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ABSTRACT

Advancements in the area of nonlinear stress analysis
have been made through the development of a new finite ele-
ment, a quadrilateral plate, and the defiﬁition and affir-
mation of practical applications of this element along with
the bar, triangle, and rectangle elements used in previous
nonlinear seress analyses.

Two ﬁuadrilateral plate elements were developed dur-
ing the course of the study. Each of the quadrilateral
plate elements was developed by use of four constant stress
triangles. 1In one, a midpoint node was added and the deflec-
tions and stresses were averaged; in the other, the eonstant
-stress triangles were overlapped and the stresses were not
averaged. The average deflection/average stress quadrilat-
eral produced excellent results; results produced by the
overlapping triangles were disappointing.

The method of analysis used in this study‘is one
that relies upon the solution of a system of nonlinear ordi-
nary differential equations to obtain the nonlinear deflec-

tions. This method, which was first developed for use with

xi



xii
the constant stress bars and beams and then extended to
include constant stress triangles, was shown to be more
accurate when used with the more complex finite elements,
namely the rectangles and quadrilaterals,

The standard rectangular element was found to give
the best results for problems that can utilize a rectangular
grid, and the new element developed from four constant stress
triangles produced the best results in problem areas that
require a quadrilateral-shaped finite element.

Each of the elements discussed, the constant stress
bar, the constant stress triangle, the rectangular element,
the midpoint quadrilateral and the overlapping quadrilateral
were used to solve a standard nonlinear shear-lag problem
and three nonlinear cantilever problems. Actual test data
are available for the shear-lag problem and these correlate
well with the nonlinear analytical solutions obtained. Plots
of the cantilever solutions show that the location of the
point of maximum nonlinear action for a cantilever beam with
a flange is located just at the point where the flange joins
the web rather than at the extreme fiber as is often assumed.

It is shown that although the beam deflections in

elastic problems always converge to the true value as a



xiii

lower bound as the grid is refined, deflections in non-
linear problems do not necessarily follow the same pat-
tern. Sometimes the nonlinear deflections approach from
the lower side; then, as the grid is made more fine, they
tend to diverge, jump to the higher side, and give an over-
estimation of the correct answer.

A prior understanding of the stress field is, there-
fofe, quite valuable in determining the fineness of the
fini;e element grid.

The quadrilateral element developed in tﬁis study
and the rectangular element investigated permit an extension
of finite element analysis to certain nonlinear structures
that could not easily be handled by this method previously.
The applications made in this study indicate that these
elements and the constant stress bar and constant stress
triangle can be adapted to the nonlinear stress analysis of
complex structural systems by the matrix methods of analysis.

The RQl computer program utilized in this study was
developed by Richard and Blacklock. A listing of this pro-
gram is appended tc this paper to encourage further studies

into the solution of nonlinear engineering problems,



CHAPTER 1
INTRODUCTION

Analysis of many current structural systems involves
the solution of nonlinear problems. The determination of
the stresses, strains, and displacements in a structure in
which the stresses exceed the proportional limit of the ma-
terial presents a difficult problem to the analyst. Solu-
tion of such problems requires the use of some form of
approximate nonlinear analysis.

One method that is currently being used to analyze
nonlinear plane stress structures was presented by Richard
and Blacklock (1968). This method represents the stressed
elements by an assembly of isotropic triangular plate and
bar elements. The displacement components, in both the bar
and plate elements, are assumed to vary linearly so that the
stress and strain in the element is of constant value through-
out the element. These elements, though simplé and direct,
are limited in their application; and their use in the finite
element solution of complex strucfures imposes a penalty on

the analyst.
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In elastic analysis,.finite element development has
proceeded b:;b?d the constant stress variety so that the
analyst now haé at his disposal a selection of finite ele-
ments which include beams, rectangular plates, and quadri-.
lateral plaEes.

Little data now exists on the practical application
and evaluation of finite elements for nonlinear analysis.
If stiffness matrix methods are to be utilized in the solu-
tion of nonlinear problems, then new elements applicable to
nonlinear structures must be developed and investigated.

