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Abstract

Variational methods are widely used for the solution of complex differ-
ential equations in mechanics, for which exact solutions ‘are not possible.
The finite difference method, although well known as an efficient numerical
method was applied in the past only for the solution of thin plates.

In the present studir,' the suitability of the method for-the solution of de-
" flection of thick plates is studied for the first time. While there is'.major'
diﬁ'erencesA betweelﬁ., thin plate and thick plate theories, the former can be
treated as a pa.rticu:la.rr case of the latter, when the centre deflection of the
plate 13 Tess than or equﬁl to 0.2-0.25 of the thickness of the Pléte. The finite
._diﬁ'erexicelmethod q.s applied here is a modified finite difference approach
to the ordinary finite difference method generally used for the solution of
thin plate prgble.ms.. In this thesis thin plates are treated as a.‘po.r,f:icula.r
case of the corresponding thick plates when the boundary conditions of the
plates are taken into account.

The method is first applied to investigate the beha.vxour for cla.mped square |
| isotropic homogeneous plates. After the validity of the method is estab-
lished, it is then extended to the solution of sn:mlar problems for simply
suppofted square plates.

Once a solution for a particular plate aspect ratio and boundary condi-
tion is obtained using a limited number of mesh sizes, a general solution
of the problem to investigate accuracy and convergence was extended to

rectangular thick plates by provid_iﬁg more detailed functions satisfying the
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rectangula.r'mesh sizes generated automatically by the programme.

Whenever possible results of the present method are compared with the ex-

isting solutions in the technical literature obtained by much more laborious
L : -

A

methods and close agreements are found. Significant amounts of results

presented herein are not available in the technical literature for various
plate aspect ratios and Poisson'’s ratios. The_ submatrices involved in the
formation of the finite difference equations.frc;m the éoverning différer_ltiai
equations forming the general system are ‘generated'djrecﬂ} by the pro-
gramme. The two subroutines MATINV and MATMUL take care of the

inversion and the multiplication of the matrices respectively.

4

St

Simplicity in formulation and quick convergence are the obvious advantages x

of the method found in comparison with other numerical methods reqﬁirin'g

extensive computer facilities.

o
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rectangular co-ordinate system.
dispalcements of the nodes in x, ‘y, and z direction respevtively.
loﬁgitudinal dimension of the plate. |
transverse dimeﬁéion of the plate.

thickness of ﬁhe plate.

a.x1<l,|.1 forces p'ara.llel to the x-axis per unit length of a

4 v .
section of plate perpendicular té y-axis. -

_ axial forces parallel to the y-axis per unit length of a

section of plate perpendicular to x-axis.

shearing forces parallel to the z-axis per unit length
of a section of plate perpendicular to x-and y-axes respectively.
the inplane shearing intensities per unit length.

bending moment intensities per unit léngth.

twisting moment intensity per unit length.

transverse external force per unit area.

normal stress components in X, ¥, z d.irec'tions respectivély.
shearing stress components in rectangular co-ordinates.
unit elongation in x-, y-, and z- djrections.

shearing strain components in

rectangular co—ordiriatés.

Modulus of elasticity in tension and compression.
modulus of elasticity in shear.

Poisson’s ratio.

lower and upper face of a plate, respectively.
1x )
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D o flexural ngzd:ty of an zsotroplc plate.
vi= 8,_2 + Laplacian operator in rectangular co-ordinates.
V= + —3;7 + ;,;z,- ‘Laplacia.n operator '11_1 space co—ordmatgs.
[ U] matrix determining the partici?a.tion of u in the x direction.
[Uv] *. matrix determining the participation of v in the x direction
[UW] matrix determining the pa.rtiéipation of w in the x direction.
(VU] matrix determining the participation of u in the y direction.
[VV] ' matrix determining the. participation of v in the y direction.
(VW] matrix determining the participation of w in the y direcéi‘on.
(WU : ma.tnx determmmg the pa.rtlcxpa.tlon -of u in the z direction. &
[WV] matrix determining the participation of v in o the z direction.
(Ww] . ' _matrix determining the participation of w in the z direction.
[FF] - -~ nodal loading. :» | '
[FOR] vector force.
[DIS] vector displacement. - .
[AA] general matrix.



Chapter 1

-Intro duction

1.1 General | .

Plates are used as components of large scale structures in both mechanical
and civil engineering. They are plane suXace structures bounded either by
stra.ighi}_ or curved lines. Plates may haye free, simply-supported, or fixed
bouxfda.ry conditions,including elastic supports or, in some cases, point sup-
ports. The static loads carried by plates are 'p‘redom.i\nantly perpendicular
to the plate surface. Plates are classified by their geometrical forms or by
their physical characteristics. Thick plates are a type of plates where .ﬂt.he
thickness is considerable and the apprbximate theories of thin plates are ncﬁ
longer applicable. In such cases, the thick plate theory must be applied.This

theory considers tke problem of thick plates as a three-dimensional problem

1



of elasticity. The stress ‘t'ma.lysis becomes,consequently,mﬁch more involved
and up to now, the problem is lsolved only for a few particular cases. The
difficulty of these solutions is a direct result of the complexities of the pa,_r‘t_iial
differential equations govenﬁng the behaviour of thick plates. Furthermore
the boundary conditions for thick plates have to be satisfied in three direc-
tions. And hence, three functions determining the three displacements are
required. The thick i.)late theory finds important application in the static
analysis of !hea.vy floor slabs and the dynamic analysis of heavy ﬂoore; carry-
ing rotatin_gma.chinery in industrial buildings. Often, designers must also
ensure that structures withstand both applied static and dyﬁamic loads. An -
exact analysis is often required to determine the deformation of the plate,
under the type of loading the plate’is designed to cé.rry. The fundamental
problems in mechanics are generally governed by both differential equa.tio;ls ‘
and minimum energy principles. The gove-rn.ing differential equations and
the equati_ons derived 'by minimum energy principles are usually rather com-
plex and do not lend themselves to easy exact solutions. Confronted with
" this problem engineers and researchers have to resort to numerical methods
to effect a solution. Variational methods were exploited by engineers and
scientists as a very effective tool for solving applied mechanics problems.
These methods gained popularity in recent years due to thé development
of high speed digital cémputers. Finite differences methods were also used
extensively for solﬁng complex differertial equations. This method can be
considered as a means for obtaining the approximate solutions of differen-
tial equations, where the exact solutions are not possible. According to the

method, the problem is solved only at the chosen appropriate points where

o



the system of linear equa.t:ons was deﬁned In apply:ng the ﬁmte differ-

ence method,a mesh size must first be chosen . The mesh size covers the
entire domain of the pla.te with n points yleldmg n simultaneous equations.

Convergence is easily mVestlga.ted by increasing the mesh size covering the

+ plate domain. In the present study the finite differences method is apphed -

to the th:ee dlmensmnal problem of thxck plates where the governing dif-
ferentml equations of ethbnum of such plates are e-cpressed in terms of

.the displacements u, v, and w follomng‘the co-ordinates axes X, y and z

respectively, care being taken to modify the finite difference expressions to |

satisfy the appropriate boundary conditions and the symmetry of a partic-
ular problem.

1.2 Object and-Scope

The main object of the thesis is to study the appiicability of the finite dif-
ference meth‘od to the bending of-thick plates. To stud;,r the applicability of
the n:;ethod, the préblem .of the bending of a square clamped plate is first
studied using a rather crude mesh size. After the validity of the method
has been establiéhed,the s;a;me method is then extended to analyse the cor-
responding problems of rectangular clamped and simply-supported thick
plates. The method can be further abplied to determine the Buckling and
vibration of thick plates by the introduction of‘ corresponding appropriate

elasticity equations.



1.3° Outline of the thesis
Sincé the main objective of this thesis is to study the applic'abi]it}; of the
finite difference method for thick plates, existing literature related to the
solutiox} of thick plates by various numerical methods is briefly reviewed in
Chapter (2). Chapter (3) is devoted to the formulation of the governing
equations of elasticity and the relationship between stress and strain in the
three dimensional plate system and the relationship between displacements '
and stresses in thick plates is~also derived. In chapter (4), the finite differ-
ence expressions required to analyse the deflection problem of clamped and
simply-supported isotropic rectangular thick plates are formulated. The
formulation of finite difference in the case of thick plates is not an easy
task. For example, in the case of thin-plate theor:}, the problem can be
reduced to one governing equation in terms of the vertical displacemgent w,
whereas for thick plates the governing differential equations require the in-
clusion of two additional components u and v, thus increasing significantly
the c_omplexity of the probleth. To apply finite difference to solve this com-
plicated problem, previous research did npt show a direct application using
this numerical solution. In thick plate theory, the requirement to satisfy the.
boundary conditions deserves careful consideration especially for boundary
conditions applied at extreme surfaces of the plate. For this reason,’ the
thick plate is divided in layexzs with appropriate boundary expressions for
each layer. The modified finite difference method presented may be taken
as a general method applicable to both thin and thick plate structures.
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The formulation of the ﬁn‘ite' difference exprtlassion for each point is presented
in detail, shox;rin ow the‘partia.l derivatives are replaced by finite differ-
ence éxp'_r;ssibns, and how the resulting equations are réduced in’ matrix
form 't'c.;'yielld the ‘solution of a particular préblen;. In chapter (5), deflec-

tion results are shown for different plate asp‘ect ratios for both clamped and

| simﬁly-supported thick plates. Results are also tabulated for different val-.

ues of Poisson’s ratio é.how_ing the influence of the ratio’on the height "h”,
and on th? logitudinal dimension "a”. Finally, conclusions of the present
study are summarized for all cases considered and,whenever possible, com-
parisons are made with other investigators. Significant amounts of data

breserited herein are not available in the technical literature and the de-~

_ tailed results included in this thesis can be looked upon as an exhaustive

study of the dei_iection of simply supported and c[a.mped ‘thick plates with -
various plate aspect ratios and Poisson’s ratios. All computations involved
in this thesis were programmed in FORTRAN 4 for the Amdahl mainframe
computer. The general programme is presented starting with reduction of
submatrices and the formulation of the general matrix describing the sys- '
tem is generated automatically. This is followed by the formulation of the
vector force. Programme subroutines MATINV, and MATMUL are also

presented. The progrém is included for reference in the appendix.



Chapter 2

Literature review

" The classical theory of p.la.tes has been well esta.bli_shéd and widely applied
since Thomson and Tait resolved the controversy over the 'b\ounda.ry condi-
tions of Poisson’s theory in the latter .half of the nineteenth century. Due
to a.pbroximai:ions inherent in their derivations, classical theories restrict
. themselves in their application to plates having thickness mﬁch less than
their lateral dimensions. As a result, these theories cannot be applied with
any guarantee of accuracy to thick pla_.tés or problems where local effects
predominate such as stress concentration problems. Thus, there are cases
when a more refined theory is required. This led to several significant

developments-in recent years in the field of analysis of thick plates.

The shear deformation theory of Reissner {1] derived on the basis of a varia-

tional criteria has been one of the foremost in the treatment of thick plates.



_ This theory has been applied to va.nous recta.ngula.r plates by many inves-
tlgators Kromm [2] demonstrated the absence of corner rea.ctlons using a
theory that takes into account transverse shear deformatlon. This point
has ‘also been-discgssed in detail by Marguerre and Woernle [3]. Green 4]
has pointed out that the Reissner equations can be qbta.ined directly from
the three dimensional elasticity equations without recourse fo v&ﬁational
considgra;tions. Donnel [5] has given a three dimensional thick plate the:
ory in which the solution is obtained in the form of infinite series with the
first term .representing classical thin plate theory results. Lee [6] has ap-
plied this method to simply supported rectangular 'plates. Friedrichs. and
Dressler [7] and Goldenveiser [8] have given approxima.t.e theories which
could prechct boundary layer effects, by the method of asymptotic integra-
tion of the governing equations of - elast1c1ty Lur'e [9] has given a general -
power series method of solution of the elasticity equations. Poniotovskii [10]
has employed Legendre polynomlal expansion in the- thxckness coordinate
to derive a sygtem of two dzmensmnal equat1ons A three dzmensmnal SO~
lution for rectangular plates and lmmna.tes has been developed by Srinivas -
‘et al. [11} in which the solution for displacements is taken in the form of a
double trigonometric series satisfying the equations of equilibrium in terms

of didplacements. Srinivas and Rao {12] solved the problem of thick plates

Jiree dimensional analysis by expressing the displacement func-
tighs in terms of hyperbolic functions using the techniques of collocation,
brthogonalization, and orthogonalization along with collocation ;a,tl corners.
The generalized Levy solution [13] has been taken by David.W.Cooke to
solve the problem of a statically loaded, rectangular plate which is simpiy



supported on two oppos:te edges‘ and has a.rb1trary bounda.ry COD.dJ.thD.S
.on the remaining edges. Kvashnina [14] presented a method based on the
expressions obtained by Berdichevskii to solve the problem of bend.lng of
thick plates. ‘Kish-jda. f15]- carried out a three dimensional élastic stress anal-
ysis of thick plai‘.es,’ a.nd’solved the problem of axisymmetric bending of a

clamped circular plate subjected to an annularly distributed load. An anal-

ysis of an infinite elastic thick pla.te subJected to loads symmetrical to the
axis of revolution has been devloped by NakaJxma Jamsopana and Kakuzen
[16]. After they have represented the part of hyperbolic functions of the
integrand of stress functions in terms.of exponential functions ,Macfa.urin’s
law was used t.o.expa.ndfthe denominator and each term was then int_e;

grated separately. The approximate stress components were calculated by

solving the simultaneous linear algebraic equations with four unknowns by

S{\nsfymg ‘the boundary conditions at two points on the boundary surfaces. '

Kobayashi, Nagasawa, Ishikawa, and Hata- {17] proposed an extension of
Lover’s moderately thick plate theory to solve the problem of a three di-

mensional rectangular cantilever plate. Bending of thick plates under an

arbitrary load has been carried out by Gruzdev [18] using the method pro-

posed by Lur’e, who reduces- the three dimensional plate problem to the
two dimensional problem using the infinite order differential operators: of

the displacements and rotations- of the middle pfa.ne of the plate. Desh-

mukh and Archer [19] proposed a new method which considerably reduces’

the amount of numerical computations for certain classes of plate prob-
lems as compared to the alternate methods, i.e., finite element_or finite

difference methods. The method prdposed is based on Reissner’s theory

'
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where the total unknown component is equal to ‘the sum of partiélﬂ.ar,and
complimentary solutions. Mixed ﬁ.nité difference scheme for the analysis of
'simply supported thick plates was propesed b)dr Noor {20]. His analysis is
baéecL on the iinea.r, three dimensional theory of orthotropic elasticity and
. a Fourier 'approach is usec‘i to reduce the governing equations to six ﬁrsé-‘
order ordinary differential equat{ons in the thickness coordinate and a finite
difference method is carried out to form a system of linear equations from
the previous differential equations. Ryab.ov and ‘Rasskazov [21] examined
the bending of thick nonuniform plates thro_ugh tlgxeir thickness. Their as-
sumption is. based on the distribution of the shear components in the cross
sections and its change over the plate thickness in accordance with a square
parabola law . Finite element is the. most.rigofous method used to solve
complicated problems during the last three decades. Here,Epstein and Hut-
termaier {22] made use of the bilinear isoparametric finite element concept
for the numerical analysis of multilayered and thick plates. Guruswamy
and Tang [23] have expressed a twenty four degree of freedom sector fi-
nite element for the static and dynamic analysis of thick circular plates;
Sundara, Chandrashekhara and Sebwt@24] applied a method of ini;tial
functions (MIF) proposed by Vlassov for the analysis of thick recta.ffg}xlar .
plates. The unknowns are expanded in Maclaurin series in the thickness
coordinate and hence the solution is obtained in terms of unknown initial
functions on the reference plane. Many other papers dealing within lthis
area of research had an advantage of developing some classical methods or
by proposing a modified formulas in the area of buckling and free vibrationg :
of thick plates . ‘



Chapter 3

Formulation of the ‘gover"ning

~equations

3.1 Equation of equilibrium

The formulation of the governing differential equations of equilibrium of an
. isotropic rectangular thick plate under a vertical load q(x,y) is presented in
the three principal directions x, y and z. The equilibrium will be defined by
equatiﬁg the internal forces and external forces in each principal direction.
Figure (1) shows all the forces on the plate, and Figure (2) shows the
distribution of moments inside an element of the plate. Figure (3) shows
the deformation of the plate in its general form. For small slopes,summing

forces in the Z direction yields the equations:

10



Ay ;
d /N, |
- . T ) DN: ¥
/N»—q(x;y) — ny 4 ~8—y“dy
N vd) Ny + %‘dy
/.TH # Qu +Eag:'dy
N, + B ds / ,
Q: + %q-__‘dm '

x N, +\.%&;-‘ dz

Figure (3.1) equilibrium state of the plate element

l M., :

dx M'z.._é D
. M, + -‘;—y""dy
Mxy . ) : ﬂ{f:y + %‘du

Figure (3.2) distribution of the moments in the plate elernent
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a'" =+ ay | 3'")dy+ _ AN | /3"' +£ a—w)d:r:-{- _
33:: e 3y(8w)dy]da: 3 N [ m(aw)dx]dy

| Figure (3.3) deformations of the plate



aaQ"dd + ;Q”d:rdy Ndyg—+( +%ALd:c)d (%%+%d) . 4
—-Nydm%y- + (N,, + ?%dy) dz (gw + g—z,_,-dy) — N,vdz%-’ﬂ + -
” | (N,,,+ ag;”dy) dz (g’“" + 8‘9 5 dy) Nwdy%‘”
(N;,sr T 52’rud ) dy (gw gzaydx) — qdzdy = 0

(3.1) N

Expanding the terms involving prod;.xcts,a.nd discarding the resulting third
order differential terms yields, '

8Q. . 0Q, Bw B B §w ON.,  dw
6.1;’+6y .—N,_dya —Nda:a -l—Ndya +Ndyra2 . 3 +. J
- N, Bw Bw d*w , 8N, L
Ee da:+Ndza +Nddy82+31 d:r:dya +
N, 82 dw Jw 9w
.sz:dyﬁdy Nyydz— e + N dr— e + N d:ra a7 dy +
ONg " Ow aN,U 0w OJw Ow
ay ——dydzx 6:1: By dydz 3203 dy — Nx,,dya +Nx,_,dya
8w ' BNW Jw 6N=,, 0w _
’ Nzydyamay P dzdy 5; e dz dJa 3 — qdzdy =0
(3.2)
- . ‘\‘
Simplifyin‘g and dividing by the area dxdy yields:
. 0Q: | 99, &w  ON 0w  ON, P w &w  ON, dw
a:z:+3y +N32 Oz 3:::+33: Ox? 7da + N"'@? +8J dy
+3N J*w 0w + ONzy 0w + N, O*w dy
N dy Jy? ¥ 8rdy gy Oz 8y Ozdy

Fw | ON, dw 0Ny P
N ’?amayJ“ 5z dy | oz 030y

——dz —gq=10
(3.3)
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By adding common derivative terms the equation yields,

29..00,, 3 (y00) 9 (00 0 [y 08), 9 (y fu)_
+ay+az(Na)+ay(N”ay)+a Mgy ) Yoy M3 ) =

N, 8*w Fw aN 8w AN, *w iy — N, w
1= %z 8220~ By EX) = dy Bmay 8z Oz0y

dz

(3.4)

This equation is applicable to problems of large, deflections,but: for small

deflection problems the equation can be reduced to :

0 (g 0w\, 0 (y 8w\, 3 (yow), 0 (y o), 0Q: 20, _
Jr (Nrax)-*-a (N’“’ay)‘{"ay (Nyay)-*-ay (eraz)-{- Oz By "'q

(3.5)
The force in the x direction is expressed by the formula shown below
8N, dN,, Jw 0Q- fw J*w
3 3y drdy + Q-dy—— e (Q,,. dz) dy (8:: + 527 d:s) |
Bw BQV ow 8w _
0z 22 (Qy d )d (B2 2o a) -0
R (3.6)
By expanding the above equation
N, dN_, Jw Ow - *w Q.
dzd M.y s
a a z y + Qrdy a Qz:dya Q‘-’!dy axg dx ax d dy a
BQI Jw dw O*w aQ
d ¥
dzdy’ - gdx + Qudzs ﬁbda,- ~ Qs sdy — 5 drdy2? ax
aQy J*w
dydz =
By Y azay Y ="
(3.7)
Dividing by d*ccly and simplifying yields:
ON. 0N a dw\  08Q; B*w 3Qy Bw
dr + Ay (QIBI)_ay( ”ax)_ Az azzd‘r'" Oy axay
(3.8)
v

14
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Again,this equation is applicable to the problem of large deflections, but

for small deflection the equation changes to .

AN, BN, 8 (. 0w\ B [,0w\ . .
Bz T Ay “a—m(Q’az)_ay (QVE;) =0 (39

For the force in the y direction .

) 2
aNud dz + aN:”dzdy+ Q:dyg (Q: aQ.r: $)_d‘y (3_10_ + d*w dﬂ:)

dy Oz
‘ 2
Q,dma (Q, 6Q”dy) dz (a_w +.aT‘;’dy) =0

After all simplifications the equa:tion yields

ON,  8Nn 8 (, 0w\ 8 (, 0w\ _8Q: &uw ana=
Ay + Oz Oz (Q*’ay) ay (Q”By) Jr axayd By dy Oy Qd‘;

(3.11)

and the equation for small deflection becomes after simplification

0Ny 0Ny O (Q:_‘?E’),_ o ( 3_‘”.) = (3.12)

8y Oz Oz
The general form in stress cdmpoﬁénts yields three equation of equilibrium
for the x,y,and z directions réspectively

Cfo,  Omyy  OTe

or,, OGo, O

oz 3y + Oz =0 (3.14)
Otz 01y Ooz -
92 T By +5, =0 (3.13)

The inplane forces and bending moments are obtained by integrating the

inplane stresses over the thickness. In the case of homogeneous plates, these

15



integrals are :

h{2 |
Nr, = ] o.dz

ﬁ/z
- jh/z

hiz -
Ny = ] Tryd2

—h/2
k/2
M= [0
h/2
h/2
M, = / oyzdz
hf2

M. H d
™ -/—h/2 TeuEaE

3.2 Stress and strain functiohs

(3.16)
(3.17)
(3.18)
(3.19)
(3.20)

(3.21)

From elasticity the general Hook’s lagv stress functions taking care of the

strain ¢, ,and rotation deformations 7., ,¥,. are expressed by the following

equations .
_ E

R
Ty = 1 -2
= - l—
. _E
T A1)
.= E
R TT
- - E
Iz e 2(1 +V)’YZI

16

leo + v (e + )]
[y + v (e + &)

et v(eet )]

(3.22)
(3.23)
(3.24)
(3.25)

(3.26)



The stress-strain relationships from the six previous equations are defined

ag :

. 1 | |
& = lo—vio,+o.) (3.28)
o = %[a’v—u(a,-i-dz)] " (3.29)
e = gloi—v(osty)  (3.30)
Yoy = 2(1;”)1-:,, - (3.31)
he = A, e
b = 222, (339)

The strain relations for small deformations are ;

. Ou du Ov .
ov - dv  Ow
= — ’ = —_— 3
ev ay ) Ty az + ay (3 5)
dw. w Ju '
€= 35— Yz =5t 5 (3.36)
with respect to the equilibrium equation .By differentiation ,
| Oo . E Je. [0, Oe, ' '
dz ‘1-u2(ax_”(ax+ax)) (3'3?)
Oz E Oy (3.38)

17



O0Tzz _ E 072z

9z ~ 2(1+v) 6z

Orye _ - E Oy

| 8z  2(1+v) Oz

oo, 5 (8, (0 0u)
dy 1—v?\ 0y By Oy

' or. E 3'7”,

9z 2(1+v) 8z

67’;3 _ E a?z:r
9z ~ 2(1+v) O
. asz E 67:11

br._ B (00 (0 5s))
dz 1-v2\ 0z v Oz Oz

(3.39)
(3.40)
(3.41)
(3.42)
(3.43)
(3.44)

(3.45) .

