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ABSTRACT

STATIC AND DYNAMIC STABILITY
OF THIN PLATES USING
FINITE STRIP METHOD
Sunku Seetharam
Master of Science in Engineering

Youngstown State University, 1981

The Finite Strip Method is presented in the thesis for
the analysis of two dimensional structures under both static
and dynamical loading conditions. The Finite Strip Method can
be considered as a special form of the finite element using
the displacement (stiffness) approach. The philosophy of the
finite strip method is similar to that of the Kantorovich
method which is used to reduce a partial differential equation
to an ordinary differential equation. The method when applied
to most structural problems, yields a narrow banded, small
size stiffness and mass matrices, which require a relatively
small computational effort. Therefore, this method reduces the
analyses of those complex structures to simple, efficient size
matrix operations.

In this thesis, a general finite strip theory of
structural analysis is presented and the derivation of the
stiffness and mass matrices is discussed. General computer
programs for a finite strip system are developed to analyze

thin plates, folded plate structures and box girders for



static and dynamic loading. The theoretical solutions of
this method for different structures are compared with
other exact and numerical solutions, and in all cases, good

agreement in results is observed.
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CHAPTER I

INTRODUCTION

1.1 Historical Review

The development of structural mechanics in the area
of thin plate theory is classified under the following two
broad categories:

I. Classical Methods with subdivisions

1. Direct Solution of Differential Equation
(a) Navier
(b) Levy
2. Energy Methods
(a) Rayleigh Ritz
(b) Galerkin Method
(c) Kantorovich Mefhod
II. Numerical Methods with subdivisions
l. Finite Difference Method
2. Finite Element Method
3. Finite Strip Method

1.2 Classical Methods

22,1 Differential Equation Solutions

Structural analysis commenced with the investigation
of static problems in the area of frames and columns. However,
the first analytical and experimental studies on thin plates

Were devoted almost exclusively to free vibration.



The first mathematical approach to the membrane theory
was formulated by Euler (1766) who solved the problem of free
vibration of rectangular and circular elastic membranes using
the analogy of two systems of stretched strings perpendicular
to each other. James Bernoulli (1789) extended Euler's analogy
to plates by introducing the grid-work analogy. He found only
a resemblance between theory and experiment, but no general
agreement. Chladini (1802) discovered the various modes of
free vibration. Sophie Germain (1816) a French mathematician
developed a differential equation for vibration of thin plates
using the calculus of variations. Lagrange (1818) corrected
Germain's work by adding the strain energy expression of the
plate to account for the work done by warping of the middle
surface.

The great bridge Engineer, Navier (1820) can be con-
sidered as the originator of modern theory of Elasticity. His
numerous scientific activities included the solution of various
thin plate problems. »

‘ The classic theory of Elasticity, which exclusively
governed the theory of plates for a long period of time,
assumes a linear relationship between stress and strain. The
great advantages of this assumption are:

1. Mathematical relation between external and

internal forces;

2. The law of superposition.



The fundamental equations of the linearized theory
of Elasticity are:

1. Hooke's Law;

2. Stress equilibrium and;

3. Strain (compatibility) Displacement Conditions.
Navier, using the classic theory of Elasticity described the
correct differential equation of bending of simply supported
rectangular plates. Navier's method is based on the use of
trignometric series introduced by Eourier. For simply
supported rectangular plates, the solution of the governing
fourth order differential equation is reduced to the solution
of an algebraic equation by Navier's method.

Poisson (1829) extended the Navier's governing equa-
tion of plates to the lateral vibration of circular plates.
Kirchoff (1850) developed the extended plate theory to in-
clude bending and stretching. A Russian scientist, Krylov,
and his student Bovbnov contributed extensively to the theory
of thin plates with flexural and extensional rigidities.

S. Timoshenké (1930) translated the Russian research in the
field of theory of Elasticity. It was after his translation
the Western scientists made considerable progress in the area
BEplates. Among Timoshenko's numerous important contribu-
tions we can mention in the area of plates are solution of
Circular plates considering large deflections and the formu-

lation of Elastic Stability problems.



Foppl (1907), in his book Engineering Mechanics,

treated the nonlinear theory of plates. Von Karman devel-
oped the final form of differential equations of the large
deflection theory. He also investigated the post buckling
behavior of plates. Since all classical methods presented
by the above authors are based on the theory of Elasticity,
an extensive application of higher analysis was necessary.
As a result, the methods were highly mathematical, linked
with pertinent, geometrical conditions. For the majority
of practical problems, a rigorous solution either cannot be
found or is of such complicated structure that it can be
applied only with great difficulty.

For simply supported rectangular plates, Navier's
method yields a mathematical "exact" solution. The con-
vergence of the resulting double Fourier series depends
considerably on the continuity of the loading function.
Slow convergence is created by discontinuous loading.

The application of Levy's method based on the use
of single Fourier series is somewhat more complex, but the
solution converges very rapidly. In addition Levy's method
is more general. It is used for the case of two opposite
edges of the plate simply supported with arbitrary conditions
On the opposite two boundaries. The shape of the loading
function must be constant at all sections perpendicular to

the direction of the simply supported edges.



As mentioned, the number of exact solutions obtain-
able by the classical methods is severely limited. Many
problems of considerable practicable importance cannot be
solved by these methods or the solution obtained is too
cumbersome. In such cases, the Energy methods are more
effective and applicable.

3.2, 2 Energy Methods
1.2.2.1 Ritz Method

The Ritz method is used for plates of various shapes,
thickness, etc. Since it is essentially an analytical pro-
cedure, the accuracy of the solution of plate problems by
this and by all energy methods is dependent upon proper and
accurate selection of the shape functions. The shape func-
tions transform the potential energy function, which contains
a quadratic form of second order derivative terms, into a
family of algebraic equations, the number of which depends on
the assumed shape function. The Ritz method is recommended
when computers are not available, and the solution must be
obtained by hand computation. Although the mathematical
Operations are simple, the method may be quite lengthy. The
Ritz Method can be considered as an advantageous method for
solving complex boundary conditions. It provides accurate

deflections provided proper shape functions are employed.



1.2.2.2 Galerkin Method

The variational method as formulated by Galerkin and
Vlasov 1is an extremely valuable tool for the approximate
analysis of various boundary conditions subjected to arbitrary
loads. The simplicity of the method, coupled with the high
accuracy obtainable, makes it one of the recommended tech-
niques for "hand computations" when computers are not avail-
able. The merit of the variational method is that the solution
of complex plate problems is reduced to the evaluation of
certain definite integrals which in case of need can be
evaluated numerically. The accuracy of the method depends
considerably on the choice of shape function. The disadvan-
tages of the variational methods are:

1. It requires the knowledge of higher mathematics;

2. Although the computations are simple, it can be

quite lengthy;
3. It does not lend itself well to computerization.

5.3 Numerical Methods

3.1 Finite Difference Method

For many thin plate problems of practical applica-
tion, analytic solutions to the governing differential
€quation can yield approximate results acceptable for most
Practical purposes. The finite difference method is one of

the most general methods in the field of Structural Mechanics.




It can be effectively used to solve a wide variety of plate
problems. In applying this method, the derivatives in the
differential equation under consideration are replaced by
difference quantities at some selected points.

The method is simple and versatile. It is suitable
for computer programming. Although the method has been known
for a long time, it has gained considerable importance after
the development of high speed digital computers. Accuracy of
the method is acceptable provided that a relatively fine mesh
is used. The accuracy progressively deteriorates beyond a
certain mesh width. The method was later improved for accu-
racy. In the improved finite difference method, special
attention has been paid to load representation and the
boundary value problems. Duration of improved formulas can
be quite involved. Consequently, a simple error distribution
technique has been develobed for solufion of complicated dif-
ferential equations by the ordinary finite difference method.

The disadvantages of the finite difference methods
are:

l. It requires mathematically trained operators.

2. Although it is well suited for computer appli=-
cation, it requires more work to prepare the
input data.

3. A concentrated load with a fine grid can create

singularity problems.

WILLIAM F. MAAG LIBRARY
YOUNGSTOWN STATE UNIVERSITY




4. Certain boundary conditions may be difficult to
handle.

13,2 Finite Element Method

The recently developed finite element methods have
proved to be extremely powerful and versatile tools for the
analysis of a wide variety of plate and shell problems. The
essential feature of the method is the replacement of the
continuum by a number of discrete elements connected together
at the nodal points, where continuity is expressed. The most
general convergence criterion of the finite element solution
of plate problem is that the total energy of the substitute
system obtained by assembling discrete elements must be equal
to that of the original continuum. The most critical and
simultaneously the most difficult operation in the finite
element method is the generation and evaluation of element
stiffness matrices, which are intimately linked to the com-
patibility of deformations within the element as well as
between the adjacent elements. Once the element stiffness
coefficients have been determined, the analysis of the struc-
tural system follows the familiar procedure of matrix methods
for which standard computer programs are available.

The accuracy of the finite element method is influ-
€nced by the following parameters:

1. Displacement patterns prescribed for the element.




2 Number of elements.

3. Techniques of load representation.

4 Boundary conditions.

5. Computer program techniques.

Since the achievable results compare very favorably
at times with the theoretical solutions, it is conceivable
that the finite element method eventually will replace the
experimental stress analysis techniques for complex plate
problems. At present considerable amount of research time
is spent in developing improved shape functions for genera-
tion of element stiffness matrices.

The advantages of the finite element method are:

l. The solution is obtained without the use of the

governing differential equations.

2. It follows methods familiar to structural

engineers.

3. Arbitrary boundary and loading conditions can be

handled in the saﬁe manner as simple problems.

4. It permits the complete automation of all

procedures.

5. It permits the combination of various structural

elements such as beams, plates, and shells.

6. It can be extended to cover virtually all fields

of continuum mechanics.
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The disadvantages of this method are:

L.

It requires the use of electronic digital
computers of high speed and storage capacity.
Preparation of data for each element can be time
consuming.

Some problems may require special computer
programs.

It is difficult to ascertain the accuracy of the
results when large structural systems are

analyzed.

However, due to the limitation of computer size and

high cost of the computation time, the cost of accurate

solutions can be very high. Generally computers of large

capacity (100K-1000K) are required 'in order to perform the

matrix operation involved.

g 3.3 Finite Strip Method

The finite strip method, an extension of the finite

element method, is specifically designed to reduce the re-

quired computer storage capacity. This efficiency is imple-

mented by a reduction in the number of algebraic equations

which must be solved. In turn this reduces the resulting

matrix band width, which also directly saves computer time.

In the finite strip method, the continuous structure

is divided in one direction only and therefore appears to be
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a one dimensional problem. However, to account for the
second dimenéion, a basic functional series is assumed in
that direction to account for the nature of boundary supports.
Such an approach is similar to that of the Kantorovich Method
(1950) which modifies the partial differential equations to
ordinary differential equations by a separation of variable
techniques.

The displacement function must be chosen so as to
result in-compatible strip deformations. The strain energy
in the idealization will represent a lower bound to the
strain energy in the actual structure and the finite strip
solution can be demonstrated to converge to the true solution

as the number of strips increases.




1.4 Purpose of the Thesis

The ﬁurpose of the thesis is to investigate the
Finite Strip Method (FSM) of Structural Analysis and demon-
strate its efficiency for analyzing standard civil engineering
structures. This numerical method shows particular promise

for structures with cross section geometry that remains con-

stant along the length direction; that is, bridge decks, folded

plate roofs and plates.

The thesis presents the solution of the following
types of structural problems:

1) Static Analysis of Folded-Roof Structures

2) Static Stability Analysis of Thin Plates

3) Free Vibration Analysis of Thin Plates

4) Dynamic Stability Analysis of Thin Plates

Comparison of analytical results with those of classi-
cal methods, experimental methods, and finite elements methods
(FEM) is made where possible for the above problems. The
advantages of the FSM as compared with the FEM as to Geometric

Modeling Time and Data Preparation Time are summarized where

Possible. Numerical accuracy of the two methods as compared
with Classical solutions is noted.
The main emphasis of the work is the solution of
~ the Eigenvalue-Elgenvector Problem associated with Problem
‘EWpes 2), 3) and 4) above. Problem Type 1) above is con-

Sidered for purposes of background development and under-

*tanding of the FSM approach.

12
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1.5 Process of Development

The thesis is divided into five parts.

1) Chapter II presents a procedure using FSM for the
analysis of a folded plate structure, described by the
equation

k][] - 1]
where
[K] is the bending stiffness matrix
{S} is the vector of resulting displacements and
{f-}is the vector of applied force

The approach presented herein is simple and straight
forward. The element stiffness matrix of a simply supported
strip is formulated in a similar manner as that of finite
element. The stress matrix is written in terms of nodal dis-
placement parameters. The loadings may be point loads, line
loads, or distributed loads acting either on the ridges or
directly on the surface of the inclined plates. The whole
Process of analysis is automated and involves only a small
number of elementary matrix operations.

2) Chapter III presents a simple procedure using FSM

for the analysis of vibration of a structure which is described

by the following Equation

,'h[K]{B} fice A [MJ{SI (1-2)



K| is the bending stiffness matrix

3 | is the vector of resulting displacements and

A is a scalar equal to the square of the natural
frequency of free vibration

[M] is the associated mass matrix

A direct solution is uneconomical because matrix
[K]-I[M], in generai, is not symmetrical although [K ]- and
[hﬂ are symmetrical. A "Cholesky" transformation procedure

as described in Chapter III is necessary to efficiently solve
the equation together with a power iterative Fechnique
developed by Anderson (9),

3) Chapter IV presents a simple procedure using FSM for
the analysis of the static stability of thin plates with inplane
loads which is described by the following Eigenvalue Equation

[K.{S} = A [KG]{S} (1-3)
where

K| is the bending stiffness matrix

Kg| is the geometric stiffness matrix

S | is the vector of resulting displacements and
. J scalar

A 1is a scalar equal to the Euler Buckling Load

Free vibration and static stability problems share many
Similar features. Both require the determination of Eigenvalues
and Elgenvectors. The solution procedure is similar to that

Plained in Chapter III.

14



4) Chapter V presents a procedure using FSM for the
analysis of vibration of thin plates with inplane forces

which is described by the following characteristic Equation

[K][8]=x[M]{8 ]+ [Ke][3] (e

where

K| is the bending stiffness matrix
Kg is the geometric stiffness matrix

M| is the associated mass matrix

3} is the vector of resulting displacements and
- - scalar

A is a scalar equal to the square of natural
frequency of free vibrations.

s, ' :
A is a scalar equal to a fraction of the Euler
Buckling Load

The presence of axial loads reduces the value of

critical buckling load and this effect is greater on lower
frequencies than on the higher frequencies. An incremental
technique is developed to determine the reduction of fre-
guency for increase in axial force. The value of zero

-

fequency yields the value of static buckling load.

15
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CHAPTER II

STATIC ANALYSIS

2.1 Chapter Overview

In this chapter the basic theory for the utilization of
the FSM in Static Analysis is reviewed. Both the in-plane
stiffness matrix and the bending stiffness matrix for a long
thin strip are developed, together with the associated
consistent load matrix. The comprehensive stiffness matrix
formed from the combined in-plane and bending stiffness matrices
is formulated. A rotation transformation process is defined
to include the condition of an inclined (rotated) plate. The
procedure for applying edge boundary cocnditions is defined
and explained. The highly efficient process of simultaneous
solution of the resulting Algebraic Equations is summarized.
Finally, the numerical problem of a folded-plate structure is
investigated in detail utilizing the static computer program
of Appendix '2'.

&, 2 Inplane Stiffness Formulation

A typical strip is shown in the Figure 1B with nodal
lines numbered i and j. Each nodal line has two degrees of

€edom, one in x direction, one in y direction, that is,

Ui

NDF Vi

Line
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Typical Strip
r 3

7 — Y
{
b
1

®Nodal |Lines

X -

FIGURE la. A TYPICAL FLAT THIN PLATE

FIGURE 1b. A TYPICAL INPLANE STRIP ELEMENT
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Since there are two nodal lines, there are four components of

displacement defined for the element,

NDF

uj
Uj

Vi

STRIP [ Vj

Assuming linear displacement functions in the x direction as

functions of the unknown nodal line displacements, one obtains

=
5n
uM=

HYE

| _("‘ i) (-%-)J {“ﬂ Ym(y) (2-1)

-

[0-5) @) [l van g

It should be noted that the functions in the "x" variable are

those of a uniaxial element, and those in the "y" variable form

an infinite series of harmonic functions.

On the boundary lines y = o and y = b, it follows that,

Nu =0

Ov 0y
2) oy, =0 or (}——--F Vx =
) oy or {3, B« 0
On the boundary line x = 0, one obtains

u= U, L

and on the line x = b, it follows that,

= Uy. = J
u Uj v VJ
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Equation (2.1) is written in the matrix form as

CAH SNk

i ~-X)a X ) A v/ | ]y
G 6 b)#mY"' © b)#mY"' .

Vj
where pum =mw
or in matrix symbolic form as (2-2a)
st r
{f}=t§=l[N]m{8}m (2-2b)
2.3 Strain - Displacement - Relationships

The strains for a plane stress problem are composed

of two longitudinal strains and a shear strain in the form

€y %
X
[ fot-] B g [l e
Txy Su_ Bv 4 i "
Sy Sx

The strain matrix[B] is obtained by performing the indicated
m

differentiation of the latter definition on Equation (2.2)

yYielding

(T) Ym 0 (T Ym 0 (2-4)
B| = _.X \ a 7 X a 7
[ ]m % (' b )Em ™ O (b )#m Ym

|—L>' :.L)-a_z xYyr  (LY_a_
( b/ m (b pm ' (b)) Ym WAL

-




2.4 Element Stress

The stresses corresponding to strains ey, €y, Yxy
for orthotropic materials are defined as oy, Oy, Tyy

They are related to each other by the following linear

relationship:
(1= ][=]
-[0] 3, [#], 1],
in which the matrix is given as
Dx DI O |
[p]=| oy Db, ©  (2-6)
O 0 Dyy)

where Dx, Dy, D1 and Dxy are the orthotropic plate constants

defined as

Bl Eut |

U2 [l-wgwyl
E . Eyt3 I

y |2 (I-Vx Vy) (2-7a)
D 1> } v,Exfa

B 21y, 9y) 12(I=vyvy)

Gt3

Ory = T3

where E,‘,,Ey 'VYx ¥y and G are the elastic constants, with
the thickness of the platestrip.

For an isotropic plate

m
>
1
m
<
1"

(2-7Db)

20
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2.5 Minimization of Total Potential Energy

The strain energy of an elastic body is given as

1 [+ ot

noting Equations (2.3) and (2.5).

[<]-[e][s] , {=}=[o][e]{2]

Equation (2.8) is rewritten as

u=;__/{S}T[s]’[o][a]{s}d(vol.> o

The potential energy due to external surface loads

is given as

vV = -f{f }TIQ} d (area) | (2-10)
BUT {ﬂ= [N]{S}

Therefore, W=ﬂ8}1‘ [N]T{q} d(area)

Total potential energy is the sum of the elastic strain

“energy stored in the body and the potential energy of the

loads, hence,

$=U+V

=-é—ﬁ8}T[B]T[D][B]{S}d(vol.)-ﬁS}T[N]T[Q}d(ﬂl’eﬂ) (2-11)

The Principle of minimum total potential energy requires
that

?¢

=0

o)
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Thus,

{gt:]}: [B]T[D][B]{S}d(vol-)- [N]T{q}d(orea) = {0}

or

- (2-12a)
s){a}-{F] - lo]
in which
- / (8] [0 ][8 Jawer. (2-120)
2.6 In-Plane Stiffness Matrix

Since the thickness of a strip is assumed to be constant,
the[s]nmtrix of Equation (2.12) is structured into a partitioned

matrix with individual element matrices given as

[s]mrl = t [B];[D][B]n d (area) gy

m=l’2,3,000000 I‘I=|,2,3,......

The in-plane stiffness matrix as computed from Equation (2.13)
is shown in Table | for the case of simply supported boundary
conditions, with Y (y)'= Sin'rﬂ(}r-'x m=1,2,...,r.

| This matrix is a 4x4 square symmetric séiffness matrix.
The computer program subroutine FEMP computes the numerical

/alues of this element stiffness matrix.
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2b 6 =
I=vyvy
—————————————— : ' SYMMETRICAL
aknrvxE2 _ akmG | _abkGE> + 96 e Ey
4 4 | 6 2b 27 I=vyevy
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——————————————— T e e
akivxE2 | akmG | abkZE2 _ a6 | _okmvsEp  aknG | abkBEz . aG
4 4 | 12 2b | 4 4 6 2b
1 | | | |
m=1,2y000yC.

TABLE 1 INPLANE = STIFFNESS MATRIX OF A SIMPLY

SUPPORTED STRIP.

€Z



2.7 Bending Stiffness Formulation
b
S.SQ

FIGURE 2 TYPICAL BENDING STRIP ELEMENT

A typical bending strip is shown in Figure 2 with
nodal lines i and j. Each nodal line has two degrees of
freedom, one in the transverse z direction and the other
defined as slope 6 of a nodal line.

Since there are two nodal lines, there are four

grees of freedom:

NDF =

The assumed displacement function is taken as

[.;_g_ 2, 2 28] [x3_ 2
b2 b3 b  b%|| b® Db3|| b2 b

(2-14a)
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or in symbolic matrix férm as
[w] =mé=l[[N]m [S}n Ym] (2-14b)

where the functional x variables are the classical shape

functions of elementary beam theory.

Edge boundary conditions are defined as follows:

On the lines y = o and y = b:

NHw =0
2w 2w
- ¥ N (2-15)
2)M, O or D,-—a-ax +Dy,0y2 0

On the nodal line x = o:

g ow__
w-Wi ax"ei
On the node line x = b:
L dw
W"Wj ax_-ej

The strain curvature relationships are defined as

02w
o T ox2

(2-16)
> h 02w
{E}' Xy ( T) " oy2
ow
2Xxy oxoy
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which upon by differentiating the Equation 2.14 yields

- EG P
(I b)Ym e (2 3b>Ym pe(C1+2 b>Ymib 3b+l>Ym
! : |
! : o
| ' I
- ( 3—+2b>Y’;— (| Bfanigs Y,{,’{—(?)——-zx )Y’ - x(T--—-)Y
! ! '
............... APRPU NN NSNS —————— . W
: 3 .
2 ) ( ﬁ/f.@.(i-ﬁ)ff X2 5 X \y/
(6 +6X)vs i2(1-42 +3b nit 85 -8% ) 235 2% )Y

m = l,z,...,r.

(2-17)

2.8 Bending Moments

The moment curvature relationship for orthotropic

materials is given as

- 2

My Dx Dl 0 1 "%&%%
2

[M} = My = D‘ Dy 0 "%‘)T\g‘ (2-18)

2

| M| |O O Dxll2 gxgy

with
E,t3 3
Y x! Dy = Eyt

1201~y 12(1= vy wy)

D =,__”xEyf3 D = Gt3
'2(I*yxyy) |2




In the above equations Ex ,Ey "V 2 Vy & G are

elastic constants, with ! the thickness of the platestrip.

._E
2(14v)

For an isotropic plateEy =Ey =E,»y =vy =v,6

2.9 Bending Stiffness Matrix

Similar to the inplane stiffness matrix, using the
minimum potential energy principal, the partitioned
stiffness matrix element for the plate bending problem

becomes

Smn = [B]mT [D][B]n d (area) (2-19)

The bending stiffness matrix is a (4x4) squax-'e symmetric
matrix which is computed using Equations (2.17) and (2.19),
which after proper integration is shown in Table 2  for
the case of simply supported boundary conditions. The
subroutine FEMS is written to compute the bending stiffness

matrix for a strip element.

2.10 Consistent Load Matrix - Bending

The consistent load matrix is defined as

98 N DI

O a uniformly distributed loadcase, one obtains
b T a

F} =q [C']

e 70 dx | Ypndy

0 [Cz] 0

B b b? b —b? Tfo, DD
Q[ 5 S5 - IZ] Y. dy (2-21)



Km= ~g-
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_________________ :
3a, 2 | ab 4ab
’Eg'kle +—g'kr§ Dy : 210 k:Dv + kr%ny
|
|
3a | 1ab?, 4 | 2ab, 2 2q
------------------- e S st . i st S st i
| . |
| 13ab? !
280130, —E3Kk7 Duy | 5agkmDy — FKADy | SGEKADy +EkA Dy
l l
| |
6a , 2 6a  atee 3a I 6a,2 6a
—Ep kmD1 — 53 Dx | ~70 kmD1 —3z Dx E+5—kmD| +55Dx
t
__________________ +____._.__...__.__....__.__...L._.___________-—-
13abf, 4 n 4 0,2 i 3ab, 4 _ab .o | Lot , 4 a2 ?ob3 4 4ab, »
. | |
[
! | :
a2 3a |_ab 2 a |30 2 _3a !, 2ab, 2 2a
IOkle +b2 Dx E 3OkmDI +b D«x : 5 kmDi 't)?Dx i'l"l kmDi +be
% 1
m= L2,...,r.
TABLE 2 BENDING STIFFNESS MATRIX OF A SIMPLY SUPPORTED

STRIP

Q7
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In the computer program, subroutine QS figures the consistent
load matrix.

2.11 Comprehensive Stiffness Matrix

If both inplane stress and bending stress are acting
together, both systems of nodal displacements occur simul-
taneously. The in-plane and bending stiffness matrices are

combined in the following form:

] ' e

]

kit ki2 ki3 Kki4 | o 0 0 0 u,]
]

' !

K2l K22 ke3 Keal o o 0 0 v,
:
]
y 0 0 .6 © uz
0 0 0 0 V2
R L |

b
| kK55 k56 K57 K58 W,
i :
b
| K65 Kes Ko7 kes 8,
b b b b
| K75 K76 K77 K78 W,
]
b b b b

 Kes Kes Ker Kes [ 6,
| ~ |
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The form of Equation (2-22) yields an ordering of the
displacement components as

: T
For efficiency purposes, the displacement parameters

for each nodal line are grouped together in the following

form:

[“l Vi W @) tup vp Wy 02]7

»

Thus, the comprehensive stiffness matrix must be modified
to be compatible with the new ordering of the components

of the displacement vector as

o o |kiz .kiga; o 0 uj
[N 2 |
| jp e
10 o tk2z k24, 0 0 vy
R I R |
: b b : i ——{-_b___b———
1kss kse1 0 0 | k57 ksg Wy
I (. |
i b b | | b b
1 kes kee ! © o ! ke7 kes 8,
_________ : B
P P i
i 0 0 k33 k341 0 O uz
| : |
, | P P
1 0 o0 1kaz ka4 0 0O V2
————— |
B . | d e Sl Aot
I b b ! I b b
| k75 k7si o o !k77r k7s W2
I I
|
I b b | ' b b
ikss kge | o o |kar kgs 82
1 | |




) |

Hence, in the modified éomprehensive stiffness matrix,
each (4x4) matrix is made up of an appropriate (2x2)

bending matrix and a (232) inplane matrix in the fbrm

[inpLANE]  [o] ]
(2x2) | (2% 2) -‘
B ] s e e sl i s i L (2-24)
Es"'"]‘i [o] HBENDING] |
(4x 1 (2 x 2) ; (2% 2)

In the computer program, subroutine ASSEMBLE is programmed
to reassemble the stiffness matrix in the above fashion.

