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Numerical Analysis of Orthotropic Plates (1) *

Minoru MASUDA**, Hikaru SASAKI** and Takamaro MAKu**

Introduction

The solutions of many problems of orthotropic plates are literally impossible when

attempted by applying the differential equations of the theory of elasticity. To solve

such problems mathematical and physical approximate methods must be used. The

former reminds us of the finite difference method ll ,2) and the latter, of the finite

element method3). Recently, the electronic computers make these numerical methods

possible. In the present paper, applications of the finite difference method to the bending

problems of orthotropic layered plates are attempted.

Theory of Layered Orthotropic Plates

1. The l"undamental Equation of Orthotropic Layered Plates

The differential equation for the deflection of layered orthotropic plates is derived

by the following procedures:

The equations of equilibrium are

_?Cl!_+_~9?!_+ p=O, (1-1)
ox oy

Q =jJ~!- + J}!4Y3"___ (1-2)
x ox oy'

Qy =_!2P!J3!- +_?])/;XY , (1-3)

and

For the small deflections the strain-displacement relations are

ow
u= -z-ax-'

owv= -z--oy ,

(1-4)

(2-1)

(2-2)

* Presented at the 18 th Annual Meeting of the Japan Wood Research Society, Kyoto, April,
1968 and reported briefly in J. Japan Wood Res. Soc., 14, 441 (1968).

** Division of Composite Wood C*JH::tfl@f:JE$F9).
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Table 1. List of symbols.

Symbol Definition

E modulus of elasticity

G modulus of rigidity

p. Poisson's ratio

I moment of inertia

M bending moment

Q shearing force

a, b plate dimensions in x and y directions, respectively

p applied pressure

t thickness of the plate

u, v components of displacements in x and y directions, respectively

w deflection of plates

x,y rectangular coordinates

z distance from the neutral axis of the plate

e strain

r shearing strain

\\~xa normal stress

r shearing stress

{} angle between x axis and X axis o .1:

"', 1/ (subscript) in x and y directions, respectively

X,y (
"

) in X and Y directions, respectively (X, Y: principal elastic axes)

"
(

"
) in veneer

b (
"

) in bending of the layered plate

n (
"

) in n-th lamina

OV 02W
e1/ = oy = - z----aJ2' (2-4)

au oV 02W
rXY= oy +ax= -2z 8x8y .

Assuming a state of generalized plane stress in the n-th lamina of the plate, the
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stress-strain relations are

WOOD RESEARCH No. 47 (1969)

and

(]J:n=allncx+a12ncy+a16nrxY, (3-1)

(3-2)

(3-3)

(3-4)

The moment resultants are formulated by the integration of (3-1}-,,(3-3) over each

lamina and summing the resulting expressions over ail laminas. Thus:

= 2.jln(allncx +a12nCY +a16nL·y) ,
n

My=2.jln(a12ncx+a22ncy+a26nrXY) ,
n

MrY = 2.jln(a16ncx +a26nCY+a66nrxv) .
n

(4-1)

(4-2)

(4-3)

Substituting (2-3}'----(2-5) in (4-1}-,-,(4-3) the following expressions are obtained:

where,

j3ij = 1-12.jaijn1n .
n

(5-1)

(5-2)

(5-3)

(5-4)

(5-5)

From the equations of equilibrium (l-1}-----(l-4), the following differential equation

is obtained:

(6-1)

The substitution of (5-1}'---- (5-3) in (6-1) yields the differential equation for the

deflection of layered orthotropic plates:

(6-2)
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MASUDA, SASAKI, MAKU : Numerical Analysis of Orthotropic Plates (1)

2. Relation of Elastic Properties between Veneer and Plywood

Assuming plywood as a layered orthotropic material, the differential equation for

the deflection is expressed in eq. (6-2), whose coefficients consist of the elastic constants

of plywood. The relation between the elastic constants of veneer and plywood is given

below:

GxYbI = "'j2GxYvnIn ,
n

f-1 xybE Yb I = f-1Y xbExbI = "'j2f-1xYvnEYvnIn = "'j2f-1yxvnExvnIn .
n n

(7-1)

(7-2)

(7-3)

(7-4)

When the principal axes of veneer coincide with the axes of coordinates, the coeffi

cients (Xijn, are given in simply forms, and they are denoted with Cjvn which are ex

pressed as follows:

C 66vn = GXYvn, An = 1- f-1XYvnf-1Y Xvn .

(Xijn in the arbitrary direction expressed with CijVn are given by

(X12n = (Cllvn +C22v,n - 4C66vn) cos2(Jsin2(J+ CI2vn(COS4(J+ sin4(J) ,

(8-1) '"'-' (8-5)

(9-1)

(9-2)

(9-,-3)

(9-4)

(9-5)

(9-6)

Substituting (9-1) '"'-' (9-6) in (5-5), the following is obtained for the coefficients of

the fundamental equation of plywood:

/311 = I-I "'j2Cl1vnIncos4{j+ I-I "'j2C22vnInsin4(J+ 21- 1("'j2CI2vnIn +2"'j2C66vnIn)cos2(Jsin2(J
n n n n

(10-1)
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where,
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Cllb=I-1~Exvnlnj).n ,
n

C22b=I-1~EYvnln/An ,
n

C12b=I-1~PXYvnEYvnln/An= ~pyxvnExvnln/An,
n n

C66b=I-1~GXYvnln .
n

(10-2)

(10-3)

(10-4)

(10-5)

1312, 1316, 1322, 1326 and 1366 are also expressed with Cm , C22b , C12b and C66b in the same

manner.

When plywood consists of veneers of a single species, the substitution of (7-l)~

(7-4) in (10-2)~(10-5), yields the following relation:

where, A= An = 1-PXYvpyXv .

(11-1)

(12-1)

Then, the coefficients of the differential equation of the plywood consisting of a

single species are expressed with the nominal bending elastic constants (EXb , E yb , GXYb

and PXYb) , but the Poisson's ratios of the veneers must be used for A.

Application of the Finite Difference Method

1. Derivation of Finite Difference Equations

As the rigorous solution of the differential equation (6-2) cannot be obtained when

1316 or 1326 is not zero, the authors applied the finite difference method to solve it approxi

mately. The replacement procedure of the differential equation by the corresponding

fini te difference equations is shown below. The first and second derivatives of w at a

nod0:l point K (see Fig. 1) are expressed as follows:

Bw i 1
--Bx-IK 'Z-2h~-(Wi+l,j-Wi-l,j) ,

(12-2)

(12-3)

(12-4)

(12-5)

And the third and fourth derivatives are also expressed in the same way. For

example,
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(12-6)

(12-7)

(12-8)

(12-9)

1
h/h

y
2 (Wi+ld+l - 2Wi,j+l +Wi-l,j+l - 2Wi+l,j+4wij- 2Wi-l,j

+Wi+l,j-1-2wi,j-l +Wi-l,j) . (12-10)

The Fundamental Equation

Substituting the relations (12-8)~(12-10) in eq. (6-2) at a nodal point K, the

fundamental equation is replaced by the corresponding finite difference equation,

(13-1)

where,

!f

(i,j+1) i

;1 h
~

(i-I,] ) (i,}) (i+I,j)

I
(i,}-I)

I
~hi ~

Fig. 1. Grid and the nodal points. Fig. 2. Equilibrium equation expressed by the
finite difference method.
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E = /326/ ([31173),

G=A+2D+2E,

R= -2il-4,

r=hv/hx .

