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ABSTRACT

The finite element method was employed for the analysis of the polyhedral
domed sandwich structures. '

Two different variational approaches were used for comparison reasons.
These are the '"displacement formulation" and the "mixed formulation' as they
are commonly known,

Initially seven sandwich plate bending models were developed. These models
were used to solve a number of problems where a numerical or experimental
solution existed and comparisons were made. l

The agreement varied frpm fair to excellent depending on the nature of
the model and the type of the solved problem.

As a result of this comparative study four of these models were conseq-
uently selected to be extended for the development of the sandwich dome models.

The accuracy of these four sandwich dome models was tested by modelling
five polyhedral dome structures. The results derived from each individual
model were compared with experimental results obtained by other researchers
and by the author himself.

The author's contribution to the experimental work was the design, con-
struction and subsequent testing of two full scale prototypes, namely, the 24
faced and the 36- faced domes.

From the whole analysis it was established that the developed numerical
models, when selectively applied in the most appropriate way with regard to
their special characteristics and the nature of the problem, produce reliable
results,

Special problems were investigated arising from the boundary conditions
as well as structural details of the joint-lines.of the plates forming the
polyhedron, and thus -a solution was suggested.

Finally, a data generation routine is also described in order to facilitate
further application of the various developed models by future users or

researchers.
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1. INTRODUCTION

The present work is the product of the combination of three factors
with a contemporary approach in the field of Structural Engineering.

First there is the cost factor which can be countered by mass-—
production, At the same time we are trying to fulfil two principles.
of modern Architecture. The first is that the Structure must be
functioning in an optimum co-existence with the Environment and the
Human (Functionalism). The second is that the Structure must have
the flexibility to adapt to new developments and to continuously
changing econqmical'and social conditions.(Metabolism). El3722a50,70y100]

The second factor is the formation and investigation of new
structural materials. The main aim in a given Structural application
is the optimisation of the use of the material achieved by improving
the properties. EL19,40,45,55,7ﬂ

Finally the third and last factor is the mathematical analysis
of thé problem which involves the modelling of the Structure by using
new powerful computerised methods of analysis, 59,59,72,83,84,115]

1.1 Polyhedral domed structures

The polyhedral domed structures approximate to structurally
efficient double-curvature surfaces by using flat plates, having at
the same time the advantage of easy construction in comparison with
the formation of the double-curvature surfaces theméelves.

The domed structure is composed from as few types of flat plates
as possible, in as far as the dimensions of the plates are concerned,
so that the mass—-production of the simplest construction-element can

be employed.




The solution to a specific problem of space-coverage can be
reached by various types of polyhedral domes. This provides
considerable flexibility as regards the economic factors as well as
aesthetic ones for the final choice.

For the above mentioned reasons it is believed that by the
polyhedral domed Structures the Architectural principle of
"Functionalism" is well treated,.

On the other hand the assemplage of a number of plates .(or group
of plates) to form the whole structure includes the potentiality of an
easy expansion or alteration, This presents an advantageous.
adaptability to new conditiéns so that.the Architectural principle of
"Metabolism" is also well preserved.

More detailed and extensive informatien abhout the geometry and
construction of the polyedral domed structures is presented in
reference [85] .

1.2 Sandwich Panels

The present work is exclusively concerned with sandwich

panels as construction elements for the polyhedral domed structures.

We define a sandwich panel as one which is a three-layer type of
construction, It consists of two thin sheets of high stiffness
material which are called the faces of the panel and between them is
a thick layer of low average stiffness and density which is called
the core of the panel, [3120946785,89]

The most important advantages of sandwich construction are,
firstly, that the ratio of high rigidity which can be achieved by
the sandwich panels over the total dead weight of the construction is
higher in comparison with conventional types of construction; secondly,
the panels employed for the structure can easily be made and supplied
by the industry in various types and dimensions and thirdly, the

structure appears to have good thermal and acoustical insulation.



The materials used for the construction of the experimental
prototypes and the work involved is to be presented in

chapters 3,10.

1.3 The Finite element approach

The method which will be used to analyse the behaviour of
the polyhedral domed sandwich structures is known as the finite element
method. Its basic principle is the idea of piecewise approximating
continuous fields.

The method is outlined by reference [84] to Professor Oden's
presentation of the differences between the classical and the Finite

element approach,

«v«.. Classically the analysis of continuous systems began with
investigations of thé properties of small differential elements of

the continuum under investigation. Relationships were established
among mean values of va;ious quantities associated with the infinitesmal
elements and partial differential equations governing the behaviour of
the entire domain were obtained' by allowing the dimensions of the
elements to approach zero as the number of elements become infinitely
larger,

In contrast to this classical approach the finite element method
begins with investigafions of the properties of elements of finite
dimensions.

The equations describing the continuum may be employed in order
to arrive at the properties of these elements, but the dimensions of
the elements remain finite in the analysis, integrations are replaced
by finite summations and the partial differential equations of the
continuous media are replaced for example by systems of algebraic or

ordinary differential equations,



The continuum with infinite degrees of freedom is thus
represented by a discrete model which has finite degrees of freedom.

Moreover if certain conditions (to be outlined in Chapter 3) are
satisfied, then as the number of elements is increased and their
dimensions are decreased the behaviour of the discrete system converges
to that of the continuous system.

Many numerical methods were developed before the era of electronic
computers and are now adapted for use with these machines.

In contrast, the finite element method is a complete product
of the electronic computer age. This is due to the fact that the
method possesses certain characteristics that take full advantage of
the facilities offered by the high-speed computers so that it can be
systematically programmed to accommodate such complex and difficult
problems as non-homogeneous materials, non-linear stress—-strain

behaviour and complicated boundary conditions.




2, CONSTITUTIVE EQUATIONS'FOR A SANDWICH PLATE

2.1 Introduction

As was mentioned in Chapter 1 (section 3), first of all the
equations describing the continuum must be formed.

We start with the fundamental equations for a plate and include
the effects of the sandwich form of the plate taking into account
certain assumptions (to be outlined in the next section),

The basic aim is to establish the constitutive equations for a
sandwich plate in such a form that together with the variational
principles(to be outlined in ‘Chapter 3) we have all that is required

for the finite elements analysis

2.2 Mathematical formulation

We consider an infinitesimal element of a sandwich plate and
we write the relations between the stress-resultants and the stress

tensor (Fig. 2.1) [53,78,102]

h/9 h/2 h/3
N, = J t,,dz , M = f t,.zdz , Q. = f t, dz (2.1
1] i) 1) ij i iz
-h/2 -h/2 -h/3
L,3 = x,y)

We introduce the following assumptions [4,20,54,71,93,94,101]
1. The displacements u,Vv,W are constant across the

thickness of the plate considering them individually.
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Taking into account assumption 3 and equations (2.4) the relationship

(2.3) becomes

{ XX XX XX
e ] c c c 0. ¢.
XX f xx fyy f xy exx
YY Yy
Cc C . e
tyy fyy | £xy 0. ¢ Yy
& Xy
= C . e (2.5)
txy J»¢ £Cxy ¢ . xy
?
@ Xz Xz
t & C e
Xz & C Xz cyz Xz
¢
o
t ? Cyz e
[ Yz < c Yz Yz
or
t = Clj e
ij f rs rs
t, . = cl? e (2.6)
ij c rz xz
(for i, j, x, s = X, ¥Y)
where the prefix of f or c on the elastic constants
refers to the faces or the core respectively
Substituting equations (2.6) into equations (2.4) we obtain
-c/o c/a+f
= iy - + 1] 4
Nij fcrs ersdz fcrs /J ®rs 9%
¢/~ £ c/y
-c/o c/y+f
= ij + Cij zd
Mij fcrs erSZdz frs €rsZ? (2.7)
=c/a - £ C/2
C/2
Q. = ct? f e dz
i c rz xrz

_c/2



Taking into account assumption 3 with regard to equations (2.2) and

evaluating of the integrals we obtain the following equations which

relate the stress resultants for a sandwich plate to the displacements

or the derivative of the displacements of the mid surface of the plate.

These will be used in the finite elements analysis.

ij

ij

where

ClJ 2f ¢
c rs rs
' 2
.. £
ij C
fcrs [Zw, ( 4
iz c+f
ccrz 2 Yr
Y = =
Y c+ f c

At this point, taking the validity of assumption 4 into account,

we obtain the following equations in a matrix form

3 3
M Dxx Dxx Dxx/ 2 a
XX XX vy Xy XX
M pYY | pYY | p¥¥, a
Yy XX Yy Xy’ Yy
M p*¥ | p®¥ | p*X¥/2 a
Xy XX Yy Xy Xy
Xz Xz
Qx Sez syz Y,
Yz Y2z
S
Qy Xz syz YY
N Exx EXX Exx €
XX XX vy Xy XX
N Y | g¥Y | g¥Y 6
Yy XX Yy xy YY
N VY | g*Y | gXY €
xy XX Yy xy Xy
1

(2.9)




_10-

_ 3 d d
axx =3 (wlx Yx) ’ ayy = 3— (Wry'Y ) axy = "a— (w, Y.) +3 (w,
X y Y X
(2.10)
ij ij £ 2 iz iz c+f : ij ij
D =-C —_ = —_— =
rs frs 2 (c*+£) ™ Sz T Crz T2 v Eis £Crs 2f
(2.11)
i3 . .
The constants D ] ' Slz ' ElJ can be evaluated using
rs rz rs

suitable experimental methods. [20,46]

For orthotropic faces and core the relationship (2.9) becomes

XX XX
D a
Mxx Dxx Yy ¢. | _ XX
Yy vy
D a
Myy XX Dyy ¢ Yy
Xy a
Mxy . . ny/2 Xy
XZ
Y
Qx sz X
= ' (2.12)
yz Y
“y Syz y
XX XX
N - n €
XX Exx hyy $. XX
YY YY €
N E E
Yy . XX Yy ¢. Yy
Xy €
ny , ¢ . Exy Xy
So by equations (2,12) we can relate the stress resultants with the
strains through an operator which can be written in a shorter matrix
form as
{0} = (D] (e} (2.13)

{0} is the stress resultants vector




D]

_11_

the strain vector which is related through
equations (2.2), (2.10) with the displacements
of the midsurface u, v, w and their

derivatives.

is an operator called the elasticity matrix, The
terms of this matrix, as we have already mentioned,

can be determined by certain experimental methods
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3. VARIATIONAL APPROACH

In this chapter some elements of variational calculus are
presented, These principles are used in the subsequent analysis,

Consider an expression of the form:-

X
2 2
dw dw
I = F(x, w, a;' ¢ ——2- ) dx (3.1)
% dx

—

This expression is generally known as a '"functional' and in the
analysis of solid continua is an expression with regard to a specific
physical state (potential energy, complementary energy etc. to be
outlined in Chapter 4). [39972;801889115J
The basic aim is to find a function w(x) satisfying the boundary
conditions and being such that the functional is rendered stationary.
This is expressed as follows:

51 = ¢ (3.2)
8

(where is the variation operator)

Following a certain procédure [39,72} we eventually obtain the
expressions:

aF dllaF>+d2 3F
)

== - = = ¢ . (3.3)
ow dx (S(dw/dx dx2 3(d2w/dx2)
The above is known as. the Euler-Lagrange equation, Also, in addition
to the above, the following may be obtained
X2 x2
F d F oF
3 —F = ¢, and —_— = ¢. (3.4)

d(dw/dx)  dx\ 9 (dw/dx)

_xl
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This is knownas '"the natural boundary conditions'.
If they are satisfied they are called "free boundary conditions"
or else if one of them is not satisfied then a corresponding set of
equations must be satisfied instead. The latter are called '"geometric
boundary conditions" or forced boundary éonditions".
Instead of trying to solve the governing differential equation(3.3)
we form a close approximation of the functional which is noted as the 1
(the dash above the symbol indicates the approximate one of the same
nature). Hence if we find a solution ;(x), for the functional I it can
be assumed that this solution will be close enough to the exact solution
w(x) as well. Following the approximate solution approach the analysis
proceeds as follows:
Firstly, by assuming a mathematical expression for the unknown
function ;(x), preferably a polynomial of x, so that the functional

1 becomes a function of the unknown coefficients of the polynomial,

Thus - 81 = ¢ can be expressed and satisfied by the
: . 3T
following set of equations 3;— = ¢. (3.5)
i

(a_i are the coefficients of the polynomial)

The use of a polynomial of x for expressing ;, possesses the advantage
of an easy mathema£ica1 manipulation.

Secondly, by performing the integration, summing the subintegrals,
of. the function T, of a finite number of subdomains which form the
whole domain (finite elements).

Thus, combining the finite element method (outlined in Chapter 1
section 3) with the variational approach, the primary functional may
be related to the individual element rather than the total domain.
Hence the geometry of the ove;all body and the system of the boundary
conditions are not unsolved obstacles, even for highly complex problems,
as they were in the classical Rayleigh-Ritz approach, from which thel

finite element method is derived.



_14_

The polynomial for the unknown function mentioned above must be
such that certain conditions are satisfied and consequently the
convergence towards the exact solution can be achieved.

These conditions vary with the nature of the functional and the
variational principle which is to be employed [72,80,81,82,83,84,87,

99,104,115)

These conditions can, however, be described in -general as follows:

(a) The number of coefficients (terms) of the polynomal selected
to represent the ﬁnknown function must be at least equal
to the number of the degrees of freedom associated with
the element.

(b) The chosen function should provide compatibility of
certain quantities across element interfaces,

(c) A rigid body deformation and a constant curvature state
should be included in the polynomial.

(d) The assumed function must be continuous and be differentiable
to an order consistent with the variational principle expressing

the problem,



4.

39,41,43,72,74,
80,81,82,87,88,

97,104,115]
?
|
[5,39,41,43,45,
12,71,80,81,82,
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I

%

14,34,39,72,80,
81,82,88,104]

:.38,39’72,80,81
82,88,95,104]
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VARIATIONAL PRINCIPLES (SMALL DEFLECTIONS)

(a)

(b)

(c)

(a)

The various approaches in the finite element analysis of solid
continua are associated with several variational principles of solid
mechanics, thus introducing different types of finite element methods,

These types have been classified as follows:

The first derives from the principle of minimum potential
energy and is based on the assumption of a continuous
displacement field over the entire solid. The various models
based in this approach are known as ''displacement models'".

The second derives from the principle of minimum complementary
energy and is based on agsumed equilibrium stress fields.

The various models based in this approach are known

as '"the equilibrium models".

The third derives from a modified complementary energy
principle with assumed stress functions within the

element and displacement functions at the element

interfaces.

The various models based in this approach are known as

the "hybrid models',

The fourth derives from Reisnﬁfs-variational principle

with assumed continuous displacement field over the

entire solid and assumed stress field for individugl

elements,

The various models based in this approach are known as

"the mixed models".
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The models used in the present analysis are based either in the first
or fourth approach. .At the following sections the mathematical

formulation of the first and fourth approach are presented in detail



4.1.

(6,

[N]

{e}

_17-

DEFINITION OF SYMBOLS AND FUNDAMENTAL RELATIONSHIPS

overall vector of nodal degrees of freedom for an element

vector of nodal degrees of freedom as far as

the transverse displacement models are concerned

vector of nodal degrees. of freedom as far as the
moment-models are concerned
vector of nodal degrees of freedom as far as the

shear-models are concerned

vector of nodal degrees of freedom as far as the

in-plane displacement models are concerned

vector of nodal degrees of freedom as far as the. total

rotation models are concerned

vector of general displacements within an element

corresponding to the nodal degrees of freedom

shape functions matrix-relating the general
displacement vector {50} with the general vector

of nodal degrees of freedom {Ge }
o

e
{60} = [N] {601 (4.1)
strains vector, as described in Chapter 2, section 2

by the equations (2.9), (2.10), (2.12), (2.13)



[B]

{o}

[D]

[C]

{s_1]

_'8_

strain-displacement matrix relating the strains
vector {e} with the nodal degreees of freedom

e
t
vector {60}

_ e
{e} = [B] {60}

stress-resultants vector as described in Chapter 2,

section 2 by the equations (2.1), (2.9), (2.10),

(2.12), (2.13), (Fig. 2.1)

elasticity matrix relating the stress-resultants
vector {o} with the strains vector {€} as
described in Chaptér 2, section 2 by the equations
(2.9), (2.11), (2.12), (2.13)

{0} = [D] {e}

elasticity matrix relating the strains vector {e}

with the stress-resultants vector {0}

{e} (cl {o}

.l o oxEL Yy
[CB] = [Dd ’ Do = D_D -D

xxD Jyy
XX yy Yy Xxx
stress matrix relating the stress-resultants vector

(4.2)

(4.3)

(4.4)

e
{0} with the vector of nodal degrees of freedom {60}-

[0} .8
{o} = (s ! {60}

transverse displacement'(correSponding to z axis)

(Fig.2.2) known otherwise as deflection

in plane displacement (corresponding to x axis)

(Fig. 2.2)

in plane displacement (corresponding to y axis)

(Fig. 2.2)

(4.5)



{Mij} (i,3=x,v)

{Qi} (L=x,y)

{Nij} (L, =x,y)

{r 1}

O

ﬁIél-e-lv-v
P
X

P ={(Pp
y
P
z

A
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total rotation of the cross sections zx, zy

respectively (Fig. 2,2)

first and secomd derivatives of the transverse
displacement with respect to x or y axis (Physical

meaning slopes and curvatures)

transverse shear deformation of the zx, zy respectively
identical with symbols used before as shear strains

Y, Yy

x . for the crgss section zx, zy respectively

(Fig. 2.2)

moments vector

shear forces vector

in plane forces vector

prescribed nodal force vector (corresponding with the
ey
displacement vector {Go} as far as the work product

is concerned)

prescribed quantities of the same nature as the ones

noted above
distributed load vector (corresponding to the axes
X, y, Z respectively)

Area of the nth element



o
[Rn]

x 1.
n

{r 1}

(6%}

(K]

(R]
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i ' M
portion of the boundary where ( nn’ Mhst )

are prescribed

portion of the boundary where {(w, 6 es)

are prescribed

the stiffness matrix of the nth element with respect

to the local system

the load vector of the nth element with respect

to the local system

I

the stiffness matrix of the nth element with respect to

the global system

the load vector of the nth element with respect

to the global system
the overall nodal degrees of freedom.vector
the overall stiffness matrix

the overall load vector
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4.2 Displacement-models

For the displacement models the functional which is

employed is the potential energy of the continuum. The condition

enforced through the variational principle, is such that it minimises

the potential energy. The polynomial§ employed to approximate the

unknown functions of the functional, are functions of certain nodal

values (degrees of freedom) which from the structural analysis point

of view are displacement or derivatives of the displacements.[S,17,21,29,
}0;36,44,63,65,74,115 ] Continuity, compatability and completeness

requirements will be discussed for each individual model.

The potential energy for a sandwich plate is

n
~ 1 - T T _ eT -
1=y 1L ﬂ (e} (o} an - ﬂ_{ao} (B} an - (%) (R ) (4.6)
1 A,

An

for the finite element approximation all the parameters must be
expressed in the functional as functions of the unknown nodal

values using the notation of Chapter 4, section 1).

For thé diplsacements models the vector {6:} includes as nodal
degrees of freedom displacements and derivatives of the displacements.

After the substitutions the functional has the form:-

n
‘ T ~ T -
= 1,.e T e e T =
= — D - N P dA
I E \2{60} jf[sl (D) (B]dA {67} 165} Jf[ 1T (B}
1 n Ap
' T - 4.7
- 6% (R (4.7)
o o
where Y is the summation symbol and n the number of the elements).
(Appendices II and III provide more details of the nature of the matrices

involved in the above expression in the form they have been developed

for the present applications.)
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By assuming that the following equations are valid:-

o, _ T . Oy _ T T (= =
[Kn] = [/ [B]® [D]I[B] 4A {Rn} = J} INlT {Pl}aa + {Ro}
" A

n

the expression (4.7) becomes:-
n )

- 1 . .e.T o e e;T o
T- Y500 6 ) - (63 &)
i

Applying the variation of the functional 1 in the form

)
a{so}
one obtains:-
n
Z{lKgl {8t - &% = ¢
1
oY
(K] {6%) - {Rr} = 9.

4.3 Mixed models

For the mixed models the functional is of a different form than the

one used for the displacement models.

The conditions enforced through the variational principle leads to
a stationary value of the functional, The polynomials employed to
approximate the unknown functions are functions of certain nodal

values (degrees of freedom) which are from the structural analysis

point of view displacement or derivatives of the displacement as well

as stresses. [25,38,56,57,80,81,82,87,90,91,95,105,106,107]

The continuity, compatibility and cémpleteness requirements

can vary,

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)
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The functional has the form

n

1 T
1 =Z ff ({ob}{BO}T - 20,1 1) o) + 5 ey ) [DUV]{OuV})dA
1 An
e. (U ™ e. T o
_ U )vi{ﬁ}_ an - 6 (R}
A w
n

_ j(ﬁ 8+ M0+ O w ds
nn n .8 n

ns 5
S
o,n
. -8 -9 o) -w) ] ds (4.13)
f M (8 =8 ) +M (6_-8) [Q (v |
S
n,n

({See equations 2.9, 2.10, 2.11, 2.12, 2.13)

X,¥ Y,

(4.14)
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Py '
X - 6 » ¢
o (o]
pYY p*X
XX XX
) D ¢. ¢. b
o [e]

It
-
b=
-
-

-1
(ep]=[2,] : : 2 . (4.15)

p*Y
xy
1
¢ ¢ $. =z ¢
Xz
1
] ) ¢ ¢. ] ;;; |
yZ
XX _XX
) I3 ¢
_ LYY Yy
o] = | ES By ¢ (4.16)
9. ¢, E Y
Xy

The following expression is obtained as the functional using equations
(4.13), assuming continuity for M , M , w, u, v across
nn ns

element interfaces, following the procedure of [25,33,56,57,80,81,32,

87,90,21,95,105,107] .

n
_ ) T 1, 1
I —Z‘ ,Lf({ob} (6} - 3 (o, V) (o} +3 (e )
n

_ .“l
-ﬂ;", (F}Tan - {8} (R}
w o] (o]
A
n

T
ip_1 {c } )dA
uv uv

- J ands+ f(Mnn6n+M 0 ) ds
S S
o,n n,n
where
T
{e } = { (f’- r 4’- ’ ‘1’- r Wy r W, }

1 X y

(4.17)

(4.18)
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for the finite elements approximation all the parameters must be

expressed in the functional as functions of the unknown nodal values

using the notation of Chapter 4, section 1).

Appendices II and 1V).

For the mixed models the nodal degrees ol freedom are displacements

together with moments.

After the substitutions the

n

- T m
1= § "1y ™ 8+
o (o) n o}

1

- (M} (]™
(o] n

Applying the

I
(o]

3(s¥)
(o]

31
e
JUN!

one obtains

n

1

(K]

variation of the functional I in the form

¢

1

2

{8¥y (rR")
(o] n

functional has the form

(8" (r"}
(o] n

Force-displacements relationships

Equilibrium equations

> %[K‘;]

[ KUV]
roon

[ ¢
L [ ¢ )

6%}
O

[ ¢]

[ ¢

{r%}
n

(¢
mw

LK

me
(K 7]

l

S,

T T
) ™Yy )+ L 6YY)
[o) n [o) 2 o

(K

(For more details see

1 {8
o

uv

(4.20)

(4.21)

(4.22)

(4.23)

UV]

(4.19)
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3} = C (4.24)

e
L

_ w (4.25)
{Rﬁ} = {er}

or

(K] {GE} - (R} = ¢ (4.26)

Thus a system of linear simultaneous equatidns is obtained for the
mixed models, .which are of a._similar form to those obtained for the
displacement models (4.12).

The stiffness matrix [K] for both the displacements and the
mixed models 1s symmetric and positively definite. When the boundary
conditions are introduced the stiffness matrix becomes nonsingular.

Thus a solution can be obtained by using one of the techniques
for solving a large system of equations taking advantage of the
symmetry and the banded nature of the stiffness matrix (64,75,108]

The various characteristics and advantages of the different
techniques are preéénted in referehces [,39,72,115]i

The technique employed in the present analysis is a modification
of the frontal solution [20] as it has been developed by BETTESS,
compatible with the M.T.S. system (N.U.M.A.C.). There is also a
version of the same technique with the same alteration compatible

with the 0OS system in Cambridge.
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The frontal solution technique- has been proved advantageous due to

the nature of the analysed problems involving a very large number

of unknowns and complex boundary conditions.
It has been combined with a data generation programme
(to be outlined in Chapter 11 ) which reduces effectively the

amount of work required for the solution of a specific problem,
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5. MODELS EMPLOYED IN THE FORMATION OF THE SANDWICH PLATE

AND SANDWICH DOME MODELS

As it has been presented in Chapter 4 starting from the
functionals (4.6), (4.13) and following the variational approach
outlined in Chapter 3 a system of linear simultaneous equations
can be obtained (4.12), (4.26). According to this approach.the
different parametery of the functional are approximated with
different finite element models which are to be presented in this
chapter. The various models for the sandwich plate and sandwich
dome problems are composed by suitable combinations of the various
basic models which can be classified in the following five grouﬂs.

(a) Transverse displacement approximating models (w)

(b) Transverse shear deformation approximating models (¢ . ¢y)

(c) In-plane displacements approximating models (u, V)

(d) Moments approximating models (Mxx ’ Myy ' Mxy)

(e) Total rotations approximating models (ex' ﬁy)

All the above five groups of finite elements in the present
analysis are of triangular shape with corner nodes and may also
have mid-side or centre nodes (Fig.5.1+5.15).The triangular shaped
models have the potenéiality of being applicable to any shape of

structure in the interest of the present work.

5.1 Transverse displacement approximating models

Numerous models have been developed for the analysis of
classical plate bending (shear deformation neglected). The
following have been chosen to be employed in the present analysis
as they have been proved successful. [9,10,11,17,18,24,29,30,35,

36,44,48,49,63,92,97,111,112,113,114,115]
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5.1.1 Non-conforming triangular finite element in plate bending

This element has been presented first in 1965 [12]
Further investigation of its characeristics haslbeen accomplished by
several applications[26,115] Through the conclusions which have
been obtained this element has been proved to be simple and successful.
The discontinuity of normal slope across the interelement boundaries
doesnot prevent the element from yielding accuracy and convergence
occurs for regular element sub-divisions.

The transverse displacement w has been given by the relationship

Fig. 5.1

w W
w = [N] {60} (5.1)

w.T
{Go} = [wl. Wog? Wegyr Wor Wi

yl 2 ¢ Wy

v Wo, Wy

y2 3 ’ wl ] (5-2)

x2 v3

x3
subscript x, y indicates derivatives of x, y respectively and the number

(1 +3) indicates the relevant node

w, w w 4 ' w w w ' w .
[N"] = [Nlr Nz' N3: N4r NS' N6' N7, Nar Ngl (5.3)
w 2 2 2 2 w w \
= + + - - .
Nl Ll L1L2 L1L3 L1L2 L1L3 = N4, N7 from Nl with

circle-symmetrical substitution of subscripts 1, 2, 3

) 2 1 2 1 w w . w
= + = - + = b3
N2 C3(L1L2 > L1L2L3) C2(L1L3 > L1L2L3)==$ NS' N6 rom_N2 as above
\ _ 2 1 _ 2 Py W w w
N3 = b2(L1L3 + 3 L1L2L3) b3(L1L2 + > L1L2L3)==§ N6' N9 from N3 as above

(5.4)

(see Appendix I for the geometric symbols in use).
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5.1.2 Refined triangular plate bending (eighteen-degrees-of-

freedom) finite element

The variation of the transverse displacement for this element
is a quintic polynomial of x, y (or Ll, L2, L3).
It derives from the full quintic polynomial of 21 terms assuming

cubic variation of the normal slope W along the interelement

nj
boundaries (see Appendix III). The main advantages of the refined
element is that ensuring continuity of the normal slope the convergence
is much faster, thus good accuracy can be obtained for coarse mesh
idealizaéions. [18,35,36,37,115]

The discontinuity of the normal curvature and hence bending
moment are much smaller than lower order elements. The disadvantage

of this element is the difficulty in applying the boundary conditions

due to the existence of higher order. derivatives of the transverse

displacements 1
Fig. 5.2
2 3

w o= [N {6:} (5.5)
w T

{60} = [wi' Wi w'yi' Wr i w'xyi' w'yyi' ..... ]i =113 (5.6»

-1

1= (F] (T] (5.7)

._l' '. .
the formation of the matrices ([F] and [T] is given in

Appendix III.
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5.1.3 Linear variation of the transverse displacement

This model is to be used in the mixed formulation

(See Appendix 1V). 1 [39’59’72’105’115]
ig. 5.3
2
3
_ w w
w = [N) {GO} (5.8)
W'T
{60} = [wl, W, w3] (5.9)
w .
(N'] = [Ll' L2I L3] (5.10)

5.1.4 Quadratic variation of the transverse displacement

This model is also to be used in the mixed formulation

(See Appendix 1IV). [39959,72,105,115 ]

w = [N] {601 (5.11)

w
{50} = [wl, Wor War Wy W, w6] (5.12)

(N] [(2Ll.—l)Ll, _(2L2-1)L2, (2L3—1)L3, 4L _I,_, 4L_L_, 4L1L2]

23 13

(5.13)
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5.1.5 Cubic variation of the transverse displacement

This element is to be used in the rotation element

1 I e
(see Chapter 6 ) [,-.9,53,72,105,11)]
y 5 Fig. 5.5
2
4 3
w = [N {8"}
(o]
T
{5:‘;} = {wi,- ""]i=1- .
w _ w
) = Y, s
MY = (2L.-1)L. + 3L,L_L
1 1 1 17273
N = (2L.-1)L. + 3L.L.I
2 2 7'M 17273
N = (2L_-1)L. + 3L.L_L
3 3 3 17273
N = 4LL. - 12L.L.L
4 273 1273
NY = 4L L. - 12L.L.I
5 “173 17273
N = 4L L. - 12L.L_L
6 172 17273
W
NJ = 27L L)L,

(5.14)

(5.15)

(5.16)

(5.17)
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5.2 Transverse shear deformation approximating models.

[39,59,72,105,115]

5.2.1 Linear variation of transverse shear deformation.

_ s s

b, = [N7) {61.}

_ s s
¢y = [N] {62}
1
Fig. 5.6
2
3

s, T _
{61} = [¢x1 ’ ¢x2 ’ X3
Gs T = ’ r
{ 2} [¢Y1 ¢y2 _ ¢y3]

]
(N~1 = [L1 ' L2 ' L3]

5.2.2 Quadratic variation of transverse shear deformation

6, = I[N {af}
b, = 1 (s3) y
4 3
Fig. 5.7

s, T
(6717 = [0y, v ween 1 o y:e

s, T
{6} = [¢y1, ..... b o 1:6

(N7]

((2L,-1Ly, (2L-DL,, (2L-1)Ly, 4L,

L3, 4L1L3, 4L

(5.18)

(5.19)

(5.20)

(5.21)

(5.22)

(5.23)

(5.24)

(5.25)

(5.26)

1 B!

(5.27
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2.3 Cubic variation of transverse shear deformation.
s s
¢, = [N [61} (5.28)
s s
¢y = [N7] {62} (5.29)

{5?} = o0 } 1 o= 147 (5.30)
s T
{62} = {¢yi P eeees } io= 127 (5.31)
IN%] = [Nf , 1 io= 147 (5.32)
S
N} = (@, -DL + 3L LI,
S = -
N2 = (2L2 1)L2 + 3L1L2L3
S - _
N3 (2L3 1)L3 + 3L1L2L3
NZ = 4L,L, - 12L L)L, (5.33)
N> = 4L L. - 12L L_L
5 _ 173 17273
N° = 4L L. - 12L.L_L
6 172 17273

-1
I

2 27L1L2L3
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5.3 In plane displacement approximating models

The first successful examples of the application of the finite

element method were the two dimensional elastic problems of plane stress.

The majority of the various existing finite elements are based on the

displacement approach [7,3,28,38,39,42,55,5?,72,103,135,111,115]

although there are several finite elements based on different approaches

In the present analysis four displacement triangular models

have been chosen as the most suitable and simple.

5.3.1 Linear variation of the in plane displacements

1

Pig. 5.9

2
3
u = Y {GTV]
v = N8
uv, T
{61 } = [ul, u, u3]
T
uv _
{52 } = [Vll Vzl V3]
uv _

uv .
(see Appendix II for the formation of [B ] matrix.

5.3.2 Quadratic variation of the in plane displacements

1
Fig. 5.10
5
2 2 3
u = 'Y {G:V]
v = [NUV] [GUV}

(5.34)

(5.35)

(5.36)

(5.37)

(5.38)

(5.39)

(5.40)



-36-

w:WT= (PP I (
T
(651 = v el (
™) = (2L -1, (20,-1)L,, (2L,-1)Lg, 4L,Ly, 4LjLo, 4LL,]
(
5.3.3 Cubic variation of the in plane displacements
The variation along the interelement boundaries is
quadratic. This element has been developed to cope with trans-

formation difficulties along plate interconnections for the dome

structures. 1

Pig. 5.11

6
2
3
\
u = V) {Giv} (5.44)
uv uv
v = [N {52 } (5.45)
uvy T
6770 = lups uys ugs Uggyr Uiggpr Urgger Uyl (5.46)
{GUV}T = [ «
2 = Wyr Vor Var Vigeyr Viggst Vigggt Vo (5.47)
where ; g
u v
u, = — v v, = — (5.48)
S5 352 SS 8;2
- , =
(where s is the vector along the sides 55, 31, 12 )
(see also Appendx I (8)).
uv - uv
(N My e diane g (5.49)
uv uv uv
N - - = - = -
1 Ll 9L1L2L3 ' N2 L2 9L1L2L3 . N3 L3 9L1L2L3
uv uv uv
N = =0. +]1. L =-0. +1. =0.
4 0 5L2L3 l 5L1L2 3 ! N5 Q SLlL3 1 SLleL3 ’ N6 (0] 5L1L2+1.5L1L2L
uv _ .
N7 --27L1L2L3

5.41)

5.42)

5.43)

(5.50)

3
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4

Cubic variation of the in plane-displacements.

uvy T
{61}

UVT
(65

[NUV
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[ui , ] ix= 137
[Vi: ] i= 1+7
ln‘i"’, ] i= 137

(2L1 - 1)L1 + 3L1L2L3

(2L2 - 1)L2 + 3L1L2L3

(2L3 - 1)L3 + 3L1L2L3

4L2L3 - 12L1L2L3

4L1L3 - 12L1L2L3

4L1L2 - 12L1L2L3

27L1L2L3

(5.51)

(5.52)

(5.53)

{5.54)

(5.55)

(5.56)
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5.4 Moments approximating models

For the.approximation of moments distribution in the mixed

models approach several moments interpolation functions have been

used. The nature and the order of these functions is defined by

the continuity requirements associated with the functional and the

variational principle used for the derivation of the model,

[25,56,57,90,91,105,106,107 ]

The following have been chosen for the present analysis

5.4.1 Linear variation of moments

1
Fig. 5.13
2 \é
a m e
M, = [N 1 {Ml}
m
M = N MZ
oy (N1 { 2}
_ e
ey N (M)
T
e _ .
{Ml} B [Mxxl' Mxx2' Mxx3]
e
M, - [Myyl' Moya’ Myy3]
M)
M3} [Mxyl' Mxy2' Mxy3]
m
(N] [Ll' L2' L3]

(See Appendix IV for more details)

(5.57)

(5.58)

(5.59)

(5.60)

(5.61)

(5.62)

(5.63)
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.4.2 Quadratic variation of moments
M o= NI (v (5.64)
XX i
Moo= [N (M%) (5.65)
Yy 2
M o= N1 (M%) (5.66)
Xy 3
1 .
/\ Fig. 5.14

s\
4 3
T - oMo, ... i=1t6 (5.67)
1 XX1
{M;'}T = Mg s e 1=16 (5.68)
W = M., ....] i=t1+%e (5.69)
3 xyi
m
[N] = [(2L1-1)L1. (2L2—1)L2. (2L3-1)L3, 4L2L3, 4L1L3, 4L1L2]

(5.70)
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5.5 Total .rotation approximating models

For the total rotation finite element formulation (to be

outlined in the Chapter 6) the fdllowing-model has been employed.
[ 39,59,72,105,115 ]

Fig. 5.15
6 5
] !
8 8
6, = (N1 (6} (5.71)
o = w1 (5% , (5.72)
Y 2 '
0 T
{61} = [0 ., «u..) (5.73)
¥i i=1l:6
0 T
(6,0 = 85 weeidy s (5.74)
8., _ - - -
[N"] = [(2Ll l)Ll' (2L2 l)L2, (2L3 1)L3, 4L2L3, 4L1L3, 4L1L2]

(5.75)
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6. SANDWICH PLATE BENDING MODELS

A large number of various publications is available as far as
the bending of sandwich plate is concerned
Various finite elements have also been developed to solve the

problem [1,.1.2,14,15,21,67,68,69,73,85,90,91]

Seven.different models have been developed in the present
analysis as a first step towards the solution of the polyhedral dome
sandwich structures. These models deal with the sandwich plate
bending probleh and their classification coincides with the
classification of the variational principles employed for the
development of each individual model respectively, that is
displacement models and mixed models (Chapter 4).

6.1 Displacement models

The variational principle outlined in Chapter 4 Section 2
has been employed for the development of the displacement models.

For the finite element approximation - the strains and stresses
in the functional are expressed as functions of nodal values of
displacements (degrees of freedom).

Two different groups of sandwich plate displacement models have
been developed depending on the form of strains-nodal displacements
relationships.

The models classified in the first group are to be called

Deflection-Shear Displacement models.
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The strains as formulated in Chapter 2 have the form

axx = Wrex T ¢x,x
a = w -

Yy 'yy ¢y,y

(6.1)
= 2w — -

Xy 'xy ¢x,y ¢y.x
Y, = 9,
Yy = %

The parameters at the right hand side of equations (6.1) are expressed
as functions of nodal transverse displacements and their derivatives
and nodal transverse shear deformations independently employing the
models outlined in Chapter 5 (section 5,1, 5.2).

The models classified in the second group are to he called
Total~-Rotation displacement models.

The strains as formulated in Chapter 2 have the form

a = §
XX X,X
a = 0
YY Y.Y
= 8 + 0 (6.2)
Xy X,y Y. X
Ty ! Y

The parameters at the right hand side of equations (6.2) are gxpressed
as functions of nodal total rotations and nodal transverse displacements
independently, employing the models outlined in Chapter 5 (sections
5.1, 5.5).

The displacement models developed are the following:

6.1.1 Deflection-shear model with 15 degrees of freedom

For reference to this model the symbol PDS 15 has been

employed (See Section 6.3 for more details).
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This model has been developed employing the non-conforming
triangular finite element in plate bending together with the linear variation
of shear deformation model (5.1.1., 5.2.1.) for expressing the parameters
in equations (6.2), (4.3). More details for the formation of the various

matrices are presented in Appendix II

Fig. 6.1

ol >3

The vector of the nodal degrees of freedom has the form

e, T
(60} B {wl'“'xl'w'yl'w2'w'x2'w'y2'w3'w'x3'w'y3'¢x1'¢y1'¢x2'¢y2'¢x3'¢y3} (6.3)

Employing the transformation relationships (to be outlined in Chapter 8)
the transformed stiffness, stress and load matrices are obtained =

a) When the vector of the nodal degrees of freedom becomes .

e, T
8 ={w,,w, . W, .46 ., ., ...... .
{6, {wi’w'xi’w'yi'¢xi'¢yi' ) 1=1¢%3 (6.4)
b) For a node (i) which belongs to a boundary the set of degrees
of freedom linked with this node becomes =
{wi' i’ Wit ®ny Psi } (6.5)

(where n is the vector normal to the bdundary s)

6.1.2 Deflection-shear model with 21 degrees of freedom

Reference symbol PDS21

This model has been developed employing the
non-conforming triangular finite element in plate bending together
with the quadratic variation of shear deformation model (5.1.1., 5.2.2)
for expressing the parameters in equations (6.1), (4.8). The same
procedure for the formation of the various matrices is employed as

for the PDS15 model (Appendix II).
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Fig. 6.2

The vector of the nodal degrees of freedom has the form:

T
e —
{50} {wl'w'xl'w'yl'w2'w'x2'w'y2'w3'w'x3'w'y3'¢x1'¢y1'¢x2'¢y2'¢x3'¢y3' (6.6)
¢X4'¢Ty4'¢x5'¢y5'¢x6'¢y6}
Employing the transformation relationships (Chapter 8) the transformed
stiffness, stress and load matrices are obtained.
a) When the vector of the nodal degrees of freedom becomes <
T i =1 + 3
(8%} ={w,,w W ¢ .. b L. } (6.7)
o 7 ki i ki Tyl AS'S AL 2 L ) :
j=4+6
b) Yor a node (i) which belongs to a boundary (S) the set of degrees
of freedom linked with this node becomes =+
i q
lwyv 8 ;0 Wi i0 0 ;0 0 ) for 123 (6.8)
{o ;7 ¢si} for 1 > 3 : (6.9)

6.1.3 Deflection-shear model with 24 degrees of freedom

Reference symbol PDS24

This model has been develoﬁed employing the Refined
triangular plate bending finite element (eighteen-degrees-of-freedom)
together with the linear variation of shear deformation model
(5.1.2., 5.2.1) for expressing the parameters in equations
(6.1), (4.8).
More détails for the formation of the various matrices are presented

in Appendix III,
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The vector of the nodal degrees of freedom has the form:

' 1

FPig. 6.3

eyT '
{60} = {wi’w’xi’w'y.’w’ W, Wy L edees ,¢ .,¢ _,....} (6-10)
i=1+3

Employing the transformation relationships (Chapter 8) the
transformed stiffness, stress and load matrices are obtained,

a) When the vector of the nodal degrees of freedom becomes

e
{61 = {wi'w'xi'w'yi'w'xyi'w'yyi'¢xi'

¢ | (6.11)

: !
¥ i=143

b) For a node (i) which belongs to a boundary (5) the set of

degrees of freedom linked with this node becomes =+

{wi'eni'w'si'w'nni'w'sni'w'ssi'¢ni'¢si} (6.12)

6.1.4 Deflection-shear model with 30 degrees of freedom

Reference symbhol PDS30

This model has been developed employing the refined
triangular plate bending finite element (eighteen~degrees-of-freedom)
together with the cubic variation of shear deformation model.
(5.1.2, 5.2.3.) for expressing the parameters in equations (6.1), (4.8).
The same procedure for the formatioﬁ of the various matrices is

employed as for the PDS24 model (Appendix III).
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Fig. 6.4

The vector of nodal degrees of freedom after elimination of the

degrees of freedom at the centre node (Chapter 8 Section 4) has

the form:
T
e i=1+3
§ = w . (ree . .
{ O} {wi'w'xi' 'yi'w'xxi'w'xyi'w'yyi’ ) ¢xj'¢yj' }j_1;7 (6.13)
Employing the transformation relationships (Chapter 8) the
transformed stiffness, stress and load matrices are obtained,
a) When the vector of the nodal degrees of freedom becomes <
e T i=1+3
{60} = {wi'w'xi'w'yi'w'xxi'w'xyi'w'yyi'¢xi'¢yi""¢xj'¢yj"'}j=4=6 (6.14)
b) For a node (i) which belongs to a boundary (s) the set of
degrees of freedom linked with this node becomes =
! £ =< .
(wi'eni'w'si'w'nni'w'sni'w'ssi'¢ni'¢si} or i =3 (6.15)
£ i > .
{¢ni,¢si} or i >3 (6.16)

6.1.5 Total rotation model with 18 degrees of freedom

Reference symbol PRO18
This model has been developed employing the total
rotation model together with the cubic variation of transverse
displacement model (5.5, 5.1.5) for expressing the parameters in
equations (6.2), (4.8)
More details for the formation of the various matrices are

presented in appendix V
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Fig. 6.5

3

The vector of nodal degrees of freedom after the elimination of the

degree of freedom of the centre node (Chapter 8, Section 4) has the

form:

Employing the transformation relationships (Chapter 8) the
transformed stiffness, stress and load matrices are obtained
a) when the vector of nodal degrees of freedom become =

T

[Gs} = {wi,exi,eyi, ...} i=1+:68

(b) For a node (i) which belongs to a boundary ($) the set of
degrees of freedom linked with this node becomes =+
{w,,0 .,8 .}
i’ 'ni’ si

6.2 Mixed models

The variational principle outlined in Chapter 4, Section 3

has been employed for the development of the mixed models.

For the finite element approximation the various parameters

of the functional are expressed as functions of nodal values of

moments and displacements.
The mixed models developed are the following:

6.2.1 Mixed model with 12 degrees of freedom

Reference symbol PMX12

This model has been developed employing the linear
variation of moments model together with the linear variation of

the transverse displacement model (5.4.1 5.1.3) for expressing

the various parameters in equations (4.19)_ (4.22).

(6.17)

(6.18)

(6.19)
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The same procedure for the formation of the various matrices
is employed as for the PMX24 model which is to be outlined in the

next paragraph (see Appendix IV).

. Fig. 6.6

The vector of the nodal degrees of freedom has the form

o.T
{60} ={Mxxi,M

yyi'Mxyi' ....,wi,....} . . (6.20)

Employing the transformation relationships (Chapter 8) the transformed
stiffness, stress and load matrices are obtained.

a) when the vector of nodal degrees of freedom becomes

{6y = {w,,M__.,
(o]

i Mexi Myyi'Mxyi""' } (6.21)

i=1+3

b) For a node (i) which belongs to a boundary (s) the set of degrees
of freedom linked with this node becomes i
{woM M ML) (6.22)

nnl Ssl1 snl

6.2.2 Mixed model with 24 degrees of freedom

Reference symbol PMX24
This modei has been developed employing the quadratic
variation of moments model together with the quadratic variation of
the transverse displacement model (5.4.2, 5.1.4) for expressing
the various parameters in equations (4.19), (4.22).
More details for the formation of various matrices are presented

in Appendix IV



/ \5 Fig. 6.7

e
{60} = {Mxxi'Myyi'Mxyi' ..... LOVREPRR } ' - (6.23)

Employing the transformation relationships (Chéptez's) the transformed
stiffness, stress and load matrices are obtained.
a) when the vector of nodal degrees of freedom becomes:

T

{Ge] = {W.IM ’
o] 1

oMM e, .} i=1326 (6.24)
XXi  yyi  Xyi

b) For a node which belongs to a boundary (5) the set of degrees
of freedom linked with the node becomes:

{wi'Mnni'Mssi'Msni) (6.25)

6.3 Symbols for the different elements

The first alphabetic character in the symbol indicates

either a Plate element or a Dome element,.

The next two alphabetic characters indicate:
a) Deflection-Shear model
b) %otal ROtation model
c) MiXed model.

The two last characters, the arithmetic ones, indicate the number

of degrees of freedom per element.

Thus for the seven sandwich plate bending finite elements
presented previously the following symbols have been employed here

for each one respectively:
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PDS15, PDS21, PDS24, PDS30, PRO18, PMX12, PMX24.

For the dome modelswhich are to be presented in the following

chapter (7). The following symbols have been employed in accordance
with the above definition, for each one respectively:

DDS21, DDS33, DMX36, DRO30.
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7. DOME MODELS

The dome elements to be presented in this chapter are employed
for the analysis of the behaviour of the polyhedral dome sandwich
structures.

The four models which have been developed, derived from the
sandwich plate bending finite elements presented in Chapter 6.in
combination with the in-plane displacement models outlined in Chapter 5,
section 3,

The choice of four sandwich plate bending finite elements from
the total number of seven has been carried out taking into account
the following important factors:

a) Accuracy obtained by each individual model for the sandwich
plate bending problems in comparison with the number of degrees of
freedom involved in it (see Figures 6-896-9,7-5,7-6),(Chapter 12)

b) The set of displacements at nodes must be complete so
that transformation along the plate interconnections of the polyhedral
dome sandwich structure can be carried out (Chapter 8).

c) The ability to apply the necessary boundary condition without
too much difficulty.

Further justification for the chosen models with regards to the
above factors is to be presented in the conclusions, ( Chapter 12)

The variational principles outlined in Chapter 4 are once again
emplo&ed and consequently three displacement models and one mixed
model are derived in a similar way with the one presented for the

sandwich plate bending problem (Chapter 6).
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The way the reference symbols of the various dome models are generated
is presented in Chapter 6, section 3.

For nodes belonging to a boundary, either external or internal
(such as plates interconnection) certain transformation and
condensation techniques are used (to be described in Chapter 8).

7.1 Displacement models

The two differént approaches for expressing the strain-
nodal displacement relationship are once again employed (see
Chapter 6, section 1). As a result two of the models are referred to
as Deflection-shear displacement models and one as a total rotation

model.

7.1.1 Deflection shear model with 21 degrees of freedom

Reference symbol DDS2]

This model derives from the sandwich plate bending
finite element PDS15 (described in 6.1.1) in combination with the
linear variation of the in-plane displacements model (described in
5.3.1).

Details relevant to the formation of the various matrices

involved are presented in Appendix II.

1
Fig. 7.1

3

The vector of nodal degrees of freedom through certain

transformation formulae becomes:

T

e _ P o= .
{60} “{“i"’i""i'exi'eyi""xi""yi' ..... } i=1+3 (7.1)
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Consequently the transformed stiffness, stress and load matrices
are obtained respectively (Chapter 8).

7.1.2 Deflection-shear model with 33 degrees of freedom

Reference symbol DDS33
This model derives from the sandwich plate bending finite
element PDS21 (described in 6.1.2) in combination with the cubic
variation of the in-plane displacement model (described in 5.3.3).
The same procedure for the formation of the various matrices

is employed as for the DDS21 (Appendix I1I).

\5 Fig. 7.2

The vector of nodal degrees of freedom through certain trans-
formation formulae as well as elimination of the degrees of freedom

at the centre node becomes:

8%} =
{ o} {ui'Vi'wi'exi'eyi'¢xi'¢yi' ""’¢xj'¢yj'ussj ssj’"""

Consequently the transformed stiffness, stress and load matrices
are obtained respectively (Chapter 8).

7.1.3 Total rotation model with 30 degrees of freedom

Reference symbol DRO30

This model derives from the sandwich plate bending
finite element PRO18 (described in 6.1.5) in combination with the
cubic variation of thé in plane displacements model (described in

5.3.4).
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Details relevant to the formation of the various matrices involved

are presented in Appendix V

Mige T.3

3
The vector of nodal degrees of freedom, through certain
transformation formulae as well as elimination of the degrees of

freedom at the centre node, becomes:

e

= 6 . ,6 cses i = + .

{60} {ui’vi'wi' i’ yil } 1 1 6 {(7.3)
Consequently the transformed stiffness, stress and load

matrices are obtained respectively (Chapter 8)

7.2 Mixed models

Two models could have been derived, employing the variational

principle outlined in Chapter 4, Section 2. as an extension of
the sandwich plate bending mixed models, described in Chapter 6,
Section 2. That is: First a model which derives from the sandwich
plate bending finite element PMX12 (6.2.,1) in combination with
the linear variation of the in-plane displacements model (5.3.1)
DMX18. Secondly, a model which derives from the sandwich plate
bending finite element PMX24 (6.2:2) in combination with the quadratic
variation of the in plane displacements model (5.3.2) DMX36.

Limitations of the present work with regards to time and space

have allowed the derivation of only one.
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Accuracy factors have led in the choice of the second model
despite the advantage of the low number of degrees of freedom which
the first possesses (see Figs. T.1,7.2). The formation of the first
model (DMX18) is similar to the one of the second DMX36 (to be
presented next) and the results are believed to be of a similar
nature with the results obtained from.the application of the DMX36.

It will be seen from the discussion that the former model can
easily be formed and applied.

7.2.1 Mixed model with 36 degrees of freedom

Reference symbol DMX36
Details relevant to the formation of the various

matrices involved are presented in Appendix IV,

1

5 Pig. T.4

2
4

The vector of nodal degrees of freedom thrgughcertain transformation
formulae becomes:

T
e.

{60} = {ui'vi'wi'M ’

oM M, L... ) 1i=11+6 (7.4)
xxi’ yyi' xyi

Consequently the transformed stiffness, stress and load matrices are

obtained respectively (Chapter 8).
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8. TRANSFORMATION - CONDENSATION

To obtain the final set of equations (4.12), (4.26) by the
combination of the variational approach and the finite elements
approximation (Chapters 3 and 4) it is necessary to assemble the
linea¥ equations obtained in a matrix form for each individﬁal
element (4.11, 4,12, 4.22, 4.26). These equations are at first
evaluated with respect to a local system of cartesian-coordinates
(see Appendix I). - Thus a common global coordinates system is
needed and transformation from the local to the global system
must be carried out for all the parameters involved.

For both the plate and the &ome finite elements, described
in Chapter 6 and 7 respectively, transformation must be introduced
in order to assemble the elements and apply the boundary conditions.

8.1 Transformation - formulae

. The form of the relationship to be transformed is as

follows:
n
o e o _
E [k 1 {6} (R ) = ¢, (8.1)
i=1 .
e )
{50} is the vector of the nodal degrees of freedom in

the local system of cartesian coordinates.
The relationship between the nodal degrees of freedom with respect
to the local system and- the nodal degrees of freedom with respect

to the global system has the form

{62} =  [TR] {63} (8.2)

where [TR] is the transformation matrix
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As the corresponding force component must perform the same amount

of work in either system the following relationship is obtained

T T
{R }" {85} = (%} (&%) (8.3)
n 9 n o
where {Rn}, {6:} are the load and nodal degrees of freedom vectors
with respect to the global system.
Substituting equation (8.2) to equation (8.3) the following equation
can be obtained:

_ T o
{Rn} = [TR] {Rn} (8.4)

Pre-multiplying equation (8.3) by [TR]T and substituting equation (8.4)
the following relationship can be obtained:

n

T . o e i _
Z[TR] [Kn] [TR]{Gq} - {Rn} = . (8.5)
-
orx
n
= b, (8.6)

e .
Z (k] {69} - {Rn}_
1

So the stiffness, stress and load matrices [Kn], [Sn], {Rn}
with respect to a global system can be found from the corresponding
matrices with respect to the local system [Kz], [52]’ {Rg} through

the expressions:

. S
k1 = [TRI" (K] [TR]
_ 0
[Sn] = [TR] [Sn] (8.7

(R} = [mRIT (R®}
n n
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8.2 Transformation matrices for a plate

The transformation in sandwich plate bending problems is necessary
for a node which belongs to. boundary (s) in order to apply the boundary
conditions.

