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COMPUTATION. OF VIBRATION MODAL SHAPES
AND NATURAL FREQUENCIES OF A GENERAL,

ORTHOTROPIC~-LAMINATED, THIN SHELL USING FINITE ELEMENTS

CHAPTER 1

INTRODUCTION

1.1 Brief History of shell Dynamics by Finite Element Analysis

As engineers and scientists pursue the.cﬁallenges of~space vehicular
flight and endeavor to push aircraff flight into the high supersonic and
hypersonic airspeed regimes, they require the means to predict analytically
the.behavior of the vehicle with an accuracy thought impossible fifteen
years ago. In the structural analyses of these aircraft, two'developments
made what was heretofore considered a pipe dream become a reality: the
advent of high-speed, large-capacity computers and the finite-element
method of analysis. These two developments have complimented each other
very nicely.

| The development of the digital computer over the past twenty years

has been astounding. As recently as 1965, many small companies and uni-
versities were very proud of their limited 8 K to 32K (K = thousand) byte
core ﬁachihes, which were commonly known as second-generation hardware;
Presently, third-generation computers are in widespread usage with up to
400 K b&tes of core available and speeds sometimes.over 100 times faster

than their predecessors.



Fourth-generation machines are presently on order, with deliveries starting
next year, which will have over 1,000 K bytes ahd are roughly'ten times
faster than those currently available. Economics has indeed played a vital
role in this rapid growth;‘i.e., more could bé accomplished at lower costs.
However, economics has not been the sole impetus. Engineers and scientists
have continually requested more available core and faster operating times
to do larger, more complete and more accurate analyses.

Structural dynamic. analyses have been conducted on computers since
the late 1940's. The dynamic behavior of élates and shells followed along
somewhat slowly, but toward the end of.the 1950's, the space race with the
USSR established new goals and dimensions for engineering and scientific
' research, and shell dynamics was no exception.

Closed-form solutions to shell problems to date are very few; prac-
tically all development has Been in deriving solutions through approximate
methods. These methods often require handling and assembling vast quanti-
ties of data, with the final sélutions often accomplished by mathematical
1:eration_techniques. The results of such methods could be obtaiﬁed only

by modeling the problem on high-speed computers.

Some of the first analysis methods to be developed were applied to
shells of revolution.. Kalnins [ 1] usea such a method in which the shell
boundary-value problem was reduced to an initial-value problem involving
first-order differeﬁtial equatidns which could be integrated numerically.
A Sfodola-type iteration technique was employed by Cohen [ 2], and Cooper

r 5] obtained results through a finite-difference solution. These results



had varying degrees of success; however, they usually offered some im-
provements and advantages over 'then-existing methods.

The.Galerkin method has been used successfully in several analyses.
Hu [ 4] and Lindholm and Hu [ 5] used it in 1965 to analyze truncated
conical shells, and Krause [ 6] later used a modified Galerkin method én
‘a similar typé shell., Even more recently, Wilkins, et al [ 7] §tudied
the free vibratién of orthotropic conical sandwich shells with this method.
The Galerkin approach, in general, does have three disadvantages. First,
sometimes problems are encountered in devising functions which meet all
boundary conditions (both kinematic and force types) as required for con-
vergence of solutions. Second, ill-conditioned matrices can result. Often
thése are associated with the modal shapes assumed and the.ﬁbbndary con-.
straints applied; as a consequence, the application is restricted or ex-
cessive compdte: time is consumed. Third, unsymmetric matrices generally
result which can limit the method used to solve the eigenvalue proﬁlem and
which can consume computer space.

Probably the most popular method of analysis to date has been the
Rayigigh-Rifz energy method. Finite-element methods often use assumed
modal shapes for each elemeunt, and, in fact, the energy method has been
the most popular method for formulating finite-element stiffness matrices;
see ['10]-[14]. Naumann [ 8] and Sewall and Naumann [ 9] applied this
method to free-free truncated conical shells and thin cylinders with‘and
without longitudinal stiffeners. Rayleigh-Ritz solutions are of the sym-
metric eigenvalue form which usually leads to faster and more accurate
solutions. The user can also take advantage of the matrix symmetty by
working with the upper triangle plus the diagonal; thus, computer space

is conserved.
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Before discussing particular applications of the finite-element method,
some discussion is appropriate to point out the empﬁasis placed on this ap-
proach, especially during the last ten years; Possibly the stronéest propo-
nents of larger and faster computers have been the users of finite-element
analyses, The development of this method of analysis has actually paralleled
that of digital computers.

~ Four main advantages of this method have generated this rapid develop-
ment. First, the method employs matrix theory which islideally sgited for
digital computers. Second, the mathod is more flexible; i.e., it can be
applied to more complex structurés and offers inclusion of secondary effects
such as anisotropy, material nonlinearity, thermal effecﬁé, transverse shaar
flexibility, finite deflections, etc., Third, users can model the structure,
assemﬁle necessary data, and make major modifications easier than before,
and, in general, with fewer errors. Fourth, for the same degree of accuracy,
it is often more economical in terms of computer time.

The first user of this method for the analysis of shell structure may
have been Izrayelit L 157 in 1956. Parikh and Norris [ 16 ] and McGrattan
and North [ 17] appear to have been conducting similar work, apparently
independently, at about the same time. Turner, et al, L 18] are usually
given credit for first applying the method to plane stress problems in 1956,
Since then, a substantial volume of work has been published within the gen-
eral area of finite-element methods for both static and dynamic structural
analyses.

In the last few years, numerous books covering the fundamentals of

the method have appeared. Appendix.C is a bibliography of such texts.



The majority of the papers presented at the two Air Force Conferences
on Matrix Methods in Structural Mechanics, [ 197] and L 207, held in 1965
and 1968, involved finite approaches and another such conference will be
held in the near future. Jones and Strome L 11] recognized the need and
published a survey on the applications of finite-element methods in 1966.
It is estimated that since that time the literature on the subject has more
than doubled. Appendix B contains a bibliography of papers on finite-
element analysis of shells, prepared with the assistance of Dr. Bert.

As with the previous methods of analyses, much attention h#s been
given to shells of revolution by the finite-element method. Jones and
Strome [ 10], Webster { 127, and Percy, et al { 13] are some of the mére
recent publiéations which employed this class of geometric configuration.
The analyses of Azar [ 21] and Bacon and Bert [ 14] were somewhat more com-~
plex in that fhey were for orthotropic sandwich shells of revolutionm.

Attempts to develop a finite-element method for general shell struc-
tures are more complicated. Bogner, et al [ 227 developed a cylindrical
shell element which had 48 degrees of freedom. This is more than what is
necessary and restricts the application to very large computers or a model
of very few elements. Cantin and Clough [ 237 developed a éylindrical shell
element with 24 degreeé'of.freedom which included all six rigid-body modes
being represented exactly. However, no solutions to dynamic problems were
attemptea. Still later, Olson and Lindberg_[ 247 developed a similar analy-
sié which included 28 degrees of freedom aqd used it to study curved fan
blades. All of these methods had three major disadvantages. First, they

were primarily suited for cylinders. Second, they were restricted to iso-
tropic materials. Third, they probably contained more degrees of freedom

than necessary to adequately predict the behavior of the shell.



In 1967, Connor and Brebbia [ 25] developed a stiffness matrix for a
‘shallow rectangular shell element using two four-term polynomials for the
in-plane displacement expressions and a twelve-term polynomial for the
normal Aisplacement. This resulted in a 20-degree-of-freedom element.
About a year later, Sabir and Ashwell [ 26] developed the same size matrix
using the same size polynomial displacement expressions by employing the
analogy between doubly curved shells and plates on elastic foundatibns.
Both of these works were restricted to isotropic materials, and both were
applied only to static problems.

Perhaps the most general and versatile work to date in developing
stiffness matrices for doubly curQed elements was that of Adelman, et al
[ 27]. This fine work has given insight toward the development of the
present_fesearch and a similar method of approach has been u#ed herein.

The main feature of the work of Adelman, et al w;s that geometrically exact
elements were used. In addition, the degrees of freedom were minimal, only
twelve per element. However, this work was limited to shells ofbrevolution.
It also had a disadvantage in that some‘of the stiffness céefficients re-
quire& for a general, anisotropic shell were omitted. 1In addition, it lacked
the capab£11t§ of developing.the rquired laminate stiffness coefficients,

as they had to be predetermined, independently, and read in as part of the
input data. The assumed displacemeﬁt functions were combinations of trigo-
nometric expreésions for the circumferential portion and third-o:der poly-
nomials for the meridional part. Even with these shortcomings, it is an

excellent method of analysis for axisymmetric orthotropic shells.



Up to this point, nothing has been discussed on the multilayer ani-

sotropic aspects of this work. The reader is referred to the recent work

of Bert, et al [ 28 ] and the survey paper by Bert and Egle [ 29] which

includes an excellent discussion on the development of the dynamic analyses

‘of multilayer shells. Also, the more recent work of Dong and Selna [ 30]

on multilayer shells of revolution should be mentioned.

1.2 Research Objectives

The putposé of this research is to develop a general analysis, with an

accompanying, documented computer program with the following capabilities

and characteristics:

1.

3.

5.

Shell Geometry - General, as long as it can be modeled by a
sufficient number of shallow, quadrilateral thin-shell
elements.

Mater;al = Anisotropic, perfectly linearly élastic éomposite
built .up of orthotropic or isotropic layers. Each layer is
of arbitrary thickness (but still thin) and material, and can
be oriented at any angle.. The lgyers can be arranged either
symmetrically or unsymmetrically with respect to the middle
surface.

Inerti# Effects - All components of translational inertia
are included, but all components of coupling and rotafory
inertia are neglected. |

Kinematics - Small displacements, rotations, and strains.
Boundary Conditions - Arbitrary within the limitations of
combinations possible for the five degrees of freedom

applicd at each of the element's four nodes.



CHAPTER II

FORMULATION OF THE THEORY

2.1 Method of Analysis

Based on energy principles, expressions for the stiffnéss and mass
matrices are derived for a general anisotropic, quadrilateral shallow-shell
element. It ig aésumed that the shell can be a composite structure made
of orthotropic laminates arranged in any preferred order. The total masé'
and stiffness matrices are then constructed by the well-known method of
superimposing element matrices by requiring common nodal displacements and
rdtations between elements. vThe total strain and kinecic energies of the
system are determined in terms of the total mass and stiffness matrices.
The difference in energies is then minimized to.form the characteristic
eigenvalue-eigenvector expression for a dynamic system, The desired nodal
constraints are imposed and all the eigenvalues and eigenvectors are de-
termined for the resulting system., Zeros are relocated in the normalized
eigenveétors according to the nodal constraints. Finally, édditional modal
deflections for a selected number of the lowest frequencies can be computed

if desired.



2.2 Hypotheses

All of the following assumptions will be implicit in the analysis:

1.

- 2.

4.

5.

6.

7.

8.

The shell is sufficiently thin and the thickness shear flexi-
bility sufficiently small that the Kirchhoff-Love hypothesis
is satisfied, i.e., plane cross sections remain plane, normal-

to the deflected shell middle surface, and suffer no thickness-

~ direction extension.

All material damping, thermal, and initial-stress effects, as
well as interactions with surrounding fluid, are neglected.
Layers in a composite shell are bonded with a perfect bond
(massleés, infinitesimal Fhickness, no relative deformation
at the interface).

The density of the shell is uniform.

The shell can be divided into quadrilateral elements, each of
which can be represented adequately as shallow shells (i.e.,

the in-surface translation terms in the curvature-change

~ expressions are neglected).

All components of the local curvature tensor of the shell

middlg surface, i.e., z,xx’ 7,yy’ and z,xy’ are assumed to

be constant within each element.

A quadrilateral element can be approximated by a rectangle
whose length and width are the average value of the corres-
ponding sides of the quadrilateral. '

The displacement in the normal direction of the element can

be approximated by a twelve-term polynomial, and the in-surface

displacements can be approximated by two four=term polynomials.
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‘2.3 Development of the Stiffness Matrix for a General
Shallow-Shell Element with Double Curvature

In the following analysis, x and y denote the in-surfacé coordinates
of a shallow~shell element and z denotes the outward normal coordinate,
measured from the middle surface of the shell. Accordingly, u, v, and w
will be the displacements along x, y, and z, respectively. 1In general, the
function describing the shell element should be known and it is reaéonable
to assume that it can be described by the form, Z = f (x,y). It then follows
that E;x’ zZ_ ,Z z _,and Z __ all exist and can be determined. The

¥ Texx T,yy » XY
subscript comma (,) variable denotes differentiation with respect to that

variable.
From Novozhilov [ 317, the six strain-displacement relations for a

shallow shell obeying the Kirchhoff-Love hypothesis are as follows:
Strain in the x direction:
€ = U,x - wz,xx (1a)

Strain in the y direction:

= - WZ 1b
&= Vy 'Yy (1b)
In~-surface shear strain:
= +V_=-2WE lc
66 'Y WX o Xy . ‘ (1)
Change in curvature in x directiomn:
nl -..-w’xx (1d)

Change in curvature in y direction:
= -y ) (le)
Twist of the middle surface:

",6 = 'W,xy (lf)
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For a shell vibrating in a natural mode with circular frequency

w,  the three displacements can be expressed as

UCx,y,€) = u(x,y) et (2)
V(x,y,t) = v(x,y) e (2b)
; iwt ' ,
W(x,y,t) = w(x,y)e (2¢)
Substituting these expressions into Equations (la) through (1f),
one obtains
- - iwt 2.,
61 = (u’x wz’xx) e (3a)
— iwt
= (v _ - w2z e 3b
€, = ( vV ’yy) (3b)
- iwt
66 (u’y + v’x 2wz,xy) e (3c¢)
- - iwt , (3d)
"1 W,xxe
iwt
= - 3&}
"2 T Y, yy® (3e.
N (3£)
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According to Ambartsumyan [ 327, the expression for the potential

energy of deformation of an anisotropic laminar shell is:

2 2
” (A€ ? 42 Ajg€1Fp H Agfy H A€ + 2 A €€
2
+ 2 A26€2€6) dxdy + % ”. (Dllnl + 2 D]_2 ny”y
+D 2 + D 2 +2D + 2D dxd
2212 66"6 1616 petaMe) dx Y
f (B, €% + 312(6 My + €00) + By €on, + B Eane

316(61“6 + €M) + 326(62;4.6 + €6u6)] dy dx

The A, B, and D coefficients correspond to Ambartsumyan's C, K, and D
"coefficients, respectively. The A, B, and D coefficients are defined by

Equations (3-25), (3-26), and (3-32) in the work of Ashton, et al [ 33].

When the strain-displacément relations of Equations (3) are substi-

tuted into Equation (4), the strain energy can then be expressed in terms

of the displacements. The magnitude of the strain energy is as follows:

- 2
J( X All 112‘ wu o+ L3 An’z,xx" + A u vV

_ s 2 2 -
122,55V )y T 8127 xxF,yy? T E AV, T Ay)f

- 2
22% .yyw +i% A66u y + A66u,yv,x 2 A66 ,xy ,y

wvV
sYY Ky

2 - C w? 2

+ X% A66v < " 2 A66z,xywv,x + 2 A66! .xiw + Alb“,x“ y-+A
- - — 2
-2 A16z,xywu.x - A16z.xxwu,y A16z,xx"v.x + 2 A16 ,xx ,xy

+ -2 z - z ‘
+ A26u9yv y A26 ’x 24 A26zoxyw'y Azsz’yywu’y

2
- AZéE,yywv,x + 2 AZéE,ny,xyw + % D

2 D, W _ W
127, xx",yy

16¥ .x o X

4)
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2 2

+% Dyow vy + l; D¢ ¥ xy + Dléw’xxw,xy + D26",yy",xy
- Bllw,xxu,x + 1illz,xx‘m,xx B B12"",yyu,x 12 ,xxw,yy

B B

B1o¥ ",y * B1a®,yyWax T B22% yyV.y B2, yy™ vy
" Be¥ xy',y " Bes¥,xy',x T 2 BggZ xy" xy " Bie¥ xy%,x
+ ww +28B

B16z.xx » XY - Blf:w,xxu,y B B16"',:::(",:: 16z,xyw,xx

Bo6",xy",y * B26%,yy"".xy ~ B26",yy%,y ~ B26¥,yy' ,x
2 Y . -
+ BZ6 xy vy J dy dx (5)

Equation (5) can then be expressed in a reduced matrix form as

\

€)

v= [l Yot Yoy Yy Y Yy Ve Yyl (e

-
»
]

3

> dydx 6)

- - -
<% X X
<

<_<¢=€S€
x

f
<
—

where [ R] is an 8 X 8 symmetric matrix, the terms of which are defined
‘in Appendix A. Studying Equation (6), one sees that an eight-term vector

has been established of the terms w, w,xx’ ",yy’ w,xy’ u’x, u’y, v".‘,

and v .
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The displacement amplitudes of the element were defined as u, v,

and w. The rotations of the element are
T - u -
Bl w z vz

= - - uz - vz
By = vy , XY ,YY

The in-surface translation is neglected in Equations (7) and they
become

By = ~w
1 ,X

B2 = Wy

It is assumed that the displacements u, v, and w over the

element can be reasonably approximated by the following polynomial forms:

w o= Xy + a6y2 + a x3 + a8x2y+ agxy2

3

2
a1 + azx + a3y + aax + a5

3 3
<+ amy + aux y+ alzxy

7

u = al3 + alax + alsy + a16xy

v = 817 + a18x + algy + azoxy

where x and y are the element coordinates. The required derivatives are:

3

2
xy + alzy

- 2 2
w’x = 82 + 2a4x + asy + 3a7x + 2a8xy + a9y + 3a11

2 2 3 2
w_=a, +a.x + 2a6y + agx + 2a9xy + 3aloy + 8,,% + 3a12xy

'Y 3 5

2a

w
§ XX 4

+ 6a7x + 2a8y + 6a11xy

w,yy = 2&6 + 2a9x + 6&10y + 6a12xy

2

2
W + 2a,x + 2a9y + 3a11x + 3a12y

» XY a5 8

(72)

(7b)

(8a)

(8b)

(9a)
(9b)

(9c)

(9d)

(%e)

(9f)

(%98)

(9h)
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U Ty, +a .y . . (91)
u’y = a5 +a.x | : ' : ' (93)
Viox T 218 T 207 (9k)
v’y = a9+ ay0% (91)

The vector occurring in Equation (6) can now be expressed as

o)
w,xx
w
»YY
w
ﬁ ST o= [xI{v]) (10)
X
) _
»Y
V,X
"
whefe '/ /a\
1
{vl = 4 . ' (11)
%)

The terms of Matrix [ X] are defined in Appendix A.

Similarly, from Equations (9), a displacement-rotation vector will now

be formed of the following terms:

f ) 'rw ) falﬁ\_

B1 -w’x .

ﬁezﬁ wye=a) < - >= a1 v} (12)
u u . ‘
LVJ v J k:"1.29

The terms of Matrix [ A7 are also defined in Appendix A.
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The average distance across the element in the x-direction will
be defined as e s and the average distance across the element in the

y-direction will be ey Now, inserting x, y

-ex -e ~-ex e ex -e ex e
SRR e R I A R A

into the appropriate locations in Equation (12) to simulate the coordi-
nates of the four nodes, a, b, ¢, and, d, of the elément:, the following

relation can be formed:

(o)

< - > = (g}= [&]{Y) (13)

. /

The terms of Matrix [ AK] are defined in Appendix A.

It then follows that

(v} = TART (e} =[T]{¢) | (14)
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Returning to Equation (6), the amplitude of strain energy of the

element may be written as N
w

e e
an'i)"' f’zx I_‘:’V_Z_l [RY <. ?dydx as)

and since {v} is a vector of constants for any given element, it may

be removed from inside the integral.

To T [[7 [7 txa" rr1tx1avax ] ()

-e -e
R D 4
2 7
or, - T
V={y} [cl1fY} (16)
where e e
X A
re1= ]2 [Z tx1"[R][x]dyax (17)
2 2

Finally, substituting Equation (14) into Equation (16), one obtains

v =(g1Trritrcyrryte © o as)
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and frqm this relation the element stiffness matrix can be identified as

[§]1 =CL71% Ccl(r]

(19)
The strain energy of the element then becomes
V(¢ T - =
v={8§}" [51{¢} (20)
2.4 Development of the Consistent Mass Matrix for the Element
If rotatory and coupling inertia are neglected and if the shell {is
vibrating in a natural mode, the magnitude of the kinetic energy for the
element is
e e
=X i, 4
gE=w>| 2 JZ ph (u” + v2 4 w?) dyax (21)
-e -e
x X
2 2
e e
X X
=u)2ph J~ 2 J‘Z (u2+v2+w2)dydx
-e -e
=X X
2
where p 1is the density of the shell which is assumed uniform and h
is the given element total thickness. Since h 1is independent of x and y
for any given element, Ph can be moved outside the integral.
Based on the assumed displacements of Equations (9), the following
relation exists:
w
upr=ly]{y} (22)
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The terms of matrix [ Y ] are defined in Appendix A. Equation (21)

can be written

e e
x ¥ w
E 2 2 2
= PpPhw 'li,u,_v_J u dy dx
oy v
2 2

Substituting Equation (22) into Equation (23), one obtains:
- 2 T
E=phw {Y} [F]{VY]}

where

e
=
2

e
[F]-f f?' ry 1t [yldydx
-e

x Yy
2 2

Now using Equaéion (14), Equation (24) becomes

[EY = pno? (8T LT [RI0T] (6}
The element mass matrix may be identified as

[M] = h) [T (F][T])

and the final form for the magnitude of the kinetic energy becomes

E = o? {37087 (g}

(23)

(24)

(25)

(26)

(27)

(28)
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2.5 Development of Modal Equations

In general, there will exist more than one element in any given
analysis, Consequengly. any given node may be common to only one up
to four different elements. When a common node, n, exists between
two elements, say the kth and the k + lst, the following conditions

of compatibility are assumed for each such juncture:

f’wn~\ | 4 w 'W

Bln aln
4 BZn} - < BZn# (29
u u
n n
vn v,
~  Zkth N~ Jk+1st
Element Element

The total strain energy V and the kinetic energy E of a shell

divided into K elements may be expressed as

K .
V = Z v, . (30)
. |

K
E = z E, (31)
K

where VL and Ek are the elements expressed by Equations (20) and
(28), respectively. If use is made of Equation (29) and the summations
are carried out in Equations (30) and (31), the energy expressions may

be written as follows:
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v = {yTIs](y} (32)

o {¥1eM) (v} (33)

<]
[

where
[ S] = Stiffness matrix of the shell of order 5N
[ Mj = Mass of matrikx of the shell of order 5N
{Y]} = A vector of all the unknown displacements and rotations

N = Number of nodes in the system

The well-known procedure of superimposing element matrices is used
to construct the matrices, [ S] and [ M] . The superposition consists
of adding those terms of the element stiffness and mass matrices that
share common degrees of freedom due to sharing of a node and placing the
coupling terms between nodes of a given element in their appropriate lo-
cation. This has to be done to assure the compatibility imposed by
Equation (29).

The modal equations for the unconstrained shell are derived by mini-

mizing the quantity (E-V) with respect to each variable in {Y}; i.e.,

E-V Q (E-V) 3 (E-V)
=0 =0 =0 (34) - (36)
A 3814 3Bon
E-V) . E-V) _
X 0 = 0 (37), (38)
n n

for all n=1, 2, . ., ., N.

Equations (34) through (38) can be expressed as
[s]{Y}-werj[y}-o 39)

This is the characteristic form of the dynamic eigenvalue-eigenvector

problem.
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2.6 Applicatici. of Nodal Constraints

Nodal constraints are implied 5y deleting from the stiffness and
mass matrices of Equation (39) those rows and columns wﬁich must vanish
to satisfy the constraints. There are five degrees of freedom at each
node. Including the completely free and completely rigid cases, there
exist 32 possible different combinations of comstraints which can be
imposed at each node. Any of the 32 possibilities may be chosen for
any node. The order of [ S] and [ M] 1is reduced accordingly.

After cdmputing all the remaining eigenvalues and eigenvectors
by a standard routine, zeros are reinserted in the eigenvectors in the
appropriate locations according to the nodal constraints that had been
imposed.

Finally, for any selected number of the lowest eigenvalues, up to
the total number if desired, additional modal data can be determined.

This is accomplished by determining the constants, a through a

1 20°

using the relation given in Equation (14), i.e.,

{v} =C[T1] {8} | (14)

where { &} is that portion of the vector {y] applicable to the
element being studied. Once {y]} 1is known, the modal polynomial ex-
pressions are used as given by Equations (9a) through (9c). The addi-
tional modal displacéments are determined at 25 additional locations on

each element.



CHAPTER III

EVALUATION OF THE THEORY

3.1 Q@General Discussion

One of the main goals of this research was to.develop a program for
analyzing laminated shells with double curvature using a finite~element
method. Two lesser goals were that the program would be relatively easy
to use and that it could be applied to a wide range of practical problems.
These three goals have been reached with varying degrees of success.

The main goal was satisfactorily attained. If the problem can be
modeled within the implicit assumptions stated previOusly; reasonably ac-
curate results should be obtained. The program has one major shortcoming
which is characteristic of many structural and structural dynamic analyses,
especially those based on finite-element theory. The program needs more
compdter storage space in order to include a larger number of elements to
better model the shell structure.

