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ABSTRACT

A NEW METHOD

FOR THE SOLUTION OF

ANISOTROPIC THIN PLATE BENDING PROBLEMS

BY

Benjamin Chin-wen Wu

A numerical method for the solution of thin plate pro-

blems is presented. With the conventional assumptions for

thin plates implied, plates of arbitrary plan form, sub-

jected to arbitrary loading and boundary conditions, and

made of anisotrOpic material are considered. This method

is developed from the concept of the indirect boundary in-

tegral method.

The indirect boundary integral method uses the Green's

function of a clamped circular plate of isotrOpic material.

To solve an isotropic thin plate problem, the first step

is to embed the real plate into the fictitious clamped cir-

cular plate for which the Green's function is known. Along

the embedded contour, N points are prescribed, at which the

boundary conditions for the original problem are specified.

The numerical solution of the problem is then to find the

magnitude of the set of N line forces and N ring moments

imposed along the embedded contour such that the boundary

conditions at the N boundary points are satisfied. With

this method, problems with clamped and simply supported

boundaries can be easily solved. For a free edge, however,

due to the logarithmic nature of the Green's function and

the fact that fourth order derivatives must be taken for

the fictitious ring moments in the boundary condition

equations, there are second order singularity difficulties

during the numerical integration along the embedded contour.



In this thesis, three major modifications are intro-

duced. These are (1)the set of fictitious moments are re-

placed by an additional set of fictitious forces, and the

entire set of fictitious forces is located outside of the

embedded contour, (2)the numerical integration is replaced

by a simple summing process, and (3)the Green's function

for a clamped circular plate is replaced by the Green's

function of an infinite plate. With these modifications,

significant improvements in solution accuracy and compu-

ting efficiency have been achieved. The second order sin-

gularity difficu1ties associated with free edges are avoided,

and due to the simplicity of the new method, the computing

costs are reduced by about sixty percent. Since the Green's

functions for orthotropic and anisotropic infinite plates

are also available, the new method is readily extended to

orthotropic and anisotropic thin plate bending problems.
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INTRODUCTION

The thin plate bending problem is one of the most

common problems in structural engineering. Design engineers

encounter it daily. Plate theories and methods of solution

can be traced back to the early eighteenth century. Famous

names like Euler, Bernoulli, Lagrange, Navier, and Kirch-

hoff were all involved in the development of plate theories.

In this century, Nadai, Love, Huber, Timoshenko, Lekhnitskii,

von Karman, and Reissner, to name a few, are well-known for

their work related to plate problems.

Mathematically, the thin plate bending problem is a

typical boundary value problem. Since solving the problem

reduces to finding a solution satisfying the governing fourth

order partial differential equation and all the boundary

condition equations, exact solutions are available only for

special cases. In addition to many common methods for a wide

range of problems shown in [1], the method of complex va-

riables has been successfully applied [2,3,u,5,6] solving

many additional problems. However, for a generalized pro-

blem, numerical techniques such as finite difference and

finite element methods must be employed, [7,8].

In this dissertation, a different numerical method is

introduced. Developed from the concept of an indirect boun-

dary integration equation method [9], the new numerical

method employs a known Green's function, the scheme of em-

bedding the real plate in a fictitious plate for which the

Green's function is known, and the imposition of fictitious

forces so that all the boundary conditions are satisfied.

This method is very effective because of the simplicity of
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its formulation. It can solve constant thickness plate

problems with arbitrary plan form, arbitrary loading and

boundary conditions, and anisotrOpic material properties.

Since the fictitious forces are located far away from the

plate boundary, this method gives more accurate results

near the boundary than does the boundary integral method.

The procedure of this method can be summarized in

three steps. The first is to find a Green's function of

a certain type of plate problem. Many of them are avail-

able. Take isotropic problems for example. The Green's

functions for a clamped circular plate [1,3,10], and for

an infinite plate [1] are two possible choices. The second

step is to embed the real plate in the aforementioned fic-

titious plate for which the Green's function is known, and

prescribing a set of N boundary points. Since there are

two boundary condition equations associated with each boun-

dary point, a set of 2N fictitious forces are placed around

the plate boundary. Solution of the problem, therefore,

involves the determination of this set of 2N fictitious

forces such that the 2N boundary condition equations are

satisfied. The third step is to superimpose these 2N fic-

titious forces onto the actual loadings of the plate and

compute the deflections and bending moments inside the

plate.

There are four chapters in this dissertation. The

governing fourth order partial differential equations for

isotropic, orthotrOpic, and anisotropic plate problems

and their associated boundary condition equations are

reviewed in Chapter I. Chapter II introduces the indirect

boundary integral method originally derived by Altiero

and Sikarskie [9]. Their method is modified by moving the

integration contour to the outside of the plate boundary.

In so doing, the second order singularity difficulties for

the free edge boundary conditions, encountered in their

work, are avoided. In the meantime, a significant improve-
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ment in the solution accuracy is noticed. Chapter III

illustrates the new point-force method for the solution

of a generalized thin plate bending problem. The point-

force method contains three major alterations over the

boundary integral method, though the basic concept remains.

The three changes are (1)the set of fictitious moments are

replaced by a second set of fictitious forces, (2)the inte-

gration is replaced by an algebraic summing process, and

(3)the Green's function for a clamped circular plate is

replaced by the Green's function of an infinite plate.

These changes have made the original method more effective.

A saving of sixty percent for computing costs is realized.

More importantly, it is due to the successful use of the

Green's function of an isotrOpic infinite plate and, the

Green's functions for orthotropic and anisotropic infinite

plates are readily known [11,12,13], the new method can be

extended to solve general orthotropic and anisotropic plate

problems as well. Chapter IV presents several comments

regarding to this new point-force method.

In order to verify the method, several test cases have

been solved. The results are tabulated and graphed, and the

computer programs are included in the Appendices. Though

these computer programs are specifically designed for the

example problems, they can be easily revised to accommodate

general problems.



CHAPTER I

PRELIMINARIES ON PLATE THEORY

I.1 GOVERNING EQUATIONS

Following the assumptions involved in the well-known

Kirchhoff—Love small deflection plate theory, all of the

stress components within the plate can be expressed in

terms of the vertical deflections, w(x,y). Therefore, for

static equilibrium, the governing differential equation

can be derived in terms of the deflection function and the

two independent coordinate variables x and y. For the three

material types, namely isotropic, orthotropic, and aniso-

trOpic, the derivation of the governing differential equa-

tions can be found in most texts on plate theory [1,7,1u].

Assuming constant thickness, for isotropic plates, the

governing differential equation is

3“w(x,y) + 2 3“w(x,y) + a“w(x,y) = q(x,y) (1)

3x“ 8x23y2 By D

where w(x,y) is the vertical deflection of the plate after

bending, q(x,y) is the load in the vertical direction, and

D is the flexural rigidity of the plate defined by

3

D = Eh

12(1-v2)

where E is the Young's modulus, v is the Poisson's ratio,

and h is the plate thickness.
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For an orthotropic plate which has its geometric coor-

dinates aligned with the principal material directions, the

governing equation is

  

kw” 2H—1(x—'Y—)-+D——3"—(l‘—’-X)—-q(x,y), (2)

3x 3x28y Y 3y“

where,

E ~h3 E -h3

= X . = x . = E
Dx 12(1-vxvy)’ Dy 12(1-vxvy)’ and H vay + 12

The subscripts x and y indicate the principal directions of

the material constants, and G is the modulus of rigidity.

Finally, the governing equation for an anisotropic plate,

with one plane of material symmetry parallel to the middle

surface of the plate is

D __W(_Xr_.‘L)_ + DD _w_<><_lx)_+ 2(D12+2D6)M

ax ax3ay axzay

to to

., 140263—1341)— + Dnmlxl = DD“), (3)

axay3 3y“

where Dij are associated with the material constants, and

are determined as follows:

 
  

 
  

D = ha (ayaGG’afiz) . D = ha (alLa 66'3152 ) ,

11 12 det. ' 22 12 det. '

D = ha (311912-3112) . D = h3 (aleazi-anass) .

56 12 det. ' 12 12 det. '

D = h3 (31232;:322316), D = ha (aizais‘aiiaze) ,

'5 12 det. ' 26 12 det. '



  

         

and,

a11 a12 a16

det. = a12 a22 a26 ,

a16 a26 a66

aij is the material constant matrix, i.e.,

r r j r ‘

6x 1 a11 a12 a16 0x

16y > =1 a12 a22 a26 i 10y 1

nyJ La16 a26 a66J LTny

The coefficient, a , are:

v n n

a =—1_p a =-—-§;a =M=M

11 12 16 G E ’

x x xy x

1 1 n x nx
a = ___ ; a = ___ ; a = _XL_X._ __XLX

22 E 66 G 26 G E ’

Y XY XY Y

where n and n are called the coefficients

xy,x’ nxy,y' x,xy' ny,xy

of mutual influence of the first kind and the second kind, res-

pectively, [15,16]. Physically, it is clear that they represent

mutual influences between shear strains and normal stresses and

between normal strains and shear stresses.

1.2 BOUNDARY CONDITIONS

Only the three major types of boundary conditions, namely,

(1)clamped, (2)simply supported, and (3)free, are considered in

this dissertation. Many others such as elastically-supported

edges can also be handled with minor changes. The equations
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associated with these three major types of boundary conditions

are

(1)Rigidly clamped edge (BC):

w(x,y) = 0 ; gfléfiLXL-- O . (Ha)

(2)Simply supported edge (BS):

 

w(x,y) = 0 ; Mn = O (ab)

(3)Free edge (Bf):

ant

.M = O ; N 4- n = 0 (HC)
n n as ,

where 5% is the derivative along the contour arc, Mn is the

unit edge bending moment, Nn is the unit edge shear force,

th is the unit edge twisting moment, and the subscript n

means acting along the normal direction of the edge. These

values can be written in terms of their components in the

x and y directions as

M = M -n 2 + M -n 2 + 2H -n on (5a)
n x x y y xy x y

= — O O O 2 — 2

th (My Mx) nX ny + ny (nx ny ) (5b)

N = N 'n + N -n (5c)

n x x y y

where nx and ny are direction cosines of an outward normal to

the contour arc. For an anisotropic problem, the bending moment,

twisting moment, and shear force in the x and y directions can

be written in terms of the deflection function w(x,y) as



 

  

 

 

82w 32w 32w
M = - (D -—— + D ——— + 20 ) (6a)

x 113x2 123y2 165x5y

_ 32 82w 32w
My - (D123x2 + D223y2 + 20265??? ) (6b)

32 32w 82w
H = - (D + D + 2D ———— ) (6c)
xy 163x2 268y2 663x3y

3 a 3

Nx = - [D113e5 + 3D16 a w + (012+ 2D66) a w

3x3 szay axay2

3

4. D263 W ]
(6d)

8y3

33w 33w 33w
N = - [D ——— + (D + 2D ) + 3D
y 163x3 12 66 axzay 263x3y2

3

+ 022—3w ] (69)

Bya

Substituting Eqs. (5) and (6) into Eq. (a), the boundary

condition equations for anisotropic plates can be written

explicitly as

w(x,y) = 0 on Bc + Bs (7a)

fiéralm + 91.92am = D on D (7D)
x X By y c

32W(XIY)
 

O 2 O O O 2

2 [D11 nx + 2D16 nx ny + D12 ny]

3x

32W(X,X)

+ 3x3y

 [2D1 -n2 + an °n -n + 2D
. 2

6 x 66 x y 26 my] +



2

2 X Y Y 5By 26 x 22 f

(7C)

3

3.119111). . 2 .s- ..2
3x3 [D11 nx(1+ny )+2D16 ny D12 nx n ]

3

+ 3 W(XLY) [4D °n +D °n (1+n 2)+tlD -n 3-D -n 2'1':
 

3x23y 16 x 12 y x 66 y 11 x y

3

- ..2é_v_1l>;:_y_>. . . 2 .a
2D26 nX ny ]+ axayz [L1D26 ny+D12 nx(1+ny )+uD66 nX

a

.. . . 2- . 2. M . 2
D22 nx ny 2D16 nx ny] + 3y3 [D22 ny(1+nx )

O 3- O 2. =+2D26 nX D12 nx ny] O on Bf (7d)

BC is the clamped portion of the boundary B, B8 is the simply

supported portion of B, and Bf is the free portion of B. Clearly,

B=B¢+BS+Bf.

D66 being replaced by Dx’ Dy' and Dk' respectively; D12 by vny

For orthotropic plate problems, with D11, D22, and

or vyDX; and D16=D26=0; Eqs.(6) and (7) can be reduced to

82w(x y) 32W(X X)
Mx = -D [ ' + v ' ] (8a)

X 8X2 y 8y2

82w(x y) 32w(x y)
M = -D [ ’ + v ' ] (8b)

y y Syz X 8x2

32w(x )

xy k 3x8y
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2 2

Nx ___ __ 5%[Dx a w(x,y) + H3 w(x.1)] (35)

3x2 3Y2

2 2 'N = _ §3_[H a w(x,y) + D 8 w(xly)] (8e)

Y Y 3x2 y 3Y2

where,

_ G-h3 _
Dk _ 12 , and H — vay + 2Dk

w(x,y) = O on BC '1' BS (93)

3w(x,x>.n + BELEIXL.D = 0 on B (9b)

8x X By Y C

2
2

a—EifiLXL(D -n 2 + v D -n 2) + 3 W(X'~X)(D -n 2 + v D °n 2)

3x2 X X X Y Y 3Y2 Y Y X x

2

 

 

 

. . = + B 9
+ Bxay k nx ny) 0 on BS f ( c)

83w(x,y) . 3 . . 2 -
3X3 [Dx nx + DX nx ny (2 vy)]

+ 83w(x,y)[v D -n (1+n 21+un -n 3-D -n2«n 1

axzay x y y x k y x x y

 

3

+ 3 “(x'¥l[v D 'n (1+n 2)+un
x x y

3 2
on -D on on ]

axay2
X Y X yk

33w(xIY)

aya

+ . 3+ D on 2on 2-v = 0 on B (9d)

[Dy ny y x y( X”
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For isotropic plate problems, these two sets of equations

_D(1-v)
can be further reduced by having Dk——_2_—— , vx=vy=v, and

D =D =H=D:

X Y

2 2
M = _ D[ 8 W(XIY) +\) a w(xri)] (10a)

X 8x2 3y2

2 2

M = - D[ M+VM] (10b)

y 3y2 8x2

2

H = - D(1-V)§_El§LXL (10C)

xy 8x8y

Nx = - ”3—3)? [ V2w(x,y)] (10d)

_ 3 2
Ny — - D5; [V w(x,y)] (10c)

where,

VZW(X,Y) = BZW(Xpi) + 82w(xlz)

8x2 3y2

and;

w(x,y) = O on BC + Bs (11a)

EELELXL°n + agiiLXl’n = O on B (11b)
3x X By y c
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3

3a w(x,y) n [1m 2(1_D)] + 2.13211 D [1+n 2(1-v)]
8x3 X y 3y3 y x

a

+ g—ELELXL n [(2v-1)n 2 + (2-v)-n 2]

3x23); y x Y

3

+M n [(Zv-1)n 2 + (Z-V)°n 2]: 0 on B (11d)

axay2 X y X

1.3 THE GREEN'S FUNCTION METHOD

Solving a plate problem is, mathematically, to find the

deflection function w(x,y) such that the governing differen-

tial equation as well as the prescribed boundary conditions

are all satisfied. For the special problem of a concentrated

force applied at an arbitrary location, the solution is

called the "Green's function" of the problem, and is often

written as G(x,y;€,n). That is, with the prescribed boundary

conditions, a Green's function will provide the deflection

at any point (x,y) when there is a concentrated force located

at some point (€,n). The deflection function for a distri-

buted load q(x,y) over a region R inside the plate can be

written, using superposition, as:

w(x,y) = ffRG(X,y;€,n)°q(€,n)d€dr1 (12)

This is called the Green's function method or the influence

function method, [1]. The Green's function can be either in

closed form or in infinite series form, and varies with the

problem. For isotropic problems, there are many Green's

functions available. Some examples are given here.

The Green's function for a clamped circular plate is

[1,3,10],
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G(x,Y:E,n) = -—1———wua2-x2-y2)(aZ-aZ-nz)

16nDa2

(13)

+[a2(x-€)2+a2(y-n)2]ln .a2(x-€)2+a2(y-n)2

(az-xz-yz)(az-Ez-n2)+a2(x-Efiga2(y-nV

where a is the plate radius.

There are two well known Green's functions for a simply

supported rectangular plate, and both of them are of the

infinite series type. The one with double trigonometric series

is called the Navier's solution, while the single trigonometric

series function is named after Levy, [1,7]

 

 

 

 

 

singleE sinflgxisinggé sing;11

G(X:Y:E:n)= 11 Emil 2 2 (1“)

Dn ab ( m + n )2

3.2 32

m=1,2,3,4,...w; n=1,2,3,4,...m

and,

2 B y B y 8 n B n
_ a _ m m __ m m

G(x,y,g,n)— D."3 1% (1+BmCOtth TCOth—b TCOth—b )

B n B y

sinh-g— sinh—g— sinfllé sing-g—é

x a (15)

masinhB
m

where, Bm=flg2, and m=1,2,3,ll,...co ; if y<n, replace n by

b-n ; if yin, replace y by b-y.

There is also a Green's function for an infinite plate, DJ

(x-€)2+(y-n)2

a2

G(X.y:€,n)=13%§-Hx-€)2+(Y-n)2]£n (16)

where a is an arbitrary reference radius.
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There are also Green's functions for orthotropic and

anisotropic plates [11,12,13,1fl], though not as many. They

will be discussed later.

The major limitation to the Green's function method is

that one must know the Green's function of a specific plate

shape and boundary conditions before Eq. (12) can be employed.



CHAPTER II

INTEGRAL EQUATIONS APPROACHES

II.1 THE BOUNDARY INTEGRAL METHOD

Several investigators have applied boundary-integral

techniques to thin plate problems. Jaswon, et al,[17,18,19],

have developed a "direct" approach. Altiero and Sikarskie

[9] have developed an "indirect" version of the boundary

integral equation. The indirect approach is outlined here.

The problem of interest is a thin plate of arbitrary plan

form and arbitrary boundary conditions, subjected to an

arbitrarily-distributed load, Figure 1. However, due to

numerical difficulties in the evaluation of second order

singularities for a free edge, plates with free edges

were excluded in [9].

A plate problem is solved similar to an elasticity

problem [20,21]. The plate of interest is embedded in a

fictitious plate of the same material for which the Green's

function is known. In order to satisfy the boundary con-

ditions of the original problem, a set of fictitious line

forces and a set of fictitious ring moments are introduced

along the boundary of the embedded plate. The problem is

therefore solved if the magnitude of these fictitious

forces and moments can be determined such that the original

boundary conditions are satisfied.

Knowing that the influence function for a point moment

is simply the derivative of the Green's function for a

point force with respect to the direction at which the

moment is oriented, the influence function for the moment

15



16

q(x,y)

 

Figure 1. Problem of Interest
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can be easily derived:

H(X,Y:€,n) = - BG‘X'Y’E'“ = - 39m - 39m (17)
35 3X X By y

where G(x,y;€,n) is the known Green's function of a point

force located at (€,n); H(x,y;€,n) is the derived influence

function of a point moment located at the same place (€,n)

which is oriented along the direction 5, and nX and n are

the direction cosines of the outward normal vector n with

respect to the x and y coordinates, respectively. The

negative sign is for convention only.

Let P* represent a set of fictitious forces, Mn* re-

present a set of fictitious moments, and q(x,y) be the

given distributed lateral load. By superposition, the de-

flection at any point (x,y) can therefore be computed from

the following deflection equation.

w(x,y)=ffq(€,n)G(x,y;£,n)d£dn+¢P*(€,n)G(x,y;€,n)ds(€,n)

R 3*
(18)

  

* _ 8G(x,y;€,n)_ 86(X,y:€,n) ,
:fiMn(£,n)[ nx(€.n) a: ny(€,n) an lds(c.n)

where R is the region over which the distributed load q(x,y)

is prescribed, B is the boundary of the embedded plate, and

nx(§,n) and ny(£,n) are the direction cosines of the unit

outward normal to the plate boundary at the loading point

(€,n). Values of P* and M; are to be determined from the

boundary condition equations. The boundary condition equa-

tions are shown in Eq. (4), and they can be written in terms

of the x and y coordinates as shown in Eq. (11).

The Green's function chosen in [9] is the Green's

function for a clamped circular plate, Eq. (13). See

Figure 2. Substituting this Green's function into the boun-

dary condition equations, one therefore can determine the
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set of fictitious forces and moments from a set of two

boundary conditions. However, since both plan form and

boundary conditions are arbitrary, a numerical method must

be employed. By modeling the plate with an N-sided polygon,

and assuming the fictitious force and moment remain constant

along each of the straight edges of this polygon, one can de-

termine a set of N fictitious forces and N fictitious moments

such that the boundary conditions at the N mid-points of the

N-sided polygon are satisfied. Take the zero deflection

boundary condition, for example, which occurs on both

clamped and simply supported edges. One will have

 

 

n *

k2-?1Pk(Qk)[ékG(x,y;E,n)ds(€,n)]

’ (19)

n * 3G(x.y:€.n)
+ Z M (Q )[-n (Q )f dS(€,n)
k=1 “k k x k 5k 3:

_ 3G(x,y:€,n) _ _ .
ny(Qk)é an ds(€,nn - £{q(€,n)G(x,y.€,n)d€dn

where Qk represents the centerpoint of the kth side of the

polygon B, and S is a coordinate along the kth side, i.e.,
k

OfSkSASk. Now, if the boundary conditions on B are forced

to be satisfied at each of N locations (xB,yB), Eqs. (19)

lead to a system of 2N linear algebraic equations for 2N

*

nk'

can be expressed in matrix form by

* .

unknowns Pk and M k=1,2,3,...N. This system of equations

RM -——- = RL (20)

where RM is a 2NXZN matrix, the elements of which are the

line integrals of Eq. (19), and RL is a 2NX1 column matrix

consisting of the area integrals of Eq. (19). Once Eq. (20)

is solved for the unknown fictitious forces and moments,

* .
P* and Mn' the displacements at any internal p01nt can be
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found using

w(x,y)=ffq(£,n)G(x,y;€.n)d€dn+g P;(Qk)[fG(x,y;€.n)ds(€,n)l

k=1 5
k

4.

k

 

11
M
5

Mn;(ok>{-nx(Qk)IBG‘xL§g5'”)ds(a.n)

1 S (21)

 

_ BG(x y;€,n)
ny(Qk)ka LOT] —dS(€pT1)]

This method works satisfactorily if free boundary con-

ditions are not included. For a free edge, the two boundary

condition equations are as shown in Eq.(11). It can be seen

that, associated with the fictitious moments, there are

eight terms involving fourth order derivatives of the Green's

function, Eq.(13). When integrating along the kth side of

the polygon B, there will be difficulties in the evaluation

of the second order singularities. That is, there will be

terms such as

 

f 1 dSk(€rn)

(x-€)2+(y-n)2

Sk

which pose difficulties when €+x and n+y. In addition, like

other boundary integral methods, the errors in the region

near the boundary can be substantial. Due to these two di-

ficiencies, an "auxiliary boundary" method has been deve-

loped. This method is presented in the following section.