F=4A+6B+6,

H=A-2D-2E,

S=-2il-4B,

And this equation is expressed in the form shown in Fig. 2.

Boundary Conditions

Three typical edge conditions of the plates are,

i) simply supported edges--(w=O, Mx=O) or (w=O, M lI =O),

ii) clamped edges--(w=o, -~: =0) or (w=o, ~; =0).

iii) free edges--(Mx=O, Vx=O) or (My=O, Vy=O),

where,

(14-1)

(14-2)

(substituting (1-2)~ (1-4) and (5-3)).

These edge conditions can also be replaced by the finite difference equations in the

same manner as in the fundamental equation, and some of them are shown, as examples,

in Figs. 3 and 4.

2. Computation Procedure

Now, we would like to explain the computation procedure of deflection of the orthotro-

Fig. 3. M x expressed by the finite dif
ference method.
R ll =4~1l +4~12r2, R 12 = -2 pI2 r 2,
R 13 = -2~1l, R 14 =f!16)·-l, R~= -RI4 .

Fig. 4. V y expressed by the finite difference method.
Q21=~22r-3, Q22=2 pI6, Q23=(~12+4p66)rl+4~26r-2,

Q24= -(~12+4;366)rl+4p26r2. Q25=4)316+8;326r-2,

Q26 =2(;312 +4;366)r-1+2p22r-3, Qu = -Qu.
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MASUDA, SASAKI, MAKU : Numerical Analysis of Orthotropic Plates (1)

Fig. 5. Application of the finite difference
method to the deflection problem of the
orthotropic plate with a free edge.

4

simpLy supported edge

free edge

imaginary nodaL point•

2 3 ------.

I>------c --. ---I -- ~ - --IiJ.--"i --, f----,

pic rectangular plates giving an example of a

plate with a free edge and three simply sup

ported edges (see Fig. 5). In the figure, the

finite difference equation of the fundamental

equation holds at each nodal point of symbols

(0) and 08D, and that of the boundary con

dition holds at each point (Q:Q), (D) and (X).

In order to solve the simultaneous linear

equations made of the above finite difference

equations, the number of the equations must

be equal to that of the unknowns.

In this case, for example, ten independent

equations, that is, the deflections of eight imagi

nary nodal points on the extended lines of

simply supported edges are equal to zero, and

WI = -Wz and W3= -W4 must be added.

Thus, deflections at nodal points are ob

tained by solving the simultaneous linear equa

tions. To improve the accuracy of the approximation, a fine grid is required. The

finer the grid, the more complicate the matrix of the simultaneous linear equations

becomes. The authors used the computer not only to solve the equations but also to

make the matrix of the equations. In the computer programs the mesh sizes can be

easily varied only by changing the input data for the purpose of extrapolation of the
solution.

An example of the flow chart and the program in FORTRAN IV is shown in
Appendix.

Experimental Procedure

As an example, measurement of the deflection of plywood under hydrostatic pres

sure was done.

1. Specimen

Five-ply of 1.58 : 2.34 : 1.58 : 2.34 : 1.58 (mm) red lauan veneer construction, 90 cm by

180 em plywoods (9.4 mm thick) were made in the Hokkaido Forest Products Institute.

From these the specimens were cut to 63 cm by 63 cm square with the grain of the

face veneer oriented at 0° (or 90°), 15° (or 75°), 30° (or 60°) and 45° to the edges and

conditioned for at least a year in the test room. The average of their moisture content

and specific gravity were 11.5 % and 0.65, respectively. After deflection tests were

done, 5 cm by 50 cm strips with the face grain oriented at 0°, 45° and 90° to the long
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side, were cut out of each square specimen and the elastic modulus in bending was

measured with these strips.

2. T est Method

Apparatus for the deflection test is shown in Fig. 6 and Photo 1. Tests of simply

supported plates and clamped plates can be done at the left and right part of the

apparatus shown in the figure, respectively. For the ideal simply supported edge con

dition small wooden wedges were put between the specimen and the steel angle frame

to set the specimen, and after pouring water into the vinyl bag, they were taken off.

However, the ideal clamped edge condition seems to be difficult to perform in the

experiment. The deflections were measured with dial gauges of an accuracy of 0.01 mm.

Fig. 6. Cross-sectional view of apparatus.
CD Steel plate with 10 mm¢ rod, which

is removed for a free edge
® Dial gauge
® Specimen simply supported
@ Steel angle frame with 10 mm¢ rod
® Specimen clamped
® Vinyl bag
o Steel angle frame for clamped edges

Photo. 1. Test apparatus.

Results and Discussions

1. Accuracy of the Solutions by the Finite Difference Method

As the finite difference method is a mathematical approximation method, the

accuracy of the solution is one of the most important problems.

When /316 and /326 in the fundamental equation (6-2) are equal to zero, that is to

- 20-



MASUDA, SASAKI, MAKU : Numerical Analysis of Orthotropic Plates (1)

say when the coordinate axes coincide with the principal elastic axes, the differential

equation can be solved rigorously by using the Fourier series.

For example, the center deflection of the orthotropic rectangular plate with four

simply supported edges under a concentrated load at the center is expressed as

follows :4) ,5)

Wcenter=
a2mP 1.3.·.. 1 h2sinh2al - hl sin2a2

1r3V1- k2 Dx ~ 7' cosh2al +cos2a2
(15-1)

where, h = / 1+k
1 Y 2 '

h - / 1-k2-V 2 '

k
K

V DxDy ,

E Yb t3

D y= K= JLYXbDx+Dxy12(1- JLXyvJLXYv) ,

Dxy = GX6bt
3

, P: concentrated load

The center deflection of a plate having the elastic constants of Table 3, was com-

Table 2. Accuracy of the solutions computed by the finite difference method.

(
Square orthotropic plate* with simply supported edges Under')
a concentrated load .