The parameters involved have the following form:

Yﬂ\
2 x,0¥,) an
7
0
X B G a
_ 2 2 n (8.8)
Y —GZ BZ g
aTI,as are the co-ordinates of the new system 5, g) .
5 - Y2~
2 P o2
»’(x2 %14+ ly,-y,)
' (8.9)
¥2 7%
G2 =
_ 2 _ 2
/(x2 xl) + (Y2 Yl)
8.2.1 Displacement models
w [ B G.] w
{ ’x}= 2 2 { ’n}
w,y _TGZ BZJ w,S _
2 2 ]
Wi ex BZ 2B2G2 G2 Yion
{¢x} B2 G2W{¢n} . 2 2
=|_ W, =1-B,.G (B,-G,) B,G W, (8.10)
¢y G2 sz ¢s Xy 22 2 2 22 sn
i 2 2
. s < ] w,yy G2 —2132G2 B2 w,ss
{ x} 2 5] { n} L .
ey —G2 BZJ es




8.2.2 Mixed models
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Y
a4
2(x2,y2) -
\\ _ -
S
N
‘\\Qn
xy \\\\ .
M .
XX \\ 1 ()(1 ,yi)
H \\ )
0 M X
Xy
—i_»m
Yy
2 2
Mes €, B, 2B,Gy - Myex
2 2
Mnn 132 G2 —2B2G2 Myy
2M 2B, G -2B.G 2(B2-G2) M
sn 272 272 2 T2° 7 xy
2 2
Mxx B2 G2 2B2G2 - Mnn
2 2
Myy G2 B2 -2BZG2 Mss
2 2
Mxy —82G2 B2G2 (132 —GZ)J Msn

(8.11)

(8.12)
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8.2.3 Rotation of an element

It is very common in many plate and dome cases
that an element results from another one of the same dimensions

by a single rotation of 180o

\

( F1G. 8.3 )

The various matrices of the second element can be evaluated by a

simple transformation of the first element's corresponding matrices.
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The following expressions

the lst and 2nd element

x2

Mxx2 =

M =
Yy2

Mxy2 -

relate the degrees of freedom for

=u

-V

xx1

M
yyl

Mxy1

(8.13)

The subscripts 1.2 refer to the coordinate system xloylfor the first

element and the coordinate system x20y2 for the second element with

regard to the relevant degree of freedom (Fig. 8.3 )
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8.3 Transformation matrices for a dome model

As it has been mentioned previously in Chapter 7 a
very important factor, which is decisive for the combination of
the various bending and membrane models with regard to the
derivation of the several dome models, is the completeness of
the different sets of nodal degrees of freedom,

The completeness of a set, with respect tothe three-dimensions
space, is necessary regarding the assemblage of the finite elements
with nodes belonging to plates interconnections, and leads to the
accomplishment of the transformation.

The above requirement has been fulfilled for all the dome
elemenfs presented in Chapte? 7 as tar as the set of nodal displacements
u, v, w is concerned (see Chapter 7).

The set of rotations or moments, however, is incomplete due
to the absence of a rotation or a moment, as a degree of freedom, with
respect to an axis normal to the plane of the element.

One approach to the probleﬁ has been suggested in reference

[ 115 ] is that additional degrees must be
introduced resulting in the completeness of the set,

Some work has been done to determine the form of the part of
the stiffness matrix corresponding to these additional degrees of
freedom. .

A second approach is based on the selection of certain coordinate
systems whereby a suitable oriéntation of the various axes enables the
transformation to be performed with a considerable degree of
accuracy. [21,31, 115]

"The second' approach has been followed for the

present analysis.
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First of all the various matrices Tor a given element are
evaluated with respect to a local coordinate system

defined as follows:

The x axis of this local system is the intersection of the element's

plane with the xoy of the global system of cartesian coordinate Oxyz (Fig.f,4)

The unit vectors of the local system are:

(8.14)

(8.15)

(8.16)

(8.17)

o 9 1 7
)‘l Y.. ., —- Z2..Y .
z'x ji “mi ji “mi
v = 1A - L Z,, X - X
Var T z'y DT ji “mi ji “mi
LAz'z xji ymi B yji "mi
i 3 -
/\ 2 2
A° + A
Ax'x Az'y/ z'y z'x
T - - A2 2
VX' Ax'y —Az,x/ Az' + Az'
s | . j
r — ]
7 /42 2
Ay'x Az'z Az'x'h Az'y * Az'y
- B - . /2 2
vy, = Ay'y Az'z Az'y" Az'y +.Az'x
/
A, -/ Az,z) + 22,
y'z ’ z2'x
f <! "A A i [ ]
% x'x n'y 0. X
bl= . o 1,1
y'x v'y y'z Y
z! A A A
- z'x z'y z'z z |
Thus the transformation matrix from local to global has been obtained.

(8.18)
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Another coordinates system X 9 z is defined for an clement with
a node (m) belonging to a plates-interconnection (1) (2) in

the following way. (fir. R.4)

The x axis of the system coincides with the line (1) (2),

The y axis is normal Lo the vertical plate through the Line (1) (2).

And the z axis is defined as the cross product of thc unit vectors

of x and y respectively.

M x P R
v - . . .
% Hoy [ Y, T 1
3z | [ %27 %1
2 2 2
) _ S - _ i}

-
v)—( = IJ—)—,y = ”ix//‘ + ne,
HS"Z (b |
r [ ]
- 2 2
2 Hix uxz//\/{li:x ¥ “iy
> b I a '
vz Y “xy - Heg u'y
‘J‘— :‘ 3
- }
22 | iy Ul) J
- _’1 h l— _ _ r .
X Hex l‘lxy Kz x
v ) = 1- - L~ 4 }
Y Yox o By My !
L 2 | Mz x uéy Hzz ) L 2 )
" X
{5t -
Y &g Y
z z

(8.19)

(8.20)

(8.21)

(8.22)

(8.23)

(8.24)
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Combining equations (8.18)(8.24) and considering the orthogonal

nature of the matrices [Teg] ’ [Tég] the following

relationships can be obtained

X1

xl

' = - v -
Yy [Tee] y (8.25)
z' z
v - v - v -
x"x x'y x'z
[Teél = vy'i vy,§ vy,2 (8.26)
V- v_,~- \ 2
z'X z'y z'Z
| A
(T=] = (T_1 [T.1" (8.27)
ee eg ég ]

For co-planar nodes the assembling of the equations is peformed in
the local co-ordinates system.

For nodes belonging to an interconnection of two plates or to an
externgl boundary the displacements set u', v', w'
"is transformed employing the m;trix' [Teg] (8.18) to the
global displacements u, v, w toéether with the relevant transformation
procedure for the various matrices involved (8.7). The set of
total rotation, transverse shear displacements and moments is
transformed employipg the matrix [Teél (8.25) to the coordinate
system x ; z eliminating at the same time the transverse shear
displacement relevant to the cross section normal to the x a#is .

For nodes belonging to an interconnection of more than two
plates all the different parameters are transformed to the global
system xyz employing the matrix [Teg] eliminating at the same time

the transverse shear displacements.
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8.4 Condensation

When the elimination of a number of nodal degrees of
freedom {6;] is required from the total vector of'{di}with
the remaining vector noted as {5?} the following relationships
can 'be obtained,
The stiffness matrix can be partitioned with regards to the

two sets of nodal degrees of freedom. {8°) , {6}

1 2
e e
[x,,] {61} + K] {52} = {Rl} (8.28)
e e _
[x,,] {61} +IK,) {62} = {Rz} (8.29)
Solving equation (8.29) with respect to (63} and substituting
the value for equation (8.28) one obtains:
e —-—
[K_ ) {61} - {Rcd} = ¢ (8.30)
K 1= (K.] - [K._] K. 17 (K] (8.31
cd’ T 11 12 22 21 -3
_ _ -1
R 41 = {Rl} [k, .1 [K,,] {r,} (8.32)

In the same way the stress matrix after the condensation has

the form

1

_ _ - e , -1
{o} = ([sll [521[K22] [K21]){61} + [521[K22]

{Rz} (8.33)



9.2

_67-.

9. EXPERIMENTAL WORK

Introduction

The experimental part of the presenf work consists of the
construction and testing of two polyhedral domed sandwich
structures.

(a) The 24 faced dome (see Photogr. a ). This dome is

formed by six 4 faced pyramidal flat segments (see Chapter 13 ) .

(b) The 36 faced dome (see Photog.. b+e).The second dome is an
extension of the first formed by adding six "dormer" sections

(see Chapter 13 ).

The dimensions of both the domes have been obtained through a
computer programme (outlined in [Bj).They arc included in Chap. 13
and are presented in the relevant section. The experimental
results obtained from the various loading cases are presented in

the same section

Construction and Materials

The decisive factor for the determination of the dome's
dimensions was the size of the basic orthogonal sandwich sheet,
readily available from the manufacturers. The panels forming
the two domes are all identical as far as their dimensions are
concerned and have been formed as part of fhg basic orthogonal
sandwich sheet, as shown in Fig. 9.1 , so that from ea;h sheet
two panels can be obtained with the least possible wastage of

material.
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. A D
-
AB = CD =1.23 m
AD = BC = 2.25 m
1.20m

AC = 2.42 m

B C

} 2.44 m { FIG. 9.1

The sandwich papels used were composed from hardboard faces
of 4.1 mm thickness and polyurethane core of 50,8mm thickness.
The elasticity moduli for the above mentioned materials,
as well as for the composite sandwich structure used for the

present analysis, were obtained by other researchers [21,46,85]_

The properties of all the various sandwich panels used in
the present work are presented in  figs. 13.2,13.3.
The construction of the two domes was carried out in the

following way:

(a) First thé supports and the foundation of the structure were

built. Detailed drawings of the foundation are presented in Fig.9.2+9.7
The foundation must be functioning, at the final stage, in

such a way that the displacements, with respect to all three

global axes, are zero without constraining the corresponding

rotations (pinned-joint function).
For the construction stage a limited amount of displacements

with respect to x and y axes have been allowed so that dimen-

sional inaccuracies could be overcome (see detailed drawings). 9.4+9.6
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(b) Second the six 4-faced pyramidal flat segments (Fig. 9.8.1)
as well as the six "dormer" sections (Fig. 3.5.2) were built
by joining the identical triangular sandwiéh panels together.
The joilning technique details are presented in Fig. 9.9

The joining technique ﬁas been tested and found satis-
factorily strong and economical. Details with regard to the

behaviour of the joints are presented in Chapter 10.

(c) At this stage the first dome was formed by erecting the
six segments on site and by adjusting the previously mentioned
mechanisms at the supports so that all six segments came
together. Next, the joints of the adjoining segments, which
were built using the same technique mentioned above, were
secured by the fitting of the steel cover plates and bolts
(See Fig. 9.10)

It is worth mentioning that the construction of the six
segments was carried out in 10 days and the erection andlforma-
tion of the first dome in one day, with the help of three

departmental technicians.

(d) After the testing of the first dome was accomplished,
the second dome was built by eretting and joining to the
existing first dome the six "dormer" sections. The same
joining technique was used as previously. (sen fige. 9.11)

The second dome was then tested.
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Testing of the Domes

The two domes were tested under concentrated loads acting
at the centroids of certain groups of panels.

’

The first dome was tested under two loading cases:-

1st Concentrated load of 1216 N at all upper panel centroids.

2nd Concentrated load of 1216 N at all bottom panel centroids.

The second dome was tested under three loading cases:-—

1st Concentrated load of 1216 Nt at all upper panel centroids.
2nd Concentrated load of 1216 Nt at all bottom panel centroids.

3rd Concentrated load of 1216 Nt at all "dormer" centroids.

The following assumptions made in the analysis of the

structure were tested.

(a) The behaviour of the supports was found satisfactory.
The displacements measured at the supports were practically
zero. (Approximately two orders of magnitude smaller than the

maximum displacement).

(b) The behaviour of the structure under certain concentrated
loads was found to be, with regard to the structure as a whole,

such that the analytical assumption of an elastic behaviour can

" be considered as a falr approximation. Visco-elastic indentation

of the faces was observed.locally for the loaded panels in a
limited area surrounding the loading point, which required a little

time (1 hour) to recover.

(c) To minimize the effects of temperature and relative humidity

changes as well as the wind effects, the testing of the domes under
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various loading cases was accomplished under as similar weather
conditions as possible. In addition, the surface of the panels

was covered by two layers of "yacht varnished" for weather

protection.

(d) The structure was assumed to be symmetrical. The dimension

inaccuracies observed during the construction stage were negligible.

The symmetrical behaviour of the domes was tested next and
found to be satisfactory. First, the displacements at certain
symmetrical points under a symmetrical loading case were measured
and found to be almost symmetrical (with a maximum deviation of
10 per cent). Second, the displacements (of a poiﬁt on an axis
of symmetry), normal to the axis of symmetry, for a symmetrical
loading case were measured and found to be negligible.

Due to the above reasons, the assumption of the symmetrical
behaviour of the structure under symmetrical load was considered
to be valid and consequently only 1/12 of the two domes Qas
numerically modelled for the loading cases (symmetrical) mentioned

previously.

(e) Time-dependent behaviour was also observed. To minimize the
effects of this behaviour the measurements of the points by the
theodolites have been taken in the minimum possible time starting
always from the loaded panel where the time-dependent behaviour

is expected to occur. -

(£) The application of the high density concentrated load of

1216 Nt per loading point, as already mentioned, was dictated by
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the high rigidity of the structure and the accuracy of the method
used for measuring the displacements, to be outlined in the next
section. Special steel cylindricaldevices were used at the
loading points to secure the vertical application and spreading

of the load.

Displacement Measurement

Under a certain loading case the displacements of certain
points were measured (see Chapter 13)
For this a combination of two theodolites was used. The

theodolites were secured so that they were at the same horizontal

" level separated by a constant distance.

For each modelling point on the structure eight readings
were obtained, four with the structure unloaded and four with the
structure loaded. The four readings in each case consist of one
horizontal and one vertical angle from both the theodolites.

The global displacements have been obtained for each point
from the above measurements by the foliowing mathematical formula-
tion, through a computer program based on it.-

The first and second theodolites are considered to be at

points 0,, 0, respectively (see Fig. 9.12)

2

A modelling point, at A, before the application of the load,

1

is to be considered.

The coordinates of A1 with respect to the two cartesian

. [ ] ] 1 ] ]
cooxrdinate systems x101y1, x202y2 are (ai, a2, a3), (al, a2-+£, a3)

where £ is the constant distance between 01 and 02 which has

already been measured.
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The following angles can be measuredby the two theodolites:

By

be

For Point A1 For Point Ai
angle ¢ + g ¢ |angle ¢' |+ g ¢
. [ ] L]
Horizontal YlolB1 h1 Y1°1B1 h1 From
angle
. ' ' . Point O
Vertical B101A1 v1 131011\1 v1 1
angle
. [ ] L
Horizontal YzozB1 h2 YZOZB1 h2 From
angle
Point O
. [ ] [ ]
Vertical BBIOZAl v2 8102A1 v2 2
angle
the following expressions the coordinates of the points can
related to the measured angles:
a = a2h1
a =(a2+1’_) h,
(9.1)
= ' ]
a a2 h1
t = 1 4,
a (a2 ) h
From (1) the following can be obtained:
£ n
1 h2
a - — 1 £
hy - h,
£ n
27 by - b
£ h! n! (9.2)
a - 1 2
| I [}
hy - hy
[}
o L h2
a - h' - h!
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The following expressions related the horizontal coordinates

1
aj; a,r ajr 3,

obtained by equations (2) with the third co-

ordinate a3, aé and the vertical angles. -(Mid value is being
taken)
/2 2 /42 2
+ +
. viva " +a” + v a (a2 L)
3 2
(9.3)
/2 2 2 2
' '+ a + 'J/ 'V o+ !+
o vivoag a', vy al (a2 L)
3 2
the displacements for the point A, can be obtained with respect

1

to the cartesian system x101y1 (or x202y2

= ' -—

uAl al a1
= 1 -

VA1 a a2
= | -

"2, %3 %3

)

(9.4)

The displacements with respect to any cartesian coordinate system

x 0 y can be obtained from the u '
nnn

Al ' VA1

appropriate transformation expressions.

w

Ay employing the



A1 a modelling point before loading 0102 = constant = £

Ai the same modelling point after loading

A,

22 = global vertical axis Z, = global vertical axis

; ;

v A

1 respectively on the horizontal plane x,.0

272¥2 = XYYy

Bl' Bi the projections of A1

Flg. 9.42
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BEHAVIOUR OF THE JOINT

10,1. INTRODUCTION

The behaviour of the joint, as it has been.formed for the construction
of the two domes, the 24-faced dome and the 36-faced dome, is to be out-
lined in the present chapter.

The behaviour of the joints belonging to the rest of the domes analysed

in the present work is assumed to be as outlined in ref.[BS].

10.2. TESTS

The strength of the joint under axial tension has been evaluated
experimentally by a series of tests for various forms of arrangement gzt
the position of the bolts.

It has been established by the results of these tests that the
presence of a wooden insert (as shown in figs. 10.1 - 10.4 )
significantly increases the tensile strength of the joint.

The ultimate axial load of the joint with a wooden cylinder, inserted
at the position of the bolts, as shown in fig.l10.2 , is 4.33 times greater

than the ultimum axial load of the joint without any insert at all.

The ultimum axial load at the joint in the form used in the construct-
ion of the two domes, which has a wooden cube as an insert, as shown in
fig.10,3 , is 10 times greater than the ultimum axial load at the joint
without any insert at all.

There are five wooden inserts per metre of joint length for each of
the joints in the two domes. This number has lseen assumed empirically
to be sufficient for the function of the joints with regard to the tests

that were to be performed with the two domes.
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The function of the joint is to be analysed in the following section.
10.3. ANALYSIS OF THE FUNCTION OF THE JOINT

10.3.1. AXIAL TENSILE STRENGTH

The strength of a unit length sandwich panel in axial tension,
assuming constant distribution of the stresses across the thickness at
the faces and that the contribution of the core is negligible (see

chapter 2 ). is given by the relationship:

p° =2.-F . Gf =2x 4.1 10_3 x 2.5 107= 2.05 105 Nt (1‘0.1’)
(see figs. 10.1 , 10.4)
" where p° is the axial tensile load for a sandwich panel of one metre

in length, and Gf the value of the normal stress at the faces,
For a joint line with 5 inserts per metre the axial tensile load is given
by the relationship.

i 3

j 5
P =n, . P =5x1510" = 0.75 10" Nt (10.2)

(see figs.l10.3 4 10.4)

. . i X
Where nin is the number of inserts per metre and P~ the experimental value

of the axial load per insert (see fig. 10.4 )
10.:3.2 STRENGTH UNDER BENDING

The active width fac. of the steel plate at a joint line functioning
under bending is assumed to be the one corresponding to the total length
of the wooden inserts per metre.

For a bending moment acting at the joint line the stresses which are
develdped, assuming that the distribution of the stresses across the thickness
of the hardboard faces or the steel plate is constant and that the contrib-

ution of the core is negligible, are given by the foilowihg relationships:

a) For the faces wheh the sandwich panel only is to be considered

M=1.f.<;f (¢ +f) (10.3)
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b) For the steel covering plates only
1 = f . . + 2 + = Nlin. .G ., . 10 4i
M ac. t_.G (c f ts) ém in. t_.6 (¢ +2f + ts) (10.4)

c) At the position of the bolt

C
M=pPom, . (e +2f + t) (10.5)

c .
where P~ = 0,9P° (see previous section) (20.6)

The maximum values of the bending moments which can be applied in
each case can be evaluated by substituting at the above relationships

the relevant maximum values of stresses or forces as follows

a) For the faces

6  max = 2.5 10" Nt/m2 ' Mmax = 5.63 10° Ntm/m ' (10.7)

f

b) - For the steel plates

G . max = 1.025 107 Nt/m? Mmax = 15.38 10° Ntm/m (10.8)

¢) ‘For the bolt

Pt - 15 10° M Mmax = 4.12 10° Ntm/m (10.9)
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10.4, ANGULAR FUNCTION OF THE JOINT UNDER BENDING

For valleys under the action of a bending moment as shown in fig. 10.5.3
the top steel plate can be deformed as shown in fig. 10.5.4.

For a bending moment acting with an opposite sign the presence of
the wooden insert restricts such deformation.

The same applies for ridges with a bending moment acting with an
opposite sign as shown in figs. 10.5.1 , 10.5.2,

The following analysis has been attempted for evaluating this angular
deformation of the joint under bending.

The static system and the applied load are as shown in fig. 10.6.

The resulting stressing condition of the plate is as shown in fip,10.6.

Through this the angular deformation can be evaluated as follows:

2
w - 248¢_ 2¢ cos$ sin M (10.10)
12E I d
s’ s
1 =Cac.t> /12 (10.11)
s ‘s ' *
2 .
0 = 2¢ cos¢ sin ¢ M (10.12)
E eac.tg d
s
w 12 cos ¢ sin ¢
2g” ot T =2 om (10.13)
E eac.th ¢
s s
d = 60 mm fac = 0.250 m ¢ =0.025m
8 = cos¢¢51ng (10.14)
For €,y =0.4% ‘M = 20/g Ntm/m (10.15)
For £, =0.8% M = 40/5, Ntm/m - (10.16)

The values of 5Land M are given by the graphs where they are plotted against

the value of the corresponding angle
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. 9. CONCLUSIONS FROM THE BEHAVIOUR OF THE JOINT

The type of the joint used for the construction of the two domes, the
24-faced dome and the 36-faced dome, is sufficiently strong in comparison
with the strength of the sandwich panels joined- by it, when the angular
function of the joint is negligable due to the sign of the acting bending
moment as explained in section 4.

It becomes obvious from the analysis of sections 3. and 4. that when
angular deformation of the joint is expected, the joint does not act as an
absoloutely fixed joint,

With the joint angle decreasing and/or the distance between the bolt
and the joint line increasing the joint tends to act as a hinge.

The values of joint angles which are formed by the various adjacent
sandwich panels forming the two domes, the 24-faced dome and the 36-faced

dome, are presented in fig. 10.7.
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11. COMPUTER PROGRAMS

11.1 Introduction

For the formation of the stiffness, stress and load matrices
(see Chapter 4 ) eleven separate subroutines have been developed.
The first seven deal with the sandwich plate bending models and
the remaining four with the dome models each of them corresponding
to the relevant model as they were presented in Chapters 6 and 7.

The listing of each individual subroutine is presented in
the Appendix.

All eleven subroutines are consistent with the main routine,
which is a modified version, by Bettess,of the frontal solution
technique for solving a large system of simultaneous equations as
it has been developed by irons.

The main routine assembles the various matrices for the
total number of elements (Chapter 4. ) and for a given set
of boundary conditions proceeds with the solution of the system of
simultanecus equations. [20,2i,64]

' The results for all the various models include for every
element: (a) the relevant nodal displacements, (b) the stresses.
(See Chapters 6 and 7 and Tables 11,1 + 11.11 )

For the displacement and rotation, plate and dome models
the stresses are evaluated at the centroid of the element in the
following order.

For the sandwich plate bending models:

{M r M + M v Q.+ Q)
XX Yy, XY, X Y

For the dome models

{M , M , M r Q. +, Q 4+ N r N, N 1}
xxc yyC xyc xc yc xxC ch xyC
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For the mixed model PMX12 the shear forces are evaluated at the

centroid of the element

For the mixed model PMX24 the shear forces are evaluated at the

first and second nodes of the element

{ Q4+ 9, 9

yl

For the mixedmodel DMX36 the shear forces are evaluated at the
first and second nodes and the in-plane forces at the centroid of

the element.

{g. . Q

x1

Due to the considerable amount of work involved for the
preparation of the data necessary for the solution of a problem,
an additional routine has been developed which can generate the
data for a problem suitable for all eleven models.

This routine, for most of the cases, considerably reduceg
the required amount of work, particularly if a series of solutions
with all of the different models involved are to be obtained.

The above mentioned routine has been employed successfully
for most of the cases which have been solved as part of the present
analysis. It is believed that it could, therefore, be similarly
usefully employed by any future users.

The different parameters involved in the data generation

routine are outlined in the next section.
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11.2 DATA GENERATION ROUTINE INPUT

11.2.1 First the structure has to be divided into triangular elements.

It is very advantageous as far as the computer time and con-
sequently the cost per run are concerned to employ as few types of
elements as possible. The texm "types of elements" indicates
elements of the same nature (one model can be employed for the
solution of a problem at one time) but with different dimensions and
elasticity moduli.

For an element "similar' to a previous one with regards to
the above mentioned parameters (dimensions and elasticity moduli
of an element) the various matrices which have already been cal-
culated and stored for the first of the similar elements can be
used again for all the remaining similar elements.

For this purpose storage space for two different sets of
matrices is allocated.

The polyhedral sandwich dome structures (see Chapter 1) take
full advantage of the above mentioned principle.

The numbering of the nodes is then carried out employing
single numbers for each node as if the node had only one degree of
freedomn.

The numbering order is totally insignificant.

If a particular problem is to be solved by more than one
model (including mid-side nodes models) it is advisable to number

the mid-side nodes together with the corner nodes.

11.2.2 The second step is the numbering of the elements.
It is of great importance that a node which belongs to

more than one element appears in such a way that the difference
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between the smallest number of the element, where the node first
appears, and the largest number of the element, where the node
last appears, is the minimum possible.

Another important factor which must be taken into account in
the numbering of the elements in combination with the above mentioned
rule is that one must use the storage facility for similar element
matrices in the most efficient way as far as the calculation of the
various matrices for an element is concerned (see paragraph 9 INFO(3)).

This can be achieved by numbering the similar elements in
consecutive qrder. Note that a similar element can be obtained by
using the option of 180° rotation of an element (see Chapter 8

Section 2 and paragraph 3 ).

31.2.3 Six numbers are punched via FORMAT (615).

The first number (NEIDOS) indicates the code number of the
model to be employed (see tables 11.1 + 11,11 ).

The second number (NELEM) indicates the total number of
elements involved in the problem.

The third number (NKiND) indicates the number of different
elements as far as the coordinates of the elements are concerned,
(maximum 30).

Note that a set of coordinates resulting by pure translation
from a previous one is considered identical to the latter.

The fourth number (NSTIF) indicates the number of different
stiffness sets as regards the elasticity moduli which are to be
cbnsidered in the problem, {maximum 10).

The fifth number (NBOUL) indicates the total number of

different boundary lines (internal or external) as regards the
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boundary conditions and the transformation which are to be con-
sidered in the problem, (maximum 16).

The sixth number (NBOUP) indicates the number of different
individual points with a singularity as far as the boundary
conditions and the transformation are concerned so that they have
to be considered separately and not as part of one of the previously

mentioned boundary lines.

(NBOUP + NBOUL < 26)

Note: All the above set limits can be increased by changing the
size of the relevant.arrays in the data generation routine.

For changes which particularly affect the limit of the
numbers NSTIF and NBOUL changes in the arrays of the main solving

routine have to be introduced.

11.2.4. Nine numbers are to be punched via FORMAT (6D 10.3,/,3D 10.3)
for each of the different coordinate sets. (see NKIND paragraph 3).
They represent the coordinates of the three corner nodes
of the relevant element with respect to a global cartesian co-

ordinate system in the following order:

The numerical subscript indicates the 1st, 2nd and 3rd node

respectively.

.11.2.5. Twelve numbers are to be punched via FORMAT (6D 10.3,/,6D 10.3)

for each of the different stiffness sets (see paragraph 3 NSTIF).
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They represent the elasticity moduli of a set in the

following order:

p**, p¥¥ , p¥¥ = pXx = X2 o g¥Z
XX XX Yy Xy X2 yz
gX¥X , gYY , pXX , Yy ' XY , p*X
XX XX Yy Yy xy YY
(see Chapter 2, Section 2 )
Note:
(a) That D;; has to be punched only if it is different from Diz
(b) For sandwich plate bending problems the moduli relevant to
plane stress (E;:) can be substituted by zeros.
11.2.6. A code number (see paragraph 3 NBOUL, NBOUP) must be punched

for each individual boundary line and boundary point via FORMAT (261 3).
The first one represents the code number for the first
boundary line and the (NBOUL)th one represents the code number for
the last boundary line.
The (NBOUL+1)th one represents the code number for the first
boundary point and the (NBOUL + NBOUD)th one represents the code

number for the last boundary point (see tables

1st 2nd 3rd 4th ...... NBOULth (NBOUL+1l)th ...... {NBOUL+NBOUP) th
+

(] o ] Q (] =1 e
=1 = e =} o ia) =1
Il | | s la) [o] oa)
] = H - - A o]
a
m m m m v 000 ﬂ m R ui
o o T = n e o
(0] o N + o n (0]
— o ™M << | — S

NBOUL + NBOUP < 26
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11.2.7. A set of six numbers must be punched via FORMAT (6D 10.3)
for each of the boundary lines (see paragraph 3 and 6).
They represent the coordinates of two points Al' A2 on the

relevant boundary line with respect to the global cartesian co-

ordinate system in the following order:

The numerical subscripts 1, 2 indicate point A1 and A2 respectively.

\ 11.2 .8. Generally for all eleven models six numbers must be punched
next via FORMAT (61IS) for each individual element in the structure
from the first to the last element:in a consecutive order.

They represent the numbers of the nodes from the 1st to

the 6th as they have been set out. (See paragraph 1).

Note: {a) The order of the nodes must be consistent with the

setting of their coordinates (see paragraph 4 and Appendix I ).

{b) For models with only corner nodes the first three
numbers (relevant to the corner nodes) are necessary although all

six can be punched as well. (See paragraph 1).
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11.2.9. Sixteen numbers must be punched next via FORMAT (16IS) for

every element.

The first number (INFO(l1)) indicates the relevant stiffress

set to be used for the calculation of the various matrices (from the

NSTIF sets. See paragraph 3).

Note: Even if the various matrices are to be taken ready from the
storage space, in the case of a similar element, the above number

must be set greater than zero.

The second number (INFO(2)) indicates the relevant co-

ordinate set to be used fdr the calculations of the various matrices

{from the NKIND sets. See paragraph 3).

Note: If set to zero the coordinates of the nodes are to be
set as zero. This option can only be used in a case of a similar

element.

The third number (INFO(3)) indicates the storage technique

to be used and has the following significance with regard to the

setting of the value.

If 11: it evaluates the various matrices, stores them in position I

of the storage, and uses them.

If 12: it evaluates the various matrices, stores them in position II

of the storage and uses them.

If 1: it takes and uses the various matrices stored in position I

of the storage.

If 2: it takes and uses the various matrices stored in position II

of the storage.
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them.
If -1:
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it evaluates and uses the various matrices without storing

)

it takes the various matrices from position I of the storage

and uses them after transforming them by a rotation of 180o (see

Chapter 8, Section 2, paragraph 3).

If -2:

it takes the various matrices from position II of the storage

and uses them after transforming them by a rotation of 180o (see

Chapter 8, Section 2, paragraph 3).

The 4th, 6th, 8th,

10th, 12th, 14th numbers are set as follows

Number | 4th| 6th| 8thj 10th| 124h| 14th | The operations listed below are
Refors | 1st| 2nd| 3zd| 4th| 5th| 6tn | cO Pe carried out depending on
the setting of the corresponding
to node| node| node| node| node| node
number (as shown)
if it Transformation and boundary
is set 1 2 3 4 5 6 conditions
to
>> -1 -2 -3 -4 {.-5 -6 Boundary conditions
>> 0 0 0 0 4] 0 | Unchanged
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11th, 13th,

15th numbers are set as

follows (to be set, if the previously

the present numbers are combined with

defined six numbers which

are different from zerxro).

Indicates that the relevant

Number| 5th{ 7th| 9th{11th|13th|15th node is linked with the Nth.

Refers{ 1st| 2nd] 3rd| 4th| 5th| 6th| boundary line or point

to node| node| node| node| node| node| (paragraph 6) as follows

com~ 4th| 6th| 8th| 10th| 12th| 14th s .

. As previously defined

bined | num—| num-{ num-| num-| num-| num-

with ber |ber |ber |ber | ber |ber

is set N N N N N N WHERE N inéicates t?e th

to boundary line or point in
the order they have been
defined in paragraph 6.
The transformation is to be
performed with respect to
the system defined by the
line Al A2

is set {only if the corresponding

to N N "N | N -N N number of the previously
defined set is positive) N
as above. The transforma-
tion is to be performed
with respect to the global
coordinate system.

See paragraph 7 and Chapter 8.

The 16th number indicates the loading condition for the

element and is set in a value as follows
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0 If no load is to be applied
n Where n is the number of the non zero terms of the load

matrix which is of the following form

P the component of the uniformly distributed load with respect

to i global axis

the component of the concentrated load at node j with

respect to i global axis

If the 16th number is 0 the next card is the card with the
16 numbers for the next element.

If the 16th number is different from zero the next card
(cards) must be inserted in the following way via FORMAT (I5,D 10.3).
The first number to be' punched indicates the column of the non-
zero term in the load matrix and the second number indicates the

magnitude of the non-zero term.
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12. SANDWICH PLATE BENDING RESULTS

The various sandwich plate bending models, (see fig. 12.1), out-
lined in chapter 6, were tested by solving a series of problems, for
which other solutions have already been found by other researchers.

The characteristics of each individual model had to be established
by the analysis of the obtained results.

As outlined in chapter 7 the sandwich dome models were formed by
extending certain sandwich plate bending models,

The selectionof these models was based on the conclusions drawn from
the comparative analysis of fhe results from the plate models presented
in this chapter.

The analysed problems are classified as follows.

12.1 Theoretical results.

Most ol the existing theoretical results are obtained from numerical
solutions of certain sandwich plate bending problems (small deflections).[21 ]

The following were chosen for the analysis.

12.1.1. Comparison with Dynamic Relaxation Method [16]

Square isotropic sandwich plate under uniformly distributed load.

The plate is simply supported with the twisting moment fixed to zero
(Mns = 0) all along the boundaries. (see figs. 12.5, 12.6, CASE 1)

. A second solution was obtained with the twisting moment acting (Mns # O)
all along the boundaries. (see figs. 12.5, 12.7, CASE 2) )

The deflection curvés obtained for the various models compare very
well with those of reterence [161. The model PDS21 is more flexible than
the rest. The same applies for the models PDS30 to a lesser extent.

For the mixed model PMX24 the agreement is very good; the mixed model

PMX.12 being less accurate,.

The v?rious models are very accurate with regard to the distribution
of moment. The agreement with regard to the distribution of shear stresses
varies from very good for the models PDS21 and PMX24 to fair for the
models PDS15 and PMX12 [167.
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12.1.2., Comparison with Finite Difference Method [110]

Square orthotropic sandwich plate under uniformly distributed load.

The plate is simply supported with the twisting moment acting
(Mns £ 0) all along the boundaries.

Six sets of results were obtained by varying the properties of the
plate, (see tig. 12.5, CASES 3 '+ 8)

The results for each case are presented in figs. 12.8 + 12.11

The various models behave in the same way as presented in the

previous section 12.1.1.

12.1.3. Comparison with Finite Difference Method [110]

Square orthotropic sandwich plate under uniformly distributed load.

The plate is clamped with the twisting moment acting (Mns0) all
along the boundaries.

Three sets of results were again obtained by varying the properties
of the plate. (see fig. 12.5, CASES 9 + 11)

The results obtained for each individual case are présented in figs.
12.12 + 12.20,

The maximum values for the deflection, moment and shear stress
obtained through the various models are plotted against the values of
shear stiffness for the different cases., (see figs. 12.19, 12.20
CASE 9 - 12)

The deviation of the deflection obtained through the model PDS21
increases for small values of shear stiffness as the deflection due to
shear becomes predominant in the increase of the total deflection,

The effect of the shear stiffness on the moments and shear stresses

is negligible.

12.1.4. Comparison with Finite Element Models [21, 97]

Skew isotropic sandwich plate under uniformly distributed load.
The plate is simply supported with the twisting moment acting (Mns #0)
all along the boundaries. (see figs. 12,21 + 12.24, CASE 1)
A second solution was obtained with the twisting moment fixed to
zero (Mns = 0) all along the boaundaries. (see figs. 12.21 + 12.27, CASE 2)
The models PMX12, PMX24 appear to be stiff and the models PDS21,
PDS30 flexible for CASE 1 with regard to the deflection although the’
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agreement for CASE 2 is very good.

For the distribution of the moment My tor CASE 1 the agreement is
reasonable for most of the displacement models, although the mixed models
differ because the My was fixed to zero at the corner A. For the dis-
tribution of the Mx for CASE 1 the mixed models are more accurate,

For CASE 2, all the models are quite accurate with regard to the
distribution of the moments Mx, My, the mixed models being superior in

this respect.

12.1.5. Comparison with Fourier Series Method. [66]

Skew isotropic sandwich plate under uniformly distributed load [66]

The plate is clamped with the twisting moment acting (Mns#0) all
along the boundaries.

Four sets of results were obtained by varying the skew angle of the
plate. (see figs. 12.28 + 12.37, CASES 1 + 4)

For all the cases the mixed models as well as most of the displacement
models are seen to be accurate, the mixed models being superior in this
respect.

The higher order models PDS24, PDS30 appear to be less accurate.

12,2 Experimental Results

12.2.1. Comparison with Sandwich Plates tested by Bettess

Square sandwich plate under concentrated load at the centre of the
plate. [21]

The plate was supported at all four corners and the edges were-
unstiffened (Mns = O all along the boundaries.)

Seven cases were analysed corresponding to seven differeéent sandwich
panels tested by Bettess.[21] (see figs. 12.38 + 12.49, CASES 1 + 7

The above cases proved to be the most difficult modelling tests for
the various elements.

The models PDS21, PDS30, PRO18 show an increased flexibility (up to
45%) for most cases excepting CASE 6. (seé fig. 12.39)

Due to the above behaviour additional boundary conditions were
introduced for the above models, by restraining the rotations at the four
supports.

For the quadratic mixed model PMX24 the modelling was performed with

the twisting moment acting all along the free edge. Despite this, the
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model behaves in an increasingly flexible manner for cases 1, 2 and 5,
but becomes stiffer for case 6.

The displacement models PDS15 and PDS24 proved more succesful than
the rest with the exception of case 5, generally agreeing very well with

the experimental results.

12.2,2, Comparison with triangular sandwich plates under concentrated

load tested by COLLINS [21, 33, 85]

Six cases were analysed varying the shape, the loading point and
the boundary conditions of the plate. -

The properties of the plate were the same as Bettes's Plate 3,

For all the models the agreement with the experimental results varies
from good to very good. The displacement models PDS15 and PDS24 appear
to behave in a less flexible manner in comparison with the experimental
results, the latter being closer to the behaviour of the models PDS21
and PDS30 which behave as in the previously analysed cases with an
increased flexibility. The behaviour of the mixed models PMX12, PMX24

and the rotation model PRO18 is very satisfactory.
12.3 Conclusions

SeQen different models were used in the present analysis to solve
sandwich plate bending problems as presented in section 12.1 and 12,2
serving the purpose of comparison between the mixed variational approach
and the displacement variational approach. (chapters 4 and 6)

An attempt was made by simulating the theoretical and experimental
results obtained by other researchers, to understand the behaviour of
the various models and from the comparative study to select the most
efficient and appropriate for the sandwich dome problem as explained in
chapters 7 and 12.

The following can be concluded from the problems analysed in sections
12.1, 12.2,

From the convergence study presented in figs. 12.2 + 12.5 it is
evident that all the models converge, the higher order in a better way
as expected.

The improvement in the accuracy obtained from the higher order dis-
placement models PDS24 and PDS30 in comparison with the models PDS15 and
PDS21 does not provide enough justification for the considerable increase

in computational effort, due to the increase in the‘total number of



_95_

unknowns for a problem. (see fig., 6.1, 6.2,12.2 + 12.5)
Another important factor is the bhoundary conditions for the higher
order models PDS24 and PDS30. They include restraintsof second deriv-

ations of deflections (wnn' w_, wss) which adds one more difficulty

sn
to the already delicate problem of simulating the physical boundary

restraints.

This proved to have a very great influence in the case of the square
plates supported at the four corners under concentrated load, as mentioned
in Section 12,2,

The displacement models tend to show better accuracy for problems
with few displacement constraints(free edges) than the mixed models. On
the other hand for problems with a large number of displacement constraints
(clamped edges) but few constraimts for the mixed models, the latter are
more accurate in their behaviour.

The saﬁe is valid from the numerical and computational effort point
of view when the boundary constraimts are introduced as computer data.

The mixed models proved advantageous with regard to the distrib-
ution of the stresses and in particular to the distribution of moments,
which is obtained from nodal values, as for the mixed models the moments
represent degrees of freedom (see chapters 4, 5 and 6)

As expected the increase in the order of the shear variation for
the models PDS21 and PDS30 produce more flexible models because of the inc-
rease, as mentioned in section 12.1.1, in the part of the total deflection
due to shear.

This was proved to cope in a better way with problems where the
ratio shear stiffness over bending stiftfness S::/Dzi (see chapter 2) had
small values of the range between 1 + 15, as some of the cases tested

experimentally. (12.2)

12.4 The extension from Plate to Dome Models

As already mentioned in chapter 7, four plate models were extended
to form the four dome models (figs. 71, 72 and 13.1). These are PDSL5,
PDS21, PMX24 and PRO18.

The two higher order elements PDS24 and PDS30 were rejected because,
as outlined in section 12.3, the accuracy obtained does not justify the
increase in the total number ot unknowns. Another decisive factor was
the difficulty which the second derivatives present in transformation

and boundary conditions.
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The mixed models PMX12 was rejected for reasons outlined in chapter 7.

The first models PDS15 (DDS21) has the advantage of possessing the
least degrees of freedom as a sandwich dome model, this being of great
significance from the computational effort point of view. The behaviour
of the model when lested by the different plate bending problems was
found, on average to be very satisfactory.

The second model PDS21 (DDS33) although it appeared to behave flex-~
ibly in most cases, was included in the set of dome models. The reason
for this inclusion was that most ot the dome cases to'be analysed,
presented a ratio of shear stiffness over bending stiffness (Szz/D:Z)
of a fairly low value. As outlined in the previous section, this
particular high shear model proved quite successful in this respect.

The third model PMX24 (DMX34) was very successful in a large number
ol cases but not so successful in others, as explained in the previopé
section, Its application to the dome problem will provide comparative
results between the mixed and displacement approach for the dome problem.

Special advantages of the mixed dome model include the higher
variation with regard to plane stress (second order) and the presence
of moments as degrees of freedom, the latter being very significant
for the analysis of dome structures (see chapters 10 and 13).

The fourth model PRO18 (DRO30) was successful throughout the various
sandwich plate bending problems. It was included in order to obtain
comparative results from the total rotation model category which it

represents,
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13. RESULTS FROM THE SANDWICH DOME MODELS

As presented in the previous chapter (see section 12.4), four sandwich
dome models were developed.

They were tested with a series of sandwich dome problems and the
obtained results were compared with the experimental results obtained for
the same problems by previous researchéfs as well as by the author himself.

These analysed problems are as follows:

(a) Tetrahedral dome <(fig. 13.6 + 13.17) (851
(b) Square Pyramid (fig. 13.18 + 13.32) ra217
(e) 16-faced dome (fig. 13.33 + 13.33) [85]
(a) 24-faced dome (fig. 13.59 + 13.87) (see chapter 9)
(e) 36-faced dome (fig. 13.88 +13.132) (see chapter 9)

The elastic properties of the sandwich panels from which the above
structures were constructed are listed in fig. 13.3. ‘
The olastic properties of the materials, from which the sandwich panels
themselves are composed, are outlined in 2ig. 13.2 (see also references
[21, 857)).
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13.1 Tetrahedral Dome (figs. 13.6 + 13.17) [85]

The shape, support conditions and dimensions of the structure are shown
in figures 13.6 and 13.7. (For a more detailed presentation see references
[21, 857 ).

This dome was analysed for one loading case. The structure was loaded
with 1INt vertical concentrated load applied at the centroid of face ABC as
shown in figures 13.6 and 13.7. Due to symmetry one half of the structure
was modelled.

The displacements normal to the face are plotted against experimental
results [85], for the loaded panel. (figs. 13.13, 13.13).

It is evident that the presence of a free edge at the loaded panel
increases the deformations due to shear, especially as the sandwich panels
forming the tetrghedral dome have low shear rigidity. (see fig. 13.3)

It is for this reason that the results obtained from the higher shear
variation model, DDS33, appear more accurate when compared with the exper-
imental results.

The horizontal displacements obtained from the various models are
plotted in figures 13.8 + 13.11, for half of the whole structure.

The moments and shear forces distribution of the loaded panel ABC, are
shown in figures 13.14 + 13.17. The results obtained from the various models
when compared with each other appear to agree fairly well in their respective
distribution form.

For the mixed model DMX36, the moment Mnn' where n is the vector normal
to the relevant joint line (see fig. 8.2), was fixed to zero all along the
various joint lines of the structure, with the result that the jointsacted
like hinges.

This constraint of the moment Mnn was justified by the way these joints

were constructed. (see chapter 10 and reference [857).

13.2 Square Pyramid (figs. 13.18 + 13.32) [21]

The shape, support conditions and dimensions of the structure are shown

in figures 13.18 and 13.19. (For a more detailed presentation see reference [21]).

This structure was analysed when loaded with 1 Nt vertical‘concentrated
load at all four face centroids, as shown in figures 13.18 and 13.19. Due
to symmetry only one half of the structure was modelled.

The horizontal displacements for half of the whole .structure and the in-
plane stresses at specific points of the loaded face EBC are shown in figures
13.20 <+ 13.23.

The agreement between the results obtained from the various models and

the experiment with regard to the in-plane stresses is very good. ‘The models
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with higher order variation of the in-plane displacements (DDS33,.DMX36,
DRO30) show increased values of horizontal displacements, as expected, when
compared with the linear variation model with regard to the in-plane dis-
placements. (DDS21).

Displacements normal to the face are plotted against experimental
results [217, for the loaded panel EBC. (see figs. 13.24, 13.27). The
agreement between the experimental results and the result obtained from the
various models is good, especially for the models DDS21 and DMX36.

The free edge does not influence the behaviour of the loaded panel in
the same way as outlined in the previous section.

This is due to the high shear rigidity of the aluminium sandwich panels
from which the square pyramid is composed. (see fig. 13.3).

The distribution of moments for the loaded panel EBC is shown in
figures 13.28 + 13.32.

The results obtained from the various models, when compared with each
other, appear to agree very well in their respective distribution form.
Moreover, the agreement with the experimental results is also very good.

For the mixed model DMX36, the moment Mnn’ where n is the vector normal
to the relevant joint line (see fig. 8.2), was fixed to zero all along the
various joint lines so that the joints acted like hinges. This constraint
of the moment Mnn was justified by the way these joints were constructed.

(see chapter 10 and reference [857).

13.3 16-faced domes (figs. 13.33 + 13.58) [85]

The shape, support conditions and dimensions of the structure are shown

in figures 13.33, 13.34. (For a more detailed presentation see reference [857).

This structure was analysed for two loading cases. Due to symmetry only
1/8 of the structure was modelled.

The first loading case consisted of 1Nt vertical concentrated load

- acting at all eight upper panel centroids. (see figs. 13.35 + 13.46).

For the second case the load was 1 Nt vertical concentrated load applied
at all eight pottoﬁ panel centroids. (see figs. 13.47 + 13.58).

The experimental results are presented in reference {851. For each
loading case, the horizontal and vertical displacements for 1/8 of the whole
structure as well as the normal displacemert s of the loaded face, obtained
by employing the four individual dome models, are plotted against the
experimental results. [85]. (see figs., 13.39 + 13.42, 13.51 + 13.54)

The agreement between the results obtained from the various models and

the experimental results varies from quite good for the first model (DDS21)
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to very good for the remaining models (DDS33, DMX36, DRO30). (see figs.
13.39 + 13.42, 13.51 + 13.54)

The reason for this is the linear variation of the in-plane displacements
for the first model (DDS21) in comparison with the higher order variation
for the same parameters for the other models:

For the second loading case the presence of the free edge and the low
shear rigidity of the sandwich panels forming the structure, resuited in the
same behaviour, with regard to the higher order shear model DDS33, as the
one observed in the tetrahedral dome (see section 13.1), in that the latter
mod el showed increased flexibility.

For the mixed model, DMX36, the moment Mnn' where n is the vector normal
to the relevant joint line (see fig. 8.2), was fixed to zero all along the
various joint lines of the structure, with the result that the joints acted
like hinges. -

This constraint of the moment Mnn was justified by the way these joints

were constucted. (see chapter 10 and reference [857).

13.4 24-faced dome (figs. 13.59 + 13.87)

The shape, support conditions and dimensions of the structure are shown
in figs. 13.59, 13.60.

Details relevant to the construction and testing of this dome are
presented in chapter 9.

This structure was analysed for two loading cases. Due to symmetry,

only 1/12 of the structure was modelled.
The first loading case consisted of 1 Nt vertical concentrated load

acting at all twelve upper panel centroids. (see figs. 13.62 =+ 13'74).

In the second loading cése the vertical concentrated load of 1 Nt was
applied at all twelve bottom panel centroids. (see figs. 13.75 + 13.87).

The experimental results are presented in figures 13.62 and 13.75 for
each loading case respectively.

The horizontal and vertical displacements for 1/12 of the whole structure
as well as the normal displacements of the loaded face were obtained for
both loading cases by employing all four individual dome models.

These results are plotted against experimental resu1t§ obtained by
testing the structure as presented in chapter 9.

For both loading cases, thé higher order variation of the in plane dis-
placement models DDS33, DMX36 and DRO30, yield better accuracy than the linear

variation of the in plane displacement model DDS21.
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The accuracy obtained is satisfactary. All the models agree in their
deformation pattern with the experimental results. The higher order shear
variation model DDS33 agrees well with the experimental results especially
for the second loading case, where the presence of the free edge at the
loaded panel influences the results in the same way as explained previously.
(see sections 13.1, 13.3).

For the mixed model DMX36, the moment Mnn’ where n is the vector normal
to the joint-line AB (see fig. 8.2) was constrained to zero all along the
line for both loading cases. This was enforced in order to simulate the
joint action as outlined in chapter 10.

Some further conclusions drawn from the analysis of the 24-faced dome
are as follows:

First, with regard to the joint-lines, and, in particular those unaffected
by the joint action described in chapter 10, the covering steel plates (see
chapters 9. 10) have a stiffening effect on the structure in the longitudinal
direction of the joint. As a result, a more detailed analysis must be
carried out by modelling the area adjacent to the joint lines with elements
of a higher stiffness.

The second conclusion fefers to the support conditions of the overall
structure. In the analysis it was assumed that the structure is supported
at points with all three displacements u, v, w as well as the moments MZ,
and Mx (where x, and z the gloval axes, see figs. 13,59, 13.60) fixed to
zero,

The supports at the actual structure were constructed in such a way that
the above assumption is fulfilled (see chapter 9).

However, due to the considerable stiffness of those parts of the supports
which are joined to the sandwich panels the assumption of points supports is
not valid.

Thus for a more correct representation of the supports' behaviour a line
support instead of a point support is recommended.

In addition, the elements adjacent to this lineé support must be considered

with an increased stiffness.

13.5 36~faced dome (see figs. 13.88 +13.132)

The shape, support conditions and dimensions of the structure are shown
in figures 13.88 - 13.90

Details relevant to the construction and testing of this dome are presented
in chapter 9. This structure was analysed for three loading cases. Due to

symmetry only 1/12 of the whole structure was modelled.
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The first loading case consisted of 1 Nt vertical concentrated load
acting at all twelve upper panel centroids: (see figs. 13.91 + 13.104 )
In the second loading case a vertical concentrated load of I Nt was
applied at all twelve bottom panel centroids. (see figs. 13.105 + 13.118 )
For the third loading case the same load was applied at all twelve
centroids of the panels forming the dormer sections. (see figs. 13.119
+ 13.132)

The horizontal and vertical displacements for 1/ of the whole structure

as well as the normal displacements of the loaded faiz, were obtained for
each individual loading case, employing the four dome models.

These results are plotted against the experimental results obtained
by testing the structure as presented in chapter 9. The same conclusions
as stated in the previous section are again valid for this dome.

The models DDS33, DMX36 and DRO30 are more accurate than the model
DDS21. All the models agree in their deformatidén pattern with the exper-
imental results.

The higher shear order element, DDS33, agrees well with the experimental
results especially for the third loading case where the presence of the
free edges on the dormer section panels influences the results in the same
way as discussed in sections 13.1 and 13.3.

For the mixed model, DMX36, the moment Mnn' where n is a vector normal
to a line (see fig. 8.2), was constrained to zero all along the joint-lines,
AB and BD, for every loading case,

This was enforced in order to simulate the joint action as explained in
chapter 10. ‘ ‘

An investigation of the distribution of the normal moment, Mnn' all
along the joint lines for the different models, was carried out from the
obtained results.

It is evident from the cases, that when the load is applied on a panel
with a joint in the form of a valley adjacent to it then this joint will
experience normal moments Mnn' of a considerable magnitude exceeding the
limits found in the analysis of chapter 10 with regard to fhe joint action.

Further investigation and adaptation of the various computer programs,
developed in the present work, which will incorporate the function of the
joints, is therefore recommended. The mixed model, DMX36, has the most
potential in that respect due to the presence of moments as nodal degrees
of freedom.

A solution to the problem would be to introduce elastic constraints so
that the normal moments could be transferred at a joint line between adjacent

panels only when its magnitude does not exceed a certain limit. This limit

can be decided on by a semi-analytical method, (chapter 10) or by purely

experimental investigations.
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14. CONCLUSIONS

Four finite element models were developed for the analysis of the
polyhedral dome sandwich structures.

After a comparative study between the results obtained from these four
dome models and the experimental results of the five specific analysed
domes (see previous sections) it is evident that the accuracy obtained
from each model varies from fair to very good depending on the nature gf
the problem.