The scope of this dissertation is limited, primarily,
to the advancement of existing nonlinear methods. The prin-
cipal contributions of this paper are in two areas. First,
the utility of current nonlinear stiffness matrix computer
programs has been enhanced by the development of certain
complex finite elements for use in these programs; and,
second, a systematic study of the applications of five
selected finite elements has provided a basis for utili-
zation of these elements.

The method of nonlinear stress analysié may be di-
vided into three categories: the initial strain methods,

the incremental methods, and the differential methods.
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These methods are introduced in Chapter 2. The three basic
finite elements--the triangle, the rectangle, and the bar--
are presented in Chapter 3. The triangular element utili-
zation may be extended by substructural arrangements into
quadrilateral plates. Two quadrilateral elements are de-
veloped in Chapter 4. These elements are produced from two
arrangements of four constant stress triangles.

In Chapter 5, a brief study of a shear lag problem
is presented. Each of the five elements presented in Chap-
ters 2 and 3 are used to obtain the nonlinear solution to
this problem,

The cantilever problem, presented in Chapter 6, pro-
vides a basis for the final evaluation of the nonlinear
finite elements. The three basic elements plus two quadrié
lateral elements are used to solve problems related to
cantilever plates, cantilever beams and tapered cantilever

beams.



CHAPTER 2
NONLINEAR STRESS ANALYSIS METHODS

Since the advent of high speed digital coﬁputers,
the accurate solution of nonlinear pfoblems has become a
reality. 1In the pre-computer era, the analysis of large
indeterminate structural systems for ultimate load capacity
wés dependent.primarily upon the less accurate, perfectly
elastic-perfectly plastic schemes of analysis. The ulti-
mate load criteria method of structural analysis, imposed
in the aerospace industry, necessitates the use of non-
linear methods to produée accurate failure load predictions.
This requirement has furnished the stimulus for the funds
which have supported the reported nonlinear research pro-
grams. This study is an example of the continuing effort

in quest for more accurate methods of nonlinear analysis.

2.1 Basis of Nonlinear Methods
In nonlinear matrix analysis, solution methods are

based on several distinguishable steps:



1. Abstraction of the real problem
2. 1Idealization into a finite number of discrete ele-
ments
3. Formulation of the nonlinear stress-strain relation-
ships for the discrete elements
4. Formulation and solution of the set of governing
equations
5. Interpretation of results.
The formulation of the nonlinear relationships and
the formulation and solution of the governing equations
have been exhaustively investigéted and well documented.
The other tasks are seldom reported comprehensively in the
literature; however these steps should be considered equally

important to the end results,

2.2 1Initial Strain Methods
A general method of analysis, the initial strain
method, using finite elements and incremental loading has
been developed (Padlog, Huff, and Holloway 1960; Galagher,
Padlog, and Bijlaard 1962). 1In this method, plastic and
creep strains for each element are estimated on the basis
of specific values of stress and treated as initial strains

for the subsequent evaluation of the true stress, strains,
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and displacements for each increment of load. For biaxial
states of stress, the von Mises yield criterion and the
Prandtl-Reuss flow relations are used. - Extensive studies
of this method have been made, and the method has been ex-
tended to include anisotropic elements. Percy, Loden, and
Navaratna (1963) and Lansing, Jensen, and Falby (1965) have
reported studies based upoﬁ the step-by-step procedure with

the constant stress or constant strain method.

2.3 Incremental Methods

In the incremental method of analysis, the nonlinear
stress-strain relationship is followed by generating a
linear solution for each consecutive load interval. This
method has been described by Wilson (1963); Argyris, Kelsey,
and Kamel (1964); Pope (1965); and Denke (1956). The
analysis of éertain elastic-plastic systems has been per-
formed using the direct stiffness method by combining the
linear analysis with incremental loading procedure. The
relevant properties of the elements are modified for each
load increment and thus the procedure comprises a series

of linear analyses.



2.4 Differential Methods

In the differential methods of analysis an approxi-
mate simple analytical expression is used as a substitute
for the stress-strain relationship. This leads to a set of
differential equations which, in turn, may be integrated
by one of the available numerical algorithms, for instance
the Runge-Kutta method.

