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SECTION 1

INTRODUCTION

JET 3 is the third in a series of computer programs which are intended

to be made available to the aircraft industry for use in analyzing structural

response problems such as containment/deflection rings intended to defeat the im-

pact of aircraft engine rotor fragments. Each of these programs requires that any

externally-applied forces which act on the structure being analyzed be prescribed.

The computer program JET 3, written in FORTRAN IV, permits one to pre-

dict the large, two-dimensional, elastic-plastic, transient Kirchhoff-type

responses of a complete or partial single-layer, variable thickness structural

ring, with various support conditions and restraints; the ring may be subjected

to arbitrary but prescribed distributions of initial impulse loading and/or

externally-applied time-dependent forces. The geometrical shapes of the struc-

tural ring can be simple,circular or arbitrarily curved and with variable

thickness along the circumferential direction. Strain-hardening and strain-

rate sensitive material behavior are taken into account.

The JET 3 program embodies the spatial finite-element and temporal

finite-difference analysis features. It should be noted that in the two

previous series of computer programs, JET 1 (Ref. 1) and JET 2 (Ref. 2), the

finite-difference method is employed for both spatially- and time-varying

quantities. The relative ease and versatility with which the spatial finite-

element method can be applied to a structure with complicated boundary con-

ditions, geometric shape, and material properties in comparison with the

finite-difference method is often regarded as an important attribute of the

finite-element method. Accordingly, the spatial finite-element method of

analysis is implemented in the present program. The pertinent analytical de-

velopment and the solution method upon which the JET 3 program is based are

presented in Ref. 3. The reader is invited to consult Ref. 3 for a very de-

tailed description of this information.

Section 2 of this report is devoted to describing concisely the general

organization and capabilities of JET 3, including (1) structural geometry,



prescribed displacement conditions, and restraints accommodated, (2) the

initial impulse and forcing function provisions, and (3) the solution pro-

cedure. Next, in Section 3, the main program and subprograms in JET 3 are

described, including a partial list and explanation of the variable names

used in the program. The input procedure and output information are presented

in Section 4. A complete FORTRAN IV listing of the JET 3 program is given in

Section 5. Example problems, including input data and the resulting solution

data from JET 3 are given in Section 6. Finally, Appendix A describes the

equations on which the computer program is based.



SECTION 2

GENERAL DESCRIPTION OF THE JET 3 PROGRAM

The JET 3 computer program can analyze:

(a) a structural ring, complete or partial, whose geometrical

shape can be circular or arbitrarily curved and with vari-

able thickness.

(b) a structural ring, with various support conditions, sub-

jected to arbitrarily distributed elastic restraints.

(c) a structural ring subjected to arbitrary initial

velocity distributions.

(d) a structural ring subjected to transient mechanical

loads which vary arbitrarily in both space and time.

The distribution of the initial velocity, and the spatial, as well as

temporal variations of the transient mechanical load, can be prescribed arbi-

trarily. However, mainly because of computer storage considerations, only a

few examples of such variations have been built into the present version of

JET 3. These will be described in the following subsections after a brief

description is given of the geometry, prescribed displacement conditions, and

elastic restraints that are available in the program. The user should provide

the necessary subroutines and modifications to handle other types of forcing

functions and/or initial velocity distributions, which are more closely attuned

to his needs.

2_.̂  Geometry, Prescribed Displacement Conditions, and

Elastic Restraints

In the present analysis, the transient structural responses of the ring

are assumed to consist of planar (two-dimensional) deformations. Also, the

Bernoulli-Euler (or Kirchhoff) hypothesis is employed; that is, transverse

shear deformation is excluded. In the structural finite-element context, such

problems are termed "one dimensional".

The geometrical shapes of the ring that can be treated are divided for



convenience into the following four groups (as shown in Fig. 1):

(1) Circular partial ring with uniform thickness

(2) Circular complete ring with uniform thickness

(3) Arbitrarily curved partial ring with variable thickness

(4) Arbitrarily curved complete ring with variable thickness

For each of these four configurations, the cross sections of the ring are

assumed to be rectangular in shape.

In the spatial finite-element analysis, the ring is represented by an

assemblage of discrete (or finite) elements compatibly joined at the nodal

stations. The geometry and nomenclature of a typical simple circular ring

element and an arbitrarily curved ring element are shown in Figs. 2a and 2b,

respectively. The behavior of each finite-element is characterized by a

knowledge of the four generalized displacements: v, w, y = (3w/3n) - (v/R),

arid X = (3v/3l"|) + (w/R) at each of its nodal stations, where v and w are

the midplane displacements in the circumferential and normal direction,

respectively; R is the radius of curvature, and n. is the length coordinate

measured along the centroidal axis (meridian) of the ring. The displacement

behavior within each finite-element is represented by a cubic polynomial in

H for the circumferential displacement v and a cubic polynomial in n for the

normal displacement w, anchored to the four generalized nodal displacements

at each node (see Appendix A and/or Ref. 3 for further details). For applica-

tion to arbitrarily curved, variable thickness, ring structures, the finite

elements are described by reading in at each nodal station the two coordinates

Y and Z, the slope, and the thickness of the discretized structure, where

X, Y, Z represent global reference Cartesian coordinates. Within each element,

the slope is approximated by a quadratic function in n and the thickness is

approximated as being piecewise linear between nodes. For application to a

circular, uniform thickness, ring structure, and in view of the computer

storage and operation considerations, the structure is modeled by uniform-

mesh, uniform-thickness, circular ring elements. The local reference coordi-

nate system of each element is arranged to take advantage of the symmetry of

the element geometry. In the present report, separate groups of programs



will be used to handle uniform thickness circular ring structures and the

more general variable-thickness, arbitrarily-curved ring structure, respec-

tively.

As for the support conditions of the structure, the JET 3 program in-

cludes three types of prescribed nodal displacement conditions (see Fig. 3a) :

(1) Symmetry (v = i|» = 0)

(2) Ideally-Clamped (v = w = fy = 0)

(3) Smoothly-Hinged (v = w = 0)

and two types of elastic restraints (see Fig. 3b):

(a) Point elastically restrained (elastic restoring

spring) at given locations

(b) Distributed elastically restrained (elastic

foundation) over a given number of elements.

A global effective stiffness matrix supplied by the elastic foundation

and/or the restoring springs will be evaluated in the program from the virtual-

work statement, for the case in which the structure is subjected to one or

both of these two types of elastic restraints.

2.2 Initial Velocity Provisions and/or Externally-

Applied Forces

2.2.1 Initial Velocity Provisions

The initial velocity distribution is specified by reading in the initial

nodal velocities. Three ways are available to describe these distributions

(see Fig. 4):

(1) Arbitrary distribution by prescribing nodal initial
• • •

velocities, v, w, and fy at certain nodes of the

structure.

(2) One or more local uniform initial normal velocity

values, w, distributed over certain elements of the

structure, and/or

(3) One or more local sine-shaped distributions of initial



velocity in the normal direction, distributed over certain

elements of the structure.

_2_._2.2 Transient Externally-Applied Loads

The transient externally-applied loads, F(n,t), are assumed to be

expressible as

pt?,t; = ^ (?; /(t; 12_1}

where g(n) is the prescribed spatial distribution function and f(t) denotes

the amplitude time history. These quantities are described in the program

as follows (see Fig. 5):

(a) The function f(t) can be arbitrary and is represented

by a series of coordinates in time which specify values

of characteristic two-component (normal and circumfer-

ential) forces on the force versus time curves. The pro-

gram then linearly interpolates between time points to

obtain values of forces at intermediate times by:

J _ -/
4. 'm+' Q" f -f - T )

m - T (2'la)
I '/»-»• I m

where f^ and f are the amplitudes of the forces at some

user-specified times T and T> The quantity f(t) is

found by this interpolation in the time interval (T to T )
m m+1

linearly in terms of f and f
m m+1

(b) The spatial distribution of the forces acting on the ring

is described through the following three forms:

(1) One or more concentrated loads prescribed at

certain locations

(2) One or more local uniform load distributions

specified over given numbers of elements

(3) One or more local half sinusoidal-shaped load

distributions specified over given numbers of

elements (this distribution is approximated



as being piecewise linear within each element)

Corresponding to this general distribution of externally-applied loads,

a set of virtual-work equivalent (or consistent) nodal loads is evaluated in

the program.

2.3 Solution Procedure

The spatial finite-element approach is utilized in conjunction with the

Principle of Virtual Work and D'Alembert's Principle to obtain the equations

of motion of the structural ring which is permitted to undergo large-deflec-

tion elastic-plastic transient deformations. In the interest of conciseness

and convenience in this report, the user is invited to consult Ref. 3 and/or

Appendix A for a detailed derivation and discussion of the equations of motion.

For present purposes, it suffices to note that the governing equations of

motion for the complete assembled discretized structural ring may be written

in the following conventional form:

(2.2)
i *

where

{q*} and {q*} are the global generalized displacement and

acceleration

[M*] is the mass matrix of the complete structure

[K*] is the usual stiffness matrix of the complete

structure

[K* ] represents the effective stiffness matrix

supplied by the elastic foundation and/or

the restraining spring

{F*} denotes the prescribed externally-applied

generalized loading acting on the structure

{F } represents a "generalized loads" vector

arising from large deflections and is a func-

tion of quadratic and cubic displacement terms —

a nonlinear force contribution.



{F } is the generalized loads vector arising from the

presence of plastic strains, and is associated

with the linear terms of the strain-displacement

relations.

{F } is a generalized loads vector of origin similar
P r*Into IF > but is associated with the nonlinear

P
terms of the strain-displacement relations.

Alternatively, by carrying out the reduction process differently, a

much simpler, unconventional form (called "improved formulation" in Ref. 3)

of the equations of motion may be obtained and appears as:

(2.3)

where the quantities [M*], {q*},{q*}, {F*} and [K* ] retain the meaning given
s

following Eq. 2.2. However, {P*} represents not only [K*] {q*} of Eq. 2.2 but

also some plastic behavior contributions. The term [H*]{q*} represents

"generalized loads" arising from both large deflections and plastic strains.

The resulting equations of motion, Eq. 2.2 or Eq. 2.3, are solved by

applying an appropriate timewise finite-difference operator whereby one ob-

tains a recurrence equation which provides a solution step-by-step in finite-

time increments.

A wide variety of timewise finite-difference operators has been de-

veloped; a brief discussion of the advantages and disadvantages of some of

these operators may be found in Section 3 of Ref. 3. However, based on the

present information, it is still not conclusive as to whether any one timewise

operator is superior to the others for analyzing nonlinear transient response

problems of the present type.

Two options are provided in this report: (1) the explicit 3-point

central difference operator is employed to solve the equations of motion ex-

pressed in the unconventional form, Eq. 2.3, (2) the implicit Houbolt operator

(4-point backward difference) is chosen to solve the equations of motion ex-

pressed in the conventional form, Eq. 2.2.



Based on computing experience, the first option is much more simple

and requires a minimum of storage and operations within each time step of

calculation for advancing the solution ahead in time. However, it should be

noted that in order for the 3-point central-difference operator to provide a

reliable prediction, the time-step size, At, employed must be small enough.

The following procedures are built into the computer program utilizing this

central-difference operator so that the time-step size, At, can be either

specified by the user or the program will compute the largest natural fre-

quency, 0) of the system and will then choose a value of At = 0.8 (2/to )
max •* max

where At „ < 2/oj is the stability criterion of a corresponding linearex, — max
dynamic system; the factor 0.8 is introduced in order to take the large de-

flection effects into account. The u , which represents the largest natural
max

frequency contained in the (linear) mathematical model of the structure, is

obtained by an iteration process applied to

K J ' J J (2.4)

The second option is provided in this report, because of the fact that

a "larger At" which will provide an acceptably accurate solution is permitted

by the Houbolt operator, compared with the stringently small At permitted by

the 3-point central-difference operator to avoid numerical instability. This

may result in the saving of computing time for a given period of actual struc-

tural response to be computed. However, it has been demonstrated (Refs. 3

and 4) that the Houbolt operator which is unconditionally stable for linear

structural response problems exhibits a degradation of predicted response for

large-deflection nonlinear response problems unless a suitably small At is

used. Thus, the selection of a suitable At to insure a reliable solution

should be guided by numerical experimentation. Also, the Houbolt method is

implicit in nature; that is, the generalized nodal forces (which may be due to

large-deflection and elastic-plastic effects) at each time step depend on

the displacement (or stress and strain) at that time instant, but this informa-

tion remains to be determined; thus, extrapolation (or iteration) is needed at

each time step of calculation. Linear extrapolation by using the generalized

nodal forces at two previous time steps is employed in the present analysis.



In the following, the general solution process is described briefly

(see the information flow chart of Figs. 6a and 6b for, respectively, option 1,

the central difference operator and option 2, Houbolt's operator).

First, information is provided to define the geometry of the ring in-

cluding its prescribed displacement conditions and elastic restraints. In

addition, the material property constants, as well as the prescribed initial

velocity and/or the prescribed applied transient external loading are defined.

Also defined is the structural discretization information and numerical integra-

tion data. It should be mentioned that Gaussian quadrature is employed in the

present analysis to evaluate the element-property matrices — this requires that

the stresses and strains be evaluated at a selected finite number of Gaussian

stations over the "spanwise" and depthwise region of each finite element. Next,

the mass matrix and the stiffness matrix for the entire structure are evaluated by

assembling the element mass and stiffness matrices. Then the proper prescribed dis-

placement conditions are imposed and a reduced mass matrix and stiffness matrix are

obtained by deleting the corresponding rows and columns associated with those

generalized displacements which are prescribed to be zero. Also constructed

are the discrete-element property matrices that do not change with time (and

remain constant throughout the program), such as the strain-nodal generalized

displacement transformation matrices, the equivalent nodal load vector and

actual externally-applied load transformation matrices, etc.

Starting from a set of given initial conditions at time t on the gen-

eralized nodal displacements, nodal velocities, and externally-applied forces,

the generalized nodal displacements and displacement increments are computed

for the first time increment At. Next, the strain increment developed from

t to t at every Gaussian station (or point) required over and depthwise

through each finite element are calculated. From a knowledge of the prescribed

initial stresses (if any) and the strain increments, one can determine the

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. Next,

one can calculate the equivalent generalized load vectors due to large deflec-

tions and plastic strains. Also, the prescribed generalized load vector due to

10



externally-applied loads at the present time step is calculated. Then, the

proper recurrence equations, which is the finite-difference representation

of the equations of motion, are solved to obtain the nodal generalized dis-

placements and displacement increments of the next time increment. The process

then proceeds cyclically for as many time steps as desired. Finally, it should

be noted that the Choleski scheme is employed to solve the system of ordinary

algebraic equations.

For present purposes, the above general description is considered to

be adequate; one may consult Ref. 3 and Appendix A for a more detailed dis-

cussion of the solution and evaluation process.

11



SECTION 3

DESCRIPTION OF PROGRAMS AND SUBPROGRAMS

3.1̂  Program Contents

In order to provide the necessary capability and versatility and at

the same time to keep the program concise, JET 3 is composed of the following

four separate groups of programs:

(1) JET 3A; This group of program handles uniform-thickness,

circular,complete, and/or partial rings and em-

ploys the timewise 3-point central-difference

operator.

(2) JET 3B; This group of program handles uniform-thickness,

circular, complete, and/or partial rings and em-

ploys Houbolt's timewise finite-difference opera-

tor.

(3) JET 3C; This group of program handles variable-thickness,

arbitrarily-curved, complete, and/or partial rings;

the timewise 3-point central-difference operator

is employed.

(4) JET 3D; This group of program handles variable-thickness,

arbitrarily-curved,complete, and/or partial rings;

Houbolt's timewise finite-difference operator is

employed.

Each of the four groups of program consists of a main program and several sub-

routines. Also, depending upon whether the structural configuration to be

analyzed is a complete or a partial ring, the main program and some of the

subroutines are modified accordingly.

The main program and the name of each subroutine are listed in the

following with a brief description of its functions. It should be noted that

the subroutine name and its function which are presented in Subsection 3.1

are those which are common to all four groups of programs.

12



MAIN

ASSEM

ASSEF

I DENT

IMPULS

PRINT

Reads the ring geometry, material property data, the

structural discretization information, and/or the pre-

scribed displacement conditions and elastic restraints.

It computes the quantities that are constant throughout

the program and initializes most of the variables used

in the subroutines. It controls the logical flow of

information supplied by the various subroutines and the

overall time cycle.

This subroutine updates the structural mass (and/or stiff-

ness) matrix as the element mass (and/or stiffness) matrices

are generated. The components of the assembled structural

mass matrix [M*], which is a symmetric matrix, are stored in

a linear-array form; only the lower triangular part of [M*]

need be and is stored (row-wise) starting with the first

nonzero element in the row and ending with the diagonal

term. Similar handling of the assembled stiffness matrices

([K*] and [K*]) of the structure is employed.

This subroutine assembles the generalized nodal load vectors

(due to externally-applied forces and/or large-deflection

elastic-plastic effects) of each individual element into a

generalized nodal load vector for the structure as a whole.

The IDENT subroutine is used to print out at the beginning

of the run, the values of certain input parameters, and is

used to identify the type of run that is being made.

The information for the initial generalized nodal velocities

is read in. This subroutine also sets the initial generalized

nodal displacements, the initial stresses, and/or the initial

plastic strains to be equal to zero.

The PRINT subroutine evaluates the strains on the inner and

the outer surfaces at the midspan point of each element, and

computes the relevant energies. An inspection process to

find the maximum strain and to test for "material failure" is

done in this subroutine. PRINT also controls the program out-

put and format.

13



ELMPP

ERG

PAC

FIC0L

L0ADEQ

L0ADFT

MINV

0MULT

This subroutine evaluates the element mass matrix [m], and/or

element stiffness matrix [k], for each discrete element, and

then performs discrete element assembly to form [M*] and/or

[K*J for the complete structure with respect to global coordi-

nates. Next, the appropriate prescribed displacement condi-

tions (if any) are imposed on [M*] and/or [K*] to form re-

strained matrices. Also evaluated are the transformation

matrices between the strain at each spanwise checking (Gaussian)

station and the generalized nodal displacements of the element.

Imposes the proper prescribed displacement conditions to the

[M*] and/or [K*] matrices by restraining the corresponding

rows and columns of the matrices.

FAC factors a symmetric matrix, [B] into a lower triangular

matrix [L] and an upper triangular matrix [L] according to

the Choleski scheme; [B] = [L][L]T.

Finds the corresponding location of an element in the linear-

array expression to a location in a two-dimensional array ex-

pression of the [M*] and/or [K*] matrices.

Computes the transformation matrices between the element

generalized (virtual-work equivalent) nodal load vectors

and the externally-applied mechanical load which may be

concentrated, uniformly distributed, and/or linearly dis-

tributed within the element.

This subroutine reads the data pertaining to the subsequent

time-dependent externally-applied loads and uses these data

to compute the element generalized load vectors and, sub-

sequently, an assembled generalized load vector for the

whole structure is formed at each time step of calculation.

Performs the matrix inversion; a standard Gaussian-Jordan

inversion method is used.

Computes various linear arrays (in which a two-dimensional

matrix is stored) and vector products. A vector results.

14



QREM

S0LV

STRESS

TSTEP

Evaluates the effective stiffness matrix [K*J, supplied by

the elastic foundations and/or the restoring springs, and

then imposes the prescribed displacement conditions on

[K*] accordingly,
s

Performs two back substitutions involving the factorized

form of a matrix by the Choleski method to obtain the solu-

tion of a matrix equation.

This subroutine evaluates the generalized load vectors,

({P*} + [H*]{q> of Eq. 2.3,and/or {FNL}+ {FL} + {FNL} of

Eq. 2.2) arising from the presence of large-deflections and

elastic plastic strains. First, the stresses and/or plastic

strains are determined at each quadrature station, which

involves the use of the strain-displacement relation and the

stress-strain relation. The strain-hardening and strain-

sensitivity effects are taken into consideration. Next, the

appropriate Gaussian integration scheme is used to form the

element generalized nodal load for each discrete element,

and finally, an assembled generalized nodal load vector is

calculated.

This subroutine is contained only in the JET 3A and the JET 3C

computer programs wherein the timewise 3-point central-differ-

ence operator is employed. It is called when the time-step

size, At, is not specified by the user. It finds the highest

natural frequency, u> , in the mathematical model of a
max

corresponding linear dynamic system [M*]{q} + [K*]{q*} = 0

by using an iteration process, and then a value of At =

0.8(2/U) ) is chosen for use in the program,
max ^ *
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3.2 Partial List of Variable Names

3.2.1

AMASS(I)

AMP1FVj

AMPIFWJ

AMP2FV |

AMP2FWJ

AMPFV

AMPFW

ANGV

ANGVl

ANGV2

3V1 \

2V2 J

APD

APDEN

B

Variables Having the Same Definition in

JET 3A, JET 3B, JET 3C, and JET 3D

[A], an 8x8 matrix, of Eq. A.10 or Eq. A.41 defines the

transformation between the element generalized nodal

displacements {q} and the parameters {0} in the assumed

displacement field of each element. It is destroyed

in computation and is replaced by its inverse [A ].

The lower triangular part of the symmetric structural

mass matrix [M*] (stored in a linear-array form of

size ISIZE). Later on, it is destroyed in calculation

and is replaced by a lower triangular matrix of a fac-

torized matrix according to the Choleski method.

Initial nominal amplitudes (at time TBEGIN) of the ex-

ternally-applied forces in the circumferential and the

normal direction, respectively.

Nominal force amplitudes, in the circumferential and the

normal direction, respectively, of each succeeding point

on the force versus time curve to be prescribed.

The linearly-interpolated values of the nominal force

amplitudes in the circumferential and the normal direction,

respectively, at the current time instant.

* • •

Initial angular velocity, i|> = (3w/8n. - v/R) , at time zero.

Initial angular velocities at the two edge nodes of the

local uniform initial normal velocity distributed over cer-

tain elements of the structure.

Work done on the structure by externally-applied forces

during the current time step.

Total work done on the structure by externally-applied

forces up to the present time step.

Width of the ring
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BE1(J,I,K)

BEPS(I)

BEPX

BIG

BINP(I,J)

BIMP(I,J)J

BlNPP (J) "I

BIMPP(J) \

BMASS(I)

Bl&NE

BTIME

C5

C6

CEPS(J,I)

CINE(I)

CIHET

CINET0

CIWETT

The transformation matrix which relates the strain at Jth

spanwise Gaussian station to the parameter (3) in the

assumed displacement field of each element. Equals

[B.J.HU], I = 1, 2, 3 (see Eq. A.14a or Eq. A.42c).

[DjHAq}, I = 1, 2, 3 (see Eq. A.15a).

Strain increment during the current time step at the

selected Gaussian station (over spanwise and depthwise

region of each element).

The largest computed strain up to the present cycle. It should

be noted that strains are computed only at every printout cycle.

The longitudinal force and the bending moment, respectively,

over the cross section at the Jth spanwise Gaussian station

of the Ith element (see Eq. A.33).

The integration of the plastic strain over the cross

section at the Jth spanwise Gaussian station of each ele-

ment (see Eq. A.36).

The lower triangular part of the symmetric structural mass

matrix, [M*], (stored in a linear-array form of size

ISIZE).

The highest natural frequency of a corresponding linear

dynamic system.

The time at which the largest computed strain occurs.

Equals l./P if the material is strain rate dependent

(Eq. A.37).

Equals l./(DSxDELTAT); see Eq. A.37.

Equals [D ]{q} , I = 1, 2, 3 (see Eq. A.15) at the Jth

spanwise Gaussian station of each element.

A work vector used in the calculation of kinetic energy

of the structure.

Kinetic energy of the structure at the current time

instant.

Initial kinetic energy imparted to the structure.

Total work done by all external agencies (externally-

applied forces and initial imparted kinetic energy) up

to the current time step.
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DDELD(I)

DELD(I)

DELTAT

DENS

DESNP

DET

DIS(I)

DISMl(I)

DISM2(I)

DISP(I)

DS

BLAST

ELF(I)

ELFP(I)

ELK(I,J)

ELMAS(I,J)

Current Y coordinate and Z coordinate, respectively, of the

Ith node.

Critical value of tensile strain at which the material will

"fail" (or fracture will appear).

Vector of dimension NI, contains the initial generalized

nodal acceleration {q*} as defined by Eq. A.65.

Vector contains the generalized nodal displacement increment

during the current time step.

Time-step size used in the program, At.
2 4

Densityof the material (Ib-sec /in ).

Plastic strain increment during the current time step at

each mechanical sublayer at any selected Gaussian station

(over the spanwise and the depthwise region of each element).

Resultant determinant of matrix [A]

Vector contains the generalized nodal displacement at the

next time instant ({q*} as defined in Eq.A.53a or Eq. A.57)

Vectors contain the generalized nodal displacements at one

previous time instant and at the two previous time instants,

respectively (defined by {q*} n and {q*} _, respectively,
m-1 m—2

of Eq. A.57).

Vector contains the generalized nodal displacement at the

current time instant.

Material constant used in the strain-rate sensitivity

formula (see Eq. A.37).

Total elastic energy present in the structure at the present

time instant.

Element generalized nodal load vector due to externally-

applied forces (see Eq. A.20 or Eq. A.45).

Element generalized nodal load vector due to large deflections

and elastic-plastic strains; it equals {p} + [h]{q} for JET 3A

and JET 3C, and equals - ({fNL> + {fL> + {fNL}) for JET 3B
q P P

and JET 3D.

Element stiffness matrix of dimension 8x8 (Eq. A.26a or

Eq. A.47d).

Element mass matrix of dimension 8x8 (Eq. A.18C or Eq. A.44).
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ELRP(I,J)

EPS (L)

EPSI(I)

EPS0(I)

Element effective stiffness matrix of dimension 8x8 supplied

by elastic restraints (Eq. A.29a or Eq. A. 48) .

Input quantities of abscissa of the uniaxial stress-strain

curve for the Lth mechanical sublayer material model.

Axial strain on the inner surface and on the outer surface,

respectively, at the midspan point of element I.

EPSLN

ES(I)

FAILI(I)
FAIL0(I)

FLR(I)

FLVA(I)

FMECH(I)

FMV 1

FMW J

FQREF(I)

FREQ

HNL(I)

Convergence criteria for the determination of the highest

natural frequency of a corresponding linear dynamic system

by employing an iteration process (used in subroutine TSTEP)

The slope of the Ith segment in the piecewise linear approxi-

mation of the material uniaxial stress-strain curve.

Print out an "*" at the printout cycle during which the axial

strains first exceed the critical value on the inner surface,

and/or outer surface, respectively.

Midplane axial strain and curvature increment, respectively,

at the selected spanwise Gaussian station of each element.

Vector contains the generalized nodal load due to large

deflections and plastic strain at one previous time instant.

Vector contains the generalized nodal load equivalent to the

externally-applied forces.

Assembled generalized load vector due to large deflections

and elastic-plastic strains. It equals {?*} + [H*]{q*} in

JET 3A and -JET 3C, and equals - ({FNL} + (FL) + {FNL}) inq p p
JET 3B and JET 3D.

Assembled generalized load vector due to externally-applied

forces.

Linear interpolated values of the nominal amplitude of the ex-

ternally-applied forces in the circumferential and the normal

direction, respectively.

Assembled generalized load vector supplied by elastic

restraints equals [K*]{q*} of Eq. 2.2 or Eq. 2.3.
s

The highest natural frequency of a corresponding linear

dynamic system.

Work vector of dimension 8, required for the evaluation of

element generalized nodal load vector due to large deflections

and elastic-plastic strains.
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IBIG

IC0L(I)

IK

INUM(I)

I0TA

I0TB

I0TC

ISIZE

ISURF

IT

ITT

JELEM(I)

KR0W(I)

LMI(I)

MM

Ml

M2

The element number whose midspan computed strain exhibits

the largest value during the present computer run.

Vector, of length NI, contains the column number of the

first nonzero entry in the Ith row of the structural

mass and/or stiffness matrix.

Work parameter used in subroutine FAC

The first element and the number of elements, respectively,

over which the local uniform initial normal velocity is to

be prescribed.

Number of discrete elements into which the whole structure

is discretized for analysis.

Vector of dimension NI contains the corresponding position

in the linear-array of the first nonzero entry in the Ith

row of the structural mass or stiffness matrix.

Number of local uniform initial normal velocity distribu-

tions .

Number of nodes at which the initial generalized nodal

velocity components are to be prescribed.

Number of local sine-shaped initial normal velocity

distributions.

The first element and the number of elements, respectively,

over which the local sine-shaped initial normal velocity is

to be specified.

Number of locations required for the storage of the structural

mass or stiffness matrix in linear-array form.

Equals 1 means largest computed strain occurs on the inner sur-

face; equals 2 means on the outer surface.

Current time-step (cycle) number

Work parameter equals IT + 1.

The element number at which the Ith concentrated load is

to be specified.

The row number of the Ith irregular row in the structural

mass or stiffness matrix,.

Work vector of length 8 used by subroutine MINV.

Time step (cycle) at which run is to stop.

Cycle at which regular printing starts

Printout will occur every M2 cycles.
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j

MCRIT

MMI(I)

MREAD

MWRITE

MPUNCH

NBC(I)

NBC0ND

NDEX(I)

NELF2(I)

NELF3(I)

NFL

NI

NIRREG

NL0AD

N0DEB(I)

N0DEV

N0FT1

N0FT2

N0FT3

A dummy variable which controls the print of "*" at the printout

cycle when the strain(s) first exceeds the critical value.

Work vector of length 8 used by subroutine MINV.

Number for the data input tape unit, printed output tape

unit, and the punched output tape unit, respectively.

These names must be assigned numbers in MAIN corresponding

to the user's computing facility requirements.

The prescribed-displacement condition identification number.

The number of nodes at which the prescribed displacement

conditions are to be specified.

The corresponding position in the linear-array of the

first nonzero entry in the Ith irregular row.

The number of elements over which the Ith local uniformly

distributed externally-applied load is to be specified.

The number of elements over which the Ith local sine-

shaped distributed externally-applied load is to be

specified.

The number of depthwise Gaussian points through the thickness

for the numerical evaluation of stress resultants (axial forces

and bending moment) at each spanwise Gaussian station.

Total number of degrees of freedom (unrestrained); it equals

the number of nodes times 4. Also, it is the number of rows

in the assembled structural mass or stiffness matrix.

Number of irregular rows in the assembled structural mass

or stiffness matrix.

Equal 1 means external forces are acting during the current

time step; equal to 2 means not acting.

The node number at which the prescribed displacement condition

NBC(I) is to be specified.

The node number at which the initial generalized nodal velocity

components are to be specified.

The number of concentrated loads, the number of local uniform

load distributions, and the number of local sine-shaped load

distributions, respectively, which are to be prescribed over

the structure.
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N0GA

N0RP "1

N0RU J

NQR

NREADF

NREL(I)

NRST(I)

NREU(I)J

NSFL

NSTF2(I)

NSTF3(I)

NV

PIE

PLAST

PM(I)

PN(I) J

The number of Gaussian stations to be employed for the

spanwise numerical integration of the element properties

over each element.

The number of point elastic restraints (elastic restoring

springs) and the number of locally distributed elastic

restraints, respectively, which are to be specified over

the structure.

Indicator, which if > 0 indicates that this structure is

subjected to elastic restraints (point and/or distributed).

Dummy variable which controls the reading-in of force-time

data.

The element number at which the Ith point elastic restraint

is to be specified.

The first element and the number of elements, respectively,

over which the Ith distributed elastic restraint is to be

specified.

Equals the number of mechanical sublayers in the strain-

hardening material model; also is the number of coordinate

pairs defining the piecewise linear stress-strain curve of

the material.

The first element number at which the Ith local uniform

load distribution is to be specified.

The first element number at which the Ith local sine-shaped

load distribution is to be specified.

Indicator, which if > 0 indicates that initial velocity

distributions are to be specified over the structure.

Constant used in the strain-rate sensitivity formula

(see Eq. A.37).

Represents TT = 3.14159265.

Total plastic work done on the structure up to the current

time step (mechanical work dissipated during plastic flow).

Work vectors of dimension 8, required for the evaluation of

element generalized nodal load vector due to large deflections

and elastic-plastic strains.
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RT0V(I) 1

RT0W(I) J

KT02V(I) I

RT02W(I) J

RT03V(I)

RT03W(I)

SCTP 1

SCRP j

SCTU 1

SCRU J

SIG(L)

SL0PEV

SL0PEW

SN0(I)

SNP(I,J,K,L)

SNS(I,J,K,L)

SNY

S0L(I)

SPDKN

The normalized values of the Ith concentrated load with

respect to the nominal amplitudes in the circumferential

and the normal direction, respectively.

The normalized values of the Ith local uniform load distri-

bution with respect to the nominal amplitudes in the cir-

cumferential and the normal direction, respectively.

The normalized values of the Ith sine-shaped load distribu-

tion with respect to the nominal amplitudes in the circumfer-

ential and the normal direction, respectively.

The translational and torsional restoring spring elastic

constants, respectively.

Elastic foundation modulus in translation and torsion,

respectively.

Input quantities for the ordinate of the uniaxial static

stress-strain curve for the Lth mechanical sublayer ma-

terial model.

Slopes of the piecewise linear segment approximation of

nominal force versus time curve in the circumferential and

the normal direction, respectively, at the current time

instant.

Uniaxial static yield stress of the Ith mechanical sublayer

material model.

The total plastic strain of the Lth mechanical sublayer at

the Kth depthwise Gaussian point at the Jth spanwise Gaussian

station of the Ith element.

Axial stress on the Lth mechanical sublayer at the Kth depth-

wise Gaussian point at the Jth spanwise Gaussian station of

the Ith element.

Uniaxial yield stress of the mechanical sublayer, taking

strain-rate sensitivity into account.

Contains the solution vector of a system of matrix equations.

Total energy stored in the elastically-restoring springs and/or

the elastic foundations at the current time instant.
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SPRIN(I)

STIFK(I)

VRAD

WRAD

WRAD1 "1

WRAD2 J

Y0UNG

The assembled effective stiffness matrix supplied by elastic

restraints (stored in a linear array form).

Assembled structural stiffness matrix, stored in a linear-

array form.

Times at which a linear segment of the force versus time

curve starts acting and stops acting, respectively.

Times when overall externally-applied forcing function starts

acting and stops acting, respectively.

Current time (ITxDELTAT)

iMode shape corresponding to the highest natural frequency of

the finite-element representation of a linear dynamic system.

Input vectors with dimension NFL; contain Gaussian quadrature

constants x. and weights, w., of

used in the numerical integration of stresses and/or plastic

strains through the thickness.

The value of the initial tangential velocity to be specified

at the node of the element.

The value of initial normal velocity to be specified for the

local uniform initial normal velocity; also is the peak value

of the sine-shaped initial normal velocity distribution.

The values of the initial normal velocity at the two edge

nodes of the local uniform initial normal velocity distributed

over certain elements of the structure.

Elastic (Young's) modulus (the slope of the 1st segment in the

piecewise linear approximation of the uniaxial stress-strain

curve).

Initial Y coordinate and Z coordinate, respectively, of the

Ith node.
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3.2.2

AL

ASFL(K,L)

BEP(J,I,K)

BL

BX

ELR(I,J)

ETA(I)

EXANG

FM1(I,M,N)

Variables Appearing Only in JET 3A and_ JET _3B

Eleraent arc length (uniform circular ring element) .

Stress and/or plastic strain weighting factor on the Lth

mechanical sublayer at the Ktn depthwise Gaussian point

. , TWG(K) 0 „ ES(L) - ES(L+1).
(equals — ^— x B x II x -- - ---- ) .

ES(1)

Subtended angle of the uniform circular ring element.

Input vectors with dimension NOGA; contain Gaussian quad-

rature constants, x. , and weights, W. of

1 W;

employed in the spanwise numerical integration over each

element.

Transformation matrix which relates the strain at the Jth

spanwise Gaussian station to the element generalized nodal

displacements ([D 1, I = 1, 2, 3, see Eq. A. 42b).

Total arc length of the circular ring.

Total subtended angle of the circular ring (radians).

A work matrix of dimension 8x8 for the evaluation of element

matrix (equals [in] of Eq. A.44) .

A work matrix (equals [k'] of Eq. A.47d) .

A work matrix of dimension 8x8 for the evaluation of the

element effective stiffness matrix supplied by elastic re-

straints (equals ^

\\ (NJ [CJ(NJ^
J~i

of Eq. A.48).

is the length coordinate along the centroidal axis from the

mid point of element JELEM(I) at which the Ith concentrated

load is to be specified.

Total subtended angle of the circular ring (degrees).

A transformation matrix which relates the element generalized

load vector and the Ith externally-applied concentrated load

(equals [A~1]I'[f'] of Eq. A. 45a) .
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FM2(M,W)

FM3(M,N)

FM(M,N)

FMC(M,N)

FML(M,N)

GFL(J)

GZETA(J)

A transformation matrix which relates the element generalized

load vector and the uniformly distributed externally-applied
-1 T

load over the element (equals [A ] [f ] of Eq. A.45C).

A transformation matrix which relates the element generalized

load vector and the linearly distributed externally-applied
-1 T

load over the element (equals [A ] of Eq. A.45e) .

Matrices of dimension 8x2 defined by [f] of Eq. A.45h,
c

[f] = [f'0 ] of Eq. A.45d, and [f' ] of Eq. A.45g, re-U JCo J6J.
spectively.

Stress and/or plastic strain weighting factor of the Jth depth-

wise Gaussian point at each spanwise Gaussian station

(equals

Distance from the centroidal axis of the Jth depthwise

Gaussian point at each spanwise Gaussian station

(equals

H Thickness of the ring

HHALF Half the thickness of the ring.

R Mean radius of the circular ring.

REX(I) The length coordinate along the centroidal axis from the

midpoint of the element NREL(I) at which the Ith point

elastic restraint is to be specified.

THETA The angle between the +Z axis and the radial vector with

origin at 0 to the first node of the discrete element

representation of the structure.

3.2.3 Variables Appearing Only in JET 3C and JET 3D

-1
AA(I,M,N)

AL(I)

ANG(I)

Equals [A ] of Eq. A.lOa; it defines the transformation

between the element generalized nodal displacement {q} arid

the parameters (3) in the assumed displacement field of the

Ith element.

Element arc length of the Ith element.

The slope, which is the angle between the tangent vector and

the +Y axis, at the Ith node.
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APHA

ASFL(I,J,K,L)

AXG(I) 1

AWGI

BEP(IR,J,I,K)

BZER

Bl

B2

ELR(I,J)

ETA(I)

FM1(I,M,N)

The angle, a, as defined by Eq. A.6c.

Stress and/or plastic strain wieghting factor on the Lth

sublayer in the Kth depthwise Gaussian point at the Jth

spanwise Gaussian station of the Ith element.

Input vectors with dimension NOGA; contain Gaussian quadra-

ture constants, x., and wieghts, W. of

J* f A ' '

employed in the spanwise integration over each element.

Transformation matrix which relates the strain at the Jth

spanwise Gaussian station to the generalized nodal displace-

ments of the IRth element ( [D ] , I = 1, 2, 3, see Eq. A.14).

Coefficients in the quadratic representation of the meridional

slope 4>. Corresponds to b , b , and b , respectively in
o 1 2

Eq. A.5.

A work matrix of dimension 8x8 for the evaluation of the

element mass matrix (equals

of Eq. A.lSa)

A work matrix of dimension 8x8 for the evaluation of the

element stiffness matrix (equals , 3

of Eq. A.26a)

A work matrix of dimension 8x8 for the evaluation of the

element effective stiffness matrix supplied by elastic

restraints (equals

of Eq. A.29a)

Equals the length coordinate along the centroidal axis from

the node JELEM(I) at which the Ith concentrated load is to

be specified on element JELEM(I).

A transformation matrix which relates the element generalized

load vector and the Ith externally-applied concentrated load

(equals [A~ ]r[f] of Eq. A.20b).
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FM2(I,J,M,N)

FM3A(I,J,M,N) ~\

FM3B(I,J,M,N) J

FM(M,N)

FMA(M,N) 1

FMB(M,N)J

GFL(IR,I,J)

GZETA(IR,I,J)

HHALF(I)

PHI

PHIP

REX(I)

RH

YZET 1

ZZET J

A transformation matrix which relates the element gen-

eralized load vector and the Jth local uniform distributed

externally-applied load over the element [NSTF2(I)+J-1]

(equals [A~1]Ttf] of Eq. A.20e).

Transformation matrices which relate the element generalized

load vector and the Ith local linear distributed externally-

applied load over the element [NSTF3(D + J - 1] (equals

[A~ ]Tlf£0]
 an<l [A~1]Ttf 1̂] , respectively, of Eq. A.20g).

A work matrix, of dimension 8x2, defined by [f] of Eq. A.20c
c

or [f'] of Eq. A.20f.
u

Work matrices, of dimension 8x2, defined by [f' ] and [fI ],

respectively, of Eq. A.20g.

Stress and/or plastic strain weighting factor on the Jth

depthwise Gaussian point at the Ith spanwise Gaussian station

of the IRth element.

Distance from the centroidal axis of the Jth depthwise Gaussian

point at the Ith spanwise Gaussian station in the IRth element.

The thickness of the ring at the Ith node.

Half the thickness of the ring at the midpoint of element I.

<j> of Eq. A.I at a given spanwise quadrature station.

<j)' of Eq. A.I at a given spanwise quadrature station.

The length coordinate along the centroidal axis from the node

NREL(I) at which the Ith point elastic restraint is to be

specified.

Thickness at a given spanwise quadrature station.

The Y coordinate and Z coordinate, respectively, at a given

spanwise quadrature station.
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SECTION 4

USE OF THE JET 3 PROGRAM

4.1 Input Information and Procedure

The information required to punch a set of data cards for a run of

the program is presented in a step-by-step manner in this section. The vari-

ables to be punched on the nth data card are outlined, and in a box to the

right is the format to be used for that card; the definition of and some re-

strictions for each variable are given directly below. This is done for each

card, in turn, until all are described. The data cards necessary for analyz-

ing (a) uniform thickness circular rings by using JET 3A or JET 3B; and (b)

variable thickness arbitrarily curved rings by using JET 3C or JET 3D are

described separately in the following.

4.1.1 Input to JET 3A and/or JET 3B for Analyzing

Uniform Thickness Circular Rings

Cards 1 through 10 are used to describe the ring geometry, material

properties, the finite-element model makeup, and the prescribed displacement

conditions and/or elastic restraints.

Card 1

R, B, H, DENS, EXANG

Format

5E15.6

where

R The ring mean radius; distance from center to the

centroidal axis (inches).

B The width of the ring (inches).

H The thickness of the ring (inches).
2 4

DENS The mass density of the ring material,lb-sec /in .

EXANG The total subtended angle of the circular ring

(degrees). For a complete circular ring,

EXANG = 360°.
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Card 2

IK, N0GA, NFL, NSFL, MM, Ml, M2 715

where

IK

N0GA

NFL

NSFL

MM

Ml

M2

The number of uniform size discrete elements used

to model the whole structure. This number cannot

exceed 50.

The number of spanwise Gaussian stations to be used for

the spanwise numerical integration over each element in

evaluating the element properties {p}, [h], and/or {f }

{fL}, and {fNL}. N0GA = 3 is used in JET 3.
P P

The number of depthwise Gaussian points to be used for

the numerical integration through the thickness of

stress resultants at each spanwise Gaussian station.

NFL = 4 is used in JET 3.

The number of mechanical sublayers in the strain-

hardening material model. Equals the number of co-

ordinate pairs defining the polygonal approximation of

the stress-strain curve of the material. This number

must not be more than 5.

Corresponds to the computation cycle number at which

the run is to stop.

The cycle number at which regular printout is to begin.

The number of cycles between regular printout (i.e.,

print every M2 cycles).

This limitation and others which follow, apply to the program as listed in
Section 5. These limitations may be circumvented by altering the dimensions
of the variables in the program.
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Card 3

DELTAT, THETA, GRITS, DS , P

where

DELTAT

THETA

GRITS

DS

P J

5E15.6

The time step size, At (seconds) to be employed for the

timewise finite-difference operator. In the use of

JET 3B wherein Houbolt's operator is employed, the value

of At must be specified by the user. On the other hand,

in the use of JET 3A wherein the central-difference opera-

tor is employed, the program will compute the largest

natural frequency, u , of a corresponding linear system,
luclX

and will then choose a value of At = 0.8(2/0) ) , if the
max

value of At is set equal to zero on this card.

The angle (degrees) between the +z axis and the radial

vector with origin at 0 to the first node of the dis-

crete element representation of the structure.

Critical value of tensile strain at which the material will "fail1

(or fracture will appear) .

The value of the constants D and p, respectively, used

in the strain-rate sensitivity formula

V - §

1/P

Card 4

where D = (I/sec) , a . is the static yield stress of

the Hth mechanical sublayer, and a . is the corres-

ponding rate-dependent yield stress. If the material

does not exhibit strain-rate sensitivity, set DS = 0,

and let P blank.

EPS(l), SIG(l), EPS(2), SIG(2)

where

Make up the first coordinate pair of strain, e, and

stress, a, coordinates which are used to define the

4E15.6
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piecewise linear approximation of the uniaxial static

stress-strain curve. The stress-strain curve for which

these values and those following are obtained must be

upwardly-convex with nonnegative slopes (e(L) = in/in,

0(L) = lb/in2) .

Make up the second coordinate pair of strain and stress

coordinates.

Additional Cards 4a and 4b are punched in exactly the same

manner as Card 4 until the number of coordinate pairs equals the value NSFL

punched on Card 2. The total number of coordinate pairs must not exceed 5.

Card 5

AXG(l) , AXG(2) , AXG{3) 4F15.10

where

AXG(I) Vector, of dimension N0GA, contains Gaussian quadrature

constants, x. for the numerical integration of

If N0GA = 3, for example, then the following data

appear on this card:

-0.7745966692 0.0 +0.7745966692

Card 6

AWG{1), AWG(2), AWG(3) 4F15.10

where

AWG(I) Vector, of dimension N0GA, contains Gaussian quadrature

weights, W. , for the numerical integration of

If N0GA = 3, the following data appear:

0.5555555555 0.8888888888 0.5555555555

32



Card 7

TXG(l), TXG(2) , TXG(3), TXG(4) 4F15.10

Card 8

TWG(l) , TWG(2), TWG(3), TWG(4) 4F15.10

where

TXG(I)1 Vectors, of dimension NFL, contain Gaussian quadrature

TWG(I)j constants, x., and weights, W., respectively,for the

numerical integration of

If NFL =4, for example, then the following data appear

on Card 7:

-0.8611363115 -0.3399810435 0.3399810435 0.8611363115

and the data

0.3478548451 0.6521451548 0.6521451548 0.3478548451

appear on Card 8.

Card 9

NBC0ND, NBC(l), N0DEB(1), NBC(2) N0DEB(2) ... NBC(4), N0DEB(4) 915

where

NBC0ND The number of prescribed displacement conditions to be

specified on the structure. This number must not ex-

ceed 4.

NBC(l) I The identification number and the node number, respectively,

N0DEB(1)J for which the first prescribed displacement condition is to

be imposed.
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NBC(2) I The second data group of the identification number and

N0DEB{2) node number, respectively, for which the second pre-

scribed displacement condition is to be imposed. .

The appropriate form of the data group NBC(I) and N0DEB(I) should be

repeated NBC0ND times. If NBC0ND=0, that means there is no prescribed dis-

placement condition to be imposed on the structure; then, let NBC(I) and

N0DEB(I) blank.

The prescribed displacement condition identification number can be

equal to 1, 2, or 3, depending upon the type of the prescribed displacement

condition. Its description follows:

NBC(I)=1 Symmetry displacement condition. Setting the degrees

of freedom v and ty at the node NODEB(I) to zero.

NBC (I) =2 Ideally-clamped condition. Setting v, w, and i|) at

node NODEB(I) to zero.

NBC(I)=3 Smoothly-hinged condition. Setting v and w at node

NODEB(I) to zero.

Card 10

NQR, N0RP, N0RU 315

where

NQR Indicator, which if > 0 indicates that the structure

is subjected to elastic restraints (point and/or

distributed).

N0RP The number of point elastic restraints (elastic restoring

springs) which are to be prescribed over the structure.

This number must not exceed 4.

N0RU The number of local distributed elastic restraints

(elastic foundations) which are to be prescribed over

the structure. This number must not exceed 4.

If there is no prescribed elastic restraints on the structure, set
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NQR=0 and let N0RP and N0RU blank.

If Card lOa and Card lOb are included only if NQR >0 in Card 10.

If N0RP=0, skip to Card lOb.

Card lOa

SCTP, SCRP

Card lOaa

NREL(l), REX(l), NREL(2), REX(2), ... NREL(4), REX(4)

where

2E15.6

4(15,E15.6)

SCTP The translational restoring spring elastic constant

(Ib/in).

SCRP The torsional restoring spring elastic constant

(in-lb/radian).

NREL(l) I The element number and the length coordinate along

REX(l) J the centroidal axis from the midspan point of this

element, respectively, at which the first point

elastic restraint is to be specified.

NREL(2) 1 The element number and the length coordinate for

REX(2) J the second point elastic restraint.

The data group NREL(I), REX(I) should be repeated N0RP times.

If N0RU=0 in Card 10, omit Card lOb, and Card 11 follows directly.

Card lOb

SCTU, SCRU, NRST(l), NREU(l), ... , NRST(4), NREU(4) 2E15.6,8I5

where

SCTU

SCRU

Elastic foundation modulus in translation (Ib/in ).

Elastic foundation modulus in torsion (in-lb)/(rad-in)
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NRST(l) \ The first element and the number of elements, respec-

NREU(l) I tively, over which the first elastic foundation is

to be specified (the first elastic foundation is dis-

tributed to element NRST(l), through and including

element (NRST(1)+NREU(1)-1).

NRST(2) I The first element and the number of elements over

NREU(2) J which the second elastic foundation is to be

specified.

Data group NRST(I) and NREU(I) are repeated NORU times.

Cards 11 through 14 are used to describe the initial velocity distribu-

tions .

Card 11

NV, I0TA, I0TB, I0TC 415

where

NV Indicator, which if >0 indicates that the initial

velocities are to be prescribed over the structure.

IOTA Number of local uniform initial normal velocity

distributions.

I0TB Number of nodes at which the initial generalized

nodal velocity components are to be specified.

I0TC Number of local sine-shaped initial normal

velocity distributions.

If there is no initial velocity distributions, set NV=0 and let I0TA,

I0TB, I0TC blank, then skip to Card 15.

If I0TA>0, the following No. 12 Card(s) must be included directly;

otherwise, skip to Card 13.
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Card 12a

IE1, IE2

Card 12aa

WRAD, WRAD1, ANGV1, WRAD2, ANGV2

where

WRAD

WRAD1

ANGV1

WRAD2

ANGV2

The first element and the number of elements, re-

spectively, over which the first local uniform

initial normal velocity is to be prescribed. The

number IE2 must be greater than one.

The value of the initial normal velocity w (in/sec)
o

for the first local uniform initial velocity

distribution.

The initial radial velocity w (in/sec) and initial
o

angular velocity \l> (rad/sec) , respectively, which

are to be prescribed on node IE1.

The initial radial velocity and angular velocity

which are to be specified on node IE1+IE2.

215

5E15.6

Additional Cards 12b, 12bb and 12c, 12cc ... are punched in the same

format, until the total number of cards equals I0TA given in Card 11.

It perhaps should be mentioned that the values of WRAD1, ANGV1 and WRAD2,

ANGV2 are included here in order to smooth the discontinuous function of the

local uniform initial normal velocity distribution at two edge nodes by a

continuous- function (because in the finite-element model the compatibility

of v, w, fy, and x at boundary nodes of each element with neighboring elements

is required).

If I0TB>0 in Card 11, the following No. 13 Card(s) must be included:

otherwise, skip to Card 14.
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Card 13

N0DEV, VRAD, WRAD, ANGV 15, 3E15.6

N0DEV The node number at which the initial generalized

nodal velocity components are to be prescribed.

VRAD I The initial tangential velocity v (in/sec), normal

°WRAD velocity w (in/sec) and angular velocity, ty (rad/sec),

ANGV J respectively, which are to be prescribed on node NODEV.

Additional Card(s) 13a, 13b, ... are punched in the same format until

the total number of cards specified equals I0TB in Card 11.

Card(s) 14, 14a, 14b ... are included only if I0TC>0 in Card 11.

Card 14

IS1, IS2, WRAD

where

WRAD

The first element and the number of elements over

which the first local sine-shaped initial normal

velocity distribution is to be prescribed.

The peak value w (in/sec) of the first sine-shaped

initial normal velocity distribution.

2I5,E15.6

Card(s) 14a, 14b ... are punched in the same manner, until the total

number of No. 14 cards equals I0TC on Card 11.

The remaining cards (15 through 20) specify the amplitude, direction,

and distribution of the subsequent time-dependent externally-applied forcing

function.
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Card 15

TBEGIN, TFINAL, AMP1FV, AMP1FW 4E15.6

where

TBEGIN I Times (seconds) which define the beginning and the end,

TFINAL J respectively, of the complete externally-applied forcing

function; i.e., the complete forcing function starts

at TBEGIN and ends at TFINAL.

AMP1FV 1 The circumferential and the normal components, respec-

AMP1FW J tively, of the normal force (amplitudes of the forcing

function)(Ibs) versus time history at time TBEGIN.

If there is no externally-applied forcing function during the run, set

both TBEGIN and TFINAL equal to zero and let AMP1FV, AMP1FW blank; Card 15

will be the last card if no forcing function is to be prescribed.

Card 16

N0FT1, N0FT2, N0FT3 315

where

N0FT1 The number of concentrated loads which are to be pre-

scribed (N<DFT1<4) .

N0FT2 The number of local uniform load distributions which

are to be prescribed (NOFT2<4).

N0FT3 The number of local sine-shaped load distributions

which are to be prescribed (N0FT3<_4) .

Omit data group 17 if N0FT1=0 on Card 16.

Card 17

JELEM(l), ETA(l), RT0V(1), RT0W(1) I5,3E.15.6

where

JELEM(1)| The element number and the length coordinate along the

ETA(l) J centroidal axis from the midspan point of element
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JELEM(l), respectively, at which the first concentrated

load is to be prescribed.

RT0V(1) 1 The normalized values of the first concentrated load

RT0W(1) I with respect to the nominal forces in the circum-

ferential and the normal directions, respectively,

(Ib/lb).

Card(s) 17a, 17b, — are repeated in the same format, until the total

number of No. 17 cards equals N0FT1 given in Card 16.

Skip data group Card(s) 18 to Card 19 if N0FT2=0 on Card 16.

Card 18

NSTF2(1), NELF2U), RT02V(1), RT02W(1) 2I5,2E15.6

where

NSTF2(1)I The first element and the number of elements, respec-

NELF2(1)J tively, over which the first local uniform load is

to be distributed.

RT02V(1) The normalized values of the first local uniform

RT02W(1)J load distribution with respect to the nominal

amplitudes in the circumferential and the normal

directions, respectively, (Ib/lb-in).

Card(s) 18a, 18b, ... are repeated in the same format until the total

number of No. 18 cards equals N0FT2 on Card 16.

Card(s) 19 are included only if N0FT3>0; otherwise, skip to Card 20.

Card 19

NSTF3(1), NELF(3), RT03V(1), RT03W(1) 2I5,2E15.6

where

NSTF3(1) 1 The first element and the number of elements, respec-

NELF3(1)J tively, over which the first local sine-shaped forcing

function is to be distributed.
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RT03V(1) 1 The normalized values of the first local sine-shaped

RT03W(1) I forcing function with respect to the nominal ampli-

tudes in the circumferential and the normal direc-

tions, respectively (Ib/lb-in).

Card(s) 19a, 19b, ... are repeated until the total number of No. 19 cards

equals N0FT3 on Card 16.

Card 20

T2, AMP2FV, AMP2FW 3E15.6

where

T2 The time (seconds) of the second point to be specified

on the normal force versus time curve.

AMP2FV The nominal circumferential and normal force amplitudes

AMP2FWJ of the second point to be specified (Ibs).

Cards 20a, 20b, ... have the same format as Card 20 and read successive

values of T2, AMP2FV, and AMP2FW. T2, AMP2FV, AMP2FW on each card give the

coordinates of each succeeding point on the force versus time curve. There is

no limit to the number of No. 20 cards that can be used when specifying the

total forcing function by coordinates of the force versus time curve. However,

it is important that the final No. 20 card specify the nominal force at a time

which must be equal to or greater than TFINAL specified on Card 15; otherwise,

computation will stop.

4.1.2 Input to JET 3C and/or JET 3D for Analyzing Variable

Thickness Arbitrarily Curved Rings

The input information required for JET 3C and/or JET 3D to handle variable

thickness arbitrarily curved rings is very similar to that just described for

JET 3A and/or JET 3B, except for some slight modifications. The data cards are

listed in the following. To avoid needless repetition, only variables which

newly appear and/or have different definitions are described.
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Card 1

B, DENS

Format

2E15.6

Card 2

IK, N0GA, NFL, NSFL, MM, Ml, M2 715

where

IK

Card 2a

The number of finite-elements into which the ring

has been discretized for analysis.

Y(l), Z(l), ANG(l), H(l) 4E15.6

where

Y(l) Initial Y coordinate and Z coordinate, respectively,

Z(l) of the first node (inches)
s

ANG(l) The slope (degrees) which is the angle between the

tangent vector and the +Y axis at the first node.

H(l) The thickness at the first node (inches).

Additional Cards 2aa, 2ab, ... are punched in exactly the same format

as Card 2a until the total number of No. 2a cards equals IK+1 for a partial

ring and equals IK for a complete ring, where IK is the value appearing on

Card 2. Also, the following conditions must be satisfied by ANG(I):

(a) -180°<ANG(I)<180°, and (b) |ANG(I+1)-ANG(I)|<15°.

Card 3

DELTAT, GRITS, DS, P 4E15.6

where

DELTAT The time step size At (seconds) to be employed for the

timewise finite-difference operator. In the use of

JET 3D wherein the Houbolt operator is employed,
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the value of At must be specified by the user. On

the other hand, in the use of JET 3C, wherein the

central-difference operator is employed, the pro-

gram will compute the largest natural frequency, co
max

of a corresponding linear system, and will then choose a

value of At = 0.8 x (2/w

equal to zero on Card 3.

value of At = 0.8 x (2/w ), if the value of At is set
ITlclX

Card 4

EPS(l), SIG(l), EPS (2), SIG(2) 4E15.6

Additional Cards 4a and 4b are repeated in the same format until the

number of coordinate pairs equals the value of NSFL on Card 2.

Card 5

AXG(l), AXG{2), AXG(3)

Card 6

where

AXG(I)

AWG(I)

4F15.10

AWG(l), AWG(2), AWG(3) 4F15.10

Vectors, of dimension N0GA, contain Gaussian quadra-

ture constants, x. and weights, W., respectively, for

the numerical evaluation of

fa,-) W,
If N0GA=3, the following data appear on Card 5:

0.1127016654 0.5 0.8872983346

and the data

0.2777777778

on Card 6.

0.4444444444 0.2777777778
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Card 7

TXG(l), TXG(2), TXG(3), TXG(4) 4F15.10

Card 8

TWG(l) , TWG(2) , TWG(3) , TWG(4) 4F15.10

Card 9

NBC0ND, NBC(l), N0DEB(1), ... NBC(4), N0DEB(4) 915

The appropriate form of the data group NBC(I), N0DEB(I) should be re-

peated NBC0ND times. If NBC0ND=0, let NBC(I) and N0DEB(I) blank.

Card 10

NQR, N0RP, N0RU 315

If NQR=0, leave N0RP and N0RU blank.

Card lOa and Card lOb are included only if NQR>0 in Card 10.

If N0RP=0, skip to Card lOb.

Card lOa

SCTP, SCRP 2E15.6

Card lOaa

NREL(l) , REX(l), NREL(2) , REX(2) ... NREL(4), REX (4) 4(15,E15.6)

where

REX (I) The length coordinate along the centroidal axis from

the node NREL(I) at which the Ith point elastic

restraint is to be prescribed on element NREL(I).

Data group NREL(I), REX(I) should be repeated N0RP times.

If N0RU=0 in Card 10, omit Card lOb; Card 11 follows directly.
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Card lOb

SCTU, SCRU, NRST(l), NREU(l) ... NRST(4), NREU(4) 2E15.6,8I5

Data group NRST(I) and NREU(I) are repeated N0RU times.

Card 11

NV, I0TA, I0TB, I0TC 415

If there is no initial velocity distribution, set NV=0 and let I0TA,

I0TB, and I0TC blank; then skip to Card 15.

Cards 12 are included, only if I0TA>0 in Card 11.

Card I2a

' 215

Card 12aa

IE1, IE2

WRAD, WRAD1, ANGV1, WRAD2, ANGV2 5E15.6

Additional Cards 12b, 12bb and 12c, 12cc ... are repeated until the

total number of No. 12 cards equals I0TA.

Card(s) 13 are included only if I0TB>0 in Card 11.

Card 13

N0DEV, VRAD, WRAD, ANGV I5

Additional Card(s) 13a, 13b repeated IOTB times.

Card(s) 14, 14a, are included only if I0TC>0 is given in Card 11.

Card 14

IS1, IS2, WRAD 2I5,E15.6

Card(s) 14a, 14b are punched in the same manner, until the total number

of No. 14 cards equals I0TC.
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Card 15

TBEGIN, TFINAL, AMP1FV, AMP1FW 4E15.6

If there is no externally-applied forcing function during the run, set

both TBEGIN and TFINAL equal to zero and let AMP1FV, AMP1FW blank; Card 15

will be the last card if no forcing function is to be prescribed.

Card 16

N0FT1, N0FT2, N0FT3 315

where

N0FT1<4, N0FT2<2, and N0FT3£2

Omit data group 17 if N0FT1=0 on Card 16.

Card 17

JELEiM(l), ETA(l) , RT0V(1), RT0W(1) I5,3E15.6

where

ETA(l) The length coordinate along the centroidal axis

from the node JELEM(l) at which the first concen-

trated load is to be prescribed on element JELEM(l).

Card(s) 17, 17a, ... are repeated N0FT1 times

Skip data group Card(s) 18 if N0FT2=0 on Card 16.

Card 18

NSTF2U), NELF2U), RT02V(1), RT02W(1) 2I5,2E15.6

where

NELF2(1}<4.

Card(s) 19 are included only if N0FT3>0; otherwise, skip to Card 20.

46



Card 19

NSTF3U), NELF3(1), RT03V(1), RT03W(1) 2I5,2E15.6

where

Card(s) 19, 19a — are repeated N0FT3 times.

Card 20

T2, AMP2FV, AMP2FW 3E15.6

Cards 20a, 20b, ... have the same format as Card 20 and read successive

values of the coordinate points on the force versus time curve.

On the final No. 20 card, T2 must be equal to or greater than TFINAL

specified on Card 15.

4.1.3 Input for Special Cases of the General

Stress-Strain Relations

In the following, the specific input data for three special cases of

the general elastic, strain-hardening constitutive relation handled by the

computer program are given. Only the relevant data are noted:

1. Purely Elastic Case

Set NSFL=1 on Card 2, and make EPS(l) and SIG(l) on Card

4 sufficiently high so that no plastic deformation occurs;

for example, EPS(1)=1.0, SIG (1)=ES(1) , where ES(1) equals

the elastic (Young's) modulus.

2. Elastic, Perfectly-Plastic Case

Set NSFL=1 on Card 2 and make EPS(1)=SIG(1)/ES(1) on

Card 4.

3. Elastic, Linear Strain-Hardening Case

Set NSFL=2 on Card 3 and set EPS (1)=SIG (D/ES (1) . Also

EPS(2) and SIG(2) on Card 4 are taken sufficiently high in
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order to avoid plastic deformation in the second sub-

flange. For example, EPS(2)=1.0, and SIG(2) = (1. - EPS (1))x

ES(2) + SIG(l), where ES(2) is the slope of the segment

in the plastic range.

4.2 Description of the Output

The printed output begins with a partial reiteration of the program

input which identifies the problem solved. The information presented varies

with the type of problem analyzed. Example outputs are presented in Section 6.

After the initial printout has been completed, the following informa-

tion is printed out (this is done before the first cycle (J=0), after cycle

Ml has been completed, and at every M2 cycle thereafter:

J=[IT] TIME(SEC.}=[TIME]

TOTAL ENERGY INPUT(IN.-LB.)=[CINETT]

KINETIC ENERGY(IN.-LB.)=[CINET]

ELASTIC ENERGY(IN.-LB.}=[ELAST]

PLASTIC W0RK(IN.-LB.) = [PLAST]

ENERGY STORED IN THE ELASTIC RESTRAINTS(IN.-LB.)=[SPDEN]

I V W PSI CHI COPY C0PZ L M STRAIN(IN) STRAIN(OUT)

1

2

3

where IT = Cycle number

TIME = Elapsed time corresponding to the end of cycle J(sec.)
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CINETT

CINET

BLAST

PLAST

SPDEN

V

W

= Total work imparted to the structural ring up to the

present time step by the external agencies such as

the externally-applied forces and the initially-

imparted kinetic energy (in-lb).

= The current value of kinetic energy present in the

structural ring* (includes both the rigid body and

the relative kinetic energies) (in-lb).

= Total elastic strain energy stored in the entire struc-

tural ring at the present time instant (in-lb).

= Total plastic work** done on the structural ring

(mechanical work dissipated during plastic flow)

(in-lb).

= Total energy stored in the elastically-restoring

springs and/or the elastic foundations at the current

time instant (in-lb).

= Node number in clockwise order. For a partial ring, the

value of the total number of nodes equals the value of

the total number of elements plus one. For a complete

ring, the value of the total number of nodes equals the

value of the total number of elements.

= The middle plane axial displacement at node I (in).

= The middle plane transverse displacement at node I (in).

It should be noted that the rigid body part of the kinetic energy, which is
used to accelerate the "rigid body" mass of the structure, can be extracted
and identified separately. However, for the present program dealing with
rather general structural geometries and with various support/restraint con-
ditions, it would be very unwieldy (but not impossible) to identify these
separate kinetic energies; hence, the total kinetic energy is calculated and
printed out.
**
The plastic work done on the ring is estimated by subtracting the sum of the

elastic and kinetic energies present in the ring from the total input energy
(due to the externally-applied load and the initially-imparted kinetic energy);
i.e., CINETT=CINET+ELAST+PLAST+SPDEN. It should be mentioned that the approxi-
mate nature of this numerical calculation will sometimes yield impossible re-
sults such as negative values of plastic work or values greater than zero
when the ring has not yet reached a. plastic condition; thus, the value of
plastic work should be considered only approximate, and spurious results as
noted above should be ignored.
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PSI = The generalized nodal displacement i// = (3w/3r|) - v/R

at node I (rad).

CHI = The generalized nodal displacement X = (3v/3r|) + w/R

at node I (rad).

C0PY = The Y-location of node I in the global (inertial)

coordinate system (in).

C0PZ = The Z-location of node I in the global coordinate

system (in).

L = Axial internal force resultant over the cross section

at the midspan point of element I (Ib).

M = Internal bending moment of the cross section at the

midspan point of element I (in-lb).

STRAIN(IN) = Strain on the inner surface at the midspan point

of element I.

STRAIN(0UT) = Strain on the outer surface at the midspan point

of element I.

At each printout cycle, a strain checking process is carried out. Aster-

isks are printed to the right of the strain printout only for the cycle when the

strain first exceeds the critical value. No further strain checking or action

is taken by the program, however, and the computation process proceeds until the

end of the run as if the material had not "failed".

At the conclusion of each run, a statement "LARGEST COMPUTED STRAIN= ...

OCCURS AT THE INNER (or CUTER) SURFACE MIDSPAN ©F ELEMENT= ... AT TIME(SEC)=..."

is printed out. This statement gives the largest computed strain, and the time

and the location at which it occurs during the transient response. It should

be mentioned that the strains are computed at every printout cycle only and also

only on the inner and the outer surface midspan of each element.
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SECTION 5

COMPLETE FORTRAN IV LISTING OF THE JET 3 PROGRAM

5.1 JET 3A: Uniform Thickness Circular Ring; Timewise

Central-Difference Operator

The JET 3A program consists of the following main programs and sub-

routines.

1. JET 3A MAIN PROGRAM

2. ASSEM

3. ASSEF V (partial ring)

4. IDENT

5. IMPULS

6. PRINT

7. JET 3A MAIN PROGRAM

8. ASSEM

9. ASSEF

10. IDENT

11. IMPULS

12. PRINT

13. ELMPP 19. MINV

14. ERG 20. OMULT

15. FAC 21. QREM

16. FICOL 22. SOLV

17. LOADEQ 23. STRESS

13. LOADFT 24. TSTEP

Note that there are two groups of "control programs" in JET 3A: one for partial

rings and a second for complete rings; the subroutines in items 13 through 24 are

common to each of these two groups.

A complete FORTRAN IV listing of JET 3A is given below in the above order.

The number of memory locations required on the IBM 370-155 computer at MIT is

approximately 186,000 bytes. This includes the locations required for the MIT

computer library subroutines.

(complete ring)
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C J E T 3 A M A I N P K C G R A M FUR UNIFORM T H I C K N E S S CIRCULAR RING
C J E T 3 A C E N T R A L DIFFERENCE O P E R A T O R
C ***** PARTIAL RING*****

DIMENSION A (6, 3) , AM ASS ( 206 0 ) t OMAS S( 2C60 I »Y ( 5 I ) , Z( 5 1 ) , TX G (6 ) , T«G (6 )
* ,ES(6) , GFL ( 6 ) , EPS{ 3 ) , S I G ( 5 ) , SOL (^05) , INUM( 205) , K R U W ( 8 ) , NDEX(G)

COMMON /TAPE/ M R E A D , M W R I T E , M P U N C H
COMMON /FG/ I K,NOGA,NFL,NSFL, NI , I COL (2 05} , NrtCOND, N BC { 4 ) ,NJDEB(4)

COMMON /HM/ Rt 8, H, DENS. YOUNG, OS , C5 , Ct, ASFL ( 6, 5 ) ,GZE TA { 6 ) ,SNO ( 5)
COMMON / V Q / F L V A ( 2 0 5 ) , U I S P ( 2 0 5 ) ,DELC(20 !5 ) ,S iMS( 50, 3,6, 5 ) ,

*8 INP(50 ,3 ) , e iMP(50 ,3 )
COMMON /BA/ 8 E P { 3 , 3 , d ) , AXG (3 ) , AWG ( 3 )
COMMON / S C / MCRI T ,CR I T S ,3 I G, I H IG , B T IME , I SURF
COMMON /FORCE/ FM ECU (20 3) , T I, AMP 1FV ,AMP IFvJ , T2 , AMP2FV , A MP2F W ,

* A M P F V , A M P F W f N O F T l , N G F T 2 , NQF T3 , JELEM ( H ) , ETA ( 4 ) , R T O V K) , R T O W ( 4 ) ,
* N S r F 2 ( 4 ) , i > I E L F 2 ( J ! » ) , R T G 2 V ( 4 ) , R T 0 2 W { 4 ) ,NSTF3(4) ,NELF3(4) , R T 0 3 V { 4 ) ,
* R T 0 3 W ( 4 ) * F M l ( 4 f 8 t 2 ) t F M 2 ( 8 f 2 ) . F M 3 ( 3 , 2 ), S LOPE V, SL OPE M

COMMON /ELFU/ SPR INI 2060) , FQREF ( 205i ,NORP , NORU ,NREL (4 ) ,REX {4 } ,

REAL*8 A , B E P , A M A S S . A L , FLV A , SOL , FMECh ,BX»BL ,0 ISP.OELO
R£AL*8 SPR IN, FQREF, BMASS
MREAD=5
MWRITE=6
MPUNCH=7
READ(MREAD,1) R ,B ,H,DENS , EXANG, I K , NCGA,NFL ,NSFL, MM t HI f M2
R E A D ( M R E A D , 2 ) DEL TAT ,THET A ,CR I TS ,DS ,P, ( E P S ( L ) , S I G { L ) ,L=1,NSFL)

1 FORMAT (5E15. 6 /715)
2 FORMAT(5E15 ,6 / (4E15 .6 ) )

R E A O ( M R E A D , 3 ) ( A X G ( K ) , K= 1, NOGA )
R E A O ( M R E A O , 3 ) ( A W G ( K ) ,K=1, NCGA)
R E A O ( M R E A O , 3 ) ( T X G ( K ) ,K=1,NFL)
READ(MREAO,3) ( T W G { K) , K= 1, NFL )

3 FORMAT(4F15.10)
READtMREAD, ' * ) NBCONOt (NBC ( I ) .NGDEB ( I) , 1=1 , NBCOND)

4 FORMAT (915)
READMREA0.9) NQR, NORP , NORU

9 FORMAT (315)
CALL l i )ENT(EXANG.NQR)

P1E=3.1415S265

NI=IKP1*4
THETA=THETA*PIE/180.
BX=PIE*EXANG/ 180.
BL=BX*R
AL=BL/IK
A X = B X / I K
00 70 K=1,NFL
GFL(K) = H*8*TWG(K )/2.