The present work was accomplished on an IBM 360, Model 50 computer
which had 230 K bytes of available storagé. This program, with provisions
for 16 nodes, required 225 K bytes. The largest problem analyzed to date
was a cylinder modeled as 12 elements which required all 16 nodes. 1In

the majority of problems, only 8 or 9 elements could be used, depending

23
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on the geomgtfy of the particular problem. A few computers do exist

today which have considerably more than 230 K bytes, and in about two
years similar machines will be fairly commonplace. Therefore, this handi;
cap should be overcome in the near future.

" The program is definitely easy to use; the preparation of the input
is very simple and straightforward. Detailed explanation for preparing
the input data is provided in the opening comments of the program. A
possible improvement would be to include provisions for reading in the

surface curvature terms; i.e., w , w_ , and w xy° in lieu of calling
’ ]

xx' ,yy
them in by subroutine. The present procedure requires compiling the
subroutine for each particular problem investigated. This tends to ke-
come a nuisance to the user.

It appears that the program can indeed be apélied to a wide range
of practical problems. The major restriction stems from the problem of
available computer storage as previously mentioned. The program is
capablé of considering 32 differeht possible combinations of nodal con-
straints. It can handle materials ranging from those that behave in the
simple isotropic fashion up to the sophisticated anisotropic laminate. .
In addition, the program can determine with a high dégree of accuracy all
the eigenvalues and eigenvectors (up to 80) for amy problem that can pres-

ently be considered. The maximum time required for a single investigation

was 40 minutes for an 80-degree-of-freedom problem.



3.2 Example Check Problems

Most of the examples in the literature investigated to date have been
shelis of revolution, especially'circular cylinders. Usually, the method
of solution which was developed was restricted to a particular type of
problem being investigated. Often, full advantage was taken of geometry
in order to obtain a high'degree of accuracy in the results. With the
computer storage restriction in the current analysis, it was first believed
doubtful if a reasonable comparison could be made with any example from a
previous work. However, three sample problems were investigated.

The theory was first evaluated for a shallow, curved panel investiga-
ted by Sewall [ 34 ]. The panel analyzed was 1l in. x 9 in. x 0.028 in.
made of aluminum, with a radius of curvature of 96 in. This panel was se-
lected as it was shallow and because experimental results were presented
in addition to the analytical results for simply-supported and clamped-edge
éonditions. It was also believed that this would be a reasonable example
for which convergence could be demonstrated with an increasing number of
elements.

The results are presented in Tables 1 and 2 for the clamped and the
simply-supported edge constraints, respectively. A minimum of four ele-
ments is'reduired to investigate the clamped configuration as one unre-
strained node is required in order to obtain a non-trivial solution. Con-
sequently, this was the minimum number of elements investigated for both

the clamped and the simply-supported conditioms.
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TABLE 1

Comparison of Frequencies for a Curved Panel -

Analytical Edge Constraints: Clamped

Reference 34

Experimgnpa;_

233, 337.0
250. 317.1
299. 358.0
351. 400.5
405, 483.7
497. 511.1
507. 553.8
532. 445.7
640. 589.6
656 670.4
- 672.0
673. 729.4
760. 800.9
816. 789.5
835. 836.1
- 917.8
- 882.75
999, 1055.
1052, 1050.
1068. 1083,
1087, 1127.
1222, 1243,
1302, 1296,
1389. 1407,

1618.

Anglysis

Present Analysis

Number of Elements Used

8

240.2
242.7
255.8
271.1
297.2
303.9
426.2

633.2
973.1

6 4

240.7  242.3
252.7  244.4
258.2  265.6
274.1 '
324.1

502.6
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TABLE 2.

Comparison of Frequencies for a Curved Panel

Analytical Edge Constraints: Simply Supported

Reference 34 ' Present Analysis
‘ : v Number of Elements Used
Experimental Analysis 8 6 4
233, 164.1 127.9 128.3  127.9
250. 145.7 148.3 147.7  142.8
299. 273.7 174.8 176.8  240.7
351. 261.6 189.8 194.1  245.8
405. 325.7 208.5 258.7  249.8
497. 392.5 238.1 263.0  258.8
507. 399.8 265.1 269.2  266.5
532. 372.1 267.5 288.3  272.1
640. 498.9 299.2 295.0  276.8
656. 522.3 308.2 302.2  307.2
-—- 551.2 337.4  306.7  334.3
673. 560. 1 341.0 327.6  358.4
760. 629.3 352.4  349.3  396.4
816. 274.6 367.1 362.8  405.7
835. 686.8 383.7 413.6 425.6
--- 745.5 406.2 442.0  466.1
.- 747.3 446.1 471.2  519.0
999, 862.3 494.1 531.3  590.0
1052. 891.6 498.6 535.1  592.8
1068. 907.3 508.0 567.6
1087. 930.3 548.6  567.9
1222. 1044. 550.4 662.9
1302. | 1113. 550.9  694.0
1389. 1204. 596.1  734.9

1408. 693.5 816.3
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Before discussing the correlation, it should be mentioned that edge
constraints described by Sewall [ 34 ] for the test values more closely
resembled clamped conditions than simply-supported conditions. In studying
Sewall's results [ 34], it is difficult to determine which constraint gave
the better results. However, the clamped constraints appear to give the
better results in the present analysis. The validity in the present analy-
sis is supported by the close comparison of results in the other two exam-~
ple problems investigated.

Little variation was noted in the lower two frequencies when four, six,
or eight elements wer; used. The third frequency varied considerably more,
especially with the simply-supported constraint..

The theory was next applied to a 60° spherical cap as investigated by
Cohen [ 2 ], who presented his results in a generalized form. This example

was chosen to investigate a shell with double curvature. In order to com-

pare, a shell with the following properties was analyzed:

El = E2 = 26. x 106 psi, G =10.x 106 psi, v, =v_ =0.3,

1 2
-6 lb-sec2 v
p = 259. x 10 = > Rm = 8.08 in., h = 0.404 in.
in

The following is a comparison of the dimensionless frequencies,
9] =me'(F/p)-%, for the first three axisymmetric modes for a fixed-hinge

edge constraint and the percent difference.
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PRESENT PERCENT

REFERENCE 2 ANALYSIS DIFFERENCE
o .951 1.005 4.8
0, 1.325 1.332 0.5
9 1.646 1.809 9.9

The modal shapes, both w and u, computed in this analysis agreed
reasonably well with Cohen's [ 2 ] for the lower two modes. However,
comparison of the third modal shape was somewhat difficult. The third
modal shape, as reported by Cohen [ 2 ], had two interior inflectiom points
but no interior nodes. It is doubtful if the present analysis contained
sufficient nodes to predict such behavior. In general, the correlation
between ﬁhe two analyses is considered good.

The third example investigated was a composite cylindrical shell
originally investigated by Bert, et al [ 28 7. The cylinder was made of

two-layer, cross-ply boron/epoxy material and had the following properties;

E = 31. x 106 psi, E, =2.7x 106 psi, v, = 0.28

2 1
6 -6 1b-sec2
G=0.75x 10 psi, p =192, x 10 R
in
Rm= 20481 inc, L = 31'5 in., h = 0-02 in.

The shell was freely supported at both ends and a closed-form solution of
the Love's firsteapproximation:shell theory eguations was obtained.
A comparison of frequencies for the two analyses is given on the follow-

ing page.
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FREQUENCIES (HZ)

REFERENCE 28 | PRESENT ANALYSIS
240 245
255 254
532 537
440 539
450 585
500 590
675 676

‘The first three frequencies agfee very well. The fourth through the
sixth frequencies in Reference [ 28 1 were associated with wave numbers
greater than two. The present analysis would require more than thé limited
number of sixteen nodes and twelve elements to accuratély calculate these
modes. The 675 hz frequency from Reference [ 28 ] was for the circumfer-
ential and meridional wave numbers both equal to two, which is the highest
frequency mode the present invéstigation sﬂ;uidwazcurateiy determine. This
comparison is again considered good. However, it should be mentioned that
the present results did have two modes associated with the in-surface circum-
ferential degree-of-freedom with frequencies of 291 and 581 hz. Also, there
were four distinct’modes in the present analysis with frequencies of 668,
669, 670, and 671 hz, but none of these had a modal shape which would cor-

respond to a circumferential wave number of 2. The 676 hz frequency did have

such a modal shape; thus, it was selected for comparisonm.
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- One major objective of this work was to develop a method for analyz-
ing general shell problems; this has been accomplished. It was therefore
believed that :hreé example problems should be investigated whiéh would
fully exercise the capability of the program and which would.suggest areas
of possible practical application. Iﬁ addition; it was Believed that by
investigatiﬁg different materials and edge constraints for each example,

a reasonable basis of comparison would be obtained for future research.

3.3 Multilayer, Anisotropic Cylindrical Shell of Arbitrary

Cross Section, Exemplified by a Fuselage Section

The theory was first evaluated for a cylinder which was not a shell
of revolution. The x-direction was along the axis of the cylinder, and,
as shown in Figure 1, the cross section at any axial position x was de-

scribed by the function:
Y 4 z .3
(36) + (EZ) = 1 where y and z are in inches.

This section is typical of the constant sections for aircraft fuselages.'
The length of the cylinder was selected as 12 feet.

The first material was a non-woven unidirectional tape form FRP
(fiserglaés reinforced plastic) called XP-250 which has the following

properties:
El = 5,35 x4106 psi Filament volume fraction = 0.526
E, = 1.52 x 106 psi Void volume fraction = = 0.02

G = 0.8 x 106 psi
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— <

< 4 =3
AN 2N .
(36) + (%) =1
36
A
“24
|12
4 oy n
-24 ~12
;12 |
-24 -
-36
A, B, C, D denote node locations

Figure 1 - Fuselage Section.
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vI = 0,275

v, = 0.078

6 4

o =181.3 x 10°° 1b.-sec.?/in.

For the investigation, a quasi-isotropic laminate was constructed of
four layers oriented at 0, +45°, -45°, and 90°.  Each layer was 0.09 inch
thick. |

>A1uminum was selected as the other material to be investigated in
order to present results for aniisotropic material. The following proper-

ties were used:

6
E1 = E2.= 10.5 x 10 psi
¢ =4 x 10° psi
\)1 = Vz = 0033
b =259.0 x 10-0 1b.-sec.?/in.?

To be comparable to the XP-250 laminate, a total thickness of 0.036
inch was Qsed.

For analysis, the cylinder was divided into three 48-inch sectioms.
Each section was divided into fourelements by placing nodes as shown in
Figure 1 at Points A, B, C, and D. Three coufigurations of nodal con-
straints were investigated: clamped, freely supported (w = v = 0), and

free at both ends.
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The resulting ten lowest frequencies for all six'configurations
are shown‘in Table 3. All the resulting frequenciés are presented in
Appendix D. As expecte&, the loﬁer frequencies are all quite small.
This is mainly due to the small thickness which was selected primarily
~for the remaining two examples and was used here for consiétency.
Realistically, a minimum thickness of 0,10 inch would be tried for a
full-monocoque structure of this size in a practipal appliéation.

One peculiarity was noted in this problem. In each of the six
configurations, a large jump in frequencies occurred. The higher set
of frequencies are those associated with the 1n-surface degrees of free-
dom, i.e., u and v. This.large increase may be accentuated due to the
fact that each cylindrical section could be divided iﬁto only four ele-
ments. A miniﬁum of eight should be used, which would double the number
of eléments and nodes (and, in effect, make the resulting matrices four
times as large).

Normalized modal displacements for the six lower frequency nodes
associated with points in Figure 1 are presented in Figures 2. and 3
for the XP=250 cylinder in the clamped configuration. These figures
show the w displacemeﬁt of the shell for the two interior cross-
sections of thé cylinder. For tbe frequency shown, the left modal shﬁﬁe
'is for nodes 5, 6, 7, and 8, and the figure on the right is the corres-

ponding modal shape for nodes 9, 10, 11, and 12.



TABLE 3.

Ten Lowest Frequencies for Fuselage Section (hz)

Xp-250 Material Aluminum Material
Free Freely-Supported Clamped EEEE Freely~Supported Clamped
3.192 3.666 3.741 5.104 5.879 5.986
3.193 4.640 4.646 5.242 7.486 7.494
3.424 6.251 6.287 5,470 10.12 10.19
4.444 6.310 6.584 7.151 10.35 10.66
4.978 6.360 7.773 8.069 10.46 12.89
6.065 6.560 7.897 9.619 10.62 13.08
6.142  7.746 9.899 9.945 12.83 _ 15.97
6.245 7.859 11.40 10.11 13.00 18.61
6.542 9.282 18.09 10.59 15.13 29.06

6.785 9.404 18.19 11.01 15.27 29.08

GE
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Figuro 2. Modal Shapes for the Fuselage Section
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Nodes 5, 6, 7, and 8 Nodes 9, 10, 11, and 12
——tdent ==

f4 = 6.584 hz

fs = 7.773 hz

" £g = 7.897 hs

Figure 3. Modal Shapes for the Fuselage Section
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3.4 Multilayer. Anisotropic Conical Shell of Arbitrary

Cross Section, Exemplified by a Wing leading Edge

The theory was next evaluated for a typical aircraft wing leading
edge. The shell has a parabolic cross section tapered as shown in Fig-
ure 4 over a length of 8 feet. ' The shell was divided into eight'elements
requiring fifteen nodes as shown. The same materials and similar edge
‘constraints used in the first éxample were investigated for this example.
However, for the clamped case, all the edge nodes were constrained, in-
cluding nodes 6 and 10, as this was considered a practical application.

In the freely-supported condition, nodes 2, 3, 4, 12, 13, and 14 were
constrained in the y- and z-directions (v = w = 0); nodes 6 and 10 were
constrained in the x- and z-directions (u = w = 0); and the corner.nodes
were constrained in all three directions, x, y, and 2 (u = v = w = (),

The resulting ten lowest frequencies for the six configurations are
presented in Table 4. All the frequencies are presented in Appendix D.
All the values appear reasonable and no peculiarities were noted. Of
course, the clamped condition would seem to be the most practical, with
the others presented for comparison.

Modél displacements are somewhat difficult to plot due to the geo-
metric configuration. Normalized displacements fér‘the lower six frequen-
cies for nodes 3, 8, and 13 in Figure 4 are presented in Figure 5. for the

XP-250 leading edge in the free configuration.
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8.568
30.55
57.83
80.95
91.87
97.30

104.3

163.3

178.2

178.6

TABLE 4,

Ten Lowest Frequencies for Wing Leading Edge Section (hz)

XP-~250 Material

Freely~-Supported

90.53
96.34
174.6
175.2
182.1
182.4
186.9

225.2

246.8

263.3

Clamped
157.6
185.0
417.6
685.6
791.1
811.5
891.1

1152.5

1203.6

1267.4

Free

13.85

47.37

97.06
135.1
150.3
166.4
170.3

269.3

291.1

291.3

Aluminum Material

Freely-Supported

151.8
158.8
290.4
295.1
296.1
296.4
.302.3

385.9

407.2

446.9

Clamped

272.7
313.7
683.1
1107.7
1275.3
1315.4
1404.7

1973.4

1982.1

2049.8

oy
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Figure 5. Modal Shapes for the Wing Leading Edge Section
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3.5 Multilayer, Anisotropic, Doubly-Curved Shell,

Exemplified by a Radome -

The third and last appli;ation of the theory was_for a doubly-curved
radomel.' The shell éutface was described by z = H sin Eai sin %l . For
this example, H = 12 inches, a = 36 inches, b = 24 inches, with x, y, 2z
in inches. As shown in Figure 6, the shell was divided into nine eiements
requi;ing all éixteen available nodes. The same materials and similar |
edge constraints as used in the first two examples were investigated. For
the clamped case, all edge nodes were constrained. For the freely-supported
case, nodes 2, 3, 14, and 15 were constrained in the x- and z~-directions
(u=w=0); nodes 5, 8, 9, and 12 were constrained in the y- and z-direc-
tions (vesw= 0); and the corner nodes, 1, 4, 13, and 16, were constrained
in all three direétions (um v =yw=0),

It is believed that this example best demonstrates the fﬁll capability
of the program for the following reasons: |

1. The structure could be modeled adequately with the 16 nodes
(and 9 elements).available. .

2. The shell contained double curvature.

3. Both types of material were investigated.

4. Three varied but reasonable nodal constraint configufatibns

were investigated.

Table 5 contains the resulting ten lowest frequencies for all six cases.
Again, all the frequencies are presented in Appendix D. Normalized modal dis-
placements for the lower six frequencies for nodes 5, 6, 7, and 8 in Figure 6.
are presented in Figure 7. for the XP-250 radomevin the freely-supported con-

figuration. Also, Figure 8 presents the corresponding displacements for

nodes 2, 6, 10, and 1l4.
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Free

292.6
328.4

347.6

421.1
554.3
630.9
814.1
922.0
1106.3

1183.0

TABLE 5.

Ten Lowest Frequencies for Doubly-Curved Radome Section (hz)

XP-250 Material

Freely=-Supported Cladged
380.1 1204.9

- 452,9 1239.3
459.8 1239.7
1063.5 1561.§
1077.2 1662.2
1104.7 1679.5
1134.0 1747.4
1252.2 1773.1
1414,.8 1947.8
1415.8 2158.5

Aluminum Material

Free Freely-Supported Clamped
464.9 602.5 1963.3
518.0 713.2 ' 1980.0
545.5 730.4 2016.7
661.2 1660. 2528.0
874.9 1717. 2694.1
1002. ' 1779. 2739.8
1282. 1802. 2796.7
1465. 1958. 2854.2
1738. 2239. 3059.1

1882. 2253. 3423.5

Y
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CHAPTER IV

CLOSURE

- The evaluation of the pfeseni theory for the shallow, curved panel

shows poor agreement with the analytical results ( 34 ]. However, reason-
able agreement was obtained with the experimental results [ 34 ]. The
validity in the present theory is further suppdrted by the generally good
agreement obtained for the two more complicated examples, the 60° spherical
cap [ 2] and the composite cylinder [ 28 ]. Comments on the results of
the three additional problems investigated are containedlin Sections 3.3, 3.4,
. and 3.5.

When one writes a program of this sizé, it is often quite difficult to
know when it is finished, and ﬁhis is certainly the case with this program.
It is true that many goals bave beén attained. The program is simple to use;.
it is fast and accurate; it can investigate a broad range of materials and
bOunda;y conditions; and it will 1nvesfigate general shélls with double cur-~
vature. These are all substantial advantages and are real credits to the
program, ‘

On the minus side, the biggest disadvantage is ;he~size of the program,
It is now quite'large but needs to be even larger in order to adequately in-
vestigate some shell problems. Several less important disadvantages do exist.
Z_ ,and Z are obtained.from a subroutine which has

XX’ T,yy »XY
to be recompiled for each shell geometry. Therefore, from a hindsight point

First, =z

of view, these values should have been read in directly, as part of the in-

put data. Second, the eigenvalues are determined from the largest to the
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sm#lleqt}. Although tﬁis has been no problem to date, accuracj problems
could be created with the lower values, the ones which at§ often of prime
intefest. This should definitely be 1nvéstigated if the addition of more
nodes is considered. Third, the program is limitéd to full monocoque shells.
Seldom in practice is this the case; usually some stiffeners are present.
Fourth, the effect of cutouts in the shell have not been considered. If an
analysis of full cutouts were attempted, singularities would probably be
‘created in both the atiffness and the mass matrices. To avoid the singular-
ities, possibly a very, very thin "dummy" section could be assumed for the
cutout. -This would contributé'relatively no stiffness or mass effects and
may offef a.satisfactory méthod of analysis.

Finally, when completing a program such as this, one often asks what
improvements might:be made in the future. And 1ndeéd, there are several;
First, provisions for handling varying properties on a per-layer basis could
be programmed. Presently, the same material is assumed to be used throughout
the shell. Second, a better quadrature routine for the integration over each
elémeht might be used. Third, i,xx‘ E,yy’ and ;,xy for each element could be
read in as part of the input data. Fourth, another shell theory, in lieu of_'
shallow shell, might be considered. Fifth, more degrees of freedom at each
hode could be considered. This would probably be warranted if a more complete
shell theory were used. Sixth, provisions for handling stiffeners and cutouts
could be made. This would be no simple task and might.constitute an entirely
new program. | |

The above-mentioned disadvantages and possible improvements should not
be ﬁhoﬁght of as distracting from the present work. They are offered here

as suggestions in hopes of opening the doors to future research.
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APPENDIX A
TABLES OF MATRIX ELEMENTS

A.1 Elements of Matrix [R]

2 = = o= (2
Ry; = EAll(E;xx) /2] +‘rA12z’xxz’yy] + [Azz(z’yy) /2]

— 2 -— - - -—
+ 12 A66 (z,xy) ] +[2 A16 z,xx z~,xy] +[2 A26 z,yy z,xy]

Ry, = [Bn z,xx + Blzz,yy + 23162,_xy] /2

Rig = (B % o #8927 gy +2By% (01/2

Ry, ™ [816 z,xx + Bsz,yy + 2366z,xy] /2

Ryg = [=A)) 2 4y ~ A1p2 gy = 24152 1 /2

Rie ™ r-A16 z,xx ) AZﬁz,yy B 2A66=,xy] /2

Ri7 ® Rig

18 = [7A12% 4y = AppZ oy = 2hye 2 xy] /2

b
| ]

Ry, = 011/2 . Ry, ™ 1)12/2 Ry ™ 1)16/2
Ryz = D,,/2 Ryg = Dyg/2 Ry, ™ Dpe’2
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A.1 Elements of Matrix [ R] (Continued)

Rys = = Byy/2 Rae ™ Ry - Rys = “B1g/2
Ryg = Rys = ~By,/2 Ryp = Ryy = Ryg = Byp/2
Ryg = ~Byy/2 Rye = Ry7 = “Bgo/2

| Rgs = Ay, /2 Rgg = Rgy = Ay/2
Rsg = A15/2 Ree = Rey = Ry = Agg/2
Rés = Ay,/2 : Rgg = Rpg = Agg/2

[ R] is symmetric, i.e., Rij = Rji'
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A.2 Elements of Matrix [X]
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A.3 Elements of Matrix [A]
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A.4 Elements of Matrix [ AK] (Continued)
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A.4 Elements of Matrix’
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A.4 Elements of Matrix [ AK] ‘(Continued)
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A.5 Elements of Matrix [Y)

»
(=} (=] )
[« (] >
o o ]
o —
o oy o
(=} - Q
(=} ] Qo
=] - [=]
) o o
]
mh (=] (=]
®
» o (=]
) (o] o
13
> o o
L]
» o (=]
L) o (=]
E‘ (] (=]
L (=] (=]
L) (=] (=]
" Q (=]
- o (=]

Y] =



APPENDIX B

BIBLIOGRAPHY OF PAPERS ON ANALYSIS OF THIN SHELLS
BY FINITE-ELEMENT METHODS

Since tﬁe mid 1950'5, many technicai papers have beeﬁ written
on general finite-element methods. This appendix is presented as
an effort to provide a means of finding the majority of such papers.
As stated on Page 5, most of the presentations at the two Air Force
Conferences on Matrix Methods in Structural Mechanics held in 1965
and 1968 involved finite-element approaches. The proceedings of
these two conferences are listed as 1. and 2. below.

The survey paper of Jones and Strome presented at the 1965
conference mentioned above is listed as 3. These three references
form an excellent basis for the early papers on general finite-
element methods. The remaining papers listed in the Appendix are
additional sources for information on the subject; the majority of
these have been published since the survey paper of Jones and Strome.

For a list of current books on the subject, see Appendix C.
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D.1 Fuselage Section Frequencies

XP-250 Material

Free Freely-Supported Clamped
3.192 3.666 3.741
3.193 4,640 . 4,646
3.424 6.251 6.287
4,444 6.310 6.584
4,978 6.360 7.773
6.065 6.560 7.897
6.142 7.746 9.899
6.245 7.859 11.40
6.542 9.282 18.01
6.785 9.404 18.19
7.545 9.410 18.25
7.546 10.55 26.28
7.830 10.66 26.51
7.957 11.32 26.63
11.09 17.03 26.71
11.59 17.51 26.78
14,01 17.71 28.64
14,62 18.17 28.74
18.08 18.41 34.31
18.26 - 25,95 34.77
18.62 26.61 36.28
18.76 26.66 36.55
25,12 © 26.85 39.37
25.95 26.88 39.51
26.10 28.60 206.4
26.49 28.71 338.0
26.59 ©29.23 425.5
26.76 29.42 448.6
. 26,77 34.58 461.5
26.94 34.93 496,.7
27.04 35.87 559.,7
27.08 35.91 666.5
27.13 36.33 699.9
28.75 36.55 712.6
31.08 37.88 755.7
32.52 37.89 814.0
34,53 39.34 827.8
34.84 39.46 973.0
35.01 40.95 1025.
35.11 41.07 1105.
36.24 206.4
36.41 282.2
36.64 323.8
36.66 338.0
39.33 388.0

Aluminum Material

Free Freely-Supported Clamped
5.104 5.879 5.986
5.242 7.486 7.494
5.470 10.12 10.19
7.151 10.35 10.66
8.069 10.46 12.89
9.619 10.62 13.08
9.945 12.83 15.97
10.11 13.00 18.61
10.59 15.13 29.06
11.01 15.27 29.08
12.49 15.35 29.53
12,51 17.44 42.19
12.96 17.63 42,78
13.19 18.47 © 42,99
18.08 27.38 43,22
18.94 28.54 43.36
22.87 28.89 45.60
23.76 29.38 45.97
29.26 29.79 55.09
29.59 41.17 56.21
30.11 42,99 59.78
30.31 43.08 60.30
39,80 43.44 65.16
41,16 43,53 65.47
41,66 45,57 319.2
42,71 45.84 547.9
42.97 47.87 671.5
43.33 48.16 704.1
43.38 55.73 713.7
43,63 56.54 796.5
43,67 58.91 899.2
43.83 58.94 1061.
43.85 59.85 1095.
45,99 60.19 1136.
49.96 61.40 1225,
52,04 61.50 1314.
55.69 65.06 1334.
56.45 65.30 1549.
56.72 66.25 1658.
56.84 66.59 1777.
59.75 319.2
59.98 436.3
60.33 500.7
60.38 587.9
65.05 601.6
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D.1 Fuselage Section Frequencies (Cbntinued)

:

XP-250 Material Aluminum Material

Free Freely=-Supportéd Clamped - Free Freely-Supported Clamped
39.35 390.1 65.07 . 608.7
39.51 461.5 65.39 713.7
39.56 569.7 65 .46 922.9

206.4 602.0 .319.2 942.0

255.3 605.7 397.6 947.7

290,0 612.9 . 451.9 982.1

338.0 - 641.3 547.9 1008.