I Wi : Wcenter/P (x10-3 em/kg) Ratio of Wi/WO

Solution computed
Wo 1. 5143 1.000by eq. (15-1). n=57

h",=a/4, hy=a/ 4 WI 1.7814 1.176
h",=a/ 6. hy=a/ 6 W2 1.6598 1.096
h",=a/ 8. hy=a/ 8 W3 1.6066 1.061
h",=a/10, hy=a/lO W4 1.5785 1.042
h",=a/12, hy=a/12 Ws 1.5618 1.031
h",=a/16, hy=a/16 W6 1.5436 1.020

Extrapolation

Values used in the
extrapolation

WI and W2

WI and Wg

W2 and W3

W2 and W4

W3 and W4

Ws and W6

Extrapolated value: We
( >c 10-3 em/kg)

1.5625
1.5483
1.5382
1.5328
1.5285
1.5202

Ratio of we/wo

1.032
1.022
1.016
1.012
1.009
1.004

* the list of data of the elastic constants is shown in Table 3.
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-~------ -~----

!lXYb: 0.069

0.937 (em)

(X 103 kg/cm2 )

(xl03 kg/cm2
)

(em)

(em)

(X 103 kg/cm2)

0.561

5.0

4.1

5.0

60

60

39.1

92.1

127.1

Table 3. List of data.

Ex" :

b

a

GXYb :

G.x.Y,,:

E Xb :

Wr-Whi=hhpl(X, Y)

+hi\'2(X, Y) +''', (16-1)

puted by the finite difference method for

various mesh sizes, and compared with

that computed from eq. (15-1). These

are shown in Table 2. It is obvious

that the difference between them dimin

ishes with the mesh size and, for in

stance, becomes smaller than 5% at the

mesh size of one-tenth of the edge

length.

According to the mathematical

theory of the finite difference method, Il ,2)

the difference between the rigorous solu

tion W r and the approximate one W,d

can be expressed as follows:

o 2 4 6

Deflection (mm)

Fig. 7. Influence of mesh sizes on the deflec
tion along the center vertical line of the
orthotropic square plate with the elastic con
stants of Table 3 and the maximum principal
axis parallel to the horizontal edges under
hydrostatic pressure (top edge free and others
simply supported).

" 4X4 grid
Q 6X6 'I

x 8 X8 II

·IOXIO "

45

15

60

(em)

246 8 m
Deflection (177m)

Fig. 8. Influence of mesh sizes on the deflection
along the center vertical line of the orthotropic
square plate with the elastic constants of Table
3 and the maximum principal axis oriented at
45 0 to the horizontal edges under hydrostatic
pressure (top edge free and others simply
supported).

" 4 X4 grid

• 8 X 8 'I

.16X16 H

\ •
\
\•

\
\
\
\•
I
"I•

!
/

i
/"

/ .
./x

/5

45

60

(em)
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MASUDA, SASAKI, MAKU : Numerical Analysis of Orthotropic Plates (1)

Using this equation of the extrapolation,

accuracy is easily improved as shown in Table
2.

Substituting the approximate solutions (Wh,J

and Wh2) of the different mesh sizes (hi and

h2) and neglecting the terms of the higher

order of the right hand side, we can extrapolate
the solution by the following equation:

(16-2)

where,

Figs. 7, 8 and 9 are the examples of com

putation of deflections of plates with a free edge

by the finite difference method. In these cases,

the rigorous solution is very difficult to obtain,

but the accuracy can be estimated by the ex

trapolation from the computed results of differ
ent mesh sizes. As is evident from Figs. 7, 8

and 9, the influence of the mesh sizes is smal

ler when the edges are simply supported rather

than clamped, and/or when ft is 0° rather than

45°. When the deflection curve is more com-

necessary in order to obtain proper accuracy.

/5

45

60
(em

0.5 /.0 1.5 2.0

Den ecti on (rom)

Fig. 9. Influence of mesh sizes on the
deflection along the center vertical line
of the orthotropic square plate with the
elastic constants of Table 3 and the
maximum principal axis oriented at O·
to the horizontal edges under hydrostatic
pressure (top edge free and others
clamped).

plicated, the finer grid is, in general,

2. Comparison of Experimental and Computed Results

In Figs. 1O~13, the examples of experimental results are compared with the re

sults computed with the elastic constants of the plates used in the experiment (Table
4). The satisfactory agreements are recognized in these figures, but in Figs. 12 and

13 there is a tendency that the differences of experimental and computed values of 0°,

15°, 75° and 90° are larger than those of 30°, 45° and 60°. It seems that the difference

happened due to the following causes: influence of the overhang of the corners of the

plates, disorder of the grain and the uneven distribution of the elastic constants in the

plates.

3. Deflection and Moment Distributions

Deflection Distribution

Figs. 14 and 15 show the deflection contour maps of the orthotropic plates with the
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12 14

(mm)

computed
• " .6 observed

6 8 10

DefLection
42

Fig. 11. Comparison of computed and observed
values (same as Fig. 10).

15
computed

• A X 0 observed

15

2 4 6 8 /0 /2 14

DefL ectwn (mm)
Fig. 10. Comparison of computed and observed

values of deflection along the center vertical
line of the orthotropic square plates with the
elastic constants of Table 3 under hydrostatic
pressure (top edge free and others simply
supported).

WOOD RESEARCH No. 47 (1969)
-~---~-~-----------~-----

--------~-

60 •
f~o

660
(em) 8=0 0

(em)

45- •
(

45

J-0
--e:: ->--:>

-~ ---c:

xl
!J)'U

~
-~:r:: )J

30 t: 30-

5 6

(mm)
.3 4

DefLection

15

Fig. 13. Comparison of computed and observed
values (same as Fig. 12).

/5

(em

computed
45'30° /5 0 0°

45 > / / 45/// //
/ /

/

--0 .. observed--e:: ~

60°!J) A --e:: 0.....,
.~<:D

30 75°:t:: 3D x
Q) x

::t
90°0 Co

2 3 4 5 6

DefLection (mm)
Fig. 12. Comparison of computed and observed

values of deflection along the center vertical
line of the orthotropic square plates with the
elastic constants of Table 3 under hydrostatic
pressure (all edges simply supported).
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Table 4. Thickness and modulus of elasticity of the plates.

t (mm)Specimen

A ( 0' and 90') 9.44 94.6 38.4 5.0

B (15' and 75') 9.45 92.6 37.7 4.8

C (30' and 60') 9.42 98.1 43.2 4.8

D (45') 9.40 95.0 41. 7 5.2

* As POlsson's ratIO the datum of the same speCles6) IS used. f/XYv. 0.561.
** calculated from Ewo observed.

I
(mm)

-------~7r-
fi

-- simpLy supported edge
------- free edge

Fig. 14. Deflection contour map of the orthotro
pic square plate with the elastic constants of
Table 3 and the maximum elastic principal
axis parallel to the horizontal edges under
hydrostatic pressure (top edge free and others
simply supported).