2.12 Transformation of Coordinates

After computing the strip stiffness, before applying
the conditions of equilibrium at each nodal line, it is
necessary to work in terms of some common system of

coordinates.

The global coordinates are defined as x, y and z,
and the local (element) coordinates xl, yl and zl. Applying
" the rotation transformation law on forces and displacements,

it follows that (See Fig. (3) ),
Il = (R (]
m [ ] m (2-25a)

[8""] » [R]T {Sm} v ~ (2-25b)

“herﬁ[li]is the transformation matrix given as

w] - [ )]

(2-26Db)




/ / )/
( 8,M,8°M) 27 y(vhv)

~ x(u,U)

x(u/U’)

Y
(w/, W) z(w,W)

FIGURE 3 TRANSFORMATION OF COORDINATES

‘ T
[ { Um Vim Wim eimujm Vim Wjm ejm}

«132
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: and x axis.

The angle a is the angle between the x
Noting again that in general {fm} = [Smn]{en}

the final result of transformation is

" [l
) bt

Oonce the element stiffness matrices have been transformed
into the global coordinate system, it is possible to
assemble the general stiffness matrix for the whole structure.
A "Do Loop" is set up in subroutine COMPILE to
assemble the individual transformed stiffness matrices,
into the general stiffness matrix.
By the above process, the general stiffness matrix
for any one term of the series is assembled quite easily.

This matrix is always in a compact tridiagonal matrix form

having a very narrow half bend width.

el 3. General Problem Boundary Conditions

The stiffness matrix of a structure computed by the
finite strip method is in general non-singular, and may be solved
“algebraically, quite simply using computer techniques. Boundary
conditions exist along the nodal line interfaces because of node
line deformation compatibility. For the case where boundary
conditions are prescribed along an edge, the stiffness matrix
'st be modified in the following manner. ‘Given the stiffness

Atrix in the form:
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Kip  kiz o000 0 Ky di | P
ka; ka2 k2n dz P2
kai kg - - - - - - ks d3 P3 (2-28)
Kni Kp2iar “omerprea Koy dn Pn
Assume displacement dz has a known value B . The process of

applying the boundary conditions involves only two simple
operations. First, the diagonal term of matrix [K]
corresponding to d3 is multiplied by a very large number,

say n = 108. Secondly, the term Pz in load vector on the

right hand side of the equation is replaced by the product
of the new diagonal coefficient with the prescribed value
that is Py = (n)B. This process retains the matrix [K] in
its original size and arrangement.

The third equation reads
k3d) +Kkapdy+ ki3 0'0d 5+ kandy = k33l0'°8
314 ge2 33 S5 2 ® s =« BEpMy 33

'Viding by k33|0|0

W(ﬁ . 2 kag 010 do-+dz+ . . . ... de:ﬁ

Ch yields the numerical result d3 =B (2-28b)
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2.14 Solution of Simultaneous Equations

A node by node elimination technique is used to solve
the simultaneous equations. The stiffness matrix is a banded
matrix (matrix coefficients clustered around the diagonal)
which reduces the computer time and the storage réquirement.
In the computer program subroutine SOLVE uses banded matrix
solution procedures to solve the simultaneous equations. See

Appendix III for interpretation of mathematical procedures.
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2,15, Sample Example - Folded Plate Structure

The folded plate structure is supported at the two

ends by the stiffened diaphragms as shown in Figure 4a.

Su_ppdri
. Diaphragm

FIGURE 4a FOLDED PLATE ROOF

b

- = X,U

Z,W I

FIGURE 4b A TYPICAL STRIP

' A typical strip is shown in Figure 4b where
€ sides are numbered i and g The geometric pro-

rtj .
ties of the strip are regarded as constant within the
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strip and the material is considered isotropic. Each strip
is subjected to inplane forces due to plate inclination
and transverse bending forces, due to external uniform

loading conditions.

Ridge Distributed
Loads Loads

1.75"
=iy
5.00'
SRR |
0.50' 3.00'
° L | &%
| s.67" 9.83" 9.83' g7 |
) b e 1l Tl

FIGURE 5 FOLDED PLATE SECTION, DIMENSIONS
& LOADINGS

A typical folded plate cross-section shown in the Figure 5
is analyzed using finite strip method and compared with the
results obtained by De frics-Skene & Scordelocs (W). A span

ength of 70' is used in order to demonstrate the applicabil-

Y of the method.
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FIGURE 6. GEOMETRY OF FINITE STRIPS

The strips and nodes are numbered as shown in the

The difference of the node numbers between two nodes
Which are connected with each other determines the band width
’f the general matrix and therefore kept as small as possible
N the numberimg scheme.

The input data for the folded plate structure of

Jure 5 with the geometry shown in Figure 6 is tabulated as

lows:
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NODAL COORDINATES

NODE x(m) z(m)
| 0.000 0.000
2 4215 0.875
. 9.830 1.750
4 14.165 4.250
5 18.500 6.750
6 18.500 9.750
TABLE 3b. STRiP PROPERTIES
QTP LEFT-HAND ' RIGHT-HAND| THICKNESS | DISTRIBUTED LOAD
NODE NODE (m) (N/m?2)
| | 2 0.25 80
4 2 3 0.25 80
3 3 4 0.25 80
4 4 S 0.25 80
5 5 6 0.50 75
TABLE 3c. PRESCRIBED DISPLACEMENTS
NODE u Vv w 2]
I 0 I I o)
TABLE 3d. MATERIAL PROPERTIES & LENGTH OF STRIP
E, a4 vy G LE(I:InG)TH
| 0 o) 0.5 70
TABLE 3 INPUT DATA




Transverse Stress

Longitudinal Stress

Transverse Stress

Longitudinal Stress

STRIP o o M, M,
NUMBER
NODE | NODE 2 NODE | NODE 2 NODE | NODE 2
1 -1.3368 -02613 -0.3954 | -1.5198 0.2020 |-0.1690 0.0684
2 -1.1947 -0.3954 -0.5763 0.1983 -0.0596 00684 0.4158
3 -0.8500 -05763 -0.2616 |-0.0623  0.0892 04023 0.8694 -
4 -0.3751 -02616  0.023] 0.0888 0.0254 0.8636 1.0565
5 -0.3903 00231 22300 | 0.0074 0.0006 34710 3.8292
Multiplier 104 K.S.F. 10% KSF, 10 KSF./F |02 KS.F. /F.
TABLE 4

MID-SPAN - STRESSES AND MOMENTS OF FOLDED PLATE ROOF

87
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CHAPTER III

DYNAMIC ANALYSIS

36l Chapter Overview

This chapter gives a general review of the formu-
lation procedures necessary to obtain solutions for problems
including inertial loads. The consistent mass matrix of
the strip element is formed. The equations of free vibration
of determined and a modern mathematical approach of equation
solution is summarized. The basic steps in the subroutine
procedure are detailed and explained.

3. 2 Inertial Force Concepts

As shown in Chapter II, any elastic structure subject
to static loads reduces to the following matrix equation:
[x]{s] - {°] -1
If dynamic forces are appiied to the structure, it is possible
to feduce the dynamic problem to a static one by applying
D'Alembert's Principle of dynamic - equilibrium. Thus,
the inertia forces, equal to the product of mass and accelera-

:, are applied to the structure yielding
_‘[K]{sm} - _[[M]c +[M]d}{s(t)} - —[M)fst)] -2

c
=] is a diagonal matrix of concentrated point masses or

trated point masses
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or line masses are acting on the structure. [M‘j:l is a general
mass matrix of the structure assembled from individual element
consistent mass matrices. For free vibration, the system is

vibrating in an harmonic normal mode, thus,
fa(t)] = [8]sin wt (3-32)

{8'('1 )} = —wZ{ § } Sir_n_ wt | (3-3b)

where w is the Natural Frequency of Free Vibration and ( )

implies derivative with respect to time. Substituting Equation

(3.3) into (3.2) yields

[[K] -“’ZIM” {8} e . (3-4)
[k]{s]—wz[m][s]

=|
Multiplying the Equation (3.4) by [K] assuming I[K]l #0

gives

o)

T[] [1]

- follows that,

.—l wz[M]{s} . {8} (3-5)
INOEYEEEY

S is the generalized Eigenvalue problem associated with two

letric matrices, which may be written in the form
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[K]-l[M]{S} it {8] | (3-6)
in which
)«=';|§‘ (3-7)

3.3 General Stiffness Matrix

Using the procedure déscribed in Chapter II, the
element stiffness matrix is computed for a strip and is
assembled and compiled to form the general stiffness matrix.
This procedure is the exactly same as the procedure described
in Chapter II.

3.4 General Mass Matrix of a Strip

Since the mass is distributed throughout the strip, any

acceleration induces a distributed loading of magnitude

=-pt — ‘ b
q=-p 312 (3-8)

Noting the transverse displacement in symbolic form as matrix

w=[N]{8}

or in partitioned matrix form as

W= [[N]I [N] e N, ] g.lz

: (3-9)

. Sr
Stituting Equation (3.9) into Equation (3.8) yields
e = "‘pt[N]{S(T)} (3-10)

‘ther substituting of Equation (3.3) in Equation (3.10)
es

==pt w® [NHS] . . (3-11)



By the principal of virtual work, we can obtain equivalent
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nodal forces for such distributed loads from the relationship

a

B T
{F}=L . [N] qdx dy (3-12a)
Substituting Equations (3.9) and (3.11) into the latter

equatlon gives

--ﬁf ptw?| [N][s}dxdy

or in partitioned matrix form

[N [n],

[N]T[N]a""
[N, [N],

[NV,
il ], ]

- ptw?

N [N],

-’- e o

N [4)

| R° [M]e{s] (3-12¢)

NN

which is written in the compact matrix form (3~-12b)

3.5 Consistent Mass Matrix of a Plate Strip in Bending

Chapter II, the matrix [N ]mis defined as

2x3> 2x2 x3> <3x2 2x3> (
+——- o Sy —
AR VAN

m=l’2,oc L) r

‘ c]Y'“ (3-13a)

Using the rectangular bending strip discussed in

8 [dxdy

where Matrix [M]e is defined as the generalized mass matrix.
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The integrals with respect to the X variable are calculated

and shown in the Table 4a on Page 46 . The latter equation

becomes
13b
35 |
“L;b-_z— :__b;_,; Symmetrical
[]e a| 210 ! 105 | :
M = lreretala. foocts vt et 1 pt(y) Y, Y, dy
ma ob | 132 1 I3b | i
0 70 | 420 | 35 | (3-14)
I T o e
13b= 1_ 3b% 1_LIb% | b
420 17420 17210 | 105
L —

TABLE 4a CONSISTENT MASS MATRIX-BENDING

For the special case of simply supported strip with constant
thickness, the integrals in the Y variable use the ortho-
gonality property of the deflection functions and reduce

to the standard form

fa a
f ptYuYody = pt | Sin?k,y dy
Y 0

ta
a PT for m=n (3-15)

"0 for m#n

Inplane Mass Matrix of a Plate Strip

Using the rectangular inplane plate strip discussed in

Pter II, the matrix [N]mis defined as



0

S Y TT
o Q b>FmY’“

where pp= M

._";_Ym

],

x \_a
0 (b)FmY,,,
=
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0]

(3-16)

The consistent mass matrix of an inplane strip is

e _ T |
(Mo, =) pt[N] [N] dtorea
The mass matrix takes the component form
" | o yoren ’
| {
. T
| b N | b
§ <3C| Cz>12 ! : 5 (601 Cz)IZ
""""" i'""""""f'b'"T"""""'"
i a % el F L) 8
S R et = e
| ( b e b )
| \ 6C;C> : P\ Stilp
1 l
(3-17)
SRR
’ IZ = Ym Yl{ dy ’
0
for m=n (3-18)
for m#n
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C . Fm
I = " a ’
_ HFn
Cp =2
3.7 Comprehensive Mass Matrix for the Plate Stfip

In Chapter II, it was shown that for an inclined plate
strip, both the bending and inplane systems of nodal dis-
placements are acting simultaneously, and therefore at each
nodal line four components of displacements are present. It
was further shown that the components of the comprehensive
stiffness matrix[S] are made-up of appropriate elements of

mn
the inplane & bending matrices.

For the vibration analysis, the comprehensive mass

matrix is made-up in a similar manner as

b, [

Us, the comprehensive mass matrix is formed the same way as

comprehensive stiffness matrix.
After applying the coordinate transformation law from
* element axes to the global coordinate axes, the transformed

K

' Matrices of all the strips are now assembled to form general
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mass matrix in a similar way as the formation of the general
stiffness matrix.

A 'Do-loop' is set up in the subroutine COMPILE to
calculate the individual mass matrices, transform the
coordinate axes, and the results are assembled together. By the
above process, the general mass matrix for any one term of
the series is assembled efficiently. This matrix is always
a compact tridiagonalized submatrix and has a very narrow half
band width.

The boundary conditions are applied to- the mass matrix

exactly in the same way as to the stiffness matrix.

3.8 Numerical Process of Solution

After developing the general stiffness matrix and
general mass matrix, the solution procedures of Equation (3.6)
can be worked out as follows:

By Equation (3.6) we have,

[<]]{s] = x[s]

f%ﬁough both [K] and [M] are symmetrical, the matrix product
;] [M]u;m general not symmetrical. Thus, the following
tansformation is adopted. Assuming[}(] is positive

finite, it is factorized into upper and lower triangular

trices such that

] g [LJ[L]T (3-19)

' Procedure is known as the Cholesky Transformation Method,
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Inverting, we have

B 5 T A T

Substituting Equation (3.20) in Equation (3.6) yields

[L]T-l[L]-l[M]{SI = A {8} (3-21)

Pre-multiply by[L.] gives

[L]—l[MHS} = A [LJT{S} (3-22)

Finally, assuming that

2] = [L]7]s7] e

and substituting Equation (3.23) in Equation (3.22), one

obtains

T - 3 LT e
[n]{*] = » [8*] where W = [L][M][L]  (5ozamy

The Eigenvalues of Equation (3.23b) are identical to those

'of.Equation (3.6). The Eigenvectors are different but are

related through Equation (3.23).

I Subroutine FOorM and subroutine POWER are utilized to

s0lve the Eigenvalues. Subroutine FORM formulates the set up

1‘EQuation (3.24b).' Initially, the stiffness and mass

'trlces are input into the subroutine as an (n x (n+l))

trix [D] in the form [[K]\[M ] where components of [ ]
8tored in the upper triangle and the components of[ ]1n

lower triangle. The subroutine consists of three basic

itions:
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First, the Cholesky's Method calculatesthe Matrix [L]
Secondly, the [L]-|is calculated and stored in the lower
triangle of the [:D] Matrix.
Thirdly, the Matrix[H]is calculated and stored in
the upper triangle of[D]replacing the [M] Matrix.
Fourthly, the output of subroutine FORM produces é

redefined Matrix [D] as

[D] = \\\ (3-25)

L]

[n X (n+|)]

Finally, Matrix [D] is input into Subroutine POWER
.Cch produces the Eigenvalues and Eigenvectors of the

ration problem defined by the Equation (3.4a).
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3.9 Example Problem

3.9l Statement of the Problem

A simply supported square plate (16'-0'x16'-0") of
constant thickness is solved for natural frequencies by the
finite strip method, using eight equal strips for the plate.

Number of Strips = 8

Number of Nodal Lines = 9

Number of Degrees of Freedom/Nodal Line = 4

S
8 Sr
| 7 I
6 T
6 |
5
5 ¢
4
4l
&
3
2
2
' [
|
16 t
o a—

FIGURE 7

PLATE GEOMETRY
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3.9.3 Comparison of Results
The results of the lowest three modes are summarized
in Table 5 . The frequencies compare well with the exact

value for most of the cases. The results are very accurate
considering the fact that only one term in the series is used

in the displacement function.

m
i | 2 3

' 19.86 | 4954 | 99.5
(i9.73) | (49.35) | (98.70)

, | 4954 | 7943 | 132.30
(49.35) | (78.96) | (128.30)

3 | 9901 | 129.06 | 170.43
(98.70) | (128.30)|(177.65)

TABLE 5. FREQUENCIES FOR A SQUARE PLATE

above frequencies are compared (See Table 6 ) with the
Ct classical solutions (Timoshenko), previous FSM solution,

' S0lutions, and experimental solutions (Warburton).



| Y.K. CHEUNG |

FINITE ELEMENT| WARBURTON
SOLUTION (REF 4) METHOD ( REF 12)
m=|
19.86 19.73 19.74 18.11 19.74
n=|
m=2 |
b 49.54 49.35 49.35 44 60 49.35
m = |
99.01 98.70 98.64 86.11 98.69
n=3
m=2
n=2 79.43 78.96 78.95 — 78.95
m=2
129.06 128.30 R —_— e
n=3
TABLE 6

COMPARISON OF PLATE FREQUENCIES WITH OTHER METHODS

6S
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FIGURE 8
~FIRST MODE OF TRANSVERSE VIBRATION

FIGURE 9
SECOND MOAPNE A MDANMCUNPAT YIITHRD A MT AN
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FIGURE 10

THIRD MODE OF TRANSVERSE VIBRATION



CHAPTER IV

STATIC BUCKLING LOAD

4.1 Equation Formulation

The Finite Strip Method, described in Chapter II and
Chapter III is extended to obtain the critical loads of thin
plates subjected to inplane forces. For buckling analysis,
the stiffness matrix of the structure [K] must be extended
to include the interaction between the inplane forces and

lateral bending. Therefore, we introduce an additional matrix

which is called the Geometric Stiffness Matrix. Since the
Matrix B(é] is a function of the initial inplane loads, it is
also called Initial Stress Matrix. For linear stability, the
applied nodal forces are zero and therefore we obtain the
homogeneous equation

lkel+ » ke[ 2] < [o] -

Since the initial compressional stress matrix has a reducing

ffect on the bending stiffness 6f the plate, it follows that,

ffel- » ko] [21- [0}

(4-2)

(4-3)

62
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"[KE]-l [el{s]- 3]

or finally,
=1 | (4-4)
[ke] [kel[2] = ]3]
which is a standard form of the Eigenvalue - Eigenvector
problem.

To utilize Equation (4.4), one must develop the
components of the Geometric Stiffness Matrix. The form of
the Elastic Stiffness Matrix is identical to that formed
in Chapter II.

4.2 Geometric Stiffness Matrix

y 4Y
: a i

. o
(1177
- IRERR

1 ot

N‘_._

FIGURE
'z FIGURE 1lla LAk
TYPICAL BUCKLING ASSOCIATED BOUNDARY FORCES
ELEMENT

Ting to Figureslla and 11b, the following displacement

BIoNs are assumed:

-0 Gl
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ca-D) Gllstes e

r 3x22><2x 3x% 250 ( >9i
gt 2:[ b2> b2 b3 b2 5 Wi Ym

It should be noted that these functions are identical in

form to those used in forming the Elastic Stiffness Matrix.

Referring to Figure (Ilb),

on node line "i", Uj, Vj, Wj and ©; must be prescribed, either

zero, arbitrary, or a definite non-zero number.

On node line "3j", Uj, Vj, Wj and ©j are established in a

similar manner.

The potential energy due to the inplane forces is given

in the form

Ov dw ¥ 5
2// { ay>+ ay)}dxdy (4-6)

The quadratic terms in the latter equation may be written in

Oomponent matrix form as

dw (4-7)




Noting Equation (4.5), the slopes in the previous equation
- are related to the nodal displacement parameters of the strip.

Assuming
o 3

(4-8)

!

the additional potential energy of the whole strip

becomes T
FPo olfe)
wheré ab T
[KG]”//"I[G] [6] dx gy e
0“0

The total potential energy of the strip is the sum of strain
energy due to bending, the potential energy due to nodal line
forces, and the additional potential energy due to the initial

stress. Upon minimizationof this potential energy function,

one obtains

el [3]+ Klf2] - [o]

(4-11)
The form of the Matrix.[G] becomnmes
X
(lf-B—)Y,',, 0 (-’t‘,— Y 0 0 0 0 0
X
0 (l--b—>Y,'n 0 (%)Y,‘n 0 0 o) 0
e 2x° 2x _ x2 (32 23\ ./x?
° o o (- b3>x6_b_b2>(b2_'53—>x'5'2——
Yé Yih Y Y
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Thus, the matrix product [G ]T [ G ] produces an (8x8)
matrix. Integrating over the surface area of the plate
as defined by Equation (4.10), and assuming simply-
supported boundary conditions on edges y = 0 and y = b,

yields the Geometric Stiffness Matrix as

m= 1,2,...,r

SYMMETRICAL

13b

35

1t 3

210 105

9b 13b%  13b

70 420 39

~|5b® | =38 AIE"
420 420 210

(4-13)
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Components of the displacement vector are

{8}T= [u| Vi up v, W 8, w, 92]

T

where the subscripts refer to the node line number.

Since it is more efficient to have nodal line parameters

for each nodal line grouped together in the form

[”l Vi W, 81 up vy W, 92] '
the comprehensive stiffness matrix is modified to be

compatible with the new displacement vector, as

I
|
0 0 |
|
\ |
|
0 0
|
13b %
210

35

——— —— — —— — — — —— — —— —— —

— — — — —— — — — — ——— ——— —

|
{% 0 i 0 0
!
b
0 7;-; 0 0
| 9b  -I13b?
© 0 1320 32z0
| i
|
| 1362 —3p3
0 O 1326 3220
b |
= 0] I 0] (0]
|
l
o 2 oo
R TR hets i
13b  -11b%
0 ° | 35 Zi0
|
' 2 3
I -11b b
0 0 | 2I0° To5

(4-14)



4.3 Element Assemblage and Solution

For the case of rotated elements, the transformation
law is applied to define stiffness relative to the global
system. The transformed stiffness matrices of all strips
are combined and assembled to form general geometric stiffness
matrix exactly the same way as the general stiffness matrix
is formed.

A 'Do loop' is set up in subroutine COMPILE to calcu-

late the individual strip-element stiffness matrices. After
coordinate transformation, they are assembled together. The
numerical boundary condition technique is applied to the
general geometric stiffness matrix exactly in the same way as
with the elastic stiffness matrix (see Section (2.12)). After
developing the general stiffness matrix and general geometric
Estiffness matrix, the solution procedures of Equation (4.4)
are worked out using the same mathematical process used to

‘solve Equation (3.5), that is,

(<] [w]e] - [o]

For stability analysis, the mass matrix is replaced
/ geometric stiffness matrix, and the numerical solution
hniques are identical to each other.

: Vibration analysis and stability analysis share many
flar mathematical features. Both require the determina-

of Eigenvalues and Eigenvectors. In vibration analysis,
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a range of Eigenvalues (natural frequencies) are required.
In the stability analysis, the buckling load is computed as

the lowest Eigenvalue.

4.4.1 EXAMPLE PROBLEM
The static buckling load of a simply supported

16 x 16 square plate is determined using finite strip method.
Number of Strips = 8 |
Number of Nodal Lines = 9

Plate Size = 16 -0 x 16 -0

N D Al | N
N W H o O N @ (o]
3 [)

FIGURE 12

PLATE GEOMETRY
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LATE STATIC STABILITY
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2 0.00112730 Je00221632 0.00000707 0.00000323

3 0.00i02481 _ 0.09002015 _0.00001129 | 0,00000958
T 4 0.00095343 —0.0000L643 0.00000897 -U.00000271

5 0.00093365 Ue01200254% 0.00000155 -04000004%3

6 0400121706y J.0U)01006 -0,00000734% -0.00000490
R 7 0.00113156 -0.0J)05491 -0.00001237 -0.00000060

3 O'e 0012*330 -v.00J29830 -0.00000918 0.00000355

9 _0.001226 L =J0404092807 -0.09900000 0.0J000510
5TA61LITY FACTOR = , 0. 74\))9)‘!'#0 FI

NUMBER JF ITTERATIONS _
T AODAL >HAPc CF MODE NUYBER 3
gOAL LINE NO, J Vv W THETA
1 0.00020678 Je00101462 -0.00000000 ~0.00005221
2 0.00031617 J.00087893 -0.00008277 -0.000021i39
3 0.00035159 J.00UT75598 -0.00007004 0.00003188
4 0,00029768 Ve 02067113 J.00001040 0.00004465
§ = 0.00019273 0.00265999 0.00007125 0000003531
6 2.00010743 J.00072305 0.,000U2793 ~0.00004204%
7 0.00010483 J.00082411 -0.00005930 -0.00003421
8  0.00019747  3.00087144 -0.00007719 0.00001373
000031542 ve0UJ74939 -0.00000000 000004927
ILITY FACTOR = 4 04227011190 0Ol
JF I TERATIUNS
MODAL 5HAP: CF MODE NUMBER 1
. LINE NC, U v W THETA
L 0.790244838 152701650 -0.00000000 0.UD855185
BN D, 77373944 J.056074265 0.010111564 -0.00167832
3 0.62937165 -J.05299025 -0.01634757 -0.02585532
R4 0¢51117066 -0.045620370 -0,09124347 -0.04576837
5 0.45677610 -0.00723717 -0.18325080 -0.040717359
6 0.472892190 Je03445319 -0.25995681 -0.01905614
0.55733971 J.05161739 -0.25537740 0.02530226
0.68046493 -J.05359929 -0.15386146 0.0681l43%6
9 0.69793137 -).471399868 -0.00000000 0.038527338
BEACTUR = , 0.03)71965D 20
UF [TERATIONS
: MUDAL SHAPC GF MODE NUMBER 2
J Y W THETA
0.01153%546 JeuD322456 -0.00000000 0.03623254
0.01139023 0.0)397351 0.07066294 0.03394538
0.0093594) ~J.00069097 0.13082553 0.02584694
2.0076 7374 —0eUJUBTIOG 0.17140016 0.0UL419531
0.00678753 -).00224022 0.18008285 0.00027639
: g 28017431  U.00026460 0.17239299 -0.01380685
0'00509073 LeUJI50BLT 0.13222341 -0.02584148
.‘o'o 1J§2) -J0.00061337 0.07165242 -0.03393403
200927212 -~J.00033679 ~0.00000000 -0.03678017




TABILITY FACTOR = , 044331006400 O

NUMBER OF ITERATICNS 5 73
MODAL SHAPE UF MODE NUMBER 3 ‘
NIDAL LINE NCy U v W THETA
1 ). (0070828 Ue000472117 -0.00000000 -0.00120339
2 0.0006749. Je0J001548 -2.,00217833 -0.00085921 A
T3 T 0400050050 T =0 00010663 TTT=0.00310011 =o.uuoulsTT T T T
4 0.00032246 -J.00012277 —0.00224077 J.00082949
5 0.000158% -).0JJ11422 -0.0001L1612 0.00113+452
— & 0.00003519  -0.00010262 0.00202493 0.0008453%
7 -0.00008403 -U.00J03181 0.00293257 0.00001532
8 =0.00017782  =0.0))02041  0.002056% -0.00084512
k- "9 -0.00022408 J.00011777 -0.00000000 -J.00116095

TABILITY FACTUR = 4 04737770000 J)




4.4.3 The results of the lowest mode of buckling is sum-
marized in Table (. The buckling load compares well with

the exact classical solutions (Timoshenko), FEM solutions.