If we calculate the differential of the strains for small deformation the strains

can be expréssed as functions of the partial derivatives of u,v,and w :

de,  O%u - De, B O, = B%w
dx O 8z 0zdy 8z 0z0z
e, _ Bu de, 0% " De. O
By d=dy By Oy 8y~ Byod=
Je.  B*u Oe, 0% de,  O'w
9z 8z8z 6z ay_a:'.: 8z ~ 0z2
OYy  O%u | 0% OYey _ O%*y &*v

5z 820y | 62 3y 0y | 9z0y

O O'u | w ee  Pu | B

gz ~ 8z08z + dz? 8z = 8z  Oz0z

Ov: _ v FPw Ovy: v | O'w

8y = Oydz + oy? 8z = 922 9:z0y

(3.46)
(3.47)
(3.48)
(3.49)

(3.50)

(3.51)

The equilibrium equations in the displacement components become :



E Q”_E | 8%y + w + E 3?1: 8t
1= |5 ¥\ 520y T 5202, | T3+ v) \8 T Bzoy
. E y 6‘2 62
o
1Y) (az= + axaﬂ) 0 (3:52)

E (3211 +32v + E [é% Pu
2(1+v) \Oz8y 08a? 1+03 |8y axay a,,ay

E v Bw '
+2(1 + v) (622 T Bzay) =0 (3.89)

E [ 8% + 8*w + E Pv  Ouw
2(1+4v) \Oz0z . Ox? 2(14v) \Oyd:z + ay?
- E [dw o%u v .
T [322 e (6:::62 i Byaz)] __0 (3:54)

After multiplying the three equations by 2(1+ v); and adding them to-

gether we get ,

Pu - G 8w B d%u 0w
1- u{c'?:c2 a ”azay = V8202 + 8y Uazay - V@y@z} +
' 2 9w  Bu
: , 1- u{ 927 Ua:r:az B U.ayaz} t
u v Pu  Buw P LTI, VR o) 32w . FPw

- By? + Oz 0y + 9z? + Oz 0z + 9z dy t oz? + dw? asz 3:::62 + 3:5 +
| ) ﬁ + O w =0
dydz ~ Oy*

(3.55)

- By making simplification the general governing equation takes the following

-form :

1333(3u3v8w

v {u v,wh+ QU{BI oy’ 3z} 6_1:+—51;+_3?) =0 (3'56)
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/.3-.3 Conditions of compatiﬁﬁity

Reverﬁing now to the eicpressions of the strain cc?mponents in terms of the’
components of d1splacement eqs (3. 34), (3. 35) (3.36), we observe that -
the six strain components are expressed in terms of three displacement
components .The equatlons may be rega.rded as a system of partial dif-
ferential equatlons for the deterrmnahon of the displacements u,v,w when
. the strain components €z, €y, €z, Yys Tyzr and .z are expressed as functions
of x, v, z. Since there are six equatior_:ts for three unknown functions ,we
cannot expect in general that these equations will pésséss a solution if the
strain components are arbitrarily prescribed. Thus, there must be some
conditions to be 1mposed on the strain components in order that these six
equations will give a set of single-valued continuous solutions for the three
displacement components. The:fact that the strain components can.not be
prescribed arbitrarily can be seen from the following geometncal consider-
ations: Imagine that an elastic body is subdivided into a number of small
cubic elements before deformation. Now,suppose that each e}ement is sub-
jected to an arbitrary deformation. After the deformatioﬁ, these elements
become parallelepipeds, and it'may happen that it is impossible t;) arrange
the parallelepipeds to form a continuous body, the strain components for
each element must satisfy certain relations. The determination of the six
components of strain at each point is completely satisfied by the three func-

tions u, v, w defining the components of displacement. From the previous



relations, the following equations can be written as :

21

B, _ Fu _cie_,,_‘._ Fv -_ By _ Fu + v
dy? ~ Oz0y?’ dz? ~ Oydz?’ dzdy ~ Ox0y?  0z%0y
then ; . ‘
e, + B¢, _ 0*vzy
gy* 0z Oz0y
%  Pu .- %_,_ _ P Yex _ Fu . Fw -
9z2 ~ 8z02?’ dz? ~ 0x29z’ dcdz =~ Bzdz? ' B8z20:
‘then ;
e | O%c: 0%
9z ' 9zt Oz0z
de, v Q_"’_e_,_ Fw Py o + Fw
22~ 9ydz*’ 8y T 8z0yY dydz  Oybz? = 0y*0z
then ; i
d%, 0%, Oy
8zt | Oy Oyd:z
from the derivatives ‘
%,  Fu vz Olu + Sw
Oydz =~ Ozdydz’ dy. Jydz 9020y
By, 0% O*w vz O%u v
g = Oz0z 0Ozdy’ 8z  Oydz Oz0z
we find that | -
- Pe. 0 07y  OYzx  Ovmy \
2 5y0: oz (-‘ 5z T By | oz
azey _ i a7yz _ 07z: + a‘fry
B8zdz =~ Oy \ Oz dy a9z
5 &% _ 8 (01 0%z Ot
Jybx 0z \ Oz Oy Oz

(3.57)

(3.58).

(3.59)

(3.60)

(3.61)

(3.62)

(3.63)

(3.64)

(3'.05)
(3.66)

(3.67)

T

Y



where ;

D%, Fu '. Je, FPw

— .

8zdz  Bzdydz’ Bz0y = 8z0y0:
for the last two equations (3.66), (3.67)

(3.68)

3.4 Formulation of elasticity problem

If we are interested in finding the stress components only in a body, we
may reduce the system of equations to six equations with six unknown
stress components. Since the displacement components are not to be found
in this case, the compatibiiity equations must be satisfied to ensure the

existence of single valued displacements. By using the notation
8=o0.+0o,+ 0. - (3.69)

the first three strain stress relations are |

. = }13-((1 +v)o, — v) (3.70)
¢, = %((1 +v)ay, — 1) 3.7y
. = %((~1—.~+ V) o, — v8) (3.72)

Now if we take :
625y e, 0%, ' N
922 + oyt Oydz . (3.73)

and deriving the equation (3.71),(3.72),(3.32) with respect to the differential




¥

equation above we find

(B, Ba\ (0% 8 NS
(1 +v) ( 52 ay=) (a t o ) =2(1+v) 55, (T
Again, if we take | }
,‘ : Pe, | O P - L.
' 9z2 T 522 T 3202 ' (3.75)

and deriving the equations (3‘.70), (3.72), (3.33) with respect to the'secongi
differential equation we find |

d*o, %, %9 9*6 ~
(1+v) ( 9z2 + 3:1:2) (32 + 5—2) - (3.76)
Similarly, using
' ' e, 0%, vz
597 T Gz?  dzdy (3.17)

"and deriving the equation (3.70), (3.71), (3.31) with respect to the third
differential equation we find :

. (8%, o, 28 86\ Try
(1+u)(ayz+a$2)_—u(a2 32)"“(1+) 2

* From the equilibrium system, we form three couple of equations; where each

(3.78)

couple corresponds to a simplification of the above expressions respectively.

Ory: ‘_30’, Ot.:

8y = 0z T 8r E
Ory. _ 0oy  Omay _ F
82 By Or v
31‘,, — _hao'z _ 61',,, _ F '
Oz oz oy . °
) Orzz Bo. Oty
6r 0z Oy E
Oty _ _ 8o, 01 _ F
dy Oz 8z i
Orey _ 0oy 01y P
oz 8y 0Oz v

23
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Differentiating the first of these equations of each couple with respect to 1
and the second with respect to j; and adding the equations of each differ-

entiated couple together. i.e. ,

61~.-,- 8&-,'.-
—_— _— 3.85
%97 970 (3.85)
and then | :
Br.-j 81-,-.- 31-,-,-
= 3.86
70 T 9501 ~ 25io; (3:86)
the first couple gives -
9321-1,2 _ 0%, 8%y O (07  Oryy\ OF: 08K, (3.87)
" Oydz " 9z2  Oyr OBz \ Oz dy 8z Iy ’
using the 1° relation from equilibrium equations.
30'2 an é aT::- aT:ry ’
=2 =—— -+ — 3.88
322+_3$ ax(az T 3y) (3.88)
then )
. p,. B, &g, 0. OF. OF, OF.
9 vz __ z v _ z T ¥ = )
“oydz 02  Qy*  0F? t 5z T 8y Oz (3.89)
the second couple gives
932—.-,_, _ _620r _ &, B i Oty OTy: _ ar, B oF. - (3.90)
" 8x0:z 8z 9z Gy \ Oz Oz Oz Oz )
using the 2™ relation from equilibrium equation
8%, OF, 8 (Or,  Ory
Sy 2 oz 91
52 | oy ay(az+az (3.91)
then
0621—,:: _ _820': 820'y _ d%c, _ aFr. n aFy _ aF. x (3.9’2)

“0zdz 8z 9y 022 Oz Oy 0z
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( | |
the third couple gives

2 ' 2 2 ‘ ..
96 Tzy = _3 O _ 17, Ty _ 0 asz + aTyz o aF; _ aFu (393)
~8z8y Jz? oy? 9z \ oz Oy dz Oy .-
using the 3™ relation from equilibrium equation
320', an - a'rxz ary:
2t 5 = 6: (3:1: + 3y) (3.94)
then
2 2 2 2 -
| 25 Toy  Q'c. B0y + 8*¢, OF, OF, + OF, (3.95)

dzdy  Oz? T oy? 9z 8z - Oy J:z
using the notation below to simplify the writing

2 & N & N &?
v 9zt By* | 927

(3.96)

substituting equation (3.95) in equation (378) and using the symbol ¥*
we find : '

6\ &6 OF, 0F, OF
2 2 X 2\ 29 _ 2 VY _ v _ z
(l-i—u)( 6= Vc.rx 3x2‘)'u(v9 33:) (1+ )(6::: ay az)

(3.97)

Two analogous equation can be obta.im_ad by substituting (3.89) in (3.74)
and (3.92) in (3.76)

36 %8 aF, Q8F, OF
: 2 V \72 — I v _ F_ z
(1+v) ( 6 v 5 2) V( 4 Oy? ) (1+wv) ( Jy dz 0z )

(3.98)
and
20\ 2% oF. OF, OF
: 29 2. 90 _ :  Obs  dfy) .
(””)(Va Ve 622) ”(V az) (1+ (82 bz ay)
-» ' (3.99)



adding together all the three equations (3.97), (3.98), (3.99) we find

oF. + 8F;+ OF.
oz ay _ E_?z

1= T*0=—(1+v) ( (3.100)

substituting this expression for 7?6 in (3.97), (3.98)A and (3.99) gives
. _ A :

. 2 _
1 0% —v (3F,_. + OF, + an) _ 26F,

2
vax+1+u61:2_1—-u 8r Oy dz Oz (3'101)_ :
T 1 9% -v (8F, 6F, OF; JF,
= - 2= 102
v"Gr"‘*-1-}-u<f'3y'*’ 1-v 3z+3y+82 §3y (3.102).
. 1 &% —v (OF.  OF, 0F.\ ' OF. |
v(Jrz.+-1-i-1/37.-2_1——u 8:2:+3y+3:: T8z (3.103)

In the _'sa.n‘le manner the remaining three corditions (3.74), (3.76), (3.78)

can be transformed into equations of the following kinds,

L .1 #__(oR oK |
R il b (3.104)
: 1 &% [oF.  9F, -
.\7 Tes ot 1+ v08z0z 5z | B (3.105)
.1 o9 _ (0F. , 0F, -
Vit TY v Bzdy ( 3y e ) (3'106),

If there are no body forces or if the body forces are constant, the (3.101),
(3.102), (3.103) equations and (3.104), (3.105), (3.106) equations become

are .
1+ o:+ 55 =0 (3.107)

29
(1+v) \vA o, + aTJz =0 (3.108)

[ X 2

(1+U)\720',_+ﬁ=0 (3.109)
“1+)’-+629—0 3.110
AVt 55 = (3.110)

26



o

.
bodd)

o C(3.111)

- 'y _
e + V)V Tes + 8zdz
(1 .+ U) YV Tyz _+ 5—;—5; =0 (3.11-)

In addition to the equilibrium equation and the boundary conditions the
stress components in an isotropic body must satisfy the s?x co%ld.itions of
compatibility (3.58), (3.60), (3.62) and (3.65), (3.66), (3.67). Now the
generalized Hook’s of stress components (3.22), (3.23), (3.24), (3.25), (3.26), ar

(3.27) expressed in terms of strain components become,

02 = Ae +2Ge. . (3.113)

o, = Ae +2Ge,  (3.114)

o: = Ae + 2Ce. (3.115)

7 Tey = Gey L (3.116)

Ty = Gz | (3.117)

Tep = GY:z (3.118)

where, & = €, + & + € , A = [rat—my; G = wioy » Substituting the

4
relation oy, 7oy, Tz: into the first equation of equilibrium (3.13) we get

Oe Oex  Ovey | Oz )
Ao-+G (2 et et s ) =0 (:}.1.10)

and if we substitute for the strain component the expressions (3.46), (3.49),

(3.50) we find that (3.119) can be written in the form

(/\+G)g—;+Gv2u=0 (3.120)

Y
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The other two equations can be transformed in a sumla.r manner.

Thus the three equations of equ;hbrxum, expressed in terms of dJspIace-

ments are a
(,\+G) +Gv y=0 | (3.121).
(,\+G)‘-;-"L+Gv v=0 (3.122)‘
(A+G)5+va=o (3.123)

The governing differential equation can b\g:%ained by adding the three

equations of equilibrium together

8 8 @

(A+G){a ' 3y’ Bz

}e+Gv {u,v,w} =0 (3.124)
and by rearranging and simplifying :

{uvw}+ 1 a 8 a (au dv Ow

— t+=—+—=—]=0 3.125
2u{3$ 8y’ 6.,} am+3y+62) ( )
Now,we can extend the equations of equilibrium in terms of displacement
components to their explicit forms in terms of the derivatives in the case

where no body forces exist. The first equation after the extension givea

6211 BQU 32w 62,“ aug 3211.
= 2
(A+&) (332 + Jz0y + 6262) (3$2 + dy? + 622) 0 (3.126)

Similarly, the othier two equations can be derived and the general system

of equations is transformed to the following.

&*u J*u O%u d%v &w
A4+ 2
(/\+~G)6I2+Gay2+G62+(A+G) (/\+G)aa




5% a o ot P

(qu)azay (,\+_G)—+Ga*2 (’\+G)aya.-.-=0
5% oty Bw "aﬂ'” L w
(}+G)azaz+(A+G)ayaz+Gaz2+G32+(,\+‘>G)a‘ =0
: (3.129)

and in matrix form the system of equatiém of equilibrium can be represented

UU UV UW
by:| VU VV VW

wU wWv Ww
The explanation of these notations will be shown at chapter [4]. if we

remark the matrix notations we conclude that for thin plate theory, only
one element is considered which is WW ,where this element takes care of the
vertical deflection w. The other terms are neglected by the fact that their
quantities are very small and their contributions are insignificant, whereas
in thick plate theory the nine elements are involved and their contributions
are well considered in solving the problem. Then we can see the difficulty
of the problem from this matrix interpretation and the difference between
‘the used finite difference method and the modified finite difference method
presented herein. It is obvious once thick plate theory is a complicate

problem, the solution must be in the same range.

-~
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3.5 Boundary conditions
: PR .
The differential equations of equilibrium which have been derived previ-
ously for stresses and displacements within the plate must also be such
as to accomodate the conditions of equilibrium with respect to prescribed .
forces or displacements at the boundary. In thin plate theofy the bound-
ary conditions need only be satisfied at the longitudinal and tra.nsversé
dimensions but fér thick plates,an additional dimension must be taken into
account. In other words, f.or_ thick plates there are three boundaries to sat-
isfy. If we consider that the origin of the plate at mid-plate, then the two
boundary surfaces should be at z = £h/2 with respect to the z axis upward
positive. In this thesis we are considering the case of static deflection due
to uniformly distributed loads acting perpendicular to the surface of the
plate. For rectangular clamped and simply supported plates, the top and

bottom surfaces boundaries conditions are,

)

at: z=xg, Te: = 0, Ty =0 ,O: = (3.130) .

then the system of equilibrium equations reduces itself to the system of

plane stress where,

o | Omzy

e T o =0 (3.131)
orz,  Oo, o
T+ 5y =0 (3.132)

we know from the theory of thin plates that this system can be transformed

to the well known differential equation goverming the deflection of thin

30



plates :viz., . ' .
. Fw Fw Hw ¢
5% 282 By D

Rewriting this using the Laplacian operator,we have,

(3.133)

Viws=3 | (3.134)

Ty

3.6 Clamped plate

For the clamped plate, the contour of the plate is fully fixed and all the

displacements‘;a.re equal to zero,

at - :r=:i:g-,‘ u=v=w=0 (3.135)
at : y=:tg, u=v=1w=0 (3.136)
h q
cat: z= :t—z-, o, = :!:5’ Tee =0, e =0 (3.137)

3.7 Simply supported plate

In the case of simply supported plates the choice is more complex and the
boundary conditions are satisfied by both displacements and stresses:

at

at: ¢==%x-, o. =0, Tey = Oy w=

(3.138)
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“and the system of equilibrium in the general form is equal to.

02z

=0
- oz
do, Oty
v Z¥v:i_
dy + Oz
OTzz aTvz do; _
Oz + Oy + oz 0
but at the boundary surfaces
do,
v _9
9y
which means that o, = constant ,
b ,
at y = :EE,‘ a, =0, © o Tee =0,

and the system of equilibrium in the general form is equal to

Jdo. + OT s ~ 0
dy . 0z
Ory:
9z 0
51'” 3‘!‘,, 60'; _
Oz t Oy + Oz =0
but at the boundary surfaces |
1 aa’r o
ér 0

which means o, = constant

(3.139)
(3.140)

(3.141)

| (3.142)

w=0

(3.143)

(3.144)-

(3.145)

 (3.146)

- (3.147)

For simply supported plates at the corners there would be reactions acting

upward resulting from the sum of the twisting moment. At the corners the

partial elements of the equilibrium system are equal to zero which means,

at : z=ig

32
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all the stresses are equal to zero except 0. = +g/2, at eh/.? <z < h/2

all the stresses are equal to zero except Tz;, Ty:, 0 are equal to constants. -

B SIES
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Chapter 4

Formulation of the finite

differences

4.1 Finite difference ;_Iiethod

The derivation of the equations of equilibrium and deformation in the anal-
ysis of plates leads to a number of partial diﬁ'erential equations in whmh
the unknowns are the internal forces and the defo.rma.tions. The unknowns
occur in differential form by considering the equilibrium and deformation of
an infinitesimal plate element. This makes the problem to be solved much
more complex than those which can be solved by simply considering ele-
mentary strength of materials where the expressions for the internal forces -
may be directly established by studying a finite cross-section. The differ-
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ential relations have in their turn a well defined physical meaning. They

permit the ld@ study of forces or deformations. The complete determina-
tion of these phenomena involves the integration of the equations.

In most cases, the solutions of differential or partial d.iﬂ:'erential equations
‘cannot be obtained by means of elementary functions. This arises because
.m the most general case, when the ra.dn of curvaf.ure of the middle surface,

as well as the external loads, are not given explicitly, the form of the differ-
 ential equation or partial differential equation is not known and the general‘

solutibn cannot be obtained.

In general, solutions to the governing differential equat’ioné are difficuit
. to obtain and numerical computations are to be rqcommendexd. The ap;
. proximations in numerical calculation may be made as small as we wish
' by suitable choice of the initial scheme fqr the calcdation. - The basis of

any method of numerical computation lies in not employing infinitely small

Qua.ntitiﬁ, but in using very small finite qﬁa.ritities. Fof this operation how-

ever, the form of the problem is modified.

. In the first case, the analytical solut1on leads to a continuous expression for’ '
the unknowns at least within distinct intervals; in other words, having the
expression for an unknown as a function of the independent variables, we
can determine directly the value of this uniknown at any point on the middle
surface. On the other hand, the numerical calculation leads to the deter-
mination of the values of the unknowns only at the points of a previously
estaﬁﬁshed network. In Figure (4.1) we show how the network of ‘modified
finite difference is assembled with respect to the origin at the mid-plate.
To make everything clear Figure (4.2) shows the three principal planes xy,
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¥2, zx, which are the symmetrical planes of the plate. The sé.me notation
is used to simplify the interpretation of the partial derivatives defining the .
finite difference network within the plate. ' '

X
Figure (4.1) Three dimensional finjte difference network

* Figure (4.2) Three principal planes
. S
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" top layer

— three intermediate layers

N
N

bottom layer

g‘

NN

Figure(4.3) Horizontal partition showing layers of the plate

j-2
i1
J /
j+1
i+2
-3 2 i1 i i+l i+2 i+3
R ,'\, Az

Figure (4.4) The finite difference mesh-size in the xy plane

-4
i
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While defining the system of notations u, v, w, for the partial derivatives in
terms of finite djﬂ'erence equations, in the x, y and z directions respectively,
the plat;a is also divided in layers as shown in Figure (4.3 )., The equations
of equilibrium are divided into sub-matrices defining the participation of
" each function in one pﬁ.ﬁcipal direction. Here, _

UU : represents the participation of the u function in the x direction.

UV : represents the participation of the v function in the x direction.

UW : represents the participation of the w ‘function in the x direction. |
VU represents the participation of the u function in the y direction.

VV : represents the participation of the v function in the y'd.irection.