Fig. 15. Deflection contour map of the orthotro
pic square plate with the elastic constants of
Table 3 and the maximum elastic principal
axis oriented at 30' to the horizontal edges
under hydrostatic pressure (top edge free and
others simply supported).

Fig. 16. Deflection contour map of the orthotro
pic square plate with the elastic constants of
Table 3 and the maximum elastic principal
axis parallel to the horizontal edges under
hydrostatic pressure (all edges simply sup
ported).

Fig. 17. Deflection contour map of the orthotro
pic square plate with the elastic constants of
Table 3 and the maximum elastic axis orient
ed at 45' to the horizontal edges under hydro
static pressure (all edges simply supported).
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face grain at 0° and 300 to the edges, one edge free, the other edges simply supported,

under hydrostatic pressure, and Figs. 16 and 17 show those of the orthotropic plates

with the face grain at 0° and 450
, four edges simply supported. From these figures it

is evident that: when the principal axes coincide with those of coordinates i. e. face

grain 0° and 900
, the patterns of the contour maps are symmetrical with respect to the

vertical center line. But when the face grain is not parallel to the edges the maps are

not symmetrical. This is one of the typical properties of the orthotropic plates.

From Figs. 12, 13, 16 and 17, it is obvious that, in case of four edges simply sup

ported, the deflection is smaller when the directions of the principal axes do not

coincide with the edges than when they coincide.

The method men tioned above can be applied to the practical problems. As an

example, the deflection of a plywood panel for the concrete formwork under typical

concrete pressure) was calculated. Figs. 18 and 19 show the deflection contour maps

of the right half of the panel with two vertical studs at one-third points of the long

edge of the panel. These figures show that the deflection in the center portion, namely,

that in the portion between the two studs, is only about one-third of that in the remaining

right and left portions. And in comparison of these two figures, it is recognized that

in the plywood panel for concrete formwork the deflection of the panel of horizontal
face grain is much smaller than that of vertical one.

I

h
~j
, (rnm)

Fig. 19. Deflection contour map of l2mm
plywood panel for concrete formwork with
the face grain parallel to the vertical edges
under concrete pressure71 (see Fig. 18).

- simp~y supported
edges and studs

o 1.0 I
( ton/rrl)

CGner"ete, T
'"pressure I \---L--+--'---~

~ 60 + 60 + 60-1

Fig. 18. Deflection contour map of 12mm ply
wood panel for concrete form work with the face
grain parallel to the horizontal edges under con
crete pressure71 •

(ExlJ =77.3 x l03kgjcm2, EYIJ =26.3 >d03kgjcm2,

GxylJ =3.8 x103kgjcm2)8)
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Moment Distribution

The distribution of the bending moments can be computed from the deflection dis

tribution by using the equations (5-1}...... (5-3) or Fig. 3.

The maximum and minimum principal moments and their directions are derived

10
(kg-em)

s

o

Mr.!!
(+) (+)

o 5 /0 (kg'em)

Fig. 20. Distribution of moments of the orthotropic square plate with the
elastic constants of Table 3 and the maximum elastic principal axis
parallel to the horizontal edges under hydrostatic pressure (top edge free
and others simply supported).

o

(-)

!

I

-s 0
(kg· em')

-/0
, ,

-5
(kg·em)

-10

Fig. 21. Distribution of moments of the orthotropic square plate with the
elastic constants of Table 3 and the maximum principal axis parallel to
the horizontal edges under hydrostatic pressure (top edge free and others
clamped).
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(17-1)

lVImaxlIM' 71 If )M . 1=-2-- 0 x+JV1?/
m't'Z

± -~-V(M~~~W;52-+-:rM-~-;2~

~:;:}=-1- tan -I~J~~~f1;+_~7!__

(m : 0 or integer). (17-2)

The computed results for the square ortho

tropic plates of face grain 0°, one edge free,

the other edges simply supported, and one

edge free, the other edges clamped are shown

in Figs. 20 and 21, respectively. The maxi

mum moment of the former is observed near

from the following formulae:

Fig. 22. Distribution of principal moments
and their directions of the orthotropic
square plate with the elastic constants of
Table 3 and the maximum principal axis
oriented at 30° to the horizontal edges
under hydrostatic pressure (top edge free
and others simply supported).

the center but that of the latter on the verti

cal edges, and moreover, the moment near the

edges and that near the center has the opposite

sign. The distribution of the principal bending

moments as well as their directions of the

square plywood plates with the face grain at

30° to the horizontal edges, are shown in Fig. 22. In the figure, the length and the

direction of the arrows indicate the quantity and the direction of the maximum and

minimum principal moments, respectively. It is one of the most distinctive properties

of the orthotropic plates that the moments are somewhat forced to orient to the direc

tions of the axes of the elastic symmetry.
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Summary

The fundamental equation (6-2) for the deflection of layered orthotropic plates is

very difficult to solve rigorously when the axes of elastic symmetry do not coincide

with the axes of coordinates (.B16~0, .B26~0). The authors attempted to solve the equa

tion approximately by means of the finite difference method. The computer programs

were designed to be able to vary the mesh sizes by merely changing the data cards,
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so that the influence of the mesh size of each boundary condition on the accuracy of

the approximation could be discussed easily. The experimental results for the deflec

tion of rectangular plywood plates with various grain orientation under hydrostatic

pressure, coincide well with the computed results. It seems that most of the problems

on the deflection and the moment of the rectangular orthotropic plates can be solved

easily by the above method.

TI[J(~)J'l'±f&Vc:. ~~ -t 0 ~~1%!zn-)J~~ (6-2) Vi, {j16 = (j26 = 0 -t tJ: b i? 7~'l'±±,miJ:;~~JW!lVc:.

~3& L 'L v' 0 ~if--c'mW~d40M.tJ:~ifVc:. Vi, 7 ~ ~ .::r:.ifik~~ Jf!v' 'L m < 1:.:. c:: iJ:;PJ~~--c' ct 0
iJ:;, .:t 0 ,@ 0 ~ifVc:. Vi mtcW Vc:. ~~ < 1:.:. c:: iJ:; #~'MVc:.l3SI. b L < Vi /Fr:tJ~~ --Co ct 0 c::~ x.. G;h, 0 0 .:t 1:.:.