7C G Z E T A ( K ) = H * T X G ( K ) / 2 .
E S ( l ) = SIG( 1) /EPS( U
YGUN6=ES(1)
IF(NSFL-l) 77, 77 ,76

76 DO 78 L=2,NSFL
73 E S ( L ) = (SIG(L)-SIG(L-1) ) / ( EPS ( L )-EP5 (L-D)
77 ES(NSFL+l )=0.0

DO 79 L^l.NSFL
7S SNG( L ) = E S ( 1 I * E P S ( L )

DO 71 K=1,NFL
DO 71 L=l ,NSFL

71 ASFUK.L) =GFL(K) * ( E S ( L ) - E S ( L + 1 ) ) / E S ( 1 )
DO 72 K=1,NOGA



A X G ( K ) = A X G ( K ) * A L / 2 .
72 A * G ( K ) = A W G ( K ) *AL/2.

DO 15 1=1 ,8
15 I C O L ( I ) = 1

DO 16 1=3, IKP1
IK4=1*4
I K 3 = I K 4 - 1
I K 2 = I K 4 - 2
I K 1=1 K 4- 3
JJ = ( I-i)*4-3
I C O L ( I K 1 ) = J J
I C O L ( I K 2 ) = J J
I C O L l I K 3 ) = JJ
I C O L U K 4 ) = J J

16 C O N T I N U E
I N U M ( 1 ) = 1
DO 99 1 = 2 , N I

99 I N U M ( I ) = I - I C O L ( I - 1 ) + I N U M ( 1-1)
DC) 990 1 = 1 ,NI

990 I N U M ( I ) = I N U M { I 1 - I C O L ( I )
N I R R E G = 0
I N D E X = 0
ISET=1
DO 116 1 = 1 ,NI
L = I C O L ( I )
I F ( I C O L ( I ) - I S E T ) 1 1 7 , 116,119

119 I S E T - I C O L ( I )
GO TO 116

117 N I R R E G = N I R R E G + 1
I F ( N I R R E G - M / 2 ) 7 1 1 , 7 l l ,90

711 K R O W ( N I R R E G ) = I
NOEX(NIRREG)=INDEX

116 INDEX=INDEX-H-L
90 CALL FICOLINI ,Nl ,L, ICUL)

ISIZE=L
W R I T E I M W R I T E , 17) L

17 F O R M A T t / , 1 S I Z E OF ASSEMBLED M A S S OR S T I F F N E S S M A T R I X = ' , I 5 )
CALL E L M P P l A L , A , A M A S S , 6 M A S S , K F O W , N D E X , N I R R E G , I N U M ,

* I S I Z E , D £ L T A T J
IF (NQR .EG. 0) GO TO 20
DO 23 L=1,ISIZE

23 SPRIN(L )=0 .0
CALL Q R E M ( A , A L , R )
DO 24 1 = 1,NI

24 FQREF( I )=0 .0
20 IF (DS.EQ.O-O) GO TO 21

C5=1./P
C6 = 1 . /DS/DELTAT

21 DTSQ=DELTAT**2 / (DENS*B*H)
C2=DENS*B*H/ {2 . *DELTAT**2 )
HHALF=H/2.
M C R I T = 0
BIG=10 .**C-10)
I B I G = 0
IT = 0
TIME=0.0
DO 75 1=1,IKPl
ANG=( I - 1 ) *AX*THETA
Y ( I ) = S I N ( A N G ) * R

75 Z ( I ) = C O S ( A N G J *R
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CALL IMPULS ( D E L T A T , AD
R E A D f M R E A D ,5 ) T 8 E G I N , T F I N A L , A M P 1 F V , A M P 1 F W

5 FORMAT (4E15.6)
I FIT FINAL .EQ. 0.0) n»R ITE ( MWR ITE ,48 )

48 F G R M A T C O THERt IS NO T IME DEPENDENT FURCE DISTRIBUTION DURING
* THIS RUN ' J

I F C T F I N A L .EQ. 0.0) GO TO 49
CALL LUAOEQl A, K, AL,TBEGIN, TF I MAD

49 APDEN=0.0
CALL PR I NT ( I T , T I M E , H H A L F , A X , Y , Z , T H E T A , A P U E N , F Q R E F , 13MASS,C2,

*NQK,K ROW, NDEX, NIRREG, CINETO )
NREADF=0
T1=TBEGIN
NLOAD=2
IF (TBEGIN.GT.0.0 .DR. TFI NAL.EQ.O.0 ) GO TO 120
NLOAD=1

CALL L O A D F T ( T I M E , N R E A D F )
CALL SOLV( AMASS,FMECH, SOL, ICOL, KROW ,NDEX , N I .NIRREG)
DO 26 I=1,NI

26 DELOU )=DELD( I )+DTSQ*SCL( I J/2.
IF(NLGAD .EQ. 2) GO TO 120
APC=0.0
DO 46 1=1 , NI

46 APQ=APO+FMECH{ IJ*DELD( I )
APOEN = APDEN>APD

120 IT=IT+1
TIME=IT*DELTAT
DO 121 1 = 1 ,NI
FQREFt I) = 0.0
F L V A ( I )=0.0

121 OISPl I )=OISP( I )+DELD(I )
45 CALL S T R E S S

IF(NQR .EQ. 0) GO TO 127
CALL OMULTISPRIN, DISP, ICOL.NI ,F QREF ,KROW , NDEX, MRREG)
DO 128 1 = 1 , N I

123 FLVAd ) = F L V A { I ) + FQREF{ I)
127 NLQAD=2

IFtTI .ME.LT .TBEGIN .OR. TI ME.GT .TF I NAD GO TO 122
NLOAD=1

CALL LOADFT(T IME,NREAOF i
DO 123 1 = 1,NI

123 FLVAd ) = F L V A ( I )-FMECH( I )
122 IF tNBCOND .EQ . 0) GO TO 124

DO 125 1 = 1 ,NBCOND
JT4=NODEB( I)*4
F L V A C J T 4 - 3 )=0.0
IF(NBC(I) .Eg. 1 .OR. NBC(I ) .EQ.2) FLVA(JT4-1)=0 .0
IF<NBC( I ) .EQ.2 .OR. NBC( I ) .EQ.3) F L VA{ JT4-2 ) =0 .0

125 CONTINUE
124 CALL SOLV( A M A S S , F L V A , S O L , ICOL,KROW ,NDEX,NI ,NIRREG)

DO 126 1=1,NI
126 DELDd )=DELD( I ) -SOL( I ) *DTSG

IFtNLOAD .EQ. 2) GO TO 41
APD=0.0
DO 42 I=lfNI

42 APD=APO-i-FMECH{ I)*DELD( I)
APDEN=APDEN*-APD

41 IF( IT .EQ. 1) CALL PRINT( IT ,T IME,HHALF ,AX,Y ,Z ,THETA,APDEN,FQREF,
* BM ASS, C2 ,NQR,KRUW, NDEX, NIRREG, CINE TO)

I F ( I T - M l ) 130,140,150
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140

130
170
62
64
66

65
67

150

M l = M l + M 2
CALL PRINK IT, T I M E , H H A L F , A X , Y t Z f T H E T A , A P D E N , FQREF, B M A S S , C2,

* N Q R , K R O W , N O E X , N I R R E G , C I N E T O )
I F ( I T - M M ) 120,170,130
I F ( I B I G ) 6 2 , 1 5 G , 6 2
IF( ISURF-2) 64,65,65
W R I T E ( M W R I T E , 6 6 ) B I G , I 8 I G , B T I ME
F O R M A T ! / / / , ' LARGEST COMPUTED

*INNER SURFACE
GO TO 150
W R I T E ( M W R I T E , 6 7 )
F O R M A T ( / / / , «

*OUTER SURFACE
CALL EXIT
END

S T R A I N = i ,E15.6, f OCCURS AT THE
X IDS PAN OF ELEMENT = « , I 3 , « AT T IME ( S E C . ) = «,E15. 6)

BIG, IBIG,BTIME
LARGEST COMPUTED

MIDSPAN OF ELEMENT
S T R A I N =«,E15.6, ' OCCURS AT THE
=',13,' AT TIME ( S E C . ) =« ,E15 .6 )

202

4C3

402

SUBROUTINE A S S E M { I R , I K , E L M A S , S T I F M , I C O L . N I )
***** PARTIAL RING *****
DIMENS ION ELM AS (8, 8) ,NN(8 ) ,ST IFM( 1) ,ICOLI 1)
REAL*8 ELMAS,ST IFM
J 1 = I R * 4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
N N ( 3 ) = J 1 - 1
NN(4)=J1
J 2 = ( I R + 1 ) * 4
N N ( 5 ) = J 2 - 3
N N ( 6 ) = J 2 - 2
N N ( 7 ) = J 2 - 1
NN(8) = J2
DO 402 1=1,8
M = N N ( I ) .
DO 402 J=l ,8
N=NN(J)
I F ( M - N ) 4 0 2 ,403,403
CALL FICOL (M,N,L,ICOL)
S T I F M ( L ) = S T I F M ( L ) + E L M A S ( I ,J)
CONTINUE
RETURN
END

121

SUBROUTINE A S 5 E F ( I R , I K , E L F P , F L V A )
***** P A R T I A L RING *****
DIMENSION N N ( O ) , F L V A ( 1 ) , E L F P ( 1 )
REAL*8 E L F P . F L V A
J1=IR*4
NN( l ) = J l -3
N N ( 2 ) = J l - 2
N N ( 3 ) = J 1 - 1
NN(4 )=J1
J 2 = ( I R + 1 ) * 4
N N ( 5 ) = J 2 - 3



NN(6)=J2-2
N N ( 7 ) = J 2 - 1
N N ( 8 ) ' = J 2

123 DG 101 1=1,0
M = N N { I )
F L V A ( M ) = F L V A ( M ) + ELFP

1CI CONTINUE
RETURN
E N D

SUBROUTINE IDENTf E X A N G , N Q R )
; ***** P A R T I A L RING *****

COMMON / F G / I K,NOGA,NFL,NSFL,,NI , I C C L ( 2 0 5 ) ,NBCONO,N EC 14 ), NO DEB(4 )
COMMON /HM/ K, 3,H,DENS,YOUNG, DS ,C 5, C 6, ASFL ( 6,5} , GZE TA ( 6 ), SNO ( 5)

COMMON /TAPE/ MRE AD, MWRIT E ,MPUNCH
WR I T E ( M W R I T E , 1) R, B, H, DEN S ,fc XANG , I K ,NUGA,NFL ,NSFL

I FORMAT (• ***JET3A**** A S P A T I A L FINITE CLEMENT AND TEMPORAL CENTR
*AL DIFFERENCE P R O G R A M 1 , / , * USED TC C A L C U L A T E THE NONLINEAR RESP
*CNSES OF A UNIFORM THICKNESS C I R C U L A R * , / , ' P A R T I A L RING WITH TH
*£ FOLLOWING P A R A M E T E R S ',//,
*' MEAN R A D I U S OF RING (IN.) =',E15.6,/,
*' WIDTH OF RING (IN.) =',E15.6,/,
*« THICKNESS OF RING (IN.) =«,E15.6,/ ,
*• D E N S I T Y (L8-SEC**2/ IN**4) =',E15.6,/,
*• SUBTENDED ANGLE (DEGREE) =«,E15.6,/,
*« NUMBER OF ELEMENTS =',I5,/,
*• NUMBER OF S P A N W I S E GAUSSIAN PTS =',I5,/,
*' NUMBER OF D E P T H W I S E G A U S S I A N PTS =',I5,/,
*• NUMBER OF MECHANICAL SUBLAYERS = ' , I5)

II IF( j \ iBCCND .EQ. 0) GO TO 12
DO 14 I = 1,NBCOND
IF(NBCI I ) .EQ. 1) W R I T E ( M W R I T E , li) NOOE8( I )
IF(NBCd) .EQ. 2) W R I T E ( M W R I T e , 1 6 ) ^ODEB( I )
IF(NBCd) .FQ. 3) « R I T E ( M W R l TE, 17) NOiJEB(I )

14 CONTINUE
15 FORMATC S Y M M E T R Y DISPLACEMENT CCIVDITION AT NODE = ' , I 5 )
16 FORMATC CLAMPED DISPLACEMENT CCISDITION AT NODE = ' , I5)
17 F O R M A T C HINGED DISPLACEMENT CCNDITION AT NODE - ' ,15)

GO TO 18
12 W R I T E ( M W R I T E , 1 3 )
13 F U R M A T t / , 1 THERE IS NO PRESCRIBED EISPLACEMENT CONDIT ION ' )
18 IF (NOR .EQ. 0) GO TO 19

W R I T E ( M W R I T E , 2 0 )
20 F O R M A T ! / , 1 CONSTRAINTS ( E L A S T I C FCUNDATION/S PRING) AS DESCRIBED

* BY INPUT ' )
RETURN

19 W R I T E I M W R I T E , 21)
21 FORMAT ( / , ' THERE ARE NO ELAST IC SPRING C O N S T R A I N T S ' )

RETURN
END
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SUBRCJUT I,NE IMP UL S ( DELT AT , A U
***** P A R T I A L RING *****
COMMON /FG/ I K,NOGA, NFL tNSFL »NI , I C G L { 2 0 5 ) , iMBCUNO, N BC ( 4 ) ,NO Dfc6{ 4 )
COMMON / V Q / F L V A < 2 0 5 ) , D I S P ( 2 0 5 ) , O E L C { 2 0 S } , S N S ( 5 0 , 3 , 6 , 5 ) ,

*BINP(50,3) ,B IMP(50 ,3 )
COMMON / T A P E / MREAD,MWRITE,MPUNCH
REAL*8 FLVA,OISP ,OELD, AL
DO 50 1=1 , NI
OELD( I )=0 .0

50 D I S P ( I ) = 0.0
DO 51 IR=1,IK
DO 51 J=1,NOGA
BINP(IR,J)=0.0
BIMPUR, J)=0.0
DO 51 K=1,NFL
DO 51 L = l ,NSFL

51 SNSl IR,J,K ,L)=0.0
R E A O ( M R E A D , 1 ) N V , I O T A , I O T B , I O T C

1 FORMAT14 I5 )
W R I T E ( M W R I T E r 2 ) DELTA!

2 FCRMAU/, ' TIME STEP S IZE USED IN PROGRAM IStC) =» ,E15 .6J
IF{NV ,FQ. 0) W R I T E ( M W R I T E ,4)
I F ( N V .GT. 0 ) W R I T E ( M W R I T E , 6 )

4 F O R M A T ! / , ' THERE IS NO INITIAL INPULSE ')
6 F O R M A T ( / , ' IMPULSE LOADINGS HAVE BEEN SPECIF IED AS DESCRIBED BY

* INPUT «)
IFINV ,EQ. 0) RETURN
I F U O T A .EG.O) GO TO 10
DO 20 IM=1,IOTA
R E A O ( M R E A D , 2 1 ) IE I, I E2 , WR AD, W R A D 1, ANGV 1, WR AU2, ANGV2

21 F O R M A T ( 2 I 5 / 5 E 1 5 . 6 )
I E 2 M 1 = I E 2 - 1
DO 22 I 1 = 1 , I E 2 M L
I = I E 1 + I I

22 DtLDt 1*4-2 ) = D E L T A T * W R A D
IEi*4-2) = D E L T A T * W R A D 1
IE1*4-1)=DELTAT*ANGV1

IE2P1=IEH-IE2
DELD(IE2Pl*4-2 ) = D E L T A T * W R A D 2
DELOt IE2P 1*4-1)=DELTAT*ANGV2

20 CONTINUE
10 I-FUOTB .EQ. 0) GO TO 42

DO 30 IM=1, I O T B
RE AD { M R E A C ,31 ) NODEV , V RAD , W R A D , ANGV

31 FORMAT( I5 ,3E15 .6 )
DELD(NODEV*4-3 ) = DELT AT *VRAD
D E L D ( N O D E V * 4 - 2 ) = D E L T A T * W R A D
DELO(NODEV*4-1 )=DELT AT*ANG V

30 CONTINUE
42 IF I IOTC .EQ. 0) GO TO 60

DO 61 IM=1,IOTC
R E A D ( M R E A D , 6 2 ) I S l , I S 2 , W R A C

62 F U * M A T ( 2 I 5 , E 1 5 . 6 )
PIEP = 3.14159265/ IS2
DELIM I Si*4-1 ) = W R A D * D E L T A T * P I E P / A L
00 63 1 1 = 1 , I S 2
1 = I S H - I I
D E L D ( 1 * 4 - 2 ) = W R A U * D E L T A T * S I N ( P I E P * I I )
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63 DELLM 1*4-1 ) = WR AD* DEL T AT *P I EP*COS (P I E P * I I ) / A L
61 CONTINUE
60 IFINBCOND .E(J.O) RETURN

DO 40 1=1, NBCUND
JT4=NOOEB( I)*4
D t L O ( J T 4 - 3 ) = 0.0
IF (NBCU) -EU. 1 .04. NBCm.EQ.2) HEL0(JT4-1)=0.0
IF (NBC ( I) . EQ.2 .OR. NBCUJ.EQ.3) 1)E L0( JT4-2) =0. 0

40 CONTINUE
RETURN
END

SUBROUTINE PR I N T ( I T , T I M f c , H H A L F , A X , V , Z , T H E T A , A P U f N , F Q R E F , O M A S S . C 2 ,
* N Q R , K R ( ) W , N D E X , N I R R E G , C I N E T O )

• ***** PARTIAL RING *****

DIMENSION Y ( 5 1 ) , Z ( 5 1 ) , C O P Y ( 5 1 ) , C - O P Z ( 5 1 ) f 8 E P S l 3 ) , E P S I ( 5 1 ) , E P S O ( 5 1 )
* , F Q R E F ( l ) , B M A S S ( l ) f K R O W ( l ) , NDEX ( 1), C INE ( 205 ) , FA IL I ( 50 ) , FAIL 0 < 50)

COMMON /FG/ IK.NOGA, NFL,NSFL,NI t ICCL(20! i ) , NBCUNU, N HC (4 ) ,NGOEB(4 )
COMMON / fH/ R, B,H( DENS, YOUNG,DS,C5,C«,ASFL ( 6 t 5 ) ,GZE TA { 6 ) , SNO (5)

COMMON /VQ/ F L V A ( 2 0 S ) , O I S P ( 2 0 5 ) , O E - L C ( 2 0 5 ) t S N S f 50 ,3 ,6 ,5 ) v

* B I N P ( 5 0 t 3 ) , 3 IMP{50 t 3)
COMMON /BA/ 3 E P ( 3 , 3 , 8 ) , A X G ( 3 ) , A W G ( 3 )
COMMON /SC/ MCRIT ,CRITS ,B IG , IB IG ,BT IME, ISURF
COMMON /TAPE/ MREAO, MWR ITE ,MPUNCH
D A T A A S T E R / 1 * 1 / , B L A N K / 1 • /
REAL*8 BEP ,FLVA,DISP,DELO,BMASS,FQf lEF,CINE
DU 700 1=1,NI

7 00 C I NE ( I ) =0 . 0
CALL O M U L T ( B M A S S , D E L D , I C O L , N I , C I N E , K R O W , N O E X , N I R K E G )
CINET=0.0
DC 701 1 = 1 ,NI

7C1 CINET=CINET-K)ELO( I )*CINE( I )
CINET=CINET*C2
IF ( IT .FQ. 0) CINETO=CINET
ELAST=0.0
DO 702 I R = 1 , I K
DO 703 J=l ,NOGA
SUM=0.0
DO 704 K=l ,NFL
DO 704 L=l ,NSFL

704 S U i M = S U M + S N S { I R f J , K f L ) * * 2 * A S F L { K , L )
7C3 FLAST = E L A S T + S U M * A W G { J)
702 CONT INUE

SPDEN=0.0
I F I N Q R .EQ. 0) GO TO 31
DO 32 1=1,NI

32 SPDEN=SPQEM-DISP( N*FQREF( I)
SPOEN=SPDEN/2.

31 ELAST=ELAST/YOUNG/2 .
CINETT=CINETO-»-APDEi \
PLAST=CINETT-C INET-ELAST-SPDEN
W R I T E C M W ' R I T E , I ) IT,T IM E,C I NETT , C IN ET, ELAS T , PL A ST

1 F O R M A T t / / / / / / , ' J^ ' ,15, ' TINE; ( S E C . J = f ,E l i>.6, / ,
*« TOTAL ENERGY INPUT (IN.-LH.) =«,E15.6,/ ,
*• K INETIC ENERGY UN.-Lli.) =«,E15.6,/ ,
* f E L A S T I C ENERGY (IN.-LO.) =SE15.6,/,
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,

* ' P L A S T I C WORK UN.-LU.) = ' ,E15.6)
I F C N Q R .EQ. 0) GG TO 33
W R I T E ( M W R I T E , 3 4 ) SPDEN

34 F O R M A T ! • ENERGY STORED IN THE E L A S T I C R E S T R A I N T S (IN.-LB.) = ',
*E15.6)

33 IKP1 = IK + 1
DO 11 1=1, IKP 1
ANG=( 1-1) *AX + T H E T A
CUPY{ I ) = Y( I )« -D ISP( I * 4 - 3 ) * C O S ( A N G ) + D I S P ( I * 4 - 2 ) * S I N ( A N G )

11 COPZd ) = Z ( I ) -DISP( I *4-3)*SIN(ANG) + DISPU*4-2)*C(JS( ANG)
DO 601 IR-l t IK
DO 604 1 = 1 ,3
BEPSU ) = 0.0
DO 604 K = l ,8
INDEX=( IR-1)*4+K

604 BEPSt l ) = B E P S ( I ) + B E P ( 2 f I,K )*DISP{ INDEX)
FARE=BEPS( l) + BEPS(2)**2 /2 .
FCUR=8EPS( 3)
EPSI ( IR)=FARE-HHALF*FCUR
EPSO ( IR) = FARE+HHALF*FCUR

601 CONTINUE
DO 60 IR=1 tIK
I F f E P S K I R J .LE. BIG) GO TO 61
8 I G = E P S l ( I R )
I 8 I G = IR
ISURF=1
BTIME=TIME

61 I F ( E P S O U R ) .LE. BIG) GO TO 60
B I G = E P S O ( I R )
IBIG=IR
ISURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E , 2 )

2 F O R M A T ! / , ' I • , 5X, 'V • , 1IX, ' W , 9X, «PSI • , 9 X, 'C HI' , 10X , 'CUP Y' ,
*3X, t C O P Z l f 9 X f • L' ,HX,«M f ,7 X,« S T R A I N ( IN) « , 4 X , ' S T R A I N (OUT ) ' )

I F t M C R I T .GT. 0) GO TO 50
DO 51 1 = 1, IK
F A I L I ( I ) = B L A N K
FAILO( I )= BLANK
I F ( E P S K I ) .LT. C R I T S ) GO TO 52
FAILK I ) = A S T E R
1 F I M C R I T . G T . 0) GO TO 52
M C R I T = 1

52 I F C E P S O ( I ) .LT. C R I T S ) GO TO 51
F A I L O ( I ) = A S T E R
I F I M C R I T .GT. C) GO TO 51
MCRIT=1

51 CONTINUE
I F t M C R I T .LE. C) GO TO 50
DO 5i 1 = 1 , IK

53 W R I T t t M W R I T E , 54) I ,DISP( 1*4-3 ) , D IS P (I *4-2 ) , O I S P < 1*4-1 ) ,DISP( 1*4) ,
*COPY( I ) , C O P Z < I ) t B I N P C I, 2 ) » B IMPl I ,2) t EPSKI ) tFA IL I ( I ),
* E P S O ( I ) ,FA ILO( 1)

54 F O R M A T (I 5,4012.4, 5Ei 2. 4 ,A2 ,E 12 .4 , A 2 )
W R I T E ( M W R ITE, 54 ) I KP 1,1) I SP ( IKP 1*4-3) ,01 SPl I KP 1*4-2) ,01 SP( IKP1*4-1 )

* , D I S P ( I K P l * 4 ) , C C P Y ( I K P i ) , C G P Z U K ? l )
W R I T E ( M W U T E , 5 5 ) A S T E R

55 F O R M A T ( / / , 5X, A2, ' 5 T R A I N E X C E E D S THE C R I T I C A L V A L J E ' )
RETURN
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U U « l l l ~ J L » i l N

W R I T E ( M W R I T E , 2 2 ) I ,01 SP( 1*4-3) ,01 SP{ 1*4-2) , l> I S P (I *4-l ) , OISP ( 1 *4
*CUPY( I ) , C U P Z ( I ) ,3 INP( I, 2)t b IMPC I, 2) , EPSH t ) , E P S O ( I )

22 F U R M A T { I 5 , 4 D 1 2 . 4 , 5 E 1 2 . 4 , 2 X , E 1 2 . 4 )
W R I T E ( M W R I T E , 2 2 ) I K P I ,0 I S P { 1KP1*4-3) ,01SP<IKPl*4-2) ,0 ISP ( IKP l *4 -

* , D I S P ( I K P I * 4 ) , C O P Y ( I K P I ) , C U P Z ( IKP1 )
1)

RETURN
END

C JET3A M A I N PROGRAM FOR UNIFORM THICKNESS CIRCULAR R ING
C J E T 3 A CENTRAL DIFFERENCE O P E R A T O R
c ***** CCMPLETE RING *****

DIMENSION A(S ,3 ) , A M A S S { 2060) , BM ASS (2060 ) , Y ( 5 1 ) , Z ( 5 l ) , T X G ( 6 ) , T W G ( 6 )
* , E S ( 6 ) , G F L ( 6 ) , E P S l 5 ) , S I G ( 5 ) , S O L ( 2 0 5 ) , I N U M ( 2 0 5 ) , K R O W ( 8 ) , N D E X ( 8 )

CUWMON /TAPE/ M R E A D , M w R I T E , M P U N C H
COMMON /FG/ IK,NOGA, NF L ,NSFL , NI , I C G L (205) , NBCONU, N tiC (4 ), NODE 8(4 )

COMMUixl /HM/ R, 3, H, DENS, YOUNG, OS , C 5, Ct,A SFL { 6,5) ,GZE TA I 6 ) , SMO (5)
CO.VMON /VO/ F L V A C 2 0 5 ) , OIS P (205 ) , OE LC (205 ) , SNSCJO, 3,6,5 ),

*BINP( 50,3) , B IMPJ50 , 3)
COMMON /BA/ BEP( 3,3, 3) , A X G ( 3 ) , A ^ G ( 3 )
COMMON /SC / MCRI T , C R I T S , 3 IG, IBIG.BT IMEt lSURF
COMMON /FORCE/ FMECH( 205) , Tl, AMP 1FV ,AMP1F v^ , T2 , AMP2F V, AMP2F W,

* A M P F V , A M P F W , N O F T 1 , N O F T 2 , N O F T 3 , J E L E M { 4 ) , E T A ( 4 ) , R T U V { 4 ) , R T O W ( 4 ) ,
* N S T F 2 ( 4 ) , N E L F 2 ( 4 ) , R T O 2 V ( 4 ) ,RT02H(4) , N S T F 3 ( 4 ) , N E L F 3 ( 4 ) , R T 0 3 V ( 4 ) ,
* R T 0 3 W ( 4 ) ,FMl(4 ,S,2) ,FM2( t i , 2 ) , F M 3 ( 8 , 2 ), SLOPE V, SLOPE W

COMMON /ELFU/ SPRIN(2060) , FQREF { 20 5 ) ,NORP , NORU ,NREL {-4 ) , REX (4 ),
* N R S T { 4 ) , N R E U ( 4 )

REAL*8 A ,BEP , A N A S S t AL, F L V A f S O L , F M L - C « - f BXf 8L t D ISPf DELO
REAL*8 SPR IN, F Q R E F , 3 M A S S
MREAD=5
MWRI TE=6
MPUNCH=7
R E A O ( M R E A O , 1 ) R ,3 ,H ,DENS,EXANG, IK ,NCGA,NFL f NSFL ,MM,M1 ,M2
K E A O ( M R E A D , 2 J DEL T A T , T H E T A ,CRITS ,DS ,P,(EPS ( L 3 , S 1 G ( L ) , L = l ,NSFL)

1 F O M A T ( 5 E 1 5 . 6 / 7 1 5 )
2 F O R M A T ( 5 E 1 5 . 6 / ( 4 E 1 5 . 6 ) )

R E A i ) ( M R F A U , 3 ) ( A X G ( K ) ,K=L,NCGA)
REAU(MREAD,3) ( AwG ( K) ,K=1, NOGA )
R F A U ( M R E A O , 3 ) ( T X G ( K ) , K = 1 , N F L )
R E A D ( M R E A D , 3 ) ( T W G ( K ) , K = 1 , N F L )

3 FORMAT(4F15.10)
R E A O ( M R E A D , 4 ) NBCUND,{NHC( I) ,NUDEB (I),1=1,NBCOND) '

4 F O R M A T ( 9 I 5 )
R E A D ( M R E A D , 9 ) NUR , NORP , NORU

9 FORM AT (31 5)
CALL I DENT ( N C R )

PIE=3.1415^265
NI=IK*4
THETA=THETA*P IE /180 .
BX=2.*PIE
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BL=3X*R
AL=bL/ IK
AX=BX/ IK
L)U 70 K=l , NFL
G F L ( K ) = H * B * T W G ( K ) / 2 .

7 C G Z E T A ( K ) = H * T X G { K ) / 2 .
ESU) = SIG( 1) /EPS( I)
YOUNG=ES( L )
IF(NSFL-l) 77,77,76

76 DO 73 L=2,NSFL
78 ES(U=(SlG(L) -SIG{L-m/ lEPS(U-EPS(L- lN
77 ESINSFL+1 ) =0.0

00 79 L=1,NSFL
79 SNC(L ) =ES ( 1 ) * E P S ( L )

00 71 K=1,NFL
DO 71 L=1,NSFL

71 A S F L ( K , L ) = GFHK)*(ES (L)-ES (L + m/ES (1)
DO 72 K=1,NCGA
A X G ( K ) = AXG (K> *AL/2 .

72 A W G ( K ) = A W G ( K ) *AL/2.
DO 15 1=1, 8

15 I C C L ( I ) = 1
I K M 1 = I K - 1
DO 16 1=3, I K M 1
I K 4 = I * 4
1 K 3= I K 4- 1
I K 2 = I K 4 - 2
I K i = I K 4 - 3
J J = ( I-l)*4-3
ICOL ( I K 1 ) = J J
I C O L ( I K 2 ) = J J
I C O L ( I K 3 ) = JJ
I C O L ( I K 4 ) = J J

16 C O N T I N U E
I C C L ( I K * 4 ) = 1
I C O L ( I K * 4 - i ) = l
I C O L ( I K * 4 - 2 ) = 1

I N U M l 1)=1
DO 99 1=2, NI

99 1 N U M ( I ) = I - I C O L (1-1 ) + I N U M { 1-1 )
DO 990 1 = 1 , IMI

990 I N U M C I ) = I N U M { 1 J - I C Q L C I )
NIRREG=0
I N D E X = 0
I S E T = 1
DO 116 1 = 1 ,NI
L=ICOL( I )
I F U C O U I J - I S E T J 1 1 7 , 116,1 19

119 I S E T = I C O L ( I)
GO TO 116

117 N I R R E G = N I R R E G + 1
I F ( N 1 R R E G - N I / 2 ) 7 1 1 , 7 1 1 , 9 0

7 1 1 K R G W ( N I R R E G ) = I
NOEXdNI RREG) = INDEX

116 INDEX= INDEX+1-L
90 CALL FICGL (NI (M t l t l C O L )

IS IZE=L
WRITEtMWRITE, 17) L

17 FOKMAT(/,' SIZE OF ASSLMBLEl) MASS OR STIFFNESS M A T R I X = « , I 5 )
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CALL F L M P P ( AL, A, A M A S S t B.MAS S , KRGkV , NOE X, N I RPEG , J MUM,
* I S I Z E , O F L T A T )

IF (Nijk « E Q . 0) GO TO 20
DO 23 L = l , ISI ZE

23 S P R I N ( L ) = G . O
CALL Q R E M ( A , A L , R )
00 24 1=1,NI

24 FQRFFt I ) = 0.0
20 IF (OS. EQ. 0.0) GO Td 21

C5=1./P
C6=1. /DS/DELTAT

21 DTSQ=DELTAT* *2 / (UENS*B*H)
C 2 = O E N S * 3 * H / ( 2 . * O E L T A T * * 2 )
HHALF=H/2.
MCRI T = 0
BIG=10.**(-10)
I B I G = 0
I T = 0
TIME=G.O
00 75 1=1 , IK
ANG=( I -n*AX+THETA
Y { I ) = S I N ( A N G ) * R

75 Z ( I ) = C O S ( A N G ) * R
CALL I M P U L S I D E L T A T , AL )

R E A D ( M R E A D , 5 ) T BEG IN, T F INAL, AMP1 FV , AMP 1FW
5 FORMAT14E15 .6 )

IF ITFINAL .EQ. 0.0) WR ITE { MWR IT6 , 48 )
48 FOKMATCO THERE IS NO TIME DEPENCENT FORCE DISTRIBUTION DURING

* THIS RUN • )
I F ( T F I N A L .EQ. 0.0) GO TO 49

CALL L O A D F O ( A , R , A L , T B E G I N U T F ̂ AL)
4^ APDEN=0.0

CALL PRINT ( I T , T I M E , H H A L F , A X , Y , Z » T H E T A, APOEN, FQRE F t QM ASS, C2 ,
* N Q R , K R O W f N O E X , N I R R E G , C I i M E T O >

NREADF=0
T1=TBEGIN
NLOAO=2
IF tTSEGIN .GT .O .O .OR. TFIN AL .EO .0 . C ) GO TO 120
NLOAO=1

CALL L O A O F K T I M E . N R E A D F )
CALL SOLV ( AMASS.FMECH, SOL , ICOL , KROW ,NDEX, N I ,NIRRF.G)
DO 26 1=1,NI

26 DELD{ I ) = DELL>( I )+ l )TSQ*SUL( I )/2.
I F C N L O A D .EQ, 2) GG TO 120
APD=0.0
DO 46 1 = 1 ,M

46 A P O = A P D * F M E C H ( I ) * D E L D ( I )
APOCN=APOEN*APD

120 IT = IT-H
T I M E = I T * D E L T A T
DC 121 1 = 1,NI
F Q R E F { I ) = 0 . 0
F L V A ( I )=0.0

121 OlSPd )=DISP( I) + DELD(I )
DO 129 K=l,4
DISPl IK*4-«-K)=DISP(Ki

129 D E L D ( I K * 4 + K ) = D E L D ( K )
45 CALL S T R E S S

IF (NQR .EQ. 0 ) GO TO 127
CALL O M U L T ( S P R I N , O I S P , I COL, NI ,FQKEF ,KROW, N DEX, N IRREG)
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,

DO 128 1=1 , ( M l
12U F L V A ( I ) = F L V A ( I ) + F C J R E F { I)
127 NLOAD=2

IF ( T I M E . L T . T B f G I N .OR. T I M E . G T .TF I - N 4 L ) GU TC 122
NLOAD=i

CALL L O A D F T 1 T I M E . N R E A D F )
DO 123 1 = 1 ,NI

123 F L V A ( I ) = FLVA( I)-FMECH( I)
122 IFINBCOND .EQ. 0) GO TO 124

DO 125 1 = 1 ,NBCOND
JT4=NOOEB( IJ*4
FLVA(JT4 -3 )=0 .0
IF (NSC ( I ) . EQ. 1 .OR. N B C ( I ) . E Q . 2 ) F L V A < J T 4 - 1 ) = 0 .0
IF (NBC( I ) .EQ.2 .OR. N B C U ) . E Q . 3 ) F L VA( JT4- 2) =0 .0

125 CONTINUE
124 CALL S O L V < A M A S S , F L V A , S O L , I C O L , K R C W , I ^ D E X , N I ,NIRHEG)

DO 126 1=1,NI
126 DELDC I )=OELD{ I ) -SOL( I ) *DTSC

IF(NLOAD .EQ. 2) GO TO 41
APD=0.0
DO 42 1=1,NI

42 APO=APD+FMECH( I )*DELD( I )
APDEN=APOEN-«-APO

41 IFUT .EQ. 1) CALL PRINK I T, T IME f HHALF ,AX, Y, Z, THE TA, A P O E N , FQKEF ,
* B M A S S , C 2 t N Q R , K R O W , N D E X t N IRREG,C INETO)

I F ( I T - M l ) 130,140,150
140 M l = M l + M 2

CALL PRINT ( IT, T I ME, HHAL F, AX , Y ,Z, THET A, AH DEN , FwRE F, 13 M ASS, C 2 ,
*NQR,KROW,NDEX,N IRREG,C INETO)

130 IF( IT-MM) 120,170,150
170 IF(IBIG) 62,150,62
62 IFUSURF-2) 64,65,65
64 W R I T E ( M W R I T E , 6 6 ) BIG,I BIG,BTIMt
66 F O R M A T ! / / / , ' LARGEST COMPUTED S T R A I N =',615.6,' OCCURS AT THE

*INNER SURFACE MIOSPAN OF ELEMENT = ' , I 3 , « AT T IME ( S E C . ) = ' ,E lb .6 )
GO TO 150

65 W R I T E ( M W R I TE ,67 ) 3 IG , I DIG , BTI ME
67 F O R M A T ( / / / , ' L A R G E S T COMPUTED S T R A I N = ' ,E15.6, ' OCCURS AT THE

*QUTER SURFACE MIOSPAN OF ELEMENT ^ ' ,13, ' AT T I M E ( S E C . ) = ' ,El i>.6)
150 CALL EXIT

END

SUBROUTINE A S S E M ( I R , I K , E L M A S , S T I F M , ICOL.NI )
***** COMPLETE RING *****
OIMhNSION ELM A S( 8, 3) ,NN(3 ) ,STIF .M{1) , ICOL(1 )
REAL*8 ELM AS, ST IFM
J1=IR*4
NN(l)=Jl-3
NN(2)=Jl-2
NN(3)=J1-1
NN(4) = J1
I F ( I R - I K ) 203,204,204

2 0 3 J 2 = ( I R + 1 ) * 4
N N ( 5 / = J 2 - 3
N N ( 6 ) = J 2 - 2
N N ( 7 ) = J 2 - 1

63



N N ( 8 ) = J 2
GO TO 202

2 0 4 N N ( 5 ) = 1
MN (6) = 2
NN(7)=3
N N ( S ) = 4

202 DO 402 I = l t 8
M = N N ( I }
DO 402 J=l t8
N=NN(J)
IF(M-N)402,403,403

4C3 CALL F I C G L l M f N t L f ICGL)
S T I F M < L ) = S T I F M i L ) + E L M A S ( I t J )

402 CONTINUE
RETURN
END

121

122

SUBROUTINE ASSEF{ IR, IK , ELF P, F LVA )
***** COMPLETE RING *****
DIMENSION NN( 8) ,FLVA{1) ,ELFP( I)
REAL*8 ELFP ,FLVA
J1=IR*4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
N N ( 3 ) = J 1 - 1
N N ( 4 ) = J 1
I F U R - I K ) 121,122,122
J 2 = ( I R + 1 > * 4
N N ( 5 ) = J 2 - 3
NN(6)=J2-2
N N ( 7 ) = J 2 - 1
NN(8 )=J2
GO TO 123
N N ( 5 ) = 1

123

1C1

NN(6
NN(7
NN(3
DO 1
M= NN
FLVA
CONT

= 2
= 3
=4
:i 1=1 ,8
I )
M)=FLVA(
NUE

RETURN
END

M
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>

11

15
16
17

12
13
18

20

19
21

SUBROUTINE IDEM ( N C R )
***** COMPLETE RING *****
COMMON /FT;/ IK, NOG A, NFL,NSFL,NI, I ecu 205) , NBCGND,NBC ( 4 ) , N C j D E B ( 4 )

COMMON /HM/ R, B ,H , DENS, YOUNG,DS,C5 , C C , A S F L ( 6 , 5 ) , G Z E T A ( 6 ) , S . M O ( 5 )
COMMON / T A P E / MR EAD, MWR IT E ,MPUNCH
WRI TE ( MWR ITE,1 ) R , B, H, DENS , I K,NOGA t NFL , NSF L
FORMAT (' ***JET3A**** A S P A T I A L FINITE ELEMENT AND TEMPORAL CENTR

*AL DIFFERENCE P R O G R A M ' , / , ' USED TO C A L C U L A T E THE NONLINEAR R E S P
*GNSES OF A UNIFORM THICKNESS C I RCUL AH • ,/ , • C O M P L E T E PING *ITH T
*HE FOLLOWING P A R A M E T E R S ' , / / ,
*• MEAN RADIUS UF RING ( IN.)

W I D T H OF RING (IN. )
THICKNESS OF RING (IN.)
D E N S I T Y (LB-SEC**2/ IN**4)
NUMBER OF ELEMENTS

OF S P A N W I S E GAUSSIAN PTS
OF O E P T H W I S E G A U S S I A N PTS =
OF MECHANICAL SUBLAYERS
,EQ. 0) GO TO 12

* »
*»

*•
*•
*•
* •
*•

NUMBER
NUMBER
NUMBER

IF(NBCOND ,

E15.6,/,
E15.6,/,
E15.6, /,
El 5.6, /,
15,/,
15,/,
15,/,
15)

DO 14 I = i , N B C O N D
I F ( N B C ( I ) .EQ. 1 )
I F ( N B C ( I ) .EQ. 2 )
I F ( N B C I I ) .EQ. 3 )
CONTINUE
FORMAT ( • S Y M M E T R Y
FORMAT { ' CLAMPED
FORMAT{ • HINGED
GO TO 18
WRITE(MWRITE,13)

FORMAT(/»• THERE IS NO
IF (NQR .EQ. 0 ) GO TO 19
W R I T E < M W R I T E , 2 0 )
F O R M A T ! / , ' C O N S T R A I N T S

>< BY INPUT ')
RETURN
WRITEIMWRITE, 21)
FORMAT(/,' THERE ARE NO
RETURN
END

WRITEIKWRITE, 15)
WRITE (MWRITE,16)
WRITE(MWRITE, 17)

N U O E B I I )
NODES ( I )
N O D E B ( I )

DISPLACEMENT
DISPLACEMENT
DISPLACEMENT

C C N D I T I O N
C O N D I T I O N
C C N D I T I O N

AT NUOE =•,15)
AT NODE =',I5)
AT NQOE =',15)

PRESCRIBED DISPLACEMENT CONDITION' )

( E L A S T I C FCUNDATION/SPRI NO) AS DESCRIBED

E L A S T I C SPRING C O N S T R A I N T S ' )

50

SUBROUTINE IMPUL S (DELT AT, A L)
***** COMPLETE RING *****
COMMON /FG/ I K,NOGA, NFL ,NSFL , NI , I CGL (205 ) , NBCOND, N 3C ( 4 ) ,NJ DEB(
COMMON / V Q / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) ,UELC(205) ,SrJS( 5 0 , 3 , 6 , 5 ) ,

*B INP(50 ,3 ) , 8 I M P ( 5 0 , 3 )
COMMON /TAPE/ M R E A D , M W R I T E ,MPUNCH
REAL*8 FLVA, O I S P t O E L D , AL
DO 50 1=1,NI
D f c L D ( I ) = O . C

D I S P ( I ) = 0.0
DO 51 IR=1 , IK
DO 51 J = 1 , N C ) G A
8 I N P ( I R , J ) = 0 . 0
8 I M P ( I R , J ) = 0 . 0
00 51 K = l , N F L

DD



DC] 51 L-it NSFL
51 S N S U R » J t K , L ) = 0 . 0

R E A D I M R E A O , ! ) N V , L O T A , I U T G , I O T C
1 F G F H A T ( 4 I 5 )

W R I T E ( M W R l T E , 2 ) O F L T A T
2 FORMAT ( / , ' T I M C S T E P S I Z E USED IN PRU3RAM ( S E C ) = ' ,E15 .6 )

IF (NV .EQ. 0) W R I T El MW R I T E , 4 )
1FINV .GT. 0) ViRI T E I M W R I T E ,6)

4 FORMAT ( / , ' THERE IS NU INITIAL INPULSE ')
6 F O R M A T ! / , ' IMPULSE LOADINGS H A V E EEEN S P E C I F I E D AS DESCRIBED BY

* INPUT ')
IF (NV .EQ. 0) GO TO 41
IF ( I O T A . EQ. 0) GO TO 10
DO 20 IM=1, IOTA
R E A O t M R E A D , 2 1 ) IEL,IE2 , wR AD, Vv RA01, AKGV 1, WRAD2 f ANGV2

21 F O R M A T 1 2 I 5 / 5 E 1 5 . 6 )
IF2M1=IE2-1
00 22 1 1=1 , I E 2 M
I = I E 1 + I I
I F ( I .GT. I K ) I = I - I K

22 D E L O l I * 4 - 2 ) = D E L T A T * W R A D
DELOl IE1*4 -2 )=DELTAT*WRA01
OELD( I El*4-1) =DELTAT*A iNGV l
IE2P1=IEI+IE2
IFIIE2P1 .GT. IK) IE2P1=IE2P1-IK
DELHI IE2P1*4-2) = DELTAT*WRAD2
OELf)( IE2Pl*4- l ) = D E L T A T * A N G V 2

20 CONTINUE
10 IF I IOTB .EG. Q) GO TO 42

DO 30 IM=1«IUTB
R E A O ( M R E A O , 3 1 ) N O D E V , V R A D , W R A D , A N G V

31 FGRMATU5 , 3E15.6)
DELO(NODEV*4-3 )=DELTAT
DELD(NODEV*4-2) = OELTA
DtLO(NOOEV*4-l ) = DELT AT *ANG V

30 CONTINUE
42 IFIIOTC .EQ. Q) GO TO 60

00 61 IM=1,IOTC
R E A D ( M R E A D , 6 2 ) I S l , I S 2 » W R A D

62 FORMAT12 I5 ,E l 5.6)
PI EP=3. 141 592657 IS2
DELDl I SI*4-1 ) = W R A O * O E L T A T * P I E P / AL
00 63 II=l fIS2
I = I S 1 + I I
IF(I .GT. IK) i = I-IK
DELDl 1*4-2 ) = W R A D * D E L T A T * S IN(PI£P*I I )

63 DELDt1*4-1 ) = W R A D * D E L T A T * P I E P * C O S ( P f E P * I I ) / A L
61 CONTINUE
60 IFIN3COND .EQ.O) GO TO 41

DO 40 1^1 , NBCCND
J T 4 = N O D E D ( I ) * 4
OELDUT4-3) = 0.0
IF ( N B C ( I ) .EQ. 1 .OR. N B C ( I ) . E 0 . 2 ) DELD(JT4- I )=0 .0
IF (NBC( I ) .Ew.2 .OR. NSC ( I ) .EQ. 3 ) 0 ELDIJT4-2i =0 .0

40 CONTINUE
41 DO 52 K=l,4

DISPl IK*4*K)=DISP(K)
52 DELD(IK*4+K)=DELD(K)

RETURN
END
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SUBROUTINE PR I N T ( I T , T I M E , H H A L F , A X , Y , Z , T H E T A , A P D E N , F Q R E F , B H A S S , C 2 ,
* N Q R , K R O U , N D E X , N I R R E G , C I N E T O )

; ***** COMPLETE RING *****
DIMENSION Y ( 5 L ) v Z ( 5 L ) , C O P Y ( 5 1 ), CUPZ(51 ), BE PS ( 3 ), tP S I ( 5 1 ), E P S0{ 5 1)

* , F Q R E F ( l ) , B M A S S { l ) , K R O W ( l ) , N O E X ( i ) , C I N E { 2 0 5 ) , F A I L I ( 5 0 ) , F A I L O ( 5 0 )
COMMON /FG/ I K t N O G A t NFL,NSFL,NI, ICGL ( 205) , NbCQND, NBC ( 4 ) , NO DEB I 4 )

COMMON /HM/ R,B,H,OENS, Y O U N G , O S , C 5 , C 6 , A S F L ( 6,5) , GZE T A ( 6 ), SNG ( 5 )
COMMON / V Q / F L V A ( 205) , D ISP ( 205 ) ,i.)E LC( 205) , SNS( 50, 3 , 6, 5 ) ,

*3 INP(50 ,3 ) , B I M P ( 5 0 , 3 )
COMMON /BA / 8 E P ( 3 , 3 , 8 ) , A X G ( 3 ) , A W G ( 3 )
COMMON /SC/ M C R I T , C R I T S f 3 I G , I B I G . B T I M E , I S U R F
COWMON / T A P E / MRE AD, M W R I T E ,M PUNCH
REAL*8 8EP,FL VA, 0 I SP ,0 ELi) , 8MASS, FQREF,CINE
D A T A A S T E R / ' * * / , B L A N K / • • /
00 700 1=1 ,NI

700 CINE( I ) = 0.0
CALL O M U L T ( B M A S S , C E L D , I COL ,N I ,C INE ,KROW,NOEX,N IkREG)
CINET=0.0
DO 701 I=1,NI

7C1 C INET=CINET+DELO( I ) *CINE( I )
C I N E T = C I N E T * C 2
I F ( IT .EQ. 0) CINETO=CINET
ELAST=0.0
00 702 IR= 1, IK
00 703 J=l ,NOGA
SUM=0.0
DO 704 K=1,NFL
DO 704 L^l ,NSFL

7C4 SUM=SUM*SNS(IR ,J , K, L J **2*A SFL (K, L )
7C3 E L A S T = E L A S T + S U M * A W G ( J )
702 CONTINUE

SPDEN=0.0
IF(NQR .EQ. 0) GO TO 31
00 32 1=1 ,NI

32 SPUEN=SPDE.\+DISP( I ) *FQREF( I)
SPOEN = SPDEN/2.

31 ELAST = ELAST/YOUNG/2 .
CINETT=CINETO- i -APDEN
P L A S T = C I N E T T - C I N E T - E L A S T - S P D E N
W R I T E t M W R I T E , 1 ) I T , T I M E , C I N E T T , C I N £ T , E L A S T , P L A S T

I F O R M A T C 1 J = ',I5,' TIME ( S E C . ) -=«, El 5.6,7,
*' T O T A L ENERGY INPUT (IN.-L8.) =',E15.6,/,
*• K I N E T I C ENERGY (IN.-LB.) =',E1:>.6,/,
*• E L A S T I C ENERGY (IN.-LB.) =* ,E15. t>, / ,
* • P L A S T I C WORK (IN.-LB.) = ' ,E15.o)

IF(NQR .EQ. 0) GO TO 33
v v ' R I T E ( M W R I TE, 34) SPDEN

34 FORMAT (• ENERGY STURED IN THE E L A S T I C K E S T K A I N T S ( IN .-LB. ) =',
*E15.6)

33 DO 11 1=1, IK
ANG=( l - l ) * A X + T H E T A
C O P Y ( I ) = Y( I ) - » - T I S P ( I * 4 - 3 ) * C O S ( A N G J ^ - 0 ISP (1*4-2 J*S IN ( ANG)

II C O P Z l I ) = Z ( I ) -O.ISP( I *4-3)*SIN( ANG ) *0 ISP (I *4-2 ) *COS ( ANG )
DO 601 IR=1, IK
00 604 1=1 ,3
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B E P S J I ) = 0 . 0
DO 004 K=l,8
INDEX= UR-1)*4+K

604 B E P S J I ) = B E P S ( I) + B E P ( 2 , I , K ) * D I S P U N D E X )
F A R E = B E P S ( l) + !3EPS(2 ) * *2 /2 .
FCUR=BEPS{ 3)
EPS I ( IR)=FARE-HHALF*FCUR
EPSO ( I R) = F ARE+HHALF*FOUR

601 CONTINUE
00 60 IR=1,IK
I F ( E P S K I R ) .LE. BIG) GU TC 61
B I G= E P S I ( I R)
I B I G = I R
ISURF=1
BTiME=TIME

61 I F ( E P S O d R ) .LE. BIG) GO TO 60
BIG-EPSOU R)
I B I G = I R
ISURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E , 2 )

2 F O R M A T ! / , • I • , 5 X , « V « , 1 1 X , • * • , 9 X , « P S I ' , 9 X , « C H I • , 1 0 X , « C O P Y ' ,
*8X, 'COPZ^gX, « L ' , HX, «M * . 7 X f ( STRAIN CIN) • , 4X , ' ST RAI N ( OUT ) • )

IF (MCRIT .GT. 0) GO TO 50
00 51 1=1, IK
FAILK I) = BLANK
F A I L O ( I ) = B L A N K
I F ( E P S K I ) .LT. C R I T S ) G3 TO 52
F A I L I ( I ) = A S T E R
I F t M C R I T .GT. 0) GO TO 52
MCRIT=1

52 I F f E P S O d l .LT. C R I T S ) GO TO 51
F A I L O { I) = A S T E R
IF(MCRIT .CT. 0) GO TO 51
MCRI T=l

51 CONTINUE
IF(MCRIT .LE. 0) GO TO 50
DO 53 1 = 1,IK

53 W R I T E ( M W R I T E , 54) I ,DISP( I *4-3 ) ,0 IS P (I *4~2 ) ,UISP(I*4-1) ,DISP(I*4) ,
*COPY{ I ) ,COPZ{ I ) ,BINP( I , 2 ) ,B IMP( I ,2 ) , EPS I ( I ) , FA I L I ( I ),
*EPSOl I ) ,FA ILO( I )

54 FOPMATU5,4012.4,5E12.4,A2,E12.4,A2)
WRITEIMWRI TE,55) ASTER

55 FORMAT (//, 5X, A2, « STRAIN EXCEEDS THE CRITICAL VALUE 1)
RETURN

50 DO 21 1=1,IK
21 w R I T E ( M W R I T E , 22) I ,UISP( 1*4-3),01 SP( 1*4-2) ,DISP (1*4-1) ,OISP( 1*4) ,

* C O P Y ( I ) , C O P Z ( I ) , 8 I N P ( 1 , 2 ) , B I M P t I , 2 ) , E P S I ( I ) , E P S 0 (1 )
22 FORMAT (I 5, 40 12.4, 5E1 2.4,2 X»E 12. 4)

RETURN
END
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SUBROUTINE ELMPP ( AL, A, AMASS, BMASS, KROW,NDEX,NI RREG ,1 NUM,
* I S I Z E t O E L T A T )

C TO FIND THE M A S S M A T R I X STIFFNESS MATRIX AND STRAIN NODAL
C DISPLACEMENT TRANSFORMATION M A T R I C E S

DIMENSION A( 8 f 8) ,LMI (8) ,MMI{8) , 0 (8 ,6 ) ,ELM(8 ,8 ) » E L M A S ( 8 , 8 ) ,
* E ( 8 t 8 ) t EKl(8,8 ) , ELK (8, 8 ) ,BE 1< 3, 3, 8)

DIMENSION A M A S S ( l ) ,BMASS(1 ) , KROW < 1 ) ,NDEX< 1 J,INUM(1)
COMMON /FG/ IK,NOGA,NFL,NSFL,NI , ICCL(205) , NBCOND, NBC (4 ) , NODEBJ 4

COMMON /HM/ R,B,H,DENS, YOUNGt OS ,C 5, C£, ASFL ( 6,5) ,GZE TA ( 6 ) , SNO ( 5)
COMMON /BA / BEP(3 ,3 ,8 ) , A X G ( 3 ) , A W G ( 3 )
COMMON /TAPE/ MREAD, MWRITE ,MPUNCH
REAL*8 A L , X , R H G , R I , S T O , S S , A,P2,P3, C, ELM, EL MAS, BE1 , BEP , E, EK 1, ELK
REAL*8 A M A S S , BMASS
X=AL/ (R*2 . )
RHO=1.
RI=RHO*H**2/12.
STO=1.
SS=STO*H**2/12.
DO 6 1=1,8
DO 6 J=l,8
0( I , J )=0 .0
£( I,J)=0.0

6 A( I , J )=0 .
A( 1 ,1)=DCOS(X)
A ( 1 , 2 ) = D S I N ( X )
A C l i 3 ) = ( - R ) * ( l . - O C C S f X ) * * 2 J
A( l,4)=-AL/2.
A(2,1)=-DSIN(X)
A ( 2 , 2 ) = D C O S ( X )
A ( 2 ,3 )=-R*DSIN(X)*DCOS(X)
A(2 ,5 )=AL**2 /4 .
A( 2,6)=-AL**3/8.
A ( 3 , 3 ) = l .

A ( 3 , 5 ) = - A L
A(3,6)=AL**2*3./4.
Al l,7)=AL**2/4.
A( l,8)=-AL**3/8.
A(3,7l=-AL**2/4./R
A(3,8)=AL**3/8 . /R

A(4,6)=-AL**3/8. /R
A<4,7)=-AL

A < 5 ,1)=DCOS(X)
A(5 ,2)=-DSIN(X)
A(5t3)=(-R)*( l . -DCOS(X')**2 )
A ( 5,4)=AL/2.
A(5,7)=AL**2/4 .
A( 5,8)=AL**3/8.
A(6 , l ) = D S I N t X )
A ( 6 , 2 ) = D C O S ( X )
A ( 6 , 3 ) = R * D S I N ( X ) * D C O S ( X )
A(6,5)=AL**2/4 .
A(6,6)=AL**3/8.
A ( 7 , 3 ) = l.
A(7,4)=-AL/2. /R
A ( 7 , 5 ) = A L
A(7,6)=AL**2*3./4.
AC7,7)=-AL**2/4. /R 69



A(7,8)=-AL**3/8. /R
A(8,4)=l.
A( 8,5)=AL**2/4./R
A(8,6)=AL**3/8./R
A ( 8 , 7 ) = A L
A(8,8)=3.*AL**2/4.
CALL MINV( A,8,CET, LMI,MMI )
P2=2.*X**2*DSIN(X)+4.*X*DCCS(X)-4.*CSINW
P3=-2.*X**3*DCOS(X)+6.*X**2*DSIN( X1 + 12.*X*DCOS< X) -12 .*DSIN(X)
D(1,1)=RHO*AL
D(2,2)=RHO*AL
D(3 f i)=RHO*R*(-R*2.*DS IN(X )+DCOS( X)*AL )
D( 3, 3)=RHO*R**2*(AL+DCOS< X )**2*AL-4.*R*DSI N(X) *DCOS (X) )+RI*AL
D(4,2)=-RHC*R**2*(-2.*X*OCOS(X) + 2.*CSIN(X) )
D(A,4)=RHO*AL**3/12.+RI*AL**3/R**2/12.
D(5,2)=RHO*R**3*P2
D(5,4)=-RI*AL**3/R/6.
D( 5,5>=RHO*AL**5/80.+RI*AL**3/3.
0(6, 1)=RHO*R**4*P3
D(6,3) =RHO*R**5*DCOS (X )*P3+RI*AL**3/4.
D( 6, 6)=RHO*AL**7/^48.*-RI*AL**5*9. /8C.
D(7,1)=RHO*R**3*P2
D( 7,3)=-RHO*R*(AL**3/l2.-R**3*DCOS (X)*P2)-RI*AL**3/R/12.
0(7, 6)=-3.«RI*AL**5/R/80.
D ( 7 , 7 ) =( AL**5 / 80 . } *( RHO*R I /R**2)
D(8,2)=-RHQ*R**4*P3
0(8,41 = 0(7,7)
D(8,5)=-RI*AL**5/R/40.
D(8 ,8 ) = (AL**7M48. )* (RHO*RI/R**2 )

E(5,4)=STO*AL**3/(R*12.)-2.*SS*AL/R
E( 5, 5) = STO*AL**5/(R**2*80. )-»-4.*SS*AL
E(6,6)=STO*AL**7/(R**2*448.H-3.*SS**L**3
E( 7,6)=STO*AL**5/(R*40. )-SS*AL**3/«
E(7,7) = (STO+SS/R**2)*AL**3/3.
E( 8,4)=(STC+SS/R**2)*AL**3/4.
E( 8,5|=3.*STO*AL**5/(R*80. )-SS*AL**3/( R*2
E(8,8)=9.*(STO+SS/R**2)*AL**5/80.
DO 3 1=1,7
IP1=I+1
DO 3 J=IP1,8
E(I,J)=E( J,I)
D( It J)-0( J,II
DO 4 1=1,8
DO 4 J=l,8
EK1(I , J}=0 .0
ELM(I,J)=0.
DO 4 K=l,8
EKlf It JI = EK1( I,J)+A(K, I)*E<K,JJ
ELM(I, JI = ELM( I,J) + A(K, I )*D(K,J)
DO 5 1=1,8
DO 5 J=l,8
ELKd, J)=0.0
ELMAS(I,J)=0.
DO 5 K=l,8
ELKd, J) = ELK( I,J)*EK1(I,K)*A(K,J)
ELMAS< I,J)=ELMAS( I,J)>ELM( I ,K)*A(K,J)
DO 44 K=1,NOGA
DO 21 1=1,3
DO 21 J=l,8
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21 BEl (Kr I rJ ) = 0.
BE1(K,1,4)=1.
BEKK, 1 ,5)=AXG(K)**2 /R
BE1(K,1,6 )=AXG(K) * *3 /R
BEKK,3 ,4)= l . /R
BEKK,3,5)=-2.
BE1(K,3 ,6)=-6 . *AXG(K)
B E l ( K « 2 t 3)=1.
BE1(K ,2 ,4 )= -AXG(K) /R
BE1(K ,2 ,5 ) =2 . * A X G( K )
BE 1(K,2,6)=3. * A X G ( K ) * * 2
BEKK, 1,7 )=2 . *AXG(K)
BE UK, 1 ,8)=3.*AXG(K)**2
B E 1 ( K , 3 , 7 ) = 2 . * A X G ( K ) / R
BEKK, 3, 8 )=3 . *AXG(K)* *2 /R
BE1(K ,2 ,7 )= -AXG(K) * *2 /R
BE1(K ,2 ,8 )= -AXG(K)* *3 /R

44 CONTINUE
DO 22 NL=1,NOGA
DO 22 1=1,3
DO 22 J=l ,8
BEP(NL,I, J) = 0.
DO 22 K=l ,8
BEP(NL,I , J)=BEP(NL,I ,J)+BE1(NL,I ,K ) *A(K ,J )

22 CONTINUE
W R I T E ( M W R I T E , 15)
WRITE(MWRITE,16) U E LMAS( I , J ) , J=l , 8 ) , 1=1, 8 )
W R I T E ( M W R ITE, 17)
WRITE(MWRITE,16) ( (ELK ( I, J ),J = l,8)t 1=1,8)

16 FORMAT(8D15.6)
15 FORMAT (/, ' ELEMENT MASS MATRIX :/ (DENS*B*H) •)
17 F O R M A T ( / , « ELEMENT STIFFNESS MATRIX / (YOUNG*B*H)

DO 18 L = l, ISIZE '
18 A M A S S ( L ) = 0.0

DO 19 IR=1 ,IK
19 CALL ASSEM( IR, IK, ELMAS, AMASS, ICOL,NI )

IFINBCOND .EQ.O) GO TO 712
DO 91 I=1,NBCOND
JTA=NODEB( I)*A
JT4M3=JT4-3

JT4M1=JT4-1
CALL ERC( JT4M3,AMASS,NI ,ICCL)
IF(NBC(I).EQ.l .OR. NBC(I).EQ.2I CALL ERCC JT4M1, AMASS , NI , ICOLi
IF(NBC(I) .EQ.2 .OR. NBC(I).EQ.3) CALL ERC( JT4M2, AMASS, NI ,ICOL)

91 CONTINUE
712 DO 713 L=l , I S I Z E
713 BMASS( L) = A P A S S ( L )

CALL FAC(AMASS, ICOL,KRGW,NCEX, IDET,^WRITE,N I ,N IRREG, INUM)
IFtDELTAT .GT . 0.0) RETURN

C
C DETERMINATION CF DEL TAT IF NOT GIVEN
C

CALL TSTEP(AMASS,ELK, IS IZE,KPCW,NDEX,NIRREG,DELTAT)
RETURN
END
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SUBROUTINE ERC( I I, ST IFM.N I ,ICOL)
C FOR ELIMINATING ROWS AND COLUMNS IN STIFM

DIMENSION STIFK( l ) t lCOL( l )
RE/»L*8 STIFM

IC=ICOL(I I )
DO 101 J = IC,II
CALL FICOL( II,J,L, ICOL)

101 STIFM(L)=0.
00 102 I = I I , N I
I C 1 = I C O L ( I )
I F ( I I - I C 1 ) 1 0 2 , 1 0 3 , 1 0 3

103 C A L L F I C O L ( 1,1 I , L , I C O L )
S T I F M ( L ) = 0 .

102 C O N T I N U E
CALL FICOL( II, I I,L, ICOL )
STIFM(L)=1.
RETURN
END

SUBROUTINE FAC (STIFMiNCOL,KROW,NDEX, IDET,NTAPE6,NROWS,NIRREG, 1C)
C LOWER TRIANGULAR FACTOR OF STIFM MATRIX IS COMPUTED AND STORED FACT0095

DIMEN SI ON S T I F M ( l ) , N C O L ( 1 ) , K R O W ( l ) , N C E X ( 1 ) , IC(1)
REAL*8 S T I F M , S U M , T E S , T E S T

C STIFM FACT0100
C PROCESS COLUMN 1 FACT0105

1=1
IDET=0 FACT0110
IF ( S T I F M ( D ) 152,122,101

152 IDET=IDET+1
101 INDEX=0

IROW=1 FACT0130
TEST=i.O FACT0135
KN=1 FACT0140
DO 103 1 = 2, NROWS FACT0145
KN = KN+I-NCOL<I 1 FACT0150
IF (NCOL(I)- l ) 103,102,103 FACT0155

102 S T I F M ( K N ) = S T I F M ( K N ) / S T I F M ( 1) FACT0160
103 CONTINUE FACT0165

00 121 I=2,NROWS FACTO 170
IP1=I+1 FACT0175
IM1=I-1 ' FACT0180
SUM=0.0 FACTO 185
NCK=0 FACT0190
III^NCOLd) FACT0195
INOEX=INDEX + I-III FACT0200
IF (IM1-III ) 150,140,140 FACT0205

C DIAGONAL TERMS FACT0210
140 CO 104 J = I I I , I M 1 FACT0215

IJ=INDEX+J FACT0220
104 SUM=SUM+STIFM( IJ)*STIFM( I J ) *ST IFM( IC<J )+J )
150 II=INDEX+I FACT0230

SUM = STIFM(I D-SUM FACT0235
IF (SUM) 151,122,105

151 IDET= IDET +1
10S T E S < = D A B S ( S U M / S T I F M ( I I ) )



IF (TES-TEST) 106,107,107
106 TEST=TES

IROW=I
107 ST IFM( I I )= SUM

OFF DIAGONAL TERMS
IF ( I - N R O W S ) 108, 121, 121

108 KNDEX=INDEX
109 DO 116 K=IP1,NROWS

KK=NCOL<K)
KNDEX=KNDEX+K-KK
SUM=0.0
IF ( K K - I I I ) 110,130,130

110 K K = I I I
130 IF ( I M 1 - K K ) 112,131,131
131 DO 111 J = KK,IM1

IJ=INDEX+J
KJ=KNDEX+J

111
112

115

116

190

SUM=SUM+STI
IF ( I-KK) 1
IF (NIRREG
IF (NIRREG
GO TO 190
KI =KNDEX+I
S T I F M ( K I ) = (
CONTINUE
GO TO 121

FM(
14,
.LE
.GT

STI

I J)*STI
115, 115
. 0) GO
. NROWS

F M J K I )-

FM(KJ

TO 1
/2)

SUM)/

) *STIFM( I

21
GC TO 116

STIFMU I)

121

122

1001

ICO 2

IF (NIRREG .LT
IP1=KROWINCK)
IF (I .LT. N C O L ( I P I J )
IF (IP1 .LT. K) GO TO
KNDEX=NDEX( NCK)
GO TO 109
CONTINUE
RETURN
WRITE ( N T A P E 6 , 1001 ) I
IDET=-I
FORMAT (37HI M A T R I X
bRITE (NTAPE6,1002)
FORMAT (27HOSQUARF,

1ED K MATRIX , / / )
RETURN
END

NCK ) GO TO 121

GO TO
190

190

NOT POSIT IVE DEFINITE IN ROW,14)
SUM

OF DIAGONAL TERM = , 015 . 8 ,/28HOP ART I ALLY

FACT0250
FACTO 255
FACT0260

FACTO 270
FACT 0275
FACT0280
FACTO 285
FACT0290
FACT0295
FACT0300
FACT0305
FACT0310
FACT0315
FACT0320
FACT0325
FACT0330

FACTO 340
FACT0345

FACT0355
FACT0360
FACT0365
FACT0370
FACT0375
FACTO 380
FACT0385
FACT0390
FACT0395
FACT0400
FACT0405
FACT0410
FACT0415
FACT0435
FACT0440

FACT0450
FACT0455

FACTORFACT0460
FACT0465
FACT0470

SUBROUTINE FICCL( I ,J , L, ICOL)
C USING FORMULA L = J+SUM(K- ICOLlK) ) ,K= l ,1 TO RELATE I,J,TO L

DIMENSION ICOL (I)
IF( J-ICGLU ))200,300,300

300 ISUM=0
CO 305 K=l, I
ISUM=K-ICOL(K)+ISUM

305 CONTINUE
L=J+ISUM
RETURN

200 W R I T E ( 6 , 4 ) I,J
4 FORPAT(31H ELEMENT IS NOT IN BAND REGION,3H I=,I5,3H J=,I5)
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PETURN
END

SUBROUTINE LOADEQt A, R, AL, TBEGIN, TF INAL ) l

C TO FIND G R N E R A L I Z E D NODAL LOAD AND EXTERNALLY-APPL IED LOAD TRANS-
C FORMATION MATRICES

DIMENSION M8,8 ) ,FM(8 ,2 ) ,FMC(8 ,2 ) ,FPL(8 ,2 )
COMMON /FORCE/ FMECH(205) ,T1 , AMP1F.V,AMP1FW ,T2, AMP2FV, AMP2FW,

*AMPFV,AMPFW,NOFT1,NOFT2,NOFT3, JELEM(4) ,ETA(4) ,RTOV(4) ,RTOW(4),
* N S T F 2 ( 4 ) , N E L F 2 ( 4 ) , R T 0 2 V ( 4 ) ,RT02W(4) ,NSTF3( 4) ,NELF314) ,RT03V(4) ,
*RT03W(4) ,FM1(4,8,2) ,FM2 ( 8, 2 ), FM3 (8, 2 ),S LOPEV, SLOPEW

