

Card

Card

Card

fa

YG(1)
¥YG(2)
¥G(3)
¥G(4)
YG(5)

6b
YG(6)
¥G(7)
¥G(8)
YG(9)
¥G(10)

6c

YG(11)
¥G(12)
YG(13)
YG(14)
YG(15)

7

NCSB({1)
NCSB(2)
NCSB(3)
NCSB (4)

8
NAST
NCST

17
APCST(1)

18
RHC(1)

19
RWC(1)

i

[

0.0D0
0.4D0
0.8D0
1.4D0
2.0D0

2.6D0
3.0D0
3.4D0
3.8D0
4.2D0

4.80D0
5.40D0
6.0D0
6.4D0
6.8D0

= N O N

0.025D0

0.2D0

0.05D0
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5D16.7

5D16.7

Spl6.7

2014

2014

5Dl6.7

5Dl6.7

5Dl16.7



-

Card

Card

Card

Card

Card

Card

Card

Card

Card

Card

Card

20
ECS (1)

21
ANUCS (1)

22
DENCS (1)

23
XFCST(1)

24
MATCS (1)

25
NAXS
NAYS

44
NMAT

45
NSUB

46

SIG(1)
SIG(2)
SIG(3)

47

EPS(1)
EPS(2)
EPS(3)

48
DSR(1)
PSR(1)

0.1D8

0.3333333D0

0.25384p-3

-0.2D0

44.2D3
49.2D3
76.4D3

.00442D0
.0760D0
0.615D0

0.0DO
0.0D0
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5pl6.7

5D16.7

5D16.7

5pl16.7

2014

2014

2014

2014

5D16.7

5D16.7

5Dl16.7

2014



Card

Card

Card

Card

Card

Card

Card

Card

49
ITIMEFP
INCRT
IouT

50
DELTAT
TIMEF

51

IOPLl
I0P2
IOP3
I0P4
IOP5
IOP6
I0P7
I0P8

54
NASP

55a

LNASP(1)
SLASP (1)
ELASP (1)

55b

INASP(2)
SLASP(2)
ELASP (2)

56
NASPE

57
NSP
DIR1
DIR2

2014
150

5D16.7
2.0D-06
3.0D-04

2014

- H O O + O O

2014

I4,2pl16.7
15
0.5D0
0.5D0

I4,2D16.7
17
0.5D0
0.5D0

2014

I4,2D16.7
1
45.0D0
135.0D0

314



Card

Card

Card

Card

Ccard

Card

Card

61
NNSA

62

NVSA(1)
NVSA(2)
NVSA(3)
NVSA(4)
NVSA(5)
NVSA(6)
NVSA(7)
NVSA(8)

63

65a

Ss (1)
$s(2)
Ss(3)
SS(4)
Ss(5)

64b
LNUM
ISIDE

65b

Ss(1)
S5(2)
S5(3)
Ss(4)
Ss (5)

22
23
25
26
28
29
3l
32

14

0.0D0
0.0DO
0.3000D+04
0.0D0O
0.0DO

0.0DO
0.0D0
0.3000D+04
0.0DO
0.0D0
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2014

2014

2014

2014

5Dl6.7

20I4

5D16.7



Card

Card

Card

card

Card

Card

Card

64c

ISIDE

65¢c

ss(1)
Ss(2)
Ss(3)
SS(4)
Ss(5)

644

ISIDE

65d

Ss(1)
SS(2)
ss(3)
SS(4)
$8(5)

6de

ISIDE

65e

Ss (1)
Ss(2)
SS(3)
ss(4)
SS(5)

64f
ILNUM
ISIDE

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0DO

0.0DO
0.0D0
0.3000D+04
0.0DO
0.0D0

10

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

12
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2014

5D16.7

2014

5D16.7

2014

5D16.7

2014



Card 65f
ss(1)
ss(2)
SS(3)
SS(4)
Ss(5)

Card 64g
LNUM
ISIDE

Card 65g
ss(1)
S5(2)
s5(3)
S5(4)
SSs(5)

Card 64h

ISIDE

Card 65h
SS(1)
sS(2)
Ss(3)
SS(4)
$S (5)

Card 641

ISIDE

Card 651
sSs(1)
§s(2)
Ss(3)
Ss(4)
SS(5)

0.0DO
0.0D0
0.3000D+04
0.0D0
0.0D0

14

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

16

0.0D0
0.0D0
0.3000D+04
0.0DO
0.0D0

18

0.0D0
0.0DO
0.3000D+04
0.0D0
0.0DO
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5Dl6.7

2014

5D16.7

2014

5Dl6.7

2014

5pl6.7



Card 64)
LNUM
ISIDE

card 653
Ss(1)
ss(2)
SS(3)
SS(4)
S (5)

Card 64k
LNUM
ISIDE

Card 65k
Ss(1)
Ss(2)
Ss(3)
SS(4)
SS(5)

Card 64%

ISIDE

Card 65%
SS(1)
SSs(2)
Ss(3)
SS(4)
Ss(5)

Card 64m

ISICE

20

0.0DO
0.0D0
0.3000D+04
0.0D0
0.0D0

22

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

24

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

26
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2014

5D16.7

2014

5D16.7

2014

5D16.7

2014



Card

Card

Card

Card

Card

Card

Card

65m

SsS (1)
SS(2)
Ss(3)
SS(4)
ss(5)

64n
ILNUM
ISIDE

65n

SS(1)
Ss(2)
ss(3)
SS (4)
S8 (5)

66

YF
ZF

VF (1)
VF(2)
VF (3)

68

OMEGF (1)
OMEGF (2)
OMEGF (3)

69

RF
FMASS
FMOI

1]

]

0.0D0
0.0D0
0.3000D+04
0.0D0
0.0D0

28

0.0D0
0.0DO
0.3000D+04
0.0DO
0.0DO

0.8D0
3.399412D+00
-0.6098787D+0

0.0D0
1397.0D+00
2419.675D+00

1650.0D0
0.0D0
0.0D0

0.5D0
0.38153p-03
0.38160D-04

319

5D16.7

2014

5D16.7

5Dl16.7

5D16.7

5D16.7

SD16.7



Card

Card

Card

70
COEFR
FRNC

71
NSYM
IPSsS
ICUuT
IUSEF

73
EFFL

1.0D0
0.2D0

- O O O

0.42D0

320

5D16.7

2014

5D16.7



Q
w

W -+ 0O -

10

$a

oW

A
[N A]

The following 1s the complete input deck for this example:

3
S

23

0.108
6§.80C
0.00¢
¢.000
2.8C0
4.300
2 1

.02500
.2000
.0s0cC
0.108

33 ply;
384 D-3
-0.200

44.203
.0043200
0.000

2.00-06
Q 1

[eRe]

0.009
0.GDO
0.02¢
0.060
0 QCo
¢.00C

0.000

.S5C0

500

.050

28

.333333300
0 200
.4000000
G.300

3 CDO
5.400

49.203
.Q076C00
¢ 000

3.00-04

Qo

135

29 3t 32

0.0D9
0.c00
0.000
0.000

0 oCco

0.0Co

.500
.500

.0D0

14

.253840-3

.80000
0.800
3.400
6.000

76.403
0.61500

0.30C0 T+04

0.3000 D+04
0.3000 D+04
0.3000 D+04
0.3000 D+04
0.3000 D+04

0.3000 D+04
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.20000

1.400
3.300
6.400

0.0D0
0.00D0
0.000
0.0D00
0.000
0.000
0.000

6561

45

0.80000

2.000
4.200
6.800

0.000
Q.000
0.0D0
0.000
0.000
0.000

0.000



18 2
20 2
22 2
24 2
28 2
28 2

1650.0
1 4

0.

o]

Q.

o]
Q

o]

0.42D0

.0D0

.0D0

.000

.CDO

oRo
000
000

[elols]
000

D+00
0.
1.

5D0
000
1

(o]

0

0.

Q.

g.

0.

o]
3.394412
1397.0
Q
0.381513
Q

.CD0
.0DO
aDo
[+]a]¢)
000
000
o]
D+00
D+CO

cDo

D~-03
.2DC

0.3000
0.3000
0.3000
9.3000
0.3000
0.3000
0.3C00
-0.60¢3787
2419.875

0.328160

322

D+ 04
D+04
D+04
D+04
D+04
D+04
D+04
D+G
D+00

0.000
D~04

0.0D0
Q.0D0
0.000
9.000
0.000
Q.000

0.0D0

0.000
0.000
0.000
0.000
0.000
0.000

0.0D0



The FORTRAN listing of the main program for the full CIVM plate example
1S given On pages 232-234, For the half-plate model, the associated main

program 1s the same except for the following DIMENSION statement:

DIMENS IGN DELD(4SO).DIS(450).DISP(4SO).DISM1(4SO).DISM2(450). IMANOQG3
2FLN(d50),FLVA(450),FLVM(GSO),FLVP(450),VEL(450),ICOL(450), IMANQOG4
3INUM(450),KROW(450),NDEX(450),STF(16335),AMASS(450), IMANGO6S
4NP(4,56).NODE(1344),TAUSS(56.12.9),TAUSE(56.12.9),TAUEE(56.12.9). IMANOOGG
SEPSSI(Q.SB).EPSSO(Q,SG),EPEEI(S,SS).EPEEO(9,56).EPSEI(Q.SS). IMANOOG7
GEPSEO(9.56).NSC(SO),BC(GO).RFM(1,1),ILAST(1),UCF1(1).UCF2(1), IMANQOG8B
7XG(75),YG(75),ZG(7S),XGI(TS).YGI(7S).TAGSS(1.12.3),LNXS(1), IMANQOG9

8XSPROP(7,1),MATXS(1),TSGEE(28.12.3),LNYS(28),YSPROP(7.28).MATYS(28IMANOO70
9),LNRS(28).ISRS(28).SC(5.28),NVSA(B).NCDN(4,8).PMASS(75),VN(3,75).IMAN0071
A VNB(3,75),51(75),NEFF{75),ALPHA(7S) IMANQO72

For the half-plate example, replace the original above DIMENSION
statement with this DIMENSION statement:

DIMENSION DELD(270),DIS(270),DISP(270),DISM1(270),0ISM2(270), IMAN1064
2FLN(270),FLVA(270) ,FLVM(270),FLVP(270),VEL(270),ICOL(270) IMAN1065
3, INUM(270),KROW(270),NDEX(270) ,STF(6561),AMASS(270), IMAN1066
4NP(4,28) ,NODE(672),TAUSS(28,12,9),TAUSE(28,12,9) ,TAUEE(28,12,9), IMAN1067
SEPSSI(9,28),EPSSO(9,28),EPEEI(9,28),EPEED(9,28) ,EPSEI(9,28), IMAN1068
6EPSEQ(9,28),NBC(81),BC{B1),RFM(1,1),ILAST(1),UCF1(1),UCF2(1), IMAN1069
7XG(45) ,¥YG(45),ZG(45) ,XGI (45),YGI(45),TAGSS(1,12,3),LNXS(1), IMAN1070

8XSPROP (7,1),MATXS(1),TSGEE(14,12,3),LNYS{14),YSPRAP(7,14) ,MATYS(14IMANIO71
9),LNRS(14),ISRS5(14),SC(5,14),NVSA(8),NCON(4,8),PMASS(45),VN(3,45), IMAN1072
A VNB(3,45),51(45) ,NEFF(45),ALPHA(45) IMAN1073

323



8.3 Solution Output Data for the Full-Plate Model

The following s the output for 150 cycles (300 usec) for the fragment-
impacted narrow plate specimen depicted in Fig. 18; the associated finite-
element model is shown in Fig. 19.

The first segment of the output describes the initial geometry and
material properties of the basic plate and the integrally attached stiffener.
The element numbers and global node numbers of the finite-element model of
the structure are shown. The boundary conditions employed and the associated
constrained degrees of freedom are identified. Next, pertinent geometric
and material properties for the stiffener are listed. Then, the properties
for each sublayer of the mechanical-sublayer material model are gaiven:

(a) stress, (b) strain, (c) yield stress, and (d) sublayer weighting factor.
Finally, the time-step size used and the intended calculation run time and
periodic printout times are identified.

The next segment describes the output to be given at every printout
cycle, the properties of all elastic restoring springs, all pre-impact
fragment data, and the selected coefficient of restitution and friction
coefficient for impact. This output consists of (a) the generalized displace-
ments at and the global location of each ncde, (b) the global location of
as well as the components of the translational and rotational velocities of
the fragment, (c) strain components as well as principal (tensile) strain
and direction at 8 specified nodes, (d) strain components, principal (tensile)
strain and direction, and relative elongations at 4 specified additional
stations, and (e) a tabulation of the various energies of the system. Also
noted are the number of impacts which have occurred and the current effective
impact location.

In the interest of conciseness, only a portion of the called-for output
is shown. Included are: (1) all input-verification information and (2)
scheduled output at the end of time cycles 0, 1, 2, 3, 140, and 150 (last)'.
This output listing 1s intended for use in verifying the (successful) adapta-

tion of the CIVM~PLATE 1l program to a user's computer facility.

+ R .
An auxiliary computer run was made with printout every cycle to give the
output shown at the end of cycles 1, 2, 3, and 4.
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CIVM-PLATE t COMPUTER CODE (SMALL STRAIN THEORY) : USER INPUT FOR ARRAY DIMENSIONS
MAXEL = 56

MNSL = 3
MNXST = 1
MNYST = 28
NBE = 1
MEWE - 1
MNC = 16335
NIAN = 75

AUTO-GENERATED FINITE-ELEMENT MESH INFORMATION FOR STIFFENED OR UNSTIFFENED FLAT-PLATE PROBLEM

X=-LENGTH(IN)

Y=LENGTH (IN)
Z-POSITION(IN)
THICKNESS(IN)

YOUNGS MODULUS(PSI)
POISSONS RATIO

DENSITY({ LB-SEC*«2/IN*+4)

0.16000000+01
0.6800000D+01
0.0

0.2000000D+00
0.10000000+08
0.3333333D0+00
0.25384000-03

NO. OF ELEM. IN X-DIRECTION 4
NO OF ELEM IN Y-DIRECTION 14
NQ OF D O F JELEM, 24
TOTAL NO OF L LEMENTS 56
TOTAL NO OF D.O F 450
NO OF X-DIR A&TIFFENERS 0
NO OF Y-DIR STIFFENERS - 28
THE GLOBAL NODE NUMBERS ASSOCIATED WITH EACH ELEMENT ARE AS FOLLOWS i
ELEMENT GLOBAL NODE NUMBERS

1 1 2 7 6

I 2 2 3 8 7

4 k] 3 4 9 8

4 4 5 10 9

5 6 7 12 1"

6 7 a 13 12

7 8 9 14 13

8 9 10 15 14

9 11 12 17 16

10 12 13 18 17

1" 13 14 19 18

12 14 15 20 19

13 16 17 22 21

14 17 18 2 22

15 18 19 24 23

16 19 20 25 24

17 21 22 27 26

18 22 23 2 27

19 23 24 29 28

20 24 25 30 29

21 26 27 32 3t

22 27 28 33 32

23 28 29 34 a3

24 2 30 35 54

25 3 32 37 36

26 32 33 3s 37

27 33 34 39 as

28 33 3s 40 39

29 36 37 42 ET]

30 37 38 43 q2

31 38 39 44 a3

32 39 40 as 44

33 41 42 a7 46

——



BOUNDARY CONDITIONS (SEE WRITEUP FOR CONVENTION FOR SIDE NUMBER AND BOUNDARY CONDITION)

SIDE NU
1

2
3
4

34
3s
36
37
as
as
40
41
42
43
aa
45
46
a7
a8
49
50
51
52
53
54
55
56

MBER

a2
43
aq
a6
a7
a9
a3
51
52
53
54
56
57
S8
59
61
62
63
64
66
67
68
69

49 48
50 49
52 51
53 52
54 53
55 84
S7 56
58 57
S9 58
60 59
62 61
63 62
64 63
65 64
67 66
1] 67
69 68
70 69
72 kA
73 72
74 73
75 74

BOUNDARY CONDITION
TDEALLY CLAMPED

FREE

IDEALLY CLAMPED

FREE

THE FOLLOWING 60 ODEGREES OF FREEDOM ARE CONSTRAINED
2 3 4 S 6 ? 8 9 10 11 12 13 14 15 16 17 18 19 20

w 21 22 23 24 25 26 27 28 29 30 421 422 423 424 425 426 427 428 429 430
g 431 432 433 434 435 436 437 438 439 440 441 442 443 4434 445 446 447 448 449 450
INFORMATION FOR Y-DIRECTION STIFFENERS

STIFF. NO. ON ELEM. MAT., NO. THICKNESS WIDTH YOUNGS MOD. POISSON RATIO DENSITY Psi-LOC. OFFSET,ZF
1 2 1 0 200000+00 0 500000-0t 0.100000+08 0 333330+00 0.253840-03 0.937500+00 =0.200000+00

2 6 1 0 200000+00 0 500000-01 0.10000D+08 0.33333D+00 0 253840-03 0.937500+00 =0.200000+00

3 10 ] 0 200000+00 0 50000D~01 0.100000+08 0 33333D+00 0.253840-03 Q.937500+00 =0.200000+00

4 14 1 0 200000+00 0 500000-0t 0 100000+08 0.33333D+00 Q0 253840-03 0 937500400 ~0.20000D0+0Q

S 18 1 0 200000+00 0 500000-01 0.100000+08 0.333330+00 0.253840-03 0 937500+00 ~0.20000D0+00

6 22 1 0 200000+C0 0 500000~01 0 10000D+08 0 33333D0+00 0.25384D-03 0.937500+00 -0 200000400

7 26 1 0 200000+00 0 500000-01 0 1000004108 0 33333D+00 0 25384D-03 0.937500+00 =0 20000D+00

8 30 1 0 20000D+00 0 500000-01 0.10000D4+08 0 333330+00 0.253840-03 0 937500+00 -0 200000+00

9 34 1 0 20000C+00 0 500000~-01 0 100000+08 0 33333D+00 0 25384D-03 0 93750D+00 =0 200000+00Q

10 38 1 0 20000D+00 0 500000-01 0 10000D0+08 0 33333D+00 0 25384D-03 0 937500+00 -0 20000000

11 a2 1 0 20000D+00 0 500000-01 0 100000408 0 333330+00 0 25304D-03 0 937500400 -0 200000400

12 46 1 0.200000+00 0 50000D-01 0 100000408 0 333330+00 0 25384D-03 0 937500+00 -0 200000+00

13 50 1 0 200000+00 0 50000D0-01 0 100000+08 0 333330400 0 25384D-03 0 937500400 -0 20000D+00

14 54 1 0 2000005+00 0 500000-01 0 100009+08 0 33333D+00 0 253840-03 0 93750D+00 =0 200000400

15 3 1 0 2C0000C+00 0 500000-01 0 10000008 0 33333D+00 0 253840-03 0 62500D-01 -0 20000D0+00

16 7 ] 0 20000C+00 0 S00000-01 0 100000+08 0 333330+00 0.253840-03 0 625000-01 -0.20000D+400

17 11 1 0 200000+00 0 500000-01 0.10cc0oD+08 0 33333D0+00 0 25384D-03 0 625000-01 =0.20000D+400

i8 15 1 0 200000+00 0 500000-01 0 100000408 0 33333D+00 0 25384D-03 0 625000~0% =0 200000+00

19 19 1 0 20000C+0Q0 0 500000-01 0 10000008 0 33.,33D0+00 0 253840-03 0 625000-01 =0 200000400

20 23 1 0 200000+00 0.500000-01 0 100000+08 0 33333D+00 0 253840-03 0 625000-01 =0.200000+00

21 27 1 0 200000+00 0 500000-01 0 100000+08 0 33333D+00 0.253840-03 0 62500D-01 =0.20000D+00

22 31 1 0 20000C+00 0 50000D-01 0 10000D+08 0 333330+00 0 253840-03 0.62500D-01 -0 200000400

23 35 1 Q 20000C+00 0 500000-01 0 16000D+08 0 33333p+00 0 25384D-03 0.62500D0-01 =0.200000+00

24 39 1 0 200000+00 0 500000-01 0 10000D+0H 0 333330+00 0 25384D-03 0 625000-01 =0 200000+00

25 43 1 0.200000+00 0 500000-01 0.100000+08 0 333330+00 0 253840-03 0.625000-01 ~0.200000+00

26 a7 1 0.200000+00 0.500000-01 0.100000+08 0.33333D+00 0.253840-03 0.625000-01 =0.20000D040Q0



27 a1 1 0.200000+00 0.500000-01 0.100000+08 0.333330+00
28 5 1 0.20000D+00 0.500000-01 0.100000+08 0.333330+00

MAX SIZE 1S 16335
PROPERTIES FOR USER-SPECIFIED MATERIALS

PROPERTIES FOR MATERIAL NUMBER 1

SUBLAYER STRESS POINT STRAIN POINT YIELD STRESS WEIGHYING FACTOR
1 0.44200000+05 0.44200000-02 0.44200000+05 0.99378610+00
2 0.49200000+05 0.76000000-01 0.84885000+06 0.17256920-02
3 0 76400000+05 0.61500000+00 0.69092000+07 0 44681900-02
STRAIN RATE PARAMETERS. D= o0 Pa 0.0

TIMEWISE SOLUTION PARAMETERS

TIME-STEP SIZE= 0 20000000-05 SEC.

RUN WILL TERMINATE AT TIME = 0 3000000D-03 SEC. DR AT CYCLE NUMBER 150
REGULAR PRINTOUT WILL BE GIVEN EVERY 10 CYCLES

sesee QUTPUT CONTROL INFORMATION «esex

THE FOLLOWING RESULTS WILL BE GIVEN AT EVERY REGULAR PRINTOUT CYCLE.
NODAL DISPLACEMENTS AND LOCATION

0.25384D~03
0.25384D-03

0.825000-01 =0.200000+00
0,625000-01 =0.200000+00

STRAIN COMPONENTS, PRINCIPAL STRAIN AND OIRECTION AT THE FOLLOWING 8 NODES (OBTAINED BY NODAL AVERAGING)3

a8 39 43 44 48 49 53 54

STRAIN COMPONENTS, ELONGATION IN SPECIFIED DIRECTIONS, PRINCIPAL STRAIN AND DIRECTION AT THE FOLLOWING 4 ADDTL. POINTS?

ADDTL. POINT ON ELEM PSI-LOCATION ~ ETA-LOCATION ELONG DIR.-1(DEG) ELONG. DIR.-2(DEG)
1 30 0 50000000+00  0.50000000+00 0.45000000+02
2 N 0.50000000+00 0 50000000+00 0 45000000402
3 34 0 50000000+00 0 5000000D+00 00
4 35 0 50000000400  0.50000000+00 0.0
Y SYSTEM CNERGIES

~
LOCATION AND PROPERTIES OF LINE TRANSLATIONAL AND ROTATIONAL LINEAR RESTORING SPRINGS

ELEM. NO. ELEM. SIDE KX(LB/IN/IN) KY(LB/IN/IN) KZ(LB/IN/IN) K~THETA(IN-LB/RAD/IN)
4 2 0.0 00 0 30000000+04 0.0
a 2 0.0 00 0 30000000+04 0.0
12 2 0.0 00 0.30000000+04 00
16 2 o0 0o 0,30000000+04 00
20 2 o0 (<] 0 30000000404 00
24 2 00 00 0 30000000+04 00
28 2 0.0 00 0 3000000D0+04 00
32 2 00 00 0 3000000D+04 00
36 2 Q00 00 0 30000000404 00
40 2 0.0 00 0 30000000+04 0.0
449 2 00 0.0 0 30000000+04 (Y]
a8 2 0.0 00 0 3000000D+04 00
52 2 0.0 00 0 30000000404 00
56 2 00 o0 0 30000000404 00
1 4 00 00 0 30000000+04 00
5 4 o0 00 0 30000000404 0.0
9 4q 0.0 0o 0.30000000+04 00
13 4q o0 00 0 30000000+04 00
17 4 0.0 00 0 30000000+04 00
21 4q 00 0.0 0 3000000D+04 a0
as q 00 0.0 0 30000000+04 0.0
29 4 00 00 0 30000000404 (]
33 4 o0 (] 0 300000CD+04 00
37 4 0.0 00 0 300000C0+04 00
4q1 4 0.0 00 0 3000000D+04 (]
45 4 00 00 ~ 0 30000000+04 00
49 4 0.0 00 0 3000000D+04 00
53 4 0.0 00 0 30000000+04 0.0

HIGHEST NATURAL FREQUENCY{RAD/SEC)s 0.17486520+07

0.13500000+03
0.13500000+03
0.90000000+02
0 9000000D+02

K=PSI{IN-LB/RAD/IN)

« o o . R o o
OOOOOOO‘OO0.000000000000000000
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HIGHEST EIGENVECTOR NORMALIZED BY LARGEST VALUE

-0.351390-08 0.44238D-07 O 60626D-02 O 35444D+00 0.404510~01
-0.135760-06 O 21164D-05 -0 196160-02
0 378850-08 0 420800-04 -0 54413D-03
0.13600D-06 0 21375D-05 O 95879D-03
-0 622930-08 0 581750-07 -0 31307D-02
0 291330-07 -0 529830-07 O 11999D-01
0 61814D-06 -0 2€364D-06 -0 366380-02
-0 158880-08 0.79465D0-0S5 -0 55001D-03
-0 618110-08 ~0.53182D0-06 0 180470-02
-0 251100-07 -0.5S8770-07 -0 59563D-02
0 125720-06 © 11263D-06 O 13334D-01
-0 372650-06 -0 69987D-06 -0 43368D-02
-0 967710-09 -0 32113D~-05 -0 877990~-03
0 372630-06 -0 53580D-06 O 20607D-02
-0 123200-06 0 12205D-06 -0 64837D-02 427920400 ~0 1648GD-03
-0 10405D-06 -0 31909D-06 O 1457GD-01 96 1330400 0 299070-01
-0 209690-05 -0 10832D-05 -0 47362D-02 0.5560¢D+00 -0 220950-01
-0 19145D-08 0 36091D-04 -0 89218D-03 0 399.90-C1 0 3793UD-02
0 20968D-05 -0 12562D0-05 O 21689D-02 261450400 0 11402D-01%
0 t08940~06 -0 33092D-06 -0 6G6873D-02 443250400 -0 25239D-02
-0 155730-06 O 134220-06 O 15394D-01 100000+01 -0 32675D+00
0 310680-05 0.104319D-04 -0 44592Dp-02 56630LD+00 0.144210+00
0 951820-09 0.184250-03 0 63389D0-03 381.00-01 0 360170-01
-0 310€55-05 0.10817D0-04 O 20023D-02 262710+00 -0 14911D-01
0 35321D0-06 0 15118D0-06 -0 58154D-02 417300400 0.205730+00
-0 548570-06 -0 52391D-06 © 13555D-01 79349D+00 0 65229D-01%
0 75411D0-05 -0.91065D-05 -0 332600-02 407920+00 0.133330+00
0 £18310-08 ~0 18189D-03 O 12623D0-02 .361120-01 0.12127D+00
-0 754070-05 -0.936800-05 0 256900-02 237760400 0 12502D+00
0 5353)0-06 -0.549110-06 -0 56597D-02 38302D+00 0 206050+00
0 134810-07 0.13950D-05 O 87834D-02 556140+00 0 207800+00
~0 36768D-07 ~0 361030-05 -0 26430D-02 315270400 0 16834D+00
-0 72257D0-08 -0 23212D-03 -0 75318D-04 32260D0-0% 0 155590+00
0 957680-07 -0 361040-05 O 25080D-02 J00030+00 0.1GBGAD+00
0 510720-08 0.139900-05 -0 03747D-02 53003D+00 0 207800+00
0 54475D-06 -0 55216D0-06 0 613930-02 412320400 0 20946D+00
~0 75731D-05 -0 911240-05 -0 27249D-02 253570400 0.12418D+00
0 5183iD-08 -0 17655D-03 -0 14070D-02 361120-01 0.11933D+00
0 757380-05 -0 €8550D-05 O 317010-02 392110400 0 13249D+00
=0 557990-06 -0 526950-06 -0 13075D-01 7610680+00 0 63644D-01
0 351539D-06 0 13332D-06 0 $637420-02 S5.810400 0 219770+00
-0 301720-05 0.1C835D-04 -0 27916D-02 281220400 -0 195300-01
0 961820-09 0.1€597D0-03 -0 75519D-03 384580-01 0 34692D-01
0 301750-05 0 10432D-04 0 42699D-02 544730400 0.139G20+00
-0.35411D0-06 0 12676D-06 -0 14831D-0t 962490400 -0 31272D+00
0 10163D0-06 -0 32913D0-06 O 72557D-02 480920400 -0 331110-02
0 210790~05 -0 1321G60-05 -0 23594D-02 283160400 0 12210D0-01
-0 191450-08 0.35024D0-04 0 743630-03 392950-03 0 35731D-02
-0 210810-05 -0 115170-05 0 454570D-02 531150400 ~0 212860-01
-0 9567370-07 ~0.317300-06 -0 140030-01 926b070+00 0 291200-0.
-0 132500-06 O 11861D-06 O 70205D-02 4L342D+00 -0 256120-03
0 379010-06 -0.473040-06 -0 22397D-02 26976D+00 -0 50868D0-02
-0 967710-09 -0 219220-05 0 73955D-03 +37141D-01 -0 174780-02
-0.379040-06 -0 63810D-06 0 41578D-02 48794D+00 0 58293D-02
0 135020-06 0.10918D0-06 -0 127370-01 844860400 0 7900L00-02
=0 27360D-07 -0.474130-07 O 64486D-02 0 412630+00 -0 156220+00
-0.503930-06 -0.46773D-06 -0 195620-02 O 23958D+00 0 59828D-01

v v w PSIX PSIY TWIST
0.0 0.0 00 0.0 00 .
0.0 0.0 00 0.0 0.0 .
0.0 0.0 00 00 0.0 .
00 ¢ 0 0.0 0.0 00 B
00 0.0 00 00 o0 .

185900400 -0 587770-01
17067D-01 -0 10436D-01
971520-01 0 254370-01
182430+00 ~0 21666D-01
780120+00 0 29044D+0Q0
.442700+00 -0 11644D+00
289990-01 -0.904830-02
2215C0+00 0 54831D-01
387035D0+00 -0 14442D+00
880330+00 0 799730-02
508250+00 0 61180D-02
371410-01 -0 20746D~02
24945p+00 -0 479810-02
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. .

N
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63 -0.15888D-08 0.67428D-05 0 461020-03
64 0.503970-06 -0 19655D-06 O 351230-02
65 0.313840-07 -0.405230-07 -0 115060-01
66 -0.688920-08 0 49644D-07 0 33772D-02
67 0.115710-06 0.177700-05 -0 10425D-02
68 O 378850-08 0.35011D-04 O 453990-03
69 ~0 11548D0-06 0 17560D-05 O 18779D-02

0.28999p~01 -0 759160-02
0 421680400 ~0.111450+00
0.73813D+00 0 278640+00
0.196900+00 -0.231860-01
0 104610+00 0 281850-01
0 170670-01 -0 87211D-02
0.17834D+00 ~0 $60290-0%

.

[-N-N-N-N-N-N-N-N-N-N-¥-N.]
COO0OO0OOO0O0O0O0ODOO

70 -0.285400-08 0.35707D-07 -0 58161D-02 0 3399g0+00 ¢ 238932D0-01%

77 00 o0 00 [V ] 0.0 .

72 00 00 00 0.0 00

73 00 00 (1] o0 00 .

74 0.0 o0 00 00 0.0

7 0. 00 00 00 [} . !

