
STATIC AND DYNAMIC 'STABILITY 

OF THIN PLATES USING 

FINITE STRIP METHOD 

by 

Sunku Seetharam 

Submitted in Partial Fullfillment of the Requirements 

for the Degree of 

Master of Science in Engineering 

in the 

Civil Engineering 

Program 

Students 

YOUNGSTOWN STATE UNIVERSITY 

March, 1981 

WILLIAM f. MAAG LIBRARY 
YOUNGSTOWN SlAlt UNiVERSiTY 



ABSTRACT 

STATIC AND DYNAMIC STABILITY 

OF THIN PLATES USING 

FINITE STRIP METHOD 

Sunku Seetharam 

Master of Science in Engineering 

Youngstown State University, 1981 

II 

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 band~d, 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 Rev iew 

The development of structural mechanics in the area 

of thin plate theory is classified under the following two 

broad categories: 

1.2 

1.2.1 

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 Method 

II. Numerical Methods with subdivisions 

1. Finite Difference Method 

2. Finite Element Method 

3. Finite Strip Method 

Classical Methods 

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. 
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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. 

2 



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 Fourier. For simply 

supported rectangular plates, the solution of the gov erning 

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. Timoshenko (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 

of plates. Among Timoshenk~'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. 

3 



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. 
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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. 

1.2.2 Energy Methods 

1.2.2.l 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 sel~ction 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. 
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1.2.2.2 Galerkin Method 

The variational method as formulated by Galerkin and 

Vlasov is an extremely valuable tool for the approximate 

analysis of various boundary conditions subjected t6 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. 3 

1. 3 .1 

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. 

Numerical Methods 

Finite Difference Method 

For many thin plate problems of practical applica­

tion, -analytic solutions to the governing differential 

equation 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. 
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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 developed for solution of complicated dif­

ferential equations by the ordinary finite difference method. 

are: 

The disadvantages of the finite difference methods 

1. 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 UNIVERSJTY 

7 



1.3.2 

4. Certain boundary conditions may be difficult to 

handle. 

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

enced by the following parameters: 

1. Displacement patterns prescribed for the element. 
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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 el~ment 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: 

1. 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 same 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: 

1. It requires the use of electronic digital 

computers of high speed and storage capacity. 

2. Preparation of data for each element can be time 

consuming. 

3. Some problems may require special computer 

programs. 

4. 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 (lOOK-lOOOK) are required ·in order to perform the 

matrix operation involved. 

1.3.3 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 

10 



a one dimensional problem. However, to account for the 

second dimension, 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. 

11 



1.4 Purpose of the Thesis 

The purpose 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. Th i s nume r ical method s hows 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-Elgenv ector Problem associated with Problem 

TYPes 2), 3) and 4) above. Problem Type 1) above is con­

sidered for purposes of background development and under­

standing of the FSM approach. 

12 



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 

where 

(1-1) 

[ K] is the bending stiffness matrix 

[ 8] is the vector of resulting displacements and 

[ f 1 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 

[K][aJ = (1-2) 

Where 

13 



[ K] is the bending stiffness matrix 

[ 8} is the vector of resulting displacements and 

~ 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 

[Kr'[ M ], in general' is not symmetrical al though [ K ]-, and 

[ M] are symmetrical. A "Cholesky" transformation procedure 

as described in Chapter III is necessary to efficiently solve 

the equation together with a power iterative technique 

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 

(1-3) 

where 

[K] is the bending stiffness matrix 

[KG] is the geometric stiffness matrix 

[s] is the vector of resulting displacements and 
scalar 

~ is a scalar equal to the Euler Buckling Load 

Free vibration and static stability problems share many 

similar features. Both require the determination of Eigenvalues 

8nd Elgenvectors. The solution procedure is similar to that 

explained 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 

where 

(1-4) 

is the bending stiffness matrix 

is the geometric stiffness matrix 

is the associated mass matrix 

is the vector of resulting displacements and 
scalar 

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

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

quency for increase in axial force. The value of zero 

frequency yields the value of static buckling load. 

15 



CHAPTER II 

STATIC ANALYSIS 

2.1 Chapter Overview 

16 

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 conditions 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'. 

2.2 Inplane Stiffness Formulation 

A typical strip is shown in the Figure lB with nodal 

lines numbered i and j. Each nodal line has two degrees of 

freedom, one in x direction, one in y direction, that is, 

NDF = 

Line 

Ui 
Vi 
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Since there are two nodal lines, there are four components of 

displacement defined for the element, 

NDF = 

STRIP 

V· I 

v· J 

18 

Assuming linear displacement functions in the x direction as 

functions of the unknown nodal line displacements, one obtains 

(2-1) 

( 

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, 

I) u = 0 

2) cry =O or (t + v• :~}o 
On the boundary line x = 0, one obtains 

U = U, 
I 

V = y. 
I 

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

U = U· 
J 



Equation (2.1) is written· in the matrix form as 

where P.m = m1T 

or in matrix symbolic form as (2-2a) 

( 2-2b) 

U· I 

V· I 

u· J 
Vj 

2.3 Strain - Displacement - Relationships 

The strains for a plane stress problem are composed 

of two lon gitudinal strains and a shear strain in the form 

Ex 8u 
8x 

[ E 1 = 8v r 
[ B] m [ 8 jm Cy = 8y = ! (2-3) 

m=I 
Yxy ~+£L 

8y 8x 

The strain matrix[B Jmis obtained by performing the indicated 

differentiation of the latter definition on Equation (2.2) 

yielding 

U)vm 0 (+)vm 0 

[ B] = 
m 0 ( I - ~ }-.£._ y II 

b µ.m m 0 ( 2__) _Q_ y II 
b P.m m 

(1 - ~ )v~ (_::_L )-9-y' 
b _µ.m m (~) y~ (...!...) _2._ y' b µ.m 

19 
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2.4 Element Stress 

The stresses corresponding to strains Ex, E y, Yxy 

for orthotropic materials are defined as ux, Uy , Txy 

They are related to each other by the following linear 

relationship: 

[u]= [o]fE} 
= [D ]m~I [s ]m [ a Jm c2-s> 

in which the matrix is given as 

D1 0 

[ D] = Dy 0 (2-6) 

0 Dxy 
where Dx, Dy , DI and Dxy are the orthotropic plate constants 

defined as 

D _ Ext3 

x- 12 

Eyt3 
Dy= 12 

o, = 
vxEy t3 

12(1-vxvy) 

Gt3 
Dxy= l2 

( 2-7a) 

= 
12 ( 1-vx vy) 

where Ex, E y , 11 x , z, y and G are the elastic constants, with 

the thickness of the platestrip. 

For an isotropic plate 

lfx = 'lly =v 

G· = E 
2( I +11) 

( 2-7b) 
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2.5 Minimization of Total Potential Energy 

The strain energy of an elastic body is given as 

u = +Jr. r r 17" 1 d ( VO I.) (2-8) 

noting Equations (2.3) and (2.5). 

[EJ=[s][aJ ,fcrJ=[o][sJ[aJ 
Equation (2.8) is rewritten as 

u = + / l 8 n Br [ D] [ B] r 81 d ( VO I. ) (2-9) 

The potential energy due to external surface loads 

is given as 

V = - Jr f r l q] d (area) (2-10) 

BUT ft}= [ NJ[ 8] 
f"" 1T ,,. 1 T [ ] T . l f = l 8 N 

/ . 

Therefore, W=fi 8 r [ N fr q 1 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, 

4,=V+V 

21 

=t fl 8 n B n D ][a][ 8 }d(vol.l-jf 8 n N n q 1 d(area) c2-11) 

The principle of minimum total potential energy requires 

that 
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Thus, 

[;(!}1 =fi Bf[ D ][ B ][ 8 }d(vol.) -fl N n q] d(area) = [ O] 

or (2-12a) 

[s][s}-fF1 = [oJ 
in which 

[ S ] = /[Bf [ D ] [ B ] d (VOi.) (2-12b) 

2.6 In-Plane Stiffness Matrix 

Since the thickness of a strip is assumed to be constant, 

the[s ]matrix of Equation (2.12) is structured into a partitioned 

matrix with individual element matrices given as 

[s]mn = {[s([o][s]. d(area) (2-13) 

m = 1,2,3, ..•... n = 1,2,3, ..... . 

The in-plane stiffness matrix as computed from Equation (2.13) 

is shown in Table _L for the case of simply supported boundary 

conditions, with Y (y) = Sin rna1ry rn =I, 2, ... , r. 

This matrix is a 4x4 square symmetric stiffness matrix. 

The computer program subroutine FEMP computes the numerical 

Values of this element stiffness matrix. 



aE + abk~G 
2b 6 

--------------, 
akm-vx E2 

4 
okmG 

4 

I 
I 
I 
I 

abk~E2 + ...9.§_ 
6 2b 

- - - - - - - - - - - - - - l- - - - - - - - - - - - -, 
2 I I 

_ aE1 + abkmG 1 _ OkmVx E2 _ OkmG I 
2b 12 I 4 4 1 

I I 

SYMMETRICAL 

aE1 + abk~G 
2b 6 

-- - - -- --------,-- - - - -- - ----- -t-------- - - - · - -, 
I 2 I · I 

akm-Vx E2 + akmG I abkmE2 _ aG I _ akm-VxE2 + okmG I 
4 4 1 12 · 2b I 4 4 1 

I I I . 

TABLE 1 INPLANK:. STIFFNESS MATRIX OF A SIMPLY 

SUPPORTED STRIP. 

Ex 
E1 = 1-vxVy 

Ey 
E2= 1-VxVy 

abk~E2 + a G 
6 2b _ 

m=l,2, ••• ,r. 

N 
w 



2.7 Bending Stiffness Formulation 

rs.~. 1 

a 

8 =(g;) 
X 

FIGURE 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 e of a nodal line. 

Since there are two nodal lines, there are four 

degrees of freedom: 

NDF = 

The assumed displacement function is taken as 

w = I [[i-~ _ 2x
3
] [ _ 2x

2 £_] [3x
2 

_ 2x
3

] [£.- L]~ 
m=1 b2 b3 x b + b2 b2 b3 b2 b ~ 

(2-14a) 
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or in symbolic matrix form as 

[ W] = i 1 [[ N] m [ 8 J n Y m] 
(IX I) 

(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: 

I) w = 0 

2)My= 0 or 

On the nodal line x = o: 

W = W· I 
ow 
~ = 9. 
v X I 

On the node line x = b: 

aw 
W = Wj Ox - = 8 J 

= 0 (2-15) 

The strain curvature relationships are defined as 

-Xi o2w 
ox2 

o2w 
(2-16) 

l E J = -xy = oy2 

2Xxy 2 aw 
oxoy 
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which upon by differentiating the Equation 2.14 yields 

j:2 (-1+2 ~ )Ym i ~ (-3 ~ +l)Ym 
: I I 

: 2 (, X ) : b\2- 3b Ym 

I I I 
- - - - - - - - - - - - "T - - - - - - - -- - -- __ .1 __ - - - -- - - - - - - .1 - - - - - - - - - - - -

I I I 
I I I 

= -(1-3~2+2~2)yi!-x0-2~ +i)y.zi-~x:-2fjy~ !-x(~2- ~)y~ 
I I 1 
I I I 
I I -

--- - - -- - - - - - - - - - r ---- ------ ----+-------- -----L------- -- ----
• I I 
I I I 

L(-6.!...+s!!)y' 12fi-4..!.+3x2'iv1 :_g_fs.!.._sx2)Y.'l 2(3~-2.?i..)v.' 
b b b m l \ b b)'m: b \ b b m: \ b b m 

m = 1,2, ... , r. 

(2-17) 

2.8 Bending Moments 

The moment curvature relationship for orthotropic 

materials is given as 

Mx 0 

= 0 

Mxy 0 0 Dxy 

with 

_a2w 
oxZ 

. ~2 
2 V W 

oxay 

Dy = 

D Gt 3 
= 

12 

(2-18) 



In the above equations Ex , Ey ,vx ,vy a G are 

elastic constants, with t the thickness of the platestrip. 

For an isotropic plate Ex = Ey =E,vx = 11y = 11, G = 2 (IE+
11

) 

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 =fi Bf [o ][ B t d (areal (2-19J 

The bending stiffness matrix is a (4x4) square symmetric 

matrix which is computed using Equations (2.17) and (2.19), 

which after proper integration is shown in Table _g_ 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 

( 2-20) 

For a uniformly distributed loadc a se, one obtains 

b 
~ 

b 
2 

T (a 
YmdY 

( 2-21) 
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12a 2 +5bkm Dxy 

k 
_ mv 

m--a 
6a 2 6 a + 5 b km D / + b2 D x 

SYMMETRICAL 
------------------, 

I 

3a 2 a 2 l ab 4 4ob 2 -5 km D, +5 km Dxy 1 210 km Dy +~kmDxy 
I 
I 

3a I Io b2 
4 : 2ab 2 2a + b2 Dx + 420 km Dy 1 +~km D1 ·+b Dx 

I 
-------------------~------------------~ I . I 

9ab 4 I2a 2 1 I3ab2 
4 a 2 I 13ab 4 12a 2 

140 kmDy- 5bkm Dxy I 840 kmDy - 5 kmDxy 1 70 kmDy+ 5b kmDxy 
I I 
I I 
I I 

60 2 60 1 a 2 3a 1 60 2 6a 
- 5 b kmDt - b3 Dx : -1okm D1 -b2 Dx : + 5 b kmD1 + b3 Dx 

· I I ------------------+-- ------------.· ---~-- ------ --------, 
2 . 1 3 : 2 I 3 

13ao 4 a 2 l 300 4 ab 2 I lab 4 a 2 1 ab 4 
- 840 kmDy+ 5 kmDxy 1- 840 kmDy- 15kmDxy 1- 420 kmDy- 5 kmDxy l?tn kmDy 

I I · I 
I I I 
I I I 

o 2 3a , ab 2 a : 3a 2 3a 1 2ab 2 + 10 km D1 +b2 Dx 1- 30 kmD1 +b Dx 1- 5 km D1 -b2Dx 1+15km D1 
I I I 
I I I 

4ab 2 D +~km xy 

+ 2a D x 
b 

m = 1,2, .•• , r. 

TABLE 2 BENDING STIFFNESS MATRIX OF A SIMPLY SUPPORTED 
STRIP 

" 0: 



= 

29 

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: 

p 
kl I 

p 
k21 

~31 

k41 

kl2 ~13 

p 
K22 k23 

if32 ~33 

~42 1{43 

p 
Kl4 

lf 24 

~34 

~44 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

--- - --- --- - ---- ----- ----------- - -- - -----
b b b 

~58 0 0 0 0 K55 K56 K57 

b - b b b 
0 0 0 0 K65 K66 K67 KGB 

b b b kb78 0 0 0 0 1<75 K76 K77 

0 
b b b b 

0 0 0 K85 .kas k87 l<aa 

(2-22) 

v, 

U2 

V2 

w, 

81 

W2 

e, 



The form of Equation (2-22) yields an ordering of the 

displacement components as 

For efficiency purposes, the displacement parameters 

for each nodal line are grouped together in the following 

form: 

Thus, the comprehensive stiffness matrix must be modified 

to be compatible with the new ordering of the components 

of the displacement vector as 

p 
k1 I 

p 
k 12 0 

I 
I p 

0 I k13 I 
I 

,. 
p I 

k14 l 0 
. . J 

0 

p I 

k 24: 0 

I 
P p I J p 

k21 k 22 1 0 0 k23 0 
I ------ . -r-------
1 b b 

0 .0 1 k57 k59 

--- _____ _J __ -------

' b 
-0 : k55 kb56 0 

I 
b b I b b 

0 1 k55 kss O O I ks7 k 68 0 
I I 

= - - - - - - - - - - - - - - - -- -.1-- - - - - - - - - - - - - - - -
p . p I p p I 

k 31 k 3 2 : 0 0 k 33 k 34 1 0 0 
I I 
I I p 

k42 : 0 0 
------- I -7----- ---

1 b b 
O O I k75 k75 

I 

0 
I 
I b b 

o ! ka5 kss 
I 

p p I 

k43 k44 1 0 
I 0 

--- --- ---1--- ------

0 

0 

1 b b 
0 1 k77 k79 

I 
I 

0 
b 

k97 
b 

ksa 
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-
Hence, in the modified comprehensive stiffness matrix, 

each (4x4) matrix is made up of an appropripte (2x2) 

bending matrix and a (2x2) inplane matrix in the form 

[1 N PLANEJl [o] 
( 2 X 2) I (2 X 2) 

~mn]ij = 
I 
I (2-24) 

[ 0] ![BENDING] 
( 4X4) I 

( 2 X 2) 
I 

(2 X 2) I 
I 
I 

In the computer program, subroutine ASSE.MBLE is programmed 

to reassemble the stiffness matrix in the above fashion. 

2.12 Transformation of Coordinates 

31 

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 x 1 , y 1 and z 1 • Applying 

the rotation transformation law on forces and displacements, 

it follows that (See Fig. ( 3) ) , 

[Fm]= [R][ffn] 
[a~] = [RJT [am] 

Where[R]is the transformation matrix given as 

[ R J = rr~_m_?Jl 
with [[ o ] l [ r ]] 

[ r] = 

Cos. a 

0 

-Sin. a 

0 

0 

0 

Sin. a 

0 

Cos. a 

0 

0 

0 

(2-25a) 

(2-25b) 

(2-26a) 

(2-26b) 



/ 
/ 

/// y (Vt V ) 

( 8 ,M,8 ',M ') / 
// y ( v~ V1

) 

x(u,U) 

x(u~U') 

z(w',W') · z(w,W) 

FIGURE 3 TRANSFORMATION OF COORDINATES 

T 

Fm = l U1m Vim Wim M Im Ujm VJm Wjm Mjm ] 

T 

Vim Wim 8 im Ujm Vjm Wjm 8 jm] 
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The angle a is the angle between the x 1 and x axis. 

Noting again _that in general [t m] = [Smn][en] 
the final result of transformation is 

[t m] = [[ R ][smJ[ R r][f n 1 C2-27l 

[smJ[tn] 
Once the element stiffness matrices have been transformed 

into the global coordinate system, it is possible to 
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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. 

2 .13. 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 

must be modified in the following manner. Given the stiffness 

matrix in the form: 
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dt Pt 

(2-28) 

knt kn2 · knn 

Assume displacement d3 has a known value /3. The process of 

applying the boundary conditions involves only two simple 

operations. First, the diagonal term of matrix [ K] 

corresponding to d 3 is multiplied by a very large number, 

say n = 106 . Secondly, the term P 3 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 P3 = (n)/3. This process retains the matrix [ K] in 

its original size and arrangement. 

The third equation reads 

Which Yields the numerical result d3 =/3 
(2-28b) 



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 requirement. 

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_pport 
Diaphragm 

FIGURE 4a 

z,w 

FIGURE 4b 

FOLDED PLATE ROOF 

A TYPICAL STRIP 

A typical strip is shown in Figure 4b where 

the sides are numbered i and j. The geometric pro-

Perties of the strip are regarded as constant within the 

36 
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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 
Loads 

0.501 

~g i- 8.67
1 

FIGURE 5 

I 

9.831 J 9.83
1 

Oistr i buted 
Loads 

8.671 

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 

. (17) results obtained by De fries-Skene & Scordelocs • A span 

length of 70' is used in order to demonstrate the applicabil­

ity of the method. 

1.75' 

5.001 

3.001 



z 

u = 8 = 0 

FIGURE 6. GEOMETRY OF FINITE STRIPS 

The strips and nodes .are numbered as shown in the 

Figure 6. 
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The difference of the node numbers between two nodes 

Which are connected with each other deter:mines the band width 

of the general matrix and therefore kept as small as possible 

in the numberimg scheme. 

The input data for the folded plate structure of 

Figure 5 wi· th the t l . F. 6 . t b 1 t d geome ry s1own in igure is au a e as 

follows: 
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TABLE 3a. NODAL COORDINATES 

NODE x(m} z (m) 

I 0.000 0.000 
2 4.915 0.875 
3 9.830 1.750 
4 14.165 4.250 
5 18.500 6. 750 
6 18.50 0 9.750 

TABLE 3b. STRIP PROPERTIES 

LEFT-HAND RIGHT- HAND THICKNESS DISTRIBUTED LOAD 
NODE NODE ( m) ( N/rn2) 

I ' ··- 2 0.25 80 
2 3 0.25 80 
3 4 0.25 80 
4 5 0.25 BO 
5 6 0.50 75 

TABLE 3c. PRESCRIBED DISPLACEMENTS 

NODE u V w 8 

I 0 I I 0 

TABLE 3d . MATERIAL PROPERTIES & LENGTH OF STRIP 

Vy 

0 0 

TABLE 3 INPUT DATA 

G 

0.5 

LENGTH 
(m) 

70 



STRIP 
Transverse Stress Longitud i nol Stress Transverse Stress Longitudinal Stress 

O"'x 0-y Mx M 
NUMBER ' 

NODE I NODE 2 NODE I NODE 2 NODE I NODE 2 

I -1.3368 ~o.2613 -0.3954 -1.5198 1 0. 2020 -0.1690 0.0684 
2 -1.1947 -0.3954 :.. 0.5763 0.1988 ~ 0.0596 0.0684 . 0.4158 
3 -0.8500 -0.5763 -0.2616 -0.0623 . · 0.0892 0:4023 · 0.8694 : 
4 -0.3751 -0.2616 • 0.0231 0.0888 0.0254 0.8636 1.0565 

I 

5 -0.3903 0.0231 2.2300 0.0074 0.0006 3.4710 3.8292 ; 
! 

! 

Multiplier . 104 K.S.F. 105 KS.F. I 03 K.S.F. / F. 102 K.S.F. /F. 

TABLE 4 

MID-SPAN - STRESSES AND MOMENTS OF FOLDED PLATE ROOF 
~ 



CHAPTER III 

DYNAMIC ANALYSIS 

3.1 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 
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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: 

(3-1) 

If dynamic forces are applied to the structure, it is possible 

to reduce 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

tion, are applied to the structure yielding 

~he~: H 8Ct il = - [r M] c + [Mt][ 8(1 ) } = [ M] f 8( t)] (3-2) 

[MJc. 16 a diagonal matrix of concentrated point masses or 

l ine masses, . and is simply equal to zero when no such con-
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or line masses are acting on the structure. [M~ 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, 

f 8 (t >] = [ 8} Sin wt ( 3-3a) 

[ 8°(
0

t >] = -w2[ 8.] Si~- wt (3-3b) 

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

implies derivative with respect to time. Substituting Equation 

( 3 • 3) in to ( 3 • 2 ) y i e 1 d s 

[ [ K ] - w2 [ M ] ] [ a J = o 

[ K] r 81 - w2 [ M] l 8} = 0 

(3-4) 

[K ]
-I 

Multiplying the Equation (3.4) by assuming 

gives 

[ K ]-
1 

[ K] l 8 ] ~ [ K r 1 
__ ~-

2 
[ ~ ] [ 8 } = 0 

Noting 

[ K ]- I [ K] = [ I ] 

it follows that, 

[ K ]-
1 

w 2 [ M] l 8 ] = [ 8] (3-5) 
or 

[Kr'[M]f aj = w'2 [aj 
'l'his is the generalized Eigenvalue problem associited with two 

8Ynunetric matr1· ces, wh · h b · tt · th f 1c may e wr1 en in e orm 
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[ K ]-I [ M ][ 8] - (3-6) 

in which 

I x=-w2 
(3-7) 

3.3 General Stiffness Matrix 

Using the procedure described 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 

·o2w 
q =-pt ot2 (3-8) 

Noting the transverse displacement in symbolic form as matrix 

or in partitioned matrix form as 

w = [[ N li [ N ] 2 .. • • -[ N ] r ] :~ 

Bubs.ti tu ting Equation 

q =. - pt [ N] [ 8( t >] 

. .. 
• 

8r 
(3-9) 

(3.9) into Equation (3.8) yields 

(3-10) 

Further substituting of Equation (3.3) in Equation (3.10) 

Vives 

q=-pt w2 [N ][ 8] (3-11) 
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By the principal of virtual work, we can obtain equivalent 

n•r: t:11r:];:cdhx ::stributed loads from the (::::::onship 
Substituting Equations (3.9) and (3.11) into the latter 

equation gives 

[ F J =-l1b pl .,2 [ N] T [ N ][ a J dxdy 

or in partitioned matrix form 

[NJ~ [N] 1 
[N]~[N]

2
· 

T . . . . . . . . . [ NJ, [ N l 
T T T 

(b pl .,2 [ N ]2 [ N] I [ N]2 [ N] 2. . . . . . . . . [Nj [NJ 
2 r r 8] dx dy 

0 

. . . 
[N]T [NJ T T [N] [N] · [ N] [ N] 

r I r 2 r r 

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

= w2 
[ M ]8 

[ 8] (3-12c) 

where Matrix [ M ]e is defined as the generalized mass matrix. 

3.5 Consistent Mass Matrix of a Plate Strip in Ben9ing 

Using the rectangular bending strip discussed in 

Chapter II, the matrix [ N Jm is defined as 

m=l,2, ... , r 

(3-13a) 



The integrals with respect to the X variable are calculated 

and shown in the Table 4a on Page 4 6 . The latter equation 

becomes 

- ' 
13b : 
35 : 

------ -f--- -, 
, , b2 , ti , Symmetrical 
LL!:!- I _ t 

. 210 : 105 l 
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----- --1-- ----1------1 I I 

9 b l I 3b2 I 13b : 
70 : 420 : 35 : 

pf (y)Ym Yn dy 

(3-14) 
-------+----- I _____ I -- ---

13b2 l 3b2 : I tb 2 : b2 

-420 !-420 :-210 l 105 
I I I 

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 

f p!Ym Y0 dy = pl .lo" Sin2 k.,y dy 

_ pta 
- 2 for m = n 

=O 
3.6 

for m :# n 
Inplane Mass Matrix· of a Plate Stri:£ 

( 3-15) 

Using the rectangular inplane plate strip discussed in 

Chapter II, the matrix [NJ mis defined as 



0 

0 

r. - ...!_)_Q_ y' 
\ b /J,m m 

X ·-Y b m 

0 

where /Lm= m1r 

0 

(_L)_Q_ y' 
b JJ-m m 

(3-16) 

The consistent mass matrix of an inplane strip is 

[MJ:. j pl [ NJ: [N ]
0 
d (area) _ _ 

The mass matrix takes the component form 

I 
b I I O I bl 1 0 3 I I . ) 6 I! 

_______ J_ - -- ------- ~------J- - ---- -- -- --
0 ! (_ b _\ I . I O ! ( b ) I 

. : \3C 1 C2) 2 : : 6C I C2 2 
I I I 

-- - - - --,------ --- ____ .L._ __ -- -,- --- - --------
1 I 

b : : b I 

6 I 1 I O · : 3 I 1 ! o 
I I I 

----- -}- ·- -------- __ J ____ -- -:--------- - __ ::,_ _ -

. O l( b \ ! O i( b) I 6C r C 2) : i \ 3C I C 2 
I I I 

where (3-17) 

11 = J: Ym Y n dy ., 

a 
=- for m= n 

2 

= 0 for m # n , 

(3-18) 
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c, P.m = -a ' 

C2 = 11-n 
a 

3.7 ComJ?Iehensive 'Mass Matrix for the Plate Strip 

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 ]mnare made-up of appropriate elements of 

the inplane a bending matrices. 

For the vibration analysis, the comprehensive mass 

matrix is made-up in a similar manner as 

[Mlj] 
mn 

r. P] e : 
LMij mn: 

I 

[o] 

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

comprehensive stiffness matrix. 
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After applying the coordinate transformation law from 

element axes to the global coordinate axes, the transformed 

all the strips are now assembled to form general 



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 
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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 appli·ed 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, 

Alt~ough both [ K J and [ M] are symmetrical, the matrix product 

[ K] [ M }s in general not symmetrical. Thus, the following 

transformation is adopted. Assuming[K] is positive 

definite, it is factorized into upper and lower triangular 

lllatrices such that 

[t<] = [L][L]T (3-19) 

2his Procedure is known as the Cholesky Transformation Method. 



Inverting, we have 

[KJ-1= [L]T-l[LJ-1 '(3-20) 

Substituting Equation (3.20) in Equation (3.6) yields 

[L]T-l[L]-1[M][s1= A [s] (3-21) 

Pre-multiply by [ L ] 

[ L ]-I [ M J f 8 J =· A [ L J Tr 8 1 
gives 

(3-22) 

Finally, assuming that 

[ 8 1 . = [ L J-T f 8 * 1 (3-23) 

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

obtains 

[L]- 1[M][LJ-T[s•] = A [ L ]-T[L]-1 Tl 8 *] 
( 3-24a) 

or 

[H][s•J = A [s•] Where H = [L ]-I [M][L ]-T 
(3-24b) 

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). 

Subroutine FORM and subroutine POWER are utilized to 

solve the Eigenvalues. Subroutine FORM formulates the set up 

of Equation (3.24b). Initially, the stiffness and mass 

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

•trix [ D] in the form [ K] i M J] where components of [ M] 

are stored in the upper triangle and the components of[ K]in 

lower triangle. The subroutine consists of three basic 

50' 
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First,. the Cholesky Is Method calculates the Matrix [ L] 

Secondly, the [L]-~s 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 a 

redefined Matrix [ D] as 

[o] = (3-25) 

[n x (n+ I)] 

Finally, Matrix [ D] is input into Subroutine POWER 

Which produces the Eigenvalues and Eigenvectors of the 

Vibration problem defined by the Eq~ation (3.4a). 



3.9 

3.9.l 

Example Problem 

Statement of the Problem 

A simply supported square plate (16'-0'xl6'-0") of 

constant thickness is solved for natural frequencies by the 

finite strip method, using eight equal strips for the plate. 

16 

l 

Number of Strips= 8 

Number of Nodal Lines= 9 

Number of Degrees of Freedom/Nodal Line= 4 

8 

7 

6 

5 

4 

3 

2 

I 

16 J 

FIGURE 7 

PLATE GEOMETRY 

9 

8 

7 

6 

5 

4 

3 

2 
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5.3 

TE STRIP El GEN VALJE Si~fE1 

AYEN SCHOOL DF E~GR 

GSTO't./N STATE JN1V ERS ITY 

GS f O viN UH IO 

L NIJMBER CF PR0!3 LEMS = 3 

------------------------------



RO ·\LE~ NJ4JER = 1 

"r)J \ lt E PLATE DY.~ t\ .·fl C AN•\ LY .i 1 S 
l \J !'> JT O .\ L\ 

- - - ~*-*-·Cl) \fT RO l-P-A ff;f ' rETE R:,"°*-*\', 

Ui·IJ t:R. JF TER .'-1S 
U1~~q • F ELEMENTS 
u.uE:t OF '\J 1JOAL L[NtS 
U'.lf3 ER OF J ;JUNJ .1\ '.{Y CtJ ilJD !r liJ .,JS 
U~JER OF • ~ GREES GF FREE)J1/ ~JJAL LINE 

3 
a 
·9 
5 . 
't 
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QA[) TY~E( l=N Ci'~ S'f \1i·I, 2='.;Y l ·ll------------=-1------------

PRJB ~~ • BLE~ TYPE . 1 
t=F~EE VI ~~ATIO N,l=STABILITY, j=VIJ+IN PLANE) 
U-13i::R OF ITER.'\TI0 NS . 
OJ~l SHA!l[; OF MO:JE ;\JU,\1BER 
P~l~T(l=P1INT O\TA,O=NO P~lNTJ 

5 
3 
0 ----------------------------

*** PLATE GEOMETRY 
.-e::,~-r rc rn=-;;·rrr 

IODE L[NE :~o XCUORD Y:JJRJ 
1 o.o -~o.o 
2 2.0000 o.o 
3 4.JQ00 0.J 

.· 16. 0000 

,· . . . . ... ~'. 