--c'~~GVi, ~n-i*0~/\c::mJf~0fIJJf!Vc:.J: I), 1:.:.;h,~JlI1bLB9Vc:.m< 1:.:. C::~~cl;-tc.o 7°p;f

7~~YVc:.~L'LVi, ~Tm~0~~~T~~n~~0J(~0cl;-Vc:.J:?'L~£Vc:.rr~x..0J:3

Vc:.I~L, ~n-~Tm~Vc:.J:0JlIWM~~0~.0~W~~£Vc:.Lko1:.:.;h,Vc:.J:I), mw~#

o ~v' Vc:. J: 0 IEm~ 0llX*'11:0t§~~ ~ GiJ' Vc:. -t 0 c:: c:: b VL, 1:.:. 0~{limtJTi*~ Jf!v' 'L-tn-It:.
M~0 J: v,m0~ G;h, 0 1:.:. c:: ~~i6b ko i te, 1:.:.;h, G0m c:: ~~{Ii c:: 0lt~~rrtJ: v', JIIIT~iJ:;

J:<~3&-t01:.:.C::b~~Lko 1:.:.0m~:JJi*0~~Vc:.J:I), TI[J(~)J~~)J%~0kbcl;-~J:

0: Btl Vj' -=E:- ~ .;< :/ r n-:m Vc:. ~~ -t 0 v'l C ,{; c' -t~ 'L 0 F~~Jm ~ ~£ Vc:. m < 1:.:. c iJ:; --Co ~ 0 J: -5 Vc:. tJ: ?

1:.:. 1:.:. --Co Vi, ~mTI[J(~ )J'l'±fN0 ~{limtJT)Ji*~ J: rl .:t 0 ~~-t Vc:. v:::> v' 'L ifU~ ct Vj' 'Lm~ L, iJ'

v:::> 2~ 3 0mtJT*2i*ifU~~fI- L ko
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APPENDIX

Flow Chart for Program PIFS (1)

y
~ INPUT .1

OF DATA

1
I LCHECK=LACCUR I

L
MAKING OF THE SIMULT ANEOUS

LINEAR EQUATIONS

[EQUILIBRIUM EQUATIONS]
BOUNDARY CONDITIONS

i
CALL XMATRX

REARRANGEMENT OF THE

MATRIX OF THE EQUATIONS

1
CALL LINSW

COMPUTATION OF THE LINEAR

EQUATIONS USING THE SWEEP

OUT METHOD

1
I OUTPUT OF THE I

COMPUTATION RESULT J
,LACCUR, 0 rLACCUR".

I RESULT CHECK I
AND ITS OUTPUT

LCIIECK;?2j
I LCHECK=LCHECK-l I

l
CALL LINSW

IMPROVING THE ACCURACY OF

THE COMPUTATION OF THE

LINEAR EQUATIONS
~

LCHlTHE RIGHT HAND SIDE IS 1
THE RESIDUAL OF "RESULT

CHECK" ,

~K-I

MOMOUT
=0

",,0

I COMPUTATION OF TilE

I
MOMENT DISTRIBUTION

. AND ITS OUTPUT
I

A
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FORTRAN PROGRAM

C PIFS(1)
C ANALySIS OF DEFLECTION OF ORTHOTROPIC PLATES
C WTTH A FREE EDGE
C UNDER HYDROSTATIC ~RESSUR~ *

DIM~NSIUN XC163,208),YC163),YYC163)
RFAOC5,100)LL,LACCUR,MOMOUT

100 FORMAT<3I2)
REAOC5,lOl)W,SXL,SYL,JDX,JDY

101 FORMATC3Fl0.0,2J3)
RFAOC5,102)EXV,EYV,UXYV

102 FORMATC3Fl0.0)
DX=.JDX
DY=JOY
SX=SXL/UX
SY=SyL/UY
RS=SY/SX
M=JIJX-l
N=JUY
MN=M.~N

MR=M+4
NR=N+4
N2=N+2
N3=N+3
MN8=M80I\lrj
MNU=2 oN2+MoN3
Uyxv=UXYvoEYV/FXV
DO 10 L=l,LL
RFAOC5,10 3 )T,EX,Ey,G,DEG

103 FORMATC5Fl0.0)
UYX=UYXVoEXV/EX
UXy=uyxoEX/EY
LCHECK=LACC:UR
LXMATR=l
LPHASE=O
V=l. O-UXYV.~UYXV
Cl=F.X/V
C2=Tt::Y/V
C3=G
C4=UYXoI::::X/V
P=GUSCOEG o3.141593/180.0)
Q=SlNCDI::::G o3.1415 93/180.0)
P4=P.H~4

Q4=Q.~o4

P2=P.H~2

Q2=Q·)·)2
811=Clop4+C2oa4+2.0oCC4+2.0oC3)op2oQ2
B12=CC1+C2-4.0oC3)op2oQ2+C4oCp4+Q4)
B16=CClop2-C2oQ2)oPoQ-CC4+2.0oC3)oCP2-Q2)oP*Q
B22=CloU4+C2oP4+2.0*CC4+2.0oC3)*P2oQ2
826=CC1°Q2-C2 op2)*poQ+CC4+2.0*C3)oCP2-Q2)OP*Q
B66=(Cl+C2-2.0 oC4>oP2 oQ2+C3 0 (P2-Q2>**2
A=(2.0*H12+4.00866)ICB11*RSoo2>
B=B22/CB11 oRSoo4>
C=12.0oSXoo41(To*30811)
O=B16/C811 oRS)
E=B2 6/CB11*RS*o3)
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l
~-~-~~~--·~~---·-·-·-------- - ~. ----~--~---

FORTRAN I S 'fi . !

I representation peCl catlOn !

!----------~!--------------------------I

I EX I E Xb I

I------~------I------------~---~---------~-I

! EXV I EX7J 1

i ~-~---~~-----~-~-----~---I_~ ~_~ ~ I

i EY I EYb I

i--~-~------I------~-------~-------------I
I EYV ! Eyn I

I---------~--J ----------~--------~----~-------I

i G ! G I
i I xyb i

i-~----~------i --~------------~---------~1
JDX ! a/hx II

I ,
i-------------------i~~-~--------~-------~------~------------1

i JDY : b/hy i

I---------I-------~-------~--------------~---~-I
I LACCUR I see Flow Chart !

i-------------!-------------------------~~-----i

I LL I number of data cards for the plates I

! ~_~__ ~ li------~-----------~---~~----1

i MOMOUT i see Flow Chart I

!! I

i---·--------·-·-------I-----·---·--~--~-----------··--------_··-- ..·1

SXL : a I

I -.I----- --- 1- --------
I SYL I b !

1--·,,·_---·_--·------1 ---·------------~---···_'--·---------------------·I

I Tit !