AFTER 158 1TERATIONS, CONVERGENCE RATIO= 0 96230890-07
CENTRAL-DIFF ERENCE BOUND ON TIME-STEP(SEC) FOR LINEAR SYSTEM= 0.1 43738D-05 i
ACTUAL TIME-SYEP BOUND (SEC) WOULD BE= 0.91499050-06

FRAGMENT LOCATION, VELOCJTY, AND PROPERTIES AT TIME=0,0 SEC.
X-LOCATION(IN) a0 80000000+00
Y-LOCATION(IN) 0 33943120401

Z-LOCATIOH(IN) -0 6098787D+00

X-VELOCITY(IN/SEC) 00

Y-VELOCITY{IN/SEC) 0 1397000D+04

Z-VELOCITY({IN/SEC) 0 2419675D+04

OVEGA-X {RAD/SEC) 0 16500000404

OMEGA-Y (RAD/SEC) 00 '
OVEGA-Z (RAD/SEC) 0.0

FRAGMENT RADIUS(IN)

FRAGMENT MASS (LB-SEC+SEC/IN)
“ FRAG MOMENT OF INERTIA{IN=+4)
O KINETIC ENERGY(IN-LB)

0 50000000+00
0 3815130D-03
0.3816000D-04
0.1541074D+04

CONTACT SURFACE PROPERTIES
COEF OF RESTITUTION= 0.10000000+01
FRICTIQN COEFFICIENT= 0 20000000+00
NO. OF SYMMETRIES = 0

USER SPECIFIED EFFECTIVE LENGTH= 0 42000000400 '

—

ROUNDING ERROR PARAMETER IN FACTORING ROW 390 = 0.52440101 NO OF NEGATIVE DIAGs [}
essse INCR. NO.= 0 TIME= 0.0 SEC.
NODE V] v W PSIX PSIY TWIST X~P0S. Y-POS. -PQS.
. . . 0.0 0.0 .
. . . . 0.400000+00 0.0 .
. . 0.800000+00 0.0 .
. . 0.120000+0% 0.0 .
. 0.160000+01 0 O .
. . 00 0.400000+400 .
. . . 0 400000+00 0.400000+00
. 0.800000+00 0.400000+400 .
. . 0 120000+01 0 400000+0Q
. . 0 160000+01 0.400000+00

. .
N

[ S SR

COVONDPUBWN=OVO~NDIUDLWN -
OO0O0OO0O0QOOO0OOCOOOOOOO0OO0O0QCOCO
[-N-N-N-N-N-¥-N-N-N-N-N-N-N-N-¥-N-N-F-¥-N-X-]
ODO0OOOOOVOOOO0OOCOODOOOODO
[-N-N-X-N-N-N-N-¥-N-N-N-N-N-N-N-N-¥-X-N-N-N-]
COO0OO00O0O0COODODOOOOOOOOOO0O
CO0OO0O0DOO0COOOO0OO0OOO0OO0OO0COOO0OO0

OO0OO0OO0O0OO0OO0O0COOOOCOOOOO0OOOOO
COO0O00O0O0OO0O0O0OO0ODO0OOOOOOOO

CO0CO0OOOO0OOOCOOO0OO0OOOCO0OC0OODO
(- -N-NoR-N-N-R-R-N-N-N-N-R-R-R-N-NoR-K-N N}
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P

[-X-N-N-R-R-N.N-R-N-N-N-N-R-N-N-N-F.N-N-N-N.]
[-N-N-N-R-N-N-NeN-N-N-RoN-RNoN--N-N-N-N-NN]

o0

0 400000+00
0 80000D+00
0.120000+01
0.160000+01
0.0

0 40000D+00
Q0 B80000D+00
0.120000+01

0 80000D+00
Q 800000+00
0 80000D+00
0 80000D+00
0.800000+00
0.140000+01
0 140000401
0 140000+01
0.140000+01

. . 0.160000+01 O 14000D+0%
21 . . . 0.0 0.200000+01
22 . . . . 0.400000400 0.20000D+01 .

1

R N et Cen e o med S— —— et o

e ¢ o e v s e o s 6 o

[-X-N-X-N-N-N-N-N-N-N-R-N-N-N-R-N-X-N-F-¥-¥-]
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23 0.0 0.0 0.0 00 0.0 0.0 0.800000+00 0.200000+01 0.0
24 0.0 0.0 0.0 0.0 o0 Q.0 0.120000+01 0.200000+01 0.0
25 0.0 0.0 0.0 0.0 [V ] 0.0 0.160000+01 0.200000+01 0.0
26 0.0 0.0 [ ] 0.0 [ 0.0 00 0.260000+01 0.0
27 0.0 0.0 00 00 0.0 0.0 Q.40000D+00 0.260000+401 0.0
286 0.0 00 0.0 0.0 0.0 0.0 0 800000400 0.260000+0f 0.0
29 00 00 00 00 00 00 0.120000+01 0.260000+0¢ 0.0
30 0.0 00 00 00 00 0.0 0 160000¢01 0.260000+01 0.0
31 0,0 00 00 0.0 00 0.0 00 0.30000D0¢0t 0 O
32 00 0.0 00 0.0 00 0.0 0 400000400 O 30000D+0f 0.0
33 0.0 00 00 0.0 00 0.0 0 80000D0+00 0 300000401 0 0
34 0.0 00 00 00 00 0.0 0 12000D+0¢ 0O 30000D+01 0.0
35 00 00 00 0.0 [J3N ] 00 0 160000401 O 300000+01 0.0
36 00 (] o0 00 1] 090 00 0 330000+01 0.0
37 oo 0.0 0.0 00 (] 0.0 0 400000400 O 340000+01 0.0
38 0.0 00 o0 (] 00 00 0 80000D+00 O 340000+0%1 0.0
39 0.0 0.0 Q0 0.0 00 00 0 120000401 0.340000+01 0.0
a0 0.0 0.0 00 [ ¢) 0o 0.0 0.16000D+01 0 340000401 0.0
41 o0 o Qo 0.0 00 0.0 0.0 0.0 0 380000401 0.0
42 00 00 o0 00 0.0 0.0 Q 400000400 0 360000+01 0.0
43 0.0 0.0 [] 00 00 0.0 0 80000D+00 O 380000+01 0.0
43 0.0 00 00 0.0 00 0.0 0 120000+01 0 38000D+01 0.0
as 0.0 0.0 oo 00 [} 0.0 0 16000D+01 O 38000D+0t 0.0
a6 0 0 00 0.0 0.0 (U] 0.0 090 0 420C00t01 0.0
47 0.0 00 0.0 00 00 0.0 0 40000D+00 0.420000+01 0.0
48 0 0 0.0 0.0 00 0.0 0.0 0 80000D+00 0 42000D40% 0.0
43 0.0 00 00 0.0 o0 00 0 120000+0%f O 420000+01 0.0
50 00 0.0 00 00 00 00 0 16000D+0t © 42000D+01 0.0
St 00 00 0.0 [ ("] 0.0 00 0 480000+0% 0.0
€2 0.0 00 00 00 00 0.0 0 400000+00 O 480000+01 0.0
53 00 00 00 0.0 00 00 0 80000D+00 0.480000+01 0.0
8 54 0.0 00 [ ] 0.0 o0 00 0 12000040t 0.480000+01 0.0
© £ o0 00 oo (] 0.0 0.0 0 16000D+01 O 48B00QD+0Y 0 O
56 00 00 00 00 0.0 00 00 0 S4000D+0t 0.0
57 0.0 0.0 o0 00 0o o0 0 40000D+00 O S54000D+01 0.0
58 0.0 00 00 00 00 0.0 0.800000+00 O 540000+01 0.0
59 00 090 00 00 00 00 0 120000401 O 54000D+01 0.0
60 0.0 0.0 00 00 00 [} 0 16000D+01 O 540000401 0.0
61 00 00 0.0 00 [} 00 00 0 60000D+01 0.0
62 0.0 00 o0 [ ] 00 0.0 0 400000+00 0 60000D+01 0.0
63 00 0.0 00 o0 00 00 0 80000D+00 O 60000D+01! 0.0
64 0 0 0.0 00 00 00 o0 0 120000401 O 60000D+01 0.0
65 00 00 00 00 00 0.0 0 160000401 O 60000D+01 O O
66 00 00 00 00 0.0 0.0 00 0 64000D+0f 0.0
67 0.0 [JRY] 0.0 0o 00 00 0 40000D+00 O 640000+01 0.0
68 0.0 00 [« J] 0.0 00 00 0 800000+00 O 64000D+01 0.0
69 0 0 o0 00 00 00 00 0 120000+01 O 640000401 0.0
70 00 00 oo 00 00 00 0 160000+01 O 640000401 0 0
71 0.0 0.0 00 [+] o0 0.0 [ ] 0 68000D+01 O O
72 00 0.0 0.0 00 00 00 0.400000+00 O 68000D+01 0.0
73 00 00 00 00 00 [I] 0 80000D+00 O 68000D+01 0.0
74 00 00 00 00 0.0 00 0.120000+01 0 680000+01 0.0
7 00 0.9 00 00 00 0.0 0 160000+01 O 68000D+01 0.0
FRAGMENT GLOBAL LOCATION AND VELCCITY COWPONENTS
X-L0C Y-10C Z-L0C VEL-X vEL-Y VEL-Z OMEGA-X OMEGA-Y OMEGA~Z
0 8000000+00 0.339441D+01 ~0.6098790+00 ©0 © 0.139700D0+04 0.2419670404 0 1650000404 0.0 0.0

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 QUTER
38 00 00 00 [J Y] 00 (] [N 0.0 0.45000+02 0.45000+02
39 0.0 0.0 00 [] 0.0 0.0 0.0 0.0 0.45000+402 0.45000+02
43 00 0.0 00 0.0 0.0 00 0.0 00 0.450004+02 0,4500D+02
443 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.45000402 0.45000+402



a8 0.0 0.0
43 0.0 00
53 (] 0.0
54 0.0 0.0

[=R-R-N-]
(- XN

[-X-N-]
(- X-N-)

0.0

0.45000+02
0,4500D+02
0.45000+02
0.45000+02

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

POINT NO. SURFACE EPS-X STRAIN

INNER 00
OUTER
INNER
QUTER
INNER
OUTER
INNER
OUTER

DDOWWRN =
[~R-N-N-N-N-N-]
cCoO0COCO0

SYSTEM ENERGIES(IN-LB)

FRAG. TRANSLATIONAL KINETIC ENERGY

0.0

[-N-N-N-K-N-N-]
o .
CoO0CO0O0O0

FRAG. ROYATIONAL KINETIC ENERGY

WORK INPUT TO STRUCTURE
STRUCTURE KINETIC ENERGY
STRUCTURE ELASTIC ENERGY
STRUCTURE PLASTIC ENERGY

EPS-Y STRAIN

ENERGY STORED IN ELASTIC RESTRAINTSa

#ssee INCR., NO.= 1 TIME=

z
o
(=]
m
[ =4

v

€€

CONONLWN -

.
o e e 0w

-
©
COLOOO0OOOOOOCOOCOLOOOOCO0O0O0OORLOOOOCOOOOOO

N
-N-N-N-N-N~-N-N-N-E-N-N-F-N-N-N-R-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N. NN
[~B-N-N-B-R-N-N-N-F-X-N-N-N-N-N-F-N-N-N-N-Noy-Ne-N-E-NoR-N-N-N-N-N-N- NN N1

[-N-N-N-g-N-y-N-N-N-y-F-N-N-N-N-N-N-N-N-F-N-F-N-N-F-F-F-N-N-N-F-N-N-¥. NN

. .« . .

COO0O0OO0OO0O0O0CO0OOO0O0O0OOO0O0OO0OO0OODOOOOOOOOO0OOO

[~ -N-N-N-N-N-N-R-F-N-y-N-N-N-E-N-N-N-N-N-N-N-R-N-E-N-N-N-N-N-N-F-N-N-N-N.]

w

0.20000-05 SEC.

COO0O0CO00
COO0O0OO0O0O0

[-N-N-R-N-N-N-N.N-NoN-F-N-RoNoN-N-N-N-N-NeRoN-NoNoN=R-W- N NN NN~

COOCOCO0O0OO0OOCOOO0OODOOOO0COOO0ODOOOOVOOOOOCO

.148912680+04
1945300+02

OCOO0O0CO0OO0OCOOLOO0OOOOOOCOOOOOODOOOOLOO0O0O0OOOCOOOO

.

[-X-N-R-FiN-NoN-N-N-g-NoN NN -RoR-N-N-N-N-NoN-N-N-F-F-R-N-N-N-R-N-N-N-¥-N-]

(]
0.0

COO0OO0O0OO
COO0COoOO0O

238

« o . R

. e . P .« . “ e s e s s e«
COO0OO0OVDOOOCO0OO0O0OOCOTOOOCOOO0OO0O0O0O0OODOCOOO0DOOODO

CO0O0OO0OO0O0VCOCOOCOTO0ODOCOOOOOLODOODOOOO0O0OODCOOO

0.0

[-X-N-N-N-N-¥-]

[-N-N-N NN N ]

TWIST

0.0
00

.
.
.

[-N-K-N-N-N-]
(- -N-N-N-N-]

X-POS.
0.0
0.40000D+00
0.80Q000+400
0.120000+0%
0.16000D+01
00
0 400000+00
0 800000+00
0 12000D+01
0 160000+01
(]

0 400000+00
0 800000+00
0 120000+01
0 160000+01
00

0.400000+00
0 B00000+00
0 120000+01
0 160000401
00

0 40000D+00
0 80000D+00
0 120000+0%
0.160000+01
00

0 400000+00
0 800000+00
0 12000D0+01
0 16000D+01
00

0 400000+00
0 800000+00
0.120000+01
0.16000D+01
0.0

0.400000+00

0.45000+02
0.45000+02
0.45000+02
0.45000+02

SHEAR STRAIN ELONG (DIR.1) ELONG.(DIR.2) PRINC. STRN(T) DIRECTION(DEG.)

0 450000402
0.450000+02
0 450000402
0.450000+02
0.450000+02
0.450000+02
0.450000+02
0.450000+02

0 400000400
0 400000+00
0 40000D+00
0.40000D+00
Q 400000400
0 800000+00
0 80000D+00
Q 80000D+00
0 80000D+00
0 800000400
0 140000+01
0 14000D+01
0 140000+01%
0 14000D+01
0 14000D+01
0 200000+01
0 20000D+01
0 200000+0t
0 200000401
0 20000D+01
0 26000D0+01
0 26000D+01t
0.260000+01
0 260000+01%
0 260000D+01
0 300000+01
0 30000D+01%
0 300000+01
0.30000D0+01%
0 30000D+01
0.340000401
0.34000D401

OOOOOOOOOOOOOOOOO’OOOO‘O‘OOOOOOOOOOOOOQON

[-R-N-N-N NN -N-N-N-R-N-R-N.-N-y-N-N-N-N-N-N-R-N-N-N-N-N-N-F-R-N-R-N-N-Y-N-]

~P0S.



(4%

38 0.0 0.0 0.0 0.0 0.0 0.0 0.800000+00 0.340000+01 0.0
39 00 0.0 00 0.0 0.0 0.0 0 12000D+01 0.340000+0t 0,0
40 0.0 00 0.0 0.0 00 0.0 0.16000D+01 0.340000401 0.0
M 0.0 0.0 00 0.0 00 0.0 0.0 0.380000401 0.0
42 00 00 0.0 0.0 Q0.0 0.0 0 40000D+00 0.38000D+0t 0.0
43 0.0 0.0 0.0 0.0 0.0 0.0 0 800000+00 0.380000+0t 0.0
44 0 0 0.0 00 00 00 00 0.120000+0% ©0.38000D+01 0.0
a5 0.0 0.0 oo o0 00 0.0 0.160000+01 0.380000401 0.0
46 0 0 00 0.0 0.0 00 0.0 00 0.420000+01 0.0
a7 0 0 o0 00 00 00 0.0 0 40000D+00 O 42000D+01 0.0
a8 o0 0 00 00 (] 0.0 0.0 0 80000D+00 0.42000D+01 0.0
49 o0 00 0.0 00 00 0.0 0 120000401 ©0 420000401 0.0
50 00 0.0 0.0 o0 00 ] 0 160000401 0 420000401 0.0
51 0.0 0.0 0.0 00 00 00 00 0 48000040t 0.0
52 00 00 0.0 o0 09 0.0 0 40000D+00 O 4B000D+0t 0.0
53 00 0.0 0.0 00 00 0.0 0 80000D+00 0 48000D+Q1 0 O
54 00 0.0 0.0 00 00 0.0 0.120000+01 0©0.480000+01 0.0
55 0 0 00 00 00 0.0 00 0 160000401 0 48000D+01 0 0
56 00 00 00 00 00 0.0 0.0 0 540000+01 0.0
57 00 0.0 00 00 00 00 0 400000+00 0.540000+01 0.0
58 0.0 0.0 00 00 a0 00 0 80000D+00 0 540000+01 0 O
59 0.0 00 0.0 0.0 00 0.0 0 120000+01 © 540000+01 0.0
60 00 0.0 0.0 0.0 00 0.0 0 160000+0% O 54000D+01 0.0
61 0.0 0.0 00 00 00 0.0 0.0 0 60000D+0% 0.0
62 00 00 00 0.0 00 0.0 0 400000400 0 600000401 0.0
63 0.0 0.0 00 0.0 00 0.0 0 80000D+00 0 60000D+0t 0.0
64 00 0.0 00 0.0 00 0.0 0 120000401 0O 600000401 0.0
65 00 0.0 00 00 0.0 0.0 0 160000+01 © 600000+0% @ 0
66 0.0 0.0 00 0.0 0.0 0.0 00 0 64000040t 0.0
67 00 0.0 0.0 00 0.0 00 0 400000+00 0 640000+0% 0.0
68 00 0.0 0.0 0.0 0.0 00 0.80000D+00 0 64000D+0t 0.0
6Y 0 0 00 0.0 00 00 0.0 0 120000401 © 640000+01 0.0
70 00 o0 0.0 00 00 00 0 160000401 0 64000040t 0.0
71 0.0 00 0.0 0.0 00 00 00 0.68000D0401 0.0
72 00 0o 00 0.0 00 00 0 400000+00 0.68000D+01 0.0
73 00 00 00 00 00 00 0.800000+00 0.680000+01 0.0
74 00 0.0 00 00 0.0 0.0 0.120000+01 0,680000+01 0.0
7 00 00 00 0o 0.0 0.0 0.160000+01 0.,68000D+01 0.0
FRAGMENT GLOBAL. LOCATION AND VELOCITY COMPONENTS
X-LO0C ¥-L0C z-L0C VEL=-X VEL=Y VEL-2 OMEGA=-X OMEGA~Y OMEGA-Z
0 8000000+00 0.339721D+01 -0 6050390+00 0 O 0.1397000+404 0.2419670+04 0 1650000404 0.0 0.0

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

EPS=X STRAIN EPS~Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)
NODE INNER QUTER INNER OUTER INNER OUTER INNER OUTER INNER QUTER
38 0.0 0.0 0.0 0.0 0.0 00 ! o0 0 0.45000+02 0.45000+02
39 0.0 0.0 0.0 [ 0.0 00 ! 0.0 00 0.4500D+402 0 4500D0+02
43 00 0.0 0.0 00 00 00 0.0 00 0.4500D0+402 0.45000+02
44 00 0.0 0.0 00 00 00 0.0 00 0.45000+02 0.45000+02
48 00 0.0 0.0 0.0 00 00 0.0 0o 0.45000+402 0.45000+02
49 00 o0 0.0 00 00 0.0 0.0 00 0.45000+02 0.45000+02
S3 0.0 00 0.0 00 00 00 00 00 0 45000402 0.45000+02
54 0.0 0.0 0.0 00 00 00 0.0 00 0.45000+¢02 0.4500D402

STRAIN COMPONENTS, PRINCIPAL{TENSILE) STRAIN AND DIRECTION, AND ELONGATIONS AT SPECIFIED ADDITIONAL POINTS
POINT NO. SURFACE EPS-X STRAIN EPS~Y STRAIN SHEAR STRAIN ELONG (DIR.1) ELONG.(DIR.2) PRINC. STRN(T) DIRECTION(DEG.)

1 INNER 00 0.0 0.0 00 Q.0 00 0 450000402
1 OUTER 0.0 00 0.0 0.0 0.0 00 0.450000+02
2 INNER 00 9.0 0.0 0.0 0.0 00 0.450000+02
2 OUTER 0.0 0.0 0.0 o0 0.0 00 0.450000+02
3 INNER 00 0.0 00 00 00 090 0.450000+02
3 OUTER 00 Q.0 00 0.0 00 0.0 0.450000+402
q INNER 0.0 0.0 0.0 0.0 0.0 0.0

0.450000+02

- .- - - B T T



4 OUTER 0.0 0.0 0.0 0.0 0.0 0.0 0.450000402
SYSTEM ENERGIES(IN-LB)

FRAG. TRANSLATIONAL KINETIC ENERGY = 0.14891280+04
FRAG. ROTATIONAL KINETIC ENERGY = 0.51945300+02
WORK INPUT TQO STRUCTURE = 0.0
STRUCTURE KINETIC ENERGY = 0.0
STRUCTURE ELASTIC ENERGY = 0.0
STRUCTURE PLASTIC ENERGY = 0.0
ENERGY STORED IN ELASTIC RESTRAINTS= 0.0

4essse INCR. NO.= 2 TIME= 0.4000D-05 SEC.

NODE V] v w PSIX PSIY TWIST X~PQS. Y-POS. 2~-P0S.
1 00 o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 00 00 00 0.0 00 Q.0 0.400000+00 0.0 0.0
3 00 09 0.0 0.0 00 0.0 0.80000D0+00 0.0 0.0
4 00 00 00 0.0 0.0 0.0 0.120000+0% 0 0 0.0
5 00 00 00 00 90 0.0 0 160000+01 0 O 0.0
6 0.0 00 00 00 Q0 0.0 00 0.400000400 0.0
7 00 0.0 0.0 0.0 00 0.0 0 400000400 O 400000+00 0.0
8 0.0 00 0.0 0.0 00 0.0 0.800000+00 O 400000400 0.0
9 00 00 0.0 00 0 Q 00 0 12000D+01 O 400000400 0 O
10 00 00 0.0 00 0.0 0.0 0 16000D+01 0 400000400 0.0
i1 00 [ 00 0.0 co 0.0 o0 0 800000+00 0.0
12 o.0 00 0.0 0.0 o0 o0 0 400000+00 0 B80000D+00 0.0
13 00 00 (] 00 0.0 o0 0 800000+00 O B00OOOD+00 0.0
14 o0 0 00 00 o0 00 0.0 0.120000+01 0 800000+00 0.0
15 00 00 0.0 0.0 0.0 00 0 16000D0+01 O 80000D+00 0.0
16 00 o0 0.0 0.0 [} o0 00 0 14000D+01 0.0
17 o0 00 00 [ ] Qo0 00 0 40000D+00 O 14000D+0% 0.0
18 0.0 00 0.0 00 0.0 00 0 B0000D+00 0 140000+0% 0.0
19 00 00 o0 0.0 00 00 0 12000D0+01 O 14000D+01 0.0

w 20 00 0.0 00 00 00 00 0 16000D+0% 0.140000+01 0.0

t-; 21 00 [} 00 00 00 0.0 00 0 200000+01 0.0
22 00 00 00 0.0 00 0.0 0 400000400 0.200000+0t 0.0
23 00 00 [ ] 00 00 00 0 80000D+00 O 20000D+01 0.0

24 0.0 [ ] 00 00 o0 0.0 0 120000+01 0 20000D+0%1 0.0
25 00 00 00 00 00 00 0 160000401 O 20000D+04 0.0
26 00 0.0 00 0.0 00 00 00 0 26000D0+01 O @
27 0.0 0.0 0.0 00 00 00 0 400000+00 0 260000+01 0.0
28 00 00 00 00 0.0 00 0 800000+00 O 260000401 0.0
29 00 ¢.0 0.0 00 00 0.0 0 120000+0% O 260000+0t1 0.0
30 0.0 00 00 o0 0.0 [ 3+] 0 16000D+01 O 260000401 0.0
31 0.0 0.0 049 00 00 0.0 00 0 30000D+0t 0.0
32 0.0 0.0 0.0 o0 o0 00 0 400000+00 O 300000+01 0 O
33 0.0 0.0 00 00 00 0.0 0 B803000+00 O 30000D+01 Q O
34 00 0.0 00 00 6.0 0.0 0 120000+01 0 30000D0+01 Q.0
35 00 00 00 00 00 00 0 160000401 © 30000D+0t 0 0
36 0.0 0.0 00 00 0.0 o0 00 0 340000+0t 0 O
37 00 3.0 00 (V] o0 [ 3] 0 400000+00 O 340000+01 0.0
38 0.0 00 00 00 00 00 0 80000D+00 0 34000040t 0 0
39 00 00 00 00 00 0.0 0 120000401 O 340000+#0f 0 O
a0 00 00 00 00 00 o0 0.160000+01 0 340000+01 0 O
41 0.0 0.0 00 00 co 0.0 00 0.380000+0t 0.0
42 o0 0 00 00 00 00 o0 0 40000D+00 0.380000+01 0.0
43 0.0 [N ] oo 00 o0 o0 0 800000+00 0 3B000D+01 0.0
44 0 0 0.0 0.0 0.0 o0 o0 0 120000408 O 38000D+01 0 O
45 0.0 00 00 o0 [ ] 0.0 0 16000D+01 O 38000D+0O1 O O
46 0.0 9.0 00 00 00 00 0.0 0 420000+0% 0.0
47 0.0 g.0 00 00 Q0 0.0 0 400000+00 0 420000+0¢1 0.0
48 0.0 00 [ +] 00 0.0 a.0 0 800000+00 O 420000+0% 0.0
49 0.0 00 o0 [ 3N +] 00 0.0 0.12000D+401 0 42000D+0% 0.0
50 0.0 00 00 00 00 0.0 0.160000+01 0.420000+0% 0.0
St 00 ¢ 0 00 00 00 0.0 0.0 0.480000+01 0.0
52 0.0 0.0 o0 00 0.0 0.0 0.0

0 400000+00 0.480000+01%

.

}

—_—

i
1
I
i
i



vee

53 0.0 0.0 0.0 0.0 o0 0.0 0 800v0D+00 0.48000D040% 0.0
54 0.0 0.0 o0 0.0 0.0 0.0 0 12000040t 0.480000+01 0.0
55 0.0 0.0 0.0 0.0 00 0.0 0.16000D+401 0 4B000D+01 0.0
586 00 0.0 0.0 0.0 0.0 0.0 0.0 0.540000+01 0.0
57 00 00 0.0 0.0 00 0.0 0.400000+00 0 540000+01 0.0
58 00 00 0.0 00 00 0.0 0 80000D+00 O 540000408 0.0
€9 0.0 00 0.0 0.0 oo 0.0 0.120000+01 0 £4000D+40% 0.0
60 00 00 0.0 00 0.0 00 0 16000D+0% 0 S4000D0+0%1 0.0
61 00 [ QQ 00 00 0.0 0 Q 0 600000+0% 0.0
62 00 00 00 00 0.0 0.0 0 400000400 O 60000D+0t1 0.0
63 00 o0 00 00 [} 0.0 0.80000D+00 0 60000D+01 0.0
64 00 00 0.0 00 o0 0.0 0 120000401 0 600000¢01 0 O
65 0.0 00 0.0 0.0 090 0.0 0 16000D+01 O 60000D+Ot 0.0
66 00 00 0.0 00 o0 0.0 00 0 64000D0+0t 0 O
67 00 00 00 0.0 00 0.0 0 40000D+00 0 640000+01 0.0
68 00 00 () 00 00 0.0 0.80000D0+00 0O 640000+0t 0.0
69 0.0 00 00 0.0 00 00 0 120000401 0 640000+01 0.0
70 00 0.0 00 00 00 0.0 0 160000401 © 64000D+01 0.0
71 0.0 0.0 00 0.0 00 00 0.0 0 68000D+01 0.0
72 0.0 o0 0.0 00 00 0.0 0.400000+00 0O 68000D+0% 0.0
73 00 0.0 00 0.0 00 0.0 0 80000D+00 O 6B000D+01 0.0
74 0.0 0.0 0.0 00 00 00 0.120000+01 0.680000+01 0.0
7 00 oo 0.0 0.0 0.0 0.0 0.160000+01 0.68000D+01 0.0
FRAGMENT GLOBAL LOCATION AND VELOCITY COMPONENTS
X=-10C ¥-L0C Z-10C VEL-X VEL-Y VEL-Z OMEGA-X OMEGA-Y OMEGA-Z
0.8000000+00 ©.3400000+01 -0.6002000+00 0 O 0 139700D+04 0.2419670+04 0.1650000+04 0.0 0.0

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

EPS=X STRAIN EPS5-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.)
NODE INNER CUTER INNER OUTER INNER OUTER INNER OUTER INNER OUTER
38 0.0 0.0 (] 00 0.0 00 0.0 0.0 0.45000+02 0.45000+02
39 0.0 0.0 00 00 00 00 0.0 00 0.45000+02 0.4500D0+02
a3 00 0.0 0.0 0.0 0.0 (] 00 0.0 0.45000+02 0.4500D+02
44 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.45000+02 0.45000+02
48 00 00 0.0 (] 0.0 00 0.0 00 0.4500D0402 ©0.45000+02
49 0.0 00 0.0 (] 0.0 o0 0.0 * 0.0 0 4500D+02 0.45000402
53 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.45000+02 0.4500D+02
4 0.0 0.0 0.0 0.0 00 00 0.0 00 0.45000+02 0.45000+02
STRAIN COMPONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION, AND ELONGATIONS AT SPECIFIED ADOITIONAL POINTS

POINT NO. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG (DIR.1) ELONG.(DIR.2) PRINC. STRN(T) DIRECTION(DEG.)

1 INNER o0 0.0 0.0 (<] 0.0 00 0 450000402
1 OUTER 0.0 0.0 0.0 0.0 0.0 00 0.45000D+402
2 INNER 00 0.0 00 00 Q.0 00 0.450000+02
2 OUTER 0.0 0.0 [ ] 00 00 0.0 0.450000402
3 INNER o0 0.0 0.0 o0 0.0 00 0.450000+02
3 OUTER 00 0.0 [ 0.0 0.0 0.0 0.450000+02
4 INNER 00 0.0 00 0.0 0.0 0.0 0.450000+402
4 OUTER 00 0.0 00 0.0 0.0 0.0 0.450000+02

SYSTEM ENERGIES(IN-LB)

FRAG TRANSLATIONAL KINETIC ENERGY
FRAG. ROTATIONAL KINETIC ENERGY
WORK INPUT TO STRUCTURE

STRUCTURE KINETIC ENERGY

STRUCTURE ELASTIC ENERGY

STRUCTURE PLASTIC ENERGY

ENERGY STORED IN ELASTIC RESTRAINTSs

14891280404
1945300402

.

S
.0
.0
.0
.0
.0

IMPACT CYCLE= 2
SUBREGIONS PENETRATED: S 8

4 e mee . AP et e § et



POINT OF EFFECTIVE IMPACT(XA,YA,ZA)=

THIS IS IMPACT NUMBER 1

seree INCR, NO.w»

NODE

SEE

VOOV DWN-

10
1
12
13
14
1S
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
kL]
39
a0
a1
42
43
44
45
a6
47
48
49
50
51
52
53
54
5SS

57
58
59
60

u

.