378.5 699.9 595.5 1095.

384.6 755.7 597.9 1225,

461.5 857.0 713.7 1388.

474.3 860.2 774.9 1391,

499.8 973.0 783.3 1549,

536.2 1025. 872.2 1658.

555.0 1069, 873.6 1732,

612.9 1104, 947.7 1777.

652.7 1105. 1009 . 1786.

691.1 1117, 1089. 1803.

699.9 1232, 1095. 1975.

729.0 ' 1152.

748.7 1197.

755.7 1225,

- 765.9 1237.

884.2 1412.

896.5 o 1426.

973.0 1549.

1004, 1627,

1025. 1658.

1069. 17372,
1110. : 1777.
1120. 1798.
1197. 1915,

1232. 1975.
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D.2 Wing Leading Edge Section Frequencies

XP-250 Material

Free Freely-Supported Clamped
8.568 90.53 157.6
30.55 96.34 185.0
57.83 174.6 417.6
80.95 175.2 685.6
91.87 182.1 791.1
97.30 182.4 811.5
104.3 186.9 891.1
163.3 225.2 1153.
178.2 246.8 1204.
178.6 263.3 1267.
179.8 279.1 1473.
180.0 285.9 1753.
197.1 311.9 3002.
219.1 323.6 3411.
220.0 323.7 5657.1
238.9 325.7
246.9 337.9
263.0 338.2
248.8 406.7
285.3 442.9
300.1 457.7
330.8 673.6
332.0 816.9
340.0 881.2
342.3 919.3
348.6 925.4
364.2 962.4
393.3 1159.
400.7 1162,
440.6 1188.
513.8 1212,
525.1 1251.
678.7 1320.
737.0 1365.
777.2 1439.
816.1 1466.
886.3 1613.
976.4 1662.
1014, 1749.
1045. 1887.
1056. 2071.
1059. 2584.
1089. 2885.
1178. 3495.
1197, 3883.
1224, 4062,

Aluminum Material

Free Freely-Supported Clamped
13.85 15.18 272.7
47.37 15.88 313.7
97.06 290.4 683.1

135.1 295.1 1108.

150.3 296.1 1275.

166.4 296.4 1315.

170.3 302.3 1405.

269.3 385.9 1973.

291.1 407.2 1982.

291.3 446.9 2050.

293.2 473.3 2398.

295.0 498.7 2724,

352.6 503.6 4866,

359.8 529.3 5281.

359.9 529.4 9172.

409.4 535.1

437.0 '563.3

438.5 564.5

459.6 689.0

476.7 772.1

517.7 791.4

539.7 1043.

543.5 1325.

553.7 1432.

560.5 1435.

600.6 1535,

"614.6 1565.

636.3 1851.

725.2 1937.

726.0 1980.

811.0 2004,

884.6 2023.

1105. 2223,
1195. 2242,
1202, 2274,
1322. 2360.
1440, 2696.
1587. 2710.
1601. 2842,
1600. 2941,
1714, 3233.
1784. 4188.
1792, 4466,
1918. 5425,
1981. 6147.
2002. 6435,
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D.2 w1ng,Lead1nngdge Section Frequencies (Continued)

XP~-250 Material - Aluminum Material

Free Freely~-Supported Clamped Free Freely-Supported Clamped
1273. 6152, 2053. 9974. '
1275. ' 2055. '
1385. 2263.

1483. ' 2372,

1487. ' 2569.

1548. 2607.

1661. . 2657.

1683. o 2725.

1787. 2834.

1921, 3063.

1965. 3070.

2020. o ' 3221,

2196, : 3544,

2478. 3869.

2581. 4122,

2834, 4455,

3059. 4866,

3136. 4942,

3312. ‘ 5355,

3797. 5897.

3936. 6359,

4399, 6829,

4634, 7508.

5203. : 8437,

6164. 9991.

7282. 11809.
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D.3 Doubly-Curved Radome Frequencies

XP~250 Material Aluminum Material

Free Freely-Supported -Clamped Free Freely-Supported Clamped
292.6 380.1 1205. 464.9 602.5 1936.
328.4 452.9 1239, 518.0 713.2 1980.
347.6 459.8 11240, 545.5 730.4 2017.
421.1 1064, 1562, 661.2 1660. 2528.
554.3 1077.. 1662. . 874.9 1717. 2694,
630.9 1105. 1679. 1002. 1779. 2740,
814.1 1134, 1747. 1282, 1802, 2797.
992.0 1252. 1743, 1465, 1958. 2854,

1106. 1415. 1948, 1738. 2239, 3059.

1183. 1416. 2158.. 1882. 2253, 3424,

1193. 1535, 2361. 1896. 2429, 3822.

1288. 1576. 202g 2037. 2576. 4016.

1317. 1582. 2585. 4080,

1330. 1596. 2615, 4343,

1415, 1636. 2672, 4393,

1435. 1681. 2739, 4955,

1510. 1692, 2752, 5658.

1558. 1711, 2756. 6724,

1586. 1715. 2767. 8250.

1593. 1746, 2812, 8326,

1617. 1760. 2814.

1667, 1761. 2815.

1678. 1769. 2817,

1679. 1772. 2831.

1688, 1791, 2835,

1693, ' 1792, 2842,

1700. 1801. 2843.

1731. 1802. 2844,

1736. 1812, 2845,

1737. 1813. : 2849.

1752, 1815. 2814, 2918.

1768, 1816. ’ . 2821. 2923.

1777. 1817. . 2824, -2950.

1778. 1886. : - 2831. 2981.

1794. 1946, . 2836. 3140.

1795. 2026. 2837. 3141.

1797. 2162, 2839. 3423.

1804, 2295, 2840, 3649.

1806. 2574, 2841. 4268.

1809. 2691, 2844, 4368.

1810. 2897. 2845. 4484,

1813. 2991. 2846, 4856.

1817. 3179. 2847. 5042.

1818. 3301. 2863. 5796.

1821. 3720. : 2940. 6043.

1822. 3941. 2958. 6223.



pD.3 Doublx~Curved Radome Frequencies (Continued)

Free

XP-250 Material

Freely-Suﬁported

1831.
1997.
2092.
2321,
2329,
2338.
2524,
2596.
2786.
2966.
2999,
3225.
3290.
3548.
3936.
4043.
4044,
4399,
4422,
4519,
4744,
4767.
4862,
5136.
5316,
5636.
5876.
6573.
6585.
6868,
7052,

4599,
4833.
4167.
5192.
6674,
6803.

Free

2973.
3227.
3265.
3613.
3731.
3757.
3936.
4300.
4597.
4786.
4848.
5147.
5311.
5626.
6161.
€283.
6341.
6961.
7093.
7210.
7622.
7670.
7861.
8178.
8618.
8950.
9344.
10624.
10712.
11154.
11376.

Aluminum Mat

Eresly-Support

7480.
7841.
8292.
8399.
10837.
11007.
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D.3 Doubly-Curved Radome Frequencies

XP-250 Material Aluminum Material

Free Freely=-Supported Clamped - Free Freely-Supported Clamped
292.6 380.1 1205. 464.9 602.5 1936.
328.4 452.9 1239. 518.0 713.2 1980.
347.6 459.8 1240. 545.5 730.4 2017.
421,1 1064, 1562. 661.2 1660, 2528.
554.3 1077. 1662. . 874.9 1717. 2694,
630.9 1105, 1679. 1002. 1779. 2740.
814.1 1134. 1747. 1282. 1802. 2797.
992.0 1252. 1743, 1465, 1958. 2854,
1106, 1415, 1948. 1738. 2239, 3059.
1183. 1416. 2158. 1882, 2253, 3424,
1193, 1535, 2361. 1896. 2429, 3822,
1288. 1576. 2924, 2037. 2576. 4016.
1317. 1582, 2480. 2075. 2585. 4080.
1330. 1596. 2635, 2132. 2615. 4343,
1415, 1636. 2768. 2192, 2672, 4393.
1435, 1681. 3152. 2280, 2739, 4955.
1510. 1692, 3467. 2345, 2752, 5658.
1558. 1711, 4203. 2539. 2756. 6724,
1586. 1715, 5058. 2613. 2767. 8250.
1593, 1746, 5143. 2618. 2812. 8326.
1617. 1760. 2628, 2814,
1667, 1761. . 2696, 2815,

1678. 1769. 2699. 2817,
1679. 1772, ' 2734, 2831.
1688. 1791, 2740, 2835.
1693. ’ 1792, 2749, 2842,
1700. 1801. 2762. 2843,
1731. 1802, . 2766. 2844,
1736, 1812. 2772. 2845.

1737. 1813. ‘ 2783. 2849.
1752, 1815, 2814. 2918.
1768. 1816, : . 2821, 2923.

1777. 1817. . 2824, 2950.

1778. 1886. 2831. 2981.

1794. 1946. . 2836. 3140,

1795. 2026. 2837. 3141.

1797. 2162. 2839. 3423.

1804. 2295, 2840, 3649.

1806, 2574, 2841, 4268.
1809. 2691. 2844, 4368.

1810. 2897. 2845. 4484,

1813. 2991, 2846, 4856.

1817. 3179. 2847. 5042.

1818, 3301. 2863. 5796.

1821. 3720. : 2940. 6043.

1822. 3941. 2958. 6223,



D.3 Doubly-Curved Radome Frequencies (Continued)

Free

81

XP~-250 Material

Freely-Suéported

1831.
1997.
2092.
2321,
2329,
2338.
2524,
2596.
2786.
2966.
2999.
3225.
3290.
3548.
3936.
4043,
4064
4399,
4422,
4519,
4744,
4767.
4862,
5136.
5316,
5636.
5876.
6573.
6585,
6868.
7052,

4599,
4833.
4167.
5192.
6674,
6803.

Clamped

Free

2973.
3227.
3265.
3613.
3731.
3757.
3936.
4300.
4597.
4786.
4848,
5147.
5311.
5626.
6161.
€283.
6341,
6961.
7093.
7210.
7622,
7670.
7861.
8178.
8618.
8950.
9344.
10624.
10712.
11154,
11376.

Aluminum Material

Freely-Supported

Clamped

7480.
7841.
8292.
8399.
10837.
11007.



APPENDIX E

COMPUTER PROGRAM DOCUMENTATION

The program is written in Fortran IV and was run using an IBM
System 360, Model 50 (with 230 K bytes of core storage). No scratch
tapes are required, as all calculations are accomplished in core with
fhe aid of an overlay structure.

Great care has been taken to completely document the program within
the source listing by the use of comment statements. The MAIN part of
the program contains a lengthy set of comments. Each subroutine has a
similar, but smaller, comment section.

Subroutines INVRSR, NROOT, AND EIGEN were taken from the IBM Scien-
tific Subroutine Package and slightly modified as required for usage in
this program. Subroutines PI6J, PI5J, and FOMATI were borrowed from
the program library of Beech Aircraft Corporation and modified slightly
fér use herein. All other subroutines and MAIN were written specifically

for this investigation.
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APPENDIX F

COMPUTER PROGRAM LISTING
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CCMPUTATION OF VIBRATICN MODES AND FREQUENCIES
0OF A GENERAL, CRTHOTROPIC-LAMINATED, THIN_ SHFLL
BY THE FINITE ELEMENT METHOD
USING A GENERAL CUADRILATERAL, SHALLOW SHELL ELEMENT

BY G, Lo, THCMPSCA
DEPARTMENT o « sENGINEERING
SCHONL OF AFROSPACE, MECHANICAL ANC NUCLEAR ENGINEERING
UNIVERSITY OF UKLAHUIMA

006 20 00 00 0P 0 QOGS 800000008000 OO COR OO HL PN O IOHUOUS TS ULANIVOTE S

PRCGRAM DY375

PURPOSE
COMPUTATION OF THE VIBRATICN MDDES AND FREQUENCIES UF A
GENERAL, ORTHOTROPIC-LAMINATED, THIN SHELL BY THE FINITF
ELEMENT METHOD USING A GENERAL JQUACRILATERALy SHALLOW
SHELL ELEMENT.

DESCRIPTICN OF PARAMETERS
H(I¢J) - THE DISTANCE FRQOM THE MID~PLANE OF TFE I-TH
ELEMENT TO THE 'OUTER ECLGE! OF THE J-TH
LAMINATE, '
THETA(l,Jd) - THE ANGLE BETWEEN THE X=AXIS OF TRE I-TH
ELEMENT AND THE MAJCF MATLRIAL AXIS OF [Ty
J=TH LAMINATE,
$(20920) = THE 20 X 20 ELEMENT STIFENESS MATRIX, USEL AND
- ' REDEFINED FOR EACH ELEMENT.
AK{20,20) = THE 20 X 20 INVERSE C+ THE MATRIX whHiICFH
’ TRANSFORMS DISPLACENENTS AND RCTATICNS AT Tht
NODES OF AN ELEMENT TO COLFFICIENTS 0OF THE
PGLYNOMIAL DISPLACEMENT FUNCTIONS.
F(20,20) - THE 20 X 20 ELENMENT MASS MATRIX, USIL AMD
' REDEFINED FCR EACH ELEMENT,
XE(4) - THE FOUR X=CCORDINATES FCR THE WORKING EL&MLNT
YE(4) - THE FOUR Y~COORDINATES FOR THF WURKING ELEMENT
HE(J) = THE H DISTVTANCE FOQR THE J=TH LAMINATE GF ThE
WORKING ELEMENT,
THE(J) - THE THETA ANGLE FOR ThE J-TH LAMINATE OF THE
: WORKING ELEMENT.
EK(I) ~ THE AVERAGE SIZE OF THE I-TH ELEMENT IN THE
X DIRECTICN,
EJI1) ~ THE AVERAGE SIZE OF THE I-TH ELFMENT IN ThE
Y DIRECTION.,



x(tL)
Y(L)
ALAMCIT)
HO(18)

DATE(3)
F1 - FE

X

Y
XY
El

€2

Gl

Pl

P2
EPK
EPJ
RHCH
RHOHTY
[JK(L,yM)

TJKL (M)
KEC(L)

KE

KA

NOLAN
AKG(KSsKS])
AMGIKS4KS)
EIGVEC{KSM)
EIGVAL(KS2)
QLIKSM)

Q2(KSM)
Ke

E(KB)
ET(KByKB)

REMARKS
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THE X COORDINATE OF Thf L-Th NODE.

THE Y COORDINATE OF THE L-Th NODE.

THE NUMBER CF LAMINATES IN THE I-TH ELEMENV,
THE DUMMY VARIABLE USFD TO STORE THE HEADING
CARD.,

THE THREE VALUFS USEL TC STGRE THE CURRENT
DATE AS AUTGMATICALLY RFAD FROM MACHINE TAPE.
THESE ARE THE 8 FLAG VALUES DFSCRIBEC IN THE
INPUT INSTRUCTIONS FCR OPTIONAL PRINT-QUT.
THE SECOND CERIVATIVE OF THE 2-FUNCTION OF THF
SURFACE WeReToe Xy USED TG DFFINF THE ELEMENTAL
CURVATURE .

SIMILAR TO ZX EXCEPT WeKeTe Y.

SIMILAR TU 2X EXCEFPT WakeTs X AND Y,

MAJOR MOOULUS OF ELASTICITY.

MINOR MODULUS OF ELASTICITY.

SHEAR MODULUS OF ELASTICITY,

MAJOR POISSCAN'S RATIC.

MINOR POISSCAN'S RATIC.

THE EK OF ThE WORKINC ELEMENT.

THE EJ OF THE WORKINC ELEMENT.

DENSITY OF NMATERIAL (LB/CU IN)

AREA DENSITY CF ELENENT (LB/S5SQ IN)

THE NUMBER OF THE NM=TH NCDE OF THE 1-TH
ELEMENT, '

THE NUMBER CF THE M<=Th NCDE UF THF WCRKING
ELEMFNT, '

THE NODAL CCSTRAINT (CODE NUMBER OF THE L-1H
NQDE .

THE NUMBER CF ELEMENTS [N THE PRUOBLEMN,

THE NUMBER CF NODES IN THE PROBLEM,

THE NUMBER CF H CISTANCES IN THE WORKING
ELEMENT,

THE KS X KS GENERAL STIFFNESS MATRIX,

THE KS X KS GENERAL MASS MASS MATRI1X,

THE RESULTING EIGEAVECTORS IN VECTOR ARRAY,
KSM =KS*KS, :
EIGVAL{KSy1) ARE THE RESULTING EIGENVALUES.
EIGVAL(KS¢2) ARF THF CCNVERTED FREQUENCIES.
A SINGLE SUBSCRIPTEL DUMMY WORKING VARIABLE,
SAME AS Ql(KSM)

YHE NUMBER CF LOWEF EIGENVALUES (OTHER TLAN
ZERC) FOR WHICH THE NMCDAL DEFLECTIONSy we Uy
AND V, WILL BE DEYERMINEL AT 25 LOCATIONS
(5XS5 GRID) CN EACH ELEMENT.

A VECTOR OF THE LOWEST KB FREQUENCIES.

THE CORRESPUNDING EICENVECTORS FOR E(KB).
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THE *WORKING ELEMENT® EXPRESSICN USED EIN THE DISCULSSION o
THE ELEMENT FOR WHICH THE CALCULATIONS. ARE CURRENTLY BE1& .
ACCOMPLISHED, : -

DOLBLE PRECISION ARITHMATIC IS USEC THRCGUGHOUT FOR
INCREASED ACCURACY.

TO REDUCE THE SIZE OF THE PRCGRAN, AN CVERLAY 'TREE
ROULTINE HAS BEEN USED AND IS DESCRIBED BRIEFLY IN THE NEXT
SERIES OF COMMENTS, ‘

SUBROUTINES- AND FUNCTIUN SUBPRCGRAMS REQUIREC

DIRECTLY CALLED FRGM MAINLINE PRCGFAM
INITL INTIL INPUT SURFU PRINZ STIF1 AMASS
AJKLM Pl6J EOCCN NROOT VNCRM EOCONT  PIL5J

MODAL :
CTHERS CALLED BY THE ABUVE SUBROUTINES.
INVRSR STIFF AMATR . AMAY AMATX = AMATHM FOMATS

AMATF EXIT EIGEN

DETAILED DESCRIPTIONS ARE CCANTAINEC IN THE SUBRUUTINES.
THE FOLLOWING SUBROUTINES CCNTAIN THE CUMMON STATEMENTS
MAIN STIF1 AMASS INITL INPUT

AN OVERLAY TREE WAS FORMED wWITH THE SUBROUTINES TC RELULF
THE PROGRAM SIZE, BESIDES THE STANDARD MAIN *'TRUNK®, THE
PRCGRAM HAS 11 ALPHA BRANCHES WITH CNE UF THEM HAVING 3 BETA
BRANCHES., THE TREE MUST BE ARRANGED IN 1HE FOLLOWING CRUERS
ENTRY MAIN
OVERLAY ALPHA
INSERT INPUT
OVERLAY ALPHA
INSERT SURFU
OVERLAY ALPLA
INSERT PRIN2
CVERLAY ALPHA
INSERT STIFL
OVERLAY BETA
INSERT STIFF
OVERLAY BETA
INSERT AMATR
OVERLAY BETA
INSERT AMATX
OVERLAY ALPHA
INSERT AMASS,AMATF
OVERLAY ALPHA
INSERT AJKLM
CVERLAY ALPHA
INSERT EDCUN
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CVEKLAY ALPHA
"~ INSERT NRCOTEIGEN.
OVERLAY ALPHA

INSERT VNCRM
OVERLAY ALPHA

INSERT EDCONI
CVERLAY ALPHA

INSERT MODAL

ANY SUBROUTINES NCT SPECIFICALLY LCCATED IN THE OVERLAY TRFE
ARE AUTOMATICALLY LUMPED INTO THE MAIN 'TRUNK?'.

ok e e e ook o e o ok o ok ook o o o o ok ol e e o o e ok o oo o e e vk ool ok ok o A o R e e
T Ty L e R R L R L 2 T e
ok okt ko o ok ook o ok o o o o o o ok o ok o e o o e e o sk ek g o Xt

INPUY DATA FCRMAT INSTRUCTIUNS

0 00 8008 00 000000 00 00 00ROC 000G OO0 QAUD 000N FI2008 POV LRNNOGEBIBAOOLODOTSENESYDGE

TITLE IDENTIFICATION CARD (1 CARC). FOCRMAT (18An4)
COLUMN DESCRIPTICN

01-80 ANY ALPHAMERIC DAYA T( SERVE AS A PAGEF hEADINC TO
. IDENTIFY THE ANAYSIS BEING RUN. (CARD MAY BE LEFT BLANK
BUT MUST BE PRESENT) .

O...‘I.................................‘...0.......‘.‘...00065¢.h L

GENERAL PARAMETER CARD (1 CARD). FORMAT {2GI4)
COLUMN CESCRIPTICN

01-04 THE NUMBER OF ELEMENTS IN THE ANALYSIS. (9 MAXIMUM)

05-08 THE NUMBER GF NODES IN THE ANALYSIES. (16 MAXIMUM)

09-12 THE NUMBER GF LOWER EIGFNVALLES (CTHER THAN Z2ERD) FUR
WHICH THE NMGCDAL DEFLECTICNS, Wy U¢ ANC Vv, WIlLL BE
DETERMINED AT 25 LGCATVICNS (5XT GRID) ON EACH ELEMENT,
ALL NUMBERS MUST BE *RIGHT JUSTIFIED®' AND N7 LCECIMALS
ARE TC BE INCLUDED.

€88 Q0 000000 00000000 0000000 0000000208000 0008300098000 000808t id D

MATERIAL DATA CARD (1 CARD). FORNMAT (EF9.C)
COL UMN . DESCRIPTICN

01-09 MAJOR MODULUS OF ELASTICITY (PSH)
10-18 MINOR MODULUS OF ELASTICITY (FSI)
16-27 SHEAR NMODULUS COF ELASTICITY (FPST)
28-36 MAJOR PCISSON'S RATIC (NONDIVENSIONAL)
37-45 MINGR POISSON'S RATIC (NONDIMENSIONAL)
46-54 ODENSITY OF MATERIAL (LB/CU-IN)

0000 00000080 00 0800080000000 000000 00000000 0800060000900 00000cR000c¢00s0n
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FLAG PRINT-OUT CARD (1 CARD),  FORMAT (89, %)

COLUMN

01-C9

10-18

19-27

28-36

37-45

46-54

55-63

S b4=172

FLAG 19

FLAG 2°¢

FLAG 3¢

FLAG 4°

FLAG 5°

FLAG 6°

FLAG 79

FLAG 8¢

DESCRIPTICN

[F EQUAL TO 1, ELEMERNT CURVATURES WILL HE
PRINTED. [IF NCT DESIRED, LEAVE BLANK,

IF EQUAL TC +1, THE 3x73 A8, AND D SUB-MATRICIS
OF THE CONSTITUTIVE RELATICNSHIP FOR ELEMENT 1
ONLY ARE PRINTED. IF EQUAL TO -1y THESE
MATRICES FOR ALL ELEMENTS ARE PRINTED. IF NONT
DESIRECy LEAVE BLANK.

[F EQUAL TO 41y THE 8XE& R MATRIX DEFINED IN THL
THEQRY WILL BE PRINTEC FOR ELEMENT 1 ONLY. IF
EQUAL TO -1, THIS MATRIX FOR EACH ELEMENT WIiL
BE PRINTED. IF NOV CESIREDs LEAVE BLANK.

I[F EQUAL TO +1, THE 20X%20 INVERSE OF THE AK
MATRIX AS DEFINED IN THE THEORY WILL BE PRINTED
FOR ELEMENT 1 CNLY., [IF EQUAL TO -1, THIS

MATRIX FOR EACFH ELEMENT WILL BEF PRINTED. IF MNOT
DESIREDy LEAVE BLANK.