I----------------I----------~------~~---I
I I '

i UXY i flXYb I1-------1 ----------,
I UXYV ! flXYn I

!------~-I----~------------~-----------~-I

I W i specific gravity of the water I

l----x-C----)~--I-inatrix of the left-hand sideof-tlie-I
! ~ array I simultaneous linear equations I

i-y-~C~--~)-- matrix of the left-hand side of the I

i ~ra~ si~L1..~t.?Eeous linea~~guat29P_8.. -I

c
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F=6.0+4.0 0 A+6.008
GZ=A.2.0*0.2.0oE
H=A-2. O~~D-2. O~;E

0=-2. O~;A-4. O{;B
R=-4. 0-2. O~;A

R11=4.0*B11+4.0*812/RS**2
R12=-2.0*B12/HSo*2
R13=-2. O~~Bl1
R14=816/RS
R21=4.0*B12+4.0*822/RS*o2
R22=-2.00822/HSoo2
R23=-2. O{~812
R24=826/HS

1 CONTINUE
00 12 I=l,MNU
00 13J=1,MNtj
X(I,~J>=O'O

13 CONfINUE
12 CONTINUE

MATRIX UF EQUILIBRIUM EQUATIONS
00 20 I=l,N
DO 21 J=l,M
NFE=(J-1)~~N+I

K12=N8*(J-l)+I+1
K13=NB*(j-l)+I+2
K1 4 =NBo(j-l)+I+3
K21 =NB~~j. I
K22=NB~~j+ I +1
K23=NB~~j. I +2
K24=NB~~J+ 1.3
K25=NB~~J+I +4
K31 =NB~~ (J+l) + I
K32=NBo(J+1)+I+1
K33=NB*(J+l)+j+2
K34=NBo(J+l)+I+3
K35=NBo(j+1).I+4
K41=NB~;(j+2) + I
K42=NB*(j+2).I.l
K43=N8o(j~2).1+2

K44=NB*(j+2)·I+3
K45=NB*(j+2)+1+4
K52=NB*(j+3)+I+1
K53=NBo(j+3)+I.2
K54=NBo(j+3)+1+3
X(NEE,K12)=-D
X(NEE,K13)=1.0
X(NEE,K14)=0
X(NEE,K21)=-E
X(NEE,K22)=GZ
X(NEE,K23)=R
X(NEE,K24)=H
X(NEE,K25)=E
X(NEE,K3U=B
X(NEE,K32)=O
X(NEE,K33)=F
X(NEE,K 34)=O
X(NI::E,K35)=8
X(NEE,K41)=E
X(NEE,K 42)=H
X(NEE,K43)=R
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XCNEE,K44)=GZ
XCNf:E,K45)=-E
XCNfE,K52)=D
XCNEE,K53)=1.0
XCNEE,K54)=-D

21 CONTINUE
20CON1INUE

C LEFT AND RIGHT-SIDE EDGES MX=O
DO 24 II=l,N+l
1=11-1
NFM=MN+II
MX11=I+l
MX12=1+2
MX13=I+3
MX21=NB+I+l
MX22=NB+I+2
MX23=NB+I+3
MX31=2 .. NB+I+l
MX32=2 .. NB+I+2
MX33=2 .. N8+I+3
XCNEM,MX11)=R14
XCNEM,MX12)=R13
XCNEM,MX13)=-R14
XCNEM,MX21)=R12
XCNEM,MX22)=Rll
XCNEM,MX23)=R12
XCNEM,MX31)=-R14
XCNEM,MX32)=R13
XCNEM,MX33)=R14

24 CONTINUE
DO 25 JJ=l,N+l
J=JJ-l
NEM=MN+N+l+JJ
MX11=NBoCM+l)+J+1
MX12=NB"cM+l)+J+2
MX13=NBocM+l)+J+3
MX21=NBO(M+2)+J+l
MX22=N8°(M+2)+J+2
MX23=N80(M+2)+j+3
MX31=NBo(M.3).j+l
MX32=N8°(M+3)+J+2
MX33=N8°(M+3)+j+3
XCNEM,MXll)=R14
X(NEM,MX12>=R13
XCNEM,MX13)=-R14
XcNEM,MX21)=R12
X(NEM,MX22>=Rl1
XCNEM,MX23)=R12
XCNEM,MX31)=-R14
X(NEM,MX32)=R13
XCNEM,MX33)=R14

25 CONTINUE
C UPPER AND LOWER-SIDE EDGES MY=O

DO 28 I=l,M
NFM=MN+2o(N+l)+I
MY11=N8o!+2
MY12=N8°I+3
MY13=N8"I+4
MY21=NBo(I+l)+2
MY22=NBO(I+1)+3
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MY23=N8{~ ( 1+1) +4
MY31=N8*( 1+2)+2
MY32=NB*(1+2)+3
MY3~~=NB{~( 1+2)+4

" X(NfM,MY11)=R24
XC Nf M, MY 12)=R23

. X(NEM,MY13)=-R24
XCNc.:M,MY21)=R22
X(NfM,MY22)=R21
XCNE~l, MY23) =1-<22
X(NEM,MY31)=-H?4
X ( NE ~1 ' MY3 2 ) =R2 ;3
X (NfI'i, 1"1 Y33) =R24

28 CON i r NUt:-
DO 29 J=1,M
N~M=MN+2*(N+l)+H+J

MY11=NB{~(J+1)-2
MY12=I'JB* (.J+1)-1
MY13=N8*(J+l)
MY21=N8*(J+2)-2
r"l y 22= NB* (J + 2 ) -1
MY23=N8{~(J+2)
MY31=NB*(J+3)-2
MY32=N8{~(.J+3)-1
MY33=N8*(J+3)
XCNt:M,MY11)=R24
XCNb.M,MY12)=R23
X(NEM,MY13)=-R24
X ( Ni:: M, MY21 ) =R2 2-
X(Nft1 ,·M'I' 22 ) =R21
XiNt:M,MY23)=R22
X(N~M,MY31)=-R?4
X(Nfl'1,MY32)=H23
X(Nf'-M,MY3.3)=R24

29 CONfrNUE -
C FREE EDGE VY=O

Q21 =822 / RS{H~3
Q22=2.0*816
Q23=(S12+4.0*g66)/RS+4.0*e26/RS**2
Q24=-(B12+4.0*R66)/RS+4.0*B26/RS**2
Q25=4.0*B16+8.0*826/RS**2
Q26=2.0*(B12+4.0*866)/RS+2.0*822/RS**3
DO 70 r=l,M
NEV=MN+2*(N+1)+2*M+!
MV1:5=N8*( 1-1)+3
M\i22=NB*I+2
MV23=NB*I+j
M\l24=I\JBi~ I +4
I"lV~~1=N8i~( 1+1)+1
MV32=NB*(!+1)+2
MV34=NB* ( 1+1) +4
M\l35=NB{~( f+1)+5
MV42=NB*(!+2)+?
MV4.3=N8*{ f+2)+3
MV44=NB*(!+2)+4
MV5:~=NB*(1+3)+3
X(NF.V,MV13)=-Q22
X(NbV,MV22)=-Q24
X(NfV,MV23)=LJ25
XCNEV,MV2 4 )=-Q23
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x ( NEV I fvlV31) =Q21
XCNf-V,MV32)=-Q26
XCNEV,MV34)=Q26
XCNEV,MV35)=-Q21
X(NFV,MV42)=Q23
XCNEV,MV43)~-Q25