F.S. M. F.E.M. EXACT
PROGRAM| PROGRAM | SOLUTION

VALUES | REF (I6) REF (2)

PCRITICAL 0.1560 0.1515 0.1542

% DIFFERENCE 1.7 17.5

TABLE 7 COMPARISON OF BUCKLING LOADS
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CHAPTER V

DYNAMIC STABILITY PROBLEM

5.1 Chapter Overview

In this chapter, the finite strip method is extended
to include the dynamic stability problem, that is, the com-
bination of inplane force with transverse inertia. The
fundamental concept of such an approach is explained in the

following way. It is the characteristic of a stable state

of equilibrium in the presence of inplane force that after
the introduction of small oscillations, the system returns

to its original undeformed position. If the state of
equilibrium is unstable, that is, the inplane force is
greater than the critical value, the system does not return
to its initial position, and the small disturbance is followed
by increasingly large deflections.

| Therefore, in setting up the matrix equation of
Atfansverse vibration, the effect of inplane force must be
considered. Thé stiffness matrix of the structure [K] must
be extended to include the connection between inplane forces
lateral bending. Consequently, one introduces an
dditional matrix [Kg]to the elastic stiffness matrix [K].
ince matrix [Kg] is a function of the initial inplane loads,

1S called the initial stress matrix or geometric stiffness



matrix, this terminology referring to its dependency on
the geometrical properties of the element.

5'er2 Equations of Motion

For large deflections, the equation of motion for a
freely vibrating elastic system is obtained by replacing

the elastic stiffness matrix [K] with the matrix sum, or

[[KE]+[KG]]-92[M]] { s} - {o} -

The dynamic stability problem may be mathematically reduced
to the solution format of either that of the free lateral
vibration problem or that of the static stability problem.

From Equation (5.1), it follows that, the vibratory frequen-

cies increase with increasing inplane tensile load, and
decrease with decreasing compressive inplane load (i.e. axial
load is negative). Also, the influence of axial load is
greater on the lower frequency than on the higher frequency.

Equation (5.1) is modified to reflect a compressive axial
- force condition, thus,

kel - Aulka)- 27w ] [3]- o]

The coefficient A, preceding the matrix [KG]iS the magnitude

f inplane axial load. The negative sign implies that the
€Ometric stiffness matrix has a reducing effect on the

ending stiffness matrix of the plate, thus, reducing the

€rall plate stiffness which inturn decreases plate
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frequenciés. The solution of Equation (5.2) proceeds as the
value of A, increases. For a particular value of A,, the
lowest frequency ) , reduces to zero. This condition
defines the <critical buckling load of the plate. For the

special case Ap = 0, Equation (5.2) reduces to Equation (3.5),

liel- w2[u] {21 = [o]

which is a standard transverse vibration problem (neglecting
axial forces) solved in Chapter III.

When the axial force is sufficient to decrease the

first frequency to zero, this condition reflects the static
stability problem explained in Chapter IV.

An incremental technique is developed in subroutine EIGEN
to calculate the frequencies for different values of A, where
O An<Pcr. Therefore, the solution of Equation (5.2) requires
the definition of the general elastic stiffness matrix, the
general geometric stiffness matrix and the general mass matrix.

5.3 Matrix Definitions

5.3.1 General Stiffness Matrix

Using the procedure described in Chapter II, the element
nding Stiffness Matrix (See Equation (2.19)) is formulated for
Strip and assembled and compiled to form the General Bending

-1ffness Matrix. The procedure is similar to that described

Chapter 17T.



- P P General Mass Matrix

Using the procedure described in Chapter III, the
element mass ﬁatrix is computed for a strip (See Egquation
(3-14)) and assembled and compiled to form the General Mass
Matrix. The procedure is exactly the same as that described
in Chapter III.
5.3.3 General Geometric Stiffness Matrix

Using the procedure dgscribed in Chapter IV, the
element geometric stiffness matrix is computed for a strip
(See Equation (4-10)) and assembled and compiled to form
General Geometric Stiffness Matrix. The procedure is similar
to that shown in Chapter IV.

- 5.4 Example Problem

The dynamic buckling load of a simply supported

square plate is determined using finite strip method.
Number of Strips = 8

Number of Nodal Lines = 9

80
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4 NUMBER = 1
. PLATE VIBRATION WITH INPLANE FORCES MPROB=3
)T DATA
ex% CONTROL PARAMETERS %%
. UF TERMS : 3
» OF ELEMENTS 2
. UF NODAL LINES 9
. OF BOUNDARY CONDITIJiS 2
L OF DEGREES OF FREEDJA/NuuAL L INE 4
[YPE(L=NCN SYAM, 2=5Y44) 1
PROBLEM TYPE 3
EE-. vxaaArxou.z.sanLLllxq-J«yla*iu_pLANFA S
R JF I[TERATIONS 5
SHAPE CF MUDE NUMBER 3
7(1=PRINT DATA,0=NO PRINIL 0 i
$¢%___ PLATE GEOMETRY __ ¥i&
i(os PLATE 16.0000
j,s,ua""xcaouo_ YCJIRD
1 0.0 0.0
R 2 2.0000 0.0
34,0000 0.0 arl St ey
6.0000 0.0
8.0000 0.0
B 10.0000____0.0 s s et el
12.0000 0.0
14.0000 0.0
6.0000. 0,0 ot A R
NODE1 NODE2 TAICKANESS
B 0 > 0 2.26443000 T
2 3 2.2639300)
3 4 2426303000
4 5 2.26303009 |
5 6 226303000
6 7 2426323000 J
8 2426303002 ) %
8 9 2420393000 |
JUNDARY CONDITIQI3 *¥x o —— N
U v W THETA
3 0 1 A
1 1 0 1
":_ IAL PRQP ERTIC SRR L2 S w fis o =
ASTICITY 1 1.0000
ASTICITY 2 1.0000
B 0.1667 .
L 0.1667 |
j}§$1;; IN SHEAR 5 0.4286 |
X — S TN i ncroplapaparepot s mwpiin |
PLOUT_ POINTS REQo %E%k e v = e
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#¥x% RESULTS UF ANALY>IS #&x%

;R UF ITERATIONS 5
MODAL sHAPc OF MUDE NUMBER 1

TLINE NO, u v W THETA

1 0.00001080 -0.00003088 0..00000000 -0,74290523_____
2 0.00000644 ~J.00003541 ~1.44791489 -0.68635575
3 0.00000149 -J.00003534 -2.67540002 -0.52531507

& =0.00000093_ =Je00)03241  =3.49556198 ____ =0.28430016
5 -0.00000105 -J.00003073 ~-3.78359585 -0.00000236
6 -0.00000073 -J.00003178 ~3.49559214 0428429044
___=0.00000178 -J.00003451 _____=2,67541376______J.52531330_
8 -0.00000472 -0.00003637 —1.44792452 0+68635952

B 9 -0.00000798 -J.03u03504 0.00000000 0.74291000
!IIY FACTOR = 5 015694955D 39
Y
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ANE FCRCE 0.0
R OF ITERATIONS 5
MODAL SHAPZ UF MUDE NUMBER 1

| LINE NO, J v W THETA

E ]l ——————=0,00001501_ =J.03000627 __ 0.00000000 _ -=0,586705350 .
2 -0.00001405 J«.00000017 -1.14348353 0454204643
3 -0.00001059 J«0J200362 ~-2.11288615 -0.414806099

- =0.00000531 000000965 _ _ =2.76062556 _  =0.22452703 4
5 0.00000081 J.00000625 -2.98808637 —0.00000297
6 0.00000679 Ve 0J0U00542 -2.760&3630 0e22452283
7 0e0J00L1 LTS5  0.00000322 . =2.11290135 Dealsbobo28 .
8 0.00001493 -0.U0200039 =-1le14349433 054205065

3 0.00001579 ~.03000556 G-00000000 0.58571152
UENCY =+ 0+ 77555075D0=01 RAD JANS ZSEC e
UENCY=+ 0.12344877D-21 LYCLES3/SEC

ER_OF ITERATIUNS 5 —
§ MODAL SHAPc OF MODE NUMBER 2

INE NC, U -V | THEEA. .

1 0.,00163927 U«00U104710 0.00000000 J.03000011

0400167291 D L00055602. .. .. 000000018 .. 0.02000005.
0.00166130 J2000275506 0.0000001Y =0 00000004
0.00164178 Ja0JI11179 0.0000G0C4 =J.0J000008

— 000163324 =3,00000013__ _ —0.00000009 .. —-0.00000004 _
0. 001064144 -Jo00V11202 -0.00000011 000000032
0.00166067 ~-J00027567 -0.00000003 000000004
0600157209 . =2.0U0d55593 ___ 0.00000002_ . 0.0000000L .
0.00163838 -J 00104673 0.00000000 -0.00000002

Y=, 0.149543380 JJ RAJIANS/SEC |
LY=,  0.23800591D=-J1 CYCLES/SEC. ; ;

F ITERATIONS 5
' —MODAL 3dA2: OF. MODE _NUMBER . 3_ s

NG, U v W THETA

%

|

—0. 00000011 -J.00000005 0.00000000 0.00044034 |
-0.00000011 -0.00J00002 0.00079289 0.00031137 |
=0.00000010 ____=J.00200000_____0.00112133 _____ 0.0000000L _
=0.00000010 J« 00000001 0.00079294 ~0.00031135 ﬂ
=0.00000009 V00000001 0.00000011 -0.00044032 |
=0.00000010  J.0J000001  =0.00079274 _ -0.0003ll36
=0.02000010 0.00000002 -0.00112116 -0.00000901 |
=0.00000011 Je 00000004 -0.00079279 0«00031133 |
==0.00000011 ). 00000008 _____0.030000000 —____.00044029

8.193533103 JJ RADIANS/SEC ﬁ
- 9+308017800-01 LYCLES/SEC |




86

NE FORCE 0.020)
" OF ITERATIUNS 5
MODAL SHAPE GF MUDE NUMBER 1
LINE NC, v v W THEIA
1 =0.00000653 __ -0.03000202_ ___ —0.,00000000 -0.63601857 |
2 -0.00000611 J.02200013 -1.23959375 -0.58700516
3 ~0.00)00461 Je0J100165 -2.290472171 0444373490 w
x _.—0,00000230 Je00000255  =2,992065049 =024335029
5 0.00000040 J.00000281 -3423922555 -0.00000130 |
6 0.00000305 V00000245 —2.99265720 0.24339300 |
0200000524 0400000146 —2.29048221 _ 0444973490
8 0.00000665 -J.03000015 -1.23960049 0e58760781
9 0.00000703 ~0.03200245 ~0.00000000 063602232 |
ENCY=y_ 0.708069020-JL RaJIIAI>/SEC |
ENCY=y 04112692799-J01 o«vCLES/SEC |
2 OF ITERATIONS 5 y
MODAL 3HAPE UF MUDE NUMBER 2 :
LINE NOy U v W T
1 0.00113939 0.00073186 0.00000000 0. 00000004
. 0,00116305_ Je0JU38994 0400000007 _____ 0.00000002
0.00115521 )+ 00019387 0.000006009 -0« 00000001
0.00114178 J.00007885 0.00000004 -0.00000202
. 0,00113590 _ -J.00000010 ___ —=0.00000002 ____ =0.00000002 |
0.00114155 ~0e00J07902 ~0.00000U05 -0 00000000
0.00115478 -U.00019396 -0.00000004 0.00V00001
0400116248  =-0.0003893$ _ —0.00000002 _0.0000000L_
0.00113878 -J.00073161 0.U0000000 000000001
v 0.14588358D JJ RAJIANS/SEC
v _0.232181150-v1 CYCLES/SEC 41
ITERATIONS 4
MODAL SdAPc UF _MODE NUMBER 3 .

E NC, U v s THETA
=0.900000006 -U.00200005 -0.00000000 000031110
=0.000000006 -J. 00000004 0.00056018 000021439
=0.00000006  _ =-u.00000003 ____ 0.00079223___ _ 4.00000001
=0.00000007 -J.,00000002 0.00056023 =0.00021997
=0.00000007 =J+JJ000001 0.00000007 -0.000311i0
=0.00000007  -0,00000000  -0.000560l1  _=0.00021999
=0.02000007 U.00200000 -0.00079216 =J.00000001

- =0.00000000 J.02J00001 —-0.00056015 0.000213297
~=0.00000005  ,.0000003 _ —-0..000000060 0400051199

- 0.303366820-9]

9190924970 J) RAUIANS/SEC

«YLLe>/SEC




87

\NE FORCE 0.0520
. OF ITERATLONS 5 e
MODAL 3HA?E OF MODE NUMBER 1
LINE NO, U v W THETA )
L =0.00000227 —__=J.0J200068_____=0.00000000______—=0.70149185. ]
2 -0.002000213 200200007 —1.36720022 —0.64309423
3 ~0.00300161 9.03200061 ~2,52625751 ~0.49603045
4 =0.00000079— 003200093 =3.30071615 ____=0.26845045 |
5 0.00000017 Ve00000102 ~3.5726 1132 ~0+00000092
b 0.00000111 ¢+02J00089 ~3.30071948 0.268449i6
7. 0.00000189— J.03300054- =2 .52626222 0.49603346——
8 0.00000240 -0.00000004 =1 436720355 004809554
9 0.00000253 -0.00000087 -0.00000000 0.70149371

ENGY =y —04633316180=0L_KAJIANSLSEC -
ENCY=9 04100795500-Jl YCLE3/SEC |

R OF ITERATIJNS . 5 :
MODAL SHA2& OF MODE NUMBER 2 3 j
1
BEINE NO, U ' ol EHENA. . . '
1 0.00071203 J 00045994 0.G0000000 000000002 i
0400072699 0400024589 - 0.00000003 . . 0.00000001
3 0.00072225 J»00012265 C.000G0004 =0.0300G00030
E 4 0.0007139%90 V.02005001 0.00000002 =-0.40000001
5 003071031 —  _=0.00000006. _ _ _=0.000C00000 - =0.0000Go01
0.00071382 -J.0J205012 -0.00J00002 -000000001 f
C.00072200 -J.0J012271 -0.00000003 J«00000U00
B . 0.,00072667 —J4e03024587 _. =0.00000002 . 000000001

0.00071168 -J.0UV45980 0.00000000 000000001
\CY=y, 0.14212556D 0J RAJIANS/SEC :
=, 0.22620007D=031__LYCLES/SEC

ITERATIONS 4
MODAL SHA?«_GE_MOJDE _NUMBER 3

— Lﬁm;ﬁ—;,_ -

E NO, U Vv W THETA
-0.00000003 -J.03000003 -0.00000000 0.00019518
-0.00000003 -0.00)00002 0.00035144 2.00013301 ‘
=0.00000003  =-0.0uJd00001  0.00049701 . . 0.00000000
-0.J0000003 -Ue00200001 0.00035145 -0.00013300
=0.0000000% -J.0J00001 0. 00000003 -0.0J01%5217 !
=0.00000004  =uU.0JU00U000 _ __ —0a00035140 _ _ =-0.00013301L |
=0.00000003 J.0J000000 -0.00049698 -0.00060000
=0.00000003 J.00200001 -0.00035142 J.000U154800 !
=0.00000003 4404200002 _=0.00000000 0400019517 ||

0.188280690 JJ KAJIAVS/SEC %
04299658310-91 o YCLES/SEC |

B b i

L S D USRS LS NN N — ._...‘,l"




ANE FORCE 0.0739
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R OF ITERATIONS 5
MODAL 3HAPE OF MOUDE NUMBER 1

TLINE NC, U v d THETA
1. ..=0.00000056_ __  =0.00200016 ____ =0.00000000____ =04794260060 __
E 2 -0.00000052 0.00000003 -1.54800538 -0.73380120
3 -€.00000039 Je 00000016 ~2.86034127 ~0.561621732
4 . =0.00000019 ___ 0.00000024 _  -3.73721652 _ -0e30395075
T 5 0.00000005 J.0U200027 —4.04513467 -0.00000032
6 0.000000293 J.00200023 -3.73721771 0.30395030
7. 0s00000049 __ __ v.000000L4 ____ —2.,86034295 05016733
E s 0.00000062 -J.a0JU00001 -1.54800657 0.73380167
9 0.00000066 -J.00000022 -0. 00000000 0794206127
UENCY=y _0.543457900-01 RaJlAnNs/SEC )
UENCY=y» 0.872914620-J2 YCLEsS/SEC
ER OF [TERATIONS 5
] MODAL SHAPc UF MUDE NUMBER 2
_LINE NC» J ' W aHEYA
1 0.01951324 V.0i267765 6.60000000 0.00000002
__0.01992860_______0.00280165 _ 0.00000003 0400000001
0.01980407 J.00340479 0. 00000003 ~-0.00000001
0.01358090 U.00139306 0.60000001 -0.00000001
0.01948371  0.00000009  —0.,00000001 . 0.00000000
0.01958110 -J. 00139290 0.00000001 V.00000001
0.01980443 -0.00340469 0.00000004 0.00000001
L 0.01992907 -J.00080167 - 0.00000003 -0.00000901
9 0.01951373 -J.0i267783 0.000600V0 -0.00000202 |
Y=y 0.13326111D JJ RAOIAN3/SEC |
e¥=y 0422004960D—J1 _.YCLES/SEC
ITERATIONS 4
MUDAL SHAPc OF MODE _NUMBER 3 .
NC, U v W THETA |
0.00000000 -0+ 00000000 —0.00000000 -0.00160030 |
0.00000000 -J.00300000 ~-0.00288252 -0.001i3197 |
=0.00000000 _ —-1.00000000 __ —0.00407649 ____ 0.,00000000 |
=0.00000000 -J0.00000000 -0.00288253 0.00113190 T
=0. 00000000 ~-J.00000000 -0.00000007 0.00160031 ‘
=0.0000000)  -J.00200000 _ 0.00288235 _ V00113193 |
=0.00000000 -0.02000000 0.004076238 -0.00000000
0.00000000 -J.00J000000 0.00288236 -0.00113192 [
0400000000  -4.00000000 ___—0.00000000 _ -0.00160077 |

3-18559874D JJ RAJDIANS/ZSEC
*295389850-01 oYCLCS/SEC

i

4

S|
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ANE FQORCE 01040

R JF ITERATIONS 5
MODAL 3HAPC OF MODE NUMBER 1

LINE NGO, U v W THETA
1 =0.00000007 ____=2.00000002 . _=0.00000000 =0e94123967
2 -0.00000007 J.00u00001 -1.83446596 -JU.86959203
3 -0.00000005 J.00300002 =3.38965117 -0.606555700
4 =0.00000002 —___2.00000003 ____ _—=4.4287327S_ =0.36019090
5 0.00000001 J.JJU00004 -4.73369090 St PRVIVIVIVIVIVIVE )
6 0.00000004 J»00J00003 ~4.42879303 036019042
R 0.0 00000007 il o 0100002 . =3,38365002 . 0.66855T08 .
8 0.000008003 —J.00J200000 —1l.834460621 0.8095%219
9 0.00020009 -J.03000003 -0.0000000Q0 094123932

lENCY: PR Y 447822170-31 RAJIITANSISEC
ENCY=9 04712731800-02 oYCLE>/SEC

2 OF [ TERATIONS 5 _ !
| MODAL 3HAPc OF MODE NUMBER 2

INE. NGy - U v i BHELA. - oo

1 0.00945652 J«00617922 0.00000000 0.00000000

— 0.00966023 . 3.0)332656 000000000 000000020 .
0.00960201 Je00L 67063 0.000000CV -0.00000000
0.00949512 J. 00068526 0.00000000 -U.000U0030

000944840 - Je0JU00001. =0.00000000 _____ _=0.0G0000V00 |
3.00949514% -Je03268525 €. 3000C000 C.000000C0CC
0.00963204 -J.001 67063 0.00000000 0.00000030
000966027 _ __=2.00332656 0.00000000 . =0.00000000 .
0.00945656 -J.00617923 0.00000000: =-0.00000000

CY¥=, 0.13428124D JJ RADIANS/SEC
Y=, 0.213715430-01 LYCLES/ZSEC o

ITERATI{ONS 4
- MODAL 5HAPc OF _MODE_NUMBER_3

L)-NO. U v o THETA

-0.00000000 -J.00000000 -0.00000000 -0.000860626
-0.00000000 -0.00000000 -0.00155580 -0.000061254 g

,oooooooo,MN,M:J,uaoooooom_mmmro.00220589_w_“_:o.ooouoouo.__»ﬂ
0.00000000 -J« 00300000 -0.00155980 0.00061253
0.00000000 -J<.02000000 -0.00000001 0.0008¢c025 J

=0.00000000  =).00000000 0400155977 __ __ 0.00061253 |

=0.00000000 -J.00000000 0.00220585 -0.00000000 W
0.00000000 -v.00200000 0.00155977 -U«.000061253 M
U. 00000000 WMmV:J.OUJOOOOONMHN-NO.UOOOOOOOM“uM-?0.ﬂ00660£4.mm,_@

3.132877470 J) RADIANS/SEC I
\.291058810-J1 LYCLEs/SEC

—— e
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ANE FORCE 01320
R OF ITERATIUNS 5 b R
MODAL 3HAP. UF MODE NUMBER 1
“LINE NO, U " W THETA
L =0.00000000 -J.00000000  =0.00000000 __ -1.24030524
3 =0.02030000 J.02000000 ~2.41734151 -1.14589263
3 -0.00000000 J.00JC0000 —4.46666470 -0.87702825
4 =0.00000000 ____ 4.0dI00000 _  =5.83597868 -0.4T464427 _ _
R 5 €.02000000 J.00200000 ~6.31681 7862 0460000001
6 0.00000000 J. 02000000 -5.83597871 0.47464428
7 ..0,00003000 _ Je00200000 __ —4,466664T4 0481702821
8 0.00000000 -J.00000000 —2.41734154% lel4589205
3 0.00000000 ~0422200000 -0.00000000 1.24030527

JENCY=y _0.316658090-01 R1JIIAYS/SEC
ENCY=. 0504977490-)2 JYCLES/SEC

R _OF ITERATIONS ___5 WERALY
| MODAL SHAPc OF MODE NUMBER 2

NE NOs y v W THETA

1 0.002580066 J.00169610 0.0000G000 -0.000000090

|

_0.00263693 300091624 -G0.00000000___ -0.00000000 |

0.00252163 - UeJJV%46165 -0.00000000 U. 03000200 |

0.00259282 V.00018984 0.00000000 0.00000000 ﬂ

0.,00258019 ~~~ J.0J000000 _ €.00000000 _ 0.00000320
0.00259283 =-J.00J018984 0.00000000 =0.00000300
000262163 -0.03J406165 —0.0000000C0 -0.00000200

~_,0«.,_0026365_J___________:,.L.__QJQ})l.6,Z_Z_r‘________:_Q_._‘OOx)_O_()_OGO__.________Q,,D,QOQO\)O\)______,__}‘
0.0025800% ~J.00169610 0.000006000 0.00000000 \
0.130175060 03 RAJIANS/SEC

0.207180249-J01 LYLLeES/SEC |

— e — et

ITERATIONS 4
MODAL_3HAPE OF MODE NUMBER 3

NO, U v W THETA

e S ———

-0.00000000 -0.02000000 -0.00000000 -0.00027133
=0.00000000 -0.00000000 -0.00048866 -0.00019190
0.00000000  =4,00J00000  —0.00069107 _____=0.00000000 |

0.00000000 -J. 00300000 -0.00048866 0.0001%190 |

0.000000C0 ~-J.00000000 -0.00000000 0.00027139
0.00000000  -0.02000000  0.00048866 _ __ 0.000i9130 |
=0.903000000 -4+ 00200000 0.J0069107 0.00900000
=0.00000000 -J.00J00000 0.00048806 -0.0001v190
=0.00000000  -0.0J000000 _____ 0.00000000 -0.00027139

8.183115090 J) RAUIAN3/SEC |
Us28666234D-91 CYCLES/SEC |
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ANE FORCE 0.1500
A= 36. MAS= 36 4dSH= —=0.215434740-017

2 JF ITERATIONS 5
MODAL 3HAPE UF _MOOE _NUMBER .1

LINE NC, U v o THETA
-
1 0.00002132 -J.00)10887 0.00000000 -0.32508725
2 —-0.00001236 -JeUJJ11T739 -0.63359721 ~030034959
3 . =0.00002505 =)ad0d10238. =1.170749617 . 04.22985.)%0______.1
4 -0.00001369 =J.00010046 -1.52966600 —-0.12441244
5 0.020000381 -J.00010372 -1.65570575 =0200200140
6 ——0.00001442 _ =0.00010555 _ _ =1.52966937 _____ 0.12441519
7 0.00002223 ~Je.JUJ1LlT744 =1 17074659 0022988309
1;8 J.00001131 -J«0J013402 -0.63359893 U«30034032
9 ...—0.00001233 __  =u.00212589 000000000 032509245

ITY FACTCR = o 0.24279279D 90




ANE FORCE 0.0
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2 OF ITERATIONS 5