COMMON /TAPE/ MREAD, MWR ITE ,MPUNCH
REAL*8 A , A L
IF(TFINAL .EQ. 0.0) RETURN
W R I T E ( M W R I T E , 4 7 ) TBEGIN,T F INAL

47 F Q R M A T C O STARTING TIME CF FORCINC- FUNCTION ( S E C ) =«,Ei5.6,/,
*• STOPPING TIME OF FORCING FUNCTICN (SEC) = f,E15.6)

R E A D ( M R E A D , 6 ) NOFT 1, NO FT2 , NOFT3
6 FORMAT(3I5)
7 FQRMAT( I5 ,3E15.6)
8 FORMAT(215,2E15.6)

IF(NOFT1 .EQ. 0) GO TO 54
R E A D ( M R E A D , 7 ) (JELEM( I ) , E T A ( I ) , R T O V ( I ) ,RTOW(I) ,1=1,NOFT1)
DO 100 1=1 ,NOFT1
S L = E T A ( I )
X = AL/R/2
FM(1 ,1 )=COS(SL /R)
FM(2,1)=-SIN( SL/R)
FM(3 ,1 )=-R*(l .-COS (SL/R )*CCS(X) )
FM(4,1)=SL
FM(5,1)=0.0
FM(6,1 )=0.0
FM(7, 1) = SL**2

FM(1 ,2 )=SINISL/R)
F M ( 2 , 2 ) = C O S ( SL/R)
FM(3,2 ) = R * S I N ( S L / R ) * C O S ( X )
F M ( 4 , 2 ) = O . C
FM(5,2 )=SL**2
FM(6,2)=SL**3
F M ( 7 , 2 ) = O . C v

F M ( 8 , 2 ) = 0 . 0
DO 101 M = l , 8
DO 101 N = l , 2
F M 1 ( I , M , N ) = 0 . 0
DO 101 K=l ,8

101 FMK I,M,N)=FM1( I ,M,N ) + A (K , M) *FM( K, N)
100 CONTINUE
54 DO 202 M=l,8

DO 202 N = l , 2
FMC(M,N)=0.0

202 FML(M,N)=0.0
X=AL/R/2 .
FMC(1,1)=R*2.*SIN(X)
FMC( 3, 1) = -R*AL+R**2*SIN(2.*X)
FMC(7,1)=AL**3/12.
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FMC(2 ,2 ) = R*2,*SIN( X)
FMC(5,2)=AL**3/12.
FML(2 ,1 )=-R**2* ( -2 . *X*COS<X)+2. *S IN(X) ) /AL
FML(4, 1 » = AL**2/12.
FML(8,1) = AL**4/80.
FML( 1,2) = R**2*(-2.*X*COS( X )+2.*S IN ( X) ) /AL
FML<3 ,2 ) = R**3*COSm*(-2.*X*COS(X)*2.*SIN{ X ) ) / A L
FML(6,2) = AL**4/80.
DO 201 M=l,8
DO 201 N=l,2
FM2(M,N)=0.0
FM3(M,N)=0.0
DO 201 K=l,8
FM2(M,N) = F M 2 ( M , N ) + A ( K , M)*FMC(K,N)
FM3(M,N)=FM3(M,N)+A( K,M)*FML(K,N)

201 CONTINUE
41 IF(NOFT2 .EQ.O) GO TO 42

READ(MREAD,8 ) (NSTF21 I),NELF2( I ) ,RT02V( I ) ,RT02W( I ) ,1 = 1, NOFT2)
42 IFCNOFT3 . EQ. 0) RETURN

R E A D ( M R E A D , 8 > ( N S T F 3 1 I ) , N E L F 3 ( I ) , R T C 3 V ( I ) , R T 0 3 W ( I ) , I = 1 , N O F T 3 )
RETURN
END

SUBROUTINE LOADFT ( TIME »NRE ADF )
C TO FIND THE G E N E R A L I Z E D NOCAL LOAD VECTOR EQUIVALENT TO THE
C EXTERNALLY-APPLIED LOAD

DIMENSION ELF(8)
COMMON /FG/ IK,NOGA,NFLtNSFL,NI, ICC L (205 ), NBCOND, N BC ( 4 ),NO DEB( 4 )
COMMON /FORCE/ FMECH( 205) t Tl ,AMP1F V ,AMP1FW ,T2 « AMP2 FV , AMP2FW ,

* A M P F V , A M P F W , N O F T l , N C F T 2 , N O F T 3 f J E L E M ( 4 ) , E T A ( 4 ) , R T O V ( 4 ) , R T O W ( 4 ) ,
*NSTF2(4),NELF2(4),RT02V(4) ,RT02W(4) , NSTF3(4),NELF3(4),RT03V(4),
* R T 0 3 W ( 4 ) , F M K 4 , 8 , 2 ) , F M 2 ( 8 f 2 ) ,FM3( 8t 2 ) t SLOPE V, SLOPE W

COMMON / T A P E / MRE AD, MWR IT E ,MPUNCH
REAL*8 FMECH,ELF
IF(NREADF .GT . 0) GO TO 50

51 READ(MREAD,52 ) T 2 , A M P 2 F V , A M P 2 F W
52 FORMAT(3E15.6)

NREADF=1
SLCPEV=(AMP2FV-AMP1FV) / (T2 -T1 )
SLOPEW=(AMP2FW-AMP1FW) / (T2 -T1 )

50 IF (T IME .LE. T2) GO TO 53
T1=T2
AMP1FV=AMP2FV
AMP1FW = AMP2FW
GO TO 51

53 AMPFV=AMP1FV*(TIME-T1)*SLOPEV
A M P F W = AMP1FW+ (TI ME-T1) *SL OPEW
DO 57 1=1,NI

57 FMECH(I)=0.0
IF(NOFT1 .EQ. 0) GO TO 54
DO 100 I=1,NOFT1
NE=JELEM(I )
FMV=AMPFV*PTOV( I )
FMW=AMPFW*RTOW( I )
DO 101 J=l,8

101 ELF(J)=FM1(I ,J ,1)*FMV+FM1(I ,J ,2)*FMfc
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100 CALL A S S E F ( N E t IKiELF,FMECH)
54 IFJNOFT2 .EQ. 0) GO TO 55

DO 200 I=1,NOFT2
N S T A T = N S T F 2 ( I )
NEND = NELF2(I)
FMV=AMPFV*RT02V( I J
FMW=AMPFW*RT02W( I )
DO 201 J=l,8

201 ELF( J) = FM2(J ,1 ) *FMV+FM2(J f 2 ) *FMW
DO 202 NN=1,NEND
NE=(NSTAT-1)+NN
IF(NE .GT. IK) NE=NE-IK

202 CALL ASSEF(NE , IK ,ELF ,FMECH)
2CO " CONTINUE
55 I F ( N O F T 3 .EQ. 0) GO TO 90

DO 300 I = 1 , N O F T 3
P I E = 3 . 1 4 1 5 ^ 2 6 5
N S T A T = N S T F 3 ( I )
NEND=NELF3 (I)
PIEP=PIE/NENO
FMV=AMPFV*RT03V( I )
FMW=AMPFW*RT03W« I »
FMH1=0.0
FMV1=0.0
DO 301 N N = 1 , N E N D
NE=(NSTAT-1)+NN
IF(NE .GT. IK) NE=NE-IK
X=PIEP*NN
FMW2=SIN(X) *FMN
F M V 2 = S I N ( X ) * F M V
A F S W = ( F M W l + F M W 2 ) / 2 .
B F S W = ( F M W 2 - F M W 1 )
AFSV=(FMV1*FMV2) /2.
BFSV=tFMV2-FMV1)
F M H 1 = F M W 2
F M V 1 = F M V 2
DO 302 J=l ,8

302 E L F ( J ) = F M 2 ( J , 1 ) * A F S V * F M 2 ( J , 2 ) * A F S W + F M 3 ( J , 1 ) * B F S V + F M 3 < J t 2 ) * B F S W
301 CALL ASSEF(NE , IK ,ELF,FMECH)
300 CONTINUE
90 IF(NBCONO .EQ. 0) RETURN

DO 91 I=1,NBCOND
JT4=NODEB(I)*4
FMECH(JT4-3)=0.0
IF(NBC(I ) .EQ. I .OR. NBCU).EQ.2) FMECH(JT4-1 ) = 0.0
IF(NBC( I ) .EQ.2 .OR. NBC(I ) .EQ.3) FMECH(JT4-2)=0.0

91 C O N T I N U E
56 RETURN

END

SUBROUTINE MINV(A tN ,DET ,L ,M)
C INVERT MATRIX A

D I M E N S I O N A l l ) , L ( 1 ) , M ( 1 )
DOUBLE PRECISION A.DET,BIGA,HOLD

C MINV 053
C SEARCH FOR LARGEST ELEMENT MINV 054
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M I N V 055

10
15

C
C
C

C
C
C

C
C
C
C

C
C
C

D E T = 1 . 0
NK = -N
DO 80 K=1,N
NK=NK+N
L ( K ) = K
M ( K ) = K
KK = NK +K
B I G A = A ( K K )
00 20 J=K,N
IZ=N*(J-1)
DO 20 I=K,N
IJ=IZ-H

I F ( D A B S ( B I G A ) - C A B S ( A < I J J ) )15,20,20
8 I G A = A ( I J )
L (K )= I

20 CONTINUE

INTERCHANGE ROWS

J=L(K)
IF(J-K) 3 5 , 3 5 , 2 5

25 KI=K-N
CO 30 I = 1 , N
KI=KI+N
I-OLD=-A(KI )
JI=KI-K+J
A ( K I ) = A ( J I )

30 A ( J I ) =HOLD

INTERCHANGE COLUMNS

3 5 I = M ( K )
IF( l -K) 45,45, 38

DO 40 J=1,N
JK=NK+J
JI=JP + J
HOLD=-A(JK)
A ( J K ) = A ( J I )

40 A ( J I ) =HOLD

DIVIDE CCLU M N BY MINUS PIVOT (VALUE OF P I V O T ELEMENT IS
CONTAINED IN B IGA)

45 IF (B IGA) 48,46,48
46 DET=0.0

RETURN
48 DO 55 1 = 1 , N

IF(I-K) 50 ,55 ,5C
50 IK=NK+I

A ( I K ) = A ( I K ) / ( - B I G A )
55 CONTINUE

REDUCE M A T R I X

DO 65 I=1,N

HOLD=A(IK)
77

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV
MINV

057
058
059
060
061
062
C63
064
065
066
067

069
070
071
072
073
074
075
076
077
078
C79
080
081
C82
083
084
085
086
C87
088
089
090
091
092
093
094
095
096
097
098
099
100
101

103
104
105
106
107
108
109
110
111
112
113
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60
62

65
c
c
c

70
75

c
c
c

c
c
c

c
c
c

80

100

105

108

110
120

125

I J=I -N
DO 65 J = 1,N
IJ=IJ*N
IF(I-K) 60,65,60
IF(J-K) 62,65,62
KJ= IJ-I+K
fi l lJ)=HCLD*fi(K J)+AUJ)
CONTINUE

DIVIDE RCW BY PIVOT

KJ=K-N
DO 75 J=1,N
KJ=KJ+N
IF(J-K) 70,75,70
A ( K J ) = A ( K J ) /BIGA
CONTINUE

PRODUCT OF P IVOTS

DET=DET*BIGA

REPLACE PIVOT BY RECIPROCAL

A(KK)=1.0/BIGA
CONTINUE

FINAL ROW ANC COLUMN INTERCHANGE

K=N
K=(K-1)
IF(K) 150,150,105
I=L(K)
IF(I-K) 120,120,108
JQ = N*(K-1)
JR=N*(I-1)
DO 110 J=l ,N
JK=JQ+J
HOLD=A(JK)
JI=JR+J

130

150

A( JI) =HOLD
J=M(K)
IF(J-K) 100,100,125
KI=K-N
DO 130 1=1, N
K I = K I + N
HOLD=A(KI)
JI=KI-K+J
A ( K I ) = - A ( J I )
A ( J I ) =HOLD
GO TO 100
RETURN
END

M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
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M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
M I N V
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M I N V
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M I N V
M I N V

114
115
116
117
118
119
K02
121
122
123
12*
125
126
127
128
129
130
131
132
133

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

SUBROUTINE OMULT(SQVCT,RWVCT,NCGL,NFOWS,ACC,KROW,NDEX,NIRREG)
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C TO FIND ACC OF ( SQVCT ) * ( R W V C T ) = < ACC )
DIMENSION S Q V C T ( l ) , R W V C T ( 1 ) ,NCOL(1 ) , A C C ( 1 ) , K R O W ( 1 » , N D E X ( 1 )
REAL*8 S Q V C T , R W V C T , S U M , A C C
INCEX=0
NROWM=NROWS-1
IF (NIRREG .GT. 0) GO TO 200

C HIGH SPEED PRODUCT FOR REGULAR MATRICES
DO 100 NN=1,NROWM
SUN=0.0
IP1=NN+1
KST=NCOL(NN)
INDEX=INDEX+NN-KST
DO 101 KPL=KST,NN
IJ=INDEX+KPL

101 SUM=SUM+SQVCT( IJ ) *RWVCT(KPL)
C NOW FOR THE COLUMN ELEMENTS

JNDEX=IJ
DC 102 KPL=IP1,NROWS
IF(NN.LT.NCOL(KPL) )GO TO 100
JNDEX=JNDEX+KPL-NCOL<KPL)

102 SUK=SUM+SQVCT(JNDEX) *RWVCT(KPL)
100 ACC(NN)=ACC(NNUSUM

C NOW FOR THE L A S T ROW
104 KADD=NCOL(NROWS)

SUM=0.0
INDEX=INDEX+NROWS-KADD
DO 103 KPL=KADD,NROWS
U=INDEX+KPL

103 SUH=SUK+SQVCT(IJ)*RWVCT(KPL)
A C C ( N R O W S ) = A C C ( N R O W S ) + S U M
RETURN

C MEDIUM SPEED PRODUCT FOR NIRREG .LE. NROWS/2
200 IF (NIRREG .GT. NROWS/2 ) GO TO 201

DO 105 NN=i,NROWM
IP1=NN+1
KST=NCOL(NN)
INCEX=INDEX+NN-KST
SUM=0. 0
DO 106 KPL=KST,NN
IJ=INDEX+KPL

1C6 S U M = S U M + S Q V C T ( I J ) * R W V C T ( K P L )
NCK=0
JNCEX=IJ

107 DO 108 KPL=IP1,NROWS
IF(NN .LT. NCOL(KPD) GO TO 109
JNDEX=JNDEX+KPL-NCCL(KPL)

1C8 SUM=SUM-»-SQVCT( JNDEX) *RWVCT (KPL)
GO TO 105

1G9 NCK=NCK+1
IF (NCK .GT.NIRREG) GO TO 105
IF (KPL .GE. K R O W ( N C K ) ) GO TO 109
IP1=KROW(NCK)
JNDEX=NDEX(NCK)+NN
GO TO 107

105 A C C ( N N ) = A C C ( N N ) * S U M
GO TO 104

201 DO 503 NN=1,NROWM
IP1=NN-H
K=NCOL(NN)
INDEX=INDEX+NN-K
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SUM=0.0
DO 502 KRX=K,NN
IJ=INDEX+KRX

502 SUM=SUM+SQVCT ( I J ) * R W V C T ( K R X )
JNDEX=IJ
DO 504 KRX=IP1,NROWS
K=NCOL(KRX)
JNDEX=JNDE X+KRX-K
IF (NN .LT. K) GO TO 504
S U f = S U M + S Q V C T ( J N D E X ) * R W V C T ( K R X )

504 CONTINUE
503 ACC(NN)=ACC(NN)+SUM

GO. TO 104
END

SUBROUTINE Q R E M ( A , A L , R )
TO FIND EFFECTIVE STIFFNESS MATRIX CUE TO ELASTIC RESTRAINTS
DIMENSION A ( 8 , 8 ) , E L R < 8 , 8 ) ,ELRR(8,8I tELRP<8,8)
COMMON /TAPE / MREAD,MWRITE,MPUNCH
COMMON /FG/ IK,NOGA,NFL,NSFL,NI , ICC L(205 >, NBCOND, N EC (4) t NODE 8(4 )
COMMON /ELFU/ SPR IN( 2060) , FQREF ( 205 )f NORP , NORU ,NREL( 4) ,REX (4) ,

*NRST(4) ,NREU(4)
REAL*8 A,AL,FQREF,SPRIN,ELRP
IF (NORP .EQ. 0) GO TO 1
R E A D ( M R E A D t 2 ) SCTP ,SCRP , ( NREL ( I) ,REX( I ), 1=1, NORP)

2 FORMAT(2E15.6 / (4 ( I5,E15.6) ))
DO 10 IQ=1 , N O R P
NE=NREL(IO)
S L = R E X ( I Q )
X=AL /R /2 .
SX=SL/R
DO 11 1=1,8
DC 11 J=l,8

11 ELR(I ,J)=0.0
ELR( 1,1) = SCTP
E L R ( 3 f 1 ) = S C T P * R * ( - C O S ( S X ) + C O S ( X ) )
ELR(4 ,1 )=SL*SCTP*COS(SX)
ELR(5 ,1 )=SCTP*SL**2*SIN(SX)
ELR(6,1)=SCTP*SL**3*SIN(SX)
ELR( 2t 2) = SCTP
ELR(3 ,2 ) = SCTP*R*SIN(SX )
ELR(4,2)=-SCTP*SL*SIN(SX)
ELR(5 ,2 )=SCTP*SL**2*COS(SX)
ELR(6 ,2 )=SCTP*SL**3*COS(SX)

,3) = SCTP*R**2*(1. -2.*COS(SX)*CCS(XHCOS(X)**2 )+SCRP
,3) = -SCTP*R*SL*(1 . -COS(SX)*COS(X) )-SCRP*SL/R

ELR(5,3)=SCTP*R*SL**2*SIN(SX}*COS(X]+2.*SL*SCRP
ELR<6, 3)=SCTP*R*SL**3*SIN( S X ) * C O S ( X )*3.*SL**2*SCRP
ELR(4,4) = SCTP*SL**2-»-SL**2*SCRP/R**2
ELR( 5,4J=-2.*SL**2*SCRP/R
ELR(6,4)=-3.*SL**3*SCRP/R
ELR(5, 5) = SL**4*SCTP-»-4.*SL**2*SCRP
ELR(6,5)=SL**5*SCTP*6.*SCRP*SL**3
ELR(6,6 ) = SL**6*SCTP+9. *SL**4*SCRP
ELR(7,1)=SCTP*SL**2*COS(SX)
ELR(8,1)=SCTP*SL**3*COS(SX)
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ELR(7,2)=-SCTP*SL**2*SIN( SX)
ELR(8,2)=-SCTP*SL**3*SIN(SX)
ELR( 7,3)=-R*( l . -COS(SX)*COS(X))*SCTF*SL**2-SL**2*SCRP/R
ELR(8,3)=-R*( l . -COS(SX)*COS(X))*SCTP*SL**3-SL**3*SCRP/R
E L R < 7 , 4 ) = ( SCTP+SCRP/R**2) *SL**3
ELR(8 ,4 )= ( SCTP+SCRP/R**2)*SL**4
ELR(7,5)=-2.*SL**3*SCRP/R
ELR(8,5)=-2.*SL**4*SCRP/R
ELR(7 ,6 ) = -3.*SL**4*SCRP/R
ELR{8,6)=-3.*SL**5*SCRP/R
ELR(7 ,7 )=ELR( 8,4)
ELR(8 ,7 )= (SCTP+SCRP/R**2 ) *SL* *5
ELR(8,8) = (SCTP+SCRP/R**2) *SL**6
DO 12 1=1,7
IP 1=1 + 1
DO 12 J=IP1,8

12 ELR( I, J)=ELR< J,I)
DO 13 1=1,8
DO 13 J=l,8
ELRR( I ,J)=C.O
DO 13 K=l,8

13 ELRRd ,J) = ELRR(I,J)- i-ELR(I , K ) * A ( K , J )
DO 14 1=1,8
DO 14 J=l,8
E L RP ( I , J) = C. 0
DO 14 K=l,8

14 E L R P ( I , J ) = E L R P ( I , J ) + A ( K , I ) *£LRR(K ,J )
10 CALL ASSEMINE , IK ,E LRP, SPRI N, ICOL ,N I )
1 IF(NORU .EC. 0) GO TO 31

R E A D ( M R E A D , 3 ) S C T U , S C R U , ( N R S T ( I ) ,NREU(I),1 = 1,NORU)
3 FORMAT(2E15 .6 ,8 I5 )

DO 4 1=1,8
DO 4 J=l,8

4 ELR(I,J)=0.0
X=AL/R/2.
P2=2.*X**2*SIN(X)<-4.*X*COS(X)-4.*SU(X)
P3=-2.*X**3*COS(X)+6.*X**2*SIN(X)+12.*X*COS(X)-12.*SIN(X)
ELR(1,1) = SCTU*AL
ELR( 2,2) = SCTU*AL
ELR(3, l) = SCTU*R*( -R*2.*SIN(X) - i -COS{* ) *AL)
ELR(3,3)=SCTU*R**2*(AL-»-COS(X)**2*AL-2.*R*S IN(2.*X) ) + SCRU*AL
ELR(4, 2)=-SCTU*R**2*(-2.*X*COS(X)- i -2.*SIN(X)J
ELR(4,4)= (SCTU+SCRU/R**2) *AL**3/12..
E L R ( 5 , 2 ) = SCTU*R**3*P2
ELR(5,4)=-SCRU*AL**3/( 6.*R)
ELR(5 ,5 ) = SCTU*AL**5/80.+SCRU*AL**372.
ELR( 6, 1 ) = SCTU*R**4*P3
ELR(6,3)=SCTU*R**5*COS(X)*P3+SCRU*AL**3/4.
ELR(6,6)=SCTU*AL**7/448.+9.*SCRU*AL**5/80.
ELR( 7, 1) = SCTU*R**3*P2
ELR(7 ,3 ) = -SCTU*R*(AL**3/12.-R**3*COS(X)*P2)-SCRU*AL**3/(12.*R)
ELR(7,6)=-3.*SCRU*AL**5/(R*80.)
ELR( 7, 7)=( SCTU+SCRU/R**2) *AL**5/80i
ELR(8,2)=-SCTU*R**4*P3
ELR( 8 ,4)=ELR(7,7)
ELR(8,5)=-SCRU*AL**5/( 40. *R)
ELR(8 , 8) = ( SCTU+SCRU/R**2) *AL**7/448.
DO 5 1=1,7
I P i = I + l
DO 5 J = IP1 ,8
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5 ELRU, J)=ELR(J, I )
DC 6 1=1,8
DO 6 J=l, 8
ELRR(I,J)=0.0
DO 6 K=l,8

6 ELRR(I ,J) = ELRRU,J) + ELR<I , K)*A(K,J)
DO 7 1=1,8
DO 7 J=l,8
ELRPC I,J)=C.O
DO 7 K=l,8

7 ELRP( I ,J) = ELRPU ,J) + A ( K , I ) * E L R R ( K , J)
DO 20 I Q = 1 , N O R U
N S T A T = N R S T ( I Q )
NEND=NREU< IQ)
DO 21 NN=1,NEND
NE=(NSTAT-1)+NN
IF(NE .GT. IK) NE=NE-IK

21 CALL ASSEM(NE, IK ,ELRP, SPR I N, ICOL,N*I )
20 CONTINUE
31 IF(NBCOND .EQ. 0) RETURN

DO 91 I = 1 , N B C O N D
JT4=NODEB( I)*4
JT4M3=JT4-3
JT4M2=JT4-2

CALL ERC( JT4M3,SPRIN,NI , ICOLJ
IFCNBCm.EO.l -OR. NBC(I ) .EQ.2) CALL ERC( JT4M 1, SPRIN, NI ,ICOL)
IF(NBC(I) .E0.2 .OR. NBC(I ) .EQ.3) CALL ERC( JTAM2, SPRIN, NI , ICOL)

91 CONTINUE
RETURN
END

SUBROUTINE SOLV ( ST IFM , G,S OL, NCOL ,K PCW, NDEX ,NRO WS, N IRREG)
SOLVE (LL*) (SOL) = (FORCE) FOR DISPLACEMENTS (SOL)
DIMENSION STIFM(1I ,G( 1) ,SOL( 1), NCOL ( 1) ,KRO W( 1 ) ,NDE X( 1 )
REAL*8 STIFM,G,SOL,SUM,SU

INTERMEDIATE SOLUTICN USING THE L O W E R TRIANGLE
100 INDEX=0

SOL(1)=G(1)
DO 104 I = 2 , N R O W S

SUM=0.0
K=NCOL( I)
INDEX=INDEX+I-K
IF ( I M 1 - K ) 103,101,101

101 DO 102 J=K, IM1
IJ=INDEX+J
SU=SOL( J)

102 SUM=SUM+STIFM( IJJ*SU
103 II = INDEX-H
10A SOU! )= G(I J-SUM

C SOL CONTAINS THE INTERMEDIATE SOLUTICN
C COMPLETE THE SOLUTION USING THE UPPER TRIANGLE

SOL(NROWS) = S O L ( N R O W S ) / S T I F M ( I I )
INDEX=INDEX-NROWS+NCOL( NROWS)
IF (NIRREG .GT. 0) GO TO 111
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CO 109 KK=2 ,NROWS
I=NROWS+1-KK
IP1 = I + 1
SUN =0.0
JNDEX=INDEX+I
DO 107 J = I P 1 , N R O W S
K=NCOL( J)
IF U - K ) 108,106,106

106 JNOEX = JNDEX+J-K
SU=SOL( JJ

107 SUM = SUM+STIFM( JNDEX)*SU
108 II = INDEX-H

SOL( I ) = SOL( I ) /ST IFM (ID-SUM
109 INDEX=INDEX-I4-NCOL( I)

RETURN
111 IF ( N I R R E G - N R O W S /2) 116,116,112

TOO MANY IRREGULAR ROWS FOR ACCELERATED SOLUTION
112 DO 115 KK=2 ,NROWS

I=NROWS-H-KK

JNDEX=INDEX+I
SUM=0.0
JNDEX=INDEX+I
00 114 J=IP1,NRCWS
K=NCOL( J)
JNDEX=JNOEX*J-K
IF ( I - K ) 114,113,113

113 S U = S O L ( J )
SUM=SUM+STIFM( JNDEX)*SU

114 CONTINUE
II=INDEX-H
SOL( I )= SOL( I ) /ST IFMCI I I -SUM

115 INDEX=INDEX-H-NCOL( I)
RETURN
ACCELERATED SOLUTION FOR C A S E WITH IRREGULAR ROWS

116 CO 125 KK=2,NROHS
1 = NROWS-H-KK
IP 1=14-1
SUM=0.0
KCK=0

JNOEX=INDEX-H
117 CO 119 J=IP 1,NROWS

K=NCOL( J)
IF ( I - K ) 120,116,118

118 JNDEX=JNDEX-KJ-K
SU=SOL(J)

119 SUM=SUM*STIFM( JNDEX)*SU
GO TO 124

120 hCK=NCK4- l
IF ( N I R R E G - N C K ) 124,121,121

121 I P 1 = K R O W ( N C K )
IF U-NCOL( IP1) ) 120,122,122

122 IF (IP1-J) 120,123,123
123 JNDEX=NDEX(NCK)+I

GO TO 117
124 I I = I N D E X + I

SOL( I )= SOL( I ) /ST IFM( I I ) -SUM
125 INDEX=INDEX-I+NCOL( I)

RETURN
END 83



SUBROUTINE STRESS
C TO EVALUATE GENERALIZED NODAL LOAD VECTOR DUE TO LARGE DEFLECTION
C AND ELASTIC-PLASTIC STRAIN

DIMENSION ELFP(8) , 8EPS (3) , CEPS (3 ,3 ) ,BINPW( 3) ,B IMPW( 3) ,HWB( 3,3),
*PN( 8) ,PM(8) ,HNL(8)

COMMON /FG/ IK,NOGA,NFL,NSFL,NI, ICOH205) , NBCOND.NBC (4) ,NODEB(4)
COMMON /HM/ R,B ,H ,DENS,YOUNG,DS,C5,C6 ,ASFL(6 ,5 ) ,GZETA(6) ,SNO<5)

COMMON /VQ / F L V A ( 205) ,DISP(205) ,DE;LC<205) ,SNS<50,3,6,5) ,
*BINP<50,3) , BIMPC50, 3)

COMMON /BA/ BEP(3,3,8) ,AXG (3 ) ,AWG(3 )
REAL*8 BEP,FLVA, ELFP ,D ISP ,DELD
DO 502 IR=1,IK
DO 503 J=lfNCGA
BINP(IR,J)=0.
BIMP( IR,J)=0.

202 DO 402 1=1,3
BEPSU )=0.
DC 402 K=l,8
INDEX=(IR-1)*4+K

402 BE PS ( I )=BEPS( I ) + BEP( Jv I.K ) *DELD( I NDEX)
CEPSlJ,2)=0.0
DO 403 K=l,8
INCEX=(IR-1)*4+K

403 C E P S C J , 2 ) = C E P S { J , 2 ) + B E P C J , 2 , K ) * D I S P ( I N D E X )
205 FARE=BEPS ( D+CEPS ( J, 2) *8EPS( 2)-BEP S ( 2) **2/2.

FCUR=BEPS<3)
DO 151 K=1,NFL
BFNP=0.
BEPX=FARE+GZETA(K) *FCUR
IF(DS.GT. 0.0) RFACTR=1.MC6*ABS(BEPX) )**C5
DO 35 L=l ,KSFL
SNS( IRt Jv K V L ) =SNS( IR,J,K, L) + YCUNG*E EPX
IF(DS.EQ. 0.0) GO TO 255
mSNSURf J,K,L)-SNO{L))30,301 f91

91 SNY=SNO(L)*RFACTR
IF(SNS (IR, J,K,L)-SNY)301, 301,20

2C SNS( IR ,J ,K,L)=SNY
GO TO 301

30 IF (SNS( IR, J ,K ,L )+SNO(L) )92,301, 301
92 SNY=SNO(L)*RFACTR

IF(SNS (IR, J,K,L)+SNY)40, 30 1,301
40 SNS(IR,J ,K,L)=-SNY

GO TO 301
255 IFCSNSUR, J,K , L)-SNO (L ) ) 18,301,17
17 SNS< IR,J ,K,L)=SNO(L)

GO TO 301
18 IFCSNSUR, J ,K ,L)+SNO(L) ) 19, 301,3*31
19 SNS(IR,J,K,L)=-SNO(L)
301 BFNP=BFNP + SNS< IR , J,K , L ) *A SFL ( K, L )
35 CCfvTINUE

BINP( IR,J)=BINP( IR,J)+BFNP
BIMP(IR,J)=BIMP( IR,J)*BFNP*GZETA(KJ

151 CONTINUE
5C3 CONTINUE
107 DO 101 J=1,NOGA 84



BINPW( J) = BINP{ I R , J ) * A W G ( J )
BIMPW( J)=fi IMP( IR, J ) * A W G ( J )
H W B ( J , 2 ) = C E P S < J , 2 ) * A W G ( J ) *RINP( IR, J)

101 CONTINUE
DC 102 1 = 1 ,8
PN(I1=0.
PM(I )=0.
HNL(I )=0.0
DO 102 J=1,NOGA
PN(I) = PN{ I )+BEP(J, 1, I ) *B INPW(J)
PM(I ) = PM( I ) + B E P ( J , 3 v I ) *B IMPW( Jl

102 HNL( I )=HNL(I )+BEP(J,2, U*HWB( J,2)
200 DO 105 1 = 1 ,8
1C5 ELFP( I )=PN(I) + PM(I ) + HNL(I )
502 CALL A S S E F ( I R , IK ,ELFP,FLVA)

RETURN
END

80

81

91
9C

SUBROUTINE T S T E P ( AMASS , ELK , IS IZE ,KRCW,NDEX,NI RREG, DEL TAT)
TO FIND DELTAT IF IT IS NOT SPECIFIED
DIMENSION AM ASS ( 1) ,STIFK( 2060) , ELK (£, 8) , TRIAL ( 205) ,VMULT(205) ,

*VECTR(205 ) , K R O W < 1 ) ,NDEX (1)
COMMON /FG/ IK,NOGA,NFL,NSFL,NI , 1C OL (205 ) , NBCQND, N EC (4 ) ,NOOEB( 4)

COMMON /HM/ R,B,H, DENS, YOUNG, DS,C5,Ce,ASFL( 6,5) , G Z E T A ( 6 ) ,SNO(5)
CONMON /TAPE/ MREAC, MWR IT E ,MPUNCH
REAL*8 A M A S S , S TI FK , ELK , VMULT , BONE , E PSLN.TRI AL , VECTR, BOLD, BNEW,

*8KTH,FREQ
DO 80 L=l ,ISIZE
STIFK(L)=0.0
DO 81 IR=1 ,IK

CALL ASSEM( IR , IK ,ELK ,ST IFK , ICCL ,N I )
DO 3 K = 1 , N I
TRIAL(K)=1 .0
IF(NBCOND .EQ. 0) GO TO 90
DO 91 I=1,NBCOND
JTA=NODEB(

EQ.2
EQ.l
EQ.2

• OR.
.OR.
.OR.

NBC( I ) .EQ.2 )
NBCd 1.EQ.3)
NBC (I ) .EQ.2)
NBCd ).EQ.3)

CALL ERC(JT4M1,STIFK,NI , ICOL)
CALL ERC( JT4M2,STIFK,NI, ICOL)
TRIAL(JT4M1)=0.0
TRIAL(JT4M2)=0.0

JT4M2=JT4-2
JTAM1=JT4-1
CALL ERC( JT4M3,STIFK,NI,ICOL)
TRIAH JTAM3)=0.0
IF(NBC(I ) .EQ. l -OR.
IF (NBCU1
IF(NBC( I )
IF(NBC(I )
CONTINUE
MRANK=NI
BONE=0.
EPSLN=1. 00-07
BOLD=1.0
DO 14 IKK=1,4
DO 12 ILL=1,50
DO 4 I=1,MRANK
V M U L T ( I ) = 0.0
CALL OMULTtSTIFK,TRIAL, ICOL,NI ,VMULT,KROtf ,NDEX fNIRREG)
CALL SOLV( AMASS, VMULT,VECTR, I COL, KRCW, NDEX ,NI , NI RREG)
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BNEW=-1.
• DO 6 K=1,MRANK

I F ( B N E W - D A E S ( V E C T R ( K ) ) )60,60,6
60 B N E W = D A B S ( V E C T R ( K ) )
6 CONTINUE

00 7 K=l,MRANK
IF(BNEW-DABS( V E C T R ( K ) I )7,8,7

7 CONTINUE
8 MRGW=K

BNEW=VECTR(K)
DO 9 K=1,MRANK

9 T R I A L ( K ) = V E C T R ( K ) / B N E W
IF(DABS(BNEW/BOLD-1.0)-EPSLN)15,15,10

C ITERATION
10 BKTH=BOLD

BOLD=BNEW
12 CONTINUE

EPSLN=EPSLN*10.
14 CONTINUE

C NOT CONVERGING AFTER IL*IK ITERATIONS
EPSLN=1.0
BONE=BNEW
GO TO 32

C EIGEN VALUE FGUND
15 BGNE=BNEW
32 W R I T E ( M W R I T E , 2 4 ) ( TR I A|_ ( J) ,J = 1, NI )
24 F O R M A T ( / , ' EIGEN VECTOR OF HIGHEST MODE • , / , 21X, • V1 , 19X, • W1 , 17X

*,f PSI • ,17X, 'CHI',/, (11X,4D20.8»
FREQ=D SORT(YOUNG*BONE/DENS)
FACTCL=0.8
DELTAT=FACTCL*2 . /FREQ
W R I T E ( M W R I T E , 2 5 ) F R E Q

25 F O R M A T ( / , « HIGHEST NATURAL FREQUENCY ( RAD/SEC) .=• ,E 17.8 )
RETURN
END
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5.2 JET 3B; Uniform Thickness Circular Ring,

Houbolt's Timewise Operator

The JET 3B program consists of the following main programs and sub-

routines :

1. JET 3B MAIN PROGRAM

(partial ring)

(complete ring)

2. ASSEM

3. ASSEF

4. IDENT

5. IMPULS

6. Print

7. JET 3B MAIN PROGRAM

8. ASSEM

9. ASSEF

10. IDENT

11. IMPULS

12. PRINT

13. ELMPP

14. LOADEQ

15. LOADFT

16. QREM

17. STRESS

IB. ERC

19. FAC

20. FICOL

21. MINV

22. OMULT

23. SOLV

Note that the subroutines in items 13 through 23 are common to each of the

two groups of "control programs".

A complete FORTRAN IV listing of JET 3B is given below in the above order.

The number of memory locations required is approximately 160,000 bytes.



C J F T 3 B MAIN PRUG3AM FUR UNIFORM T H I C K N E S S C I R C U L A R R ING
C J E T 3 0 HUUHOLT O P E R A T O R
C ***** P A R T I A L RING *****

DIMENSION AU, 3) , A i M A S S ( 2 0 6 0 ) , H M A S S ( 2 C 6 0 ) ,Y( 51) , Z( 5 1 ) , TAG (6 ) , T k G ( 6 )
* ,ES(6 ) , G F L ( 6 ) , EPS ( 5 ) , S I G ( 5 ) , INUMl 205 liKROri ( 8) ,N fJEX( 3)

DIMENSION UOELD1205) ,U I SUM (205) , Ui S (205 ) ,D IS Ml (205 ) , D I S M 2 ( 2 0 5 ) ,
*FLR(205 ) , F L N ( 2 0 5 ) , FLVW 205) , S T I F K ( 2 0 £ 0 )

COMMON /TAPE/ MREAO, MWRIT E ,MPUNCH
COMMON /FG/ IK.,NOGA,NFL,NSFL,NI , ICCL (205) , N8COND, NBC ( 4 ) , NOOE6{ 4 )

COMMON /HM/ R, I3,H, DENS, YUUNG, DS» C 5, C 6 , A S F L ( 6 ,5 ) ,GZFTA ( 6 ) , SNO ( 5)
COMMON / V Q / F L V A ( 2 0 5 ) ,DISP(205 ) , O E L C ( 2 0 5 ) ,SNS( 50, 3,6, 5) ,

* 8 I N P ( 5 0 , 3 ) , B I M P ( 5 0 , 3 ) , S N P ( 1 5 C , 3 , 6 , 5 )
COMMON /EJA/ 3 f P ( 3 , 3 , 8 ) , AXG (3 ) , AwG ( 3 )
COMMON /SC/ M C R I T , C R I T S , b I G , I BIG , B T IME , I SURF
COMMON /FORCE/ FMECH(205) , U , AMP 1 FV ,AM PIFvJ , T2 , AMP2F V , AMP2F W ,

*AMPFV, AMPFW ,NOFT1 , NCFT2 , NGF T3 , JELEM (4 ) , ETA (4 ) , RTQV (4) , RTGW ( 4 ) ,
*NSTF2(4 ) ,NELF2( 4 ) , RTU2V ( 4) , RT02WI 4) ,NSTF3( 4) ,NE LF 3 ( 4) , RT03V (4 ) ,
* R T 0 3 W ( 4 ) ,FM1(4 ,3 ,2) ,FM2 (13,2 ), FM3 ( o , 2 ), S LOPE V, SLOPE W

COMMON /ELFU/ SPR I N( 2060) , NORP, NORL ,NREL ( 4 ) ,RE X(4 ) ,
* N R S T ( 4 ) ,NREU(4 )

MRfcAD=5
MwRITE=6
MPUNCH=7
RFAD( iMRtAD, l ) R , 8 , H,OE NS, f XANG , I K , NCGA ,NFL ,NSF L, MM, Ml , M2
R E A D < M R E A O , 2 ) DELT AT , T HET A ,CR ITS ,DS ,P, (EPS (L ) , SI G ( L) ,L = 1,MSFL)

1 FORMAT15E11). 6 /715)
2 FORMAT(5E15 .6 / (4E15 .6 ) )

R F A O ( M R E A D , 3 ) ( A X G ( K ) ,K^1, NOG A)
R E A D ( M R E A D , 3 ) ( A W G ( K ) ,K=1,NCGA)
R E A D ( M R E A D , 3 ) ( TXG( K) , K= 1, NFL )
R E A D ( M R E A D , 3 ) ( T W G ( K ) ,K=1, NFL)

3 F O R M A T (4F 15. 10)
R E A O ( M R E A O , 4 ) N8CONO, ( N B C ( I) , N O D E B ( I ) , 1 = 1, NBC U N O )

4 F O R M A T ( 9 I 5 )
R E A O ( M R E A O , 9 ) NOR, NORP ,NORU

9 F Q P M A T ( 3 I 5 )
CALL I D E N T ( E X A N G , N Q f t )

PIE=3. 14159265

N I = I K P 1 * 4
THETA^THET A*P IE/ 180.
BX=PIE*EXANG/180 .
BL=3X*R
AL=BL/ IK
AX=BX/ IK
DO 70 K=1,NFL
G F L ( K ) = H * B * T W G ( K ) / 2 .

70 G Z E T A ( K ) = H * T X G ( K ) / 2 .
E S ( 1 ) = SIG( I)/ EPS (I )
YOUNG = ES( 1 )
IF(NSFL-l) 77, 77 ,76

76 DO 78 L=2,NSFL
78 E S ( L I = (S IG(L ) -S IG(L -1 ) ) / ( E PS ( L ) -EPS (L-l ) )
77 ES(NSFL+ l )=0 .0

DO 79 L=l ,NSFL
79 SNO(L ) = E S ( 1 ) *EPS(L )

DO 71 K=l ,NFL
DO 71 L=l ,NSFL

71 A S F L ( K , L ) = G F L ( K ) * ( E S ( L ) - E S ( L - H ) ) / E S ( l )
DO 72 K=1,NOGA
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A X G ( K ) = A X G ( K ) *AL/2 .
72 A V J G ( K ) = A w i G « ) *AL /2 .

DO 15 1 = 1, 8
15 I C G L ( l ) = i

DO 16 1=3, I K P 1
IK 4= 1*4

IK 1=1X4-3
JJ = ( l-i)*V-3
I C O L ( I K 1 ) = JJ
ICGH I K 2 ) = J J
I C G L ( I K 3 ) = JJ
I C O L ( I K 4 ) = J J

16 C O N T I N U E
I N U M ( 1)=1
DO 99 1=2, MI

99 I N U M t I ) = I - I C O L (1-1 ) + I N U M ( 1-1 )
DO 990 1 = 1 ,NI

990 I N U M C I 1=1 MUM ( I ) - I C O L { I )
N I R R E G = 0
I N D E X = 0
I S E T = 1
DO 116 1=1 ,NI

" L = I C O L ( I )
IF (I COL (I J - I S E T ) 117, 116,119

119 I S E T = I C O L ( I )
GO TO 116

117 N I R R E G = N I R R E G + i
I F ( N I R R E G - N I / 2 ) 7 1 1 , 7 1 1 ,90

711 K R O W ( N I R R E G ) = I
N D E X ( N I R R E G ) = I N O E X

116 I N O E X = I N D E X * I - L
90 C A L L F ICOL (NI , N I , L , I C O L )

I S I Z E = L
W R I T E t M W R I T E , 17) L

17 F O R M A T ( / , « S I Z E OF A S S E M B L E D M A S S OR S T I F F N E S S M A T R I X = ' , I 5)
CALL E L M P P ( A L , A , A f c A S S , S T I F K , I S IZE}

DO 36 L=l , I S I Z E
36 8 M A S S ( L ) = A N ; A S S a )

00 23 L=l , I S I Z E
23 S P R I N ( L ) = 0.0

IF ( N Q R . EO. 0) GO TO 20
CALL Q R E M ( A , A L , R )

20 IF (OS. EQ. 0 .0) GO TO 21
C5=1 . /P
C6 = 1 . / D S / D E L T A T

21 D T S Q = D E L T A T * * 2
C 2 = 1 . / ( 2 . « : C E L T A T * * 2 )
H H A L F = H / 2 .
M C R I T = 0
8IG=10.**(-10 )
I B I G = 0
I T = 0
T IME = 0.0
DO 75 I = 1 , I K P 1
A N G = ( 1-1 ) * A X + T H E T A
Y ( I ) = S I N ( A N G ) * R

7 5 Z ( I ) = C Q S ( A N G ) * R
CALL IMPULi ( f )ELT A T , A L J
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RE A O ( M R E A O , 5 ) T3EG IN , TF INAL, AMP1 FV , £MP1HW
5 FORMAT (4015.6)

IFdFINAL .EQ. 0 .0 ) WR I TE ( MR I TE , 48 ) .
48 F u . < i S A T { ' 0 THERE IS i\0 TIME DEPENDENT FOKCE J ISTR I HUT lu.N DURING

* THIS HUN ' )
I F ( T F I N A L .EQ, 0.0) GO TO 49

CALL L O A O E Q t A , R , AL, T BEGIN, TF INAL)
49 APOtN=0.0

CALL PR INT ( I T , T i M t , H H A L F , A X , Y ,Z, THET A, APUEN , SPR I N, 8MASS , C2 ,
*NgR,KROW,NDEX,U lRRE i ; ,C INETO)

NR£ADF=0
T l^TBEGIN
NLGAD=2
DO 34 1 = 1, NI

34 F M E C H ( I ) = 0.0
IF (T3EGIN .GT .O .O .GR. T FI N AL .EQ .0 .0 ) GO TO 30
NLOAD=1

CALL L O A D F T ( T l M E t N R t A D F )
CALL F A C ( A M A S S , I C O L , K R C W f NDEX, IDET , **R IT E , N I , N IRkEG, INUM)
CALL SGLV( A M A S S , f MECH, UDEL 0, I COL , KRCW , NDFX ,NI ,N IRREG)
GO TO 31

30 00 32 I = 1 , N I
32 D D E L D ( I ) = 0.0
31 DO 33 1=1 ,NI
33 OISUMC I 1=2.*OTSO*0L)ELD(I I + 6.*OELO (I J+6 .*OI SP ( I I

MLOAD=iMLOAD
00 35 1=1 f NI
FLR( I)=FMECH( I )

35 FLVM{ I )=0.0
CALL UMULT (BM ASS , 01 SUM t 1C GL, NI ,F LVN ,KROW f NDEX , MRREG)
DO 37 L=l, ISIZE

37 A M A S S ( L ) = 6 . * B M A S S ( L ) <-L)TSQ* (ST I FK ( L ) +SPRIN { L ) J
CALL FAC( A M A S S , I COL, KROW, NDEX » IDET, NWRITE,NI fN IRREG, INUM)
I T T = 1
T I M t = I T T * D E L T A T
NLOAD=2
DO 60 1 = 1 ,M
F L V A { I )=O .C

60 FMECH( I ) = 0.0
I F t T I M E . L T . T B E G I N .OR. T I ME. GT .T Fl N *L ) GO TO 38
NLOAD=l
CALL L C A D F T t T IME, NRF.ADF)

33 DO 39 1 = 1, NI
39 FLVM( I )=DTSQ*FMECH( I KFLVM( I )

CALL SCLV l A M A S S , FLVM, CIS, I COL ,KROW f ^DEX,N I T N IRREG)
DO 61 1=1, NI
DELDl I ) = DIS( I )-DISP{ I)

61 DI SMK I )=DTSQ*DDELD( I ) -DI S ( I ) +2 ,*D ISP { I )
DO 100 L= 1,1 S IZE

ICO A M A S S ( L 1 = 2 .*BMASS (L ) *DT SQ* (ST I FK (L ) +SPR IN ( L ) )
CALL FAC( A . ? J I A S S , I C O L , K R O W t N D E X f IOET , ^ W R I T E , NI ,NIRRbG, INUM)
I F { M L O A O .EQ. 2) GO TO 120
APD=0.0
DO 46 1=1, NI

46 APD=APD + FLR( I ) *DELO( I )

120 I T T = I T T - H
T IME= ITT*DELT AT

45 00 121 1 = 1, NI
DISM21 I) = DISM1 {



OISMK I) = D ISP( I)
DISPd ) = D I S { I )
F L R ( I ) = F M E C H l I )
F L N ( I ) = F L V A ( I )
F L V A C I 1=0.0
FMECH{ I ) = C.O
F L V M ( I ) = 0.0

121 01SUM< I) = 5 . *UISP( I ) -4 . *OISMI( I )+DISP.2( I )
MLOAD=NLOAD
CALL S T R E S S
CALL OMULT IBM ASS , 01 SUM , 1C OLt N 1, FLV V ,KROW, N OEX , N IRREG)
NLOAD=2
IF (T IME.LT.TBEGIN .OR. T I M E. GT . T f-1 NAL ) GO TO 122
NLOAD=1
CALL L O A D F T ( T I M E , N R E A D F )

122 00 123 1=1, NI
123 FLVM( I ) = ( F M E C H ( I ) - (2 . *FLVA( I )-FLN( I > ) ) * D T S Q + F L V M ( I )

IFCNBCOND .EQ. 0) GO TO 124
00 125 1=1 .NBCOND
JT4=NOOEB( I)*4
FLVMUT4-3 ) = 0.0
IF(NBC(I ) .EQ. l .OR. NBC( I ) .EQ .2 ) FLVM{JT4-1)=0.0
I F C N B C ( I ) .EQ.2 .OR. N B C ( I ) . E Q , 3 ) F L VM( JT4-2) =0.0

125 CONTINUE
124 CALL S O L V ( A M A S S , FLVM.OIS, ICOL ,KRGW , hOE X, Nl ,NIRPEG)

DO 126 1 = 1 ,NI
126 D E L O C I )=OIS( I ) -DISP( I)

IF(MLOAO .EQ. 2) GO TO 41
APO=0.0
00 42 1=1,NI

42 APO=APD*FLR( I )*DELD(I )
APOEN=APOEN-HAPD

41 IT=ITT-1
T I M E = I T * O E L T A T
IFUT .EQ. 1) CALL PRI NT( IT,T IME,HH/LF , AX, Y, Z, THETA, APDEN , SPRIN,

* B M A S S , C 2 f N Q R , K R O W , NDE X, NIRREG ,CI NE TO )
I f ( I T - M I ) 130,1^0,150

140 M 1 = M 1 + M 2
CALL PR INT { I T, TIME, HHALF , A X , ,Y ,Z , THE T A , APDEN , SPRI N, B M A S S , C 2 ,

*NQR,KROW,Nf )EX ,N IRREG, CINETG )
130 IF( IT-MM) 120, 17C,150
170 IF ( IB IG) o2,150,62
62 IFU5URF-2) 64,65,65
64 W R 1 T E ( M W R I T E , 6 6 ) BIG,I BIG,BTIME
66 FORMAT ( / / / , « L A R G E S T COMPUTED S T R A I N =',E15.6, « OCCURS AT THE

*INNER SURFACE MIDSPAN OF ELEMENT ^* , l3 i ' AT TIME ( S E C . ) = ' ,E15.6)
GO TO 150

65 W R I T E ( M w R I T E ,67) BIG, I BIG , BT IME
67 F O R M A T ! / / / , • L A R G E S T COMPUTED STRMN =»,E15.6, 1 OCCURS AT THE

*CUTER S U R F A C E MI OS PAN OF ELEMENT =',13, ' AT TIME ( S E C . ) = ' ,E15.6)
150 CALL E X I T

EMC
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SUBRi'JUT INF A S S E M ( IR, IK , EL M AS , ST I F M , ICCJL,NI )
: ***** P A R T I A L RING *****

DIMENSION E L M A S ( 3 ,3 ) ,NN(3 ) ,STIFMd ) ,ICOLd )
J 1 = I R * 4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
N M 3 » = J L - 1
NN(4 )=J1
J 2 = ( I R + 1 1 * 4
N N ( 5 ) = J 2 - 3
NN(6)=J2-2
N N ( 7 ) = J 2 - 1
N N ( 8 ) = J 2

202 DO 402 1=1,8
M = N N { I )
DO 402 J = l , 8
N=NN(J)
IF (M-N)4Q2,403,403

403 CALL F 1CUL (M,N,L, I COL)
STIFM(U = S T I F M ( L ) + E L M A S ( I t J)

-402 CONTINUE
RETURN
END

SUBROUTINE A S S E F d R , IK t EL F P, FLV A )
; ***** P A R T I A L RING *****

DIMCNS ION N N 1 8 ) , F L V A { 1),ELFP( 1)
J1=IR*4
NN(l)=Jl-3
NN(2)=Jl-2
N N ( 3 ) = J 1 - 1
N N ( 4 ) = J 1

121 J 2 = { I R + 1 ) * 4
NN(5)=J2-3
NN(6)=J2-2
NN(7)=J2-1
N N ( 8 ) = J 2

123 00 101 1=1,8
M = NNd )
F L V A ( M ) = F L V A { M )

101 CONTINUE
R E T U R N
E N D

S UBRCJ UT IN E I 0 EN T { E XA NG , NOR J
***** PARTIAL RING *****
COMMON /FG/ I K ,NOGA f NFL,NSFL, NI , ICCL(205 ) t NBCOND, N 8C { 4 ) ,NO D£B( 4)

COMMON /HM/ R , 3,H, OENS, YOUNG, DS ,C5 , C6 , A SFL ( 6,5 ) , G Z E T A ( 6 ) ,SNO(5 )
COMMON / T A P E / MRE AO, MWR IT E ,MPUNCH
W R I T E ( H W R I T E , 1 ) R , 8 , H , D E N S , E X A N G , I K ,NOGA,NFL,NSFL
FORMAT {• ***J F.T3B**** A S P A T I A L FINITE ELEMENT AND HCJUBOLT TtMPOR
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*AL OPERATOR PROGRAM1,/.' USED TO CALCULATE THe NONLINEAR RES PON
*SES OF A UNIFORM THICKNESS CIRCULAR',/,1 P A R T I A L RING WITH THE
*FOLLOWING PARAMETERS ',//,
*• MEAN RADIOS OF RING (IN.) =',E15.6,/,
*' WIDTH OF RING (IN.) =',£15.6,/,
•*' THICKNESS OF RING (IN.) =',E15.6,/,
*' DENSITY (L(3-SEC**2/IN**4) = «,E15.6,/f
* ' SUBTENDED ANGLE ( D E C R E E ) =',E15.6,/,
*' NUMBER OF ELEMENTS =' , I5, / ,
*' NUMBER OF S P A N W I S E GAUSSIAN PT S =' , I5, / ,
*' NUMBER OF O E P T H w l S E G A U S S I A N PTS = ',I5,/,
*' NUMBER OF MECHANICAL S U B L A Y E R S = ' , I5)

11 IFIN8COND .EQ. 0) GO TO 12
DU 14 I=1,NBCOND
IF (N8C( I ) .EQ. 1) W R I T E ( M W R I T E , 15) K O D E B ( I )
IF (NBCd) .EQ. 2) W R I T E ( M W R I T E , 1 6 ) N O D E f t ( I )
IF(NBCd) .EQ. 3) W R I T E ( M W R I T E , 17) ISUDEbd)

14 CONTINUE
15 FORMAT ( ' S Y M M E T R Y D ISPLACEMENT C O N D I T I O N AT NODE = ' , 15 )
16 FORMAT ( ' CLAMPED DISPLACEMENT C C r ^ D I T I O N AT NODE = ' , I5)
17 F O R M A T C HINGED DISPLACEMENT C C ^ D I T I O N AT NODE = ' , I5 )

GO TO 18
12 W R I T E ( M W R I T E , 1 3 )
13 F O R M A T ! / , « THERE IS NG PRESCRIBED DISPLACEMENT C O N D I T I O N 1 )
18 IFJNQR .EQ. 0) GO TO 19

W R I T E ( M W R I T E , 2 0 )
20 FORMAT (/ , ' C O N S T R A I N T S ( E L A S T I C FCUNOAT I ON/S PRI NG) AS D E S C R I B E D

* BY INPUT • )
RETURN

19 W R I T E ( M W R I TE, 21)
21 F O R M A T ( / , « T H E R E ARE NO ELASTIC SPRING C O N S T R A I N T S ' )

RETURN
END

SUBROUTINE IMPUL S ( DE LT AT, A L)
***** PARTIAL RING *****
COMMON /FG/ I K,NOGA, NFL,NSFL,NI, I COL (2 05) , NBCOND, N BC ( 4 ) ,NO DEB(
COMMON / V Q / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L D ( 2 0 5 ) , S N S ( 5 0 , 3 , 6 , 5 ) ,

*BINP(50,3) , B IMP lSOt 3) , SNP( 5 0, 3, b , 5 )
COMMON / T A P E / MREAD, MWR ITE ,MPUNCH
DO 50 1=1,NI
O E L D ( I ) = U . C

50 D I S P ( I ) = 0.0
DO 51 IR=1 ,IK
00 51 J=l,NOGA
B INP ( 1R , J ) =0 . 0
b I NP ( I R, J ) =0 . 0
DO 51 K-=1,NFL
00 51 L=1,NSFL
S N P ( I R , J , K , L ) = 0 . 0

51 SNS( IR ,J ,K,L) =0.0
R E A D ( M R E A D , 1 ) NV, IOTA, IOTC. IOTC

1 F O R M A T ( 4 1 5 )
W R I T E ( M W R 1 T E , 2 ) D E L T A T

2 FORMAT ( / , ' T I M E S T E P S IZE USED IN PROGRAM ( S L C ) = ' ,E15 .6 )
I F ( N V .EQ. 0) V»RI T E J M W R I T E ,4)
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I F ( N V .GT. 0 ) W K I T E ( M W R I T E , 6 )
4 F O R M A T ! / , « THERE IS NO INITIAL I*-PULSfc ')
6 F O R M A T ! / , 1 IMPULSE LOADINGS H A V E EEFN S P E C I F I E D AS DESCRIBED 6Y

* INPUT •)
IF(NV .EQ. OJ KETURM
IF ( I O T A . EC.O ) GO TO 10
DO 20 I M = 1 , 1 OTA
R E A Q { M R E A D , 2 1 ) I E 1 , I E2 ,WRAD, WKAD 1, ANGV 1, *iRAD2, ANGV2

21 F O R M AT (21 5/5 El 5. 6)
I E 2 M 1 = I E 2 - 1
00 22 I 1=1 , I E 2 N 1
I = I E 1 + I I

22 DELD( 1*4-2 ) = f ) E L T A T * W R A D
D£LO{ IE1*4 -2 )=DELTAT*WRAD1
DELO( I El* 4-1) = DELTAT*ANGV1
IE2P1=IE1+IE2
OELD(IE2Pi*4-2 )=OELTAT*HRA02
OELD( IE2P1*4-1 J=DELTAT*ANGV2

20 CONTINUE
10 I F t l O T B .EG. 0) GO TO 42

DO 30 I M = 1 , I O T B
R E A D { M R E A O , 3 1 i NODEV , V R A D , h iRAD, A N G V

31 F O H M A T { I 5 » 3 E l : i . 6 )
DELO(NODE\/*4-3 ) = D E L T A T * V R A D
DELD(NODEV*4-2 )=DELTAT*WRAD
DELO(NODEV*4-i )=DELTAT*ANGV

30 CONTINUE
42 IFdQTC .EQ. 0) GO TO 60

DO 61 I M = 1 , I O T C
READ(MREAU,62J ISl,IS2,WRAC

62 F O R M A T ( 2 I 5 , E 1 5 . 6 J
PIEP=3.14159263/IS2
DELO( I SI*4-1) =WRAD*DELTAT*PIEP/AL
DO 63 11=1, IS 2
r = isi+u
DELl){ I*4-2) = WRAO*OELTAT*SIN(PIEP* I I )

63 DELU( 1*4-1 )=WRAO*DELTAT*P I EP*CO S { P I EP*I I l /AL
61 CONTINUE
60 IF(N8CONO .EQ.CJ RETURN

DO 40 1 = 1 , N B C Q N D
JT4=NOUE3{I )*4
DELD{JT4-3)=0.0
IF ( N B C ( I ) . EQ.l .OR. N 6 C U J . E Q . 2 ) D ^ E L D C JT4-1 ) = 0 .0
IF ( N B C I I ) . EQ.2 .OR. N B C U ) . E Q . 3 ) D £ I D { JT4-2) =0 .0

40 C O N T I N U E
RE TURN
E N D

SUBROUTINE PRI.MT( I T, T I ME , HHALF , AX , Y,Z, THET A, APOEN , SP* I N, B.^ASS, C2 ,
*NQR,KROW,NDEX,N IKREG,CINFTO)

***** PARTIAL RING *****
DIMENSION Y( 5 1 ) , Z ( 51) , COPY (51) , C O P Z ( 5 1 ) , flt PS (3 ) , EPS I ( 5 1 ) , E P S O ( 5 1 )
DIMENS ION FOREFl 1 ) , H M A S S ( 1 ) ,KR!1W{ 1) tNDEXl 1) ,CI NE ( 205) , SPRIN( l )

* ,FA IL I (50 ) ,FA ILO(50J
COMMON /FG/ IK,NOGA, NFL ,N SFL ,NJ , I CGL( 2 05 J , NBC 0 NO, NBC (4) ,NOOE8(4)

COMMON /HNS/ R, a,H, OFNS , YOUNG, DS,C5, Cfc ,ASFLl 6,5) ,GZETA( 6) ,SNO{5 )
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COMMON / V Q / F L V A ( 205) , D I S P ( 2 0 5 ) ,DE.LC(205) , SNS( 30 f 3 ,6,5 ) t
* B I N P ( 5 0 , 3 ) , e i M P ( 5 0 , 3 ) , S N P ( 5 0 , 3 , 6 , i > )

COMMON / 3 A / BEP{ 3,3, 8 ) , A X G ( 3 ) , A W G < 3 )
COMMON / S C / M C R I T , C H I T S , f t I G , I B I G , B T I M E , I S U R F
COMMON / T A P E / MREAD, MWRIT E ,MPUNCH
DATA A S T E R / ' * ' / , B L A N K / ' ' /
DC 700 1 = 1 ,NI

7CO CINE(I)=0.0
CALL QMULT (3MASS,DELD, I COL ,NI ,C I NE , KRGW,N r>E X, N IRREG )
CINET = 0.0
DO 701 I = 1 , N I

701 C I N E T = C I N E T + D E L D ( I ) * C I N E ( I )
C I N £ T = C I N E T * C 2
IF (IT ,EQ. 0) C INETO=CINET
ELAST=0.0
DO 702 IR = 1,.IK
DO 703 J=1,NOGA
SUM=0.0
00 704 K=l ,NFL
DO 704 L^=1,NSFL

7C4 SUy=SUM+SNS( I R , J , K , L ) * * 2 * A S F L ( K , L )
703 E L A S T = E L A S T + S U M * A W G ( J)
702 CONTINUE

SPDEN=0.0
IF(NGR .EQ. 0) GO TO 31
DO 30 1=1,NI

3G FQREF( I ) = 0.0
CALL QMULT ISPRIN.DISP, I COL f NI, FQRE F ,KROW , N OE X, NIRRFG)
DO 32 1 = 1 ,M

32 SPDEN=SPDEN*DISP( I )*FQREF { I)
SPDEN=SPDEN/2.

31 E L A S T = E L A S T / Y G U N G / 2 .
CINETT = C INETO+APDEN
PLAST=CINETT-CINET-ELAST-SPDEN
W R I T E t M W R I T E , 1 ) I T , F I ME ,C I NETT ,C I NE I , ELAST , PLA ST

I FORMAT ( / / / / / / , ' J = « , I5 , ' TIME ( S E C . ) = * , E L 5 . 6 , / t
*• TOTAL ENERGY INPUT (IN.-LB.) =',E15.6,/,
*' K INET IC ENERGY (IN.-LB.) =',E15.6,/,
* ' E L A S T I C ENERGY (IN.-LB.) = t ,E15.6, / ,
* ' P L A S T I C WORK (IN.-LB.) =»,E15.6)

IF (NQR .EQ. 0 ) GO TO 33
W R I T E I M W R I T E » 3 4 ) SPDEN

34 FORMAT (« ENERGY STORED IN THb E L A S T I C R E S T R A I N T S (IN.-LB.) =•
*E15.6)

33 I K P 1 = I K - H
DO 11 1=1, I K P 1
ANG=( I - l ) *AX-« -THETA
COPYt I )=Y( I) + DISP( I *4-3)*CCS(ANG)*DISP( I *4-2)*S[N( ANG)

II COPZ( I ) = Z( I ) -DISP( I*4-3)*S IN( A N G J + D ISP( I *4-2 ) *COS { ANG )
DO 601 IR=1,IK
DO 604 1=1,3
3EPSU ) = 0.0
DO 604 K = 1 , S
INDEX= ( IR-1)*4+K

6C4 8EPS( I ) = B E P S ( I H-BEP12, I , K ) * D I S P ( INDEX)
FAKE = BEPS( 1) + B E P S ( 2 ) * * 2 / 2 .
FCUR = BEPS (3)
E P S I ( I R ) = F A R E - H H A L F * F C U R
E P S O ( I R ) = FARE+HHALF*FCUR

601 CONTINUE

95



DO 60 I R = 1 , I K
I F ( E P S I U R ) .LE. B IG) GO TG 61
BIG=EPSI( IR)
IBIG=IR
ISURF=1
BTIME=TIME

61 I F ( E P S O ( I R ) .LE. BIG) GO TG 60
B I G = E P S O ( I R )
I B I G = I R
ISURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E ,2 )

2 F O R M A T ( / , « I ' , 5X, 'V« ,11X ,»W , S > X , ' P S I ' , 9 X , ' C H I ' , IOX , 'COPY '
* 8 X , ' C O P Z ' , 9 X , ' L ' , 1 1 X , ' M « , 7 X , ' S T R A I N ( I N ) « , 4 X , ' S T R A I N ( O U T ) « )

I F t M C R I T .GT. G) GO TO 50
DO 51 1=1, IK
FAILK I ) = BLANK
FAILO( I)=BLANK
IF(EPSIU) .LT. G R I T S ) GO TO 52
FAILK I ) = A S T E R
I F I M C R I T .GT. 0) GO TO 52
M C R I T = 1

52 IF (EPSOU) .LT. GRITS) Gil TO 51
F A I L O ( I ) = A S T E R
IF(MCRIT .GT. 0) GO TO 51
MCRIT=1

51 CONTINUE
IF (MCRIT .LE. 0) GO TO 50
DO 53 1=1, IK

53 W R I T E ( M W R I T E t 5 4 ) I tOISP(I*4-3 ), DISP (1*4-2 ),DISP(I*4-.1),OISP(
*COPY( I) , C O ^ Z ( I ) ,BINP(I ,2) ,BIMP(I ,2) ,EPSI ( I J ,FAILI( I ),
* E P S O ( I ) , F A I L O ( I )

54 FOPMAT( I5 , SE12 .4 , A2, E12 .4 , A2 )
W R I T E ( M W R ITc, 54) IKP l t DISP( IKP 1*4-3) ,01 SPl IKPl*4-2) tOI S P (IK Pl*4-l )

* , D I S P ( I K P 1 * 4 ) , C Q P Y ( I K P 1 ) , C O P Z l I K P 1 )
W R I T E ( M W R I T E » 5 5 ) ASTER

55 FORMAT ( / / ,5X, A2, ' STRAIN EXCEEDS THE C R I T I C A L V A L U E ' )
RETURN

50 DO 21 1=1, IK
21 W R I T E ( M V f R I T E , 2 2 ) I,DISP( 1*4-3) ,DISP( 1*4-2) , DI SP (1*4- 1) , DI SP ( I *4 ) ,

*COPY(I ) ,COPZ( I ) ,8INP( 1,2), B IMP (I, 2) , EPS I (I ) ,£PSO( I )
22 FORMAT(I5 , C /E12.4 ,2X, E12.4)

W R I T E ( M W R I T E , 2 2 ) I K P 1 , O I S P ( IKP1*4-3),DISP( IKPl*4-2),DISP(IKP1*4-1)
*,DISP(IKP1*4) ,COPY( IKP1 ) ,COPZ( IKP1 )

RETURN
END
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C JET30 MAIM PROGRAM FOR UNIFORM T H I C K N E S S C I R C U L A R RING
C JET3B HOUbCLT CPFRATOR
C ***** COMPLETE RING ****

DIMENSION A (8, 3 ) , A M A S S ( 2 0 6 0 ) , B M A S S ( 2 C 6 0 ) , Y ( 5 U , Z( 51 ) , T X G ( 6) , T W G ( 6 )
* ,ES(6 ) ,GFL(6 ) , E P S ( 5 ) ,S IG(5 ) , INUM( 20 5 ) , KROW { 8 ) , N DEX ( rf )

DIMENSION DDE L 0(205) ,D I SUM (20 5) ,DI S ( 2 0 5 ) ,01 SHI (2U5 } ,01 SM2( 205) ,
* F L K ( 2 0 5 ) f FLM205), FLVM(205 ) ,STIFK ( 2 0 6 0 )

COMMON / T A P E / MRE AO, MWRI TE , MPUNCH
COMMON /FG/ I K t N O G A , NFL,NSFL,NI, ICOL(205) , NBCONf),N3C ( 4 ) , N O G E 8 { 4 )

COMMON /HM/ R,B,H,Ot,MS, YOUNG, DS,C5, C fc ,ASFL ( 6 , 5 ) , G Z E T A ( 6 ) , SNO { 5)
COMMON / V Q / F L V A ( 2 0 5 > » O I S P (205) , DELC(205) ,SNS( 5 0 , 3 , 6 , 5 ) ,

*B INP(50 t3 ) , GIMP (50, 3) , S NP{ 5 0, 3 , 6 , 5 }
COMMON / B A / B E P ( 3 t 3 ,8) , A X G ( 3 ) , A W G ( 3 )
COMMON / S C / M C R I T , C R ITS, 6 IG, I B IG , B T IME , I SURF
COMMON /FORCE/ F M E C H ( 2 0 5 ) , T 1 , A M P 1 F V , A M P I F ^ , T 2 , AMP2FV , AMP2F W,

*AMPFV,AMPFW,NOFT1,NGFT2,NOFT3, JELEM(^) f E T A ( ^ ) , R T O V ( 4 ) , R T O W { 4 ) ,
*NSTF2(4) , N E L F 2 ( 4 ) , R T 0 2 V ( 4 ) , R T 0 2 ^ ( 4 ) tNSTF3( 4 ) , NC LF3{ 4) ,
*RTO 3W ( 4 ) ,F M 1( 4 , 8, 2 ) ,F M2 ( 8 , 2 ) , FM3 { 8 , 2 ) , S LOPE V , S L OPE W

COMMON /EL FU/ SPR IN( 20 60 ) , NORP , NORL ,NREL I 4) ,RE X( 4) ,
*NRST(4) ,NREU(4)

MREAD=5
M*!RITE=6
MPUNCH=7
R E A D ( M R E A D , l ) R, B, H, DENS, E XANG, I K, NGGA ,NF L ,NSF L,MM , Ml , t*2
R E A D t M R E A D , 2 J CELT AT ,T HET A ,CR ITS , D S , P , { E P S ( L ) , S I G ( L ) , L = 1

1 FORMAT (5E15. 6 /715)
2 FORMAT (5E15.6/(4E15. 6) )

R C A O t M R E A D ,3) ( A X G ( K ) ,K = i ,NCGA)
R E A O ( M R E A O , 3 ) ( A W G ( K ) ,K=1, NGGA)
R E A D ( M R E A D , 3 ) ( T X G ( K) , K= 1, NFL )
R E A D ( M R E A D , 3 ) ( T W G ( K ) ,K=1,NFL)

3 FORMAT (4F15. 10 )
READ(MREAO,4 ) NBCONDt (NBC( I ) ,NODEB( I ) , 1 = 1, N8CONU)

4 FORMAT (91 5)
R £ A D ( M R E A D , V ) NQR , NORP , NORU

9 F O R M A T ( 3 I 5 )
CALL I O E N T ( E X A N G , N Q R )

PIE=3. 14159265

N I = I K * 4
THETA = THET A*P IE/180.
BX=2.*PIE
BL=BX*R
AL=BL/ IK
AX=BX/ IK
DO 70 K=1,NFL
GFL( K ) = H * B * T W G ( K ) /2.