11.2 THE AUXILIARY BOUNDARY METHOD

The only difference between the current method and

the boundary integral method discussed in the previous

section is that an integration path, 8*, is chosen dif-

ferent from the plate boundary, B; see Figure 3. In so
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/lLL////

LO _ a

(£1 7])

Figure 2. Problem for which Analytic Solution is Known.

///L/////

 

 

 

 

Z

Figure 3. Fictitious Problem
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doing, the singularities which arise in the integrand during

numerical integration for the free boundary condition are

avoided. Since integration is now carried out along the fic-

titious integration path, B*, there is no need to model the

plate with an N-sided polygon. Instead, there are N boundary

points prescribed on B where boundary conditions are to be

satisfied. This, combined with the fact that the fictitious

forces and moments are now located away from the boundary,

provide significant improvements in the solution accuracy.

For example, at the center point of a clamped rectangular

plate, the errors for displacement and bending moments are

reduced from 1.8 and 8.0 percent, shown in [9], to 0.0“ and

1.6 percent, respectively.

Following the aforementioned procedure but integrating

along B* instead of B, plate problems with mixed boundary

condition of all the three types can now be solved. Writing

the boundary condition equations more explicitly, Eq.(11)

become

P P*(€,0)G(x,y;§,0)d5(5,n)

 
 

 
 

D.

+:*Mg(g.n>[-nx<g,n)36(X'%g§L”’-ny(a,n)BG‘X'§;5'”?ps(a,n>

= ‘fi{q(€:n)G(x,y;£,l)d€dn (22a)

if (x,y) is on BC + BS;

2 P*<a.n)[nx(x.y)BG‘X'§;§'”’+ny<x,y)36(x'§;§'“’1ds(g,n)
8*

2 0

+8 Mfi(a.n)[-nx<g.n)nx(x.y)3
G§:S§.a.n>

B'k

32G(X,y;§,n) )BZG(X11;gIT])
 

 

 

-nx(€:n)ny(X:Y) ayag -ny(g'n)nx(x'y 3X30

-n (g )n (x )BZG'X'Y’g’”)]ds<€ n)y In y :Y ayan ' (22b)
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8G(x,yg§,n)
 

 

=-ffq(f;,n) [nx(x,y) ax’ +ny(x.y) aG‘xg§‘€'”’ ldadn

if (x,y) on BC;

826(x.y;€.n) 326(x.y:€.n)
 

 

é P*(€,n)[n;(x,y)3* 3x2 +2nx(x,y)ny(x,y)
Bxay

2 0

+1.12 (X,Y)a G(x’y’€’n)]d5(€,n)

Y 3Y2

3 O

+¢ M;(E;,n)[-nx(€,n)n;(x,y)a G(X'Y'5'”)

3*
3x236

a3G(x,y:€,n)
-2nx(€.n)nx(xvylny(x'y)

axayai

336(X1Y1510)

szan

33G(x.y:€.n)
-n (€,n)n2(x,y)

X y 3y23£

2

-ny(€,n)nx(x,y)

33G(XIY7€IU)

Bxayan
-2ny(€,0)nx(xpy)ny(xry)

336(XIY7SIU)]dS(€’n)_ 2

ny(€.n)ny(X.y) Byzan

 

 

2 ,
2 ,

a G(X.y.§.n)+2nx(x'y)ny(x'y)3 G(xLy,€,n)

 

__ 2

- [RIQ(§171) [nX(XIY) 3x2 3X3)!

2 .
+n;(X,Y)3 G<xLy’€Ln)]d£dn

(22C)

8y2

if (x,y) is on BS:
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826(X1Yiim)

g*P*(€In){[n;(XIY)+Vn;(XIY)] 2

8x

 

-

32G(le7$'n)+[2(1 v1nx<x.y>ny(XvY’] axay

2 .
18 G(XIYI€IH) }dS(E'n)

+ n2 x, + n2 x,[ y( y) v X( y) 3y?

3 0

+2 M;(€:n){-nx(€,n)[n;(x,y)+vn2(x,y)]a
G<Xry:§:n)

3*
y 3x285

33G(X.y:€rn)
-nx(g.n)[2(1-v1nx(x1y)ny<X'Y’] axayaa

le;gln)

-nx(€,n)[n2(x,y)+vn;(x,y)]836(

3 O

-n (€,n)[n§(x,y)+vn2(x,y)]3
C(X'Y'gLfl)

y y axzan

33G(le;§ln)-ny(g,n)[2(1-v)nx(x,y)ny(x'y)] axayan

 

3 .

-ny(€rn) [n;(X.Y)+vn;(X:Y)] 3 G(x,y, g'n) }d3(51n)

Byzan

2 .

= —ffq(a.n){[n;(x,y)+vn2(x,y)]3 G‘X'Y'éefl)
R y 3X2

(xiy;§inl
+[2(1-v)n (x y)n (x y)]32G

x ' y ' axay

 

2 . .

+[n2(x.y)+vn2(x,y)]3 G(x’y'§'n)}dgdn (22d)
y X 3Y2

if (x,y) is on Bf;



2U

336(le;grn)

¢ P*(£.n){[n;(x,y)+(2-v)nx(X.y)n;(x.y)] 3

8* 3X

 

3 O

+[(2v-1)n2(x,y)n (x,y)+(2—V)n3(x’y)]a G<X.y.€.n)

X y y axzay

]83G(X:Y;€,n)

+[(2'V)n3 (X:Y)+(2v-1)n (XIY)n2 (XIY)

X X Y axey2

3 .

+[(2-v)n2(x,y)n (x,y)+n3<x,y>]a G(x'y'€'n)}ds(€,n)
X y y ay3

3“G(X.y:€.w)
+ M* p - I 3 I 2- I 2 Ig* n(€ n){ nx(€ n)[nx(x y)+( v)nx(x y)ny(x y)] axaay

3~G(XIX7 €177)

8x28y3€

 -nx(g,n)[(2v-1)n;<x,y)ny(x.y)+(Z-v)n;(x.y)1

3“G(x,y:€,n)
-n (€.n)[(Z-v)n3(X.y)+(2v-1)n (x,y)n2(x.y)]

X x X y axayzag

u C

’nx(5'”)[(2‘V)ni(X.y)n
(x,y)+n3(x,y)]a

G(XLY.£,n)

y y ayaaa

-
3 ’

2 3“G(XIX:£,n)ny(€pn)[nx(X,Y)+(2 v)nx(x,y)ny(x,y)] axaan

8~G(Xfl;£,n)
-n (€.n)[(2v-1)n2(X.y)n (x,y)+(2-v)n3(x,y)]

y X y y szayan

'y)]8“G(x,y;§,n)
-n (§,n)[(2-v)n3(x,y)+(2v-1)n (x,y)n2(x

Y X X y Bxayzan

u 0

]8 G(leI§ln) }dS(g,T‘|)- - 2 3
ny(€.n)[(2 v)nx(x,y)ny(x,y)+ny(x,y) ay3an
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aza<x.y:€.n)

3

 

- _ 3 _ 2_ ffq(g,n){[nx(x,y)+(2 v)nx(x,y)ny(x,y)]

R 3x

]336(xLy;€gn)- 2 _ 3
+[(2v 1)nX(X.y)ny(X.y)+(2 v)ny(x,y) axzay

)] 336(X0y75rn)
+[(2-v)n;(x,y)+(2v-1)nx(x,y)n;(X.y 2

Bxay

3 O

+[(2-v)n;(x,y)nv(x,y)+n;(x,y)]a G(X'y’g'n)}d€dr‘. (22e)

if (x,y) is on Bf. The derivatives of the Green's function

are listed in Appendix A.

The solution is then obtained using the same nume-

rical procedure shown in the previous section. However,

the plate is no longer modeled with an N-sided polygon.

Instead, N points are assigned along the boundary, and

two of the above equations are satisfied at each of these

N points. This is done by adjusting the magnitudes of the

unknown fictitious forces P* and moments Mn* at the N

meshes along the fictitious integration path 3*. Thus,

solving a set of ZNXZN linear algebraic equations for

the set of fictitious forces and moments on B*, and sub-

stituting into the deflection equation Eq.(21), the pro-

blem of Figure 1 is solved.

A plate problem of arbitrary plan form, arbitrary

lateral load, and arbitrary boundary conditions has now

been solved. The complete computer program is shown in

Appendix B.

Two example problems are illustrated here. In both

cases uniformly-loaded square plates are considered. The

dimensions of the plate and the fictitious contour 3*

are shown in Figure a. The plate is embedded in a fic-

titious circular plate with a radius of 80m. Other
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Edge 2 Edge 3

 
* 0 Field Point

Y

0 Boundary Point

A Loading Point

Figure u. A Square Plate with an Auxiliary

Integration Contour-
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constants are E=2.068HX105MPa, v=0.3, h=0.01m, and q=1N/m?.

In the first example, edge one is free, edges two and four

are simply supported, and edge three is clamped. In the

second example, edges one and three are free while the

other two are simply supported. The boundary conditions

are satisfied at forty points spaced at a distance 1m

from each other and .5m from the corner; see Figure u.

The contour B* is located am away from the plate boundary

and is divided into forty intervals. Integration over an

interval B* is done by simply multiplying the value of

the integrand at the center of an interval by the interval

length. Integration over R is accomplished by subdividing

R into 100 equal divisions and multiplying the value of

the integrand at the centerpoint of each division by the

area of that division. This area subdivision is also shown

in Figure u.

Results of displacements and bending moments at each

of the fifteen field points shown in Figure u are presented

in Tables 1 and 2. When compared with the exact solutions

from [1], the average errors are less than three percent

for both deflections and bending moments. It may be noted

that locations one, two, and three are on edge one of the

boundary and between two adjacent boundary points where

the boundary conditions are forced to be satisfied. There-

fore, accuracy of results at these locations are expected

to be the worst. Yet, the errors are less than four per-

cent. Thus, the method using an auxiliary integration path

is a great improvement over the previous indirect boundary

integral method, especially when results near the boundary

are needed.
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CHAPTER III

A NEW METHOD

III.1 ISOTROPIC PLATE PROBLEMS

Though the use of the boundary integral method to

solve isotropic plate problems has been proved successful,

the boundary condition equations, Eqs.(22) and Appendix A,

are quite lengthy, especially for a free edge. To sim-

plify the formulation, it is reasonable to consider re—

placing the set of fictitious moments by a second set of

fictitious forces. In so doing, there is no need to eva-

luate all the derivatives of the Green's function with

respect to E and n, since they are associated with the

fictitious moment Mn* only. With this simplification, the

length of boundary condition equations, Eqs.(22), can be

reduced by about fifty percent.

In practice, there are two simple ways that one can

enter twice as many fictitious forces P*. One can either

double the number of meshes along the integration contour,

or define a second integration contour. Tests indicate

that the latter provides somewhat better results. On the

other hand, during numerical integration, the fictitious

force is assumed constant along each mesh. It is there-

fore logical to replace this evenly distributed line

force by a concentrated point force and place it at the

center of the mesh. With this change, together with the

elimination of the fictitious moments, the deflection

function w(x,y) of Eq.(21) can be reduced to the following

form.

30
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w(x,y) = If G(x.y;€.n)°q(€.n)d€dn

R

2n

'1' Z G(X,Y7€pn) 'Pk*(§:0)

k

k=1,2,3,... (23)

Following a numerical procedure similar to that of

section 11.2, this simplified method was tested using

the same square plate. The radius of the fictitious clamped

circular plate was kept at 80m. The first set of fictitious

forces were located at four meters away from the plate boun-

dary, and the second set were located at two meters away from

the first set, Figure 5. The results were almost identical

to those obtained using both fictitious forces and moments.

Thus far the boundary integral method has been mo-

dified somewhat, in that the boundary integration has been

replaced with an algebraic summing process. Though the eli-

mination of the fictitious moments has been successful,

the method is still tedious if free boundaries are involved.

In order to further simplify the method, the well known

Green's function for an infinite plate, [1], is introduced.

It is

 

-

2 _ 2

G(X'Y75vn) = Tg%5’Ux-€)2+(y-n)2
]£n(x g) :(y n) ,

a

(20)

Mathematically, this is the fundamental solution to the

isotropic plate problem with a unit force at (€,n). The

beauty of this Green's function is that the denomenator

in the logarithmic term is a constant, a2, where a is an

arbitrary reference radius at which the deflection is zero.

When derivatives are evaluated, this new Green's function

gives a much shorter form than that obtained from the
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Green's function of a clamped circular plate. Consider

3

.

g§¥ for example. The new Green's function gives

SET = unD I; (x-£)2+(y-n)2 q(g,n)d€dn

 

33w 1 {f,(x-€)3+3(y-n)2(x-€)

2N(x-€)3+3(y-n)2(x-E)

+ E (x-£)2+(y-n)2
P§<a,n)} (25)

while the old Green's function produces a very tedious

expression.

In order to assess the advanteges of using this new

Green's function, the previously-solved example problems,

i.e., square plates, are repeated. The results are un-

changed. However, the saving of computing time is large,

approximately sixty percent, as shown in Table 3.

As an illustration of the capability for solving

plate problems with odd plan forms, a simply supported

and uniformly loaded equilateral triangular plate has

also been treated; see Figure 6. For this triangular plate,

each side is ten meters long and discretized into ten boun-

dary points. There are, therefore, thirty boundary points

in all. To simulate the evenly distributed loading con-

dition of one Newton per square meter, one hundred 0.0333

Newton concentrated forces are placed at the centroids of

the one hundred little equilateral triangles which form

the plate. The sixty fictitious forces are equally spaced

along two contours four and six meters away around the

plate boundary. The results are compared with the exact

solutions obtained from [1] shown in Table 0 and Figure 7.

The errors are quite small.

With the new Green's function and all the other sim-

plifications, the formulation of the new method becomes

neat and simple. All the boundary condition equations can

be written explicitly. Similar to Eqs.(22), we now have
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 = -ffq(€.n){(n2+vn2)[ 2(x-g)2 + 1 +£n(X-€)2+(y-n)2]

R X Y (x-a) 2+<y-n>2 a2

2(x-€)(y-n) (26e)

(X-€)2+(y-n)2

+ 2(1-v)n n

X Y

2 2

+ (n2+vn2)[ 2(y-n)2 + 1 +£n(X-€) :(y-n) ]}d€dn

(X-€)2+(y-n)2 a

if1(x,y) is on Bf. Note that the common constants such as

TEFB’ involved in both sides of the equations have been

deleted.

With the new Green's function and boundary condition

equations, and following the same numerical procedure shown

previously to solve a set of ZNXZN linear algebraic equa-

tions for the unknowns of 2N fictitious forces, a general

isotropic plate problem with arbitrary plar form, loading

and boundary conditions can be solved. Although there are

many improvements from the original boundary integral method

[9], there are added numerical questions to be studied. In

the original method, the radius of the fictitious plate

involved in the Green's function is the only value to be

chosen before analysis. An imprOper selection of this radius

will result in poor solution accuracy. Fortunately, it has

been found that good results can be obtained for a wide

range of values of this radius. Take a 10m square plate for

example. No change in solution has been noticed for values

of this radius selected between 80m and 8000m.

For the new point-force method, on the other hand, in

addition to the reference radius a in Eq.(20), the locations

of the fictitious forces must also be determined. It has

been observed from the numerical tests of this 10m plate

problem that the fictitious forces must be placed within
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a narrow band 1m to 10m away from the plate boundary. Less

accurate solutions will result if they are placed within

1m from the boundary, and no solution can be obtained if

they are located farther than 10m away. It is conceivable

that, like the boundary integral method, when the fictitious

forces are too close to the boundary, it is impossible to

get good results for those field points near the boundary.

This is simply due to the fact that the boundary condi-

tions are not satisfied everywhere along the boundary, but

at those discretized boundary points only. On the other

hand, when these fictitious forces are placed too far from

the plate boundary, the influence due to each individual

fictitious force is so weak that together with computing

truncation errors, the RM matrix may become ill-conditioned.

Some results for a 10m clamped square plate are shown

in Tables 5 through 8 to illustrate the change of solutions

when fictitious forces are placed at different locations.

Tables 5, 6, and 7 are for double-looped fictitious forces,

and the double 100ps are at 0m and 6m, 1m and 3m, and 0.5m

and 2.5m away from the plate boundary, respectively; see

Figure 5 for reference. Table 8 is for a single-looped

approach. That is, all the 2N fictitious forces are distri-

buted along a single contour surrounding the plate. This

contour is 0m away from the plate boundary; see Figure 0

for reference. The results are compared with the exact so-

lution published in [1]. The five locations indicated in

these tables correspond to locations 1,6,10,13 and 15 shown

in Figure 5. The discrepencies between MK and My of the

exact solution were due to the fact that they were obtained

from truncated infinite series solutions.

The computer program for isotropic plate problems with

arbitrary plan form, loading, and boundary conditions using

this simple point-force method is shown in Appendix C. It

is believed that for a plate of any size and shape, good

solution accuracy can be achieved if the locations of fic-

titious forces are selected properly. The determination of
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of these locations may not be an easy task, and this nu-

merical question requires further study.

On the other hand, for multiply connected plates,

seemingly there will be difficulties if the "holes" are

small and many boundary points are prescribed at the holes,

since placing many fictitious forces in a small area inside

a hole will certainly lead to numerical problems. Further

study is needed in the search for optimum locations for

fictitious forces.

III.2 ANISOTROPIC PLATE PROBLEMS

Due to the increased use of composite and multilayered

plates for strength and weight reduction, anisotropic plate

problems are becoming more and more important. With mid-

plane symmetry of the material properties, the governing

equation is Eq.(3), and the boundary conditions are given

by Eqs.(S) and (7). They are far more complicated than when

the plate is made from an isotrOpic material. Finite dif-

ference and finite element methods are generally used to

obtain a solution. In this dissertation, a new numerical

method is introduced. Using the Green's function for an

anisotropic infinite plate and the same point-force tech-

nique shown previously, solution of an anisotropic plate

problem with arbitrary plan form, loading, and boundary con-

ditions is obtainable.

Since general anisotropic problems are very difficult

to solve, they are often reduced to orthotropic problems

through coordinate transformation or approximation, whenever

possible. Therefore, orthotropic problems will be discussed

first. For an orthotropic material, there are three mutually

perpendicular planes of symmetry with respect to the elastic

properties of the material, and the problems are greatly

simplified compared with general anisotropic problems. In

practice, it appears that orthotropic problems are more
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common than the general anisotropic plate problems. Rein-

forced decks in civil, marine, and aerospace engineering,

and plates made of layered composite materials are typical

examples.

III . 2 . 1 ORTHOTROPIC PROBLEMS

For an orthotropic problem, the governing differential

equation, Eq.(2), is a special form of Eq.(3), the equation

for anisotropic problems, with D16=D26=0. The boundary con-

dition equations are also simpler than those for their aniso-

tropic counterparts; see Eqs.(0) and (8). It is due to these

simplifications that solutions are obtainable for many pro-

blems. Bares and Massonet [22] used a beam and grid analogy,

Vinson and Brull [23] used a power series expansion, and

Rajappa [20] tried a Maclaurin's series. In addition, the

application of finite difference method is clearly presented

by Szilard [7], and the theory of finite element method is

explicitly shown in Zienkiewicz's text [8]. For classic

approaches, texts [10,26] of Lekhnitskii and Huber, res-

pectively, are probably the most important.

For an orthotropic material, if the geometric coordi-

nates are aligned with the principal material directions,

the governing differential equation for equilibrium can be

shown in Eq.(2). There are four material constants, namely

Ex’ Ey’ Vx' and ny, where Ex and By are the two Young's

moduli evaluated along the x and y directions, respectively;

Xx is the Poisson's ratio in the x direction due to normal

stress in the y direction; ny is the shear modulus. The

other Poisson's ratio vy is related to Xx by Betti's reci-

procal theorem
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and therefore is not an independent material constant.

In order to apply the new point-force method, the first

requirement is to find the Green's function of some appro-

priate problem. There are two Green's functions readily

available for a simply supported rectangular plate, namely

Navier's double series solution and Levy's single series

 

  

 
 

 

 
 

 
 

solution:

“b3.».nsin:2€ sinmg: sing-g-Il sin§%X

C(XIY;€IT1)= Ind (27)

n“a Dx (——$’+2H(n%m)2+ Dyn

m=1,2,3,... , n=1,2,3,

and

G(le;gln)=M31)D .(82_AITI§ n3 X

KY

(28)

Bsinhnnxéa-E)sinhnglx Asinhnngm-g) sinhnflgx]

x[ -

sinhnnga sinhnflga

n=1,2,3,

for 0§x<£; and substitute x by (a-x) and (a-fi) by E for

Efxfa, where B and A are the roots of the characteristic

equation (which will be discussed later), a and b are the

dimensions of the rectangular plate, and i and n are the

location of the point force. It is known that the Navier's

double series solution converges slowly. However, due to its

simplicity in higher order derivatives, it was also tested

along with Levy's single series solution. Before the full

development for orthotropic problems, these two Green's

function were evaluated for their efficiency in isotropic

problems. For a square plate under uniformly distributed

load, the results were disappointing for both approaches.

For a solution accuracy greater than ninety percent, more

than one hundred terms of Levy's series were needed, and the

number is even higher for Navier's series. The computing
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costs were formidable. Therefore, the idea of using either

approach was abandoned.