MODAL SHAPE OF MODE NUMBER 1

| LINE NC» ] Y ¥ THETA
1 0.00000123 J.0J000359 . 0.000000C0 -0422352344____
) 0.00000136 000000293 -0.43565376 -0.206513538
3 0.00000332 JeUUV00210 -0.80498482 -0.15806035
4 0400000341 J.0JVu00003 =1.,05177025 _ -0.0855435387
- ~-0.23200097 -J40JJ00079 -1.13343655 -U.00000252
6 -0,00000416 J«00JU00060 -1.05177720 0.03594593
7 -0.30000334 ____ Ue0JJ00235  —0.80498492 __ 0.158v0393
& 3 -0.00000093 J«00200308 ~0.43504732 0e 20651354
9 -0.00000031 U«00300363 0. 00000000 0422352573
UENCY=y 0193500830 J) RAJIAIS/SEC
UENCY= 0630796644D-01 CYCLLES/SEC
1 ]
ER OF ITERATIONS 5 e oy
- MODAL 3HAPE UOF MODE NUMBER 2
INE_NQ, U v W THETA _
—0.00134956 -2.00073565 -0.00000000 0.000260006
—0400127467  _ -0.00006479  0.00040714 000009852
-0.,00094992 200021604 0.00030900 -0.U0018431
-0.00049672 Je00U33704 -0.03017008 -0.00023720
- 0.00002028 Je00J37309  —0.00043553 0.00000251L
0.02053885 2200033983 -0,00016408 0.00023665
0.00100029 J.02021953 0.00030724 000017933
0.00133756 =J 00007009 __0.00039955__ -0.00009783
0.00141508 -J.00077316 -0.00000000 -0.00025466
CY=, 0.41015991D JJ RAJIANS/SEC
Y=y 0.65279040D-J1 oYCLES/SEC AR
ITERAT IUNS 5
___MODAL_3HAP:Z OF MODE _NUMBER 3
J v W THETA
0.00008553 20.00J05210 0.00000000 U.00000224
0.00008547 J.00001220 0.00000409 0.00000165
0.00007797  0.00000007  0.00000600 _  0.00000015
0.00007140 ~J.00200L85 0.00000456 -0.00000154
0.00006858 -3J.0J200042 0.00000035 -0.u0000246
0.00007020  0.03300108  —0.00000429  —0.00000193
0.00007571 -J.00000055 -0.00000650 -U.00000015
0.00008245 -J.02001202 -0.00000474 0.00000181
0.30008232 -9.,00J05032 __ 0.0000000Q0 002000266

0.54699288)-9}

0.343585440 )) RAOIANS/ZSEC

CYCLES/SEC
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NE FCRCE 0.0270
. OF LTERATIONS 5
MODAL s4AP< GF MODE NUMBER |
LINE NG, u v W THETA
Bl ———=0.00000039._______.00000231__ 000000000 . . ~0,23211675.
2 -0.00000052 Ve 00000243 -0.45239220 ~0.21444310
3 0.00000107 J. 00000237 -0.83591247 -0e1041520<
4 . 0400000135 _0.00000141 =1.09217465 _  =0.U8882399
5 -0.00000044 J.0JJ0U096 —1.18216330 0.00000023
6 -0.00000167 J«00J00166 =-1.09217244 V.038883139
B —0.00000082 _ _ __J.00000251 ___  =0.483590408 ______ 0.16413499
8 0.00000072 400000272 —-0.45238292 0.21444509
9 000000117 J.0JJ00245 0.00000000 0e23211107
ENCY=y - 02182434330 00 RADIANS/SEC i
ENCY=¢ 029035354D-J01 CYCLES/SEC
R_OF ITERATIONS 5 _—
; MCDAL 3HAPE UF MUOE NUMBER 2 g
LINE NCy- u v il THETAL C o
0.00040716 J.00J25717 -0.000000G00 —0.000404067 |
«00041333 . 0.00007009 . .=0.00072786—=0.00028508 |
003039523 v« 00001891 -0.00102603 0.00000231
0.00039243 J.00001645 -0.00072£063 0.000208635
06000410645 _3.000027627 _ 0.00000555 ___ __0.00040141 |
0.000456757 V00303419 0.0007£490 VeU0J20033
0.20053833 J+00001449 0-00101826 -0.00000230 T
0.00000673 __ -J.00007910 _  _ 0.00071768 . __=0.00028200 .
9 0.00061223 =J.00036840 -0.00000000 ~0.0J003981L7
Y=y 0.327060438D0 JJ RADIANS/SEC ‘
¥=y  0.5213929060=391 L YCLcS/SEC

F ITERATIONS

5

e MODAL. SHA2E . OF _MODE. _NUMBER. 3

0.00090348

0.3785680810 04
0.602689810-01

=-0.00004345

J2 00035835  -).00052142 _ __—0.00000000 ____ =0.00000353

RAVIANS/SEC
LYCLES/SEC

NO, U v W THETA
-0.00097267 -0.00053063 -0.00000000 0.00021232
-0.00091829 -0.00004628 0.000356%9 0.00011431
=0.00068347 . 1.00015475 . 0.00039410 . ~0.00007690
=0.00036373 J.00023749 0.00011632 -0.00017307
=0.00000767 J.0U026047 -0.00018291 -0.00010333

000034832 0.00023782  —0.00025647 ____ 0.00002602
0.00066821 Je00J15580 ~0.00015531 V00007577 ’

-0.00001859 060003229
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ANE FURCE 020540
R OF ITERATIOUNS 5
MCDAL SHA®L OF MODE NUMBER 1
LINE NC, U v W THETA
1 =0.00000150 —___J.00200105 ___ 0.00000000 ___ =0.24285586 _
2 -0.00000163 4«00000180 ~0.47332213 -0.22430951
3 -0.00000052 J200000207 -0.87458548 -0.17172504
R4 .. 0,00000012 o U.00J00L72 1414270131 =0.03293702
5 -0.000000138 U.00000150 ~1+23685012 0.0300UL29
6 -0.00000030 J.00000182 -1.14269590 Jd.09295995
7000000061 0400000215 =0.87457506 . . Qa17L72657 ..
8 0.00000173 J.00000201 -0.47331311 0.22456050
9 0.00309205 J.00200120 0. 00000000 024265043
JENCY=+ - 017065169D 33 RAJIANS/SEL
JENCY=y» 0.271600860-J1 CYCLES/SEC
R _OF ITERATIONS 5 . IR
MODAL SHAPE OF MOUDE NUMBER 2
]
| LINE- NG, ~u v W JHEES. . ]
1 0.00007L52 0.00004562 0.00000000 -0.00039028
0400007191 . ... . 0.00001225 . . =0.00070200._ . -0.00027495
0.0000669 J.02000218 -0.00098950 0.00000229
0.00006294% 000000049 -0.00069494 0.G0027050 @
0600006177 0.00000166 . 000000513 . _Q0.00036733 ~J
0.000006462 Je00000304 0.00065857 000627135 w
0.00007138 Je0J0U00132 0.00098233 -0.00000203 f
3400007900 . =J.00201013 ____ 0.00069253. W_hzo.ooozzzobw_ﬂwﬁ
0.00007932 -J.00004736 0. 00000000 -0.00038423 ﬁ
NCY=, 0.29882943D 20 RAJIAN3/SEC %
NCY=, 0.47560227D-J1 _LYLLES/SEC ‘w”,mew_%
OF ITERATIONS 5 f
. MODAL _SHAPE UF_MUDE_NUMBER 3 1
\ : i
NE NO, v v W THETA ““H
0.00064240 000039906 0.00000000 0.00005200 i
0.00064330 J.00009811 0.00009361 0.000035177 @
»0000358996 __ﬂ_.--JQO\)JOOBQZ o—w..«-.OoOOOlBZSS - OQUOJUQQLS_.__N H‘;
0.00054425 -J4.0JU00898 0.00009382 -0.00003095 I
0.00052654 400000180 -0.00000039 -0.00005220 w
0.00054326  0.00001329  —0.0000940L _ __—=0.0000364%48
0.00059061 -J.00)00064 -0.00013203 000000033 !
0.00064640 ~J.00209312 -0.00009307 000003301
9200064625  =).00039592 __ 0.00000000 . . .0.000051a7 |
9433026703) JJ) RaJIAN5/SEC

04525635800-01

WYLLes/SEC




NE FORCE

0.0893

95

" OF ITERATIONS

5
MODAL sHAP:C

UF MODE NUMBER 1

0.324249381p JJ

LINE NO, U v G THETA
1 —0.00000172_ 0.00000026 0.00000000 -0425675591 |
2 -0.00000179 Je 00000112 -0.50041346 ~0e237211064
3 -0.00000104 J.00J00150 -0.92464359 -0.131553385
4 .=0.0000003L __ V200000143 -1.208l0479 _ =0.09825597 |
5 -0.00020007 J.0UV00Ll34% -1.30764180 JeL0V0VL24
% 0.00000026 V22000146 -1.20809953 J.09825826
__JWWWﬂwwo.oooooxoaw_m_m_g,ooqoo154m“~*_:01924o3533"mw__w0.13195fsa_ﬁm_m%
8 000000182 302000127 -0e50040091 Ve23720931 |
9 0.00020204 J.000000338 0. 00000000 0a25075220 [
ENCY =2 0157932760 3) RAJIAIS/SEC #
ENCY=» 0.25145353D-01 CYCLES/SEC |
2 OF ITERATIONS 5 3
: MODAL 3HAP £ OF MUDE NUMBER 2
LINE NCg J ' W e
k1 0.00000869 0400300661 0.00000000 -0.00029549
2 _0.00000880_____ 0,00000258 ___ _—0.00053096 ______ —0.00020742
0.00000855 - U«00000136 -C. 00074604 000000339
0.00000835 J+ 00000099 -0.00052044 0.0002093Y i
_.0.00000806 _ J.00000L00__ 0.00000781 ___ 0.00029067 |
0.00000825 J«00000125 0.000525648 0e00020143 :
0.00000928 2400200118 0.00073506 -0.00000315 l
0.00001056 -Je00000029  0.00051655 _ -0.00020391
0.00001076 -J0.02000531 0.00000000 -0+00028630
0290160290 20 RAODIANS/SEC
0.461804890-J1 _ LYCLES/SEC
" ITERATIONS 5
MODAL_SHAPc_CF _MODE NUMBER_3
NO, U Vv W THETA
0.00044305 J.00027707 0.000000U0 000200342
0.00044372 J.00006886 0.00000690 0.00000343
o.ogoqosaaﬁwm,_»g,oooou45b,”m_mwg,oooo13zq__~,"~o.oooooa4e_j»_m¢
0.00037479 -J.00200602 0.0000L436 -0.00000185 W
0.00036219 Je00300133 0.00000524 -0+ 00000094 I
0.0003733L  0,00000921  =0.0000L028 ___ -0.00000753 |
0.00040554 -0.00J00053 -0.00002007 -0.00200201 |
0.00044365 -JU«00006453 -0.00001668 0.00000586 |
900044341  -y,00027284 0.00000000 ____ 0,00000765 &
o

0+516060090-y]

RAVIANS/SEC
WYCLES /SEC
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\NE FURCE 0.10739
2 OF ITERATIONS 5
MODAL SHAPE OF MODE NUMBER 1
LINE NO, u v W THETA
1 =0.0000013% __ =0.00300008 ____ 0.00000000 _  =0.27557308
2 -0.00000137 U 00000055 ~0.53709756 -0.25460104
3 -0.00000091 J«00000090 ~0.99242659 -0.19486318
4 =0D.00000037_____ 0.00000093_ =1.296668l6 ___=0410545399
5 -0.00000002 U.00J00090 ~1.40350263 0-00000072
6 0.00000035 000000093 -1.29666538 0w 10540023
7. 0.03000088 __4.000G009L =0.99242249 0.194806345 |
8 0.00000136 000000068 -0.53709410 0425459976 |
9 0.00000149 2200200000 0. 00000000 0.27557015
ENCY=s 04144227000 0) RAuIANS/SEC |
ENCY=y 0.229544620-0L LCYCLES/SEC |
R_OF [TERATIONS 5
; MODAL SHAPc UF MODE NUMBER 2
_LINE NO, u v W THETA |
1
1 0.00000427 0.00000315 0.00000000 -0.00021348
0400000426 140300114 . =0.000383%4 . =0.00015032 |
0.00000396 9.00000050 -0.00054094 0.00000 142 |
0.00000366 4.0000003C ~C.00037952 0.00015136 ,
. 0.00000333 - Ue00000030 - 0.00000329 . . 0.00021147 ‘
0.00000320 J+ 00000041 0.00038206 0.00014730 |
‘ 0.00000341 000000043 0.00053632 -0.00000133 |
8 0.00000376 ____=1.00J00005 0.00037788 __=0.00014434 |
S 0.00000381 -0.00000181 0.000000600 -0.000£0962 W
CY=, 0.28243184D J) KAJIANS/SEC |
CY=y 0.44950466D-J1 _LYLLES/SEC Tl‘\
* ITERATIONS |
. MODAL _3HAP: OF MODE NUMBER 3 ﬁ
NC, U v W THETA I
ok gl
0.00026727 D.00016794 0.00000000 0.00000051 |
0.000256770 J.00004196 0.00000148 0.00000078 i
«20024517 0403100278 . 0.00000391 — __0.00000428 |
0.00022581 -0.00000369 0.0J000540 -0.00000011 |
0.00021823 0200500077 0.00000279 -0.00000245 |
20022509 0.00000546 ___ =0.00000324 ___ =0.00000314_ |
0400024452 -J.0000063 ~0.00000786 ~04U0000L07
0.00026738 ~J.00003561 -0.00000666 0.0000022>
000026711 =4 .00)16547___

‘ 04317494900 JJ RaJlAIS/SEC
0.50530931U-J1

CYLLES/SEC

000000000 . 0a0000U390 '"\H
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ANE FORCE 01349
R OF ITERATIONS 5 :
MODAL SHAP:Z OF MOUDE NUMBER 1
“LINE NO, U v W THETA
1 =0,00000073 ___ -0.00J00012 _ —=0,00000000_ -0.30258232 ____
R 2 -0.00000074 Je 00000025 -0.58972838 ~0e27954909
3 -0.00000052 J.00200042 -1.08967607 ~0e21395809
.. =0400000023 000000046 —=1.42373039___ _—0.11579323_
R 5 -0.02020000 JeU00200045 -1+ 54103438 0.00000024
A 0.00200023 J 00000045 ~1.42372940 0.11579304
N 0.02000050_ 0400300042 __ —=1.08967450 0421395316 |
& 3 0.00000073 J«002000265 -0.53972720 0627954922
9 0.00000080 -0.0J000009 -0.00000000 0.30258168
JENCY=5 0129000550 09 RAJVIANS/SEC a K
JENCY=+» 0.205310940-01 CYCLES/SEC
QF ITERATIONS 5 i
MODAL SHAP: OF MODE NUMBER 2 |
NE_NCs_ U v W T
1 0.00000159 J.00)00117 0.00000000 -0.00014730 |
__0.00000158 _JJ000000§meww:0.0002650&0,__:0.DOOLO&?b,wnwg
0.00000145 J.00000017 -0.00037424 0.00000040 i
0.00000132 J.00300010 -0.000263566 0.00010%29 L
000000121 300000011 _ 000000107 _Q,00014066 |
0.00000116 U.00000014 0.00026449 0.00020314 M
0.00000122 J+ 00000014 0.00037274 =0.00000043 ”
0.,00000133_ =J.00000002 - 0.00026312 __ -0.00010343 |
g 000000134 -J.00000064 0. 00000000 -0.00014506 9
EY=, 0.27479951D 0J RADIANS/SEC 1
LY=, 0.437357430-J01 L YCLES/SEC A28 i
ITERATIUNS 5 W
MODAL_SHAPE COF MOOE_NUMBER 3 et
NO, U v W THETA w
L .
0.00013754 000008691 0.00000000 -0.00000021
0.00013779 J.00002188 -0.00000020 0.00000911 “
0.00012613 _WeOJVO0L51  0.00000060_ Je. 00000063 |
0.00011613 -0.000001838 0.000001 74 0000000235
0.00011227 Je 00000042 0e 00000142 -0.00000008 |
0.00011582  0.00000281 ____—0.00000065___  —0.00000i2L |
0.00012582 -0.00000043 -0.00000261 -U.00000056 J
0.00013 754 -2.00) 02069 —0.00000242 0.000000706 |
000015735 -0,00008559 0.00000000 _______0.00000145 |

- 0.31058553p JJ RAJLANS/SEC
0.494312700-01

———— e

LYLLES/SEC

B ,F
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ANE FJIRCE 0.1619

2 OF ITERATIONS 5 pillic s
MODAL SHAPL UF MODE NUMBER 1

LINE NG, J v W THETA
Bl —=0,00000026_ =1J.000000086... .. ..=0.00000000 . =0.34448929 _
2 -0.00000026 J. 03900007 —=0.67140440 -0+.318200605
3 -0.02000019 J.00J00013 -=1.24059364 -0.2+35907%6
o —-=0.00000009  _  Je.0GuUd0U015 =1.62091374 _ -0.13183039
5 0.00000000 J.0JJ00015 ~1.75446435 J«00000002
6 000002009 J.QJ39000015 —-1.62391357 0.13163042
_7———0+00300018 e WeUUIU0U0L 3 . —1424059337 0e24359010. |
8 0.00030026 400200008 —=0.67140421 0e.31820055
9 0.00000028 -J.00000005 -0.00000000 De34%448921

ENCY=¢  0o111717750 02 RaulAis/SEC M
ENCY=¢ 0.17780449D0-J1 CYCLES/SEC : V

OF ITERATIUNS 5 ot s
MODAL >3HAPc OF MODE NUMBER 2

LINE-NDe u Y W EBERA . . .

1 001434751 J».0J708159 -0.00000000 -0.00008223

~0.01465989 . 200191927  =0.00011050 - —0.02000G567 . |
0.01279119 -J.03J055698 000000933 V.00011577 |
0.01072113 ~Je00117230 0.00025446 0.000090671 ?
0.00932834% - =Je02107721 0.00028547 _ __ _=0.00007369 |
0.007935406 -J.00079558 -0.00003603 —V.000214%12 E:
0.00743477 -J.00073018 —0.00041325 -0.000122138 I
000749485 =2.03156181 —=000041730_ ___ 0.00012339
0.00725739 -J.0u4882106 -=0. 00000000 U.00025+40 i

Y=, 0.30453979D0 JJ RAJIANSZSEC
Y=, 0.48478608D=21_ . YCLES/SEC

F ITERATIONS 5 1
" ___MODAL_SHAPE OF._MODE_NUMBER. 3 .

E NC, U v o THETA

0.00002190 J.00J01389 0.000G6G0OCO -0.00204177
0.00002195 J.0JU00351 -0.00367613 —0.00144352

0.00002012 4400000025 =0.00515808 ___ 0.00000054 __
0.00001853 ~0.00000027 ~0.00367440 0.00144397 |
9.00001808 U+04200011 0.G0000143 2400204104 |
200001876 3.00900047 _ 0.00367552__ ____0.00144243___ b
0.00002 04 3 ~ 002000011 0.00519610 —0.000000 04 “

0.020022 33 -J.000003456 0.00367353 ~0.001442438 |
= 0.00002228 __-),00201402_ 0.00000000 . =0.00204011 ____ 8
94267046150 1) RAJIANS/SEC |
.0.425017560—JL <YLLES/ZSEC




ANE FCRCE

0.1833

29

R OF ITERATIONS

5
MODAL SiHA?c Or

MODE NUMBER 1

LINE NO, J v W THETA
1 =0.00000005 -J.00J00001  =-0.00000000 __ -0.41801795
2 -0.00000005 J.00200001 -0.81471063 038619827
3 -0.00020004 9.00200002 —1.50536899 -0.29558333
4 =0.00000002 _ 0.00000003 _ =1.90688553  -0.15996360
5 0.00030000 J. 02200003 -2.12394157 ~-0.00000003
6 0.00000002 J.00J00003 -1.90688555 0.159906353
~ 7 0.00000003 _ Je00300002 -1.50538903 0,29558333 |
8 0.00000005 J.00200001 ~0.81471068 J.33619825
9 0.00000005 -J.02J00001 -0.00000000 0.41801801
ENCY=y 0.91217152D-9L RAJIANS/SEC I ;
ENCY=s 0.14517675D-01 CYCLES/SEC ;
R OF ITERATIONS 5 IR
- MODAL 3HAPc COF MODE NUMBER 2
. LINE NO, J v W SHRLN
0.00649451 J+00405461 -0.00000000 ~0.00022743
_0,00645798_______ 2.00093605 __ _ —-0.00040556_____ -0.00015532
3.00575956 -J.00010799 -0.00055625 0.00001206
0.00504539 ~-J.00233380 -0.00036763 00001064170
0.00455700 =2.03326200 0.00002943 000021050
0.0043729% -J.00014433 0. 00039015 0.00013207
0.00447937 -0.00020342 0.00051462 ~0.00001248 |
0.00473057 ____ -J.00084712 _0.00035114 __ -0.000i4295 |
0.00466543 ~1.00303690 -0.00000000 -0.00019271 |
Y=, 0.283151850 30 RAJIANS/SEC
Y=, 0,458608360-01 _LYCLES/SEC
\
ITERATIONS 5 |
MODAL >5HA?:- OF MODE NUMBER 3 —_—
i
NO, u v W THETA W
-0.00007163 -J.00004511 -0.00000000 -0.00078794 |
~0.00007151 -J.00201087 -0.00141875 -0.00055720
=0.00006459 ___ 0.00000031 ___ -0.00200653 ___-0.00000008
=0.00005798 0.00000248 -0.00141%00 0.00055713 |
=0.00005426 J«00J00149 -0.00900019 000075305
=0.00005416  0.0Ju00023 _ 0.00L41885_ 0.00055735_____|
=0.00005732 J.00000145 0.00200681 0.00000006 |
=0.00006171 U.00001036 0.00141911 -0.00055724
=0.00006125  0.00003933 0.00000000 =0.000783L7
€2259231500 1)) RA0iAN3/SEC Q
0e412580140-01 oYCLES/SEC q
i
I
it




100

ANE FORCE 0.2158
R OF I[TERATIONS 5 : :
MODAL 3HAP= OF MODE NUMBER 1
LINE NG, U v W THETA
1 =0.00000000 ____ =2.00200000 ___ =0.00J00000 __ _ =0.58407093
2 -0.00002000 3.00000000 -1.138345306 -0.53964123
3 ~0.00200000 400300000 ~2.10338801 ~U.41300059
4 =0.00000000 _ ___J4.0J000000 _ =2.7482089L ____=0.22351434
5 ~0.00000000 2200200000 ~2.97463992 -0.00000006
6 0.00000000 2.00000000 ~2.74820597 0422351424
7 0402002000 — _4.0JJ00000 __ =2.10338811 ____ 0.41300052
8 0.00000000 J+0JJ00000 ~1.13834547 0.53901122
9 0.00000000 ~J.+00000000 ~0.00000G00 0453407104

JENCY=9 - 0645002530=-01 Ka21AI>/SEC S . =
JENCY=9 0.102655440-91 o/CLE&S/SEC !

