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ABSTRACT

The study, design and inplenentation of a conprehensive
Program ainmed at relieving the Finite El enment Anal yst of the
rigors of «correctly using the conputer to inplenent his
techni que, was presented in this thesis.

It was principally meant to renove the constraint on the
so much required public literacy in the use of the potentials
of Finite Elenent Method in problemsolving and al so increase
the non-conputer professionals desire for Finite El enent
Method as a tool, that will help to describe in an explicit
manner, the steps that will realize his intentions.

The research started froma theoretical standpoint, wth
the stages of the Finite Element Method being isolated and
transfornmed, for cognition and easy nmani pulation, to a well
structured techni ques based on Software Engi neering Approach
using an enpirical variation functional technique.

The resulting interactive Software tool, which makes use
of electronic sheets and subsheets has an edge over nost
conventional nethods. It has also the capability of storage
conservation and program expansion facilities. Though
interactively slow, it is hoped that the design will be very
useful in nost applications that will involve the use of

finite el enents.
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INTRODUCTION

1.1 Finite Element Method

The Finite Element Method we present, is a general
technique for constructing solutions to boundary value
problems. The method involves dividing the domain of the
solution into a finite number of simple subdomains - the finite
element, and using variational concepts to construct an
approximate solution over the collection of finite elements.
Because of the generality and richness of the ideas underlining
the method, it has been used with remarkable success in solving
a wide range of problems in virtually all areas of engineering

and mathematical sciences.

To render the problem amenable to numerical treatment, the
infinite degree of freedom of a system are discretized or
replaced by a finite number of unknown parameters as indeed is

the practice in other processes of numerical approximation.

The method which was developed in the early 1950's in the
aerospace industry, was first presented by Turner et al, (1956)
as a publication. Their publication stimulated other
researches and resulted in several technical articles that
discussed the application of the method to structural and sclid
mechanics. In 1963, Melosh was able to show that the finite
element method was really a variation of Raleigh-Ritz

procedure.
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The application of the Finite Element Method to some
physical problem 1like conduction of heat, started with
publication by Zienkiewicz et al (1965); Visser (1965), and
Wilson et al (1966). The application enlarged when other
investigators like Szab et al (1969) and Zienkiewicz were able
to show that the element equation has some relation to
structural mechanics, heat transfer and fluid mechanics could
also be derived by using a weighted residual procedure such as
Galerkin's method or the least-square approach. This knowledge
became a very important contribution to the theory of Finite
element, because it allowed the application of the method to
many different equations. Mitchell et al (1977) concentrated
on the techniques for solving partial differential equation.
Their work was intended to bridge the gap between the
engineering works of Zienkiewicz (1971) and the Mathematical
works of Strang et al (1973).

Subsequent development has been rapid, and the techniques
are now well established within many scientific and engineering
fields. This advancement has been accomplished in a period of
27 years and has been assisted by the development of high-speed
digital computers, which provided a rapid means of performing

the heavy calculation involved.
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1.2 The General Procedure

With the above development, the Finite Element method
became an important and practical numerical analysis tool.
It has found application in almost all areas of Engineering
and applied Mathematics. The Literature on Finite Element
Method is extensive and rapidly increasing. Extensive
bibliographies are available but are still incomplete.
Numerous text presented the theory of varicus Finite Element
procedures and most of them relegated programming
consideration only to the background, secondary or lower
level Zienkiewicz (1971), Seglerlind (1976) Mitchell et al
(1977) and Rao (1982), with exception of few like Norrie et al

(1975) Taylor (1977) and Akin (1982).

The relegation of programming to the background must have

resulted from the failure in the prospect of a single package
which would be useful for all types of science and

engineering problems resulting to partial differential

equation.

Though some of such packages like:
PDEL by Cardenas et al (1970) LEAN III by Schiesser
(1972) and PDELAN by Gary et al (1972)
were proposed and implemented, their general approach were

academic and could not stand the test of time. The development
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of these packages had been particularly intensive in structural

analysis and includes:

ASKA - for Automatic System for Kinematic Analysis

STRUDL (ICES) - A STRUctural Design-Lanquaqe in the

Integrated Civil Engineering System.
1.3 Difficulties

Invariably, in designing a general-purpose programming
system, speedy execution of the programme is always sacrificed
for programming convenience Berztiss (1975). The more general
a package becomes, the more inefficient it is likely to be for
specific problems. Frank et al (1983}, concluded that a more
concerted effort is highly needed in the area of the economics
of designing general software, since the software must not
consume more than certain amount of computer core memory, nor
tie up more than a certain number of peripherals, and it must

achieve some specified response tine,

For small problems, the loss of efficiency in programming
is of minimal importance for an inexperienced programmer to
obtain ﬁ;aningful results. Oon the other hand, for large
problems that arise in Fluid Dynamics, Nuclear reaction

Technology, Structural Engineering to mention a few, it is of
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vital economic importance (both in cost of computing time and
analysis as well as storage consumption) to design an efficient

program.

In the former situation, the programming ease is
necessarily sacrificed, and therefore, only experienced
programmers can tackle the Finite Element problems. Attempts
have been made in the past to achieve meaningful engineering
results by overcoming the difficulty in learning a Computer
oriented language and employing professional programmers, but
it has been found that they lack goocd background of Finite

Element Method.

Later, the design of a general-purpose package, that is,
a design to facilitate the solving of field problem regardless
of application area started giving way to an intensive effort
in a number of fields of endeavour to develop packages tailored
specifically for users from a specific application discipline,

Newmark (1959).

This permitted the inclusion of features and terminologies
that would have no place in a general-purpose package and
recently, Morley (1981), came up with the production of a
specialized language which uses engineering terms as its basic

input.
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Apart from these improvements, the problem still remains
that it is only the computer experts that can write some
efficient and economical programmes, if they understand the
Finite Element methods, Akin (1982). This is where the
difficulty started and had been a big barrier, since the nature
of communication language between the Finite Element Analyst
(non computer professional) and the Computer, does not

cognitively fit into the Analyst problem solving skills.

1.4 Requirements

While it is generally believed that evefybhé.need not be
a professional programmer, it is of increasing importance to
describe in explicit manner and in a convenient way, to the
computer, the steps that are reguired to achieve one's
intentions. b

1.5 Communication Languages/Problems

The problem .of translating correctly éﬁaiyzed Finite
Flement problems into their Computer equivalent is still an
imperative sophistication (or complexity), particularly with
some complex real-life problems. A programming language choice
will not be out of place, if there will be adaptable tools (or

methods) that will assist or translate with ease, the well
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organized Finite Element Method into its computer equivalent.

If this can be achieved, then, the finite element
analyst's problems are solved to some extent, because he is now
rest assured that his ideas can correctly and perfectly be
translated or transformed into a computer language via the
designed tools or methodology. Moreover, he will now have to
concentrate on enhancing the application of Finite Element
method rather than concentrating on ways of solving a limited

number of problems.

Although a number of programming languages are currently
available, only some, such as PL/I, FORTRAN AND BASIC are
considered suitable for solving problems of Finite Element
Method, AKkin (1981) and Cardenas et al (1970). Some of these
languages subject the user to adapt to the constraints and
implicit strategies facilitated by them, almost all of them
presently have available efficient facilities onto which
structured equivalent of Finite Element Method will be
translated through some tools. Generally, people tend to
program correctly, easily and perfectly when the language
facilitates their preferred strategy Berns(1984). Most recently
Packages, which include Rule, Function, Table and Plot windows,

had become valuable tools for achieving interactive results.



1.6 Software Development Methodology

Traditionally, preparation of a program meant that one
prepares a flow chart, Aho (1974) and write the code while
sprinkling the code with an occasional comments. As software
development cost are mounting, writing and maintaining program
became a serious business, research in the development of tools
or areas of programming methodology which will ease the
transformation of problems that will reduce these costs started
to emerge. One of these approaches is the Software Engineering
Techniques, which is principally based on the aim of
correctness, clarity, comprehensibility, modifiability and

maintainability, Berns (1984).

This approach can lead to a development in terms that
match intuitive data type and operations, that is, the concept
used to understand a problem originally, and generally the best

concept to be used in writing program to solve the problem.

1.7 Rationale of the Research

Since there had been advancement in the theory and use of
the generality and potentials of Finite Element Method in

solving many scientific and engineering problems, there is need
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for correct and satisfactory transformation programming. There
is also need for the removal of the constraints placed, as a
result of the steps of this method, which normally results to

an imperative use of computer in achieving meaningful results.

So it is on the bases of these constraints and their
concomitant problems that we have embarked, through a software
engineering approach, on the search for some simple, easy and
less complex method and procedure to be used by non-computer
professionals, which will not be far from the conventional

steps of Finite Element Method.

This approach will remove the constraint on the so much
required public literacy in the use of the potentials of Finite
Element Method in problem solving and will also increase the
non-computer Professionals desire for Finite Element Method as
a tool, to be able to describe in an explicit manner to the

computer the steps that is required to realize his intentions.
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1.8 The Proposed Research

1.8.1 Theory

It is propeosed to make a general study of the procedure and

steps of Finite Element method. These studies will include:

(1)

(iii)

(iv)

The study of the formulation, generating theory
and numerical procedure of Finite Element

Method.

The study of +the probklems and important
computational aspects pertaining to the
understanding and implementation of the Finite

Element methods.

To study and utilize the large generality of
Finite Element Method Analysis Techniques over

other numerical methods.

To study the potentials by utilizing many
elements to variationally approximate any
continuum with complex boundaries and loading
conditions, to some degree that an accurate

analysis can be attained.
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1.8.2 Programming

As we intend to design, structure and implement the

theoretical studies in a more efficient manner, it is desired

that the major programming will concentrate on:

(i)

(ii)

The reduction of cost of analysis, since the
increase of the number of elements also increases
the means regquired for relevant data and

interpretation of result, and large amount of time.

To find a way of reducing the much pronounced
limiting problem placed by program and computer in
the use of large computer storage _in the

idealization of continuun.

(iii) To develop some programming methodelogies to bridge

the language communication gap between the Finite

Element method and Computer implementation.
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1.9 ese e

It is intended that concentration will be on problems
resulting to partial differential equations, this will be
broken down to their equivalent but approximate set of
algebraic equations. Variational technique will be used to
achieve functionals which may actually represent some physical
quantities in the problem to obtain lower-order derivatives,

Bathe (1982).

Restrictively, it is always possible to find an equivalent
variational formulation to a given differential equation, so
the method of derivation of the required equilibrium equation
by using a weighted residual method such as Galerkin method,
Bathe (1982), which has considerably enlarged the range of

application of Finite Element method, will also be considered.

Functionals will be subjected to various trial or shape
functions, Allaire (1985), and structured, not only to study
their potentials in solving the language communication
problems, but also to see to what extent the various approaches
will reduce the storage limitation and the enhancement of

accuracy.
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Programming techniques, based on the method and theory
that will allow planning, design development and possibly
maintenance of software for modern computers, will concentrate

on the following:

(i) Data manipulation of element incident 1list for

linear and isoparametric elements.

{ii) calculating of element characteristic and equivalent

nedal load.

(iii) Assemblage of element characteristic matrix and
load vector onto their global equivalent. To
ascertain the efficiency of the adopted approach,
application will be made to some special and common
field problems like Fluid Dynamics, Heat Transfer,
Solid and Structural Mechanics and other empirically

application fields.

1.10 Facilities Available

The Kashim Ibrahim Library of the Ahmadu Bello University,
Zaria and the Abubakar Tafawa Balewa University (ATBU) Library
of Science and Technology served as the main source of

Literature.
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All Computer work was done at the Abubakar Tafawa Balewa
University Computer Centre, which is equipped with various
Computer Systems, including the interactive VAX 11/780 VMS,
with a memory capacity of 4 MegaByte and having FORTRAN, PASCAL
and BASIC compilers with debugging facilities, and an online
CALCOMP plotting package. The Centre is also equipped with IBM

PC MicroComputer.



Chapter 2.

2. The Theory of Finite Element Method

2.1 Introduction

Finite element models of various problems have been
formulated from simple physical intuition and from mathematical
principles. Historically the use of physical intuition led to
several early practical models. However, today there is
increased emphasis on the now well established mathematical
foundations of the procedure Babuska et al (1972), Debor

(1974), Oden et al (1976).

2.2 General Finite Element Procedure

2.2.1 Nodal and Element Characteristics

In the finite element method, the solution domain is
subdivided, into a finite number of discrete-sized subregion
called finite elements. A discrete number of nodal points are
established with the imaginary mesh that divides the region
into elements ranging from line (one dimensional) to solid
(three dimensional) elements. These nodes are often located at
intersecting mesh line but can also be located inside the

element.

The nodes are numbered or assigned identifying integer
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numbers (node numbers) beginning from unit and ranging to some
maximum value. Each element is also given an identification
number which also begin with unit and extend to the maximum
number of elements. The number of the nodes and element have
some significant effect on the accuracy, solution time and
storage requirement. Each node has its local and global
number .

A number of degree of freedom is usually assigned to each

node (usually uniform). The number of degree of freedom in the

system, say n, , is the product of the number of nodes, N and

the number of degree of freedom per node n;

n, = N+n,

Similarly, the number of degree of freedom per element

is the product of the number of nodes of the element, M, and

the number of degree of freedom per node n,; :

ne - M‘nl

A system with N=5 nodes, n;, = 6 degree of freedom and M=2

local nodes will have a system degree of freedom:
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n = %6 = 30 and element degree of freedom

Each of these degrees of freedom will have a numeric number for

every node of the element such that the degree of freedom

number D,, of the jth parameter at the system nodal number i

is defined as:

D, =

i3 = 1 * (I-7) + J, 1 <1< N}..i < J<ng

50 that 1Dy ng Graham et al (1984).

In addition to the above constants the spaée dimension
of the problem can also be calculated and these quantities can

be used to calculate the size of the storage reguirement.

An important concept is that of the element connectivity,
i.e. the list of glecbal node numbers that are attached to an
element. The element connectivity defines the topology of the
mesh. Thus each element requires (in some consistent order)
data for all the node number that are associated with a
particular element. This list of node numbers connected to
a particular element is the element incident 1list, Akin

(1982).
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Several approaches to mesh generation and refinement had
been presented. These include that of Jones (1974) and Sloan

et al (1983). A study on mesh generation method gave the

algorithms for simple meshes in one and two dimension.

(i} A uniform mesh of linear elements on interval (a,b)

is generated thus:

1. h = (b-a)/n:

x, =a and n=number of elements.

2, For i =1 tonbyl

X;,q = X; + h : defines the node location

3. Element i is connected to nede i1 and i+l
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(ii) A uniform mesh of linear rectangular element on

(a,b) x (c,d) in R? is also generated thus

1. h = (b-a)/n, k=(d-c)/m

x; =a+(i-1)h for i=1 to n+1

) 2 =c+(j=-1)k for j=1 to m+l

such that m x n = N elements.

1 tom

2. For j

1 ton

For i

k=(j-1)n+i at the nodes (i,])

(%,,Y,) give the node location for node k

3. Element e = (j-1) (n-1)+i, i =+ n, j * mis

defined by node k, k+1, k+n and k+n+l.
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2.2.2 Approximation of Element Behaviour and Egquation

The variables of interest (and its derivatives) are
uniquely specified throughout the solution domain by the nodal
parameters associated with the ncdal points of the system.
It is these nodal parameter that are regarded as the unknown
parameters of the problem. The parameter at a particular
node influences only the values of the quantity of interest
within the elements that are connected to that particular

node.

Interpolation function is needed to relate the quantity
of interest within the element in terms of the values of the
nodal parameter at the nodes that are connected to that
particular element. (i.e. element incident 1list). For
computerization, it is easier to formulate the finite element
equations with polynomial type of interpolation function. It
is used specifically as it is easy to differentiate as well as
integrate. The order of the polynomial can also be increased
in order to improve accuracy, Strang et al (1973},

Vemuri et al (1981).



Commonly Used Polynomial are Tabulated in Table 2.1. below:

Table 2.1. Commonly used Polynomial
Mode 1-D 2=D 3=D

n=1 T(X)=a,+a,x

T(X, V) =0, +0,X+0,V

T(Xr V. z) 'al"'ﬂgx“'ﬂ;}"’aiz

Linear
n=2 T(x) =@, +a,x+a,x* T(X,y) =0, +0,X+0,y T(X,¥,2) =0, +Q,X+0,y+Q, Z
Quadratic ra X v Vv Xy +o X2 yive,z v xyra, vz
+0, o X2
n=3 T(X)=a,+@,x+a,x* T(X,y) =@, +a,X+a,y T(X, ¥, 2Z) =0+ 0, X+ V+0, Z
+or x° X Vi XY e, X ta XA Vv, 2R 0 XY 0,V Z
Cubic +o Y +a, x2y+a, Xy 2 +0, XZ+0, X3+, ,V 0,423

2 P 2
U, XY X2 XY

2 2 2
@, ViZrR, X250, VZi v, XY 2

After the element behaviour had been approximated by a

chosen polynomial,

the next fundamental problem is the

establishment of the element matrix and vector. Historically,

the matrix and vector are known as the stiffness matrix and

load vector respectively.

The realization of these matrices

involves the substitution of the interpolation function into

the governing integral form.

Although these matrices are sometimes developed from

intuition, they are usually formulated by the variational

minimization of a functional or by the method of weighted

residuals (Galerkin's method) Norrie et al (1975).
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2.2.3 Assembly and Solution of Equations

Once the element equations have been established, the

contribution of each element is added to form the system

equations. This equation is usually represented in vectorial
form as:
S{T} = {V}
where the square matrix s is ( n,xn, ) in size and the
vectors T and V contain n values each., The vector T will

g

contain the unknown nocdal parameters and the matrices § and V

are obtained by assembling the element matrices. The element

matrices S°® and ve are ( n,xn, ) and ( n, x 1) in

size respectively.

The system matrix S is usually symmetric and banded about
the diagonal. Thus, the half band width, including the
diagonal is an important quantity in the consideration of any
finite element solution. It has been established, Seglerlind
(1976), that the half-bandwidth (or simply bandwidth), B, is

calculated using

B = (R+1)* n,
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where R is the absolute value of the maximum difference
between the number of the nodes connected to the element and n,
is the nodal degree of freedom.

The minimization of B depends on the minimization of R,
which can be partially accomplished by labelling the nodes
across the shortest dimension of the body. The quantities B,
is one of the important values which govern the storage
requirement and solution time of the system equation. The
normal practice is to minimize the maximum difference in the
node number associated with each element. Several finite
element application do not utilize a banded matrix solution
technique as they can employ a frontal solution of a sparse

matrix solution, Rao (1982) and Bathe (1982).

Before solving for the unknown nodal parameters, the
boundary constraint are applied to the system equation after
the assembly. The common types of nodal parameter boundary

constraints are:

(i) defining explicit values of the unknown on the

boundary

(ii) defining constraint equation that are linear

combinations of the nodal quantities.
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Finally the system equations are solved by means of
procedure which accounts for the sparse and symmetric nature
of the problem. The commonly used method of solving system

equations are:

(i) Gaussian Elimination

(ii) Choleski Factorization

(iii) Gauss-Choleski Factorizaticn

2.3. Variational Formulation of the Finite Element Method

As the technique will attach importance to the area
that interfaces the user with the details of the problem area,
we will empirically used the variation method on some two-
dimensional poisson equation, with a simplex trial function on

a triangularly discretized region, Rao (1982).
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. 2.3.1. Problem definition:

We considered a generalized functional

(K 0T, K, 0T, . PT?_ et .
Jf:[[ = (50 (gD 2-E -or da {[—2— BTV di vurn...(2.1)

which is an equivalence of a general two dimensicnal boundary

value problem of a homogenous material

oT

a (K aT)+a_(?V_(Ky"__ +P(X'y)T+Q(X'y)-D in Jz oa. ------ .....(242)

Ox X ox

9y
subject to the boundary condition

ar. . T | |
Kxaquyﬁ;nym(x,mﬂﬂ(x,yJ-0 on L ................(2.3)

the coefficient KX, and K, are constant while 1w, and
n, are the direction cosine, P, Q, «, f are all

function of x and vy with & and f defined on the boundary,

L, alone. The continuum is the union of A and L. The domain,
A, is assumed divided into E triangular elements, such that the

general functional becomes

: . x :
J=J o g2 g3 o, +J{E’—EJ‘E} ......... eeeaa(2.4)
1

Vemuri (1981).
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We now consider a particular element, e, and assume
a simplex two dimensional trial function to approximate the
field variable at the various local nodal points i, j, and k,

such that if
T'® - @, + a,x + @,y in the region A ,
then we have

Ty o= 00y + 0,X; + &Y, ;-:
Ty = @) + 0x; + A7

Transformation will give

Ti® = N;T; + NyT; + N Ty O R R TR REREREERERRNY CR)
where :
1 . - . i

N:- -m(ar +brx+ Cly) for r'—l’ j’ k- l..l..!fll....(2.6)

(x,¥) is the spatial location, T;, T;and T, are the nodal

)

parameters and

I

ak - Xin_XjYi’ bk - Yi_Yj' C_,c - Xj“'Xi

(X ,¥ ), r=1,3,k are the coordinates of the element

incident list. The area of the element is given as

ate) = Libe; - bie) ... e eieaaaaas e (2.8)



For optimal solution, it is required that the functional be

minimized such that

a_J-i - (e) -
= a:r‘;;}) 0

Evaluating equation (2.9) and substituting (2.5) where

aTe ON, aNI ON,
ox ox Ty * ox Ty ox "
M m ek Rlgtif | =
3 3y Sy + % Ty * 3 T, and
oN, 1 ON, 1 ; .
ax 2AF' By " 2ASr 0 T™h ke
such that
orT*®

1
—-é"; - ﬁ [bjTj + bjTJ' + kak]

ore _ 1

-—87 2A [CiTj + CjTj + C'th]
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We now have

bl

ERE 4a?
S PN TN, T N Ty) 2= Q (N, T+ NyTy+ Ny Ty ) 1A
+f<%“(NiTi*NJTJ*Nka)2-I3(NiTi"NJTJ*Nka))dL -0
L

K K | .
97 09 [%ff[-ifz- (Tib+T;b 4+ Tyeb, ) 2+ —2- (T, 4+ T, 4 TGy )
A .

llII--IID..Ottttaooo(zolo)

. T i
were T, = | T _ o {i
Tk Y
(AT
oT;
aJ . .
ie. & LB -0 ... e Ceeeeee.(2.11)
or a7 R
L 0Tk | L
such that
b, ' <
%ff[ﬁ (T.ibi"'ijj"'kak) + 2‘;2 (chi+chj+chk)
A

~N,P(N;T;+N; T+ N, T,) -ON,;] dA
F9 ] .

b, ol
i 3 7
?f;[['z&'z— (Tib1+ijj+kak) + 5al (Tici+chj+chk}

SNPAN TN, TN, T) -ON,J A ceivaennns (2.12)

+[ (@l (N, T+ N, Ty+ N, T,) -BN) L = 0
L

bk Cr L

+f(aNk(NiTi+NjTj+Nka) -BN Y dL = 0
L . .




Integrating (2.12) with respect to A and L and taking

[[bibida - b, [[bsbida - byb,
A A

[[nida - 2a, [[wnda - L
A A

.[NidL - _!N,ciL - %, {Nde - —§ {Niwjdz, - —é:

we obtain

K Db, K.C.
-—fEi(Igb +7}bj+2}bk)+——1—i(Iﬂci+T}cj+T}ck1

-.-..l--..l(2l13)
(2T1+Tj+Tk) —i-f “L (2T;+ T3+ T}) +—% - 0

K K.c
.000000.000(2.14)
-%(T1+2TJ+TJ,}-L+ aL(TI+2Tj+Tk)+-% -0

K K, c
-.b-----'l-(2115}
—Tz-(ri+Tj+2T,,)—0A “L(T +T+2T)+% -0
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When written in matrix form, the element continuum equation

becomes:
b;b; byby; b;b, CiC; €4€4 C;Cy
K| byb; b;b; bib, , K| 3¢5 €565 €50
4A\ b,b; bb; b, b, 4A| C,C; C)Cy CrCy
swik s snnilEa18)
211 211|(T 1 1
_PAl1 21|, eL|121|| Ty _ QAl1]|_ BL|1
2112 6\112 T 3%1 2 13
which is the same as
S{TY = V]  (iiirisarasi FERETERG § AETEARa & V%S (2.17)

S is the element stiffness matrix and (V! the element load

Vector.

A more compact equation of (2.16) and (2.17) becomes

S;i Siy Six 7 v
Sii S35 S || Ty
Sk.f Sl‘_’ Sl‘k Tk Vk

C e teeaereatereranrasananannaes(2.18)
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Noting that L is specifying all the boundaries of the element, L, Lj

and Ly under consideration, and that a maximum of two sides

can be evaluated depending on the location of the element under

consideration, we define a "natural" alternative form of

equation (2.18), the stiffness matrix Allaire (1985).

KDbb; = Kcscy AP Ly | @l

S11 " —7a aA 6 3 3
g, « KaPiby  KeCicy ap | 8Ly
i 4A 4A 12 3
S = &0y + K,cic; _ AP 0 w—-——“!‘j
ik 4A 4A 12 3
S, = K‘bjbi + K.VCJCI - A_‘P + u_LE
vE 4A 4A 12 3
K.b;b XK c,c AP al el
- jj{- y-""-——*"‘ j'j"" j* L I R -
513 4A 4A 6 3 3 (2.19)
Ik 4A 4A 12 3
o Kb,b; 5 K,CiCs AP + aL;,
& 4A 4A 12 3
Sy - Kb b | K,CiCy AP . &Ly
4A 4A 12 3
g Kb, b, , Kl AP, aLy  aly
ki 4A 4A 6 3 3
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It could be noticed that 5,;-5;;, S;;~S; and 5,5, .

The load vector can also be written in the form

A0  BLy;  BLy

Vi= 57 3 2
AQ BL” 5Lu
V--__ - R R TR R EE R - - 2.20
I 3 2 ( )
v. - A0 _ PLiyx _ BLy,
& 3 3 2
where

Lij - ‘/ta’{j'—XX)z * (Yj_yi)z

Ly = J(X}'X3)2 + (y}-yb)z § smlEadied ¥ Eeaewaas % daweesas @ ¢ (2.21)

Lti - J(Xj—xk)z + (YJ-YK)z
2.4 Assembly of Element Equations into Global Equation

Once the element stiffness matrix (equation 2.19) and
the load vector (equation 2.20) are found in their common
global coordinates system, the next step is to construct the

global stiffness matrix and the global load vector.

Each element is considered in turn and the element
nodal numbers matched to the proper location in the global

matrices. We considered a triangular element where the element
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coefficient matrix is 3 x 3 (equation 2.18) and the element
column is of order 3, such that if K is the global stiffness
matrix and {P} is the global Load vector, then K can be

obtained by algebraic addition as

N
kK - Yys°
e-1
N
and (BY = YT AVE® sisseinussinne ssansseisasessees seens (2422)
a=1

where &° can be regard as the expanded element stiffness

matrix and ({V}? is the expanded element load vector. The

expansion is to the size of the global stiffness matrix and
load vector respectively. The procedure of assemblage can be
illustrated with reference to the assemblage of four triangular

element each with one degree of freedom.

i = Element number.
j = Global Nodal number.

Fig 2.1. Assemblage Method for Triangular Elements.



-34-
Fach node is numbered locally in anticlockwise direction,
i,j,k, such that the following table will give the global nodal

number in relation with their local nodal number.

Table 2.2. Element numbers and their corresponding

global coordinates.

Element Number: i j kK <==-=- local nodal number
1 1 2 3
2 2 5 3 Global nodal number
3 2 4 5
4 1 4 2

If the equation represented by (2.18) is that of any element in

Fig 1. then the expanded form of element 1, will be:

[ \ (1)
(811 Sy S 0 07 1 v,
Sy Sy Sga 00 T2 ¥
S S UD T - v TR R T T e (2-23)
ki Sk Sk : k
0 0 0 00 T, 0
Lo 0o 0 00, (Ts) \ 0

for the 2nd element the expanded global equation is thus:



QO O Q o O

The

o Q QO O O

and

0

0
\ O

0

0

0
Q

0 0 0)
S;i Six O S5
Sei Sex O Sy
0 0 0

Sji Si O S5

o B B o B o B o

§
Si; Six
S.FCI Skk

Sji Sjk

Si5 Sk

Sys Sae
Skj Skk)

o o O o0 0 o

0

0

The

o \

0

0O 0 o o0 o0 o

{2]

t3)

{4)

avus @ 8 O

(2}

(3

(4}

global stiffness, K matrix can now be obtained
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from the summation of equation (2.23) to (2.26).

The same can

be done for the global load vecter {P} by applying equation -

(2.22), such that:

KT} = (P e

where
7
1 (a {1) (4)
sii'vsit s s sk S5
{1} {2)
(1) L) 7 *Eii ot (1) o t2) (3) . o id}
Sji +Skj 3] . o (4) Sik +Sik 813" +Sky
S +Skx
K= (1 (1), o (2) (1) | ot2)
Ski  Skj Sk Sgk +Skk 0
(4) (3}, 4l4) (3}, o (4)
Syi S31 *5x 0 S35 +S53
@2} (3 (21 (3)
0 i Sji +Ski Sjk SU
\
4 \
v,y S
{1) {2) (3l (4) T
le +V;5 VTV,
T,
{p} - v,y and {7} -
k i T,
13) , rr(4)
Vel 4 W
1 1 T,
2] o (3)
Vj 'l'Vk TS
\ / \ /

Sjk

(2)
Si3

Cd

{3}

3
+S5x

.I J

.. (2.28)
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As S is symetric according to (2.19), for a particular element

e, Si7 -5, Sif = 542 and Sif) = i and then the global
matrix K is a symmetric matrix such that:

1) {4) (1) ta)
Ky, = Sj; Six = K, Sji° * Sk

+

(1) (1)
Kyy = S = Ky, =~ Sk

(1) t4)
Ky = Sy Ky = 55

(2)

(2 1)
K, = 5;11) + 8i3 SJ;- + Sii

1
R
'

{3) (4)
Sjj = Sjk

(3) (4)
Ky = SIJ + Sij K,

(2) {(3) {2) (3)
Kps = Sii + Sik Sji + Sii

]
ke
1<

1

(2) (2)
Kys = Sy = K3 = Sjk

The global load vector will then be:

{p} - vi¥+y{¥

(B} = V42 P ey
{p,} - V,E”+V,fz’
{P‘} _ VP}-#V}“
(P} = vi¥ e
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The expansion ©of the element stiffness matrix and
load vector to the glokal equivalent is just an illustration of
the algebraic summation of the elements {(equation 2.27), the
local nodal degree of freedom numbers are translated tec fit

into the global ones.

Some of the stiffness coefficient and their load
components are not yet of the general form described in (2.19)
and (2.20) because they do not contain the boundary
contributions. The derivative boundary conditions are actually
included in the element matrices in (2.17) and during assembly

in (2.28).

The prescribed or the geometric boundary conditions
can be effected by modifying equation {2.27) at the nodal

points to include the prescribed nodal values.

If equation (2.27) is considered a general banded matrix
just assembled, and T; - @, is a prescribed nodal value, then:

(1) all coefficient K;; in row i are set to zero, j#i

and P; 1is set to K, 0;

(2) Subtract KX;08; from P; and set K;; to zero,
F#i.

The resulting matrix will remain symmetric and banded.



Consider the global equation:

r YN £
K, X K3 0 O T £
Ky Ky Kyy Ky O Ty By
Ky, Ky Ky Ky Kyg || Ty | T | B
0 K K3 Koy Kys || T F,
0 0 KEJ KE!‘Q K55 T5 P5

\ /SN N

in which a geometric boundary condition is prescribed on

nodal value T, -0,

The first transformation will be:

7 SN f
Ky Kz %3 00 Y ! :
0 kK, 0 o 0 || K,,0, -
Ky Ky Ky Koy Bos || T3 | 7| By Ml
O Ko Ky3 Ky K5 || Ta Py
0 0 XKy K5y K5 || T By
\ . VA \ /

The second transformation follows:

the
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( \ ( A ( \
K, 0 K, 0 0 i P1'szez
0 K,;, 0 0 O T, K,,0,
Ky 0 Ky Ky Ky Ty [ 7| Pi-Ki20,
0 0 K Ky Kis T, Pd'Kdzez
0 0 K3 K5y K T Py-K,0,

\ /A / \ /

The resulting system of linear equations can be solved directly
by Gaussian elimination or the Choleski method; or iteratively

by the Gauss-Seidel method.



Chapter 3.

OD SOFTWARE

3.1 e i inite e ethod

The success of the finite element method is due, in
no small degree, to the ease with which the method can be
implemented in the form of a general purpose computer programs.
This also requires the use of a Computer and a sizeable amount
of programming effort, in that it will be impossible for a
potential user of Finite Element Method to program the entire
code from scratch. The user will also be faced with a long,
difficult and often impracticable task. It is therefore
essential that the programming effort and knowledge of previous

workers be utilized as much as possible.

A number of large finite element computer codes and
packages had been developed, Marek et al(1980). Several of the
early codes were developed at a great cost in both money,
labour and time, yet they were highly specialized, machine
dependent and difficult to modify, thus they rapidly became
obsolete, Madsen et at (1976). The more desirable types of
general purpose Finite Element Method program are those that
are designed for comprehension, modification and possible
updating by the user. It is also desirable for the user to be

familiar with the internal function of the computer program to
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be able to take full advantage of the basic potential and to
avoid its inappropriate application. These desirable
objectives are most easily met if the program consist of
several building blocks or modules.

In thié chapter; we discuss fhe deéeiﬁpment of a
Finite Element Method program for the solution of some general
class of boundary value problems., Some fundamental
considerations of the code design are presented and the overall

structure of the code outlined.

| Tﬁe details of the code afe given, iﬁ‘forﬁ.bf flow
charts, so that for a given application it is possible to
assemble the appropriate procedures in addition to any written
program to meet some special needs. Of course, such a System
of Finite Element code generally requires a simple main
programme whose function is to call the various required

procedures in the appropriate order. ,

As will be viewed by the user, the finite element
code consist of three major parts and controlled by a main

program.



Y B
3.1.1, cture
A digital computer performs three basic functions:
a.) It receives data defining the specifics of
a problem;
b.) It processes the data;

c.) It produces the results of the processing.

Most of Finite element method codes can be broken

down into three corresponding units:

a. PREPROCESSOR;
b. PROCESSOR;

c. POSTPROCESSOR.

The main program consists of only a few program
statements which establish data blocks and call various
procedures in the system. Here the main program calls the
three program units: PREP, the Preprocessor, PROC, the

PROCESSOR unit and POST, the Postprocessor Fig. 3.1.



a4

Fig 3.1.:

—7 PREPROCESSOR < )
71 PROCESSOR ‘ =
1 POSTPROCESSOR < 7

Main Prograiming Call of PRIP, PROC, and POET
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For trends towards more flexibility, more reliable

and more fully automated codez, the idea is that the program

objective may not necessarily be fulfilled by merely the

presentation of results of a specific series of calculation.

Test can be done during postprocessing to assess automatically

the quality of the solution which can signal the need for

changing the parameters in the problem statement and thereby

cause a return teo either the preprocessor or processor.

3.2. The PREPROCESSOR.

The unit PREP (Preprocessor), Fig. 3.2., consist of

various procedures that sets up the input data; generate

problem data; and define preblem-dependent parameter and data

array. These procedures are:

(a)
(b)
(<)
(a)
()
(£)

SCON - sets the control parameters;
SMESH - sets up the mesh coordinates;
SELEM - sets up the element data;
SBAND - sets up maximum band width;
SMAT -~ sets up the material property;

SBC - set up boundary condition.

¥
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SCON
Sets up the

Control Parameter

SMESTH
Sets up the Mesh

Coordinator

SELEM

Generates elanent
data

SMAT

Sets up elament
Material Propcr-
ties

SBAND

Set up the Maximum
Bandwidth

sSpC

Set up the bounda-
ry conxlition

Fig 3.2: Sub bLividad Procodurces of PREP
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The SMESH procedures which is supposed to do
labelling, numbering and counting of elements and nodes
together with the 1listing of coordinates of nodes is an
extremely time-consuming and arduous task, expensive, likely
to lead to data errors and delays project completion. An
alternative method is automatic mesh generation Smith (1980).

i [t IS edure Set-up-Co - ete :

This procedure first reads in the number of global
nodal number, the number of local nodal number, the number of
elements and the number of coordinates. The algorithm to
perform this operation is shown in Fig. 3.3. and the variables

are :

NGNODE - Number of global variable collected by
counting the number of nodes in the

entire problem required;

NLNOD - Number of nodes associated with an
element;

NELE = Number of elements in the entire problem
region;

NCODS - The number of coordinates values in a

node, one dimensional problem has one
coordinate, two dimensional has two
coordinates while three dimension has

three coordinates;
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I
Y J =1
(:_srnRT j) K=1
READ 4
NGNODE ,NLNOD, .
NELE, NCODS EAR
NODE(I,J
e
l = | F j\
J =1 P = NODE(I,J
NOCC=NODCOD(P,K
d - CODS(1,J,K)=H0OD
READ
NODCOD(I,J)
K = K + 1
J = J + 1
N
| J = Jd + 1
K = 1
[ =1 + 1
J =1
3 =1 k\\\\\\\\
]x . LN 1 > NELC
N g 1 s
] = I + 1 \"\_ ? /
] P

F ( RETURHN i:)

Fig 3.3: Procedure to set up control Parameters,

L4
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NMAT - The number of material properties to be

read; ©
NDGRIVE =~ Number of the derivative boundary
conditions;

NPBOUND - The number of node with prescribked

boundary conditions.

3.2.2. Setting up the Mesh Coprdinate, SMESH.

This procedure reads a data that define the x, vy
and/or z coordinate of all the nodal points of a problem,
depending on the value of NCODS in procedure SCON, This
procedure is still a part of algorithm in fig. 3.3. The
variable that keeps account of these ccordinates is:

NODECOD(I,J} = The Ith node of the Jth coordinates

1] <I < NGNODE and 1 < J < NCODS.

3.2.3. Procedure to Sét up the Element Data, SELE.

Based on the data gathered from SMESH the elements can now
be idealized with respect to the subseguent input variable.
These variables are:

NODE(I,J) - the Jth node of Ith element
1<J<NLNOD and 1<I<NELE; :
Cobs (I,J,K) - the Kth coordinates of the Jth node of

Ith element, such that 1<K<NCODS.
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The nodes that compose an element are read in a set of
NLNOD times, and the associated nodal coordinates are allocated

to coDS from previously read NODDECOD, based on the presently

read node - NODE. The later part of Fig. 3.3 shows this
procedure.
3.2.4 P edure to the Bounda Conditions SBC

The function of the procedure is to read in the
prescribed boundary conditions together with the node on which
it is prescribed based on the number of the prescribed boundary
conditions which was read by procedure SCON. The element
number of the derivative boundary condition, along with the
side of the element that contain it, are read. The algorithm

is shown in Fig. 3.4 with the variables:

GBNDNO(I) - is the node number that has a prescribed

boundary value;

PBOUND(I) - is the prescribed boundary value for the

GBNDNO(I) node 1<I<NPBOUN;

DELENO(I) - is the element number that contains the

derivative boundary value;
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G O

READ

: NPBOUND

READ

JeenoNo(1) | —

PBOUND(T) DHDNO(T)

A ALPHA(T) ' A
SETA(])

’

> NPBOUND
?

READ
NOCRIVE

(fRETURN _j>

i Fig 3.4: Procedure to Rcad in the Boundary Condition.
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NSIDE(I) - is the side of DELENO(I) element that

contain the boundary value;

ALPHA(I) and BETA(I) - are the value of « and

that are to be considered on the

1<I<NDRIVE.
3.2.5 Procedure to Read the Element Material Properties-SMAT

The element material property is read by this
procedure. In many cases this properties is the same for all
the elements. In the cases where they vary, they usually vary
with respect to their geometric position. These are calculated
subsequently as shown in Fig. 3.5. The variables in the
algorithm are:

KX(I)

KY(I) the coefficient of the equation for the
P(I) Ith element.

Q(T)

Because these coefficients vary from problem to
problem it is difficult to write a special subroutine that will
compute the various values when cone of them is not a constant.
The one- and two-dimensional problems can be read, based on the

inputs made in SCON.
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Enter wit

Hith

ELEMENT
(1)

Read
Kx,Ky,PE,QE

( RETURN )

Fig 3.5: Procedure to Read Element Material Properties.
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J=K+1

HBW = 2

A

K > NLNOD

(:}ETURH

DW g ND NDW = ND

Fig 3.5b: Continuation of Fig 3.5
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3.2.6 Procedure to Compute the Band width of the

ro S -

The labeling of the nodes (assigning a number) would be
a trivial operation if the node number did not influence the
computational efficiency associated with obtaining a solution.
A reduction in the bandwidth produces a reduction in the
required computer memory space plus a reduction in the
computation time. Algorithm SBAND, Fig. 3.5b, goes through the

whole number in pairs to find the maximum bandwidth, by using:

NODE(I,J) = the Jth node of the Ith element;

ND - a temporary variable to hold a

particular difference in node numbers;

NBW - the maximum bandwith.

3.3. The PROCESSOR.

The Processor, Fig. 3.6, is the most important unit
of the entire package. Here, we typically evaluate the element
shape functions; calculate the element stiffness matrix, and

load vector; assemble the global matrices; apply the
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SHARE

[LEH M-

GETMAT

o \\\\\\N\NNN\. _*

ASSUMB
PROC APLYBC === PRESCRIBS
PROCESSOR BOUNDARY CON-

TRI

SOLVE

BACK

Fig 3.6: Sub Divided Procedures of PROC.
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boundary conditions; and solve the resulting system of
algebraic or differential equations. The routine PROC
(Processor), is broken down into three major subroutines which

in turn has subsequent subroutine. The major subroutines are:

a) FORMKF - formulation of the stiffness matrix
and load vector;
b) APLYBC - applying the boundary conditions to
the global stiffness matrix and
load vector;
c) SOLVE - solves the linear equations for the

nodal point value.

The FORMKF procedure will call four other subroutines:

* to calculate the material properties of the region
under consideration by using subroutine SMAT;

* to calculate the shape function by using
subroutine SHAPE;

* to calculate the element stiffness matrix and load
vector by using subroutine ELEM; and

* to assemble the element stiffness matrix and load

vector by using subroutine ASSMB.
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The SOLVE procedure consists of two other routines that will:
* performs the gaussian elimination by using
subroutine TRI; and
* perform the back substitution by using subroutine

BACK.

3-3.1’ t i t e-G .

This routine calculates the material properties
(coefficients in the differential equation) at a given point
in a particular material. The value K, KW‘ P, or Q, are
returned to the calling program ELEM based on the location of
the property.

The routine operates in conjunction with SMAT which

reads and stores the data used for the calculation.

3.3.2. Routine to calc te the ction - SHAPE.

This routine is called principally by the procedure
ELEM, to return some coefficients of the shape function
together with the length, area or volume of the particular
element under consideration, depending on the dimension of the
element. Fig. 3.7. is the algorithm for this routine, and

variables in the routine are:



SY

Go D

l
ENTER WITH

ELEMENT
(IEL)

\\\‘\\\\h v APPLY
NCODS>1 NCODS=2 >S—L o)  3-D
’\\\\\\\ ’lhiFTv?n
B[1] = P J=2,K=3
B(2] =-1 Pl
AC1] =x[2] A
A[2] =x[1] '
B[1] = Y[J] - Y[K]
| Cl1] = X[K] - X[J]
ELESIZE=x[2]-x[1] A[1] = X[JJ*Y[K] - X[KJ*Y[J]
N[1]=[A[1]f8[1]*x{h]] N[1) = (A[2) + BL1)*X[1])+CL1]*Y([1]/2
N[2]=[A[2]+B[2]xx[p]] ¥ow @ F om I
N[13=N[1)/ELESIZE
N[2])-N[2]/ELESIZE
i
(:; RETURN :) [ =1 +1
ELESIZE=X[2]-X[1]
NC11=[AC1]+BL11*X[1]] I>NLNOD N )

N[2]=[A[2]+B[2]xx[2]]

?

ﬁ{%,fﬂfl}f?fFf!?F

(:_ RETURN :)

Fig 3.7: Procedure

to Calculate the Shape Function,
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ELESIZE - return either the length, area or
volume depending on the dimension of the

problemn.

A(I),B(I),C(I)- returns the coefficient of the shape
function at the Ith node for
1 £ I < NLNOD.
N(I) - Returns the value of the shape function

at Ith node number.

3.3.3. Element routine - ELEMT.

The main function of this routine is to calculate the
values of the element stiffness matrix and load vector. This
calculation will involve the calling of the routine SHAPE and
GETMAT to pass the necessary parameters to be used in the
calculation. The operation is performed for a particular

element ILE as called by the calling routine FORMKF.

The algorithm for ELEMT is shown in Fig. 3.8. and

variable in the algorithm are as follows:

ELEM(I,J) - is the value of the Jth column of the

Ith row of the element matrix equation;

ELEV(I) - is the Ith value of the element vector

equation, 1 < I,J < NLNOD.



. Jd=4J ¢+
C START ) nd

Call
SHAPE

Hith
ELEMENT(I)
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N3 > KLNOD

?

P = ELESIZE/2
ELEV(I) = Q = P

ELEM{1 1) =ECEM{T, 1J-ALP(1)
LEM(2,2)=ELEM(2,2)-ALP(2)

LEV(1) = ELEV(1) + BET(1)

LEV(2) = ELEV(2) - BET(?)

P = PE * ELESIZE/3.0

ELEM(I,J) = ELEM(I,J)-P ( RETURN i::)

P = PE * ELESIZE/6.0

ELEM(1,J) = ELEM(1,J) - P

Fig 3.8: Procedure that Calculate the [lement Stiffness Matrix

and Load Vector.
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—

i
Apply the three

dimentional
[‘h method

NCODS = 2

\-‘
I = 1
With
ELEMENT (ILE
< 4+h)g
J= 1
P = Kx*B(I)*B(J) + Ky*C(I)*C(J)
ELEM(I,J) = P/4*ELESIZE
P = PE*ELESIZE
| ELEM(I,J) = ELEM(1,0)-P
ELEM(I ,J)=ELEM(I}J)-PE*ELESIZETZ
J = J.f 1 L‘
' N
J > NLNOD A

P = Q*e.ESIZE/3

I NLNOD

ELEV[I] = P I=1+1

Fig 3.8b: Continuation of Fig 3.8.
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WITH
ELEMENT
(1)

SIZE

WITH
TSBERIVATIV
?
q

L = (X(I)-XLJ])2+(Y(3)-Y(J))2

ELEM[I,1] = ELEM[I,1]+2*a*L/6
ELEM{L,J] = ELEM{I ,J]+a"L/6
ELEM[J,I} = ELEM[I,J]

ELEM[J,J] = ELEM[J,J]+2*a*L/6
ELEV(T)} =ELEV(I)} - g*L/2
ELEV(J) = ELEV(J) - p*L/s2

l

J = K
K = 1
I = [+

QOD/ LRETURN )
"

Fig 3.8¢c: Continuation of Fig 3.8b,
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Other variables passed as parameters from SHAPE are:
B(I)}, ELESIZE, X(I), and Y{(I). Those passed by GETMAT are: K,

X

Ky, P, Q, a and .

The algorithm calculates the element matrix and vector
based on the dimension of the problem- one- two- or

three-dimensional problem.

3.3.4. Assembly routine - ASSEMB.

L

The last subroutine to be called .b§ ‘the routine
FORMKF is the routine ASSEMB. It adds up the individual
element's contribution into the global matrix and global load
vector. Before the assemble is done, the global arrays are set
to zero. After ASSEMB had been called for each element, the
global arrays are complete. The assemblage in this routine is
made in such a way that the NxN matrix is not used, rather, the
matrix with dimension (NBW x N} is used, where N is the number
of global node NGNOD. I;

The routine is shown in Fig. 3.9, with variables in the

equation as follows: : b

ROW - pointer to the row under
consideration; ]

CoL - pointer to the column under
consideration; E,i |

GLOBM(T,J) - the value of the Jth column of the

Ith row of the global nmatrix;

GLOBV (I)

t

the Ith entry of the global vector.
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ENTER WITH IEL F

‘ ROW = NODE(IEL,J) Jd=J +1 I‘ A

£
_ B

-
i

GLOBY (ROW) = GOBV(ROW)
+ ELEM (J,K)

COL = NODE(IEL,K)

Y

i |
| (: RETURN ii)

GLOBM[ROW,COL) = GLOBM(ROW,COL)
+ ELEM (J,K)

.~

K = Kel

f N _
2 K>NLNOD
k ?
Jﬁ Fig 3.9: Procedure that does the Assemblage of the Stiffness Matrix

and Load Vector.



3.3.5. Boundary conditions routine - APLYBC.

The routine APLYBC makes the modifications to the
global matrix and load vectors required to impose the boundary
condition at the boundary of the domain.

The required variables are:

GBNDNO(1I) - the global node number on which the

boundary conditions are
prescribed, where I is for a

particular node 1 < I < NPBOUND;

NBW - the maximum bandwith;

PBOUND[I] - the value of the prescribed
boundary condition at the ith

node 1<I< NPBOUND.

The algorithm for the application of boundary
condition is shown in Fig. 3.10. The row and column on which
there are prescribed boundary conditions are computed and the
modification are made on GLOBV while the corresponding GLOBM
are set to zero. Other elements of the Global matrix are
reorganized to reflect the modification due to the prescribed

boundary conditions.
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GO o O

*
[ =1 | ROW=GLOBNO(1)
J =2 A + COL -1
)
! ROW = GBNDNO(1) - NBWYJ-1
| COL = NEW =3 + 2 —
NGNOD
?
ROWD0 GLOBY (ROW) =G|.OB (ROW) -
) GLOBM(GBNDNO(I),COL *
PBOUND (1).
; GLOBY (ROW) = GL?BV(ROH) »
. GLOBM(ROW ,COL* s €
; r- (1) COL = LOL+1
GLOBY { ROW )COL )=0.0
i | »
i-
3 J=J+1 N
! 1 COL >NBW
?
§
4
]
. ‘_
4
-
%
‘;, Y
1
¢ coL=2
£

Fig 3.10: Procedure for Applying the Prescribed Boundary Conditions.
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COL= 2

GLOBM(GBNDNO (I), COL) =0

GLOBN(GBNDNO(I)) = GLOBM(GBNDNO (I1),I)*
PBOUND (1)

COL = COL + 1

COL D>NBW

[ =1+ 1 J

o N [ DNPBOUND

(:__RETURH _:)

Fig 3.10b: Continuation
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3.3.6 Reduction of the Stiffness Matrix to Triangular
orm: .

This routine TRI performs standard Gaussian
elimination (row operations) on the Global stiffness matrix.
No pivoting (searching for the large entries to divide by) is
done. The elimination is not done on the entire matrix, rather
it is done on the transformed global matrix (skypole matrix).
The variables in TRI are all variables declared in ASSEMB. The

algorithm is shown in Fig. 3.11.
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GLDBV(i)=GLOB(L)-

C =GLOoBM (I,J)/GLOBM(1,1)

C START )
T
| C*GLOBV(1)
NPM=NGNODE - 1
[ =1
J=4J +
e 2 /
iP=1+ JONBW N
J = 2 7 /
ia A r—
l =1 + 1
GLOB(I,J)#0  —
B A
& 1 > NPM

T8

L=l+J-1
M=20
K =J
A
M=M+1
GLOBM (L,M) = GLOBM(L ,M)-C*GLOBM
(1,K)
K= K+l
"~

Fig 3.11: Procedure to reduce the Stiffness .atrix to Triangular form - TRI.
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3.3.7. Back Substitution Routine - BACK

Routine BACK, does the backwards substitution on the
right-hand-side vector, repeatedly to calculate the unknown.
This routine requires addition vector of the same capacity as
the Global load vector. This is to avoid the destruction of
the values of the load vector which are first transferred into
a temporary vector TEMPV. The unknown will finally be in the
temporary vector TEMPV. Other variables remain as already
defined in the ASSEMB, APLYBC and TRI. The complete algorithm

is defined by Fig. 3.12.
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I =4

L = BGNOD-1+!

TEMPY(L )=GLOBV(L )

K=1L; Jd=2

K=K+1
TEMPU(L)=TEMPU(L)-
GLOBM(L ,J)*

J=dJ+ 1 TEMPY(K)
JONBW ]

TEMPU(L) = TEMPV(2)/
GLOBM(L,!)

( RETURN )

Fig 3.12: Procedure to do the Back Substitution for the

Nodal Solution.
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3.4, The POSTPROCESSOR ~-POST.

The nature cof Finite Element Method always result to
voluminous output. This is associated with the printing of the
nodal point value, computing and printing the derivatives. 1In
the case of problems with exact equation, errors can be
printed. Other results can be transformed in a suitable form
for tabulation or plotting.

;:.?"' i . '
. '.}W%'v: .
DA . .

.

The procedure will complete it processes by calling three other
routines, Fig. 3.13. SR
.
(i) EVAL - evaluate and prints finite element and
exact solutions.
{(ii) ENORM - evaluate and prints the error if the
| exact solution exists. Bl

.

(1il) EXACT - calculate the exact solutions and

conditions., . : Lol
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ENORM

SHAPE
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3.4.1. e Fini ent a c lution Routine - EVAL.

This routine calculates the values of the finite
element solutions and derivatives at a given point in a given
element. The element number IEL and element coordinates at
which the solution is to be calculated are transmitted to EVAL
through the calling sequence. A routine, which can be coded
for particular problem will be called as routine EXACT to
obtain the exact solutions at the same element points.
Algorithm for the routine is shown in Fig. 3.14., Variable

required by this procedure are:

X,Y - the coordinate of the point at which the
unknown value is to be computed. X alone,
for one-dimension, problem and (X,Y) for two

dimensional problem.

T - the unknown parameter to be computed at either

X or (X,Y) coordinate point;

DTx, DTy - the derivatives with respect to X and Y
to be computed at the point X, or (X,Y)

as the case may be.
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C STAR'IF )

CALL SHAPE ”

WITH
ELEMENT (IES)

J= GLOBNOD(IEL,I)

Y NLNOD
] N
DT, =DT, +(B(1)*TEMP(J)/ELESIZE —
DTY=DTY+(CI) * TEMP(J)/ELESIZE DT, = 1O +(B(I)*TEMP(J) /L
T =T+ N(I)*TEMP(J) l 7. TeN(1)4TEMP(J)

I =141 I NLNOD
. / o

1

CALL
(EA#LZE?ESSG) J EXACT(X,Y,Z ,NLNOD

CALL PRINT ( RETURN )

Fig 3.14: The Element and Exact Solution Routine.
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2:4.2: € ulate t Solution Routine - ACT

This routine is subject to modification as problems
with exact solution vary for a given value of X and Y, as
transmitted to EXACT through the calling sequence, the exact
value of the solution T, and the derivatives, DTx and DTy, are

calculated.

3.5. Programming Environment

The programming environment was designed such that
it will reflect the major objectives of the project. To this
end we have considered the use of one and two dimension problem
and provisions made for enhancement to three dimensional
problem. Type of element considered are simplex linear and

simplex triangular elements.

The type of problem can be known from the number of
co-ordinates NCODS as read by procedure SCON,. As simplex
element are used, the number of nodes NLNOD will be two for

linear element and three for triangular element.

Discritization of a problem region can be done
automatically or manually. In this procedure, it is assumed
that the problem region had been discritized and the necdal

coordinate read from a file.



Automatic mesh generation programme can be called in
place of reading from a file. With the mesh generation
procedure there can.bé mesh refinement routine, Carey(1980),
this will reduce the maximum band width NBW in routine SBAND
of Fig. 3.5b. With the use of automatic element generation
smith (1976), the process of reading the global nodal points
and their conditions first, and later reading lccal nodes of
an element and then associating them with their various
coordinate as in SMESH and SELE respectively, will be removed.

With the prescribed boundary condition for
one-dimension element problem it will be either on one end or
on both ends. The same is applicable if it were derivatives

boundary conditions.

For two aimensional element (in this case triangular
element), the value of the prescribed boundary condition are
entered for specified elements together with their respective
global node number, The same method was adapted for the
derivative boundary condition. This brought about the
reduction of storage wasted for unprescribed nodes as well as
nodes without derivative boundary condition. Moreover the
computatiocnal time for the entire elements had been reduced
from O(N?) to O(K?), where k<<N, K is the number of either
prescribed Dboundary conditions or derivative boundary

conditions while N is the number of global nodes. This can
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be seen in Fig. 3.4., where NSIDE, ALPHA, BETA are array of
very long dimension which will not be more than NDRIVE for any

run.

With the problem of bulkiness of Finite element
software and its implementation on PC's in mind, we came up
with a finite element solver, which will be more of a tool for
solving some standard routines of finite element methods on

sheets.

To this end, the finite element solver can be a modelling

package comprising of sheets and subsheets. Such that the use

of these sheets and subsheets have:

(i) Trimmed off the excess and redundant use of array;

(ii) Centralized the element/nodal data;

(iii) Reduced the number of programs statement to handle;

(iv) The ability to handle interpolating function

internally;

Other areas that we considered very useful in the
achievement of the objective of this project were with regards

to:



(i) avoidance of superfluous items in a program

(Economy) ;

(ii) breaking up lengthy or complex passages into

subprograms (Modularity);

(iii) Writing and using simple or straight forward

method (simplicity);

(iv) Writing an orderly or well organized program
(structure) ;
(v) Efficient use of comments (documentation)

(vi) Efficient use of space (layout).

These objectives are principally: clear
understanding, reduction of storage consumption and reduction
of time taken by finite element procedure. The interactive
facilities calls for automatic modificaticn of data, both

internally and on the screen.



CHAPTER 4

THE PROGRAMME TMPLEMENTATION

4.1 The Software System. -i;

The design of Finite Element Method programs and
packages had undergone a sequence of transformation in the
guest of improving the perforhanca of the application of
the Method. During the evolution of these packages scme
essential features like size (large number of variables),
flexibility (choice of operation), integration,
algorithms, modularity, interactiveness, diagnostic,
robustness, and trackrecord maintgnance were considered.
Some desirable features were also considered. These
include variable step-size library and input/ocutput
routines, translator, and run-time efficiency,
documentation, service bureau availability and maintenance
cost. In the same manner, methods of achieving essential
and desiraple feature were sought by improving on the
software.  _ . -

;
With a brief survey of numerical software, it

can be seen that these are in four basic forms.

{a) Individual Programs: (perhaps with a few
subprograms) are the most common. They are
designed to carry out special computation
eg. ACM algorithm, the Computer Journal

Algorithms.
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{b} Software Package: is a set of programs for
a practical preoblem area and is usually
narrowly focused. Like packages for
linear equation, Initial boundary value
problem in Ordinary differential equation
and elementary functions.

(c) Numerical 8oftware Library: with much
larger set of programs to support general
numerical computations. This require well
organized documentation to enable gecod
selection which will provide wmaximun
compatibility, user convenience and
reliability. The usage still require some
programs efforts eg. IMSL, NAG, BMD.

(d) Software System: is a package which
contains specialized user interface. The
user writes (or interacts) in a special
language, They serve as problem solving
tools or programming tools. These include
ELLPACK (ELLIPTIC PDE) , Statistical
Package for Social Scientist, (SPSS).

Other software systems not necessary for numerical
computation had been developed to facilitate problem
solving. These software systems require little or no
programming to obtain meaningful results, These include

Data Base Systems, Spreadsheets and some Word Processors.
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It is based on the idea of this type of software system
that the Computational SOLVER was designed to facilitate
the majority of the function performed by the Finite
Element User. This can be viewed as a modelling package
comprising of Sheets and Subsheets, instead of files

records and arrays.

Boda Com onal SOLVER

The idea of interactive software system where
the designer has the options to modify the Preprocessing
procedure or the Processor procedure in other to produce
a desired solution or output was implemented principally
in Pascal programming language. Being interactive, it has
the facilities for on-the screen modification that will
effect changes in the entire model.

In view of the major objectives of this work which
are: economy, modularity, simplicity, structured
programming, clarity and space conservation, the entire
software system had been structured to fall into five
major components. These are:

(a) Discritization of the solution region into

elements.

(b) Selection of interpolation function.

(c) Derivation of element stiffness matrix and

load vector.
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(d) Assemblage of element stiffness matrix and
load vector into the global stiffness
matrix and load vectors.

(e) Solution of the global systems of linear

equations for the nodal values.

&3 e § ts.

These are highly structured and modular procedures in
which there are nine sheets, six of which can have one or
more subsheets. These sheets are automatically updated if
there are changes in the input, operational or output
values at any time and from any where in the interactive
sheets. The relationship between sheets and subsheets are
shown in Fig. 4.1.

The modularity of the SOLVER is based on the ability
to:

(i) Define the variables that are to be used in
the model or problem on the VARIABLE
sheet.

(ii) Give the rules to operate on the defined
variables on the RULE sheet.

(iii) Define the function that can be called
from the rule sheet on the FUNCTION sheet.

(iv) Converts from one unit to another via

the UNIT sheet.
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Fig 4.1: Relationship between Sheets and Subsheets.

NUMERIC || GLOBAL
VARIABLE{! RULE FUNCTLON UNILT LIST PLOT TABLE FORMAT
sHeeT || SHEET || SHEET SHEET SHEET SHEET SHEET SHEET SHEET
L w— T D *[ et —d
= i
J l PLOT |
P — | SUBSHEET j
VARIABLE FUNCTION | b iy
SUBSHEET SUBSHEET {1, | TABLE
4 b SUBSHEET
’ |
rﬂ“r——f———.—_:;. =3
:——'1!‘1""‘—.7—".". = - =)
LIST '
- INTERACTIVE
TABLE
| SUBSHEET SUBSHEET
e
NUMERIC
FORMAT
- SUBSHEET
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(v) Define list of walues, both numeric and
literal that are used for calculation in
other sheets and subsheets in the LIST
sheet.

{vi) Do guick matrix plotting, using the
PLOTsheet, directly on the screen to
approximate the nature of chosen list of
values from the list sheet. : _I |

(vii) To display selected ouﬁput for
concurrent study from the list subsheet
and variable sheet. This is done by the
TABLEsheet.

(viii)} Contrcl the format of numerical values
on the other sheets and subsheets, on
the NUMERICAL FORMAT sheet,

(ix) Control the handling of the entire
settings and defaults in the whole
SOLVER or model. This is done on the

GLOBAL SHEET.

4.3,1 The Subsheets,

out of the nine sheets enumerated above, six of
them have subsheets. These subsheets are subordinates
to the sheets and contain more detailed information
about items specified on the sheets. | i. |

.
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The subsheets are as follows:

(i) VARIABLE Subsheet:- each variable defined

in the variable sheet has its own
subsheet, where more information about
the variable are defined.

FUNCTION Subsheet:~- each function which
is defined in the function sheet has a
subsheet in which the necessary
operations, to be performed by the
function, are stated in form of rules or

statements.

(iii) LIST Subsheet:-~ each list defined on

(iv)

the list sheet has its own subsheet in
which the elements are enumerated
together with their associated values
which can be numerical or symbolic.

PLOT Subsheet:- each plot named in the
plot sheet must have plot subsheet,
where the type (pie, bar or line) and
values to be plotted will be associated
with the appropriate list from the list

sheet.

(v) TABLE Subsheets:- each table-name given

in the table sheet must have a table
subsheet in which the display format

will be specified. Each subsheet in
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turn has an interactive subsheet similar
to the convention electronic

spreadsheet. : o
(vi) NUMERIC FORMAT Subsheaets:— each Format
name defined in the Numerical format
sheet has a subsheet associated with it.
In these subsheets the numeric notation,
type of decimal point, digit grouping
and significant digites are defined for

each name.,

The rule, unit and glokal sheet have not got any
sub-sheets. But one can get into some other subsheets
through the variable, function or list name, specified

in any of the sheets or subsheets as the case may be.

4.5.2 The Structure of the Sheets. _.é

. _ _ R

ThE‘varioué sheets.and subsﬁeets.ére fiewed through

window on the screen. It may consist of one window,

displaying a single sheet or two windows simultaneously,

displaying two different information sheets (or
different parts of the same sheet). f.é'

Generally, the solver has facility for:
(i) Navigation within a sheet. These are

possible with the arrow keys just like

in Sonme text editors and word
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processors. The use of Goto command to
move to a particular line and column;

{(ii) Navigation between sheets and subsheets
by means of Dive; Return; Select; and
switch commands. | E .

(a) The Dive command.is ﬁséd ﬁo.go.into
a subsheet of a selected name of
Variable, List, Table, Plot,

- Numeric Format, or Functions.
(b) The Return command returns along the

same route taken by one or more

Dive commands.

(c) The Select command is wused to
replace the correct displayed sheet
with the specified sheet.

(d) The Switch command is used to move

| betweénltwo displayed windows of
different sheets (or the same
sheet) .

(iii) In field editor within. sheets and
subsheets, the editing conmmands
include: Blank field; copy field; delete

- rows, insertfrows; delete character.
Individual sheets have their specific structures

and layout, such that the same subsheets of a particular



_90_
sheet will contain similar parameters and variables.
The structure and function of the various sheets and

subsheets are described in the next section.

4,3.2.1 The Variable Sheet and Subsheet.

: P

In the variable éheet'each variable.is named with

its major attributes defined. Each variable can have
all or some of the following attributes:

(a) Status.bf the variable at any time béfore

execution, is given in the Status field

against the variable in guestion. A

variable.éan have a status of a guess

value, a list, input, cutput or blank.

(b) Input attribute: is where.the input value
is inserted. oo

{c) Name attribute: the actual name of the
variable is stated.

{d) oOutput attribute: is where the output
value is expected if the variable is an
output variable.

{e) Unit attribute: specifies the unit tc be
used on the variable.

(£) Comment attribute: for the |user
specification of further information or

functions of the variable,.



ATUS----INPUT----- NAME-~=--0UTPUT--~~UNIT---~COMMENT---~~-~-cw==commcaneac=-
EE2EEEZSSSSSSSSSSISSSSSSSSSSSSSSISSSSCSSSISSSISIESSSSS, SSSSSESiicossEssssEsssac
410 NGNODE SC ;Numbey of Gloubal Noudes
3 NLNOD SC ;Numbey ot Local Nodes
400 NELE ;Number of Elemcnts

5; 2 NCODS SC ;Number of Co-ourdinates
%' 3 NMAT ;Numbey of Matcerial Propertivs
%; S0 NBAND ;Number of Bandwidth
i
3
h
>
f_ Fig. 4.2: The Sample of a Variable Sheet
I?:=====z==;=::===:=:::===;:: VARIABLE: NBAND =s=sszsssssssszss-sissssszsssasss:
STATUS : L
FIRST GUESS: 0
'ASSOCIATED LIST: Bandlist
;QUMERIC FORMAT': "
g%lSPLAY UNIT: SC
;éisLCULAl‘lON UNIT: SC
@
1
gﬁt Fig. 4.3: The Sample of a Variable Subshcet
Ml
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The fields associated with these attributes for a
particular variable can be left blank if it is not an
input nor output field, see Fig 4.2. Each variable has
subsheet in which further attribute are stated, as shown
in Fig 4.3. These attributes include: the name of the
associated 1list; the first guess value; the numeric
format name (as stated in the numeric sheet); the
display unit and calculation unit names, (as stated in

the unit sheet).
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sszzsssassssas=s=2z=zzssssz222 RULE SHEET s===ss=ss=zz==ssszzzs=s=z3sss=Ss=z==:
Status-~Rulg-==ro e rerrrr e mrr e e e e e r s e s s e e r e e e c e m s m -
~ call BAND(NBAND)

if NBAND <> U then call PROCESSOR(NBAND)
call FORMKE

Fig. 4.4: The Sample of a Rule Shcet
sSsssssgsssssSsszzss=sss=z===ss== FUNCTION SHEET ==zs===s==z=zzzzzzasszs=3==
NAME--~=-—-- TYPEr=ew=ww ARCUMENTS=~COMMENT S =~ === rrecanc s cmmmn e —-———
BAND Procedure (0:1) A function that cumputes Lhe Band wid
PROCESSOR Rule (1:0) The function that gives the rules of
Processor

Findval List (1:1) A list function to find a mode in a r.
of elements

|

| Fig. 4.5: The Sample of Function Sheet
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4,3.2.2 The Rule Sheet.

+
T
!

The rule éhéet, unlike the variable siéet, has only
two fields: the status and the rule field, Fig. 4.4. The
rule sheet contains the rules for a problem. The rules can
be in form of equations, function c¢all and conditions.

The status field can contain an asterisk, which is
automatically generated whenever a rule 1is entered or
modified. A "greater than" sign (>} appear on the status
field to indicate that an error occurred in the corresponding
rule during execution. A "C" can be in the status field if
corresponding rule has been cancelled. A blank status field
indicates that a rule has been satisfied. Comments can be
added to the rule sheet by placing_them_on the right of a

quotation mark (").

Variable names used in the rules, equation and
condition, in the rule éheet, are automatically added to the
variable sheet. The rule sheet has no subsheet, but it is
possible to go into any function subsheet if the function is
selected. The list subsheet can also be accessed if a list

function was accessed through the rule sheet.
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4,3.2.3 The FUNCTION Sheet and Subsheets.

The fuﬁction sheét is structured éuéh thaf all fhe names
of the user—-defined functions in a problem are entered in the
name field of the function sheet. Each stated function name
requires to be given a type; the number of argument into and
cut of the function; and an optionally comment field for
further information about the function. Fig. 4.5 gives a
sample of a Function Sheet. There are three possible types
of functions that can be defined in the function sheet, they
are: .:Z'EI o A _ ?E

ta)'The.list function - to qive.thé felétionéhip
between two sets of values, the domain
(function argument) and the range (function

 : value). It is mostly used for interpolation

and mapping.

(b) The rule function contains a group of rules
" and accepts one or mere input values and

returns zero or more result values.

(c} The procedure function - contains a group of
PASCAL-like statements which accepts one or
mere input values and returns zeroc or more

result values.



AR ST R SN R AR LIST FUNCTION: Findval =====sz==zz=zz=z=z=z=z=z=-
Comment: A list function to find a value at a given node

Domain list: NODE

Mapping: Tuble

Range list: Value

Element-===--- Donaln====s=ca= RiNge==m=s-srsssnacccnans R e o A O e
1 b 2.3
2 7 7.6
3 8 9.3
4 9 8.1
5 10 5.7
6 11l 7.8

Fig. 4.6: The List Fuction Subshcet

R SRS CS S ssss=sssss=ss=s==s=s=s====2== RULE FUNCTION: procesgor::;::::::::::r.:.‘:.
Comment: The function that gives the rule of the processor
Parameter variables: -

Argument Variables: NBAND

Result Variables: -
Btatus~==RiUl@cor e s s m s s s s r e e S s e e R RS e e e A s e e e e e -
A call SHAPE(x)

if x<>0 call GETMAT(y)

call ELEM(ELE,NODE)

- Fig. 4.7: Rule Function Subshecct
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Each function defined in the function sheet has its own
function subsheets. In these subsheets the exact values for
the domain and range are given for a List function and, the
statement are given for a procedure function. ?

. : o

The 1list function subsheet, Fig 4.6,.'£équires the
selection of a mapping or interpolation method for finding
the function value when an argument is given. One of the
following mapping or interpolation can be selected: .

Lo
(a) The Table mapping - This is one-to-one mapping
type in which one element of the domain list
has a corresponding element in the Range
list. An argument must be in the domain

list, for the mapping to be executed.

(b) The Linear interpolation - This will search
for the top of the domain list to locate the
first pair of consecutive elements whose
interval contain the value of the argument.
The resulting function value is found by a
linear interpolation using the position of
the argument value within that interval to
calculate a value in the interval ketween the
corresponding pair of elements in the range

list.
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{c) The Cubic interpolation:- This is similar to
the 1linear interpolation, except that the
calculation of intermediate values between a
pair of elements is based on cubic polynomial

approximation. . Do

The rule function subsheet, Fig. 4.7, will give
additional information about the named rule function. The

additional information are:

(a) Parameter variables:~ the variables that will
be regarded as global variables. This
concept provides a direct 1link between the
variable sheet and +the rule function

subsheet.

(b} Argument variables:- these are variables which
the rule function subsheet will use to
represent variables from either the rule
sheet or other functions. An argument
variable cannot be used as a name in the
parameter variable as they are locally
defined with the rule function subsheet and
has no meaning outside the rule function

subsheet,
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=zzzszssssssssssszs==zz===2==== PROCEDURE FUCTION: BAND ====z=z=z===z=z=z=z==z=
Comment : A function that computes the band width
Parameter Variables: NELE,NLNOD
Input Variables: -
Output Variables: NBW
Status---Rule-=----=ccmcmcmcrmmr e cec e r e m s e s s e mmm s e m e e
NDW: =0
if NLNOD = 2 the NBW:=2 else goto cont
return
cont:
for i:=1 to NELE
tor k:=1 to NLNOD
je=k+l
if k=3 then j:=1
ND:-=NODE(i,k) - NODE(1i,]) o
il NDk < ND the NDW:=ND
next k

next i

Fig. 4.8: Procedure Function Subshect
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(c}) Result Variables:- These are variables whose
values are returned by the rule function.
The result variable name cannot be used as a
name in parameter variables or argument

variables. o x
B

{d) The Status field:- This fiela is used to
indicate the status of the executed rule.
The indicator is similar to that on the rule
sheet. Following the status field is the
rule field where the required rules are
stated by row. Each rule has its own status
field and when ever an error occurs in a

statement it 1is jindicated on the status

field,

[
..,
. [ v

All the rules defined here will define the rule
function. - ' o o

The procedure funétion subsheet, Figl :4.8, is
essentially the same as the rule function subsheet except
that the argument and parameter variables are replaced by the
input and cutput parameter respectively and, the rule field
1s replaced by the statement field. The statements are
sequential actions in a PASCAL-like programming language
which has the capability of branching and looping. Unlike

the 1rule function, procedure function can be used

recursively.



=101-

4.3.2.4 Unit Sheet

P

The unit sheetl is used to defiﬁé conversions
between units of measurements used in a problem. In the unit
sheet there are four fields for defining conversion:
From-field, To-field, Multiply-by-field and Add—-offset-field.
The name of the unit from which conversion is intended is
entered in the From-field while the name of the unit to which
the conversion is made is entered in the to-field. The value
of the multiply-by, which the From-field will be converted
to the to-field is given in the multiply-by field. 1If there
is an offset which will make the conversion complete, its
value is entered in add-offset-field. A good example, Fig.
4.9, 1is the conversion of temperature from celsius to
fahrenheit - multiply the celsius by 1.8 and add 32 to give
the fahrenheit. The 1.8 is the multiply-by value while 32 is
the add-offset value. The unit function has no subsheet and
diving into it from another sheet or diving inte another
sheet from it is not possible. Unlike the rule sheet, which
does not have a subsheet but diving intc a function subsheet
and even a list subsheet through list function subsheet is

possible. - . : .
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2BIrb s hmnc Bt Sl ER IR SRAE S UNIT SHEET =ss-u-wiz & P =
Sl == em e Py e quﬁiply Dyfe= smme Add offset--- --r--cemccenn--
cels tah 1.8 32,0

in cm 25 0.0

Fig. 4.9: Unit Function Shcet

EETEEEsEEEzRSsss=Esssssasses=nEzrs LIST SHEETD sz=casssssssassscass s =s25ESs
Name-~=-~- Element----- Unjilesecsss Compent=ssccessrnaSuaimsnsssesninssanse
PBOUND | 30 cm Prescribed boundary values

GBNDNO 500 cm Global node number
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4.3.2.5%5 List Sheet and Subsheet.

A list is a set of numeric or symbolic values
called elements. The list sheet, Fig. 4.10, is used to
define list name, their scope, the required unit and comment

(not executable) about the list.

Each list name defined in the list sheet has its
own list subsheet which will contain the list elements and
additional information. In addition to the attribute given
in the list sheet, the numeric format of the list wvalues,
display unit of the list values, and calculation unit of the
list values can be defined in the list subsheet, as can be
seen in Fig. 4.11, as SC, CM, and CM respectively. The
element number are automatically enumerated in the element
field as the actual values are entered in the value sheet.
The value can be numeric, symbolic or any expression that
will evaluate into numeric or symbolic value.

The 1list subsheet can ke dived into from various
subsheets like the variable subsheet, plot subsheet, table
subsheet and interactive table subsheet, and list function
subsheet. Diving can be made into only the numerical format

subsheet from the list subsheet, -



s==s===szs======zs=z==s=sss=z======= LIST: PBOUND =========s=c======z====z=z=z===
Comment : Prescribed boundary values
Numeric Format: sC
Display Unit: cm
Calculation Unit: cm
Element----- 5t TSR R L L RS L BRI En DS I e R Ll S A i Ll L e Ll L Ll
1 5
2 7
3 10
a 15
6 27

Fig. 4.11: List Subsheet
s=sss=sss=sss=sssssssssss=z====TABLE SHEET ===s==ssz=zz=z=z==z=sz==z==z==sz=3=
BENg=sssawsNe DLl o= a o o S i o Sy B e el B L A i 0 O i B S W
LENORM The display of error values
EVAL Evaluation of the nodal parameter
EXACT Calculates the exact values e
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Fig. 4.12: Table Shcect
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4.3.2.6 Table Sheet and Subsheet.

The table sheet can be used to define the names of
various tables which will be used to show the relationship
between values of corresponding elements in different list by
displaying the values in columns and rows. The table sheet,
Fig. 4.12, contain only two fields: the name field for
defining the name of tables; and the title field for the

table title.

Each table name given in the table sheet has a table
subsheet where detailed information is given about the table,

Fig. 4.13. In the table subsheet information like:

(a) Vertical or Horizontal display lists can be
stated.

(b) Row and column separator - which will be
characters for separation.

(c) First and last elements to be displayed in a
situation where the entire 1list is not
required.

(d) The name of the 1lists to be related are
enumerated under the list field.

(e) Numerical format of display values can be
selected for any list and entered under the

numerical format field of the subsheet.



=106-

== TABLE: EVAL —_——
Screen or Printer: Screen

Vertical or Horizontal: Vertical

Row Separator: -

Column Separator I

First Element 0
Last Element 500
List====-~ Numeric Format---Width---Heading-======—rmmeccmm e e e
DTx sc 8 The Derivatives with respect to x
DTy sc 8 The Derivatives with respect to y
T eng 7 The resulting nodal values
Ele 7 The element numbers

Fig. 14.13 Table Sheet
=S Es====s============= INTERACTIVE TABLE: EVAL== === —=====
Title:
List-====- le————— Qe————— Jrm———— frmm——— Bewrme oo 6=~ ———— Jm————— Brmm——— 9-
DTx 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.30
DTy 1.56 1.57 1.45 1.68 1.88 1.99 b S 5 | 2.50 2.75
T 1 2 3 4 5 7 8 9 10

Fig. 4,15 Interactive Table Sheet

NANG = mmarem - DTN T 1 o 0 o0 e e o ot 20 S S S0 S S 0 0 B ot s o 0 9
sc Format for scientific models

eng Format for engineering models

cm General format

Fig 4.15: Numerical Format Sheet
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(f) The width of the display element of a list can
be given under the width field.

(g) The heading for each 1list can be inen
correspondingly under the heading field.