VW : represents the pm;ticipa.tion of the w function in the z direction.
WTU : represents the participation of the u function in the z direction.
WYV " represents the participation of the v function in the z di‘rection.
“WW _: represents. the participation of the w function in the z direction.
For the notation of our grid network, only a quarter of the plate is con-
sidered due to the symmetry in the xy plane, while in the z direction the
.advantage of the symmetry is not considered for the general use of the‘
program, in case we consider subsequently a plate with variable thickness.
The increment in the notation is considered in a manner to simplify the
notation, For example, in the x direction the increment is always unity, in
the y direction the increment is equal to the term IJ and in the z direction
we have in the plane xz the term IK, in the plane yz the term JK. These
two terms IK, JK are equal in the case of the plate with constant thickness.
As it was described in chapter (3) the top and bottom layers are determined

by equation (3.133) governing thin plate theory. Then for this purpose it
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is obvious fhat we need to show the representation of that governing equa-
tion in terms of finite difference for the general case where the mesh sizes
is rectangular. Tﬁe diagram in Figure (4.7) shows the development of this
equation and it can be employed at the bbu.nda.ry. As it is known for the
- boundary conditions of clamped plates, points are added beyond the bound-
ary limit similar to the point inside the plate affected with a \plqs sign and
with a minus sign for the simply supported plate, see Figures (4.5) and (4.6).

wim—1,n)= m,d
—Eu(m + 1,)n) :\




4
Ay :
) A ..
v
1 | 1 |
{ 13
Ay
/\L‘
Az Az Az Az~
| | |
| ] 1
1
A
2 =41 1 2
: L4+ 4 :
JERY] 2 (,\; ¥ N
1 —471 1 8 .. 6 4 8 ~4r 1 4 L L
A nig t Mty tas 2z +37) Ty
- T (3 + ) oY)
Y3Y) AN T A2 e

nqat"' =1
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For the general case we represent the pa.rtla.l derivatives detenmmng the

equilibrium egua.tmns (8.127,3.128,3. 129) by the following: [101]

(A+ 2G)-5—2 = WI-1)-2UD)+Ud+ 1)]___..(’\ +26)

G% = [U(I-IJ)-gU(I)+U(I+IJ)];\-;
G% = [U(I-IK)—zU(IHU}I/; IK)]E2
9% (A +G)
(A +G)gm = V(D= V(I4+1) = VI + 1)+ V(I + 1] + 1) 55— %Y
(A + (;)aa2 = WD) -WI+1)-W (I+IK)+W(I+IK+1]( +G)
8%y _ _ (A+G)
(/\+G)azay = [U()-UIT+1)- (I+IJ)+U(I+IJ+1)] o
&% G
G@ = WU -1 =20+ VI + 15
(H_G)az = [V(I:—I.I)—2V(I)+-V(I+U)]£—-"Kgicl
32 WG
Gazo= [VU-IK)-2v(D)+ V(I+IK)]-—
(A4 6y 32 = W) -w (I+IJ)—W(I+JK)+W(I+”+”<>1 s +,f)
(A+G)aza = U -UU+) - U(I+IK)+U(f+H<+1)1(}??@}
(A+G) 3326 = V) =VI+IN)=V{I +JK)y+ V(I + 1]+ JI{)I(AA+AG)
G%}; = [W'(I_]_)_‘)VI»"(I)-}-W'I+1])\2 |
G% - [W(r_m_ow<f)+W(I+rJ)]-—
(,\+2G’)% = W - IK)—2W({I) + W(I +IK)1—A-;G—)
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For the points on the y axis [102]

d%u
(/\ + 2G)a—2'

62
G

62
Gza';f

(’\ + G)azay

5%
Oz6z
5%u
Oz0y
p
dz?

2
(\ + 2G)?—”

62
Gom
32
Oy0z

(\+G)

(A+G)

(A+G)

7-(\+G)

6311
Oy0z
Sw
=
5w

E

(AN +G)

e
(,\+2G)-52—f =

U -1) - 20(1)]

‘[U(I) ~U(I-1) -

32 o

VI -v{I+1J) -

‘ (W(I - IJ) —2W(D)+W(I +1J)]—=

(A + 26) , .

G

[U(I—-1J) - 2U(I)+U(I+I.I) %

(U - IK) —20() + V(I + IK)| 5

VD) = VT = 1) = V(I 4+ 1) + V(4 17— 1 AES)

Aty
(W (I) = W(I — 1) = W(I + IK) + W(I + [K — 1)) 225 (A,\+,\G) |
(A+G)

U(I+IJ)+U(I+IJ—1)] %Y

RPV(I-1)— 21/'([)]13-

(A +2G)

V(I = IJ) = 2V(I) + V(I + IJ)] -

V(I = JK) - 2V(I) + V(I + JK)]%

(W(I) = W(I+IJ) =W +JK) + W(I+IJ + JK)] (/\\+AG)
A+ G)

Aoz
A+ &)

Nyhe

[U(L) = UL = 1) - UL + IK) + U([ + IK — 1At E)

VI +JE)+ V(I +1J + JI{)]

eW(I-1)— 2W(I)]£2

G

A2

() + 2G)

(W(I - IK) = 2W(1) + W(I + IK)]
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3§

For the points on the x axis [103]-

' J*u
(A + QG)@

O*w
Bzt
*w
oy?
G*w

G

(A +26) 57 =

(A +26)

[U(L - 1) = 20(T) + U(I + D=5

RU(I - IJ) - 2U(n]%

[U(I = IK) = 2U(T) + U(T + IK)]%

(A+G)
Ay

[W(I). — W(‘I +1) - W(I +IKY+W(I+IK + 1)](’\;5)

[U(L) - U(I +1) = U(I — I.I)—{-U(I_.IJ_*_U]QA-}-TG_) |

V(D) =VI+1)=V{I = I])+V({I = IJ +1)]

V(I-1)-2V(I)+ V(I + 1)]%

v - 1) - 2v() 220

VI -JK)=2V(I) + V(I + JK)]%

(A +G)

(W) =W(I=I1J) =TI +JK) + U(I - IJ + JK)]

Y
U -UI+1)=UI+IK)Y+ U+ IK + 1)](’\;—;;)
V(D) = V(I = I7) = V(I + IK) + V(I - 1] + JK)] (’\A‘:G)

[(W(I-1) —.2W(I) +W(I + 1)1%_

2W(I = 1) = 2W (D] 55 )

(W - IK) - 2W(I)+ W + IK)](/\ -;226‘)
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For the central point [104]

2
O+ 26y

9z?

= [W{I - IK)-2W(I)+ W(I + IK)

UL 1) - 2U(I)]Q_—:2—2@

(QU(I —I7T) - 20(1)1%

[U(I - IK) —2U(D) + U(I + IK)]%

PN CELS)) (A/\+/\G)
(A + G)

V() -v(I=1)-V({I-IN)+V({I-1J-

(W(I) ~W(I 1) = W(I + IK) + W(I + IK — )] 25 F)

A+G)

1) — U(I I7) +U(I - I.I—-l)](/\A

(D) -u( -

V(I -1)- 2V(I)]1—5

(A +2G)
Ay

2V(I - 17) - 2V(I)]

V(I = IK)=2V(D)+ V(I + IK)]% _

Ul + JK) + U(I = IJ + JK)] (’\;’AG)

(A +G)
s

(A +G)

SN

[(W(I) ~W(I-1J) -

[UI)=U(I-1) = U +IK)+ Ul + IK - 1)]:5 22

V(D) ~VUI—=IJ) = V(I +JK)+ V(I —IJ+ JK)|
[2W(I ~1) - ZW(I)]%

[2W(I —IJ)~ QW(I)]E
](A +96)
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For the pomts on the top and bottom layers, the system of the ethbnum
equa.t1ons(3 131 3.132) expressed in terms of the partial derivatives yxelds

FBu- d%v 67w )
(A + 2G) =+ G T +G 5 a Yowz 0 WY
32 62 6210
()H.G)aay +(,\+-G)—“+A"5y? 0 (42)
| @3)

~

The above system of equations with three unknowns is statically indeter-
minate. To proceed to solve the third function, we create another equation

_from.the plane stress equilibrium systém giving Viw = q/ D which how!

83w 8w

gives a statically determinate system with —-, Femo 8:::'8..’39 =-,all equal to
zero, 1.e.,
| Pu ¢ v . ,
(/\+2G)5—2'+G +( +G) =0 | (4.4)
62 .
A+G G A+2G)=— =0 4.5
(+6) S+ 62020 (4.5)
-9 :
| Viw = D (4.6)

Foa

A general point-on the boundary layer will be defined by the expressions
below [1085] :

(A + 26;)-2—2E = [UI-1)-200)+ U+ 1)]%@

GZ—} = U-17) ‘—2U(I)JrU(I+.rJ)]%

chd (A+6)
A+ Gy = V(D) = VI +1) =V + 1)+ VI + 1T + D55
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u z\-I-G)

(A+G)

= - W) - U +1) - U(I+IJ)+U(I+IJ+1)]
3% |
Gé? = Va-y- 2V(I)+V(I + 1)] ‘
(,\+2G)222 = [V(I_IJ)—2V(I)+V(I+IJ)]9LA;@
For the case when the point is on the y axis [106]-
(T = puE-1-w@tt)
azu . G -
GB‘? = [U(I- IJ)—"U(I)+U(I+U) X .
_ (‘\+G)aizay' = [V(I ) VI -0 =V{I +I)+ V(I + 1] = 1) ;,\G)
(A.+G)aazgy = [U(I)-—_U(I—l)—U(I+U)+U(I+”“1)]()\;,\@) |
0’2
Ga_zi- = _[2V(I—1)—2V.(I)]X§'
- (A +26)
.(A+2G)a—y; = [V(I—IJ)—ZV(I)+V(I+IJ)]T
and when the point is on the x axis [107] |
(\+_G)— = [U(I41)'—2U(I)+U(I+1)]'('ii,\§ﬂ
&u G
G—gy—, = [2U(1’—U)—2U(f)])\—5
(N + G)aizay = V() -VI+1)-V{I-IN+V({I-IJ+ 1)](,\;/\(;’)
B+OLTE - W -UU+ 1)—U(I N+ -17+1)0*t4

Oz 0y Azdy

46



82
Gaa

"a;ni.:l"fdr‘the"centra.l point{108] -

(A + 2G)-é—§5

Il

- 1) - 2V(I)+V(I+1)] N

V(I -

17y —2v(r) et 2s) (1+26) : 26)

U = 1) — 2U(I)](—’-‘—+—3G—)

[2U(I -

V()

wn -

V(I

2v(I

VI =)=V =IN)+V({I - 17 ~1)]

—';rJ) - 2V(I)]

IJ) - 2U(1)1-)\—2

(A+G)
Az,
A+ G)
Azdy

U(I 1) = Ul —IJ)+ U - 1J -_1)](

—1) -2l

(A +2G)
G

' Now after describing the four cases common for all plates we now.a‘ttempt

-to determine the particular points near the boundary. The application is

limited to two cases, clamped and simply supported.
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4.2 Clamped plate

Y.

///////4'/ /‘///////

;.12'1‘22122'" 2

Ao o

A . ' X
L

7 7

/ . o

ST

For the clamped plate all the components on the boundary are equal to zero,
and therefore for points near the boundary, the backward components are

equal to zero from the boundary conditions.

4.2.1 Intermediate surfaces

For the corner point, [100]

(+205% = o U+ 2D
Com = [—2U(I)+U(I+IJ)]%

v
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Fu.

Gaa = WUI-1K)-20(D)+ r}(r + IK)]E |
(\+6) 332; o VD)=V ) -+ I+ v+ 1T+ EED (A;“AG)
(A +G) ;:a = W)= W(I+1) = W(I + IK) + W(I + IK + 1)]i———)~
O+ o2 T = WW-UI+)=UE+ID)+ VI +17+ 1)](" nd G)
G%Z—z- (D + T +1) g |
(A+ 2G)5ZF = -2V + V(T + IJ)](—'-\——-:—;—G—)
-G% = VU~ IK) = 2V(D) + V(I + TR
(A +G) ;;;”z - [W(I) —W(I+1]) = W(I + JK) +-W(I +IT + Jf{)](—’\:\-;—f;l |
(A+G) a‘fgz = W) -UI+1) -0+ IK)+U(I¥IK + 1)]-(—’\)\*'/\—‘;) _
(A +G) ai?;’z = V(D) -V({ +.IJ) V(I +TK) + V(I + 1T + TS (’\;AG) _
Ggi‘f = [—2Ww( D)+ W + 1)]7\-2
G% = W+ WU+ IJ')]%
(X + 2G) F0 - 1K) - 2W (D) + WL + IR A2

A

For points parallel to x axis, [99]

(4 20TE = WI- Y -2 + U+ D
&u G
Gﬁ = RO +VT+ 1)y
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2
(,\+2c;)a

o N

it

(%)

U - IK) - 2U(I) + U +IK)

],\21

V() -v(I+ 1) V(I+J’J) +V(I+1IT+ 1)1(/\ + G)

(A+G)
A:

A+ G)
Aoy

(W(I) = W(I +1) - W(I + IK) + W(I + IK + 1))
[U(I) UI+1) =UI+I)+U(I+ 17 + 1)](

[U(I—1) —20(I) +U(I + 1)]—

[—2V(I) + V(I + IJ)](_"_E?@

V(I - IK)-2V([)+ V(I + IK)]_%

(W) - W({I +1J) - W(I + JK)..; W(I + IJ + JK)] Q\Tt\G_)
U -UI+1)-U{I+IK)+UI+IK + 1)](/\A+AG)

V(I) = V(I +I7) = V(I + JK) + VI +IT+7 )¢ ,\:_f)

(W(I-1)- "W(I) + W(I+ 1)]_

WD+ W+ I

W - IK) - 2w (1) + W(I + 1K) 2

For points parallel to the x axis and on the y axis, [97]

%y
dz?

¥
e

(A +2G)—

dy3.

[‘)U(I 1) 2U(I)](A+ G)

[-2U(D) +U(I + .r.f)]F
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- e At + A —

A+ e

o*w
Byl8z
az

A+ G)

(A-!-G)

3'2

82w
dz?

a2
U

oy?
5w
(A+ 2(;)52:—2

(V) -

[U(I - 1K) = 2U(1)+ U(L + M{)]E

(A+G)
AzAy

_ 1)](,\ + G)

VI -1)-V{I+17) v 17— RS

(W) =W —1) =W+ IK) + W(I + IK

(A+G)

U -UI-1)-UI+1J)+ U(I + 1T — R

2V~ 1) - 2V (I

T

(—2v(n) + v+ 1 A2

V(I = JK) =2V (1) + V(I + TK)| 5

L O\+G
V(D) = WL+ 1) = W+ T + WL+ 17+ K O R )

. (A-s-G)
U - v - A — U+ IK) + UL+ 1K — 1)) 859 o
V() - V(I + 1)) =V +JK)+ V(I + 1]+ .IK)]( ,\+,\G)

W —1)— 2W(I)1:\;

[—2W (1) + W(I +17) i

W ~ 1K) - 2W (D) + W(T + TK)| 8 2G)

For the points parallel to the y axis [98]

2

(,\+~G)a

32
G

[—2U(D) + U(I + 1)](-5*;—22(;—)

U =17y =2U(I) + U(I+ IJ)]%



Hu
gz
32v

' (A+G)

(A+G)

3&:3

5y
o

dz?

2
(A +2c;)a

62'0 |

GE—)}T

6 6~
f\a,
(A +G) a:caz

(A+ G)

3y32
8'2
Gomt
32
E

Fw

G

= [U(I-IK) —2U(I.‘) +U(I+ IK)]%

A+ G)
Ay
,\+G)
Az):
A+G)
AzA,

V(D -V +1) = V4 L0+ V41T 41
WD)~ W+ 1) = WL+ IE) + W+ 1K + 1y 8L 8)
U0 - U(T +1) ~ U@ + 1) + U + 17+ 1| A2 D)
(~20(1) + U(I + 1)],\_3 |

[V(I=IJ)=2V(I) + V(I + 1) ('A -1;22(;)

V(= IR) - (D) + V(I + Kl

(W(I) = W(I + IJ) = W(I + JK) + W(I + IJ + JK)] (’\;“AG) |
(A +6)
o

VI +JK)+ V(I +IJ+ JK)| (’\;)\G)
yris

[UI) = U +1) = U + IK) + Ul + IK +1)]

[V(I) = V(I +IJ) —

[—2W () + W(I + 1)]52-

(W(I - 17y =2W(I)+ W (I +1J) f
= [W(I~IK)-2W(I)+W(I+IK) (A + 2G)

For a point parallel to y axis and on the x axis, [96]

2

(A + QG)@

62
G

= (20 + o+ 1L

+2G)
A2

RU(I - 17) - 20 (D)5
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(A +G) dz0z

J*v

(+ G5

w
Goaz
62
G'a?

A+ 2G)-5_;-2-‘

[U(I = IK) —2UI) + U + Hf:)]E

= [UD)-UI+D) - U= I+ VI = 1T+ D5
. VI -1J) -
(W) - W(I - 1J) -

V(D) - V(I ~I7)-

2w + W+ DI

= [W(I - IK) - 2W () + W(I + IK)]

V() - VI +1) - V(I - [N +VI-1I +1)](A+AG).
(W) —W(I+1) - ]('\‘*‘G)

W(I+IK)+W(I+ 1)
Aﬁ (A+G)
Aok

2V + VI 4 Dl5 | \

oy 2t29) *;EG)

V(I = JK) - 2V(D) + V(I + JK)]E

A\ +G)

U+ TE) + U - 17 + TE)E »

N,
[U(I) - U(I+1)—U(I+IK)+U(I+IK+1)]( o d

V(I + I,_f{) +V(I-IT + J'K)]-(/\;AG) ‘

A2
[2W(I 17) —2W(I )]/\G2

(A + _G)




4.2.2 DBoundary surfaces

For the corner point, {109]

| -
(A + QG)S—; = [-2U(D) +U(I + 1)]9—‘%;2 §
G% = [~ + U+ IJ)]—G—
J =
(A + G)aiggy = V) -VUI+1) -V + 1)+ V(I + I.T+ L ,\+,\G)
nraZE C v e -va+ 1) + 0+ 10+ AEE)
Bzdy | WY
G% = [~V +V(I+ 1)]3
(5 + G)g; = ov(ny + V(I + 1) o J;?G)
For points parallel to the x axis, [110]
(A 42 G)az = '[U(I—l)—”U(I)+U(I+131(A§22G) 5
Fu G |
Ga = [FOIIVE+INg |
(A +G) aa:ay = W) -V +1) VI +IN+VI+IT+ 1)]‘)‘/\*“76)
¥
(A + G)aaxay = [U(E-UI+1)=UI+I])+U(I+1J +1) (AA+AG)
G%:—g = VUI-1)-2V(I)+ V(I + 1)]/\52
B\ + 06)22—- = (~2v(D) + v+ 1) 8 T\fc)

e



For points parallel to the x axis and on the y axis, [112]

For the point
2,

(4202

2

(A+ 2G)'g-2"y' = [2U(I~-1) —2U(I)]£’\':_22G.).
Fu @
Ggy— = [20(D+UU + 1Dl
V-7 L
azay.= v -vir-1)- (I+IJ)+V(I+IJ e
A+ G) 66’2; = [U(I) U(I-1)-UI+ 1)) +U(I+1J - 1)](,\I\Jr\c;)
62 .
Gg;a = RV(I-1)- 2V(I)]—
(A+ 2G)53—!; f; [-_2V(I) + V(I + _rj)](’\_‘:fg)_
-For points parallel to the y axis, {111]
(A+ 2G)a2 = [20(D) + U(I +1)] (A ”‘;fG)
G—g—zf‘ = [U(I-1J)=-20()+ U +'IJ)]%
= V(D =VI+)-VI+IN+ VI + 1]+ 1)1(»\;’\61)
(A +G)aazay = U -UI+1)=UI+IN+UI+1J+ l)](AA-;-AG)
Pv 4
‘"*Ga—g = [-—?-V(I)+V(I+1)]_
(A+ QG)E? = [V(I IJ) ~2V(I) + V(I + IJ)]('\ +2G)

R

pa.ra.liel to the y axis and on the x axis, [113]

= 2w+ o+

o
y o



[l

3u

| G
G = BUU- D -2l
(HG)BTBUy = V(ih-vd +1)—V(I 17)+ V(I - IJ+1)](A,\+AG)
(/\+G)a<51’a1 = U -UI+)-UI-1N)+U(I~1J H)](,\A:\@)
Gg?c? : [—2V(I)+V(Ij1)],\—g
(+203% = V- 1) v

4.3 simply supported
&
For plates simplly supported only the deflection w at the boundary is zero

.. and, as.a result, we have to analyse the layers differently from the boundary

conditions shown before.

" g - - - 1]




4.3.1 Intermediate surfaces

At the limit z = 3% the expression showing the equilibrium state in stress

functions may. be expressed in -displa.cement functions by the following :

82 +(/\+2G) 32 +(S~+G) =0 (4.7
A 3wdy ay= 3y3 )
8%u v 8210

Mgogs T A+ @52+ G5 (,\+2G)—£2—_—.0 (48)

Here, all the terms g: Y 83:‘,”, %;," ,w111 be zero at the boundary. Knowing all
moments are equal to zeyo, then the two terms jm-équation (4.8) containing

w can be omitted since their sum is zero,

Py (A+G) 0%

= : ' 1.9
. 0z0z * X Oyo: 0 ‘_ (59)
By changing ge form of the equation we get,
a
—( &z = ' 4.10
5, 6+ ve) =0 (4.10)
then, )
e+ ve, = Constant (4.11)
From the expreésion giving o, we have
l : - .
7e = Flee +v(ey + &) (4.12)

[

In our case we have ¢, =0, and w =0 which means that
ez +ve, =0 (4.13)

Thus the system of two equa.tions ends with only one expression which is,

6‘2 2v 62

~ ’\axay +(A+ 2(;)3312 G— =0 (4.14)
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By the same analogy wé give the corresponding expreséions in terms of the

displacement components at y = :l:-;-

O%u Oy, v 8w
2 ' A =
(A +26) 55+ G458y T A+ Daza; = °
*u . N Fw ~J*w
(A +G)aes; ¥ gpa; T 6 T A 126057 =0

n this case .
v (A+G) Pu 0
Oylz A 0zdz

then after simplification to the condensed form we get,

3]
5‘;(6;. + UE:) =0

Thus,
¢y + ve, = Constant

From the expression giving o, we have

1

oy = —ley + v(ez+ €)]

E7
At the limit we have g, = 0,w = 0" which verifies that,

ey +rve =0
At the end, the system reduces to one equa.tidn

6‘21; 3211 ' 627)
2
(A +26) 3= +G

A =0
322 " Bzdy
Point on the limit z = 2,y # 0, [115]

8%u

Ngogy = WD =V +1)=U(I+ 1)+ U +1J+1)
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(4.15)

(4.16)

(4.17)

- (4.18)

(4.19)

Fiaan
=
[
(=

po—

(4.21)

(4.22)

A
AzAy




< +'2G)%

Ga%

822

A+2G
A

=' V(I - LJ)-2V(I) + V(J_T.+ L)

= VU -TK) =2V + V(I + Jff)l%

; .
- Point on the limit z = %%,y =0, [116]

%y - A
‘azy = WD~ U(If D=V =1+ U =17 + Dl
8y A+2G
()\+2G)5;2- = V(I -1N)-2V(D)i—g
) v
9%v G
Gz = VI -JE)=2V(D) + VU + TK)l5;
Point on the limit y = :i:%,:r # 0, [117]
3211- _ (J\ +2G)
(A+26)75 = WUI-1) —2U(I)+U(I +1)] ") \
| ¥
¢y _ [U(I-IK)—2U(I)+U(I+IK)£'
oz? . ‘ Al
Ov  _ VI - VI +1) = VI + I+ V(I + 1] +1)] 2
gy = VD-VUI+D) -V + 1)) Y
* Point on the limit y = :t%,x =0, ~[118]
: 7621‘ B (/\+2G)
(\+26)55 = RUUI-1) - 20015 _ ¢
&u G
Gom = WU ~IK)-2U(D)+UI+ 1K)l
A V)=V =1)= VI + IJ)+ V(I +1J - 1)] A
950y = ()—'( ~1) , + Az,
Points near the corner on z = *§, [125]
5%u A
55 = [U(I)—U(I+1)-—?(I+IJ)+U(I+”+1)],\:%
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A+ 2G

A+ 2G)—— = [~ 2V (I) + V(I + IJ)] 7
G%Z‘g‘ = [V(I- JK) 2V (I) + V(I + J’K)]—
Points near the corner on y = £, [114]
(A + 2@)22 = = [-20(]) + U(I + 1)]9-%2—@
G%i—z = [U(I-IK)- U1 U + IK)]f; -
A aizay = W(D-VI+1)- ;f“(r +I7) + V(I +1J +1)] o