R OF ITERATIONS 5 W
* MODAL 3HAPE UF MODE NUMBER 2 .
9

|
L LINE NO, u / o THEIA.NMW-Nwi
i

1 -0.00005078 -J.00002874 0.00000000 -0.00088633
o= 0.00004830 . =J000000305 .. —0.00159672 . -0.000625630L

-0.00003677 J.0JO0027890 -0.00225T741 0.00000049 %
-=0.00002131 J.00J01213 -0.001595106 0.00062730 u
_“M_ro.JDQOOééQw_m*ﬁ_J-OOJ01319_____w0-00000124__“;_WO.GQdﬁaoZO__Wuﬂ
0.000012G2 Je0UO0L19% J.00i59¢1¢C Ve UCVOL325 i
0.00002665 J.00300791 0.00225566 -0.00000253

0.00003726 =Ja02200125 000159445 _ _ —=0.0U0062634
S 0.00003979 -0.00002169 0.006000000 ~0.00088544
CY=y 0.251047970 9J RAJIANS/SEC

ICY=, 0.39955564D=0L1 __LYCLES/ZSEC o

ITERATIONS 5
. MODAL SHAP.: OF._MODE _NUMBER 3

NE NC, J v W THETA I

0.00114939 Je00)734738 0.000000CO -0.00000330 1
0.00115272 J.00018641 -0.00000595 -0.0J000234
0.00105485 ___ __).02J01072 . —0.00000842 __ =0.00000001
0.00027004 =J.00001942 -0.0000C596 U.0000023%
0.00093851 -J«03J00003 -0.00000000 0.000003351 Y

000096993 ).00001937 ____ 0.000005%6.___ 0.00000234 |
0.00105464 ~0.00)01074 0.00000843 0. 00000000 i
0.00115243 -0.00018636 0.00000596 -0.000002 34 N
0400114909 =),00)73459 000000000 —__=0.0000033L |

0.28373828) 00 RADLA4S/SEC
_ 0.4:962126)—)1 WYCLeo/SEC




101

ANE FCRCE 0.2423
A=_36__ MAS= 36 o1SH= =0.568504180-05

R OF ITERATIUNS 5
MODAL 3HAP. UF MODE NUMBER 1

LINE NO, U v W THETA

1 0.79224488 J55701650 -0.00000000 0.00855185

2 0.77373944 J«00074265 0.0L0111¢64 —0.0010678352

3 062337165 ~=J)e03299025 == —=0.01634757 = -0.02286532
R 4 0.511176066 —-0.04620370 —0s09124347 —0.04676387

5 045617616 -J=007237L7 -0.18925086 -00467735 5

6 0.47289210 0.03445313 =0.2599568l ____=0.019650l4 ___
’”7 0.55738971 Je0DLOLTI9 —0.25537740 D.0258U220

3 0.630456493 -JeU3359929 -0.1588614%06 Ve.008l4340

9 0s63793197 —0.47399868 ~0.00000000 208527338
hTY FACTOR = ¢ 06630719050 0UJ




102

ANE FORCE 0.0
R JF ITERATIONS > %
MODAL >SHAPc UF MODE NUMBER 1
LINE NC, U v W THETA
) 0«65412613 _______J.39209904 0.00200000_ 0403770575 _ .
2 003456790 J.02152611 0.06715607 002569792
3 0652494360 -J)e03729612 0.09473152 0.001045817
s 0.64429739 __ =0,02762107 .. 0.0781096% __ _=0.01668208
6 0+40034612 J.00833735 -0.01905183 -0.02534303
Ny  0.43021065. Ua01d7371715. 005078346 .. —0.00906168
8 0.43982817 -Je0U1930150 -0.05023855 D.0L632000
9 0.43588771 =-0294638063 0000006000 02978209

MNCY=.NNO‘530527139-JdgﬁAJIANSISEC

JENCY=9 0.844360950-ul CYCLES/SEC

0F ITERATIONS 5

MODAL SHAPc OF MUDE NUMBER 2

NE_NO, V) ' W THETA

1 0.00268568 J.00161090 0.00000000 -0.04406421

Y=y 0.3856531570 29 RAJIAN>S/SEC
Y 0.615184690=-01 _ _CYLLES/SEC

- De00264684 400011574 . —0.0873742S . —=0.04135379
0.00229839 -J2 00010758 -0.16108021 -0.03138249
0.02207601 -J.00008236 ~0.20966822 -0.01659203

- 0.00197068 =Je0JW04099 -0.22587350 . 0.,00054709 _
0.00193993 -J= 02000554 —0.20771734 Calll?22994
0.001929961 Jo.00J0L619 -0.15842069 0.03152510
000217061 . _=J.00014390 =0.08556490 004061404 .
0.00215552 -J.0013276% G.00000000 0.04387490

* ITERATIONS 5

4O0DAL SHA?: OF _MODE _NUMBER 3

E NO, u v W THETA

0.00117429 J«00J67258 -0.000000C0 -0.0J4285335
0.00110318 =2.00200485 -0.00770308 -0.00301839

3.504420033 JJ RAVIANS/SEC
.802310180—u wYCLES/SEC

0.00081741 =000J13175  -001085642 . _0.00003553
0.00055947 =J.0JU11525 -0.00757397 0.003vufsls
0.00039599 ~J«01206180 0.00023355 0.004320622
0.00034105  -).00J00592 __  0.00800826 000304550
0.00033184 V03202860 001115412 -0.00002775
0.00047467 =J. 04200750 0.00759388 -J.00310524
0-00049312”mww_-J.OJJ28859w"mm,fD.OOOOOOOO_wﬁmn:O‘OO436195.Wh-r
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ANE FORCE 0-0525
R OF ITERATIUNS 5 4
MODAL sHAPEL OF MUDE NUMBER 1
LINE NG, V] v W THETA
1 0.,70809145 _ Ue42742987 0.00000001 __ 0.02326278_
R 2 0.68629601 J.02527185 0.03792993 0.01086539
3 0.56437375 -0.04047037 0.03586202 -0.01294592
4 0447439159 _—0.02240146 ____ —0.00772086 _=0e02866093
E 5 0.43133870 —Je00762301 -0.07047913 -0.032223117
6 0.42824707 0.01241359 -0.12767607 ~0.02245 364
7 0445408495 0.02407365 _—0.14841468_________0.0044341l2
3 0.53206308 -0.01382398 -0.10325530 1.04019256
9 0.54113423 -J0.32i03713 0.00000001 0.0575553U
JENCY=» 00468738260 J) RAIIANS/SEC Cl,
JENCY=¢ 074602083D-0L wLYCLES/SEC
R OF ITERATIUNS 5 i
. MODAL SHAPZ JF MUDE NUMBER 2 i
U v A THETA .
-0.00094414 -0.00256844 -0.00000000 -0.00555162 |
—0.00091918___ -).00003276______—0.01085984 ___ -0.00518736
-0.00076227 J.02006071 -0.02027922 -0.00411941
-0.00062793 J.00006327 -0.02691875  =0.002420607 |
-0.00051723 = 0.00005882 =0.02967236 —0.00027087 |
-0.00041340 U= 00005495 -0.02788384 0.00205021
-0.00032355 0.00004399 -0.02163252 0.00412994 4
_ —0.00027280 __ J.00004285 -0.01180333  0.00550324
-0.00024503 G.00016478 -0.02000000 0.00607258 W
0362363710 29 RAJIANS3/SEC
 0.576720320-01 L YCLE3/SEC i :
F ITERATIONS 5 J
- MODAL_35HAPc OF MODE NUMBER 3 -
NG, u v W THETA ]
-0.00011735 -J.00006819 —0.00000000 0.000186508 ;
=C. 00011080 U«00000011 0.00033536 0.00013285 |
=0.00008220 ). 00201468 _ 0.00048050 0.6G0000529 |
=0.00005169 0.00001705 0.00035637 -0.00012254 |
=0.00002162 J-00001751 0.00004056 -0.000170669% |
0.00000895  J.00J001751  =0.00027982 _ —-0.00012725 |
0.00003966 V.00001516 -0.00041897 -0.0000U> 16 :
0.00006625 V00200373 -0.00030048 000011694 !
- 0-00007365  -).0)004072_____-0.00000000 ____ 0.000lo744 J‘\
0.4881788GD 20 quIAJ)/SEC |

‘0-77?916370—01




104

ANE FORCE 041052
R OF ITERATIONS 5 T,
MCDAL 3HA?E OF MODE NUMBER 1
‘LINE NO, U v W THEYA
1l —0.00647666  __ =0.00261846 _ ___0.00000000 ___ —0.1694T982
2 -0.00590836 2.00119304 —0.33061987 -0.15700271
3 -0.02407101 0.00215250 -0.61181718 ~0412042348
4 -0.00185219 ___ 0.00213838 ___ —0.79933804 ___=0.00462255
5 -0.00043591 J.001 31586 -0.86396996 0.00063237
6 -0.00113133 000018548 ~0.79753762 0.06482591
By -0.00372752 -3.00032718 _ —0.61113166  __ 0.11932357
8 -0.00668591 J.00080355 ~0.33150489 - 0.15676%16 |
9 -0.00735958 0.02538741 0. 03000000 0.17032768

JENCY=9¢ 0335032470 )0 RAJIANS/SEC

JENCY =1

0.53431280D-J1

5

CYCLES/SEC

R OF ITERATIONS

MODAL 3HAPE OF MODE NUMBER 2 |
PJJNEWNDa- u v a THEIA”__“”N_J
¥
1 0.046566363 0.02305359 0.00000000 0.001786 328 L
_0.04512724 ___a03137514 . _0.00317024._ . 0400119001
0.03695142 -0.00303897 0.0041i8334 -0.000254386
0.03105073 ~J400200602 0.00216625 -0.00167478 |
0.02916686 _ 0.00018617 —0.00188058 _ _ =0.00216177
0.03152851 0.0023827¢ -0.00559402 -0.00135036 x
0.03793398 V.00338780 ~-0.00671745 0.00029322 :
004657419 =0.00123649 _ =0.00449173_____ _0.001836%42 |
9 0.04824783 -J.02385171 0.00000000 0.00245033 |
CY=, 0.497285460 J0 RAJIANS/SEC {
Y=, 0.791455150=01 _LYCLES/SEC L
ITERAT LGNS 5
MODAL_SHA?: OF MODE_NUMBER 3 _—
: : |
E NC, u v a THETA %
-0.0000061 J+00002019 -0.00000000 -0.002954480 4
0.00023774 J.00003878 ~0.00531447 -0.00208195
0.00013639 . J0.00)00385 . =0.00749562 ______0.00001222 |
0.00026466 4200007202 -0.00528043 0.00208572 f
0.00039275 0.00006911 0.00001066 0.00293158 |
+00051468 __ 4.00006627 _ 0.00528181 _ _ 0.00206820
0.00064656 )-00005767 000746265 -0.00000027 i
0.00078923 -J.00002952 0.00527809 -0.00207201 !
0.00081199 _ -).00049505 _  —0.00000000 .. =0.00293217 .

0.467379790 4 KAJIANO/SEC
0.74)858760—JL

LYCLES/SEC




ANE

FORCE 0.157

7

105

R OF ITERATIONS 5
MODAL 3HAP:. OF MODE NUMBER 1

"LINE NO, V) v W THETA
1 0.00020025  -0.0001506%4 __ -0.00000000  =-0.L7100919
E 2 0.00021525 -J.022252383 -0.33323195 -0.15790726
3 0.00024524 ~J.00031628 ~0.61554033 -0e12078 747
4 _ 0.00013704  =1.00237308  =0.80418155  =0.06543063
3 -0.00002392 -J.0U0367758 -0.87056439 -0.W0007501
6 -0.20010115 -J.00J31114 ~0.380440247 0.065402538
7 =0,00006075 -J.00028398 - 0.6156251il 012093338
b 8 -0.00000524 ~0+00033247 -0.33309462 013793941
9 -0.00004738 -0+00034534 -0.00000000 Gel70880672
JENCY=9 0307497100 J) RaJIANS/SEC
JENCY=» 0448939730D-01 JoYCLES/SEC
R OF [TERATIONS 5 rlemati it
MODAL 5HAP: UF MUDE NUMBER 2-
LI,_NE_.NCv y v " SR
1 -0.01702268 -2.01L028438 -(.00000000 000355548 b
 -0.01641957 _ =2.00045931 ,,o.00100143;m_ﬁ_,o.00039«53H___J
-0.01328553 000125520 0.00142043 0.00000212 :
-0.,01087333 J.0J094370 0.00100559 -0.00039026
EM:Qo0098271lww_“__J;9QlL2QQ3_“__,:Qz0000079§~_~,“:950005646Twu_ﬁj
-0.01021761 -J.00055707 -0.00L02591 -0.00039Y938 |
-0.01196653 -0.00092320 -0.00144617 0.00000155 ?
—0.01450095 0.00049685  =0.00102078 000040159 |
9 -C.01495490 000703476 -0.00000000 0.00350656 j
ICY=y, 0.47350136D JJ RAJIAIS/SEC %
€Y=, 0.76155933D0-01 CYCLLES/SEC ]
[TERATIGNS 5 W
. _MODAL_3SHAPc _UF _MODE NUMBER 3 = 4
; : ;
NE NO, U v W THETA j
b #
-0.01813622 -J.01251536 -0.00000000 -0.00565216 |
-0.01683151 Je0JU39112 -0.01020893 -0.00404095 |
=0.01143070 0400302171 —0.01450122 _ -0.00007048 |
=0.00541352 Je 00350453 -0.0L043046 0400400723 N
0.000492 34 J.02350039 -0.00011130 0.00577241 q
0.00627536  0.00337763 __ 0.01031469 _ 0.0041lul9i |
0.01200294 JeU)234449 0.01463818 0. 000060015 N
0.01713138 J 00024625 0.01034091 -0.00406817 |
0.01836234  -3,01070800_ -0.00000000 =0.00573908 &

s 0.6?5873680 JJ) RAJIANL/SEC
4 0.751377200-)1 wYCLZES/SEC




ANE FORCE

106

0.2103

R OF ITERATIJNS

5

MAODAL SHAPE OF MODE NUMBER 1

LINE NCy U

' W THETA
1 0.00004026  _=)a00)10356 ___—0.00000000 _ _ =0.17776456
2 0.00002907 -J.00012736 -0.34643373 -0.16419345
3 0.00001315% -0.00015701 -0.64005286 =d.12505235
4 =0.00006862 _ =0.00017846 _ —0.83627707 _ _-0.06804372
5 —0.02015064 -0.00015084% —0.90528239 -0.00005342
6 -0.00014409 -J2.00009571 -0.83643717 0.00802125
7. .=0.00003983 ___ _=3.00007060 — =0a64014577 _ __ 0.12573309 .
8 0.02007196 -J.0001136% -0.34639211 06164221700
9 0.0)008564% -4.00019166 -0.000000u0 D 17771094
JENCY=1+ 0.27622664D_J) RAIIANS/SEC 4 A I
JENCY=y 0443962878D-J1 YCLES/SEC
ER UF. ITERATIONS. 5 e P
MODAL 3HAPC UF MODE NUMBER 2
NE_NC, U i " SHEEA oo
1 0.00589759 Je 00360282 -0.00000000 0.001l46742
. 0.00569919 —— _ 1.00218750 . 0400263224 . 0.00102411 )
k3 0.00465569 -J.02038192 000368149 -0.00002773
4 0.00395751 -0.02219722 0.00254730 -0.00104272
5 _0.00339305_______ J).00016979_ __  -=0.00005826___ _=0.00142608 _____
000451693 J200152%63 -0.00259143 -0.000973373
0.00577393 Ve 00066235 -0.00359787 V00002115
_ 0.00731643 = )a00016212  —0.10252332 04000997438
0.00763547 -0.00462379 -0.00000000 0.001397726
CY=y 0.445693890 J)0 RAJIANS/SEC
Y=y 0.709344540-01__CYCLES/SEC £
F ITERATIONS 5
MODAL_SHA2c _UF._MUODE _NUMBER_3
E NC, U v W THETA
0.00093295 Je0JI 56915 0.000000C0 -0.00114574
0.00089951 J.002002671 -0.002062175 ~0,00081005
0.00072531 = 2,00306991  __—0.00291692 . 0400000012 _ __
0.00059133 -J.0U005186 -0.00206258 0.00080984
0.00253567 -U.00000785 -0.00000087 0.00114204
«00056396 ).00003667 ____0.00206085_____ 3.00080937
0.00067 094 1.00005734 0.00291535 0.00000029
- 0.00082089 -0.0J002690 0.00206176 -0.00080 904
= 0.00034840 _ -),00)51840 ______ 0.00000000 . _=0.00114519 _ __

3.429563100 JJ gAJIALL/SEC
+683671550-)1 LYCLES/SEC




107

ANE FORCE 0.262)
R UF ITERATIONS 5 : AL
MODAL 3HAPE OF MODE NUMBER 1
“LINE NO, U v W THETA
1 0.00001920 __ -J.00000118 __ -0.00000000 ___ =0,18541005
2 0.00001083 ~0.00001208 ~0.36135903 0417129349
3 0. 00000199 -0.00001747 ~0.66769583 -0131099063
4 —0.00001618 _ _=)400002102  =0.57235054 _____=us070957430
5 -0.00003337 ~J.00001440 -0.9442%040 ~0.00001096
6 -0.00003023 -0.00000162 -0.87242353 0.07095429
7 =0,00000557 ______0.00000421 ____ -0.66771653_ 0413111474 ____
3 0.00001979 ~0.0)000362 ~0.36135622 0417129904
9 0.00002484 ~2.00002006 -0.00000000 0.18540039

JENCY=y 00240951730 JJ) RAJIANS/SEC
JENCY=y 0038343696D0-01L LYLLES/SEC

gR_OF ITERATIONS 5
- MODAL >HAPc UF MODE NUMBER 2

INE NOC, Y] v W THETA

1 0.00132620 J.02082419 €.00000000 . 0.00072330

BN, S LL e Th) % IR L 5o

_0.00129046_______0.00005465 _____0.00130192_ 000051087 _ _
0.00107432  —=002207269 0.00183924 -0.00000135
0.00094051 -0.0J003155 0.00129769 ~-0.00051139

«00094473___ J,00004875 _ —0.00000315 _ =0.00072138 _ _
0.001093801L J.OUIL2754 —0eVUlly992 -J.UUUHBU330
0.00139169 Je00JD15429 -0.00183433 0.00000136
0.00175033 =0.0J004716 - —0.00129568 _0.00050932 |
0.00182076 -J0.00111667 —-0.00000000 0.00070940 p

v 04420139700 99 RavIANS/SEC k
CY=, 0.66875331D-01 . YCLES/SEC |
ITERATIONS 5 W
MODAL_SHAPS_COF MODE_NUMBER 3 g *
NE NO, u v W THETA |
— i Tl e R AR,
0.00026872 J.02216598 0.00000000 -0.00019637
0.00026100 J+00201005 -0.00035352 -0.00013830
000021631 _ =J).00001617 _  -0.00049975 __  0.000003L2 |
0.00018804% -J.00000876 -0.000353238 0.000158172 j
0.00018567 JeUU00LTO6 -0.00000015 O.V0J1lYolo w
0.000212627“M,me,OJJOZZBBW_ mﬁmp.00035320*mw___9109013838u“muﬁ

0.00026733 Ve0JI027T7T7 0.00049985 0.0000001L4 U
0.00033473 -J.04201052 0.00035357 -0.00015833 |
0400034737 -),00021432 0.00000000 -0,00019039

o — e e el

| 3.416?17363 JY RAVIANS/SEC I
: +66354522D0-)1 CYCLES/SEC

S ——
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ANE FORCE 0.3155
X OF ITERATIONS 5
MODAL SHAPZ DOF MODE NUMBER 1
LINE NC, U v W THETA o
1 0.00000343 ______1.00000273_ 0.000000C0 . =0.19767657_____
2 0.00000155 J.00000080 ~0438526743 ~0.18262946
3 -0.00000026 0.03)00036 -0.71188117 -0.13977329
& =0.00000246 _ _2.00200011 ____ =0.93011789 ____=0.07364329 _ ___
5 ~0.00002440 200200098 —1.006 75436 ~0.000001083
6 -0.02000377 2400000262 -0.93012079 0.075647 34
7 =0.00000052 . 0.00000336 __ __—0.71188263  _ 0.13977960 .
8 © 0.00000263 0.00200266 ~0.38526720 0.18262366
9 0.00000351 0.00J00097 0. 00000000 0.1976765i

ENCY=9 - 04199535350 JJ RAJLANS/SEC
ENCY=y 0e31757068D-J1 oY(LLES/SEC

R OF ITERATIONS __'5 -

MODAL SHAPE OF MODE NUMBER 2 1

_LINE NO, U v » 'IHEJA,_W_______w

1 0.00076183 D.00047312 —0.00000000 0.00002371 H

0400073450 b e00I02509 .. 0.00004116. . . 000001463 |
0.00059375 -J.020005271 0.00005153 -0.00000%04

0.00049967 -3.02002531 0000002672 -0.0000131i1 ]

- 0.00049690__ 0,00003028___ —=0.00001090 __ . =0.00001743 _____}

0.00053609 J.00u08481 -0.00003504 -0.00000623 {

0.00078754 J«00010295 -0.00003608 0.00000447 |

—0.00101562 =)e00002124 _ =0,00002098 . __0.00000370 | |
A 0.00106375 -J. 000653638 -0.00000000 0.G0004035
\CY=, 0.412936067D 00 RADIANS/SEC

Y=, 0.65720976D=01 L{LLES/SEC

ITERATIJINS 5
MODAL _3HA2c GF._MODE NUMBER_ 3

NE NO, J Ve o W THET A

=0.00000032 -J.00000021 0.00000000 0.00000004 ?
=0.00000033 -J.02000003 0.00001087 0.00000427

~=0.00000030 . 0.00000000. . 000001538 0.00000000
=0.00000029 =J.00000000 0.00001088 -0.00000427 j
=0.00000023 ~0.00000001 0.00000001 -0.00000604 w
=0.00000031  =0.00000002_ ___ -=0.00001087 _  =0.0000u428
=0.00000035 =J.00000002 —0.00001 539 ~0.000LLVIV *
=0.00000041 0200200002 -0.00001089 0.00000427 W
~0.00000041 __ y.00400026 . C.00000000.. . _0.0000005

9373925590 J) RA0IA5/SEC ——1
+ 0.604670930-01 rCLE>/SEC
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‘R OF I TERATIONS 5 3

MUDAL >HAPc UF MUDE NUMBER 1

L LINE NGO, u v W THETA
1 0.00000014 __ J.00000012 _ =0.00000000_____ =0.23274237
R 2 0.00000007 J+00200004 ~0.45360977 0421502601
3 -0.00002002 J. 00200002 -0.83816158 -0.16457332
4 =0.00000011 0400000002 ___ =1.09511087 _ =-0.039060T8 _ __
5 -0.00000018 J« 00000005 -1.18533948 -0.060000014
6 -0.00000015 1200000012 ~1.09511089 J.089006655
7 —=0.00000002 ______J.02J00015 ___ =0.83816156 04164573066
3 0.00000011 J. 02000012 ~0.45360977 0.21502539
9 0.00000015 J. 00V 00005 ~0.00000000 0223274244
UENCY=3  0.14687063D )0 _RAJIANS/SEC ,
UENCY=+ 0.233752080-01 or/CL:S/SEC
OF [TERATIGNS 5 ol
MODAL SHAPE OF MODE NUMBER 2
INE_NO:» u v w THETA
1 0.00010341 J.00006388 -0.000000C0 -0.00000246
_.0.00009862_____ _0,00000217 ___ =0.00000448 ___ -0.00000i32
0.00007680 °  -U.00200889 -0.00000669 -0.00000029
0.00006196 -J.00000384% -0.00000546 0.00000152
__ 0.00006289__ __ 9.00000036____ —0.00000096 ___ __0.00000230
0.03003229 J.00001639 0.00000472 Ue 00000257
0.00011788 J.02001953 0.0000080G5 0.00000050
_0.00015861 -0,00200160 0.00000624 ______=-0.00000226
0.00016 806 -Je00210313 —0. 00060000 -0.00000358
v 04388370440 JJ) RAJIIANS/SEC
0.6189071L10-91 _CYCLLES/SEC Bl
F ITERATIONS 5
- MODAL _SHA?c OF MODE NUMBER 3 s
U v W THETA
-0.00000041 -0.00000025 0.00000000 -0.6000032¢6
=0.00000038 -2.00000000 -0.00001487 -0.00000534%
=0,00000029 _ _ J400000004 ____ —0.00002103 ____ Q.,060000000
=0.00002023 V03200001 -0.00001487 0.00000534
=0.00000025 -J.00000004 €. 00000001 0.00000382¢
=0,00000037  -4.00)00010  0.00001487 _ 0.00000584
=0.00000058 ~J.00J00011 0400002102 -0.00000000
=0.00000080 ~J.00000000 0.00001486 -0.00000584
~=0.00200086 . 9402300052 _€.00000000 ____-0.00000825

3.355209690 JJ RAIIANS/SEC
-565334320—01 LYCLES/SEC
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ANE FORCE 0.42006
'R OF ITERATIONS 5
MODAL 3HAPE OF MGDE NUMBER 1
" LINE NO, u v W THETA al
1 0.00000000-—4.0uJ00000 —_=0.00000000 . =0.57180136 .
2 0.00000000 J.00200000 ~lel1442928 ~0.52321630
3 -0.00000000 3.00200000 ~2.05919695 ~0.40432535
4 =0.00000000_ 2.0J000000_ __ =2.69047058 — _=0.21881950
5 -0.00000000 J.00000000 ~2.91214446 -0.00000036
6 -0.02000000 0.00000000 -2.69047074 0.21881333
7 0.00000000——J.02300000 — =2,05919724———— 0+4043243%——
8 0. 00000000 0403000000 ~1.11442959 052827639

9 0.03000000 =J.00200000 =-U. 00000000 De5T7T18UZ221
UENCY=2 - 0.576353820-31 KAJIANS/SEC A
UENCY=» 0.91309225D0-32 CYLLES/SEC

ER OF ITERATIONS 5
: MODAL 3HAPZ OF MODE NUMBER 2

NE-NOe J v £ EHETA o it

1 0.J0002139 J.00001L380 -0.00000000 -0.00013974
0400002096 i) 0.000.00.1L1 8 206800254 6Bl 0030988 T ...
0.00001774 -J.00J00098 -0.00035605 -U.000000313
0.00001589 -J.00000030 -0.00025205 0.00009877

000001623 _ 0.0J30010% =0.00000032 ____0.00013243.__
0.00001908 J.0J200233 0.00025181 0.00009912
0.00002413 Je«0JU00267 0.00035651 0.0000001i4
0400003021 =0a0J000110 0000252253 . _=0.00009902
0.00003130 =-J.02901985 -0, 02000000 -0a00014012

ILY=y 0.336716970 I3 RAJITANS/SEC
S s5 3590222001 - LYCL ESLSEL . o i e T L

ITERATIONS 5
HMODAL. 3HAPc CE._MUDE NUMBER 3 s

NE NG, u : v W THETA

0.00021271 V00013546 0.00000000 0.000013439
0.02020609 J400000861 0.00002493 0.00000971
0400016733 =12.03001551 __ 0.00003490.. . =0.000060425
0.00013828 -J.0JJ001111 000002415 -0.00000970
0.00012829 0.00200013 -=0.00000060C =J.000UL3>54%
0.00013863 4493201136 —0.0000240L_ =V.00000 225

0.00016812 Ve lLUJOLHT 3 -0.00003405 0.00000U25
0.00020723 -J.00000860 -0.00002382 0000002 +4
0.00021393 =) .,00)13620_ . ___0.00000000. ___ 0.00001319 _ _

= 02366046590 00 RAJIANS/SEC
- 0.582581810-01  CrCLES/SEC

R pm——




ANE FCRCE 0.4732
IA=_31 MAS=_31 oL SH= -0.782034760_01
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CHAPTER VI
COMPUTER PROGRAM APPLICATIONS

6.1 Variation of Buckling Load With Aspect Ratio

As an illustration of the application of the Finite

Sstrip Method, buckling of a simply supported flat plate is
analyzed. The plate geometry is shown in the Figure 18.

Three idealizations are considered.

L. Two strips (Figure 19)
2. Four strips (Figure 20)
3. Eight strips (Figure 21)

The lowest buckling load has been determined for a series of
values of the aspect ratio A/B and the results are shown in

'igure 22.
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FIGURE 19 SQUARE PLATE TWO STRIPS
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FIGURE 20 SQUARE PLATE FOUR STRIPS
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FIGURE 21 SQUARE PLATE EIGHT STRIPS
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The accuracy of the buckling load progressively
decreases as the aspect ratic increases from unity.

Considering the simplified nature of two strip ideali-
zation, the agreement between exact and analyfical values is
good. The four and eight strip solutions'converée quite

rapidly to the exact values.
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6.2 Dynamic Analysis of a Slanted Plate

To demonstrate geometric rotation phenomenom of a
thin plate by the Finite Strip Method, the natural frequency
of a slanted plate is analyzed for various angles of inclina-
tion. The plate geometry is as shown in Figure 23. A simply
supported plate of 8 strip elements is used in this example
problem.

The rate frequencies are determined for different
angles of rotation. A graph of angle of rotation versus

frequencies is presented in Figure 24.




FIGURE 24
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CHAPTER VII
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

7.1 Discussion

g.1.1 Static Analysis

The Finite Strip Method has been shown as an efficient
and simple tool for the analysis of folded plate structures.
The stiffness matrix of a simply supported thin plate is

established in a similar way as for a finite element. The

primary advantage obtained is a system with a reduced number
of elements, and hence reduced degrees of freedom, yielding
the same degree of numerical accuracy as the more complex FEM.
The process of analysis is automatic and involves only a
series of matrix operations. The comprehensive stiffness
matrix is formed from the combined inplane and bending stiff-
‘ness matrices. Thus, the analytical method as well as the
?ntire computer process can be applied to the static analysis
'if flat plates, inclined plates, folded plate structures and
box-girder bridges.