Since the fast converging Levy's series failed to yield

satisfactory results in the application of the point-force

method, it was clear that the Green's function to be adopted

for the method must be in closed form. One of the currently

existing Green's function in closed form is given in [12]

for an infinite plate. Depending on inter-relationships

among the material constants, this Green's function contains

a group of three independent equations. These equations are

derived in terms of several new material parameters. There-

fore, it is necessary to introduce these new material

parameters prior to the presentation of the governing equa-

tions. Let

D

— —— and a“ = .33 (29)
D

then, the governing partial differential equation, Eq.(2),

can be re-written in the form

W+ 2 €28“w(x’ ) +El’auw(xl ) = (XI ) 30

o —————-X—- -—————X—- 9———X— ( )
30y BXZQYZ 3X1. Dy 0

Since the Green's function is the solution for the Dirac

delta loading function of this equation, and this equation

can be integrated in its homogeneous form, i.e., q(x,y)=0

for (x,y)#(€,n), we can write the Green's function symbo-

lically as

D1D2D3DQG(x.y;€.n)=0. (31)

where the D's are linear differential operators, in the form
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of

.. 3 .2.
Di - 3y ri 8X (32)

and ri are determined as the roots of the characteristic

equation

r“ + 2p€2r2 + E“ = 0 (33)

These roots are either complex or pure-imaginary as shown

by Lekhnitskii [27]. That is, the roots are in the form of

= til . (30)

Depending on the value of 0, either greater than, equal to,

or less than unity, the values 8 and A can be easily deter-

mined by using either one of the following three equations,

8 = NOR/2;?“ A= END-fa}: (356)

B = E , A = 8 (35b)

for O>1;

for 0:1; and

B = U1+ iU2 , A U1“ iU2 (350)

for p<1, where
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It is clear that, depending on the material constants,

each of the three criteria must be considered. For an in-

finite plate, Mossakowski [12] has derived three different

Green's functions for these three different material types.

With

we have

(x-£)2+A2(y-n)2

a2

1

8NDO(BZ-x2

 

G(X.Y:€,n)= ){8[(x-£)2-AZ(y-n)fiin

-uAB(x-€)(y-n)[arc tglifiggi ’ arc th(x:2)]

n(x-£)2+BZ(y-n)2

a2

-) [ (X-E) 2-82 (y-:n)2]£

-3(B—1>[(x-a)2+xe(y-n)2]} (36a)

for p>1;

. .. 1 (x-g)2-t-e:2(y-n)2 (x-g)“+2p8(x-§)2(y-n)2+
€umn)u

G(XIYI€In)-3
2nDO{ U1 0n a“

_2[‘(X'€)2-EZ(y-n)2]+ arc tg 2U1U2U’0)2

U2 (X’€)2+D€2(Y’n)2

_2e2(x-§)(y-n)inplqy‘n)2+l(X-€)-p2(y-n)]2

”1'” 012(y-n)2+[(X-€)+112(Y’VH 2

_6[(x-€)2+ez(y-n)fl,} (36b)

U:

for p<1; and
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_ 2 2 _ 2

G(X.y;€.n)=Tg%EE;{[(x-§)2+52(y—n)2]gn(x
5) :: (y n)

- [3(X-£)2+€2(y-n)2]} (36C)

' for 0:1.

The second order derivatives of these equations are

also given in [12]. Since they are needed not only in the

boundary condition equations for a simply supported or free

edge, but also in the determination of bending moments after

fictitious point forces are computed, they are worth in-

cluding in the following. Other derivatives are listed in

Appendix D. There are three sets of equations, one set for

each Green's function.

   

   

 

32 _ 2 A2 _ 2 _ 2 2 _ 2
a ? =WD (;T_)\2T[B’Q'n(x 5) +2 (X n) _A£n(x 5) +5 (y 0) 1

X 0 a a

326 E2 _ 2+82 _ 2 _ 2+A2( _ )2

3Y2 =HNDO(32-A2)[B£n(x 5) a2 (y n) _A£n(x 5) a2 y n 1

32G _ 22 B( -n) A( -n)

$§F§‘2EDO(62-AZ)[3X° t9"T¥:ET ’ arc t9 x-E ] (37a)

for o>1:

 

2 =16wv 1 ‘ u

2 I, 2 _ 2 _ 2 0 _ 0

a G 1 L&JF<X-g) +206 (x E) (y n) +8 (y n)

O a3x

 

2u1u2(y—n)2 ]

-22 ICC tg 2 2 2

(x-E) +06 (y-n)

LI

326 £2 1 (x-a)“+2pe’(x-€)2ly-n)2+6“(y-n)“ +

ayz -i6flDo[TJ—l£n a“
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Zuwdy-n)2

(x-€)2+pez(y-n)2

2

+ ——— arc t

02 g

326 -52 1112(y-n)2+[(x-€)-82(y-n)]2
- 2n (37b)

BXBY '6"Do“1“2 u12(y-n)2+[<x-:)—u2<y-n)12

for p<1; and

 
 

 

 
 

 

 

32c _ 1 (x-€)2+ez(y-n)2 282(y-n)2

- 8neD [2n - 1
8x2 0 a2 (x-£)2+62(y-n)

326 = 8:0 [2n(x-€)2+€2(y-n)2 + 262(y-n)2

3Y2 0 a2 (x-€)2+62(y-n)

826 _ 1 e(x-€)(y-n)

Bxay 0WD 1 (37C)

0 (x-E)2+ez(y-n)2

for p=1.

Following the same numerical procedure as in isotropic

problems, orthotropic plate problems of arbitrary plan form,

loading, and boundary conditions can now be solved. The

added complexity is that depending on 9&1, there are three

sets of equations to be concerned with. In order to verify

the results for all the three possibilities, three sample

cases have been solved. Consider a simply supported 10m

square plate, and let Ex=2.O6BX105 MPa, Ey=EX/15, vx=0.3,

and h=0.01m. Varying p from 0.1 to 1.0 and 10.0, the accuracy

of all theses three sets of results of deflections and

bending moments are excellent when compared with the double

series solution shown in [1a], taking 000 terms. It is due

to the fact that the changes are minimal when more than 100

terms are taken in the double series solution, the 000-term

double series solution is believed very close to the exact
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one. The comparisons are tabulated in Tables 9 through 11.

The nine locations of field points are shown in Figure 8.

The large errors for the bending moments in the y

direction of Table 11 are somewhat misleading, because

their magnitudes are small in comparison with the bending

moments in the x direction. The computer program for these

examples is shown in Appendix E.

III . 2 . 2 ANISOTROPIC PROBLEMS

An anisotropic thin plate is considered as a plate made

with a material which has the mid-plane of the plate as the

only plane of material symmetry. It is due to the complexity

of its governing and boundary condition equations, Eqs.(3)

and (7), that efforts are always made to reduce anisotropic

problems to orthotropic problems. That is, methods such as

coordinate transformation are often tried to eliminate the

two material constants a16 and a26 in Eq.(3). This is, how-

ever, not always possible. In general, neglecting these cons-

tants often times will lead to large errors, [28]. Therefore,

though techniques to the solution of orthotropic problems

are more important than that of general anisotropic problems,

methods for the latter must also be developed.

Since a large number of anisotropic problems are related

to man-made layered composite materials, it is wise to review

a few references that will provide a better understanding of

composite anisotropic materials: [28] presents basic concepts,

fundamental equations, and many interesting illustrations;

[29] introduces many exotic materials, their mechanical pro-

perties and applications; [30] illustrates many matrix systems

and their characters; and [31] gives many studies of the

applications and their significant contributions to the aero-

space industry.

The solution of anisotropic plate problems is again
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Figure 8. A Simply Supported Orthotropic Plate.
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obtained using a known Green's function for an infinite

anisotropic plate [11,13] and applying a set of fictitious

forces surrounding the plate boundary such that all the

boundary conditions are satisfied. Similar to the previous

problems, the numerical procedure is to solve the 2NX2N

algebraic boundary condition equations for the unknown mag—

nitude of fictitious forces. The only added work is in the

determination of the complex roots of the characteristic

polynomial equation. IMSL computer subroutine ZPOLR has been

conveniently employed for this purpose.

The characteristic equation for the homogeneous solu-

tion of Eq.(3) is [13,1“],

D U
_
I

—
I

+20 D

12D 66 r2 + a 16 r +

22 2

D

r“+u—2-6-r3+2

D22

0 (38) 

m
)

U

k
)

n
:

where the roots ri are involved in the four linear differen-

. 3 3 . .
tial operators 3; - ri 5;, the same as in the orthotropic

formulation. Solving this fourth order algebraic equation,

the roots can be determined in the form of

= . 0 = i .r1'2 a i 18 , r3,“ Y 1A

They are all complex values as proved in [27].

For an infinite plate, the Green's function shown in

[13] is

, _ 1 (a-xlz-(Bz-AZ)D ,
G(X'Y'€'n)_8n022¢1¢2{ B “1(x.y.€.n)

(a-Y)2+(82-X2)
+ A R3(X:Y;€pn)

+ “(a-y)[S1(x,y;€.n)-S3(x,y:£.n)]} (39)
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where,

¢1 = (G’Y)2+(B'A)2 3 ¢2 = (G'Y)2+(B+A)2 3

R1(x,y:€.n)={[(x-€)+a(y-n)]2-BZ(y-n)2}

x {Rn1(x-€)+a(y-n)J2+82(y-n)2 _ 3}

a2

- “B(y-n)[(x-€)+a(y-n)]arc tg 8(y'”) :

(x-€)+a(y-n)

S1(X,y;£.n)= B(y-n)[(x-£)+a(y-n)]

x {Qn[(x-€)+a(y-n)]2+82(y-n)2 _ 3}

a2

+{[(X-€)+a(y-n)]2-Bz(y-n)8arc tg 8(y-n) :

(x-€)+u(y-n)

and R3(x,y;€,n) and S3(x,y;£,n) are obtained by replacing

a and 8 by y and A, respectively.

As with the orthotropic Green's function, the first

order derivatives are quite lengthy. The second order deri-

vatives, however, can be reduced to very compact forms.

Since they are the most important derivatives, they are listed

here. Others are shown in Appendix F.

Q
)

26 1 {(a-y)2-(ez-x2)
 

L1(XIY;€IW)

(a-Y)2+(82-AZ)+ A L3(x,y;g,n)+u(a-y)[N1(x.y;E.n)-N3(X,y:€.nn}
 

(“0a)
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325 = 1 (02+82-2ay)(a2+82)+(a2-BZ)(Y2+A2)
ayz ”"D22¢1¢2{ 8 L1(X.y:€,n)

2 12-2 2 2 2' 2 2 2

+ (Y + ay)(j +A );(Y A )(a +8 )L3(x,y:€.U)
 

- “[a(Yz+Xz)-Y(02+82)J[N1(x,y;€.n)-N3(x.y;€.n)]} (“Ob)

 

326 1 {(a-zy)(a2-Bz)+a]yz+12)

BBxay- UND22¢1¢2 L1(XIY7€IU)

-. 2A2 22

+ (Y 2&)(Irf‘ );Y(a +8 )L3(X,y;€.n)

+ 2(a2+82-12-12)[N1(x,y;€,n)-N3(x.y:€,n)]} (ADC)

where,

£n[(x-E)+a(y-n)]2+82(y-n)2

a2

L1(XIY7€IU) =

8(y-n)

(X-€)+a(y-n)

N1(X.y:€.n) arc tg

and L3(x,y;€,n) and N3(x,y;€,n) are obtained by replacing

a and B by y and A, respectively. It is worth noting that

Eqs.(39) and (“0) can be easily reduced to Eqs.(36) and (37)

by making a=y=0 for p>1.0; a=u2, Y=-U2, B=l=p1 for p<1.0;

and a=y+0, B=l+e for p=1.0.

Following the same numerical procedure shown in the

previous two sections, using the new point-force method,

the solution of an anisotrOpic thin plate problem with

arbitrary plan form, loading, and boundary conditions can
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be obtained. For the verification of results, however, due

to lack of exact solutions available for anisotropic problems

to be compared with, a different approach must be taken. An

orthotropic plate problem will become apparently anisotropic

if the geometric coordinates are made different from the

principal material directions. Therefore, solutions of ortho-

tropic plate problems can be used to validate the equations

for general anisotropic problems. This approach can be summa-

rized in four steps as shown in the following. First, an

angle of rotation for the geometric coordinates is chosen ar-

bitrarily, and corresponding to the new coordinate system,

locations of the boundary points, the fictitious forces,

the field points, and the unit outward normals of the boundary

points are determined. The second step is to compute the six

flexural rigidity constants Dij used in Eq.(3), [1“]. The

next step is to employ the Green's function of the infinite

anisotropic plate to solve the pseudo-anisotropic problem.

The final step is to determine the displacements and bending

moments at the prescribed field points in the original coor-

dinate system using coordinate transformation, and then make

comparison with the orthotropic solutions.

With this validation method, orthotropic plate example

problems shown earlier with all the three types of p, i.e.,

‘greater than, equal to, and less than unity have been tested

against four coordinate rotation angles, namely 15, 30, “S,

and 60 degrees. The discrepencies of results were Within one

percent and were believed to be due to truncation errors

during the added numerical processes. The computer program

for this validation is shown in Appendix H, while the pro-

gram for a general anisotropic plate problem is shown in

Appendix G.

It must be noted that the two flexural rigidity constants

and D26

of Eq.(3). In order to investigate the influence due to

D16 are based on the two material constants a16 and

a
26

these two material constants, several sample problems using

a simply supported square plate have been tested. Since the
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the material constant matrix shown in Eq.(3) must be positive

definite, a16 and a26 were selected to be less than a11 and

a22, respectively. Under this condition, take four typical

cases with a16=0’1/Ex’ a26=0.1/Ey; a16=0.9/Ex, a26=0.9/Ey;

a16=0'1/Ex’ a26=0.9/By; and a16=0.9/Ex, a26=0.1/Ey for example,

it has been found that the differences in displacements and

bending moments were smaller than one percent. However, when

the shear modulus ny is small in comparison with EX and By,

a16 and a26 can be made greater than a11 and azz; their con-

tribution to the solution may become significant.



CHAPTER IV

CLOSURE

Starting from a boundary integral equation method for

an isotropic thin plate problem with boundary clamped or/and

simply supported, a very efficient numerical solution to

problems with arbitrary plan form, arbitrary loading and

boundary conditions, and anisotropic material, has been

develOped. The method uses the known Green's functions of

isotropic, orthotropic, and anisotropic infinite plates. The

problem is solved after the real plate is embedded in the

fictitious infinite plate, and the boundary conditions at

the N prescribed boundary points are forced to be satisfied

with an imposed set of 2N calculated fictitious forces located

somewhere outside the plate boundary. Though no efforts have

been made to compare with the two leading numerical methods,

the finite element and the finite difference methods, it is

believed that the new method has the following two advantages:

(1)since the Green's function is the exact solution to a point

force problem, and there are no assumed polynomials for results,

high solution accuracy is expected; (2)due to the fact that

the equations are simple, and the modeling is for the plate

boundary only, the current method is easier to use.

Large percentage errors indicated in all tables are some-

what misleading. Take the simply supported triangular plate

problem for example. Percentage errors shown in Table u are

huge at certain locations. However, the real errors are small

as shown in Figure 7.

During the deve10pment of the current method, it was found

that though series type Green's functions were easy for

6“
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formulation, they were not suitable for the current method.

This was due to the fact that large number of terms of the

series were needed to provide acceptable solution accuracy,

and this would lead to formidable computing costs.

Though the current method is efficient, numerical ques-

tions remain. An imprOper choice of the locations for the

fictitious forces may result in poor solution accuracy or

no solution at all. Therefore, in order to take full advan-

tage of this method, some further studies should be made so

that the locations of fictitious forces chosen will bring

optimum results. In the meantime, due to the involvement of

many "looped" summing processes, Eqs. (19), (21), (22), and

(26), it is also necessary to do sensitivity studies to

minimize the numbers of boundary points, fictitious forces,

and internal forces for least computing cost.

All the five computer programs developed for this thesis

research are shown in Appendices B, C, E, G, and H. The first

is for the boundary integral method. It uses the Green's

function of a clamped circular plate. The second is for the

new point-force method for isotrOpic problems. The third

and the fourth are for orthotropic and anisotropic problems,

respectively. The fifth is a method employed to validate the

equations for general anisotropic problems, using exact

solutions for orthotropic plate problems. All these computer

programs are coded in FORTRAN, and their flow chart is shown

on the next page, Figure 9.
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Do a coordinate transformation

with an arbitrary rotation

 

Read input values

and create the model.
  

Appendix H only

Appendix G only-1

y

angle and create a pseudo-

anisotrOpic problem from the

orthotropic problem.   

 1

Set up the fourth order poly-

 

 

  
Determine the values

involved in the RL vector

nomial characteristic equation

and use IMSL subroutine ZPOLR

to compute complex roots.

1

   

  
with the known load dis-

tribution function.    

 

Set up the RM matrix

and solve the ZNXZN

linear algebraic equation

using IMSL subroutine

LEQT1F.   

 )
 

Use the determined fictitious

forces (and moments) to com-

pute the deflections and

bending moments at the pre-

scribed field points. 

-Appendix H only

 

Transform the bending moments

back to the original coordinate

 

  

system and compare with the

known orthotropic results.   

  
End

Figure 9

The flow chart for the programs

shown in Appendices B, C, E, G, anqu.
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APPENDIX A

DERIVATIVES OF THE GREEN'S FUNCTION

FOR A CLAMPED CIRCULAR PLATE



APPENDIX A

DERIVATIVES OF THE GREEN'S FUNCTION

FOR A CLAMPED CIRCULAR PLATE

The Green's function shown in Eq.(10) can be written as

2

 

 

G(X.y;€,n)= 75%5{(1-r12)(1-r22)+r122£n 2r12 2 2}

(1-r1 )(1-r2 )+r12

2 2 2 2 2 2

where, r2: .x_+_X_, r2: _€_:_D_' and r = (x-E) +(y-n) .

1 a2 2 a2 12 a2

For simplicity, from now on the variables x, y, E, and n

are all made non-dimensional. That is, the variables x, y, E,

and n shown in the following equations are actually the ratios

x E .
of 3' g, 3, and 2, respectively.

 

 

as a2 r122(x'r22'€)
-— = -—ix-r 2- g -
3X 8WD 2 (1'3? 2) (1_r 2)+r 2

1 2 12

2

r

+(x-£)£n 2 12 2 2}

(1-r1 )(1-r2 )+r12

as a2 2 r122‘y'r22’”)
 

_ 2 _ 2 2
(1 r1 )(1 r2 )+r12
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2
r
12 }

- 2 - 2 2
(1 r1 )(1 r2 )+r12

 

+(Y-n)£n

r122(§-r12-x)

 

3: ”6%g{5°r1 ' X “
(1-r12)(1-r22)+r 2

 

 

 

 

 

 
 

 

 

12

2

r

+(E-x)£n 2 12 2 2 }

(1-r1 )(1-r2 )+r12

2 . 2-

39 - -—3—{ . _ r12 (” r2 Y)

an - 8wD n r2 y - (1-r 2)(1-r 2)+r 2

1 2 12

2

+(n-y)£n r12 }

(1-r1 )(1-r2 )+r12

- _ . 2 _ 2, 2

325 = a2{r 2 + 2(x-€)2+ “(X €)(€ x r2 ) r12 r2

2 8ND 2 2 - 2 - 2 2

8 x r12 (1 r1 )(1 r2 )+r12

2r 2(E-x-r 2)2 r 2

+ 12 2 2 2 2 3 2n 2 12 2 2 }

[(1-r1 )(1-r2 )+r12 ] (1-r1 )(1-r2 )+r12

- - . 2 - _ , 2

326 = a2{2(x-§)(y-n) + 2(Y ”)(E x r2 )+(X €)(n y r2)

Bxay 8111:) 2 _ 2 _ 2 2

r12 (1 r1 )(1 r2 )+r12

2_.2 _.2
+ 2r12 (E x r2 )(n y r2 )

 

- 2 - 2 2
(1 r1 )(1 r2 )+r12

.. _,2_ 22

“(Y n)(n y r2 ) r12 r2

 

2 _ 2

v - $113“ —Y-D—2‘’ + - 2 - 2 2
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2r 2(n_y.r 2)2 r 2

+ 12 2 22 2+2n 2 12

_ - 2 2
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APPENDIX C

COMPUTER PROGRAM FOR THE POINT-FORCE METHOD

PROGRAM NENPLCLlINPUT.OUTPUT.TAPE5=INPUT.TAPE6=OUTPUT1 000001

000002

l'l'l‘!ORI!ROIRIRQRQRIOINQIIRINGRINNNNI'IIIRIRIRON.IGRIRIOIINIIIRIINNIO00O03

POINT FORCE HETHOD FOR ISOTROPIC PLATE SENDINS PROBLEHS *'**l

ARBITRARY PLAN FORH. TRANSVERSE LOAD. AND BOUNDARY CONDITIONS

REQUIRED INPUT VALUES ---

NEP =NUNSER OF BOUNDARY POINTS

NIP =NUH8ER OF INTERNAL LOAD POINTS

NFP =NUNBER OF FIELD POINTS

XB.YB =POINTS ON 8 AT HHICH B.C. ARE SATISFIED.

BANX.BANY =COHPONENTS OF UNIT NORNAL TO 8 AT X89YB.

XXBoYYB =END POINTS OF HESHES AROUND 8 "HERE FICTITIOUS

FORCES ARE ASSIGNED.

XF9YF =FIELD POINTS

XIgYI =INTERNAL LOAD POINTS

PR =POISSON'S RATIO

EVALUE =YOUNG‘S HCDULUS

NVALUE =PLATE THICKNESS

RADIUS =RAOIUS OF THE FICTITIOUS CIRCULAR PLATE OF HHICH

THE DISPLACENENT AT THE CIRCUHFERENTIAL BOUNDARY

IS SET TO ZERO.

NBTYPE =BOUNDARY CONDITION TYPE AT EACH BOUNDARY POINTS

NBTYPE = 1 --- CLAHFED

NBTYPE = 2 --- SIHPLY SUPPORTED

NBTYPE = 3 --- FREE
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000031

flflilflll‘ll§illflflilflii§hRRRRRIIORI{IliRiifllflililflfifilQillfilfiliiilllilliloo0032

DIHENSION X81401.YB(40)cXXB(81).YYB(81)pNBTYPE(40)

DIHENSION XI(10019YI(100)oDEL121

DIHENSION R8(8019RN(80980)oPS(80).HKAREA(80).RL(80)

DIHENSION XFlIBIngFIIBI).H(IOI):BHX(181198HY(1811

DINENSION BANXl401pBANYl40)

100 FORHATIIOLOCTiabxoSXBI98X.‘78‘97X9‘ANX‘98Xs3ANY‘oRXo’NBTYPE‘.

O/‘DI/(1594F10.491511

110 FORMAT(ROLOCTI.IIXoRXXBi,IRXo‘TYBi/ioi/tI4.8X.F9.2.8X.F9.2l1

200 FORHAT (IDLOCTioIIXTIXI‘917X9’YI'p14X9/101/

OIIQvIIX9F6.2oIIXOF6.311

300 FORNAT IIOLOCT‘v19Xo’NLO‘oSQX1‘RLSP/IOI/IIQ’QXvE20.8|16X9

1E20.811

400 FORHAT I31LOCT’919X9IPSP3/‘O3/lI4.8X.E20.O)1

500 FOR"A1(‘OLOCT"IIXO‘XF‘017X9‘YF’/’o:/IIQOIIXOF6-39IJXOF603))

600 EORNATIIHIoGXo'NODE"IZXEXF‘916X9'YF’919X9‘H‘.16Xy‘BHXFp

116X.IBHY1/(1H0.I10.2F20.1093E20.IZ))

700 FORHATIIHIo‘INPUT VALUES .....Iu//1X.1NBP 3 ‘oI3o‘ NFP 3':139

9‘ NIP 3 ‘9139‘ PR 3 ‘uF5.39

I/INOoITOUNGS HODULUS 3 IoEI4.891 RADIUS OF THE PLATE 3 ‘9

6F7.1.¢ THICKNESS OF THE PLATE 839F6.31

INPUT VALUES ..