---4- 6.0000 o-.~o---.-----.-.. -.. -,-.,-... ----.,---,,--,,,--.,---~--,--,.~. 
5 8.0JOJ O.O 
6 10.J000 o.0 

·---1 12. :J'.)oo·---co.-• ....,0.-------------------------
a 14.0000 o.J 
q 16.0JOJ o~o 

iTRIP ~W ;~JDEl NODEZ · T:ilC:<'.JESS 
1 1 2 2.2.~jJ30JJ 
2 2----=-3--_---2.. l !dJ JO J:-cJ.-.---------------

3 3 4 2.26JJ30JJ 
4 ___ 4 . 5 2..l~JJ30JJ 

- -----5 !5° b 2..2:dJJ GJ::-:-J-------------------

6 . 6 7 2.l63J3JGJ 
· _____ 7

8
_:_ ___ _ 

8
7 8 l. 2b 3J 30JO 

9 L.loJJJOJJ 

*** '3 ·JJNDt\RY C'J~JDITIJ ·IS c: ,::* 
'«>:JE L 1 ~ E --~ :J -- -·-o · ----------v - -----,w--,-------n:rE ...... r.-=-\ -------·-----

·- l 0 0 0 1 -;·-----o-----J- -.----~-----i------
s O O 1 l 

·- 1 0 J l l -~- o J u~---~i-----

J • ~. -1 1\f f R f A I_ p R J? [ f.{ f It. ';) ;;< :;< ~( 
LJS n;: ~ L \ S -- - - ---· - - ---- ------------ ·::------ ------1 

~~~ 0~ }LA S~~~:~~ 1 ~:g~g~ 
~u ~ S ·{ .\f Ir; X ~:J: 'i ~H IC Y - - --- ---- -- ----·-· --·-··· - - ·g~ i~t;-------·-·------

~ ~ '~ ~ ~ L A s r 1 c 1 r v u, s . 1 .: .H .J J • 4 1. a '.> 
~ - '1 [ t,SITy l{ HO u.t,4 ·J•J 

. . --- ------·-·-- · ·· - --- - - - ·- - - ----- - ··- --
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, 

,~B[Rut=-n[RMT~s 
MODAL 'idi\t'c OF MIJDE NU'HEH l 

ifA"L L l NE ND, u w THU~ 

l -0.00000000 J.JJJOJOJO -O.OJ 000000 -J.51J3l7l8 
2 -J. OOOOJOO . ...,.l----J-c-.-cJ.-J·JoOOJ_J _____ l. 00d4 1do9 -J. 4 7 !•243 J L 
3 -0.00000000 J.JJJOOOJO -l.84d5902l -J.3b297J25 
4 -0.00JOOOOl J.OJJ~JJJO -2.~1529981 -O.l9b43d15 
s -a-;oooo~rn-•J J .o-·J 0 0~0-~:roJ" -2. bl 4:liH-:-ao J.ocnrJon_L_ 
6 -J.00000001 J.OJJOJOOO -2.~1529900 O.L9643dL6 
7 -o. 30)00000 J. JJ JOOOOO -L. ti4t15902J J. 3629 7,>25 

i:-----a - u.o~a~o-o-,Y• or .J • tr:r:rno 00 - t • 0 0 J 44 9 11 o. 4 11• z,.. nl 
q -0.JO JOOOOO J.OJOOJOJO -0.0• JOOOOO J.51331/20 

E,1UENCY=, iJ.77565015J-Ol ;{ . .J[fd:i/SEC 
t: QD!:}KY::, o. 123 44 8 77LJ-:-0 l Vr' CL cS 7 S E:-,-Co---(-1_9_._8_6_) ___________ _ 

JAL LlNE NO, · u 

1 O. OOOO ·JOOO 
2 o. 00000000 
3 o·~-o-o o ,fo o bl' 

'• 0.00000000 
5 O. JO'JOJOOJ 
b .1.ru-so-:rno:l 
7 0.00:JOOOOO 
9 0.00000000 
9 o.cfo(fOOOOJ 

y 

-J. O,JJOOOOO -0.00000000 - 0 • 0 ()3 1t 5 3 5 o 
-).JJ::>00000 -0.00621852 - J • 0 0 2 4 4- 2 ;)3 

.---- J.-.-..OJOJOJJO--J .OJJJ0\50-0 ~J.OJ37'J 1-t3l 
-J.OJuOOCOO 
-J.OJJOJOOO 
- J • O""'JTO~TifSO 
-J.OJJOOOOO 
-).))JOOOOO 
-J. OJJO-bon 

- ,J. '.JO :'..i 2 t 8 5 l 
0.00JOOOOO 
J.J :J62TU5l 

J.G024i-203 
0.00345356 

~---J~.Ji244-lJ3 
O. 008 79't3 l 
0 • 0 ,) t> 2 l R 5 2 
u. QJ.JJu:Jo0 

J.OJOOJ .lJJ 
-J.C02442J3 
-0. OJH:> .156 

EQ·JE '4CY=, 0 .1935 DlOJ OJ V\J IA 'JS/SEC 
EJJENCY= I ,J. 3 O i3 0 l 7 8 OJ-~> I. .. '/CLE5 /SEC (49.54) 

t8ER 'JF ITERJ\TI'.JNS 3 
P.GDiH SiHi'L.: · OF MODE NU\.lf3ER 3 ----------

u HET!\ 

1 ---=-o. Joo 0 0 o oo J • o J fu o 0 o J - J. o°J"'<TocflJ o o -0 • o J Ju o j , o 
2 -J.J:JOJJCOJ J.QJJJ'.1000 -0.0JJlOJJJ - .J.J JJ:)cS!J 

_ __ 3. __ -J. OOJO-JOOO J. JJ JOuJJO -0. OO -JQ7 :383 J. O,J J0 1t• 't& 
It --::;J:oj:J ;J :SiYoo J -. OJJO l)OOO ----··- o. O·)JcJlt2 TO o .·-(h J6 6-):,7 
S -o.ooaoJO OO J.JJJOJOJO J.J0Jllt47 -J.)JJJJ)J3 
6 -J.OJOOOOOO J.JJJOuJOO 0.JOJ04261 -J.O QOJoJ~ / 
,-·.:o . -JJ-J ooo oo u. OJ J 00 ,Joo - ,J. :10 uo 12~a 3 -J. JO JJ4c, 1t0 
= -J.JUJOJOOJ J.JJJJJOJO -J.JOJ10295 J.JJ)U2j~j 

___ -0.JOOO OOOO ~.JJJlJ0010 -0.0JJOJOOJ J.t.,QJ U~5~l 
~~: • cf;JBo 7G 5Jlti.J- JT-{:f.) It, 1 ;-1 st:c----·-------·-·---------

-, J.6t555 o 750-Jl .,'fCL i::> /5!:C (99.01) 
·--- ·---

·-·· -• ·-- - - - - - --., r - ·- - .. - • , . ,. ... ' ... • ,,. ,., , # , , . , ,.._ "•· , ... 'r 

• 

... 
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, 

, 
:•lUiHL '.::> H1\ ,' c UI· i'1UJt NU 11St i{ 1 

Ji).\L L[NE NO, u V w T11i:Ti.\ 

l -0.JOJOOOOO J.JOJOOOOO -0.0~000000 -J.15402630 
2 -J.JOOOJ00l J.UJJOOOOl -0.30019499 -J.l41J01J5 

- ·3--- -- o· :·ooJooooo---~-~o·Jso;,rn-u0 - iY."5:.iHioaJ1 ·---~10 :Vi l°.i)l··-
-o. 0J000001 J.OJJOOJ0l -0.72473571 -J.05d94J6S 

5 -0.00JJOOOO J.OJJOOOOO ~J.(8~ 44386 -0.0000JJ3J 
.---,-6----=--) • -:ro 00 DO (Jl J • iTJJ-TJU J 1 - ·:f. Tl7t7 Tb'!,-- o • o ~ d 94~lzz-

7 -J.00000000 J.OJJOOOOO · -0.55~b8990 0.10 39 1125 
8 -J.OOOOJOOl J.OJOOJOOl -0.30119618 0.14230228 

.....---9-----0: 0000.0000 J-;o,rn 00-00 0 -o. :J 1Juu0i> oo l>. 15 4ozt> -n ·· 
~::lJE'lCY=, O.l935C083D J) ~:\JlA~'.:i/SEC 
~EJUE NC~=, 0.30796b43J-Jl ~tCLE~/SEC 

1ijER OF {TER .\TIONS 5 

(49.54) 

HOO~L Srl~l~ UF MOJE NU~BER 2 

JAL L [NE ND, u THEH . 

r----o:o-o-crno1YOJ - J. OJ J OOJYO O. OJJOO"tfOJ -J. NJ65 J09 
2 O,OJ000340 -J.OJJ00004 -0.00104216 -J.OJJ26~J7 
3 O.OOJOOOOO -J.i)JJOJOJO -O.JOJU3098 o.JJJ~5557 

---,-• --- · ,), J ,)0003 1~0 - J. 0 :)J ()Q 004 0 . 0 ) (HOb 7L ·J . O:lOA. 3 ·no · 
5 o.OOJOOOOO -J.)JJOOOOO • .OJ117~ad 0.)0003335 
6 O,OJJJ0340 -J,O)J00004 0.000~9177 -J.OJOb316J 

---7 0 .0 0000000 -J. JJJOuOUO -O.QJ ;)8:.H)5t,. -0.0 'J:l:>L[.3~- . 
8 u.JJOOJ34J -J.OJJ00004 -O.COll2697 O.JJ026417 
9 ~.JO OOJOOJ -~.OlJOOOOO J.OJOOOOQO O.OC07Z~~6 

c"JJci-lCY= ,-0.5J.4-l:545:;J JJ R-.J-lAl'.::>/ScC ----------
cl).JE'IICY= , 0.8J2337b3iJ-01 ~{CLc:5/SEC ( 129.06) 

4 
MGO~l S~A~~ OF ~U~E NU~BE~ 3 

\~ rTIErt--

l J.JQJ ;)QOOO J.OJJvOOJO -0.00J.JOO J O -J.JJJ ,Ft6 ·J!t 
z ··· J. J O•jOOOOQ ----·- · :., . OJJ uJoo·o--- --·=·v ~-vU iOo 1t'.) 1---····-=J-. l JJU:i.3 i"T. 
l O • 0 O O u O O 00 J • J j J O O O :> O - 0 • 0 J J ll 9 5 l J • ;) :; J O O J J l 
~ O.J0000000 J.JJJi.lOOJO -J.JOJ03451 J.~JJJ3Jl9 
5 - --- -. ;J. J 1J oooooJ•·· . J° ;,JJ Jo TtH1u -- o. OJ J OO:J•Ju _ __ u. '.i.J JJ4 c,•n 
6 0.0UOOJJOJ J.OJJOOO)O J.J0'.)08450 J. UJ'.)JJJL1 7 _ _____ u.J:)OJOOvJ J.OJJJQ}l)'J O.J,) .)11951 J.OJJOUJ"Jl 
: o:· u o Jo Jo Ou - ·-·-- J:-i.T) Jo o·u 'J s------'(f:·o u jo tft;·:, 1 - J • J J .Jo J J L 'J 
C _ ll.OJJJ ,)000 J.J.J)u'JO'.)U -J.O,J)JuOJO -J.Ji)JO<t.'~ ·:l't 
t~-:•_ O.J_l02/)5')J JJ {1.;IAL,/SEC 

.. ' 0 • 4 '.13 ,)L 5 79 J-j i -·_:"'y CL i.;:; / s Et·--Ti§-:-43) 
,, ,... ... ,. .· 

... 
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.... 
~~ER OF ITER\Tl •NS 5 

MODAL SHA~~ GF MJDE NU18ER l 

Ji\l L !NE NO, u w TH t: T <\ 

-r -',)-:-j"ff(f,JYOtiO - s:u.YCfOTTTfO J -0 .. J.DOOOOv -] • l J3 / 3HT-
2 -O.OOOJ324l - .J.0Jv2280 'J -0.2-,J55972 -J. ,l23468d't 
3 -::J.OOuCJOOO -J.()jJOOOOO -0.4 :l l32666 -.).J945v •J16 
4 - o-.-:n-o 03-24 r- - J • 1TSJX;(1TO 9----_ o • t, :ni tTT31fc;c-, o-:---_-co • v 5 11 5 oi>, 
5 -0.00000000 -J.JJJ0oooo -o.oa::i5tJi2 o.oJJ212~9 
6 -J.00003241 -J.UJU22801 -0.02/92373 J,05165207 

__ _,,.----_~;). )0000000"---_-J- .- u- JJO QJ OJ -o. 4 /T44 3 013 J .O J 1t 7u l 9~ 
8 -0.J0003241 -J.OJQ22809 -0.25137d989 0.12l96l67 
9 -J.00000000 -J.OJJOOOOO -J.OJOOOOOO ).1325915~ 

I:l1J!:RCr=·-,--o~.-J·1nr-12'.:roED JJ r{;.J r;r,s-i'"S-tc 
E'NE'~CY=, 0.618675750-0l CYCLES/SEC 

r·ra-ER7l-nT!:;UTTilNS 
MCDAL SrlA?i OF ~ODE NUMBER 2 

IJ4L Ll Ni: NO, · u I/ . . · THcTA .. 

1 0.00000000 J.CJJooooo o.ooooo6cd o.0364050~ 
---2=-----J:-OO JO 'j fo/ l J • J J J 0 7 3 2 8 0. 0 6 78-:L--:l---:2c-b----J-.---:o 2 :l 'i 41;,f~ 

3 0,00000000 J.OJJOOOOO 0.10656310 0.00777577 
___ 4 ____ J_ ._:_l •_ J_ 0~5l71 J.OOJ0732B 0,0029°619 -J.J2l959L9 

5 0.00000000 j.0:/J00000 o . 02 1. 1:12on -o.o~o72 .L>v 
6 J.00005171 J,OJJ07328 -0.0767~705 -0.04612562 
7 0,00000000 J,OJUOOJOO -0.1J363L24 -0.01Jb55ll 

---a.:,.. ____ ::i.:iooos111 J.OJJ07323 -0.1J)25'½33 o·.oJCJ-l3oll 
q j,00000000 J,OJJOOOOO 0.00000000 0.0~280139 

lE'lJi:"ICV=, 0,51891994D OJ ·~ul,US/S!;C 
lE')UENCY~, O.U258U753tJ-OL t;l'CLE3/SEC ( 135.84) 

naeR JF lTER.U IGNS 5 
MODAL iHA~i JF MODE NUiBER 3 

Al Ll~i: NO, U I/ W Trlt:Ti\ 
---...·--··-- ···-··---- - ---------------------------

1 -0.:J0J00000 -J.JJJO ;)JJ,) -o.J ,)O JOOJO J.Cl6o9-J3'J 
- --L -0.000 00455 -J.OJJ0045] 0.02747134 O.OJdlBSJL 

.s - --=-0 .-Joo Ju o o•- ·---:::-j :o J Jo o,J,.1 r-----0 :-o-Fncfif5 •:i - J. o J :i o 1. 4 s J 
I -0.JOJ)0455 -J.0JJQ0453 O.OJ22 2 539 -J.Jl447Jd0 
5 __ _ -"J.DOJOOOOJ -J.0JJ000 ~10 -0.0t96U606 -J.J)5'1Jtl6 
~ ---:.-u. JOOJ-0455------:::r:-JJllci"O+ .. SJ----""i:i-:-,S[TtYC<fo J. J J 7,J7 UO 
a =J.)OOOOOG~ -J.~JJQOJ '?O O.OJ0/~'.35 J.:iJ:J45 _~·j9 
'i .. ------ -Cl. 0-)00045'.> - J. \JJ J O:Jtt 5 3 _ ____ O. Q.)9 1-i 5 7~ __ . -0. J J O l8 :,:, 7 
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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. 

I~ I 2 3 

19.86 49.54 99.51 
I 

(i 9.73) (49.35) (9(") ..,.,..., 
O, I VJ 

2 
49.54 79.43 132.30 

( 49.35) (78.96) (128.30) 
. 

3 99.01 129.06 170.43 
(98.70) (128.30) (177.65) 

TABLE 5. FREQUENCIES FOR A SQUARE PLATE 

frequencies are compared (See Table_§_) with the 

•~act classical solutions (Timoshenko), previous FSM solution, 

solutions, and experimental solutions (Warburton). 
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m = I 

n = I 

m=2 

n = I 

m = I 

n=3 

m=2 
n=2 

m=2 

n=3 

19.86 

49.54 

99.01 

79.43 

129. 06 

EXACT 

SOLUTION 

19.73 

49.35 

98.70 

78.96 

128.30 

Y.K. CHEUNG I FINITE ELEMENT\ WARBURTON 

( REF 4) METHOD (REF 12) 

19.74 18.1 I 19.74 

49.35 44.60 49.35 

98.64 86.1 I 98.69 

78.95 78.95 

TABLE 6 

COMPARISON OF PLATE FREQUENCIES WITH OTHER METHODS 
U1 
\D 
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CHAPTER IV 

STATIC BUCKLING LOAD 

4.1 Equation FormulatioQ_ 

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 J 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 [KG] 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 

[[KE]+ >- [KG]] [ 8] = [ 0] (4-ll 

Since the initial compressional stress matrix has a reducing 

effect on the bending stiffness of the plate, it follows that, 

( 4-2) 

or, 

[KE][a]= A [KG][s] 
by [KE]- I gives 

' 
(4-3) 

. -I I 

>- [KE] [KG] [ a J = [Kl [KE][ a] 
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or finally, 
-I 

[KEl [KG] [ 8] = +[ 8} 
(4-4) 

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 

I 
·Z FIGURE lla 

TYPICAL BUCKLING 
ELEMENT 

FIGURE llb 
z 

ASSOCIATED BOUNDARY FORCES 

to Figures11a and llb, the following displacement 

are assumed: 

( 4-5) 
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P.m= m,r 

r [( 3x2 2x3'\ (. 2x x2 
\ (3x2 2 x3) (X. 2 

X )11 
w =;:

1 
I- b2 + b3) x~- b + b2) b2 - b3 x b2 - -b- J 

It should be noted that these functions are identical in 

form to those used in forming the Elastic Stiffness Matrix. 

Referring to Figure (I lb), 

Wj 
8j 
w· J 
8· J 

On node line "i", Ui, Vj, Wj and 0j must be prescribed, either 

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

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

similar manner. 

The potential energy due to the inplane forces is given 

in the form 

a b l i//1r1 f (~• )2+ (f-J+(tJ dx dy 
o o L Y Y Y 

(4-6) 

Thequadratic terms in the latter equation may be written in 

~ornponent matrix form as 

OU -
[h oy 

av ~] av 
~y -oy 0 y oy 

( 4-7) ow 
ay 
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Noting Equation (4.5), the slopes in the previous equation 

are related to the nodal displacement parameters of the strip. 

Assuming 

au 
ay 
ov 
ay 
ow 
'dy 

(4-8) 

the additional potential energy of the whole strip 

(4-9) 

where a b T 

[KG]=tffa-1[G] [G] dx dy 
0 0 

(4-10) 

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 minimization of this potential energy function, 

one obtains 

[KE] f 8 J + [KG] r 8] = [ P ] ( 4-11) 

The form of the Matrix [ G J becomes 

(1 - -~-}· . b m 0 ( ~ )y~ 0 0 0 0 0 

0 (1-t)Y/n 0 ( +) Y/n 0 0 0 0 
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0 0 0 0 ~_3x
2 

_2x
3
) x~-2x _ x

2
) (3x

2 
_ 2x

3J ( £ _.x__) 
b2 b3 b b2 b2 b3 x b2 b 

YJt Y{n Ytn y Ji 

(4-12) 



Thus, the matrix product[G]T [G]produces an (Bx8) 

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 
' 

b 
3 11 2 1 ... ,r m= 

0 
b -3 

b 0 
b -6 3 

0 
b 0 

b SYMMETRICAL 
6 3 

o-t ------------ ---7 

13b 0 0 0 0 -35 

0 0 0 0 
llb2 b3 
210 105 

0 0 0 0 
9b 13b2 13b 
70 420 35 

0 {) 0 0 
-13b2 -3b3 -I lb2 

420 420 210 

(4-13) 
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components of the displacement vector are 

[ 8 r " [ U I VI u·2 V 2 W I 8 I W 2 82] T 

where the subscripts refer to the node line number. 

b 
3 

0 

Since it is more efficient to have nodal line parameters 

for each nodal line grouped together in the form 

[u, v,w, e,l U2 V2W2 82], 
the comprehensive stiffness matrix is modified to be 

compatible with the new displacement vector, as 

I 
I 

0 I 0 
I 

I 

b : 
3 I O 

I 

0 

0 

b 
6 

0 

I 

0 : 0 
I 
I 
I 

b I 
6 I 0 

I 

0 

0 

---- - --------- --- ---- ----1---------

0 0 
13b 
35 

11 b2 I 9b -13 b2 

210 O O I 420 420 
I 
I 
I 

0 O .,,.....,...,_ ± O O I 13b
2 

-3b
3 

--------~~10 105 _ ~ 420 420 m1r2 0, 
------7------------------ -

I I b2 

OIO O .JL OIO 0 
I 3 I 
I I 
I I 

b I b I s:o O O 310 
______ I I 

r-------- --------;----------
0 

0 : ~ 13 b
2 

O O l 13 b -11 b2 

1 70 420 I 35 210 
I I 
I 2 I 

0 !-@L -3b3 I-llb2 

I 420 420 O O I 210 
I I 

(4-14) 
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4.3 Element Assembla~e 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 

stiffness matrix, the solution procedures of Equation (4.4) 

are worked out using the same mathematical process used to 

solve Equation (3.5), that is, 

[ K ]-I [ M J[ 8] = A l a] 
For stability analysis, the mass matrix is replaced 

by geometric stiffness matrix, and the numerical solution 

techniques are identical to each other. 

Vibration analysis and stability analysis share many 

•imilar mathematical features. Both require the determina-

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. 

16 

L 

Number of Strips= 8 

Number of Nodal Lines= 9 

Plate Size= 16 -0 x 16 -0 

8 

7 

6 

5 

4 

3 

2 

16 j 

FIGURE 12 

PLATE GEOME'rRY 

9 

8 

7 

6 

5 

4 

3 

2 

li 
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4.4.3 The results of the lowest mode of buckling is sum­

marized in Table 7. 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 (16) REF (2) 

PcRITICAL 0.1560 0.1515 0.1542 

% DIFFERENCE I 1.7 17.5 

TABLE 7 COMPARISON OF BUCKLING LOADS 
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FIGURE 13 
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n = I 

LOWEST BUCKLING MODE ...SH1PLY SUPPORTED PLATE. NTEill-1 = l 
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FIGURE 14 
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FIGURE 15 

THIRD BUCKLING MODE-SIMPLY SUPPORTED PLATE. NTERM = 3 



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 

transverse vibration, the effect of inplane force must be 

considered. The stiffness matrix of the structure [K] must 

be extended to include the connection between inplane forces 

and lateral bending. Consequently, one introduces an 

additional matrix [KG]to the elastic stiffness matrix [K]. 

matrix [KG] is a function of the initial inplane loads, 

called the initial stress matrix or geometric stiffness 
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matrix, this terminology referring to its dependency on 

the geometrical properties of the element. 

5.2 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 

(5-1) 

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 followi 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, 

~KE]-AN[KG]-n2[MJ]r81 = {o] (5-2) 

The coefficient An preceding the matrix [KG]is the magnitude 

of inplane axial load. The negative sign implies that the 

geometric stiffness matrix has a reducing effect on the 

bending stiffness matrix bf the plate, thus, reducing the 

overall plate stiffness which inturn decreases plate 
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frequenci~s- The solution of Equation (5.2) proceeds as the 

value of An increases. For a particular value of An, the 

lowest frequency .n , reduces to zero. This condition 

defines the critical buckling load of the plate. For the 
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special case An = 0, Equation (5.2) reduces to Equation (3.5), 

(5-3) 

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 An 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 

Bending Stiffness Matrix (See Equation (2 . 19)) is formulated for 

a strip and assembled and compiled to form the General Bending 

6tiffness Matrix. The procedure is similar to that described 

Chapter II. 



5.3.2 General Mass Matrix 

Using the procedure described in Chapter III, the 

element mass matrix is computed for a strip (See Equation 

(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 described 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 
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STRIP EIGE~ VALUE SYSTE~ 

EN SCHOOL OF ENGR 

ro~N STATE UNIVERSITY 

;TJW N OH IO 

N~MdER CF PROBLEMS= £ 

---- - - ---- -~--- - - ~ ---___:_.--'--'-~-~--------------~ 

------------------------- -----

---------------------------- -- -------

---------------- --------------

- --- ---·--- ... - --



;.''1 NU'-18 ER = 1 

: PLATE VlBRAT ION Wlfd lNt>._ANt FORCES MP~Ot3=3 
jr oA r A 

~** COiTROL PARAMETERi *** 
{ OF TERMS 
i _os .ELEMENTS- - ----- - - ------

3 

{ JF NODAL LINES 9 
~ JF B~ UNOARY CONOITlJ~S 2 
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_O.f E GR E£$_0£._f_R.f:EJJ..lLJ:..m.AL..Ll.N ..... E _ ____ -.c4..._. _ ____________ _ 

rYPE( l=NCN SY ."1M, 2:SY.·Hl 1 
PROBLEM TYPE 3 

1EE - V I BR AT ION ,2=.s.-I..Ai3l..w..I..¥...-3--==-II.L.d.±l.N-P-LAN£,,,... - - -------
R Jf ITE RA TIO :-JS 5 

SHAPE Cf MUDE NJMBER 3 
( l = P Rl NL -DAT .A ,...O:.:;l:JO-P-~U ..1\IL.if....,J.__ _ _ _______ Q~.---------- - ---

••-•- P.LATL GE..0:1E.IRY. _ __,_*~ - ----------- - ---- -----­
H OF PLATE 16.0000 

INE- ~-W 
l 

COORU Y..c.J.J~''_...,._ _______________ _____ ~----
0.0 o.o 

2 2.000) o.o 
-4-0000 __ Q • ..,_,.. _____ _ 

4 ,6.0000 o.o 
5 8.0000 o.o 
6 - - 10 .0 0 0 Q _ ___{) ., Q, _ ______ _ --- ----- ---· ---··--· ·- ·--- .. ----
7 12.0J0J O.0 
8 14.0000 o.o 
9 lb. 000.Q _ _ ..,_.....Q, _________ ___ _ ___ _ _ __ _ 

NODEl NOiJE2 TrU CK .-iESS 
~ - - .l ____ ___ • 2.6dJ30uY----------- -----

2 3 l.l&dJ300J 
3 4 l.26JJ30 0 J 

--- 4 ).26dJ30JJ _ _____ _ _ _ __ ~~-- - --------i 
5 2.L6Ju30J) 
6 L.L6dJ300J 

- --'-- --JtS----L~2oJu30J~· ------------- - - - - ------. 
2.203J30oo 

&OUNDARY _CQNDITl •J;_~~i- - - - - ------ ---- ------·- - ~ 
ENO u V THETA 

1 l 0 l 

TERI AL PRO P EiU l i:.$_ *~ ~ 
ElASTIClTY l ----- - - 1.0000 
ELASTICITY 2 l.0000 
T lG X • lb61-----------
Tto -r o.1 6 67 
ELASTlcnv lN s ,~cAK. 0.4286 

ENS Uy RHu _ ~ _______ ______ _j,J . 1t40<J ____________ ___ 

-------------- --
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~** RESUllS UF ANALYjlS ~~* 

:R Of ITERAT-10 S 5 
MODAL ~rlA~c OF HODE NUMBER l 

LINE 1\0, u w THEI A 

-1- --"""o .._O, O._QQ_L0_8 0 - J , 0 J . JliQ.§___6. 0. Q.Q_O_O_O_OO - 0 ___ -_o_. I!t_2 9. 0 5 2 3'----
2 O.J0000644 -~.OOJ0354l -1.44791489 -O.o8b3~57~ 
3 O.OOJ00l49 -J.00003534 -2.67540002 -0.525315J7 
3--_ _ -_ Q._O_ 0 0_0J)_Q_9_J - ..LQQ..J..O~_.!t.9 55 8.L9_8 -Q__. 2 8 4 .30 O lo. __ - 5 -0.00000105 -J.OOJO J 07~ -3.78359585 -0.000002d6 
6 -0.00000073 -J.OOJ03178 -3.49559214 0.28~29o~4 

,__1--- - 0 . .__o _J_0_0 0.J._L8 - .__QQ_QJLl!t...5 l - 2 • 6_7_5_4..13. 7 6 v_.5 .25 3 l jJ o,._ __ 
8 -0.00000472 - O.OOJ03637 -1.44792452 0.68635~5~ 
9 -0.00000198 -u.OJJ03504 0.00000000 o.7429luoo 

LJLLF AC TO R = 0 • l 5 6 J 4 9 j '.:> D J J 
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LANE FORCE O.O 

tR OF lTERATIONS 5 
MODAL 5rl A~i OF MUuE NUMBER l 

L L1NE NO, lJ w THETA 

,__l -: a .• .o o o o 1 s 0.1 - ,, • UJ u._o o 4_1._1.._ __ ...ua ... oo..J o o a oo _ _ _ ---c.e-5-8 6 1 o s j o _ _ 
2 -O.Ou001405 J.Ou000017 -l.14348353 -0.54204643 
3 -0.000Jl059 J.OJJ0036l -2.11288615 -0.414ijbo9 9 

___ft -O.OOJ00-5-31 ,l.J)Ji)l)0565 -2 .. ..:J.i>062S5o - ·~224527J3 __ 
5 0.00000081 J.00000625 -2.98808637 -O.Ou00ul97 
b 0.00000679 J.0JJ00542 -2.76063630 0.22452LB3 

--1---- • uJOOl l 1--------·0JJ 00322 -2.11290.13.o _D- 1tl46b6-J8_ 
8 O.OJ001493 -u.~UJ00039 -l.14349433 0.54 20~065 
9 o.OU001579 -J.OJJ00556 0.00000000 o.S867ll52 

lJE.'-.JC Y = ,_ 0.,. L I5 b 5O15D~.L.tUD...1Aih J-5...__-___ ______ ________ _ _ 
UENCY=, O.l23 1t4 8770-J.L Vr'CLE:i/SEC 

ER - Of __ IJ ERA T-1D .'IJ ..,__ _ ___,_ ______ _____________ ___ ___ _ 

MOUAL ~HA~c OF MOOE NUMBER 2 

1-..l .i NE ND-r----~~ - ------------- - -~~ - ------IH£J,..__ __ _ 

1 
2---
3 
It 

0.00163927 0.00104110 o.oooqoooo J.00000011 