70 G 2 E T A ( K ) = H * T X G ( K ) / 2 .
E S ( i ) = S I G ( 1 ) / E P S ( 1 )
YOUNG=ES( 1 )
IF(NSFL-1 ) 77 ,77 ,76

76 DO 78 L=2,NSFL
78 E S ( L ) = ( S I G ( L ) - S I G ( L - l ) ) / ( E P S ( L ) - E P S ( L - D )
77 E S ( N S F L + 1 ) =0.0

DO 79 L=1,NSFL
79 SNO(L) = ES ( 1 ) *EPS(L )

OC 71 K=l ,NFL
DO 71 L = 1,NSFL 97



71 A S F L ( K f L ) = G F L ( K ) * ( E S ( L ) - t E S ( L
Oil 72 K=1,NUGA
A X G ( K ) = A X G ( K ) *AL/2,

72 A w G ( K ) = A W G (K) *AL/2.
00 15 1=1, 8

15 I C C L ( I ) = 1
I K M 1 = I K - 1
00 16 1=3, I K M 1

IK 3= IK 4-1
I K 2 = I K 4 - 2
I K l = I K 4 - 3
J J = ( I-i)*4-3
I C C L U K 1 ) = JJ
I C O L ( I K 2 ) = J J
J C C L ( I K 3 ) = JJ
I C O L ( I K 4 ) = J J

16 CONTINUE
I C C L ( I K * 4 ) = 1
I C G L ( I K * 4 - 1 ) = 1
I C C L U K * 4 - 2 ) = 1
I C G L U K * 4 - 3 ) = 1
I N U M ( i) = l
00 99 1=2, NI

99 I I M U M t I ) = I - I C O L ( I - 1 ) + I N U M { 1-1)
DC 990 1=1, NI

9 9 0 I N U M I I ) = I N U M { I ) - I C O L { I )
N I R R E G = 0
I N D £ X = 0
1 SET=1
DO 116 I = 1 , N I
L = I C O L ( I )
I F ( I C O L ( I ) -I S E T ) 117, 116, 119

119 I S E T = I C O L ( I )
GO TO 116

117 N I R R E G = N I RREG-H
I F ( N I R R E G - N I / 2 ) 7 1 1 , 7 1 1 , 9 0

711 K R O W ( N I R R E G ) = I
N D E X { N I R R E G ) = I N O E X

116 I N D E X = I N O E X - H - L
9 C C A L L F I C O L ( N I , N I , L , I C O L )

I S I Z E = L
W R I T E t M W R I T E , 17) L

17 F O R M A T J / , ' S IZE OF ASSEMBLED MASS OR STIFFNESS M A T R I X =« , I5 )
CALL ELMPP( AL, A, AMA SS, ST IFK , I S I Z E )

00 36 L^l , ISI ZE
3 6 B M A S S ( L ) = A M A S S ( L )

00 23 L=l , I S I Z E
23 S P R I N ( L ) = 0 . 0

IF ( N Q R .EQ. 0) GO TO 20
CALL Q R E M ( A , A L , R )

2C IF(DS.EQ.O.O) GO TO 21
C5=1./P
C6= l . /DS /D fcLTAT

21 O T S Q = D E L T A T * * 2
C 2 = 1 . / ( 2 . * D £ L T A T * * 2 )
HHALF=H/2.
M C R I T = 0
BIG=10 .** ( -10 )
I B I G = 0
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I T = 0
T I ME = 0 . 0
DO 75 1=1, IK
ANG=(l- l i * A X + T H E T A
Y ( I ) = S I N ( A N G ) * R

75 Z ( l ) = C Q S ( A N G ) * R
CALL I M P U L S t D E L T A T , AL )

R E A D ( M R E A D , 5 ) TBEG IN,TFINAL,AMP1FV , AMP1FW
5 FORMAT (4E15.6)

IF{TFINAL .EQ. 0.0) W R I T E ( M W R I T E f 4 8 J
48 FORMAT {'0 THERE IS NO TIME DEPENDENT FORCE D I S T R I B U T I O N DURING

* THIS RUN • )
IF(TFINAL ,EQ. 0.0) GO TO 49

CALL LOADEQl A,R, AL, T8EGIN,TF INAL )
4S APOEN=0.0

CALL PR I NT ( IT, TI ME, HHAL F, A X, Y ,Z , THE T A , APDCM , bPRI N , 8 M A S S , C 2 ,
*NQR,KROW,NCEX,NIRREG, CINETG )

NREAOF=0
T1=T8EGIN
NLCAD=2
00 34 1=1,NI

34 FMECHU) = 0.0
[F(TBEGIN.GT.O.O .OR. TFINAL.EQ.O.0 ) GO TO 30
NLOAD=1

CALL L O A D F T ( T I M E , N R E A D F )
CALL F A C ( A M A S S , I C O L , K R O W , N O E X , I O E T , N W R I T E , N I , N I R R E G , I MUM I
CALL SOL V( A M A S S , FMECH, ODEL 0, JCOL , K R C K , NUEX , NI , NIK REG)
GO TO 31

3G DO 32 1=1,NI
32 DDELD(I )=0.0
31 DO 33 1 = 1 ,M
33 OlSUMt I )=2.*DTSQ*DDELD(I ) + 6.*OELD( I )-«-6.*DI SP {I )

MLOAD=NLOAD
DO 35 1=1,NI
FLR( I ) = FMECH( I)

35 FLVM( I )=0 .0
CALL OMULT (BM ASS , i.)I SUM ,ICOL,NI ,F LV> ,KROW , NUEX, MRREG)
DO 37 L=l , ISIZE

37 A M A S S ( L ) = 6 . * B M A S S ( L ) + D T S Q * {ST I FX (L )+SPRI.M { L ) )
CALL F A C t A M A S S f I C O L , K R O W , N D E X , I D e T , Nt f fUTE,NI ,NIRREG, INUM)
I T T = 1
T I M E = I T T * D E L T A T
NLOAD=2
DO 60 1=1,NI
F L V A ( I )=O.C

60 F M E C H ( I ) = 0.0
IF (T IME.LT .TBEGIN .OR. TI MF.GT. TF I N /^L) GO TO 38
NLOAD=1
CALL L l ] A D F T ( T I f " E , N R C A O F )

3d DO 39 1=1,NI
39 F L V M ( I ) = DTSQ*FMECH( I ) * F L V M ( I )

CALL S O L V ( A M A S S , F L V M , D I S , I C O L , K R O W , N D E X , N I , N I R R E G )
DO 61 1=1, M
D E L O ( I ) = D I S ( I ) - D I S P ( I )

61 DI SMU I ) = D T S Q * D O E L D ( I )-DI S (I ) *2 . *D I SP( I )
DO 100 L=l, I S I Z E

ICO A M A S S ( L ) = 2 . *BMASS( L ) * D T S Q * ( S T I F K ( L MSPRINU ) )
CALL F A C ( A M A S S t I C O L , K R O W , N O E X , I D E T , P W R I T e , N I , N I R K E G , I N U M )
I F ( M L O A D .EQ. 2) GO TO 120
APD=0.0 99



DO 46 1=1 , M
46 A P D = A P O + F L R { I ) *DELD(I )

APDEN=APDEN+APD
120 I T T = I T T + 1

T IME=ITT*OELTAT
45 DO 121 1 = 1 ,N I

01 SM2( I )=DISM1(I )
DISMK I ) = DISPl I)
D I S P ( I ) = O I S ( I )
F L R l I ) = F M E C H ( I )
F L N l I ) = F L V A ( I )
FLVAU j=0.0
FMECH(I)=0.0
FLVMlI }=0.0

121 DISUM( I )=5.*DISP( I )-4.*DISMl ( I )+OI SM2 ( I)
DO 47 K=l,4
DISP{IK*4 + K ) = D I S P ( K )

47 DELOl IK*4 + K) = DELD(K}
MLOAD=NLOAD
CALL S T R E S S
CALL OMULT (BM ASS , 01 SUM , ICOL,N I ,F LV/" , KROW f NOEX, NIRREG)
NLOAO=2
IFITJME.LT.TBEGIN ,OR. T IME.GT .T F I NAL ) GO TO 122
NLOAD=1
CALL LOADFKT IME.NREAOF)

122 DO 123 1=1 ,NI
123 FLVMl I )=IFMECH(I ) - (2 .*FLVA(I )-FLN{ I ) ) ) *OTSQ+FL VM( I )

IFtNBCCNO .EQ. 0) GO TO 124
DO 125 1 = 1 ,N8COND
JT4=NODE3( I)*4
FLVM(JT4-3)=0.0
IF(N8C(II .EQ,1 .OR. NBC( I ) .EQ.2 ) FLVM(JT4-1J=0 .0
IF tNBC( I ) .EQ.2 .OR. N 8 C ( I ) . E Q . 3 J FLVMlJT4-2) = 0 .0

125 CONTINUE
124 CALL SCLV { A M A S S t FLVM.D IS t JCOL,KRCW»^OEX,NI ,NIRREG)

DO 126 1=1,NI
126 DELD{ I )=DIS( I )-DISP( I)

IFtMLOAD .EQ. 2) GO TO 41
APD=0.0
00 42 1=1, NI

42 A P D = A P O + F L R ( I ) * D E L D ( I )
APOEN=APDEN*APO

41 IT=ITT-1
TIME=IT*DELTAT
IF ( IT .EQ. 1) CALL PR I NT{ I T, T I ME ,HH/>LF » AX , Yf Z, THET A, APDEN, SPkIN,

*BMASS,C2,NQR,KROW,NDEXt NIRREG, CI NET 0)
I F C I T - M 1 ) 130,140,150

140 Ml=Ml*M2
CALL PRINT ( IT ,T IME,HHALF,AX, .Y ,Z , THET A, APDEN , SPR I N,BMASS ,C2 ,

*NQR,KROW,NDEX f NIRREG,CINETO)
130 IFHT-MM) 120,170,150
170 IF( IBIG) 62,150,62
62 IFUSURF-2) 64,65,65
64 W R I T E ( M W R I T E , 6 6 ) B IG, I 8 IG , BT IME
66 F O R M A T I / / / , ' LARGEST COMPUTED S T R A I N =» , f c l 5 .6 ,« OCCURS AT THE

*INNER SURFACE MIDSPAN OF ELEMENT = f , I3, ' AT T IME ( S E C . ) = ' ,El t>.6)
GO TO 150

65 W R I T E ( M V < R I TE ,67 ) BIG , I B IG , BT I ME
67 F U R M A T ( / / / , « LARGEST COMPUTED S T R A I N =« ,E l3 .6 ,« OCCURS AT THE

*CUTER SURFACE ."IDSPAN OF ELEMENT =',13, ' AT T I M E ( S E C . ) =«,E15.6)
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150 CALL EXIT
END

SUBROUTINE A S S E M ( IR, IK , ELMAS , ST I FM , ICOL,NI )
; ***** COMPLETE RING *****

DIMENSION E L M A S ( 8 , 8 ) , N N ( 8 ) , S T I F M { 1) ,ICOL( 1)
J1=IR*4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
N N { 3 ) = J 1 - 1
NN(4)=J1
I F U R - I K ) 203,204,204

2 C 3 J 2 = ( I R + 1 ) * 4
N N ( 5 ) = J 2 - 3
NN(6)=J2-2
N N ( 7 ) = J 2 - 1
NN(8) = J2
GO TO 202

2 0 4 N N ( 5 ) = 1
N N ( 6 ) = 2
N N ( 7 ) = 3
N N ( 8 ) = 4

202 DO 402 1 = 1,8
M = N N ( I )
DO 402 J=l ,8
N = N N ( J )
IF(M-N 1402,403,403

403 CALL FICOL (M,N,L, ICOL)
S T I F M ( L ) = S T I F M ( L ) + E L M A S ( I , J)

402 CONTINUE
RETURN
END

SUBROUTINE A S S E F ( I R , I K , E L F P , F L V A )
; ***** COMPLETE RING *****

01 WENS ION N N ( 3 ) , F L V A ( 1 } , E L F P ( 1 }
J1=IR*4
N N ( L ) = J l - 3
N N ( 2 J = J l - 2
N N ( 3 ) = J 1 - 1
NN(4) = J1
I F ( I R - I K ) 121,122,122

121 J2=( IR-HJ*^
NN(5)=J2-3
NN(6)=J2-2
NN(7 )=J2 -1
N N ( S ) = J 2
GO TO 123

122 N N ( 5 ) = 1
NN(6)=2
N N ( 7 J = 3
N N ( B ) = 4 101



123 DO 101 1=1,8
M = N N ( I )
F L V A ( M ) = F L V A ( M ) + E L F P ( I

101 CUNT INUE
RETURN
END

11

15
16
17

12
13
18

20

19
21

SUBROUTINE I DENT I EXANG , NQR)
***** COMPLETE RING *****
COMMON /FG/ IK,NOGA, NFL,NSFL, NI, ICtlL (205) , NBCOND, NBC ( 4 ) ,NODEB{ 4)

COMMON /HM/ R , 8 , H , D E N S , Y O U N G , O S , C 5 , C 6 , A S F L ( 6 , 5 ) , G Z E T A ( 6 ) , S N O ( 5 )
COMMON /TAPE/ MREAO, MWRITE ,MPUNCH
W R I T E t M W R l T E , 1 ) R, 3, H, DENS , I K, NUGA , NFL, NSFL
FORMATC ***JET3B**** A SPATIAL FINITE ELEMENT AND HOUBOLT TEMPOR

*AL CPERATOR P R O G R A M ' , / , '
*SES OF A UNIFORM THICKNESS
* FOLLOWING PARAMETERS '»/

USED TO CALCULATE THE NONLINEAR RESPON
CIRCULAR* , / , ' COMPLETE RING W I T H THE

*•
* •
*•
*«

*•
*•
*•
*»

MEAN RADIUS OF RING (IN.)
WIDTH OF RING (IN.)
THICKNESS OF KING (IN.)
D E N S I T Y (L8-SEC**2/IN**4)
NUMBER OF ELEMENTS

SPANWISE GAUSSIAN PTS
OEPTHWISE GAUSSIAN PT!

NUMBER OF
NUMBER OF
NUMBER OF

IFtNBCONO ,EQ
MECHANICAL SUBLAYERS
, 0) GO TO 12

=

=
=
=
=

=
=
=

't
' ,
1

• f
t t
t f
1

t

E
E
E

1
I
1

El
I
I
I
I

5
5
5
5

5.
5.
5.
5.
,/
,/
,/
)

6
6
,
,

6,
6

t
t
,

t

DO 14 1=1, NBCOND
IF ( N B C ( I) .EQ. 1 )
I F ( N B C d ) .EQ

.EQ
2 )
3)IF (NBCd )

CONTINUE
FORMATC SYMMETRY
FORMATC CLAMPED
FORMATC HINGED
GO TO 18
W R I T E ( M W R I T E , 1 3 )

FORMAT( / , ' THERE IS NO
IFINQR .CO. 0 ) GO TO 19
W R I T E ( M W R I T E , 2 0 )
F O R M A T ( / , « CONSTRAINTS

1= BY INPUT ' )
RETURN
* R I T E ( M W R I T E , 21)
F O R M A T ! / , ' THERE ARE NO
RETURN
END

W R I T E ( M W R I T E , 1 5 )
W R I T E ( M W R I T E , 1 6 )
W R I T E I M W R I T E . 1 7 )

N O O E B l I )
N G D E B ( I )
N O D E B ( I )

DISPLACEMENT
DISPLACEMENT
DISPLACEMENT

C C f \ D I T I U N
C O N D I T I O N
C O N D I T I O N

AT
A T
AT

NODE =• , 15)
NODE =', I5)
NODE =', 15)

PRESCRIBED CI S PLAC EMEMT CONDIT ION' )

( E L A S T I C FCUNDATION/SPRING) AS DESCRIBED

ELASTIC SPRING C O N S T R A I N T S ' )

SUBROUTINE IMPULS ( DELT AT, AL)
***** COMPLETE RING *****
COMMON /FG/ IK,NOGA, NFL,NSFL,NI , ICCL(205) , NBCOND, NbC (4 ) ,NO DtB{4 )
COMMON / V Q / F L V A ( 2 0 5 ) , D IS P ( 20i>) t DELD(20b) , SNS( 50, 3,6, 5) ,
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* B I N P ( 5 0 t 3 ) f 8 I M P { 5 0 f 3 ) , S N P { 5 Q t 3 f 6 , 5 )
CONMON / T A P E / MRFAO, MW R IT E,M PUNCH
DO 50 1=1 ,NI
DELOU J = 0.C

50 D ISP( I )=0 .0
DO 51 IR=1,IK
DC 51 J=l ,NOGA
8 I NP ( I R , J ) =0 . 0
BIMP( IR,J)=G.O
00 51 K=l,NFL
DO 51 L=l, NSFL
S N P ( I R t J . K v L ) = 0 . 0

51 S N S ( I R , J , K ,L) =0.0
R E A D ( M R F A O , 1 J N V , I O T A , I O T B , IOTC

1 FORMAT 1415)
W R I T E I M W R I T E , 2 ) DELTAT

2 FURMAT( / , • TIME S T E P SIZE USED IN PR03RAM ( S E C ) = «,E15.6)
IF (NV .EQ. 0) W R I T E ( M W R I T E , 4 )
IF(NV .GT. 0) W R I T E ( M W R I T E , 6 )

4 FORMAT (/, ' THERE IS NO INITIAL IMPULSE ')
6 F O R M A T ( / , « IMPULSE LOADINGS HAVE EEEN S P E C I F I E D AS DESCRIBED BY

* INPUT «)
I F C N V .EQ. 0) GO TO 41
IFUOTA .EQ.O) GO TO 10
DO 20 I M = 1 , I O T A
R E A D ( M R E A D , 2 1 ) I El f I E2 , W R A D , WRAD1, ANGV 1, WR A02, ANGV2

21 FORMAT(2 I 5/5EI5.6)
IE2M1=IE2-1
DO 22 I 1 = 1 , IE 2 Ml
1= lEl + II
IF (I .GT. IK) 1=1-IK

22 D E L D ( 1 * 4 - 2 ) = D E L T A T * W R A D
DELO{ IE1*4 -2 )=DELTAT*WRAD1
DELDl I El*4-l ) =OELTAT*ANGV1
IE2P1=IE1+IE2
IF(IE2P1 .GT. IK) IE2P1=IE2P1-IK
DELD(IE2Pl*4-2 ) = DELTAT *WR AD2
DELD( IE2P1*4-1)=DELTAT*ANGV2

20 CONTINUE
10 IFdOTB .EQ. 0) GO TO 42

DO 30 IM=1,IOTB
R E A D ( M R E A O , 3 1 ) N O D E V , V R A D , W R A D , A N G V

31 FORMATU5, 3E15.6)
DELDlNODEV*4-3 )=DELT AT *VRA D
DELD(NODFV*4 -2 )=DELTAT*WRAO
DELD(NOOEV*4-1 )=DELTAT*ANGV

30 CONTINUE
42 IF ( IOTC .EC. 0) GO TO 60

DO 61 I M = 1 , I O T C
R E A O ( M R E A D , 6 2 ) I S 1 , I S 2 , W R A C

62 F O R M A T ( 2 1 5 , E l 5.6)
PIEP=3.14159265/ IS2
DELD( IS l *4 - l ) =VvRAD*DELTAT*P IEP /AL
DO 63 II=l,IS2
1 = I S H - I I
I F { I ,GT. I K ) I - I - IK
DELD( 1 *4-2 ) = W R A D * D E L T A T*S INI PIEP*I I )

63 D E L O t 1 * 4 - 1 ) = W R A D * D E L T A T * P I E P * C O S ( P I E P * I i ) / A L
61 CONTINUE
60 IFdNBCOND .EQ.O) GO TO 41
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DU 40 1 = I t NSC UNO
JT4=NGDEB( I)*4
OELD(JT4 -3 )=0 . G
I F ( N B C ( I ) . E Q . 1 .OR. N S C ( I ) . E Q . 2 ) O E L D ( J T 4 - L ) = 0 . 0
IF ( N B C U ) . EQ.2 .OR. N B C ( I ) . E Q , 3 ) D F.LD ( JT4-2) = 0 .0

4 0 C O N T I N U E
41 DO 43 K = l , 4

D I S P ( I K * 4 + K ) = O I S P ( K )
4 3 D E L O { I K * 4 + K ) = D E L O ( K )

R E T U R N
E N D

S U B R O U T I N E PR I NT { I T, T I ME, HHALF ,A X, Y ,Z , THET A , A P D E N , SPR I N , B M A S S , C 2 ,
* N Q R , K R O W , N D E X , N I R R E G , C I N E T O )

***** C O M P L E T E R I N G *****
O I N E N S I O N Y ( 5 U , Z ( 5 1 ) , C O P Y ( 5 1 ) , C O P Z ( 5 1 ) , B E P S ( 3 ) , E P $ I ( 5 1 ) , E P S O ( 5 l )
D I M E N S I O N F Q R E F ( l ) , B M A S S ( 1 ) , K R Q M ( l ) , N D E X ( l ) , C I NEC 205 ) , SPR I N( 1)

* , F A I L I { 5 0 ) , F A I L O ( 5 0 )
C O M M O N /FG/ I K , N O G A , N F L , M S FL , N I , 1 C C L ( 2 0 5 ) , N B C O N O , NBC { 4 ) , \ U D E 3 { 4 )

COMMON / H M / R , B , H , O E N S » Y Q U N G , D S , C 5 , C 6 , A S F L ( 6 , 5 > , G Z E T A { 6 ) , S I 4 U { 5 )
C O M M O N / V O / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L C ( 2 0 5 ) , S N S C 50,3,6,5) ,

* B I N P { 5 0 , 3 ) , B I M P ( 5 0 , 3 ) , S N P ( 5 0 f 3 , 6 , 5 )
COMMON / B A / BEP{ 3,3,8) , A X G C 3 ) , A W G ( 3 )
C O M M O N /SC/ M C R I T , C R I T S , 3 I G , I B IG, BT I M E , I S U R F
COMMON / T A P E / M R E A D , M W R I T E , M P U N C H
DATA A S T E R / 1 * ' / , B L A N K / 1 « /
DO 700 1 = 1 ,NI

700 C I N E ( I ) = 0 . 0
CALL O M U L T ( 8 M A S S , D E L D , ICOL ,NI ,C INE , K R O W , N D E X , N I R R E G )
C I N E T = 0.0
DO 701 1=1 ,NI

7 C 1 C I N E T = C I N E T + D E L D ( I ) * C I N E { I )
C I N E T = C I N E T * C 2
I F ( I T ,EQ. 0 ) C I N E T O = C I N E T
ELAST=0.0
DO 702 I R = 1 , I K
DO 703 J = 1 , N O G A
SUM=0. 0
DO 704 K=1,NFL
DO 704 L=l,NSFL

7C4 SUM=SUM-«-SNS{IR ,J , K ,L) **2* A SF L (K , L)
703 ELAST=ELAST+SUM*AWG( J)
702 CONTINUE

SPOL'N=0.0
I F i N Q R .EQ. 0) GO TO 31
DO 30 1=1,NI

30 F Q R E F ( I ) = 0.0
C A L L O M U L T ( S P R IN, D I S P , I C O L , N I , F 'JREF , K R O W , N D E X , N I R R E G )
DO 32 1=1 ,NI

32 S P D E N = S P D E M - D I S P ( I ) * F Q R E F l I )
S P D E N = S P D E N / 2 .

31 E L A S T = E L A S T / Y O U N G / 2 .
C I N E T T = C I N E T O * A P D E N
P L A S T = C I N E T T - C I N E F - E L A S T - S P D E N
W R I T E t M W R I T E , 1 ) I T , T I M t , C I NE TT ,C I NE T,E LAST ,PLAST

1 F O P M A T C l J = f , I 5 , ' T I M E ( S E C . ) = ' , E 1 5 . 6 , / ,
* ' T O T A L E i N E R G Y I N P U T ( I N . - L O . ) = ' ,E15 .6 , / ,
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*• KINETIC ENERGY (IN.-LB.) *»,E15.6,/,
*• ELASTIC ENERGY (IN.-LB.) =» tE15.6,/,
*• PLASTIC WORK (IN.-LB.) =«,E15.6)

f r (NQR .EQ. 0) GO TO 33
WRITE(MWRITE,34) SPOEN

34 FORMAT (• ENERGY STORED IN THE ELASTIC RESTRAINTS (IN.-LB.) = «,
*E15.6)

33 IKP1 = IK-H
DO 11 1=1,IK
ANG=I I-1)*AX+THETA
COPY (I ) = Y ( I ) + DISP(I*4-3)*COS(ANG)+DISP(I*4-2)*SIN(ANG)

11 COPZ( I ) = Z( I)-DISP(1*4-3)*SIN(ANG) + D ISP(1*4-2)*COS(ANG)
DO 601 IR=l,IK
DO 604 1 = 1 ,3
BEPS(I)=0.0
DO 604 K=l,8
INDEX=(IR-1)*4+K

6C4 BEPS(I) = 8EPS( I)+BEP{2,I,K)*DISP(INDEX)
FARE=BEPS( l) + 8EPS(2)**2/2.
FCUR=BEPS(3)
EPSUIR)=FARE-HHALF*FCUR
EPSO(IR)=FARE+HHALF*FCUR

601 CONTINUE
DO 60 IR=1,IK
IF(EPSKIR) .LE. BIG) GO TO 61
B I G = E P S I ( I R )
I B I G = I R
ISURF=1
BTIME=TIME

61 IFIEPSO(IR) .LE. BIG) GO TO 60
BIG=EPSO(IR)
I B I G = I R
I SURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E , 2 )

2 F O R M A T ( V f » I • , 5 X , i V « t l l X , « W S 9 X , «PSI • , 9X, *CHI • , 10X,«COPY«,
*8X, •COPZ' tgX, 'L^ . l lX f 'M ' ,7X, 'STRAIN ( IN)• ,4X, 'STRAIN(OUT ) • )

IFCMCRIT ,GT. 0) GO TO 50
DO 51 1=11 IK
FAILI(I)=BLANK
FAILO(I) = BLANK
IFCEPSKI) .LT. CRITS) GO TO 52
FAILK I)=ASTER
IFCMCRIT .GT. 0) GO TO 52
MCRIT=1

52 IFIEPSO(I) .LT. CRITS) GO TO 51
FAILO( I )=ASTER
IFIMCRIT .GT. 0) GO TO 51
MCRIT=1

51 CONTINUE
IFlMCRIt .LE. 0) GO TO 50
DO 53 1=1» IK

53 WRITE (MWRITE, 54) I ,DISP( I *4-3 ) ,DISI? (1*4-2 ), DISP( 1*4-1 ) ,DISP( 1*4) ,
*COPY(I) ,COPZ( I ),BINP(I,2),BIMP(I,2)tEPSUI),FAILI(I ),
*EPSO( I ) ,FAILO( I )

54 FORMAT(I5 t SE12.4 tA2 f E12.4 , A2 )
WRITE(MWRITE,55) ASTER

55 FORMAT( / / , 5X ,A2 ,» STRAIN EXCEEDS THE CRITICAL VALUE' )
RETURN
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50 DO 21 1=1, IK
21 WRITE(MWRITE f22)I ,DISPU*4~3) , 01 SP< I*4-2J , OISP (1*4-1 J, DISP {1*4 ),

*COPY(I ) ,COPZ(I ) tBINP(! v2)t BIMP(I,2)V EPSI(I) f fEPSOU)
22 FORMAT(I5,9E12.4,2X,E12.4)

RETURN
END

SUBROUTINE FLMPP < AL, A, A M A S S , ST I FK, ISI ZE )
C TO FIND THE M A S S MATRIX STIFFNESS N0TRIX AND STRAIN NOCAL
C DISPLACEMENT T R A N S F O R M A T I O N M A T R I C E S

DIMENSION A(B ,8) ,LMI (8) ,MMI(8),D (8 ,8), ELM<8,8) , ELM AS (8, 8),
*E(8,8I ,EK1( 8,8) , ELK (8, 8) ,BE1(3,3,8)

DIMENSION AM4SSU ) ,STIFK(1 )
COMMON /FG/ IK,NOGA,NFL,NSFL,NI , I C G L ( 2 0 5 ) , NBCOND, N BC (4 ) ,NODEB( 4 )

COMMON /HMY R, B,H, DENS , YOUNG, DS,C, 5, C 6, A SFL ( 6,5) ,GZE TA ( 6) , SNQ (5)
COMMON / E A / B E P ( 3 , 3 , 8 ) , AXG (3 ) , AWG ( 3 )
COMMON / T A P E / MREAD, MWR ITE ,MPUNCH
X = A L / ( R * ? « )
RHO=DENS*B*H

STC=YHUNG*B*H
SS=STO*H**2/12.
DO 6 1=1,8
DO 6 J=l,8
D( I, J)=0.0
E( I, J)=0.0
A( I , J )=0 .
A( 1,1)= C O S ( X )
A ( l ,2 )= S IN(X )
A( 1 ,3)={ -R)* ( 1.- C O S ( X ) * * 2 )
A( l ,4)=-AL/2.
A (2 ,1 )=- S I N ( X )
At 2,2)= CQSm
A ( 2 , 3 ) = - R * S I N ( X ) * C O S ( X )
A(2 ,5 )=AL**2 /4 .
A( 2,6)=-AL**3/8.
A(3 ,3)= l .
A ( 3 , 4 ) = A L / R / 2 .
A ( 3 , 5 ) = - A L
A(3,6)=AL**2*3./A.
A( 1,7)=AL**2/A.
Al l ,8)=-AL**3/8.
A(3,7)=-AL**2M./R
A(3,8)=AL**3/8. /R
A(4 ,A)=1 .
A (A ,5 )=AL* *2 /4 . /R
A ( A,6)=-AL**3/8. /R
A(4 ,7 )= -AL
A(4,8)=3.*AL**2/4.
A ( 5 , l ) = C O S ( X )
A (5, 2)=- S IN(X)
A( 5 ,3)=<-R)* ( 1.- C O S ( X ) * * 2 )
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A ( 5 , 4 ) = A L / 2 .
A( 5,7)=AL**2/4.
A ( 5 , 8 ) = A L * * 3 / 8 .
A (6 , l ) = SIMX)
A ( 6,2)= C O S ( X )
A ( 6 , 3 ) = R * SIN W* C G S ( X )
A (6 ,5 )=AL* *2 /4 .
A(6,6)=AL**3/8.
A(7 ,3 )= l .
A( 7,4) =-AL/2. /R
A ( 7 , 5 ) = A L
A(7,6)=AL**2*3./4.
A ( 7 , 7)=-Al.**2/4./R
A(7 ,8)=-AL**3 /8 . /R
A( 8,4)=1.
A(8,5)=AL**2/4. /R
A(8 ,6 )=AL**3 /8 . /R
A ( 8 ,7 )=AL
A J 8 , 8 ) = 3.*AL**2/4.
CALL MTNV( A,8 , DET, LM I, MMI )
P2=2.*X**2* SINlX)+4.*X* C O S ( X ) - 4 . * S IN(X)
P3=-2.*X**3* C O S ( X H-6.*X**2* SIN( X )+12.*X* COS(X)-12.* S IN(X)
D(1,1)=RHO*AL
D(2,2) = RHO*AL
0(3,1)=RHO*R*(-R*2.* S I N ( X ) + C O S ( X ) * A L )
0( 3,3)=RHO*R**2*( AL* COS( X )**2*AL-4 .*R* S IN(X) * COS (X ) )+R I *AL
D(4,2)=-RHO*R**2*(-2.*X* C O S ( X ) + 2 . * S I N ( X ) )
D(4,4)=RHO*AL**3/12.-i-RI*AL**3/R**2/12.
0( 5, 2)=RHO*R**3*P2
D(5,4) = -RI*AL**3/R/6.
DC 5,5)=RHO*AL**5/80.-i-RI*AL**3/3.
0(6, 1) = RHC*R**4*P3
D(6,3)=RHO*R**5* COS (X ) *P 3+R I *AL **3/4.
D( 6,6)=RHO*AL**7/448. + RI*AL**5*9./8C.
0(7, 1 ) = RHO*R**3*P2
D(7,3)=-RHC*R*(AL**3/12.-R**3* COS(X)*P2)-RI*AL**3/R/I 2.
D( 7,6)=-3.*RI*AL**5/R/80.
D(7 ,7 ) = (AL**5 /80. ) * (RHO*R I/R**2)
D( 8,2)=-RHO*R**4*P3
D(8,4) = 0( 7,7)
D(8,5)=-RI*AL**5/R/40.
D( 8 ,8)=(AL**7 /448. )* ( RHCH-RI/R**2 )
E (4 ,4 )=AL* (STO-» -SS /R* *2 )
E(5,4)=STO*AL**3/(R*12.)-2.*SS*AL/R
EC 5, 5)=STO*AL**5/(R**2*80. )-»-4.*SS*AL
E ( 6 , 6 ) = STO*AL**7/(R**2*448.)+3.*SS*AL**3
E(7,6)=STO*AL**5/ (R*40.) -SS*AL**3/R
E(7, 7) = (STO*SS/R**2)*AL**3/3.
El8,4) = (STO+SS/R**2)*AL**3/4.
E( 8,5)=3.*STO*AL**5/(R*80. )-SS*AL**3/( R*2 . )
E(8,8)=9.* (STO+SS/R**2)*AL**5/80.
DO 3 1=1,7
I P 1= I -H
DO 3 J=IP1,8
E( I, J)=E( J,I)
D( I,J)=D(J,I)
DO 4 1=1,8
DO 4 J=l,8
EKK I, J) = 0.0
ELM(I,J) = 0. 1Q7



DO 4 K=l,8
EKH I, J) = EK1< I,J) + A ( K , I )*E(K,J)

4 ELMU , J)=ELM( I,J) + A ( K t I )*D(K,J)
DO 5 1=1,8
DO 5 J = l,8
ELKU, J) = 0.0
ELMASCI,J)=0.
DO 5 K=l,8
ELKU , J) = ELK< I ,J)+EK1(I ,K ) *A<K, J)

5 FLMAS( I ,J )=ELMAS< I , J )+ELM( I, K)*A (K , JJ
DO 44 K=l , NOGA
DO 21 1=1,3
DO 21 J=l,8

21 BEKK,I ,J)=0.
B E K K , 1,4)=1.
BE1(K,1 ,5)=AXG(K)**2 /R
BE1(K ,1 ,6 )=AXG(K)* *3 /R
BE1(K,3,4)=1./R
BEKK,3,5)=-2.
BEKK, 3,6) =-6.*AXG(K)
BE1(K,2,3)=1.
BE1(K ,2 ,4 )= -AXG(K) /R
B E 1 ( K , 2 , 5 ) = 2 . * A X G ( K )
BE1(K,2 ,6)=3. *AXG(K)**2
BE1(K,1,7)=2.*AXG(K)
BEKK, 1,8)=3.*AXG(K)**2
BE1(K ,3 ,7 )=2 . *AXG(K) /R
BE1(K,3,8)=3.*AXG(K)**2/R
BE1(K,2 ,7 )= -AXG(K)* *2 /R
BEKK,2,8 )= -AXG(K) * *3 /R

4A CONTINUE
DO 22 NL=1,NOGA
DO 22 1=1,3
DO 22 J=l,8
BEP(NL, I , J )=0.
DO 22 K=l,8
BEP(NL, I ,J )=BEP(NL,I ,J)+BE1(NL,I ,K)*A(K,J)

22 CONTINUE
W R I T E ( M W R I T E , 1 5 )
WRITEtMWRITE, 16) ( ( ELM AS( I , J ) , J=l , 8 ) , I =1, 8 )
WP.ITEIMWRITEt 17)
W R I T E ( M W R I T E , 1 6 ) ( (ELK( I , J ) , J=l, 8 ) * 1=1 ,8 I

16 FORMAT (801 5. 6)
15 F O R M A T ( / , » ELEMENT MASS MATRIX ')
17 FORMAT( / , ' ELEMENT STIFFNESS MATRIX •)

DO 18 L = l, ISIZE
STIFK(L)=0.0

18 AMASS(L )=0 .0
DO 19 IR=1,IK
CALL ASSEMdR t I K f E L K t S T I F K f ICOLtNI )

19 CALL ASSEMdR, IK,ELMAS,AMASS, ICOLtNI )
IFINBCOND .EQ. 0) RETURN
DO 91 I=1,NBCOND
JT4=NODEB( I)*4
JT4M3=JT4-3
JTAM2=JT4-2
JT4M1=JT4-1
CALL ERCCJT4M3,AMASS,NI , ICGL)
IF(NBC(I) .EQ.l .OR. NBC(I).EQ.2) CALL ERC(JT4M1,AMASS,NI, ICOL)
IF (NBC( I ) .EQ.2 .OR. NBC{IJ .EQ.3) CALL ERCt JT4M2, AMASS,NI ,1 COL)
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CALL ERC( JT4M3,STIFK,NI ,ICGL)
IF(NBC( I ) .EQ. l .OR. N8CU).EQ.2) CALL ERC(JT4M1,STIFK,NI, ICOL)
IF(NBC( I) .EQ.2 .OR. NBCUI.EQ.3) C A L L ERC(JT4M2,STIFK,NI, ICOL)

91 CONTINUE
RETURN
END

SUBROUTINE LOADEGM A,R, AL,TBEGIN,TF INAL)
C TO FIND GENERALIZED NODAL LOAD AND EXT ERNALLY-APPL IED LOAD TRftNS-
C FORMATION M A T R I C E S

DIMENSION A<8 ,8 ) ,FM(8 ,2 ) , F M C ( 8 , 2 ) , FML(8,2)
COMMON /FORCE/ FMECH I 205) , Tl , AMPIFV ,AMP1FW ,T2 , AMP2 FV , AMP2FW ,

*AMPFV,AMPFW,NOFT1 ,NOFT2 ,NOFT3 , J E L E M ( 4 ) , E T A ( 4) ,RTOV( 4) t R T O W ( 4 ) »
*NSTF2(4 ) ,NELF2 ( 4 ) , R T Q 2 V ( 4 ) , R T 0 2 W ( 4 ) , f \ S T F 3 < 4 ) , NELF3 ( 4) , RT03V ( 4),
* R T 0 3 W ( 4 ) ( FMl (4 t 8 t 2 ) ,FM2( 8, 2 ) ,FM3 ( 8 » 2 ) ,S LOPE V , SLCPEW

COMMON /TAPE/ MR EAD, MWR IT E ,MPUNCH
I F t T F I N A L .EO. 0.0) RETURN
W R I T E ( M W R I T E , 4 7 ) TBEGI N, TF INAL

47 FORMATCO STARTING TIME OF FORCING FUNCTION (SEC) =»,E15.6,/,
*• STOPPING TIME OF FORCING FUNCTICN ( S E C ) =«,E15.6)

R E A D ( M R E A D , 6 ) NOFT 1, NOFT2 , NOFT3
6 F O R M A T O I 5 )
7 F O R M A T ( T5 t 3E15.6)
8 F O R M A T ( 2 1 5 , 2 E 1 5 . 6 )

IF(N|OFT1 .EQ. 0) GO TO 54
R E A D ( M R E A D , 7 ) ( J E L E M ( I ) , E T A ( I ) , R T O V ( I ) ,RTOW(I ) ,1=1,NOFT1)
D1 100 1=1 ,NOFT1
S L = E T A ( I )
X=AL/R/2
FM(1 ,1 ) = C C S ( S L / R )
F M ( 2 , 1 ) = - S I N ( S L / R )
FM(3 ,1 ) = - R * ( l . - C O S ( S L / R ) * C O S ( X») «
FM(4 ,1 )=SL
F M ( 5 , 1 ) = 0 . 0
F M ( 6 t l )=0.0
FM(7,1)=SL**2
FM(8,1)=SL**3
FM(1 ,2 ) = S I N ( S L / P )
F M ( 2 , 2 ) = C O S ( S L / R )
F M l 3 t 2 ) = P * S I N ( S L / R ) * C O S ( X )
FM(4 ,2 )=0 .0
FM(5 ,2 )=SL* *2
F M ( 6 , 2 ) = SL **3
FM(7 ,2 )=0 .0
FM(8 ,2 )=0 .0
DO 101 M=l,8
DO 101 N=l,2
FM1(I,M,N)=0.0
DO 101 K=l ,8

101 FM1( I,M,N) =FM1(I ,M,N) + A(K ,M) *FM(K ,N)
100 CONTINUE
54 DO 202 M=l ,8

DO 202 N=l,2
FMC(M,N) = 0.0

202 FML(M,N)=0.0
X=AL/R/2 . 109



FMCU ,1)=R*2.*SIN(X)
FMC( 3, 1)=-R*AL+R**2*SIN(2.*X)
FMC(7,1)=AL**3/12.
FMC(2 ,2 )=R*2 . *S IN(X)
FMC(5,2)=AL**3/12.
FML(2 ,1 )=-P**2* ( -2 . *X*COS(X)+2. *S IN(X) ) /AL
FML(4, 1) = AL**2/12.
FML(8,1)=AL**4/80.
FML(1,2)=R**2*(-2.*X*COS(XH2.*S IN (X ) ) /AL
FML(3t 2) = R**3*COS(X)*( -2.*X*COS( X)+2.*SIN( X) ) / AL
FML(6,2)=AL**4/80.
DO 201 M=l,8
DO 201 N=l,2
FM2(M,N)=0.0
FM3(M,N) = 0.0
DO 201 K=l,8
F M 2 ( M , N ) = F M 2 ( M t N ) + A ( K , M ) * F M C ( K , N )
F M 3 ( M , N ) = F M 3 ( M , N ) + A ( K , M ) * F M L ( K , N )

201 CONTINUE
41 IFCNOFT2 .EQ.O) GO TO 42

R E A D ( M R E A D , 8 ) ( N S T F 2 ( I ) , N E L F 2 ( I ) , R T C 2 V ( I ) , R T 0 2 W ( I ) , 1 = 1 , N O F T 2 )
42 IFCNOFT3 .EQ. 0) RETURN

R E A D ( M R E A D t f i ) ( N S T F 3 ( I ) , N E L F 3 ( I ) , R T C 3 V ( I ) , R T 0 3 W ( I J , I = l , N O F T 3 »
RETURN
END

SUBROUTINE LOADF T ( TI ME ,NRE ADF)
C TO FIND THE GENERALIZED NODAL LOAD VECTOR EQUIVALENT TO THE
C EXTERNALLY-APPLIED LOAD

DIMENSION ELF(8)
COMMON /FG/ IKtNOGAtNFLtNSFL^I , 1C OL (205 ), NBCOND, N BC ( 4 ) ,NODEB( 4 )

^COMMON /FORCE/ F M E C H ( 2 0 5 ) t T l , A M P 1 F V t A M P 1 F W , T 2 , A M P 2 F V « A M P 2 F W t
* A M P F V t A M P F W , N O F T l , N O F T 2 , N O F T 3 , J E L E M ( 4 J f E T A { 4 ) , R T O V ( 4 ) ,RTOW(4) ,
* N S T F 2 ( 4 ) , N E L F 2 ( 4 ) , R T 0 2 V ( 4 ) , R T 0 2 W ( 4 I , N S T F 3 ( 4 ) , N E L F 3 ( 4 ) , R T 0 3 V ( 4 ) ,
*RT03W(4) ,FM1(4, 8, 2) ,FM2 ( 8, 2 ) , FM3 ( 8 , 2 ) , SLOPE V.SLOPEW

COMMON /TAPE/ MREAD, MWR ITE ,MPUNCH
IF(NREADF .GT. 0) GO TO 50

51 R E A D ( M R E A D , 5 2 J T2 ,AMP2FV,AMP2FW
52 FORMAT(3E15.6)

NREADF=1
SLOPEV=(AMP2FV-AMP1FV) / (T2-T1)
SLCPEW=(AMP2FW-AMP1FW)/ (T2-T1)

50 IF(TIME .LE. T2) GO TO 53
T 1 =T 2
AMP1FV=AMP2FV
AMP1FW=AMP2FW
GO TO 51

53 AMPFV=AMP1 FV+ (TIME-T1 ) *SLOPE.V
AMPFW=AMP1FW-KTIME-T1)*SLOPEW
DO 57 1=1,NI

57 FMECH(I)=0.0
I F ( N O F T 1 .EQ. 0) GO TO 54
DO 100 1=1,NOFT1
NE=JELEM(I)
FMV=AMPFV*RTOV( I )
F M W = A M P F W * R T O W ( I )



DO 101 J= l tS
101 ELF{J )=FMlU tJ , l )*FMV+FM1 i I, J,2) *FI*W
100 CALL ASSEF(NE, IK ,ELF ,FMECH)
54 IF(NOFT2 .EQ. 0) GO TO 55

DO 200 1=1 ,NOFT2
NSTAT=NSTF2( I )
NEND=NELF2(I)
FMV=AMPFV*RT02V< I )
F M W = A M P F W * R T 0 2 W ( I )
DO 201 J = l ,8

201 E L F { J ) = F M 2 ( J , 1 ) * F M V + F M 2 ( J , 2 ) * F M W
DO 202 NN=1,NEND
NE=(NSTAT-1)+NN
IF(NE .GT. IK) NE=NE-IK

202 CALL A S S E F ( N E , IK,ELF,FMECH)
200 CONTINUE
55 IF(NOFT3 .EQ. 0) GO TO 90

DO 300 1=1 ,NOFT3
PIE = 3.1415<;265
NSTAT=NSTF3( I )
NEND=NELF3 (I)
PIEP=PIE/NEND
FMV=AMPFV*RT03V( I )
F M W = A M P F W * R T 0 3 W ( I)
FMW1=0.0
FMV1=0.0
DO 301 NN=1,NEND
NE=(NSTAT-1)+NN
IFINE .GT. IK) NE=NE-IK
X=PIEP*NN
FMW2 = S I N C X ) * F M W
F M V 2 = S I N ( X ) * F M V
AFSW=(FMW1+FMW2) /2 .
BFSW=(FMW2-FMW1)
AFSV=(FMVH-FMV2) /2 .
BFSV=(FMV2-FMV1)
FMW1=FMW2
FMV1=FMV2
DO 302 J= l t8

302 ELF( J) = FM2(J ,1 ) *AFSV+FM2( J , 2 ) *AFSW^FM3( J,1)*BFSV*FM3( J t 2 ) * B F S W
301 CALL A S S E F ( N E , I K , E L F , F M E C H )
300 CONTINUE
90 IF(NBCONO .EQ. 0) RETURN

DO 91 I=1,NBCONO
JT4=NODEB( I)*4
FMECH{JT4-3)=0.0
IF (MBC( I ) .EQ. 1 .OR. NBCUI.EQ.2) F MECH ( JT4-1 ) = 0.0
IF(NBC(I) .EQ.2 .OR. NBCUI.EQ.3) FMECH( JT4-2)= 0. 0

91 CONTINUE
56 RETURN

END

SUBROUTINE Q R E M ( A , A L , R )
TO FIND EFFECTIVE STIFFNESS M A T R I X CUE TO ELASTIC RESTRAINTS
DIMENSION A (8 ,8 ) ,ELR (8 ,8) , ELRR(8 t8 } ,ELRP(8,8)
COMMON /TAPE/ MREAD f MWRI TE ,MPUNCH

111



COMMON /FG/ IK,NOGA,NFt_,NSFL,N! , ICCL<205) ,NBCOND,NeC(4) ,NODEB(4)
COMMON /ELFU/ SPRIN(2060 )»NQRP,NORU,NREL(4 ) ,REXC4) ,

*NRST(4) ,NREU<4)
IF (NORP .EQ. 0) GO TO 1
READ(HREAD,2 ) SCTP ,SCRP ,{ NREL ( I) ,REX( I ) , 1 = 1 ,NORP>

2 FOPMAT(2E15.6 /K( I5,E15.6) ))
00 10 IQ=1,NORP
NE=NRELUQ)
SL=REXUQ)
X=AL/R/2.
SX=SL/R
DO 11 1=1,8
DO 11 J=l,8

11 ELR( I, J) = 0.0
ELR(1,1)=SCTP
ELR(3, 1) = SCTP*R*(-COS( S X ) + C O S ( X ) )
ELR(4,1)=SL*SCTP*COS(SX)
ELR(5,1) = SCTP*SL**2*SI N(SX)
ELR( 6,1)= SCTP*SL**3*SIN(SX)
ELR(2 ,2 ) = SCTP
ELR(3 ,2) = SCTP#R*SIN(SX)
ELR(4 ,2 ) = -SCTP*SL*SIN( SX)
ELR<5,2 )=SCTP*SL**2*COS(SX)
ELR(6 ,2 )=SCTP*SL**3*COS(SX)
ELR(3,3)=SCTP*R**2*( 1 ,-2.*COS(SX ) *CCS( X)+COS( X)**2H SCRP
ELR(A,3)=-SCTP*R*SL*<1. -COS(SX)*COS(X)) -SCRP*SL/R
ELR(5,3)=SCTP*R*SL**2*SINl SX) *COSm+2 .*SL*SCRP
ELR(6,3) = SCTP*R*SL**3*SIN(SX)*COS(X]+3.*SL**2*SCRP
ELR( A,4) = SCTP*SL**2*SL**2*SCRP/R**2
ELR(5,4) = -2.*SL**2*SCRP/R
ELR(6,4)=-3.*SL**3*SCRP/R
ELRl 5, 5) = SL**4*SCTP*4. *SL**2*SCRP
El.R(6,5) = SL**5*SCTP+6.*SCRP*SL**3
ELR( 6,6) = SL**6*SCTP*9.*SL**4*SCRP
ELR(7,1)=SCTP*SL**2*COS(SX)
ELR(8,1)=SCTP*SL**3*COS(SX)
ELR(7,2)=-SCTP*SL**2*SIN( SX)
ELR(8,2) = -SCTP*SL**3*SIN( SX)
ELR(7,3)=-R*(1.-COS(SX)*COS(X))*SCTP*SL**2-SL**2*SCRP/R
ELR(8, 3)=-R*( l . -COS(SX)*COS(X))*SCTP*SL**3-SL*»3*SCRP/R
ELR(7,4)=(SCTP+SCRP/R**2)*SL**3
ELR(8,4) = ( SCTP+SCRP/R**2) *SL**4
ELR(7, 5) = -2.*SL**3*SCRP/R
ELR18,5)=-2.*SL**4*SCRP/R
ELR(7,6)=-3,*SL**4*SCRP/R
ELR(8 ,6) = -3.*SL**5*SCRP/R
ELR(7,7)=ELR(8,4)
ELR( 8, 7)= ( SCTP+SCRP/R**2) *SL**5
ELR(8,8)=( SCTP+SCRP/R**2) *SL**6
DO 12 1=1,7
IP1=I + 1
DO 12 J=IP1,8

12 ELRdf J)-ELR( Jtll
DO 13 1=1,8
DO 13 J=l,8
ELRR(I,J)=0.0
DO 13 K=l,8

13 ELRR(I,J)=ELRR(I,J)*ELR(I,K)*A(K,J)
DO 14 1=1,8
DO 14 J=l,8



ELRPd ,J)=0.0
DO 14 K=l,8

14 F.LRPI I , J )=ELRP( I, J )+A(K , I ) *ELRR(K, J)
10 C A L L A S S E M f N E , IK,ELRP,SPRIN, ICOL,NI )
1 IF(NORU .EQ. 0) GO TO 31

RE AD (MR HAD, 3) SC TU ,SCRU t ( NRST ( I) ,NPEU(I) , I=1,NORU)
3 F O R M A T ( 2 E 1 5 . 6 , 8 I 5 )

DO 4 1=1,8
DO 4 J=l,8

4 E L R ( I , J ) = 0.0

P 2=2 . * X** 2 *S I N ( X ) -I- 4. *X*CO S ( X ) -4. * S I h ( X )
P3=-2.*X**3*COS(X)-»-6 . *X**2*SIN{X)-H2.*X*COS( X) -12.* SIN ( X)
ELRd ,1) = SCTU*AL
E L R ( 2 , 2 ) = S C T U * A L
ELR13, 1 ) = S C T U * R * ( - R * 2 . * S I N ( X ) + C O S ( X ) * A L )
E L R ( 3 , 3 ) = SCTU*R**2*( AL + COS (X )**2* AL-2.*R*S IN (2 .*X) )-i-SCRU*AL

F !LR(4 f 4)= (SCTU+SCRU/R**2 ) *AL* *3 /12 .
ELR( 5, 2J=SCTU*R**3*P2
E L R ( ( 5 , 4 ) = -SCRIJ*AL**3/( 6.*R )
ELR(5 ,5>=SCTU*AL** '5 /80 .+SCRU*AL**3 /3 .
E L R ( 6 , l) = SCTU*R**4*P3
ELR(6 ,3 )=SCTU*R* *5 *CQS ( X ) *P3+SCRU*AL**3/4.
E L R ( 6 , 6 ) = SCTU*AL**7/448.-«-9.*SCRU*AL**5/80.
ELR(7 , 1)=SCTU*R**3*P2
E L R ( 7 , 3 ) = -SCTU*R*( AL **3/ 1 2 .-R**3*COS( X )*P2 )-SCRU*AL**3/( 12. *R)
ELR( 7,6)=-3.*SCRU*AL**5/( R*80.)
ELR(7 , 7 )= ( SCTU-i-SCRU/R**2) *AL**5/80.
FLR(8,2)=-SCTU*R**4*P3
ELR( 8,4) = ELR( 7,7)
E L R ( 8 , 5 ) = -SCRU*AL**5/(40.*R)
ELR( 8,8) = ( SCTU-»-SCRU/R**2) *AL**7/448.
DO 5 1 = 1,7
IP1=I-H
DO 5 J=TP1,8

5 ELR( I, J ) = E L R ( J,I )
DO 6 I =1,8
DO 6 J=l,8
E L R R ( T , J)=0.0
DO 6 K=l,8

6 ELRRd ,J) = ELRRII , J) + ELR( I , K ) * A ( K , J )
DO 7 1=1,8
DO 7 J=l,8
ELRPd, J) = 0.0
HO 7 K=l,8

7 ELRP( I ,J) = ELRP( I , J ) + A ( K , I ) *ELRR ( K , J)
DO 20 IQ=1,NORU
N S T A T = NRST (10)
NEND=NREU( 10)
DO 21 NN=1,NENO
NE=(NSTAT-1)+NN
JF(NE .GT. IK) NE=NE-IK

21 CALL A S S E M ( N E , IK , ELRP, SPRI N, ICOL,NI )
20 CONTINUE
31 IF(NBCOND .EQ. 0) RETURN

DO 91 I=1,NBCOND
JT4=NODEB( I)*4
JT4M3=JT4-3
JT4M2=JT4-2 113



JT4M1=JT4-1
CALL ERC< JT4M3,SPR IN,NI,ICOL )
IF (NBC( I ) .EO.l .OR. NBCm.EQ.?) CALL ERC(JT4M1,SPRIN,NI , ICQL)
IF(NBCU KEQ.2 .OR. NBCUJ.E0.3) C A L L ERC ( JT4M2, SPRIN, NI, I COL)

91 CONTINUE
RETURN
END

SUBROUTINE STRESS
C TO E V A L U A T E GENERALIZED NODAL LOAD VECTOR DUE TO LARGE DEFLECTION
C AND E L A S T I C - P L A S T I C STRAIN

DIMENSION ELFP(8 ) ,BE P S ( 3 ) , C E P S ( 3 , 3 ) , B I N P W ( 3 ) , B I M P W ( 3 ) , H W B < 3 , 3 ) ,
* P N ( 8 ) , P M ( 8 ) , H N L < 8 ) , 3 I N P P ( 3 ) ,8 IMPP{3)

COMMON /FG/ IK,NOGA,NF.L,NSFL,NI, ICOL (2 05 ) , NBCOND, NBC ( 4 ) ,NODEB( 4)
COMMON /HM/ R , 8 , H , D E N S , Y O U N G , D S , C 5 , C 6 , A S F L ( 6 , 5 ) , G Z E T A ( 6 ) , S N O ( 5 )

COMMON / V O X F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L O ( 2 0 5 ) , S N S < 5 0 , 3 , 6 , 5 ) ,
*B INP(50,3) , f ! IMP(50,3) ,SNP( 50,3 , 6 ,5 )

COMMON / B A / BEP( 3,3,8) , A X G ( 3 ) , A W G < 3 )
DO 502 IR=1, IK
DO 503 J=l ,NOGA
B INP ( IP , J ) =0 .
BIMP-.C IR, J)=0.
BINPP( J) = 0.0
3 I M P P ( J) = 0.0

202 DO 402 1=1 ,3
R E P S ( I ) = 0 .
DO 402 K = l , 8
INDEX=(IR-1)*4+K

402 REPS( I )=BF.PS( I )*BEP( J, I ,K) *DELD( INDEX)
CEPS(J,1)=0.0
C E P S ( J,2) =0.0
DO 403 K = l , 8
I N D E X = ( I R - l ) * 4 - « - K
C E P S ( J , l )=CEPS(J , l ) -« -BEP(J , l ,K) *D ISP (INDEX)

403 CEPS( J ,2) = C E P S ( J , 2 H - R E P < J , 2 , K ) * O I S P ( I N D E X )
205 FARE = BEPS(1I*CEPS.( J i2 ) *8EPS(2 J-BEPS(2)**2/2.

FCUR=8EPS( 3)
DO 151 K=1.,NFL
BFNP=.0.
BFNPP=0.0
8EPX = FARE+GZETA(K)*FC,UR
IF(DS.GT. 0.0) RFACTR=1 . * (C6*ABS(BEFX) )**C5
DO 35 L=1,NSFL
DESNP=0.0
SNS( IR ,J ,K ,L )=SNS( IR , J , K, L)+YOUNG* PEPX
IF(DS,EQ. 0.0) GO TO 255
IF (SNSURt J V K, LI-SNOCL 1)30,301 v 91

91 SNY=SNO(L) *RFACTR
IFISNSUR, J,K,L)-SNY)301,301,20

20 DESNP=SNS(IR,J ,K,L) -SNY
SNS( IR,J,K,L) = SNY
GO TO 301

30 IF (SNS( IR,J ,K ,U+SNO(L 1)92*301,301
92 SNY=SNO(L)*RFACTR

IF (SNS UR, J,K,L)+SNY)40,301,301
40 DESNP = SNS( IR , J,K,L)+SNY
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SNS( IR,J ,K ,L )=-SNY
GO TO 301

255 IF (SNS( IR, J ,K,L) -SNO(D) 18,301,17
17 DESNP=SNS( IR, J ,K,L) -SNO(L)

SNS( IR,J,K,L) = SNO(L)
GO TO 301

18 I F t S N S C I R , J , K t l ) + S N O ( L ) ) 19, 301,301
19 DESNP=SNS< IR, J,K,L) + SNO(L)

SNS( IR,J ,K,L)=-SNQIL)
301 BFNP=BFNP+SNS( IR, J ,K ,L ) *ASFL( K,L )

SNP( IR,J ,K,L)=SNP( IR,J,K,L )+DESNP
BFNPP=BFNPP+SNP( I R , J , K , L ) * A S F L ( K , L )

35 CONTINUE
RINPUR, J) = BINP{ IR,J) + BFNP
BIMPt IR, J J = B I M P ( IR , J )+BFNP*GZETA(K )
BINPP( J) = BINPPU)-i-BFNPP
B I MP P ( J) = BIMP P ( J ) -I- BFNP P*G Z ET A (K )

151 CONTINUE
503 CONTINUE
1C7 DO 101 J=l,NOGA

BINPWlJ)=(YOUNG*B*H*CEPS< J ,2 ) * *2 /2 . -B INPP(J) ) *AWG(J)
B T M P W f J) = -BIMPP( J ) * A W G ( J)
HW8(J ,2)=(YOUNG*8*H*(CEPS(J ,1)+CEPS(J,2)**2 /2 . ) -8 INPP(J) ) *

*CEPS( J , 2 ) * A W G t J)
101 CONTINUE

DO 102 1=1,8
P N I I ) = 0 .
P M ( I )=0 .
HNL( I)=0.0
DO 102 J=l ,NOGA
PN(I ) = PN(I )+BEP( J,l, I ) *B INPW( J)
PM(I ) = PM( I H3£P( J, 3, I ) *8 IMPW( J)

102 HNL( I )=HNL( I )+BEP(J . ?- I ) *HWB(J ,2 )
200 DO 105 1=1,8
105 ELFPU ) -PN( I )+PM( I ) + HNl(I )
502 CALL A S S E F ( I R , I K , E L F P , F L V A )

RETURN
END

SUBROUTINE ERC(I I,STIFM,NI ,ICOL)
C FOR ELIMINATING ROWS AND COLUMNS IN STIFM

DIMENSION STIFM( l ) ,ICOL(1 )
IC = ICOL( II )
DO 101 J=IC,II
CALL FICOH I I ,J.Lt lCOL)

101 STIFM(L)=0.
DO 102 1 = 1 I , N I
I C 1 = I C O L ( I )
IF ( I I 1 IC1)102 ,103 ,103

103 C A L L FICOH 1,1 I , L , I C O L )
S T I F M ( L ) = 0 .

102 CONTINUE
CALL FICOL( II, I I,L, ICOL )
STIFM(L)=1.
RETURN
END 115



SUBROUTINE FAC (STIFM,NCOL,KRQW,NDEX, IDET,NTAPE6.NROWS,NIRREG,1C)
C LOWER TRIANGULAR FACTOR OF STIFM M A T R I X IS COMPUTED AND STORED FACT0095

DIMENSION S T I F M ( 1 ) , N C O L ( 1 ) , K R O W C 1 ) , N D E X ( 1 ) , I C ( 1 )
C STIFM FACT0100
C PROCESS COLUMN 1 FACTOL05

1=1
IDET=0 FACT0110
IF (STIFM(D) 152tl22,101

152 IDET=IDET+1
101 INDEX=0

IROW=1 FACT0130
TEST=1.0 FACT0135
KN = 1 FACTO 140
DO 103 I = 2 , N R O W S FACT0145
KN = KN-H-NCOLU ) FACT0150
IF (NCOL(I ) - l ) 103tl02,103 FACT0155

102 STIFM(KN)=STIFM(KN) /STIFM( 1 J FACT0160
103 CONTINUE FACT0165

DO 121 I = 2 ,NROWS FACT0170
IP1=I+1 FACT0175
IM1=I-1 FACT0180
SUM=0.0 FACT0185
NCK=0 FACT0190
III=NCOL(I) FACT0195
INOEX=INDEX+I-III FACT0200
IF (IM1-III) 150,140,140 FACT0205

C DIAGONAL TERMS FACT0210
140 DO 104 J = I I I , I M 1 FACT0215

IJ=INDEX+J FACT0220
104 SUM=SUM+STIFM(IJ)*STIFM(IJ)*STIFM(IC(J)+J)
150 II = INDEX-H FACT0230

SUM = STIFM( I D-SUM FACT0235
IF (SUM) 151,122,105

151 IDET= IDET +1
105 TES= A B S ( S U M / S T I F M ( I I ) )

IF (TES-TEST) 106,107,107 FACT0250
106 TEST=TES FACT0255

IROW=I FACT0260
107 STIFM(H)= SUM

C OFF DIAGONAL TERMS FACT0270
IF ( I -NROWS) 108,121,121 FACT0275

108 KNDEX=INDEX FACT0280
109 DC 116 K=IP1,NROWS FACT0285

KK=NCOL(K) FACT0290
KNDEX=KNDEX+K-KK FACT0295
SUM=0.0 FACT0300
IF (KK-IIIJ 110,130,130 FACT0305

110 KK = III FACT0310
130 IF ( I M 1 - K K ) 112,131,131 FACT0315
131 DO 111 J=KK,IM1 FACT0320

IJ=INDEX+J FACT0325
KJ = KNDEX-i-J FACT0330

111 SUM=SUM+STIFM(IJ)*STIFM(KJ)*STIFM(IC(J)*J)
112 IF ( I-KK) 114,115,115 FACT0340
114 IF (NIRREG .LE. 0) GO TO 121 FACT0345

116



IF (NIRREG .GT. NROWS /2) GO TO 116
GO TO 190 FACT0355

115 KI=KNDEX-H FACT0360
STIFM(KI).= ( STIFMKI )-SUM>/STI FM< 11) FACT0365

116 CONTINUE FACT0370
GO TO 121 FACT0375

190 NCK=NCK-H FACT0380
IF (NIRREG .LT. NCK) GO TO 121 FACT0385
IP1=KROW(NCK) FACT0390
IF (I .LT. N C O L ( I P l ) ) G O T O 190 FACT0395
IF (IP1 .LT. K) GO TO 190 FACT0400
KNDEX=NDEX(NCK ) FACTOA05
GO TO 109 FACT0410

121 CONTINUE FACT0415
RETURN FACT0435

122 WRITE (NTAPE6,1001) I FACT0440
IDET=-I

1001 FORMAT (37H1 MATRIX NOT POSITIVE DEFINITE IN ROW,14) FACT0450
WRITE (NTAPE6.1002) SUM FACT0455

1002 FORMAT (27HOSOUARE OF DIAGONAL TERM = ,E15. 8, /28HOPARTIALLY FACTORF ACT0460
1ED K M A T R I X , / / ) FACT0465

RETURN FACT0470
END

SUBROUTINE FICOLl I ,J ,L , ICOL)
C USING FORMULA L = J + SUM(K-ICGL(K)),K=1,1 TO RELATE I,J,TO L

DIMENSION ICOL(l)
IF( J-ICOLt I )) 200, 300, 300

300 ISUM=0
DO 305 K=l , I
ISUM=K-ICOL(K)-HSUM

305 CONTINUE
L=J+ISUM
RETURN

200 WRITE(6,M I,J
4 FORMAT(31H ELEMENT IS NOT IN BAND REGION,3H I=,I5,3H J=,I5)

RETURN
END

SUBROUTINE MINV(A ,N ,DET,L ,M)
C INVERT MATRIX A

DIMENSION Ad ) ,L(1) ,M(1)
C MINV 053
C SEARCH FOR LARGEST ELEMENT MINV 054
C MINV 055

DET=1.0
NK=-N MINV 057
DO 80 K=1,N MINV 058
NK=NK+N MINV 059
L(K)=K MINV 060
M ( K ) = K MINV 061
KK=NK+K 117 MINV 062
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c
c
c

c
c
c

c
c
c
c

c
c
c

15

20

25

30

35

38

40

45
46

48

50

55

A B S J A U J ) ) ) 15,20,20

B I G A = A ( K K )
DO 20 J=K,N
IZ=N*(J-1)
CO 20 I=K,N
!J=IZ-H
IF ( A B S ( B T G A ) -

flIGA=A(IJ)
L(K)=I
M ( K ) = J
CONTINUE

INTERCHANGE ROWS

J=L(K)
IF(J-K) 3 5 , 3 5 , 2 5
K!=K-N
DO 30 I=1,N
KI=KI+N
HOLD=-A(KI )
JI=K!-K+J
A f K I ) = A ( J I )
A ( J I ) =HOLP

INTERCHANGE COLUMNS

I=M(K)
IF(I-K) 45,45,38
JP=N*(I-1)
CO 40 J=1,N
JK = NK+J
JI=JP*J
HOLD=-AtJK)
A< JK )=A t JI )
A ( J I ) =HOLD

DIVIDE COLUMN BY MINUS PIVOT ( V A L L E OF PIVOT ELEMENT IS
CONTAINEC IN BIGA)

IF (B IGA) 48,46,48
DE T =0.0
RETURN
DO 55 I = 1,N
I F ( I - K ) 50,55,50

A { I K ) = A ( I K ) / ( - B I G A »
CONTINUE

REDUCE M/STRIX

CO 65 I = 1,N

HOLD=A( IK)
IJ=I-N
DO 65 J=l ,N
IJ= TJ-i-N
IF(I-K) 60,65,60

60 IF(J-K) 62 ,65 ,62
62 KJ=IJ-I+K

IJ)
65 CONTINUE
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MINV
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MINV
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MINV
MINV
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MINV
MINV
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MINV
MINV
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MINV
MINV
MINV
MINV
MINV
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063
064
065
066
067

069
070
071
072
073
074
075
076
077
078
079
080
OBI
082
083
084
085
086
087
088
089
090
091
092
093
094
095
096
097
098
099
100
101

103
104
105
106
107
108
109
110
111
112
113
M01
114
115
116
117
118
119
M02
121

118



c
c
c

c
c
r.

c
c
c

c
c
c

D I V I D E P.CW B Y P I V O T

KJ=K-N
DO 75 J = 1,N
K J = K J + N
I F ( J - K ) 7 0 , 7 5 , 7 0

7 0 A ( K J ) = A ( K J J / B I G A
75 C O N T I N U E

PRODUCT OF PIVOTS

DET-DET*BIGA

REPLACE PIVOT BY R E C I P R O C A L

A ( K K ) = 1 . 0 / B I G A
SO C O N T I N U E

FINAL ROW AND COLUMN INTERCHANGE

K = N
100 K = ( K - 1 )

I F ( K ) 150, 150, 105
1 0 5 I = L ( K )

I F ( I - K ) 120,120,103
108 J Q = N * ( K - 1 )

JR=N*U-1)
CO 110 J = 1 , N
JK=JQ+J
HOLD=A( JK)

110
120

125

A( JK) =-A(JI )
A ( J I ) =HOLD
J=M(K)
I F ( J - K ) 100,100,125
K I = K - N
DO 130 1=1 ,N
K I = K I + N
HOLD=A(KI )

130

150

A ( K I ) = - A ( J I
A ( J I ) =HOLD
GO TO 100
RETURN
END

M I N V 122
M I N V 123
M I N V 124
M I N V 125
M I N V 126
M I N V 127
M I N V 128
M I N V 129
M I N V 130
M I N V 131
M I N V 132
M I N V 133

M I N V 135
M I N V 136
M I N V 137
M I N V 138
M I N V 139
M I N V HO
M I N V 141
M I N V 142
M I N V 143
M I N V 144
M I N V 145
M I N V 146
M I N V 147
M I N V 148
M I N V 149
M I N V 150
M I N V 151
M I N V 152
M I N V 153
M I N V 154
M I N V 155
M I N V 156
M I N V 157
M I N V 158
M I N V 159
M I N V 160
M I N V 161
M I N V 162
M I N V 163
M I N V 164
M I N V 165
M I N V 166

SUBROUTINE O M U L T ( S Q V C T , R W V C T , N C O L , N R O W S , A C C , K R O W , N D E X , N I R R E G )
TO FIND ACC OF ( S Q V C T J * ( R W V C T ) = ( A C C )
D I M E N S I O N S O V C T ( 1 ) , R W V C T ( 1 ) , N C O L ( 1 ) , A C C ( 1 ) , K R O W ( l ) , N D E X ( 1 )
I N D E X = 0
N R C W M = N R O W S - 1
IF ( N I R R E G .GT. 0) GO TO 200
HIGH SPEED PRODUCT FOR REGULAR MATRICES
DO 100 N N = 1 , N R C W M
SUM=0.0

119



IP1=NN+1
KST=NCOL(NN)
INDEX=INDEX+NN-KST
00 101 KPL=KST,NN
IJ=INDEX+KPL

101 SUM=SUM+SQVCT( IJ) *RWVCT (KPL)
C NOW FOR THE COLUMN ELEMENTS

JNDEX=IJ
DO 102 KPL=IP1,NROWS
IF(NN.LT.NCOLIKPL) )GO TO 100
JNDEX=JNDEX+KPL-NCOL(KPL)

102 SUM=SUNU-SQVCT( JNDEX)*RWVCT (KPL)
100 ACCJNN)=ACC(NN)+SUM

C NOW FOR THE LAST ROW
104 KADD=NCOL(NROWS)

SUM=0.0
INOEX=INDEX+NROWS-KADD
DO 103 KPL=KADD,NROWS
!J = INDEX+KPL

103 SUM=SUM+SQVCT (IJ) *RWVCT (KPL)
A C C ( N R O W S ) = A C C ( N R O W S ) + S U M
RETURN

C MEDIUM SPEED PRODUCT FOR NIRREG .LE. NROWS/2
200 IF (NIRREG .GT. NROWS/2) GO TO 201

DO 105 NN=ltNROWM
IP1=NN+1
KST=NCOL(NN)
INDEX=INDEX-»-NN-KST
SUM=0.0
DO 106 KPL=KST,NN
1 J=INDEX+KPL

106 SUM=SUM+SOVCT(I J) *R^VCT (KPL)
NCK=0
JNDEX=IJ

1C7 DO 108 KPL=IP1,NROWS
IF(NN .LT. NCOL(KPD) GO TO 109
JNOEX=JNDEX+KPL-NCOL(KPL)

108 SUM=SUM-»-SQVCT( JNDEX)*RWVCT (KPL)
GO TO 105

109 NCK=NCK+1
IF (NCK .GT.NIRREGI GO TO 105
IF (KPL .GE. K R O W ( N C K ) ) GO TO 109
IP1=KROW(NCK)
JNDEX=NDEX(NCK)-i-NN
GO TO 107

105 ACC(NN)=ACC(NN)+SUM
GO TO 104

201 DO 503 NN=1,NRCWM
IP1=NN-H
K=NCOL(NN)
INDEX=INDEX+NN-K
SUM=0.0
DO 502 KRX=K,NN
IJ=INDEX+KRX

502 SUM=SUM>SQVCT( IJ ) *RWVCT(KRX)
JNDEX=IJ
DO 504 KRX=IP1,NROWS
K=NCOL(KRX)
JNDEX=JNDE X*KRX-K
IF (NN .LT. K) GO TO 504



SUI*=SUM+SQVCT ( J N D E X ) * R W V C T ( K R X )
504 CONTINUE
503 A C C ( N N ) = A C C ( N N ) + S U M

GO TO 104
END

SUBROUTINE SOLV ( ST IFM, G,S QL, NCOL ,K RCW,NDEX ,NRO WS, N IRREG)
SOLVE (LL*J ( S O L ) = ( F O R C E ) FOR DISPLACEMENTS (SOL)
DIMENSION S T I F M ( l ) , G( 1) ,SOL(1) , NCOL ( 1 ) ,KROH( 1) tNDEX( 1 )
I N T E R M E D I A T E SOLUTION USING THE LOWER TRIANGLE

100 INDEX=0
SOLd ) = G(1 )
DO 104 I = 2 » N R O W S

SUM=0.0
K = NCOL( I)
INDEX=INDEX + I-K
IF ( I M 1 - K ) 103,101,101

101 DO 10? J=K, IM1
IJ=INDEX+J
SU=SOL( J)

102 SUM=SUM+STIFM( IJ)*SU
103 II = INDEX+I
104 SOLd )= G( I )-SUM

C SOL C O N T A I N S THE INTERMEDIATE SOLUTION
C COMPLETE THE SOLUTION USING THE UPPER TRIANGLE

SOL (NROWS) = S O L ( N R O W S ) / S T I F M ( I I )
INDEX=INDEX-NROWS+NCOL(NROWS)
IF (NIRREG .GT. 0) GO TO 111
DO 109 KK=2 ,NROWS
I=NROWS+1-KK
IPl = I-H
SUM=0.0
JNDEX = INDEX-H
DO 107 J=IP1,NROWS
K=NCOL(J )
IF (I-K) 108,106,106

106 JNDEX=JNDEX+J-K
SU=SOL( J)

107 SUM=SUM+STI FM ( JNDEX)*SU
108 HsINDEX + I

SOL( I )= S O L ( I ) / S T I F M ( I I J-SUM
109 INDEX=INDEX-T-»-NCOL(I)

RETURN
111 IF (NIRREG-NROWS /2) 116,116,112

C TOO MANY IRREGULAR ROWS FOR A C C E L E R A T E D SOLUTION
112 DO 115 KK=2 ,NROWS

I=NROWS+1-KK
IP1 = H-1
JNDEX=INDEX*I
SUM=0.0
JNDEX=INDEX-H
CO 114 J=IP1,NROWS
K=NCOL( J)
JNDEX=JNDEX+J-K
IF ( I - K ) 114,113,113



113 SU=SOL(J)
SUM=SUM+STIFM(JNDEX)*SU

11A CONTINUE
II = INDEX-H
S O L ( I ) = S O L ( I ) / S T I F M H I ) -SUM

115 INDEX=INDEX-I*NCOL( I)
RETURN

: ACCELERATED SOLUTION FOR C A S E WITH IRREGULAR ROWS
116 DO 125 KK=2,NROWS

I = NROWS-H-KK
IP1 = I*1
SUM=0.0
NCK=0

JNDEX=INDEX+I
117 DO 119 J=IP1,NROWS

K=NCOL( J)
IF ( I - K ) 120,118,118

118 JNDEX=JNDEX+J-K
SU=SOL( J)

119 SUM=SUM+STIFM(JNDEX)*SU
GO TO 124

120 N C K = N C K + 1
IF ( N I R R E G - N C K ) 124,121,121

121 I P 1 = K R O W ( N C K )
IF ( I - N C O L ( IP1 ) ) 120,122,122

122 IF ( IP i - J ) 120,123,123
123 JNDEX=NDEX(-NCK)+I

GO TO 117
124 II = INDEX-H

S O L ( I ) = S C L ( I ) / S T I F V C I I ) -SUM
125 INDEX=INDEX-I*NCOLU)

RETURN
END

122



(partial ring)

(complete ring)

5.3 JET 3C; Variable Thickness Arbitrarily Curved Ring;

Timewise Central-Difference Operator

The JET 3C consists of the following main programs and subroutines:

1. JET 3C MAIN PROGRAM

2. ASSEM

3. ASSEF

4. IDENT

5. IMPULS

6. PRINT

7. JET 3C MAIN PROGRAM

8. ASSEM

9. ASSEF

10. IDENT

11. IMPULS

12. PRINT

13. " ELMPP

14. STRESS

15. LOADEQ

16. LOADFT

17. QREM

18. ERC

19. FAC

20. FICOL

21. MINV

22. OMULT

23. SOLV

24. TSTEP

The subroutines in items 13 through 24 are common to each of the two groups

of "control programs".