XCNEV,MV44)=Q24
X CNEil, I"1V53) =Q22

70 CONT[NUE
C LEFT UPPER CURNER

NCL;:;MNU-l
XCNCI...,1)=1.0
XCNCL,2*NH+l)=1.0

C RTGHf UPPEk CORNER
NN I =~1NB-3~~NB
NNC=MN8-N8
X(MNU,NNI+l)=1.0
X(MNU,NNC+l)=1.0
1~(LXMA1R.GE.2) GO TO 3

C MATRIX UF Y (RIGHT HAND SIDE), HVD~OSTATIC PRESSURE
DO 35 I=l,MNU
Y(!l=O.O

35 CON II NUl::
C\.j=C;H-4~~::iY

DO 36 J=l,"'1
DO 37 I=l,j\j
I r=(J-l)~~N+J .
DE=I-1
Y( 11 ) =DE:: 0(; w

37 CONT1NUE:
36 CONfINU!:

C MATRIX AR~ANGEMENT OF ·V AND X
DO 38 I=l,MNU
YY(l)=Y<I)

38 CON r INUE
CALL XMATHX(X'M,N,NB'MNU'MNB)

C COMPUTATION
CALL LINSW(X,YY,MNU,O)

C RESULT UUTPUT
4 WRITE(6,200)

200 FORMAT(lHl,10X,44HANALVSIS OF DEFI~ECTION OF ORTHOTROPIc PLATeS/1HO
1,10X,51HWIfH ONE FREE EDGE ANn THREE SIMPLY SUPPORTED EDGES)

WRlfE(6,201)
201 FORMAT(lHO,10~,49HTHE GRAIN OF THE FACE PLIES INCLINED TO THE EDGE

lS/1HO,10X,26HUNDER HYDROSTATIC PRESSURE/I)
WRlfE{6,202)T,EX,EY,G,UEG,UXY,UVX,V

202 FnRMAT{lHO,5X,2HT=E12.5,8X,3HFX=E12.5,7X,3HEY=E12.5,7X,2HG=E12.5/1
lHO,5X,4HDEG=E12.5,6X,4HUXY=E12.5,6X,4HUYX=E12.5,6X,2~V=E12.5/)

WRITE(6,203)W,SXL,SYL,SX,SY,EXV,EYV,UXYV,UYXV
203 FORMAT{1HO,5X,2HW=E12.5,8X.4HSXt.=E12.5,6X,4HSYL=E12.5,6X,3HSX=F.12.

15,7X,3HSY=E12.5/1HO,5X,4HEXV=F1.2.5,6X,4HEYV=E12.5,6X,5HUXYV=E12.5,
? 25X,5HUYXV=E12.5/)

RFXY=EX/EY
WRI1E(6,204)REXY,P,Q,Bl1iB12,R16,822,826,866

204 FnR~AT(lHO,~X,6HEX/EY=E12.5,4X,4~COS=E12.5,6X,4HSIN=E12.5/1HO·,5X,4
1H811=E12.5,6X,4H812=E12.5,6X,4HB16=E12.5/1HO,5X,4H822=E12.5,6X,4HB
226=E12.5,6X,4HA66=~12.5111)

LPHASE=LPHASE:+1
WRITE(6,211)LPHASE

211 FQRf\T(lH ,5HPHASEI2)
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o HENSION "JMAf(lA),YOM(18,18),JFM(18)
U 40 1:;1,N+2"
o At J:;l,M
fT:;I\l+2+(N+3)*(J-1)+I
YOM(I,J)=YY(II)

41 CONTINUE
40 Cf.if\JTINUE

DO 42 J=1,18
JMAr(J)=J
J FM( ,) ) =J - 2

42 CliNT i NUt:
WI-( liE" (6 dO 0) (JMAT (,» , ,1:;1, M)

300 FORMAT(lHO,9I12)
WRITF(6,350)«~OM(I,J),J=1,M),1=1,2)

350 rORMAr(lHO,2X,9F12.5)" * M
~RllE(6,301)(JFM(I),(YOM(I,J),J=1,M),I=1,N+2) * M

301 FnRMAT(lHO,I2,~F12.5)
C OiiTr:R POINT RESUL T OUTPUT

WRI rf(6,~02)(YY(I ),1=1,N+2)
302 FnRMA"f(111HO,5X,17HLEFT OUTER pnI~TS/1HO,2X,12F1005//)

M~:R=MNU-N-l

WRITE(6,303) (YY( I), I=MER,MNlJ)
303 FORMAT(lHO,5X,lSHRIGHT OUTER POJNTS/1HO,2X,12F10.5//)

M!=B=N+2+ (N+3) ~'M

MEL:;2 l ,N+5
WRr TE(6,305)(YY(I),l=MEL,ME8,N+3)

305 FORMAT(lHO'5X,19HROTTr1M OUTFR POII\'TS/1HQ,2X,9F12051/)
I F ( 1_ XMAI R • GE • 3) G() T0 1
LXMATR=t!
IF(LCrlEGK)15,15,1

C R~SUlT CHECK
nTM~NSION JR(163),YZ(163)

.3 cnNTINUE
CAL!_ XMATRX(X'M,N,N8'MNUd>1NB)
DO 65 I=l,MNLJ
,JR(I)=I
ZZ=O.O
DO 66 j=l,MNU
ZZ=7Z+YY(J)*X( !,J)

66 CONTINUE
YZ( r )=Y( 1 )-ZZ
WRIT~(6,620)JP(I),ZZ;Y(I ),YZ(r)

620 FORMAT(lHO,5X,I3.3E20.5)
65 cnNTINUI::

IF(LC HEGK.EQ.l)GO TO 15
LCH~CK=LC Hf:CK-1
CALL LINSW(X,YZ.MNU,O)
l)(l 67 1=1,i"1NU
YY( I )=YY( I )+YZ( I)

67 CnNTINUE
LXMATR=3
GU TO 4

15 cnNTfNUE
IF(MUMOUT.EQ.O) GU TO 5

C MOMENT MX,MY,MXY,MAX OUTPUT
D1MFNSION YM(16,16),OMX(12,12),OMY(12,12),OMXY(12,12)
DO 80 T=1,N+4 -
On 81 j=1,M+4
YM(I,j)=o.O

81 CONTINUI::
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80 CONTINUt::
DFFlECTION COPY OF INNER POINTS
Dn 82 I=1,N+2
DO 83 J=l,M
JJ=J+2
IY=N+2+(N+3)*(J-1)+T
YM( 1,JJ)=YY( IY)

83 CONTINUl::
82 CPNrINUt:

DFFLFCfION COpy OF OUTER POINTS
DO 84 I=bN+2
YM( I , 1 ) =Y Y ( I )
I Y=l'lNLJ-N-2+ I
YM( J ,M+4)=YY( IY)