[-N-N-N-N-]
[-X-R-N-X-]

0.947520-08
0 963410-09
0.496310-23
-0 963410-09
-0 947520-08
0 142790-07
0 80036D-08
0 992620-23
-0 800360-08
=0 142790-07
-0 183930-06
-0 142550D0-06
0 264700-22
0 14255D-06
0 183330-06
0 316400-05
~0 42609D-06
0.423520-21
0 426890-06
=0 31640D-05
0 197510-04
0 201040-04
0 571750-20
-0.204040-04
-0 197510-04
0 24601D-04
0 63191D0-04
~0 4995260-20
-0 633910-04
-0 246010-04
~0.467480-05
~0 17434D-04
0 379940-20
0 17434D-04
0 46718D-05
-0 26528D-C4
-0 585310-04
0 239290-19
0 585310-04
0 26528D-04
-0 14026D-04
-0.46967D0-C5
=0 34513D0-20
0 4696:7D-05
0.140260-04
-0 23595D-05
~0 3741€D-05
0 59557D-21
0 374160-05
0 235950-05
-0 911990-06
-0 44658D-06
-0 19852D-21
0 446580-06
0.911990-06

3 TIME=

v

[-N-N-N-N-
[-X-N-N-X-

0 19913D-07
0 181710-07
0.191270-07
0.181710-07
0 19913D-07
0 56708D-07
0 927210-07
0 32213D-07
0 92721D0-07
0 S56708D-07
¢ 59656D~-06
0 21974D-06
0 743180-06
0 21374D-06
0 59656D0-06
0 62356D-05
0 21997D-05
-0 34230D-05
0 21997D-05
9 62356D-05
0 181940-04
0 3584eD-04
-0 30321D-05
0 358480-04
0.18194D-04
0 10048D-04
0 935280-04
0.44415D0-03
0 935280-03
0 10648D-04
0 10144D-04
0 89706D-04
0 1259CD-02
0 89706D-03
0 101430-03
0 137320-04
0 9241390-04
0 92132D-04
¢ 931390-04
0 137320-03
0 13209D-04
0 223450-04
0 102600-03
0 2239450-04
0.18330%0-04
Q0 42261D-05
0.75000D-05
0.162920-04
0.750800-05
0 42261D0-05
0 1359230-05
0 14016D-05
0 81180D-06
0.140160-05
0.13599D-05

0.60000-05 SEC.

W

92643D-08
0.515350-08
0 135480-08
0 515350-08
0 92643D-08
-0 384550-07
~0.585470~07
-0 111270-06
~0 585170-07
-0 38456D-07
0 125120-06
0 495360-06
0 144332p-05
0.49536D-06
0 12512D~-06
0 266620-05
-0 30161D-05
-0 148400~04
-0 301610-¢5
0 26662D-05
-0 16565D-04
~0 457690-04
-0.473180-04
-0 457690-04
-0 165650-04
~0 975G660-04
0 253260-03
0 17838D-02
0.253260-03
-0 975€60-043
-0 107000-03
0 12041D0~-02
0 72028D-02
0 120410-02
-0 t107000-03
-0 100580-03
0 276270~-03
0 135340-02
0.276370-03
-G 100500-03
=0 17716D-04
-0 46517D-04
-0 5C2c30-04
-0 465170-04
-0 177160-04
0 299C50-05
-0 404150-05
~0 19336D-04
~0 40415D0-05
0 229050-05
0 179320-08
0 S556Z30-06
0 136530-05
0 55853D-06
0 179320-06

PSIX

[-X-N-R-N
. o
(- N -N-N-N.]

0 21756D-06
0 66400D0-07
-0 548780-19
~0 664000-07
~0 2175GD-06
0 24223D-06
0 416820~06
-0 14385D0-18
-0 416820-06
-0 24223D0-06
0 45564D0-05
0 44973D-05
-0,751240-18
-0 44973D-05
-0 45564D-05
0 137110-04
-0 16940D0-04
-0.282190-17
0 169400-04
=0 13711D-04
-0.190990-03
0 112160-03
-0 346610-17
-0.112160-03
0 190990-03
-0 32879D0-03
0 36673D-02
0 13057D-16
-0 36673D-02
0 328790-03
0 204110-03
0 91667D-02
0 67763D-16
-0 916670-02
-0 204110-03
-0 331090-03
0 39338D-02
-0 39573D-16
-0 39348D-02
0 334090-03
-0 205000-03
0 112330-03
-0 907c50-17
=0 112330-023
0 205030-03
0 143-43D-04
-0 263900-04
~0 427750~18
0 283900-04
=0.143430-04
0 518490-05
¢ 315010~05
-0 887520-18
~0 343010-05
-0.518490-05

[-X-N-N-X-}
[~ ReN-N-

-0
-0
-0
-0
-0
-0
-0
-0
-~0.
-0

[=N-N-N-NN

=0
-0
~0

-0,
-0

-0
-0
-0

PSIY

529540-07
221580-07
517140-07
22158D-07
©2954D-07
132600-05%
820530-06
71064006
820530~06
132600-05
395440-05
599620-05
928070-05
599620-05
39544D-05
216820-04
658430-04
129570-03
65843D-04
216682D-04
24342D-03
569730-04
623310-03
56973p 04
243420-03
301270-03
28345D-02
99969D~02
283450-02
30127p-03
99241D-05
102960- 03
10507pD-02
102960-03
99241D-05
300380 03
293330 02
108500 01
293330- 02
3003892 03
255730 03
27307p-04
BE£7850~03
273070 04
255730-03
221660-04
829720-04
143960 03
829720-04
221660-04
53b:8D-05
657690-0%
11350D~04
659090-05
538560-05

THWIST

[N -X-¥-¥-]
[-N-X-N-¥-)

0 474970-05
0.195350-05
-0 18116D-17
-0.195350-05
-0.474970-05
0 22934D-04
0 15600D0-04
-0 746810-17
-0 15600D-04
~0 229440-04
0 726830-04
0 63308D-04
-0 245100-16
~0.633080-04
-0 72683D-04
0 858300-04
0.418670-04
-0.117230~15
-0.418670-04
-0 85838D-04
0 13579D-03
0 36136D-02
~0.267690-15
=0.36136D-02
-0 13579D0-03
0 523170-02
0 274630-01
-0 11861D-14
~0.27463D-01
-0 523170-02
0 21569D-04
0 834106D-03
-0 299070-14
-0 841060-03
-0 21569D-04
-0 533170-02
-0 28B253D-0t
0.114420-14
0 282530-01
0 53417D-02
~0 120060-03
-0.39135D0-02
0 24903D-15
0.39136D0-02
0 120050-03
-0 604750-04
0 557550-04
0 70087D~16
-0 55755D-04
0 60475D0-04
~0.717330~04
=0.355280-04
0.35853D-16
0 455280-04
0.71744D-04

0,.80000000+00 0.34027940+01 -0.15265570~15

X-P0OS.
00
0.400000+00
0 800000+00
0.120000+01
0.160000+01
0.947520-08
0 400000400
0 80000D+00
0 120000+01
0.16000D+01
0 142790-07
0.400000+00
0 800000+00
0.120000+01
0 16000D+04

-0 18393D-06
0 40000D+00
0 800000+00
0.12000D+01
0 160000404
0 31640D-05
0 400000400
G 800000+00
0 120000+01
0 160000401
0 197510-04
0 40002D0+00
0 800000400
0 120000+01
0 160000+01
0 24601D-04
0.40006D+00
0 800000400
0 119990+0%
0 160000+01

-0 46748D-05
0 399980D+00
0 80000D+0Q0
0.12000D+01
0 160000+0¢%

-0 265200-04
0 39994D+00
Q 800000+00
0 120010+01
0 16000D+01

-0 14026G0-04
0 400038D0+00
0 800000400
0 120000401
0 16000D+01

-0 235950-0S
0 40000D+00
0 800000+00
0.120000+01
0 160000+01

-0 911990-06
0 400000+00
0 800000+00
0 120000+01%
0.160000+01

0 400000400
0’ 400000400
0 400000+00
0 400000400
0 400000+00
0 80000D+00
0 B0000D+00
0 800000+00
0 800000+00
0 80000D+00
0 140000+01
0 140000+01
0 1430000+01
0 140000+01
0.140000+01
0 20000D+01
0 20000D+01
Q 200000+01%
0.200000+014
0 200000401
0 260000+01
0 26000D+01%
0.260000+01
0.260000+01
0 260000401
0 30000D+01
0 30001D+01
0.30004D+01
0 30001D+01
0 30000D+014
0 340000401
0 340010+01
0.34013D+01%
0 340010404
0 34000D+01
0.38000D+01
Q 38001D+014
0 380010+0¢
0 380010+01
0 38000D+01
0 420000+01
0 420000+01
0 42001D+01
0 420000401
0 420000+01
0.48000D¢0t
0 480000+01
0 48000D+01
0.48000D+01
0 480000+01
0 540000+01
0 540000+01
0.540000+01
0.540000+01
0.540000+01

926430-08
0 515350-08
0 13548D-08
0 515350-08
0.926430-08

-0 38456D-07

-0 585470-07

-0.111270-06

-0 585470~07

-0 38456D-07
0 125120-06
0 49536D-06
0.144320-05
0 49536D-06
0 12512D-06
0.26662D-05

-0 30161D-05

-0 148400-04

-0.30161D-05
0.266620-05

~0,.16565D-04

-0 457690-04

~0.473180-04

-0.457690-04

-0 165650-04

-0.97566D-04
0 253260-03
0 17858D-02
0 25326D-03

~0.,975660-04

-0 107000-03
0 12041D-02
0 72028D-02
0 12041D-02

-0 10700D0-03

-0 100980-03
0 276370-0)3
0 195340-02
0 27637D-03

-0 100980-03

-0 177160-04

-0.48517D-04

-0.50983D-04

~0.485170-04

-0 17716D-04
0.299050-05

~0 40415D-05

-0.19336D-04

-0 40415D-05
0.29905D-05
0.17932D-06
0 53853D-06
0.+48590-05
0.55853D~06
0.179320-06

ju—



61
62
63
54
65
66
67
68
69
70
71
72
73
74
75

-0 971070-07
-0 21180D~-07
0.33501D-22
0 21180D0-07
0 97107D-07
-0 18817D0-07
~0.61808D-08
0.70827D-23
0.61808D-08
0 18817D-07

.

cooCcoo
OO0 O0OO0OO0

0.28811D-06
18578D-06
24343D-06
18578D~06
288110-06
66375D-07
534570-07
508150-07
.534570-07
66375D-07

.

COO0OO0OLVLOCOOCO0OO0O0OOCOCO

[e NN ol-0at

-0 477440-07
-0 71318D-07
-0 145020-06
-0 713180-07
-0 47744D-07
0 10832D-07
0 639338D-08
-0.492280-08
0 639380-08
0 108320-07

[~ =Nl
[eNeNol-Ne

0 19653D0-06
0.22843D-06
-0.18677D-18
-0 22843D-06
-0 19653D-06
0 20639D-06
0 30544D-07
-0.57315D-19
-0.30544D-07
~0.20639D-06
00

o000
Cocoo

-0.47744D-07
-0.71318D0-07
-0.14502D-06
-0.71318D-07
-0.47744D-07

0.10832D0-07

0.639380-08
-0.492280D-08

0.63938D-08
0.10832D~-07

FRAGMENT GLOBAL LOCATION AND VELOCITY COMPONENTS

0.800000D+00

STRAIN COMPONENTS,

w

L)
OSTRAIN COMFONENTS, PRINCIPAL(TENSILE) STRAIN AND DIRECTION, AND ELONGATIONS AT

POINT NO.

X-L0C

EPS-

INNER
-0.1787D0-01
0 8889D-02
~0 4175D-02
0.2394D-02
0.77160-04
0.1942D-04
0.52520-04
-0.8953b-05

INNER
OUTER
INKER
OUTER
INHER
QUTER
INNFR
OUTER

DHBDWWRON = =

0.

Y-LOC
3402730401 -

Z-L0C
0 595705D+00

VEL-X

0.0

0 14862D0-05 -0.21553D-04 -0.971070-07 0.600000+01
0.99607D-06 -0.11304D-04 0.40000D+00 0.60000D+01
0.67754D-06 0.10526D-16 0.800000+00 0.60000D+01

0 99607D-06 0.11304D-04 0.12000D0+01 0.60000D+0t

0 14862D-05 0.21553D0-04 0.16000D+01 0.60000D+01%

0 33206D-07 -0.425350-05 —~0.18817D-07 0.64000D+01

0 13509D-07 -0.13561D0-05 0.40000D+00 0.64000D+01

0 46282p-07 0 177500-17 0.80000D+00 0.64000D+01
0.13509D~07 0.13561D-05 0.12000D0+01 0.64000D+01

0 33206D-07 0.425350-05 0.16000D+01 0.64000D+01

0.0 0.0 0.0 0.68000D+01t 0.0
0 0 0.0 0.40000D+00 0.68000D+01 0.0
0.0 0.0 0.80000D+00 0.68000D+0%1 0.0
0.0 0.0 0.120000+01 0.680000+01 0.0
0.0 0.0 0.16000D0+01 0.68000D+0t 0.0

veL=-Y VEL-Z OMEGA-X OMEGA-Y

0 136252014104 0.224726D0+04 0.1822370+04 0.0

PRINCIPAL (TENSILE) STRAIN AND DIRECTION AT USEK-SPECIFIED NODES

X STRAIN EPS-Y STRAIN
OUTER INNER OUTER
0.17¢60-01 -0.1523D0-01 0 1435D-01 -0
-0 8792D0-02 -0.20790-02 0 2082D-02 -0
0 4468D-02 0.5175D0-02 -0 79480~-02 O
-0 2312D-02 0.10700-02 -0 1228D-02 O
-0.5366D-04 0.8461D-03 -0 9638D-03 0
0 1556D-04 -0 1982C-03 -0 5466D-05 O
-0 3381D-04 -0 2349D-03 0 6528D-04 O
0 1456D-04 -0 4553D0-04 0.96290-05 -0

OMEGA-2
0.0

DIRECTION(DEG.)

SHEAR STRAIN PRINC. STRAIN(T)

INNER OUTER INNER OUTER INNER
5985D-15 0 5967D-15 0.0 0.17960-01 0.0
15780~02 -0.1241D-02 0.89450-02 0.21170-02 -0.40930+01
2290D-15 -0.2234D-15 0.51750-02 0.44680-02 0.9000D+02
5£48D0~02 -0 5753D-02 0.4584D-02 0.11570-02 0 3829D+02
4937D-16 -0 49400-16 0.8461D-03 0.0 0.90000+02
6093D-03 -0 9562D0-03 0.2341D-03 0.4833D-03 0.3517D0+02
1401D-16 -0 1402D-16 0.5252D-04 0.65280-04 0.1396D-11
25770-04 -0 7471D-05 0.0 0.1680D-04 0.0

SURFACE

EP5-X STRAIN
-0 18074D-02
0.21953D-02
-0 18074D-02
0 21953D-02
-0 12130D0-03
0.28199D-03
-0.12130D-03
0 28199D-03

SYSTEM ENERGIES(IN-LB)

FRAG
FRAG

WORX INPUT TO STRUCTURE
STRUCTURE KINETIC ENEZRGY
STRUCTURE ELASTIC ENERGY
STRUCTURE PLASTIC ENERGY

ENERGY STORED IN ELASTIC RESTRAINTS=

TRANSLATIONAL KINETIC ENERGY
ROTATIONAL KINETIC ENERGY

EPS-Y STRAIN
-0 36266D-02
0.834950-03
-0 36266D-02
0 £§34950-03
0 165110-02
-0.199550-02
0 18511D~-02
-0 199550-02

[N TR TR O S O

SHEAR STRAIN ELONG (DIR.1) ELONG.(DIR.2) PRINC.

-0 89513D-02
0.114680-01
0.89513D0-02

-0 114680-01

~0.259850-02
0.291870-02
0.25985D-02

-0 291870-02

0 13174839D+04
0 633G536D+02
0 1602192D+03
0 652305670+02
0.1507899D+02
0.7990952D+02
0.3324755D0-04

-0 72187D-02
0.72233D-02
0 1/571D-02

~0 42280D0-02

=0.12130D-03
0 23195D-03

-0 121300-03

0.281950~03

0.175710-02
~0.422800-02
-0.72187D0-02

0.72233D~-02

0.18494D-02
-0.19975D0-02
0.18494D-02
-0.19975D-02

STRN(T)
0 185020-02
0.728960-02
0.18502D-02
0.72896D-02
0.24960D-02
0.994290-03
0.249600-02
0.994290-03

OUTER
0.4740D-11
=0.8674D+02
-0.5271D0-12
~0.5033D+02
0.0
~0.4437D+02
-0.9000D0+02
-0.2751D+02

SPECIFIED ADDITIONAL POINTS

DIRECTION(DEG.)
-0.39256D0+02
0 41618D+02
0.39256D+02
-0.41618D+02
~0.63600D+02
0.26017D+02
0.636000+02
-0.26017D+02



LEE

*¢xx% INCR,

NODE

1
2
3
4
5
6
7
8

e

10

1
k)

NO.=

U

ocoOoCOOo
0OCO000O

0 99196D0-03
0 46903D-03
0 893560-04
~0.56806D-03
-0.108190-02
0.252610-03

n ARANIYN=N1

140

TIME=
v

OC0000
[~ NoNaR -]

0 244000-02
0 28891D-02
0.46029D-02
0.27553D-02
0.238350-02

0.26791D-02
A 219050-09

W

0.99401D-02
0.10568D-01
0.99245D0-02
0.10436D-01
0.949520-02
0.283210-01
0 232R’N-01

0.2800D-03 SEC.

PSIX

OO0 O0O0OCO
[=NeN-RoN-]

0.49670D0-02
-0.126820-02
-0.382510-04
-0.14594D-03
~0.56482D-02
0.221390-02
0 25126N0-02

PSIY

0 428510-01
0 46013D-01
0.466300~-01
0.438550-01
0 41381h-01

-0.32008D0-01

0.922730-03
-0.86186D-01
~0.121710-01

0.274130-01
~0.703630-02
-0.633380n-03

X-P0OS.
0.0
0.40000D0+00
0.800000+00
0.120000+01
0.16000D+01
0.991960~03
0.40047D0+00
0.80009D+00
0.119940+01
0.15989D+01
0.252610-03
0.40005D+00

-P0OS.

0.40244D+00
0.402890+00
0.404600+00
0.40276D+00
0.402380+00
0.80268D+00
0.803120+00

-POS.

OOCQCOON

0.
0.
Q.
0.
0.
0.99401D-02
0.10568D-01
0.99245D-02
0.10436D-01
0.949520-02

0.28321D-01%
0.29308D-01



13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3t
32
33
34
35
38
37
38
39
a0
at
a2
43
aa
as
a6
a7
as
a9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

8EE

=0.640370-04
=-0.122210-03
-0 338010-03
0 179800-03
0 64511D0-04
0 77478D-04
0 258790-04
=0 79804D-04
0 595880-03
0 478430-03
0.134870-03
-0 22389D-03
~0 329760-03
0 77599D-03
0 725310-03
0 24961D-03
-0 376380-03
-0 4217130-03
0 113050-03
0 206640-03
0 921220-049
0 919280-04
0 208360-03
-0 689320-03
-0 642670-03
0 170790-03
0 956950-03
0 121600-02
-0 65138D0-0J3
-0 649870-03
0 165900-03
0 B27713D-03
0 985720-03
=0 391033-04
0 79633D-04
0 733520-04
-0 563150-04
0 346970-04
0 23015D-03
0 29263D-03
0.11038D-04
-0 239050-03
-0 194640-03
0 129910-03
0 4G6740-043
0 342660-04
0 882490-04
0 75374D-05
0 535800-03
0 253600-03
0 14391D-03
0 64211D-05
~0 275320-03
0 135010-02
0 77363D-03
-0 929380-04
~0 618200-03
-0 117470-02
00

ocCoO0O
[-R-N-N-]

0.38945D0-02
0.31523D-02
0 25894D-02
0 3C5370-02
0.30463D-02
0 33495D-02
0 302790-02
0.29218D-02
0 32050D-02
0 302220-02
0.313890-02
0 295760-02
0 30225D-02
0 20136D-02
0 31157D-02
0 405000-02
Q 29431D0-02
0 255000 02
0 219160-02
0 271260-02
0 556400-02
0 25584D-02
0 2015/0-02
0 123/3D-02
0 163820-02
0 355950-02
0 135453D0-02
Q 10331D-02
-0 107750-03
~0 30391D-03
-3 319190-02
-0 586010-03
-0 21L53D0-03
-0 66278D-03
-0 1173.sD-02
-0.32488D-02
-0 13173D-02
-0 71851D-03
=0 13301D~-C2
-0 15111002
-0 210640~-02
-0 15%250-02
=0 13993D-02
=0 17231D-02
-0 21183D-02
-0 28138D-02
-0 20008D-02
-0 165300-02
-0 21328D-02
-0 29:98D-02
~0.432500~-02
-0 28189D-02
-0 201730-02
-0 265530-02
-0 30733D-02
-0 57059D-02
=0 31793p-02
~0.253770-02
00

[~ -N-N-)
o0 oC

0.297860-01
0 285020-01
0 27552D0-01
0 518330-01
0 537510-01
0 537790-01
0 536300-01
0.518590-01
0.712130~-01
0 758¢6D-01
0 78876D-01
0 7633uLD-01
0 7225%D-01
0 890140-01
0 97296D-01
0 10268D+00
0 985750-01
0 901300-01
0.102910+09
0.11370D+00
0 1230660+00
0 11451D+00
0.103930+00
0 116660+00
0.128470+00
0 140510+00
0 1238350+60
0.116580+00
0 12054D+00
0 132630400
0 14333D0+00
0.13095D+00
0 118290400
0 116390+00
0 126030+00
0.132200+00
0.124950+00
0 114090400
0 107530+00
0 11003D+00
0 112510+00
0.109700+00
0 106580+00
0 84813D-01
0 841470-01
0 84485D-01
0 848250-01
0 857820-01
¢ 35790D-01
0.358250-01
0 472010-01
0 47245D-01
0 47504D-01
0.155436D~-01
0 1€3990-01
0 156510-01
0 t8704D-01
0 163620-01

[~N-N-N-]
cCooco

.
.

(<]

~0.378400-02
-0.195180-02
~-Q 234880-02
0 442220-02
0 434490-02
-0 63504D-03
=-3.423690-02
-0 393020-02
0 115380~01
0 113370-01
-0 670130-03
-0 96131310~-02
-0 102350-01
0 21819D-0t
0 193040-01
0 433130-02
-0 193350-01
-0 210560-01
0 24616D-01
0 294930-01
0 573390-02
-0 287080-01
=0 247410-01
0 232650-01
0 349300-01
-0 6§1308D-07
=-0.345920-01
-0 230700-01
0 259480-01
0 34613D0-01
-0 874620-02
-0 36018D-01
-0 201690-01
0 23321D-01
0 255060-01
-0 7209380-02
-0 258930-01
~0 244980-01
0 392100-02
0 77195D0-02
0 16155D-02
~0.9689370-02
-0 535610~-02
-0 467870-02
0 40799D0-04
0 16647D-02
0.659360-03
0 52925D-02
-0 66176D0-043
0 533220-03
0 5586ED-02
-0 360870-03
0 17674D~02
0 66908D-02
-0 434930-03
0 12028D0-03
0 257260D-02
~0 56024D-02
00

[~ X -]
oo

00

FRAGMENT GLOBAL LOCATION AND VELOCITY COMPONENTS

X-L0C

¥Y-L0C

Z~-L0C

VEL-X

0.48266D-01
449300-01
437d10-01
36364D-01
39214D-01
476650-01
398750-01
381450-01
. 318340-01
350460-01
45332D-01
- 366650-01
331730-01
329250 01
3686220 0t
4689G60-01
397199- 01
3279%0-014
372310 014
40771D-01
$0325p0-01
395830-01
350980-01
281650-01
29462D-01
321860-01
279510 01
23458D-01
761970-02
10013D-01
173880-01
13076D-01
10£94p-01
12072D-01
220130 01
325230 0t
191930-01
10G665D~01
264070 01
333940-014
444570-01
321690-01
237260-01
541470-01
$42870-0¢
63805D-01
533411D-01
51338D-01
74332D-01
727290-01
770080-01
7296822-01
750200-01
744750-01
721223 0%
68398D-01
743960-01
71524D-01

1
[-X-N-N-N-E-F-N-R-N-N-N-N-N-R-N-N-N-N-N-N-E-N-N-N.¥-N-N]

-0
-0
-0
-0
-0
-0
-0.
-0
=-0.
-0
-0
-0
-0
=0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

[N NN
COO00O0O

VEL-Y

~0.103630+00
-0 14778D-01
0.272200-02
-0.16044p-02
0.85365D-02
~0.12763D+00
-0 *3196D-01
0 14448p-02
-0 30163p-03
0 11173D-01
~0.13068D+00
-0 184740-01
-0 175390-02
0 411010-02
0.13858D-01
-0.119330+00
-0 33544D-01
-0 003180-02
~0.143630-02
0 183740-01
~0 709950-01
-0.31057p-01
~0.17568D-02
-0 98305D0-02
0 97245D-02
0 425380-02
-0 185150~01
0 494710-02
0.12060D~01
-0.20471D-01
-0 80059D-01
0 150910-01
-0 12162Dp-01
-0 124820-01
-0.40168D-01
-0.13634D+00
0.269870-01
0 110470-01
-0 855110-02
~0.24254D~01
-0 16006D+00
0 24161p-01
0 917100-02
0 89120D0-02
-0 12250D~01
-0 160060+00
0.983180-02
-0 73820D-02
¢ .136030-01
-0 113969D-~01
~0 133760+00
-0 62363D0-02
-0 19804D-01
0 408370-01%
-0 94422p-02
~0 105920+00
-0 46922D-02
-0 43024p-01
0.0

[-X-N-N]
[-N-N-R-]

VEL~-

0.799940+00
0 119990+01
0.159970+01
0.179800-03
0 4Cc060+00
0 800080+00
0.12000D+01
0.159930+01
0 595880D-03
0.400480+00
0 80013D+00
0 11998D+0t
0 159970+01
0 7759%0-03
0 40073D+00
0 800250400
0 11996D+0t
0 159900401
0 11305D-03
0 40021D+00
0 800090+00
0 120010401
0 16002D+0t
-0 889320-03
0 3991360+00
0 800170+00
0 120100401
0 160120+01
-0 851380-03
0.39935D+00
0 80017D+00
0 12008D+01
0.160100+01
-0 39103D-04
0 40008D+00Q
0 80007D+00
0 119990404
0 16000D0+01
0 23015p-03
0 40029D+00
0 80001D+00
0 11998D+01
0,159908D+01
0.129910-03
0 40005D+00
0 80003D+00
0 120010401
0 160000401
0 535800-03
0 400250+00
0 800150+00
0 120000401
0 159970+01
0 135010-02
0 40077D+00
0 79991D+00
0 11994D+01
0 159880+01
0.0
0,400000+00
0.800000+00
0.120000+01
0 16000D+01

4 OMEGA-X

-

0.803890+400
0.80315D+00
0.80259D+00
0 14031D+01%
0 14030D+01
0.140330+01
0 14030D+01
0 140290+01
0 200320+01
0 200300+01
0.20031D+014
0 20030D+01
0 20030D+01
0 260280D0+01
0.26031D+01
0.26040D+01
0.260290+01
0 260206D+0t
0.300220¢01
0 300270401
0 30056D+01
0 300260+01
0.300200+01
0.310120+01
0 34016D+01
0.340360+01
0.340150+01
0 33010D+01
0 37999D+01
0 379970+01%
0 37965SD+0t
0 379940+01
0 3799680+01
0.41993D+01
0.419880+0t
0.419680+01
0 419870D+01
0 419930+01)
0 479860D+01
0.479840+01
0 47979D+01
0.47984D+01
0 479860+01
0.539830+01
0 539790+01
0 539720+01
0 533800+01
0 539830+01
0 S99790+01
0 599700+01
0 599570+01
0.599720+01
0 599800+01
0 63973D+01
0 639690+01
0 639430+01
0 639680+01
0 6397504014
Q.68000D+01
0 68000D+01
0.68000D+01
0 68000D+01
0 68000D+01

OMEGA-Y

0.297860-01
0.285020-01
0.275520-01
0.518330-014
0.537510~01
0.547790-01
0.53630D-0%
0.516869D-01
0.712130-01%
0.758660-01
0.788760-01
0 763360-01
0.72255D0-01
0.890140-01
0 972960-01
0.10268D+00
0 985750-01
0 904800-01
0 102940+00
0 113700400
0 1236604100
0.11451D+00
0 10399D+00
0.11686D+00
0.12047D+00
0.140510+00
0.126360+00
0.116680+00
0.120540+00
0.13263D+00
0.143440+00
0.13095D+00
0.148290+00
0.116390+00
0.12604D+00
0.13220D+00
0.12405D0+00
0 11409D+00
0.10753D+00
0 110030+00
0.112510+00
0.10970D+00
0.10658D0+00
0.848480-01
0.84147D-01
0.84485D-01
0.840250-01
0.85782D0-01
0 45790D-01
0.456825D~01
0 47201D-01
0.472450-01
0.47504D-01
0.1554G0-01%
0.16399D-01
0.15661D-01
0.16704D-01
0.163820~01

[-X-X-N-N-1
[-X-N-N-Na]

.
.
.
.