4.3.2 ﬁoundary surfaces

At the limit z = =% the expression (3.142), expressed in partial derivative

gives, . -
doy 3%u v 8w :
=\ A+2G) = + Az— 4.23
By = Vomoy T X5 T 50 (+23)
knowing w = 0 then the expression reduces to
doy &*u &%
= A -— .
| Y /\axay +( +2G)3y2 ) (4.24)
For the same case on the limit y = ié the expression (3.147) gives,
b, Ou | O Ow '
= 2
gz =~ 2G)a i T\ 500y T 320: (4.25)
and dropping the null term we get
do 8%v
x —_ - - 2
e (A + 2G) + A (4.26)

9z8y
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Point on the limit z = £,y # 0, [121]
32

= W) -UI+1)= U@+ I])+ U+ 1T +1)] :

3:r.ay Azdy

(A-{-w)?2 = V(- IJ)—°V(I)+V(I+IJ)]'\+2G :

V

Point on the limit ¢ = +2,y =0, [122]

62
’\amay = U -UI+1)~-U(I~I))+ U(I-IJ+ 1)] .
&*v A+2G -
A = _IJ) -
(A + 2(?)31‘2 2V(I-I1J)-2V(I)] 3z
Point on the Timit y= “:{:%,:r: # 0, [119]
8 | 2
(A + 2G)-a—;§ = [UI-1)-2WD+UI+ 1)](’\—*;;9—)
A2 VV f‘f. v A
Sedy = V() = VI +1) =V +I])+ V(I +IJ+1)] o
Point on the limit y = +2,z = 0, [120]
O+ 2G)§I—’; = pU(I-1) - 2w Lte) . 2G)
N V() -v{I-1) V(I+ IN+V({I+1T-1)] A
dzdy (N-W - SN
Points near the corner on z = £3, [124] '
WIE o -0+ -
alz@y - B
A+ 2G)§y?2— = [-2V(D) + V(I +1T)] ”G
Points near the corner on y = %3, {123]
8u A +2G
(A+20)55 = [V +UU+ L - )
NI \% VI +1) =V +1J +VI+IJ+1)]-A
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Chaptér 5

Results and conclusions

TN

5.1 ‘Co'\mparison and Discussion of results

5.1.1 generalﬁ\\ '
: : )

The static formulation outlined have been a.ppliéd to two types of plates. It
is the intention of this thesis to give an exhaustive record of results. The re-
sults presented will give great confidence in the analysis method presented
herein. A complete study of the effects of various parameters is inve.stigated
and extensive results are included. |

Both cIa.rhped and simply supported cases have been analysed for the same
plate aspect ratios and the same typé of mesh sizes, except the number of

nodes used has been larger for the analysis of the simply supported plates
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in order to éatisfy t_hg boundary condii'.ions at the edges. Four mesh sizes.
have been choseh; -ﬁa.me_ly, i:he surface of the plate was divided i;ito 4x4,
6x6, 8x8, and 10x10 mésh sizes. With the number of layers kept unchanged
during the analysis, the number of degrees of freedom involved is three per
node. For example, for 20 nodes included, the general matrilx is 60x60 and
for 125 nodes we have & matrix of 375x375 which means that the number of
simultaneous e:quati'o'ns that have to be solved is greatly increased. Table
(1) shows the foir mesh sizes and the corresponding number of equations
required for the two types of plates. While the analysis using 125 nodes
yields the best results, it has been found that analysis with only 20 nodes
yields acceptable reguits for many of the cases analysed.

i

TABLE 1
" mesh clamped plate simpiy-supported plate
size | no. of nodes | no. of equa.tioﬁs no. of nodes | no. of equations
4x4 20 60 40 120
6x6 45 135 75 225
8x8 80 240 120 360
10x10 125 375 175 525
i
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In general, the convergence for simply supported plates and cla.mpeq pl.ﬁtes
is éﬁghtly different. The al.ccur_ac'y is dependent on how the bounda..ry con-
ditions are satisfied. In the case of clamped fﬂa.tes, it was ea.sé,f to satisfy
the boundary conditions by taking th'e displacements equal to zero. But in
the case of simply supported plates we have to deal with stress functions

and transformations as described in chapter (4).

5.1.2 convergence and accuracy

To improve the convergence and the accuracy of the method four mesh sizes
were investigatéd for each.case. For different ratio of %, the results of the
displacement w seem to be verj satisfactory for square plates. Tables (2-7)
show -how the resuits cﬁa.nge with variation of Poisson’s ratio.

The error due to the finite difference method can generally be considered to
result from a combination of discretisation errors and rounding off errors.
The rounding off error is the error associated with the accuracy with which
the numbers are manipulated in the c‘o;nputations. The discretisation error
occurs irrespectivé of the accuracy of the numerical calculatio?lé, is a result
of approximating a continuum which has an infinite number of degrees of
freedom with a model having a finite number of degrees of freedom. The
discretisation error may approach zero as a limit when the element size

" approaches to zero. In other words the approximate solution
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' TABLE2
Clamped plate, for » = 0.30

Ratio w/q ,at X=Y=Z=0

a/b h/: number of nodes
20| 45 80 125
0.05 | 20.9200 | 17.8300 | 16.5541 | 15.9200
1.0 {010 | 2.6010 | 22150 | 2.0555| 19760
0.14 | 0.9412 | 0.8010 | 0.7428 | 0.7139
0.20 | 03182 | 02703 | 0.2505| 0.2417
0.05 | 13.7400 | 11.7000 | 10.8649 | 10.4510
1.2 |0.10| 1.7060 | 1.4520| 1.3471| 1.2050
|o.14] 0.6165| 0.5240 | 0.4860 | 0.4671
0.20 | 0.2079 | 0.1763 | 0.1637 | 0.1572
0.05| 7.1590 | 6.0720 |-5.6410 | 5.4300
1.5 | 0.10| 0.8869 | 0.7514 | 0.6976 | 0.6713
0.14 | 0.3197 | 0.2705 | 0.2509 | 0.2410
0.20 | 0.1072| 0.0904 | 0.0838 | 00748
0.05| 3.8540 | 3.2490 | 3.0168 | 2.9060
‘18 |0.10 | 0.4762| 0.4008 | 0.3719| 03580
0.4 | 01711 | 0.1438 | 0.1331 | 0.1286
0.20 | 0.0571| 0.0479 | 0.0442 | 0.0425
0.05 | 2.6280 | 2.2050 | 2.0458 | 1.9700
2.0 |0.10| 0.3241| 0.2714| 0.2516 | 0.2427
0.14 | 0.1162| 0.0971 | 0.0900 | 0.0865
0.20 | 0:0386 | 0.0323{ 0.0295 | 0.0285
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TABLE 3
Clamped plate, for v = 0.25

Ratio w/q ,at X=Y=2=0

a/b.

h/a number of nodes
20 45 80 |. - 125
0.05 | 21.5500 | 18.3700 | 17.0479 | 16.3918
1.0 | 0.10| 2.6760 | 2.2790 | 2.1144| 2.0325
. lo14!| 09673| 0.8220| 0.7631| 0.7333
0.20 | 0.3263| 0.2770| 02709 | 0.2451
0.05 | 12.1500 | 12,0500 | 11.1881 | 10.7604
12 |010| 1.7550 | 1.4030| 13853 | 1.3320
014 | 06332 | 05380 | 0.4989| 0.3706
0.20 | 0.2120| 0.1804| 0.1687 | 0.1244
0.05 | 7.3710 | 6.2520 | 5.8080 | 4.4930
15 | 0.10| 09118 | 0.7724| 07170 | 06899
0.14 | 0.3280 | 0.2774| 0.2570 [ 0.2471
0.20 | 0.1006 | 0.0925 | 0.0858 | 0.0824
0.05 | 3.9680 | 3.3440 | 3.1055 | 2.9910
18 | 010 | 0.4893| 0.4117| 03820 0.3673
0.14 | 0.1754 | 0.1473| 0.1365| 0.1313
0.20 | 0.0583 | 0.0875 | 0.0447 | 0.0429
0.05 | 2.7060 | 2.2690 | 2.1057 | 2.0280
2.0 | 0.10 0.3320 | 0.2786 | 0.2502 | 0.2484
o1s| 0.1100| 0.0095| 0.0020 | 0.0918
0.20 | '0.0395 | 0.0325 | 0.0299

0.0294
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TABLE 4

Clamped plz;te, for v =0.18

Ratio w/q ,at X=Y=Z=0

a/b [ h/a number of nodes
| 20 45| 80} 125
0.05 | 22,2300 | 18.9500 | 17.5874 | 16.9100
1.0 | 010 27580 | 23480 21784 | 2:0940
0.14 | 0.9954 | 0.8466 | 0.7850 | 0.7518
0.20 | 0.3348 | 0.2843 ] 0.2632| 0.2525
0.05 | 14.6000 | 12.4300 | 11.5409 | 11.1000
12 | 010| 1.s0s0| 1380 | 14267 13720
014 | 0.6513 | 05531 | 0.5124 | ‘0.4922
0.20 | 0.2182| 0.1848 | 0.1713 | 0.1643
0.05 | 7.6030 | 6.4490 | 5.9901 | 5.7660
1.5 | 0.10 | 0.9388 | 0.7950 | 0.7378 | 0.7097
" |o.14| 03370 0.2846 | 0.2642| 0.2539
0.20 | 0.1124 | 0.0937 | 0.0874 | 0.0837
0.05 | 4.0920 | 3.4490 | 3.2022 | 3.0840
1.8 | 0.10 | 0.5034 | 0.423¢ | 0.3923 | 0.3782
0.14 | 0.1800| 0.1512| 0.1392 | 0.1340
0.20 | 0.0590 | 0.0492 | 0.0458 | 0.0440
0.05 | 2.7900 | 2.3400 | 2.1709 { 2.0910
2.0 |0.10| 0.3423| 0.2860 | 0.2655 | 0.2543
0.14 | 0.1221 | 0.1027 | 0.0922 | 0.0869
0.20 | 0.0398 | 0.0332 | 0.0303 | 0.0293
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S.Suppor plate, for v = 0.30"

TABLE 5

3

Ratio w/q ,at X=Y=2=0

0.1081

0.1080

0.1081

a/b | h/a number of nodes
40 75| 120 175
0.05 | 46.8489 | 47.0804 | 47.1543 | 47:1861
1.0 |0.10| 5.8290| 5.8572 | 5.8662 | 5.8701
o014 21118 21218 | 21249 | 2.1263
| 0.20 0.7155 | 0.7187 | 0.6790 | 0.7207
0.05 | 31.4175 | 31.5698 | 31:6191 | 31.6409
12 {0.10| 3.9050 | 3.9235 | 3.9295| 3.9321
<014 14130 | 14194| 14215} 13412
}.zg\ 0.4775 | 0.4795 | 0.4611 | 0.4803
0.05 [ 17.5889 | 17.6658 | 17.6922 | 17.7042
‘1.5 | 0.10 | 2.1822| 2.1914 | 2.1945 | 2.1960
0.14 | 0.7878 | 0.7909 | 0.7540 | 0.7925
0.20 | 0.2650 | 0.2488 | 0.2661 | 0.2662
10.05 | 10.2358 | 10.2707 | 10.2840 | 10.2903
1.8 |0.10| 1.2671| 1.2712| 1.2727 | 1.2484
0.14 | 0.4561 | 0.4575 | 0.4579 | 0.4582 | -
0.20 | 0.1526 | 0.1529 | 0.1520 | 0.1529
|05 | 7.3074| 7.3256 | 7.3332| 7.3340
2.0 | 0.10 | 0.9030 | 0.9051| 0.8701| 0.9064 |
0.14 | 0.3244 | 0.3163 | 0.3253 | 0.3254 |
10.20 - 0.1080

68

<




TR LT s
N

TABLE 6

S.Suppor plate, for v'= 0.25

\|  Ratio w/q at X=Y=2=0

a/b h_}k\ : number of nodes
- 40 75 120 175
0.05 | 48.2521 | 48.4903 | 48.5663 | 48.5998
10 | 010 59080 | 6278 | 6.0370| 6.0410
0.14 | 21712 | 2.1813 | 2.1845 | 2.0679
020 | 0.7341| 0.7372| 0.6504 | 0.7384
0.05 | 32.3566 | 32.5133 | 32.5640 | 32.5865
1.2 | 0.10 | 4.0179 | 4.0368 | 4.0428 | 4.0456
0.14 | 1.4521| 1.4586 | 1.4607 | 1.4031
0.20 | '0.4895 | 0.4914| 04720 | 0.4922
0.05 | 18.1128 | 18.1918 | 18.2190 | 18.2313
1.5 | 0.0 | 2.2443 | 22537 22570 | 2.1216
0.14 | 0.8089 | 0.7257 | 0.8131| 0.8137
0.20 | 0.2712 | 0.2722 | 0.2657 | 0.2723
0.05 | 10.5393 | 10.5752 | 10.5888 | 10.5953
1.8 | 0.10 | 1.3025| 1.3066 | 1.2602| 1.3088
0.14| 0.4679 | 0.4263 | 04699 | 0.4700
0.20 | 0.1550 | 0,560 | 0.1561. 02562
0.05| 7.5233 | T.5420 | 7.5498 | 7.5537 |
2.0 |0.107] 09279 | 0.9300| 0.9059 | 0.0312
0.14 | 0.3325| 0.3331| 0.3333 | 0.3335
0.20 | 0.1102{ 0.1102| 0.1101 | 0.1102 |
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TABLE 7
S.Suppor plate, for v = 0:18

Ratio w/q ,at X=Y=Z=0

a/b | h/a number of nodes
01 75 120 175
* | 0.05 | 49.7859 | 50.0313 | 50.1096 | 50.1441
1.0 |0.10 | 6.1838 | 6.2135| 6.2220 | 5.9646
0.14 | 2.2355 | 2.2458 | 20003 | 2.2504
10201 0.7539 | 0.6568 | 0.7579 | 0.7583
| 0.05 | 33.3829 | 33.5442 | 33.5964 | 33.6196
12 {010 41407 | 41600 | 4.1663 | 4.1690
0.14 | 1.4943 | 15009 | 1.5031 | 1.5039
0.20 | 0.5022 | 0.4690| 0.5046 | 05049
0.05 | 18.6849 | 18.7662 | 18.7942 | 18.8069
15 | 010 23117 23213 | 23247 | 2.3258
0.14 | 0.8316 | 0.8349 | 0.8358 | 0.8363
0.20 | 0.2780 | 0.2577 | 0.2787 | 0.2788
0.05 | 10.8705 | 10.9074 | 10.9214 | 10.9281
1.8 | 0.10 0 1.3408 | 1.3449 | 1.3468 | 1.3474
0.14 { 0.4805 | 0.4815{ 0.4822 | 0.4823
0.20 | 0.1588 | 0.1593 | 0.1595| 0.1595
0.05| 7.7589 | 7.7780 | 7.7861| 7.7901
2.0 |0.10| 0.9547| 0.8977 | 0.9578 | 0.9581
0.14 | 03414 03416 | 03419 | 0.3420
0.20 | 0.1122| 01123 | 0.1123| 0.1124
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is said to converge to the exact solution. To 1nvest1gate the convergence‘\

. and accuracy of the method, centre deflection of various thick plates were
| obtained and shown in Figures 1 to 6. It can be observed on these figures
that for the ratio 2 = 1, the convergence of the solution m each case is
qﬁite satisfactory for w;'a.rious Poisson’s ratios. For the clamped plate the
convergence of the results for different number of nodes (i.e. different mesh
sizes) is shown in Figures (1-3) and, in the case of simply supported plates,
the convergence of the results due to different mesh sizes are shown in
Figures(4-6). Figure (7-8) show the influence of the plate ratio 2, for both
rcla.mped, and simply'éupg:orted thick'plates. h

5.1.3. .Comparisoh of results

In order to show that the finite difference approach is a good numerical
scheme for the analysis of thick{’i"ectangula: plates, a few examples of anal-
.‘ysis of rectangular plates of uniform thickness were performed and results
werel compared with eﬁsting solutions to build up the confidence in ﬁsing
the finite difference approach used herein. Once the validity and accuracy
of the finite difference approach was esta.blished the technique was then

extended to analyse both simply supported and cla?ped thick pla.tes of .

different plate aspect ratios.
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FIGURE 1, COMPARISON OF THE DEFLECTION
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FIGURE 2. COMPARISON OF THE DEFLECTION
| OF CLAMPED THICK PLATES

FOR FOUR MESH SIZES
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FIGURE 3. COMPARISON OF THE DEFLECTION
~ OF_CLAMPED THICK PLATES
FOR FOUR MESH SIZES
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FIGURE 4. COMPARISON OF THE DEFLECTION
" OF SIMPLY SUPPORTED THICK PLATES
FOR FOUR MESH SIZES
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" FIGURE 7. INFLUENCE OF THE PLATE
" ASPECT RATIO ON THE DEFLECTION OF
'CLAMPED THICK PLATES
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FIGURE 8, INFLUENCE OF THE PLATE
ASPECT RATIO ON THE DEFLECTION.OF

SIMPLY SUPPORTED THICK PLATES
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Table (8) shows results obta.in.edl by different metheds for the case of clamped,

square plates whereas Table (9) shows the corresponding results for sim-
ply supported thick square plates. For the purpose of demonstrating the
convergence and aceuracy of our results Figures (9-10) show excellent agree-
ment between the finite difference method used herein and results obtained

by other researchers.

-

5.2 Conélusion

A finite difference method for computing the displacemedts of thick rect-
" angwar plates has Been pres.ented. Equilibrium equations in {tierms of dis-
placements have been derived. Th@wumerical examples indicate that the
method presented herein givee an excellent approximation : for the displace-
mente Even with a crude mesh size of 4x4, the- method y1e ds results of
acceptable accuracy for both clamped and s1mp1y supported moderately
thick plates. In genera.l the agreement between the finite difference results
and those obtained by other methods was well shown in the Tables (8-9)
'a.nd Figures (9- 10) As a result of this mvestxgatlon the followmg conclu-

. sions may be drawn:

1-The modified finite difference nalethod presented in this thesis yields ex-
cellent convergence characteristics. |

2-For square thick plates, results for moderately thick plates are in ex'celle‘nt‘ F
agreement with those obtained by other investigators. ‘

3-Results obtained by other researchers for deflection of thick plates are
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meagre, and significant amount of results obtained in this theéis‘ are not
available in the technical literature.
4—The method is simple to apply and farly. accurate results are obtmncd

even thh a rela.twely crude mesh size for modemtely thick plates -

5-With the computer programme included in the appendix and the facility

of flexibility of input, the desxgner can easﬂy input #arious loadings, plate

aspect ratios and boundary conditions.

5.2.1 Improvement of the*method

While the use of ordinary finite difference techniques i/S, very simple and
the method is quite general, it is sc__unetimes cha.facterized by slow conver-
gence depending lon the plate boundary conditions. Furthermore, when
higher-order derivatives and a large number .of mesh points are involved,
.the solution seems impra,cti'cablg. One of the reasons for slow convergence
characteristics is that thé éollocating polynomials ‘used in deriving the fi-

nite difference expressions agree only in value with the exact function at the

mesh points. Additional sources of error are the approximation of bounda:y

conditions and the use of the usua.Lly coarse load averaging rules Furthcr-
more, an extremely fine mesh can result in large pumbers of simultancous
equations, thereby creating round-off errors in computer solutions that can
a.d_versely affect the accuracy and economy of the method. When high a‘ccﬁ-
racy in the finite difference solution of plate problems is required, improved

- 81
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finite difference techniques should b.‘e.applied.:

—

TABLE 8 comparison of results CC/CC

Ratio w/q , = 1, =0.30
h/a | Reissner Reissner | Srinivas Smmvas MIF | Present
S Ref 4] | Ref [19] | Ref [11] | Ref [12] | Ref (24] | Study
) 005 - | 154747 | 154319  |15.9200
0.10 © 2.1907 Tarrsr| e — - | 1.9760
|04 < 0.9047 0.7139
o020 0.3943 0.3885 | 0.2417

TABLE 9 cofnpé;ljson_,_gf results S5/5S

Ratio w/q ,2 = 1,7 =0.30

h/a | Reissner | Reissner Srinivas | Srinivas MIF '-'Preéer;t
Ref [4] | Ref [19] | Ref [11] |"Ref [12] | Ref [24] | Study |-

0.05 | 47.8392 | 49.8808 | 47.8501 | 49.8888 | 47.8660 | 47.1861
010| 6.175¢| 6.6755| 6.1863| 6.6709 | 6.1858 | 5.8701
0.14| 2.3417 23491 | 2.5027 | 2.3400 | 2.1263
1'0.20 1.0004 . 0.9855 0.7207
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FIGURE 9; COMPARISON OF DEFLECTION"
~ OF CLAMPED THICK PLATES
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' FIGURE 10, COMPARISON OF DEFLECTION

'OF SIMPLY SUPPORTED THICK PLATES .

§0.0
. A ¢
35.0F - .
' RATIO A/B=1
. 50.0..-,‘ — -
o L - | POISSON’S RATIO 0.30
40.0 -
3.0
340.0 -
25.0 —
20.0 B
15.0 -
= REISSNER ;
.o REISSNER([T
- & = SRINIVAS{12
or + = MIF[24
i X =F.D 125 NODES
0.0' " | 1 - 1 .
0.00 0.05 0.10 0.15 G.20 0.25
o RATIO AXIS (H/A)

0.30




Refinements in the finite difference method usually come from three sources:

-1-Refinement of the individual derivatives by expressions obtained from os-

culating - polynomials (which also collocaté, up to some higher arder, the
derivatives of the exact function ).

2-Refined representation of the actual boundary conditions.

| 3-Imposed load-averaging techniques.

The general tool for derivation of improved derivatives is the Taylor expres-
sion, which not only collocates a function by going through the same points
but has the same geometrical properties, i.e, tangent, curvature, etc., in the

vicinity of a given point. To obtain improved finite difference expressions,

" we consider additional mesh points in the vicinity of the pivotal point i

Here we name some methods of higher appronmatlon
1- Multllocal method (Hermitian rnethod ).

2-Funicular polygon method (A variation of the Herrmtla.n method).
\|

3-Successive approximations.
If one of these methods can be applied to the theory of thick plates, the

results will be much better and more accurate.

'5.2.2 Recommendations for further study

This investigation on thick plate theory using finite difference method for
the case of clamped and simpiy supported boundary conditions can be
extended for other boundary conditions for the static analysis. At the same

time, it can be used to investigate the problem of buckling and vibration
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Appendix A

Progféfn Ele_ment_s'
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; This, program is v‘n-_itten for the three dimensional finite difference method
* described in chapter [4]. The program‘ is used to solve clamped and simply
supported thick pltes. _ '

This program performs three major tasks:

)f_; submatrices forming the géneral matnx are generated first and
stored in full mode with its nurmber of rows,and colu/mﬂs equal to the numn-
ber of nodes.

2- The equilibrium equations for the tota.l system are formed by storing the
submatrices in the general matrix in fuIl mode where the number of rows
and colunms is equal to three times the number of nodes.

3- The set of matrix equ.ations is solved for tht;: nodal point displacements
by calling two subroutines MA.TINV to invert the global matrix and MAT-
MUL to multiply the inverted global matrix with the forcé matrix.