A convergency study carried out for the square pyramid (fig. 13.5)
indicates that the various models converge in a monotonic manner.

All the examined structures were analysed, using a subdivision of 100
triangular elements for each panel of the polyhedron,

Each individual model carries particular features which makes it more
accurate for certain cases. These are as follows:

The first model,DDS21, has the advantage of possessing the lowest number
of degrees of freedom.

For problems where the bending action is predominant, when compared
with the membrane action, this model yields accurate results.

For structures where the membrane action becomes predominant, as in
the caée of the last three polyhedra, the finite element models, with a
varjiation of the in plane displacements of an order higher than linear,
yield better results. This is due to the slow convergency of the linear
variation of the in-plane displacement finite element which is part of the
first dome model DDS21. As a result the model becomes relatively stiffer
and produces less accurate results.

As stated for the examined sandwich plate bending, as well as the
sandwich dome problems, structures with free edges experience high deform-
ations of the free edge when loaded at the relevant panel.

This is particularly valid for structures composed of sandwich panels
with core of low shear rigidity. In this case a representation of the
shear deformation with a variation higher than linear yields better results.

As discussed previously, the joint action could be of considerabie
significance for the dome structures. Further research must be carried
out either analytically or experimentally in this direction as suggested.

This can be achieved numerically by modifying the models developed in
the present work so that they can accommodate the desired joint action.
The mixed formulation is more succesful in this respect.

The boundary conditions is another important factor and has to be

treated with great care as it has a very decisive effect on the results.
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Point supports, as mentioned for the sandwich plate bending and
sandwich dome problems, present difficuities which can lead to incorrect
physical representation of the structure. They can also lead to numerical
inadequacies. -

Depending on the degree of accuracy desired and the funds available
a more detailed study can be performed including all these factors, The
developed programs are able to accommodate such options.

For a complete understanding of the behaviour of the structures
analysed in the.present work the effects of geometric nonlinearities (large
deflections) and the time dependent phenomena (creep) must be considered.

These structures when loaded for a long period become subject to
considerable deformation which is largely due to the creep effect. This is
evident from the experiments performed by Parton as well as from those
carried out by the author. [85]

The first model DDS21 has the lowest number of degrees of freedom and
consequently is the most efficient for use in any future analysis which
includes the creep effects. _

This is due to the iteration procedure which must be employed in order
to solve the time dependent equations.

The author investigated these aspects but more research in this

direction is necessary.
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aij (i,j=x,Y)

a,, a' (i=1+3)
i’ "i

{8}

B, (i=1+18)

[B]

B, .
1]

(B7]

NOTATION

Parameters for natural coordinates

system.
Polynomial coefficients

Skew coordinates with respect to

system n, s .

t
Area of the n h element
Bending strains

Parameters related to the angles

measured by the theodolite

Vector of polynomial coefficients
Polynomial coefficients

Strains-displacements matrix

Elements of the [B] matrix
Bending strains-transverse
displacements matrix

Bending strains - shear

displacements matrix

Shear strains - shear

displacements matrix

APPENDIX I-V

CHAPTER 3
APPENDIX III

CHAPTER 8

CHAPTER 9

APPENDIX III

APPENDIX III

APPENDICES II-V

APPENDICES II,III

APPENDICES II,III

APPENDICES II,III



ctd

s (i,j.,x,8=x,Y)

[c 1

(D]

DlJ

rs (i,k,x,s=x,y)

Bending strains - total rotations matrix

Shear strains - total rotations matrix

Shear strains - transverse displacements

matrix

In-plane strains - in-plane displace-

ments matrix

Parameters for the transformation with

respect to the skew coordinates system

n, s .

Core thickness

Cartesian elasticity tensor.
When with a prefix f or c refers to the

faces or the core respectively.

Elasticity matrix relating the strains

vector to the stress resultants vector

Elasticity matrix relating the bending

and shear stress resultants vector

Perpendiculars of a triangle

Twice the area of a triangle

Elasticity matrix relating the stress

resultants vector to the strains vector

Elements of the elasticity matrix ([D]

with respect to the bending strains.

APPENDIX V

APPENDIX V

APPENDIX V

APPENDICES
IT -V

CHAPTER 8

CHAPTER 4

CHAPTER 4 and
APPENDIX 4

APPENDIX I



D Elastic constant CHAPTER 4

[D, ] Part of the elasticity matrix [D)

with regard to the bending strains
and shear straims

[Duv] Part of the elasticity matrix [D]

with regard to the in-plane strains

E;g (i,j,r,s=x,y) Elements of the elasticity matrix [D]

with respect to the in plane strains

ers {(r,s=x,y,2) Cartesian strain tensor
f Face thickness
F( ) Function

(F]

. . CHAPTER and
Matrices for the formation of the >

. . PP

[Fgen] shape functions matrix APPENDIX III

(GC]

h Plate thickness

hl,vl,hi,vi Parameters related to the angles CHAPTER 9
measured by the theodolite

I Functional

I Approximate expression of the CHAPTER 3
functional

o . : . th
[Kn] The stiffness matrix of the n element

with repect to a local coordinates system



(K ]
n

[K]

uv

mw

K 1

K"
n

K, (i=1+%3)
i

L (i=1+3)
in
in

ac

m, (i=1+%5)
1

M., (i,j=x,y or n,s)

ij

. . th
The stiffness matrix of the n

element with respect to a global

coordinate system

The overall stiffness matrix

Part of the stiffness matrix referring
to the in-plane displacements of the

th
n element

Part of the stiffness matrix (for the
mixed formulation) referring to the

transverse displacement of the nth

Part of the stiffness matrix (for the

mixed formulation) .referring to the moments
th

as generalised displacements of the n

element

Parameters for the formation of

various matrices

Natural coordinates for a triangle

Length of the side in

Length of an insert at a joint

Active length of a joint

Parameters for the formation of the
-1
matrix [F
gen

Bending srress resultants (Moments)

CHAPTER 4 and
APPENDIX IV

CHAPTER 4 and
APPENDIX IV

element

CHAPTER 4 and
APPENDIX IV

APPENDIX III

CHAPTER 8
CHAPTER 10
CHAPTER 10

APPENDIX III



e
{Mo}

{m%}
1

M.
i)

N

ij

(N]

")
(N®)
!
(")

(x°]
INY]
m

[Nuv

(1=1+3)

Vector of nodal degrees of freedom with

regard to the moments models

Vector of nodal degrees of freedom
with regard to the moments M , M ,
XX YY

Mxy respectively

(i,y=x,y or n,s) Moments as prescribed quantities

(i,3=x,y)

In-plane stress resultants

Shape functions matrix relating the
general displacements vector to the general

vector of degrees of freedom for an element

Element of the shape functions matrix

. .t
referring to the i h node

Shape functions matrix with respect to the

transverse displacements models

Shape functions matrix with respect to the

shearr models

Shape functions matrix with respect to the

total rotations models

Shape functions matrix with respect to the

moments models

Shape functions matrix (mixed model) APPENDIX

Iv

Shape functions matrix (mixed model) APPENDIX IV

Shape functions matrix with respect to

the in-plane models



=l
0l

b}

Q. (i,j=x,y or n,s)

Q. (i,j=x,y or n,s)

{R }
o

Coordinates of skewed coordinates

system

Number of inserts per metre of
joint-line
Load carried through an insert

at a joint

Load carried by the inserts per

metre of joint-line

Load carried by the hardboard

faces per metre of joint-line

Reduced by 10% value of load

carried by an insert

Distributed load vector

Shear stress resultants

(Shear Forces)

Shear forces prescribed quantities

Prescribed load vector,
corresponding to the general

displacements vector {62}

Generalised load vector for the
nﬂ’1 element with respect to a
local coordinates system
corresponding to the vector of

nodal degrees of freedom -{62}

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

10

10

10

10

10



{rR_}
n

{(R™}
n

§,, 1, 3#7%,y)

[s]

[Sn]

Generalised load vector for the
nth element with respect to a
global coordinates system
corresponding to thé vector of

nodal d.o.f. (6;}

Overall load vector

Load vector corresponding to the
nodal values of transverse dis-
placements as d.o.f. for the

nth element

Load vector corresponding to the
nodal values of moments as d.o.f.

for the ntb element

Load vector corresponding to the
nodal values of in-plane dis-

th
Placements as d.o.f. for the n

element

CHAPTER 4 and
APPENDIX IV

CHAPTER 4 and
APPENDIX 1V

CHAPTER 4 and
APPENDIX 1V

Elements of the elasticity matrix [D]

with respect to the shear strains

Stress matrix with respect to a
local coordinates system for the

nth element

Stress matrix with respect to a

global coordinates system for

the nth element

Part of the boundary where Mnn'

M are prescribed
ns’ Qn b



tij (i,3=x,y,2)

(ry

[TR]

[Tég]

[Tée]

u'i (i=x,y or n,s)

u'ij (i, =x,yorn,s)

Part of the boundary where

w,en ,es are prescribed

Steel plate thickness

Cartesian stress tensor

Matrix for the formation of

the shape functions matrix

Transformation matrix from a
local to a global coordinates

system

Transofnraticn matrix relating
the x', y', 2z' and x,y,z sets

of coordinates

Transformation matrix relating
the x',y',z' and E,;,E sets of

coordinates

In-plane displacement coxresponding

to X axis

Nodal value of the in-plane dis-

th

placement u at the i node

‘First derivatives of the in-

plane displacement u with

respect to the i axis

Second derivatives of the in-
plane displacement u with

respect to the i,j axes

CHAPTER 10

CHAPTER 5 and
APPENDIX III

CHAPTER 8

CHAPTER 8

CHAPTER 8



v,i (i=x,y or n,s)

v'ij (i,3=x,yorn,s)

Vi"i' (1,3=x,y,2)

¥ (x)

£1-

(x)

w,i (i=x,y or n,s)

w,ir(i=x,y r=1+%3)

In-plane displacement cor-

responding to the y axis

Nodal value of the in-plane

displacement v at the ith node

First derivatives of the in-

plane displacement v with respect

th

to the i axis

Second derivatives of the in-
pPlane displacement with respect

to the i,j axes

Elements of the transformation

matrix [T -]
ee

Function of x

Approximate expression of the

above function

Transverse displacement cor-

CHAPTER 3

responding to the z axis (deflection)

Prescribed quantity of the trans- CHAPTER 4

verse displacement

Nodal value of the transverse

displacement at the ith node

First derivatives of the trans-
verse displacement with respect

to the ith axis

The above quantities at the rth

node



w,ij (i,j=x,y oxr n,s) Second derivatives of the transverse

displacement with respect to i,j axes

th

w'ijr (i,j =x,yorn,s, The above quantities at the r node
r=1+%3)
X,¥,2 Cartesian coordinates
X,Y,2 Global coordinates system CHAPTER 8
x',y',z' Local coordinates system CHAPTER 8
§,§,; Plates-interconnection CHAPTER 8
coordinates system
Yi (i=x,y) Shear strains. With a prefix ¢
refers to the core
8 Variational operator CHAPTER 3
61 Trigonometric function CHAPTER 10
{50} General displacements vector
Y P
e .
{67} Overall nodal generalised dis-—
placements (degrees of freedom)
vector
{62) Nodal generalised displacements
(degreesof freedom) vector for an’
element with respect to a local
coordinates system
{6;} Nodal generalised displacements CHAPTER 8

(8.0.f.) vector for an element

with respect to a global system




{6} Vector of nodal degrees of
freedom with regard to the trans-

verse displacement models

(6%} Vector of nodal d.o.f. with regard

to the shear models

{Gi} (i=1,2) The above quantities referring to

the shear angles ¢x' ¢y respectively

{Ge} Vector of nodal d.o.f. with regard
to the total rotation models

{62} (i=1,2) The above quantities referring to -
the total rotations ex, 6
respectively

uv . .

{1} Vector of nodal d.0.f. with regard
to the in-plane displacements models

{va} (i=1,2) The above quantities referring to

' the in-plane displacements u,v,

respectively

€A¢ Strain referring to the change of CHAPTER 10
angle for a joint

(e} Stzains vector

{e,} In-plane strains vector

{Ebs :Beﬂdﬂwg and shear straims vector

ei (i=x,yorn,s) Total rotations

. . s th
ei r(1==x,y orr=1%+6) Total rotations at the r node
’

ei (i=x,y or n,s) Prescribed quantities of the total

rotations



A, L. W,i=x,vy,2)

i,]

ur . (i,j=x,y,2)

1,J]

{0}

T (i=1+3)

0,¢

¢i (i=x,y or n,s)

¢, (L=x,y or n,s

r=1+%6)

i,r

Elements of the transformation

matric [T ]
eg

Elements of the transformation

matrix [T- ]
eg
Stress resultants vector

Vector of bending and shear

stress resultants

Vector of in-plane stress

resultants

Stress of the steel plate

Stress of the hardboard face

Distance of a point P within
a triangle from the sides of

the triangle

Zero

Function

Angle

Shear angle

Shear angle at the rth node

Change of angle at a joint

CHAPTER 8

CHAPTER 8

CHAPTER 10

CHAPTER 10

APPENDIX I



Nt

Indicates summation
Hamilton's operator

Vector

Matrix of two dimensions

Inverse of a matrix
Transpose of a matrix or a vector

Where n, are numbers indicating

the references

New‘l’.o'n wefa'nt uﬂifs
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APPENDIX I

GEOMETRICAL RELATIONSHIPS FOR A TRIANGLE

The area coordinates Lys L2, L3 can be defined -as follows:- [39,52,59,63

T, 105,115 ]

3 d3 (AI.1)

- T
1 2
—_— L=—’ L. =
2 d2

T
L, =
14

If (xl,yl), (x2,y2), (x3,y3) are the cartesian sets of coordinates

for the vertices Pl' P2, P respectively, and (x,y), (Ll' L., L3) the

3 2

cartesian and area coordinates respectively for the point P the

following relationships are valid:

le1 + x2L2 + x3L3 = b4
Y1L1 + Y2L2 + Y3L3 =y (AI.2)
L+ L + L = 1

The above give the cartesian set (x,y) for any set of area coordinates

Ll' L2, L3.

In reverse we can evaluate the area coordinates Ll' L2, L3 for any set

of cartesian coordinates (x,y) through the relationships

S | 4
Li = oF (ai + bi X + ciyi) i=1+3 (AI.3)
a; T X¥3 T XY,

= - . AT,
b1 y2 Y, . - (AI.4)
(o] = X - X



fxrom al, bl' c1 with circle symmetrical substitution of the subscripts

1, 2, 3
DT = +twice the area of the triangle = blc2 --b2c1 =b2c3—b3c2 =b3c1 -blc
(AI.5)
From (AI.3) =
oL, b, oL, c
i i i _ i . .
5 = Do ! 5 T oT i=1%3 (A1.6)
X Y

5y

P (¢s1,4)
Py (0s¢s1)

We have a function of the form @(Ll, L2, L3) and we want to express

the derivatives of ¢ at the direction 51, n2 ’ 53 which are vectors

normal to the sides 35.(L1 = ¢), ET-(Lz = ¢}, 12 (L3 = ¢) respectively. .

For easier formulation we have

bi ci
] = — ! = - i = +
bi 5T ! cy BT i=1%3 (AR1.7)
iy - _ - 9¢ 39 3d
7 = n, V% n, L L, + L, L, + oL, L) (AI,8)
1 .

where V is Hamiltonbs operator. For two dimensions has the form

VF = -aE-I + E.F_‘-'l
X Jy

(i,j the unit vectors at x,y) -



SO

b!"

1
v =[_| v
L, ol L,

él i =
we obtain -
bl
9 - 1
rﬁ -0y ¢’1 ! +
i ¢4

so taking the right values for n

2 L

"f'=[?'1(b1b3*'°1°3’*'¢'2

(b2b3

[
1
o
l\l - -

<]

=

(9%

1}
| |
0 o3
W= W=
—

b} b!
1 + ¢l3
C2 c!
X 52, 53 we can write

—_ 2 2 . 1
—_— —[¢’1 (b1 + °1) +d>,2(b1b2 +c1c2) +<15,3(b1b3 + c1c3):,/D'I X (P2P3)

2, 2
+c2c3) +<b,3(b3 +c3):l/nfrx (PIPZ)

(AI.9)

(AI.10)

(AI.11)

- 2 2 )
A= —[¢,1(b1b2 +c1c2) + élz(bz +c2) +<15,3(b2b3 + c2c3)] /DT x (P1P3) (AI.12)



APPENDIX 1II

FORMATION OF MATRICES (Reference to DDS15, DDS21)

Formation of [B]

XX
a
Yy
f a
: Xy
{e} = R v = [B] {87} (AII.1)
Z b 4 °
& ¢
B XX
€
Yy
€
Xy
S T Yrxx T ¢x,x
a = w -
vy 'yy vy
a = 2W,: - ¢ - ¢
Xy Xy XY Y (AII1.2)
Yx = ¢x 7 Yy = ¢Y
€ = u, € = V,
XX X Yy
Exy = u’y + Uy
r )
¥
o
e s }
{60} = 4 60 \ (AII.3)
suV
o
L)

{Gz} deflections and derivatives of the deflections as degrees of freedom

{6:} shear angles as degrees of freedom

{GZV} membrane moves as degrees of freedom.



6"y = {w,, We oo We o0 Wo, W, 4y W, ., W_ , W, ., w, .} (AII.4)
o 1 x1 vl 2 x2 y2 3 x3 y3
s, T

{50} = {¢x1' ¢y1' Py ¢y2’ LY ¢y3} (AII.5)

{Guv}T {u v v v, } (AII.6)
o U1t Ypr Mpr Var ugr Vy

the subscript ¢ ¥, Y indicates derivatives of x, y respectively and

' the number (1 +6) indicates the relevant node.
|
|
|

"1 % (e (8"}
{e} =141 8521 | .1 {62} (AII.7)
[ ¢.] (6.1 (8% {ag"}

w
Formation of [B'] matrix

w . . w
{(B'] is a matrix of 3 rows and 9 columns. We will indicate as Bij on

of its elements at the i row and j column.

w 1 ’
Bl,l— > [_Zbl(L1b1+L2b2+L3b3)+2(b1 b2)(L2b

+L.b_)+2(b,-b.) (L ,b_+L_b {J
(DT) 12 1 3 1737371

1

BY 4’ BY 7 from the above will circle symmetrical substitution of the
14 ’

subscript 1,2,3.

L +b,b_L )]

w o 1 2 _ - -
B, = ‘éb (c.L_-c_L_)+4L bl(b c.-b.c )+(c3 cz)(b1b2L3+p1p3 o ¥b, bl

1,2 (DT)2 1732 23 1 23 32

BY 5* BY 8 from the above with circle-symmetrical substitution of the
r [4

subscripts 1,2,3.




w 1 [
B, = 2b (b L. -b L )+(b b Y(b.b
1,3 (DT)2 177273 1

2L3+b b3L2+b2b3L1)]

BY 6" BY 9 from the above will circle symmetrical substitution of the
’ ’

subscripts 1,2,3.

w 1
= + + + - + + - +
B2 h 2[_ZCI(L c L2c2 L3c3) 2(c c ) (L c1 L1c ) 2(c C )(Llc3 L c )J
(DT}
Bw Bw from the above as previousl
2,4 ©2,7 P y.
Bw =1 5 (c.L.-c. L )+(c,~cC )(c c L. .+c, c L +c.c. L)
2,2 2 [#€1 €327 %73 T4 2°37°1%3 29371
(DT)
Bw Bw from the above as previousl
2,5 ' °2,8 P Y-

w o _ 1 } _ - '
B2,§' 2 l?cl(szB b3L )+4L c (c b2 c b )+(b -b )(c c2L3+c1c3L2+c2c3L1)J

W
B from the above as previously.

Bg f 1 5 [ 2b, (c,L,+c L _*c_L )+2(b —b )(L c +L c )+2(b -b )(L c +L_c )]

(DT) 1'7171 7272 373 1 373
Bw Bw frdm the above as previousl
3,4 ' °3,7 P ¥-
w 1 €37% |
= - + - + +
By, 3 7 )2P1¢y (e3hy =, lg)+2e L, (bycy=bac, )+ — lf1(°3b2 cP3)*
(DT)
L (c b3+c3b )+L (c1b2+c2b1?} g
Bw Bw from the above as previousl
3,5 ' °3,8 previousiy.

b.-b
w1 i ) 27°3
By & 5 {2b e, (b,L;-b,L)+2b L (c b, b3c2)+-—5———[?1(c3b2+c2b3)+

L (c1b3+c3b1)+L (clb2+c2b1)]

3.6 ' B from the above as previously.
’



Formation of [831] Matrix

[351] is a matrix of 3 rows and 6 columns.

—b1 ] —bi ¢ -b3 ¢
sl _ 1
(871 = 57 ¢ ¢ ¢ "G, | ¢ ~C3
—c1 —b1 —c2 —b2 —c3 —b3

Formation of [Bszl Matrix

[Bszl is a matrix of 2 rows and 6 columns

Ly ¢ Ly | ¢ Ly |*
[BSZ] - -
)] Ll . L2 ) L3
|
Formation of [Buv] Matrix
uv . .
{B"'] is a matrix of 3 rows and 6 columns
L
uv 1
(1 = DT ¢, € ¢, 5 ¢. 3
c1 b1 c2 b2 c3 b3

The stiffness, stress and load matrices [Kn], (s1, {Rn} are
obtained through equations (4.8), (4.5) employing the numerical

integration formulae of Appendix VI.



APPENDIX 1III

FORMATION OF MATRICES (Reference to PDS24)

The deflection is a complete 5th order polynomial with 21 texms

_ 2 2 3 2 2
= = a, + +
W Q(Ll,Lz) a, a2L1+a3L2 a, L -+a6L2-+a7L1-+a8L1L24-a9L1L2
3 4 3 2.2 3 4 3 4 3.2,
+ a10L2+a“L1+a12L1L2+a13L1 2+a14L1L2+a 5L2+a16L +a17L1L+a18L1 2
2.3 5
+ a19L1L2-+a20L1L2-+a 1L2 .
with ¢,3 = ¢, the relationships .(AI.1) Appendix I .
k1 = b1b2+clc2
2 _ [(b2+c L) +(bb+cc)¢, ]/(PP)DT k. = b_b_+c.c
- 1 2 2°3 2 2°3 "2°3
ny
k3k3 = b1b3+c1c3
29 =[(b,b_*c,c,)é + (%4c?)p /e p_)pT 2, 2 (AIII.1)
- 1°27¢1%21 %1 27C2'% 73 13 Kk, +k_ =~ (bs+cs)
n, 1 72 2 2
2 2
kytky = - (bgicy)
3¢
— = + + + P P
ey [(b)bo*e c)d, +(b b te ci)9,,]/ (B P ) DT e e o o2ecd)
3 173 17 %1
4th Order
4
b 4 3 2.2 3
rp T 986l t A8y, 33 gl Iy + 23,10 D)+ ayty
4th Order
4 3 2,2 3 4
b= Aty * 2apghil, ¥ 3aliLy +day Ll +oay L,



—_— ow

id L = — i - =
side 23 L, b, o, cubic = 5k,a,, (k +kjda, = ¢
-_— ow
id L, = _ i = - =
side 1 2 . 3n2 cubic = 5k1a16 (k1+k2)a17 ¢,
(AIII.2)
. - ow
side 12 L4 = 1. — cubic =
172 on
3
- - + - + -4k + =
5k3a16+(l_<2 4k3)a17+(3k3 2k2)a18 (3k2 2k3)a19 (k3 2)a20 5k2a21 ¢.
from the above three equations we can express the coefficients )
a20, a17, a19 as functions of the rest a16, a18’ a21 if we substitute
these expressions in the initial polynomial form we will have a new
polynomial with 18 terms which will fulfil:the conditions
ggi =¢. i =1+%+3 so the normal slope will be continuous across
i .
interelement boundaries. if {w,, w ., w ., w__., w ., w .} i= 1,3
i xi vi XXi Xyi yyi

at three corner modes are chosen as degrees of freedom the polynomial
is of the form

' 2 2 3 2 2
= = + + +
w F(Ll'LZ) B1 B2L1 B3L2+B4L1+BSL1L2 BGL2+B7L1+B8L1L2+BQL1L2+

3 4 3 2 2 3 4 5 4 2.3
+BIOL2+BI1L1+B12L1L2+Bl3L1L2+BI4L1L2+815L2+B16[L1+m1LlL2+m2L1L2]+ (AIII.3)
3.2 2.3 5 4 2.3
4B, 5 (L Lo+m L Lo]+B, o [Lo+m L Lo+m L L]
. ) 5k1 o 5(k3k24-k1k2'-3k1k3) o 3k3'-2k3
1 k1 +k2 2 (kl + k2) (2k3 - 3k2) 3 2k3 - 3k2
(AIII.4)
o 5k1 o 5(k3k2-+k1k3-3k1k2)
4 ky +ky 5 (ky+kjy) (2ky - 3k,)
are in a matrix form w = [F]{B}, [F] = (F,] i=1+%18 a row matrix

with 18 elements and {B} a vector with 18 elements.




The elements of matrix [F] are as follows

=L2, F =L2, F5=LL F =L2 F =L3 =12

=Ly, F 4= 0 1lyr Fg=Lor Fy=Ly, Fg=L,L,

3

F, =L L F =L4 (AIII.5)

F —L5+m L

1€ 1 L.+m_L

4 2 _.5 4 2
1Ly tmo Ly F,_ =L +mLI.+mLﬁ.

2 2,2 3
Ly» Fyq= 3lilyr Fyg=Ly+m L Ly +m LiL,

The displacement within the element can be expressed in the form

1y ¢. ¢. ¢. . ¢. (F]
6. P1/pr{ P2/pr | g, ¢. 0. [Fl.,,
¢ [°1/p1| “2/DT | ¢ 9. 9. [F1,,
2 2 2
= =|¢| o 6. [P1/(pT)2 Rbyby/ (DT)? b,/ (bT) [F1,y, (B}
T o1 ¢ ) blcy(DT?(b c.+tb, c )/(DT)2 b, c /(DT)2 [F)
: . : : 172 7271 22 '21
% 2
: . c 2
L 1 om2 peyey/ om) 2 2 som? | e,
(RIII.6)
the subscripts at [F] indicates derivatives of Ll' L2 respectively so
a2
(Fl,, = 3[F1/3L, (F1,,, = 3" [F1/3L 3L, etc.
- thus
w
W,
X
w,
Y
W = [6C] [Fgen) {B} (AIII.7)
' xx
W,
Xy
w,



{B}

el

_ _ _ o
{ce) [¢.] [¢.] [Fgen]L; ~0
(61 el (4] tFgen; 29 | (8}
2
(61 (4] [cc] [Fgen) 1 —
wi' w'xi' WI i' W’xxi' W]xyi’ W, -i’ ......
Y vy i=1+%3
{Gcdiagl  [Fgenl ), {8}
(Fgen] ! [ecaiagl™l (¥} = m7! (&Y}
9 an 9 o o
.- -
[&C] [ 4.1 [ ]
lecaiagl Tt _ [9.] CO RN TS
[4.] [4.] rec)
1] o 9. 9. . ¢
. c, -b2 ¢. ¢ o,
¢ ~c, b1 $. $. ]
2 2
¢. ) $. c, —2c2b2 b2
¢ $. . —c, ¢, clb2 + c2b1 —blb2
. ¢ . cf -2c1b1 bf

(AIII.B)

(AIII.9)

(AIII.10)

(AIII.1}1)

(AIII.12)

(AIII.13)



Wgen];il is a matrix of 18 x 18 size. We will indicate as (i,j) the
element of the ith row and jth column. The non-mentioned elements are

equal zero.

( 1,13)=1

( 2,14)=1

( 3,15)=1

( 4.16)=0.5

( 5,17)=1

( 6,18)=0.5

(7, V=10 ,17, 2)==4 ,(7, 4=0.5 ,{7,13)=-10 ,( 7,14)=-6 ,( 7,16)=-1.5
(8, 1)=6my ,( 8, 2)=-3my ,( 8, 3)=3 ,( 8, 4)=0.5my ,{ 8, 5)==1 ,( 8,13)=-6my
( 8,14)=-3m;, ( §,45)=-3 ,( 8,16)=0.5m;,( B.17)=~2

(9, 7)=6my ,( 9, 8)=3 (9, 99=-3m, ,( 9,11)=r1 ,( 9,12)=0.5mg, ( 9,13)=-6m,
( 9,14)=-3 ,( 9,15)=-3mg ,( 9,17)==2 ,( 9,18)=—0.5m4

(10, 7)=10 ,(10, 9)=-4 ,(10,12)=0.5 ,(10,13)=-10 ,(10,15)=—6 ,(10,18)==1.5
(11, 1)=-15 , (11, 2)=7 (11, 4)=-1 ,(11,13)=15 ,(11,14)=8 , (11,16)=1.5
(12, 1)=-12my, (12, 2)=6my , (12, 3)=-2 ,(12, 4)=-m; ,(12, 5)=1 ( (12,13)=12m,
(12,14)=6my ,(12,15)=2 ((12,16)=m; ,(12,17)=1

(13, 1)=-6(m,+m,)/ (1-m3) (13, 2)=3(m;+my)/ (1-m3) , (13, 3)=-3/(1-m,)

a3, 4)=-(m1+m2)/2(1—m3),(13,§)=1/(1-m3),(13,67=-m3/2(1-m3),(13,7)=6(m3m4—m§7u-m3)
(13, 8)=3m3/(1—m3){ (13,9)=3(m3-m3m4)/(l-m3),(13,10)=1/2(1—m3)i(13,11)=-m3/(1-m3)
(13,12)=(m3m4-m5)/2(l—m3),(13,13)=6(m1+m2+m3m4)/(1-m3)

(13,14)=3 (my+my-m3) A1-m3), (13,15)=3 (1+mg-m3mg )/ (1-m3)

(13,16)= (m +my-1)/2(1-m3), (13,17)=2, (13,18)=(m3+m3-m3my4)/2(1-m3)

(14, 7)=-12mg,(14, 8)=-2 , (14, 9)=6my ,(14,11)=1 ,(14,12)=-m,

(14,13)=12my, (14,14)=2 ,(14,15)=6m, ,(14,17)=1 ,(14,18)=m4

(15, 7)=-15 , (15, 9)=7 , (15,12)=-1  ,(15,13)=15 ,(15,15)=8 ,(15,18)=1.5
(16, 1)=6 ,(16, 2)=-3 ,(16, 4)=0.5 ,(16,13)=-6 ,(16,14)=-3 ~ ,(16,16)=-0.5
(17, 1)=6(mj+my)/(1-m3) , (17, 2)=-3(mj+mp)/(1-m3), (17, 3)=3/(1l-m,)

(17, 4)=(m1+m2)/2(l—m3) , (17, 5)=—1/(1-m3) . (17, 6)=1/2(l—m3)
(17, 7)=6(m3—m4)/(l—m3) , (17, 8)=-3/(1l-m3) , (17, 9)=3(m4-m5)/(1-m3)
(17,10)=-1/2(1-m3) ,(17,11)=1/ (1-m3) » (17,12)=(m3-my) /2 (3-m3)

(17,13)=6 (mg-mg-my-m3) / (1-m3) , (17,14)=3(1-my-my)/ (1-m3)

(17,15)=3 (mg-mg-1) / (1-m3) , (17,16) = (1-my-m,) /2 (14m3)

(17,18)=(mg~-mg~1) /1 (1-m3) :

(18, 7)=6 , (18, 9)=-3 ,(18,12)=0.5 , (18,13)=-6, (18,15)=-3, (18,18)=-0.5



2 2
+
k2 K3 ~ b3 + c3

3k, - 2k3 b,y (3b, - 2b,) +c (3¢, - 2¢)

1—m3=

has always a real value different from zero for a triangle.

-1
So the inverse matrix [Fgen]a can be always evaluated

11
81 8% (8%}
{e} = (AIII.14)
s2 [
. [B”“] I {60}

[BSI], [Bszl identical with the ones defined for

PDS15 - DDS21.

[Bw] is a matrix of 18x 18 size defined by the following relationships.

As it has been written at (AIII.6) the second derivatives (part of the

strains ) are given by the form

2 2 2 2 2
Wi _b1/(DT) 2b1b2/(DT) b,/ (DT) [(Fl,,4
2 2 2 2
LI cy/ (oT) 2 2¢, ¢,/ (DT) c5/ (DT) [F1,,, | (B
) 2 2 2
2w,xy 2b1c1/(DT) 2(b1c2-+b2c1)/(DT) 2b202/(DT) [F],22
(AIII.15)
[F],11 = 82[F]/6Lf etc. as defined previously. .
Thus:
Wigx |
_ W _ w -1 w )
wio b= i) Bl =By (T {s) (AIII.16)
2w,
xy,
with (B8] = [BY] () (AIII.17)

The stiffness, stress and load matrices [kn], [s], {Rn} are
obtained through equations (4.8), (4.5) employing the mnumerical

integration formulae of Appendix VI.



Formation of Stiffness Matrix for the model

APPENDIX IV

PMX24

M x
M .
o) e Qx xx,x+Mxy, 1 e W X 2 w
M = (N"] (M}, = = [N I{M},{ ""{=[N"]1 {6}
¥y m o Q M m o W, w (o}
y Yy M
M
Xy
e Wl
M., T = {M_ ., M ., M '} {61 = {w}
{70l xx1i yyi xyi' i 4.6 o 116
N, 9. | ¢ N2 . | ¢ N3 .1 ¢ N4 $.1¢. NS d.| . N6 $.-
(N1 =] ¢ N1 ¢. $. N2 ¢ ¢. N3 ¢ . I‘.14 ¢ . NS $. | ¢ N6
9.1 ¢ N, . ] ¢. N, $. 1 ¢ N3 .t ¢ N4 $. 1 9. NS $. | ¢.
N1 = (2L1—1)L1 ' N2 = (2L2—1)L2 ' N3 = (2L3—1)L3
N4 = 4L2L3 ’ N5 = 4L1L3 ' N6 = 4L1L2 R
l le1 ¢ lellez ¢. le2N’x3 ‘b r\/'y3N’x4 ¢ le4N'x5 ¢. lesN'x6 ¢. lee
[NA] =
m ] .
O Ni eyl & N'yZN'xZ o. N’ylih'x3 ¢. N'yLLN'x4{ ¢. N'ySN'xs o. lN'xGN'XG
o
2 N'xl N'x2 N'x3 N xa I\"xS N'x6 [Nm] o
N = {6b} = 1 M) = N ] [ME]
Nry1 le2 le3 le4 les N’YG [Nm]




N,x1 = b1(4L1 - 1)/pT N, = C1(4L - 1)/DT

N, = b2(4L - 1)/pT N, c2(4L2 - 1)/DT

x2 2 y2
N,x3 = b3(4L3 - 1)/DpT N,y3 = c3(4L3 - 1)/DpT
= + =
N,x4 4(b2L3 b3L2)/DT N,y4 4(c2L3 + c3L2)/DT
N,xs = 4(b1L3 + b3L1)/DT N,ys = 4(c1L3 + c3L1)/DT
N,x6 = 4(b2L1 + ble)/DT N,y6 = 4(c2L1 + c2L2)/DT
T
W _ 1 2 :
K" = 1IN aA
n
m9 T
[Kn 1 = —.I. leq] [Cb] [qul da
A
n

The integrals are evaluated employing the numerical integration

formulae of Appendix VI.



APPENDIX V

FORMATION OF MATRICES (Reference to PRO18, DRO30)

Formation of [B]}

6 5
7
2 4 3
( Bxx W
a -
YY
. a
Xy
Yx .
{g} = 4 S = [B] {50} (av.1)
YY
€
XX
€
YY
~ Xy /
a = 6
XX X, X
a = 6
YY Y.y
a = 6 + 0
Xy X,y YoX
Yx - W 7 ex
(AV.2)
= w - 0
Ty 'y 4
€ x = u,
€ = v,
YY Y
€ = u, + Y,

Xy y X



(%) = s (AV. 3)
(o]

{62} vector of nodal degrees of freedom with nodal total rotation s.
{62} vector of nodal degrees of freedom with nodal transverse displacements.

{sz} vector of nodal degrees of freedom with nodal in plane displacements.

0, T
{6y = 1o, Oy r neeee | (AV.4)
T
W
{60} = | Wi eeeseaaeen ] i=1t7 (AV.5)
{GUV}T [u., v ] ' (AV.6)
o RS A o .
| e ] B 0, |
[Bll [ ¢.] [¢.] {Go}
! 0 w w
{e} = [le (B"] [¢.] {60} (AV.7)

uv

[ 4] [¢.] [B"'] {6‘;"}




. 0 .
Formation of [Bll matrix

[B,]

a matrix of 3 rows and ]2 columns.

b1(4L1—1)/DT

(4b2L

3

+4b3L2)/DT

C1(4Li-1)/DT

(4C2L

3

+4C3L2)/DT

0

0
By,3" By s 1,1

form B6 with circle

symmetrical substitution of the

subscripts 1, 2, 3.

8 0 8
B3'4, BB,G from B3'2
B6 B from B

1,9' '11 117
B B from Be

3,10" 73,12 3,8

8 8
R -

By, 4’ BZ,6 from 82’2
0 6 8
B3’3, B3'5 from 83’1

B B f Be

2 10" “2,12 “TO™ By g

6 8
By,9r By, gy from By

The rest of the elements in the matrix are zero.

as

as

as

as

as

previously

previously

previously

s previously

previously

previously

previously.



DIM2

x1

x4

yi

y4

(8]

uv

(B ]

(2L1—1)L1 ¢ (2L2—1)L2 ¢ (2L3—1)L3 b 4L2L3 6 4L1L3 b 4L1L2 6
- - - Al é
$. (2L1 1)L1 . (2L2 1)L2 . (2L3 1)L3 ¢, i, Ly d . 4L1L 3. 4L, L
= + +
(b1L2L3 + b2L1L3 + b3L1L2)/DT DIM3 (c1L2L3 c2L1L3 c3L1L2)/DT
b1(4L1-L)/DT-+3DIM2 , Nx2 = b2(4L2—1)/DT-+3DIM2 , Nx3 = b3(4L3-1)/DT-+3DIM2
4(b2L3-+b3L2)/DT-—12DIM2 ’ Nxs = 4(b1L3-+b3L1)/DT-—12DIM2 ' N e = 4(b1L2-bb2L1)/DT-12DIM2
N _ = 27DIM2
x7.
c1(4L1-1)/DT-+3DIM3 , Nyz = c2(4L2-1)/DT-+3DIM3 , Ny3 = c3(4L3-1)/DT-+3DIM3
+ - - = L -~ = - -
4(c2L3 c3L2)/DT 12DIM3 ’ Nys 4(c1L3+c3 1)/DT 12DIM3 , Ny6 4(c1L2+-c2L1)/DT 12DIM3
N _ = 27DIM3
y7
le Nx2 Nx3 Nx4 NxS Nx6 Nx7
N N N
Nyl Ny2 Ny3 Ny4 Y5 y6 y7
. N N .
Nl 6 [ Nl 00 I Neg | 0 [ N | 0 | Mg | ¢ | Ny | @ x7 | ¢
N N N ) N s N ¢ Ny?
9. Ny1 9, 2 $. 3 . v4 . ¥5 . v6
N N N N N N N N N N
Nyl le Ny2 Nx2 y3 x3 v4 x4 y5 x5 Y6 x6 y7 y7




The stiffness, stress and load matrices [Kn], {s1, {Rn} are
obtained through equations (4.8), (4,5) employing the

numberical integration formulae of Appendix VI.



APPENDIX VI

NUMERICAL INTEGRATION

The quintic numerical integration formulae have been employed as follows

[28,39,61,63,72,115]
Ry L L, L,
1/3 1/3 1/3
b &y By By
¢ * % 8
d 81 81 al
e %y B, By
£ 82 a2 82
g 82 82 a,
a, = 0.05971587
B, = 0.47014206
a, = 0.79742699
B, = 0.10128651

where it was possible the integration has been applied straight-

forward by the use of the formulae

LS dxay =

DT

()

+ |
o~
+|o
Qle=
+]0
5.—

DT = twice the area of the triangle P1P2P3



SANDWICH PLATE BENDING MODELS

COMPUTER LISTING

Reference symbol

PDS15

PDS21

PMX12

PMX24

PDS24

PDS30

PRO18




Reference symbol PDS15




P=1 _ PROLTF=FRK (T TFEC=4
= UNTYELSTITY, RATCH
WAS: 19:24:39
IGMER AMOAT 113341 b ¥ON SEP 22775
RINTS
nndk PLLTE NISPIAC, T OCRTYL 1S FFG2, OF EREEAOY 14,
Ent STOESSES AT THE CUNTRATTYT  ¥Y, MY, XY, (X, CY

Bk TRANSEARYATIAN T b, Yy WS, TN, FS s
s CHRTC YAATATICM  £Fon LINFAT PF OFY,TY  teswnss

SURRNNTINE STIFF
ITPLICTT RFAL=HY (A=-}+,1-7)

COMMON/STT/XI3,2 )4 YCURC(12) ,STUCK (36 ,36) 4STICK (®,26), ZO0CF(24),

1LINFP(20)

O R T P R e T S P )
TS A -

Xy bY, F

Mot o e i

COFMON/PAN/RATE (2936, 2F 1,001 (2,8,36)3DCL(2,36) ,CPAN[]A,)E) NGRAM

COMMON/PAT /CN213 434X (), ¥ ()

CYMEMSTION TRAM{LG,15) s SMK (15, 18),SKT1115,15),8T2(8,18) ,TTK{5,15),

LEANCLTIE) g XM(LE32) YN (1H,2) (PR ({4,4)
Civ 100 1=1,13¢
o 169 J=1,3¢
Q0 STUCKLJ.T1)= .
o o1n1 =13, 13¢
Cr 171 J=1,8
-1 STICK(Jy1)= .
ro 102 I=1,3e6
g2 FrerrEil)=).
CO 103 I=1.2
X)) =X{(1,11
YT )I=X{2,1)
TE{NCFAM,F).C0) SN TN E17
CC 51¢ ¥=1,NGRAM
bn 514 1=1,2
Xer ity TI=GRAM{M, T )
L6 YMAM,T)=GRAN(M,142)
17 CHOMTINUS
N AK=TNFN(1)
IFIMLAK,ENG LRGN AKG,FRG2) GT T L 4
CALL SHRTT
IFANLAKEG.)) GC TC 195
MUAK=NLAK-1
n 106 I=1,15
Lo 106 J=1,1F
16 BDLANMLAK 3, T)=STUCK{J,T)
LC 107 I=1,15
C~ 107 J4=1,5
7 COLIMLAK Dy T)=STICK(J,T)
Lo 108 I=1,15
C8 PO INMLAK,L)=FQORPCEIT)
GN T 1058
04 CC 10 TI=1,1K
Pt 1.9 J=1,1%8
09 STUCK(J,1)}=ROLINIAK,J,I)
Lo 110 I=1,15
o0 11 J=1,5
10 STICK(J, 1)=0C01 (INLAK,J, ")
ce 11l I=1,1F
11 FARCECTI)I=DN1L (NLAK,T)
05 (OMTIMUF
N IK=TNFN(2)
TF(NLIK.FN.0.0R.ML IKFNL9Q) G TN 112
Co 113 I=1,15

w




112 J=1,15
13 SMK{), V)=STHCK (U, T)
DA 114 I=1,1%
Ny 114 J=1,F%
14 STR(JL1)=STICK(},7)
Nr 115 T=1,ATK
k= (T—-1)=247
L=TMNFl(K)
K1l=TMFC{K+))
N 603 T1=1,15
Lo sps TUd=1,1"7
84 TPAM(YJ,1IV= .
B3 TPAM{TI,TT)=1,
CALL TRANI (XN, ¥M,K]l,CC3)
K =(1-1):5
" 5827 IN=1,4
N R37 IL=1,4
B7 TRPAM{VKFINEYLKK+TL+1Y=Cr Y (IN, TL)
CALL TTAESH{S My TRAN, SR 1Ly 10, 15,18, 1)
CALL TIVESUTRANGSEKL ySMY,10,15415,2)
CALD TIMES{ETY ,TPAN,TIK,85,18,15,1)
N 116 NTI=)1,15
"0 116 NJ=1.%
le STHRAMJNTI=TTIRINI,MT)
18 CONTTMUL )
ro 117 I=1,1¢%
L 117 li=1,1%
17 STUCKEJ,IY¥Y=S*K(J,T)
O 113 I=1,15%
rc 118 J=1.5
18 STICK{J,T)=STR(J.T)
12 CNNTTIMUYLE
Brrn-a.
PO A7 J=Fk, S
rn 604 1=1,3
Ul IF(X("y‘”.[\F-ﬂ)qﬁF[':[.
TF(REPPWNE,1.,30" TC 86N
LR 273 1=1,16
73 NARG(T) =N,
CANG(1)=X(2,£)
LAPG(H)=X13,7)
Frann(ll)=x{3,8)
Lo 274 1=1,1°%
T4 FORCEF{II=FCROF(T)4CANR(T)
& . CONMTIMUE
FETURM
FND
SUBPRUTINF TPANL (XyYyK,TRL)
IMPLICIT RFAL®3 (A~-H,=-7)
CIFEMSICN X{1A,2) 3 Y(LA2) TR {4 ,),X2(2},¥Y21(2)
E0 815 J=1,2
X2 (Y= 1{K,.}
Y2(Jd)=Y{(K,J)
2=X2{21-X2{1)
R2=Y2(2)-Y2(1)
CLUN=RSART(R?2%%24R 2% D)
CN 10 T=1,4
chr 1 . J=l,4
00 TRPI{1,.1)=0.
IF(GLEN,EC.N) MRITE(A,700D)

bt
(%1



TPL{1,1)=12/0L0N
TR (1, 2)=%2/771 EN
TOU (1 ,3)=42/71 FN
TP (2, 1}==2/CLEN
TRILAZ,2)=42/CLEN
TPL2,3)==-G2/GLEN
TEL (34 3)=32/71 EN
TRLAT 4~ )=52/C1LEN
TEI {43 )==32/GLFN
TFL(4,4)=R2/01 EH

FUGRIAT (/0 feretEALNRDE: SURRNONT INE TAN GLEN———— v, /)
CoTHEN
tMD
SRR LV ve TERA VOFETETA Try THFEYV IR R Y
e g THM VOHTH T TOV THECY et
SURKM ™Ay Mol S et
SHRRNGDAY VY R i A T N PRy
TIL STTESWERE  “pf3TR Q)
T4 STR TSS MATITY 5
TLr ] AN nTA 1-:*‘7\_ ¢ A

DT R TACk POTYT L TREE AT A CRDITATIC,N JUT yapgse T | oap

INPIT  F e raCH FLELUST TRE COTETTOICNTS n(a) L0 ()

THPU™  F FACH FIesarT Tuc S ASTICTTY  VATEIX  F(0)

SURFUUTINT  SHADTF (&,1,0, 0T 27 )

[HOLTCTT 20Afma (A=H,r=7)

COVON/ NN/ 15,15),S(5,15),7(%,5)

COMMUN/ZJAC/ENP (1%, 1) ,PTN{]15R),P{S],PT(15)

PISERSTON A(3),203),003),B5(5,18),Fil{5,15)

CTYERSTON Si(4) 3 SY{3) SV I3) 4 SEX (31,SXX{3),SYX (), 8%V (3),S¥Y(3), vV
A3, SuXXE3) 3 SYXX(A) o SYXXER),SEYVIZ) ,SXYYE3) , SYYY(2), SWXY(3),SXXY (3
2) 9 SYXY U3 4SULY SV I3),ST¥(3),SFYL3),SUX(3),SUY{2),SYX(2),Syvl)

o2 1 1=1,3

K=T1+1

IFIK.GTa3) K=K=2

J=1+2

IF (.67 3 =0-3

SHATISALT ) +ACT I ER25A (K4 AL T DA ()= A (T HA (K )5 52=A(T)5A ()52

SY(T)=R(K I AL 1IF225 A0 +0 5XACTIXALK)=A(I) ) =R{J)S (ALK HA(T )72 4
L1CL S (TVEA(KYEA())

SYUT) =GV (ACTI)E025A (K + (SHALT)=A(K)EALI) ) =GIK)Z[ALIIRALT )04
10.5%ALTIEA(R)=A(J))

SEXCT ) =(La/NTI (20 %RET)S (A(T )P K ) 4ALTIRHA LS ALK )ZA( ) )42 (AT )5
LACKY*(R{T)=3(X) 142, 5ALTIEALD (R (T =R(J)))

SYXUIN= (1 o/NT)I#(2,3R(TIZALTI) = (REIYEACKI=RIK)SALJI) 4N 5> (R (J)=R{K))
PECAUT A CK SA LIV 4R AR )V SA (T )AL ) 4R UG IEA(T)NA(K D)) ) (=10 ')

SXXCIV=( 1o /DT 5 (2, %B (T VAT (CII)HACK) =G UKD FA(I) Y +A (T )52 (B (K )
1600 =3U0)AG(F) )40.55 {6 (I 1=CUK ) )X(RET) ALK }=A{J)+R (K =A(TI=A () +
200 AT EA(K)))

SUY (1= (+1a/DT )AL 2. 5G LTV (ALT IALK)+A (T 1A (JI+A K )HA(J) V42 .MM T)
1TALKIE(RLT ) =G (K ) )42 5 A (T )AL R (E(T)=6(1)))

SYY(T )= (=L /DT (2, 4GITIRALT) (R OIIEA(KI =P (K)SHA (D) Y 4A ()220 (GK )
JREI)=GUIYHBIK ) V4053 (BEII=RIK) I (G ITI=ALK) AV +G IR ALY SAL I+
2GLIIZALTIEA(K) D)

SXY (T2 (+1a/PTIS02.56 0T #ALT ) =06 LA (KI=GIKIXA () ) +0.5% (G (J) =L (K)
LIS G VA (K =A LI 4G(K)HACT ) YA (P4 (D) XA(T)EA(K)))

SUCT)=A(T)

SVII)=A(1)

SFY(I)=A(T)

SEX(I)I=A(T)

SHXX (1) =(+La/NT2) (=2, RIT )R (ALT)ER{T)HA(K IIR(K )42 (1)R()) )+



1267%{RIT)=RUK)IF{A(KIRITIFA(TIZA(R) V42, (P {TIY=RIJI) (A LT)P )+
2ALUYER(T)))

SYXX(T )= =1 /D Tu2) a2 R[] )5 2% ()Y =RA(KY=P{K)SALI)I+ (P JVI-R¥K)
LY (ROTIHRIKIZEA (J)4P (T PIA) ALK ) +R{K ISR (J )01 ))

SYXX{U)=(+1,/NT 02 ) (2 2P LT )2 G YEA{K )= GIKYEAL ) )44 0020 (F)R(T)
150805 () =BUIIHCUK) Y H{GLI)=C{K) ) (RLT)R{KISA (Y +P (TR (JI A (K )+
2E(KYP )AL TY )

SAYVIIY=(+1o/ DTHR2 ) {250 ( D) R (A()CATII+A LKA C (M ) +ALYGLI))I42 .2
TECTD) =R )Y EAIRIRGL TI+A (T }IGIK) )42, (G (T =G )T )= C{J)+A0 )™
2G(1)1))

SYYY (I =(=1a /NTHE2)5 (2,05 (1) 25 (R L) =A(K) =B IK)ZA(J) Y +b AT )0 1)
15(GIKIERIII=GLINZR(K ) IH(B L) =RIK) IR T) =R IKYEALJ)+E (T )0 (YA (K +
PLUK)NG(J)™ALT) )

SXKYY (I I=( 1 /DTRLA2JE (2,056 IV ER25( G L)Y FA(K)=C{KIZA L))+ (L (. -C(K)
I)H(GLIIRGIK)RA (Y +C (I INC LI 2AP Y+G(RYES{S )BT ))

SUXY (T ) ={2. /0T 22 ) { <2 . #B{T)R{C{I)#A ()G UK YA(K ) +C (I ) A (d) )42, =
LRI = (X)) =(A(K)ECLITIHA(TIAOAK ) )+ 2, 2 (R{T)=RINIH(A(TY T (J) A1)
2C(1)))

SYXY(L)=( 2 /0T 2) 2 (2,R{T)NG(V )= (D) A {K)=P(K)=A () )42 MR T )
LACTIY (AR )BAA)=G LI (K )Y +C. B (RCJI-RIK) Y= (AT ) () R{KY+5 (1)
2ELIN)+A 0K E(GUI) AP HGCLS )V PLT) ) +A() )OI T (K ) +C{KIHR{ 1)) ))
3¥(-1.01

SXXY (T )={2./PT#:2)0 (2 0PI T )EGIT IR {GIINA(KY =S (K )AL ) )42, 50T )
1AGY (RO G —RED)ZG(K )Y+ .0 (Gl =GN ) ) AT Y (G (I)R{KY+E(V )
2RPEIY )+ ()X CUTIEBLGV G )V ARET NI+ A () {CTY =R ) +C(KIHR{T))))

SUX(T)I=(1./CT)Y~R(T1)

SYXITI=(1./NTY=3(T1)

SUY{1)=(1l ./ TI*G(Y)

SUY(T)={1./07)Y=G(7)

01 CNMTIMUFE
Ch 401 I=1,15
DU 41 J=1,5
01 FFR{Js1)=0,

ra )_'f:" J=1 77'3

1=J

IF(T L Ea3 )K= T

JF (T aCT o3 AND G T ol Fofh }K=T=-2

TF(IGT.RIK=T=-4

BE(T4.0)=S#XX (%)

HF(249J)=5SKYYI(K)

BE(2,J)=ShkXY(K)

BEIL,J+1)=SYYX(K)

AE(2,J+1)=CYVYVY(K)

EF{3,J41)=SYXY(K)

BF],J+2)=S¥XXX (K)

RE(2,J4+2)=8SXYY[K)

RFE(3,J42)1=SXXY(K)

02 CCONTINUE

rn 203 J=10414,7

[=J-6G

IF{l .l Fe2)K=1T

IJF(TGT 2. AN, T IR ,,4)K=]~-1

TF{l.CT4)K=1-2

BRE{L1y.0)=—CSUX(K)

BE (2,0 )==-SUY({K)

RE(4,J)=SFXTF)

PF{2,J+1)==-SVY(K)

RE(3,J41)==-SVYXI(K)

FE(RJ+1)1=SFY (K]

03 CANTINMUF



STIFMESS MATRIX nY O MILTIPL T(ATICN  © alnR
STIFNTSS MATOIX R
STRFES MATI X < ity M TIPLICATIOCON n:=:p
CAlL TI-“""_S(F'”tvSQF9:11:'91,
CALT TTIYFS(RI 4 Sy SMy15,5415,2)
LN 432 1=1,15
nr o4 2 J=lv."5
02 ¥~ (J,1)=0.