IF EQUAL TO +¢1o THE FINAL STIFFNESS MATRIX WILL
BE PRINTED FCR ELEMENT 1 CNLY. IF ECQUAL 10 -1,
THIS MATRIX FCR EACH ELEMENT wiLL BE PRINTED.
IF NOT DESIRECs LEAVE ELANK,

IF EQUAL TO +1, THE FIMAL MASS MATRIX wllLi 8t
PRINTED FOR ELEMENT 1 CNLY. IF EQUAL TQ ~1.
THIS MATRIX FOR EACH ELEMENT WILL BE PRINTED,
IF NOT DESIREC, LEAVE BLANK.

IF EQUAL TQ +1, THE FINAL GENERAL STIFFNESS AND
MASS MATRICES wiLL Bt FRINTED, BCTH BEFORE AND
AFTER IMPOSING NODAL CONSTRAINTS I[F NOT
DESIRECy LEAVE BLANK. ‘

I[F EQUAL TC +1, THE EICENVALUES FOR TF(
GENERAL MASS MATRIX wILL BE PRINTED.

NOTE® IF ALL FLAGS ARE BLANK{ZERC), ON Y ThHt INPUT CATA,
THt EIGENVALUES, THE FREQUENCIES, AND THE
NORMALIZED EIGENVECTORS(NMODE SHAPES) witLL BE
PRINTED,

QOG0 0O 0O G000 PO 00 Q0B 0000 BB O PO 200 0SB0 00 P6Y &0V ERAEESOSTS SRS PDEO Ny &g

NODAL Xx-COORDINATE CARD(S) (2 CARECS MAXINUNMI. © FORMAT (8F9.0)
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COLUMN DESCRIPTICN

01-09 THE X-CODRDINATE OF ACDE NO. L
10-18 ETC. UP TO THE NUMBER CF NUDES,

NCTE® CALY 8 VALUES PER CARD MAXIMUM,

P D 00 6000 0% 800000 0009000060005 000000000 00 808 0080000000006 0000 2R0E s

NGDAL Y-COORDINAYE CARD(S) (2 CARDS MAXINUM). | FOKNAT (8FG.0)
COLUMN DESCRIPTICN

0109 THE Y-CCORDINATE CF NCDE NO. 1
1C-18 ETC. LP TO THF NUMBER CF NQDES

NCTEC CNLY 8 VALUES PER CARD NMAXIMUM,

B 500 00 00 0090 020 T VO VOIS0 S8 000 00 0O COOOEIe OO VRSOOSR DS ISR TSSO NNER LA

NODAL CONSTRAINT CARCIS) (2 CARDS MAXINUM). FORMAT (201 4)
COLUMN CESCRIPTICN

01-04 THE NOCAL CCUNSTRAINT VALUE FCR NOCE 1
U5-08 ETC. UP TO THE NUNMBER C(F MNODES

NOTE® 2C VALUES PER CARD MAXIMLNM,
AlLL VALUES MUSY BE *RICHT JUSTIFIED® wiTH NE
CECIMAL PUGINTS ALLCWED.
32 POSSIBILITIES EXIST = Stk NEXT SECTICN i)F
COMMENTS FOR INSTRUCTICANS.

I EEENENENNNEINENFNNNNNNNENNNYNNNNNEMNNNENNNE NN X NN NI NE N ENEEIERLRES

ELEMENT-NODAL CARL(S) (2 CARDS NAXINUM). FCRMAT (Z014)
COLUMN . DESCRIPTICA :

01-04 NUMBER OF NODE IN THE THIRD GQUACRANT CF ELEMENT 1

05-08 NUMBER OF NODE IN THE SECOND CUADRANT OF ELEMENT 1

09-12 NUMBER (OF NCDE IN THE FCURTH QUAOCRANT OF ELEMENT

13-16 NUMBER OF NODE IN THE FIRST (UACRANT OF ELEMENT 1

17-20 KEY TO DETERMINE IF THIS ELEMENT IS THE SAME AS THE
PREVIOUS ELEMENT, 1F 2ERC, THE ELEMENT IS UIFFERENT
AND NEW ELEMENT STIFFNESS ANC NASS MATRICES ARE
DETERMINED,

21-24 EVC, FCR ELEMENTS IN CCNSECUTIVE CRODER,

NOTE® 20 VALUES PER CARL MAXINLV,
ALL VALUES MUST BE 'RICHT JUSTIFIEC' WITH NC
CECIMAL POINTS ALLCWED.
NCDES MUST BE PUT IN THE GQUADRANT QORDER SPECIFIED
FOR ELEMENT 1 ABCVE.

90 00 00000020 00000000 0000 0080000 000000000008 0PP000080c0sRNenvssessooye



90

AVERAGE SIZE OF ELEMENT IN X=DIRECTION CARD(S) FORMAT {hi5,020
COLUMN DESCRIPTICN

01-09 AVERAGE SIZE QF ELEMENT 1 IN THE X CIRECTION
1C-18 ETC. UP TO THE NUMBER CF ELEMERNTS

NOTE CNLY 8 VALUES PER CARD 2 CARDS MAXIMUM

2006 0008000006008 000000000008 0000 0GCEREETIIENEBOIIONEIETBQOOCDIERRINDDENIS

AVERAGE SIZE OF ELEMENT IN Y-DIRECTION CARD(S) FORMAT {8F2.CH
COLUMN : DESCRIPTICN

01-09 AVERAGE SIZE OF ELEMENT 1 IN THE Y DIRECTION
10-18 ETC. LP TO THE NUMBER CF ELENENTS

NOTE CNLY 8 VALUES PER CARD 2 CARDS MAXIMUM

00 68 G0 08 00 00 PSPV OO OBOO L OH B OOD DO ORHOCD SORNLNOBOLAEETSEENO0OIIENPORSD B

NUMBER OF LAMINATES IN EACH ELENENT CARCHS). FORKAT [HFY.C)
COLUMN DESCRIPTICN

01409 THE NUFMBER OF LAMINATES IN ELEMENT |
10-18 ETC. UP TO THE NUMBER GF ELEMENTS.

NOTE® 8 VALUES PER CARC; 2 CARLCS MAXIMUM,
MAXT MUM NUMHBER CF LAMINATES IS 10.

....Q.0.00..0......0..00.00...........o-.OOIiu.....oo.omuonoco‘n-'

THE LAMINATE THICKNESS CARD{S) FCR ELENENT 1. FORVAT (BFI.0)
COLUMN . DESCRIPTICN

01-C9 DISTANCE FRCM MID-PLANE CF ELENMENT TO THE OQUTSICE EDGL

. OF UPPER-MOST LAMINATE.

10-18 DISTANCE FRCM MID-PLANE OF ELEMNENT TC THE OUTSIDE FUGE
OF THE NEXT LAMINATE.

16-27 REPEAT FOR EACH LAMINATE UNTIL THE LAST VALUE IS THE
DISTANCE FROM THE MID-PLANE CF ELEMENT TOQ THE OUTSIDE
EDCE CF LCWER=-NMOST LAMINATE.

NCTE® THERE WILL ALWAYS BE CNE MORE OF THESE VALUES THAN
THERE ARE LAMINATES. IF A CNE LAMINATE ELEMENT (S
USED (SUCH AS FCR JSOTRCPIC METALS) OF TRICKNESS
Te THE 2 VALUES USED WILL BE +T/2 AND -Y/2 IN THAIT
ORDER. MAXIMUM NUMBER CF VALUES IS 11 wiITH A
MAXINUM GF 2 CARODS., '

90000000 00 00000800000 00F000CQ0C0O00CEEIDLLIIS PEOECELOEENPCITIOEESEIAIERDSBEIEsICEONS

THE LAMINATE ANGLE CARD(S) FCR ELEMENT 1. FORNMAT (8F9.C)



COLUMN

01-09

10~18
16-217

91

DESCRIPTICN
THE ANGLt BETWEEN THE MAJOR MATERIAL AX1S OF THE UPPER-
MOST LAMINATE AND THE LOCAL X=-#XIS OF THE ELEMENT
THE SIVMILAR ANGLE FOR THE NEXT LAMINATE.
REPEAT FOR EACH LAMINATE IN THE ELEMENT.

NOTE® FOR [SOTROPIC MATERIALS ENTER A SINGLE VALUE GF C.
FAXINUM NUMBER CF VALUES IS 10 WITE A MAXIMUM OF
2 CARDS.

"....00....'0...0.’0'..0......0..0...6.0..............l‘l‘...'u.ﬁ

REPEAT LAST TWO CATA SETS FCR EACKH REMAIMNING ELEMENT.

G0 00 00 0S80 0000 P PO 0R 000000000 000000 ES PUOEDNBDLENNEEOLEENO00DEOIMOSLTS

ADDITIONAL PRUBLEM CATA DECKS MAY EE STACKED.

9GS0 060860 006060060 0800 00 00608000600 2068800008 0OCP 000600080009 00090 30¢3ev0

INPUT CODING INSTRUCTICNS FOR THE NCGCAL CONSTRAINTS

DISCUSSICN® T
THERE ARE THREE DISPLACEMENTS ANC Tw() ROTATIONS PCSSIBLE AT
EACH NCDE; THESE ARE Wy DW/DX, DW/DY, L AND Ve TG FIXy I4Es TO
SET EQUAL TO ZERO, ANY ONE GR COMBINATIUN OF THESE, ENTER THE
APPROPRIATE ICODE NUMBER SELECTED FRCM BELOW PER THE INPUT

INSTRUCTIONS.,
I1CODE [ DW/DX Dw/CY L v

1 :

2 C

2 0

4 0

5 ¢

6 0
1 C 0

8 c 0

S C C

10 C 0
11 0 0

12 -0 C
13 0 0
14 0 C

15 0 0
1€ C ]
17 C 0 0

18 9 0 0
16 C 0 0
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TF(FL)S4,54,53
CALL PRIN2{T4ZX¢2VYy2ZXY)
NOLAM = ALAM(I)
DO 71 M=1,4
TUKLIMI=TIK(T M) - ‘ , '
THE 1 ELEMENT STIFFNESS MATRIX [S FORMEL IN SUBROQUTINE STIF1
IFUIJK(I45))73,72473
CALL STIFL(I) _ ‘
THE I ELEMENT MASS MATRIX IS FCRMED [N SUBROUUTINE AMASS
CALL AMASS(I)
THE I ELEMENT STIFFNESS AND MASS MATRICES WILL NCwh BE *PLACEL’
IN THE GENERAL SHELL STIFFNESS AND MASS MATRICES BY SULBROUTINE
AJKLM. . '
00 721 J=1,2C
no 721 K=1,20
IF(DABS(S(K¢J))=(1.0D-5)011,411,721

. S{KyJ)=0.D0

CONTINUE

D0.722 J=1,20

DO 722 K=1,2C .

IF(DABS(F(KoJ))=-(1.0D0~-12))12412,722

F(KQJ)":OQDO

CONTINLUE

CALL AJKLM(AKGyIJKL ¢S]}

CALL AJKLMUANMG,IJKL,F)

AKG 1S THE GENERAL SHELL STIFFNESS MATRIX.

AMG IS THE GENERAL SHELL MASS MATRIX

CONTINLE

KS=KN*5

KM=KS+1

IF(F7)6464¢5 )

CALL PIOJIAMGsKS oKS 980980 HDyDATE ykMyl€E,41)

CALL PIOGJ(AKG KSsKS9B80¢80+HDoDATEKMy1741)

KS = ORDER OF GENFRAL SHELL MASS AND STIFFNESS MATRICES AND IS
" REDUCED ACCCORNING YO THE IMFOSED NCLAL EDGE CONSTRAINTS.

THE NECESSARY ROWS AND CCLUMNS wIlLL NUW EE CELETED FROM THE

GENERAL SHELL MASS AND STIFFNESS MATRICES IN COMPLIANCE WITH (HE

IMPOSED NODAL EDCE CCNSTRAINTS BY SUBRCUTINE EDCON. '

- CALL EDCON(AKG¢KAyKEC yKS)

KS=KN%*5
CALL EDCON(ANG,KNyKEC,KS)
KM=KS+]
TF(FT)8y8,7
CALL PIO6JIAMGIKSsKS980980y)HDyDATE ¢KMe18,1)
CALL PI6J(AKGyKS)KS980980sHD9yDATEKMy1G,1)
AKG AND AMG WILL NCOw BE CONVERTEC TO SINGLE SUBSCRIPTEC ARRAYS
L=0
DO 1 J=1,KS
DI 1 K=1,KS
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L=L+l

QLIL)=AKGIK,J)

L=C

DO 2 J=1,4KS

DO 2 K=1,KS

L=L+l

Q2{L)=AMG(K,J)

DO 3 J=1,64CC

EIGVEC{JI=0.D0
THE EIGENVALUES ANC EIGENVECTORS WILL NCW BE DETERMINEL 3Y
SUBRCGUTINE NROOT

CALL NROGT(KS+QLl+Q2+EIGVALIEIGVECHFEB) .

THE FREQUENCIES IN HERTZ WILL NOW BE CCMPUTED

DG 9 J=1KS

IF(EIGVALLJ,13)9(Cy91,91

EIGVAL(J 1) ==FEIGVAL{J,1) |

EIGVAL{J92)=(DSQRT{EIGVALL{ Uy 1)) )/ (PI%2.0Ci

CONTINUE
THE EIGENVECTORS IM THE SINGLE SUBSCRIFVEC ARRAY EIGVEC wlLlL BFE
CONVERTED TO THE DOUBLE SUBSCRIPTED ARRAY AKG TO FACILITATE
NORMALIZATION AND RE-IMPOSING THE NODAL CONSTRAINTS

L=0 :

DO 1C J=1.KS

DO 10 K=1,KS

L=L+1

AKGIKJ)=EIGVEC(L)

THE EIGENVECTORS WILL BE NCRMALIZEC BY SUBKRCUTINE VNURWM

CALL VNORM(AKG,KS)

ZEROS WILL BE INSERTED IN EIGENVECTORS FOR APPROPRIATE NUDAL
CONSTRAINTS 8Y SUBRGUTINE EDCGAI

KA=KS

CALL ENCONICAKG ¢KN,KEC,KS)

THE EIGENVALUESy FREQUENCIES, ANC EIGENVECTORS WILL NCw BE
PRINTED BY SUBRCUTINES PL5J AND Plé&J.

CALL PISJULEIGVAL +KA+424B0+24HDyDATEWKM,y2Z)

CALL PIGJIAKGIKSyKA4B809BOyHDyDATE KMg3,41) v
THE LOWEST KB FREQUENCIES AND EIGFAVECTCRS (CTHER THAN [ERC)
wILL BE SET ASICE.

[F(KB)197041C1,41670

K=1

KA=KS

IF{K=-KB)41441,41CC

E(K)=EIGVAL(KA,2)

DO 44 J=1,KS

EI(JKISAKGUJWKAD

K=K+1

KA=KA-1

GO TO 40
THE MOOE SHAPES FOR THE LOWEST KB FREQUENCIES wWILL BE
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C DETERMINED BY SULBROUTINE MODAL.

100 CALL MODAL (E g1 ¢KSyYKEEKEJyHD ¢DATE g [JK KR

101 GO TO S9 .
END
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SLBROUTINE INETL

- PURPOSE
~ INITIALIZE (SETV EQUAL TC ZERO) ALL INPUT VALUES PRIOR TO
READING IN DATA

USAGE
CALL INITL

DESCRIPTICN OF PARAMETERS
- IDENTIFIED IN MAIN PROGRAM CCMMENTS

REMARKS
THIS SUBROLTINE SETS ALL THE PERTINENT INPUT VALUES EQUAL TO
IERQ TO ASSURE THAT IF THEY ARE ACY DEFINED, ERRCNEOUS
EXTRANEQUS VALUES WILL NCT EE ASSUPMELD AND USEC BY TiL
PROGRAM, INITL IS CALLEC #Y MAIN; CO NOT CUNFUSE wiThH INTIL

SUBROUTINES AND FUNCTION SUBPRCGRAMS REQUIRED
NONE

@ 000 00 900 02000000 500 00 G000 VOO OO O N SO OGSO 0O OO0 3 BSOSO BEPIILR PRSI

SUBRCUTINE INITL

IMPLICIT REAL*B{A=-H,(C=2)

COMMCN H(16911) g THETA(LO 4L1) ¢502042001,4AK120420)9F(2Cy2C)
COMMON XE(4) o YE(4&) oHE(LL)yTHELLL)

CCMMON EKU(LE) yEJLLE) ¢ XU25) oY (25) o ALAM(1CE ) otDILIAYVDATEL?)
C CMMAON FLoF20F33F a4 FO FOL FT o FByZXy2YyZXYoELyE29GleP14P2
CCMMCN EPKsEPJWHET yREOH g RHONT

COMMON TJUKUL1645) o1 UKL(4)KEC(25)

COMMON KE KA NOLAM,KB

DO 1 I=l,16

EK{I)=0.00

EJ(I)=0.00

ALAM{11)=0.D0

DO 2 I=1,25

X{I11=0,D¢C

Y{l)=C.DQ

DO 3 I=1,16

DO 3 J=l,ll

H(1,J)=0.D0

THETA(1,43=0.D0

E1=0.,0C

E2=0.,DC

Gl=0.DC



P1=0.D0
P2=0.DC
F1=0.D0
F2=0.D0
F3=0.D0"
F4=0.D0
F5=0.D0
F&€=0,00
F1=0.D0
F8=0,.,00
RHOH=0.D00
RETURN
END

97
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SUBROLTINE INTIL

PLRPUSE |
INITIALIZE (OR ZERC) A MATRIX

USAGE
CALL INTILUTARNyM)

DESCRIPTION OF PARAMETERS
AR — GENERAL MATRIX TU EE INITIALIZED
N - NUMBER OF RCGWS IN MATRIX
M — NUMBER GF CCLUMNS IN MATRIX

REMARKS
THIS SUBROUTINE IS CALLED ThHRCUGHCLT THE PROGRAM

SUBROLTINES AND FUNCTION SURPRCCRAMS KEQUIREC
- NONE ‘

0 00 0080 VPSPV O 009 S0 000000000060 0000000 008090000008 90008 0000 sP0I*D O

SUBROUTINE INTILCAR Ny M)
DOUBLE PRECISION ARIN,M)
DO 1 .J=1,N

DO 1 K=1,M

AR(J +K)=04D0

RETURN

END
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SULBROLTINE ANMAT

PURPQOSE
FORM THE 20 X 20 INVERSE CF THE MATKRIX WHICH TRANSHFOKMS
DISPLACEMENTS AND ROTATICNS AT THE NOUES GF AN ELEMEND TO
COEFFICIENTS OF THE POLYANCNMIAL DISFLACEMENT FUNCTYIONS.,

USAGE
CALL AMATUAKEPK,EPJ)

DESCRIPYION OF PARAMETERS
AK -~ JODENTIFIED IN MAIN PRUGRAM COMMENTS
EPK — IDENTIFIED IN MAIN FRUOGRAM COMMENTS
EPJ — IDENTIFIED IN MAIN PRCGRAM COMMENTS

REMARKS :
THE AK MATRIX IS FIRST FCRMED PER THEORY. THE INVERSE IS
THEN FORMEDC ANC IS DEFINED AS AK WHICH DESTROYS THE ORIGLMAL
MATRIXe AMAT IS CALLED BY SVIF1l ANL MOODAL.

SUBROUTINES AND FUNCTION SUBPRCGRAMS REQUIRED
INTILy INVRSR

ME THOD
THE FIRST UPPER FOURTH PARTITICN 1S FCRMEL. TFHE (THE® THREE
PARTITIUNS ARE EQUATED TC THE FIRST(THE MAGNITUDES ARE THE
SAME) s THEN THE SIGN DIFFERENCES #2KE ASSICNEC. FINALLY, {NE
MATRIX IS CONVERTED TO VECTCR ARRAY; THE INVERSE FUUNDS AND
THE RESULT RE-CCNVERTED BACK TO MATRIX AK.

S0 06 000 P GO0 O GO0 600 00 VOGO LU GBS PGP0 DL EN 800008 0009 0080008 8 0de v IosOOL

SLBROUTINE AMAT(AK(EFKEPY)
IMPLICIT REAL*B{A=-H,0~2)
DIMENSION AK(20420) 4Q(400)
DIMENSION HD(18) ,OATE(3)
CALL INTIL(AK,20,20)

DEFINE W AND W'' TERNMS FCOR FIRST PARTITICN
AK{1,1)=1.,00

AK(1 42) ==EPK¥ HDC

AK(]1 43)==EPJ%,5NC

AK(l y4) =EPKHEPK®,25D0

AK(L o5 ) =EPKREPJR,,ZHNC

AKC L o6 ) 2EPJUREP IS, 250C

AN(Y 37 ) ==EPK¥FPKIEPK®R,L25D0
ARL L sB)=~EPKREPK3EPY*, 12500
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SURRCLTINE IANTIL

PLRPUSE
INITIALIZE (GR ZERC) A MATRIX

USAGE
CALL INTVILUAR,NyN)

" DESCRIPTICON OF PARAMETERS
AR -~ GENERAL MATRIX TU €€ INITIALIZED

N -~ NUMBER CF RCWwS IN MATRIX
P - NUMBER GF CCLUMANS IN MATRIX

REMAKKS
THIS SUBROLTINE IS CALLED ThRCUGHCLY THE PRUGRAM

SUBROLTINES AND FUNCTION SURFRCGRAMS REQUIREL
NONE

0 00 000 "NO00 B V0O OO0 00 00S 0GB OGV0ICOSECO G5 062000000080 080 09009090 0nrboo

SLBRGUTINE INTILUARN,M)
DOUBLE PRECISION AKR{A 1)
DO 1 J=l1l,N

DO 1 K’l.“

AR{JK)=CeDO

‘RETURN

END
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SUBROLTINE ANMAT

PURPQOSE o
FORM THE 20 X 20. INVERSE CF THE MATRIX WHICH TRANSFQORMS
DI SPLACEMENTS AND ROTATICNS AT THE NOOGES OF AN ELEMENT TO
COEFFICIENTS OF THE POLYNCMIAL DISFLACEMENT FUNCYIONS.

USAGE
' CALL AMATUAK,EPKyEPJ)

DESCRIPTION OF PARAMETERS
AK - TOENTIFIED IN MAIN PRUGRAM COMMENTS
EPK - IDENTIFIED IN MAIN FPROGRAM COMMENTS
EPJ ~ IDENTIFIED IN MAIN PRCGRAM COMMENTS

REMARKS '
THE AK MATRIX [S FIRST FCRMED PER THEORY. THE INVERSE 5
THEN FORMEC ANC IS DEFINED AS AK WHICH DESTROYS THE ORIGINAL
MATRIX. AMAT IS CALLED BY SVIF1l AMC MOODAL.