OMEGA=2



0.8001430400 0.373791D+01 -0.4573820+400 -0.7369830+00 0.1216770+04 -0.105726D+04 0.2481090+04 0.1050220+00 0.105182D+01

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

—
——

EPS~X STRAIN EPS-Y STRAIN SHEAR STRAIN PRINC. STRAIN(T) DIRECTION(DEG.) l

NODE INNER OUTER INNER OUTER INNER OUTER INNER OUTER INNER QUTER X
38 -0 25880-01 0.29890-01 -0 20000-01 -0 1643D-02 0.8270D-C3 o0 8749D-03 0 O 0 2989D-01 0.0 -0.7947D+00
39 0 8590D-02 -0 4747D-02 -0 11480-01 0.4401D-02 -0 6924D-02 0 4837D-03 0 9171D-02 0.44080-02 -0.9519p+01 0.8849D+02
43 -0 24130-01 0.27920-01 -0 1874D-0% O 2035D-02 -0.16330-01 O 15650-0% 0 O 0 3011D0-01 0.0 0.1561D+02
44 0.62170-02 -0 2961D-02 -0 95000-02 O 2525D-02 0 627yD-02 0 24290-03 0 6€821D-02 0 25270-02 0.10890+02 0.8871D+02
48 -0.14110-01 0 1383D-01 0 4036D-02 -0 5219D-03 -0 27420-01 0 27200-01 O 11450-01 O 2203D-01 -0.61800402 O 31090402
a9 0 12060-02 -0 6264D-03 -0 1060D5-02 -0 78580-03 0 78000-02 -0 29950-02 0 4134D-02 0 7935D-03 O 36900402 -0.4348D+02
53 -0 6198D-02 0 44720-02 -0 3854D-03 0 30870-02 -0 32020-01 O 31980-01 0.12990-01 O 1999D-01 ~0.50140+402 0.43400+402
54 0.97660-03 -0.13930-02 -0.3109D-02 O 30050-02 0 6154D-02 -0 3510D-02 0 26270-02 O 3620D-02 0.28210+02 -0.70700+02

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

POINT NO. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG (DIR 1) ELONG (DIR 2) PRINC. STRN(T) DIRECTION(DEG.)
1 INNER -0 643820-02 =~0 21699D0-01 -0 31511D-02 -0 1,.70L8D0-01 =0 12572D-01 00 00
1 OUTER 0 11781D-01 -0 68949D-03 0 64753D-03 0 58625D~02 0 52085D0-02 0 117900-01 0 14862D+01
2 INNER -0 670660-02 -0 24259D-01 0 599000-03 -0 153000-01 -0 15909D-01 00 00
2 QUTER 0 118070-01 0 133960-02 0.825010-03 0.69618D0-02 0 614210-02 0 11824D-01 0.225320+01
3 INNER -0 76950D0-02 -0 33306D~02 -0 182550-01 =0,772480-02 =-0,33462D-02 0.386590-02 -0.51708D+02
3 OUTER 0 10405D-01 0 252470-02 0 528190-02 0.103510-01 0.252150-02 0.112080-01 0.16917D+02
4 INNER -0 54403D-02 -0.38710D-02 0 100520-01 -0 51552D-02 -0 387850-02 0 431150-03 0.49437D+02
4 OUTER 0 77580D~02 0.315270-02 0 980220-03 0.772810-02 0.314780-02 0.780950-02 0.60080D+01
SYSTEM ENERGIES(IN=-LB)
FRAG. TRANSLATIONAL KINETIC ENERGY = 0 49564830403
FRAG. ROTATIONAL KINETIC ENERGY = 0.10817620+03
WORK INPUT 10 STRUCTURE = 0 93724920+03
w STRUCTURE KINETIC ENERGY = 0 97634700+02
L STRUCTURE ELASTIC ENERGY = 0 72519760+02
¥ STRUCTURE PLASTIC ENERGY = 0 6649751D+03
ENERGY STORED IN ELASTIC RESTRAINTSa 0.1021197D+03
IMPACT CYCLE= 140
SUBREGIONS PENETRATED: 1 4
POINT OF EFFECTIVE IMPACT(XA,YA,ZA)= 0.80042150+00 0.37361010+01 0.14009030+00
THIS IS IMPACT NUMBER 120
IMPACT CYCLEa 143
SUBREGIONS PENETRATED 1 4
POINT OF EFFECTIVE IMPACT(XA,YA,ZA)= 0,80049630+00 0.37433010401 0.13368150+00
THIS IS INMPACT NUMBER 121
IMPACT CYCLEs 146 ELEMENT= 31 SUBREGION = 2 ,
GLOBAL IMPACT LOCATION (XN,¥YN,ZN)= 0.81933980+00 0,3750430D+01 0.12727570+00
PENETRATION OISTANCE(IN.)= 0.2084767D-04
THIS IS INPACT NUABER 122
IMPACT CYCLE= 149
SUBREGIONS PENETRATED. 1 4
‘b
POINT OF EFFECTIVE IMPACT(XA,YA,ZA)s 0.80041890+00 0.3757495D+01 0.12075810+00
THIS IS IMPACT NUMBER 123
sesee INCR., NO.= 150 TIME= 0.3000D-03 SEC.
NODE u v W PSIX PSIY TWIST X-P0OS. ¥-POS. 2~P0S.
1 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0



ove

CONOUNDHWON

10
1"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32

34
35
36
37
38
39

a1
a2
a3
44
as
a6
a7
48
a9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

[-R-X-¥-]
0000

0.932030-03
0 443850-03
0 936890-04
-0 534390-03
-0 101100-02
0 194090-03
0 230540-04
-0 $2787D-04
-0 749870-04
~0 255490-03
0 117670-03
0 424550-04
0 101050-03
0 943090-04
0 26484D-04
0 53086D-03
0 455600-03
0 16823D0-03
-0 1351080-03
-0 202030-03
0 76300D-03
0 715460-03
0 278510-03
-0 306900-03
~0 352670-03
0 195800-03
0 245370-03
0 109720-03
0 891550-04
0.15639D0-03
-0 70007D-03
-0 559010-03
0 166880-03
0 85953D-03
0 101510-02
~0.676960-03
-0 580530-03
0 1387950-03
0 697100-03
0 748810-03
-0 19267D-05
0 77928D-04
0 293640-04
=0.149310-03
-0 10209D-03
0 420620-04
0 14820D-03
=0 407060-04
=0.19374D-03
=0 972400~-04
-0 95131D-04
-0 135/60-03
0 58865D-05
0 228110-02
0 194880-03
0 41008D-03
0 160920-03
0 15469D-03
0 88169D0-04
~0.170140-03
0.127520-02
0.75786D-03

[=R-h-X-J

01
*]
0.233000-~02
0.281180-02
0 44886D-02
0 267470-02
0 225080-02
0 25056D-02
0 30031D-02
0 37848D-02
0 302110-02
0 23924D-02
0 28567D-02
0 29001D-02
0 32159D-02
0 28716D0-02
0 2C898D-02
0 303210-02
0 23802D-02
0 29539D0-02
0 281770-02
0 285050-02
0 27454D-02
0 30255D0-02
0 385770-02
0 28773D-02
0 26177D-02
0 22425D-02
0 27051D-02
0 S46600-02
0 25780D-02
0 21139D-02
0.140010~02
0.173710-02
0.35638D0-02
0.16704D-02
0.125590~02
0.12295D0-03
-0 76708D-04
-0 318950-02
=0 33749D0-03
0 33873D-04
-0 42510D0-03
-0 889320-03
-0 27965D0-02
-0 101020-02
-0 431377D-03
-0 111200-02
=0 12717D-02
~0.1590L2D-02
-0 122260-C2
-0 11547D-02
-0 128600-02
-0 18153D-02
-0 25%410-02
-0 175340-02
-0 132230-02
-0 16383D0-02
-0 276700-02
=0.43551D~02
~0.263190-02
~0 155889D-02
-0 23381D0-02
-0.293170-02

0.
0.
0.
0.
0.99185D0-02
0 994800-02
0.911590-02
0 984660-02
0 95270D-02
0 27474D-01%
0 27127D-01
0.270250-01
0 26434D-01
0 26878D-01
0 47873D-01
0.48082D-01
0 484220-0%
0 48145D-~01
0 482120-01
0 61280D-01
0.65107D-01
0 677820-01
0 657400-01
0.62652D~01
0.7158GD-01
0 806530-01
0 86474D-01
0 81974D-01
0 73241D-01
0 810680-01
0 93362D0-01
0 103930+00
0 94206D-01
0 822a4D-01
0 919520-01
0 105760+00
0 118670+00
0 105660+00
0 918520-01
0 95966D-01
0 110190+00
0 121650+00
0 10852D+00
0.937370-01
0 9548GD-01
0 106690+00
0 1135610+20
0 10464D+00
0 929750-01
0 98165001
¢ 290670-01
0 100080+00
0 974020-31
0 945720-01
0 831310-01
0 794600-01
0 781060-01
0 72591D-01
0 821340-0"
0 475310-01
0 4349050-01
0 43938D-01
0.345996D-01
0 186620-0t
0 166882001
0.163450~01

0000
[-X-R-X-]

0.303370-02
-0.22490D0-02
0.736530-04
0 965930-03
-0 367930-02
~0 169260~02
-0.118930-03
~0 342180-02
0 799950-03
0 16678D0-02
~0 717330-03
0 119120-02
-0 26058D0-03
-0 592G10-03
0 158970-02
0.909730-02
0.971480-02
-0.427630-03
-0 761660-02
-0 733320-02
0 240970-0%
0 209890-01
0 416840-02
~0 20622D0-01%
-0 229670-01
0 302240-01
0.324080-0t
0 557600-02
~0 315120-01
-0 291030-01
0 304760-01
0 389320-01
-0 105820-04
-0 388790-01
-0 300720-01
0 328970-01
0.382890~-01
-0 848380-02
~0 39659D0~01
-0 35011D0-01
0 282550-01
0 284780-01
-0 702760-02
-0 29278D-01
-0 297700-01
0 249350-02
0 6'526D-02
0 83¢530-03
-0 92515D-02
-0 469220-02
-0 136820-01
-0 618140-02
0 20503D0-03
0 581790-02
0 122270-01
~0 841420-02
-0 484uL00-02
0 $11330-02
0 435470-02
0 89343D0-02
0 24G6710-02
~0.301530-02

0
[}

[}
0
.473190-01
445170-01
3923600-01
432630-01
459390-01
404110-01
397580-01
42555D0-01
403940-01
10680D-01
287780 0%
320400-01
395550-01
3274v00-04
307180-01
203160-01
. 263550-01
35467D0-01
270110-01
214320-01
20667D-01
28779D-01
374690-01
296490-01
20365D0-01%
275130-01
.328610-01
432080-01
315430-01
252150-01
238230-01
26€590-01
26665D-01
24609D-01
194050-01
225830-02
524330-02
-0 13319D-01
-0 £54a30-02
-0.565760-02
0 6%2640-03
-0 116920-01
-0 224520 0%
-0 940360-02
0 143290-02
-0 21667D-02
~0 1949Gap 01
-0 31a870-01
-0 19137D~-01%
-0 713190-02
-0 422250-01
-0 445820-01
-0 54137D-0t
-0 43993D-01
-0 397510 01
=0 7.0340-01
=0.6%036D-01
=0 713290-01
-0 69071D-0t
-0 737520D-01
=0.772920-0t
-0.712650-01

[-N-N-¥-y - N-N-N-N-N-N-N-R-N-N-N-N-N-J-N-N-F-N-F-R-N-N-N-N-N-N-N-E-N-F-¥-N-N -]

14
(=N -]

[-N-N-]

0.
0.
Q.
0.0
-0.36416D-01
=-0.242450-02
-0.828030-01
-0.71419D0-02
0.32480D-01
-0.90191D-02
-0.21976D0-02
-0.95194D0-01
-0 1079950-01
0 56336D-02
-0 25421D-03
0 10373D-01
-0.116110+00
-0.135630-01
0 74521D-03
0 512450-02
0 165390-0t
-0.11756D+00
~0.223720-01
-0 683230-02
0 11314p-01
0.199960-0t
-0.10767D+00
-0 37189D-014
~0.13684D0-01
0 46610D0-02
0.22711D-01
-0 65467D-01
~0.331410-01
-0 767470-02
-0 38757D-02
0 128950D-0%
0.45187D0-02
~0.202890-01
-0.724000-03
0.950110-02
~0 204360-01
-0 71592D-04
0 16227D0-01%
-0 945320-02
-0 19984D-01
-0 440320-01
-0.122540+00
0 337580-01
0 18692001
-0 16101D-01
-0 31816D-01
-0 143230+00
0 331170-01
0.187720-01
0.329010-02
~0.160110-01
-0 151520400
0.146740~01
-0.10694D0-02
0 191870-C1
~0 59663D-02
=0.13143D+00
-0 101410-01
~0.248560-01
0.508310-01
-0.10615D-02

0.400000+00
0.800000+00
0.120000+01
0.160000401
0.932030-03
0.40014D+00
0 800090+00
0.119950+0%
0.159900+01
0.194090-03
0.400020+00
0.7939950+00
0.11999D+01
0.159970+01
0.11767D-03
0 40004D+00
0 800100400
0.12001D+01
0 16000D+01
0 $3086D-03
0.40046D+00
0 800170400
0.11999D+01
0 15998D+01
0.763000-03
0 400720+00
0.800280+00
0.119970+01
0.15956D+01
0 195800-03
0.400250+00
0 800110400
0 12001D+01
0 16002D+0%
-0.70007D0-03
0.399440+00
0 80017D+00
0 12009D+01
0 16010D+04
~0.67696D-03
0.399420+00
0 80014D+00
0 120070401
0 16007D+01
-0 19267D-05
Q 40008D+00
0 80003D+00
0 11299D0+01
0 15939D+01
0 420620-04
0 400150400
0 79996D+00
0 11238D0+01
0 159990401
-0 951310-04
0 39986D+00
0 80001D+00
0 12002D+01
0 160020401
0 41008D-03
0 40016D+00
0 80015D+00
0 120010+01
0 159980+01
0 127520-02
0.400760+00

0.402330+00
0.402810+00
0.404490+00
0.40267D+00
0 40226D+00
0 802510400
0 803000400
0.80378D+00
0 803020+00
0.802390+00
0.140290+01
0.14029D+01
0.140320+01
0.14029D+01
0 140270401
0 20030D+01
0 20029D+01
0.200300+01
0 200280+01
0 20029D+01
0.26027D+01
0 260300+01
0 260390+01
0 26029D+01
0.260260+01
0.300220+01
0.300270+01
0 30055D+01
0 300260+01
0.30021D+014
0.340140+01
0.340170+01
0.34036D+01
34017D+01
340130+01
380010+01
379990401
37968D+01
379970+01
380000+01
419960+01
4199104014
41972D+01
419900+01
41996D+01
479890+01
47987D+01
47904D+01
479880+01
479880+014
539070+01
539820+01
53974D+01
539820+01
53987D+01
59984D+01
59972D+01
599560401
599740+01
9 0,59984D0+01

0.639770+01

0.63971D+01%

[-N-N-N-N-R-N-N-No-N-Nol-N-N-R-N-R-NeNoN-R-N-N-N-N-¥-)

991850-02
0.994800-02
0.91159D-02
0.98466D-02
0.952700-02
0 274740-01
0.271270-0%
0.27025D-01
0.264440-01
0 268780-01%
0.47873D-01%
0 480820-01%
0 484220-01
0.491450-01
0 48242D-01%
0 612800-01
0.65107D0~01%
0.677820-01
0.65740D-01
0.626520-04
0.71586D0-01
0.80653D-01
0 86474D-014
0 81974D-01%
0.732410-014
0.81068D0~01%
0.933620~01
0.10393D+00
0.942060-09
0.822440-09
0.919620-01
0.10576D+00
0.118670+00
0.105660+00
0.918520-01
0 9596GD-01
0.110190+00
0.121650+00
0.108520+00
0 937370-01
0 95486D-01%
0.106690+00
0.113610+00
0 10464D+00
0 929750-01
0 961650-0%
0 980670-01
0.10008D+00
0.97402D-01
0 945720-01
0 831340-01
0 79460D-01%
0 781060-01%
0 79591D-09
0 83134D-0Q1
0.47531D-01
0.44905D-014
0.449380-01
0.45996D-01
0.486620-01
0.166820-01
0.163450-01



68 -0.10223D-03 -0.56997D-02 0.15070D-01 0.581090-05 -0 G56420-01 -0.10663D+00 0.799900+00 0.639430+01 0.15070D0~01
69 -0.61369D-03 -0.30584D-02 O0.t€515D-01 0.47010D-02 -0.730640-01 -0.11233D-01 0.11994D+01 0.639690+01 0.16515D~01
70 -0.11145D-02 -0 22437D-02 0.17411D-01 -0.18308D-02 -0 79391001 ~0.56187D-01 0.159890+01 0.63978D+01 0.17411D-01
71 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.680000+4+0% 0.0
72 0.0 0.0 C.0 0.0 0.0 0.0 0.40000D0+00 0.68000D0+01 0.0
73 0.0 0.0 0.0 0.0 0.0 0.0 0.800000+00 0.68000D+01 0.0
74 0.0 0.0 0.0 0.0 0.0 0.0 0.120000+01 0.680000+0% 0.0
75 0.0 0.0 0.0 0.0 0.0 0.0 0.16000D0+01 0.680000+01 0.0
FRAGMENT GLOBAL LOCATION AND VELCCITY COMPOMENTS
X-10C ¥=L0C Z-1L0C VEL-X vEL-Yy VEL-Z OMEGA-X OMEGA-Y OMLCGA-Z

0.800126D+00 0.376221D+01 —-0.478863D+00 -0.1050280+01 0.121354D+04 ~0.108176D+04 0.239815D+04 -0.100262D+01 0.915274D+00

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
38 -0.2735D-0t 0.3090D-01 -0.17920-01 -0.2876D-02 0.85630-03 ~-0.9511D-03 0.0 0.3091D-01 0.0 -0.80640+00
29 0 7825D0-02 -0.4189D0-02 -0.9437D0-02 0.2759D-02 -0.7t40D-02 0.97590-03 0.8535D-02 0.2793D~02 -0.11230+02 0.6600D+02
43 -0.2572D-01 0.2900D-01 -0.1643D-0t 0.7198D-03 -0.1470D-0% 0.1393D-01 0.0 0.30620-01 0.0 0.13120+02
44 0.5460D0-02 ~0.2353D-02 -0.7445D-02 0.82610-03 0.6359D0-02 -0 13210-03 0.62010-02 0.8274D-03 0.1312p+02 -0.8881D+02
48 -0.15620-01 0.15110-01 0.40810-02 -0.58850-03 -0.24700-01 0.24320-01 0.10030-01 0.2173D-01 -0.6429D+02 0.2858D+02
49 0.92220-03 -0.3837D-03 -0.2326D-03 -0.1710D-02 0.8865D0-02 -0.,4638D-02 0.48150-02 0,13620-02 0.41290+02 -0.3705D+02
53 -0.5334D-02 0.4380D-02 -0.10500-02 0.2446D-02 -0.2363D-01 0.2866D-01 0.1128D-01 0.1783D-01 -0.4925D+02 0.4297D+02
54 0.10650-02 -0.1121D-02 -0.3486D-02 0.26130-02 0.7671D-02 -0.55760-02 0.32490-02 0.4102D0-02 0.2966D+02 -0.61900+02

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

POINT NO. SURFACE EPS-X STRAIN EPS-Y STRAIN SHEAR STRAIN ELONG. (DIR.1) ELONG.(DIR.2) PRINC. STRN(T) DIRECTION(DEG.)
1 INNER -0.765030-02 -0.193810-01 =-0.,291440-02 +-0.1%087D-01 -0.12132D-01 0.0 .
1 OUTER 0.127090-01 ~-0,192870-02 0.36435D-03 0.59%5710-02 0.51947D-02 0.427120-01 0.71290D+00
w 2 IHHNER -0.7171716D-02 -0.21753D-01 0.524920-03 -~0.11i6070-01 -0.15140D-01 0.0 0.0
o 2 QUIER 0.12555p-01 =0.10363D-03 0.6848620~03 0.60L279D-02 0.57845D-02 0.12569D-01 0.191770+01
= 3 INNER -0 87Cc8D-02 -0.194120-02 -0.17577D-01 -0.087450D-02 =-0.19430D-02 0.409290-02 =-0.55526D+02
3 QUTER 0.111739D-01 0.12706D-02 0.53272D0-02 0.11118D-01 0.12698D-02 0.11850D-01 0.14132p+02
4 INMNER -0.650110-02 -0.23416D-02 0.996340-02 -0.65224D-02 -0.234430-02 0.97710D0-03 0.563300+02
q QUTER 0.85670D-02 0.18683D-02 0.215200-03 0.853060-02 0.18666D-02 0.85687D-02 0.920040+00

SYSTEM ENERGIES(IN-LB)

FRAG. TRANSLATIONAL KINETIC ENERGY
FRAG. ROTATIONAL KINETIC ENERGY
WORK INPUT TO STRUCTURE

STRUCTURE KINETIC CNERGY

STRUCTURE ELASTIC ENERGY

STRUCTURE PLASTIC ENERGY =
ENERGY STORED IN ELASTIC RESTRAINTS=

.5041488D0+03
.1097311D+03

9271939D+03
.1662348D+03
«7717805D+02
.60941160+03
0.7436948D+02

W onon

“

0OO0O0OO0OO0OO0O
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X,Y,Z2 - Global Coordinate System.

X.,Y_.,Z_. - Global Coordinates which

E'TECE
Locate the Center of Gravity
(c.g.) of the Fragment.
r - Radius of the Spherical Fragment.
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Directions, Respectively.

- Rotational Velocity Components
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FIG. 5 GEOMETRY AND NOMENCLATURE FOR AN IDEALIZED NON-DEFORMABLE
SPHERICAL FRAGMENT
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APPENDIX A

GOVERNING EQUATIONS ON WHICH THE PLATE PROGRAM IS BASED

A.l Formulation for Constant-Thickness Unstiffened

Rectangular Flat Plate Elements

A.l.1 Interpolation Functions and Strain-Displacement Relations

The PLATE program accommodates both unstiffened and longeron integrally-
stiffened thin plate structures utilizing a constant-thickness plate element of
rectangular planform. The present subsection deals with the unstiffened ele-
ment; as discussed in Subsection A.2, a stiffened plate element is formulated
by combining a "stiffener" element with the unstiffened plate element to which

it is attached.

The geometry and nomenclature of a typical rectangular thin plate element
are shown in Fig. 2. The element has constant thickness, h, and spanwise
dimensions a and b in the x and y directions, respectively, with the origin

of the element xyz coordinate system located at element node number 1.

. A .
Since the Kirchhoff hypothesis is employed, the displacement field
1, Vv, and w may be approximated by the plate middle surface displacements u,

v, and w and rotations 8 and Y as follows:

a(x,y,z) = ulXy) =z B(xy)

V(x,y,a) = VCX)Y) -z WC")Y)

& (x,y,2) = wWuy) -
where
2 w(x,y)
O(x%y)= 55—
_ 2 wix,y)
V(X)Y)—ay (a.2)

The midsurface displacements u, v, and w are approximated within each element

+'I‘he Kirchhoff hypothesis is appropriate since attention herein is restricted
to thin plates. It should be noted, however, that recently less restrictave
Pplate bending elements have developed, based on Mindlin theory [24]; such
elements employ independent interrolations for the transverse displacement w and
for the rotations. These elements often suffer from excessive stiffness in
the thin-plate limit; this "defect" has been remedied by the use of selective
reduced numerical integration [25-27].
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by assuming a bilinear interpolation for the 1inplane displacements u and v,
and a bicubic Hermetian interpolation for the transverse displacement, w. The

interpolations written in terms of element x,y,z coordinates are

ulx,y) = & + x o ¥ y%* + Xy a

(A.3a)
v(x,y) = o + X Xg + yXq + Xy Xg
(A.3Db)
2 2
w(x,y) = Xq + x&, +y&, +xyo, + x7ot,; + Yy a,
2 2 2 2 3 3
TXyKg +XYy X + Xy A T X xg Y Ay
3 3 3 2 2z 3 3 3
+xyo‘20 + XYKZI + x M “ZZ +x)’0(23 + X Y“24 (A.3c)

where al, a2 .es a24 are unknown parameters which will be related to the gen-
eralized nodal displacements; the rotations 6 and Y are evaluated by substi-

tuting Eq. A.3c into Egs. A.2.

In order to obtain a set of generalized nodal displacements which can
be related to the 24 al‘s, the generalized nodal displacements chosen are the
parameters u, v, w, 6,9 , and X = (82w/3x8y) at each of the four corner nodes

of the element.+ The nodal displacement vector, g, for the element is thus
- 2
{‘3‘} =l“l"u""u@nv’;7’, U, o W, 8, Y X,

(A.4)
Uy v Wy e %, |

By evaluating Egs. A.3 and 8(x,y), ¥(x,¥), and ¥X(x,y) (obtained by differ-
entiating Egs. A.3) at the element nodes, a unique (invertable) relation be-

tween g and ¢ is obtained:
% = G «
~ ~ o~ (A.5)

The 24 ai's can be related to the 24 qi's by inversion of Eq. A.5 so that

X =G 4 (A.6)

and the displacement interpolation (Eq. A.3) can, in principle, be written in

terms of nodal generalized displacements, q; details of the calculation of

+

These six generalized displacements are convenient to use because of the ways
in which these gquantities appear in the strain-displacement relations (Egs.
A.7 and A.8) for the Kirchhoff hypothesis.
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G-l w1ll be discussed later.

~

The distribution of strains Exx' Eyy' and Exy may be represented by mid-
surface inplane strain components €xx' eyy, and € and curvatures K _, K _,
+

and ny, and are written under the Kirchhoff assumption, as

a4

= € -

€ x " F /'fxx

Pa’d

€ = € -2

Yy %YY

~ - - (a.7)

€xy = éxy 2 ny
For the present element, the nonlinear strain-displacement relations of

. . ++4
Sanders [12] for moderately small rotations are used, and are given by

o 2B G2 A= T

xXx 22X 2 \ox o2y Ix xx 2x* T ax
Z

v | /oW z 11 /o  ov , 22w _ QY
€yy= +—-( > t5|7 (3—-‘3—) 3 A = zZ =)
YT oy T 2\oy y ox yy °Y Y

2
Ju v 2w>(2w) . o w
= -+ -+ = =27

6xy ay 3 x (Bx 2y ? KX\/ ZDx dy

(A.8)

When Eq. A.6 1is substituted into the interpolation functions of Egs. A.3,
and the result substituted into Egs. A.8, then Egs. A.8 can be written in the

form:

xX
T
/{yyz % %
-
nyz b, Z (2.9)

+The Kirchhoff assumption réduces the number of "displacement variables" but
introduces higher order derivatives in the formulation of plate and shell elements.

++Note that € 1s the engineering strain and Kxy 1S the engineering twist curva-

ture at the reference surface; these gquantities are equal to twice their tensorial
counterparts,
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where Dl' D2, D9 are defined from the relations
Ju T 2 T
=D 2 °> =D ¢

v _ DT ow _ NT

QY T o~z Z- o X = &7 ?,'

ow v T

———— o e | =2 oW T
(9>'+3’<) L — =D, %

2 2 Y 8~

aw — T ? | ou v —_ DT
axt ML 75, 5% % £
Fw DT

2 y* ~5 Z’ (A.10)

The nonlinear geometric behavior of the plate material will be

expressed in terms of the increment in strain from time tm_ to time tm.

1
Assuming that the displacements and the increment in nodal displacements,
In

Aqm are known, the strain increments can be calculated by

(A gxx)m = (4 éxx)m -z (AKXX)M

(A g)’)’)m (Aéyy)m - F (AZYY)M
(A évxy)m = (AGXY)M - Z(A ny)m (A.11)

where

(ae,), =D ag,+ % (0,05+2, 0 )4%,

-z4g (DD +D B )Ag,
(Aey). = D[ ag + g7 (D,DT+D, BT )44,

4%, (0,05 +2, D) A%

<9 <9 ~m
(4<y), =07 ag,+ ¢1(D, DT+ D, 07 )4,

{ T
-z 4%, (b, D, +D, D)4t

(A.12)
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—_—

-

(A/{xx>m = "D‘f' AZ’“

T Xy ~e oM
(AKyy)mz 95 AZ"’
and
Azm = Z-m B z”"" (A.13)

A.l.2 Normalized Coordinates and Nodal Degrees of Freedom

In operations related to the element matrix formulation, it is generally

convenient to deal with normalized coordinates (§,n) where
x
§ T a
7=L

~ b

Normalized nodal coordinates (E, \—r.,

(A.14)

w,g,@i) are then defined by the relations

w=u 8 =ab
S = v ¥V =by

Y=abl

¢l
I
g

(A.15)
and normalized new parameters al are defined by
_ - _ z,2
A = X Xq = Xq A7 = & b oty
3
&, = %2 R, = X0 X,g= # A8
g = b &3 &, = bo(“ Xq = 19
- - —~ _ 3
0(4 = cLbD{4. X, = a_bo(‘z Hyp = & b Xzo
— —_ 2 _ 3
xz = Xs X,g — X X3 A,y = a b’ oz
— - 2 — 3,2
= F Xg X4 = bag Hppy = a'zbgdzz
-— 2 — —_—
oy = b Xq x5 = &b dAs 0(23-—“' b Az3
_ 2 —- 3 3
Xg = abXg x,, = ab 4, Xy =a b Ay
(A.16)
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Substituting Egs. A.1l4 through A.16 into Egs. A.3 yields the following

interpolations:
W=+ §X+ % X3 +57% (A.17a)
V = Xgt 5K+ A, + 57 Ag (A.17b)

- - - = 2 — 2 =
S Ayt §X gt Y A +EY Ky T 5 Ay + 7 Ay

gl

2 _ 2— 2 Z -~ 3 _ 3
+5§7%5s T 57 Xig +57 A7 5 X,3+7 %9

3 3 _ 3 2 2 3 __ 3 3.
FEY Ao TEN Xy FEY Ky +5Y Ky + 57 Ay,

(a.17c)
G = R+ Y Rp 4255 +257%5+ 7 R +2 55 &,

+3 525(',8+ 3 gzal Ko + 7(3 d, +3 5272 A,y

+Z§’?&23 +3g ’(3 X py (a.174)

- - —- _ - 2z
W =%y +5%z + 27 &y +£ Ajg Y257 Ky +25% A\q
2_ 3_ 2 _ 3 2 3 2.
t3UFy t 5@y +357 7, +257%, 435 1'% +357 X,

(A.17e)

= = _ - _ 2 -
X = o, +25 X5+ 27x, t4§A 7 +3€ o, +3% &,
b sy R + Lt E +9P (2.17£)
§7 22 g)z 0(23 5 72 0(24 :
Note that u and v are bilinear whereas w is expressed as a bicubic interpola-
tion function of & and n. When Egs. A.l17 are evaluated at the nodal coordi-
nates, the normalized nodal degrees of freedom should result; these conditions
define the matrix G (see Egs. A.5) relating a and 0. Because of the simple
rectangular geometry of the element and the use of normalized quantities, the

&i's can be obtained in terms of the a's in closed form. The resulting
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expressions are

A5

X117

0(23

Az4

- %- ==V, +Y,

= -l + U, xg = V=4V -y,

= —U, + Uy &"q - W

= U~ +Uz —Uy Xio = 6,

= v ay = Y

= -V, +V Xy = 5-/‘:

= 3(-7',+sz)-(25,+52)

= 3(-Wi+%)- (2% + %)

= 3(-%+%)-@Z,+Z,)

= 3(—-§+-) (z-;i-f-ff,)

= (W - Wy + Wy ~ 4) +3(26,+8, - 5_,,-2'0;_)
+3(2%-2%% %) +(4 X, +2 %, + X427,
- 2(7- %) +(5,+ )

= Z("-‘.’.l""-‘;zv-)"'(qj"k%)

= 2(¢-%) +(’)-(,,+7_¢z>

= 2(3,-3,) +(%+2,)

= G-+ Wy~ w3+w4)+3( 8, - -8,+6,+§,)
+2(~2Y+24 + Y- % )+ (22, -27, i3_734>
= bW W =+ W )+z(29 5, +8,+25,)
+3CH+Y + - %) +2(27,- 7 ';23_2 Z,)

= 4(w, - wz+Ws—W4)+2(s +<9z 3, - ‘4 (a.18)

+2(Y-V =Y+ G) +(A+ X, + X+ Z
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-1
If Egs. A.18 are written in matrix form, the G matrix is obtained:
— - )

= G %}

{A.19)

R |

2

-1
is independent of element geometry and may be

It is useful to note that G

formed once and used for all elements.

The internal energy of the plate element is defined in terms of strain

components, or, more specifically, midsurface strains and curvatures.

It

will, therefore, be necessary to relate these strain components and curvatures

to the derivatives of the normalized displacements in the normalized coordi-

nates.
ou
EXS
v

t————

22X
26

2 x

27

from which the

.

U
2 X
v

oy
2u L ov
9y I x

20

2 X
oY

oy

2%

)

I .
:—;—(2%)

It can easily be seen that

Ju | om
3y T b oy
v | 3V
2y T b 3%
PR —I
2y B 27

following matrix relation may be written

o ©

o o

L o

&

o L
o

o o
o o
o o
q

o o
|
bz

I
(@) D

- 4
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A.1l.3 Definition and Calculation of Element Property Matrices

In the previous subsections, the characteristic displacement behavior
of the element and the associated strain components were defined. These in-
terpolations/relations are now used in conjunction with the concepts of work

and energy to derive the various plate element property matrices.