0.0016 729l _ _ ........,., .....QJJ55602 _ _ __ ... ..0000001s _ _ _ _ _ Q .. OuOUOJ ·:)5 --·-- ·· 
0~00 1 66130 J.OOJ27556 0.00000019 -O.OOOOUOJ4 
O.OJ164l78 J.OJJlll79 0.00000004 -J.OJOOOu Od 

__ 0.00163324 - ,).0QJ_00.0.Ll - .. OOOUOOQ.9 _ __ - ~ -O.OOOO DJJ4 __ _ 
6 
1 

O.OJl64l44 -J.OJJ11202 -0.000UOOll u.OJ0000JZ 
0.00166067 -J.00021567 -0.00000003 o.ooouo 00~ 

___ o .. OJ 1012 09 - . CA...OJJ55593 o .. J)oooooo.__ _ _ .-..>,1 .. ooou uo J 1__ ___ _ 

9 O.O OL63d38 -J.u•Jl04673 0 .. 00000000 -O.OOOOOOJ2 
NCY=, 0.14 9 54338D JJ RAJIANS/SEC 

CY= , ___ Q. 23 8 a 05 9..lU- .1,_c_y...cL..ES .. LS EC--------------~-------1 

5 
r------ -l'l00AL.:idA2~-1J~ _MODL NUMBER..-3~ --~~----------1 

u lHElA 

-0.0JOJOOll -J.0Ju00005 O.OJOOOOOO 0.00044034 
-0.00000011 -~.OOJ00002 0.00079289 O.OOOJl.l.37 

r----=-0. OOOJO O 1 0 ____ J ... OJ JOOOOO _ __ -· 00112133 ____ .. .0. Ou Ou ()JJ ~ ----1 
~0.00uOOOl O J.OJuOOOOl 0.00079294 -0.000311J5 
-0.000 0 0009 J.OJJOUOOl 0.00000011 -0.00044032 

- -0.00JOQOlO_ _.QJJOOOJ - .• 00079274 - .0003 11:H> -----0.0JOOOOlO 0.00000002 -0.0ull2ll6 -0.vOOOuJOl 
-0.00000011 J.OJU00004 -0.00079279 0.00031133 
-0.0000001 .OJJOuJJS _ •. iJOOOOOOO · OJ044U29 
0.193 5 J3lOJ JJ ~~u lA :b/Sl::C ----

• o. 3o3 011a0J-Jl bY CLES/SEC 

----------------------
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I\N E FORCE 0.020) 

~- OF ITERATlONS 5 
MODAL SHA?E Uf MUDt NUMBER l 

LlNE NC, u II w THE IA 

_1 -0 ..._Qi)_O_OJ)_6_5 3 - J , OJ J_Q_Q_2 Q.2 - o__,_o_o O_Q_ Q_O_O_O - o_ .. _~.; 6 0 l 85 7 
2 -o. 00000611 J.OJJ00013 -l.23959375 -0.58760S16 
3 -O.OC>J0046l. J.OJJOOl65 -2.290472.71 -0.44~7349u 

-o. OJ0_002..)0 J OJJ OOZ,_5_5- -2. ~.9_2_.65_0!,-9 -O.Z433':io2.9 
O.Ou000040 J.OUJ0028l -3. 23922 555 -u.OOOOOldo 
o. 00000305 v.OJJ00245 -2.99265720 O.L43393oo 
Q _()_O_QQ.Q..5.2, J, OJ:J_O_Ol46 - z.~2-~_0_'t_84.2_l Q._449 7_34:; l 
0.00000665 -J.00000015 -1.2396004<) u. 58 700781 
o. 00000 703 -u.OJJ00245 -0.00000000 0.6360223.2 

O_. 7 0806 902D-J l l{.U 1 A {,i I ~f{; 
0.11269279'.J-Jl .;(CU:S/SEC 

0LLT_E8A lLO_N..$, __ .L._ _ _ _______________________ ---c 

MDDAL SHAPE Of MODE NUMBER 2 

LJJE.~ O., __ ~-------="---- ----i'Y·-------~IH_E · A. ____ _ 

l 0.00113939 o.oou73186 o.OJOOOOOO 0.00000004 
___ o. o o 116 3 05"--_ _,J_. o J u_3 ~ 9_9_4"-____ o . _o ou 00 oo , _ __ ~ · .. _oo o o o o 02 ____ _ 

3 o.0011ss21 J.OOJ19387 0.00000009 -o.oououoo1 
4 0.00114178 J.OJJ07885 0.00000004 -O.UOOOOJ03 

_5 __ 0.00113590 -J.oq_o_o_oQ1,_o -o,.__000_00002 -o_.00000002 __ _ -1.,, 
b 0.00114155 -u.OJJ07 9u2 -o.ooououo5 -o.oouooo00 
1 0.0011547a -J.0i)Jl9396 -0.0JOOOOO<'t o.oouOOJul. 
8. ___ o.001_16248 -J. OOJ 3898 <; -o~_QQOOQ_0_02 o_._OOOOO ·)O l ___ _ 
9 O. 00 l 138 78 -J. OJO 7 3161 O. 00000000 O. 0000000.i 

NCY=, 0.145883580 JJ 8.~JlA ,,b/SEC 
~CY=, 0.23218115D-Jl..__~C~(~C=l=E=~~- /=-=-SE=C=--------------- -----. 

llf lT E.R AT 1 0 NS 4 
r----___ i'-10.Jli\L SJ:IAl't uf MODE NUMBER _.3.e_ _______________ ..: 

NC, u V THETA 

-0.JOJOJOOo -J.OJJUOOO~ -0.JOOOOOOO J.0003111.J 
-0.00000006 -J.OJJ00004 0.00056018 o.OJu2l~l9 t 

~---=- 0
0 

• 0 u O O O O 06 _ __ -_ J ._OJ JOO O O 3 ___ 0. 00 0 7 9 2 2 3___ v. 0 () 00 0 JO l. .. 
- .OOOJ0007 -J.OOJ00002 o.oou56023 -J.OJJ2l 9~ 7 
-0.J0000007 -J.JJJOOOOl 0.00000007 -0.00031li0 

----::.0.00000001 -J. uuJooooo -o_._ooosf>OU -Q~ooo2 L 199 ___ --1!. 
-0.0)000007 J.OJJOJOOO -0.00079216 -J.OOOOOQJl. ·1~· 
-0.0000000o J.OJJOOOOl -0.00056015 0.00u211~7 

, ~ 0 •
1
°
9

J0 o
9

J
2

J
4

o
7
os J_!._oo J_o_oo-9_,3 - _._0_0_00000_0 o . _0_00J 1.1._J9 /·· 

• 9 D J J J~JlANi /SEC 
' 0.303d6o82 0-J l .;.'(CLci/SEC 

------------------ ---- - -----------!.\ ". 

\' 
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!\NE FORCE O.OSlJ 

f{ OF ITERATlDNS 5 
M00Al ~HA~~ OF MODE NUMBER l 

LlNE NO, u I/ w THETA 

- - ~ -- -0 0 0 0 0 22.J. - .l. OJ..J.00.06 8 - o • o.o.o o a o o o -O..Lll4918 
2 -O.O-J0002l3 J • 00 J O O O O 1 -l.36 720022 -o. 6'f.8u94l3 
j -0. OJ ;)O O 161 J.OJJOOu6l -2.52625751 -0.49603J4j 

_ 4 - ...000000.7..9 .. 0J.J 000.9 3 3 • .300.1.1615 -o. 2684.:>04.-

5 0.0000001, J.OavOOlOL -3.57267132 -0.000000.;2 
6 0. 0 0 ,) 0 0 111 .;.O.)J00089 -3.30071948 0.2o8449i6 

... 00000189 ,) .OJ:)00054 2.5262022 ..0 • . 49 603 J 4-ia 
8 0.00000240 -J.0l.1CJO0u04 -l..36720.:>55 0.04809554 
9 0. OJ0002SJ -J. 00J0008 7 -0.00000000 J.701~93 71 

ENCY=, .. 6 33 3 1.6 l .80-=i).LJ{LJ--1.A.~ ::,J-5 E 
e;~CY=, O.llJ079550D-Jl 1.,iCLE.:i/SEC 

R _Q£_ J_T ERAT ... l-..J ... -lS - - --- ------- ------------ - -----1 
MODAL SHA~~ OF MODE NUMBER 2 

LJNLND , ___ u __ _____ __.~-------~-------.... .HE.lJ\ ___ _ 

l 0.00071203 J.OJJ45994 0.00000000 o.oovOOOJ2 
___ .00012699----~00245a9 _ __ .oooooon3 ____ 0.00JouoJ1 __ _ 

3 0~00072225 J.OJ012265 C.00000004 -0.00000000 
4 0.00071396 J.OJJ0500l 0.00000002 -0.UOOOOOJl 
----u,.0Jo11031 -., .. .0000000 - _a_ooooooa -o ... ao000Jo1 _ _ ___ 

6 0.00071382 -J.OJJ05012 -O.OOJ00002 -0.000uUOJl 
1 0.00072200 -J.O-J012271 -0.00000003 J,.OJ0u0U00 

... s ___ 0.00072667. - .OJJ2458J - .• _OQOOOOJ2 O.OOOOOuO - __ , 
9 0.00071168 -J.0,.JJ45980 0.00000000 O .. OOJOOOOl 

~CY=, 0.142125560 OJ R~J1A~~/SEC 
E~CY=, __ 0 .. 22620007D- ' ~¥-C.LE~J...S.E------ ---------- ---~n 

OF 1T ER AT I ON S 4 
r-- c _ ___ __.MDDA Sl:tAI. Gf_ MO.u£_.NUM81...1'.~- ---~----------ll! 

NO, u V w THETA 

-0.00000003 -v.OJOOOOJ3 -0.00000000 o.OOJ19jl8 
-0.0 0000003 -J.OJJOOOJ2 0.00035144 J.OUOljtiul 
-0.0JOQOOOJ ______ - .00JOOOOl ___ ~•00049101---0400JOOOJ0 ... ___ 

1 

-O.JOu0 0 003 -J.Ou)OOOul 0.00035145 -O.OOOlJ80v 
-0.000J0004 -J.OJJ00U0l 0.00000003 -O.uJ019:d7 

--~ -O.OOOOJ004 -u~OJuOUOOO - .00035140 - .00013d0l --+1;1 

-0.0JOOJOOJ J.OJ000000 -0.00049698 -0.00JOOvOO 
-O.0000u003 J.OJJOUOOl -0.0003~142 J.UOulJdJO 

- -0 • .00000003 _ .. OJ.looon2 -0.000.uoouo , .JJ0019.s.1~---1
1 

' 0.18d2 8069 JJ RA JIA~~/SEC 
' 0.2~9o 5U3 1D-ul .;.ycu::5 /SEC 

- __ c _ _ ______________________ _ 
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.ANE F ORCE 0.07dJ 

---·--·-•----------------- ---------------
:R OF 1 TERAT IO NS 5 

MODAL 5HA?c OF MOOE NUMBER l 

LINE NC, lJ V THETA 

_ 1"--__ -_,,Q._Q.Q.O.Q.O_Q5_6 -u.OUJO_O_Qj_6,__ _ _ -_:,,0.QOJ)_U_O_O_o_o _ _ _ -~o~ • .J..9.4260b0~--
2 -O.O OOJ 0 05l U.OJU00003 -l.54800538 -0.73380l20 
3 -c.00000039 u.OJJ00016 -2.~6034127 -0.56lb27J2 

. .J----=-0- 000000.l .9 J !LO~ J_OJ)_0_24 -3_.1 1..2.1'6 52 -0._:J 03~~o -,s _ _ _ 
5 0.00000005 J.OuJ00027 -4.04513467 -O.OUQ00032 
0 0.00000029 J.OJJ00023 -3.73121771 0.30395030 

_ 1 ___ 0._0 0 J00_0.49 ~ . _O_O_J_OOO_l!.t -2_. Jj_6_0-3!l2 . .-9.5 0 • ..5.ol.6, 7..JJ'----
8 0.0 000 0062 -u.UJJ 0 0O0l -1.54800657 o.7J380l67 
9 o.oJ 0 00066 -J.OUJ00022 -0.00000000 0.79~2bl27 

lJEN~Y=J _ 0_.543_4 6.7 900 -Jl. 11. -~JI A, .,/ SEC-<------ --- ---------­
lJE'LCY=, 0.872914,620-JZ ..,'(ClE.:>/SEC 

EJLOL JEJ3.A lLO.ti .~ - ~ 5 _________________________ _ 
M.ODAl 5H~P t: OF MODE NUMBE R 2 

I. _LINE_ tj o, _ __ "" _ ______ ..,.,v ________ , ... ____ --'-__ J H.E.l A_ 

l o.01951324 J.0~267765 0.00000000 O.OOOOOJ02 
_......._ ___ 0.0l 9 92860 ___ -t~_QUo 8016 .~.- ---°-•00000003 ___ () .. _0uJ00JJl __ 

3 0.01980407 J.00340479 0.00000003 -0.00000 001 
4 0.01 9 58090 U.00139306 0.00000001 -0.00000JJl 
5 o_.019 4 8371 o.OJ_~ 0000 9 -o.!....00000.001 o._OOOl\O QO () ___ _ 
6 o.019sa110 -J.00139290 0.000000 0 1 u.uoouo001 
1 o.01 9 ao443 -u.ouJ40469 0.00000004 o.oauooJJl 
8 ___ o. 0 1.9_9 2.9.9 7 - .J. 00.., 8 0 l . o 7 0. oo_o.o 00 0.;.3 -0 ! _OQOO OJ O l __ _ _ 
9 0.0 1 951313 -J.01 267783 o .. oououooo· -o.oooooJJZ 

EN CY=, O~l3 826lllD J J RAJIANS/SEC 
NCY=,_ 0.22 0 049600-Jl ~YCLES/SEC '--=c...=__..;::.c:....,:..=.,:~-=..,=-=---- ----------------

OF ITERATIONS 4 
~------,M=ODAL .iHA t>c OF MOOE NUMBER'-'--3--..........,_,--~ ----------..; 

NO, u V THETA 

0.00000000 -U.OUJOOOOO -0.00000000 -0.00l60Jdo 
O.OOJOOOOJ -J.OJJOuOOO -0.00288L52 -0.001131 9 7 

7-----.:-0.0 0 0 00 000 -J .o-JJ oo oo o -o_.oo~o7_64_9_ __o_. _ooJuo ooo ---·- · 
-0. 0 000 J OOO-----J : oJJ-00000 _ ____ 0 .• 00288253 O. 03 l LH 9 o 

~0.00000 0 00 -J.OJ OOOOOO -0.00000007 0.O0lb0Jdl 
---~O. 0 000000) -J. O_U~)OOO_OO o._002_8_1;!.2.35~---~u_.~0.9 l .131 9.J'--. - -

-0.00JO OOOO -J.UJJOUOOO 0.00407628 -J.OUJOOJOO 
0.00000000 -J.0JJ00000 0.002 8 8236 -0.00ll3L~L 

_o. J 0 J00000 -J_. _() l) J OJ OO_O -o~_o_oo 0000.0 -0.~_Q_0l60o t -i ___ , 
1 0.185598 740 J J ~~ JIA~j/ SEC 

0.29 5389 850-Jl viCL ~$/SEC 

----:- -------------- -·----------------- . ----

- --- ----- -- - I 
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ANE FORCE 0.10 ... v 
-.. ---
R JF ITERATI ONS 5 

MOJAL ~HA~~ OF MODE NUMBER l 

- - - - - - -----------------------------
LINE NO, u THElA 

__ -o • .o o.o.o o o 01._ ___ -_,.,,J_.. o o J a.o_a o ..... 2 ___ -__...0 . ....00 o o oo oo ___ -o .. 5L412J 961 __ 
2 -O.u0000007 J.OUJOOOOl -1.83446596 -u.86959209 
3 -O.OOOOJ005 J.OOJ00002 -3.38965117 -0.6bj55700 

_ 1e, -o. 00-00..0002 ••. OJ..J..00003 - _4281921.5 - ~o0l<io9u _ _ _ 
5 O.OOOuOOOl J.OJJ00004 -4.7~369090 -0.JJJOJOJo 
6 0.00000004 J~00J00003 -4.42879303 0.36019od2 
1 _ _ D.00000007 -OJJOOOO - .38~65152 ~-665~57J2---
8 O.OJOOOOO~ -J.OUJOOOOO -1.83446621 O.d695~219 
9 O.OOOJ0009 -J.OJJ00003 -0.00000000 0.94ll39d2 

ENCY-=_, __ Q__.447...8221..lu=Jl is.AJ..l .. k '1.5LS£--..... ______ _ _ __________ _ 

ENCY=, 0.71273180u-u2 wYCLE~/SEC 

~iL . .Qf_ lJ..Ea.AL1..0N$ _ _ _,,5 ________________ __________ -1 

MODAL '.iHAt>.c Of MOOE NUMB.ER 2 

llNE- NO-, - -_.JJ ____ _ _ _ __.,__ ______ __.,......__ _______ ..i:U:I .. "'-- ---1 

1 o. 00945652 J.Ovo 17922 0.00000000 o.ouooo000 
Q,. 00 966023 J .. Q.)J.J265 - --- -·· 00000000 _____ 0_. OuOu()JJO ~---

3 o. 00960201 J .OOl 670&3 o.ooooooou -0.00000000 
4 0.009495U J. O·JJ 68526 0.00000000 -u.OOOuOOOO 

.. 009 1t4840 " .uJuOOO Ql - ----0~.00000QOQ -0.UOUOOJJO __ _ 
6 0.00949514 -J.OOJ68525 c.oooocooo c.ooooocJc 
1 0.00960 204 -J.00107063 0 .. 00000000 o.ouuoooJo 
8 ---.u.00966021 - .._QJ.J32656 0 .. 0.0000000 - .OOOOOOUO -·--
9 0.00945656 -J.00617923 0.00000000 -0.000u0J0J 

E CY= , O • l 3 4 2 8 l 2 4D J J ft.AD l Arb/SEC 
CY= , _ _ Q. 213.L l5!t3J.=.J~ X£.LE:iLS..E.._ _____ ________ _ ____ ___,_11 

OF ITERATIONS 4 
:-------_jM•DAL .:iHA?_i_ ou 1O0.E.....N.u~BE1L...3._~----------------.ll 

ND, u w THETA 

-o.oooooooJ -J.OOJuoooo -0.00000000 -0.00000026 
-0.00000000 -0.0JOOOOOO -0.00155 9 80 -0.000bl254 

~-~0.00000000 __ ~ ~.UJJOOOOO -O.D0220589 ___ -0.000000JO _ _ ~ 
0.00000000 -J.OJJOuOOO -0.00155980 O.OOJolL5 3 
0.00000 0 00 -J.0 0000000 -0.00000001 0.0008 0~25 

---.0.JO OOOOOO . -J. ... OQJOOOOQ. _ _ _ o.o_Jl55971 __o .. o006l25J _ _ -l!I, 

-0.00000000 -J.OJJOOOUO 0.00220585 -0.0uOOOOOO 
0.00000000 -~.00)00000 0.00155977 -U.000bl253 

- ()o. 00000000 -j. OOJ 00000 ____ 0. uooooo 00 ::- O._QQOo6ol4_ 
1 •ld287747D JJ ~~ JlA.~S/SEC 

0 -, 9 l05u8lU- Jl ~rCL c j/SEC 
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.ANE FORCE 0.13JJ 

=R OF l TERAT l uNS 5 
MODAL 5HAP~ OF MODE NUMBtR l 

:-uNE NO, u V THETA 

L - o_.i) 0 O_O_O_Q_ o_o~----'J'---'."-0'---'u'--'J'-O~O~O~O~O _ __ -~ o ~· ~o 0=-0 0 OJ)_O __ o~ - - -~l • 2_j_Q} 0 5 2 i _ _ 
--2 -0.0 ·JOJOOOO J.OJJOOOOO -2.41734151 -1.14589203 

3 -0.00JJOOOO J.OJJOOOOO -4.46666470 -0.87702Ul5 
___ !t -Q. OOOOOO_O_J _ _ ~ v_LOJ_J QQ_O_O_O -~-• 6)5_9 7 d68 -:.0_._4 74b't '-t 27. __ _ 

5 c.00000000 J.OJJOOOOO -6.31681782 o.~OJOvJOl 
b 0.00000000 J.OJJOOOOO -5.83597871 0.41464~L8 
1 o~o_OJ0'.)0_0u. _ __ -"'.J'--'.'--'J,.__,J J_Q0_0_0_0 ____ - ~4._,_4666q_47.., J ._8]10.:. 'J 2 7 __ _ 
8 0.00000000 -J.0u J 0000O -2.41734154 l.1458 i 2o5 
9 0.00000000 -J.JlJOOOOO -0.00000000 l.24J3u527 

ENCY ~ , 0.31665809D-Jl'---"~=~~J~I~A~_i~i~/~S=·E~C,e_ _____ _______ _ _ _ ___ _ 
ENCY=, 0.50j97749D-J2 wYCLES/SEC 

R OE IJ..EJ3~l.LJ~S 5"----- ----- -----------------
- MODAL 5HA?c Of HOOE NUMBER 2 

l _lNE NO ..._, ___ U,,. _______ __.__ _______ =W _ ______ ~T..,,.HllA. _ __ --1 

1 0.00258066 J.00!69610 0.00000000 -0.00000000 
_____ _ o. _00203 6-93 _ _ ___ J. OJJ9_1_62_4 _ __ -~o. ooaooooo _ __ -_o_. ooooou o u. __ __, 

3 O.OJ262l63 J.uJJ46l65 -0.00000000 u.OJ000JOO 
4 0.00259282 J.OJJ 18984 0.00000000 0.00000000 
5 ___ _,0_._0025_80_1_9 J.0~_Q_Q 0000 Q~90.0_0Q00O o.oo~O_OJJO __ 
6 0.00259283 -J.OOJ18984 0.00000000 -0.000uOJOO 
1 0.00262163 -O.OJ)46165 -0.00000000 -0.00000JQO 
~--- Q-~0 29 ~65 J -J.0~091624 -0.Q0~QQ0G0 o.Qy000J0u __ -
9 o.0025aoo& -J.OJ~696lO 0.00000000 o.ooouovJo 

ENCY=, 0.13017~06 ~ JO R~JlA~S/SEC 
NC Y ~, _ _ O,.! 20 U _8_Q_24J.,,__-....:J~ l --="':::...- Y::...,i..=~ L=c=-.:,=-· ,_/ =S=E =C ____ ____ _________ _ --ll 

OF lTERATi uN S 4 
_______ _13/-l~O~D~L.. .i HAl'_t: OF MO DE N U;..;..M.:...-:B"-"E""'R.,__,3"----------,--- ---

NO, u V w THETA 

-0.00 0 00000 -J.OJJOOOOO -0.00000000 -O.OJ027l3 ~ 
-0.0JOOOOOO -J.OJJOOOOO -O.OOJ4886b -0.00019i90 

~ --_0.00000000 _ _ _ -~J. 0 _ _:J J_00_0.Q 0 ___ -_ Q. 00_069107 _ _ _ -o_. OJOuOJOJ 
0.00000000 -J.OuJOuOOO -0.00048866 0.0001~1 90 
0.0 0000 0C0 -J.00 J 000U0 -0.00000000 J.00021139 

;-__ o .• 9J0J000-J -J .9;1 0_00 .90 o._00048866 0 .00919 L 9 _0 __ 
-0.JJOOOOOO-- -.; .. OJJOOOOO O.JOUb910/ O.OuJ00uOO 
-0.00000000 -J.OvJOOOOO O.u00488o6 -0.0001~1 9 0 
_-o. OJo 00 000 -::.) _._u JJ uu 00_0 o ~u_oo_oooop -J_._0_002 7 L 39 __ ...," 

' O.L8Jll 509[) J J R.\JlA,h/SEC 
' 0.28666234J-Jl CfCLE~/SEC 

---
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!\NE FORCE O.l5JJ 
I\= _ 3 o _ AS.= ti ___ _.i l..S.1:E -_o_. 2.J.5 (t 3 4J 4..D-

R u F ITERATIONS 5 
___ _ ___ __,MD.DA.L_~.i..tlAa_Df--11il1.lE.JHJ..MJi.ER_ l _______________ _ 

Lll\lE NC, u V THEJA 

l 0.00002132 -J.00110887 0.00000000 -0.32508725 
2 -0.00001236 -J.OuJll7J9 -0.63359721 -0.3003~9jY 

_3-- --=O• 0.00 02 505 - _.LJJ..J..l 02..J 8 _ __ -~_._lJO 1496 7~ ___ -...,,ll. 229 d8 J 't .U _ 

4 -0.00001369 -J.0Jul0046 -1 . 52966600 -0.12441244 
5 o.OJ00008l -J.OJ010372 -lA6557057S -0.00JOOl~o 

_!, _ __ Q.0000144 - .OJCU .05..55 -:-_l,..52966.93 _o._. _12441519 __ ~ 
7 0.00002223 -u.OOJll744 -1.17074659 U.229d8 3 J~ 
8 J.OOOOllJl -J.OJJ13402 -O.b3359893 J.30034oJ2 

_9 _ _ __ -o.0_00.0.1233 - _ ... oJ..J...125....89 o.__o_o_Joo.oo.o o .. 3250..9z45 __ -i1 

.ITV FACTGR = , 0.242192/90 Ju 

1 

------------------------------~~-
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_ANE FORCE O.O 

~~O F l T ERAf l ONS 5 
MODAL SHA~t OF MODE NUMBER l 

u V THETA 

l O. O_O O_Q_O 1_2_d J • OJ J 0c_.:0c.-=3:...=5'-9'----- -'o~. 0 J O_Q_O 0_0~0-~ __ -_0~ - 2 2 )5. 2 a 44 _ _ _ 
- 2 0.00000136 O.JJu00293 -0.4J565376 -0.206?lJ5cl 

3 0.00000392 J.UUJ00210 -0.80498482 -O.l5d0b0J~ 
4 o~ooo_oo341~ ---=J'-'.'-Q._JuQ.Qoo3 -1 • . 05_1_1Jo2s -u_.oas::,45a1 _ _ _ 
5 -O.JJJ00097 -J.JJJ00079 -1.l3d43655 -J.OOJOOl62 
0 -O.J0000416 u.OJJOOOoO -l.05177720 o.035~4jjJ 
7 __ -::_ 0.)0000334 u..:.•_OJJ.00_23_5 -0 .. _804_98_<t92 O_. _l53uu 5,3 _ _ 

- 8 -0.00000098 J.OJJ00308 -0.435o47J2 0.2J6SlJ54 
9 -0.00000031 J.OuJOOJ63 0.00000000 o.22352J73 

ii.lENCY_=. , 0.19350083) J.l fUJlA i'lS_,_/ -=--S=E=-C _________ _ _ _________ _ 
!UE~CY=, 0.30796644D-Jl ~Y,CL.E.>/St:C 

IER_Qfl T ERAT IONS 5 _ ____ _ _ ___ ___________ _ 
MODAL ~HAPc Uf MOOE NUMBER 2 

~UJ.~J;_K_Q_ u y w THET A 

l -0.00134956 -u. OJ) 73 5b5 -0.00000000 0.00026006 
2 - _o . _JO l_2_7!_t6J - lJ..'!"_O_J v _Ob.~ 7 9 a. 00_040_114 o_._00009 8J2 - - -- 3 -o. 00094992 J.0JJ21604 0.00030900 -O.00U18·'.t dl 
4 -0.00049672 J.OJJ3J704 -O.OJOl.7008 -0.00023720 

__5- o.00_0_02.92 ~ J. OJ J 3_l_J_Q 9 - o. o_o _a 4_3_5 5_3 O. OO_QQOL5l ___ 
6 Q. 0J053 8 % iJ .. Q,J J 33 9 9 3 -0.000!t,408 o .. oa02.io6:> 
T 0.001Q002J J.OJJ219S3 0. 0003072Lt 0.00017~33 
8 Qc!_OQ.1_3JJ?6 - 0 .OJ_J0_70o9 O. 0_9 Qp9 9~ _ _5 -o. p_oa CJ9183 _ _ ___ 
9 0.00141508 -J.OJJ773l6 -0.00000000 -o .. oou2S1t6iJ 

E~CY =, 0.410159910 JJ Ri-i.JlA:L:i/SEC 
.NC Y=.L-.0 .~52-7.29~_0_0-J l .;YCLE:i/SEC 

ilf ITERATI ONS 5 
~------.!.!M~O DAL .i HA? ..... c ______ O_F_ M_O ___ D ___ E'---_N_U ___ M,....B_E ___ R_ 3 ______________ _ 

NO, tJ i/ fHElA 

o.ooooass3 J.OJJ05210 0.00000000 o.oouool24 
o.ooooas47 0.00Jo1220 0.00000409 o.00Joo165 

-:-----0_!' 0000779"/ _ _ _ J ~_O_JJ o_ooo J ___ _ Q_.O_OJ OO 60_0 ____ Q_.OOOOOO 15 
0.00007140 -J.OJJOOl85 0.00 00 0456 -O.OOJOOi54 
0.00306 858 -J.OJJ00042 O.OOJOOOJ5 -J.0000J2 46 

,~ _ _ (). 0000 7020 J. OJ}OO 1. 08 -0_._000_00429 -~_ .. _00 iJOO l 93 ___ .., 
O.OQOJ757l -J.OOJ00055 -0.000006jO -0.UOJOO Ol S 
o.ooooa245 -J.OJJ01~02 -0.00000474 o.00Jo o 1 e1 

- --o. :>o ,Jo s232 -u. uJJ 0503_2 ____ 0. oo_oouooo _ _ _ o_-"_oo_poo2b6"'---_....., 
' 0.343 ~8544• JJ K~ JIA~~/S EC 
' 0.5469928 80-Ji ~YCLES/SEC 

------- - ________ , 

-------------------- - --
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NE FORCE 0.0210 

: OF ITEfi.\TlO.~S 5 
MODAL .i,1.\P t: OF MOOE NUMO ER ! 

Li NE NO, u w TtfETA 

_ _..1. - • .oooooo39~ _ _ ..,,. ... _0Juooz3~1 _ _ _ _ 0.oooooooc ..... 1 _ _ _ - _o_.23211615 __ _ 
2 -O~Ou000052 u.OOu00249 -0.45239220 -0.2l~44dl0 
3 O.OJJOOl07 J.00000237 -0.83591247 -O.lo4lJLJL 

_ 4 ____ _ Q_._QQ 0 00135 u. OJJ . .0015.: l -J .. ...0..92..17465 -0. U88o2 d99. _ _ _ 
5 -0.00000044 J.uJJ00096 -1.18216330 0.00000023 
6 -0.00000167 J.OJJOOlb6 -l.09217244 ~.08883 1J ~ 

LJ___ - .• 00J0008.__ _ _ ~ .l.....D.J.J0025 - .. 83590408 _Q • . 16413-i- ''9 ____ _ 
8 0.00000072 J.OJJ00272 -0.45238292 0.21444569 
9 0.000 0 0117 J.OJJu0245 0.00000000 0.232111 0 7 

ENCY=, _ .18 24 3 4330._J J __ fLULlAN.S./ ..SE.._ _ _________________ _ 

E~CY=, 0.29035354D-JL ~tCLES/SEC 

NODAL iHAPi OF NOOE NUMBER 2 

e_w.:.,_ _ ___,->------------------..u---------_._.IHEI----- - - ---11 

l 0.0JJ40716 J.OuJ257l7 -0.0u000000 -0.00040467 
,__.'--___ __,Q • • 0 0 0 ft W 3 .... d __ __..J-•. OJ 0 0.7 0 0 .9--~--... 00 0 7 2 7 86 ___ :::0. OJ 02 85 0 8 __ __, 

3 
4 

O.OJ039523 0.0J001891 -0.00l02b03 0.000002 31 
0.0003 9243 J.00001645 -0 .. 0007L063 O.OOJ2u635 

--,#-- - ..u.....00041645 ) .D.0J_02 lb7 0.~ .. 00000.555 _ __ D.0004014-L._ 
6 
1 

0.0004 6757 J.OJJ03419 O.OOU72490 O.uOJ2oUd3 
0.00053833 J.OOJ01449 0.00101826 -0.00000230 

t--.,.__ _ _ .,.,.J)J.Do06J - · CA OJJ_07...9J o o. ooo 1.17 08 - • ..OOJ2ti2 oO _ _ 
O.J006l22d -J.00036840 -0.00000000 -O.OJ039817 

0.327 &0~ 38D JJ RAJlA~S/SEC 
.5213:>906J-.. ,l ~i..CLi..>..LS£....__ _ ______ _______ __ __ _ 

OF ITERATIONS 5 
~-------JM.LlDAL..5HALLOE. ... 1'10D E....J.\IUMBER_--3....... ___ ~----~---- - -i' 

t\O, u THETA 

-0.000 9 1261 -o.ooa53063 -0.00000000 o.oao212J2 
,:• 

-0.000 9 1829 -u.OJ00 4b 28 0 .. 00035699 o.0001l4dl 
.------=-o. 00068347 _____ .. oJ o 1s 4 1_-_ _ _ _ .. .00039 1.10 _ __ -o. oouo 1 o9o _ __, 

-0.000363 7 9 J.00023749 o.00011632 -O.UOU173u7 
-0.00000767 J.00026047 -0 .. 00018l91 -0.00JlQjJ) 

~-- - 0.0003483 _ __ ~~JOOJ237a2 -0.00025647 o.OOJOi 6J2 __ 
0.00066821 J.00Jl5580 -0.00013531 U.OOOU7jf7 
O.OOJ 90 348 -u.OJJ043 4 5 -0.00001859 0.00003229 

-- o.0JJ1sa3s __ -=-J~0J o s2.142 -o.oouoooao -o.oJoooJ~J 
0.31 8~808 10 OJ R~ JIA~S/SEC 

' O.b0268981J-Jl ~YCL E~ /SEC 

---------- ----- -----------------· --
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ANE FuRCE 0.05 .. J 
---------------- - - - - - ---- - ------ - - -- ----
R OF ITERAflDNS 5 

MODAL S HAI' t:. OF MODI: NUMi3ER .1 

LINE NC, u I/ w IHETA 

_-1 --.0. 00000150 ___ .. O•J.) OOLQ-5 _ __ (1.00JOOOOO ~o.2428.:>500 ----
2 -0.00000163 J.OJJOOlBO -0.47332213 -0.224lo951 
J -0.00000052 J.OUJ00207 -0.87458S46 -0.17172504 

_ 4 ___ _.., .. 0 0 0 0 0 0 lJ ___ ___ 00 JOO 172 - J .-14.lJ_O 13 - O. (H 2.~3 7 u _ _ _ 
5 -0.00000018 u.OJ000150 -l.23&85012 O.UOOOulLY 
6 -o.ooooooJo J.00Joo1s2 -l.14269590 u.o~L9j~ •~ 

_ .J----v.00000061 · .... ..OJJ002l5 -u ... i37Lt.57506------..iJ-111726j7 -----1 
8 0.00000173 J.OJJ00201 -0.47331311 0.22436ojb 
9 O.OJvOJ205 J.OuJ00120 0.00000000 0.242b5J4j 

JEN CY= , _ _a • .l IO 651.6 90_J .L&.U.1 A,'J._j /..5....,EC......__ ___ _ _____________ _ ---t 

JE\JCY=, 0.271600860-Jl CtCLi::i/SEC 

;iLOf- IJERATlON - - - -------~ 
MODAL SHA?t: OF MODE NUMBER 2 

L LlNE- NQ, _ _ __._,,_ ____ __ ...,.__ ______ --4,,._ _ ______ __.n-1ElA -· 

l 0.00007152 0.00004562 0400000000 -0.00039J28 
~ --~ ·0J001191 ___ _ 00Jo12~.---~ a.00010200 ___ : o.00021495 __ 

3 0.00006694 j.QJJ00218 -0.00098950 O.OOJOOl29 
~ 0.00006294 o.ovJ00049 -0~00069494 o.00027oj6 

__ 5 ____ Q.OO(l06l 77--- - -U•000 00160 ___ .Q .. 00000513 - ' .00• 3ciJJ3 -------
6 o.:>0000462: J.uuJ00304 o.uvOu9oSi7 v.oaa2.1.1.J,; 
1 0.00007138 J.OJuOOl32 0.00098233 -0.00000203 

_ a ___ J.00007900 - .JJJ01013- - - -•000b9253 -0.00027206 _ _ 