{(h) The display table can ke directed to the
screen, or printer and screen. This can be
selected by wusing the screen or printer
option. - ' o ;_é
A dive into the interactive.fable sﬁbsheéﬁ, Fig. 4.14,

will show a row and column display of the table defined in

the table sheet bkased on the detailed informatien given in
the table subsheet. Any change made on the interactive table

subsheet will be effected in both the table subsheet as well

as corresponding list in the list subsheet.

A dive is possible from the table sheet through the
table subsheet and interactive table subsheet down to the
list subsheet, when the desired list is selected in the table

subsheet. : o _ ' it

4.3.2.7 Numeric Format Sheet and Subsheets.

The numeric format sheet, Fig. 4.15, holds the names of
the numeric formats used to control the appearance of numeric

values displayed on the screen and in printed output.
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S s s NS ESSaSSSEEEESESER2SsS NUMEHIC l-'UHm’l': sSC "3 1 T F T 1 g% R - - S
Numeric Notaion: Scientific format
*Signific-ant. digits: 15
NDecimal places: 2
Padding: - None
Zero Representation: 0
+/- Notation: - only
Justification: Right
-

Fig. 4.16: Numerical Format Subshect
ssx=sssssassssa=sz=z=c==z=2z3=2=35 PLOT SHELT ====z=sz=sz=ssss=s=2s===ss=I===3Ss
Name~=====ccmccccccaa- Plot Type-===---- Title-remrsrmrmnsrsmnsssnrmararess
Error-plot Line Error varjation with no. of elemen
Exact-plot Line Plot of exact values
gprox—plot Line Plot of approximate values
|
?ixed-plot Bar Comparition of space consumption

+

Fig. 4-17: Plot Sheet
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A numeric format defined in the numeric format sheet can
be used: in the variable sheet/subsheet, in the 1list

subsheet, in the table subsheet, and in the Global sheet.

The numeric format defined in the Global sheet is the
format that will be used for values through out the problem,
except another format name is defined in: variable, list or

table subsheet.

Each numerical format name on the numeric format sheet
has a corresponding numeric format subsheet, Fig. 4.16, which
contains the actual specification controlling the appearance

of numeric values.

A numeric format subsheet contains the following
specification:

(a) Type of numeric notation, either scientific or
decimal.

(b) Number of desired significant digits.

(c) Number of desired decimal places.

(d) Whether values after the decimal point be padded
with zeros or blanks.

(e) Type of zero representation either zero blank or
any character.

(f) Type of representation of negative value

(=, + or 0).



r 1r'L .

et & WV

CHART

=] 10

Exact

Fitle: Ervor varlaliovn wilh number of elements
¥-Axis Label: Point Values (selected
Y-Ax1is Label: Nodal values
A-Axis Min, Max: 5
Y-Axis Min, Mux: 0,
AX-Axls List: pPX
Y-Axis -=F{rst Last -=-=8tyle Character
r:"j 0] :-lflt_'
Dy 0 Symbol A
Fig. 4.18: Line Plot S sheet

z ====S==33 = = == DAR : Mixed -
Title: Comparition of memory space by number { element
A-Axi: Label: Menor Yy space
Y-Axis Label: Number of elements
X-Axis List: ELENO
Y-Axis list(s): MEMSIZE

Fig. 4.19: Bar Plot Subshecet

= Pl i 't Memor

Title: % memory space used by each procedure
Data List: MEMDATA
Label List: PRONAME

Fig. 4.20: Pic Plot 11l ot
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(g) The alignment of the value which includes:
Justification, left margin and right margin, and
suffix and prefix.

Diving into the numerical format subsheet is possible

from the numeric sheet and global subsheet.

i
4.3.2.8 Plot Sheet and Subsheet. é
. __%.!

The.plbf sheet and subsheet can be.ﬁséd to give a

rough graphical depiction of corresponding elements in
different lists. The plot sheet, Fig. 4.17, summarizes all
plots that can take place in a problem by name, type and
title. The type of graph can be line, bar or pie chart, and
can be cobtained by using Fig, 4.18, Fig. 4.19 and Fig. 4.20

respectively. The desired option are specified in the

1
I

P
'l H

appropriate field.

Each plot name in the line plot sheet has a plot
subsheet in which more information about the desired plotting
will he given. For the plot sheet the required information
include: X- and Y-Axis; Maximum and Minimum Value; Title; X-
and Y-Axis label; the X-axis 1list name; the various Y-axis
list name; and their corresponding first and last values,

style and plot characters. o

i
i
1
I
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4.3.2.9 The Global Sheet.

The global sheet controls settings and defaults in
effect throughout the problem. In this sheet specifications
like maximum iteration count; global numeric format, whether
to stop on list error or to continue, printer setting and
automatic iteration are specified. The settings are subject
to changes whenever problem changes. It is the first sheet

to be loaded to initialize the entire SOLVER.

4.4 The SOLVER Implementation.

As discussed during the design stage of Finite
Element programming in section 3.1.1, the main program is
structured into three modules: PREPROCESSOR, PROCESSOR, and

POSTPROCESSOR.

Using the capability of SOLVER, the three modules
can be called from the RULE Sheet. They are sequentially

arranged in the rule sheet in order of execution.

Each module in the rule sheet will use other tools

in the SOLVER to implement the function associated with it.
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4.4.1 The Tools for the PREPROCESSOR.

‘Thé fools: required from the SOL?E#, for the
impleﬁentation of the PREPROCESSCR are: .

(a} The Variable Sheet: This will hold all singly
defined variables, and control variables,
Some of these variables are automatically
entered intec the variable sheet when they are
‘used in the rule sheet,

() The Variable Subsheet: Here the reguired
array is entered by name and assocliated with
a varliable name.

(c) Function Subsheet: Where variables to hold
the nodal, element, boundary and material
property values are specified so that they
will have a direct 1link with the list

subsheet.

{d) List Subsheet: The actual values are entered
into the appropriate 1list subsheet, the
numeric wvalue is automatically inserted in
the list sheet. : P

This can be seen in Fig. 4.21.

The programming effort reguired for reading input values

has been removed as the single values and arrays can be
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VARTABLE FUNCTION
SHEET SHEET
Jr__:.-__"____ — """"'“'“‘—l
d r—
f |
PROCEDURE
VARIABLE FUNCTION J
r— - -~ g
SUBSHEET 1 - SUB_.gHEET : u
}
i
]
! rL.._._.__ ittt m——
] LIST 1
SUBSHEET TABLE
SUBSHEELT
I-TI“I-":--“_”'.'--" . o
I'J
A
INTERACTIVE
TABLE
SUBSHEET n

Fig 4.21: The Tools for the PREPROCESSOR Routine.
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directly entered either through the variable sheet or on the
list subsheet. In addition to this there is the flexibility
in direct modification of variable and array value without
executing the program again. The interactive table subsheet
is a more flexible means of data entry for the preprocessing

activity.

4.4.2 The Tcols for the PROCESSOR.

The PROCESSOR is made up of several procedures
which were all defined in the function sheet. Principally,
three procedures: FORMKF, APLBC, and SOLVE are called from
the PROC Function subsheet shown in Fig. 4.22.

(i) FORMKF - Formulate the element and Global
stiffness matrix together with the element and
global load vector.

(ii) ASSMB - Assembles the element stiffness matrix
and load vector into their global component.

{iii) APLYBC - Perform the function of applying the
boundary conditicn to the assembled global matrix
and load vector.

(iv) SOLVE - will solve the resulting systems of linear
equation.

Each of these procedures in turn invokes subsidiary

procedures from which more information will facilitate the

desired result, The PROC is invoked from the rule sheet with
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FUNCTION RULE
SHEET SHEET
= |
L ‘
FUNCTION { o
SUBSHEET J T
- _— - =y |
l
, LIST
G e, i a5 s R, G
SUBSHEET |

Fig 4.22: The Tools for the PROCESSOR.
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the appropriate arguments which are transmitted to the
subsegquent procedures in their various function subsheet.
Values resulting from the execution of these procedures and
functions will go straight to the list subsheet, from where

they can be subsequently used by other procedures.

4.4.3 The Tools For POSTPROCESSOR.

With the help of the Table sheet, numerical format sheet
and subsheet, values of the outcome of the PROCESSOR from the
function rule and variable sheet, can be displayed on the
Table Subsheet. This can be translated for interactive

modifications on the interactive Table subsheet, Fig. 4.23.

Sketches of relationship between the exact and
approximate values can be produced by using the plot sheet
and subsheet to specify the required relationships.
Selection of a desired plot from the plot sheet is done

automatically.

The use of numerical format from the numerical format
sheet/subsheet will affect the values of the desired displays
on the connected list or Table-sheet and even on the plot
sheets. If no particular format is specified for specific
lists or variables, the format specified on the global sheet

serves as the default format.



119

TABLE NUMERIC
SHEET FORMAT
. SHEE
| i
! I
! !
|
TABLE J
SUBSHEET — 1]
f NUMERIC
FORMAT
SUBSHEET
|
'
INTERACTIVE :
TABLE )
|
SUBSHEET It ) i
g
LIST
SUBSHEET

Fig 4.23: The Teols for POSTPROCESSOR,

PLOT
SHEET

T

PLOT
SUBSHEET

PLOT
DISPLAYS




~120-

4.5 The Central List Subsheets.

All the sections of the major modules has got the list
subsheet as the data repertoire, Fig. 4.24. The 1list
subsheet can be accessed from anywhere in the problem model
except from the unit, numerical format and global sheets. The
Central List subsheet can be accessed as follows: |

(i) Assigning a list name to a variable in the

variable sheet will take the variables as an

. 1:
I |

array.
(ii) Assign a list name to the domain or'ranqe of
the list function subsheet will be used as
values for interpolating polynomial.
(iii) Values to be plotted are assigned the X-and
Y~axis field of the plot subsheets by List
name only. |
{iv) Tabulated values in the interactive Table
subsheet are assigned to list field of the
Table Subsheet by giving a list name.
In all these cases the values need not be transferred to
the various named locations rather, during execution these
names are used for direct access to the centralized 1list

subsheet.



VARIABLE
SHEET

VARIABLE

SUBSHEET
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RULE
SHEET

[

FUNCTION

SUBSHEET

TABLE
SUBSHEET

|

e

TABLE

SUBSHEET

FUNCTION

SHEET

PLOT
SHEET

|

P p— i

LIST

SUBSHEET

£ — : !

-

INTERACTIVE

TABLE SUBSHEET

e

LIST
SHEET

Fig 4.24: The Centralized List Subsheet.
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Chapter 5.

We now apply the approach discussed in Chapter 2 to

implemente the SOLVER package of Chapter 4.

Four problems are solved using the variational
formulation of Finite Element Method. Since the solvable
problem are not generalized and the aim is the understanding
and minimization of computer resources, we have limited the
experimental problems to four. Moreover the selected problems
were such that other experimental packages can be applied (and
in fact the problems were the ones that met the requirements

of these experimental packages).

We consider the following problems:

(a) Fluid flow between flat permeable plates

{b) Calculation of pressure on Hydrostatic pad

(c) Heat conduction and convection in two

dimensional body.

(d) Irrotational Fluid flow.



We now discuss heat conduction in the interior of

a very long body with various boundary conditions, including
convection around the body. The emphasis in the experiment
is to apply the discussed software approach which demonstrate
the elimination of the imperative sophistication (or

complexity), particularly with some complex real-life problem.

We assume that the convection loss from the internal
region of the fin is negligible., The heat condition has a
conductive coefficient k. The boundary conditions on various

sides (Fig. 5.1) are:
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Fig.5.1: Problem GCeometry and Boundary Condition




o i o eat
ion i Body.
SIDE
SIDE DESCRIPTION BODY CONDITION TYPE
AB Insulated Derivative boundary L2
condition:
oT oT
KeaoNaxt Kta—yﬂy - g
BC Linearly Distributor From 200 oC (at B)
to 4000C (at C) 1985
CcD Convection heat flow Derivative boundary L2
condition:
k,9Tq +k,9%q b (T-T) =0
4 3 x t ly y [ 4 -
DE Convection heat flow Derivative boundary L2
condition:
oT arT
Kc‘a_xn‘+xt—yny+ht(T_T-}'0
EF Prescribed All nodes at the boundary L1
boundary condition has 400 oC
(constant)
FA Prescribed All nodes at the boundary L1
boundary condition has 400 oC

(constant)
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The heat conduction in the 2D body is governed by

the differential equation:

d

9 A
ox

oT
ay(K )

or
(K==) 3y " C teveeenccnnsvnnsnnnsenna(5.1)

with constant conduction coefficient, K. The thickness t,

of the body is assumed to be 10 mm such that

k = 0.25 w/mm °C, h = 0.001 w/mm °C, 7. = 50 °C.

The boundary conditions are tabulated in Table 5.1.

Equation 5.1, when compared with equation 2.2, i.e.
a or 0 orT
—'aT‘(Kx_a} ‘a_'y(Ky_é;} + P(X.Y}T + Q(X;)’) c

will give K, = K, = K, = 0.25 w/cec, P(x,y) = 0 and Q(x,y) = 0.

)

The boundary condition on the side AB when compared with

the general boundary condition, equation 2.3, i.e.

aT orT
Kx—;r-ﬂ xi’K

,va_yny*a (x,y) T+B (x,y) =0

will give «af(x,y) =0 = B{(x,y) meaning that the side AB is
insulated. Sides CD and DE, when compared with the same
equation 2.3 will imply f(x,¥] to equal to -ht T, which
is 0.050 w/mm.



Table 5.2

Table 5.3a

s B

Elements and their associated Nodes for the

a d io rob
Element Nodes
1 14 2
2 5 2 4
3 2 5 3
4 6 35
5 4 7 5
6 8 5 7
7 5 8 6
8 9 6 8
eratur istributio

Node _Nodal Value

1 400.0000

2 400.0000

3 400.0000

4 200.0000

5 302.1307

6 400.0000

7 100.0000

8 203.8213

9 259,1417

for 8 elements

Table 5.3a 5.3b and 5.3c had shown the temperature
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Table 3.5b: Nodal Temperature Distribution for 30 Elements
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200.0C00C
‘JU:. 1400
400.0000
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351.070¢
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400.0000
399 ..999%%
351.07014,
150.000G¢
=01.070G

L B A
we ow' e @ oot S (‘

151.5000
301.5000
329.5701
231.070G




« =129=

Table 5.3c: Nodal Temperature Distribution for 128 FElements
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{f ' Table 5.3c: Continued

. ——— - — o

;"—-Conraiﬁates élﬂuunL . Hodd s
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4.0000 2.7500 4] A S s T B Y

§
. -
. o o e g, m, -
-
- -

2.7000 4.7500 1ap Y. 700 1
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distribution in the region for 8, 32, 128 elements
respectively. The experiment continued for elements up to
100,000 elements. The temperature distribution for 360 and

1440 element are shown in Fig. 5.2 and Fig. 5.3.

5.2 Irrotational flow of Fluid

The formulation of the irrotational flow problem in
terms of the velocity potential function yields the governing
equation.

e Rl R S ¢ 0
*x Fy?

In this case we considered the flow about a
cylinde,r de Vries and Norrie (1971). We determined the
streamlines for flow around a symmetry body 40 mm in diameter
centered between two parallel walls, which are 80 mm apart.
The fluid has a uniform velocity of 40 mm/sec at a location
far removed from the cylinder. Due to symmetry only the
region ABCDEA is considered Fig. 5.4. Table 5.4 shows the

boundary conditions.
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Plot of Y with X By Temperature
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Fig. 5.2: Temperature Distribution for 36 Elements
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Fig. 5.3: Tempecrature Distribution for 1440 Elements
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Fig. 5.4: Geometry of Irrotational Flow Problem
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Table 5.4 Prescribed Boundary condition for irrotational

a9 . o _ o 9B
AB 8‘r| 0 A 0, ay 0
BC Streamlined 0
AED Streaml ined 0
cDh Prescribed 0

The values of the velocity potential function and
stream function are given at their various nodal points of 13

triangular elements.
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Table 5.6 The stream function and velocity potential
distribution for 13 nodes of 13 elements

1 0,8 4 14.9

2 5,8 4 9.675
3 9.17,8 4 4.482
4 12,8 4 0

5 0,4 2 15.044
6 5,4 1741 10.011
7 9.17,5.5 2.042 4.784
8 12,5.5 1.673 0

9 0,0 0 15.231
10 5,0 0 10.524
11 8,0 0 8.469
12 9.17,2.83 0 6.229

13 12,4 0 0
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Table 5.7 The global node for the 13 elements.

Element Nodes
i 516
2 6 1 2
3 6 2 7
4 723
5 T34
6 7 4 8
7 5 6 9
8 9 6 10
9 10 6 11
10 11 6 12
11 6 7 12

13 7 8 13
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Table S5.8: Stream Function and Velocity Potential at
Various Nodes for 300 Elements :

_..—."c-.-.-..-...._«..-.,--—-*.__-.”—...--q.-. o e

Naands Cuured.., P .
Humber X 1 Stream Function Velocity Potentiyl
l G.0G0 2. 060 4.0000 L4.900G
o Y.000 5.000 4.0000 SL.07050
o P ] . 000 49000 4,404,100
4 12.000 B.00U0 4.0000 L0000
s 0200 4.000 2.0000 15.0440
G 5.000 4.000 1.7310 10.0110
7 Q.179 J.500 2.0420 4.7840
M 12.000 5.500 1.6730 0.0000
2 0.000 0.060 0.0000 . 5.2310
10 S5.000 0.000 0.0000 10.5240
11 8,000 0.000 0.0000 U.4690
i3 9.170Q 2.830 0.0000 Ho2U90
13 12,000 4.000 0.0000 0.000G0
L4 0.000 6.000 3.0000 14,9720
15 2.500 6.000 2.8705 12,4550
16 2.500 4.000 1.870% 12.527%
17 2.8500 8.0Co 4.0000 2.7875
18 5.000 6.000 2.8705 9.84390
19 7.00% G.750 3.0210 7.239Y ;
20 7.085 4.750 l1.891% 73975
21 7.085 8.000 4.0600 Y.0785
@42 9.170 6G.750 3.0210 1.6330
23 10.%gs 8.000 1.0600 2.2410¢
2 10.58% 6.750 3.0210 2.3920
3% 12,000 6.750 2.8365 0.0000
20 10.%85 2.500 1.8575 2.3920
a7 2.500 2.000 0.B705% 12,6210
28 0.000 2.000 1.0000.); 15,1375
29 5.000 2.000 0.8705 10.2679
<30 . .2.500 0.000-n@fﬂ&wvdﬂo;OOO&qQMQ&ﬁﬂﬁ%v12u877S
)| 6.500 2.000 0.8705 7 9.2400 °
32 6.500 0.000 0.0000 9.4965
33 12,005 3.31% 0.8705 8.1200
34 8.s8% 1.415% 0.0000 7.3490
a4 9.170 1.1065 1.0210 5.5065
J6 lLO.58B% 3.415% 0.0000 J.1145
37 10.585 4.750 1.0210 2.3920
38 12.000 4.750 0.6368% 0.000¢
39 2.300 9.000 2.3705 12,4914
490 F.750 5.000 £.3058 11,2330
41 3.750 4.000 1.B8058 11.2692
A4 1.250 G.000 2.935%3 13.74537
43 1,250 LU.000 2.4353 13.7494
L 44 04.000 3.000 2.5000 15.0000
45 1.2%0 4.00¢0 1.93453 12.7858
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Table 5.8: Continued

S ————— R e e g 2 et R R e e

Nodal
Number

46
A7
44
49
50
wl
o2
¥ |
54
29
o6
o7
o8
w9
GO
61
62
63
64
69
. 66
187
68
69
70
71
72
73
74
75
76
77
78
79
80
81
a2
83
84
us
'
B7
88
39
90

CLoordinate
X

11292
11.292
9.877
9.877
'9.877
9.877
11.292
12.0600
11.292
1Y 292
10.98%5
9.877
12,000
1.2590
1,250
0.000
2.500
1.250
0.000
3.750
3.790

Y Stream

6.125
5.5900
7:.375
2.000
1.000
1.000
3.000
3.000
3.000
3.000
1.000

4.0000
3.510%5
4.0000
3.5105

Function

«+ 9315

1.9668
2.9457
2.3810
1.0163
3.51005
3.510%5
4.0000
3.5105
345105

«+9109

3.0210
2.5315
4.0000
2.3470
2.2547
1.7653
2.9287
2.4392
1.9497
3.4183
0.93%3
0.43053

.5000

1.37095
1.4353
1.5000
1.3058
0.4353

Velocily Folentl .,
3.5000
3.4353
3.4353
4.0000
3.4353
3.4353
2.8705
2.3058
4.0000
2.4563

14.9360
13.6777
1] .0653
10.9813
9.7390
12.37156
11.1490
9.92720
13.59938
7.3135
6.00G7
6G.0Y%0H
B.oab.?
.60
8.7042
B.4522
5.055%8
S .7000
4.5070
7.1540
' 5,9312
'4¢3055,f..
8.3760
LR ) B e
) R205
1.14960
3.4370
e G I 17
3.5880
3:361a
1.1960
0.0000
1.1960
1.1960
233920
3.5880
0.0000
138793
13.9260
15,1842
12.5743
1 3038
1509079
11 .3160
1] 5725
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Coordinate

Nodal
Number

———

!

921
92
3
24

925

X

5.000
3.750
3.75%0

2 +500
1.2%0
$.000
6.500
7.250
7250
9.750
89:750
94750
$5.750
7.838
8127
8.077
Ga793
7.9%43
8.292
G.0A4A0
Bel27
92.170
84127
7.0H5
9.170
10.58%
11.292
11.292
9.877
2.875
a.ay
9. 8727
11.392
12.000
1 ha29:2
10.5985
12.000
o P 49 o]
4.375
1.37%5
3.12%

3.125

w900

3- 12:'

2.500

Table 5.8: Continuecd

=142

-

Y ot
P a2)0)
0.090
2.000
]__t.u_n_)
C.O00
J.000
1.0Gu
LatGud
Q.009
BT
I .00y
V.00
2.00¢
i B
e d 27
e ¥R

D97

4.a%52

4,002

4. 123

4.002
v

v Covige b d gy

*
P
L L el
Vo ot

O, i)

" "
L '.' ’;
l_:
i FItIsla
- AL
« 370

N “3
] -~
e
q q
P 4
I 4
" L 401 °
g s
L T
1 1yl i)
1 cUATH

w1105
Q.00030
€. % k-5
0.5105
l1.0210
1.931%
Q. ooo0
0.928%
0. ulpa
1.%43%0

} 1 ] i)
. |

' |
1

3128378

I |
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:trv

2800

L Y
L LT R ]

1".000
2.50¢

ER

.00

L
LR A"

A4.009
PRV
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4.0
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S (Pt Ly
g 6 s 0)
B BIT
T3 IV)
S - P14
DA T
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u?.Sde
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5.3 imens Flui etween Flat eabl ate
Since the generalized functional in two variables

(equation 2.1) can be reduced to one dimensional problem, we
also applied fluid flow between flat permeable plates to the
Finite Element Method so designed. For the above problem the

continuity and momentum equations are:

9B , pyOp . 0P Fp o, Fp
p“ax i = ox | “(axz ' ayz)

with boundary conditions
Uu=U=20.1m, u=0, U=y
Y=u=0.03m, y=0;

pressure gradient
viscosity T8 = 2.0 x 10 Ns/m

density B = 1.0 g/m
fluid Velocity U = o0.1m/s

-g% -0 continuity equation.

Such that momentum becomes

-pylk _ _9P &
Puay 6x+uay2
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Table 5.8a: solution for 3 Elements

Modal Hado! Hoadad
Number Coordinat a—-X Veanfie redtar s

l L ]
L.. dgua Y S T | 1
- cu A (N i M.
4 | AL ]
Solution for 7 Elcments
Misctal MHodal Mol
Mk or Coordinate -} T R S T
b A
17. 14234 (PR Gt 3
>4 .2057) $h, 59T

S1.9268%57
&LB.S714°% B

89.71428 )
102.8571 (i
S

ONC s ) -

Bl d
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Solution for 49 Elements

Pty

ST T

14

1
L
2.
=
-1

L A |
e

-
o
-

padt |
-
- Jd
-~
“
-

-~
-

=7

:ll l-il. l

Lo ddavial &

L
2.44392
4.4 7957
73469249
Q.795919

12,2449

14. 69380
17. 182080
19.57104
2. 000G
o, 4893

CH6. 9873
2. 38776
*1.87674
o4 RO 3 1 R
. TINT

S7.187560
4l .5720%
AA4.0GL4L S
46. 550510
38. 277957
Bl 2057
T S G I O o)
Ob)e vmbicr o
B, 7755

51.22448
HX.4673244
LHL 1244
&8.57142

A

Plostiand

It e rA L

..
AR

<2H.412%
) (B9 7 IR il H
A ]
R PR DN TN TR |
T, Cie a2
e T T L
T i
RO U ISTR IR |
T, T,
S, Ohacen,
T, o,
O, Ot
-

W, DS,

e T D L T 1
T, DY,
RN P L D
T, it
PO I T TR TR
e T T T T
Ty T T T
T L O a4
Mo
R NIFIIE ]
0, OO0
RAVIR R IRTRTNT)]
T Y TR
R TR T
SO0
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where

9P

Kx = p , P(x) = Pp and Q(x) = A

The solution output for various number of element are shown
in Table 5.8a and 5.8b, while Fig 5.6 shows the various

number of elements for fluid flow between permeable plates.

5.4 Finite Element Problem on Hydrostatic Pad

In this problem a symmetric cross section of the

hydrostatic pad was considered. Because of this symmetry only

1/8th of the pad was considered (Fig. 5.7). The area was

initially divided into eight element with nine nodes.

The pressure under the pad is governed by the

Reynolds equation.

8 3Py, @ (;p 3Py _
ax<h 3x> ' ay(h ay) .

Such that when compared with the generalized equation 2.3,
K=h*, K, =h® P(x,y) =0 and Q(x,y) = 0. Nodal values
are specified along the inner and outer edges such that the

pressure under the pad is P = 20 on y = 12.0 and P = 0 on

y = 36. Other nodes at the boundary are governed by the
boundary condition:
oP ap
Kx'a—; - Ky.@ v a(x,y)P+ Bix,y) = 0

where o« =p =0
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A

-
-

PR

': Fig. 5.7: The Geometry of the 1/8th of the Hydroslatic Pad Proble:
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The result for the nine node are given on
Table 5.9, and Fig 5.8 shows the pressure distribution of 500

elements of the hydrostatic pad.

Table 5.9 he es i ibut i or the h static

pad problem.

Node Coordinates Pressure
1 0,12 20.000
Y 0,24 15.855
3 0,36 0.000
E 32,12 20.000
5 12,24 14.331
6 12,36 0.000
7 24,24 9.2762
8 24,36 0.000

9 36,36 0.000
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The bounds of Pressure are defined as follows:

000~ 2.000 12 2.000~- 4.000 @: 4.000- 6.00:
6.000~ 8.000 «¢: 8.000- 10.000 +: 10.000- 12,00
12,000~ 14.000 %: 14.000- 16.000 “: 16.000~- 18.0¢
18,000~ 20,000

Fig. 5.8: The Pressure Distribution for 500 Elemen
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Table 5.10: Pressure Distribution for 300 Elemern—

——.-—-.—-.._-._———-—q.—-..—-——__-..—————_-._—-_—_——.-_—...-..--.—-—._...._..._

Nodal Element

Number Number X Y Fressure
1 auf 0.000 12.000 20.0000
2 76 0.000 24,000 15.85%0
3 4 U.000 36.000 0.0000
4 88 12.000 12.000 20.0000
<! S 12.000 <4.000 14.3310
G 7 " 12,000 36.000 0.0000
7 104 24.000 24.000 2.2762
U 116 =4.000 36.000 0.0000
9 120 35.000 J6.000 0.0000
10 148 G.000 12.000 20.0000
il L 12000 153.C00 §7 oVl

g 136 G000 ~5.000 } 7 1 B5%
13 200 6.000 24.000 15.0930
14 13 0.000 18.000 I T D
'S L7 12.000 20.000 71655
LG =92 6.000 30.000 7.2
17 =Y0 H.000 36.000 0.0000
(s | iY 0.000 20.000 7937
o 8O 1(1.\..0 J2.000 ivebati!
0 P 1808 24.000 11.80306
21 118 24.000 30.000 1.62d1)
22 9 18.000 30.000 7.165%
P 2 18.000 36.000 0.0000
24 128 30.000 30.000 4.6381
25 122 30.000 36.000 0.0000
26 38 9.600 18.000 17.16%%
a7 o 12.000 +1.000 13.74131
28 22 92.000 21.000 15.74683
29 42 9.000 15.000 10.5820
30 198 6.000 15.000 18,5828
31 161 3.000 12.000 20.0000
32 40 3.000 15.000 18.50824
33 17% 92.000 12.000 20,0000
34 87 12.000 5.000 18.582u
' 39 185 3.000 21.000 16.5103
3G 182 3.000 24.000 15.4740
37 145 0.000 -1.000 16.8912
a8 193 6.000 L21.000 16.1293
39 44 3.000 18.000 17.5465
40 92 0.000 15.000 18.9638
41 265 9.000 Z24.000 14.7120
42 239 9.000 40.000 7 +946Y%
43 7 12.000 33.000 3.9828




Table 5.10: Continued

Nodal Element Eugrdxnateu

Number Number X Y Fressure
44 226 9.000 33.000 3.9637
45 249 9.000 27.000 11.1293
46 294 6.000 27.000 115103
47 63 3.000 27.000 11.8912
48 2063 12,000 27.000 10.7402
49 =87 3.000 33.000 3.9637
= 279 3.000 36.000 0.0000
S 274 0.000 33.000 3:.9637
52 20 6.000 33.000 3.9637
53 77 3.060 30.000 229275
$4 298 0.000 27.000 11.8912
99 78 Y.000 36.000 0.0000
b 82 15.000 21.000 14.40846
S g1 15.000 24.000 13.0673
o8 90 18.000 21.000 13.2209
99 87 15.000 18.000 15.9018
(£Y¢] 88 15.000 15.000 17.3190
G1 Y0 21,000 <1.000 11.98722
62 92 21.000 <4.000 10.5399
63 93 21.000 30,000 95.9014
L4 117 24.000 33.000 2.319]
69 116 21.000 33.000 3.5828
(Y 96 <21.000 ~7.000 B.2iou
67 25 18.000 27.000 9.48406
6B 99 15.000 27.000 10.7483
69 104 24.000 27.000 6.9572
70 107 15.000 33.000 3.5828
73 7 15.000 26.000 0.0000
72 109 18.000 33.000 3.5020
73 24 $5.000 20.000 7. 1655
74 2 21.000 36,000 0.0000
79 119 27.000 33.000 2:3719)
76 112 27.000 36.000 0.0000
77 127 30.000 $3.000 2:3191

78 30 27.000 30.000 4.648)
79- 125 27.000 27.000 Ge95Y2
0o 128 33.000 J3.000 23191
81 128 23.000 26.000 0.0000
82 132 10.500 21.000 15.7483
83 131 12.000 22.500 15.0396
04 129 10.500 22.500 15.0396

) 133 10.%00 19.500 16.4509
86 132 9.000 19.500 16.4569
uz 143 7.500 13.000 172.16%%
68 219 7.500 19.500 16.4%6Y
89 140 10.500 18.000 1710655
20 118 12.000 19.500 16,4069
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Table 5.10: Continued

-  ———— . ——— e -

Nadal Element Coordinates

Number Number X Y Pressure
91 140 7.500 16.500 17.174)
92 155 6.000 16.500 17.8741
93 144 9.000 16,500 17.8741
Y4 144 7.500 15.000 18.5828
95 149 7.500 13.500 19.2914
96 41 6.CGO "13.500 19.2914
97 152 10.500 16.500 17.874)
98 155 4,500 15.000 18.96828
99 15 4.500 16.500 17.8741
100 157 4.500 13.500 19.2914
101 159 3.000 13.500 19.2914
102 159 1.500 12.000 20.0000
1023 159 . 200 13.500 19.2914
104 164 4.500 12.000 20.0000
165 170 10.500 5.000 18.5828
106 165 12.0060 16.500 17.8741
107 168 10.500 13.500 19.2914
108 42 9.000 13.500 19.2914
109 123 7.500 12.000 20.0000
116 174 10.500 12.000 20.0000
111 176 12.000 13.500 19.2914
112 45 1.500 22.500 16.1826
113 255 1.500 24.000 15.6645%
114 2 0.000 22.500 16.3731
115 181 3.000 22.500 15.9921
116 181 1.500 21.000 16.7008
117 189 1.5900 19.500 17,2189
118 46 0.000 19.500 ©17.4094
119 186 4.500 22.500 15.8016
120 258 4.500 24.000 15,2835
121 192 3.000 19.500 17,0284
122 189 1.500 18.000 17.7370
123 199 © 4.500 21.000 16.31906
124 49 4.500 19.500 16,8379
125 195 6.000 19.500 16.6474
126 49 T 4,500 18.000 17,3560
127 214 G6.000 22.500 15,6111
128 201 1.500 16.500 18,255
129 202 0.000 16.500 18,4456
130 206 3.000 16.%500 18,0640
131 207 1.500 15.000 18,7733
132 52 0.000 13.500 19,4819
133 3 7.500 22.500 15,4206
134 14 7.500 24,000 14,9025
135 216 9.000 22.500 15,2301
136 54 7.500 21,000 15,9388
137 271 10.500 24.000 14,521%
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Table 5.10: Continued

34.500
31.500
31.500
30.000
31.500
3C.000
31.5%00
28.500
28.500
28.500
27.000
23,900
25.500
28.500
27.000
13.900
2«5 00
25.950

25.500
27.000
28.500
25,500
eT. 500
<5500
34 .500
J6.000
34.500
34.500
33.000
31.500
31.500
34.500
36.000
31.500
30.000
33.000
31.500
31.500
30.000
34.500
28.500
28.500
28.500

Nodal Element
Number Number &t
-—--—-—---n-———u---—------1—"——-“'
‘ 138 228 10.500
139 227 12.000
140 3 10.500
141 230 10.500
142 229 92.000
143 237 7 .500
144 231 7.500
145 234 10.500
146 234 12.000
147 60 7.500
148 16 6.000C
149 241 9.000
15 61 7.500
151 208 7« 904
152 244 6.000
15 248 10.500
o4 63 4.500
15 249 4.500
o6 293 4.9500
157 L4 J.0CO
194 255 1.500
i 261 10.56G0
16O 17 12.000
161 271 10,500
162 67 9.000
163 av2 12.u00
14 273 1.500
165 5 1.500C
166 4 0.000
167 283 3.000
168 281 1.500
169 . 281 1.500
170 279 0.000
171 74 4.500
172 71 4.500
173 - 286 3.000
174 19 1.500
75 289 4.500
176 72 4.500
177 291 6.000
178 291 4.500
179 294 6.000
180 298 1.500
181 19 0.000
182 302 3.000
183 9 1.5%00

27.000

-—-——-—-—-----——-——-—--——-—--——--— . —— - — -

1.9819
s b R
Q«7H5
7.7370
2.9456
7.35%60
5.3741
9.L284
9.718Y
9.3379
11.3198
13.1111
13.3014
9.1474
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5.5 Software Evaluation

a2 softﬁaré deveiopment process will;ﬁot come.to a
good conclusion without evaluating the work done in relation
with existing ones in order to justify the performance of the
new product. In most software development process, which
involve numerical computation, attention were mostly paid to
the accuracy of the numerical approach, without putting into
consideration the programming aspects. Many work have been
done in which the accuracy of the work had been extensively
analyzed in isclation of the programming effort that brought
about the level of accuracy, the programming environment and

may be, the complexity of the programming.

i
:

In this project.we have placed finite Element Methcd
in the forefront of the study fcllowed by the programming
methodologies as applied to some class of partial differential
egquation. Various progrémming approaches had been considered,
some implementation had been taken as BenchMark Programs to

enable a comparative study of the SOLVER approach.

Since the method were coded for different machines
in different languages, it will not simply be possible to
compare the performance of the various program in terms of
time taken and storage consumption in the different

environment. Moreover we have not only considered accuracy
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as the measure of how good the package is, rather we also
covered other quantities like:
(a) Efficiency,
(b) Easy understanding,

(c) Reliability and Robustness.

The accuracy of the Benchmark programs had been
tested in various programming methods under consideration and
found that they are all at an acceptable range. Table 5.11
shows the accuracy value for various programming methods
including that of the SOLVER. Numerical Results by Pesaro
et al (1978), Duchsky (1980) and Molus (1982) were

considered.
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Table 5.11: city i tati W
MMLMMW
""""""""" pesaro  Duchsky  Molus
Coordinates (1978) (1980) (1982) SOLVER
12,5.5 0.0 G0 0.0 0.0
0,6 14,852 15.00 14.888 14.843
5,6 8.756 9.975 9.968 9.843
2adye 12.456 12.627 12.661 12.621
1.25,6 13.012 13.784 13:671 13.714
1.25,4 12.956 13.964 13.772 13.787
E,'S 9.702 10.004 9.873 8.927
2+5;3 12.653 12.696 12.565 12.562
6.043,8 8.502 8.453 8.354 8.377

2.5,5.5 12.326 12,754 12.501 12.474
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5.6 Experimental Framework
Since accuracy is. not the only measure of the
software performance we had looked at the various factors that
affect the software performance, and designed a method of

measuring them experimentally. - g

These performance measure or factors where chosen

based on the objective of the project and they are as follows:

(1) Efficiency - This will involve the
consideration of the use of computer resources
by programme (econonmy).

(ii) Easy usage - Involves the consideration of how
natural the input required for computer is,
how clearly understandable and conmplete the
output is (simplicity and structured).

{(1ii) Reliability and Robustness: This involves
the consideration of how the program performs
the intended function satisfactorily and how

the performance degrades as usage moves away

from intended domain. = oy
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The measure of these complexities are not straight
forward, particularly for diverse study. Suitable measure
will be possible if the various Benchmarks are brought to
common unit. The approach used here was based on the tenet
that the measured complexity of Benchmark was a sum of the
complexity of its constituent elements, and these element can
be quantified by the use of carefully selected weights and

factors.

This method was first used by Halstad (1970) at
Purdue University. He focused on the total number of operands
and operators in a program as the measure of complexity,
developed estimator formulas for program complexity and
related his result to the number of man-hour and errors. This
was based much on his mathematical development which was

intuitively motivated.

Laemnel et al (1977) subsequently showed that
Halstad's work was related to more basic ideas rooted in
statistical communication theory, generally known as Zipf's

law of natural language and Shannon's information theory.

Performance evaluation of competive software had
been made by Ferrari (1978). In his approach instruction
mixes (grouping of sets of instruction in the assembling

language level) was devised.
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The first work, by Pesaro et al (1978) had used the
program count technique to assess software maintainability in
attempt to quantify program difficulty. He implemented his
ideas by assigning weights and factors to the program
elements. As with all weight the value are tuned so that the
results correlates with reality or a standard that represent

reality.

The other two benchmarks under study, Duchsky (1980) and Molus
(1982) adopted the method by Pesaro et al (1978) in their
measurement of performance. We have also adopted this method
to give the profile and assessment of the various
complexities, since the software we are assessing are from
different environment (software Hardware, and operating
systems) .

The BenchMarks are:

FEM 1 - ALGOL programming language Pesaro et al (1978)

FEM 2 - FORTRAN programming language Duchsky (1980)

FEM 3 - FORTRAN programming language Molus (1982)

SOLVER - FORTRAN/PASCAL Assembler programming.

The FEM1, FEM2, FEM3 did not pay attention to programming

environment in which the Pascal and Assembler programming
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languages were used in the SOLVER. These programming
environment includes the tools that made the package
self-contained with wvarious sheets that facilitates

programming with respect to screen management.

BoBauls ogrammi Count i ols

A program counting tool, Berns (1984), was used to
extract the token (symbolic name, constant, operators and
statement elements) and given their various frequencies. It
will alsc group symbols according to the data type to which
they belong as well as their common attributes. This will
help in assigning factors to the elements of these data types

and attributes.

We pragmatically rely on the approach by Pesaro (1978)
as did by other BenchMarks under consideration for uniformity

of the measurement of performance.

In this work element weights were in the range 0 -
30. The values for the various weights and factors are given
in Table 5.12 to Table 5.19. Table 5.12 shows the weights

that are assigned to the various kinds of symbolic names.
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Table 5.12 Weights Assign to Symbolic Name Elements
Symbolic Name Elements Weights
Parameter 1.00

Variable 0.85

Array 1.50

Function 2.00

Statement Function 1.80

Subroutine 2.00

Common 0.00

Label 1.00

vVariables arrays and statement functions are
assigned the basic weights of Table 5.12 in every non-

specification statement in which they appear.

The same 1is applicable to every reference to
functions and subroutines. Functions that appear in parameter
expressions were also weighted. Parameters receive weights
in every statement in which they were used. The weights
assigned to constant elements are shown in Table 5.13.
Constants received their specific weights in every executable
statement they appeared. They also received their weights in
specification statement when they represent values that

initialize symbolic names (eg. DATA statement).
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Table 5.13 Weights Assign to Constant Elements

Constant Elements Weights
Logical 0.00
Integer 0.00
Real {(all methods) 0.05
Hexadecimal 0.10
Octal 0.10
Character : 0.10

Hollerith 0.10

Operator elements were assigned weights specified
in Table 5.14 in every statement in which they appeared.
Weights were assigned to a symbol when they were used as
operators.

Table 5.14 Weidghts Assiqned toc Operator Elements

Operator Element Weights
.OR; .AND. 0.25
.NOT. : 1.00
Relational 0.20
+,-, /1 0.20
!/ 0.30
* X 0.25

* % o 0.50
The weights assigned to statement type are given in
table 5,15 and table 5.16, by type and assigned weights

respectively.
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Table 5.15: Weights Assigned to Statement Tyvpe Elements

Statement Type Weights
ASSIGNMENT 0.0
ACCEPT 3.0
ASSIGN 2.0
BILLOCK DATA 1.0
BYTE 0.0
CALL _ 1.0
CHARACTER 0.0
CLOSE ' 0.1
COMMCN 0.0
COMPLEX | : 0.0
CONTINUE 0.0
DATA .0
DIMENSIGN .0
DO : 7.0
DOUBLE PRECISTION 0.0
DO WHILE 7.0
ELSE .0
ELSE IF 4.0
ENCODE 3.0

END 0.1
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Table 5.15: Continued Weights Assigned to Statement Type

Elements

Statement Type Weights
END DO 0.0
END FILE 1.0
END IF 0.0
EQUIVALENCE 0.0
EXTERNAL 0.0
FORMAT 0.1
FUNCTION : 4.0
GOTO 10.0
IF 5.0
IMPLICIT 0.0
INCLUDE _ 0.0
TNQUIRE 2.0
INTEGER 0.0
LOGICAL 0.0
OPEN 2.0
PARAMETER 0.0
PAUSE o 0.1
PRTNT 3.0
PROGRAM c.0
READ 3.0
REAL 0.0
RETURN : 0.1 for first RETURN

12.1 for other RETURNS

REWRITE 3.0
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Table 5.15: Continued Weights Assigned to Statement Type

Elements
Statement Type Weights
REWIND 3.0
SAVE 3.0
STATEMENT FUNCTICNS 10.0
5T0P 0.0
SUBROUTINE 4,0
TYPE 3.0
UNLOCK 4.0
WRITE _ 3.0

*The statement types are from American
National Standard Programming Language, X3, 9-
1978 of American National Standard Institute

(ANSI), New York 1978.

,”'-* Out of all the statements assigned 0 weights only

the assignment statement is executabkle, others  are
specification and non-executable statements. 211 other
statements are given progressively higher weights, culminating
in a weight of 12.10 assigned to each return statement after
the first in a program. The relative heavy weights assigned
to return statement reflects the impact their use has on the

idea of single entry, single-exit structured pregramming.
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Table 5.16 Statement Types by Assigned Weights

Weights Statement Types

12.10 RETURN (except the first Return statement)
10.0 GOTO, ENTRY, SAVE

7.0 DO, DO WHILE

5.0 IF

4.0 BACKSPACE, ELSEIF, FUNCTION, SUBROUTINE

3.0 ACCEPT, PRINT, READ,REWRITE,TYPE, WRITE

2.0 ASSIGN, INCLUDE OPEN

1.0 BLOCK,DATA, CALL, ENDFILE, REWIND

0.1 CLOSE, END, FORMAT , PAUSE, RETURN (First only) ,b STOP
0.0 ASSIGNMENT, BYTE, CHARACTER, COMMON

COMPLEX, CONTINUE, DATA,DIMENSION, DOUBLE

PRECISION, ELSE, END DO, END IF, EQUIVALENCE,
EXTERNAL, IMPLICIT, INTEGER, LOGICAL,

PARAMETER, PROGRAM, REAL, Statement functions.

Table 5.17 summarizes the weights assigned to other
program elements such as dummy argument and "built-in"

function.
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Table 5.17 Weights Assigned to other program Elements

Element Weights

Use of dummy argument as the name of
a function, subroutines, or entry point
is assessed an additional weight - 4.00

Reference to a "built in" function
(eg. % LOC) = 15,00

Poor usage - 30.00

Label definition that is not higher

in value than the previous label

defined - 0.50 (up to a
maximum 75.00)

Interface exception - 30.00

Factors are assigned to increase or decrease the
weights assigned to symbolic (Table 5.12) name elements
according to the attribute and interrelationships of the
symbolic name. Factors assigned to data type are given in
table 5.18, while Table 5.19 gave the factors for other

attributes.
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Table 5.18 Factors for Data type of Symbolic Name Element.

Data Type of Symbolic Name Element Factor
LOGICAL *1 0.10
LOGICAL *2 0.15
LOGICAL *4 0
LOGICAL *2 0.15
INTEGER *4 0.00
REAL *4 0.05
REAL *8 (same as double precision) 0.00
COMPLEX *8 0.20
COMPLEX *16 g.25

Table 5.19 Factors for other Attributes

Attribute Factor

(i) Changing a Value

Applied whenever a statement causes the value
associated with symbolic name to change (eq.
Assignment, Read, Data Statement). - 0.15

(ii) Dummy Argqument

The Symbolic name is a dummy argument if it
appears in a subroutine or function statement - 0,30

(iii) call Argument

Applied to a symbolic name if it is used as an
argument in a call statement - 030

(iv) Implicit

Applied to a symbolic name if it is implicitly - 0.50
defined
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Table 5.19 Continued Factors for other Attributes

Attribute Factor

(v) Common

Applied to a symbolic name if it is defined or
equivalence into a common block - 1.00
O

{vi} Equivalence

Applied to a symbolic name once for every
explicit and implicit association. -~ 0.5

(vii) Backward Reference

Applied to a reference to a takle that is defined
earlier in the program (unless the table identified
a format statement) - 3.00

The factors as determined by equivalence attributes
can be implicit as well as explicit,
eqg.
REAL *4,A,B,C,D(2)
COMMON A,B,C
EQUIVALENCE (B,D(1))

A 1is not associated, B and C are associated
explicitly while D is associated explicitly with B

and implicitly with C (i.e. D(1) with B explicitly
and D{2) with C implicitly).

The backwards reference which have the highest
weighing factor, is to weight down programs with excessive

GOTO statement (non-structured programming).
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5.6.2. Measurement of Program Efficiency

Program efficiency refers to the use of Computer

resources by the program. These resources are principally

time and memory.

Assumption:

It was assumed that the time for access of any

memory location is the same, such that the effect

of COMMON and EQUIVALENCE statements as attribute

on variables will have no effect on the execution

time.

We also assumed that statement flow is sequential

and that all conditional branches will remain the

same for all the Benchmarks under comparison.

Method:

(ii)

The weight of each statement is calculated by
finding the product of the weight of each

token and multiplying by its factor.

The individual element weight are calculated:
symbolic name, constants, operation, statement
types and other program elements (like using
dummy argument as name of function or

subroutine; referencing built-in function;



-174-
backwards table definition; and interface

exception).

(iii) Symbolic mname weight are increased by
multipling the weight by (1 + factor) for each
attribute {Tables 5.18 and 5.19). The factors
are used to increase/decrease the weight

assigned to symbolic names (Table 5.12)

according to the attribute interrelationship
of the symbolic name. They will bring cut the

natural complexity of each statement.

(iv) The statement weight is the sum of the

weights of the tokens in (ii) and (iii) above.

(v} The program or subprogram weight is the sum of

the weights of each statements in it.

Generally, statement weights can be calculated with
some or all of the following:
R (a) W1 - a weight for the type of statement

ranging from 0 to 12 (Table 15.15}).
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(b) W2 - for each constant element in the statement, it

is ranging from 0 to 0.10 (Table 15.13).

(c} W3 - for each operator element in the statement.

This weight varies from 0.20 to 1.00 (Table 15.14).

(4) W4 - is the weight assigned to other special
program elements such as dummy argument, and built-
in functions, backwards label definition and

i ~ interface exceptions; varies from 0.50 to 30.

If a variable in a statement has some other
relationship with other variables, then the factor will now
come in, to increase the weight due to the relationships.

Each variable may have one or more of the following:-

ﬁ- (e) W5 - the weight for a symbolic name element (Table

5.12) the weight varies from 0 to 2.00.

" (f) W6 - (1 + Fl1l) where Fl1 is the factor for being
LOGICAL, REAL, INTEGER cor COMPLEX (Table 5.18) F1

'E varies from 0 to 0.25.

(g) W7 = (1 + F2) where F2 is the factor as a result 6f

one or more of the following:-



-176-
(i) when a statement causes the content of a

symbolic name to change

(ii) when the symbolic name is a dummy argument
and appears in a subroutine or function

statement.

(iii) when a symbolic name is used as an argqument

in a call statement

(iv) when a symbolic name is implicitly defined

(v) when a symbolic name is defined or

equivalenced into common

(vi) when a symbolic name have an explicit or
implicit alias eg. REAL *4 A,B,C,D(2)
COMMON A,B,C

EQUIVALENCE (B,D(1))

A has no alias, B and C has one alias, and D has

two aliases one explicit (B) and one implicit (c).

(vii) when a reference to a label that is defined
earlier in the program (except for labels that

identified a FORMAT statement).
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The weight of a statement can then be defined as a

STATEMEﬁT WETGHT = W1 } W2 + W3 +.W4 (WS x W6 x WT)
for any Wr, which is applicakle to the statement.
Any Wr, 1l<r<5, can be zero if it does not apply to
the statement while Ws, s = 6 or 7, will result to
1 if it does not apply, since Fl1, and F2 can bhe

zero for W6 and W7 respectively.
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The program segments and subprograms we considered
for counting were in line with the subprograms considered in

chapter 5; these include:

1. PREPROCESSOR:

(a) SCON - sets the control parameter
(b) SMESH - sets up the mesh coordinates
(c} SELEM - sets up the element data
(d) SBAND - sets up maximum band width
(e) SMAT - sets up the material property
(f) SBC - sets up boundary conditions
2. PROCESSOR:
(a) FORMKF - formulation of the stiffnes; matrix agd

load vector

(b) APLYBC - applying the boundary conditions to the

glokal stiffness matrix and load vector.

(c) SOLVE - Sclves the linear equations for the nodal

point values.
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3. POSTPROCESSOR:

(a) EVAL - evaluate and prints finite element and
exact solutions
(b) ENORM - evaluate and prints the error if the

exact solution exists.

(c) EXACT - calculate the exact solutions.
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Table 5.20 Weight of program segments

Mo e Name: Weight
PREPROCESSOR:

SCON 1265.00
SMESH 935.30
SELEM 776.11
SBAND 501.00
SMAT 311.00
SBC 327.30
PREPROCESSOR:

FORMKF 2241.11
APLYBC 1671.00
SOLVE 2611.70

POSTPROC OR:

EVAL 1095.00

ENORM 822.50

EXACT 251.00
Tot we t of SOLVER m :

The Benchmarks under consideration did not breakdown
their weights by subprogram, rather they were given as the
total weight of the entire program and estimated execution
time. The breakdown in comparison with the Benchmark programs

is shown in Table 5.21.
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Table 5.21 The comparison of the Benchmarks with the

SOLVER
Methaod Total weight
FEM1 18,758.00
FEM2 15,235.00
FEM3 13,667.00

SOLVER 12,808.02



CHAPTER 6
SUMMARY AND CONCLUSION
The aim of developing the programming facilities for
Finite Element Problems, using the software engineering
approach, is an attempt to remove the barrier placed by

communication language in handling such problems.

At this stage it 1is quite obvious that the
theoretical development of Finite Element Method had advanced
tremendously with a little touch of the programming aspect of
the method. We looked at the problem of the early packages
like PDEL and LEAN from the classes of problems under
consideration. It was found that generalization of software
packages will result to wastage of time and storage. Yet an
efficient program is desirable, which calls for experienced
programming. The general purpose-package have to give way to
the development of a programming tool which has to be used to

facilitate problem solving in Finite Element Method.

Despite these efforts to develop a unified front for
the Finite Element Method the problem still remained that only
the experts (i.e. the systems analyst as programmers) can

produce efficient and economic packages.

It was found that there was still some barrier
between the Finite Element Method and the implementation and

this was precisely the communication language in which the
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problem solving skills of the finite element analyst does not
cognitively fit with that of the computer language. Therefore,
there is the need to describe in an explicit manner and in a
convenient way the steps and request to realize a Finite
Element Method Solver. |
: We found out that the choice of programming language
was out of place as provision were made for adaptable tools
that will assist or translate with ease the well organised
Finite Element Method intc computer equivalent. This had
brought about the dynamic usage of electronic sheets for
various components of the Finite Element method. These sheets
which Ao not need any specialized language are interactive,
such that changes in the problem can be noticed as development
of solution method progresses. |
Principally based on Software Engineering approach,

we have been able to look from theoretical point of view the

variation approaches of solving partial differential equation

bearing in mind that the theory must not deviate conspicuously

from the practical implementation. This approach made use of
method of achieving functionals which may actually represent
some physical quantities in the problem to obtain lower-order
derivations. Though it 1is not always possible to find a
variational formulation to a given differential equation, the
approach was adopted as, it was a good starting point to the
study of the new approach of Finite Element Method by

electronic sheets.
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In the general finite element procedure the nodal
and element characteristics in a domain have to be efficiently
arranged for convenience, reduction of storage requirement and

reduction in processing time.
|

f}{j In section 2.3 we have to go through the theory of

the wvariation format of the Finite Element Method, and
isolated the basic elements that will assist in the structural
design of the communication language. Most of the isolation
of basic elements helped in producing some structured approach
of the handling to Finite Element Method equations. It can
be seen that the definition of the preoblem domain was possible
together with every property. These can be seen in Pseudo
code;
Type CODS is structured
X is array [l1..3] of real;

: Y is array [..3]) of real; and structure;
ELEMENTS is structured | |

NODE is array [1..3] of integer;

COORDINATE is CODS

Kx,Ky,P,Q,P are real;

and structure;
Variables

REGICN is array [1..E] of ELEMENTS;

Every property of equation 2.1 to 2.3 are embedded

in this single definition. Moreover, the entire region was
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made flexible such that it can vary from problem to problem.
For the input control data, a compact use and representation
of interrelated data which reflects the physical view of
discretized region removed the isolated nature of the element

proportion and coordinates of the incident list,

Property defined in equations 2.5, 2.6 and 2.7 were
collectively read with a structured procedure which can also

be seen in Pseudo code:

While not (end of element) loop
read(e) ;
with region[e] do
loop for n = 1 to 3
read (node[n]);
end loop;
loop for n = 1 to 3
with coordinate do
read (X[n],¥[n]);
end loop;
read (Kx,Ky,P,Q,alf,beta);

end while;

which involved a direct and uniform reading of element number
e, the global nodal numbers, by using NODE; the nodal

cocordinates and the value of the coefficient functions.
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The problem of handling the scattered element
stiffness matrix and load vector of equation 2.12 to 2.19 was
smoothened with the centralized and natural transformation.
This had shown that with the same element and its properties
the local degree of freedom numbers 1,2 and 3 being under
consideration on the element stiffness matrix and load vector

the Pseudo code version:-

loop for i = 1 to 3
with region [e] do
loop for j = 1 to 3
S[i,3J] = (Kx*b(i)*b[j] +
Ky*c[i]*c[]])/(A*4);
s(i,j] = s(i,3) = s[i,]])/6
IF i = j then S(i,j) = 8[1,3]/12
end loop
V[i] = Q*A/3.0;

end loop;

This had made the introduction of the natural
boundary condition possible in one step and the language not
far from the steps of equation 2.19. The algorithm in Pseudo

code is:
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3=2; k =33
with region [e] do
L loop for n = 1 to 3
L= ((X[n] - X [3] 2 + (¥Y[n] - Y (J]"2)"(1/2)

S[n,n] = 5[(n,n] + 2* alf* L/6;

: S[n;J] = S[n;j) + alf *L/é6;
i S[3,n] = S(n,j] { for symmetry }
| S{3,31=5(J,3)+2*alf+L/6;
% V[n] = V[n] - beta*4/2;
'? V{31 = V[)] - betaxL/2;
? end loop;

!

!

% The advantage of a skyline or profile method of
storage over the convectional square matrix of two dimensions
array was adopted for the assemblage into global stiffness
matrix and load vector. This method had drastically reduced
the amount of computer storage wasted. The wastage with the
conventional matrix operation is estimated to be N(N-B) where
N is the number of nodes in the problem and B is the maximum

band width of the global stiffness matrix, since the resulting

matrix is always banded.

The major difference between this skyline method and

the existing ones is its structured and modular approach. The
advantage of the approach over the existing ones is the

removal of the required extra 'book-keeping' to maintain and
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define points that will locate matrices and the damage of

overwriting in attempt to locate implicitly defined storage.

6.1 Prodgram Development

.After reviewing most of the available Finite Element
computer packages, it became obvicus that the early codes were
developed at a great cost, yet the developed packages were
highly specialized, machine dependent, and even difficult teo

modify.

S

Based on this fact we looked at the poésibility of
developing a package that will remove most of the routine
activities of programming only to concentrate on activities
which includes comprehension, medification and updating
ability. This will enhance the user's familiarity with the
internal function of the package to be able to take full
advantage of the basic potentials of the Finite Element Method
and aveid inappropriate application. These advantages were
developed in chapter 3, with concentration on some general

class of boundary value problems.

Structurally the Finite Element Method problems were
divided into three basic functional stages which falls in line
with the functioning of a digital computer:

PREPROCESSING; PROCESSING and POSTPROCESSING.
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These three stages are so related that they work automatically
with the view of communication tests that can signal the need
for changing some parameters in the problem statement and
thereby causing returns to either the preprocessor or

processor stage.

Changeable variable and parameters are clearly
defined in terms of their type, scopes and limitations,
moreover algorithms of various procedures, in form of flow

diagram are presented.

As the project had limited its scope to procedures
of achieving flexibility, it concentrated on the routing that
will realize some meaningful solution to boundary value
problems, it had therefore made that assumption that the
discretization of problem region can be done with other
automatic routine or manually. This assumption was based on
the fact that there are many goocd mask generation and
refinement routines with the capabilities of reducing the
maximum band width, thereby enhancing the efficiency of SBAND
routine of section 3.2.6. This routine simply searches the

entire problem region to get the maximum bandwidth.

The individual consideration of boundary conditions as
prescribed or derivatives can now be done by using one

procedure for both one and two dimensional problems. This
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approach did not only bring about the reduction of storage
wastage as a result of using unprescribed nodes, but had also
brought about the reduction of computational time, from
o(N°) to O(K?) where K << N. K is the number of either
prescribed boundary conditions or derivative boundary
condition while N is the number of global nodes. This was
done by procedure ALPYBC in which the global boundary

condition GBNDN and prescribed PBOUND were defined.

During the stages of the design and implementation
of this project, we have to look at the objective set out for
this project and a little backwards to the classification of
the earlier development of various packages and software
procedures. These early software fall intc four basic forms:
Individual programs, software packages, numerical software

library and software system.

Individual programs software packages could not meet
the objectives of this project, because they fell short of the
communication language which will be far from the users method
of solving Finite Element Method problems. Moreover, they
mostly lack the facilities onto which structured equivalent
of Finite Element Method will be translated and they have to
subject the user to adapt to the constraints and implicit

strategies facilitated by them.
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Numerical software library is characterised by a
large set of programs so that it will support general
numerical computations. It mostly falls short of
compatibility due to insufficient and lack of well organized
documentation that will enable good selection of parameters.
Moreover, numerical software library require an expert

experience to be able to invoke most of the procedures.

The software system is generally made up of
specialized user interface, 1like file manipulation and
management, stream and graphic displays, memory management,
input and output management. These facilities had removed
most of the programming effort required by the user, such that

consideration will be on Finite Element Method prcoblems.

In section 4.2 the computational SOLVER was
d%scussed. This method of software development was considered
the best relative to individual programs software packages and
numerical software library, because it does not reguire the
user to know much about the internal working of the computer
system and the methods of handling special facilities. The
SOLVER <concentrated mostly in taking care of these
housekeeping facility, which are very sensitive as well as
time consuming. The powers of the SOLVER strictly lies on the
ability to make use of electronic sheets as a media for

representing all parameters connecting the Finite Element
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Method. These parameters ranged from the variables, rules,
functions, values (lists), tables and arrays; up to, input and
output format, numerical units and global specifications.
A complete discussion on the capabilities of these sheets and

their various subsheets was made in section 4.3.
3 The sheet approach c¢f the SOLVER had reduced the
cost of analysing a problem by allowing the user to only
specify the Finite Element Method problem in the rule sheet
and function without bothering about the variables that make
up the rules and functions; which are automatically inserted
in the variable sheet leaving the user with the options of
specify the numeric format and units. This had gone to some
extent to remove the proklem of some of the objectives of the
project, the reduction of the much pronounced 1limitation
problem placed by program and computer in the use of computer
storage. Moreover it had to some extent bridge the language
communication gap between the Finite Element Method and
computer implementation by not allowing the user to use

specialized language in defining the problem parameters rather

the analyst goes ahead tc specify his problens.

Another interesting thing about the Solver approach
that eases the application of Finite Element Method is with
regards to boundary condition. The structured approach of

chapter 2 which takes care of both the derivative and
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"21_ The same approach was applied to the problem of
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prescribed boundary conditions can be seen to have worked out
very well with the heat conduction and cenvention problem of
5.11. Here the tenmperature distribution bhecame refined with
the increase in the number of elements. These had shown that
the Solver has the capabkility of getting a more accurate
solution with its ability to contain more elements then the

conventional methods.

Irrotational flow of fluid, problem of one derivations fluid
flow between flat permeable plates, and problem on Hydrostatic
pad. The results had shown that the scolver results are more
reliable compared to the results from Pesaro et al (1978)

Duchsky (1980) and Molus (1982).
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6.2. Experimental Results

?
|
E This design of the interactive software for Finite

Element Method procedures cannot come to a good conclusion
without having a look on the experimental results. In Chapter
5 four proklem were considered to see to what extent:

ol

Accuracy of Problem

!

A | Heat conduction and convention in twe dimensional
body was considered with results of temperature distribution
at various nodes. This had shown a improved refinement of the
temperature distribution as the number of elements increases,
(Fig 5.2 and Fig. 5.3)}. This had also shown to some extent
the accuracy of Solver approach which had the capability of
accommodating more elements, more than other approaches under

consideration.
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6.3, Expandability

The conventional method of programming which principally
involves:
(i) coding, (ii) computation, (iii) 1linking and loading,
and (iv) running, will not allow expansion without going
through the three stages of programme development. This had
resulted teo difficulty in expansion. With the solver this
process of computation linkage and loading are not necessary.
Additional facilities can be added in form of function
subsheets or expansion of original rules and referenced from
the appropriate place from the rule sheet or other function

subsheets.
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6.4 Drawback and Limitatiocns

Mosf of.the research carried out had been based on
the Software Development with regards to easing the problem
of Finite Element Analyst who is not a Computer expert. Less
attention had been paid to other Finite Element Problem
principally because they will bring about complication or
deviation from the main objective, secondly the time allowed
for the research will not give room for such a diversed

eXperiment.
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209
210
211
212
213
214
215
216
217
218
219

1
nm !

m

220

221

223
224
225
=136

227

229
230

231

- ax
233
po 234
235
236
237

239

241
242
243
244

247
248
243
250
251
252
253
254

r! wm T“T 1]

W
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'Eﬁiii

S =53

228

238

245

"DIAGONAL ENTRIES ARE SET TO ONE ). THEN CONDENSE OUT THE

Cx¥x INTERNAL STIFFNESS MATRIX.
e
250 CALL ONEFOR

END

¢

Cx °

ez

C dealens

Cdetese 0 ¥ E R L 4 Y 1 1
Caexenx

Cex

Cx

(e}
|
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il
H
i

SUBROUTINE ONEON:

11

O
ebig bt
Sun

INTEROVERLAY PARAMETERS

Tt
b

il im?ln.ul?w“lﬂﬂ IR

PARAMETER (JNDSH = 30, JOFSC = 12 *
JLD = JOFSC#+1, JSECT = 50, JRWND =
JELSH = 28, JINSH = 1, JMTSH =1,
JSTRN = 1, JNOSR = JRWND, JELSR =
JMTSR = 3, JIMSR = 1, JELISR = 5,
JNORN = S5, JELRN = 3, JMTRN = 2,
JMTIRN = 10y JGAUS = 124 JCRSM = 5,
JLOCA = 2, JCNLD = 5, JOTLD = 2, JAULD = 1,
JINSL = &, JOFIE = 12 % JRWND,

JICON = 105, JUTSL = 647301)

JNDSH, !
15, JRWEL = JRWND-1,

3

JNODSR=-1, |
JMTISR = 1, JRING = 2,
JIMARN = 15, JELIRN = 20
JORDS = JUNDSH, i
JINTE = 1, o4

W
11

m'!m
b

LA B B B R I A

i
i
2T Wl

DIMENSION ALPNAC(C3)

|
1

il

INTE:ZR~-~OQVERLSAY VaRrRIABLES

t'!_t‘i f'!,‘-‘ !‘!_ QT! Rl
]
L1
1HH
I

i1

Wi

AUTGN,
PLSTS,

CHARACTER%10 STRYYP,
+ PLSTR, PLMSH, PLDSP,

SLOSP, SLRAC, SLSTS, SLBKL, ]
pPLMSP

"
i

i

§ithil

INTEGER CSOCLy CSOMC, DSK=1, DSKF2, SLOLD,
SLVSCCILOCAJINSL92)y RCWSHCJIRWND92), |
SHMTICJINSH)y SHMTJICJIINSH), CSOSSCJICRSM)y RSDOSCJIPRDSH12)s
CSPROCJPRDS)y SCNLICJLDCALJCNLD)y SCNLJICJILOCALJCNLD) -
CSCNLCJILDCA,JCNLD)y TYDTLCJILOCA,JOTLD), DSOTLCILOCA,JDTLD)
CROTLCJLOCA,JDTLDsS5)s CSOTLCILICA,JDTLD), RFDTL(JLDCl,JDTLQQ?

bk

-1

il

T

SCTPICJILOCA,JINTP)Y, SCTPJCJILDCAZJINTP), SECND(JNDSH),
NDQRDCJNDSH) ROWSAC2)

IPNTRCJINDSH)y ICONNCJIICIND,

L e SR BL L L R J

b
g

LM

B,

51 -
bbb

i !W"ﬁﬁ *Wlfm

wimi

o

P -
[

My
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256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
ats
272
273
274
2158
276
217
2178
279
280
251
282
283
284
285
286
287
288
289
290
251
292
2373
294
295
296
297
298
299
3200
301
302
303
304
305

r|"|1l

¢

(aNeNal
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E AR S I P PN PR ) P

]
|
|
:
i
e

REAL ORIGNCJRWEL,2)y KCINVC(JELSHy2,2)y KSECTCJOFSL),

DIMENSION NDOSHCJELSHs3)y MTOSHCJINSH)y ONSSHCJELSH),

ITCNLCJLDCA,JCNLDy9)y ITOTLCJLDCAZJOTLDy2)y ITWSHCJIMTSH,3)

==

wbars
thiit

PRPSHCJMTSHe8)y MTSHLCJELSH),

TSHELCJIMTSH) s TRMSHCJIMTSH)y ARASHCJELSH), NODSRCJELSR,2),
MTDSRCJMTSR), ECNSROJIMTSR), TRMSROJMTSR),

PRPSRCJMTSR,3)y MTSTRCJELSR), CLSTRCJELSR,T742)
NODISRCJELISRy2)y NDIMSRCJIMSR,2)y MTODISRCJIMTISR),
ECISRCJMTISR)y TMISRCJIMTISR),

PRPISRCJMTISR,9)y MTISRCJELISR)y CLISRCJELISRyT92), i3
NODRNCJELRNy2)y MTDRNCJMTRND, TRUINCJIMTRN), PSNRNCJIMTRNy3)y
PRPRNCJIMTRN, 9Dy MTRNGCJIELRN),y NRNGELCJRING), NDDIRN(JELIRN.Zﬁgi
NDIMARNCJIMRN92)y MTOIRNCJIMTIRND, PSNIRNCJIMTIRN,3),

TMIRNCJIMTIRN), PRPIRNCJIMTIRN,S), MTIRNCJIELIRN), NIRNEL(JIHIH&QI‘
CROCLCJNDSH 3Dy CROMCCJINDSHp2)y SUSWTCJIGAUS)y GUSTRCJIGAUS3)y
GUSCLCJELSHyJGAUS,3), OVOTLCJLDCA,JOTLD), NODPDCJPRDS), : JEE
PRSDS(JPROS912)y NREST(JPRLS), ]
NOCNLCJLOCA,JCNLD), TPNOICJLOCA4JINTR), TPNDECJLOCA,JINTP), «
DRCOSCJCRSMy3453), LOCJLD) s NDJINCCINDSH), CORLOCJDFSC), _
BRHSCJOFSCYy XCJOUFSC) i

b Whvadd
:m: [

W
(L
soaieh

iil
ﬁuo

LOGICAL PDCHEK, SINGAR =<

COMMON STRTYP, AUTGN, SLDSP, SLRAC, SLSTS, SL3KL, 353

L R N IR BE IR B N L N R R RN R R R AR

+* + + 4+

COMMON 7 COMMN1 /

PLSTRy PLMSh, PLDSP, PLSTS, 2LM5?,
MSECTy MSTRNy MNDSR, MRING, MNDRN, MGAUS, IEE
NNDSHy NELSHs NMTSH, NSTRN, NNDSRy NELSR, NMTSR, NIMSR,
NELISR, NMTISRs NRING, NNDRN, NELRNy NMTRN, NIMRN, NELIRN, 1510
NMTIRNy, NEBERACy NELBRy NMTER, NGAUSy NCRSM, NPRDOS, NLDCZ,
NSECT, NRWELy NRWNDy NOFND, NNDE1l, NNDZ2, NNDIN, : g**
NNTSHy N3TSH, NGTSH, NSTS5H, NKCTND, NNTSR, N3TSR, NGTSR,
NTESR, NST3SR, NNTISR, NETISR, NGTISR, NTFISR, NSTSIS, NNTRN, =
NﬁTRh. NJTRN. NTFQ"' NbThRNt "JNTIEN’ NQTIRN'I NUTIRN' NTSIR".
NSTSIR, NTFBR, NSTSER, NKRWPD, NCRLD, NFRCN, NASIF, NASCT, 4512
N“CNT. N¢QSC| NRQCT. hKSCT' \'KSC":' NKKGH| NKGSC! NKG'CL. NKS
NKGSNI, NEGVC, NKKGCN, NKGCN, NMSND, NMSCT, NKOES, NKGOEE, + 1
CSOCL, CSOMC, MCCOD, ILDCAy LCNLD, LDTLD, LINTP, LINSL, | 4
DSKF1, DSKF2, IN, 10, e =
FEEDy RTOP, R2AS, 4ITE, ELEV, THATAC,
TITLECS0), LDCASC2), NCNLDC2), NDTLDC2), NINTPC2)y NINSLC2)y &
RATIO(C14)y INDEX(4S), NDCONC220), NCEX1C15)s NDEX2C15),
NOINTC15)y INTNDC35), WKAREAC152)

SLVSCy ROWSH, SHMTI, SHMTJ, C508C,
RSDOFy CSPRDs SCNLI, SCNLJs CSCNL,
TYDTL, OSDTL, OROTLs CSODTLs RFDTL,
SCTPI, SCTPJ, SEQND, NDORD, IPNTR,
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i

T

308

309

310
311
312
313
314
315
315
337
318
319

320

21
322
323
324
325
326
327
323
329
330
331
332
333
334
335
336
337
338
339
340

341

342

343

344
345
346
347
348
345
350
351
352
353
354
355
358

= N = - -
i -]
+ ICONN, ROWSZ, 1S
+ ORIGN, KCINV, KSECT, ITCNL, (11
+ ITOTL, ITWSH, £3=
+ NODSH, MTDSH, DNSSH, PRPSH, MTSHL, 2l
# TSHEL, TAMSH, ARASH, e
+ NODSR, MTOSR, ECNSR, TRMSR, | ] i
+ PRPSR, MTSTR, CLSTR, NODISR, NDIMSR, MTDISR, & |
+ ECISRy TMISR, PRPISR, MTISR, CLISR, NOODRN, 111 s
+ MTDRN, PSNRN, PRPRN, TRMRN, MTRNG : 3§§7€1
COMMON 7/ COMMNZ / L=
+ NRNGEL, NODIRN, NOIMRN, MTOIRN, PSNIRN, 9
+ TMIRN, PRPIRN, MTIRN, NIRNEL, TIES
+ CROCLy, CROMC, GUSWT, GUSTR, GUSCL, ik |
+ DVDTL, NOOPD, =
+ PRSDS, NREST, NOCNLs, TPNDI, TPNDE, i
+ DRCOS, LD, NDJNC, CCRLD, BRHS, X il
COMMON 7 COMMN3 / S
+ LRDF1, MNCSH, MELSH, M¥TSH, MEL3R,
+ MMTSR, MIMSR, MELISR, MMTISR, MELRN, MMTRN,
+ MIMRNy MELIRNy MMTIRN, MGUSS,y MINTP, MINSLs MRWND,
+ MRWEL, MCRSM, MPRDS, MLOCA, MCNLD, MDTLD, MAULD, MDFSC, MDFIR;
+ NDFIF, NOFEXy NOFIN, NOF3C, NINFA, NDFBL, NNDEX, NSEGy NEND, IOPj
+ I8X, PDCHEK, SINGAB, ICOND, IAFILE, IREF, DETCF, SLOLD, nn!&liif
FETCH MAXIMUMS OF VARIABLE, : ij§
CALL MAXIMS (JNDSHM, JSECT, JIWND, JELSH, JINSH, JMTSH, = Eé
4+ JSTRNy JNOSR, JELSRy JMTSP, JIMSR, JELISR, JMTISR, ¥
+ JRINGy JNDRN, JELRN, JMTRN, JIMRN, JELIRN, JMTIRN, =
+ JGAUSy JCRSMy JPRDSy JLOCA, JCNLDy JOTLDy JAULD, 1
+ JINTP, JINSL, JICON, MNDSH, MELSH, MINSH, MMTSH, MSTRN, MNOSR,
4+ MELSRy MMTSR, MIMSRy MELISR, MMTISR, MRING, MNDRN, MELRNs; MMTRN,
+ MIMRN, MELIRN, MMTIRN, MGAUS, MGUSS, MINTP, MINSL, MICON, MS ~£;
+ MRWNO, MRWEL, MCRSM, MPRDS, MLOCa, MCNLC, MDTLO, MAULD, HDFSG.
+ MDFIF) H=
N EZE
FETCH THE LJCAL DISK FILE ("TAPE”) NUMBERS,.
H=
CALL OSKFIL (OSKF1, DSKF2, IN, 10) i
=TT
IR &N i
CALL THE SUBROUTINE THAT READS , WRITES AND PLOTS (DESCRISES) =
AND CHECKS THE INPUT DATA, ‘
s
CALL DESCR1 CMNDSH, MELSH, MRWND, MRWEL, MMTSH, MELSR, ri

¢+ MMTSRy MIMSR, MELISR, MMTISRs MZLRNy MMTRN, MIMRN, MELIRN, :i
+ MMTIRN, MCRSM, MPRDS, MLOCA, MCNLD, MOTLD, MINTP, NOOSH, HTD

+ ONSSHy

“z

PRPSHy MTSHLs SHMTI, SHMTJ, TSHEL, TRMSH,
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~357 ~ '+ ROWSHs ORIGNs NODSR, MTOSR, ECNSR, TRMSR, PRPSR, MTSTR, NOOISRy -

358 + NDIMSRy MTDISRy ECISRy TMISR, PRPISR, MTISRy NODRNy MTORN, X

- 359 % PSNRNy TRMRN, PRPRNs MTRNG, NRNGELs NODIRNs NDIMRN, MTDIRN, Ié
350 + PSNIRNy TMIRN, PRPIRBNy MTIRM, NIRNEL, CRDCL, CRDMC, ALPHA) | §]
Ser=¢ =
3562 C
383 C %

364 C%%x® READ, WRITE (JESCRISE) y CHECK PRESCRIBED RESTRAINTS / : .
365 C#%x DISPLACEMENTS, LOADS AND SHELL ELEMENT TEMPERATURE SPECIFICATIONS.

366 C

347 CALL DESCRZ CAUTGN, CSOCL, CSDMC, MCCOD, INy 10,

388 + MRWNDy MCRSM, MPRDSy MLOCA, MCNLDy MDTLD, MINTP, MINSL, NSEC?.

343 ¢+ NRWELy NNDSH, NCRSM, NPRDS, NLDCA, SL3XLs STRTYP, TITLE, NDEX!

370 ¢ NDEX2, RONSHy CSDSG, DRCOS, NODPJ, PRSDS, RSDOF, NREST, csrnu.