A.1.3.1 Element Mass Matrix

The consistent mass matrix mc for a rectangular plate element is de-
rived from the expression for the kinetic energy, (T)n, for a typical (nth)

element which 1s given by

T ,.-_;.j (8% $Fe 7)) AV
Vi

n
b & +';-
= ‘lz‘j J j f[(zl-zé)z+(x'/~zq/)2+ v\'/z]dxdy dz
o o __2. . (a.22)

with P taken as the mass per unit volume of the plate material. Introducing
normalized coordinates (Egs. A.1l4) and normalized displacements (Egs. A.l5),

and integrating Eq. A.22 through the thickness of the element yields

I

To=tab| [lE595318]

n

)
’

dg dn
o 0

J

€ ol € <t g

L / (A.23)
where @ is the diagonal matrix
[ rh '
ph
A ] = f£h 3
[ ] Fh 3
1Zza* P

i 1z 5+

(A.24)
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It 1s reasonable to assume that the spatial variation of the velocity
field is the same as that of the displacement field. From Egs. A.l17a through

A.l17e, the velocity field i1s written as

(& %,
v X,
J#l = NG [}

Ol

<

Z
24) 3. 25)

>

Substitution of Eg. A.19 (valid also for velocities) into Eq. A.25 and the

result into Eq. A.23 yielps,
. = I\T T
| =T
T=33 =@ )] ]
o o

The m matrix is the normalized consistent element mass matrix for the element

_---l -
G zZ=-%3 172
NdsdnZ ¢ =7% 2 ¢ (a.26)

I

corresponding to normalized nodal (velocity) degrees of freedom, E; By using

Egq. A.1l5, the normallzedla vector can be related to J by

@ = If (A.27)

~

so that by substituting Eg. A.27 into Eg. A.26, the consistent element mass

matrix mc 1s defined

m o= T =T (a.28)
”~ C "o N ~
where | [ T -]
-~ \T ~ -
m o= a.b(g;} ) IIN ;vnfl}llclgcb( G (a.29)
o o

The integral in Eq. A.29 i1s evaluated numerically. It should be noted that
the matrix multiplication indicated in Eq. A.28 1s accomplished simply by

scaling the rows and columns of the m matrix since T 1s a diagonal matrix.

A diagonal lumped mass matrix can also be formed for the rectangular
plate element. In this case, the total mass properties of the element are
lumped evenly at the four nodal locations, resulting in a diagonal matrix of

the form
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m = ~ A
ot O F o
m (A.30)
where @ is the diagonal matrix;
[ abh ]
4
abh
A 4
m = f abh
4 3
abh
48
abl®
i 4.8 (A.31)

A.l.3.2 Element Equivalent Loads Corresponding to

Nonlinear Effects

For the present pPlane-stress case, the expression for the variation

of the work of the stresses within the element 1s given by+

(SU)n = Jv(o’:" S€ + %y $€yy + 7, Sexy) dV a.32)

where oxx and 0 are the inplane normal stresses in the x and y directions
and cxy is the inplane shearing stress. Considering initially-isotropic

material, the elastic-plastic stress-strain relation can be expressed by

(o | [ ~ P
O' Fa¥d
XX , ﬂ O ex,‘ - XX
o - _E I o c o P
¢y TSR 2 1Sy~ Sy ¢
"‘73 Vad NP ’
O;Y o o ! > ex - € (A.33a)
or \ J L. 4\ Y xy /
g‘ = C (é:- é‘: P) (A.33b)

+
For a proper energy evaluation, the Oi. stresses represent Second Piola-
Kirchhoff stress components since the jElj are Green strain components [14].
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When the stress-strain relation, Eq. A.33, is introduced into Egq. A.32,
and then employing the strain~displacement relations of Eqs. A.7 and A.9, the

expression for (6U)n will be in the form:

— T (4 NL
(Su)n gﬁ ( ~ z. f (A.34)
in which k is the element linear elastic stiffness matrix and fNL is the equiva-

lent element force vector corresponding to nonlinear material and geometric ef-

fects, and is given by b . 2 20 )
(¢} ~Et [ finang [ 2V 200 g
2(,_7)2) J 1273 <(\y2+ %z)+9(92+%2) ,
(-2 ey J
- jab[ ] ’9(5,“"'735”)"'(‘1“}7‘)9/64 s
ez DD D o xdy
(1 ﬂ)oo 789 “V(eyy*ﬂ':;x)*( = )eexy )
| (1+2) X (e, + &) /
« b (Jaldz REXWPS
0 2lT o7 ap 001, o )5
o © h
p
~'[.0’:Y 4z L«LZ%JEJ
b
a b rejoi:d;'{‘v.{o;ydi
SRLETLI e b
o © w‘[h O):de +9j0;ydi [
p b (a.35)
! %£(qx+o;y>dz J
where
P r c P
Txx £ ] 2 o €,y
<°97Pf RS ? | ,?,; <g\fv?
o P o o Z gxPY (A.36a)
or Xy | L P 4 )
\ cf = C € (A.36b)
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In Eq. A.35 the first two integrals represent equivalent nodal loads arising
from large deflections, and the third and fourth integrals represent equiva-
lent nodal loads corresponding to plastic strains and associated, respectively,
with the linear and nonlinear terms in the strain-displacement relations; for
convenience of presentation, all of these equivalent-load-producing nonlinear

effects have been collected into a single expression.

The integrals in Eg. A.35 are evaluated for each time step in the
transient response prediction process because the integrands (which are func-
tions of displacements, strains, and plastic strains) change with time as the
deformation progresses; these integrations are evaluated numerically by using
Gaussian quadrature, so that the stresses, strains, and strain increments need
to be evaluated at a selected number of spanwise and depthwise integration

stations (monitoring points in the Gaussian quadrature).

At any instant in time tm’ the nodal generalized displacement parameters
gm can be calculated, and one may then employ the assumed displacement functions
(Egqs. A.3) together waith the strain-displacement relations (Egs. A.9, and Egs.
A.11 through A.l13) to obtain the strains and strain increments at any station
within the element. Then the stresses and plastic strains are evaluated; the

procedure is descraibed briefly in the following.

The strain-hardening behavior of the material is accounted for by em-
ploying the mechanical-sublayer material-behavior model (see Subsection A.4).
For each mechanical sublayer, the stresses gm—l at time tm-l are known. Traial
{superscrapt T) total stresses gz at time tm may then be calculated by assuming

that the strain increments A§m from time tm- to tm are entirely elastic

1

T ~
g = g +§ A?LM (A.37)

~'m ~ m=—|

The trial stresses are then substituted into the Huber-Mises-Hencky yield con-

dition which for plane stress is
4

T z 2
R = Flghg) =[ () ()~ @) (B B

where Go 1s the known (static or strain-rate dependent) yield stress of the
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mechanical sublayer being processed.

T . .
If Fm < 0, the stress state lies within or on the yield surface. In
this case, no plastic flow occurs within this sublayer during this time step;

the stress state at time tm thus arises from wholly elastic behavior (in thais

sublayer) over the increment from tm-l to tm and thus
T
o2 = C (A.39a)
~ m ~m
and
~h A
€, = € d (A.39b)
~ ~ m=~i

If Fg_z 0 plastic yvielding has occurred. By the flow rule of plasticaty,
the plastic strain increments may be related to the deviatoric stress state
through a real, non-negative scalar proportionality term, AA. For the plane

stress case this relation 1is

s ) 20, = 9,
{Aé - A 2'0;)’ — o;x
m 6 Txy e (a.40)

In Eq. A.40, the (known) stress state at taime tm—l 1s used. The use of this
stress state instead of the trial state at time tm has been found [13] to be
more accurate than the latter for finite incremental changes involving states

of two-dimensional stress. The actual stresses are then calculated from

[N

( _(-zw) Z2)
g o
- « | *>* T 30-2) (a;x + yy)
~m = gm - A 2 o (;—27)> ( )>
Y T 3(-2)
\ ;m—l
"Y (A.41a)
or
_ T * A
g = g, - Al g (A.41b)
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where '3 E?
AN =

AA
(l+2) (aA.41c)

The plastic flow parameter AX or AA* is evaluated from the condition
that the actual stress state must lie 6n the yield surface. Thus, the fol-

lowing condition must be satisfied:

Fm F(02)=[(@ )+ (0 @), G 3@ 5 = © o

Substituting Eq. A.4la into Eq. A.42 yields the following relation for AA*

A C _ B- B%-AC (A.43a)
B +|BZL AC A
where 2

A= A) +(g y) (xX),,,-,( Wyt 7 Gy

B= q:)m(a;X>m—l+(a;;)m(3;’)' ,,,_,"IZ(O;X) (3'\})').“-:
“2 (%) (3y).., +3(a) ). (%)) (8 430)

C=F'

Also, the following requirements must be satisfied:

B* - AC = O
B +\, BZ—AC > O (A.43c)

With AA* (and therefore AA) determined, the stress state at time tm can be

obtained from Egq. A.4la and the plastic strain increments from tm—l to tm
can be obtained from Eg. A.40. This process 1s carried out for each mechani-
cal sublayer at each spanwise and depthwise Gaussian station. Once the sub-
layer stresses and plastic strains in each mechanical sublayer have been de-
termined, the stresses and plastic strains at that Gaussian station can be
found from a weighted sum of the sublayer results; details of the mechanical

sublayer model are given in Subsection A.4.
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During the operation of the solution process for intense loading problems,
instances of large strain increments can occur which sometimes may lead to an
1maginary (or negative) value of AX; that is, the conditions of Eg. A.43c are
violated. Since the time-step size for that particular instance cannot be
economically reduced, a subincrement procedure to circumvent this difficulty
as discussed in Ref. 13 can be and 1s used. The basic finite-time increment,

At, is divided into a number, say L, of equal subincrements; the size of the
subincrement is chosen to be sufficiently small so that a positive real value

of AA for each subincrement can be derived successively. The value of the
finite-strain increments (Aé)m as calculated by Egq. A.ll during the time

interval tm—l to tm are also divided into L equal parts, (A%)m/L. It is

assumed that during each subincrement of length At/L this change in strain is
approximately correct. Then, by employing the previously mentioned procedure,

a valid value for AA along with stress increments and plastic strain increments
are calculated for each subinterval, and in the meanwhile, the stresses and
plastic strains are kept updated. The process 1s continued until either (a)

the information needed at time tm is calculated or (b) a complex (or negative)

AX 1s encountered. In the latter case, the process is repeated from time tm_l
using a larger value of L. If the stresses at time tm can be derived success-
fully, the solution procedure continues with L henceforth set to unity until

an imaginary AA 1s again encountered.

A.1.3.3 Element Stiffness Matrix

The preceding discussion pertains to the calculation of the equivalent
element nodal force vector fNL in Eq. A.34. The remaining element property
matrix defined from the variation of the work of the stresses 1s the linear

elastic element stiffness matrix, k (see Eg. A.34).

By substituting Eq. A.33b into Eq. A.32, the element stiffness matrix

is seen to be given from the expression
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S5 45 =) 68T CE AV
~ Vi, (A.44)

Equation A.7 is substituted in Eq. A.44 and the integration through the thick-

ness is performed to give
a

b
g%T;é z=JJ].S§T5'Z{TJ’C/:: ; dx dy (A.45)

~
where

SYMMETRIC

Eh | 5 o L2
=T o
12

>

(A.46)

(o o

2
o o o o
R -

For computational convenience and efficiency, the stiffness matrix is
first formed in the normalized (barred) system and then transformed back to
the original x,y coordinate system. To this end, Eq. A.21 (which represents