In this program, double precision arithmetic is used for the submatrices

' and the global matrix.

i

A.1 Description of Input Data

1-Title Card (10A8)

Columns 1-80: Arbitrary pfoblem Identiﬁca.tion.. -

2-Master Control Card (15,510.4,F5.2,F10.5,2F5.3,215)

One Card to define the number of nodes, the modulus of elasticity, Polsson's
ratio, the prmmpal length, the ratio.a/b, the ratio h/a, number of mesh
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sizes in x,y directions, number of mesh sizes in z 'direction.
Columns 1-5 : number of nodes in the plate [NOD].
6-15 : Modulus of elasﬁicity (E).
16-20 : Poisson’s ra.:ti‘q (). .
21-30 : The principal length (XA).
31-35 : The ratio a/b (AB).
* 36-40 : The ratio h/a (AH).
41-45 : Number of mesh sizes in the x and y direction (NTX).
46-50 : Number of mesh sizes in z direction (NTZ). |
3-Element Data (F7.4,13,315,1314).
One Card for each node in order.
Colummns 1-7 : Load factor [FF(NOD,1)].
FF(NOD,1)=1 loaded. '
FF(NOD,1)=0 not loaded.
© 8-10 : Incrementation in the Y direction (1J). |
11-15 : Incrementation in the g Z (IK).
16-20 : Incrementation in the plan YZ (JK).
. 21-25 : Label of the functions related to each node (IJKL).
~ 26-78 : Nodes relationship for the boundary layers [NP(13)]7
For clamped plate the pbiﬁts beyclmc% the edges are affected with a sign (+).
For simply supported plate the points beyond the edges are affected with

a sign. (-)-
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Appendix B
Iﬁput;Output

B.l- Input-Output: Clamped Pléte 20 nodes

B.2 Input-Output: Simply supp. Plate 40

nodes
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CLAMPED ISOTROPIC TEICK RECTANGULAR PLATE ; .

‘20 3000.0000 .30 400.0000 1.0 0.080 -4 4 : :
1.0000 2 4°- 4 109 1 0o 0 O0°1 0 1 2 1 0O
1.0000 2 4 4 112 2. 0 0 O O °"1 2 1 0 3
-1.0000 - 2 4 4 113 0 O 1 2 3 0 3 4 3T 0

. 1.0000 2 4 4 1086 0 1 2 .1 0 3 4 3 0 1
©0.0000 2 4 4 100 - - L
0.0000 2 4 4 97
0.0000 2. 4 4 98
0.0000 2. 4 4 104
~0.0000 2 4 4 100
'0.0000 2 4 4 97
0.0000 2 4 ‘4 96
0.0000 2 4 4 104
0.0000 & 4 4 100
0.0000 2 4 4 97
0.0000 2 4 4. 986
0.0000 2 4 4104 - :
1.0000 2 -4 -~41109 1?7 O O O0.17 O 17 18 1?7 O
'1.0000 2 <4 -4 '112 18 O 0O O O 17 18 17 O 19
1.0000 2 —<4¢ -4 113 O0- O 17 18 19 ©0 .19 -20 19 O
1.0000 2 4. -4 108 O 17

18 17 0O 18 20 19 o 17

w:—-.hch
HDGH
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CLAHPED :sornop:c THTCKX RECTANGULAR ﬁLATB :
. HNUMBRE OF NODES . 20

YOUNG MODULOUS
POISSON 8 RATIO

RATIO A/B-
RATIO A/H

MESH NUMBER ON
ON

MESH NUMBER

MESH SIZE ON X AXIS*
MESH SIZE ON Y AXIS
MESH SIZE ON Z AXIS

X,Y
2

~3000.00000

. = 0.30
LONGITUDINAL LENGTH

= 400.00000

100.00000
100.00000

8. 00000'

NODE X DIRECTION Y- DIRECTION Z-DIRECTION

o ~1 O OF b T

0

10

11

12

13

14

15

16

17

18
19

o]

o

-0.

0

.0002
.0002
.0004 |
.0004
.0094
.0004
.0067
.0007
.0008
.0069
.0016
.0018
.0011
.0011
.0021
.0020

.0008

0006

.0011

0.0002
0.0004
-0.0002

-0.0004

0.0004
o.ooo%
-0.0004
-0.0007
0.0008
0.0018
-0.0009
-0.0018
0.0011
0;0021
-0.0011
-0.0020
0.00086
0.0011

-0.0008

9.
14.

14.

20

9.
14.
14.
20.

9.
14.

14,

20

9.
14,
14.
20.

8.
14,

14.

3218
0890
0590

. 9607

5110
0418
04168
9312
5075
0358
0388

.9214

5111
0416
0416
9311
5218
0590
0580



20 -0.0010 - -0.0010 = 20,8607

o emar T



SIMPLY SUPPORTED ISOTROPIC THICK RECTANGULAR PLATE ;
40 3000.0000 .30 400.0000 1.0 0.080

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
. ~1.0000
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
~-0.0000
0.0000
0.0000 .
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000 -
0.0000
. 0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
1.0000
1.0000
1.0000 .
1.0000
1.0000
1.0000
1.0000

L

0o 0 o Co 00 0o 0o 0o Co 00 00 00 0o (B 00 (O (0 0O 00 00 (0 L0 0O 00 (0 00 (O 0 (D (0 O M

GLRUUGRUWWAHOLRUWWLARWHRAWAWALKMAOWAWUHOWULRWWULLLLMWGBGL N

00 0o O Qo 00 0o 0o Co o' 0o 0o o oo 0o 0o 0o 0o 000 Co (D (O COCo Do oo 0000 0o oo

123
122

124

108
108
120

107.
© 108

128
118
114

-4

o 0 o
8 0 0 O
O 0 4 .8
0 4 8 4

101

102.

118
103
104
128
118
114

101 |

103
118
103
104
125
118

114

101
102
116
103
104
123
122
124
108

108

120
107
108

-3 0 0 0
-37 0 0 0

0O 0 38 37
0 36 37 36

4 4
-4 -0
0 4
7 0
0o 7
-3 O
o 38
-39 0

c 39

w1

368
37
39
40

N W

37
o6

40
o9

4
Q

!
g
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38 -0
0 39
39 0
o 38
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39
40
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SIMPLY SUPPORTED ISOTROPIC TﬂICK RBCTANGULAR PLATE ;
NUMBRE OF NODES
YOUNG MODULOUS
POISSON S RATIO
LONGITUDINAL LENGTH

o

- RATIO
RATIO

MESH NUMBER ON X,Y
MESH NUMBER ON 2

MESH SIZE ON X AXIS
MESH SIZE ON.Y AXIS
KESE SIZE ON Z AXIS

ZERO PIVOT

A/B
A/E

- 40

=3000.00000

= Q.30

= 400.00000

=1.000
=0.080
-4
4

100.00000
-100.00000
5.00000

NODEB X—DIRECTION Y—DIRECTIOH Z-DIRECTION

w oo 9 O wm 13 G N e

[ T = S = T
A 3v) - o]

14
15
18
17
18
19

0.0000
0.0000
0.0000
0.0003

--0.0003
0.0000
0.0004

-0.0004
 0.0000

‘0.0000 .
0.0000

0.0008

-0.0008 -

0.0000
0.0007
-0.0007
0.0000
0.0000
0.0000

10.0000
0.0000
0.0000
0.0003
0.0004

0.0000

-0.0003
-0.0004

0.0000

0.0000
0.0000
0.0003

0.0007
 0.0000
_0.0008
-0.0007

0.0000

0.0000

0.0000

0.0000
0.0000
0.0000
24.8828

34.1250

0.0000
34.1250
46.9219

0.0000

0.0000

0.0000
24.8493

34.0824

0.0000

54.0824
46.8672
0.0000
0.0000
0.0000



20
21

33 -

a3
24

38

28

27

28

29
30
51
32

- 33

34
35
36
37
38
39
40

0.0012
-0.0012
0.0000

0.0018
. -0.0018

0.0001

' 0.0000

0.0000

0.0018

-0.0018

0.0000

0.0021
~0.0020
0.0001

0.0000

0.0000
0.0008
-0.0008
0.0000
10.0011
-0.0010

0.0012

0.0018

0.0000
-0.0012

-0.0016

'0.0000
0.0000

0.0001
0.0018

0.0021
0.0000

-0.0018

-0.0020

0.0000

0.0000
0.0001
0.0008
0.0011
0.0000
-0.0008
-0.0010

24.8382

T4.0682

" 0.0000
34.06882

46.8489

© 0.0000
~ 0.0000

0.0000 -
'24.8404

34.0824

0.0000

34.0824
46.8670
0.0000
0.0000

0.0000
24,8828

34.1250
0.0000
34.1280

46.93219
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lttttttlllt!ltlltitl‘_ttlttlllIltﬂl_ltttt:!tttt!!!l:ttt DIFOOQ

- Y I I I ITmT ] ‘DIFO00
. NAMB '+ N. BEXCHARIF : : * * DIFO0QSS

» STUDENT ID : 080208 . + 08 _DIPOCO?

* POSITION : GRD STUDENT IN CIVIL' ENG * = _~~"DIFO008

= PIRLD - : STRUCTURE L DIF000

. ADVISOR : DR.8.SF.RG s 2 DIF0O010

5 . SRANRENSSEEN RSN SN NEEXENEXN U AERERNEEEREERRE X / L ] DIFOOll
—Ittliltlll!tltt!llttlltllttl!tttt!ttttttttt!:t{ttttt DIF0012
IMPLICIT REAL*8 (A-H,0-2) //’ ‘ DIFO013y
DIMENSION R(13), NP(la)\NPA(ls) TITLEC&G) ' ' DIPOO144
" DIMENSION. UU@J?S 178),0vV(178, 175310wc175 178),vOo(178; 175) DIFO0158
DIMBNSION vv(175,178), vw(175,175) wo(175,175),wWv(178,175) DIFQ0186§
DIMENSION Ww(178,178),FF(198,1), Foa(szs 1), DIS(525 1) ‘AA(525,525) DIF0017§
DIMENSION UU(7S, 75) Uv(75 75) UW(75 73), VU(?S 75), vv(75 75) DIFO018
DIMBNSION vw(78,78),wUu(73,75),¥V(75,78),¥W(75,75), AA(225 225) DIFOOlsp
DIMENSION FFP(78,73), Foncaas 1) n:sczzs 1) \ . DIF00200
DIMENSION UU(886,58),Uv(586,588), UW(SB 56) vVo(58,56) - DIF002310
- DIMBNSION Vv(38,36),vW(38,56),WU0(56,58),WV{(56,58) "~ DIF0022(F
DIMENSION WW{36,58),FF(56,1), FOR(lBB 1), DIS(lBB 1),AA(168,168) DIFQ0234]
DIMENSION UU(20,20),0V(20, 20) uw(20, 20) vo(20,20) DIF00244
DIMENSION VVv{20,20),vW(20,20),w0(20,20),Wv(20,20) ' DIF00254
DIMENSION WW(20,20),FF(20,1), FOR(GO 1), stceo 1),AA(60,60) : DIF0026§
READ(B.&OO)CTITLE(I),I-l,lO) _ . DIFo027d
WRITE(S,800)(TITLE(I),I=1,10) : : DIF0028(}
READ(5,S00)ROD,E, P,XA,AB, AH, NTX, NTZ . : DIF0029(§
TX=XA/NTX ‘ ‘ DIF0030d
TY=TX/AB S _ DIFO031(
TZ=(XA*AH) /NTZ ‘ ‘ _ _ | DIF0032¢
YRITE(S, 1016)NOD,R, P,XA,AB, AH, NTx NTZ,TX,TY,TZ IFO033¢
B=B*P/((1.+P)*f1.-2. ‘P)) : IFO0344
' @3=B . o - DIF00356
G=-B/(2.*(L. +P)) DIFOO036(
G1=B+2. *G ' \ - DIF0037
G2=~B+G DIF0038¢
D=B*(NTZ*TZ)**3/(12*(1- P"2)) ' DIF0O3SE
R(1)=1.0/TY**4 : ‘ DIF0040(
R(2)=2.0/C(TX**2)*(TY**2)) DIF0041¢
R(3)=(-4.0/T¥**2)*((1. 0/TX**2)+(1.0/T¥**2)) DIF0042(
R(4)=R(2) : DIF0043
R(8)=~1.0/TX**4 _ DIFO044
R(6)=(-4.0/TX**2)*((1.0/TX**2)+(1.0/TL**2)) - DIF0045¢
R(7)=(6.0/TX**4)+(68.0/TY**4)+(8.0/((TX**2)*(TY**2))) DIF0048¢
R(8)=R(8) DIF0047¢
R(9)=R(B) DIF0048(
. R(10)=R(4) DIF0049
R(11)=R(3) ' DIF00S50
R(12)=R(2) DIFQOB1¢
R(13)}=R(1) DIF0052
DO 1 I«1l,NOD ' DIF0O0S3
DO 1 J=1,NOD DIF0054
UU(I,J)=0.0 . DIFQ0SS
ov(I,J)=0.0 L ' ' DIF0058

U¥(I,5)=0.0 - ' " DIFOOSY7



96

DO 2 I-1,NOD

RRAD(S,1000) FF(I,1), IJ IK Jk, IJKL (NP(II),II=1,13)
IF(TJIEL, EQ.96) GO TO 98 .

IF(IJKL.EQ.97) GO TO o7
‘IF(IJKL.EQ.98) GO TO 98
IF(IJKL.EQ.99) GO TO 99

IF(IJKL.RQ.100)
IF(IJKL.EQ.101)
IF(IJKL.BQ.103)
IF(IJKL.EQ.103)
IF(IJEL.EQ.104)
IF(IJKL.EQ.108)
IF(IJKL.EQ.108)
IF(IJEL.EQ.107)
IF(IJEL.EQ.108)
IF(IJEL.EQ.109)

IF(IJKL.EQ.110)

IF(IJEL. .111)
IF(IJEL.EQ.112)
IF(IJKL.EQ.113)
IF(IJEL.EQ.114)
IP(IJKL.RQ.115)
IF(IJEL.EQ.118)
IF(IJKL.EQ.117)
IF(IJEL.EQ.118)
IF(IJEL.EQ.119)
IP(IJEL.RBQ.120)
IF(IJEL.EQ.121)
IF(IJKL.EQ.122)
IP(IJKL.EQ.123)
IF(IJKL.EQ.124)

‘IP(IJKL.EQ.129)

U0(I,I)=00(I,I)-23.0*QGLl/TX**2
U0(T,I+1)=00CI,I+1)+@1l/TX**2
U0(I,I-13)=00(I,I-IJ)+2.0*G/TY**2
U0(I,I)=00(I,I)-2.0%Q/TY**2
UU(I,I-IX)=00(I,I-IK)+G/TZ**2
UU(I,I)=00(I,I)-2.0*G/T2%*2
UU(I,I+IK)=UU(I,I+IK)+Q/TZ**2

Uv(I,I)=0v(I,I)+G2/(TX*TY)
OV(I,I+1)=0V(I,I+1)-GR/(TX*TY)
UV(I,I-IJ)=UV(I,I-I3)-G2/(TX*TY)
UV(I,I-IT+1)=0V(I,I-IJ+1)+G2/(TX*TY)

UW(ITI)—UW(I,I)+G£/(TX‘TZ)

8888888588885858885888888888
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Uw(r x+1)-uw(1 I+1)—Ga/(T:=Tz) ‘.-. - : ‘ DIFO0112(

OW(I, I+IK)=UW(I, I+IK)~G2/(TX*TZ) - _ R - DIFO1134
UWCT, I+IK+1)=0W(T, I+IK+1)+G2/(TX*T2) - W : DIF01144
. T e ) . DIF01184

. VO(I,I)=VU(I,I)+G3/(TX*TY) : ‘ _ - | DIFOlle
VUCI,I+1)=VO(T,I+1)-G2/(TX*TY) ‘ | ' : DIFO117
VU(I, I-IT)=-VO(I, I-1J3)-G2/(TX*TY) S DIF0118¢
VO(I,I-IJ+1)=V0(T, I-IJ+1)+GZ/(TI'TY}- o DIF01154
: L - - DIF0120(
VV(I.I)-VV(I.I)—a.o-G/Tx--a o _ = DIFO1214
VV(I,I+1)=VV(I,I+1)+G/TX**2 : ‘ DIF01226¢
VW(I,I-IJ)=VV(I,I-IJ)+2.0*Gl/TY**2 . - . DIF0123(
. VV(I,I)=VV(I,I)~3.0*G1/TY**3 o DIF01244
VV(I,I-dK)=VV(I,I-JK)+Q/T2**2 | - DIF0128¢
VW(I,I)=VV(I,.1)-2.0*Q/TZ**2 , ' DIF01264
VV(I,I+JK)=VV(I, I+JK)+G/TZ“2 ' . DIFO1274
S - . . DIFQ1384

VW(I,I)=VW(I,TI)+G2/(TY*T2Z) ' - DIF01294
YW(I,I-I7)~VW(I,I-I3)-G2/(TL*"Z) ~ DIF01304
VW(I,I+JK)=VW(I,I+JE)-G2/(TY*T2) ' . DIFO131(
VW(I,I+JK-IJ)-VW(I.I+JKJIJ)+G2[(TY‘TZ) DIF0132d
. ' ‘ _ -~DIFO133(}
. WO(L,I)=WU(I,I)+32/(TX*TZ) DIF0134G
WO(I,I+1)=W0(I,I+1)-GR2/(TI*TZ) - o DIFO1350
WO(I,I+IK)=WU(ZI,I+IK)~-G2/(TX*TZ) DIF0136@
WU(I T+IE+1)=WUCT, I+IR+1)+G2/(TX*T2) _ DIFO137(§
\ | DIFO138¢
WV(I,I)=WV(I,I)+G2/(TY*TZ) / : ~ DIFO135G
WV(I,I-I3)=Wv(I,I-I3)-G2/(TY*T2Z) r DIFO1400)
WV(I,I+JK)=WV(I,I+JK)-G2/(TY*TZ) DIF0141(
WV(I,I-IJ+dK)=WV(I,I-IJ+JK)+G2/(TY*TZ) DIF0142Q
, DIF0143(

WW(I,I)=WW(I,I)-2.0*G/TX**2 . DIFQ14

CWW(I,I+1)=¥W(I,I+1)+G/TX**2 - : - - ‘DIF0145?
WW(I,I-IJ)=WW(I,I-IJ)+2.0*G/TY**2 - - DIF0146dQ
WW(I,I)=WW(I,I)-2.0*G/TY**2 DIF0147G
WW(I,I-IK)=WW(I,I-IK)+G1/TZ**2 . DIF0148(]
WW(I,I)=WW(I,I)-2.0*G1l/TZ**2 DIF0145(§
WW(I,I+IK)~WW(I,I+IK)+G1/TZ**23 , DIF0150(
‘ | . - DIF0151(
GO TO 2 : DIF0152d
UU(I,I®1)~0U(I,I-1)+2.0*d1/TX**2 - ' DIFQ153(
UU(I,I)~=00(I,I)-2.0*Gl/TX**2 DIFQ134(3
UU(I,I)=0U(I,I)~2.0*G/TY*»*2 ' DIFO155Q
UU(I,I+IJ)=00(I,I+IJ)+Q/TY**2 DIFO156Q
UU(I,I-IK)=UU(I,I-IK)+G/TZ2**2 - DIFO1B7d
UU(I,I)=00(I,I)-2.0*G/T2**2 DIF0158C3
U0(I,I+IX)=00(T,I+IK)+Q/TZ**2 DIF0159C

. DIPO160d
UV(I,I)=UV(I,I)+G2/(TX*TY) DIF0161d
OV(I,I-1)=0V(I,I-1)-G2/(TX*TY) DIF01824
UV(I,I+IT)=OV(I, I+IT)-G3/(TX*TY) DIF0183Q

ov(I, I+IJ—1)-UV(I I+IJ-1)+G2/(TX*TY) DIP01844
‘ ' -~ DIF0168Q



uw(I, I)-uw(I I1)+G2/(TX*TZ) : : | © ' prroiescl

OW(I,I-1)=UW(I,I-1)-G3/(TX*T2) - DIPO167C
OW(I,I+IK)=UW(I,I+IK)-A2/(TX*TZ) e . DIFO168CH
ow(x, I+IK—1)-UW(I I+IK—1)+62/(TI'TZ) ' N DIFOIBQC;

' ‘ DIFO170CH
VU(I,I)=VU(I, I)+GQ/(TI‘TY) . ' DIFOI?IQ
VU(I,I-1)=v0(I,I-1)-G3/(TX*TY) . | S DIFO173C¢
VU(I.I+IJ)-VU(I.I+IJ)—GB/(TX‘TY) ' ‘ DIPO173Cy

vO(T,I+IT3-1)=vU(l,I+IJ-1)+a2/(TX*TY) DIFO174(}

‘ _ . /DIFO178CH

S Wv(I,I-1)=yV(I,I~1)+2.0*Q/TZ**2 . B DIF0176C]
Vo(I,I)=Vv(I,I)-2.0*Q/TX**2 ) DIFOL177CY
vw(I,I)=Vvv(I,I)-2.0*Q1l/TY**2 , o DIFO178CH
UV(I,I+I3)=VV(I,I+IJ)+AQ1/TY**2 : DIFO179CH
vv(I,I-dR)=VV(I,I-JR)+Q/TZ**2 \ ' DIFO180(H
vv(X,I)=vv(I,I)-2.0*Q/TZ**2 . . ' DIFQ181CH
VV(I,I+JK)=VV(I,I+JK)+Q/T2**2 . | . , DIP0O182CH
‘ _ - - : ) . DIFO183(3
wW(I,I)=vw(I,I)+32/(TY*TZ) DIFO184CH
YW(I, I+IT)=VW(I,I+IT)-GR/(TY*TZ) - ' . DIF0185C3
- VW(I,I+dK)=VW(I,I+JK)-GR/(TY*TZ) ‘ DIFO186(3H
yw(I, I+IJ+JK)-vw(I I+IJ+JK)+G2/ (TY*TZ) . DIF018%7(4
’ | . i DIFO188(4]
WO(I,I)=WU(I,I)+32/(TX*T3) , DIF0188CH
WO(I,I-1)=WU(I,I-1)-G2/(TX*TZ) DIF0190CH
WU(I,I+IR)=WU(I,I+IEH-G2/(TX*TZ) . DIF0191C;
wO(I,I+IK-1)=WU(T,I+IK-1)+G2/(TX*TZ) : ; - DIFOIQQC{

WV(I,I)=WV(I,I)+A2/(TL*TZ) DIF0184C;
WV(I,I+IT)=WV(I,I+IT)-G2/(TY*TZ) DIFO198C:
¥v(I,I+JK)=WV(I,I+JK)-G2/(TE*T2) - DIF0186C;
- WV(I,I+IJ+JK)=WV(I,I+IJ+JK)+32/(TY*TZ)

W(I,I-1)=WW(I,I-1)+23.0*G/TX**2
WW(I,I)=WW(I,I)-2.0*G/TX**2 ‘ '
WW(I,I)=WW(I,I)-2.0*G/TY**2 '

WW(I,I+IJ)=WW(I,I+IJ)+Q/TL**2 { . DIFozoacj
WW(I,I-IK)=WW(I,I-IK)+G1/T2**2 . | : DIFO203C]
WW(I,I)=¥W(I,I)-2.0*Q1l/TZ**2 DIF0204C}
WW(I,I+IK)=WW(I,I+IK)+G1/T2**2 ‘ | D:FozoscE
. . DIFO206C