The computer studies reported in this paper were
made using the differential procedure presented by Richard
and Blacklock (1968). This method is a generalization of
the direct stiffness method for truss and frame systems
subjected to proportional loading (Goldberg and Richard

1963). In this method, a differential point of view, which
represents an exact approach to the truss system, is taken.
The result is a system of differential equations which can
be integrated to obtain the stresses, strains and displace-
ments.

For the biaxial state of stress, the concepté of a
generalized stress and isotropic hardening are used to
evaluate the effective modulus and Poisson's ratio (Richard

and Callabresi 1967). The surface of plasticity



approximates the von Mises surface when the generalized
stress is set equal to the von Mises stress (Richard and
Blacklock 1968).

This method of analyzing a nonlinear structural
system is similar to an initial value problem wherein the
stresses, strains, and displacements are treated as func-
tions of the applied loading. In this case, however the

accuracy of the equation solution may be ascertained by

back substitution methods.



CHAPTER 3
BASIC NONLINEAR FINITE ELEMENTS

The thfee basic nonlinear finite elements included
in this study are a constant stress bar, a constant stress
‘triangle, and a linear stress rectangle. Each of these
elements was developed for use in basic stiffness matrix
computer programs for elastic stress analysis. The tri-
angular element used is the basic Turner triangle (Turner
et al. 1956). The element deri&ations and FORTRAN com-~
puter listings have been published numerous times and there-
fore, are not repeated in this paper.

The element stiffness ﬁatrices are first developed
in their local coordinate systems; then, for addition into
the master stiffness matrix, these are transformed into the
datum coordinate system. The coordinate transformation
method detailed by Przemieniecki and Berke (1964) was
followed and used in developing the elements for the RQl
computer program (Richard and Blacklock 1968). A listing

of the RQl computer program is provided in Appendix I.
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3.1 Bar Element Number 1
The displacement distribution in the pin-jointed

bar element, shown in Figure 1, is assumed to be
U=2Cy + Cyx (1)

where C; and C9 are constants to be determined from the
boundary conditions. The first element stiffness matrix
to be developed in the local coordinate system is a 4 by 4
matrix containing coordinates U; through U,. When it is
expanded for inclusion in the master stiffness matrix it
becomes a 6 by 6 matrix containing datum coordinates ﬁl

through ﬁé.

3.2 Triangular Plate Element Number 2
The displacement distribution in the plane stress

triangular element, shown in Figure 2, is assumed to be

c
!

x = C1x + Cay + C3 (2)

and

Uy = C4x + Cgy + C¢ (3)

where Cq through Cg are arbitrary constants to be deter-

mined from the boundary conditions. The first element
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Datum Coordinate System

Figure 1 Bar Element Number 1
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.Datum Coordinate System

Figure 2 Triangular Plate Element Number 2
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L3

stiffness matrix to be developed in the local coordinate
system is a 6 by 6 matrix containing coordinates U; through
Ug. The stiffness matrix in the datum coordinate system is

a 9 by 9 matrix containing coordinates ﬁi through ﬁé.

3.3 Rectangular Plate Element Number 3
The rectangular plate displacements, which satisfy
the assumption of linearly varying boundary displacements,

may be assumed to be of the form

Ux=C1§+CZ§%+Cs§+04 (4)
and '
Uy =C55+Ceat +C7 L +Cg (5)

where the arbitrary constants C; through Cg are determined
from the boundary condiﬁions. The element stiffness matrix
first developed in the local coordinate system is an 8 by 8
matrix containing coordinates U; through Ug. The stiffness
matrix in the datum coordinate system is a 12 by 12 matrix
containing coordinates ﬁi through ﬁiz. The rectangular

plate element number 3 is shown in Figure 3.
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Figure 3 Rectangular Plate Element Number 3
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CHAPTER &4
NONLINEAR FINITE ELEMENT DEVELOPMENT

- The constant stress triangular plate elements, used
- in sufficient numbers, will provide accurate results in
nonlinear analysis. By combining four such elements into
small substructures, the engineer can make more efficient
use of these elements. If, in addition, a technique for
averaging the element stresses within the substructure can
be developed, this smoothing sﬁould'create.a more represen-
tative element. It is well known that triangular elements
tend to produce somewhat irregul#r stress patterns, and
most users of constant stress triangles have developed
schemes for calculating more accurate distributions by use
of the nodal force data. An example of such a scheme is
given by Lansing, Jensen, and Falby (1965).