84 CONTINUE
DO 85 J=l,M
I Y=i'J+2+ (N+3) *J
YM(N+4,J+2)=YY(IY)

85 cnNTINUE
BOTfQM GORNERS LEFT AND RIGHT ••••• MX=O
YM(N+4,1)=YM(N+2,1)-YM(N+2,3)+YM(~+4,3) .
YM(N+4,M+4)=-Y~(N+2,M+2)+YM(N+4,M+2)+YM(N+2,M~4)

R61=4.U*S16+4.0*B26/RS**2
R62=-2.0*B26/RS**2
~63=-2.0*816

R64=B66/RS
nO 86 II=1,N+1

·00 87 ..)J=l, M+2
1=I 1+2
J=J,J+1
OMX(]I,JJ)=T**3/(24.0*SX**2)*(R14*YM(I-t,J-1)+H13*YM(I,J-l)-R1 4o YM

1. ( T +1. , J -1 ) +H12 ~~ YM( T-1 , .J ) +R11 ~. YM( r , .J ) ... R12 *YM( I +1 , J ) - R14 '"' YM( I -1 , J +1. ) +
2R13~~YM( i ,J+l)+R14*YM( !+1,J+1})

OMY(II,JJ)=To*3/(24.0*SX**2}*(R24oYM(I-1,J-1}+R23*YM(I,J-1)-R24oYM
t ( T +1 , ,J -1 ) +R22 ~~ YM( i -1 , .1 ) +R21 * Y1"1 ( 1 ' '. J ) +R22 ~~ YM( r+1 , J ) - R24* YM( I -1 , "I +:1. ) +
2R23*YM(I,J+1}+R24oYM«(+1,J+l})
OMXY(II,J~)=To*3/(24.0,",SX**2}*(R64*YM(I-l,J-1)+R63*YM(I,J-l)-R64*Y

1M(I+1,J-1)+R6?oYM(I-1,J)+R61*YM(I,J}+R62*yM(I+1,J)-R64*yM(I-1,J+l}
2+R63*YM(I,J+1)+R64*YM(I+1,J+1»

87 CnNT1NLJE
86 CONI I NUl::

WRliF(6,600}
600 FnR~AT(lH1,10X,25HMOM~NTCALCULATION ••••• MX/)

WRI 'F(6,601)(JMAT(J),,1=1,M)
601 FORMAr(lHO,11X,9I10}

WRI TE(6,6. 02) (JM~T. (I), (OMX( I ,J) ,J=1,M+2), I=l,N+1)
602 FORMAT(lHO,I2,tfF10.5}

WRI TF.(6,603)
603 FQRMAT(lH1,10X,25HMOMFNT CALCULATION ••••• My/)

WRI TF(6,601) (JMAT(J) ,.J=l,M}
il-JRlT;=(6,602) (JMAT( 1), (OMY( I ,J) ,J=l,M+2), I=1,N+1)
WRI 1~(o'604)

604 FORMAT(lHl,10X,26~MOMFNTCALCULATION ••••• MXY/)
WRITE~6,601)(jMAT(J},J=1,M)

WRITE(6,602)(JMAT(I),(OMXY(I,J),J=1,M+2),I=1,N+l)
MAX.AND MIN. MOMENT
OTMENSION OMA(.13,13),OMI(13,13),OM8(13,13),8T(13,13)
DO 90 I=1,N+1
DO 91 J=1,M+2
BT(I,J)=n~5*ATAN(2.0*OMXY(I,J}/(OMX(I,J}_OMY(I,J})}*la0.0/3.141593
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BF=8T(I,j)03.1~1593/180.0

OM8(y,j)=OMY(I,j)OSIN(8E)Oo2+0MXeJ,J)oCOS{BE)o02+0MXYeI,j)OSlNe2.0
lORE)

ROT=(OMX(J,j)-OMy([,j»o02+4.0 0 0MXY{I,j)002
OMA(I,J)=O.5 o (OMX(I,J)+OMYCI,J»+O.5 o SQRT(ROT)
OMI(I,J)=O.5*COMX(I,J)+OMy(I,j»-O.5*SQRT(ROT)

91 CONTINUl:.
90 Cf)NrrNUi::

WRITH6,610)
610 FnRMAT(lHl,10X,44HDIRECTION O~ MAX OR MIN MOMENT ••••• BT DEGREE/)

WRITE(6,601)(jMAT(J),J=1,M)
WRITF(6,602)(jMAT(I),CBT(y,j),j=1,M+2),!=1'N+l)
WRIT~(6,611)

611 FORMAT(lHl,10X,27HMAX. OH MIN. MO~ENT ••••• MRT/)
WRI TE ( 6 , 601 ) ( j MAT ( J ) , ,) =1 , ,., )
WR I TF. ( 6 , 602 ) ( J MAT ( I ) , ( 0 M8 ( I , j ) , ,J =1 , M+'2 ) , I =1 , t\j +1 )
WPITF:(6,612)

612 FnRMAT(lHl,10X,22HMAXJMUM MOMFNT ••••• MAX/)
WRITE(6'601)(JMAT(../),J=1,M)
WRITE(6,602){jMAT( 1),(OMA(j,J),j=1,M+2),I=1,N+l)
WF?ITH6,61;3)

613 ~nHMAr(1Hl,10x,22HMlNIMUM '''iOMFNT ••••• MIN/)
WPI rEC6,601)(,)MAT(j),J=1,M)
WPI rE(6,602){jMAT(I),(OMI(I,J),J=1,M+2),I=t,~+1)

5 CONTINUE
10 C(li\JTINUl::

STOP I

END

SUBROUTIN~ XMATRX(X,M,N,N8,MNU,MNB)
DIMENSION X(MNU,M~8)

00 60 I=l,I"INu
C LEFT OUTER PUINTS ••••• SAME
C INNER POINTS

DO 63 JJ=l,M
DO 64 Il=1,N+2
NI!5=N+2+ (N+3) {~( JJ-l) + I 1
NR5=I\IB{~ (JJ+l) + I I
X( I ,,~U5" =X( I , N85 )

64 CONI 1NUE
NU4=N+JJo(N+3)+2
NR4=:'\j8{~(JJ+2)
X(I'NU4)=X(1,N84)

63 CONTINUl::
C RIGHT OUTEH POINTS

DO 65 j=1,N+2
NU2=Mi\lU-N+J-2
NR2=MN8-NB+J
X( I,NU2}:X(I,N82>

65 CONTlNUl::
60 CONTINUE

RETURN
END

SUBROUTINE LINSW(A,AN,Nl,NSTOP}
C SWEEP OUT METHOD ••••• SOLUTION FOR LINEAR EQUATIONS
C 000 OMITTED 000
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