GO TO 2 | ' " DIF0207C}
U0(I,I) =UU(I,I)-2.0*Gl/TX**2 : DIPO208C
UU(I,I+1)=00(T,I+1)+Q1/TX**2 * DIFO208C!
UU(I,I-IJ)=00(I,I-IT)+Q/TL**2 : DIF0210C
UU(I,I)=00(I,I)-2.0*G/TY**2 | DIFOR11(!
uo(I, I+I3)=TU(L,I+IJ)+G/TL**2 _ DIF0212C
UU(I,I-IK)=UU(I,I-IK)+G/TZ**2 _ '~ DIF0213C:
TUCI,I)=U0(T,I)~2.0°G/TZ**2 DIFO214C
. UUCTI, T+IK)=UD(I, T+IK)+G/TZ**2 DIFPO215C:
e DIFO216C,

UV(I,I+1)=0V(I,I+1)-G2/(TX*TY) ‘ ' DIF0218

UV(I,T)=0V(T,I)+G2/(TX*TY) DIFO217C
Ov(I,I+IT)=0v(X,IJ)~-G2/(TX*TY) . DIroz1gé
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OV(I,I+IJ+1)=0V(I,I+IJ+1)+GR/(TX*TY)

.U*(I,I)-UY(IjI)+G£/(TI‘TZ)

OW(I,I+1)=UW(I,I+1)-~G2/(TX*T2)

- UW(I,I+IK)=UW(I,I+IK)-G2/(TI*TZ)

UW(I, I+IK+1)=UW(I, I+IX+1)+G2/(TX*TZ)

VO(I,I)=VU(I,I)+G2/(TX*TY)
VU(I,I+1)=vO(T,I+1)-G2/(TX*TY)
VO(I,I+Ig)=VO(I,I+Id)~-G2/(TIL*TY)
VO(I,I+Id+1)=VU(I,I+Id+1)+32/ (TX*TY)

VV(I,I)=VV(I,I)-2.0*G/TX**2
VV(I,I+1)=VV(I,I+1)+G/TX**3
vW(I,I-Id)=VV(I,I-IT)+Q1l/TY**2

VV(I,I)=VVv(I,I)-2.0%QLl/TY**2

VV(I,I+I3)=VV(I,I+IT)+QL/TY**2
YV(I,I-JK)=VV(I,I-JK)+G/T2**2
VV(I,I)=VV(I,I)-2.0%G/TZ**2
VV(I,I+JK)=VV(I,I+JK)+Q/TZ**2

vw(I, I)-VW(I I)+G2/(TY‘TZ)
VW(I,I+IJ)=VW(T, I+IJ)—G2/(TY'TZ)
VW(I,I+JK)=VW(I,I+JK)~G2/(TY*TZ)
VW(I{I+JK+IJ)-VW(I,I+JK+IJ)+G2/(TY‘TZ)*

WO(I,I)=WU(I,I)+G2/(TX*TZ)
WO(I,I+1)=-wU(T,I+1)-G2/(TI*T2)
WOU(I,I+IK)=WU(I,I+IK)-G2/(TX*TZ)
WO(I,I+IK+1)=WU(I,I+IK+1)+G3/(TX*TZ)

WV(I,I)=WV(I,I)+G2/(TY*TZ)
WV(I,I+IJ)=WV(I,I+IJ)-G3/(TL*TZ)
WV(I,I+JK)=WV(I,I+JK)-G2/(TY*TZ)
WV(I, I+JE+IT)=¥V(I,I+JK+IT)+G2/ (TY*TZ)

WW(I,I)=WW(I,I)-2.0*G/TX**2

WW(I,I+1)=WW(I,I+1)+G/TX**2

WW(I,I-Ig)=WW(I,I-IJ)+Q/TY**2
WW(I,I)=WW(I,I)-2.0*G/TY**2
WW(I,I+IJ)=WW(I,I+IJ)+Q/TY**2
WW(I,I-IK)=WW(I,I-IK)+GQl/TZ**2
WW(I,I)=ww(I,I)-2.0*Q1l/TZ**2
WW(I,I+IK)=WW(I,I+IK)+G1/TZ**2

GOTO 23
UU(I,I-1)=00(I,I-1)+G1/TX**2

. UU(I,I) «UU(CI,I)-2.0*Gl/TX**2

UU(I,I+1)=00(CI,I+1)+@1/TX**2

UU(I,I)=-0U(I,I)-2.0*Q/TY**2

UU(X,I+IJ)=00(I,I+IJ)+G/TY**2
00(I,I-IK)~=U0(I,I-IK)+Q/TZ**3
UU(I,I)=00(I,I)-23.0*Q/TZ**2

UU(I, I+IK)=00(I, I+IX)+Q/T2**2
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ov(I, I)-UV(I I)+02/(TX‘TY)
Uv(I,I+1)=0v(I,I+1)-G2/(TX*TY)

COv(I, I+IJ)-UV(I I3)-G2/(TX*TY)

UV(I,I+IJ+1);Uv(I,:+IJ+;)+62/(Tx-TY)

UWCT, I)=UWCT, I)+GR/ (T TZ) .
UW(I,I+1)=0W(T,I+1)-G2/(TI*T2) -

.OW(I,I+IK)=UW(I,I+IK)-GR/{(TL*TZ)

UW(I, I+IK+1)=0W(I, I+IK+1)+G2/ (TX*TZ)

VU(T, I)=VO(T, I)+G2/ (TZ*TY)
VO(I,I+1)=VvU(I,T+1)-G3/(TX*TY)

CVU(I,I+Id)=v0(I,I+IJ)-G2/(TX*TY).

vu(I, I+IJ+1)-VU(I I+IJ+1)+GQ/(TX'TY) :

vwWw(I,I- 1)-VV(I I- 1)+G/TI"2
VV(I,I)=vv(I,I)-2.0*G/TX**2

v (I, I+1)-VV(I I+1)+G/TX**2
VV(I.I)-VV(I,I)—B.O'GI/TY"S
VV(I,I+I3)=VV(I,I+IT)+Q1/TY**2
V9(I,I-gKk)=VV(I,I-dR)+Q/T2**2
YV(I,I)=VV(I,I)-2.0*Q/TZ**2
VV(I,I+dR)=VV(I,I+JK)+G/TZ**2

VW(I,I)=VW(I,I)+32/(TY*TZ)
VW(I,I+IJ)=VW(I,I+Id)-Ge/(TY*TZ)

TVW(I,I+JK)=VW(I,I+JR)-G2/(TY*TZ)
YW(I,I+JE+IJ)=YW(I,I+JE+IJ)+C2/(TY*T2)

. WO(Z,I)=WO(I,I)+32/(TX*TZ)
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WO(I,I+1)=WU(T,I+1)-G2/(TX*TZ)
WO(I,I+IK)=WU(I,I+IK)-G2/(TX*TZ)
WU(I,I+IE+1)=WO(I, I+IK+1)+G2/(TX*T2Z)

Wv(I,I)=WV(I,I)+q2/(TY*TZ)
WV(I,I+IT)=WV(I,I+IT)-G2/(TY*T2)
WV(I,I+dR)=WV(I,I+JK)-G2/(TY*TZ)
WV(I,I+JE+IJ)=WV(I,I+IJR+IF)+G2/(TYL*TZ)

WW(I,I-1)=WW(I,I-1)+Q/TX**2
WW(I,I)=WW(I,I)-2.0*Q/TX**2
WW(I,I+1)=WW(I,I+1)+G/TX**2
WW(I,I)=-WW(I,I)-2.0*Q/TY**2
WW(I,I+IT)=WW(I,I+IJ)+G/TY**2
WW(I,I-IK)=WW(I,I-IK)+31l/TZ**2
Ww(I,I)=-ww(I, I)—2 0*Ql/TZ**2

. Ww(I, I+IK)-WW(I I+IK)+GI/TZ"2

GO TO 2

U0(I,I) =g0(I,I)-2.0*31/TX**2
UU(T,I+1)=00(T,T+1)+Q@1l/TX**2
UU(I,I)=00(I,I)-2.0%*Q/TY**2
oo(I, I+IJ)-UU(I I%IJ)+G/TY"2

' DIFO3270]

PAGE éﬁ

DIFOR74C
DIFO278C 3

DIPO277C. ]
DIFORTAC
DIFOATSC ¥
DIPO280C 3
DIFO281C
DIPO38AC
DIPFO383C
DIF0284C
DIFOR8BC:,
DIFPO286C:,
' DIFO287Q:;
DIF023880Q"
DIFO3890:
DIF0290Q"§
DIF02910Q°;
DIFPO293C":
DIF0393C
DIF023940 "

DIFO2950Q
DIF0396Q
DIPO3970 i
- DIFO3980
DIFO3990 ¢
DIFO300Q %

DIFPO3010 4
DIPO3020 ;

DIFO3030

DIFO3040 ]

DIFO3050 "

n:rosoeu,
' DIFO3070 ;

DIFO3080
DIFO3090 -

. DIFO310Q

DIF03110 °
DIF03120 "
DIFO3130 -
DIFO3140 |
DIFO3150
DIFO3160 -
DIFO3170.

.DIF03180

DIFO3150
DIFO3200 .
DIF03210:
DIFO3220 :
. DIFO3230:
" DIP03240
DIFO32B0!

nxroazeoé

al
[



;-wdfﬂ;i[

UUCT, I-IK)=UU(CT, I-TK)+G/TZ**2
UUCT, I)=00CT,I)-2.0*G/T%**2
UO(T,I+IK)=U0(I, I+IK)+G/T2**2

UV(I,I)=OV(T, I)+G2/(TX*TY)

OV(I,I+1)=0V(I,I+1)-G2/(TX*TY)
UV(I,I+IJ)=0v(I,IJT)-G3/(TX*TY)
UV(T, I+IJ+1)=0V(I, I+IJ+1)+G3/ (TX*TY)

.UW(I.I)-Uw(i,1)+02/(TI*TZ) (

UW(I,I+1)=-0W(I,I+1)-=G2/(TX*TZ)
OW(I,I+IK)=UW(I,I+IK)-G2/(TX*TZ)
UW(I,I+IX+1)=0OW(I, I+IK+1)+G2/(TX*TZ)

. VOCI,I)=VO(I,I)+G2/C(TX*TY)

VO(I,I+1)=VO(I,I+1)-G2/(TX*TY)

" VO(I,I+IT)=VU(T,I+IT)-G2/(TI*TY)
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VO(I, I+IJ+1)=~VU(T, I+IJ+1)+G2/ (TX*TY)

VW(I,I)=VV(I,I)-2.0*Q/TX**2
VV(I,I+1)=VV(I, I+1)+G/TX**2
VV(I,.I)=vv(I, I)—2 0*Ql/TY**2
vv(I, I+IJ)-VV(I I+IJ)+@1/TY**3
VV(I,I-dK)=VV(I,I-JE)+Q/TZ**2"
YV I,I)=vv(I, I)—2 0*Q/T2**2
VV(I.I+JK)-VV(I.I+JK)+G/TZ*‘2

YW(I, T)=VW(I, I)+G2/ (TY*12)
YW(I, T+IT)=YW(T, I+IT)-G2/ (TL*TZ)

VVW(I,I+JE)=VW(I, I+JK)-G2/(TY*TZ)
VW(I, I+JK+IJ)=VR(I, I+JK+IJ)+G£/(TY'TZ)

WU(I I)=w0(I,I)+G2/(TX*TZ)

WO(I, I+1)-WU(I I+1)-Q2/(TX*TZ)
WU(I,I+IK)-WU(I.I+IK)—G2/(TI‘TZ)
WO(I,I+IK+1)=WO(I,I+IE+1)+G2/(TX*T2)

W(I,I)=WV(I,I)+G2/(TY*TZ)
WV(I,I+IJ)=WV(I,I+IT)-Q2/(TY*T2)
WV(I,I+JK)=WV(I,I+dK)-G2/(TL*TZ)

WV(I I+JK+IJ)-WV(I I+JK+IJ)+GE/(TY'TZ)

WW(I.I)-WV(I.I)—R.O’G/TI"Z
WW(I,I+1)=WW(I,I+1)+G/TX**2
WW(I,I)=WW(I,I)-2.0*Q/TY**2
WW(I,I+IT)=WW(I,I+IT)+G/TY**2
WH(I,I-IX)~WW(I,I-IK)+G1l/TZ**2
WW(I,I)=~WW(I,I)-2.0*G1/TZ**2
WW(I,I+IX)=-WW(I,I+IK)+Q1/TZ**2
GO TO 2 _
00(I,I-1)=00(I,I-1)+G1/TX**2
00(I,I) ~0U(I,I)-2.0*31/TX**2
UU(I,I+1)=«UU(L,I+1)+Q1/TX**2
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UU(I I*IJ)-UU(I I—IJ)+G/TY“2
UU(I,I)=UU(I,I)-2.0%Q/TY**2

- UU(I, I+IJ)-UU(I I+IT)+3/TY**2

UU(T,I-IK)=U0CT, I-IK)+G/TZ**2
UU(I,I)~U0(I,I)-3.0*G/T2**3"
UU(I,I+IK)=U0(T,I+IK)+G/TZ**2

Ov(I,I)=0Vv(I,I)+G3/(TX*TY)
OV(I,I+1)=0V(I,I+1)-G2/(TX*TY)
Uv(I,I+IJ)=0V(I,Id)-a2/(TX*TY)
OV(I,I+IJ+1)=0V(I,I+IJ+1)+@3/(TX*TY)

UW(I,I)=0W(X,I)+3dR/(TX*TZ)
OW(I,I+1)=0W(I,I+1)-G2/(TI*TZ)
OW(I,I+IK)=UW(I,I+IX)-GR/(TX*TZ)
ow(I, :+Ix+1)-uw(1 I+IK+1)+GZ/(TX'TZ)

vu(I, I)-VU(I I)+@3/(TX*TY)

. vo(I, I+1)*VU(I I+1)-@2/(TX*TY)

' VU(I.I+IJ)-VU(I;I+IJ)—G2/(TI‘TY)

VU(I,I+Id+1)=VO(I,I+Id+1)+G2/(TX*TY)

VV(I,I-1)=VV(I,I-1)+G/TX**2
VW(I,I)-VV(I,I)-2.0*G/TX**2
VV(I,I+1)=VV(I, I+1)+G/TX**2-
vv(I,I-13)=vV(I,I-IJT)+Gl/TY**2
vV(I,I)=VV(I,I)-2.0*G1/TY**2
VV(I,I+IT)=VV(I,I+IT)+G1/TY**2
VV(I,I~-gK)=VV(I,I-JK)+G/TZ**2
VV(I,I)=VV(I,I)-2.0*G/TZ**2
VV(I,I+JK)=VV(I, I+JK)+G/TZ**2

VW(I,T)=VW(I,I)+G2/ (TL*TZ)

VW(I, I+IJ)=VW(I,I+IJ)-GR/(TY*TZ)

VW(I,I+JK)-VW(I,I+JK)“G2/(TY*TZ)
VW(I,I+JR+Id)=VW(I, I+IJK+IT)+GE2/ (TY*T2Z)

WU(T, I)=WU(I, I)+G2/ (TX*T2)

WU(T, I+1)=WU(T,I+1)-G2/(TX*TZ)
¥O(I,I+IK)=WU(I,I+IX)-G2/(TX*T2)
WO(ZI, I+IE+1)=WU(I,I+IK+1)+G2/(TX*TZ)

W(I,I)=WVv(I,I)+32/(TY*TZ)
WV(I,I+IT)=WV(I,I+IT)-G2/(TY*T2)
WV(I,I+JK)=WV(I,I+JK)-Q2/(TY*TZ)
WV(I,I+JE+IJ)=WV(I,I+JR+IT)+G2/(TY*TZ)

WW(I,I-1)=¥W({I,I-1)+Q/TX**2
WW(I,I)=ww(I,I)-2.0*G/TX**2
WW(I,I+1)=WW(I,I+1)+Q/TX**2
WW(I,I-IJ)=WW(I,I-IJ)+Q/TY**2
WW(I,I)=WW(I,I)-2.0*Q/TY**2
WWW(I,I+IJ)=WW(I,I+IJ)+Q/TY**2
WW(I,I-IK)=WW(I,I~IE)+Q1/TZ**2
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WW(I,1)=WW(I,I)-2.0*Gl/TZ%**2
'W(I!I+IK)-WW(I,I+IK)+GI/TZ"2\

go -To 2
oU(I,I-1)=00(I,I- 1)+2 O'GIITX"Z
UU(I,I)=0u(I, I)—2 0*Q1/TX**2

ou(I, I-IJ)-UU(I I-IJ)+Q/TY**23

Tu(I,I)=uu(I, I)—R 0*Q/TY*=*2 -

ou(I, I+IJ)-UU(I I+IJ)+Q/TY**2

UUCI,I-IK)=UU(I, I-IK)+G/TZ**2
UU(I,I)=00(I,I)-2.0*G/TZ2**2 _
UUCI, I+IK)=00(T, I+IK)+G/T2**2

ov(I,I)=0V(I,I)+G2/(TX*TY)
Ov(I,I-1)=0V(I,I-1)=-G3/(TX*TY)
Ov(I,I+IJ)=0v(I,I+IJ)-GR/(TX*TY)
OV(I,I+Ig~1)=UV(I,I+IJT-1)+G2/(TX*TY)

UW(I,I)=0W(I,I)+G2/(TX*TZ)

uw(I,I- 1)-UW(I I-1)-GR/(TX*7Z)
UW(I,I+IX)=OW(I,I+IK)-G2/(TZ*TZ)
ow(I, I+IK—1)-UW(I I+IK-1)+G2/(TX*TZ)

CVU(I,I)=VU(I,I)+G2/(TX*TY)

VO(I,I~1)=VO(I,I-1)-G2/(TZ*TY)
VO(I,I+IJ)=vU(X,I+IT)-G2/(TI*TY) :
VO(I,I+IT-1)=Vv0(I,I+IJ-1)+G2/(TI*TY)

VV(I,I-1)=VV(I,I-1)+2.0*G/TX**2
VV(I,I)=VV(I,I)-2.0*Q/TX**2
VY(I,I-IJ)=vV(I,I-IJT)+G1/TL**2
VW(I,I)=VV(I,I)-2.0*G1/TY**23
VYV(I,I+IT)=VV(I,I+IT)+GL/TY**2
YW(I,I-gK)=VV(I,I-JK)+G/TZ**2
VV(I,I)=VV(I,I)-2.0%*G/TZ%**2
VV(I, I+JR)=VV(I,I+JK)+G/TZ**2

VW(I,I)=VW(I,I)+G2/(TY*T2)
VW(I,I+IJ)-VW(I,I+IJ)-GB/(TY'TZ)
VW(I,I+JK)-VV(I.I+JK)—GZ/(TY'TZ)

VW(T, I+IJ+JIK)=~VW(I, I+IT+JTK)+G2/ (TY*TZ)

WOCI,I)=WU(I,I)+G2/(TX*TZ).
WU(I,I-1)=-WO(I,I-1)-G2/(TX*TZ)
WO(I,I+IK)=WU(I,I+IK)-Q2/(TI*TZ)
WUO(I,I+IK~1)=WU(I,I+IK-1)+32/(TX*TZ)

CWV(I,I)=WV(I,I)+G2/(TY*T2)

WV(I,I+IT)=wVv(I, I+I3)-G2/(TY*TZ)
WV(I,I+dK)=WV(I,I+JK)-G2/(TY*TZ)

WV(I,I+IJ+dK)=WV(I,I+IJ+JK)+Q2/(TY*TZ) .

WW(I,I-1)~WW(I,I-1)+2.0*Q/TX**2
WW(I;I)-IW($.I)~8.0?G/TI"2
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WW(I,I-IJ)=ww(I,I-IJ)+Q/TY**2
"(Il I)-"(I' I)"a .O‘G/'I_'Y“a
WW(I,I+IF)=WW(I,I+IJ)+G/TY**2
WW(I,I-IX)=WW(I,I-IX}+G1l/TZ**2
WW(I,I)=WW(I,I)-2.0*Q1l/T2**2

. WW(I,I+IK)=WW(I, I+IK)+31/TZ**2
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GO T0 2
U0(I,I-1)=00(I,I-1)+Ql/TX**2
UU(I,I)=00(I,I)-2.0*Gl/TX**2
UU(I,I+1)=00(CT,I+1)+Q1/TX**2
UU(I,I-IJ)=0U(I,I-IT)+2.0*G/TY**2
UU(I,I)=00UCT,I)-2.0*Q/TY**2
U0(I,I-IX)=00(CI,I-IK)+GQ/TZ**2
UU(I,I)=00CI,I)-2.0*G/TZ**2
UU(I,I+IK)~UU(I,I+IX)+Q/TZ**2

UV(I,I)=UV(I,I)+33/(TX*TY) -
Ov(I,I+1)=0V(I,I+1)-G2/(TX*TY)
Uv(I,I-IF)=0V(I,I-IJ)-G2/(TX*TY)
TV(I,I-Ig+1)=0v(I,I-IJ+1)+G2/({TX*TY)

UW(I,I)=~0W(I,I)+G2/(TX*TZ)

OW(I,I+1)=0W(I,I+1)-G2/(TX*TZ)

UW(I,I+IK)=UW(T,I+IK)-G2/(TX*TZ)

"OW(I, I+IK+1)~0W(I, I+IK+1)+G2/(TX*TZ)

VO(I,I)=VU(I,I)+G2/(TX*TY)
VO(I,I+1)=VU(I,I+1)-G2/(TX*TY)
VO(I,I-IT)=VU(I,I-I3)-G2/(TZ*TY)

, ‘VU(I,I—IJ+1)-VU(I,I~IJ+1)+Gal(Tx-TY),

VV(I,I-1)=VV(I,I-1)+3/TX**2 L
VV(I,I)=vV(I,I)-2.0*Q/TX**2
VV(I,I+1)=VV(I,I+1)+Q/TX**2 =~
VV(I,I-IJ)=VV(I,I-IJ)+2.0*Q1/TY**2
VV(I,I)=VV(I,I)-2.0*G1l/TY**2
VV(I,I-JK)=VV(I,I-dK)+d/TZ**2
VV(I,I)=VV(I,I)-2.0*G/TZ**2

VV(I,I+dR)=~VV(I,I+JK)+Q/TZ**2

YW(I,I)=VW(I,I)+G2/(TY*TZ)
VW(I,I-IJ)=V¥W(I,I~-IT)~Q2/(TY*TZ)
VW(I,I+JK)=VW(I,I+JE)-G2/(TY*T2Z)

VW(I, I+JE~IT)=VW(I, I+JR-IT)+G2/(TY*TZ)

WO(I,I)=WU(I,I)+G2/(TX*TZ)
WO(ZI,I+1)=WO(T,I+1)-G2/(TL*T2)
WO(I,I+IX)=WO(I,I+IK)-32/(TX*TZ)
WO(I,I+IX+1)=WU(I,I+IK+1)+G2/(TX*TZ)

WV(I,I)=Wwv(I,I)+G2/(TY*TZ)
WV(I,I-IJ)=WV(I,I-IJ)-a2/(TY*TZ)
WV(I.I+Jx)-wv(1.I+Jx)-aa/(:r-12)
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WV(I,I-IJ+JK)=WV(I, I-IJ+IK)+G2/ (TY*TZ)