The number of memory locations required is approximately 204,000 bytes.

The subroutines ERC, FAC, FICOL, MINV, OMULT, and SOLV (No. 18 through No. 23)

are the same as those listed in Subsection 5.2. To avoid needless repetition,

only the main programs and subroutines No. 1 through No. 17 and No. 24 are

listed in this subsection.
123



C JET3C MAIN PROGRAM FOR V A R I A B L E THICKNESS A R B I T R A R I L Y CURVED RING
C JET3C C E N T R A L DIFFERENCE OPERATOR
C ***** PART IAL RING *****

DIMENSION A M A S S ( 2 0 6 0 ) , AA( 50, 8 , 8 ) , T X G ( 6 ), T WG (6 ) , tS ( 6 ) , GFL ( 50 , 3, 6 ) ,
*SOL(205) , INUMt 205 ) ,FMECH ( 205) ,HHALF (50) ,KROd(8 ) ,NDEX(8 ) t

*BMASS(2060) , E P S ( 5 ) , S I G ( 5 )
COMMON /TAPE/ MREAD,MWRITE,MPUNCH
COMMON /FG/ IK,i\IOGA,NFL,^SFL,NI, ICOH205) , NBCONO,NBC(4),NQDEB(4)

*,Y(51) ,Z (5U,ANG(5L) ,H(51)
COMMON /HM/ YOUNG,OS,C5 ,C6 ,ASFL(50 ,3 ,6 ,5 ) , G Z E T A ( 5 0 , 3 , 6 ) , S N O ( 5 )
COMMON / V Q / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L D ( 2 0 5 ) , SNS( 50, 3 ,6 ,5) ,

*BINP(50,3) ,8IMP(50,3)
COMMON /8A/ B E P ( 5 0 , 3 , 3 , 8 ) , A L ( 5 0 ) , A X G ( 3 ) , A W G ( 3 )
COMMON /SC/ M C R I T t C R I T S f B I G t IBIG»8TIMEf ISURF
COMMON /FORCE/ T1 ,AMP1FV,AMP1FW,T2 ,AMP2FV,AMP2FW,SLOPEV,SLOPEW,

*AMPFV,AMPFW,NOFT1,NOFT2,NOFT3, J E L E M ( 4 ) , E T A ( 4 ) , R T O V ( 4 ) , R T O W ( 4 ) ,
* N S T F 2 ( 4 ) , N E L F 2 ( 4 ) , R T 0 2 V ( 4 ) , R T 0 2 W ( 4 I , N S T F 3 K ) , N £ L F 3 { 4 ) , R T 0 3 V ( 4 ),
*RT03WU) ,FM1(4,8, 2 ) ,FM2(2 , 4,8,2 ) , FM 3A( 2 ,4, 8 ,2) , FM3B (2 , <+ , 8,2 )

COMMON /ELFU/ SPRIN(2060) ,FQREF(205 ) ,NQR,NORP,NORU,NREL(4) ,
*REXU) ,NRST(4 ) ,NREU(4)

MREAD=5
MWRITE=6
MPUNCH=7
RE AD (MREAD, 1) B, DENS , I K,.MOGA, NFL ,NSFL , MM, Ml, M2
IKP1=IK-H
PIE=3.14159265
READ(MREAO,11 ) (Y( I) ,Z( I ) , ANGd ), H ( I), 1=1, IKP 1 )

II FORMAT(4E15.6)
DO 111 1-ltIKPL

III ANG( I )=ANG(I) *PIE/180.
REAO(MREAD,2 ) OELTAT ,CRIT S ,OS, P, ( E PS(L ) , SI G ( L) ,L=1,NSFL)

1 FORMAT(2E15.6/715)
2 FORMAT(4E15.6/(^E15.6) )

READ(MREAD,3) ( A X G ( K ) , K= 1, NOGA )
READ(MREAD,3 ) ( A W G ( K ) , K = 1 , N O G A )
R E A D ( M R E A D , 3 ) ( T X G ( K ) , K = 1 , N F L )
READ(MREAD,3 ) ( T W G ( K) , K = l, NFL )

3 FORMAT14F15.10)
NI=IKP1*4
REA0(MREAD, 4) NQCONO,(NBC( U*NODEBfI ) v I=1,NBCOND)

4 FORMAT19 I5 )
READ(MREAD,9 ) NQR,NORP,NORU

9 F O R M A T ( 3 I 5 )
CALL IOENT(B,DENS,NQR)

DO 70 IR=1,IK
DO 70 J=1,NOGA
RH=H( IR)*( l . -AXG(J ) )+H( IR-H)*AXG( J)
DO 70 K=l,NFL
GFL( IR,J ,K) = K H * T W G ( K ) * B / 2 .

70 G Z E T A ( I R , J , K ) = R H * T X G ( K ) / 2 .
ES(1 )=S IG( D/EPSd)
IF(NSFL-l) 77, 77,76

76 DO 78 L=2,NSFL
78 E S ( L ) = (S IG(L) -SIG(L- l ) )/( E PS ( L)-EPS (L-l) )
77 EStNSFL+1)=0.0

DO 79 L=l,NSFL
79 S N O ( L ) = E S ( 1 ) * E P S ( L )

YOUNG=ES(1)
00 71 I R = 1 , I K
DO 71 J = 1,NOGA 124



00 73
HHALF(
DO 15
I COL (I
00 16

R=1,IK
R)= (H( I
= 1,8
= 1
= 3, IKP1

00 71 K = 1,NFL
00 71 L=1,NSFL

71 A S F L ( IR , J V K,L )=GFL ( i a , J ,K ) * { E S ( L ) - E S { L + 1 ) ) / E S ( 1 )

73

15

IK2=IK4-2
IKl=IK4-3
JJ=CI-i)*4-3
ICOL( IK1)=JJ
ICOL( IK2)=JJ
ICOH IK3)=JJ
ICOL( IK4)=JJ

16 CONTINUE
INUM(1)=1
DO 99 1=2,NI

99 INUMU ) = t-ICOL(I-l)MNUM{ 1-1)
DO 990 1 = 1,NI

990 I MUM (I )=INUM( I }-ICOL(I )
NIRREG=0
INOEX=0
ISET=1
00 116 1=1 ,NI
L=ICOH i)
IFUCOLU )-ISET)117, 116,1 19

119 ISET=ICOL(I)
GO TO 116

117 NIRREG=NIRREG+1
IF(NIRREG-NI72)711,711,90

711 K R O W ( N I R R E G ) = I
NDEX(NIRREG)=INDEX

116 INOEX=INDEX+I-L
90 CALL FICOL (NI ,NI,L,ICOL)

ISIZE=L
W R I T E ( M W R I T E , 17) L

17 F O R M A T ( / , « SIZE OF ASSEMBLED M A S S OR ST IFFNESS M A T R I X = ' , I5)
CALL ELMPP(AMASS,OELTAT,AA, IS IZE,KRGW,NDEX,NIRREG, liMUM,

*OENS, YOUNG, BMASS)
IF (NQR .EQ. 0) GO TO 22
DO 23 L=l,ISIZE

23 S P R I N ( L ) = 0.0
CALL QREM(AA,AL,AXG,AWG)

DO 24 1=1,NI
24 FQREF(I)=0.0
22 IF(DS.EQ.O.O) GO TO 21

C5=1./P
C6=1. /DS/DELTAT

21 DTSQ=DELTAT**2/ (DENS*B*0. 1 )
C2=DENS*B*0.1/ (2 .*DELTAT**2)
MCRI T=0
BIG=10.**(-10)
I 8 I G = 0
IT=0
TIME=0.0

CALL IMPULSIDELTAT, AL )
RE A D ( M R F A 0 , 5 ) T B E G I N , T F I N A L , A M P IFV , AHPIFrt
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5 FORMAT UE1!3.6)
IF (TFINAL .EQ. 0.0) WR I TE ( MWR I TE , 48 )

48 FORMAT CO THERE IS NO T I M E DEPENDENT FORCE DISTRIBUTION DURING
* THIS RUN « )

I FIT FINAL .EQ. 0.0) GO TO 49
CALL L O A D E Q ( Y t Z , A N G , A L , N O G A , A X C t A W G , A A , T B E G IN,TFINAL, IK)

49 APDEN=0.0
CALL P R I N T ( I T , T I M E , H H A L F , A P O f N , F Q R E F , B M A S S , C 2 , N Q R . K R O W ,

*NDEX,NIRREG ,CINETO)
NREADF=0
T1=TBEGIN
NLOAD=2
IF(TBEGIN.GT.O.O .OR. TFI NAL .EQ. Q. C ) GO TO 120
NLOAD=1

CALL L O A D F T ( T I M E , N R E A O F , F M E C H , A L )
CALL S O L V ( AMASS,FMECH, SOL, ICOL, K R O W ,NDEX, N I, N I RREG )
DO 26 1 = 1,NI

26 DELOd )=DELD{ I ) +DTSQ*SOL( I )/2.
IFiNLOAD .EQ. 2) GO TO 120
APD=0.0
DO 46 1=1,NI

46 APD=APD+FMECH( I ) *DELD{ I )
APDEN=APDEN+APD

120 IT=IT+1
TIME=JT*DELTAT
DO 121 1=1,NI
FQREF( I )=0.0
F L V A ( I ) = 0.0

121 DISPU )=D'ISP( I) + DELD(I )
45 CALL STRESS

IFINQR .EQ. 0) GO TO 127
CALL OMULT (SPRIN,DISP, I COL, NI ,FQREF ,KROW, NOEX, NIRREG )
DO 128 1 = 1 ,NI

128 F L V A d ) = F L V A { I J + F Q R E F ( I )
127 NLOAD=2

IF(TIME.LT.T8EGIN .OR. TIME.GT.TFINAL) GO TO 122
NLOAD=1

CALL LOADFT(TIME,NREADF,FMECH,AL)
DO 123 1=1,NI

123 FLVAU )=FLVA{ I)-FMECH(I)
122 IFIN8COND .EQ. 0) GO TO 124

DO 125 I=1,NBCOND
JT4=NODEB(I)*4
F L V A ( J T 4 - 3 ) = 0 . 0
IF (NBC(I) .EQ.l .OR. N8C( I ) .EQ.2 ) FLVA{JT4-1 )=0 .0
I F ( N B C ( I J . E Q . 2 .OR. NBC( I ) ,EQ.3 ) FLVAIJT4-2)=0.0

125 CONTINUE
124 CALL SOLV( AMASS, FLVA,SOL, ICOL,KROW, NUEX,NI ,NIRREG)

DO 126 1=1,NI
126 DELDII ) = DELD( I )-SOL{ I ) *OTSQ

IF(NLOAD .EQ. 2) GO TO 41
APD=0.0
DO 42 1=1,NI

42 APD=APD+FMECH( I ) *DELD( I)
APDEN=APDEN-»-APO

41 IF(IT.EQ.l) CALL PRINT( IT ,T IME,HHALF,APDEN,FQREF,BMASS,C2 ,NOR,
*KROW,NDEX,NIRREG,CINETO)

I F ( I T - M l ) 130,140,150
140 M 1 = M H - M 2

CALL PR I N T ( I T , T I M E , H H A L F , A P D E N , F Q R E F , B M A S S , C 2 , N Q R , K R O W ,
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*NDEXf NIRREG ,C I NETO)
130 IFIIT-MM) 120,170,150
170 IF ( IB IG) 62,150,62
62 IFUSURF-2) 64,65,65
64 W R 1 T E ( M W R I T C , 6 6 ) B IG, I 6 IG , 8T I ME
66 F Q R M A T { / / / , » LARGEST COMPUTED

*INNER SURFACE MIOSPAN CF ELEMENT
GO TO 150

65 W R I T E ( M W R I T E , 6 7 ) BIG , I 8 IG , BT I ME
67 FORMAT ( / / / , « LARGEST COMPUTED

*OUTER SURFACE MIDSPAN OF ELEMENT
150 CALL E X I T

END

S T R A I N =' ,E15.6, ' OCCURS AT THE
=',13,' AT T IME ( S E C . ) =»,E15.6I

S T R A I N -• ,ni5.6i1 OCCURS AT THE
= ' f I 3 , « A T TIME ( S E C . ) = ' ,E15.6)

202

403

402

SUBROUTINE ASSEM{ IR , IK ,ELMAS,ST IFM , ICOL,NI)
***** PARTIAL RING *****
DIMENSION EL MAS (3,8) ,NN(8) ,STIFM(1 ) ,ICOL(1 )
J1=IR*4
NNCl)=Jl-3
NN12)=Jl~2
NN(3)=J1-1
NN(4)=J1
J2={ IR-«"1)*4
NN(5)=J2-3
NN(6)=J2-2
NN(7)=J2-1
NN(8)=J2
DO 402 1=1,8
M=NNU)
DO 402 J=l ,8
N=NN(J)
IF(M-N)402,403,403
CALL FICOL (M,N,L, ICOL)
S T I F M ( L ) = S T I F M { L ) * E L M A S { I , J)
CONTINUE
RETURN
END

121

123

SUBROUTINE A S S E F t I R, I K ,ELF P,F LVA )
***** PARTIAL RING *****
DIMENSION NN(8) ,FLVA(1 ) ,ELFP(1)
J 1 = I R * 4
N N ( l ) = J l - 3
NN(2)=Jl-2
N N ( 3 ) = J1-1
NN(4)=J1
J 2 = ( I R * 1 ) * 4
NN(5)=J2-3
NN(6)=J2-2
NN(7)=J2-1
N N ( 8 ) = J 2
DO 101 1 = 1 ,8
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M = NN d )
FLVA(M)=FLVA(M

101 CONTINUE
RETURN
END

15
16
17

5
13
18

20

19
21
23

12
11

SUBROUTINE IDENT(8,DENS,NQR)
***** P A R T I A L RING *****
COMMON /TAPE/ MREAO, HWR IT E ,MPUNCH
COMMON /FG/ IK,NOGA,NFL,NSFL,NI, I COL (205), NBCONO, NBC ( 4 ) ,N3 DE81 4 )

* , Y ( 5 1 ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
W R I T E I M W R I T E , 1 ) Q , DENS , IK , NOG A, NFL ,NSFL
FORMATC ***JET3C*** A S P A T I A L FINITE ELEMENT AND TEMPORAL CENTR

*AL DIFFERENCE PROGRAM1 , / ,1 USED TC CALCULATE THE NONLINEAR RESP
*ONSES OF A VARIABLE THICKNESS ARBITRARILY 1 ,
*RING W I T H THE FOLLOWING PARAMETERS ',//,

CURVED PARTIAL

*•
*«

*•
*»

*•
*«

WIDTH OF RING (IN) =«,E15.6,/ f

DENSITY (LB-SEC**2/IN**4) =',E15.6,/,
NUMBER OF ELEMENTS =«, I5 , / ,

SPANWISE GAUSSIAN PTS =',I5,/,
OEPTHWISE GAUSSIAN PTS =',I5,/,

NUMBER
NUMBER
NUMBER

IF(NBCOND

OF
OF
OF

.EQ
MECHANICAL SUBLAYERS

0) GO TO 5
DO 14 I=1,N8COND
IFCNBCd) .EQ. 1)
IF(NBCd) .EQ. 2)
IF(NBCd) .EQ. 3)
CONTINUE

SYMMETRY
CLAMPED

WRITE(MWRITE,15)
W R I T E ( M W R I T E , 1 6 )
W R I T E ( M W R I T E , 1 7 )

= ' , I 5 )

NOOEBd )
NODES i I )
NOOEBd )

NODE =• 15)
NUDE =• , 15)
NODE = f , I5)

FORMATC SYMMETRY DISPLACEMENT CONDITION AT
FORMATC CLAMPED DISPLACEMENT CONDITION AT
FORMATC HINGED DISPLACEMENT CONDITION AT
GO TO 18
WRITEIMWRITE, 13)

FORMATl / , ' THERE IS NO
IF(NQR .EQ. 0) GO TO 19
W R I T E I M W R I T E , 2 0 )
FORMATl / , ' CONSTRAINTS

* BY INPUT ')
GO TO 23
W R I T E ( M W R I T E , 2 1 )
FORMATl / , ' THERE ARE NO
IKP1=IK+1
W R I T E I M W R I T E , 11)
W R I T E I M W R I T E , 12) II, Y ( I ) , Z d ) , ANGl I ),Hd ) , 1= 1, IKP 1 )
FORMAT(2d 5,4E15.6))
FORMATl/, • NODES 7 X, «Y« ,14X, 'Z« , 12X,' SLOPE' , 3X ,'THICKNESS' ,3X,

PRESCRIBED DISPLACEMENT CONDITION')

( E L A S T I C FCUNDATION/SPRING) AS DESCRIBED

ELASTIC SPRING C O N S T R A I N T S ' )

** NGDE ' , 7X ,«Y '
RETURN
END

•Z1
f 12Xt 'SLOPE',8X,'THICKNESS')
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SUBROUTINE IMPULS (CELT AT, AL)
; ***** PARTIAL RING *****

DIMENSION A L ( 5 0 )
COMMON /FG/ IK, NOG A, NFL,NSFL,NI , ICCL(2Q5) , NBCUNO,N8C ( 4 } t N O D b B { 4 )

* , Y ( 5 1 ) , Z ( 5 1 ) ,ANG( 5 1 ) V H ( 5 1 )
COMMON / V Q / F L V A ( 2 0 5 l f O I S P ( 2 0 5 ) t D E L C ( 2 0 5 ) f S N S ( 50i3t 6 t 5 ) t

*B INP(50 ,3 ) ,8 IMP(50 ,3 )
COMMON /TAPE/ MREAD, MWR IT E ,MPUNCH
DO 50 1=1 ,NI
DELD(I )=0.0

50 DISP(I) = 0.0
DO 51 IR=1,IK
DO 51 J=1,NOGA
8INP(IR,J)=0.0
BIMP(IR,J)=0.0
DO 51 K=1,NFL
DO 51 L=1,NSFL

51 SNSMRtJt KtU-0.0
READIMREAO,! ) NV, IOTA, IOTB, IOTC

1 F O R M A T ( 4 I 5 )
W R I T E ( M W R I T E f 2 ) DELTAT

2 F O R M A T { / , » TIME STEP SIZE USED IN PROGRAM ( S E C ) =»,E15.6)
IF(NV .EQ. 0) W R I T E t M W R I T E , 4 )
IF(NV .GT. 0) W R I T E ( M W R I T E , 6 )

4 F O R M A T ( / , « THERE IS NO INITIAL IMPULSE •)
6 FORMAT( / f • IMPULSE LOADINGS HAVE EEEN SPECIFIED AS DESCRIBED BY

* INPUT •)
IF(NV .EQ. 0) RETURN
IFUOTA -EQ.O) GO TO 10
DO 20 I M = 1 » I O T A
RE AD(MREAD,2 IJ IE 1 ,1E2 ,WRAO,WRAD11ANGVl , WRA02 , ANGV2

21 FORMAT(2 I5 /5E15 .6 )
IE2M1=IE2-1
DO 22 I I = 1 , I E 2 M 1
I = IE1-HI

22 OELDl1*4-2 )=OELTAT*WRAD
DELDU E 1*4-2 ) =DELTAT*WRAD 1
DELD( IE1*4-D=DELTAT*ANGV1
IE2P1=IE1*IE2
DELD(IE2Pi*4-2 )=DELTAT*WRAD2
DELO( IE2Pi*4-l) = DELTAT*ANGV2

20 CONTINUE
10 IFdQTB .EQ. 0) GO TO 41

DO 30 I M = 1 , I O T B
R E A D { M R E A D , 3 1 ) NODEV,V R A D , W R A D , A N G V

31 F O R M A T U 5 ,3E15.6)
D E L D ( N O D E V * 4 - 3 ) = D E L T A T * V R A O
Dt LD {N ODE V*4- 2)= DELTAT* WRAD
DELD(NODEV*4-1 )=OELTAT*ANG V

30 CONTINUE
41 IF (IOTC .EQ. 0) GO TO 60

DO 61 IM=1,IOTC
R E A O ( M R E A D , 6 2 ) I S 1 . I S 2 . W R A D

62 FORMAT (215 ,E15.6)
TX=0.0
DO 65 NN=1»IS2

= I - * N N 1 2 9



IF (NE .GT. IK) NE=NE-IK
65 T X = T X + A L ( N E )

P IEP=3.14159265 /TX
D6LD( IS1*4-1 )=WRAD*DELTAT*PIEP
XX=0.0
DO 63 I 1 = 1, IS 2
I M S 1 + I I
N6=I-1
IF(NE .GT. IK) N£=NE-IK
X X = X X + A L ( N E )
O f c L D ( I * 4 - 2 ) = W R A D * D E L T A T * S I N ( P I E P * X X )

63 OELD(I*4-1) = WRAO*OELTAT*P I EP*COS ( PI EP*XX )
61 CONTINUE
60 IFJNBCONO .EQ.O) RETURN

00 40 1=1, NBCOND
JT4=NODEB( I)*4
DELD( JT4-3 )=0.0
IFINBCID.EU.I .OR. NBC(I ) .EQ.2) DELDi JT4-1 )=0 .0
IF (NBCd ).EQ.2 .OR. NBC(I ) .EQ.3) OELD{ JT4-2) =0.0
CONTINUE
RETURN
END

SUBROUTINE PRINT( IT ,T IME,HHALF,APOEh,FQREF,BMASS,C2 ,NQR,KROW,
*NDEX,NIRREG,CINETO)

***** PARTIAL RING *****
DIMENSION COPY151) ,COPZ ( 5 1) ,HHALF { 5C) , BEPSJ 3) , EPS I { 50 ) , EPSO{ 50 )

* t F y R E F l l ) , B M A S S ( l ) , KRQW (1) , NOEX { 1) , C INE (205 ) ,FA IL I { 50 ) , FAILO ( 50)
COMMON /FG/ IK,NOGA,NFL,NSFL,NI,ICCL(205), NBCONO, N8C (4 ) ,NODEB{ 4 )

* f Y ( 5 1 It Z (5 i ) , ANG(51 l t H( 51)
COMMON /HM/ YOUNGt D S , C 5 f C 6 , A S F L ( 5 0 » 2 t 6 t 5 ) , GZET A{ 50 ,3 , 6 ) , SNO( 5)
COMMON / V Q / F L V A ( 2 0 5 ) , 0 1 S P ( 2 0 5 ) , D E L D ( 2 0 5 ) , S N S ( 5 0 , 3 , 6 , 5 ) ,

*3INP(50,3) ,B IMP{50»3)
COMMON /BA / BEP(50,3 ,3 ,8) , A L J 5 0 ) , AXG (3 ) , AWG ( 3)
COMMON /SC/ MCRITtCRITStBIG, IB IG,BTIME, ISURF
COMMON /TAPE/ MREAD, MWR IT E ,MPUNCH
DATA A S T E R / ' S ' / t B L A N K / 1 « /
DO 700 1=1,NI

700 C I N E ( I 1=0.0
CALL OMULT (BM ASS, DEL 0, I COL ,NI ,C I NE , KROW,NOEX, N IRREG )
CI NET = 0.0
DO 701 1=1,NI

701 CINET = CINET+OELO(I )*CINE( I )
CINET=CINET*C2
IF(IT .EQ. 0) CINETO = CINET
ELAST=0.0
DO 702 IR=1,IK
DO 703 J=1,NOGA
SUM=0.0
DO 704 K=1,NFL
DO 704 L=1,NSFL

704 SUM=SUM*SNS(IR,J ,K,L)**2*ASFL ( IR,J,K,L)
703 E L A S T = E L A S T + S U M * A W G ( J ) * A L I I R )
702 CONTINUE

SPDEN=0.0
I F ( N Q R .EO. 0) GO TO 31
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DO 32 1=1 ,NI
32 SPDEN=SPDEN+DISP( I ) *FQREF( I )

SPDEN=SPOEN/2.
31 ELAST=£LAST/YOUNG/2.

C1NETT=CINETO+APD£N
PLAST=CINETT-CINET-ELAST-SPDEN
W R I T E t M w R I T E , 1) I T , T I M E , C I N E T T , C I N E T , E L A S T , P L A S T

1 FORMAT ( / / / / / / , « J = " , I5, ' T IME ( S E C . ) =',E15.6,/,
*' TOTAL ENERGY INPUT (IN.-L8.J = ' ,E15.6, / f

*• KINETIC ENERGY (IN.-LB.) = f ,Ei5.6,/,
*' ELAST IC ENERGY (IN.-LB.) =',E15.6,/,
*• P L A S T I C WORK UN.-LB.) =',E15.6)

IFtNQR .EQ. 0} GO TO 33
W R I T E ( M W R I T E , 3 4 ) SPDEN

34 FORMAT {• ENERGY S T O R E D IN THE E L A S T I C R E S T R A I N T S ( IN.-LB. t =•
*E15.6)

33 IKP1=IK+1
DO 11 1=1, IKP1
COPY( I ) = Y{ I )+DISPU*4-3 ) *COS(ANG{ I ) )-DISP{ 1*4-2 ) *S IN (ANGl I ) )

11 C O P Z t I ) = Zt I )+OISP( I *4 -3 ) *S IN(ANG( I ) )+DISP( I * 4 - 2 ) * C O S ( A N G ( I J }
DO 601 IR=1,IK
DO 604 1=1,3
B E P S ( I ) = 0.0
DO 604 K=l ,8
INDEX=UR-1)*4+K

604 8EPS ( I J=8EPS( I )+8EP( IR , 2, I ,K > *DI SP ( INDEX)
FARE = BEPS( l) + 3EPS{2 ) * *2 /2 .
FCUR=BEPS(3)
EPSI ( IR )=FARE-HHALF( IRJ*FCUR
EPSO( IR) = FARE+HHALF{ IR)*FCUR

601 CONTINUE
DO 60 IR=1 ,IK
I F ( E P S K I R ) .LE. BIG) GO TO 61
BIG=EPSI ( IR )
IBIG=IR
ISURF=1
BTIME=TIME

61 I F ( E P S Q ( I R ) .LE. BIG) GO TO 60
BIG=EPSO( IR)
I B I G = I R
ISURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E , 2 )

2 F O R M A T ( / , « I « , 5X, 'V illX, ' W f , 9X, «PSI ' . ^ X t ' C H P ,10X, 'COPY ' ,
*3X, ' C O P Z S g X t ' L S l l X f ' M ' ,7 X,« S T R A I N (IN) ' ,4X, ' S T R A I N (OUT )• )

I F ( M C R I T .GT. 0) GO TO 50
DO 51 1 = 1, IK
FAILK I ) = BLANK
FAILOU )=BLANK
IF(EPSKI) .LT. C R I T S ) GO TO 52
FAILK 1) = A S T E R
IF1MCRIT .GT. 0) GO TO 52
MCRIT=1

52 I F ( E P S O ( I ) .LT. C R I T S ) GO TO 51
F A I L O t I ) = A S T E R
IF IMCRIT .GT. 0) GO TO 51
MCRIT=1

51 CONTINUE
IF IMCRIT .LE. C) GO TO 50

131



DO 53 1 = 1 , IK
53 W R I T E t M W R I T E , 54) I ,D ISP( I *4 -3 ) ,U ISP( I *4 -2 ) ,Q ISP( 1*4-1) , O I S P ( 1*4) ,

*COPY(I ) , C O P Z ( I ) ,BINP( I, 2), BIMP( 1 ,2) , FPSH I ) , FA ILK I ),
*EPSO( I ) ,FAILO( I )

54 FORMAT( I5 ,9E12.4 ,A2,E12.4 ,A2)
W R I T E ( M W R I T E , 5 4 ) IKP1,OISP( £KP 1*4-3) ,OISP{ IKP 1*4-2) ,0 [ SPUK Pl*4-1)

*,DISPUKP1*4) ,COPY( IKPi) ,CGPZUKP1)
W R I T E ( M W R I T E , 5 5 ) ASTER

55 F O R M A T ( / / , 5 X , A 2 , ' S T R A I N EXCEEDS THE C R I T I C A L V A L U E ' )
RETURN

50 DO 21 1 = 1, IK
21 W R I T E I M W R I TE,22) I ,DISP(I*4-3) ,DISP( 1*4-2) ,OISP (I*4-1),DISP (1*4),

*COPY(I ) ,COPZ( I ) ,BINP( I ,2),BIMPU,2) ,EPSI{ I ) , EPS 0(1 )
22 FURMAT(I5,9E12,4,2X,E12.4)

W R I T E ( M W R I T E , 2 2 ) IKP1,DISP( IKP 1*4-3) ,DISP( IK PI* 4-2) ,OISP(IKP1*4-1)
* ,D ISP( IKP i *4 ) ,COPY( IKP1) ,COPZ1IKP1)

RETURN
END

C JET3C MAIN PROGRAM FOR VARIABLE THICKNESS ARBITRARILY CURVED RING
C JET3C CENTRAL DIFFERENCE OPERATOR
c ***** COMPLETE RING *****

DIMENSION A M A S S ( 2 0 6 0 ) , AA{ 50,8,8) , T X G ( 6 ) , T W G ( 6 ) ,ES(6 ) ,GFL(50 ,3 ,6 ) ,
*SOL(205) , INUM(205) ,FMECH(205) ,HHALF J50) , K R O W ( 8 ) ,NDEX(8) ,
*BMASS(2060) , E P S ( 5 ) , S I G { 5 )

COMMON /TAPE/ MREAD, MWR IT E ,MPUNCH
COMMON /FG/ IK,NOGA, NFL,NSFL,NI, ICOL (205 ), NHCOND, NBC ( 4 ) ,N3DE8( 4)

* , Y ( 5 1 ) , Z { 5 i ) , A N G ( 5 1 ) , H ( 5 1 )
COMMON /HM/ YOUNG,OS,C5 ,C6 ,ASFL( 50,3,6,5) , G Z E T A ( 5 0 , 3 , 6 ) , S N Q ( 5 )
COMMON / V Q / FLVA1205) , DIS P (205 ) , OELC(205 ) , SNS ( 50,3 ,6 ,5) ,

*B INP(50,3) ,B IMP(50,3)
COMMON /BA/ B E P ( 5 0 , 3 * 3 t S ) , A L ( 5 0 ) , A X G ( 3 ) , A w G ( 3 )
COMMON /SC/ MCRIT,CRITS,BIG, IB IG,8T IME , ISURF
COMMON /FORCE/ T 1 » A M P 1 F V , A M P 1 F W , T 2 , A M P 2 F V , A M P 2 F W , S L O P E V ,SLOPEW,

* A M P F V , A M P F W , N O F T 1 , N O F T 2 , N O F T 3 , J E L E M ( 4 ) , E T A ( 4 ) , R T Q V ( 4 ) , R T O W ( 4 ) ,
*NSTF2(4 ) ,NELF2(4 ) ,RT02V{4 ) , R T 0 2 W ( 4 ) ,NSTF3{4) , NE LF3 t 4 ) , RTU3V (4 ) ,
* R T 0 3 W { 4 ) ,FM1(4,8,2) ,FM2 (2, 4,3,2) , FM3A{ 2 ,4, 8 , 2) , FM3B ( 2 , 4 , 8,2 )

COMMON /ELFU/ SPRIN12060) , FOREF { 205 ) ,NQR, NORP, N'ORU ,NREL (4) ,
* R E X 1 4 ) , N R S T { 4 ) , N R E U ( 4 )

MREAD=5
MWRITE=6
MPUNCH=7
RE AD (MREAD,! ) B,DENS , I K,NOGA, NFL ,NS FL , MM, Ml , M2
IKP1=IK+1
PIE=3.14159265
READ (MREAD,! 1) ( Y( I) ,Z ( I) , ANG ( I ),HU), 1 = 1, IK)

II FORMAT(4E15,6)
DO 111 1=1, IK

III ANG( I)=ANGU ) *PIE/1SO.
Y( IKP1)=Y( 1)
Z ( I K P 1 ) = Z ( 1 )
H( IKP1)=H(1) 132



ANG( IKP1)=ANG( 1)
R E A O ( M R E A D , 2 ) D E L T A r , C « i r S i O S , P , ( e P S { L l , S I G { L ) , L = l , N S F L )

1 F O R M A T (2E15. 6 / 7 1 5 )
2 FORMAT(4E15 .6 / (4E15 .6 ) )

READIMREAD,3) ( AXG{ K > , K= 1, NOGA )
R tAD(MREAD,3 ) ( A W G ( K ) ,K=1, NGGA)
R E A D ( M R E A D , 3 J I T X G ( K) ,K=1,NFL)
R E A O ( M R E A D , 3 ) ( T W G ( K ) ,K=1,NFL)

3 F O R M A T K F 1 5 . 1 0 )
N I = I K * 4
R E A D ( M R E A D , 4 ) NQCOND, (NBC( I ) , NOOEB ( I) , I=1,NBCOND)

4 FORMAK9I5)
R E A O ( M R E A D , 9 ) NQR f NORP , NORU

9 F O R M A T ( 3 I 5 )
CALL IDENT(B,OENS,NQR)

DO 70 IR=1»IK
DO 70 J=1,NOGA
RH=H( IR}* { l .-AXG(Jn+H{IR + l )*AXG( J)
DO 70 K=l f NFL
GFL( I R , J , K ) - R H * T W G ( K ) * 8 / 2 .

70 GZEIA( IR, J ,K )=RH*TXG(K )/2.
E S ( 1 I = S I G ( 1 ) / E P S ( 1 )
IF(NSFL-l) 77, 77t 76

76 DO 78 L=2,NSFL
78 E S < L ) = lSIG<L)-SIG{L-m/<EPS(L)-EPS<L- lM
77 ES(NSFL+1)=0.0

DO 79 L=1,NSFL
79 SNO(L )=ES l l ) *EPS(L )

YOUNG=ES( 1 )
DO 71 IR=1 ,IK
DO 71 J=1,NOGA
DO 71 K=1,NFL
DO 71 L=1,NSFL

71 ASFLl IR,J,K,L ) =GFL ( I R , J ,K ) * ( E S ( L ) - £ S { L + 1 ) ) / E S ( 1 )
DO 73 IR=1,IK

73 HHALF{ IR ) = (H{ IR+ 1 ) +H ( I R) ) /2. /2.
DO 15 1=1,8

15 I C O L ( I ) = i
I K M 1 = I K - 1
DO 16 1 = 3, IKM1

I K 2 = I K 4 - 2

JJ=( I-
ICOLt IK1)=JJ
ICOL( IK2)=JJ
I C O L ( I K 3 ) = J J
I C O L ( I K A ) =JJ

16 CONTINUE

ICOH
ICOL ( IK*4-2)=1
ICOL( IK*4-3)=1
I M U M t 1 )=1
DC 99 1=2, M

99 INU.MC I ) = I-ICCLU-1 )-HNUM( I -1 )
DO 990 I=1,NI

990 INUMC I ) = INUM{ I J-1COH I )
NIRREG=0
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INDEX=0
ISET=1
DO 116 I = 1 , N I
L = I C Q L { I }
I F ( ICOLU) - ISET) l l 7 v l l 6 f l l 9

119 I S E T = I C O L ( I )
GO TO 116

117 NIRREG=NIRREG+1
IF(NIRREG-NI/2)71l,7i l ,90

711 KRCW(NIRREG)=1
NDEX(NIRREG)= INDEX

116 INDEXMNDEX+I-L
90 CALL F ICOHNI ,NI ,L,ICGL)

ISIZE=L
W R I T E 1 M W R I T E , 1 7 ) L

17 F O R M A T t / , ' SIZE OF A S S E M B L E D M A S S OR ST IFFNESS M A T R I X =« , I5 )
CALL E L M P P ( A M A S S , D E L T A T , A A , I S IZE,KROW,NOEX,NIRREG,INUM,

*DENS,YOUNG ,8MASS)
IF (NQR .EQ. 0) GO TO 22
DO 23 L=l, IS I ZE

23 SPRIN(L)=0 .0
CALL Q R E M ( A A , A L , A X G , A W G )

DO 24 1=1 ,NI
24 FQREF(I )=0.0
22 IF(DS.EQ.O,0) GO TO 21

C5=1./P
C6=1./DS/DELTAT

21 DTSQ=OeLTAT**2/(DENS*B*0.1)
C2=f)ENS*B*Q.l / (2.*DELTAT**2)
MCRIT=0
BIG=10.**(-10)
I B I G = 0
IT=0
TIME=0.0

CALL IMPULS(DELTAT,AL)
R E 0 D ( M R E A C , 5 ) TBEG IN , T F INAL, AMP1 FV , AMP 1FW

5 FORMAT(4E15.6)
IF(TFINAL .EQ. 0.0) HR I TE ( MWR ITE , 48 )

48 F O R M A T ( » 0 THERE IS NO TIME DEPENDENT FORCE DISTRIBUTION DURING
* THIS RUN ')

IF(TFINAL .EQ. 0.0) GO TO 49
CALL L O A D E Q ( Y t Z t A N G t A L , N O G A , A X G , A W G , A A , T B E G I N , T F I N A L )

49 APDEN=0.0
CALL P R I N T ( I T , T I M E , H H A L F , A P D F N , F Q R E F f B M A S S , C 2 » N Q R , K R O W ,

*NDEX,NIRREG,CINETO)
NREADF=0
T1=TBEGIN
NLOAD=2
IF (TBEGIN.GT.0.0 .OR. TFJ N AL . EQ.O. 0 ) GO TO 120
NLOAD=1

CALL LOADFT(T IME,NREADF,FMECH,AL )
CALL SOLV l AMASS,FMECH, SOL, ICOL , KROW ,NDEX, N I ,N I RREG )
DO 26 1=1,NI

26 OELD( I ) = DELD( I )*DTSQ*SOL( I )/2.
IFtNLOAD .EQ. 2) GO TO 120
APD=0.0
DC 46 1=1,NI

46 APD=APD+FMECH( I ) *OELQ( I )
APDEN=APDEN+APD

120 IT = IT-H 134
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T I M E = I T * D E L T A T
DO 121 1 = 1 ,NI

< 121

40
45

120
127

123
122

125
124

126

42

41

140

130
170
62
64
66

65
67

150

I )=0.0
) = 0.0
) = D I S P ( l U D E L D U )
K = l , 4

FQREF(
F L V A U
D I S P ( I
DO 40
D I S P I I
DELD( IK*4-«-K)=DELD(K}
CALL S T R E S S
I F t N Q R .EQ. 0) GO TO 127
CALL OMULT(SPRIN,DISP, ICOL.NI ,F QREF ,KROW , NDEX , NIRREG)
DO 128 I = 1 , N I
F L V A t I )=FLVA( I )+FQREF( I)
NLOAD=2
I F { T IME.LT.TBEGIN .OR. T I M E . G T . T F I N A L ) GO TO 122
NLOAD=1

CALL L O A D F T ( T I M E , N R E A D F , F M £ C H , A L )
DO 123 1=1 ,NI
F L V A ( I ) = F L V A ( I )-FMECH( I )
IFtNBCOND .EQ. 0) GO TO 124
DO 125 I = 1 , N B C O N D
JT4=NODEB( I)*4
FLVA(JT4-3)=0.0
IF(NBCU) .EQ.l .OR. NBC( IJ .EQ.2 ) F L V A t JT4-1 ) = 0 .0
IF(NBC( I ) .EQ.2 .OR. NBC( I ) .EQ.3) F L\,A( JT4-2) =0.0
CONTINUE
CALL S O L V t A M A S S , F L V A , S O L , I C O L , K R O W , NDEX,NI ,NIRREG)
DO 126 1 = 1 ,NI
DELDd )=DELD( 1 )-SOL(I) *DTSG
IFtNLOAD .EQ. 2) GO TO 41
APD=0.0
DO 42 1=1,NI
APO=APD+FMECH(I ) *OELD( I )
APDEN=APDEN+APD
IFUT.EQ. 1) CALL PRINT( IT ,T IME,HHALF ,APDEN,FQREF,8MASS,C2 ,NQR,

*KRQW,NDEX,NIRREG,CINETO)
I F U T - M 1 ) 130,140,150
M l = M l + M 2

CALL PR iNT t IT ,TIME,HHALF,APDEN,FQREF, BHASS, C2, NQ R, K R O W ,
*NDEX,NIRRFG,CINETOJ

I F ( I T - M M ) 120,170,150
I F ( I B I G ) 62,150,62
IFUSURF-2) 64,65,65
W R I T E { M W R I T E , 6 6 J BIG,I BIG,BTIME
F O R M A T l / / / , 1 LARGEST COMPUTED

*INNER SURFACE MIDSPAN OF ELEMENT
GO TO 150
W R I T E ( M W R I T E , 6 7 ) B IG , I B IG , BTI ME
F O R M A T t / / / , ' LARGEST COMPUTED

*CUTER SURFACE MIDSPAN OF ELEMENT
CALL EXIT
END

S T R A I N =«,E15.6, 1 OCCURS AT THE
AT TIME ( S E C . ) =«,E15.6)= ',13, '

S T R A I N = ' ,E15.6, ' OCCURS AT THE
= l i I3t l AT T I M E ( S E C . ) = ' ,E15.6)
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SUBROUTINE A S S E M { I R , I K , E L M A S , S T I F M , ICOL,NI)
; ***** COMPLETE RING *****

DIMENSION E L M A S ( S f S ) t N N ( 8 ) tSTIFMd } ,ICOL{1 )
J 1 = I R * 4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
NN13)=J1-1
NN(4)=J1
I F ( I R - I K ) 203,204,204

203 J2 = UR + 1)*4
N N ( 5 ) = J 2 - 3
N N ( 6 ) = J 2 - 2
N N ( 7 ) = J 2 - 1
N N ( 8 ) = J 2
GO TO 202

204 N N ( 5 ) = 1
N N ( 6 ) = 2
N N { 7 ) = 3
N N ( 8 ) = 4

202 DO 402 1=1,8
M = N N ( I )
DO 402 J=l,8
N=NN(J)
IF(M-N)402,403,403

4C3 CALL FICOL (M,N,L,ICOL)
S T I F M { L ) = STIFM(L)+ELMASU ,J)

402 CONTINUE
RETURN
END

SUBROUTINE ASSEF l IR , IK ,ELFP ,FLVA)
***** COMPLETE RING *****
DIMENSION NN( 8 ) , F L V A ( 1 ) ,ELFP(1)
J1=IR*4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
NN(3 )=J1 -1
N N ( 4 ) = J 1
I F U R - I K ) 121,122,122

121 J 2 = ( I R + 1 ) * 4
N N ( 5 ) = J 2 - 3
N.N16 ) = J2-2
N N ( 7 ) = J 2 - 1
N N ( 8 ) = J 2
GO TO 123

122 N N { 5 ) = 1
N N ( 6 ) = 2
N N ( 7 ) = 3
N N ( 8 ) = 4

123 DO 101 1=1,8 136



M = N N ( I )
F L V A ( M ) = F L V A ( M ) + E L F P ( I

LCI CONTINUE
RETURN
6 NO

14
15
16
17

5
13
18

20

19
21
23

12
11

SUBROUTINE I DENT ( B,DENS,NQR)
***** COMPLETE RING *****
COMMON /TAPE / MREAO,MWRITE,MPUNCH
COMMON /FG/ IK ,NOGA,NFL ,NSFL ,N I , ICOL(205 ) ,NBCOND,NBC(4 ) ,NODEB(4 )

* , Y ( 5 1 ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
W R I T E t M W R I T E , 1) B , DE NS , IK , NOGA ,NFL , NSFL
FORMATC ***JET3C*** A S P A T I A L FINITE ELEMENT AND TEMPORAL CENTR

*AL DIFFERENCE PROGRAM' , / , ' USED TC C A L C U L A T E THE NONLINEAR RESP
*CNSES OF A V A R I A B L E THICKNESS A R B I T R A R I L Y 1 , / , ' CURVED COMPLETE
*RING WITH THE FOLLOWING P A R A M E T E R S ',//,
*' WIDTH OF RING (IN) =',E15.6,/,
*' DENSITY (LB-SEC**2/ IN**4) =',E15.6,/,
*' NUMBER OF ELEMENTS =', I5,/,
*• NUMBER OF SPANWISE GAUSSIAN PTS =',I5,/,
*' NUMBER OF DEPTHWISE GAUSSIAN PTS =«, I5, / ,
*' NUMBER OF MECHANICAL SUBLAYERS =' , I5)

IF(NBCOND .EQ. 0) GO TO 5
DO 14 I = 1 , N B C O N D
IF(NBCd) .EQ. 1)
IF(NBCd) .EQ. 2)
IF(NBCd) .EQ. 3)
CONTINUE
FORMATC SYMMETRY
FORMATC CLAMPED
FORMATC HINGED
GO TO 18
« R I T E ( M W R I T E , 1 3 )

F Q R M A T ( / , ' THERE IS NO
IFINQR .EQ. 0) GO TO 19
W R I T E ( M W R I T E , 2 0 )
F O R M A T t / , ' C O N S T R A I N T S

* BY INPUT ')
GO TO 23
W R I T E ( M W R I T E , 2 1 )

W R I T E ( M W R I T E , 1 5 )
W R I T E ( M W R I T E , 1 6 )
W R I T E ( M W R I T E , 1 7 )

DISPLACEMENT
DISPLACEMENT
DISPLACEMENT

.) NOOEBd )

.) NODEB( I )
) NODES (I)

CCNDITION AT
CONDITION AT
CONDITION AT

NODE
NODE
NODE

= ' , 15)
=' ,15)
=', 15)

PRESCRIBED DISPLACEMENT CONDIT ION ' )

( E L A S T I C FCUNDATION/SPRING) AS DESCRIBED

F O R M A T ( / THERE ARE NO E L A S T I C SPRING C O N S T R A I N T S ' )

W R I T E I M W R I T E , 11)
W R I T E ( M W R I T E , 12) ( I ,Y( I ), Z ( I ) , A N G ( I ),H ( I ) , 1 = 1, IKP 1 )
F O R M A T ( 2 ( I 5,4E15.6))
F O R M A T ( / , '

*' NODE' ,7X,
RETURN
END

NODE' ,7X, Y',14X,'Z1,12X,'SLOPE',SX,'THICKNESS',3X,
14 X , ' Z ' , 1 2 X , ' S L O P E ' , 8 X , ' T H I C K N E S S ' )

SUBROUTINE IMPUL S (DE LT AT, A L)
COMPLETE RING ***** 137



DIMENSION A L ( 5 0 )
COMMON /FG/ IK ,NOGAf NFL,NSFL,NI , I COL (2 05) , NbCOND, N UC ( 4 ) , N O D t a ( 4 )

* , Y ( 5 1 ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
COMMON / V O X F L V A ( 2 0 5 ) , O I S P ( 2 0 5 ) , O E L C ( 2 0 5 ) ,SNS( 50,3,6,5 ) ,

*BINP(50,3) , B I M P ( 5 0 t 3 )
COMMON /TAPE/ MREAO, M W R I T E ,MPUNCH
DO 50 1=1, NI
DELDU )=0.0

iO O I S P ( I ) = 0.0
DO 51 IR=1 ,IK
DO 51 J=l ,NOGA
BINPdR, J )=0.0
BIMP( IR,J)=0.0
DO 51 K=1,NFL
00 51 L=1,NSFL

51 SNS(IR,J,K,L) =0.0
READ(MREAO,1 ) NV, IOTA, IOTB ,IOTC

I FORMAT (415)
W R I T E ( M W R I T E , 2 ) DELTAT

> F O R M A T t / , ' TIME STEP SIZE USED IN PROGRAM ( S E C ) = ',E15.6)
IF(NV .EQ. 0) W R I T E ( M W R I T E , 4 )
IF(NV .GT. 0) WRI T E ( M W R I T E ,6)

i FORMAT ( / ,« THERE IS NO INITIAL IMPULSE •)
b FORMAT! / , 1 IMPULSE LOADINGS HAVE BEEN SPECIFIED AS DESCRIBED 8Y

* INPUT •)
IF(NV .EQ. 0) GO TO 43
IFUOTA .EQ.O) GO TO 10
DO 20 I M = 1 , I O T A
READ(MREAD,21 ) I E I , I E2 , WRAD, WRAD1, ANGV1 ,WR AD2 , ANGV2

Zl FORMAT (2I5/5E 15.6)
IE2M1=IE2-1
DO 22 I I = 1 , I E 2 M 1

I F ( I .GT. I K ) I = I - I K
22 D E L D l I * 4 - 2 ) = D E L T A T * W R A D

DELDl IE1*4-2)=DELTAT*WRAD1
DELD( I El*4-l ) =DELTAT*ANGV1
I E 2 P i = I E l + I E 2
I F U E 2 P 1 .GT. I K ) I E 2 P 1 = I E 2 P 1 - I K
OELD( IE2P1*4-2J=DELTAT*WRAD2
DELD( IE2Pl*4-l )=DELT AT *ANGV2

20 CONTINUE
10 IFdOTB .EQ. OJ GO TO 41

DO 30 IM=1,IOTB
READ(MREAD,31 ) NODEV,VRAO, KRAD,ANGV

31 FORMAT (15, 3E 15. 6)
DELO(NODEV*4-3 ) = DELT AT *VRAD
OELD(NODEV*4-2)=DELTAT*WRAD
DELD(NODEV*4-1 )=OELT AT*ANGV

30 CONTINUE
*1 IFdOTC .EQ. 0) GO TO 60

DO 61 IM=1 , I O T C
R E A D ( M R E A D , 6 2 ) I S 1 , I S 2 , W R A D

b2 FORMAT(2I5 ,E15.6)
TX=0.0
DO 65 NN=1,IS2
NE=( ISl-1 )*NN
IFtNE .GT. IK) NE=NE-IK

E»5 TX=TX*AL(NE)
PIF.P=3.14159265/TX
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DELD( IS1*4 -1 )=WKAO*DELTAT*P [EP
XX=0.0
00 63 1 1 = 1 , I S 2
1=151 + 11
N E = I - 1
I F ( I .GT. IK) I = I - I K
IF(NE ,GT . IK) NE=NE-IK
X X = X X + A L ( N E )
DELDU*4 -2 )=WRAD*DELTAT*S IN(P I tP*XX)

63 DELDl1*4-1 ) = W R A O * D E L T A T * P I E P * C O S ( P I E P * X X )
61 CONTINUE
60 IFINBCQND .EQ.O) GO TO 43

UO 40 1 = 1 , N 8 C O N D
JT4=NODEB( I)*4
OELD(JT4-3)=0.0
IF INBCU).EQ.1 .OR. N B C ( I ) . E Q . 2 ) DELD{JT4-1) = 0 .0
IF ( N B C C I J .EQ.2 .OR. NBCUJ .EQ.3 ) 0ELD{JT4-2)=0.0

40 CONTINUE
43 DO 44 K=l,4

OISP( IK *4+K)=OISP(K )
44 OELO(IK*4 + K) = DELD(K)

RETURN
END

SUBROUTINE PR I NT ( IT,TI ME,HHALF , A PDEt\ .FQREF , BMASS , C2 , N Q R f K R O W ,
*NOEX, NIRREG.CINETO)

; ***** COMPLETE RING *****
DIMENSION C O P Y ( 5 1 ) , C O P Z ( 5 1 J , H H A L F ( 5 C ) , B E P S ( 3 ) , E P S I ( 5 0 ) ,EPS 0(50)

* , F Q R E F ( 1 ) , B M A S S ( I ) , K R O W ( 1 ) ,NDEX(1 ) ,C I N E ( 2 0 5 ) , F A I L I ( 5 0 ) , F A I L O { 5 0 )
CUMMON /FG/ IK,NOGA»NFL,NSFL,NI , I C C L ( 2 0 5 ) , NBCOND, NBC (4 ) ,NO DEBt 4 )

* ,Y (5 l ) ,Z (51 ) ,ANG(51) ,H( 51)
COMMON /HM/ Y O U N G t O S t C 5 , C 6 , A S F L ( 5 0 , 3 , 6 , 5 ) , G Z E T A { 5 0 , 3 , 6 ) , S N O ( 5)
COMMON / V Q / F L V A ( 2 0 5 ) , D J S P ( 2 0 5 ) , D E L C ( 2 0 5 ) , S N S ( 5 0 , 3 , 6 , 5 ) ,

*BINP(50,3) ,8 IMP(50 ,3 )
COMMON /BA / B E P ( 5 0 , 3 , 3 , 8 ) ,AL (50 ) , AXG (3 ) , A W G ( 3)
CUMMON / S C / M C R I T , C R ITS,BIG, I B IG , BT IME , I SURF
COMMON /TAPE/ MREAD, MWR IT E ,MPUNCH
DATA A S T E R / 1 * ' / , B L A N K / ' ' /
00 700 1=1rNI

7CO C I N E ( I ) = O . C
CALL OMULT (BMASS, DEL D, I COL ,NI,CINE , KROW,NDEX, N IRREG )
CINET=0.0
00 701 1=1 ,NI

7C1 CINET-CINET+DELD(I)*CINE( I )
CINET=CINET*C2
IF(IT .EQ. 0) CINETO=CINET
ELAST=0.0
DO 702 IR=1,IK
DO 703 J=1,NOGA
SUM=0.0
DO 704 K=l ,NFL
DO 704 L=i,NSFL

7C4 SUM=SUM*SNS(I R , J , K t L ) * * 2 * A S F L ( I R , J , K , L )
703 F L A S T = E L A S T + S U M * A W G ( J) *AL { IR)
702 CONTINUE

SPDEN = 0.0
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IF ( N Q R .EQ. 0) GO TO 31
00 32 1=1, NI

32 S P D E N = S P D E N + D I S P ( I ) * F y R E F ( I )
SPOEN=SPDEN/2.

31 ELAST=ELAST /YOUNG/2 .
CINETT=CINETO+APDEN
PLASTICINE TT-C INET-ELAST-S PDF.N
W R I T E ( M W R I T E , 1 ) IT ,TIME,Cl NETT, CI NET.ELAST ,PLAST

I F O R M A T C 1 J=' , I5,« TIME ( S E C . ) =«,E15.6,/,
*' TOTAL ENERGY INPUT (IN.-LB.) =',E15.6,/,
*• K INETIC ENERGY (IN.-Ld.) = f,E15.6,/,
*' ELASTIC ENERGY (IN.-LB.) = ' ,E15.6,/ f

*• P L A S T I C WORK (IN.-LB.) =«,E15.6)
IF(NQR .EQ. 0) GO TO 33
W R I T E ( M W R I T E , 3 4 ) SPOEN

34 FORMAT (• ENERGY STUREO IN THE E L A S T I C R E S T R A I N T S (1N.-LB.) =•

33 DO 11 1=1, IK
COPY (I )=Y( I) + DISP( I *4-3)*COS(ANG( I ) )-DISP( I *4-2) *S IN ( ANGl I ) )

11 COPZd ) = Z( I) + DISP( I*4-3)*SIN( ANGd J )+DISP( 1*4-2) *COS ( ANG( I ) )
DO 601 IR=1, IK
DO 604 1=1,3
BE PS (I )=0.0
DO 604 K=l,8
INDEX=(IR-1)*4+K

604 BEPS( I) = 8EPS( I ) + BEP( IR ,2, I .VK)*DI SP ( INDEX)
FARE=BEPS { 1 ) + BEPS ( 2) **2/2 .
FCUR=BEPS{3)
EPSI(IR)=FARE-HHALF{ IR)*FCUR
EPSOIIR) = FARE+HHALF( IR)*FCUR

601 CONTINUE
DO 60 IR=1,IK
IF(EPSKIR) .LE. BIG) GO TO 61
B I G = E P S I ( I R )
I B IG= I R
I SURF = 1
B T I M E = T I M E

61 I F ( E P S O I I R ) .LE. B I G ) GO TO 60
B I G = E P S O ( I R )
I B I G = I R
ISURF=2
BTIME=TIME

60 CONTINUE
i « R I T E { M W R I T £ , 2 )

2 F O R M A T ! / , * I ' , 5X, • V« ,1 1 X, f W« , 9X , 'PS I • ,9X , «CHI • , 10X , 'COP Y« ,
*3X, 'COPZ' ,9X, ' L',HX, «M«. t 7 X,1 STRAIN ( IN) « ,4X, * STRAIN (OUT )* )

IF(MCRIT ,GT. 0) GO TO 50
DO 51 1 = 1, IK
FAIL I ( I )= BLANK
FAILO( I )=8LANK
I F ( E P S K I ) .LT. C R I T S ) GO TO 52
FAIL! ( I )=ASTER
I F ( M C R I T .GT. 0) GO TO 52
M C R I T = 1

52 I F ( E P S O M ) . L T . C R I T S ) GO TO 51
FAILOI I ) = A S T E R
I F I M C R I T .GT. 0) GO TO 51
M C R I T = 1

51 C O N T I N U E
IF (MCRIT .LE. 0) GO TO 50
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DO 53 1=1, IK
53 W R I T E ( M W R I T E , 5 4 ) I ,DIS P { I *4-3 ) ,D IS P ( I *4-2 ) , D ISP«I *4 -1 ) ,01SP(1*4) ,

*COPY( I) t C Q P Z ( I } ,BINP( I ,2), B IMPC 1,2) * EPS I U ) f FA I LI (I ),
* E P S O ( I ) , F A I L O ( U

54 FORM AT (I 5, 9E12.4,A2,E12.4,A2)
W R I T E ( M W R I T E , 5 5 ) A S T E R

55 FORMAT ( / / , 5X ,A2 , ' S T R A I N EXCEEDS THE C R I T I C A L V A L U E 1 )
RETURN

50 00 21 1=1, IK
21 W R I T E < M W R I T E , 2 2 ) I tDISP(1*4-3) ,DISP( 1*4-2) , DI SP {I *4- 1) , 01 SP ( I #41 ,

*COPYC I) tCOPZU ) tB INPUt2 ) ,B IMP( I , 2 ) ,£PSI( I ) , EPS DC I )
22 FORMAT (15, 9E12.4,2X,E12.4)

RETURN
END
SUBROUTINE ELMPP( AMASS,DELTAT,AA, IS I ZE ,K ROW , NOE X ,NIRREGt INUM,

*UcNS,YOUNG,8MASS)
C TU FIND THE MASS MATRIX STIFFNESS MATRIX AND STRAIN NODAL
C DISPLACEMENT TRANSFORMATION MATRICES

DIMcNSION A (8, 8) ,AA(50,8,8),LMI(8 ) , MMK8) tD(8t8 It ELM (8,8),
*ELMAS(8,S),AMASS(1),E(3,8) ,EK1(8,8),ELK(8,8),STIFK(2060),
*BE1(3,3,8),KRQW(1 ) .NDEXC1),INUM{1),BMASS(1),BNG(51)

COMMON! /FG/ I K, NOGA, NFL , NSFL, NI, I COL ( 205 ) , NBCCND ,NEC (4 ), NODE 8 (4 )
*,Y(51) ,Z( 51),ANG(51 ),H(51 )

COMMON /e/!/ BEP(50,3,3,3),AL(50) , AXG (3 ) , AWG( 3 )
COMMON /TAPE/ MREAD,MWRITE,MPUNCH
00 18 L=l, ISIZE

18 AMASS(L)=0.0
I F tDELTAT .GT. 0.0) GC TO 50
DO 51 L = l , I S I Z E

51 S T I F K ( L ) = C . O
!>0 DJ 101 IR=1,IK

P 5 = Z C I R + l l - Z ( I R )
P6=Y( IR+1) -Y( IR)
P7=ANG( IR+1 ) -ANG( IR )
A P H A = A T A N { P 5 / P 6 )
IF(P6.LT.C.O .AND. P5.LT.O.O) APHA=APHA-3.14159265
I» :(P6.LT»0.0 .AND. P5.GE.O.O) APHA=APHA + 3. 14159265
IF<P7 ,EQ. 0.0) GC TO 60
AL( lR)=P7*SORT(P5* s ! ' 2 + P6**2)/SIN(P7/2. )/2.
GO TO 61

60 A L ( I R ) = S Q R T ( P 5 * * 2 + P 6 * * 2 )
61 BNG( IR + 1 ) = A N G ( I R + 1 )

B N G ( I R ) = A N G ( I R )
IFCP7.GT. (4.7124).,*ND. APHA.LT.0.0) BNG < IR + 1 ) = ANG( IR + 1 )-6.2831853
IF(P7.GT.(4.7124) . AND.APHA.GT.0.0) BNGdR ) = A N G ( I R ) + 6.2831853
1F(P7.LT. (-4.7124).AND,APHA.GT.0.0 I BNG(IR+1) = ANG(IR+1)+6.2831853
1FIP7.LT. (-4. 7124). AND. APHA.LT.0.0) BNGdR ) = AIXG( I R )-6. 2831 853

BZhR=BNG(IR J - A P H A
bl=(-2.*BNG(IR-«- l ) -4.*RNG( IR )+6.*APHA ) / A L ( IR)
B2=(3.*BNG(IR + 1 ) + 3.^BNG( IR ) - 6 . * A P H A ) / A L ( I R ) * * 2
DJ 102 1=1,8
DO 102 J = l , 8
A( I, J ) = O . C
c ( I . J ) = O . Q

102 D( I . J )=0 ,C
A( l , l )= C G S ( B N G ( IR J - A P H A )
A ( l , 2 ) = S I N ( B N G C I R ) - A P H A )
A ( 2 , 1 ) = - S I N ( B N G ( I R ) - A P H A )
A ( 2 , 2 ) = C O S ( 8 N G ( I R ) - A P H A )
A(3 ,J )= l .

I R * 1 ) - A P H A )
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A(5, 3)=P6*SIN(BNG(IR+!) ) -P5*COS ( BNG ( IR + 1) )
A(6. 1 ) = -SIN(BNG( IR + D-APHA)
A(6,2)=CCS(BNG( IP4l)-APHA)
A (Of 3)=P6*CQS(BNGf IR + 1 ) ) +P5*S IN( BNGt I R+l ) )

IR)
IR)**2

A<6, 5)=AL( IR
A(6,6)=AL( !R)**3
P8=B1+2.*82*AL( IR)

A(7,5)=2.*AL( IR)
A(7.6)=3.*AL(IR)**2
A(7,7 )=AL( IR

A ( 6 , 7 ) = 2 . * A L ( IR)
A ( d , 8 ) = 3.*AL( IR)**2
CALL MINV( A,8 ,DET,LMI ,MMI )
DO 52 I = l t 8
DO i>2 J = l » 8
AA( IR.I , J )=A ( I , J)
DO 103 J=l tNQGA
ZtT=AL(IR )*AXG( J)
RH=H( IR-H)*AXG(J)4H( IR)*( l.-AXG(J)
ftl=RH**3/12.
RH=RH*10.