a transformation of strains and curvatures from the X,y system to the normalized

ra

system) 1is substituted in Eq. A.45 to give

AV
£l

<lwn

Fh*,

~~~~~ 27| ¢ |

5 (A.47a)
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where

g =4

>

~

(A.47b)

The derivatives indicated in Eq. A.47a are obtained by differentiation

of the interpolation assumptions given by Egs. A.l7a through A.1l7f:

e _ = p
ag = 0(2 +7“4
oV -
Sy = %15 %
o — -
oV -~
55 = ¥eT1%
286

3 — 3
tZxy Ky + 657 Ky,

v; - z - - - 3 —
=2 &)y t25%), +25 &, +e7 A, +6E7d, 165 oy

\Y}
~

+é§z? Zf.zg +é 5? &24

2% = 2, +45&15 + 47 K1 +857 %7 +6 gzazf"é’(z %,

2 Zz - 3 2
+12 57 (xzz+12§>z Ayg +18 g 7 Xy a6

Equations A.48 can be written i1n matrix form as

4 —
ou )
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394



where the 4 by 8 matrix D, and the 3 by 16 matrix D2 are obtained from
Egs. A.48. Note that the first 4 columns of D2 are zero. When Eg. A.1l9 1s
substituted into Eq. A.49 and the result substituted into Eg. A.47a, the follow-

1ng expression 1s obtained:

s§45-57(5 [w][FE2ua]g) 7
T S

where k may be viewed as the "kernel" stiffness matrix in terms of the gener-

e« s 0_,, and is given by

alized displacement parameters a., G, & 24

1’ 2" 73
I 1

A T d
£=ab| [DTCD dsdy
o o (A.51a)
and k 1s the "kernel" stiffness matrix in terms of generalized nodal displace-

ment parameters Ehln the normalized system and is given by
-

- ) —=I\NT A =

’!@ =(Q ) ’,’f g (A.51b)

Finally, the normalized nodal displacement g'can be related to the generalized
nodal displacement parameters g 1n the form

%‘, = T % (A.52a)

”~
where the transformation matrix T is a diagonal matrix and can be written in

the form r p

1, O

<]
]

-]
H

and the diagonal sub-matrix t i1s obtained from Egs. A.l5 and 1s given by
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it

(A.52c)

b
- a'b k-
The linear elastic element stiffness matrix, k, is defined by substituting

Eg. A.52a into Egq. A.50 to give
T —
=T 4 T (3.53)

In practice 5 (Eg. A.5la) 1s first formed with the indicated area inte-
gration performed numerically by using Gaussian quadrature. Next E'is
formed from Eg. A.51lb. It is important to recall that grlls formed directly
from Egs. A.1l8 (no inversion is performed) and that §- 1s independent of
e}gment geometry, and 1is thus identical for all elements; in the PLATE program

G is defined through a DATA statement. Finally, k 1s formed from Eq. A.53.
Since T 1is a diagonal matrix, the matrix multiplications indicated in Eq. A.S53
simply scale the rows and columns of k to obtain k; this more efficient

scaling operation 1is used in place of the matrix multiplications in Eg. A.53.

A.l.3.4 Element Nodal Loads Corresponding to External Forces

The element nodal force vector corresponding to prescribed externally
applied forces i1s derived from the variation of the work done by these forces,
(Gw)n, over the nth element. Since the user 1is required to write a subroutine
which generates the force vector for the PLATE program, a more detailed dis-
cussion of this element property vector will be provided to enhance the user's

understanding of the concepts involved.

The nodal force vector may be obtained by one of two general methodologies.
In the first approach, the variation of the work of the external forces is evalu-
ated (by integration) using both the spatial distraibution of the external forces
as well as the spatial distribution of the pertinent displacements (as given
by the interpolation functions of Egs. A.3); a nodal force vector derived in

this fashion will be terned a consistent (or work-equivalent) force vector.
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In the second approach, the interpolated spatial distribution of the dis-
placements 1s ignored; instead, the displacement behavior is assumed to be
either (1) constant over each quarter (or half-side) of the plate and equal
to the value of the displacement at the node associated with that quarter (or
half-side) of the plate, or (2) constant over the whole plate element (or
element side) and equal to the average of the four (or two) nodal values; a
nodal force vector derived in this fashion will be termed a lumped force
vector. The formulation of a consistent nodal force vector will be discussed

first.

Three types of force distribution are evident: (1) line forces (tractions)
distributed along element boundaries, (2) area forces which are distributed over
the midsurface of the plate (e.g. transverse loading on a plate), and (3)
volume forces which are distributed throughout the plate element. The fairst
type is rigorously included in all statements of Virtual Work and the third
type may be treated in the same fashion as a distributed body force. The second
type may be included as a special case of a distributed body force in which no

variation occurs through the thickness.

The work (at a discrete time tm) of the external forces for a typical

nth element, (W)n, is given by

(W), = [(R'z «F 0w R 4

A A
+ jAF(;_;A“g vrFw) dA
(E(B o+ F;BO‘ + FZB x)tmatv (a.54)

where

Fi,FE,Fz Components of the edge (line) force in the x,y, and
z directions, which are in general a function of the

element side coordinate and thickness (lb/inz).

Fi,F?,Fi Components of the force acting over the plate surface
in the %, y, and z directions. Each component may, 1n

general, be a function of x and y only (lb/1n2).
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B _B ,
Fi,Fy,Fz = Components (in the x, y, and z directions of the
body force, or any analogous force which 1s dis-

tributed throughout the element volume (lb/1n3).

The distribution of the forces 1is assumed to be known. Equations A.l

may be substituted into Eg. A.54 and the result written in the following
matrix form h

i L
L 2 | 0 o F
<W>=S jl.u.vwew_\o b o L ds d=
n N o o | Fy
° -z -2 O ©O FL.
o -2 0O z tm
a b ’FAW
X
+j‘j‘,uijﬁ F‘A L‘L"d)’
o o YA
S
- T ¢ B\
a b 2 | o o {_;
o | o B8
o o -% -2 o o| | FF
- ol /
bo * d (A.55)

where £ in the first integral i1s the length of the element side on which the
force 1s applied. It 1s generally more convenient to perform calculations in

the normalized coordinate system, so that Eg. A.55 should be written as
!

z { o o F:L
—_— - — =~ o x
(W)n—lj Sh,_uvwevj‘; 'o i |4FE } dsdz
° -7 -2 o o i
o -% o Fz
1ot FA b
X
me“ava FAL d5dx
o o I:A " B
[ * ! © Z Fx
o l B
mjjtmaw o o 1 |{R°l dsdyde
_-a?-. o [«} FB
[- - o -% o- z
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For the first integral in Eg. A.56, displacements along the boundary

are interpolated by using Egs. A.l7a through A.l7e to yield a matrix relation

\

in the form

i K
_ oy
v L
<W,:[NCs)]4. >
5 .
LQJ Xz4
) . J (A.57)

. L . . . . .
The matrix N (s) is obtained by evaluating the interpolation assumptions
along the element boundary on which the force 1s applied. The following table
may be used to put the interpolation of Egs. A.l7a through A.l7e into the

proper form:

Element Side Number Replace &£ by Replace n by
1 s 0]
2 1 s
3 s 1
4 0] s

The force distribution in the first integral of Eg. A.56 must also be given as

1 L I,
functions Fx(s,z), Fy(s,z), and Fz(s,z).

The displacement in the second integral of Eg. A.56 may be expressed in

terms of displacement parameters o., ®., ... 0., ln matrix form

1’ ™2 24
a 4 7 a’.| N
3 -
- — Az
v ¢+ = N (|4 - »
= )
’ | %24 | (2.58)

3 .
where the interpolation matrix N (&,n), is obtained by writing Egs. A.l7a,
A.17b, and A.l7c in matrix form. Also, the force distribution should be given

A A A
as functions Fx(E,n), Fy(E,n), and Fz(Eln).
The displacements in the final integral of Eg. A.56 may be interpolated

in terms of al' az, cee a24 in the matrix form
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() "o?. ‘
v %2
%t NG, : b
é —
¥ , | Kz (A.59)

where N(E n) is obtained by wraiting Egs. A.l7a through A.l7e in matrix form.
The force distributions should be given as functions F (E,n,z) ' F (&,n, 2),
and F (E:nlz)

If Egqs. A.57, A.58, and A.59 are substituted into Eq. A.56, the work of

the external forces can be put in the form
A

(W), = [ %% - & ]

(A.60)
where the vector f 1s given by ) - L
A I - o 9 1F ¢s,2
L o | o L
i = ,ZJ J [N(s)] o o | Fy (s, =) dsdz
o “h -£ o o L
2 L g "'_i' o | F Cs,2) t
A
L 3 T Ec C§,7Z)
”’bJ J NG| §EA g0t 45
o © A
FZ C;,’l) t
2 (1 o o] FB( ) |
L3 X,z
t 1z +lo i ° Fx 5 L dgdoxdz
-+ a.bj ‘[ [N(g,’l)] : o 114 7 C§ ’(;Z)
_2 =)
o 0 -—;— @ _;_ o L ( )76,2') y,
L © b : ™ (a.61)

In order to transform Eq. A.60 into a form containing the generalized

2 24

nodal displacements, g the displacement parameters El, Q., ... Q. are first
related to the normalized nodal displacements, E, by Eq. A.19, and the

normalized nodal displacements E are then related to the generalized nodal dis-

placements, q, by Eg. A.52a. The final form of Eg. A.60 1s then
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(W), = ¢ 1

where fc 1s the consistent element nodal force vector corresponding to ex-

(A.62)

ternally-applied forces and is related to £ (Eg. A.61) by

f.=T(3)}

N
Once the spatial distribution of the forces over the element are known,

they are substituted into Eg. A.61 and the integration performed to give f;

in many cases, the force distributions will be sufficiently simple so that

these integrations can be performed analytically and a simple algorithm

written to generate f for each element. Alternatively, f may be evaluated by
using numerical integration (see, for example, Ref. 10 for a detailed discussion
of numerical integration applied to the finite-element method).

No mention has yet been made of the time domain. As will be shown in
Subsection A.3, in order to obtain the timewise solution of the governing
equations of motion for the structure, the nodal force vector corresponding to
externally-applied forces must be specified at discrete time 1instants, tm.
Thus Egs. A.54 through A.63 refer to the work of the externally-applied forces

at a particular instant in time when the spatial distributions of the forces are

L L L A A A .
Fx(s,z), Fy(s,z), Fz(s,z), Fx(g,n), Fy(E,n), FZ(EIH), etc. In general,these spatial
distributions may change at each discrete time instant and thus fc must be re-
evaluated for each element at each time instant using the spatial distributions

of the external forces at that time instant.

Some simplification of this calculation may be realized 1f the spatial
and temporal dependence of the external forces can be uncoupled. For 51Tplicity,
this saimplification will be 1llustrated only for the second integral of f (Eq. A.61);
but 1t shoEld be noted that the development holds for all integrals required to

calculate £. Assume, for example, that

9 ¢ _A 3y
, FA ) [ ?;Ct) o o Fx Cg);z)
A
) ,:YA>= o ) o |$F (50}
A A
L K , o = %(t)J F, (§>’C)J (a.64a)
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where gl(t), g.(t), and g3(t) are specified functions of time and Fi(i,n),
Fs(i,n), and Fz(g,n) are independent of time. In this case, the second inte-
gral of Eq. A.61 would become

’

. A
Lo 7(t.) o o || F ()
bK J 3 o A dedr
* [Ncgm] ©  #&t) °o YR
° O o %Ctm). L FZA(§)7L)

The area integral need be performed only once; the result is then appropriately

(A.64Db)

scaled by gl(tm), gz(tm), and 93(tm) at each time instant.

The greatest simplification of the calculation of fc comes when the un-
coupled timewise variation of the external forces 1s the same for all force

components, 1.e., when all force components may be expressed in the form

A 3 A \
F. ¢5,7,t) F ¢571)
Foes, 2,80 = ; F s, ¢ 7¢0
FZA(§,’Z,t)/ F;(g,»z)J (A.65)

In this case, the scalar g(tm) may be taken outside the integrals in Eg. A.61l.
It 1s easy to see that the element force vector (fc)t evaluated at any time

instant t_ is given by n

m (f'°>t,,.: 7(t")A£° (3.66)

where fc is given by Eg. A.63 and f 1s obtained from Eq. A.61 and need be
calculated only once for each transient analysis problem. It should be noted
that the use of Eq. A.65 implies that the shape of the applied force distribu-
tion 1s identical at all time steps, and that the magnitude of the applied

force distribution varies as some prescribed function of time, g(t).

The second (lumped) approach to the formulation of the nodal force vector
utilizes the same force distribution as the first (consistent) approach, but
a simplified assumption 1s used for the displacement distribution within the
element; the resulting force vectors will be loosely termed lumped force vectors

(as a result of the lumping or averaging schemes which will be used to describe
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the displacement distributions). Two types of displacement distribution

averaging, and the resulting nodal force vectors (to be denoted by le , and

fo2

), will be described. For the present development, there 1s no need to in-

troduce normalized coordinates; thus, the distribution of the components of

force at taime tm will be specified in the x, y, z coordinate system.

In the first lumping scheme, the displacement behavior within an ele-

ment 1s assumed to be constant over the element and equal to the algebraic

average of the current nodal displacements for the element. Thus the distri-

bution of the displacements u, v, w,9, and P in Eq. A.55 are given by

( ) (W,

u 3
v | 4 2
ﬁ w oo = —4T Z { W,
6 L:l ei
kW Vi

\

J

(A.67)

According to the nodal degree of freedom numbering scheme given in Eq. A.4,

Eg. A.67 can be written in matrix form as

¢ 3

6
\\VJ
where b 1s the Boolean matrix

[ 1 o o
@) [ o
b= o o |
o ©o O
o O o

b b=t[e b & 2]{3]

403

4
4

B #

(A.68)
®)
®)
(@)
o

(A.68a)
© |




Equation A.68 applies to the (averaged uniform) distribution of displacements
within the element and 1s in a form appropriate for substitution into the last
integral in Eq. A.55. For the second integral in Eg. A.55, only u, v, and w

are needed; in this case § in Eq. A.68 1is replaced by §3 where §3 is the first
three rows of §. For the first integral in Eg. A.55, the averaged uniform
displacement distribution along the loaded element side depends only on the
current displacements at the nodes along that side. In this case, the averaging
factor in Eq. A.68 is 1/2 instead of 1/4, and the form of §5 (replacing E in

Eq. A.68) depends on the element side being loaded:

siee1 : B¥=[ & b O o |
site2 : B°=[ o & b O]
side 3 : g"'z[o oLk k]
Side 4 : 55.-.[ b oo k] (3.69)

Equation A.68 (or the equivalent for the first and second integrals)
is substituted into the expression for the work of the external forces for

a typical nth element at time tm to give

b 1 ~L
(W)= L[ [T °3][he
n 4 2 2 J- o I © L dsdz
z L
-z © ©iIF, (s,z2)
o-z o]l Jt
a b A
T F CX)Y)
T g L " dxd
"1 2 * JJ FYAC";Y) ey
o © A
Fe oov) g,
h
a b < T 1¢ _B 3
I 0 o}|F (x z)
T 'Y
+ F BT'[‘ o I 0 XB dx dy dz
~ ~ 4 o o | <f‘_ycx‘,y)§)$
o 0 __g_ - % o (o FB
- XY &
| © "2 © \ 2 (9 )sz (a.70)
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The following vectors may be defined
] A L )

z
= _'_J j ELCS’Z) ds dz
z 5 —h Fy Cs,2)
Z

L
F;_ (s,z)

L
‘EE Cs,2)

>
-~

o

T

L
~zF, ¢s,2)
Y Jt (a.71a)

([ ~A )
J F,; (x,y) dx dy
5 ¢ B ooy
FzA(")Y)’

N

(A.71b)

;I N
— . B

B
Fy (x,¥,2)
< F:Cx,y,e)

0
>

~f

B
-2F ¢y,

B
—zr-; CX)Y:Z)

y Ve

(A.71c)

Then Eg. A.70 may be expressed in the form

T
(W)n = z iﬂ[ (A.72)

where fSU 1s the first type of lumped nodal load vector and is given by

5T 2 3T 2 T A
ij[ = g f,l_ *AB, ,fA +§ f, (A.73)

The operations shown in Eg. A.73 correspond to the proper positioning

and addition of the vectors fL' fA' and fB into the nodal loads vector f,Q,l'

The five entries in the fL vector are added into the five locations corresponding
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to the first five degrees of freedom at each of the nodes located along this
element edge. The three terms in EA are added into rows 1 through 3, 7 through
9, 13 through 15, and 19 through 21 in le (corresponding to displacements u,
v, and w at each node). The five terms in EB are added into rows 1 through 5,
7 through 11, 13 through 17, and 19 through 23 in le (corresponding to dis-
placements u, v, w, 8, and Y at each node).

The second type of lumped loading is established through an alternate
assumption for the displacement behavior in the element. First the undeformed
rectangular plate element is subdivided into four equal-size regions; using
the notation Ri to denote subregion i (associated with node i of the plate),
it is now assumed that the displacements within each subregion are constant
and equal to the value of the displacements at the node associated with that
subregion. If one thus defines
( E(LCS,E)
FL = FLCS,Z) (A.74a)
~ Y

FL ?
2 is,a)
-z E(Cs,;)

L
-z F CS,Z‘)
\ y J

A
F; (x,y) (A.74b)

j F cx, 90

FZA CX)Y)J

N

F* -

\

B
Fx (%Y%)
B
F, (x,v,2)
fB F;B(x,y,a) ’

(A.74c)

i

B
-z Fx (XJY;Z)

B
L -2 Fy (xlylz) )
Next by subdividing the line, area, and volume integrals of Eq. A.55, the

work of the external forces can be defined in the form

406



where £

f

~

where 1t should be noted that the length sl

associated with node 1.

~22

2=

7\
<
N
1l

_
T 1,

2

(A.75)

is the lumped nodal load vector of the second type and is given by
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j FEiA
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(A.76)

refers to the half-side lengths

Clearly the first vector corresponds to line loadings,

the second vector to loading distributed over the mid-surface of the plate,

and the third vector to loading distributed over the plate volume.

The difference between £

=2

and f

~22

may be summarized as follows:

at a

node, the lumped load 1is equal either to (1) one-quarter of the total load

integrated over the whole plate (for fll)' or (2) to the value of the load

integrated over one-quarter of the plate.
these two forms are equivalent.

form of lumping,

£
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For a constant load (in space},
Also, it should be expected that the second

. will be the more accurate of the two lumping schemes.



The preceding discussion pertains only to the spatial distributions of
the external force, and the forces defined should be viewed as being derived
on the basis of the force distributions at a particular instant in time. The
discussion of time dependence for the consistent loading vector and correspond-
1ng possible simplification also applies to the two alternate lumping schemes

and is, therefore, not repeated here.

A.l.3.5 Element Stiffness Matraix Corresponding to Elastic Restoring
Springs

In the PLATE program, linear elastic line restoring springs may be
specified. These line restoring springs are permitted to act only along
element boundaries. The variation of the work done by the restoring springs,

Swsp' 1s given by (writing - GWSP hereinafter for convenience)

-SW,= | (housus Avsos buwsus koo + Lyswds o

side o

where kx’ ky, and kz are the line translational spring constants (units of
1b/in per in of span) corresponding to springs oriented in the X, y, and z
directions, respectively; ke and kw are the line torsional spring constants
(units of in-lb/radian per in of span) corresponding to rotation about the

y and x axes, respectively; and the integration of Eg. A.77 extends over the
1 th side of the element (1=1,2,3, or 4).

For convenience, the normalized coordinate system (Subsection A.l.2)

and associated normalized nodal degrees of freedom are used. Then Eq. A.77

may be written in terms of normalized quantities in the matrix form
! [ b DN

£,
_S\/\S/P= lijlga §v §w §6 SL?J *v O
s

u
J v
k, ¢S
]
O # 4|l
_zz WJ
b J‘ (a.78)
L. Vd

~—
wOI
o

[V |
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where Zi is the length of element side 1.

ﬁ, G, 5, @, and @ must be expressed in terms of the normalized nodal

generalized displacements at the two nodes (1 and i+1) bounding element

side i.

€<l o g < wn®

The normalized displacements,

This relation for side 1 (for example) is given by

q (1-s) + 4, s

v, (1-s) + Y, 5

W(1-38+28)+ T (34-28) 45, (5284 8) +§ (-§+ )
0,(1-45+3)+ 8, (25 +3 &)+ W Eb65+ 6 £)+ % (65 - 657)

¥, (I-3s+25) + % (3 $-22) +:X-,l(s-zf+3) +%z(— f45)

and for side 4 (where £=0), the relation is

u (1-s) + 45

<i =l

gl

©I

v

In general,

-sw.=slz v,

v, (1=s) + -‘2;- s

w, (I1-35°+2.5%) + w,(35%-25) + W (s-25+ 53) + %(— &+ 53)
= Py, Py z
5, (l-3sz+253) + 94_(352—253> +x'(5‘2$z+53) +x4(—s + 53)

Y, (1-45+3 &)+ g-ﬁ,, (2s+3 sz)+ W (~és+é?)+\7/4 (55-4 sz)

these relations are written 1n matrix form:

/

\

<l @i €l < s

N

/

3

o

—

(2]

Vait Y J

Li/l.+l }
When Eqg. A.81 1is substituted into Eq. A.78, - avgp becomes

A

o

\4 |

C

Sp

IIN°]

ds
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The normalized nodal generalized displacements are then expressed in terms

of nodal displacements ui, vl... as

, \ ¢ 3 4 W

Q, ¢ ©;
~— v
v, Vi ¢
— w; (A.83)
w, W
; t o [ }
J - =\~ ¢ > = 4
Yin e o t Uit T vht 0
Vit ~ Vis Vit
LV:.-H ) L %4.: J . L’VL-H J
~
where the diagonal matrix, t, is defined in Eg. A.52¢. Substituting Eqg. A.83
into Eq. A.82 yields ( w; ]
. v‘
§ 1
- = s v e W
SM./SP u’i V‘ L“.“ i+ %“H 'ésp < >
U, 4 (A.84)
Vidy
HUL'-H )

i, . .
where [k p] is the compacted stiffness matrix corresponding to line elastic
S

restoring springs on element side i, and is given by

T

(41 = [TT[4,][T] o

S

The compacted matrix [Esp] has been obtained analytically and is given
in Table A.la for element sides 1 and 3, and in Table A.lb for element sides
2 and 4. The variation of work, -GWSP, can be related to all of the element

nodal displacements, q by

-S\/\/sP= § %T [,)%sp] 7 (a.86)
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by "assembling" (relocating and adding in) the entries in the compacted
matrices k_or k' into the element spring-stiffness matrix, k . To aid in
~Sp ~Sp —_— ~Sp

this assembly process, the rows and columns of Egpglven in Table A.l are

labelled with the appropriate nodal displacements.

A.2 Formulations for Stiffened Rectangular Plate Elements

The PLATE program accommodates integrally-stiffened flat plates where
the stiffeners must be oriented in the x and/or y directions. Other assump-
tions related to geometry and deformation behavior of the stiffeners are given
in Subsection 2.1.

In the PLATE program, the stiffened plate element is developed by super-
imposing an unstiffened plate element and a compatibly derived beam element.
The formulation of straight beam elements by the assumed-displacement model
is a straightforward process and is detailed in most texts on finite-element
analysis methods. For the present case, the stiffener (or stiffeners) located
on a particular element will be assumed to contribute only to the kinetic
energy (mass matrix) and the internal work of the stresses (stiffness matrix
and equivalent nodal loads corresponding to nonlinear effects). The stiffener
1s assumed to have no effect on the work of the external forces or the work of
the line restoraing springs; thus, the developments in Subsections A.l.3.4
and A.1l.3.5 apply to both unstiffened and stiffened plates.

Before presenting details of the formulation of the stiffener contribu-
tions, some comments regarding the interpolation assumption for the stiffeners
should be made. In order to calculate the property matrices for a stiffener,
the geometry (rectangular cross-section width and height) and location of the
stiffener (ns for x-direction stiffeners, and ES for y-direction stiffeners)
and the z-location (top or bottom of the plate) must be known.

Because the stiffener is assumed to be perfectly bonded to the plate,
the displacement interpolation assumption of Egs. A.1l7 can be utilized to
determine the distribution of any component of displacement within the
stiffener in terms of al, &2 .o &24. For x-direction stiffeners, n=ns and
£ is the variable; for y-direction stiffeners, E=€S and N 1s the varaiable;
in both cases, the z-integrations will extend over the height of the stiffener

(note that the reference z=0 1s located at the midsurface of the plate). Once
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the element stiffness and mass matrices are defined in terms of &l' &2 .o &24,
Egs. A.19 and A.52a are used to transform these into a final form which is
fully compatible with the stiffness and mass matrices of the unstiffened plate
element (1.e. expressed in terms of the nodal displacements of the plate
element). The stiffness (or mass) matrix for the stiffened plate 1s then
obtained by adding together the stiffness (or mass) matrices of the stiffener

and the unstiffened plate element to which it is attached.

A.2.1 Stiffener Mass Matrix

The consistent mass matrix for a stiffener is derived from the expression

for the kinetic energy, (T)s, which for a typical stiffener element 1is

L
(T) '—"—j jé“fé[(&c-—zé)z+(\}-z¢)z+ Wz]d.Ads (A.87)
S > As
where As and ps are the stiffener cross-sectional area and mass per unit

volume. Introducing normalized coordinates and normalized displacements

and integrating over the cross-section of the stiffener, Eq. A.87 can be

written in the following matrix form: ()
[ “
( _ | ZHLHLLJ[NS]V
T) == uvwevw m> L =\ ds
5 nga ot (a.88)
o
-G}-l

where 25 is the length of the stiffener (= a for x-direction stiffeners,

=b for y-direction stiffeners), and

- A -
5 SYMM.
o A
[ %s] = @ @, A (A.89)
9) |
s o o 3
AN “ I
o == o0 O bi
- i
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In Eg. A.89, Is is the cross-sectional area moment of inertia of the
stiffener, and As 1s the distance along the z axis from the plate reference
surface to the centroid of the stiffener. It should be noted that for
x-direction stiffeners, ds (Eq. A.88) 1s equal to df, and 1s equal to dn
for y-direction stiffeners.

By substituting Eg. A.25 (evaluated at the stiffener location) into
Eg. A.88 and applying Egs. A.19 and A.27, the expression for the kinetic
energy can be written in terms of the nodal generalized velocities of the

plate element to which the stiffener is attached as:

<T>s= _;'_' ZT e ¢ (2.90)

”~v

where mz is the consistent element mass matrix for the stiffener and is given

by !
S T, _~1J T i
=2 AT (G ) [Nom Ny 4G T oo

for x-direction stiffeners and
]

T, _-I\T T -1
mi=p LAT (G ) NG NG, T &

o
for y-direction stiffeners.

A lumped (diagonal) mass matrix can also be formed for the stiffener
element by proportionally lumping the total mass properties of the stiffener
to the four corner nodes of the plate element to which 1t is attached. The
lumped mass matrix is of the form

8 O
£ ;'\45 (3.92)

Il
N
2

3
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where

N -
As L
2
Aszs
2
As ls (A.92a)
mS = z

and where the multiplying factors f£., £ £_, and f4 depend on the type and

1 2’ 73
location of the stiffener and are assigned values as follows:

Stiffener f1 f2 f; f4
x-direction (1-ns) (l-ns) Ng Ng
y-direction (l—Es) Es &g (1-€))

A.2.2 Element Equivalent Loads Corresponding to Nonlinear Effects

For the present beam-type stiffeners, the expression for the variation

of the work of the stresses within the element is

2
SU = Vs 5 JSO' Se dsd= (A.93)

2 0

where W is the width of the stiffener and where 0 and € are the stress and
strain in the direction of the stiffener. The correspeonding stress-strain

relation is

J:Es(é'—é)’) = Es(e—z/f—g") (A.94)

where E is Young's modulus of the sth stiffener. When Eq. A.94 1s
substituted into Eq. A.93, the expression for U reads
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£,
WsjjES(G“ZK-gP)S(é—Zk)JSJE

z 0

sU =

The pertinent strain-displacement relations of Egs. A.8 and A.9

(exx and Kxx for x-direction stiffeners, and € and K __ for y-direction

(A.95)

stiffeners) are substituted into Eg. A.95 to yield

SU = §¢

Va4

NL
",gs Z' —SZT fs

(A.96)

where k_ is the stiffness matrix of the s th stiffener (and is discussed in

the next subsection) and sz 1s the vector of equivalent nodal forces for

the s th stiffener corresponding to nonlinear geometric and material effects.

For x-direction stiffeners sz is given by

- T 2
pel e C (D] [ -
s s s\{ EL.(§77%) S - _iéffi dx
L D'](;),[S). Neexx—Ase/zxx
@ T
- . wb
+E %J D,(s,75) ) ~£ Eex dz dx (a.97)
[
s IBGB)] |-[8Fde
. Z
~p
B | (B }(6 [ 8 4a) e
°
and for y-direction stiffeners is given by 2
F e | =
NL kA zZ 2
=—EA j zsy 7\5W
" } s IDGL) | YT Tz dy
D6(5,7) | lye,~AY A,
b 3 1T ~P
D, (55,%) ;{ Eyy d2 d
+ ~ y .
Es“éj D) | -] 2 &) de A-99)

+
m
R
Q &y

b
{Ds(fsﬁz)}(vi gyPr ‘“) 4y
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The calculation of fgL for a stiffener follows essentially the same
steps as for the plate elements except that the integrations now extend only
along the stiffener direction and through-the-thickness. The reader is

invited to consult Subsection A.l1.3.2 for a general discussion.

A.2.3 Element Stiffness Matrix

The stiffness matrix contributions for a stiffener correspond to the
term Gqusq in Eq. A.96 and can be derived from the linear term in the strain-

displacement relation. From Eg. A.95 and A.96

)
s
T
S% 7@5 '3 =WSS J Es(é"i';f)SCG-é/f) dsdz (A.99)
~ Z2 0
or, since E is assumed to be constant over the stiffener, and integrating

over the stiffener thickness:

% A ~A A [e

SZ-T £, F = Esjgl_é ZJ “A I % ds (A.100)
s s

o

The interpolations used for the normal strain, €, and curvature, K, must be
compatible with that used for the plate element since perfect bonding is
assumed at the plate/stiffener interface. Thus, the strain and curvature
are evaluated from the displacement interpolations of Egs. A.l7. For an

x-direction stiffener:

Qu ] 2« 3(2-*-750(4- Lol

EEE"X:-S;-::ag = = (A.10la)
— 28 _ 195 _ l - +7 - 2 —
;f=}’fxx= ox & o5 & 2% ¥2 2% %is 2 %5 %y

- - 2 — 3_ 3 _ (A.101b)
-+l;§.OQ8'+¢;5R25CXZo +6 §:73 c‘zz'+2253:c§3 +'6éf?3 °§p4:>
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and for a y-direction stiffener:

_dv _ 2v _ K1t5 %

€ =€, = 5y © 37 D (A.102a)
- _ oy ] oy I - -
Koy =g = (2% 255 +25 R,

or in matrix form

p= -
= D « (A.103)
A ~o

where D 1s obtained from Egs. A.1l0l for x-direction stiffeners or from
Egs. A.102 for y-direction stiffeners.

When Eq. A.103 is substituted into Eq. A.100, the resulting expression
is
4 (A.104)
o "

T -
SESERE

where

- A, -As D
4 = E J PT s TAsAs D ds (A.105)
_As)s Is s

Finally, the stiffness matrix is obtained by relating g to g through Egs. A.1l9
and A.27 and 1s given by )
T, - =
£=T(G) %2 &7
The stiffness matrix for both x- and y-direction stiffeners is, therefore,

related to the generalized nodal displacement parameters of the plate element
to which they are attached. As a result, the stiffness matrix of a stiffened
plate element can be formed by adding the stiffness matrix of the unstiffened
plate and the stiffness matrix of each stiffener. Alternatively, unstiffened
plate and stiffener elements can be processed separately. In the PLATE

program, the latter approach is used.
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A.3 Formation and Solution of the Governing Dynamic Equations for the

Structure

The governing equations of motion for the discretized plate structure
are obtained by applying the Principle of Virtual Work and D'Alembert's
Principle to give

np
> s5(ng +hsrtg-L-1")
n=l| ~ ~ ~

”~

b4
n Ng (a.107)
i T - NL T - NL
+ (m - -+ (m - —

n=1 SZX "'5?, * ’gs r% -FS ) nZ='l Sg "”Z"'{?SZ' -Fs =0
where np, ns, nz are the number of plate elements, x-direction stiffeners,
and y-direction stiffeners, respectively. The nodal generalized displacements,

q, (and accelerations, q) for each element are then related to the global

generalized displacements, g*, by

2 - J ¢ (3.108)

NN

where J 1s a Boolean matrix. The indicated summations are then performed;
this operation 1is the usual element "assembly" procedure. After assembly,
the following matrix equation results, which governs the dynamic, large-

deflection, elastic-plastic response of the plate structure;

M % 4 K Z_* — E + E"“- (A.109)

~ A
where

g*,é* = vector of generalized nodal displacements and accelerations,
respectively, for the assembled structure.

M = assembled mass matrix for the structure.

5 = assembled elastic stiffness matrix for the structure, including
the effective stiffness supplied by the line restoring springs.

E = vector of nodal forces for the structure corresponding to
prescribed externally-applied forces.

{NL = vector of nodal equivalent forces for the structure correspond-

ing to geometric and material nonlinear effects.

418



The solution of the dynamic equation of motion (Eg. A.109) can be
accomplished by applying a direct timewise integration scheme. In this
scheme, the time derivatives of the nodal displacement vector (§* and é*)
are expressed at a discrete time instant in terms of the nodal displacements
at several nearby discrete time instants. When substituted into the govern-
1ng equation of motion, a recurrence relation is obtained from which displace-
ments can be calculated at each discrete time instant.

In the PLATE program, the (implicit) Houbolt operator is used, so that

the accelerations g* at time tm+ are expressed by a 4-point backward-difference

1
formula:
s * I # * * * 2
= - - - + O(at
f%m*'l (At)z (Z ,é}m-(-l 5 zm + 4 Zm-l Zm_z > O( ) (A. llO)

The velocities é;+l at time E“+ can be expressed by the following 3-point

1
backward-difference formula having the same truncation error as §;+l

?‘.:;l: lelt (3 ?‘:+l_4 ?: * %,:.l ) + O(Atz) (A.111)

For convenience, (particularly, as will be seen in Appendix B, for impact
.
analysis) the terms in Eq. A.110 can be regrouped so that 3m+l at time tm+l

can also be related to é$ at time tm;

7 [2(%0 - g +[-3 54 fu ~ Fre ]

m+] =
(At)z (A.112)

i * >* 2 . K
G (B 8w A

Equation A.109 can be written to express dynamic equilibrium at time

tm+l as

I\/C] 7’* + 5 7.* =F + F (A.113)

Lm+l imrl A7 M A M+|

Equation A.112 is then substituted into Eg. A.113 and the terms regrouped

to give
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2 _r +FNL Lz M(%:-’-AL'I: %’:‘) (a.114)

(At)z ™ ~ ?m-ﬂ ~mtl et At~

The recurrence relation given by Eq. A.11l4 can be solved at each time

step for the unknown displacements qm +1 at time t ; based on the knowledge

+1

F .
of §m+l' Fel’ qm and qm Once qm 1 1s determlned, the velocities, qm+l

can be obtained from Eg. A.1lll, and the solution advanced to the next time
instant. This process is repeated until some specified termination point i1s
reached.

Several comments concerning the solution by Eq. A.ll4 are needed. The
quantities F 1’ ér:' and q{t"\ on the right side of Eq. A.1l1l4 are known (or user

specified in the case of F and q;) at time t , but the vector of

¢ g%,
m+l" <o NL

. ) - * .
equivalent forces corresponding to nonlinear effects, §m+l §m+l (gm+l) is

a function of q;l 1 and 1s thus not known. Consequently, either some form of
extrapolation or extrapolation with 1iteration 1is required to calculate FNEl

In the PLATE program, a linear extrapolation is used with no iteration so

that FNL in Eq. A.114 1s replaced by

~m+1
NL . NL NL
- Z F' - F-' (A.115)
~m=+l A m A~ Mm=i
Equation A.l1l14 may be used for times t such that m+12 2. For earlier

M+1
times, however, a starting procedure must be used; that chosen procedure is as

follows [4]. Use the central-difference operator to write:

.. ¥ - 2%, t ¥ 2 (A.115a)
= = - = + Q(at
ﬁo (42)? )
and a mixed operator to obtain
. 2%, +3%, 6§, +F%-2 2
= — = — = 4 .
Za T + O(4¢) (A.115b)
From Eq. A.ll5a, one obtains
At)z 2 ( )
= + 2 - A.1ll1l5c
( zo ’Z:O Zl
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Applying Eq. A.11l5¢c to Eg. A.l115b, one finds

2
= 4 (At) 2 ; -
Z:z ( )Z—o‘*‘éﬁtz-a + ‘72-0 82’-_1 (A.1154)
Since él 1s given by the Houbolt operator as
g = 2% 5 E, 4 E ~F-2
ol (At)z

one can use Egs. A.ll5¢c, A.115d, and A.l1l5e to write the finite-difference

(A.115e)

equations of motion at time tl {i.e. m+l=1l) as

(¢M +@t) K) g :(At)z(f‘ + M)

o (A.116)

+ M(Z(At)zi-jé(zlt) 7 +6 7)

where F?L has been approximated (replaced) by its value at t=O:F§L and &o 1s

found from the basic equation of motion written at time t=0:

.o NL
Mg +K¢g =F + F (3.117)
N~ Ao ~ O ~e ~ o

NL v
Since qo, Fo and Fo are all prescribed, one can find qo. Then, one can
.2
3
Eg. A.l116 are either prescribed or otherwise known. Now one can evaluate

FNL. Next, one can find él by using the Houbolt operator:

calculate from Eq. A.116 since all quantities on the right-hand side of

~1
. 3¢, 4% Tt F_
% = ad e A (a.118)
7} 2 At

where q_; 1s given by Eg. A.1l15c. This ends the starting procedure.

Thereafter one uses Eg. A.ll4 as modified by Eg. A.1l1l5, followed by

, t., ... to obtain the transient response

Eg. A.l1lll for times t2, t3 4

solution.
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The matrices g and §, and the time-step size, At, are held constant
throughout the timewise solution. In order to solve Eg. A.ll4 for g$+l, the
triple-factoring form of Gauss-Jordan elimination is used. The matrix sum
P_EE M+ §] 1s thus formed and factored prior to the first time step. At
eégh time step, g$+l is obtained by a back-substitution operation. The
increased computation time and storage realized when using a consistent
(fully populated) element mass matrix formulation instead of a lumped
(diagonal) element mass matrix formulation is also evidenced by Eq. A.1l1l4.
In the case of a lumped mass formulation, the storage requirements for g
are the same as for a vector of length equal to the total number of degrees
of freedom, whereas if a consistent mass formulation is used, g requires the
same storage space as E which could be as high as 2 to 3 orders of magnitude
greater than the total number of degrees of freedom. Also, the matrix

product M&;, for example, will require more computation time when a consistent

mass formulation i1is used.

A.4 Description of the Mechanical-Sublayer Material Model

In the present analysis, the strain-hardening behavior of the materaial
1s characterized by using the mechanical sublayer material model [6,7]T In
this model, the uniaxial stress-strain curve (tension or compression ) 1is
first approximated by (n+l) piecewise-linear segments defined at the coordi-
nates (dk,ek), k=1,2,3 ... n as shown in Fig. A.la. Next the material 1is
conceived of as behaving at any material point as n equally-strained
"sublayers" of elastic, perfectly-plastic behavior, with each sublayer having
the same elastic modulus, E, but an appropriately different static yield stress,

o] (see Fig. A.lb) given by

ok’

+ ,
See page 6 for pertinent comments and additional references.
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O;A #=E é,,& 2;3;_ e n) (A.119a)

( df = |,

7E;r application to uniaxial conditions, but by

E(z-?) £ E; (A.119b)
=B ey & (-0l - o]

for application to multiaxial conditions [7,14]. The stress value, Crk,
associated with the kth sublayer can be defined uniquely by the strain

history and the value of the strain and strain-rate present at that point.
The stress, 0, at that material point corresponding to strain, €, 1s then

obtained as a weighted average of the stresses Ok(e) in each sublayer

n

o (€) =D Qk G, &)

F=i (A.120)

where the weighting factor Ck for the kth sublayer for uniaxial applications

1s given by