Y FAR  THE  SKFAPF  FUACTIPN  taTRIY  »
FY 213 J=1,7,3
1=

TE(T L Ea3)K=T
IF(LaCTL3AND, T, LR A)¥=T=D
TF{T.GY A )e=1-4
FMIL,J)=S%(K)
Ep (2,0 Y=SHyY(K)
FN(3,J)1=S4X1(K)
FNllyd+l) =8V (XK)
FM{2,J+1)=SYYI(K)
IN(3,J+11=35YX (K)
ML d+2)=SX(V)
IN(2,J+42)=85XY(K)
FALR,J42) =SXX(K)
13 CONTINUE
CU 214 J=13,14,2
I=J~-9
VAT ve2)K=1
TF{l e a2 a ANT Tl EA4)K=T1~1
IF(aGTat)K=T=2
EM{4,J)=SFX(K)
EN(S,d+1)=SFY (K}
14 CIMTIHUR
CALL TIMSS{EN,P,FNP, 15,5, 1,2
RT TURY
EAND
SUBPPRETINE  SHRT]
[“OITCTYT REALER (p-H,N=-27)
COMMOM /STI/XL3420),FLWANIL12) . STUCK{36436) +STICKIR,E) (FOPCT(R),)
Ly INFN(2)
CORORHNNY/DAT/ONZ213,3),XT(3),Y(3)
CrMOMZJNN/SME15415),S05,15),01(5,5)
COMMNNZJAC/TUAP{LE 1) ,PIN(]1S),P(R),PT7[18)
NN 1C0 I=1,8%
o 1¢c0 J=1,5
C(Jd,1)=1,
Cll, 1)=fLYOD(1)
ClL,2)=ELNCC(2)
C(2,2)=FIMTN(3)
C(3,2)=RLLVCD(4)/2.
Fl4,4)=RILVCT(5)
LRy B5)=FLYIND(A)
F-0M THE WHCLF SYUMETRIC MATOTY D
rnm 21 J=1,F
ce 210 1=1,5
C(r,1)=004,1)
1 COMNTINUE
ronn=E1Mc(12)
IF(NPDIC.N=,0.) R{2,1)=000T
no 224 1=1,%
24 PLT1)=0.

—



PI1)=X(2,5%)
CINFNSTN AL2) 80 23), T2, LFENNLRY G 0T7) GALECT) W AP T) 4 33{ 7Y ,NK(15),
TIC(B,15) 1 (LR3),SMK1{15,]1%)

15"¥{1%,151},
o200 1=1,7
K=T+]
IF{K AT, 3)K=K=13
J= 140

(1 AT. AN ==0
BETY =Y (K =Y ()
CETIEXTOI)=XT(K)
L' Q1) =080RT (A ()55 245 (1 )52
00 CUNTTMUS
ET=R(1)*R(2)=R{?)2C(1)
QUINTITC INTEATATICN FOR OSTIFFENESS “AT 271X STk
PLEA CNANINATES LD 12 |2 ARCE AT
WEIGHTS  CF  TNTFGRATICN e 111
CATA AL/ 333233330 77, . FITIERIL 09,259,67TMAI0ET 00,0, 77470040
1 0Dy 220 1I2F06511 (D/,A/9, 333723330 0,250, 4710142CEN N),0.08" 715
270 20,20 1NMPBARID £ 5, 0G 74P T/ (998 0 n 3, 1323C4
3150 (8, 3%0,12552¢10) £/
e 211 1=1,15
PR 211 J=1,1F%
11 SVK(J, =P,
Cr 222 T=1.1¢
22 FMK(T) =
[0 212 K=1,7
ALL)=A1{K)
AL3Y=AR(K)
PL2)=1.=A(1)=R(2)
CALL SHAPEF{A,R,F,TT, )
IF(C,NFL1) £ T 8C)
L 802 1=1,15%
"8 2 J=1,5
02 TIK(d, TI=S{d,1)
01 COCATIMNUE
P 221 T=1,15%
21 FMKCTISERK{TY4RT /2 5k (K )SFND (T 1)
N 218 T=1,15
[ 215 J=1,1F
15 SMK(JyTY=SYKELZTI4PT/2 ut (KP4, 1)
12 CONTIM YT
CATA M1/133025 10211540695, 12,13,7,%,3,14,15/
PIFFNSICN TET(15,15)
0N 2¢7 1=1,15
Cr 247 J=1,15
47 TNT(J,101=",
.o TD 268 [=1,1F
48 TOT{ML (1), 1)=1,
CALL TIMES(SMK,TOT,SMK1,15,15,15,1)
CALL TEARS{TNT,S¥K1,SHK. 15, 15,15, 7)
CALL TIMESITIK,TCT 45 45,15,15,1)
CALL TIMES(TOT RNK, NP, 18,18,1,2)
Cn 216 1=1.15
DO 214 J=1,15
16 STUCE (J,T)=SHMK(d, 1)
DO 217 I=1,15
DN 217 J=1,5
17 STICK(Jy 11=S(d. 1)
rn 218 I=1,1%
18 FURCF (I1=FMP(1,1)



o0

FETUFN
NN

SURBROCHTINT TTIMES{AyH P N N KPK)
TYRLICTY AEA -y {A=k,1)=-7)

MFTEEAMSTEN A{1) 47 {1)," (1
KW=1 A, 1) 4, 3(,L)
K=o ANy P(M™L)
IR=1

N 100 K=1,1

£ L0 U=1,N

K(TRY=D,

Cly TO{] 1,1 2) 4KCK

COMT IN[F

NN 1N3R T=1,
IA=M2{T=1)+.

[R=4Yu {K-1)+1T
R{TRY=R(IR) +e(TA)P[T)
N ™ 101

CONTIMIF

PO 1 4 =1,V
]I_\:f‘.'.-.'-.(‘l-]_)‘-rl'
TR=M=(K=1 )+ T

POIR) =R (1) +A(TAYSR({IR}
V=104

RETUPN

™MD

)

1

DML
LANG LY

RFEAYLA™ Aty
TRAMSPNGE AVxR



2, Reference symbol PDS21




) P=109 ~UCUTE=TYPE CCPIES
= UNIYESSTTY, A7

VAS: 11:36:10

IGNEN oM AT 11234226 CN TN SEP 22/ 78

4

RIM T
s PLATE MISPLACLUOREL Z1 DFf. PE FRFEEN, My WX,LY,FX,FY 3 CARAFR NCD
i + FX . FV 4 M rgTNne NDDFQ B R R e R R e I
FEICHBETC VARTATION F0OF &,  QUAPRATIC FPR FX,FY T
pns QTPRESS S AT CENTINTN MXX,MYY XY, NX,0Y TR R

gt TRAMSFEARMATICON YLy PNy, WS, FN, FS
SURPOTING STIFF
IFPILICIT REALSR (A= ,N=7) ,
CUMON/STU/X03,20) , YOULNG L1 2) o STULOKI3A,36) o STITK{R,3A) ,FFTRCE(3A);
1INFN(20) '
COMMUN/NANZACT (2 43F 4380 3001 (2,9,3A) D1 (2,36 ),COAY (1A, 1A},NOPAN
COFMOM/PAT/N2(3,2 ), X0 {R),Y0(2)
CIMFURSTON TRAM(2]4321)SMK(21,21),SKL(21,2V),870 (8, 21),TIK(5,21),
LEAMGE21) Y {15 02) sV {15,32) 40N (4 ,4)
rm 160 T=1, 3¢
DN 169 J=1,3&
SO STHCK(J41)=0.
L0 101 1=1,36
NO 11 J=1,1
01 STICK{J,1)=n,
LN 12 1=1,3A
T2 FOPCE(T)=
LNo103 1=1,3
XO0(1)=X{1,1)
03 vyN{1)=X(2,1)
IFINCRAM,IOLD)Y G TN S17
NN 516 ¥=1,AARAM
Pe o516 T=1,2?
)Cn“-'.(?-'l.l)'-=G.'?.'-\“(‘~1, 1)
16 YM(M, 1 )=GRAM(N,T4+2)
17 COMTIMNUF
PLAK=TAFN(] )
; IV (HEAKGFQ. 1. NRUNLAKLEC,.2) T TC 104
| CALL SUBTIT
} IF(NLAK.FN,Y) C TC 178
NLAK=NLAK=-10
GO 106 I=1,21
0O 1- & J=1,21
06 BOL (M AK, Jy T)=STUCK(J,T)
DN 107 T=1,21
DO 17 I=1,5
C7T COL(MLAK,J+I)=STICK(J,T)
COo 198 I=1,21
£8 DOL(NLAK,T)=FNRCLC(T)
cn TN 105
04 CO 179 I=1,21
no 1o yg=1,21
09 STHCK(J,1)=RCL (NLAK .0, 1)
NG 119 1=1,21
pn 110 J=1'r2
10 STICK(Js1)=CrL (NLAK,J, 1)
PO 111 1=1,21
11 FORCL(I)=NOL(MLAK, )
35 CCNTINUF
NLIK=INFO(2)
IF(M TK,FQ.0.NP.NI IK.FQ.0Q) ) ™M 112

Mot Sk ey o

[
i £

g ale ate aty



13

14

8} 4
23

16
15

17

1
12

04

PO 1=, M

re 113 =1, 21

S (Jy I)=STHOK {4, 1)

MEo1ra I=1,21

e 114 J'.:"bj
ST,y T )=STICKk{.), 1)

{19 115 T=1,M1TK

K={I=1)}"2+"%

I =IMN"0(K)

K1I=ThWFTr({K+1)

11y 5 II=],Z]

o <24 121,21

TECAN(TA,IT Y0,
TEAN{IT,1T)=1,

CALL TEAML (XY, VKT, 0
TE(L T ,3Y °A0 T 112
KR={1~71):"%

i PN S XL

' 527 (1=1,4
YEANIEHETN4] gk Wb ] 4 )O3 TR Ty )
ooy 129

kRK=2 =) 47

Mo 121 In=1,2

G121 IL-1,2

TP AN RKSIN KWL )=C02 (T, T )
(ONTHELE

CALL T I et TUAN QM]3 20 47 421 ,1)
CAL] TIVEGQETIAMNSWK] qSNK,21,21,21,2)
CALL TUIMEGUSTE G TRAN,TTK R ,421,2]1,1)
CO 116 NT=1, 210

e 11e Misl,w

STRAM J M TY=TU (N ), T

CURT Tange

N 117 I=1,71

tro117 Jd=1,70
STUCK{dyT)=8"K 1 ],1)

My 1100 1-1,21

T 11 g=1,5

STICK LIy I)=5TT(de T
COINTTRIYE

Pf EN=0,

[ AL BN -:_.",,,.?

PP AN T=1,1

TE(X(T4d) JMELOVARPOA=],
IW(RPPC NE, 1. )00 T R4

Crr 273 1I=1,21

CACA(l =0,

PAPGLL)=X( ¥, A)
CAPG(e)=X{2,7)
PrNci1l)=X(2,8)

ry 274 1=1,21
FORCU(T)=FraCm(1)40AC(T)
(ONTY ™M

CETHN

EnpR

S TTINS TPEARNL (X oY oKy TR )
[P TCTT RFAf =2 (A=H,N=7)

PIPUMSTEN X (1A ,2),Y(1/,21,TP1 {4,4),X21{2)},Y2(?)

re 515 I=1,2
X2 (JV=X{¥,.0)



1%

00

Y2001 Y (K, 1)
C2=X2{2)=-X>(1)
F2=Y2(2)=-¥2(])
GLFH=CNR Y (G252 240 3 2)
LR I=1,4

pe 1 J=1l,4
TEL(T,J)=0.
IF{GLTNLECLY) SRITF(A,7070)
TEL(1y1)=32/CLFN

THEL (1, 2)=C2/GLAEN
TRLAL,2)=r2/00EN
TELL2y1)==-G2/CITN
TFL(2,2)=R2/GLFN
TRL(2,2)==G2/CLFD
TELAD2)=02/C1 N

TR {5,4)=02/GLEN

TE1L (6., 3)==R2/GLEN

TRL (4, 4)=12/%1 TN

FORIT (/0 EALEONCESRES QUPRAYT IME TPANL | FMaeoo 1, /)
FETHEM
AR
b " THM VICRTETA TNYv THENY Y ey pety ety e atia g
LR A IRt A M THM VOHTHI A Trv THECY .
SHUPCGRAMNS e AR EEE TR BRSPS
SURECIEDANNG B oaladryetr st s et Pl Y sk
THE  STIFFUESS  ™MATR T X S
THF  STREGK AT TY <
THE 1 CAD ¥ATRTX  T'AD

IMPUT  FN3 FACK PUTMT A TEE ARFA COCRDTMATES,P TUE VAILIUES OF | CAR

INPUT  FNR  EACH ELFNMTINT THF CCEFFICIFMTS  R{3) ,F({2)

INPUT  FOD FACH CLEYENT THF [IASTICTTY MAT2TX  C(R)

SURPNTIME  SHAPFF(A,R, R, PT,5K )

THPLICTIT Prapsa (A-H,0=7)

COMMNN/JNRZQM{2 1, 21)ySIFy21) 4N (5,5}

COMMIM/IAC/EMP (21, 1), PTL15),P(5), T(15)

DUEFAISTICN A(R)4B(3),6(2),RFI5,21),5N(%,21)

CIFENSTION Shl2)ySX(3),SY(3), SWXI2),SY¥X(?) ,S¥YX{3) ,ShY(3) ,SKXY(3) ,SYY
LU2) pSUXX(5) 3 SXYX L) SYNN (D), S4YY (R),SXYY(3),SVVYVI3),S %V {3), SXXV 2
219 SYXY(3) 4 SE(6),STXI&), SFY(E)

Of 201 1=1,3

K=T+1

IF(K.GT,3)K=K-1

J=T42

IF(J.CT.3)J=0-3

SHCT)I=ACT YA QT )52 A (K)4A (T )2 DA (J) = AL T A (K)o pmp (T RA( ) 2

SYCT)=RIK)HCALT)7 52 A () V40 G2 A LTI AK )AL ) )=RIJIALATK )20 (T )5%04
10.55A({TI%A(K)=A( D))

SXAT)=CUI)HIACT IS5 A K I4N  SAACT)HA(K)SA,J) )= (KA (A (JILALT] )04
1 W5TALT)RALK)=A(J))

SHXCI)=(1 /DT 25T ) (A(I)ZA(K)I+ALTIHA(JI+AKIZA() )42 o=A(T )5
LAGK)=(RII)=PK ) V42 2 A(T)SALIVS(R(T)=R () )

SYXUI)=(1o/DT) 5 (2 #RITISALTI=(R(I)SA(K) =BIKIA(J) )40 .55 (R{J)=R(K}))
TS (RETIMALKISACI)+R (KD =ALTISA (D) #R IV HALTIZACK) ) )2 (=1, 0)

SXXO1)=(1o/DT) (225 RET) A (T ) (G )A(K)=GIK VIAL ) ) +A{ ] )k 25 (R (K ) %
LGEM =B FGIKY I+ 0. S5 (G (JI=CUK) IR ITIHACKI=A(I) +RIKISA ([ )Ra(])+
2RLIISALT) ALK ) ))

SHY(1)=(+1e/PTYR(2. 40T (AT )HALKY4ALTIHA(DVHA(K)ISA(I) )42 HA( T )=
LALK)E(G(T)I=CUK ) 142 o 5ACT ) 2A L) (G (T)=R(d)) )

SYYUI )= (=1 o/RT 1520 (1A (T VR (RBLI)=A(K I=R{K)RAQD))4A{ T Y5200 (K )5
IBC =G UIYERIK) I+ S5 (RUA)=RIK )} (BAT)SA(K )HA(I)+CAKIFA(TI#A(J)+




2CELINTR (1) A(K)))

SXYUD ) =( 21 /0T {2 2B ) (T L0 ) AP UK ) =R HALD NI+ B2 (G(J)-6(K)
112U EA M)A (I ) +C{R)BA(TIMA L JI4G () HA (1) eA(K) )

SEXX{T )= (41 /NTR2 ) (=2 R {T ) (AL TP (D)4 A(KITR{XI+AL )2 ])) )+
12.7(RCTI=RIFI)V (2O SP(TY+A (T )RR ) )42 S (RITI=F{J) ) (ATTI=R( S+
2A(0)R(T1)))

SYXX(T)=(=1o/NTreip ) (2 0BT )92 (RGNS A )=P{K )A (D) )+ (R JI=-R(K)
PIS(ROTIER (K PHA (Y)Y +R (T DI REA) ALK Y+ (KIS J)=A( V) ))

SYXXAD) =41, /DTHI2PHAD 2B V)M 24{ GUUIFA{KY-C{KIYXALJ) )44, A (T ) R(T)
TR (Y =GOI) =R BV +(A (D) =GIK) VG (R (T YRV YA () eR{T)B (I )=A(K )+
2RRIERLDIEALTY))

SEYYUT)=(+4]la/ CTHHZ2)VM(=2,0C( T )AL V) EC(UY4A(KYSGUOY+ A D)0 1) Y42,
LOCATY =5 () ) A (IO T I+ (D) B {K ) )42 . =BT =GV I (AL )= () +A(J) T
2C(1)))

SYYYUT )= =)o /DT222 )52 01 )20 (A ) )AL J=R(K)HA( J) V44, rA [T )R T)
LY B OUN=GIYI P RBIK) Y +IA (I =M I (GIT) ORI ALY +C (T n () sa{K ) +
LY GINY AT )

SXVY LY ) =04 /DT 20 2 S T ) 20 G () SA (Y =0 LK) r () )+ (A1) = K)
L)ISAEINSR ) A { )+ CUTVEG () A (K )4OC(K )R (0 Ial 1))

SURY(TI)=s( 2. /DT#x2) =203 (T} {0 (T )M [TYRG N )#A(E )40 (JYA(]) )42,
LERCT) =PI =AY CUT Y4TSR ) 42050 30Ty =S (D)1= (A(TY s J)+Al.0)
26011 )

SYXY (I N1={ 2. /PT%2) {2,050 T VG T (3 (IVA(KY =KL (JY )+, R )
LACTYS ORISR )=CLA ) ARIK ) )+, 5 (PFLJ)=RIK) V(AT ) {6 J) =3 0KY+ 1)
2ELIIY AT (O T YRR (YI4GLINHP T 4 ALIIR(GUT ISR (K )+G (K )HR{T))))
au{-1,.0)

SKXYA AT }={2, /0722 )% (2,7 REV)SC LTI (G )M =5 (K IEA(I) )+ 2, G T )
IACI) S (RIKIA () =REJ)=O(K) )+ (SE{GLD)=CIK) ) {A{T I {G(J)XR(K ) +0(K )™
PROJIVHACK) SO IIREDIAG(IITRITNI+A (DI (LT )=R(K)I+G{K)B(T))))

SEFUT)=(2. AT} =1.)=AL(T)

SFII+3)=4 A (K )AL S)

SEX(T)=R(T)=(a, A{T)-1.) /T

SEXCi43)= (4. "N{K ) A( A +a . MRIJIA(K)}) /DT

SEFY(I)=CLT) (4 %A 0T1)~1,)/DT

SEY(T+2)={4.5GIKIXA (D 44, 5GLJ)EA(K))/OT

LD 401 1=1,721

PN 471 J=1,5

R (J.11=0,

DO 202 J=1,7,"

I=J

TF(T.LE.3 )K=

IF{T . CT 3l ANP T LE R )K=T=-2

IF{I.GT.0H)K=1-4

RELL,y J)=SHXXIK)

BF{2,J)=52YY(K)

BF(3,.))=51XY{(K)

RE(1,J41)=SYXX(K)

BF{2,J41) =SYYY(K)

PE(3¢J41)=8YXY (K)

RIE{LyJd+2)=SXXX (X))

BE{2yJ+2) =CXYY(K)

RE{3,J42)=SXXY(K)

CeNTINUER

0tno10s I=1,4

J=R+2x%]

RE{1yJ)==SFX(1)

BRFE(3,J)==SFY(T)

RE{4,J)=SF(1])

BFE(2,J+1)==SFY({I])

RE(3,J+411==-SFX(1)



[~

24

BE{R,J+1L)=CSF(T)

STIENESS “ATH IX RY MULLTTIPLTCATYICN R PR
STIFMESS MATRIX S
STRf £¢ ATPTX S BY  NULTIPITCATICN I

CALL TI4=S{N,R[4S+5,%,71,1)
CALL TUIMRES({R™,S,SV,21,5,21,2)
DN 402 1=1,2)

6 402 J=1,45

FMES.T)=

PEOGR AM b TEREE SEAPF FIINCTINM A TRTX )
rn 212 J=1,7,3

I=J

FR(TLFa3)=1

ITF{I GT3 AN G 1L LELS)K=T =2

IF(]1,,6T A)K=T-46

ENL] )=S0 (K]

ITN{2,J)=SHY(¥K)

EN(3,J )=S1X{K)

EN{L,.0141)=SY(K)

Er{2,.041)=8SYV(K)

EN(3,J4]1)=SYX[K)

FRIL,J+2)=S%X(K)

EM{20J4+2)=SXY(K)

FR{3,J+2)=SXX(K)

CCNTINUF

Ch 110 I=1,¢

J=8+2=T1

EM{AasJ)=SF(T)

Ehi{syJ+41)=SF(!)

CAEL TIVESIFN, P FANP,21,5,1,2)

FETUFRN

END

SURRJUTINF  SURTT

IMPLYCTT REAL =8 (A-H,N-7)
COMANN/ZSTI/X(3420), CEMONIL12),STUCK (364,361 4 STICKIR,26) ,FIRC~(34)
1 INFO(209)
COMMON/PAT/CN2(3,3),XT{3),¥Y{
COMMON/JUCAN/SML21,21),5(5,21),0(5,5)
COFEON/JAC/FENP{21,1),PIN(LE),P(3),PT(15)
tno100 I=1,5%

CO 100 Jd=1,5

CldyIY=,.

C(l,1)=ELMOC({L)

F{l.2)=FLMCT(2)

DPU2,2)=ELMON(3)

C(3,3)=FLMCN(4)/2.

D{4,4)=FLNMCTLIR)

C{S5,B)I=FILMODL6)

FCRM THE WHCLE SYMMETRIC MATRIX D
no 21 J=1,5

rO 210 I=1,5

C(I,0)=C(J,1)

CANTINUE

IFAFLMOR(L12)Y NTL,00) N2, 1)=FLMOAD(1?)

00 224 I1=1,5

P(1)=0.

P(1)=X(3,5)

DIMENSTOCN ALR) ,B{3),CU3) 3L ENGI2) (T )AL LLT )y A2( 7)o AR( 7)o FMK (2],
LSMK(21+421) s TIK{S5421),M1021),5%KLI21,21)
co 2y T=1,3



K=T1+1
IF(K.GT o3 )K=¥-1
J=1+2
TF{).5T.3)0=0~-3
Bl1Y=Y(K)=-Y ()
CeTI=XT(JY-XT(K)
LENS(D)=NSOT(P (V)2 24G( 1))
N COMTINUS
CT=R(1)=0(2)=-B(2)=06:(1)
CUTNTTL  IAT=GEAT PN FP STIFEMFESS MATRTX STUCK
AREA COCPRINATES LL 12 L= ARCCT ALY)
LETGETS NF INTEGEATICM L(T)
CATA A1/0,.333332323N 0D DNB9T1RPTN S0, 200 470 142CED O, 2, 79742ACGH
1 o 25 o1 123GELD /o077 ,232223330 C0,25N.470142060 0ODL,0.7590715R
270 D0, 200, 101286510 COyNL7CT426COD 00/ R/ D.22500CCCH Q0 ,3%N, 132394
A1ST U, e300 ,125935180 NY/
rn 211 1=1,21
rc 211 J=1,21
11 SMK(g,T)=n,
it 222 T=1,21
22 ENK(I)=D.
f.ti 212 |<=].17
ALLY=A1(K)
P(3)=A3(K)
P(2)=1—-A(1)=-A{3)
CALL SFAPEF([AR,6G,['T )
IFIXeNFoLY GO TC £01
ry 807 1=1,21
Co 202 J=1,5
02 TIK(d,1)=S{J,1)
01 CANTIMNUF
rtn 221
21 fMKK(1)
rn 2is
rn 21%
15 SMK{J,!
12 CCNTINUE
DATA MI/1,72,2010 411 e%9h 35412413, 743,5,14,15,1h0,17,12,1C,2°,21/
DIMERSIAM TNT(Z1,21)
re 247 1=1,21
ne 241 I=1,21
47 1007(Jd, 1)=0.
N 248 I=1,21
48 TOT(ML(T),1)=1,
CALL TIMESISMK,,TRT4SMK]1421421421,1)
CALL TTHFSITNT,SMK1,SMK421421471,2)
CALL TIMES[TIK,TIT,5,5,21,21,1)
CALL TTMES{TOT 4=NKENP 32142141 ,72)
o 216 1=1.21
DO 214 J=1,21
16 STUCK(J,T)=SNMK(J,])
ro 217 1=1,21
nno 217 J=1,5
17 STICK(J,1)=S{d,T7)
CO ?21ln 1=1,71
18 FORCF(T)=FNMD(T,1)
RETUPMN
FrD
SHBROUTINE TTHMIS{A B RNy H. 1 yKCK)
IMPLTCIT RTAL 8 (A~-H,N-7)

121
KEIIHDT/2 o LKYTAP(T, 1)
121

RY S
NK{JpT)+NT /2 vt (K)=SH{J, 1)

]
Z

~
ihou
VN = = R



03

PIM-NSTON A(1),%(L),2(1)
KNiK=1 AN, ) R4 l) y R{NGL)
KOy ::2 ALy N) 4 BIMyEL) [ LW
IF=1

01N K=1,L

CH 14y Jd=1,A

Freiey=c,

e Tr{101,102),K0K
(rrTINUR

Fl. 103 TI=1,%
TA=MI(T=-1)+]
Tu=t(Kk=1)+1
FOIRY=F(IR)+A(TA)"T L IR)
Ch TN 109

COANTINMUF

T 104 T=1,m

TA=N( J=1)4T
Th=M>{V=-1)+7
KOTR)=7 (1R +A(TAYIHL IR
Th=IN+1

RETURM

END

AEGJ AP
TPANSPASE

L
pr e

P



Reference symbol PMX12




P

WA
IG
RI

e

16
13

=190 PFROYTF=nRE CNPITC=4
UNTVELSTTY, RATCH
St 11116126

MER M AT 11:37:14 CM UCM SEPR 52/78
N T
PR OIS MOPLL 12 DTGERTS CF SIFRENCM 4, MYX, EYY, SXY 3 MAPES s

Ter i QTR ESSFES fONSTAMT WTTHTM AN FLEMEMT X

g NIV shydziestedionne

Pty TRANSECONATION 00, RN, M8y MNg BB TEEEE v
sazgr s LINFAR VARPTATICN FEOTHE  FULNCTICOAS NI Y

SHERLIITINS ST IRF

IMPLTCTIT RFALTA (A=-F,C-7)
COMMAN/STI/X(3,20) s YOUNG(Y2) , STUCK (R4 ,36) ,STICK{R 3¢ ) ,FOUCE(36),
LINFr{2D)

COMMON/MAMN/BOL {2 4936,2A) yC0L L2495 43236)ACL {2 2R )GRAN(]14, 1A),MF37AM
COMMIN/CONR/XL12) ,¥1(2)

CIMENSTON TRAM(12,12),S"0(12,12),S5%K1112,12),8TR(2,12),
LTTK{2,12) pDANGIL2 )y XY UTE2),YMI1E,4,2),002(3,3)
rmo16n 1-1,7

XL{T)=X{1,T7)

Yiev)=v(2,7)

Lo 101 T=14136

0O 121 J=1,36

STUCK(.J,T)=C,

£n 107 I=1,76

pee 102 J=1,48

STick (), 1)=C.

PO 183 T=1,34

FORCE(T)= .

IF(NGE AN, F).O) 6N TN 5132

NO S1& ¥=1,NGP 4N

NN 516 1=1,7

XE{My 1 )=CRAM(M, 1)

YR, TY=CRAMIM,T42)

CONTINMUE

NLAK=TRNFD(])
IFINLAKLFR.L AR NLAK,FN,2)GC TC 1 4
(ALt SURTI

IF{NLAK.EQC.OIGC T 198

MLAK=N{AK=-1"

ro 106 1=1,12

CH 1uh J=1,12

FROLIMLAKyJo T)=STUCK(J,T)

N 112 1=1,12

g 113 J=1,2
COLINLAKy )y 11 =STICK{J,I)

108 1=1,12

CCLIN AK, T} =FORCEL(T)

CY TO 105

£tn 109 1=1,12

Le o109 J=1,12

STUCKIJyI)=80L (NLAK,J,T1)

LG 114 1=1,12

O 114 J=1,2

STICK(J,y 1)=COL(NLAK,J, 1)

o1l 1=1,12

FORCL{TI)=N0L(MLAK,T)

CONT INUE

N IK=TNFO({2)
TRFINLIK.S0L3.NR.NTKLFQLAG) G0 TN 112
rn 212 I1=1,12

e



N 21 JU=1,12
13 SMK(, I)=STHCK (U, 1)
e 214 1=1,12
M 214 J=1,2
14 STR{J,1)=STICK (), T)
P oLL1R T=1,N| YK
k= {T-1)%2+73
[ =INFI{K)
KI-IMET(K+1)
[ EF3 11=1,12
07 HRE TJ=1,12
86 TREAN{TJ,TI)= .,
83 TRAM(YI,TT)=1.
CALL TRANL(XF,YV,K]l,073)
KK=(1l.-1) =4
rn s¥7 [iv=1,3
rtn 507 TL=1,R%
87 TUAMIUR+ATIN+T KK+ +1)=CO3TM, 1)
- CALL TTHRS (SN, TRAM, QMC],12,12,12,1)
CRLIL TIAOSITEAN,SMK]L ySMK,124312,12,2)
CALL TIETS(CTR ,,TRAM,TIK,2,12,12,1)
LR 1le MI=1,12
o117 Mg=1,2
‘1(’ STL(P:Jv'\'I)=TIK(N.J"'7_)
15 COMTTMYE

£no117 I=1412

rm 11+ 4=1,12

L7 STUCKOJ,T)I=SYF(J,T)
nn 118 1=1,12
N 113 J=1.2

18 STICK(J,I)=STP L4, 1)

12 CONTTNLIE
BrenN=0,
MO AL =&, R
rree 5 4 T'=113
04 TF(X([T.J)MENIRSPO=1.
IT(BPPC.NELLLY GO TD 854G
DO 273 T=1,12
73 LA (1)=0,
FAQG{L)=X{3,6)
LADGES)=X(3,T7)
FARG(S)=X(3,1)
PO274 1=1,12
T4 FORCE(TI=FNRCE(TI+PANG(T)
=0 CONTTMNUFE
FETUR M
FNT
SURRNMUTTINE SURTT
TMPEICTT PFAL®R (A-H,Nn=-7)
COPMPR/STI/XE3,20) ) YOUNC{12), STUCK(2G,436),STICK{8,3¢) ,fPOCF({3e),
LIMEN(2™)
COMMOM/OUDE /X (), v (2)
COMMON/TRIA/BR(3), (3 ),FL (2),D™
PIMEMSICHM FNMLL2,9) s FMN2(243) 3 FFRI3,3),FIFS(2,2),STHM(C,0),ENM(),0
1) STEOLD,9) 3 STHC4G) s STHR{G,3) 3 TT{12412)4STH(12,12),¥1(12),ST(?,
2171 STRI(2,12)V,GE(L12,12)
pNoLon 1=1,3
K=T4]
J=1+2
IM(K.GTo 3 K=K=~2




u1)

i

IF(J.CT 3 )=1-2
FIT)=vi{K)=YL(.])
CeIy=xn1 (1NN =x1.(k¥)

Fl (T)=P(I)2x2¢0{] )52
BT=BE1 )5 (2 =R (2 )500(1)
FLi=virInNer )
R12=Y1'URNG(2)
C22=YOUNG ()
A3=VeUGLal/2,

NG =YQOUNG (H)
CRE=YOUNG (&)

r21=n012

PepO=vCoyNG{12)

TE(DNPC HE,0.) DZ21=NNNA
cn 1oy '=1,3

LT R Y )

rrr(d, 1)y=n,

e 1oy I=1,2

noo102 a=1,2

FES (DT )=,
rOT=N11N20=-01 2 N2
IF(A0T B CL)HMRITRLE,T700)

FORMAT {(/,? EEEEE L] [T ANSN ] o Yoy

FFR{1,1)=n22/N2T
FrEr{l,2)¥==-rre/onT
TFR{2,1Y==T2L/C7T
TER(Z2,21=D11/N0T
EFF(3,3)=1./N33
FFS{1,1)=1./D%4
FFS(2y2)=1 /158

ro 104 I1=1,9

M 1 3 Jd=1,2

EMET L, 1=,

ne 104 1=1,3

J=3%41=-2

FMMT (L, J)Y=201Y/0T
FR¥LE2,.i+1)=0{T)/D7
EMMT(14J+2)=GIT1)/NT

VKL L2,082)=BLT)/T0
ni1-s51=1,3
FRE201,T)=R(1)/NT
Fhw2{241)=6G(T}/DT

rM o100 1T=1,%,3

rc 106 J=1,9,3

AS=DRT /24,

k=T-J
IF(KelTo3ANNGKLCT o=3) AS=NT/ 12,
STHMMAT yJY=FFR({1,1)48
STEM{T141,J)=FFR{2,1)%AS
STEA{T+2,J)V=ETR{3,1)AS
STMM(T 1+ 1)=FFDR(1,2):AS
STMM(T+14J+1L)=FFR (2, ?) A8
STYM{142,J+1}=FFR(3,2)AS
STFMUIT  J+2)=FFB(1,3)"AS
STEM{T+1,J#2)=EFR{2,2)2AS
STEM{TI+2,0+2)=EFR(3,3):=AS
CATL TIMESOFFS,EMNM|,FNMM, 2, 2,9,1)
CALY TTMES(FAMY ,ENK,STM(C,9,2,9,2)

CALL TTMCSUOMML L ENV2,STHH 9 43243,7)

o 107 1=1,9

e

FI ASTICTITY

HATRTX

'y /)



NG 1 7 Jd=1,°¢
07 STY(Jy ")=STH (Y 1)4DT/2,0:ST0( ], 7))
Co L18 I=1,12
npro11 o =1,12
TT{d, 1)
10 STELd,T

fus

Ch 11
11 SIta+2,T
nN o112 1=,
Ch11e J=
12 STE (A, T+3)=STW{T,0) DT /2,
cro113 1=1,9
CC 113 1J=1,9
13 ST™(J+2,1+4+3)==-STM(J,1)
rC 114 I=1,12
Cn 114 g=1,?7
14 STR{J,1)=0.
Lo 11s 1=1,°
£ 118 J=1,2
15 STe(dy T+3)=rv (g, 1)
CATA 1710415454297 634232, 10,11,12/
tn11s 1=1,12
1o TT(T1(1),1)=1.,
CALL TTIMESISIM,TT,Clry12,12.,12,1)
CALL TTES(TT 65,50y 12,12,12,7)
CALL TIMES(RTR,77T,8TR1,2,12,12,1)
n 117 T=1,17
mn 117 J=1,12
17 STUCK(JyTY=SIM(S, 1)
i) 118 1=1,12
fr 118 J=1.2
18 STICKL T Y=81P1{J,T)
PE=X(2,5)
INRCF(1)=CT/6,%P(;
FOFCF(E)=NT/,0C
ENFCE(9Y=DNT /A, =P
FETLiR™
FAND
SUHRRT UTINE TIMES(AZRN,F NyM,L 4 KCK)
TMPLICTT RFAL™8 (A-F,N=-7)
PTMENMSTICN A(L) o3 (1) s (1)
KOK=1 A(My,M) o RIM,1) o F(N,L) PECUL AP AR
KNK=2 A(MJN} 4 BPUIMyLY , PN L) TEANSPASE AR

_..

=

)

rmad

Satad

poed B
. o =t ]
172 000 BN ]

Il - o« ®

=1 i n

ST Iy TIRT /2,

s

— - = Joa

]
—
- -
w

k=1

Cro 10D k=1,1L
DO 1Y J=1,0
R{IR)=0.

CO TOA(131,1)72) KOK

+ 1 CONTIMUFE
CC 103 '=1,1
To=N*{T=-1)+
IB=M"{K=1)+1

03 FLYR)=FR(TR)+A( TA)XR(TR)
GN T 1))

02 CONTINUE
Cn 104 I=1,™
TA=Vr(J=1)+T
TR="1% (K= )+

U4 RITRI=R(IR)+A(IN)*P({TR)




€0

15

Ik=Ti+1]

RETIIPN

FMD

SUPRMITIME TRAML (X, Y ¥ 1,TVL)
IMPLICTT R=AIx8 (A=} ,N=7)

PISMTMSINN Y(1A,2) W VY({LA 421 ,¥Y2(2),V2(2),TPL(3,3)

e 518 §=1.72

X2 ) =x{Kl,0

Y20 =Y{K1,J)
C2=X2(2)-X"(1)
RZ=Y2(2)-Y?2(1)
CLEN=NSORT (NP2 +G 25712 )
TFUSIFNGER, YY) HFITE(F 47 00)
COR=r2/GLEM
SIB=-02/GIL M

TRLLT J1)Y=CCRD

TEL {1y 23)=-2.%0CRESTR
TRI({1,?2)=ST1nR*"D
TRI(2,1)=S]R%"2

TN (2,2)=2,=CIIB*CTH
TRIA{Z 42) =002

T2y 1}=CNR:S8T3

TEL (3,3 )=CNARMUEI=CSTRND
TR (3,2)==-CrESTP
FOTMAT( /! eyt CPRCR
FETHIEN

oD

LN

Sliv,

TRAML 'Y, /)



Reference symbol PMX24




> P=100 PPrYTFH=NURH CRPIFS=4
= UNIVEPSITY, [ATCH
WAS: 11:37:14
S IGMED AN AT 11:37:19 (0 ¥0M SEP 72/75

IRINT:
TSy ek MIXED  vroE 24 PEGREES NFE FRFELTM 4, MX, MV, MXY, S
Fry.rey- ks STRECSES ':)x' NY AT FIRST ANN SECCND NCNF S F1 P S e dg e e sl g entanto g
L3R BOE IR IR BN TRANSFCRMATICN T t, MMB. 'ASS, SN SE LT AR TS FE ST BIE S
PR BRI CUALRATIC  VARTIATICN F THE EUACTICAS Serrdiraeustiire

SUPRPUTIMNE ST IFF
IMPLICTT REALSR (A-H,C=7)
COVNOIM/STI/ XL 34 2C ) YOULMC (121, STUOK(26433€) #STICK (2,2¢),FPRCF {2,
11MFA((20)
COMMINZAAN/BRL (249236 426) \OC1 (2,2,36) yRCLI2 426}, COAV{1A,16) MrRAN
COMMAM/CONR /X1, Y1( 2)
CIMEMSTICON TOAN(24,24) 4SYX{24,24),SK1124,26)STP{4,24),TI¥(4,24),
LOANGL 24} XM 1A/42)y ¥ (15,21 ,C0703(13,3)
CO 1{2 T=1.3
¥LUT)=X({1,T1)
00 YilT)=x(2,1)
reo191 1=1,34
o171 =1, 26
01 STUCK{JyI1=2),
MO 12 1T=1,3¢
e 102 J=1,19
U2 STTIOK({J,1)1=0.
re 1 3 1=1,36
03 FORCF(IN=D.
[FINCRAM,FCL.D) GO Tr 817
OO 516 M=1,NCRAM
O bl I=1,2
YMIM, T I=GRANMIM, T}
16 Y (M, I Y=GRAM{(M, 1+2)
317 CCATINUFE
MAK=INFO(1)
IF (ML AK ) a AR GNMLAK L, E,.2)00 TN 104
CALL SULPTY
IFINTAKEN, 016G TO ICK
PLAK=NLAK=-1)
NAa 194 I=1,24
0 104 J=1,24
06 POL(NLAK,J,T)=STUCK(J, )
NN 113 1=1,24
LR 113 0=1,4
13 CAL(INLAK,Jy U)=STICK (., T)
Do 1"R I=1,24
108 COL(NLAK, I)=FNRCF(1)
GO Tn 198
4 N1 9 1=1,24
rn 106 J=1,24
.39 STUCK{J,a1)Y=BCL(NLAK,J,1I)
PO 214 I=1,24
CO 214 U=1,4
14 STICKUJ,I)=C01 (N AK,J, 1)
00 111 I=1,24
11 FORCEF({I)=DCL(MLAK,])
1,5 CONTINLE
MLIK=TINFD( 2}
IFINLIK.FG.NJNR.NLIKL,EQ.99) GC TN 112
Lo 212 1=1,2¢4

B
~



Ca 213 J=1,24
12 SMKUJ,1)=STUCK{J,1)
€0 114 I=1,24
CN 114 J=1ly.4
14 STP(J,T)=STICK(J,I)
£ 115 I=1,MLIK
K=(I-1)%243
L=TNF(K)
K1=INFO{K+]1)
DO 583 11=1,24
PO 584 TJ=1,24
84 TRAN(TJ,I1)=0.
83 TPAN(IT,JI)=1.
CALL TRAMNL(X'yYM,K1,00M3)
KK={L=-1)%4
NN 597 TN=1,3
Cr 587 Ii=1,3
ET TPAN(KK+IN+L KK4TL+L)=Cr3(IN, IL)
CALL TIMES(SMK,TRAN,SMK1+24424,24,1)
CALL TIMCS(TRAN,SMK1,SMK,24424,24,2)
CALL. TINMES({STR TRAN TIKy4424424,1)
tNo116 NI=1,24
COG 116 N.Jd=1,4
16 STRINJ4NI)=TIK{NJ,NI)
15 CPNTINUE
CO 117 I=1,24
PO 117 J=1,74
17 STUCKA{J, T)=SMK(J,1)
DO 118 I=1+24
CO 118 J=1,4
18 STICK(J,T)=STR{J,1)
12 CONTINUE
PEPDO=C.,
CO 604 J=6,11
DO 6"4 1=1,3
04 TF(X(T,J).ME.0.}BRPD=1,
IF{BRPC.NF.1.) GO 0O 567
LO 273 1=1424
73 CANG(I1)=0.
CACGLL)=X(3,56)
CADG(S5)=X(3,T7)
CACG(S)=X{3,8)
CAGG{13)=X(3,9)
CADGIL7)I=X(3,10C)
CACG(21)=X(3,11)
DO 274 [=1,24
74 FORCF(IY=FORCE(I)+4DANG(I)
60 CONTINUE
RFTURN
EMD
SUBRNUTINE SURTI
IMPLICIT RPFAL*8 (A-H,C-=7)
COMMEN/STI/X(3,20),¥Y0(12),STUCK(36,36),STICK(8,36),FCRCF(36),
LINFO(27)
COMMON/TRECA/B(2),G(2),EL(3),DT
CCMMCN/QOLCEP/EMM(18,18),FMO{1R,18),STMW(18,6),ySTRI4,24)
COMMON/CONR/XL(3) ,¥YL(3)
CIMENSTON STM{13,18),TT(24424)+ML124),SIM(24,24),CE(24,24)
1,STR1I4,24)
PO 1+ I=1,3



k=T+1
J=1+7
TF{K.GT.3)K=K-3
IF(J.67,3)J=4-3
B{I)=YL(KI=VI (J)
CET)=X1 (J)=XL(K)
GO FLIU)=R(T)%=22+G(])*=2
DY=R{1)¥*G(2)-R{2)%G (1]
on 111 I=1,24
DN 111l J=1.,4
11 STR(J,I)=0.
CALL IANTSU
tn1l1 I=1,1%¢
co 101 J=1,18
0L STMUJ TI=ENMP(Jd,T)+EVMC{J, 1)
Pd 102 I=1,24
DO 102 J=1l,74
TT(J.1)=",
)2 SIM(J,T)=0.
CO 103 I=1,46
Mm 1 3 J=1,1%
33 STM{d+6, 1)=STHMYN(JT)
O 104 1=1,18
PO 104 4=1,6
d4 SIM{J,1+46)=5TMWI(T1,J)
0O 15 I=1,1"
rec 105 d=1,18
)5 SIV(J+E,1+6)==STM{J, 1)
CATA AL1/1+7+89G9291 91141293,1391441544416,17418,5,19,20,21,
16y 22423424/
RO 107 T1=1,24
07 TT(MILI),1)=1,
CALL TIMES(SIMyTTyCE9Z2442442441)
CALL TIMES(TTSCESI¥ 24424424,2)
CALL TIMES{(STR,TT,STR1,44424,24,1)
CO 106 1=1,24%
DO 1A J=1,74
)6 STUCK(Jy I)=SIM(J,1)
DO 112 1=1,24
DU 112 J=144
12 STICK{Jy1)=STRL(J,1I)
PG=X{3,5)
FORCF(13)=NT/A.%PG
FORCFE(17)=CT/A .%PG
FORCF(21)=D1/6.%PC
RETURN
END
SUBROUTINF TRANL(X,Y K1,TRL)
TMPLICIT REAL®E (A-F,N-2)
DIMENSTICN X{1A+2)9Y(1642).X2(2).,¥2(2),TPI (3,3)
£0 515 J=1,2
X2 (J)=X{(K1l,J)
15 Y2(J)=Y(KLl,J)
G2=X2{2)-X2(1)
R2=Y212)=-Y2(1)
GLEN=DSORTI([B2%%7+G2%%2)
IF{GIEN.EQ.O.) WRITE(&,700)
COB=R2/GLFN
SIBR=-C2/GLEN
TRL{L,1)=COR*%*x2



01

00

TEL(1s2)==2.7%C('B=:SIR

TREA{Ly2)=SIRM%D

TRLI2,41)=STR"*2

TRL(2,2)=2,5%CNRBSTR

TRL(2,2)=CCR%=x2

TRL(3,1)=CCo*SIR

TL (3, 2)=CORE2-STREMD

TRI (3,2)==-0rB=S1IB

FOPHMAT( /4 A FRACR bkl A EN SHB. TRANL ', /)
KETURRM

END

SURRNUTIN= TNTSU

IMPLICTT REAL=8 (A-H,N=-7)

P21=YOULNG(12)

COMMOM/TROA/RUT) ,CL2),EL(3),DT
COCHMON/OLOTP/EMMA{LE, 18)THQL1A, 18),CMWI1R,A),STR(4,24)
COMMAN/STT/X{3,2 ) YOHUNG(L2)9ST(3A43A1+SFIR3A)LFIR({3A), THNE(20)
CTVENMSION AL(T)eA2{71,A207) WU T)2FFRL2,3) ,LF<{2,2).,A(3),
LEN{AH) sEELO) yFRFIA)ZENND(3,18), FNW2{2,A ), FMM1I2,1R)
2oFHITETIR,6) hFEILI2,18),EMM2(18,18),540112,18),5MG2(13,18)
CATA 21/0.323323230 0D,0.05571H37N A0, 250V 472142060 N0, Y, 7074626590
1 y 2% J1TL2R6K51ND 7 /4y A3/ 4333333320 7 42 LT 149 €N, T, 33715
27D 50,2%0.10128651D CO,0.7GT4266°N O%/,%/0.2250C6000 NN,3%0,1323 34
315D £11,343,125239180 09/

Ul1=VYNLNGL L)

C12=YNUMGL2)

N22=YCUNGL3)

"33=YOUNG({4) /2.

Caa=YDIING{5)

NeeE=YCLNG(£)

f21=n12

CODN=YCUNARLLZ)

IF(NPNCNY . 7. )D21=PCN0

£O 100 I=1,3

NP 103 J=1,3

fFB(JyI)=0.

rao o101 1=142

0O -1 Jd=1,2

FES(Jy T)=nN.

CaOT=r11"=022-C12%D21

IF(NOT.E0. JIWRTTL(A .7 )

FORAAT (/! Zhnkx  FREOR whaz FPASTICTTY  MATRIX ',/)
FER(1,1)=122/DCT

FFR(1ly2)=-N12/D0T

EFR(2,1)=-0C21/CT

FFR(2,2)=N11/DCT

EFR{3,2)=1./D27

EFS(1,1)=1./D&4

LF S{2,2)=1./DF5

rn 107 (=1.18

P LT J=1,18

Er4(d.11=0.

EMG(d,1)=0,

PO 178 I=1,6

CnH 1¢c8 J=1,18

EME(d,1)=0.

INTEGRATION

tn 102 X=1,9

IF(K.FC.8) aA{l})=1.

IF(K.FQ.8) A(?2)=0.
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06

pneo

IF(X.Fr.0) *(3)=",
IF(KLTD 3 AlL)=".
TF{ . FC.2) A{2)=1.
IF{X.€.9) *(3)="

It (K, 6T, 7)¥000 T 112

A2 [KY=1,-A) (K)-2A2(K)

Fl1)=/1(K)

AlZY=r2(K)

L(=)=M2({K)

CAMTTMLE

M {L)= (2.5 )=1 )AL
EMI2Y=(2,:6{2)=-1,)-A(2)
Fir{3)=(2.A(3) =1, )A ()

Fh (4 )=4 .08 {2)28(2)
FM{R)=4,:A{})"=A(2)
FVHRY=4 AL )R 2)

(L) =0(1) (e, 0({1)=-1.)/NT

bttt 2)=R{2) (4. %A (2)=-1.) /7T
EFC3)=P(3) (4.0 3)-1.)/DT
Fra)=a, =0 3{2) <A {4)+F (3)=0(2))/0T
EE(R)=A, (1) A () +R()A (LYY /T
TF{6)=4,7(n (1) =A(2)+{20=A01)Y) /0T
Lidtli=C(1)sta,™A(1)~-1.)/PT
FR{2)=C(2 )~ (¢.2A(2)=-1.01/DT
FRE(A)=C{ ) (&, A ()= ) /007

FEL4) =4, (0{2)5A1R)+03) -2 (2)) /0T
TS )=4 215010 =AL3 )46 2)A{1)Y /T
[P (A)=6. (R LL)Y SA(2)40(2)A (1) )/ 7T
rno 103 [(=1,18

rn 192 J=1,3

AR {JeT )=

ree 2063 7--1418

Cn 204 J=1,2

(0194 1=1,3

F=3%0+1-3

FI'PO(T,M)=IN{J)

N len J=1,18,473

F=(J+2})/3

EvMLALl, J)=0F )

LAMLC)LJ+2)=FF{V)

Erei{2,d+1)=rF(4)

FAMYII2,J42)=EF(4)

IF(K.GT, 7160 TN 113

Cr 10¢ J=]_,f:

FANW2EL 4 0)Y=FF (J)

EMe2(2,40)=FF (J)

CALE TIMES(FMML, EMy2,FMI]1,19,2,6,2)
(ALL TIVES(EFH RN GFHY] 4,3 4,4,10,1)
CALL TIMEG(ERMCyFMMILFrMD, 18,2, 1R,2)
CALL TTMES(EFS FEMNMY 001,242,192, 1)
CAYL TIMES{FIL,FNCL y-"C2y1%42,1%,2)
N 1N% 1=1,1F

D109 g=1,18

FERMLDy I )=MP L), L)+ K) MM (0, T)NT /2,
FACLy 1I=38N 00, T4 (K )FMND (), 1)#NT/2,
raoil I=1,hA

110 J=1,113

LAty Ty=(y TYHRU{K )RR L, 1Y DT/ 2,



02

01

03

02

Q0

COMTINLE

[F{K,1T.8) G T 10?

L=

IF(k,en,@) L=>

Cr 114 T=1,1%

FO 114 J=1,47

STR(L+J, T+EI=FNM1(J, 1)

CHmTINGE

FETHEM

Esrn

SUPRNUTINE TTMFSTA R yNy Myl yKCK)

TMPLYICYT RFEA12:8 (A-H,M=7)

LIMEECSIAN A(1),80)1,R({1)

k(CK=1 A(N,V) y BEM,L) y BN, L) FGUL AR AR
KNK=2 A(3,N)} , B(M,L) » (N1 TRANSPNGF At%Q
1P =1

Fo1en K=s) 4

2 100 J=1,M

RETR) =0,

O TOLL 1,1 2) ,KCK

CerT INMUF

O 103 I=1,"
Ir=N(1=-1)+J
IB=it(K=1) 41T
CLTR)=FC(IR)+ATTANRE(TR)
" TN 1.

(rnpTIMNUR

CO 104 [=1,%
TA=M(J=1)+1
[R=M=(K=1)+]
FLIR)=P(TP)+2(TA)RR{TIM)
TF=TR+])

FETIHIRN

FMD



Reference symbol PDS24




p

W A
Iz
2 |

16

00

=100 TROYTECURE COPTFC=g

UMTYTPSITY, FATCOH

St 11:37:1°%

NEPOCR AT 11483140 CN IO
N T

TLATE RIS, TILEMUNT 24
SEn MUPTIC VARTATION OF
LIWA®  VARTATICN "F SHEAR ANCL® FX,EY
Lar o RTIUSSEC IR, CYY XY, IX,0Y

SEp 22775

ne,

(

CMPIC VAR,

AT CENTR

DML nF CLASTISTITY THRClUrH ymmMe |
. NS, WP N, kSN ,

Frr s TTANSECRMATION 0 4,

SHEFPUTIMG TEANM (XY 7,Kk,TE])

TEPLYCTT REA S (A-H,=7)

A

14

ns »1oalrmeG TUyE

ninN drvret e

12) bl 2R c R S B SRR

LSS, FAN, S =rmevrudoiomns

PIUVRERCINM MO, 2) g Y1602 71170 02) s TALLT47),X212),¥2(2)

(N Kis J=1,2?
¥2{1)=x{k,
Y2UJdl=vY(¥, 1)
CP=N2(12)=M211}
1f2=Y2{21-vy201)
ClLIN2=TS) T (r2:%2+RP""2)

TELALIN2 0 Te 1= AN GEERND 7 - J1M-17)

[2=n2/"7 M2
C2=C2/0L N2

ro o Rle T=1,7

Cr s1¢ Jd=1,"

TR Ld,1) =0,

T (L 1=
TeL(l,2)=62

T (1,4)=R?