SUBROUTINES AND F gl SRAMS REQUIRED
INTIL, INVRSZENS :
METHOD

THE FIRST : ' ' LIS FCRMEL. TFHE CTHER THREE
PARTITIUN - BT (THE MAGNITUDES ARE THt

SAME) 3§ YKE ASSICNEC. FINALLY, {KkE
MATRIX IS 23 THE INVERSE FUUNLS AND
THE RESUL ATRIX AK,

S8 08 S5 0000008000 0 00 080 P08 8006000 ¢TI TOPNOSIOGERTTBSECE

SUBROUTINE ANAT(AK .« @
IMPLICIT REAL*B(A=H,0=3 ,
DIMENSION AK{20,20),Q(400)
DIMENSION HD(L18) ,DATE(3)
CALL INTIL{AK,20,20)
DEFINE W AND W'Y TERMS FOR FIRST PARTITICN
AK{1,1)=1.00

AK(1l 2)==FPK*.%5DC

AK{1,3)==EPJ%,5DC

AK(]l y4) =EPK*EPK#*,2500

AK({L s5) =EPKREP YR (Z5NC

AK( Ll y6)sEPJREP YIS ,25DC

AN(l o7 )==EPKPEPKAEPKR,125D0

AK{ Loy R)==EPKREPKHEPYF,125D0



s

1uY)

AK({ 1 yS)=-FEPKSEPJRFP J*.12500
AK{1,10)==EPJREPJXEP J%,125D0
AK( L 11)=EPJR(FEPK%E%X3)H,0625D0
AK(L s 12)=EPK¥(EPJ*%T ) %,062500
AK(2+2)=-1.00

AK(294)=EPK

AK(2 ¢5)=EPJ2,5D0
AK(24,7)=-EPK*EPK*,7500
AK(248)=-EPK*EP J,500
AK(2,4G9)==-EPJ%EP U, 25L0

AK(2 4,11 ) =EPK*EPK*EP J%,375D0
AK(2,12)=EPJREPUREP J*,12500
AK{3,3)==-1.00
AK(34S)=EPK#*,5D00

AK(3,4,6)=EPJ

AK(3 48)=—-EPK*EPK2,2500
AK(3,9)=—EPK*EPJ*,.50D0
AK(3,10)=—EPJ*EPJ*.750D0
AK(3,411)=EPK*EPK*EPK*,125D0
AKL{3,12)=EPKREPJIHEPJI2.,375D0
EQUATE W TERMS FCR CTHER THREE PARTITICAS
DO 5 K=1,3

IK=K+5

1J=K+10

IL=K+15 -

DO 5 J=1,12

AKUTJeJd)=AK(KyJ)
AKCIKyJ)=AK(Ky d)

AKCTL o J)=DABSIAK(KyJ))

DO 6 J=l,l12

AK(L1 79J) ==AK(1T,J)
AK(184J)=2=-AK(18,yJ)

DETERMINE W TERMS FCR SECOND QUARTER PARTITION
AK{6,3)==AK{£,3)

AK{ 6,5 )=~-AK(6,45)
AK(648)==-AK(648)
AKE6,10)==AK{6,1GC)
AK{6411¥==AK{6,11)
AK(6412)==AK(6412)
AK{T745)==AK(7,5)
AK(748)==AK(7,8)
AK(T711)==AK{Tell)
AK(7412)==AK(T,12)
AK(B8,6)==AK(8B,6)
AK(8,9)==AK(8,9). '
DETERMINE w TERMS FOR THIRD QUARTER PARTITIUN
AK(Ll1,2)==AK(11,2)
AK(LlLl,5)==AK(11,5)
AK(1l1l,7)==AK{1l1,7)
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AK{11,9)==-AK({11,S)
AKCLLgll)=s=AK(11,11)
AKlll'12l=‘AK(11012'
AK(12¢4)==AK(12,4)
AK(12,8)=—AK{12,8)
AK(1345)=-AK(13,¢)
AK(13,9)==-AK{13,9)
AKE13411)==AK(13,11)
AK{13,12)=-AK{13,412)
DETERMINE U TERMS FOR FIRST PARTITICN
AK(4,413)=1.D0
AK{4414) =-EPK%,5L0C
AK(4,15)=-EPJ*,5C0
AK(4,16) =EPK*EPJIH,2500
EQUATE CTHER THREE NCDES
DO 2 J=12,1¢
AK(9,J)=AK{4,J)
AK(14,4J)=AK{4,J)
AK(19,J)=DABS{AK{4,4J))
DEFINE DIFFERENCES
AK{G,15)=-AK({G,y15)
AK(G416)==AK(T,16)
AK({14,14)=-AK(14,14)
AK(l4,16)==-AK(14,16)
DETERMINE V TERMS FOR ALL FCUF PARTITIUNS

DO 8 J=13,16

JJ=J+4
AK(54JJ)=AK(44J)
AK(10,JJ)=AK(9,J)
AK(199dJ)=AK{14yJ)
AK(20,JJ)=AK(19,J)
L=0 |
DC 40 K=1,20

DO 4C J=1,20

L=L+1

QUL ) =AK( J 4K )

CALL INVRSR{Q¢20,20)
L=0

DO 41 K=1,20

DG 41 J=1,20

L=L+1

AK(J,K)=G(L)

RE TURN

END
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SUBROLTINE Plé&Jd

PURPOSE
PRINT A GENERAL MATRIX IN SIX COLUMNS PER PAGE

USAGE _
CALL PIéJ(Av sNeIMyJINHD yDATEJNC ¢ UM, IN)

DESCRIPTIGN OF PARAMETERS
A - THE MATRIX TC RE PRINTEC
M ~ THE NUMBER CF ROWS TC BF PRINTED
N - THE NUMBER CF CCLUMNS TO BE PRINTEL

IM - THE TOTAL ANUMBER OF RCWS IN MATRIX A

JN - THE TOTAL MUMBER OF CCLUMNS IN MATRIX A

HC - IDENTIFIED IN MAIN FRGGRAM COMMENTS

DAYE ~ IDENTIFIED IN MAIN PRCGRAM COMMENTS

NC = A VALUE WHICH IS TESTED TO CETERMINE WHEN &
NEW PAGE IS REQUIREC. IF NC IS GREATER THAN
47¢ A NEw FAGE IS STARTED wWITH THE CATE AND
PROBLEM HEACING PRINTED CON (T,

JM - A KEY WHOSE VALUE CETERMINES WHICF FEADING
FORMAT IS PRINTED (TC ICENTIFY THE MATRIX} IN
SURRCUTINE FCMATI. .

IN = THE NUMBER CF THE WCFRKING ELEMENT

REMARKS
SIX COLUMNS PER PAGE ARE PRINTED IN D2O, 11 FCRMAT UP 10 %0
ROWS PER PAGE. [IF MURE RCWS ARE REGUIRED, THEY ARE
CONTINUED CN THE NEXT PAGE. ALL RCWS AND COLUMNS ARE
NUMBERED FCR EASY {DENTIFICATICN.

SUBROLTINES AND FUNCTION SUBFRCGRAMS RFQUIREL
FONATI

0 0 00 00 OG0 000 0 000 0 00 00080000 Q000 59O 0000 00 GG O 80800 0868008t 0shaer e

SLBROUTINE PI6J (AN NgIMyUN HC yCATEZNC o JMy IN):
DOUBLE PRECISION ACIMyJN}HD(1B1,CATE(3)

1 FCRMAT (1H ! [7J Y+45(12418X)3,12)

2 FORMAT ()H ,1446C20.11)

K =20
3 L=K ¢l
K=K + ¢

CALL FCMAT]I (HDCATE MogNCoJMyIN)
IF (N = K) &4y446
IFIN=50)40440,41
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WRITE (3,1) (Jod = LoN)

DO 5 I = 1,M |

WRITE (3,2) 1, (A(LeJdded = LyN)
RETURN

"WRITE(341)(Jed=LsN)

DO 50 I=1,50"
WRITE(3¢2)1o0lA(EoJd)gJd=LyN):

CALL FCMATI (HDCATEsMeNCoJIMGIN)
WRITE (3,1) (Jed = LN}

DO 51 [=51.M

WRITE(342)1 (AT ed)od=Ly N)
RETURN . .

IFIN-50)¢€0, 60'61

WRITE (341) (Jed = LyK)

DO T 1 = 1M

WRITE (3,2) 1y (A(I4d)ed = LyK)
GC TO 3

WRITE (341) (Jed = LyK)

00 7C 1=1,50

WRITE (342) 14y (A(Ied)ed = LK)
CALL FCMATI (HDoCATE ¢MoNCyJM,IN)
WRITE (341) (Jed = LK)

DO 71 [=51,M .

WRITE (342) Iy (AlI4ddyd = LeK)
GO 70O 3

END '
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SUBROUTINE P18J

PLRPOSE | | |
PRINT A GENERAL MATRIX IN FIVE CCLUMNS PER PACE

USAGE ' ;
CALL PISJ(AyMyNeIMyJHHDCATELZNC, UV

DESCRIPTICN OF PARAMETERS ,
A ~ THE MATRIX TC BE PRINTED
M - THE NUMBER CF RCWS TC BE PRINTEC
N - THE NUMBER CF CCLUNMNS TC BE PRINTEC

[¥ - THE TOTAL ANUMBER OF RCWS IN MATRIX A
JN - THE TOTAL NUMBER UOF CCLUMNS IN MATRIX A
HC ~ [DENTIFIED IN MAIN PROGRAM COMMENTS
DATE ~ IDENTIFIED IN MAIN PROGRAM COMMENTS
NC = A VALUE WHICH IS TESTED TGO CETERMINE WHEN A

NEW PAGE IS REQUIREC. 1IF NC IS GREATELR THAN
47, A NEW PAGE IS STARTED WITH THL CATE AND
PROBLEM HEACING PRINTED ON IT.

JV - A KEY WHOSE VALUE CEVERMINES WHICH FEADING
FCGRMAY IS PRINTED (TC ICENTIFY THE NMATRIX) IN
SUBRCUTINE FCMATI,

REMARKS - :
FIVE COLUMNS PER PAGE ARE PRINTEC IN L24.15 FCRMAT uP 10 HU
ROWS PER PAGE. IF MORE RCWS ARE REQUIRED, THEY ARE
CONTINUED CN THE NEXT PAGE. ALL RCWS AND COLUMNS ARE
NUMBERED FCR EASY IDENTIFICATICN,

SUBROUTINES AND FUNCTION SUBPRGGRAMS REQUIRED
FOMATI

0090 00 0O PPN B0 CI B0 0D BOEEEDNANSIGO COOSP PR 990000208 0008000000000 % 00¢ 90 0

SUBRCGUTINE PISJ (AgMgNyINyINyHOZCATEZNC,yIM)
DOUBLFE PRECISION A(IM,JN)

DOUBLE PRECISION HND(L18),DATE(3)
FORMAT (1H o - 1/J ',4(12422X)412)
FORMAT (1H ¢14,5024.15)"

K.z 0 :

Lt = K + 1

K = K + 5

CALL FCMATI (HD,DATE yMyNCoJM,y 1)

IF (N = K) 444,06

[FIN=50)40440+41



40

41

50

51

61

7C

71

105

WRITE (3,1) (JsJ = LN

- D0 S I = 1M

WRITE (342) Iy (ALL4Jd)ed = LeN)
RETURN :
WRITE(3y10(Jed=L NI

DA 50 I=1,50
WRITE(342)I4(ACT4J) vd=LWN)
CALL FCMATI (HDDATE ¢MyNCyJM,y1l)
WRITE (3,1) (Jed = LN}

DO 51 [=51,.M
WRITE(342)1 (AT 9Jd) yd=LN)
RETURN

IFIN-50)€0460,61

WRITE (391) (Jod = LK)

DO 7T 1 = 14M

WRITE (342) Iy (AlLyJ)ed = LK)
GO T0 3

WRITE (341) (JoJ = LK)

DO 7C I=1,50

WRITE (342) [y (A(LyJd)ed = LoK)

CALL FOMATI (HDoDATEMyNCyJMyl)
WRITE (341) (Jed = L,yK)

DO 71 [=51.M

WRITE (342) Iy9 (A(LgJd)ed = LK)
GO T0 3

- END
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SLBROLTINE FCPMATI

PLRPOSE

SELECTS THE APPROPRIATE TITLE TO Et PRINTED AS A FFADING
PRIOR TO A MATRIX PRINT-CUT YO ICENTIFY THE MATRIX

USAGE

CALL FOMATI{HDDATEyMyNCoJVMsI)

DESCRIPTICN OF PARAMETERS

HD - IDENTIFIED IN MAIN PRCGRAM CCMMENITS

DATE - IDENTIFIED IN MAIN PFRGGRAM COMMENTS
¥ - THE CRDER CF THE MATRIX
NC = A VALUE WHICH IS TESTED TO CETERMINE IF A NkWw

PAGE OF PRINT IS REQUIRED. IF NC IS GREATER
THAN 49 A NEWw PAGE IS STARTED WITH THE DATE
AND PROBLEM HEADINC PFRINTED ON IT.
JM - THE KEY WHCSE VALUE CETERMINES wHICK FthLING
_ FORMAT IS PRINTED TO IDENTIFY THE MATRIX
I = THE NUMBER CF THE WCFRKING ELEMENT

REMARKS
~THIS SUBRGUTINE IS USUALLY CALLELC BY PI5J OR Pl6J

SUBROLTINES AND FUNCTION SUBPRCGRAMS REQUIRET

NONE

G 090 GG OO0 00 C 0000 0 000006000000 000 B 08 VO PV O OO 009 00000600 ¢VDHIOBsILOSIHL

SUBRCUTINE FOMATI (HDDATEWM NCyJdVM,1)

DOUBLE
FORMATY
FORMAT
FORMAT
FORMAT
FORMATY
FCRMAT
FORMAT
FORMAT
FCRMAT

PRECISION HD(18),DATE(3)

(1HL s T60 A2 47 =*4A2,%=1,A2)

{1H 43X,18A4)

(1HO 43X, *INPUT MATRIX PRIANTCUT?Y)

CIHO o 12X ¢ YEIGENVALUES Yy 12X *FRECUENCIES (CPS)')

(1HO 43Xy 'NORNMALIZED EIGENVECTORS)

{1HO ¢3X, *CHECK MATRIX = X{(INVERSE) x A ¥ X = {0 = Q')

€ 1HO 93X o "INVERSE CF EIGENVECTCRS = X(INVERSE)?')

(1HO 43X,y *THE AK MATRIX FCR FLEMEANT NO.'y14)

(1HO 93X,y *THE INVERSE GF THE MIDCLE OR LCWER ( 4 X 4 ) PARTI

LTION OF THE AK MATRIX FOR ELEMENT NO.',14)

FCRMAT

(1HO 43X, *THE INVERSE CF THE UPPER (12 X 12) PARTITION OF TH

l1E AK ‘MATRIX FGR ELEMENT NOo'yI4)

FORMAT

INOe*y14)

FORMAT

(1HO,3X, *THE COMPLETE INVERSE OF IHE AK MATRIX FCR ELFMENT

(1HO,3X.'THE X MATRIX FGR ELEMEhT NSty B4)



35

36
37

38
39

40
41

42

43
44

18
19
20
21
22
23
24
25

26

FORMA
1AK),
FORMA
FORMA
1AK )
FORMA
FORMA
INTS?)
FORMA
~ FORMA
1TSY)
FORMA
FORMA
FCRMA
NC =
IF (S
8 WRITE
WRITE
NC =
J=JM
GG 10
LeS1,5
10 WRITE
GG TO

11 WRITE

G0 1O
12 WRITE
GC TC
13 WRITE
GO 71O
17 WRITE
GO 10
WRITE
GC TQ
WRITE
GO TO
WRITE
GC 70
WRITE
GO TO
WRITE
GO TO
WRITE
G0 TO
WRITE
60 10
WRITE

107

T (1HO,3X,'THE § MATRIX = ((INVERSE AK)TRANSPOSE) (X)UINVERSE
FCR ELEMENT NU.*,14)

T (1HO 43X, *THE Y MATRIX FCR ELEMENT NO.*,14) -

T (1HOs3X, *THE F MATRIX = ({INVERSE AK)TRANSPOSE) (Y)({INVERSE
FOR ELEMENT NO.'y14) | |

T(LHO+3X, 'THE TOTAL MASS MATRIX BEFCRE IMPCSING CCNSTRAINTS®)
T(1HO.3X, "THE TOTAL STIFFNESS MATRIX BEFORE IMPOSING CONSTRAI

TOLHO3X, *THE TOTAL MASS MATRIX AFTER IMPOSING CONSTRAINTS')
TULHO 93X 'THE TOTAL STIFFNESS MATRIX AFTER IMPOSING CONSTRAIN

T (1HO 43Xy *THE w MODE SHAPE')
T (1HO 43X, 'THE U MCDE SHAPE?')
T (1HO 43X, 'THE V MODE SHAPE?!)
NC + M ¢ 2 :
O - NC) 8,8,5

(341) DATE

(3,42) HD
M e+ 6

(1090119124139 14915417018015920921922+1239249259269¢192E927450
2)9d
(344)
14
(3,5)
14
(346)
14
(3,7)
14
(3,16)
14
(3,30)1
14
(3,201
14
(3,32)1
14
{(3,33)1
14 '
{3434)1
14
(3,35)1
14
(302601
14
(3,37)1

GO TO 14

.WRITE

(3033)



27
28
29
50
51

52

14
15

GO 71O 14
WRITE(3,y39)
GG TO 14

WRITE(3+40)

GO TO 14
WRITE(3,41)
GO TO 14
WRITE(3,42)
GO T0 14

WRITE(3443)

GO TO 14
WRITE{3¢44)
GO 140 14

NC = NC + 1

RETURN
END

108
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SLBROLTINE AMATWN

PLRPOSE

MULTIPLY MATRIX A TIMES MATRIX B TG OBTAIN RESULT, MATRIX C

USAGE
CALL AMATM{A,AN

DESCRIPTION QOF PA

OoOMrTTZ2>

REMARKS

tMeBylLyC)

RAMATERS

FIRST MATRIX OF ORCER N X M

THE NUMBER CF
THE NUMBER CF
SECOND MATRIX
THE NUMBER CF
THE RESULTING

RCWS IN A ANC C

CCLUNMNS IN A AND ROWS IN B
OF ORCER M X L

ROWS IN B AND COLUMNS IN €
N X L MATRIX

THIS SUBROUTINE IS CALLED ThCUGHCUT THE PROGRAM

SUBROUTINES AND FUNCTION SUBPRCCRAMS KEQUIRED

NONE

S 000 0000090000000 00 0CCICOD 00 00800 J0 00809 50 0000008608690 00 66000 00s00cenm o

SUBROUTINE AMATM(A,NyMyB,4L,C)
DOUBLE PRECISION A(NyM) oBIMyL)CUN,L)

DO S I=1,yN

DO 5 J=1,L
C{1,J0=0.D0

00 5 K=1.M
ClIosJ)=CHIJ)+ALI,K)
RETURN-:

END

#B{KyJ)
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SLBROLTINE INVRSR

PLRPOSE

"INVERT A MATRIX

USAGE

CALL INVRSR{AgNoDyLyM)

DESCRIPTION OF PARAMETERS

A -

RroczZ

REMARKS

INPUT MATRIX, DESTRGYED IN CCMFUTATICN ANC REFLACED BY
RESUL TANT INVERSE.

ORDER CF MATRIX A

RESULTANT DETERMINANT

WORK VECTCR CF LENGTE N

WORK VECTCR OF LENGTH A

MATRIX A MLST BE A GENERAL MATRIXa ThIS IS FROM THE IBM

sSsP

GROUP IN WHICH IT IS IDENTIFIEL AS MINV, INVRSR IS

CALLED BY AMAT,

SUBROUTINES AND FUNCTION SUBPRCGRAMS REQUIRED

NONE

METHOD
THE

STANDARD GAUSS~JORDAN METHOD IS USEDe THF DETERMINANI

IS ALSC CALCULATED, A DETERMINANT C+ ZERO INDICATES THAD

THE

MATRIX IS SINGULAR,

[(F N ENERENNEWNNEFNNNFERENNNNNETNRWFFE NN NRE N NSRS N ENCE A N A B AL - B

8 00 00 0000 0060060 8080008 OVTE S5 0000 S T8 S0P WOAC OO BSOSO OSLE SN TIL D NG

IF A DOUBLE PRECISION VERSICN CF THIS ROUTINE IS DESIREC, THF
C IN COLUMN 1 SHOQULD BE REMCVED FROM THt DOUBLE PRECISION
STATEMENT WHICH FCLLCWS.

THE C MUST ALSC BE REMOVED FRCM DCUBLE PRECISION STATEMENTS
APPEARING IN CTHER ROQUTINES USED IN CCNJUNCTION WITH THIS
RCUTINE.

THE DOUBLE PRECISICN VERSICN CF THIS SUBRCUTINE MUST ALSC
CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. ABS IN STATEMENT
10 MUST BE CHANGED TC DABS.
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9 00 G0 Q0 8 S 000 0 00 00 0000000000 CNCAEOO I8 PPOOOIROLOERNOIRSRQOOSRNSRIYPIYVIY U - 20

SEARCH FUR LARGEST ELEMENT

SUBROUTINE ENVRSR (AgNoI W)
DIMENSION A{1),L(20),M(20)
DOUBLE PRECISION A.B,8IGA,HOLD
D=1.,0

AK=-N

DO 8C K=14N

NK=NK+N

LK) =K

M{K) =K

- KK=NK+K

BIGA=A(KK)

DO 20 J=K,N

1Z=N*(J-1)

DO 20 I=K,N

1Jd=117+¢1

IF(DABS(BIGA)-DABS(A(IJSIY) 15,20,20
BIGA=A(I1J)

LIK)=I

M(K)=J

CONTINUE

INTERCHANGE RCHWS

J=L(K)

[F(J=-K) 35,35,25
KI=K=N

DO 30 [=1,yN
KI=KI+N
HOLD==A(KT)
JI=K[=-K+J
AKI)=A(J41)
A(JI) =HOLD

INTERCHANGE CCLUNNS

[=M(K)

[F(I=-K) 45,45,38
JP=N*(1~-1)

NO 40 J=1,yN
JK=NK+J

Ji=JdP+y
HCLD==A({JK)
ACJKYI=A(JID
A(JTI) =HOLD
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aNaNe

sNaN e

aNelal

45
46

48
50
55

60
62

65

)

7%

80

DIVIDE COLUMN BY MINUS PIVOT (VALUE

CONTAINED IN BIGA)

IF(BIGA) 48446,48
D=0.0

FORMAT(//'IOXy'SINGLLARITY EXISTS IN THE MATRIX '

WRITE{(3,4)

CALL EXIT

RETURN

DO 55 I=1,N

IF{I=-K) €0,55,5C
IK=NK+]

AlIK)= A(IK)/(-BIGA)
CONTINUE ’

REDUCE MATRIX

DO 65 [=1,N
IK=NK+

HOLD=A( IK)
[J=I-N

DO 65 J=1,N
TJ=1J&N

IF(I=-K) €0,65,60
TFLJ-K) 62965462
Kd=lJd=1+K
A(TJI=HOLD*A{KJ)¢AC(T1J)
CONTINUE

OIVIDE ROW BY PIVCT

KJ=K=N

DO 75 J=14N
KJ=KJ+N

[FLJ=~K) 70,75,7C
A(KJ)=A(KJ)/BIGA
CONTINUE -

PRODOUCT OF PINVGTS

D=D*B[GA

REPLACE PIVOT RY RECIPROCAL

A(KK)=1.0/BICA
CONTINUE )

FINAL ROW AND COLUMN INTERCHANGE

CE PIVOT ELEMENT IS
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110
120

125

130

150

113

K=N

K=(K=1)

IF(K) 1504150,41C5
I=L{K)

IF(I-K) 120+120,108
JQ=N*(K~-1) o
JRaN*{[~-1)

DO 110 J=1,N
JK=JGQ+J

HCLD=A(JK)

JI=JR+J
A(JKYI==A(JL)

ALJI) =HOLD

J=M(K) |
IF(J-K) 100,100,125
KI=K=N

DO 130 I=1,N
KI=KI+N
HOLD=A(KI)
JI=KI=K+J

CAKT Y ==A(JT)

A{JI) =HCLD
GG 710 100
RETURN

END
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SUBROLTINE INPLT

PURPODSE
READ IN REQUIRED DATA AND PRINT IT OUT #0OR CHECKING

USAGE
CALL INPUT

DESCRIPTION OF PARAMETEKS |
| - ALL IDENTIFIEC IN MAIN PROGRAM COMMENTS

REMARKS
IN GENERAL s+ THE DATA IS PRINTED CULT IN THE URCER 115 ittAL,
THE EXCEPTICN IS THAT EK ANC £J ARE CALCULATEEL IN TrE
INTERIM AND INCLUDED IN THRE PRINTCULT. INPUT IS CaALLED uY

SUBROLTINES AND FUNCTION SUBFRCGRAMS REGQUIRED
NONE

G 9 00 00 00 00 00 V0 0 0% ¢ 8 006606000000 00 08 020 60 00 806000005 0008668000600 49smbos 50

SUBRGUTINE INPUT

IMPLICIT REAL*8(A-H,(=2}

COMMON H(loe11) ¢ THETALY6011) 4S120,20), AK (ZQvZO)vF(ZO’?C)

CCMMON XEU(4)oYEL4) HELLIL1) o THE(L])

COMMON EKCELEY9EJLL1E) o XU25)eY(25) yALANEIE)HE(1Y),CATE(3)

C CMMGN FLoF2oF34F4eFS sFO o FToFB e 7 XolYoIXYoElyb2yGlyP1,P2
CCMMON EPKsEPJyFET o RHCH ) RHOHTY

COMMON TJUK{16495) ¢yI1JKL14)KEC(25)

CCMMON KE KN, NOLAM, KB

FORMAT(2C14)

FCRMAT(8F9.0)

FCRMAT(18A4)

FORMATULIHL 2 T603A297 =% 4A2,'~"V,A0)

FORMAT(1lH ,3X,1844)

FCRMATC//7+3X9 N0y OF ELEMENTS =04314,10X,*Nus CF NUDES =',141
FORMATU/ 33Xy *THE NUNRER CF LCWER EIGENVALUES FOR WHICH')
FORMAT(3X,"ADDITICNAL MODAL DEFLECTIUONS ARF DESIRFL =',14)
FURMAT(/Z/93Xe 6l =" 3F11le0y" PSI®,3X,%E2 =%, FLl1a0p* POI' 23X 'G ="'4¢
11104 PS1?)

FORMATU /7 e3X o INLL ='4F946 13Xy TAL2 = 3F9e6¢3X e "REC =%, F9.€6,1Xy'0L8/0CU
IBIC INCH')

FORMAT U/ 93Xy %F ] =20 F2,003Xyg'F2 =% F3,0,3%X3'F3 =¥ F3,0,23Xy)'06 =1,F3
LeOo3X9'FD =94F3,Ce3Xe "6 =V, FIaUe3Xg¥FT7 ='9F3,093%X9*Fdd ="F3.0,4,/7)
FCRMAT(3Xy"ELEM, * 10X EKY 12X "EJ', 12X, 'N0J. OF ' S5X,'1HE FOUR NODE
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FORMAT(4X ) INOo® 9 BX o * LINCHES) "y OX g Y (INCHES)Y o TXy "LAMINATES Yy 7Xy 100F

JTHE HLEMENT?',/7)

F(IRMAT(3X'IQ.7X.F1U.5.4X.F10.5 .HX.F‘o.C),6)‘,1496)('14'2)(’ '49;.))('1“!?!’)