9 O.OOOJ7932 -J.00004736 0.00000000 -0.00038~23 

IUENCY=, O.L9882943D JO RAJl .A1b/SEC 
IENC'f :;_,_ Q_. 4 75 6 0 221D= J.l-L...iL.L£...iL..S E.C _ _ _________________ __ ,f 

5 
a--- - ----....nODALSHAeL uE....MDD£.JJUM8ER.--3, _ ___ __ ......,,_., _____ _ _ _ 

NO. u V w THETA 

0.00064240 J.OOJ39906 0.00000000 0.00005200 
0.0006433J J~OJU098ll 0.00009361 0.00003677 

--_u_.QQ'.)58 .99 6 __ -0J, • OOJ00592~ - - - ....,• ·000.l325.5 _ __ Q.O()J()(.;ul,5_ __ 
o.ooos4426 -J.OJJ00898 O.OOJ09382 -O.OOOOlJY5 
O.OOJ52654 J.Ouu00180 -0.00000039 -J.000052lo 

ic---- 0.0005 4326 J.00.l)Ol.325 -0._00009401 - . • OJOU3648 __ 
0.00059061 -J. • JJ00064 -0.00013203 o.ooJoJuJ3 
O.J0064640 -J.OJJ093.l.2 -0.00009307 O.OOJ03Jol 
.J.JQJ64625 - _J.iJuJ3959 .. OOl)OiJOOU u .. OUOUSl.:.J - -

0.)3026703 ) JJ RKJIA~i/SEC 
' O.j25636 800-Jl ~YCLi i /SEC 
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~NE FORCE O.OBJ-J 

--- - --- -
~ OF ITERATI ::J."4S 5 

MODAL SHAPi DF HOOE NUMBER 1 

LINE NO, u " THETA 

_ .., ___ -~Q .• _o_oo_o_o 1_1_2 J. OJ o 0002.""'"'6'-----__ _,o....,.,...,o_o_o_o_oo_oo -o~ 25.6-1_5__i-J 1 ___ _, 
2 -0.00000179 J.OJ000ll2 -0.50041346 -u.2372llo4 
3 -0.00000104 J.OJJ0ul50 -0.92464359 -O.ldl~5Jd5 
4 __ .. __::_o '-o_oo_o 003 1 u .. OJJ QQJ_ 3 -1 ._2_0 !i..l 04 7L ____ _::JJ_.o~azs j91 __ _ 
5 -O.OOOJ~007 J.OJJ0Qlj4 -l.30764180 J.UUuOOll4 
b 0.00000026 J.JJJ001~6 -l.20809 953 J.U~d25dl6 

U.------'o •. Q O O O O l O ._ ___ J._._OJ .Q_O O 15 !t -o_._9 2 46 3 5 3 8. _ __ o .• l 8 l .:> !h- 5 6 __ ---11 

8 O.JOOOJ182 J.OJJ00127 -0.50040091 0.2372J~Jl 
9 O.OOOJ0204 J.OJJOOJ38 O.OJOOOvOO 0.25075220 

ENCY -= ,_ o. 15 7 9 :J_Z J_b_LL_J)_p~--l.tl..-1.AJ :il.5, E c"--------------------
~C Y=, 0.251453530-Jl ~YClc~/SEC 

.J)F_ I_T,EKATJ_O_~_S'---=-...------ - - ---- --------- - - - -!! 
MODAL ~HA~£ OF MUDE NUMBER 2 

l 0.00000869 ~.OJJ0066l 0.00000000 -0.00029549 
1--•..__ _ __,,o. o o o o o a so _ _ _...,o_._o~.p_o o 2.5 a'-__ -_o. OJ o 5 3 o 9 6 _ __ -o .. oo 0.2 o 11.t _ _ _ ... , 

3 0. 000008 55 U.OOJOul36 -0.00074604 o.OOOOQJ39 
4 0.00000835 J.OOJ00099 -0.00052044 0.00020 93~ 
_____ O . _00000806 J. JJ_J_OQl_u_O o._0000078l __ _ _ _ .,_.OJ02 ~()6 7 _ _ _ 

6 0.000 008 25 J.OOJOul25 0.00052648 0.0u020143 
1 0.00000928 J.O.JJOOll8 0.00073506 -O.OOOOJJ15 
8 0.000010~6 -~ ~OJ_J_00029 0.00051655 -0._00020J9l. __ --li 
9 O.OO J010 76 -J.OJJ0053l 0.00000000 -u.000266 :.S O 

0.29 0160 2 9D JJ KAJI ANS /SEC 
0. 461 8 04 8 9 D-J Vi _l._ES IS E.-=C'---------------- -----li 

OF ITERATIONS 5 
.----___ _;:MODAL SHAPc OF MOD L NUM~ER-.-=.3 _ ___________ _ _ _ 

NO, u " H THETA 

0.00044305 J,.OJJ27707 o. 000000 uo O.OOJOUJ 4 2 
0.00044372 J.OJJ06886 0.00000690 o.oooou34 d 

_ o. 00040 666 .) • Ou .:J_ 0 _U4 5 6 O_._OJOO l3l4 9 ._o_o uo o t!. 44 ---·--. 
0.00037479 -J.OJJ00602 0.00001430 -o.ooouoias 
O.OOO Jb2 l 9 J.OJJ00l33 0.00000~24- -0. OJJOUu94 

_0.00037 331 J ~OJ_J 009_2 l -o.o_OQO_l028 -Q._000007 .'.:>3 
0.00040.554 -J.OOJ00053 -O.Oll0020o7 -0.uOJOiJZOl 
o.o 0044 365 -J.0)006453 -0.00001668 o.oooooss6 
0.00044341 - J _. 0Ql2J 2 3~ O._OOQ OOO_OO Q_,_Q OJOU -Jo5. 

0.3242t9810 JJ i~.\ u l A:~::; / SE, 
o. 5 bJ6009J-J l ~ Y CLE5 I SEC 

---
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ANE FORCE 0.1079 
-·-----·--------------------------------
R OF ITERATIONS 5 

MODAL $rlhPc OF MODE NUMBER l 

L1Nt NO, u w fHElA 

____ -o. o.oo oo 13-4 - ... oo .Joo oo a _ _ -'o ....... oo ao oo oo _ _ ___ .215 s 1 do ~ --
2 -0.00000137 J.OJJOOQSg -0.53709756 -0.254b0i04 
3 -O.OJOOJ09l J.OJJ00090 -0.9~2426S9 -0.19486Jl8 
4 - .0000D.037 ;).Qil.O.l)_(W93 -1.2.96668.J.b -0 .. 1054.5d9.9 __ -j 

5 -0.0J000002 u.OJJ00090 -1.40350263 o.ouOOOJT2 
6 0.00000035 uAOuu00093 -1.29066~38 O~l054ou23 
___ ....,, .. OJ000088 __ __.. ...... ..QuJO00CJ -0.-9924£.2~.9 ..O.l.94uo34.5--

8 O.OD000136 JAO OJ 00068 -0.53709410 0.25459976 
9 0.00000149 J.uuJOOOOO 0.00000000 0.27557015 

jENCY = , _ 0 . ...14 ft-227.000_JJ _ J{A,u.1..A.ti..LSEc__ _ _______________ _ 
ENCY=, 0.22954462D-Jl ~VCLES/SEC 

,R-l)f_ LTEaAI-lJNS- -J----------------------------1 
MODAL SHAP~ OF MODE NUMBER 2 

_ LlNE O ,, _ _ _...,~---------------~•L--- -----· .HEI A _ _ _ _ 

l 0.00000427 J.00000315 0.00000000 -0.00021348 
-----·OOJ0042b - - --OJ~00114 . _ _ ~ o.ooo38394---= 0 .. 0J01S032-

3 0.00000396 J.ooJoooso -o.ooos4o94 o.oaoouL~l 
4 o.00000366 a.OJU00030 -C.00037952 o.OOOlSl 3b 
5 0.0Q000333 _ _ __ l.)_,.OJJ00030 .. ---0 .. . 0 ;)000329 ____ o_oJu.t!ll47 
6 0. 00000320 J. OJJ 0004 l O. 000382 Ob O .00014 7 dO 
7 O.OOOO-J341 J .. OJJ00043 0.0005J6.J2 -O.uOOOOiJ3 
e _ _ ->1 .0 0000316 - ~..oJ.JOJoo.s a...00031.rna -o.00014ci94 __ ,-fl 

9 o .. oo::>003a1 -J.OUJ001a1 0.00000000 -0.ooJr.:0 ~02 
NC Y = , 0. 2 8 2 4 3 l 8 4 D ,J J R~ .J I A,~ .:i / SEC 

CV-= , _ _o . _4 49 5 0 ~66D.=.J....L__~LE..i .. LS£.C~ ----------------- - --1 

5 
r-------EID DAL...iHA.r...£...DE :'I 00.E.._N U~ 8£1-L...3 ___ ........,..____,.___,,,_....~-------+J 

NC, u w THEI A 

0.00026727 J.OOJ16794 0.00000000 O.OJOOQOjl 
0.0002 ~ 770 J.00004196 0.00000148 O.OOJOOJ98 

~-- O.)OJ2451J ___ _ ._\,)JJ0027_8 _ __ o.o.oaoo39l ___ u ... oJOuJl2d __ -l: 

0.0002 25 81 -J.OJJ00369 O.OJ000540 -u.OOuOOJll 
o.00021 s 2a J.OuJ00077 0.00000219 -O.OOOOJ2 45 

~---1l .. 0J02250 ._OOJ005-'t6 - .... 0000032 - :.._00000314 __ --1 

0.00024452 -J.OJoooo63 -o.000001a6 -u .. uoooo101 
0.00026738 -J.OJJ03~6l -O.OOJOOb66 0• 0000022~ 

---O.O:lJ 26 71L - J .• OUJ..1654J_ . _QJ)OOOOQO .. OOOUu.J9 Q __ .... 
' O.Jl74~4900 JJ K~JIA~S/SEC 
' o. 5os 30 _ 3 1IJ-Jl 11YCLE.':>/SEC 
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ANE FORCE 0.134~ 

:R0f llE~AflO S 5 
MODAL SHA~ i Of MOUE NUMBER l 

u TH El A 

_ l -0 .• _Q..()OOOQ}.J -J. OJ_J_Q_Q.0~1~2~--- ~0~ 0_0_IJO_Q_O_O_O -0 ._3J}258l 32 ____ _ 
2 -O.OJ000074 u.OJU00025 -0.58972838 -0.27954909 
J -0.00000052 J.OJJ00042 -l.08967607 -0.2l3~53J9 

_.:L-__ -_ J= • . 00.0_00_023 J. Q.-.!__J_O_OO!i-_6 -.t.._!f2J 7303_9 -~ ._lJ. 579 Jl.J __ _ 
5 -0.0JO~OOOO J.UJJ00045 -1.54103438 o.oooooJl4 
6 0.l)JJ00023 J.OJJOOu45 -l.42372940 0.115793~4 

~ __,__ ___ o .... O.J 0 .. 0 0 0 50 _ _ _ Q_ OJ_J_O_OO 't2 - l • .. o 8 9 6 14 5 o ______ o .• 2..1.39;, ,:H 6 __ ~ 
d 0.00000073 J.OJJ00029 -0.5d972720 0.2.7~54922 
9 O.OOOJ0080 -J.OJJ00009 -0.00JO00O0 0.j0258l68 

ENCY ~ , - 0_.129000550 JJ tii-t_JlA,i.>/SEC~----------- - - --- -­
ENCY=, 0.205Jl094D-Jl ~tCLES/SEC 

R GL 11ERATIONS"--_~5"------------------------------ -
- MODAL SHAPE Of MODE NUMBER 2 

_I_NE_j,JJj _ _ ~ ~-- - ---.....,V'-------~ t-4~ ______ _.,Tttf.I.A~---

l 0.00000159 J.0UJ00ll7 0.00000000 -O.OJOl47JO 
_ ____ _ O.OOOOOl58~ __ J_. _000_00_0.:.4_...._ _ _ -o.00026508 ___ _ -u .. uOul0 39b ___ .. 

l 0.00000145 J.00J00017 -0.00037424 0.00U00J4o 
~ 0.00000132 u.OOJOOOlO -0.00026366 0.00010~2 1 

- ---- --'o_ .. Q0_J0O.l_.21. J.OJJOOOll o_. _op_l).00107 o __ . _i.)OJ .l '-1-0 ·•6 _ 
6 0.00000ll6 ~.0J0000l4 0.00026449 o~ouU10jl4 
1 o.ooooot22 J.00Jooo14 0.00031214 ..... i).00J0JJ4j 
a ___ o. ooo_o_o l 33 - J. 0JL>_oooo2 o. 00026J_12 - _o._000_10348 ___ ., 
9 O. 00000134 - J. OOJ 00064 O. {)0000000 -0. 00 Ol46 Uo 

NCY=, 0.274"7995lu JJ 11.~ulA;h/SEC 
cr-=.,_ 0.4Y lli1430-U ¥(C_L_~..L~S~ C _ ________________ _ _ 

OF I JERAT lUNS 5 
~ --- __ _iMOOAL :.iHAf>E OF MOuE NUMBER .3,,.___~--~------------i• 

~o, u -✓ w THETA 
' --;---- ------ - - ----------------------- · 

0.00013754 u.OJJu86~1 0.00000000 -O.OOJOOJ2l 
0.00013779 J.00002188 -O.OOJ00020 J.OOOOOJll 

r-- - _O. 000l l6 U _ _ J _ _. _.)_J_Jj)_O_l..5.l ____ o._._oo_uOG060 _ __ ~_. uOu00 J t:,3 __ 

O.OOJll613 -J.UOJ00188 0.00000174 0.00J0UJ3J 
-0.00011227 J.OJ0000~2 O.OJOOOl42 -0.0JOJOOod 
O. 0 Jul l .5 82 J. O;>_y Q0213_l -Q._000_00065 - Q.! OUOO O 12 ~-__, 
o.00012s ai -J.0JJ00043 -0.00000261 -~.O00u0JSb 
0.00013754 -J.JuJOZ069 -0.00000242 u.oouuuo76 

_oo. 00J 1 .HY:, __ =_J_. 00 J 0_8 2.5...9 .o.~.oo l)Q_QO_O o_. Q:;)00 () l (t5. __ -I· 

•31058553D JJ iUJlA:JS /SEC 
1 0. 49 43l 2 70 U-Jl ~Y ~ L~S/SEC 

--- --------- ----------------· -------
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ANE FJRCE 0.161) 
---------- - -------- ---- ----------------
R OF ITERATlJNS 5 

MODAL SHAP~ OF MOOE NUMBER l 
,..-------- --- ---- - --------- ---------- -

L[NE NO, J V JHEJA 

__.JL------_., ... 000 JO 026 - ,) .. Uv.u 0000 6_ _ __ -::..0 .. OJOOOOQ0 __ -=.!) .. 3444ti929_ 
2 -O.OJ000026 J.0Jv00007 -0.67140440 -0.31826005 
3 -O.OJ000019 J.OJJ00013 -l.24059364 -0.2~359078 

L-~-----O • .OOOOJ.009 .J,...OU.il.0.001.5 - .. 62u<:H31-4. -u.13183039 __ 
5 0.00000000 J.OJJ00015 -1 .. 75446435 J.OOJOOJJ2 
6 O.OOOOJ009 J.OJJOOOlS -l.62J91357 0.1Jlb)042 

L---1---- 0~..0 OJ OJ O 1 S ,, • l)l.)J..00013 -1. 2-405933 _._ ___ ~ .. 2't-3.:>9 J 16 ____ _ 
8 O.OOOJ0026 J.00000008 -0.67l40421 0.31826055 
9 O.OOOJ0028 -J.OJJ00005 -0.00000000 0.34448921 

~ENCY~ , _ _ o .11Ul77 5fL..J.J _ _a,L;LA_-..'.lL$E_.__ ______ _ ____ ________ --t 

ENCY=, 0.177804490-Jl ~fCLEj/SEC 

.JJE J..ERAlll.l\JS -~5--
MDDAL SHAPc OF MODE NUMBER 2 

..J.JNE 1D,--~ ---- - - --------___,, _ _ _ _ _ __ _.J:H:T.A __ ----· 

l O.Ol4d4751 J.OJ~08159 -0.00JOOOOO -0.00006223 
1---'-"- - 0 • 01465989 __ ___,,_1,h)L9 ... 192.J _ __ -_ 0 .. 00011050----- -0 .. UJ000567 __ 

l 0.01279119 -J.OJJ55698 0.00000933 O.OOOllj7] 
,. 0.01012113 -J.001.11236 0 .. 00025446 o.ooou967l. 

t---.J.--- -U .. 1)09J28.J4 - J.J1'.J.L0_7J2.J._ - .. 0002854 7 -0.00007 JG9 ---11 

6 0.00793546 -J.OJJ79558 -0.00003603 -~.00021412 
1 0.00743477 -J.OOJ730l3 -0.00041325 -0.00012218 

1----u---.JJ• -O 07 49495 - ..O.J..L56 l.81 -o.._o_QJ4Ll30 _____ o .. 0ll0.l23J9 ___ ,,,. 
9 0.007257Ju -J .. OJ488216 -0.00000000 0.00025-'i-4-0 

NCY=, 0 .. 3045 9979D JJ RAJlANS/SEC 
NC Y ~, _ Q.!t 84-7 8 6 O SD- ..L-.....'iCLLlJ...SE--------- - ----------1 '!1 

QF I TERAT l ONS 5 
~ - ----_j''10DAL .. SHA~E_OE MDDL .. ...NUMB ..... "'-----------------1 

NC, u THETA 

0.00002190 J.uu)Ol3d9 o.ooooooco -0.00204177 
0.00002195 J.OJJ00351 -u.00367013 -0.031~~352 

=---- o.000 0 2012 ___ •. 0u00O02s, ___ -_a .. oos19aoa ___ ....u.uool.>0os,t __ 
0.0000185d -J.JJJ00027 -0.00367440 0.001443~7 
O.OOJ01808 J.OJJOOOll O.OOUOOl43 J.UOL04lJ4 

--- 0.00001870 c..<L OJJ0004 7 o._O....J3b l552 _ ___ J_._QQ l44L<t.J __ •, 
o.ouoo204j -J.~JJ00011 o.oJ~l9olO -0.000000~4 
O.OJOJ2233 -J.OuJ003~6 0.00367353 -0.0Jl~~ZJ8 

-· J. 0vOJ2228 - .. OJJ.01~02 O. 00000000 - .. 00.20401 -'"--- -1 
• 0.26704 6 150 JJ ~~JIANS/SEC 

0.4250l7S6D- Jl ~YCL~i/SEC 

. ---------------1·1 



. 99 

.ANE FCRCE 0.18.:33 

~R 1J F I r ER Ar I o .-~ s 5 
MODAL SiiAi> 1:: OF MODE NU Md ER l 

J \/ THE'TA 

l -o_. __ 0_90_00,005 -J .OOJOOO __ Q__l. ___ - ~u . • __ OJ)_O_opooo ___ -_ o._~l-~01795 __ 
=--2 -0.00000005 J.OJOOJOOl -0.81471063 -u.3861~827 

3 -O.OOOJ0004 J.OJJ00002 -l.5J536899 -0.295~dJ3a 
4 -o~ .... o_O_OQ0002 •J. OJO_QJ)Ou3~ - - -- l~.9oo8855J ___ -=O-_l 5.'J96 860 ___ -

c----
5 O.OOOJOOOO J.OJJ00003 -2.l2d~4157 -O.OOOOU0J3 

·6 0.00000002 J~OOJ00003 -l.9b6885~5 O.l599bd53 
· 1 _ o_._000_0_00_03 J. oJ_Jp_:Jo...9_2 -1 __ ._s_o 53 8_90J ___ Q_._2 955 a 3 JJ. __ --i 

8 o.00~00005 J.OOJOOOOl -0.81471068 J.3a6198Lj 
9 o.OOOJ0005 -J.OJ)OOOOl -0.0JOUOOOO 0.4laOldJl 

ENC'f-=, _ 0.9121_7152D-Jl lU Jl AN5 /SE .,:c,C _ ______ _ _ _ _ _ __ _____ --i 

ENCY=, 0.14511675D-Jl CfCLE~/SEC 

-R _ _µLlJ ER~ T L0N....,,S'--_-=5 _ ______ ___ _ _ _ _ _______ _ 
MODAL ~HA,c OF MOUE NU~BER 2 

L_l_N L NO __ .__ __ U"--______ _._ ________ W~-------~TH.EJ_A. ___ ----t 

l 0.00649451 J.OJ40546l -0.00000000 -O.OJ022743 
2 _ __ o. o o 6 .. s 1 98. _ _ _ J ....... o o_o_9.Jq o 5 ___ -: o_._oo 01t o s 56 ___ -o_. oo o l. 5 s J2 _ ____ _ 
3 
4 

0.00575956 -J.OJJl0799 -0.00055625 O.OOOOl2JQ 
0.00504539 -J.OOJ33380 -0.00036763 O.J00lb47J 

----'----=-~OJL45570~0 _ _ _ --=-J ~• ~0J~- J26200 0~ QQy02343 O.OOJ2l050 
6 0.00437294 -J.OJJ14't-33 0.000.39015 0.00013207 
1 0.004479_37 -J.OJJZ0.342 0.00051462 -o.ooou12.:.a 
a. ___ _o.oo_413_os1 -J LooJ_84112 o~ o_oQ.)_2.J.14 -Q~oou i.'+-2J5 __ ~ 
9 0.00466543 -J.OJ303690 -0.00000000 -0.00014271 

ENCY=, 0.28Sl5lBSD J ,J R~JIANS/SEC 
'4CY= ,. D..t..~5~6_0_8_3_~D--J l ~ YCL E.S ,.__/ ..,,,_S=C--------------------t,I 

OF ITERATIONS 5 
r --------'M!JJ..OD_A L_ ~H__Ai'.: OF MODE NUi'-tBER'--"-3_ ..,........ ______ -,.--________ 

4
"
1 

t\O, u THETA 

-0.00007163 -J.OJ004511 -0.00000000 -O.U0078794 
-O.OJ007151 -J~uJJ01087 -0.00141875 -0.0005~720 

---=- o. o o o o 6 4 ~9 _ _ __.oJ .... _o_J J_o_oo_i ___ -_o. oo zoo 653 _ __ -_o ._oo o a o J J s ------n 

-0.0J005798 J.OJJ00248 -0.00l4l9UO O.UJ0~~713 
-0.0J005426 J.uJJJOl49 -O.OJJ00019 J.uJJ76JJS 

=---~ ::O. 000054 lo J. OJ_J_Q_uQ2_3 O. QO 141_8'15- I) ~-0.00;>::> 7.J5 __ -f 

-o.00Jos132 J.OJJ00145 o.oozoob8l o.ooooouoo 
-0.00006111 u.OJJOl03b 0.00141911 -o~ooo~s12J 
-0.000 ·'6 12.... o o·o o 0 -,.01 , v J _ _ _...,,J_._OJJOJ ) 33 •· _()_' 0 Q.O. - •- v _ (jjl ----1 

c.2 592J 1. 500 JJ i.\Jl A,'J-> I ~EC 
' a.~ll5U014J-Ji ~Y CLc~/SEC 

---------------------------



100 

ANE FORCE 

:R OF IT ERAT 1 U,\JS 5 
MUDAL SHAP.:.: OF MODE NUMBER l 

. L1NE NO, u w JHt:fA 

,....--- 1. _____ _ -_o. ooooooco __ ~ ~OJJ 00000 ___ --.... ooJooooo ___ --=o.5B4u7u<.JJ ___ _ 
2 -0.00JOJOOO J.OJJOOOOO -l.l383453b -0.5J96LL23 
3 -J.uJJOOOOO J.uOJOOOOO -2.10338801 -u.41JOOJ59 
4-_ __ -_.,_._()QQOJOQQ __ __..,.....OJ...J_Do_ooo -2.J_4820d9 -0 ... 2Z3514J4 _ _ _ 
5 -o.uooooooo J.OUJOOOOO -2.97463~92 -o.0~00ouJ0 
6 o.oooaoooo J.OJJooooo -2.74820097 o.223SL424 

_7 • OuOOOOOQ ___ _ .uJJOOOO - J...0.3368l ...,__ ___ Q ... 4130UJ.52.- ---
8 O.OJOOOOOO J.OJJOO)OO -1.13834547 0.53961122. 
9 

ENCY=• 
E>..JCY=, 

0.00000000 -J.OOJOOOOO -0.00000000 J~5d4071J4 
.b 4 5 0.0 253D=aL.R,.LJ..lA Li LS.E _______ _ _ _ 

O.l0265544u-Jl ~ICLiS/SEC 

R. Qf_ l TEJUT1 uN$ _ _ ..., ____ _ ________________________ _ 

MODAL iHAPf UF MODE NUMBER 2 

.LINE.-ND ._ _ __....__ _ _ ____ _.__ _______ .1._ _______ IHEfA ____ _ 

1 -0.00005078 -J .. OOJ02874 0.00000000 -0.0008ti6d8 
1----'------ 0. 0 0 0 0 4 83 - J . , OJ() 0 03 0 5 __ _____;::;0. OU 15.9 6 7 2_ __ __ -o .. uO J 62b) l. _ _ _ _ 

3 -0.00003677 J.OJ000780 -0.0022514! O.OJOJOJ49 
4 -0.00002131 J.OOJOl213 -0.00159516 0.000627JU 

_ 5 __ . __ - .0. GO u O O 44 9 · --O(l-..l.0..1319 O.J)Q O O O 124 _ __ 0 • . CO u iH:I o2 o ___ _ 
6 O.OOJ01202 J.OJJOll94 0.00159610 J.OC06~595 
7 0.00002665 J.OOJ0079l U.00225566 -O .. UOJ00Jj3 
----40JOOJJ26 - _._QJ_J 0012 5 Q .. _00159445 - · .. 0006~6J4 __ 

9 0.00003979 -J.OOJ02169 0.00000000 -0.00088544 
ENCY=, 0.251047970 JJ l~JJA~i/SEC 

NCY= , _ _o .-...i ~9555 6 4D -:=. i., L_C.Y..C.LE.:i LS£..__ _ _ ______ ___ _ _ _ ____ _ 

OF IT ER AT l ON S 5 
m---------iM.ODAL..SHA~EJ.ID_OEJ.!.UMiiER.......,.c....--- ,-----~---~------• 

NC, J V w THETA 

0.00114939 J.OJJ73478 O.OuOOOOCO -O.OOOOOJ30 
0.00115272 J.OOJl864l -0.00000595 -O.OJOO Ol34 

=-----0. 00105485 ___ ....__. OJJ O 10 z._----- - • JOJ00842.. __ -__ Q, • ,JOJOOOOl__ , 
0.000 9 1004 -J.OJJ01942 -u.00000596 o.uoJuu234 
0.00093851 -J.OJJ00003 -0.00000000 O.OUJOOJ31 

----- o. o 00 9 6 9 93 _ • ..00.J Ql.9_.3 o__._oo 00059 6 o_.J)J ouo l Yt ___ 
0.00105464 -J.JJ)Ol074 O.OJ000843 u.OuOOOJOJ 
0.00115243 -J.OuJl8636 O.OJ0005 96 -O.OOOU02J4 

· D.OJl l ."t909 -:-.J.JJJ73459 ... _LJOUOuOOO -0 .. UOOOu.J .. H . ___ .. 
• 11.2aJ1aa2sJ JJ R.,hHA,,Li/SEC 

0.459o212 oJ-Jl ~YCL c ~/SEC 
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.AN E FCRCE 0.242a 
1~-=...... J6 ____ ---'M-'-'-A__,;..S_= _ J6 .;1 SH= -0~ :>_§_fl504l 80-05 

:R J F [lERATluNS 5 
M9DA L 5HAP~ UF MODE NUMBER l --------- ---- -

L lNE NO, u V w IHETA 

1 -0.79J24488 J.55701650 -0.0JOOOOOO 0.00855185 
2 0.77373944 J.O~J74265 O.OLOlll64 -0.00lo78 J 2 LJ _ __ Q.6_~~ 3_716_5 -J ._Q.5_299Q.~_5~ _ _ -:-_0._0l634 1..5J _ _ _ -o_. 02jdo5 32 __ 
4 o.s1111606 -0.0~620310 -0.09124347 -o.o4bT6 aa1 
5 0.45677616 -J.0 0 1237l7 -0.1892~086 -0.04677J5 J 
6 __ O,_~ 2_8~2_1.0 J. 03~453 l ~ -o. 25_2_9_5_6J H. ___ -_o_~ __ Ol 9_6~_-,_14 ____ _ 
7 0.55788971 J.05161799 -0~25537740 u.u258 J22o 
a o. 63046493 -J.uJ J59929 -0.15d86l4b 0.0~81434 6 
9 0.69793 ).9 7 -u.47399368 -0.00000000 :> .. iJ8_2,?7_J J_B __ _ 

!TY FACTOR= , 0.63J ~l~oj0 UJ 

~---------------- ---- -------- --·-

-----

------ -------

---~---- -- . 
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.ANE FORCE O.O 

--------
=R J F I TERAT l CHS S 
. MODAL 5HAr' i:: Of MODE NUMBER l 

--- ------------------- -----------
LINE NC, u Trlt:TA 

1 --- - 0.b54126l3 _ _ _ _.39J09.90.4 ___ _ .QQJOOOOO _ __ Q.0377o575 
2 0.63456790 J.021526ll 0.06715607 0.02~69792 
3 0.5249436J -J.03729612 0.09473152 0.00lu4j87 

__,.!t:----0.444.29]39 - · _...02!_62] 0 .. 07...810961 - _._Olubd2Jii _ 
5 0.40497295 -J.Oud89859 0.03418714 -0.02589030 
6 0.40034612 J.OOU)3735 -0.01908183 -0.025J4d03 
7 ___ ..... ~3021065 _ _ -u .Old737l.5 -0 .. 0507834.6 ~ o .. o09o6loB __ _ 
8 0.4d982817 -J.01Y30l50 -0.05023855 J.Olb320bb 
9 0 .496 88771 -0.294638b3 0.00000000 0.02978209 

EN.CY=, __ Q ... 53052Il3D j_JiA...J l .AN:i/....5. ............ ________________ __ _ 
0.84436095D-Jl ~YCLES/SEC 

R- •E-1 TE RA T1 0N $ ___ 5 _ ___________ _ _ _________ ___ _ 
MODAL ~HA?t DF MOD~ NUMaER 2 

{NE-.NO, __ _,.,. _______ _._ ______ __...._ ______ _.,J:U:I.A _ ___ _, 

l O. a 026 8568 J. OJl. t>l 09 O O. 00000000 -0. 044tio42 l 
0 .. 00264684 _ __ _ __ .QQJlL5.1't~---::1l ... 037.3742.S _ _ _ -0 .. 0'1'LJ5379 _--11 

3 0.00229839 - J ... OJJ10758 -0.16108021 -0.031382 ct9 
I 0 .. 00207601 -J.OOJ08236 -0.2096b822 -O.Olb59l03 
___ o. o 0_19.1068 - ;) .,.OJ .J0 1t.0.9_9 - 22sa 13:~io a ... .o.ous4 9Q9 __ 

6 O.OJ193993 -J .. OJ000554 -0.207717':A O.Ol7 329'H 
7 Oe001~996l J.00J01619 -0.1584206~ 0.03lj2S10 

..,__ ___ o. 002.17061 - _,.Jl.J.J.J._43.90 -0 .. QB_j.So490 o .. 0't06l 1-to4. __ --fll 

0.0021 5552 -J.00 132764 0.00000000 0.043d74JO 
MCV=, 0.3865.3157D JJ R4J1 Aih/SEC 

CY= ,__o .6..151.Bit.6.!iO-O l ...:.YJ....LJ:~_;__.5,..._..~-- - ---------------

OF ITERATI ON S 5 
-------··tDDA L...i . .dA~_ (Jf_M_OJlE..J.iU~ B££L.3---~~~- -~-~------111 

NO, u V THETA 

0.00117429 J.OJJ67258 -0.000000CO -O.OJ428j 95 
0.0Jll0318 -J.OJJOU485 -0.0077Ud08 -0.0030183 9 

---0.JOOBl 74 .__ _ _ - .u... _OJJ.13lJ_5 _ _ _ -Q.J1J8564 2-.. __ Q .. 00J0J.:>53 __ 
0.00055 9 47 -J.OJJ11525 -0.00757397 O.OOJOl d l8 
J.OOJ39599 -J.O)J06l80 0.00023355 O.OJ432b22 

--0.00034 105 - _._QJ_J00..5..9.2 .0080082 O.O:J3u<t350 --~Ill 

o.0003a1a4 J.OJJ028 6 0 O.OlllS412 -0.00002775 
0.00047467 -J.OJJ00750 0.00189388 -J.003!0524 
\). 00049 d l2 - • OJ J 28 85_9 -0 • .00000000 - A J043d 195 __ ...,,. 

0.50442003J J -J K.:u1 A.'~.i /SEC 
o.ao2a101so-J1 ~tCL f.~ /SEC 
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.ANE FORCE 0.05L-, 

:i' oT ITERATIJNS 5 
. MODAL :itiAi>c OF MODE NUMBER l 

- - ----------------------- ---· 
u I/ THETA 

c--1 ___ 0.1oa_o9145 ___ ~u~·~4~27429_8_7 __ __ ~o._p_QOQ_O_oo1 Q.0232bJ7a __ 
2 0.68629601 J.O ZS 27185 0.03792~93 O.Ol08b5d9 
3 0.56437d75 -u.04J47037 0.03586202 -0.012945~2 
4 0~47_4-39-159 -J.QiJ 4QJ_!t 6 -o._00132os6_ -o._02a66JJ3 __ 
5 0.43l33U70 -J.OJ762301 -0.07047973 -J.03222317 
0 o.42824707 J.01241359 -0.12167667 -o.022¼~u64 
7 __ o 4~4084_95 J. Ol <tO7_36_5 -0.14041468_ __ a. OO4't-34 l ___ _ 
8 0.53206308 -0.Oi~82398 -0.1032553 0 ) .. 040192 .5 6 
9 0.54113423 -J.32103713 O.OOvOOOOl O.Oj75 &jJU 

UENCY= ,_ 0_.!_4&_8 ?._3._ ~ 2J>___D JJ R,q_.l AN~_/ SEC-:_ _____________ _____ _ 

UENCY=, 0.7460208JD-0J.. i..fCLE..i/SEC 

Ei OLJ._1ERATlLl~j '--_~5--------~----------- -------~ 
- MODAL SHAP E JF MODE NUMBER 2 

l,._LNE G u .'/.J THJ;:_f_A 

l -0.00094414 -J.OOJ5681t4 -0.00000000 -0.00555162 
- 0 • 0 0 0 9 l ~ l_ a - .)_._OJ J fJ 32 .7 6 __ ___::: 0. u 108 5_ 9 84_ -0.00518ll6_ 

3 -0.00()76227 J.OJ00o07l -0.02027922 -0.00411941 
It -o. 0 0 062793 J.OJJ06327 -0 .. 02691875 -0.00242oJ7 
5 -0. 00..Q..5-_t 7 2_3 U.OOJ058d2 . -o. 0296_I Z36 -O.O Q027J8J 
6 -0.00041340 J.-Ou J 05495 -0., 027dd8ti4 0 .. 1) () 2 0 :> i),! l. 
1 -O.J0032355 O.OOJ04399 -o. 02163252 O .004'1L'l~4 
8 -=.o.qooz12_a9 J .. OOJ04? _85 -o,. 0! J,_8Q~~3 0. 0(,)_55 o3 L4 
9 -0.00J24503 O.OJJ16478 -0. OJOOOOOO 0 .. 00007258 

NCY=, 0.362363710 JJ R:\ u l A;'J ;/ SEC 
C_Y~, 0.576720320-Jl ~ YCLE:i/SEC 

OF ITER4T 1 ONS 5 
r""'------~M~O~D,!_BAL 5HAP c OF MODE NUMBg R . ....._.3c..-_ ___ ~~-------- "-• 

NO, u I/ w THET A 

-0.00011735 -J.OOJ068l9 -0.00000000 O.OOOlb~ oa 
-C.OOOllOBo J.OJJOOOll 0.00033~36 0.0001 3 2d5 

- -o. 000 0 0220 J ._oJ_;)_p 1_4;6_8 ___ 0_. _00_04tiu5o _ __ o_._oouoo 52.9 __ 