WET=AL( I R ) * A W G ( J )
yzti=o.o
Z Z t T = C . O
UU 104 JJ=1,NHGA
P2=BZEP^*P1*ZETAAXG{JJ ) + 82^( ZET*AXG{ JJ )
YZ tT=YZET+COS(P2) *ZET*AWG(JJ )
Z Z f c T = Z Z E T + S ! N ( P 2 ) * Z E T * A W G ( JJ)
P3=YZET*SIN( PHI+APHA ) -ZZ £T*Cns { PH I +APHA )

0(1, 1)=D( 1»1 )+RH*WET
D ( 2 , 2 ) = D { 2 , 2 ) + R H * W E T
0(3, 1)<=D13,1) + (P3*COS(PHI )-P4*SIN(PHI ) )*RH*WET
D { 3 , 2 ) < = D ( 3 , 2 ) + ( P 3 * S I N ( P H I )+PA*COS ( PHI ) )*RH*WET
D ( 3 , 3 ) = 0 ( 3 , 3 ) + ( P3**2 *RH+ PA**2*RH+R I ) *WET
D(4, 1) = D ( A , 1 ) + Z E T * C G S ( P H I )*RH*WET

)*RH*WET
)*WET

)#ZET**2*WET
D( f> ,1 )=D(5 , 1)-ZET**2*SIN(PHI )*RH*WET

U(6, 1)=D(6,1)-ZET**3*SIN(PHI )*RH*WET
D(7, 1 ) -D(7 ,1 )+ZET=>*2*COS(PHI )*RH*W£T
D(8 ,1 )^D(3 ,1 )+ZET-* *3*COS(PHI )*RH*WET
0(5 .3 ) -D( ( =,3 )+ ( PA*ZET**2*RH-»-2.*ZET*RI )*WET

)*WET

8,3) +
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D(6 ,4 )=D(6 , ^

201

202

103

D(8
0(5
Ul6
u(7
U(8
D(6
0(7

»

*
*
,
,
,
,

4
5
5
5
5
6:
6

)=D
) = D
) = 0
) = D
) = D
>=0
) = D

(
(
(
(
(
(
(

8
5
6
7
8
6
7

,4
,5
,5
,5
,5
,6
,6

)43.*ZET**3*PHIP*RI*W!:T
) 4 ( R H 4 P H T P * * 2 * R I ) *ZET**3*WET
) 4( PH4PHIP*#2*RI ) * Z c T # * 4 * W E T
)4(ZET**4*RH44.*ZET**2*RI ) * W E T
) 4 ( Z E T * * 5 * R H 4 5 . * Z E T * * 3 * R I ) *WET
)42.*ZET**3*PHIP*RI*WET
) 4 2 . * Z E T * * 4 * P H I P * R I * W E T
)4( ZET**6*RH49.*ZET**4*RI )#WET
)43.*ZET**4*PHIP*RI*WET
)43.*ZET**5*PHIP*RI*WET

D(8,7 J = D( 8,7)
D t a , 8 ) = D ( 8 , 8 ) + ( R H 4 P H I F * * 2 ^ R I ) *ZET**6*WET
DO 201 MM, 3
DO 201 N = l , 8
B£l( J,M,M)=0.0
BEK J,1,A)=1.
6£1( Jfl, 5 )=-ZET**2*PHIP
BEK J,1,6)=-ZET**3*PH1P
Btl( J,1,7) = 2 . *ZET
Btl( Jf It 8 »=3.*ZET**2
BEK J,2,3)=l.
BEK J , 2 , 4 ) = Z E T * P H I P
Bcl( J ,2 ,5 )=2 . *ZET
BEK J,2,6 )=3. *ZET**2
Btl( J ,2 ,7) = Z
BEK J,2,3 ) = ZE
BEK J,3, ' t )=-PHIP-ZET*2.*82
BEK J, 3, 5) =-2.
BcK J,3,6)=-6.=*ZET
BtK J,3,7)=-2.*ZET*t>HIP-ZET**2*2.*B2
BtK J,3, 8 )=-3.*ZET**2*PH!P-ZET**3*2.*82
DO 202 M=l,3
DO 202 N = l , 8
BcP(IR,J,r ' ,N)=0.0
DO 202 K = l , 8
BEP< IR, J , X , N ) =BEP( IR, J ,M*N)+BE1( J t M , K l * A C K , N »
lF(DtLT4T .GT. 0.0) GO TO 103
Tl=PHIP*ZET*2.*B2

) * W E T
l*RI ) *WET

ii (6,
t(7.

t(6,
t(7.
bib,
t (7 ,
t (8 ,
c (o ,
CJM
D(5.
L.(6,

=E(

=E( 7, A) +(2.*ZET*RH+T2*T1*RI ) *WET

= E
=E

(6 ,5)4(ZE7**5^PHIP**2*RH4l2.*ZET*PI
(7 ,5)4( -2 . *ZET**3*PHIP*RH42.*T2*RI)*WET

= E(8 ,5)4( -3 . *ZET**4*PHIP*RH42.*T3#R I ) * W E T
=E(6 ,6 )4 (ZET A *6*PH!P**2*RH436. *ZET**2*RI ) *VET
= E ( 7 , 6 ) 4 ( - 2 . * Z E T * - - * 4 * P H I P * R H + 6 , * Z F T * T 2 * R I J * V i E T
= E ( 8 , 6 ) +(-3.*ZET**5*PH!P*RH+6.< :ZeT*T3vRI ) * W E T

) * W E T
) *WET

6
7
7
6
I NU E

= D
= D

= E ( S , 8 ) 4(

( 7 , 1 )
( 8 , 1 )

143



D ( 7 , 2 ) = - D ( 5 , l )
u ( b , 2 ) = - D ( 6 , 1 )
DO 105 1=1,7
I P 1 = I + 1
DJ 105 J=IP1, 3

105 0 ( i , J ) = D ( J , I )
DJ 106 1=1,3
DJ 106 J=l,3
cLM< J ,J) =0.0
UU 106 K = l,9

106 bLM< J ,J)=ELM( I, J ) + 4 ( K , I ) *C(K, J)
DQ 107 1=1,8
OJ 107 J=l,8
ELMASU, J)=0.0
DO 107 K=l,8

107 fcLMASd , J ) = E L M A S < I , J ) +ELM { I , K )*A ( K , J )
CALL AS S EM ( I R, IK, ELM AS, AM ASS, I COL, N I )
I F C O E L T A T .GT. 0.0) GO TC 101
DJ 20 1=1,7
IP1=I+1
UU 20 J=!P1,8

20 Ed, J )=E( J,I)
0 0 2 1 1=1,8
00 21 J=l,8

EKit I , J)=0.0
DJ 21 K=l,8

21 tKK I , JI=EK1(I, J ) + A ( K , I ) * E ( K , J )
DQ 22 1=1,8
DO 22 J=l,8
£LK( I ,J)=C.O
DO 22 K=l,8

22 ELK{ I , J ) = E L K ( I, J)+EK1 (I ,K ) *A (K ,J )
CALL A S S E M ( IR, IK.ELK, STIFK,ICOL,NI )

lul CONTINUE
IFtNBCQND .EO.O) GC TC ^0
DO 91 I=1,N8COND

JT%M1=JT4-1
CALL ERC(JT^M3, A M A S S , NI, ICOL)
IF(NBC{I ).£0.1 .OR. NBCm.EO.2! CALL ERC ( JT4M1 , A M A S S , NI , ICOL )
1F(NBC( I J .EQ.2 .0!?. NECm.EO.3) CALL ERC ( JT4M2, ^MASS.NI , ICOL )

91 CJNTINUE
90 Do 92 L=1,ISIZE
92 BMASS(L ) = A M A S S ( L)

CALL F A C ( A M A S S , ICOL, K R O W ,NDEX, IDE T, MWRI TE ,N I ,N I RREG , INUM)
IFCDELTAT .GT. 0.0) RETURN

C
C DETERMINATION OF C E L T A T IF MOT GIVEN
C

CALL T S T E P < A M A S S t S T I F K , 0 = f > S , Y O U N G f K R Q W , N D E X , N J R P E G f DELTAT)
R c T U R N
tND

SUBROUTINE S T R E S S
TO E V A L U A T E G E N E R A L I Z E D NODAL LOAD VECTOR DUE TO LARGE DEFLECTION
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C AND E L A S T I C - P L A S T I C S T R A I N
DIMENSION E L F P ( S ) , B E P S ( 3 ) , C E P S ( 3 , 3 ) , B I N P W ( 3 ) , B I P F W ( 3 ) ,HWB(3,3) ,

*PN(i3) , P M ( 8 ) ,HNL(8 »
COMMON /FG/ IK.NCGA, N FL , N SFL , NI , I COL ( 205 ) , NBCCNC ,NPC (A ) .NODE B (A

*,Y(51 ) ,Z(51),ANG(51 ),H(51)
COMMON /HN/ YCUNG,DS»C5,C6,ASFL«50t3. 6, 5 ) , GZ ETA ( 50, 3. 6) , SNOl 5)
COMMON /VOX FLVA(205) ,0 I SP( 205 ) ,DELD ( 205 ) ,SNS ( 50 , 3, 6 , 5 ) ,

# 8 1 UP ( 5 0 , 3 ) , B I M p ( 50 , 3 )
COMMON /BA/ BEP(50.3f3f8).AL(50).AXG(3).AWG(3)
DO 302 IR=1, IK
DJ 503 Jal.NOGA
bINPi IR, J)=0.
BIMP( IR, J)=0.

202 DO 402 1=1,3
B E P S l I ) = 0 .
DO 402 K=l,8
INDEX=( IR-i ) *A*K

402 BEPS( I) = BEPS( I ) + BEP( IR , J , I ,K)*DELC '. INDEX)
CEPS( J,2 ) = 0.0
DO 403 K=l,8
INDEX=( IR-1 |*4+K

403 C E P S C J ,2 )=CEPS( J ,2 )+8EP( IR, J , 2, K ) *D ISP( INDEX)
205 F A K t = B E P S { l ) + C E P S ( J , 2 ) *8EPS( 2 J-BE PS ( 2 )**2/2.

FCOK=8EPS(3 )
DO 151 K=1,NFL

6 E P X = F A R E + G Z E T A ( IR,J.KI*FCUR
JFCDS.GT . 0.0) R F A C T R = l . * I C 6 * A B S C B E P X ) ) * * C 5
DG 35 L=1,NSFL
SNS ( IR t J t K . L ) =SNS ( IR » J. K , L ) + YOUNG*B EP X
IFtDS.EQ. 0.0) GO TO 255
IF(SNS( IR,J,K,L)-SNOIL) ) 30, 301 ,91

91 SNY=SNO(L)*RF/!CTR
1F(SNS( IR,J,K,L)-SNY)301,301,20

20 SNS( 1R,J,K,L)=SNY
GO TO 301

30 JF iSNSl IR,J ,K,L)+SNO( L) ) 92 ,301 , 301
92 SNY=SNO(L ) *RFACTR

IF(SNS( IR,J,K,L )+SNY ) 40, 30 1,301
40 SNS( IR, J ,K ,L )= -SNY

GO TO 301
255 1F(SNS( I R , J , K , L ) - S N O ( L ) ) 19,301,17
17 SNS( IR,J , K , L ) = S N G ( L )

GO TO 301
16 IF (SNS( IR, J tK .U+SMrKL ) ) 19, 301,301
19 i>NS( I R , J , K , L ) = - S N O ( L )
301 BFNP=BFNP4$NS(IR, J , K , L ) * A S F L ( IR.J.K.L)
35 CONTINUE

B1NP( IR, J )=3 INP( I R , J ) + B F N F
B1MP( IR, J )=B IMP( IR , J )+BFNP*GZETA( IR, J , K )

151 CONTINUE
503 CONTINUE
107 DO 101 J=1,NOGA

B I N P W ( J ) = B I N P ( I R , J ) * A W G « J I *AL( IR I
b l M P W ( J ) =BIHP( IR. J ) * A h G ( J ) * A L ( I R )
riWblJ,2)=CEPSU,2)*AWG( J)*RINP( IR,J)*AH IR)

101 CONTINUE
DO 102 1=1,*

)=0.
) =0.
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HNL( I ) = 0.0
DJ 102 J=1,NOGA
P N { I ) = P N ( I ) + BEPUR,J ,1 ,1 ) *B INPW(J )
PMC I )=PM( I ) + REPUP t J ,3 , I ) * B I M P W ( J )

102 HNLC 1 ) = HM.U I + B F P C IRt Jt2 tl ) *HWB< J,2 )
200 DJ 105 1 = 1,8
105 tLFP< I) = PN(I ) + P V < I) + hM( I )
502 CALL A S S E F U R , I K , E L F P , F L V A )

RETURN
fcND

SUBROUTINE LOADE C (Y , Z , ANG , AL, NQGA , AXG, A W G , AA, TBEG IN,T F INAL , IK )
C TU FIND GENERALIZED NODAL LOAD AND EXTERNALLY-APPLIED LOAD TRANS-
C FORMATION M A T R I C E S

DIMENSION F M ( 8 , 2 ) , A A ( 50,8,8) ,Y(1) ,Z(1) , ANG ( 1 ) , AL ( 1 ) , AXG < 1 ) , A W G ( 1 )
* ,FMA(8 ,2) , F M 8 ( 8 , 2 ) , B N G ( 5 1 )

CJMMuN /FORCE/ Tl , AMP 1FV , AMP1 FW,T2, AMP2FV , A M P 2 F W , SLOPEV, SLOPEW,
*AMPFV.AMPFW,NOFT1,NGFT2,NOFT3, JEL£M(4-) ,ETA (A) , R T Q V ( 4 ) , R T O W ( A ) ,
* N i > T F 2 ( 4 ) , N E L F 2 ( 4 ) , R T . : ! 2 V ( 4 ) , R T Q 2 W ( 4 ) , N S T F 3 < A ) , N E L F 3 ( 4 ) ,RT03V(4) ,
*RTU3w(4) ,FM1(4,8,2) ,F »2i 2 , 4,8 , 2 ) , FM3A ( 2, 4, 8, 2 ) , FM3B (2 ,4, 8 , 2 )

COMMON /TAPE/ M R E A O , MWRI TE .MPUNCH
IF(TFINAL .EG. 0.0) RETURN
W R I T E ( N ! W R I T E , 4 7 l T3EG IN, TF INAL

Hi FJRMATCO STARTING TIME OF FORCING FUNCTION ( S E C ) =',E15.6,/,
*• STOPPING TIME OF FORCING FUNCTION ( S E C ) =«,E15.6)

R E A D ( M R E A D , 6 ) NOFT1 , NOFT2 ,NOFT3
6 F U R M A T ( 3 I 5 )
7 FJRMAT(I5,3E15.6)
8 F a R M A T ( 2 I 5 , 2 E 1 5 . 6 )

IF(NUFT1 ,EO. 0) GO TO 5A
READ ( MR E AD, 7) ( JELEM I ) ,ETA (I ) ,RTOV( I) , R T O W ( I ),I = 1,NOFT1)
DU 100 I=1,NOFT1

SL=ETA( I )
P5=Z(NE-«- l ) -Z(NE )
P6=Y(NE + 1 ) -Y (NE)
P7=ANG(NE+1)-ANG(NE)
A P H A = A T A N ( P 5 / P 6 )
IFCP6.LT.O.O .AND. P5.LT.O.O) APHA=APHA-3 . 14 159265
IF(P6.LT.C.O .AND. P5.GE.O.O) APHA=APHA+3 .14159265
BNG( NE-H ) = ANG(NE*1)
BNG( N E ) = A K G ( N E )

I»-(P7.GT. (4.7124) .AND.APHA.LT.0.0) BNG( NE + 1 ) =ANG ( NE + 1 1-6.233 18 53
IF(P7.GT. (4.7124).AND.APHA.GT.O.O) BNG(NE ) =ANG ( NE ) + 6. 2 831 853
IF(P7.LT. f-4.7124).ANQ.APHA.GT.O.O) BNG( NE +1 ) = ANG (NE+1 )-»-6. 2831853
1F(P7.LT. (-4.7124) .AND.APHA.LT. 0. 0 ) BNG( NE ) = ANG ( NE )-6 . 2831 853

BZcR=8NG(NE) -APH/S
&1=( -2 . *BNG(NE+1) -4 . *BNG(NE)+6. *APHA) /AL(NE)
82= ( 3 . *BNG(NE+1)+3.*BNG(NE)-6 . *APHA) /AL(NE)**2

= BH-2.*B2*SL
YZcF=0 .0
ZZtT=0.0
DIJ 101 JJ = 1,NCGA
P2=BZER*B1^SL*AXG(JJ )+B2* (SL*AXG( JJ
Y Z t T = Y Z E T + C Q S { P 2 ) * S L * A W G ( JJ )

101 Z Z h T = Z Z E T + S I N ( P 2 ) * S L * A W G ( JJ)
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P 3 = Y Z P T * S I N ( P | - ! + A P H A ) - Z Z ? T * C O S ( P H H - A P H A )

102
100

202

FMdt 1 ) = C Q S ( P H I 1
F M ( 2 t l ) = S I N ( P H I )
FM< 1 , 2 ) = - S I N ( P H l
F M ( 2 , 2 ) = C C S ( P H I )
F M ( 3 , 1 ) = P 3
F M < 3 , 2 ) = P 4
F M ( 4 , 1 ) = S L
F M 1 4 , 2 ) = C . C
F M ( 5 , 1)=0.0
FM(5 ,2 )=SL**2
FM{6 ,1 )=0 .0
FM(6.2)=SL**3
FM<7, 1)=SL**2
F M ( 7 , 2 ) = C . C
FM(8, i )=SL**3
F M < 8 , 2 > = 0 . 0
DO 102 M = l,8
DJ 102 N = l , 2
FMK I , M , N ) = 0 . 0
Du 102 K = l , 3
FMK I,M, N) = FM1( I
CONTINUE
IF1NOFT2 .EO. 0) GO TC 55
R t A D ( M R E A D , 8 ) (NSTP2( I ),NELF2( I ) t RT02V( I ) , R T 0 2 W ( I ),I=1,NOFT2)
UO 200 I=1,NOFT2
N S T A T = N S T F 2 ( I )
NcND=NELF2(I )
DO 201 NN=1,NENC
NE=(NSTAT-l)-»-NN
IFCNE .GT. IK) NE=NE-IK
P5=Z(NE-H)-Z(NE)
P6=Y(NE-H)-Y(NE)

APHA= APHA-3 . 14 15926 5
APHA=APHA+3 . 14159265

M,N ) +AA (NE, K, M)*FM( K fN

A P H A = A T A N ( P 5 / P 6 )
IF(P6.LT.O.O .AND. P5 .LT .O.O)
1FCP6.LT.O.O .AMD. P5.GE.O.O)
BNG(NE+1)=ANG(NE+1)
BNGiNE ) = A N G ( N E )

IFCP7.GT. (4 .7124) .ANO.APH4.LT .O.O)
IF(P7.GT.(4.7124) . AND. APHA .GT. 0.0 )
IF(P7.LT. (-4.7124) .AND .APHA .GT .0. 0 )
IF(P7.LT. (-4.7124) . AND. APHA. LT .0.0 )

BZt :R=BNG(NE)-APHA

8NG (NE + I ) = ANG( NE +
BNG( NE ) =ANG ( NE ) + 6

)-6. 2331853
2831 8 53

62=(3.--BNG(NE-«-l ) +3.*BNG( NE )-6 . *APHA
DU 202 M = l , 8
DO 202 N = l , 2
F M ( M , N ) = 0 . 0
DU 203 J=1,NOGA
Z £ T = A L ( N E ) ? A X G ( J )
PHIP=BH-2.*B2*ZE7

3NG( NE + 1 ) =ANG ( NE+D+6. 2831 853
8NG( NE ) = ANG ( NE )-6. 2831 853

/AL (NE)
AL ( NE

W f c T = A L ( N E ) * A W G ( J )
YZET=0.0
ZZcT=0 .0
OJ 204 JJ=1,NCGA
P2=BZER + B1*ZET*AXG( JJ K82*( Z E T * A X G ( J J
Y Z b T = Y Z E T + C O S ( P 2 ) * Z E T * A W G ( J J )

PHA
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204 Z Z t T = Z Z E T + S l N ( P 2 ) * Z E T * A W G ( J J )
P 3 = Y Z E T * S I N ( P H I + A P H A ) - Z Z E T * C O S ( P H I + A P H A )
P 4 = Y Z t T * C G S ( P H I * / ! P H A ) + Z Z E T * S T N ( P H H - A P H A )
FM(1,1) = FV(1, 1 )+CQS( PHI ) * W E T
fM( l ,2) = FN( l ,2 ) -S IN(PHI MVIET

, l ) = F V ( 2 f l )+SIN(PHI)*V<iET

FM(3 .1 )=FN(3 ,1 )+P3*WET
FM(4t 1)=FM(4, 1 )+ZF7*HET
FMI7. ll = FM(7, 1 ) *Z£T* *2 *WET
FM(6, l ) = Ff (8» 1
FM(3, ? ) = F M ( 3 , 2
F M < 5 , 2 ) = F V (5,2
F M ( 6 , 2 ) = F M ( 6 t 2 ) + Z E 7 * * 3 * W E T

203 CONTINUE
DJ 205 M=l,8
DO 205 N=l,2

DO 205 K=l,8
205 FH2( I ,NN ,N ,N )=F f ' 2 ( I fNN ,M f N) *AA(NE ,K ,
201 CONTINUE
200 CONTINUE
55 IF(NOFT3 .EO. 0) RETURN

R E A u ( M R E A O t 8 ) (NSTF3( I) » NELF3( I ) , RT03V( I ) t R T 0 3 W ( I ) ,I = 1,NQFT3)
00 300 I=1 ,NOFT3
NSTAT=NSTF3{ I )
NEND = NELF3(I )
DO 301 N N = 1 , N E N D
NE=(NSTAT-1H-NN
IF(NE .GT. IK) NE=NE-IK
P5=Z(NE+U-Z(NE)
P6=Y(NE-H)-Y(NE)
P7 = ANG(NE-H) -ANG(NE)
A P H A = A T A N < P 5 / P 6 )
IF(P6.LT.O.O .AND. P5.LT.O.O) APHA=APHA-3 . 14159265
IF(P6.LT.O.O .AND. P5.GE.O.O) APHA= APHA+3. 14159 265
8NGCNE + 1 ) = ANG(NE + 1)
8 N G ( N E ) = A N G ( N E )

IFCP7.GT. (4.7124) . AND. APHA.LT.0.0 ) BNG( NE +1 ) = ANG ( NE + 1 )-6. 2831853
IF (P7.GT. (4.7124) .AND. APHA.GT. 0. 0 ) BNG(NE ) =ANG( NE ) + 6. 2831853
IFCP7.LT. (-4. 7124). AND. APHA.GT. 0.0) BNG( NE +1 )=ANG (Nt+ 1) +6. 2831 853
IFCP7.LT. ( -4.7124).AND.APHA.LT.O.O) BNG( NE ) = ANG( NE )-6 .2831 853

BZtR = BNG(NE J-APHA
61=(-2.*BNG(NE + 1 )-4. *BNG( NE ) + 6. *APHA ) /AL ( NE )
B2=(3.*BNG(NE+1 ) +3.* 8NG( N E )-6 ,*APHA ) /AL ( NE
DO 302 M = l , 8
00 302 N = l , 2
FMA(M,N)=0.0

302 FrtB(M,N)=0.0
00 303 J=1,NOGA
Z E T = A L ( N E ) * A X G ( J )
PHiP=Bl+2.*B2*ZET
PHI = BZER-«-e i *ZET*E2*ZET**2
W E T = A L ( N E ) * A W G ( J )
YZET=0.0
ZZ£T=0.0
DO 304 JJ=1,NOGA
P2 = BZER-»-e i *ZET*AXG(JJ )^B2*( ZET*AXG( J J ))*
Y Z t T = Y Z E T + C O S ( P 2 ) * Z E T * A W G ( J J )

304 Z Z e T = Z Z E T 4 S I N ( P 2 ) ^ Z E T * A W G ( JJ)
P 3 = Y Z E T * S I N ( P H I + A P H A ) - Z Z ET*COS ( PHI + APHA )
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P4=YZ6T*COS(PHI -n5PHA) + ZZ E T*S1 N( PH 1 + APHA )
FMA( 1,1 )=FNM 1,1 I+COS (PHI )*WET
F r t A ( 2 t l ) = F P A < 2 f l I + S I N C P H I » * W E T
F M A ( 3 , l ) = F M A ( 3 , 1 )+P3*WET
F M A ( 4 , l ) = F N A ( 4 , l ) + Z F T * W £ T
fMA{ 7 , 1 ) = F M A ( 7 ,
F M A ( f a , l | = F N A ( 8 f l
FMA{ l , 2 1 = F M A ( l t 2 ) - S I N ( P H I ) * W F T
FMAC 2 ,2 )=FMA( 2 , 2 )+C3 S < PH ! ) *WET
F M A ( 3 t 2 ) = F M A ( 3 t 2 ) + P 4 * W E T
FMA( 5 , 2 ) = F M A ( 5 , 2
FMA( 6 , 2 ) = F M A ( 6 , 2
FM8( 1,1 )=FM8(1, 1 I * C O S ( P H I ) * Z E T * W E T / A L ( N E )
F M B ( 2 t l ) = F K B ( 2, 1 ) +SI N ( PH I ) *ZET*WET/ AL ( NE )

t l ) =FM8(3 , 1 ) * P 3 * Z E T ^ W E T / A L ( N E )
4tl ) = F V 8 ( 4 , 1 ) +ZET**2 y=WET/ AL { NE )

FM6( 7 ,1 )=FM8(7 , 1 )+ ZET** 3 * W E T / A L ( NE )
FM6(8,1 ) = F M B ( 8 t 1 )+ZET* *4 *KET /AL< NE )
FMB( 1,2) =FMB(1 ,2 ) -S IN (PH ! ) *ZE T*WET/ AL (NE )
FMB( 2 ,2 )=FM8( 2 , 2 ) + C O S ( P H I )*ZE T*WET/AL ( NE )
F M B C 3 , 2 ) = F M B ( 3 t 2 ) + P A * Z E T * W E T / A L « N E )
FMB1 5 , 2 ) = F M 8 ( 5 , 2 ) * Z E T * * 3 * W E T / A L ( N E )
F M B ( 6 , 2 ) = F M B ( 6 , 2 ) + Z E T * * 4 * W E T / A L ( N E )

303 CONTINUE
DU 305 M=l,3
DO 305 N=lt2
FM3A{ I,NN,N;,N) = 0.0
FM3B( I ,NN,M fN)=O.C
DJ 305 K=l,8

305 FM3B(I,NN,M,N)=FM3B(I ,NN , PtN ) +AA { NE , K , V ) *FMB ( K, M
301 CONTINUE
300 CONTINUE

RETURN
END

SUBROUTINE L O A D F T ( T I M E , N P E A D F , F M E C H , A L )
C TO FIND THE G E N E R A L I Z E D NODAL LOAD VECTOR EQUIVALENT TO THE
C c X T t R N A L L Y - A P P L I E C L O A D

DIMENSION F M E C H ( 2 0 5 ) , E L F ( 8 ) , A L ( 5 0 )
COMMON /FORCE/ T 1,AMP 1FV , A M P 1 F W , T 2 , A M P 2 F V , A M P 2 F K f S L O P E V , S L O P E W ,

* A M P F V . A M P F W t N O F T l , N C F T 2 t N O F T 3 . J E L E K ( 4 ) , E T A ( 4 ) , R T O V ( A ) , R T Q W ( 4 ) ,
* N S T F 2 ( 4 ) , M E L F 2 ( 4 ) , R T 0 2 V ( 4 ) , R T 0 2 W ( 4 ) , N S T F 3 ( A ) , N E L F 3 ( 4 ) , R T 3 3 V ( 4 ) ,
4 > R T i J 3 M ( 4 ) , F M l ( 4 . 8 . 2 ) , r M 2 ( 2 f 4 , 8 , 2 ) » F M 3 A ( 2 t 4 v 6 , 2 ) ,FM3B(2 ,4 ,8 ,2 )

COMMON /FG/ IK,NOGA,NFL,NSFL,NI , I C O L ( 2 0 5 ) , N 8 C O N C , N P C ( 4 ) , N O O E B ( 4 )
* ,Y(51 ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )

COMMON / T A P E / M R E A D , M W R I T E , M P U N C H
IFdNREADF .GT. C) GO TO 50

51 R £ A D ( M R E A D , 5 2 ) T 2 , A M P 2 F V , A M P 2 F W
52 FORMAT(3E15 .6 )

NRtADF=l
S L o P f c V = ( A V P 2 F V - A M P 1 F V ) / {T2 -T l )
S L O P £ W = ( A N P 2 F W - A M P 1 F W ) / ( T 2 - T 1 )

50 1F(T1MP .LE. T2) GO TO 53
Ti = T2
AMP1FV=A^P2FV
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A M P i F W = A V P 2 F W
GiJ TJ 51

53 A M P F V = A M P 1 F V + ( T JMS-T1 ) *SLCPEV
AMPFW = AMP1FW+(TI^ -T1 )*SLGPEW
DU 57 I = 1 , N I

t;7 F M c C H ( I ) = 0.0
IF1NUFT1 .F.Q. 0) GG TG 54
DO 100 I = 1 , N O F T 1
Nt=JfcLE»M I )
rMV^ANiPFV*RTnV{ I )

DO 101 J= l t8
101 cLF{ J)=FMU ,J,1
100 CALL A S S E F ( N E , I K , E L F , F M E C H )
b^ IF(NGFT2 .EO. 0) GO TO 55

DU 200 I = 1 , N G F T 2
NSTAI=NSTF2( I )
NuND=NELF2(I )
FMV=AMPFV*RT02V( I )
F M W = A V P F W * R T Q 2 W { I )
DJ 201 NN=1,NEND
NE=(NSTAT-l) -»-NN
IF(Nt .GT. IK) NE=NE-IK
DO 202 J=l,8

202 ELFi J ) -F¥2( I tNN, J , 1 ) ̂ FMV+FM2 ( I , NN, J , 2 )*FMW
201 CALL ASSEF(NE, IK ,ELF , FMECH)
200 CONTINUE
55 IFUMOFT3 .EO. 0) GO TO 90

DJ 300 I=1,NOFT3
NSTAT=NSTF3( I )

TX=0.0
DO 303 MN=1,NEND
NE=(NSTAT-1)+NN
IFCNE .GT. IK) NE=NE-IK

303 T X = T X + A L ( N E )
PIEP=3 . 14159265/TX
FMV=AMPFV*RT03V( I )
F M W = A M P F W * R T Q 3 W { I)
F.^W1 = 0. 0
FMV1=0.0
XX=0.0
DO 301 NN=1,NENO
Nt=<NSTAT-l)+NN
IF(Nt ,GT. IK) N iE=NE-IK

A F S W = F M W 1
BFS*i=<FMW
AFSV=FMV1

FHW1=FMW2
FMV1=FMV2
DJ 302 J=l,8

302 cLF( J)=FM3A(I ,NN, J , I ) *AFS V+FM3A ( I t NN, J, 2 ) *AFSW+
*FM3B( I,NNt J.I )*8FSV+FM3B( I ,NN, J , 2 )

301 CALL ASSEF{NE,IK ,ELF, FMECh)
300 CONTINUE
90 IFiNBCOND .EO. 0) RETURN
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DJ 91 ! = 1 ,NBCCNC
JTA=NODEB( I)*A
FMcCH(JTA-3)=0.0
IFCNBCd ).E0.1 .CR. NBC(I).E0.2) FMECH(JTA-1)=0.0
IF(NBC(I ) .E0.2 .OR. N8C(I).EQ.3) FMECH(JTA-2)=0.0

91 CONTINUE
56 RETURN

tND

SUBROUTINE QREM ( AA , AL , AX G ,AWG )
TO FIND EFFECTIVE STIFFNESS M A T R I X DUE TO E L A S T I C R E S T R A I N T S
DIMtNSION A A ( 5 0 t 8 ( 8 ) v A U D t A X G d ) f AWGd ) ,8NG(51)

*,tLk( 6 , 8 ) , E L R R ( 8 , 8 ) , E L R P < 8 , 8 )
COMMON /FG/ i K . N C G A . N F L t NSFL , Nl , I COL ( 205 ) , NBCOND ,NEC ( A) , NODE 8 (A)

* ,Y(51) ,Z(51 ) , A N G ( 5 1 ) ,H(51)
COMMON /ELFU/ SPR IN( 2060 ) ,FOREF ( 205 ) » NOR , NOR P t NC PU , NREL ( A ) ,

* R E X ( A ) , N R S T ( A ) , N R E U ( A )
COMMON / T A P E / MREADtNKRITE .MPUNCH
IF (NORP .EO. 0) GO TO 1
RtAOCMREAC.2) SCTP.SCRP, (NREL (I) ,REX( I) , 1 = 1, NORP)
FORMAT(2E15. 6/(A( I5.E15.6) ))
DJ 10 10=1, NORP
SL=RcX(IQ)
Nc=NREL( 1C)

P6=Y(NE+1)-Y(NE )
P7-ANG(NE+1) -ANG(NE)
A P H M = A T A N ( P 5 / P 6 )
IF(P6.LT.O.O .AND. P5.LT.O.O) APHA=APHA-3 . 1A 1 59265
IF (P6 .LT .C .O .AND. P5.GE.O.O) APHA=APHA+3 . 1A159265
BiMG(NE + l ) = A N G ( N E + 1)
B N G ( N E ) = A N G ( N E )
IF(P7.GT. (A.712A) .AND. APHA. LT. 0. 0) BNG (NE-H ) =ANG ( NE + l )-6. 2831 853
IFIP7.GT. (A.712A).AND.APHA.GT.O.O) BNG (NE )=ANG( NE ) + 6. 2331 853
1F(P7.LT. (-A.712A).AND.APHA.GT.O.O) BNG( NE +1 ) =ANG (NE+ 1 ) +6 . 283 1 853
IF(P7.LT. (-A.712A) .AND .APHA.LT. 0. 0 ) BNG ( NE ) = ANG( NE )-6. 2831 853

B Z £ R * B N G ( N E ) - A P H A
B1=(-2.*BNG(NE*1 )-A. ^BNG ( NE ) -i-6.*APHA ) /AL ( NE )
B2=(3.*BNG(NE-H ) +3.*3NG( N E )-6. *APHA ) /AL (NE) * *2

= BH-2.*B2*SL
YZtT=0.0
ZZt!T = 0.0
DO 10A JJ=1,NOGA
P2=bZER- t -e i *SL*AXGtJJ )+B2* (SL=*AXG( JJ )
Y Z c T ^ Y Z E T + COS ( P2 )*SL^ AHG ( JJ )

10 ̂  Z Z t T * Z Z E T + S I N ( P 2 ) + S L * A W G ( JJ)
P 3 s Y Z E T * S I N ( P H I + A P H A ) - Z Z E T * C O S ( P H I + A P H A I
P A = Y Z E T * C O S ( P H I * / > P H A ) + Z Z E T * S I N ( P H I + A P H A )
tLRi l t l ) = S C T P
cLR(2 .1 )=0.0
ELR( 3,1) = { P 3 * C Q S C PHI ) -PA* SIN (PHI ) ) *SCTP
cLR(A , l ) = S L * C G S ( P I - I ) * S C T P
tLK(5,l)=-SL* :*2*SIN( PHI J ^ S C T P
tLR(6, l ) =-SL**3^SIN( PHI J^SCTP
tLK(7, l I = S L * * 2 * C O S ( P H I ) - * S C T P
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cLKl 8,1 ) =
c L R ( 2 , 2 ) = S C T P
t L R < 3 , 2 ) = (P3*SIN(PHI )+P4*CQS(PHI ) ) *SCTP
t L R ( 4 , 2 ) = S L * S I N ( P H ! ) * S C T P
tLR(5,2 )=SL**2*CCSIPHI)*SCTP
t L R { 6 , 2 > =SL* *3*CCS(PHI ) *SCTP
ELK( 7,2 )=SL**2*S IN(PHI ) *SCTP
cLR(8 ,2) =SL*#3*SIN{PH! ) * S C T P
cLR(3 ,3 ) = < P 3 * * 2 + P 4 * * 2 ) * S C T P + S C R P
ELR(4 ,3 )=P3*SL*SCTP+SL*PHIP*SCRP

tLK( 6,3)=PA*SL**3*SCTP*3.*SL**2*SCRP
fcLR(7t3)=(P3*SCTP4PHTP*SCRP)*SL**2
c L K ( 8 t 3 ) =(P3*SCTP4PHIP*SCRP)*SL**3

P*SCRP

tLR( 5 ,5)
ELR(6,5)=SL#*5*SCTP+6.*SL**3*SCRP
tLR(7,5)=2.*SL**3^PHIP*SCRP
cLR( 8t5)=2.*SL**4*PHIP*SCRP
tLR(6,6)=SL**6*SCTP+c>.*SL**4*SCRP
tLK( 7,6)=3.*SL**4*PHIP*SCRP
cLR(8.6)=3.*SL**5^PHIP*SCRP
tLR(7,7)=(SCTP+PHIP**2*SCRP)*SL**4
fcLR(8,7)=(SCTP-i-PH!P*^2*SCRP)*SL**5
cLR(8,S)=(SCTP+PHIP**2*SCRP)*SL**6
DU 12 1=1,7

DO 12 J=IP1,8
12 fcLR( I , J ) = E L R ( J, I )

DO 13 1=1,8
DO 13 J=l,8
ELRR(I tJ)-0.0
DJ 13 K=l,8

13 cLRR< I, J ) = ELRR( I , J J + ELR ( I ,K )* AA( NE, K, JJ
DO 14 1=1,8
DO 14 J=l,8
ELRPCI , J )=0.0
DO 14 K=l,8

14 ELRPt I, J ) = ELRP( I , J ) + A A( NE ,K, ! )*£LRR ( K, J )
CALL A S S E H C N E t IK .ELRPfSPRIN, ICOL.NI)

10 CONTINUE
1 IF(NORU .EG.O) GO TO 4

READ ( MR E AD, 3) SCTU.SCRU, ( NRST( I ) , NREU ( I ),I=1,NORU)
3 FURMAT(2E15.6,8I5)

00 15 10=1, NQRU
M S T A T = N R S T ( I C )
NEND=NREU( 10)
DO 16 IR=1,NEND
Nh={NSTAT-l ) +IR
IFCNE .GT. IK) NE=NE-IK
P5=Z(NE-H)-Z(NE)
P6=Y(NE-H)-Y(NE)
P7=ANG(NE+1) -ANG(NE)
APHA=ATAN(P5 /P6)
IF(H6.LT.O.O .AND. P5.LT.O.O) APHA=APHA-3 . 14 159265
IF(P6.LT.O.O .AND. P5.GE.C.O) APHA=APHA+3 . 14 159265
BNG( NF-H ) = A N G ( N E 4 l )
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6 N G ( N E ) = A N G ( N E )
IF(P7.GT. (4. 7 124). AND. APHA.LT .0 .0 ) BNG( NE+ 1 )=ANG ( NE+1 ) -6. 2 8 31 8 53
If(P7.GT. (4.7124). ,3ND.APHA.GT.O.O) BNG(NE )=ANG(NE K 6. 2331 853
IF(P7.LT. (-4. 7124). AND. APHA.GT .0. 0 ) BNG(NE + 1 ) = &NG ( NE-H )+6 . 28 31 853
1RP7.LT. (-4. 7 12 A) . AND . APHA.L T. 0. 0 ) BNG(NE ) =ANG< NE )-6. 2831 353

6 Z c R = B N G ( N E ) - A P H *
61=(-2.*BNG(NE+1 )-4. *9NG ( NE ) + 6. *APHA ) /AL ( NE)
B2=<3.*BNG(NE4l ) +3 .*BNG( NE )-6. *APHA ) /AL (NE) * *2
DG 102 1=1,3
DLJ 102 J = l,8

102 ELRC If J >=0.0
DU 103 J=1,NQGA

= AL(NE ) * A X G ( J)

PHI=BZER*R1*ZET+B2*ZET**2
W £ T = A L ( N E ) * A W G ( J )
YZET=0.0
ZZtT=0.0
DO 105 JJ=1,NGGA
P2 = BZEP-+B1*ZET*AXG(JJ )*82'» ( Z E T * A X G ( J J
Y Z t r = Y Z E 7 + C O S ( P 2 ) ^ Z E T * A W G ( JJ )

105 Z Z t T = Z Z E T + S I N ( P 2 ) * Z E T * A W G ( J J )
P3=YZET*SIN(PHI + APHA)~ZZET*COS(PHI -» -APHA )
P 4 = Y Z E T * C O S ( P H H - A P H A ) + Z Z E T * S I N ( P H H - A P H A )
bLR( l , i )=ELR( l , l )4SCTU*WET
c L K ( 3 t l ) = E L R ( 3 f 1 ) + C P 3 * C O S ( P H I )-P4*SIN(PHI ) ) *SCTU*WET
ELR(4,1) = ELR(4 ,1 )+ZETKOS(PHI )*SCTU*WET
ELR(5,1 )=ELR(5 ,1 )-ZET**2*S IN ( PHI ) *SCTU*WET
fcLR(6 , l ) = E L P ( 6 , 1 ) -ZET**3*SIN(PHI ) *SCTU*WET
£LR(7 ,1 ) = ELR(7 , 1 ) + ZET**2*COS ( PHI ) *SCTU*WET
t L R ( 8 t l ) = E L R ( 8 , l ) + Z E T * * 3 * C Q S ( P H I ) * S C T U * W E T
t L R ( 2 , 2 ) = E L R ( 2 , 2 ) + S C T U * W E T

)+P4*COS(PHI ) ) * S C T U * V v E T
)*SCTU*WET

£LRt 5 ,2 )=ELR( 5 , 2 ) +ZET**2*COS( PHI ) * S C T U * W E T
ELR(6 ,2 ) = 5 L R ( 6 , 2 ) + ZET-»*3*COS( PHI )*SCTU*WET
t L R { 7 t 2 ) = E L R ( 7 , 2 ) + Z E T * A 2 * S I N ( PHI )*SCTU*WET
ELR(8 ,2 ) = ELR( 8, 2 )4ZET**3*S!N( PHI ) *SCTU*W£T
E L R ( 3 , 3 ) = E L R { 3 , 3 ) 4 ( ( P 3 * * 2 * P 4 * « 2 J * S C T U + S C R U ) * W E T

E L R ( 4 , 3 ) = E L R ( « , 3 ) + { P 3 * S C T U + P H I P * S C R U ) * Z E T * W E T
E L R ( 5 » 3 ) = E L P { 5 , 3 ) + ( P4*ZE T**2*SCTU-»-2.*ZE T* S C R U ) * f c E T
ELR(6 ,3 )=ELR{6 ,3 )+ (P4*ZET* *3 *SCTU+3 . *ZET* *2 *SCRU) *WET

7 .3 )=ELR(7 ,3 ) -» - (P3*SCTU>PHIP*SCRU) *ZET* *2 *WET
8,3) = E L R ( 8 , 3 ) 4 ( P 3 = * S C T U + P H I P * S C R U ) * Z E T * * 3 * W E T

tLK(4,A) =ELR(4 ,4 )4 (SCTU-» -PHIP* *2 *SCRU)*ZET* *2 *WET
ELkl 5 , 4 ) = E L R ( 5 ,

tLRl 7 ,4)=ELR (7 ,4 ) * (SCTU*PHIP* *2*SCRU)*ZET**3*WET
E L K ( b f 4 ) = E L R ( 8 , 4 ) 4 ( S C T U + P H I P * * 2 * S C R U ) * Z E T * * 4 * W E T
tLRl 5. 5) =ELR(5 ,5 )+ (ZET* *4 *SCTU*4 . *ZET* *2 *SCRU| *WET
cLR( 6,5) =ELR(6 ,5 ) -HZET**5^SCTU+6.*ZET**3*SCRU)*WET
E L K ( 7 , 5 ) = ELR(7 ,5 ) +2. * ZET^^3*PHI P*SCRU*WE T
ELM 8 , 5 ) = E L R ( 8 , 5 ) *2. * ZET**4*PHIP*SCRU*WET
E L R ( 6 , 6 ) = E L R ( 6 , 6 ) X 7 E 7 * * 6 * S C T U + ? . * Z E T * * 4 * S C R U » * V * E T

ELH( 8,6) =ELR(8 ,6 )43 . *ZET**5*PHIP*SCRU*WET
tLR( 7 ,7 )=ELR(7 ,7 )4 (SCTU+PHIP* *2 *SCRU)*ZET* *4 *WET
tLR(8,7) = ELR(8 ,7 )4 (SCTU4PHIP^*2 ' : SCRU)*ZET* *5 *WET
t L R ( 8 , 8 ) = E L R ( 8 , 8 ) 4 ( S C T U 4 P H I P ^ * 2 v S C R U ) * Z E T * » 6 * W E T

103 CONTINUE
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DJ 5 1=1,7

7
it>
15
*+

91

UU 5> J=TP1,8
£LR( I,J )=ELR( J, I )
U J 6 1=1,8
UU 6 J=l,8
ELRR( I, J ) = C.O
OU o K=l,8
cLRRC I. J)=ELRR(I , J) + ?LR ( 1 ,K)* AA< NE, K, J )
DO 7 1=1,8
DU 7 J=l ,8
ELRP( I,J)=0.0
DJ 7 K=l,8
tLRP(I,J >=ELRP( I, J) + AA(NE,K, I )*ELRR(K,J
CALL ASSEM(NE,IK,!:-LRP,SPRINt ICOLtNII
CONTINUE
1F(NBCDND .EQ. 0) RETURN
DU *1 I=1,NBCGND

<

CALL ERC(JT4M3tSPRINt M, ICCL )
1F(NBC(I I.EO.l
1F(NBC(I ).E0.2
CONTINUE
RETURN
END

.OR. NeC(!).E0.2»

.OR. NBC(I).E0.3)
CALL ERC ( jT4f 1 , SPRIN ,NI t ICOL )
CALL ERC ( JT4M2, SPR IN,N! f ICOL)

SUBROUTINE T S T E P ( A M A S S ,ST IFK, DENS .YOUNG , KRCW ,NDEX, N I RREGt DELT AT )
TJ FIND DELTAT IF IT IS NOT SPECIFIED
DIMENSION A M A S S ( 1 ) , S T I F K ( 1 ) , T R I A L ( 2 0 5 ) . V M U L T ( 2 0 5 ) , V E C T R ( 2 0 5 ) ,

*KRUW( 1) ,NDEX( 1)
CUMMON /FG/ IK ,NCGA,NFL ,NSFL ,N I , ICQL(205 ) ,NBCONO,NeC(4 ) ,NOQEB<4)

*,Y(51) ,Z( 51 ) ,ANG(5 l ) ,H (5 l J
COMMON / T A P E / MPEAD, *! V»R I TE ,MPUNCH
DU 3 K = 1 , N I
TRIAL (K) =1.0
IF(NBCOND .EO. 0) GO TO 90
DO 91 I = 1 , M B C G N O

CALL ERC( JT4M3,STIFK,NI
T R I A L ( J T 4 P 3 ) = 0 . 0

ICOL)

IF(N6C(I).EO.1
1F(NBC(I ).E0.2
1F(NBC(I ).EQ.1
iF(NBC(I ).E0.2

91 CUNTINUE
90 MRANK=NI

BONE=0.
EPSLN=1.0E-07

2 BOLD=1.0
DU 14 IKK=1,4
UJ 12 ILL=1,50

2)
3I

.OR. NRCtll.EO

.OR. NBC(IJ.EO

.OR. NBC(I).E0.2)

.OR. NRCID.E0.3)

CALL ERC{JT4M1,STIFK,NI,ICOL )
CALL ERC(JT4M2,STIFK,NI,ICOL)
TRIAL(JT4M1)=O.C
TRIALtJTAM2)=0.0
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DO 4 I=1,MRANK
4 VMULK I )=0.0

CALL O M U L T ( S T I F K f T R T A L , I C C L , N I , V M U L T , K R Q W , M D E X , N I R R E G )
CALL S O L V ( A M A S S , V M U L T , V E C T R , I C O L , K R a w , N D E X , N I , N I R R E G )
BNEW=-l.
DO 6 K=l ,MRANK
IF(BNEW- A B S ( V E C T R I K ) ) ) 6 C , 6 0 , 6

60 BNEW= A B S ( V E C T R ( K n
6 CONTINUE

00 7 K- l .MRANK
iFtBNEW- A B S ( V E C T 9 ( K ) ) » 7 , 8 » 7

7 CONTINUE

DO 9 K = l .VRANK
9 T R I A L ( K ) = V E C T P ( K ) /BNEV

IF( ABS( RNEW/BOLD- l .O »-EP SLM ) 15, 1 5, 10
C ITERATION

10 BKTH-BOLD
BiJLO=BNEW

12 CONTINUE
EPSLN=EPSLN*1C.

14 CONTINUE
C NOT CONVERGING A F T E R IL^IK ITERATIONS

fcPSLN=l. 0
bONE=8NEW
GO TO 32

C EIGtN VALUE FOUND
15 6GNE=BNSW
32 WRITE(MWRITE,2A) (TPI AL ( J ) ( J = 1*NI )
24 FORMAT(/,« EIGEM VECTOR OF HIGHEST MODE • , / , 1 8X , • V ' ,1^X , 'W ' , 13 X

^-,'PSI1 ,12X, «CHI« ./,(11XV4E15.6) )
FRtO= SQRT(YdUNG*80NE/DENS)
FACTCL=0.8
DcLTAT=FACTCL«2./FPEG
WKITE(MWRITE,25)FREQ

25 FJRMAT(/,' HIGHEST NATURAL FREQUENCY (RAD/SEC) =',E17.8)
RETURN
tNO
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(complete ring)

5.4 JET 3D: Variable Thickness Arbitrarily Curved Ring;

Houbolt's Timewise Operator

The JET 3D program consists of the following main programs and subroutines:

1. JET 3D MAIN PROGRAM

2. ASSEM

3. ASSEF ^ (partial ring)

4. IDENT

5. IMPULS

6. PRINT

7. JET 3D MAIN PROGRAM

8. ASSEM

9. ASSEF

10. IDENT

11. IMPULS

12. PRINT

13. ELMPP

14. STRESS

15. LOADEQ

16. LOADFT

17. QREM

18. ERC

19. FAC

20. FICOL

21. MINV

22. OMULT

23. SOLV

Again, note that the subroutines in items 13 through 23 are common to each of

these two groups of "control programs".

The number of memory locations required is approximately 224,000 bytes.

The subroutines LOADEQ, LOADFT, and QREM (No. 15 through No. 17) are the same

as those listed in Subsection 5.3. The subroutines ERC, FAC, FICOL, MINV,

OMULT, and SOLV (No. 18 through No. 23) are the same as those listed in Subsec-

tion 5.2. To avoid needless repetition, only the main programs and subroutines

No. 1 through No. 17 are listed in this subsection.
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C JET3D ' MAIN PROGRAM FUR V A R I A B L E TH ICKNESS A R B I T R A R I L Y CURVED RING
C JET3D HUUBOLT OPERATOR
C ***** P A R T I A L RING *****

DIMENS ION A M A S S ( 2 0 6 0 ) , A A ( 50, 8 , 8 ) , T X G ( 6 ), T WG ( 6) ,ES ( 6 ) , G F L ( 5 0 , 3 , 6 ) ,
*INUM( 205) , FMECH(205) ,HHALF ( 5 0 ) , K R U W < 8 ) , NDEX (8) ,
* B M A S S ( 2 0 6 0 ) , E P S ( 5 ) , S I G ( 5 )

DIMENSION G D E L D ( 2 0 5 ) t D I S U M ( £ x ; 5 ) , D I S ( 2 0 5 ) , D I S M l ( 2 0 5 ) , O I S M 2 ( 205) ,
*FLR(205) ,FLN(205) ,FLVM{205) ,STIFK(2060)

COMMON /TAPE/ MREAD, MWRIT E ,MPUNCH
COMMON /FG/ I K,NOGA, NF L,NS FL , NI , I CCL (205 ) , NBCOND.NBC (4 ) t NJDEH( 4 )

*,Y( 5 1 ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 51)
COMMON /HM/ YOUNG,OS,C5 ,C6 , ASFL150 , 3 ,6,5) , G Z E T A ( 5 0 , 3 , 6 ) , S N O ( 5)
COMMON / V Q / F L V A ( 2 0 5 ) , DIS P (205 ) , DELC ( 205 ) , SNS ( 50, 3, 6, 5 ) ,

*BINP( 50,3 ), BIMP( 50,3) ,SNP( 50,3, 6 ,5)
COMMON /BA/ 8 E P ( 5 0 , 3 , 3 ,3) , A L ( 5 0 ) , A X G ( 3 ) , A W G ( 3 ) ,C3(50, 3 ) ,C4(50 , 3)
COMMON /SC/ MCRIT ,CRITS,8 IG ,18 IG ,BT IME, ISURF
COMMON /FORCE/ T l , A M P l F V , A M P 1 F W , T 2 f A M P 2 F V , A M P 2 F W , SLOPE V , S L O P E W ,

*AMPFV,AMPFW,NOFT1,NOFT2 , NOF T3 , JELEM (4 ) , ETA ( 4) , RTOV ( 4) , RTOW ( 4 ) ,
*NSTF2U) ,NELF2(4 ) ,RT02V(4 ) , R T 0 2 W ( 4 ) , NSTF 3( 4) , NE LF3 ( 4) , R T03 V ( 4 ) ,
*RT03W(4 ) ,FM l (4 ,8 ,2 ) ,FM2(2 ,4 ,8 ,2 ) ,FM3A(2 ,4 ,3 ,2 ) , FM3B ( 2 , 4 , 8, 2 )

COMMON /ELFU/ SPRINI2060) ,FQREF{205) ,NQR,NURP,NORU,NREL(4 ) ,
* R E X ( 4 ) , N R S T (4) ,NREU(4)

MREAD=5
MWRITE=6
MPUNCH=7
R E A O ( M R E A O , 1 ) B, DENS, I K,NOGA,NFL ,NSFL , MM, Ml, M2
IKP1=IK-H
PIE=3.14159265
READ(MREAD,11) (Y ( I ) ,Z ( I ) ,ANG( I ) ,H t I ) , 1=1 , IKP i )

II FORMAT (4E15.6)
00 111 I=1,IKP1

III ANG( I )=ANG(I)*PIE/180.
READ(MREAD,2 ) OELT AT , C R IT S ,DS , P , ( E P S ( L ) , S I G ( L ) , L = 1 , N S F L )

1 FORMAT(2E15 .6 /7 I5 )
2 FORMAT (4E15.6/(4E15.6) )

R E A D ( M R E A D , 3 ) ( A X G ( K ) , K = 1 , N O G A )
R E A D ( M R E A D , 3 ) ( A W G ( K ) , K = 1 , N O G A )
R E A D ( M R E A D , 3 ) ( T X G (K) , K= 1, NFL )
R E A D C M R E A D , 3 ) ( T W G ( K ) ,K=l,NFL)

3 FORMAT (4F15.10)
NI=IKP1*4
READ (MREAD,4 ) NBCOND,(N6C( I) »NODEb. ( IJ f I = lt NBCOND)

4 FORMAT (91 5)
READ(MREAD,9 ) NQR , NORP , NORU

9 F O R M A T ( 3 I 5 )
CALL IDENT(B,DENS,NQR)

DO 70 IR=1 ,IK
DO 70 J=1,NUGA
RH=H( IR)* ( l . -AXG(J ) ) *H( I R + i ) * A X G ( J )
DO 70 K=1,NFL
GFL( ! R , J , K ) = R H * T W G ( K J * B / 2 .

70 G Z E T A ( I R , J , K ) = R H * T X G ( K ) / 2 .
E S ( 1 ) = S1G( 1) /EPS( 1)
IF (NSFL-1)77,77,76

76 DO 73 L=2,NSFL
78 E S ( L ) = ( S I G ( L ) - S I G ( L - i ) ) / ( EPS ( L )-EP S (L-1) )
77 E S ( N S F L + 1)=0.0

00 79 L=1,NSFL
79 S N C ( L ) = E S ( 1)*EPS (L)
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DO 71 IR=1 ,IK
DO 71 J=1,NOGA
DO 71 K=i,MFL
DO 71 L=l ,NSFL

71 ASFL( IR ,J ,K ,L )=GFL( IR , J,K) * ( E S ( L ) - E S ( L + l ) ) / E S ( l )
DC 73 IR=1 ,IK

73 HHALF(IR) = (H( IR+1 ) *H ( I R) ) / ?.. 12 .
DO 15 1=1,8

15 I C C L ( I ) = 1
DO 16 I=3,IKP1

IK2=IK4-2
IKl=IK4-3
JJ={ I-l)*4-3
ICGL (IK1)=JJ
ICCLUK2)=JJ
ICOH IK3) =JJ
I COL (IK4) = JJ

16 CONTINUE
INUM( 1)=1
DO 99 1=2, NI

99 INUMU ) = I-ICOL(I-1)^INUM( 1-1)
DO 990 1=1, NI

990 INUMU ) = INUMU )-ICOL(I )
N I R R E G = 0
INDEX=0
ISET=1
DO 116 I=1,NI
L=ICOL( I)
IF (I COL (I )-ISET)ii7,116,119

119 ISET=ICQL( I )
GO TO 116

117 NIRREG=NIRREG+1
IF(NIRREG-NI/2)711,711,90

711 K R G W ( N I R R E G ) = I
NDEX(N IRREG)= INDEX

116 INDEX=INOEX-H-L
90 CALL FICOL (NI ,NI,L,ICOL)

ISIZE=L
W R I T E t M W R I T E , 17) L

17 FORMAT! / , • SIZE OF ASSEMBLED M A S S OR STIFFNESS M A T R I X = « , I 5 >
CALL E L M P P ( A M A S S , S T I F K , A A , I S IZE, DENS , YOUNG , 8 )

DO 23 L=l, IS IZE
8 M A S S ( L ) = A M A S S ( L )

23 SPRIN(L)=0.0
IF {NQR .EQ. 0) GO TO 22

CALL QREM( A A , A L , AXG, A W G J
22 IF (OS. EQ. 0.0) GO TO 21

C5=1./P
C6=1 . /OS/DELTAT

21 DTSQ=DELTAT**2
C2=1. / (2 . *DELTAT**2)
DO 25 IR=1,IK
DO 25 J=l ,NOGA
RH=H( I R ) * ( l . - A X G ( J ) ) - » - H ( I R + l ) * A X G ( J )
C3 (IR, J)=YOUNG*Li*RH

25 C 4 ( I R , J ) = A L { I R ) * A W G ( J )
MCRIT=0
BIG=10.**{-10)
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I B I G = 0
I T = 0
TIME=0.0

CALL I M P U L S I O E L T A T , AL)
R E A D ( M R E A D , 5 ) T B E G I N , T F I N A L f A M P 1 F V t A M P 1 F W

5 FORMAT (4E 15.6)
I F ( T F I N A L ,EQ. 0.0) WR I TE ( MWR IT E , 48 )

48 FORMATCO THERE IS NO TIME DEPENDENT FORCE DISTRIBUTION DURING
* THIS RUN ' )

IF(TFINAL ,EQ. 0.0) GO TO 49
CALL LOAOEOJ Y, Z , ANG, A L,NOGA , A XG , AWG, A A , TBEG IN , TFI NAL , I,.*

49 APDEN=0.0
CALL P R I N T ( I T , T I ME,HHALF,APDEN,SPR IN,8MAS3,C2, NQR, K R O W ,

*NDEXtNIRREG,CINETU)
NREADF=0
T1=TBEGIN
NLOAO=2
DO 34 1=1,NI

34 FMECH( I ) = 0.0
IF (TBEGIN.GT.O.O -OR. TFIN AL .EQ. 0 . C ) GO TO 30
NLOAD=1

CALL L O A D F T ( T I M E t N R E A O F , F M E C H , A L )
CALL F A C ( A M A S S , I C O L , K R O W , N D E X , I O E T , f W R I T E , N I , N I R R E G , I N U M )
CALL SOLV lAMASS,FMECH,ODELD, ICQL ,KPCW,NDEX,N I ,N IRREG)
GO TO 31

3C DO 32 1 = 1, NI
32 D O E L D ( I ) = 0.0
31 DO 33 1=1,NI
33 DI SUM{ I ) = 2.*DTSQ*DDELD (I)+6.*DELD{ I )+6.*DISP(I )

MLOAD=NLOAC
DO 35 1=1,NI
FLRU )=FMECH{ I )

35 FLVM(I)=0.0
CALL OMULT{BMASS,D ISUM, ICOL ,N I ,FLVN,KROW, NUEX, NIRREG)
DO 37 L*l, ISIZE

37 A M A S S ( L ) = 6 . *BMASS(LH-DTSQ* (ST IFK(L HSPRINt L))
CALL F A C ( A M A S S , I C C J L , K R O W , N D E X , I D E T , ^WR ITE , NI , N IRREG, INUM)
ITT=1
TIME=ITT*DELTAT
NLOAD=2
DO 60 1 = 1,M
FLVAU ) = O.C

60 FMECH( I )=0 .0
IFITIME.LT. TBEGIN .OR. TI ME.GT .T F I N^L ) GU TO 38
NLOAD=1

CALL L O A D F T ( T I M E , N R E A O F , F M E C H , A L )
33 DO 39 1=1,NI

39 FLVM( I )=DTSQ*FMECH(I ) *FLVM( I )
CALL S O L V t A M A S S , F L V M , D I S , I COL ,KROW , NOEX.N I ,NIRRF.G)
DO 61 1=1 ,NI
D E L D ( I ) = D I S ( I ) - D I S P ( I )

61 UI SMI ( I ) = D T S Q * D D E L D ( I ) - D I S (I )+2 .*0 I SP ( I )
DO 100 L = l , I S I Z E

100 A M A S S ( L ) = 2 . * B M A S S ( U + D T S Q * ( S T I F K ( L ) - » S P R I N ( L ) )
CALL F A C ( A M A S S , I C O L , K R O W , N O E X , I D E T ,N«/RITb,NI ,NIRREG, INUM)
I F t M L O A D .EQ. 2) GO TO 120
APD=0.0
OH 46 1 = 1 , N I

46 APD=APD+FLR( I ) * D E L D ( I )
= APDEN+APD



120 ITT=ITT-H
T I M E = I T T * Q E L T A T

45 DO 121 I = 1 , N I
D I S M 2 ( I ) = D I S M i ( I )
DISMK I)=DISP ( I)
DISP( I) = DIS( I)
F L R ( I ) = F M E C H ( I )
FLNd ) = F L V A { I )
F L V A ( I } = 0 . 0
FMECH(I )=0.0
F L V M ( I ) = 0 . 0

121 OISUM( I ) = 5.*DISP(I) -4.*DISM1( I J+DISN2U)
MLOAD=NLOAD
CALL STRESS
CALL OMULT (BM ASS , DISUM , ICOL, N I, FLV M,KROW, N DEX, NIRREG )
NLOAD=2
IF(T IME.LT .TBEGIN .(JR. TI ME.GT. TF I NAL ) GU TO 122
NLOAD=1

CALL LOADFT(T IME,NREADF,FMECH,AL )
122 DO 123 I = 1 , N I
123 FLVM( I ) = (FMECH(I ) - (2.*FLVA(I )-FLN( I ))) *OTSQ + FLVM(I )

IF(NBCOND .EQ. 0) GO TO 124
DO 125 I=1,NBCOND
JT4=NODE8( I)*4
FLVM(JT4-3 )=0 .0
IF (NBC(I ) .EQ. l .OR. NBC( IJ .EQ.2) FLVM(JT4- I ) = 0.0
IF(NBC(I ) .EQ.2 .OR. NBC( I ) .EQ.3 ) F L V M { J T 4 - 2 J = 0 . 0

125 CONTINUE
124 CALL SOLV( AMASS. FLVM,DISt ICOL, KRGW , NOEX, NI , NIRREG)

DO 126 1=1,NI
126 DELD{ I )=DIS( I )-DISP( I)

IF (MLOAL) .EQ. 2) GO TO 41
APD=0.0
DO 42 1 = 1, NI

42 APD=APD>FLR( I )*DELD(I )
APOEN=APDEN+APD

41 IT=ITT-1
TIME= IT *DELTAT
IFdT.EQ.l ) CALL PRINT { IT , TI ME ,HH AL F, APUEN , SPR IN, BMASS ,C2f NQR,

*KROW,NOEX»NIRREG,C INETO)
I F ( I T - M l ) 130, 140, 150

140 M1=M1+M2
CALL P R I N T ( I T , T I M E , H H A L F f A P D £ J s , S P R I N , B M A S S f C 2 , N Q R f K R G W t

*NDEX,NIRREG,CINETO)
130 IFUT-MM) 120,170,150
170 IF( IBIG) 62,150,62
62 IFUSURF-2) 64,65,65
64 W R 1 T E ( M W R I TE, 66) B IG , I B IG , BT I ME
66 F O R M A T ! / / / , • LARGEST COMPUTED S T R A I N = ' ,E15.6 ,« OCCURS AT THE

*INNER SURFACE MIDSPAN OF ELEMENT =« , I 3 , ' AT T IME ( S E C . ) =«,E15.6)
GU TO 150

65 W R I T E ( M W R I T E , 6 7 ) B IG , fB IG,BT IME
67 F O R M A T ( / / / , ' L A R G E S T COMPUTED S T R A I N =» ,E15 .6 ,« OCCURS AT THE

*CUTER SURFACE MIDSPAN OF ELEMENT = I,I3,1 AT TIME (SEC.) =«,E15.6)
150 CALL EX IT

END

160



SUBROUTINE AS SEMI IR , IK ,ELMAS,STIFM, ICOL,NI >
; ***** PARTIAL RING *****

DIMENS ION E L M A S ( 8 , 8 ) f NN(8 ) t S T I F M l 1 ) f ICOLi 1 )
J1=IR*4
NNll)=Jl-3
NN(2)=Jl-2
NN(3)=J1-1
NN(4)=J l
J2=( IR-«- iJ*4
N N ( 5 ) = J 2 - 3
NN(6)=J2-2
NN(7)=J2-1
N N ( 8 ) = J2

202 DO 402 1 = 1 ,8
M = NN(I )
00 402 J=l ,8
N=NN(J)
IFCM-N )402t 403,403

403 CALL FICOL (M,N,Lt ICOL J
STIFM(L) = S T I F M ( L ) + E L M A S ( I , J)

402 CONTINUE
RETURN
END

SUBROUTINE A S S E F ( I R , I K , E L F P , F L V A )
***** PARTIAL RING *****
DIMENSION N N ( 8 ) , F L V A { 1 ) , EL FP { 1 )
J1 = IR*4
NN(l)=Jl-3
NN(2)=Jl-2
NN(3)=J1-1
NN|4)=J1

121 J2=(IR*1)*4
NN(5)=J2-3
NN(6)=J2-2
NN(7)=J2-1
NN(8) = J2

123 DO 101 1 = 1 ,8
M=NiM(I )

101 CONTINUE
RETURN
END

SUQROUT INE IDENT ( B ,OENS,NQR)
***** P A R T I A L RING *****
COMMON / T A P E / M R E A D , M W R l T E ,MPUNCH
COMMON /FG/ IK.NOGA, NFL,NSFLt NI , ICOL (205) , NBCOND, NHC ( 4 J ,N3 OE B{ 4 J
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14
15
16
17

5
13
18

20

19
21
23

12
11

*,Y(51),Z(51),ANG151),H(51)
WRITE ( M W R I T E , 1 ) B,DENS , IK , NOGA, NFL , NSFL
FORMAT (' ***JET3D*** A S P A T I A L F IN ITE ELEMENT AND HOUBOLT

*AL OPERATOR P R O G R A M ' , / , « USED TO C A L C U L A T E T Hfc NONLINEAR
TEMPOR
RESPON

*SES OF A VARIABLE THICKNESS A R B I T R A R I L Y 1 , / , '
*NG W I T H THE FOLLOWING P A R A M E T E R S », / / ,

CURVED P A R T I A L RI

*•
*»
*»

*•

— •WIDTH OF RING ( IN)
DENSITY (LB-SEC**2/ IN**4)
NUMBER OF ELEMENTS

SPANWISE GAUSSIAN PTS = •
DEPTHWISE GAUSSIAN PTS = '

,E15,
, E i 5 ,

o»
.6,

= ' »!'
= ', I

NODE =' , 15)
NODE =' , I5)
NODE =• ,15)

NUMBER I
*• NUMBER OF DEPTHWISE GAUSSIAN PTS = ' , I5, / ,
*• NUMBER OF MECHANICAL SUBLAYERS = ' , I5 )

IF!NBCOND .EQ. 0) GO TO 5
DO 14 I •=!, NBCONO
IF(NBCU) .EQ. 1) W R I T E ( M W R 1 T E , 15) NODEB( I )
IF(NBCd) .EQ. 2) W R I T E ( M W R I T E , 1 6 ) NGDEB( I )
IF (NBC( I ) .EQ. 3) W R I T E ( M W R I T E , 1 7 ) NODEB! I )
CONTINUE
F O R M A T ( • SYMMETRY DISPLACEMENT CONDITION AT
FORMAT! ' CLAMPED DISPLACEMENT CONDITION AT
FORMAT! • HINGED DISPLACEMENT CONDITION AT
GO TO 18
W R I T E t M W R I T E , 1 3 )

FORMAT! / , ' THERE IS NO PRESCRIBED CISPLACEMENT CONDITION')
IF (NQR .EQ. 0 ) GO TO 19
W R I T E ( M W R I T E ,20)
FORMAT! / , ' CONSTRAINTS { E L A S T I C FCUNDAT I UN/S PRI NG) AS DESCRIBED

* BY INPUT ')
GO TO 23
W R I T E ( M W R I T E , 2 1 )
FORMAT! / , ' THERE ARE NO ELASTIC SPRING C O N S T R A I N T S 1 )
IKP1MK + 1
W R I T E ! M W R I T E , 1 1 )
W R I T E ! M W R I T E , 1 2 ) ( I ,Y( I), Z ( I ) , ANG < I )» H ( I) , 1= 1 , IKP 1 )
F O R M A T ( 2 ( I 5,4E15.6))
FORMAT(/,' NODE',7X,'Y',14X,'Z',12X,'SLOPE',8X,•THICKNESS',3X,

*• NODE«,7X,'Y' ,14X,'Z',12Xt'SLOPE',8X,'THICKNESS')
RETURN
END

50

SUBROUTINE IM PULS I DELTAT, AL)
***** PARTIAL RING *****
DIMENSION AL(50)
COMMON /FG/ IK,NOGAt NFL,NSFL , NI , I COL (2 05) , NBCONO, NBC ( 4 ) , N Q D E B ( 4 )

* , Y ( 5 1 ) , Z { 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
COMMON / V Q / F L V A ( 2 0 5 ) f O I S P ( 2 0 5 ) t D E L C ( 2 0 5 ) t S N S ( 5 0 f 3 t 6 t 5 ) t

*BINP150,3) , BIMP(50,3) , SNP ( 50, 3 ,6 , 5 )
COMMON / T A P E / MREAD, MWRITE ,M PUNCH
DO 50 1=1 ,NI
DELDU)=0.0

DISP( I) = 0.0
DO 51 IR=1 ,IK
00 51 J=1,NOGA
8INP(IR,J)=0.0
B IMP( IR ,J )=0 .0
DO 51 K=1,NFL
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DO 51 L=l ,NSFL
S N P ( I R f J , K , L ) = 0 . 0

51 SNSUK, J ,K,L)=0.0
R E A D ( M R E A D , 1 ) NV , I OT A , I UT B , I OTC

1 F O R M A T 1 4 I 5 )
W R I T E t M W R I T E , 2 ) DELTA!

2 F O R M A T ! / , ' T IME STEP SIZE USED IN PROGRAM ( S E C ) = ' ,E15.6)
IF(NV .EQ. 0) W R I T E t M W R I T E , 4 )
IF (NV .GT. 0 ) W R I T E ( M W R I T E , 6 )

4 F O R M A T ! / , • THERE IS NO INITIAL IMPULSE •)
6 F O R M A T ! / , ' IMPULSE LOADINGS HAVE BEEN SPECIFIED AS D E S C R I O C J BY

* INPUT •)
IF(NV .EQ. 0) RETURN
IF ( IOTA .EQ.O) GO TO 10
DO 20 IM=1,IOTA
R E A D ( M R E A D , 2 1 ) I E l , I E 2 , W R A D , W K A D 1 , A N G V 1 , W R A 0 2 , A N G V 2

21 FORMAT(2 I5 /5E15.6 )
IE2M1=IE2-1
DO 22 I1=1,IE2M1
I = IEH-II

22 DELD( 1*4-2 )=DELTAT*WRAO
DELO( IE l *4 -2 )=DELTAT*WRAD1
D£LD(IE1*A-1)=DELTAT*ANGV1
I£2P1=IE1 + IE2
DELDl IE2Pl*4-2)=DELTAT*WRA02
DELO(IE2P1*^-1 J=OELTAT*ANGV2

20 CONTINUE
10 IFUOTB .EG. 0) GO TO 41

DO 30 I M = 1 , I O T B
R £ A D ( M R E A D , 3 1 ) NODEV , V R A f ) , WRAD, ANGV

31 FORMAT( I5 ,3E15.6)
DELD(NODEV*4-3 ) = DELTAT *VRAD
DELD(NODEV*4-2)=DELTAT*WRAO
DELD(NODEV*4-1)=DELTAT*ANGV

30 CONTINUE
41 IFdOTC .EQ. 0) GO TO 60

DO 61 I M = 1 , I O T C
READ(MREAD,62 ) I S 1 , I S 2 , W R A D

62 FORMAT(2I5 ,E15.6)
TX=0.0
00 65 NN=1 ,IS2
NE=( IS l-D+NN
IF(NE .GT. IK) NE=NE-IK

65 T X = T X + A L ( N E )
PIEP=3.14159265/TX
DELD( IS 1*4-1 ) = W R A D * D E L T A T * P I E P
XX=0.0
DO 63 11=1,IS2
I = I S 1 + I I
NE=I-1
IF(NE .GT. IK) NE=NE-IK
X X = X X + A L ( N E )
OELO( I * 4 - 2 ) = W R A D * D E L T A T * S I N ( P I E P * X X )

63 DELD(1*4-1 ) = W R A D * D E L T A T * P I E P * C O S ( P I E P * X X )
61 CONTINUE
60 IF(NBCOND .EQ.O) RETURN

DO <tO 1 = 1 ,NBCCND
J T 4 = N O D E B ( I ) * 4
DELD( JT4-3 ) = 0.0
IF (NtiC ( I ) . EQ. 1 .OR. N B C ( I ) . E Q . 2 ) D E LD( JT^-1 ) =0 .0
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I F ( N B C { I ) .EQ.2 .OR. NBC(I ) .EQ.3) UELD(JT4 -2 ) = J .0
40 CONTINUE