TR {2y 1)==-6G2
TPL(?,2)=R2
TRI(2,¢)==G2

TP {3,2)=82"352
TEL {2 ,4)=2.%F276G2
TR (2, F)=32%%2
Ty L(l,.,'-?,):—}l?_:':{;_)

T | by H)Y=22%0D

TR (F ) 280000

TEI (R, 4)==2, sB2%EG2
TR (5, 65)=30400
TRLLE 6 ) =02
TPLIE,T)1=02
TeL(7,6)=-r2
TELL7,7) =22

FNBENAT (Y R ~pgNn
FETIIRN
FND

SURRMAUTIMF ST IFF
THPLICTYT "=A g (A-Fy"=7)

CNTTE (A, )

TRAN| Norp ot

FFOERFERCS AT 3 ACOFS oo
SIRMS jrnw

CLENONZSTTI /X342 )2 YOUNGITI2) ,STUCK (6 ,4) ,STICK (8436 ), FARCF(2£]),

LIMFD(2D)

COVMOMIVAN/ROL (2472064361000 (2,38 ,35)1,001 (2433)CGRIV{1A, 16),MGRAN
CrstPM/ e IR /CN203, 2, X 3Y. ¥ 3) . CAM(3,3)
DIMENSTCN TRAM(24,24),S¥K{24,24),STR{K,24}),MPANG(224]),
LXULLE 2 s Y LLA2) 227016 42) XL () ¥YL(2) 220 (3).CC3(T7,7)
29C1(2) BL(3)C L) STUHIZ24,24),TIK(5,24),FNIR{24)

CC lu) I=1,3
x (1 )y=xX(1,1)
Ee 10] 1=1, 36

Tttt
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ul

vz

03

r~ 1 1 4a=1,3¢
STUT (4 1)=0.

Beo1N2 T=1,3F

o 1 2 =),
STIiCK(d,1)=).

Foo1ny 1=1,7%¢
Enocrk(1)=9.

L AN7 1=1,24

nenG(1y=",
TEA{MGY A, S .0) G0 T FY 7
LD 91A v=]  ACERA™M

NN sle 1=1,2

X {5, T)=6YAR (Y, 1)

25N, 1)=0GR A3 (", T44)

YiR( My T)=0G2AM,T42)

Cr M7 IRE
cMyn=9H,
TN o432 % '
LN 432 J ’

TR{X{ 1,0} .Niee o) CMLP=1,
IF(rMLNMT LR TN 477
CN 432 1=4,9

=3 {]-5)+1
FACG(JI=X{(2, 1)

COMTINMNYE

MOAK=TMET(Y)

i

=5

NS IRVY)

TEAMLAK GENLT NI LA R 25T D 184

CALl SURTT
IT(MLAKLEN,S)GC T 1CT
ML.AK=MIAK-1)

NN 1 6 T=1,24

fr 106 J-L; 2%
RLLANLAK, 0, T)=STUCK (U, 1)
Cn 113 J1=1,24

/o113 J=1.4

COLIML AR, by T)=STICK (g, T)
PNl @ I=1,24

CelL () ARy "Y=FORCE{ T)

Gt T 195

CNn 1-9 I=1,24

M 109 Jg=1,24

STUCK (Jy P} =3CLINLAK, D, T)
0 214 1=1,24

ce 214 J=1,5

STICY I U P )I=CCL (NI AK,ZJ,T)
ro 111 1=1,24

FORCF (1L)=nCL (ML AK, T)
(PNTYNUE

(G 428 1=1,2&
FAPCF{T)=FOPCE(T)40ANG(T)
M IK=INMEN(2)

IF (MU TK LEQDNPLNLTK ,FOD.C9) (D TN
ro 601 1=1,24

L 6CL J=1,24
STULS I )=STUCK (J.T)

N A 2 1=1,24

Cn 602 J=1,5
TIK(S, V) =STICK (I, 1)

N A 3 I=1,24
rer{I)="—0RCE(!)

1145



32

33

16

V4

05

0é

00

—

NC 114 I=1,NLTK

K= (I-1)2+2

| =TNFC (K)

KI=TAFT(K+1)

CN 5f3 11=1,24

D Sha 1.0=1,2¢

TTAN{TJ,T1)=0.

TRAN(TIT,IT)=1,

ki={L=1)=R

CALE TPAM) (X', YY 78 4K1,CM2)

rn 222 11.=1,7

or 222 JlL=1,7

TEOAN (KK+T1 1 o KK+JL+2)=C03( T, J1 )
CALL TYMES(STUHSTRARN SPKy26424,24,1)
CALL TTIHMES(TRANZSMK ,STY 24,24 ,246,2)
CALL TIVES{TTIK,TEAN,STR,5.24,424,1)
CALL TVMES(TPAN,FOR,TACC 24426,1,42)
DY 2372 TL=1.24

N 222 =145

TIK(SL s TL)=STR{JL,TIL)

e 222 'L =1,2¢

FOR{IL)Y=CADC(TIL)

CONTIMUF

NC 604 1) ,24

00 636 J=1,2+

STUCKOS, I )=STU(J, 1)

N e 5 1=1,24

Cfr /0% J=1,°%

STICK(J,I)=TTK{4,1)

NO A A [=1,24

FORCE(T)=FNR(T)

CONTINMUE

Fro TU#M

END

SURRCUTINE SHAPEF(A,R, (C,PT)
IMPLICIT 2FAl =8 (A-t,N=2)
COMMON/UON/SMI24,24)3S(E524) N[ 545),P{R),FMP({24,1)
NYMENSICN  PF(US5,24)yBRET{3,419),CET{3,3),A(3).2(3),(3)
TRED(2, 1B8) v CPT{GCyR )y TEM{E,18) yFUN{G,1B) +EN(R,24%)
CoMMoMN/DNe A/ CM{S),0K (3)
CET(1,1)=(B{1)/DT) %2
CET(1,2)=2.%B{1)*R(2)/NT%*D
CET(1,3)=(R(2)/NT )%=
CoT(2,1)=(R(1)/DNT) Mk
CFT(242)=2.%C( L) (2)/DT k%D
CET{2,3)={G(2) /DTy
CET(3,1)=2.%ClL)#R(1)}/NT*2xD
CET(242)=2.7(G(L)HP(2)4G(2)=*R{1))/ DT 42
CFT(3,3)1=2.%CG{2)%R(?) /NTH%"2

Tr 100 =143

no 106 J=1,1~A

BFT‘I'J)'-'O-

CONTTNUHE

D1 1 1=1.5

£c 101 J=1,2¢

BE(I,,Jd)=2,

CPNTINUE

PLT(1l,4)=2.

BETIL,7)=5.=A11)

BET(1,R)=2.%A(2)



04

FFTI1,11)=12.,=A(1)""2
fETLY,12)=FoA(1 )2 (2)
FET(1,13)=2.5A(2)%%?

PET(] 41A) =20 A (1)5034 12 00 (L )eA{L)AT20A (2 )42, "NM{ D )AL 2 ) %43
RET( L, 17) =™ A(1)HAL 2060242, () A (D) 7
BET (1,18 )=2.5A(2)553%0%(5)

BCT(2,5)=1.

BET(2,81=2.72(1)

FET(2,S)=2.70(2)

FrT02,12)=3.%0(]1 ) %32
RET(Z2y)13)=4.4(1)%A(2)

BET{2 414 ) =3, ,=A(2) 02
BET{2,18)=4,%0M{1)HA{1L) 2034 F PN {2)RA(1)ALD ) %D
BETL2,17) =6 A1) 200 {2146, 5NM ()AL L)A(2) 22
RET(2 9)18) =8 oA (L) p (2 )M (B ) 44 (204 ) A (2 ) %503
KRFT(3,6)=2.

RET(3,0)=2.2A(1)

BET(3,1 )=0."4{2)

PET(3,13)=25A (1) 52

PET(nyla)=¢ A1 )A(2)
BET(2418)=12.+A(2)7""D

EFT(A, 16)=C M2 )%p (1 )% 254( 2)

RETL2,17) =2, 18 (1 )34 TR (I3 {] )24 (2)
EETOR, I8 =20 (2 20 12,007 ALLYRALR ) D4 (¥ N {5 )A (] )5 %D
CALL TIMES{CET,HET,RED,2,5,1%,1)

POL- 2 T=1.3

nm 1072 U=1,14

PL(T,J)==8F(T,.1)

Cot'yTMyF

rc 103 J=1.7

K={Jd=1)"2+]

BE (1 ,18+K)=P(J /DT

RFE(2,19+K)=C(J) /DT

FE(3, LR+C)=C(I) /DT

BF{3,19+K)Y=R(.1)}/0CT

COMTTNUF

Prla,19)=A(1)

PLI4,211=A{2)

BFE(/4.,22)=A(2)

PF(5,20)=41(1)

BF{5,221=A12)

RE(H,24)1=A(13)

CrLL TI“EQ(DiBFsS!Sqr‘vZ’!o.‘.)

catl TT;‘CS(H’:1Sv5~v24'q92407)

Lo 104 1=1,6

D 104 J=] .6

CRY(I,.0)=0C.

CCNTINNIE

DO 1% T=1,¢f

LN 105 J=1,18

TEM(T.Jd)=N,

CLMNTTNYS

CO 106 I=1,R

b 106 J=1,24

EM(T,J)=0.

CONT ITMNUE

CRI(1,1)=1.

CRI(2,2)=R{1}/DT7

(RI{2,2)=HB(2V/T

CRI(L2,2)=G{1) /DT

-'-I‘(?)



(FT(3,2)=G(P)/RT

(RT(/,4)=(H{L1)/NT)=D

(RT{&, B)=2 R 1)5R(2)/NTr)

CET{4,a)=(12)/0T)>22

(PT(F,4)=GI1)ER(1) /DT
CRTI&,5)={A{2)15R(L)+C{1)#R ()} /DT x2

(RIS ,£)=G12)F(2)/NT¥")

CAT(A,&)=(611) /NT)*D

CRI(6,5)=2.CILI%C{2)/PT#52

(RT(E6)=(R{2)/NTY3=2

TEM{L, 1)=1.

TEN{1,2)=8(1)

TEM(1,2)=A(2)

TEN(1,4)=A( 1))

TREM(1,5)=A(1)=4(2)

TEM( 1, F)=A(2) 550

TEN(L,7)=8(1)*3

TENIL,8)=A(1) 55250 (2)

TEN(1,€)=A(T)0A(2) 5%

TEM{1,19)=8(2)%%3

TENCL, 1) =A(1 )4

TEA (L, 12)=A( )7 93240 7)

TEN(1413)=A(] )= 022 (D) 500

TEM(1, UA)=A{ ) 5A(2) 52

TEM(1,15)=A(2)7 4

TEMEL.16)=f (1) SEEa0h (15 A1) naA(2)40M (2 ) 2A{] ) %5204 [2) %7
MU, V7Y = AL S 3 A 2) 5 2400 (D) A (1 )52 %A [ ) %53
TEMIL 4 18)=h{2)? =E40M (A )AL )SAL2) #544NM(5)5A [ [ 155254 (D)%%
TEM(2,2) =1,

TEM(2y 6)=2.3A( 1)

TEN(2,5)=A1(2)

TEN(2,7)=3. %A (1) %%

TEM(2,8)=2.*A01)%A(2)

IEN{2,9)=A(2) %52

TEN[2,11) =4 #A(1)xu3

TEM(2, 12123, *AL1)4%2%A( D)
TENM(2,13) =2 xALL)XAL2) %72

TEN(2414) =A( 2} %43

TEN(2,160=80 %A1 )24 44 ML) 2AL] JRm3SA (2 )42, #0OM(2)5A (1) A (2) 553
TEM{2,17)= 2, A QL)% A(2) #5042 0P (3 )AL )HA(2) ¢ 53
TEM(2, 18)= W (4 )¥AL2) %442, 5CM(S)HA( L) *A(2) %3
TEN(3,3)=1.

TEN( 3, 5)=A(1)

TEM(3,6)=2.%A(2)

TEN(3,2)=A(1)%%2

TFN(3,9)=2.%A( 1) %A (2)

TEN(2,10)=3.5A(2)0%2

TEN(3,12)=A(1)#%3

TEN(3,13)=2 .54 (1)2524A(2)
TEN(3,14)=3 5001 ) %A (2)5%2

TEM(3,15)=4.%A (21 %3

TEN(Ry 161=CHMET )HAC L) #5443, 0M( 2)52A (1) % DA ( 2) #5202
TEN(2 (17022 5 A (1 )2xR5A (D )+, %00 (3 )5A(] )5 P0A(2) %52
TEM{3, 18) =5, %A (2) %5646, 7N (L) A (] VRA LD ) *A 347 SCM (S ) A (] )5exD %A (2 ) e
12

TEN(L 4) =2,

TEN(4, T)=6.%A( 1)

TFN(4,8)=2,%A(2)

TEN(A 1LY =12.%A (1 )5

TEM{4,12)=6.2A01)%p(2)



TEMAA g 13)=2 50 (2)22
TEhM(2416)=20, TA0 )50 2412 v ({1 )AL )= A (2 )4 D, SPY{2) A (D)%
TeEMUE G 1T)=A A (L )5AI2 ) 2242 MM 3y A 2) e 2
TERN(&4,18)=2,7"02{6): A(?2) 3
TEM{5.5)=1.
TN ,3)=2,740( 1)
TEP{H,G)=2,."A(2)
TER(S 12 )=3,A (1) 2
TEMIE,13) =4, A (1 )r(2)
TEM{S, 14)=3. A (D) x522
TUM{S 161 =6 oMM L)AL L) 23 em BN 2 )AL LY A 2) 2t D
TEM{S 17} =AM A(L )2 A2 ) +F NV (3 )AL )=A(2 ) 5D
TEM{S5y 13)=4 3NM{4 ) HAL D)4k O G)=A (1) p [ 2) 502
TENI+4F)=2,
TEM{A,9)=2.A{ 1)
TEM({ 3 10)=6.24(2)
TEM{A,13)=2,5tA (] )2
TEM{oy 14} 8, A (1) 2p{ 2)
TEN{EGT15)Y=12,5A(2)2 2
TERIOGTR) =AM )A (T )=%R2HA(2)
TEMO VT )=2 (A1) 346, 5NV ) XA L] )2 2%A (D)
TEMOr o 13) =200 (2395412 OV (A )RA(L)RA{D )24 30 (5 )4n] 1) =20 2)
CALL TYACS(CBY y TENGDIN,E6,6418,1)
cn 197 T=),6A
Ca 197 J=1,1A8
FMOT,d)=DENTCT, J)
07 CANTTAME
EMI741%)=A(1)
FM{T7,21)=4(2)
CN{T7,23)=A(2)
EM(R,27)=A(1)
th(f,22)1=A(2)
Fhi{R,24)=A(3)
CALL TIMFS{FNGP,"NP,24,8,1,2)
RFTURN
FND
SHRNOYT TN SUBTT
TP ECTT REALS8 (A-H,N=-7)
COMMNN/STI/XET 32 ) Whrl I #ON(12) ySTURK (A& 4) 4, STICK (R34 ), FNRCF(25)
1y THiFN(20)
COMMUN/UCNR/ S (24 4,24) 4S({54,24),N(8,5),P(R), EMP(24,1)
COMMAON/DIRA/OM(G) MK (3)
COMMAON/COCP /00203, 3),XN(3),YN(3),C0OM(3,3)
0N 208 T=1,5
O 208 J=1,5
J8 C(J,1)=0,
C{l,1)=CL¥CCI(L)
C{l,2)=FLMOC(2)
C(2.2)=EILMCC(3)
PE3,3)=rLMON(4) /2.
T{4. 4)=CLMNN(R)
C{5,8) =ELMN{A)
Fr(z2.1)=nNt1,2}
IF(EV P L2)NELQ,IN(2,1)=FILMCD(12)
CATA ALF/D) 233233222060/ ,A1 F1/D.08CT71587N00N/WBET1/C. 4T7C1420A6N00Y
CATA ALF2/0.797426CGN " -/, PET2/- .1 1286510  /
CATA E1/73.7225CN0C/4y4F2/70.132335415NC0/7,WF3/N.125%93918D20/
TTRERSTEN RU3), GU3)4ARCN{2, 7TV W{T)yA L 3V,NDAM (246, 1), ENG(3Y,
1T(024424) 4SOMI24,24) yFPE(24) ,TTIK(8,24),v]1(28)
ARCO(I.1)=ALF



00

L1

IPCDL2,1)=ALF
ACN(1,2)=08FT]
AECOL2,4,2)=RFT1
ARCO{1,3)=ALF1
ARCO(2,3)=RFT]

EPCN(L 44)=RFT]
Arc(2,4)=A1F1

ARCN{1l +5)=RFT?
ARCN(2,8)=RFT?
MCN(1sA)=ALF?
ARCA(2 A )Y=RET2
AECII(1,7)=R"T2
AC(2+7T)=ALF2

(1) =tF1

L(2)=vIF?

L{3)=1EF

k{s)=mE2

L{5)=1'F3

o) =HET

7)) =HET

M 223 I=1,4

Fi1Y=0.

P{LI=X(32,5)

M 200 I=1.3

K=T1+1

IF(K . GT,3)K=K-3

J=T1+2

IF(J.67,3))=0-3
BIIY=¥YDI{K)=YN{J}
GLTY=XCLN=XC{K)
TENGIT)=NSART(R{T)E24G(1)2%D)
COMT INUE
CKO)=PILYIXP(2)+C {1 )3 ()
Ce(2)=B{2)B{3A)+6{2)%G (3}
CKL3)I=R(3 )= (1 )+CL3)G( 1)
CT=R{1L)=G(2)-RI2)"C(1)
{1 =%, (1) /(K1) +CK(2))

CA(2)=5.2 {03 )20 (2)40K {1 )=AK( 2=, AK{ 11K (3) )/

LOAOKLI+RK{2)) 22,50 (3 )= 40K (2)))

CMER)= (353N =2,CK(2) ) /(2. K{31=-2,2CK(2))

C904) =8, CK (1) /(0K (1) +IK(3))

OMIR)=R, % (KR )XCK(21+CKIL)IXOK (3 )=, NK {1 }2NK(2Y )/

T{CK (LYK () ) (2, 5NK LAY =2, 00K 2) ) )
CALL ANTI{R,G.DT,T)

PN 214 T=1,24

Ch 214 Jd=1,24

SaM{l Y =)

CONTINUE

Cr 314 I=1.,24
TACL(TL,1)=",

COMT INUE

CO 213 K=1,7

Al 1)=ARCO{1,K)
PL2)=ARCN(2,K)
AlAY=1.-2{1)1-A(2)

CAlL! SHAPLF(A43,6,DT)
TF{(K.NELL)EC TO 510
po 511 1=1,24

Lo 511 J=1,°5
TIK(J,1)1=S14,T7)



I CNMNTIMLE

" 313 1=1,24

AT LT 4 L) =TACL [T, 1 )47 /2 2 {K)ENP(T, 1)
13 COMTIAE

ne 213 J=1,24
oo 213 1=1.24
SO (T d)I=SPY LY J)+DT /20K )R (T, )

12 CONTYNIE
CAIY TITUES{IST T,y T4SM 24 ,24424,1)
CALL TTAFS(T,,SM,SNM,24,24,24,72)
CALL TIMESITIK ,T,S+5924424,1)
FALl TIi'-i‘-S(Tyr'ACi ,FF‘F,ZI;.'?L.'].'?)
FATA MYI/1429204,5464 19,203 73R,C,10,114124,21,22,
]_155,]_(-.,15,1/_;,]"7,]_?,2'3,?4/
rn 224 1=1,24
N P24 J=1,24
24 T{dyI)= .
rn 222 I=1,74
2?2 TN, T)=1,
CALY TIOSERTM,T,00, 2442447 %,1)
(Ll TOARSH{T M STy 04,240,224, 2)
CELL TINTS(S,) T T o 874 26,1 )
CALYL TTIMES(T,FRELDANL ,24,20,1,2)
CO 5 I=1,2n
P 55 J=1,24
50 STUHCK(J, T)=SEM(d,T)
na 551 I1=1,2%
rn 551 J=1,%
51 STICK{J,T)=TiK(1,T)
NQY S52 T=1,2¢
82 FNECELT)I="AM (T1,1)
IrTIeN
e
SURC UTINE  ANTI(R,G,NT,T)
IFPLICIT R34 (A=t ,N=7)
PDIYFUSION TI(LR,18),RCI(LB.17),TN(L1P,18),T{24,24),R{3),(C(3)
(AN /DNRA/I(S5 ), O0K(3)
CC 140 I=1,1*"
nad 1 J=1l,1°
TT{l.J)}=0.
ui) CONT YNUE
PO 11 I=1,24
rn 110 J=1,24
JF(T L ER.JeANP T CTL18) G 70 111
T(1,0)=0.
ce 70 110
11 71,0 =1.
10 CUMTINUE
(MI=),-C"(3)
IF(N~T.EN, )G TO 1 7
Tr(L,13)=1,
TI(?2,14&)=1.
TI(3,15)=1.
TI(4,16)=1.5
TI(S5,17)=1,
TI(6,18)=0.5
TI(7.1)=1",
TI(7,2)=-4,
TI{7+4)=0.5
T1(7,13)==-10.



TH(Ty14)==-5,

TI(7,14)}==1,%

TI(RyL)=6. (L)

TI(Fe2)==2.00 (1)

Trea.2)=",

TI{(3ea)=0,5"0C(1)

TTlIa,5Y=-1,

TI{r,1)==F, ONM(])

TRy 14)==3,."P(])

TI(R.18)=-3%,

TI{(Fy1F)=~ B&CM(]1)

TI{%y17)==-2.

TI(Q,7)=A, 2 NM(4)

TI1(9,4)=3,

TI(C 4y )==3 .40 (4]}

TT(o,11)=-1.

TI(9y12)=0.5 0 ()
TI1(9,13)==A,"0l[4)

TI(G,14)==13,

Ty 1n)==3 5500 (&)

TI(D,17)==",

TI{y1RY==0, =M (4)

TI1,7)=10.

{1l ,9)=-4,

TT{1D,12)=0.%

TI (1LY 13)==-1,

Tl +18)==-1e,

TI{1D41d)==1.5

TT{IL1l,1)==1%,

TI(LL,2)=7,

T {llsd)=-1.

Ti(Ll,13)=15,

TI(11,04)=8,

TI(LY,148)=1.5

TI{1241)==12.2CM (1)
TI12:,2)=6,%M (1)

TI(12,43)==-2,

TI{12,44)==CM(1)

TI(12,5%)=1,

TT(12,13)=12.¢0¥{1)
TULO12,14)=R MM (1)

TI{lz,15)=2.

TI{l2y18)Y=CH(1)

Ti({l2,17)=1.
TI(1231)==A{(CMU1Y+C(2) Y/ CM1
TI(L3,2)=3, (NN V)40 (2)) /M
TH{13,)==3,./0M]
TI(13,6)==(CM{1)+CHM(21)Y/ (2 ,0MT)
TI(13,8)=1./NM1
TI(13,6)==TM{3)/ (2 .,C¥T)
TT{L13y7)=A(OAV{ 3O (4) =) ) /T
TI(13,R )=, () /0T
TI(L2,9)=3.9%(AXM (S )= {3)="N(4)) /70"
TT{12,'J)=1./(2.%0N1)
TI(1241) )= 3)/CMT

TTU13,12) =M (D) *CMIL)-CHM(R) )/ (2.5:0MT)
TI(L15,13)=6 501 )+0CM( 24P (S5 =-OM(3)NM [ 4) ) /M
TI(I2, 14 )= (CNMIL)+NM(2)-CM(3))/M]
TI(13,19) =3[ 1 +CM{K)-C¥(3)=ONM(&))/CHM]
TTIL3,16)=(CR{1)+0M(2)-1.)/7{2.%CMT)



TI{12,17)=2,

TICLR 1) = (MM (S)+0CM( )=V ()N LAY ) /{2,500 )
TH(14,7)=-12.(CV(4)

TI(14,°)==-2.

TI{14,2)=6.%0"1(4)

Ti{lé,110)=1.

TI{lsy12)==0M(4)
TIH{14.13)=12.%CM4(4)

TitLs,14)=2,

TI{14, 15)=¢€IM{ 4 )

TI(14,17)=1.

TI(14,18)=CK(4)

TI(lh,7)==15.

TH(1%,C)=7,

TI(15412)=-1,

TI(1lY,13)=15,

Ti(1+,15)=",

TI{1%,1%)=1.5

TI(14,1)=6A,

TU(le,2)==13,

T4 ,%)=0eh

Ti(16413)==A,

TI(L6,14)==-12,

TI(1G,16)=-0,5

THLTy L)=A (014042 ) ) /0NMT
TUVOY74 2 == 00N 1)+ 2) ) /70T
TV{17,3)=2,/70M]

TI{17 ) =(CM{L) 4N (2)Y 7 (2,520 ¥1)
TIL(175)==1./00"1
TI{ITyA)=1a/(2%CNT)

TIC 7 7)=ha (¥ (R)=CM(4)) /OM]
TUH(17,8)==-3./M]
TICL7,€) =R {OM[L)=-CY{R)}/OMT
TI(17413)=-1./(2.%CM1)
TH(17.10)-1.700M]
TIC17,12)=(CH(5)-C¥(4))/(2.%T¥])
THOLTy 13)=06.5(0M (4 )= (S)=0M( 1)=-Dk(2) ) /0T
TI(LT7y14) =3, 1l.-CH{L)=-CM(2))/C"1
TY(17,15)=3."(CM(4) -2 (R}=-1.) /0]
TIIT«10)=(1-CALL)-CM(2))/7 (2.5 7))
TU(17,18)={0¥(4)-CM{5)-1.)/(2.%([MT])
TiI(18.7)=r,

TI(1E4+C)=-3,

TI(1e.12)= .-~

TI(1f,13%)=-56.

T1{12,15)=-3.

TI(18,418)=-C.5

ro 105 =1, 11

rM 1 5% I=1,148

RCI(I.J)=0.

CONTINMUE

RCI(L,L)=1.

RCTL2,2)=0G(2)

RCT(2,4,3)==-K{2)

BCI(3,2)=-6(1)

RCT(3,2)=8(1)

RPCT{4,4)=G(2)%2

BCT (4, 8)==2.52G(2)%R(2)
ECI(a,6)=R(2)7%2
BHCTI(5,4)=-G{L)Y=G (2]



RCTIE.H)=5(2 )= L)40(1)2R(2)
FCY {5y )==it{1)R(2)
RCT{Ay4)="1( 1 )5me?
PBCT(F 45 ) ==2 G )HF (1)
FCT (A R)=H{ )2
M 190 K=hyl24 &
Y Laé J=1,4
DO 1Y 6 T=1.6
ROT(K+J, K41 )=RCT{J,")

OA LOMTTINUFR
(AL TIMES{TT.BCT,Tra148,18,19,1)
£ 10> I=1,1%
nn 17¢ J=1,11%
T{I.J)=T0(T,4J)

QO COMT INIF
G TN ] *

07 “RITF(A,600)

R/ CRNTINYFE

TN TN T (s st epneoe ANTISTRCETS Meat bl )
RKETHE N
LMp

SHBFNUTIMT TIHES(AZR,2 N, ¥ oL, KDK)
INPLICIT FEAM ™R (A=F,N=7)
CTYeNSTON A1) ,R(1),P(1)
KOK=1  A(Mg) y RIN, L) o PN, RECLI AP AR
KNk=2  AL{¥,N) 4 BiM,t) 4 PN, )  TRAMSCOSE A*:P
16 -1
FO 10 K=, L
nNoLen J=1,N
R(1P)=0.
€N TNE131.172),K0K
1 CONMTINUF

L3 T 1,4
TA=N%(T-1)+J
IR="4 (=1 +1

03 R{IRI=ROIRI+A(TAI=R(IR)

N TN 139

COMTINYFR

CO 104 1=1,™

TA=M{ J=1)+1

IB=My (K=1)+7T

04 L(IRI=R(IR)+ALTA)*E(IR)

. IP=IR+1
RETIIRN
END

L]
N



6. Reference symbol PDS30




P=100 PPrUTE="UPH ORI C=2s

= INTYFESITY, RATCH

KAS: 11l:afig

[GMEDR Np AT 11:4RI4F ON ACM SPPp 22 /7R
RINT
st DY ATE NYSPL, FLEMENT 3 N0, £F SRPEENAM AT £ ACNES ohhsis

zyss CURTYC VARTATICN FF Sk! AR fNRLE  FY, Ry E

el A
BESE O QTREGSCS MYX,MVY XY ,0K,NY AT CTENTROTH ~ &

Takro MARYY PF TLASTISTTY THEOUNH  YAUNG(12) REERAPIR VL
DR TRAMSFCRMATICN TN [ "N, N g v PN, ISQE ’ !l.fgqy [ =h\} y FS AR AR S S R B P £ P A B ]
SLRPALTINE TRAM L (XsY,7.%,T71)
TEPLICTIY BEAM =P (2-F,N=-7)
PTYFMSICN XULA2) 3 Y {1A42) 37014 ,2),TRL(T,47),X2(2),Y2(2)
Cco 515 1=1,7
2 LJ1=X(K,4)
15 Y2{0)=Y(K,J)
Gr=X2(2)-X2{1)
R2=Y21{21-Y2(1)
CLEM?=0QAN Y (2" 242" D)
TFAGL N2 0 T a0 eIN=12 AMD LRI FM2 FT =0, 1N=12) YWRTTE(£,700)
L2=R2/CLEN2
C2=G2/C1 FMD
Ce B1e I=1,7
T 56 Jd=1,7
le TRl (dsI)=0.
T L{141)=R?
TFL(142)=G2
TRL{l.&)=R?
TeL(Z,1)=-G2
TeE(2,2)=R32
TRL{Z:6)==C2
TYl (ty 3) =922
TPL{3,4)=2.,2R2%02
TO) (2 ,5) =G240
TR (4, 3)==8 2757
TRL (4,4)=R2%%2 02872
TR 14,5 )=02%02
TPl (Gy 2)=G2%%2
TRL(K4)=-2,%B2%(C?
TPLI%y 5)=R2%*)
TRY LAy F)=A32
TRL{A,7)=C2
TRI(T74,6)=-G2
TRLA(T,7)=82
a0 FORMAT (! bR A R SR £Fp2(Q° TP AN H ey )
FV TUePN
FND
SUARAUTING ANANS (K )
[“"FLTICTIT RFAL =28 (A-H,N=-7)
COFMON/CTN/ST(32,32),5(5,32),Fr2(22)
PINENSION 3(32)
A=1./ST(K,K)
N & 1=1,32
O RO1)I=ST(K,T)
DO 41 Jd=1,%2
pn 41 v=1,32
41 ST, 1)=ST0Jd, TI=-B{T)R(J)™A
[N 42 T=1.4%
N=S{T,K)

QUINTIC VARTATION OF & ( CURTC VAR, 0DF BV ALCNG THE SINEC jvrmss



00

01

02

7

D6

13
D8

04

rn 42 J=1,32

ST d)=S{T, =P J)xA™D

"=FNt (K)

1 47 I=1v—}7

FOF{TY=FO(T)=P (T )N

KE T

LN

SURRLYTINF  STISS

TEPUICIT PUALSE (A-Hy0-7)
(CBACR/STY/NIR,2 ), VoUNR(12),STHOK (34,160 ,STICK (2, 261, SI0CT (3R],
11~ FN(29)

CPEMER/ANZO0E (2330, 3R ), 11 (2,8, 340, DF1 L2, 3F) GE AN 1A, 18) NG A
COPANNZCOT/02 (343} 0, YO (), 007 {2, R)
CTIAPMS T TeAM30,73)), SR, 200, STRL5,30),NAa02(30),
LXROLE 32) o YMLLE 42) 4 Z¥{YH 42 )X {U3),Y1(3), 70 {2} MN2(7,7)
2021003}, C103) g STHEZTL2A7) o TTXK(B,30) ,FAF(20)
cCoh 1ea 1=1,2

X {Yh=x(1,7)

yR(I)y=x(a2, 1)

Fooanl 1=],77

ca 171 ;’:-')_13"

STUCK (dy1)=0.

6 102 1=1,36

i 1 2 J=1,¥

STICK (I, T)=0,

E0 102 T=1,3A

FORCELI)=

rre 607 1=1.13N

DAOG(T Y=,

IF(NGRAM,FN.D) GC Tr 517

Csle M=1,NCRAM

DO S (=1,2

XM, T I=GRAE(M,T)

MMy 1)=CRAM{M, T4+4)

YMM, T )=G0r{0,T42)

COMT IPUIE

CMin=".

rO 4322 1=1,3

CO 432 Jd=6,K

TEAX(T,J) AC.0L) CMNLD=1,
IFICNILPGNEL1,)G0 TC 437

D0 433 [=6,°

J=AT[1-4)+1

LADGLIY=X{3,])

CCMTTMUE

NLAK=TMFA(])

IF (NLAX .FQ .1 NR.NLAK .FQ. 200 TP 104

CALL SURTY

TFINLAK,=0, )G TC 108

MLAK=NLAK-10

PR LUE I=1,3

no 106 J=1,2?0

FOLIMLAK,J, Y)=STUCK (4, 1)

ro 113 1=1,3

rro113 J=1,F

COLIMLAK,J, 1)=STICK(J,I)

rnil1l=@»I1=1,3"

T (MLAK, T)=FNRCE(])

GO TD 198

(e 10 1=1,30



Cr- 190 g=1,3"
w9 STUCK{Dy 712801 (NLAK,J,T)
'n 214 =130
DY 214 J=1,%
14 STICK(J,I)=COL(NLAK,d,1)
LGo1LY T=1.30
11 FOPCELY}=NCL(NLAK,T)
05 COAMT INUE
tn 438 t=1,3n
38 FAORCE(T)=FTRCE(IY+PACE(T)
PLIK=INFI{2)
JFINLTK,ED, NFMLTK."Q.C7) A7 70 115
0 601 T=1,2)
N A1 J=1,30
01 STU(J,1)=STUCK(J.T)
fno402 1=1,20
PO A 2 J=1,%
02 TIK{dy I)=STICK(J, 1)
AN I=1,20
.3 FOR(T)=FrN207 (1)
(M 116 1=1,MLTK
K={T-1)"2+73
L=ITNI"DI(K)
Kl =INEO (k)
frrro 5”3 TT-1,2
[0 544 TJ=1,13n
6 TRAN(1J,1T7)=1,
83 TPANM(TI,I111=1,
(AL TRAMU (XM, YA, 2N,k 1,073)
IT(L.CT,3) 6 TC AD9
Kl(:—(l—])::ﬂ
no 2:2 IL=1,7
07 222 JL=1,7
22 TSAM(KK+TL # 1o KK+JL +1)=COR(11 ,J1)
€O Tr ~J3
B KK=244 (| ~4)"?
m 610 TL=1,7
ro A1 J=1,2
10 THAN(KK+T Ly KK+ =03 TL,JL )
29 COMTINLE
CALL TIMES{STU,TRKAN,SMK, 30,20, 20,1)
CALL TIMESITRANZSME ST ,30),29,30),2)
CALL TTARS{TI¥ ,TPAN,STR4"+43C+30Cy1)
CELL TYIMRES{TRAN, FOF,LAIG,20,30,1,2)
N 232 TL=1,3
fr 222 Jdl=1,5
32 TIKOIL,IL)=STP(JL, L)
et 223 1L=1,3"
233 FORLIL)=CANG(IL)
1~ CONTINUF
M A 4 121,13
£ 604 J=1,730
C4 STUCK(JT)Y=STH(J,T)
rM ene 1=1,239
Cn 605 UJ=1,5
05 STICK{J,I)=TIK{.),T)
(N 606 1=1,720
C6 FONCF{l)=FrRIT1)
1€ COMTIMUE
RETUIN



00

Ul

vz

FAD

SUPRM )T INE SHAPFE(A R, M, PT)

IVPLICTT RUAL 8 (A=-F, -7}

COMM NN/ STLI2,232) 3S(5,32) 16, %), P(3), ENP(32,1)
RIVENGTAM  RF(h,32),80T( 2,17),0FT(3,3),A(3),B(3),~()
LyRFR(R 12 ) ,CRT (A ), TENLA, 1O}, RAN(H,18), 70 (a, 27
20SE(TY,SEX(TY4SEY(T)
CIRMON/TO2A /0 (5), 0K (1)
CET{1,1)=(R(1)/NT}*=2
CTT(1,2)=2,5R0 L) HRL2) /NTHD
CET(1,3)=(1(2)/BT)%52
CFT(2,1)=(A(1)/NT)5%)
CPT(2,2)=2 40 L)¥C(2) /N1 )
CET{242)=(G(2)/NT)5+2
CFT(3,1)=2.°G( 1V R 1) /DT

LT(3.2)1=2 % (G (LINP(2)V+0{2) 501 ) ) /NTH=2
(FT{Ry3) =2 %G (2)%P(2) /NTwexe)

PrO1eD 11,2

rOo109 J=1.19

heT{T,d)= .

COMT INUE

G101 1=1,5

M1 1 d=Ll,3

BRE(Ted)=),

CLMTTNUE
DET(1, 6122,

FET {17 )¥=R,0 (1}

RETIL,R)=2.%4a(2)

RET(L1y11)=12,%A( 1) %%

PETLL 12 =050 (L) %A(2)
RETIL, L3) =2, 558 (2) 52

RUT(1p 160=20 %A (1) ™24 12 %00 L) AA L L) S DXA {2V 42,50 (2 ) HA LD ) i3

BETII 917 ) =fa 8L L IR ) 20240 0N (3 )54 (2) 143
EPTEL 1) =205 ()3 IM(5)

RET(2,5)=1.

Fr-T{2,8)=2.%A(1)

BET(2,C)=", A 2)

PET(Z,12)Y=3,74 {1 ) 55D

PETI2913) =60 A L) A(2)

BFT(2,14)= 2,00 {2)%22

BETL2 3 1A ) =4 x0P (L) %A (1 ) 2344, SOV 2) TA {1 )AL )>%2
BET(2417)=h/0FA(1)%52A(2)+AIMIR)EA(1)HA[2) %2
PETL?2913)=06, A (1L )HA(2)2023N7 (544NN {4 )28 2) =Y
RET(2,A)=2.

HET(3,C)=2,.%A(1)

RET(3,10)=A0(2)

RET(3,13)=2,%A(1)%%2

BRETI3, 14 )=60.2A (1L )*A(2)

RET(3,15)=12m8(2)F %2
RETIR41AR) =45 NM(2) A () ) > 25A (D)
BETE3417)=2.5A (1) 4A 0 ()AL %254 (D)

RET(2,18) =200 A12) 4041 2 008 (& ) A (1) A (D) 52 4A 3NN (R ) A (] )5 20A ( 2)

CALL TTMES(CFT,RETL,R™N,3,3,19,1)

£t 102 1=1,13

nMm 1 2 Jd=1,1"°

FElTyd)==3-P(1,J)

(GNTINUF

CTML=A(1)Y=A(2)=A(3)
DIMNZ2=(BOL)SAL2)RA(3)4R(2) A ()AL 3)+RI )AL L)HA(2)Y /DT
DIMA={CLL)HA(2 P A(3V4G(2) (1 )2 (2 )+G(R)FALL)A(2))/0T



0.3

J4

06

(m 108 1=1,7

K=1+]

J=T+2

[F(C AT 3 )K=K=13

TELD.GT, 4) . 1=0=-3
SE(T)=(2.00 (T =1} AT )42, N1
SFLI4R)=4 "2 3 p(d)~12 D TH ]

SEX{U ) =T ) (4 AT)=1L,)/0T+3 ,m=01IND
SEX{T43 )= (R (VR4 AL J)+R{ )4, A (K)
SFYUT)=01T ) la QA { T =1, )/NT+3,=N]"3
SEVIIF2)=(GIKY M ALY +G ()34 tA(K)
SF(7)=27 .01

SEX{T)I=27,D(12

SEFY(7)=27,.NnTM7

FCo1u3 JJ=17,31,2

k={J-1¢)/2+]

FE(LyJ})=SFX(K)

FREAZ2.J+1)=STY (K}

PE(2,J1=8VY({K)

PR3, 41 )=7¥(K)

g"'(‘?yJ’:gr'(K,

W=y, Jd+1) =81 (%)

CALL TIEYES LT a4y Sehy®e32,1)

CRll TITPES{-T38,S¥,22,5,17,7)

1! 104 I=1,"

o VY =1 ,4A

FRI(" 0= .

COnT e

[ e 1=14A

re 107 J=1,18

TEN{T,Jd)=n.

CANMNTI MU=

rn 10¢ T=1,n

rn 196 J=1,23?

tH{l,sd)=",

(ONMT TMUF

CRI(Ll,1)=1,

CBYIC?,2)1=nu(1)/DT

CRT(2,2)=3(2)/DT

(RT(2,2)=,(L)}/DNT

(B1(3,2)=5(2)/DT
CRI(4,4)=(3(1)}Y/NT %22
(AT144S)=2 , P (LIEF(2) /T2
(RTI{4yA)=(R(2)/NT) %2
CPTUS,6)=G(1L)*R{L)/DT%%2

CRI(S D) =(r{2)#=3(L)+G{L) " R(2) ) /N7
CRI(S,6)=0G(2)R(2}/NT»)
CRU{( 44)=(G(1)/DT %42
CRTI{A,yS)=2, %G LI*G(2) /DTxMD
CRIlb.6)=(0(2)/80T )2
TFN{1,1)=1.

TEMLY, 2)=A(1)

TEMI1L,2)=A(2)
TI:N(]_,[:):I\(]_,:’::T:Z

TEM{Ly ®)=A(L)}HA{2)
TIN(L 4,6 )=A12) %2
TEM(L1,7)=A{1)2%73
TEN()F)=A(1 122250 (2)
TEN(L,C)=A{1)*xA(2)>:2
TEM{T1,10)=A(2)™~*%3

) /NT=12,NTM2

Y/RT=-12 2013

e 2



TEN(] JL1)=A(1)i%s

TEN(T412)=A{1):=32A(2)

TEN(YLyLR)=A(L )52 p( 2y

TEMIL,14)=A(2)A(2) %2

TEN{Ly 18)=A(2) 1l

TEM(LyLA)=0 (1) mS 40 (1Y AL ) )i p (234040 2 )AL 1) 20 DA 2) e 2
TEHE1y 17 =0 () e Rnp 2 )% 240 ()AL )emD A (2 ) 547
TEN Ly I )= A (2) 5400 (4 )AL 1) RA{ D) Refe g4 OV (B ) A ] )2k (D)3
TENL2,7)=1,

TEM{246)=2.3A(1)

TEM{2,5)=A(2)

TEN(P,7¥=3,%4(] ) =22

TEM{2,R) =2 AL} A (2)

TIN(2,9)=2(2)%2

TEM(2 311 ) =4 A (1 )%=)

TEME2,12)=30 A1) 2:p(2)
TEN(2+13)=2 A (] )=p(2):%2

TER(2414) =A(2) %3

TEM{ 2y 16)=5 A 1)5004&4 (HOV (1 )NA (] JRR3A( )42 00 (2) AT )RA(2 )]
TEM(2 41 7)="322A (L )2 A(2)2 5242 WO ) AL L)AL 2) 0k
TOM{2,18) =084 A(2)" 442, C¥[B)RA(L) A (2) ]
TEM(3,3)=1,

TEN{3,E)=A(L)

TEM{ Ry E6)=2."A 1 2)

TEN{2,R)=A(1)52

TEMN2,C)=2.8 010 )2 12)

TENM{2,1D) =3, A 2) 22

TEN{D,)2)=a01)%07

TEM{2,13)=2.,A (1 )%%2=A(2)

TEN(Ry14)=F A1 )FA(2) 02

TER(2,18) =4, A (2 )

TEM(3, 16)="1"{ L)AL ) ) 2244 3, CM{ 2V A ()28 {2}
TEN(R,17) =2 5A (L )msedsA {2 ) 43,700 (2 ) A (| )i DA [ D) s
TEM( 2, 18) =8, A (2) 5 444,500 (4) A (1 )HAL2 ) #5343, CM(S)5A (1) RE25A(D ) A
12

TON{(4,4)=2.

TEN{4,7)=6.%A(1)

TEM{4,8)=2 .14 2)

TEN{4,11)=12 001 )52

TEM(,12)=€6a2AL1 ) 2L D)

TEN{& 13)=2 . 5A{(2 ) 252

TENLA s 1A) =2 JSALL )™= 12, 508 (1) #A (1) =EDHA (2 )42, 20V (2 ) HA(2 ) E3
TEM(4, 17 )=h AL L ) HA( 2 )54 2 OM(3) A ( 2) % 3

TEN(G ,18) =2, (N (6)5p(2)5%3

TFN{S,5)=1,

TEM{G5,8)=2.%0(1)

TEN(5,C)Y=2.520(2)

TEN(S912)=3,5A(1)%2

TEM(S,13)=4,%A{1)%A(2)

TEMEE G 14)= A (2) %2

TEN(5, 10024 T H( 1)SAL L) o346, uNM 21 #A (1) 8 2) %)
TENCE J 170 =6 St A (L ) RDRALD )44 ANM (R YA (1) A (2) 55
TEN(S, 18) =4, NM(4) A (2) et R+ o5 (5) A (1 )2A(2) =20
TEN(G,86)=7,

TEN{A,C)=2.%8(1)

TEM(A,10)=6.%A(2)

TEN(ES1R) =2 oA (L )52

TEM( 6, 14)=FoxA(L)HA(2)

TEM(He15)=12.FA(2 )22

TEMEE J 1R ) =0 CM(2) A (L )22 A(2)



08

[

TIMs ' 17)=5,.,~(1 ):_‘z:‘:’&.'._l:.:':l‘f.‘!( A):-A ]_,. 2 PA(D)
TEN{AZIH)=2 ), A(2)5234)2 0 {a) {1} A(2) 242

CALL TUAPS{ORT \TFR ,DENGE,4,13,1)
o7 v=1,4

re 17 d=1,1r
Friqr,d)=n=3{1,.1)

CEOMTYALIE

pop o g=15,31,2

k={J-17)/2+)

FM(T7,4,J)=SF(K)

ER (R, J+1)=SF(¥K)

CALY. TIVES(FN,P,FAMP,%D,R,1,2)
KETU-N

kR

SR T I M SHRTT

IMPLICTT 20AIf2 (A=H,P=7)

ry

VE )

tzpmay D)

COMMDE /BT T/X A3 200 M EFOR(12)  STHOKE AR, 32) g STTCK{H,N6) SRS (27)

yTNEN(29)

COVMOR ZUCN/S2 (32,320, L5, 42) PRy 8) 40 (1) TND(22,1)

CIIMUN/UTPA/ AL ) K ()
CriMONJOCROR/0N2(3,37) o XT{3) ¥M{2),CC" (2, 1)
COU oM ENN/RN (12,22, TTKIT .32 ) ,NACL{22)
re 202 121,43

LY 277 [J=1,5

E(el! I)=r)-

L{1,1)=L"CT (1)

[{1y2)Y=F1TN(2)

Fl2,2)=0L 100 ()

[ [ )=" ¥I&)/2,.

N4y, &)=FL "D (5)

FLSHI1=FILACN{6)

L€2,11=n(1,2)
TF(ELIMY12) P FaN D20 L) =FLETN (1 2)

FATA ALT/).=32237330CY/, A F1/0,C8GT1ISETNIN/ AN TI/C AT LA NN/

[ATA 2LF2/ 767420600 /,P0T2/7 .1 1256510

DATA HT1/3.228CNCC /v F2/Da1322C41EN"0/ WM 3/0,12R6G2CT( PN/
CIMEMSIOENM  PL3), GURA),A=CO (2, 7)o T T A2, LENMS2Y,

TU32,22) 500 (32) .81 (32)
AFCA({L,1)=ALF
ARCM{2,1)=AIlF
APCO(1,2)=BFT1
AECN(2,2)=RFT]
ERCNLL,3)=A1TF]
APCN(2,3)=RFT]
ERCC(Y44)=RETL
ERCN(2y4) =ALF]
ARCO(1,5)=RET2
MPCN{Z45)=RFT?
ARCN(1,6)=ALF>
ARCA(Z2,6)=RFT2
APCO(],7)=RETD
AFCA(2,7)=ALF?2
hW{l)=l'F1
W(2)=VE?2
L(R)=wE2
wla)=kF2
W(5)=WL1
wWilbe)=vED
W(T7)=WF3

PO 223 T=1,AR



23

00

l4

111

13

—

24

P(T)=0.

PlLli=Xx(2,r)

Cn 260 1=1.3

K=T+1

[F{KGT,3)K=K=-3

J=1+7

IF(JeCTaN) d=0-13
F{T)I=Yr(K)=-Y' ()
Cti=xC(3)=-XI"(K)
LEMGLT)=NESART(R(1)=*245(1) 7))
COAMT TMUYE
CK{1)=P(L)=P(2)+G(L)*C(2)
CR{2)=R{2) P (3)+G( 210 ()
(K(2)=F(3)=PL1 )4G0 ()
PT=R(1L)=*G(2)-R(2)"GC(1)
CHEL)=F.=7C(1) 7(0K{1)+NK(2) )

CM{2 =8 2 {OK(A)HTKL2)+CK 1) SN[ 2V =3 K {1 )IK {1 3) )/
LOCCKELI+OK{2)) 202,50 (1) --3, "MK (7))
FE3)=03050K (3 =20 2) )/ (2,0KTEF)=3 MK (2))

(Mla)=F LY/ (TK{1LY+CK(3))

(D )=F 0% VLR CKI2) 41y ) =3, CiI(T)TK(2) )/
LUEK{LY+CK () ) {2, 50K [ 3)=-2,20K({?2)))

CALL AMTTA{3,6,0R7,T)
rno214 1=1,22

Yy 214 J=1,22
SCHMiTLU)=0.

(OMT TR

0 314 1=1,72
DACL(T)=

CONTINUE

CO 213 K=l,7
AC1)=2FC0(1,K)
FLZI=AR0EN(C2,4)
A(3)=1.-2[1}=-A(2)
CALL SHAP" T (A 4R 4G, T)
IF(KAF, 1) TR S50
rPNos1l 1=1,32

' E1l J=1,%
TIK(J,]):Q(JVT)
CONTINLE

CN 313 T'=1,22

CAFLCTI=DANL(T)+DT/2 . {K)RFNP( [, 1)

CONTINLF
rn 213 J=1,132
pn 213 1=1,3?

SAM{ Ty JV=SCM(T yJI4DNT /2 %K) SM({T, ))

CCNTTIAUCL

CALL TYMES(SCM,T,SNM,32,722,22,1)
CALL TINMS({T,Sii,sN,32,22,32,72)
CALL TTIMESITHH,T,5,5,32,32,1)
CALL TIMES({T,PACL,FRF,32,32,1,72)

CATA M1/14924240445,6,19,2 4 748,4G,10411,12,21,22,
123 14015016, 17317023, 24425.264,77428:42%,20,31,22/

DO 224 T=1,32

PN 224 J=1,27

T(Jd,1)=),

N 2722 1=1,32

Tal(I)eI)=1.

CALL TIFES{SrN,T,<M,22,32,32,1)
CALL TIMES{T S%,SCM,R2,77,32,2)



11
| O

CALLL TIVMEG(S,T,71K,5,722,22,1)

CATL TTMESUT,FRI=, T 432,22,1,2)

CALL CrONS(E2)

CHrit CAONS(])

rn st I=1,3

Cn 550 J=1,3)

STHCK(JyI)=S074{J, 1)

fn o &ensl I=1,3

e 581 J=1,%

STICK(),I)=TIK(J, 1)

LY 552 1=1,3°

FNeCr{n=nari (1)

FETURN

M

SURPTINEG  AMTT(R,C,07, T)

TEPLTICTT REMI S (A=} ,0=7)

CTHEMSTION TTII18y 18 ,AI (1P ,78)TN(19,12), T{12,32), (V). (7)
(CPMON/DTRA/ MG ), K (3)

nG L T=1,1"

P 1D J=1,189

TI(I'J,=OD

COMNTIMNUT

Fey 1160 1=1,22

O 112 1=1,22

[F(T . ERdANMD, T 6T ,17) AN TC 111

T{l,4)=0,.

GOon 110

TiT,d)=1.

COATIANUE

T¥I=1.-CM(73)

IF(NMT JER, 3V TN 107

TI1(1,13%)=1,

TI(2,14)=1,

TT(,18)=1,

TI(4,1F)=0,58

T1(5.,17)=1.

TI{H,17)=0,5

TH{7,1)=1".

TI(T742)==2,

TT(7.,4V=0.%

TI(7,12)==1" .,

T1(7,14)==6.

TT(7Ty16)==-1,5

T (3, 1)=4a,1CML1])

TT(Ry2)=—3 .M (1)

TI{R,3)=3,

TI(8,4)=0,5%MV (1)

TI(Rs5)=-1.

TI(R,13)=—4, =M(])]

TL(B,14)==3,%NM{ 1)

T1{8,1%5)=-3,

TI(Ry1¢)=~ .
TI(3,17)==-2.
TI(9.T )=t M{4)])
T1(9,8Y=3.,
TI(=,Q)==3,=0"(4)
TT(GQ,11¥==1,
TI(G,12)=0.5"NM(4)
TI(9,13)==A,%0M(4)
TV (",14)=-13,

5=C¥(1)



T {1415 )==24 .50 (&)

TI(9417)==2,

T (9,10 )==C .M (&)

T (10,7)=1",

TI{il 4yC)=-4,

TIO(LD,12)=0.5

TI(1Yy13)==1",

TI(1N,13) =-+¢,

TT{1D,13)=-1.5

TI{1l,1)=-15,

Tr{11,2)1=17.

TI1€1l1,4)=-1.

TI(11,13)=1+%.

TI(lls14)=13,

TI(Ll LAY =1.5%

TUL2y 1) ==12.5CM (1)
TI{1242)=0,. T (1)

112,31 =-2,

TI(12,4)=-0"0 (1)

TI(12,5)=1.