READI59')NS°.NIP.NFP9PR,EVALUEvRADIUSpNVALUE

NRITEl6o700)NDP.NFP.NIP.PRoEVALUEpRADIU59HVALUE

90
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000055

000056

000057

000058
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91

READI59'1IXBII):1=19NBP1

NEAD‘S.‘1(YBIII.I‘1:N3P1

READISo'IINBTYPEII1.1319N3P1

READ15g'IIDANXI11:1319NBP)

READISoPIIBANYIIonzlvNBPI

"RITEIDuIDO1(19XBIIIoTBIIIoBANXII1.5ANYII)oNBTTPE(I)

191:19N5p1

C ASSIGN LOCATIONS OF FIELD POINTS. (XFoTF).

C

C

41

42

43

44

X0=5.08Y0=5.0

XFII)=10.-XOOYF(1)=-10.¢YO

00 41 1:2.11

XF(I)=XF(I-1)-0.S

YFtI)=YF(I-1)

00 42 J=1.10

K=J'17

00 42 1:1.11

XFIIoKT=XF(I)

YFtIoK)=YF(I¢K-17)+1.0

XFIIZV=10.-XOQYF(12):-9.S¢YO

DO 43 1:13.17

XF(I)=XF(I-1)-1.0

YFII)=YF(I-1)

DO 4“ J=199

K=JI17

00 44 1:12.17

XF(I+K)=XF(I)

YF(I+K)=YF(I*K-17)¢1.0

READ(5.*)IXI(I).I=1.NIP)

READ(5.*)IYI(I).I=1.NIP)

C ASSIGN LOCATIONS OF FICTITIOUS FORCES. (XX8.YYBD.

C

25

26

27

NBP2=NBPl2$NBP2P1=N8P2*1

N8PP1=NEP+1

DIST1=4.0 0 DIST2=2.0

DELII!=(10.02.lOIST1)/10.

DEL!2)=(10.42.'OIST162.*OIST21/10.

XXB!1)=5.¢DIST1-DEL(1)8YYB(1)=-5.-OIST1

XXBI41l=5.+DIST1+DIST2-OEL(2)SYYB(41)3-5.-DIST1-DIST2

DO 28 J=1.2

DELT=OEL(1101F(J.EO.2)OELT=DEL(2)

DO 25 I=2o10

K=I

IFIJ.EO.21K=KO40

XX8(K1=XX8(K-11-DELT

YTBtK)=YY8tK-11

DO 26 1:11.20

K=I

IFtJ.EO.2)K=K+40

XXBIK13XX8tK-1)

YYE(K)=YY8(K-1)ODELT

DO 27 1:21.30

K31

IF!J.EO.2)K=K§40

XXBIK1=XX8(K-114DELT

TY8(K1=YT8(K-11

DO 28 1331940

K=I
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000085

000086

000087

000088
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000090

000091

000092

000093

000094

000095

000096

000097

000098

000099

000100

000101

000102
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000106
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000115

000116

000117

000118

000119



28

C SET

C

C FOR

C

17

C

C FOR

C

92

IFIJ.EO.21K=KO40

XXB!K)=XXD(K-1)

TYOTKD=TY8(K-11-DELT

XXDC8118XX8(411 8 YY8(811=YY8(41)

NRITE(6v110)(IoXX8(I).TYB(I).I=19NBPZP1)

NRITE(6o500)IIoXF(IDoYFlIioI=1.NFP)

NRITE!6:200!(I.XI(I),YIlI).I=19NIP)

DPLATE=EVALUEPHVALUE"3/(12.i(1.-PR"2)I

PI=4.'ATAN(1.)

COEF1=1./(16.'PI*DPLATE)

COEF2=COEF1'2 8 COEF4=COEF2"2 8 OLOAD=1.0 8 R2=RADIUS*'2

UP THE RL VECTOQ AS SHOHN IN APPENDIX A.

DO 5 I=1oNBP

NL‘I)=D.D

RL(I‘N?P1=D.D

31X=XB(I)

H1Y=YBIII

‘Nx=OANX(I1

‘NY‘B‘NYII’

00 O leoNIP

NZX=XI(J)

R2Y=YIIJ1

thfllx-N2X822331T-RZY891233Z19929129'2

,zs=ALostnle/n2)

IF1N3TYPE(IJ.EQ.3)GOT0 18

NL1II=NL(I)-°LOAD'(R12$'ZS1

IF‘NBTYPEII1.EG.IIGOTO 17

SIMPLY SUPPORTED EDGE: ONLY ---

ZIS=ZIPI2 O ZZSIZZPIZ 0 ANXS=LNXII2 s ANYS=ANYIfi2

PLII¢NBPJ=RL(I#NBP)-OLOAD!(l2.§ZlS/P125¢1.oZS)IANXS

044.PZIPZEIRIZSPANXGANY¢(2.4223/P12361.025)IANYS)

SOTO 6

CLAHPED EDGE: ONLY ---

RL!IQNBP)=RL(IONBP)-0L0AD'lZlGANX022*ANY)fil1.+25)

6070 6

FREE EDGES ONLY ---

18 218821.92 0 Z28=Z2*'2 8 ANXSSANX'IZ 8 ANY5=ANY"2

6

R1288=012$*52

NL‘I)=RL(Il-OLOADNT(ANXSOPR*ANY$)‘(2.'213/312$§1.§ZS)

99(4.l(1.-PR)CANXPANY)lZl'ZZ/RIZS

ootANYSoPR'ANXS1'12.‘ZZS/912801.925))

CISANX'(I.OANY8!II.-PR))

C2=((2..PR-1.1‘ANX36‘2.-PR)GANYSIIANY

C3=((2.IPR-1.)GANYS412.-PR)PANXSIIANX

C4=ANYnI1.¢ANXSuI1.-PP))

RL‘IoNBPl=RL(I4NBPI-OLOADIICIPZIOI21543.5223)/Rlzss

oocz«zz-t223-213)xnxzssocs'zI-tle-zzsvxn1zss

00C4l22'(2289218'3.1/l1235)

CONTINUE

5 CONTINUE

C

C SET UP THE RN HATRIX A8 SHONN IN APPENDIX 8, AND NOTE THAT

000120

000121

000122

000123

000124

000125

000126

000127

000128

000129

000130

000131

000132

000133

000134

000135

000136

000137

000138

000139

000140

000141

000142

000143

000144

000145

000146

000147

000148

000149

000150

000151

000152

000153

000154

000155

000156

000157

000158

000159

000160

000161

000162

000163

000164

000165

000166

000167

000168

000169

000170

000171

000172

000173

000174

000175

000176

000177

000178

000179



93

C FICTITIOUS FORCES ARE LOCATED AT THE CENTER OF THE ASSIGNED HESHES.

C

C

C SOLVE THE SET OF LINEAR EQUATIONS TO DETERHINE THE FICTITIOUS FORCES.

C

C

C COHPUTE DISPLACEHENTS AND SENDING

C

DO 8 I=1oN5P

N1X=XD(I)

RITzTDCI)

ANX=8ANX(I)

ANT=8ANY(I)

DO 7 J=1.NEPZ

R2X=IXX81JOII¢XX8(J))/2.

I2Y=¢YT81J¢11¢TT8(J))/2.

IF(NOPTION.EQ.2.0R.J.NE.NBPDGOTO 33

N2X=(XX8(1)¢XX8(NBP))/2.

R2Y=(YY8(1)¢YTBIN8P))/2.

33 CONTINUE

21:31X-02X8223R1Y-R2Y89123=21"2‘Z2'*2

25=ALOG(R125/RZ)

IFlNBTYPE(I).EO.3)GOTO 19

RH(1.J1=R12S'ZS

IF(N8TYPE(I).EQ.1)GOTO 20

215321'l2 9 225322'62 8 ANXS=AN¥DPZ 0 ANYS=ANY**2

RHTIONBP.J1=((2.”215/R12501.+25)'ANXS

064.'Z1'22/R125'ANXiANY§(2.'22S/R12501.025)IANYS)

SOTO 7

20 RH!IoNDP.J)=(ZI*ANXOZZ'ANY)l(1.425)

SOTO 7

19 ZIS=Z1"2 8 2233229'2 8 ANXS=ANX*‘2 0 ANYS3ANYil2

R1235=P128P§2

RHII.J)=((ANXS+PRIANYS)'(2.'Z1S/Rl2501.025)

oot4.fi(1.-PP)uAquANY)«z1§ZZ/Plzs

00(ANYSOPRPANXSIit2.PZZS/R125*1.025)l

C1=ANX'(1.0INYS'l1.-FR))

C2=((2.|PR-1.)lANXS¢(2.-PRlflANYS)IANY

C3=(Iz.-PP-1.liANYS+t2.-PP)IANXS)«ANX

C4=ANYit1.¢ANXSI(1.-FP))

PH(IoNBP.J)=(C1!21¥(21503.!ZZST/Rlzss

.0C2522!(zzs-21s)lR12586C3421fitle-ZZS)/P1255

+0C4'zz'(2250218l3.l/PIZSST

7 CONTINUE

O CONTINUE

CALL LEOT1F(RH.1.N8P2.N8P2.RL.0.NKAREA.IER)

DO 29 I=I.N8P2

29 PSIID=RLII)

HRITE (6.400) (I.PS(I).I=1.NBP2)

DO 9 1:1,15

Ht1)=0.0

DHXTIT=0.D

DHY(1)=0.0

9 CONTINUE

DD 14 1:1.15

l1x=xrl11

I1T=YP(1)

DD 13 J=1.N1P

a2x=x1(J)

PZY=YIIJT
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21:91x-R2x822=91Y-RZY8R125=21I!2022**2

215:218'2 8 ZZS=ZZPPZ

ZS=ALOG(RlZS/RZ)

H11)=N(I)oCOEFII(012S'ZSTl0LOAD

26:1.62.!ZIS/R128*25 8 Z7=1.¢2.IZZS/R12$+ZS

Z8=0PLATEICOEP280LOAD

EHX(I)=BHXII)-288(Z6OPR!Z7) 8 8HY(I)=8HY(I)-28*(Z78PR426l

IFTI.GE.2)GOTD 13

13 CONTINUE

14 CONTINUE

00 16 1:1.15

01X=XFTIT

RlY:YF(I)

DD 15 J=1.NBP2

R2X=tXX8tJ¢114YXBtJl)/2.0

02Y=1TYBTJ¢1)¢YYB(J))/2.D

IFTNOPTION.E0.2.0R.J.NE.NBP)GOT0 11

RZX=IXX8(1)¢XXB(NBP))/2.

R2Y=lYYBIlT+YYBtNBP))/2.

11 CONTINUE

21:91x-PZX8ZZ=RIY-R2Y89125=21§‘2+22*I2

ZS=ALDGlR125/R2)

215=Zl¥42 8 ZZS=ZZIIZ

N(1)=N(I)+FS(J)ICOEF14(0128525)

26:1.02.'Z1S/R128625 8 Z8=1.¢2.8225/912$+25

211=PS(JTPCOEF2lZ6 8 212=PSIJTlCDEF2828

8HX(Il=8flXII)-DPLATEl(2110PRPZIZT

8HY(1T=EHYTID-DPLATE8(212¢PR*ZII1

15 CONTINUE

16 CONTINUE

NR!TE(6.6DO)(1.XF(I).YF(1).H(I).8HX(I).BHY(I).I=1.15)

END

4D.1DD.181.D.3.3D.E6.80..D.4

“.583.592.5’1.590.59’°.59'1.50'2.59'3.59'4.5610"5.o

-4.5.-3.5.-2.5.-1.5o'0.590.5.1.5.2.5.3.5.4.5.10*5.

10'-5..-4.5.'3.5.'2.59'1.5.-0.5.0.5.1.5.2.5.3.5.4.50

10.5.94.593.5p2.591.59°.59’0.59'1.59'2.59'3.59'“.5

“0‘2

10‘0. .108-1..10ID..1D!1.

10'1 )10‘0..1°'1.61°‘D.

‘. 503.592.59 1 5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5.

4.503.592.591. 5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5.

4.503.582.59159° 59-0.56“!.50’2.56‘3.59-“.59

4.593.592.591. 58°. 5.-0.5.-1.5.-2.5.-3.5.-4.5.

4.593.562.501 59°. 5.-0.5.-1.5.-2.5.-3.5.-4.5.

4.5.3.5.2.5.1.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5.

4.5.3.5.2.5.1. 5. 0. 5.-D.5.-1.5.-2.5.-3.5.-4.5.

4,5.3.5.2.5.1. 5. D. 5.-0.5.-1.5.-2.5.-3.5.-4.5.

‘.5p3.502.591.59O.§o'°.59'1.30'2.56'3.59‘6.50

‘.593. 562.591590.59’°.56'1.5"2o56'3. 5"“.59

104-4. 5.10'-3.5.10'-2. 5.108-1. 5.10'-0.5.

1010.5.1081.5.10'2.5.1083.5.10'4.5
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APPENDIX D

DERIVATIVES OF THE GREEN'S FUNCTION

OF AN INFINITE ORTHOTROPIC PLATE



APPENDIX D

DERIVATIVES OF THE GREEN'S FUNCTION

OF AN INFINITE ORTHOTROPIC PLATE

   

For ; > 1.0:

’
_ 32 _ 2 _ 2 _2 fl. 2

X uwDOmZ-AZ) a2 a2 ,

+ 5{(x-£)f+>\2(y-n)2}_ mac—5) +8j’flfl 1+26‘W” arc t9 BEE/7:)

(x-i)‘+12(y-n)2 (x-£)2+B2 (y-n)2

- arc tg M¥:%)]- 3(x-i) (B-M}

ac;_ £2 (x-€)2+82(y-n)2 _ (x-€)2+A2(y-m2
a—y- (”Do8(81- AT) {(y- n)[82n a2 Min a2 

){(X‘E) 2+)? (Y'n) 2} +8{ (X'g) 2+82 (Y'n)2 } ] +2 (X’E) [arc tg_(.L._

(x-E) +12(y-n)2 (x-€)2+Bz(y-n)

- arc tg ngji]- 3(y-n) (B-M}

95
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x-E I B _ 1

9x3 21TDO(82-A2) (x-a) 2+12(y-n)2 (x-€)2+B2(y-n)2

83
x3 ]

(x-E) 2+B2 (y-n) 2(x-E) 2H2 (y-n) 2

3:9: «Zn-n)

3y2 2nDO(sz—A2)

 

   

   

a 3G -e2 (y-n) [ B .. 2‘

3x23y 21:90 (82-12) (x-g) 2+82 (y-n) 2 (x-g) 2+AZ (y-n) 2

a 3G -e2 (x-g) [ A _ B

8x8y2 ZwDo (82-12) (x-E) 2+A2 (y-n) 2 (x-n) 2+B2 (y-n)

For p < 1.0:

BG3‘; = 1 {£an (x-E) “+20€2(x-€) 257-71) 2+6”(y-n)" _ 6]

I;

161rDO 111 a

+ 2 [(x-E) 2+£2(1-n) 2] [(x-E)3 +062 (x-E) (y-n)2] _ 2(x-€)arc

“1 [(x—E) “+2062 (x-C) 2 (y-n) 2+6“ (y-n) “ ] “2

_ _ 2

+ (x—g)2— SKY-D)
2 . “Uluzbt 5) (Y n)

 

 

u2 Kx-€)2+p€2(yhn)2]2+[2u1u2(y~n)2]2

_ 62(x-n) Rn u12(yhn)2+[(x-€)-u2(ybn)]: -

u u
1 2 1112 (y-n) 2+[ (x-ng (y-n)] 2

_ 2

2111112 (y n)

 tg

(x-€)2+pe2 (y-n) 2
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_ 52 (X-E) (y-n) 2{ (x-E) -u2 (y-n)} 2{ (x-€)+u2 (y-n) }

“1“: 1112 GMT) 2+{ (x-€)-u2 (y-n)]2 1112(y-n) 2+{ (x-«SHIJ2 (y-n)}2

 

 1}

39.9. = 1 {_€2(y_-n).[£n <x—5)“+2oez(x-z)zg-n>2+€“(Y'm‘l 6]
3y 1671130 111 - a.2

 

+ 2{(x-£)2+€2(y-n)2}{0€2(x-€)2(x-n)+e“(y-n)2}+ 262(x-n) ,

u1{(x-€) “+2062 (x-E) 2 (y-n) 2+6“ (y-n) “} 112

- 2 - - 2

2u1u2(y n) “uluzw n) (x E)

_ (x-E) 2-e2(Al-n12,

(x-g) 2+pe2 (y-n) 2 112 [(x-§)2+oe2(y-n)2 ]2+ [Zulu2 (y-n)2]2

 

°arc

52(x-5),m “12(Y'”)2+ [(x-€)-u2(Y'-n)] 2_ e2(x-€)fl'n) .

“1.2 1112(y-n)2+[(X-€)+U2(Y’“)]2 “I“.

 

 
 

2U12(Y"T1) --2112{(x-€)-u2 (y-n)} 2u12(y-n) +2u2{ (x-E) +112 (y-n) }

 

 

1112 (y-n) 2+{ (3:49-112 (y-n) }2 1112 (17-71) 2+{ (X'§)+112 (y-n) }2

336 = _1_ { 1_ (x—€)3+pe2(x-€) (y-n)2

3 4'er Ll

3x 0 1 (x-g) “+2062 (x-E) 2 (y-n) 2+6“ (y-n) 2

 

2u1(x+€)(y-n)2

 +

[(x-C) 2+oc2 (y-n) 2] 2+[2u1u2 (y-n) 2] 2

336 _ 1 1 062 (x-E) 2 (y-n) + e“ (y-n) 3

2T" " “ms { r +
Y o 1 (ac-2;) “+2er (ac-g) 2 (y-n) 2+6. (y-n) “



33c;

8x28y

For p

2.9:

8y

98

21: Wm) (x-E) 2
+ 1
 

[(x-é) 2+oe2 (y-n) 2] 2+[2u 1112 (y-n) 2] 2

 

 

  

 

- £2 { (X’€)"U2 (y-n)

8flDoulu2 1J12(y_n)2+[(x.g)-p2(y’-n)]2

(x—EHu (y-n)

_ 2 }

ul2(y-n) 2+[ (X'E) +112 (y-n) 12

62(y-n)-u (X‘E)

= ‘ 22 { 2
8111301112212 1112 (y_n) 2+[ (x—E)-u2 (y-DH

:2 (y-n)+u2 (X-E)

1112mm 2+[ (x-Enwz (y-n)]

= 1.0:

(X-E) {2n (X-Q2+€2(J’fi) 2_ 2}

BNEDO a2

6 (x-n) 2n (x-E) 2+e2 (y-n) 2

811DO a2

1 (x-E) 3-82 (y-n) (x-é)

”"2120 { (x-E) 2+e2 (y-n) }2



99

3 3G e (y-n) 3 (x-E) 2+e2 (y-n) 2
 

  

   

23y3 “mo (x-EJ) 2+€2 (rm) 2

826 = 1 {52(y-n)2-(x-€)2}8(y-n) 2

8x23y “Do 2 2 2
{(x-€)2+€ (y-n) }

836 = 1 (x-§)2-e2(j-n)2€(x-€)

3x8y2 “Do {(x-i) 2+€2 (y-n) 2 } 2
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(
T
C
T
C
T
P
T
(
T
C
T
C
T
C
T
C
T
C
T
F
T
C
T
C
T
C
T
C
T
(
I
f
)
C
T
(
T
F
T
C
T
C
T
C
T
C
T
C
T
C
T
C
T
C
I
C
T
C
T

APPENDIX E

COMPUTER PROGRAM FOR AN ORTHOTROPIC PROBLEM

PROSRAH ORTPLCLIINPUT.OUTPUT.TAPE5=INPUT.TAPE6=OUTPUT) 000001

000002

NHNORGINIIIIRGINNINRRGNRRRINOINRNRNRNRRNNRUNRINRRIRNNIIINNRRNNRRNRRNNRO00003

POINT FORCE HETHOD FOR ORTHOTROPIC PLATE SENDING PROBLEMS.

ARBITRARY PLAN FM". TRANSVERSE LOAD. AND BOUNDARY CONDITIONS 8"

SHONN HERE IS AN EXAHPLE FOR A SIMPLY SUPPORTED SQUARE PLATE.

REQUIRED INPUT VALUES ---

NBP =NUNBER OF BOUNDARY POINTS

NIP =NUH8ER OF INTERNAL LOAD POINTS

NFP .=NUN5ER OF FIELD POINTS

X8.YB =POINTS ON 8 AT NHICH 8.C. ARE SATISFIED.

8ANX.8ANY =COHPONENTS OF UNIT NORHAL TO 8 AT X8.Y8.

XX8.YY8 =END POINTS OF HESHES AROUND 8 NHERE FICTITIOUS

FORCES ARE ASSIGNED.

XF.YF =FIELD POINTS

XI.YI =INTERNAL LOAD POINTS

VX =POISSON*S RATIO IN X DIRECTION.

DUE TO STRESS IN Y DIRECTION

EX.EY =YOLMG'S NOSULI IN X AND T DIRECTIONS.

RESPECTIVELY

HVALUE 8PLATE THICKNESS

RADIUS =RADIUS OF THE FICTITIOUS CIRCULAR PLATE OF NHICH

THE DISPLACEMENT AT THE CIRCUHFERENTIAL BOUNDARY

IS SET TO ZERO.