FCRMAT (/793X o *NUOCE " 95X g "X=CUORD L " 94Xy ' Y~COORNS® 10Xy *NUGLE")

FORMAT (4 Xy "NOo ® 95Xy ' TINCHES) " 44X oY (INCHES) Y, 7TX o "CONSTRAINTY, /)

FORMATI3X 914Xy FlUe4os2XoFl0s4s8Xy14)

FORMAT(/ /93Xy "ELEM. 46X 9 "NOs CF1 48X HY g 11Xy "THETA® 46Xy 'KEY )

FCRMAT(QX"NC."EXG'LAM;NATES'04x9'(lNCPES)'95x1'(EEGREES)'Q/3

FORMAT(3X314,47Xy14433X,12]) '

FCRMAT(23XyFl0.€95XyFT44)

FORMAT(23X,F10.6)

FORMAT (1+1)

RAD=57,2558279D0

READ (143,END=60Q)HD

READ(L1 41 )KE JKNyKB

READ(L+2)FLyE2+G14P1,4P2yRHCH

READ(Ly2)IF L F24yF34F4FS5)F64FTyFB

KE = NCeo OF ELEMENTAL SECTIGAS

KN = NQO. GF NODES

WRITE(345)DATE

WRITE(3,46)HD

WRITE(3,7)KE KN

WRITE(3,72)

WRITE(3,73)KB

WRITE(3,8)E1,E2,G1

WRITE(3,81)P1yP2yRHCH _

WRITE(399)FLyF24F39F4aFS¢Fb6F74+8

READ(L 421 (X(I}yl=14KNI)

READ(192)(Y(I)yI=1yKN)

X{I) = X GLCBAL COORDINATE OF [-TH NCOE

Y(I) = ¥ GLUBAL CCORDINATE CF I-TH NCDE

READ{L141)(KEC(I)oI=1,KN)

KEC(I) DENOTES THE ECGE CONSTRAINT OF THE I-TH NODE.

READULyL)I(CTJK{T 9Jded=1e5)eI=1,KE)

IJK(I+J) IS A FIVE COLUMN ARRAY C(F NUMBERS, EACKH LINE CF wHICHk
CCNTAINS THE FUUR NUDE NUNMBERS FCR THE [-TH ELEMENT AND THE
FIFTH NUMBER IS TC KEY WHETHFR T+E ELEMENT IS THE SAME AS
THE PREVICUS ELEMENT.

READ(142Y(EK(TL) yI=14KE)}

READ(Y42)MLEJ(]I) o I=14KE)

EJlI) = LENGTH OF I-TH ELEMEANT IN LCCAL Y-DIRLCTION

EK(T) = LENGTYH OF I-TH ELEMENT IN LCCAL Xx-DIRECTION

READ(142)(ALAM{] )yI=1,KE)

ALAM(I) = NUMBER COF LAMINATES IN THE I-TF ELEMENT

WRITE(3,10) » '

WRITE(3,11)

DO 3C I=1,4KF

WRITE(3p12) T qEKAI) yEJUI D JALANC(T) g IUKLT g 1) o FURKLET 9200 TIR Ty 3) o 1LJK( ]y
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14)

WRITE(3,13)

WRITE(3414%)

DC 31 [=14KN

WRITE(3915¥ 1 oXUL)yYUI)KECLT)

WRITE(3,5)DATE

WRITE(349€)}HD

WRITF(3,16)

WRITE(3,17)

DC 5C I=1,KF

NOLAM = ALAMIC(T)

WRITF(341831NOLANMLITJKIT ¢5)

TLAM=NCLAM+]

READ(L9y2)Y(H(I,Jd)od=1,1LAV)

READ(192){THETA( 1 9J) oJ=1,NCLAV)

DO 46 J=1,NOLAM

WRITE(3419)H{T gJ) o THETA(L,4J)

THETALT 9y J)=THETA(T ,J)/RAD

WRITE(3,20)H(T,ILAM) R -
CUONTINUE

H{lysJ) = THE DISTANCE FRCM THE CENTER PLANE OF THE 1-TF fLEMENY TO
: THE QUTER EDGE OF J=TH LAMINATE. NOTE THE TUP LAMINATH

IS NUMBER CNEy. leEe J=1o
THETA{l4J) = THE ANGLE CRIENTATICN OF THE J-TH LAMINATE IN THE
I-TH ELEMENT. THETA IS MEASURED WITH RESPeCT TO
THE LOCAL X-AXIS.

WRITE(3,21) '
RETURN
CALL EXIT

END
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SLBROLTINE SURFU

PURPQOSE
DEFINE SHELL CURVATURES

- USAGt
CALL SURFUUT ¢ XEoYE sZX¢ZY o 22Y)

DESCRIPTION OF PARAMETERS
I - THE NUMBER CF THE WCORKING ELEMENT
XE - IDENTIFIED IN MAIN PRCGRAM CUMMENTS
YE ~ JDENTIFIED . IN MAIN PROGRAM COMMENTS
ZX = IDENTIFIED 1IN MAIN FRCGRAM COMMENTS
Y - IDENTIFIED IN MAIN FROGRAM CCMMENTS
ZXY - IDENTIFIED IN MAIN PRCGRAM CCMMENTS

RENMARKS
THE CONTENT OF THIS SUBRCUTINE WILL VARY ACCCRUDING 1C ThHE
SURFACE INVOLVED IN THE PRCBLEM EEING ANALYZED. NOTE THA]
LXy ZY| ANC 2ZXY CAN BE FUNCTICNS CF©
: le¢ XE AND YE FOR EACH ELEMENT CR
2. THE ELEMENT NUMEBER 1
THIS SUBROLTINE IS LEFT FLEXIBLE FCR THE USER*S CONVEMNIENCES.
NOTE THAT FOR DIFFERENT PRCBLEMS THIS SUBROUTINE FAS TO BE
RE-CUMPILEC. CCNSEQUENTLY, PRUBLENM CASES SELCOM WILL BF
ABLE TGO BE STACKED, SURFU IS CALLED BY MAIN.

SUBROUTINES AND FUNCTION SUBPRCGRAMS REQUIRED
NORMALLY, NONE

90 0 000 8 050 68000 Q 0000 00CC V00 GO S SES OO OODN SO 0000900638 00 ¢ 00 &8 800 ¢80 68 0

SUBROUTINE SURFULT v XESYE2ZX ¢ 2Y 9 2XY)

DOUBLE PRECISION XE(4)YE(G) 9 ZXg2ZYyIXY
VALUES FOR ZERC CURVATURE.

Ix=0.,0DC

2Y=0,D0

2x¥=0,00

RETURN

END
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SULBROLTINE PRINZ

PLRPOSE
PRINT THE WORKING ELEMENT CURVATULRES, 1F DESIRED

USAGE
CALL PRINZ2(142ZXeZlYZXY)

DESCRIPTIGN OF PARAMETERS
I THE NUMBER CF THE WCRKING ELEMLNT

Ix - IOENTIFIED IN MAIN PRCGRAM CUMMENTS
lY - IDENTIFIED IN MAIN PROGRAM CCMMENTS
- IDENTIFIED IN MAIN FRCGGRAM COMMENTS

XY

REMARKS
THE CURVATURES FOR THE ELEMENTS CAN BE PRINTEDR AT THE USFR'S
CPTIUNy DEFENCING CN VALUE ASSIGNEL TU FLAG 1. IF FLAG ]
1S POSITIVE, CURVATURES ARE PRINTEL. IF NOT DESIRLD, LCAVE
BLANK (ZERC). PRINZ2 IS CALLEC 8Y PFAIN. '

SUBROLTINES AND FUNCTIUN SUBPRCCRAMS REQUIRED
NONE

8 0060 0008 000060000 00000000008 OLO .......'0..0...0...."...QQQO:UOOGI-OO

SUBRCUTINE PRINZU(I ¢ZXeZY2XY)

DCUBLE PRECISION ZX42Y,2XY

FORMAT(L10X ) 'ELEMe NCa o OXg"Z o XX 9SX g 2 4YY',GXy "Ly XY '/ /)
FCRMAT(11Xs1441CX, Fg 394XeF9e3 04X 4FSe3 4/ /7)

WRITE(3,1)

WRITEL{3¢2)142ZX02YeZIXY

RETURN '

END
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SLBROLTINE STIF1

- PLRPOSE |
FORM THFE WCRKING ELEMENT 20 X 20 STIFENESS MATRIX.S

USAGE
’ CALL STIF1(I)

DESCRIPTION OF PARAMETERS
S I ~ THE NUMBER CF THE WCKRKING ELEMENT

- ALL COMMCN FARAMETERS DEFINED IN MAIN PROGRAM
- THE USUAL CCNSTITUTIVE A MATRIX F(OR LAMINATES
- THE USUAL CCANSTITUTIVE B MATRIX FOR LAMINATES
THE USUAL CCASTITUTIVE £ MATRIX FCR LAMINAIES
~ THE 8 X 8 SYMMETRIC MATRIX CEFINED IN THE

THEGRY 4

S1 = A 20 X 20 WCRKING MATRIX
AT - THE TRANSPCSE OF TFE AK MATRIX.

O XX D>
[}

REMARKS
FLAGS 3 AND 4 CAN BE. USEC FOR INTERMECIATE PKINTCLY
STIFL 1S CALLED BY MAIN.

SURROLTINES AND FUNCTION PRCGRAMS RECLIRED
DIRECTLY CALLEC FRCM STIFl
STIFF, Pl16Jy ANATR, ANAT, AMATIM, AMATX
UTHERS CALLED BY THE ABCVE SUBROULTINES
IHTIL, FGMATI, INVRSR

METHOD
THE METHUD IS 7T0C COMPLEX FOR SIMPLE EXPLANATIUON. SEE THE
THEORY FOR DETAILS.

0000 0090 00 000000 60000600000 G000 080060000 000600 006020009 0806000000 vnrrssenne

SLBRCUTINE SYIFL(I)

IMPLICIT REAL*8(A=H,C~Z}

CCMMCN H(16411) y THETA(LO911)eS12C920) 8K (2042009F(2Cy20)
CCMMON XE(4) 4YE(4) yHE(LL)oTHE(1])

COMMON EK(L16)9EJ(L16) 9XU25)0Y{25)ALAN(]E ), HF(lS)qu!F(‘)
CI{MMON FLyF2yF3 FaoFSyFOFT4FByZXy2YyZXY ELJE29GLlyP1,P?2
COMMON EPKyEPJoRET +RECH ¢RHOHT

COMMON TUK(1€E45) 91JKL(2)KECL25)

CCMMON KEo KN NOLAV,KB

DIMENSION A(393)98(3¢3)+D(393)R(By8)¢S1(20+2009AT(20,2C)
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(&)
J

12
10

15
13

l4a

21
19
20

7C

21
25
26

12C

FORMAT(LHL»? PRINTCUT CF THE A MATRIX FCOR ELEMENY Nijo'yl4)
FORMAT (/4 PRINTOUT OF THE B MATRIX FCF ELEMENT NGo*yla)
FORMAT{/ 4" PRINTOUT QF THE D NMATRIX FCF ELEMENT NUG?y 14)
FORMATI(/ ! PRINTOUT OF THE R MATRIX FCF ELEMENT NOot, 14}
00 55 L=1,NCLAM '

HE(L )=H(TI,L)

‘HE‘LY=THE[A{‘0L)'

TLAM=NOLAM+] -

HECTLAM)Y=H({ L, 1L AN) _

CALL STIFF{I¢AsByDyTHE HEoNOLANE1,E251 L P2,C1)
IF(F2)10411,12

F2=0.DC

WRITE(3, 1)1 ,

CALL PIGJIA 2939313 4HD¢DATEG6w 1,1

WRITE(3,2)1

CALL PI6J(B 3939343 ,HDDATEy641,41)

WRITE(3,3)1

CALL PI6GJ(D934342934yHDsDATEWEy1 1)

NCw FCRM R MATRIX

CALL AMATR{I yA 4B L oR9ZXy2Yy2ZXY)

IF(F3)13,14,15

F3=0.,0D0

WRITE(3s4)1

CALL Ple‘R'B'S'P'BOHD'DATE'lb'l'l’

EPK=EK(I)

EPJ=EJLI}

CALL AMAT(AKEPK,EPJ)

IF(F4)19,20,21

F4=0.DC

CALL P16JU(AK )20420420,20HD4DATE40411 1)

CALL AMATX( 1 S+EPKEPJyRY

CALL AMATM{S,20+209AK920,4S1)

PO 7C M=1,20

DO 7C N=1,20

AT(NoM)?AK(M'N)

CALL AMATM(AT,20,420,S1+20435)

IF{F5)25426,4217

£5=0.00 .

CALL PlOJ(S42042C¢204204HDDATE4G,13,1)

RETURN

END
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" SLBRCULTINE STIFF

PLRPOSE |
" FORM THE A, B, AND D CONSTITUTIVE 3 X 3 MATRICES FOK THE
WORKING ELEMENT

USAGE -
CALL STIFF(IyABoyCoTHEWHEJNCLAN,E14E2,PLyP2+G1)

NESCRIPTICN CF PARAMETERS
I - THE NUMBER CF THE WCERKING FLEMENT
A - THE USUAL CONSTITUTIVE A MATRIX FUR LAMINATES
B - THE USUAL CUNSTITUTIVE 8 MATRIX FUR LAMINATES
L - THE USUAL CCASTITUTIVE C MATRIX FOR LAMINATES
THE - IDENTIFIED IN MAIN FROGRAM COMMENTS
HE - IDENTIFIED IN MAIN FRCGRAM COMMENTS
NOLANM - JOENTIFIED IN MAIN FRCGRAM COMMENTS
£l - TOENTIFIED IN MAIN FRUGRAM COMMENTS
£2 - IDENTIFIED IN MAIN PRUCGRAM CCMMENTS
Pl - IDENTIFIED IN MAIN PRCGGRAM CCMMENTS
P2 - IDENTIFLED IN MAIN PRCGRAM COMMENTS
Gl - IDENTIFIED IN MAIN PRCGRAM COMMENTS

REMARKS
STIFF IS CALLED BY STIF1

SUBROUTINES AND FUNCTION SUBFRCCRAMS FREGUIREDL
INTIL

METHQOD :
SEE 'PRIMER (N COMPOSITE MATERIALS® BY ASFTON, £1 AL
EQUATICNS (3-25)y (3-26), AND (13-322).

SUBROUTINE STIFF(I A ByDoTHE yHEJNCLANM,EL,E2,P1,P2,C1)
IMPLICIT REAL*8(A=-H,0-2)

DIMFASION A(3¢93)9RU3¢3)eD(343)R(B98)sC(292)yTHELLL)yHE(LD)
WI=E1/(1.00-P1%P2)

Q2=E2/(1.D0-P1%P2)

W3=Q1ix%p2

Qe=G1 _
Ul=41250C%((3,00%01)¢(3.00%Q2)1+(2.00%]2}4{4.,00%G6))
U2=4500%{Q1-Q2)

U3=,1250C*(Q14C2-(2.00%Q3)=(4,.000%C60)

Ue=e 125NCH(QL+024(6.00%Q3)=(4.00%C6))
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US=41250C*(Q1+Q2-(2.D0%Q3)+(4,D0*C6))
CALL INTIL (A,43,3)

CALL INTIL (Be3,3)

CALL INTIL (Ds3,3)

DO 1 L=1,NOLAM .

T1=2.D0%THE(L)

T2=4.DO*THE (L)

C2=DCOS(T1)*L2

C4=DCOS(T2)*u3

C1=DSIN(T1)®U2%,5D0

C3=DSIN(T2)%U3

Qllyl)=Ul+C2+C4

W(2y2)=ULl=-C24Co

Qll,2)=U4-C4

Q(3,3)=U5~-C4

G(ly3)=-Cl=-C3

Qi2,3)=-C1l+C3

Q{2+ 11=Q(1,2)

l3,1)=Q(1,3)

RI3,2)=Q12,3)

DO 1 J=1,3

DO 1 K=1,3 '

Al oK) =ALJ oKI+Q(JyKIX{HELL)=HE(L*+1))
BUJdoKI=BlJ oK)+ {QUJIWK)IF((HE(L)*%2)=(KE(L+1)%%2))%,500)
DUJeKI=D(J oK)+ L{C(J JKI*®LIHE(L) %%3 )= (HE (L41)%%3)))/3.DC) "
RETURN

" END
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SLBRUOULTINE AMATR

PURPOSE
" FORM THE 8 X B R MATRIX

USAGE .
CALL AMATRAI oA ¢BoeDoR ¢ Z X9 dYo2IXY)

DESCRIPTICN OF PARAMETERS

1 = THE NUMBER CF THE WCEKING ELEMENT .
A - THE USUAL CCNSTITUTIVE A MATRIX FUOR LAMINATES
B8 - THE USUAL CCNSTITUTIVE B MATRIX FCR LAMINATES
C - THE USUAL CCASTITUTIVE © MATRIX FCR LAMINATES
R - THE MATRIX TC BE FORNED
X - ICENYIFIED IN MAIN FRCGRAM CCMMENTS

LY - IDENTIFIED IN MAIN FRCGRAM COMMENTS

IXy ~ [IDENTIFIED IN MAIN PRCGrRAM COMMENTS

REMARKS
AMATR 15 CALLED BY STIFl, k IS SYMMETRIC ANE IS TrFP NG DN
IHE THEURY AS MATRIX R,

SULBROUTINES AND FUNCTION SUBPRCGRAMS FEQUIRED
INTIL '

2 € 00 00 00 O GO 00 0 200 0BV L VB OO 00OV BSOS OO IR RIT NS NOSNSAINO G L

SLORCULTINE AMATRUIsA4B4LyRyZXy2Y,42IXY)

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

DIMENSION A{343),803,3),D(3,+3)R(8+8)

CALL INTIL(R,8,8)

R{LeL)=(A(L ¢ L) #ZXRZX% 5000+ (A1 42)%ZXRZYJ+(A(2,2)%IY¥2Y%S0CH+{A{3

Lo3 )2 XVRZXY¥2,00 )+ (A(1 3 )%ZX*ZXY#2 D0} +(A(2,3)%ZYXIXY*2400)

RELp2)=((B(LaL)RZX)+(B(1y2)%2ZY))%5C0 14 (R{1,3)%Z2XY)
RIL1y3)=((({B(Lle2)#2ZX)¢(R{2+2)%ZY))*,500)4¢(B(2y3)%IXY)
R{Ledd=l{(BLLe3)#2X)4(BL293)22Y)}%,5D0)4(B{2y3)22XY)
RU1pS5)I=l({=A(L 1 )%2X)~=(A(L1s2)%2Y))%50C)-(A(Ly3)%2ZXY)
R(Le6)=C((=A(Ly3)%ZX)=(AC2¢3)%2Y) )2 50C)=(A{3,3)%2XY)
R{l47)1=R(1461)}
R{19B)=2(((=AdLe2)%7X)=(A(2y2)%2Y) )% 5DC)I-(A(2,43)%IXY)
R(242)=D(141)%.5C0

K(2¢3)=D{14+2)%.500

R{2,4)=D(1,3)%.5C0

R{2y51==B(1,1)%.%D0

R(296)==8B{1,3)%,5DC

R{297)=R(246).



R(2,8)==Bl1,2)%s5D0

R{3y3)=D(2,2)%,5C0
R(344)=D(2,3)%,5C0
R{395)=R(2,8)
R(3,6)==B(2,3)%,5DC
R{3,7)=R{346)

R{398)==B(2,2)%.5D0

R{4e4)=D(3,3)#%,5C0
R{49S5)=R(2,y6)
RI4,46)1==B(3,3)%,5D0
R(4,8)=R(3,7)
R{545)=A(141)%.500
R(546)=A{143)%,5CC
R{5+47)=R(5,6])
R(S,81=A({1,2)%*,5CC
RI6,6)=A13,3)%,5C0
R(617)=R(6|6’
RU6,8)=A(2,3)%,500
R{7+7)=R(6,46)
R{7,8)=R(6y81
R{8y8)=A02,2)%.,5(C
DC 1 K=1,8 '
DO 1 J=1,8
R{JeKI=R(Kyd)
RETURN .

END
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SLBRCLTINE ANATX

PURPOSE '
FORM THE INTEGRATICN OF THE MATRIX (X)e(R)e{X}) UVER THE
WORKING ELEMENT. IN THE THEORY THIS IS MATRIX C.

USAGE
CALL ANATX(IQS'tPK,EPJ'R)

DESCRIPTICGN CF PARAMETERS
' I = THE NUMBER OF THE WORKING ELEMENT
S = THE RESULTING 20 X 2C MATIRIX
EPK - IDENTIFIED IN MAIN FROGRAM COMMENIT S
EPJ - ITDENTIFIED IN MAIN PRCGRAM COMMENTS
R - DEFINED IN STIF1l CCMNMENTS

REMARKS
Zo Gy XTy AND P ARE WORKING MATRICES, AMATX IS CALLEDL BY
STIFl.

SULRRUUTINES AND FUNCTION SURFRCUCRAMS FREQUIREL
INTIL, AMATM

METHOD
WEDDLE*S METHOC OF DOUBLE INTEGRATICN (S USED WHICH REGUIRES
THE ELEMENY TC BE CIVIDED INTC 6 X &€ SUBDIVISIONS.
REFERENCE® "NUMERJCAL MATHEMATICAL ANALYSIS - FIFTH
: EDITIONY BY JeBe SCARRCROUGH, THE JCHN FCPKING
PRESSy 1962

N A EFYEE NN NN ERNETERFNEEREEEEEERRENFNENE X NN NN B N B NI I B I B R N B N S A B I SCECE I I RN

SLBROUTINFE AMATX(1¢SoEPK,EPJ9R)

IMPLICIT REAL*8(A-H,C~1) :
DIMENSION Z(892C) oGl 892019 XT(2C1819P(2C 4201 4RI848),512C,20)
CALL INTIL (S5,20,20)

E=EPK/&.D0

F=EPJ/6.00

DO 1 K=1,7

QK=K

XK=( ((QK~1eD0)/€4DCI-5CC) *EPK

GO TO (11912411 913911412911),4K

Cl=.3D0%¢E

GO TQ 5

(1=1.5D0%*E

GG TO 5
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Cl1=1.800%F

ou 1 J=1q7

CALL INTIL (248,20)

dJd=J
YJ=(((QU-1NC)/6.D0)=-o5C0) *EPJ
GU TO (14¢159144+169149154914)4J
C2=.3DC%F

GO TO 6

Cz2=1.5D0%F

GU TO 6

C2=1.8D00%*F
DEL=C1#*C2
Z{l,1)=1.0N0
2{1,2)=XK
I(1,3)=VYJ
Z(1s4)=XKEXK
Z(1ly5)=XK%YJ
Ill,60=YJ%YY

2Ll 7)=XK%%3
Zil98)=XKEXKRYY
7(1le9)=XKXY J2YJ
2{1e1C)=YJ%%3

Z{Lly 1))=Y XK%%2)
241y l2)=XKE{YJ%%3T)
2(294)=2,D0
2(247)=XK%6.,00
2(248)=YJ%2,.D0
(2911 )=XK%YJ*6,400
2(34€)=2.DC
2{3,G)=XK*2,D0
2(3,10)=¥J%*6.D0
2(3,12)=XK%YJ%6,LC0
2(4,5)=1.D0
72(4,8)=XK*2,D0
L{(4,S)=YJ%2,00
214411 )=XK&XK%3,(C0
2¢6,12)=YJ%YJ%3,00
2{5,14)=1.00
2{5,16)=YJ
I1(6415)=1.D0
2{641€E)=XK
2{7,18)=1.DC
Z{742C)=VYJ
2(8419)=1.D0
Z{8,20)=XK

CALL INTFIL(XT,20,8)
DC 3 M=1,8

OC 3 N=1,20
XT(NgM)=Z(M4N)
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CALL INTIL(G,8,20C)

CALL AMATM(R48¢84924+20,G)
CALL INTIL(P,20,20)

CALL AMATM{XT42048¢Gy204P)
DL 4 M=1,20

DO 4 N=1,20
S(MyN)=S(M,N)+{P(MsN)*DEL)
CONTINUE

RETURN

END
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SULRROLTINE AMASS

PLRPOSE
FORM THE WCRKING ELEMENT MASS MATR X

USAGE
‘ CALL AMASS (1)

DESCRIPTICN OF PARAMETERS
I - THE NUMBER CF THE WCRKING ELEMENT

REVMARKS

THE COMMON VARTIABLES ARE TCENTIFIFL IN MAIN PROGKANM COMMENTS
THE DENSITY OF ALL LAMINATES IN ALL FLEMENTS IS ASLUMED T1

BE THE SAME. THE AK MATRIX FRCM AMAT IS REQUIREC FERE.
AMASS IS CALLED BY MAIN.

SUBROLTINES AND FUNCTION SUBFPRCGRAMS ‘REWUIRED
AMATF, AMATM, PI6J

METHQD
SEE DETAILED THEURY.