EJZ ~ EAHI
E

(A.120a)

C’k:

and that for application to multiaxial conditions is given by

2z £=1
C | — 5 (1+) Eﬂf"" _Z C (A.120b)
g E-2(L_5\E . 7
3 (?! j)) A+ 1”‘

and where

Ty — 0
= — # A£-1 —
E’—E ) E‘k— Gﬂ-é‘*_’ (ﬁ:z,s,..-,n),'E;H_‘—O (A.120 )
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Two special subcases are evident; for elastic, perfectly-plastic materials
only one sublayer 1is required, and for elastic, linear strain-hardening
materials two sublayers are required with the value of the yield stress 1in
the second sublayer taken sufficiently high so that the behavior in that
sublayer remains elastic.

The relation between sublayer stresses and material point stress given
by Eq. A.120 is wratten in terms of uniaxial stresses. For the plane-stress
state i1n the plate elements, 1t is assumed that the uniaxial stresses 1in

Eqg. A.120 may be replaced by the corresponding stress vectors so that

0.__ Z C g (’6") (a.121)
A=

where Gk 1s the vector of stresses in the kth sublayer and 0 1s the vector

of stresses at the material point.

Strain-rate effects may also be easily accommodated in the mechanical

sublayer model, by assuming that the yield stress in each sublayer follows

the relation

|
E |P
04-6 = O (| +{— (a.122)
Y ok D
where D and p are material constants and Gy is the current yield stress in
<k
sublayer k corresponding to a strain-rate €, and Gok is the static yield

stress of sublayer k. PFigures A.2a and A.2b 1llustrate the strain-rate

effects for an elastic, perfectly-plastic material, and for a strain-hardening

material which 1s represented by the mechanical sublayer model, respectively.
It should be noted that the material strain-rate parameters D and p

are assumed in the PLATE code to be identical for each mechanical sublayer

for a given material type. More comprehensive strain-rate behavior could

be accommodated in the future by assuming different values of D and p in each

sublayer. Also, the equivalent uniaxial strain rate € for the thin plate under

the Kirchhoff assumption of no transverse normal or shear st¥a1n rate is calcu-

lated by Fa

E = —%— <A€)) (Ae ) Ae Aéyy 4_(46) (A.123)

t
where A( ) are the increments of ( ) over the current time step. The value
of each incremental strain can be obtained from Egs. A.l12, and the value of

€ calculated from Eq. A.123 is then used in Eq. A.122.

+
See pp. 35~45 of Ref, 28.
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Note, as depicted in Fig. A.lc, that unloading, reversed loading and
straining, relocading, etc. are accounted for very simply and efficiently
(computationally) by this model. As noted in Subsection 2.1, this mechanical-
sublayer material model accounts 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 devised to date appears to represent these features

as fairthfully and efficiently as does the mechanical-sublayer model.

A.5 Evaluation of the Elastic Strain Energy

The elastic strain energy per unit volume i1s given, in general, for

1sotropic material by:

— { 2
===, +t Tt ]-—- [a‘ g
U ZE[ vy T%2 ) TE L%y Ty %t % ”x'x]
+ | [ Z + o 2 o 2 ]
—_ +
Zg L Xy Y® zX (A.124)
A.5.1 Plate Element Evaluation
For the plane stress (plate element) state where ¢ =0 =g =0,
zz Zx zy
this reduces to:
(A.125)

— !
U=3E 7)’] Elaogyl+zla)]

Hence, for a plate element of dimensions a, b, h in directions x, y, and

z respectively, the elastic straln energy in the plate element becomes

U= j”udv f j—f O dx dy d=

~L
z
+1 +1 +l

abh I + 22 —L-O} d3dsdz
=5 [z2(% 77)“7;—‘ Gy Tz v JREYEE
~ ~ -

(A.126)
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where x = x/(a/2), § = y/(b/2), and z = z/(h/2). The quantity U for each
plate element is evaluated by Gaussian quadrature with 3 x-direction, 3 y-
direction, and 4 depthwise Gaussian stations at each of the 9 spanwise Gaussian

stations.

A.5.2 Evaluation for Stiffener Elements

Each stiffener behaves in a Bernoulli-Euler fashion. Hence, only the
axial stress (Uxx for an x-direction stiffener or ny for a y-direction
stiffener) contributes to the elastic strain energy. Accordingly for an

x-direction stiffener of length ls’ width W and height hs' the elastic

strain energy is given by + _!_s + %s_
Z
~ %
= U dxdydz = v J J 2 dx d=
y , ZE
=5 -3
2 2
+1 +1 2

=_“’S'Z;"sj J_.aix_dgdi

4
|

(a.127)

where § = x/(%s/Z) and T = z/(hs/2). In the computer program, U is evaluated
by Gaussian quadrative by using 4 depthwise Gaussian stations at each of 3

spanwise Gaussian stations.

A.6 Comments on Estimating the Plastic Work

For calculation convenience, the plastic work in the entire structure
is evaluated at each time instant in an indirect fashion. For example, if
the structure were subjected to only a prescribed initial velocity distri-
bution, one would evaluate the associated initial kinetic energy (KEO);
thereafter at any time instant, one would evaluate (a) the total kinetic
energy (KE) (b) the total elastic strain energy EE. Then the Plastic Work

(PW) is estimated from

pw = (KE), - KE - EE (8120
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On the other hand 1f the structure were subjected only to a prescribed
distribution and time history of externally applied forces, the work done on
the structure by those forces from time zero until the present instant of taime
is computed and saved; this is called the work input (WI). In this case, the

plastic work is estimated from:
PW = wI-—- KE —EE (A.129)

The work input (WI) to the structure by, for example, the externally
applied loads {F} may be evaluated by using

WTI = J [FJ{%} AT (A.130)

]
where for evaluations up to time instant tn = nAt, one may use the trape-

zoidal rule to write

4t
WI(tn)zéZE(Ho+H,)+—Z(H‘+H2)+ coet A—}(Hnj Hn) (a.131)

where Ho= ]_Fa J{ﬁ;} = power input at t=0

H'=LF,J{7-J} = power input at t = 1At

rl

WI Co) =0

This is the procedure employed in the computer program.
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APPENDIX B

GOVERNING EQUATIONS ON WHICH THE CIVM-PLATE PROGRAM IS BASED

B.1l Introduction

The CIVM-PLATE program is designed to predict the large-deflection,
elastic-plastic, transient responses of stiffened and/or unstiffened
initially-flat plates subjected to impact by an idealized rigid spherical
fragment having specified translational and/or rotational velocity components
prior to impact. Much of the theoretical basis of the CIVM-PLATE program is
1dentical to that of the PLATE program; this 1s evidenced by the large
number of computer subroutines shared by the PLATE and CIVM-PLATE program
(see Sections 3 and 6). The key difference between the two programs is the
cause of structural response. In the PLATE program, structural response 1s
a result of prescribed initial nodal velocities or prescribed externally-
applied forces. In the CIVM-PLATE program, structural response is a result
of fragment/plate impact and interaction; no other form of "external loading"
1s permitted.

The governing equations used to formulate the element property matrices
for unstiffened and stiffened plate elements also apply to the CIVM-PLATE
program and the reader is invited to consult Subsections A.l and A.2 for
a discussion of these developments. However, the following exceptions should
be noted. Since no externally-applied forces are allowed in the CIVM-PLATE
program, the development of nodal force vectors given in Subsection A.1.3.4
is not required in the CIVM-PLATE program. Also, in order that the mass
properties of the plate used in the transient structural response calculations
be consistent with those assumed in the impact-interaction calculations,
only lumped (diagonal) mass matrices (Eqs. A.30 and A.31, and A.92) are used
in the CIVM-PLATE program.

To predict the transient response of the plate structure, programming
logic must be introduced which (1) detects the time and location on the plate
of a plate/fragment collision, (2) predicts the interaction between the plate

and fragment during the collision, and (3) moves the transient structural
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response calculations ahead in time. The formulation of the equations
governing the collision inspection/interaction analysis 1s given in Subsec-
tion B.2, and a description of the solution of the governing dynamic equa-
tions of motion of the rigid fragment and the structure 1s given 1in
Subsection B.3. Finally, the step-by-step program flow of the collision
inspection/interaction analysis 1s discussed in Subsection B.4.

A detailed list of the assumptions which apply to the collision
inspection/interaction analysis as well as a terse description of each of
these procedures is given in Subsection 2.4. It is recommended that the

information in that subsection as well as Fig. 7 be reviewed.

B.2 Plate/Fragment Collision Inspection/Interaction Analysis

B.2.1 Inspection for Location of Plate/Fragment Collision

The first task in the collision inspection/interaction analysis 1s to
determine 1f a plate/fragment collision has occurred during the current time
step and, 1f so, to determine the position on the plate where the collision
occurs; this 1s a problem of geometry. Previous inspection schemes for two-
dimensional beam/ring impact codes such as CIVM-JET 4B [3] and CIVM-JET 5B
[ 4] have been based on the approximation that the deformed beam/ring element
1s straight (for the sake of inspection calculations only); these schemes
attempt not only to determine the point of collision but also to calculate
the approximate instant of the time of collision. Such techniques require
a knowledge (or assumption) of the structure nodal and fragment centroidal
location as a function of time within each time step.

The calculation of the instant of collision is deemed not practical at
present for plate/fragment impact problems. Instead, trial positions for the
plate nodes and the centroid of the spherical fragment at the end of a time
step are calculated. Based on these trial positions and various simplifying
assumptions on the space occupancy of the plate elements between nodes, the
space occupancy of the plate elements and the spherical fragment are compared;
if any overlap of the plate and fragment are detected, a collision is said
to have occurred during that time step. No attempt is made to calculate the

precise instant in time of plate/fragment collision. Instead, the collision
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1s assumed to have occurred at the beginning of the time step, and the
corrections invoked as a result of the impact interaction analysis are

enforced at the beginning of the time step.

The_lnép;ction for plate fragment overlap is based on cur}ent trial
positions of the plate nodes and fragment centroid at the end of each time
step; time as a variable does not enter into these calculations. The
inspection for position (on the plate) of plate/fragment overlap
can be accomplished by inspecting for overlap in each element. However,
this potentially time-consuming inspection process has been simplified in
the CIVM-PLATE program. First, the distance from the fragment centroid
to each nodal position is calculated and the node closest to the fragment
centroid is identified. The plate/fragment overlap (1f any) should
be found in one of the elements connected to the identified node. At most,
four plate elements can be connected to the identified node and thus the
inspection is carried out element by element over these four (or fewer)
elements.

The inspection procedure within each element must be simplified further.
Prior to initial impact each plate element is flat, of rectangular planform,
and of uniform thickness. After deformation the space occupancy of a single
element is complicated and is a combination of the plate initial coordinates
pPlus the assumed deformation shapes given by Egs. A.3. Inspection using
this complicated surface has been judged to be impractical and inefficient.
Instead, the following simplified geometry has been used; as discussed in
Subsection 2.4, the plate element is subdivided into two triangles using the
convention shown in Fig. 6. A planar triangular region is then defined by
the current location of the three nodes associated with the triangle. The
inspection for each element is thus divided into two inspections, each over
a triangular region. The remainder of this subsection is devoted to the
presentation of the equations which may be used to determine whether overlap
between the spherical fragment and a triangular planar region, and, if so,

to calculate the amount of this overlap.
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Assume a triangular planar region of uniform thickness, h, in global
X,¥,2 space with the midsurface defined by the coordinates (xi,yi), i=1,2,3
of the corners of the triangle. The idealized rigid spherical fragment of
radius R 1s located by the coordinates (xf,yf,zf) of its centroid (Fig. 5)
relative to the same global x,y,z system. The nodal numbering sequence for
either triangular inspection subregion has been chosen (see Fig. B.l) in such
a way that a Vector,'v;, which is normal to the triangular region (and
therefore normal to the plane defined by the triangular region) can be defined

by the vector cross-product

— et —
vV, = \/,z X \{5 (B.1)
— —t
where V12 1s the vector from node 1 to node 2 and V13 1s the vector from

node 1 to node 3 of the traiangle. The vectoriv; will be directed toward the

outer surface of the plate, and it 1s assumed that impact always occurs on

the inner surface of the plate. The vectors 512 and'613 can be defined in

terms of the global coordinates of the nodes of the triangle. Using the

notation xlj=xl-xJ etc. to define the difference between nodal coordinates,

the vector'v; can be evaluated from Eq. B.l and is given by

i A A A
Vi=AL +By +C 4 (B.2)
where 1,3,% are unit vectors in the global x,v, and z directions and

A= Y1 230 T Vo B (B.2a)
f; = &3) Zy =~ Xz 231
C: = xz: y%l - xgj Yai

A coordinate transformation is required (for the later stages of collision
inspection and for all phases of collision interaction to a system X § z such
that the z axis (or N axis, as used in the impact interaction analysis) is
normal to plane of impact (in the triangular region where overlap occurs) and
the x and § axes lie in the impacted plane. This coordinate transformation
will now be deraived.

The vectoriv; 1s normal to triangular plane and is directed along the z

ax1s. The unit vector k in the z direction can then be defined from Eq. B.2 as
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A
) A 4 B 4 C A
= iz—- ¢+ Tzr~ 4 + —]?‘ 4% (B.3)
3 3 N 3
where 23 1s the length of the vector Vn and is given by

3

In order to define the x and § coordinates which lie in the plane of the

Z = [Az... B? cz]% (B.3a)

triangle, one of these directions may be chosen arbitrarily; in the present
case, it is assumed that the x axis is directed from node 1 to node 2 of the

triangle. The vector V 1s thus directed along the X axis and the unit

12
vector 1 along the X axis can be defined as

2 Xz21 A 221 A 21 ;é (B.4)
c =Tttt T
! ! s
where 21 1s the length of the vector-;;l2 given by
]
L, = z 2 z ]% (B. 4a)
P X + Yo T 2, -4a

~ A ~

The unit vector 5 along the § ax1s can then be defined in terms of k and i

by the vector cross-product
A A A

Fo= £ x (B.5)
which upon substitution of Eqs. B.3 and B.4 becomes
% _ (Bz,~Cx) A +(sz,-Azz,) A, (Ayz," B xyy) y
L4, 2, 1, 1 7 7

The coordinate transformation matrix can now be defined. Consider any

(B.5a)

vector V having components (Vx,vy,vz) in the xyz coordinate system, and
components (Gx'ey'ez) in the x § z coordinate system. The vector v may be
written in terms of components in either coordinate system and therefore

the following equality must hold:

A

%+.\-/;,3r+\72,2-_—\4',}+\/y§+\42 (B.6)

x<l
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The relation between components (V ,Vy,V ) and (V ,Vy,V ) is obtained by flrst

dotting both sides of Eg. B.6 by 1, then dottlng both sides of Eq. B.6 by ],

and finally, dotting both sides of Eg. B.6 by k.

obtained can be written in matrix form as

~

or

<l

W< <L

> >
a

"
o> Xy >

o>

Y

add Wy ™D
N NECUTEIEN PN

The three equations thus

.

(8.7)

> > &>
NP N> w>

e XK

(B.7a)

The matrix T is the required transformation matrix to obtain components of

a vector in the x § z coordinate system in terms of components in the xyz

coordinate system.

T is an orthogonal matrix (having the property that T

4

TV

The inverse of Eq. B.7a can be obtained by noting that

"1y so that

(B.7b)

The unit vector dot products in Eq. B.7 can be evaluated from Egs. B.3, B.4,

and B.5a giving T in terms of known nodal ccordinates (and other previously-

defined quantities related to nodal coordinates) by

[

N
i

X2y

£,
<]322f'C:)&)

Yzy
L,

(C xy-Azy,)

F 4

£,
(A Y2~ B le>

(B.8)

‘21‘23

A
”Z3

7 4

B
2

77,

C
2y

-

The perpendicular distance, dfp' between the fragment centroid and the

plane of the triangle can be calculated by noting that by applying the above

coordinate transformation, the triangular region now lies in a z =
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plane. The distance dfp can be calculated as the difference between the z

location of the fragment centroid (obtained by transformation of the fragment

centroid coordinates Xer Yor and z_ using the last row of T and Eq. B.7a) and

£
the z location of any triangle node (here the z location of node 1 is used,

obtained by using the last row of T and Eq. B.7a). Adopting the convention

that a negative value of d_.  implies that the fragment centroid is below the
tp

plate (in a negative z direction from the plate), dfp 1s given by

d\cp = 2';-2' =_’;:(X,c"‘.) +T,0%-v.) + T, (Z;‘ z,)

A(X;'Xl) + B()’;" YI) +C (z.‘:-zl)
[Az + B + C* ]_i

, the penetration distance, do

(B.9)

Using the above-mentioned convention for 4

fp
(amount of plate/fragment overlap), can be calculated as
+)
= (r + d (8.10)
do ( T2 fp
where r_ 1s the radius of the rigid spherical fragment and h is the (constant)

£
thickness of the plate.

Impact can occur only if do is positive. If do-i 0, no further inspec-
tion is required; overlap cannot occur. If do is positive, this implies that
overlap occurs at some point located by coordinates (xn,yn,zn) in the plane
which includes the triangular region. The coordinates (xn,yn,zn) of the
point on the plane which 1s along the normal line from (xf,yf,zf) to the
plane and at which the overlap do is obtained must be found. The vector

from (x zf) to xn,yn,zn) has a magnitude of d and 1is directed in the

fp
is negative. The components of this vector in

£ ¥g!

positive z direction 1f dfp

the xyz coordinate system can be obtained by applying Eq. B.7b to give
cl)___f‘_ﬁL
x Vi

fp 5
(dﬂ’) - Bj% (B.11)

&
(F), =~ — 7.~
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4

Hence, the coordinates (Xn’yn'zn) can be obtained by adding these components

to the fragment centroidal position as

" f ( ﬁ’)x £ ' (B.12)

In = y\c+(dfr)y = Y- 5 %

~ C d
2 = 2{+(d_rp)§ = = - 23#»

where A, B, and C are given by Egs. B.2a, 13 by Egq. B.3a, and dfp is calcu-
lated from Eg. B.9. An inspection must be performed to determine if the

point (xn,yn,zn) falls within the triangular inspection region.

The transformation given by Eq. B.7a can be applied to the coordinates
of the corners of the triangle yielding (El,§l,21), (22,%2,§2)1 and (§3,§3,§3)
and to the point of maximum overlap (xn,yn,zn) to give (xn,yn,zn) where

=z =z_=z . r dina
zl z z3 zn Triangular coordinates (Ll'L

example, Ref. 10)

L, = (a + b X +¢7)/(2R)

2,L3) can be defined by (see, for

(B.13)
L, = (@ +h% +y)/2A)
L3 -.-.-(a,3 + b X +cs?>/(2,d'>

where

a, = 7273-;3)72 ba=7z-)73 c,=§3-;2

(B.13a)
a,= -3;7'—}"}; bzz )73-57, czzfl—-;z
%:;'Z—Xz;‘ bj:)?l-;z C3=;z—7'
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and A" 1s the area of the triangle and is given by

(B.13b)

* | R - - - - _- - - - - -
A "_2'(Xz)'3+x:)’z+ X3% = X% X3 )Ye ~ % YS>
It can be verified easily that for all values of (§,§) within the triangle,
the values of the triangular coordinates (Ll'Lz’L3) w1ill be between 0 and 1.
To check if point (En'§A falls inside the triangular region, the coordinates
(En,§n) are substituted into Egs. B.13. If the point (§n§n) is within the

triangle, the following conditions must be satisfied:

- - Z
0 £ L'(X"’y”) =1 (B.14)
o é L:(?,,Vn) é !
O é L'a (;n) 7") é‘

If any of Eqgs. B.1l4 is violated, the point of maximum plane/fragment overlap
1s not within the triangular region and no plate/fragment overlap occurs 1in

this triangular inspection region.

If Egs. B.14 are satisfied, a plate/fragment impact has occurred during
the current time step at point (xn,yn) {(or at point (xn,yn,zn)) in this
triangular inspection region with an overlap (penetration) of do given by
Eg. B.10. This procedure 1is followed for each of the two triangular inspection
regions for each element in the region of interest. As a result of this
inspection, it is possible that either (a) no positive penetrations or (b) one
or more positive penetrations will be found. If no positive penetrations are
found (1.e. do < 0 or Egs. B.1l4 are not satisfied for all triangular inspection
regions), fragment/plate impact has not occurred during the current time
cycle.

If fragment/plate impact occurs during the current cycle, one or more
positive do (with Egs. B.1l4 also satisfied) values will be found. If only one
positive do 1s detected, impact is said to occur at (xn,yn,zn) as described
above. However, it should be recalled that no attempt is made in the present
program to "“subdivide" the time step, At, in order to identify precise times
of impact, etc. Such schemes introduce unwanted complications and additional
computations, as they tend to engender an excessive number of "special cases"

and corresponding checks. Therefore, if more than one positive overlap is
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detected during the inspection, no attempt is made to identify which "impact
occurred first. Instead, the 2 or more impacts are assumed to have occurred
simultaneously, and their effects are imposed (as described earlier) at the
beginning of the time cycle.

The developments in this subsection have concentrated on a typical
triangular inspection region. For purposes of impact correction (see the collision
interaction analysis to be described in Subsection B.2.2), the point of impact
and the plane of impact must be defined (along with the corresponding coordi-
nate transformation matrix). If only one overlap occurs, the point and plane
of impact, and transformation are as described earlier. If 2 or more overlaps
occur, a modified definition 1s needed and is described in the following.

It 1s assumed that all points of overlap and associated planes of impact
for the cycle have been identified. If more than one overlap has occurred,
effective plate/fragment impact i1is said to occur at the location (x_,v_.,z.)

a'Ya’"a
which 1s computed as the algebraic average of all points of plate/fragment

overlap. The effective plane of impact and associated coordinate transforma-
A
tion must also be defined. The unit outward normal, ka’ to the effective

plane of impact is given by

’%a_='_l'<’4a?+8a.’:)}+ca2) (B.15a)

where Aa, Ba’ and Ca are the sum of the x, y, and z components, respectively,

of the unit outward normals to each plane of overlap. Also,

2 2 2
- (B.15b)
£3 \1 Aa.- t Ba. T Ca- ®

so that ﬁa 1s a unit vector. Note that this is analogous to defining the
"average" plane of impact.

In order to define the necessary coordinate transformation matrix (analogous
to Egqs. B.7-B.8), the inplane §—§ coordinate directions must be identified.

Therefore, define a vector C; as

—_ A
C_)_(_ = (Xi-xa.)/o\-!-(y‘;"y“) é\ ‘f"(Zi- ia')ﬁ (B.15c)
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where (xl,yl,zl) is some as yet unspecified location. Now require that Ci

define the x direction and, therefore, lie in a plane having the unit outward

A

normal, ka. Thus, (xl,yi,zl) should be chosen such that
A

R c =0 (B.154)

a

Clearly, two of the coordinates can be chosen arbitrarily and the third

determined from Egq. B.15d. The following choices satisfy Eq. B.l54:

(Y, ~ Yu )= | (B.15¢)

so that the unit vector, E, in the x direction is given by

A | A
ZQ‘ZT(?'i‘?—da’/é) (B.15¢)
I

where

/Z, = \’ 2 + d:' (B.15g)

A
The unit vector, Jgr in the y direction 1is then given by

-/;a = A X LZ; = i [(—Baafa— C.;) t-f-(C;-l-AaAa) é\.;.(Aa—Ba);é] (B.15h)

/Zzz ,Z, 13 (B.15i)

With the coordinate directions of the effective plane of impact defined

above, the coordinate transformation matrix, T
A

Lo
A A A P

can be defined via Egs. B.7

Pal

and B.7a with E, 5, k in B.7 replaced by Ea, Sa’ ka' respectively, defined

in Egs. B.l5a, B.15f, and B.15h. The result 1s
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£, L yz
(—Ba. CL_—C;) (Ca_“" A a da.) (Aa- - Ba.)
/Zz ZZ (B.157)
Aa

3

=]
1]
I
s)UU N

(1)
S
w

It should be noted that the identification of an effective point of impact
for multiple overlaps during a time step i1s used only in the general whole-
plate analysis. For the symmetry cases, maximum positive penetration
determines the point and plane of impact. Also note that the present effective
point and plane of impact reduces to the actual point and plane of impact for
cases where only one overlap is found. Finally, in subsequent discussion and
descriptions, the terminologies "point of maximum penetration", "point of

impact"”, and "point of effective impact" may be used interchangeably.

B.2.2 Collision Interaction Analysis

Momentum and energy considerations are utilized to predict the inter-
action between the rigid fragment and the plate once a plate/fragment
collision (overlap) is detected. First the region of the plate affected by
the impact is defined; those nodes which fall in this region of the plate

are termed the impact-affected nodes. The impact interaction analysis to be
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described in this subsection is then used to predict the changes in velocity
of the fragment and of the impact-affected nodes. This procedure is termed
the Collision-Imparted-Velocity-Method (CIVM). The CIVM has been previously
utilized in 2-D beam/ring codes [1,2,3,4], and 1s extended here for the
present 3-D plate impact analysis.

As discussed in the previous subsection, no attempt is made to identify
the precise instant in time (during the time step, At) at which impact occurs.
Ingtead, when plate/fragment overlap is detected at the end of a time step,
the velocity corrections (as a result of impact) are based on the positions
and velocities at the beginning of the time step and corrections are imposed
at the beginning of the time step.

Before calculating velocity corrections, the impact-affected region of
the plate must be defined. For present purposes, the impact affected region
of the plate (see Fig. B.2) is defined by a circle whose origin is at the
calculated point of plate/fragment collision (maximum plate/fragment overlap).
The effects of the impact are assumed to travel at the elastic longitudinal
wave speed so that the radius of the circle, Leff' can be defined as the

distance traveled in the taime step, At,

z
— E At (B.16)

e ff ﬁ,(;—ﬂz)

where E, Vv, and po are Young's modulus, the Poisson ratio, and the mass density
of the plate material. Those plate nodes which fall withain this circular region
are the impact-affected nodes. Other estimates for Leff could, of course,

be selected and used (see Card 70 in Subsection 5.2).

The impulse-momentum relations will be written for the fragment and each
impact-affected node in the transformed coordinate system (§,§,N) --— (with N
replacing z --- defined as the plane of impact (see Subsection B.2.1). Thus,
components of velocity and impulse normal (N) and tangent (§,§) to the impact
are considered.

For present purposes, a cone-shaped dlstrlbutlon+ of impulse (centered at

the point of impact) is assumed over the 1mpact-affected region of the plate.

+
This 1s similar to the procedure used by Gerstle [15,16,17].
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The impulse components, p,-, p.—-, and Pin applied at node i in the impact-

ix 1y
affected region are then given by

P‘;-‘C("JSL) ’E‘

Leff x

-
~|
l
0
N
~la
'y e
-l'-—: ———
SN——
~} 2
i

PiN= C(l—%)gl =

where [sll 1s the distance from the ith

impact (see Fig. B.2) and 1t 1s assumed

/o~
C 0(5 =
(B.17a)
Cdbpy
7 o~
<
: R

impact-affected node to the point of

that k nodes fall in the impact-

affected region. The components §§, 55, §N represent the total impulse

applied to the plate and in an equal but opposed fashion to the fragment.

The constant, c, 1is determined by requiring that the sum of the nodal impulse

components be equal to the total imparted impulse, i.e.

o~ )

Y FZEZ _ X
Z—, Pﬂ? 7 f
P, Px J

substituting any one of Egs. B.17a into Eq. B.17b yields

|

= , =
5 (1- =Ly 5y

L=1 LeFf =1

C

(B.17b)

(B.18)

It is assumed that only the translational components of nodal velocity

are affected. Denoting by primes the "after-impact" translational and
rotational (fragment only) velocities, the following impulse-momentum

relations may be written for the fragment and the impact-affected plate

nodes:
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x-Direction: Translational

m [v’ — F
L%z \?z]— X
m i v =

/ ~
mz[vzi' - Vzi’]" “zP;‘-

e Vs Vé;] =y By

§-Direction: Translational

iﬁs[ \'/ ’ - V. _ ] = - p_
fy ¥ Yy

= oge P_

Normal Direction: Translational

V4 ~
m«‘[vm" Vi ] =~ Py

’ _ ~
ml[v’N - le - “l PN

Rotational
- ’

IF['aky_- cqu‘] = -kk
’
IF[ ez = %y ] ~

/
wa ~ “rn

O

I

where mf, If £

fragment, mi

o/

~

ol

o d

P,
P?

fragment
(B.19a)

plate impact-affected nodes

fragment

(B.19Db)

plate impact-affected nodes

fragment

{B.19c)

plate impact-affected nodes

(B.194)

P fragment

-
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, and r_ are the mass, mass moment of inertia, and radius of the

is the (diagonalized lumped) translational mass of node 1, and



ai(=cai) 1s the proportionality constant associated with node i. The known
translational velocity components of node i are v,-, v.-, and v. _ and the
i i

N 1N
known translational and rotaticnal components of the fragment centroid are

Vens vf§, Ven! Wenr wf§, a?d W e (these are the transformed nodal and fragment
velocities at the beginning of the time step). Note that the last of Egs. B.1l9d
simply indicates that there 1is no mechanism (1.e., friction, etc.) which can
change the angular velocity of the fragment about the N axis. Once the impulse
components §§, §§, and §N are determined, the post-impact (primed) nodal and

fragment velocities can be calculated from Egs. B.19.

Analytic expressions for the impulse components 5;, §§, §N at the instant
of termination of the impact are obtained by an extension of a graphical
technique suggested by Goldsmith [18]. The motion of the system during the
impact process is described by an image point, P, 1in the §§, 5;, §N space
(Fig. B.3). The coordinates of P at the termination of the impact process
then define the impulse imparted during impact.

The relative velocity of sliding, S', and the relative velocity of
approach, A', between the impact-affected plate nodes and the fragment at
the point of contact can be defined by

S’ cos & [V, ‘ f ,
cos =|lv. -rw -
3 S ] X, V -
, X 'f 'FY =1 13 ¢t X (B.zo)
. o= ’ ’ y
5 = [v -r _
S sim Ty T F Ypg ] £ v
’ ’ y, 4 i=! ty

= V. - /
where 6 1s the angle found by the direction of sliding with the X axis (see

Fig. B.3). Substituting the impulse-momentum relations (B.1l9) into Egs. B.20

vields relations in the form
’ -
Sc059=S"B,
r's
S smée = § - B

O %

(B.21)

2

N
N
o

x|
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where A , S.,, S,, B B,, and B, are given by

o 1 2 )
S, = S s = [va e ] 2w
- l
S =S smé = V. = ] -
2 P [ fy r#whz ;, % v«-y (B.22)
= - 2: s SRV

AO
B,

y, 4
2 ¢
=B =[-L ., 51+ 72 =
! mg I (=l m;
! & F
- z: 2
BB— me +4_,(0(‘/’"£)
It should be noted that, as defined, B, and B_ must be non-negative. Also,

1 3
the relative velocity of approach at the instant of initiation of contact,

Ao’ must be non-negative; if A < 0, the plate and fragment are mov1ng apart
and no collision occurs. If Sl or 52 are positive, the fragment slldes
initially along the plate segment; this sliding is assumed to occur at the
value of limiting friction.

The no-sliding and maximum-approach conditions identify limiting

conditions during the collision process. From the first two of Egs. B.21,

1t is seen that the locus of no sliding, S$'=0, is a straight line perpendicular

to the 5; §§ plane, which intersects the §N=O plane at:

~
b S 5 oS
X Bl y Bl
From the last of Egs. B.21, the locus of maximum approach, A'=0, is seen to
be a plane whose normal is in the §N direction. The plane intersects the §N
axis at the point /q
P —— o
N B

3
Finally, the line of no sliding, S'=0, intersects the plane of maximum

approach, A'=0, at the point (see Fig. B.3):
A R R .
- 2. = N =
x "B, 7 =B, B,

In order to obtain the impulse coordinates 5— 5; § at the instant of

termination of the collision, the motion of the image point, P, in p_ p_ PN
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space, must be followed. The existence of a value of limiting friction, U,

requires that the first stage of the path of P be governed by the relations

dp. d b ~
Px - —j_ = M cZPN (B.23)

cos 5 Sin é

This condition restricts initial motion to be in the plane formed by the

line S'=0 and the §N axis, at an angle

2 = Z'a.n-l/u | (B.24)

with respect to the ﬁN axis. The subsequent motion of P will first Be
defined for the general case where 0<u<®, then for the two special cases,
u=0 (perfectly smooth contact surfaces) and u=» (perfectly rough contact

surfaces) .

Case I: O<u<eo

First the friction angle, Vv, is defined according to Egq. B.24. Next,
the angle A formed between the §N axis and the line from the origain to the

intersection of S'=0 and A'=0 (see Fig. B.4) is defined by
I

A = tan' -/{3_8—,- (S,2+ Szz>2 (B.25)

Initially, the image point moves along the path which subtends an angle v
with the §N axis. Subsequent motion is described by the following two

subcases.

Subcase Ia: u=tanv<tani

The subsequent motion of P 1s shown 1in Fig. B.4a. The line PoL of
initial motion intersects the plane of maximum approach, A'=0, at point Pl

before reaching the line of no sliding, S'=0. The intersection point P1
represents the state at the instant of termination of the approach period.
This 1s followed by a restitution period; the process ceases at point P'

(path Po-Pl-P'), whose coordinates are
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”~

PEZ =/((l+e) PN, cos @

~ - (B.25)
P7 =/“(l+e) PN, sin 8
where PN = (l+ e) FN,
. s,
cosg = [Sz-f- Sz ]-',- A (B.25a)
! 2
sind = S F&ﬁzz-_ii:_

[si+s)]F

and e 1s the coefficient of restitution.

Subcase Ib: u=tanv>tani

The subsequent motion of the image point P for this subcase is
1llustrated in Fig. B.4b. The line POL of initial motion will intersect
the line of no sliding, S'=0, first at the point P2 which marks the end
of the 1initial sliding phase. The image point P will then move along the
line of no sliding, through the intersection point P3 with the plane of

maximum approach, A'=0. This 1s followed by a restoration period, moving

the image point to P' (path Po-Pz-P3-P'). The final impulse coordinate
values are ;; :5'

% B,

’,;' S2. (B.26)

Y B, A
’ﬁN: (l-&-e)PNa = (I + 6)—8—;—

The special subcases will now be considered.

Case II: u=0 (perfectly smooth contact surfaces)

This situation i1s a special case of Subcase Ia i1in which line POL
coalesces with the §N axis. The image point will move along the §N axis
through the plane A'=0 so that after a period of restoration, the final
impulse coordinate values are

A

o
B3 (B.27)

Vad A

F§.== P? = O 3 ‘?i = (I-fle)
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Case III: U=~ (completely rough contact surfaces)

The motion of P 1s similar to Subcase Ib except that P moves initially
in the §N= 0 plane to the line S'=0. The remaining motion along the line of
no sliding to the end of impact is 1dentical to Subcase Ib. The final impulse

coordinates are thus

X B,
’,;’ - Dz (B.28)

Once the values of §§ §§, and §N are determined from Egs. B.25, or B.26,

14
or B.27, or B.28, the post-impact plate nodal and fragment centroidal velocity
components can be calculated from the impulse-momentum relations (Egs. B.19).

For example, the normal components of post-impact velocity would be calculated

P
as /
\"%4 = Vv - N fragment
N fN my
Vé ”~ N
- &
VN VYt P (B.29)
/ A~
\4 = V. X2
2N Z'N"' m, B > plate impact-affected nodes
’ : X 7
v -V, —
an = an T m g PNJ

similar relations are found for the x and § components.

It should be noted that the relations in this subsection have been
written in the transformed (§,§,N) system. When the procedure is linked with
the dynamic structural response calculations, 1t is necessary to transform
impact-affected nodal and fragment velocities to the (§,§,N) system before
calculation of §§,§§, and §N. After calculation of the post-impact nodal
and fragment velocities, these quantities will be transformed back to the

(x,v,2) coordinate system.

B.2.3 Collision Inspection/Interaction Analysis for Cases of Single and

Double Symmetry

For the general case of impact on a plate, the inspection and interaction

analyses discussed i1n Subsections B.2.l1 and B.2.2 must be applied. In scme
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of these problems, the compution times and computer core storage requirements
can become excessive. However, in a number of practical problems, the
geometry of the plate, locations of plate/fragment impact, and subsegquent
interaction may be such that the response of the plate (and fragment) will be
symmetric with respect to one or two planes. In these cases, it 1s necessary
to model only one-half (in the case of a single symmetry) or one-quarter (in
the case of a double symmetry) of the plate; as a result, considerable savings
in computation time and computer core storage can be realized.

In these cases, the collision inspection is simplified and the collision
interaction analysis must be modified to reflect the single- and double-
symmetry conditions; that is, the resulting plate nodal and fragment centroidal
post-impact velocities obtained from the symmetric analysis must be identical
to those which would be obtained from the corresponding analysis of the whole
plate. Details of these modifications for both single and double symmetry

are given next.

B.2.3.1 Inspection/Interaction Analysis for Single Symmetry

Without loss of generality, the following two cases of single symmetry
can be i1dentified: (1) the case where the x-axis (xz plane) is the line of
symmetry, and (2) where the y axis (yz plane) 1is the line of symmetry. The
case where the x axis is the line of symmetry will be considered first.

In orxrder that the x axis be a line of symmetry, the fragment coordinates

and velocity must satisfy

yk = O

v, = O at t =20
ty