000004

000005

000006

000007

000008

000009

000010

000011

000012

000013

000014

000015

000016

000017

000018

000019

000020

000021

000022

000023

000024

000025

000026

000027

000028

000029

OI!ININIRI'IINORIUIRRNHIRIIIRRIRIIIRRIINRNINNNIRNINNNNNNRNNNRINIRNIRIIOOOO30

DIHENSION XE(40).Y8(40).XX8181).YY8(81).N8TYPE(811

DIHENSION XI(100).YI(100|.DEL(2)

DIHENSION RLXl80).R8(80).RH180.80I.PS(80).NKAREA(80).RL(80l

DIMENSION XF(1811.YF(181).H(181).EHX(181).BHY(181)

DIMENSION BANX(40).8ANYI40).RHX(80.80l

REAL LUHDA.LUHDA2.HU1.HU2

100 FDRHAT(80LOCT3.6X.‘XBF.8X.!TB’.7X.FANX‘.8X.FANY3.4X.PNBTTPEP.

8/‘0‘/(I§9“F10.“91511

110 FORHATlROLOCT¥.11X.‘XXB3.14X.FYTOP/IOI/(I4.8X.F9.2.8X.F9.211

200 FORMAT IOOLDCTl.11X.‘XI‘.17X.PTIP.14X./308/

8‘1“!11X1F6.2011X9F6.311

400 FORHAT (IOLOCTI.19X.$PSP¢/¢03/(I4.8X.E20.8)1

500 FORMAT!PDLCCT'.11X.PXF8.17X.PYF$/¢0‘/II4.11X.F6.3.11X.F6.3)l

600 FORHATI1H1.8X.FNCDE1.12X1XF‘.16X.FYF‘.19X.PN1.16X.PBHX1.

116X.!8HYl/(1H0.110.2F20.10.3E20.1211

700 FORHATIIH1.PINPUT VALUES .....‘.//1X.8NHL 3 P.I3.P NIP =¥.I3.

It NFP 3 ‘.I3.‘ PR 3.F5.3.P UPS! 3 I.F5.3.P DETA 3.F5.3.

O/IND.‘ EX 8 3.E10.4.‘ ET 3 P.E10.4.1 VX = P.F5.2.3 GXY P.E10.4

o/IHD.‘ RADIUS OF THE PLATE 3 I.

OF7.1.I THICKNESS OF THE PLATE =1.F6.3.1

1103 FORHAT(IS.5X.E20.12.5X.E20.121

1014 FORHAT(1H1.PTHE FOLLONING IS A LIST OF DOUBLE CHECKING OF B.C.SP.

1//1X.!NOTE ....

1 E-9 OR LESS. RESULTS HILL BE IN GOOD SHAPE.1.

1//.4XPNHLP10X.PB.C. 1‘913X.PD.C. 2P.//1 .

701 FCRHATIIHI.’DX = P.E15.6.‘ OT 3 ’.E15.6.F H = P.E15.6.1 G = F.

9E15.09P VT 3 P9F5.20P RHO 3 PpFO-Z’

100

DIST: !.F5.1)

000031

000032

000033

000034

000035

000036

000037

000038

000039

000040

000041

000042

000043

000044

000045

000046

000047

000048

000049

000050

000051

000052

000053

000054

IF ALL THE VALUES LISTED DELON ARE IN THE ORDER OF000055

000056

000057

000058

000059



702 FORMAT11H0.TEPSLON = ’.E15.7.3

LUHDA 8 ’.E15.7)

C

C INPUT VALUES

C

(
1
8
'
!

41

42

43

44

25

26

6O

READ(5.')NHL.NIP.NFP.PR.DPSI.DETA.EX.EY.VX.GXT.PADIUS.HVALUE.DIS

”RITE!6.700‘NfiLsNIP.NFp.PRoUPSI.UETA.‘X.EY.VX.GXY9

6RADIUS.HVALUE.DIST

NEADLS.R1LXB‘I)oI=I.NHL1

NEADLS.”11TB'I1.I=1.NNL1

95‘0159'71N3TTPELI1o1=19HHL1

READ!5"1IBANX11193316NHL)

READ(5.P)(BANY‘I1.I=1."UL1

NEADLS.‘1(XI(I1.I=I.NIP1

'IRDLS.‘)1YI1I).I=I.NIP1

HRITELO.IOOILI.XB1119YB(I)oBANXLI193ANTLI).NBTYPELI)

191:1.NHL1

X0=5.08Y0=5.0

XF(1)=10.-X08YF(1)=-10.+Y0

DO 41

XF(I)8XF(I-1)-0.5

YF!I)=YF(I-1)

DO 42 J31.10

=J'17

132911

00 “2 131911

XFII.K):XF(I)

YFtIoKT=YFtI¢K-17)+1.D

XF1121:10.-x06YF(12)=-9.5¢Y0

DO 43 1:13.17

XF(I)=XF(I-1l-1.D

YFtI)=YP(1-1)

DO 4“ J:199

K=J817

DO 44 I=12.17

XFlI+K)=XF(I)

YF(I+Kl=YF(IOK-17)61.0

ML2=NHL*28NHL2P1=NHL2+1

NNLP1=NHL¢1

NOPTION=1

DIST1=4.0 8 DIST2=2.0

DEL(1)=(10.82.*DIST11/10.

DEL(2)=(10.¢2.'DIST102.'DIST21/10.

XX8(1)=5.0DIST1-DEL(1)8YY8(1)=-5.-DIST1

XX8(41)=5.0DIST18DIST2-DEL(218YY8141)=-5.-DIST1-DIST2

DO 28 J:182

DELT=DEL1118IFIJ.EO.21DELT=DEL(21

DO 25 332.10

K=I

IFTJ.EO.2)K=K¢4D

xxalKT=XXB(K-1)-DELT

YY8(K)=YYE(K-11

00 26 1:11.20

K=I

IFIJ.EG.2)K=K04D

XXthizxxatk-l)

YYBTK):YYDIK-1)+DELT

DO 27 1:21.30

K31

101

DETA = I.E15.7. 000060

000061

000062

000063

000064

000065

000066

000067

000068

000069

000070

000071

000072

000073

000074

000075

000076

000077

000078

000079

000080

000081

000082

000083

000034

000085

000086

000087

000088

000089

000090

000091

000092

000093

000094

000095

000096

000097

000098

000099

000100

000101

000102

000103

000104

000105

000106

000107

000108

000109

000110

000111

000112

000113

000114

000115

000116

000117

000118

000119



27

28

38

102

IF‘J.EQ.2)K:K84O

XXB(K1=XXB(K~IIODELT

TYB(K1=TTB(K'1)

DO 28 1:31.40

K31

IFIJ.EO.21K=K04D

XXBLK)=XXB(K'1)

TY61K13YTBLK-11-DELT

XXB1811=XX51411 8 TT31811=TTB(41)

PI:‘O.PATANLI.1 8 Q=1.°

VT=ET'\’X/EX 8 0X=EX'HVALUE“3/(12.4(1.-VX¥VY))

DY=EY9HVALUE“‘3/(12.R(1.-VX”VY)1 8 DD=SQRT(DX‘DY)

NCOUNT=1

CONTINUE

DK=GXYPHVALUE‘P3/12.

H=DXPV182.'DK 8 RHO3H/DD

WITELOTIIUHI9XXB‘I19TTBLII’I:191HLZPII

"RITEIO.5001II.XFII1.YF(I1.I:1.NFP)

NRITE16.200111.XIIII.YI(I).I=1.NIP1

E4=DX/DY 8 E23509T1E4) 8 EPSLON=SORT1E21

FACTCP=1.E-6 8 QLOAD=QRDETARDPSI 8 R2=RADIUSERZ

KRITElbo701)DX.DT.H96XT.VY.RHO

IFKRHO-1.012.1.3

FOR RHO .EQ. 1.0 'P"'*."'

COEF1=1./l16.8PI'EPSLON'DO) 8 COEFZ32.RCOEF1

NTYPE=1

GOTO 4

FOR RHO .LT. 1.0 RRRR"R'*'

COEF1=1./(32.*PI*DD) 8 COEF232.8COEF1

HU1=EP5LONRSQRT1(1.8RHO1/2.1

"UZ:EPSLON‘SGRT((I.-RHO)/2.1

NTYPE=Z

GOTO 4

FOR RHO .GT. 1.0 'R'R'PPP"

EETAPEPSLCNRSRRTIRHOOSGRTLRHORRZ-I.11 8 DETA2=BETARRZ

LUHDA=EP5LONRSQRT1RHO-SORTIRHO‘EZ-l.1) 8 LUHDA2=LUHDARRZ

"RITEL6.7OZ1EPSLON.DETA9LUHDA

COEF1=1./(O.'PI'DD'(DETA2°LUHDA211 8 COEFZ3COEF1'Z.

NTYPE=3

CONTINUE

DO 5 1‘19”".

RLLI1=D.D

RL‘I6NNL1=D.D

R1X3XB(I1

R1Y=Y81I1

ANx=BANX(II

ANY=BANYlI1

DO 6 J319NIP

R2X3XILJ1

P2T=Y1tJT

ZI=R1X-R2X 8 12=R1Y-R2T 8 215321582 8 223=ZZ*'2

ANXS38NX8'2 8 ANYS‘ANY'RZ

AA=DXSANXS.DT!ANYSPVX

BB=UY5ANTS¢DXRANXSRVT

CC32.'LNX'ANTRDK

GDTO(17.18.19).NTYFE

17 R125=ZIS+ZZSRE2 8 ZS=ALOG(R12S/R2)

C1=25-2.'E28225/R12S

C232502.'E2|ZZS/R125

000120

000121

000122

000123

000124

000125

000126

000127

000128

000129

000130

000131

000132

000133

000134

000135

000136

000137

000138

000139

000140

000141

000142

000143

000144

000145

000146

000147

000148

000149

000150

000151

000152

000153

000154

000155

000156

000157

000158

000159

000160

000161

000162

000163

000164

000165

000166

000167

000168

000169

000170

000171

000172

000173

000174

000175

000176

000177

000178

000179



a
n

18

10

A

6.

45

6

5

33

20

21
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C3=EPSLCNGZIPZZIR12S

RLCI)=RL(IT-OLOAD'(RIZS.Z5-l3.821S6E282281l

RLIIONHL13RL1IONHL)-RLOADE(AA*C1088'E2§C2¢2.REPSLON‘CC8C3)iFACTOR

GOTO 6

Z7=ALOG(l21588242.lRHO‘E2921592258E482259821/R28'2l

Z8=ATANI2.“HUI‘HUZPZZS/lZISORHO'EZ‘ZZS)1

IFlZ8.LT.0.)Z8=286PI

000180

000181

000182

000183

000184

000185

000186

Z9=ALOG(1lHUl'ZZ148281Z1-HU2‘ZZ1"21/((HUI'ZZDR'281110HU2'ZZ188211000187

RLlI)=RL(I)-RLOAD*((ZISOEZ'ZZSl/HUIRZT-Z.'(ZIS-E2'ZZST/HU2‘Z8

4-2.5E2'Z1'22/(HU1'HU21‘29-6.*(ZISOE2‘ZZS)/HU11

C1=Z7lflU1-2.PZB/NU2 8 C2=Z7/HU102.PZ8/HUZ 8 C3=-Z9/(HU1’HU2)

RLLI‘NWL139L1IONHL1-0LOAD“AARC18BB‘E2'CZ8CC‘EZSC3)‘FACTOR

SOTO 6

ZLC81=ALOGtlZlSOLUVDA2'2251/R21 8 ZLOGZ=ALOS((ZISOBETAZRZZSI/RZT

IFtAESCZI).LE.1.E-6)GOTO 12

Z7=ATANfLUNDA‘ZZ/Z1) 8 Z8=ATAN(8ETA822/21)

GOTO 45

Z7=PI/2. 8 28:27

CONTINUE

IF(Z7.LT.0.)Z7=Z76PI

IF128.LT.0.)Z8=ZSOPI

C1=BETAPZLOGI-LUHDA'ZLOSZ 8 C23-LUHDA‘ILOGIOBETA'ZLOG2

C3=~Z7+Z8

000188

000189

000190

000191

000192

000193

000194

000195

000196

000197

000198

000199

000200

000201

000202

RL(I)=RL(I)-RLOAD8(8ETAI(Z1S-LUHDA2'ZZS)PZLOGI-4.ILUHDA88ETA821822000203

0IIZ7-Z8l-LUNDA*(Z1S-8ETA2'2251'ZLOGZ-3.'(8ETA-LUHDA1

‘PTZISOLUHDA'EETA822511

RLLIONHL)=RL(IONHLl-QLOADRLAA'C18BB'EZIC28Z.REZ'C315FACTOR

CONTINUE

CONTINUE

DO 8 I31.NHL

R1X=XB(I)

R1Y=Y8(I)

ANX=8ANXII1

ANY=EANYI I)

DO 7 J=1oNNL2

R2X=(XX8(J91)OXXBIJ1)/2.

R21=IYY8(J‘1)*YY8(JI)/2.

IF(NCPTION.ER.2.0R.J.NE.NHL160TO 33

R2X=IXXBIIHXXBINNL1V2 .

R2Y=(YY8(1)§YY8(NHL))/2.

CONTINUE

21=R1X-R2X 8 Z2=R1Y-R2Y 8 ZIS=21882 8 225:22882

ANXS=ANX892 8 ANYS=ANY*‘2

AA=DX*ANXSODY!ANYS8VX

88=DYIANYSOOXRANXSPVY

CC=2.!ANX'ANYPDK

OOTO (20.21.221.NTYPE

R125=ZISOZZS8E2 8 ZS=ALOG(R125/R2)

C1=25-2.IE2'225/R125

C2=2502.NE2*ZZS/R125

C3=EPSLON'21'ZZ/R125

RH!I.J)=R123'25-(3.IZ1S0E2'ZES)

RHII‘NHL.J13(AA9C1988'E2*C292.REPSLONNCC'C31lFACTOR

GOTO 7

Z7=ALOGIl21S882¢2.'RHO'E2*Z1SRZZS6E482259821/R2'l2)

Z8=ATAN(2.'HU1‘HU2*ZZS/(ZISORHO'EZ'ZZS1)

IF‘Z8.LT.0.’Z8=Z8§PI

000200

000205

000206

000207

000203

000209

000210

000211

000212

000213

000214

000215

000216

000217

000218

000219

000220

000221

000222

000223

000224

000225

000226

000227

000228

000229

000230

000231

000232

000233

000234

000235

000235

000237

000235

000239



22

23

46

7

8

10

1015

29

1102

1101

30

104

Z9=ALOGIl(HUI'ZZ1"2¢(ZI-HU2‘Z2)"2l/t(HUI'ZZ)*'2§(ZIOHU2'ZZ1'82))000240

RHII.J)=(l215*E2'Z2S)/flU1*Z7-2.'(ZIS-E2*Z2Si/HUZ'Z8

*-2.'E2*ZI'ZZ/(HU1*HU2)'Z9-6.*l21S‘E2‘ZZS)/HU11

C13Z7/HU1-2.828/HU2 8 C2=Z7/KU102.I28/HU2 8 C3=-Z9/(HU1'HU21

RHlI‘NHLoJ)=(AA‘CI‘BB'EZ'CZOCC‘EZ'C31'FACTOR

GOTO 7

ZLCGI=ALOSI(ZIS‘LUHOAZ'ZZSl/PZI 8 ZLOSZ=ALOGIIZ1S+BETA2'ZZS)/92)

IF(ABS(21|.LE.1.E-6)GOTO 23

Z7=ATANtLUfiOA*ZZ/ZII 8 28=ATAN(BETA§ZZ/Zl)

GOTO 46

Z7=PI/2. 8 28:27

CONTINUE

IFlz7.LT.0.)Z7=Z7¢PI

IF(Z8.LT.0.)ZS=28+PI

C1=BETI'ZL031-LUfiOA‘ZLOGZ 8 C2=-LUHOAlZLOGIOBETA‘ZLOGZ

C3=-Z7928

RH!I.J)=(BETA*(Z1S-LUflDA2'ZZSI'ZLOGI-4.‘LUHOA*8ETA‘Z1'ZZ

§I(Z7-ZOI-LUfiDA'IZIS'BETAZ'ZZS)“ZLOGZ-3.'(BETL'LUHOA)

¢I(Z156LUHOA‘BETA'ZZS))

RH(IONHLoJ)=(AA'CIOBB‘EZ*C2*2.‘EZ'C31'FACTOR

CONTINUE

CONTINUE

OO 10 I=1gNHL

OO 10 J=19NNL2

RflXlI.J)=PH(I.J)

RflxtloNHLoJ1=RNIIoNflL.J)

DO 1015 I=IgNflL2

PLX‘I)=RL(I)

CALL LEGTlFtFH.1.NflL2.NHL2.RL.0.HKAREA.1ER)

00 29 1:1.NHL2

PSIII=PLtII

HRITE (6.400) (1.PS(1).I=1.NHL2)

HRIYEI6.1014)

00 1101 1:1.NHL2

SUfl=0.

00 1102 J=1.NHL2

SUH=SUH09HXI1.J)IPS(J)

CONTINUE

RB(I)=SUH-RLXII)

NRITE(6.1103)(I.RB(I).RB(I¢NHL).I=1.NHL)

DO 9 1:13NFP

"(I)=0.0

BHX(1)=0.0

BHY(I)=0.0

CONTINUE

00 14 1:1.NFP

R1X=XFlI)

R1Y=YF(I)

DO 13 J=1.NIP

02X=XItJD

RZY=YItJl

21:91X-R2X 8 22=01Y-R2Y 8 218:21I*2 8 zzs=zz~~2

GOTO (30.31.32loNTYPE

91253215022S‘E2 8 ZS=ALOGtRIZS/R2)

Z6=2.lE2'225/R125

"(I)=H(I)OOLOAO'IRIZS'ZS-I3.'ZISOE2'ZZS))lCOEFI

BHXII)=BHX(I)-QLOAO*COEF2*OX*((25-26)+VY'E2‘(ZS+Z6))

000241

000242

000243

000244

000245

000246

000247

000248

000249

000250

000251

000252

000253

000254

000255

000256

000257

000253

000259

000260

000261

000262

000263

000264

000265

000266

000267

000268

000269

000270

000271

000272

000273

000274

000275

000275

000277

000278

000279

000289

000281

000282

000283

000284

000285

000286

000287

000258

000289

000290

000291

000292

000293

000294

000295

000296

000297

000298

000299



31

32

24

47

13

1:.

11

34

35

36

105

BHYII)=8HY(I)-OLOAD'COEF2‘OY* (EZ'IZSOZ6DOVX'(ZS-Z6))

GOTO 13

Z7=ALOGTlZ1S*'2§2.*RH04E2*215'225624'225**21/929821

ZB=ATANI2.lHU1‘HU2'225/(ZlSORHOlEZ'ZZS))

IF128.LT.0.)ZO=Z8OPI

000300

000301

000302

000303

000304

Z9=ALOG(I(HUI'ZZ)**2§(ZI-HU2'Z2)**2)/((HU1*Z21"26(21*HU2*22)"211000305

w(I)=H(I)¢QLOAD!((215+225225)/HUI*Z7-2.ItZlS-EZ‘ZZSI/Huzfiza

o-2.*EZ*21*22/(HU1!HUZ1&29-6.I(215022IZZS)/MU1)iCOEFl

H2x=Z71HU1-Za'2./HU2 0 u2v=zvxn01o2.uze/nuz

BHXII)=8HX(ID-OX'QLOAO'COEFZl(RZXOEZ'VYIHZYI

BurtI)=BHY(Ii-DYuOLOAD*COEF2«(H2Y¢EZ+VX§H2XD

GOTO 13

ZLCSl=£LOSt(leoLUHDA2I2251/RZD 0 ZLOGZ=ALOG((2150BET12IZZSJ/R2)

IF(ABS(ZII.LE.1.E-6)GOTO 24

Z7=ATANtLUfl02*Z2/le 0 za=ATAN(BETA’ZZ/Z1)

GOTO 47

Z7=PI/2. 0 28:27

CONTINUE

1F(Z7.LT.0.)Z7=Z7+PI

1F(28.LT.0.)za=Ze+PI

"(I)=H(Il¢GLOA0!(BETAITZ1S-LUWDA2*ZZS)lZLOGl-4.fiLUVDAvBETA&ZI*ZZ

4*!27-251-LUH00‘1ZIS'EETAZ'ZZS)‘ZLOGZ’3.“BETl-LUHDK)

0*(ZIS¢LUHOA*BETAIZ2S)D'COEF1

Hzx=BETA!ZLOGI-LUHOAIZL062 6 H2Y=BETA*ZLOGZ-LUHOA&ZL061

BH¥(I1=BHX(Il-DX‘QLOAD'COEF2'(NZXOEZ‘VY‘HZY1

BHY(1)=BHY(I)-OY'OLOAO*COEF2'(HZYIEZOVX'HZX)

CCNT IHUE

CONTINUE

00 16 1:13NFP

01x:xr(11

R1Y=YFIIJ

00 15 J=1.NHL2

RZX=(XXB(J+1)¢XXB(J))/2.0

921=(YYB(J01)OYYB(J))/2.0

IFtNOPTION.EG.2.0R.J.NE.NHL)GOTO 11

02X=IXX8(1)OXX8(NHL))/2.

R2Y=(YYB(11¢YYBINHL))/2.