TI{12,12)=)2.351 M (L)
TT(L2y Y4 )=0Ha=00M( 1))

TT(12,15) =2,

TT(12416)=i ¥(]1)

TiI(12,17)=1.
TI{13,y1)==a.7 (VY (1Y+M{2))/ruT
TTE13y2)=3 .01 )+ 2y /00T
TT{13,2)==2 /M

TI{134 ) == ML)+ 0 (2) /(2 ,ir2T)
TI(13,8)=1,./0
TI{1L3,y6)==CNM{RA)/(2.55TNMT)

TI(13, 7)== {OM{3)OM(4) - (R)) /NM]
TI{L34R)=3,.5%0M(3)Y /01
TIC13,0)=3,4(CNM{S)-C(3)=nNM(4) ) /0T
TI(12,10)=1./(2.-CMT}
TI{(13,1L)==CNM(3)/CNM]

TIHOL2,12) =0 (3)HCN{4) =CM ()Y 7 {2.%C¥T)
TT{L2,13)=6" (A1 )+N1(2)+DM{8)=-0M(2)*NY( 4) ) /T
TTC13, 14y =3, ( ML Y+0CM{2)=r ()} /DNT
TI{13, 13 )= L +CH{H)=CH( )M 4) ) /T MT

THL3, 16 =0 (LI40M (21, )}/ (2,.7CMT)
TI(13417) =2,
TICLR, 13)=(CH0R )40 (3= 3V 0 4) ) /1 2,50

TV(L4,T)==12.7C% (4)
TI(le,8)==2,
TI(14,C)=6."Tlil4)
T1(14,11)=1.
TI(14,12)==0%{4)
TI(14,13)=12.%0NM(4)
TI{l4,14)=2,
TI(l4,15)1=6.%"M(4)
TV (16,17)=1.
TI(14,418)=0"(4%)
TY{15,7)=~15,
Tre1s,0)=17.
TIt15,12)=-1.
TI{15.,13)=15.
TI(15,15)=",
TI(15418)=1.5
TU(lAy1)=h.



o7
\
J

)0

TI(lé,2)=-3.

TIMLE 47 )= .5

TI(1é6413)==F.

TT{le,14)=-3,

TR 1) ==D "

TIO1T7, )= (1) +074 (2 ) /i
TTOLT 22 == 0 00402V /00T
1117, =3, /01
TIOI7,6)=(0(1)+00°{2) ) /{2,200 )
TI{1745)==1./PNMT
TICL7,6)=1./02.550M])

THL7 e T )=0 (005 )=NYN{4) )} /(1MT

TV (17,8)=—-4./0CWVT
TI(17,9)=3, (0¥ L) =-CM(5)) /TM]
TTUL7410)==1./ (2,5t MT)

TI0L7,10 =1./0MT
TUOL712) =00 (SB)=C 0 {A) ) /7{ 2,507 )
TI{L7 13 =A (04 )NV (5= (T ) =nii (2 )y oy
TICL7y1a) =3 (LT {1L)=-r{2)) /0¥
TV 17,15 )=3,(0 M (4)-D1{E)1=1.) /D]
TILT 16 =1 =TV ) =0 L2) )/ 12 0 50MT)
TUEIT7,13) = (0 () =P {8 ) =1,V /(2 50T
TI{12,7)=0,

TI(1R,C)==-3,

TLIIR,12)=0."

TI(18,13)~-£,

Ti(1R,15)=-13,

TT{1E,1%)~=-97.5

PO LY E J=1,1F

fho10% T=1,1R

RCT(Td)=),

CONTINUE

RCT(1, 1)=1,

BCI(2.2)=C(2)

RCI(2y2)1==H(2)

RO, 2)==G(1)

RCTIRI)=R(1)

FOI(&a8)=05(02)%22
FOT(445)==2.20(2)%B(2)

BT {4 A) =R (20152
BCT(E,2)==-G{1)5(2)
RCI(S,8)=CG(2)=F{1L)+G(1)*8(2)
PCT(B,&)==R(1)*R(2)
HCI(€,6)=0G11)5 %2
BCT(AyF)=—-2.G(1)12R (1)
BCl(6,6Y=3(1)22

O 106 K=0,1246

neo1a~ J=1,A

rMo10e T=1,46
PCI(K+J,,K4+T)=03CT (S, 1)

CONMTINUE

CALYL TIMES(TI,BCI,T0,18,18,18,1)
CO 199 I=1,1R

no 1 & J=1,1R

T, ) =TO(I,.)

CNMTIMUE

co TN 108

WRITE (€ ,6M1)

CONMTINYFR

FOQMAT (1300 ey FPROE AMTTISTRNFTS

Yoty ¥

% VR ) I)



RE TR N

EF R

SURKEUTING TTMES (A H R Ny ¥, L KOK)
ISFLTOTT 27AL 8 (A-M,M=7)
CTYEES T ALL),3(1),2(1)

KOK=1  ALRNGM) 4 R(M,0) , B{b,| )  2FEGULAT  A=p
KOW=2  ACR, M), B(M,L) o ©(N, 1)  TRPANSPASH A#:3
IR=1

DN LeN K=1,L

D100 J=1,M

FIIRY=R),

(O TN 141 2) KOK
CONT INUF

PR =L, M
TA=M=(]-1)+

IR= (k=1 )+]

[UIP) =P (IR Y +A{TAY R (TR
¢ 79 1

CONT TNUE

ne1nNg T=1, v
TA=M2(J=-1)+T
ll-l:M.":(k—]_)-Q-l‘
RETP)I=E (TR )47 {TAYRP(TR)
1R=TE 4]

KETUPN

END



Reference symbol PRQO18




P=190 PRIOUTF=NIIRE CTPTIES=4

= URTVYTRSTTY, FATCH

WAS: V11:4F:4A

IGNED CMF AT 11:43:53 CY 10 §P 22/7R

BTN T
WS PLATLE PATATION ELFEYENT LTTH 13 DFEDEES OF FR. AT 6 NDFS # B (Ve
il CURTC VARTATICN £07 THE FIS, i QUAPRATIC FOP THF POTATIANS s
i R GTPFRQFC AT THFE (raYorgr XX g MYY  MXY 40X, Y
rav TRPANSECQOMATICN T RN BC cpe ey s
wnet ELASTICTTY  MEDHULI VTA  YOUNG(L12) PPSOR

SURRAUTINE STIFF
IMOLICTT REAL8 {A-F,"-7)
COMMON/STT/ZX{2,2 ) VTUNC(TI? )4 STUCK (A 43A) JSTICK(R,2A), FAIPCF{ )
|y IMFC(20)
COMYON/MAN/RLL (243E034 ), COLA{2, 8336y NCH (2, 39Y 4 CRANM{ LA, LE) yMERAM
Cri™rt /CONRE/X1L {3) 4¥1(3)
FYDMFPNMSION TRAM (18, 19) SVKI TR, 18, SUKLI{L1R,17) (STR{S,183) ,TTK{5,113),
LUATGULE )y XY IVA 42 ), ¥H(1A,2),0(03(2,2)
oNno1co I=1,7
XT(U)=X(1,1)
30 yi(i)=x(2,1)
Lo 101 I=1, 36
CC 1Y Jd=1.3A
1 STUCK(Jd,1)= ,
Cr 192 T=1,36
nco172 J=1 y 2
2 STICK([.],11=C,
rLC 103 I=1,36
03 FORCF{T)=0.
[F{INGPAVM,FQ.O0) GO TN BT
P Slé V=1 ,NARAMY
M S516 1-1,2
XMV, T)Y=06240(M,T)
16 YH ([, T 1=0GRAM{M,]+2)
17 CCNTTALIE
MUAK=TINFI(1)
IFIND AR L LR MLAK.FGL.2) GO TO 104
CALlL SUBRT1
IF{NLAK. =0, ) 50 TC 1 S
NUAK=MAK =10
00 106 I=1,1R
0 16¢ J=1,13
06 PCLINLAK, 3, T)=STHCK (), T)
ra0 113 1=1,1~
o 113 J4=1,5%
13 CCLIMLAKy W 1)=STICK(J.T)
M1 £ T=1,1R
08 COLIMLAK, T)=FNRCF(T)
cC 70 195
c4 DO 10C 1=1,13
CC 105 .J=1,1°*
« 9 STUCK{J I I=ROLINLAK yJyT)
nm 214 1=1,18
CC 214 I=1,5
14 STICKOJWyI)=COULINIAKJ»T)
011! 1=1,119
11 FORCF(T)=NN1 (NLAK, )
05 CrMTINUE
NLIK=IMNFN(2)
IF(RLIK 0 CoORGNLIK.FQL.99) GO T 112



Ce 212 1=1,1P
tn 213 J=1,1"

13 SHK{d,y T)=STHOK (), 1)
PCLlig T=1,1°
rn 114 J=1,%

14 STe{d,1)=8TT (K], 1)
fry 11s I=1,NtLTK
K={T-1)%2+2
L=INFC (K)
Ki=INFC({K+1)
ro 683 1I=1,18
no 594 1J=1,114

B4 TRAM(IJ,11)=0,

B3 TRAN(TT,II)=1,
CALL TRANL(XM,¥YVM,K1,C003)
Kk={1 -1)"3
Cr 897 Ih=1,2
N RE7? 11 =%,7

87 TRAM(KK+TL+Y) KK+IN4V)=CN(TL,1M)
CALL TYMFR(SYK,,TRAM SMKI.TIH8,12,18,1)
CALL TIMPS(TEAN,SNMK] ,SYK,1R,1R,112,2)
CALL TIVESISTR ,TRAN,TIX, 5, 18y 1841)
nre o 11ée NI=1,18
CO 11& NJ=1,*%

16 STRINJSNTI=TIKINI,NT)

15 CONTIMUF
0117 I=1,.14
to117 Jd=1,18

17 STUCKLd,T)=SME(d,T7)
EC 118 I=1,1R
LN 118 J=1.8

1“ STIF.K(..I_.H=STF(-JvH

12 COMT IMUIF
REPM =0,
O A0 J=k,11
LN 6034 [=1,13

04 TFIY‘IQ\')al\E- -)*’EF'F:l.
TF(R“POLMFLL)Y GD TO FAG
LR 272 I=1,19

73 PADGLL) =,
CANC{1)=X(3,0)
DA (L) =X{3,7)
CANGET7)=X{2,R)
CACC(LO)I=X(3,C)
CrOGE1LR)=X(3,1 )
CAOG(LE)=X(3,11)
CC 274 I=1,1%

74 FURCF(T)=FARLFIT)I+PACG(T)

60 CONTIMNIFE
RETUON
EMD
SUPTOUTINEG TRAML(XyYeK1,TRI)
IFPYTCTIT PEAL™R (t-FE,(C=7)
DIPFNSTON X{1692) 3 Y(1542),X2(2),¥Y2(2),TRL(2,2)
Lo 515 J=1,2
X2(J)=%X(K1,J)

15 Y2(J)=Y{K1,J)
C2=X2(2)=-X2(1)
R2=Y2{2)-Y2(1)
CLEM2=LSORT {252 +4RB 2512




0o

4

41

42

0l

IELCL B2t T o IN=12.AMD.GLFERZ ,CT = ,10=12) w2171 (4,77
p2="2/r15M2

f2-0C2/01L" 02

TEL(1,1)=R2

TRL(Y,2)=02

T (2,1)=-5?

THL(2,2)=i32

FORMAT (! T s L ropnn T AN AR SR A |
FETHRA
ErD

SHENPUTINE CADNS (K )

TMPLYCTT REMeQ (AWM ,"=7)
Cirrr/rni/STE19,1C),TLF,10)

FTMFRQTICN P19

A=1./8T(K,X)

Cir 40 I=],19

E(T)=CT{¥K,T)

Py 1 J-1,10

Feo4Y I=L,1"0
ST,y =ST(J, "= (T)-r (1) en

N a2 IT=1,0

C=T(7,.,¥)

fLr ¢?2 J=1,1"%

TUIedY=TOT 0= {J¥AD

FETUPNM

Emne

SUBRIUYT IMS QRAP(?,P,0,NT)

[9PLTICTIT RFEAL®2 (A-H, -7

DIFFNSTON AC3) 330} ,0(3),RF(H5,1C) ,SP{E),S2X(A),SNY (O ),
ISWXAT) «SHY (T)
CCINMEONZIONZSNTLG,1C) SIS ,17),005,5)
FIN1=A(L)A(2)2A ()
RDIAM2=(BOLISA(2)XA(BI+P(2) AT )2A(3)43{3)r{ 1)+ 2V /DT
NTMA=( L) A{2) A +5(2V=A (L) =A(2)+G ()AL ) =A{2) ) /DT
rtn 1o 1=1,13

k=1+1

J=1+2

]F(chTla)K=K—3

TE{JnT,32) g=J-13

SRETI=(2.A(T)=1,)3A(T)
SE{T+3)=4 .0 (K)=A(J)
SEX(TI)=0(1)%{4%A(T)=-1.)/DT
SERX{I+3)=(RIK )24 AA[JI+R(JIT4,2A{K)) /DT
SRY(I)=GII)=(4 2p(T)-1.)/DNT
SPY(1+2)=(G(K Y4 AL +G ()26 HA(K))Y/DT
SWX{T)=SRX{I)+3,4NIMD
SWX(T+3)=8SRX(I+3)-12.uDIM2
SEY{1)=SRY(T}+3,xNIM3
SHY({T+2)=SPY(1+3)-12.¥N]["R

CCRTINUE

SAX(7)=2T7.P M2

SHMY(71=27,"%N1T"3

tnDo1'1 7=1,19

Cr 101 J4=1,5

RE(J 1) =9

LC 102 I=1411,2

K=1T+1)/2

BFE1.1)=S"X(K)

PE(2,y1+1)=SRY(K)

BF(3,1)=8SRY(K)




PELI,T+1 )=S0 ({X)
BEL4,1)==-311{K)
Pel%e T+1)==SH{K)
02 (CRTINY"
nn 1 2 1=12,19
K=1-172
CF (4,1 )=SX(K)
03 RBF{5,1)=SHY(K)
CALL TIMFS(Ny,R5,S,545,16G,1)
CARLL TIMRS(RI,S5,S57,17,5,13,2)
FETURN
EMD
SULROUTINME SLATT
INPLICTT FEALEE {A-H,N-7)
CIEBEUM/STU/X(342U) W YTUNCLLZ2 )y STUCK (34,2 ), STICK (0,30 ),SOPCE( 24)
Ly IMFII( 20)
COEMINZICN/SI{ 1S4 1C) 4 5(5,1C),D(5,5)
COEMUON/CErRZYOLTY) , YO (7))
COMMOAMZCAN/STL1G6,1€), TIK(&,14)
CIFENSTON A1 (7 )y A2(7 A0 4 {7 )B033,403), A1), 1{1GY,TL1,10)

FATA 2Y/ . 273733330 y o DOTI&HATP P A - I T { e P T A AT
1L N0, 2¥0, 1LI12RARIN Cn/ «2/0 2323 3RIN LN, 200 4TNLAPNEN 1) D, )50 T R
AN N2 11 2RA010 A WTUTL2AQAN N/ L 2DRILEUTND DA, RN 10D 1Cy
ERERI s ¥ L1285 331 P /

o200 1o

Loy 26 Jd=1,6

PlUyIY=

Flla1)=Yrinmme (1)

N1 2)=VIyNe (2)

Fe2,1)=n(1,2)

(242 )=Y0rnvefe)

(2,3)=yryxrc(4y)y/2,

(£ 6)y=vimr ()

(H5,85)Y=VHINT{A)

E( TUMGOLZ2) oMy o 0} PU2, 1) =YCUNT{ 120}

’10 T=1,10

1 |h fl' IT‘olr

1 ST(d.1)= .,
o221y 1=1,3
K=1+]

J=T1+42

TF(K AT oV JK=K=2
1IT(JCTo4)d=d-23
K{T)=YC(K)=Y"(J)

11 C(I)=XC(J)=XN{K)
NT=BI]11=G(2V-R(2)XG(1)
nn 212 K=1,7
P2 (K)=1.-A1(K)Y=AT(K)
AMUY=ALIK)
P(2)=A2(K)
£(3)=A2(K)

CALL SPAP(ALR,G,NT)
IT(KaMFLYY 0 TP 2173
rm 214 I1=1,1c

N 214 J=1,45

14 TIK(J,T)=S{d, 1)

13 COMTIMNLF
m 21% 1=1,1¢6
CC 216 J=1,19

15 STUdyT)=ST{ Sy 1)+ L ({KYSY(J,T):NT /2,

I
"
r
N
1
't



1<

20

C1

G2

04
00

COCNTIAIE

cr 217 1=1,1¢
£rr 217 J=141¢€
T(JyIY=1,
LATA
re 21y 1=1,1°

TIML(T),T)=1.

CAlL TI\M—‘.Q(qT!TyS'\"vlqv]qvlqo‘)
CALL TIVMES{T,S™M,ST,17,15,17,2)
CALL TINMES(TIK,T,5,5,12,10,1)
re 219 1=1,19

ce 210 J=1,5

TIK(JT)=S{J,1)

(ALL CNANS( 1)

Lr 229 1=1.1F

pno22  J=1,17

STUCK{d, T)=ST(J,T)

N 221 T=ll1R

rno221 4=1,5

SYICK (N T)=TTH (4, 1)

PE=X{3 95’

FORCE(Y )=PGNT /¢,
FCFCRIL3)Y=P=DT /6,

FOECE( 1) =PC*NT /A,

R TURM

EMD

SLRPCUTING TIMECSIA,,F 0y, ,KITK)
IYPLTICIT REAL %3 (A-H,0-7)
FIMENSYCN A(L),R{1),P (1)

KrK=1 A('\.y:") ] Pir.L10 ’ Q(r‘vl)
KNK=2 A{t  N) (i, ) 4 KMyl
10=1

M 10 K=1,1

NC 10u J=1.M

IR =,

o TNEI01.172) , KK
CONTINUF

D 123 I=1,V

A=t (T=-1)+.]
IR=NM2(K=1)+1T
FUIR)=F(IR)+A(TA)RP(IR)
. TO 0D

CCATINUF

1 4 1=1,%
TA=M(J=-1)+1T

=M= K-1)+]
PUIR)=P{IR)+A(TA):BR(TR)
IR=IF+1

RFETURD

Me

-”1/1.2!]-'?.'1-’ yjy’iv].'i:'yk‘-yﬁv].“.,-"

1R T7,C, 1" w10, 11,132,117/

REGUL AR A%R=R
TRANSPNSF

AP



SANDWICH DOME MODELS

COMPUTER LISTING

Reference symbol

DDS21
2. DDS33
3. DMX36
4. DRO30




Reference symbol DDS21




G P=100 PICLTE=FLPR CCFIFS=4
= UMIVYI"SITY, HATCH
WAST 16:K2:34
SIGNER rN AT 15:82:40 CN 40N SEP 22/75
DR IN T
fndo POVE CLEMENT 21 NG, OF FRFENNY AT 2 (OPNEP NMODE S s s
oty CUYITE VARIATION CF B (WX, MY)  ANMD L INEAR NF 1f, Y EX,FY #ourme
a2 w TRAMEPRUATICM AT CENRAL SET NF UyVek AND TRTAL RPOTATICNS Free el s
P A R ] CTD"‘:SS}Q AT CENMTRANOTIN '.1X)(.,MYY,‘.‘)(Y "_)X'QY'NY_X'N\[Y,NXY bR R4 3 - LR S HR VI
SULRRIOLTINT STISF
IMPLICTIT REALES (A-H,N-7)
COMMON/STI/X(34920) YOUNGLL2 Y, STHUCK{ 36, 26),STICKL{ R, 3¢),TO°CF({ 24},
1IMN=0(? )
COF OM/MAR/ BN (29365 36) 3 C0LI23R,3€),DOL12,36) ,FRAM{164,106) JNRRAM
COMMOCN/PAT/TC?2(3,3)4,XP{3),YO(2)
DTMENSTON X1(2)eYI{3),Z1(3)4061003)43L(3) 4,02 (3),(01(2,3),0N3(3,3)
FCIMENSTION XMULE02 ) Y A {1602V 975(1642) 3 TRAN(?21,21),¥C1L1(2)
PTIYENSTOM CT4(073,5) ySTK(21,21),STK(2,21),NPANL(21),FATG(21)
COVHEM/ORMD/SOKLII21,21),SIKLIP,21),SFKL(21)
FATA MOL/341O, 17/
M see [=1,21
399 FORCF(1)=,
X1 4 YL , 71 CLORAY CODBECINATES NP THE  VFRTICTS (1,2, 2)
N %1% I1=1,3
X1{T)=X(1,1)
Yi{iry=x(z2.11
418 I1{T)=Xx(3,1)
XMooy YN 4 ZM (t, 2) ClLnpAY CrORP TN, 1F THE JOINT L TME (DTRECTIAN 1 ,2)
M= THE CCDE NUMRER CF THE JCIANT LINF (MAX=1C)
IF(MNCEF A FOLO0)RT TG 817
DO Blf M= NGPAY
PCKle I=1,2
XM, TI=CRAM(M, 1)
YMIM,T)Y-CRAMIM,T+2)
216 IV (M, T)=GRAM(M,T4+4)
517 CORTIMIE
DN 4" T=1,3
K=T+1
J=T142
IFIK.GT.3)K=K-3
IF(J. T3 ) d=d=-2
CLITI=XxL{J)=X1(K)
BL{I)=YL(.J)=Y1 (K]
00 CLIT)=710J)=-Z1(K)
CRZ213.,3) TRANSF. MATRIX FRrCM GICRAL TN INCAL N = < 0?2 >0
D! = 1 0CAlL N = ~GI0ORAL
CALL TRANS(G1,B1,M1)
XN{3) , vy0O(3) THF LrCAL CrCRNIN. (F THF VESTICRS (1,2, 3)
CO %542 1=1,3
rn s92 UJ=1,3
262 CNA(T «J)=X(T,J)
CALL TIMES(CN2,C04,NL,2,3,3,1)
N 414 J=1,3
XN(J4y=00101,4)
14 YO (J)=CCL(2,.0)
MOAK=TMEO(])
MFTRO=C
TE (ML AKLEG. -1 LCRANLAK.FR .-2) G TN 340
IF(MEAK L COLLa NP NLAK,L,FER.?2) GO Tr 575
calLl SU'BT]




£16

577
£40
575

578

579

. 1

BE3
862
E€l

4G

5

6
580
I

I
I
I
[
I

IT(NLAYLER, ) GO TR RA
MLAK=NL AK=10

CO S T=1,21

COLRLAK, T)=FNRCF(T)
FORTA J=1,7]

PN C76 1=1,21
BOLGFLAK Ty ) =STUCK (T J)
LN 5577 J=1,21

£O S77 T=],R
CONINEAK T ) =STICK(T, )
Ci TP &R0

MLAK=-NLAK

METRN==1

0 s7F J=1,21

DO 573 1=1,21

STUCK (T, J)=RACLINLAK, T, J)
LC 57 J=1,21

N &7¢ [-1

STICK (T4 )=Cl1 (NLAK, T4 J)
EC 9)1 T=1.71

FORCE (71 =1 (MUAK,T)

IF{METPAMT.-1) 6O TO 5480

DN 841 1=1,21

DN 841 J=1,21

ErL=0.

ITFIT.NELT)Y 60 TC 882
Fl--1.

CC %3 1T=1,3
IF(T-CaMOLTIY)) El=1,
COMT INUE
TEAN(J,T)=F1

CONTT ML

CO 1 I=1,7]

ca 1l Jd=i,21
SOKLEG,T)=STUCK(d, 1)
CC 2 1=1,21

DO 2 J=1,*
STK(JTY=STICK(Jdy 1)
CC * I=1,21

CATN L1 )=+00( (7))

CALL TTiLS{SNK1y TRANVSNK,21421,21,1)
CALL TIMFSITRAN,SCK,STK1,21,21,21,2)

CAILL TIMFSOSIK,,TPAN,SIK]

18:971421,1))

CALL TIMESUITRAN,CAGL +STK1,2147141,42)

Do &4 1=1,21

r0 & J=1,21
STHCKA{Y,T1)=S0K1(J,1)
Dos 1=1,21

Lo = 4=1,8

STICKLJ, T)=STKL{J, 1)
nmMm & T=1,2)
FRRCE(T)=STKI( )
COMTINUE

NECLL)=0  F'ARS LOCAL STTIFS, AMD STRESS MATI, WITNUT STNRINA
IMFQO(1)=1 TAKFES LOCAL ST1
MFQ(1)=2 TAKES LOCAL STIFF AND STRFSS “ATC, NF THE 2MD. STNRACF

NFC L)
NFC (1)
MFC(2)
NEO(2)

FIMNDS LOCCPAL ST

MY N
N =

X MN NCDPFS N

FE. AME STRESS VMATR,., CF TRE 1ST. STNRPAGE

FF. ANC STRESS MATR. AND STRRES IN THF 1ST.

FIMDS LOCAL STTIPF, 2M[ STFESS MATR . AMP STPEFES IN THE 2N0,
KFEPS LOCAL LITIOLT  TRANSFOARMATICN

THFE FLEYFNT MEFD TRANSFOENATICN (MAX=13)



IFLTIMEC(2) .7y JORJINFI(2),ENL.CG) € TC

trt a1 1=1,21
PN RN .|=.'-_'71
BO01 SOK1Gd,T)=STUCK(J, 1)
CC 802 I=1,21
DC 4 2 J=1,"
3072 STR1(J, T)=STICK(J, 1)
CN 8 1=1,21
E 6 SFRI(I)=Fo0e (1)
AN IK=TMTO(2)
N KA T =1,NLTK
IMF {3} AYXCN ARTTHMCS TIS MODF

TRFC (&) €D NMLIRER NF N INT=<JOINT | IMF(HAX=1%)

TFeFQ,=1 TMLY Uy Vel TRANSE)
INFO(R), INFN(T7) THE SAMFE AS TNFN(?)
INFCI6) +INFT(R) THE SAMT AQ INFT (&)
K= (T-1})243
L=INPT (K)
KI=TMNIC(K+1)
ro sel 11=1,21
Pe 5P4 1S=1,21
>R4 TFAN(1S,1T)=0,
>83 TRAN(TT,T11)=1.
Krk={L=-1)"7
Chr S8 TN=1,3
Ct 5RF T11=1,3
SES TRAM{KK+TN,KK+TL)=CC2{TN,T|)
IF(KL.f).-1) 69 TO 542
[F{Kl.fN.)) (O TC Se¢
IMTEFRCOIFCTICN OF TWC PLATES
CALL THANL{XM,Y'4,7M,K1,(N73)
X AXF v THF MFYW SYSTEM TRE ACTINT ) ThF
'Y SFEAW AMGLE CONMPEMSED NUT
LC S¢7 IN=1,2
CO P77 1L=1,2
TRAM{FK +TM+R, KK TL 42)=C00 M, 11 )
> ET TOAN(KKHTN+E KK+ TL+T)=CCI(TIN, JL)
CALL TIMES(SNK1,TRANGSNK,21,21.21,1)
CALL TTIMES(TPAN,SCK,S K1,21,21,21,2)
DO e 2 1IM¥=1,21
)02 TALL (Y )=SEKI({ M)
CC f€2 JN=1,21
PN 593 [M=1,*
@3 SIK(IVN,J™)=SIK1(IV,J")
CALL TIMFS(SIK,TRAN.STK]1,8,21,21,41)
CALL TIMES(TRAN,DACL+SFK1421,21,41,2)
KUK=KK4+7
CALL CNMINS(KUK)
SPFL(FUK,sKUK)I=1,
€N T 542
INTEFCANECTICN NF MAPE THAN TWC PLATFS
86 CALL CMDOMNS{KK+6)
CALL CPENS(KK+T)
SOKLIKK+7,KK+7)=1,
O 58F IMN=1,3
DO SFR TL=1,3
88 TRAN(K¥+IN+AKK+IL+2)=Cr2(IN,IL)
CALL TTMES(SPKL1,TRAN,SNK,21,214+21,1)
CALt TIMES{TRAN,SCK,SNK1,21.21421,2)
N 903 IvM=1,21

€l

{(TF,F0, 0

ALL GLODAL,



562

803

604

273

214

596
595

811
810
567
812
560

602

CACL(TI)=SFK](TNM)

CL 5¢7 JgM=1,421

CC 5S4 Ip=1,"

STKLIE o IM)=STIK1{TR ,JM)

CALL TYMPS(STK G, TREAN,SIX148421421,1)
CALL TIMEQ(TIAN,FACL oSF%1,21421,1,2)
CAMTIMLF

Cr Rp3 1=1,21

DC 803 J=1,21
STUCK(J,1)=SNK1{.0,T1)

CO RO4 1=1,21

CN "/ & J=1,9

STICK (s T)=STKI{( U, 1)

re ans 1=1,721
FRPCE(T)=SEKI( 1)

COMT TNPIF

DO ALY T=1,71

FAQL(1)Y=0.

BRPC=0.

D) & & J=h,r

CG £Ne T=14173
TRIX{T4J) N1 )RPPN=1,
V(RO NF L, ) 67 TN 34

CO 273 1=1,21

DAOQG(T) =D,

KM=0

re 274 I=].".‘iy7

KN =KN4+ ]

CANGLTI=X{1,5+KN)
CAPGIT+1)=X{2,5+4KN}
CAOG({142)=X{3,5+KN)

CO H&s [=1,21

no 59¢& J=]y(31.

TRAM(J,1) =0,

TPAN{[,T)=1,

NN R12 KM=1,1%5,7

L=¥h-1

KN=L/T7+1

GL=".

TF{ME TKLEQ.DYIGN T 10D

CA 811 IN=1 N IK

K={Ih=1)%2+2
IF(KNJFQINFN{K}IGL=1,
IFIGL.FR.1IGE TC 812
CONTINUE

CR 5¢7 1=1.3

LN sc7 J=1,3
TEAN(THL,J+! )=CN2( T, 4)
CONTINUE

CALL TIMESITRANWDACG +PACL 21421 41,1)
COMTIMUFR

DO ~02 T=1,21
FAORCE(I)=FNRCE(T)+DAOL (T)
RETURN

END

SUPPOUTINE TRAML(X,Y+7,K,TRL)
IMPILLICTIT RFAL™8 (A-H,N-27)
COPMPON/PAT/TRG({3,3) 4XG{3) ,YG ()
CIMEMSTON X{1642)s ¥ 1642),2(1642),TRI.{L3,3}),TR(3,3)
DIMENSICM X2(3),¥2(3),221(3)



15

/00

£ 518 J=1,2

X2 00)=X({K,J)

Y2(J)=Y(¥i,.l)

22(0)=72(K,yJ)

G2=X212)-%X21(1)

B2=v2(2)-yY2(1)

C?2=72{(2)-22(1)
CLEN2=NSART(C2 22 +P22X24 (232 )
[IFIRLEM2 .00 0. IMRITE(A,700)
TR{1.1)=62/CGILFND

TR (2, 1)Y=R2/01FN2

TR {3y 1)=C2/0GI FN2
TEAL42)=TRNR(3,2)TR{,1)-TOR{3,3)5TR(?2,1)
TR{2,2)1=TPG(3s 3 HTR{1,1)=-TRG(3,1)=TR(3,1)
TE(3,2)=TRG(R, L)MTRIDP, 1)=-TRG( 3, 2)5TR{ 1, 1)
TR{1,3)=T2G{3,1)

TR(2,3)=TRG(312)

TR{3,3)=TRG{(3,3)

CALILL TIMES(TRG,, TP, TR 43 ,3,3,1)

FORMAT (10X, ! W BORAR dxkr GLEM27T, /)
RETUPNM

FMD

SURRCUTINE rMONS (K

IMPLTCTIT PEAMER (A-FH,C=-7)

CONRENSIS QUT THY K TH, DEGREFS CF FREENDMM

41

42

COMMIN/GONR/STH(21,21),TT(R,21),VIM(21)
NIMENSICN RI21)

A=1./75T"{K,.K)

Ch 40 TI=1,21

BOT)I=ST(K,I)

CO 41 J=1,21

DO 41 '=1,21
SIM(ITyd)=S T T J)=RITIER(J)":A
Cr 42 I=1,7

N=TI*(T,K)

(G 4?2 J=1,21

TIM(T s J)=TIN(T V=P {J)AX]
D=vIiM(K)

o 47 I=1,;21
VIM{I)=VI¥(1)-PI])kDxA

RETUPN

END

oot e ool sl ME THN VCHTHIA Ty TFHENY e ok
THE STIFENESS MATRIX M

THE  STRESS MATRIX S

THE LCAD MATRIT X FNP

INPUT  FOR  FACK POINT A THE AREA CONRNIMATES,P THF VALUFS CF ILCAR

INPUT  FNR EACH FLEMFNT THF CCFFFICIENTS R(3) 4C(2)

INPUT FOR FACH FLFMENT THE ELASTICTTY MATRIX L[ (R)

SUBRDUTINE  SHAPLF(A,B,G+NT,NIMK)

IMPLICIT REAL*2 (A-H,C=-7)

COMMON/JIN/SM{ 212110 SER,21),D( 8y 8}, FNP(2]1,1),P(7)

FIMENSTICN A(3),3(3),6(3),RE(83,21),FN(7,21)

DIMENSTIAN SWE3)aSX(2) 4 SY(3) 3 SWXIT) 3 SXX(3)4SYX(3),SWY(3).SXY(3),SYY
LAO3Y oSWXXE3) y SXXXI2) 3 SYXXI3),SWYY{3),SXYYUR)SYYY(3),SWXY13),SXXY(3
2 0 SYXY(3) o SUL3) ,SVI3 ) oSFY(3),SFY(3),SUX{3),SUv(3),5VYX(3),Svv(?)

cCo 201 1=1,3

k=I+1

IF{K.GT.3)K=K=-3

J=1+2



201

IF{J.GTe3VU=d-3

SHIT)I=ALT) 400 T k22 (K4 AL T ) 2uA(J) = A(T ) S A (KIS (FYRAL ) M2

SY(T)=R(K I (AL T 22%A( )+ R AT AR )EA(D))=ROJ I (AJKYEA(T ) 2324
17 ST )HA(K)A(I))

SXUT )= V(A T)X2RA(K )40, SHALT )2 ALK YA D) )=GUK) (A (J)I=ALT ) 5Dy

CoBxpA(TIA(KITALY))

SHXCI)={1a/DNT) (205 B (T} CALTIALKIHALT ) ALII+ALKYHA(A) V42 AT )
LAGKIX(PIII=-RLK ) )42 50T =A(d)2(BLT)=-R{JI))

SYXUEI ) =1a/NTIR{2AR{I)#HL(TIR(RIJ)XA(KI=B(K)I=ALI) I+ JSH(R(I)-R({K))
LE(RITISAMISACII+BIK) AL D)V =AU} +R DI =AlII=A(K) ) I=(-1.0)

SXX{I)={1a/DNTYX(2 BT )2A(TIN{F (J)*AIK)=G(KIZA(D) ) RA( T I {R{K )=
I6C =B GLE) I+ ST CON) =G} I (RUT)*A(K)=A() +R{KY=A(T)IA( )+
2RI FA(TIXA(K)))

SWYCT)=(+1a/DT) 205G (V)= (ALT)EAK ) $ATT)S=A{S)+ALKIEALI Y V42, HA(T )
IAGK )G =CURI I+ AT I A(D) = (A(TI=G01)))

SYY(I)=(=1a/NT )2 HA(TYHA(T) (RIS IEAIK)=RIKIA(I)I )AL T Y ek D% (GIK) =
IREI)=GUII=HBIK) I+ S5H{R{I)=PRIK)I(CIIIHA(K)=A(I)I+G(K)IHA(T Y2 A (D) +
2C{J AT ALK )

SXYUT)=(41 /07 ) (2GR (1) T (JVFALKI=G(RIA(J)I+0. 5% CG{I)-6G(K)
LIH(GLIIA LKA (I I+ GCH)RA(T)=ACI)+GUI) A (T )=A{K)))

SUlL)=ALT)

SVITI=A(T1)

SFY(TI)=A(T1)

SEX(T)=A(T)

SWXXCT)=(+1e /DT 2) (=2, sBATYH{ALTIRB{IN+A(KIF*P(K)+A(J)=H(I) )+
12 (RETI=BIK ) ) A{K IR (II+A(T ) (H) I+ 2.2 (BT =B {ALT YRR+
2rUJEERET) ) )

SYEXUT ) =(=1o /DT 250 (2,7 BT )M*25(BIJ)=A(K)=BR(KIFA(J) I+ (R(J)=R(K)
)= )=p (KIXAC))4ROTYAREJIZA(K )4RIK)XBLS ) =A(T) ) )

SXXX{T ) =0+1a/DTHm2 ) (2 ,FR(T)F22X I C{J)HA(K)I=GIKI¥ALS) ) +4 AT )=R(T)
LE(RIK) 2GS I-BEIIGIK)IIF(GOI)=GIK) s (BUTIER{K)IA (I 4P (T)NRIJIEA(K )+
2RIKYXP (J)<A(T)))

SUVYLT)=(+1./ DT (-2 5GTUI I (A{T)EG(T) +A{KIXG(K)I+ALIINC(J) )42 %
LGTT =K AMKIFGUTIIFALT I *GIK I )42, 5 (GUTI=-GL IV =(A(T )G (J)+ALJ)
26(I1)))

SYYY (I )= (=1./DT2Ax2 )2 2,50 ( 1) 025 B{LJIHA(K)I—BIK)XA{J) V44 .M T )G )
LACIKI =3IV -Gl =BIKI)+H(ROJ)-BAIK) I (G )=GIKIFA{II4GL T IR (I ) =A (K )+
2GLK )G L) =A(T)Y))

SXYY AT )=(+41./0Txu2 )32, 5G (T )02 25 (GLANHACK ) =GIKIHAL IV )+ (G J)=-6G{K)
PIEAGIT IXGIKI XA (I 4G IV XC(IIHA(K)+G (K )RGLIIXA(T)})

SHXY{T )=(2./DTa=2) 3% (=2, BN {C(T)EA(T) 4G (KI=ATK)4G{J)=A(J) ) +2 0
TB(T) =PRI} AR )XCIT)I AT ISR (K II+2. 2 (RIT)=-BLIV )V =LA(T IR () +A1 ) =
2G6(11))

SYXYUT)=(2./DT22) %2, %0 (TG TV (B(JVHALKI=B{K)#A(J))+2 ,%B(])®
LAY (KPP L) =GO XR(K) ) +0 52 (RLJ)=R{K) )= (ALT ) (CLIIFRIKI+G(K )
2BEIMNV LAY (GO IY BN +G ()R I AL R (C(TIERIKY+G(KIRR(T))))
3%(-1.0)

SXXY() )=(2. /PT*e2 ) (2. %PIT)EGUI IR C{IIMA(CK)I=GIKIHEA(I) )42, 5G(T )
TALD) 2(BRIK)EGIS)=R{EJIFAIK)IEDSK*(G (I =G(K) )= (A(T)*(G{JIXR(K)+G(K):x
2ECI))I A GUINRE(II4G{ IR0 T )« A(YIR{C{T ) HRIKY+CIK)IXR{T))))

SUXEL)=(1./DT)33(1)

SVX{T)=(1l./DTY2R{ 1)

SUY(T)Y=(L/NT)*G(T)

SVYUI)I=(1./NT)G(T)

CONTIMUE

FORWV MATREX R

ra 301 J=1,21
Do 39271 1=1,8
BE(Y «J)=".

301 C(PMTINUER



b
N

2G4

300

’'13

‘14

‘15

NN 2?2 2 X=1,3
J=3%K=-2
BE (1 .d)=S4XX(K)
RE(2,d)=Savyviv)
RE(3,J)1=S"XY{K)
BEALyJ+1)1=SYXX (K
UF(2,J+41)=8YVYVIK)
RE(3yJ+1)=CYXY ()
RF L1 ,J+2)=SXXX (K)
BEL2,J42)=SXYY[K)
B (3, J42)=5¥XY (K)
CONTINLUE
re 202 kK=1,12
JE27 K+ R
RF{1,J)=-SUX(X)
PE LRy d)==SlY(K)
PFL4,J)=SFX{K)
BF(240+1)==-SVY(K)
RE(R3,J+]1)=-SVX (K)
RFIR,J+]1)=5FY{K)
CNPT TR
Cn 204 K=1,73
J= 2K+ 14
BE (640 )=SUX{K)
PE(9,4)=SUY (K)
BE(T.0+1)=35VvV(K)
RE(3,J41)=SVX({K)
CIOMTINUR
STIFNFSS  MATRIX
STIFMFSS  MATRIX S
STRFCSS VATRTX S Py
CALL TIMES(D,RE,S,8,8,21,1)

CALL TIMES(RF,S5,SM,21,1,21.2)
PRIOGRANMA Frv  THE  SHAPE

ro 300 =1,21

DO 37 I=1.,7
FN{T,J)=0,

CONT INItE

nno 213 K-1,3

J= 35K -7
ENM{1,J)=SU(K)
EM(2,J)=SWY(K)
EM (3,0 )=SWX(K)
EM(1 4,041 )=SY(K)
EN{2.J+1)=8VY([K)
ENMI3,041)=SYX{K)
EM{1,J+2)=SX(K)
ENM(2,J42)=SXY(K)
EM(3,J42)1=SXX(K)
CONTINUE

[N 214 K=1,2
J=2%K+p
EM(4,0)=SFX(K)
EN(B,J+1)=5FY(K)
CONTINUE

no 215 Kk=1,3
J=2*K+14
EN[6&4.0)=SU(K)
EN(7,J+41)=SVIK)
CONTINUE

FUNCTION

RY ML TIPIYCATICNM R

PUHLTTRLICAT TON

MATRIX

*n*“

n*R

hl



gu0

210

224

430

431

FNeM THE  FATPIX  FNP RY MULTIPL'CATICM F A p
EN SEAPF FUNGTICN  MATRTX

P | CARD MATRIX EITE SEYFN COMECAFRNTS AT FACE DOINT

CAMLL TIMES(FP P TMPy21,7,142)

FETUHRR

Frn

FOEM  PATEKIX  n PRCPFKRTILS 0OF MATFEPIAL

SAMPHICH PLATFS

1IspTPNIPIC FATERTAL FACFS

CRTHNTIQPTK YATFRTAL CORFE

EF FPASTICITY MEPUILLS °F THF FACES

EMF FATSSIN RATIN nE THE FACFES
GF MECPULUS aF RIGTTY Mt TEE SACES
GCY “ONDULUS CF RIGITY (CF  THD CCPRF IN TFHF Y? L FVIY
GCX FosuLys CF RIGITY  DF CArF TN THE X7 LFVFI

THF THICKMLSS CF THE FACFE

THC THICKNMN=C S rF THF  CNer

A2V MCMENT CF ARFA ne  Ty7 SATOWICH SFCTICN  OF THF FACFS
SLFROLTINT  SURTT

IMPL TCTIT REA 8 (A-H,-7]

COMMOM /ST I/ XT3 ,2N) 4 FILYOR(12)ySPUK{RE6.34),TIK LR,y 3¢ )P K({3A)
1, TNFTUL27 )
COtNMOMNZJOM/SHL2T,21),yS(R421),(R,3),TNMP{21,1),P(7)
COMNOMN/PAT/NVNAY (3,2 ),XT(3),Y(3)

NIVEMSTIOM A(3) yR(3),A(3)4GLE(R) o (7Y, () 2 ()
PITMENSTON POLT7),PL{7),VAVIL7,7),TOT(21,21),S¥K1(21,21)
no e T=l,9

o ROO J=1,8

FrtJd,TY¥=.

C{ls1)=LMIC (1)

({1l 2)=FLHCT(2)

F{2+2)Y=CLMI0(3)

D3 3)Y-ELM1R e 7 2.

Cla,4)=ELMCT(5)

PIS& ) =FLNMOT ()

PS5y EY=FLACH(T)

LiG6.7Y=FLMCO(R)

DIT,7Y=FL¥C (L)

Cig,8i=F MNP (11)

FC&=M THE wHCl E SYMUETPIC MATPIX N

N 210 J=1,.8%

Lo 210 1=1,R

I, N=004,1)

COMNTIMIE

P{T7 8 )=0LMOT (9)

IF(FL™D(L12).NF, L) [{2,1)=FLMCO(12)

PG(T) THE GLORAL NDTISTRTRUTED L oAn

LC 224 1=1,7

PG(TY=".

PCILYI=X(145)

PG(2)=X(2,5)

PG(3)=X(3,5)

CC 439 I=1,7

NO 43 J=1,7

Vav1({T.d)=0.

GO 431 I=1,3

DN 421 J=1,3

VAVI( T d)=VAVI T, )

O 422 K=—"‘$9.“-’2

NN 437 I=1,2



LR 432 =1,

422 VAVIIT+HK, J+¥)=vAV(] «J)

CALL TTIVESIVAVL PGP 37,7,1,1)
Cr 438 1=1,5

435 P(I)=PL(T1+2)

Ple)=PL (1)
CLTY=PL{2)

COORNIMNATES TF VFUTICFS OF TP IAMALE  X(T,7) 1=1,6

NDTMEMSTEN FAXK(Z21) 0 ARCN(2 47 ), FPC02 (4) ,S1LIR,21)
rr2c0  1=1,2

K=T1+1

IFIK . GT .3 K=K=-3

J=1+2

IF(J.GTa3)0=0=-3

BIT)=¥()=-Y{.

COT)=XT0JI=-XT(%)
CLE(TI)=NSCPT(R(T)=5240 (] 122

200 COMTIMOF

FT=P{1 )} (2)-F(2])G(1)

QUINTIC INTECRATION  FOP STIFFMEQS MATRIY  STIGK

AKF A COAAORNTIMATES Ll w2 132 Arcr ACT)

WFIGHTS  OF  INTERGFATICA W(T)

22

11

LATA ALF/ .33233330 /,AIF1/ , BRCTLG8TIN0D/,RETI/0.,6T7014206N)0/7
TATA ALT2/3.7C 1426CSNUN/,RET2/0.1.0120€51M00/
PCATAE WEI/AI28JC( N/ 402/, 1323041610 f,aE2/ }2¢caglan /
PATA PLEALY (607 /G ALFAZ/ o D) /4T /0.223322333D00/
ARCD{l,1)=A1 ¥

ARCTL2 411 =M F

ARCO(1,2)=ALF]

ARCNL2,2)=RFT]

APCN(1,3)=RFT]

ARCP (2, 3)=A1 &

ARCOIL,4)=RTT

ARCN(2,.4)=KFT1

ARCIN[ L5 )=ALF?

GFECNL2,5)=RFTD

ARCO(145)=RFT?

PRCL{2+06)=ALF?

ARCD{1,7Y=REFT?

M2, 7TV=R"-T2

W(l)=F1

W(2)=VWF2

W(3)=WF?

W{4)=ne2

b{S)=173

Wlb)=WF3

W{7)=WF3

PO 262 1=1,21

D 211 J=1,21

frC 211 T=1,21

SMKT (T,.0Y=D.

CONTINUE

L 212 K=1,7

A(1)Y=ARCNOI] LK)

AlL2)=ARCN(?2,K)

A(R)=1.-A(1)=7(2)

CALL SHAPEFR{A,R,(,CT, )

IF(K.MEFL1) N TN AC1

CO 802 I=1,21




102
201

212

Pn& 7 U=1,R

ST, T)=S{J,7)

COMTINE

no 221 1=1,21
ENKUT)=FANK [ 1I 40T /2 o30SR (T, 1)

Cn 2172 J=1,21

rn 212 I=1,¢1

SHEKLIT 3 JY=SVKYI (T, JY+NT /2 MK )G T, 0)
CWMTTIMNUF

ARCA  CNOPNINATES LY 12 L3 ARPCCY ACT)
WEIGHTS N5 IMTEARRATITN Wi(T)

4625

450

451

501

502

303

10

1

P(L,7) REPRESFANTS NISTRTAUTEr | NAPS COMSTAND TN

FRNK{21} DPEDREGENTS TH'- SAME LCARBS 1M THY THREE ArCNEC

EFCLASSIFEICAT IOM nr THF NFEGSPEFS TF FPRFENCH™
0™ 428 J=1,?1

Crn 42¢ I=1,71

T, d¥=2,
Ny A= Kl=1,7,41
K2=T={K1+?2)/3-4

TANT(X] 4K2)=1.
N 4%0 K1=1,7,2
TOT(KLI41,K2+K3+1)=1,
TOT(K1I+2,424K3)=1,
NN 451 K1=6,20,17

Ke=2*{K1L+1)/7+8
BN ¢8)1 Ki=1l,4€,5
K& A 3-1)/5

TOET(k24Ke ,K1=-K3+4]1)=1,
TNTlk24K4+]1 K 1-K2+2) =1,
CALL TIMES(SHK],TOT,SMy21,21,21,1)
CALL TIMES{TOTSM,SVMK1,21,21,21,7)
CALL TYIMES(S1.TNT,S¢84721421,1)
CAlLl TIVESITOT yEMKWFMP,214219142)
nn 58 1 I=1,21
N 501 J=1,21
SRSy 1)=SMR1(J, T)
'm s 2 1=1,21

T 5N2 J=1,8

TIK(J,*V=S{J,T7)
NN RO3 T=1,21

PINK(1)=FNP(1, 1}
FFETUPM

Enn
SUBRCUTIME TYRANS(G1,8B1,C1)
IMPITCTT REOAL*Q (A-H,M=7)
CAEYOM/PAT/TENA{3,3),X0(3),Y2(3)
NIMENSTITN RBL(3),G113),C1(3)

FORH  THE TPANSFORMATINAN MATRI X FNCAL=(TEMAYAGICPAL

tn 1 1=1,3
rno1 J=1,3
TEMA(T,J)=0,
FA=HLI2)=2CL(3)-BL(3)*CL(2)
PR=CLE3)=CL(2)-GLL2)%C1 ()
AC=RL(3)=G1{2)=-G1L(3)*R1(2)

cLen

1e2473

AR EA
AS

]F(([t‘lGT.—.ln-lzIANF'AIAQLT.‘J.1.[-12’.ANDO(AB.GTI_lln—IZIAk!nlAR.

LT, 1D=12)) GO TC 20
AD=CSORTULAAZRD 4 ARSH2+ACHED)
AE=NSORT(AAZ# 2+ ARXID)
TeMA(3,1)=AA/AD
TRMA{D,2)=AR/AT

b AR
STHCOK



TEUALR, M= AC/AD
TEYpa(Y, L) ==\R/AFE
.I:'; ."!‘\ " "2‘ =N -/,._r:
TR 241 Y==AAAC /(AFSANY
TEMALS 2 ) == "REAC/ (fFAT)
TOUAL L 3V = (AT ARSI S LATAT)
peTyee.
2) D0 Y 1=l
30 TTALILTNE,
Frinet

Fanp .
ST RV TTUE QL b g0 gh g3 ] g4 1)

TEPLTICTYT ) Af i (A—I-,!"---?)