"1.2 Dynamic Analysis

The Finite Strip Method has been shown to be a versatile
Ol for vibration analysis of rectangular plates. The Mass
trix of a simply supported plate is derived. The required
%ematical formulation to reduce the dynamic analysis to
?@SSiCal eigenvalue-eigenvector problem is discussed. A

f efficient power iteration technique is utilized to solve



the eigenvalue and eigenvector problem which uses the minimum
core storage. Since a finite number of natural frequencies

are usually needed, the program is set up to calculate a speci-
fied number as determined by the user. Therefore the Finite
Strip Method has the advantage of using relatively small
matrices, small core storage, and relatively less execution
time.

g.1.3 Static Stability

The Finite Strip Method is extended to determine the
buckling load of a simply supported thin plate. The mathe-
matical formulation of the geometric stiffness matrix is
discussed and presented for the case of simply supported
- boundary conditions. The solution procedures are the same as
that of dynamic analysis. The mass matrix is replaced by
geometric stiffness matrix. The condition of an inclined
%late is included in both the stiffness matrig and the geo-
metric stiffness matrix. The lowest eigenvalue is the buck-
“‘ng load. Solutions are obtainable for flat plates, inclined
plates, folded plates and box girders.

1.4 Dynamic Stability

The vibration of simply supported thin plates with
Plane forces is discussed. The stiffness matrix of the
?; is extended to include the connection between inplane

'C€s and lateral bending. Axial inplane force is applied

Pércentage of the lowest critical buckling load. When

122



the axial force is sufficient to decrease the first frequency
to zero, this condition defines the static buckling problem.
An incremental technique is developed in the program to calcu-
late the frequencies for different values of inplane load. A
graph of inplane load versus frequencies is plotted. The
program obtains solutions for flat plates, inclined plates,
folded plates, and boxed girders.

7.2 Conclusions

It has been demonstrated that the Finite Strip Method

is a simple, powerful and efficient tool for the analysis of

plate problems including static analysis, dynamic analysis,

and static and dynamic stability. This method has the ability
to be easily programmed on a relatively small computer (say

IBM 1130 with 81K words) which is readily accessible to consult-
ing engineers. The matrices are relatively smaller than that
required when solved by the finite element or finite differ-
ence methods. This condition is due to the fact that the two
dimensional problem (i.e. X,y) is reduced to a one dimensional
roblem (i.e. y) by the Kantorovich approach.

Recommendations

It has been shown in our previous discussion that for
Y one term of the series the accuracy of the results is quite
"Parable to exact analytical solutions.

It is the observation of this author that future work

this problem should investigate the following:

123
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The stiffness matrix can be modified to include
adaitional terms in the series terms of the dis-
placemen function.

The problem can be extended to include other boundary
conditions: fixed, free.

The method can be extended to curved strips, cy-
lindrical shell strip, skew plates, continuous
plates and mixed strips, by modifying terms in the
stiffness mass, and geometric stiffness matrix.

The program as currently written applies a pre-
scribed boundary condition, by multiplying the cor-
responding diagonal terms by large number (i.e. 10 ).
This, in turn, makes the required displacement zero.
However, the original size of the matrix is main-
tained throughout the operation. An investigation
of the reduction in size of the [H] matrix to
reflect the boundary condition (similar to Finite

Element Method) should be of interest.
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APPENDIX "1"

User Instructions for the "FINSTRIP" Program

Card Type 1

col.

1l card with NPROB Format (15)

1l - 5 Number of problems to be solved.

Card Type 2

col.

1l card with TITLE Format (12A6)

1l - 72 Title of the problem.

Card Type 3

col.
col.
col.
col.
col.
col.

col .

Eol .

REo) .

1
1

card with Control parameters Format (10I4)

4

8

L2

16

20

24

28

NTERM, number of terms in series

NELEM, number of elements

NP, number of nodal lines

NBOUN, number of boundary conditions

NDF, number of degrees of freedom/nodal line
NJ, load type (1 = non symm., 2 = symm.)

NPROB, problem type

Vibration problem - (Dynamic Analysis)

Stability problem - (Static Stability)

Vibration with inplane forms - (Dynamic Stability)

32

36

NIT, number of iterations

MODE, modal shape of mode number



col. 36 - 40 IPRINT, print option
1l - Print data

2 - No data print

Card Type 4

Plate Geometry

Length of plate.

Card Type 5

1 card per nodal line
col. 1 to 10 - X coordinate

col. 11 to 20 - Y coordinate

1 card per strip element

to 4

Strip number
to 8 = Node i

to 12 - Node j

to 28

€ol. 1 to 4 - Boundary nodal line

line.

Thickness of strip

1 card per boundary nodal line

126

Format (Fl10.4)

Format (2F10.4)

Format (3I4,
1F16.8)

Format (5I4)

Numbers giving boundary condition for
each degree of freedom of that boundary
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O - Indicates degree of freedom fixed.
1 - Indicates degree of freedom free.
col. 4 to 8 for u
col. 9 'to 12 for v
col. 12 to 16 for w

col. 16 to 28 for 9

Card Type 8

1l card for material properties Format (7F10.4)
col. 1 to 10 - El, Modulus of Elasticity X

col. 11 to 20 - E2, Modulus of Elasticity Y

col. 21 to 30 - Px, Poisson's ratio x
col. 31 to 40 - Py, Poisson's ratioc y
col. 41 to 50 - G, Modulus of Elasticity in shear

col. 51 to 60 - RHO, Plate mass density

Card Type 9
| 1l card with number of plot points Format (IS5)
(Only for problems of dynamic stability)

(Blank card for MPROB = 1 and MPROB = 2)

Il
'_-l

col. 1 to '5 - Number of plot points required for NTERM

]
\V)

Col. 6 to 10 - Number of plot points required for NTERM
and so on.

Stings of Routines

itings of Master segment, GDATA, INITIL, COMPLE, BOUN,

MR, and EIGEN are given.
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The listings of the Master segment indicates how

all the other subprograms are called into use;

GDATA =~ Gathers data.

INITIL - Initializes the SM, SG, ST matrices.

COMPLE - Compiles stiffness, geometric stiffness,
and mass matrices.

IPRINT - Can print all the intermediate matrices. (If
required)

EIGEN - Solution of Eigen value - Eigen vector

problem associated with dynamic analysis.
The routine is programmed to analyze free
vibration, static stability, and dynamic

stability problems.

Output
A data list together with the output is given fér

the example problem of a simply supported, square plate
)

(lower order strip) shown in Figure 7 , Page 52.
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-F0~477 3-4 MAINPGM VATE 02/726/81 TIME lle <.

IMPLICIT RcAL*3{A-H,0~-22

DIMENSTUN > (4s%)sCl43%)a494)9E%0%) sFdbp4) yPMI4g4) oBMI424d,
COMMUONZCONTRL/ ATERMyNELEM ¢ NPy NBOUN¢NOF g NI o I 1o MPRGBpNLT s MUDE 9 IPRINT
wCOMMO“/UK‘dQ[&‘! EY PXsPYyDXsUYDLa DX Yy Gy RHU _
COM“id.\l/tVPl/fl,dp BB3:s BNL9BNZ¢yBNIIyClLaR€494)

COMMON/ NUJEN/XLE5029Z(50)sT(50) ,NODI50,42)

COMMON/BUJINO/NE{8) e NB(Bs4)
COMMQIZGLUOL/ST 2SM,SG
COMMON NEJyNEsdsELl,E2,IPN(L1O),BUCP

LYSI) aF VldRATlONp)TAdILlTY. & VIBRATION WiTH INPLANE FURCES UF PLATES

MASTER ROJIINc READS IN ALL GTHER ROUTINES

VARLAJLE DEEINETLION, o SAES L
 X(50)ni(bJ) X AND Z COQORDINATES GF NODAL PUINTS

14500 THICKNESS OF STRIP.

ST{37,37) STRUCTURE STIFFNESS MATRIX

S6137, 372 GEGMETRIC STIFFNESS MATRIX

M{37, 373 _ SIRUCTURE MASS MATRIX. o . e
RESTRAINED BOUNDARY NOD& NdeE%S

BOUNDARY CONDITION TYPE FOR UsVead AND THETA

(0= FIXED, ] = FREE) - o' o siiesiuimeid o 0 0
NODE NUMBERS Or ALL Tdc STAIPS

NUMBER OF TERMS
NUMBER OF ELEMENTS
NUMBER CF NODAL LINES

NUMBER OF RcSTRAINEJD BOUNDARY PJINTS

NUMBER OF DEGREES OF FREcDOM PER NUDAL LINE
NUMBER OF ITERATIUNS

vViB=1l, STAB=2, VIB«INPLANE= 3

LOAD TYPE ( 1=NON-3YMMETRICAL , 2=SYMMETRICAL} _
GR LINE LOADS

{TElo,111)
> E‘d' lL ))
‘E(b 1113)

D(5,1) VPRI3

TE(6,06) N PROS

ALL// ¢ TOTAL NUMBER CF_PRUBLEMS = *[5)
*00 NPR=1, 2 RU3
F(o.bJuPR

'P{JBLCM NUMBER = _*'15)
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|-FO=419 3-3 MAINPGHM DATE 02726781 TIME 11.902.

CALL EIGEN
CONTINJE
CCNTINJE
G0 TJ 200

FORMAT (9154

FCRMAT( *1FINITE SIRIP EIGEN VALUE SYSTEM')
FORMAT (* -~ RAYEN SCHOOL GF ENGR®)
FORMAT [ ®-YUUNGaTUAN STATE UNIVERSITY®)
FORMAT{ * =Y JUNGSTUWN OHID*)

STQ0P

END

e
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i-FO0—413 3-8 GDATA DATE 027/26/81 IIME 11.02

SUBROJTIN: GUATA

IMPLICIT RcAL * B8tA-H,C-2)
DIMENSIUN 3{4,4) sC1434)sD8454) sE(%s4)oF[4,4) 3P Gga)oMlG4),
PGl4s4) 0350 %9%) o STU3T437)4SGU37,37)4SM437,37}

REAL#*3 TIILE(L2)

COMMON/LCONTRLZATERMyNELEM ¢yNP o NBOUNyNDF ¢yNIoI1 ¢MPROBSNIT ¢MODES IPRINT
CUMMON/GRTAG/ZEX s EY s PXgPY DX DY D1y UXY9 G RHY

COMMO/NPi/ A8, BBy BNL sBN2 #BNIL ,CUsR(444)

COMMUAZ NGOcN/XL50)2150),T{50)4NCDI50,2)
COMMUN/BUJ JO/NFLB8)yNB(Ep4)
COMAON/GLJBL/ZST 4SMySG

COMMUN_NE4oNEsd 4 ELyE2,IPN(10),BUCP - b

SUBROUTING GDATA GATHERS DATA
READ (5,7) TITLE

WRITE(3,8) TITLE

WRITE (544d 22

READ {5s1i) NTERMgNELEMgNP ¢NBOUN¢NDF ¢N1¢MPROB ¢ NIT 9 AGDE IPRINT
WRITE{ 5s122 NTERMy NELEMsNP yNBGUN yNOF o NI MPRUBsNLT 3 ALDE IPRINT
READ. 154351 A 3
WRITE (6430) A

_READ X -ANJO.Z CJIORDINATES OF ALL POINTS e

WRITEl64317)
D02 1=1enP
READ (54352 Xtii,2{1)

MRITE( 5433012 X110,21(1)

READ NUMBER NJOAL NUMBERS THICKNESS

IRITE({0, 4%J : ragt
)0 109 I=1,NELCM

READ (5,45) NUA9 (NODIIeJded=142),T(1)
R Los43i NJAsANGDITaJ)ed=1,21,T{1) —

EAD 3UUNUARY LUNDITIONS 0=FIXED Ll=FREE

MIE(6,40)
'{' (5,19) (NFLI)gINB{IgJ)sJ=1s4)sI=1s NBUUN)
Elos10) L IF{I) 3ANB Llydlad=Le4dsl=1,NBOUN) _ _ -

YJUN3'S MuDULUS E1l E2 PCISSCN®S RATIG PX PY SHEAR MGOJLUS G
*’ta.anET}tz PXsPYsGyRHU
Bl5,50) EL,E2,PXyPYsGgRHO

e ——— ey

3SR OF PLUTS REQUIRED FGR VIB +INPLANE CASE

','Aﬂiixpu‘x) I=1,NTERM) B i v
9452) |

“7.404(194(1).1 LeNTERM)
Llle-pxepy)
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—F0-4739 3-J GDATA DATE 02/726/81 TAME lla02.

EY= E2/(l.-PX¥PY])
WRITEL w601
FORMAT( *  INPUT___DATA ')
FORMAT (12A4)
FORMAT( 1HU, 12461

FORMAT (120 %)
FORMAr(/bx.'*** CONTRCL PARAMETERS *%x 4,

, /1%, *NJMBER UF TERMS L4,

3 /1K *NJU4BER _GF_ELEMENTS_ Colda kv

; /1K, *NJMBER UF NUDAL LINES * 14,

: /14s *NUMBER GF BOUNDARY CONDITIONS * g 14,

- [1Xs *NJABER _OF DEGREES OF FREEDOM/NODAL LINE __ __ %ol4s

: /1X, *LUAD TYPELL=NON SYAM, 2=SYMM) ' i4,

( /1X, *MPROB PROBLEM TYPE ',14s

( /1K, *{1=FREE _VIBRATICON,2=STASILITY, 3=VIB+iN PLANEJ* -

( /1%, *NJHNBER UF ITERATIJNS *,14,

( /14, *MUUAL SHAPE OF MODE NUMBER 1,14,

( /1X, "IPRINT{1=PRINT DATA,O0=NU PRINT) "elb4,

( /1X1

FORMATI{5110)

FORMAT(514)

FORMAT{7TF1LU«4)

FORMAT L /6Ky * &k PLATE GEOMETRY  *%%9,

X /1Xs*LENGTH OF PLATE " F10.4)

FORMAT{ /1X, *NOJE LINE NO XCCORD YCOORD®)

FORMAT (410, 2F10.4)

FORMAT(10i>) Clmion e e

FURMAT ( /1K, *SIKIP NU NGDEL NODE2 THICKNESS®

FURMAT ( 31+, 2FL1548)

FORMAT {/ 64y * %%« BOUNDARY CONDITIONS *%% 1, ]

- /14, *NUDE LINE NU v v W THETA®, |

, /1%) |

FORMAT (347, 2F168) |

FORMAT L /0K, "#%% MATERIAL PROPERTIES #*%%x 1,

| /14, *MUDULUS OF ELASTICITY 1 ' Fl0.4 |
/1K, *MODULUS OF ELASTICITY 2 2 Ein.6 |
/1K, "PULSSONS RATIO X - " Flu.4 m
/1X4 *PULSSONS RATIO Y 1,F10.4 ﬁ
/1Ky *MUOULUS OF ELASTICITY IN SHEAR G 128106
/1A, *PLATE MASS DENSITY RHO *,Fl0.4 |

L /143 M
WHAT (/64 #%x& NUMBER _OF PLOT POINTS REQU *#¥ )
R #%% RESULTS OF ANALYSLS k% ¢

%

———————————— . erer——————— et S ———————
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-FO-472 3-4 INITIL DATE 02/256/81 TIME 11.03

SUBROJTINC INITIL

IMAPLICIT KcAL *® 8{A-H,0-2)
DIMENSION al4s #d oCl494)aD(424)3EL%94) oFL4,4) )PM(494) yM494)y
PGlasald, 3ol be4), ST{(37,37), 56137037) SM(37,37)
COMMON/CUNT RL/NTERMp NELEM gNP ¢y NBOUNyNDF gNI g I ¢ MPRUSoNIT gMUVESIPRINT
COMMON/ORT AG/EX 9 EY g PXgPY 90Xy DY U1 30XY Gy RHO
COMMON/NPIi/ AsBs BBaBNLsBN2 yBNIL,CUsRI4 %)
COMADNI NOUENZXLD50)42(50)4T450) ¢ NGD(50,42)
COMMON/BUJNO/HF (824 NB{Bs4)
COMADN/GLIIL/ST ySMy SG
COMMUN NEJeNEeAsEL, EZ

SUBRUJT Liwc INITIL INIVIALIZES SMySGsST MATRICES

NE=0
NEQ = WDF*\P

D0 B8 I=1,NEQ
D0 8 J=ljyiid
SM{1,40=0
SGL(IJI=0.
ST(14J)=0.

BNIL = 3el4lb59+]1
BalI*3011
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N-FO-479 3-4 COMPLE VATE 02/746/341 TIME 11.03

SUBRUOJTINc COAPLE

IMPLICEY RKcAL *= 8(A-H,0-Z3
CDIMENSIUN >(4s4d0sC (4440 D04s4)sEL434) 3F(4s4)3PMl4,s4)s0M0%24)2
1PG {494 d s Bsl a4 ) o STU3T937)95G437437),514(37,37)

COMMAN/ CUNT RLZNTERMy NELEM gy NPy NSUUN g NOF ¢NL 9 I 1o MPRUB oNIToMOUE s IPRINT
_’LDMJ‘UJ/.URIdU/L:.XQEY:PX:P,YoDX:DY:Ul'DXYsGzRHU
COMMON/ NP L/ Ag 3y BByBNL yBN24BNITCU 1R {49 4)
COMAUN/ NUIcNIXLE50092{50) ¢T150) yNCD{50, 21
,LDMMJJLBJJJD/JELBIJNBiﬂlﬁl
COMJUA‘/GLU‘JL/SI ¢ SMeSG
COMMGN NEQJs NEsd4EL,E2

SUBROJTINC COAPLE COMPILES SYIFFNESS:U&UMETRlCoMASS MATRILES

D070 LK=1,NP
IF{IPRINTecQeld
WRITE(6,150) LK

F ILK «Gle 1) GO T0.9

| NE = NE +1

LIF [ NG - NELEA) 999,92

CIF { NODINE1d — LK) 923;3,92

= NJD{lE, 1)

= NJD{Nc 21

= X{N2J) . — XLNL) .
= LI{N2) — ZEN1)}

: Ting)

B = DSIRTLAP*XP_+_ ZP*7ZpP)
b = LD¥03
IX=ELl¥4%%5/ (12, %(1.—PX%PY))
)Y=E£2%)X/. 1 S—
XY=5%¥)K/ & - :

1=PX*E2*)X/EL

XY=D1l+4% )XY
IPRINT. 2Q-1)
TE‘a’l)Z)

L e ARANL ___XP2ZP)
IP«HNT.LQ.IJ
ATE(0,155) iR 1,d09J=1s4)s1=144)
MATL 4E10aT)
ELASTK (cyoF)
fPRDB.NE.l)CALL KGEDMT(PG,3G6)
PRJB e icw2) CALL MASSI{PM,BM)
~A$MDLL(SI; EcF)

-ﬂﬂOB Nca1)CALL ASMBLE(SG4PGyBG) %
BJ*LAZLLALL,ASMBLLLSM PM,B8M)

R LK=®, 12//)
T80 4LL TRAN R MATRIX"/}
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\-FO-4179 3-3 ASMBLE JATE 02726781 TIME 11.04%

SUBROJTIN: ASABLEIST,EF)

IMPLICIT RcAL*3{A-H,U-2)

OIMENSION 504941 0C 4043 eBL4s4dsE(4434)0F1444)PML4s4) 4BMl4s4d,
1P 4s+dsBol Get) 9 ST(37937),5G(37,370,5M(37,371)

COMMON/ZCUNT KL/ NTERMy NELEM s NPy NSGUNyNDF yNI o I Lo MPRUB yNIT ,MUDEIPRINT
CCMMON/ZUGRTIAU/CX s EY e PXoPYsDXpDY DL s DXY o GeRHO
COMMION/ZNPI/AsDe BBeBNLeBN2sBNIL,LUsR{%24)
COMMGN/ WOJEN/XI50)42(504,TI500,NCO(50421
COMMCH _NEJo NEsdEL,E2

DG 80 LL=1,2

Jl1 = 2*LL -1

B2 =-Jl- -+ ] R
J = NIF®{NUDINE.LL) — 14

DO 30 KK=i1,2
00 8l K=1l.0DF
DO 81 L=1,\DF
}D(K,L) =0.
J1 = 2%KK=1
B2 = 11 + 1
L[[)= NIF% [ NuDI{JE KK - 1)

_Dtl, 1) = £{1l,41)
c(I2y91)

D{2, 11

Dils2) = clIled2)
D220 = E412,42) .
Di343) = FL11,41)
D(4,3) = Fil2,J1)

D344 = FL11,32)
Dl4;4) = FLL2,42)

CALL M3TMIOsRyCr4e4+4)
CALL A43TT44 RaLsDabs4494) - R
IFLIPRINT .£Qa1)

RITE(2,133) LL,KK

IPRINT.EQeld ’ -
RITE({ 2,159

(lP&INT.éQ.l)

RITE( 09 Lo ) {(JLIPRT 3 JPRT) 3JPRT=144)41PRTI=1,%)
J 5 NJ = L ,NJF

UIMyJN) = STUIM,JN) + DIMI,NJ)
NLNJE :

RMAT{*OLL="]2,°KK=*12)
MAT (* TRANSFURMED INDIVIDUAL STIFFNESS*/)
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\-FO-473 3-3 ELASTK DATE 02/20/81 TIME 11.04

SUBRUJT IN: ELASTK(E,F)

IMPLICIT REAL*3(A-H,0-2)

DIMESION cd4e4)sF(45%1) LEa
1ARITE(6413V)

FORMS INPLANE STIFENESS MATRIX

CALL FEMP{Z)
IF(IPRINT.2Qa1)

IWRITEL 291330 L(ELT,J)9d=144),1=1,4)
IFLIPRINT.EQll)
IWRITEC6,170)

_EDRdS_JENJLNG_JIJEFNESQ_MATRJx

CALL FEMS(FD
JFUIPRINT.EQel)
IWRITEL0g 1350 (AF(19J)9d=1s4) 41=144)

FORMAT(*0 ALL FEMS BENDING STIFFNESS MATRIX*/)
FURMAT(20_ALL_FEMP_PLANE_STIFENESS _MATRIX'/)
FORMAT (4t i0eT)

RETUR {




N-FGC-473 3-3 FEMP DATE

02726781

137

TIME 11.04

"SUBROJTING FEAP(E)
IMPLICIT KEAL*3(A-H,0~Z2)
DIMENSION &l4s4)

"COMMON/CUITRL/NTERM ¢ NELEM g NPy NBLUN g NDF N1 11 ¢MPRUSyNIT ,MUDE, IPRINT

COMHO&/JK[*U/;X EY PXsPY DXy OYsDLlyuUXY 549 RHO

CUMﬁui NtJoNt;H

_IN-PLANE STIFFNESS MATRIX E(4.4) UF_STRIP

Ells 1) = EX*.5%A/B +B¥BN2*A*G/6e.
LE(241) = ,25%3N] *ARPX%EY = ,25%BN1l ¥*A%*(
“E(3, 1) ~ 5%AXEX/B + B¥AXBN2¥G/12.

El4sl) = 25%A%BNL *PX¥EY + o25%A%BN1l *¢
E{2,2) =A%3%BN2*EY/6s.  + «5%A%G/B

TE(3,2) = —.25%A%BNL *PX¥EY — .25%A%BNl *G
Eldy2) =A¥3XBN2¥EY/12. — «5%A%G/B
E(3:3) = .2%AREX/B +A*B¥BN2%G/6.

-.25 FAXBNL *PX*EY + J25%A%BNl %G
CEl4s4) =AXOHEYRBN2/b6.+ 5*AXG/B

BEi4,3) = -.2

D0 20 I=ls4
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N-FO-4713 3-3 FEMS DATE  02/26/81 TIME 1l.05

SUBRUJTINE FEAS(F)
IMPLICIT KcAL*3{A-H,0-2)
CDIMENSIUN Dl4e%d sE(4242 40 444)2F1444) - r
COMAONZ/CONTRL/NTERMy NELEMy NP o NBOUNgNDF NI o 14 gMPRUB&#NIT ¢MUVE,IPRINT
LCOMACN/ URT A0/ X ¢EY9PX4PY, DX 3DY» DL sDXYyGoRHO
_COMMONINPI/ A0, BUs BNLyBN29BNILsCUsRI4%44)

BENDI NS STIFFAcSS MATRIX Fl4s4) OF STRIP

TAA = A®A
3BBB= 88%4d3

_CO0C0-=_CLx20 o
BB8 = 3%BY

Dilyl) = CUCURIY¥3%,.5/AA

DI2s1d = LUCJU*BB¥DY%.25/AA
Di3,1) -CO%3%D1 + o 16666T*CLLCU*B3B%DY/AA

D4y 1) —15%(C0*3B*D1l + <125%CUOC0O*B33B*DY/AA
_DI2,2) = _.i2666T=COCO¥BBB%DY/AA _+ _2.%CO%3*DXY
Di{352) =—LU¥B3%01%.5+,125%C0CO*BBBB*VUY/AA + 2.%CO¥3B¥DXY

Di4,2) -L0¥338%D1 + .l*CUCJ*BBBu*B*DYlAA + 2.%¥CU%*bBB%DXY

DI3,3) = 2 %AAXBXDX —.06066666T%CO%BBB*D1  +
1 «1*CUC0%33BbB%3 x0Y/AA + 2 66667*LO*BBd*DXY

Di4s34 = 5.%AA¥BB*DX  —CO*B8BB*DL + .0833333%LACU*BBBB*3B%VY/AA

L+ 3.%Cu*BBIIXDXY e " el

I

i = 24 ¥B33%0DX*AA = Le2%CO¥BHBB*B*DL  + o0714286%CLCH*BBB
£388B8% JY/AAa+ 3.6%C0*x3B*BBB*DXY

DO 5 i=1ls+ e

D0 5 J=1,l

I(I,J) = 0(1,J0/A
0ds 1) = 0il,d)
ALL E1(8,30483B,E)

ALL 13TMIUIE,Cr4ybq94)

ASTTM EsCeFrbs%44) o Wil
»TUR“
\D
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IN-FO0-479 3-3 MASS DATE 02/26/381 TiME 11.0¢

SUBRUJTINE MASS(PM, B8M) -
IMPLICIT RcAL*3(A-H,0-2)
_ DIMENSTUN 2M4(+04)eBM(444)

FORMS INPLANE MASS MATRIX

CALL FslidlePMI

MS_ BENJING MASS MATRIX

CALL FSBMioM)
K_B_'E_IU“R N
~ END

:
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N-FO=4l9 3—-4 FSIM JATE 02/<0/81 TIME 11.03

SUBROJTINc FSIMAF)
IMPLICIT RCAL*3{A-H,0-2)
C DIMENSLON Fl4esd
COMMIN/CONTRL/NTERMyNELEMgNP ¢y NBUUNNDF yiid o1 I g MPRU3 NI TnﬂODtleRl-\lT
COMMO‘/UKJ&U/L('E{)PX PYsOXsDYyD1lyIXYe 0 KHO

_COMMIN/NPI/ Ay 34 BBsBNLeBN2sBNILCLaR{4,4%)
COMAON NEJsNEvdygELsEZ

_IN PLANE A4ASS_MATRIX

C1=BNlL
_(2=8N1-
| F(lgl‘:B/Jc
- F{2,1)=0.

l JI=Flil,d)*dl
B, 1) =Fll,J)
ETUR

ND




N-F0-477 3-3 FS8M

DATE

02/26/81

141

1l.006

SUBROJTIN: FS34(ED
IMPLICIT AcAL®3(A-H,0-2)
DIMENSIUN Cfl4s4)

COMMO U/ CUNTRL/NTERMyNELEMgNP s NBUUNgNDF aiNI I[vMPRUS.NII.MODE'lPRINT
CUMMONZURTHU/EX +EY s PXsPYeCXeDY D1l sDOXY2GeRHO
COMADN/NPI/ AyBy B8y BNLyBN2,BNIICUyR{4%,%)

"CUMMON NEQs NEsd ¢El, E2

BENDING MasS MATRIX OF A STREP

E(lal)=13.*3/35.