In the nonlinear program it is necessary to have
good stress approximations within the stress solution in
order to produce the proper inelastic action. The work in

this chapter will provide the bases for such an element.

15
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4.1 Quadrilateral Plate Element Number 4

The quadrilateral plate element number 4 is construc-
ted from four constant stress triangles with a common mid-
point node as shown in Figure 4. The element is described
by the computer input data quite similarly to the way that
one describes a standard rectangle. The four corner nodes
are established from the input geometry data, and then the
element thickness and material properties are specified.
The computer program averages the corner node locations in
order to establish‘the location of the common midpoint node,
designated node T in Figure 4.  The quadrilateral stiffness
matrix is a size 12 by 12 matrix in the datum coordinate
system containihg coordinates ﬁi through ﬁiz.

The development of the element stiffness matrix is
accomplished in five distinct sﬁeps: |

1. Using the geometry of the T node, the stiffness

matrix of each of the four constant stress tri-

angles is calculated in datum coordinates and added

into a size 15 by 15 storage matrix, TT, containing

coordinateskﬁi through ﬁis. )
2. Using the appropriate transformation matrix, the

TT matrix is transformed into the local coordinates



Datum Coordinate System

Figure 4 Quadrilateral Plate Element Number &4
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of triangle PQT. It thereby becomes the size 10

by ‘10 stiffness matrix, SS, containing coordinates

Uy through Ujg. This method of transformation
matrix development and utilization was patterned
after the one described by Przemieniecki and Berke
(1964).

Using the elementary scheme of coordinate elimi-
nation, the two local coordinates Ug and U
located at node T are eliminated from SS. The
stiffness matrix thereby becomes the size 8 by‘8
matrix, RR, containing coordinates U; through Ug.
Using the appropriate transformation matrix, the
RR matrix is expanded from the PQT local coordinate
system to the structure datum coordinate system.
The resulting matrix, QQ, is a size 12 by 12 stiff-
ness matrix of the quadrilateral plate containing
coordinates Uj through Ujj.

The QQ stiffness matrix is then added into the
structure master stiffness matrix.

The development of the average stress value for the

quadrilateral plate is divided into four steps:
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The structural datum coordinate system deflections
are established for each of ‘the four quadrilateral
plate corner nodes. These deflection numbers are

averaged to obtain the approximate value of X, y,

and z deflections of the common midpoint node in

datum coordinates.

The datum coordinates of the five nodes are next

vused to calculate the oy, oy, and Txy Stresses for

each of the four triangles shown in Figure 5.

Using the appropriate transformation equations, the
stresses are all rotated into the stress system of
the PQT triangle.

The stresses are averaged to obtain assigned values
of oy, oy
The results of averaging the deflections to obtain

, and Txy for the quadrilateral plate.

the average stresses were compared, in several example prob-
lems, to the results obtained when stresses were calculated
by use of the actual values for the midpoint deflections
and then only the stresses were averaged. In each case

studied, the elastic stress results agreed remarkably well.

One problem used in this study is shown in Figure

Average deflection-average stress results are shown in



Figure 5 Quadrilateral Plate Local Stress Conventions
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Figure 6 Quadrilateral Study Problem
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Figure 7, and actual défléction-average stress results are
shown in Figure 8. This problem is typical of the type of
studj problems used in developing this element.

It is interesting to note that, even though the
actual common midpoint node deflections and the average
common midpoint node deflections show considerable dis-
agreement, the average stress results agree within a very
small percent.