• -o.00ao5169- --~u~.OJJ01705 o.oouJ5637 -o.0001z~j4 

-0.0J002l62 J.O~u0175l 0.00004056 -0.000170 ~ 9 
__:_o. 000 00 8<:)5 J. O0J_(H 7 51 -O._OuO2 ·7_9 32 -o •. ~o_o li 7 2S __ --t, 

0.0J003966 u.OJ001516 -o.oJ04lti97 -o.uooou~l6 
O.OJ006625 u.OJJ00373 -0.00030048 0.00011694 

- ~0-00007365 -J~ OJ ~04J72 -· -0.0JOOOOOO o .• QO_Olc,l:t '! ___ _ 
0.488/7880D JJ R4JJA~S/SEC 
il.777 9 16370-JL CfCL - s/SEC 
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.ANE FlJRCE O.lOjl 
----- -- ---- - ------- --------------- - -----

:R OF IT ERAT 10 ,~S 5 
MODAL 5rlA~E Of MOOE NUMBER l 

-- --- --------- - ---- ----------------- - - --
LI NE ND., lJ V THEJA 

__ -0.0064166~ -J~OJ261B~6 ___ _ .oooooooo __ _ _ -_.16947Jdl __ 
2 -0.00590836 J.OJ119304 -0.33061987 -O.l5700J7l 
3 -0.00407101 J.OJ2l5250 -0.61181718 -J.120~2348 

L-lt- -o.o:J1ss21.9 _ _ ____ ,_.u.02 .. 1.3c139 -o. Z99.J..J8u4' - .. oo.4oL2j5 _ _ 
5 -0.0004d59i J.JJl3i586 -0.86396996 J.Ou0o32J/ 
6 -0.00113133 J .. OJJ18548 -0.79753762 0.06482j9l 

t-...1----0 .. 00312152 - .... OJJ327 .. Ld -0 .. 61LDl.o _Q .. ll932.J.:J7 ____ _ 
8 
9 

ENCY..= .. , 
ENC 'r' =, 

-O.OJ66859l J.OOJSOJ55 -0.33l5b489 · u.15670416 
-0.00735958 o.OJj3874l O.OJOOO OOO o.1703 2 7& 8 

.33b032AJD_J Q_M.J..LA~.:iL~~------- ------- - - - --. 
0.534Jl280D-Ji ~YCLtS/StC 

ER OF. I ERAI.LJN$ _ _ ________________ _ 

MODAL jHA~~ OF MODE NUMBER 2 

_UNE_ ND,, _ _ ___..., ________ _. ______ _ ___,,..._ ______ __._. £T..A ____ -1 

0.04666363 J.02J05359 0.00000000 0.0017&128 
_ _ -.v .. 04512124 __ __... _. QJ13 75l ,.___ ___ Q.00317024__ ... 0.001 l.9UOl _ 

0.03695142 -J.OJJ OJ897 0.004 18334 -O.OOJ25~8b 
O.OJ105073 -J.0Jl0060 2 0.00216625 -0.00167478 

__ __.,,, .029166.86 1).0J0.18.617 -0 .. 00188058 -0 ... 00210.1/7 __ ..... 
6 0.03152391 J.0023827~ -0.0055~402 -04UJl35JJ6 
7 0.03793398 J.OOJ38780 -O .. OJ671745 O.OOJ29J22 
8--->J .... 04651419 -,> .O.Jl..236~9 -0 .. OO!t49 L73 ____ ..0 .. . 00183o!t2 ___ _ 
9 0.0 4 824783 - .J.02J85171 0 .. 00000000 0.002450,3 

NCY=, 0.497285460 vO RAJlA.'J$/SEC 
CY=:. , __o_. 7~9..L4..55-1.51J- · ..1 1. Y CLE ~../5,,.....,· ....._ ________ _ ________ _ 

5 
~------..J~ODAL .. ..Sl:i.A~E...JiQD..LJSUliBElL.3,_~--------------11• 

NC, u V THETA 

-O.JOJ0006l J.OJ002019 -0.00000000 -0.002954dJ 
0.000)3774 J.OJJ03878 -0.00531447 -0.00l0bl95 

~--0.000L3 63 9 _ _ -',I .0JJ0638..5 ___ -D.007~956..__ _ ____o .ouU01Ll2 _--1 
0.00026466 J,.OJJ07202 -0.00528043 0.002Q8j72 
0.0 00392 75 J.OOJ069ll 0.00001060 0.0029~158 

- J.00051468 _ _ __,,, .OJJ06627 0 . .. 00528181 _._OJ2Uatll0 __ 
0.00004656 J.OJ~05767 0.00740265 -0.0000JJll 
0.00078923 -J.OJJ02 95 2 0.00527809 -0.0~207201 
0.00 031 199 ___ -J.OOJ49 505 ~ .. 00000000 -u.00293li7 _ 

' 0.46737 CJ 790 JJ R,-dlA\l.dSEC 
1 0.7~)85 8 760-Jl ~YCL ES /SEC 

~--------- -------- ---- - - --- --------1 

------ -----
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ANE FORCE 0.1511 

;-o F 1 T ER AT 1 lJ NS 5 
MODAL .iHAP~ OF MODE NUMBER l 

u V w THETA 

l Q. ._o 002002.:c..5 ___ -_J=--·=--O~J_v_l 506_!t _ _ _ -_0._Q_()000_0_Q_0 ___ -_o~•- l_1_lvO_·H _9 _ _ _ 
- 2 0.00021525 -J.0JJ25283 -0.33JZ3195 -0.15790726 

3 0.00024524 -J.0J031628 -0.61554038 -0.12078~~7 
4 __ 0.000l3J_O:t -J.0J:>~_78 0_8 -0_:e8 L't_l_8155 -0.06543 J6d ___ _ 
5 -O.J0002392 -J.OJJ3677ti -O.ti705b439 -u.~0U015Jl 
6 -O.JOJ10ll5 -J.JJJ3lll4 -0.80440247 o.u6j4u25d 

_ L - - -=-o ._o o o o 6_0_1.5 - J .• oo 0_2 8_3_9 s - o_. _6 J._5_6 Z_:?_ u o_._J.2 o 'J 3 j Jo:----
s -O.uOJ00524 -J.OJJ3J247 -0.3330946l 0.157939~1 
~ -0.00004738 -J.OJ03453~ -0.00000000 0.1/080612 

JE~CY_~ ,_ (h,JQ7497l0u JJ R'-':JIA ,-J .i/SE.C 
UE-NCY==, 0.48939730D-Jl .;YCLE.i/SEC 

~ OF I_J_l:_3A T J_QN s~ - ~5- --- ---- --~------- ------ - ----1 
- · MODAL SHIV E UF MOOE ~UMBER 2 · 

_l,J .t(E_N c__, V V w _ ~H~lA. 

1 -0.01702268 -J.01028438 -0.00000000 O.OOJ555 4 8 
2 -o .• 0_16 4 _1_95_7 -J_!_o~~,s~9_3_1 o_. 001Qo143. o. (.;()039 '1-)3 

3 -0.01.328553 J . 00 J. 25520 0.00142043 0.00000212 
4 - (). v l O 8 7 3 33 J.OJJ94370 0.00100559 -0.00039u26 
5 -0. 0 0 ~ 8 2_ 7 ll J.OJJl9603 -O.OO Q00798 -0.0005646 7 
6 -0.01021761 -J.OuJ55707 -o. 00.l 02 591 -0.0i)03'J'-JJ8 
1 -0.01196653 -u.OJ092320 -O .. Oul446l 7 O .. OOOuO l 55 
8 - O_ • .Q 1_4 =LQ_O ~5 J.OJ049685 -O._OQ_lQ20_78 u .. _9_0040 l 59 
9 -c. 01 ,1-95490 J.O,H0d476 -0.00000000 O.OOJ5o656 

ENCY=, 0.478501360 JJ RAJ 1 A.~ S /SEC 
1CY= O. 7 6 l,2_593JD-J l ~Y.CLE~/SE-C 

OF ITERATIONS 5 
________ _oMQ.[)A L 5 HAi> c OF MO D_E Nl) i'1 d E..,..R____,3,_ _ __ ,__-- - ~~-- - -- ----c1 

NO, u ,J fHEIA 

-0.01813622 -J.OlJ515Jb -0.00000UUO -0.00565216 
-O.Ol6 8Jl51 J.OJJ39112 -0.01020893 -0.00~04J95 

~----=-0· 0 l l 430 7_0 ___ J .• 0_J j on. 71 ___ -_o • __ o l 4 5ol 22 ___ -_o. OJO J 7 o Jd _ _ _ 
-0.0054 13 52 J.OJ350453 -O.Ol04304b 0.00400723 

J.0004 9234 J.OJJ50039 -0.000lll3u 0.0Jj772~l 
.-_ __ 0.00627536 J.-O.JJ_~7.1_6_3 0.01031409 o.0Jrt1ul -J L 

0.01200296 J.JJ~34449 O.Ol46J878 0.00000015 
O.Jl71Jl38 J.uJJ24625 0.01034091 -0.004Uodl7 

- O.Ol83 6234 _ __ ,_ -:__J.OliJ_70800 =-0 .• 00000_0Q_O -O_._UJ57j :H)d ____ · .. 
' 0.47 58 7368 0 JJ RI\J lA,~.dSl::C 
' 0.75/ 3 7720D-Jl ~(CLc~/ScC 

. -------------------------------1 

------------ ------ --- - ------ -

·---
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LANE FORCE 0.21JJ 

-fK OF 1TERATIJNS 5 
~ODAL SHA~i OF MODE NUMBER 1 --- . ~ ----------- -------- ------------

1
L LI NE NC, u 1HEJA 

__ l _ __ Q.00J0402o - .. OQJl0356 _ _ -=..U.DOuOU0u0 ___ -0.1777o4j6 _ _ 
2 O.OJJ02961 -J.0JJ12736 -0.34643378 -J.l64l9JL5 
J O.0JJ01315 -u.OOJ1570l -0.64005286 -J.ll56~ZJ 5 
4 ___ --D.D00 0 68.6 - CA-.0uJl784__b - _,._133621-1-.0 - ... 06tiu4.372 
5 -O.JJ015064 -J.OOJ15084 -0.90528239 -O.OuQOjJ4 2 
6 -0.00014409 -J.ouu0957l -0.83043717 o.o~so212s 

_ 7 ------=-0 .. 0u 0 0J 983 - _. _QJJ O 706 0 -o .. 640l 1t5 J_,__ ___ l).125 7..3.Jo9 _ __ ~ 
8 O.OJ 007196 -J.OJJll369 -0.34639211 0.1642 i 7JO 
9 O.OJ008564 -J.00019166 -0.00000 000 J.l717l~ l 4 

JENCY -=:_. _ _o ..2-162266 4D_JJ_JLl JIA,'LiL S£~ -------- - ----------­
IJE~CY=, 0.439 6 28780-Jl ~(CLES/SEC 

ER- .JL J.T ER,~J-l ON ->-- --.J--------- ------------- ------
MODAL :iHAP c Of MODE NUMBER 2 

INE-NlJ ,_ _ _.J-______________ ,. _ ______ __. HELL __ 

1 0.00589759 J.OJJ60282 -U.00000000 0.00l4b742 
l--~---0--0056 .9-919--- ·0JJ.18 75 o ___ • 0026322ft-____ o.oo lOLitl l -----

3 0.00 465569 -J.OJJ3 8 l92 O.OOJ .661'1-9 -0.00002773 
4 0.00.39 5751 -J.J.)Jl 9722 0.00254730 -0.00lu4212 

------->J• 00 3-3 9305 ..0ChU69J - .. 1)0D05826 - ._0J142£> v8 ----
6 0.0 0451 693 J ~ OJJ52963 -0 .. 0025914-3 -O.OJ 09 7J 3'J 
7 0.00577393 u.0uv6623 5 -0.00359787 u.OOuGillS 
a _ __ Q__. 00 7-3 164.J - _.._QJD.1621 2 ~il. 1.)_025233 0 .D0OY 91 4 8 
9 0.0076J547 -J.OJ~62379 -0.00000000 0.0Uil97 9 6 

E CY= , 0 • 4 4- 5 6 9 3 8 'W J J I{~ J l &\ . ~ S IS E C 
CY =_,_o . 7 033.1¼ ~ -4D- Ll l ~_t_Cl_Ll_LS£C, ____ ______ _______ _ 

5 
c----- - - -l~ OUAL..$_HA~.E.....11JJD.LNU~BE ..._.._ ___ _____ ~ -----~ 

NC, u THETA 

0.0 0093295 J.OJJ56915 0.0000 0000 -0.00114574 
0.000 89 951 J.OJJ0267l -0.00206275 -O.OU08lUJ5 

---o.o oJ 72 53 - .... O;}JJ6 99~----rt1•00291092 ____ o .. oouo u0 12 _ _ -t 

O.OU 0 59 133 -J.00 0051 8 6 -0~00 2062~8 O.OO J HOJ 84 
O.OOJ 5356 7 -u.OOJ007d5 -O.OOJ00 0 87 J.OOll4jJ4 

- - Ll.o aos639o __ ~ .OJJ03661 o_.00206oss ___ .ooa tw9 u 7 _ _ -tl 

0.0 00 61094 J.OJJOS734 0.0029153s o.oooooJLY 
O.OOJ S2080 -~.OJJ02690 0.µ020617b -O.OO.JclU 1b4 
o.00J a 4a4 0 ___ -J aJJJ 5 1840 0.00000000 -() .. 0011451.9 __ 

J.429 56310D JJ 1{.\..JlA:b/SEC 
0.683 6 71560- Jl ~r CLf S/S EC 

- ----- - ------- - - - ------ - - ----- - ---41 
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.ANE FORCE 0.26l.J 

:R LJF ITERATIONS 5 
MODAL iHA~E OF MODE NUMBER l 

u v lHETA 

l,,__ _ _ Q.00001 .. :.920 -J. OJ_() QQJ 1~8~ _ _ -_o .• _0_0_0_00000 _ __ -_o_. 185_4lJoS _ _ _ 
- 2 o.00001oaa -J.OJJotzoa -o .. 36135903 -0.11129.J.:.9 

3 0~00000199 -J.OJJ01747 -0.66769583 -u.131099oJ 
_ _ 4 ___ __ -:O.JOOul618 _ - _ 0J_J02J_o_2 -o .. LU239054 -u.01095-iiJO __ _ 

s -0.00001337 -J.00~01440 -0.9442~040 -0.000010~6 
6 -0.00003028 -u.OJ000162 -0.87242353 0.07U9j429 
7 -O_._OOJOJ_5~7 ___ J ._O_JJ.0042_1 -0._66 7_7165.J O. l l 1114 74-__ _ 
8 0.00001979 -J.OJJOU362 -0.36135622 o.111zyg J4 
9 O.00J02484 -J.OJJ02006 -0.00000000 o.l85~0o39 

~e,~C(=,~ 240951730 JJ RAJl .t-\.i'.>/S _EC~----- - ----- ------- --; 
lENCY=, o.JS .3486960-Jl. ~tCLE.:i/SEC 

R OL i T ER AT LJtl_,,.__S _ _ =-5 _______ _ _ _ _ _______ __________ ----1 

-- MODAL 5HA~E LJF MODE NUMBER 2 

u,.JJ~E ....... 1-L0,,_ __ u~-- - - --- ·~v _ ______ ~w~------~ tt~ .. fA ___ _ 

l 0.00132620 J.OOJ824l9 0.00000000 0.00072J36 
______ o. o o 1_2 9_o(to-:c__ __ _,0 • oo J_o s 4_6 s;__....... _ _ o_ ~o_o 1 3 o 192~- o. o_o o s 1 o a 1 __ _ 

3 0.00101492 -J.OJJ072o9 o.001s39z4 -0.00000135 
It 0.00 0 94051 -J.OJ003155 0.00129769 -0.000~1139 

,----cc-. __ _.o_. _OOQQ4-_!t 7_3=--__ ......,,J,_,.'-"O'-=JO 0 4 875 -O. __ Q_O_Q0_03 l_!L__-=..Q...LQIJ:.>7 2. l.J8 __ _ 
6 0.0010980L J.UJJ12754 -O.0UlL9992 -~.OOO>OdJO 
7 0.0013 9 169 J.OJJ15429 -0.00183433 u.OO:JOUl.3b 
Q ___ 0. _0_01J _5_033 -J._Q,)J0471.6 -u.0Q12_2..-~68 0,.0_0_0509:12 _ _ 
9 o.001a2016 -J .0011166 7 -o.oooouooo o.ouon.940 

ENCY=~ 0.420ld970J JJ R~Jl~i~/SEC 
~CY=._,_ 0_. 6 6 8 7 5 _3 31 .. P"--_,J,...,l,__....::~,_,'l-"C~· ...,,··,...,,· s'-"/'--'S.,_,E=C,.. __ ___ _________ ------

OF ITEaAT IONS 5 
.:::--------1:.1MD DA l ._ ~J:iAil;: OF MODE NU MB E_,.,..R-=-3- ------~--- __ _ _ ..........., 

NO, u V w THETA 

0.00026872 J.OJJl6598 0.00000000 -0.00019~31 
O.OOu26100 J.OJJOlOJ5 -0.00035352 -0.000138~0 

'l""-:----.0.00021 & H - - -- ~ ._OJJO_l61_7 ___ -0_._000499}5 _ _ _ 0 .. 00000J l2 __ 
o.0001sso4 -J.OJOOOB76 -o.0003532s o.0001~a12 
.0.000l8567 J.OJJOJb76 -0.000000l5 O.OOJl~ulb 

_ 0.00021262 J._Q Q..J0_223.3 O.Q_0_035320 U_!9_O_0Jl.:;3d!3 __ . 
0.00026733 J.0JJ02111 0.00049985 o.ooooool4 
0.00033473 -J.OJJ01052 O.OOJ35357 -O.OOOl.~dd3 

__ o. 00J 3 4 7.37 -:....) • OJ J 2 l!t-_3_2 Q._Q,O_Q_0_0_00_0 __ __ .-= 0..,_000 L 9o_J9~_ ...... , 
' 0.4169173 6 0 JJ ,UJ!A,b/SEC 
' 0.663'.>4522D-Jl ~'l'CLE..i/~EC 

-- ---------------- ---------- --~ 

- ------- - ----------- ------- -----

---
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.ANE FORCE 0.315) 

:R OF .ITERAT f ONS 5 
MODAL ~HA? c OF ~OOE NUMBER l 

LINE NC, u w HiETA 

--1- ---• 0 0 0003 43-__ __.) ... oJ o o 02J....3, _ _ --1Jo. o.ooooac o _ _ _ · --->J..--19 76 76 s -4.--_ _ 
2 o.00ooa1ss J.OJJoooao -0.38526743 -0.18262 9~6 
3 -0.00000026 O.OJJ00036 -0.71188117 -O.l3977J29 

_ _ i ----=0.00000240 .}.J.)J.rnoo_u _ -0 .. -93.u.lUcl.9 - '-4 Dl,j64d 2 9 _ _ _ 
5 -O.OOOOJ440 j.0JJ000 ~8 -1.00675436 -U.OJ00010B 
6 -0.00000377 J.OJJ00262 -0.93012079 0.075b~7d4 
J---.--o. oooooosz _ _ _ J ... OJJ 0033 6 - • . 11.1 a 8263 _0....13977960 ____ _ 
8 . O.OJ0002 63 O.OOJ002 &6 -0.38526720 ~.ld26L J6 6 
9 0.0000 0 351 J.OJJ00097 0.00000000 0.19767b5i 

ENCY=, ___ _o_. L 9 9 53 53 5D J_ fU .J.LA,-..15 L ......... ..-- ---------------- -----i 
UENCY=, 0.31757068D-Jl ~r'CLE.>/SEC 

rR-.DE- .1 TERA UD~ $ _ __ ._..,_ _ _ ____________________ _ _ __ --1 

MODAL SHA~E Of MOOE . NUMBER 2 

-NE .0 .-, _ _ _,1.,.1 ____________ ___________ _.· "EI- - - - -

L 0.00076183 J.OOJ47312 -0.00000000 0.0000 L3ll 
,__ _ _ _ Q.0001J450 - - --·-- 0u..J(J250.J---___ .,0000411 .___ _ __ Q_.OOOOl46 3 _ _ _. 

3 0.00059375 -J.OJJ05271 0~00005153 -0.UOOO O~oL 
• O.OOJ49967 -J.OJJ02jJl 0.00 0 02672 -0.000 0 l d ll 

___ _ ...,.oa04969 0 , ..o:1_Jo302s -0.000010.9 0 - .. _000011.13 _ 
6 o.oou5J 609 J.OJu0848l -o.oooo:=3so't -o ... o,)0 0 06 2J 
1 0.00078754 J.OJJl0295 -O.Ou003b08 0.0000044 7 

.,..._ _ _ _ ..u • .00101562 - ,i • .o..J_Jo.2.12.4 -0~00.002 oga o .. o..o ou o Ho _ _ __ 
9 0 .00106375 -v.00 065368 -0.00000000 O.OOOOiJ 35 

ENCY=, 0.4129 36 6 70 uJ iU lJ 1 A,'~S /SEC 
ENCY= , _ _ Q,.65.1209.7..6.D.=.J 1 1: tL:L£.5LS......._ _ ___ __________ _ 

OF ITERATI J NS 5 
c-------..n.ODAL-il:!A~ E....Jffi.UE.....N UMBE. ---- -------------------1 

NO, u w . TH.EIA 

-O.OOJ0003Z -J.OOJ0002l 0.00000000 O.OOOO~o04 
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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 

Strip Method, buckling of a simply supported flat plate is 

analyzed. The plate geometry is shown in the Figure 18. 

Three idealizations are considered. 

1. 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/Band the results are shown in 

Figure 22. 
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The accuracy of the buckling load progressively 

decreases as the aspect ratio increases from unity. 

Considering the simplified nature of two strip ideali­

zation, the agreement between exact and analytical values is 

good. The four and eight strip solutions converge 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. 
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FIGURE 24 SL~NTED PLATE 
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CHAPTER VII 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

7.1 Discussion 

7 .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 

entire computer process can be applied to the static analysis 

of flat plates, inclined plates, folded plate structures and 

box-girder bridges. 

7.1.2 Dynamic Analysis 

The Finite Strip Method has been shown to be a versatile 

for vibration analysis of rectangular plates. The Mass 

supported plate is derived. The required 

thematical formulation to reduce the dynamic analysis to 

Classical eigenvalue-eigenvector problem is discussed. A 

ry efficient powe r iteration technique is utilized to solve 
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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 sma ll 

matrices, small core storage, and relatively less execution 

time. 

7 .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 

plate is included in both the stiffness matrix and the geo­

metric stiffness matrix. The lowest eigenvalue is the buck­

ling load. Solutions are obtainable for flat plates, inclined 

Plates, folded plates and box girders. 

7.1.4 Dynamic Stability 

The vibration of simply supported thin plates with 

forces is discussed. The stiffness matrix of the 

to include the connection between inplane 

bending. Axial inplane force is applied 

a Percentage of the lowest critical buckling load. When 
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the axial force is sufficient to decrease the first frequency 

to zero, this condition defines the static buckling problem. 

An incremental technique is devel oped 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 

Problem (i.e. y) by the Kantorovich approach. 

7.3 Recommendations 

It has been shown in our previous discussion that for 

any one term of the series the accuracy of the results is quite 

comparable to exa ct analytical solutions. 

It is the observation of this author that future work 

problem should investigate the following: 
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1. The stiffness matrix can be modified to include 

additional terms in the series terms of the dis­

placemen function. 

2. The problem can be extended to include other boundary 

conditions: fixed, free. 

3. The method can be extended to curved strips, cy­

lindrical shell strip, skew plates, continuous 

plates .and mi x ed strips, by modifying terms in the 

stiffness mass, and geometric stiffness matrix. 

4. 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 "l" 

User Instructions for the "FINSTRIP" Program 

Card Type 1 

1 card with NPROB Format (15) 

col. 1 - 5 Number of problems to be solved. 

Card Type 2 

1 card with TITLE Format (12A6) 

col. 1 - 72 Title of the problem. 

Card Type 3 

1 card with Control parameters Format (10I4) 

col. 1 - 4 NTERM, number of terms in series 

col. 5 - 8 NELEM, number of elements 

col. 9 - 12 NP, number of nodal lines 

col. 13 - 16 NBOUN, number of boundary conditions 

col. 17 - 20 NDF, number of degrees of freedom/nodal line 

col. 21 - 24 NJ I load type (1 = non symm., 2 = symm.) 

col. 25 - 28 NPROB, problem type 

1 - Vibration problem - (Dynamic Analysis) 

2 - Stability problem - (Static Stability) 

3 - Vibration with inplane forms - (Dynamic Stability) 

Col. 28 - 32 NIT, number of iterations 

Col. 32 - 36 MODE, modal shape of mode number 



col. 36 - 40 IPRINT, print option 

1 - Print data 

2 - No data p r int 

Card Type 4 

Pl a t e Geometry 

Length of plate. 

Card Type 5 

126 

Format (Fl0 . 4) 

1 card per nodal line 

col. 1 to 10 - X coordinate 

col. 11 to 20 - Y coordinate 

Format (2Fl0 . 4) 

Card Typ~ 

1 card per strip element Format (3I 4 , 
1Fl6 . 8) 

col. 1 to 

col. 5 to 

col. 9 to 

col. 12 to 

Card Type 7 

1 card 

col. 1 to 4 

4 - Strip number 

8 Node i 

12 Node j 

28 - Thickness of strip 

per boundary nodal line Format (SI4) 

- Boundary nodal line 

Numbers giving boundary condition for 
each degree o f f r eedom of that boundary 
line. 
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0 - 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 fo r w 

col. 16 to 28 for 0 

Card Type 8 

1 card for mate r ial properties Format (7Fl0 . 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 4 0 - Py, Poisson 's r atio y 

col. 41 to so - G, Modulus of Elasticity in shear 

col. 51 to 60 - RHO, Plate mass density 

Card Type 9 

1 card with number of plot points Format (IS) 

(Only for problems of dynamic stability) 

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

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

col. 6 to 10 Number of plot points required for NTERM = 2 
and so on. 

of Routi nes 

Listings of Ma s ter segment, GDATA, INITIL, COMPLE, BOUN, 

h INTR, and EIGEN · · are given. 



The listings of the Master segment indicates how 

all the other subprograms are called into use; 

GDATA - Gathers data. 

Output 

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 Eigenvalue - Eigenvector 

problem associated with dynamic analysis. 

The routine is programmed to analyze free 

vibration, static stability, and dynamic 

stability problems. 

A data list together with the output is given for 

the example problem of a simply supported, square plate 

(lower order strip) shown in Figure 7 , Page 52. 
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_c.oMMlJN- Nl:..i, -Nt:, i-i .,£ l., .E2,.1P,\J Ll O l ,B uc.e ___ _ 

SUBROJTIN~ GDATA GATHE~S DATA 

R E AD t 5 , 7 J Tl T L E 
WRITE(.,,8J TITLE WRirE o,~..._ __________________________ _______ _ 
READ i j,llJ NTERM,NELEM,NP,N30UN,NDF,Ni,MPKOd,Nlf,AODE,IP~INT 
WRITE(J,llJ NTERH,~ELEM,NP,NBGUN,NDF,~J,MP~UB,N1T,~~DE,1PRINI 

EAD- LS ,.J 5J _ l - --- ---------------·-----------­
w.R lTE ( o,.Hd A 

N.L.1.-CJ ORD 1 NA I ES - OF- ALL-PO l NI$ __ , ____ ________ , __ _ 

WRITE,o,37J 
- .2- l .. = . .l , ,·~i:.------------- --------- - ----------

READ J. j , 3 5 J X ( l J , H U 
~RITE(~,3JJlaX11),ZtIJ 

RfAl) .~J MBiR NJJAL NU,'-1BERS THICKNESS 

RlT_E(.Q,Jit.:1-J _____________________ _______ ____ _, 

DO 109 1=1,NELcM 
READ ( 5, 4j J N\J 1, ( NIJD (I• J) • J= 1, 2), r ( l J 
RllEL,,_4Jj_NJ.1,.~LcJilDLl,_JJ..,...J.;=..l,2-4-Ltl~ --~--~-----------------

IIRUE( C>, 'tul 
READ ( 5, 19 J 

llEL:....loJ 

,uNDITIONS O=flXED l=fREE 

( 1-J F { l I , ( NB ( I , J ) , J = l , 4 J , I = l , NB OU i\l J 
_.ff....Ll.J_. t Na.u._, JJ, J=.l, 4J_, L= l ,.NtiO UNJ. 

MJ DULUS El E2 PCISSON 1 S RATIO PX PY SHEAR MD~JLUS G 

EAO , - 3 -
l 

:>, :>JEl,E2,PX,PY,G,RH u 
lE(f>,5JJ El,E2,PX,P¥,G,RHO 

. B.:R OF PltJl s RE QUI RE u .fuK VIB +INPLANE .CASE 

lEt.,(· ~'tOJ I P L.1.J ,l-=..J._,..NIERHJ, __________________ _____ ~ 
i>t5:>J 

lE~u,'f.JJ l LP H I ), !;l,NTEKMJ 
cl/ Ll • .-:: PX 1-' PY J 
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EY= E2../{l.-PX*PYJ 
WR1TUJ,6JJ 
FORMAT( ' li'..Ji>UT DATA • J 
FORMAT ( 12~.., ) 
FORMAf{lH0,12A6J 

£.O RMAT_(_l_2..J :t ). ___ __________________ ____ _____ _ 

FORMAf(/bX, '*** CONTRGL PARAMETERS***•, 
/1i, 1 NJ~B ER UF IERMS •,14, 

;__ _ _ _.,/~l .t\.J~~__,:_i_B_E R OF E L_E1"!8if_$ 1 -L<t.__ ___ _ 
/1,<, 'NJ~BER OF NJDAL LINES 1 ,14, 
/1,<,•~uMBER CF dOUNDARY CONDITIONS ',14, 

~--~/~l~I<~• 1 N\[,:~tB_EJ{_ OL D_E_GKEtS_ OF_ ERiEOOMLNOOAL..ll.j.__..E..__ _ __ ,_, 1__4 ~ ----
/lX, 'LO~D TYPE( l= i'-vON SY,·H'1, 2=SYi-1M) 1 ,I4, 
/lX, 1 '1i'1{DB PROBLEM fYPE 1

1 14., 
~--~/~l~..<~. ' ( l=fREE VJJ3RAJ_l_ON, 2-=..S Tl>:, BJ_!..1 TY, 3=VI i:H- !JL PlANEJ "-"-- ------