@ 9 96 6006 CO 5 ¢S 8 0 000 OIS OSSO G000 PO P D S0 BP 0 LSO ABEASSES N2ENLE SN PEIND

SLBROUTINE AMASSI(I)

IMPLICIT REAL#*8(A-H,0=-7)

COMMCN H(16¢11) s THETA(L6911) ¢S120+2C) 4 2K120,20)4F(20,2C)
CCMMON XE{4)YE(4) HE{LL)yTHE(L])

CCMMGCN EKLLO) yEJL16) 4X{25),YL25) JALAMLTE ) yHE(LR)CATE(3)

C GMMON FLIF2oF34FGoFS FOaFTgFBolXg2Yol XY bl E2¢G1yP1,P2
CCMMUON EPK ¢EPJ s HFETyRFEGH RHOHT

CCMMON TJKU1€6,45) 9y1JKL(4) KECL25)

- CCMMON KEyKNyNOL 2M,KB

OIMENSION S1{20429) ¢AT(2C420)
TLAM=NOLAM# 1
RHOHT=RHCH*(F( T4 1)=H (I, TLAM) )/ (38€,04DC)
CALL AMATF(I,FEPK¢EPJyRHOHT)

CALL AMATMIF420,4209AK420,51)

DO 74 M=1,20

OC 74 N=1,2C

AT(N,MI=AK{M,N)

CALL AMATM(AT 2C420,S14204F)

IF(FE)Seby7

F620,00

CALL PI6J(F12002C1200201HDyDATE4Cy1501)
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RETURN
END
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SUBROLTINE ANATF

PURPOSE _
FORM THE INTEGRATION OF THE MATRIX RHGeHe(Y)elY) UVFR THE
WORKING ELEMENT. IN THE THECRY THIS LS MATRIX F.

USAGE
CALL AMATF(I14FEPKJEPJRHCHT)

DESCRIPTICN GF PARAMETERS
I - THE NUMBER CF THE WCORKING FLEMENT

F - THE RESULTING 20 X 2C MATKIX
EPK = IDENTIFIED IN MAIN PRGGRAM COMMENTS
EPJ ~ IDENTIFLIED IN MAIN PRUGRAM COMMENTS
RHOKWY -

DENSITY PER UNIT AREA OF ELEMENT (LEB/IN-SQ)

REMARKS :
Z, Py AND Z1 ARE WCGRKING MATRICES. AMATE IS CALLEC BY AM4SS

SUBROUTINES AND FUNCTION SUBPRCGRAMS FREQUIRED
INTIL, AMATM

METHOD
WECDLE®*S METHCD OF DOUBLE [INTEGRATIGN IS USED whHICF KEQUIRES
THE ELEMENT TC BE DIVIDED INIC 6 X & SUBCIVISIONS,
REFERENCE® "NUMERICAL MATHEMATICAL ANALYSIS - FIFTH
EDITICN" BY JeBe SCARBCROUGH, THE JUFN HOPKINS
PRESSy 1962 ‘ :

9 000 0000 0005000 000 00 008000060000 CESCLOSEED P 000 000000000600 080905 uDreodes

SLRROLTINE AMATF(I9F EPKGEPJIRHCRT)
IMPLICIT REAL#*B(A~H,C-2)

DIMENSION Z{3420)+P(20020)+21(2043)4F(204201
CALL INTIL{F,2C,20)

E=EPK/6.D0C -

D=EPJ/6.D0

DC 1. K=s1l,7

QK=K

XK= ({QK=14DGC) /64D0)-e5D0)*EPK

GO TO (1191291141301 912411)9K
C1=.3D0%*E : :

GO TQ S

Cl=1.5D0%E

GO YO 5

C1=1.8D0*E
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DO 1 J=1,7

CALL INTIL (Z43,20)

CALL INTIL(P,20,20)

CJd=J
YJ={((QJ~1.D0)/6.DUI=.5DC)*EPJ .
GU TO (14415514916914915914) 04
C2=.3D0%D

GO TO 6

C2=1.,500%D

GO 'O &

C2=1.,8D0%D

DEL=C1%*C?2

7(1,1)=1.D00

C2€1,2)=XK

I(1l,3)=VYJ
ZUL1e&4)=XK%XK
7{1,5)=XK%*YJ
Z{le6)=YJ%YJ

ZULy 7)=XK*%3

241 ,,8)=XKEXKEYJ
I(1eG)=XKEYJ*YJ
1{1,10)=YJ%%3

Z{l 1Y )=YJR{XK%%*3)
2(le12)=XK#{Y j%x%x3)
2(2,13)=1.D00
2¢2,14)=XK

2(2,15)=VYJ

282,16 )=XK%YJ
7(3917)=1.0DC
2(3,18)=X%K

Z(3,1G)=VYJ
Z(3,2C)=XK%YJ

CALL INTIL(Z1,20+3)
DG 3 M=1,3

DO 3 N=1,20
ZIINyM)=ZIM,4N)

CALL AMATM(ZI 420 43+2+20,4P)
DC 4 M=1,20 .
DO 4 N=1,20
FIMgNI=F(MNY+{(PIMJN)XDEL®RHCHKT)
CONTINUE

RETURN

END
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SULBROLTINE AJKLW

PLRPGOSE
DIVIDES THE 20 X 20 ELEMENT STIFFNESS CR MASS MATRIX INTU
SIXTEEN S X 5 SUB-MATRICES ANE PLACES THEM IN THEIR
APPROPRIATE LCCATICNS IN THF GENEKRAL STIFFNESS UK MASS
MATRICES ACCCRDING TO THE ASSCCIATEL ELEMENT.NODES,

USAGE
CALL AJKLM{A,[JKL,8)

DESCRIPTION (QF PARAMETFRS
A - THE GENERAL STIFFNESS URrR MASS MATKIX, CAN B
AS LARGE AS 8C X 8C
TJKL = THE FOUR TERM VECTCR CONTAINING THE FLENMENT
NCDE NUMBERS
B - THE 20 X 20 ELEMENT STIFFNESS CR MASS MATKIX

REMARKS ~
THE SUBROUTINE IS GENERAL AND IS UStD FOR BOTH STIFFNESSS
AND MASS MATRIX FCRMULATICN PRIOR TC IMPOSING NuUDAL
CONSTRAINTS. AJKLNM IS CALLED BY NM2IN,

SUBROUTINES AND FUNCTION SUBPRGGRAMS REQUIREC
NONE o

000 600000 00 000 Q00 20000 CCO0000C00 308000 0000600000606 0668008000008 e0s0suwn

SLRROUTINE AJKLM{A,IJKL,4B)
DOUUBLE PRECISION A(80,80),8(20,20)
DIMENSION TJKL(4)
J=TJKL(1)
K=1JKL(2)
L=TJKL(3)
M=TJKL({4)
JJ=5%J=5
KK=5%K=5
LL=5*L=5
Mp=H%M=5
INSERT (ls1) PARTITICN OF 8 MATRIX
J1=JJ
J2=JJ
DO 1 N=1,5
Ji=zdl+l] .
DO 11 NN=1,5 -
J2=Ji+l



O w

LR g

T A(JL,J2)=BINNNI+A(JL,J2)
J2=4J

INSERT (242) PARTITION
K1=KK
K2=KK .
DO 2 N=6,10
Kl=Kl+1
DU 2C NN=6,10
K2=K2+1
ALKL yK2)=BUIN NNI+A(K] ,K2)
K2=KK
INSERT (3,3) PARTITICN

~Ll=LL

L2=LL
DO 3 N=11,15
Li=L1l+l
DC 30 NN=11,15
L2=L2+1
ALY L2)=BINJNN)+A(LL,L2)
L2=LL
INSERT (444) PARTITICNAN
Ml=MM

- M2=MM

DO & N=16,20
Ml=M1+1l
DC 40 NN=16,420
M2=M2+1
A(ML M2} =B{N,NN)+A[N]l,M2)
M2=MM

INSERT (1,2) AND (241)
Jl=JyJ
K1=KK
DO 5 N=1,5
Ji=Jl¢]l
DG 5C NN=6,1C
Kl=K1¢1
ALKLoJT)I=BINNNI+A(K]YJ1)
ACJL K1 )=BINNNI+A{JL K1)
K1l=KK

"INSERT (1,3) AND (3,1)
Jl=JJ
Ll=LL
DO 6 N=1,5
Jl=Jlel
DC 6C NN=11,15
Ll=L1+1
AL{LY yJLl)=B{NNSN)+A(LL,J1)
A(JLl L 1)=BINNN)+A(JL,yL])
t.1=LL
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OF 8 MATRIX

CF B MATRIX

OF 8 MATRIX

PARTITICNS OQF B MATRIX

PARTITICNS 0OF B MATRIX



o~

(g N

100
10

CINSERT (1lg94) AND (4,1)
J1=dJ
M1=MV
0O 7 N=1,5
Ji=Jl+l |
D0 7C NN=16,20

Ml=Ml+l

A(MLJ1)=B(NN/NI+A(NML,J1)
ALJL ML) =BINSNNI+A{JL ML)
M1=MM

INSERT (2,3) AND (3,2)
K1=KK '

LI=LL

DO 8 N=6,10
K1=K1+1

. DO BQ NN=11,15

Li=L1+1
A(LL KL)=R{INNyNI+A(LL, K1)
A(KL9LL)=BINNN)I+AIKL L 1)
Li=LL

INSERT (2940 AND (442)
K1l=KK :
NMl=MM
D30 9 N=6,10
Kl=K1l+l ‘
DC 90 NN=16,2C
Ml=M1l+1
AIMI yK1)=B(NNyN)}+A{M],K1)
A(KL ¢yML)=BUNNN)I+®A(KL, ML)
Ml=MM

INSERT (394) AND (4+3)
ti1=tt
NlzMpM
DO 10 N=11,15
Li=L1+1
DO 100G NN=1¢€,2C
Ml=M1l+1
AUML LL)=BINN,N)*A(VML,LL)
A(LLyMLI=BINJNNI+A(LL ML)
M1=MM
RETURN
END-
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PARTITICNS CFf

PARVITICNS OF

PARTITICNS OF

PARTITICNS OF

B MATRIX

B MATRIX

B MATRIX

E MATRIX
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 SUBROLTINE ECCON

PURPQOSE
IMPOSES THf SELECTED NODAL CONSTRAINTS (32 POSSIHILITIES,
SEE MAIN PRUGRAM COMMENTS FOR DESCRIPTICN) ON THE GENERAL
STIFFNESS CR MASS NATRICES,

USACE
CALL EOCONCAKNGKEC)KS)

DESCRIPTION OF PARAMETERS
A ~ THE GENERAL STIFFNESS UR MASS MATRIX, CAN ®E
AS LARGE AS 80 Xx 80
KN - THE NUMBER CF NGDES IN THE PROBLEM
KEC -~ THE VECTOR ARRAY UF NCDAL CCONSTRAINT.COGES
KS - THE CRDER OF MAYRIX A, FOR THE PARTICULAR
PROBLEM INVCLVED

REMARKS
" KS IS RECUCED ACCCRDING TC THE ZERC CONSTRAIAIS IMPOSED.
EOCON IS CALLED BY MAIN,
SURROUTINES AND FURCT]ON SUBPRCGRAMS FLQUIREC
NONE

METHOD.
THE APPROPRIATE ROWS AND CCLUMNS ARE CELETER FROM MATHIX A
ACCORDING TO THE CCNSTRAINY CCOES SFLECTED. KS IS RECUCED
AL SO AND REMAINS THE ORDER CF MATEIX A,

0080 860 0008000808000 G000 C0T V00 ¢00 0L G CVNIEVISS VIS LE00000ADOGESESSESYTO BN

SLAROUTINE EDCONCAZKNZKEC,KS)
DCUBLE PRECISION A{80,80)
DIMENSION KEC{25)

LE=Q

DO 100 Jh=1,KN

L=5%(JN-1)=-LE

K=KEC(JN)

GC TO (1000293044506 079899¢100019129139149195916417418,19,420,21,22,
123924925¢26927928429930431,432) 4K
L=L¢2

GO TQ S0

LzL+3

GU TO %0

L=t+d4

GC TO SO



501
5011

502

17

79
78

80

87

89
88

S0
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L=L+5
GO 10O 50
L=L+6

~L1l=L=2

LE=LE+]
IF(L1)5011,%5011,401C
DO 501 M=1,L1

DC 501 N=L,KS
A(MyN=-11=A(M,N)
AIN~14M)=A(N,M)

DO 502 M=L,4KS

DO 502 N=L,yKS
A(M=14N=1)=A(MyN)
KS=KS=1

6G TO 10C

L=L+3

LZ2=L-3

GG TC S1

Li=L+4
IFIL)78,18,71

DC 76 M=]1,L
A(L+LM)=A(L+2,4M)
A(MyLeLl)=A(M,yL+2)
L2=L o
A{LelpLel)=A(L42,L+2)
DO 8C M=L1,KS
A(LeloM=2)=A{L+2,N)

A(M=2,L+1)=A(M,L+2)

L=L+4

GO TO 51

Ll=L+5

IF(L)8R,88,87

NC 89 M=]1,L
A(L+LyMI=A(L+2,M)
A(L+2M)=A{L+3 M)
A(MoL¢Ll)=A(MyL+2}
A(MyL+2)=A(NMyL¢+3)
L2=L
A(L+1,L+¢l)=A(L+2,L+2)
A{L+Ll,L+2)=A(L+2,L¢3)
A(L-"ZQL*I’=A(L*3'L*2)
AlLe2,L+2)=AlL¢3,L+3)
DO 9C M=L1,KS
A(L+14M=2)=A(L+2,Mi
A{L+2,M=2)=ALL+3,M)
A{M=2,L+1)=A{M,L+2)
A(M=2,L+2)=A(M,L+3)
L=L+5

GC .70 51



10

104

103

108

102

101
11

12

116

12C

13

129

137

Ll=L+1

L3=L+3
IF{L)105,1C54104

DO 103 M=1,L

DO 103 N=L1,L3
A(NyMI=A(NEL M)
A(MyN)=A(MyNe+1)

L2=L . :

DU 102 M=L1,L

DO 102 N=L1,L3
A(MyN)=A{Me 1 ,N+1)
A{NyM)=A(N+1oM¢1)
Li=L+6 ,

DO 101 M=L1,KS
A(L"'l'M_Z’:A(L*Z 'M)
A{L+2,M=2)=A(L+3 M)
AlL+3,M=2)=A(L+4 M)
A(M=2,L+1)=AIM,L+2)
A(M=2,L+2)=A(M,L +3)
A(M=2,L+3)=A(M,L+4)
L=L+6

GG 710 S1

L=L+4

L2=L-3

GO 70O 51

Ll=L+5

L2=L+1

DC 119 M=1,L2
A(Le24M)=A(L+3,M)
AlMyL+2)=A(MyL+3)
A(L+2,)L+2)=A{L+3,L+3)
DO 120 M={],KS
A(L+2M=2)=A(L¢3,M)
A(M=2,L+2)=A(M,L+3)
L=L+S

GC TO 51

L1=L+6

L2=L+1 o

DO 129 M=]1,L2
A(L+2,M)=A{L&¢3 M)
A(LE3  M)=A(L*a M)
AlMoL#2)=A(M,yL+3)
A(MyL+3)=A(MyL+4)
ALL+2,L+2)=AlL+3,0L+3)
A{Le2,L¢3)=A(Le3,L+4)
AlL+3,Le2)=A(L+4,L+3)
A(L+3,L+3)=AlL+4,4L+4)
DO 130 M=L1,KS
A(L+2yNM=2)=A(L+3,M)



130

14

15

148

151

16

51

5110
511
5111
512
17
18
177
175
178

180

19

138

ALLE34M=2)=A(l ¢4 M)
A{M=2,L+2)=A(NM,L+3)
A(M=2,3L+3)=A(NM,L+4)
l.=L+6 '
GO 10 51

L=L+5

LZ=(-3

GU TC 51

Ll=L+¢

L2=L+2

DG 149 M=1,L2
AlL+3,M)=A(L+4,4M)
AlMyL+3)=A(M,yL+4)
A(L¢3,Le3)=A{L+4 L +4)
DO 151 M=L1,KS
ALL+3M=2)=A(L+4,M)
A{M=2,L+3)=A(M,L+4)
L=L+6

GG TO 51

L=L¢éE

L2=L-3

GO TQ 51

LE=LE+2
IF(LZ)511145111,4€110
DC 511 M=],L2

DO 511 N=L,KS
A{MyN=2)=A(M,N)
A(N=2,M)=A(N,M)

DO 512 M=L,KS

DC 512 N=L,KS
A(M=2yN=2)=A{MyN)
K$=K §=~2

GC TO 10C

L=L+4

L2=L=-4

GG TO 52

Ll=L+5

L2=L
TF(LY178,178,177
DO 179 M=1,L2

A{L+¥1 ,M)=A(L#3,V)
A(MoeL+l)=A(M,yL+3)
A(LeLl L+1l)=A(L#+3,L+3)
DC 180 M=L1,KS
A(L+1yM=3)=A(L+3,M)
A(M"3'L*1,=A‘M'L03'
L=L+5

GO TO 52

Ll=L +6



1817

189
188

13C

20

157

196

168

20C

21

2017

206
208

21C
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L2=L

IF(L)188,188,187

PO 189 M=1,L2
A(L+1,M)=A(L*3,M)
A(L+24M)=A{L#4M)
A(MyL+1)=A(N,L+3)
A{MyL+2)=A(N,L+4)
A{L+14Le1)=A(L+3,L+3)
A(L+1,L¢2)=A{L+3,L+4)
AlL+2yL+]1)=A{L+4,L+3)
AlL+24L+2)=A(L ¢4 ,L+4)
DC 1SC M=L1,KS
AGLELoM=T)=A(L+34M)
AlL+2yM=3)=A{L+4,M)
A(M=3,L+]1)=A(NM,L+3)
A(M=3,L+2)=A(M,L+4)
L=L+6

GL TG %2

Li=L+5

L2=L

IF(L)1GB4198,1917

DL 199 M=1,L2
ALL+1,MY¥=A(L+2,VM)
A(MyL+l)=A(NMyL+2)
AlL+1,Lel)=A(L+2,L42)
DG 20G M=L1,KS
A(L+1,M=3)=A(L+2,M)
A(M=3,L+1)=A(M,L+2)
L=L+5

G( TQ 52

Ll=stL+¢

L2=L

IF{L)2CH,208,207

DO 2¢9 M=1,L2

AlLLe L M)=A(L+2,M)
ALL#2yM)=A(L+4,M)
A(VMyL+1)=A(M,L+2)
A(MyL+2)=A(N,yL+4)
AtL+1,Le1)=A(L+2,L+2)
AlL+1,L¢2)=A(L+2,L+4)
ALL+2,L¢1)=A(L+4,L¢2)
A(L*Z'L*Z,-‘-'A(L“IO'L*IQ’
NC 210 M=L1,KS '
A(L+1yM=3)=A(L+2,M)
AlL+2)M=3)=A(L4+4 M)
A(M=3,L+1)=A(M,L¢2)
A{M=3,L¢2)=A(M,L+4)
L:L#b

GL 1O 52



22

211

216
218

220

24

236

240
25
246
250
26

52

Li=L+6

L2=L

IF(L 21842184217

DU 219 M=1,L2
A(L+#LyM)=A(L$2,V)
A(L#2 4y MI=A(L43,M)
A(MyL+1)=A{NL+2)
AlMyL+2)=A(NM,L+3)
A(L+1yLeld=A0L+2,L+2)
AlL+1,L+#2)=AlL+2,0L+3)
A{L*#2,L+#]1)=A(L+3,L+2)
A(L+#2,)L42)=AlL+3,0L+3)
DO 220 M=L1,KS
A(LtLloM=3)=A(L+2 M)
A(L+2,M=3)=ALL+I M)
AlM=3,L+]1l)=A(M,L+2)
A(M=3,0L¢2)=A(M, +3)
L=L+E .

6 TQ %2

L=L+5

L2=L-4

GO TQ %2

Ll=L¢6

L2=L+1

DO 239 M=1,L2
A(L+2 M) =ALL#4,V)
A(MyL+2)=A( ML +4)
AlL#2L+2)=A{L 44 ,L+4)
DO 240 M=L1,KS
A(L+¥2M=2)=AlL+4 M)
A(M=3,L+2)=A(M,L+4)
L=L¢+6

GU TO 52

Ll=L+6

LZ2=L+1

DC 249 M=]1,L2
A(L#2,M)=A(L&3,N)
A(MyL+2)=A(M,L+3)

CALLE2430L¢2)=A(LELL4T)

DO 250 M=L1,KS
A(L+24M=3)=A(L+3 M)
A(M=3,L+2)=A(M,L+3)
L=le6

GG TN %2

L=L¢b

L2=L=-4

GO 10 S52

LEe=LE#3

IFILZ)S211,4521145210

140



5210
521
5211
522
27
28
2117
215
278
28¢C
29
281
286
288
290
30
296
¢98

3uc

31

DU 521 M=l,L2

DU 521 N=L4KS
A{MyN=3)=A(MyN)
AIN=3,M)=A(NyM)
DO 522 M=L,4KS

DC 522 N=L¢KS
A{M=3,N=3)=A(M,N)
KS=KS-3

GU TO 10C

L=L+5

L2=L-5

GO 10 53

Li=L+¢€

L2=L
IF{L)2784278€4277
DO 279 M=1,L2
ACL+LyMI=A(L*4,VM)
A{MoL+1)=A(NM,L+a]}
AfL+1loL+l)=AlL+4a,L+4)
DO 280 M=L1,KS
A(L+1yM=4)=AlL+4,M)

A{M=44L+t1)=A(M,L+4)

L=L+€

GC 10 &3

Ll=L+¢€

L2=L
[FIL)IZE8,288,287

DC 28G9 M=1,L2
A(L+1lyM)=A{L42,M)
A(MyL+l)=A(NM,yL+2)
AlL+1l,Lel)=A(L+2,L+2)
NG 290 M=L1,KS
A(L+1,M=4)=A(L+2 M)
AfM=4,L+1)=A{MyL+2)
L=L+¢

GO 10O %3

Li=L¢e

L2=L

TEIL ) 2GH 298,267

DU 299 M=1,12 '
ACL*LyM)=A(L$3,V)
A(MyLel)=A(MyL+3)
A(L+lyL+l)=A0L+3,4L+3)
UG 300 M=L1}1,4KS
A{L+]1,M=4)=A{L+3,M)
A{M=4,L+]1)=A(M,L+3)
L=L+6&

GU 1O 53

L=L+¢

l4l



53
531¢
531
5311

532

31s
321
32C
322

100

L2=L-5

60 10 53

LE=LE+4
IF(L2)5311,%5311,¢310
DO 531 M=1,L2

DO 531 N=L.KS
A{MyN=4)=A(MyN)
A(N-‘f'"’:A‘N’M)
N0 532 M=L,KS

N0 532 N=L,KS
A{M=4 N=4)=A(M,N)
KS=K S~4

GC 10 10C

L=L¢6

LF=LE+5

Ll=L-¢
IF(L1)320,32C,316
DO 321 M=1,L1

DC 321 N=L,KS
A(M’N"S)=A(M'N)
A(N-5’M,=A(N’M,
DG 322 M=L,KS

DC 322 N=L,KS
A{M=5,N=5)=A(M,N)
K S=K $=5

CONT INUE

RE TURN

END

142
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QG0 O 00 00 08 ¢80 06000 0D VOO0V DOSISEBS®OBNOLDIIYS ......‘..........C..-.'...l..

SLBROLTINE NRCGT

PURPOSE

COMPUTE EIGENVALUES AND EICENVECTCKS UF A REAL NCUNSYMMETRIC
MATRIX OF THE FCRM B-INVERSE TIMES A, '

USAGE
CALL

NROOT (M,A4BeXLyXeF8)

DESCRIPTICN OF PARAMETERS

M -
A -
g -
XL -

X -
F8 -

REMARKS
NONE

URCER CF SQUARE MATRICES A, B, AND X.

INPUT MATRIX (M X M)

INPUT MATRIX (M X M),

QLTPUT VECTOR OF LENGTH M CCANTAINING EICENVALULS OF
B-INVERSE TIMES A.

OUTPUT MATREX (M X M) CCNTAINING EIGENVECTURS COLUMN-
WISE.

KEY FCR PRINTCUT CF THE FIGENVALUES C+ MATRIX H,

IF F8 IS POSITIVEs VALUES ARE PRINTED.

SUBKDUTINES AND FULNCTION SUHFKCCRAMS REQUIRED

EIGEN

METHOE

REFFR TO we We COCLEY AND Fo Re LCUFNES, *'MULTIVARIATE PKO-
CEDURES FUR THE BERAVICRAL SCIENCES'y JUHN WILEY AND SONS,

1G€2,

CHAPTER 3,

‘...-..‘...I........‘....‘..............l...l.........i'...."..l.l.

O‘...l......‘.‘...Ol‘.....l..O.....O @90 6D 6 OB O OO OO OO0 B BOLOSOSOEOINPSEOSGQBDS

IF A COUBLE PRECISICN VERSICN CF THIS PULTINE IS CFSIKED, THE
C IN COLUMN 1 SHCULD BE REMOVED FROM THE CUUBLE PRECISICON
STATEMENT.

THE C MUST ALSC BE REMUOVEC FRCVM DCUBELE PRECISION STATEMENTS
APPEARING IN CTHER RCUTINES USED IN CCNJUNCTION WITH THIS

ROUTINE,.