Since the average deflection-average stress method
requires significantly fewer calculations, this procedure
was selected for development of the quadrilaterial plate

element for inclusion in the RQl nonlinear computer program.

4.2 Quadrilateral Plate Element Number 5

The constant stress triangular plate is, in real-
ity, a very versatile analytical tool. Many of its short-
comings can be eliminated when groups of triangles are
combined into small substructures. Such a grouping was
illustrated in the development of quadrilateral plate ele-
ment number 4. The numerical results of the number 4
element are quite accurate, and the combutation time for

its utilization is satisfactory; however, the elimination
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procedure required for its use increases the computation
time. The development of the element number 5 quadrilat-
eral plate was begun to see if a technique of overlapping
the four triangles, thus eliminating the need for the
center node, would provide an element that would be equally
as accurate as-the element number 4.

The element developed for study is shown in Figure
9. Each constant stress triangle is given a thickness of
"one-half of the thickness of the plate. This element does
not require averaging of the stresses until the final step,
immediately prior to the print.function. In othér words,
the computer pfogram treats element number 5 as if it were
four separate triangles placed in an overlapping fashion
within the quadrilateral space. The results obtained with
this technique are a little disappointing, especially after
splendid results were oBtained with the number 4 element.
Although—the overlapping element is faster in the execution
phase of the computer program, it will not give the same
degree of accuracy as that obtained with element number 4.
In fact, element number 5, with its four triangles, pro-
duces only slightly better results than those obtained with

two constant stress triangles.
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The results obtained from studies made with this
element are compared with results obtained using other

elements in the next two chapters 5 and 6.
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CHAPTER 5
THE SHEAR-LAG PROBLEM

The shear-lag problem, though seemingly only a
simple laboratory or textbook type problem, is one which
engineers encounter time and again in actual practice. A
typical critical shear-lag problem occurred in the &esign
of the Saturn V booster. The designers were faced with the
problem of distributing the engine thrust loads into the
thin skins of the booster skirt by use of tapered thrust
beams. Millions of pounds of engine thrust had to be re-
acted correctly to prevent overstressing the skins. and
failure of the system. Calculation of the safety factor
for such a problem, where the safety factor is based upon
an ultimate load criteria, usually requires the accurate
solution of a ndnlinear problem in order to predict failure

and determine the correct stress distribution.

5.1 Problem Definition
" The shear-lag problem selected for presentation in

this study was first presented by Percy, Loden, and Navaratma

28
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(1963). The specimen design is illustrated in Figure 10.
Tensile coupon stress-strain data taken from both the longi-
tudinal and transvefse direction are presented in Figure
11. The X-axis coincides with the longitudinal direction.
The structure, which was an integrally machined part of
2024-T4 aluminum alloy, stiffened along the loading axis.
The material properties_essential to this analysis were the
modulus of elasticity, E, the plastic stress, o, Poisson's
ratio, #, and the nonlinear Richard's parameter, n. The
values obtained from the stress strain data shown in Figure
11 are E = 10,000,000 psi, o, = 52,000 psi, and n = 5 for
the transverse specimens and E = 10,000,000 psi, o, = 54,000
psi, and n = 8 for the longitudinal specimens. Poisson's
ratio was equal to one-third.

The test specimen was instrumented with a number of
Budd metal film strain géuges on both faces of the panel.
_All of the two-gauge rosettes were mounted with their ele-
ments oriented in the vertical and horizontal directions.
An exact explanation of the strain gauge types, locations,

and orientations has been reported by Percy, Loden, and

Navaratna (1963).
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5.2 Fine Grid Solution

The fine grid structural idealization for one quad-
rant of the structure is shown in Figure 12. Element
number 2 triangular plate elements were used to represent
the structural material of both the sheet and the stiffener.
The grid was arranged to take the best advantage of the 182
elements, so more elements were placed in the areas of
higher stress gradients. For this model the transverse ten-
sile specimen data were used.

The boundary conditions applied to the stiffness
matrix are pictured in Figure 12. By modeling only one
quadrant of the structure and then fixing the X-coordinates
along the vertical centerline and the Y-coordinates along
the horizontal centerline and applying one-half of the load,
the solution is identical to the one that would be obtained
if the total structure were simulated.