371 + LDCASy NCNLDy, NOTLDs NINTP, NZMNSLs SCNLI, SCNLJs NDCNL, : ;i =
372 ¢ ITCNLy CSCNLy TYDTLy CSOTL, ITOTLs DRDTLe CSOTLe RFDTL,

373 4 DVDTL, SCTPI, SCTPJ, TPNDI, TPNDE, SLVSC) PR
374 € |
3715 C ===
316 C J f
377 CH%® GET CERTAIN CONSTANTS, = -
378 C

373 CALL CONSTN (NDFND, NRWND, NSECT, NNDSH, NNDIN, NDFIF, ==
380 + NDFEX, NOFIN. NJPSC, N{NF“. NEF:L' KNDEX N&EG. NEND' IOP. 1 |
5= + 18X, PDCHEK, SINGAR, ICOND, IAFILE, IREF, DETCF) et
382 €

383 ¢ iEF
3g4 C W .
385 Cwm&k GENERATE VECTORS SEQND AND NDORD, WHICH GIVE THE it

386 C#xxx NODAL SEQUENCE AND ORDERy RESPECTIVELY, AND SET UP VECTORS IP Tﬁ
387 C&x%%x AND ICONN, WRICH TOGETHRER PROVIDE THE INFORMATION ABOUT THE NODES
383 Cx%x CONNECTEC 7O A GIVEN NODEy AND ALSO CALCULATE PARAMETER NDFSL. I
389 C®%% NUMBER OF DEGREES OF FREEDQOM USED IN THE SKYLINE STORAGE PROCE :
390 Cxxx IN VECTOR KSECT. ALSC GENERATE VECTOR NDJNCy WHICH DETERMINES

391 C%&% WHETHER & GIVEN NDOE IS LOCATED AT A JUNCTURE WHERE THE i
392 Cxsx MERIDIONAL GECMETRY OF THE SWzLL CHANGES. i
393 C S
394 CALL SUNDRY (ICy JDFSLs MRWNDy MICON, NNDSH, NRWND, i
395 + NRWEL, NNDE1, NNDE2, NNDIN, NLDCA, NGAUS, NDFND, NDFB3L, NDESK =
396 + NDFSLy STRTYP, SLOSP, SLSTS, SLEKL, NINTP, ROWSH, NDEX1, uoexz, i i
3s7 ¢+ NDINT, SEQND, NOORD, INDEX, NOCONs IPNTRs ICONN, LDs NOJINCy (51
338 + KSECT) i
399 C =
400 C_ =3
401 C= IF BUCKLING SOLUTICON HAS NOT 3EEN REQUESTED, SKIP. IS
402 C
403 IF (SLEKL « NE . °YES®) GO TO 135 e
404 C .
405 ¢ BEis
406 (= WHEN BUCKLING SOLUTION HAS BE:ZN REQUESTED, THE DIMENSION OF .
407 C= VECTOR KSECT, JOFSL, SHOULD SE AT LEAST 2 % NOFIF = NOFIF # Lo &
s ES—T -3
e
i

S
i
b b

I
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408

409
410

411
- 412

413
&414
15
416
&17
418
419
820
421
w22
423
424
425
426
27
428
425
430
431
432
433

434

435
4356
437
438
433
440
44l
442
443
444
445
G4k
447
448
4453
450
451
452
453
454
455
458
457
«58

- 1
=F=F s F - == == = ;{j

C*
Cx
cx
C#
c

c
C
C

130 FORMAT (140, $Xs “ERRCR MESSAGE FROM OVERLAY(191)3747, 13}
+ 10X, °EXECUTION IS ABORTED, BECAUSE WHEN BUCKLING SCLUTION IS %, =

OO0 s Nl

138

Cases
Conx
Cartede
C ek
Caxx

Caese
Coaedere
C s
Cosar

?;ﬂ o

~ THIS IS SECAUSE VECTOR KGSCTCJFDSL) (SAME PLACE IN MEMORY AS

4 ° REQUESTEDy THE DIMENSION OF VECTOR KSECT SHOULD AT LEAST 8
+ MINCF

KSECT) IN SUBROUTINE SUCKLE IS PASSED TO THE COMPLEX MATRIX
EIGVCCNOFIF,NOFIF) AND VECTOR EXTRAC ) IN SUSROUTINE SLVEIG
THROUGH COMMON COMMN1.

MINOF = 2 % NDFIF % NOFIF + 1

IF CJOFSL o GE o MINDE) , GO TO 135

PRINT#%, °“ERROR MESSAGE FROM OVERLAY(1,1):° :
PRINT®y “ ZXECUTION IS ABIRTED 3ECAUSE WHEN BUCKLING SCLUTION

WRITECIO,130) MINDF

+ °REQUESTED THE DIMENSION OF VECTOR KSZCT SHOULD °y 7,
+ “BE AT LEAST®, 1110/)

STOP

IF PLOTTING OF THE STRUCTURE IS NOT REQUESTED, SKIP.
IF (PLSTR o NE o “YES™) GO TO 150

PLOT THE ENTIRE STRUCTURE IN 3-DIMENSIONS, SHOWING ALL
STIFFENERS. NOTE THAT IN THIS PLOT ThE HIDDEN LINES ARE
REMOVED.

THE * N C A R "y THE NATIONAL CENTER FOR ATMOSPHERIC RESEﬂRCH
ROUTINES ARE USED HEREZ FOR ALL GRAPHICS.

B e
!

v

saan .pun

.%ﬂ

”QIC! e
LT

"
"
““.“ eyl
i 1

CALL PLTSTR (AUTGN, ELEVs STRTYP, MNDSH, NRWND,s CRDCL,
+ NDEX1, ALPHA, KSECT, wWK4REA)

PLOT THE ENTIRE STRUCTURE IN THRE: OIMZNSIONS WITH HIODEN
LINES SHOWN

THE * N C A R *y TnE NATIOJINAL CENTER FOR ATMOSPRHERIC R‘S‘iRCH
ROUTINES ARE USED HERE FOR ALL GRAPHICS. i

: 3
T
&
-
b4

FE=
gsw
t

shised

CALL PLSTRU (ELEV, HMITE, MNDSH, MELSR, MELISR, MIMSR,
+ MIMRNy NSECTy NRWAMNDy NNDSHy NSTEN, NELSR,y, NIMSR, NELISR,
+ NIMRN, RTOP, R34S, STRTY®, THATAD, CRDCL, NODSR, NODISR, NODIM
+ NDIMRNy NOEX1y NDJINC)

IF PLOTTING CF THE MESH HMAS NOT BEEN REQUESTED, SKIP,.
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=_&89  Cf
&40 _159 I (PLMSH o NE ., "YES*") GO TO 250
§61 C°
«a62 C

463 C¥%x PLOT THE MESH FOR ONE SECTOR IN THREE OIMENSIONS, SHOWING Tn;¥3§§;
466 Cmma  SHELL, STRINGER, INTERMZOIATE STRINGERS, RINGS, AND Iursansotnw

F 465 Cxu% RINGS.
466 Cxsm THE * N C & R “y THE MNATIONAL CENTER FDOR ATMOSPHERIC aesenncu's. u

© 467 C®¥x ROUTINES ARE USED HERE FOR ALL GRAPHICS. =5 |
468 C

- 463 CALL PLTMSH (MNDOSH, MELSR, MELISR, MELRN, MELIRN, -i85=

470 ¢ NNDSHy NELSHy NELSRy NELISRy NZLRNy NELIRN, NRWND, CROCL, |

- 4m + NODSRy NOOISR, NODRN, NOOIRN, NDEX1, SEQND, IPNTR, ICONN) ~ 1% &
472 C

= 413 ¢ =
474 C _

= 415 (% IF THE SCLUTION CF DISPLACEMENTS IS NOT REQUESTED, STOP, =

4716 (= AFTER ISSUING A MESSAGE. [

Soer7 ¢© S5

478 250 IF (SLDSP « 20 o °YES?) G0 TO 350 | 13}

=—&1% . G P i

___ 480 C

= 481 PRINT#, ° THE PROGRAM STGPS HERE, BECAUSE, i35

_ 482 4+ °SOLUTION OF THE OISPLACEMENTS IS NCT REQUESTED _ _
483 ¢ i
484 ~ WRITE(CI0,300) ‘ 1
485 300 FORMAT (1M04//¢8Xy ° THE PROGRAM STOPS HERE, BECAUSE, °, ==

___ 486 4+ °SOLUTION OF THE DISPLACEMENTS IS NOT REQUIERED.®) | |
487 C ;.{gggg
488 C ! |

¢ 489 sTOP gy
450 C i |
491 C =

492 Cw%x QPEN ALL DISK FILES, IF NECESSARY ( EXCEPT IN=5 AND 10=6, HH!CH
493 C%%x% MHWAVE ALREACY SEEN OPENED). =

494 C .

435 350 CALL CPENDF (DSKFl, DSKF2, LRDF1l, MAULD, MINTP, MGAUS, i
495 + NLDCA, NNDIN, NOEIF, NDFSC, SLRAC, SLSTS, SL3KL, NINTP) | '

s e

498 Cx#x CALCULATE THE RECORD NUMSERS OF THE RECOROS LOCATED JUST BEFORE .
499 Cx%% THE POSITION WHERE THE VARIOUS SETS OF DATA ARE TO BE WRITTEN ;ga
500 C#a»% OR READ) ON (FROM) DISK FILES.

501 C
502 CALL RECNUM (LRDFl, MLDCAy MINSLs NDFSCs NOFSL, NODOPD,
503 + NREST, SLVSC, SCNLI, SCNLJy TYDTL, REODOTL, SCTPI, SCTPJ)
506 C
505 C
506 REZETURN
507 ; END
508 C
509 C=z
" =

i
il
{
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Cxx%
Cx
G
SUBROUTINE ONETWD
c
C
Cx INTERODYERLAY P AR AMETERS
C
PARAMETER (JNCSH = 30, JOFSC = 12 % JNOSH,
+ JLD = JDFSC41, JSECT = 50, JRWND = 135, JRWEL = JRWND=1,
+ JELSH = 28, JINSH = 1, JMTSH = 1,
« JSTRN = 1, JNOSR = JRWND, JELSR = JUNDOSR=1, b
+ JMTSR = 3, JIMSR = 1, JELIS® = 5, JMTISR = 1, JRING = 2,
+ JNJIRN = 5, JELRN = 3, JMTaIN = 2, JIMRN = 15, JELIRN = 20’ ]
+ JMTIRN = 10y JGAUS = 12, JCRSM = S5, JPRDS = JNOSH, =
+ JLOCA = 2, JCOCNLD = 35, JOTLD = 2, JAULD = 1, JINTP = 1,
+ JINSL = 69 JOFIF = 12 % JRUWND,
+ JICON = 109, JOFSL = 464501)
L 2 C€ 4 L v 4 R I A 8 L & S
REAL NOOTRCJGAUS2)y NTSHLCJGAUSH3,38)
DIMENSION GTSHMLCJGAUS,3,38)y S3TSHL(JGAUS,6,38), CURVT(JGIUS.
_ + TFMCI(38,38) i
&
c
C
C INTER=3V ZERELAY VARTIABLES
€
' CHARACTER%=10 STRTYP, AUTGN, SLOSP, SLRAC, SLSTS, SLEKL,
+ PLSTR, PLMSH, PLOSP, PLSTS, PLMSP
C
INTEGER CSDCL, CSDMC, DSKF1l, DSKF2Z, SLDLD,
+ SLVSCCJULOCASJINSL2)y ROWSHCJIRMWND2)y !
+ SHMTICJINSH), SHMTJCJZINSH)y CSDSGCJCRSM), RSDOFCJPROS12)y
+ CSPRDCJPRDS)y SCNLICJLDCALJONLDYy SCNLJICJLDCA,JCNLD),
+ CSCNLCJLICA,JCNLD)y TYDTLCJLOCA,JOTLD)y DSOTLCJLDCA,JDTLD) 5
+ DROTLCJLDCA,JOTLOy3),y CSOTLCILUCAL,JOTLD), RF3TL(JLDCngDTLU)
+ SCTYPICJLOCAZJINTP), SCTPJCJILOCA,JINTP), SEQNOCJUNDSH),
+ NDOROCJINDSH), IPNTRCJINDSH)s ICONNCJICON), ROWSA(C2)
c
REAL ORIGNCJRWEL92)s KCINV(JELSHe2492)y KSECTCJDFSL) |
+ ITCNLCJLOCAZJCNLD99), ITOTLCJLOCAZJDTLD92)y ITHSHC(JUMTSH.3)
C

DIMENSION NODSHOJELSHy3)y MTDSHCJIINSH), ONSSHCJELSH),
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R I ]

§61 = ¢+ PRPSH(JMTSH,5)y MTSHLCJELSH),

562 + TSHELCJMTSH)y TRMSHCJIMTSH), ARASHCJELSH)y NODSRCJELSRy2),

563 + MTDOSRCJMTSR), ECNSRCJIMTSR), TRMSR(JMTSR),

564 + PRPSRCJMTSR,)3)y MTSTRCJIELSR)y CLSTRCJELSRT2),

545 ¢ NODISRCJELISR,2), NDIMSRCJIMSE,2)¢ MTDISRCJMTISR), ==

566 + ECISRCJIMTISR), TMISRCJIMTISR), 14 !

567 + PRPISRCJIMTISR,9)y MTISRCJELISR)y CLISRCJIELISR,7,2), ;§§i§§

568 + NODRNCJELRN92)y MTORNCJIMTRND)y TRMARNCJIMTRN), PSNRNC(JMTRN,3), A5

563 + PRPRNCJMTRN,9)y MTRNGCJELRN)y NENGELCJRING)y NODIRNCJELIRNg2)s

570 + NDIMRNCJIMRNg2)y MTOIRNCJIMTIRN)y PSNIRNCJIMTIRN,3), |

571 ¢+ THMIRNCJMTIRND, PRPIRNCJMTIRN,3)s MTIRNCJELIRN), NIRNSLCJIMRN)y =

£72 + CROCLCJNDISHy3)y CROMCCUNOSHy3)y SUSWTCJIGAUS), GUSTRCJIGAUS»3IDs

573 + GUSCLCJELSH,JGAUS,3), OVOTLCJLDCA,JOTLD)y NODPDCJPRDS), B

574 + PRSOSCJPRDS,12)y NRESTCJIPRIS), )

575 ¢+ NDCNLCJLDCA,JCNLDDy TPNCICJLOCA,JINTP), TPNDECJLOCAJINTP), = &

576 + DRCOSCJCRSMe393), LDOCJILDD, NOIJINCCINDSH), CORLDCJIDFSC), ]

5717 + BRHSCJDFSC)s XCJOFSC) EIE=" |

5718 C |

579 LOGICAL PDCHEK, SINGAS EESE |

i -

81 & Ee

582 C #i };

583 COMMON STRTYP, AUTGN, SLDSP, SLRAC, SLSTS, SLBKL, £S5

584 + PLSTRy PLMS™, PLOSP,s PLSTS, PLMSP,

583 #+ MSECT, MSTRN, MNDSR, MRING, MNORN, MGAUS, 5=

5856 + NNDSHy NELSHy NWTSHy NST2N, NNDSR, NELSR, NMTSR, NIMSR, 14 .

587 + NELISR, NMTISR, NRING, NNDRN, NELRN, NMTRN, NIMRN, NELIRN, & %

588 + NMTIRN, NBRAC, NELBR, NMT3R, NGAUS, NCRSM, NPRDS, NLDCA, B

589 # NSECT, NRWEL, NRWND, NDFND, NNDEl, NNDE2, NNDIN, e

590 + NNTSHy NBTSH, NGTSHs NST53SHy NKCTND, NNTSR, NETSR, NGTSR, 11§

591 + NTFSRy NSTSSR, NNTISR, N2TISR, NGTISR, NTFISR, NSTSIS, NNTRN§ @

532 + NBTRNy NGTRNy NTFRN, NSTSRNy NNTIRN, NSTIRN, NGTIRN, NTFIRN, )

593 ¢ NSTSIRs NTFSR, NSTSER, NKRWPD, NCRLD, NFRCN, NABIF, NASCT, 71 ==

554 + NACNT, NF2S5C, NRACT, NKSCT, NKSCF, NKKGWy NKGSC, NKGICL, NKBNIF,

595 + NKGBNI, NEGVC, NKKGCNy NKSCN, NMSND, NMSCT, NKOEE, NKGOEE, | T&i =%

594 ¢+ CSDCLy CSOMC, MCCOJ, ILDCA, LCNLD, LOTLD, LINTP, LZINSL, -

597 + DSKFly CSKF2y INs I0, ESes -

598 + FEZDy RYDP, RBAS, HITEse ELEV, THATAD, 11 T8

539 + TITLEC60), LDCASCZ)y NCNLDC2)y NOTLDC2)s NINTP(2)y NINSLC2)y = =

500 ¢ RATIOC14), INDEX(45), NDCONC200), NDEX1C15), NDEX2(15), r

601 + NDINTC15), INTND(35), WKAREA(C192) 3=

602 C

603 COMMON / COMMN1 / i EEEs

604 + SLVSCy ROWSH, SHMTI, SAMTJ, C303G,

605 ¢+ RSDOF, CSPRD, SCNLI» SCNLJs CSCNL» i o

606 + TYDTLy CSCTLy ORDTLe CSOTLe RFOTL,

607 + SCTPI, SCTPJ, SEQND, NDORD, IPNTR, EEES -

508 + ICONNy ROWSA,

609 + ORIGNy KCINV, KSECTs ITCNL, EiEE

610 + ITOTLy ITWSH,

611 + NODSHs ¥TOSH, ONSSH, PRPSH, MTSHL, il ==
Eoms
k3 ==
Eims - |
2 33 ===
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il

L 4 i A -y -
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_,i : .g e ;_3 ‘ ‘.'T
© % TSHEL, TRMSHs ARASH, e
+ NODSRs ¥TDSR, ECNSR, TR]MSR,
'+ PRPSRy MTSTR, CLSTR, NODISRs NDIMSR, MTOISR, =
+ ECISR, TMISR, PRPISRy MTISR, CLISR, NCODRN,
+ MTORNy PSNRN, PRPRN, TRMRN, MTRNSG £33
c |
COMMON 7 COMMNZ 7/ =
+ NRNGELy NODIRN, NDIMRN, MTOIRN, PSNIRN, |
+ TMIRNs PRPIRNy MTIRN, NIRNEL, §SE=
+ CRDCLy CROMC, GUSWT, GUSTR, GUSCL, 1.
+ OVOTL, NOOGPOD, FEEEE
+ PRSDS, NREST, NOCNL, TPNDI, TPN2Z, ,
¢+ ORCOSy LDy NDJINC, CORLD, 8RHS, X i1 5
C 5
' COMMON 7/ COMMN3 7/ EEE -
+ LROF1, MNOSH, MELSH, MMTSH, MEL3R, {1 .
+ MMTSR, MIMSR, MELISR, MMTISR, MELRN, MMTRN, 3=
+ MIMRNy, MELIRN, MMTIRN, M3USSy MINTPy MINSLy MRWND, | §1 'y
+ MRWEL, MCRSM, MPRDS, MLDCA, MCNLDy MOTLD, MAULD, MDFSC, MDFIF,
+ NDFIF, NOFEX, NOFIN, NCFSC, NINFa, NOF3L, NNODEX, N3EG, NENDs IOPy
+ I8X, PDCHEK, SINGAB, ICOND, IAFILE, IREF, DETCF, SLOLD, NDFSK =
c A
EQUIVALENCE € B8TSHL(1s2491), TEMCIC(1y1) ) e
c
3 EEE
C _ :
Ch#x CALCULATE THE STIFFNESS MATRIX OF 4Ll SHELL SLEMENTS Higa
Cé#% ON NO NODES OF WHICA A DISPLACEMENT IS PRESCRIZED IN RN
Cade THE NON-MERIDIONAL-CIRCUMEEZRENTIAL COORDINATE SYSTEM, . =8
C#sy THEN ASSEMBLE THEM IN THE SKYLINE FASHION IN VECTOR 1]
Cxdx KSECT, FPOR EACH ELEMENTy CALCULATE THZ MATRIX FOR THE B S S5 -
Cxx% TRANSFORMATION OF COCROINATES T2 A GIVEN NONMERIDIONAL=- @i
Cxke CIRCUMPERENTIAL SYSTEM. WRITZ NC2,38), AND IF NECESSARY PifiE
Ch#x MATRICES 8(6,38) AND G(3,35) 3N DISK FILE DSKF1. L4 iy
& i
CALL KSHELL CMNDSH, MELSH, MRWND, MRWEL, MMTSH, MCRSM, ol i
+ MGUSS, MPRDS, NOESC, NOOSHy TSHELs MTSHL, PRPSH, EEe
+ ARASH, ROWSH, ORIGN, CRDCL, CROMC, CRCOS, N
¢ CS50SGs GUSCLs GUSTR, GUSWT, NOOTR, NOOPD, PRSDS, ==
+ CSPRDy R300Fy NREST,y SEQNDy NOORDs IPNTR, ICONN, LDy, NDJINC, 1al LN
+ KCINVy KSECT, GTSHLs NTSHL, 8TSHL, TFMCI, CURVT) R EE
g ESES
. 3
c =
RETURN 1) 18
- END i3i-%
C= =i
Cek | leg
Cxux L
=8
T —0
12:‘
i i
izt—s
x g_:'. .
ld 1L .
%35 SE s -
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SUBRCOUTINE ONETHR

sepeas

INTEROV ERL &Y P AR AMETETRS

L
ki

[

PARAMETER (JNISH = 30, JOFSC = 12 & JNOSH,

JLD = JOFSC+1, JSECT = 60y JERWND = 15, JRWEL = JRWND=-1,
JELSH = 28, JIN SH = 1, JMT5Hd = 1,

JSTEN = 1, JNOSR = JRWND, JELSR = JNDSR-1,

JMTSR = 3, JIMSR = 1y JELISR = 5, JMTISR = 1y JRING = 24
JNDRN = 8§, JELRN = 3, JMTRN = 2, JIMRN = 15, JELIRN = 20,
JMTIRN = 10, JGAUS = 12, JCRSM = £, JPROS = JNDSH, I3
JLOCA = 2, JCONLD = 5, JOTLD = 2, JAULD = 1, JINTP = 1, s
JINSL = 5y JOFIF = 12 % JRUND,
JICCN = 109, JOFSL = 44801)

Shebid

erie
ik
Hhorhh

"
b

t
(YT "

L AR B SR SN L BN N A

ik
L]
ireny

11 O 1

LTE

T
Bheeed

INYER=-=QOVERLAY VAPIABLES

T

Halig

CHARACTZR#10 STRTYP, AUTGN,y SLOS5Py SLRAC, SLSTSy SLEBKL,
+ PLSTRy PLMSH, PLDSPy PLSTS, PLMSP

sobeed
Ireiid
LALRTTY

frbab
Wil
bababs

INTEGER CSOCL, CSOMC, DSKF1l, D2SKF2, SLOLD,
SEVSCCJILOCASJINSL92)y ROWSHCJRWND2),
SHMTICJZINSH)y SHMTJICJIINSH), CSDOSGCJCRSM), 2SO0FCJIPRDS,12),
CSPROCJPROS)y SCONLICJLOCALJCNLD)y SCNLJCJLDCALJCNLD),
CSCNLCJLOCA,JCONLD)y TYOTLCJILOCASZJOTLO) s OSOTLCILOCA,JOTLO)
DROTLCJLOCAJDTLD,5)y CSOTLCJULOCALJOTLO),y REDOTLCJLODCA,JOTLDDy
SCTPICJLOCASJINTP), SCTPJCJLOCA,JIINTP), SEQUNDCJINDSH), 1
NDORDCJINDSH)y IPNTRCJINDSH), ICONNCJICON), ROWSAC2)

shem
wingt
i poan

ihbaid

winl
arey

L S IR I I
Il
4
i
i

T

]
I
il

i il

dibi

REAL ORIGNCJRWEL,2)y KCINV(JELSH,2492)y KSECTCJOFSL), :
+ ITONLCJULOCA,JCNLD,3)y ITOTLCJILOCA,JDOTLD92)y ITWSHCIMTSH,3)

RLITE )
i

b bed
# "‘
.qu

il i

CIMENSION NODSHCJZLSHs2)y MTOSHCJINSH), ONSSHCJELSH),
PRPSHCJMTSH8)s MTSHLCJELSH),

TSHELCJMTSH), TRMSHCJIMTSH)y ARASACJELSH), NODSRCJIELSR2),
MTOSRCJMTSR) s ECNSRCJIMTSR), TRMSRCJIMTSR),

PRPSRCJMTSR 95Dy MTSTRCJIELSR)y CLSTRCJIZLSR,T92),
NDDISRCJELISR,2), NOIMSRCJIMSR92)y MTDISRCJMTISR),
ECISRCJIMTISR), TMISACJIMTISR),

PRPISRCJMTISR,3)y MTISRCJELISR), CLISRCJELISRT92),
NODRNCJELRN92)s MTORNCJMTAN), TRMRNCJIMTRN)y PSNRNCJIMTRNy3),
PRPRNCJMTRNs9)s MTRNGCJELRN)s NRNGELCJRING)» NODIRNCJELIRNGZ)
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el sedadd
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714 4+ NDIMRNCJIMRN,2)y MTDIRNCJMTIRN), PSNIRNCJIMTIRN,3), .
715 + TMIRNCJMTIRN)y PRPIRNCJIMTIRN,S)y MTIRNCJELIRN), NIRNELCJIMR
714 + CRDCLCJINISH,3)y CROMCCINOSH,3), GUSKTCJUGAUS), GUSTRCJIGAUS,3
717 + GUSCLCJELSHsJGAUS,3)y DVOTLCJLDCA,JDTLD)s NIDPDCJPRDS), il
718 + PRSDSCJPRDS,12)y NREST(JPROS), : et
719 + NDCNLCJLDCA,JCNLD)y TPNDICJLOCARJINTPR),y TPNDECJLDCAZJINTRP),
720 + DRCOSCJCRSMy3493)y LDCJILD)y NDJINCCINDSH)y CORLOCJOFSC), 'E?Ié%ﬁ
721 + BRASCJDFSC)s XCJDFSC) |1 48
132 C FES -
723 LOGICAL POCHEKy SINGAZ _
724 C i
725 ¢ J
126 ¢ Hi-E
727 COMMCON 3STRTYP, AUTGN, 3LDSP, SLRAC, SLSTS, SLEKL, -
728 + PLSTRy PLMSH, PLOSP, PLSTS, PLMSP, =
729 + MSECT, MSTRN, MNDOSR, MRING, MNDRN, MGAUS, i
730 + NNDSH, NELSH, NMTSH, NSTRN, NNDSR, NELSR, NMTSR, NIMSR, iH==
731 + NELISRy, NMTISR, NRINGy NNDRNy NELRN, NMTRN, NIMRN, NELIRN, ¥
732 + NMTIRN, NBRAC, NELB2R, NMT2R, NGAUS, NCRSM, NPRDS, NLDCA, *‘3
733 + NSECT, NRWELy NRWNDy NOFNC,y NNDELl, NNDE2, NNDIN, .
734 + NNTSH, NBTSH, NGTSH, NSTSSHy NKCTND, NMTSR, NBTSR, NGTSR, 3=
735 ¢+ NTFSRy NSTSSR, NNTISRs NBTISR, NGTISRy NTFISRy NSTSISy NNTRNg
735 + NB3TRNy, NGTRN, NTERN, NST35RN, NNTIRN, NBTIRN, NGTIRN, NTFIRNg =
737 + NSTSIR, NTF2R, NSTSER, NKRWPDs NCRLO, NFRCN, NABIF, NASCT, .
738 + NACNT, NFBSC, NRACT, NKSCT, NKSCF, NKKGW, NKGSC, NKGICL, NKENIR; =
739 + NKGBNI, NEGVCy NKKGCNy NK3CNy N¥SNDs NMSCTy NKOEE, NKGOEE, i _
740 ¢ CSDCL, CSDMC, MCCOD, ILDCA, LCNLD, LDTLD, LINTP, LINSL, i
761 + DSKFls DSKF2, IN, IO, -
742 + FEED, RTOP, R34S, HWITE, ELEV, THATAD, Eiis
743 + TITLECS0)s LDCASC2)y NCNLDCZ)s NOTLDCZ)y NINTP(2)y NINSLC2), E
T44 + RATIODC14), INDEX(45), NDCIN(200)s NDEX1(15), NDEX2(15), =i |
745 + NDINTC15)y INTNDC33), WKAREA(152) 111
7486 C Eige |
747 COMMON 7/ COMMNL / 1
743 + SLVSC,y ROWSH, SHMTI, SHMTJ, CSD55G, I |
743 + RSOOFy CSPRCy SCNLIs SCNLJs CSCNL, miite
750 + TYOTLs OSOTL, DROTLs CSDTL, REOTL, ESES-
751 + SCTPI, SCTPJ, SEGUNDy ND3RIe IPNT?, 111
752 + ICONNy FOWSA, EESE: -
753 + ORIGNy, KCINV, KSECT, ITCNL,
754 + ITOTLy ITWSH, i3 =%
755 + NODSHy MTOSH, ONSSHy PRPSHy MTSHL, 11 '
755 ¢ TSHELs TRMSHs ARASH, ES R
757 + NODSR, MTOSR, EZCNSR, TRMSR, |31
758 + PRPSRy MTSTR, CLSTR, NODISR, NOIMSR, MTDISR, 13 =8
759 + ECISRy TMISR, PRPISR, MTISR, CLISR, NOODRN, ' LS
760 + MTDRN, PSNRN, PRPRN, TRMRN, MTRNG ESEEL
761 C
762 COMMON 7 COMMN2 / ESES |
753 + NRNGELy, NODIRN, NOIMRN, MTOIRN, OSNIRN, ! B
764 + TMIRN, PRPIRNs, MTIRN, NIRNEL, 0=
EEes
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167
768
769
T70
T71
772
173
T74
175
175
777
1718
179
T80
781
782
783
Ta4
785
7864
787
788
T89
70
791
792
793
T34
795
796
797
798
799
800
801
802
803
804
805
B05
207

309
310
811
812
813
814
815

—

+

=

Caesxix
Caskes
Camk
Cx®%

Cx
Caexx
Chix
(o 22 23
Cmsi
Ck%
Cx

.

+ s

**+es e

END - 133
E: -
1

CROCL, CROMC, GUSWT, GUSTR, GUSCL, ?'?§i§§I
OVOTL, NOOPD, B
PRSDS, NREST, NOCNL, TPNCI, TPNDE, i
ODRCOSy LDy NDJNC, CORLDy :=RM3y X

COMMON 7 COMMN3 /
LROF1y MNDSHy MELSH, MMTSH, MILSR, i
MMTSRy MIMSR, MZLISR, YMTISR, MZLINy MMTRN, |
MIMRNy MELIRN, MMTIRN, MGUSS, MINTP, MINSL, MRWND, |t |
MRWELs MCRSM, MPROSy MLDCA&, MCNL3, MOTLD, MAULD, MDFSC, MDFIF,
NDFIF, NOFEXs NDFIN, NOFSC, NINSA2, NDF3L, NNDEX, NBEG, NEND) ‘._id
IaXy, POCHEKy SINGAS, ICONDy IAFILE, I[RSFy DETCF, SLOLOD, NDFSK g

I=33
GENERATE THE STISFNES WATRICES OF ALL STRINGERS (I.E., [
STRINGERS, INTERMEDIATE STRINGERS, RINGS, AND INTERMEDIATE a!ﬁﬁiigi
y AND ASSEMBLE TMEM INTC KSECT, THE STIFNESS MATRIX OF THE
SECTOR: ;gggaga
|

CALL KSTFNR CMNDSH, MRWND, MRWEL, MELS®, MMTSR, MELISR, i |
MMTISRy MELRNy MMTRN, MELIRNy MMTI®N, MCRSM, NOFSK, ROWSH, g
ORIGNy NDDSR, ECNSR, PRPSRy MTSTR, CLSTR, NODISR, ECISR, 9:?1!!E§§
MTISRy CLISRy, NODRN, PSNRN, PRPREN, MTRINGs NRMNGELs NODIRN, PSNIRN
PRPIRNs MTIRNs CRDCL, CROMCy DRC3Ss NODPD, CSPRCy CSDSGs uubﬁ!z_ﬁa
LD, NDJNC, KSECT)

RETURN

- w%
6 v £ R L a v 1 “ ;**t: {
e
- ‘“ ‘-
=
zfg-g

SUBROUTINE ONEFQE T
S
INTEROVERLAY PARSMETERS E i
PARAMETER (JNDUSH = 30, JOFSC = 12 % JNDSH, EEo=
4+ JLD = JLFSC+l, JSECT = 50y JRWND = 15, JRWEL = JRWND=1, )
+ JELSH = 28y JINSH = 1, JMTSH = 1, 3 =
+ JSTRN = 1, JNISR = JRWNDy JELSR = JNOSR-1, i {
+ JATSR = 3, JIMSR = 1, JELISR = 5, JMTISR = 1, JRING = 2,{5i =
+# JNDRN = 5, JELRN = 3, JMTRN = 2, JIMRN = 15, JELIRN = 20, ;
+ JMTIRN = 10, JGAUS = 12, JC2S™ = &, JPRDS = JNISH, i
+ JLDCA = 2, JCNLD = 3, JOTLD = 24 JAULD = 1, JINTP =1, %
+ JINSL = &6, JOFIF = 12 = JRUNOD, ===
=y
=

i
|
=
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= 86T + NNTSH, N3TSH, NGTSHs NSTSSH, NKCTND, NNTSR, NSTSRs NGTSR, 1
368 ¢+ NTFSRy NSTSSRy NNTISRs NSTISR, NGTISRy, NTFISR, NSTSIS, NNTRN,
E=# # NBTRNs NGTRN, NTFRNs, NSTSRN, NNTIRN, NSTIRNs NGTIRN, NTFIRNy &
870 + NSTSIR, NTFERy NSTS22, NK2WPD, NCRLL, NFRCN, NAEIF, NASCT,
= 4 + NACNT, NFB8SC, NRACT, NKSCT, NKSCF, NKKGW, NKGSC, NKGICL, ummrg
872 + NKGENI» NEGVCy NKKGCNy NKGCMNy KMSND, NMSCT, NKOEEy NKGCE
& 3573 + CSOCLy CSOMC, MCCOO, ILOCA, LOCNLDy LOTLO, LINTP, LINSL,
374 ¢ OSKFl, OSKF2, IN, I3, {11
375 + FEED, RTOP, RBAS, HITE, ELEV, THATAD, 4
375 4 TITLECE0), LOCAS(2)y NCNLDC2), NOTLDC2)y NINTP(Z2)s NINSLC2)s
= arr + RATIOC14)y INDEXCGS), NOCONC200)s NOEX1CL5), NDEX2C15), i
878 ¢+ NDINTC15), INTNDC25), WKARE2(132) |
E 3719 € :
880 COMMON /7 COMMNL /
) + SLVSCy ROWSH, SHMTI, SHMTJ, CSD36G,
882 + RSDOF, CSPRDy SCNLI, SCNLJ, CSCNL,
== + TYDTL, OSOTL, ORDTL, CSOTL, RFOTL,
B84 + SCTPI, SCTPJ, SEIND, NDORD, IPNTR,
- 885 + ICONN, ROWSA,
225 + ORIGN, KCINVy KS3ECT, ITCNL,
= 887 + ITOTLs ITWSH, P e
g8s + NODSHy MTOSH, ONSSHy PRPSHy MTSHL, 3
== + TSHEL, TRMSH, ARASH, =
830 + NOJDSRy MTOSRe ECNSRy TRMSR, .
= #91 + PRPSRy MTSTR, CLSTR, NODISR2, NOIMSR, MTOISE, ;;g:gl
892 + ECISR, TMISR,y PRPISR, “TISR, CLISR, MODRN,
| 5 i + MTDRNs PSNRNjs PRPRN, TRMRN, MTRNS e
894 C _
E 89s COMMON /7 CTMMNZ / EEis |
896 + NRNGELjy NCDIRNy NDIMRNy MTDIRN, PSNIRN, \
= 897 + TMIRNy PRPIRN, MTIRN, NIRNEL, =
# aos + CROCLy CRDMCy GUSWT, GUSTR, GUSCL _
g 899 + OVDTL, NDODPD, iy
S00 + PRSD3y NREST,s NOCHL TPNC:’ TPNDE, |
901 ¢ DRCOS, LD, NDJNC, CORLD, SRAS, X WES=
302 €
503 COMMON 7/ COMMN3 / i
) 904 + LROF1l, MNDSH, MELSH, M4TS+, MELSR,
- 905 + MMTSR, MIMSE, MELISR, MMTISR, MELRN, MMTRN, ESis |
_ 305 + MIMRNy MELIRNy MMTIRN, M3USS5, MINTP, MINSL, MRWND,
307 ¢ MRWEL, MCRSH, MPRDS, MLOCA, MCNLD, MDOTLD, MAULD, MOFSC, MOFIRs =
B 308 + NOFIFy, NO®EXy NDFINy NCFSC, NINFA, NDFSL, NNDEX, NBEGs NEND, IOP
308 ¢ 13X, PDCHEK, SINGAB, ICOND, IAFILE, IREF, DETCF, SLOLD, NDFSK ;135
310 ¢ -
211 C FEZis
312 C

913 C&%% PUT THE NONZERC ENTRIZS OF KSECT CORRESPCNDING TC A CONSTRAINED =
914 C#xx DEGREE OF FREEDCOM ON OISK DSKF1 (BOW 2Y RIW).

915 C%%x® THEN CONSTRUCT THE CORRECTIVE LDAD VECTOR CORLD. THEN e
916 C#&k% SET THE NONDIAGONAL ENTRISS OF KSZCT CORRESPONDING TO THE

917 C=%x PRESCRIBED DISPLACEMENTS SJUAL T2 IER2 ( THE CORRESPONDING



|fu|

918
913
920
921
922
323
924
325
926
927
328
329
330
531
332
933
934
535
336
937
333
333
940
741
942
432
946
345
346
367
948
349
950
951
952
953
956
355

956

357
358
353
360
961
362
963
984
365
965
367
948

r“-“f—::‘_._ﬂ‘::‘:_— - > —— — '.__ — :._ = _—-—-_-—-

Chum DIAGONAL ENTRIES ARE SET TO ONE )¢ THEN CONDENSE QUT THE

-

m

Cxiex  INTERNAL STIFFNESS MATRIX.

c?
CALL MOFKSC (LRDF1, MPRDS, MOFIF, NNDEX, NDFBL, NOFEX,
+ NDFINs NDOFSCy NDFSKy N3EGs NEND, IOP, IBX, PDCHEXK, SINGAS, I
+ IAFILE, IREFy DETCFy NIJPD, PRSOS, RSOOF, NREST, NDORD, SEQNDs
¢+ LDy IPNTR, ICONN, CORLD, XSECT, 3RHS, X)
c
c
RETURN
- END
4
c
Cx
Coaex i
Cmetese 0 v £ R L A Y 2 0 B
Cok =g
Cx o=
¢ 8 i
c {3
¢ iz
_ SUBROUTINE TWOZIRO J
c i3
L 3
Cx INTEROV SR LAY > AR AMETERS %5-.
c |
' PARAMETER (JNDSH = 30, JODFSC = 12 % JNDSH, igi _
# JLD = JDFSC+1ly JSECT = 60, JRWND = 15, JRWEL = JRWND-1,
¢ JELSH = 28, JINSH = 1, JMTSH = 1, s
+ JSTRN = 1,  JNOSR = JRWND, JELSR = JNDSR-1, |
# JUTSR = 3, JIMSR = 1, JELISR = 5, JMTISR = 1, JRING = 2, i+
# JNDRN = 35, JSLRN = 3, JMTEN = 2, JIMRN = 15, JELIRN = 20,
¢ JUTIRN = 10y JGAUS = 12, JC3ISM = 5, JPROS = JNDSH, : ;3;%
# JLOCA = 2, JCNLD = 5, JOTLD = 2, JAULD = 1, JINTP = 1, '
* JINSL = 6, JOFIF = 12 ¥ JRWND, 2§ E-
+ JICCN = 10%, JOFSL = 64501) 3
¢ S
c :
c L 8 C A & vV 2 R 1 A 5 L E S E35
c
g Siis |
REAL NTSHLCJGAUS,3,38)y NTSTF(T795422) 15=S
C )
CIMENSION FRCNLCJOSIF) B EiE— |
d
c 13EE
c :
c INTER=3VERLAY VARIABLES 33
c |
c BETWEEN OVERLAYS  (Ce0)y C140)s (2,0) §35
Biiss
- rpiasg
! e W F——=

|



I

1] F1

im

369
370
371
972
573
374
375
976
917
378
373
980
381
982
383
986
385
586
987
383
989
930
351
992
393
3954
395
395
397
998
999
1000
1001
1002
1003
1004
1005
1005
1007
1003
1009
1010
1011
1012
1013
1014
1015
1015
1017
1018
1019

~ CHARACTZR=®10 STRTYP, AUTGN, SLOSP, SLRAC, SLSTS, SLBKL,
+ PL3TR, PLMSN, PLDSP, PLSTS, PLMSP

(]

INTEGER - CSDCL, CSDMC, DSKF1l, CSKF2, SLOLD,

+ + + S

REAL CRIGNCJRWEL,2)y KCINVCJELSH,2,52)s KSECTCJIFSL), 15
+ ITCNLCJLDCAZJCNLD99)9 ITOTLCJLCCASJOTLO92)y ITWSHCIMTSH.3) |

DIMENSION NODSHCJELSHe3)y MTOSHCJIINSH) e DNSSHCJELSH), 1=

S TR R R R T R T R R TR B

o000

DIMENSION ENLWTCJOFSC), =CLWTCJEL3H912)y ENLAULCJAULD,JOFSC)s
+ ECLAULCJAULDZJELSHy12),y ENLTPCJINTP,JIFSC), :
¢ ECLTP(JINTP,JELSHy12), INDICCJSECT) EEE-

COMPLEX ENLSAC4sJOFSC)y ECLSAC4,J5LSHs12), KSNIFCJDFIF,JOFIFY |

(el

EQUIVALENCE ( NTSHLC1p151)y NTSTF(1,1,1) )

n el OO

i

SLVSCCJLICA,JINSLe2)y ROWSHCJRWND,2), {10
SHMTICJZNSH)y SHMTJICJINSH), CSDSGCJCRSM), RSDOFCJPRDS,12)y |
CSPROCJPRIS), SCNLICJLDCA4JCNLD)y SCNLJICJILDCA,JCNLD), | 18]
CSCNLCJLDCA,JCNLD), TYDTLCJLDCA,JOTLD), DSDTLCJILDCA,JDTLDD, 5§
DROTLCJLOCA,JOTLD5)y CSOTLCJILDCA,JDOTLD)y RFOTLCJLDCA,JOTLDD
SCTPICJLOCA,JINTP)y SCTPJCILICA,JINTP)y SEQUNICJINDSH), 5
NDORCCJNISH)y IPNTRCJINISH)s ICONNCJICON)y EOWSE(2)

;-
£
i

=
i;!’
g

PRPSHCJMTSHe8)y MTSHLCJELSH),

TSHELCJMTSH)y TRMSHCJMTSH), ARASH(JELSH)y NOOSRCJELSRyZ)
MTOSRCJIMTSR)y ECNSRCJIMTSR)s TRMSRCJIMTSR),

PRPSRCJIMTSRsI)y MTSTRCJELSR)y CLSTRCJIELSR,T92)y £
NODISRCJELISRe2)y NDIMSRCJIMSKeZ2)y MTODISRCJIMTISR),
ECISRCJIMTISR), TMISRCIMTISR),

PRPISRCJIMTISRI 9Dy MTISRCJIZLISR), CLISRCJELISRT92),
NOGRNCJELRNG2)y MTORNCIMTAND)y TRMRNCJIMTRN), PSNRNCIMTEN,3),
PRPRNCJIMTRN Gy MTRNGCJELRN)y NANSELCJRING), NO IR~<J=L*RN.2
NOIMRNCJIMRNG2)y MTOIRNCJIMTIRND, PSNIRNCIMTIRN,3),
TMIRNCJIMTIRN)y PRPIRNCIMTIRN,FDdy MTIRNCJISLIRNDy NIBRNELCJIMRN
CROCLCJINDSH,3), CROMCCINDSH,2), GUSWTCJIGAUS), GUSTR(JGQU$g33€
GUSCLCJELSH,,JGAUSs3)y DVITLCJLOCA,JCTLD)s NODPDCJPRDS),
PRSDSCJPROSs12)y NREST(JIPRDS), :
NOCNLCJLOCALJCNLDDy TPNOICJULOCRALJIINT®), TENDECJLOCA,JZINTP),
ORCOSCJCRSM 3,430 LOCJILD)y NOINCCINDSH)y CORLDOCJOESC), :
BRHSCJDFSC),y XCJOFSC)

il

H T hesbh
mm'mu‘nu

Frove)

T

Fhisny
Wi

B

BETWEEN QVERLAYS (2430)9 (291)y (252)y (243), (2454), (ZsS)lrggiéﬂ_ﬁ

LOGICAL PODCHEK, SINGAS : {E}.."



= —— - - == =
= 1020 @  COMMON STRTYP, AUTGN, SLDSP, SLPAC, SLSTS, SLBKL,

1021 4+ PLSTR, PLM3M, PLOSP, PLSTS, °2LMSP?,
==11i& % MSECT, MSTRN, MNDSR, MRING, MNDRN, MGAUS,
1023 4 NNDSHy NELSHy NMTSH, NSTRN, NNDSR, NELSR, NMTSR, NIMSR, |
= 1026 = + NELISR, NMTISRy NRINGs NNDRNy NELRNy NMTRNy NIMRN, NELIRN,
1025 + NMTIRN, NBRAC, NELSR, AMMTE3, NGAUS, NCRSM, NPRDS, NLDCA,
* 1026 ~# NSECT, NRWEL, NRWNDs NDFND, NNDEl, NNDE2, NNDIN,
~ 1027 + NNTSH, N3TSH, NGTSHs NSTSS5H, NKCTND, NNTSR, NBTSR, NGTSR,
&E—-1029 ¢« NTFSRy NSTSSR, NNTISR, NBTISR, NGTISR, NTFISR, NSTSIS, NNTRNg @
~102% + N3TRNy NGTRNy NTERHN, NSTSRNy NNTIRNy NSTIRNy NGTIRN, NTFIRNy
E—1030 ~ % NSTSIRy NTFBRy NSTSBRy NKRWPDs NCRLOs NFRCNs NABIF, NASCT, @ T
- 1031 + NACNT, NF35C, MNRACT, NKSCT, NKSCFy, NKXGW, NKGSC, NKGICL, NKBNI
= 1032 + NKGENI, NEGVC, NKKGCMy NXGCMN, NMSND, NMSCT, NKOEE, NKGOEE, '
1033 ¢ CSDCLy CSOMC, MCCOD, ILDCA, LCNLD, LOTLDy LINTP, LINSL,
E- 1034 + DSKF1, DOSKF2, IN, IO,
1035 + FEED, RTOP, R34Sy HITE, ELZV, THATAD, i
= 1038 ~# TITLECAD), LDCASC2), NCNLDC2)s NDTLODC2), NINTP(2), NINSLC2),
___ 1037 + RATIOC14), INDEXC45), NOICONC200), NDEX1C15), NDEX2C15), L] 1
= 1038 4 NDINT(13), INTND(35), WKAREA(152) ES i
1039 C ! .
= 1060 C S iis
_ 1041 COMMON /7 COMMNY / L LB
E=— 3042 ©  + SLVSC, ROWSH, SMMTI, SHMTJ, CSCE3, i B2is
1043 ¢ RSDOFs CSPRD, SCNLZIs 3CnL2y ¢ ” i ,
= 1044 =% TYDTL, B5BTL, 3R3TL, -50TL, #R4TL, i i
___._lﬁhs +* SCYL.' T de 3 P sy TEATR. .
= 10464 o+ ICONN, R0s35i, I SEE
1047 + QRIGNy FCIiVy K3Z0Ta ZTCNL, ]
= 1048 + ITOTL, ITaln,
103 * NOJSHs MTDSH, INai-iy # =1 i Ls
;_i“ 1050 4 TSHEL, TRAMEN, aZLalSH,
____1331 * RidSRe “T554%y fleedy ¥ .
:=.%— 10582 4 PRPSRy 27572, CLET=, = » . T213%
1353 w FCI3 THEIIw .
E 105‘ BT !T:.‘":ag 3 Ex¥adip
= 135 T CoNMON 7 CanwnD 7
= 1933 =% THIRN; PREIEH; ATI=ENy Nizadls
i =7 « CROCLy C . L ST~y -t
= wse % SVITL, 50020,
_____1 + 28505, -'-?, Ly T ~I N
—_— :asz ® CRCCS, LSy NEINC, L2331y
...':_' -
=== 185- CeMnoN 7 aeNI 2
é-_' &J&‘ + EATI=, ¥ S8, LIz 4T2132, Loy i o g 8
) ¢ J - «M"liy L . i1 . . . iy .
== 1‘]&& & MINELy MCRSRH, MIOTT, Laluy S Fill S SiiLT e MOFSC,
__1 &y _0 l-‘::’ . [ . . . .
_-_:"_ lﬁfﬁ =4 IR, F3CHER, K1 iny I v - b vy T ' IiFa L=l 5y

1



gtai IF THE LOAJING CASE NUM

IF (ILDCA .
_ IF (PLDSP .
CALL RzDKSC
GO TO 1500
1250 CALL REDKSC

4

¢
¢
$
<
¢
4
;1590 I# (LCNLC .

Hiw

i

= 4

i

I (NNDIN , !

NEKSCT,

Essvly CEnildy

3CNy NEIG
sCLSdy IMDICs KBNIF

MAS HES SEQUESTED, GC

°¥ES ")

W
i

» NLOCA

g'ezz =

3’ E - ST INEEH OV-RLATS

T LIRSDN - 7 o

<

c

1000 I® (NLDCA o 22 o )

c

C= IF SUCKLING SDLUTINE

C% B20SRAM SEGMENT,

=

: IF CSLEKL « £Q .

c

% 5

c s

G

c

q 3

Cit CONSICES =alH LOADING CASE.

c

c

: DO 5000 LLDCA = 1

C

E ILDCA = LLOCA
LCNLZ = NCNLOCLLDCR)
LOTLE = NOTLOCLLDCA)
LINTP = NINTPCLLDCS)

= LINSL = NINSLCLLOC2)

G

- ANJ - FLSTS L

NKSCFs Q09 LRIFL1y NDESK»

552 IS SREATER THAN 1, AND PLOTTING OF
C#ms DISPLACEMENTS AND / OR STRESSES HAS SEEN REQUESTED, READ THE
Chnr CONVENTIONAL STIFFNSSS MATRIX FRO“ DISK FILE DSKF1, '

Qs LRODFly NDFESK,

18 [
de €244)s (205)y (2463
SCLWT, ENLAUL, ecggggggij;“'

48 -
3 3
TS THE APPROPRIATE =

2C TO 23500

G0 TO 6500

g

Wb

Mt

50 TC 1500
*Y£5°) 50 TO 1500
30 TO 1250 |

XKSECT)

KSECT)

GC TC 2500

Rl



el g o e e e L el
3122 6 = CONCENTRATED NCDAL LOADS
_ 1123 €
= s E o R
1125 Cwwx  SET UP PR’S, THE SET OF VECTORS CONTAINING THE PRESCRISED
= 1126 C®ew CONCENTRATED NODAL LDADS FOR ALL INTERFACES ANC PUT THEM ON
f 1127 Cwwx 0ISK FILE DSKF1.
1128 C
1129 CALL NOLDCN (CSOMC, DS5K=1, IL2C3, LCNLC, MNDSH, MELSR, _
= 1130 + MELISR, MELRN, MELIRN, MPROS, MCRSM, MLDCA, MCNLD, MRWND, =
1131 4+ MRWELy ¥CC3ODy NELSHy NELSRy NELISR, NELRN, NELIRN, NCRSM, NPRDS,
= TE % ¢+ NLDCA, NSECT, MRWND, NNDIN, NOFIF, NDFSC, NFRZCN, STRYYP, NCNLD,
~ 1133 + CRUCLy CRCMC, NODS&y NODISR, NOJRNy NODIRN, ROWSH, ORIGN, NDEX1,
= 1136 + NDEX2, NDINT, INTND, NDORD, CS3SG, NODPD, 2SD0OF, NREST, = -
1135 4+ CSPROy SCNLI, SCNLJy NOCNLs ITCNLy CSCNL, DRCOSs LDy KSECT, | |
=1i == + ENLWT, ENLAUL, ENLSA, FRCNL, WKAREA) |l
1137 ¢
E=1i i IF NO SHELL ELEMENTS EXIST, S5KIP. 8=
1133 ¢
1140 2500 IF (NELSA « EQ « 0) G3 TO 3500 =t
1141 C I
- 1142 Cx =
1143 Cae _ “-
= 1144 Cxsx CALCULATE THE EQUIVALENT NODAL LOADS FOR ALL suw
1145  Crex SMELL ZLEMENTS,. g
S 1146 CEE - =
1147 Cx i)
S & i E
1149 CALL TwWaCHE
= 1150 C =
1151 C
i 1152 C
1153 (= IF NO STIFFENERS (STRINGERy INTERMEDIATE STRINGER, RING,
1156 C= INTERMEDIATE RING, OR SRACE) ELEMENTS ZXIST, SKIP.
1155 ¢
= $1%6 3500 IF (NELSR o EQ « 0. AND o NELISR , EQ « 0 . AND . :
o 1157 + NE‘-RN - E: - c . AHD - NELI;“ - E; - g - ﬁ"JD - NELQR - EQ .
==31158 + G0 YO 4500 :
1155 C
== 31 I
1161 C=
= 1162 Cxx
1163 Cxxx CALCULATE TrEZ ZJUIVALENT NODAL LDADS FOR ALL
- 1164  Caxx STIFFENER ELEMENTS.
_ 1165 Cxx
= 1166 C»
1167 C
1168 CaLL TwOTWO
. 1163 C
=4%1t10. ©
1171 Cx
==aia= 1




i
—
-
o
w

1133
- 1189

1152

11393
1134
S 1198
1136
== :

1198
== E% ;]
1200
1201
1202
1203
1204

1205

1206
1207
1208
1205
1210

=n

1212
1213
1214
1215
1216
=127
1213
1219
1220
1221
1222
1223

Caeese
Cxeed
Cxae

e ol

6000

6500

el al o oo

#
%
%

3*
#
w

CALCULATE THE DISPLACEMENTS, REACTIONS, AND THE
THE STRESSES.

CALL TwOTHR

g:ftza
IF PLOTTING OF DISPLACEMENTS AND STRESSES HAS NOT 3SEN REQUESTEDy |
SKIP. £ |

IF C(PLOSP « NE o °YES® , AND o PLSTS o NE o “YES®) GO TO 600Q°

s

PLGT TA:Z JISPLACEMENTS aND / C® STRESSES DUE TO DEAD %

AND LIVE LDADS COMBINED. sy
-;;_ '
CALL TWOSIX gg:;g;
isi=a

CONTINUE 151F
RETURN 1] 108
SRS |

EiE

SET UP THE EIGENVALUE PROSLEM: Bre

(K+KGCLD) = LAM30A % KRGLLD = O
WHERE

K IS THE CONVENTIONAL STIFFNESS MATRIX CF A SECTCR, fEie—
KGOLD IS THE GEOMETRIC STIFENEZSS OJUE TO DEAD LOAD ALONE, '
KGLLD IS THE GEOMETRIC STIFFNESS MATRIX CUE TO LIVE LOAD ALONES! ™ —
i

CC 23000 LLDCA = 1 , NLDCA

Y]
Preab

) 4
Habh
ey
i Bt il
II h :I‘

ddeity

ILDCA = LL2CA

IF THE LCADING CASE NUMSER I5 GRZATE® THAN 1, AND PLOTTING OF THE

DISPLACEMENTS AND / OR STRESSES HAS BEEN REQUESTED, READ THE ”‘“’—‘_E

CONVENTICNAL STIFFNESS MATRIX FRCM DISK FILE DSKF1l. :
TS

IF CILCCA « 2@ « 1) G0 TO &750 i 1 '
Eine



[T Y r o 4 Lot g a oW

=i IF (PLDSP . NE . °YES” ., AND . PLSTS . NE . “YES°®) GO TO 6750+ +
1225 C

—= & CALL REDKSC (DSKFl, NXSCT, 0y LRCF1l, NOFSK, KSECT) R
12271 €

1228 Cw FIND THE NUMBER OF ZONES OF SECTORS FOR WHICH SOLUTION HAS BEEN
1229 Cx REQUESTED. i

1231 6750 LZNSL = NINSLCLLDCA) 11
i8g : L S
1233 €

=11-t 0 & A D L 0 &4 O =i
1235 ¢ 4
1234 Cx CALCULATE AND SAVE (IN LOCAL DISK FILE) THE GECMETRIC STIFFNESS
1237 Cx MATRIX DUZ TO THEZ DEAD LOAD ONLY ONCE. 13}
1238 C IFi=a

1239 IF CLLDCA o« GT o 1) 60 TC 12500 ]
1240 C _ 5
1241 Cx INITIALIZATIONS.
12642 C FE |

1243 Cx SET THE NUMSER OF THE CONCENTRATED NODAL LOADS, THE 3xsrnzsureo
1244 C» LOADS, AND THE TEMPERATURE ZONES EQUAL TO ZER0, TEMPORARILY, =
1245 Cx= THE CURRENT DEAD LOAD ANALYSIS.
1246 C $3i =8
12647 LCNLE = O |
1248 LOTLD = O ESE
1249 LINTP = 0
1250 ¢ i3
1251 Cx SIGNAL DEAC LOAD SCLUTION,

= 1252 ¢C =

1253 SLOLD = 3AYES

F 1254 C EEEs
1255 IKGOEE = 0 )
1256 C isi=g

1257 C
1258 C =i
1259 C KGSCTCNDF3C) JUE T2 DEa) L3JAD,

- 1260 C i

1281 ¢ 14

T 32862 Co%s CALCULATE THE EQUIVALENT NCDAL LCADS CF A TYPICAL SECTOR DUE °F
1263 C#gx TO DEAD LDAD OF THE SHELL AND THE STIFFSNER ELEMENTS, {
1264 Chk&k ENLAT(NDFSC). EEEs
1265 C

= 1266 CALL ENLDLD (MNDSH, MELSHM, MMTSH, MELS®, MMTSR, MELISR, s ==

1267 + MMTISR, MELRN, MMTRN, MELIRMNy MMTIRN, MCRSM, MLDCA, MCNLD, MOTLD,
1268 + MGUSS, MRWND, MRWEL, NOFSC, NODSH, MTSHL, TSHEL, ONSSH, ARASHy
1263 4+ CRDCLy CROMC, ROW3SHYy ORIGNs NOJ3SRy PRESKy MTSTR, CLSTR, NODISR,
1270 + PRPISR, MTISR, CLISR, NOD2N, PSNRN, PRPRN, MTRNG, NODIERN, PSNIRN:
1271 + PRPIRN, MTIRN, NDORD, CSOSGs DRCIS, ITWSH, NDJINC, GUSWT, GUSCLy |
1212 + NDCNL, ITCNL, CSCNLy ITOTL, DROTL, CS2TL, KCINV, NTSHL, Nrsva“"f—

1273 + ENLWT, ECLWT) U
1274 C =1 o

J =4

b
e



e

|
|

-

n
]

}.I

I

Ilr|'||

Corsexe
Colexe s

Cadex
Caesex

7500

Cx
Cxx
Coaes
Cetess
Cxexe
Cx

8500

Cx
C%

Caexess
Chedkx

Cx
Cxex%e
Catede
Cxexx
Causgee
Cae
Coedese

-]
il

s b
i H

B i
FOR THE FIRST LOADING CASZ, VECTOR KSECT CONTAINS THE DESIRED =
CONVENTIONAL STIFFNESS MATRIXe Ieey Eiis |
UNFACTORIZED IF NQ INTERNAL NOODES EXIST, AND |
FACTORIZED IF INTERNAL NCOES =XIST,. $2E |
IF CILDCA « EQ o 1) 50 TC 2500 EEE
IF (NNDIN o NZ o 0D G0 TC 7500 FE
IF NO INTERNAL NCOES EXIST, READ THE UNFACTORIZED CONVENTIONALS! =
STIFFNESS MATRIX FRO™ DISK FILE D5KF1,
T ==
3=
CALL REOKSC (IS5KF1, NKSCT, Oy LRDFl, NIFSKs XSECT)
3 ‘-":-‘;
G0 TO 8500 4
=i =4
WHEN INTERNAL NODES D3 £XIST, READ THE FACTORIZED CONVENTIONAL
STIFFNESS MATRIX FROM DISK FILZ J5KXF1. isis
CALL REOKSC (2SKF1ls NKSCFs 09 LROF1, NOFSK, XKSECT) P2
%
T
CALCULATE THE DISPLACEMENTS, RTACTIONS, AND THE T
THE STRESSES OUE TO THE DEAD LOAD ALONE LT
¥
=3
CALL TWOTHR 58S
FE- |
IF NO INTERNAL NCODE EXISTS, KSECT ALREADY CONTAINS THE 1418
UNFACTORIZED CONVENTIONAL STIFFNESS MATRIX. ==
IF (NNDIN . EQ « 0) 30 TO 9500 EI s
INITIALIZE KSECTCNOFSC) TO THE UNFACTORIZED CONVENTIONAL «1. 1
SECTOR STIFENESS MATRIX MATRIX B3Y READING IT FROM DISK FILE niﬁﬁx = |
CALL REDKSC (DSKF1, NKSCT, 0, LRDF1l, NDFSKe KSECT) i3 =9
s =
-
CALCULATE THE GEOMETRIC STIFFNESS MATRIX OF THE SECTOR &% |
DUE TO (CIRCUMFERENTIALLY UNIFORM) DEAD LOADS. ks
ON RETURN, KSECT = K # KGOLD. I<Eey KSECT CONTAINS -
THE SUM OF THE CONVENTIONAL STISFNESS MATRIX AND THE ko
GEOMETRIC STIFFNESS MATRIX CUE TC THE DEAD LOAD. Li

ha.l.Ll

e

I
|
i

Jl‘.l
bt



b 4

nOooo oo

Cez
Cx
: Eis
9500 CALL TwOFOR
¢ =
c
c 2= |
c - — -
C s
C - -
C S i
C |
¢
Cx SIGNAL LIVE LODAD SCLUTION. |
c 3
13500 SLDLD = 2ANC ]
c 3
c 2
Cw FIND THE NUMSER OF THZ CONCENTRATED NODAL LOADS, THE DISTRISUTED
C# LOADS, AND TmE IINES OF TEMPERATYER, SCR THE CURRENT LOAD CASE.
C B =
LCNLD = NCNLO(CLLDCA) . cn
LOTLE = NOTLOCLLOCA) S==
LINTP = NZNTPCLLDOCA) -
SE |
IF CLONLD o 5Q + 0) 30 TC 14000 i34
CONCENTYRATED NODAL LOADS 153 f}
e -
Cxsx SET UP PR°Sy THE SET OF VZCTORS CIONTAINING THE PRESCRIBED
Ck%% CONCENTRATED NCDAL LCADS FOR ALL INTERFACES AND PUT THEM ON = =
Cx¥% DISK FILE J5KF1.
¢ ==
CALL NDLCCN (CSCMCy CSKF1l, ILDCA, LCNLD, MNDSH, MELSR,
¢+ MELISR, MELRN, MELIRN, MPRDS, MCRSM, MLDCA, MCNLDs MRWND, @ {1 | =
+ MRWELs MCCOD, NELSW, NELSR, NELISR, NELRN, NELIRNe NCRSM, NPROS,
¢ NLDCA, NSECT, NRWND, NNDIN, NOFIF, NOFSC, NFRCN, STRTYP, NCNLO§¢
+ CRDCLy CROMC, NOOSR, NODISR, NOORNs NOOIRN, ROWSH, ORIGN, NDEXYs
¢ NDEX2, NDINT, INTND, NDORD, CSOSG, NOODPD, RSDOF, NREST, ==
+ CSPRCsy SCNLI, SCNLJs NDCNL, ITCNL, CSCNL, DRCOS, LDy KSECT,
_ + ENLWTs ENLAUL, ENLSA, FRCNL, WKAREA) T =
c
G S
Cx SET VECTOR ENLWT, JUST USZD AS A TZMPORARY WORKING AREA,
C= EQUAL TO IERC, SIGNIFYING THAT NO DEAD LOAD IS TO SE CONSIDERED =
C% IN THIS PART 0F THZ ANALYSIS. 14}
c 2=

14000 CALL SETZRO (NJIESCy 1y =NLWT)

c

i

i
i

Bl

e
T
HRIN



1377
1378
1375
1380
1381
1382
1383
1384
1385
13856
1387
1388
1389
1390
1391
1392
1393
1354
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
140%
1406
1407
14038
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
14158
1420
1421
1422
1423
1424
1425
1425
1427

Cuk
C e
Cax

OO0

Cx
Cox
C dok i
Cloex

IF NO SHELL ELEMENTS EXIST, SKIP.

IF (NELSH . EQ « 3) GO TO 14500
it
=R
CALCULATE THE EQUIVALENT NOCAL LOADS DUE TO LIVE RS
LCADS FOR ALL SHELL ELEMENTS. Y]
=
=
CALL THWOCNE
IF (NNDIN « NE o 0) GO TO 15500
IF NO INTEQNAL NCDES =XIST, RzdD THE UNFACTORIZED CONVENTIOCNAL
STIFFNESS MATRIX FEOM DISK FILE OSKF1,

CALL REDKSC CDSKF1, NKSCT, 0y LRCFI, NDFSK, KSECT)
GO0 TC 16500

WHEN INTERNAL NODES OO0 EXI
STIFFNESS MATRIX FROM DISK

CALL REDKSC (CSK

=
wu
CALCULATE THE DISPLACEMENTS, REACTIONS, AND THE g
THE STRESSES, L
Iz
-
CALL TWOTHR

INITIALIZE KSECT (PASSED TO KGSCT IN THE SURROUTINES) TO ZERD '
SEFQOREZ CALCULATING THE GEOQOMETRIC STIFFNESS MATRIX. $53

CALL SETZIRO (NDFSK, 1, KSECT)
*,
%
CALCULATE THE GEOMETRIC STIFFNESS MATRIX OF THE SECTOR i
Ut TO (CIRCUMFERENTIALLY UNIFQRM) LIVE LOADS, Rk
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i
|
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YTy - b
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i |
cus =
4 &
L i

CALL TWOFIR i
g' EE B |

|

Cx CALCULATE LAMBDA DEFINED IN THE EIGENVALUE PROBLEM: §3;f3§
c CKSECT + KGDLD) = LAM3DA * KGLLD = 0.0 ] .
Cx 8Y SOLVING i
C KSNIFCNDFIF, NOFIF) = LAMEDA = KGINIFCNOFIF, NDFIF) = 0.0 |
g i E
Cx ..
Citese I
Cums SOLVE SOR THE 3UCKLING LOAD AND THE ASSOCIATED ey
Chkx MODESHAPES. wER
Cux f."
Cx £i =
> Ll

CALL TWOFIV iz§ -
c —_—
c 3= =
c

b g

Ci IF PLOTTING OF DISPLACEMENTS AND STRESSES AND MODESHAPES WAS NOY

Cx  BEEN REQUESTED, SKIP. 1.1 4§
= : =3 —_-'g

IF (PLDSP o NE o °YES® . AND . PLSTS o« NE o °YES® « ANC . 18]

& PLASP o NE . °YES™ 50 TO 23000 i =
Cx L RO% -4
Caon = = |
(Rt PLOT THE CISPLACEMEZNTS AND / QR STRESSES AND / OR Bus
Candone MODESHAPES ODUE TO LIVE LOADS. TR
Cxx . S
Cue 5 & |
c T =
C £
¢ &= |
e 1T
gaouo CONTINUE isi 3
¢ e
23500 RETURN jil i3

END IS
c gl 4
c 32
Cx 1i® i3
Ca . :ﬁg

W
it
b
M
s

Hia

T aih
il

Han
[}
o
l ]

+
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= £ i £
1475 CExx = —F% & L & ¥ 2 1 EEr s

1480 Cxx saxe

1481 C¥ %

1482 C

1483 C

1484 C

1485 SUSROUTINE TWOONE

1486 C

1487 C

1488 Cx INTERODVERLAY P ARAMETERSTS

1489 €

1450 PARAMETER . (JNCSH = 30, JOFSC = 12 % JNDSH,

1491 ¢ JLD = JOFSC+41, JSECT = 40, JRWND = 15, JRWEL = JRWND=1,

16452 + JELSH = 28y JINSH = 1, JMTSH = 1,

1493 + JSTRN = 1, JNDSR = JRWND, JELSR = JNDSR-1, :

1456 + JMTSR = 3, JIMSR = 1, JELISR = 5, JMTISR = 1, JRING = 2,

1495 + JNORN = 5y JELRN = 3, JMTRN = 2, JIMRN = 15, JELIRN = 20,

1496 + JMTIRN = 10, JGAUS = 12, JCRS™ = B, JPRDS = JNDSH,

1497 4 JLOCA = 2, JCNLD = 5, JOTLD = 2, JAULD = 1, JINTP = 1, :

1495 + JINSL = &y JOFIF = 12 % JRWNC,

1499 + JICON = 109, JOFSL = 64801) 3

1500 ¢

1501 ¢

1502 C

1503 ¢ LOCAL VAR TIASLES

1506 C

1505 REAL NTSHLCJGAUS,3,33)

1506 C

1507 CIMENSION BTSHLC(JGAUS6438)s CURVTCJGAUS,S5), EE

1503 + STSTPCJINTP,JGAUS6)

1509 ¢

1510 ¢ INTER=2VERLAY VARIABLES

1511 ¢C

1512 C BETWEEN  OVERLAYS C0s0)s C1e0)s C2,0)

1513 € 17

1514 CHARACTER®1(Q STRTYP, AUT3Ny SLOSP, SLPAC, SLSTS, SLEKL,

15153 + PLSTR, PLMSH, PLDSP, PLSTS, PLMSP §=1

1516 C

1517 INTEGER CS0CLy CSOMC, OSKE1l, DSKE2, SLOLD, 73

1518 + SLVSCCJLDCAZJINSLs2)y ROWSHCJOWNDS2),

1519 + SHMTICJINSH), SHMTJICJINSH), CSDSGCJICRSEM), RSDOFC(JIPRDS,12),

1520 + CSPRDCJPROS)y SCNLICJLOCALJCNLD)y SCNLJCJILDOCALJCNLD),

1521 + CSCNLCJILOCA,JCNLDYy TYDTLCJLOCALJOTLDYy OSOTLCJLOCA,JOTLD)y =

1522 + DROTLCJLOCAJOTLD95)y CSOTLCILDCALJOTLD)y RFDOTLCJILOCA,JOTLD)

1523 + SCTPICJLOCA,JINTP), SCTPJCJLDCALJINTP), SEQNDCJINDSH), S L

1524 +# NDORDCJNDSH)y IPNTRCINDSH)s ICOUNNCJICON), ROWSAC2)

1525 C :

1525 REAL ORIGNCJRWEL 2Dy KCINVCJIELSH9292)y KSECTCJIDFSL),y

1527 + ITCNLCJLDCASJCNLD 93Dy ITOTLCJLOCA,JOTLD92)s ITWSHCJIMTSH,3)

1528 C

1529 DIMENSION NODSHCJELSH93)y MTDSHCJINSH)y ONSSHCJELSH), :

=

.
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PROSH(IMTSHy8)y MTSHLCJELSH),

TSHELCJMTSH) sy TRMSHCJIMTSH), ARASHCJELSH)y NODSRCJELSRe2)»
MTOSRCJIMTSR)y ECNSRCJIMTSR), TRMIRCJIMTSR),

PRPSRCJIMTSR,G) 9y MTSTRCJELSR)y CLSTRCJELSR,T792), il
NODISRCJELISRy2)y NDIMSRCJIIMSR,2)y MTDISRCJIMTISR), £5}
ECISKCJIMTISR)y TMISRCJMTISR),

PRPISRCJIMTISR,9)y MTISRCJIELISR), CLISRCJIELISR,T7,2),
NOORNCJELRN9Z)y MTORNCJMTRN), TRMENCJIMTRN)D, PSNRN(JMTRN.3):_ ]
PRPANCJMTRN,9)y MTRNGCJELRN)y NRNGELCJRING), NODIRNCJELIRN,2)s |
NOIMRNCJIMRN2)y MTOIRNCJIMTIRN)y OSNIRNCJIMTIRN,3),
TMIRNCIMTIRN)y PRPIRNCJIMTIRN,5)y MTIRNCJELIRN)y NIRNELCJIMRND)y |
CROCLCJUNDSHy2)y CROIMCCINDSHy3)y GUSWTCJGAUS), GUSTRCJGAUS,3),
GUSCLCJELSHsJGAUS,3),y DVITLCJLDCALJOTLD) s NODPDOCJPRDS), £3
PRSUSCJPROSH12)y NRESTCJIPRDS),

NDCNLCJLOCA, JCNLD), TPNDICJLDCA,JINTP), TPNDECJLOCA,JINTP),
DRCOSCJCRSMp393), LOCJILD)y NDJINCCJINDSH), CORLDCJDFESC),
BRHASCJOFSC) s XCJDFSC)

Iy
Hill
)

™

LR R R R R DR R N R

3

BETWEEN OVERLAYS (250)s 251Dy (242)s €243 (244)5 (2,5)s €246)

DIMENSION ENLWTCJOFSC)y ECLATCIZLSNG12)y ENLAULCJAULD,HJDFSC)y
¢ ECLAULCJAULD9JELSH912)y EINLTPCJINTPLJOFSC), :
+ ECLTECJINTPJELSH12)y INDICCJISECT)

*

COMPLEX ENLSACL9JOFSC)y ZCLSAC4,JELSH.12)y KANIF(JOFIF,JOFIF)

LOGICAL PDCHEK,s SINGAS

COMMON STRTYP, AUTGN, SLOSP, SLRAC, SLSTS, SLEBKL,
PLSTRy PLMSHy PLOSPy PLSTSy PLMSP,
MSECT, MSTRN, MNDSRs MRING, MNDRNs MGAUS, £3
NNOSHs NELSHy NMTSHs NST2N, NNOSRy NELSRy NMTSR, NIMSR,
NELISRy NMTISR, NRINGy NNORNy NELRNy NMTRNy NIMRNy NELIRN,
NMTIRNy NERAC, NELBR, NMTER, NGLUS, NCRSM, NPRDSs NLDCA,
NSECTy NRWEL,y NRWNDy NOFND, NNDE1, NNDE2, NNDIN,
NNTSHy N3TSHy NGTSHy NSTSSH, NKCTND, NNTSR, NBTSR, NGTSR, 1]
NTFSRy NSTSSRy NNTISRs N3TISRy NGTISRy NTFISR, NSTSIS, NNTRNg
NBTRNy N3TRNy NTFRNy, NSTSRN, NNTIRN, N3TIRN, NGTIRNy NTFIRN,
NSTSIRy NTFBRs NSTSBRy NKRWPD, NCRLD,y, NFRCN, NABIF, NASCT, =1
NACNT, NFSSCy NRACT, NKSCT, NKSCF, NKKGWy NKGSCy, NKGICL, NKBNIF,
NKGBNIys NEGVCy NKKGCNy NKGCN, NMSND, NMSCT, NKCEE, NKGOEE,
CSDCLy CSDOMC, MCCOD, ILDCA, LCNLDOy LEOTLDy LZNTPy LINSL,
DSKFle DSKF2, IN, IO,
FEED, RTIPy RBAS, HITZy cLEV, THATAC, 199
TITLECS0)s LOCASC2)s NCNLDC2)9 NDTLDC2)s NINTPC2)s NINSLC2)s
RATICC14), INDEX(4#5)y NOCON(CZ230)y NCEX1(15), NDEX2C15),
NDINTC15), INTNOC33), WKAREA(CL1S2)
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el aXaNal

COMMON
SLVSC,
RSDOF,
TYDTL,
SCTPI,
ICONN,
ORIGN,
ITOTL,
NCDSH,
TSHEL
NODSR,
PRPSR,
ECISR,
MTDRN,

R R SR B R R R R R

COMMON

+ NRMNGEL,
THMIKN,
CROCL,
JVOTL .
PRSDS,
ORCOS,

+ *+ 4+ 4+ 4

COMMON
LRDF1,
MMTSR,

MRWEL,

* 4+ + 4

BETWEEN OVERLAYS

COMMON
+ ENLTP,

GENERATE

ELEMENTS,
CALL ENLSHL C(MNDSH, MELS3H,

MLOCA,
NODOSH,
CROCL,
RSOOF,

*ree

/ COMMN1 /

KDOWSH,
CSPRD,
DSDTL
SCTPJ,
REOWSA,
KCINV,
ITWSH,
MTD3SH,
TRMSH,
MTDSR,
MTSTR,
TMISR,
PSNRN

SHMTI,
SCNLIy
DROTL,
SEQND,

KSECT,

DNSSH,
LRASH,
ECNSR
CLSTR
PIPISR,
PRPRN,

/ COMMNZ 7/

NODIRN,

PRPIRN, MTIRN,

CROMC,
NCOPD,
NREST

L2y NIUNC,

GUSKT,

NDCNL»
cor

/ COMMN3 7

MNDSH,
MIMSE,

MIMRN, MELIRN,

MCRSM,

/ COMMNG 7

ECLTP,

THE

MAULD,
NOCRD,
CRCMC,
NREST,

MELSH,

MELISR,
MMTIRN

MPROS,

ENLSA,

M2TLD,
MTSHL,
ROWSH,
CSPRO,

NTTIMRN,

SHMTJ,
SCNLJ,

CSOTL,
NOORD,

ITCNL
PRESH,
TRMSR,
NODISR,
MTISR,

TRVRY,

MTYDIRN,

CS0SGy
CSCNL s
RFOTL,

IPNTR

MTSHL ¢

NJIMSR,

CLISR,

MTRNG

NIRNEL

SUSTR,

TPNDI,

LDy

MMTSH,

MMTISC,
. MGUSS'

MLDCA,

zCLS5Aa,

MINTP,
TSHEL,
JRIGN,

GUSWT,

MMTSHy

GUSCL,

TPNDE,
SRrSy X

MELSR,

MCNLD,

INDIC'

MGUSS,
TREMSH,
SLVSC,
GUSTR,

MELRN,
MINTP,

MINSLy

PSNIRN,

MOTLD,

KBNIF

MRWND,
CNSSH,
CS5256G,

GUSCLy LDy NDJINCs KCINV, ©

MCRSM,

MTOISR,
NODRN,

MMTRN,
MINSL,

MRWND,
MAULD, MOFSC,

|

|

SQUIVALENT NOJAL AND CENTSOIDAL LCADS FOR:SHELL

MPRDS
MRWEL

PRPSH, ARASH,
DRCOS, NOOPD,

I

[y

MDFIFy

C290)9 C291)y (29209 C243)y C2,4)9 €245)y (246
NOFCNy NEIG, ENLWT, SCLWT, ENLAUL, ECLAULs

1]
shsebd

NDFIF, NDFEXs NCFINy NDFSCs NINFAs NDFEL, NNDEXe NBEGH NEND, I8P,
IBXy POCHEKy SINGABy ICOND, IAFILZ, IREF, DETCF, SLOLD, NOFSK




1632
1633
1634
1635

1534

1637
1633
15633
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1665
1667
1563
1653
1570
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1631
1682

iy

vk

Wi
ik

Wl
e raba

ilin

a4 4

el 1 8

+ KSECT, TYDTL, ITWSH, ITOTL, DROTL, CSDTL, RFDTL,
+ DVDOTLys TPNDI, TENCE, NTSHL, 2TSHLs CURVT, ENLWT,
+ ECLWT, ENLAUL, ECLAUL, STSTP, ENLTP, ECLYP, ENLSA, ECLSA)
C
o
C
c
RETURN
END
L
&
Cx
Cku
Cotemene cC v E & L a Y 2 2
Cx
Cx
C
C
C
SUSBROUTINE TWCTHWD
G
C
Cx I NTERUODVY ERLAY P AR AMETTETRS
C
PARAMETER (JNDSH = 33, JCFSC = 12 % JNOSH,
+ JLD = JOFSC+l, JScCT = 50, JRWND = 15, JRWEL = JRWND-1,
+ JELSH = 28, JINSH = 1ls JMTSH = 1,
+ JSTRN = 1, JNOSR = JRWND, JELSR = JNDSHR=-1,
*+ JMTSR = 3, JIMSR = 1, JELISR = 35, JMTISR = 1, JRING = 24
+ JNDRN = 34 JEL®N = 3y JUMTAN = 24y JIMRN = 15, JELIRN = 20,
+ JMTIRN = 10, JGAUS = 12, JCRSM = 35, JPRDS = JUNDSH,
+ JLDCA = 2, JCNLD = 59 JOTLD = 2y JAULD = 14 JINTP = 1,
+ JINSL = 6, JOFIF = 12 % JRWND,
+ JICON = 109, JOFSL = 64801)
C
c
c
c L © C A i v & ) I A - L E §
-
DIMENSION STPSTCJINTP,745)
c
o INTER=3IV cRLA2Y VARIABLTES
€
C SETWEEN 2JVEZRLAYS (290)y (1,0), 290
C
CHARACTER%:10 STRTYP, AUTGN, SLDSP, SLRAC, SLSTSy SLBKL,
+ PLSTR, PLMSH, PLDSP, PLSTS, PLMSP
C
INTEZGER CSOCL, CSOMC, DSKF1, OSKF2, SLDLD,