CONTINUE

Zl=R1X~R2x 0 22:91Y-RZY 8 z1s=21fiiz 8 ZZS=ZZ**2

GOTO (34.35.36).NTYPE

0125:2150223l22 0 zs=ALOG(R125/R2)

26:2.&22!225/0123

"(I)=u(I)oFS(J)fiCOEFlIlRlZS‘ZS-t3.0215022I225))

BHX(I)=BHX(1)-PS(J1§COEF2*0X§((ZS-Z6l0VY«22I(ZS¢Z6))

BHYtII=BHY(1)-P$(J)!COEF2I0YG(EZIIZS¢Z6IOVX!(zs-Z6)l

GDTO 15

Z7=ALOSt(218*!2+2.GRH03E2'Z1S‘ZZSOEG*ZZSG!Z)/R2*I2)

28=ATANI2.'HUI*HU2I225/(2156RH0*E2*ZZS)1

IF(28.LT.0.lza=zeoPI

000306

000307

000308

000309

000310

000311

000312

000313

000314

000315

000316

000317

000318

000319

000320

000321

000322

000323

000324

000325

000326

000327

000328

000329

000330

000331

000332

000333

000334

000335

000336

000337

000338

000339

000340

000341

000342

000343

000344

000345

000346

000347

000348

000349

Z9=ALOGI((HUllZ2)l'20(ZI-HU2*ZZD"2)/l(HUI‘ZZ)8i26(210HU2'22)*'2)1000350

“(I)3u1I)OPS(J)*(‘ZISOEZ'ZZS1/HU1.Z7-2.'IZIS'EZ'ZZS1/HU2'ZO

#-2.'E2*Zl'ZZ/(HU1'HU2)‘Z9-6.'(ZIS¢E292231/HU1)9COEF1

H2X=Z7/flUl-ZO'2./flU2 8 H2Y=Z7/HU1‘2.*ZO/NU2

BHXll)=BHX(Ib-DxiPSIJ1§COEF2'(H2XOEZ*VY!H2Y1

BHY(ID=BHYIIl-OYGPSCJ)*COEF2*(H2Y'E29VXIH2X)

GOTO 15

lLOGI=ALOGtIZ1SOLUHOA2‘ZZSI/921 8 ZLOGZ=ALOSt(Z1SOBET028Z2$)/R2)

IF(ABS(ZII.LE.1.E-6)GOTO 37

Z7=ATANtLUHPAII2/21) 8 28=ATAN(BETA'22/21)

000351

000352

000353

000354

000355

000356

000357

000358

000359
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SOTO 48

37 Z7=PI/2. 8 28:27

48 CONTINUE

IFTZ7.LT.0.)Z7=Z76PI

IF128.LT.0.128=28+PI

H(1)=H(11*PSIJ)'(BETA'(ZIS-LUNDA2*ZZS)8ZLOGl-4.iLUHOABBETA*Z1*ZZ

OI!27-281-LUHOA9121S-SETA2*ZZS)‘ZLOSZ-3.*(BETA-LUHOA)

95121591UHDA*BETA*ZZS)1'COEFI

H2X=8ETA*ZLOS1-LUNDA‘ZLOSZ 8 H2Y=8ETA*ZLOSZ-LUHDAlZLOSl

BHXII1=8HX1I1-OX'PSIJ)”COEF2'(H2X¢E2*VY*H2Y)

OHYII|=BHYII)-OY5PS(J)lCOEF2*(H2Y*E20VX*N2X)

15 CONTINUE

16 CONTINUE

HRITE(6.600111.XF(I).YF(I1.N(I).8HX(11.8HY(I1.1=1.NFP)

SOTO(53.53.51.52.53).NCOUHT

49 RNO=0.5 8 NCOUNT=2

SOTO 38

50 RHO=2.0 8 NCOUNT=3

SOTO 38

51 RHO=O.1 8 NCOUNT=4

SOTO 38

52 RHO=10. 8 NCOUNT=5

SOTO 38

53 STOP

END

409100.18190.391.091.0930.E$.2.056.0.3.7.556o80.90.4.4.0
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APPENDIX F

DERIVATIVES OF THE GREEN'S FUNCTION

OF AN INFINITE ANISOTROPIC PLATE



APPENDIX E

DERIVATIVES OF THE GREEN'S FUNCTION

OF AN INFINITE ANISOTROPIC PLATE

For simplicity, the derivatives are written in terms of the four

constants 01, 62, 03, and 6., and the eight functions L1, L3, R1, R3,

3_G - ___1.. 8R: 8R3 as_x ._ as;
3X - 8WD22¢1¢32 [(bBT +¢4"'— '1' ”((1’)( 3X ]

9.6. = _____13R1 8R3 - _3§_1_ _ 382
3y 8WD22¢1¢2 [$33Y +¢ur + 4(a Y)(3 3y ]

_a_3G_ 1

3x 3 ”"0229192

8N1_8__N3

3x 8x
[933:1 +¢.§L3 + u<a~v><— J

aG_ 1 (02+82-2ay)(a2+82)+(a2-82)(Y2+12) 3L,

8y3 “00229192 8 3y

  

 

+ (Y2+12-2ay)(Y2+12)+(1?-12)(a2+82) 3L3

A By

-“[0(Y22+A2)-y<a+52>1<§N1 - 3N3 )}

107
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33G _ 1 3L1 3L3 3N1 8N3

axzay ' “RDzzRI¢-2‘¢3R‘i'*¢“57 * ““1”” ”837‘ " R;- ’1

33c = 1 [(02+82-2aY)(a2+82)+(a2-82)(Y2+A2) 9L1

Bxayz “WD22¢‘1¢2 L 3 3X

+ (Y2+k2-2ay)(12+A2);(y2-A2)(a2+82) 3L3

8x

§N_1-_3N_3)}- u[a(v2+A2)—y<a2+ez>]( 3X 3X

where ,

¢1 (a-y)2+<e-x>2 ; ¢2 <a—y)2+(e+x)2

-2- 2_2 _2 2_2
¢3=(ay) B(E3 x>3¢u=(aY)+>\(B A)

L: = 2n L(X'€)+a(Y-n)lz+32(y-n)2

a2

in [(x-E) ”(y-n) 12H2 (y-n) 2

2

a

La:

R1 {[(x-€)+a(y-n) 12-82 (y-n) 2}- (L1- 3)

3
" u

{[(x-£)+y(y-n)] 2-A2 (y-n) 2 } - (La- 3)



N1

51

U
)

(
A
) I

.611
8x

3x

3L1 =

8y

9.12.

3y

811.

109

8(y-n)

5) +0 (y-n)

 

. _ “Yd”

' N3 ‘ arc t9 (X-EHYTy-n)
arc tg (X?

B(y~n)[(x-€)+a(y-n)](L1- 3)+{[(x-€)+a(y-n)]2-82(y-n)2}N1

- X(y-n)[(X-€)+Y(y-n)](L3- 3)+{[(x-€)+Y(y-n)]2-A2(y-n)2}N3

2{(x-€)+a§y-n)}

{(x-€)+a(y-n)}2+82(y-n)2

 

2{(x-€)+ij~n)}

{(x~€)+y(y'--n)}2+A2(y-n)2

2a(X-€)+2(02+82)jybn)

{(x-C)+a(y-n)}2+82(y-n)2

27(x-§)+2(I?+A2)jy-n)

{(x-£)+Y(y-n)}2+A2(y-n)2

-B(ybn)

{(x-£)+a(y-n)}2+82(y-n)2

-1(y-n)

{(x-€)+Y(y-n)}2+kz(y-n)2

8(x-E)

{(Xr€)+a(y-n)}2+82(y-n)2



8N3

Y

213.1.
3x

ES?"
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A(x-€)

{(x-E)+Y(y-n)}2+kz(y’-n)2

= 2[(x-£)+a(y-n)](L1-3))+ aL‘{[(x-g)+a(y-n)]2-82(y-n)2}

-48(y-n)N1-48(y-n)[(x-€)+a(y-n)]§—N1

= 2[(X-€)+Y(y-n)](L3-3))+ 3L3{[<x-a)+y<y-n)12-x2(y-n)2}

 -ux(y-n)N3-ux(y-n)[(x-a)+y(y-n)]§§

2}§_L1_
= 2[a(x—i)+(a2-62)(y-n)](Ll-3)+{[(x-€)+a<y-n)]2-82(y-n)

'“Bl‘x‘€)+20<Y-R>JNl-u8(y-n)[(x
-a)+a(y-n)]LN1

= 2[Y(x-€)+(Y2-A2)(y-n)](La-3)+{[(x-€)+Y(y-n)]2-X2(y-n)2}-§F-

'“X[(X-€)+2Y(y-n))JNa-UMy-n)[(x-€)+Y(y-n)]§—N3

-——-= 8(y-n)(La-3)+B(y-n)[(X-€)+a(y-n)]gL1 + 2[(x-€)+a(y-nH'N1

+{[(x-€)+a(y-n)12-82(y-n)2}8N1
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gig—3" My-n) (L3‘3)+X(Y('T1)[(X'E)+Y(Y’T1)]3L3 + 2[(X'€“fly-”)1 °N3

+{[(x-£)+\(y-n112-12(Y“r) }§N3

.355]; = B[(X-C)+20.(Y-T1)](Ll-3)+B(y—n)[(x_5)+
a n)] _a__L1

+ 2[O(X’€)+(32_B2)
(y_n) ] .N1+{ [ (X'E) MY’U)

] 2’82 (y-n) 2}3N_1_

3—33— = A[ (X'€)+2Y(Y'T1)] (L3‘3)+)\ (y-n) [(X_€)+.Y (y_n)] L143

3_N_3
2[Y(x-E)+ <2->2 )(y-n)] N3+{[(X‘5)+Y(y'n)]2-A2Y'”) 8y
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COMPUTER PROGRAM FOR AN ANISOTROPIC PROBLEM
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APPENDIX G

COMPUTER PROGRAM FOR AN ANISOTROPIC PROBLEM

PROGRAM ANIPLCLtINFUT.OUTPUT.TAPE5=INPUT.TAPE6=OUTPUT) 000100

000110

§¥III§¥§ICfiflIIOil.8".“lllliiliflifl'l‘filll5""!Nlfiflllflflllliflii’flflfilli'liflo 00 1 2 0

000130

POINT FORCE METNOD FOR ANISOTROPIC PLATE SENDING PROBLEMS. 000140

ARBITRARY PLAN FORM. TRANSVERSE LOAD. AND BOUNDARY CONDITIONS RP» 000150

000160

SNONN HERE IS AN EXAMPLE FOR A SIHPLY SUPPORTED SQUARE PLATE. 000170

000100

REOUIRED INPUT VALUES --- 000190

000200

NSP :NUMSER OF OOUNDARV POINTS 000210

NIP =NUMSER OF INTERNAL LOAD POINTS 000220

NFP =NUMSER OF FIELD POINTS 000230

xa.va =POINTS ON 8 AT NNICN B.C. ARE SATISFIED. 000240

BANX.BANY =COMPONENTS OF UNIT NORMAL To 0 AT XB.YB. 000250

XXB.YYB =END POINTS OF HESHES AROUND B NNERE FICTITIOUS 000260

FORCES ARE ASSIGNED. 000270

XF.TF :FIELD POINTS 000200

XI.TI =INTERNAL LOAD POINTS 000290

vx =POISSON-s RATIO IN x DIRECTION 000300

DUE TO STRESS IN T DIRECTION 000310

EX.EY tYOUNG'S MDDULI IN x AND Y DIRECTIONS. 000320

RESPECTIVELY 000330

sxv =8HEAP MODULUS 000340

NVALUE :PLATE THICKNESS 000350

RADIUS =RAOIUS OF THE FICTITIOUS CIRCULAR PLATE OF HHICH 000360

TNE DISPLACEMENT AT THE CIRCUMFERENTIAL DOUNDART 000370

IS SET TO ZERO. 000350

000390

I’lflflillI”I.§II'IIIIII§C§liilliflifllfl‘lflifllll‘l...5"!“INKIUQI§§§5§I§IQ§IIOOOQOO

000410

DIMENSION XB(40).YB(40).X¥B(£1).YYB(81) 000420

DIMENSION XIIIOO).YIIIOO).DEL(Z) 000430

DIMENSION RLXTDO).RD(SD1.RM(SD.SD).PS(00).NKAREATDD).RL(SD) 000440

DIMENSION xF11011.TF(1011.N(101).3Mx(101).SMT(IDI) 000450

DIMENSION BANX(40).BANY¢60).RHN(80.BO) 000450

REAL AVECTORT51.Mx.MT.HxT 000470

COMPLEX ERROR.ROOT(4) 000400

000490

100 FORMATtIDLOCTt.ex.¢xst.SX.¢TDF.7x.¢ANx1.Ox.¢ANvt.4x. 000500

o/aox/tIs.6F1D.411 000510

110 FORMATttDLOCT:.11x.txx51.14x.¢TvD:/:0¢/(I4.Ox.F9.2.Ox.F9.211 000520

200 FORMAT (COLOCTS.11X.¢XII.17x.1YI¢.14X./¢OI/ 000530

.(I4.11x.F6.3.11x.F6.3)1 000540

400 FORMAT tIILOCT!.19X.IPSPx/Iot/(14.8X.E20.61) 000550

500 FORHAT(30LOCT3.11X.£XF¢.17X.1YF¢/IOt/(16.11X.F6.3.11X.F6.3)) 000560

600 FORMAT:1N1.Sx.:NODEt.12x:xF¢.16X.:TF¢.19x.¢Nx.ISx.:SMx¢. 000570

116x.:DMv¢/t1N0.110.2F20.10.3E20.1211 000550

700 FDRMATTIH1.IINPUT VALUES .....a.//1x.:NOP : 1.13.: NIP 25.13. 000590

4: NFP = P.13. 000600

O/INOo' EX ' '9E10.4.1 EY = 19E10.49‘ VX 3 '9F5.29' OX7 = $.E10.69 000610

S/lHOo‘ RADIUS OF THE PLATE = I. 000620

0F7.193 THICKNESS OF THE PLATE =‘OF6-3) 000630

703 FORHATllllylxoiTHE COEFFICIENTS OF THE CHARACTERISTIC i. 000660

OtPOLYNOHIAL ARE -----I./1X.5E12.5) 000650

704 EORHAT(1H091THE FOUR ROOTS OF THE CHARACTERISTIC EOUATIONtI. 000660

9(/1X92E12.5)1 000670

705 FORHAT11H0-‘ ’RROR FOR ROOT NO. 3.12.2X02E13.6.I IS I.2E10.6) 000680

112



 

C

C

C

113

707 FORHAT(1H0.1THE FOUR CONSTANTS ARE :1.

O/IXSFALPHA = ‘oE10.49F BETA = F.E10.ho

0‘ OAHNA 8 F.E10.4o‘ LUHBOA = 39E10.4)

1103 FO'HAT(IS.SX.E20.12.5X.E20.121

1016 FOQHAT11H19’THE FOLLONIRG IS A LIST OF DOUBLE CHECKING OF B.C.Si.

I//.4X!NBP110X.FB.C. 1‘913XoFB.C. 2’1//)

708 FORHA711H09’9AOIUS 3 19E10.3y‘ OISTI F ‘9F6.1v

OF OIST2 = l.F6.11

801 FORMAT(1H1.ITHE SENDING RIGIDITIES ARE ----- 3.

4/1x.¢011 : ¢.E10.4.R 012 = 1.E10.4.¢ 022 = x.E10.4.

o/Ix.tDeb = t.E10.4.x 016 = 1.E10.4.: 026 = ¢.E10.4)

002 FOPHA711X.ISOHETHING Is NRONS NITN TNE INPUT MATERIAL CONSTANTSI.

91; THE DETERMINANT IS EITHER NEGATIVE OR zERo¢./1x.

.xCOMPUTATION Is TERMINATED. DET = c.515.71

005 FORMATTIN1.¢TNE AIJ ARE ---t./1x.tA11= R.E15.7.: A12: 1.

oEIS.7.v A22: :.E15.7.t A66: ¢.E15.7.t A16: :.E15.7.

.r‘ A26= 8.E15.7)

INPUT VALUES .........

'E‘D‘s.“,NBPCNIP’NFPOEXOEYOvaGXYQRADIUSIHVALUE

REA0150'1A169A26

"EA0150'1(XB(I)DI=10NBP1

READ159'11YB‘1191=10NEP1

"£00159'118ANX11191:19KBP)

'EAO‘SD'HBANY1110131 ,NBP)

lEADl5.l)(XI(I).I=1.NIP1

REAO‘50.1(YI(I)DI=10NIP1

NBP2:NBPl29N8P2P13N3P291

"OPTION:1

P13“..ATAN(1.1

A1131./EX 0 A12=~VX/EX 0 A2231./EY 0 A6631./GXY

HPITE1698051A119‘120A229A669A169A26

DET31A11'A22'AIZO'21.A6692.”A12*A16'A26'A11"26"2'AZZ'A16*'2

IFtDET.GT.O.1GOTO 00

"RITE169802105T

STOP

(to CONTINUE

ZZ=HVALUEi!3/(12.IDET)

0113(A22GA66-A26PPZIPZZ 0 022=(A11*A66-A16II2)‘ZZ

012=lA16'A26-A12!A66)'ZZ 0 066=lA11¥A22-A12*52)PZZ

016=lA12iA26-A22lA16)'ZZ 0 026=(A12*A16-A11PA26)RZZ

RADIUS380. 0 DISTI:Z.O 0 DIST2=2.

“R175160700INBPRNIPDNFPDEXDEYDVXDGXY9

ORADIUSRHVALUE

HRITE(6.708)RADIUS.DISTI.DISTZ

X035.°0Y0=5.°

XF111310.’X00TF‘113-10.9Y0

DO 41 132911

XF(I)8XFII-1)-O.5

O1 TF1113YF1I'11

DO ‘2 J31910

K‘J'17

DO “2 131911

XE‘IOK13XF111

.2 T'IIOK13YFIIOK-17191.O

XF112131°.'XOSYF(1213-9.59Y0

DO ‘3 I313917

000690

000700

000710

000720

000730

000740

000750

000760

000770

000780

000790

000791

000792

000793

000600

000810

000820

000830

000550

000850

000860

000870

000830

000890

000900

000910

000920

000930

000940

000950

000960

000970

000980

000990

001000

001010

001011

001012

001013

001014

001020

001030

001060

001050

001060

001070

001080

001090

001100

001110

001120

001130

001140

001150

001160

001170

001180

001190

001200

001210



43

44

25

26

27

28

C SET

706

114

XF(1)=XF(I~1)-1.0

YFII)=YF(I-1)

00 “a J=109

K=Jfll7

00 44 1:12.17

XFIIoK)=XF(I)

YF(14K|=VF(19K-17)91.0

DEL(1)=(10.92.*DIST11/10.

0EL(2)=l10.92.l0157192.'01572)/10.

XX8(1)=5.901$T1-0EL(1)9YY8(1)=-5.-01$T1

XXB(41)=5.0DISTIOOISTZ-OEL(2)SYY8(41)=-S.-OIST1-DISTZ

DO 28 J=1.2

0ELT=OELII)91FIJ.EQ.2)DELT=DEL(2)

00 25 1:2.10

K=I

IFIJ.EO.2)V=K940

XXBlK)=XXB(K-1)-DELT

YYBIK)=YY8(K-1)

DO 26 1:11.20

K=I

IF(J.EQ.2)K=K940

XXB!K)=XXB(K-1)

YYBKK)=YYB(K-1)OOELT

DO 27 1:21.30

K=I

IFtJ.EO.2)K=K940

XXBtK)=XXB(K~1)+DELT

YYBtK)=YY8(K-1)

00 28 1:31.40

K=I

IFlJ.EG.2)K=K940

XXBIK)=XXB(K-1)

YYB(K)=YYB(K-1)-OELT

XX8(81)=XXB(41) 9 YY8(81)=YY8(411

HRITE(6.100)(I.XBII).YB(I).8ANX(I1.8ANY(I)pI=1:N8P)

HP!TE(6.110)(I.XXB(I).YY8(I).I=1.NBP2P1)

HRITE!6.500)(I.XF(I)»YF(I)’I=1.NFP)

HRITE(6.200)II.XI(I).YI(I).I=1.NIP)

HRITEI698011011.012.022.066.0169026

UP AND SOLVE THE FOURTH DEGREE CHARACTERISTEC POLYNOHIAL.

AVECTORII1=1.0 9 AVECTORt21=4.'O26/022

AVECTOR!31:2.il01292.'0661/022

AVECTOP(4)=4.'DI6/DZZ 9 AVECTORISJ=OIIIO22

HRITEI6-703)(AVECTOP(11.13195)

CALL ZFOLRlAVECTOPo4gflOOToIER1

"RITE(6.704)(ROOT(I1,131.41

DO 706 13194

ERROD=AVECTORII1§ROOTI11"49AVECTOQt21'ROOT11)FlIRAVECTORl3)*

SHOOTtI1"29AVECTORI41'ROOT(IIOAVECTOR(51

NQITE(6.705)IRROOT(I)oERROR

RI=REALIROOT1111 0 R2=AIHAGtROOTt111

R3=REAL(ROOT(3)) 9 R4=AIHAGtPOOT(3)1

H?ITE(6.7071R1.P29R3994

RIS=R1*'2 0 R2S832'F2 0 R3S=R3"2 0 H438R4'I2

CONSTG=IRI-P319.201029R41i'2 9 CONSTH=(R1-R31i'29(32-R41"2

COEF1=1./(8.5P19022'CONSTG'CONSTH1 0 COEF2=2.'COEF1

CONST1=((R1~R31952-(R25-R4S11/R2

001220

001230

001240

001250

001260

001270

001280

001290

001300

001310

001320

001330

001340

001350

001360

001370

001380

001390

001400

001410

001420

001430

001440

001450

001460

001470

001480

001490

001500

001510

001520

001530

001540

001550

001560

001570

001580

001590

001600

001610

001620

001630

001640

001650

001660

001670

001680

001690

001700

001710

001720

001730

001740

001750

001760

001770

001780

001790

001800

001810



60

61

62

63

6

5

115

CONSTZ=t(RI-R31I'29lRZS-R4Sl)/R4

CONST3=4.-(R1-R31

CONSTS=((RI-2.IR3)I(R159R25)9R11(R3SRR43I)IRZ

CONSTesctR3-2.uR1IPLR3S+R4ST+R3utRISoR2511/R4

CONST7=2.I(318+RZS-RIS-R4S)

CONSTB=£(R189025-2.CRI!R3)'(EIS9RZS19(318-RZSTGIRSSOR4S))/R2

CON519=t(R359R4S-Z.RRIIR3)ltl359945)91038-R4S)'(R159R251)/R4

CONST10=4.P(01*(R3S+R4S)-RSG(RIS¢RZS)1

0LOA0=1.0 S A28!ADIUS*'2

DO 5 1'10“?

IL(1)80.0

RLTI.NSP1=0.0

R1x:x0111

RIY=Y8(I)

ANx=DANXTIT

ANTsDANvtIT

DO 6 J=1.NIP

RZX:XI(J)

RZY=YI(J)

zI=R1x-R2x o z2=R1v-R2v s 215=ZIEPZ S zzs=z2~~2

ANXS=ANXII2 S Ast=ANVSRE S ANxvaquANr

FUNCLI=ALOG¢IT214R1~z2IsuzoRESPZESI/Azr

FUNCL3=AL03I((21903'221P‘2¢R4S‘ZZS)/A2)

23=ZIRRIRZZ 0 z4=z1+R3-zz

IFTADS1231.ST.1.E-SICOTO 60

FUNCN1=PI/2.

GOTO 61

FUNCN1:ATAN(R2-z2/z31

IF!A85(Z4).GT.1.E-6)GOTO 62

FUNCN3=PI/2.