E{2,10=11.%8%3/210.
; E(3) l‘=9.*‘l§/ 7\).
El4,1li=—13%B%3/420.
E(2424=8%3%B/105.

E(B.Z) =] 3%3%3/ 420
El4y2)=—3%5%3%3/420.
(3430=13%3/35.

“El4933=-11%B*3/210.
'E(4.+) =3%3%3/105e




N-FO-472 3-3 KGEOMT

VDATE

142

Li.05

02/26/81 TIME

SUBROJTIINc KGEUMT{PG,BG)
IMPLICIT KcAL*3{A-H,Jd-¢i}
_DIMENSION PGl4as4) 4864541

FORMS INPLANE GEOMETRIC MATRIX

“CALL FSIGLPG)

_FORMS _3ENJQING GEOMETRIC MATRIX

CALL FSBGL3GJ
_RETURI

- END
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N-FO-479 3-3 FSIG DATE 027206781 TIME ll.v6

SUBROJTING FSIGIF)
IMPLICIT RcAL¥3LA-H.0-2)
DIMENSIUN Flae4) oy
COMAUN/CUITRL/ NTERM ¢y NELEM o NP ¢yNBOUNgNDF gNIo I I o MPRUBaNIT s MUOEIPRINT
CUMMON/URTHO/EXA9CY o PXsPYUXo0Ys DL sDXYs5eRHO
COMMON/NPLI/Ap3,BByENLyBN2yBNILsCOsR(4,4%)

PLANE SEOMcTRIC MMATRIX

Cl=8BNL
c2=Bil
F(l,1)=8/3.
F(2'1)=O.
F(3,1)=8/5.
Fl45,1)=0.
Fl2,2)=B/3
F(3)2)=Oo
Fl4y2)=8/0
F(3I3J=B’}.
Filf’j‘:()o
 Fl4s4)=B/3
"Hl=Cl¥cozZ%A/2
DO 20 [=1:4
U ZQ,Ji}zl
FlI,Ji=Fli,J)*il
Feldoli=Filsdd
RETUR .Y :
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-£0-477 3-3 FSBG DATE 02/25/81 TiME 11.07

SUBRJIJTIN: FS3GILE)
IMPLICIT fcAL * 8{A-H,0-Z)
DIMENSLON £(4:%) -
COMMON/CUNTRLZ ATERM yNELEM ¢y NP ¢ NBUUN g NDF oNT, I 1 o MPRUB oNIT »MUDE, IPRINT
COMMON/ORTAU/ZEK+EY 3 PXsPYoDX9DY, 01 sDXY2GoKHO
COMMUN/NPI/ Ag33 BB BNLs BN2yBNILoCUsR{4,%)

ING GEJMETRIC MATRIX ‘

C1=8Nl1

C2=BN1

E(1l,d)=13.%3/35. -
E(2y Li=1l.%0%3/210.

E(}, 1) 39'*6/70-
El49ld=—13%03%3/420a4
{2420 =B¥3%8/105.
E(392)=13%0%B/420.
E{442)==3%3%8%3/420s
E{3,3)=13%0/35.
E{493)=-11%8%3/210.
Fl4as4)=B%3%B/105.
H1=CLl*C22%A/ 2

DO 20 I=l, %

D0 20 J=1,4
E(I,J)=Eli,Jd)*d1
E(Js 1)=E (14 J) I
RETURAM i S e e e R S ‘M‘-J
END
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-l./S

N-FO0—-479 3-3 EM VATE 02726781 TIME 11.01
SUBRUJTIN: EM{3d:B+BBB.EJ
IMPLICIT RcAL*3(A-H,0-2)
DIMENS LUN E L4y +)

"Eflsld = 1.

E(2s1) = o :
Ef3,1) = =3./83

"El4sl)d = 2./888
E{le2) = Vo
E{2¢23 = 1.

"Ei342) = =2./3
E{4¢2) = l./B3

(11,3) = s)o

CE(243) = Je
BE(3,3) = 3./83

El4s3) = =2./5338B
E(ly4) = Do

»Elz,"’ = Je

1./83
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—~F0-479 3-3 TRAN DATE 02/26/81 T1ME 11.07

SUBROJTI N TRANIXP,ZP)

IMPLICIT RecAL*3{A-H,0-2)

LOMAD I/ L UNT KL/ ATERM s NELEM o NPs NBUUN s NOF oN1, 11 aMPRud:NlI:MUJEdPRl T
CCMMON/ URTHOZEX sEYsPX9yPY DX UY» D1 yUXY 9G4 RHU
COMAUN/NPI/AgBsBBeBNLyBN2eBNILCUSRE4s4)

TRANSFORMAT ION MATRIX R{4,4) UF STRIP

DO 1 I=1,4
DO 1 J=1l,%
R(IeJ)=0o
§=2P/4 |
C=XP/B |
Rileld=C .

Ri2s21=1a |
RI{3y14=-S _ |
R(113)=S I
Ri3¢32=C 1
Rl4s4d=1. |
RETURN \
4FND




\-FO0-479 3-3 MBTM DATE 02/26/7/81

147

TIME 11.03

SUBROJTINE MBIM{U,B,0BsLsM,yN)
IMPLICIT RcAL*3(A-H,0-2)
OIMENSIUN Jd%y 4 18(%04),08(4,4)

MATRIKX MULTIPLICATION DBULeN) = DIL,M) X BUM,yN)

DO 110 J=1.N
DO 112 I=4isdl
DB(I+J1=0,

DO 110 K=l M
DB I ¢Jd=0D0(14J3+D(1,KI¥B(KyJ)
RETUR

END
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N=FO—-473 3-3 FORM DATE 02/726/81 T4AME 11.0¢

SUBROJTINM FORAIJ.IVALD‘
IMPLICIT KZAL*38{A-H,0-2J

wUIWtN;luN wl(37,37) . e
COMMUN/ZCUNTRL/NTERM, NELEM,NP NdUUN NDF NIQII.MPROB NIT MOUEJJPR[NI
COMAOI/ORTHO/EX 9yEY ¢ PX9PY 4 CXyUYy D19 DXY Gy RHU
_COMMON/NPIL/ Ay BBy BNLyBN2yENITCUsR(444)
CDHQU!/NUJ;N/K(SO)rL‘SO)vI(soijUD()O,Z)
DIMENSIUN V1{37),vV2(37)

_PRE-EI SENVALUE CHOLESKY REDUCTIONS
NEQ=NJF *iJ?
NFREE= {EW

ﬂND=NFREE
ND1=NJ+1
DO 2 HA=1,0D
MAI =MA+]
QU 2 MAS= 44:N0
MASL=4AS+1
GISH JIEMAS, MA)
MASH 1

3 IFIMA-MASHI 542494

1Jﬂ§ﬂfu15ﬂ‘d(MALﬂASH)*D(MASJﬁASH)
MASH=4ASH+ L
GO TO 3

5 IFIMAS-MA0 16,7

b IFIGISH)Z2L 42224222

1 WRITE(29400L) MA¢MAS,GISH !

| FORMAT{5Xe4H AA=51345Xe5H MAS=,13,5X96H GISH=,El6. 8)

IVALL=1 S / =
RETUR 1 /
 DIAG2=0SWATIGISH ( // _Z

DIMAS, 4A)=,1S4/DIAG2 e

CONTINJE

INVERSIUN CF LOWER & {L*LTI=K)

|

WSH=O J 4K ) #D( 1 4J)
A9=5A3~0i>H¥GASH
vﬁ'K) =GAS

?PLt - MULT IPLICATION OF L¥MASS*LT

) Kflrl
= AbeJlI:&)#D(LrM)




N=FU=473 15-3 FORM

02/26/81

149

TIMLC 11.98

L=L+LO
1IF(L-4) 13,113,113
1D=0

MD=1
L=L-1
M=M+M)

V2(J3=GASH
DU 32 J=lol
GASH=D

DO 33 K=1,J
GASH=GASH+U{J,K)*V2(K)

DIlJsI#l)=5ASH
I=1-1

IF{I)12949149412
_CUNTINJE

RETURN
END

==

.

i s st -.____._HI
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-FO-47) 3-¢ POWER DATE 02720731 TIME l1.14%

SUBRUJT INc PUWERID, IVALD)

IMPLICIT RcAL*d{A-H,(~2)

DIMENSALUN (37,37}

DIMENS ION VLI(37),V2(37),V3(37),V4(31)
COMMON/ZCUNT RL/NTERMs NELEMy NP s NBUUN g NDF yNI L1 MPRUDB ¢NIToMODC » IPRINT
COMMON_NEJy NEsH,ELE2, IPN{10),BUCP

NFREE= IEQ
MODE=44DC
MOD=MJIDE+L
ND=NFREE
ND1=NJ+1
DO 11o 1=4aND

Valil=1.

RP=0.)

PUT 1.0 1.4 V1 FROM 1 TO ND _AND ITERATE

90 114 I=1,ND

Vi(I)=vaii) |
PUT_LARGE NUM3ERS IN V3 -
D0 115 I=1,ND
V3(12=10e%%x]12 %
NUMIT=1 |
DEN=0.

R=0. |
CRITN=D. A
ALAM2=0 . ‘ ' l
ALA43=D. y
D0 15 1=1sND |

211) =345 ' ' Q
LAM2= AL AM2 +GAS H¥GASH I

AM3=ALAAZ/ALAM3
1 I=1,.D
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N=F0-479 3-8 PUOWER DATE 02/26/81 TIME 11.1¢

IFINUAIT-1)037,37,38
DU 53 I=1.\D
 V1(1d=/2{14

NUMIT=UMIT +1

GO TO 29
DO 1%3 I=4,ND _

VIII)=v2{iL)+R&V3{])

IF(CRITNe T «0.0301)V4(I)=V1I()
 CUNT INJE

Z=‘../lJo*#L2

IF{CRIITN.GTZ2)03 TO 149
601022 e
) LFINUMIT=N0T 125422422
) NUMIT=xNUMIT +1
= 60.T0 23
) CONTINJE

ARITEl 5¢33INUMAILT
LfﬂRMAflJZXamJJJMBER_DE_lJERAIIENS_l_514l
0 MUKTIPLY (o—=1)T*x(Y)

DO 25 J=1,{FREC
__GASH=).

DO 24 1=JsNFRES
4 GASH=GASH#V1(I)*D(1,+J)

3 V2(JI=3A5: —
- NMOD=4Ju-4U0E ‘

" WHRITE{ 65,1053 NAOD

L FORMAT [ 224, *MJJAL SHAPE OF MUDE NUMBER®,12)

WRITE({osl302
) FORMAT{/2Ke "INJJAL LINE NOg?*S5Xe " U5 14Xy 'V ',14Xe "W ,14X,"THETAY/)

D0 203 I=1,NP L
J1={I-1)*=NuF+]

J2=J1+3

WRITE{ 010001 V2{Jdsd=d1,J2)

LﬂRMAI(IlJ.4FlJo8J

O.RMAT( 1Hd,3El0.8)

UMEGA=1 ./ AL AMS

4 {MPRUB—=2) 206,207,206

FIOMcGA) 209,209,208

'\
Y.

1EGA=JiES 1 /64283138
MTE(5,103) J1EGA :
| TO 202
ITE(>,100) J41EGA

MAU) L E ). 1)3UCP=0MEGA .
WPR G e 4e3) RETURN

TliuE

SMATL21d STA3ILITY FACTOR = ,El6.8)
:‘llsd FROQUENCY=,EL6.8,12H RADIANS/SEC)
CATlL3d  FREQUENCY=¢El6.8+,12H CYCLES/SEC)
NG _TJ NEXT MODE__ ]

s vt st




DATE

02/2a/31

152
TIME 1l.14

SUM=0.
DO 32 I=L1.ND

SUM=SJUA+VIIT)*V1L1]
DO 30 I=1,40D

DO 30 J=1,.4D
Jl=J+l

DI{LgJi)=Dl{JlI-ALAMBEVLIII)*V]1{JI/SUM
MODE=4J0E-1
IF (MJDE)SL,31,34

CONTIVJE
RETURN

_END
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N-FO-47127 3-3 BOUN DATE 02/26/81 TIME ll.1d

SUBROJT INc BOJIN
IMPLICIT «cAL*3(A-H,0-2Z)

CDIMENSIUN STA 37 9372 256G 3737)SM{37,37)_
COMMU G/ CONTRL/NTERMgNELEM ¢y NP ¢ NBOUN o NDF aNI 911 ¢ MPROBoNITyMODE,1PRINY
COMMON/URT AU/ELsEY 3 PXyPY 90X 3sDYs D1l oDXY 959 RHU

_COMAQN/NPLZA;3:BByBNL,BN2¢BNIILOsR{4,4%).
COMAUN/ NUDEN/XE50)Z2(50)9T{50)sN0ODI(50,2)
COMMUON/BUUJIDINFA{8) yNB( 8y4)

CCOMMON/GLUIL/ST ¢ SMe SG

INTRODJLTIJUN OF BUUNDARY COCNDITIONS

D0 230 I=1,NBUJN
K={NFL{II=L)*NOF
_DD-233.J=1,NOE s

L=J+K
IFINB(I o J)) 230,345,23C
5 STILoLI=SIlLsLd*e1lE+12

CSMLpL)=SHMIL, L) ¥ LE+]2
ﬁSG(LvL)=SJ(L1L’*-lE*12
CNTINJE
RETURN
END

o e v . - 1
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\—-FO0-472 3-3 EIGEN DATE 02726731 TIME 11.22

SUBROJTINE cIGEN

IMPLICIT RcAL¥3{A-H,0~2)

DIMENSIUN STU37937) ,SGU37937)SMU37537),SG3CLI37,37),STMUD(37,37)0
COMMUN/CUITRL/ ATERMy NELEM g NP g NOUUN ¢ NOF ¢NIo 11 ¢MPRO3 sNdT 9400 C 9 APRINT
COMMONZURT AU/ EXK sEY s PXoPYoUX9DYs DLaDXY 96 aRHU
COMMON/NPL/AgByBByBNLyBN24BNIL,COs3R(%,%)
COMAUNZ NUIEN/ZXE 500520500, T150) ,NCD150,2)
COMMON/GLUIL/ST ¢SM,sSG

COMMON _NE e NEs4eE1;E2,IPN(L1O)sBUCP e S
IF{MPRJIB=-2) 1320,2000,2000

DO 310 I=1,NEQ
DG 31)_J=isNEQ
STLIed#+1l)=3ML1,J)
CALL FJIRM( 3T ,{VALD)
IVALD=D :
CALL PJUWER (ST, IVALD)
GC TU 9993
D0_32J _1=L,NEQ 1
DO 320 J=i,sNEQ

STMOD( L ,J+1)=05(1,J)

D0 325 1 = 1,0EQ
DO 325 J =1,NZQ
STMUD{J»1d=5T(J,1)
CALL rJRM{5TMJIJ,IVALD)
JVALD=2

CALL P JWER(STHAUD,IVALD) {
B MPROB.cde2) GO TO 9999 . - : |
CONT 1.4 JE |

o S 2 37 it
DB 33) I=i,NEQ \7 o) T

D0 330 J=i,NEQ _ :
SGSCLIL,J¥L)=3411,J)
D0 340 I=L1,NEQ
D0 340 J=1[,NEQ -
SCSCLUJodd=5TidsI)=ANRSG(Js1) I
HRITE( 0w, 50AN |
ORMAT( /4. IN _PLANE FGRCE '5F10.4)
ALL FURML3GSCLyIVALD)

ALL POWER{SG3CLyIVALD)
FlIVALU.cJe1) GO TG 4000
N=AN+ S5 1o
10 3001
TE(,,350) |

RMAT (1) cRRUR MES SAGE®/) |
RURY
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-FO-473 3-3 PRINTR DATE 02/7<6/81 TIME lL.24

SUBROJTINE PRINTR
IMPLICIT RcAL * 8(A-H,0-2)
DIMENSLON o(4,+) oCl4%e4) gDU494) 2EL4,4) gF(444) 3PMI4y4) yBMI4,%0,

PGlag4d 280l 4e%) o STU37937)eS5G137337)eSM(37,:37)
COMMON/CUdTRL/NTERMyNELEMy NP yN3OUNsNOF yNI g 11 9 MPRUB 9 i T o MUGUE IPRINT
COMAJN/ URTAD/EL g EY g PX3PYaOXgUYp Ul 30XY Gy rRHI

COMMBUI/NPLI/ A3 8By BNL¢BN2y8NIICOsR{%5%)
COMMON/NOJOEN/XK(S50),21503,T{503,NCD(50+2)
COMACN/GLUILZST ySMeSG

IFUIPRINI«NELI GO TO 310
WRITE (64250)
FORMAT('0_>T AATRIX'*/)

NM=NP-1 el
DO 50 IX=L,NM
IN=IX¥ JOF=-3

IK=IN+T
WRITE{0330004(STULI4J)yJ=INyIK)I=IN,IK)
WRITE (642001

FORMAT{*0 SM MAIRIX®/)
DO 60 IX=1,0nNM
IN=IX#* \DF—=3

IK=IN+7 $
WRITE{ 04300 ) LIoMII3d) sJ=INIK) e I=IN,IK)
WRITE(22270) -

FORMATL*0 56 A4ATRIX®)
DO 70 IX=L1sNM

INsIX* DF=3
IK=IN+T
WRITE( 2530000456 (LeddeJ=INeIK)sI=IN,IKJ
FORMAT{BEL3.5)

CONT L {JE
ETUR Y




156

APPENDIX ''2"
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IN=FC=41J) »—u MAINPGM VDATE 3/12/781 13.2
TMASTER
TAPLIVIT wcALFo{lA-H,L=-2)
DIMENS 4 UN AL50) 2Z2650) ¢ TU5CisFORCLUS50) ydA{20) JNY(2Q) s NL(2Q) 9FPi2V)
TTRS AT INGZa s STasad sCla4)v0l434T B4 4) 3 Fidsa) WPl
CUMADIPL300 95Ti30,30),0I5(0200) sk Gy )y dl3094) yNEFL3) NB(0by4)
CHMAUL AjJLo s EAPEY 9P X3 PY 2 GeOXyO0YaULUAY yNUD(H0 20 suM(bUV 3 ) ON(9D
ANALYOS1 S obF FOULUED PLATES ANJ O8RILGeS
VARIA3LE CEFINITION
X450) 21501 X AND &2 CGCRDINATES UF NULDAL PUINTS
T(5939 THICKNESS uF STRIP
T FORCI509) DISTRIBUTCD VERTICAL LJAD ACTING TN STIRIP
Qnil) LOAU CUGFFICIENT rux SINE SeERIcS> VARLATIUN
AN(2) LOAD LOcFFIGCIenNT FUOR LUOINE SERIES VARIAlIun
; (33,501 FORWARD CLTMINATION WOKKING AnCA Fork STIFFNESS
L P30l FORWARD ELIMINATIUON nuxKine AREA FUK LUAU
. D1S(232) DISPLACLHENT PARAMETER ARKAY
- NF(B) RESTRATINEL BCUNUARY NUJc NUABERS )
NB{3,y+) BUUNDARY CUNDITIUN TYP: FurR JeVea AnND THETA
(0 = FiXeDy 1 = FREE)
—NOD(50, 24 NODE RUMBEKS CF ALL Thc STKIPS o
NX{201 NUDE NUMBERS AT wWHICH CUNCEWNTRATED LUAUD> ALl
- NY{(2U) CORRESPUNDING Y=-PUSITIlun wF CUNCENTRATCY LuAu |
207 LCAD DEFINITIUN (1I=FUk K=LUAUy £=LUAUM=LUGAD,
2=Y-LUAUD)
FP(20) MAGHITUUE OF COCNCENTRATEwW LuAu
- UMi600, 34 STRESS ARKAY e
- NTEKM : NUMBER UF TERMS
i NUMBER UF LLEMULNTS
- NP NUMBER CF NGOAL LinNcgsS
NBOU N NUMBER OF RESTRAINcD BUUNUDARY Pulillys
- NMD4 NUMBER LF POINT ALONG A NUJAL Linc FUR odIPJl- |
ING STRESSES AND MOAENTS T
NUMBER UF VUEGKEES UOF FRcEudMd Ped HNUDAL LINE
MAXIAUM HALF OGANDwiDTH I
LOAD TYPE U I=NON—3YMHCTRICAL y <=53YAMCSTRICAL)
UK LINE LCAOS
NUMBER OF NUDAL LINES wWiTH CUNCCWNTRATEU LUAUS ]
AN 2 “
WRITE {04) i
ORMAT T v [ pUT DATA ™) '
;I‘; ‘)0 Led NI tkMyNEeL EMy NP o NBOUN g NMUM gy NUF g NDAND gL gl und ‘
‘ITC(leLJ NTLERMyNELEMgNP g NBUuJiNg NMUM g NDF g NOAND 2 INL 9 NL LN i
j" A5 35T Ay TONTTI TS T, ivMIA) it i
BTE (5,550 Ay (DNLI)y1=1,NMUM)
SH¥ AL s yELSH I
l=0)r +1 - — — il
R A U - WNDF
= Wb+ yP i




IN-FU-4T79 s5-0 MAINPGM DATE 03/12/06l TiMc
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1.

TNA = 2&Nur
NCULN = i
DO 123 J=1,3

LU 123 1=1aK
2 CMII4J) =v

TTREAD £ ANu Z CJORDIWATES UF ALL PUINTS

DG 2 I=1,n¢

E READ (59323 Xld)a201)
2 WRITEL 9350 XUI)e2(1)

TTREAD NJMoLRK MWUJAL NUMBEKS THICKNESS VERTionl OloTRidulcDd LuAu

DO 109 I=4i,NELcM

TTREAD (09400 NI (NID(TeJa,J=1,2),T(1),FURLTT)
09 WRITELos4si Nudy (NUDILsJd)sJ=1s209TL1dsFORCLED

T REAU oJUNUARY CONDITIUNS C=FIX:U l=FRcc

L REAU (59090 (AFLL) o ANBULyd) pJ=1y4)s (=1 n3Un)
B WRITE{2sL70 {HF(I) s (NS(IsJddsd=Ls4ds1=1,N35UN)
FCRMAT (5 144

REAJ CoNCEAdTRATED URTLINE LCAU DATA

DG 222 I=1,0LJd
READ 10,4014 AXCL o NYLT) gl D)y FPATL)
2 WRITE( 29204 NXTTPeNY(I) oNLUL) oFPCII
1 FCRMAT (Ji+)

B FCRAAT( TFi0.41
5 FORMAT {314, cFloa8)

R
by

REAU Y a4ilo'S 4JuJLUS £l EZ PULSSUN'S RATIJ PX PY SHcAR MUUJLUS

}READ {2932)E1,C24PXyPYsG

WRITE(5420) clyE22PXyPY,G
REX = Ce/llLe—=PX*PY)
EY= E2/(L.-PX%PY)

B0 50,0 li=isnfcrRMeNI
ﬁéLL LUIT U NBANJ o NCULNGNEF)
NE=)

: EV:IT“) +
‘ L=l dEw
) = Oe

PlL)=,,

A) FUURIcR LuAD CUEFFICIENTS

SAD (54350 G Ld, QNI2)

ATE( ) 250 Wni1d,N(2)




BNIl = 5.14159=11
CLC = 3lil*snli
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BNl = SNIJ4Z7A
BN2 = siilxoiNd
DU 70 LK=1s NP

T WRITE(5elo0) K
IF (L .GT. L) GU TU 9

1 NE = e wi
IF (N = WELE1d 9,9,92
9 IF { dio6Licsl) = LK) 9293,52
% 1 = Nuwdlinc el -
N2 = Wioliicgel)
XP = (INZJ - A{N1)
2P = {24 = L(Nl) i
= l(JLA
B = Do dhTLAPXXP + LP*IP)
pb = 4%48

DA=Cl=4%%u/ [ 12 % (L e—PX*PY) )
DY=E2%«0A/c i
DXY=G« )/ ci

DLI=PX+#Zc*uA/ElL
HXY=01+4%,A Y
WRITELOy1221)

CALL TRANL  XP4ZP)
WRITE{Galoo) (IR (LsJdsJd=144)e1=144)
WRITE & 4 Ji(d{lsd)al=144)9J=1+4])

WRITE(9,10J)
CALL P { OQL’F)
KRITE(O Lo l{odIsddsd=1,4)4171+3)

WRITEl Oy LuD)
CALL Muds{DeceF)
BRITEI 59132 ) ILFiled)ed=loa)ysl=1,3)

WRITE(o 1701
CALL FCMOlLOsAsBa3B3¢DXs Y s D1sUXYeUE k)
WRITE Ly LoD dUUF LDy ded=1ly4a)s1l=1s4)

- WRUTE(o, L1731
CALL LUAD>(INs ISy NE+FCRC,B,8d4R)
ARITE( Gy 100 )L 25t 1ia1=1+4)

ARITC(S7133) ~
CALL FEAP ErH,C0)
RITEL oy 120 ) ((E(T1d)sd=1s4)00=104)

BURITE(L,150)
CCALL L JAOPL Qg WPy NEyFORLyByR)
HRITE(;;lJJ)‘dP(l)'[ L, ")

gl & 4

Nors{asDlic, LY = LK)
Lyli=uPiJli*®a
2.u—u>uz;~u

3'1‘*43‘.}1)‘ ‘
4.1; =LalJd2)*A
=lL.35TTl{ﬂ031C04!4 L)

“ 15 JJ-—L s -




2ON=-FU-4T7/ 5-9J MAINPGM JATE 03712741 TiMk

16C

ida

Ji = J +1J
15 PLIN) = 2Udiid ¢ CINJ,»L)
DO 30U AK=i,2

—CC 8T K=1,.i0F
DO 81 c=1l,s JuF
gl DI(KyL) =0

E 11 = 2¥EK=1

12 = 1. + 1

I = WNurslaJsU{dCsKK) = LK)
- Dl1i, = TiIl,J1i

ulz2eyld = cil2ydl)

D(Ly2) = {(11l,42)
B U2y 2Y = ETTZ7y 32T

D(3¢33 = FillsJ1)

Ol4y3)1 = rtl2,d0l)
= LDl3y&41 = Fi{lT1LyJi72)

Dldead) = FL12,42)

CALL A3TMlUuskaor41414)

CALL d3TTAIK»Ce D99 4,4)
WRITE(L,1831) LiL KK
WRITE‘J'ljdj

WRITCI S5 o0 TTOUIPRTJPRT) yJPRT=1,40,IPRT=1,4]
DC 5 ) = 1ly0NOF
JN = J + WJ

DU S AT =1y yNOF
IM = 41 + |
STildydnid = STLIMJdNY + DIMIgnNd)

| WRITE 10,230)
0 FGRMAT( 'O 5T WATRIX'/)

CNTTWJT Ly 78

3 [0, 271031105 T{1,J)yJd=1,84,1=1,08)
:JFLRMAI(dElJOS)
o0 T L

BT 67 T=1,nwCON
IF (LK = NALI)) 67,544,067
tJ = No(1)

: NOTTITT 75475475
AF (U JEde 20 PJ) = PLJ) + FPLII¥UNIZ)*A
IF U gk 2) PUJ) = PLJ) + FPUL)*JN(L)*A

AoMluy bab s Gy S)

AJE

RS L - g, ELEM

Li=K+ 1
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TlMe
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lo.2

 FOKAAT L 274 ELAMENT NUMOER NUUEL NCuWEZ)
AR ITE( 2940}
3 FURAAT ( 4 L1IGMA=X o ZiGMA-Y 4 LIUMA=XY . F]

WRITE (0927)
) FURMAT { L A0M4ENT =X 3 MUMCNT=Y 5 AUudbENT=XY :

) WRITE (0eil) LigNOD(LL L) gNUD(LLS2) g ((IMELsd) s J=ly3)gi=Nioned

T FLRAAT [ 314/ (ol 3.59))
) FCRAAT(TLR=?,{2//)
) FLRAATL'Ueale TRAN R MATRIX'/)

, FURAAT({4clae )
) FURMAT( 'y alLL 40MP STRESS MATRIX'/)
S FORMAT('0 ALL 1UMS MOMENT MATRIX'/)

) FUKMAT{ ') ALL FEMS BENDING STIFFNESS MATRIA'/)
» FCRMATI'O ail LUAIS «@S'/)
) FCRAAT{*Y ALL FEMP PLANE STIFFNESS MATKIXY/)

> FURAAT{Y0 4Ll LUAUP WP /)
3 FORMATIYULL=912,"'KK=212)
) FORAAT U TRANSFURMED INJIVICUAL STIFFNESS'/4

~STGP
END

- e
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)ON-FO-477 3-3 FEMP VAL 03/12/81 1M 1d..