/ li, •NJMBER Df lTERATIJNS •,14, 
/l/4, 1 MJ~AL SHAPE OF MOOE NUMBER 1

1 14, 
IL< 'lt>,UNT -(l·=PRJNT OATA.,O=N O PRINH 1

1 14,____.__ ____ _ 
( / lXJ 
FORM A f 1 5 HJ ) 

_EP..B~iJ til:L._ _____ ~---------~-~--- --- --·--- --
fDRt-1 AH 7fioJ. 1tJ 
fDRMAfi /6,<, • il<** PLATE GEOMET~Y 

,.__ _ _ ~ /_l{, .. .!. LE,~GJ):L,OF_ eL~ IE 
FORMATL/lX,'N Ll JE ll~E NO XCCORD 
fORMA f ( I LJ,2Fl0.4} 

_F0R"1AT. CLO_-i_:> .___ ___ _______ _ 
FURMAl(/!/4,•SJ~IP NU NGDEl NODE2 
fORMAT(3I~,~F1~.8j 

***'. 
~ --fl o. 4 ) _ _ __, 

YCOORD'J 

-- -- --·--- --- - ----------
THICKNESS', 

_f_ORM_AT_.L {_ b,( ,_~~!~ __ BO U~ D_AR_y __ CONDJ,I.I_QN S_ ""*-* __ _., ___________ ------i 

X /l/4, 1 NUDE LINE NO U V 
X / l;( J 
L EORMAT ! 3 .U 2F lo. 8~) _ ___ _ ______ _ ___ _______ _ 
t FORMAT_{_/o .(,- 1 **_i __ 1'-1ATERIAL PROPERTIES*** • f 

X /1;(,•MQDULUS Of ElASTlCITY 1 •,Fl0.4 
-=-- - ....J/!...lx ' Mu OU L us OF El AST l C I_,_T_,'l'--"2,,__ __ ~---------·-----.f. l_Q_. 4 ----r 
X /lX,•PuLSSONS RATIO X •,flJ.4 
X /L<,'P01SSONS RATIO Y ',Fl0.4 
~---''Ll~x~ "MOJ ULUS OF El.AST 1ci~1~HEAR G ... _,_f 10,._~4-~---1• 

/1~, 'PLATE MASS DENSITY RHG •,Fl0.4 
/ l,(' l 

ORMA'(J l_p,<. 4 *** NUMBER_Of _PlO_T POlNTS REQu **-*- ' j _______ _ 

fOR:•IA T t l d 1 • * * * RE SUL T S Of AN Al Y S l S * * * ' l 
ETUI< ~ 

-------- ------ - -------- ---~ ·------~---- - -----
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IHPLl ~ lJ ~~AL• 8lA-H,O-l) 

DATE 02/ 2.6/ 81 TlME 

133 

11.0J 

J_I t·lE_'.i~ L_ g_;~_ .i (!! ,__:t ) 'C_(4 , 'd. i) f1, 4) ,_U _4 ,!! J 'F (~_,_ft, J , PM (_ _i ,_!t,L,~ ('i L~_._1-t,._,l:_ _ ____ _ 
i~G (4,~J,~J,4, 4 J,Sf<37,37),SGl37,J7J,S~(37,31J 

COMMO.U CO H KL/ ·'.IT EKM, NELEM, NP, NB OUN, NOF ,N 1, l I, MPt<.OJ, NIT, MU!J E, 1 PR{ rH 
C_QMMOj / ORf dUL E.X ,_Ey, ?_X,_P_Y.__,_D~, DY_,_D_l ..1.D~ _G_,.flHu 
CO MMO~ /NPJ/A,ti,BB, BNl,BN2,B Nl i ,CU,H~4,4J 
COM10~/NOJ~N/X{5UJ,l(50J,r,so),NOD(50,2J 
C0MM0.U 3uJ ,-.D/ ,'ff(8 ,L,NBL8 .~4-'--'-) _ _____________________ _ 

- CU M.W UGLJJ l/S T, S,"1, SG 
COMMGN NEJ,NE,rl,El,EZ 

SU DROJT! l'llc lNllll lNirIAllZES SM,SG,ST MATRICES 

NE=O 
I \IEQ = :WF~.iP 

DO 8 t = l , ,'H: CJ 
DQ..JJ_ J _:=.l_,_J :: lJ,,__ ____________________ _________ _ 

SM{l,H=O 
SG'1,JJ=O. 
Sf(J J)=O. 
BNli = J.1~159*11 
CO= 8H1* .:frH1 
SNl__:=_ 3.N 1.t/_A_. ________ ,_,.-~--~--~----------~~--
8N2 = . BN l-iCJNl 
RETUR,-J 
END _ __ .. . _ :. _, .. ,,, ·.··~ ~~- ~------ - -----~--- -·------ ~-- -·--

- - - --------
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SUBROJTlN~ Ca4PLE 
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U .03 

D L1ENil LJN il-J~ LJ .Cl~, 4J , D L~ , _4.1_, El 4_, _4J_, _f L.4 ,-4 J .,YMl=tJ_'t..J_. ciJit5u_4 .l...._ ____ _ 
~pG(4,4J,Jji4,4l,ST{37,J7J,SGl37,37l,S~t37,37J 

CDMMJ:U Cu.--a Rl/N T.l:: RM, NEL EM, f'..P, NuUUN, NJF ,Nl, I 1, MPR08 ,Nl T, MOUE, 1 PR! ,'4T 
. ..£.!JM.1u.U_i.JtUdL)/..;:X, EY, PX, e..y ,DX,0Y, 01, OXY, u,RH[J, _____ __________ _ 

coMMON/NPl/A,J,Bd,BNl,BN2,8NLI,CU,R(4,~J 
CO M,•W. U N 1..U .:: N / X ( ? 0 j , l ( 5 0 J , T t 5 0 l , NC D ' 5 0, n 

__c.Oi-1MD.:'.J/.J3..Jj ~DL --4F_i..BJ~_NB_LB_._4_...._ _ _ ___ ___ _ ______ _ ______ _ 

coM.1U:-U GLJd L/ :if' SM'$(; 
COMMON NEJ,NE,~,El,E2 

SUBR OJfINc C0,4?1.E COMPILES SJIFFNESS,1,EOMETRlC,MASS MATR1LES 

0:1JJ _O_ LK.~ .,_NP. ___ _ ________________ ___ _ ____ ___ _ 

-Jf(IPRl NI. c::Q. U 
lWRITE(o,lj,Jj LK 

__lf_j_LlL. GL. _ _lJ_ J;..O_ J _{L .9 _ ________ ________ _____ __ _ 

L NE = NE -t-1 
lf ( 1~l: - 1-JELE ,i) 9,9,92 

Uf Lf\JODJ....\JE,-1.J - a Kl--92,...3..,.9 _ _ _ _____ _________ ~-----
3 Nl -= NJOLJE, U 

N2 = ;~CJOL·h:,21 
_xp __ = _x l. N2J-~""'.:... . .J(1..NU 

lP = lL N2J - LL NU 
H = H ,~EJ 

-B _: __ Qs_JRI~-XP_ ·.L.ZP~*1E..._ ______ ____ ~--- - - - - - - - --"-'---------
B8 = .;~a 
OX=El*rl**J/ ( 12 .. *( 1.-PX*PY J 1 

Y:=£2*-)X/....:.._.&,........ ___ _ ___ ___ _ _____ _ _ _ ___ __ ____ _ 

OXY= ; :icJ X / c .i. 
Ol=PX*E2*JX/ El 

=1ll.±.~UX...-'-- --------~~___;._-- -------------------
1FUPtU NT • .: Q. U 
WR IT E ( o , l j L J 

L _ I ,RAj t __ X P.J l.2.J _ _ _ ______________ _ _ ____ __ _ 

FUP.UNT .i: Q . U 
RU El -> , l 5 j j J. I. .u 1 , J ) , J = l • 4 J , 1 = l , 4 ) 

AT L4EL. ... 7 __________ _ _ ____ _ ___ _ ___ ____ _ _ 

ALL tLASr,<.(c,FJ 
(MP:lOB. ,~E.UCAlL KGEDMT{PG,BGJ 

Pi{JU • • ~c-2J_CALLJ1ASSLP.M..._B.H.J _ _______ _ _ _ _ __________ _ 
L A:i,\10L 1.: (ST, E,F) 

IMP~OB. ,.J c .. HCALL ASMt3LEl SG,P~,BGJ 
P.l{UJ.t.~k--2 .U.:.Al.L_A.SMB t H SM,~ M 1 -8..M._ ____ _ ____ ____ _ _ __ _ 

ro 1 
T.t-.JE 

NJE __________ _________ ______ ________ _, 
A((• li<.-= ',12//i 
A((•o~~ll fRAN R MATRlX'/J 



,4-F0-4 l'J J-d ASMBLE 

SUBROJTI~c AS ~dLE,sr,E,FJ 
lMPLlCiT ,{cAL ·.lc:J (A-H,0-ZJ 

LlAT E 02/26/81 T1Mt 
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_ill ME ~~S l D.~- S L4,Jt.J_, .CL4, 4J ,l1L4 , _4J_, E( 4_.!t t.£..14_, 41,..P- ~t.4~_'t.J_, BMl4__..JtJ,_._ ____ _ 
1 PG ( 4., --th BJ L 4, -~ J , SI ( 3 l, 3 7 J , SG t 37,31 J , SM U 7, 3 7 J 

CO MM u UC U. U k L/ ,'H ER ,•~ , N EL EM , NP , Nd OUN , ND F , N I , I I • MP RO 8 , N I T , M lJ OE , 1 P IH N I 
_.c.cM.'10. ~ LuRI..l 0/ t; X ,. EY., .? X ,.e , 0 X, 0 Y, U 1-.. OX.Y, G, .RH.u.--------------­

c OMM J ,'U >J p l / A' a' Ba ' a N l ' 8 N 2 ' e N I l • CO 6 K. { 4 J 4 J 
co Ml-1 a --J 1 , WJ i: NI x , so> , z c 5 o J , r , so J , No o t 5 o, 2J 

_cn ,"1;'10,~.-NEJ ,.N.E,l:J_,-EL,£ 2 _ _______ ___ _ ______ ____ ___ _ 

DO 80 LL=l, 2 
J l = 2*Ll -1 

2- ~ ~-+---1- ----------- - ------ ------- --- ---
J = NJFl'<{ ,W01 1~E ,LLJ - l.l 
DO dO KK=l,2 

D 8 i{__,::..l,dD.._ _ _ ____________________ _____ __ _ 

DO 81 L= l , ~ OF 
OiK,U =O. 
l-=-2iKK= .... · ---- -------- ------ ---- -- --- - - -------

12 = l l + J.. 
I = NJF* { i'4JD ( ~i:, KKJ l,) 
U, U = .-- L.il.,J.~ --- - ----~- - - -------------·--­

o, 2, lJ = c ( 12, J lJ 
l}U,2} = cL Il,J2) 

12, 2J- =--E. i-l 2., J-2.J-------------------------~ ---­
Df 3, 3) = f{ll,Jll 
0(4,3} = F1i2,JlJ 

(3,4J = -L L1,.J2J _ _____ _________ _ 
0l4, 1tJ = FL12,J2! 
,ALL ~JTM,J,R,C,4,4,4J 

All 'lJJ_L~L.R.,~,J)~,_4_, _4-'-------------------­
lfUP.U NT ei; Q. lJ 

hlR IT E { ~ , lJ 3 J LL , K K 
f ( lP.AL.'JI .. .SQ-.&,-4-.. ______________________ ____ _ 

l•RITEt ~, l9J J 
If Cl Pr{ 1 H • c: Q. lJ 

lI E ( -> , .. U JJ U J l.lP_R T, JRRJJ_., JP RJ.=.l., 4 J • .l.PR L=-1 , ~4----------~--­
DO 5 .'JJ = l ,NJF 
JN = J + -~ J 

-.5 H = __,J\lJf _ ______________________ ______ _.. 

IM = ,-11 ..- I 
SJUM,J,'~j = STL IM,JNJ + D1Ml,NJJ 

NT l :~JE ___ ___________ _ 

ORHA ft 'UL l = • I 2 , • KK = • 12 ) 
ORMAT(•T~ ~N SFJRMEO INDIVIDUAL SflFfNESS'/J 

MAT L~..c.l..o • 7 TU1t1 - ----------- ---------------------1 
D 

- - -------- - ----------------------- - --
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SUBR OJflN~ ELA5IK(E,F) 
lMPLlCIT ~~AL~J(A-H,O-lJ 

DATE 02/20/dl TIMI: 
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... J.l.lt~Lfi.li..l fL.c .L 5t:.~ .. J...£.J.!t..t,...:L-t,__ ___________ _ ___________ _ 
lf(lP ,U NI.cQ.U 

ldRlTE( 6, ldJJ 

FORMS lNPLANE STIFFNESS MATRIX 

....CA.1..L-~--EMJ!.1.~·=...-------------------------------
1 F ( I P,U iH. c Q. lJ 

LWRITE, .J,ljj){(E( I,JJ,J=l,4J,1=1,4) 
....IF-1 l P ;{ [ NT .. _.;..Q ... .l.-'-- -------- --------- -------- - - ­
Ll~R IT El o, l7 J J 

RMS-3£Nu.LJ-.LG--il .. .l££N.E.S5.JSA.JR.J:_,_ __________________ __ _ 

CALL F i:MS( F J 
f .. U PRl NT-.cQ • . l.J _ ___________________________ _ 

1 WR IT E i o, l j j) ( ( F { 1 , J ) -t J = 1, 4) , I= L, 4 J 
FOR MA Ti ' O ~LL FEMS BENDING STIFFNESS MATRJX•JA 

...f.JlRMAf L~ ... O LJ_ff_J-1E.._E_LANLS..U . .f....f...NE S.S-MA IRLX.U. . ..__ ___ ____ __: _ ___ _ 
FDR:'1AT ( 4L £.o. 7l 
REH.JR~ 

ND.-----~---- --- - ----- -------- -



;~-F0-41 J J-d fEMP 

SUBROJflNc fE~P(E! 
I MPLlClT ~iAL*3lA-H,O-lJ 

DATE 0212.01a1 TJ.ME 
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DI 1cN S I ON c ( 4 ,,_4..;...:_J _ _ _ ______ ___________________ _ 

- c;Or1MO ~/C u~ f KL/NT EK M, N EL EM, NP, NBLUN, NDF ,N 1, l l, r-iPRud, Nl T, MUD E, I PlU i-.J f 

CO M,'i Q U Q K f , HJ/ E X , E Y , P X , P Y , lJ X , u Y., D l , U X Y , i.i , RH D 
_ c1J_MMJ 1U Np u A ,A .. , t3 B ' a N l , B N2 B N l I_,~_O....t..!li._4._,__,4~1 ______________ _ 

COM11Q1~ NLJ,Nt:,ri 

J ~N-_P J_ A:~E SI I FF iJ E S5 MAT R UC_f_L'trt_J Df TR IJ'--' ---------------

E { l, l l = cX*.j~A/tl +B*dN2*A*G/6. 
Et2 1 U = .l5*d_\J_ *A*PX_~0_ ::...._.25*.BNL...!.A~G'-----------·------

- E{3, 1J = -.5*A*EX/B + B*A*BN2*G/l24 
E(4,1J = .l5*A*dNl *PX*EY + .25*A*8Ni *G 
EJ_2J 2 l = A" d * BN 2 i:< E Y / 6 _. + • ~~-A-~::_q/_8,__ __________________ _ 
El3,2J = -.25*A*BN1 *PX*EY - .25*A*BNl *G 
El4,2) =A*3*BN2*EY/l2. - ,.S*A*G/B 
EU,3' = .:>*A·"t:X/B +A*B*BN2*GL6~•~ -------- - ----- - ----­
El4,3J = -.25 ~A*BNl *PX*EY + .25*A*BN1 *G 
El4,4) =A*d*EY*BN2/6.+ .5*A~G/8 
00_ 29_ 1 = 1__, ' 
DO 20 J=i.,I 
Ell,JJ=t:lJ.,JJ*rl 

_ElJ,IJ __ = .... _. I_,,U _ _______ ~------- - ~----~--------
RETUR ~ 
END 
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SUBRUJflNE FE~S(FJ 
I MPLICIT i<.cAL * .:HA-H,U-ll 

OATE · 02/20/Bl 

138 

TIME l l .• OS 

_DJ ME.'l::i.lUJL..J l!t~ __ ftl_,£L4-,_4J _,CJ_4_.!t tJi 4, 4J, _______ __________ _ 
.CO M,'101~ I CO. ·-d' R L / i\i T ER ,"1 , N EL E M , ~ P , N 8 0 UN , ND F , N I , l l , MP 1-W d , N l T , MO u E , l P fU N J 
,C0,'-1 .'-IO,UURT.iO/ c: X ,EY, PX,PY, OX ,DY, 01 ,OXY,G,RHO 

L..CD M.'-IQ_~ LL\LE.lLA~.d ,_fi~_.a.N L, BN2,J3N 1.1 ,.LO ,.R.L 4, ~J _______________ _ 

BENJI~; SflffjESS MATRIX f{4,4J OF STRIP 

AA = ..\~A 
i3BBB= dt>*o3 coco .-==_c~.:o. _ _____________ _ 
BBB = d *Bo 
D{l,ll = wJCO*JY*B*.5/AA 
1-2..-U - Ci'IC.....J3'..Bill'D_ *.-25_LA"----------- --- ------ ---

Ol3, l, = -CU*J~Ul + .166667~LOCU*tidB*DY/AA 
o,4,ll = -1.5•C0*38*Dl + .12s•c• CO*BdaB•DY/AA 
, ,2,.ZJ = o6667_*_CDCO~BB8*DY/AA_ +_ 2...*CO~l:i*.uXY _ ________ _ 
0(3,2} =-~J*oJ*Dl*.5+.125*COCO~BBBB*OY/AA + 2-*Cu*dB*DXY 
014,Zl = -~O*d38*Dl + .1*~0CO*BBB~*B*DY/AA + 2.*CO*bBB*DXY 

(3,3 = . ... _~,u~J:il.X - _6666667*CD~BBB*ul_ +_ ---------------
1 .l*CuCO~adBG*j *DY/AA + 2.66667*CO*Bt>i3*DXY 
Dl4,3J = J.*A~*BB*DX -CO•BdBB*Dl + .0833333*COCO*B88B*dB*UY/AA 
_+ __ -3 .... tCJ *-B3dJ *DXY 
0(4,~J = ~ .*ddd*OX*AA - l.2*CO*BBBB*B*Dl + .0714L86*COCD~BBB 

l*dBBB*JY/A,H· 3.6*CO*BB*BrlB*DXY 
0_5 _1=.l• ~ ----------------- - ----------- ----

DO 5 J=l, I 
i>ll,Jj = J(l,JJ/A 
lJ,.lL = LL,JJ _________________________ _____ _ 

CALl I: '1 (B, o B , B .3 B, E ) 
CA LL :1 J TM { u , E , C , 4, 4 , 4 J 

AL -1oli ALE, -_,J:..,~-L.4.,_.__..___ ___________________ ~----
RETuR ·~ 
ENO 

_______ ..:...,. ____ ---·--



1N-F0-4J9 3-d MASS 

-SU BROJT lNE MASS(P M,BM) 
I MPLI CIT Ri Al *d (A-H, 0-Zl 

_ OlME N.iI ON .:>,'-1 ( .... ,41, BM (4 , 4J 

FDRMS I NPL~N E MAS S MATRIX 
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DATE 02/ 2.6/ 8 J. Tl ME u .• o~ 

----- ----------------- - -------- ----- --c A LL F .i I ;,JL ? M J 

~ENJ!NG ,•1ASS MAT1U X 

CA LL F $ B i'1 i MH 
RETU~R~N,__ ___________ ____________________ _ 

-END 

------ ------------- - ------------ - · 

·----·--1 
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1N-f0-4/-, 3-d fSlM ilATE 021 ~01a1 IIME 11.0J 

SUBKO JTiNi f SI M{f j 
I MPL 1~ l .T ,{..: Al * J ( A-H, 0-l J 

_DJ .\h:N S1 0~ f_L4._4 l ________ , _ _ ____________________ _ 
c o M;~.];~/C iJ,H KL/ 'J TERM , ·'-'E l E.'-1 t t\P, NBU LJN, NOF , iU' 11, MPK(;3 ' NI r I 1'1 0 1) £ ' l PRfrJT 
COMM0.'4/ OH.I ,• u / c.<, E Y, PX, PY, iJ X, DY, D l., JX Y, ~, RHO 
CDMHJ ,U .1..JP_J.LA , rl , _Bll , BNL,-8.N2., BN1 L , Cil.,RL't •-"6--- ------------ ---­
C O M.·10 'J NE .J , NE, rl , E l , E 2 

~ _p_L~UL4 A.5S.....i.'i.UJ.-~------------- - - ---- ---- - ---­

Cl=BN1 
C2=dN.,_.. ____________ _ ___ _ 

f( 1, U =B/ J. 
F(2,U=O. 
_13,_LJ-=.B./__o ____ _ _____ ________ _ ______ _ . _ _ _____ _ 

Fl4,U=O. 
fl2,2J= B/J~Cl* ~ 2 :.Ll , 2J ;:_Q.._ _____________ _ _ _____ ____________ _ 

f ~4,2J=B / ~* Cl *~ 2 
F'3, 3 J= B/3. 

4,3 :J ._ _ _______ _______ ________________ _ _ _ 

F ( 4, 4 J = B / J ·* C 1 * .,; 2 
Hl=RHJ~H* ,V 2 .. 

D -20- ! =.l •-"'------- ----------------------- - -
00 20 J= l, l 
Fll,JJ= f ( l, JJ *rl l 
1J,-1J__.;;..F...Ll , ...J-4----------- -----------------------

RETUR ,~ 
END 



N-F0-47J .s-3 f58M 

SUBROJT1 Nc fSdi(EJ 
I HPL!~1T ~~AL*J(A-H,0-ZJ 

DATE 02/ 26/ 81 

DI_ME_N.il l)~_L;_J 4 4_) ____________________ _ 

TIME 

CO MM O.U CLl.H Rl/ :·H EK,'-1, NElEM, NP, NBOUN, NDF ,i'll, IL, MPROd, IH T, i'-tODE, l PRINT 
CLJMMO.U 1.J IUH (J/ E;< 'E y, p X 'p y. ex, DY' Dl. DXY. G, RHO 
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11.00 

CLJ~t'~uONPl/ A a, dd ,(H l BN2 BNill.,CU R(4.,'t),....._ ______ _ _ _______ _ 
CLiMMO~ -JE.i;-NE,,-J, -El-;i:2 - - -- - -

BENDIN~ M~~s ~ATR X OF A STR P 

Etl, lJ=lJ.i<3/35. 
EJ.2.1. l . = l l • .J<_B~JJL.___ ____ ___ ___________________ _ 
E( 3, U= 9.*ti /7 J . 
El4,lj=-l3*B*d/420. 
E(2 L2, =d*J*B/ ~Q5.,_ ___ _ ___ _ ___________________ _ 

ElJ,2} =lJ~d *t3/ -i-20. 
E(4,2)=-3*o*o*d/420. 
E1 ~L3j =l ~*J[J ~~--"-------- ---- ---------- --------­
Ef4,3j=-ll*B*d/219. 
E(4,4) =i3*J*8 /l J 5. 
H1=8 J*H*A /2. 
00 20 I= l., ' t 
DO 20 J=l,l 
E.U,JL~EJ_1_r..J_J~< :• .L. _____ ~~-------~--------
HJ, U= E, l, JJ 
.REJUIU 

ENO ___ ~~- . ---'-~~ . ~~----~--------

~ - ------ --- ----- -----------·- - - - ---- --



N-F0-47-J J-d KGEOMT 

SUBROJilNc KGEUMT(PG,BG) 
1MPLI~LT .(c:AL*diA-H,J-lJ 

DATE · 02/2.6/81 TIME 
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ll.06 

_l)l.MENSlON-1'_G_Lft.,...!t J-,l tGL4.»..:.a",_._ ______________________ _ 

FORMS lNPLANE uEOMcTRIC MATRIX 

CALL FSIG,PGJ 

_ f..QRMS 3EN.J...LN:; r·£..OM.EI.Rl.C_j,JAJ..R~----- ---~--- --~-----­

CALL FSi3GL JG,J 
,JETUIL,._ ________ _____________ _________ _ 

END 

r---- -------------------------------

11 ____ ~~---- -

;------------ --------------------------



N-f0-4/J 3-d f SIG 

SUBROJflN ~ FSI ~ (Fl 
IMPL1.:IT .L::AL*d1A-H,0-l) 
D.IMEN.>lu ,~ f(~,4) 

OATE 02.12.o/8 l TIME 

~c6t-t:·-w uc-~."TI k-L/ ~ TER;-t, N ELE,'1, NP, Ni3• UN, NDF ,N 1, 11, MPi{ Ou, NI r, MOuE,l PRI N r 
CuMMOi/U KfrlO/tA,cY,PX,PY,OX,OY,DL,DXY,G,RHO 
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Ll. uti 

~QMMOj IN PI I A, J BB,~ N l 1 8 N -'.LB NJ_.L,J:, 0 _8_J_±,_,4-,__.,_ ___ ____________ _ 

PLANE ~EOM~IRIC MMATRIX 

C l=i3 NL 
C2=B :H 

Ftl,.JJ..::.aLJ.~•------- -------------------------- f-( 2, U =O. 
Fl3,1J=i.3/o. 
f(~ U=O. 
ft2,2J=B/J 
f(3,2J=O. 
f ( 4,-1_ )_=_:;B=...:/.....;;,=-.. __ ~--------- - ----- - ---------____ _ _ 
f(3,3J=l3/ .J . 
Ft4,3J~o. 
f(4 4)=8/.J 
Hl=C L*..:2.i<.'.\/ 2 
DO 20 l=l,'t-
DO_ 2_Q_ J _-::_. l ,- l. _________ _______ ~-------- ----~---
F (I, J J =fl I , J J *rl 1 
F(J,U=FLl,JJ 

llEru,--.:.~-=~- - ---- - --- ---------------- --------
END 

r.---- ---------------~----- ~-----~-. -------

- ----- -- ------ --------- --------- - - --- ·------



.~-fO-4 7 J 3- d F SBt; 

SU8K JJT1 Nc FSd~ (E) 
IMPLI CIT ~t AL * ~( A- H,0-LJ 

_DI MENS LO~_ i L4"'-~ I 

OATE . 02/2b/tH Tl ME 

144 

u .• 01 

COMi'1 0i/C lJ H Rl/ H ERM ,N ELE i'1 , NP, NBCHJN, NDF, NI, 1 I , ,'1P RUB , Nl T , ,--IU OE, I PR 1 ,'.IT 
COMMO.i/ ORTrlO / EX , EY,PX, PY, OX ,DY,Ol, OXY, G, KHO 

_COMM u.'ollNP-l LA, ..d .,.J3ti , tfrH , .8 N2, B,'U 1 ,.CU, R { 4, 4-J 

DING GE J MEI!i. I C i-1 AT R IX 

Cl=BN l 
I C2=8Nl 

LLl ....tl-=..l..J-* d/JS 
E(2,1J =l l . tu~3 /2 10 . 
EU, U='iJ.,:cJ /70 . 

_EJ ~ ,-.l J..E..=..l.J "'!' *.JL42.0 -
E(2,2J =B*J *8/l J 5. 
E(3,21=l 3*J*B/ 4 20 • 

.£ L4, 21.:-=-3 .. * J ~d*...d.L4.2 0 .• 
((3, J) = l .:S*o / .35 . 
Et 4, JJ =~ll*a•a12 104 
:E.L4..,_4L: . .B .. ~ .... L~ . .BJ-1.J15 - ·. 
Hl=C l.#Cl*~ / 2 
DO 20 l =1., ~ 
l00-20 J=-1., 1 - - ·. 
E ( I, J ) = El I , J J * rl l 
E{J,I A =E <L ' JJ 
lR ELUPJ\l - -- - _,,_. ____ 
END 

-·. ·. 
; 

·-.. , 

•J • 
.. l 

-
,:"~ 
' 
"!, 

- ' 11 

.-:J 
111 

- II 
:,! · .... ,j 

11 

"-- I 11 

, 11"· 
'r. J~ 

' ; 
;.j 

II 
- ""-':.".. 
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>N-F0-419 .J-3 EM ilATE 0212.6/ai T.lME l l. Oi 

SUBR~JT!N~ ~M{d,88 ,BBD,E) 
IMPL!~!l R~Al*d{A-H,0-ZJ 
DlMEN5I O~ it4,~J E (1,-i; = l. - - - --- - - ---- --------- --------

E ( 2, l J = V. 
f ( 3,_U = -3. /B-'-3 _____ _____ _____ ____ _ _ _ ___ ___ _ 
.E(4,lJ = l../Bi3d 
E( 1,2J = v. 
E L2_, 2 J -= l • 

- E-, 3, 2J -= -l. .Id 
El4,2J = l./8i3 
HJ.,_3J = J. 
El2,3) = J. 
EI 3, J J -= J • I DJ 
e,4,3J = -2../dc3B -e, 1, 4J = J. 
El2,4J = J. 
E ( 3., 1t J = - l • / 3 
Ef4,<tJ = l./8d 
RE TUR:~ 
END 

----------·· 



,'t-f 0-479 J-d TRAN 

SUO~OJfl N~ TRAN (XP,ZPJ 
lMPLl ~ IT 1E AL* J (A- H,C-Z) 

DATE 
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02/ 26/ 8 l TlME u .v7 

_cDM ·.10 .. U .. ...: .Ld I iil/.....J LEtU 1 ,J\1£ L E.'1 .. , ~\J P., NiHlUN--, NDE .. ,J:H, I..l . ~ ~k.url.~_Nl..I --1.MDJE. • ..lE.R l ,~ ----­
C CM,'-1 0 .U UR f .i O/EX, EY, PX ,PY, DX, l) Y, Dl ,UXY .G , RHU 
CUM.rn.~/ Nl-1 l/ A, 0, BB, BNl, Bl\2, B,'-lll, C.O ,R( 4, 4-J 

r RAN SF u RM ,l T 10 ~ M AT R 1 X R .{ 4 , 4 J u F S T Rl P 

_DD_J_lE..l_,,...cL.. _ ______ ____ _ _ ______ _ _ ___ ________ _ 

oo 1 J= 1,.:,. 
R(l,J)=O. 

_5 .. =1..P_/ J----- ----~- ------------- - -----------
C=XP /8 
RU,U=C 

L&l2, 2J~ l -----------------------------------l 
Rl.3, lJ=-S 
R( 1, 3J =S 
. o., 3J =---· ----,.--- --- -------------------------11 
R( 4, 4J =l. 
REIU R1" 



N-F0-4/-J 3-d MBTM 

SUBROJfl N~ MBf ~ ( D,B,06 ,L,M,N) 
J MPLlClI ~iAL* d (A-H, 0-ZJ 

DATE 0212.0/81 TlME 

147 

u.oa 

_Qll-1EN$1l.JN J, 4 _.:,.J , B ( 4 t..i.l_,.QB,-:....,...( 4..,_,.__4~ ) ____________________ _ 

MAT&IX MULJIPLICATION DB{l.N) = Dll,MJ X BlH,NJ 

DO 110 J=l.,N 
DO 11,.J I= .;.,L 

.J)fi_U...,_J =O__,'----------------------------------
DD 110 K=l.,M 
DB(l,JJ=DdLl,JJ+Dll,Kl~B(K,JJ 

- ~ETV i{j. ____________ _ _ 
END 



N-f0-47=l 3-a FORM 

SUBROJTIN2 FOR~JD,lVALOJ 
IMPllC1J ~ ~AL*8,A-H,U-ZJ 

OAT£: 

l.'HS 

02/ 2.6/tH T !ME 11.0E 

_o I \IE 1-.J 'i 1 u_N __ J ( J 7 ,_3 7 j ----------------------- -----­
COMMu,U Cu,~ f RL/ ,'J TERM, NEl EM. NP, NdOUN, NDf, NI, 1 I• MP ROB, Nl T, MODE.lPRl N r 
CU M. i O JI OR f t1 0 I t: X • E Y , P X-, P ¥ , .C X , 0 Y , U l , 0 X ¥ , G , H. H 0 
COM~~~/NPl/A,d,B a ,~Nl,HNZ,eNJI CO,R(4,4 ~· - --- ------- --- ---

·-c0Mi1w . ..J/1~ C-j dU~ Cs G) 'z 1 ... 5 a J 'r ( 5 o--, ;NOD ( 50, -2) 

DIMENSI ON vU.37J,V2U7) 
_ e_R E- ~J_-.,_EN /AL UE CHOL ES KY R Q U_C~f~l~O~N~S~-------- ------ ----­

N E Q= .\JJF '-" l~i' 
NFREE=~E(.i 

NO_=_NFREE,,_-- -------- ------ --------------------
NDl=N) + l 
UO 2 .iA=l,.~D 
MA l= i'-11\+_-=l _ ___________ _ __________ ___ ______ _ 

JO 2 ,'-IAS= ,•U, ND 
MAS1-=i'11\S+1 

_GJ..SH=_JJ Mtb M~"""J _______ _ ______ _______________ _ 

MA$H=l 
~ IF{MA-,"IAS1ii 5,j, 1, 

~ GI S_H=1., .r_~ tt-J ( MA MASH) *D O1AS _ MA SHJ 
MASH= ;-1ASHt- l 
GO TO .i 

5 IFJ _MAS.=.MAJ_o_,6t.7 
6 IftGIS --0 2Ll , .222, 222 
l WR 1T E L., , 4 J U i4 A , MA S ., G I SH f 
l FORMAT{5X 4 H :1A::,I3,5X SH MAS= l3,5X 6H Gl~Ji.= Ej,6.§..,c...J _ __ - _____ _ 

z m~ESQH, Gl, Hl _ _ ______ ________ a ~, _ 
1 D(MAS, '1AJ= ~ ISl1/D1AG2 "--.. ~ ... ,/ 
Z CONil .-.JJE ._________ ___ _ 

TR1AN ,;L E 1 NV ER S l ON OF LLl W,~E=R-=--l=---=-' =L-*-=l -=-T_=-"-'K'""'J _____ _ _ _____ _ _ __ _ 
DO 10 K= l, ~fR.::i: 

0 D( K., KJ = l • / J { K, K) 

00 ~ L=2,~~~f~-R~c=~=--- -------~---- ------- ---------­
ll=l-1 
GI SH=u ( 1, U 
0 9 K= l I l 

GAS::o. 
DO 8 J=K,1 l 

A$_H=~ i J , KJ -'C< D{ I, J) 
GAS= G4 .i:.. ~ i ~ *v-~ SH~-------------------------

Dl!, KJ =GA.> 

l
RIPLt 1'-1 U ... flPLICATION Of L*MASS*lT 
•NfRc:E 

DO 11 J= l, I 
Sti= 
l - --------------- ·-----·--------------

D=l 
J• 
•o- - ------- --------- -- - ----------- ----

13 K::l,i 
H= -,A 5 Ht-JU., J ~ D' L..t .. .MJ ___ . _____ ___ ___ _ 



~-FU-4N j-J 

L=L+Lu 
lf(L-~)13,1!3,113 

_LD=_O 
MO=l 
L ==l-1 

FORM DATE 02/ 26/tH TlME 

149 

U .• ud 

. M.-=M+MJ _ __________________ _ _ ____ ________ _ _ 

V2(JJ=GASrl 
DO 32 J=l,I ...GASH=_J _ ___________ ____ ____ ____________ _ _ 

DO 3 3 K=l,J 
GASH= u~Srl+J{J,Kl*V2(KJ 

_j) (.J' 1 •..lJ_=:..; A...S.~---------------- ------- - -----
1 ==1- l 
If{I HL9 , !L9,12 
CLJ NTI ,U .~ ----------- - ------------- ------ - -
RETU R,'-1 
END 

- - - - -------------------------------- - --

-------- ---- - - --------- --- --- - - -- ---------



~-f0-4 7J 3-d POWER OATE 02./ 2o/ 81 T1ME 
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11.l', 

- -------~-------- -----·------------