THE DCUBLE PRECISICN VERSICN CF THIS SUBRCUTINE MUST ALSC
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115
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CONTAIN DOUBLE PRECISION FURTRAN FUNCTIONS.  SQKT IN SIAIFMENIS
110 AND 175 MULST PE CHANGED TG DSGRT. AH#S IN STATEMENT 110
MLST BE CHANGFD TC DABS. ‘

9 08 00 00 0 006060 5 Q000 GGG S 000000 GO VOSSP BOL 606080 606008 €050 0SS CVAENOLEYSE Py

COMPLTE EIGENVALLES AND EIGENVECTCRS OF F

SUBRCUTINE NRUOT (MyAyByXLoXyF8B)
DIMENSION ACL)+BULY o XL(1)9X(1)
DGUBLE PRECISION AyByXLygXySUMV,F8
FORMAT (1F1l,°* EIGENVALUES OF MATRIX Bt,///)
FORMAT(6X4D24.15)

K=1 ~

DO 1UG J=24M

L=M*(J-1)

D0 100 I=1,J

L=L+1

K=K+1

BIKI=P (L}

THE MATRIX 8 IS A REAL SYMMETRIC MATRIX,

Mv=0
CALL CIGEN (ByXyMyMVI

FORM RECIPROCALS OF SGWUAKE RGCT CF EIGEAVALUES. TFE RESULTS
ARE PREMULTIPLIEC BY THE ASSGCIATED EICGENVECTURS.

IF(FR)6yE4S

WRITE(3,1)

L=0

RO Liu Jd=1,W

L=L+J

1F{FB8)11Cy110,7
WRITE(2,2)B(L)

XL{JI=1 CZDSQRT(DARBSIBIL)Y)
K=0 ‘
DO 11% Jd=1l,¥

DO 11% JT=l,M

K=K+ 1

BIK)=X(K)*xXL (J)

FORM (B¥**(~1/2))FRIME * A *x (B%2(-1/2))

DO 120 I=14¥
N2=0

DC 120 J=1.M
Nl=M¥{]=1)



o660

G OO

120

130

140

150

170
175

18C

L=M&{J=1)+¢1].

X{L)=0.0

DO 120 K=1,M

Nl=Nl+1

N2=N2+1
X(LI=X{L)+#BINL)®A(N2)
L.=0 :

DG 130 J=1,M

DC 13C I=1,J

Nl=I1-M

N2=M%x(J=-1)

L=L+1

Al(L)=04,0

DO 130 K=1,M

N1I=N1+M

N2=N2+ 1
ALL)=A(L)#X{N]1) %R(N2)

COMPLTE EIGENVALLES AND EIGENVECTCRS OF 2

CALL EIGEN (A+XoVMMV)
L=0 ‘
DG 140 I=1,WM

L=L+1

XLtely=Aa(Ld

CCMPUTE THE NORMALIZEC EIGENVECTCRS

DO 150 I=1,M
N2=0

DO 150 J=1,M
Nl=]-M
L=Mx(J=-1)+1]
A{L)=0.0

DO 15C K=l,M
Nl=Nl+M

N2=N2+1
A(L)=A(L)+BINL) % X{N2)
L=0

K=0

DC 18C J=1,M
SUMV=(C,0

NDC 170 1=1,V¥
L=L+l
SUMV=SUMV+A(L) %A (L)
SUMV=DSQRT(SUMV)
DC 18C I=1,M
K=K+1
X(K)=A{K)/SUMV

45
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RETURN
END



1a?

SUBROLTINE EICEN.

PLRPOSE
COMPUTE EIGENVALUES ANC EICGENVECTCKS OF A REAL SYMMETRIC
MATRIX

USAGE
CALL EIGEN(A4R NyMV)

DESCRIPTICN Ct PARAMETERS
A - ORIGINAL MATRIX (SYMMETRIC), CESTROYED IN CUOMFULTATIUN,
RESULTANT EIGENVALUES ARE CEVELCPEC IN DIAGONAL OF
MATRIX A IN DESCENCING CRDER.
R - RESULTYANT MATRIX CF EIGENVECTCRS (STOREL COLUMNWISE
IN SAME SEQUENCE AS EIGENVALUES)
N - CRDER CF MATRICES A ANC R
Mv- INPUT CCDE
0 CCMPUTE EIGENVALUES ANC EIGENVECTORS
1 COMPUTE EIGEMNVALUES CNLY (R NEED NOT BE
DIMENSIONED BUT MUST STILL APPEAR IN CALLING
SEQUENCE)

REMARKS
URIGINAL MATRIX A MUST BE REAL SYMMETRIC (STORAGE MUDE=1) .
MATRIX A CANNCT BE IN THE SAME LLCATICN AS MATRIX K

SUBROLTINES AND FULNCTION SUHFRCGRAMS FKEWUIREC
NONE '

ME THOD
DIAGONALIZATICN METHOD GRIGINATEC EY JACOBI AND ACAPTED
BY VON NEUMANN FOR LARGE CCMPUTERS AS FOUND IN *MATHEMATICAL
MFTHODS FOR DIGITAL COMPUTERS®y ECITFD BY As RALSTON AND
HeSe WILFy JORN WILEY AND SCNSy NEW YORK, 1962, CHAPTER 7

® S 000 0000 06006080 000000 0000800 06000080 00 00000 000 000t 008000000000 e

IF A DOUBLE PRECISION VERSICN CF THIS wROUTINE IS DESIRLD, THE
C IN COLUMN 1 SHQULD BE REMCVED FROM THE COUBLE PRECISICN
STATEMENT, '

THE C MUST ALSC Rt REMOVEL FRCM CCUHLE PRECISION STATEMENTS
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APPEARING IN CTHER ROUTINES USFED IN CCNJUNCTIUN WITF ThIS
RCUTINE.

THE DOURLE PRECISION VERSICN CF THIS SUBROUTINE MUST ALSC
CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS, SQRT IN STATEMENTS
404 6Ey 759 AND 78 MUST BE CHANGED TC DSCRT. ABS IN STATEMENT
62 MUST BE CHANGED TO DABS. THE CONSTANT IN STATEMENT 5 SHOULD
BE CHANGED TC 1.00-12.

P S0 00 00008008009 QOGP 008 000 QOO S OU 08 060 50600 0060 04005020 0906008y aaoe

GENERATE IDENTITY MATRIX

SUBROUTINE EIGEN(A,ReNyMV)
DIMENSION A{1),R(1)

CCUBLE PRECISICN A R ANURMGANRNXy THR Xy Y oSINX9SINXZoCESX,
1 COSX2¢SINCS yRANGE
RANGE=1.CD=-12 | :
IF{MV=1) 10,25,1¢(C

[Q=~N :

N0 20 J=14N

[1Q=1Q+¢N

DO 2C I=1,N

1J=1Q+1

R(lJ)=C.C

IF(I-J) 20415.20

R{IJ)=1l.C

CONT INUE

COMPUTE INITIAL AND FINAL NCRMS (ANCEM ANC ANORMX)

ANURM=C,C

DC 35 [=1eN

DO 35 J=1,N

IF(I=-J) 30,35,30
IA=1 ¢ Jd%xJ=-J)/2
ANORM=ANCORM+A(TA)*A( TA)
CONTINLUE

IF(ANORM) 16€4165,40
ANNRM=1,414%DSQRT{ANGRM)
ANRMX=ANCRM*RANGE/FLOAT (N)

INITIALIZE INCICATGRS AND CGMPUTE THRESHULD, THR

IND=C

THR=ANCRM
THR=THR/FLOAT(N)
L=1

M=l +1]
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COMPUTE SIN AN CCS

MC=( N&kM=M) /2
Le=(L*L-L) /2
Lib=L+MQ
IF(DABS{A(LM)I-THER) 130,465,465
IND=1
LL=L+LG
MM=M+MQ
X=0.5%(A(LLI=A(MN))
==A(LM) /DSQRTCA(LN) ®A(LN) +X*X)
IF(X) 70475, 15
Y=Y : N
SINX=Y/DSQRT(2eC (L U+(DSQRT(140-Y%Y))))
SINX2=SINX®SINX
COSX=DSQRT(1.0~SINX2)
CUSX2=COSX*CGSX
SINCS =SINX*COSX

ROTATE L AND ~ CCLUMNS

ILQ=N*(L~1)

IMQ=N*(M-1)

DO 125 I=1,N

IC=(1%[-1)/2

IF{I-L) 80,115,8C

[F(I=-M) €5,115,6C

I¥M=] +MQ

GC TO S5

IM=M+1({

IFCI-1L) 100,1C5,1C5

IL=T+LQ

GC TO 11¢C

IL=L+1Q :

XzA{ IL)*COSX=A(INM)*SINX
ACIM)=ACIL)*SINX+A(IM)IXCCOSX
A(IL)=X

IF{MV=-1) 120,4128,12¢C
ILR=ILQ+]

IMR=INM(+]
X=R({(ILR)*COUSX-RIMR)%SINX
R{IMR)=R{ILRI*SINX¢R{IMR)*CLSX
n(ILR)=X

CUNTINLE

X=2,0%A(LM)%SINCS
Y=ALLL)®COSX2+A(NMM)RSINX2-X
X=A(LLI®RSINX2+A(NMM)RCCSX24X
A(LMY=(A(LL )~-ALMN) ) RSINCS+A(LN)*{CCSX2-5SINXZ)
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ALLL) =Y
A(MM) = X

TESTS FCR COCMFLETIGN
TEST FOR M = LAST CCLUMN

IF(M=N) 139,140,135
M=M+1
GO TO 60

TEST FOR L = SECCND FROM LAST COLUMN

[F{L=(N=1)) 14541504145
L=b+1

GC TO 55

IF{IND-1) 1604155416C
IND=0

GO TC 50

COMPARE THRESFOLD WITH FINAL NCRM
IFITHR=ANRMX) 1€E4165445
SORT EIGENVALLES AND EIGENVECTCRS

1Q==N :

DO 185 I=1,N

[Tu=1GQ+N
LL=le{I*x]=1)/2
JQ=N%([-2)

DO 185 J=I,N
Je=Jg+N
MM=J+(J2J=J) /2
IF(ALLL)-A(MM)) 170,185,135
x=A{LL)

A(LL)=A({MM)

A(MM)=X

IF{MV-1) 17%,185,175
DO 18C K=1,N

TLR=TQ+K

IMR=JQ+K
X=R({ILR)
R{TILR)=R{IMR)
R{IMR)=X
CONTINUE
RETURN

END
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SUBROUTINE VNCRW

PURPOSE
NORMALIZE CGLUMNS GF AN N CROER MATKIX

USAGE
CALL VNORM(A,N)

DESCRIPTICN OF PARAMETERS
A - THE MATRIX WHCSE CCLUMNS ARE TC Bt NORMALIZED
N - THE LENGTH AND NUMPBER OF THE COLUMNS (8C MAX)

REMARKS |
THE SUBROLTINE IS GENERAL hUWEVER, IT IS ONLY CALLED BY
MAIN TC NORMALIZE TVHE EICENVECTOKS.

SUBROUTINES AND FUNCTION SUBFRCGRAMS REGQUIRED
NONE ' .

MFTHOD ' :
A CCMPARATIVE SEARCH IS CCNE CN FACH VALUE GF A CULUMN 10
DETERMINE THE LARGEST ABSCLUTE VALLE, VMAX. OUONCE CETERMINED
EACH VALUE IS OIVIDED BY IT SC THAT THE MAX ABSOLLTE VALUE
IN THE COLLMN IS 1.

.........'................'....'v..'..l...ll.........Q..l.'.'.l....

SLBROUTINE VNGRN(A,N)
DUUBLE PRECISION A(80,80)e2yVMAX

na

1 J=19N

VMAX=DABSUA(L,4J))

oo

3 K=2 4N

2=DABS{A(KsJ))

1

(7-VMAX)3¢3y2

VMAX=7
CUNTINUE

ne

1 L=1,N

AL 9 J)=A(L ¢ J)/VNAX
RETURN
END
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SUBROLTINE EDCCANI

PLRPUSE |
PUT THE 2ERD ROWS BACK INTC THE EICENVECTCRS ACCURDING
TO THE NODAL CONSTRAINTS INPCSED.

USAGE
CALL EDCONIC(A+KNyKEC4KS)

DESCRIPTICN OF PARAMETERS
A - THE MATRIX CF EIGEANVECTORS

KN - IDENTIFIED IN MAIN FRCGRAM COMMENTS
KEC - IDENTIFIED IN MAIN PRCGRAM CCMMENTS
KS - IDENTIFIED IN MAIN FROGRAM COMMENTS

REMARKS
EDCONI IS IN A SENSE THE INVERSE CF SUBRNUTINE ECCCNG ENCON]
EXPANDS A MATRIX BY PUTTINC THE ZERC RCwS BACK INTC 1T
WHILE EDCCN CCLLAPSED A MATRIX RY TAKING THEM 0UT.
"EDCUNT IS CALLEC BY MAIN.

SUBROUTINES ANC FUNCTION SUBFRCGRAMS REQUIRED
NONE

S 00 00 00 00 80000000 000000000 00600000060 00 008 06000 0600086000000 8060000890000

SLBRCULTINE EDCONTLA 4KN,ZKECoKS)
DUuBLE PRECISICN A(30,80) N
DIMENSICN KEC{25) v
KA=KS

DO 1CC JUN=]1,KA

L=5%JN=-1]

K=KEC(JN) v

GG TO (100929390419 +6970899910911912913414915916917918915420421422,
123024925426927928929930431932) K
L=L+2

GO TO 50

L=L+2

GU TQ %0

L=L+4

GO TO SQ

L=L¢b

G TR %0

L=L+¢

KS=KS+1]

J=KS+1
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DU 502 M=L,KS
o d=d=-1
D0 5C2 N=1,KA
502 AlJyNI=ALI=1,N)
- DC 5G1 N=1,KA
501 A{L-1,N)=0,DC
GC TO 100
7 L=L+1
GQ TO 51
8 L=L+2
GU TC 51
9 L=L+3
GO 10 51
10 L=l+4
GG TC 51
11 L=L+2 .
GU 70O 51
12 L=L+3
GO TO 51
13 L=L+4
GO TO 51
14 L=L+¢3
GU 19 51
15 L=L+4
GO TO 51
16 - L=L+4
60 TQ 51
51 KS=KS+2
J=KS+1
L=L+2
DO S11 M=L,KS
J=Jd=-1
. DO 511 N=l,KA
511 A(JyN}=A{J=-2yN)
L=5%(JN=1)
K=K=-6
GO TO (7198199191011 92119021 9121,141,1%11,151)4K
71 L2=L+1
L3z=L+2
G4 TO 5190
81 L2=L+]
L3=L+3
DO 8C M=]l,KA
aC A(L+2,M)=A(L*Ll,M)
G4 10 %1C
91 L2=L+1]
L3=L+4
NDC 90 ¥M=1,KA
AlL+3,M)=A(L+2,M)
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131

13C

141
1511
15¢C
lol
51
51C1
17

18

19

21

22

AlL+2,M)=A{L4+]1,M)
GO TO 51¢C

L2=L+1

L3=L+5

DO 101 M=1,KA
AlL+4yM)=ALL+3,M)
A(L*3,M)=A(L+2,M)
A(LeZ2 M)=A(L+]l M)
GC T0O S51C

Lé=L+2

L3=L+3

GG TO 510

Lz=L+2

L3=L+4 ,

DU 120 M=1,KA
ACL+3,M)=A(L42,M)
GG TC %1¢C

Lé=L+Z

L3=L+5

DU 13C. M=1,KA
AlL+4,M)=A(L+3,M)
A(L+3,M)=A(L*+24M)
GO T0O 51¢C

L2=L+3

L3=L+4

GO 1O 510

L2=L+3

L3=L+5

DO 15C M=],KA
AlL+4,M)=A(Le3, M)
GU 10O S140

L2=L+4

L.3=L+5

DO 5101 M=1,KS
AlL24M)=CeN0O
A‘L3'~’=G.DC

GG 1O 10C

L=L+1

GU. TR %52

L=L+2

GO TO 52

L=L+3

GC TQ 52

L=L+2

GU TO 52

L=L+3

Gl TO 42

L=L+3

GC 1O 52

154
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23 L=t ¢2 -

GO 10 &2
24 L=L+3

GO TU. 52
25 L=L+3

GO TQ %2
2¢& L=L+3
‘ GG TC 52
52 KS=KS+3
J=KS+1
L=L+3 .
DO 521 M=L,KS
J=J-1 :
: DO 521 N=1,KA
521 A{JeN)=A(J=34N)
L=5%(JN=-1)
K=K=1¢€
GO TO (171 ,18141€1920192114221423142414+251,3261)4K
171 te2=L+l
L3=L+2
La=L +3
GC TO s2¢C
181 L2=L+¢1
L3i=L+2
La=L ¢4
DO 180 M=1,KA
18C A(L#3,M)=A{L+]1,M)
‘ GO TN 52¢C
161 Le=L+1
: L3=L+2
La=L+5
N0 190 M=]1,KA
AlL+4,M)=A(L+2,V)
16C A{L+34M)=A(L+1,M).
GO 7O 52¢
201 L2=L¢1
L3i=L+3
La=L +4
DC 200 M=) ,,KA
20C AlLe2yM)=A(L&],M)
GG TO S52¢C
211 l2=L+]
L3=L+1]
La=L+5
DU 21C M=],KA -
AlLeayM)=A(L*2,M)
21¢C A{L*2yM)=A(L+]l M)
GC TO 52¢C :
221 L2sL+1
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52C1
217
28
29
30
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531

L3z +4

L4=L +5

DO 220 M=],KA
A(L+3,M)=A(L#2,VM)
AlL+2 M) =A{L&Ll M)
GO 10 520

L2=L+2

L3=L+3

La=L+4

GO TO 520

L2=L ¢2

L3=L+3

La=L +5H

DO 24C M=1,KA
A{LeG M)=A(L42,M)
GG TO 52¢C
L2=L+2

L 3=L +4

L4=L+5

DO-25C M=]1,KA
AlL+3M)=A(LE24M)
GC TC %20
L2=L+3

L3=L +4

La=L+5

GG TO 520

DC 52(1 M=]1,KS
AlL2,M1=C,D0
A(L3IMI=C.DC
AlLesMI=C.00
GU 10 l10C
L=L+1l

GC TO 53

L=L¢2

Gl TO b3

L=L¢2

GC TO 53

L=L+2

60 10 53

L=L+2

GO 10 53
KS=KS+4

J=KS+1

L=L+4

DO 831 M=L,KS
J=d=-1

DU 531 N=1,KA
A{JoN)=A(J-4,N)
L=5%({JN-1)

156
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K=K=2¢ :
GO T0O (271,2814+25193C1y311) 4K
211 L2=L+1
L3=L+2
La=L +3
L5=L+4
GC 10 53C
281 L2=L+1
L3=L+2
La=L+3
LE=L+5
DO 28C M=1,KA
28¢C A(L+ayM)=A(L*],M)
G TG %30
291 L2=L+1
L3=L+3
La=L+4
LL9=L +5
DO 260 M=],KA
29C AlLe2,M)=A(LEL,M)
GL TC %30
301 L2=L+1
©oL3=L¢2
La=L +4
L5=L+5
DO 3CC M=1,KA
3¢cC A{L+3yM)=A(L+1,M)
GC T 530
311 L2=L+2
L3=L+3
La=L +4
LS=L+5
GC TO 53C
53C DG 5301 M=1,KS
A(L2yM)=0.DN0
A{L3M)=0.,DC
A(L4yM)=0,D0
5301 AlLSyM)=(C.DQ
GO 10 16¢C
32 L=L¢t
KS=KS+5
J=KS+]
DO 321 M=L,KS
J=d=-1
DO 321 N=1,KA
321 A(JyN)I=A(J=5yN)
L=5%(JN=-1)
Ll=L+¢]
L2=L+2



3220
10C

L3=L+3

L4=L+4
L 5=L+5
. DO 3220 M=1,KS

AlL1,M)=0.00
A(L2yM)=C.DO0
A{L3yM)=0,DC
AlL4yM)=CeD0
A(L5,M)=CeDO
CONTINLE
RETURN

END
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P B 000 008 00 800009 UGB OIOIOO 0L GO0 Qe 0B ED S 0080000080000 0000DB0¢C0cCODPINOGEEEETDPTS

SLBROLTINE MCCAL

PURPQOSE
DETERMINE THE VALUES FCR THE CCEFFICIENTS OF THE ASSUMED
MODAL EXPRESSICNS. THEN CETERMINE THE MOCAL CEFLECTIGNS,
We Use AND V,y AT 25 LCCATICAS (5XE CRIC) ON EACH ELEMENT FOR
A SELECTED NUNMBER CF THE LCWER FKEQUENCIES (OTHER THAN
ZERO FREQUENCIES).

USAGE
CALL MCDALUE yEI oKS ¢KEoEKyEJ9HDyDATESTUKKE)

DESCRIPTION CF PARAMETERS _
£ -~ VECTCR OF LCWEST KE NULDAL FREQUENCIES.
EI -~ MATRIX CF CCRRESPONCING EIGENVECTURS

KS ~ IDENTIFIED IN MAIN FRCGRAM COMMENTS
K& ~ IDENTIFIED IN MAIN FRCGRAM COMMENTS
EK - IDENTIFIED IN MAIN PRCGRAM COMMENTS
EJ - IDENTIFIED IN MAIN FRCGRAM COMMENTS
HC - IDENTIFIED IN MAIN FRCGRAM COMMENTS
DATE -~ IDENTIFIED iIN MAIN FPRGGRAM COMMENTS
[JK - IDENTIFIED IN MAIN PKUGRAM COMMENTS
KB - IDENTIFIED IN MAIN PRCGRAM COMMENTS

DDA OO0 C OO OO0 OO0 NS00 0

REMARKS :
MOCAL IS CALLEC BY MAIN.

SURROUTINES AND FUNCTIUN SUBPRCGRAMS REJUIRED
AMAT, AMATN,PISY

ME 1HOD
THE AK MATRIX IS REDETERNMINED FCR EALH FLEMENT. THEN HACH
ELEMENT'S PORTION CF THE WCRKING EIGENVECTOR 1S. SEPARATED
OUT AS AVEC(K)e THE CONSTANTS ARE THEN FURMEL AS AC(K)=
{AK) (AVEC). SUBSTITUTING ThHESE VALUES INTO THE ASSUMED
MOCAL EXPRESSICNSy THE DEFLECTICNS ARE CETERMINEC AT 25
SUB=-PCINTS OF EACH ELEMENT ANC THE VALUES PRINTED CUT.

0 000 S0 G0 0000 COO GO0 OO0 VOGS 000 00 0 00000000 00 D00 Q 00 00090000 00800000000 s

SUBRCULTINE MCDAL(EWET yKSyKEGEKyEJyHCyDATE,1JKyKE).

IMPLICIT REAL%B(A=-H,C=2)

DIMENSTON F(BO) oFT(80sBOIEKILE)4EJ(LO) K20 e20)9FLCL1E)SDATE(S)
DIMENSTION AVEC{2C) yAGCI20) oW (S ShoU(545) oVI5i5) 3 1dK(16,45)

FURMAT (/743X "MOCAL FREQUENCY = 3F12.649" CPSY 99Xy *MCDE SHAPE FOR F
TLEMENT NCGo'yl4,/7)
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61

62

60

166C

FURMAT{1HL)
WRITF(2,11)
NC=0 ,
DU 6C M=]1,K8B
DG 6C 1=1,KE
WRITE(341)FE(N),1
NC=NC+4 ‘
EPK=EK(])
EPJ=FJ(I])
IFCIJR{T45))13,12,13
CALL AMATI(AK sEPKEPJ)
DC 3 J=1,20
DC 3 K=1,20
IF(DABS{AK(JeK)II=(1,0D-25))242+3
AK(J,K,=OQDO
CONTINLE
L2=0
DO 61 K=1.4
L={S%*IJK{I4K)) =4
Lli=L+4 :
DO 61 J=LL1
L2=L2+1
AVEC(L2)=E1(JyM)
DC 5 J=1,20
IF(DABSCAVEC{J) )={1.,00=25))444,5
AVEC(J)1=0.D0
CUNTINUE
CALL AMATMUAK 20 ¢2CoAVEC1,4AC)
. DO 62 K=1,45
- QK=K '

XK={{(QK=1.00)/4.D00)=.5CC)%EPK
DC 62 J=1,45
QJd=J

YJ=(o500=({QJ=1.L0)74.,00))%EPJ

WIKeJd)sACUL)®(ACI2 ) AXKI+(AC(3)4#YJI+(AC(G)EXKEXK I+ (ACLH ) *XK*YJ}+(AC
.1(6)‘YJ*YJ)#(AC(7)*(XK**3”*(AC(8)*XK*XK*YJ,*(AC(Q)*XK*YJ*YJ)f(AC(l
200 (YJRE3) )+ (AC(LI I *IYJI¥(XK*#3) ) 3+ (AC(1Z)%(XK2{YJ*%x3)})

UKo JI=ACTL3V ¢ (ACCLA) XKI®(ACLISIRYSI+(PCLLOE)EXKEYIY

VIKyJ)=AC{L17)¢ACEL8Y*XK)+LACILS)IRYU)+(AC(2C)%XKRYJ)

CALL PIS5J(W95¢59Se5,HO9DATE ¢NCy2C)

CALL PISJIU95+595954FDeBATEWNC,21)

CALL PISJIVe595¢S+5+HDyOATEINCY22)

RE TURN

END