+ SLVSCCJLDOCALJINSLsZ),
+ SHMTICJINSH), SHMTJCJIINSH), CSDOSGCJICRASM),

RCWSHCJIRWND$2),

RSOOF(CJPRDS,12),

crress

b



Rl

14683

1684
1585
1686
1687
1588
1689
1650
15631
1692
1693
1694
15695
16956
15697
1698
1699
1700
1701
1702
1703
1704
1705
17086
1707
1708
1709
1710
1711
1712
1713
1714
1718
1716
IT1T
1718
1719
1720
1721
1722
1723
1724
1725
1726
S
1728
1723
1730
1731
1732
1733

o000

OO0

YT

wlad }

i

CSPROCJPRDS)y SCNLICJLDCA,JCNLD)y SCNLJCJLDCA,JCNLD),
CSCNLCJILDCA,JCNLD)y TYDTLCJLDCA,JDTLD), DSDTLCJILDCA,JDTLD),
DROTLCJLDCAJOTLD,5)y CSDTLCJILDCA,JOTLD)y RFOTLCJLDCA,JOTLODy !
SCTPICJILDCAZJINTP)Y,y SCTPJCJLDCAZJINTP), SEQNDCJINDSH),
NOORDCJNDSH)y IPNTRCJNOSH)s ICONNCJICON), ROWSAC2) S

iy
il
—bibent

+ + + + +
e

REAL QORIGNCJRWEL2),
+ ITCNLCJLOCARJCNLD 59Dy

KCINV(JELSH92452),
ITOTLCJLOCAL,JDTLO,2)

KSECTCJDFSL), =i
ITWSHCJMTSHy3)

§

R

DIMENSION NCOSHCJELSH93)y VTOSHCJINSH)y ONSSHCJELSH),
PRPSH(JMTSHyE8)y MTSHLCJELSH), 123

TSHELCJIMTSH),
MTOSRCJIMTSR),

TRMSA(INTSA),
ECNSRCJMTSR),

ARASHCJIELSM),
TRIMSA(JIMTSR),

NCDSRCJELSR,2),

PRPSRCJUMTSRy3D)y MTSTRCJELSRY,
NODISRCJIELISR2)

ECISRCJMTISR)y TMISRCJIMTISR),

CLSTRCJELSR97922

NDIMSR(JIMSR,2)y MTDISRCJIMTISR),

PRPISRC(JMTISR,9)y MTISR(JZLISR),

CLISRCJIELISR,TH2),

NIORNCJELRNy2),
PRPENCJIMTRN,S),

e

MTORNCIMTRIND
MTRNGCJELRN),

TRMENCIMTRND
NRNGELCJRING),

PSNRNCJIMTEN,3),

NGOIRNCJELIRNGZ)y |

+

NDIMRNCJIMRNyZ),

MTOIRNCJVTIRN),

PSNIANCIMTIRNG2),

+

TMIRNCJIMTIEN),
CROCLCINDSH, 3D,

+

PRPIRNCJIJMTIRN,G3)y MTIRNCJELIRN),

NIBNELCJIMRNY,; |

CROMCCINDSH,22,

SUSWTC(JGAUS),

+

GUSCLCJELSHJGAUS3),

CYOTLCJLOCA,JCTLODD)y NCOPDCJPRDS),

GUSTRCJGAUS»3Ds |

+

PRSDOSCJPRDS,12),

NRESTCJPRDS),

+

NOCNLCJLOCA,JONLD),

TPNOICJLOCA, JINTR),

+

ORCOSCJUCRSMp 293D,

LOCJLD)

NOJINCCJINDSH),

TPNDECJLOCA,JZINTP),
CORLDCJDFSC),

e

srsenn

+

BRHSC(JDFSC)y XCJOFSO)

1 1 - 1 1

23
= : 4

BETWEEN OVERLAYS (2,00, (2510 (29205 (293)y (254D (29509 C296)

LT T

i

DIMENSION ENLWTCJD=SC), SCLWTCJELSH,12)y ENLAULCJAULD,JDFSC),

¢+ ECLAULCJAULD,JELSH,12), ENLTPCJINTP,JDFSC), ==
+ ECLTPCJINTPZJELSH,12), INDICCJISECT) L
s=¥—8
COMPLEX ENLSAC4sJOFSC), ECLSACG,JELSH412)y KBNIF(JOFIF,JOFIF)
FE=8
LOGICAL PDCHEK, SINGAZ E
i5=H
|
COMMON STRTY®, AUTGN, SLOSP, SLRAC, SLS3TS, SLBKL, _
+ PLSTR, PLMSH, PLDSP, PLSTS, PLMS?, { =3
+ NSECT' PSTRN' MNCSR. MRIN-:g “ND‘““!; V'BQIJS' 1%
+ NNDSHy NELSH, NMTSH, NSTRN, NNOSR, NELSR, NMTSR, NIMSR, B |
+ NELISR, NMTISRy NRINGy NNORN, NELRNy NMTRN, NIMRN, NELIRN,
+ NMTIRN, NBRAC, NEL3R, NMTBR, NGAUS, NCRSM, NPROS, NLDCA, ==
¢ NSZCT, NRWEL, NRWND, NOFND, NNDEls NNDE2, NNDIN, §
+ NNTSHy NBTSH, NGTSH, NSTSSH, NKCTNDy NNTSRe N3TSR, NGTSR, i3
+# NTFSRy NSTSSXs NNTISR, NSTISRy NGTISRy NTFISRs NSTSIS, NNTRNy
¢ NBTRN, NGTRN, NTFRN, NSTSRN, NNTIRN, NBTIRN, NGTIRN, NTFIRNs = |

M






1785
1786
1787
1783
1785
1750
1791
1792
1793
1796

1795
1795
1797
1798
1799
1800
1801
1302
1803
1304
1805
1804
1807
1308
180%
1810
1811
1812
1813
1814
1815
18156
1817
1515
1819
1820
1321
1822
1823
1824
1825
1525
1327
1828
1529
1830
1831
1832
1833
1334
1835

Cw#% ELEMENTS DUE TO SELF-WEIGHTS AND THERMAL EFFECTS AND ASSEMBLE

. -y

e
i

=

Cx%® THEM DIRECTLY INTO SNLWT AND ENLTP, RESPECTIVELY. "
CALL ENLSTF (MNDSHy MELSR, MMTSR, MELISR, MMTISR, MELRN, 15l s
+ MMTRNy MZLIRN, MMTISN, MCRSM, MLOCA, MINTP, MRWND, MRWEL, nntﬁﬁifé
+ SLOLDy CROCLy CROMC, ROWSH, JRIGNy NOOSR, PRPSR, MTSTR, TRMSR, '
+ CLSTRy, NODISR, PRPISR, MTISR, TMISR, CLISR, NODRN, PSNRNy i |.
+ PRPRNy MTRNG, TRMRN, NODIAN, PSNI2N, PRPIRN, MTIRN, TMIRN, DRCOS,
+ TPNDI, TPNDE, NDORD, NDJNC, ENLWT, STPST, ENLTP) £
c
c FEs
: .
RETURN g |
END .
c :_E_
: =N
Cx [ =
Cxek B
Caese 2 VvV E R L & ¥ c 3 wa ;
Calexx s |
ca .=
¢ _
¢ =
C
SUSROUTINE TWOTHR = ===
c
¢ =
Cx INTEROVERLAY PARAMETERS
¢ 5=
PARAMETER (JNODSH = 30, JDFSC = 12 % JNDSH,
# JLD = JOFSC+1, JSECT = 50, JRWND = 15, JPWEL = JRWND=1, 1 =
+ JELSH = 28, JINSH = 1, JATSH = 1,
+ JSTRN = 1,  JNDSR = JRWND, JELSR = JNDSR-1, ===
¢ JMTSR = 3, JIMSR = 1, JELISR = 35, JMTISR = 1, JRING = 2,
+ JNORN = 5, JEZLRN = 3, JMTRN = 2, JIMRN = 15, JELIRN = 20,7 =
+ JMTIRN = 10, JGAUS = 12, JCASM = 5, JPROS = JUNDSH, N1
4+ JLDCA = 2, JCNLD = 5, JOTLD = 2, JAULD = 1, JINTP =1, | =
# JINSL = 65y JOFIF = 12 % JRWND,
¢+ JICON = 109, JDFSL = 64801) ===
c
C | =
c
g LOCAL VARIAZAEBELES SE .
c s
c - -
DIMENSION E2TSHLCJGAUS,&,28), ==
+ CRVSH(JGAUSS)y BTSTFCT7,5,22),
+ FRCNLCJDFIF), SPACE(1250), e
+ STSTECJINTP,JGAUS,4),y STPSTCJINTR,7,45)
c =
S
=3



|”

OO0 0O0

e Nl

vy —p—— — — R | R

COMPLEX FENIFC(JOFIF)s ABNIFCJOFIFR) v =%
INTER=DVERLAY VARIABZLES
BETWEEN OVERLAYS (09029 C(140)y C2,9)

CHARACTER®10 STRTYP, AUTOMN, SLIOSP, SLRAC, SLSTS, SLEBKL,
+ PLSTRy PLMSH, PLDSP, PLSTS, PLMSP

INTEGER CSOCLy CSDMLy DSKF1ly DSKF2e SLOLD»
SLYSCCJLDCASJINSL2)y ROWSHCJIRWND 32D,
SHMTICJINSA)y SHMTJCJINSHIy CSUSGCJCREM),y RSOOF(JPRDS,H12),
CSPROCJPROS)y SCNLICJLDCCALJCNLDYs SCNLJCJILDCAZJCNLD),
CSCNLCJLOCA,JENLDDy TYCTLCJLOCAL,JDTLD),y 2SOTLCJLDCALJDTLD)
ORDTLCJLDCAZJOTLD95)y CSDTLCJLDCAZJCTLD)y RFOTLCJILDCA,JOTLO)y
SCTPICJLOCA9JINTP)y SCTPJCJILDCALJINTP),y SEUNDCJINDSH),
NDORDCJNDSH)y IPNTRCJNDSH)y ICOUNNCJICON), RCWSAC2)

* 4+ F

REAL ORIGN(JRWEL92)y KCINV(JELSHZ,2)y KSECTCJDFSL),
+ ITCNLCJLODCAZJCNLD93) ITCTLCJLDCALJDTLD92)y ITWSHCJIMTSH.3)

CIMENSION NODSHCJELSH3)y MTOSHCJINSH)y DNSSHCJELSH),
PRPSH(JMTSHy3)y MTSHLCJELSH),

TSHELCJUMTSH)y TRMSH(JIMTSH)y ARASHCJELSH)y NODSRCJELSR,2),
MYDSRCJIMTSRYy ECNSRCJIMTSR), TRMSRCJIMTSR),

PRPSRCJUMTSR,9)y MTSTRCJELSA)y CLSTRCJELSRTe2)y
NODISRCJELISR,2), NDIMSRCJIIMSR,2),y MTDISRCIMTISR),
ECISRCJMTISR)y TMISR(JMTISR),

PRPISRCJIMTISR,9)y MTISRCJELISR)y CLISRCJELISR,T92)
NODRNCJELRN92)y MTDRNCJIMTRN)y TRMANCJMTRN)y PSNRNCJIJMTRN,3),
PRPRANCJIMTRNGG )y MTRNGCJIELAN)y NRNGELCJRING)y NODIRNCJELIRN,2)p
NOIMRN(JIMRNy2)y MTOIRNCIMTIRNDy PSNIRNCIMTIRN3), )
THMIRNCIMTIRND)y PRPIRNCJIMTIRNGS)y MTIRNCJELIRNIy NIRNELCJIMRN), |
CROCLCJUNDSH 3>y CROMCCINDSHe3)y GUSKWTCJGAUS)y GUSTRCJUGAUS3)y

PRSDSCJPRCS,12)y NREST(JPRIS),

ORCOSCJCRSM,3,3), LDCJILD) e NOINCCJINDSH)y CORLIOCJDESC),
SRHSCJOFSCYs XCJDFSC)

LR R U R S S S

GUSCLCJELSH,JGAUS,3)y DVOTLCJLOCA,JDOTLD), NODPDCJPRDS), {2E:

(1]

NOCNLCJLDCA,JCNLD), TPNOICJLDCA,JINTP), TPNOECJLOCA9JINTP), 1 |

BETWEEN OVERLAYS (€250)y €291)y €292)y (293)y C254)9 C2:5)s (2t

DIMENSION ENLWTC(JOFSC), ZCLWTCJELSH,12)y ENLAULCJAULD,JDFSC),
+ ECLAULCJAULC)JELSHp12)y ENLTPCJIINTPLJDFSC),
* ECLYPCJINTP,JELSH12)y INDICCJSECT)

COMPLEX ENLSAC44JOFSC)y ECLSACGJELSH.12)y KBNIFCJOFIF,JOFIF)

LOGICAL PDOCHEK, SINGAS






OO0

OO0

Cxeikk
Coeseke
C oo
CHus

OO0

I

MIMRN, MELIRN, MMTI®N, MGUSS, MINTP, MINSL, MRWND, &
MRWEL, MCRSM, MPRDS, MLDCA, MCNLD, MOTLD, MAULD, MDFSC, MDFIF,
NOFIF, NOFEXy NOFIN, NDFSC, NINFA, NDFEL, NNDEX, NBEG, NEND, §§bw

I23X, PDCH:K, SINGAR, ICOND IAFILEy IREF, DETCF, SLDLD, NDFSK |

+ + + +

trieed

BETWEEN OVERLAYS (2,0)y (251)y (242)y C243)y (2,4)y (2,5)y C2yi ii
COMMON / COMMN4 / NDFCN, NEIG, ENLWT, ECLWT, ENLAUL, ECLAuLEfg‘
+ ENLTP, ECLTP, ENLSAy ECL33y INDIC, KBNIF

=

SOLVE FIR Tmz OJISPLACEZMENTS OF THE SECORS FOR WHICH SCLUTION
HAS BEEN REQUESTED. IF PRINTING OF THE DISPLACEMENTS HAS BEEN:
SPECIFIED, THE DISPLACEMENTS DUE TO THE CCMSINED EFFECTS OF THE
DEAD LOAD AND THE LIVE LCAD ARE PRINTED. :

CALL SLVASC (MNDSH,s MELS=, MILSR, MELISP, MELFNs MELIRN,
MMTIRN, MPRDS, MLOCA&, MCNLD, MAULD, MINTP, MINSL, MOFIF, NOF g,_
NDFSCy NDFSKy NOFCT, NCDSHy NOFCNy SLOLD, NOOSH, NODSR, uoozsu.
NODRNs NOODIRN, PRPIRN, MTIRN, NOOPD,
KSDOFs PRSJS, NEEST, CSPRDy SCNLI, SCNLJs NDCNLy ITCNL, TYOTLg |
RFOTLy OVOTL, SCTPI, SCTPJy SLVSCy CROCL, SEQND, NOORDs IPNTRs
ICONNs LDy NUJNC, KCINV, K3SECT, CORLDy ENLWT, ECLWT,
FRCNLs ENLAUL, ECLAUL, ENLSA, ECLSA, ENLTP, ECLTP, ROWSA, INDIC,
X9 BRHSy FENIF, KENIF, ARNIF, SPACE)

-+

11 11 1O

i

IF THE SCLUTION CF THE REACTIONS HAS NOT BEEN REQUESTED, SKIP.

IF (SLRAC « NE « °“Y2S5°) GO TC 250

m

SCLVE FOR THE REACTIONS JUE TO THE LIVE LOADS FOR THE SECTORS
FUR WHICH SOLUTICN HAS SSEN RSEQUESTED AND PRINT THE REACTIONS
DUE TO THE COMBINED SFSEZCTS 2F T4 DEAD LOAD AND THE LIVE LOAQ,
FOR THE SamMms secraas. E=4
CALL SLVRAC (OSKF1, IO, ILOCA, LCNLD, LOTLDO,s LINTP, 3
¢+ LINSLy MLOCA, MPRDSy MCNLD, MAULD, MINTP, MINSLy NPRDS, Nsecr,
+ NOFSCe NNDE2, NNDINs NKRWPD, MASCT, NFESC, NRACT, SLBKL, SLDLOs
+ NODPD, P2SDS, RSOOF, NREST, SCNLI, SCNLJy NOCNLs ITCNL, TYOTL,
+ RFQTL' DVDYL! SCTPI; SCTPJ' SLVSCg NUE!I' NDE!Z; NDINT' NDDRQQ

F=

it

i il

it



E— + =

1989 +
1990 C
1991 Cx
1962 C
1993 250
19%4 €
1995 Cuekk
1996  Coedex
1997 (e
1398 Casx
1999 Ca%x
2000 C
2001
2002 +
2003 +
2004 +
2005 -
2005 +
2007 -
2008 +
2003 C
2010 C
2011 350
2012
2013 C
2014 C
2015 C#%
20156 CxxX
2017 Cohkx
2018 Cxex
2013 C%
2020 C
2021 C
2022 C
2023
2024 C
2025 C
2026 Cx*%
2027 C
2028
2029 +
2030 +
2031 +
2032 -
2033 -
2034 +
2035 +
2036 +
2037 +
2038 C
2039 €

b i e | A

T e
ROWSA, ENLWT, ENLAUL, ENLSA, ENLTP, SRHS, X, CORLD, SPACE) = =i ==
IF STRESSES MAVE NOT SEEN REQUESTED, SKIP, EEEE |
If (SLSTS o NE . °YES® . AND . SLEKL . NE . °YES®) GO 7O 350 &
SOLVE FOR THE STRESSES ODUE TO THE LIVE LOADS ALONE, FOR THE E
SECTORS FOR WHICH SOLUTION HAS BEEN REQUESTED. IF PRINTING '
OF THE STRESSES HAS BEEN SPSCIFIED, PRINT THE STRESSES DUE 3
TQO THE COMBINED EFFECTS OF THE CEAD AND THE LIVE LOADS, FOR
THE SAME SECTORS. 3
CALL SLVSTS (MNDSH, MELSH, MMTSH, MELSR, MMTSR, MELISR, ES =
MMTISRy MELRN, MMTRN, MELIRN, MMTIRN, MLDCA, MINTP, MINSL,
MGUSS, NOFSC, NOFCT, NCDSH, SLOLDs NDOSH, PRPSH, ==
MTSHLy TSHEL, TRMSH, ARASH, NODOSR, PRPSR, MTSTR,
TRMSRy NODISR, PRPISRy MTISR, TMISRy NOURN, PRPRN, i S |
MTRNGs TRMRNy NOCODIRN, PRPIRN, MTIRN, TMIRN, SCTPI, SCTPJ,
TPNDI, TPNDE, SLVSC, CROMC, NDORD, NDJINC, GUSWT, GUSTR, ==
GUSCLs STSTP, STPST, X, CORLD,y :TSHL, CRVSH, STSTF, SPACE) -
2l
RETURN = |
END
FIE
==
B
0 VvV E R L A Y 2 . e
o
5 _S= |
SUBROUTINE TWOFOR 5=
INTERIVERLAY PARAMETERS 1B ]
FIie
PARAMETER C(JUNOSH = 30y JOFSC = 12 % JNOSH, EREE
JLD = JOFSC+#1, JSECT = 60y JRWND = 15, JRWEL = JRWND=-1, | 5= =
JELSH = 28, JINSH = 1, J%TS+4 = 1,
JSTRN = 1,  JNDSR = JRWND, JELSR = JNDSR-1, jE =g
JUTSR = 3, JIMSR = 1, JELISR = 5, JMTISR = 1y JRING = 2,
JNDRN = 54 JELRN = 3, JMTRN = 2, JIMRN = 1%, JELIRN = 20, @ =
JUTIRN = 10, JGAUS = 12, JCKSM = 5, JPRDS = JNDSH,
JLOCA = 2, JCNLD = 5, JOTLD = 2, JAULD = 1, JINTP =1, 7 =
JINSL = 6y JOFIF = 12 # JRWND, |

JICON = 109, JOFSL = 54301)

b e —



1

2040
2041
2042
2043
2044
20645
2045
2047
206438
2045
2050
2051
2052
2053
2054
2055
2055
2057
2058
2059
2080
2061
2042
2063
2054
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2075
2077
2078
207%
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2050

noa

OO0 (g ] (n)

[a N aNal

+

* + s

REAL K31
CIMENSICN

CCOMPLEX

I

CHARACTER®1) STRTYP, AUTGN, SLODSP, SLRAC, SLSTS, SLEKL,

whil

Pt
(i1

LOoCaalL VARTIABSBSL ES
RWC129JDOFSC)y KGSHL(38,38)
GTSHL(JSAUSe2933), KGNSH(34,36), SPACE(1260)

KGENIFCJOFIF,JDFIF)

NTER=-0VERLAY VARTIABLES $

BETWEEN OVEZRLAYS C0s0)y (1,0)y (2,0)

PLSTRy PLMSH, PLOSP,y, PLSTS, PLMSP

INTEGER
SLvSCCuL
SHMTI(JI

CSCCLy CSOMC,y DSKF1l, J3KF2y SLDLD,
DCAYJINSL2)y ROUWSHCJIRWNDG2),
MSH), SHMTJICJINSH), CSDOSGCJCRSM), RSDOF(JPRDS,12),

CSPROCJPROS)y SCNLICJILOCA,JCNLDDy SCNLJCILOCA,JCNLD),
CSCNLCJILDCA»JCNLD)y TYDTLCJLOCA JOTLD)y DSOTLCJILICA,JDTLDY,
DROTLCJILDCA,JOTLE95)s CSOTLCJLOCA,JOTLD), RFOTLCJILDCA,JOTLD) 9! "

SCTPICJL
NDORCCJIN

REAL ORIGNCJRWEL92)9 KCIKVCJELSH9Z292)9 KSECTCJOFSL)

DCAYJINTP)y SCTPJCILDCAZJIINTPIy SEQNDCINDSH),
DSH), IPNTRCJINDSH), ICONNCJICON), ROWSAC2)

.

+ ITCNLCJLOCAWJCNLD93)y ITOTLCJLCCASJOTLO92)y ITWSH(JIMTSH,3)

LR B R S HE L BE NE AR B S B R R IR AR

DIMENSICN

NODSHCJELSH93)y MTDSHCJIINSH), DNSSHCJELSH),

PRPSACJUMTSHe3)y MTSHLCJELSH),
TSHELCJIMTSH) ) TRMSACIMTSH), ARASHCJIELSHIy NODSRCJIELSRy2)

MTOSRCJM
PRPSECJM
NODISRCJ

TSR), ECNSRCJMTSR)y TRMSR(JIMTSR),
TSR93)y MTSTRCIZLIRIe CLSTRCJELSReTH2)

ELISR92)y NDIMSRCJIIMSR,2)y MTOISRCJIMTISR), i1

ECISRCJIMTISR)y TMISRCJIMTISR),

PRPISRCJIMTISR,I)y MTISRCJIELISR)y CLISRCJELISReTe2),

NODRNCJ:E

LRN92)y MTORNCJIMTRN), TRMENCJIMTRN), PSNRNCJIMTRN,3),

P

ICE]

TN

PRPRNCJIMTRN,3), MTRNGCJELRN), NRNGELCJRING), NODIRNCJELIRN,2)y

NOIMRNCJ

IMRN42)y MTDIRNCJIMTIRND)y PSNIRNCJIMTIRN,;3),

TMIRNCIMTIRN)y PRPIRNCJIMTIRN,S)y MTIRNCJELIRND, NIRNELCJIMRN),
ISHy3)y CROMCCJINISH.2), GUSWTCJGAUS), GUSTRCJIGAUS,3)y
LSH,JGAUS,3), OVDTLCJLDCA,JDTLD), NODPDCJPRDS), FEre

CROCLCJN
GUSCL(JE
PRSDSCJP

RDOSs12)s NREST(JPRCS),

NOCNLCJLOCA,JCNLD )y TPNCICJLOCAWJINTP), TPNODECJLOCA,JINTP),

DRCOSCJC
BRASCJOF

SETWEEN

DIMENSION

RSMp393)y LOCJILD)y NDJUNCCJINDSH), CORLDCJOFSC),
5C)y XC(JOFS0)

OVERLAYS C€250)9 C251)y C242)y C243)y C290)y C255)y €2

ENLWTCJOFSC), ECLWTCJELSH12)y ENLAULCJAULD,JOFSCYs:

el

[

i
[Ty

Wi

-l

LTI 1] ]

e

[T

Hu
oy

6)



* TV

— : - g : - =]
© 2091 = ¢+ ECLAULCJAULD,JELSH,12), ENLYPCJINTP,JDFSC), 2=
2092 + ECLTPCJINTP9JELSHs12)y INJICCJISECT)
= 2093 C 81 -
2094 COMPLEX ENLSACG3JDFSC)y ECLSAC44JFLSH912)y KANIFCJOFIE,JDFIF)
== f 1§ mEe- $HE
2096 C
£ 2057 LOGICAL POCHEKs SINGAS
2038 ¢
2099 ¢
2100 ¢
2101 CCMMON STRTYP, AUTGN, SLOSP, SLRAC, SLSTS, SLBKL,
2102 + PLSTR, PLM3H, PLOSP, PLSTS, PLMSP,
2103 + MSECT, MSTRMy MNDSRe MRING, MNORNy MGAUS, 5=
2104 4+ NNDSHy NELSHs NMTSHe N3STRN, NNDSRy NELSR, NMTSR, NIMSR, Li
2105 + NELISRy NMTISRs NRINGs NNIDRNy MNELRNy NMTRNy NIMRN, NELIRN, :
2106 ¢+ NMTIRNy NBRACe NZLBR, NMTER, NGAUS, NCRSM, NPRDS, NLODCA,
2107 + NSECT, NRWELs NRWND, NOFND, NNDEL1l, NNDE2, NNDIN,
2108 + NNTShy N3TSrF, NGTSH, N3TSSH, NKCTNDy NNTSRy NBTSR, NGTSR,
2109 + NTESR, NST3SR, NNTISR, NBTISR, NGTISR, NTFISR, NSTSIS, NNTRNg '
2110 + N3TRNy NGTRNy NTFRMye NSTSAN, NNTIRNs NEBSTIRNy NGTIRNs NTFIRN,
=== {3 %] ¢ NSTSIR, NTF3Ry NSTS3R, NKRWPD,y NCRLDs NFRCN, NASIE, NASCT, =
2112 + NACNT, NF35C, NRACT, NKSCT, NKSCF, NKKGW, NKGSC, NKGICL, NKBNIF,
2113 + NKGBNIy NEGVC, NKKGCNy NKGCN, NMSND, NMSCT, NKOEE, NKGOEE, 7
2114 ¢ CSDOCLy CSOMC, MCCOD, ILJCA, LCNLDy LDTLDy LZINTP, LINSL,
2115 + DSKF1l, DOSKF2, IN, 10, i3
2115 + FEEDy RTIPy RBAS, HITE, SLEV, THATAD,
2117 + TITLEC60), LOCASC2)y NCNLDOC2)y NOTLDC2)y NINTPC2)y NINSLC2)y 0
2118 + RATIOC14)y INDEXC45), NOCONC200), NDEX1C15)s NDEX2(C15), !
2119 + NDINTC15)y INTND(C3S3), WKAREA(C192) 1§
2120 C y
i 2131 € s
2122 COMMGON 7 COMMNL 7/
2123 ¢ SLVSC, KOWSH, SHMTI, SHMTJ, CSDSG, :
2124 ¢+ RSDOF, CSPRD, SCNLI, SCNLJy CSCNL,
2125 + TYDTL, OSOTLs OROTLs CSOTLe RFOTL, 3]
21256 ¢ SCTPI, SCTPJ, SEQNC, NDORZ, IPNTR,
2127 ¢ ICONN, ROWSA, 5
2128 + ORIGNy KCINV,y KSECT, ITCHL,
2125 ¢ ITDTLy ITHSH, 3
2130 + NODSH, MTLSH; DNSSH, PREPSH, MTSHL,
2131 + TSHEL, TRM3H, ARASH,
2132 + NODSRy MTO5Ry SCNSRy TRMSR,
2133 4+ PRPSR, MTSTR, CLSTR, NODISR, NDIMSR, MTYDISR,
2134 + ECISR,y, TMISE, PRPISRKs MTISR, CLISRy NODEN,
2135 4+ MTDRN, PSNRN, PRPRN, TR¥RN, 4TRANG 3
2138 C
2137 COMMON 7 COMMNZ / 3
2138 + NRNGELy NCDIRNe NIIMRNy MTCIRN, PSNIRN,
2139 + TMIRN, PRPIRN, MTIRN, NIRNEL, :
2140 + CROCLy CROMC, GUSWT, 5USTR,s GUSCLS
2141 ¢ DVOTL, NOOPLC, 5



2142
2143
2144
2145

21454

21647
2148
21453
2150
2151
2152
2153
2154
2155
2158
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
21463
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2119
2180
2181
2182
2183
2184
21185
2188
2187
2188
2189
2190
2191
2182

[aEaRal 3

OO0 OO0 OO
*

OO0
3+ %

Ca
C*
C#

C#
Cx

C*
Cx
<

c

i

+ PRSDSs NREST,s NOCNLs TPNDI, TPNDE,
+ DRCOSy LDy NCJUNCy CORLDy 2RASy X

Laiil]
!

COMMON / COMMN3 /

i
:

|
|
{
1

il

¢+ LRDOFl, MNDSH, MELSH, MMTSH, MFLSR, 5o
+ MMTSRy MIM3SR, MELISR, MMTISR, MELZN, MMTRN, 1.
4+ MIMRN, MELIRN, MMTIRN, “MGUSS, MINTP, MINSL, MRWAD, PTi—
+ MRWELy MCRSMs; MPRODS, MLOCA, MCNLD, MOITLD, MAULD, MDFSC, ”:‘IF-.__
+ NDFIF, NDFEX, NDFIN, NOFSC, NINFA, NDF3L, NNDEX, NBEG, NEND, 0P,
+ IBXy PDCHEKy SINGAS, ICOND, I4FILE, IREF, DETCF, SLOLD, NDFSK
Eeer |
BETWEEN OVERLAYS (2,0)y €291)s €292)y (293)y €244)y C245)9 C246)
COMMON / COMMN4 / NOFCN, NEIGy ENLWT, ECLWT, ENLAUL, ECLAULy
+ ENLTP, ECLTP, ENLSA, ECL3A, INDIC, K3NIF |l
EQUIVALENCE ¢ KGSHLC1p1)y KGIZWC191) ) 151
EQUIVALENCE ¢ GTSHLC1,141)s KGNSHC151) ) it
NDFRW IS THE NUMJER OF DEGRZIZS OF FREEDOM OF 12 ROWS OF THE : | ;
STIFFNESS MATRIX IN ITS CONVENTIONAL SQUARE FQORM, 8 == |
NDFRW = 12 = NOESC iz =2
1=
NCOLS IS THE INTS3ER NUM3ZR OF COLUMNS OF THE COMPLEX MATRIX
KENIF(NDFIF,NDFIF), WHICH IS ACCOMODATED IN ONE RECORD OF ==
OISK RILE DS‘;I (Io '-:.’ LRO;I)- 3
Pag =
NCOLS = LRODF1 7/ €2 % NDFIF) {
- ‘2_2'_3
NR IS Ths NUMEER 0F COLUMNS OF THE COMPLEX MATRIX 151
KENIFCNDFIF,NDFIF) WHICH WILL 2E WRITTEN (READ) ON (FROM) DISKI =
FILZ DSKF1 IN GROUPS OF NCCLS.
== |
NR = NDFIF / NCOLS [i1
; EE== |
JREMN € < NCOLS ) IS THE NUMBZIR CF COLUMNS IN KENIF(NDFIF,NOFIF)
REMAINING AND NOY COVERED 3Y THE NR GROUPS OF NCOLS COLUMNS. & =
JREMN = NDFIF = NR = NCOLS izi 3
NRECS IS THE TOTAL NUMSER OF RECORDS OF LENGTH LROF1 IT TAKES = |
WRITE KSNIFCNOFIF,NOFIF) ON DISK FILE DSKF1. 13t 3
E S
NRECS = MR !
E2 == |
...... = |
===



ym

= =Fr= 4
=2i3 : IF (JREMN , NE . 0) : NRECS = NR + 1

2194 C

2185 C

2196 C

2197 ' IF (NELSH « EQ « 0) GO TD 8500

2198 C

2199 Cxwx CALCULATE THE GECMETRIC STISENESS MAT2IX 0F ALL SHELL ELEMENT

2200 Cxxsxx DUE TOD THE OFAD LDAD, AND AD2D THEM DIRECTLY TO KSECTCNDFSK),

2201 CaH%k WHICH NOW CONTAINS THE UNFACTORIZIED CONVENTIONAL STIFFNESS

2202 Cx%ks MATRIX OF THE SECTOR. HERE EACH SHELL ELEMENT HAS ONLY 28 DEG

2203 Cx%kx 0F FREEDCM SHELL ELEMENT.

2206 C

2205 CALL KGSHEL (DSKF1l, MSLSH, MGAUS, NNDSH, NELSH, NGAUS,

2206 + NPRLUSy NOFNDy NDIFSCyey NDF3IK, NGTSHy NSTSSH,

2207 4+ NKCTNDy NKKGCN, NKGCNy, PLMSP, SLOLD, NDOSHy TSHELs MTSHL,

2208 + ARASH, NJORDs IPNTR,y ICONN, LDy NJJNCs GUSWT,

2209 + KCINVy, GTSHLs KGSHLy KGNSHy XSECT, SPACE, WXARER)

2210 C

2433 €

2212 €

htsd: G

2214 C

2215 Cx IF NO STIFFENER (Ie%.y STRIMGER, INTERMEDIATE STRINGER, RING,

2218 C=% INTERMEDIATE RING) ELZMENTS EXIST, SKIP. '

SexE- %

2218 6500 IF CNELSK o S5C o O « AND . NELISR o EQ « 0O « AND .

221’ 3 + "ELQ" s EQ o 0 « AND o« NELIRN . EQ » O) GO TO 9500

2220 C

2221 Cxusx CALCULATE THE GEQMETRIC STIFSNESS MATRIX OF ALL STIPFENER

2222 Cxux  C(STRINGREy INTERMECIATE STRINGERs RING, AND INTERMEDIATE

2223 C%¥¥x RING AND BRACE) ELEMENTS AND ADD THEM DIRECTLY TO KSECT(NDFSK

2224 Cxa%k WHICH NOW CONTAINS THZ UNMFACTORIZED CINVENTIONAL STIFFNESS MA

2225 Cx%x%x OF THE SECTCR. :

2226 C

222y CALL KGSTAN (MNDSHy MELSRy MMTSRy MELISR, MMTISR, MELRN,

2228 + MMTRNy MELIRNy MMTIRN, NJSSK, SLOLD, NGDSRy PRPSR, MTSTR,

2229 + NODISRs PRPISRy MTISR, NOODRNy PRPRNy MTRNGy NODIRN, PRPIRN,

2230 _ + MTIRNy, CROMC, NCORD, L2y NDINC, KSECT, SPACE)

223} £

2232 Cx IF THE CURKENT SOLUTIAON IS NOT FOR DEAD LDAD, SKIP.

2233 C

2234 9500 IF (SLOLD o+ NE o 3%YES) GO TC 13500

2238 ¢

2236 C

ee37 €

2238 C

238 -0 DEAD L 0 Aa?pDd SCLUTION

2240 C

2243 - C

2242 C ‘

2243 Cxsx  SET THE NONDIAGONAL ENTRIES OF KSECT CORRESPONDING TC THE
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Cxx
c

OO0 0

i
Caf%
Coese

CHes RESTRAINED DEGREES OF FRECOOM SQUAL TC ZERO. THE ASSOCIATED | f7i =
OIAGONAL ENTRIES AREZ SET EQUAL TO ONE.
1113
CALL MOFKPD (1.0, MPRDS, NNOSH, NDFND, NPRDS, NNDE1, ‘
+ NDEX1s NDEX2, INTND, INDEX, NDCON, NOOPD, NREST, RSOOF, LDy % =
+ KSECTy NDORD, SEQNDy IPNTR, ICONN) 1]
£
WRITE THE SUM OF THE SECTOR CONVENTIONAL STIFFNESS MATRIX AND
THE SECTOR GEOMETRIC STIFFNESS MATRIX DUE TO DEAD LOAD (B80TH f°° =
UNFACTORIZED) ON DISK FILEZ DSKFl. THIS SUM WILL LATER 3E USED =
IN CALCULATING THE MODE SHAPES OF THE INTERNAL NODES (SEE Es =

CEegex
Caedrxe
Ckak

L

omn OO0

C
Coteds

C#s%  WILL BE USED YO CONDENSE QUT THE INTERNAL NODES OF THE SECTOR.

C :

o0

.
+
* NEGEIGy” IFAIL=",I=AIL

+ PDCHEKy ICCNDy IAFILE, ACONDs JDETCFy IDETEXy NEGEIGy IFAIL)

+

+

SUBROUTINE BUCKLE)e MERE VICTOR KSZCT(NOFSK) WILL B8E WRITTEN IH
WORDJ GROUPS OF 1240 ON THE DISK FILE, :

ik

CALL WRTXSC (DSKF1l, NKXGCWy 0y 1240, NDFSK, KSECT)

IF THERE ARE NO INTEENAL NIDES, FACTORIZATION AND STATIC
CONDESATICN OF KSECT ARE NOT NEEDED,.

]
i
L]

i
-

IF (NNCIN « EQC o 2D GO TO 12500

arhied
s
1

ol
ML

WRITE(E, %) ° NEBEG=",N3EG,”" NEND=",NEND,” NDFSC="4NDFSC,
* LD“9LCy " SINGAB="ySINGAB, " PDCHEK=",PDOCHEK,* ICOND=",ICOND,
® JAPILE=",IAFILE," ACOND“,ACOND,” DETCF=",DETCF, " NEGEIG=",

|
|
il

FACTORIZE XSECT ( = XSECT + KGO2LY D). THE FACTORIZED MATRIX

b
il
Fosids

bt
)
(e

CALL SKYFAC C(KSECT, NEEG. NENDy N2FSC, LDy CORLD, SINGAS,

IR R A

Lk

“sNEGE1IG

PRINT®, “IFAIL=",IFAIL," NEGEZIG=
Ge"IFAIL=",IFAIL

WRITE(S%) “NEGEIGS"yNEGEIL

r

[

IF (IFAIL « EC » 0) sC TC 10500

i

nl'iif; g iivh

wmmﬁmuT

WRITE(He%) "EXZCUTION WAS OJISCONTINUED 3ECAUSE FACTORIZATION 0
» "KSECT + KGCTLD (CUE TO DEAD LOAD) WAS FAILED”

O | PO
Hills

PRINT=%, “EXEZCUTION WAS DISCONTINUED BECAUSE FACTORIZATION O
9 “XSECT + KGOLD (DUF TCU DEAD LOAD) HAS FAILED”

LEEY 1)
Al
HiH
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[
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¥
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T 2346
2347
2343
2349

2350
2351

2352
2353
2354
2355
2356
2357
2358
2355
2360
2361
2362
2353
2364
2365
2388
2367
2368
2363
2370
2371
2372
2373
2374
2375

-~ 2375
23717
2378
2373
2380
2381
2382
2383
2384
2385
2388
2387
2388
2389
2390
2391
2332
2393
2394
2395
2396

L 11
il
hh

OO0 OO0

——— - —— ——3 T e T .———w-—“.,

g"5_-3;:_.

PUT THE TOP NOFEX ENTRIZS 3F BRHS, WNICH IS THE ICOL-TH COLUM i ar
€ KEI % XII-INV x XIE ) OnN DISK FILE DSKE2, =]
WRITE (OSKF2, REUSNKGOEE4IKGOEZ) (3RHS(CI), I=1l, NOFEX) T |
CONTINUE ;33
CONTINUE o
CONTINUE i3
GENERATE THE COMPLEX MATRIX K3NIFCNDFIF,NOFIF) FOR ALL SECTORS,
AND WRITE THEM ON DLSX FILE DSKF1 TO 85 USED LATER FOR THE 1403
EIGENVALUE PROZLEM. 3=
CONSIDER ALL INTERFACES. 1=
00 13000 N = 1 , NINFA 3
K@ NIF +« KG3NIF DUE TOC D2E2D LOAD,
GENERATE THE COMPLEX MATRIX K3NIFCNOFIF,NDFIF) O0OIRECTLY __:_"
FROM VECTOR KSECTCNDFSK) ACCORDING TO@ . 1S
KBNIFCNDFIF,NDFIF) = $33s

KE2(NDFIFoNDFIF) 4 KEL(NOFIFGNIFIF) ¢ KE21(NDFIF,NDFIF) =% s
CEXP(I#Z#PI#N/NINFA) + KE12(NDFIF,NCFIF) % CEXP(=I%2%PI%N/NINFRD

NOTE, MERZ KE2, K£1, KE21, AND KE12 ARE NOT CONDENSED. ALSO T+
NOTE, THAT THE ASSEMALY OF K22 OJF SECTOR N WITr KE1 OF SECTOR i’y
CN#1) IS IMPLIED IN THE ASOVE OPERATION. = =

CALL KBNINF (MOFIF, NNOSHM, NNDE1l, NOFND, NNDEX, NDFIN, &
+ NDFIF, NINFA&, My NOEX1, HN23X2, INTND, SEQND, NDORD, IPNTR, ICONN,
+ LDy KSECTs KBNIF) =

IF NO INTZRNAL NCDES ©XIST, THERT IS NO STATIC CONDENSATION. |

IF CNNDIN o EZ o 0) G0 TC 12700 iz



o o+ — — K ¢ F OE —
~ 2398 C
=96 - =
26400 Cxwx CCMPLETZ THE GENERATIIN OF KSNISCNIEIF,NDFIF), 3Y susrnncrzus_
T 26401 Cxk& THE T:RM 35
. 2402 C KQEESCNDFIFGNIFIF) = KFI % KII-INV & KIE ,
2403 Cwks ARISING FROM THE STATIC CONDENSATION OF THE INTERNAL DEGREES OFf =
2404 Cxx# FREZOOM. MOTE THAT THE ASSEMSLY OF KE2 OF SECTOR N AND KE1 OF
= 2405 C### SECTOR (N+1) IS CARRIED OUT SIMULTANEQUSLY. =i |
2406 C i
= 2601 CALL K3NIFO0 (DSKF2, MDFIFs Ny NDFEX, NINFA, NOFIF, NKGOEE, = 78 =
2408 + CORLCy K3NIF)
=2409 C i
2410 Cwxx WRITE THE NOFIF 3Y NOFIF PART GF THE COMPLEX MATRIX
T 2411 Cx%% KSNIF(JDFIF,JOFIF) ON DISK FILE DOSKF1 USING THE RECORD 1 ,g
26412 Cx%% LENGTH OF LRDF1.
= 2413 € Ei 3 |
2414 12700 CALL WRTK3N (DSKF1l, JREMN, “DSIZ, N, NCCLS, N2FIF, ,
= 2415 2 + NK3NIF, NR, NRECS, KBNIF) EE =
2415 C _ LA
=7 i -a iEEs
2618 13000 CONTINUE {id
- 2419 C i3
_es20 C |
© 2421 C D EE
. 2e22 60 ToC 1517 ]
=17 E==" s
__ 2426 C 1
=T iEE-E EEE
2428 C '}
‘i 2621 © LI V= L 8 4a°D SILUTTION P i
o 2428 C
= -262% C© ; i§§§§
2420 C
E=2431 CP¥E 3$t1 THAC T5- =0ws 3453 CoL = T “ET21( STIFFNESS RAY
2432 Lmmm { t " slutL T3 2889
=—3433: C¥®E filz 7 T =Rt %; 41 : T 0 1.0 E= - -
= X435 15800 CALL MUFRPD (1.0, =PR03, WADGA, NOFND, NPRDS, NWDEL, EREii=
=laT S KSECT, NDORDs $5540. IPNTE, ICONKN) EE i =
o e
=243y O g‘fég
L % 3 w1 - 1 THe LIV LGS
E=—2ael- P C NowWw I ZIESTCNEEIRY ) TSN FILT TSEEL, THIS WILL USEQE?E%
e S -0 | ! S g & T e X TH saT=a NiL .
=t &g
Y- C=LL w»xT ' ¢ s 2 b - . . .
=21 € HE £s5==
t : !Ef‘i’r:=
EE =
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2458
24%3
2460
2461
= 24862
2663
2464
2465
- 2445
26467
2468
. 2463
- 2470
2471
2472
2473
2674
2475
- 2476
2477

2678
26479
2480
2481

= 2682

2433
2484
2485
248284
2487
- 24838
2483

- 2650
2491

2632

26%3

2494

2435

2695

2497
2638
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IN THE FCLLOWING THE TE2M

KGOEE = KIE-T =% KII-1 % KGIZ + KGEI % KII~l % KIE =
KIE=-T # KII-l % KGII x KII=1 = KIE
WHICH IS DEVELCPED 3Y GUYAN WILL =% CALCULATED &ND WILL BE

WRITTEN ON OISK FILZ 2SKF2 AFTER REARRANGEMENT OF ITS ROWS
AND COLUMNS. ESACH COLUMN OF KGOEZ IS CALCULATED SEPARATELY
IN ORDER TO USE LEAST AMOUNT OF CENTRAL MEMORY. | A

it ¥

! 4

antad “,its
i 1

Al ik

IKGOEE = 0

LTS
i
b

AT THIS POINT VECTOR KSECT COANTAINS KGSCTy THE GEOMETRIC

STIFFNESS MATRIX.

™
Hil

FHTH

Em il

fre)
Mt
i

CONSIDER ALL INT=RNAL NODZS IN THE ORDER THMEY APPEAR IN THE
GEOMETRIC STIFFNESS MATRIX, AND WRITE THE (NDFSC 3Y 12) cotutﬂﬁ?‘%a

ASSOCIATED WITW ZACH NODE ON OISK FILE DSKF1, ==
CALL KGINRW COSKFl, LRIF1, 43S5C, NDFNJ, NMDESC, NNDIN, I 1
+ NKGICL, INDEX, NDCON, NDINT, LD, KSECT, NJORD, SEGND, IPNTRy ii%

¢+ ICONNs K3IRW)
E::,:i‘?g

READ THE SACTORIZ=D CONVENTIONAL STIFFMESS MATRIX FROM DISK FI

OSKEL1,

=
L

b
“f%*
i

CALL REOKSC (DSKF1, NKSCF, 0, LR2F1, NDFSK, KSECT) i e
i §EEE
CONSIDER ALL EXTZRNAL 2 4ND EXTERNAL 1 NOOES, RESPECTIVELY. 1
h =
02 15120 Isx = 1 4 2 154
eS|
00 15100 IRWNZ = 1 5 NRUWND

ITlo
e

b

i Em_ﬁ}

i
il

i
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|

Caex
Caaxax
Cleeyz

Cetexe
(o8 23
Cx%
Cxnn
Ca%s
Compx
Caex
Caegx
Ca%x
Cars

Cake
Csen
Cxepxe

Cx

FIND THE CURRENY EXTERNAL NODE.

INDRW = NRWND = IRWND + 1

NOEXT = (2 = IEX) * NOEX2CINDRW) « CIEX = 1) % NDEX1CINGRW) &
FIND THE OROER OF THE CURRENT EXTERNAL NODE, i
IOREX = NDORDC(NDEXT) Eos |
CONSIDER ALL OEGREES OF FREECOM OF THE CURRENT EXTERNAL None,gg}”gé
DO 15000 IDFEX = 1 , NDIEND == |
IROW = C(IJREX=1) * NOFND + IDFEX i |

CONSTRUCT ROW NUMBER IRQOW OF KGEI (CCLUMN NUMBER IROW OF KGIE’:*:Eg
AND PUT IT IN THE INTERNAL ENTRIES OF 32RMS, ON RETURN THE EXY!R‘IL

ENTRIES WILL CONTAIN I:EROS. £ 5;
CALL KEIBRS (ICREX, IOFEX, IROW, NNOSH, NOFSC, NDFND, E 73

+ NDFEX, NDFIN, NNDEX, NNDIN, NDINT, INTND, NOORD, SEQND, INDEN, |
+ NDCONy LD, KSECT, 3RHS) 13 =8

i
Ml

TAKE THE INTERNAL ENTRIES OF SRHS, WHICH CONTAIN THE IROW-TH = 1 —
COLUMN OF KGIZ, AND ON RETURN PUT THE PRODUCT KII-INV % KIE A
IN THE EXTERNAL ENTRIES OF 3RHS. (IOP = 0, IEX = 0) 59
AT THIS POINT TrZ EXTERNAL ENTRIES CONTAIN ZEROS IN QROER TO

CARRY OUT THE ABOVE MULTIPLICATION. ESE=

WHEN I3X IS EQAUL TO 22RO, INDICATING A REJUSST FOR A NORNAL
SOLUTION, VECTORS BRHS AND X MUST 3F OFCLARED EQUIVALENT Thﬁbﬁlgfza
AN EQUIVALENT STAT=MENT, THEN THE SOLUTION X OVERWRITES BRHMS.

THE SAME RESULT CJULD =& EFFECTED IF SRHS IS PASSED TWICE TQO I°1
SUBROUTINZ SKYSOL, THE SECONC TIME OF WHICH CORRESPONDS TO X,

E o= |
CALL SKYS3L (KSECT, NDFSC, LDy ICP, 0, 3RHS, 3RS, 131
+ IREF ,JAFILE, WKAREL, DELTA) iH=

E e |
SET ALL ENTRIES €% VECTCR X ( = Y1 ) AND VECTOR CORLD ¢ = ONE . & =
COLUMN OF KGIZ) EQUAL TO 2£R2 =0R THE CURRENT (IROW=-TH) COLUMN :
OF KGOEE. ,§§§"§3
CALL SETZIRO (NLFSCy 1, XD 8B |
CALL SETZRC CNDFSC, 1, CORLD) DS
TO PRODUCE ONE COLUMN OF X ( = Y1) ALL COLUMNS OF KGSCT IS

15=9
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CORRESPCNIING TO THE INTERNAL NOOSS WILL SE READ FROM DISK
DSKF1 IN THE DRDER THEY APPEAR IN THE STIFFNESS MATRIX.

CONSIDER ALL INTERNAL NODES.

D2 14400 INDIN = 1 , NNDIN
=
FIND THE INDIN=TH INTZRNAL NOOFE,
NOIN = NODINTCNNDIN + 1 - INDIND
| 2 =
i3

DETZRMINE THE FPOSITION IN 3345 ( = X1 ) JUST SEFCRE THCSE |
CORRESPONIING TO TWE CURRENT INTERNAL NODE, AND THE POSITION GF!
OF THE 3EGINNING AND THMZ ENDINSG =NTRIZS OF THE CURRENT INTERNAL

ISFR = ( NDORDCNDIN) - 1 ) = 12 ' E*; _E
ISIND = I3FR #+ 1 Do
IEIND = I3FR + 12 fjf;ig

READ THE (NDESC 2Y 12) COLUMN OF KGSCT ASSOCIATED WITH THE cuzﬁ§§¥g
INTERNAL NOCE FROM DISK FILE D5KFl.

=
IR = CINDIN = 1) ®» (NIFRW / LRDF1 + 1) iH =2
CALL REDKSC COSKFl, NKGICL, IR, LRDF1, NDFRW, KGIRW) ==

PUT THE COLUMN CF KGIRW ASSOCIATED WITH THE CURRENT INT‘RN&L NODE
IN THE CORRESPONDING INTERNAL ENTRIES CF VECTOR CORLD.

LT

i

e
Ul

THIS ROW CORRESPONCS TO THE PORTION GF A COLUMN OF KGIE nssnc;&yéﬁ*
WITH THE CURRENT IROW AT THE CURRENT INTERNAL NODE, ;gigzg
DO 13800 I = 1 , 12 =2
CORLOCIBFRI) = KGIRW(CI, IROW) 1315
CONTINUE stz
NOW CARRY QOUT THE PRODUCT: EEEe
KGIRWC12,NDFSC) = SRHS (CNLY THE 12 ENTRIES ASSOCIATED FEE -
WITH NCIN)
EE
NOTE THAT ZERC SLOCKS OF K3IRW WILL NOT 8E CONSIDERED IN THE
MULTIPLICATION. iH =
IPNT = INDEXCNDIN) ¥ ==
NCND = NDCONCIPNT) 111 ¢
ISEG = IPNT + 1 i =
i -
=20
EEe= |
i3t—=



i

2639

2601

2502
2503
2604
2605
2606
2607
2608
2409
2610
25611
2612
2613
2614
2615
26156
2617
2618
2613
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
2631
2632
2633
2634
2635
26356
2637
2638

2640
2641
25642
2643
L6446
24645
2646
2647
2643
2645
2650
2651

trt
"
| “

IEND = IPNT + NCND

CONSIDER ALL NODES CONNECTED TC NDIN,

DO 14100 IP3S = ISEG , IEND

DETERMINE THE CURRNET NODE CONNECTED TO NDIN.
NDCN = NODCONCIPDS)

FIND THE BEGINNING AND THE ENDING ROW NUMESERS OF THE SLOCK
NOCN=NDIN IN KGIRW.

IBRW = ( NDCRCONCCN) = 1 ) % 12 + 1
IZRW = IE2RW + 11

MULTIPLY SLOCK NOCN-NDIN 3Y THE ROWS OF BRH4S ¢ = X1 )
CORRESPONDING TO NIJOE NDIN

00 14000 I = IZRW » IERW

00 13300 J =1 ’ 12

XCI) = X(CI) + KGIRWCJsI) % 3RHSCIZ=R+J)
CONTINUE

CONTINUE

CONTINUE

CARRY CUT Tré MULTIPLICATION OF THE ESLCCK NTDIN=NDIN AND THE
ASSOCIATED ENTRIES IN SRHMS ( = X1 )

0O 14200 I = IZIND 4 IEIND

PO 14200 J = 1 ) 12

XCI) = XCI) + KGIRW(J,I) = BRASCIBFR+J)
CONTINUE

CONTINUE

CONTINUZ

CONSIDER ALL NCDES OF THE SECTOR IN THE ORDER THEY APPEAR IN

THE STIFFNESS MATRIX.

PO 14700 IORND = 1 , NNDSH
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2652
2653
2654
2655
2656
26517
2658
2653
2660
2661
2662
2663
2664
2665
2444
25667
24648
2669
2570
2671
25672
2473
2674
2675
2675
2617
2678
2679
2680
2681
2682
2683
2684
2685
2685
2687
2688
2689
2650
2691
2692
2693

2694

2695

25696
2697

- 2698

BE S

2699
2700
2701
2702

C

14500
c

c
Cw
C
Cx
c
c
C
Cx
Cx
Cx
c
14550
c

c -
14600

li...l|

sieby
ik
s

DETERMINE THE IMNODE=-TH NDODE.
INODE = SEANDCIORND)

CETERMINE THE BEGIANING AND THZ ENJING PCSITIONS OF THE DEGREES |
CF FREEDCM OF THE CURRENT NDDE IN VECTORS CORLD, B8RHS, AND X, &

IGRW = (IORND - 1) % 12 + 1
IERW = J28%W + 11

IF THE NOJ= IS AN INTERNAL NOOJ3, 37 TS THE APPROPRIATE PROGRAM

IF ¢ INTNDCINDDE) . EQ . 3HYZS ) 60 TC 14550
INCOE IS EXTERNAL,

PUT THE ENTRIES CF X ¢ = Y1 ) CORRESPONDING TQ THE CURRENT
EXTERNAL NCOE IN VECTOR 23RHS € = X ) 4MD TmeN SET THE SAME ENTRIE
OF X EQUAL TO ZERD TO PREPARE IT FOR CARRING OUT THE e
MULTIPLICATION:

KIE=-T = KII-INV & X=I

8Y SUBROUTINE SKYSOL, WHERZ X=I ARE TWE INTERNAL ENTRIES OF X}

CC 14500 I = IZRW , IERW

BRHSCI) = X(I)
XCI) = 0.0

CONTINUE
GO TO 14700
INTERNAL NCOES,
CARRY OUT THE SUBTRACTION

KGIE = KGII % KII-INV % XIE
FOR THE IROW-TH COLUMN OF XGIE, PUT THE FINAL RESULT IN THE |
INTERNAL ENTRIES QF X ( = ¥1 ) NOW CONTAINING THE PROODUCT
KGII & KII-INV % KIE
DO 145600 I = IBRW , IERM i3
XCI) = CORLOCI) = X(CI)

CONTINUE it
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2754 14900 CONTINUE 3=
27155 C 118
2756 Cx NGW THE EXTERNAL ENTRIES OF 3SRASCNDFSC) CONTAIN THE IROW-TH
2757 Cx COLUMN OF KGOEE(NDFEX,NIFEX),
2758 C =
27159 C
2760 Co#ow  NOWw REARRANGE THE ENTRIES OF S2RAMS SUCH THAT THE ENTRIES E3E— |
2761 Cx%% ASSOCIATED WITH THE EXTERNAL 2 NCD:ZS APPEAR FIRST FOLLOWED Ay
2762 C%%% THOSE OF THE EXTERNAL 1 NODE, iS5
2763 C
2764 CALL ARRANG (NRWND, NDF3C, NDEX1, NDEX2, NDORD, X, BRHS) £25="
27165 C
2765 IKGOEE = IKGOEE + 1 1
27167 C k|
2763 C* PUT THE TOP NDFEX ENTRIES OF BRHS, WHICH IS THE ICCL~-TH COLUMN OF |
2769 Cx KGOEE = KGEI % KGII-INV % KGIE ON DISK FILE DSKF1l. S 1
2710 C 5
2171 WRITE (OSKF2y RECENKGOSE+IKGOZZ) (8R4SCI)y I=1, NDFEX)
2172 C ==
2773 15000 CONTINUE :
2774 C =
2775 15100 CONTINUE
27118 C =
2777 15120 CONTINUE
21718 C - |
21719 C
2180 C e
2781 Cx%% READ THE GEOMETRIC STIFFNESS MATRIX OUE TO THE LIVE LOADS
2782 C#%% FROM DISK FILE DSKF1, SECAUSE, NOW KSECT IS THE FACTORIZED =
2783 Cxk#x CONVENTIONAL STIFFNESS MATRIX.
27184 C FEE
2785 CALL REDKSC (DOSKF1ly NKGSCy Oy LROUF1, NDFSKs KSECT)
27186 C F3i= |
2787 C
27188 C EIE= |
27189 C
27150 C -
2791 C 1.
2792 Cmmm NOW KSECT CONTAINS THE GEOMETRIC STIFENESS MATRIX QF THE o
2793 C#ux STRUCTURE DUE TO LIVE LOA4DS. o
2794 Cwmumm SET THE ROWS AND COLUMNS GF KSECT CORRESCONDING TO THE 5
2795 Cx%% PRESCRISED DISPLACEMENTS EJUAL T2 ZERD CAND THE DIAGONAL |
2795 C®mx ENTRIES EQUAL TO ONZ) BEFQRE FORMING KGBNIFCNDFIFINDFIF). SE=
2731 C ] _
2798 ¢ |
2759 C 1AL
2800 C#&%& WITH THIS MODIFICATION THE SIGENPROBLEMS SLOVED IN SLVEIG S
2801 C#x%x APPEARS A5 FOLLOWS: i
2802 ¢ =
2803 C KBNIF(NIFIE,NDFIF) = LAYADL % K3SNIE(NDFIF,NDFIF) = 0.0 {31
2804 ¢ e
==
SED
=
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2805

2806
2807
2808
2809
2810
2811
2812
2813
2814
2815
2816
2817
2818
2819
2820
2821
2822
2823
2824
2825
2825
2827
2828
2829
2830
2831
2832
23123
2834
2835
2835
2837
2338
2839
2840
2841
2842
2843
2344
2845
2846
2847
2848
2843
2850
2851
2852
2853
2854
2855

dhireh

OO0 0 00

5150
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»
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C e
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sreetd

ol
il

5
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(Io-.I I‘o.z)
( I 1« 1 + L= I 210 I ) % X =20
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LOOP NINFA CNUMBER 0F INTERFACES) TIMES. :33

E =

DG 1517C N = 1 o NINFA

K 6 8 N I F

GENERATE THE COMPLEX MATRIX KGENIF(NDFIF,NDFIF) DIRECTLY
FROM VECTOR KGLLCONDFSX) 4LCCORDING TC:

KGEANIF(NIOFIFZNDFIF) =

CEXPCI#24PI%N/NINFA) + KGEL12(NDFIF,NOFIF) % csxnc-x*zzozvufugpffi

NOTE, HERE KGE2, KGE1, KGE21, 4ND KGE12 ARE NOT CONDENSED. ALSD
NOTE, THAT THE ASSEMBLY OF K322 OF SECTOR N WITH KGE1 OF SECTOR |
(N+1) IS IMPLIED IN THZ AB0V: OPERATION.

CALL KBNINF (MDFIF, NNDSH, NNDZ1, NOFND, NNDEX, NOFIN,

¢ NDFIFy NINFAy, Ny NDEX1l, NDEX2y INTND, SEQND, NOORD, IPNTR, ICONNs
+ LDy KSECTy KG3NIF)

IF NO INTZRNAL NCZES =ZXIST, THERE IS NO STATIC CONDENSATION,

IF (NNOIN . EC « 0) GO TO 151&5

K &G 0 E E S

COMPLETE THE GENERATION OF KGENIF(NDFIFWNDFIF), 8Y SU&TR&CTIMGE
THE TERM :



i

m

-

28354
2857
2858
2859
28640
2861
28682
28463
2884
2865
2865
2867
2868
283693
2870
2871
2872
2873
2874
2875
2878
2877
ZBT8
2879
2880
2881
2882
2883
2884
2885
2886
2B87
2888
2889
2850
2891
2892
2893
B34
2895
2898
2897
2898
2899
2900
2901
2302
2903
2304
2905
2906

c KGOEES(NDFIF,NDFIF) = XKGEI % KGII-INV % KGIE

Cxxkx ARISING FRCM THE STATIC CONDENSATION OF THE INTERNAL DEGREES
Cx%% FREEDOM, NOTE THAT THE ASSEMELY OF KGE2 OF SECTOR N AND KGEL
Cx%x SECTOR (N+1) IS CARRIEZD CUT SIMULTANEQUSLY.

CALL KBNIFD (DSKF2, MOFIF, Ny NJIFEXs NINFA, NOFIF, NKGOEE,
+ CORLD, XGENIF)

Cxdx WRITE MATRIX KGENIF(NOFIF, NDFIF) CALCULATED FOR THE CURRENT
Cx%x ON OISK FILE CSKF1 USING THE RECORD LENGTH OF LRDF1.
c
15165 CALL WRTK3N (OSKFly JREMN, MOFIF, Ny NCOLSs NOFIF,
+ NKGBNIy NRy NRECS, KGANIF)

o

ot

wiip
dbaddi

ﬁr

C
[ %
15170 CONTINUE
C
C
15175 RETURN
END
c
€
C
C%
Ckx
Cedese 0 vV E R L A Y 2 5
Ch%
Cx%
C
C
-
SUBROUTINE TWCFIV
G
C
Cx INTERDVERLA AY P AR AMETTEHTRS
€
PARAMETER (JNDSH = 30, JOFSC = 12 % JNDSH,
+ JLD = JOFSC+1, JSECT = &0, JAWND = 15, JRWEL = JRWND=-1,
+ JELSH = 28, JINSH = 1, JHTSH = 1,
+ JSTEN = 1, JNOSR = JRHWND, JELS? = JNDSR=-1,
+ JMTSR = 3, JIMSR = 1, JELISR = 5, J¥TISR = 1, JRING = 2,
+ JNDRN = 55 JELERN = 3, JMTRN = 2, JIMRN = 15, JELIRN = 20,
+ JMTIRN = 10, JGaUS = 12, JCEBSM = 5, JPRDS = JNDOSH,
+ JLOCA = 2y JCNLD = 39 JOTLD = 23 JAULD = 1, JINTP = 1,
+ JINSL = 65 JOFIF = 12 % JRWND,
+ JICON = 109y JDFSL = 584301)
C
C
G
£ L OCat V A R I & 3L S
C




T

2907
2508
2903
2910
2911
2912
2913
2914
2915
2916
23917
2918
2919
2920
2921
2922
2923
2924
2925
2926
2927
2328
292%
2930
2931
2932
2933
2334
2935
29134
2937
29138
2939
2940
2341
2942
29473
2944
2545
25944
2947
2348
2945
2950
2951
2952
2953
2954
2955
29546
2957

o

OO0

aEalg

CIMENSION SPACE(1240)
COMPLEX KGSNIF(JLOFIF,JDFIF)

INTER=-0V R LAYy VARTIASZLES

m

BETWEEN QCVRZLAYS C0+0)s €1450)y €2,0)

CHARACTER®10 STRTYP, LUTGN, SLDSP, SLRAC, SLSTS, SLBKL,
+ PLSTRy PLMSHy PLDSP,y PLSTS, PLMSP

INTEGER CSOCL, CSTMC, OSKF1, CSKF2, SLOLD,

SLVSCCJLDCAJINSL2)y ROWSHCJIRWND,2), =
SHMTICJZNSH) s SHMTJCJIINSH)y CSOSGCJCRSM), RSDOFCJPRES,12),
CSPROCJPRDS)y SCNLICJLDCASJONLD)y SCNLJICJLDCA,JCNLD), |

CSCNLCJLDCAJCNLD )y TYSTLCJLOCA,JOTLOD)y OSOTLCJULDCA,JOTLOD)
DROTLCJLOCASJOTLD95)y CSOTLCJILDCA,JOTLD)y REDTLCJLOCA,JOTLD)
SCTPICJLDCa,JINTR),y SCTPJCILOCA,JINTR),y, SEQNDCUNDOSH),
NODOROCJNDOSH)y IPNTRCJUNDSH)y ICONNCJICON), ROWSAC2)

A I e

il il

REAL ORIGNCJRWELs2)y KCINVCJELSHF2492)9 KSECTCJDFSL),
+ ITONLCJILOCALJCNLD9S)y ITOTLCULOCALJOTLO92)y ITHSHCOIMTSH,3)

DIMENSION NOOQSHCJELSH3)y MTDSHCIINSH)y ONSSHCJELSH)Y,
PRPSHCJIMTSHe8), MTSHLCJELSH),

TSHELCJIMTSH), TEMSACJIMTSH), ARASHCJELSH)Y), NODSRCJELSR,2),
MTDSRCJMTSR), ECNSRCJMTSR), TRMSRCJIMTSR),

PRPSRCJMTSR$3)y MTSTRCJELSR)y CLSTRCJELSRT92),
NODISRCJELISRs2), NDIMSRCJIMSR,2), MTOISRCJIMTISR),
SCISRCJMTISR)y TMISRCJIMTISR),

PRPISRCJMTISR,9)y MTISRCJELISR)y CLISRCJELISR4Ts2), 3
NODRNCJELKNy2)y MTORNCIMTRN), TRUINCIMTRN), PSNRNCJIMTRN,3),
PRPRNCJMTRNsS)y MTRNGCJELRN), NRNGELCJRING)s NODIRNCJELIRNS2Ds ;%
NDIMRNCJIMRNs2)y MTOIRNCJMTIAN), PSNIRNCJMTIRN,2),

TMIRNCJMTIRN),y PRPIRNCJIMTIRN,S)y MTIRNCJELIRN)y, NIRNELCJIMRND)y 3
CROCLCJINDSHp3)y CROMCCUNDSH93), SUSWT(JGAUS)s GUSTRCJGAUS,3)y
GUSCLCJELSH JOAUS,3),y ODVOTLCJLOCA,JDTLD), NODPDCJPRDS),
PRSDSCJPROS»12)y NREST(JPRDS),

NDCNLCJLDCA,JCNLD), TPNOICJLOCA,JINTP), TONDECJLDCA,JZNTP), R
DRCOSCJCRSM343)y LOCJILDDs NDJIMCCINDSH)y, CORLDCJDFSC),

BRHSCJDFSC)y XCJDESC) ]

i

AN
11

2l

LA B S E I R T R R T A S

BETWEEN OVERLAYS (2,0)y (29109 €252)y €293)y (254)y (2,5)y (2586) |
CIMENSION CENLWTCJOFSC)y ZCLWTCJUELSHs12)y ENLAULCJAULD,JDFSC),
+ ECLAULCJAULDSJELSH912)y ENLTPCJINTP+JOFSC),
+ ECLTPCJINTPJELSHo12), INDICCJSECT)

COMPLEX ENLSAC4,JOFSC)y ECLSA(C4)JFLSH12)y KENIFCJDFIF,JDFIF)
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T mm

2958
2959
2360
2361
2962
2963
2964
2355
2365
2967
2343
2343
2570
2971
2972
2973
2974
2375
2376
25717
2978
2979
2950
2981
2982
2983
2984
2985
2386
2987
2933
2989
2990
2991

2992
2993
2994
2995
2996
2997
2993
2995
3000
3001
3002
3003
3004
3005
3006
3007
2008

el e
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LOGICAL POCHEK, SINGAS :

EQUIVALENCE ( KENIF(1l,1), SPACE(CL) )

COMMON STRTYP, AUTGN, SLDSPy SLRAC, SLSTS, SLBKL,

PLSTR, PLMSH, PLDSP, PLSTS, PLMSP,

MSECTe MSTENy, MNDSRy MRINGy MNDRN, MGAUS,

NNDSH, NELSH, NMTSH, NSTRN, NNDOSR, NELSR, NMTSR, NIMSR,
NELISR, NMTISR, NRING, NNDRN, NELRM, NMTRN, NIMRN, NELIRN,
NMTIRN, NSRAC, NEL8R, NMTBR, NGAUS, NCPSM, NPRDS, NLDCA,
NSECTy NRWELy NRWND, NOFN3, NNOELl, NNDE2, NNDIN,

NNTSH, N3TSH, NGTSH, NST3S5H4, MNKCTND, NNTSR, NBTSR, NGTSR,
NTFSRy NSTSSRy NNTISR, NSTISR, NGTISRy NTFISR, NSTSISs NNTRN,
NBTRNy NGTRN, NTFRN, NSTSRN, NNTIRN, NSTIRN, NGTIRNs NTFIRN,
NSTSIR, NTF3R, NSTS3Ry NKAAPDy NCRLDy NFRCN, NABIF, NASCT,

NACNT, NFBSC, NRACT, NKSCT, NKSCF, NKKGW, NKGSC, NKGICL, NKBNIF,

NKGENIy NEGVCy HNKKGCNy NKGCNy NMSNDy NMSCT, NKOEZ, NKGOEE,
CSOCL, CSOMC,y MCCOD, ILDCA,y LCNLDy LOTLD, LINTPy LINSL,
JSKFly DSKF2,4y TNy I3,

FEEDy RTOP, =248,y HITE, ELEV, THATAD, :
TITLECEOD), LDCASCZ2)s NCNLDCZ2)y NDTLDCZ2)9s NINTP(CZ2)s NINSLC2),
RATICOC14)s INDEX(SS5), NDCONC200), NDEX1C15), NDEX2(15), :
NMDINTC15), INTHIC(Z23)y WKAREACLIS2)

COMMCN 7 COMMNL1 7/

+
+

+ + +

¢* 9 4+ ¥

+

SLVSCy ROWSH, SHMTI, SHMTJ, C350S535,

RSDOF, CSPRD, SCNLI, SCNLJ, CSCNL,

TYDTLy CSOTL, DRDTLy CSDTLs RFOTL,

SCTYPI, SCTPJ, SEGND, NDORD, IPNTR,

ICONh. RIWSA,

ORIGN, KCINV, KSECT, ITCNL,

ITOTLy ITWSH,

NODSHy MTOSH, DNSSH, PRPSrs MTSHL,

TSHELy TRMSH, ARASH,

NODSRy MTO3R, ECNSR, TRMSR,

PRPSRy MTSTR, CLSTRy NCOISRy NODIMSRe MTOISR,
ECISRy TMISR, PRPISR, MTISRs CLISR, NODRN,
MTORNs P3NRNy PRPRNe TRMRN, MTRERNG

COMMON # COMMN2 /

*
+
.
+
*
+

NRNGELy NODIRNy NDIMERN, MTDIRN, PSNIRN,
TMIRNy PRPIRN, MTIRN, NIRNZL,

CROCL, CRDMC, GUSWT, GUSTR, GUSCL,
OvVOTL, NDOPOD,

PRSDS, NREST, NUDCNL, TENDI, TFPNDE,
DRCOSy LDy NDJJINCy CORLCe SRH3s X

COMMON 7 COMMN3 /

+

LROF1, MNDSH, MELSH, MMTSH, MELSR,

- -4

R 1

di b b

A e il

Hith

it i

it

it |

bt it

it

=it

il
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L

OO0

B

OO0 O060

Cakx
Cask
Carmn
Cxedeke
Cormra

MMTSRy MIMSRy, MELISA,; MMTISR, MELENs MMTRN, : :
MIMRNy MZLIRNy, MMTIRN, MGUSSy, MINTP, MINSL, MRUWND,

NDFIFy NOFEXy NCFIN, NDFSC, NINFA, NDFBL, NNDEXy NBEGy NEND,
IBX, PDCHEK, SINGAS, ICOND, IAFILE, IREF, DETCF, SLDLD, NDFSK

L AL B AE Al

?'¥§é

MRWEL, MCRSM, MPRDS, MLOCA, MCNLD, MDTLD, MAULD, MDFSC, MDFIF,

Al

il

I0Py

"II*

1

IETWESEN OVERLAYS C250)s C291)y C292)s €293)y C244)y C(245)y C2:6)

COMMCN 7 CCOMMN4 7/ NDFCN, NEIG, ENLWT, ECLWT, ENLAUL, ECLAUL,
+ ENLTPy EZCLTP, ENLSA, ECLSA, INDIC, KBNIF

CALCULATE LAMBDA JeFINED IN THZ EIGENVALUE PRDBLEM:?
(KSECT + KGDLD) - LAM3SDA % KOGLLD = 0,0
3Y SCLVING
KSNIF(NDFIFy, NDFIF) = LAM3DA # KGSNIF(NDFIF,e NDFIF) = 0.0

i

i

L

i

|
]

FOR ALL N°S ( N = 1 4 «oo NSECT), AND PRINT THE SMALLEST IN E-
ABSOLUTE VALUE. LAMBODA MULTIPLIED BY THE LIVE LOADS GIVES THE '
APPLIED BUCKLING LOAD. ALSGC THE MODES SHAPES OF THE BUCKLED =3
STATE, ASSOCIATED WITH THIS LAME0A, ARE PRINTED, FOR TkE
SECTORS FOR WHMICH SOLUTION HAS BEEN REQUESTED. 3
CALL BUCKLE (LRDF1, MNOSH, MELSR, MELISR, MIMSR, MELRN, ==
+ MIMRNy MELIRNy MCRSMy MRWNDy MRWEL
+ MLOCA, MINSL, MDFIF, NDFSC, NDFSK, =
+ NOFIF, N3EG, NENDy SINGA3, PDCHEK, ICOND, IAFILE, DETCF,
+# SPACE, KGBENIF) =
=
RETURN ;
END : TE
Ei= |
X
i
8 VvV £ R L A Y 2 6 s
k.
3 :3
SUBROUTINE TWOSIX S
INTERQOVERLAY PARAMETERS 3 =
PARAMETER (JNDOSH = 30, JOFSC = 12 % JNDSH, = —

+ JLOD = JOFSC+1,y JSECT = €0y JRWND = 15 JRWEL = JRWND=-1,
+ JELSH = 28, JINSH = 1, JMTSH = 1,

il ikl

It



3060
3061
£ 3062
3063
= 3064
., 3065
E 3065
3067
3068
3069
= 3070
3071
3072
3073
3074
3075
3078
1077
3078
3079
3080
3081
3082
3083
3084
3085
3088
- 3087
& 30868
3089
. 3090
*'3091
3092
3093
3094
3095
3095
3097
3098
3099
3100
3101
3102
3103
2104
3105
3106
3107
3108
3109
3110

OO0

OO0

T
|-l

JSTRN = 1y JNOSR = JRWND,y JEZLSR = JNOSR-1,

JMTIRN = 10, JGAUS = 12, JCRSM = 5, JPREDS = JNDSH,
JLOCA = 24, JCNLD = 5y JOTLD = 2, JAULD = 1, JINTP = 1,
JINSL = &6y JOFIF = 12 % JRWND,

JICON = 109, JOFSL = 64801)

*  + &4+ 4 +e

DIMENSION STRES(12580), TRFST(18,18)

e

INTE -0V IR LAY vVARTIABLES

-
-

an

TWEEM OQOVERLAYS C0s02y €1,0), 20

CAARACTER%#10 STRTYP, AUTOGNs SLOSPs SLRAC, SLSTS, SLEKL,
+ PLSTR,y PLMSH, PLOSP, PLSTS, PLMSP

INTEGER CSCCL, CSOMC, DOSKF1, OSKF2, SLDLD,
SLVSCCULDCA)JINSL92)y RCWSH(JAWND 2D,

SHMTICJINSH) ), SHMTJI(JIINSH)y CSOSSCJICRSM)y RSDOFCJIPRDS,12),
CSPROCJPRDS)y SCNLICJILOCA,JONLDD, SCNLJCJLOCA,JCNLD),
CSCNLCJLDCASJCONLDYs TYDTLCJLDOCASJOTLD)y OSOTLCJLDCALJOTLD) .
DROTLCJLDOCA,JCTLCs5)y CSCTLCJLDCALJOTLO)y RFOTLCJLDCA,LJDTLD)
SCTPICJLOCASJINTP),y SCTPUCJILOCASJINTP)y SEQNDCJINDSH), :
NOORDCJINOSH)y IPNTRCINDSH),y ICONNCJICON)y ROWSAC2)

+ * + o+

REAL ORIGNCJRWELs2)y KCINVCJELSH292)9 KSECTCJDFSL),
+ ITOCNLCJLOCA,JCNLD99)y ITOTLCJLOCA,JDTLO92)y ITWSH(JIMTSH,3)

DIMENSION HNODSHCJELSH92), MTOSACJINSH) s ONSSHCJELSH),
PRPSH(JUMTSHy8)y MTSHLCJIELSH),
TSHELCJIMTSHYy TRMSHCJIMTSH)y ARASHCJELSH), NODSRCJELSR2),
MTDSRCJIMTSR),y ECNSRCJIMTS2), TRMSRCJIMTSR),
PRPSRCJIMTSRe3)y MTSTRCJELSR)y CLSTRCJUELSRTe2),
NODISRCJELISRy2)y NDIMSRCJIMSR,2), MTDISRCJIUMTISR),
ECISRCIMTISR) s TMISR{JIMTISR),
PRPISRCJIMTISR$ 9Dy MTISRCJELISH)y CLISRCJIELISRT92)y
NODRNCJELRNg2)y MTDRNCJMTRN)y TEMRNCJIJMTRN), PSNRNCJMTRN,3),

NDIMRNCJIMRN 2)y MTDIRNCJUMTIRN), PSNIENCJMTIRN,3),

GUSCLCJELSHyJGAUS3)y DVITLCJLODCALJCTLD)y NCDPIOCJPRDS)
PRSDSCJPRDS,12)y NREST(JPRDS),

LA B S L BRI NE IR N I HE NS

JMTSR = 3, JIMSR = 1, JELISR = 5, JMTISR = 1, JRING = 2,
JNOREN = 3, JELRN = 3, JMTRN = 2, JIMRN = 15, JELIRN = 204

PRPRNCJMTRNy3)y MTRNGCJELRNDy NRNGELCJRING)y NODIRNCJELIRN;2)y

TMIRNCJMTIRN), PRPIRNCJIMTIRNS)y, MTIRNCJZLIRN), NIRNELCJIMRN),
CROCLCJNDSHs3), CROMCCINDSH93), GUSWTCJIGAUS), GUSTRCJIGAUS,3)y
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== 3% == + NOCNLCJLOCA,JCNLD)y TPNDICJLOCAL,JZINTP), TPNDECJLDCAL,JINTPY)y = |
3112 + DRCOSCJUCRSMp3,42)y LOCJILD)y NOJINCCINDSH)Y, CORLOCIDFESC),
3113 + BRASCJOFSC)y XCJOFSC) £ 3
pe. 3336 G
= 3118 C =
E 3118 C SETWEEN OVERLAYS (24009 (291)y (242)y (292)y (244), (245), (2:6)_
E-3317 © : |
3118 DIMENSION ENLWTCJDFSC)y ECLWTCJELSHe12)y ENLAULCJAULC,JDESC)
3113 + ECLAULCJAULD)JELSHy12)y ENLTRPCJIINTPLJDFSC)Y, 3
3120 + ECLTPCJINTPRJELSHy12),y, INDICCJSECT)
3121- G e
3122 COMPLEX ENLSACGL JDFSC)Y)y FOLSACLIJELSR,12)y KENIFC(JIDFIFLJDFIF)
3123 C |
3124 LOGICAL PDChEK, SINGAS
3125 C
3126 C
3127 C
3128 C
3129 CCMMON STRTYP, AUTGN, SLOSP, SLRAC, SLSTS, SLSKL, 3
31230 + PLSTR, PLMSH, PLOSP, PLSTS, PLMSP,
3131 + MSECT, MSTRN, MNDSR, MRING, MNDRN, MGAUS, - |
3132 + NNDSHy NZLSHy MNMTSH, NST2N, NNUSRy NELSR, NMTSR, NIMSR,
3133 + NELISR, NMTISR, NRINGsy NNDRNs NELRNy NMTRN, NIMRN, NELIRN, |
3134 + NMTIRNy N3RACy NELBRy NMTZR, NGAUSy NCRSM, NPRDS, NLOCA,
3135 + NSECT, NRWELs NRWND, NDFND, NNDE1l, NNDE2y NNDIN,
3136 + NNTSHy N3TSHy NGTSHs NSTSSmg NKCTNDs NNTSRy NBTSR, NGTSR,
3137 ¢+ NTFSRy NSTSSR, NNTISR, NSTISRs NGTISR, NTFISR, NSTSIS, NNTRNs
3133 + NBTRNy NGTAN, NTFRNy NSTSRNs NNTIRN, NRTIRNy NGTIRNs NTFIRN,

3133 4+ NSTSIR, NTFER, NSTSE8Rs NKRWPD,s NCRLO, NFRCN, NABI®, NASCT, = =
3140 + NACNT, NF3S5C, NRACT, NKSCT,y NX3CF, NKK3W, NKGSC, NKGICL, NKBNIF,
*,3141 + NKGBNI, NEGVC,y NKKGCN, NXGCMN, NMSND, NMSCT, NKOEE, NKGOEE, = 3

3142 + CSCCLy CSOMC,y MCCOO,s ILDOCAs LCNLDe LOTLC, LINTPy LINSL,
= 3143 + DSKF1l, OSKF2, IN, 10,
3144 ¢+ FEEDy RTCOP,y, RBAS,y HITE, ELEV, THATAD,
3145 + TITLECA0)y LCCASC2)y NONLCC2)y NOTLOC2), NINTP(2)y NINSLC2)y
3148 + RATIODC14)s INCEX(C45), NICONC200)y NDEX1C15), NDEX2C15), (4]
3147 + NDINTC15), INTNUC325), WKAREAC192) =
3148 C |
3145 C 3
3150 COMMON 7 COMMN1 /
3151 + SLVSCy ROWSHy S5HMTI, SHMTJs CSO5G5,
3152 + RSDOFy CSPRUy SCNLIs SCNLJe CSCNL
3153 + TYDTL, DSOTLs ORDTYLs CSOTLe RFDTL,
1154 + SCTPI, S5CTPJ, SZQND, NDCRD, IPNTR,
3155 + ICONN, RCOWSA,
3156 + ORIGNy KCINVy KSECT, ITCHNL,
3157 + ITOTL, ITWSH,
3158 + NDOSH, MTDSHy DONSSH, PRPSH, MTSHL,
3159 + TSHEL, TRMSH, ARASH,
31460 + NODSRy MTODSRy ECNSRy TEM3R,
3161 4+ PRPSRy MTSTR, CLSTRy NODISRe NDIMSRE,y MTCISR, E



OO0 n

+ ECISRy TMISR, PRPISR, MTISR, CLISR, NODRN,

+ *+ + + + 4

& 4 re

+ MTORN, PSNRN, PRPRNs TRMRN, MTRNG

it -

it

COMMON 7 COMMNZ 7/

NRNGELy NODIRNy NOIMRN, MTYDIRN, PSNIRN,
TMIRNy PRPIRNy MTIRN, NIRNEL,

CRDCL, CRDMC, GUSWT, GUSTR, GUSCL,
DVDTLy NDDPOD,

PRSDS, NREST, NDCNLs TPNDI, TPNDE,
CRCOSy LDy NOJINCy CORLD,y BRHAS, X

m
i1

HiH
hidl

i

i

I

'
i

COMMON /7 COMMN3 7/

LRDF1ly MNDSHy MELSHy MMTSH, MELSE,

MMTSRy MIMSR, MELISR, “MTISR, MELAN, MMTRN,

MIMRNy MELIRNgy MMTIRNs MGUSS, MINTP, MINSL, MRWND, 153
MRWELy MCRSM,; MPRDS, MLDCA, MCNLDs ™MDTLD, MAULD, MDFSC, MDFIF,
NOFIFy NDFEXy NDFINy NODFSCy NINFAy NOFBLy NNDEX, NEEGy NEND, I0P,
IBXy POCHEZK,y SINGAS, ICOND, IAFILE, IREF, DETCFy SLODLD, NDFSK

Nl

Il

191
1

1

BETWEEN OVERLAYS C2,0)s C€201)y C292)s €243)s C204)s €2+5)s €246

COMMON 7 COMMN4 / NDFCN, NEIG, ZNLWT, ECLWT, ENLAUL, ECLAUL}
+ ENLTP, ECLTP, ENLSAy ECLSAy INDIC, KENIF i
LOGICAL SYMLD =
SYMLD = . TRUE . !