RETURN
END

SUBROUTINE PRINT( I T, T I ME, HHALF , A PD£h, SPRI N , BMA SS ,C2 ,NQR, KRCW ,
*NDEX,NIRREG,CINETO)

I ***** PARTIAL RING *****
DIMENSION COPY(51 ) ,COP 2 ( 5 1 ),HHALF( 5 C ) , B E P S { 3 ) , E P S I { 5 0 ) tEPSU(50)
DIMENSION FQREF( l ) ,BMASS( 1 ) , K R O W ( 1 ) ,NDEX{1) ,C INE(205) , SPRIN (1)

* ,FA IL I (50 ) ,FA ILO(50 )
COMMON /FG/ IK,NOGA,NFL,NSFL,NI, ICCH205), NBCOND, N BC ( 4) ,Ni30EB( 4 )

* , Y ( 5 1 ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
COMMON /HM/ YOUNG, OS ,C5 ,C6,ASFL( 50,3,6,5) ,G2ETA{50 , 3,6), SN015)
COMMON /VQ / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L C ( 2 0 5 ) , S N S ( 5 0 , 3 , 6 , 5 ) ,

*BI NP( 50,3 ), BIMP (50,3) ,SNP( 50,3,6,5)
COMMON / B A / BEP(50 ,3 ,3 ,8 ) , AL ( 50) , AXG ( 3 ) , A*G( 3) ,C3( 50, 3 ) ,C4 { 50, 3 )
COMMON /SC/ MCRIT,CRITS,BIG,IBIG,BT IME,ISURF
COMMON /TAPE/ MREAD, MWR ITfc ,MPUNCH
DATA A S T E R / ' * ' / , B L A N K / 1 ' /
DO 700 I=1,NI

700 CINE( I )=0 .0
CALL OMUL T{BM ASS, DEL D, ICOL,NI ,C I NE , KROW,NOEX , N IRREG)
CINET=0.0
DO 701 1 = 1 ,NI

701 CINET=CINET+DELD(I )*CINE( I)
CINET=CINET*C2
IF( IT .EQ. 0) CINETO=CINET
ELAST=0.0
DO 702 I R = 1 , I K
DO 703 J=l ,NOGA
SUM=0.0
DO 704 K=1,NFL
DO 704 L=1,NSFL

704 SUM=SUM*-SNS(IR,J,K,L)**2*ASFL ( IR,J,K,L)
703 FLAST=ELAST+SUM*C4UR, J)
702 CONTINUE

SPDEN=0.0
IF(NQR .EQ. 0) GO TO 31
DO 30 1=1,NI

30 FQKEF(I)=0.0
CALL OMULT (SPRIN,DISP, ICOL,NI ,F QREF ,KROW, NDEX, NIRRF.G)
DO 32 1=1,NI

32 SPDEN=SPDEN*DISP(I ) *FQREF( I)
SPDEN=SPDEN/2.

31 ELAST=ELAST/YOUNG/2.
CINETT=CINETO+APDEN
PLAST=CINETT-CINET-ELAST-SPDEN
W R I T E ( M W R I T E , 1 ) IT ,TIMF,CINETT,CI N E T , E L A S T , P L A S T

1 F O R M A T ( / / / / / / , ' J=', I5, ' T INE (SEC.) =«,E15.6, / ,
*' TOTAL ENERGY INPUT (IN.-LB.) =',E15.6,/,
*' K INETIC ENERGY (IN.-Lb.) =',E15.6,/,
*' ELASTIC ENERGY (IN.-LB.) =',E15.6,/,
*' PLAST IC WORK (IN.-LB.) =',E15.6)

IF(NQR .EQ. 0) GO TO 33
W R 1 T E ( M W R I T E , 3 4 ) SPDEN
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34 F O R M A T ! 1 ENERGY S T O R E D IN THE E L A S T I C R E S T R A I N T S ( IN.-LQ.) = ' ,
*E15.6)

33 IKP1 = IK + 1
DO 11 I= lT IKPl
COPY I I ) = Y( I )+DISP( I *4 -3 ) *COS(ANG( I M-DISP! I *4-2) *S IN( A NG ( I ) )

11 C O P Z ( I ) = Z( 11*0 ISP ( I*4-3)*SIN( ANG( I ) J + D I S P J I*4-2)*CUS ( A N G ( I J )
DO 601 IR= lf IK
DO 604 1=1,3
B E P S ( I ) = O . C
DO 604 K=l,8
INDEX=(IR-1)*4+K

604 BEPSU ) = BEPS( I ) + BEP( IR t 2 t I t K J * D I S P ( INDEX)
F A R E = B E P S ( 1 ) + B E P S ( 2 ) * * 2 / 2 .
FCUR=BEPS(3 )
EPSI ( IR)=FARE-HHALF( IR )*FCUR
EPSO( IR)=FARE+HHALF( IR)*FCUR

601 CONTINUE
DO 60 IR=1tIK
I F ( E P S K I R ) .LE. BIG) GO TO 61
BIG=EPSIUR)
I B I G = I R
ISURF=1
BTIME=TIME

61 IF (EPSOdR) .LE. BIG) GO TO 60
BIG=EPSO(IR)
I B I G = I R
ISURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E , 2 )

2 F O R M A T ( / , » I • , 5X, ' V • , 1IX, • W , 9X, «PSI • , 9X, • CHI« ,10X , 'COPY' ,
* 8 X , « C O P Z ' ,9X,« L', 11 X . ' M ' . T X , ' STRAIN UN) ' ,4X, 'STRAIN ( O U T ) •)

I F J M C R I T .GT. 0) GO TO 50
DO 51 1=1, IK
FAILK I)=BLANK
FAILO( I ) = BLANK
IF(EPSIU) .LT. CRITS) GO TO 52
FAILK I) = ASTER
1F(MCRIT .GT. 0) GO TO 52
M C R I T = 1

52 I F t E P S O ( I ) .LT. C R I T S ) GO TO 51
FAILOt IJ-ASTER
1F(MCRIT .GT. 0) GO TO 51
MCRIT=1

51 CONTINUE
IF(MCRIT .LE. 0) GO TO 50
DO 53 1=1,IK

53 W R I T E ( M W R I T E , i > 4 ) I, D ISP (1*4-3 ), D ISP (1*4-2 ) , D IS P( 1*4-1) ,D ISP (1*4) ,
*COPY{ I ) ,CURZ( I ) ,BINP( I , 2 ) , B IMP (I ,2) ,EPSI ( I ) , FA ILK I )r

*EPSO(I ) ,FAILU( I )
54 FORMAT( I5 ,9E12 .4 ,A2 ,E12 .4 ,A2)

W R I T E ( M W R I T E , 5 4 ) IKP1,DISP( IKP 1*4-3) ,DI SP{ I KPl*4-2 ) ,D I S P( IK PI *4-l )
* ,D ISP( IKP1*4 ) ,COPY( IKP1) ,COPZ( IKP1)

W R I T E ( M W R I T E , 5 5 ) A S T E R
55 FORMAT ( / / , 5 X t A 2 , ' STRAIN EXCEEDS 1HE C R I T I C A L V A L U E 1 )

RETURN
5C 00 21 1 = 1 , I K
21 K R I T E ( M W R I T E , 2 2 ) I f D I S P ( 1*4-3),DISP(1*4-2),UISP(I*4-1),DISP(I*4) ,

*COPY( I) .COPZm fBINPUt 2 ) ,B IMP( I t 2 ) t EPSK I ) t EPSOU )
22 F O R M A T ( I 5 , <3E 1 2.4, 2X, E 1 2.4 )
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W R I T E ( M W R I T E , 2 2 ) I K P 1 , D I S P { IKP1*4-3),DISP< IKP1*4-2),0 ISP(IKP1*4-1)
* ,DISP(IKP1*4) , COPY! IKP1 ) , C O P Z ( IKP1)

RETURN
END

C JET3D MAIN PROGRAM FOR V A R I A B L E THICKNESS ARBITRARILY CURVED RING
C JET3D HQUBOLT OPERATOR
C ***** COMPLETE RING *****

DIMENSION A M A S S ( 2 0 6 0 ) , A A ( 5 0 , 3 , 8 ) , T X G ( 6 ) , T W G ( 6 ) , E S ( 6 i , G F L { 5 0 , 3 , 6 ) ,
* I N U M ( 2 0 5 ) , F M E C H ( 2 0 5 ) , H H A L F { 5 0 ) , K R O W { £ ) , N D E X ( 8 ) ,
*8MASS(2060) ,EP S (5 ) ,SI G ( 5 )

DIMENSION DDELD(205) ,01 S U M ( 2 0 5 ) , 0 1 S ( 2 0 5 ) , D I S M I ( 2 0 5 ) , 0 1 S M 2 ( 2 0 5 ) ,
*FLR(205) ,FLN(205) , FLVM(205 ) ,ST IFK(2060)

COMMON /TAPE/ MREAD,MWRITE ,MPUNCH
COMMON /FG/ IK,NOGA,NFL,NSFL,NI , I COL ( 205) , N8COND, N BC ( 4 ) ,NODEB( 4 )

* V Y ( 5 L ) , Z ( 5 1 ) t A N G ( 5 1 ) , H ( 5 1 )
COMMON /HM/ Y O U N G , O S , C 5 , C 6 , A S F L ( 5 0 , 3 , 6 , 5 ) , G Z E T A C 5 0 , 3 , 6 ) , S N O ( 5 )
COMMON /VQ / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L C ( 2 0 5 ) , S N S ( 50,3,6, 5) ,

*BINP{ 50,3) , BIMP(50»3) , SNP{ 5 0,3 , 6 , 5 )
COMMON /BA / BEP(50 ,3 ,3 ,8 ) ,AL{ 50) , A XG ( 3 ) , A*G { 3) ,C3 ( 501 3 ) , C4 ( 50, 3 )
COMMON /SC/ MCRIT,CRITS,BIG, IBIG.BT IME,ISURF
COMMON /FORCE/ T1,AMP1FV, AMP1FW,T2 ,AMP2FV,AMP2FW,SLOPEV.SLOPEW,

*AMPFV,AMPFW,NOFT1 ,NOFT2 ,NOFT3 ,JELEM(4 ) ,ETA{4 ) ,RTOVI 4 ) , R T O W t 4 ) ,
*NSTF2(4 ) ,NELF2(4 ) ,RT02V(A) ,RT02W(4 ) , NSTF3 (4 ) , NE LF3 (4) , RT03V ( 4 ),
*RT03W(4) ,FM1(4 ,8 , 2 ) ,FM2(2 , 4,8,2) ,FM3A( 2 ,4, 8 ,2 ) , FM3B { 2 ,4 ,8, 2 )

COMMON /ELFU/ SPRIN( 2060) , FQREF { 205 ), NQR, NORP, NORU ,NREL ( 4) ,
*REX(4 ) ,NRST(4 ) ,NREU(4 )

MREAO=5
MWRITE=6
MPUNCH=T
READ(MREAD,1) B,DENS, I K,NOGA, NFL , NSFL , MM, M 1, M2
IKP1=IK-H
PIE=3.14159265
READ(MRFAD,11 ) (Yd ) ,Z (I) ,ANG( I ), H ( I ), 1=1, IK )

II FORMAT (4E 15.6)
DO 111 1 = 1 ,IK

III ANGl I )=ANG(I)*PIE/180.
Y ( I K P 1 ) = Y( 1)
ZUKP1 ) = Z J 1)
H( IKP1)=H( 1)
ANG( IKP1 ) = ANG( 1)
R E A O ( M R E A D , 2 ) D E L T A T , C R I T S , D S , P , ( E P S ( L ) , S I G ( L ) , L = 1 , N S F L )

1 FORMAT(2E15 .6 /7 I5 )
2 FORMAT(4E15 .6 / (4E15 .6 ) )

R E A D ( M R E A D , 3 ) ( A X G ( K ) , K = 1 , N C G A )
R E A D ( M R E A D , 3 ) ( A W G ( K ) ,K=l, NCGA)
R c A D ( M R E A D , 3 ) I T X G ( K ) , K = l , N F L )
R E A D ( M R E A D , 3 ) ( T W G ( K ) , K = 1 , N F L )

3 FORMAT(4F15.10 )
NI=IK*4
R E A D ( M R E A D , 4 ) NBCOND,I NBC( I ) ,NODEB{ I),I=1,NBCHND)
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4 F O R M A T ( 9 1 5)
R E A D ( M R E A D , 9 ) N Q R , I 'M RP , NU RU

9 F U R M A K 3 I 5 )
C A L L I D E N T ( 6 , D E N S , N Q R )

DO 70 I R = l t I K
DO 70 J = l , N U G A
R H = H { I R ) * ( l . - A X G ( J ) ) + H ( I R + 1 ) * A X G { J )
DC 70 K = 1 , N F L
G F L ( I R , J , K ) = R H * T W G ( K ) * B / 2 .

7 0 G Z E T A d R t J , K ) = R H * T X G ( K ) /2 .
E S ( 1 ) = S I G ( 1 ) / E P S ( 1 )
I F ( N S F L - l ) 77,77,76

76 DO 73 L = 2 , N S F L
78 E S { L ) = ( S I G ( L ) - S I G ( L - i ) J / { EPS ( L )-EPS (L - l ) )
77 ES (NSFL-H)=0.0

DO 79 L=l ,NSFL
7S S N a ( L ) = E S ( 1 ) * E P S ( L )

Y O U N G = E S ( L )
DO 71 IR=1 , IK
DO 71 J=1 ,NOGA
DO 71 K = 1 , N F L
DO 71 L = 1 , N S F L

71 A S F L ( I R , J , K , L ) = G F L ( I R , J,K ) *( ES( L )-E S{ L* l ) ) / E S (
DO 73 IR=1 ,IK

7 3 H H A L F ( I R ) = { H { I R + 1 ) * H ( I R ) ) X2./2.
DO 15 1=1,8

15 I C O L ( I ) = 1
IKM1=IK-1
DO 16 1=3 , IKM1
I K A = I * A
1K3=IK4-1
IK2=IK4-2
I K l = I K 4 - 3
JJ=CI- l )*4-3
I C O L l I K 1 ) = JJ
I C O L ( I K 2 ) = JJ

16

ICOL
ICOL
CONT
I C O L
ICOL
ICOL
ICOL

I K 3 ) = J J
I K 4 ) = J J
N U E
IK*4)=1
IK*4-1)=1
IK*4-2)=1
IK*4-3) = 1

I N U M ( 1) = 1
DO 99 1 = 2 , N I

S9 I N U M ( I ) = I - I C O L ( I - 1 ) + I N U M ( 1-1 )
DO 990 1=1 ,NI

990 I N U M U ) = I N U M ( I ) - I C O L ( I )
N I R R E G = 0
INDEX=0
I S E T = 1
DO 116 1=1 ,NI
L = I C O L (I )
I F ( I C O L ( I J - I S E T 1 1 1 7 , 1 1 6 , 1 1 9

119 I S E T = I C O L ( I )
GO TO 116

117 N I R R E G = N I R R E G - » - l
l F l i N l R R E G - N I / 2 ) 7 1 1 , 7 1 i , 9 0

711 K R C W ( N I R R E G ) = I
N D E X ( N I R R E G ) = I N O E X
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116 INDEX=INDEX+I-L
90 CALL F ICOLCNI ,NI ,L, ICOL)

ISIZE=L
W R I T E ( M W R I T E , 1 7 ) L

17 F L J R M A T t / , ' SIZE OF ASSEMBLED M A S S OR STIFFNESS M A T R I X = » , I 5 )
CALL ELMPPt A M A S S . S T I FK , AA, IS IZE,OENS , YOUNG,B)

00 23 L=l,ISIZE
B M A S S ( L ) = A M A S S ( L )

23 SPRIN(L)=0.0
IF (NQR .EQ. 0) GO TO 22

CALL Q R E M ( A A , A L , A X G , A W G )
22 IF(DS.EQ.O.O) GO TO 21

C5=1./P
C6=1./DS/DELTAT

21 DTSQ=DELTAT**2
C2=i . / (2 . *DELTAT**2)
DO 25 IR=1 ,IK
00 25 J=1,NOGA
RH=H( IR)*( l . -AXG(J) )+H( IR*1)*AXG( J)
C3( IRtJ)=YCUNG*8*RH

25 CMIR, J) = A L ( I R ) * A W G ( J)
MCRIT=0
BIG=10.**(-10)
IBIG=0
1 T=0
TIME=0.0

CALL IMPULS(DELTAT,AL)
R E A D ( M R E A D t 5 ) T8EGIN,TF INAL, AMP1 FV, AMP1FW

5 FORMAT (4E15.6)
IF(TFINAL .EQ. 0.0) WR ITE ( MWR ITE, 48 )

48 FGRMATCO THERE IS NO TIME DEPENDENT FORCE DISTRIBUTION DURING
* THIS RUN ' )

IFITFINAL .EQ. 0.0) GO TO 49
CALL LOADEQ( Y,Z,ANG, A L , N O G A , A X G t A W G , A A t TBEGIN,TFINAL)

49 APDEN=0.0
CALL PRI,NT(IT,TIME,HHALF f APDEN,SPRIN, BMASS ,C2, NQR,KROW,

*NOEX,NIRREGtCINETO)
NREADF=0
T1=TBEGIN
NLOAD=2
DO 34 1=1,NI

34 FMECH(I)=0.0
IFCTBEGIN.GT.O.O .OR. TFI N AL .EQ. 0. C J GO TO 30
NLOAD=1

CALL LOAOFT(T IME,NREADF,FMECH,AL)
CALL F A C ( A M A S S , I C O L , K R O W , N D E X f IDET, NWR ITE f NI f N IRREG, INUM)
CALL SOLV(AMASS,FMECH,DDELD, ICOL ,KPCW,NOEX t NI ,N IRREG)
GO TO 31

3C DO 32 I=lfNI
32 DDELD( I ) = 0.0
31 DO 33 1=1,NI
33 D I SUM (I ) = 2.*DTSQ*DDELD(I)+6.*OELO( I 1+6 .*DISP( I )

MLOAD=NLOAC
DO 35 1=1,NI
FLR( I )=FMECH( I)

35 FLVMd )=0.0
CALL OMULT (BM ASS , DI SUM , 1C OL, N I , FLV Wf KROW, N DEX, NIRR EG )
00 37 L=1,ISIZE

37 AMASS { L) = 6.* BMASS (L J+DTSQ* (STI FK. { L ) + S P R I N ( L ) )
CALL F A C ( A M A S S , I C O L , K R O W , N D E X , I D E T , N W R I T E , N I , NIRREG, INUM)
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I T T = 1
T I M E = I T T * D E L T A T
NLOAD=2
DO 60 1 = 1 tNI
F L V A { I ) = 0.0

60 F M E C H ( I ) = 0.0
IF (T IME.LT .T8EGIN .OK. TI ME. GT. T F I N/L ) GO TO 38
NLOAD=1

CALL LOACFT(T IME,NREADF,FMECI - ,AU
38 00 39 1=1,NI

39 FLVM( I )=DTSQ*FMECH(I )+FLVM( I J
CALL S G L V l A M A S S , F L V M , D I S , I C O L , K R O W , N D E X , N I , N I R R E G )
DO 61 1=1, NI
OELOU )=DISU )-DISP( I)

61 01 SMI ( I J = DTSQ*ODELD( I )-DIS(I )+2. *DISP( I )
DO 100 L=l t IS IZE

100 AMASS (L) = 2 . * B M A S S U ) + D T S Q * { S T I F K ( L ) 4 S r > R I N ( L ) )
CALL FAC(AMASS f ICOL ,KROW,NDEX, IDET , NWRI TE , NI , N IRREG, I NUM )
IFCMLOAD .EQ. 2) GO TO 120
APD=0.0
DO 46 1=1,NI

46 APD=APD+FLR{ I ) *DELD( I )
APDEN=APDEN+APD

120 ITT=ITT*1
TIME=ITT*DELTAT

45 DO 121 1=1,NI
DISM2( I) = DISM1( I )
DISM1 (I) = OISP(I )
DISP(I)=DIS(I )
F L R { I ) = F M E C H { I )
FLN( I } =FLVA( I }
F L V A ( I )=0.0
FMECHd ) = 0,0
FLVMU )=0.0

121 DISUM( I)=5.*DISP( I )-4.*OI SMK I)*DISN2( I)
DO 40 K=l ,4
DISP( IK*4+K)=DISP(K)

40 DELD( IK*4+K)=DELD(K)
MLOAO=NLOAD
CALL S T R E S S
CALL OMULT (BMASS,DISUM ,ICOL,NI , F LVM,KROW, NDEX, NIRREG )
NLOAD = 2
IFJTIME.LT.TBEGIN .OR. TI ME.GT.TF I N*L) GO TO 122
NLGAD=i

CALL L O A D F T ( T I M E , N R E A O F , F M E C » - , A L )
122 DO 123 1=1,NI
123 FLVMU ) = ( FMECHd )-(2 . * F L V A { I )-FLN( I )) ) *DTSQ+FLVM( I )

IF(NBCOND .EQ. 0) GO TO 124
DO 125 I=1,NBCGND
JT4=NODEB( I)*4
FLVM(JT4-3 )=0 .0
IF (NBCU). EU. 1 .OR. NBC( I ) .EQ.2 ) FL VM{ JT4-1 ) = 0 .0
IF (NBC( I ) . EQ.2 .OR. NBCUI .EQ.3) F LVM ( JT4-2 ) =0 .0

125 CONTINUE
124 CALL S O L V ( AMASS,FLV.M.DIS , ICOL,KKOW^DEX f .MI ,N IRREG)

DO 126 I'1,NI
126 D E L D t I ) = O I S ( I )-OISP( I)

IF(MLOAD .EQ. 2) GO TO 41
APD=0.0
DO 42 1 = 1 ,NI
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42 APD=APD+FLR( I ) *DELD(I )
APDEN=APDEN+APD

41 IT=ITT-1
TIME=IT*DELTAT
IFdT.EQ. II CALL P R I N T ( I T , T I M E , H H A L F , A P O E N , S P R I N , B M A S S , C 2 , N Q R ,

*KROW, NO EX, NIRR EG, CINE TO )
I F U T - M U 130,140,150

140 M 1 = M 1 + M 2
CALL PR INT ( IT ,T IME ,HHALF ,APDEN,SPRIN ,BMASS,C2 ,NQR,KRCW,

*NDE X,NI RREG ,CI NETO)
130 IFUT-MM) 120,170,150
170 IF( IB IG) 62,150,62
62 IFUSURF-2) 64,65,65
64 W R I T E ( M W R I T E , 6 6 ) B IG, I 13 IG, 8T I ME
66 FORMAK/ / / , 1 LARGEST COMPUTED S T R A I N ^NElS.b,1 OCCURS AT THE

DINNER SURFACE MIDSPAN UF ELEMENT =«,I3, ' AT TIME ( S E C . ) =',E15.6)
GO TO 150

65 W R I T E ( M W R I T E , 6 7 ) 8 IG , I BIG , BT I ME
67 F O R M A T ! / / / , 1 LARGFST COMPUTED STRAIN = ' ,E15.6,« OCCURS AT THE

*CUTER SURFACE MIDSPAN OF ELEMENT =«, I3 ,« AT T IME ( S E C . ) =«,E15.6)
150 CALL E X I T

END

SUBROUTINE A S S E M J IR, IK,ELMAS,STIFM, ICOL,NI )
; ***** COMPLETE RING *****

DIMENSION EL MAS (8, 8) ,NN( 8 ) , STIFM ( 1) ,ICUL( I)
J1=IR*4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
N N ( 3 ) = J l - l
N N ( 4 ) = J 1
I F ( I R - I K ) 203,204,204

2C3 J2 = ( I R - H ) * 4
NN(5)=J2-3
NN(6)=J2-2
NN(7)=J2-1
NN(8) = J2
GO TO 202

204 N N ( 5 ) = 1
NN(6) = 2
N N ( 7 ) = 3
N N ( 8 ) = 4

202 DO 402 1 = 1 ,3
M=NN( I )
DO 402 J=l,8
N=NN(J)
I F ( M - N ) 4 0 2 , 4 0 3 , 4 0 3

403 CALL F I C O L ( M , N , L , J C O L ) 1 7 Q



S T I F M ( L ) = S T I F M ( L ) + E L M A S ( I , J )
402 CONTINUE

RETURN
END

SUBROUTINE A S S E F ( I R , I K , £ L F P , F L V A )
; ***** COMPLETE RING *****

DIMENSION N N 1 8 ) , F L V A ( 1 ) , E L F P ( 1 )
J1=IR*4
N N ( l ) = J l - 3
N N ( 2 ) = J l - 2
N N ( 3 ) = J 1 - 1
NN(4)=J1
I F ( I R - I K ) 121,122,122

121 J2=(IR+1)*4
NN(5)=J2-3
NN(6)~J2-2
NN(7)=J2-1
NN(8)=J2
GU TO 123

122 NN(5)=1
NN(6 )=2
NN(7) = 3
NN(8)=4

123 DO 101 1=1,8
M=NN(I )
F L V A ( M ) = F L V A ( M )

101 CONTINUE
RETURN
END

SUBROUTINE I DENT ( B ,OENS ,NGR)
***** COMPLETE RING *****
COMMON / T A P E / MREAD, MUR IT E ,MPUNCH
COMMON /FG/ I K,NOGA,NFL,NSFL,NI, ICOL (205 ) , NBCOND, NBC (4 J,NO DEB{ 4 )

* , Y ( 5 1 ) , Z ( 5 1 ) f A N G ( 5 1 ) t H(51)
WRITE ( M W R I T E . l ) B,DENS , IK , NOGA ,NFL , NSFL
FORMAT (• ***JET3D*** A S P A T I A L FINITE ELEMENT AND HOUBOLT TEMPOR

*AL OPERATOR PROGRAM' , / , 1 USED TO CALCULATE THE NONLINEAR RESPON
*SES OF A V A R I A B L E THICKNESS ARBI T R A R ILY • ,/ , « CURVED COMPLETE RI
*NG WITH THE FOLLOWING P A R A M E T E R S ',//,

*'
*•

*'*•
*•

*'

WIDTH OF RING (IN)
DENSITY (LB-SEC**2/IN**4)
NUMBER OF ELEMENTS

SPANWISF GAUSSIAN PTS
DEPTHWlSE GAUSSIAN
MECHANICAL SUBLAYERS
0) GO TO 5

OF
OF
OF
EQ

NUMBER
NUMBER
NUMBER

IFINBCOND
DO 14 I = 1,NBCGND
IF(NBCd) .EQ, 1J
I F { N 8 C ( I ) .EQ. 2)
IF (NBCd) ,EQ. 3)

= I , E 1 5 . 6 , / ,
=SE15.6, / ,
= ' , I 5 , / ,
= ' , I 5 , / ,

' , I 5 , / ,
= * , I 5 )

W R I T E ( M W R I T E , 1 5 ) NODEti(I)
W R I T E ( M W R I T E , 1 6 ) M5DEB( I )
W R I T E ( M W R I T E , 1 7 ) NODE3( I )
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14 C O N T I N U E
1 5 F O R M A T { • S Y M M E T R Y D I S P L A C E M E N T C O N D I T I O N A T NODE = ' , I 5 )
16 F O R M A T ! ' C L A M P E D D I S P L A C E M E N T C C I S D I T I U N AT NODE = ' , 1 5 )
1 7 F O R M A T ( • H I N G E ! ) D I S P L A C E M E N T C O N D I T I O N A T NODE = ' , I 5 )

GO TO 18
5 W R I T E I M W R I TF , 13)
1 3 F O R M A T ( / , « T H E R E I S N O P R E S C R I B E D C I S P L A C E M E N T C O N D I T I O N 1 )
18 I F ( N ( j R .EQ. 0) GO TO 19

W R I T E ( M W R I T E , 2 0 )
2 0 F O R M A T ( / , ' C O N S T R A I N T S ( E L A S T I C F C U N D A T I ON/S P R I N G ) A S D E S C R I B E D

* BY I N P U T • )
GO TO 23

19 W R I T E ( M W R I T E , 2 1 )
2 1 F O R M A T ( / , » T H E R E A R E N O E L A S T I C S P R I N G C O N S T R A I N T S ' )
23 I K P 1 = I K + 1

W R I T E ( M W R I T E , 1 1 )
W R I T E ( M W R I T E , 12) { I , Y ( I ) , Z ( I ) , A N G { I ) , H ( I ) , I = 1 , IKP1}

12 F O R M A T { 2 ( I 5 , 4 E 1 5 . 6 ) )
11 F O R M A T ! / , « N O D E ' , 7 X , ' Y ' , 1 4 X , • Z 1 , 1 2 X , 1 S L O P E * , 8X , « T H I C K N E S S ' ,3X,

*• N O D E 1 , 7 X , « Y ' , 1 4 X , ' Z ' , 1 2 X , • S L O P E ' , 8 X , ' T H I C K N E S S ' )
R E T U R N
E N D

SUBROUTINE IMPULS(DELTAT,AL)
; ***** COMPLETE RING *****

DIMENSION AH 50)
COMMON /FG/ I K , N O G A , N F L , N S F L » N I , I C C L ( 2 0 5 ) , NBCOND, NBC (4 ) , N O O E 8 { 4 )

* , Y ( 5 i ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
COMMON / V Q / F L V A ( 2 0 5 ) , D I S P ( 2 0 5 ) , D E L C 1 2 0 5 ) , S N S ( 50 , 3,6,5),

* B I N P ( 5 0 , 3 ) , B I M P ( 5 0 , 3 ) , S N P ( 50 ,3 ,6 ,5)
COMMON / T A P E / M R E A D , M W R I T E , M P U N C H
DO 50 1 = 1 , N I
D E L D ( I ) = O . C

50 DISP(I)=0.0
DO 51 IR=1,IK
DO 51 J=1,NOGA
BINP(IR,J)=0.0
BIMP(IR,J)=0.0
DO 51 K=l ,NFL
DO 51 L=1,NSFL
SNP(IR,J,K,L)=0.0

51 SNS(IR,J,K,L)=0.0
REAO(MREAD,1) NV,IOTA,IOTB,IOTC

1 F O R M A T ( 4 1 5 )
W R I T E ( M W R I T E , 2 ) D E L T A T

2 F O R M A T ! / , • T I M E S T E P S I Z E U S E D IN P R O G R A M ( S E C ) = ' ,E15 .6)
I F ( N V .EQ. 0 ) W R I T E ( M W R I T E , 4 )
I F ( N V .GT. 0 ) W R I T E ( M W R I T E , 6 )

4 FORMAT ( / , ' T H E R E IS NO I N I T I A L I N P U L S E ' )
6 F O R M A T ( / , ' I M P U L S E L O A D I N G S H A V E B E E N S P E C I F I E D A S D E S C R I B E D B Y

* I N P U T ')
IF (NV .EQ. 0) GO TO 43
I F U O T A .EQ.O) GO TO 10
DO 20 I M = 1 , I O T A
R E A D ( M R E A D , 21 ) I El , I E2 , W R A D , W R A D 1 , A N G V 1, WR AD 2, A N G V 2

21 F O R M A T ( 2 I 5 / 5 E 1 5 . 6 )
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I E 2 M 1 = I E 2 - 1
DO 22 I I = 1 , I E 2 M 1
I = IE1-HI
IF(I .GT. IK) I=I-IK

22 DELD( I *4 -2 )=DELTAT*WRAO
DELD( IE1*4 -2 )^C£LTAT*WRAD1
DELD(IE1*4-1)=DELTAT*ANGV1
I E 2 P 1 = I E 1 + I E 2
I F U E 2 P I .GT. I K ) I E 2 P L = I E 2 P 1 - I K
OELO( IE2P1*4 -2 )=DELTAT*WRAD2
DELO(IE2P1*4-1 )=OELTAT*ANGV2

20 CONTINUE
10 IFCIOTB .EQ. OJ GO TO 41

DO 30 IM=1 ,IOTB
READ(MREAD,31) NODEV , VRAD , W R A D , A N G V

31 FORMAT (15, 3E15.6)
DELD(NODEV*4 -3 )=DELTAT*VRAD
DELO(NODEV*4 -2 )=DELTAT*WRAD
DELD(NODEV*4-1 )= DELT AT *ANG V

30 CONTINUE
41 IFIIOTC .EQ. 0) GO TO 60

DO 61 IM=1,IOTC
R E A D ( M R E A O , 6 2 ) IS1 , IS2 ,WRAD

62 FORMAT(215 ,E15 .6 )
TX=0.0
DO 65 NN=1,IS2
NE=(IS1-1 J4-NN
IF(NE .GT. IK) NE=NE-IK

65 TX=TX-«-AL(NE)
PIEP=3.14159265/TX
DELDlIS1*4-1)=WRAD*DELTAT*PIEP
XX=0.0
DO 63 11 = 1 , IS2
I= IS1 -HI
NE=I -1
I F ( I .GT. IK) 1=1-IK
IFINE .GT. IK) NE=NE-IK
X X = X X + A L ( N E )
D E L D ( I * 4 - 2 ) = W R A D * D E L T A T * S I N ( P I E P * X X )

63 DELDl I*4-l) = W R A D * D E L T A T * P I E P * C a S ( P I E P * X X )
61 CONTINUE
60 IF(NBCOND .EQ.O) GO TO 43

DO 40 I=1 ,N8CONO
JT4=NODEB( I)*4
DELD(JT4-3 )=O.C
IF(NBC( I ) .EQ. l .OR. NBC( I ) .EQ.2 ) DELD{ JT4-1) = 0 .0
IF (NBC( I ) .EQ.2 .OR. N B C ( I ) . E Q . 3 ) DELD(JT4 -2 )=0 .0

40 CONTINUE
43 DO 44 K=l,4

DISP( I K * 4 * K ) = D I S P ( K )
44 DELD( IK*4+K)=DELD(K)

RETURN
END

SUBROUTINE PRINT ( IT, TI ME, HHALF , APDEfs , S PRIM , BMASS , C2, NQR, KRUW,
*NDEX,NIRREG,CINFTO»
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; ***** COMPLETE RING *****
DIMENSION C O P Y ( 5 1 ) , C Q P Z ( 5 1 ) , H H A L F ( 5C) , B E P S C 3 ) , EPS I ( 50 ) ,E PS 0 (50)
OIMENS ION FQREFd ) , B M A S S ( 1 ), KROKl 1 ) ,NOEX { 1) ,C I NE ( 205) ,SPRIN (1)

* , F A I L I ( 5 0 ) , F A I L O ( 5 0 )
COMMON /FG/ IK,NOGA,NFL,NSFL,NI , ICOL(205 ) , NBC JND, N OC ( 4 ) ,NUOEB(4)

* , Y ( 5 l ) , Z ( 5 1 ) , A N G ( 5 1 ) , H ( 5 1 )
COMMON /HM/ YOUNG, DS ,C5,C6,ASFL( 50,3,6,5) , G Z E T A ( 50, 3,6) ,SNO( 5)
COMMON /VQ/ F L V A ( 2 0 5 ) , D I S P v 2 0 5 ) , O F L C ( 2 0 5 ) , S N S ( 50, 3 ,6 ,5) ,

*B INP(50 ,3 ) ,B IMP(50 ,3 ) ,SNP(50 ,3 ,S ,5 )
COMMON /BA/ B £ P ( 5 0 , 3 , 3 , 8 ) , A L ( 5 0 ) , A XG ( 3 ), AWG ( 3) ,C3( 50, 3 ) ,C4 ( 50, 3 )
COMMON /SC/ MCRIT ,CRITS ,B IG , IBIG,BT IME,ISURF
COMMON /TAPE/ MREAO, MWRITE ,MPUNCH
DATA A S T E R / ' * ' / , B L A N K / ' • /
DO 700 1 = 1 ,NI

700 C I N E U ) = 0.0
CALL OMULT (BMASS,DELD, ICOL,NI,CINE,KROW, NDEX, NI3REG)
CINET=0 .0
DO 701 1=1,NI

7C1 C I N E T = C I N E T + D E L D ( I ) * C I N E ( I )
C I N E T = C I N E T * C 2
I F J I T .EQ. 0 ) C I N E T O = C I N E T
ELAST=0.0
DO 702 IR= 1, IK
DO 703 J=l,NOGA
SUM=0.0
DO 704 K=1,NFL
DO 704 L=1,NSFL

704 SUM=SUM + SNS( IR , J , K ,L ) **2*A SFL (IR,J f K,L)
703 ELAST=ELAST*SUM*C4( IR,J )
702 CONTINUE

SPDEN=0.0
I F C N Q R -EQ. 0) GO TO 31
DO 30 1=1,NI

30 F Q R E F ( I ) = 0 . 0
CALL OMULT(SPRIN,DISP, ICOL , NI, FQREF,KROW, N DEX, NIRR EG )
DO 32 1=1,NI

32 SPDEN=SPDEM-DISPU )*FQREF{ I)
SPDFN=SPDEN/2.

31 ELAST=ELAST/YOUNG/2. -
CINETT=CINETO+APDEN
PLAST=CINETT-CINET-ELAST-SPDEN
WRITE (MWRITE, ! ) IT ,T I MErC I NETT, C I NET.ELAST ,PLA ST

I FORMATC1 J=',I5,' TIME (SEC.) =',E15.6,/,
*• TOTAL ENERGY INPUT (IN.-L8.) =',E15.6,/,
*• KINETIC ENERGY (IN.-LB.) =',E15.6,/,
*' E L A S T I C ENERGY (IN.-LB.) =',E15.6,/,
*' P L A S T I C WORK (IN.-LB.) =',615.6)

I F ( N Q R .EQ. 0) GO TO 33
WRITE(MWRITE,34 ) SPDEN

34 FORMATC ENERGY STORED IN THE ELASTIC RESTRAINTS (IN.-LB.) =•,
*E15.6)

33 DO 11 1=1, IK
C O P Y ( I ) = Y I IJ + D I S P l 1*4-3 )*COS ( A N G ( I J ) -DISP( I *4-2) *S IN ( A N G ( I ) )

II C O P Z ( I ) = Z ( I ) + D I S P ( I * 4 - 3 ) * S I N ( A N G ( I ) ) *DISP( I *4-2) *C()S ( A N G ( I ) )
DO 601 I R = 1 , I K
DO 604 1=1 ,3
BEPS( I ) = 0.0
DO 604 K=l ,8
I N D E X = ( I R - 1 ) * 4 + K

604 BEPSd ) = B E P S ( I ) + B E P ( IR , 2, I ,K ) *D I SP < I N D E X )
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FARE=BEPS( l) + B E P S ( 2 ) * * 2 / 2 .
F C U R = 8 E P S ( 3 )
EPSI ( IR)=FARE-HHALF( IR)*FCUR
EPSU{ IR) = FARE+HHALF{ IR)*FCUR

601 CONTINUE
DO 60 I R = 1 , I K
I F ( E P S K I R ) .LE. BIG) GO TO 61
BIG=EPSI ( IR)
1 8 I G = I R
ISURF=1
BTIME=TIME

61 IF (EPSOUR) .LE. BIG) GO TO 60
B I G = E P S O ( I R )
I B I G = I R
ISURF=2
BTIME=TIME

60 CONTINUE
W R I T E ( M W R I T E , 2 )

2 FORMAT! / ,» I • , 5 X , • V « ,1 I X , • w « , 9 X , «PSI• ,9X, «CHI • ,10X, ' C O P Y « ,
*8X, « C O P Z f , 9 X , "L ' . l lX t 'M ' , 7X ,« STRAIN ( IiM) • , 4 X , ' S T R A I N ( O U T ) • )

I F ( M C R I T .GT. 0) GO TO 50
DO 51 1=1 , IK
FAILK I)=BLANK
FAILO(I )=BLANK
IF(EPSIU) .LT. C R I T S ) GO TO 52
FAILK I) = ASTER
I F ( , M C R I T .GT. 0) GO TO 52
MCRIT=1

52 IF(EPSOd) .LT. C R I T S ) GO TO 51
F A I L O ( I ) = A 5 T E R
IFtMCRIT .GT. 0) GO TO 51
MCRIT = 1

51 CONTINUE
IF tMCRIT .LE. 0) GO TO 50
DO 53 1=1, IK

53 W R I T E ( M W R I T E , 5 4 ) I ,DISP( 1*4-3) ,D ISP (1*4-2) , 01 SP( 1*4-1) ,DISP( 1*4) ,
*COPY( I ) ,COPZ( I ) ,BINP( I, 2), 8IMP{ 1,2), EPSI (I ) , FA ILK I ),
* E P S O ( I ) , F A I L O ( I )

54 FORMAT(I5 ,9E12.4 ,A2,E12.4 ,A2)
W R I T E ( M W R I T E , 5 5 ) ASTER

55 FORMAT( / / , 5X,A2, « STRAIN EXCEEDS THE C R I T I C A L V A L U E ' )
RETURN

50 DO 21 1 = 1, IK
21 W R I T E I M W R I TE,22) I , 01 SP ( I* 4-3) ,DISP( 1*4-2) ,DISP( 1*4-1} , OISP (1*4) ,

*COPY( I ) t C O P Z f I ) tB INP( I* 2)v BIrtPU.2) v EPSK I) tEPSOU )
22 FORMAT( I5 ,9E12.4 ,2X,E12.4 )

RETURN
END
SUBROUTINE E L ^ P P ( A M A S S , S T IFK,AA, ISIZE,DENS,YOUNG,B)

C TU FIND THE M A S S N A T R I X STIFFNESS M A T R I X AND STRAIN NODAL
C DISPLACEMENT T R A N S F O R M A T I O N M A T R I C E S

OIMtNSITN A ( 3 , 8 ) , A A ( 5 0 , 8 , 8 ) , L M I ( 8 ) , M M I ( 8 ) , D ( 8 , 8 ) , E L M ( S , 8 ) ,
* h L M A 3 ( 8 , 8 ) , A H A S S ( 1 ) , E ( 8 , 8 ) , E K 1 ( 8 , 8 ) , E L K ( 8 , 8 ) , S T I F K ( 1 ) ,
*BE l (3 t3 ,8 ) , B N G ( 5 1 )

COMMON /FG/ IK.NGGA.NFL.N'SFLtNI, I COL (20 5) , NBCONO, NRC ( 4 ) , NODE B( 4)
v(Y(51)«Z(51),ANG(51),H(511

CJMMJN /3A/ t?EP(50,3,3,6),AL(50),AXG(3) ,AV»G(3) ,C3 ( 50 , 3 ) , C4( 5 0, 3 )
CuMMjN / T A P E / M R E A D , M W R I T E , M P U N C H
UJ 18 L = 1 , I S I Z ?
S T I F K ( L ) = 0 . 0

16 A M A S S ( L ) = 0 . 0
5u Ou 101 IR-l. IK 175



P5=Z(IR+1 ) -Z ( IR)
P6=Y( IR + 1 )-Y( IR )
P7=ANG( IR+1) -4NG( IR)
A P H A = A T A N ( P 5 / P 6 )
IF(P6.LT.O.O .AND. P5.LT.O.O) APHA=APHA-3. 14 159265
IF(P6. l_T.O.O .AND. P5 .Gc .O.O) APHA=APHA + 3 . 14 159265
IF(P7 .EO. 0.0) GO TO 60
AL( IR )=P7*SQRT(P5**2+P6**2)/SIN(P7/2. )/2.
&U TJ 61

0 A L ( I R ) = S Q R T ( P 5 * * 2 + P 6 * * 2 )
1 BNG( IR+1 ) = ANGUR + 1 )

bN6( I R ) = A N G ( IP)
IF(P7.GT. (4 .7124 I .AND.APHA.LT .O.O) BNG ( I R+l ) =ANG < IP + l J-6.2831853
IF(P7.GT.(A,7124) . AND. APHA .GT.0.0 ) BNG( IR)=ANG( I R ) +6. 2331853
IF(P7.LT. (-4.7124) . AND. APH A.GT . 0. 0 ) 8NG( IR 4l ) = AN G < IR-H )+6. 283 1853
IF(P7.LT. t -A. 7 124) . 4NO.APHA.LT. 0. 0) 8NG( IR) = ANG( I R )-6. 2831 853

BZER=BNG( ! R ) - A P H A
bi=(-2.*8NG( IR*1)-4.*BNG( IR )+6.*APHA ) /AL < IR)
B2=(3.*RNG(IR+1 ) + 3.^8NG( IR )-6.*APHA ) /AL( IR)**2
DO 102 1=1,3
UJ 102 J=l,9
Ad. J) = O.C
fcd. J) = 0.0

02 D(I.J)=0.0
A(l, l )= C C S ( B N G d R ) - A P H A )
A<1,2 )= S IN (BNGdR) -APHA)
A(2,1)=-SIN(8NG( IR I -APHA)
A(2,2)= COS(8NG( IR) -APHA)
A ( 3 , 3 ) = l .
A < 5 , 1)=COS(BNG( IR + D-APHA)
A { 5 , 2 ) = S I N ( B N G ( I R + 1 ) - A P H A )
A ( 5 . 3 ) = P6*SIN(BNG(IR-«- l ) ) -P5*COS ( BNG( IR + 1) )
A(6, l )= -S IN(BNG( IR+ i ) -APHA)

AC 6, 3)=P6*CQS(BNG(IR-H) ) +P5*SIN(BNG( IR + 1
A ( 7 , 3 ) = l .

A ( 5 , 4 ) = A L ( I R )
A ( 5 t 7 ) = A L ( I R ) * * 2
A ( 5 , 8 ) = A L ( I R ) * * 3
A(6. 5 )=AL ( IR>**2
A ( o , 6 ) = A L ( I R ) * * 3
P8=bH-2.*B2*AK IR)
A ( 7 t 4 ) = A L ( IR ) *P8
A ( 7 . 5 ) = 2 .*AL( IR)
A < 7 , 6 ) = 3 .*ALUR)**2
A ( 7 . 7 ) = AL( IR )**2*P3
A(7 ,8 )=AL( IR)* *3*P9
A(8, <t)=l.
A ( 8 . 5 ) = - A L ( I R
A ( 8 . 6 ) = - A L ( I R
A(d. 7 )=2 . *AL ( IRJ
A ( d . 8 )=3.*AL
CALL MINV( A .8 .DET .LMI ,M.WI )

Liu 52 1 = 1,8
DO t>2 J = l , 8
AA( IR , I , J ) = A ( I, J)
DU 103 J=1,NOGA
Z E T = A L ( IR ) * A X G ( J )
RH=H( I R * 1 ) * A X G ( J ) * H ( I R ) * ( l . -AXG(J) )
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RI=RH**3/12.
P H I P = B 1 4 2 . * B 2 * Z E T

WET = AL( IR ) * A W G ( J)
Y Z c T = 0 . 0
ZZET = 0.0
DJ 104 JJ=1,NGGA
P2=8ZER+B1*ZET*AXG( JJ )+B 2*( ZE T*AXG( J J ) ) **2+APHA
Y Z t T = Y Z E T * C O S ( P 2 ) * Z E T * A W G ( J J >

104 Z Z c T = Z Z E T > S I N ( P 2 ) * Z E T * A W G ( JJ)
P 3 = Y Z E T * S I N ( P H I 4 A P H A ) - Z Z E T * C O S ( P H I 4 - A P H A )
P4=YZET*COS( P H I 4 * P H A ) 4 Z Z E T * S I N ( P H I 4 A P H A )
D(1,1)=D( 1,1)4RH*V»ET
G ( 2 t 2 ) = D { 2 t 2 ) + R H * W E T

D(3f l ) = 0 ( 3 f 1 ) * (P3*COS (PHI )-P4*SIN(PHI ) ) *RH*WET
0 (3 .2 ) = D ( 3 , 2 ) + ( P 3 * S I N ( P H ! )+P4*COS(PHI ) ) *PH*WET

D(4t 1) = 0 ( 4 , 1 ) + Z E T * C O S ( P H ! )*RH*WET
O l 4 t 2 ) = D ( 4 , 2 ) + Z E T ^ S I N ( P H l )*RH*WET
0 ( 4 t 3 ) = D { 4 , 3 ) + ( P 3 * Z E T + R H * Z E T * P H I P * R I
D(^ ,4 )=0(^ f 4) -» (RH4PH!P**2*RI ) *ZET**2*WET

D( 5,1) = 0(5, 1)-ZET**2*.SIN(PHI )*RH*WET
0(6,1 )=0 (6 ,1 ) -ZET- *«3^SIN(PHT )*RH*WET
D(7 , l ) = D ( 7 , l ) + Z E T * * 2 * C Q S f PHI ) *RH*W£T
0(8, l ) =D(8 t l ) *ZET* *3 *COS<PHI )*RH*WET
0(b,3) = D(5 ,3 ) -KP4^ZET*A2*RH+2. *ZET*RI )*WET
0 ( 6 , 3 ) = D ( 6 , 3 ) + ( P4*ZET**3*RH*3.*ZET**

)*ZET**2*WET
)*ZET**3*WET

0(5t 4)=0(5t4)42.*ZET**2*PHIP*RI*WET
D{6,4)=D(6 ,4)43. *ZET**3*PHIP*RI*WET
0(7 ,4)=D(7,4)4(PH4PHIP**2 ' *R! )*ZET**3*WET

)*ZET**4*WET
:ZET**2*RI ) *WET

D(6 ,5 )=0( 6, 5)+(ZET**5*RH4-6.*ZET**3*RI ) *WET
0(7 .5 )=D(7 ,5 )42 . *ZET**3*PHIP*RI *WET
0 ( 8 t 5 l = D C 8 , 5 ) * 2 . * Z E T * * 4 * P H I P * R I * W E T
0 ( 6 , 6 ) = 0 ( 6 , 6 ) 4 ( ZE7**6*RH40.*ZET**4*RI ) *WET

D ( 8 , 6 ) = 0 ( 8 , 6 ) 4 3 . * Z E T * * ? * P H I P * R I * W E T
0 ( 7 , 7 ) = D ( 7 , 7 ) 4(RH4PHIP*«2*RI ) *ZET**4*WET
D(8,7) = D ( 8 , 7 ) 4 ( Ph*PHIP**2 :*RI ) *ZET**5*WET
0 ( 8 , 8 ) = D ( 3 , 8 ) 4 ( RH4PHIP**2*RI ) *ZET**6*WET
DJ 201 M=l,3
DU 201 N=i,S

201 Btl( J,M, N)=0. C
Bcli J.l,4)=l.
Bcl( J ,1 ,5)=-ZET**2APHIP
BcK J,1,£)=-ZET**3*PH!P
Btl( J,1.7 ) = 2 . * Z E T
Bcl( J,l ,8 )=3 . *ZET**2
Btl( J,2, 3)=1.

Bhli J , 2 , 5 ) = 2 . * Z E T
Belt J , 2 , 6 ) = 3 . * Z E T * * 2
BtH J,2,7 )=Z

BEK J ,3 ,4 )= -PH lP -ZET*2 . *R2
Belt J ,3 ,5»=-2 .
belt J, 3, 6 ) = - 6 . * Z E T
Btl( J,3, 7»=-2,*Z
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202

103

19

105

106

107

101

DU
Du ^02
BtP( I R
Go 202

J,3, 8 )=-
202 M=l,3
^02 N=l t?

t J» V,N )=0.0
K=l

Ti=PHIP+ZET*2.*B2
T2=2.*ZET*PHIP+ZET**2*2.* f?;>
r3=3.*ZET**2*PHIP + ZET**3*2.*-e2

l-KR|- ;m**2*RI)*WET

i-K-ZET**3*PH!P*P,H+6.*ZET*Tl*RI
•H2.-*ZET*RH + T2*Tl*RI } *WET
+(3.*ZET**2*RH+T3*T1*RI

+ ( ZET**5*PHIP**2*RH+12.*ZET*RI ) * W E T
-2.*ZET**3*PHIP*RH+2.*T2*RI)#WET
-3.*ZET**4*PHIP*RH+2.*T3*RI)*WET

+ -2.*ZET**4*PHIP*R|-H-6.*ZET*T2*RI ) *V»ET
-3.*ZET**5*PH!P*RH+6.*ZET*T3*RI)*WET

(6.*ZET**3*RH+T2*T3*RI ) *WET
)*WET

c I •+• » *t

fc(5.4
L(6.4
t (7,4
fc(o,4
h (b . 5
t (6 .5
fc(7.5
c (6 ,5
E(o,6
£(7 ,6
t (B,6
fc(7.7
E(ti.7
E l u QI O f O

CJNT1^
i>(5,2
D(6,2
0(7,2
D(8,2

r = c i f »t
=E( 5,4
=E(6 ,4
=E(7 ,4
=E(8 ,4
= E ( 5 , 5
= E ( 6 , 5
= E ( 7 , 5
= E ( 8 , 5
=E(6,6
=E(7,6
=E(8 ,6
=E(7,7
= £ ( 8 , 7
=E(8,8

JUE
=0(7,1
=0(8,1
=-0(5,
=-D(6,

1
1

CCM=UENS*8
CCK=YGUNG*B
DO 19 1=1,8
DJ IS J=1 , I
D(I,J ) = 0( I ,J )*CCM
t(l, J )=E( I,J ) *CCK
DU 105 1=1,7
JP1=1*1
UU 105 J = I P 1 , 8
t ( I ,J )=F(J . I )
U(I,J )=0( J,I)
DO 106 I=1,P
DO 1U6 J=l,8

EKKI t J) = 0.0
£LM( I ,J)=C.O
OU i06 K=l,3
£K1( I,J) = EK1( I,J ) 4 A ( K , I ) * E ( K , J )

DJ 107 1=1,8
Du 107 J=l,8
ELK( I , J )=C.O
cLMASd, J)=0.0
DU 107 K = l , 3
E L K ( I , J ) = E L K ( I , J ) + E K l ( ! f f K ) * A ( K . J )
tLMASdt J I=ELMAS( I , J ) +ELV ( I , K )*A( K, J )
CALL A S S O V d R t l K . E L M A S t A V A S S t ICOL.NI I
CALL A S S F M ( I R , I K , r L K , S T I F K , I C O L , N I J
CUNT INUE
lF(NBCaND .EQ.O) RETURN
DU 91 I=1,NBCGND
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•
91

JT< tM3=JT4-3
JT*M2=JT4-2
JT4M1=JT4-1
CALL ERC<JT4M3, AMASS, M, ICQL 1
IFCNBCd J.EQ.l .OR. NBCm.EQ.2)
IF(NBC( U.E0.2 .OR. NPC(I).E0.3)
CALL ERC(JT4M3,ST!FK,M, ICQL)
IF(NBC( M.EO.l .OR. NPCm.EQ.2)
IFlNBCd I.EO.?. .CR. NBC(I).E0.3)
CONTINUE

CALL ERCUT4M1,AMASS,MI,ICOL)
CALL ERCUT4M2, AMASS,NI, ICOL )

CALL ERCUTAMlt STIFK.NI, ICOL)
CALL EPC(JT4M2,STIFK,NI,ICOL)

END

202

402

403
205

SUBROUTINE STRESS
C TO EVALUATE GENERALIZED NODAL LOAD VECTOR DUE TO LARGE DEFLECTION
C AND ELASTIC-PLASTIC STRAIN

uIMtNSIGN ELFPJ8) , BEP S< 3 ) , CEP S( 3, 3) ,5INPW(3) , BI MPW( 3 ) t HWB ( 3 f 3 ) f
*PN(8) ,PM(8) ,HNL(8) , BI NPP ( 3 ) , BI MPP ( 3 )

COMMON /FG/ IK,NOGA,NFL,NSFL,NIt I COL (205) , NBCONC »NBC ( A) , NODEB ( A)
*.Y(51)«Z(51).AKG(51)tH(51)

COMMON /HV/ YCUNG,DS,C5,C6,ASFL( 50,3,6,5) ,GZETA(50, 3,6), SNO( 5)
COMMON / V C / F L V A ( 2 0 5 ) ,DI SP ( 205 ) , DELDC 205 ) ,SNS( 50 ,3, 6 , 5) ,

«BINP(50t3) ,B IMP(50 ,3 ) , SNP ( 50,3 ,6, 5 )
COMMON /BA / BEP (5 0,3, 3, 8) ,AL( 50) , A X G ( 3 ) , A W G ( 3 ) , C3 ( 50 , 3) , C4 ( 50, 3 )
DO 502 IR-1. IK
DO 503 J=1,NOGA
B I N P ( IR, J ) = 0 .
6 I M P ( IR, J )=0.
B I N P P ( J ) = C . O
BIMPP(J )=C.O
DO 402 1=1,3
BEPi>( I) = 0.
DO 402 K=l,8
INOtX=(IR-l )*4+K
BEPS( I) = B E P S ( I ) + BEP( IP , J , I ,K ) *DELC( INDEX)
CtPS(J , 1 ) = 0.0
CbPS< J,2)=0.0
DO ^03 K = l , 8
I N D t X = ( IP-1 )*44K
CcPSt J , 1 ) = C E P S ( J,1) + B E P ( T P , J , 1 , K ) * D I S P ( I N C E X )
CcPS( J , 2 ) = C E P S ( J , 2 ) + 3EP( IR ,J ,2 ,K ) *D ISP( INDEX)
F A K E = B E P S ( 1 ) + C E P S ( J,2 )^BEPS( 2 )-BEPS ( 2 )
F C O K = B E P S ( 3 )
DO 151 K=1,NFL
BFNP=0.
BFNPP=0. 0
B c P X = F A R E + G Z E T A ( I R , J , K ) * F C U R
IF(DS.GT. 0.0) R F A C T R = 1 . + { C 6 * A B S ( B E P X )
D-J 35 L=1,NSFL
DcSNP=0.0
SNS( IP, J , K , L ) = S N S ( I P , J ,K,L) - i -YCUNG*BEPX
IF(US.EO. 0.0) GG T3 255
IF ( iNS( IR ,J ,K ,L ) - S N O ( L ) ) 30, 301, 91

91 SNY=SN-D( L ) * R F A C T R
1F(SNS( IR,J,K,L ) - S N Y ) 301 ,301,20

20 UcSfviP = S N S ( IR, J ,K ,L ) -SNY
SNS( IR , J , K , L ) = S r * Y
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GO TO 301
30 1 F ( S N S ( I R . J . K . L ) + S M ( L ) ) 9 2 . 30 1,301
92 iNY= SNO ( I ) *R F AC TR

IF(SNS( IR,J ,K,L)4SNY)40,301,301
40 b£i>NP = SNS( IR .J tK.D + SNY

iNS( IRi J ,K ,L )= -SNY
GO TJ 301

255 1 F ( S N S ( IR , J ,K ,L ) -SNO(L ) ) 18,301,17
17 Ut :SNP=SNS<IR, J , K , L ) - S N C ( L )

SNS( I R , J , K , L ) = S N C ( L )
Gu TU 301

18 l F ( S N S ( I R t J . K , L ) 4 S N O ( L ) ) 13, 301,301
19 DtSNP=SNS(IR, J , K , L ) + S N O ( L )

i>NS{ IP.t J , K , L ) = - S N O ( L )
301 BFNP-BFNP + SNSdR, J , K , L ) A A S F L ( IR, J ,K,L)

SNP( I R , J , K , L ) = S N P ( IR, J,K, D+DESNP
BFNPP=BFNPP4SNP( IR , J , K, L ) *ASFL( IR t J t K ,L )

35 CUNIINUE
BINPI I R , J ) = B I N P ( I R , J ) + 8 F N P

IR, J ) = 8IVIP{ IP,J

8IMPP( J )=B IMPP( J ) + 3 F N P P * G Z E T A ( I R , J , K )

151 CuNTINUE
503 CONTINUE
107 uO 101 J=1,N3GA

BINPW(J ) = (C3( I«, J )^CEPS(J ,2 ) * *2 /2 . -B INPP( J) )«C4( IR, J)
B I M P W ( J ) = - B I M P P ( J ) * C A ( I R , J )

HWBC J , 2 ) = ( C 3 ( I R , J ) * ( C E P ? { J , 1 ) + C E P S ( J,2 )**2/2. ) -PINPP (J ) )*
*CfcPci (J ,2)*C4( IR,J )

101 CONTINUE
DO 102 1=1.8
F > N ( I ) = 0 .
P M ( I )=0.
hNL( I ) = 0.0
UO 102 J=1,NQGA
PN<I )=PN(IH-BEP(IR,J,1, I ) *BINPW( J)
PMd J=PM{ I ) + B E P < IR,J, 3,1 ) *BIMPW( J)

102 HNL( I I=HNL( I )+5EP(1R ,J ,2 , I)*HWB( J,2)
200 DO 105 1=1,3
105 fcLFP( II = P N ( I ) + P M ( II + H N L C T )
502 CALL A S S E F { I R , I K , E L F P , F L V A )

RETURN
tMD
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SECTION 6

ILLUSTRATIVE EXAMPLES

The following three examples are presented to assist the user in checking

the adaptation of JET 3 to his computer facility.

6.1 A Uniform Thickness Circular Complete Ring Example

The geometry of the structure as shown in Fig. 7a, is a free circular

ring, 0.124-in. thick, 1.195-in. wide, and 2.937-in.mean radius. The ring is

subjected to severe impulsive loading over a peripheral sector of 120 degrees

of its exterior. Taking account of the symmetry of the impulsive loading and

geometry, only half of the ring is analyzed with the symmetry-prescribed-dis-

placement conditions imposed at the centerline midplane. Eighteen uniform

finite elements are used to model the half ring.

The ring material is considered to be elastic, linear-strain-hardening,

and strain rate sensitive (EL-SH-SR). Its uniaxial stress-strain curve is

approximated by the following coordinates (e,O) = (0 in/in, 0 psi); (0.00408,

42800); (1, 121200). The values D = 6500 sec and p = 4 are used in the

strain rate formula. For illustrative purpose only, e is assumed to be
-3 2 4

0.04. The mass density is taken to be 0.25 x 10 (Ib-sec )/in .

Let the JET 3A program calculate the incremental time interval, At, and

400 cycles of structural response; printout is desired at 50 cycles, and every

50 cycles thereafter.

6.1.1 Input Data

The values to be punched on the data cards are as follows:

Format

Card 1 5E15.6

R = 0.293700 E+01

B = 0.119500 E+01

H = 0.124000 E+00

DENS = 0.250000 E-03

EXANG = 0.180000 E+03 (subtended angle of the
analyzed ring)
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Card 2

Card 3

Card 4

Card 5

Card 6

Card 7

Format

715

IK

NOGA

NFL

NSFL

MM

Ml

M2

DEI/TAT

THETA

CRITS

DS

P

EPS(l)

SIG(l)

EPS (2)

SIG(2)

AXG(l)

AXG(2)

AXG(3)

AWG(l)

AWG(2)

AWG{3)

TXG(l)

TXG(2)

TXG(3)

TXG{4)

= 18

= 3

= 4

= 2

= 400

= 50

= 50

=0.0 (to be calculated by the program)

=0.0 (first node is on the +Z axis)

= 0.400000 E-01

= 0.650000 E+04 1
i strain-rate constants

= 0.400000 E+01 J

= 0.408000 E-02

= 0.428000 E+05

= 0.100000 E+01

= 0.121200 E+06

= -0.7745966692

= 0.0

= 0.7745966692

= 0.5555555555

= 0.8888888888

= 0.5555555555

= -0.8611363115

= -0.3399810435

= 0.3399810435

= 0.8611363115

5E15.6

4E15.6

4F15.10

4F15.10

4F15.10
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Card 8 4F15.10

Card 9

Card 10

TWG(l)

TWG(2)

TWG(3)

TWG(4)

NBCOND

NBC(l)

NODEB(l)

NBC(2)

NODEB(2)
I

NQR

= 0.3478548451

= 0.6521451548

= 0.6521451548

= 0.3478548451

= 2

= 1

= 1

= 1

= 19

= 0

1

(two prescribed displacement
conditions are to be imposed)

symmetry condition at node 1

symmetry condition at node 19

(no prescribed elastic restraints)

Cards lOa and lOb are not required since NQR=0

Card 11

NV

IOTA

IOTB

I OTC

= 1

= 1

= 0

= 0

one local uniform initial normal
velocity distribution

Card 12a

IE1

IE2

Card 12aa

WRAD

WRAD1

ANGV1

WRAD2

ANGV2

= 1

= 6
\ first element and number of elements

over which the local uniform initial
normal velocity is to be prescribed

= -0.685300 E+04

= -0.685300 E+04

= 0.0

= -0.342700 E+04

= 0.137060 E+05
smooth the discontinuous
initial velocity function

915

315

415

215

5E15.6

Card 13 and Card 14 are not used since IOTB=0 and IOTC=0, respectively.
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Card 15

Format

4E15.6

TBEGIN

TFINAL

= 0.0

0.0 J
no forcing function is to be prescribed

The input data deck for this example problem should appear as follows:

0.293700E+01
1 8 3 4
0.0
0.4C3000E-02

-0. 7745566692
0.5555555555

-0.8611363115
0.3478548451
2 1 1
0
1 1 0
1 6

-0. 685300E+04
O.C

0. 119500E+01
2 400 50

0. 0
0.428000E+05
0.0
0.8388883888

-0. 33S9810435
0. 6521451543

1 19

0

-0.6853006*04
0.0

C. 124000E + 00
50
C.400000E-01
C.100000E+01
0.7745966692
C.5555555555
0.3399810435
C.6521451548

0.0

0.250000E-03

0.650000E+04
0.121200E+06

0.8611363115
0.3478t>4S4i>l

0.130000E+03

0.400000 E+0.1

-0.342700E+04 0. 137060E+05

6.1.2 Solution Output for Example 1

The solution output for this example is as follows:

184



***JET3A*»«* A S P A T I A L FINITE ELEMENT AND TEMPORAL CENTRAL DIFFERENCE PROGRAM
USED TO CALCULATE THE NONLINEAR RESPONSES OF A UNIFORM THICKNESS CIRCULAR
P A R T I A L RING W I T H THE FOLLOWING PARAMETERS

MEAN RADIUS OF RING UN.) = 0»293700E 01
WIDTH OF RING UN.) = 0.119500E 01
THICKNESS OF RfNG UN. ) = 0.1240006 00
DENSITY (LB-SEC**2/IN**4> = 0.250000E-03
SUBTENDED ANGLE (DEGREE) = 0.180000E 03
NUMBER OF ELEMENTS = 18
NUMBER OF S P A N W I S E G A U S S I A N PTS = 3
NUMBER OF DEPTHHISE GAUSSIAN PTS = 4
NUMBER OF MECHANICAL SUBLAYERS = 2

SYMMETRY DISPLACEMENT CONDITION AT NODE = 1
S Y M M E T R Y D ISPLACEMENT CONDITION AT NODE = 19

THERE ARE NO E L A S T I C SPRING CONSTRAINTS

S I Z E OF ASSEMBLED MASS OR STIFFNESS MATRIX= 478

0
0
0
0
0
0

-0
-0

ELEMENT M A S S
.1905670 00
.2582460-03
.4439800-03
. 137657D-01
.6581680-01
.5280090-02
.3129100-03
.8134940-02

M«TR IX / (DENS*B*HI
0.2532460-03
0.1935290 00
0.1389190-01

-0.4148210-03
-0.5280090-02

0.6281030-01
-0.8005650-02

0.305614D-O3

ELEMENT STIFFNESS MATRIX /
0

-0
-0

0
-0
-0

0
0

.2330050 01

.1938160 00

.1484940-01

. 1000890 00

.2328310 01

.2137380 00

. 1996860-01

.9943320-01

El GEN VECTOR

-0.1938160 00
0.1316860 00
0.3077930-01

-0. 4981210-02
0.2137380 00

-0.9602980-01
0.277332D-01

-0. 1247470-01

0
0
0

.4439800-03

.1389190-01
.137036D-C2

-0. 3019100-07
-0

0
-0
-0

.3129100-03
.8005650-02
. 9839870- C3
.188040D-C5

0. 1376570-01 0.658168D-01
-0.4148210-03 -0.5280090-02
-0.3019100-07 -0.3129100-03

0.128297D-02 0.3134940-02
0.8134940-02 0 .190567DOO
0.3056140-03 -0.2 582460-03
0.1880400-05 0.443980DT03

-0.9622300-03 -0. 1 376570-Q 1

0.5280090-02
0.628103D-01
0.8005650-02
0.3056140-03

-0.2582460-03
0.1935290 00

-0.138919D-01
-0.4148210-03

-0.
-0.
-0.
0.
0.

-0.

3129100-03
8005650-02
9839870-03
1880400-05
4439800-03
1389190-01

0.137036D-02
0.3019100-07

-0
0

-0

.8134940-02

.3056140-03

.1880400-05
-0. 962230 D-03
-0
-0

0
0

.1376570-01

.4148210-03

.3019100-07

.1282970-02

(YOUNG*B*H)
-0

0
0
0
0

-0
0

.1484940-01

.3077930-01

.101473D-C1
..2171890-03
.1996860-01
.2773320-01
.4887730-02

-0.170829D-C2

0.1000890 00 -0.232831D 01
-0.4981210-02 0.213738D 00

0.2171890-03 0.1996860-01
0.6835720-01 -0.994332D-01

-0.9943320-01 0.2330050 01
-0. 124747D-01 0.193816000
0. 1708290-02 -0.1484940-01

-0.1708930-01 -0.100089D 00

-0.2137380 00
-0.9602980-01
-0.277332D-01
-0. 1247470-01

0.1938160 00
0.1316S6D 00

-0.3077930-01
-0.4981210-02

0.
0.
0.
0.

-0.
-0.
0.

-0.

1996860-01
2773320-01
488773D-02
170829D-02
148494D-01
3077930-01
1014730-01
217189D-03

0 .9943320-01
-0.1247470-01
-0
-0
-0
-0
-0

0

.1708290-02

.1708930-01

.1000890 00

.4981210-02

.2171890-03

.6835720-01

OF HIGHEST MODE
V

0.0
0.971097520-04
0.191268530-03
0.279615120-03
0. 359465060-03
0.428392240-03
0.48430260D-03
0.52549766D-03
0.550726090-03
0.559221580-03
0.550726090-03
0.52549766D-03
0.48430260D-03
0.42839224D-03
0.359465060-03
0. 279615120-03
0. 191260530-03
0.971097520-04
0.0

w
-0.292268590-05
-0.287829120-05
-0.274645740-05
-0.25311940D-05
-0.22390468D-05
-0.187889770-05
-0. 1461693 6D-05
-0. 100011220-05
-0.508177180-06
-0.831 898490-09

0.. 506513380-06
0. 998448410-06
0. 1460C298D-05
0.187723390-05
0.223.73830D-05
0.252953020-05
0.274479360-05
0.287662740-05
0.292 102210-05

PSI
0.0

-0.118072500-03
-0.23255703D-03
-0. 339974720-03
-0.437061650-03
-0.520867980-03
-0.58B84760D-03
-0. 638935380-03
-0.669609840-03
-0. 679939240-03
-0.669609840-03
-0.638935380-03
-0. 588847600-03
-0.520867980-03
-0.43706165D-03
-0. 339974720-03
-0.23255703D-03
-0.118072500-03

0.0

CHI
0.812585450 00
0.81400910D 00
0.818236760 00
0.82513999D 00
0.834508990 00
O.B4605910D 00
0.859439330 00
0.87424315D 00
0.890020740 00
0.906292730 00
0.92256472D 00
0.938342310 00
0.95314612D 00
0.96652636D 00
0.978076460 00
0.987445470 00
0.99434869D 00
0.99857636D 00
0.10000000D 01

HIGHEST NATURAL FREQUENCY ( R A D / S E C ) 0.258833110 07

TIME STEP S I Z E USED IN PROGRAM ( S E C ) = 0.618159E-06

IMPULSE LOADINGS HAVE BEEN SPECIFIED AS DESCRIBED BY INPUT

THERE IS NO TIME DEPENDENT FORCE DISTRIBUTION DURING THIS RUM



J= 0 TIME (SEC.) = 0.0
TOTAL ENERGY INPUT (IN.-LB.) = 0.257443E 04

KINETIC ENERGY (IN.-LB.) = 0.257443E 04
ELASTIC ENERGY (IN.-LB.) = 0.0
PLASTIC WORK (IN.-LB.) = 0.0

I
I
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
ia
19

M
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
0.0
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
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

PSI
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
0

0.0
0
0
0

•

•

•

0
0
0

CHI
c.
0.
0.
0.
0.
c.