PIPERSTIN A1) (L) ,5 (1)

KCk=1 AT, e R (M L)W (R e L) REGUTAD prip
kf =2 AT gt )y 1‘(.'--’1 “’| { N ’| ) TRANSPOGH a1
=]

re o =141

pe 10 dz=1, N
FIry=r,
CO V0 0101,702),61 K
10l ¢rsryenr
[ v=1 .1
Ir=rhtT=10 44
Te=R{E-1)47
103 T )=  (rRy4A{ N )0 T
cr T 1 9
L 2 COLTYMUE
Cr 104 I=1,70
TA=t (L =1)47
T sy (=1 )47
104 C{TIT ) =F (T 4al Tadoy (1)
VN TR=TE+ ]
CORSTRLY
En



Reference symbol DDS33




D P=100 FrYTe=nyPrH CCRINrC=4
= UNTVEAQTITY, QAT(H
WaS: In:52:40°
SIGMED M AT 1518521466 CM ¥ON QPP DD /TS
PRINTY
o DOMECTLTHACNT 73 PG, TF FREENCY AT A NCRIS Seuredst
XS CURIC VAR TATION OF L[, WXy YY) AN QUANRATTIC PF [,V FX FY stduret
RS TEANECIAATICN AT AP CRAL SET NF [, Y, W AND TNTA| POTATIAMS T
anl STRESSES AT CEANTECTT  MXX P YV MXY 00X, NY4AXX 4 AYY NXY Fol A
SHERCUTINFE STIFF
TUPLICIT HRerp v (A-k,0=7)
CORMON/STI/XIA,20) Y UNMGL12) ySTUMK{24,37) ,STICR(R,3¢) ,FNCCE(28),
1T8F(27)
COEMOR AN/ (2 4 3E 936) yCOL U205 036 ) o NCL U2 336 ) 4 HRANITIA 1A ) (NAGPAN
COMON/BAT/CO2(3,2) XY, ¥ )
PNTMENSTTIM X1(2)sY1(3),70(3),6L(3),BLE3),CL43),0 0L 4,3),MN303, ),
TX (1A 2) a0 ¥ 1A2) 370 1A42) 4 TRAM(26,36) NG {3,2) ,SrK[36.7°6),3TK(F,5
ZLHaSTH30)Y T Al {36),0 (3)
CATA ¥TL/4,1 4,17/
X1.¥1,71 GLOAAL COUNDOPTMATES OF THE VENTICFS  {(14243)
FO e T=1,3
LU )=x(1,1)
Y1LT)=X{2,1)
Tuw 21T )Y=Xx{3,1)
X' 1Y 7Y (M,2Y GLOPAL CIOEND . OF THE JCINT | TNME {(PIPECTIAN 1,2}
L= TRE o NUMRBIFR NT TRF JThet (MAYXY=1£)
TEINCEAMM,FQ, )CC 7C 1 1
rtm 1072 1=1,2
£0 102 M=1,NAFAM
XUy T)=GFAM(M,1)
YO AMy T)SGRAM{M,142)
1G2 78N, T )=0DAY(",T+4)
101 CONMTYMUF
nn 102 1=1,32
K=T1+1]
J=1+2
IF(K . GT.3 VK=K -3
IFrtde.CTe3)d=0-3
CLIT)=X1(J)=X1{K)
BLIT)=YL(U)=-Y1(K)
Cl{ti1=211J)-71(K)
CO2(3,3) TRAMSF, "TATRPIY FROM CLORAI. TN LNCAL D' = ¢ Cr2 > n
D' = 1 CCAI n = clLrpaj
X0(3),¥YN(3} THE LDOCAI COORDINATES (QOF THF VFPTICES [14,2,7)
CLLL TRANS(GL,PL,C))
NO 1 4 .=1,3
rn 104 1=1,7
LO04 CNa(l,d)=X{T..01)
CALL TYMES{((2,004,C71,3,3,3,1)
o198 J=1,12 '
X =CC1L(1.MN
1.5 YO(J)=CI1(2,.))
ro 10¢e  I=1,3A
LO& FNRCF(11)1=7,
INFA(1)=-1 TACFS LCCAL STIE=, STR, FPO¥ 15T STHRE AND RAVERSFES
THE APPRIPRIATE [.0.F
IMPEC(L)==2 THF SAN[ AS PEFARF FRCM TEE 2NN STCORA
INFIr{1 )= FIMDS {GCA!Y STIFF, STR, AND D.LOCAN  WITHCUT STRRINC
IMFR{L)=1 TAKFS [CCAL STYFF. STR, AND R.UNAR FRMM THF  1LST STNhfanr
INFIN{1)=2 TAKES LCCAL STIFF, ST, ANC R,LOAT  FPCM THFE 2N STrPANF

.
W




40

41

140

42

43

€3
€2
61

INVCI1)=1Y FImrS LOCAL STIFF, ST, AND DI 0AND
INF (1) =12 FINNS LORAL STTFF. STE, ANR 0,|5AT
Mt AK= IMFI(1)

VETRI =0

TE(MLAK o5 Ye=1e TRLANPAKL=D,=-2) 7 TN 340
IR AR 2T, 1R M A% LN ,2)5DY T 1 nT
CALL SLRTT

TFAME Ak .= .,C)AY T 19R

NLAK=NLAK=1")

pey 1 © ":]_'22

FCELANLAK,, TI=FNRCEIT)

nn 142 1=1,22

Cii 1¢0 J=1,18
COLIRNLAK, Jy I)=STICK (), 1)

oM 141 I=1,33

o141 J=1,737

BOLAP LAy T)=STUHCK (], 1)

ccTre 13

Nl AK=-NLAK

AETRC=-]

re1YY T=1,73

FERCHOT )= (N AK, 1)

th 147 1=1,33

nn 142 J=1,°

STICK (., D)=t (MEAK, 1, 1)

rr 143 1=1,323

Do 143 J=1,33

STUCK {Jy T)=ROL (NLAKk,J4T)
IF(MUTEFCWNE,-1) nC e 1318

N A6 T=1,3¢F

Cn 26l J=1,13f

El= .
IF (T, J) €0 T 842
F1=_La

PN Fe2 11=1,3

IFlIF ML LIT)) FI=],

CONTINMYE

TEAM{J,T)=F1

COMT TNt

(ALY TIMES{STUCK yTRAN,SCK, 3E,24~,34,1)

CALL TIWFS{TRAN, SCK,STUCK,1€,36,36,2)

CALL TIMES(STICK ,TRAN,STK,3,3A436,1)

CALL TIMFS({TPAN,FCECF,TAM] 437 4,364,1,2)

5 I=1,33

Cn & J4=1.,8

STICKLD I )=STV (U1

M 6 1=1,3%3

FORCF (T)=NnACL{T)

CONTIMUE

INFQM(2)=0D KFEPS L 0OC A SITHOUT  TEANSFOARMBATINM
IMFO(2)Y=X X MNO NCCFS C(CF THF FIFMFRT NFED
MLTE=INFQ(?)

TF(NT TK,EC.I).NR.NLIK JEN,B9) €0 70 129

0 120 I=1,NtL1TK

INFC(3) ANIMRER  OF TEF MANDFE (1 &)

INFCU4) Crok NC CF NCRE==JCIANT L INE (MAX=16)
iF.FG.-1 GMLY vy Vo, b TRANCGT)

AnMp
AnMT

STATEQ AT 14T STNnAreS
STNAR{TES AT 2NN STARACC

TRAMSFNRMATION (MAX=H)

{IF.EQ0L - ALl Gl NRAL,

INFMIS), IMECTT7Y, TINFN(C), INFO(L1) THE SAME AS TMEN(3)

INENER), TNFACR), INFN(L ),TNFF(12) THF SAMF AS

K= {1-1122+47

INFP(4)



16
117

122

123

| & 4

24

.25

45

18

L=1IN(

{K)

K1=IMPr(K+1)

cro iy
nn 114
TRAM{T
TEAM(T
.0
KK=({ -
re o1y
nyo119

1S=1,26A
17T=1,35
TyI15)=C.
CyISY¥=1,

T.3)50 70

1)%7
Il=]'3
TN=1,3

11¢

TEAN (KK TN KK+ T )=CN2(IM, T] )

IF{K1,
TF(K1.

FX S
re 1722
ro122

Fo.-116n v

r 1z

F.n) oy TN 121
CALL TFRANLIXYy¥YM 7% ,K1,(N3)
Y AXFE OF THY NEW SYSTF

FEAR  ApS
TL=1 ' 2
TN=1,7

e IS

MoOTHE JCTAT |
COMDENCLE Y nuyT

TRAMIKKE+TIN+IL KK+ TL+2)=CN3{IN, T1)
TREAM{IKKETNE Gy KKETL48)=003 (TN, TL)
CALL TTARSISTUCK g TFAMN, SN, 26,364 3641)
CALL TIM=SOTITAN, SOk ,STHUCK, 36,364,424, 2)

e 123

=) ,76

STL{AM)=FORCE (M)

tr -4
DL YA

JU=1, 46
I¥=1,8

STFET =S 0r Yy, g
CALL TUAES(ISTK yTRAN,STICK, Ry 16, 26,1)

TME

INTFROCOMEC TICN

Coll TIMES(TEAN,SIN ZFCRCF,3F,36,1,21
KUK=rK+7

CALL CADNS (KLiK)

STUCK (KUK K1Y =1,

G T 120

IMTEFCONECT IO OF  MORE  THANM T PLATLES

Catl. C

MNONS(KK+6)

CALL CNDMS{KK+T)
STUCK (KK+T KK +7)=1,

rn o124
rno 124

I =1 |?)

TW=1,34

TRAN(KK+IA+3,KK+TL +3)=CC2{IN, T1 }
CALL TTHUFS(STUCK ¢ TFAMNLSPK 436 43A4264,1)
CALL TIMES(TRAN, SPK,STUCK,y 3€,3€6,36,2)

oeola2e

JV=1,3A

SILOIMY=FNRCF{JV)

rr 148
P 1e8

J¥=1,34
TM=1,R

SIK{TF M )y=STICK T, k)
CALL TTHFS{STKyTRAN,STICK,8,36436.1)
CALL TIMES(TPEAN,STL,FORCFE, 26, 3¢€,1,42)

GO T
pMInsTn
X AX{
kk=(L-

12

F MODES
CF THFE ~oy
L4421

TRANSFOARMATI QM

SYSTF

THF

CALL TEANL (XM, YM,7V,K1.,C"N3)

re 12¢
DN 172¢

Tt=1,?
IN=1,7?

TEARNCKK+ATIN, KK +TLI=COICIN, TL)
CAPLL TIYMES(STUCK,yTPAN,SCK 34, 36,30,1)
CAll. TIHES(TEAN, SNK, STUCK,3t436436,2)

rec 127

A=, 44

JOTMTo TNE

AT TNTRCONECTICN

SHERMP

ANGE

=Y

NE Tun PLATES

FF TwO PLATES

1S CONNFMSEN YT



127 ST (J*)=FrLre{ )
Cr 146 J*=1,36
Nt 1#+ Th=1,"
L6 STK(TY 0" )=STICK (T, IM)
CALL TTHESISTK ,TRAN,STICK,,2,3A,2¢,1)
CALL T8 C(TPAN,STE JFRCH 4 34,3¢,1.?)
KUK=}1 K +7
CALL CMINS{KLIKY)
STUCK (KK JKUK) =1,
20 CONTTIANE
CuStl= .
no121 1=1, 2¢
21 CArLiY)=n,
NN 12T J=&,°
rn 12¢ 1=1,13
A9 TEAX({Ted) aiNTadICNSE =1,
T (S M7, 10 G0 T 128
rn 1341 \’—.]__'!L
30 STL{T)=0).
KN=n
CC 122 I=1.156,7
K{ =K+ 1
ST {1 )=X(1,45+4KD)
STLET+1)1=X(2,94K)
32 ST (T+2)=X{3,5+KI)
e 1% Y=1.436
Y105 J=143A
33 TFAN(d,T) =",
34 TEAR(1,T)=1,
DO 125 KM=L,15,7
L=KM=1
KN=L/7+1
-1.=,
IF(NLTIK RO, N0 T0 1727
L7 136 TAN=1.MIK
K=(It=1):2+13
136 ITF{(¢E RN, IMNFNIK)IGE=1.
IF(GL.TN.1L.ICD TO 135
137 CONTIMYFE
O 13R J=1,3
PN 138 1=1,3
38 TPAY(T4L,,J+L)=CC2(7,0)
35 CrNTIANUE
CALL TIVESCTIRAN,STLWTATL y36,3Ay1,1)
28 M 13c (=1.3F
39 FCRCFA{I)=FrPCR{TY40ANLA(T)
PFTHEM
M
SURRALITINME  SHAP (AP NT,NM}
TMPLTCTIT PRAL®E (A-H,P=7}
DIMENSTOM  SYER) o SYXL3)ySWYIR)y SUXXE3 Yo SEYYI3), ShXYIR) ,SX{2),SXX{3
1) SXYE) , SXXXL3) g SXYY () 4SUXXY [3),8Y () ,SYX(3),SYY{3),SY¥X(),SYVY{
221 SYXY U3, SUCT) o SUXET)y SUYLTYySE(B) 4 SFX{E) « SFY{E)Y A (R R{3),G({3),
ABE(R35),EN(7.35)
COMMON/ICN/SHME35,35) «SIRB38) 4, DIR,A)LPITYy[FNP(35,1)
D1=A{1 ) XA 2) A ()
C2=F (1) RA(2VEA(S) 4B (2V%ACL )AL ) +R{(BVHA(LIFAL(2)
D3A=CI1I)HA(2YA(2)+C(2) ALY RA(3)+0G(3) A1 ) A1)
co 100 I=1,73
K=T+1



J=T+2

IF(K.GT.3IK=K=-7

IFC.GT.3)0=0=-1

SHAT )= )¢ { V)P0 AK )+ AT )220 A ()= A (T )0 (K)o {T) A JYreD
SYUT ) =P () (AT )20 A ()4 (S5 A (T ALK )EALY))=PLINA{ATK)EALT )4
122A (T Y LA (Y ) =A( J))

SXAT)=C L (AT a2 A (K )40, 7L T)HA(K)RA(J) ) =CUK)HLA(JYA(T )52 40,
LEXAT)SA(KYA()))

SAXCII= 0] o/NTYR 0205 (U3 (AT )L () RA(TIACA)+A(K)IA(J) )42 AT YA
LRISHBATY=RIK) )42 20T )AL ) (RITY=E(I}))
SYX(T)=(1a/DT){2.R ()AL )R (I RA(K)=R{K)I=A(J))40 5= (R{.J)=R{K))
2PV A KA AV AP () AT ) A )+ () AT ) ALK )Y )= (=0, )
SXXUT)=(1o/DT) (2B (I) AT )R (AL NAEA(Y)=GLUI*HALD) ) A (T )220 {RIK) &0
LOJY=BIMNHGUOI I+ S2(GII)=CHK) )P LTI SA(KIEACS I+ (K IRALT)A 1Y +R (1))
23A(T)=A{K)))

SWY(T)=0] /P72, 2001 (ACT ) ALK Y #ALT ) HA )+ ALK )AL ) I+ 2 en (T AL
LEY LG (T =G1K) Y42 /(T )RA ()L TY=C0 1))

SYY T = (=1 o/PTIH(2.5G0T) A0 (BIY)A(KI=H{K)=A(J)I+A(T)MHD R (G K)
LEC N =CONEARIIFIS(R(I)=H (K )E(ALT )ALLK YA J)Y+GIK Y2 LTy )+ ()
PIEALTIFA(K)Y)

SXVLII=(Lo/RT )26 (02T ) C(J )M K)=GIK) AL DY 4D, S (O {1V =G (K))
LH(GET)=ACK)SACI)Y +G (KA LTI A () +C () A (T )20 (K)))

SKXX (T )=(La/NTo %2 ) =2, SR (T (AT ER(TIFA(KIMRIKIFAT YNV =3( ) )+2 (R
LIT) =R )= (ATK)ZERIT)4A (T )R {K) )42 o {R{T)=RED) ) (ALT YRR ) +A )P (T
21

SYHRUT s =1a/DTE2 )22 ¢ 20 )2 (R JY A (K )= (K) A L))+ LR =D (v )Y
LIPCT)=FUR) A (II+PLINP L) AR +I(K)I=R (LA (T) )
SXYXLOT)=(1o/NTHA2) (2,300 )22 (G {I)HALK) =GIRK)EA{I) I +4 AT )R ])=
LIRIKYSGU N =BENXGAK) )+ CII)=CKY)E(RITIAAK )ALV 4PLTIHRL ) p (K ) 2
2 )MRET)EA(T)) )

SUVY LT )I={1o/NTE02) 5 =226 (TR UALT)EG(T) #A (KIHGIKY+AL D) =G 1) )+2 =
LOT) Gl RDIE (ALK ) GIII+A )G )42 o {G{T)=GUI ) IRIATT)AGILI Y +A LAY 0 (T
21))

SYYY AT =(=1/NTHug )2 (243G (112223 A{J)2A(K)~RIKYALD) ) +6, A (TG T)
LA(O () AREAV =CUI=PLRI I+ (RO =RIK)IZ(GIT )G (KIMA L) 4G (T IO (S YA (Y ) +
2C(KICLI)TALTYY)

SKYVII )=l /PTEN2) (2 %C {227 (C{Y YA (R)=CARISAL)))+UOLH)=6GIK)) !
1IGCT Y GIKY A GG T )G ) =A(KY+C (V)G (IYSALT ) )

SUWXY (T )=(2./NTH22 )85 (=2 R T )T ) A(T)RC(KIFALKIHGOI)HA(I) )42 . (R
LIT)=ROK))H (ALK CLTY+A{T )G ) )42 SRR {TI=R( ) )AL T)IGLON4ALD ) =0 (]
21))

SYXY (1) =(=2./DT%=2) {2, R{T)=A(T)H{RIJ)HA(K)=RIK)IZA(SI I+ =RV )=A(
T CUE)I =R D) -GUIIERIK) I+ S5 (PN =P IKI ) (ALT )T (GII)R(K)Y+G(K }=R{Y
V) AAE (GO T)AB(II4G (D) RET)I+A (IR IRIKIHC(KIAR(T))))
SXXYAT)=A2 /DT 212 (2 2R )AGIT IO ) XAQK ) =GR )AL ) V420G T ) A (Y
LYIRIRIEG(II=-BOINI=CIKII+ o8 (G0 =GIK) I (ALTI={G(IYER(K)+GIKIAR(])
PIHAK) S (GUT )RS I4CIIYERITI NN+ A ()G T )R (K)+G(K)XR(T))))
SUCT)=A(])-G,."01

SI{I+3)=—Ca 9 A(KI=AL))+1, B¥D]

SUXLI)={1/0T){RI1)=2,5D2)

SUXIT+)=(l./0T)E (= JSE(P(K)HA(II4B(DI=A(K) I+, 5%72)

SUY (1) ={] ./PTY{(G(])=-2,#N2)
SUYLI43)=(1/NDT) (=) 83 G(K)=A(Y)4G () JEA(K) ) +1, 540 13)
SE(L)=(2.%A(T)~1.)*%A(T)

SFUYI+R)=4 A (K )=ALY)

SEX(T)={1/NT){RET)I R (4, xA(T)=10))

SEXCT+2)=( L /NTY 2L, =RIK)A(J)+6 B J)RA(K))
SEYLT)={L/NT)"{CGLL)I#(4emA(])=1.))
SEYUT+)={1./DT)IE(4 . =GIK)HA(S )44 CLI)*ALK) )

SULT)I=27 0]



SHXAT7Y=27,"N2
SHY(7)=p7,=Nn3
FOP SATSLIY BE(R, 35)
Croinnr 1=1,3¢
TN 4 =1,1
03 PC(U,10=).
PO T=] 3
J:'J!:':'l...?
BE (1, )=S0 (T)
REL2,J)=5.YY(T)
PV {340 )=5XY( 1)
BE(L,. 041 )=SXXVY (T
BF(2.J+1)=8XYY(T)
B L2, J+1)=SAXY (1)
FELD v J+2)=SVYXY (T}
BFE{2,J+2)=CSYYV ()
04 PE(3,J+2)=5YXY (1)
M1 = 1=1,~A
k1=8
1T, 67.3)K1=14
J=K1+2 ]
FULY,d)==8SEX(T)
BE{2,J)=-5FYIT)
RE(4,0)=SF (1)
RE{2:J+1)==-STVY{T)
Br{a,J+1) ==SrX (1)
QS RE(t,d+1)=8(1)
LC10¢ 1=1,7
Ki=17
TR{T.GCT.3 ) 1=2"
JE=K1+2]
BE(A,J)=SUXIT)
RE(B,J)=SUY(T)
PELT7, 041 )=SD¥Y({T)
1G6 KFE{2,d+]1)=5L¥Y(T)
CALL TYMES{DWRLEySeByRyIR, 1)
CALL TIMES(RFE,S,SM,2R,8,38,2)
Foos  MATAT X EM SHAPFE FUMCTTIONS
re 108 J=1,35
Ceo10e I=1,7
L. & EM(1,J)= .,
rn 162 T=1,23
J=34#1-2
EM(L.ad)=SA0T)
ENMI24,0¥=SX (1)
EM(R,d)=Shv{T)
EN(Led+1)=SX{1)
FN{2.J+1)=SXX{T)
FME20J+L)=SXY(])
FN{1,J42)=SY(T)
EN(2yJ+2) =SV XL
109 FM(3,442)=SYY(1
Cr 110 =1,
Kl=8
IF{T.CT,3)K1=14
JEK1 +2%]
FM{4,0)=SF(T)
L10 FN(54.J41)=SH(T)
e 111 I=1,7
Ki=14

)
)



11

14

15

I1F(T.
J=K L+

CT.3IK1=29
2" 1

EM{A,d)=S1HT)

Ff‘-.’(?q
CALL
rETHE
END

J+¥1)=31101)
TIASIEN Py PPy 25,741 ,2)
Y

SURRANTIME SUSTI

P
QT IV
1INMNFM(

CI1T REALTG (A-+,0-7)
MZSTT/XE3,27 ) LY IP(12) ,SHHI36,3€) T TK (F,20),PTNK (36,
M

COFMONZJNN/SM{33,35),S{Q,35),N(A,2),007), EMP( 8, 1)
COARUON/DAT/VAV( 2,2}, XL(3) , Y1 (3)
FLIASNSION AL3),83(23)1,0(3),4(7),APCA2,7),S"KL{35,35) ,FNK(35)

nnote
Ny n
C(1,.
rel,1
P, ?
C(2,2

N od=1,4

0 I=1.19
1=,
y=IMeN(L1)
J=FiMOn(2)
)=FLHTL(R)

RE3, )=k AN {4} /2.

F(’+.’:
C{R,"
Lt6e,¢
{{CV7

)= 20 (1Y)
}=ULMOT (A)
y=hLMnpr)
J=ELUOC ()

LA BRI I L AR O R |
)

(g,

[ERE M IRI N G A

CO 171 J=1.4

re 1
C(Tyd
n(./v{“
17
CTMER
PO}
B AN
PG(I)

1 1=1.9

1=D(d, 1)

}=ELMOIN(9)

MEDET2).MF L 00) DE241)=F1 N0 (12

SIC0h POUT)PLALT)yVAVLI(T7,7),TITI(35,38),51(F,3F)
THE  GLECRAL NISTRIRUTEC | CAT

] I=197

—_—"
=i 4

POLL)=X(1,K)
PGI2I1=X{27,5)

PG (3)
rn 11
ro 11
Vivlt
re1l
rn 11
VAV
re 11

=,V-(315.'

2 J=1,7

2 I=1,7

1y d)=n,

1 J=1,72

B 1=1.93
1.JdY=vavii,))
4 K=3.5,2

ro 114 1=1,2
ro 1is4 J=1,2

VAV L
CALd

rnox1
FlI)=
Pl6) =

14Ky J+K }=VAV{ T, })
TIVMES{VAVL,FG4P1,7.7,1,41)
b ‘=1,"—)

PLIT+2)

PL(L)

PLT)I=P1 (2)

CATA ALF/D 023333233000/, ALFL/)05CT716RTNIN/,AFT1/C.4T7C1420GANN/,
LA F2/ 79762ACGN  /,RET2/ L1 12PACLD "/ WFL1/. 225D /,4F2/ .137230
2415PC0/,%F3/0.12593S13N0Q0Q/+ALFAL1/C.5DNCOY/

PRCC (Y 4y 1) =N F

APCN{2,4,1)=ALT

ARCN(1,2)=A1 7]



ARCCI2,2)=1VT]
ALCD (Y1, 3)=RFET
ARPCH(2,3)=A1 F]
ARG (1 ,4)=RIT]
AN (Z44)=RTT
APCT L] 4R)Y=ALF2
ARCT(Py5)=nlT2
ERPCNLL 0 )=3FT2
ACP (D 3) =ALF D
ACO(1,7)=3FTD
ARCNI(2,7)=RFT2
WilY=wE1
"(2)=%F2
W{3)=vI?
Wi4)="F?2

WIS )=HF3
hW{6n)=0k12
E(T7)=VF3

Gro102 I=1,3
K=T+1

J=T4+D
TE{KGT,,3)K=K-4
TF{J.C0T.3)d=0=-3
FCIY=YLAK)=YU (U)

LJ2 C{Ti=Xx1(J)=-X1{K)
CT=R(1)1+G(2)=R{2)1=C (1)
o103 =1,

L33 CVK(T) =),
hn 121 1=1,13%

CO 121 J=1,35

121 SMK1(J,1}=",

Pt 172 K=1,7
A{LI-AFCII(],K)
PL2Y=PRCAL2,4¥)
ALAI=L.—A(1)-A(2)

| (l'\ll_ S“AP(A'R’CODT,?)
IF(K.MTL1Y G T &8C2
fti |91 I=1,35
o s01 J=1,1

5 1 S1(d,T¥=S0d,1)

U2 CUNT INUF
M1 4 1=1,28

104 EMK{T)=ENK({T)+DT /2 .=k (K)*ENP(T ,1)
rn l1z2 1=1,3%
b0 122 J=1,35

122 SERT (D T)=S¥KT1 (D, I)#DT/ 2,5 (KY =SV ([ J,T)
1CCAL  RECLASSIFICATICN NF THF CFCREFS NF FREFNDMM
i 1 5 J=1,3%
¢ 105 I=1,725

LCS TOT(1 ,J4)=).

O 106 Kl1=1,7,2
k2=7T#(K1l+2)/3-4
TOT(K1,K2)=1.

PO 106 K3=1,2,2
TNT(K141,K2+K3)=1.,

L.6 TOT(K1+2,K2+K3+1)=1,
M 107 Kl=6,20,7
K2=2"{Kl+1)/7+8
0N 1 7 K3=1,¢,5
Ka=62{K3-1)/5




TRT (K244 ,K1=-K34+1 ) =1,
07 TOT{V 244+ ] ,K1-K3+2)=1.
Pr." lﬂ{ K]_=?9_'%\)'l"
k2=K1/2+11
N 108 X3=1,3,2
K& =¥ {K3=-1)/2
TNT{KZ2+Ka K1+KI-1) =1,
08 TPT(K2+K4+1,K1+K3)=1,
THY {44 ,34)=1.
INT(25,35)=1,
CALEL T IMES(SY¥K ], TNT, S, 35,38,35,1)
CALL TTAES(TOT,SM,SMK]1 ,3F,75,2¢,2)
CALL TIMRES(SLTIT4 S, 1,35,35,1)
CALL TIMFS(TEOT ,FAK,FKP,3%,38,1,2)
nn 1 & I=1,3%
05 PIMK[TI=ENPIT, 1)
pe 11y 1=1, 3%
nno11n g=1,19
10 TIK(JdyI)=S(d, 1)
O 124 1=1,3%
N 124 Jd=1,35
124 SMKI(J,y1)=S¥K1(J,T)
CALl (CNDMS[3A)
CALL CMDNSI(341
LETURD
Frr
SURNCUT MY TEANS{GTyRL,C 1)
IMPLICTT PEAI=B (b-1-,(C=7)
COPHOM/PAT/TPMA(2,3),XN () ,YN(3)
PIMENSTICN R1{3),CG1(2),C1{2)
FOmM  THE TEANSFOCRNATICN MATRIX LCCAL=(TRAA)ISCE C3AL
rn 10 Jd=1,3
Coy 14y 1T=1,13
1 TrEALT )=
O MASRI2)HCI(R)=B1(3)=C1(2)
AR=GLIA)ECLI(2)=-6G1(2):C1 (R)
AC-RI{ R =G1(2)-61(2)"01(2)
JEQ(A O GT o= 1N=12AMT JAA LT N 1I0=12) JANDLLAR AT = IP=12,AMO AR [T,
1PN=12)3¥6C T 2
AR=NCQPT{AA~24+ART 2D +AC=Y.D)
AZ=DSCRT( AL + AL D)
TEMA{2,L)=AA/AD
TPYMA(R, 2)=AR/AC
TEMA(3 W) =AC/AL
TEMALL,1)==AL/AE
TPMA(L,2)=AA/AF
TRMA(2,41) =A% 2AC/{AERAT)
TRMA(24+2)==AR=AC/(AF=AN)
TREA(Z2 43)={AAURD 4ARXND )/ {ALFAN)
RE TUPN
20 N 30 1=1,13
30 TRMA(T,1)=1.
RETHEREM
ENP
SURPIFUTINE  TRANLIX,Y4Z,K,TRL)
IMPTICTIT PRAlI %R {A-H,N=-7)
COIMOCM/PAT/TRG(3,2),XC(3).YG(R)
CTMENSTON X(1A92) 4 Y{1As2)1,701A42) TPL{3,43),TR{2,3),X2(3),Y2(3),721
13)
ro e J=1,2

p—




X2(4)=X(K,.J)
Y2 (1) =vY{k,.l)
1204)=7(k,J)
C2=42121=-X2(1)
H2=Y2(2)=-Y211)
(2=22(2)-72(1)
ClmN2=FSNRT (C27 X2 4R 25N 40972 )
TE(NRIEM2, 1 T. W 1N-12)WRTTR(A,7 )
TR L 1)=R2/G1 M2
TEAZ2,V)=82/CLFND
TR(3,1)1=C2/CGLFN2
TEA(Le 2)=TPOER, 2)2TP (Y, LI=TRAG(3,3)5TR(2,1)
TPAU2,2)=TNO(3 43I TR(1,1)=-TPG(3, 1) TP (2, 1)
TRL3,2)=TPOL 1) TRE2,1)=TE(2,2VTR(1,1)
TELL+3)=TRG(3R, 1)
TEA(24,2)Y=T"((3,2)
MN(342)=T?G(3,7)
CALYL TIMES{TRG,TR,TOL,3,3,%,1)
' FOPYAT(L X! s CRRCR G EA? St /)
RETUeN
Epp
SURTHYTIANE AMONSH{K)
O ICTIT KEAL %R {A-H,N=-7)
COMNEPELS CUT  THFE K Ih, BPRRFE R FREENNON
CHP RGN /STI/YLN 27 ), YOUNCE12) STV (3A,26) ,TIM(4,24), VT4 {341, INEN(20)
EINCMS TN R(R6)
A=]./5IV{K,K)
P &0 =1, 35
40 FL1)=STH (K, 1)
Peo41 J=1,3%
rn 41 1=1, 39
41 SIMIT,JI=STRIT, )-8 ({T )R J)*A
re 2 I1=1,°
F=TI"{1.%)
re W4 l"l.?:
42 TIHT2d)=TIMIT J)=-P(.N) AT
C=vIt(K)
re ~3 1=1,3%
43 vIN(T)=vIM{T)-R(T)=N*A
CLTUEDN
FMD
SUREITINFG TIMCS(A VB R yMyNM, |, KK)
IMPLTICTYT REALE] (A-K,N=-7)
CIVEMSIOCN  4(L),R(L) LR (1)

KOK=1 A(Ny" ) P IF,L),RIN,L)  2EGLLAR A% R
KCK=2  A{My M)y R{Myl ) 4R NG TPANSPNKE  A' %R
]l".:

re 100 K=1,I

ro 10 1=1, N

PILIRI)=0.

GO TOEINL,L02),K0K
1 COMTINMUE

CO 1037 I=1,4
TA=N={T=1)+
TR=t (K=1)+1

03 RUIP)=F{IR)+A(TA)HRTIR)
GC TN 100

t 2 CONTINLE
TN o104 71=1,M4
TA=M?{ J-1)+T



A?TV*(K—1)+T
P)=p
!D='c+1(1n)+ﬂltﬂ)*E(IP)

LETUEM
END



Reference symbol DMX36




10 P=10 FPCUTE="UDEF COPTRC=4

F o= UNIVE2CTTY, FATCH

MPAS: 12451012

CSIRNED AF #T L5:G1:F7 CR MON SED 22775

wPR T
: DrvF  WIXER  ELFMENT 36 PR, NF FRE[NOM AT 4 NPNES

fioorirs QUATCF ATTIC VAR TATICH N 1, Vel MX X4 MYY o VXY EEERE RS
Frud sk TRANSFEFORUMATICON TN GLOBAL SFET AF 1, V,d, AN MM, IS S, MM S
risGis CTRRESSFS AT 1ST VWEPTIX OXL,AY1, 2M0 VIRTIX (QX2,0Y2 s
Fif ot QTRRECSSFS AT CEMTRNAIN MXX,yNYY,MXY Faredk et ek
Frooarirese MENDUI T PF FLASTISTITY THROUGH YNUNG(12) o ¥k Pre e e e

SURPNYTIMNE TRANS(CL,PR1,01)
TMPYLTCIT FPOAL SR (A=F,N=-7)
CUPoOR /COTRITREF(3,2) (XO{2),V () ,TPM(3,7)
CTREMSION 4LU3)sGL3)N 1025 ,AN{2,73)
TECE  TPANSFARPATICN MAT2TX FCR THF OEFLACTION S NCAL 1=TONF<1{ NAA( !
LAY TUANSHORMATION MATRIYX ECP THFE MLCARNTC VICCALY =T =) D i) e
rc 10 1=1,3
reg 19 J=i4+3
TRE(U,1)=1",
13 TR {Js1)=).
PA=31(2)CL(3)=-R1(3)CL{2)
AR=CL(2)2n 1?2 )=-CL(2)%C 1L 3)
AC=BL{3)51(2)-G113)31(2)
JIF{AA ST a=a L)=12. AND AA LT D, IN=12) JANT  {AR.CT =, IN=12 AMD AR I T,
10.1N=12)) C T 20
AN=NCSNUT{ AL N2 FARES2 4 AL D)
AF=DEORT{AA=24ARN> )
TRPE({2,1)=AA/AD
TRDF12,2)=AP/ALC
TROF{2,3)=A0/A0
TERF(1,41)==-AR/AF
TRDF (1, 2)=NA/AF
TPDE(2 1) ==ApAC/ {AEAD)
TRNF(2,2)==A3%AC /(AE™AD)
TRCF(2,3)=(Ar# 52+ AR N2 )/ ({AFTAD)
Gr TN 4°
20 by N 1=1,3
33 TERE(T,1)=1.
4 A2="PDF({1,1)
Al=PSIN(RAT NS {A2))
A3=TDPF(3,3%)
TRM(1,1)=41%"2
TPM(],2)=A2%020A7
TPM{1,2)=7, %A1 A2 A
TRM (2, 1)=A23%%p
TRM(2 42 )=A]%5:25%A3
TRM(243)==2.2A1%A2%HA7
TRM(3,1)=-A1l%"A2
TRM(2,72)=A]%A?2%:A3
TR (3,2 )={ Al 2-A25"%D ) %A T
RFETURN
END
SURRICUTING TRAN[ (XY 74K, TRM)
IMPLICTT RFAIL*8 (A-H,N=7)
COMPMEN/CNCR/ZTEG( 3, 3) o XG{3) o ¥YG(2),CCM(3,3)
CIMENSTIN X(16,2),Y(1642)Y97(16:2),TRL(3,3),TR(3,3),TONM[3,73)
14X2(03),¥2(3),72(2)
re 100 J=1,2
X2{Jy=X(K,J)



Y2(0)=V{(K,J)
1L 72 () =7 (K ,J)
2=%X212)=-x2(1)
t2=Y2(2)-Y2(1)
2=72{(21-221(1)
CLEN?=USORT (G2 248224 2:"%2)
IF(GLEN2,1T.Y.10-12) HRITE(&, 7))
T2 (1,1)=6G2/C| FM2
TP (2, 1)=R82/01FND
TE(2,1)=C2/C1LFN2
TE(Ly2)=TES (24 21 TR{3, L)I=TRG{2,3)xTP(2,1)
TR2,:2)=TRE(3¢2}ATR{L, L)=TAG(3, 1)=TR{ 2, 1)
TR{3,2)1=T5 {2, 1)ETR{2,1)=-TeG(3,2):TR(1,1)
TR{1,2)=TR (3, 1)
TP{242)=TRZ{1,2)
TP (3,2)=TC(2,3)
CALL TTYTMAFS{TRG,TK, "RlLy31y2,3,1)
100 FCPVI\T(l')V,I e e Ry TRANM deyesh .7
A2=TFL(1,1)
E1=NSIM(BALCTS (A2))
AR3=TRL (3,4)
TRU( 1, 1)=A1%52
TRMAL, 2 )= A2 57 %A%
TRE(1,2)=2.#AL5A2%A3
TRM {21 )=A225:2
TRM(2,2)=A1"*%2=13
TREM{ 2423 )==2,mA 12ADNAR
TRE(IS 1 )=-A1%A2
TEM{A42)=A1=p22A3
TEM{ Ry 2)= (A1 2-A2::2) A3

RETURM

END
R RALE AIXEDR HMONEL 24 NFERFES NFE FREENCH W, FMX, MY, “XY, A NOOFSHS
rEREEEr d s STRESSFS 0X, QY AT FIGST AN SECOMD MONE St dokst ds s &
ool ol sk Pkl TRANSFIe YATICHN T ’ MNRY v RN , FAQA ek sltre kit ksl e

725 QUATRATIC VAPTATION  OF ALl THE FUNCTINMS  yx, MXX, MYY, MXY

SURRPUTINEF  STIFF®

TMPLTCIT REAL %2 (A-H,0-7)

COMMOM/STI/X L3320 ) s YIUNT (L2}, STUCK(RA,36) ,STTCH (R, 3£) ,FNRCF{ 24,
LIMFA(27 )

COFFOR/MAN/BOL (2436336) LN (2438,36),NC1L(2,34),GFAN{16,16),MAPAM

CCHMOM/CONR/ZCN2(3,2),X0{3),¥YN(2),CIM{ 3, )

CIMENSICN  TRAN(36436),SMK(3A,24),STR(8,36).NANL{26),"0 1 12),
1CANGCI3E) gy XM{1642) 3y YM(1642) 32016424 X1{3),Y1(3),27(3),0N3(3,3)
2,G1(3),P1L(3),C1L{3),CN1(3,3),CN4(3,3)

EATA “UL/11297y8113v14v]qv2"?5126931'3?/

CO 1C0 1=1,3

XL{1)=X{1,1)

7101)=X(3,1)

100 YI(T)=X(2,7)

ne 1cl I=1,3A

. RO 101 J=1, 2¢
101 STUCK{J,)=0,
DC 177 I=1,3¢&

CC 107 J=1,8

102 STICK(J,[)=n,

DO 13 1=1,36A

CACCLTINI=D,

103 FCRCELT)=".

IF{(rGRAM FA, ) 20 TN 817



516
€17

203

432

433

435
434

43¢

437

I1LR

R4(

LT S51¢ b=1,NGTAV

CAO S1¢€ I=1,7
MYy T )=6G0ps(, 1)

TMUM T ) =GRAV (M, T44)

YU MMy TI=GRAT, 142)
CONTIANUE

PO 2 4 I=1,7

K=T+1

J=T4+2

IF(K.fT,3)K=K=-1
IF(J.GT 30 d=0-3
GL{IT)=X1(J)=-X1(K)
FLED)=YL{J)=-Y1I(K)
CL{IN=2104)-71 {K)

CALL TRAMS(G1,R]1,C1)

o 204 1=1,13

ro 2904 Jd=1,13
CRal ), T)=X{d,1)

CALL TTRES(Cr2,(N4,C001,2,2,3,1)
nn 2 s J=1,7
XQ0@Jr=c1i1,4)
YCL)=CCL(2,J)

CNI P=n,

(0 4312 1=1,3

0N ¢332 J=¢g,11
IFOX{T ) M7 00) CMLN=],
IF(CNIT NP LG TN 47
DR 4=3 1=¢6,11
J=énI-6)+]
CACG(JY=X(1,T1)
CANC(J+1)=Y(2,1)
TACCIJ+42)=X (3, ")

CC 434 1=1,3A

&3 =1, ¢
TRAM{J,T)=n,
TRAM{],T)=1.

e 43¢ K=1,36,6

DA 424 1=1,3

Or 47¢ )=1,3
TEAMN(K+d=14K+T=1)=C02(J, 1)
CALL TIMESITEAN,CACG,TANL ,36,36,1,1)
COMT IMUE

PLAK=TIPMFCIL)

FETRN="

TEAMLAK JFO =1 PR NLAK L EO.=2) GIY TN R4(
TFANAKLEQL L ARLNL /KL FRL2 )G Tr 104
CALL SuBTI
IF(MLAKEC.O)RE TN 105
NLAK =M AK-1

rn 106 1=1, 34

[C 106 J=1,34A
BOLIMLAK 0y T)=STUCK{J,T)
[r 113 1=1,36

tn 113 4=1,8
COLINLAKy J 3 T)=STICK(J, 1)
0 108 I[=1,3s
CCUANLAK, ) =FNRCE(])

GO TN 105

N.AK==F] AK

METEO==~1




104 0 19« T=1, 3¢
NG 146 J=1,%"
1.9 STYCK (ST )=RCLINIAK,J,T)
CC 214 [=1,3¢
DC 214 Jd=1,°
2L STICK LD, T)=CCL (MLAV U, 1)
Ce 111 T1=1,3¢
1Ll FOPCFALT)=NNL{MLAK,,T]
IF(VETFR MO ,-1) G T 1350
CC €41 T=1,3¢
CC f4al J=1,R
El=1.
0 &2 [1=1,12
847 TF{TFC.MNL(TIT)) Fl=-1.
841 STICK{.,1)=SYTCK{J,])%E]
15 CONTINUF
't 679 T=1,2¢
438 FCRCF (Y )y=RCRCE(L)+0 A0 (1)
N Tk=TMEO2)
IT(MLIK. 2O, N 08 M TK L EN,B9) D T7 117
DG 115 1=1,NLTK
k=(T-1)=22+2
|=IMNFr{K)
K1=INF[i(K+])
Cr %93 Ti=1,4y
ne Rpa T d=1,245
584 TPAN(TIJ,I7)=0,
583 TPAR{TY,TT)=1,
KK={l-1)%¢&
021G 1L=1,7
CC 219 .L=1,3
216 TEAM(KK+TLFK+JL)=CC2(T1 4,J1)
TF(K]l.FQ.~1) G T 212
IF{F1.EC.D) CN TC 21°F
CAIL TRAMLUIXM YV 7ZhyK14012)
CC. 222 TL=1,5%
CO 22 =1.,3
222 TEAM KV +IL43,KK+JL 42 )=CN2( T 401 )
GO TC 212
215 00 21€ TL=1.2
CO 216 Ji=1.3
216 TEAM{KK4T L4323, KK+JL+3)=Cr {1, Jl)
212 COMTINYF
CALL TTIMES(STUCK ,TRAN,SMK,3&,3F,3¢,1)
CALL TINES(TFANGSVMEZSTHCKy36936436,2)
CALL TIMESISTICK,y TRAN,STR, 8¢ 364364 1)
CALL TINMES(TRANGFNPCF,LANG,3A,3A,1,2)
PO 232 Tl =1,36
th 222 JL=1,n
2372 STICK{JLTL¥=STROML,TH)
PN 273 TL=1, 386
233 FCRCFLT)=CACG{IL)
115 CONTINUE
RETUPM
EAND
SURRPUTINE SURTIH
IMPLICIT RFEAL™A (A-H,N=7)
CCEMON/STI/XTA420) 3 YOU(I2)STUCKTI3R3A),STICK9,6),FARCLE{AA),
1IMNFD(2 )
COMMON/TREA/RI3) 3 GU2),E1 (3),DT



COPMON/TENEP/EYA(LE ZLR) ZFEN(L1P ,10) ,STEN({]1 P &) ,STP(F, 2A)
1,8TUV(12,12)
CORPFONZONTL/N2{2,2 ), XL (), Y1 {7}, 077, 7)
EISPMETON ST{LIRLIR) v TTI3%,36) 41 (3A) ,STM{36,3AY,CF (G 43A) PR3},
TRE(R)
neores I=1,3
k=]+1
J=1+7
[F(KaRT,A)K=K=73
IF(J.CT.3)=J-2
E(IY=YL(K)=Yi ()
GEIY=YL (J)=XI{K)

LJO EL{T)I=F (T )24+ G(])"=2
T=R{1)Y0§i2)-F(2)%Gt])
O 111 I=1, 3¢
te 1) Jd=i,*

111 STR(J,I)= .
CALL INTSH
Co 101 I=1,1F
DY 1 Jd=1,1%

101 STE(d,y "I=F 0, 1)+4FMN (), 1)
ne 102 1=1,3%F
oo 2 J=1,23¢
TT{J,1)=),

1 2 S1MLd,I)Y=
CLC 102 1=1,+
Lo Tas =1, 10

1 3 SYM(J+6,1)=S"90(J,1)
cr 104 I=1,18
ne 104 J=1 ,h6

104 ST¥(JaT+A)=STUN(T,J)
ne 104, 1=1,1#
D3 1 5 J=1,1R

105 ST (d4e, (+6)==STi1(J,1)
Cn 2+ 1=1,17
rn 2 J=1,17

200 SIMOU424, 1474)=STUViJ.T)
CATA M1 /253260 30 3749423274202, 17, 11,12,26,20,3,13,14,15,31,32,4
1]‘.(‘-!11’,18,231340‘1"1q17'J'7]933'25,"'22'23'24/
Co 107 I=1,3A

Le 7 1TUNMLLT),T)=1,
CAIL TIMES(SIM,TT,CL+36,3€426,1)
CALL TTMES(TT,CF,STHN'Y, 3¢ «3A,36,7)
CALL TIMESISTR,TT STICK,3,3A,36,1)
PO(1)=X(1,5)
PG(?2)=X(2,5)
PL(3)=Xx{3,F)
CAlLL TIVES([CQ2,PCyPL,y34y3,1,1)
FOECE(1Q)=PL(1) DT /6.
FORCF(20)=PI {2 )%DT/6.
FRPCH(2L)=PL(R)xNT/A.
FARCE(25)=PL (1Y =NT /¢4,
FORCF{26)=P1(2)2DT /6.,
FORCE(?27)=PL{3)%DT /A,
FORCF (21)=PL (1)%DY /6,
FCRCF{22)=PL(2)XDT/%.
FOFCF(23)=PL{?)%DT/6.
FFTUYN
FND
SIMPOILTING TANTSY



7¢0

107

108

IMFLTCYT ©CfAp™3 (A=-F,T=7)

N21=YCIAGRLL2)

Crr ONJTRTAZ/REZ) G =L () 0T

(CHMOCN/CLOFP/REMLL#g 1R Y FENLIR, IR ), FMLL IR, &), STR (R, 2A) ,STUV(12,12)

CORPPPN/STI/XNER2 ) yYPUMGE{ID )4 ST (26,20),ST {843 ), FOD (3R ), TNFT(20)

FIrrscIny A7) o A2(T ) AL TY B {T)FRR(,2) ,FfFS(2,2) 4,A13),
LENTA) ZFELG) o FLA) GFNED [, 1R ), FMP (2,4 ), FMM]1 [ 2,]10)
2Bl (18,5 ) JFHILL3,18),00M2(01AR,1R),"VNL(2,18).F1N2{1R,17)
35SV, 12) JBHVI3412Y 37 (3,3),FUVII2,12)

FATA £1/0.232373330 03, 0,066715870 03,241, 47512 29¢0 17, 1. ¢
1 420 .1 1296510/, A5/ J33V3I333N 2% 47 14D a0, . 597)
27N NCLPEILIDIPRIEIN 0, CLTCTH2E G20 DN/ b/0. 2257000 NNy 370 112
A0 i A )128933G18eN DO/

NLLI=YIUNS(L)

£lz=ynunci(2)

D22=YCUNSL{D)

L23=YOUNG(4) /2,

Caa=YLUNG(5)

DSS=YCULNG{A)

L21=rie

CCRC=YMUNGIL2)

TF(hNDr k. L )D21=rnne

CEG=YMUING{T)

NET=YCUN(R)

PTe=Y'UNG(C)

P7T7=YTUINCTLD}

Oes=vE NG(LL)

Cr 1€0 1=1+3

Cr 16D )=1,3

FFE(J,IY="

L 101 I=

pe191 g

[FS(J, 1)

CC 200 1

NG 2 J

COV=T11=N22-F12%D71
TEIPCT =0, J)URTTE(R,7 )
FORMAT (/! s EREDNR s FLASTICTTY  MATRIX ', /)
FEP(1,y1)=022/NCT
EFR({L1,2)=-N12/DCT
FFR{?2,1)=-C21/ECT
FEFR{2,2)=D1L/DCT
EFP{2,3)=1,/n27
FFS(l,1)=1./D&4
FFS(2,2)=1. /%5
Cl1,1)=066
Fiv,2)=n67
r{?2.1)=N7s%
C{?2,21=077
D(3,3)=D¢R

PN 107 JI=1,19

CC 107 J=1,1"
EFMIJLIN="o
EMR(d,1)=0.

nCc 176 I=lvﬁ

M 1» Jg=1,18
EMW(J,1)=0,

oo 258 1=1,12

ré 208 J=1.12



205

14

STUvia,11=2.

TNTEGRATION
ro 1z K=1,%
TE{K, FC.7) A(l)=1.
IF(K.:0,8) A(2)=0.
IF{K. 1 Cud) AL3R)=0Q,
IF(KLED,D) A(l)= ,
IFQ b0 ) A(2)=1,
IF[{¥,FC,9) A{3])=0,
IF{(K . CT, )00 TR Y12
A2 (K)=1.-21()=A2(K)
£{1)="1(K)
FU2)=R2(K)
FL3)=p2(K)
COMTIMLE
EMEV)}=(2 050 {1 )-1,)"A 0]
CME2) =12 4A102) =1 ,):0(2)
E{3)=(2.50(3)=1.0%A ()
EMI4Y=4 0 (2)::p )
Fr(R)=aeaa())=a(?)
BN (2 )= A1) r(2)
FriU)=F{lY " (4."A(L)-1.)/DT
CH{2)=R{(2) 4.2 (2)1=).)/NT
EELV)=P{N) {4, A (2 )= 1, )} /T
FRle ) =6 v (21A {3 +PR{3) cAL2)Y) /(T
(R 1=4, (BN AL )+ { DA 1)) /0T
EFAA) =450 (1) A2 4R (V)40 ))/DT
EF{L)=G(1) a4, (1)=-1.}/DT
FR(2)=06(2 )2 (4,58 2)-1,)/DT
FR3Y=C(RY (4,0 (2)~-1,)/PT
FRLA)=4 (G2 A (3)40 () A (2)) /0T
EFIS)=A4 2001 AID)40{31-Aa0 L)) /0
ERF(E)=4 . {G(L)XA(2)40G(2)=A(1))/PT
e 103 1=1,18
B} 103 Jd=1.5
LR, T)=",
N 302 I=1418
NC 393 J=1,2
PN I(dy I =0,
L0 202 1=1,12
bO 2 2 U=1,3
BUV (I, T)=0,
re 205 J=1412,7
S=(d+11/2
BUV(1,JI=ER (M)
BUVIZ y J+1) =FF (M)
BUVIR, J)=FF (1)
BHV (2, J+1)=FF (1)
CALL TIMESID,RLV,.SUV.3,3,12,1)
CALL TIMES{RIV,SUV,EUV,12.3,12,2)
rn L4 J=1,A
PNl 4 I=1,3
M=%+ 1-7
FAMOLT M) =FN(Y)
ne 105 Jd=1,13, 3
N=(J+2)/3
chM1(1,Jd)=FE (M)
ENPLL L 42 ) =FF (M)
ENNMIL2,,0+0)=TF (M)
FMEL( 2+ 042)=1.E (")




109

110

210
113

225
224

114
102

104
1C0

TE(K,ET,7IGr 70 110

A I B J=1,¢

INCZ(1,4d)=FFL)

ENR2(2,0)1="01(J)

CAIY TIEG(IMALENLD M1 ,180,2,40,2)
CALl TINMEQS(HER, FIAY, ™ 11,72,3,18,1)
CALL FIMECS(RAME JEMMILFIMD,1R,3,1°,2)
CALL TIAESIFRFES,FAMT,FY)1,2,741R,1)
CAll T TMES (MM, EMCYL E 02,1242, 18,42)
B 1L - I=1,17

rm 19¢ J=1,13

FAYL )y Th=FER (T4 (KY P2 (), 1) T /2,
LMOCA, T1=0Nn{d,y TY+E(R) M2 (), T )P /2,
ro 110 I=1,h

ne: 11 J=1,11

PRy T)mvMlf gy T)4r (K )ME LY, )=NT /2,
rn 210 I:]_,]_:)

r) ozl Jd=1,12

STV (L, 1) =STUV (L, T)+H(K)FIIY L, T)SNT /D,
(CANTIRPIE

IF(KMFLIYGE TR 224

re 229 1=1,12

PO 22% J=1,3

STR{J4 4, 1+24)=SLN( U, )}

(CMNTINLE

IFIK.E 7.2y GO T 17 2

| =0

IF{K.fC,9) =2

PN 114 1=1,18

tr 1l4 U=1.2

STRIL+J,I+H)=FANL (O, 1)

CONTINUF

FETURM

CnD

SURRMUTIME TINES{AZR kNt | 4 KOK)
IMPYICTT FEAL==8 (f=F,=7)

NITMENSICM A(1),Bl1),2(1)

KCK=] AN, VY 4 RIMGL) 3 (%, 1) RE=ON AR
KOK=2 A(NMeN) » P(MyL) 4 RPIN,LY) TRANSPOSE
If=1

rl-‘ 1‘ |‘_| K-.'.‘_,l

(O J=1,N

FOIR)=0.

C IN{17L,102),KCK

CIINTTAYE

rg 102 1=1,M™

[IA=N{T=-1)+J

IR=M={K=1)+1

FOIE)=RP(IF)I4n(TA)xp((R)

tn TN 1

COMTINMUE

LR 104 I1=1,4

ITA=NM( -1+

1=k {K=-1)+1

FOIR)=R{IP)+A{ TAI*E(TR)

IR=TR+]

FETURN

END

A =R
A =R



4. Reference symbol DRO30




Ld P=)00H P

\J l'.| A
S1G
“PF]

102

102

460

51¢&

401

402

HANTVER
St 15:
[ O |
[\U £

e

"PYTL=RURE COPTFRS=4

STTY, WAT{H
E1:07
AT  )1%:52:76

ra

AN,

mrwve (LRIC VARTATICN FrR

SFP? 22/71%

FOOWTAT IR FLOVSMT © [T 27 NoG. NF PR, AT 4 NONFS

THE RIS, = CUARRATIC FOR T©
FEEt 5 QTRATLRRQ AT THE CFMTOAIR  MXX,MYY, "XV ,0X,0Y
Fesi TRANSEFLEMATION T &GN rQ
i TPASTICTTY  MCRULT  VIA VOUNA(12)

suran
IMPLT

1LIMNFT

UTTME STIFF

CTIT RFAIY (A=H,"=7)
CO 4NN /STI/X(,20) yYCUNR(12) 4 STUCK (3£ ,36) o STICK(R,26) (EORECT (3¢)

(20))

RATATINMSG

COMMON/NVAN/BROL (2 336 436) 4 NLI2,R 336 ),FPLI{Z2436 ) CRPAN(16, 15),MGBPAN
COrMrN/ZErnR/enN202,2) ¢ XN(3),¥7({3)
FIHEMSTON TUAN(3IN, 31 ),SMK (3], 270), SYUKLERD, 3)),STR(£,232),TTir¢

IPANGERY ) X {1992) g ¥M(1R 2] ,C03(2,2) DAL (), 01 (61, F19(30)

n
Sy

31),

2927169219 FILR)yBLINCIE2) X003, YL02)471003)4076(3,3)},0N01(1,3)
MOL/3,0,1%,18,23,28/

CATA
(R K

n1=t1,3

XL{T)=X(1,1)
Z1(T)=X(3,1)
YL(T)=X{(2,1)
CO Lol T=1,3%
Ll 1 J=L,3¢
STUC¥ (Je 1)=1,

ne 14
Co 10
ST1CK
neot

FORCFE
o 4e
CAOL(
fAOGH
IF (NG
rN 51
oe 51
XM (¥,
28 (",
Y¥ (M,
COMTT
rn 40
K=T+1
J=1+42
1F (K.
IF(J.
C1(1)
RL(T)
C1LT)
CAf g

CC 40
no 4

cn4 (1

7 I=].13F\

2 J=1,9
(\111,':‘-)-

2 I=1,3+
(1=,

9 I=1,30
I)=\-

1)=0).

kAN, FQuY) GC T
fH V=1, MERAV

6 I=1,7
T)=RZAY[A, 1)
T)=GRAN (M, T+4)
I)=GRAM{MN,T4+2)
NUF

0 I=1,3

GT.3IK=K=-3
6T.3)4=J-3
=X1{J)=-X1({K)
=YL(JY=-YL(K)
=7104)=-711(K)
TRANS(CLl, 1,01
1 I=1,23

1 J=1,3

v J)=X{T.d)

f

)

517

CALL T'NES(Cn? 1Cﬂ41cn] '3,‘.‘.'3, l,

N 4

2 J=1’3

X0(J)=Cn1l1L,d)

AR
CMLD=
Le 42

=CC1(24.)
N.
& I=1,3

He Ve,

Yt



Lo 422 g=¢,°

4372 ITIXI1l,))NF D ICNMIN=],
IE(CM T NELLLY 60 T0 457
' e [1r=1,2n
(N34 TJ=1,39

684 TOAN(TJ,TT)=02,

683 TPFAN{IT,IT)=1,
[ 422 I=6,"
J=82{T1-4)+]
CANGUJI=X(1,1)
[TAPG{J+1)=X (2, 1)
CANG(J+2)=X(3,1)

433 COMTINURT
P 30 K=l ,301,%
f’n 426 1=1,2
e 436 J=1,7

436 TRAMIK+ J=1,KIT=1)=(r2(d,7)
CALI TIMPES(TRANG,NAGG, DA 4 30,20,1,1)

427 COPTIMUFE
NLAK=TRAFD(1)
MFYRC=r
SFINLAKGFC. =L CINMLAK,EQ,=2) 7 TN R4N
TEANLAKLER L NN NLAKLFNRL2)Y) a0 T 1 4
CALL cnaT!
TF(MY PV, ER.DY GC T 17R
MLAK=NMLAK~1C
FrC 10a 1=1,30
rc1 F Jd=1,7

106 BCLIMLAK,J, T )=STUCK(J, )
CO 113 I=1,3D
rn 113 .J=1,"

113 0L (M A, T)I=STICKE,T)
£ 1lea 1=31, 00

1.8 DOLIMLAK,T)=FNOCI{T)
Cr T 105

E40 M AK=-NLAK
MOTRN=-1

104 [0} 10C€ I=1,73]
cor 109 J=1,3

1 9 STUCK(JT)Y=R0D] (Nl AK,J,T)
rc 214 1=1,13n
00 214 J=1,1%

216 STICK(J,yI)=CNL (MLAK, J.T)
CC 111 I=1.3)

L1l FORCF(I)=N0CL(NMLAK, )
IF(MFTEN ANF.-1) GN TN 10%
LN 861 1=1,30
0 261 J=1, 3C
F1=0.
IFLINFOY) 60 TC 62
El=-1.
CC 863 11=1,+
IF(T.FQ.MCL(TIT)) Fl=1.