=
IF THE CURRENT SOLUTION IS FOR DEAD LOAC ALONE, SKIP OVER THE = |
FOLLOWING PORTION, 2ZCAUSE THE DEAD LOAD IS ALREADY KNOWN TO ==
BE CIRCUMFERENTIALLY UNIFORM AND 3YMMETRIC. 1] S
IF CSLOLL « EQC o 3HYES) 50 TO 350 ;fz

it

DETERMINE IF THE CURRENT SPECIFIZD LIVE LOADS &RZ cxacunssnsnggiLylj
UNIFORM AND SYMMETRIC OR NOT. THIS INSORMATION WILL BE USED T8 |
CECIDE WHETHER 4 2-DIMENSIONAL 0% 4 CONTOUR SHOULD BE PLOTTED FOR

CISPLACEMENTSs STRESSES AND MUDESHAPES. S

IF CLCNLD .« EQ o 0) G5 TO 150 Eege
==

CONSIDER ALL CONCENTRATZO NODAL LOADS 2F THE CURRENT Loaoxﬂs_qq§E,

€0 100 ICNLD = 1 , LCNLD



200

*

250

[ A ¢ Te ¥ o 1 a NNT & THIIT « TN 2

el alls
#

o

ISC = SCNLICILOCA,ICNLD)
JSC = SCNLJCILOCA,ICNLD)

IF CISC « LE o J5C o AND o CJSC=ISC#1) o NE o NSECT)
SYMLD = . FALSE l.ii i

IF CISC o« GT « JSC « AND o (NSECT=JSC+ISC-1) . NE + NSECT) :
SYMLD = . FALSE -}

15 ¢ o NOT o SYNLD ) P F: ij

CONTINUE

IF NJ DISTRIBUTES LOADS EXIST FOR THE CURRENT LOADING CASE, SKIP.
IF C(LOTLD . EQ . 0) G0 TO 250

CONSIDER ALL DISTRISUTED LODADS.

pO 200 IOTLD = 1 , LDTLE

IF CTYDTLCILDCA,IDTLD) o NE . 4HUNFM o AND . TYDTLCILDCA,IOTLOD

e NE o GHLINE , AND o TYDTLCILOCALICTLD) o NE o 4HSNOW) | 5.2
SYMLD = o FALSE o

IF C(RPDTLCILDCA,IDTLD) « NE . 1) SYMLD = . FALSE o
IF C « NOT o SYMLD ) G0 TO 350 :
CONTINUE 1

IF NO THERMAL IONES EXIST FOR THE CURRENT LOADING CASE, SKIP.i

IF CLINTP . EQ . 0) GO TO0 350

CONSIDER ALL THERMAL ZONES.
CO 300 IZNTP = 1 , LINTP

ISC = SCTPICILOUCALIINTP)
JSC = SCTPJCILUCA,IINTR)

IF (ISC « LE & JSC o« AND o (JSC-ISC+1) « NE . NSECT)
SYMLD = , FALSE %?_:

IF CISC o 6T o JSC . AND . (NSECT-JSC4ISC=1) . NE . NSECT) | i%
SYMLD = o FALSE .



y B, Bl & 4 il ;|
::;'_7"%';:-- —— - - —__-E S?;g
“IF C o NOT . SYMLD ) 60 TO 350 i = |
c
c = =5
300 CONTINUE
¢ 3=
c ;121 U
Cote IF PLOTTING OF THE DISPLACEMENTS HAS NOT 2EEN REQUESTED, SKIP . =
c
350 IF C(PLOSP . NE o °“YES*) GO TC 450 = |
c
¢ i N
c :
c = = = fE
Cx IF ND STRINGERSy INTERMECIATE STRINGERSe 2INGS OR INTERMEQIATE
Cw RINGS EXIST, SKIP. ===
c !
IF CNSTRN « EC o O o AND o NIMSR . EQ « 0 « AND o NRING , S |
+ EQ o« 0 « AND o« MIMRN . E‘. « Q) GO0 TO 425 -
c =
C i |
Chx  PLOT THE DEFORMED SHAPE 2F THE STRUCTURE CIN SOLID LINES) =
C#exx ALONG WIDTH THE CRIGINAL UNDESFORMED SHAPE (IN DASH LINES). 184 '
Ch#x NOTE: DISPLACEMENTS ARE PLOTTED ONLY FOR THE SECTORS FOR s
CHux WHICH SOLUTION MAS 3E:N REQUISTED. =
c £33

CALL PLD
MNDSH,
MZNSL
NIMSR,
NASCT,
ROWSH,
NODRNy
NDEX1,

L AE B T S A S

RETURN

Cx NEIG SIM
Cx BE PLOTT

425 NZIG = 4
c:
c
c
C
c
C
c
C
Caxx PLOT THE
C#xx NODAL OI

Coxelr  RINGS AN

FSH (C3DMC, DSKFl, ELEV, HITE, ILDCA, LIZNSL,

MELSR, MELISR, MIMSR, MELRN, MIMRN, MELIRN, MCRSM, MLDCAs
MRWNJs MRWELy MCCOD, NSECT, NRWND, NNOSH,; NSTRN, NELSR,
NELISR, NRING, NELRN, NIMRN, NELIRN, NCRSM, NPRDS, NNDIN,
NOFIF, NOFSCs RTOP, 2323, STRTYP, THATAD, SLVSCs CRDCLj
ORIGN, NCDSR, NODISR, NDIMSR, 1=
NDIMRN, NODIRNy CSC3G, NOCPD, CSPRD,

NOEX2, INTND, NDJNC, ORCOS, NDORD, X, SRHS, WKAREA) i = =
15 ==
iz =%

PLY INDICATES THAT THE DISPLACEMENTS ARE TO ==

ED ONLY ONCE. -

HPLOS i |
fE=

DI SPLACEMENTS [ f;

=8

25 L }

=

NODAL IN-PLANE DISPLACEMENTS OF THE SHELL, AND THE =
SPLACEMENTS OF STRINGERS AND INTERMEDIATE STRINGERS 1
O INTERMEQIATE RINGS FOR THE CURRENTY LOADING CASE.,  + =



1]
i

- 3315

3316
3317
3318
© 3313
3320
F 3321
3342
3323
3324
3325
33256
3327
3328
3323
3330
3331
3332
3333
3334
3335
3336
3337
3338
3335
3340

3341

3342

3343

3364
g 3345
F 3348
- 3347
3348
33459
3350
3351
33s2
3353
3354
3355
3356
3357
3358
3359
33560
3341
3362
3343
3364
3365

ﬂrrll

ﬂ;ﬁﬂu

C s
Cegee
Caden
Coemen
Cxk
Caemxe
Clexes
C e
Casess
Cmmk
C xedeae

C ek
g
C ek
Clesex
C oo
Cees
C s
C%
C ek
Clakexn

Chax
of 273"
Cxesese
Coazszae
Chlge
Cesx
Chsug
C desese
Chks
C e

s

anNnoOooNon

SECTORs ONLY THE MERIDIONAL CU) AND THE NCORMAL (W), NODAL 3{:
CISPLACEMENTS OF THE SHELL MID=~SURFACE, ARE PLOTTED IN A SIHPLE

= T ==

IEE=¥

SHEL L. [t .
WHEN THE DISPLACEMENTS ARE UNIFORM CIRCUMFERENTIALLY WITHIN &

2-DIMENSIONAL GRAPH, VERSUS THE MERIDIONAL COORDINATE. =
IN THIS CASEs V = 0y EVERYWHERE. G
WHEN THE OISPLACEMENTS ARE NOT CIRCUMFERENTIALLY UNIFORM 153 =F
WITHIN & SZCTOR, 3UT ARE THE SAME FROM SECTCR TO SECTOR, CUNTGUIS

OF DISPLACEMENTS U, V, AND W ARE PLOTTED FOR A4 TYPICAL SECTORs = =

WHEN DISPLACEMENTS VARY CIRCUMFERENTIALLY WITHIN THE SECTOR
AS WELL AS FORM SECTOR TQ SECTCR, CONTOURS OF DISPLACEMENTS g
ARE PLOTTED FOR THE SECTORS FJOF WHICH SOLUTION MAS BEEN REQUEQ?ED.

:—1‘

il

i

S TRINGERS € INTERMEDTI AT EE S TR INGE l S-
EEes
WHEN THE DISPLACEMENTS DO NIT VARY FROM SECTOR TO SECTOR, .
U AND Wy THE MERIDIONAL AND THE NO2MAL DISPLACEMENTS, iz =
RESPECTIVELYy OF THE TrI STRINGEZRS AND INTEOMEDIATE STRINGERS %
ARE PLOTTED VERSUS THIEZR MERIDIONAL COORDINATE XI, IN A : §f;ﬂ§g
2=-DIMENSIONAL GRAPH, =07 & TYPICAL SECTOR,
IF AOWEVER, THE ODISPLACEMENTS 00 NOT VARY FROM SECTOR YO SECTOR; =
2-DIMENSIONAL GRAPHS OF Uy Vy AOND Wy THF MZRIDIONAL, THE
CIRCUMFERENTIAL ANC THE NORMAL DISPLACEMENTS, RESPECTIVELY, g;
ARE PLOTTED VERSUS THE MERIDIONAL CCOROINATE, FOR ALL SECTORS
FOR WHICH SOLUTICN HAS SBSEEN REQUESTEC. = j;
RINGS £ INTERMEDIATE E RINGS. ;j;ﬁjg
WHEN THE DISPLACEMENTS DT NCT VARY CIRCUMFERENTIALLY, NO PLOY : ¢ =

1S PRODUCED FCR RINGS AND INTZRMEDIATE RINGS.
WHEN THE DISPLACEMENTS WITAIN A SECTOR DO VARY CIRCUMFERENTIALLY,
BUT THE CISPLACEMENTS OF ALL 3ECTDRS ARE THE SAME, 2-DIMENSIONAL
GRAPHS OF V AND W, THE CIRCUMFERENTIAL AND NORMAL DISPLACEMENTS;
RESPECTIVELY, ARE PLOTTEZ VERSUS £Ta, THE CIRCUMFERENTIAL
COORCINATE, FOR ONLY A TYPICAL SECTOR,. i=3$==
WHEN THE DISPLACEMENTS VARY CIRCUMFERENTIALLY WITHIN A SECTOR

AS WELL A3 FRCM SECTOR 7O SECTCR, CONTODURS OF NODAL DISPLACEMENTS
Us Vs AND W CMERIDIOINAL, CIRCUMFERSENTIAL, AND NORMAL,

RESPECTIVELY) ARE PLOTTED FOR aLL SECTORS FOR WHICH SOLUTION HAS ¢
BEEN REQUESTED,

1

THE “SCIENTIFIC GRAPHICS SYSTEM®, SDG, IS UTILIZED S
AERE TO PLOT Tre CURVES AND CCNTOURS. THIS SOFTWARE _

HAS BEEN DEVELOPED AT “NCAR”’, “NATIONAL CENTER FOR EEE

ATMOSPHERIC RESEARCH®, IN 30ULDSR CCLORADD. 14t 4

B

CALL PLYDIS COSKF1l, ILOCA, LCNLZ» LINSL, ¥NDSH, MELSH, B3 |

i53- 5

1331 -9

W e
il



MM

m

EN

3366
3367
3368
3365

3370

3371
3372
3313
3374
3375
3378
3377
3378
3379
3380
3381
33a2
3383
3384
3385
3386
3387
3388
3389
3390
3391
3392
3393
3394
3395
3394
3397
3398
3399
3400
3401
3402
3403
3404
3405
3408
2407
3408
2409
3410
3511
3412
3413
2414

3415

3416

#* %

450

OO0 0 OO0N00

O
®
H
L

Caesesx
Cooase

Cogten
Caaxae
Copaeie
Cxetete
Capnmse
Caetexs
Caxx
CHin
iz
Cmes
C s
C sk
Chuxk
C i

Coaptee
Cdesen
C oo
Caxnz
Cpaxss
Cuns
Cowam
C &k
Cxex
Cddex

L JE Bk K B S B

* la | o Y 'r"-T“
3

;

MELSRy MIMSRy MSLISR, MELRNy MIMRN, MELIRN, MRWND, MLDCA, iS
MINSLy NSECT, NNDOSH, NZLSH, NASCT, NACNT, NSTRN, NELSR, NTFSRe
NIMSR, NELISRy NTFISRs NRING, NELRNy NTFRN, NIMRN, NELIRN,
NTFIRN, NRWNDy NRWELy NDE3Cy STRTYP, SLRAC, SYMLD, NDOSH,
CROCLs CRDMC,s NODSRe NODISRy NUIMSR, NODRNy NRNGEL, NOODIRNS
NOIMRNy SLVSCs NOZX1, NDZEX2, NOORD, 20WSHy NDJNC, TRFST,
CORLD, KSECT)

IF PLOTTING OF THE GENERALIZED STRESSES HAS NOT BEEN REQUESTED,
SKIP. : £

I# (PLSTS « NE o “YES®) GO 7O 550

PLOT THE GENERALIZED STRESSES FOR THE SHELL, STRINGER,
INTERMEDIATE STRINGERS,y RINGSy AND THE INTERMEDIATE
RINGS.

&Rt L L.

WHEN THE GENERALIZED STRESSES 4RE UNIFORM CIRCUMFERENTIALLY
WITHIN a4 SECTORy ONLY TAE MERIDICONAL AND CIRCUMFERENTIAL
PRINCIPAL STRESSES AND THEZ MERIODIONAL AND CIRCUMFERENTIAL
MOMENTS OF THE SHELL MID-SURFACEZ, ARE PLOTTED IN A
2-DIMENSIONAL GRAPH, VERSUS THEZ MERIDIONAL COORDINATE, XI

IN THIS CASEs THE SHEAR STRESS AND THE TWIST ARE ZEROD, ‘V‘?YHREIE.

WHEN THE GENERALIZED MODE SHAPES ARE NOT CIRCUMFERENTIALLY = &
UNIFORM WITHIN A SECTIR, 3UT AKE THE SAME FROM SECTOR TO SECTOR,
CONTOURS OF THE 4 GENERALIZED STRESSES ARE PLOTTED FOR A ]
TYPICAL SECTCR.

WHEN THE GENERALIZED STRESSES VARY CIRCUMFERENTIALLY WITHIN = =

A SECTOR, AS MWELL AS FORM SELTOR TO SECTOR, CONTOURS OF
THE 6 GENERALIZED MODE SHAPES ARE PLOTTED FOR THE SECTORS FOR
FOR WHICH SOLUTION HAS 2€EN REQUESTEC.

STRINGERS & INTERMEIIIATE STRINGE R S

WHEN THE GENSRALIZED STRESSES DO NOY VARY FROM SECTOR TO SEC‘GR.
SIGMA=-X1 AND M=ETA THE MERIDIONAL STRESS AND MOMENT, :
RESPECTIVELYs OF THZ THE STRINGEZRS AND INTERMEDIATE STRINGERS
ARE PLOTTED VERSUS THIER MERIDIONAL COCRDINATE XI, IN A
2~-DIMENSIONAL GRAPH, =08 & TYPICAL SECTCR,

IF HOWEVER, THE MODE SHAP:ZS DO VARY WITHIN THE SECTOR AND EIS

FROM SECTOR TO SECTOR 2-CIMENSIONAL GRAPHS OF SIGMA=XIy M=XI,
M=ZETAy AND T THE MERIDIONAL STRESS AND THE IN-PLANE AND

QUT=-0F=PLANE MOMENTS AND TWIST, REZSPECTIVELY ARE PLOTTED FOR ﬂLL
SECTORS FOR WHICH SOLUTIOCN HAS SEEN REQUESTED. &= -
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I

3417

3418

3415

. 3420

T T

"re

i)

3421
3422
34623
3424
3625
3425
2427
34625
3429
3430
3421
3432
3433
3434
3435
3435
3637
3438
3433
2440
2441
3442
3443
2444
3445
3445
3447
3445
3449
2450
3451
3452
3453
3454
3455
34556
2457
3458
3459
3460
24561
3462
34563
3464
3465
3466
3447

Caesex
Cacex
Caeme
o
(83733
Cosese
Cosse
Caxx
Coedae
Caedesk
Cesnxe
Caix

s BshalalesNalalal

550

0O oOoooo0o0o
# %

Caxn
Ck%
Cdese s
Comes

OO0 o

4+ 4+ + 4+ + 4

RINGS & I NTERMEDTIATE R ING S,

WHEN THE GENERALIZED STRESSES 00 NOT VARY CIRCUMFERENTIALLY,
NC PLOT IS PRCDUCED FOR RINGS ANC INTERMEDIATE RINGS. 8% 5
WREN THE GENERALIZIED STRESSES WITHIN A SECTOR DO VARY

CIRCUMFERENTIALLYy 3UT THE GENERALIZED STRESSES OF ALL SECTDRS

ARE TnZ SAME, GRAPHS OF SIGMA-FTA AND M-XI, THE AXIAL STRESS
AND THE IN-PLANE MCMENT, RESPECTIVELY, ARE PLOTTED VERSUS
ETAy THE CIRCUMFZRENTIAL CIOORDINATE,.

WHEN THE GENERALIZED STRESSES ARF NOT UNIFORM WITHIN A SECTOR =

AND VARY FORM SECTOR TO SECTOR, 2-IIMENSIINAL PLOTS OF EACH OF

YHE FOUR GENERALIZED STRESSES ARE PRODUCED FOR EACH RING AND |
INTERMEDIATE RING, FOR ALL SECTOKS FOR WHICH SOLUTION HAS BEEN
REQUESTED. :

THE °SCIENTIFIC GRAPHICS SYSTEM®, SDG, IS UTILIZED
HERE TO PLCT THE CURVES AND CONTQURS., THIS SCFTWARE
HAS 3EEN DEVELCPED AT “NCAR®, “NATIONAL CENTER FOR
ATMOSPHERIC RESZARCH®y IN 3CULDER CCOLORADO.

CALL PLTSTS (OSKF1ls ILOCA, LCNLDC, LZNSL, MGAUS, MNDSH,
MELSH, MZLSR, MIMSR, MELISR, MELQN, MIMRN, MELIRN, MARWND, §:
MLOCA, MINSL,y NSECT, NGAUS, NMDSHe NELSHy NSTSSH, NSTRN, NELSR
NSTS3Rs NIMSRs NELISR, NSTSIS, NRING, NELRN, =F3
NSTSRNy NIMRN,y NELIKNy NSTS3IR, NRWELy MNACNT, STERTYP, SYMLD,

: -

CROCL, CROMC, NOOSHy NODSRye NODISR, NDIMSRy NODRNy NRNGEL, =

Bl

LTI

atlal

NODIRNy NDIMRNy SLVSCy NDZX1, NOEX2y NCJINCy RCWSHy GUSTR, GUSCLy
Xy BRHSy KSECT, STRES) $=s

IF PLOTTING OF THE MCDE SHAPES A4S NOT EEEN REQUESTED, OR THE
CURRENT SOLUTION IS DUE TO DZAD LOAD, SKIP, !

« OR . SLOLD . 50 . 3MYES) GO TO 650

L

IF CPLMSP o NE o “YE
SYMLD = . FALSE .

PLOT THE ODZFORMELD SHAPZ JF THT STRUCTURS (IN SCLID LINES)

ALONG WITH THEZ UNDEFORMED DRIGINAL SHAPE (IN DASH LINES)e = |

NOTEZ2 THIS RCUTINE ONLY PLOTS THE ODEFORMEC SHAPES OF
THE STIFFENERS AND D00e5 NOT CONSIDER THE PRESENCE CF THE SHEL

£
il

MDDE S HAa®ES

e
whjan

o

LT

wild

ith






T T HERE TO PLOT THE CURVES AND CONTOURS. THIS SOFTWARE
HAS BEEN DEVELDPED AT “NCAR”®, “NATIONAL CENTER FOR
ATMOSPHERIC RESEARCH®, IN SCULOSR COLORADO,

L CALL PLTDIS (DSKF1, ILOCA, LCNLD, LINSL, MNDSH, MELSH, ]
E3525 + MELSRy, MIMSR, MELISRy MELRNs MIMRN, MELIRN, MRWND, MLDCA,
3526 4 MINSLy NSECT, NNDSH, NELSH, NMSND, NMSCT, NSTRN, NELSR, NTFSRy
- 3527 4 NIMSR, NELISR, NTFISRy NRINGs NELRNy NTFRN, NIMRN, NELIRN, =&
3528 + NTEIRN, NRWNDjy “BWEL, NOFSC, STRTYP, SLRAC, SYMLD, NODSH,
C 3529 + CRDCL, CRDMC, NODSR, NODISR, NDIMSR, NODRN, NRNGEL, NODIRNy I =
3530 + NDIMRN, SLVSCy NDEX1s ND:ZX2y NOORD,y ROWSHy NDJNCy TREST,
=352 + CORLD, KSECT) s
353z C | SRl
-~ 3533 C LiEES
3534 C sl
=131 358 -y S =
3536 Cas#% CALLING ~ F L U S % “ FORCES “ N C & R ° YO COMPLETE THE LAST
- 3537 Cxss  PLOT. B
3538 C 1.
© 3539 650 CALL FLUSH
3540 RETURN
=541 END
3542 C

i

(TR

m e o






{
#
|
W

Co%= THIS SUBRIUTINE CONTAINS THE MAXIMUM OF THE DIMENSIONS OF
Coieds  VARIABLES. 3:¥%¥1_

SUBROUTINE MAXIMS (JNOSHy J5eCTy JRWNDs JELSMy JINSH, J”TSHr_Iiigéi

+ JSTRN, JNDSR, JELSR, JUMTSR, JIMSR, JELISR, JMTISR,
*+ JRINGy JNDRNy JELRNy JMTRNy JIMRM, JELIRN, JMTIRN,
+ JGAUS, JCRSM, JPRDS, JLDCA, JCNL2, JDTLD, JAULD, !
+ JINTPy JINSLsy JICONs MNOSHy MELSHy MINSHy MMTSHy MSTRN, MND
+ MELSR, MMTSR, MIMSR, MELISR, MMTISR, MRING; MNORN, MELRN,
- % MIMRNy MELIRNy MMTIRNy MGAUS,y MGUSSy MINTPy MINSL, MICON, MS
4+ MRWNC, MRWEL, MCRSM™, MPRDS, MLDCA, MCNLD, MDTLD, MAULD, MD
3 + MDFIF) $
c
: MNDSH = JNOSH
MOFSC = 12 = MNOSH
MSECT = JSECT
MRWND = JRWND
MRWEL = MRWND - 1
TUTTUMELSH = JELSH
~ o~ MINSH = JINSH
- TMMYSH = JMTSH
= MSTRN = JSTRN
1 T MNDSR = JNDSR
s MELSR = JELSR
r MMTSR = JMTSR
= MIMSR = JIMSR

MELISR = JELISR
MMTISR = JMTISR
MRING = JRING

MNORN = JNDRN LN
MELRN = JELRN s

MMTRN = JMTKN 3 '
MIMBN = JIMRN P IS
=——= ﬂi&lﬂﬂ = JELXRN s -
S MMTIRN = JMTIRN BE =:3= -
e MGAUS = JGAUS T :zz Te=
© WGUSS = MGAUS FIEES
MCRSM = JCRSM |
2 MPROS = JPRDIS
.o MLDCA = JLODCA
; MCNLD = JCNLD
- MOTLD = JOTLD
: MAULD = JAULD
MINTP & JINTP
MINSL = JINSL




e e e e e e = : —— =

- --;- J1CON
NOPND = 12

= S8t -+ MOFIF = NOFND % MRWND ;-
=== 8§ RETURN S T =
- 56 END Ri s |
57: € =
58 C :;;fEi
59: ¢ f3r==
60 c --------------------------------------------- - - -~ - _-"":'-g
61- G fag—=
62 € ,q_;fi
63 C = = 3
64 Coax THIS SUSRJUTINEG TEFINES THE VALUES REPOSSEINTING THE DISK FILE &
= %5 Cwxwsx UNIT NUMBERS, Biis |
&6 € i
=—43 SUBROUTINE DSKSIL (DSKF1, DSKF2, IN, 12) ==
68 C 1 1
65 = INTEGER DSKF1l, OSKEZ E—
70 C HH :3:.
71 . DSKF1l = 1 *gl*-;
12 OSKF2 = 2 o
73 IN = 5 .
T4 I = & ™1 ﬁ
= Ts G :-f = ]
16 RETURN 5=
33 END 1 -3Ef==
(1 B 1 ! é%f
= 7% & t3=2
80 ¢ R
= -6 tzp
Fog2 ¢ =
83 ¢ 18=%
84 Cxk% THIS SUSRIUTINE READS AND WRITES AND PLOTS AND CHECKS b &
85 Cxuyp - THE INPUT DATA,. sEx oo
e Sl
=—8F =- SUBRGUTING OESCRICMNDSM,y MILShy MRAND,y MRWELy MMTSH, MELSR.r =3
g8 + MMTS2, MIMS2, MELIS2, MMTISR, MELRN, MMTRN, MIMRN, MELIRN,
=R * MMTIRNs MCRSMs MPKDSy MLOCAs MCNLDs MOTLDs MINTPs NODSH, uzo?g? :i
S0 + DNSSHy PRPSMH, MTSHML, SHMTI, S4MTJ, TS~EL, TEMSH,
91 * ROWSH, ORIGN, NOODSR, MTOSR, ECNSRs TRMSR, PRPSR, MTSTR, "°°‘§%§i
- 92 + NDIMSR, MTOISR, FCISR, TMISR2, °0PISR, MTISR, NODRN, MTDRN, ui
- 93 * TRMRNy PRPRN, MTRNGy NRNGELy NCDIRNs NDIMRN, MTUIRN, vsurau;
94 # TMIRN, PRPIRNM, MTIAN, KIRNEL, CRCCL, CRDOMC, ALPHA)
95 = ===
35 INTEGER STRTYP, AUTGN, SLDSP, SLR2C, SLSTS, 8= amn
9T + SLBKL, PLSTR, PLMSH, PLDSP, PLSTS, PLMSP, =
98 + ROWSHCMRWNI2), SHYMTIC1), SYMTJC1), ERORP2C20) 1
= 0% c ;z'-;%
100 REAL ORIGNCMRWEL,1)y AMTRX(S5,5), CIAEFF(S) ’*# =y
== I
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—330Q
131
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CHECK THE CONTRZL TATA aND PRIMNT ERROE MESSAGES IFf ANY 3

CCMMCN  STRTYP, 2UTS5N, SLDSP, SLRAC, SLSTS, SL8KL,

L3dLY = 0

INITIALIZE ERCRZ TO 2
CALL SETIRD (20, 1y ERORZ)

READ AND MRITS THE CONTRCL DATa,

CALL CONTRL (IN, IO, ST2TYP, AUTGH, SLOSP, SLRAC,

SION NODSHCMELSH1)y MTOSH(L1)s MTSHLC1), TSHELC1),
IRMSH(1), CNSSH(1), PROSH(MMTSH,I1), :
COSRCMELSRy1)s MTOSR(1)y cCNSRC1)y TRMSRC1)y PEPSR(HHTSR:I.):E}:E
MYSTR(1), NOCISRCMELISR,1)y NDIMSR(MIMSR,1), MTDISR(1) : %
sECISRC1)y TMISR(1)y PRPISR(MMTISR,1)y MTISR(1), NODRN(MELR#st?r?s
MYDRNC1), PSNRNCMMTRN,1), TOMRNC1), PRPRN(MMTRN,1), MTRNGC(1D)sy
NRNGELCL),  iH ==
NODIRNCMELIRN 1)y NCOIMBN(MIMRN,1)s MTDIRNC1), nsﬂlnu(nntxﬂn.ffi'-
TMIRNCL)y PRPIRN(MMTIAN)1)y MTIRNC1)y NIRNEL(C1),
CROCLCMNDSH 1), CRDMCCMNDSH,1), aLPHA(3)

"
rree
+4

W
L
seed

sad by
i
s

PLSTRy FLMSHy PLESP, PLSTS, PLMSP,

MSECT, MSTRMN, MNDSR, MRING, MNDOPRN, MGAUS,

NNDShHy NELSHy NMTSH, NSTxN, NNDSR, NELSRs NMTSR, NIMSR,
NMTIRNy NBRACy NELBRy NMTS3R, NGAUS, NCRSM, NPROS, NLDCA,
NSECT, NRIWEL, NRWND, NOFND, NNDE1, NNDEZ2, NNOIN,

NNTSre NITSHy MNGTIHy NSTSSey NAKCTNDy NNTSRy NBTSRs NGTSRe - -
NTESR, NSTSSR, NNTISR, NBTISR, NGTISR, NTEFISR, NSTSIS, NNTRN,;
NETRNs NGTRNy NTFRNy NSTSRNy NNTIRN, NBTIRN, NGTIRN, NTFIRNs: &
NSTSIR’ NTFER, NSTSERy NKRWPDy NCURLD, NFRCN, NABIF, N‘SCT' Y
NACNTy NF2SCy NRACTy NKSCTy NKSCFy NKKGWy NKGSCy NKGICL, NKBN
NKGANI, NEGVC, NKKGCNy NKGCMN, NMSND, NMSCT, NMDEE, NKGOEE,
CSOCLy C30MCy MCCODy ILDCAy LCONLCy LOTLDy LINTP,y LINSL,
DSKF1, CSKF2, IN, I0T,

FEEDy RTUPy R34Sy nlTz, =LEV, TRATAD, —
TITLEC30), LOCASC2Z), NCNLDC2)y NDTLEC2)e NINTPC2)y NINSLC2)y
RATICC14)y INDEXC#S5)y NOCONC200)y NTZEX1(C15)9 NDEX2C15)
NOINTC15), INTND(C25), WKAREA(C192)
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Mo el
ity

| {ani i)

Pededy rrresy

SLSTSy SLERLs PLSTR, PLM3H, PLDOSPy PLSTS, PLMSP,

NOFND,y NOFEX, NNDSH, NELSH, NMTSH,; NNCLR, NSTRN, NNOSR,
NELSRy NMTSR, NIMSR, NELISR, NMTISR, NRING, NNDRNy NELRN,
NMTRN, NIMRN, NELIRN, NMTIRN, NERAC, NELBRy NMTRBR, NGAUS,
NCRSMy NPROS,y NLOCA, NSECT, NRWEL. NRWNDy TITLE, LDCAS, NCNLD3:
NODTLO e NINTP, NINSL) =T

i
1t

P

o

Bhbeey

S

L

juel
Ll

e
e
pebisa

IE ¥
CALL CHECK]1 (KERRY, MNDSH, M= %4, MMTSH, MELSR, MMTSR, ==
+ MIMSR, MSLISE, MMTISRy MZLRNy MMTRN, MIMRN, MELIRNs MMTIRNg ¢ ==
3 L == .
iH =
et '1:'1
23z - |



it

170
171
172
113
174
175
175
177
178
179
180
121
182
183
184
185
186
187
182
187
190
151
192
193
194
195
196
197
198
199
200
201
202
203

OO0, O0O000
::ﬁ
* 3 -

50
C
Caenen
c

c

c
T0

Ds MRWTLs MCRSMy MPRDOS, MLOCA, MCNLD, MOTLDs MINTP)

« EC « O) GO TO 60

IF (XERR]

Ir AN ERROR HAS SctN OETECTED IN CHECKI CALL ECHO TO ECHO Tﬂﬁ-ai

fﬁ
e

PEMAINDZR OF THE NATA. NOTS THAT ZXECUTION WILL RS ABORTED 37--*
VAX DUE TO ERROR NUM3ER 635, 134
¥
CALL ECHO (IN, I0) §E e -
I® ¢ STRTY? , €90 . THGENERAL ) G2 TO 70 =2= -
F 25 |
FEAD AND WHRITEZ 0aTa ON RCWS 2F ELEMENTSS: T -
CALL ROWSHL CINs IO, MRWND, MRWEL, NNDSH, NRWEL, NNDLR, PR
+ AUTGN, TITLE, NOEX1, SWSH, JRIGN, RATIO, EROR2) EEE ! %35
_; :- :
CALL GECCTA CIN, IO, AUTGMN, NSECT, NRWND, NRWEL, TANFEE, B
¢ SINFEE, FEED, THATAD, TWATAR, ELEV, RTOP, R8AS, HITE, TITLE) i =
IF CNELSH o EQ o 0D 60 T0 75 j33sa
READ AND WRITE MATZRIAL PRIPERTIES e
CALL MTPESH CINyIC,MMTSH, NMTSH,EC022, TITLE s TSHEL, TRUSH, 8
+ONSSHyPRPIM) £31 :55
READ MATERIAL SPECIFICATIONS FOR2 ELEMENTS 3 §§$-?§§
CALL MTSPSH CINsLSHLJISLINSHNE LSH,rxrLE.nrQSH.suan.snnrJ.Ekolt: =
=
GENERATE OR READ NODAL INCIDENCES FQOR F4CH  ELEMENT . sgi_;ié
THEN PRINT THE NDDAL INCTIDENCES FOQ EACY  ELEMENT $E==
ALONG WITH 1TS MATZRIAL DESIGNATION 3 3=
CALL NDINSH (AUTONy INg I0y LINSHMe MRWELs MELSHy e
¢ NRWND, NRWEL, TITLE, MDASH, 4T0SH, SHMTI, SHMTJ, MTSHL, ROWSH) ==
FEi—
FIND ANC PRINT LALL QOF THE NODES CONNECTED 7O A CERTAIN NCDE, ‘E%
CALL NDCNSH CI0, MELSHs N4OSHs KELSHs NOOSH, INDEX, NDCON) =
iH=e

Caxk

15

GENERATE THE CYLINDRICAL AND MERINIONAL-CIRCUMFERENTIAL
COORDINATES OF ALL NODQES AUTOMATICALLY, OR READ THEM DIRECTLY =
THROUGH THE NONAUTOMATIC VERSICM. THEN PRINT THESE COORDINATES.'

Ixz

=

8| mlﬂ

o i

CALL CORDS3A C(INs IDy PLSTR, STRTYPy AUTGNy MNDSHe MRWND,
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206

208
209
210
211
212
213
214
215
216
217
218
219
2290
221
222
223
224
225
226
221
226
229
230
231
232
233
23%
235
236
237
238
239
240
261
262
243
244
245
246
247
245
243
250
251
252
253
254

4

i
i
i

IFCNSTRN.ES.0.2ND, NIMSR.Z2Q.,0) GC TO 200

== -

e MRWELs NRWNDs NRWELs NNDSHy NND31, RTOP, R8ASy HITEsy ELEV, - 1ot o

! # THMATAD, TITLE, ROuWSH, ORIGHN, RATION, NDEX1, NDEX2, WKAREA, lﬂf! ’

: + COEFFy CRDCLy CROMC, ALPHA) : gf;jég
¢ Fa s
Cxxx  THIS SUBROUTINE IDENTIFIES EXTERNAL AND INTERNAL NODES OF A = =
Cuxaxx TYPICAL SEZCTOP AND PRINTS THEw, g ¥
c ==

CALL EXINND (IO ,MNDOSH, NNOSHM,MNCEL  ANCEZ NNDOIN,CRDCL,NDEX1,NDEX2Z;
* NDINT, INTND) e |
c =
Cx IF NO STRINGERS AND N2 INTERM, STRINGERS EXIST SKIP 3 =
Cxsx READ MATERIAL PROPERTIES FOR STRINGERS AND INTERMENIATE —=H
Camtelx STRINGERS AND PRINT THEM OINLY S0R STRINGERS T
C 3 4

CALL MTPRSR C(INy ITsy MMTSRy MMTISR, NSTRN, NMTSR, NIMSR, NMTISRs =

4+ ERORZ2y TITLE, ECNSRy TRMSE, PRPSR, MTOSRy ECISRy TMISR, PRPISRy

+ MTDISR) 324

c T =F _‘g
Cx IF NO STRINGERS EXIST SKIP g

IFCNSTRN.SQ.0) GO T2 100 F ===
c ==
Cumy GENERATE OR PEAD NODAL INCINENCES ,GEOMFTRIC DATA AND HlTE!IIE =
Camis SPECIFICATION FUR STAINGER ZLEMENTS AND THEN PRINTS NODAL -
Ceetrtr  TINCIDENCES ALONS WITH MATERIAL DSSIGNATICN FOR SACH ELEMENT e
c e
CALL NDINSR CIN, IC, STRTYP, AUTGN, LELSR, MELS®R, e
+ NELS3R, N:‘TSR' Npl‘hgu "JRH:L. TITL=Z, NDEX1, NDEX2s NODDSR» T |
+ MTOSR, MTSTR) P 2=
b = |
Cx&% PRINT NDODAL CCORDIMNATES FOR STRINGERS 12 =
c $ |
CALL PTCRSR C(INGIDyMNDSH MELSRYyNELSRyCROCLyCRDMC,NODSR) i
c . |
Cxe IF NC INTERM, STRINGERS EZXIST SKI® @ R
100 IFCNIMSR,E5.0) 62 TO 200 tad o
c T =% =
CHud WRITE MATERIAL SPECIFICATIONS FOR INTERMEDIATE STRINGERS 8 j=t=ctn
c PSS T ]
CALL PPRISR (I0y MMTISRy NMTISR, MTOISR, ECISRy TMISR, HEse
¢ PRPISR, MTISR) Foi= |
¢ Esges |
Coxx GENERATE 22 PFEAD NODAL INCINENCES AND MATERIAL SPECIFICATIONS -
Cox® FOR INTERM. STRINGERS AND THEN PRINT THEN FOR EACH ELEMENT § +or —um
c . : - = |
CALL NOIISR CIN, IO, STRTYP, AUTGNy LELISR, MNDSH, 2
+ MIMSR, MELISR, NE Lse. NIMSR, NZLISR, NMTISR, NRWNO, TITLE, CRDCL;*"
+ NDEX1, NOEX2y INTND, MTISR, MTOISR, NDIMSR, NODISR) S |
c A - —m—
Cxss PRIINT NODAL CCORDIMATES FOR INTERM, STRINGERS @ E e |
1 - 3 = |
T

"
i
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306
307
308
309
310
511
312
313
214
4
316
317
316
315
320
321
322
323
324
azs
326
327
328
3z2s
330
3n
332
333
334
335
336
337
338
339
34U
361
342
343
344
345
e
347
LY.
349
350
351
352
353
354
355

56

Chuls  READ AND WRITEZ MATERIAL PROPERTIES FOR BRACES.

CALL MTPRBR (INy ID, MMTIAN, NMTIRN, NMTBR, TITLE,
+ MTODIRNy, PSNIRN, TMIRN, PRPIRN)

£
Ch%k® GENERATE 232 QEAT SEDMETRIC NATA, NODAL INCIODENCES AND MATERTAL
Coese SPECIFICATIDMS FLUR BRACES AND SRINT TmzM ELEMENT BY ELEMENT.
i
CALL NODINSR CAUTGONy INy IOy LELEBKky MIMRMN,y MELIRN,
+ NELIRN, NIMRN, NMTIRN, NBERAC, NELS2R, NMT3R, TITLE, NDIMRN,
+ NODIRNy NIZNELy MTIRN, MTOIRN)
C
425 IF (NELSH « Nz <« Q) 50 TC <430
C
Cheds GENERATE VECTORS IANDEX AND NOICOHe WHICH TOGETHER GIVE THE NDDES
Chixr CONNECTED TO A SIVEN NADE, NOTE THAT THIS SUBSROUTINE IS USED
Ckxxe IN LIEU CF SUSROUTINE NDICNSHs WHEN NC ELEMENTS EXIST.
C
CALL NODCN3T (IO0y McLSRy MELISRy MELRNy MELIRN, NNDSH,
+4 NELSR, NELISR, MNELRN, MELI®N, NELB2R, NRWND, NODSR, NDDISR,
+ NOORNgs NODIRNy NODEX1s NDEXZ2ys INTNDs INDEXs NDCON)
¥

Charlt (CHECK DATA GENERATED OR READ VERSUS KNOWN DATA @
C
@30 CALL CHECKZ (I0KERRZ¢AUTGONJLSHLISLELSRJLELISR)LELRNSLELIRN,
¢ MNDSH MELSHyNNDSH NFLSHyNYTSHyNSTRNyNELSR+NMTSRSNIMSR,NELISR
+ NMTISRoNRINGaNELRNgNMTRNSNIMRN G NELIRNGyNMTIRNJNRWEL,ERDR2,
¢ CROCLyNCOSH)

C
IF (KERRZ . 0 . O) 530 TO 450
c
Ca%xs IF AN ERROR HAS 3EEN DETECTED SY CHECKZ THEN CALL ECHO TO
Cauiss RecAD AND WRITE THE REMAINDER OF THE INPUT DATA. NOTE EXECUTION
Cxmm WILL 2€ R3ROTED 8Y VAX DUE TOD FRRDR NUMBER 45,
c
CaLL eCHOCINGIC)
c
c
¢
¢
%50 RETUEN
EnOD
C
c
¢
¢ s RS S S S S SR S
€
C
¢
Ck¥k%k THIS SUSRR2UTINE READS AND WRITSS THE CONTROL DATA
c




401
402
4032
404
%05
406

“407

Wy

10

20 FORMAT (1HOs T110,
+ 1H0, T110, “DATE :°,

v

+ + F + 4

+

+

i
T I

SUBROUTINE CONTRL (INs IO, STRTYP, AUTGN, SLDSP, SLRAC,

SLSTSy SLEBKL. PL3TR,
NDFND, NOFEX, NNDSH,
NELSRy NMTSR, NIWSR,

’L“SH' PLDSP' pLSTSO PL"SP.
NELSH, NMTSH, NNDLR, NSTRN, NNDSR,
NELISRy NMTISR, NRING, NNDRN, NELRN,

NMTRNy NIMRN, NELIRMs NMTIRMy NSRAC, NELER, NMTER, NGAUS,

NCRSM, NORCS, NLOCA,
NDTLDs NINTP, NINSL)

MSECT, MN24SL, NRWND, TITLE, LOCAS, NCNLD,

CHARACTER%*10y CSTRTP, CAUTGN, CSLDSP, CSLRAC, CSLSTS,
CSLBKL, CPLSTR, CPLMSH, CPLDSP, CPLSTS, CPLMNSP

INTEGER STRTYP, AUTGN, SLDSP, SLRAC, SLSTS, SLBKL, PLSTR,

PLMSny PLCSPy PLSTS,

DIMENSION TITLECZ),

+ NZINSL(1)D

READCINGZ100) TITLE

WRITECIC,10)

PLM3SP

LOCASC1), NCHNLDC1)y NDTLODC(1), NINTP(1),

(O m‘ " -
|

i

T

= 4
=3

FURMATCLIHL /LI L1171 722727777 TH2y "0 U T P U T22/44)

CALL TImz(T)
CALL DATE(CD)

WRITECID,20) Ty ©

WRITE(TIO,30) TITLE

TYIME 1%, 33X, 1A107 T110s “KKKK® 2/

3Xs 18107 Y110, °*KKKK*Z72/7)

FORMAT (148, /77777 55Xy 2810 72/)

READ C(IN»30) CTITLECID)9I=1,16)

FORMAT(®A10/8A10)
FORMATC(RA10)

READ CONTROL CATS

READ%®, CSTRTP, CAUTGN, CSLOSPy CSLRAC, CSLSTS, CSLBKL

READ(CIN,1I00) TITLE

READ%:, CPLSTR, CPLMSH, CPLDSP, CPLSTS, CPLMSP

READCINGLI00) TITLE
READ®, NSZCTe NNCSH,
READCINS,100) TITLE
READ%y HNELSHs HNMTSY,
READCINS10C) TITLE
READ®, NSTRN, NMNDSE,
READCINSIQ00) TITLE
READ%®,y WIMSR,y NELISR,
READCINLZ109) TITLE

NNOLRy “RWND
NGAUS
NZLSR, NMTSR

NMTISEK
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e
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mr Tl

™

459
460
461
4862
4483
&E4
445
L44
467
4E8
469
470
471
472
473
474
4715
475
77
478
473
480
481
482
B3
“5a
&85
486
487
488
489
4990
ezl
492

33
“94

493
495
“917
493
499
500
501
502
503
504
505
505
507
503
509

il ""

"
It
4

(1]
M

It

1R 1 A 1

1R, TTe T4y T389 Ias TT5y 16y T103y 14211/ P 3EE
1?‘0" TTl L fLE“ENTS" 73?' ‘“ﬂTE?I‘LS'! Tﬁgy 171
*GAUSS POINTS /1HDy T1il, I4y T29y 16y TT2s 14 277/ r-g=d
IH0y T7, “STRINGERS®, T33, “*NODES®, T55y “ELEMENTS®y, T100, e
*HATERIALS “/iH0y TSy Iay T38y I4y TT7Qy 14y T101, I4& /2774 = 252
10, TT7, °“INTEQMEDIATE STRINGERS®, T33, “CLEMENTS®, T&9, 1
*MATERIALS“/71HO, T15, 14, T3%, 14y T70s 14 72777 L
1HGy T7y “RINGS®, T28, “NCDES®y TASy “ELEMENTS®, T100, 1
*HMATERIALS“/1M0s Téy L4y T38, I4&,y TT70, 14, T101, 14 227/ $=3
1H0y TT, “INTERMEDIATS ELZMENTS®, T38, “SLEMENTS?, Ts9, It 1
‘MATERIALS /1iHOs T12¢ lay T335e 1%y T70, 16 L2/7

1HD, T7, “SRACES", T38, "ZLEMENTYS®, T69,

“MATERIALS*/1KHOy T12y 14, T39y 14y Y70 14 2/77

1H0y TT7e “"NEW COCROINATES®s T2E, “PRESCRINED DISPLACEMENTS® S,
T69y "LCADING CASES /1m0, Tlly I4y T4Ty 16y, T2, 142/7277) =3

L AR B I BB R CHE B CEL B N R A

IF ( NLDCA + EG¢ « O D GO TO 165

o
il

WRITE=CIG,151)
151 FORMATCIMO0,///77+5Xe"LIADING CASE®,T31,“CONCEN, NODAL LonOS'.Tss.
+“OISTRIBUTED LOAUS"+T81,“TEMPERATURE ZONES“,T1064 “SCLUTION zonli

,,m

£0 1335 ILDCA = 1 4 NLOCA

WRIT=CIC, 132 LOCASCILOCA)y NCALOCILOCA)y NDTLOCILOCA),
+ NINTPCILDCA), NINSLCILDCA)
152 FORMAT (110, SXy I3, T35, I3, T62, I3, TB7y I3, T111, I3/) £3
c - .'. .
155 CONTINUC b

c : =

Ca DETERMINE NCRSMy THZ TOTAL NUMBER OF CCOORDINATE SYSTEMS unIcH;;; =

C* EQUAL T2 THZ NUMAER OF MEW SYSTIMS PLUS THE CYLINDRICAL AND THE

G MERIDIGNAL-CIRCUMFERENTIAL 3YSTEMS, 3 =2 ——ne

c 3= -

1485 NCRSM = MNCARSM + 2 e —

¢ ; =

Cx CCMPUTE NRWELy AND NDFEXe NUM3ER OF ROWS OF ELEMENTS, AND Nun;ia =5

Cx 0F EXTERANAL DEGREIES OF PREEDOM, RESPECTIVELY. -

C $ =
NOEND = 12 =
NRWEL = NRWAND = 1 |
IF CNRUND . 22 . 1) NRWEL = 1 i - |
NOFEX = 2 % NOFNL ® NREAL £33 —_%
RETURN T

c

c

$=4

¢ cemmmcmcc=—— B C & * ¢ ¥« 1 .

c z=3
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1

(e

v
+ whedey
A

I I
SSfs RS = - £
510 C gt
511 C AT %
512 C#us TrlI> SUSROUTINE CHECKS ThZ CONTROL DATA OF PHASE 1 AND S |
§13 C*%xx PRINTS CIAGNDSTICS IF eENY @ o = =
534G F-3gell
515 SUSBROUTINE CHECHN]Y (KERR1, MNDS®, MTLSH, MMTSH, MELSR, MMTSRy = .
516 + MIMSRy MELISEy MMTISRy MELRNy MATANy MIMPMN, MELIRN, MMTIRN,y $23-—o
517 + MRWNDy, MRWEL, MCRSM, MPRDS, MLDCA, MCHNLDy MDTLD, MINTP) S e
518 C 111
519 INTEGER £SFROR1C40)y STRTY?, 2UTGN, SLOSP, SLRAC, SL3TS, SLBKLy =
520 + PL3TRy PLMSmy FLOSPy 50575y PLMEP . =
521 C : S
522 CCMMON STRTYPy AUTGN, SLOSPs SLRAC, SLSTSy SLBKL, : PE
523 + PLSTR, PLMSH, PLDSP, PLSTS, PLM3?, e
a3le - “SECT. BITENy MNISH, MaINcee MNCRN» ¥EAUSy 2= = |
525 + NNDSHy NELSH, NWTSH, MSTRN, NNDSR, NELSR, NMTSE, NIMSR, . =
53246 + NELISR, NMTISARy NRINGy NNURN, WRELRNe NMTRENy NIMRNs NELIRN, zmroowmm
£27 + NMTTIRN, NBRAC, NELBR, NMTER, NGAUS, NCRSM, NPRDS, NLDCA, 3 =
528 + NSECTy NRWELy NRWNDy NIFNDy HNNIEly NMDEZ, NNDIN, e
529 + NNTSHy N3ITSH, NGTSHy MSTSSHe MKCTND, NNTSR, N2TSR, NGTSR, 232 =5
530 + NTFSRs N3TSSRs NNTISR, NBTISR, NGTISR, NTFISR, NSYSIS, unrnu,--;.--;
531 + NBTRN, NGTEN, NTFRN, NSTSRN, NNTIRN, NSTIRN, NGTIRN, NTYFIRN, =
532 + NSTSIRy NTFaky NSTSER2y NKAWPT. NCRLOy NFRCNy NARIF, NASCTy  +ov o
5§33 + MACNT, MFESC, NRACT, NKSCT, NKSC=, NKKGW, NKGSCy NKGICL, NKENIF, —
534 + NKOBNIgy NEGVCy NKXSCNgy NKGCNy NMSNOg NHASCTy NKOEEy NKGOEEy : v
535 + CSOCL, CSOMC, MCCOD, ILODCA, LCNLD, LDTLD, LZNTP, LINSL, A
536 * DSKFls CSKF2y INg 10, 3= g ——m
£37 ¢+ FEED, RTIP, REAS, WITES, SLEV, THATAD, 3=
538 # TITLEC30)y LUCASC2)y KCNLDCZ)s NDTLEC2)) NINTE(2)y NINSLC2)y o
39 # RATIOC14), INDCEX(Ca5), NDCONC200)s NCEX1C15), NOEXZ2C15), g
541 € P
&2 KERRL=V i
543 C P
544 00 80 I =1 5 35 P
£45 80 ERORICI)Y = O e
546 C e
547 C= IF ANY SRR0RS aR® NETECTED , SEY UP FLAGSS EOR THE CORRESPONDING ™
- 548 C= ERKOR MESSAGE @ i = |
549 ¢ =T
550 : IF ( STRTYP o NE . 4HCONE o AND o STRTYP o NE . 6MSPHERE « AND o
551 # STRTYYP o NE . SMELLIPSOID . AND o STRTYP . NE . 10HHYPERSOLOT 3 —
552 + AND o STRTYP o NE o 10MPARABOLOID « AND o STRTYP . NE . e |
553 # SHCYLINCSR o« A% o STRTYP . NE . AHHY3RID . AND . STRYYP . NE .,
556 + THGENERAL ) ERORICL) = 1 = e |
555 C Vi |
5858 IFCAUTONSNEIHYESANDLAUTONJNE L 2HND) ERDRI(2) = 1 TIT—==
557 c 3 . - 2EN
568 IF (SLOSP o NE o 3NTES o 2ND o SLOSP o MF o 2HND AND .  ; =
589 4+ SLRAC o+ NE & 3MYES o« ANT o« SL=AC . NE . 2HNO . AND . T =
560 *—SLSTS o« NE o ZHYES + AND o SLSTS « NE o+ 3HNO o AND . z E
=



ﬂ

i

| W“
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|mFr n

561
562
263
Sé4
565
565
567
568
569
570
571
5§72
§73
574
578
575
5717
578
579
SEQ
581
582
583
S84
585
58¢
587
588
589
590
$91
£92
593
594
5%5
595
597
593
599
800
601
602
603
604
605
605
607
603
603
510
6511

OO0 0

(g

(g o (] ™ (g o (] o (g

Chii OhAE exill oy

3 IN THE FOLLOWING IS

KELSH = 3xNELSH

If CNELSH o NE .

IF (NELSH . LT .

If (NMTSK o LY .

If (NSTRN o LT &

IF (NNDSR « LT &

IF (NELSR « NE o

IF (NMTSR o LT &

IF (NIMSR « LT .

If (NELISR « LT &

CNMTISR « LT &
CNRING o LT o
CNNDRN o LT &
CNELRN o LT .

CNMTRN o« LT

1F

I (

+-SLB8KL - -NE + - 3HYES «
I (PLSTR « NE & IHYE
+ PLMSH .« NE . 2IHYES .
* BLOSP o NE « 3IAYES .
+ PLSTS « NE o 3HYZES .
+ PLMSP o HNE « 3HYES .
IF (NMTIRN « LT o O &
If (NNDSH « LT . 2 &

g w

¢ (NIMINeNBRAC) .

C CNELISN+#NELER) .

CNMTIRNSNMTER)

AND

3 .

AND
AND
AND ,
ARD

ar
2]

(138 ]
L=

ARD

oRr

or

or

IR

AND

Ok

R

ORr

R

a&

LY

LT

-

-

-

o SLEKL «

AND o PLSTR
- DL"SH -
« PLOSF o

PLSTS &
o« PLMSP

- NNTIRN -
NNDSH . 3T

e

o« JF HNLIES

» KELSH o L
NELSH .
N¥TSH .
NSTRN o 6T
NNDSR . 5T

« NELSR « G
NMTSe , GT

NIMSE o OT

« NZLISE .

« NMTISR ,

MRING « GT

NNDRN - I:'IT
MELEN o 6T
MMTRN o GT

0 « OR & (
« 0 « OR &

« 0 « OR ,

NE o 2HND )
£ o« 2HND o
2HND .
ZHND .
24ND .
24ND )

« N
NE .
NE
NE .
NE .

GT
IN AN ELEMENTY

T e
« MELSH)
e MMTSH)
« MSTRN)
« MNDSR)

T «
o MMTSR)
» MIMSR)

6T . MELISR)

5T o« MMTISR)

« MRING)

« MNDRN)

e« MELRN)

« MMTREN)

NIMRN+NSRAC) .

AND

END .

AND .

AND .
ERDR1(G) =

GT

£R0R1(21) =

(NELIRN+NEL3R)

GT

EROR1(C22) =

(NMATIRNSNMTER)

6T

ERCOR1(3) =

ERQOR1(B) = 1

EROR1(3) = 1

EROR1(11) = 1
NRWEL) EROR1(12) = 1
EROR1(C13) = 1
EROR1IC14) = 1 ¢
EROR1(C15) = §
ERORIC16) = 1
ERCR1C17) = 1 I
EROR1(C13) = 1
EROR1I(19) = 1

ZROR1CZ0) = 1

1

-

MIMRN )

i
il S

ke
" s
i

Adbld

LN

« MMTIRN) ERORI(C5) = 1.+
« MNDSH) ERQOR1(S) = 1

NNDSH) ERORI(T) = 1

lhukid

EROR1(10) = 1 3=—=

| I

HIHT Litil

ey Ty

Abiddd

{111 T I 11T 1 11

kg

MELTRN -

[, SRR

HMTIRN -

thith

Lttt

Meiy
[THH
b
i



622
422
626
525
626
627
626
629
&30
631
432
633
634
§35
636
637
638
633
&40
841
s&2
§43
Seb
545
S546
547
643
6459
650
6§51
652
653
654
855
854
657
658
659
660
6561
6§62

- - *
”
IF (NCRSM o LT « 0 o« OR o« KRLCRSM .
c
IF (NPRDS « LT o 0 o OR o« MNPRIS .
(>
IF (NGAUS o+ LT o 0 « 38 o NGAUS &
c
IF (NSECT ke e R . ﬁSECT -
c
IF CNSTRN « LT « ©)
C
IF C(NRWcl o ST o MRWEL)
€
IF CNRWND & 20 o 1 o 4AND o« STRTYP
*
c
IF (NIMSR , NI . C© . AND , MNRuND
<
I# (NIMRN . ME « 0 . AND . NERWND
C
IF (NPRDS o ES « 0 )
C
c
IF (NELSH o EG o 0 o AND « NELSK
+ EQ « 0 . AND o« NELRN . EQ . 0 .
+ ANO « NELER o« EQ « 0)
e
C
IF CNNDSH . FQ + 0 « AND . NNDSR
* EQ - 0 - “ND - hHURN - EQ - 0
+ AND , NNDER ., EQ . 0)
c
IF (NMTSH . S0 « 0O « AND . NMTSR
+ Ed o 0 o ANG o NMTRN o Ed o 0 »
6
%
¢
C#% PRINT AN ERROR MESSAGE IF a FLAG
<
BO 150 IERR1 = 1 , 35
C
IF CERORICIERRL) . E€C &« C)
c
IF CKERRI « 53 « 1)
¢
KERR1 = 1
¢
WRITE(CIO,30)

= S E

ERORIC23) = 1 . ..

5T o MCRSM) EROR1I(24) = 1 -
57 « MPROS) EROR1(2S5) = 1
3T o MGAUS) EROR1(26) = 1 i+
5T o MSECT) ERORIC27) = 1 : g
EROR1C28) = 1
EROR1(23) = 1

e NE o SMCYLINDER)
ERDOR1IC30) = 1

« LT . 2) ERDOR1I(31) = 1}

e« LT o 2) ERDR1C32) =1
EFCOR1(33) = 1

e« EQG o« 0 o AND « NELISR .

AND ., NELIRN . EQ . 0 & Be
EROR1(24) = 1 =

« EQC « 0 . AND . NNDISR ,
AND o NNDIRN o EQ o 0 o 2o
FROR1C35) = 1 3

.« EC o 0 o AND o NMTISR ., = =+
AND o« NMTIRN o EQ « O » b
EROR1(C28) = 1 %3

-
-

4AS SEEN SET UP I.E, ERORIC D=1

60 TO 150

G0 TO 99 &

90 FORMATC(IMLT&T7, “*x=nk ERRIR MESSAGES FROM CHECKY § sxikxk"///7)

LT 1

Aldbii

IFHE S

o n.‘ul

Abdidd

iy

Sl N

HTET 1 11

Al

| 1Y 111 T 1 1S T 1111 N 1111 [ 11 ;md 1V 1111

{Hii

febss



863 C

564
665
6566
667
668
663
670
671
672
673
574
675
676
677
678
579
680
681
882
683
684
685
688
687
682
bEY
690
691
692
693
£94
635
695
697
698
699
700
701
702
703
704
708
706
707
703
109
710
711
T12
3

C

c
c

aila -
WM

rdodh

R e R -

99 WRITECIO.N100) :
100 FORMATCLIHOs3Xs "%") - - pwy=

60 TO C1015102510391049105,51069107910841095110921115112,113 1=
+ 116,115,116, 1175218,1199120,121,122,123,124,125,126,127,128 "
+ 1239130913191329133913491359136) IERRL -

101 WRITECIOs1l) STRTYP

1 FORMATCLINOe3Xy "TYPE JF CONE NOT RECOGNIZED Te59 IT?,

*° IS NEITHER “°CONE®® NOR T SOHERE’® NDR “/6X,

+ " ELLIPSOIO®” NOR “°AYPERSBOLUI®” NOR ““PARABCOLOID"” NOR °,

+ " CYLINDRICAL"” NOR “°HYSRIN®® NNR ““GSNEFRAL”® o RATHWER: *, -
+ "STRTYP = *4 A10) :

60 TC 150

102 WRITE(IUs2) AUTHN
2 FORMATCINO 93X, "AUTCMATIC 7NATA GENERATION IS NEITHER “°YES®" NOR";
+ 7 NO”" 9 RATHER $ “524102 L =

60 T0 150

103 WRITE C(IQy3) SLOSP, SLRAC, SLSTS, SLBKL
3 EQRMATCLNO, 3X, °“THE INPUT S0R AT LEAST ONE OF THE FOLLOWING:®
* / 65X " " DISPLACEMENTS®®, “°REACTIONS®®, “"STRESSES®*, OR %y:=-
# “77BUCKLING *”,710X, “ANALYSIS TS NEITHER “°YES”*, NOR “°NO**% %,
+ “THEY ARES”y 2X, ¢CA1043X) ) ;=

60 TO 150

104 MRITECIOsa) PLSTRy PLMSH, PLOSP, PLSTS, PLMSP '
4 FORMATCIND, 9X, °THZ INPUT FIR PLOTTING AT LEAST ONE OF THEY,
* “FOLLOWING:I /59X,y ° “"STRUCTURE®®, “"MESH"", ““DISPLACEMENTS?*;";
¥ * CESTRESSES ™"y “°MDOLf SHAPES™® *79X;: “IS NEITHER **YES™ , WPR "%
* "TIND* 5 THEY ARES “42Xe 5CA1C,23X) ) =

60 TO 159

105 WRITE (IC,5) NMTIRN, MMTIRN p—
5 FORMAT(1rAD9?Xy"ND, OF MITERIALS IY THE INTERMEOTATE DOMAIN 4 %5
*NMTIRN = “yley” 4 1S
+TMAXIMUM , MMTIRYN =<,

GO TO 158

106 WRITE(CIC,5) NNO3SH,MNDSH
4 FORMATCLImO,9Xy "NCs O

NNOSH = “9I4y" o IS EITHER “4:
+"LESS THAN 2 0P GRE

F 832 »
TE2 THAN ITS #axXIMUM 4 MNOSH = “,14)



718
718
716
717
715
720
721
722
7232
124
725
7254
T27
725
729
730
731
732
733
7134
T35
736
737
738
739
740
T41
162
T453
Téae
745
T46
T47
743
T65
7540
751
752
753
154
755
758
o 0
758
755
760
761
Te2
T63
Tos

=——_00-F0-3150

107 WRITECIOHT7) KELSHyNNDSH gt
T FORMATCIMO,9X, “3%NELSH = *,14,° , IS LESS THAN NO. OF NODES IN *)

+° 3 NNDSH =°%,14)

G0 TO 15¢
1083 WRITECIDSE) NELSHyMELSH
8 FORMAT(C1M0,9X,°N0, 0OF ELEMENTS , NELSH = *,764," , 1S °,
¢ SITHER NEGATIVE OR GREATER THAN ITS MAXIMUM o MELSH =7,14)
63 TO 150
109 WRITECION9) NMTSH,MMTSH 3
9 FORMAT(IMD,53X, *NC,. 0OF MATERIALS o NMTSH =7,14," , IS % I
+ EITHER NEGATIVE (00 GREATER THAN ITS MaAXIMUM , MMTSH =7,14)

60 TC¢ 15¢

it kel bl < dl bl

110 WRITECIOa10) NSTRNSMSTRN
10 FORMAT(1MHOD,3X,"NO, CF STRINGERS 4 NSTRN = “,I4," 4 IS %
+ EITHER NEGATIVE OFK GREATER THAN ITS MAXIMUM , MSTRN =%,164)

6d 7O 150
131 WRITECIOs11) NNDSRMNDSR
11 FORMATCINO,9X,"ND, OF NCDSS IN THE STRINGERS , NNDSR =°,I4&,
+7 5 IS EITHER NEGATIVE OR GREATER THAN ITS MAXIMUM , MNDSR =t016)
3 TO 150 2
112 WRITECIO912) NELSRyNRWEL

12 FORMATCLRO,9X, "NC. OF ELEMENTS IN ONE STRINGER , NELSR = “, I3y
+7 5 IS GRZABER TmaAN ITS NO. OF ROWwS OF ELEMENTS o NRWEL = "I‘}':'ﬁ

il it

60 7O 150

113 WRITECION13) NMTSRHMMTSR 1
13 FORMAT(1N0,9X, *NO. OF STRINGER MATERIALS o NMTSR = *,I4, $2:
+° 3 IS EITHER NEGATIVE OR GREATER THAN ITS MAXIMUM , MMTSR = f,14)

of i dh

63 TO 150
114 WRITECIOs14) NIMSRMINSR ——
14 FORMATCLHO,9X,°NO. OF INTERM, STRINGERS o NIMSR = “,T4,° 4 IS®y

¢ EITHER NEGATIVE OR GREATER THAN ITS MAXIMUM o MIMSR =°,14)

60 TO 150

115 WRITE(IG13) NELISR4MELISR ue

]

EIEILMH bl g



Il

m

L

765

765
767
768
769
770
771
772
773
774
173
775
177
778
179
780
781
782
783
T84
785
785
787
788
789
790
791
792
793
794
795
795
797
798
799
300
301
802
303
304
805
80s
307
808
803
810
811
B12
313
314
315

” Sikiiin

==t ' e
- 15 FORMATCIHO,9Xs*NC. OF ELEMENTS IN THE INTERM. STRINGERS o “4 2131%£
$°NELISR = °,I4e° , IS EITHER NEGATIVE O GREATER THAN ITS %, =
+ MAXIMUM , MELISK ="414) . 55?_35
GO TO 150 dedncte
S
116 WRITECIC,156) NMTISR, MMTISR rre==
16 FORMATCIHO 99X, "NOe OF MATERTALS IN THE INTERM, STRINGERS , *y
* NMTISR = °,I44" 4 IS FITHER NFGATIVE OR GREATER THAN ITS “5 oo —m
+ MAXIMUM , MMTISE =°,74) i34
===
G0 TC 150 FE= |
117 WRITECIC,17) NRING,MRIMG 3=
17 FORMATCLIHOs9X 9 "NUes OF ELEMET GNRING =%4I4y”* 4 IS EITHER *, at =
+°NEGATIVE OR GREATER THAN ITS MAXIMUM , MRING =°,I4) ! -
GO TC 156 F== |
118 WRITE(IOD,13) NNMORNZMNDRN $33
18 FORMAT(1MO99X°NOs OF RING NOOSS » NNDRN 2°,144° 5 IS EITHER %y 8

+°NEGATIVE CR GREATER THAN ITS MAXIMUM , MNDRN =7,14)

60 10 150 3
119 WRITECIO,13) NELRNGMFELAN 33 -;
19 FORMATCLRO93Xe "NCe OF RING ELZMINTS » NELRN 3%,76449° 4 IS E_IT_““%?!-;

+°NEGATIVE OR GREATES THAN ITS MAXIMUV , MELRN =7,14) 2332

GC TO 150 ESi |
120 WRITECIO2C) NMTRN,¥MTEON B

20 FORMAT(LHO»GX s "NDe OF KING MATERIALS o NMTRN 2°,14,4° 4, IS Ezrﬂ“f,gg
+7 NEGATIVE 0OR GREATER THAN ITS MAXTIMUM o NMTEN =",T4) =

G0 TC 150 | $

T 121 WRITECIO,21) NIVAN,NT23C,4I42N $=3 3

21 FURMAT(LIMO 99Xy "NCe OF INTSRM. ELEMENTSy NIMRN ="314,° o PLUS “g- Ti
+°ND., COF BRACES, N3RAC =",T4y " 5 IS5 EITHER *y / 1H0, 9X, S .
+°NEGATIVE OR GREATER THAN ITS MAXIMUM o MIMRN =7,14) 333 }

et

@0 TO 150 53

122 WRITECIC,22) NELIRNGNELIR,MELIRN =
22 FORMATCIHO,5Xs *ND. OF ELEMENTS IN INYERQM, NELIRN =2°,I4, !
“# ° PLUS NOo OF ELEMENTS IN SRACES, NELSR =%, I14,/71H0,9X, =Cc
#° o IS EITHER NEGATIVE 0OF GREATED THAN ITS MAXIMUM , MELIRN &%,
+14) o

60 70 150






Nf

arr

867
868
369
870
871
872
873
374
875
B76
877
B78
879
880
381
882
883
384
835
8856
887
388
889
890
591
892
893
394
895
398
837
8§98
899
500
901
902
903
904
905
305
967
908
909
310
911
912
913
314
915
915
917

134
- 36 FORMAT(1HROy 33X,

L33
31
+

132

32
+

133

33
+

134

WRITECIZ,31)
FORMATCLIHD,
* OF ROWS °

c

e

GO 7C 1

WRITE(CIDN32D
EQRMAT(1nD,
* OF ROWS 3
SC TO 150
WRITECIOJN22)
FORMAT(C1HO,
¢ BE 1ERD,

WRITEC(ID,34)

36 FORMAT(1nHO,

*
+*

135
33
*
+

+
-

150

1a0

¢ STRINGER,

9Xs “wHEN INTERMEOIATE STRINGERS EXIST, NUMBER®,
S SHSULD AT LEAST BE 2°) [

F NODE

SXy “u
DE

F NGT

9Xy N
ES THI

9Xy “NUMBER

RING,

MEN INTERMEDIA

SHCOULD AT

™~ 1=
m

UMBER OF PRESC
S WILL MAK:Z T=

INTERMEDTIATE

“ CANNCT ALL 2E LERQ")

WRITECIO»3S5)

FORMATCLIND,
* STRINGER,
* CANNOT AL

WRITE(CIC,35)

® STRINGER,
* CANNGT AL

CONTINUCZ
20 200 JLDCA

D0 160 1 = 2

©

ERORICIDY =

X, "N
RING,

L &EE =

N
WGy
z

RI
£

L

= 1 [l

UMRER OF ELEME
INTERMZDIATC
ERO?)

UMSER OF ELEME
INTERMEDIATE
"

- .

&

NLODCA

ICASE = LDCASCJLOCA)

IFCNONLOCJULOCA) aLT o0 2RANCNLOCJILOT2)aGT A MCNLD) ERORIC36)

IFCNDTLOCULOCA) el To0oORNDOTLOCJILDCA) &ST.MDTLD) ERORIC3T)

-
m
n
oW~

RI3ED
£ 5T

&
32
TING,

NT

'
Flioy

NTe S

RING,

IFCNELSAEQeQaANDJNDTLOCJLOCA) «NELD)

IFCNINTPCILOCA) aLTo 0L ORJNINTPCJLOCA)LGT.MINTP) EROR1I(39)

mom

MENTS EXIST, NUMBER®,
37)

DISPLACEMENTS CANNOT*,
UCTURE UNSTABLE®)

0F ELEMENT INTERMEDIATE”,

AND 2QACE ELEMENTS®,

STRINGER, INTERMEDTATE®,

AND SRACE NODES®,

TRINGERy INTERMEDIATE
AND BRACE MATERIALS",

L "

EROR1C38)

"

"
»

T
L B
==

Biw

1

1]

[
g

ﬂ t
it



932
933
734
935
336
937
- 938
939
940
941
L LY
343
Fhs
345
346
547
déxn
345
950
951
952
953
354
985
9586
987
958
953
Je0
961
962
9863
64
965
965
967
768

| €hgh

o D0 190 IERR1 = 36 4 39

IF(ERORICIZERRIDEQ.0) GD YO 150

IFCKERRL¢EQ01) GO TO 165 exs
KERRL = 1 ::E; ;
WRAITE(10990) 3;; i%
165 WRITECIO,100) =
JERR1 = IERR1 = 35 -Ziﬁz;
60 TO C171,1724173,174) , JE2%1 i3
171 WRITSCIO,T1) ICASE, NCNLOCJILDCA), MCNLD 3 %%

*° CASE "9I3,%y NCNLD =°3T6/71H ,8X,° ’ IS FITHER NEGATIVE OR®y =
+° GREATER THAN ITS 4aXIMuM4 , MCNLD =°,12) : g 3=

71 FORMATC1hO45Xy “NUMBER CF CONCENTIATED NODAL LOADS IN Lanuxua',-‘ 3
}

63 TO 130

Luan
bibid

172 WRITECIG,72) ICASEs NITLOCJILOCA), MDTLD
T2 FORMATCIND,9X, “NUMSER OF DISTRIAUTED LOADINGS IN LUADING case®
+ 134%y NOTLD = “9lés” o 15 S1T=2& NEGATIVE DR GREATER THAN ITS
7 MAXIMUM , MOTLD = °,T2) 3

L
beiiid

I Y ‘Iol ¥
!-»‘.!