SUBRUJTl~c PU~ER(O,IVALDI 
IMPLlCif 1kAL* d (A-H,D-lJ 
Dl ME/~S i LiN J ( J 7, 3 7'-'J,_ ____ _____________________ _ 

- D I/''1E N.) -1 0 i'-4 ✓ 1{37 ;- , V 2 ( 3 7 ) , V 3 (3 7) , V 4 ( 3 7 j 
COM.'lu ,UCu.H RL/~ T ERH, N ELEM, NP~ N80UN, NDF, Nl, 11 • MPkutl, Nl T, MODC, I PR1 ,"4T 
CO 11,''1 O_j_Iil;_.i._ N_E, ti , El , E_2_,_l..f_liLl_QJ B_UC,,,_P,___ _______ _________ _ _ 

-NFREE= 4Ei.J 
MODE=,-i.JUC 
MOO =:..MJ9_E,_+_,,,l .___ ___________ _ _________________ ___, 

-ND=NFREE 
NDl=NJ+l 
00_ 1J_o_ l = A._,_N_D,__-------- ----------------- ---1. 

-V4UJ=t. 
RP=O • J 
PUT l.J 1,.J Vl FROl'-1 l TO ND AND IIERAIE 
DO 111• 1 = 1 , ND 
vurJ=V4iJ.J 
PU I L~ rU,E .{.UMal:RS IN V3 
i.)0 115 l = l, ND 
V3{ U=l0 . ~* 12 
fiUMIT= l 
DEN=O. 
R=O. 
C8J.T 1_ =0,_,•'------~..,......._,,...- ~~---------------- ~-----· 
AlAMZ= O. · 
ALA:O=J. 

0 15 l =l -:-.JO 
ll=l+l. 
GASH= O. 
i>J;)_ lj3_ J~=_,l"-"...:::l,__ ____________ _______________ _ _ 
GASH= .;A SH+ v U J J *D ( J , I 1 J 
CONT hUE 
fll- i-JOJlo 19 19 

DO 2 O J = Il , ND 
GASH=.;ASH+Jl(JJ*DlJ,J+lJ 
CONT UJE 
V2lfJ;-GASrJ 
ALAM2= ..'tLA ,'1 2. +G1\5 H*GA SH 
lAMJ=ALA,1J+-VU I J*V2 -t tl ) 

CONT 1.~ JE 
.\LAMu=.'.\ L A.1l /AL A M3 

0 _2 l 1 = l , . i 0 Yl( I)= ✓ 2 ( -LJ_ / _A_L_A_M_B ___ _______________ _ 

CONT 1 iJE 
l 'tL_I = l ND 

O=Vl(1J-v2.(!~j----- - - ---------------- - - ------, 
El=VJ( lJ-... D 

l_e,__; u N=ut~·i +_U_c __ l- ~-,<*_2. ________________ _ _ __________ __ _. 

R• CJ *:) EL 
lTN=c1u.r t.{;1) * C fl U E - ----------------- ---------------1 

P• (t{P-1 •, * ;U DEN 



i~-F0-4 7 ,J J- ti POWER DATE IJZ/26/ol TlME 
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11.u 
- ---- - --------------- ------------- - -----·--

lf{NU~lT-1)37,37,Jtl 
DO 53 I=l• iD 

l_ \ll11J =.ill,..£-<0------------ --------------- - ---- - -
NUM! I= .·4ulH [ +- l 
GO TO 1..9 

l.,...D O-1_!t..J. =:..L._.N..,__ _________________________ _ ____ _ 

Yl(1J= ✓ 2{lj+-R•VJ,lJ 

If(C~IfN.jf.O.JOl)V4(IJ=Vllli 
1_L.DNI J.j_J....__ _ ___________________ __________ _ 

Z=l./ lJ.~'*12 
JF(CRifN.~f.ZJ~U TO 149 

_GQ .JQ_ I.,....,_ _ _ _________ _ 

1 If L :J U,' ti T - ,•J .LT J 2 j , 22, 2 2 
5 NU Ml T = -'hJM1 f + l 
_GDJ..il-L~- - --------- ----------------------
2 CONT HUE 

WRl Ti:{ 6, 3::J J NU.~ l T 
3J:-0RM AI..LJ.2X •- • :lJ HB ER..-1:JLli£ 8.A ll.C NS • 5 l!t, _____________ _ __ _ 
o MLJKT Ir> LY , L-lJ r *, v, 

DD 23 J=l, ~fREt: 

_GASH=- >1-· --- - - - -----------------------------
00 24 l=J,,'4 fREi.: 

4 GASH=..;~Sth· ✓ lll.J*D(I,JJ 
l-V2{JJ~JA3 ._ _______________ _ 

NHOO= :'ULJ-AJD E 
WRlTE(b,lJjJ N~OD 

tLlORM Af { 22.(~....!.MJJ Al _ _$HA e£_0 F _ H O.D_f_ _NU M.BER...! .... .12.J _ _ ____________ _ 
WRITEl.~,lJd! l 

12 FORM Ar , / 2..<, • NJ J Al L l NE NO, • 5 x, • u • , 14 x, • v • , 1 1 .. x, • .w • , 14 x , • r HE TA• 1 J 
-DD-203-l.==..l..,~ . .._ ________________ _________ ----

Jl=l l- lJ * ;~ ..JF+l 
J2=J l+ 3 

-WRlli{....l_,.J._J_.,.J...1 _,D2i...J.J-1_J_=..J..L_J~- ---------------------
FORM AIL l lJ, 4fl.::,. 8J 

11 f0RMAf(lrl,JEb.8J 

MEGA~.L ... ti..M1..1.; - --------·--------------,--------­
IF lMPROt:1-l) 2-J6,207,206 
IF lOM cG Al bJ 9, L J 9,208 

Y.ALD=-- - - ------- ------- -----------------RETUR1i 
If UVALD • ..: .J. 2J ..;o TO 20 7 
MEG~JS -J;{ L lLJ ,-, i:._G AJ ________ ________ _____________ __, 

WRUE(.,,lJl.J J .1EGA 
QHEGA=.Ji-l E..; \/6.L8318 
RU.Ee,_, l J-3 J J 1 E CO TO l02 ___,_, ___ _______________________ ---+ 

Rne,,,lJJJ CH EGA 
-UJJ • E__j _..J..J.J J CE =:: OM E.G A__ ___ ___ ___________________ -! 

FlMP ,LJ t:l .c J. 3) i{ E TU RN 
O~U l ~JE 

'1Ar { 2ld 
MAill. 3.-i 
i'14f{lJ,I 

... 1 ~G - I 

J .\J_l Ll _LY. AC LOR _ -:;_• El. b. 8 j _ _______ _________ _, 

f tl c: QUENCY=aElt:.B, 12H RADIANS/SEC) 
fR i ~UENCY=,El6.8,12H CYCL ES/SEC) 

EX T Hoo.__ _ _ ______ _ ----- - -- -----------



N-f0-479 3-d POwER 

SUM=u. 
DO Jl l=l,'ND 

DATE 02/2o/ 81 TIME 
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11.14 

S UM=SJ .1+ V lc.-=J.c.....clc....:)c.....*-=\J'--'l"--'t"-'I=..;J'--________________ _________ _ 
DO 30 l=l, , ... u 
DO 30 J=l, .-. D 

_ Jl_=_J.±_,.__ ------------------- - -------- - -----
D ( l, J 1 ) =D, I, J l J -ALA Me*V l l 1 l * Vl ( JJ /SUM 
MO Dt=.-1 J OE- l 

_jLll~J_,)EJ_J-1.LJ_,.,___=-'---- --- ----- - - - - - ----------­
CONT l U E 
RETUR'-4 

_ f;Jj.,.__ _____ _ _ _____ ___________ _ _ _ ________ _ 



N-F0-47-J 3-d BOUN 

SUBROJflN c BOJ ,~ 
IMPLI..;,r :1.t:Al*8lA-H,O-Zl 

DATE Ol./2.o/81 T H1E 
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11.1a 

__ DIHE N.:il u L.S U J.L_.3 7J. ,-5GLJJ~3-1 L,-5MJ.37,3_7J _ _____________ ___ _ 
CO Mt'-1 U 4/ C 0. -H RL / N f Ek M , NE L EM , NP , ,'Ll OUN , i\J i.l F , N l , U. , MP k O d , N I T , MOO c , 1 PR l N l 
.co:1Mo. u u 11. f du/ E,.( , Ev, P x , PY, ox, o v I D 1., ox Y, 1,, RHu 

_.Cu!•-t·rn.~/NP-I_/_A,.ihBB, 81'H, BN2 ... BNlI ,£..O,Rt 4,4J _ ______ , _________ _ 
C OM f•ilJ .-U !~O Jc ;'.I/ x l 50 J, Z ( 5 0 J, T ( 50 J , NOD l 50, 2 l 
COM;-101'4 /BOJ W/ :-.JF ( 8) , 1'-'b( 8,4) 

.-COMMO,U.GL.J.JLLSL ,-SM,-Su----- ----------- - ------------

INTROJJCT 1JN Of BuUNOARY CCND1TIONS 

DO 2JJ I=l,~BOJN 
K=L'fft IJ-lJ*,\JJF 

_DD-2.JJ .=.l ., ... NlJ...__ ___ _________ _____________ _ 

l=J+K 
If(NBlI,Jl) 2JJ,345,230 

;_sJ_( L, LJ =-Sr LL,LJ * •. lE t-..l 2._ _ ____________ _____ _______ _ 

SH(L,L)=SMLL,Ll*.lEt-12 
$G(L, L)=SJiL,L}*.1E+l2 

0.-CCNLL~J. .... · _ ______________________________ _ _ 

RETUR ~ 

END 

- --~------------------------- -----! 



EIGEN 

SU BRO JTl Nt t: luc N 
I MPLl ~ rr ~cA L*d (A-H, 0- Zl 

DATE 02/26/ iH TIME 
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11. 2.2 

.J2 !11E Ni l_UN_ S T LH, 3 7) SG ( 3 7 ,_J 7 ,_SM {__J_l_ ,_3 7_L,_SG_S_C_l,J_3 7_,_3_7) ST l-i !J DJ JL,_J_[J. ___ _ 
CLJM,'\ O.U Ct.J.a RL/ .H ERM, NEL EM, NP, -~dul.JN, NOF ,N 1 , ll , MPH.03, .-u T, i'10Dt:, l PRI :H 
.CD MM O:J/ UfH ,H J/ c:.< , E Y, PX, PY, U X, DY, D lo D XY, t;, «.HO 
CO~IMQj {1J.l__l_LA_Lt3_,_8_q__, B_~_l, B_N .2_, BNJ 1_.,_c_oJ _RJ!t.,_:tJ _ ______ _ _ _______ _ 

~UMMU~/ N~ J ~N /X{50J,Z( 5JJ,fl5 0 ),NDD(50,2) 
COMM O~/GLJJL/ ST,SM,SG 

_c_OMMO.'LNL .... ~ b l , . .EJ-1__!:2 l _e..N_(_LQ_L_iLU~--------- -----------­
IF( MPi<.Jd- L J lJJ0,Zu0 0 ,2000 
00 3L) l=l.,NE.J 

_j)O_ J_lJ_ J=i. r..1.~ E._ ______ ________________________ _ 

ST lI ,J+ll =~~ tI,JJ 
CALL fJ RM L ~ T,i VALOl 
l V_A LJJ= J:__ ______ ~ ---------- ----------------

- CALL PJ~ Er{ (ST,lVALOJ 
GO T U --J99-, 
D0_ 3 2 J I= l _1_N E_.~------------------------------1 
DO .J2J J=L , NEJ 
ST MOD Cl,J+1)=~G Cl,JJ 
00 3 2_5 l = lJ i~E_Q"'L--------------- - - -------- - ------i 
DD 32j J =1,N2 J 
ST MUD ( J , I J = ST C J , l ) 
CALL _ _F J K.1.'H . .:iJ.!"l:J_J_, I..Y~ L_Q_"--, -----------~--------,--------1 
IVALD -= 2 
CALL tl JwE tU S L -1 u l), 1 V ALO J 
lf (H l' ~JB . c _ .2) GO r o 9 9 99 --"------ ---------------- ----1 
CONT I .~ JE 
AN=O 
IY_AL D=J~----------- - ---- -----------------,1 

~~, j~~ 3 ~: ~ ~ i~:1' lJ .> ---- ---·-·· ·· ------c{ (}Jt?Z J T t 
DO...J].:L ) =1, NE_Q, _______ _____________________ _ --------{ 
SGSCU 1, J+l )=S ,H I ,J J 
DO .l4J I=l., 1\IE.J 
D0_ 34u J=L, NE:~'------------------..,.,.-------,----- - -----11,, 
SGSCU J, J: J = S Tl J, I) -A N* SG ( J, 1' 
WRITE(u 1 5JJA N . 

FORM ~TJ _~~- J N P LAN~_FGRCE ' F l Q_'--~~-----------------------,_; 
CALL FJRM , .:i l> SCL,lVALDJ 
If( 1 V 4 L O . E ..i • URE I URN 
CALL __ i>_J .ii E,H '.lG~C l J IV AL O) IF u v .\ L J. c .i-. u --Gci - r o 4 o_o_o ______ ________ _ 
AN=A N• 5-, ! .i i. 
0_{_0_JJ)Q l. 

WRIT EL~ ,3:J~-J- ,- ----·------------ - - - ----------

f ORMAT l' J t: RR.JR MES SAGE 1 / J 
EfuR j 
No . ------------------------------- - -----r 

-----------------------------------~,. 



N-F0-4-79 3-:J PRINTR 

SUD 8.0Jfl f-.J E PR{ ,,HR 
lMPLI Cif ,l e. AL * 8 {A-H1 •-lJ 

DATE 0L/2.6/8J. TIME 
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u ... 24 

_QI ~i:~_.:iJ_J 1\l ...i_~ ,_'.! J C. :t . :t .) ' P_J!t , ... 4 l ,_EH t.~J t F '4, 4 J_, ~tH..i.t ... i ) BM' 4 I 4J ,,__ __ _ 
l PG,,,,, 't J , du l 4 1 4 J , S f { 3 7 , 31) , S G L 3 7 , 3 1 ) , S ,"1 ( .3 7 , 3 7 J 
C 0/'•1:"1 lJ U CU H R L / 'i T ERM , Ni L EM , NP , Na O LJ N , Nu F , N I , 11 , .'1 Pi< 0 U , . HT , MUD t: , I P i {L NI 

_co 1,-1JJ,~_u.ir-u:-10L~~-' E_t, ...e...x, ~_y., ox .• cv ,_o_i_.,_J~Y,.G , ... Ktlu.,,__ _____________ _ 
COMMO ~/ NP!/ A,J, HB , BN l, BN2, aN 11,CO,R(4,~) 
C OMMO.U l'4u J c N/ ,<t 50), l t 50 JI I' 50 J , NO D l 50, lJ 

_c_o11i~O ... L'J l_G L,_..,;_) L.../_~ r $1"1, s_G'!..,._. ___ _______________ ___ ____ _ 
l f ll PiU Nf. • . -JE.U GU TO 310 
WRITE (6,LjO) 

_f.ORMAf ' u jJ ,·1A TR_J X' 
NM=N P-1 
DO 5 0 l X = l , NM 

IN=IX* ~lu~F~--=-J----- ----------------- -------- - --1 
- IK=-1 N+ 7 
WRITE(o,JJJJi{ST(l,Jl,J=lN,1K),J=IN,1K) 
WRJ L E__L~ ,_2. -LQ). __________ ______ --,--------·---------1 
F0RMA f(' O SM ~Al~IX'/J 
DO 6::> IX=.l, NM 
W=l X~ W_F._-~ j _ ___________________ ______ , ___ ___ _ 
IK=J N+-7 
WRITE,~,3J~J(L~M(I,J),J=IN~IKJ,1=1N,1KJ 
WRIT E ( .:, L 2 l .J '--
FORMAT i '0 .:iu ,·JATIU X1 J 
D-• 7 0 l .X = 1 , NH 
.N7..lX~JDF- .,=-• ____________ ___________ _ _ 

IK=l N+ f 
WR 1T E { ~ , .3 J J J U 5 G ( J • J I , J = 1 N , I K ) , 1 = I N , 1 KJ 
_ORMA U 8 ~ l 3. 5...__ ___ __________ _ _____ __ _ 

CUNT LUE 
RET iJI{ '~ 
END 

___ ___.'!' 

·------· ·---------------------
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JN-F0-47 J .,-..i MAlNPGM LJATt: 03/lL/dl Tli'1i:: l J • 2. 

MASTT~ 
I ,1Pll~IT , t.:A L '•'d {i\-H, 0 -Z} 
tHME ,\J.:ilJ 1~ ,.;.(Sui ,ZJ.j Q),T( :>O i,FLJ KCl50J, i~A(i 1JJ , NY(.i:'.Ol, NU20} ,fPiLJ), 

-rQ'STn-, , ~ ( 7.·7, 1 -t , <t "l , T4 ,-4--:J,D C 4 , t , ET4,7tT;T { -t , ~ --,- 1.1 .;1 
(, CJ M.·1 J J? ( J..; i , ~ f i 3 0 , 3 U) , J 1 5 ( LOO} , k ( 4 , -t i , \Ji 3J , 4} , i\i f- t J) , N iJ ( b , ~ J 
C O M11 u ·! A , u .:J , E /4 , I: Y , t> X , t-> Y , G , 0 X , 0 Y , U 1. , U X '( , r-i u O ( :> U , 2. J , J ,"I ( b u J , 3 J , D N ( <j J 

AIJALYJ1J vf F..;LDEO PLATES ANJ UK1uGc5 

VA RIA3Lt: DEFI.H TION 

x -{50J,L{j!jJ X Ai~O L CO GtWl/\AT E$ Lf ;-~L,DAL P..;f ;Hs 
T( 5 J J ·THI~K i~i:SS uf STKlP 

" :;, J DlSJRIJOlcD-----vrtTTTCAL [..;AD 1~CJ l ,L, UN ::,JriJ.P 
Ql~{lJ LOAIJ Cui:.FF ICIENT fJr<. SI,~£: Sl::: R. lt:S VJ\k. lAl.J.U N 
QN{2J LOAO L• cF FI Cl~ NT ~ □~ CJ~l NE ~EKlEj JAKI~ll~N 
m '~Jc--r-,-_,....,u'"" .... ,-------Fo ~-{/.ffio T [T,· . . ~ TTD;rT-.uiCi<.TNv ~ n.(:A fuiC-S1"TT.F~l: --:;=~---
P{ 30 J FOkWAR lJ ELVU.NATH; ,'J .~uK.tU,~G 1\I 1::4 FU!{ uJ~U 
DlS(2JJj OISPLACL~E~I PARAMc fEk ~ RkA r 

F ( tj ) RtSTR ,\J tL 8 Ul\i.i 1 ti. r l'iUJct'TUA_o_i:_1,.-.::,------- -----ti 
NBl:l, '·d BCJUNOAkY Cu,'J ulTlui'• lYPc: fl_;j{ J,V,~ \ Ar•m IdclA 

(U = FlXt:D, 1 = fr<EEJ 
ffiJ -....------ .,,r-r.OTI · NlJt· ifEK°'.> rAlL Fi e --S-r iiflY 

NX(2J, NuDE N~M8f:KS AT hHiCH C~NLENIKAifO LUAJ~ ALl 
NYU OJ CCJRi{t:.::.PUi'H)f;\JG Y- PuS l Tl u ,-~ .u f Lu ;Kf: :\l lRAT C: J L....1.'.I.J 

:l z-o-, ~, - ----~--L~u~' -~A-•-- 1) E F I N 1 T I L.'-fTI = Fut\ ;< - .J JuJ, ~ - Li..) "TT;l-T=-l: u ~ D -, ---
2 = Y - LG/\ O) 

fP(20J MAGHlJU UE OF ~C NC~~TKAl.EU LLJAU 
--.-.,,.........,~a~v- , -3~J--- -----5~1 RE S'.> ARl{A' Y - ------- ----- - ------".! 

NTERM NUMdER Of TE~M S 
Nf:LEM NUMaf:R Li F Elf:ML~TS 

i---r,,,-------~---.-.·ur-1 B c l{ u F ,'h, D.1-il [ L'II C 

NUMBf:k OF RE::>fkAlf~cD 80UNVARY P0ldT~ NBGlJ N 
N:-iU.'1 NU,'-1t3tl{ LF t->OI NT AL O,'JG A ,\lu J 1\.L LI ,111: fuR 0:.Ht=>JI­

r-----------.......-, N\, STKETic.:> ,\"~O~-l~ .:> 
NDF 
NDA.'W 

N0MdER Uf OEGk~ES Of f~~Eu J~ Pi~ Nu DA L L1Nt 
MAXI MUM HALF ~ANOniOTH 

lrJ-Y-------- ---l.-u-.A·u, y p C ( I= I\ ,·F :> V.V. Rc , ... E "Al: t L = :> y j•H/4 i:: nn:-c-ir.L--c-J --~, 
Uk LIN E LC~tJS 

NCON NU ffo£R UF NU DAL ll.~iS rUTH C.uf-JCdHJ{ATl:u LOA uS ir---____ ___ _ ....:.:.._:..:...:::.;...:_.:..:__;:_:__::_ -----11~ 

Ri:,H ~~J L 
WRHt ( .) , <-t J 

ORMAT --r;T?u u,1~-- ~ --------------- ---- ------111 
RlAJ ( :.>t li.. J NI tkM , Nt:Lt: 1'1, NP, 1'\l oOu N,N MuM ,,~Of,,'Jt>A Ju,1\il , tJLu,~ 
"rK~ c_' :., , 1 ~ J -~ r .!: f-<M , :it: L t:~~ • N 1-1 ~-N s u _J N , r, 1 ; 1"1, ,'-J o F, No A,\I 0 1 1111 , ,'i L. u,\I 

''J J , J .) , ( o,-~ m , r = , 1\1 J .1 ---------;_,. 

:« ! ~ ~ . l .J , ~ ..> ,' · ~ , ( U f .J { l ) , 1 = l , 1 : MU ,,1 J 
-. l l -...1 ,• lor ~cL .. 1'1 .~~Fl= J J i-'.--:-+---.,r-------------------------·------~ 

~SI l = . J , i-\, J J - i ~ D F 
,,E .J ::: hH· ..;.. ~ p 



J~-f- 0-47-J .>-d 

NA = ~* •'J ,Jr 
NCULN = l 
DO 12J J=l,3 
OU l. 2J i = .1., K 

3 CMU,JI =J 

MAli'.PGM 

- k Elt J ,{ /H;.J 7.. Cu OtW I i~A T 1:S uF All PG 1 NJ-> 

0 0 2 l=l., ,H' 
R i: A.J L :.,; , J;) J X ( I I , l ( l l 

2 r.R IT ELJ,_, :;; , XCI l,LLIJ 

OAlt: Q_j/ LU ol f lMf: 

KEALJ ,,JJ Mu t.K 1JcJ JAL NUMB EP, ~ lHIC KNE SS VEi·H IL~ L Jl.:>T iUB u lUJ L u 1\u 

DO 10 ·) I=.t., NEL.:M 
Rt: AJ ( J , 'L> J NJ . I ,( ; J JO L1 , J ~ , J =: l , 2 J , T ( 1J , FUR,_ l lJ 

09 \~P. l TE i J, 4.J i Nu .-1, { NO D L J , J) , J = l, 2 J , T { l J , fGkC { l j 

~E AJ JjJ~J~KY C• NO IT1 U~ S O=fJX EU l=fKii 

RE AU { j ,19 i 
Wk l r E ( :,, , l ; J 

19 FC RMAf l 51.c+J 

{ . ff { 1 l • .IN B { l , J J , J = l , 4 ) , I= l, P.iJJ Ur-.) 
J. 1'l F l l ) , { N d ( l , J J , J -= l , 4 J , I = l , NJ -.1 u 1\J J 

REAJ ~..;i-JCt: H ft~r ED Uk L lN I:: u:;·AJ DATA 

0 0 22~ 1=1,l'JC.J ;-J 
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----------------,--~--.,-------------- ---- -----· ... -
REAiJ 1->,<J-.>i ,·JX(IJ, NYLl), 1~ LOl,FP(IJ 

l2 vJ l{IT E( .J,'t.iJ ,JX( IJ,:'JY( l) , NL(l),fP(IJ 
11 f OK:1A r ( () r-t J 
3!> F C Ri~ f _ _,(_,7=-cf=-- ,-J- .• -~..,...,---~----------------
4 5 F O R>I A I i _j i * , i F i u .• 8 ) 

RE.'\u Y .; J i•J_;• S .-U UuLUS fl E2 l' Cd. SSLN' S :{;H Lu PX PY S di:An ;v!O LJJLU S " 

w KIT E ,J , j :.> J c l , E 2 1 P X , PY , G 
EX= c L/(1.-P x,:,p yJ 
E Y = E L I L l.. - PX "' ,> Y ) 
00 ~ 0 J l L =: .l. ., i"-l f .:: K ,'l , N l 
CALL I HT L.-4B,U.J., NCULN, NCf) 
NE=O 
RET.1·-;:~-;-l)-;-. - .... -------------------------------------l 
UL 12 ._ = l, . , E J 

12 q 1 :; ( l J = o • 
UC a l-= l. , Ju.\,~J 
i>l!J=;. 
DU 3 .J -= 1 , . u AN .J !) rrr-;-J J-=J-:--. _ _ ______________________________ _.,, 

CUt:FflCltNTS 

tJ,~ ( lJ, QN ( 2J 
l,d ( lJ, W, ( L J 



BNll = ~.l~l59~1I 
CLJ = J ~ l * .HH l 
cfN l = .J ,'J 1 .t / A 
oN 2 = J :H 'i' .:>iH 
00 70 L i<.=l , Ni> 

~ --i R 1f E L •J , l ::> .J J ... i\. 
lf LL.< .GT. U GU TO 9 

l NE = ,J.:: +l 
ff ( L-c--.: - - - ,,.-, c:7": L- i:-- .-1 , 9 , 9 , 9 2 

9 lf { .JJJ( ,1.: ,ll - LK) '-12,~,:;2 
j , l = JuJ L H: , l I 

N2 = .~;JLJt.,.U 
XP = ~ l~ZI - /4(Nl) 
l P = ;_ { 1•J2 J - .!.. ( N l J 
H = H .Jd 
B = 0JJ~T1/4P*XP + ZP*ZPJ 
Ho= J ,:,a 
DX=l; 1 ,;, , I**-"/ L lL. * ( 1.-PX*PY)) 
OY=E2--'JX/J.,; 1 
OXY= G-,c JI../.:: i.. 

D l=P X ·"'.::.2*..1/4 I 1::1 
rlXY=Ji + ·1-* ;.J ,< Y 
~HHTEi o., l:.>t. J 
CALL TIU ,"1 XP,ZPJ 
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WR l TEL j., l..J j ) ( ( ,{ ( l , J l , J = l , 4 ) ~ l = l , 4 J 
WR If E i 4 J ( Ld l , J J , l = l. , 4 J , J = l , 4 J _ _..;.. ______________________ _ 
1rnITEl:.i,lvJJ 
CALL NLi,·1 P{ J,t,FJ 
hR ITU .,) ,l :.:i j J 1 (J ( I, J } , J = l, 4) ,I= l, 3 J --------------- ---~----------
hRITE { v ,l.) :> J 
CALL M0M~tJ,~,fJ 
w R I r E i .'J , 1 i .) > l , F , 1 , J , , J = 1 , 4 l , 1 = 1 , 3 j 

~I RIT I: ( o , l 7 J J 
CALL f~Mi (w O,A , B,GJ ,OX,JY, Di~~X Y, 0 , E,f ) 
WR ITU ,,. , L.i j .J l ( f { 1 , J J , J = l., 6i I , l = l .14) 
WHJ.fE(0,1/.)J 
C.ALL LuADs> .1 JN,.lS,NE,FCR.C,8,t3d,R, 
,iR lT EL ~, l j :> ) L .J :> ( I J , 1-= 1 , 41 
ilR IT E u ,1 o J 
CALL F E.'lf-'{ f. ,H,COJ 
WR l I EJ. 0, l..).; J ( ( t: ( I, J), J= l, 4} , 1 = 1, 4 J 
.iRIT E( Ji L.;:.,J 
CALL LJAJP{ cm , JP ,NE, FJJRL ,B,Rl 
~ R 1 T c ! -~ , l ::.i .:> J i "'- t' ( J. ) , L = l , 4 ) 
DC- 80 ~L =l,L ------------------------ ---
Jl = i -1LL - l 
J2 = j l. + l. J = N.J J---=-- ,-c-'< --,-l -.~-_;....,,[),....,(.--:-Jc:- , ..,...L-L_,J- -- -,-L.,..,.K...,.J ______ ___ _ ______________ _ 

S(t,U=-.JPlJ U*..\ 
S(2,d-=.iPtJ2J4~ 
St), l J .:.: ..i .:> l J l J ,:------- -------- --------------------

~14, lJ :: .... :d J L J * ;~ 
O ALL l'I J TT ,H K , S , C , 1+, 4, U 
C l 5 JJ = ... , ;'~L-lr----'------- -----------------------



160 

:, ON·-FU-47; j-J MA 1/'l PG 1" JAlt: OJ/ 12/dl l. d • • 

'~ = J + ·~J 
15 P ( JN J = ,> ( J,; j +- C ( NJ , l l 

DD JU i<.K=l., 2 
- -cc-Br-: = 1, . 4 u.--- ------------------ --- ----------

00 8 1 '--=.l, -JuF 
81 D(K,U = J . 

= - ~"1<- ~ --------------- ------------ -----
12 = I i. + l 
1 = ,'J .J i* ( , • . ,.;uL E: ,KKJ - LKJ 

r-n r-, =c n,r-T"".------------------------------
i) (2,1J = d 12,JU 
O(l,ZJ = d11,J2) 
u < 2, 21 = 1.: l T2,n·--y------- ------ -----------
o u, JJ = F{ Il.JU 
D( 4 , .3 J = r t iL,J U 
u 3 , 4 J = ,- , I J.., J 2 J--------- --------------------
0 ( 4, 4 l = F(12,J2J 
CALL AJTM(.J,k,.,4,4,4) 
CALL .·U I l.Tilt-, -L..-, .,..o..-,-zr--t -, ._,...,t-, ..... 4-,)------- --------------------
WR lT E( ~ , 1dJ J LL,KK 
WR Ir El .J , 1 ; .J J 

C HJ....>.) il'T:J{I PR l;-J PR t),JPRl=l, 4 ),l PK. = ,4 

5 . J J = l , 1\JJ f 
= j + ,,JJ 

= i , l'~~-­
IM = ·11 + i. 

riRlT E i ~ , ~j OJ 
25:) FL R,1Af ('() .5 T ,U TRIX 1 /} 

E:l--:;-;-2T71 i I:., 11 I, J J, J=I, 8J, l =I, 8 J 
275 fLRMA f ( d E L, .. 5) 

GO TU l. 
L o =.1., ,, 1.. .~ 

If IL ;<. - ,M(UJ 67,54,67 
54 J = N.1.. ( 1 J 

,ITTI JJ---,-::> , :, ' b 

75 lF { J . EJ . 2J P(Jl = l'(JJ t FP IU*WN LLJ*A 
If- I J . ,,fr . LI P (JJ = PiJJ + FP( l } *JN ( U~•A 

.) 

7t. P( Jl =? ( J J-t-r P( 1 i * QN ( l J 
ft7 CG.'H I lJ E 

rr-:ntrr\Jl L K , i u o u 
CALL j )Lv't: 
CONr l 1; E 
Rt1.;fNJ,-,t:-------- ---------------------------
CALL J.,JJ 
CALL . l ,_,M(J, t::,f-, c,, S) t N"rn'JF ________ ____ _ _ 

~.::4 •· 1 11 'l' t '.i , ' LJ . 

Du l j__. • - J. ' E- L .. "" l, - .._ - I • • l: 1·1 '"l .::-,.. ___ r, --, ~--.----------- --------------- -----
.., .1,_ - , ~, + 

~2 .:: L L" K 
~Rl !5 ( ,, , t... I J 



1.F J-F CJ - 4 !-J _j - ,J MA l NP G1'1 

7 roic1,u , 2. l d [ L1..>1E) H NUMJlk ~UJE1 NCuEl l 
dfdJt:( .) , 2dJ 

JAT1.: uJ/LU !.H I H i t: 
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l d .2 

tl .rlJ iMA r ! 
~R1l~.E~--=-{-u-,~L-~~J,------------------ --------------

LIGMA- X , llGM A-Y , l l ~MA-XY J 

,'I 0,'1 Ei'H -X, Mu,"icNT-Y, i-1 8 .~L ,il'-XY • J 9 F U1U A r { 
i-l R IT E { 3 ~ ' l. 7) L ' 1'-i ' 

,1 
' ' I , J ' = ' ' = t l. ' • L 0D (ll lJ NOO ( LL 2 1 (( .J "IU j J 1 3 J l \J ' 

7 F LR,~A r ! J l -.I (-;-cl 3 . ~ l J ----

0 FCR.1AT {' L"= ·• , i .!J/1 
2 .FUU•1A r ( ' V- 4 L ... f RA:\J f< 1'1 A T R 1 X ' / J 
? F UH ·LH l 't t: l ..J • 7 J 

0 F CR ,,1 A r 1 -• .; :\ LL 10MP STRE SS MA 1 :{ l X 1 / J 
5 F UR:-1 J.\f I ' u ..\ LL .WM S MO M [ 1-.. T MAT 1HX '/) 
OfLRMAil I J .-.L L f E:'-1S 8t:/\D !NG STl FFNt:JS MAlk. ik'/J 
.:> F c r{,"i J\ r , • J i-\Ll L UAJS ..;.S ·'/J 
0 FCR. ,\;\f( ' J ,:\L L F EMP P L ANI::: 5.f1 Ff. .J ESS MA L d X' I J 
5 f-l_;k 1lt-\f{ 1 Ll -~LL L U il.tJl-' Jy l/) 

t3 fG KMA J ,' ULL ='1L ,'KK='l2) 
0 f.JR •I A fl I T.{-• N~F ., Ri'-1 c J l,'\JJ iVlCUAl STI FF NEss •n 

STGP 
... ~ / ..... ; L 

END 
" -

-
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>0N-F0-41.J J-J FEMf> 

SUl1i{L,,JT1f'lc Fb1t>{E,H,LO ) 
I MPL L r tZ c AL~' j ( A- rl' u- z) 

D.l ."1i.:N-> ! J :~ l: ( 4, ·t.) 

lJAlf: OJ/ LUUl 1 l Mt: 

C UM. ·I LJ ~ (J ( J J J , '.> T i 3 u , J U J , u l ::> l 2 U U J , i< ! 4 , 4 -~ , J { 3 u , it} , N /- , J J , N ti { d , 4 l 
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C u ;1 !·10 ~ \I T E ~ •I ., N c ;__ E,',I , N P , 1~ ;',-1 u M , i\J O F , N .lJ F l , N G A r-.J J.) , , •b 1 L , i l , 1\J ! , H I l l , i:, .'H • t:l.'~ L , o 
C. lJ ,'11 J ~ A , .;) ,j ' L ,( ' E y , p X , p y ' G , J X , LJ y , i.) l , J X y ' I ~ [JJ ( :, 0 ' 2. ) ' d :•1 ( b I.IO '.J J ' iJ 1\J ' 'j ) 

1 N-PL'.\ k ~f 1FF ,~ES5 MATRIX [{4,4J ..,f 5HdP 

El 1, lJ = 1.../4""•5~~ A/b +d*BNL*A '~G/u. 
E(2,l) = . 2.5* J .Jl *A*PX*l:Y - .2:>*dNl ·*A*(, 
EL3, U = - • .:,:('H.'-"EX/8 + lHA>:'CN .::~'~/12. 
E J 4 , l J = • c.. :> * .\ ,.., i> N l ,:, P X '" E Y + • 2 :;i * A * il l~ l * G 
E (2,2J =~,;<J>:'!J--.~*EY/6. + .~*A'-"G/ti 
Et3,2J = -.25*~*dN l *PX*EY - • 2S*A*dNl *G 

l d., 

,-,----------------------- --n 4, L J = A'-' J "' t>. ·l 2 * E Y / l2 • - • 5 ,, I\* G / B 
i{3,3) = .j*A*cX/B +A*S*BNZ*G/6. 
E(4,Jl = -.25 •A*dNl *PX*EY + .25*A*B N1 *~ 