863 COMTIMUE

€62 TRAN(J,1)=F1

£61 COMTIMNUE
o1 1=1,30
no 1 Ja=1,3n

1 Sr'Kl(J1I)=ST”r.K(JvI)

CC 2 1=1,32




1S

439

212

114

i
W
N

5e7

591
589

116

rn o2 J=

TIV(d,!? TICK{), ")
CC 3 IT=1,30
CACGITY=FIRCILT)

CArtl TYURES{SMKL,,TRAMN, S, 2,30, 331, 1)
CAlYl TIMCS{TVrAN,SWMK,SMKK1 ,2 ,3 4,3 ,2)
CALL TIMAESITIK,TPAM,STP, 7,33, 20,1)
CALL TIMES{TFAN,FACG,FOR,3:Y,30,1,2)
r & I=1473

rn 4 J=1, 31

STUCK (I, T)I=SMKL{Ud,T1)

pn & ¥=1,2

CO 65 J=1.18

STICK(J,TY=5TD(J,T)

O 6 1=1,3"

FORCF{TI)I=FCR(T)

CONTURNUE

(N 42 7T=1,2" .
FORCTA(LY=FT2C_(T1Y4CArCE (T)
NTR=TARN(2)

TE(MLTHE BN C N MLTK =N, CC) A0 T 112
rg 215 I=1,3"

NN 212 J=1,3

SMK(Jy T)=STUCE (D, 1)

CO 114 T1T=1,29)

fn 114 J=1,"

STREUI I )=STICK{d. 1)

DO ¢3¢ [=1,3

CACL{I)=FNRCF(T)

CC 115 1=1,NLIK

K={]-1)1%72+13

L=INFC(K)

KL=TMFC(K+1)

in 583 [71=1,29

00 534 1J=1,30

TRAM(TIJWIT)= .

TRAM{IT, 1T )=,

KK={l-1)"5

rnN sgfe 1M=1,3

CO 5880 UN=1,3
TRANM{KK+IN, KK+ IM)=CA2{(TNJN)

IF(K] J1IT.D) G TO &89

TF(K1.FQs )} N TO B9

CALL TRAMI (XM, ¥YY,K1,C1173)

CC 587 IN=1,?

GO S€7 1t =1,2

TRAM{KK +TL+2, KK+ IN+2)=CN3(TL, IN)

G 10 SR”9

D 51 IM=1,?7

fG %21 JN=1,2
TRANCKK+IN+T KK+ TN+ )=CC2 (N, TN)
CONTTMUE

CALL TIMES{SMK,TRAM,SMK]1,30,30,30,1)
CALL TIMESITRAN,SMK] ,SMK R 3 4,3 ,21)
CALI TIMFSISTF,TEAN, TI1K, &, 3C,13C,1)
CALL TIMES{TRPAN,CACOL.CArG,3),3D,1,72)
PO 116 NI=1,3"

£ 116 NJ=1,8

STRIMAGZNT ) =TIK(NJ,NT)

tO &40 117T=1,30

1
)

2
K
q



440 [ACL(TT)=CACC(IT)
115 camTrnpr

N 117 1=1, 30
CC 117 J=1,2)
LL7 STUCK(JD,T)=ShK(D,T)
ro 118 1=1,3)
Cc le J=1,°9
LIB STICK(Jy1)=STP(J,1)

Cr 441 1=1,30C
4] FOPCC(L)=TACLL])
112 (nMTIMLE
KETLIRN
END
SUBPOUTINE TRANL (X, Yok 1, T
TMPLICTT REM =8 (A-F,N=-7)
PIMEMSTICN YU1A2) 3 YI1692) 97 (1A42)422(2)4X2(2),Y2(2),TPL(2,2)
1yTR(3,2),TP1(3,73)
CCMMOM/CUCP/TRPEI3,3) ,¥0(3),Y ()
nn s1%s J=1,2
X2 (J)=X{(K1l,d)
12043 =7(K1, N
515 ¥Y2{.1)=Y(¥1,4)
(2=X2{2)-X21{1)
P2=Y2(2)-Y211)
C72=22(2)-22(1)
CLENZ=CSQRT(R2AXD$HE2 "4 2220
IF(CITM2.LTe JIN=12,AMD LT CT o= JIF=12) MO [T (A,790)
F2=R2/CLEN?
C2=L2/C1LFN2
C2=C2/CLEN?
TR{l1,1)=5G?
TR{2411=82
TR(3,1)=C2
TH {142 )=TRE(3,2V4#TR{(3, 1)-""r(3,3)TR({2,1)
TRE2:2)=TRO(3,3)2TR(1,1)1-TrG(3,1)::TR(3,1)
TRU3,2)=TRGI2, 1InTR(2,1)=TRC{3,2) T ({]1,1)
TE{1+3)=TRG(3,1)
T°(2y3)=T°."1("‘r2)
TR(3,42)=TRC(3,3)
CLLL TINMPESETRG TR, TR143,3,3,1)
ro 1n 1=1,2
CC 17 Jd=1,2
I TRIGS.V)=TRLL1,1)
700 FORMAT (¢ Fi g [RPENIR  TRANL YekFrYedinh r )
RETUNM
EMD
SUBRIDQUTINE CMDNS (K )
INPLICTT RFAL*82 (A-H,"-7)
fomMEraM/CNAM/STL33,22),7(8,33)
CIMFENSTCN R({27)
£=14/5T{K,K)
CO 40 7=1,23
40 E(T)=ST(K,T)
DO 41 J=1,33
M 41 v=1,33
41 STL{J,I)1=STUJsI)-R{I)IBRA(J) A
tn 42 1=1,8
C=T{I,K)
DO 472 J=1,33
42 TUIJ=1(1,J)=-B{J)=A"D



FETURN

Frr

SUPFOUTINE SHARP(A,P,C,0NT)

IMPLTCTT kEAL] (A-k,(=7)

PIMEMSICM AL2) ,3(3),5(3) ,RE0A,33) ST (R),SEX(AY,CPY (R),
LSKX(7) MY L7)

CrEMENZICN/SHL2A,432) (St ,23),0(a,2)
CIMI=A(1)=L(2)58(3)
PIM2=(FIL)ZAL(2)cA(RI+R(2)FA(L ) ARV 4PR(3)A( L) A(2) )/ 0T

CINR=(CLLIPAZIAA{R)4CI2) =AY A M) 4G U3} AV IHA(2) ) /T
rn 1.0 I=1y3

K=T+1

J=T47

IF(KGT,3)K=K=T3
IF(J.6T3)VJ=4=-3
SR{TII=(2,2(TV=-1,1%0(T)
SR{T+R)=4, A )=0(]))
CSEXUT)=Rr(TI)" (%ALY =10 /7037
SEX{T+#3)=(R{K}=4 XA LDV +RLJ)04 0 (KY)Y/OT
SEY(T ¥ =T )5 (A cALTY=-1,.)/NT
SEY(T+3)=(C(R )B4 A1 ))+0 () ) g =701 ) ) /DT
SHX(T)=S2X(T)+3, P IN2
SHX{T4+2)=85PX(T+3)-12.NTM2
SHY[T)=SPY({T)+3, 01V
SYY(I1+2)=SRY{T+3)-12 ., *N1TNn2
100 COMTINMYFE
SHXA{T)=2T7 .0 112
SUVY(7)=27.,%0nT1"3
f0 101 I=1,1%3
Dr 111 J=1,»
101 BE(J.T)=0.
te 102 I1=1,11,72
F={1+1)/2
PF (1, T)=SxXIK)
BEAZ 141 )=SRY (I)
BE(2,1)=SPY(K)
B, T+ )=SEX(K)
BF{4 1) ==SR{K)
BRF(S,I+1}==-SR(K)
102 CCNTINUE
Nnn 1 2 1=13,19
K=71-12
PC(4,1)1=SHX(K)
1« 3 BE(5,T)=SaY(K)
CC 104 1=20,33,2
k=(1-1P)/2
BE(6,T)1=SHX{K)
BELT,141)=SWY(K)
BE(A,1)=SrY{K)
104 PF(R, T+1)1=SHX{K)
CALL TIMES(CyBE,S+8£4+8,33,1)
CAtl TIMFS(RF,S,SV,33,8,33,2)
RETURM
END
SURROUTINF SUBTI
IMFLICIT REAL#*Y (A-H,N=7)
COMMOM/STI/XYE3,2 ) YCUNGHIL2) 3 STUCKI364R6) STICK(P,24), NPT {3A)
JINFP{20)
CCMMON/JON/SM{23,33),5(80,23),N(E&, 8)
COFNMON/ONCR /N2 (343) ,XN{3) ,YC ()

s



CCENMEN/CON/ST(23,22),TIK(R,32)
PDISTNSICN ALET)Y o 2207 ) 3 AT )y ( 713 B(3) 4R (3),A(),M1(32),T(23,32)
LyPC(3),PL(3)
CATA A1/7.3233733330 NAL,N PECTLIERTN T, 2%) (LT 1420¢N OF 0. 79742£59N
L - 25 .1 lznrasln /v A/ 2232232330 9,29 0,4TN1E206N IN,D L IEOT] R
27 N0, 240, 10128A%TN L0, 0, 7ST42E850 0N/ % /D.22F300000 NN,24N.1323C4
21510 G3,32),125939180 o)/
peo2. I=1,9
CC 2C0 J=1,A
20 B(J,11=0.
oll, 1)=YOULNG(]1)
C{1,y2)=YDUNC(D)
Ct?2,1)=0D(1,2)
C(2:?2)=YCUNE(3)
Cl3,2)=-YCUNC(4)/2,
D(4,y,4)=YCUNG(5)
C{H, D)=YNIIC(R)
[{A)=YTUNGC(T)
P{FAyT)=YCULNG(3)
C(7,6)=YNUME({C)
Fi7,7)=YCUNC{L1D)
TER,2)=YIUNG(1])
TFIYTUMCL{LI2) NFLOL) T2, 0=YOUNE(]2)
NP 210 I1=1,323
rn 210 4=1,723
210 ST {J,1)=9.
ry z11 1=1.13
kK= T+]
J=1+42
IF(K.CT.3)K=K=-17
IF{J.CT.3)J=4-1
POT)Y=YC(K)=YC(J)
211 GUI)=XU(J)=-XN{K)
CT=R(11%G{2)-P(2)=C(1)
tn 212 K=1,7
A2 (K)=)1,-A1(K)-A3(K)
A{1)=A1(K)
AL2Z2)=A2(K)
A{3)=A2(K)
CALL SPAP(a,Ih,nyDT)
IF(K.NELLY 6N TO 213
rc 214 1=1,73
Do 214 J=1,m
214 TIK{(J,I)=S{0,1)
213 CCNTINUFR
DN 215 '=1,73
rn 215 J=1,23
215 ST{JeT)=ST{JsI)+WIK)XSNV(), TIXDT/2,
212 CONTIME
Ce 217 1=1,23
tn 217 J=1,23
217 T{J,1)=0n.
CATA M1/72040200 1331324224220 0403444026925,15,5,F326427916+7+8,
12R,2¢,174991 +3 431,17,11,172,32,33,19/
O 218 1=1,23
218 T(MI(I),1)=1.,
CALL TIVMES(ST,T,SV,33,32,33,1)
CALL TIMFS(T.SM,ST,32,22,23,2)
CAIL TIMES({TIK,T4S+8,33,23,1]
DN 219 1=1,133




CC 219 J=1,%

219 TIw({),1)=S{d,")
CAL) CPONS(=2)
CALL (PDMNS(32)
CAllL CMDNSE21)
CC 229 I=1.4)
RO 220 J=1,30

220 STUCK Ay 1)=ST{J, 1)
e 221 1=1,3)
nn 221 J=1,°

221 STICKA(J, ")=TIK(J, 1)
PG(L)Y=X(1l,5)
PCL2)=X(2,5)
PC(R)=X(3,5])
CALL. TIMFES{Cr?2,PGyPL+3y3,1,1)
FORCF{1LA)=PlI {1 )N T /¢,
FORCE(17)=PL{2)CT /A,
Trorr(13)=PL{R)ENT /A,
TORCE(?21)=PL(Y)DNT /€.
FORCT(22)=P1 (2 )T /6
FOFCF(23)Y=PL(3)NT /A,
FIROCF(2A)1=PI (1)DT /6.
FORCE(2T7)=P1L (2)=DT/A.,
FOPCr{28)=PL(3)*%DT /6,
FFTURN
FND
SURBINHTING TTUNES{AR R N VML 41N K)
[MPITCIT RTBAt g [A-H,N=-7)
PTMENSIGCN A(Y) ,B({L1)."7 (1)
KOK=1 A(Ny,M) o BiM,L) o, S {N,L) KEGHLAR A*R=0
KCK=2 A(M,X) 4 P{M,L) 4 RNyl ) TRANSPNASE AL P=D
1P =1
Lr 1en K=1,1
DO WD J=1,A
R{IP)=0C.
GO Tr(1lal1,102),KiK

1 1 CONTINUF
cn o103 1=1,#
TIA=N=(T-1)+d
IB=r"(K=-1)+1

103 R{IR)=R{IR}+A(TA)XR[ IR
CO TP 1D

102 CONTINUE
Ca 104 I=1,"
TA=M( J-1)+1
13=M2(K~1)+]1

10 RITR)=FR(IR)Y+A(TA)=P (IR}

1 ° IR=IF+1
RETURM
END
SURPFLIITINF TRANSA{C1,R1,C1)
THPL TCIT PEAL=] (A-H,N=7}
COEMON/COCR/TR(3,3) ., XN{(3),YC(3)
PIMENSICN BL(3),61(3),C1(3)
rn 10 1=1,3
oo 1H J=1,3

1 1P (J,T1}=0.
PA=PY(2)=CL{3)=R1{2)*C1(2)
MR=GL{2)%CLlI2)-G1L(2)=C1{3)
AC=R1(3)*C1(2)-G1l(2)*R]1(2)




20
30

—

TF LA GT o= IN=12 0 AL AR LTV 1T=12) S 8NP (ARLCT (= JN=) D AMN AB
LT.2.1F=12)) 60 Tr 29

AD=DKNE T{AAYT 24+ ARAL DL ALY D)
AF=CREETY (PAHFD 4A8%57 )
TR{3,1)=FA/AT

TR (3,2)=28/A0

TR(3.3)=AC/AR

TR (1, 1)==Ak/AC

TRUL.2)=4A/AF
TRUZ241 ) =AM pC/ L PFEAT)

TP (24 2)==AR=AC / (AEZAD)

TR (2,3 )= (AL 2 +AR%%D )/ (AF#AT)
RETUPRN

rn 30 1=1,3

TRII,1)=1.

RETURN

Frn



DATA GENERATION ROUTINE




$S1C

ESN6 T=10 P=100 PROUTE=CURF CCPI1ES=4

CHARGING RATE = UNIVERSITY, EATCH

kLA
USE

ST SIGNCN WAS: 10:24:0C
R "ESN6"™ SIGNEC CN AT 11:17:C8 CN TUE CCT 14/15

$C GENE(3CZ1) TO *PRINT*

C
C
c

160

510
511
102

1C1

209

1C€9

108

205

2C6

SIELL. CATA GENERATICN RUTINE  #wsbksdskdorx
#xkdx%x  FOR 7 PLATE- ELEMENTS ANLC 5 DCMNE-ELEMENTS

3 ok ko NEIDOS FRCM 1-12 RESPECTIVELY  ##soksokksos

INFLICIT REAL#*8 (A-}+,0-27)

CCVMCN/CNE/NEICCSoASTIF,YCUNG(10412)+NECUyNBOULXB{164,6), INFOU1€),
LINF(2€),KBOU(26)yCOOR(3Cs343)9x(2,3)N16)},NIN,INFL1(26)NDFL,4NCF2,

2M1 (B 430)4M2(4,430)43NF(26)yKK

READ(S,621) NEICCS)NELENM NKINCANSTIF,NPCUL,ANBCUP

ALLCWED 30 CIFFERENT COORDINATE SETS
OC 10C I=1l,NKINC

READ(Ss6CT){ (X(LyN)4L=143),yM=1,3)

pc 100 J=1,3

DO 10C K=1,3

COGR{1yJsK)=X[JyK)

ALLCWED 10 CIFFERENT STIFFNESS SETS
READ(S,606) ({YCUNG(J 1) 4I=1,12),4J=14NSTIF)

ALLOWED 26 DIFFERENT BOUNCARY SETS IN A PRCEBLEWV
NBCU=NBCUL+NBCUP

READ{E,6uS) {KRCU(T)I=1,NBCL)
REAC(54+606)( (XB(I4J)eJ=156),1I=1,NBCLL)
CALL SFCRWM

00 1€1 KK=1,NELEM
REAC(5:6021(N(1)y1=1,6)

DO 511 MCM=1,5

MOL=MCM+1

NANA=N(NCWV)

DO 51C MCN=MCL,6

IFINANAGEGQ.N{(MCN)) GO TO 512

CCNTIAUE

CGNTINUE

CC 102 J=1,6

NlJI=N(J)*10+1

WRITE(64€C2) (N(J) yJ=1,¢)

WRITE{6,608)

CCANTINLE

WRITE(6,608)

WRITE{6,+,6C8)

DO 103 KK=1,NELEM
REAC(S460L)(INFO(I)y1I=1,16])

IF{KK.GT.1) CC TC 209

CALL BCON

CCATINUE

DO 1CS I=1,26

INF(I)=0

L=3

DO 108 I=4,NIN,2

IFUINFO(I)GT.0)L=L+2

WRITE(6,603) INFC(1l),L

KIND=INFO(2)

IF{KIND.EC.0)GO TO 20°%

WRITE(6,606) (I{CCCR(KINCyJyM3)eJ=143)94M3=1,3)
60 10 266

WRITE(6,€08)

WRITE(6,6C8)

CONTINUE



IF{INFC(16).ECG.O0)GC TC 105
CALL LFORM
GG TO 106

1C5 WRITE(6,6(8)
WRITE(646(8)

106 CCNTINUE
INFL1)=INFQ(3)
INF(2)=L/2-1
L1=1
DO 110 I=4,4NIN,2
TFCINFO(I)eLT.0.ANC.INFO(I+1)4LT.C) GO TO 517
IFLINFC(I).LE.G)GC TG 110
Ll=L1+2
INFILL)=INFO(I)
IFCINFC(I+1).LT.0)CC TC 210
INF{L1+1)=INFO(I+1)
GG TC 110

210 INF{L1+1)=0
INFC(I+1)==INFO(I+1)

110 CCANTINUE
L2=L1+2
00 112 I=1,2¢€

112 INF1(1)=0
L1=¢C
DO 114 1=4.NINy2
IFCINFC(I)LEC.O0)GC TC 114
IFCINFO(T) LT )INFCITI)==TAFC(I)
{=INFOLT)
K1=INFC(I+1)
IF(LNE.UC.AND.K1LEQ.S) GO TC £1°5
K=KBOU (K1)
IF(L.GT.3.ANCJNDF2.MNELQ}) GC TC 116
DO 115 J=1,ADF1
NF(J)I=N1{JyK)%x(J+(L-1)*NDF1)
IFINF{J).EQ.() GO TG 115
Ll=L1+1
INFL(LLY=AF(J)

115 CONTINUE
GC TO 114

116 DO 117 J=1.NCF2
NF{J)I=M2(JsKI*(3XNDF1+J+(L-4)*NDF2)
IFINF(J)EQ.0) GC TC 117
Ll=L1+1
INF1(L1)=NF(J)

117 CCNTINUE

114 CCNTINUE
IF(L1.EQ.O0) INF(L2)=C
IF(LL1.NE.O) INF(L2)=99
WRITE(€+60S) (INFUTI),1=1,L2)
[F(L1.EQ.O0) GO TO 103
WRITE{E€4€611) LLoUINFL(I),yI=1,L1)

133 CONTINUE
WRITE(6,608)
GO TC 52¢

512 WRITE(64+€12) KK
GC TC 521

515 WRITE(E&9€14) KK
GO 7O 521

517 WRITE(64618) KK

5¢l1 A=1.



B=0.
C=A/8B
GC T0O £20
6C1 FCRMATI16I5)
6v2 FORMAT(EIS)
603 FCRMAT(* 99G',15," 'y 15)
6(6 FORMAT(6D10.3)
607 FORMAT{6D10.34/+3D1GC.3)
6C8 FORNMATI(? ')
6C9 FORMAT{2¢13)
611 FORMAT(I3,/y2€13)
612 FORMAT(1OX,* *%%% ERRCFE 1 #**%* NICKNAMES OF ELEMENT ', I11C,//)
614 FORMAT(luXs® *%%% ERRCR 2 #%%X%%x INFCRNATICN CF ELENENT ',110,/,
1! INFO(3) NOT O INFO(4) = 0 FOR NODE 1 ',/,

2" (E)-(6) FCR NCDE 2 (7)-(B) FCF NCCE 3 ETC. ')
618 FORMAT{ 10X, *%*k%x ERRGR 2 *x*%% [NFORMATICN CF FELENFAT *,110,/,
1! INFC(3) INFC(4) BOTF NEGATIVE FCR NODE 1%'4+/»
é' (€)-(6) FCR NCDE 2 (7)-(8) FCR NCCE 3 ETC. ')
520 STCP
ENC

SUBROUTINE BCCA
IMFLICIT REAL*8 (A-F,0-2)

CCVMCN/CNE/NEIDCSoNSTIF,YCUNG(1O412),ABCUsNBOQULXE(164€)y INFOUL1E),

LINF(2€)+KBOU(26)+,CCOR(3 593920 oX(243)4N(&)NINJINF1(26)+NCF1,NCF2,
2M1(B+30)yM2{4930)4NF(26),KK
IF{KK.GTel) FETLRNA
D0 16 I=1,8
DG 16 J=1,30
16 M1(I.,J)=0
DO 17 I=1,4
DC 17 J=1,30
17 M2(1,J)=L
GC TO (192434495069 7¢8+9,10511,12)yNEIDCS
1 NIA=E
NOF1=5
NCF2=0
CALL CAl
GO TO 15
2 NIN=14
NDF1=5
NDF2=2
CALL CA2
Ga 70 15
3 NIN=8
NDFl=4
NDF 2=J
CaLL CA34
GO TO 15
4 NIN=14
NCFl=4
NDF2=0
CALL CA34
GC TC 15
5 NIN=8
NCF1=8
NCF2=0
CALL CAS5
Ga TO 15
6 NIN=14
NDF 1=8



NDF2=2
CALL CAé6
GO 70 15

7 NIN=14
NDF1=3
NDF2=0
CALL CA7
GG TO 15

8 NIN=8
NDF1=7
NDF2=¢(
CALL CAs8
GC T7C 15

9 NIN=14
NCFl1=7
NDF2=4
CALL CAS8
GC 7C 15

10 NIN=8
NDF1=¢
NCF2=0
CALL CAlO
G0 TO 15

11 NIN=14
NDF 1=6
NDF2=0
CALL CAlO
GC8 T0 15

12 NIN=14
NDF1l=5
NDF2=C
CALL CAS8

15 CCNTINLE
RETURN
ENC
SUBRCUTINE SFCRVW¥
IMFLICIT REAL*8 (A-+,0-2)
CCMMOCN/CNE/NEIDCS)NSTIF,YOUNG(10,12)4NBCU,NBOUL,XB({1646), INFO(16),
LINF{2€),KBOU(26) +CCOR(3243+3)4X{293)4N{6)sNINyINFL(26)9sNCF1yNCF2,
2M1(8+930)sM2(4,30)yNF{261}4KK
WRITE(E,701)
WRITE(6,702)
WRITE(6,703)
GC TO(1DLl,10G2y1U34194,105,136,107,158,109,114,,111,112).NEICCS

101 WRITE(6,704)
WRITE(6,706)
WRITE(E,7CT)
WRITE(6,708)
WRITE(€,709)
WRITE(&+710)
WRITE(64711} NSTIF
GC TC 114
102 WRITE(E,7%5)

WRITE(6,706)
WRITE(E,7C7)
WRITE(E,7(8)
WRITE(6,712)
WRITE(6,710)
WRITE{6,713) NSTIF
GC T0 114



1C4

1C8

1C9

111

1€5

106

107

WRITE(6yT70u4)
WRITE(6,706)
WRITE(6,7C7)
WRITF(6,7C8)
WRITE(6,717)
WRITE(€,715)
WRITE{6,718)
GC TC 114

WRITE(Ey70L5)
WRITE(€,706)
WRITE(&,7CT)
WRITE(E,71.8)
WRITE(64714)
WRITE(E,715)
WRITE(E,716)
GC TC 114

WRITE(€,704)
WRITE(6,706)
WRITE(6,7CT)
WRITE(E,708)
WRITE(64723)
WRITE(E,724)
WRITE(E,725)
GO 70 114

WRITE(64705)
WRITE(Es70L6)
WRITE{6,707)
WRITE1E,7(8)
WRITE{64726)
WRITE(64724)
WRITE(E&,1727)
GC TO 114

WRITE(&E4705)
WRITC(E,70U6)
WRITE(6,707)
WRITE(€,7(8)
WRITE(6,728)
WRITE(6,724)
WRITE(E,729)
GC TO 114

WRITE{64704)
WRITE(E,T706)
WRITE(6,707)
WRITE(6,7C8)
WRITE(64721)
WRITE(6,710)
WRITELE,730)
GG TO 114

WRITE(6,4705)
WRITE( €y 706)
WRITE(E,707)
WRITE(6,7C8)
WRITE(E,y1733)
WRITE(6,710)
WRITE(6,732)
GO 70 114

WRITE(6,705)
WRITE(E,706)
WRITE(E,7CT)
WRITE{(6,7C8)

NSTIF

NSTIF

NETIF

NSTIF

NSTIF

NSTIF

NSTIF



110

112

114

1C1
702
703
1C4
7G5
1C6
7C7
7C8
7C9
710
711
712
713
714
115
716
117
718
719
720
Tzl
722
723
124
725
7¢6
127
128
79
730
721
132
733
134
725
136
737

WRITE(6,735)

WRITE{(6,710)

WRITE(&,734) NSTIF

GC TG 114

WRITE(&,704)

WRITE(E,T06)

WRITE{6,707)

WRITE(€&,7C8)

WRITE(6,737)

WRITE(6,724)

WRITE(E,736) NSTIF

GC TC 114

WRITE(6,7G5)

WRITE(E&,T7(6)

WRITE{6,707)

WRITE(6,7(8)

WRITE(&,739)

WRITE(6,724)

WRITE(£,738) NSTIF

WRITE(694720) ({YOUNC(JsIdyI=1412)4J=14NSTIF)
WRITF(&,721) NBCUL
WRITE(EyT2Uud (I XBlIovd) 9d=1y€),1=1,ABCLL)
WRITE{(6,722)

FORMATI(1X,*(13I3)")

FORMAT{1X, *(€ED1043,/9€D10.2) 1)
FCFMAT(1X,'(61I5)')

FORMATI(LIX,%{215,/,1215)")

FORMAT (1Xe*(€1E8,/41215)0)
FORMAT(LX,'(15,5115,010.3)1)")
FORMAT(1Xs'(41554(/74€D1Je3)) )
FCRMAT(1X,'(2513)')
FORMAT(LXy"{3{1LX45D10.3,4/)13)
FORMAT(1Xs (/3 1X%X,5010.3) ")

FCRMAT(® 1 3 8 2'%,13,* 12 5 5 5 §¢*)
FORNMATULX,y " (2{1Xs5010e39/) 41 X46C1Ce3,71))
FCRMAT(Y 2 6 8 3',I3,* 12 5 s 5 § 2 2
FORNMATI{LX,"(6(1X44C10.3,701) ")
FORNATILIX%{/41%X92013.3})")

FORMAT(* 4 € 8 2',13,' 12 4 4 4 & 4 4
FGRMAT(1X ' (3({1Xs4C10.3,7))")

FORMAT(? 3 3 8 32,13, 12 2 4 4 4')
FORMAT (? ')

FCRVAT(6C10.3)

FORMAT(2513)

FCRMAT (? 1 1 0 1 1¢00 1C00")
FORMATILX*(3(1X,7D10.3,4/7))1)
FORMAT(1X,'(/y1X,8D1C.3} ")

FCRMAT(* 8 3 8 3'%,I3,* 12 e 7 7 1)
FORMATULXy*(201Xy7D13e397) 4311 X44C1%Ma3,47))%)
FORMATI(* 9 6 8 2'I3,* 12 &8 7 7 1 4 4
FCRVMATILX ' (6(1X46C10.3,7))")

FORMAT(?* 11 ¢ 8 3',I3,' 12 B & €& 6 6 6
FORMAT(* S5 3 8 3',13,' 12 5 8 &8 8')
FORMAT(L1Xy "(Z(1X4ED1Ce34/)) ")

FOGRMAT(® 6 6 8 3'%13,* 12 5 8 8 8 2 2
FORMATOLX,y " {2(1X48010.34/)yL%46C13+7)")
FORMAT(' 7 6 8 2%, 13,* 12 5 2 3 3 2 3
FGRVMAT (1 X+ ¢6(1Xy3C10.347))")

FORMAT(®* 10 2 8 2',]J3,* 12 8 6 6 6')
FORMAT {LXy *(2(1Xs6C10.3,7)1)1)

ta



738
739

100

101

780
781

3C1
401

3C2
402

303
403

304
4C4

305
4C5

FORMAT{' 12 € 8 2',I2,' 12 8 5 5 5 5 5 5')
FORMAT(1X " {6(1X45C1043,4/))")
RE TURN

ENC

SUEBRCUTINE L FCR¥

IMPLICIT REAL*8 (A-H,(-2)
COMMON/ONE/NEIDOSyNSTIF,YOUNG(1G+s12) yNBCUsNBOUL+XB(1646) .+ INFC(16),
LINF{26)+KBOU (26)+CCCR(3093y3)yX(3,3)sN{6)NIN,INF1(26),NDF1,NDF2,
cM1(8430)4M2(44525) NF2€) 4KK

DINEANSICN P(12)

K=INFC(l6)

00 1u® I=1,1¢

P(1)=0.

DC 101 J=1,K

READ(5,780) 1,A

PLI)=A

WRITE(6+78LYLP(I)I=1412)

FORMAT(15,1D10.3)

FCRNAT(6010.3)

RETURN

END

SUERCUTINE Gl

IMPLICIT REAL*8 (A-H,(C-2)
COMMON/ONE/NEIDOSyNSTIF, YOUNG( 10y 12) ¢+NBCU,NBOUL»XB{1646) 4 INFC(16),
LINF(26)KBOU (26)4CCCR(30+¢343)yX{3,3)yN(6)yNIN,INF1(26),NDFL,NDF2,
cM1{B8930)4M204420),NF(26) KK

DIVENSION N1(3G)syN2(3C)oN3(3C),N4(30),NEL3C),NE(30),
IN7{30) sN8(30),NS(30),AN10(30),N11{30),N12(30)
2,MODE(12)

CATps MCDE/945+49+5+8,0,0,0,0,0,0,0/

DATA N1/344+546+9910411415,416,21%0/

CATA N2/5+647y8410911412512,15,21%0/

DATA N3/3444+596910411,12413,15,21%G/

DATA N4/11:1291491541€425%0/

CATA N5/2449€48111913414516,22%0/

DATA N6/30*0/

DATA N7/3(%i./

CATA NB/30%0/

DATA NS/30%0/

CATA N10/30%*C/

DATA N11/30%0/

DATA N12/30%*G/

DO 210 LL=1s12

KCK=MCDE{LL)

IF(KCK.LT.1) GC TC 211

GG TO (301,302,303,3049205,2C€,307,2C8,2CS,3210,211,4212),LL
DC 401 I=1,KCK

M1(1,N1(I2)=1

GO TC 211

DO 402 I=1,KCK

ML(2,N2(1))=1

GO 7O ¢11

DO 402 I=1,KCK

ML{3,N3{1))=1

GO 70 211

DO 404 I=1,KCK

ML{4sNG(]1))=1

GO TO 211

DG 405 I=1,KCK

MLI{S,N5(1))=1



GG TC <11
3C6 DC 4C¢6 I=1,KCK
4C6 MI{€.NELT) =1

GO TO 211

3C7 DC 4C7 I=1,KC(K
4GCT7 M1(TNT(TI))=1

GC TC 211

3C8 DO 4C8 I=1,K(K

408 M1(8,NBLI))=1
GC TC 211

369 DO 4GS I=1,KCK

409 M2(1,N9(I)})=1
GC 1C 211

315 DO 4l1l¢ I=1,KCK

410 M2(2,N10(1))=1
GO 10 211

311 DO 411 I=1,KCK

411 M2(3,M11({1))=1
GO TO z11

312 DO 412 I=1,KCK

412 M2(4,4,N12(1))=1

211 CCATINUE

210 CCATINUE

RETURN

ENC

SUBRCUTINE C#2

IVPLICIT REAL*%8 (A-H,(-2)

CCMMON/ONE/NEIDOS NSTIF,YOUNG(1Cy12) yNBCUJNBOULsXB(16,46),INFC(16),
LINF{26)KBOUL26)+CCCR(309342)9X1343)yN{E)yNINyINF1{26),NDF1,NDOF2,
ZM1(8,3C)M2{4,30) yNFL26€) 4KK

DINMENSION N1(30)oN2{3C)yN3(2C)yN4L3C) N5L3C) N6(2CY,

INT(30) yNB(30)4sNI{30),N10(30),4NL1{30)4,N12{3C)
2+MODE(12)

CATA MCDE/91519¢9+98+,0,040944440,0/

DATA N1/344+45¢6+99910911,15,16,21%0/

DATA N2/546yT98910¢11¢12413,15,421%5/

CATA N3/3949546910+11512512,15,21%0/

CATA N4[§’6’7y8'11,13914015,16.21*0/

CATA N5/244+1€9891191341491€y22%0/

CATA N6/730%0/

DATA NT/733%( /7

CATA N8/720%*0/

DATA NS/5+64748,26%0/

DATA NIU/2+4964B42€%C/

CATA N11/30%0/

CATA N12/30%C/

00 210 LL=1,12

KCk=NMCDE(LL)

IF{KOK.LT.1) GC TC 211

GO 70 (301,302,203,2C492C542C€4+2C7+43C20,30S+31C4211,4212),L1L

301 DO 401 I=1,KCK
401 M1{1,N1(1))=1
GC TC 211
3C2 DC 402 1=1,
402 M1{2,N2(1))
GO T0O 211
363 DO 403 I=1,KCK
403 M1{3,N2(1))=1
GC TC 211
354 DO 4f 4 [=]1,KCK

KCK
=1



404

305
405

306
406

3C7
4C1

308
4(C8

3CS
4(9

310
410

311
411

312
412
211
216

301
4C1

302
4C2

M1 (44,Na(1))=1
GO TC 211

DO 405 1I=1,4KCK
MI(S,NS(I))=1
GO TO ¢11

DO 4C6 I=1,KCK
M1{e,N6(I))=1
GO 70 Z11

DO 4C7 I=1.KCK
MLETNT(I))=1
GO 10 211

0C 408 I=1,KCK
M1{8,NB(I})=1]
GO TO <211

DC 409 I=1,KCK
M2(1,NSLI))=1
GC 70 <11

DC 41C I=1,KCK
M2(2,N15(1))1=1
GG TC 211

DO 411 I=1,KCK
M2(3,N11(I))=1
GC TC 211

DN 412 I=1,KCK
M2(4,N12(1))=1
CCNTINUE
CCNTINUE
RETURA

ENC

SUBROUTINE DA34
IMPLICIT REAL*8 (A-+,0-2)

CCMMOCN/CNE/NEICCSyNSTIF,YCUNG(10,12),NBCU,NBOUL, XE(1646), INFOU1E),
LINF{2€),KBOU(26)+,COCRI{3793+3) 9X(343)4N(6)+NINJINF1(26)4NDFL1,NCF2,

2M1{8+30)4M2{4,430),NF{26),KK

DIFENSICN N1{(30) 4K2(30) ¢N3(30) N4(30)4NS(3CDIyN6(37),
IN7(30)+N8B(30)yNS(30),N1O(30),N12(20),N12(3C)

2,MCDE(12)

CATA
DATA
DATA
CATA
CATA
CATA
CATA
DATA
CATA
DATA
DATA
DATA
CATA

MODE/9+6E+497+0+0,CyCyCyCyCyQ/
'\1/3’4'59619'101 11'15'16'21#0/
NZ/1+42929495914424%C/
N3/3149Sy 1442630/
N4/143+547410,12,15,23%20/
NE/3C*x(/

N6/30%0/

N7/3G%Q/

N8/30%0/

N3/30%0/

NIuv/73a%(/

N11/730%C/

N12/730%C/

DO 21C LL=1,412
KCK=MCCE(LL)
IF(KCK.LTSL) GC TC 211

GO TO (301,302+3034304,4335,306,3107,3068+339,310,311+312),LL

DG 401 I=1,KCK

M1(1,

NILID)=1

GO 1O <¢11

DG 402 I=1,
M1{2,0N2(1))

KCK
=1

GO 70O 211



3C3
4G 3

3C4
404

395
405

3Cé
406

3C7
4G7

308
4ce

309
4CS

310
410

311
411

312
412
211
210

391
401

DC 4C3 I=1,KCK

M1{3,N3(1))=1

GC TC 211

D0 4C4 I=1,KCK

M1{4,N4(1))=1

GC TC 211

NO 4{5 1=1,KCK

ML1{S5,N5(]))=1

GO 70 211

DO 4C8¢ I=14.KCK

ML(640E(]I))=1

GO 10 211

DO 407 [=1,KCK

MLIT,N7(I})=1

GO TQ <211

DO 408 I=1,KCK

ML(E.NEB(I))=1

GO 70 <11

DO 409 I=1,KCK

M2({1,N9(1))=1

GO 10O 211

DC 410 I=1,KCK

M2{2,N1u¢I}01=1

GC TG z11

DC 411 I=1,KCK

M2{3,N11{(1))=1

GC 70 211

DC 412 I=1,.KCK

M2(4,N12(1))=1

CCATINUE

CONTINUE

RETURN

ENC

SLBRCUTINE DAS

INPLICIT REAL%*8 (A-F,0-2)
CCMMCAN/ONE/NEICOSyNSTIF,YOUNG(10,412),NBCU;NBOUL, XBU16,€}, INFOL1€E),
1INF12€) KBOUT26)+sCOCRI339393) 9X{343)+N(6)yNINyJINFL(26)sNCFLyNFF2,
2M1(B4,30)9yM2(4430)4NF(26),KK
DIMENSICN NL{30) sN2(30) 4N3 (3G NG (3C)INS5{3D),NE{(3T),
IN7(30),N8(30)sNS(30)yN1G(3C)4yN11(30),N12(3C)
2.VCDE(12)

DATA MCDE/99%39939S4€95484C L0407/
CATA N1/344959699+10411415416,21%0/
DATA N2/546+7+48+10411,12,413,15,2120/
CATA N3/3443%+€51C411,12+¢130415,21%0/
CATA N4/10,11,415,27%0/

DATA N5/7,8+12413,16,25%0/

CATA N6/3+4+59€4104,11,24%0/

CATA N7/11+13,14,15,416,25%0/

DATA NB8/2444+€9E911413514416422%0/
CATA N9/30%0/

DATA N1Q/30%C/

DATA N11/3CxG/

CATA N12/30%0/

DO 210 LL=1,12

KOK=MODE(LL)

IF(KCK.LT.1) GO TO 21l

GO 10 (3G1+3C2+303,304,305,306,+307,308,309,31M,311,312),LL
DO 401 I=1,KCK

MI(1,N1(T))=1



GO 710 211
302 00 402 I=1,KCK
4C2 M1{2,N2(1))=1

GO T0 211

303 0O 403 I=1,KCK
4C3 MLU3,N3(1))=1

GO TO 211

3C4 DC 404 I=1,KCK
4C4 M1{4yN4L1))=1

GC YO 211

3C5 DC 405 I=1,KCK

465 ML{S5,NS(1))=1
GC TC 211

3(6 DC 4Cé I=1,KCK

406 M1(6yNE(T) =1
GC 70 211

3C7 DO 407 I=1,

4C7 MLL7,NT(1))

GC 7O 211

3C8 DO 448 1=1,KCK
4C8 M1(8,NB(I))=1

GC 10 211

3(s NO 4tS I=1,KCK

409 M2(1,NS(I))=1
GQ 70 211

310 DO 4l I=1,KCK

410 M2(2,N10(1))=1
GO T0 211

311 DO 411 I=1,KCK

411 M2{3,N11(1))=1
GG TC 211

312 DC 412 I=1,KCK

412 M2(4,N12{1))=1

211 CGNTINUE

210 CCNATINUE

RETURN

ENC

SUBRCUTINE b6

IMPLICIT REAL#*#8 (A-H,(C-2)

CCMMON/ONE/NEIDOSyNSTIF,YOUNG(10+12) yNBCUNBOULyXB(16,6) 4 INFC(16),
LINF(26),KBOU(26)+CCCR{30+3+432)yX{3,3)9yN(&)yNIN, INF1{26),NDFL1,NDF2,
cM1LBe30L)9M2(4420) 4NF(26) 4KK

DINENSIGN N1(30)sN2(3C)yN3(2CIyN4(3C),NS(30),NE(30),

IN7(30) yN8(30)yN9{(30),N1O{30),N11L{30),N12(30)

ZyMODE(12)

CATA MCDE/9+5+9+315+6+9998+14494,0,0/

DATA N1/3444+59649410911415416,2120/

CATA N2/5469 198410y 11912+412415,21%C/

DATA N3/3+4+45464910411412413415,2120/

DATA M4/1G+11415,27%5/

CATA N5/7+8412913,41€,25%0/

DATA N6/344+546410,11,24%0/

CATA N7/5¢697+84119134914915491€4921%0/

CATA N8/2+44+6+48911913,1441€,22%0/

DATA N9/546+1+,8426%*0/

CATA N10/24446+8426%0/

DATA N11/30%Q/

DATA N12/3C%G/

DO 210 LL=1,12

KCk=NCDE(LL)

KCK
=1



3C1
401

3€2
402

3C3
403

3G4
404

305
405

312
412
211
2 1ii

IF(KOK.LT.1) GC TO 211
G0 7¢ (301,302,303,304,305,30643C7,208,206,210,311,212).,LL

DO 401 I=1,KCK
MLI{1,N1(I))=1
GC TC 211

DO 432 I=1,KCK
ML{2,N2(1))=1
GC 70 211

DO 4C32 1=1]1,KCK
M1(3,K3(1))=1
G0 10 211
DN 454 I=1,
Ml (4 4N4(1))
GO T0 211
D0 405 I=1,KCK
MLI5.N5(1))=1
GO TC 211

DO 406 I=1,KCK
MLI6sNEL(T D))=
GO TO ¢11

D0 407 I=1,KCK
MLIT,N7(I))=1
GO TO 211

0C 408 I=1,KCK
M1lB,NEI{T)I=1
GO TO 211

DO 409 1=1,KCK
M2{1,NS(I))=1
GC TC 211

DC 410 I=1,KCK

KCK
=1

3 M2{U24N1GLI) =1

GG TG 211

DO 411 I=1,.KCK
M2{3,N11(T1))=1
GC 70 211

DG 412 I=1+KCk
M2(44N12(1))=1
CCANTINUE
CCNTINUE
RETURN

END

SUBROUTINE DA7

INPLI
CCMNMC
1INF(2
2M1 (8,
DIVEN
INT7{30
2+MCDE
DATA

CATA

CATA

DATA

CATA

DATA

CATA

DATA

DATA

CATA

CATA

CIT REAL*E8 (A-+,0-1)

N/ONE/NEIDCS NSTIFL,YCUNG(10,12)+NECUsNBQULy XBR(16,4€6), INFO(1E),
€)1 KBOU(26)yCCORI3G 93 43) o X1243)¢N(6)NINJINF1(26)4yNCF1 ,NLCF2,
30),M2(4,4,30)yNF{26)4KK

SION N1(30) ¢4N2(30) 4N3(30) 4sNG(32)yNE{3L }yNE(3D),
YoN8(30),NI(30),N1C(3C),N11(230),N12(3C)

(12)

MCDE/99 11410028808 sC ol 2u 08,07/
N1/3+49596+49410911415,16,21%0/
N2/5+697+48410411,412413,14,15,16,19%0/

N23/2+40E69841C 911912413 914416€20%0/

N4/30%0/

N5/30%*0/

N&6/30%0/

N7/730%0/

N8/3U*G/

NS/30%*%0/

N1Q/730%C/



306
406

3C7
4C7

308
4CE

309
449

310
41

311
411

312
412
211
21)

CATA N11/30%G/
DATA N12/35%{/
DC 210 LL=1,12
KCk=NMCDE(LL)

IF{KOK.LT. 1} GC TC 211
GG TO (30143C24303,304+3C5+2C€,4207,2C8,3C5+2104211,312),LL

DC 401 I=1,KCK
MI(1I,NILI))=1
GC TC 211

DO 402 I=1,KCK
M1(2,N2(1))=1
GC TC 211

DO 4432 I=1,KCK
ML{3,N3(I))=1
GC 7C 211

NG 414 [=1,KCK
ML(4yNG(I))=1
GC T0 211

DO 405 I=1,KCK
MLI{SAS{]1))=1
GG 710 211

DG 406 I=1,KCK
MLIGINE(T))=1
GO 10 211
DO 407 I=1,
MLIT,ANT(I))
GO 70 211
DC 408 I=1,KCK
M1(8yNB(I))=1
GO TO 211
PDC 409 I=1,
M2{1.,NS{1))
GC TO 211
DC 410 I=1,KCK
M2(2,N1u(1))=1
GC TC 211

DO 41l I=1,KCK
M2{3,N11(13)=1
GC TC 211

DO 412 1=1,KC(CK
M2(4,K12(1))=1
CCNTINUE
CCATINUE
RETURN

ENC

SUBROUTINE DAs8

KCK
=1

KCK
=1

IvPLI
ccwvimC
TINF(2
2M1 (8,
DINEN
INT(30
2+ MCDE
DATA
CATA
CATA
DATA
CATA
DATA
CATA

CIT REAL*8 {A-FH,0-2)

N/CNE/NEICCS NSTIF,YCUNG({10,412)NBCU,NBOUL,yXR(164¢&)y INFO(16},
€)yKBOU(26)+yCCOR(339393) oX{3,3),N(6E)NINJINF1{26),NCF1NCF2,
30)M2{4,30)4NFL126)4KK

SICN N1{30) 4N2(30) ¢N3{30),N4(355) NS (3 )4 NE(33),
JoN8(30),NS{3C)yN1C({3C)4yN11(3C),NL2(3C)

{12)

MCDE/ 13413912454 791C413 48494474646/
N1/3v49G910913914415516417920925+42€427517%C/
N2/5+6411,412413,14,15,17,18,20,28,29,30,17*0/
N3/7¢849S915411412413514,15,41¢€,18,1€,18%0/
N4G/3y44546417,25%0/

NE/43648410412414,17,23%0/
N6/7394yCS9€E915,1691791E,1S42C42C%C/



301
4C1

302
4C2

3¢5
405

366
406

307
467

308
4C8

3C9
4(S

310
410

311
411

312
412
211
210

CATA N7/2+49E48410412,414,415,16,17,18,19,20,17%0/
CATA NB/3; %05/

CATA N9/3444+5,6,26%0/

DATA N1O/2 44 46 +48410,12414,23%0/

CATA N11/3+449,10913,14,24%C/

DATA N127/546411,12,13,14,24%0/

DO 214 LlL=1l,12

KCK=MCCE(LL)

IFIKCKLLT.1l) GC TC 211

GO TO (30L14362¢3.39224,395,3i6¢377,3:8,3299310,311,+312),yLL
DC 401 I=1,KCK

ML{1,AN1LI))=1

GO 70 211

0 402 I=1,K(CK

ML{2,0M2({1I))=1

GO 70O Z11

DC 403 I=1,K(K

M1{3,N3(I))=1

GC 70 211

4 DC 4C4 I=1,KCK

MLll4sN4(TI))=1

GO 7C 211

DO 4CS5 1=1,KCK

ML{S,NS(I}))=1

GC TC 211

DO 476 1=1.,KCK

M1{6,N6(I))=1

GC 710 211

DO 4{7 I=1,KCK

MI{T7,N7(I))=1

G0 70 211

DO 4C8 I=1,KCK

ML(B.NB(I))=1

GG 10 211

NC 4C9 [=1,K(K

M2{1,AG{I))=1

GO 10 211

DC 410 [I=1,K(K

M2{2,MN10(1)) =1

GO 70 211

DO 411 I=1,KCK

M2{3,N11(I))=1

GC 70 z11

DC 412 I=1,KCK

M2{4y,N12(1))=1

COCNTINUE

CCNTINUE

RETURN

ENC

SUBROUTINE D2A1J

IMPLICIT REAL*8 (A-Fy0-2)
CCVMMCN/CNE/NEICCSoNSTIF,YOUNG(104+412)yKBCU+NBOULyXB(16,€), INFO{1E),
IINF(2€)sKBOUC26) yCOCGRI3S 93 93) o X{243) yNIEYSJNINYWINFL(26)3NCFL ,NCF2,
2M1{8430),M2(4,30)4,NF(26)yKK

DINENSION NL(30) 4N2(30) 4N3(30)N4{30)5sNAS5(3)4NE(3D),
IN7T{30)4N8B8(30)4NS(3C)yNL1C(3AC),N11(30),N12(3C)
2:MCDE(12)

DATA NMCDE/1341341242431641C90sic0l 9ol yadl

CATA N1/344954100139104,415916917920492S92€927417%C/
CATA N2/5464911412413414,15,17,18,20,28,29,30,17*0/



CATA N3/T7+89S+10511,412+13,14,15,1¢€,18,16,18%0/
DATA N&/l s2+7+4829410,11412512514915916+18+198,20,22+23424+425,2€4217,
128929438 46%1°/
CATA NE/7y8B9S910911412+13914+1541691891G+20+23,26+25914*0/
DATA N6/1+3+5+7+9:11,13,24,27.30,20%0/
CATA N7/73¢*L/
CATA NB8/30%0/
DATA NS/30%0/
CATA N10/30x%C/
CATA N11/730%Q/
DATA N12/3C%G/
DO 210 LL=1,y12
KCk=NCCE(LL)
IF(KOK.LT. 1) GC TC 211
GO YO (3014302+202,304,2C5¢42C€4+30742C842GS9210+231149212) 4L L
301 DO 401 I=1,KCK
401 M1(1,N1{I))=1
GO 140 211
342 DO 4C2 I=1,KCK
402 ML(240N2(1))=1
GO T0 ¢l1
303 DO 402 I=1,KCK
403 ML(3,A3(])})=1
GO 70 z11
304 DO 404 I=1,KCK
404 Mll4a.N4{I)=1
GO 70 ¢11
305 D0 405 I=1,KCK
4CS ML(5,N5{1))=1
GO 10 211
3C6 DC 406 T=1,KCK
406 MLl{e,NE{I))I=1
GC 10 z11
307 OC 407 I=1,.,KCK
407 MLU7,N7(]))=1
GC 70 211
3(8 DC 4C8 I=1,KCK
458 ML(B.NEBII))=1
GO TG 211
3CS DN 4CS I=1,KCK
409 M2(1,N9(1))=1
GC T0 211
31C DO 416 1=1,.KCK
410 M2{2,N10(1))=1
GC TC 211
311 DO 411 1=1,
411 M2(3,N11I(1)
GO T0 211
312 DO 412 I=1,KCK
412 M2{4,N121(1))=1
211 CONTINLE
210 CONTINUE
RETURN
END
$SIC OFF

KCK
)=1

\\:?!LQ-Q;
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