MMMM il

i
i
W

GO YO 19¢C

173 WRITECIOD,T2) 23
73 FORMATCIND, 93X, “wriN MO ZLZMZNTS EXIST, DISTRIBUTED®
+ ° LOADS CANNAT 22 SPECIFISS (ZXCEPT FAR WEIGHTS) )

ity
ki

pis|

60 T0 190

i
*.-IH
[

s

lll

3746 WRITE(CIGsT76) ICASEy NINTPCJLOCA), MINTP 5
T4 PORMATC1IHD 9% "NUMEER CF TEMPERATURE ICNES IMN LOADING CASE”" pl!i‘
S #% y NINTP = °,I6,° , IS EITHMER NEGATIVE OR GREATER THAN ITS%
+7 MAXIMUM 3 MINTP = *,T2) 123 =

190 CCONTINUE

200 CONTINUE =
===

IFCKERRL o 22 o 0) RETURN S5

FiE=

WRITECIOD,205) =3 &=
205 FORMAT ClrQsSRe %o/ /1777 3Tab, R —
*+ k%% END OF ERRTR MESSAGCES Fo~y CWNECKI sk % L 2//7) == <= .:—_’.—.
PRINT#y “ma MESSAGE FROM VARA ¢ ZXPECT ERRDOR NUMBER®, =t :3







1029

1021
1022
1023
1024
1025
1024
1027
1023
1023
1030
1031
1332
1033
103«
1035
103¢
1037
103s
1039
1040
1041
1042
1043
10as
10643
1044
1047

1045

1043
1050
1051
1052
1053
1054
1055
1056
1057
1058
1089
1060
1061
1082
1063
1084
1063
1065
1067
10538
1089
1070

»

[ N w]

s N nlel

o L - SN ve

o=
Cx

s Ea X ol

10

1%

20

30

40

45
50

FOCRMAT(=A10 7/ §AL0) e
LNOSn = 0
DO 186 IRWEL = 1 3 NEWZL

RWSHLCIRWEL) = ¢

IFC AUTGN o NE &« 3RYES ) 60 TO &5

WRITZ(12420)

FORMAT(1IN o///71MC,SXy“TATA J% FOKS CF ZLEMENTS “/1W ,5X,
CRKKAKKKAKKKKKAKKKRKKLLKKKK “// /T4 "ELEMENT ROW®,T2T,
*NO3. OF TOP NODES®,T55,"RATID*/)

FORMATCIRO, T10, I2, T34, I2, T5é, E£12,4/)

CO 47 JRWEL = 1 , MRWEL

READ®y IRWEL, ROWSHCIRWEL,1)y HATIOCIRWEL)
RWSHLCIRWEL) = 1

WRITECIZo30) IRWEL, SIWSHCIRWSL,1), RATINCIRWEL)
GRIGNCIRMELy1) = 040

ORIGNCIRKEL,2) = £.0

LiDSm IS TmE TOTAL NUMBER OF HODES ON

SO FAR.
LDSH = LNDSH + RCwSH{IRWEL,1)

HE TOP ROWS OF ELEMENTS -

-4

IF  ROWSHCIRWEL9L) o LT o 2 o GF o RCWSHCIRWEL9l) o GT o NNDSH.D o
ER0R2(2) = 1 e

CONTINUE
ENTER THE MUMBED CF KODSS I THE LAST P27W OF NPDES IN ROWSH,
BOWSHCIRWEL+1, 1) = NNDSH = LNDEW

IF € NNOL2 o NEZ o, QROWSHMCIRWEL+1l, 1) ) ERDR2C15) = 1

(8] ]

60 T2 7T
1 f @ 1 2 CNDODNAUT ONMATIC)

WRITE(CIO,50)

FORMATCIH o/7771r035X9 "0ATA ON ROWS 0OF ELEMENTS/Z1H 95X,

TRKKKKKERKKKKKKKKAKKKSKKKK “///TEy "ELEMENT ROW H»T27,
*MERIDIONAL SHAPE®, T53, °“LOCAL X"sT70, °LOCAL Z°/)



e e e ‘”!‘,._ 3
= S i
e—13031 - 60 FORMATCINDs T10s I2y T31y 1410y V753 F7.3y T7Q0y FTe3/) I3 =
T2 C !
= 1073 GO 70 JRWSL = 1 5 NRWEL ?Ei
| = 107¢ C |
=305 READHy IRWELy CRCOWSHy (ORISNCIRWELSJ)9J=1,2) _g
¥ 1076 C 1
& 1077 RWSALCIRAWEL) = 1 -
P08 - C -
= 1079 (= NOTE FUNCTION B00L IS A FFATURE OF THE VAX WHICH TRANSFCORMS 23
- 108¢C Cx CHARACTER TYPE DAT2 INTD INTESER,. =
= 10861 C : ;g
| = 1082 PCHSHCIIREL2) = 329L{CROWSH) g
= 1083 WRITECiCea0) IRvWghLy =OuSHCIRWcLe2)y CORIGNCIRWELsJ)sJ=142) zg
= 1084 C -
==-1085 GC=» LNDOSH IS THE TOTAL NUMEEE OF THE NODES ON THE TOP ROMWS OF ELEneutség
o 5L T |
= 10a7 LNDSH = LNOSH + ROWSHOIRWEL. 1) :
= 10838 MERID = RAOWSHCIAWEL, 2) .
= 108% C
R 1050 IFC MERID o« N2 o SHCOANIC o AND , MERID , NE , THSPHNERIC , AND .
E 1091 * MERIO o NE o BHELLIPTIC o AND o MERID o NE o 10MHYPERBOLIC wyusew
" 1032 + AND . MERIC NE . GHPARAROLIC . AND o MERID , NE , SHCYLINDRIC
= 1093 * AND » MERID « NE o THGZNZRIC ) EROR2(14) = 1
e 1094 C
= 1095 70 CONTINUE
- 10958 C
= 1097 C= CONSIDER ALL ROWS OF ELEMENTS AND CHECK TD SEE IF THE DATA
- 1098 Cx FCR A GIVEN ROW IS MISSING.
== 1099 €
= 1100 T5 00 80 IRWEL = 1 , NRWSL
* 1101 €
i 1102 IF CRWSHLCIRWEL) « NE » 0) G2 TO 80
=" 11803 - €
F 1104 PRINT®, * EREE” 22202 MESSAGSE FROM SUSROUTINE ROWSHL “
= 1105 + Twesepn =
- 1108 C
= 1107 PRINT®, “ DATA ON ELEZMENT ROW NUMSER “, IRWEL ; * IS %
i 1108 +4 *NOT PROVIZED®
E==—310% ¢
r 11190 (¢
E 1111 WRITECID,74) IRWEL
= 1112 76 FORMATCLIHO 910Xy /777 *¥itscnen ERFCR MESSAGE FR0OM SUSROUTINE *,
| —==>%3 + “RIWSnL RRuRRTSLI6Ky "R/ /1H0y X,

1114 + “DATA ON ELEMENT POW NUM3IER %, IS, ° IS NOT PROVIDED®2227772)
= 311§ €
E 1115 PRINT%, * EXPECT SQRC2 NUMZER &5 =0pM THE VvAX BECAUSE °,
= i3 + * SUBROQUTINE =CnHl TRIES TO KE:P ON READING AFTER THE END’s
- 1118 # ° 0F THE DATA FILE IS ENCCUNTERSD, YOU MAY ALSO TYPE”,
= 1119 * ° OR PRINT FILE K RESULY K TDO S5t THIS MESSAGE,”

1120 €

3321 Chste - READ AND WRITE THE REMAINING DATA.

i

™




BB

peeded

W I 1 Q&.NH

= 737
CALL ECHOCINGZID) EE
C iIz3
G0 TO 85 £
& 13
80 CONTINUS i3
5 :
35 RETURN :
END :
G 3
& I3
c 2=
c e ————————————— ¢ &€ 0 O T & e ———
¢ £3
c ==
B
Co%x THIS SUBROUTINE READS, COMPUTES AND WRITES SOME GEOQMETRIC -

Cxtx  DATA ¢

C
SUBROUTINE GECCOTACIN, I2, AUTSMN, NSECT, NRWND, NRWEL, TANFEE)
* SINFEEy FEEDy THATAD, THATAR, ELEV, RTOP, RBAS, HITE, TITLE)
C
INTEGER AUTGN
c
DIMENSION TITLEC30)
C
ReADCINS1IJIO) (TITLECI)yI=ml,yla)
100 FORMAT(BA10/78010)
ChVRT = 150. 7/ ICDS(-I.OJ
Cx

IFCAUTONSEQ.2HND) GO TO 130
Cxk READ THE GECMETRIC DATA AND PRINT IT @
READ¥GELEVsOTOP yCuadS,nITE
RTYGP = 2TOP/2
RBAS = DBAS/2

Cx FEE = ANGLE F02M=D 3Y AXIS AND MERIDIAN IN RADIANS.
Ca THATADS = ANGLE AETWEEN Twl ADJACENT STRINGERS » IN DEGREES ..
C= THATAR = ANGLE BTWEEN TwD ADJACENT STRINGERS 4 IN DEGREES .

TANFEEo(R3AS - RTOP)/MITE
FEE = ATAN(TANFEE)
SINFEE = SIN(CFEZ)
FEED = CNVYRY # =E
THATAD & 360,00 7/ N3S:=CT
THATAR= 2.0 % ACTS5(=1.0C) / MNSECT

= IfF NONAUTOMATIC GENERATION 1S5 Ro-QUSSTED SKIP 3
IFCAUTGN.EQ.2HNOY GO TO 130
WRITECID9110Q) CLEVOTOPD3A3,n1ITE

110 FORMAT(LIF »//7//71H0,5X, "SFEOMETRIC DATA *

1

*/0r 95X "KEAKKKKKKKR KK CKKRKKARKKK “/// /76Xy "ELEVATION 313X,y "TOP %
+ "DIAMETER®,9X,"BASE DIAMETER 413X,y "HEIGHT "y /1H044X,3CE12.5,10X)y

* 212.3/7)

B

i

g

18T (1]

i

-

wndad

'

vl

W
"

S LB L

MLl

-




c :
C% IF NONAUTQOMATIC ZTATA INPUT I3 RESQUESTED SXIP:
IFCAUTON o« E5 o 24N0) 3C T2 140 3
NJEGUP = 1
LASTEL = 0 :
C* CONSIDER ALL ROWS OF ELEMENTS. 1
H
SC 110 IRWEL = 1 4 NFWIL !
c 3

ntrf -

||I

|

|

]

|

|

I
-
Hne s
A
o

'
i

i

KRITECIC»120) THATADIFESED JNRWNDJNRWEL
120 PORMATCLIN o//777,6X, *ANGLE BETW. TWZ ADJC. STIFF"S'.sx.'&NGLf
+°8ETH. AXIS AND MERID®,7X,y"NCe OF ROWS DOF NOOES“*yTXe°NO. OF aqu;
+°% 0OF ELEM® °S°/1H0,14X9F10.6925X9F1044,52%X,2C24X312377777) B
C I ==
RETURN r~
Cx% READ AND WRITE GEOMETRIC DATA FOR THE MNONAUTOMATIC CaASE @ =
130 READx%, ELEV, CT2P, 0BAS, WITE i
WRITECIO, 110) ELEV, D2TOP, DBAS, HITE
Cx THATAC = ANGLE BETWEFM TWJ ADJACENT STRINGERS , IN DEGREES . !
Cx THATAR = ANGLE STWESEN TWO ADJACENT STRINGERS 9 IN DEGREES o « 14
RTOP = DTOP/2 =
ﬂaﬂ: = 054312 ;g&
TANFEE=(R3AS = RTYIP)/HITE -
FEE = ATANCTANFES) 13
SINFEE = SINCFEE) e
FEED = CNVRT % FEE
THATAD = 360.0 / NSECT - : =3
THATAR= 2.0 = ACOS(=1.0) 7 NSECT ==
WRITECIDG120) THATAD FZEN NRNNDNRWEL 11

mrll

'alli

Aeiek

silld

c £
RETURN .
END 4

: 1

< ==

c -

C - e N U I N S H e ———

=

c rya==

c -

Cxus.  THIS SUSROUTINE GENERATES THE NMCDAL INCIDENCES ACCORDING TO
C#x THE SPECIZIZY NUM2CR OF NADES PER 20W. THEN IT PRINTS NODAL
Coss- INCIDENCE DaTh FOUR SACF SLEMENT ALONG WITH ITS MATSRIAL TYPE  +-
Cexx DESIGNATION. pag

.

0
|||

SUSROUTINE NDINSH CAUTON, IN, I, LINSH, MRWEL, MELSH,
+ NRWNDy NRWEL, TITLZ, NOCS3SHe MTODSH, SHMTI, SHMTJ, MTSHL, ROHSN&‘

INTEGER AUTGN, MELTl, HELTZ, NOOSHCMELSHy1), MTDSH(1), HTS“L(l#;
+ SHMTIC1)y SHMTJ(1)y ROIWSH(MRWIL,1)

l-m .ﬂ;ﬁﬂ_

REAL TITLEC30) ¥53

LT
LE
biiven '
i
“'i {



] I”

1224
1225
1226
1227
1228
1223
1234
1231
1232
1233
1234
123¢%
1236
1237
1238
1239
1240
1241
1242
1243
1264
1245
1245
1247
1243
1249
125¢0
1251

1252

1253
1254
1255
1256
1257
1258
1299
1260
1261
1262
1243
1264
1265
1265
1267
1268
1269
1270
1271
1272
1273
1274

(8
cx

Cx
C=

C#

C=x
Cx

Cx

Cw

Ca
Cx

C

(o

Ca

10

I =

T

NNODUP = ROWSHCIRWELs 1) t31=
NNOLW = POWSHCIRWEL+1 41) : ==
*NENDEL® IS THE NUMBER OF THE ENDING ELEMENT OF THE CURRENT nnu_ .l 4
NENDEL = LASTEL + SOWSHCIRWEL ,1) + POWSHCIRWEL+1 ,1) = 2 ; =
NGEOQUP = ROWSH(IRAELy 1) :
NOEGLW = NDSOUP + 1 ¥
NOEDLW = NOEQUP + ROWSHCIRWSL#+1, 1) &
IFCIRWEL « E0 . 1) G0 TD 10 =
LASTEL IS5 THE NUMBER OF THE ENDING ELEMENT OF THE PREVIOUS ROMw:
LASTEL = LASTSL + FOWSHCIRWEL=1 ,1) + ROWSHCIRWEL ,1) = 2 : =
“NENDEL® IS TA: NUMSER OF THe ENDING ELZMENT OF THE CURRENT ROMe ..o
NENDEL = LASTEL + SOWSHCIRWEL 91) + ROWSHCIRWEL41l ,1) = 2 =
DETERMINE THE SEGGINING AND ENOING NGDES OF THE UPPER AND LOWER.. .o
PCNS. ’ =1
NCBGUP = ND3GUP + ROWSHCIRWEL=-1, 1) =
NDEDUP = NDEGUP + ®OWSHCIDWSL, 1) = 1 &
NDSGLW = NDEDUFP + 1 =
NCEDLW = NDEOUP + RIOWSHC(ISWEL+1, 1) =
UETERMINE THE NUMBER QF TYPZ 1 AND TYPE 2 ELEMENTS. £
NELT1 = NNOLW = 3 =
NELTZ = NNDUP - 1 -
TECNNDUP o GT o NNOLW) G0 T2 458 A
IF(N“OU? e ES e NNDL“} o0 TC 33 = -1
CASE 1: NUMEER OF UPPFR NOIDES LESS THAN NUMASR OF LOWER NOOES. ==
CONSIDER TYPE 1 4NHD TYP: 2 EL=HchNTS SYMMETRICALLY. =
HELT2 = NELY2 7 2 =
LELT2 = HELTZ + 1 -
= — |

00 25 1 = 1 4 LELT2 —

II = (1I=1) = 2 « 1

il

ELEMENT NUMBERS AT THE LEFT ANTD THE RIGHY % THE CENTER, CURR!RTLT"E

pelnG CONSIDERD.

NELLT = LASTEL + II
NELRT = NENDSL » 1 = II
IF(NELT2 . G « 1)

WHEN ONLY DONE TYPE 2 =LE

YYPE 1 ELEMENTS LEFT OF C NTER®
MODSHONELLTs 1) = NDSGUP
NODSHONELLT, 2) = HDBGLW
NOOSHONELLTy 3) = HOSOLW + 1

TYPE 1 ELEMENTS 2IGHY OF CENTER:
NODSHONELRTy 1) = NOZQUP
NODSHONELRT, 2) = NDEDLW - 1
NOQODSHONELRTs 30 = NDEDLW

THE TYPE 2 ELEMENT.

ITZ = LASTzZL + 1 + NELT1 = KZLT1 /

NOSGLW +
£) = NDEOUP
3) = NDIGUP
TYPE 1 ZLEMENTS A4RE

NOOSH(ITZ, 1) =
NODSH(CITZ,
NODSH(IT2,

SEE IF aNhY

NDEDLW = (ND3GLW + NDECLW) 7 2

LEFTs

2




Ly

1215
1278
1217
1278
1279
1280
1281
1282
1283
1234
1285
1285
1247
1283
1289
12390
1291
1292
1293
1254
1295
1295
1297
1298
1299
1300
1301
1302
1303
1304
1305
1304
1307
1302
1303
1310
1311
1312
1313
1314
1315
1315
1317
1318
1319
1320
1321
1322
1323
1324
1325

Cx

Cx

Cx

oD O

Lalal
®

Lk

Cx

C=

C#
Cx

20

15

25

NT1l = NELT1 - 2

IF(NT1 . E2 . 0) GO TC 15

NUMIER OF TYPE 1 ELEMENTS ON THE LEFT SIDE OF THE CENTERS
NTILT = NT1 = NT1 /7 2

00 20 IT! =1 4 NTILT

NELLT = LASTEL + 1 + IT1

NELRY = NENDEL = IT1

REMAINING TYPE 1 ELEMENTS, LEFT OF CENTER:

NODSH{NELLT, 1) NOBGUP

NODSHCNELLT, 2) NDBGLW + IT1

NOOSRONELLT, 3) NDSGLW + 1 + IT1

IFCNTILY o NE o NTYZ2 o AND + ITY o EQ o KYTILYY GO0 Y0 20
REMAINING TYPE 1 ELEMENT, RIGHY OF CENTER:

NODSHCNZLRT, 1) NOEDU®

NCDSH{NELRT, 2)

S ]

o

W N wn

CONTINUE

60 TO 110

TYPE 1 ELEMENTS LEFT OF CENTERS
NCOSHCNELLT, 1) = ND3GUP + I - 1
NOOSHCNELLTy 2) = NCS3GLW + I = 1
NODSH(NELLT, 3) = NIOBGLW + I
TYPE I ELEMENTS RIGAHT OF CENTzZRI
NODSHCNELRT, 1) = NOZOUP + 1 - I
NGOSH(NELRTy 2) = NDEOLW - I
NODSHCNELRT, 3) = NDEDOLY + 1 - 1

IFCI « &G o LELTZ2) GC 70 25

TYPE 2 ELEMENTS, LEFT OF CENTER:

MODSHONELLT+1, 1) = NOSGLW + I

NCOSHONELLT+1, 2) = NDSGUP + I

NODSHONELLT*1,y 2) = NJEGUP = 1 » I

TYPE 2 ELEMENTS, RIGHT CE CENTER?

NOOSHONELRT=1,y 1) = NDECLW - I

NODSHCNELRT=1, 2) = NOSDU®P + 1 - I
NODSHONELRT=1y 3) = NDEDUP = 1

CONTINUE

CONSIOCER THE LAST TYPE 2 ELEMENTy IF ANY LEFT (THIS HAPPENS
ONLY WHEN THE NUMAER GF TYPZ 2 ELZMENTS IS 0DD).
IFC (2 = RELT2) « EQU « NELT2) GO 70 30

IT2 = CLASTEL # 1 # NENDEL) /7 2

NOOSHCITZ,y 1) = (NDBGLW + NDEDLW) 7 2

NODSHCITZ2y 2) = (NODSGUP + NOEDUPY / 2 # 1
NOOSH(IT2, 3) = (NDSGUP + NDEDZUP) / 2

LA
i
ot ibil

| -

Hilll - it

ki

i

=




I

n

i

1327
=13i8
1329
=3330
1331
1332
1333
1334
1335
1336
1337
1333
1339
1340
1341
1342
1343
1346
1345
= 1346

1347
=3348
' 1343
1350
1351

|

rﬂ

PW

n

1383
135«
1355
1355
13357
1358
1359
1380
13861
1362
1383
1364
13865
1366
1367
1368
1369
1370
s i i |
1372
1373
1374
1375
= - 23TH

1w

i

P

1326

1352

i -

C%
Cm
C%

Cm

OO0 o

R al
% 3

C%
Cx

C=

35

33

37

40

45

FIND THE NUMBER OF Thc REMAINING TYPE 1 ELEMENTS.
NT: = NELTI = 2 % LELTY2

IFCNTL « LE « O
FOR NUMBER OF TYPE
ELEMENTS

i
b=

[
[qeH

N 1 11 1 01 1 110 1 11O 101 OO 1O

$C TC 110 :
ELEMENTS EVEN OR 7DDy NUMBER OF TYPE 1

b
(TN

3

-

NLT1 = NTL /7 2

IECNLTY o 22 . ©) 3C TO 27
NOUP & (ND3GUP + WOEDUR) 7 2

NOLW = CNDESGLW + NDEDLW) 7 2

D0 35 ILT1 = 1 4 NLTI :
NELLT = LASTEL + 2 # HSLT2 + 1 + ILT1 ==
NODSHCNELLT, 1) = NDUP L1
NODSHCNELLTY, 2) = NDLW = NLT1 - 1 + TLT? B
NUDSHONELLTy 3) & NOLW = NLT1 + ILT1 =
CONTINUE o
RIGHT OF CENTER:

NPT1 = NT1 = NLT1

NCUP = C(NJDBGUP + NOEDUR) 7/ 2 + 1

NOLW = CNDBGLYW + NDSOLW) # 2

DO 40 IRTY = 1 , KRT1 :
NELRT = NENDSL = 2 # HELT2 - I&T1 :
NODSHCNELRT, 1) = NOUP :
NODSHCNELRT, 2) = NDLW + HRT1 = TRT1 :
NODSHCNEZLRT, 3) = NOLW * NET1 = IRT1 ¢ 1 :
CONTINUE -
0 TC 110 =
CASE 23 NUMSER OF UPPER NIJES GRCATER THAN NUMBER OF LOWER nuﬁ
CONSIDER TYPE 1 AND TYPE 2 ELEMENTS SYMMETRICALLY. 3
HELT1 = NZLT1 7 2

LELTL = WELT1 ¢ &

DO 40 I = 1 , LELTL

I1 = (I=1) = 2 + 1
ELEMENT NUMEERS AT
BEING CONSIDERED:?

NELLT = LASTEL + II

THZT LEST AND THF RIGHT 0OF CENTER, CURRENTLY

NELRT = NENDEL + 1 - 1II
TYPE 2 ELEBMENTS, LEFT 0OF CENTER: 1
NODSHONELLT, 1) = NDSGLW = 1 +

[y

EVEN OF 00D +=
EEFT OF CENTER $3

ﬁ
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| |

IW
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1

1277

1378

1375

—
Lo
oo
L=

13351
1382
1333
1384
1385
1384
1387
1388
1389
1330
1391
1392
1393
1354
1395
1335
1397
1398
1399
1400
1401
1402
14032
1404
1405
1408
1407
1408
1409
1410
1411
1412
1413
1414
1415
1415
1617
1518
1419
1420
1421
1422
1423
1424
1425
1425
1427

Cx

Cx

oo
#

L=

Cx

50

T0

90

NGOSHCNELLTy 2) = ND3GUP + I
NODSHONELLTY, 2) = NDESUP = 1 +
TYPE 2 ELEMENTS, RIGHT OFf CENTE
NDDSHCNELRT, 1) = NDEJLW + § =
NOODSHONELRTs 2) = NDZCUP + 1 -
NODSHCNELRT, 2) = hDEQUP - I
Ifr€l « G « LELT1)

TYPE 1 ELEMENTS, LEFT 2F CENTER:
NOOSHONELLT+1, 1) = NDAGURP + I
NODSHCNELLT+1, 2) = NDAGLW + I - 1
NODSHCNELLT+1ly 3) = NDSGLW + I
TYPS 1 ELEMENTS, RIGHT CF CENTER:
NUUSHONZLRT=1y 1) = NDEQUP - I
NODSHONELRT=-1, 2) NCEOLW - I
NODSH{NELRT=-1, 3) NDEQOLW + 1 = I

R T

CONTINUE
CONSIOER THE LAST TYPE 1 ELEMENT,
IFC (2 = HELT1) . 50 « NELT1 )

NODSHCIT1l, 2) = NDBGLW + HELTI
NOOSHCIT1, 2) = NDEDLW - MHELTI

eC T2 6¢C

IF ANY LEFT,
GO TO 70
IT1 = LASTEL + 1 + NENDEL = (LASTEL 4 1 + NENDEL) / 2

NODOSHCIT1, 1) = NODEGUP + NDEOQOUP = (NDBGUP + NDEDUP) / 2

NOW CONSIDER THE REMAINIG TYPE 2 ELEMENTS,

NT2Z = NELT2 = 2 = LELT1

IFCNT2 . LE . 0)

TYPE 2 ELEM3INTS, LEFT OF CENTER:
NLT2 = NT2 = WTZ / 2

R0 80 ILT2 = 1 4 HWLTZ2

NODSHONELLT, 1) = NDRS5LW ¢ HELTL
NODSHONELLTy 2) = NDBGUP + LELT1 +
NODSHONELLT,y 2> = NDBGUP + LELTY =

CONTINUE

TYPE 2 ELEMENTS,; RIGHT OF CENTER:
NRTZ = NTZ / 2
IF(NRTZ . EQ . 0)

00 50 IRT2 = 1 , N%T2

NELRT = NENDEL - 2 = HELT1 - IRT2
NODSHONELRT,y 1) NDEOLW = HELT1
NODSHCNELRT, 2) NDEDUP = LELT1 +
NODSHONELRT, 3) NOEGUP = LELTL -

CONTINUE

6C TO 110

NELLT = LASTEL + 2 = HELT1 + 1 + ILTZ

ILT2

1 + ILT2

¢C Y0 110

1 - IRT2
IRT2

Hith

1

|
n

LT 1



1428

1429

14390

1431

1432
S, 16433
£ 1634
1435
1436
1437
1438
1439
1640
1441
1s42
1443
lébé
1445
1e46
1447
lass
16453
1450
1451
16452
1453
1ecs
1455
1456
1457
1458
1459
1480
1461
1662
1463
1464
144°%
1466
1467
1468
1489
1470
1471
1472
1473
1474
16475
1476
16477
1478

c ".‘._
c -
&0 T0 110 2 ¥
C = - i — .
Cx CASE 3% NUMEER OF UPPER NODES IS SQUAL TO NUMBER OF LOWER NODES: =
C : *
Cx FIND THE MNUMRER CF RECTANGLES COMPOSED OF A PAIR OF TYPE 1 AND
c TYPE 2 ELEMETS IN THE CURRENT P20OW DOF ELEMENTS. '
C
95 NPAIR = NJEOUP - NDRGUP
C
Cx CONSIDER ALL PAIZ2S OF TYPE 1 &N TYPE 2 ELEMENTYS IN THE CURRENT
Cax ROW OF ELZMENTS.
[
00 100 IPAIR = 1 4 NFAIR
C
1l = 2 % CIPAIR=-1) + ]
NT: = LASTEL + IT
NT2 = NT1 + 1
N1l = NOSGUP + IPAIR = |
N2 = N1 + 1
N3 = ND3GLW « IPAIR = 1
Née = N3 + 1
5.
NOOSH(NTL,1) = NI
NODSHCNT1,2) = N2
NOODSH(NT193) = Ne
c _
NODSH(NTZ41) = Né
NJOSHONTZ,2) = N2
MODSHINT243) = NI
s
100 CONTINUE
e
110 CONTINUE
C
Ca PRINT NODAL INCICENCES JUST GENERATED AUTOMATICALLY FOR EACH
Cit ELEMENT ALONG WITH ITS MATSRIAL TYPE 3
WRITECIODS120)

120 FORMATCIHO.5X, "ELEMENT MCOAL INCINENCES ANND MATERIAL <, !
+*CESIGNATICN FOR CLEMENT “/1n 35Xy “SKKKXKKKKKKKKKKKKKKKNKKKKKKKKK ®9
+OKKKKKKKKKKC KKK KKK KKKK "/ 2771 56X 3 "ELEMENT*,15X,

**NODE I%915Xs "NCDE J"415Xy "NODE X *315X,"MATERIAL DESIGNATION®Z2)
e

PO 150 IINSH = 1 5 LINSH
C

ISHLI = SAMTICIINSH)

ISHLY = SHMTJCIINSH)

IMTSH = MTOSHCIINEH)
&

0O 140 IELSH = ISHWLI , ISALJ










1531 Ceak TwIS SU3ROUTINE SINIS AND BRINTS ALL OF THE NODES CONNECTED | |
- Cmex & CERTAIN NIDE. =5

1533 C
lsgﬁ g - = SUBROUTINE NDCNSH €10, MELSHe NNDSH, NELSH, NODSHs INDEX,
535 :
B 18536 = = DIMENSION NCOSACMELSHs1)e INDEXC1), NDCONC1)s KOQUNTC100)
1537 ¢
- 1538 LOUGICAL REPEZAT
Exsss c
E=1540 O INITIALIZE Va2iasLEs
E- 1541 KNT = 1
1543 OC 10 I = 1 4 MNTSH
%‘ 1564 = 10 KGUNT(I) = 0O
1545 C _
1548 INDEX(1) = 1
1547 C
e —— B0 50 INDSH = 1 , NNDSH
1543 C
E=—X850: [ ' 0O 40 IELSH = 1 , NELSH
~ 1551 C
==iiam= 60 30 9 =1 , 2
1553 €
E=1556 & = JTPCINDSHNE.NODSHCISLSH,.J)) 50 TO 30
1555 ¢
1886 :: C B0 20 I = 1 4 3
1557 C
1558 © IFCINGSH.EQ.NODSHCIZELSH,I)) 5C T2 20
1559 C
£ 1560 = 128G = INDEXCINDSH) + 1
1561 IEND = KAT
E=15821-F = REPEAT » FALSE,
1563 €
B 15664 - DD 15 K = 356G o IEND
1565 IFCNOODSHCIZLSH o) er T 0CANCK)Y) REPTAT = ,TRUE,.
= 1566 < 18 CONTINUG
1567 C
E= 38568 . 1FCREPEAT) GO TGO 20
e _3136% & . _
& 1570 = = KOUNTCINOSH) = KOUNTCINOSH) + 1
1571  KNT = INDEXCINDSH) ¢ KIUNTCINDSH)
E= 1872 © = NDCONCKNT) = NODSHCIELSHeI)
1573 ¢C
£ 1574 20 CONTINUE
1575 _C,
= 1576 | G0 TO 40
_ 13711 C©
& 1578 30 CONTINuE
1579 ¢

~ 1580 | 40 CONTINUE

| ————Sss==-

I'_-‘_': —




NI ¢ ]

oo

OO0

#$%  THIS SUSRZUTING 53TS J2 CEATAIN CINSTANTS,

IP03 &= KNT = KCUNTCINDSH)
~ NDCONUCIPCS) = KOUNT(INDSH)
INCEXCINCSm*1) = ANT + 1

50 CONTINUE

WRITE(I0,50)

- 60 FORMATCIH 2///7/774X%, "N00AL CONNECTIONS /1M 15X, "KKKKKKKKKKKKKKKKK® "
®/7/7/7%H 935Xy “NDDE%313Xy“CINNECTED NODES?) :

DO 30 INDSH = 1 4 KNADSH -
IPOS = INDEXCINDSH) Il o8
NND = NOCINCIPTS) 1=
I5EG = IFJS + 1 R.
IEND = 1P0S + NND Pop

WRITECIO,70) INCIHSCNGCINCI) o I=152G,15ND)
70 FORMATCIMO,SX9123521X,10(12,3X))

ii

80 CONTINUE s ===

WRITECIOs 30) IEND |

90 FORMAT CIH0s //, 5X, “MININUM RZQUIRED DIMENSION OF VECTOR®, i =

+ * NDCGN 3%y 1e/7/)

RETURN
END
- —— c : Ly S T M - ————— —— - -

4
SUBROUTING {IN5THL (NIEND, NRWNDe NSECT, NNDSH, NNDIN, NDFIF, |
+ NOFEXsy NOFINs NOFSC, NINFA, NDFEL, NNDEX, NS8EG, NEND, I0Ps | f0f

+ I8Xy PICHEKy SItG23, ICONZ, IAFTLZ, IRTE, DETCF) | 185 o
P et
LOGICAL POCrEK,y §$I%GAZ 54 4N
= —
NOFND = 12 _ BE :
NOFIF = NOFND # NRWNOD e
NOFEX = 2 %= NOFIF i
- NOFIN = KIFND = NNIIN e =
~ NOFSC = NOFND = NnDS™ 1
- NINPA = NSECT =
NDFBL = NJFND ¥ NDEND 141
KNDEX = NNOSH = NNDIN ===
- 1
-
ll
= & 1 -y —

-



CH® NUMSER AND TrE LIST OF NONES CONNECTED TO 4 GIVEN NODE, SAY X

Cs PARAMETERS MNESDED IN SUZROUTINSS SKYFAC AND SKYSOL.
N2EG =
£ NKEND = NDFSC
I2P = ¢
IS = }
FOCHER = o TAUL »
SINGAS = , TRUE .
ICOND = 2
IAFILE = 3
IREF = =1
£ 3 DETICF = ¢
c
£ RETURN
END
e
C
=
c T ———————— - - —— ‘ o Ij :. q ---------------
& S
c_ -
.
Cxig THIS SUSACUTING: GeNERATES V=CTA2S SEGNT AND NDORD. GIVEN THE
Tkl CROER SESND GIVES THET NOCES GIvsN THe NODF NDCRD GIVES THE ORD
C
: SUSROUTIKE S340RD (NNDSH, SEQND; N20RD)
C
e INTEGER SEQNDC(C1), NDOR32(CYL)
C
C= CONSIDER ALL NODES OF & SECTO=2,
e
P CO 10 INOSH = 1 , NNDSH
[
I0KD = NASSH + 1 = INOSH
NJORD CINDSH) = ISFC
= SEQND (ICRD) = IRLSH
[»
- 10 CONTINUZ
c
: RETURN
_ EnD
<
c
c
q | WeeENSE e T mshe s : =] A : c "N emeeeeecee- ——— -
c
c -
C 3
Co#s THIS SUcSTUTING CONSTAUCTS VECTIAS ICONN AND IPNTR.ICONN GIVE



m

-
o
o
w

"
-
-4
—
o

Cates
e

Cs
Cx

Cx

C&

Cx
C*

S B

EE====

|
I
|
Hil
Hib

AND APPEARING ASFORE INODE IN THE STIEFNESS MATRIX. 8 - -
IPNTR CINICZ) IS T=2 PAOINTES TO ICONN FOR INFORMATION ON :noo%

SUEROUTINE IPNICHN CIZy “ICINe “NOSHy SEIND, INDEX, NOCON, 1
¢ IPNTR, ICONN) 1 ity
INTEGER SEZSNDCY), INCEXC1)s MDCONC1)y IPNTRC1)y ICONNC1) S o=

IENT = IPNTRCNODTY ¢ NUM = ICONNCIENTY , WHFRE NUM GIVES THE NEX
NUM ENTRIZS 2% ICCNN, W4ICH A7F T+- NODSS CONNECTED TO 'uun&’;ﬁno

fing

COMZ 3EFCRE 1Y IN CRDE®, 1IPJS = IATK(NODE) » WHERE IPOS IS =
POSITION IN K3ECT A4:R:r STIFFNTSS COSFFICISNTS OF THE NODES
CONNECTEC TO °NODE® AND LOWER IN DRDER START. i i-%;?
IENTY = & '
ISTR = &S
£0 30 IORIR = % 4 NNDSH | =
FIND THE CURRENT NDDE. L EE
NODE = SEINDCICET2) '
IPNTRONDCE) = IEN , ==
EIND TAE WSCES C0WWiCTe) T To- CuoRENTY Nane,

IPDS = IKDEXCNDDT) i
NKD = NOCJINCIPIS)

IAE5 = IPOS ¢ 1 -

IEND = IPJS + NG
CONSIDER ALL NDOTS THAT HAVYE 4 LOWSR ORDER THAN “NODE’, AND SEE
IF AMY OF THI¥ &3% 293N5 THE NOOSS CONNESCTED TO “NODE” .

NLOND = IOROR = 1 8L
KJUNT = [ 33
ICOUNCIENT) = 0 -_25'
DY 25 ILOND = 1 4, NLOND i e
LOWNG = SEQNDCILOND) L iEs
0 20 INOCN = I8E256 5 IEND 3 =
NOCN = NDCONCINDIN) e
IFCLONND NELNICN) G0 TC 20 21 =
ICOANCIENT) = XJuUNT + 1 BEi=
KOUNT = KIUNT =+ 1 e
ICONNCIENT+KOUNT) = NOCNM DR
60 70 23 §

- 4
CONTINUZ e
- CONTINUE ;131 =3
1!"



=R e - HiEEs
I
———=s= = = 3
] i !
- 1734 C S S
1735 IENT = ISNT + KJUNT « 1
=138 € s =
1737 30 CONTINUE
1738 € =
1739 ¢C
S 1740 IF C(MICON « GE « ISNT) G0 TO 45 =
17«1 C
X182 : 3 WRITECID, &0) I:ENT, MICON Es=
1743 ¢ |
S 1744 - 40 FORMAT (14O, /7y 6%y *=XECUTION wWAS ABORTED 3Y PHOENIX FROM *gF—
1745 + “SUCROUTINE IPMICN BECAUIS "y / SX,y “THE MINIMUM DIMENSION “y
17486 ¢ "REQUIRED FOF VECTOR ICOHN , *y I4, “ IS GREATER THAN THE % It
1747 + “DIMENSICON CUFRINTLY ST 202 IT, MICON = °, I4//) 3
=3T748 C (Vs
1743 PRINT®, “EXECUTION wWAS 3213T:7 3y 2HOENIX FROv % |
=3130 * °"SUBROUTINE IPNICN SECAUSE TH: MINIMUM DIMENSION <, s
1751 ¢+ “REQUIRED FOR VZCTRR ICDNN 4 “y IFNT ,° IS GRFATER THAN THE 4, ¥
1752 4 "DIMENSION CURRENTLY SET FO& IT, WICON = °, MICON =
1753 C
17846 sTOP 2=
1755 C .
1756 € EEE
1757 45 WRITECIO0,55) IENT Ji
‘1758 = 55 FCRMAT (1HO, 77y 4X, "MINIMUM RCQUIRED DIMENSION OF VECTOR®y 51 =
1759 ¢ " ICUNN %y 14y /7D 1
=3160 - G -
1761 C
E 1762 = RETURN
1763 END
1766 C
1765 C
1766 C
1757 C e ese e, ————— TR Lk L ememm———— ———————— —————
1768 C
1765 ¢
RV (E

~ ATT1 Ca%s  TnlS 5USRIUTIN: CALCULATES NDFSL. NOFSL IS THE NUMBER OF
1772 Coxwe DEGREES UOF FREEDOM IN THE SKY-LINE -STORED STIFFNESS MATRIX !
1773 Cx¥% (KSECT)e IaZaoTHE MUY =0 28 =NTRIES UNDER THE SKYLINE,

2EIA- -G =

1775 SUSROULTING NTES€L (139 dhadmy NIFNDy NORAL, NIFSLs NDORO,
1776 =+ IPHTR, ICONW)

17177 C

17718 - INTEGER NDORD(1), IPNTR(12, ICONNC1)

1775 C , 3
- 1780 Cx INITIALIZE NOFSL YO TrT SUM OF THE ENTRISS OF THE NNDSH UPPERs =

1751 (= TRIANGULAR MATRICES CORII3PONDTING TO NODE I-NODE I 3LOCKS. g

1782 KOFSL = NNOSH % NOFND % (NOFND + 1) / 2 i o=

1783 C |
‘ 1784 C¥  CONSICEX ALL NOCES. s

i
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1785
1788
1737
1788
1783
1790
1731
1792
1793
1794
1795
17396
1797
1758
1799
15300
1801
1802
1303
1504
1805
1806
15307
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1815
1820
1821
1822
1823
1224
1825
1826
1827
1828
1829
1830
1831
1832
1633
1834
1835

C
C=
Cx

10

20
*

(aEaNaNa el al ol

o0
% #
i*
4

o

CH

”- = L
g
: A §3

CO 10 IND3SH = 1 , NNDSH

FIND THE NUMBER OF “°NJFSC BY NDFS”® BLOCKS UNDER THE SKY-LINE
FIND THE QRDEZR OF THE FIRST ILCCK (NCDEDUNDER THE SKY=-LINE
ASSOCIATED WITH INDSH,

IPOS = IFNTRCINDSAH)

NCNDS = ICONNCIPOS)

IF (NCNDS o EQ - 0) GO 70 10
ND1 = ICCNNCIPCS + 1D

<0RND1 = NOQRO(ND1L)

IORND = NODORDCINDSH)

NoLKS = JORND - ICZRNDI

NDFSL = NIJFSL + NOFaL = NALKS

CONTINUE

WRITECIT,20) NDFSL

FORMAT Ci40y /7y AXy "MINIMUM RECUIRED DIMENSION OF THE “,
*STIFFNESS VECTOR KSZCTy NDOFSL = NDFSK= °y IT/Z)

RETURN
EWD

R R R R R R R R R R - v E c T L 0 - - i

odia (%9 "
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sy ’ '
N, i
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Hith
ifh
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TAIS SUSKOUTINE CONSTRUCTS VECTOR LDe LDCI+1) POINTS TO THE
PISITION IN KSECT WHERZ THE DIAGONAL ENTRY (IoI) IS LOCATED.

Haa b
Wit
Wone

SUSROUTINE VECTLD (NND3Hy NDFNDy INDEXe NDCON, SEQND, LD)
INTEGER INDEXC1), MDCOMC1), SEGNDC1), LOC1)

LoC1) = ¢

ILD = 1

NUNDR = 0

IDIAG = O

CO 60 IOROR = 1 , MNDSH

NODE SEQNGCIORDR)

1P0S INCEXCNCOE)

NCND = NOCONCIPOS)

IBEG 1P05 + 1 ;|
I1END IPOS + NCND ==
FIND THE NUMEER OF NGDZI5 THAT A< LOWER IN DRDER THAN “NODE”.
NLWOR = IOROR - 1 :
IFCNLAORWEQe0) GO TO 52
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1836
1837
1833
= 1839
1840
1861
1842
1643
1844
18645
1846
1847
1843
1843
1350
1851
1852
1853
1854
1855
1856
1857
1858
1859
1360
1861
1862
1843
1864
* 1265
1866
1867
1868
1269
1870
1871
1872
1873
1874
1875
1876
1877
1873
1579
1880
1881
1882
1883
1884
1895
1886

Cx

C*
Cx
45

50
s3

55
60

OO0 O0n

C %
Cdkxk
CHxk

o

OO0
L

CC 50 ILWQOR = 1 5 NLWOR 141
LOWND = SZANDCILWOR) i3

SEE IF LOWND IS CONNSCTED TO NODE, {41
DO @5 JPCS = 122G 4 IZND S |
NOCN = NCCONCJUPUS) i1
IFCLOWNDSNELNDCN) GO TC &S j23—
NUNDR IS THE NUMEER OF BLDCKS IN THE COLUMN CORRESPONDING TO
*NODE "y UNDER THE SKY-LINZ. i3 =F
NUNOR = NLWOR = TLWOR + 1 HE |
GO TO =3 FE= |
CONTINUZ 12] -8
NUNDR = NLWOR - ILWOR EEE |
CONTINUZ ] 3
00 55 IOFND = 1 , NOEND : - |
IDIAG = IOIAG + NOFND % NUNOR + IDFNC 141 -8
ILD = JLC + 1 s |
LOCILD) = IZl1aG = |
CONTINUE ISi=o
CONTINUE 111 28
RETURN 133 =3
END 438 |

2=
---------- e ———— C P 5 N DO F eemenseneseneaesediel 1

FE

THIS SUSRIUTING OP=NS ALL OISK SILZS, IF NECESSARY (EXCEPT FOR___
IN=5 AND IO=6, WHICH HAVE ALREADY SEEN DPENED THROUGH THE PROGRAM
STATEMENT) .

SUBROUTIN: GPIN2E (DSKFly OSKFZ, LRDF1, MAULD, MINTP, MGAUS, E;i:j
¢ NLOCAs NNDINs NOFIF, NOFSC, SLRAC, SLSTS, SLBKL, NINTP) Fs=
INTEGER DSKFl, DSKF2, SLRAC, SLST3, SLBKL ==
- DIMENSION NINTP(1) 3T 3=
LOGICAL SAVET =
INITIALIZATIONS. i
SAVBT = . FALSE . e

aluluNalal
E3

e

SEE IF MATRIX ST NEEOS TO 32 353veED ON CISK FILE.

IF CSLSTS o EC o 3HMYES « OR o SLEKL o 5Q . 3HYES ) SAVAET =» . TROE:



il

m

1887
1888
18389
18%0
1851
1892
1893
1294
1835
1896
1897
1898
1399
1500
1901
1502
1503
1504
1505
1906
1307
1508
1303
1510
1911
1912
1213
1314
1315
1915
1317
1918
1913
1520
1921
1922
1923
1324
1925
19246
1927
1928
1923
1930
1331
1932
1933
193¢
1935
1336
1337

fyradd

ﬂﬂf“?ﬂﬂﬁ OOOOM

80

85

CONSIDER ALL LORDING CASES,
CO 30 I =1 , NLECA

IF C NINTPCI) « NE , 0 ) SAVET = ., TRUE
CONTINUE

LRDOE1 IS THE RECOR0 LENGTH OF DISK FILE DISK FILE 1.

LROF1 = MGAUS % 2 =» 33

ADD 5 % MGAUS TO LSTSH FOR MATRIX CUBVT(MGAUS.5).
LETSH = MGAUS % & % 32 + MGAYS = §

LETsH = 233 % MGAUS

IF (SAVST) LRCF1 = LBTSH

NOFEX = 2 ¥ NDFIF

THE FCOLLOWING IF STATEMENT INSURIS THAT THE NUMBER OF WORDS

IN A SINGLE COLUMN OF THE COMPLEX YATRIX KENIF(NOFIF,NOFIF)

IS LESS THAN CR EJUAL TO THE RZCCRD LENGTM DOF DISK FILE DSKF1,

1F CLROF1l « LT o HOFEX) LRCF1 = NOFEX
IF. CSLRAC « NE o 3HYES) GC TC 85
LF3SC = NOFSC x (1 + MAULD + MIANT?)

IF CLFBSC « GT « LAOFL) LRDF1 = LEESC
LFS5C = & % NJFSC

IF (LFBSC « 6T « LROF1) LROF1 = LFBSC
IF CLRDF1 o LT o 1250C) LROF1 = 1260
CPEN DISK FILE DSKFle

CPEN (DSKFl, STATUS="UNKNIWN®yACCESS="DIRECT ,

+ FORM="UNFCRMATTED", RECL=LRCF1)

IF NO INTERNAL NODES EXISTs DO NOT OPEN DISK FILE DSKF2.

IF (NNDIN + ET + O GO TC 95

-nlhi M

kil

et

L

ik

bl

:“HI slin

|
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Hills



1938
1939
1340
1941
1942
1943
1344
1345
1546
1947
1548
1949
1950
1951
1982
1953
1954
1955
1956
1957
1958
1659
19460
1951
1962
13463
1964
1965
1346
1967
1368
1563
1970
1371
1972
1973
1574
1973
1576
1977
1978
1979
193¢
19381
1982
1983
1984
1985
1986
1987
1988

95 RETURN

OO0

Coadia
Coesene
Corsess

c
C=

-

1%

+

+*

+
+

LR R S SR B R B O R

NOFIF = NHNDE1l %= NOFND

CPEN COSKF2, STATUS=*UNKNOWN®y ACLCESS="DIRECT®,
FORM="UNFORMATTED®y RECL=NDFEX)

END

CALCULATE THE RECORD NUMEZRS IF THEZ RECORIS LOCATED JUST BEFORE

THE PCSITION WMERE VARIQUS SETS OF DATA ARE TO SF WRITTEN
(OR KEAD) ON (FREOM) THE 2ISK ETLES,

SUBROUTINE REZCNUM (LROFl, MLOCSy MINSL,y MDFSCy NDFSLe NOOPD,
NRESTs SLVSCy SCNLI, SCNLJy TYDTL, RFOTL,y SCTPI, SCTPJ)

INTEGER SLOSP, SLRaC, SLSTS, SLEKL, PLDS?, PLSTS, PLMSP,
SLVSCCMLIOCAMINSL92)y SCNLICMLOCA41), SCNLJCMLDCA,1), { 1
TYDTLCMLOCA,1), RFOTLCMLOCA,1), SCTPICMLDCA,1), SCTYPJ(MLOCAs1)

Hise

DIMENSION NCOPDCL1), NREST(1) 13=

LOGICAL SAVET g3

COMMON STRTYP, AUTGNs SLOSP, 3SLRAC, SLSTS, SLBXL, 53
PLSTR, PLMSH, PLOSP, PLSTS, OLMSP,
MSECT, MSTAN, MNDSR, MRING, MNOIRN, MGAUS,
NNDSry NEZELSHy MNMTSH, NSTRN, NNJISRy NELSR, NMTSR, NIMSR,

NELISRy NMTISR, NRING, NNORN, NELRN, NMTRN, NIMRN, NELIRN, @ =

NMTIRNy NGoRACy NELZR, NMTERey NGAUSy NCRSM, NPROSs NLOCA,

NSECTs NRWELs NRWNDy NOFND, NNDEL, NNZE2, NNOIN, &=

NNTSHy N3TSmy NGTSH, ANSTSSH, NKCTND, NNTSR, NATSR, NGTSR,
NTFSRy NSTSSRy NNTISRy NSTISRe NGTISRy NTFISRs NSTSISs NNTRNs
NBTRNy NGTRNy NTFRNy NSTSFN, NNTIFNy ASTIRN, NGTIRNy NTFIRN,
NSTSIRy NTF2Ry NSTSERe NXRWPOUs NCRLDy NFRCNs NABIFy NASCT, =
NACNT, NFBSCy NRACTy NEKSCT, NKSCFE, NKKGWy NKGSC, NKGICL, NKBN:E
NKGBNIy NEGVC, NKKGCNy NKGCNy NM3NDy NMSCTy NKOQEE. NKGOEE,
CSDCLy CSTNC, %CCO27y ITLDCA, LONLD, LOTLD, LINTP, LINSL, 1 84
DSKFIQ BSKFEQ I“: :C. Ei
FEEDs RTJIPy R3IAS, HIT:Z, £LEV, THATAD, ,
TITLEC30)s LOCAS(C2), MCONLOCZ), NOTLDC2), NINTPC2)s NINSLC2),
RATIOC14)y INDEX(C&S5), NOCONCZO00)s NDEX1IC152s NDEX2C€15),
NOINTC15), INTND(C3S5), WKAREA(192)

"
[

i

INITIALIZATION. =

NDFEX = (NNJOEZ1 + NNDEZ) 3 NDFND

-

-
.




1983
1990
1991
1992
1993
1994
1995
1995
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2015
2017
2018
2013
2020
2021

2022
2023
2024
2025

2025
2027
2028

2029

2030
2031

2032
2032

2034
203¢

2035
2037
2038
2039

- H 3543—.3.
1379
P i
SAVST = . FALSE . |1}
LKSNIF = NNDE1 % NDFND * NDFEX 259
c |
KNSCT = 1 ==
MNSCT = 0 '
c 3
Cx FIND MNSCT, THE MAXIMUM NU“323 OF SSCTORS FOR WHICH SCLUTION 1
Cx MAS BEEN REGUESTED. =
c
cx CONSIDER ALL LDADING CASES. =
£
DO 150 XKLDCA = 1 , NLOCA E
c
IF (SLRAC o« NE o 3HYES) 50 TO 132 3
C
KDTLD = NOTLO(KLZCA) = |
4 : |
Ch CONSIOER ALL DISTRIZUTED LOADS. =
c 1
0C 136 ICT = 1 4 KDTLD e |
c d
IF CTYDTLCKLOCALIOT) o 20 o «HSINZ ., DR . 3
+ TYDTLCKLDCASIDT) o E2 o &4AFKT ) NER = 2 1
¢ =
136 CONTINUZ ;
c i=3
C# FIND NSCy THE TUTAL NUM2ZR 3F SECTORS SO0R WHICH SCLUTION 11
C% HAS BEEN REQUESTED FUR2 THE CURRENT LOADING CASE, ESE=
c b b |
138 A3C = O £ = |
KZNSL = NIZNSL CKLDC&) 4
¢ i3 =g
Cx CONSIDER ALL I3MES FIR WHICH SOLUTION HAS BEEN REQUESTED FOR THE
cs CURRENT LOADING CASE. eSS |
C { 4
0O 1640 IZNSL = 1 4 KINSL == |
c 14
ISC s SLVSCCKLDCR,IZNSL,1) FE= |
JSC = SLVSCCXLOCALTIZNSL.2) | 49
C 3 :‘.:':
IF CISC o LT & J4SC) NSC = NSC + JSC = ISC + 1 |
) 3P=EISE o 81 o JSC) NSC = NSC4NSECT=ISC+JSC+1 i~ 4
140 CONTINUE F3= |
o 13):8
Cx UPDATE THE MAXIMUM OF NSC. EES |
c =
IF CKNSCT o« LT o NSCD KNSCT = NSC P
c
c IF CALCULATION OF REACTIONS WAS 3EEN REQUESTED, ADD 2 RECORDS TO
Cx MNSCT FOR EACH SCLUTION Z0ONS., THIS IS TO ACCOUNT FOR THE DISPLQQE-é

Bl
¢



"me m ﬂm HH

' mn

i

Ck  MENTS OF THE Tud SECTGRS ON EITHER SIDE 0F THE SOLUTION ZONEe

LNSCT = NSC + 2 = KINSL

G: i
IF (SLRAC o« EQ o 3HYES o AND o MHNSCT o LT o LNSCT) MNSCT = LN
C i
150 CONTINUE
Cak KSC IS Tw: NUMSSR 0OF SECTORS FCR WHICH SOLUTION HMAS BEEN
C= REQUESTEC.
C
KSC = 1
IF CPLSTS « BQ ., 2nYES) KSC = KNSCT
7
C
C= CETERMINE IF MATEICES 2T SHIOULD =E SAVED,
C
Cx CONSIDER ALL LDADINSG CASES.
C
00 10 I = 1 4 NLOCSE
C
IF CSLSTS o N . 3IAYES . AND . SLRKL . NE . 3HYES ., AND .
+ NINTPCI) « 20 o DD 539 TC 10
C
SAVET = o TRUE .
L%
10 CONTINUE
Ci BEGINNING POCINTS ON D3KE1,
c
Cx ELEMENTS.
=
NKCTNC = O
IF (NELSH +» EQ o+ 3) GO YO 18
NNT3H = {
NBTSH = NNTSH + NELSH
NGT3SH = N2TSH
IF (SAVET) NGTSH = NETSH 4+ NELSH
NSTSSH = NGTSH
IF (SL3KL » EQ « 3HYES) NSTSSH = NGTSH ¢ NELSH
KRECS = 0

Cz CN DISK FILE. §

C# NRECS I3 THE NUMEER OF 1250-WORTZ RECORDS OF STRESSES TC BE PLA

Y - FU

C _ _
IF CSLEBKL o 20 o 3HYES . 2R . PLSTS . HE , 2HNQ) =
. NRECS = KSC # ( C(E%NGAUSHNELSH/1260) + 1 g__
c g =
NKCTNC = NSTSSH + MRECS i
C 3=

Cox STRINGERS.

T

un"

RUTY
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i
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-~ hik i

P



2091 ¢C

2092 15 NNTSR = NKCTND ¢ NELSH
2093 NSTSSR = NNTSR

2094 NRECS = ¢

2095 IF CNELSR o Sa o 00 5C Y0 25

2095 ¢

2097 NBTSR = NNTSP + NFLSR

2098 NGTSR = N3TSR

2089 IF (SAVAT) NGTSR = NETSR + NELSR

2100 NTFSR = N3TSR

2101 IF (SL3KL o £2 . 34YZ=S) NTESP = NGTSR + NELSR

2102 NSTSSR = HTFSP

2103 IS (SLOSE o 24 o 3HYES) NSTSSFE = NTFSR + NELSR

2104 C

2105 IF C(SL3KL e« ES o 3HYES o 02 , SLSTS o NE o 2HND) B
2106 + NRECS = KSC % ( (4 % 7 % NELSR 7/ 1260) + 1 3 =
2107 ¢ 111
21038 C=x INTERMEDIATE STRINGERS. iI53=
210% ¢

2110 25 NNTISR = NSTSSR # NRECS

2111 NSTSIS = NNTISR bk S
2112 NRECS = 0 ESE=
2112 IF CNELISR o Ex o 0) 59 TO 3% e
2114 C T
2115 NBTISR = NNTISR + NELISR {1}
2116 NGTISR = NETISR :
2117 IF (SAVET) NGTISR = N2TISR + NELISR IR
2118 NTFISR = NGTISR ES ==
2119 IF CS5LBKL « EQ o 37YZS) NTEISR = NGTISR + NELISR

2120 NSTSIS = NTFISR i

2121 IF CSLODSP , 54 . 2%YE3) NSTSIS = NTFISR + NELISR 1
2122 ' C [ 3320
2123 IF CSLEAL o SC o 39YZ3 o OR o PLETS o NE o 2HNOD | 428
2124 + NRECS = XSC % € C4 % 7 % NELISR 7 1260) +:31°)
2125 ¢ €8
2126 (= j3i
2127 ¢ ok ot
2128 35 ANTAN = AST3I5 + NRECS isi
2129 NSTSRN = NNTRN |2
2130 NRECS = ¢ ==
2131 IF (NzLRN o E. « 0) GO TO 45 (ol
2132 ¢ §3is
2133 NoTRN = KNTEN + NELRN {1
2134 NGTRN = NATRN i=H
2135 IF (SAVET) NGTRN = NETRN + NELRN 111
2135 NTERN = AGTRN EIE
2137 IF CSLBKL . 5§ o 3MYES) NTZRN = NGTRN + NELRN i 21
2138 NSTSRN = NTERHN & =
2139 IF (SLOS? o« 5. o 3HYES NSTSRN = NTERN + NELRN 12
2140 IF (SLBKL o 50 o 3HYES o 0OR o PLSTS o NE o 2HNDO) i =
2141 + NRECS = XSC = C €4 % 7 % NELRN 7 1260) + 1 _
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2173
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2183
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21a7
21813
218%
2190
¢191
2192
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INTERMEQIATE ELEMENTS. L c o

NNTIRN = NSTSRN + NRECS | 33

NSTSIR = NNTIRN

NRECS = § s

Wi

IF C(NELIRN « EQ « 02 52 70O 50

-*

1

-

| 23

:

&

"

=

S

i =4

[

L] > ]

"ol

+

-

]

=

W
LLLLR )

*luTi.P:'i - ) -:. s
IF (SAVSETYS LT TIRE
NT"EI".] & Q3ATIH

NEITIRN ¢+ NELIRN

IF CNPRDS o 50 ¢ 0 o 0% & SLRAC . NE o 3%YES) GO YD 75 33

FIND AROF, TWICT THI NUM
Z

T
W
T‘i

IF (SLBKL o 2 o 3RY¥E%) NTTIEN = NATT2N 4 NELIRN 133:
h3T33Ik = 47 14
IF CSLT3F s ENFESS HEYIIE NMYETEN ¢ NELIRK &35
- ESLAERL . ' ™% 2wy E;;_:_
- - - - - 8 L: . 7/ 1-‘_‘:) ’_ 1*)
SRACES. 5T
80 NYFaRE = N3TSIR < 487058 BE::
MSTS* = T
NRECS = & 155
’ S Ll = N - ® b 3 ™D &S %%%EF
=1
¥ (3‘-;3‘ - = - ri?¥ - - T - = - :'"‘r'-:'.‘ ;i_:
+ Y . =LBR
S5
i K5Lask e « I4¥-33 = K¢ { CNELBR/Z1250) & 595
5% NSE4°5 = 5373 + 2 2
I
I NC JISPLECEMENTS ARE PRESCRIZED, GR CALCULATICN OF THE
B - i Aol i
REACTIONS IS NOT REQUESTED, SKIP, g

© THE RESTRAINED DEGREES OF FREEOON =
o

R
CF Tm= EXTERNAL 1 &ND CUDES SPECIFICALLY MENTICNED PLUS THE |
MUMBER OF THT RSSTRAINZD DEGRECS 0OF FRZEDOM ON THE INTERNAL NOOESe
BLS] PINL NRDCFy ThE SP=CIFIED NUMBER OF DEGREES OF FREEDOM, |
$
$

z=I-=
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2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2255
2257
2253
2259
2260
2251
2262
2263
2264
2265
2266
2267
2248
226%
2270
2271
2272
22713
2274
2275
2276
2277
2278
2279
2280
4281
2282
2283
2284
2285
2286
2287
2283
22893
22390
2291
2292
2293
2294

' FIND THE NUMESER CF FOURIER COEF
Cx PLACED ON DISK FILE.
C.
NABIF = WFRCN + LSCCN
MASCT = NA3IF + LSCCN
2
: IF CLSCCKN o« E2 & NSECT)
c
LSECT = NSECY 7 7
: LSCOT = 1
C
cx OISTRIBUTED LCADS.
k
Cx CONSIDER ALL LOADING CASES,e AND
Cax NUNZEROD FOURIER TRANSFIRAIMATIONS
G
00 110 I = 1 ; NLOC2
G
KOTLD = NOTLDCI)D
IF CKETLD « EQ - 0)
C
868 100 4 = 1 4 KCTLD
C
IF { TYDYLCIgd) o NT o THUNIFOR
+ AHLINCAR o AND o TYDTL(:!J) .
A
(= EQOR ANTISYMMETRIC UNIFORMLY QR
C
IF (RFDTL(I,J) » NZ « =1)
[+
IF ¢ €2 % LSECT) « EQ o NSECT .
+
c
IF € €2 = LSECTY « NE o NSECT D
C
C= FOUR SINE 2R AFED LCADS.
&
9% IF ¢ TYDTLCIZJ) « EQ o« 4HSINE .
C
IF C TYDTLCIHJ) « EQ o« SHAFRDO
C
100 CONTINUE
C
- 110 CONTINUE
C
IF CL3COY « 6T « LSCCN)
IF CLSCOYT « o7 o LSCCHN)
IF C(LSCDT . £4 « NSEET)
C
L3CTP = 1
C

GO TC 135

DETERMINE THE MAXIMUM NUMBER OF
OF DISPLACEMENTS.

GO 7O 110

M e

NE

AND o TYDTLCIsJ) « NE o
« 4MSNCW ) G0 TO 95

b
i

LINZARLY DISTRIBUTED LOADS,

Fhm

Go

TO 95

AND o L3CDT o LT o CLSECT+1) )

LSCOT = LSECT ¢ 1 =

L5COT = NSECT
AND . LSCDY o LT . 3 ) LSCOT =

AND o LSCOT « LT o 5 ) LSCOT =

NARIF = NFRCN + LSCOT
NASCT = NABIF + LSCOT
GO TO 138




e

wr

2295
2296
2297
2298
2299
2300
2301
2302
2303
2304
2305
2306
23017
2308
2303
2310
2311
2312
2313
2314
2315
2316
2317
231s
2313
2320
2321
2322
2323
2324
2325
2325
2327
2328
2329
2330
2331
2332
2333
2334
2335
2335
2337
2338
233%
2340
2341
2342
2343
2344
2345

+

+

120

130

138

+

»

t = gany

THERMAL LDADS.

1w it

ik T 1

M M
i

CONSICER ALL LCATIKG CASZS.

€O 130 I = 1 , NLDCA

s Wil
T

KINTP = NINTPCID 1 |
IF CKINTP « £Q o D) 30 TO 120 =
00 120 J = 1 4 KINT? =
ISC = SCTPICI,J) 2=
JSC = SCTPUCIL) -
IF CISC o LE o JSC o AND o CJSC-ISC#1) « NE o NSECT) | 3
LSCTP = NSECT =

IF CISC o GT o JSC o AND o CNSECT=USC+ISC=1) o« NE o NSECT) = |
LSCTP = NSECT ;o

CONTINUE :
= |

CONTINUE d
===

IF CLSCTP « GT o LSCOT) NABIF = NFRCN + LSCTP i
IF CLSCTP o GT o LSCOT) NASCT = NABIF + LSCTP Se= |
NACNT = NASCT - _é
1

NFR = 1 £ a
IF (SLSTS o EC o 3WHYES , OR . PLOS® , 50 ., 3HYES , OR o PLSTS o
E4 o« JHYES « OR & S3LBKL o« EQ o 3HYES) NACNT = NASCT + KN§§IT§

IF (SLRAC & 25 « 3HYES) NACNT = NASCT + MNSCT 3] é
NRACT = NACHT B
=

IF CSLSTS - EQ « 3IMYES . OR & PLDSP .

S0 . 3HYES . OR « PLSTS »
EQ « 3IHYES o DR o SLAKL «+ EQ « 3HYES)

NRACT = NACNT + KNSCY

ik

IF (SLRAC o EC o 3HYES) NRACT = MACNT + MNSCT
NRECS = © it
IF CSLRAC « NE o 2HYES) GC TO 155 :

NFSSC = NACNT

IF CSLSTS « 5 o 3MYES o OR o PLOSP o 2Q . 3MYES . OR o PLSTS o
EG o 24YES o OR o SL3KL o SO o 2ZHYES) NEESC = NACNT + MNSCY

- 3

4
]
il

il
LT

LA

-

bipe
pobie

Wil



2345
2347
23438
23489
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2365
2367
2368
2369
2370
2371
2372
2373
2374
2375
2376
=30
2378
2379
2380
2381
2382
2383
2384
2385
2386
2387
2388
2383
2330
2391
2392
2393
2394
2355
23956

155

Ck
Cxe
Cx

+

OO0

C#
C#
Cx
Cx

+

162

+

NRACT = NFBSC + NF8

FIND THE NUMEER CF 12A0=-w(l#Dl RECCRDS. CONTAINING THE REACTIONS, TO
3¢ PLACED ON DISK FILZ.
NRECS = (12 = NROOF / 1230) + 1

IF BUCKLING SOLUTICHN HAS Zc:EN RzQUESTED, THE CONVENTIONAL
STIFFNESS MATRIX SHOULD AE WRITTEN ON DISK FILE DSKF1.

IF (SLBKL . E3 . 2HYE3) NKSCT = NRACT + NRECS

IF PLOTTING C% ThHE DISPLACEMENTS Ha5 SEEN REQUESTEZ0, AND THE
NUMBSER OF OF LCADING CASZS I3 GRIATER THAN 1, THE CONVENTIONAL
STIFFNESS MATRIX SHOULD S€ WRITTEN ON OISK FILE OSKF1,

IF (PLOSF . EQ « 3FYES . AND o NLOCA , 3T . 1)

NKSCT = NRACT + NRECS
IF PLOTTING OF Tre STRESSZS HASY ZFEN REQUESTEDs AND THE
NUMSER OF 0DF LOAQING CASES IS GREATER THAN 1, THE CONVENTIONAL
STIFFNESS MATRIX SHQULD *F WRITTEN ON DISK FILE OSKFl.

IF CPLSTS o EQ o 3HYZS o AND o NLOCA . 6T o 1)

NKSCT = NRACT + NRECS

NEGVC = NKSCTY

IF PLOTTING OF DISPLACEMENTS UOR STRESSES HAS BEEN REQUESTED,
AND THE NUMEZER OF THZT LOAUING CASES IS GREATER THAN 1, 4ND
INTERNAL NGCES EXIST, ThRf FACTORIZIZD CONVENTIONAL STIFFNESS
MATRIX wilL 2& KIITTEN ISK FILE CSKF1l,

IF (PLOSP o« NZ o 3HYES o OR o NLDCL o LE « 1 o OR « NNDIN . EQ
« ) GO TO 162

NKSCF = NKSCT + (NDFSL 7/ LRDF1) + 1
NEGYC = NKSCF

IP (pLSTS - f"E - 3HY-TS - j;“ - ‘iL:rCﬁ - LE - 1
« 02 G

OR . KNNDIN . EQ
TO 163

e

NESCF = NKSCT + (N2FASL 7/ LRIFL) + 1
NEGVC = NKSCF

IF NC BUCKLING SCLUTION HAS 3Z=N EQUESTEDR, SKIP.

i
1]

it

{4}

Hit

!_I

BIE

i -

}

4

it



Ll

23%1 C .. 411
2398 163 IF (SLBKL « EC « 2HND) GO TO 165 =3
239 C

2400 NKSCF = NXKSCTY ¢ (NDFSL 7/ LROF1) + 1 |
2401 NKKGK = NKSCF ¢ (NJFSL /7 LFOF1) + 1

2402 ¢ £i= |
2603 C= THE SUM OF THE CONVENTIONAL STISENSSS MATRIX AND THE GEOMETRIC |
2404 C= STIFFNESS MATRIX DUE TGO THE DEAD LOAD IS WRITTEN CIN CVERLlffzfﬂ}ﬁii
2405 C= AND REAZ (IN SUBEOUTINE SUCKLE) IN GROUPS OF 1260 WORDS, STARTING
26406 C FROM RAECNRC KUMBER NKKGW+1 0OF DISK FILE DSKF1,. ES e
2407 C

2408 NKGSC = NKKGW + (NDOFSL 7/ 12560) + 1

2409 C

2610 NKGICL = NKGSC + (NOFSL /7 LROF1) + 1

2411 C

2412 NKENIF = NKGICL

2413 C

2414 IF (NNDIN o« E6 o O G0 TD 144

2415 C

2el6 NKBNIF & NKGICL + NNDIN = (12 % NDFSC 7 LRDFL1 + 1)

26417 C

2618 Cx NCOLS IS5 THEZ INTEGER NUMBEE OF (OLUMNS OF THE COMPLEX MATRIX

241% Cx KSNIFCNDFIFsNDOFIF)e WHICH CAN 27 ACCOMODATED IN ONE RSCORD OF

2420 C= QISK FILE DSKF1 (I« Es.9 LROF1), :

2421 C

2422 164 NCOLS = LROF1 / (2 %= NOFIF)

2423 C

2424 (= NRECS IS THE NUMRER DS RECORDS IY TAKES TD WRITE (READ) THE

26425 (» COMPLEX MATRIX KENIS(NDOFIFGZNOFIE) ION (FRCM) 2ISK FILE DSKFle

2426 C

26427 NRECS = NOFIF / NCOLS

2628 C 233
2429 IF C CNAECS#NCCLS) « NE « NOFIF ) NRECS = NRECS + 1
2430 € : 33
2431 NKGSNI = NKANIF + NSECT % NRECS

2432 NEGVCL = HNKGENI + MSECT = NRECS

2433 C

2434 C :

26435 (% IF PLOTTING OF THE MCOS SHAPES HAS NOT SEEN REQUESTED, SKIP,

2436 C

2437 165 IF (PLM3FP o NE o 2HYES) 30 YO 405

2438 C

243% C

26440 Cx IN SUSROUTINF SLVEIG A4 MEXTIMUM OF 20 MODE SHAPES ARE ALLOWED TO
2441 C* BE WRITTEN ON 3ISK FILE I35KFl.

2442 C

2443 Cx FOR KCTND=CINVENTIONAL ¢ K3GCTND=CFZAD LDAD.

2464 C

2445 NKKGCN = NEGVC + 29

2445 C :
2447 C=x FOR RGCTND=-LIVE LQaD.
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2448
2643
2450
2451
k 2452
2453
2454
26455
2454
2457
2458
- 2459
2460
2461
2462
2463
2404
2465
2466
26567
264468
26463
2470
2471
26472
2473
26474
2475
2476
b 2477
2478
2479
2480
2481
2482
2483
2484
2485
2686
2487
2488
2439
2490
2491
2472
2493
24964
2495
24956
24917
2698

NKGCN = NKXGCON + NZLSH

FIND THE MAXIMUM NUMZER QF MOD:E SHAPES THAT ARE GOING TO
BE WRITTEN ON DISK FILE DSKF1l.

NMOSP = ¢

CONSIDER ALL LOADING CASES.

00 300 JLDCA = 1 , NLOCA

IMDSP = 0O

KINSL = NINSLCJLDCA)

CONSIDER THE MAXIMUM NUMESR CF 3UCKLING LOAD COEFFICIENTS.
THE NUMSER IS SPECIFISO AS 20 IN SUSROUTINE SLVFIG.

DO 280 IEIG = 1 4, 20 i Ei
FOR EACH EIGENVALUF CSUCKLING LDAD) FIND THE TWO POSSIBLE 1% .
MODE SHAPES., THESE TWO MODE SHAPES ARISE FROM THE REAL AND
THE COMPLEX PARTS OF THE FOURJISER EIGENVECTOR ASSOCIATED WITH
THE CURRENT FIGENVALUZ, (IP&RT 1 INDICATES REAL PART; IPART 2 | &
INOICATES COMPLEX 247T)

CO 260 IPARY = 1 , 2

CONSICER ALL SOLUTION 20WES, | (S

DO 240 IZNSL = 1 , KZNSL 5 = s

FIND THE 3EGINNING AND THL ENDING SECTORS OF THE CURRENT i2i=
SOLUTICN 20NME, 31

JSC = SLVSCCJLOCA,TINSL,1) 14l
KSC = SLVSCCJLOCA,IZINSLe2) S

Se

IF JSC K XS5Cye CCNSIDER 2 RANS

-i

Libad
i

€0 230 IRANG = 1 4 2

IF ¢ SLVSCCJULOCA,IIN5Le1) o LI o S5LVICCJLOCA,IIZNSL.2) ) GO YO

TN Y s
ST _ T
O ' REree
1 uh

JSC = SLVSCCJULOCA IZNSLy1) %= (2 - IRANG) + IRANG - 1 i
KSC = NSECT % (2 = IRANG) + SLVSCCJLDCA,IZNSLs2) % CIRANG - 1) =



19

it

e

249393
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2513
2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530
2531
2532
o532
2534
2535
25345
2537
2538
2533
2540
2541
2542
2543
2544
2545
2545
2547
2548
2549

"
-iqo‘ -

¥

Ll s R 5 oD « [ ] OO © o D OO
3 A }

el sNalel oo

(gl ]

il

215

220
230
240
260

280

300

¥

413

CONSIDER ALL CF THFf SZCTORS FC
00 220 Is5C = JSC » KSC
IMD3SP = IMOS? + 1
CONTINUC

CONTINUZ

CONTINUZ

CONTINUE

CONTINUC

IF C(IMD3P « GT o NMDSP)
CONTINUC

FCR MCDE SHAPEZS OF NLOES.

NMSND = KEGCN + NrlS5H

FOR MCDE SHAPES OF CENTROIDS.

NMSCT = NMSND + NMOSP

IF NGO INTERNAL NCDES EXIST, SK
Ir (NNDIN « 20 o 0)

IEGINNING PSINTS BN DISK FILE
NXQEE = 0

NKGOEE = NKQEEZ + NDFEX

R=TURN
END

2 THE

IP.

DSKF2,

NMDSP

53 T0

= IMDSP

415




+

2550
2551
2552
2553
2554
2555
2556
2557
2558
2539
2560
2561
2562
2563
2564
2565
2566
2567
25638
2569
2570
2571
2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582
2583
2584
2585
2580
2587
2588
2589
25590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600

i
1
|
|

[ OO0

a o0

C*
Cx

et

shiv b

11

Wil
eidi

- G s 1 S T {4 - ————— - ----—--_-‘-.

SUBROUTIN: GAUSTR (MGAUS, NGAUS, GUSWT, GUSTR)

CIMENSION GUSWT(13s GUSTR(MGAUS,1)y CONST(2,2)y COCRD(C3),

K RSt D A

+ IPTTCT)s IPT1I2C12) i3S

1]
1]
+
kR

CATA (CCSORDICIDy I21+3)7 0.6353502499121399, 0.310352651033788,
+ 0.053145043844815 /

DATA CIPTTICI)y 121y 7)7 4y Ty 29 39 1y 54 6 7/

il ik

DATA CIPT12CI)e I=19 12)/ 14 34 104 44 Ty B84 24 349 54 65 11,

,”,“m
e i

IF CKGAUS « N2 o T) G0 TO 25
THE 7-PUOINT RULE.
ASSIGN welonTs

061259391805 111
01323941527 55
GUSHTC2)
0e225
GUSWT(1) 141
GUSWTC(1) £ =
GUSWTC(2) 11
0.0597158717 133
0e4701420541

D.7574625633853 P
0.10123565072

GUSHT(1)
CUSWT(2)
CUSWT(3)
GUSWT(4)
GUSWT(3)
GUSWT (&)
GUSWT(T) =
CONSTC(1,41)
CAONST(C1,2)
CONST(Z,1)
CONST(2,2)

wonon
il BN e il e

¥
1
l

L

|
it bl ol

-
AL
»e
e
=
o
c
—
§
x)
(]
w

ASSIGN Th: QORDINATES OF THZ QUADRATUR PODINTS
GUSTR(4,1)
GUSTR(4,2)
GUSTR(4,2)

nnn
W o=
- .
W N

03 20 K =1 , 2

|
Y

O 18 I = 2 4 ¢

IPONT = (K=1) % 2 ¢+ I

et

idt il mﬂ LM !hh m& Bl

USE POINTER IPTT TO ASSIGN TH® CURRENT GAYSS POINT ccoaoxnarss:it
TCO A POINT SUCH THAT FOR TYPZ 1 SHELL ELEMENTSy THE MERIODIONAL
COORDINATE XI INCR=ASES WITH GAUSS POINT NUMSER, IGAUS.

i

M






n

!

2652
2653
2654
2655
2656
24657
2658
2659
2660
2651
26562
2663
2664
2665
2666
2667
2668
2669
2670
2671
25672
2673
26874
2675
2676
2677
2678
2619
2680
2681
2682
2683
2584
2685
26836
2687
2688
2689
2630
2691
2692
26%3
2634
2695
2695
2657
2698
2699
2700
2701
2702

Cx
Cax:
Cx

OO0

Ll

— - [ : ) .
: = N £
— 'Y - .