Ei4,4) =A*i* EY~d NZ/6.+ .5*A*G/d 
00 20 .i=l,'+ 
00 20 J=l, I 
Ul,JJ='.::Li,J}*.--i 

20 E ( J , l j = c , 1 , J J 
RETLJrU 
END 

··--------- -------------- - - - -

-----------------------------------------!'•e., 
r. 

t -------- --------- ---- - - --- --------------IIJ 

I 



,O N-FCJ-4 7) ;-3 1JATE 

---s tJ ,uJT1 ~L FE.bl~ , \, u , ut , O,{, uv;IT17~JXY-;l),.:;;, 
IM PL l-l T ~i AL~J ( A-H, U-L) 
0 l Mt: N 5 l .; , 'l J (I, , Lt J , E ( 4 , 4 J , (. H- , 4 ) , f ( 4 , 4 j 

B[NUJ .~~ ~f!ff~iSS MATRIX f(4,4J Uf SfRlP 

auBB= ,>j~<dj 
ccco -= ... w,;, .... u 

-mJB - J~JI.) 
D(l,lJ = ~JCG*JY*H*.5/AA 
0(2,lJ = Cu~J•BJ*UY*.2~/AA 

L)J/LUd! 

- oTT,TI - -1..u'i'UTD + • b o ~CLC1.,*Bdd~uY7 A 

D ( 4, lJ = - L • 5* CU ,:, dB,;: D l + • 12 5 *CC CC~' u t3 J d * iJ Y / /i.. A 
012,2) = .l&Jb67 *COCD*8BB*D Y/AA + 2.*CJ*G*u/4Y 

~T:r-, z J ~ - .., u ,x s J *uT·~ • :, + • :-z:>"" CTJ cJ ... o B1ffi>::uY/ "A J\ .- --;,;:-... • ~-.J-.... ,.,.._. c:i- o- ~ xv 

llME 

D(4,2J = -~U*J~8*Ul • .l*CG~J*UBBd*d*J Y/AA + 2.•~~•Jbo*JXY 
D(J,3J = L.*A~*B*UX -.666obb7*C0*d8d*Ol + 

• : CJlu*u J BB:.T""" u 7A7S. 1- T;-bo 67','<CLJ>:'u :-C'I)Xv 
D(4,3j = J•*AA*UD*JX -CO*od u B*Dl + .ud33iJ3*tJCj*8ddb*ud~JY/~~ 

1 + 3.'-"~u#BiJ tL,*DXY 
Zt , = u • ,,. o u :ux ~-_,A_,A.-----.-1-.~Z'""*.-_ l-_Ll "' 

l•B GBU* JY/A~+ 3.b*CO*BB*bOB~OXY 
OU S I= l., · t 

-nu:>= , r 
0(1,J) :=: J{l ,jJ/A 

5 o .iJ, l) -= J i .! fJJ 
-CAL""L~ , u Ef"",""3-J"u , E J 
CAl.L ,·I J PH J., i.:, ~ , 1t, 4 , 4 J 
CALL .--1 Jr r ,4, E,.:, F, 4, 4, 4 J 

-RETO 
END 
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, tJN- F0-47 -J J- d i'1 UM P 

SUt)r{ UJ J 1 t~.: MUdtl ( L) rt I F ) 

I MPL l ~~T ~~ AL*J ( A-H , 0-Z! 
U l •le N-> Lu N .J ( 4 , 't J , t ( 4 , 4 J , F ( 4 , '• J 

lJAT i: 03/ LU iH Tl Nt: 

- c Ot-1.-l() ,1' { _jJ J , .>f l Ju , J O), 0 l !:> I 2Su-c-, --c-j -, -i{~,-4- ,- 't-. -, -, -J-~(-3-v- ,- 4- l -, -,\J_t-_{_j_J- ,- ~~w (8 , 4 J 

C LJ M, ·I LH . H t: , <. d , i ~ c: L EM , N f' , N ,"10 M , I\ D F , N Ll F l , N B A ~ D , , ~ -> l l , l l , N t , U, \J i L , d rJ l , d 1 'J Z , d 

C U M, •H.J . -J A , J u , l -< , E Y , P ;< , P Y , G , J X , D Y , u l , 0 X Y , N u J l j 0 , 2. J , U , '1 l v Ll \J , J J , 1..H·i l 9 J 

1N- PL~ ~ [ ~ • JES.> MAT R l X JJ~ , 4 ) Of ~ TRlP 

DC dJ ldLk,{ = l. , 2. 
l F ( 1 ,O c: X- .1.. ) 'J 1 , 91 , 9 2 

11 X = 0 
GL TU Jj 

,2 X = B 

/3 0 0 
. ., ~, 
OL ,·1 = 

Z=ON L.'l J / A 
1 J N,10r'1 

I Hl =LJS ! .H J ,,d l t.,l J 
H2=DC uS { :3,H l*L J 
D ( l ,l J=- HL-'l X/ tJ 
D( 2 1 1J= - rl l~ PX * c: Y/ B 
DC3,lJ = (.1 .. - X/ oj *t3Nl *H2>l<G 

---tH l , 2 J = - I i . - '/. / J J * 61\J l * H l * PX ~~!: Y 
D( 2 1 2 J =-( l .-X/ J l *BN l *H l *E Y 
DI 3 , 2) =- IL.:'.*Ci / o 

' 
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18., 

- -··- -- . --·-D ( 1 , 3 J = H l ~' c X / :J 
D ( 2 , 3 J = n l ..::, .' ,< ~' t '{ I 8 
OD , JJ =X ~' o '1 1 *t12.*G / B 

--· 
D ( 1, 4 J = - ,< ~--'-' : Jl ,.:-. , i l ,:, PX" c Y / 8 
D ( 2, lt ; = - X 1' :J iH * :·i l * E Y / tJ 
ut 3,4 J =.-J~,:, _,; u 

- -
riRlT c( -'.d { l l) { l, J J, l -=1, 3 J ,J -= l, 4- ) 

·l ~2 CCNTI.UE 
u CGNfl iJE ... 

RE TUk .~ " 

END 

J 

- .. 

-
·, 

I - .. 

~ r 
~ 

I[ ·' 

I • 
1 

~ ---
-
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,ON-FU-4/; 3-J 

a:m-:rm-r.:: , ~ -> 1 u , t , F 
1 MPL.LC i. l 1' c: AL :.<tJ ( A-H, 0 -l) 
Uli'1cN.)Lu1~ u.14,-..J , i l 1t, 4J , f (4,4J 

DA TE U3/l.2l8l 

- ------u-,1.":\GTT{ Ju 1 ,-STI-:JU,31) J,1rrrrzun]r-,-,Rrrr-( -r4-, -r4-,-J-,-JTJ'J". 't -, 1iFT31 ' I' a- 0, '¾ 

Tl Mi: 

CGM,10 J H 1.:,, ,,1 , ,\J .::L EM, NI', N 1'-l u M, 1-..J F, 11J Llf- l. , ,\J tHI .~i.J , ~ 51 L, l. 1 , ,H , t31H l , J 1'11 , J,~ 2 , o 
Cu r-'.,-1 Q ·~ A , i3 u , t /4, E Y, P J.. , PY , G , J X , J Y, D l , 0 "Y , t~ .Ju ( ~ 0, 2. J , u ,11 ~Ju., 3 i , J h1 ( '-J J 

l.d • ~ 

-----
:1DhENT ,·lAl·UX f(4,4J CF STRi.P 

~ -cG=3N2 
OU83 l ~uc:X=i,2 
If t1N.J.:=X-U 1:H, 91,92 

9 =O. 
GU TO J J 
X.::: G 
. · 8 2 ,-1 = I , i"l rTiT.· 

Z=UNL1J / A 
H l =OS~ . H tH U *L J 

=D L J S l o , -lL I ~ 

H3=-Hl 
Dl 1, l.J::-(.._;~H.:i,:'Jl 

[-Z , =- _,:iclT.r~LJ··~ -------------- --------- --- ----

D '3, U =J 
Ull,2J~-C~*H3*Jl*X 

- -01 z;-z =- 0 ·,-x~,1:, •*1J .. .,....--------------------- - --------

u13, 2 , = 2. * ~ N 1~ rl 2 *U X Y 
D( l.,3J=-i.. * Hl~'.JX-CU*X*X*H3*0J. 
1 iT2--;-J = - .:. • ""h l ~'(;:n.--c CJ* X * X * H3';(<u -~ ~----------------
l) ( J , 3 J =4.*JNl *il2*JXY*X 

-, 
U(l,4J=-o.*X*HL*UX-CO*X*X*H3*Jl*X 

T2, , =-o..... ~'<·'jl-p:,m--::.-CU*'"X-i<"X* X*l1T*'-J.J"".,...--------------------
D ( 3, 4) =6 . *0N l*/4 *X*H2 *C XY 
8~8= $J::<J 

ALL c -IT·u--, -J~B~· ,- ._,- J..,....,.[3-,..,..E ..... )-------------------------

.CA ll . ·1 ~ T -1 ( J , i , F , 3 , 1t , 4 J 
82 ~KITE ( 4 J .J. CF ( .i , J ) , l = l, 3 J , J = l , 4 j 

~TI ... 
l{ETU P. J 
ENO 



6 0 N-FU- .'.t I) _)-J TR Al'-i 

SU[3fC_; Jf l ,'-J.: 1 KA,~ ( XP, ZP J 
l MPLl-L f ~~ Al ~J ( A- H, U-LJ 

tJAT t: 

166 

iJJ/l.2./dl r li''1 E l u . 

C L/'1;• U J :-1 i .).._; J , SI I j O , J J I , 0 l ) L 2 u O l , k i 4 , 4 l , Q ( 3 J , 4 J , 1~ r .( 8 J , NJ t d , 4 J 
--cL-1.fS~'Tl c,.;.,•1 ' I' ...: L ti ' I'~ p ' -~ h~ , N i..J ' 1WF i ' i'.o,. ,J,J, ' L:d L' i , :d I l.) l\l l l:--, d--,--..,..,1\J---:-L-,-uc-:, i7~L-:--, -0-­

c v,1.-~~ ~ A,Ju, EA, l: Y,P X , P Y, G , :.J /4, 0 Y,LJ L,vXY 1 i, CJJ( 50 ,L.,, u ,Hvuv .-..1 ,,u1-.J t -:;J J 

1 RA~S.C:..;R ...t~ I 10 .-J M,Uld X id<t, 4 J wF S Hd P 

oc l. £ :: J.. , 't 
- - J(J L j :: l_ I '1' 

l Kll,JJ-=J. 
S=LP/J --c;,·x?1_J _ ___ _ _ _________ _________ _ ___ ___ _ 

Rll,U= C.. 
R l 2 , 2j =l. 

---~(3 , l 1 =-~ 
Rll, 3 )=S 
R{3, 3J= C 
R ( 4 , 4 .J = l. 
RE TUK J 
EN D 

1---- - - - -----------~-- ------- --- - -- -- -- . ·- ·--- -----

------------------------------- - ------~ 



LUAOP UAH: ,)3/ l.2./ dl 

lMi"LL .. f , t; Al'i-d (A-d,G-lJ 
J li-lEN .>i U,~ ~N ( L ) , W1' (4J,F CRC ('-19,,K(4,4j 

11~-PL -:. k .nh)AL FO i{C E S QP( 1tJ OJE TL ulSft{l[jlJll::J LuAJS 

- ·-i:-fJT=F _; ,{ l. ( L ,I, J *KTI ' . 
Q P Li. J = .J, ,d L i * F ,.J.{ *ti*. 5 
QP{2J::: ;J. 

--U?TTI-= I 

QPi4J=J. 
Rt: TU R.,1 
ND 

' ... 

167 
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3&0~-ftJ-4/9 J-d LUAOS 

SU LI k. u J I l. '4 c L u ,.J $ ( Q N , \J S , l K -, f C I< C , d , B 11 , 10 
P 1PLli.. i T K..:AL*o (A-tl, U-L) 
OUii: N.ilu i'J ~~JCLJ , l.JS (4J ,f-Ut<C (9 :, ) ,Kl4,4J 

:JATE 0J/ll/8l. 

OUT-DF-,.>L,-1.4£ 1·EH)AL FOKCES Q~(4J DLJK TD i.Jl S r rdB\.JTb.J LLJALJS 

- F Ol{=f J.<~ ( Li\ J * ,U. l. , l J 
DLJ 2t. 1<. i<.=l , 2 
l = 2'-'{ ;(K-1., 
{,)S(!+iJ-= .JdL l) ;;: t-GK* B.:, .s 
GD fJ (2.'.t, .;:. SJ, r~ K 

24 JS11+2J =u. ,L U * Jt3*f-JR/l2. 
GJ TJ 2.•J 

25 ~S Ll+Ll=-~~ {1J•BU*f OR /l2. 
2& CJl'tlUJ::: 

t{ETUR-4 
END 

Tl Nt: 

168 

l. d 
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60 :J-Fu-4 7 J J-J tiOLJN J;\ TE IJ.J/ l LI dL TiMt l. d • 

SU 3R0J I 1 ,ri:u1JJT , BcrtJN 
l f1PLI C 1 T ,{ ... Al *o l 4- H, U-lJ 
CU M,·I L ~ ~ t J J J , :) l ( 3 0 , 3 J J , G l S ( 2 0 0 J , k l 4 , 4 J , .J l _j J , 4 J , 1'-4 f- l J I , ;..i j ( a , ... J 

_ __,c~m-t 1 u r II c ,vt , '" c L t r-, , , ""P,7..;;;1 u 1 , iT.JF;7TT7FI , , ~~ttJ, --;~ -> 1 z , L 1 , nr0 ....... , ~, 1 or~ 2 , 0 
C O f-1,'1 0 . J ,. , o -> , E I. , i: Y , P X , P Y , G , U A , 0 Y , u l , u X Y , 1 , L J ( 5 J , l I ~ _; ·I ( u v u , _j J , J N i ':I ) 

IN I RO uJ , 1 I J l\1 ur 300 .'-J IJA RY CL f\ Dl I l uN S 

DO l3J l=i,NBJ J N 
.IF( ~FlJ.1-ud IJ,1 9 ,lb 

79 J O iJJ J=!, NUF 
lF C'J d ( L, JJ J L.JJ, 345 ,230 

14.J ::; IT, J J ="~ I C J, J J '.i',.: • .I E +--,-,----------------- - - - ---------
7 tl C1YH 1., Jc 
3J CONT 1,-U t: 

ETJ~------ - --- ------------------ ----- - - - - --
1:NO 

------------- ----- -------- ---'=------ ---- - ------, 

l 



SoO ."-FLJ-.'.t /J .3-o SULVt: UAH: uJ/ iL/tH l l h I: 

SUB rW .H 1 de.. Su .... v' I: 
1 i·1PLL .. I r ,<. AL*J(A-H , u- z , 
c u M, 1 u 4 . J ( 3 J , , s r ( J o , 3 u J , u 1 s < 2 o a J , ""· , 4 , 4 J , . .J t J J , .1.r , , .-~ f- , J , , 1 • u , 8 , 4 , 
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J.d 

c: u 1\ , h J •l . ~ r c . c • , rJ.:: L t 1'- , ,~ P , 1~ i'-'1 u 1-1 , Nu 1- , i~ u f· .i , 1\J u A .\Ju , , ~ s 1 L , 1 1 , , ,. L , u , .• 1 J , tL H , l)- ,\j L , o 
Cu 1'1i;10 l '"'p)J, L< , E Y, PX , l' Y, G, J,< , DY, 0 l, i) X Y, i~ (;J ( .'.>u, 2 J , J ,,I( o 00 , ..) J , J 1~ ( 1 

. .IJ 

,-HU T E { , L :; iJ J 
~5J r UR,·IArL 1 J ·101.Hrlt:J STlffrllt:S'.:> .•lr\It<LX,'IJ 

WR lT E ( .., , 2 l. J J ( i ., T L l , J J 1 J = l , d J , P, l j , l ·= l , ,\i U F , 
~10 F.GR;•1AJ L"1C1. J.5J 
- Ci\L L .t..:. I J., d ST, ·Wf j 

CA LL iTu~clS T,t', NOf ) 
00 11 .. J=i..,,~or: 
00 ll.1. i =l,1 SU. 
L= l +NJr-= 
Q ll,J J=J. 
'.JO lU. K.=l,NDF 

l l J ll,JJ= J (, ,JJ+ if{K,L )*ST( K,JJ 
0 0 11. I l =. ·• ..1 J- l ., • 4 BAN U 
L= l- f'II.J1= 
00 112 i<.=1 , i\JOF 
Ou llJ J=d.JF l, •I J ANJ 

l 13 S-T ( I , J ) = 5 i l l , J J - Q ( L , K ) *SJ ( K , J J 
U2 p ( .l ' =t' l. l j ·- Q{L , K) * Pll< 

DO 1 1 't J.=lr NSl .i'.. 
-,<= l+ IU~ 

i> .{l ) = t> 1 K , 
P(K J = J . -· JO ll-1- J = l, i~ SI:.. 
L = J+ ·J )F 
ST ( 1, ~I ='.)f ( K,Lj 
STU ,L;=u. 
ST(K,J)=J. 

114 :>T(K,LJ=0. 
RElJ lU -
fNJ 

,__ 

--
~ 

,.__ 

~ 

, 

~ 

I 
I 

II 
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BSU B lJA l l: 0.J/ 1L ldl. I l 1'1 1..: l.d • 

~on .) 
l 1WL 1C i.f j{...:I\L ':td ( A·-H , 0 -L ) 
C u M.10 J jJ ( 3 J J , ~ T { J O , 3 0 ) , !J l 5 ( 2 JO J , i<. l <t , 4 J , " l 3 J , 4 J , f ~ ~ ( .J J , i'J J , d , 4 J 

- - \..1T11f~ 4 c ... ·1, 'J..:L t.-;,1, N P--,-:v;qJ;~ u F' du F 1, No !-~-;J ' ,'IL:> L, l I ' ' , • .A. r ' ~l.)-.~,-,1- ,- •...,..~ , J 

CU f'il'-1 U I ~ , J .) , i:::,< , t:: Y , P ,< , P Y , G , J X , J r' , u l. , 0 X '( , . ~ u iJ L :> 0 , .. d , u , • ( u Ju , _, J , tJ, ~ i ':1 i 

dJ\C' - ., J ih J I l J l l 

JU J O.I ,"=1 , ,4P 
--;-f=T~ -p~----------------

CALL ,Udt< ( , T , .J , 1\J ..JF I 
J O l I=l, .u F 

J= ·:Wr;. , :Bi\ND 
1 P ( l J = Ii.I J - S T< I .. J ) * P !J 

0 0 2 I = i , ,Jf 
---:- .L' 

JO l J = l, UF 
2 ,J t .1, 1. J = -..t ( 1 , 1 l + S T L I , J J * P { J ) 

DO J l = l. , ,. iJ 
P (l) =J(i , lJ 
J = NJ F.;:: 1 + l 

-rJ1 s r:rr;;"' 
Ou l. l 't- l= 1 , NS l L 
L = ,\I J ;\ ,'J t.) - L + 

,--I\ = L · - f·l..1r 

14 P{U=?{KJ 
30 CDNT l J JE 
r -irE r o ;;. . , 

EN D 

~ 

---
i,.....__ 

""'"---

P"---_ 

-

l 

j 

·--



~6J ·~-F U-4l-J _,)-J Mu ,"1 

S U BF.. U -' f ! ·Jc ••IL., -1 ( J , c , f-, C , S J 
l.'-1 f> L L. I f i'•..: Au, J ( A- Ii, lJ- L J 
J l Mc:: ,'·J ~ J. 0 . J '.) l -t , '-• ) , c { 4 , 't ) , f ( 4 , 4 J , C { 4 , '1 ) , .) l 4 , -t J 

l!Mt 
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lu, 

--c,,...,u,,....11,,1u ·i .> 1 JJ,,.) r, j · , · J , J1~T2~o J, f{ 4, 4 , .i ( J -J-,-4~ ,-,-'il~-...,...-,J....,.,-,-1~-u- ,....o- , -,.........------
co M-1u J Ht:K .1, i',LLb'-1, NP, l'Mu ,'-1, /"0F, ,Wf l,i'..Jt3A;JO , ,~Sl.L, l.l , ,H,o :d, ,B \Jl,i..HU ,o 
C O i1,' I LJ J A , .J J , E ,< , L Y , P ,< • e Y , G , u X , J Y , J l 1 u X Y , N Ou ( 5 u , 2. ) , u , ·I i u J J , J J , LJ i\J L 9 J 

Cu1'.P lJlAT .. .J~ u i- STKESSES ( O=FC), 1.JMi:NlSLJ=F:.d ,d ::>1> E~ lfl[u t-'ul :'-if::, 
J\ LlJ NJ . lu OrtL U ,~E'.> AND JI.SPLACE.'-1c1 ·JTS Ol$(2J.JJ 1.U (.i:: 1\JIKt Pld1'lJ°.) 

,JUM=O 
iJ R I T t l 0 , 1 J , l 1 

l O F ffRMA r i I "t) 
J J B l d~ = i. , f~ LL ::: i-1 
K E AO ( -t- J L. id I , J) , I = l, 4 .J , J = l , 4) 
Ju 24 Ll=J.,2 
l = NJF*1.nuiJ(1...i<.,LU-U 

I J i.J 2 3 J-=l, .~[)f 
K=l+J 

23 O(J,U ·-= tJ liL KJ 
CALL .-1Jf i"1{r:.-,J, E .,4,4, U 

--CT2*lL-l,l, = ~(1,lJ 
~l2*LL,lJ = L:12,1' 
S ( 2* LL - l , l. I = c l 3, l ) 

- ST2>!' LL, l > = E{ 4, u 
24 CJ i'Hl.JJ E 

00 25 l.L=l.1 2 
-- .JU 2 :> .-1 = 1, .. ~ MW1 

.1~ EAU { <i- J , l f { 1 , J J , l = l , 3 J , J = l , 4 ) 
CA LL I 1 T ;.1 { F , C, 0 , 3 , 4 , l ) 

,----,.N-U M = . ·l U i•I ¼ l 
1.JQ 3 I= i ,..; 

30Mi NJ .-1,IJ =c..1 .'i lNUM, lJ + LJ(l,lJ 

·-------

t--2·"5~ --.,Cz-u---,-J=r -i -,·4_J_t,._: ---- ------------------------------

0 0 26 Ll=l., 2 
DCJ 2.b ·I= l, i'fr10M 
RE A:J t ' t , crr-n·.--, J ......... >-,--r ...... =- 1,.....,-.J..,,...J,.. -, -=,J--=-a-1-.,....,4~J....--- - ------------- - - -- - -
c A LL .v1 J r I IL r= , s , o , .3 , -+ , u 
NlJM = ~JM + l 
DO 4 I = l- ,- ->- --- ----- -----------------·---- - ----11 

4 Ur'-1 ( NJ -l, lJ = 1-1 ,H 1-H.Ji'"i, l ) + lJ ( 1 , l.} 

J~ Cu n L~.JE 
IH CJNT LUE 

.' IP2 = lJH0 ,1P 
r---.) ~ ·r l = 1 ., . -l PL , . J tJ f 

DIS I J = Jl.)l L J *G Sl NI GN ll*.~J 
JISlI~ ~ J = DlJ( 1+LJ*uSl N { lfrdl*.5J 

~ - UIS( lt- J) .: ._)l.:,(.lt-3) * J S 1 i\J ( i3 ,"l .I P.5) 
wrfn -:-, ; , l->J 

l!» fu K. ,11\ f !llil tJt/- Ll::C ll 01 ,9H Ki.JTAJ lU 1'd 
~K l_,T t 1 u , .> J I J l S ( l ) , l = 1 , NP 2.} 

U r{:1 ,~n '°f t '- v • U J 
,{l:Tu i-u 

- - ----------·--- -

' ·-

i:NO ~ ------ ,. --------- ---- -------------·--·------ -----·-

~---------- --- --------'l~f~, 



- - s·urrKOJT , ~ c .:: 1rr;:r;-n J , u as , F _ 
l ,1PL l .1 l ,, ..: AU •d ( i\- H , Cl - LJ 
iJl,1tN .>.L.J ,~ t: C4, 't l 

--m , _J - .... 

E12,lJ = J. 
E{ 3 ,U = -.> ./13-l 

- ET'u 1J - 2 . /U t.d 
E, l,2J = J . 
i: ( 2 ,ZJ -- i. 

--.-E--r-(-,3, ""2 • ..> 

.C: (4,2' = i.. ./Jd 
E(l, 3 J = J. 
i:: ( 2,_, , 
E ( 3 , 3J = 
E {4,3) = 

u. 
J./oJ 
-2_./ >_j j[3 

_ _,E,-n, - v. 
E(2,4) = 
E{J, 4J = 

- ET 7t , 4J = 
RETU R ~ 
END 

0 . 
-Le/ 3 
.t../Bu 

U,Ht JJ/ l..~ldl. T ! ,"1 l: 

173 
l.d 

- ---- ~ --- - ------------------ - - ------·----

,-----~ -'- ~------'-~---'-------- --------------- --------- ---·-- ----1 

--

-------------- --------------------------,1-

r--_------------------- - - ----------- - - - - ----11-

~ --------- --- 1------------ - --- ----~ - ---------



3 6 0 , i - f J- 4 / J J- J MAT l N 

SJ.J f.MuJfL t.: MI\Ji (Sf, ,\j) 
l MP LI C1 f A~A L* J(A-H, O-LJ 
tJl , l[ l~ J !iJ1,. :iT(JJ,3 () J 

'.)U l 9 ! = 1., ~ 

l=Sil l , U 
ST'1, ~ J=l. 
J D 60 J=l,.~ 

oO ~T1l,Jl=Sfil,Jl/L 
L) 0 l 9 ,~ = l , , ~ 
i F <i<.- l ) J t.1. ·-J , 3 

3 Z=ST( r~, I1 
Sl(KdJ=O 
0 0 4J=l, .~ 

4 ST(K,JJ= Sf,K,JJ-l*SI{I,Jl 
1.9 CGNTIUi: 
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OATE iJJ/J..2-/0.1.. l l i•1E l. { 

RETJR_i ____ ~_...,........ ___ _______ ___________ _____ _ 

cND 

------------ - - --

t----- ------------------------------------



Mt3 TN DATE 

.) ' ' I 1TJT I .: :lTin'i o;-a r ,·c-; ·:;:i-;·, 

.l M PL l .:. l I I', C:: AL .;, t.1 ( A- rl , L, - .L J -
lJ 1 i'·k. i~.:.d..; N ..; l "1· • :t ) , t3 ( -'t, 't ) , D t3 l '-t , 4 J 

J3/.a.2./ d 1 fl Mc 
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l 

--------------

M ,H ;u ,{ d j L f l PL l CAT 1 LJ N l) 8 { l , N ) = 0 ( l , M ) X t3 U1 , .~ J 

J J=J. f l 

DU il) I=L,L 
08{ 1, JJ= ,J. 

--- -.cou l 1.J t<.= J., I 

Uu D..S ll,Ji= t.J.J( i ,Jl+ D(l ,KJ #d (K,JJ 
Jil::TUt"U 

---c,--- ;m 

:..---- - ~-~------ -------------- --- --- --- - - ---

C----------------- --------------- - - --------·---



3o0~-fO-4/i 3-J /-1 1:H TM 

SUJ:{u.; Jlt-L.: 1iJfTM ( U,u,O u ,L, :"1 , : J 
lMPL.l~,r Ko..:A L':<.:l ( A-11 , 0 -lj 
Ol Mr;:,~jJ.u ,J j ( 't, t), b( <t,4), Jt.3 (4,4) 

iJATE 03/ 12/tj L 

,'1AT1U,< TK1.\ .J .> Pu SE ,-1lJLT.lP.LlCATILJ N l.nHL, rJI = J(M,lJ X ot,-1, -4J 

lJO L l J J = l , rJ 
lJU llJ l=l,l 
DB(l,JJ=J. 
0 u .i. l J K = L , ,·1 

110 03(1.,Ji=vJ( l,J,-t- L) (K.l)* t3 (K,JJ 
RETlJ i·U 
t:ND 

Tl ;-Ii.. 
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J. 

r---- - --,-.......,,..-------- ---- -----~---- ------------



3 oO i'-J-fJ-47 J J-,; l N l T UATt: 03/12/ <l l 

J'TT~ ...: TTIT , , wl:: , TI 
T 11.) .::> .J l::ir-JJ TL'J l i'4 J ..> 1 fH: CALU: O Ci~CI.: IH:f uk E ::iLJ.j ,{t.JJl iNE -> 

ST u H. :: "' · .J ,CJ ur<.. 1\R c C~LL EO I,~ UR LJL R Tu ll !fl,, l!S c LIL: ti L,;LK 
-----c-ui\J r-,c --rc--c::i:nn :.:~ • 

l ,/4PLLIT ,L.:AL;;< d ( A-H, 0 -Z, 
LO 1:10 U J J ,: .., J\ I , JJ D, 'l L L.l L, I~, t\ A , .LR i: CL , N k EC , L , I Ju 11,"I f , X (2 J JO) 

---,-I ....,,.-------=-'"TJ'"J V 

I S == l 
NB LJ == JdA u 
I COL = .~C ...i 1.. ,,. 
LR I: CL .: ( . ~J J + . JC u L ) * N tJ f 
·w .E~== J 

----,.F -:'{=:'IT - ~ A Ji. , , 
RE TU k J 
\.Jk 1T t i J t 'tJ l.L: CL, i'J A 
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• ·r-L.JKi·rA r 7 - ...; ... L, ~ 1 .., i:- K_,E,....._ .... t,,..,c-r',,...O,,_..,L,_@ u 1 d L, F • , r b , i EX l, E c: u..) J J F F c K :) .: 1 .H p , - -
1 16 J 

STOP 

---··- - ~-- ---·-·---- --~---- ·----- ---- - --- --4·- - - - - -- - --------·· 

----·--··---------7 



3b o ,,-Fo - ,,l) 3- J SfO RE 

SU r3 f{ U Jfl.\ .:: u ,d : S T, , NGF) 
l 1'1 P L I..: l f '" :.:AL * j { A- H , U- l J 
DI M[:, .:> t .J,~ .,TIJ J , 30 ), 1-' (3 l, J 

LJAT l:: u3/ J.t./ .Jl 

- - -c~ ~-H/ dJ,-J A/. , S , ' Li l, -S , ..,..1,'J,_.,A.-,-.[--,R"""c--C , 1 Kb,, L, , .. h .M,·ly-;--,ic.7? JlJU 
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T H1t 

S T CJ K t: ~ w ,L, ~ K iJ c L I M I NA T I lJ N i{ E SJ L T S I N J J F F E K A I{ c A -~ , ~ u r1 k l T E u , ·• T t t ,;> E 
l N J _ u LI\ u t!. [) M J R J-S-TU S"AVt KA l"'l '.:> r Ek Tl Mc 

T E SI i 1: r{ ,., J M ~ , l C J .-. K I: !\J T 5 Li f f-l:R 
l F ( l., + ... . , L C L - 1\J A -, :)- , -:>-,"5--c-u- - - - - ---- - -------
K Ou,·1 l l dJf ft i-~ 
OU l O l = '-, -. J J - - - ,--,-- - - - ~,----- ------ - - - - - ---------------·-- -- -l.J O 1 :J J = l , , uJf 
X{ 1 5 )-= .il ( j , 1J 
l S=I S+l 
JU 15 ~ =l.1 -~ UF 

XLISJ= ? {U 
IS=IS+ l 
R ETU R:~ 
NO RJJ \ L ::F T I ,J !3Jff-ER 
L=I S- L 
n :{ 1 r E ~ ~ J L ;( i J J , .J = l , L J 
I S=l 
NtH:C =. J U.: C+ 1. ~ ~-=-=~::=---- --------- - -------- - - - --- - - - - ---·.--,-- -GO Tu ::i 
END 

· .. 

r,--._ ____________ _____________________ _ 



:, 0 ;~-F U-4 /:J J- J fWdK 

----sl,7:TTfu.) J. ' I ..; l"\ Jr~ , . , I ~ : 

l MPL l Ci I ~~hl*d ( A- H, Ll -ZJ 
1.H ,'1 l.: \J -, 1u ,~ -,TUJ , 3 vJ , r' l JOJ 

--1.. .,... ff-tu. J.f u JrTATi'4 Ju,i'Q CU[ , 

i.J ~~ TE Q_j / 12/ d l. 

k.E.\IJ rJr<.1·~,\KJ i:LH1lNAT1GN ,~ESJLfS t- Ok i.3A1..K-.:>U O.:iT!llJ,~ 

T EST i F ti i. XT ilC L UR.D I N tHJ f- H.R 
lS=!S-L,<. E._. . .__ 

- I TT ' l-z-;-I 
RECu ~J 1-, 1N JJFfE R 

L 2 UO l l i = i , N cl J 
DO II J=I , n ;F 
ST { J , l J =I. U . SJ 
l S=I ~+l 

--iJu ::> = , . 4 

P<lJ=X( lSJ 
1S=IS+l 

-L i" C '-L.. 

RETLJ ~ 4 
LAST JL O~~ nKl TIE N MUS T BE REAJ 

F TN R..: - J I D,1~ , 
NR.H. = ,H C:C- 1 
JACKSr> :u .. c: L 

FA1JT2l~,..,.....,.......~ ~ ~----~----- - ---
BACKSP \L. E 2. 
lS=L+l 

ILLOG l...; hL .: RKJ.{ 
WR!Tc ( w, t JlJ 

- - f~O i{i'•fAT77TITTTZM P I IO Rl:A-0 dA ..... K I Ou MA , Y i<t:i..uKJ ..:>. • . 

S TJ ;J 
I: N lJ 

T.lMt: 
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ld 

--~------- ·-·--·--·--·--·-- -- ----·---- ------
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APPENDIX "3" 

Subroutine Solve 

In the stiff matrix shown in Figure~ each stepped 

area represents the equations associated with one node. The 

first set of nodal equations can be divided into a diagonal 

matrix [1< 1 1] 

and an off diagonal submatrix [KIT] = [[KI 2] [1< I 3 ]- • • • • • • [K1 n ]]. 

If the nodal displacement parameters [a,] are to be eliminated, 

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

modified matrices . 

. where 

and 



1 

Half Bandwidth 

U • .. , B -·- ··· 
DOF 

per node f 

C 

I 
I 

s' 

I -
I -. 

I I 

i 

DI I .. ···- ... .. 
D' 

~ 
82 . 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

8n -
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

8N 

.. ·····- · ···--·-··- ·· . 

l:J.. 
P2 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• - Pn i -
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

PN 
... .. .__ ... _,.., __ .,,. ____ - --·--······- - --~· .. ·-·--·--· ... ·-·-···- -; ---- - - - .. .. .. .. . 

FIGURE"A-l"A NODE BY NODE ELIMINATION SCHEME 

-OJ 
N 
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After the first set of nodal equations have been eliminated, 

the second set 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 (1-4) repeated. After repeating the 

above-mentioned process a number of times, we reach the last 

set of nodal equations which is of the term 

All the modified nodal equations 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 A-I. After the eli_mination of [1< I 1] * - . * 
the whole [l< TT] is now shifted so that [ K 22] 1 

now occupies 

the top left corner of the array. 
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