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
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

COPY
.0
.5100E
.1005E
.1468E
.1888E
.2250E
.2544E
.2760E
.2892E
.2937E
.2892E
.2760E
.2544E
.2250E
.1888E
.14&9E
. 1005E

0.5100E
0

00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01.
00

.1025E-04

COPZ
0.2937E
0.2892E
0.2760E
0.2544E
0.2250E
0.1888E
0.1469E
0.1005E
0.5100E

01
01
01
01
01
01
01
01
00

0.6524E-05
-0.5100E
-0.1005E
-0.1468E
-0.1888E
-0.2250E
-0.2544E
-0.2760E
-0.2892E
-0.2937E

00
01
01
01
01
01
01
01
01

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

1
0
0
0
0
0
0
0
0
0
0
0
0
0

,0
0
0
0
0

M
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
0.0
0.0
0.0
0.0

STR&1NIIN)
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
0.0
0.0
0.0
0.0

STRAIN(OUT)
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
0.0
0.0
0.0
0.0

J= 1 TIME (SEC.:) = 0.618159E-06
TOTAL ENERGY INPUT (IN.-LB.) = 0.257443E 04

KINETIC ENERGY {IN.-LB.) = 0.256498E 04
ELASTIC ENERGY :(IN.-LB.) = 0.596245E 01
PLASTIC WORK (IN.-LB.J = 0.348S70E 01

I
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

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
0.0
0.0
0.0
0.0
0.0

w
-0.4236D-02
-0. 42360-02
-0.42360-02
-0.423 60-02
-0. 42360-02
-0.423 60-02
-0.21180-02
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

PSI
0.0
0.0
0.0
0.0
0.0
0.0
0.84720-02
0.0
•0.0
0.0
0.0
0.0
0.0
0.0
0.0
0. 0
0.0
0.0
0.0

CHI
0.0
0.0
G.O
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
0.0
0.0

COPY
0.0
0.5093E 00
0.1003E 01
0.1466E 01
0.1885E 01
0.2247E 01
0.2542E 01
0.2760E 01
0.2892E 01
0.2937E 01
0.2892E 01
0.2760E 01
0.2544E 01
0.2250E 01
0.1888E 01
0.1469E 01
0.1005E 01
0.5100E 00
0.1025E-04

COPZ
0.2933E
0.2888E
0.2756E
0.2540E
0.2247E
0.1885E
0.1467E
0.1005E
0.5100E

01
01
.01
01
01
01
01
01
00

0.6524E-05
-0.5100E
-0.1005E
-0.1468E
-0.1888E
-0.2250E
-0.2544E
-0.2760E
-0.2892E
-0.2937E

00
01
01
01
01
01
01
01
01

L
-0.3363E
-0.3363E
-0.3363E
-0.3363E
-0.3363E
-0.2797E
-0.5407E
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

04
04
04
04
04
04
03

M
-0.4903E
-0.4903E
-0.4903E
-0.4903E
-0.4903E
-0.3329E

0.3280E
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0

00
00
00
00
00
02
02

STRAIN! IN)
-0.2148E-02
-0.2148E-02
-0.2148E-02
-0.2148E-02
-0.2148E-02
-0.7631E-03
-0. 1369E-02
0.0
0.0
0.0
0.0
0.0
0.0
0,0.
0.0
0.0
0.0
0.0

STRAIN (OUT)
-0.2179E-02
-0.2179E-02
-0.2179E-02
-0.2179E-02
-0.2179E-02
-0.2836E-02

0.6731E-03
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



J= 50 TIME (SEC.I = 0.309079E-C4
T O T A L ENERGY INPUT (IN.-LB.) = 0.257443E 04

KINETIC ENERGY (IN.-LB.) = 0.126536E 04
E L A S T I C ENERGY (IN.-LB.) = 0.161289E 03
P L A S T I C WORK (IN.-LB.I = 0.114778E 04

I
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
Ib
17
18
19

V
0.0
0.860 20-03
0.2824D-02
0. 8443D-02
0.19700-01
0. 38920-01
0.43240-01
0. 32570-01
0.24020-01
0.19230-01
0.16050-01
0. 1321D-01
0.10680-01
0.84750-02
0.64000-02
0.45030-02
0. 2708D-02
0.11960-02
0.0

W
-0. 16740 00
-0.16750 00
-0. 16770 00
-0. 16310 00
-0. 17250 00
-0.18550 00
-0. 73440-01

0.20490-01
0.24380-01
0. 1241U-01
0.83500-02
0.76740-02
0.46360-02
0.35160-02
0. 18290-02
0.11860-02
0.43940-03
0. 81240-04
0.71540-04

PSI
0.0

-0.48300-03
-0.31510-02

0.61020-03
-0.49380-01

0.85400-01
0.24300 00
0.66340-01

-0. 33520-01
-0. 22900-01
-0. 73690-02
-0.78290-02
-0.87060-02
-0.43450-02
-0.46120-02
-0.41470-02
-0.94320-03
-0. 13140-02

0.0

CHI
-0.5376D-01
-0.52800-01
-C.4845D-01
-0.4198D-01
-C. 31080-01
-0.38920-01
-0. 36730-01
-0.15810-01
-0.32650-02
-C.3234D-02
-0.2783D-02
-0.2549D-02
-0.24330-02
-0.27250-02
-0.31460-02
-C. 31910-02
-0.32080-02
-C.26790-02
-0.2446D-02

COPY
0.0
0.4818E 00
0.9498E 00
0.1392E 01
0.1792E 01
0.2133E 01
0 .25D2E 01
0.2790E 01
0.2921E 01
0.2949E 01
0.2898E 01
0.2763E 01
0. 2542E 01
0.2247E 01
0.1884E 01
0.1465E 01
0.1002E 01
0.5089E 00
0.1025E-04

COPZ
0.2770E
0.2727E
0.2601E
0.2394E
0.2105E
0.1739E
0.1394E
0.9809E
0.4906E

01
01
01
01
01
01
01
00
00

-0.1922E-01
-0.5273E
-0.1020E
-0.1480E
-0.1897E
-0.2255E
-0.2547E
-0.2761E
-0.2893E
-0.2937E

00
01
01
01
01
01
01
01
01

L
-0.8297E
-0.9526E
-0.8924E
-0.8261E
-0.7150E
-0.5630E
-0.5494E
-0.4483E
-0.4073E
-0.4186E
-0.4397E
-0.4539E
-0.4895E
-0.4968E
-0.4958E
-0.5114E
-0.4355E
-0.3418E

04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04

H
-0.8113E

0.8400E
0.1739E
0.2823E

-0.1215E
-0.1523E

0.1954E
0.1703E

-0.3581E
-0.5678E

0.1743E
0.3290E

-0.1706E
0.9722E

-0.1813E
-0.1246E

0.1466E
-0.5017E

01
01
01
02
03
03
03
03
02
02
01
01
02
00
01
02
01
01

STRAINI IN)
-0.5638E-01
-0.5478E-01
-0.4636E-01
-0.4055E-01
-0.2868E-02
0.6110E-02

-0.3318E-01
-0.1857E-01
-0. 1403E-02
-0.8602E-03
-0.2833E-02
-0.3023E-02
-0.2618E-02
-0.3226E-02
-0.3133E-02
-0.2902E-02
-0.2847E-02
-0.2042E-02

STRAIN (OUT)
-0.5631E-01
-0. 5419E-01
-0.4729E-01
-0.2845E-01
-0.3524E-01
-0.3198E-01

0. 9486E-02
0.5597E-02

-0.3968E-02
-0.4609E-02
-0.2774E-02
-0.2818E-02
-0.3680E-02
-0.3166E-02
-0.3246E-02
-0.3678E-02
-0.2756E-02
-0.2355E-02

J= 100 TIME (SEC. ) =
TOTAL ENERGY INPUT (IN.-LB.

KINETIC ENERGY ( IN.-LB.
E L A S T I C ENERGY (IN.-LB.
P L A S T I C WORK (IN.-LB.

0.618159E-C4
) = 0.257443E 04
) = 0. 111864E 04
) = 0.967907E 02
) = 0. 135900E 04

I
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

V
0.0
0.1687D-01
0.35960-01
0.60210-01
0.90610-01
0. 1326D 00
0.12720 00
0.89610-01
0. 68330-01
0.51960-01
0.40870-01
0.3 31 80-01
0.26560-01
0.20490-01
0.15430-01
0.1 12 10-01
0.73560-02
0.3804D-02
0.0

W
-0.25070 00
-0.2519D 00
-0. 25100 00
-0.26090 00
-0.30410 00
-0. 32070 00
-0.10400 00

0.36 1 10-01
0.95830-01
0.676 70-01
0.46390-01
0. 3896D-01
0. 38010-01
0.34780-01
0.29990-01
0.28170-01
6.2724D-01
0.25170-01
0.25310-01

PSI
0.0

-0.21080-02
-0.17250-01
-0.62650-01
-0.1528D 00

0.19080 00
0.44760 00
0.12080 00

-0.69430-01
-0.72350-01
-0.41640-01
-0. 16100-01
-0. 10700-01
-0. 17920-01
-0.10490-01
-0. 62440-02
-0. 60900-02
-0.1613D-02

0.0

CHI
-0.4930D-01
-C. 47950-01
-0.414&D-01
-C.37920-01
-0.37430-01
-0.46060-01
-0.10640 00
-0.20530-01
-0.3667D-02
-C. 39410-02
-0.14800-02
-C. 14630-03

0. 44280-03
0.73900-03
0.14890-02
0.17410-02
0.18030-02
0.14540-02
0.59750-03

COPY
0.0
0.4829E
0.9525E
0.1390E
0. 1762E
0.2089E
0.2517E
0.2871E
0.2999E
0.3005E
0.2931E
0.2785E
0.2563E
0.2263E
0.1895E
0.1473E
0.1007E
0.5106E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1034E-04

C O P Z
0.2686E
0.2641E
0.2512E
0.2287E
0.1959E

•0.1580E
0.1306E
0.9498E
0.4594E

01
01
01
01
01
01
01
00
00

-0.5195E-01
-0.5583E
-0.104.9E
-0.1511E
-0.1926E
-0.2283E
-0.2574E
-0.2788E
-0.2918E
-0.2962E

00
01
01
01
01
01
01
01
01

L
0.5243E
0.4661E
0.3706E
0.3197E
0.1614E

-0.2456E
-6.1589E
-0.1734E
-0.1569E
-0.1363E
-0.6998E

0.3076E
0.1310E
0.1820E
0.2590E
0.3145E
0.3541E
0.3101E

04
04
04
04
04
03
04
04
04
04
03
03
04
04
04
04
04
04

H
0.1220E
0.8986E
0.1647E
0.6942E

-0.2692E
-0.2475E

0.2603E
0.2595E
0.1663E

-0.1157E
-0.9910E
-0.2097E

0.2803E
-0.2881E
-0.1649E
-0.5402E
-0.1055E

0.4102E

02
01
03
02
03
03
03
03
02
03
02
02
02
02
02
00
02
01

STRAIN! IN)
-0.5491E-01
-0.5179E-01
-0.4402E-01
-0.3953E-01

0.2441E-01
0.2158E-01

-0.5038E-01
-0.2816E-01
-O.L424E-02

0.2790E-02
0.2635E-02
0.8506E-03

-0.2975E-04
0.2068E-02
0.2180E-02
0.2040E-02
0.2669E-02
0.1432E-02

STRAIN (OUT)
-0.5449E-01
-0.4821E-01
-0.3304E-01
-0.1770E-01
-0.5837E-01
-0.4069E-01

0.2840E-01
0.1790E-01

-0. 7239E-03
-0.4627E-02
-0.3535E-02
-0.4547E-03
0.1715E-02
0.2740E-03
0.1153E-02
0.200 66-02
0.1594E-02
0.1045E-02



J= 150 TIME (SEC.) = 0.927238E-04
TOTAL ENERGY INPUT (IN.-LB.) = 0.257443E 04

KINETIC ENERGY (IN.-LB.) = 0.105222E 04
ELASTIC ENERGY (IN.-LB.) = 0.756474E 02
PLASTIC WORK (IN.-LB.) = 0.144656E 04

I
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
IS
19

V
0.0
0. 29870-01
0.61470-01
0.10120 00
0.15250 00
0.21380 00
0. 2062D 00
0.1550D 00
0.1260D 00
C. 9702D-01
0.74050-01
0.5944D-01
0.4861D-01
0.38850-01
0.29340-01
0.2084D-01
0.13530-01
0. 68300-02
0.0

W
-0.3377D 00
-0.33390 00
-0.34430 00
-0.38710 00
-0.4297D 00
-0.3986D 00
-0.1372D 00

0. 10790 00
0.16340 00
0.13500 00
0.92470-01
0. 66660-01
0.57590-01
0.56330-01
0.53360-01
0.47170-01
0.42710-01
0. 41120-01
0.41010-01

PSI
0.0

-0.45300-03
-0. 81860-01
-0.12480 00
-0.11690 00

0.26230 00
0.5047D 00
0.22780 00

-0. 57250-01
-0.11410 00
-0.98640-01
-0.50410-01
-0.24230-01
-0.14250-01
-0.2 0700-01
-0. 18550-01
-0.10520-01
-0. 16040-02
0.0

CHI
-0.52700-01
-0.51520-01
-C.4767D-01
-0.46060-01
-0.32950-01
-0.63620-01
-0.13310 00
-0.37360-01
-C. 18740-02
-0.70570-02
-C.37180-02
-0.69560-03

0.89760-04
C. 47970-03
0.46300-03
0.85960-03
C. 10210-02
0.67580-03
C. 27180-03

COPY
0.0
0.4814E
0.9445E
0.1363E
0.1728E
0.2082E
0.2528E
0.2914E
0.3075E
0.3072E
0.2971E
0.2802E
0.2569E
0.2268E
0.1900E
0.1474E
0.1006E
0.5104E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1039E-04

COPZ
0.2599E
0.2558E
0.2415E
0.2158E
0.1823E
6.1468E
0.1221E
0.8957E
0.4143E

01
01
01
01
01
01
01
00
00

-0.9701E-01
-0.5990E
-0.1083E
-0.1539E
-0.1954E
-0.2310E
-0.2595E
-0.2805E
-0.2934E
-0.2978E

00
01
01
01
01
01
01
01
01

L
-0.2580E
-0.1041E
-0.9055E
-0.1097E
-0.1337E
-0.1044E
-0.6801E
-0.4524E
-0.6846E
-0.3118E

0.3820E
0.4263E
0.5963E
0.4639E
0.1085E
0.1674E
0.2185E
0.2371E

03
04
03
04
04
04
03
03
03
03
03
03
03
03
04
04
04
04

M
0.5773E
0. 2067E
0.6356E

-0.2310E
-0.2093E
-0.6852E

0.2598E
0.1825E
0.2091E

-0.4041E
-0.1547E
-0.9728E
-0.3877E

0.2496E
-0.8364E
-0.3116E
-0.2780E

0.4156E

01
03
02
03
03
02
02
03
03
02
03
02
02
02
01
02
02
01

STRAIN! IN)
-0.5825E-01
-0.6363E-01
-0.4512E-01
-0.2995E-01

0.2963E-01
0.2H6E-01

-0.4372E-01
-0.3273E-01
-0.7168E-02

0.1837E-02
0.6460E-02
0.3488E-02
0. 1590E-02

-0.4785E-03
0.9583E-03
0.2047E-02
0.2333E-02
0.9601E-03

STRAIN (OUT)
-0.5823E-01
-0.440 3 E-01
-0.3476E-01
-0.3185E-01
-0.6154E-01
-0.3765E-01

0.2286E-01
0.3642E-01
0.6565E-02

-0. 1923E-02
-0. 5188E-02
-0.2836E-02
-0.8231E-03

0.1076E-02
0.4376E-03
0. 1065E-03
0.1845E-03
0.5768E-03

J= 200 TIME (SEC.) = 0.123632E-C3
TOTAL ENERGY INPUT (IN.-LB.) = 0.257443E 04

KINETIC ENERGY (IN.-LB.) = 0.997464E 03
ELASTIC ENERGY (IN.-LB. I = 0. 104127E 03
PLASTIC WORK (IN.-LB.) = 0.147284E 04

I
1
2
3
4
5
6
7
8
9

10
11
12
13

1̂
15
16
17
18
19

V
0.0
0.40940-01
0.89150-01
0.15060 00
0.22210 00
0.29870 00
0.28640 00
0.22160 00
0.18660 00
0.14910 00
0.1139D 00
0.87130-01
0.70390-01
0.5792D-01
0.45380-01
0. 32810-01
0.21130-01
0. 10420-01.
0.0

W
-0.3943D 00
-0.42180 00
-0.46690 00
-0.50490 00
-0.52920 00
-0.47540 00
-0. 1687D 00
0.12110 00
0.20210 00
0.19480 00
0.15140 00
0.98780-01
0.70080-01
0. 66020-31
0.66780-01
0.62570-01
0. 55010-01
0.495 80-01
0.471YLMH

PSI
0.0

-0.95670-01
-0. 11950 00
-0. 1075D 00
-0.10720 00

0.29740 00
0.58100 00
0. 2669D 00

-0.29510-01
-0. 10640 00
-0.14420 00
-0.1 1800 00
-0.50050-01
-0. 16770-01
-0. 18490-01
-0.2 4440-01
-0.20960-01
-0.10470-01

t'.O

CHI
-0.51770-01
-0.55690-01
-0.50640-01
-0.43250-01
-0.32480-01
-0.71140-01
-0.17530 00
-0. 46440-01
-0.12290-02
-C.64660-02
-0.10190-01
-0.76670-02
-0.21340-02
-0.1 5520-02
-0.219.40-02
-0. 28000-02
-0.2 8440-02
-C. 36100-02
-0.45320-02

COPY
0.0
0.4771E
0.9286E
0.1346E
0.1718E
0.2078E
0.25ME
0.2949E
0.3124E
0.3132E
0. 3022E
0.2823E
0.2569E
0.2263E
0.1896E
0.1471E
0.1003E
0.5084E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1041E-04

COPZ
0.2543E
0.2470E
0.2291E
0.2031E
0.1702E
0.1353E
0.1136E
0.8377E
0.3613E

-0.1491E
-0.6485E
-0.1120E
-0.1564E
-0.1975E
-0.2330E
-0.2614E
-0.2819E
-0.2943E
-6.2984E

L
01 0.1788E
01 0.2362E
01 0.6417E
01 0.3768E
01 -0.1497E
01 -0.3465E
01 -0.4978E
00 -0.6520E
00 -0.9139E
00 -0.1015E
00 -0. 1244E
01 -0.1564E
01 -0.1615E
01 -0.2507E
01 -0.3195E
01 -0.3761E
01 -0.4466E
01 -0.4835E
01

03
03
03
03
03
03
03
03
03
04
04
04
04
04
04
04
04
04

M
0. 2396E

-0.2054E
-0.1459E
-0.1677E
-0.2423E
-0.2251E

0.1691E
0.2110E
0. 1755E
0.1520E

-0.4258E
-0.2193E
-0.1290E

0.6686E
0.2316E

-0.1350E
-0.3143E
-0.3029E

03
02
03
03
03
03
03
03
03
03
02
03
03
01
02
02
02
02

STRAIN* INI
-0.6924E-01
-0.5581E-01
-0.3754E-01
-0.3000E-01

0.3304E-01
0.2657E-01

-0.4806E-01
-0.3445E-01
-0.1117E-01
-0.5215E-02

0.2435E-02
0.6778E-02
0.2978E-02

-0.1821E-02
-0.2776E-02
-0.1999E-02
-0.1784E-02
-0.2603E-02

STRAIN(OUT)
-0.4622E-01
-0.5013E-01
-0.4042E-01
-0.3007E-01
-0.6421E-01
-0.4226E-01

0.2743E-01
0.3748E-01
0.7412E-02
0.3884E-02

-0.3902E-02
-0.9644E-02
-0.5056E-02
-0.1405E-02
-0.1334E-02
-0.2840E-02
-0.4317E-02
-0.5131E-Q.2



J= 250 TIME (SEC.1 =
TOTAL ENERGY INPUT UN.-LB.

KINETIC ENERGY (IN.-LB.
E L A S T I C ENERGY (IN.-LB.
PLASTIC WORK ( IN.-LB.

0.154540E-C3
) = 0.257443E 04
) = 0.942427E 03
) = 0.114932E 03
J = 0.151707E 04

:
i
2
3
i>
5
6
7
0
9

10
11
12
13
14
15
16
17
18
19

V
0.0
0. 5506D-01
0. 1179D 00
0.19580 00
0.28660 00
0.3 7640 00
0.3599D 00
0.2B31D 00
0.23910 00
0.19280 00
0.14730 00
0.11050 00
0.84670-01
0.68490-01
0. 5501D-01
0.40500-01
0.25610-01
0.12110-01
0.0

IV
-0.47740 00
-0.51370 00
-0.5707D 00
-0.61890 00
-0.6270D 00
-0.53920 00
-0.19570 00

0.13370 00
0.25260 00
0.2556D 00
0.2113D 00
0. 1556D 00
0.10810 00
0. 84860-01
0.85710-01
0. 91580-01
0.85960-01
0. 75120-01
0. 69840-01

PS;
0.0

-0. 12060 00
-0. 1572D 00
-0. 12170 00
-0. 75680-01

0. 3439D 00
0.62680 00
0.33140 00

-0. 1319D-02
-0.12080 00
-0. 1562D 00
-0.14430 00
-0.1017D 00
-0.41610-01
-0.47370-02
-0.11700-01
-0.29490-01
-0. 21210-01

0.0

CHI
-0.49690-01
-C. 59030-01
-0.56350-01
-C.453 90-01
-0.30040-01
-0.86070-01
-0.20180 00
-0.65140-01

0.97840-03
-0.60010-02
-0.94990-02
-C. 86460-02
-0.27010-02

0.21450-02
0. 1998D-02
0.17330-02
C. 11080-02
0.73270-03
0.69120-03

COPY
0.0
0.4750E
0.9202E
0.1329E
0. 1704E
0.2079E
0.2554E
0.2982E
0.3183E
0.3193E
0.3075E
0.28686
0.2595E
0.2271E
0.1901E
0.1479E
0.1010E
0.5111E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1049E-04

COPZ
0.2460E
0.2377E
0.2183E
0.1910E
0.1585E
0.1253E
0.1059E
0.7843E
0.3184E

-0.1928E
-0.6918E
-0.1162E
-0.1596E
-0.1995E
-0.2351E
-0.2643E
-0.2849E
-0.2968E
-0.3007E

01
01
01
01
01
01
01
00
00
00
00
01
01
01
01
01
01
01
01

L
-0.7593E 03
-0.1001E 04
-0.6196E 03
-0.2724E 03
-0.2564E 03

0.2820E 02
0.5969E 03
0. 1 503E 04
0.2075E 04
0.2971E 04
0.3473E 04
0.3611E 04
0.3904E 04
0.3671E 04
0.3342E 04
0.2825E 04
0.2594E 04
0.2643E 04

M
0.2336E
0.2882E

-0.1881E
-0.2604E
-0.2578E
-0.1961E

0.9510E
0. 2260E
0.2511E
0.1394E
0.1314E

-0.8234E
-0.1289E
-0.1305E

0.2710E
0. 6905E

-0.2282E
-0.7197E

03
02
03
03
03
03
02
03
03
03
02
02
03
03
02
02
02
02

STRAINl IN)
-0.7301E-01
-0.5814E-01
-0.3609E-01
-0.2511E-01

0.3469E-01
0.2643E-01

-0.4505E-01
-0.3795 E-01
-0.1347E-01
-0.2324E-02

0.3735E-02
0.6964E-02
0.1 064 E-01
0.6964E-02
0.1307E-02

-0.3321E-03
0.2490E-02
0.3535E-02

STRAIN (OUT)
-0.4399E-01
-0.4939E-01
-0.4470E-01
-0.3619E-01
-0.6610E-01
-0.4229E-01

0.2584E-01
0.4281E-01*
0.1541E-01
0.6203E-02
0.8672E-03

-0.3345E-02
-0.3859E-02
-0.194 OE-02

0.2994E-02
0.3967E-02
0.4928E-03

-0.1618E-02

STRAIN EXCEEDS THE C R I T I C A L VALUE

J= 300 TIME (SEC.) =
TOTAL ENERGY INPUT (IN.-LB.

KINETIC ENERGY ( IN.-LB.
ELASTIC ENERGY (IN.-LB.
PLASTIC WORK { IN.-LB.

0.185448E-03
) = 0.25-7443E 04
) = 0.916673E 03
) = 0.980654E 02
) = 0. 155969E 04

I
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

V
0.0
0.72930-01
0.1 52 50 00
0.24540 00
0.35490 00
0.45560 00
0.43600 00
0.35480 00
0.3057D 00
0.2522D 00
0. 19620 00
0.14720 00
0.11030 00
0. 85790-01
0.67320-01
0.50730-01
0.33860-01
0.16620-01
0.0

W
-0.57800 00
-0.61140 00
-0.66580 00
-0.72000 00
-0.71990 00
-0.59050 00
-0.21660 00

0. 13640 00
0.28030 00
0.30090 00
0.26110 00
0.20050 00
0.14210 00
0.10550 00
0.90170-01
0.87760-01
0.91980-01
0.89120-01
O.B38 10-01

P S I
0.0

-0. 11870 00
-0.17020 00
-0.15550 00
-0.32970-01

0.39240 00
0.64850 00
0.35470 00
0.24720-01

-0.12250 00
-0.17310 00
-0.17490 00
-0.13430 00
-0. 76300-01
-0.395 10-01
-0. 10050-01
-0.78890-02
-0.17580-Oi

0.0

CHI
-0.4961U-01
-0.58290-01
-0.58110-01
-C.4951D-01
-0.23050-01
-C.I 0550 00
-0.21580 00
-0.7 3930-01

0.13480-03
-0.81370-02
-0.15260-01
-0.16900-01
-0.10160-01
-0.38680-02
-0.25210-02
-0.22370-02
-0.23330-02
-6.31380-02
-C.34980-02

COPY
0.0
0.4757E
0.9200E
0.1321E
0.1697E
0.2090E
0.2574E
0.3009E
0.3221E
0.3238E
0.3115E
0. 2898E
0.2611E
0.2276E
0.1894E
0.1468E
0. 1004E
0.5091E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1054E-04

C O P Z
0.2359E
0.2278E
0.2082E
0.1797E
0.1470E
0.1159E
0.9826E
0.7178E
0.2576E

-0.2522E
-0.7485E
-0.1211E
-0.1635E
-0.2021E
-0.2362E
-0.2645E
-0.2858E
-0.2983E
-0.3021E

01
01
01
01
01
01
00
00
00
00
00
01
01
01
01
01
01
01
01

L
-0.3347E
-0.4709E
-0.2779E
-0.2569E
-0.1046E
-0.7489E
-0.2852E
-0.4652E
-0.5590E
-0.1117E
-0.1744E
-0.2077E
-0.2388E
-0.2819E
-0.3301E
-0.3455E

03
03
03
03
02
02
03
03
03
04
04
04
04
04
04
04

-0.3439E_0_4
-0.3439E 04

H
0.1883E 03
0.8667E 02

-0.1041E 03
-0.2485E 03
-0.2125E 03
-0.9272E 02

0.8910E 02
0.2023E 03
0.2209E 03
0.1880E 03
0.6590E 02

-0.7440E 02
-0. 1175E 03
-0.1205E 03
-0.1144E 03
-0.8360E 01

0., 469 IE.. 02
-0.5787E 02

STRAINlIN)
03 -0.7184E-01

-0.5960E-01
03 -0.3833E-01

-0.1242E-01
0.3651E-01
0.2314E-01

-0.4543E-01
03 -0.3861E-01
03 -0.1873E-01
03 -0.6925E-02
02 -0.1264E-02

0.3057E-02
0.6306E-02
0.2800E-02
0.1437E-02

01 -0.1962E-02
.02 -0.3562E-02.
02 -0.8469E-03

STRAIN (GUT)
-0.4326E-01
-0.4724E-01
-0.4193E-01
-0.4196E-01
-0.6560E-01
-0.3914E-01

0.2508E-01
0.4146E-01
0.1685E-01
0.5289E-02

-0.8461E-03
-0.6757E-02
-0.7696E-02
-0.608 8E-02
-0.5684E-02
-0.2483E-02
-O.LZlTErOZ
-0.5091E-02



J= 350 TIME (SEC.) = 0.216356E-03
TOTAL ENERGY INPUT (IN.-LB.) = 0.257443E 04

KINETIC ENERGY IIN.-LB.) = 0.899933E 03
ELASTIC ENERGY (IN.-LB.) = 0.103451E 03
PLASTIC WORK (IN.-LB.) = 0.157104E 04

I
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

V
0.0
C. 9 1060-01
0.18870 00
0.2 98 80 00
0.42200 00
0.53260 00
0.50680 00
0.41580 00
0.3619D 00
0.3022D 00
0.23700 00
0.17700 00
0.1294D 00
0.96740-01
0.73890-01
0.55740-01
0.39250-01
0.2107D-01
0.0

M
-0.6 82 90 00
-0.71690 00
-0.7656D 00
-0.80610 00
-0. 7946D 00
-0.64630 00
-0.23780 00

0.14460 00
0.308 ID 00
0.34940 00
0.3197D 00
0.25760 00
0.19070 00
0. 1398D 00
0. 11210 00
0. 99440-01
0. 1010D 00
0.11610 00
0.12580 00

PSI
0.0

-0.12370 00
-0.16080 00
-0.14740 00
-0.3211D-01

0.42280 00
0.69410 00
0.37760 00
0.43990-01

-0.10410 00
-0.1825D 00
-0.1932D 00
-0.16530 00
-0.10740 00
-0.63840-01
-0.3046D-01

0.47730-02
0^27050-01
0.0

CHI
-0.49460-01
-0.58880-01
-0.5672D-01
-0.48790-01
-C. 24150-01
-0.11660 00
-0.24720 00
-C.8217D-01
-0. 45130-03
-C. 60690-02
-0.16300-01
-0.18720-01
-0.13100-01
-0. 44190-02
-0.9994D-03

0.11040-02
0.16770-02
0.57520-03
0.47620-03

COPY
0.0
0.4752E
0.9200E
0.1324E
0. 1700E
0.2097E
0.2591E
0.30386
0.3259E
0.3286E
0.3166E
0.2941E
0.2644S
0.2295E
0.1903E
0.1470E
0.1002E
0.5094E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1069E-04

C O P Z
0.2254E
0.2171E
0.1976E
0.1696E
0.1370E
0.1064E
0.9107E
0.6633E
0.2071E

-0.3022E
-0.7989E
-0.1259E
-0.1676E
-0.2052E
-0.2383E
-0.2657E
-0.2868E
-0.3010E
-0.3063E

01
01
01
01
01
01
00
00
00
00
00
01
01
01
01
01
01
01
01

L
-0.5116E
-0.8276E
-0.5110E
-0.4475E
-0.5691E
-0.6647E
-0.2375E
-0.1252E
-0.2107E
-0.3113E
-0.8361E

0.5265E
0.1192E
0.1859E
0.2298E
0.2617E
0.2648E
0.2313E

03
03
03
03
03
03
03
03
03
03
01
03
04
04
04
04
04
04

M
0.2076E
0.3051E

-0.9866E
-0.1856E
-0.2694E
-0.1531E

0.1766E
0.2168E
0.2105E
0.2198E
0.1004E

-0.2530E
-0.1171E
-0.1467E
-0.1205E
-0.1367E
-0.7715E
0.1153E

03
02
02
03
03
03
03
03
03
03
03
02
03
03
03
03
02
03

STRAIN! IN)
-0.7255 E-01
-0.5808E-01
-0.3865E-01
-0.1396E-01

0.3878E-01
0.2464 E-01

-0.4812E-01
-0.3884E-01
-0.1888E-01
-0.9966E-02
-0.1221E-02

0.3204 E-02
0.8595E-02
0.6625E-02
0.5401E-02
0.5938E-02
0.4216E-02

-0.2537E-02

STRAIN (OUT)
-0.4277E-01
-0.4922E-01
-0.4191E-01
-0.4176E-01
-0.7041E-01
-0.4140E-01

0.2784E-01
0.4214E-01
0.1692E-01
0.8970E-02
0.1344E-02

-0.3554E-02
-0.5378E-02
-0.3895E-02
-0.2660E-02
-0.2571E-02
-O.U64E-02

0. 4000E-02

J= 400 TIME (SEC.) = 0.247263E-03
TOTAL ENERGY INPUT (IN.-LB.) = 0.25J443E 04

KINETIC ENERGY (IN.-LB.) = 0.887424E 03
ELASTIC ENERGY (IN.-LB.) = 0.984258E 02
PLASTIC WORK (IN.-LB.) = 0.156858E 04

I
1
2
3
4
5
6
7
8
9

10
ii
12
13
14
15
16
17
18
19

V
0.0
O.llllD 00
0.22720 00
0.35300 00
0. 4898D 00
0. 60860 00
0.58330 00
0.48590 00
0.42590 00
0.35960 00
0. 2863D 00
0.21660 00
0.15790 00
0.11470 00
0.84630-01
0. 63760-01
0.44990-01
0. 23610-01
0.0

W
-0.795 60
-0.82130
-0.85720
-0.8877D
-0.8597D
-0. 68790
-0.2581D

0.15030
0.33800
0.3900D
0.36690
0.30890
0.2382D
0. 17410
0.12670
0.10630
0. 11440
0.1295D
0. 13590

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

PS I
0.0

-0. 10370 00
-0.15370 00
-0.14240 00
-0.15590-01

0.44200 00
0.71200 00
0.4085D 00
0. 55810-01

-0.10970 00
-0.18800 00
-0.20500 00
-0.19100 00
-0.14950 00
-0,10090 00
-0. 28180-01

0.14790-01
0.1674D-01
0.0

CHI
-G.49240-01
-C. 56230-01
-0.55130-01
-C.4762D-01
-0.22830-01
-0.12540 00
-0.25950 00
-0.94530-01
-C.18200-02
-C. 72270-02
-0. 17710-01
-0.21880-01
-0.18900-01
-G.10970-01
-0.49720-02

0.32230-03
0.24930-03

-0.75190-03
-0.66650-03

COPY
0.0
0.4768E
0.9248E
0.1330E
0.1711E
0.2114E
0.2612E
0.3067E
0.3299E
0.3327E
0.3204E
0.2976E
0.2671E
O.Z310E
0.1904E
0.1466E
0.1001E
0.5093E

00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00

0.1072E-04

COPZ
0.2141E
0.2064E
0.1877E
0.1598E
0.1276E
0.9794E
0.6343E
0.5994E
0.1493E

-0.3596E
-0.8556E
-0.1314E
-0.1724E
-0.2088E
-0.2401E
-0.2667E
-0.2883E
-0.3024E
-0.3073E

01
01
01
01
01
00
00
00
00
00
00
01
01
01
01
01
01
01
01

L
0.4494E
0.6061E
0.4692E

-0.7249E
-0. 1663E
-0.4279E
-0.6191E
-0.6640E
-0.7354E
-0.9031E
-0.1101E
-0.1044E
-0.7952E
-0.2659E

0.3862E
0.2830E
0.5114E
0.5211E

03
03
03
02
03
03
03
03
03
03
04
04
03
03
02
03
03
03

M
0.1300E
0.8102E

-0.9054E
-0.2304E
-0.2179E
-0.1478E

0.1250E
0.2355E
0.2326E
0.1862E
0.1100E
0.2851E

-0.5337E
-0.1593E
-0.2255E
-0.1438E

0.1748E
0.7195E

03
02
02
03
03
03
03
03
03
03
03
02
02
03
03
03
01
02

STRAIN(IN)
-0.6952E-01
-0.5873E-01
-0. 3827E-01
-0.1232E-01

0.3978E-01
0.2463E-01

-0.4675E-01
-0.4131E-01
-0.2087E-01
-0.9937E-02
-0.2507E-02

0.5185E-03
0.5334E-02
0.5953E-02
0.9066E-02
0.5649E-02
0.3858E-03

-0.2405 E-02

STRAIN (OUT )
-0.4457E-01
-0.4673E-01
-0.4103E-01
-0.4291E-01
-0.7003E-01
-0.4108E-01

0.2598E-01
0.4431E-01
0.1915E-01
0. 89866-02
0.1582E-02

-0.2889E-02
-0.4674E-02
-0.5787E-02
-0.8497E-02
-0. 47316-02
-0.8237E-04

0.1644E-02

LARGEST COMPUTED STRAIN 0.443120E-01 OCCURS AT THE OUTER SURFACE MIDSPAN OF ELEMENT 8 AT TIME ( S E C . ) = 0.247263E-03



6.2 A Uniform Thickness Circular Complete Ring Example

In this example, a free circular ring 7.3375-in. midsurface radius,

0.125-in. thick, 1.0-in. long is acted upon by a timewise triangularly-shaped

normal direction forcing function lasting 400 ysec with a peak value of

2500 pounds per inch at t = 200 ysec. The forces are assumed to be distributed

over three equally separated peripheral sectors (as shown in Fig. 7b); each

amplitude is defined by the shape of a half-sine wave over a 30° segment of

the ring. The normalized values of the three sine-shaped forcing functions

with respect to the nominal amplitude are 0.8, 0.9, and 1.0, respectively.

The stress-strain curve is approximated by the following stress-strain

coordinates (e,O) = (0 in/in, 0 psi); (0.00425, 42000); (0.03, 50000); and

(0.14, 65000). Strain-rate effects are considered to be negligible, and the
- 3 2 4nass density is taken to be 0.25 x 10 (Ib-sec )/in .

The number of finite elements to be used to describe the complete ring

is 36.

Let the JET 3B program be employed to calculate the transient response

of the ring. For the time increment, At = 3 ysec is chosen, which has been

shown (by numerical experimentation) to be suitable to provide an acceptably

accurate solution. Three hundred computational cycles (.0009 sec) of struc-

tural response are to be computed; printout is desired at 10 cycles and every

10 cycles thereafter.

6.2.1 Input Data

The values to be punched on the data cards are as follows:

Format

Card 1 5E15.6

R = 0.733750 E+01

B = 0.100000 E+01

H = 0.125000 E+00

DENS = 0.250000 E-03

EXANG = 0.360000 E+03 (complete ring; 360°)

The e and the "maximum strain inspection and statement" features have been
cr

omitted.
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Card 2

Card 3

Card 4

Card 4a

Card 5

Card 6

Format

715

IK

NOGA

NFL

NSFL

MM

Ml

M2

DELTAT

THETA

GRITS

DS

EPS(l)

SIG(l)

EPS (2)

SIG(2)

I

EPS (3)

SIG(3)

AXG(l)

AXG(2)

AXG(3)

AWG(l)

AWG(2)

AWG(3)

= 36

= 3

= 4

= 3

= 300

= 10

= 10

= 0.300000 E-05

= 0.0

= 0.100000 E+01

= 0.0

= 0.425000 E-02

= 0.420000 E+05

= 0.300000 E-01

= 0.500000 E+05

= 0.140000 E+00

= 0.650000 E+05

= -0.7745966692

= 0.0

= 0.774596692

= 0.5555555555

= 0.8883888888

= 0.5555555555

5E15.6

(first node is on the +Z axis)

(strain-rate effects are neglected)

4E15.6

4E15.6

4F15.10

4F15.10
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Card 7

Format

4F15.10

TXG(l)

TXG(2)

TXG(3)

TXG(4)

Card 8

TWG(l)

TWG(2)

TWG(3)

TWG(4)

= -0.8611363115

= -0.3399810435

= 0.3399810435

= 0.8611363115

= 0.3478548451

= 0.6521451548

= 0.6521451548

= 0.3478548451

4F15.10

Card 9 915

NBCOND = 0 (no prescribed displacement
conditions)

Card 10

Card 11

NQR

Cards lOa

L

NV

Cards 12,

Card 15

= 0 (no prescribed elastic restraints)

and lOb are not required since NQR=0.

= 0 (no initial velocity distributions)

13, and 14 are not used since NV=0.

total forcing function lasts
400 ysec; forcing function has
zero amplitude at t=0

415

4E15.6

TBEGIN

TFINAL

AMP1FV

AMP1FW

= 0.0

= 0.400000 E-03

= 0.0

= 0.0 _

Card 16 315

NOFT1

NOFT2

NOFT3

0

0

3 (three local sine-shaped
force distributions)
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Cards 17 and 18 are not required since NOFT1=0 and NOFT2=0, respectively.

Format

Card 19 2I5,2E15.6

NSTF3(1)

NELF3(1)

RTO3V(1)

RTO3W(1)

Card

NSTF3(2)

NELF3(2)

RTO3V(2)

RT03W(2)

Card

NSTF3(3)

NELF3(3)

RT03V(3)

RT03W(3)

Card 20

T2

AMP2FV

AMP2FW

Card 20a

T2

AMP2FV

AMP2FW

= 1

= 3

(first element and
number of elements over
which the first sine-
shaped force distribution
is to be prescribed)

= 0.0

= 0.800000 E+00

= 13

= 3

= 0.0

= 0.900000 E+00

= 25

= 3

= 0.0

= 0.100000 E+01

= 0.200000 E-03

= 0.0

= 0.2500000 E+04

= 0.400000 E-03

= 0.0

= 0.0

2I5,2E15.6

2I5,2E15.6

(no circumferential force
component)

3E15.6

3E15.6
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The total input data deck for this example problem should appear as

follows:

0.733750E + 01
36 3 4
0.300000E-05
0.425000E-02
0.1400;OOE+00

-0.7745966692
0.5555555555

-0.8611363115
0.3478548451

0
0
0

0.0
0 0 3
1 3 0.0

13 3 0.0
25 3 0.0
0.200000E-03
0.4000J.OE-03

0.100000E-M31
3 300 10

0.0
0.420000E+05
0.650000E+05
0.0
0. 8888836388

-0.3399810435
0.6521451548

0.400000E-03

0.125000E+00
10
0.100000E+01
G.300000E-01

0.7745966692
0.5555555555
0.339981X2435
0.6521451548

0.0

0.0
0.0

0.800000E+00
0.900000E+00
0.100000E+01

0.250000E+04
0.0

0.250000E-03 0. 360000E+03

0.0
0.500000E+05

0.8611363115
0.3478548451

0.0

6.2.2 Solution Output for Example 2

For illustrative purposes and in the interest of conciseness, only the

solution output for the following printout cycles 0, 1, 10, 20, 30, 40, 50,

100, 200, 290, and 300 is presented:
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6.3 A Variable Thickness Arbitrarily Curved Partial

Ring Example'1'

The geometry of the structure, as shown in Fig. 7c,is a partial ring of

1.5 in. width and of thickness varying linearly from 0.1 in. at one end to 0.3

in. at the other. One end is hinged smoothly and a limited portion of the ring

is subjected to a distributed elastic restraint (elastic foundation) with modu-

lus 1000 psi. The ring is subjected to a normal-direction forcing function of

magnitude 5000 Ib at time zero and decreasing linearly to zero at time 400 ysec,

the force is assumed to be distributed uniformly over a 9-degree segment.

The ring material is considered as being elastic perfectly-plastic

(EL-PP) with a yield stress of 50,000 psi and an elastic modulus of 10 psi.

Strain-rate effects are considered to be negligible, and the mass density is

0.25 x 10~3 (Ib-sec2)/in4.

Ten equal-length finite elements are used to model the partial ring.

Let the JET 3C program be used to calculate the structural response.

Printout is desired every 30 cycles, and the total run will be 900 cycles.

The incremental time interval At to be used for this example will be calculated

by the program by setting At=0.0 in Card 3.

6.3.1 Input Data

The values to be punched on the data cards are as follows:

Format

Card 1 2E15.6

B = 0.150000 E+Ul

DENS = 0.250000 E-03

Card 2 715

IK = 10

HOGA = 3

NFL = 4

NSFL = 1

MM = 900

Ml = 30

M2 = 30

Tne e
cr and the "maximum strain inspection and statement" features have been

omitted.
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Format

Card 2a

Yd)

Z(D

ANG(l)

H(l)

Cards 2a are

nodes are described

4E15.6

= -0.873300 E+01

= 0.0

= 0.900000 E+02

= 0.100000 E+00

initial Y coordinate,
Z coordinate, slope,

*• and thickness at the
first node

repeated for each node until the total eleven (=IK+1)

Card 3

DELTAT

GRITS

DS

Card 4

EPS(l)

SIG(l)

Card 5

AXG(l)

AXG(2)

AXG(3)

Card 6

AWG(l)

AWG(2)

AWG(3)

Card 7

TXG(l)

TXG(2)

TXG(3)

TXG(4)

4E15.6

= 0.0 (to be calculated by the
program)

0.100000 E+01

= 0.0 (strain-rate effects are
neglected)

0.500000 E-02

0.500000 E+05

0.1127016654

0.5000000000

0.8872983346

0.2777777778

0.4444444444

0.2777777778

-0.8611363115

-0.3399810435

0.3399810435

0.8611363115

4E15.6

4F15.10

4F15.10

4F15.10
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Format

Card 8

TWG(l)

TWG(2)

TWG(3)

TWG(4)

Card 9

NBCOND

NBC(l)

NODEB(l)

Card 10

NQR

NORP

NORU

0.3478548451

0.6521451548

0.6521451548

0.3478548451

3

11

1

0

1

Card lOa is not required since NORP=0

Card lOb

SCTU = 0.100000 E+04

SCRU

NRST(l)

NREU(l)

= 0.0

= 1

= 4

715

(one prescribed displace-
ment condition)

smoothly-hinged at node 11

315

(one distributed elastic
restraint)

2E15.6,8I5

(elastic foundation modulus
in translation)

starting element and numbers of
elements over which the elastic
foundation is to be distributed

Card 11

NV

415

(no initial velocity distri-
bution)

Cards 12, 13, and 14 are not needed since NV=0
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Format

Card 15 4E15.6

TBEGIN =0.0

TFINAL = 0.400000 E-03

AMP1FV =0.0 (no circumferential force

AMP1FW = 0.500000 E+04 comP°nent>

Card 16 315

NOFTl = 0

NOFT2 = 1 (one local uniform force dis-
tribution)

NOFT3 = 0

Card 17 is not required since NOFT1=0

Card 18 215, 2E15.6

NSTF2(1) = 4 1 starting element and number of
Mpi-po/il - I elements over which the uniform

~ } force distribution is to be
specified

RTO2V(1) = 0.0

RT02WU) = 0.100000 E+01

Card 19 is not used since NOFT3=0

Card 20 3E15.6

T2 = 0.400000 E-03

AMP2FV =0.0

AMP2FW =0.0
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The input deck for this example problem should look as follows:

0.150000E+-01
10 3 4

-0 .8733COE*-01
-0.862548E+-01
-0.830553E+-01
-0.778116E+-01
-0.7G6515E+-01
-0. 617516E+-01
-0.513313E + 01
-0. 396470E+-01
-0.269865E + 01
-0.136615E+-01
0. 0
0.0
C.500000E-02
0.1127016654
0.2777777778

-0.8611363116
0.3478548451

1 3 1 1
1 0 1

0.1GOOOOE+-04
0

0.0
0 1 0
4 1 0.0

0.400010E-03

0.250000E-03
1 900 30

0.0
0. 136615E+-01
0.269865E+-01
0. 39647CE+-01
0.513313E+-01
0.617516E+-U1
0.706515E+-J1
0. 778116E+-01
0.830558E-I-01
0.862548E+01
0.873300E<-01
J.100000E-»-Ol
0.500000E*05
0.5000000000
0.4444444444

-0.3399810436
0.6521451549

0.0

0.400000E-03

30
C. 900000 E+02
G. S10000E + 02
C. 72 0000 E+02
C.630000E+-02
C.540000E+02
0.450000E+02
0.360000E+02
0.270000E+02
0. 180000E+02
C.900000E+01
0.0
0.0

0.8872983346
0.2777777778
0.3399810-436
0.6521451549

1

G.O

0.1GGOGOE+00
0.120000E+-00
0. 140 000 E+-00
0.160000E+-00
0.180000E+-00
0.200000E+00
0.220000E+-00
0.240000E+-00
0.260000C+-00
J.280000E+-00
0.300000E+-00

0.8611363116
0.3478548451

0.500000E+-04

0.0
0.100000E+-01

0.0

6.3.2 Solution Output for Example 3

For illustrative purposes and in the interest of conciseness, only the

solution output for the following printout cycles 0, 1, 30, 60, 90, 120, 150,

180, 210, 240, 270, 300, 570, 600, 870, and 900 is presented:
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UNIFORM THICKNESS
CIRCULAR PARTIAL RING

UNIFORM THICKNESS
CIRCULAR COMPLETE RING

VARIABLE THICKNESS
ARBITRARILY CURVED
PARTIAL RING

VARIABLE THICKNESS
ARBITRARILY CURVED
COMPLETE RING

FIG. 1 GEOMETRICAL SHAPES OF THE STRUCTURAL RING
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- ELEMENT NODE NUMBER

(a) Uniform Thickness Circular Ring Element

n,w

1+1

- 180° < <) < 180°

(b) Variable Thickness Arbitrarily-Curved Ring Element

FIG. 2 NOMENCLATURE FOR GEOMETRY, COORDINATES, AND DISPLACEMENTS
OF CURVED-BEAM ELEMENTS
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IDEALLY-CLAMPED v = w = = 0

SMOOTHLY-HINGED

SYMMETRY

(a) Prescribed Displacement Conditions

POINT ELASTIC
RESTORING SPRING

DISTRIBUTED ELASTIC
RESTORING SPRING
(ELASTIC FOUNDATION)

U
(b) Elastic Restraints

FIG. 3 SCHEMATICS FOR THE SUPPORT CONDITIONS OF THE STRUCTURE
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INITIAL VELOCITY
COMPONENTS SPECIFIED
AT NODE

LOCAL UNIFORM
INITIAL NORMAL
VELOCITY
DISTRIBUTION

w

w

LOCAL SINE-SHAPED
INITIAL NORMAL VELOCITY
DISTRIBUTION

FIG. 4 SCHEMATIC OF INITIAL-VELOCITY PROVISIONS
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Io
fci

§
2

NORMAL COMPONENT

CIRCUMFERENTIAL COMPONENT

TFINAL

T T ,
m m+1

T1=TBEGIN

(a) "Nominal Force" Component Time History

TIME (SEC)

rLOCAL UNIFORM
LOAD DISTRIBUTION

w

CONCENTRATED LOADS

LOCAL SINE-
SHAPED LOAD
DISTRIBUTION

(b) Spatial Force Distribution

FIG. 5 TIME HISTORY AND SPATIAL DISTRIBUTIONS OF THE
EXTERNALLY-APPLIED LOADINGS
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Input Data: Structure Geometry; Material
Properties; Initial and Restraining Con-

ditions; Externally-Applied Forces;
Structural Discretization

Form [M*], and [K|]; Then Impose the Prescribed
Displacement Conditions on [M*] and PK|]

Factorize {M*]

m (Time Cycle Index) = 0

Evaluate {Aq*} and

Form [K*]. Evaluate w

Then, Choose At = 0.8

max
2

Evaluate {?*} + [H*] {q*}

Evaluate [K*]{q*>m

Evaluate {Aq*} and {q*} ..
m+1 m+1

No
Is m =

^Prescribed Number of"
Total Time

Ĉycles,

Yes

0)
max

Evaluate {F*}

Evaluate {F*}m

(a) Timewise Central Difference
Operator; Unconventional
Form of Equations of Motion

FIG. 6 FLOW CHART OF SOLUTION PROCESS FOR PREDICTING LARGE-
DEFLECTION ELASTIC-PLASTIC TRANSIENT STRUCTURAL RESPONSES



Input Data: Structure Geometry; Material
Properties; Initial and Restraining Con-

ditions; Externally-Applied Forces;
Structural Discretization

Form [M*], [K*] and [K*]; Then,
s

Impose the Prescribed Displacement

Conditions on [M*], [K*], and [K*]
5

m (Time Cycle Index) = 0
Evaluate {F*}

o
Factorize [M*]
Evaluate {q*}

Evaluate [R] = 6[M*] + (At ) 2 ( [K*] + [ K * ] ) ;

Then, Factorize [R]

2 ,•••-,Evaluate [M](2(At) {q} + 6 ( A t ) { q } )

Evaluate {q*>1,{Aq*}1 and {Aq*}_1

Evaluate [S] =. 2[M*] + (At) ([K*] + [K*]) ;
s

Then, Factorize [S]

Evaluate

m = m

I

Evaluate [M*J(5{q*} - 4{q*} _ + {q*} _)
m m-1 m-2

Evaluate (Ae) , (a) and (ep)m m m

Evaluate {F*NL} , {F*
L} , and {F*NL}

q m p m p m

Evaluate {q*} , and /Aq*}
m+1 *

No

m+1

Evaluate (F*>
m+1

(b) Houbolt's Timewise
Operator; Conven-
tional Form of Equa-
tions of Motion

FIG. 6 CONCLUDED
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w = - 6853 in/sec

R = 2.937 in.

P

0.124 in.

w = -6853 in/sec
o

w = -3427 in/sec
.°

13706 rad/sec

0.25 x 10~3 (Ib-sec2)/in4

e = 0.00408 in/in

O = 42800 psi

E = 1.0 in/in

a = 121200 psi

SR: D = 6500 sec'1, p = 4

(a) Example 1

FIG. 7 CONFIGURATIONS AND PROBLEM DATA FOR ILLUSTRATIVE
EXAMPLES IN SECTION 6.
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f(t) Ib/in

-:=- : -==- = 0.8 : 0.9 c 1.0

Time (ysec)

R = 7.3375 in.

p = 0.25 x 10~3 (Ib-sec2)/in4

0.125 in.

T
1 in.

£1 = °-00425 in/in

O = 42000 psi

£ = 0.03 in/in

a = 50000 psi

£3 = 0.14 in/in

| a. = 65000 psi
I

(b) Example 2

FIG. 7 CONTINUED
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in.

1.5 in.

R = 8.733 in.

p = 0.25 x 10~3(lb-sec2)/in4

f(t) Ib/in

5000

O psi

50000

10'

0 400 Time (Msec) 0 e (in/in)

(c) Example 3

FIG. 7 CONCLUDED
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APPENDIX A

GOVERNING EQUATIONS ON WHICH THE PROGRAMS ARE BASED

A.I Variable Thickness Arbitrarily-Curved Rings

The discrete element to be considered is a general curved beam element

as shown in Fig. 2b. The slope, <j), of the centroidal axis, which is the angle

between the tangent vector and the y-axis of the local reference Cartesian co-

ordinate may be approximated by a second-order polynomial in r| as follows:
o

' C Q I

where r\ is the length coordinate measured from node i along the centroidal

axis, and the constants b , b_, and b^ can be determined from the known initial
o 1 2

geometry of the curved beam element. Assume that the change in element slope

between nodes i and i+1 is small so that

COS +, , (A.2a)

and

si n
This restricts the slope change within an element to <^ 15 degrees. The arc

length, r\. , of the element is approximated to be the same as the length of a

circular arc passing through the nodal points at the slope <J> . and <J> . ; r\.

is given by . , , _ ,

L- A v * + < . * '

2

where L. is the length of the chord joining nodes i and i+1 and is given by

I . = f ( Z- - Z / + ( Y- - Y- )2 1 TUX < ^ *-l*-\ i' ^ '-1*1 U X J (A.3b)

The three constants in Eq. A.I are then determined from the relations

-n- f». <A.4)
M . J. / M . / It JL I n _ /->

'0
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From Eq. A.4, the constants in Eq. A.I are found to be

bfl = <*>;

b, = -2 (<hv, + 2<t (A-5)

bx = 3

Accordingly, the radius of curvature, R, of the centroidal axis may be ex-

pressed as R = - (d<j>/3r|) = - (b H

of the centroidal axis are given by

pressed as R = - (d<j>/3r|) = - (b + b n) » and the coordinates Y ( n ) and Z(n )

cos
(A.6a)

and

where

/ r Z—t+\ t—1*. \

(A — Tdn V V _ N/ / (A.6c)
I t + \ '/

The thickness variation is approximated as being linear between nodes;

thus ft ft

' A 7/ /<+l 7x (A. 7)

Employing the Bernoulli-Euler hypothesis, the displacement field v, w

of the beam may be specified by the middle plane displacements v and w, and

the rotation, (j>, as follows:

r 5, ^ ) = irr 7 ) -
(A"8), 7 ) = ^/ f 7

where

n
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To account for the strain-inducing modes and the rigid-body modes, the assumed

displacement field takes the form:

cos4> o o

o o

(A.9a)

or in more compact matrix form, Eq. A. 9 becomes

= ,,9W
The generalized displacements {q} are selected so that there are four degrees

of freedom v, w, fy , x = (3v/3f|) + w/R at each node of the element:

f f \ = L ̂  <*r<
where

fA]=

cos 4y

-sin 4v

0

0

cos%,

-sm +**

0

0

s.'n<iY

cos4v
0

0

S i n 4 -

cos <(>.•**'

0

0

0

0

1

0

A

/'
65

1

0

o o
o o
0 0

I o
ft 0
o" %

. - . /. A vi

ft (<J>)?. 2 7/

i -7/(^,.

0

0

0

0

0

7/
2

3?v

-^4

0

0

0

0

?/
0

-

n*\

^

0

0

0

0

7x"

0
•> f

lirt^
3?/

(A.lOa)
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and

(A.lOb)

Corresponding to the assumed displacement field Eq. A. 9, one finds

O o i -i
and 2 3

=O 0 0 I - (A.llb)

Under the Bernoulli-Euler hypothesis, the only nonvanishing strain com-

ponent and corresponding stress component are the axial strain, C, and axial

stress, a. For this case, the nonlinear strain-displacement relation may be

expressed as:

£ = EO + c K
 (A-i2>

where

. _L

(A.12a)

-^ ) = I 3, J | wy • L M -1 ' -

Combining Eqs. A. 9 through A. 12, one obtains

and
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where

L for i = 1, 2, 3 (A.14a)

and
0 O -7V

[U)=L (:?) - (A.14b)

In the process of solution, it is necessary to evaluate the strain in-

crement Ae from time t , to time t . Using Eqs. A. 12 and A. 14, one has
m m-1 m

C,

-here = DL,J „} £>, t D; J

The consistent mass matrix of the ith discrete element may be obtained

from the expression for the kinetic energy, T. , as follows:

or

where

[B] =
- p. fed.

0 f
1

0

0

a/.
o p

0

o
a3

12.

(A.16a)

(A.16b)

and V. is the initial undeformed volume of the ith discrete element, p is the
i o

mass density per unit volume, b is the width, and h is the thickness given

by Eq. A.7. 237



With the assumption that the velocity field is of a form which is con-

sistent with the displacement function, Eqs. A.9 and A.11, one has

v-
L.17)

Substituting Eq. A.17 into Eq. A.16b, one has

or

where the consistent mass matrix [m] of the element is

(A.18a)

(A.18b)

(A.18c)

The equivalent generalized nodal forces which correspond to the ex-

ternally-applied loading can be obtained from the variational statement of

the work of the externally-applied loading, 6w.:

(A.19a)

where t ) = v ( 7, } 3 ^ w ' 7-

(A.19b)

is the externally-applied time-varying forcing function.

Substituting the assumed displacement function, Eqs. A.9 and A.10 into

Eq. A.19, one has

(A.20)
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where

= element generalized nodal load vector (A.20a)

For a load concentrated at n of the element (i.e., g.(ri) = g.<5(n - n ) , for

i = v, w), one has

(A.20b)

where

sfn 0

and (A.20c)

(A.20d)
For loading distributed uniformly over the element (i.e., g.(r|)

v, w) , one has

g. for i

where

(A.20e)

(A.20f)

For loading distributed linearly over the element, (i.e., g. (r|) = g. + g.,n

for i = v, w), one has

k/-(tl Qvj fv- (t)
(A.20g)

where

(A.20h)
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and

The equivalent nodal force which corresponds to the internal axial

stress, O, also can be obtained from the expression of the variation of the

work of the axial stress :

(A.
V* A

Substituting Eq. A. 14 into Eq. A. 21 and introducing the stress resultants for

the beam cross section

L = ,
A A

where the integrations being taken over the cross section, A, of the beam

element, L, is the internal force, and M is the internal bending moment of

the cross section, results in

where

' ( ,

L J L
(A.23a)

Note that {p} and [h] are quantities pertinent to the unconventional formulation

of equations of motion, Eq. 2.3.

In the conventional formulation, Eq. 2.2, the variation of the work of

the axial stress, 6u., is expressed in terms of displacements, and the plas-

ticity effects are taken into account through the use of "effective plastic

loading".
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By substituting the relation

<r = E<e -**) = E ie. (A.241

into Eq, A. 21, one has

Employing the strain-displacement relation, Eq. A. 14, Eq. A. 2 5 becomes

A 6

(A.26)

where

"" ' (A.26a)

(A.26c)
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(A.26d)

p
In Eqs. A.26b and A.26c, £ is the total plastic strain at the end of

the mth time step. Thus

e =m (A.27)

The effective stiffness matrix supplied by the elastic restraints may

be obtained from the variation of the work done by the elastic restoring spring

forces, Sw :
s

(A.28,

or

where

(A.28a)

(A.28b)

and k. and k are the linear and torsional elastic spring constants, respec-

tively.

Substituting the assumed displacement function into Eq. A.28, one has

(A.29)

242



where

r/n
= effective element stiffness matrix supplied by the

elastic restraint

Because of nonlinear material behavior, although the strain variation

through the beam thickness , by the Bernoulli-Euler hypothesis , is linear , the

variation of stress across the thickness may be nonlinear. For computational

convenience, the stresses are evaluated at selected Gaussian points across the

thickness, and the corresponding weighting factors are used in evaluating the

pertinent integrals by Gaussian quadrature. The strain-hardening behavior of

the material may be accounted for by using the mechanical sublayer model in

which the material at each Gaussian station is treated as consisting of equally-

strained sublayers of elastic, perfectly-plastic material, with each sublayer

having the same elastic modulus but an appropriately different yield stress.

For example, if the yield strain of the kth sublayer is e , the yield stress
OJC t

of that sublayer is

, (k = 1, 2, ... , n) (A.30)

where E is the elastic (Young's) modulus.

An illustration of the method of computing the axial stress and/or

plastic strain increment is presented as follows. One begins by knowing the

sublayer stress a., , at time t , for the kth sublayer of the jth depthwise]k,m—1 m-1
Gaussian station, and the strain increment Ae. at station j at time t (thatj ,m m
is, the strain increment from time t , to time t ). One then takes a trialm-1 m
value (superscript T) of a. which is computed by assuming an elastic path:

T .

-j/̂  m k̂,'?1"! I) ̂  (A.31)

A check is then performed to see what the correct value of o must be.
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then . „ = 0- n and

if rr, "> rr, then

If (T f—(T L then /T- — _ AT- and AC, =. Ŵ 'A m
:̂ 1 *« N u /I O w • L ,-v, I/ I, C-/L ._ —I '—--p

(A.32)

This procedure is applied to all sublayers of each Gaussian station j ;

having done this, the axial force and moment of the beam cross section can be

determined by

M =/o-^^=t Z - u.33)
/) 7

In a similar manner the integration of the plastic strain over the

cross section of the beam element can be determined by

A

r\ (A. 34)

where A is a combination of the mechanical sublayer weighting factor and the

Gaussian weighting factor W., which is defined by

*" ^ ' (A.35)

In Eq. A.35, W. is the Gaussian weighting factor and

is the kth slope of the polygonal approximate stress-strain diagram.
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If desired, the sublayer yield stresses may be treated as strain-rate

dependent. Since the strain increment at the jth Gaussian station and hence

the strain rate is known at this stage of computation, then the rate-dependent

yield stress a os this kth sublayer at station j is

-f-
(A.37)

where D and p are empirically-determined constants for the material

and may, in general, be different for each sublayer,

a is the static uniaxial yield stress of the kth sublayer

at any jth Gaussian station

A.2 Uniform Thickness Circular Ring

For application to a simple circular ring, the geometry and nomenclature

of a typical circular ring element is shown in Fig. 2a where the local and

global coordinates are arranged to take advantage of the symmetry of the ring

element's geometry. For a circular ring element, the various matrices which

have the same definition as those defined in Subsection A.I are listed in the

following:

where

<*.*>

(A.38a)

(A. 39)

-sin A

cosh 0

0 0 7?
2 73 '

0 0 .

where

-L 0 0 I - 2 ^
(A.39a)

(A.40)
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where

L<r7 - L O G O /

f f J = L ^

2 7
(A.40a)

where

co s A. Sin A
c* t" M A /"/1C/\o / n /V LUoyL

o o
0 0

/-/I O A C 1 *1 AC 0 jy v. o i i*J\.

SinA cosA

0 0

0 0

-Rd-coA)

-ft SIP A cosA

f

0

_p /- )_ /•„<• /\ ir\U (Oiyv ;

frsiaAcosA

(
0

_ 5
2

0
s

2ft

1

£

2

0
S

^R
l

o
.s2

4

s2

4ft
0

s2

>4-
s
Jz

4K

0
53

&

_ii
»K
0
5s

^
4-
55

fi R

^1
4

0
sa

4ft
-s
s3

4
0
52

4ft

6

S
d
0

s*
B%
as2

T -
8
o
s*

S/J
3^a

(A.41a)

where

and

_ -dV . iAT , ' ±
P\

L

VL x _

?/•

^ ^i/.. _ L/ \

211 R /

(A. 42)

(A.42a)

for i = 1, 2, 3 (A.42b)

where in Eq. A.42b,
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= L 0 0 O
2 ,_3 i r f

n J J = L 0

Or

Tj;

J=L 0 0 0 -5 -2 ~

[/T'J

f\ J (A .42c)

(A. 43)

where

- co rA covv; 7 0 °
2

0

co sA /^ 5/1 A £osA) 0

0 f ~\

o o
, 2 3

K

Cm] - M"jYt CNKBJfN] dr[ (A") - M"jT[m'] [A"1]

(A.43a)

= the consistent mass matrix of the element.
(A.44)

where

SYMMETRIC

0 0

0

0

0

o o
0 0

0 0
(A.44a)
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and

mn

/
R C -2 sin A + s cos

R (-

A + 4 A cos A -4 sin A ;

n A )

- 4 &'n A

-2 si'n 2A

*'=-**f - *''=£i^» ' :? 7 c-^ f ~ *.
VL — ~ 313 yyt ' — , — I
7t top, ' W77 ~ f l - * ^

« *.
- / ^f^. J. 1

>

_ _

44 ft (A.44b)

where in Eq. A.44b, nT =p bh, I =p (bh3/12)
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2 ' 2
= element generalized nodal load vector equivalent to externally-

applied loading (A.45)

For a load concentrated at r| = H of the element (i.e., g. = g.6(n - 1 )

for i = v, w), one has

••- fl'T I I f 7/~ f I (/ I

(A.45a)
c

(f-W
where

0 0

co
For a loading distributed uniformly over the element (i.e., (g.(ii)

for i = v, w) , one has

i.45b)

= g.

S Ji r A-'-? r j'\i\ =u nf (A.45c)

where
2

-f\S+f(sirH2A) 0 0 0 -^ 0
T

0 0 0

12

0 0
(A.45d)

For a loading distributed linearly over the element (i.e., (g. (ri) = g. +
i 10

g. H for i = v,w), one has

J

where

0 0 0 0 -±r 0

0 0 0 0
(A.45f)



and

where

or

where

0

+2

2

.S

/4 z

0

0

(-2AcosA
0 0

0 0 ̂
So

o o
(A.45g)

(A.46)

(A.46a)

(A.47)

(A.47a)

(A.47b)

(A.47c)

(A.47d)
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and

tk']-

0

o
ck,"*i

(itK~
o

o

^

^l +
doR1

0

o

SYMMETRIC

l K
where in Eq. A.47e, k = Ebh, k = Ebh /12

o 0

(A.47e)

(A.48)

effective element stiffness matrix supplied by

elastic restraint.

A. 3 Solution Method

A.3.1 Timewise 3-Point Central-Difference Operator

The timewise 3-point central-difference operator is used to solve the

dynamic equations of motion expressed in the unconventional form, Eq. 2.3.

In this solution scheme, the relations between displacements and displacement

increments at any instant of time t (subscript "m") are
m

)*-i (A.49)

and

(A.50)
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At time t , the acceleration may be expressed in terms of displacement
m

increments by the following central-difference finite-difference expression:

. , 0(̂ .g

Employing Eq. 2.3, the unconventional form of the dynamic equations of equi-

librium at any time instant t becomes
m

Since the right-hand side of Eq. A. 52 is known, one can solve for {q*} .
m

With {q} now known, one can calculate {Aq*} , from Eq. A. 51 as
m m+l

Thus, from Eq. A. 4 9 one has

= f 0*\ + \ A4* (A.53a)
' ? Jw '

With the specified initial velocity {q*} and the load acting at time zero

{F*} , the calculation scheme commences by assuming the increment of displace-
o

ment between time-step zero and time-step one is

2

(A.54)

where {q*} can be calculated from

[ M J ) $ J0 ~~ I ' J o I l\5 J ' ^ Jo (A.55)

- •( pfy — FH^I / ?*f
Also ° °

^ ' ( Jo V (A. 56)

where it is assumed that the {q*} are prescribed.
o

252



After the calculation of {Aq*} and {q*} , the strain increment at any

point in the element can be obtained. With the strain increment available,

the stress increment and stress is computed from the stress-strain relation.

Then the stress resultants are obtained. Equations A. 52 and A. 53 furnish the

displacement increment and displacement for the next time step. The process

is cyclic thereafter.

A. 3. 2 Houbolt's Operator

The Houbolt operator is a 4-point backward difference implicit operator

and is chosen to solve the equations of motion expressed in the conventional

form, Eq. 2.2. In this solution scheme, the {q*} at any instant of time

t ., are approximated by a 4-point backward-difference expression:m+J.

(A'57)

Employing Eq. A. 57, the conventional form of the dynamic equations of equi-

librium, Eq. 2.2, becomes

(A. 58)

It should be noted that the generalized nodal load vectors {F } , , (F }
*NL

 q p m+1

and {F } (which may be due to large-deflections and elastic-plastic

effects) depend on the displacements (or stresses, strains) at that time

instant t ,, but these remain to be determined; thus, linear extrapolation
m+1 - * -

by using the generalized nodal load vectors at two previous time steps is

employed to estimate these forces values :

* * *i J , *fF>L*fFU ̂  ( f F * f F , ( F t >
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In order to apply the calculation method represented by Eqs. A.58 and

A. 59, one must take into account the prescribed initial conditions, {q}Q ,

{q} , and {F*} . The following "starting procedure" for this method provides
o o

the generalized displacements {q*} at t = lAt, and {q*} at a negative

(fictitious) time instant t = - lAt.

By employing the following approximations:

(A-60'6 (4t)

and

A

f}.2 =£<***?} . +iwW. + Vft - 3 if}, (A.

one has

^ /? "* I , A + \ $/?"*(. _i_ o $ £> * I — 5 o>*L
(A. 62)

.63)

Substituting Eqs. A.62 and A.63 into Eq. A.58 for m = 0 and approxi-

mating the generalized nodal load vectors due to large-deflections and elastic-

plastic effects at time step t by their values at time zero, one obtains

<6 [/vfj

(A.64)

where {q} can be calculated from
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Since the right-hand side of Eq. A. 64 is known, one can solve for

{q*} . After the (q), have been determined, {q} can be computed from

Eq. A.62. One can then proceed to calculate {q*} from Eqs. A.58 and A.59,

then {q*>3, (q*)4» etc.
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