SOTO 63

FUNCN3=ATANt R4'ZZ/Z4)

CONTINUE

IFIFUNCN1.LT.0.)FUNCN1=FUNQN19PI

IFTFUNCN3.LT.0.1FUNCN3=FUNCN3.PI

AA=011flANx59012iANY592.i016‘ANXY

=ANXS|01260225ANY592.lANXY*026

CC'Z.‘016'INX592.‘026'ANY594.'066'ANXY

FUNCRIxL(ZIoRIRzz)Rcz-R2SR2251R1FUNCL1-3.1-4.RR2922~tz10R19z21

«FUNCNI

FUNCR3=L (219R3I22 )RIE-R4Suzzs m FUNCL3-3. 1-4.GR4*22*(21933'22)

«FUNCNS

001820

001830

001840

001850

001860

001870

001880

001890

001900

001910

001920

001930

001940

001950

001960

001970

001980

001990

002000

002010

002020

002030

002040

002050

002060

002070

002080

002090

002100

002110

002120

002130

002140

002150

002160

002170

002180

002190

002200

002210

002220

002230

FUNCSI=R2'22'(ZIORI'221*(FUNCL1-3.19((ZIOR191219'2-R28'22S)lFUNCN1002240

FUNCS3=R4l2291219R3922)I(FUNCL3-3.)9((ZIOR3'ZZ)F‘Z-R4S'2251‘FUNCN3002250

HXX=CONSTIIFUNCL1+CONST2IFUNCL3§COHST3fltFUNCNl-FUNCN3)

HXY=CONST5'FUNCL19CONST6'FUNCL3OCONST7'!FUHCNI-FUNCNS)

HYT=CONST8iFUNCL19CONST9‘FUHCL3-CONST1051FUNCNI-FUNCN3)

IL1113RLIIi-OLOAO'ICONSTI“FUNCRIOCONST29FUNCR3+CONST3¢

9(FUNCSI-FUNCS311

HLIIONBPJSRLIIOHOPl-OLOAO*(AAlHXX988§HYY9CC§HXY1

CONTINUE

CONTINUE

OO 8 1319N8P

RIXSXBTI)

I1Y=T81I1

ANX=8ANX(I)

AHY‘OANY111

DO 7 J319N892

002260

002270

002280

002290

002300

002310

002320

002330

002340

002350

002360

002370

002380

002390

002400

002410



33

70

71

72

73

10

1015

29

1102

1101

116

RZX=(XY8(J6119XX8(J)1/2.

RZY=(YY6(J‘1)OYTB(J)1/2.

IFINOPTION.EO.2.0R.J.NE.NBPIGOTO 33

R2X=IXXB(1)9XXB(NBP)1/2.

92Y=(YYB(119YYBINBP))/2.

CONTINUE

21:31X-R2X 8 22=R1Y-RZT 9 215321992 0 225:229'2

ANXS=ANXP*2 8 ANYS=ANY§92 0 ANXTSAinANY

FUNCL1=ALOG(I(219R1'221"2632582281/A2)

FUNCL3=AL051((21993.221'929P4S'2281/A2)

Z3=ZI§FI*ZZ 0 24:21993‘22

IF(ABS(Z31.GT.1.E-6)GOTO 70

FUNCN1=PI/2.

GOTO 71

FUNCN1=ATAN1R2'22/Z3)

IF(A83124).OT.1.E-6)GOTO 72

FUNCN3=PI/2.

GOTO 73

FUNCN3=ATAN(R4'ZZ/Z4)

CONTINUE

IFIFUNCN1.LT.0.)FUNCN1=FUNCN19PI

IF‘EUNCN3.LTIO.1FUNCN3=FUNCN3991

AA=OII9AN¥59012§ANTSOZ.‘OI6'ANXY

BB=ANXS'012*OZ2*ANYSOZ.iANXY5026

Cc=2.9016'£NXS*2.9026'ANYSO4.'O66*ANXY

FUNCRI=¢(219219221"2-22552251FIFUNCL1-3.1-4.922922*1210215221

REFUNCNI

FUNCP3=1(210939221"2-R4892281ltFUNCL3-3.1-4.‘R4*ZZ'(ZIOR3*22)

0*FUNCN3

002420

002430

002440

002450

002460

002470

002480

002490

002500

002510

002520

002530

002540

002550

002560

002570

002580

002590

002600

002610

002620

002630

002640

002650

002660

002670

002680

002690

002700

FUNCSI=R2'ZZN(ZIORI*ZZ)‘(FUNCL1-3.)9((21921'22)C'Z-RZS*ZZS1'FUNCN1002710

FUNCS3=P4'22*(ZIRR3*ZZ19(FUNCL3-3.)9!(21093'221"2-R4S'ZZS1'FUNCN3002720

HXX=CONST1*FUNCL1OCONSTZFFUNCL30CONST3'(FUNCNI-FUNCN31

WY=CONST5*FWCL1OCONSTbiFLMC L39CONST7N FUNCNl-FUNCN3)

HYT=CONST8FFUNCL1+CONST9‘FUNCL3-CONST10*(FUNCNI-FUNCN31

RH(IoJ)=(CONSTI‘FUNCPIOCONSTZ'FUNCR3OCONST3itFUNCSI-FUNCS3)1

RH!I+NBP9J)=(AA'HXX088'HYY9CC'HXY)

CONTINUE

CONTINUE

OO 10 131.1189

00 10 J=1yN5P2

PHXTI.J)=PN(I,J)

RHX(19NSP.J)=RN(I§NBP.J)

DO 1015 I=19N8P2

RLX(I1=RL(I)

CALL LEGTIF(RH.1.NBPZ.NBPZ.RL.O.HKAREA.IER)

DO 29 1:1.N8P2

PS(I)=RL(I)

HQITE (6.400) (I.PS(I).I=1.NBPZ)

HRITEL6.1014)

DO 1101 1:1.NBP2

SUfl=o.

00 1102 J=1.NBP2

SUH=SUN4RMXII.J)IPS(J)

CONTINUE

RB(1)=SUH-RLXTI)

HRITET6.1103)(1.03!I).RB(19NBP).I=1.NBP)

00 9 I=1.NFP

Nt!)=o.o

002730

002740

002750

002760

002770

002780

002790

002800

002810

002820

002830

002840

002850

002860

002870

002880

002890

002900

002910

002920

002930

002940

002950

002960

002970

002980

002990

003000

003010



80

81

82

83

13

14

11

90
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CHX111=°.0

BHT1 1130.0

CONTINUE

00 1“ IgloNFP

RIX=XFL I1

NIY:TE( I)

DO 13 J=19NIP

sz=x11 J)

NZT=T11J1

213N1X'Nzx 0 22=RIY-RZY 0 215321"2 0 22$=ZZHZ

FWCL1=ALOGI((219R1't22)ilZWZSSZZSI/AZJ

FW'CL338L03111219N3'ZZ1"29R‘05'2231/A21

23321691'Z2 8 24:21993'22

IF‘ABS1Z3).GT.1 . E'6160T0 8°

FUNCN13p1/2.

SOTO O1

EUNCngATAN(PZ'ZZ/z31

1F( A851 Z4 1.8T . 1 . 5'6 TGOTO 82

FUNCN3=pI/2.

COTO O3

FUNCN33ATAN1R‘O‘ZZ/Z‘O 1

CONTINUE

IF! EWCNI . LT. 0 .1FWCN13FUNCN19PI

IF‘FUNCN3.LT.O.1FUNCN3=FWCN39PI

FUTCP1311219R1‘ZZ1““2-925'2251'1FWCL1'3. 1'4 .‘NZ'ZZ‘1 219N1'z2)

O'FUNCNI

FUNCR3=I(21¢R3'221'52-R4592251'IFUNCL3-3.1-4.!R492291216R3'221

OiFUNCN3

003020

003030

003040

003050

003060

003070

003080

003090

003100

003110

003120

003130

003140

003150

003160

003170

003180

003190

003200

003210

003220

003230

003240

003250

003260

003270

003280

003290

FUNCSI=R2522N 219131.22 "(FUNCL1-3. “(1219919221992-2239225NFUTCNIOO3300

FUNCS3=R492251219R3922)‘(FUNCL3-3.)9((21933'221'92-R4552251fiFUNCN3003310

Hxx=CONST18FUNCL1 OCONSTZ'FUHC L3OCONST3NFUNCN1-FWCN3)

HXY=CONST59FUNCL1OCONST6'FUNCL39CONST7ilFUNCNI-FUNCN3)

NYY=CONST8'FUNC L1 OCONST9'FUNC L3-CONST10‘1FUNCNl-FUNCN3)

H(I)=H(I19(CONSTl‘FUNCRI9CONST2§FUNCR39CONST3‘(FUNCSI-FUNCS3)1

O'COEF190LO‘D

Hx=-COEFZP(OlliuxxoolzPHYvoz.POIéPHXY1RGLOAD

HY=-COEF2P(DIZGHXXROZZRHYYoz.SDzbvuxv)POLOAO

HXY=-COEF2'IDISPNXX+0269H1Y9Z.POOORNXY)PGLOAO

OHX(I)=BHXTI)oMX

8NYII)=8HY(I)9NY

CONTINUE

CON'INUE

OO 16 I=1.NFP

R1X=XFtIl

RIT=YFKII

OO 15 J=I.NEP2

R2X=(XX8(J91)OXXB(J11/2.0

02Y=IYY8(J*1)9YY8(J))/2.0

IF(N3PTION.EG.2.0R.J.NE.NBP)GOTO 11

R2X=IXX81119XX8lNBP))/2.

RZY=IYY8(1)+YYB(NBP))/2.

CONTINUE

218R1x-RZX 0 22801Y-02Y 0 ZIS=ZI*'2 9 ZZS=ZZI92

FUJCL1=ALOGLt(21901922)RRZoRZSPZZSI/Azl

FUNCL3=ALOSIt(Zlonsvzz)II24R4SRZZS)IA2)

23:21991'22 0 24:219R3l22

IF(ABS(23).GT.1.E-6160TO 90

FUNCN1=PI/Z.

GOTO 91

FUNCNI=ATAN¢RZRZZ/ZS)

003320

003330

003340

003350

003360

003370

003380

003390

003400

003410

003420

003430

003440

003450

003460

003470

003480

003490

003500

003510

003520

003530

003540

003550

003560

003570

003580

003590

003600

003610

 



118

91 IFtABS(Z4).CT.I.E-6)OOTO 92 003620

FUNCN3=PI/2. 003630

COTO 93 003640

92 FUNCN3=ATAN(R4'ZZ/Z41 003650

93 CONTINUE 003660

IF(FUNCN1.LT.0.)FUNCN1=FUNCN19PI 003670

IFtFUNCN3.LT.0.)FUNCN3=FUNCN39PI 003680

FUNC01=((21991'221'92-PZS‘Z2S)*(FUNCL1-3.I-4.‘R2*ZZ'(ZIRPIFZZ) 003690

ORFUNCNI 003700

FUNCP3=I(21+R3'221"2-R4S*ZZS)'(FUNCL3-3.)-4.'R4'ZE§(ZIOR3'ZZ) 003710

OPFUNZN3 003720

FUNC51=RZ'ZZ‘(ZIOR1lZZlltFUNCL1-3.)9((ZIORI'ZZ1'92-925'2251‘FUNCN1003730

FUNCS3=R4922*IZIOH3*22)'(FUNCL3-3.19((21623922)G'Z-R4S‘Z2S)‘FUNCN3003740

NXX=CONST1 'FLNC L1 RCONST 2&FUNC L3OCONST3NFUNCN1 ~FUNCN3) 003750

HXY=CONSTS'FUNCL1RCONSTORFUHCL3SCONST7PIFUNCNl-FUNCN3) 003760

HYY=CONSTO'FUNCL1OCONST9§FUNCL3-CONST10I(FUNCNI-FUNCN3) 003770

"(I)=H(I)9(CONSTI'FUNCRIRCONSTleUNCR3RCONST3GIFUNCSI-FUNCS31) 003750

RCCOEFI'PSIJ) 003790

HX=-COEF2I(011*HXX9012*NYY92.5016'HXYIRPS(J) 003800

HT=~COEF2lt012'HXX90229HYY92.‘026'HXY)IPS(J) 003810

HXY=-COEF2I(016*HXX90269HYY92.‘066'HXY)RF$(J1 003820

BHXIII=BHXTIJOHX 003830

8HY(II=EHY(I)4HY 003540

15 CONTINUE 003850

16 CONTINUE 003860

HRITEI6.600)(I.XF(I).YF(I).H(I).8HX(I).8HY(I).I=1.NFP) 003870

END 003880

40.100.181.30.E6.2.0E6.0.3p8.8E4.80.90.4 003900

0..0. 003910

4.5.3.5.2.5.1.5.0.5.-0.5.-1.5o-2.5.-3.5.-4.5.10'-5.o 003920

'4.59'3.59‘2.50'1.50'0.590.591.502.503.504.5910's. 003930

10"5.9’“.59’3.50'2.59'1.59'0.590.591.592-593.50“.59 003940

10'5..4.5.3.592.571.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5 003950

10'0..10*-1..10'0.910*1. 003960

10I-1.310'0..10*1..10'0. 003970

0.593.592.591.500-50’0.50'1.59‘2.59’3.59'“.50 003980

4.5.3.5.2.5.1.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5. 003990

0.593.502.501.590.59'0.59'1.59‘2.50'3.59'4.50 004000

4.5.3.5.2.5.1.5.0.59-0.5.-1.5.-2.5.-3.5.-4.5. 004010

4.5.3.5.2.5.1.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5. 004020

4.593.592.591.590.59'0.59'1.59'2-59'3.59‘“.59 003030

4.5.3.5.2.5.1.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5. 004040

4.5.3.5.2.5.1.5.0.5.-0.5.-1.3.-2.5.-3.5.-4.5. 004050

4.5.3.5.2.591.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5o 004060

0.593.592.591.500.59'0.50'1.59'2.59’3.59'“.50 004070

10"“.5910"3.5010"2.5910.'1.5910"0.59 ° 004000

10.0.5910'1.5010'2.§910‘3.5010‘“.5 004090

IFlOET.OT.0.)SOTO 40 011011
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COMPUTER PROGRAM FOR THE VERIFICATION OF

EQUATIONS USED FOR ANISOTROPIC PROBLEMS
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APPENDIX H

COMPUTER PROGRAM FOR THE VERIFICATION OF

EQUATIONS USED FOR ANISOTROPIC PROBLEMS

PROSRAH PLCLCHKfINPUT90UTFUT9TAPE5=INPUToTAPE6=OUTPUT)

THIS IS TO DOUBLE CHECK THE ANISOTROPIC PLATE PROCRAH.

USING A SIHPLY SUPPORTED SQUARE PLATE.

REQUIRED INPUT VALUES ---

NSP 8PRNBER OF BOUNDARY POINTS

NIP =HUHBER OF INTERNAL LOAD POINTS

NFP =NUHBER OF FIELD POINTS

X8oY8 =POINTS ON 8 AT HHICH 8.C. ARE SATISFIED.

8ANX.8ANY =CONPONENTS OF UNIT NORNAL TO 8 AT XB’YB.

XX81YY8 gEND POINTS OF HESHES AROUND 8 HHERE FICTITIOUS

FORCES ARE ASSIGNED.

XF’YF SFIELD POINTS

XIpYI =INTERNAL LOAD POINTS

VX gPOISSONSS RATIO IN X DIRECTION

DUE TO STRESS IN T DIRECTION

EXDEY tTOUNG'S NODULI IN X AND T DIRECTIONS:

RESPECTIVELY

GXY =SHEAR HOOULUS

HVALUE *PLATE THICKNESS

RADIUS 8RADIUS OF THE FICTITIOUS CIRCULAR PLATE OF HHICH

THE DISPLACEHENT AT THE CIRCUHFERENTIAL BOUNDARY

IS SET TO ZERO.

000001

000002

MIRRRRRRRRRRRRIRRRRRRRRRRRRRRRRRRRRRRRRRRR!RRRRRRRRRRRRRRRRRRRRRRRRRRROoooo3

000004

000005

000006

000007

000008

000009

000010

000011

000012

000013

000014

000015

000016

000017

000018

000019

000020

000021

000022

000023

000024

000025

000026

000027

000028

lllil‘.INI'IHNRIIUU‘I'INI“IIIIGINHONIGIINNHUUNIUHHIII“IIIGOIIINHQINHRHOOOO29

DIMENSION X8(40)oYB(40)oXX8l81loYY8181)

DINENSION X1!1001.YI(1001.DEL(21

DINENSION RLX18019R818019RH(6098019PS(80)gHKAREA(80).RL(801

DINENSION XF(181).YF(18119H(181198NX1181108NY(181I

DIMENSION 8ANXI401.8ANY(40)oRNX(80.80)

DINENSION BNXXtISl1oEFTY11811vBXY(181)

DINENSION X81t4010Y81(4019XX81(811.TY81(81).XI1(100).YI1(1001

DIMENSION XF1(18119YF11181198ANX1(40198ANY1(40)

REAL AVECTOR(5).HX.HY.HXY

COHPLEX ERROR.ROOT(4)

100 FORNAT(FDLOCT196X9FX81.8X9‘Y8167X,3ANX198X.IANY!.4X91N8TYPE1,

9/I0!/(I594F10.4615))

110 FORHATlOOLOCT!.11XSFXXBi.14X09YT80/003/1I468X0F9.2.8X9F9.21)

200 FORNAT (IOLOCT8911X90XI¢.17X.FYIFp14X9/201/

0‘1“OIIXDFCoSDIIXOF603,)

300 FORHAT (80LOCT¢,19X.IRLDFv34X.FRLS*/101/(I4.8X.E20.8616X9

1E20.8))

400 FORHAT (FILOCT‘oI9Xo‘PSP1/202/TI4.8X:E20.811

500 FORNAT(IOLOCTthIX.IXF¢.17X.1YF!/!03/(I4911X6F6.3.11X.F6.3)1

600 FORHATI1H1OBXO’NODE’OlzX’XF‘016XD’YF‘ll’XO‘H‘016XI‘BHX‘I

116X.!8HYI/(1H0911092F20.1003E20.1211

700 FORNATIIHIoIINPUT VALUES .....89//1X98N8P 8 3.13.3 NIP 32.13.

9: NFP 8 3,13,

9/1H00‘ EX 3 09:10.40‘ ET 3 09:10.00‘ VX 3 ‘0'5-20‘ GXT 3 ‘0C10.“0

9/1H0.’ RADIUS OF THE PLATE 3 ‘9

9F7.19‘ THICKNESS OF THE PLATE =1.F6.3)

703 FORNATI///.1X.ITHE COEFFICIENTS OF THE CHARACTERISTIC 3»

OOPOLYNOHIAL ARE -----to/1X95E12.S)

119

000030

000031

000032

000033

000034

000035

000036

000037

000030

000039

000040

000041

000042

000043

000044

000045

000046

000047

000040

000049

000050

000051

000052

000053

000054

000055

000056

000057

000050

000059



C

C

C

120

704 FORHAT(IHO.ETHE POUR ROOTS OF THE CHARACTERISTIC EQUATIONzP.

4(/1X.2E12.51)

705 FORHATIIHOo‘ ERROR FOR ROOT NO. PpIZoZX92E13.4o‘ IS ‘92E10.4)

707 FCRHAT(1H09ETHE FOUR CONSTANTS ARE :Eo

9/1xot‘Lpfl‘ 3 .0E10.40‘ BETA 3 ‘0!1°.“g

9‘ GAHHA 3 P9E10.“41 LUHEOA 3 30E10.41

1103 FORHATI1595X9E20.1275X9E20.121

1014 FC°HAT(1H1.‘THE FOLLOHINS IS A LIST OF DOUBLE CHECKING OF B.C.S‘,

1//.QX’NSP$10X9TB.C.

708 FOPHAT11H0gtRADIUS =

1’.13X.‘8.C.

‘9E10.3o‘

Zloll)

DISTI 3 P4F6.19

0’ DIST2 = ¢4F6.1)

801 FORHATIIHIo‘THE SENDING RIGIDITIES APE -----3:

0/1X4'011 = 34E10.4.l 012 = 3.E10.64i 022 = ‘oE10.44

O/1X43O66 = 14E10.4.l 016 8 PoE10.4.1 026 = ‘.E10.4)

805 FCRNATIIngiTHE AIJ ARE ---P./1X9‘A11= ioE15.7.P A12: 1.

0E15.79‘ A22= ‘oE15.7.‘ A66: 8.E15.7.‘ A16= ‘4E15.71

0! A26: 35E15.7)

INPUT VALUES .........

READ‘54'INBP9NIPyNvaEXoE79VXvGXY,RAOIU59HVALUE

RE‘O‘So'ILXB1117I=10NBP1

READ(59.’(YO‘I)0I=10NBP)

READ‘50'1(OANX(ITolzlvNBFJ

READ‘59P)‘EANT(I191:1.NBP)

REAO(59P)IXI(I791315NIP1

READ‘59')(TI(I’7I=19NIP)

NBP2=NBPPZSNBPEPI=NOFZOI

NOPTION=I

91:“.RAT‘N(1.,

NCOUNT=1

A1630. 0 A2630.

A11=I./Ex 0 A123'VX/EX 5 A2231./ET 0 A6631./5XT

"RITE(608051‘110A129A225A660A169A26

OET=LAIIPA22'A12'PZ)PA66‘2.PAIZ'AI0”A26'AIIHA26‘HZ'A22‘A16P'2

ZZ=HVALUE"3/(12.0DET)

0113(A22'A66-A260'21‘22 0 022=(A11'A66-016'&21&ZZ

012=|A16'Az6-A12'A66)‘zz 0 O66=IAIIRA22-AIZ"2)‘ZZ

OI6=(A12'A26'AZZPA16)PZE 0 O26=(A12.A16-A11‘A26)‘zz

RADIUS‘OO. 0 DISTI=Z.D 0 OIST232.

OK=GXY‘HVALUE"3/12. 0 VT‘ET'VX/EX

O¥=O11 0 OYPOZZ 0 O330X‘VX62.'OK

":03 5 RNO‘U/SQ°T(OX’OY)

HRITE‘607OO)NBPvNIPoNvaEXoEToVX0sXTo

ORAOIU57HVALUE

"RITEI607OO)RAOIU59OISTloOIST2

"RITE(64709)OX9OY9RHO

EOPNATl/l/1X9’OX 3 '9E15.705X9‘OY :‘oE15.795X0‘RHO =P9FIO.5)

X035.00T0=5.0

XFII1:10.'XO0TF(1’='10.9TO

OO “1 132711

XEII|=XF(I'I)'0.5

TEtli=VE(I’I)

OO 42 J31710

K=J*17

OO “2 I‘loll

XEIIOKIPXF(I)

42 YFIIOKIPYE(IOK'I7)OI.O

709

41

000060

000061

000062

000063

000066

000065

000066

000067

000068

000069

000070

000071

000072

000073

000074

000075

000076

000077

000078

000079

000080

000081

000082

000083

000086

000085

000086

000087

000088

000089

000090

000091

000092

000093

000094

000095

000096

000097

000098

000099

000100

000101

000102

000103

000106

000105

000106

000107

000108

000109

000110

000111

000112

000113

000114

000115

000116

000117

000118

000119



43

44

25

26

27

28

804

807

301

302

303

304

121

XF(12)=10.-X0$YF(12)=-9.59Y0

00 43 1=13.17

XF(I)=XF(1-1)-1.0

YFtI)=YF(1-1)

DO 44 J=1.9

K=Jl17

00 44 1:12.17

XF(14K)=XF(1)

YF114K1=YF(1+K-17)91.0

0EL(1)=l10.92.'015T1)/10.