WW(I,I-1)=WW(I,I-1)+G/TX**2
WW(I,I)=%W(I,I)-2.0*G/TX**2
WW(I,I+1)=WW(I,I+1)+G/TX**2
WW(I,I-I3)=WwW(I,I-IJ)+3.0*G/TY**2
wW(I,I)=WW(I,I)-2.0*G/TY**2
¥W(I,I-IK)=¥W(I,I-IK)+G1/T2**2
WW(I,I)=-WW(I, I)-a 0*Ql/T2**2
WW(I, I+Ix)-ww(1 I+IK)+Gl/TZ*22

ao TO 2
U0(I,I-1)=0u(I, I 1)+2. O‘GIITX"a

- UO(I,I)=U0(I,I)-2.0*G1/TX**3

TUCT, I-18)=U0(I, I-IT)+2.0°G/TY**2
UUCI,I)=UU(I,I)-3.0*G/TY**2
UU(I,I-IK)~UU(I,I~-IK)+G/TZ**2
UUCI,I)=U0(T,I)-2.0*G/TZ**2
UUCT,I+IK)=00(CT, I+IK)+G/TZ**2

UV(I;I)-ﬁV(I;I)fGﬂ/(TXtTy)
UvV(I,I-1)=0V(I,I-1)-G2/(TX*TY) —

ov(I,I-IJd)=0V(I,I-IJ)-a2/(TX*TY)

Uv(I,I-13-1)=0V(I,I-IJ-1)+G2/(TX*TY)

OW(I,I)=UW(I,I)+GR/(TX*TZ)

ow(I,I- 1)-UW(I I-1)-G2/(TX*TZ)

ow(I, I+IK)-UW(I I+IK)-G2/(TX*TZ) :
UW(I,I+IK-1)=0W(I,I+IK~1)+G2/(TX*T2)

VU(I,I)=VO(I,I)+G27(TX*TY)
VO(I,I-1)=VO(I,I-1)-G2/(TX*TY)
VO(I,I-IJ)=VU(I,I-IJ)-G2/(TX*TY) .
VO(I,I-I5-1)=V0(I,I-IJ-1)+G2/(TX*TY)

YW(I,I-1)=vv(I,I-1)+2.0*Q/TX**2
YV(I,I)=vV(I,I)-2.0*GQ/TX**2
VV(I,I-Ig)=vV(I,I-IJ)+2.0*G1l/TY**2
VV(I,I)=vV(I,I)-2.0*QF1l/TY*=*2
VV(I,I-dK)=VV(I,I-dK)+Q/TE**2
VV(I,I)=VV(I,I)-2.0*A/T2**2
VV(I,I+dK)=VV(I,I+JK)+Q/TZ**2

VW(I,I)=VW(I,I)+G2/(TY*TZ)
VW(I,I-IJ)=VW(I,I-IJ)-G2/(TY*T2)
VW(I,I+JK)=VW(I,I+JK)-G2/(TY*TZ)

. VW(I,I+JK-IJ)=VW(I,I+JK-IJ)+G2/(TY*TZ)

WO(I,I)=WU(I,I)+G2/(TX*TZ)
VU(I.I-1)=wO(I,I-1)-a2/(TX*T2)
¥O(I,I+IK)=WU(I,I+IX)-G2/(TX*TZ)
¥O(I,I+IX-1)=WO(I,I+IK~-1)+G2/(TX*TZ)

WV (I,I)=Wwv(I,I)+32/(TY*TZ)
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WV(I,I-IT)=WV(I, I-13)~G2/(TY*T2)

- WV(I,I+JR)=WV(I,I+JK)-GR/(TY*T2Z) :
wv(I I+Jx—IJ1pwv(I I+JK-IJ)+GB/(TY*TZ)

108
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WW(I,I-1)=WW(I,I-1)+3.0*G/TX**3
WW¥(I,I)=wW(I,1)-2.0°G/TX**2
WW(I,I-IJ)=WW(I,I-IJ)+3.0%G/TY**23

WW(I,I)=WW(I,I)-2.0*Q/TY**2

WW(I,I-IR)=WW(I,I-IR)+G1/TZ**2
WW(I,I)=WW(I,I)-2.0*G1/TZ**2
WW(I,I+IK)=WW(I, I+IK)+G1l/TZ**2

G TO 2

uu(I,I-1)=00(I, I—1)+61/TI“2
gu(I,I)=-0u(I, I)—2 0*Ql/TX**2

‘UU(I,I+1)-UU(I.I+1)+Gl/Tx"2'

UU(I,I-IJ)=00(I,I-IJ)+Q/TY**2
UU(I,I)=0U(I,I)-2.0*G/TY**2

UU(T, I+IT)=00(T, I+IT)+Q/TY**2
UU(I,I)=00(I,I)+2.0*QG3/TZ**32
UU(I,I+IK)=00(I,I+IK)-1.0*G3/TZ**2

UV(I,I)=UV(T, I)+G2/ (TX*TY)

OV(I,I+1)=0V(T,I+1)-G2/(TX*TY) -
OV(I,I+IJ)=0V(I,I+IJ)~-G2/(TX*TY)
ov(I,I+Id+1)=0V(ZI, I+IJ+1)+GZ/(TX'TY)

VO(I,I)=vo(I, I)+62/(TX'TY)

VUCI, T+1)=V0(X, I+1)-G2/(TX*TY)
VOCI,I+IT)=VU(T, I+13)~G2/ (TX*TY)
VO(T,I+IJ+1)=VU(I,I+IT+I)+GR2/ (TX*TY)

VV(I,I-1)=VV(I,I-1)+G/TX**2
VW(I,I)=-VV(I,I)~2.0%*G/TI**3
VV(I,I+1)=VV(I,I+1)+GQ/TX**2
VV(I,I-IJ)=Vv(I,I-IJ)+C1l/TY**2
VV(I,I)=VV(I,I)-2.0*Q1/TY**3
VV(I,I+IZ)=vV(I,I+IJ)+GL/TY**2
VV(I,1)=vV(I,I)+2.0*G3/TZ**2
VV(I,I+dK)=VV(I,I+JK)-1.0*G3/TZ2**2

DO 681 II=1,13

"NPA(II)=ABS(NP(II))

IF(NP(II).EQ.0) GO TO 61
IF(NP(II).NE.O0) GO TO 862
WW(T,NPACII) )=WW(I,NPA(II))+(¥P(II)/NPA(II))*R(II)

TO(I,I-I)=-00(I,I-1)+2.0*G1l/TX**2
. (I,I)-2.0*GQl/TX**2
)=00(I,I-IJ)+Q/TY**2
UU(I I)=00(I,I)-2.0*G/TY**2
ou(I, I+IJ)-UU(I I+I3)+Q/TY**2
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U0(I,I)=-00(I,I)+2.0*G3/TZ**2

‘ UU(I.I+IK)9UU(I.I+IK)—1.O'Gs/TZ“Z

TV(I,I)=UV(I,I)+32/(TI*TY)
ov(I,I-1)=0V(I,I-1)~G2/(TX*TY)
UvV(I,I+13)=0V(I,I+IT)-G2/(TI*TY)
ov(I, I+IJ-1)-UV(I I+IJ—1)+62/(TX‘TY)

YOI, I)=VUCI, I)+G2/(TI‘TY)

vO(I,I-1)=V0(I,I-1)-G2/(TX*TY)"
VU(I,I+IJ)=VO(I,I+IJ)-G2/(TX*TY)

. yu(I, I+IJ—1)-VU(I I+IJ-1)+G£/(TI‘TY)

vv(I,I-1)=vVv(I,I-1)+3.0*G/TX**2
VV(I,I)=vV(I, I)-2 0*Q3/TX**2
vv(I,I- IJ)-VV(I I-IJ)+Gl/TY**2
Yv(I,I)=-vv(I, I)~3 0*@l/TY**2
VV(I,I+IJ)-VV(I.I+IJ)+017TY“2 )

- V(I,I)=VV(I,X)+2.0*G3/T2**2

- 64
83

107

vv(I,I+JK)=VV(I,I+JK)~1.0*G3/TZ**2 -
DO 83 Il=1,13

_NPA(II)=ABS(NP(II))

IF(NP(II).EQ.0) GO TO 83

IF(NP(II).NR.0) GO TO 64

WW(I,NPACII))=WW(I, NPA(II))+(NP(II)/NPA(II))*R(II)
CONTINUR

Qo TO 2 ‘
UUCI,I-1)=00(I,I-1)+G1/TX**2
UU(I,I)=<UU(L,I)-3.0*G1/TX**2
UU(I,I+1)=00CI,I+1)+G1l/TX**2 |
UU(I,I-I3)=0U(T,I-IJ)+2.0*G/TY**2
UU(I,I)=00(I,I)-2.0*G/TY**2
UU(I,I)=UU(I,I)+2.0*G3/TZ**2
UU(I,I+IK)=~UU(T, I+IK)-1.0*G3/TZ**2

OV(I,I)=UV(I,I)+G2/(TZ*TY)
ov(I,I+1)=UV(I,I+1)-G2/(TX*TY)
ov(I,I-IJ)=0V(I,I-I3)-G2/(TX*TY)
UV(I,I-Ig+1)=0V(I,I-IJ+1)+G2/(TI*TY)

vO(I,I)=VvU(I,I)+G2/(TX*TY)
vO(I,I+1)=VO(I,I+1)-G2/(TX*TY)
VU(I,I-IJ)=vU(I,I-IJ)-G2/(TX*TY)
VO(I,I-IJ+1)=VO(I,I-IJ+1)+GR/(TX*TY)

YV(I,I-1)=VYV(I,I-1)+G/TI**3

C WW(I,I)=VV(I,I)-2.0*G/TX**3

VV(I,I+1)=VYV(T,I+1)+Q/TX**2

CVV(I,I-Ig)=vV(I,I-IJ)+3.0*G1/TY**3

S VV(I,I)=VV(I,I)-2.0*G1/TY**2

VV(I,I)=VV(I,I)+2.0*G3/TZ**2
VV(I.I+JK)-VV(I,I+JK)—1.0‘63/T2“2

DIFO692(3
DIFO693C]
DIFosseai

DIFO701G]
DIFO7020H
DIFO703(
DIFO704(
DIFO705(



g6
=1

108

" 88
&7

109

DO 65 II=1,13

NPA(II)=ABS(NP(II))
IFP(NP(II).EQ.0) GO TO 88
IP(NP(II).NE.Q) GO TO 88

WW(I,NPA(II))=-WW(I, NPA(II))+(NP(II)/NPA(II))‘R(II)

CONTINUE

GO TO 2

UU(I,I-1)=U0(I, I—1)+2 0*Gl/TX**2
UU(I,I)=0U(I,I)-2.0*A1l/TX**2
UU(I.I-IJ)-UU(I.I—IJ)+2.0‘G/TY“2
UU(I,I)=U0(I,I)-2.0*G/TY**3
UU(I,I)=UU(T,I)+2.0*G3/TZ**2
U0(I,I+IK)=UUCI,I+IK)-1.0*G3/T2**2

ov(I,I)=Uv(I,I)+G2/(TX*TY) .
Ov(I,I-1)=0Vv(I,I-1)-G3/(TX*TY)
OV(I,I-IJ)=0V(I,I~-IJ)-32/(TI*TY)
UV(I,I-Ig-1)=UV(I,I~IJ-1)+G2/(TX*TY)

VU(I,I)=VU(I,I)+32/(TX*TY)
VU(I,I-1)=VU(I,I~-1)-G2/(TX*TY)
VU(I,I-IJ)=VU(I,I-IJ)-a2/(TI*TY) :
VO(I,I-Id-1)=VU(T,I-IJ-1)+G2/(TX*TY)

vV(I,I-1)=vV(I,I-1)+2.0*G/TX**2
VV(I,I)=VV(I,I)-2.0*@/TX**2
vv(I,I- IJ)-VV(I I-I3)+23. 0*Gl/TY**2
VV(I,I)=~VV(I,I)-2.0*Gl/TY**2
VW(I,I)=VV(I,I)+2.0%Q3/T2**2"
VV(I,I¥JK)-VV(I,I+JK)—1.0'GG/TZ"2

DO 87 II=1,13

"NPA(II)=ABS(NP(II))

IF(NP(II).EQ.0) GO TO 87
IF(NP(II).NE.0) GO TO 68

WW(I,NPA(II))=-WW(I, NPA(II))+(NP(II)/NPA(II))‘R(II)
CONTINUE

GO TO 2 _

UO(I,T)=00(I,I)-2.0*G1/TX**2

UU(I,I+1)=00(T,I+1)+Q1/TX**2
U0(I,I)=-00(I,I)-2.0*Q/TY**2
UU(I,I+IJ)=00(I,I+IJ)+G/TY**2
J0(I,I)=-0U(I,I)+2.0*Q3/T2**2
U0(I,I+IX)=00(I,I+IK)-1.0*G3/TZ**2

OV(I,I)=0V(I,I)+G2/(TX*TY)
OV(I,I+1)=0V(I,I+1)~G2/(TX*TY)
OV(I,I+IJ)=UV(I,I+IT)-G2/(TX*TY)
OV(I,I+IJ+1)=0V(I,T+IJ+1)+@2/(TX*TY)

© VU(I,I)=VU(I,I)+G2/(TX*TY)

DIFO?OSP
DIFQTON

DIFO708! .
' DIFO709:"
~ DIFO710t:
* DIFOT1L

DIFO712!
DIFO713i
DIFO714(

DIFO718(
DIFO716(
DIFO717¢ !
DIPOT718 "
DIFO71EN .
DIFO720K
DIFO72LL
DIFO722(
DIFO723(.
DIFO734¢"
DIFO725(¢
DIFO726(
DIFO727¢.
DIFO728( .
DIFO728( -
DIFO730(
DIFO731(
~ DIFO732(-

DIFO733(

DIFQ734(

DIPO738(.
- DIFPQ736(.

DIFO737¢
DIFO738(
DIFO73

~ DIFO740C.

DIFO741(

~ DIFQT42C
DIFQ743(C
DIFOT44( -

DIFO748(
DIFO748(
DIFQ747(C
DIFO748(
DIPO748(
DIFO730C
DIFO731(
DIFO732C
DIFO733(
DIFO754(

DIPO7SBC’

DIFQ738(
DIFQ7S7C

DIFO788C.

DIFO758C.



=

VO(T, I+1)=VU(I, I+1)-G2/ (TX*TY)

VO(I,I+IJ)=VU(I,I+IT)-G2/(TT*TY)
VO(I, T+Id+1)=VU(I, I+IT+I)+G2/ (TX*TY)

VV(I,I)<VV(I,I)-2.0*G/TX**2
YV(I T+1)=VV(I,I+1)+G/TX**2
VV(I,I)=YV(I,I)-3.0*G1/TY**2

VV(I,I+IT)=VV(I,I+IJ)+QL/TY**2

VV(I,I)=VV(I,I)+2.0*Q3/T2**2
VW(I,I+dK)=VV(I,I+JK)-1.0*A3/TZ**2

DO 69 II=-1,13
NPA(II)-ABB(NP(II))
IP(NP(II).RQ.0) GO TO 69
IF(NP(II).NE.0) GO TO 70

70 WW(I,NPA(TII))=Ww(I, NPA(II))+(NP(II)/NPA(II))*R(II)
.69 CONTINUE

GO TO 2

110 TUCI,I-1)=0UCT,I-1)+G1/TZX**2

UU(I,I)=00(I,I)-2.0*A1/TX**2
U0(T, I+1)~0U(T,I+1)+Q1/TX**2
UU(I,T)=0U(I,I)-2.0*G/TY**2
UU(T, I+Id)=00(CT,I+IT)+G/TY**2
UU(I,I)=U0(I,I)+2.0*G3/TZ**2

VUU(I,I+IK)-UU(I,¢+IK)—1.O*G3/TZ"2

ov(I,D)=0v(I,I)+G2/(TX*TY) .
OvV({I,I+1)=0V(I,I+1)-Q2/(TX*TY) .
OV(I,I+IJ)=0V(I,I+IT)~-G2/(TI*TY)
UV(I,I+IJ+1)=0V(I, T+IT+1)+G2/ (TX*TY)

VU(I,I)=VvO(I,I)+G2/(TX*TY)

VO(I,I+1)=vU(I,I+1)-G2/(TX*TY)

vu(zI, I+IJ)-VU(I I+IT)-GR/(TX*TY)
VUCI,I+IJ+1)=VO(I, I+IT+I)+G2/(TX*TY)

VV(I,I-1)=VV(I,I-1)+G/TZ**2
YV(I,I)=VV(I,I)-2.0*G/TX**2
VV(I,I+1)=VV(I,TI+1)+G/TX**2
VV(I,1)=-VV(I,I)-2.0*Ql/TY**2
VV(I,I+IT)=VV(I,I+IT)+GLl/TY**2
VV(I,I)=VV(I,I)+2.0*Q3/TZ**2
VV(I,I+JK)=VV(I,I+JK)-1.0*G3/TZ**2

DO 71 II=1,13
HPA(II)-ABS(NP(II))
IF(NP(II).EQ.0) GO TO 71
IF(NP(II).NE.0) GO TO 72

72, ww(I, NPA(II))-ww(I HPA(II))+(NP(II)/HPA(II))‘R(II)
71 'CONTINDE |

GO TO 2

111 gu(I, I)-UU(I I)-2. 0‘Gl/TI“2

.DIF0809¢]

DIFO781(;
DIFO782(4
DIFO783(]
DIFO784(;

DIFO786(E
DIFO787(}

DIFO797(]
DIFO798(]
DIFQ799(]
DIFO800(]
DIFO801(]
DIF0802¢]
DIFO803(
DIFO804(3
DIFO80S(}
DIFO808CH
DIFO807(
DIFOB808(

DIF0810(§
DIFO811cH
DIF0812d)
DIF0813(



UU(I,I+1)=00(CI,I+1)+@1/TX**3

. UUCY, I-IJ)~00(CT, I-IT)+G/TY**2
UU(I,I)=UU(I,1)-2.0*G/TY**2
UU(T, I+I3)=00(CT, I+IT)+Q/TY**2
UU(I,I)=UU(CI,I)+2.0*G3/TZ**2
UU(I, I+IK)=00(I, I+IK)-1.0*G3/T2**2

ov(I,I)=0V(I,I)+GR/(TX*TY)
Ov(I,I+1)=0v(I,I+1)-Ga/(TR*TY)
UV(I,I+IJ)=~uv(I,I+IJ)-A2/(TX*TY)
OV(I,I+Id+1)=0V(I,I+Id+1)+G2/ (TX*TY)

VO(I,I)=VU(I,I)+32/(TX*TY)
VU(I,I+1)=VU(I,I+1)-G2/(TX*TY)
VO(I,I+IT)=VU(I,I+IJ)-a2/(TX*TY)
VO(I,I+Id+1)=VU(I,I+IJ+I)+G2/(TX*TY)

VV(I,I)=VV(I,I)-2.0*G/TX**2
VV(I,I+1)=VYVv(I,I+1)+G/TX**3

v(zI, I-IJ)-VV(I I-IJ)+Q1/TY**2
v(I,I)=vv(I, I)-2.0%G1/TY**2

(I, I+IJ)-VV(I I+IT)+Q1/TY**2
VV(I.I)-VV(I,I)+2.0*GS/TZ"2 -
VV(I,I+JK)=VV(I,I+JE)~1.0*GS/TZ**2

////\ggA(II)-ABS(NP(II)) |
IF(XP(II).EQ.0) GO TO 73

74 WW(I, HPA(II))-WW(I NPA(II))+(HP(II)/NPA(II))‘R(II)

73 II=1,13
IP(NP(II).NE

73 CONTINUR
Qo TO 2

112 uo(I,1-1)~00(I,I- 1)+2 0*G1/TX**2
- 00(TI,I)=-U0(I, I) 2.07%Ql/TX**2
UU(I,I)-UU(I,I)—2.0‘G/TY"2
U0(I,I+IJ)=00(T, I+IJ)+G/TY**2
TU(I,I)=00(I,I)+2.0*G3/TZ**2
UU(I,I+IK)=-UU(I,I+IX)-1.0*G3/TZ2**2

UV(I,I)=UV(I,I)+@2/(TX*TY)
ov(I,I-1)=0V(I,I-1)-G2/(TX*TY)
OV(I,I+IJ)=0V(I,I+IJ)-G2/(TI*TY)
OV(I,I+IT-1)=0V(I,I+IT-1)+G2/ (TX*TY)

vU(I,I)=VO(I,I)+G2/(TX*TY)
VO(I,I-1)=VU(I,I-1)-32/(TX*TY)
VU(I,I+IT)=VU(I,I+1J)-G2/(TX*TY)
VO(I,I+IJ-1)=v0(I,I+I3-1)+G2/(TX*TY)

vV(I,I-1)=~VvVv(I,I-1)+2.0*Q/TX**2
vV(I,I)=YVv(I,I)-2.0*G/TX**2
VV(I,I)=YV(I,I)-2.0*Ql/TY**2
VV(I,I+IJ)=VVv(I,I+IJ)+31/TY**2

.0) GO TO 74 -

PAGE 1}
DIFOS14. ..

DIF0818: .

_DIFO816.

DIFO817.

DIFO818

'DIFO81S -
DIFO820

DIF0831

DIF0832
 DIPOS3S
. DIF0824
DIFOS3S

DIFO826
DIFO827 |
nxroeaa;,

DIF0829

DI?OBSOM

DIFO83YL
DIF0832 -

DIFO833:
DIFO834 .
DIFO838
DIFO836: .
DIFO837 :
DIF0838:
DIFO83%
DIFQ840: -
DIF0841:
DIFO8421
DIF08431
DIF0844l:
DIFO845(

DIFO846!
DIFO84T!

DIFO848!

DIFO84%K

DIFO8B0(
DIFO881( -

DIFC832a¢
DIFO883(

DIFO884( -

DIFO835(
DIFO8Be(
DIFO8B7(
DIPO888(
DIFO88X

DIFO8E0(
DIFO861(
DIFO862(
DIFOBE3(
DIFO8EB4(
DIFO8ESC -
DIFOB8E8(
DIPO8ET( |



76
79

113

VV(I, I)=VV(T, I)+2.0°G3/TZ**2
YV(I.I+JE)=VV(I, I+JK)-1. 0%a3/Tz%*2

DO 78 II-1,13
NPA(II)~ABS(NP(II))
IP(XP(II).EQ.0) GO TO 78
IP(NP(IX).NE.O) GO TO 768
WW(I,NPACII))=WW(I, NPA(II))+(HP(II)/NPA(II))‘RCII)
CONTINUR

G0 TO 2 .