¢Q¥y:= QO

(B.30)

In addition, the results obtained from the collision interaction analysis must
satisfy Egs. B.30 for all tame. The collision inspection procedure used in
the general case 1s also used here. When plate/fragment impact 1s detected,
a specialized collision interaction analysis 1s followed.

In the case of single symmetry (about the xz plane) each impact may be

considered as a single impact occurring along the line of symmetry at location
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(xc,o) with two points of contact located symmetrically with respect to the
line of symmetry (i.e. at (xc,yc) abd (xc,—yc)) as shown in Fig. B.5a. Once
the point of effective impact 1s identified, a coordinate transformation is
defined such that the x axis is along the line between the nodes on the line
of symmetry which bound the point of effective impact; the N coordinate 1is
then defined as normal to the line connecting these nodes (see Fig. B.5b).
The impact interaction analysis is then performed in the (:;,y,N) system.

In order to perform the impact interaction analysis in the half-plate
(HP) model, the general interaction equations for the whole-plate (WP)
presented in Subsection B.2.2 are first reduced to the case of symmetry about
the X axis. Denoting by a superscript "B" those plate nodes falling on the
boundary (line of symmetry) and by "I" those nodes falling in the interior
of the plate, and noting that §y must be zero by symmetry, the impulse-

momentum equations may be written

m V4 ~
f[ ez T Vis } =-F
‘. - _ B fragment
m‘F[ VN VEN ] = - Py
/ Pad
I [ “ry T w‘Fy] =-K P (B.31)
B i~
m[ V& - v ] = < B
B B~ B ] B ~ ith plate boundary node
M‘ le - V&N = d‘ v
I I ps - ~~
LT Vzi] T E th plate int a
1 ‘ - I 1th plate interior node
mt[ VaN - VLN ] - “g_ PN
The impact interaction constants (A Sl «..) will be given by
S=S,¢c058 = [v +r ] [ T 1]
K v j
Za 2 V3
- o
> S°S‘"5°’[%-a/]-[ Byﬁzs Al=o
Y X « Xy 7 =
(B.32)

14 [:E:q, VZN . 2: a' v } .éo
B,= Bz=—'—+— R S

2
e I m3 B I
E3 “?2. - ZE: “{
f- m; m,
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The 1impulse coordinates 5; and ﬁN can be obtained from Cases I through III
1n Subsection B.2.2 by substituting 52=0 and by noting that §y=0 for all cases.
By examining the resulting equations, it 1s seen that the solutions for 52
and §N are functions of the ratios Ao/B3 and Sl/Bl.

It is required to perform an analysis of the half-plate model and obtain
the same post-impact velocities for the fragment and impact-affected plate
nodes as in the whole-plate analysis. An examination of the expressions for

S. and Ao (Egs. B.32) show that

T (S = Gl

(Ao)HP (A")wp

provided that the ai terms are multiplied by 2.0 to account for the missing

(B.33)

lower-half interior nodes in the summation.
Consider now the parameters Bl and B3 in Egs. B.32 term by term. In the
half-plate analysis, the mass, m?, assigned to each boundary node is half

that of the corresponding node in the whole-plate analysis, so that

2
B 2 B
X, o«
> __.LB = 7 Z _‘B__ (B.34)
m, m,
HP WP

The summations over the interior nodes for the half-plate will be half that
of the whole plate analysis (interior node masses will be the same for half
and whole plate analysis) since only the upper half plate nodes are included.
But the sum will increase by a factor of 4 as a result of the redefining of

aI = 2ai so that

12 1 2
q" “‘
EE: — 3 = Z E B — (B. 34Db)
rni m,
HP WP
If the actual fragment mass, mf, and mass moment of inertia, If, are reduced

by a factor of 2 for half-plate analyses, then
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ermmm———— — 2 ——— (B.34C)

m
f/up "¢ Jwe
2 2 (B. 34d)
4 %
i = 2 |77
+ /HpP £ wpP

As a result of Egs. B.34, the parameters (Bl)HP and (B3)HP for the half-plate
are related to the equivalent whole-plate values by

(B')HP = 2 <B')WP

(B.35)
(BS)HP = 2 (Bs>wp
so that a combination of Egs. B.33 and B.35 yields
Ao) - L Ao>
B, /wp z \ B, /wp
(B.36)

AN _'-<_5_'_)
(—E_:-)HP ~ Z \ B, Jwep

The total imparted impulses 5; and §N are functions of the ratios given in

Egs. B.36. Therefore, for all interaction cases where the x-axis 1s a line

(’Fsz )sz —;'(F? )Wp

(’FN )HP= ":2— (FN>wP

The post~impact plate node and fragment velocities for the case of

of symmetry

(B.37)

symmetry would be calculated from Egs. B.31 for the whole-plate analysais.
However, 1t can be easily verified that in the half-plate analysis by

£ and If as discussed, and as a result of the
B 1, B

boundary plate node masses being (mi)HP = 2(m1)WP

Eg. B.37, all scaling factors cancel in Egs. B.3l. As a result, the post-

redefining (scaling) ai, m

and the result given by

impact plate node and fragment velocities calculated by the half-plate

analysis will be the same as those obtained in the whole-plate analysis.
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The relations established and programming logic used for general (whole-
plate) impact interaction calculations can be used for the present single
symmetry case in which the x~axis is the line of symmetry, provided the

following modifications are made:

(1) Scale the fragment mass, me = %mf, and fragment mass moment of

inertaia, If = %if, prior to the first time step.
(2) Calculate all ai as if performing a whole plate analysis (Egs. B.l7a
and B.18).

. . . I
(3) Scale ai corresponding to interior nodes by ai = Zai.

(4) sSet 52 = 0.

(5) Solve impact-interaction problem in transformed (x-N) system, using
the same logic as in the whole plate analysis. Note that the nodal
velocities in the y~direction must remain unchanged and the fragment

velocities must satisfy Egs. B.30.

A second case of single symmetry is one in which the y-axis (yz plane)
is the line of symmetry. In this case, the fragment coordinates and velocity

must satisfy

= O
Xg
V-Fx =0

CO_FXZO

(B.38)

at all instants of time. Each impact may be considered as a single impact
occurring along the line of symmetry at location (o,yc) with two points of
simultaneocus contact located symmetrically with respect to the line of
symmetry (i.e. at (xc,yc) and (-xc,yc)) as shown in Fig. B.6a, and directed
normal to line of symmetry. Once the point of effective impact is identafied,
a coordinate transformation is defined such that the § axis is along the

line between the nodes on the line of symmetry which bounds the point of
effective impact; the N direction is defined as normal to the line connecting
these nodes (see Fig. B.6b). The impact interaction calculations are

performed in the (x,§,N) system.
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The development of an impact interaction analysis for this case of
single symmetry follows steps similar to those for the previous single
symmetry case (x-axlis being the line of symmetry). However, in the present
case where the y-axis 1s the line of symmetry, the impulse §x must be zero
(Eq. B.22) will be zero, while S_ will

1 2
be nonzero. The impulse coordinates 5; and §N will be obtained from Cases I

by symmetry; also, the parameter S

through III in Subsection B.2.2 by substituting S.,=0 and §X=O.

It can be shown that the relations establishid and the program logic used
for the general impact interaction calculations can be used to obtain the
post~impact fragment and plate-node velocities for the present single-symmetry
case (where the y-axis is the line of symmetry) provided the following

modifications are made:

(1) Scale the fragment mass, me = %mf, and fragment mass moment of

1 .
inertia, If = EIf’ prior to the first time step.

(2) Calculate all al as if performing a whole-plate analysis (Egs. B.l7a
and B.18).

(3) Scale ai corresponding to interior nodes by ai = ZaE.

(4) Set Sl=O.

(5) Solve the impact-interaction problem in the transformed (x,§,N)
system, using the same logic as for general impact cases. Note
that nodal velocities in the x direction must remain unchanged

and the fragment velocities must satisfy Egs. B.38.

B.2.3.2 Inspection/Interaction Analysis for Double Symmetry*

In cases where both the x and y axes are lines of symmetry and where the
initial and all subsequent impacts occur at the center of the plate, double
symmetry exists and the analysis may be reduced to a quarter of the plate
structure; in the present case it is assumed that the first quadrant (see
Fig. B.7) 1s analyzed and that the origin of the x,y system is at the center
of the original whole plate.

In the case of double-symmetry, the following assumptions/simplifications

can be made:

%*
This implies either frictionless impact-interaction or a non-spinning
spherical fragment.
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FE2N

(1) Impact 1s treated as a single impact occurring at point (0,0) with
4 points of simultaneous contact, 1.e. at (xc,yc), (-xc,yc),

(-xc,-yc), and (xc,-yc) as shown in Fig. B.7.

(2) The net effective normal direction for the single impact 1s the

global z-axis.

(3) No net impulse should be found in the global x or y directions
at any plate nodes. This 1s based on the assumption that the
impact~affected regions for each of the 4 simultaneous contact
points overlap completely; in this case, the inplane x and y
direction impulses must cancel exactly at all impact-affected

plate nodes.

(4) As a consequence of (3), the impulse coordinates ﬁx and §y will be
zero; as a result, no post-impact velocity changes in the x and y

direction will occur.

(5) The fragment coordinates and velocity must satisfy

x{‘:'o \ix'zts a%x:= o
(B.39)
=0 V. = w, =
Ys fy © fy o

at all time instants.

The impact-interaction calculations are performed in the global (x,y,2z)
coordinate system (i.e. no transformation of coordinates 1is required). Since
ﬁx and ﬁy are zero, only ﬁz need be considered; again, it assumed that the

impulse at node 1 1s given by

F:* = Pg (B.40)

where the al are calculated as for the whole-plate analysis. Using super-
scripts B and I to refer to symmetry boundary and interior nodes, respectively,
and noting that the center node is node number 1, the impulse-momentum

relations for the double symmetry case are given as
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F t m / 'Y
ragmen : v —_ —_ -
L %s f2 ] Fi.‘
Y la d
Center Node : m [ Vv -V ] =«
'Lz 'z B (B.41)
Boundary Nodes : mB[vB ‘'_ B - dB ~
Ll s iz ] T F;
Interior Nodes : MJL:[V.I ’_ V.I ] - D(.I 'F
iz ia i Iz
The only remaining nonzero interaction parameters are AO and B3 (see
Egs. B.22) and are given by
B 8 1 1
= V - v_+ .
Ao tz [N' Iz zo(c V,;+Zo(° Viz
s , (B.42)
2 8 I
| X, adl &
SRR N S A .
3 m‘F m, m‘ m':

The impulse §z 1s obtained from Cases I through III of Subsection B.2.2 with

S.,=5.,=0, and reduces to the same expression for all cases:

1755
~ Aa
Pz = (1+e) B, (B.43)

It should be noted that the value of Ez 1s independent of the coefficient

of friction, U, since no relative sliding takes place.

It 1s required to perform the interaction on the quarter plate model
(QP) and obtain the same post-impact velocities as would be obtained in the
whole-plate (WP) analysis. The effects of the quarter-plate model on Ao and
B3 must be inves;igated. The whole plate model would include each a?vfz term
twice and each alvlz term four times in AO; thus, 1f the sums in Ao apply

only to the quarter-model, the a? and ai terms must be scaled by

(c(?) =2z (0(‘3) (B.44)
(A")Qp: <A°>wp (B.45)
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Consider each term in B_:

I2
a

5 ——

F?lHQ
»

H?|H

1

I
m,
1

3

In the quarter model, the sum will be 1/4 that of the whole
plate. The scaling of ai = 4ai will increase the sum by a

factor of 16, so that

2 2
> ) =y
T - Z _'I—' (B.46a)
i QP m, wP

For the quarter model, the sum will be 1/2 that of the

whole plate. Because of the scaling ai = 2&? the sum will
increase by a factor of 4. Finally, the ncdal masses, m?,
generated internally for boundary nodes will be 1/2 of the

value for a whole plate analysis. Thus,

«Bz “52
—i | =4 -t (B.46b)
Y —5 2~
i /QP ¢ /wp

In the quarter model, the internally-generated mass at

node 1 1s 1/4 that of the whole plate analysis, so that

2 2
0(' — “’ (B.46¢)
m m

! QP : wPpP

To achieve consistency with Egs. B.46a - B.46c¢c, the
fragment mass used in the quarter-plate analysis is
redefined to be one-quarter the actual fragment mass,
so that

—_— = 4 L (B.464)

™ QP "¢ Jwe

As a result of Egs. B.46 through B.46d, (B.) for the quarter-plate will be

3'gp

(B)eo = * (B)we @.47)
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and by substituting Egs. B.45 and B.47 into Egq. B.43

(% )ee =7 (B

Compare the impulse-momentum equations used to obtain post-impact

(B.48)

velocities for the whole-plate analysis and for the quarter-plate analysis:

Whole-Plate Analysis Quarter~Plate Analysis
2 R~ | , _ |~

’"4[ Viz \?z]‘ A (Z'"«f)[";; - sz] ""(T R
m [v - v.lza B { ’ L%

L iz rz]‘ % P, (‘; ’"x)[viz - v,z_]:o(l(zfnz

B B/ B ] B~

L[ Lz iz L Pz (zmi)[v,;; - viz]—(zcxi—)(? Pz)

I I 1 - I~ I T ~ 1 1 ~
M - vl VR Vi) 2R

The scaling factors in the quarter-plate analysis cancel, so the same post-

mmpact fragment and plate nodal velocities would be found using either

analysis.

Thus, the relations established and program logic used for the general

impact interaction calculations can be used in the case of a quarter-plate

analysis provided the following modifications are made:

(1) Scale the fragment mass by me = %mf.

(2) Calculate all ai as 1f performing a whole plate analysis (Egs. B.16

and B.18).

(3) Scale af corresponding to nodes on each symmetry boundary by

B I . . I
ai = Zu?, and al corresponding to interior nodes by ai = 4ai.

(4) set Sl=SZ=O.

(5)

Solve the impact-interaction problem in the global (x,y,2) system
(no coordinate transformation), using the same logic as for the
general interaction cases. Note that nodal velocities in the

X and y directions will remain unchanged and that the fragment

velocities will satisfy Egs. B.39.
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B.3 Taimewise Solution of the Governing Equations of Motion for the Fragment

and the Plate

B.3.1 Motion of the Fragment

The motion of the rigid spherical fragment 1s given in terms of the
motion of its centroid. Neglecting the effects of gravity, the governing

equations of motion for the fragment are given by

.o - - o

x‘F =0 6;

. _ o S (B.49)
s 9, =0

= = g = O

Z2p =0 Oz

Equations B.49 represent constant-velocity motion. Thus the Cartesian

coordinates of the fragment at tame tm+l can be obtained from the Cartesian

coordinates and translational velocities of the fragment at time tm as

fx r
+ XF V%x
Y, = (B.50a)
{ % {1 3 +AE Jv
Z
Z Vv
F m+| \ ‘F m ‘FZ
The angular position of the fragment at time tm+l 1s given by
1 d A - 3
ex éi ccix
s — 6. ¢ + At w (B.50b)
ey Y < fy $
[ (7%
G Im+i 2 q 'F*J
where At=t .-t 1s the time increment.
m+l m

The fragment velocities used in Egs. B.50a and B.50b are the current
velocities at time tm. If no impact occurs during the time tm to tm+l'
these will be the same velocity values as for the previous time step.

However, if impact is detected during the time tm to tm+ the fragment

ll
velocities used 1in Egs. B.50a and B.50b will be the updated post-impact
fragment velocities obtained from the collision interaction analysis

described in Subsection B.2.2.
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B.3.2 Motion of the Plate

The governing discretized equations of motion for the plate structure
have been derived in Appendix A. For impact response problems, no prescribed,
externally-applied loads are present. Thus, the equations of motion of the
plate for plate/fragment impact response predictions are obtained from
Eq. A.1l09 by setting E=O and are

Mag* + K ¢* = F (B.51)

~
where g, E, é*, g*, and ENL are as defined following Eg. A.1l09.

The solution of Eq. B.51 is accomplished by applying a direct timewise
integration scheme, which results in a recurrence relation from which displace-
ments can be calculated at each discrete time instant. The (1mplacit) Houbolt
operator is used (as in the PLATE program). Following the steps outlined by
Egs. A.110 through A.l114, the following recurrence relation (corresponding to
Eq. B.51) 1s obtained:

»* NL . % I
[ (At)z M * E] zm-t-l: ~Am+l +-A—'E-M [Z‘m"'—z.—z ] (B.52)

Equation B.52 is solved for the unknown displacements q*+l at time tm+l based

on the known quantities F qm, and qm It should again be noted that
+l

FNL =FNL (* ).

Smtl T Amtl dmel’’

as given in Eq. A.ll5 with no iteration.

however, linear extrapolation of this quantity 1is used

The form of Eq. B.52 1is particularly suited to the present impact
analysis. During a time step in whaich plate/fragment collision occurs, the
nodal velocity vector é; 1s updated to post-impact nodal velocities according
to the collision interaction analysis described in Subsection B.2.2.

The overall solution procedure for a time step is as follows. Given
qm qm and g L (evaluated by linear extrapolation, and based on qm), a
trial displacement vector, qm 1 is evaluated from Egqg. B.52. Based on these
trial nodal displacements (and similar trial displacements of the fragment),
the collision inspection is performed. If no plate/fragment overlap is found,
the trial displacements §;+l are the correct nodal displacements. If plate/
fragment overlap 1s detected, the collision interaction analysis is performed

and the nodal velocities q; are updated to their post-impact value (as are the
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fragment velocities). A new trial displacement vector, §$+l' 1s calculated
from Eq. B.52 and a collision inspection is performed. This process is
repeated until no plate/fragment overlap i1s detected; then the trial displace-
ments, §$+l' are said to be the actual displacements.

It should be recalled at this point that the corrections resulting from
a plate/fragment impact are applied at the beginning of the time step during
which the impact occurs; no attempt i1s made to i1dentify the precise instant
of impact. The advantage of this scheme is the resulting relative simplicity
of the inspection/interaction procedure; few, 1f any, "special cases" need be
considered. Impulse-momentum and conservation of kinetic energy are utilized
to calculate the instantaneous post-impact nodal (and fragment) velocities
which are applied at the beginning of a time step. It can be remarked that
this interaction analysis neglects all other system forces/energies in the
calculation of velocity. However, since all pertinent system energies are

included in Egs. B.51 and B.52, the subsequent motion of the plate as a result

of impact does include all of the system forces/energies.
Once the displacements, q;+l, have been calculated, the nodal velocities,
é;+l {(needed to calculate q;+2), can be evaluated. If no impacts occurred

then Eq. A.ll (repeated here for convenience),

during the time tm to tm+l'
% ] *
¢ =— (34 -44% + ¢ (B.53)
I\/”"H 24t ~ M+ P ~ Mm={

can be used; recall that this difference formula has the same truncation
error as the Houbolt expression for &;+l' If impact has occurred during this
time step, a modified expression must be used:

* X% - X

2 - %
Zm-ﬂ = At (Z_m-ﬂ Z-m ) ?m (B.54)

where q; 1s the vector of post-impact (corrected) nodal velocities. The
deraivation and possible implications of the use of Eq. B.54 are now discussed.
The modified velocity expression given by Eq. B.54 can be derived in a

manner analogous to the starting sequence required in the PLATE program

(Egs. A.116 - A.118). 1If q;+l 1s calculated from the central difference

expression for e
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> ‘ * * ) (B.55)
Zn = 7H (me Fonei '

and substituted into the Houbolt velocity expression (Eg. B.53) the modified
velocity expression of Eg. B.54 is obtained. It should be noted that the
velocity é; in Eq. B.54 1s the vector of post-impact (corrected) nodal
velocities.

The unconditional stability of the Houbolt operator, represented by
Egs. A.112 and B.53, 1s well established for linear systems. For nonlinear
systems, this operator is conditionally stable! For cycles in which no
plate/fragment impacts occur, the Houbolt operator 1is used; whereas, for
cycles in which impact occurs, the modified Houbolt operator, represented by
Egs. A.112 and B.54, 1s used. Numerical experience with the CIVM-~-PLATE
program shows the following trends: (1) early in the timewise response,
the impacts are widely spaced in time and the Houbolt operator is, in effect,
used for nearly all cycles, (2) however, as the fragment velocity decreases
and nears zero (prior to rebound), impacts may be found during nearly every
cycle, so that the modified Houbolt operator dominates. In view of the fact
that a large segment of timewise response could be governed by the modified
Houbolt operator, it 1s desirable to obtain some 1dea of the stability
characteristics of this operator.

The discussion of stability of the modified Houbolt operator 1s simpli-
fied 1f the operator can be shown to be analogous to some other operator.
Consider the difference expressions corresponding to the Generalized
Acceleration Method ([8,19] as written here, for simplicity, for a one degree-

of-freedom system:

. 2 ; . e
Xm-H xm +(At) xm+ (At) [ z" F> Xm - F xm'H ] (B.56a)

X = X+ <At) [("7) X, + Sém-H ] (B. 56b)

m4l

where B and Y are parameters to be specified. A variety of difference
expressions (both explicit and implicit) can be obtained by the choice of
B and Y. For the present case, substitution of R=1/2 into Eq. B.56a yields,

after rearranging,

+ . . . .
This 1s the case if iteration is not used within a given time step At: iteration
1s not used here.
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2( Xm+r — Xm) 2
m+i (At)z at

which is identical to Eq. A.112 of the Houbolt operator. Substituting

LX)

X

|
I

m (B.57)

Eq. B.57 into Eq. B.56a, with y=1l, yields after rearranging:

Z(XM-H"XM) .
- X

Xppt = e m (B.58)

which is identical to the velocity expression (Eq. B.54) of the modified
Houbolt operator. Thus, the modified Houbolt operator used for cycles in
which impact occurs corresponds to a Generalized Acceleration Method with
B=1/2 and y=1. For linear systems, this algorithm can be shown to be
unconditionally stable [19]; however, no data are available for nonlinear
systems.

To obtain a comparison of the Houbolt and modified Houbolt operators
for nonlinear systems, consider the one degree-of-freedom nonlinear spring/

mass system with a cubic hardening spring governed by the equation

X + wz(H—A xz)x =0 (B.59%a)

subject to the initial conditions

x(o) = O
(B.59b)

x(c) =B

The predicted response for the displacement x versus time t for the case
m2=100, A=10, and B=60 1s shown in Figs. B.8a and B.8b, for the Houbolt and
modified Houbolt operators, respectively. Time step sizes of At=0.001, 0.01,
and 0.02 are used in each case. For comparison, the time step bound of the

central-difference operator for the linear equivalent of the above system 1is

CD
max

At = 2/wma = 0.2.

X
The following observations are made on the basis of comparison of

results presented in Figs. B.8a and B.8b. For the case At=0.02, the results
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by the Houbolt operator begin to diverge, whereas the results by the modified
Houbolt operator become unstable very early in the timewise response. For
the case At=0.001, the results by the modified Houbolt operator show more
artificial damping and phase shift than the results by the Houbolt operator.
For the case At=0.0l, the results obtained by the Houbolt operator are in
essential agreement with the results for At=0.001. The results obtained by
the modified Houbolt operator illustrate substantial artificial damping and
phase shift compared with the results for At=0.001.

The result of primary interest is stability. It appears that the
modified Houbolt operator may require a somewhat smaller time step size than
the Houbolt operator to ensure stability. Moreover, the question of stability
is complicated by the fact that the velocity é& in Eg. B.54 represents the
post-impact velocity; thus, when impacts occur each cycle (as 1s characteristic
of the time range near fragment rebound), a velocity increment 1s 1mposed at
each time cycle. Such imposed velocity increments 1f sufficiently large
compared with the actual (pre-impact) nodal velocities, could cause an
instability. Such an instabilaty has been observed in a test case of the
CIVM~-PLATE program; unrealistic and severely oscillatory strain values in the
vicinity of the impact location near the time of fragment rebound have been
observed. By reducing the time step size, this behavior was eliminated. 1In
general, the guidelines suggested in Subsection 2.5 should be followed; if
the above-mentioned instability is found, the time step size used should be

reduced.

B.4 Collision Inspection and Solution Procedure

The collision inspection and solution procedure used in the CIVM-PLATE
program will now be discussed. The discussion pertains to all impact cases
including the special symmetry cases. If special operations are required for
symmetry cases, they are noted in each step. Therefore, unless otherwise
noted, the step 1s assumed to apply to all cases. For the sake of convenience,
the following notation (consistent with the variables input in CIVM-PLATE) is

used to denote the various symmetry cases:
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(1)

(2)

(3)

(4)

The
employed

NSYM=0 refers to general impact cases.

NSYM=1 and IPSS=1 refers to the single symmetry case where the
X axis 1s the line of symmetry.

NSYM=1 and IPSS=4 refers to the single symmetry case where the
v axis is the line of symmetry.

NSYM=2 refers to the double-symmetry case.

following procedure indicated in the flow diagram of Fig. 7 may be

to predict the motions of the plate and the rigid spherical fragment,

their possible collision, the resulting collision-imparted velocities

experienced by each, and the subsequent motion of each body:

Step 1:

Step 2:

Step 3:

Let it be assumed at time tm that the displacements q;, and the
displacement increments Aq; are known. One can then calculate the
strain increments Asm at all Gaussian stations over the span and

through the thickness of the plate.

Using a suitable constitutive relation for the plate material, the
stress increments Agm and the plastic strain increments Agi at
corresponding Gaussian stations within each finite element can be
determined from the known strain increments Agm. This information
together with the appropriate linear extrapolation permits determin-

i1ng the equivalent force vector F in Eg. B.52.

~m+l

Solve Eq. B.52 for the trial nodal displacements, a;+l' and calculate

T

T .
the trial fragment positions (gf, yf, z_) from Eq. B.50a. Trial

f'm+l
displacement increments A§;+1 (= g$+l - g;) a;e then ;alculated for
the plate nodes, and for the fragment (e.g. Axf = xf - xf ).
m+l m+l m
Since impact may have occurred between tm and tm+l’ the following

sequence of steps may be employed to determine whether or not a
collision occurred and, 1f so, to calculate the corrected post-impact

plate-node and fragment velocities at time tm.
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Step 4:

Step 4a:

Step 4b:

Step 5:

The current position of the plate nodes and fragment centroid are
calculated based on the positions at tm and the trial displacement
increments. The distance (squared) from the fragment centroid to
each plate node 1is then calculated. The minimum of these distances
and the corresponding node number are identified. The four elements
which share the identified node will be examined for possible plate-
fragment collision. For NSYM=1l only those nodes along the line of
symmetry are checked and the two elements sharing the identified
node are subject to collision inspection. For NSYM=2, this check 1is

not made; instead, element number 1 is identified as the only element

subject to collision inspection.

Following the procedure outlined in Subsection B.2.1, each of the
elements subject to collision inspection is subdivided into two
triangular subregions. Based on the current trial nodal and fragment
positions, the penetration distance do (Eq. B.10) 1s calculated for
each triangular region. If d°>0, 1t is determined whether or not

the location of maximum overlap (xn,yn,zn) from Eq. B.1l2 falls
within the triangular inspection region. If not, do is assigned

a negative value to indicate no plate/fragment overlap within the

triangular inspection region.

A search 1s performed to identify the maximum of all do values
calculated. If all values of dO are less than or equal to zero,
no collision has occurred and Step 7 is followed. For NSYM = 1
and NSYM = 2, 1f any of the do values are positive, the element
number and triangular subregion number corresponding to the
maximum value of do are 1dentified. However, for NSYM = 0, an
average of all detected points of overlap is used as the location
of effective impact. The following sequence of steps is then

followed to define the i1mpact interaction parameters.

The plate/fragment impact 1s assumed to occur at the global
coordinates (xn,yn,zn) where the maximum dO value for NSYM = 1
or NSYM = 2 1s calculated, or at the effective point of impact
for NSYM = 0. However, if symmetry options are in effect, these
values are modified according to the discussion in Subsection
B.2.3, as follows.
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Step 5a:

(1) 1If NSYM=1 and IPSS=1, set yn=0.
(2) If NSYM=1 and IPSS=4, set xn=0.

(3) If NSYM=2, set xn=0 and yn=0.

Calculate the distance from (xn,yn,zn) to each plate node. If
this distance is less than or equal to Leff (Eq. B.1l5 or otherwise
specified), the node is identified as falling within the impact-
affected zone on the plate. The proportionality factor ai (Eq. B.1l6)
for each impact-affected node is calculated by
|
eff

¢
where [sll 1s the distance from the ith impact-affected node to

(B.60)

(xn,yn,zn). If a symmetry option 1s in effect; some of the ai must
be multiplied by a factor £ (see Subsection B.2.3). Thus, each of
the impact-affected nodes 1s inspected and the following values of

f apply:
For cases where NSYM=0, no scaling i1s necessary (f=1).

For cases where NSYM=l: f=2 for all impact-affected nodes in

the interior of the plate, and f=1 (no scaling) for impact-
affected nodes on the symmetry boundary.

For cases where NSYM=2: f=1 (no scaling) for node number 1

(where lines of symmetry intersect), £=2 for all impact-
affected nodes (except node 1) falling on a line of symmetry,
and f=4 for all impact-affected nodes in the interior of the

plate.

After all ai have been calculated (and scaled if necessary), the
normalization factor, C, 1is calculated from Eq. B.18, and the impulse
impulse proportionality factor al (see Egs. B.19) for each impact-

affected node is calculated from

P4
— (B.61)
x, =< X
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Step 35b:

Step 5c:

Step 5d:

Step Se:

Step 6:

For NSYM=1 and NSYM=2, the coordinate transformation matrix T (Eq. B.7)
1s then defined corresponding to the triangular inspection r;glon in
which the maximum plate/fragment overlap was detected. For the cases
NSYM=1, E 1s shown in Fig. B.5b (for IPSS=1) or Fig. B.6b (for IPSS=4).
For the case NSYM=2, no transformation is required (or, for consistency
one may define T to be the identity matrix, 5). For the case NSYM=0,

3 1s defined by Eqg. B.15j if more than one impact point is detected;
however, if only one location of impact occurs, T is evaluated from

Eg. B.8.

The translational velocity components (vx Y ,vz ) at each impact-
i i i
affected node are extracted from the nodal velocity vector q; (at
time tm) and the components (;x v ';z ) of velocity in the trans-
i i i

formed coordinate system (normal and tangent to the plane of impact)
at each impact-affected node are calculated from Eq. B.7a, using T
established in step 5b. The fragment translational velocity

components (v and rotational velocity components

fx'vfy'vfz)m

(w at time tm are transformed using Eg. B.7a yielding

fx'wfy'wlem - T
components (fo’vfy’vfz) and (wfx’wfy’wfz)'

The impact 1interaction constants Sl' Sz, AO, Bl, and B3 are now
calculated. For the cases NSYM=0 and NSYM=1, Egs. B.22 are used to
calculate these constants. However, when NSYM=1 and IPSS=l, 52 must
be set to zero; when NSYM=1 and IPSS=4, S. must be set to zero. For

1

the case of NSYM=2, only Ao and B3 are nonzero and are calculated

from Egs. B.42.

The value of Ao is checked. 1If AOEO, the plate and fragment are
moving apart and no collision occurs; in this situation, Step 7 is
followed next. If Ao>0, the next steps are followed to calculate

the post-impact nodal and fragment velocities.

The total impulse imparted to the impact-affected nodes and to the
fragment are calculated, and post-~impact velocities are calculated

according to the following steps.
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Step 6a:

Step 6b:

Step 6c:

The components §;, §§, §N of the total imparted 1mpulse are calcu-
lated corresponding to Case I, II, or III as presented 1in Subsec-
tion B.2.2. Note that if NSYM=0, the only nonzero impulse component
1s §N = §z as given by Eg. B.43.

The collision-induced velocity differences (i.e. v%; = Vg

vi; - V! etc.) of the impact-affected plate nodes and the
fragment are then calculated from Egs. B.1l9 and transformed back
to the global coordinate system by using Eg. B.7b. This yields
velocity increments (Avxl’Avyi’szi) at each impact-affected plate

node, and (Avfx,Avfy,Avfz) and (Awfx,Awfy,Awfz) for the fragment.

The velocity components of the impact-affected plate nodes and

fragment are then updated to their post-impact values by

\/xl- \/XL A \,X,;
v = -+ (B.62a)
YL Vy‘.‘ A V)'l
Vo, A v,
Z‘_ m Vz‘: m z‘
v. | v
tx %, v
V, = v -+
y ' fy 4 V;Y (B.62b)
A vV,
2 ), Tz Jm A YFZ
w,
cqfx 4k thxﬁx
+
w = « Aw
fy Y fy (B.62c)
@

The nodal velocity vector, q;, is then updated; the components of
translational velocity in é& corresponding to impact-affected nodes
are replaced by the post-impact translational velocity components

at those impact-affected nodes as calculated in Eg. B.62a. It
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should be emphasized that the nodal velocaties, é;, and fragment
velocities (given by Egs. B.62b and B.62c) at time tm are now the
updated post-impact values. It should also be noted that the
effects of impact occurring in the range tmitftm+1 have been
accounted for as updated (modified) nodal and fragment velocities

at time tm {(r.e. at the beginning of the time step).

Step 7: The plate node and fragment positions are reduced back to their
. T T T T
*
values at time tm using Agm+l for the plate nodes and (Axf,Ayf,Azf)m’*_l
for the fragment.

Step 8: If no collision has been detected, Step 9 1s followed next. If a
plate/fragment collision has occurred, new trial nodal and fragment
displacements must be calculated (now including the post-impact

nodal and fragment velocities) at time tm+ Thus, steps 3 through

1
7 are again followed. This "iteration" process will continue until
no plate/fragment overlap is detected or until a value AOfO is

found.

Step 9: This step 1s reached when no (further) plate/fragment collisions
are detected for the current time cycle. The trial plate node and
fragment displacements become the actual (corrected-for-impact)
displacements and the fragment and plate node positions at time

tm+l are updated based on the actual displacement increments

(e.g. Ag*m+1 - 3£+l - gé)'

Step 10: The nodal velocity vector é;+1 (required for the displacement
solution for the next time step) is then calculated. If no impacts
have occurred during the time step, Eg. B.53 is used. If one (or
more) impact has occurred during the current time step, Eg. B.54
1s used. The solution for the current time step 1s now complete;
the solution for the next time step (for tm+2) 1s obtained by

proceeding to step 1 (with the indices appropriately incremented).
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Steps 1 through 10 may be carried out for as many time steps as
desired or may be terminated by invoking (and implementing in CIVM-PLATE)
the use of a termination criterion such as, for example, the reaching of a

critical value of strain at some location on the plate.
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Actual Deformed Reference
Surface for Typical Element
in the Deformed Plate

== Boundaries of Triangular
Inspection Regions Used
in the Impact Inspection
Vg Procedure

NODES 1, 2, 3, 4 ARE
PLATE ELEMENT NODES

Y
b. 4
—t 3
Vi
iy
V. /
GION 1 / z
1 — 2
Mz y

NODES 1, 2, 3 ARE TRIANGULAR INSPECTION REGION NODES

FIG. B.l1 CONVENTION ADOPTED FOR TRIANGULAR COLLISION INSPECTION REGIONS
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Distribution of impulse

assumed to be cone-shaped 1th impact-affected
centered at point of nede
impact.

/ AN/

[T T T7 Lo
[ 77777

}_ O,mm

o Impact-affected nodes falling within circle of radius
Leff centered at point of impact

® Point of impact (maximum plate/fragment overlap).

s Distance from point of impact to 1ith impact-affected
node.

FIG. B.2 IDENTIFICATICN OF IMPACT-AFFECTED NODES AND ASSUMED IMPULSE
DISTRIBUTION
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SURFACE A = 0

//" (MAXIMUM APPROACH)
L

- x L,/—- LINE § = 0 (NO SLIDING)

(a) For v < A

FIG. B.4 THE TRAJECTORY OF THE IMPAGE POINT P IN THE 5;, 5;, §N PLANE
TO DESCRIBE THE IMPULSE STATE AT EACH CONTACT INSTANT
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SURFACE A = 0
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(b)

FIG. B.4 CONCLUDED
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BALF MODELED FOR

//r- FINITE-ELEMENT ANALYSIS

L —

¢ POINTS OF SIMULTANEQOUS PLATE/FRAGMENT IMPACT

(@ POINT OF EFFECTIVE IMPACT ON LINE OF SYMMETRY

(a) Finite-Element Model and Location of Effective Point of Impact.

Deformed Element Edge

@ Point of Effective Impact

(x.,0,z,)
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X
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X x
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(b) Coordinate Transformation.

FIG. B.5 CONVENTIONS AND COCRDINATE TRANSFORMATION WHEN THE x AXIS IS
A LINE OF SYMMETRY

481



y AXIS IS LINE OF SYMMETRY

/ [/ S
VR yvas,
/ "““Z""Y’///
/ LSS S

v HALF MODELED FOR
/ FINITE-ELEMENT

ANALYSIS

¢ POINTS OF SIMULTANEOUS PLATE/FRAGMENT IMPACT
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(a) Finite-Element Model and Location of Effective Point of
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(b) Coordinate Transformation

FIG. B.6 CONVENTIONS AND COORDINATE TRANSFORMATION WHEN THE y AXIS IS
A LINE OF SYMMETRY
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QUADRANT MODELED FOR
v AXIS IS LINE FINITE-ELEMENT ANALYSIS

OF SYMMETRY

/ [ LSS
[/
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/ / /

¢ POINTS OF SIMULTANEOUS PLATE/FRAGMENT IMPACT

® POINT OF EFFECTIVE IMPACT

FIG. B.7 CONVENTIONS AND MODELING FOR DOUBLE SYMMETRY IMPACT CASES
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