0EL(2l=(10.92.'015T142.'015T2)/10.

XX8(1)=5.9DIST1-DEL(1)0YY8(1)=-5.-DIST1

XXB(41)=5.¢DIST19015T2-DEL(2)5Y18t41i=-S.-DIST1-DIST2

00 28 J=1.2

0ELT=0ELI1)‘IFIJ.EQ.2)OELT=DELIZ)

DO 25 1:2.10

K=I

1F(J.E0.2)K=K440

XXB!K)=XXB(K-1)-DELT

YYBIK)=YYE'K-1)

00 26 1:11.20

K=1

1F(J.EG.2)K=K440

xxatxr=xxacx-11

YY8(K1=Y78tK-1)4DELT

00 27 1=21.30

K=1

IFCJ.E0.2)K=K+40

XX8(K)=XXB(K-1)+DELT

YYBtK):YYBtK-1)

00 28 1=31.40

K=I

1FlJ.EQ.2)k=K440

XX8(KI=XXB(K-1)

YYB(K)=YY8(K-1)-0ELT

xxa1011=xx01411 0 Y781811=YY8(41)

PH1=0.

HRITE!6.807)FH1

F0:HAT(1H0."II HHEN PHI IS 1.F7.3.5X.tDEGREES --¢)

FHI=PH10PIII80.

SINP=SIN£PH1) 0 COSP=COStPH1I

00 301 1:1.181

XF1l11=XF(I)‘COSP9YF(1)'SINP

YF1(1)=-XF(1)‘SINPoYF(I)'COSP

00 302 1=1.40

X81111=X811)“COSP9Y8(1)'SINP

Y81(1)=-X8(II¥SINP9Y8(1)*COSP

BANXII1)=8ANX(1)ICOSP+8ANY(I)‘SINP

8ANY111)8-BANXI1)ISINP48ANY(I)ICOSP

00 303 I=1981

XXBIIII=XXB(I)!COSP9YY8tIDISINP

YYBltI)8-XX8(I)ISINP41Y8(IDICOSP

00 304 181.100

X11!1)=X1(1)ICOSP4Y1(1)*SINP

Y11t1)=-X1(11'SINP9Y1(1)¢COSP

HRITE(6.100)(14X8111)4Y81l1).BANX1(I).8ANY1(1).I=1.N8P)

HRITEI6.110)(1.XX81(1)oYY8111)oI=19N8P2P1)

HRITEI64500)II.XF1(I)9YF1(I).1=1.NFP)

HRITEI6.200)(19X11(114111(1191=1.N1P)

COSP2=COSPv"‘ 0 cosp4=cospzbuz

000120

000121

000122

000123

000124

000125

000126

000127

000128

000129

000130

000131

000132

000133

000134

000135

000136

000137

000138

000139

000140

000141

000142

000143

000144

000145

000146

000147

000148

000149

000150

000151

000152

000153

000154

000155

000156

000157

000158

000159

000160

000161

000162

000163

000164

000165

000166

000167

000168

000169

000170

000171

000172

000173

000174

000175

000176

000177

000178

000179



706

60

61

62

63

122

SINPZ:SINPPPZ 0 SINPQFSINRZPHZ

COSZP=COS(2.'PHI’ 0 OIN29331N12.'PHI1

011=DX¢COSF492.”03*SIHP2'COSP290YISINP4

022=OXPSINF492.'OS'SINPZ‘COSPZ‘OT‘COSPQ

066=OK91OX9OT'24.O3)PSINPZPCOSPE

Olz=OTPVY¢1OX§OY-2.'O3)lSINPZ'COSPZ

O16=°.5.1OT‘SINPZ'OX'COSPZ‘O3‘COSZP1'SIN2P

026:0.5'1OT'COSPZ'OXESINPZ'O3‘CCSZP)“SINZP

"RITE169OOI,O110012002200669O160026

AVECTOR‘I”I.O 0 AVECTOR121=4.'DZ6/022

‘VECT0913)=z.'(OIZ§Z.POOO1/O22

AVECTOR191=Q.POIO/O22 0 AVECTOR1513011/OZZ

"RITE16070311AVECTOR11191:1951

CALL ZPOLR1AVECTOQo‘0ROOT01ER)

“RITE16070311ROOT11101310“)

DO 706 I319“

ERROR=AVECTOR111‘RCOT1I’PPQOAVECTOR121'ROOT‘ITNHIOAVECTOR(31*

9ROOT11)“PZOAVECTOR141'POOT11TOAVECTOR151

”RITE169705110ROOT11ivERROR

RI‘REAL‘ROOT1111 0 R23AIHA51ROOT(I1)

R3=PEAL1ROOT1311 0 RQ=AIHAOIROOT1311

"RITE1647071R19R29R35R4

R15=Rl"2 0 R233RZPPZ 0 R333R3"2 0 RQS=R4PSZ

CONSTG=1RI'R3)'PZO(RZOR41"2 0 CONSTN=(RI’R3)P'ZO(R2‘R41":

COEF1=1./(O..RI'022'CONSTG'CONSTH1 0 COEF2=2.flCOEF1

CONST131‘RI‘RS’PRZ-‘RZS'RQS11/Rz

CONST2=I‘RI'R31'PZ01R23'R4511/R“

CONST3:Q.P(R1'R3)

CONST5=I(R1'2.'R31.(R139R2316R1.1R330R4511/R2

CONST631(R3'2.'R11’1R350R4519R3'1R139R23)1/R4

CON$T7=2.‘(RIS6R25‘R35'R931

CONSTO31(R159R25'2.NRINR3)'(R159RZS19(R15'RESTPIR339RNS11/R2

CONST9=1(R359R45'2.'R1'R31'1R3S9RQS19(R35'R431'1R159RZS)1/R4

CONST10=4.'(RI‘(R3S‘R451-R3'1R159R23)1

GLOA0=1.0 0 02=RADIUSG'2

00 5 I=1oNSP

RLLI1=0.0

RL‘I9N3R130.O

R1X=X81(1)

R1Y=Y81111

ANX=BANX1tIl

ANY=BANT11I1

OO 6 J=IoNIP

RZX=X111J1

R2Y=7111J1

ZI=R1X-R2X 0 ZZ‘RIY-RZY 0 ZISPZIPPZ 0 225322"2

ANXS3ANXIl2 0 ANT530NTP'2 0 INXT=ANXPANT

FUJCL1=AL051((ZIORIPZE1"29R23PZZS1/A21

FUNCL3=AL051((216R3'ZZ1PPZOR9502251/‘21

Z3=ZI§R1‘22 0 z4=ZI9R3EZZ

IE1ABS1ZS’.GT.1.E'O’GOTO OO

FUNCN1=PI/2.

GOTO 61

FWCN13ATATHR2'ZZ/231

IE1‘BS1Z“).GT.1.E'OTGOTO 62

PUVCN33RI/2.

GOTO 63

FUNCN3=ATANIR4IZZ/Z4)

CONTINUE

IF‘EUNCN1.LT.O.TRUNCNIPFUNCNI9PI

000180

000181

000182

000183

000184

000185

000186

000187

000188

000189

000190

000191

000192

000193

000194

000195

000196

000197

000198

000199

000200

000201

000202

000203

000204

000205

000206

000207

000208

000209

000210

000211

000212

000213

000214

000215

000216

000217

000218

000219

000220

000221

000222

000223

000224

000225

000226

000227

000228

000229

000230

000231

000232

000233

000234

000235

000236

000237

000238

000239



6

5

33

70

71

72

73

123

1F1FUNCN3.LT.0.)FUNCN3=FUNCN3+PI

AA=011dANXS90125Anv542.5016CANXY

SBSANXS‘0120022'ANYSOZ.IANXT'026

€082 .0016uNx592 . .0269ANY594 . 5066“th

“H.201“ 111401-22 )«2-02552251-17154011-3. )-4.IR2!22!(21+R1*22 )

O‘FUNCNI

FUNCR3=t(ZIOR3‘ZZ1*‘2-R4S*2251'(FUNCL3-3.)-4.'R4‘ZZ'IZI¢R3*ZZ)

“FUNCNS

000240

000241

000242

000243

000244

000245

000246

000247

FUNCS1=R2PZZRCIIOR1'ZZ1'1FUNCL1-3.101(21¢R1'22)G'Z-RZS*ZZS)iFUNCN1000248

FUNCS3=R4'22*IZIOR3'ZZ)fllFUNCL3-3.10¢(ZIOR3'221"2-R4S‘ZZSIRFUNCN3000249

NXX=CONST1IFUNCL1OCONSTZIFUNCL3OCONST3'1FUNCN1-FUNCN3)

NXY=CONST5*FUNCLIOCONST6IFUNCL39CONST7*(FUNCN1-FUNCN3)

NYY=CONST8*FUNCL1*CONST9'FUNCL3-CONST10'1FUNCNl-FUNCN3)

RLII)=RL(I)-QLOAD§(COHSTl'FUNCRI+CONST2'FUNCR3OCONST3*

4(EUNC31-EUNC5311

RLIIONBP1=RL1IONBP1-OLOA0'fAA‘NXX§BB*HYY+CC'HXY)

CONTINUE

CONTINUE

OO 8 I=19NBP

RIX:XOI(I)

R1T=T011I1

ANX‘OANXI‘I)

‘NT’BANYIII’

DO 7 J31 .NBPZ

RZX=IXXOIIJ011OXXO11J11/2.

RZT=(TTOI‘J6119YYBI(J)1/2.

IE1NOPTION.ER.2.0R.J.NE.NBP)GOTO 33

R2X=tXX8l11¢XX8tNBP))/2.

R2T317T81119TT31N3911/2.

CONTINUE

ZI=R1X-R2X S 22=R1Y-RZT 0 215=ZIPHZ 0 Z25=22**2

ANXSgANXP‘Z 0 ANY5=ANT"Z E ANXY3ANX'ANT

FUNCLI’ALOGI1(210RIPZZ1"20R2592251/A2)

FUNCL3=ALOSII(ZIOR3*zZ1"2‘R45‘ZZS1/A2)

Z3=ZI9R1822 0 Z4=ZI§R3'ZZ

IF11351231.GT.1.E°6)GOTO 7O

FUNCHl=PIl2 .

GOTO 71

FUNCN1=ATAN1R2'22/Z3l

IF‘ABS1ZQ1.GT.I.E-6)GOTO 72

FUNCN3=RI/2.

SOTO 73

FUNCN3=ATAN1RQPZZ/ZQ1

CONTINUE

IP1EUNCNI.LT.O.1EUNCN1=EUNCNI§PI

IFIFUNCN3.LT.D.TFUNCN3=FUNCN3OPI

AA=OIIPANXSADI2PANYSOZ.“OIS'ANXY

OO=ANXSPOIZODZZPANYSOZ.‘ANXY'OZS

00:2.‘016'ANX862.‘026'ANY394.'066'ANXY

PUNCR1=C(219R1'221"2-R25'ZZS1'1FUNCLI-3.1-8.'R2*22*(ZIOR19121

0iFUNCN1

FUNCR3=1(21¢R3l221"2-R4S'ZZS)'(FUNCL3-3.1-4.RR4'22'(ZIOR3*221

OIFLMCN3

000250

000251

000252

000253

000254

000255

000256

000257

000258

000259

000260

000261

000262

000263

000264

000265

000266

000267

000268

000269

000270

000271

000272

000273

000274

000275

000276

000277

000278

000279

000280

000281

000282

000283

000284

000285

000286

000287

000288

000289

000290

000291

000292

000293

000294

FUNC51=R2'22'IZIOR1'Z2I'lFUNCLI-3.10((219R1'Z2li'Z-RZS‘ZZSTIFUNCN1000295

NMCS3=R4PZ2NZI¢R3RZZ )ll FLNCL3-3. ”(1210113922 M'Z-R‘OS'ZZS HFMN3000296

NRX3CONST1lFUNCLIOCONST2IFUNCL3OCONST3'IFUNCNl-FUNCN3)

WTSCWSTS'FUJCLIOCGCST6RFWCL3OCWST7I(FUNCN1-FLNCN3 1

NTY‘CONST8"”"CLIOCONST9IFUNCL3-CONST10'IFUNCNl-FUNCN3)

000297

000298

000299



10

1015

29

1102

1101

80

81

82

83

124

Rut1.J1:!CONSTIIFUNCRl+CONST2'FUNCR3OCONST3“(FUNCSI-FUNCS3))

Rflt1+NBP.J)=(AA'HXX¢BBIHYY4chuxy1

CONTINUE

CONTINUE

00 10 181.N8P

DO 10 J=I.NEPZ

RHXI1.J)=RH(1.J)

RNXtIoNBP.J)=RN(ION8P.J)

DO 1015 I=14N8P2

RLX(I)=RL(I)

CALL LEOTlFtRH.1.NBPZ.NBP2.RL.0.HKAREA.IER)

00 29 1:1.NBP2

PStI)=PL(1)

HRITE (6.400) (I.PS(I).I=1.NBP2)

HRITE(6.10141

DO 1101 1=1.N3P2

SUH=0.

00 1102 J=1.NBPZ

5UH=5UH40HX(1.J)&PS(J)

CONTINUE '

R8(I)=SUH-RLX(I)

NRITE(6.1103)(1.RB(IJ.RB(IoNBP).1=1.NBP)

00 9 1:1.NFP

H111=0.0

8HX(I1=0.0

BhYtI)=0.0

8XYlI)=0.

BHXX(II=0.

BHYYlII=0.

CONTINUE

OO 14 1:1.NFP

Rlx=XF1(1)

R1Y=YF111)

OO 13 J=1.NIP

R2X=X11(J)

RZY=YII(J)

21:91x-nzx 0 22:01v-02Y 0 le=Zli‘2 0 225:22942

FUNCL1=ALOGI ( (2191211422 15529029225 )MZ)

FUNCL3=ALOG(((21403522)ilzoRasiZZS)/A2)

23=z1+n1922 0 29=ZI+RSI22

IFIABSIZSD.GT.1.E-6)GOTO 60

FUNCN1=PI/2.

GOTO 01

FUNCN1=ATAN(R2'22/Z3)

IFIABS(Z4!.GT.1.E-6)GOTO 82

FUNCN3=P1/2.

GOTO 63

FUNCN3=ATANIR4*Z2/Z41

CONTINUE

IFIFUNCN1.LT.0.)FUNCN18FUNCN14P1

IFtFUNCN3.LT.0.)FUNCN3=FUNCN39PI

FUNCP1=I(Zloll‘zz)052-R28*2253!(FUNCL1-3.)-4.!R2*22*(219R1*22)

uFUNCNl

PUNCH!” «zlonsuzz1442-04592251415174013-3. )-4.IR4lZZI( 219R3'22)

4IFWCN3

000300

000301

000302

000303

000304

000305

000306

000307

000308

000309

000310

000311

000312

000313

000314

000315

000316

000317

000318

000319

000320

000321

000322

000323

000324

000325

000326

000327

000328

000329

000330

000331

000332

000333

000334

000335

000336

000337

000338

000339

000340

000341

000342

000343

000344

000345

000346

000347

000345

000349

000350

000351

000352

000353

000354

000355

000356

FUNCS1=R2'22'1110R1*2211(FUNCL1-3.10((ZI‘R1'221*l2-RZS*ZZSTGFUNCN1000357

FUNCS3=R4'ZZI(ZIOR3*ZZ)‘(FUNCL3-3.)6!(21¢R3*22)GIZ-R4S'ZZS)iFUNCN3000358

NXX=CONST1*FUNCL19CDNST2‘FUNCL3OCONST3'(FUNCNI-FUNCN31 000359



13

14

11

90

91

92

93

15

125

NXYBCONSTS'FUNCLIOCONST6'FUNCL3¢CONST7'(FUNCNl-FUNCN31

HYY=CONST8EFIMCL1OCONST9lFLNCL3'CWST10'rf FUNCNI ~FLMCN31

“(I13H!I161CONSTI'FUNCRIOCONSTZ'FUNCR39CONST3'LFUNCSI-FUNCS311

O'COEFIROLOAD

HX=-COEF2§(DII'HXXOD12'NYY92.I016lNXY1lQLOA0

HY=-COEF2'(012'HXX9022§NYY¢2.‘DZ6'NXY1|0LOAD

HXY=-COEF2GI016*“XX4026'HYY62.5066*NXY1*QLOAD

8thI1=8HX(I19HX

8HT(I1=8HY(I14HY

8XY(I1=8XY(I14HXY

8HXX(I1=8HXII1'COSP298HYtI1ISINP2-2.i8XY(I1'COSP'SINP

8HYY11188HX(I1‘SINP298HYII1*COSP2-2.'8XY(I1'SINPICOSP

THE NEGATIVE SIGN IS FOR A REVERSED ANGLE.

CONTINUE

CONTINUE

DO 16 I=14NFP

R1X=XF11I1

R1Y=YF1(I1

DO 15 J=1.N8P2

R2X=lXY81tJ9114XX81(J1)/2.0

R2Y=1YT81(J§11+YYBI1J11/2 . 0

IFTNOPTION.EQ.2.0R.J.NE.N8P1GOTO 11

R2X=(XX81(119XX811N8P11/2.

R2Y=(YY81(119YY81(N8P11/2.

CONTINUE

ZI=R1X-R2X 0 22=R1Y-R2Y 0 218321'i2 0 ZZS=22*'2

FUNCL1=ALOG(t(ZIORI'ZZ1l*20R25522$1/A21

FUNCL3=ALOG(((214R3*221"29R4S'ZZS1/A21

l3=ZI¢R1'22 9 Z4=21+R3*22

IF(A88(Z31.GT.1.E-61GOT0 90

FUNCN1=PI/2.

GOTO 91

FUNCN1=ATAH(R2522/Z31

IF(A85(Z41.GT.1.E-61GOTO 92

FUNCN3=PI/2.

GOTO 93

FUNCN3=ATAN1R4'ZZ/Z4 1

CONTINUE

IFtFUNCN1.LT.0.1FUNCN1=FUNCN19PI

IF!FUNCN3.LT.0.1FUNCN3=FUNCN3OPI

FUNCR1=((ZI+R1*ZZ1*‘2-R25*2251'(FUNCL1-3.1-4.*R2*22*(21#R15221

OGFUNCNI

FUNCR3=1(214R38221"2-R4S'ZZS1‘1FUNCL3-3.1-4.'R4'22*IZI0R3*221

OlFUNCN3

000360

000361

000362

000363

000364

000365

000366

000367

000368

000369

000370

000371

000372

000373

000374

000375

000376

000377

000378

000379

000380

000381

000382

000383

000384

000385

000326

000387

000388

000389

000390

000391

000392

000393

000394

000395

000396

000397

000398

000399

000400

000401

000402

000403

FUNCSI=R2*ZZ‘1ZIORIPZZ1ltFUNCL1-3.1O((ZIOR1*221"2-R25'ZZS1'FUNCN1000404

FUNCS3=R4'22*(ZIOR3*ZZ1'(FUNCL3'3.101(ZIOR3'221*”2-R45'ZZS1'FUNCN3000405

HXX=CONST1*FUNCL19CDNST2'FUNCL3‘CONST3'1FUNCNI-FUNCN31

NXY=CONSTS*FUNCL1OCONST6lFUNCL3OCONST7§(FUNCNI-FUNCN31

NTY=CONST85FUNCL1OCONST9'FUNCL3-CONST10'1FUNCNI-FUNCN31 ‘

N(I1=H(I1o(CONSTI'FUNCRI*CONSTziFUNCR3OCONST3‘(FUNCSI-FUNCS311

O'COEFI'PSTJ1

HX=~COEF2'(DII'HXXODIZ‘HYYOZ.‘016'NXY1lPS(J1

HY=-COEF2'(DIZ’HXXODZZ'HYY92."DZb‘NXY1'PS(J1

HXYS-COEF2'1016‘NXX+026‘HYY02.“066‘NXT1§PS(J1

BHX1I1=BHY(I1OHX

DHY(I1=8HT(I1OHY

OXY1I1=8XYtI1OHXY

DH¥X(I1=BNX(I1'COSP248HY(I1'SINP2-2.'8XY1I1'COSPRSINP

BHYT(I1=8HX(I1*SINP208HYII1'COSP2-2.IBXY(I1'SINPRCOSP

CONTINUE
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000407

000408

000409

000410

000411

000412

000413

000414

000415

000416

000417

000418

000419

 



4.593.542.591.5.0.59

.
.
.
-
0
‘
.
.
.

0
#
T
fl
‘
fl
U
I
U
I
U
I
U
H
U
I
d
I
d
:

F
I
O
'
O
‘
S
‘
C
’
U
'
O
‘
O
H
O
1
’

“
a

126

CONTINUE

"'ITE‘6060071I.XFII)0YF(IIOH(I7OBHXX(I'DBHTY11191310NFP,

SOTO!49.50.51.52.531NCOUNT

PHI=15. 0 NCOUNT=2

SOTO 804

PHI-=30. 0 NCOUNT=3

SOTO 804

PHI=45. 0 NCOUNT=4

SOTO 804

PHI=60. 0 NCOUNT=5

GOTO 804

STOP

END

40,100,181.30.E692.0E6.0.398.8E4.80.40.4

-0.5.-1.5.-2.5.-3.5.-4.5.10*-5.9

-4.54-3.5.-2.59-1.5.-0.5.0.5,1.5.2.5.3.5.4.5.10'5.

ION'S.o'Q-50‘3.55’2.50’1.50’0.50O.501.502.503.50“.50

10-5..4.5.3.5.2.5.1.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.5

10.0.0100'1.010'O.510.1.

910.0. 910.1. .1050.

4. 5 3. 5 2.5 1. 5. 0. 5.-0.5.-1.5.-2.5.-3.5.-4.

5 0.50-0.50'1.50’2.50'3.59‘“.

5 0.54-0.5.-1.5o-2.5.-3.5.-4.

5 0.54-0.54-1.5o-2.5.-3.5.-4.

5 0.50’0450'1.50'2-50'3450'“.

5 0.54-0.59-1.5.-2.5.-3.5.-4.

.5.0.5.-0.5.-1.5.-2.5.-3.5.-4.

5 0

5 0

.5 0.

.5 1

1 !

0'-2 5910i- 1. 5 100-0. 5:

2. 5 10'3. 5.10.4. 5

.55'0-50'1.50'2.50‘3.50'“.

.50'0. 50-1 50-2 59-3 50'“.

50-0 50’1457’24 59-3-50'“.
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