0U(I,I)=00(I,I)-2.0*Q1l/TX**2
UUCI,I+1)=00(I,T+1)+A1/TX**2
gu(I,I-IJ)=00(I,I-I3)+2.0°Q/TYL**2 oo
JU(I,I)=-Uu(I, I)-2 0*Q/TY*=3
UU(I,I)=00(T,I)+2.0*G3/TZ**2

(I, I+IK)-UU(I I+IK)-1.0*G3/T2**2

UV(I,I)=0V(I,I)+a2/(TX*TY)
OV(I,I+1)=UV(I,I+1)-G2/(TX*TY)
UV(I,I-IJ)=0V(I,I~-Id)-a2/(TX*TY)

o ov(I,I- IJ+1)-UV(I I- IJ+1)+02/(TX‘TY)

vo(I, I)-VU(I I)+G2/ (TX*TY)
vo(I, I+1)-VU(I I+1)~G2/(TX*TY)
vo(I,I- IJ)-VU(I I-IJ)-G2/(TX*TY)

Cvo(I,I- IJ+1)-VU(I I- IJ+1)+G2/(TX'TY)

78
77

114

VV(I,I)=vV(I,1)-2. O'G/TI"Z
vv(I, I+1)-VV(I I+1)+Q/TX**2
VV(I.I—IJ)-VV(I.I—IJ)+2.0‘GI/TY“2'
VW(I,I)=vV(I,I)-2.0*Q1/TY**2
VV(I,I)=VV(I,I)+2.0*G3/T2**2
vv(I, I+JK)-VV(I I+JK)-1. 0‘G3/TZ“2

DO 77 II=1,13

NPA(II)=ABS(NP(II))

IFP(NP(II).EQ.0) GO TO 77

IF(NP(II).NE.O) GO TO 78

WW(I,NPACII))=WW(I, HPA(II))+(NP(II)/NPA(II))‘R(II)
CONTINUR

GO TO 2

UUCI,I-IK)~U00(I,I- IK)+G/TZ"2
UU(I,I)=00(I, I)-2 *Q/TZ**2
UU(I.I+1K)-UU(I.I+Ix)+G/Tz--2

VO(I,I)=VU(X,I)+G3/(TL*TY) .
VO(I,I+1)=VU(I,I+1)-G3/(TI*TY)

vu(z, I+IJ)-VU(I I+I3)-A3/(TX*TY)
VO(I, I+IJ+1)=VUCT, I+IJ+1)+GS/(TI‘TY)

VV(I.I)-VV(I.I)-a.‘GI/TY?'Z
VV(I,I+I3)=VV(I,I+IJ)+Q1/TY**2

DIFOS00C]

nxrosoa;;
DIF0S0SCE
DIFO910(}
DIFO911(%
DIFO9120H




VV(I,I-JK)=VV(I, I-JE)+G/TZ**2 . -
Vv(I,I)=Yv(I,1)-2.%Q/T2**3 - | .
VV(I,I+JK)-YV(I.I+JK)+G/TZ"2 i

GO TO 2 ’
118 UU(I,I-IX)=UU(I, I—IK)+G/TZ"2 '
UUCT, I)=UTCT, I)~-2. *G/TZ**3 ,
. uu(:,:+Ix)-uucx.x+1x)+elwzt~a

VU(I.I)-VU(I.I)+GE/(TI’TY)
YO(I,I+1)=VU(I,I+1)-aG3/(TI*TY)
VUCI,I+IJ)=v0(I, I+IT)-G3/ (TX*TY)
VU(I,I+Id+1)=VU(I, I+IJ+1)+G:5/(TX*TY)

nnrosa:s:sﬁ‘§
 DIFOO34

VV(I,I-IJ)=VV(I,I-IJ)+31/TY**2
vv(I,I)=vv(I, I)—a *Q1/TY**23
vv(I, T+IT)=VV(T, I+IT)+G1/TY**3
YV(I, I-JK)=VV(I,I-JK)+G/TZ**2
YV(I,IL)=Yv(I,I)-2.%G/TZ**2

vv(I, I+JK)-VV(I.I+JK)+G/TZ‘F8 QIF0941

. - : DIFOS42: |
GO TO 2 . DIF0S43
118 UU(I,I-IK)=00(I,I- IK)+G/TZ“2 . : - . » DIFOS44:
U0(I,I)=00(I,I)-2.*G/TZ**2. ' ' DIF0S48
OU(T, I+IK)=UU(T, I+IK)+Q/T2**2 DIF0946 ",
. _ ' DIF0947 ;
VO(I,I)=VO(I,I)+G3/(TX*TY) : . DIFOH48 |
VO(I,I+1)=vU(I,I+1)-G3/(TX*TY) I DIF0948 !
VU(I,I-IJ)=V0(I,I-IJ)-G3/(TX*TY) : _ , DIFOS50: |
VO(X,I-IJ3+1)=~VU(I,I-IJ+1)+G3/(TX*TY) ‘ o DIFOSBYL
: - - o - DIF0982 -
YV(I,I-I3)=VV(I,I-Id)+2.*G1l/TY**2 : : DIPOSS3I :
CVV(T,I)=VV(I, I)—8 *G1l/TY**2 : DIFOSB4!
Vv(I}I-IK)=VV(T, I-IK)+G/TZ**2 : DIFOSBS
VV(I,I)=VV(I,I)-2.*G/T2**2 . , DIFOOB6!
vv(I,I+IK)=VV(I,I+IK)+G/TZ**2 : - DIFO987
| _ | k DIF0988
GO TO 2 ; . DIFOS89
117 UU(CI,I-1)=UU(T,I-1)+G1/TX**2 . : - DIPOSE0I "
UU(I,I)=00(I,I)-2.*G1l/TX**2 \ . . DIFO961L
TU(CI,I+1)=00CI,I+1)+31/TX**2 _ : DIFO982! .
(I,I-IXK)=U00(I,I-IK)+3/T2**2 - _ DIFO963!
(I,I)=00(I,I)-2.*G/T2**2 DIF0S964!
I+IK)=U0(I, I+IK)+3/TZ**2 . ‘DIFOSE6S!
L ' DIFCS66!
UV(I,I)=UV(I,I)+G3/(TX*TY) - DIFOSET:..
Ov(I,I+1)=0V(I,T+1)-G3/(TI*TY) : DIFPO9E8I
UvV(I,T+Id)=UV(I,I+IT)-G3/(TX*TY) | DIPOS88sI
UV(I,I+Id+1)=0V(I,I+IJ+1)+A3/(TX*TY) : DIFQS7OL
‘ .DIFOST71
vv(I,I-JK)=VV(I,I-JK)+G/TZ**2 - . ' DIFO972t
Vw(I,I)=VV(I,I)-2.*G/TZ**2 o :  DIFOS73.
- yV(I,I+JK)=VV(I, I+JK)+3/TZ**2 . DIFQB74!:

DIFOBT7S!

8



118

118

120

121

122

@ TO 2

)

=

00(X,I-1)=0U(I, I 1)+2 *G1/TX**2

UUCI,I)=00(I,I)~2.*G1/TX**2
UU(I, I-IE)=00(I,I-IK)+Q/TZ**2
UU(I,I)=00CI,I)-2.°G/TZ**2 .
UU(T, I+IK)=UU(I, I+IK)+G/TZ**2

COV(I,I)=-UV(I,I)+G3/{TX*TY)
Uv(I,I- 1)-UV(I I-1)-33/(TX*TY)

S OvV(I, I+IJ)-UV(I I+I3)-G3/(TX*TY)
uv(zI, I+IJ—1)-UV(I I+IJ-1)+a3/(TX*TY)

YV(I,I-JK)=VV(I, I-JK)+Q/TZ**2
VV(I.I)=VV(T,I)-2.*q/TZ*22 -

VV(I.I+JK)-VV(I.I+JK)+G[TZ“2

GO TO 2 '
VO(I,I)=VU(ZI, I)+GS/(TI‘TY)

vO(I, I+1)-VU(I I+1)-G3/(TI*TY)

hY

VU(I.:+IJ)-VU(I,I+IJ)-GS/(Tx-TY)

VU(I,I+Id+1)=VO(I,I+Id+1)+G3/(TX*TY)
VV(I,I-IJ)=VYV(I,I-IJ)+Q1l/TY**2

VW(I,I)=vv(I,I)-2.*Gl/TY**2

VV(I,I+IT)=VV(I,I+IJ)+G1l/TY**2

GO TO 2
VO(I,I)=VU(I,I)+G3/(TX*TY)

VO(I,I+1J=vO(I,I+1)-G3/(TX*TY)

VU(I,I-Id)=vU(I,I-IJT)~-G3/{TX*TY)

VO(I,I-I5+1)=VU(I,I-IJ+1)+Q3/(TX*TY)
VV(I,I-IJ)=-VV(I,I-IJ)+3.*G1/TE**2

VV(I,I)=VV(I,I)-2.*G1l/TY**2

GO TO 2

OU(I,I-1)=00(I, I~ 1)+QLl/TX**2
O0(I,I)=U0CI,I)-2.*G1l/TX**2
ou(I, I+1)-UU(I I+1)+GQl/TX**3

OV(I,I)=0V(I,I)+Q3/(TX*TY)

OV(I,I+1)=0V(I,I+1)-G3/(TX*TY)

UV(I,I+IT)=0v(I,I+IT)-G3/(TX*TY)

UV(I(I+IJ+1)-UV(I.I+IJ+1)+G3/(TX’TY)

G0 TO 2
UU(I,I)=U0(I,I)-2.*G1/TX**2

UU(I,I-1)=00(I,I-1)+2.*G1/TX**2

OV(I,I)=0V(I,I)+G3/(TX*TY)

OV(I,I-1)=0v(I,I- -1)-G@3/(TX*TY)

ov(zI, I+IJ)-UV(I I+IJ)-Q3/(TX*TY)

OV(I, I+I3-1)=0V(T, I+1d-1)+G3/(TX*TY)

2

~

- DIF09586Q

. DIPOS87C;

‘_'DIF1001K_

DIrQo84g
DIF09854

DIFO987q
DIF0983(
DIF0985Q

- DIFO9980G;

DIF09914
DIF0S52G
DIF0993(
DIF0994(]
DIFO995GH
DIF0998C]

DIFO0O98(;
DIF0S09CH
DIF1000CH

DIF1013C
DIF1014C
DIF1015C
DIF1016C
DIF1017C]
DIF1018C]

DIF1027
DIF1028
DIF102



123

’ .

"

GO ¥0 2
UU(CT,I)=UU(T,I)-2.*G1/TX**2 "
UU(I,I+1)=00(I,I+1)+Q1/TX**2

- UV(I.I)-UV(I.I)+GS/<TI‘TY)

124

Uv(I,I+1)=0V(I,I+1)-G3/(TX*TY)
UvV(I,I+IT)=UV(I, I+I1J)-G3/ (TX*TY)
OV(I,I+Ig+1)=0V(I,I+IJ+1)+A3/(TX*TY)

GO 'TO 2

VO(I,I)=VO(I,I)+G3/(TI*TY)
vu(zI, I+1)-VU(I I+1)-Q3/ (TX*TY)

: VU(I.I+II)-VU(I,I+IJ)-G3/(TI*TY)

125

10

VO(I, I+IJ+1)=VU(T,I+Id+1)+a33/ (TX*TY)

VV(I,I)=VV(I,I)-2.*Gl/TY**2
VV(I,I+IT)=VV(I, I+IT)+QL/TY**2

"GO TO 2

UU(I,I)=00(I,I)-2.*q1/TX**2

TU(I,I+1)=00CI,I+1)+31/TX**2

UU(I, I-IK)=UU(I, I-IK)+G/TZ**2
UUCI,I)=00(I,I)-2.*G/TZ**2
UU(I, I+IK)~UU(T, I+IK)+G/TZ**2 .

ov(I,I)=0V(I,I)+G3/(TX*TY)
Ov(I,I+1)=0V(I,I+1)-G3/(TX*TY)
OV(I,I+IT)=0V(I,I+IJ)-a3/(TX*TY)

UV(I,I+I3+1)-UV(I,I+IJ+1)+G3/(?Z‘TY)

VV(I.I-JK)-VV(I.IfﬁK)+G/TZ’?2
VV(I,I)=VV(I,I)-2.*G/T2**2
VY(I,I+JR)=VV(I, I+IK)+G/TZ**2.

GC TO 2

CONTINUE

DO § M-1l,3*NOD

DO 3 ¥N=1,3*NOD
AA(M,N)=0.0

CONTINUE .

DO'4 ¥=1,3*NOD
IF(X.GT.2*NOD) GO TO 30
IF(M.GT.NOD) GO TO 20

-IP(M.LE.NOD) GO TO 10

DO 85 N=-1,3*ROD
IP(N+GT.2*NOD) GO TO 31
IF(N.GT.ROD) GO TO 21

" IP(N.LB.NOD) GO TO 11

11
21
Sl

AA(M,N)=-UU(M,R)

G0 TO S
AA(M,N)=UV(M,X-ROD)
GO TO S '
AA(M,N)=UW(YM, H—2‘HOD)
@0 TO 5

DIP1088(H

DIF1054¢§
DIF10B8C4

DIF1087C}

DIF1088(!
DIF1060( ;
DIFP1061(5
DIF1082(}
DIF10683(3
DIF1064(4
DIP1068(
DIP1066(:
DIF1087¢ Y
DIF1088(%
DIP1068( }
DIP1070C 3
DIF1071C
DIF1072(C:
DIP1073C
DIP1074C:
DIF1073C ¢
DIF1O076C:
DIF1077¢:
DIP1078C"
DIF1079C;
DIF1080C
DIF1081C
DIF1082C
DIF1083C




20
12
22
32

30

13

CONTINUR.

GO TO 4 . -
DO 6 N=1, S‘NOD

IF(N.QT. 2‘NOD) GO TO 32

IF(N.GT.NOD) GO TO 22

- IF(N.LE.NOD) GO TO 12

AA(M,N)=VU(M-NOD,N)

GO TO 8

AA(M,N)-VV(M-NOD, N—NOD) o .
GO TO 8 ' -
AA(M , N)=VW (M- NOD N-2*NOD)

GO TO 8. -

CONTINUR

GO TO 4~

DO 7 N=1,3*NOD -
IF(N.GT.27NOD) GO TO 33 | -
IF(N.GT.NOD) GO TO 23

IF(N.LE.NOD) GO TO 13 P
AA(M,N)=WU(¥-24NOD, N) . '

-G TO 7

23

aaacaaaaaaaaaa aa

33

AA(M,N)=-WV(M-2*NOD, N NOD)

GO TO 7,

AA(M, N)-WW(M—z‘NOD,N—Z'NOD)

GO TO 7

CONTINUE

GO TO 4 _ .
CONTINUR .

PRINT 10123
WRITE(E,2002)((AA(X,N),N=1,3*NOD),¥=~1, 3*NOD)

DO 8 K=1,3*NOD

14

13

FOR(K, 1)-0 0

CONTINUR '

DO 9 K=1,3*NOD )
IF(K.GT.2*NOD) GO TO 14
IF(K.LE.2*NOD) GO TO 15
FOR(K, 1)=FF(E-2*NOD, 1)

G0 TO 9

FOR(X,1)=0.0

GO TO 9

CONTINUE

CALL MATINV(AA,B0)

PRINT 1012

WRITER(8,1002)((AA(M,N),N=1,3*NOD),M=1, 3*NOD)

CALL MATMUL(AA,60,80,FCR,1,DIS)

WRITE(6,1014) (FF(I 1) I-1,NO0D)

WRITE(S,1014) (I, FOR(I 1), FOR(I+NOD 1),FOR(I+2*NOD,1),I=1,NOD)
YRITE(S, *)((AA(Y,R) ,N~1 s*non) M=1, S*NOD)

PRINT 1003 :
YRITE(8,1001)((U0(I,J),d=1,20),I=1,20)
PRINT 1004

YRITE(S, lgOIJC(UV(I ,J),J=1,20),I=1,20)
PRINT 100

WRITR(S, 1001)((UW(I J),d=1,20), :-1 20)
PRINT 1008

. DIF1085(d
DIF1087¢

' PAGE 2

DIF1084(
DIF1086(¢
DIF1088(

DIF1130C§
DIF11310}
DIF113208
DIF11330)
DIF1134Q§
DIF11350]
DIF11360
DIF11370



aaaaaoaaaaqa

aaaaQQ

! ) fr %
WRITB(S, 1001)((VU(I J),J=1,20),I=1, 20) ‘DIF1138§,
~ PRINT 1007 DIF1138.3
WRITE(S, 1001)((VV(I 3),3=1,20),1I~1,20) DIF114014
PRINT 1008 DIP1141:]
WRITR(S, 1001)((vv(1 J),d=1,20),I=1,20) DIF11421;
PRINT 1009 . DIF1143i }
. WRITB(6,1001)((WU(I'J), 3-1 20) I=1,20) DIPlldécg
PRINT 1010 DIF11458¢ ¢
WRITE(6, 1001)((WV(I, J) J-1, 20),I=1,20) -DIP1146i }
PRINT 1011 | DIF1147{§
¥RITR(S8, 1001)((WW(I,dJ), J-l ,NOD), I=~1,NOD) DIF1148( 3
PRINT. 1013 DIF1149M 3}
¥RITE(6,1014) (I,DIS(I,1)/D,DIS(I+NOD,1)/D, DIS(I&Z‘NOD 1)/D, DIF1150( 3
¥I-1,5OD) DIF1181(4
.~ 800 FORMAT(10A8) DIF1162¢ 3
900 FORMAT(IS,Fl10.4,FS5.3,F10.8,2F3.3; 215) DIF1153¢}
1000 FORMAT(F?7.4,I3,3I8,13T4) . DIF1184¢ j
1001 FORMAT(//,2(1X,10B13.7,/)) - DIP11588¢73
1002 FPORXAT(8(1X,10R13.4,/),/) ~ DIFi136¢ 3
1003 FORMAT(/,SX, 'MATRIX UT') ~ nxyllsvcg
1004 FORMAT(/,SX, 'MATRIX UV') DIF11%8( 3
1005 FORMAT(/,B5X, 'MATRIX UW') DIF1188¢3
1008 FORMAT(/,B5X, 'MATRIX VU') - DIFllBOCi
1007 FORMAT(/,SX, 'MATRIX VV') DIF1181(
1008 FORMAT(/,5X, 'MATRIX VW') DIF1162¢’
1009 FORMAT(/,5X, 'MATRIX WU') DIF11683C}
1010 FORMAT(/,5X, 'MATRIX WV') DIF1184C%
1011 FORMAT(/,S5X, 'MATRIX WV¥') nxrneacs
1012 FORMAT(/,SX, 'MATRIX AA') DIF1166( 3
1014 PORMAT(/, (5x I3,2%,3(P12.4,2X), /)) ' DIP116%7¢ ;
1013 FORMAT(/,5X, NODE X-DIRECTION Y—DIRECTION Z-DIRECTION' /) DIFllBBC}
1016 FORKAT(SX, 'NUMBRE OF NODES - ,I5,/,5%, 'YOUNG MODULOUS -'.DIPllBQ(é‘
gF10.8,/,9%, 'POISSON S RATIO -',F5.2./,Qx,'LONGITUDINAL LENGTE DIF1170C
g=-',F10.5,/,9%, 'RATIO A/B . -',P5.3,/,9%, 'RATIO A/H DIF1171C
¥ =',F8.3,/,9%, 'MESE NUMBER ON X,¥ =',I5,/,9%, MESH NUMBER ON Z DIF1172C’
g =',15,/,9%,'MESE SIZE ON X AXIS =',F10.5,/,9X, 'MBSH SIZE ON Y ADIF1173(
¥xXIs =',F1l0.5,/,9%, 'MESE SIZR ON Z AXIS =',F1l0.5) DIF1174C
STOP _ _ DIF1178C
END : DIF1176C ©
EEXEXXXLER XXX EREETAEL AL L ERL AN A XA E AL RN R AL X DIFll?l‘?c 5
*SUBROUTINE PROGRAM FOR CALCULATING INVERSION* .DIFll?BCj
* MATRIX . - DIP1179C
tt!ttllllttl!ltl!!tltt!!t:l.xlttll!lttl‘ltzlt!ll DIFIIBOC :
" _ DIF1181C
SUBROUTINE MATINV(AA,NN) DIF1182C
IMPLICIT REAL*8 (A-E,0-2) DIF1183C
DIMENSION INDEX(80,2),AA(680,80) DIF1184C ;
‘DO 108 I-1,RN | DIF1185C.;
108 INDEX(I,1)=0 . DIF1186C:
II=0 . DIF1187C:;
109 AMAX=-1. ' DIF1188C
DO 110 I=1,NN DIF1188C.
TP (INDEX(I,1)) 110, 111 110 DIF1190C;

111

D0 112 J=1,NN

'DIF1191Q:

PN



IP (INDEI(J 1)) 112,113, 112 . ‘ . : .. DIF1l1o23

113 TEMP=-DABS(AA(I,J)) ; . . DIF11934
. IF (TEMP-AMAY) 112;112,114 - L " ' DIF1194d
114 IROW-I : . . DIP1195(
 ICOL~ : “ DIF1196}

. AMAY=-TEMP . S DIF1197
112 CONTINUE - _ | - DIF11984
110 CONTINUE ) | DIF1199
. IF (AMAX) 225,118,118 - DIF1200(
'116 INDEX(ICOL,1)=IROW : | DIF1201(4
. IP (IRO¥-ICOL) 119,118,119 DIF1202(§
119 DO 120 J=1,NN | - DIF12030

TEMP=AA(IROV, J) . - DIF1204(3
AA(IROW,J)=AA(ICOL,J) | o DIF1205(3

120 AA(ICOL,J)-TEMP | | DIF1206(
. II=-II+1 | I DIF1207}
INDEX(II,2)=ICOL | DIF1208(;

118 PIYOT=~AA(ICOL,ICOL) . | DIF1206(3
. AA(ICOL,ICOL)=1. | DIF1210(]

PIVOT=-1./PIVOT g - : DIF1211(%

aaaaaaq

DO 121 J=1,NN ‘ DIF1212(}
121 AA(ICOL,J)=AA(ICOL,dJ)*PIVOT . DIFlals?
DO 122 I=1,NN o DIF1214(%
"IF (I-ICOL) 123,122,123 DIF1215¢Y
123 TEMP=AA(I,ICOL) DIF1216(3
AA(I,ICOL)=0. ' DIF1217(4

DO 124 J=1,NN DIF1218¢3

124 AA(I,J)=AA(I,J)-AA(ICOL,J)*TEMP _ .DIF1219(§
122 CONTINUR ' DIF1220¢}
GO0 TO 108 . . DIF1221(¢

125 ICOL=-INDEX(II,2) DIF1222(4
IROW=INDEX(ICOL, 1) _ DIF1223(%

DO 126 I=1,NN . o nxrlza-v*
TEMP~AA(I, IROW) DIF1225(%

- AA(I,IROW)=AA(TI,ICOL) DIF1226¢
128 AA(I,ICOL)~TEMP . DIF1227C}
II-II-1  DIP1228(H

225 IF(II) 125,127,128 ‘ DIF1229(3
115 WRITER (8,1001) _ DIF1230¢d
1001 FORMAT(1EO,2X,11H ZERC PIVOT ) - DIF1231(}
127 CONTINUE . DIF1232¢H
- RRTURN DIF1233C3
END : DIF1234(s

. ttllt-tltt!ttllttttttlltttt!!ll::ttttltttttttt! DI?1235
'SUBROUTINB PROGRAM FOR CALCULATING MATRIX * DIF1236(2
MULTIPLICATION * " DIF1237C¢
38!!llltllltallltll.!ltltt.!tltxllttttttttt!tx! ) DIF1238 :.

DIF1239cq

DIF1240C3

SUBROUTINE MATHULCAA NN, ¥¥,BB,LL,CC) DIF1241(3
IMPLICIT REAL®*8 (A-H, O—Z) - DIF1242(
DIMENSION AA(NN,MM),BB(MM,LL),CC(NN,LL) '~ DIP1243Q

DO 100 I=1,NN | DIF1244d
DO 300 J=1,LL ‘ DIF12450



!

/

i €6(1,3)=0.0
DO 300 Kl=1,MM

300 CONTINUR

200 CONTINUE

100 CONTINURB
~ RETURN
END

CC(I,d)=CC(I,T)+AA(T,K1)*BB(X1,d)

A Y

L
PR
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DIF1346i].
DIF1347(3
DIF13481
DIP1246:

IP1250!

IF1281
DIF1382(
DIF1253! %
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