SUBRWIT Line FEAPLEyH,LT)
IMPLLLGT wEAL*a (A-dyu-2)
DIAENs LN El4st)
TTCUMAGI2 (307 9oTi 3049301 9015{200) 18449404 Q{0094) s NFLS) 4yNB(Be4)
CUMHOINTERdaNCLEAs NPy NMUMeNDF s NUF 1 yNBANUD gid I L i1 gnN i s BNILlgDNLgBNZ s O
’_&BM"O\‘ Ay DI LXs EYIPXsPY 3G 30X VY sl 9IdXY yNOUL D092 sutloul i) .L)N“J)‘

IN-PLANE >TIFFNESS MATRIX C(4s4) oF STRIP

TTEALy L) = LA%.5%A/b  +BXENZFAXG/ 0.
E(2y1) = 425%301 ®A¥PX*EY — <22%8Nl *A%(
E(3,1) = —.5%A%EX/B + B¥A%BNZ*G/12. ~
TTElGy L) = JoO%ARONL FPX®EY + «25%A%DBNL %6
E(292) =A#3%BI2%EY/6e +  JHEAXG/ B
E{13923 = =.25%A%BNL *PX¥EY — .25%A%BN1 *G
T El4y 2] TA%0%BI2REY/ 12 — <5%A%G/B
El393) = JOo%A%ZX/B +A%3¥BN2%G/b.
E(433) = —.25 ®A%3NL *PXEEY + J25%A%BNL %5 |
T Ed414) SA¥SECYEBN2/ 6.+ JS5FAXG/D e e |
DD 20 I=lv4 |
DO 20 J=l,1 : _ |
{1+ d)=Cl(isJdI%A N
BB E(Jsi) = 2i1,d) |




yON=-FU=-47) 3-3 FEMS DATE 03712731 [ IME
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18

~ SUBRUDUTTNC FEAS IO AB 80X, 0Y, DT, OXY, DWW F
IMPLICIT REAL¥I(A-H,U-2)
DIMENS LU D(4r4dsbl4,40 4,0 4140 4F(4,4)

BENUING ST LFFNESS MATRIX F(494) UF STIRIP

AA = A%A
BBBB= 33%34
COCU = wux U

—BBB = J%33
D(ls1) CulUx)Y%B8*x.5/AA
Dl2,1) CulJd*B3*UY*,25/AA

IR Y EISIVE R B + + 16660 7*CTCT*33B¥OY7AA
D4y 1) —1 «¥LUXBB*DL +  4125%CCCC*uB3B*0Y/AA
DI{2y21 «loo b6 T*CUCO*BBBFDY/AA  +  2.%LJ¥%bB¥*ukY

LU TR 1 T T

— D13, 2T ==CUXBOXDIF 5+ 125%COCT*0BBB* DY /AL + 2. %0 0%pBo*DXY
Di4s 21 “WUF338%01 +  JIxLULUXBBBB*3%UY/AA + Z.*LU¥USDBDXUXY
D03,3) Le¥AA¥BEDX —o0660067*Cu*p38%01L +

(H |

— 1 JI¥CIULHOOBBFS *DY7TAA + 2.60667xCU*pB33¥DXY

L1+ 3.¥Lu%BBEEDXY

D(4s33 = L.¥AAFBB*OX =CO*BBB3B*D1 + LU833333*%Lalu*Bodb*x88%0Y/AA

T D(4,4) = O EBOSXOA¥AA = T 2%C0%BLbo*3%D1l  + +ull¥280% CLU%bDD

1*B33B*)Y/Ana+ 3.56%CO*BB*pBB¥*DXY

B Dl1,J) = OlIsd)/A
BO(J, 1) = DL1,3)

ALL cil3y0B:333, L)
CALL M3TMLlU2CsCc 141494

CALL MOTTA1EscsFrdv 404l
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ON-FO-4T77 3-3 A0MP DATE  03/12/81 T1Me 18..

SUBRUCJT ING MUAP{ OrEsF)
IMPLICIT wEAL¥5 (A=H,0-2)
DIMcNOIUN b4y ad gl bebldesr(4e4)
TTCOMAC P (300 9301 30,30) 90150200 sRr(4s4)sa03004)sNF(3)4NB(B,4)
CUMAUJJTC&A.NELEM.NPvNMUM,NUF.NUFI.NBAMD,JSIZ.lllN‘tBNllvdﬂlpdNZJD

IN=-PLANE 24 RES5 MATRIX Jda,4) OF STRIP

DC 33 lNUCA=112
IF (INJdcX=1) 91,911,492
1 X =0
L GU 10 73
8 X = B
3 DO 82 4 = 1, NADM
T Z=DNUAI7A ;
H1=0S1 {8l 1%) \
H2=DCUS(3w11%Z) , J
— D1y li==Hi*[CX/3 |
DI2513=—H1l%PX*EY/B |
DE3¢11={1.-X/3) #*BNL*¥H2%G |
T Ol Le2d=~( e =X/ 3 ¥BNLEHI*PX*EY ; |
D{2s20=—(La=X/0) ¥BNLEHI*EY
D(3,2) =-H2*0/ 5
T DI 1, 34=HL¥EX/S
E Di2y3d=nl=2 K%Y /B

D{3,3) =X*uN1%12%6/8
Dlly4)=—A%3Nl=il¥PX*EY/B |
Dl2y4)==X¥5Nl¥AL*EY/D i
VDI3y43=02%5/8

CONTI.iJE |
CONT 1 1 JE .
RETUR . i
END ' |
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WON=-FU-41 7 3-4 MUMS DATE V3/12/81 T1Me io.

TTTSUBROGTINE AUAST O ES FY
ITMPLACIT RcocAL¥J(A-H,0-2)
UIMcNOLUN Uldyt) sclbsd4dei(444)

TTCCAACTIP 30T ST 304300 y0IST200)yRT4441 2030747 wFI3)yNBT(5,%1
COMADNNT Ex A g NCLEMa NP g NMUM g NOF g NUFL g NBAND o NST L il o NL BNl sB8iudle30N2y 0
CUMALYL AsOB0 s ELe EYyPXyPY 9 GoUX g DY UL yUXY gINud{50923 yutdlS009300iN(92

ACKENT AdAIRIX Fl4,4) CF STRiP

—CG=3NZ
DUB3 L lueX=142
IFTINJEX=1) 91,91,92

g1 X=0.
GO TG 23

92 X=8

93 DC B2 =17 NMTA
Z=DNLA)/A

H1=0S i i(8idl*l}
T H2=DUSSIBIIT*Z]
| H3=-HL
‘ Dllgla=—Cuxrds%*01l
— D12, 17 ==CS¥H3%DY
D{3:,10=0
D123 ==-CouxH3%J L %X
T D2, 2) ==C0¥% X% %Y
PD(3:21=2 % UN1E2%UXY
Dlly2i==2 e ®HIxOX—CURXEXXH3I*O]
21 3)1==2«FN1 ¥ 1=-CO*®X X X®HI*DY
-~ DI343) 4w INL*12%D XY X
J Ullydi=—0a¥X&HLRDX=CORXEXFHI®DL®X
:l {21371 ==0,¥XXAL¥D1=COR XXX XEHI*DY
D D(314i=0e*aNLEARXEH2ELXY
| BEB=8s*3
BRCALL c115,0B7y03ByEJ
CALL AT MiIDetsFe304%494)
2 WRITE (4 ) ({{F(led)yI=143)9d=1s4)
i 130T
RETUR
END
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60N=-FU=4 1) 3-0 TRAN JAT Wi3/12/6l I'iME 15,

SUBRLITING TRAN(XP,ZP)
IMPLILIT wcAL=0(A-H,U-2)
Cb%ﬂﬁl?‘au)05[(300)0)1015(200){E;?lﬁ)1U(3014):Nfl3):Nd(d,Q)

TTCLAAD T e oL tMTl\rP v AUM )NUF:IUFI yiNOAaNJDg ol I 1-;.11 gUiNd ly dN"I') ONZe D
COMAL L AgB0 9 EA Y sPX e PY G aUA DY s DL UXY 300X 50920 9041000230 suinid I

TRANSFURAAT IO MATRIX R{w94) OF STkIP

Dec 1 I=lg‘t
TTu0 1 J=Elee
1 RUIyJ)=0.

S=LP/ O
F C=xP/3
Rily 1) =C
R(2|2)=1. y
T RU3yLI==> .
RE1y3)=5
R{3,y3)=C

T Rl4s4id=1.

RETUR {
END
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HBUN—-FU-473 >-3 LUADP VATE J3/12/781 liMu L3,

SUBRTITINE LGADPION, QP LKy FTRC, ByK)
IMPLICLT acALxd(A-Hy,0u-212
DIGENSI LU ¢NLZ) 2QPLA) s FURCL99) {4 44)

IN=PLaic ~udAL FORCES QP(4) DJE Tl DISTRIBUTED LUAJDS

FOR=EFXCTTITRT 1737
QPLLd=2ivl L) XFiR®B% 4,5
QP{2i=0.

T RPUSIEIPULT
AP(4)=).
RETURN

E ENU




360N-FU~4{3 5-3 LUADS

JATE  03/12/81

TIMe

168

SUBRUJT Ine LualdSTRNyuSy LKy FLRCer0,BB 1K)

IMPLIVIT KRcocAi¥s (A-H,0-2)

DIMENS Luid wN(2d 2uS(4) s FURCIOY) 4K (4441

CGUT-LF-PLAVE U DAL FORCES

Q>(4d DUR Tu DISTRIBUTEY LUADS

F FOR=F Jtelind*ideld
DU 26 K&X=1,2
1 = 2x{KXK-1i4

T QSII+L) =2l L)FFUR¥B%,.5
L;LJ T-J (Z#y .‘.5):an
24 QSII+2)=un{ L)*3B%FUR/12.

E GO 10 26
25 WS{l+zi=—=< L) *BB*FOR/ 12
26 CONTINI:

RETUR
END
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60N-FU=4T74 3-3 BOUN JATE us/l2/3s1 TaMe 13.

SUBRUITIHE DUINT UKy NBOUNT
IMPLIC 1T AcALFSslA-H,U=2)
CUMALT 20000 931 (30230)9CIS(200)sR1444) 9y 343094 )siFL3) o3y 4)

COMATTITCRA tNCL CM Yy NPy NMUMy WCFyNGF 1, NBANND iNno I Z i T VT o1y oNT 20082y 3
COMMUN Ay039EXycY9sPXaPYyOeUAsOY yULgUXY 31iUulBSU92bsu1l0UU3dyUNTY)

INTRUOJLTIGN S SUUNDARY CURNUITIONS

DC 230 1=4i,NBJUN

79

IFEONFUL =Ln)Y T3, 79,78
D30 230 Jd=1i,4NDF
IF(NB(iqsdi) 25343454230

45 STIJd7=5TUJdi ¥, 1IE+12
78 CUNTILauéE
3) CONTiNJE
— T RETJIR
END




OON-FU=27J 2-0 SULVE DATE Q3/12/61

limt
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L3

SUBRUJT Tiic SUGLVE ‘
TAPLILIT <CAL*3{A-H,U—-2)

CUMAG 20300 95T 30930) 201502008030 (as4dedl00sadsinb(3)sND(By%)

CUMATNT CX A g HELEM g NP g NMUM g NUF ¢ NUF Ly NBANU g NS 1L gl dgib sl il BNl eBNLe B

CudiiOl As 0o s EAJEY P XyPY 20 2UA s DY s LsDXY yinUItHU2) 9 I 00833510 gunilii

FURWARD Ec1t AINATION

WRITE (04200)

50 FURAAT('J duutrltcl STIFFNESH HATRIX,7)

10

WRITEL 92000 0i0TLI4ddsJd=133)sPl1)41l=1sNDF)
FURAAT{YLL3.5)

T CALL AT L ST, iDF)

R

e e

bl L

e e o

112

|

CALL o>Turc(STe? oNOF)
J0 1lle Jd=i,iDF

DG Ili i=1sN>51<
L=1[+NJF
\J(‘.' Ji =04

D0 111 K=14 NOF
QlI4J2=Qli 2 JI+3T{KsL)EST(KsJ)
00 L1i2 I=uskisdBANU

L=1-nNor
DO 112 K=1,NOF
DU L13 u=iusFle 13AND

Pl 1=P{d J = QULK)I*PUK !
DO 11% I=lgNSiZ

K=1+r
PLL ) = pPILK )
PIK ) = Je

DO Lls J=1NSIL
L = J+{IF
ST lgud =51 (KsiL)

ST(I,La=0,
ST{KyL) =0,
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6ON=-FU=473 >-3 BSUD DATE  03/12/81 Tldc ig.

SUBRUIJTINZE5J3
TAPLILICAT Ko AL®G LA-H,0-2)
UMAONP L300 95T 30,30)5015(200) )Rkt as4) 9l 3094diibL3)4NOLSs4)
T UM I T E U T N E Y NPy NIy NCFy NUF L g NCGAND yNo LlZ 9 Lld s Vi sBiNdily B3Nl yoN2e D
CUMAUL As00e A EYsPAgPY 3G uXpJY, Ul uXY s U lH5092d rud(vUduyg3) yuniy)

SAULR=0JOS5TITUTIUR

Jd 30[P=L4.4P
— M=NP-17
CALL RUBK(>T 924 NUF)
JO L I=1,n0F
JU 1 = UL o NOANT
1 P(I Jo= Pl )b = ST{isd) * P{J )
V3 2 [=1iy4JF
«(1y,1)=0.
JO0 2 J=1,y {JF
e Wy L) = G0y LI4STLI,J)*P(J)
D03 I=1430F
PIL)=0ld,L)
J o= NJiF%4 + |
T3 ISISTELTI I
DU Ll4 [=L,NS1L
L = nNdaidu - [ + 1
P K = LT=_N0OF
14 P{L)=2(K)
30 CONTIMJE

— RETURI
END
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03742731 TiMe Lg.

SUBRUST [V MUA(JseFeCyS)
LAPLICIT acAL#3(A=H,0=2])

JIMeNolod wlasadsclast)sblbdoad yClay4) a4y +d

COMTUNTIT 300 90T 130,300,005(200) R4 sa) (304 ) 4 F(31,n0(894)
COMAY INTER A it EMa NP s NMUM e NUF 9 dDF L g NBAND gdS i o i d gl goivd i yBNlgUINCZe D
COMIUNL Asud sELASs LYy PAsPY sGoudXyIY 01 {A)XY'NG\J( 59_._;2_1‘,0.4(3\1\),1») .L)N_(_?)

CulPUTAT ey Uik STRESSES (3=FC) s MUMENTSIU=FL)
ALUNG duuail LINES AND OISPLACEMENTS DiS(2004 Al Cendwe PUINTS

al oSPeclFliu PUINITS

NUM=0
ARITE(OSy Lyl

10 FURMATI [+)
JJ 31l wR=leitbai
READ (+ 2 LUA(I4d)s1=1441,J=144)

D0 24 LL=1,2
I = NJOF¥{wJDILKyLL)-1)
DJ 23 J=1lynDF

K=1+J
23 D(Jy L)=015(Ki
CALL AoTMiRsusbabe 41}

Cl2%Li=-1y14 = cll,yl)

L i2%LiL, 1) = c£f{2,:1)

S{2¥Ll=-1,10 = El3s1)
T S(2%LL, 1) = E(4,y 1) ¥
24 CONTINJE

D0 25 LiL=i,2
b 00 25 4=1,  MUA

REAU (4 } UlFL14J)+1=1s302d=114)
CALL 13THiFrs+CyI93+4,1)

NUM = WUl + 1
i B0 3 =143
3 OM INJAsld = UMINUMLI) + L(Is1)

TCUNT1JE
D0 26 LiL=1,2
DU 26 1=1, NAGH

B READ (4 i (FTLeddyI=143)sJ=1241
- LALL A5TMUreSsDe39+9 1)
NUM = UM + |

DD 4 In-’;l'J
OM (NJ4A,IJ = wld{nwuUM 1) + C(I,1)
. CudTluvE

CONT L. UE”
qP2 = pi¥ P
200 7 [ =1,.P2,.40F

QTSTI‘WJI = Dis(1 $%¥0SIN(BNII*.5)
,QIS(Ir:J = DAs(1+2)*#uSINIBNLI*®eDH)
OIS(1+3) = ub(lfﬂ*d&ﬂia.\dl*.:})

WRITEC,, 157 =
BFURMAT (110 0erLECTION, 9H RUTATIUND
RITE (0,50 (OIS(L  DeI=1yNP2)

BRAAT (26,0200
ﬂETUKJ
cND
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DATE  u3/i2/sl TiMe ls

SUBRUJT Tive

cid b3, 588y, L )

TAPLILIT SKcAL¥3 (A-HyU=-2J
DIAEN> iuid cl4e)
Ellsy 1] = 4o
EL12y1) = J.
E(3,1) = —5./833
El4ae 1 = 1. /853
E‘IJZ) = Je
E(2¢2) /= Lo

El 2l = 1—=&ado
cl4,2) = L./383
Efly3) = V.

U Y R I T TS
£(3,3) = s5./03
E(4y3) = =2./338
clly&dd = U
E(2y4) = u.
E(J;lf, = —=ief3
Ed4&,4y = 10780
RETUR N
END

- N th s S R L S RN LD A
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VATE
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T14ME
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1

SUBRUJTING MATIN(ST N)
IMPLIC:T wcAL¥S(A=H,0—2)
DIAChs{un 2T(30,30)

MATRIA 1idvcRSIUN

20 19 (=1,
L=STli,1)
ST(l'slzlo

60

QU 60 J=lyn
STUL«J)=5{ily3)/1L
DO 19 =i,

IF{K=i)sy1443
2=ST{K: 11}
STIKyii=0

DT 4 J=1y.
STIKsJI=00 e Kgd)=L5ST(I4d)
CONTI lJi

KETURN
END
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iMc 1

SUBROIJTING MOTHMTU,85D BTT:;_ My N
dMPLICLT HEALss {A-H,U—L2)
DIMcNoduiN lds %) 1B8l4a94)s03(4q44)

MATRIA MJILTIPLICAT iU DBILyN) = DILyM) X B(Meni)

DO 110 Jd=i N
DU L1D I=i,L
VBL{IyJi=v.

Ju 110 K=0,M1

110 D3 lled)=usiisJ)+D(1,KIFB(KyJ)
RETURN
D
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TiMe i

SUBRULJT Lic MOTTMIU L OB L eMyND
IMPLeICIT KeAL*3 (A-i{,C-2 )
DIMCNL LU Jl4y ) eBlae9)s03846,4)

MATRIA TRAISPUSE AULTIPLICATIUN LB(LeN) = UlMyL)d X oldyn)

DU L1) J=Llyui
D0 119 {=i.L
oB(IsJi=0.

Du 110 KR=L,¢
110 O3 Isdi=usllsditD(KI1)*8(Ked)
RETUR N

ciND
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30IN~-FJ-47J) 3-9 INIT DATE U3/zi2/81 IFiMc 1

. SUBRUOITTNCT INIT T NBAND, NCOLAYNDF I
THlo 5JuBRLJITINE MUs1 DBt CALLED CinCL BEFUKE >SUsRUJTINES
STURC anw RUdK ARc CALLED I wkotk Tu INiTlaliSc Tdc blulK

TTTTCUNTRGLTCIINTERSS ~
TAPLILIT ACAL®J(A-H,0-2)
COMAGN/ 30r A7 30 NLUL s ISeNASJLRECL yNREC ;L luuimrY 9 X{2000)

NAT=72700
is = 1
NBU = IBAw

NCOLU="3CCoCH
LReel =(.oJ + JCUL )*NOF
NREL=)

IF TLCCL=-GAT1y 1+ <2
RETUK I
ARITE {3994 LAcCL,NA

T OFURMAT 1TYCoCUUGICAL RECURKU LTENGTH CF Y, 103 "CEXCLEEUS OJFFCR SCT
1 16 )
STCP

Al ’

TR S0 1Y)

o
l




36004=FU-41) 3-4 STOKE JATE 03/12/ sl TiMe L

SUBRUJI Iive STukEe (ST,P,NBLF)

IMPLICIT AcAL*3{A-H,y,U-Z)

DIMENSd N oT1304930)4P(30)

COdAUN7 BCFI A7 50y WL LUy ISy NAZLRECLYNRECyLylouihdY s X120U0])

STURE rFurkwARD cLIMINATIUN RESULTS IN JJFFER ARcA Ano wRITE un TaZE

SAVE TRANSFER TlNME

TEST i+ RudM i1 CURRENT BUFFER
I1EF 85 # h.iL‘CL‘l\.‘"A)D’D'SU
ROUA { i dutfER

DJ 10 i=1,13D

J9 10 J=1,uufF
X1I3)=5T0uiy 1)

1S=15+1

DO 1S5 a=1,ADF

X{I539=P(1])

I5=I5+1

RETURN

NO RUJA LZFT Il BUFFER
L=IS-1
alXITEL200A0Jddyd=1,0L1
I1S=1
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»ON=-FU-477 5-3 ROBK VATE Us/ie/ei TiMe 13
"""" SUBRIITTIUC RU3KIST, P, NDF) 0 A r e e

IMPLICIT ncohAl=alA-H,U-2])
DIMENo iunN 3T132930)42130)

T LOMATIZ IR AT TS D NCOL, ISy NAZ LRECLy NRETy Ly TDOUMAY , X(2003)

READ rurkwAnry cLIAINATICGN RESULTS FOK BALK->ULSTITiun

TEST dF NCXT RKCCLURD IN BUFFER
IS=15-LREuL
IFUIS=T7 +J,y1dy12
RECURD 1o i N BJUFFER
|2 OU 1l i=iy NBJ

DU 11 J=1yvUF
STHUs L1 =X£41S)
15=15+1

UL TETLNDF
PLI)=X{iS)
IS=13+1

RETURNY
LAST oLalK wlITTEN MUST BE READ

T IFINRCEZITIJ 190,41
NKEL=1{el~1
BACKSPALE 2

TTREADIZ2ITKTIT43=1,,1)
BACKSPALE 2
IS=iL+1
GU iU U
ILLCGICcAL cRRJR
WRITE {uyill)d

T FURMAT 10 ATICMPT TO READ SACK TUU MANY RELGRISWY]
5T4P
END
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APPENDIX "3"

Subroutine Solve

In the stiff matrix shown in Figure A-| each stepped
area represents the equations associated with one node. The
first set of nodal equations can be divided into a diagonal
matrix [Kll]
and an off diagonél submatrix[Klf] = Hklz]ﬂ(l3] ....... [klnﬂ

If the nodal displacement parameters {SI] are to be eliminated,

then the area ABCD will be affected and we could have the

modified matrices.

[krd = [ird=[e]" [i0] ]

[pe ™= [Pel=ke] " [0 '[P,

. .where .
' ¥ oy

[K?z]" e [K.Zn]
[KTT] AN

and
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After the first set of nodal equations have been eliminated,
the second sét of equations are completed through assembly
and can then be operated upon.

This time the area A'B'C'D' is affected and the
operations given by (l1-4) repeated. After repeating the
above-mentioned process a number of times, we reach the last

set of nodal eguations which is of the form

ku o] = [Pu] .

All the modified nodal équations are stored for basic sub-

¥

stitution purposes.
In the computer operations, the working store re-
quired for the elimination process is an array of the same
size as ABCD of Figure Al. After the eliminatizn of[K||]
] X

¥
the whole D(TT] is now shifted so that D(aa now occupies

the top left corner of the array.
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