¥

JGAUS = JGAUS + 1

USE POINTZR IPT1Z T2 ASSISN THS CURRENT GAUSS POINT COORDINATES
AND WEIGHTS TC A POINT SUCH TMAT F32 TYPE 1 SHELL ELEMENTS, THE
MEIIDIONAL COCROINATE I INCREASES WITH GAUSS POINT NUM3ER, IGAUS.

il

il

IGAUS = IPT12CJGAUS)

Jd = (I-2) % (I=2) % 0.6 = (2-L) # 2 + (I-2) * (I-3) % 0.5 %
K CL=1) = 3 ¢ (I=-1) = (3-I) % (2~L) = 1 + (I-1) &= (3-I) =
K C(L=1) % 3 + (I-1) % (I-2) %« 0.5 * (2-L) % 1 +
K (I-1) = (I-2) % 0.5 » (L-1) # 2

K =6 -1+~ J

GUSTR(IGAUS,1) = COJROCID
GUSTR(IGAUS»2) = CR22R2C(I)
GUSTRCIGAUS,2) = COQRD(X)D
GUSWTC(ISAUS) = 0.0225510754128374

50 CONTINUZ
60 CONTINUE

85 RETUKN
END

——— e —— : N 9] 3 ol L - - - - _'-L:

SUSROUTINE CNCSHL (DSKF1l, IELSHy MELSHs MNKCTNDy NDFCDy KSHELe -
+ KCINVy KHSPRLy ws&RZA)

v

Ml - -l

INTZEGER DSKF1

REAL KSHEL(22,3B), KCINV(MELSH2,2), KCDIV(12,12),
+ KCDND(C12,36), KNSHL(36,3¢4)

DIMENSION WKAREACL), IND=XC13)
DATA INDEX 7/ 14, 18, 225 23y 264 269 30y 344 354 364 37y 38,
¢ 29 69 104 11y 124 27, 38 7/

IF (NDFCD - N: . 2) GD TO 65



2703 Cx IN TRZ SCLLOWING &0 K CO STAND FOR NODAL AND CONDENSED,
2704 Cx RESPECTIVELY.
2705 C K K i
2706 C 1 1 -
2707 ¢ 1 KNDND CNDCT 1
2108 C 1 1 E
2709 C KSHELC3892%) = 1 1 :
27110 ¢ 1 1 &
2711 C 1  ACOND KCOIV 1 ]
27112 C 1% K1 =3
2713 ¢ -
2714 C%  PuT ROWS 37-28 AND COLUMNS 37-23 0F KSHEL IN KCDIV(2,2), 3
2715 (% AND ROWS 37-=238 COLUMNS 1-36 Q7 KSrzlL IN XCNND(C3,36). ’
27116 ¢ =
2717 00 301 =1,2
2118 € =
2713 D0 20 J = 1 5 2 !
2720 KCDIVCIoJ) = KSHEL(364T,3594) s -
2721 20 CONTINUE g
2722 € ﬁ
2723 00 30 X = 1 o 36
2724 KCONDCIoK) = KSHEL(3&+I, X) #
2125 30 CONTINUE
2728 ¢ s
2727 Cas% O0BTAIN THE INVERSE IF XCOIV. ON RETURN KCOIV IS REPLACED 8Y ITS
2728 Cxux INVERSE. £
2129 ¢
2730 €

27131 CALL INVERT €12, 2, K2DIV, WK2BEAC1), WKARZAC2))
2732 ¢
2733 Cx STGRE THE INVERSS OF THF CENTRUIDAL STISENESS MATRIX FOR THE
2734 Cx% CURRENT ELEMENT.
2735 ¢
2736 00 40 J = 1 4 2
2737 00 40 I = 1 5 2
2733 KCINVCIZLSHeZsd) = KCOIVCIZd)
2739 40 CONTINUE
2740 ¢ 3
2741 C= CONDENSE 2UT THE CENTROIDAL J8DR-°=3 CF FREFDOM FROM KSHEL. STORE
2742 C% THE CONDENSED MATRIX IN KNSHL. § 33
2743 C
2744 0O 60 J = 1 4 36
2745 00 60 I = J » 36
2746 KNSHLCIsd) = KSHELCIJ)
2747 C
2748 00 50 K = 1 » 2
2749 00 S0 L = 1 2
2750 ¢ 3=
2751 KNSHLCIgJ) = ANSHLCIpJ) = KCONZCLI) % KCOIVCLgK) % KCDND(K,J): i
2152 ¢ £25-

2753 50 CONTINUC




m

’ﬂfl’l

“ ""I" L

mm

I

2754
2755
2756
2757
2758
27593
2760
2761
2762
2763
2764
2765
2766
2787
2768
2769
2770
2771
2772
2173
2774
2775
27175
2777
2778
c179%
2780
2781
2782
2783
2784
2785
2785
2787
2788
2789
2790
2791
2792
2793
2754
27195
27136
2797
2798
27195
2800
2801
2502
2803
2804

(o]
#* 8

o (g © OO0 ﬁgﬁ e laNaNal gl

i
caen
-
ljllq

#

KNSALCJ9I) = KNSALC(I,J)
60 CONTINUE
PUT KCDND(C2936) ON DISK FILE O5KF12
WRITE COSKF1leREC = NKCTND + IZLSH) KCOND

60 TO 165

SECONC OERIVATIVES SHOULD EE CCNCENSED IN ADDITION TO THE
CENTRODAL ONES.

65 18F2 = (144 = 12 == NDECD2) /7 :
SET UP KCOIVINDFCO4NDFCO).
CC 30 J = 1 , NDFCOD
FIND The CCLUMN NUMBER OF aLL CONDENSED DEGREES OF FREEDCM,
ICOL = INDEXCIBFR+J)
2C 70 I = J » NDFCO
IROA = INJcXCIZFR+1)

KCOIV(IwJ) = KSHZLCIRTUWH,ICCOL)
KCDIVCJeI) = KCDIVIILJI)

KSHELCIROWLICCL) = 0.0
KSHZLCICCL,IRCW) = 0.0

70 CONTINUE

80 CONTINUE

SET UP KCOND(NDFCD,.24).

[
il

B0 106G J = 1 , NOUFCD
FIND THZ COLUMN NUMBER OF ALL CONDEINSED DEGREES OF FREEDOM.
ICCL = INDEX(CIEF2+4J)

DO 90 I =1 , 324

e
i

1 T 0 1

]
b
sabdes



2805
2306
2807
2808
2809
2813
2811
2812
2313
2814
2815
2516
2817
2818
2819
2820
2821
2822
2823
2424
2825
2826
2827
2828
2823
2830
2831
2832

2833
- 2834
26835
2836
2837
2838
2839
2840
2841
2842
2343
2244
2845
2845
2847
2848
28453
2850
2851
2852
2853
2854
2855

Cx
Cx=

Cx%
Cx

€ LHEEY

)

50
100

L
o

110

120

130

KCONDCJ9I) = KSMEL(TILICCL)

CONTINUEZ

CONTINUE

CBTAIN ThAE INVERSE DF KCOIV(NCFCD,NDFCDJ.
THE INVERSE CF KCDIV.

CALL INVERT €12, NOS{2y KCODIV,

]
> G

CCNDENSE JUT THE D
THE CONDENSED MATR

PO 1290 4 =1 , 3¢
0 120 I = J 3 3¢
KNSHLCIZJ) = KSHEL(INJ)

NOEFCO
NOFCD

DO 110 K = 1 »
00O 110 L = 1

KNSHLCIHJ)

CONTINUE

KENSHLCJ,ID KNSKELCILJ)

CONTINUE

NOF = NQOFCOD = 2

SET THE %3WdS AND COLUMNS CORRESPONOING TO
FREEDOM ZQUAL TO ZERO, AND THE ASSCCIATED
T0 ONE.

DT 140 I = 1 , NOF

J = INDEXCIEFR+I)
80 130 K = 1 , 35

KNSHLCJpK) = KNSHL(KsJ) = 0.0
CONTINUE

KNSALCJyd) = 1.0

R
Wik
Hibk

il Bl

|
aiiid

ON RETURN KCDIV CONTAINS

WKAREACNDFCD+1))

KSHELy AND STORE

KNSHALCIyJ) = KCONDCL.I) = KCDIV(LsK) = KCONDCK,Jd)

THE CONDENSED DEGREES
OIAGONAL TERMS EQUAL
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2856
2857
2858
2859
2860
2861
2362
2863
23464
2865
2366
2867
2368
2269
2870
2871
2872
2873
2874
28735
2475
2877
2AT78
287%
28480
2881
2882
2883
23584
2885
2386
2887
2885
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2902
2903
2304
2905
2906

140

]
s
-

Ihil'
Hiate

Fiparh

Mdadd

CONTINUE

WRITE KCOND AND KCOIV ON D2ISK SJLE DSKFl.
WRITc (OS5XFly S:3C = NKCTND + T°LSA) KCOND, XCDIV

RETURN
END

THIS SUBRIUTINE PUTS THE NONITRO ZNTRIES OF KSECT CORRESPONDING
TO A COSTRAINED QEGREF OF FREZEDOM ON DISK DSKF1 (ROW 8Y ROW)s
THEN IT CINSTRUCTS THE CORRECTIVE LO&D VECTOR CORLO. THEN

IT SETS TA: NONOIAGONAL ENTRIES COF KSECT CORRESPONDING TO THE
FRESCRISED DISFPLACEMENTS ZQUAL TO ZERD ( THE CORRESPONDING
DIAGONAL ESNTRIES ARE 52T TO ONEZ ). THEN IT CONDENSES CUT THE
INTERNAL STIFFNESS MATRIX,

St A

SUBRDUTINE MOFKSC (LROF1,y MPRDS, MDFI®, NNDEX, NDFBL, NDFEX,
+ NDFIN, NDFSC, NOFSL, NBES, NEND, IOP, I3X, PDCHEK, SINGAB, JCONO,
+ IAFILE, IREF, DETLCE, NGD22, PISLS, ASDOF, NREST, NDORD, SEQND,
+ LDy IPNTR, ICONN, CORLDs KSECT, 32HS, XD =

INTEGER DOSKFl, O5KF2, SLRAC, SLEB8KL, PLOSP, PLSTS, NODPDC1)>, =~

+ RSDOF(MPRISs1)y NREST(1), NOORDC1), SEANDC1), LOC1)s IPNTRC1Dy
+ ICONNC1) £

REAL PRSDOS(MPRDS,1)y KSECT(NDFSL)
DIMENSION CCRLOCNODFSC), BRHSCNDFEX), X(1)
LOGICAL SINGABsy PDCHEK

CCMMON STRTYP, ZUTGNs SLDSPy SLRAC, SLS5TSe SLBKL 2
PL3TRy FPLMSH, PLDSP, 3LSTS, PLMSP,

MSECTy MSTRNs MNDSR, MRING, MNORN, MGAUS,

NNDSHy NZLSHy, NMTSH, NSTRN, NM3SR, NELSR, NMTSR, NIMSR,
NELISR, NMTISKs NRINGs NNDRNs NELRNg NMTRN, NIMRN, NELIRN,
NMTIRN,y NZRLCy NELSR, NMTER, NGAUSs NCRSM, NPRDSs NLDCA,
NSECTs NIWtL, NRWND, NDFND, NNDE1l, NNDE2, NNDIN,

NNTSHy A3TSH, NGTSH, NSTSSH, MNKCTNO, NNTSR, NBTSR, NGTSR, A
NTFSks NSTSSRs NNTISRs NSTISR, NGTISRs NTFISR, NSTSISs NNTRNsi: . j

+ %+ +* S

NBTRNs N3TRNy NTFRNy NSTSKNy NNTI?Ns NZTIRN, NGTIRNy NTFIRN,



il
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2907
2908
2909
2910
2911
2912
2913
2914
2915
29146
2917
29183
2919
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2335
2937
2938
2333
2940
2541
2942
2943
2344
2945
2945
2947
2943
2349
2950
2951
2952
2953
2954
2955
2956
2357

Caedens
Cakm
Cadex
Ch%w
Cxwmx
Coedexe
Casx
Canden
Coacseo
Caedoi

75

Camdon
C oo
e
Cx%w
Comak
C e

W
asbf
rangy

+ NSTSIRy NTFERy N3T3BR, NKRWPJ, NC2LD, NFRCN, NABIF, NASCT, o
+ KACNTy NFBSC, NRACT, NKSCT, NXSCF, NKKGW, NK3SCy, NKGICL, NKBNIF,
+ AKGBNIy NEGVCy NKKGCNy NKGCHy MNMSKND, NMSCTy NKDEEs NKGOEE,
+ CSOCL, CS0MCy MCCOD,y ILDCA, LCNLDOs LOTLDs LINTPy LINSL,
+ GCSKFls C3KFZs INy 10,
4 FEED, RTYOP, REBAS, HITE, ELEV, THATAD,
+ TITLEC30)y LCCAS(C2)y NCNLOC2)y NDTLOCZ2)y NINTP(2)y NINSL(2))
+ RATIOC14), INDEYX(43), NDCONC200)e NCEX1C15), NDEX2(C15),
+ NDINTC1lS), INTHN2(35), WKARZA(C192)
INITIALIZATIONS.
IKQzz = 0
IF NO DISPLACEMENTS ARE PRESCRIGED SKIP.
IF CNPRCS o 9 « 0) G0 TO 135
IF CALCULATION OF EEACTIONS IS REQUESTED, 35KIP,
IF CSLRAC + NE « 2HYES) GO TO 75
PUT THE NONZERD FENTRBIES OF K3SCT CORRESPONDING TC A CONSTRAINED
DEGREE 3F FREEOCM DN DISK OSKF1l (ROW RY ROW).

CALL ROMWKPC (235KF1, YP205, NNDSH, HDFNDs NPRDSs NRWND,

+ NDFSCye NXRWPDy INDEXe NDLCONg NOUUPD, NREST, RSDOF, NDEX1ls NDEX2s
+ Lis KSECTy NCCOFZe SEIND,s 1IPNTR, ICONN, CORLD)

CONSTRUCTY ThE CORPECTIVE LDAD VECTOR, AND MWRITE IT ON DISK FILE
YCRLD« ENTRY ECQUAL TC THE NEGATIVE OF THE SUM OF (KeIJ %= Uedds
MHERE J 15 THE RESTRAINED LEGREE UF FREEDOM. “I° IS i
ASSOCIATED WITH THE FREZ DEGREE DFE EREEDOM, ENTRY “J°* OF CORLD
CONTAINS THE J=TH FZISTRAINFD JEGRIZ OF FREEDOM. ENTRIES OF CORLOD
CORRESPONDING TO T== SYMMETRIC COUNTERPART OF &N EXTERNAL
RESTRAINED NOCt (LS9 EXTERNAL NCOE OM THE QTHER INTERFACE QOF
THE SECTOR, LOUCATED SYMMETSICALLY TO A GIVEN NODE.) ARE ALSO
ASSUMED TJ =AVE ThnZ SAMF PRZSCRIc:ZD TISPLACEMENTS AS THE

RESTRAINED NCODE,

CaLL CORCLD ("SKFI. MPRCSs NNDSH, NPKDS, NRWND, NDFND,
+ NDFSCs NCRLD, NOCPDy NREST, =xSUO=, PRSDSs INDEX, NDCON,
+ NDEX1ls NDEX2y INTND, NDOORD, LOs KSECT, CORLD)

SET THE NONOTAGONAL ENTEIZS GF KSECY CORPESPONDING TO TKE
PRESCRIBED UISPLACEMENTS Z2UAL YO ZEROe THZ CORRESPONDING _
DIAGONAL ENTRIES ARS SET EQUAL TO 1.,0. IF THE NODE AT WHICH &
DISPLACEMENT IS PREZSCRIZED IS AN ZXTERNAL 1 €2) TYPE NODE, CARRY
QUT THE SAME PROCE=S3 FOR -rs SYMMETRICAL COUNTERPART LOCATED

ON THE EXTZRNAL 2 €1) INTZRFALFE,
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2953
2959
2340
2961
2382
2963
2364
2965
2906
2967
2348
2969
2970
2971
2972
2973
2374
2375
2375
2377
25758
2579
23980
2581
2382
2983
23484
2385
2386
2987
2988
2383
2950
29391
2392
2993
2994
2395
29956
2997
2998
2999
3000
3001
3002
3003
3004
3005
3005
3007
3008

200
220

(el el

i
)

CALL MOFKPD (1.0, MPROS, NNDSH, NOFNC, NPRDS, NNDE1,
+ NDEX1, NDSXZ, INTNDy INDEXe NICGN, NDCPD, NREST, RSDOF,
+ L0y KSECT, NOORDs SEQNDy IPNTR, ICONN)

IF THE NUMZZR OF LOADING CESES IS GREATER THAN 1, AND PLOTTING
GF THE DISPLACEMENTS AMD 7/ OR STRESSES HAS SEEN REQUESTED, WRITE
1K IN DTSK FILE DSKF1l, SECAUSE

THE CONVENTIONAL STIFENESS MATH
KSECT I5 DVERWRITTSHN IN THE PLOTTING SUSROUTINES.

IF (NLOCA « L2 & 1) G0 7O 105

)
3

-
0
r
wn
-t
1%

-

If CPLOSP , EQ » 3IHYES o £0 « 3HYES) 60 TO 115

IF BUKLING SCLUTION HAS SCEN REQUESTED, WRITE THE SECTOR
STIFFNESS MATRIX ON QISK SILE DSKF1l,
IF (SLBKL « NE . 34YFS) GO 70 150

CALL WRTXSC (OS5KFly NKSCT, 0y LRDOF1, NDFSL, KSECT)

IF TreRc A0% NC INTERNAL NCDE5e ND FACTORIZATIOMN AND STATIC
CONDENSATION IS NEEDED.

IF (NNDIN . =0 « 03 50 70 550

SET THE ENTRIES COF LD CORRESPONDING TO THE EXTERNAL NOCDES,
WHICH ARE NOT T2 o8f FACTORIZED, FOUAL TO THEIR NEGATIVE,
CONSIOER ALL NODES GF THE SECTOR.

00 220 INDSH = 1 , NNOSH

IF CINTNOCINDSH) « 29 o 3HYES) 63 TG 220
IORD = NOOROD(CINDSH)

LSTR = 12 = (CI2RD = 1) + 2

LFIN = LSTR + 11

00 200 I = LSTR 4 LFIN
LOCI) = = LECD)
CONTINUE

CONTINUE

COINDENSE SUT Th: INTERNAL STIFENESS MATRIX.
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3009
3010
3011
3012
3013
3014
3015
3015
3017
3013
3013
3020
3021
3022
3023
3024
3025
3026
3027
3023
3029
3030
3031
3032
3033
3034
3035
3036
3037
2033
3039
3040
3041
3062
3063
2044
3045
3045
3047
3048
2049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059
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Coi FACTORIZE THE SKYLINE=-STGREZD VECTOR KSECT 3YE SKYFAC.
WRITECEy%) * NBEGC=",NREG, " N‘Na' eNe” NDFSC=",NDESC.,
4+ “ LD%yLls” SINGA3=*3SINGAR,” POCHEK=*,PDCHEK, " ICUMD".ICOND,
+ * IAFILE=s",IAFILE," 4»9“3'.ﬂCUN3g' DETCE=",DETCF,” NEGEIG=",
+ NEGEIG,” IFAIL="yIFAIL

¢
c
CalLL SKYFAC (XSECTy NBEGy NEND, NDFSC,y LDy CORLD, SINGAR,
+ PDCHEKs ICOND, IAFILE, ACOND, UETCF, IDETEXs NEGEIG, IFAIL)
c
c
PRINT#, “IFAIL=”pIFAIL," NEGEIG="yNEGEIG
KRITE(S9%) “NEGEIG= gNEa-IGg'IFuILS s IFRTIL
c
IF CIFAIL « EQ o« 0) 30 TO 250
c £5
WRITECS,%) “EXECUTION Was OISCINTINUED BECAUSE FACTORIZATION OF °
* s “KSCET HAS FAILED® § 3
PRINTH, “EXECUTION wAS DISCONTINUED 3ECAUSE FACTORIZATION DF °
+ o°KSCET 4AS FAILED® 1
¢
sTOP
c
Ck  CONSIDER ALL EXTERNAL 2 AND EXTESNAL 1 NODES, RESPECTIVELY.
c
250 0O 540 IEX = 1 4 2
c
00 500 IRWND = 1 , NRWND
c
Cx FIND THE CURRENT =XTeERNAL NODE
c
INDRW = NRWND = IRWND + 1
C
NOEXT = €2 = IEX) % NOSX2CINIRW) + CIEX = 1) % NDEX1CINDRW)
4
Cx FIND THE ORCDER OF TmE CURRINT EXTERNAL NCDE.
¢
IGREX = NODROCNDEXT)
c

Cx CONSIQER ALL DEGREZS OF FRcE0C+w OF THE CURRENT EXTERNAL NODE,
00 300 ICFEX = 1 , NDEND

IROW = (ICREX=-1) = NDFN3 + IDFEX

Cékd CONSTRUCT ROW NUMBER IROW OF KEI (COLUMN NUMBER IROW OF KIE)
Cams AN PUT IT IN 3RS, ON RcTURN THE ENTRISS 0F SRMS CORRESPONDING.

Caxmg TC THE SXTERNAL NODSS CONTAIN I:SR2S.

CaLL KEIZRS (ICREXs IDFEX,y IROWs NNDSH, NOFSC, NDFEND,

+ NOFEXye NOFIMg MNDZXe NNDINy NUINTy INTNDy NDDRDy SEQND, IHDE!.

0 OO M_ﬂ




3060
30el
3062
3063
3064
3065
3066
3067
3063
30635
3070
3471
3072
3073
3074
3075
3076
3077
i07s8
3075
3080
3081
3082
3083
3084
3085
3088
3087
3088
3089
3090
3091
3092
3033
3094
3095
3096
3097
3095
3099
3100
3101
3102
3103
3104
3105
3108
3107
3108
3109
3110

C deakae
Caedles
Cm%kmn
Caxxelx
Chux

=
Caloenr
C g
Caexete
[
&

+ NDCGNy LDy X3ECTy 3RHS)
TAKXz THE NONI
COLUMN 3F KIE

IN THE ENTRIZIS OF BRMS

REQUIREMENT FOR THIS O

OF 3RWMS NOW CONTAIN 2ERZS,

RO ENTRIE

. P
L 31" ”
-

F o9RMS, WHICH CONTAIN THE IROW-TH
FN BUT THE PRODUCT KFI % KII-INV % KIE
SPONJING TO THE EXTEXNAL NODES. AS A
N 2Y SXYSCLy THE EXTEBNAL ENTQIE$

P = 05 I8X = 1)

- 1

/

Dt

CALL 3KYSOL (XSECT, NIFSC,y L3,y ICP, I3X, 3RHS, X,
K lIREF ,IAFILE, WKA '

ARRANGE ALL ENTRIES OF VECTOR BIM3 CCRRESPONDING T2 THE
INTERNAL NGOJES, SO THAT, ON RETUKN, ITS TOP NOFEX ENTRIES
ARE ASSOCIATED WITH THE CXTERNAL 2 AND EXTERNAL 1 NCDES,
RESPECTIVILY.,

CALL ARRANG (NRWNT 4 43RsSC, 122Xy NTEX2y NOORD, g BRHS)

IKOEE = IKQCcE + 1

PUT THE TOP NDFEX ENTRIES JF 82HS, WHICH IS THE ICCOL-TH COLUMN DF
( K= % KII-INV % KI= ) 1% DISK FILE D3KF2,

WRITE (OUSKFZs FECSNKOEE+IKO=E) 22HS
CONTINUEZ
CONTINUE
CONTINUE

S GREATER THLN 1, AND PLOTTING

. £ T
OF THE OISPLACEME S5TR=S5SES HAS BEEN REGQUESTED, WRITE
Tz FACTORIZSD CONV=NTIINGL STIFSENSSS MATRIX ON DISK FILE DSKEl,
BECAUSE KSEZCT IS 2VERWRITTEN IN THE PLOTTIMG SURROUTINES.
IF (NLDCA « LE s 1) GO TO 545

IF (pLDSc o EQ » 3RYES + OF & PLSYS - EQ & IHYES) GO TO 547

IF SUCKLING SCLUTION HAS 3EEN REIQUESTED, WRITE THE FACTORIZED
STIFFNESS MATRIX i CDISK FILE 35KFl.
IF (SLEBKL « NZT o 3HYZS) GO TQ 550

CALL WRTRSC (ISKF1, NKSCFy 0Oy LRCS1, N3IFSL, KSECT)

RETUKN
END




3111
3112
3113
3114
k 3115
3115
3117
3118
3119
3120
31zl
3122
3123
3124
3125
3126
BYL7
3128
3129
3130
3131
3132
3133
313s
3135
3136
2137
3138
3139
= 3140
3141l
3142
il143
3144
3145
3145
3147
31458
3149
3150
3151
3152
3153
3154
3155
3156
3157
3158
3159
3160
3161

e

101

Qe

- = = ———

oo no

CHx%®x THIS SUSROUTINE PUTS THFE NONZERD ENTRIES OF KSECT CORRESPONDING
Ck%% TO A CONSTRAINED DEGREEZ OF FREEGOM ON DISK (ROW BY ROW).

Cale TmE ENTRIZS ANE SAVED ON DISK FILZ DOSKEYl T2 BSE USED LATER FOR
Cx&2% CALCULATING REACTIONS. '
Coxux IF THE RESTRAINED NOZE IS 2N EXTERNAL 1 TYPE (EXTERNAL 2 TYPE)
Ck¥¥® NODE, CAR2Y QUT THE SAME PROCESS FOR ITS SYMMETRICAL :
Cx%%x COUNTERPART, LOCATED ON THE EXTEANAL 2 CEXTERNAL 1) INTERFACE,
c

SUBRCUTINEG RKOWKPD (DSKFle MPRDS, NNOSHe NDFEND, NPRDS, NRWAND,
¢ NDF3Co NKRAPCy INDEX, NOCONe NODPZ, NREST, RSCCFy NDEX1y NDEX2s
+ L3y K3cCTs NZORDy SEIND]y IPNTR, ICONN, K2WPD)

c
INTEGER DOSKFl, KSOOF(MPREDS,1), SZaNOC1)
C
REAL K3ECTC1l)y X2W®DCMDESC)
-
DIMENSION NICPODC1)y NREST(C1)y MOEXIC1)y NDEX2C1)s LDC1)y
+ NDDRDC1)>y; INCEXC1), NDCONC1), IPNTR(C1), ICONNC1)
C
LOGICAL INTER
c
C= INITIALIZATIUN.
IKRWPD = 0
C

Cx CONSICER CVERY NODE WITH A4 PRESCRIBED DISPLACEMENT,

DO 13C IPRDS = 1 4 NPRDS

c
NOPD = NCDPD CIPRDS)
C
INTER = . TRUL .
C
Cx FIND DUT IF NOPD IS AN INTERNAL 3R AN EXTERNAL NODE. IF AN
Cx EXTEZRNAL HCDEy FINT NOSM, ITS SYMMZTRICAL COUNTERPART,
G
Cx CONSICER ALL EXTERNAL NODES,
c
o0 20 IRWIZ = 1 ¢ NRWND
c
IF ¢ NDPD « N o NDEXICIZWND)Y) ) G2 TO 15
NOSM = NDEX2CIRWND)
¢

GO TO &5
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3213
3214
3215
3216
3217
3218
azige
3zzo
3221
3222
3223
3224
3225
3226
3227
3azzs
3223
3230
3231
3232
3233
3234
3235
3238
3237
3238
3239
3240
3241

T 3242

3243
3244
3245
3246
3247
3245
3249
3250
3291
az2s2
3253
3254
3255
3256
3257
3258
3259
3260
3261
326z
3263

Cx
Cx
C*
C#
C%

Cx
O

Cax
C

Cs
L
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Cx
(o]
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(o

C
c
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50

70

75

|
-

i
gl
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INITIALIZZ KRWPD T2 ZeRC FOR ZACH RESTRAINT,

PC 50 I = 1 , NDESC
KRWPD(I) = 0.0
CONTINUE

100F = FSDOF CIPRDS,IRST)

ILD = (ICRPD=1) % NOFND ¢ ID0F « 1

ICCL = ILD - 1

FOR EACH IRST KRWPJ WILL CONTAIN THE NONZERD ENTRIES OF ROW
NUMAER “ICCL" OF KSSCT. 4 SET 0OF NOFAND ENTRIES CORRESPOND TO A
NODE CONNECTED TO NOPD, AND ARE LOCATED IN THE ORDER GIVEN BY.
NOCONe THE NOFND ENTRIZS CORRESPINDING TO NDPD-NOPOD BLOCK COME
LAST., CONSIDER ALL NODES CONNECTED TO NIPOD, :

80 90 JPOS = IZEG , IEND

N3CN = KOCON (JPTS)

FIND THEZ ORCER OF “NOCN® IN THE STIFENESS MATRIX OF THE SECTOR.
IORCN = NDORD (NDCN) :
FIND THEZ ZNTRY JUST BEFJRZ THOSE 0F “Y2CN° IN KRWPD,

IKRW = 12 % CICRCN - 1)

I# THE OJRDER JOF THE CONNECTEZ NOOS IS LTSS THAN THAT OF NDPD,
ENTRIES ARE READ CCLUMN &Y COLUMN FROM KSECT. :
IF (I0RCH.GT.IGR?D) ed T2 7

IDRCN LZSS THAN I0ORPD.

*LAST” IS ThZ POSITIN IF THE LAST DIAGONAL ENTRY OF THE COLUMN

JUST BEFCRE ICOL.
LAST = L3 CICTL)

PO 70 IOFRW = 1 4 NOFUC

IKSC = LAST + (IQRCN = LWSTOR) = NIEND 4 IDFRWM
KRWPD(IKRW+ICFRW) = KSECT(IKSC)

CONTINUZ

GO0 TO 90 §33 =

I0RCN GREATER THAN ICRPD

NOW CONSIDER ROW MUMBER ICCL 0F KSECT AND PUT ITS NONZERQ ENTRIES

IN KRWPD. : 3
“MINCRO” IS THZ MINIMUM CF THE QRNDERS OF THE NDDES CONNECTED TD.
NDCN. 3
NGDY = ICONN (IPNTRONDCN) + 1)

MINOKC = NOOROCNDC1) EE:

CO 30 IOFCL = 1 4+ NDFND

4
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3264
3265
3266
3267
3263
3269
3270
32 1%
321712
3273
2274
3275
32768
32717
3278
3279
3230
3281
3282
3282
3284
3285
3286
3287
3288
3285
3290
3291
3292
3292
3294
3295
3296
3297
3298
3253
3300
3301
3302
3303
3304
3305
3306
3307
3308
3309
3310
3311
3312
3313
3314

| =
=
(R *LAST® IS THE POSITION OF THE LAST (OIAGONAL) ENTRY OF THE

Cx COLUMN JUST 2EFDRE THZ ONE IN WHICH THE PRISENT ENTRY IS SEING
Cx CONSIJERED, IN KSECT, 3
ILO = CIORCN = 1) = NOFND + IDFCL =

LAST = L2 CILD) _
IKSC = LAST + CIORPD - MINORO) % NDFND + IDOF -
KRWPOCIKAW+IOFCL) = KSECTCIKSC) L
< E =

80 CONTINUE 1

é = |
g
30 CONTINUE =

c
C* FINALLY PUT THZ ENTRIZS OF ROW °“ICOL®, OF KSECT, CORRESPONDING
Cx T2 3LOCK NOPO-NOPO IN THE LAST NOFND ENTRIES OF KRWPD.
Cu *LSTCL® IS THE POSITION OF THE LAST COLUMN OF THE PREVIOUS =
Cx NOOE, IN KSECT, '

LSTCL = (IORPD - 1) % NODFND =
Cu LAST I35 THE POSITION OF TWE LAST NIAGONAL ENTRY ON COLUMN ICCL=1

LAST = LO (ICOL) E S
Cx FIND THE :ZNTAY JUSY 3=F0ORc THOSE NF *NOPO” IN KRWPD.

I%RW = 32 = (IORPO =-.1) ES
c

B0 100 ICEPD = 1 , HNOEND =
c

dJ = LSTCL + IDFPD =

IF €JJ o GT o ICOL) 50 YO 95
C= READ CULUMN=WISE, E

IKSC = LAST + (ID2P3=LWSTOR) % LIFND & INEOD

KRWPDCIKRW+IDFPD) = KSELTCIKSC) =
c

G0 TC 100 =
¢ .
C* READ ROW=-WISE. EE=-
Cx "LAST® IS THE LAST (OIAGUNAL) POSITION OF COLUMN  JJ=1.

95 LASY = L2 C(JJ) = |
IKSC = LAST + (IG#PD = LW3TOR) % NDFND + ICOL - LSTCL I
KRWPOCIKRW+IDFPD) = KSECTCIKSC) = |

c H
100 CONTINUE =
c i :
IKRWPD = IKRWPD + 1 = |
c i
Cx WRITE THE STIFFNESS COSFFICIENTS CORRESPUNDING TC THE CURRENT
Cx RESTRAINED DQEGREE 0OF FREEJIOM ON 2ISK FTILE OSKF1, -
c i
WRITE COSKF1, RECaNKR4PT+IKRWPL) «RWPD A
¢ == |

110 CONTINUZ

(o]
| "
i

115 IF CINTER) G2 TO 130
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3315
3315
3317
3318
3319
3320
3321
3322
3323
3324
3328
332%
3327
3323
3323
3330
3331
3332
3333
3334
3335
33346
3337
3338
3339
3340
3341
3342
3343
3354
3345
3346
3347
3248
3345
3350
3351
3352
3353
3354
3355
3358
3357
3355
3359
3360
3361
3362
3363
3354
3365

c
120 CONTINUE
C
130 CONTINUE
c
RETURN
END
c
(v
c
c
R S R —— S U S SR — S —
c
c

Cxnx THIS SUBRORTINE CONSTRUCTS THE CORRECTIVFE LCAD VECTOR, AND
CH&® WRITES IT ON CDISK FILE TCRLO. ENTRY “I° OF CORLD

Catd IS5 SQUAL TO Tre MNEGATIVE OF THE SUM OF (K,IJ % Usd)

Cux% WHERE J IS THE RESTRAINED 0OF. “I® IS ASSOCIATED WITH THE FREE
Cxxk DEGREES TF FREEDCM K J® 0OF CORLD CONTAINS THE J=TH

CH &k RESTRAINED CEGREE IF FRE Mo

SUBKROUTING CORCLD (oOSKFl,y, MPRDS, NNDSH, NP2DS,; NRWNDy, NDFND,
+ NOFSCy NCRLDy ND2DPDy NREST,y RS00DF, PRSDSy INDEX, NDCON,
+ NDEX1s NDEX2y INTNDy NDCRDy L-oe KSECT, CORLD)

c
R=AL KSECT(1)y, CCRLDCNDESC), PRSDS(MPROS,1)
C
INTEGER DJSKFl, NIOPOC1)y NREST(1)s RSDOSCMPRDSy1), 8
+ INDEX(C1), NDCONC1), NODEX!1C1), NDEX2C1), INTNDC1), NDORDC1)s LDC1)
C
LOGICAL NDFREE
C
Cx CONSIDER ALL NODES AND THEIR NOFND DEGREES OF FREEDQOM, =
c 4.
00 110 INDSH = 1 , NNOSH i3
C
IORND = NOODROCINGSH) ==
NOFREE = oTRUZ. A
I1P0S & INDEXCINDSH) = |
NCND = NOCOKCIPDS) ;
85 = IPIS + 1 =
IEND = IPDS + NCND
c
Cx SZE IF Th:E CUSKENT NCD: IS5 RESTRAINED.
c
OO 20 IPRIS = 1 5 NPRIS
(o
NDPD = NCIPLUCIFRLS)
C
Cx IF NOPD 13 AN EXTzRNAL NODE, FIND ITS SYMMETRICAL COUNTERPART,
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3366
3367
3363
3343
3370
3371
3372
33713
3374
3375
3374
33717
3378
3373
3380
33861
3382
3383
3384
3385
3386
3387
3388
3359
3390
3391
3392
3393
3394
3395
3396
3397
3358
3399
3400
3401
3402
3603
3406
3405
3406
2407
3408
2409
3410
3411
3612
3413
3slis
3415
36418

Ca
C=x

o

11

13

14

15

20

23

NCSYM™,

IF CINTNODONOPC) o NF o 3WYFES) GO 1O 11
NCPD IS INTERNAL,

IF ¢ INOSHM « NE o N2°D ) 3¢ TC 20

NDFRcE = , FALSE .
KPRDOS = IPRUS
6d 70 23

NOPD BEING AN EXTERNAL NOJOSy FIND ITS SYMMETRICAL COUNTERPART, |

NGSYiM,

0C 14 T2wWND = 1 y HNawK3

IF ¢ NDPD o NE o NOEXIC(IRWND) ) GC 7O 13
NOSYM = NOEX2CIRWND)

G2 T3 13

IF € KOPJ o NE& o NOSX2(IRWND) ) 50 TO 16

NOSYM = NDEXICIRWND)
G0 70 15

CONTINUE

|
|
i
o

iy
BH

etk

il

IF ( INDSH « NE , NDPD ., &NO , INDSH , NE . NOSYM ) GO TO 20

NOFREE = .FALSE.
KPROS = IPRDS

GO0 TO 23

CUNTIRUE

NOw CONSIDER ALL FRZZ DFGREES CF FREEDCM OF NODE INDSH.
00 200 ICFNT = 1 5 NOENT

IROW = (IJRND = 1) » NIFND + ID®NC

INITIALIZE THE CURRENT K34 CF CORLD TO ZERO,

CORLDCIROW) = 0.0
IF (NDFREZ) 30 TO 35

NOW THAT INDSM IS RESTRAINED (2R PARTIALLY S$O) CHECK IF IDFND

FREC.

KRST = NFZST (KPRCS)

IF (NRST « 20 « 02 GO0 TO 35

OC 30 IRST = 1 4 NEST
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3417
3413
3419
3420
3421
2422
3423
3424
3425
3426
31427
3428
3423
3430
3631
3432
3433
1434
3435
3436
3637
3438
3433
3440
3441
3447
3443
3645
3443
3444
3447
3445
3443
3450
3451
3452
3453
2454
3455
38858
2457
3458
3453
3460
3461
36462
3463
EY Y YA
3465
3465
3467

OO0
+

#

-3

«r ﬁ?(lﬁﬂh (] (] aRalal
N

25

30

%2

L4

tereee

T

(1Y
i)

ID0OF = RSJUF (KPROS,IRST)

IF IDFND IS RESTRAINED, CONSIOER THE NEXT IOFND,

IF CIDFND = ID3F) 309 254 30

PUT THZ FPRESCRIEZD OISPLACEMENTS ASSCCTATED WITH IDOF IN CORLD.

CORLU (IRQW) = PRSDS (KPFUS,IDIF)

GC TO 10¢

CONTINUE

NOW WE KNOW IDFNT IS A FREE DEGRES QF FREEDOM,

CONSIJER ALL NQUSS WITr RISTRAINIC DEGREZES OF FREEDOM CONNECTED

TOU INDSH,
00 90 IPROS = 1 4 NPROS

NCPD = NCDPD CIPRDS)
IORPE = NJQRD (NOPT)

IF NDPD IS AN EXTERNAL NOZE, RCPEZAT THE FOLLOWING FOR ITS
SYMMETRIC COUNTERPART.

CD 385 ITIME = 1 4 2

IF ¢ ITIME . EQC o« 1) GN TO 47
IF NODPD IS5 AN INTEERENAL NODE, SKIP,

IF (INTNC(CNDPD) o EQ » 3HYES) GC TO 85

NCPD 3cING AN =XT-RNAL NCDE, ZIND TITS SYMMETRIC COUNTERPART,
NOSTY¥,

DO w6 IRWND = 1 , NRWND =53

IFP ( NOPD o KE o NDEXICIRWND)Y ) GO TO 42
NDSYM = KDIXZCIRWND)

c0 TO &5

IF ¢ NOPD o NE . NODSX2CIRSND) ) GO TO 4&
NOSYM = NDEXICIRANU)

60 TO &5

CONTINUZ

Al

PITTV 11T ) 1

T 1

hidil

il

P

dhasid

N sl ddlil |

ity

LT 11 1 mibdad ki MRS

Al

Lull



m

T

w ﬂl."

3468
3469
3470
2471
iaT2
3473
674
3475
2a4Ts
34677
3678
2673
3480
3e81
3482
3483
suds
3485
34856
2487
2488
34869
3450
3491
3492
3453
2494
3435
3495
2457
314553
2499
3500
3501
3502
3503
3504
3505
3506
3507
3508
3509
3510
3511
as1z
3513
3514
351§
3516
3517
3518

C

C*
Cx

o

ol o OO0
i %

o

&5

4“7

s2

50
60

NOPD = NOSYM

IORPO = NOUROCNDPD)
60 80 JPLS = I58G ¢ IzZN2
NCCN =
NEST =

NCCON C(JPES)
NRESTCIPROS)
1=

CNDCPD o NE « NOCON)

IF CNRST o 24 « O)

NOW WE KNOW INDSH IS5 CONNECTE

CALCULATS T=s
PRESCRI3ZD Ot
ENTRIES OF IR

80 50 IRST = 1 ,

I00F = RSDOF
ICCL = (ICRPC
IF (IROW. GTe.
I0IAG IS5 THE
ICIAG = LD (ICQOL +
IKSC = IDIAG -
CORLD (IFDW)
GG TO 50
IROW GREATER
101 IS THD
IDIAS = LD (IRCW + 1)
IKSCo= I0IAG - (IRDW =
CaRL

CIPROSSIRST)

- 1) %= NDFND +
icoL)d
PCSITION
)
CICoL -

OF THE

IROW)

TmAN ICOL

ICELD

CONTINUZ
CONTINUE

NOW CALCULATE Twmt

OUNE GF THE FREZ I

SuM CF

TE*S5 CF THE

IF CIORFT & IORND)

] :- -

IF (NRST « 20 « D)

S0 30 IAST = 1 , KEST

ICOF = RSOOF (IPRCSLIRST)
ICCL = (CZIORFD = 1) % NOFND +

POSITION OF TWE DIAGONAL

(KeIJ %= Ugd) WHEN

e apR

-
o

[LESTT
T
4

62 TO 60

GO TO &0
NDPD.
+ 08 Tus

NDPD TS
CURRENT ROwW OF CORLD.

PRODUCTS OF THE

I2ar
GO TC 48

JTASINAL ENTRY ICOL-ICOL IN KSEGT.

Al

AND THE CORRESPONDING

Uik

AL I D b RN R A

T T

1]

= CORLD CIROW) = KSECT CIKSC) % PRSDS CIPRDS,IDOFY

ENTRY IRDW-IROW IN KSECT,

CIR0W) = CORLD (IROW) = KSECT CIKSC) = PRSDS CIPRDS,IDOF)

gl

°I1“ CORRESPONDS YO

TNAL BLOCK NDPD-NOPD.

N

LT
Vbl

GO TO 35

Wiy
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11111 1

10 85 :
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3519
3520
3521
3522
3523
3524
3525
3526
3527
3528
3523
3530
3531
3532
3533
3534
3535
3536
3537
3538
3533
3540
3561
3542
3343
31544
3545
3544
3347
3548
3549
3550
3551
3552
3553
3554
3555
3856
3557
3558
3559
3560
3561
1582
3543
3584
3545
2558
3547
1852

.
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e Ee e =3 'i-l '__‘
: : §FE===

=4

IF (IROWe. GTe ICCL) GO TC 70 1]
Cx IDIAG IS THE POSITION OF THE DIAGONAL ENTRY ICOL-ICOL IN KSECY..
IDIAG = LD CICCL + 1) 4
IKSC = IDIAG = CICCL = IRCHW) FIE |
CORLD CIFOW) = CCRLD (IRCW) = KSECT C(IKSC) = PRSDS (IPRDS,IDOP)
GO0 TO 80 T —
C% IR0OW GREATEZ® THAN ICOL
Cx IDIAG IS THE POSITION OF TH:E DIAGONAL ENTRY IROW-IROW IN KSECTe
70 IDIAG = LD CIROW + 1) 4
IKSC = IDIAG = (IROW = ICZL) Ess— |
e CORLU CIROW) = CCRL3 CIATW) = £SZIT CIKSC) = PRSDS CIPROS,IDOE) .
B0 CONTINUEZ |
C |
85 CONTINUZ 1
30 CONTINUL |
& =|
100 CONTINUE {
c 3
¢ 4
110 CONTINUE =
L 3
c |
Cx WRITE THAE CLRRECTIVE LDAD VECTTZRe CORLOCNOFSC)y ON DISK FILE |
C& CSKE1. 3
c |
MRITE(DSKFl, REC=NCRLD+1) CORLD -
c
RETURN 3
END |
c EE=
c . - ==
c ::' ==
c ,
c---n-----o--——-—-—-——-——-—---—-——----—-——------—---------’--ﬁ--‘----- - -: -'_-E
¢ L4
G EEE
CH¥x  THIS SUBROUTINE 3STS THE NONDIAG, AL ~vT=y=r “"E KSFLT 158 o4
Chuk CORRESPONDING TO TH o 3 ISPLACTMENTS SJUAL TO ZBRD.: 1=+
Cxn  Tre Cu nwaivons s FTARL T y 292 LFY TN 1,0. 1F TRE NOOE.L ! |
CH6m - AT WAIlA a4 SISPLACIMINT I3 PRIECYIZED TS 3N SHTERNAL I €2) TYPESE =
CHes 17 CARAILS ZUT T=7 3 TTT SYMMSTEICAL COUNTERPART. | .
CH%% - LOCATED ON TeiI EXTIoA&L CL) INTEIEBACE, i3i=3
8 L L0 MARY aAzol ¥ s 1 (a0} = (1.8} °© 3E §4) g
Chss PLACEL On THE DIBSONAL =NTHI < SECT, i Saen
.
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FIND “LWSTCR® THZ LOWEST JRDz® aMONG Tw& NORES CONNECTED
AND LCwZR IN QROER.

KPOS = IPNTR (ND2D)
NCND = ICOMIL (X225)

IF CNCNT o+ 22 o 02 62 TO

A

ND1 = ICONN CXPOS+1)
LWSTOR = NDORD (AD1)

&8 IC 3

3 LWSTCR = ICRPD

- IF (HNEST « £0 . 92 G2 70 53

_ CONSIDER EVERY RESTZAINED COF AT NOPO.

00 50 IRST = 1 , NRST

_I20F = ISJICF (IPRIS,IRST)

CILD = CICRPI = 1) = NDENOD + ITOF + 1

ICCL = LD - 1

10}

wheare

I T_ - . e L] )C 2 3
PralL o ZT€1)
i 32 s -y {23y Z0'=¥(1)y NALOGHNC L)
e RERFL{L ) FCE2e L T SRLYDe TENTRCLYy ICONNCI)
ES9iCas JIYRNT
SGHIIDES GFVLEY HERT ¥I¥%4 2 4 A "tPLaCTHEENT,
EL 32 jFe3S = 3 =
S!.‘“i‘ s , *LbL -
L] ]' b r
I.¢ 4
IPBRS 5 IR (=R 2)
' = (1208)
1285 = IPODS + 1
IEN2 = TIEJS & NN
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3521 € } :
3622 (= FOR EACH IRST “STORE® WILL CONTAIN THE MONISRO ENTRIES OF ROW
3623 (= NUM3E& “ICOL" OF KS3CT. FVERY NOFND ENTRIZS CORRESPOND TC A NOCDE
© 3624 (m CONNECTED TC NOPDs ANC ARZ LICATED IN THE ORDER GIVEN BY NDCONs
‘ 3625 (= THE NOFND ENTRIES CORRESPONDING TD NDPO-NDPD ALOCK COME LAST.
3626 (= CONSITER ALL NCDZS CONNICTED TO KOPO. -
3527 ¢ i1
3623 GO 30 JPOS = ISEG » IZWD =
3629 ¢ HE:
3530 NOCN = NJCON CJPOS) S |
3631 13RCN = NDORD CNOCN) 2
3832 ¢ e |
3623 (% IF TRE ORJFER UF THE CONWSCTZD NOOE IS LESS THAN THAT OF NOPD, :
3834 Cx ENTRIES ARE READ CCLUMN EY COLUMN FRCM KSECT. e
3635 ¢ 1
3634 I CIORCN o 5T o ICRPD) G0 TQ 15 ]
3537 € -
3538 Cx IORCN LESS THAN I0w%P3 , EEa |
3§39 Cw “LAST® IS5 TAT POSITION GF TH: LAST DIAGINAL ENTRY OF THE COLUMN 1
3840 Cx% JUST BEFCRE ICOL, IN JRDER, e
3541 C o
3642 LAST = IASSC LD CICIL) ) =
3543 C :
3644 00 10 IOFRw = 1 , NOFND i
3s45 C ..
3546 IKSC = LAST + CICRCN = LWSTOR) = NOFND + IDFRW i
3547 KSECT CIKSC) = 0.0 ,
. 3648 C =
3649 10 CONTINUZ 4
= 3650 ¢ i
3551 GO TO 30 (1] U
3852 C ézé.éﬂ

3653 (x IORCN GREZATER THaN [0RP0 Lt
3654 C% NOW CONSIDER ROW NUMBER ICGCL OF KSECT &ND PUT ITS NONZERD entu’ﬁ.a
3655 Cx IN STORE.

3656 C% *MINDRD” IS THE MINIMUM OF THE DQRODERS DF THE NODES CONNECYED TO éﬂ
3657 C= NOCHe LI} |
3658 C 1=
3653 15 NOD1 = ICONN C(IONTR(NDCN) + 1) 141
3660 C Hg
3661 MINQRS = NJORCCENTTL) |

3662 C Es é
3643 0 20 IOFCL = 1 , NOFND wim
3664 C ESS
3665 C% “LAST® IS THE PQSITION OF THF LAST (DIAGONAL) ENTRY OF THE 14
36656 C% CCLUMN JUST EEFORF THT ONZ IN WnICH THE PPESENT ENTRY IS BEING &
3667 (% CONSICEREDy IN KSECT,.

3668 C

3869 ILD = (ITRCN = 1) %= NOFND =+ IJFCL

3670 LAST = I235¢ LD CILD) )

3671 IKSC = LAST + CIORPD = MINORD) = NDFND + IDDF
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3672
3873
3674
3675
3675
3877
3678
3679
35680
3681
3682
3683
21584
3685
2685
3687
iez8
3689
3690
3651
3692
3693
1694
36%5
3696
3697
3698
3899
3700
3701
2702
2703
3704
3705
3706
3707
3708
3703
3710
FES
iT1z
3713
3714
37115
3716
ITIT
3718
3719
3720
3721
rzz2

“y

e sl nl LiL ] [l o OO0 [ Xl [
8 %

35

(g

KS5zCT (IKS5C) = 0.0

bbb

B
J

iwheie

CCNTINUE
CONTINUE
FINALLY PUT THE ENTRICS OF RJW “ICCL"y GCOF KSECT, CUQRESPGNDINQ ,
TO BLOCK NOPD=-NOPD IN THE LAST NOEND ENTRIES OF STCRE. i3
*LSTCL® 15 THE PCOSITION 05 THE LAST CILUMN OF THE PREVIOUS
NODE, IN XSECT.

LSTCL = CIORPD = 1) %= NIEND

LAST IS THZ POSITION DOF THAS LAST JTAGONAL ENTRY ON COLUMN ICOL=1

LAST = IA35(C LC CICoL) 2

L M

DO 40 IDFPD = 1 , NOFND 33

JJ = LSTCL + IOFPD

-

IF (JJ « 37T o IC2L) 50 TO 35

READ COLUMN=WISE.

rrers

IKSC = LAST + (ICRPD - LWSTOR) % NOFND ¢ I0FPD

i
PR

KSECT (IK3SC) = Q.0

IF CJJ « =239 « TECL) KSECT C(IKSC) = 20

-

bW

GC Td 40

R:A) RoW=WIzE,
“LAST® IS THE LAST (DIAGONAL) POUSITICN OF CCLUMN JJ=-1.

fheet

|

12
"

itk

LAST = IABSC L (W)

THTH
W

IKSC = LAST + (IORPD ~ LWSTCOR) % NODFND + ICCL - LSTCL
KSECT (IKSC) = 0.0

i

|
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el LGRS

CONTINUE

et
rh“
-Mu

CONTINUE
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IF NOPJ I3 THE SYMMETRIC N23Z, SKXIP,

i
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hbede
haf

IF (SYMNZ) GO TO 60

IF NDPD IS AN INTERNAL NODE, SKIP,
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3723
3724
3725
3725
3127
372&
3723
3730
3731
3732
3733
3734
2735
3736
37137
3733
3739
3740
3741
3742
3743
3744
3745
3745
3767
3748
3749
3750
3751
3752
3753
3754
3755
3756
3TsT
3758
3759
3760
3761
3762
3763
3764
3765
3744
3767
3748
3769
3770
31711
3772
3773

C
C%
Cx
[

c

aNaleNeNeFallal

Cn
Cx%
L=
C%
Cx
C#x
Cx
e
<

IF (INTNDCNOPD) .

£Q « 3MYES)

i =

GO TO 60

SINCE NDPD IS AN EXTERNAL NDDE, FIND ITS SYMMETRICAL COUNTERPART
LICATED ON TeE OTHER 3102 JIF THE SECTIR.
55 02 53 I = 1 , NNDE)
IF ( NDPD o« NE o« NDEX1CI) D GO TC 56
NCOE = NDEX2(I)
G0 TC 33
§6 IF € NOPD o NZ o NIEXZCI) D G3 TO 58
NODE = NOEXLICDD
GO TC 53
58 CCONTINUE
MOOIFY THWZ RCW AND THZ COLUMN GF KSECT CORRESPONDING TC “NODE“®
THE SAME WAY AS WAS DONE FIOR THCSE CORCPESPONDING TO °NOPD°.

5% NUPD = NOOE
SYMND = ., TRUE .

60 TO 2

60 CONTINUE

RETURN
END

NOW CONSTRUCY COLUMNS OF KI=
SUSROUTINZ SKYSOL T2 53LveE

FIK THE

- —— W — W W W -

THEM TO $3
FIRST CCLUMN DF BRHS.

FROM KSECT AND GIVE

KEE® IS OBTAINED 2Y SUSTRACTING THESE 3RHS”S FROM THE

THE CORRESPONDING COLUMNS OF K=& (A4S THESE 3RHS®S ARE

BEING PUT QUT 3Y SKYSOL). £ 5
GN INPUT THE EXTERMNAL ENTRIES OF 2RHS &R: ZERD AND THE INTERNAL_.
ENTRIES CONTAIN & COLUMN OF X1t i
SUBROUTINZ SKYFAC €&, N3EGy NINDs Ny LDy Ve SINGAB, L)
+ PDCMEK, ICOND, IAFILEZ, ACOND, DETCF, IDETEX, NEGEIG, IFAIL) & & &

IFH 1| .
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3774
3715
3776
31N
3778
3779
32780
3781
aT8z2
3783
3784
3785
3785
3787
3res
3789
3730
3791
3792
37193
3754
3795
3736
3797
3798
27199
2800
3801
3g02
3803
3804
3805
380¢
3807
3305
2803
3810
3a11
3812
3813
3214
aslrs
3816
3817
3818
3815
3820
3821
3g22
3323
3gle

Cx%
C#
Cx
Cx
Cx
C%
Cum
Cu
Cx%
Cx
Cw
Cx
Cx
Cue
Cx
Ci
Cx
Cx
C%
Cx
Cx
Cu
Cx
Cx
Cx
C#
Cax
Cu
(%
Cx
Cx
(S
Cx
Cx
Cx
Cx

C%
C*
C%
Cx
Cx
Cx
Cx
C%
Cx
Cx
Cx
Cx%
Cx
Cx

- *

-DISCUSSIONS- E2 -
—— *
iy
THE UPPER TRIANGLE OF THS INPUT SYMMETRIC “YATRIX (4) IS STORED =
IN COLUMN=WISE SKYLINE FASMION IN THE FI2ST NWA WORDS OF 22
ARRAY (A), THE STORAGT SCHEMY: TS 33ST ILLUSTRATED 3Y THE #
€6 % &) MATRIX COCTS D=ENOTE IZR0OS JUTSIDE SKYLINE) @ t%
- - - ]
I 411 . A1l . 616 1 ST =
1 a22 0 A24 o 0 I HT
(a) = z 433 a3s , 0 I (Hiiies
I aé6s A4S T 2
4 CSYHM) A55 A56 I =
: 2ss 1 %
- - gEE
THIS IS PRSSEMTEL TO SKYFAC < WIRD STRING @ o=

1= I

855481590909 Abbs A55, A66 (23 @ &
*

IN ARRAY Ay THS POSITION OF THET DIAGONAL ELEMENTS IS MARKED Bfﬁ?‘.g

811y A22941390s B33y 8lwgdiayldsg,

& (N+#1)-W3IRD INTEGER AXZAY L3, SUCH THAT LDC1) = 0 AND | lig
LOCI+1) POINTS T2 ACI,I) IN ARRAY A FOR I = 1(1)N. ST
115N
LO = G5 1y 25 5+ 35 99 15 1P =

|

THE SYMMETRIC DECOMPOSITION ==

(2a) = (L) (D) (W) (3)

WHERE (U) IS THE TRASPOISE OF (L)y WHICH IS 4 UNIT LOWER 3
TRIANGULAR MATRIY, a#d (0) IS a CIAGONAL MATRIX, IS PERFORMED.
THE STRICT UPPER TRIANGLE O0F (U) OVERWRITES THE OFF=-DIAGONAL
ENTRIES OF (A)., WHEREFAS THE RECIPRCCALS OF THE ELEMENTS OF

€D) REPLACE THZz OIAGONAL cLEMENTS COF (2), THE OUTPUY

STORAGE SCHEME FOR THZ EXAMPLE MATRIX (1) IS THENS

R T L P e

I 1701 13 Uyis I

b 1702 u23 Uis uzs 1

I 1/03 vig Uié I _

I 1704 Uss 1 33

I 1705 Us6 1 B

I 1/04 I =
THE DECCMPISITION PaDCESS MAY = ASCETIT UANISR SITHER COF THE
FOLLGAING CONSITIONS : T

CA) THE MATRIX CA), MOOIFIED 2y THE ROUNDING ERRORS, APPEARS
SINGULAR. THE SIGULARITY T:EST USED AT THE J=-TH STEP IS

shidhd
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3876

3877
3878
3879
3gsg
2881
3582
3g83
3834
3885
3ges
3847
3s8e
3889
3890
3891
1892
3893
3894
3895
3896
3897
3898
3399
3900
3901
39302
3903
330s
3905
3506
2907
3908
3909
3910
3911
3912
3913
3914
3915
3318
3917
391s
3919
3920
3921
3322
3923
2324
3925
3928
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Cx H Ase I 2
Cx - - i iiga
Cx THAT IS, 3INLY THE C(UNREARRANGED) EREE-FREE PORTION CAFF) IS %
Cx EFFECTIVELY FACTIRIZED INTI CLES) COFE) CUEF). .3
Cx BE N ¢
Cx o
C AODITIONAL FEATURES DF THE 3USROUTINE INCLUDES v
Cx e
Cak l. THE CETERMINANT OF (CA) (QOF (AF) IF CONSTRAINEDQ) MAY 3E *
Ce COMPUTED ON REQUEST. ®
Cik et L
Cxe 2. AN ESTIMATE OF TH: zulLIOZaZN CONDITION NUMBER OF (A) COR & ©
Cx CAFF) IF CONSTRAINED) MAY 8& GBTAINED. %
Cx e E
Cx 3. ACCUMULATICN OF INNER PROUDUCTS IN CIFFERENT PRECISION @ %
Ce M30ZS IS SACILITATED Y INCLUSING THE INNERPODUCY FUNCTION &
Cx iN THE FORMAL ARGUMENT LIST. VARICUS ENTRY POINT NAMES ¥
Cik MAY THUS SEF USED WITHOUT EDITING/RECOMPILING. =
Cx =
Cx e A CAPASILITY FOR PARTIAL FACTORIZATION IS INCLUDED, THE F =
C& FACTOFRIZATICN (2) IS ACUALLY CARRISD OUT FROM EQUATION %
Ce (N3EG+1) TROUGH NEND, WHERE NBEG, NEND ARE TWO INPUT ==
Cx PARAMETERS. NO2MALLY N3EG= AND NEND=N (MATRIX ORDER). *
Cx HOMEVER, IN CERTAIN CASES <=.s.. LOCAL STABILITY ANALYSISs ¢13
Cx LOCAL NCNLINEARITIES)e A PARTIAL FACTORIZATION MAY BE

C% USEFUL. :-*3
(%3

Ca#*u###una###annta:u:mw:uuu:a:nr:fmmunr:mwszr:nautna#t#attatttttttunttttm ;

Ce mmmmmmmmmee s
Cx -US$AGE - Ex =
C# e ————— - 4
Cx = %!
Comtd 1, INPUT ARGUMENTS = i
it fe
C% N3EG o NENS TWO TARAMETERS SPECIFYING FACTORIZATION RANGE . 8
Cx AS EXTENOING FROM =JUATION (NBEG+1) THROUGH NENDa &
Cx (552 D2ISCUSSION)e COMPLETE FACTORIZATION OF CA) %
C% IS DBETAINGD WITH NBEG=0 AND NEND=N (MATRIX ORDERD &
Ca it an |
C# N GROER OF MATRIX CA) :tfi
C% |
Cx £ =
Ck LD (N+1)=WOR0D ARRAY JF CIAGONAL LOCATIONPOINTERS %
Cx (SEE DISCUSSICN) £ =
Ca %
C% " A& SCRATCH FLOATING=POINT ARRAY OF LENGTH AT LEAST &
Cx N IF ICOND=J, 4%N IF ICOND IS POSITIVE. + A
Ci —
Ca DOTPREC FUNCTION RETUPNING INNZR (DOT, SCALAR) PRODUCT & |
Cu OF TWQ VFCTORS. THIS FUNCTION IS INVOKED BY £rE
Cx DOTPRD(P,Q,M) AND SHOULD EVELUATE THE INNER s 3
EE= |
==l
3
SEE
jai=
=z -ord
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m

3927
3923
3929
3930
3331
3932
3933
3334
3935
3838
39137
3938
3939
1549
3941
3342
3942
2344
2545
3945
3947
3948
3543
3850
3951
3952
3953
3554
3955
39546
3957
3358
3959
3960
3961
3962
3963
3964
3965
3346
3367
3968
3969
3970
EER D
2972
3973
3374
3975
3976
3977

= 3 i_:'t_',

Webiy

I -

Cx FRCDUCT [LF THEZ TWO M=-WOR0D VECTORS P AND Q. *

Cx E£22 7

Cx SINGA3 LOGICAL FLAG CIMNTRCOLLING ACTION TO BE TAKEN IF |
Cx THE SINGULARITY T:ZST (5) IS VERIFIED: T 8L & |
Cx "

Cx SINGAR = .TRUE. ASORY SEVTTING IFAIL = J el
Cx SINCASZ = FALSS, SET DCJ) TO 3IXEPSMAC%R(J) AND |
Cx PROCEED, E§3 |
Cx ¥
C= 1=
Cx FOQ NORwAL USE OF SXYFAC IN SQUATION SOLVING, CNE %
Cx SHOULD ALWAYS SET SINGA3 = .TRUE.. THE .FALSE. =
Cx SETTING IS RSCIMMENDED ONLY IF THE DECOMPOSITION %
Cw €2) IS TQ RS USED IN THE CALCULATICN OF EIGEN= = &
Cx VECTCORS OF (AFF) ~Y INVERSS 9IWSR ITERATION. *
Cx =a: £
Cw PuCrck LOZICAL =LAG INDICATING WHETHER (A) COR (AFE) IF %
Cx CONSTRAINED) IS TO 25 CHECKED FOR POSITIVE * 3
Cx DEFINITENESSe IeEeos CONDITION (S5) TESTED @ L
Cu * =
C* PDCHEK = LTRUE. A30RT SETTING IFAIL = =J A |
Cx POCHEK = LFALSE. OJON°T TEST FOR INDEFINITENESS. &
Cx . |
Cx 1COND IF POSITIVE, A4 LOWER BOUND ESTIMATE OF THE EUCLI= %
Cx OFAN CONDITION NUMEER C(C8) OF (a) (DR (AFF) IF L,
C% CONSTR2AINED) WILL 2% CALCULATED BY PERFORMING ONE % |
Cx ITzRATIVE REFINEMENT CYCLE ON ICOND *°RANDOM®® x
Cx RHS VECTORS. THE LARGER ICOND, THE BETTER THE s
Cx ESTIYATE. HCWEVER, FOR PRACTICAL A PRIORI =

(of 3 ASSESMENT OF SCLUTION ACCURACY, ICOND = 2 IS =
Cx JFTEN SUFFICIENT, > |
% =
Cx IAFILE IF NONZERQs COPIES 0OF (A) AND ITS FACTORIZATION =

Cx WILL B8E WRITTEN IN LOGICAL UNIT IAFILECSEE £

(% *PLUTPUT SILES*® 2ZL0W). IF ZERD, N2 COPIES g
(% ERE WRITTEN. A NONIEFD IAFATL IS REQUIRED =
Cx IN THE EOLLOWING TWD CASES @ =

Cx I =
C% Ca) ICIOND IS PISITIVE (CCA) REQUESTED) S

C% €8) ITERATIVE REFINEMENT NF SOLUTION VECTORS E2 =
Cx WILL =S PZLUESTSD WHEN CALLING SKYSOL. |
C# % e
Ck WARNING = DO NOT USS FFATURES (A) OR (B) IF THE ®
C% PARTIAL FACTORIZATION CPYION IS BEING EXERCISEOD.: &
C# *

Czokk 2, INPUT=QUTPUT ARGUMENTS - i Si=
C* %

CH A AZRAY CONTAINING INPUT MATRIX TO 3F FACTORIZED &
(of (OR UNFACTORIZED PORTION THEREQF IF NBEG GT 0)e &
C* JUTPUT FACTORIZATION=DEFINITION ELEMENTS , AS £ =1
Cx JESCRIS=D IN THE DJISCUSSION. %

e
e



™

"y 3

P33 -3
3978 Cx % 4
3979 Ca#3% 3. QUTPUT ARGUMENTS - iss
3980 (= .
3981 C#x ACOND ESTIMATE DF C(CA) IF ICOND GT 0O CAND IFAIL = 0) @ % |
3982 C=x et 3 |
3983 Cx% QETCF,IDETEX TWO NUMAERS (REAL,INTEGER), WHICH TOGETHER GIVE & |
39684 Cx ThE DETSMINANT OF CA) (02 CAFF) IF CA) IS %*
3985 C= CONSTRAINED) IN THE FORM x
3986 C= T
3987 Cx DETCA) = DETCF % 2%xIDETEX C10) %=
32983 (% ®
3989 C= WHERE DETCF IS IN THT RANGE (1/16,1), PROVIDED . & |
3990 (= DETCF IS PRESET TO 1.0 ON INPUT. IF DETCF IS 2ERD %
3391 Cx ON INPUT, THE DETERMINANT IS NOT CALCULATED. = |
3992 (= IF JUTPUT IFAIL = +Jy CETCE IS SET TO ZERD. -
3993 (= If QUTOUT IFAIL == =J, (J GT 0)y THE DETERMINANT & |
3994 Cx €10) IS THAT OF T=Z UPPER (J % J) PRINCIPAL MINOR =
3995 (= ===
3395 Ca NEGZIG COCUNT QOF NESATIVE SISENVALUES OF CA) (OR CAFF) IF =% y
3997 Cx (&) I5 CONSTRAINED) IF IFAIL = 0 ON OUTPUT. =
3598 C=x s
3999 (= TFAIL EACTORIZATION SAILURE INDICATORS e
4000 C= | &
4001 Cx IFAIL = 0 EACTCRIZATICN SUCCSSSFULLY EXECUTED. ® |
4002 Cx IFAIL = J SIGULARITY COMDITION CS) OZTECTED. *
4002 Cx IFAIL = =J INDEFINITE CONDITION (&) OETECTED. * 3
4004 Cx .
4005 Cmswm 4, COMMON INPUTS - R =
4006 (= NOKE . =
4007 Cx *3
4008 Cxukx 5, COMMON INSUT=-CUTPUTS - » J
4009 Cx NONE. S =
4010 C= . _i
4011 Cmumsx &, COMMON OUT2UTS - £5 =
4012 Cx NONE . * |
4013 Cx e
4016 Cxmxk 7, INPUT FILES =~ .l B
4015 C=» NCNE, E: = |
4016 Cx %
4017 CH%%% 8. OUTPUY FILES = 1=
4018 Cx IAFILE IF NONZERD, LOGICAL UNIT TAFILE RECEIVES COPIES &
4015 C=x OF THE QRIGINAL AND QUTPUT CONTENTS OF ARRAY B, &
4020 C=x SAVED AS 2 FORTRAN SINARY RECORDS OF SIZE LDCN#1)e%
4021 C=* =
4022 Cxxx%x 3, SCRATCA FILEZS = (|
4022 C= NONE o 9=
4024 C= &
4025 Cxm%x® 10, PE03RAM SUBRIUTINES = £
4026 Cu D2TP®D, SKYRDMs SKYSCL | 5% |
4027 C= g o=
4028 Caw¥x 11. LIERARY SUZRAUTINES - 1 28



4029
4030
4031
4032
4033
4034
4035
4036
4037
4038
4033
4040
s40s&]
4042
4043
4044
4045
2048
4047
4048
4049
4050
4051
4052
4053
4054
4055
4054
4057
4058
4059
4060
4061
4062
4063
40464
4065
4066
4067
4068
4069
4070
4071
4072
4073
4074
4075
4078
4077
4073
«073

T} ™
=== §:;§¥5
)
Cx SQRT, FORTRAN 3INARY 1/0 .téF
Cx e
th###a#*###***u#itnux*#ﬂ**utvmn#u#*ﬁ$$&##*#*«h###**#t#t#t#ttt##*‘*t.t#_f
< : E ]
c TYPE AND ) TMENSION STATEMNMENTS
¢ e
REAL 8C1), v(l) |
REAL ATJ2, Js DETCE, DOTPRD, gpsngc.g
INTEGER L2C1) )
LOGICAL POCHEK, SINGAS =
ELUIVALENCE CATJ250,0MAX)
c : *
C NCTE= APPROPRIATE VALUES OF EPSMAC E0R VARIDUS CCMPUTERS ARES |
c COC 6900/70060 SERIES 7.11E-15 CSINGLE PRECISION)
o ¢ccc 170 SERIES 2,135=294(SINGLE PRECISION)
c 18M 360/370  SERIES 9.54E=07 (REAL%*4é PRECISION)
c IE8M 3580/270  SERIZS 2.228=15 (REAL%3 PRECISION)
c UNIVAC 110871110, 134 7094 1.49E=08 C(SINGLE PRECISIONY
DATA EPSMAC/3.135=-294/ F |
c = |
¢ INITIZALIZATION L
c 3
IFAIL = 0 =
IDETEX = O :
NEGEIG = 0 : -8
SINGAE = TRUZ, 14
J 3
¢ SAVE CRIGINAL MATRIX IF TAFILE NE 0 AND N3EG = 0 fi
c
NwA = TABSCLICN+1))
IFCIAFILELEQe0Q) G0 TO 200
IFCNBEGeNELD) A2 IO 200
REWIND IAFILE
WRITE CI&FILE) CACJ) s dm1otina)
¢ COMPUTE SQUARED LENGTH OF UNCONSTRAINED ROWS N3EG+1 THRU N :

200 NBEGP1 = NE
CC 1000 I =
I

W T
4

IFCII) 1000,1690,400
400 VCI) = ACIID*%%2,
M= II -1
K = MAXD (NZEGP1,IABSCLOCI))=M+1)
L = MIND (NEND,I) - 1 1 1]
IFCK=L) 500,500,1000 P
500 DO 800 J = K,L

Tt
e

o e i

Wi
(1

i

m% '
ool il

[
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o
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1
I
by
seh
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4080 IFCLDCJ+1)) 800,300,400 |
4081 500 £1J2 = ACM+J)mk2, E:
4082 VCI) = VCI) + ATJ2 1
4083 VCJ) = VCJ) + 2142 3
4084 800 CONTINUE 4
4085 1000 CONTINUE : =
4086 C §
4087 3
4088
4089 C FACTORIZATIIN S ECTION #
4090 C
4051 00 4000 J = NSEGP1,NEND #
4032 C
4093 C COMPUTE KU SUPEROIAGONAL ENTRIES OF J=TH COLUMN OF (CU) Eis=
40%¢ C IF UNCONSTRAINED _
4095 C IS =
4096 JJ = LCCJI+1) T
4097 IECJJ) 4000,4000,1200 EE
4093 1200 D = AQJJ)
4095 JMJ = IABSCLDCI)D
410¢ JK = JJ = JMJ
4101 KU = JK = 1 3
4102 IFCKULEQe0) 50 TO 2200
4103 DO 2000 K = 1,XU 2
4104 I =2 4= JK + X N
41065 VEK) = 0,0 EEE |
4106 I1 = LOCI+1) ; 143
4107 IFCID) 2000,2000,1300 L ==
4108 1300 M = MINO CIT-IASSCLOCID)oKY = 1 3
%109 IJ = JMJ + K =
4110 VCK) = ACIJ) = JOTPRL (2CII=M) VIK=M)y¥)
4111 ACIJS) = VCK) * ACII) |
4112 2000 CONTINUE 1118
4113 ¢ ===
4116 C COMPUTE STIAGCONMAL ELSMENT  0¢J) _
4118 ¢ 13453
41156 D = O = ZOTPRDCACIMIFL) oV oKL 131 &
4117 ¢ EZE -
4113 C SINGULARITY TEST |
4119 C ==
6120 2200 TOLROW = 3.BEP3MACHSLATIV(JI) (il 4
6121 IFCABSCD).GT.TOLEOW) 50 TO 2500 e
4322 IF(SINGAR) 50 T3 6000 L 14
4123 O = TOLROW FiEES
6126 2500 ACJY) = 1.0/0 11,9
4125 C 53 =
4126 C UPDATE DETERMIANT IF 2JETCS IS NONZZROD 41 3
3127 ¢ iZi 3
4128 3000 IFCOETCEezR40.0) 57 T2 3500 {118
4129 DETCF = DETCF%D =
4130 3200 IFCABSCOETCF)eLT.1.0) 30 T0 3400 {11 9
ES =

il

_._.
LT T

Wit



4131
4132
4133
4134
4135
2135
4137
4138
4133
4140
4141
S
4143
4144
4145
4146
4147
4144
4145
= 4150
4151
4152
4152
4154
4155
4156
4157
4154
4159
4160
4161
4162
4163
4164
4165
41686
E 4167
E 4ls648

4169
E—41170
4171
64172
4173
4174
4175
4176
4177
41782
4179
%180
41351

L wmhyw ™ T Mn"

I T

Ty

e

m

.t

mm mm

"

™

mm

v g it B 1
DETCF = CETCEx%,04825
IDETEX = IDETEX + &
GO0 YO 3200
3400 IF CABSCDETCF),GFs .D425) 32 T0 3300
DETCF = CETCF=%l6.
IDETEX = IDETEX - &
GO TC 23400
Cc
C POSITIVE SEFINETNISS CHICK (IF POCHEK = ,TRUE,L)
C
3500 IFC0e6T:0:0) 50 70 4000
NEGEIG = NEGEIG + 1
IFCPDCFEK) 32 T0O £300
4000 CONTINUE $
£
c SAVE FACTIRIZATION IF IAFILE Nt Q AND N = NEND
C
IF CIAFILZ.EQ.0) 50 TO 5000
IF (NENDeNEGLN) 32 T0 5000
WRITE (IAFILE) CACI) 9 =1 ,0iWA)
IFCICONDeEQe0) 62 T2 3000
C
(# M 4 TRIX COND2ITION £t STIMATION
¢
K =0
DMAX = 0.0
DO 4200 I = 1,ICOND
[ +4
c SET UP A RANDOM 243 VECTOR IN V¥
c
CALL SXYROM (V,y Nda, 040, %)
G
(o SCLVE FOR V AND 729 ONZ CYCLE GF ITSRATIVE REFINEMENT TO 131
c OS3TAIN 2-NORM RELATIVE SCLUTION FRROR IN DELTA 133
C
CALL SKYSCL CAy Ny LDy 0y =19 Vs VIN®1), i3
1y IAFILEs V(2%N+1), JELTA)
OMAX = AMAX1 (CELTA,OMAX)
4200 CONTINUZ
>
c NOK ESTIMATE C(CAa) FI2# LAZ3=ST DELTA AND MACHINE PRECISION
C
ACOND = DMAX/ZCC1.0+0MAXI%EPSMAC) i
C i3
5000 RETURN
C
c - T s XY 1}
C: =3
o SINGULAR MATRIX (SINGAZ = ,TRUEL) i3
6000 IFAIL = J ==
SETCF = Ueu J

i
i

e
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e
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4182
4183
4184
41853
4185
4127
4185
4189
4150
41%1
4192
4193
4134
4195
4194
4137
4198
4155
4200
4201
4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214
4215
42156
4217
4214

- 4219

€220
6221
4222
€223
4224
6225
6226
©227
4228
€223
4230
4231
4232

Illlii

el
i
|

T

|
|
|
‘U'.“-
M"
tilid

s
FHTT
bitdu

60 TO 5000
c INDEFINATE MATRIX (PDCHEK = ,TRUE,) =
6500 IFAIL = =-J
GO YO 3000

END

OO O0

- —— =

Ceex THIS SUBROUTINE CONSTRUCTS ROW NUMEER IROW OF KEI (COLUMN
Caexz  NUMBER
Cxzx ASSOCIATED WITH THEC INTERNAL NCODES.

IRCW OF KJIE) AND PUTS IT IN THE ENTRIES OF 8RANS

(14

i

c
SUBROUTINE KEIZRS (ICREN, IDFEX, IROWs NNDSH, NDFSC, NODEND, :
+ NDFEXy NOFINs NNOZX, NNIIN, MDINT, INTND, NOORD, SECNDs INDEXs
+ NDCONy LDy KSECTy 8RHS) s
c
INTEGER SEQNDC1)
o
REAL KSECTC1)
C
DIMENSICN NOINT(1)y INTNDC1)s NTORDC1)y INDEXC1), NDCONC1),
+ LDC1)y 2R53(C1) 14]
G ==
Cx FIND THE CURRENT EXTERNAL NODE, 88
NDEX = SEINDCIOREX)D EI=
o i
C% INITIALIZE BRHS TQ ZERG,. $33=
C
CALL SETZRO CNDFSCs 14 BRHS) 1E3=
C
Cx CONSICER ALL INTE®RNAL NODES. ESS
C
00 170 INDIN = 1 5 NNDIN Z
c
Cx CETERMINE THE CURRENT INTSRNAL NODE. 5
C
NOIN = NOINTCINDIND S =
IORIN = NODOROCNDIN) '
¢ 5
C# DETERMINE N3, THE POSITION IN 5245, SEFORE THOSE TO BE FILLED
(" BY 12 ENTRIES FROM BLOCK NDEX-NOIN 02 NDIN-NDEX. s
C
N3 = NDBND o (IORIN = 1) =
€
IPNT = INDEXCNOIN) ES
NCND = NDCINCIPNT) i
ISEG = IPNT + 1 3
IEND = IPNT + NCND

b

prete)
sl
[Tt



-

4233
42%4
4235
4236
4237
4232
4239
4240
4241
4242
4243
4244
4245
4246
4247
4248
4249
%250
4251
4252
4253
4254
4255
4258
4257
4235
4259
4250
4261
4262
4253
4264
4265
4265
4267
L2643
4269
4270
4271
4272
4273
4274
4275
4278
4277
42178
4279
4280
4281
282
42813

C#

Cx
Cu

140

150
C*

C%
Cx

145

ET

IF CIOREX .
ICREX < IJRIN

NGGES

CONSIOER aLlL
THEM.

= IBEG 5 IEND

T
| &)
v

D2

(=]

150

NCIPOS)

ol
o
[ &)

NOCN = N
I1F CINTHOCNODCN) » 22 o
N1 = NDFND = (IOQRIN =
N2 = N1 -

FUT THAE

BERASCIBRMS) = XSECTCIKSC)

CONTINUE

CONTINUE
IZREX K IJRIN

CONSIOER ALL NCDES CONNEC
THEM.

D0 168 IPOS = 1856 4 IENC
)

NOCN = NICONCIPC

IF (IKT\:(\ZCN) s EQ o E*Yﬁs - 4T - H"E! -

(IZREX -

N1l = NDFND =

Tric 25S51ITIC
COLUMN TO

DETEZRMINE N2y
ENTRY OF THE

e

N2 = TASS5C LOCIRCW+1) ) =

it

D T

3HYES « OR o

E

inN
CONS

N1 -

i
(=}

TC 145

NOIN AND SEE

IF NDEX IS AMONG

NE . NDCN) GO 7O 150

IOJREX)

| SRHS.

D T2 NOIN, AND SEE IF NDEX IS AMONG

NE o+ NDCN) GO TO 168

rAanTa
—d‘b‘)

FIRST

IDFEX

== |
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4284 Cx FUT THE TOFEX=-TH COLUMN CF 8SLZCK NOIN=NDEX IN 8BRHS.
4285 C
- WlB6 00 160 IDF = 1 » NODFND
t;as . IKSC = N2 + ICF
B85 I8RAS = N3 + 1CF
- 4250 BRASCIZAMS) = KSECTCIXKSE)
S 4291 C
4292 160 CONTINUE
4293 ¢C
4254 G2 TO0 179
295 C
4255 168 CCNTINUE
&2517 C
L2943 170 CONTINUZ
4253 C
300 RzTURN
4301 END
4302 C
4303 C
430¢ C
4305 C
2308 (mmmmerrm e rcr s e - —————— -
4307 C
4308 C

4309 C=%x%x WHEN CALLED FROM SUBROUTINE STIFSH,

4310 Cwx% THIS SUBRIUTINE TAKES THE INTSRNLL ENTRIES OF BRHS, WHICH
£ %311 C%%¥ CONTAIN THE IROW=-TH COLUMN OF KIS, AHNOD OM RETURN PUTS THE
_ 4312 Cxs% PROOUCT KEI & KII-INV = KIE 1IN ThI EXTERNAL ENTRIES OF BRMS.
- 4313 € 3

4314

4315

4316 SUBROUTINT SKYSOL (ay Ny LTy IOP, ISX, 84 X,
4317 % IREFs IAFILE, V, D2ELTA)

4318 C

%319 CestaffedhioodifiochrshitddnfihRiohiiiginikaiihdRphtafRbthhhleR it hhketatuupy

4320 Cx L
4321 Cx - e ®
6322 (= - P URPDODS == =
4323 Cx% - o - - £32
4324 Cx% ) | &
4325 (= TO SOLVE THE LINEAK SYSTEM (A) (X) = (2)y (&) BEING A SKYLINE=- =
4326 (=* STORED SYMMETRIC MATRIX PREFACTONZD %Y SU3ROUTINE SKYFAC, 128
4327 Cx» S
4328 C% =000 meeseeccecceeeea- —————— ®
6329 C= -2ISCUSSTIOCNS~ £
4330 C=x e bt L .
4331 (= =9
4332 (= SKYS2OL C&i DEaL {ITHER WITH THE UNCONSTRAINED LINEAR SYSTEM *
4333 Cx £1 2
4334 (Cx (a) {xX) = (%) 4

i

bbb
T

i
iHd
i dobd

L0 B

i

el
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433¢
4335
4337
4333
£339
%340
434)
E 4342
4343
L 43464
w345
4344
4347
4363
_ 43439
5 4350

4351
E 4352

4353
E “354
43553
43545
4357
E 4358
4359
4360
4361
4362
4363
4366
4365
L3686
_ 4387
£ 4368

4363

4370

£371
| =T ¥

4373
= 4374

4375

4376
A 4377
- 4378

4373
- 4380
43rl
4332
4333
L4384
4385

mm

"

"

-

mm
ot

LI
(R

He
(eheee

e

g_: o= :.g
e
$1=2=—38

Cx WHERE THE ENTRIES RHS (3) IS PRESCRIBED AND (&) HAS REEN PRE=- %
Cx FACTORED INTO (L) €D) CU) SY SKYFaC, OR WITH THE MORE GENERAL &
Cu CASE CF A CONSTRAINZD SYST=M (CF.S3.(7) IN SKYFAC): &
Cx = 2 |
C CAFE) (XE) + Ca=C) (XC) = (2F) , 28
Cx CACF) CXF) « (ACCY CXC)Y = (EC) F
Cx e 3
C# WHERE (BF) AND C(EC) ARE PRESCRIBED AND THE FREE-FREE PORTION &
Cx (AFF) HAS BEEN PREFACTCRIZIED INTZ CLFF) (DFE) (UFF) BY SKYFAC, %
Cx SINCE THE CONSTRAINEC CASE EMBODIES THE UNCONSTRAINED ONEy, THE = =
Cx T4Z PROCESS OJF35CRIPTICN SELOW ASSUMED A CONSTRAINED SYSTEM, %1
C% =% -
L#f = = = = =@ = = « = @ = = @ = = = = = = = = = = = = = - - - == == =y
Cx £ |
Cax THE SCLUTICON PROCESS IMN SKYSCL CONSISTS CF UP TC SIX STAGSS = & 13
Cx = $3 = |
C% le RHS MOJISICATION ¢ (2F) IF TEPLACED 3Y (BF) = CAFC) (XC). & 4
Cx THIS STEP IS5 SKIPPED IF THE LINEAR SYSTEM IS UNCONSTRAINED &
Cx OR HWOMOGENTQUSLY CLONSTRAINZDC (CXC) = €0))e. ® |3
C= &3
Cx 2¢ FORWARD RICUCTICNS THE TRIANGULZR SYSTEM (LFF) (IF) = (B3F) L
(2 IS SOLVED FOR CIF). £37 =0 |
Cx L
C= 3, SCALING ¢ THE DIAGONAL SYSTEM (DOSF) C(YF) = (2F) IS SCLVED T = |
Cx %
Cx 4. 3ACKSU3STITUTION ¢ THE TRIANGULAR SYSTEM CUFF) (XF) = CYE) &
C% IS SCLYED FCR (x=), x
Cx itig il
Cx 5o ITERATIVI REPINIUZNT 3 IF AACUMEINT IREZF GT 0y THE RESIDUAL . % |
Cx (RF) = C3F) = C4FF) (XF) = CAFC) (XC) IS COMPUTED USING = %
Cx AIGrZS PRECISION ARITHMATIC, AND STAGES 2-4 REPEATED 1O ®
(= SOLVE CaFF) (DFF) = (RF) (NOTE THAT CRCY = C0)) « THE %
Cx CORRECTION (OXF) IS ADDED T3 (X=) &ND YHE PROCESS REPEATED .= U1
Ce IREF TIMES. Twe
Cx | 1
Cu 6o COSTRAINED RHS FECOVZIRY: (3C) = (AFL) (XF) + (CACC) (XC) :-nré
Cx IS CALCULATYED IF RPZQUESTEY (St INPUT ARGUMENT IBX) =
Cx wa
(C % 26 e 32 20 3 g 26 2 e 33 e 36 % 2 3o afe e e ¥ we e ol el e e e sle e e e e 3 st sl sk ol o ok g e oo o e o o e e ol o e e o e o e of o ofe e e ok ok el e
ce e —————— iieH
(o -USaB i - %
Cx e —————— i
Cx I
Cx#sx 1., INPUT ARGUMENTS - ==
Cx | &
C =% g
Cx A JUTPUT MATRIX FACTIRS PRODUCSD BY SKYFAC 2 |
Cx i w8
Cx N SYSTzM CORER ot F
C# -
C# Lo (N+1)=-WORD AZEAY TF DIAGONAL LOCATION PDINTERS i B
ES = |
E
=

RIS
el
"



*ITL

i

mm
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4325
4387
4388
€339
&350
43%1
4332
%393
4394
4395
4395
397
4398
4399
4600
4401
4402
4403
4as
4405
«406
L4407
4408
403
46l0
4611
4412
4413
bals
“sls
4415
4417
4612
4419
46210
4421

4422

4423
Luls
4425
bact
&LalT
Lalh
&4al9
4430
a3l
4422
4423
4434
4435
4436

Cx
Cx
C=
Cn
Cx
Cx
Cx
Cue
Cx
Cak
Cx
Cm
C%
Cx
Cx%
C%
C%
Cx
Cx
C#
Cx
Lx
Ca
Cx
Cx
Cx
Cx
(48}
C%
Cx
C=
Cx
C%
C%
C%
%
C®
Cx
C¥
C=x
Cx
C=
Cx
C&

Cagmu 2,

C=
L=
C=
Cx
Cx
Cx

POTFRD

137

15X

INPUT=JUTPUT ARSGUMEINTS =

LV

e
il
i1

L

ENTRY POINT OF INNERPODUCTY FUNCTION (CF. SKYFAC)

ik
i

CPERATICN CONTRCL FLAG

i
ar

ISP = 0 3 NORMAL SCLUTION PROCESS

IGP = =1 ¢ EXzCUTEZ STAGES 1=2 AND EXIT (USFUL

IN CEFTAIN SUSBSTRUCTURING APPLICATIONS)

IOP = 1 ¢ EXSCUTE STAGES 3-4 AND EXIT CUSFUL IH
CN STARTING AN INVERSE ITERATION PRCCESS)

e

CONTROLLING QUTPUT CONFIGURATION OF ARRAY B,

ISX = 0 ¢ 8 AND X ARE IDSNTIFIEOD IN THE CCALLING S
CREGRAM, THE SOLUTION VECTYOR X THEN QOVERWRITES B.
THIS OPTICN MAY 8E USED ONLY IF :
CA) THE SYSTE™ IS UNCONSTR22INED, OR HOMOGENEOUSLY

CONSTRAINZD WITH NO RECCVERY OF (2C) DESIRED i
€5) ND IVZSRATIVE REFINEMENT REQUESTED C(IREF=0)

#

Bidigd

I3X = =1 ¢ 3 AND X A4RE NOT IDENTIFIED IN THE !
CALLING PROGRAM 3UT CCMPUTATION DOF (BC) 1S NOY ]
“ESIRED.

Hiib

ISX = 1 ¢ 3 ANJ X ARE NOT IDENTYIFIED IN THE _
CALLING PROGRAM ANC RECOVERY NF (BC) IS REQUESED.

b

NCTS - & If THE INPUT SYST:M CONTAINS NONHCOMO-
GENEQUS CON “T;'GYNTJ' I3X MUST EEF =1 DR +1, I.E.» i
ARRAYS 3 AND X MAY NOT SHAPZ THE SAME STORAGE :
lcrLta

lilfﬁ%i#iin&l}!lu#ni*i*in*iijiuiiw

I& 6T 0y PERFORM IREF CYCLES OF ITERATIVE B
REFINEMENT OF THE SCLUTION VECTOR. IN PRACTICE £
ONE SHIOULD NOT RECUSST IREF GT 1 UNLESS ThE
ENTRIFS OF CA) HAPPEN TC B EXACT NUMBERS. E

st

i
L

LOGGICAL UNIT CONTAINING COPIES OF (A) ANC ITS i
FACTORIZATION (5IF 3KYRAC), RIQUIRED IF IRSF 6T 0,

IM)!

SCRATCH FLIATING PJIINT &RRAY OF LENGH 22N
TG BE USES IN ITERATIVE REFINEMENT PRODCESS.
MAY 3F A DiMMY ARGUMENT IF IKEF = 0

wvﬁm§?wit
1HLHL

il

.:-!Illh

8@»3&&

ﬁ

ANPUT o ARTAY 3 CONTAINS PRESCRIBED C”“PONENTS z
3= €2) AND (X)y Tefuy IF THE ITH EQUATION IS FREE #
CCONSTRAINED)y 2(I) STCRES THE RHS (LHS) VALUE.
THE CUTPUTY CONFIGURATION OF 8 IS CONTROLLED BY
INPUT FLAG TPBX (3E5 INPUT BRIUMENTS).




D e B e e SRl B L ARl |
== SE= — 519
= EEe
| 4637 Cx +
£ 4638 Cxx$x 4, DUTPUT ARGUMENTS = : =g
L 4639 (= il
E 4440 = X COMPUTED SOLUTION VECTOR ®
‘ f441 C= % |
B 4442 C» DELTA IF IREF GT O, RATID OF LAST CORRECTION LENGTH 3= |
. 4443 (# TO FINAL SOLUTION LANGTH. NOT USED IF IREF = 0 *
E 6444 Cw =
3 Lads Casteedr 4, CUMAIN INPUTS = x
B 4445 C» NONE . ST - |
-4 4447 (= *
B 4643 Cwwws 5, COMMON INPUT=CUTPUTS = e |
= ~‘$9 c# f‘;;N-o i * -z
E= 4a50 C= B =
o 4451 Cxx%x 6, COMMON OUTPUTE - b
L 4452 Cx NOKE . £
E 4453 (= s
B 4454 Conss 7, INPUT FILES - =
g 4455 Cx =l
B= 4455 C» IAFILE SEE SUIROUTINE SKYFAC, ®
E 4457 (Cx |
E 445 Cuxwux 3, JUTPUT FILES - ® 3
& 4455 C=x MoKz e &
= 4460 Cx e
E 4461 Cx&xx S, SCRATCH FILES = R 3 |
g 4662 Cx NONE, S8 |
4463 Cx it
B 4464 Cund®l0. PROGRAM SUSROUTINES - -
P _es65 C» 20TPRL, SKYMUL ®
5‘? 4465 Cx= =
L 4467 Cxs®xll. LISRARY SUZROUTINES =- | i
B 4468 Ca SGRT, Z02TRAN SINARY 1/C i
4469 (% U
= 4470 Cxdursddsahpmrsdipidiersagaaniriridrinrrrigikdtginhnhhtbhnphtsdikbitht |
4471 C
B 4472 C TYPE ALNE O0IMENSICH STATEMENTS 3
B 4473 C =
=N INTEGER LDC1) =
L. 4415 REAL ACL), 8C1) 3L, BXFAC, DELTA :
B 4a4Ts REAL RNCR#, v(l), XC1)y XTI, ANDRM =
L 4aT7 EQUIVALENCE  (ET4XTyXNCRYM)
BE—ser2 C i
4479 C INITIA&LIZATIOCN i
B 4480 ¢ =
. 4481 ASSIGN 3100 TC NEXT
B 4482 KREF = 0 : |
. 4453 AXFAC = Ued
E 4684 IFCIBXaEQa0) 30 T 200 i3
4485 AXFAC = 1.0
P 4486 B0 150 I = 1,N
L 4487 150  XCI) = 3(I)
B
=

st ale ARG i

“
i



4448
4483
430
4491
“a52
44653
Ll
4as35
LG43k
L4657
bé3m
4439
4500
4501
4502
4503
4504
4505
4506
4507
4508
4503
4510
4511
4512
4513
«514
4515
4516
4517
4514
45193
4520
4521
4522
4523
4524
4525
4526
4527
4528
4525
4530
4531
4532
4533
4534
453%
4536
4537
4538

200

(SN el

300

«00
500
600
500

500
1000

lalaRal

1100

1200

1300

1500

OO 6

1500
2000

SO0

2200

IF C(ICP.GT.0)
IF C(IBX.EQLD)

RHS ®MOO11F 1

80 1000 I = 14N
I1 = LI({I+1)
IFCITD
31 = (1)
IF(831.80.0.0)
II = =11
K= T = XF %

CO 300 J = ngh
JJ = LO(J+1)

IFCII)
M= Jg-1
IF(™M)
XCJ) = X(J) = ACII+M)%E]
G0 TO =00
IJd=JJ - M
IFCIJ=-TAEBSCLTCID)D)
XCJ) = XCJ) = £C€TII=2I
CONTINUE

CONTINUS

TE25CLDCIY) +

FORKARD

W
. +=

3857

L]

DO 1560 I = 1.k
II = LOCI+1)
IFCII)
X(I) = Q2.0
3 10 15Q¢
IMI = TAaasCLLCl))
M = I - IMI = 1
XCI) = X(TY = 2QTRRD
CONTINUEG
IFCICPNELD)

S C ALING

B0 2000 I = 1,N
I1 = IABS5(CLCCI+1))
XCI) = ACII)*XKI)

£ 4 C K U2 sSTITUT

1 = N

B0 3000 X = 1,N
Il = LOCI+1)
IFCII>

XCI) = 3IXFACXE(CT)

N

30 70 1800
2 70 1100

300+1000,1000

50 TD

1000

930,900,800

TIOCN P A& § S

1200,1200,1200

CACIMI*1) o X(T=H)yM)

30 TD 5000

2200,2200,2400

Lol LA

(I

i“u-

et

1 1

mm &m

Ail i. [k

.IH 1.' I

il

1 ]
]
Al W

i:“:I

HiH

Il'i'l..lt

iy
Jnil

|}
)

i

el

(1
nuid

” .Llrlhll HIP ] :



4539
4540
«541
4562
4543
4f44
4545
4545
4547
4545
4545
45350
4551
4552
4553
4554
4555
4556
4557
4558
4555
45560
4561
4562
4563
4564
4565
45686
4567
4568
4563
4570
4571
4572
4573
4574
4575
4574
4577
4578
4573
4580
4541
4582
4583
4584
4585
4586
4587
4588
4587

akalal

OoOan

OO0

OO0

2500

2500
€300
3000

3100

3200

3500

280¢C

4000

4200

GO TC 2300
M = II = IABSCLDCI)) -1
IF (M.EQ.0)
DO 2500 J = 1,¥
XCI=J) = XCI=J) = A(II=J)x¥(
CONTINUE
I = I =]
CONTINUE
IFCIBXRIARILELTIQ.0D
6C TO NEXT, (2100,3500)

m

I T=¢

EaT1WVW R EFTIN
KREF = KREF + 1

IF (KREF=IREZF)

RESIOUAL VECTOR (R) =
AND CLD (XD

CALCULATE
CR) RETURNS IN (XD,

REWIND IAFILE
NWA = TABSCLO(N+1))
READ CIAFILE)D

CALL SKYMUL C2,

acd)

Ny LDy Xy Vy =1,

SCLVE FOR

READ (IAFILE) CacJdd
:IF-IC = (o0
ASSIGH 353¢ T2
20 TC 1140
XNOR¥ = (.0
KNORM = (0.0
CO 3800 I = 1,N
RNORM = BRNORM 4 X(C1) =
XCI) = v(I) + X(I)
XNORM = XNORM + X(I) =
CONTINUE
DELTA = (0,0
IF (XNDRM.NELQ.D)
17 (KREF=23)

NEXT

£C1)

xCIL)

CONSTROGOGI N QT P oH S

IFCIEXeLESLD)

CO 4800 I = 1,N
II = LO(CI+1)
I# (I
IMI = IASSCLOCI))
M= =11 = INI - 1}
8CI) = SQTPRL

CIRRECTICN (OX) (WHICH APPEARS
CLD SCLUTION AND EVALUATE 2-NO3IM RELATIVE

-
W
"

sC TJ 2300

1)

T D00

<
n
- 4
-y
v
m

CTIOGN

2200,3200,4000

(2) = €Aa) (X)) USING SKYMUL.

IN V

sJ=1pNUWA)
By V)

IN X)y CORRECY
SRROR DELTA

1JJ=1oNWA)

DELTA = SQRT(RNDORM/XNDRM)
3100,310044000

-

m

CaveERY

52 T2 5000

620045200 ,4800 F =]

CACIMI#+L)$XCI=-MIoM)

Phbbes

;

bl

il

1]
-






4541
4562
eb43
4544
4545
4545
“64T7
EL-EE)
4647
4650
4651
4652
4653
4654
4655
4655
4657
4453
4659
4660
eH61
4662
4663
4664
4665
46&s
4667
L1321
4607
E 4570

4671

45672

4573

L6764

4675

4676

4677

4675

“679

"

4680

46351
4682
4683
4634
6685
4686
4687
4688
4589
L 4650
. 4591

R

3800
30400

OOONOOO0OO0O0

o0
*ifﬁ
% 3¢
3+ 3¢ 3

OO0 OO0 0000000000000

Al

L
i
T

00 3800 I = 14N
RCI) = DBLE(CBCID)) - aX(I)

-l

H
L

IFCLUCI*1)elEeD) RCI) = 0,0 AL

CONTINUE =

XETURM 2

END =

E=

e

FRRPB VSR eSS p TRtk S L VvV A § ¢ P T T

THIS SUSROUTINE CALCULATES THE OISPLACEMENTS OF ALL SECTORS = -
FOR wHICH SOLUTION IS 230USSTEC. TO 20 SO THE FOLLOWING PROCEDURE _

IS PERSUED: S

=1

=

: ';%

le GENERATE VECTOR R0OWSA(2), WHILH DETERMINES I ANY SINE OR qrpo__

LGADS ARE PRESCRIEED. R EEE

2. IF CALCULATION OF REACTIONS IS REQUESTED, 3
A) WRITE ALL 0F Te: S:=CT3T FOURIER LOAD COEFFICIENTS ON )

DISK FILE TF25C. 3

3) REPLACE THE ENTRIES OF THE FOURIER LOAD COEFFICIENTS, = |

COARESPONDING T2 A RESTAINED CEGRES OF FREEDOM, WITH zekc.

"
He

3, CCHDENSE CUT THt FQURIcE COcFFICIENTS OF THE INTERNAL
EQUIVALENT N2DAL LOADS, AND THE THERMAL LDADS, AND THE
CORRZCTIVE LOAD VECTORe. TO SAVE CENTERAL MEMORY SPACE,

PLACE THE CONJENSED VECTOR IN THE TOP MDFEX ENTRIES OF 123
ITSELFe THE NZXT NOFIN SNT2IFS OF EACH VECTOR REMAINS INT‘C?.
4o SENERATZ VzCTOR INDICCNINFA). WHERE, INDICCI) = 0 INOIC&TES

THAT THE I-TH FOURIER CCEFFICIENT SF THE INTERFACE E=
SQUIVALCNY NCOAL LOADS IS Z:iR, AND NO SOLUTION FOR THE
I=TH FOURIER DISPLACEMENT COEFFICIENTS IS NECESSARY. =4

shisih

mﬁmmmﬂu

AND IF INCICCIINFA)
AND De.

LOOP NINFA
IS EJUAL TC 1:RQ,

(NUMBER OF INTEZRFACES) TIMES,
SKIP 3TZPS &g 39 Co

(vh¥ IINFA = 1 5 NINFA

L

A) CALCULATE F3NIFCHDFIF), THE N-TH FOURIER COEFFICIENT OF TH

e
i

shinsd ]
i hii
b pid

i

mv:



"

4592
4693
4696
4695
L8595
4697
4598
4699
4700
4701
4702
4703
470s&
4705
«T06
4707
4708
4709
4710
4711
«712
4713
“«T14
4715
47156
4717
4718
4713
4720
4721
4722
4723
47ia
4725
4726
4727
4728
4729
4T30
4731
4732
4733
4734
4735
4736
4737
4738
4733
4740
47641
“Tsz

poobid

OOcOoOOO0O0O0OnO OO0 N0 00N OO0 0000000000000 00O00000000

5)

37

|

|
mm_%
i
4

Al
st
LA

il

NINFA INTERFACEZ EQUIVALENT NCDAL LOADS.

GENERA i, OIRECTLY FROM KSECTCNCFSL)y KBANIF(NDFIF, NDFIF)p
THE w=T» CDIAGONAL SU3SMATRIX OF KSECT, AFTER FOUIER
TRANSFCEM T'“v (N=TINFR),

SCLVE FOR A4EBNIFCNDSIF), THEI N-TH FOURIER COSFFICIENT OF THE
NINFA DISPLACEMENTS. :

WRITE THE CURRENT ABNIFO(NDFSC) ON DISK FILE TABIF,. ==

CONTINUE IINEA EES |

6. LOOP CVER aLL I0ON

o0

i
e

FO08 WHlICH» SCLUTION HAS BEEN REQUESTED

IZNSL = 1 » LINSL

Te CONSICER ALL SECTOXS IN Tn: CURRPENT SOLUTION ZONE, IZINSL

co

a)

3)

(5 ]

la}

A = J3C 4 K35

CALCULATE THE EXTERNAL

LOSPING NINFA TIMES S38 FLlh R, .
DISPLACCHMENTS JF SSCTUR R (INTERFECES Ry AND R~-1) AND PUT —
Trc® IN ThE TOP HOFEX SNTRI=S 05 VECTOR ASECTCNDFSC).

COLCULATE TmZ SQUIVALENT LOADS OF THE INTERNAL NCDES OF
SECTOR Re AND PLACE THEM IN ENTRIES (NDFEX+1) TO NOESC
OF KSECT(HDFSC).

Al

SCLVE S2R Th: INTERNAL DISPLACSYENTS GF SECTOR R, 8Y _
PASSING KSECTCNDFSL)e ASECT(NDOFSC), AND ESECTCNDFSC) TO
SUSROUTINE SKYSOLe ONH RETURN, ENTREIS (NDFEX+1l)

Hitli

TC NOFSC 0F VECTOR ASECT(MDFSC) CONTAIN THE INTERNAL

NC3Z DISPLACEMENTS,
8, IF DISPLACEMENT OR STRESS ANALYSIS IS REQUESTED, il
CONSIDER ALL OF THE ELZMENTS OF THE CURRENT SECTOR, R3S i1 =
0a IELSH = 1 , NELSH i5i=
A) CALCULATE THE ECQUIVALENT CSENTROINAL LDADS OF THE CURRENT
SLEMENT s TSLSH. t g
3) SCLVE FOR C=NTR0IDAL DISPLACEMENTS OF THE CURRENT ELenEgt._

IELSHe. ==

CONTINUE 1ELSH o=

9¢ IF REQUESTED, PRINT Tr: NODAL AMND CENTROIDAL DISPLACEMENTS QF

THEZ

CURRENTY SECTOR.

L
b
ALl

i
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T W W‘Iﬂ“

i

A

| ™

il

L

i

ffi

it mm 7

4743
4744
4745
4744

4747

“T43
4749
4750
4731
4752
«753
4754
4755
4758
4757
4758
4759
4750
4761
4762
4753
4754
47155
4765
4767
4788
67569

B &71710

4771
S &
4773
4774
4775
4775
47177
4778
4773
4780
4781
4782
4783
4784
4785
4745
“757
4738
4783
«790
4731
4752

4793

)

OO0

10 IF STRESS ANALYSIS IS REQUESTED, WRITE THE NODAL AND THE

CENTR
aN DI

[
[
.

M~ ™

z X

~
I
6

A o
w

CORTINUE

CONTINUE

SUsROUTI
MMTIRN,
MOFSCo
NOORNs
RSOOF,
EFOTLS
ICONN,
FRChLy
ASECT,

IR I I SR

INTEGER
+ SL3KL,

¢+ SCNLJCMLOCA,1), TYDTL(MLOCA,1), RFDTLCMLOCA.1)y SCTPICMLOCA41Dy
SCTPJCMLIOCS,1)y SLVSCCMLICA4MINSL92Z)y SEQNDC1)y ORCSR(CS),

+

+ ORORN(I

REAL ITCNLC(MLOCA,MCNLDs1)y KCINVOMELSHy242)9 KSECTONDFSL),

+ KCOND(CL

DIMENSII
NODRNC(M
MTIENCL
NREST(1
NDORDCL
TRFST(1
=NLAULC
ECLTP(M
FCNTRC(1

+ + 4+ e

COMPLEX
+ ENL3ACS
+ AENIFCN

EQUIVALEZ

COMMON

m

LDe NDJINCy KCINVy XK3ECTy CIRLDs ENLWTy ECLWT,

OIDAL OISPLACEMENTS GF THE CURRENT SECTOR, R,
SK FILES TASCT AND TACNT, RESPECTIVELY.

oY F

UESTED, CALCULATE AND PRINT THRE DISPLACEMENTS OF
RSe INTERPMFDIATS STRINGERS, RINGS, AND INTERMEDIATE

IINSL

NE SLVASC (MNOSH, MELSH, MELSRy MELISR, MELRNs MELIRNg
MFRZSs MLICAs CNLD, MAULD, MZNTPs MINSLs MCFIF, NDFIE,
NOFSLy NDECT, NCCSH, NDECH, SLOLD, NOOSH, NODSR, NOOISR,
NODIRNgy PRFIRNy MTIRN, "-':I.:‘p?«l'
PRSDSy HR=5T, CSPRD, SCNLI, SCNLJs MDCNLy ITCNL, TYDTLe
DVITLe SCTPI, 3CT2Jy SLVSCy CRDCLe SEaND, NDORD, IPNTR,

ENLAUL, zCLAUL, ENLS2, ZCL3A, ENLTP, ZCLY®, ROWSA, INDIC,
FSECY, FSNIF, K2NIF, ABNIF, DISPL) :

CSDOMCy DSKF1l, DSKF2Zy Ry SLDSPs SLRACy SLSTS, SLDLD,y: °
PLOSPy TYPEL, RSCOF(UPROSs1)y CSPRDC1)y SCNLICMLDCA1)s.

Jy OQROBR(A),y ACWSACR2)

2928)y KCDIV(1Z,4y12)

N KNOUSHOMELSH)1)y NIODSR(McLSRe1), NOCISRCMELISR,1),
ELRNgl)y MODIRANCMELIRNS1), PRPIRNCMMTIRN,1),

Jy NOGOPD(C1)y PRSDSCMPRIOS,1))

oy NODCKLCMLOCA,1), CVOTLC(MLOCA,1), CROCL(MNDSH,1), :
}e IPNTRCID, ICONNC1)Y, LDC1)y CORLDC1),

E£918), ENLWT(1); ZCLWT{MELSH,1), FERCHL(1),

MAULC 1)y SCLAULCHAULL g -LSHy1)e ENLTPC(MINTP,1),
INTPGMELIHy1)y IKDICC1), ASECT(NDFSC), FSECT(NDFSC),
2)e CISPLC1250), TERACC(CAH,12), NDJINCC(L1)

I
[1eee)

ENRa» INRM1,y ARG

L] L 4
21)y ECLSACSoMELSH,1), FENIF(NDFIF), KSNIFC(MDFIF,MDEIF)s

CFIF)

NCE ( KCONCC1l41)9 TRFESTC(141) )

STRTYPy 4UTGNy SLOSPy SLRAC, SLSTS, SLRKL,

ol G - -
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nHR

«T3%
4735
4T 36
L 4797
4753
4739
4500
4801
4502
4803
L4204
4803
480%
4807
4802
~80%
4810
4511
«812
4813
«B1l4
4815
4815
4817
4818
48153
4320
4321
4822
4823
! 4824
E 4825
. 4826
=7 ¥

43242
=—48329
4830
4831
4832
4333
433+
4835
4836
4837
4g3d
483%
4840
4R41
4842
48643
4nbé

ik

"

nmm

o

aRala¥el

OO0 © o

C%

Cx

* F AT FEANEELIELYELYES

PLSTRy PLMSH,
MSECTs MSTRN, MNOSRsy MRING, MNDRN,
NNDSHy NELSH, NMTESH, NSTIN, NHDSE,
NELISRy NMTISRy NRING, NNORN,
N“TIRN’ ‘JEFJC, "d‘_'l.;:q. "."TEQ|
NSECTe HNRWELs NRWNDe NODFNTy
NNTSHy N3TSHe NGTSA, NSTSSH,
NTFSRKs NST3SRe NNTISRe NATISH,
HETRNy NSTRN, HTERN, N3IT3Sh, NNTIEN,
NSTSIRs NTFSRe NSTSER, NKRWPT,

FLOSPy PL3T3, PLMS?,

NELRN»
NGAUS,
NNTELY
?JKCTMD'

NNDZ2)
NGTISR,

NCELD,

MGAUS,
HELSR,

NMTSR, NIMSR,
NMTRN, NIMRNs; NELIRN,
NCRSM, NPRDS, NLOCA,
NNDIN,

NMTSR, NETSR, NGTSR,
NTFISR, NSTSIS,
NETIRN, NGTIRN,
NFRCNy, NABIF, NASCT,

[

el

MWiny
phagie

NNTRNg
NTFIGN,

NACNT, NF3SC, NRACT, NKSCT, NXSCF, NKKGW, NKGSC, NKGICL, NKBNIF,

NKGBNIs NEGVC,
CS5J3CLy CSDMC,
OSKF1ly DSKF2,
FESDy RTIP,

NKKGCHy NKGCON, WMSND,
MCCDDs ILDOCA, LCNLC,
IN, IO,
HITZ, ZLEV, THATAC

RZAL,

LOTLD

NMSCT, NKOEEs NKGOEE,
LINTPy LINSL»

TITLEC30)s LOCASC2)y NCNLOC2)y NDTLOC2)s NINTPC2)y NINSLC2)» |

ann
-V

RATIOC14),
NOINTC15),

INDEXC(S3D,
INTNDC35),

NDCONC 2
KKAREA(C132)

NDEX1C15),

NDEX2C15),

CATA CORIJIRCI)y I=1e 3) 7/ 14 23 w9 59 7Ty %5 10y 29 11 /
CATA CORIANCIYy 1=y 3) 7 Yy 3y 449 &9 Ty B9y 124 By 11 /
CATA (OROBRCI)y I=1y A) / Ly &4 Ty Sy 8y 3 /
INITaLIZIaTIONS:

NNDEX = NNOSH = NNDIN

NSFEX = 2 % NIFILF

NOFIN = NOQF3C - NOFEX

NOFIF = NDFND = MNDEL

NINFA = NSECT

TETAR = 2.0 = ACDS(=1.0) /7 NINF2

Idp = ( FOR NJIRMAL CPSRATION 9RCTC=S5SS (&Y sSkyscuL).

i1gp = 0

I8X = =1 FCR NTZ SACKSUTSTITUTION (SY SKYSCL)Y.

I8X = =]

IREF = =1

TAFILE = 0

IABIF = ¢

IASCT = ¢

INITIALIZATICNS,.

IF THe CISPLACEMENTS, OR THzZ 3UCKLING SCLUTION HAS NOT BEEN

REQUEST=ZO, SKIP,

lkik

[LF 4

{Hi

|l”||l

:h

|
M

i h Hit 1l Lk

i

ulld

Miikt

.I.lll|l

el



I

4845
4540
4847
4845
434G
4350
4851
4852
4353
4354
4355
4354
4527
4358
4353
4280
4351
4382
4363
4864
4863
L3664
4367
&368A
4869
4870
4671
4872
4873
4BT6
4875
48758
4877
4878
4879
4580
4581
4882
4883
4LBES
4885
4888
4887
4B8EE
48873
4890
6391
6392
4893
4394
48395

.-I] |+I| ﬁll -

C
IF CSLOSP o NE o 3HYES « TR o SLSKL + N5 , 2HYES) GC T0 90 ° =
c |
IF CSLOLD « 53 o 3HYES) WRITECIO,30) =
30 FORMAT(LHO,y //4T2358, * K X DISPLACFMENTS DUE TO THE®, Al
+ * DEAD LJAD ALONE < < *xey = |
¢
IF CSLOLD « EQ « 24NO) NRITECIO.40) i3
40 FORMAT(IRDy /74720, ° «on DISFLACEMENTS QUE TO THE?, |
¢ “ DEAD AND THE LIVE LOACS COMBINEC € =) £
(o ]
C#%% GENERATE VECTZR ROWSAC2). i3
Co#¥t IF ROWSACL) = 1y ONTISYMMETRIC=3INS LOADS EXIST (SITHER I
Cx%% INDEPENDENTLY QR FR2OM AFROD LOADS). - E= |
CH%m IF ROWSAC2) = 1y SYMMIT2IC-SINT L2825 EXIST (EITHER INDEPENDENTLY
Ca#% OR FROM AFRQ LOADS). 5
Cksu IF ROWSACL) = 1 AND FOWS4C2Z) = 1y S0TH THE ANTISYMMETRIC-SINE )8
Cuws AND SYMMETRIC-SINE AND/OR TrE AFRD LOAD MAY EXIST. : =
c o
90 CALL ROWSNA (ILDCA, LOTLD, MLO2CA, TYDTLe RFDTL. ROWSA) :
C
c
CH%x IF CALCULATION CF RZACTIONS HAS TZCN REGUESTED, WRITE THE FOURIER
Cxsexr COEFFICIENTS CF ALL CQUIVALENT NCOAL LOADS, AS WELL AS THE THERMAL
Cx¥% EQUIVALENT NODAL LDADS ON DISK FIL:Z TEESC, THESE COEFEICIENTS
Cu%% WILL LATER &5 USED TO CALCULATE THE ACTUAL EQUIVALENT i
Cwx ADDAL LOADS CORRLSPONDING TO A OJEGREE OF FREEDOM FOR WHICH A
Ca%s A DISPLACEMENT IS PRESCRISED, THEN THE FOURIER COEFFICIENTS, AND
Co¥% THE THERMAL ZQUIVALENT NI222L LDADS CORRESPONDING TC SUCH DEGREES
Cus COF FREEOCOM AR5 SET TO l1:R1, SXCEPT FLOR SUCH ENTRIES IN ENLWT
Cirt WHICH ARC REPLACED WITH Tu: ACTULL PRESCRIAD DISPLACEMENTS. THE
Cwxk SAME ZERUING CF THE PAQTICULAR =NTRIES IS OONE TO THE CORRECTIVE
C#%¥ LOAD VECTOR, ZORLDe FOF THE INTERSACE CONCENTRATED NOCAL LOADS,
Coemk NOWw ON OISK FILE TFRCN, THe ZZR20ING PROCESS YAS ALREADY BEEN
Ckx#% CARRIZD CUT IN SUZECUTINE NOLDCN.
G
CALL HMLFF3N (OSK*1y ILDCAy LCTLCs LINTP, ¥LDOCAs MPRDS, t 1}
4 MAULD, MINTP, MPRDOS. NNDE2, NNODIN, NOFSC, NCRLD, NF8SC, SLRACy
4+ NODPD, PRSDS, RSDOF, NRE3T, TYZTL, RFITL, NDEX1s NOEX2, NOINT,
+ INTND, NJORD, R20WSA, C28LD, ENLWT, ENLAUL, ENLSA, ENLTP)
C
c
C
(i S TATIC COMNDENSATION
C
C B2
Cx%m CONDENSE JUT Tr: FOURISX COEFFICISNTS 0OF THE INTERNAL EQUIVALENT
C%& NDDAL LOADS FOR CIRCUMFERSENTIALLY CONSTANT LOADS (AS DEFINED
Caksx AB0VE)y ANTISYMMATFRIC-UNIFORM , ANTISYMMETRIC-LINEAR, SYMMETRIC=
Caee  SINZy ANTISYMMETRIC SINEs AND THE AFRO DISTRIBUTED LOADS, AND | =
Cass THE TrRERMAL LLCADS, IF 4ANY.
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OO0
# &

m
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BUE]

CAaLiL CNDENL CILOCAy LOTLOD,y LINTP, MELSH, MLDCA, MAULD,
MINTPy NSECT, NNDF1, NMNODIN, NDFIN, NDESX, NDFIF, NDFSC, 1
NDEX1le NDEX2s NDINTe INTNDs NDORD, i
TYOTLy RF0TLy LU 20wW3k, K5zCY, CORLDs ENLWT,
ENLAUL, ENLSAs ENLTP, ASECT, FSECT, WKAREA)

* 4+ 4 4

SET UP VECTOR INDIC. INDICCN) INDICATES IF THE N=TH FOURIER |
COERFICIENT OF The INTEQFACE ZOUTVALENT NOOaL LDADS IS ZERO
NOT.

o
o™

CALL INDICT (ILDCA, LCNLD, LOTLD, LINTE, MLDCA, NLDCA,
# NSZCTy NCNLDy NLTL2y NINTFy SCNLI, SCHNLJy TYDTL, RFDTL,
+ SCTPI, SCTPJs ROWSA, INDIC)

FFICIENTS 0F :

FCUERIGE R CGC

m

INTERFALE LT A0S X DISPLACEMEMTS

N R R 1 1

TO CALCULAT: SJUST:=R JISPLACEMENTS, SIRST ALL NONZERC FOURIER
COEFFICIENTS COF Tnt INTERSACE EQUIVALENT NODAL LOADS ARE OBTYAINED;
AND THEN Th: CORKESPONCING DISPLACEMENTS ARE SOLVED FOR AND PUT ON
SISK FILE TasiF, i =

CONSIDER ALL INTERFACES:S iz =

80 100 N = 1 , NINF2 2=

IF INDIC(N) IS 15RO, THEN THE N-TH FOURIER COEFFICIENT OF THE =
INTERFACE LOADS IS IERO, AND SCOLUTION FOR THE CORRESPONDOING

FOURIER COEFFICIENTS DOF DISPLACEMENTS IS5 NOT NECESSARY, =
If CINDICCN) o 20 . 9) £A TH 100 i3 —
i

CALCULAT: V. STSF B 43505, =55y, ° -T4 FTUSTES CIEFEICIENT OF, THE
NINFA INTZAFRAL et i NEL T = 1 AT Y=LTORS., jéj'f
CALL Fahi%iT CUSES1e sLoCAs LONLD, LOTUR, LINTP, MELSH, P
’lq----' - - . - ' L] ! £ . -qT. L] s —=|

iDFIF. . . .

] | & ® - L . Te . ;.?nj'

| =S5 TN ] . L T8y € LNTE, 'HPIE)
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CaLL KBMNINF (#2FI=y¢ NNLSw, NNDOS1, NDFND, MNDEX, NDFIN,
NOFIF, NINFAy Ny NDOFEX1y NDEXZ, INTNDy SESNCy NDORDs IPNTR,
+ ICONNy L2y KSECTy XeNISD

o

IF NO INTERNAL NCJZS (HENCE DISPLACEMENTS) EXISTy TMERE IS
NO STATIC CONDENSATION.

* 3

OO0 ONONO OO Oo

COMPLETE THE GENERATION OF K2NIF(NOGFIF4NDFIF), 28Y SUBTRACTION i

:

ARISING FR0OM THE STATIC CONDSNSSTION OF THE INTERNAL DEGREES .0
FREEDOM, NOTE THAY THE AS5EM3LY OF KE2 OF SECTOR N AND KEL OF
SECTGR (N+#1) IS CARRIED CUT SIMULTAMNEQUSLY,

CALL KENIFC C(Z3KF2y “OSIF, Ny NIFEXe NINFA, NDFIFs NKOEE,
+ CO2AL0, KENIF)

abhu"7 o - , E T8O 1850
EFs Taf § ¢ YR O NIE{QIFIRSNOFTS)  DIRSETLY

: _ Ly st Pyt
-5 - % F ” | -
SETIT bl FTT2 & % %Y CTWNTSIF) 4 CE21(NDFIE,NOFIF) & | 355
s« /T EE) 4 NZIICNOIEIRGNDTIR) m (IAS(IAZAPISN/NINEL)

~.ai K52y KE1ly KFE21, AND Xu12 ARc NOT CONDENSZD, 2LSO
THAT THE ASSEMLY DF KE2 DOF SICTOR N WITH KEl OF SECTOR
IS5 ZMPLIZD IN THE A30VE ZPSDATION,

[
[T
ol
|
I

e
Wi
e

8NN

i
i
(T

Bl

o
9 allh L

A bt ey
WH W
uf i LTERS

IF (NNCIN « EQ « 0D GO TC 95
5=
XK 0 E £ S

IR
Wh

bivet

Wl

TERA 3
KOEESCNDEIF,NOFIF) = KEI # KII-INV % KIE s =

fa









il

Chomx
{edege
C 2ok
Coarsee
Cuexis
Cosg

C=%
C=
Cx

Cx=

1 9%]
-+ . - . 1 = 3 3
1431F = 0 EEs |
CO 00 n = 1 5 NINF& =23 3
IF CINGICCN) « EQ « 0) 52 TO 400 ' el
=
AKG = CMPLX(0s0y TETAR 3 R = N} e
ENR = CEXPCARG) i |
ARG ® CMPLXCOo0s TETAR % (&-1) = N) = —
SNRM1 = CEXP(ARG) =2

mﬁ I

IABIF = IA3IF + 1

READ THE 4=TH FOURIER CUESFICIENTS OF THE INTERFACE DISPLACEMENTS,

i

READ COSK=Sly REC=NASIF+IRZIF) AENIF

=1

=
TO D0 THIS CALL SUSRCUTIN: READA, WHICH USES A REAL VECTOR
ESUIVALENT CIN NUMBE® OF WwORDS) TO THE COMPLEX MATRIX PASSEQ &
10 IT. |l
THE REASGN FOR OCING THIS IS THAT THE CURRENT CDC-FTIN5 COMPILER
IS NOT CAPALSE OF READING & COIMPLIY VECTOR OR MATRIX FROM DISK
FILE, 5=

CALL READA (IASIF, NDFEXs NABIF, DSKFls ASNIF) §

ADD THE CINTRISUTION OF THE CURZNST EQURIEe DISPLACEMENTS 0F
THE INTERFACES TO &SFCT. ;<

CONSICER ZATERNAL 1 AND EXTERNAL 2 NCDZES.

DC 360 ISWND = 1 » NIaND

i

o - O -

L48 = 12 x (NRWAKD = IWND)

IOR1 = HNOOKRODC MDEXLICIRWHND) )
IGR2 = KOOREC NDEX2(IRWND) )

L1 = 12 = (IC

3 =_1)
LZ = 12 %» CI0OR2

R2 = 1}

INTERFACT (R-1) NDDZES,

PO 300 I =1 » 12

ASECTCLLI+I) = ASECTCLI+I) + ABNIF(LAB+I) # ENRM]
CONTINUE

INTERFACZ R NCDES,

el
Wikl
Phakds
|



i

ol

310
340
400

aNaelalalelel OOO00 e ©

(s N al
® #
.
® =

Caexe
Cmak
Cwwx
Casne
G
Caede

4+ 44

L
it
tfﬂ

"

-

CC 310 I =1 o 12

ASECTCL2+I) = ASFCLTCL2+I) + ABNIFCLAB+I) % ENR
CONTINUE

CONTINUE

CONTINUE

IF NO INTERMAL NODES E2XIST, SKIP.
If C(NNDIN o 22 « 0) G0 TO 25
INTZ2NRAL FQUIVAILENT NOODAL LOADS

BEFORE CALCULATIMG THE DISPLACEMENTS OF INTERINAL NCDES,

CALCULATE THE INTERN&L ECUIVALENT LOADS OF THE CURRENT SECTORe

MCTE THAT =XCEPT FIR THZ SYMMETEIC AND ANTISYMMETRIC SINEs AND

AFRO LOADINGSy WRCSE ZQUIVALENT LOADS SHOULD 3E CALCULATED EROM
THEIR FOURIZ® COEFFICIENTS, THT EJUIVALFNT NODAL LOADS DUE TO .

THE OTHER TYPES 0OF LOADING ARE SEADILY AVAILASLE, :
THE INTERNAL _

ON RETURMN, TrE INTERNZL €NTRIZS 2F FSECT CONTAIN
EQUIVALENT NOCAL LOADRS OF SE=ECTCR 2,

=~

-
s

i

A - A

CALL ENLINT CILDCA, LCNLD, LDTLD, LINTP, MNDSH, MLDCA, |
MCNLOy MAULT, MINTP, NPRIS, NSECT, NDFESC, NNDEX, NNDIN, NOFEX, J
NDFINs Ry CROCLs NUINT, INTNO, NOORD. NCOPDy SCNLI, SCNLJy 3353
NOCNLg ITCNLy TYOTLy RFUTL, OVOTL, SCT2I, SCTPJ, ROWSA, ENLWTe o
FRCNL, ENLAUL, ENLS&, ENLTP, FSECT) gf::%*

I NT EXINAL DI SPLACEMENTS ;‘f'r

PUT THE EXTERNAL CDISPLACEMENTS IN THE EXTERNAL ENTRIES OF FSECT.

THIS IS REQUIRED
NCODES oY SKYSCL.

IN CALCULATING TH: CISPLACEMENTS 2F THE INTERNAL

CONSIDER ALL NODES 0F Th: SZCTIR. M
DO 420 INDSA = 1 , NNDS™ 1
IF INOSH IS AN INTZRNAL N3DE, SKIP. HE
a2
IF CINTNOCINDS®) o 3@ o 34YES) 59 TN 420 13}
s

:



5202
=5303
3204
=320
g s20¢
- 5207

5208
& 5209

5210

5211

5212
=53

5214

$21%

5216

5217

5218

521¢

5220

5221

5222

5223

5224

§225

5226

5227
. 5228
E522%
b $230
E 85231

5232
| -== 75 &

5234

5235

52356

2237

5238

$23%

5240

5241

5242

£243

5244

5245

5245

5247

5248

5249

5250

5251

5252

ulllii
i

H

|

€253 TF CITIME  NE « 0) G2 YO 1400

c
Ca
Cx
Cx
c

aleNale
+#

(aEaNalalalalal

[} ll

|

|

|
e
Pl

ik
Wil
e

O

IR0 = NDCOROUCINDSH)D
LA = 12 % (IORD - 1)

D0 »10 I =1 4, 12
FSECTCLA+I) = ASECT(LL+I)
CINTINUE

CONTINUE

TO SCLVE FOR THE OISPLACEMENTS [OF THE INTERNAL NODES OF SECTﬁﬁ
Ry SUBRTCUTINE SXYSOL #ILL 5F USED AGAIN. 3ZFNRE S0LUTICN, THE
EXTERNAL ENTRIES OF FSECTO(NDFSC) CONTAIN THE EXTERNAL §
CISPLACEVMINTS OF THT X=Tnm &ND TH: (R=1)-TH INTSRFACES, AND THE

INTERNAL ENTRIZS OF IT CONTAIN THE INTERANAL EQUIVALENT NOODAL :

L3403 CF SECTOR Re (ICP = Q3 I3X = =1)
THUS ThE DISPLACEMENTS OF THE INTERNAL NODES ARE SCLVED FOR

FRO™

ASECTCINTERNAL)Y = K=INTIMIFINSNCFIN)=INVERSE =

¢ PSECTCINTERNAL) = K=INEXCNOIFIN,NOFEX) % ASECTCEXTERNAL) ) i .

i

ON RETURN, THE INTE2NAL ENTRIEZES CF ASECT WILL CONTAIN THE
INTERNAL JISPLACEMENTSy ANU THE EXTEERNAL ENTRIES OF IT WILL {
CONTAIN THE EXTERNAL DISPLACEMENTS, =3

CalL S5KYSCL (KSECTy NDFSCy LD,y I0P, ISXy SSECTy ASECT,
+ IREZF, IAFILE, WKARESZ, CELTA)

TF NEITHER OISPLACEMENT ANALYSIS NOR STRESS ANALYSIS NOR
BUCKLING ANALYSIS HAS 3£ZN R=QUZSTZ0, 20 NOY SCLVE FOR THE
CENTROIDAL OISPLACEMENTS.

IF C(SLOSP o NE o 3AYES o AND . SLSTS o NE o 3HYES o ANO &
+ SLBKL o NE « 3HYES) GO 70 1500

IF THERE ARE ND SacfLL ZLcMENTS, 20 NOT SCLVE FOR CENTROIDAL
CISPLACEMENTS.

IF (NELSH » 5Q . 0) GO TO 550

CENTEREOIGCA AL CTIT SPLACEMENTS

5 ECEGND D ERIVATIVES

i

N
I

R sl G

Wils
i S

Wtk
"

i3 Eﬁ
3
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CALCULATE THE CENTROIOAL OISPLACEMENTS (OR THE CENTROIDAL AND THE
2ND DERIVATIVES OF T+nZ NODES OF THE JUNCTURE) OF ALL THE ELEMENTS |
WITHIN THE SZCTOR, Re AND PRINT THEM, IF STRESS ANALYSIS IS

REWUESTED, SAVE THESE CENTROIDAL JISPLACEMENTS 0OF EACH SECTOR ON

i
11N

DISK FILE OSKFle. TO CALCULATZ THE CENTROIDAL OISPLACEMENTS, FIRST
THE CZNTROIDAL SOQUIVALENT NODAL LOADS MUST SE CALCULATED. }
CONSIZER ALL SHELL ELEMZNTS IF THE CURRENT SECTCR, R. 11
33
OO SO0 IELSH = 1 9 NELSH L
DETERMING IS ANY OF TAZT NODES OF THE CURRENT ELEMENT SELONG TO B
A JUNCTURE OF TWD SHELLS WITH DIFFZRENT MERIODIONAL GEOMETRY. i3
NOFCD = 2 =
IF (NDJNCCNODSHCIELSH92)) o 52 o 3HYES) NDECD = 12 5
IF (NOJNCCNODSHCIELSH.1)) o E3 o 34YES) NDECD = 7 EZ
=3
IF CNDFCD « NE o« 2) GO TO 435 :

READ KCDNDC(2,36) FROM DISK FILE OSKF1.

READ (DSKF1ls REC=NKCTND+ISL3H) KCOND

£0 «30 J =1,
B0 430 I = 1 ,

L ]

KCDIVC(Isd) = KCINVCIELSHsI»J)
CONTINUE
G0 TO 455

S e COND CERPIVITIVZIS COMDENSETD

REAQD KCONJCNDOFCD93€) AND KCDIVINLDFCDSNOFCO) FROM DISK FILE

D3KFl.

READ CDSKF1l,y, EEC = NXKCTAD + IFLSH) KCDND, KCDIV




5325

§|!tt@ W W

5330

5332
5333
5334
=333
5335
5337
5338
5329
£340
5341
5342
5343
5344
£343
5346
5347
$348
5349
5350

1 MN mm ww “w HW *WY'

o

un
w
w
-

53352
5353
5354

F T e |

A

T —

ENTRIES QF VECTOR

EXCEPY FOR THZ SYMMETRIC~-

£ TYUTL’
ECLTP, FC

T

NCOSH,

HYES . OR
GO0 TD 650

LOADINGSs WHOSE

PUE TO TME DTHER

LINTP, MELSH,

RFOTL
NTR)

ER OF THE ELEMENTS.

JISPLACEMENTS OF THE CURRENT ELEH‘NT,

ENSED GENERALIZED 2ISPLACEMENTS 0OF

C CENTROCIODAL EW UIVALTENT
c
C
Cxmm CALCULATE THE ECQUIVALENT NODAL LOADS 0OF THE CURRENT ELEMENT,
Cu¥m IELSHy AND PUT THEM IN THIER CORRESPONDING
G CORLD C(USED ONLY AS STORAGE). NODTE,
Chxax SIN, TrHe ANTISYMMETRIC=SINZ, A%D THE AFRD
Cusm EQUIVALENT NCOJAL LOACS aARs CALCbLaT=U FRCM THIER FOURIER
Cutked COEFFICIZNTSy THE FQUIVALENT NO22L LODADS
Cusx TYPES OF LDADING 42F REAQILY AVAILABLE,
G
55 CaLL FCENTR CIELSHs ILO2CA, LCNLDs LDTLD
+ MLOCAy MCNLDe MAULDy MINTP, NS=CTs NDFCD, PR
+ SCTPI,s 5CTPJ,y, ROWSA, ECLWT, ECLAUL, ECLSA,
C
c
c CZENTQ2 232 Da8L DI SPL ACE
c
c
c
C
=
C
C
Caxxx CALCULATE TrHE CENTROIDAL
Cxpx JELSH FRCM
C
G ACNTRONOFCD) = KCINV(NDFCOWNDFCD) %
¢ ( FCNTRCNDFCD) = KCONDCHODFCOD,
Cx NOFUC IS5 NUMEBER OF DEGREES OF FREENONM UNCONMDENSED,
Cik NOFUC = 33 ~ NDFCD.
7
Cw®kx AND PLACE THEM IN VECTOR ZCRLDINTSSC) CuSSD ONLY AS A
Cu%x TEMPORARY STCRAGE)Y IN TrE SEQUENTIAL 020
C
CALL ACENTR (IELSH,y IC, MzLSK, NLUFCD, NDFCT,
+ "4:3‘:| ‘CDN;, '\r...J.V! HS:'C'I' ‘-":hT':\’. CDQLD)
c
£
c
300 CONTINULE
C
C
C% NCOSH IS THE NUMSBER OF CONCT
C% SHELL ALCNE.
c
350 NCOSm = NOFCT
(o
IF (SLOSP? o NE « 3HYES . OF o SLEKL o NF « 3
+ SLOLD « Ed « 3HYES)
C

et gypn
i M

rphbe

it
i

oTL

NOFUC) % ASHELCNOFUC) )
AND IS
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c  iE=S
(™ IF THE DISPLACEMENTS JUST SOLVED FOR ARE DUE TO THE LIVE LOADS .
(of ALONE, READ THE NODAL AND THE CENTROIDAL DISPLACEMENTS OF THE =
Cx CURRENT SECTCR DUE TO THE DFEAD LOAD BEFQRE THEY ARE nvsauatrr!ﬂ. 4
Cs CVECTORS FSECT AND DISPL A22 USED AS A TEMONRARY STORAGE) i =
o
READ (DSKF1l, REC=NASCT+IASCT) FSECT = |
o
c S |
I‘ (’!CLS" - E\ - 'J) 3:‘ TU‘ 650 i
c =3 3
I (SLSTS o NE o 3HYSS o AND o SL3KL o ME o 3HYES o AND . ] . J
+ PLOSP o NE o 3HYES) G0 TD &50 ==
[
IF C(NDFCT o LE o 1260) 50 TC 400 =4
c 1] =%
PRINTS®, ° DIMENSION OF VECTOR®, =
4 ° DISPL MUST 3Z INCR=ZASED SpOm 1240 TO NOFCY =“,NOFCT,
¢ * ISSUED FROM SUSRDUTINE SLVASC, SHORTLY BEFORE DELIBERATES, 3
+ ° ABORTION OF THE PROGRAM” B
=
c = |
sToP 1] 18
c B |
C ]
600 READ (DSKS1, REC = NACNT + IASCT) (DISPLCIDs I = 1, NDFCN) | @
c 1.3
c = |
650 IF (5LRAC - E: - 2HN:J . &N: - SLSTS - EQ . ZHNU . lND -
# SLBKL o 50 « 2HND . AND o PLDOSP ., EQ . 2HNO) GO TOD 760 = |
c .
Cx IF REACTION OR STRESS D22 AUCKLING ANALYSIS OR PLOTTING OF THE é-%i
C* DISPLACEMENTS =AS HBZEN REQUESTED, WRITE THE NODAL i %é
C* CISPLACEMENTS OF THE CURRENT SECTOR ON DISK FILE DSKF1. =
C 3
WRITZ COSKF1, REC = NASCT + IASCT) ASECT - |
[
Cn IF SOLUTION OF DISPLACEMEMTS HAS NOT SEEN REQUESTED, DO NOT plll13§
Cu= THEM,. "
¢ S |
760 IF (SLDSP o NE o 2nYES) G0 TO 1350 i |
c i 53
IF (SLEKL o NZ o 3HMYES o OR o SLDLD « EQ ., 3INYES) GO YO 950 . ;
c ET'- x-
() ADD THE NODAL OISPLACEMENTS 2Uz TO THE DEAD LN
Cx% LOAD TO THOSE DUE TO THE LIVE LCAD.
o _
C0 800 I = 1 o NDFSC 3
ASECTCI) = ASSCYCI) + SSECTCD)

800 CONTINUE
o




5408
5407
5408
2403
5410
5411
5412
5613
f4ls
5415
5415
5417
5413
5419
5420
£5421
56422
5423
S424
54235
5426
5427
5428
5429
5430
5431
5432
5433
5434
5435
5435
5437
5438
54335
5440
5441
5442
5443
5444
5663
5466
5447
5445
5445
5450
£451
5452
5653
5454
5455
5455

900

»
*
*

ﬁ:ﬁﬁ o™ OO0
1% o
# w
[ == ]

(9

e M e

1005

OO0

c
c
1050

C
c
c

+« CALL PRNACTY CIleLsH,

+ CALL PRNACT (IcLSH,

IF (NEL3H « EQ o 2) 50 TO 950
GO 300 I = 1 ¢ NOFCT

DISPLCI) = DISPLCI) + CORLDCI)

CONTINUE

PRINT THE NODAL CISPLACEMENTS CF THE CURRENT SECTOR.
CALL PKNASC CIDy, MNANDSH, By NDORD,y ASECT)

IF (NELSm « 20 « 02 @0 YO 1005

PRINT THE CcNTROIDAL TISPLACESMENTS OF THE CURRENT SECTOR.

IF (SLBKL « NE . 3NYFE

LR "]
-
x
-

iy R4 MODSH, NOJUNC, CORLD)

IF (3LEXL o EQ o 3HYES o AND o« SLOLD . NS . 3IHYES)
Oy MtLSHy NELSHs Rs NDOSHs NODJNC, DISPL)

IF (NEL3R « EQ « 0D GC 7O 1050

S TR IMNGCE R J I SPLACEMENTS

TYPEL = &EHSTRING
SPLACEMENTS OF ALL STRINGER ELEMENTS
IN TrEIZ LACAL COCRCINATES, FRCM THE
105 DISPLACEMENTS, ACCRROING TO THE

CALCULATEZ THE NCDAL O
C® THE CURRENT SECTOR,
CORRESPONIING SAZLL NO
“aT

FOLLOWING TRANSFOR

-4

ASTRNC12) = TRFSR(C14,12) 5 ASHELC12)
AND PRIINT Thche.

CALL DOS?S5TR (DSKFly IJe MZL3Re NELSRs NTFSR, NOFCT,

+ SLOLO, SLBKL, TYetL, NZOSR, NDCORD, NODJWNC, ORDS2, TREST, nsect;
+ CORL2)

IF CNELISR o 29 » ©) GO TO 1150
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]
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e
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- v

5457
54358
5459
5460

5461

£e82
5463
E4be
56465
£E4bs
5467
5443
£463
8470
5471
5472
5473
5474
§475
5474
5477
54758
5479
5630
5481
5482
5453
S4ba
£485
5425
S487
5483
S48
5450
5451
5492
5453
5494
5455
5494
5437
£455
5439
5500
5501
5502
5503
5504
5505
5508
5507

1150

s EaNeNalal

Cax%
Cuonene
Caeneke

TYPEL = &HIMSTRN

ENTS OF ALL INTERMEDIATE STRINGER
Ry IN THEIR LOCAL CODROINATES, FROM
DISCPLACEMENTS,y ACCORDING TO THE

ELEMENTS JF THE R C

THE CORRESPONDING SHELL NODE

FOLLOWIANG THANSFORMATION
ASTRNC1IB) = TRFIR(1E8,.1%5) = ASHEL(1E)

AND PSINT THEM,.

it
i

CALL CSPSTR (OSKFl, TGy MZLISR, NZLISRy NTFISRy NDFCT, h
+ SLOLDy SL3KLy TYPELey NODISRy MOORD,y NDJMCy DRDOSR, TREST, ASECT, z
+ CORLZ) =z

IF CNELRN o 25 « 0) 30 TO 1250 ;

E I N G C I SPLACEMENTS -3
E

TYPEL = <HRING

CALCULATE TAE NO2AL QJISPLACEMENTS OF ALL RING ELEMENTS OF THE
CURRENT SECTCRy IN THESIR LCCAL CCOURDINATES, FROM THE CORRESPONDING
CISPLACTHMENTS, ACC ING TO THE FOLLOWING

Smell WJo=
TRANSFORMATICN

ARINGC1B) = TRFIN(13,13) % ASHEL(C18)
AND PRINT THEM.
CALL OSPRNG (C35KFLl, IO0s MELRN, NELRNy NTFRN, NOFCT,

+ SLOLDs SULEKLs TYPEL, NODRMN, NOORDe NDJUNCy ORDRNy TRFST, ASECT,
+ CORLD)

IF CNELIRN o €3 o 3) GO TO 1255
I NTERMEDIATE RINSG DI SPLACEMENTS

CALCULATE THE NOCAL OISPLACEMENTS DF ALL INTERMEDIATE RING
ELEMENTS O0F THE CURRENTY 55CTCR, IN THEIR LOCAL CCOOROINATES,
FROM THE CORKESPONDING SHZLL NODE CODRDIMATES, ACCDRDING TO




5508
=35509
5510
= L33k
5512
=35313

5514
=3519

5516

5517

5518

5519

5520

5521

5522

5523

§524

5525

5526

5527

5528

5529

5530

§531

3532

5533
5534
88535
_ 5535
i~ 5537

5538

5535

5540

5541

5542
=5543

5544

5545

5545

5547

5568

5549

5550

$551

5552

5553

5554

5555

$554

35237
. 5553

wm

T

i

i
|
i

1iM|

iuhll

o il

Hi

-

(%733 THE FOLLIWING TRANSFNAIMITION
4
C ARINGCLIS) = TP=un(l13,158) = ASREL(C15)
¢
Chix 2AND PRINT THEM,
(#
CALL CSPRNG (D35KF1s IDy MELIRNy NELIRNg NTFIPN, NOFCT,
+ SLOLCs SL3KLe TYPZL, NODIRM,. MNOORD, NOJNC,s ORDRN, TRFSTs ASECTS
+ CORLG)
&
C
1255 1IF (NELBR . EC « 0D GD YO 1265
C
C
C
E
o iR A€ 3 0 I SPLACEMENTS
C
C
G
Cx%xx CALCULATEZ THE NOCAL DISPLACEMEINTS OF ALL 3RACE ELEMENTS OF THE .
Cixx CURRENT SEZCTORs IN THZIP LGCAL CODORDIMATES, FROM THE CORRESPOﬁﬂlntzg
Cx% SHELL NZD= CCCRODINATES, ACCOROING TO THE FOLLOWING TRANSFORMATION
C = =
C ABRAC(CS) = TRFRN(S912) % ASHELC12)
C
Cxxpxx  AND PRINT THEM, :
c :
CALL O3PoRC (CSKFly IJy :SLDOSP, MELIQN, MMTIRNs NELIRN, i T
+ NELBR, NTFEK, NSTS3BR, NOODIRN, PRPIRN, MTIRN, NDORD, ORDBR, TEBRAC, |
+ ASECT)
C
€
c
1265 IF (NCFLY » =0 « 0) GO TD 1350
¥
IF CSLSTS » NE o 3HYES o ANCT o SLEBKL o NE . 3HYES . AND , f4l
+ PLOSP NE o 3WHYES) GO TO 1350 =
C
IF (NOFCT o LE o 1220) 60 70 1266
C
PRINT#, ° DIMENSION OF VELTOR®,
+ % DISPL MUST BE INCRZASED FROM 1240 TO NOFCT =“°,NDFCT,
+ “ ISSUED FRKOM SUBFOUTINE SLVASC, SHORTLY BEFQORF DELIBERATE®,
+ * ABCRTIQN CF THE PROGRAM®
=
STaP
=
2
C I# NG BUCKLING SOLUTION HAS SFEN REQUESTED, SKIP.
C




[ e = — — ———=_— = EE=s s & == |

= F — — =
: EE= |
1265 1F (SLBKL o« NE « 3HYES) G0 TO 1300 [ 1]
: =
Cx IFf THE CURRENT SCLUTIIN IS5 FOR THE DEAD LDAD, SKIP. §?§'F§
IF CSLOLD « EQ « 3HMYES) G0 TO 1300 S
C# IF NO STIFFENERS EXIST, SKIP. o
|
IF CNELSR o EQ o O o 442 o NELIS? , ZQ . O o AND . NELRN o EQie: =
¢ 0 o AND o NELIRN o 57 o 2) 50 TO 1200 =
Cs AT TAIS POINT, THE SNTRIES DF CURLD CCRRESPONDING TO THE .
Cx CONDENSED GENERALIZED DISPLACEMENTS AT THE JUNCTURE CIF ANYD |
C# 0F THE STIFFENGRS 3RE THOSS JUE TO DEAD LOAD PLUS LIVE LOAD

C= COMBINED. THIS I5 EZCAUSE ASECT, WHICH WAS USED TO CALCULATE =
C TRESZ CONDENSED UEGRESS OF FRIECOM IS ITSELF THE COMBINED NODAL.
Cx CISPLACEMENT VECTOR (leE.s DUE TOD DEAD LDAD + LIVE LDAD)e WE =
Cx SHOULC NOW SUSTRACT THE CONDENSED GENERALIZED DISPLACEMENTS :
Cx DUE TC DEAD LOAD FORM THE COMBINED GENERALIZED DISPLACEMENTS,
Cae WKITING THEM ON DISK FILZ 0SK=1,

L

b

Mlid
|

'ﬂﬁLf'

Mitin
'l

Cx FIRSYT CHICK aLL NODES (OF INTERFACE 1 TO SEE IF ANY OF THE Nﬂﬂﬁs
Cx IS A JUNCTURE NCT=,

sy

bibida

S0 1270 IRWND = 1 5 MNRWND

oy
I
Ty

¥

IF (NCJUNC € NDEXICI?WND) ) o Mz o 3HYES) GO TO 1270

{3=4
GL TC 1240 114
§liég
1270 CONTINUE il
ne
" READ THE DEAD LOAD CONDENSED GENERALIZED DISPLACEMENTS FORM
% DISK FILE DSKF1. %
1280 READ C(DSKFl, REC = NACNT + IASCT) CDISPLCIDy I = 1y NODFCT) 1358
- 5600 C e |
5601 NOFP1l = NCOSHM + 1 B |
=ss02 ¢ iziéi

5603 C= NOW SUBTRACT THE DJEAD LOAD GENZRALIZED DISPLACEMENYS FORM THE
5604 C= TOTAL OF THE DEAD LDAD PLUS THZ LIVE LOAD FOR THE STIFFENERS anﬁt%i

- 5606 B0 1290 I = NLFP1 , NDFCN . 133
5607 C BT |
5608 CORLDCI) = CORLOCI) = DISPL(I) R

|
w
o
<
v
a
Ml

|
ek
()
wijh

T
b

1]

b

1]



5610
5611
5612

- 5613

wal

5614
2613
5616
5617
5613
5613
5620
5621
5622
5623
5624
5625
5626
5627
5628
5629
£630
5631
5632
5633
5634
5635
5636
5537
5638
§633
5640
5841
5642
58643
2646
5645
5645
5647
5648
5649
5650
5651
5652
5653
5654
5655
3656
5657
3658
5653
5650

i

LT

1290 CONTINUE d
€ =
4
C= IF STRESS ORFR BUCKLING ANALYSIS IS RFJUESTED, WRITE THE CENTROIDAL
C= DISPLACCMENTS OF THE CURRENT SECTOR ON DISK FILE DSKFle.

C

1300 MRITE COSKFLs REC=NACNT+IA4SCT) (CORLDCI)y I=1,NDFCT)

C
NOECN = NORCT
C
1350 IF (SLRAC .« NZ o 3MYES) 3 TC 1500
o
IFC ISC o NE & SLVSCCILDCALIZINSL,2) D G0 TO 1500 .;
C |
Cx IF CALCULATION OF HEACTIONS HAS =FEN REQUESTED, COMPUTE THE = |
Cx ODISPLACCMENTS OF THe TWL SECTODRS NN ZITHER SIDE OF THE CURRENT :
Ca SOLUTION ZONE AND WRITE THEM ON DISK FILE DSKF1, 3
C
Cx= YTHE CROEZR IN WHICH THE NODAL DISPLACEMENTS OF THE SECTORS ARE j
Cx WRITTEN IS¢ _
Cx FIRST, The CISPLACEMENTS OF THE CURRENT SOLUTION ZI0OME, JSC TD KSC:ii
C» NEXTy IN THE FCLLCWING THE DISPLACEMENTS OF SECTORS JSC-1 AND
Cx KSC+1, RESPECTIVELY; THEN THE ODISPLACEMENTS OF THE NEXY SOLUTION
Cx IONEy IN THZI SA4AMI MANNER 3
: :
c e
ITIME = 1 5
C
1400 R = (2 - ITIME) = ( SLVSCCILDCA,TZNSLy1) = 1 ) «
' CITIME = 1) = ( SLVSCCILOCA,TZINSLe2) + 1 ) !
c i
Cx R = 0 IS THE S&ME A5 % = NSECT: R = NSFCT +# 1 IS THE SAME AS R = ]
¢ i
IF (R « 24 « 0 R = NSECY
IF ( R o E& « CH3ECT+1) ) R 1
C
IF-CITIKRE . SC - 1) 57 TO 1485
C
Cx WRITE YHAE NODAL CJISPLACEMENTS O SECTCR R ON DISK FILE DSKF1.
Cx NODAL OISPLACEMEINTS,
C
WRITE COSKFly RZC=NASCT+-IASCT) AS5:ECT
c

1485 ITIME = ITIME + |

o
IF CITIME o LT o @) GO 70 175
c

1500 CONTINUE

c
IF CSLVSLCILDCA,TZNSLY) e LE o SLYSCCILDCALTIINSLS2)) GO TO 1700




]
- 1600 CONTINUE
¢ RVIEy
1700 CONTINUE . EF $
¢ 18] Cine
RETURN & EE
ENO 3= =
c i3 -3
c 101 g
c 13153
o B 0 4 3 N A eesccceccccssee=- ———
¢  EEE— |
-c {1 a
¢ EEE
Co%% THIS SUSRIUTINES GENZARATE VECTOR 20WSAC2),. 21 =8
Cx%kw IF ROWSAC1) = 1, ANTISYMM-TRIC=-SINE LOADS EXIST C(EITHER ,é
CHm¥ INDEPENUENTLY IR FROM AFRO LDACS). !
Lo IF ROWSAC2) = 1y SYMMETRIC-SINE LOADS EXIST (EITHER INDEPENDE
Ckkx CR FROM AFRC LOAZS). | §4428
Co%s IF ROWSACL) = 1 AND ROWSA(C2) = 1, BOTH THE ANTISYMMETRIC-SINE! & =
Cixx  AND SYMMETRIC-SINE AN2/0R THE AFQQ LDAD MAY EXIST. 131 é
€ = |
SURROUTIN: RImSN& (ILCCA, LOTLDs MLDCAs TYDTLs RFDTL, ROWSA) ... &
¢ EEZ
_ INTEGER TYPZ, PROJ, TYOTLCMLOCA,1), RFDTLCMLDCA,1), Rausu(z)gJ;
¢ g E=s
ROWSACL)Y = O 3=
ROWSAC2Z) = © i1
< CONSIDER ALL DISTRIBUTED LOADS IN THE CURRENT LOAOING CASE. 3
C | _
03 10 IOTLD = 1 , LOTLO P
c
TYPE = TYDTLCILOCA,IDTLD)
PROJ = RFOTLCILDCA,IDTLY)
C
IP ( TYPE . -:.: . “HSINE . 4“-.; . P’:J . EC - "1 ) RBHS&(I) =
IF ¢ TYPE o EQ o 4AHSINE o AND o PROJ o EQ o 1 ) ROWSAC2) =
IF C TYPE o EQ o 4HASRD ) ROWSACL) =
IF ( TYPE o EQ o+ 4MAFRD ) ROWSAC2) =
c
10 CONTINUE
c
: RETUAN
END
C
c
c
c - e K & 4 1 F 0 eemesecececsc—a-- -
C
c




THIS SUBROUTINE COMPLETES THE GENERATION OF K3NIFC(NDFIF,NDELFls
BY SUATRACTICN CF THE T=RM ¥

0ESSCNIFEXoNOFEX) = KEI % KII-INV % KIE 3 :
ARISING FRCM THE STATIC CONDZINSATION OF THE INTERNAL CEDREES OF
FRESDOM, FROM KPNIF. THE COLUMNS OF KOEESCNDFEX,NDFEX) ARS READ
FROM DISK FILE DSKF2. KOEZS IS PARTITIONED AS

ullll

Ll

Si=
g |
I K0E2 . K021 I S
i - - - - : - - - - E ; g __;
1 KDzZ12 o K2z1 b ¢ St
IK . (I g_f?_

THE CONUENSATIOM IS CARRIZD OUT ACCORDING TO

mw

FIF) = C KOS2CNDFIF,NDFIF) 4

KENIF(NOFIF NCPIZ) = XFNIF(NCFIR,ND
KOE1CNDETR,NIEIEY ) = KOZ21(NDFEIFINDFIF) & CEXP(~- Iazantumtj!ng
= KOE12CNDFIFJNIFTIFRY = SoxPlIxn2sFIx=N/NINFA)

NOTE, THAT THE ASS:MELY OF KE2 OF SECTOR N WITH WITH KEI OF | [ii==
SECTCR (N+1) IS IMPLIZD IN THZ &5IVE OPERATION 4
SUSROUTINE KENIFO C3SKE2, MOEIF, W, NIEZK, NINFA, NDFIF, qusl.":_
+ KOEE, KENIF) _

c 3
INTEGER 0DSKF2 S |
¢
REAL KOEF(NDSEX) EZE |
c q
COMPLEX ARG, EN, ENCJy CEXPy KANIF(MOFEIF,1) S
c Fs
ts INITIALIZATIONS =
TETAK = 2,0 % 2,14159255355 / NINFA _
ARG = CMPLXCO.0y TETAR = N) =
EN = CEXPCARG) N
ENCJ = CEXP(-ARG) ==

e 3

€0 30 ICOL = 1 5 NCPEX : _ -

IKOZE = IKDE

m

+ 1




- - -

ki
it

=025

5769 (=
57110 C
£ 5371
=312 C
5773 Cx
5774 (=
57175 C
6 (=
571717 ¢
- 87718
5775 C
S 5780
5781 ¢
782
1783 C
84
735 C
T 5785 (%
5787 Cx
5788 Cx
=L
5791 C
57192 Cx
L5793 C=
- 5796 C
5795
5198 C
5797
8798 C
. 5799
P 5300 C
5801
5802 C
5803
5804 :
5805 ¢
ﬂﬁi G =
5807 C
=

m%t%t&&uilllilll 11211211111311111122111 !1111-1111113&1!

10

15

20

30

'geao (DOSK=2, REC=NKOEE4IKOFF) KOEE =

READ EACK COLUMN OF KOEESCNDFEX,NDSEX), FROM DISK FILE szﬁz. AND.
"PLACE IT IN KOSECNDFEX). =

CARRY OUT THE CONDENSATION OF THT ICOL-TH COLUMN OF KBNIF,
ACCORDING TO THE FORMULA GIVEN IN THE SUBRDUTINE HEADING.

IF ¢ ICOL o GT o NOSIF ) 50 TD 15 }
IN THIS CASE, T TOD WOFIZ ENTRIES OF KOSE CONSTITUTE 4 COLUMN |
OF KGE2s ANG THE NEXT NOFIF ENTRISS CONSTITUTE & COLUMN OF xg;z:til

[r

e
KINIFCIRWIICCL) = KOHIFCIRWL ICCL)-KOCECIRWI=KAESCNDFIF+IRN) x E|
!

BE

(Xl
m
)

CONSIOZ® ALL CF THE DESRESS OF FR 0™ OF ONE COLUMN QOF KBNIF.

OC 10 IRwW = 1 o NOFIF

CONTINUE
60 10 30
IN THIS CASE, THE TOP NDFIF ENTRIZS OF KOEE CONSTITUE THE A -Q'f i
COLUMN OF KCE21, AND THE NEXT NOFIF ENTRIES CONSTITUE A COLUMM
OF KOEl.

ICL = ICOL - NOFIS

CONSIDER ALL OF THFE DEZGREES OF FREEDCM OF THE ICL=TH COLUMN ni
KBNIF . ‘i'!‘t‘

3 20 IRW = 1 , NIFIF | L

& =
KINIFCIRW,ICL) = KENIZCIPW,ICL) - KOEE(NDFIF4IRM) =~ KOEECIRWISENCY

b

{

CANTINUE __;iilﬁ
CONTINUE :jg,?}
RETURN Wik
1 5a '
TH
J'—“ir

1111;111111 c;g;tal Equipncnt -ors t;
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