To obtain the nonlinear solution, loads equal to
one-fourth P were each applied in five equal steps. Figure
13 is a plot of the center strains versus the applied loads
for both the analytical and test results. The good corre-

lation between the computer solution and the test results
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was not achieved with the first model attempted. The parti-
cular fine grid used to determine these results was the
best of several that were investigated. The steep stress
gradients arouﬁd the center of the plate are very severe

and require more grid fineness than might at first be ex-
pected. Other model studies are reported elsewhere (Richard
and Blacklock 1968).

In Figures 14 and 15, the €y and €y strains are
plotted along the structure centerline at Y = 0.0. It can
be seen in these plots that the general strain distribution
in the Y-direction is very accurate whereas the stress dis-
tribution in the X-direction is less accurate. The differ-
ence in accuracy may be due to the fact that the Y-direction
elastic properties were used. However, noting the difference--
in the magnitudes of the strains, the percent of errors are

quite acceptable when compared to the maximum values.

5.3 Coarse Grid Solution
The coarse grid simulation was developed in order
to evaluate the accuracy of the different elements under
consideration. No attempt was made in the coarse grid

arrangement to account for the areas of higher stress
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gradients. The coarse grid depicted in Figure 16 is made
up of 30 rectangles. The problem was solved five times,
once with each element. The solution with element number

1 was obtained with the formation of Hrennikoff rectangular
plate elements. In each case the load conditions and boun-
dary conditions were the same,

Figure 17 is a presentation of the nonlinear deflec-
ted shape. Thé dotted lines represent the shape of the grid
lines after they have deformed. The table shown at the top
of Figure 17 reflects the actual Values.for 0hax for each
of thé models. Model number 3 gave the largest deflection
and the Hremnikoff model was the stiffest. The nonlinear
deflection obtained with the Hrennikoff model was less
because of the nonlinear algorithm within computer program.
In this algorithm, the von Mises effective stresses are used
to predict the amount of nonlinear action. In the Hrennikoff
model, the nuﬁber 1 bars can only carry axial loads, so the
effective stress principle is.éliminated. This principle
could be incorporated by additional programming; however,
the good results obtained with the other elements will

probably discourage this additional effort.
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In Figure 18, the average center stress in the
center-most element is plotted versus applied load. Element
numbers 3 and 4 gave nearly identical results, and element
numbers 2 and 5 gave nearly identical results. The results
obtained with element numbers 3 and 4 were slightly more
accurate than the 6thers.

In Figure 19, the Oy stresses are plotted along:the
centerline at Y = 0.0. The results from each of the element |
analyses are so similar that one may conclude that, for this
simulation, any one of the elements may be used satisfactor-

ily.

5.4 Final Remarks on the Shear-Lag Problem

The computer study reported in this chapter should
give the reader some idea of the grid fineness required for
an accurate solution of stress concentration problems. This
is especially important in the fatigue analysis of brittle
materials. For rough analysis of ductile structure, the
coarse grid solution may be adequate.

The element study has shown that any one of the ele-
ments is adequate for solving the shear-lag problem; however,
the high stress concentration can only be accurately ana-

lyzed with a very fine grid. Fewer elements are required
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when the rectangular and quadrilateral elements are used;
however, if a computer program has only triangular elements

available, the problem can still be solved with only a

small penalty in computer time.



CHAPTER 6
THE CANTILEVER PROBLEM

The cantilever problem.is perhaps one of the most
interesting of the classical structural problems. One early
attempt to obtain a solution for the cantilever beam problem
was carried out by the French physicist Mariotte (1620-1684%).
Following the earlier worklof Galileo (1564-1642), Mariotte
erroneously took the neutral axis to be tangent to the boun-
dary at the concave side; however, he was the first to pre-
sent correctly the idea of linearly increasing tension and
compression stresses above and below the beam centerline.
Parent (1666-1716) is recognized as the first to locate the
neutral axis and present a correct solution for the elastic
stress analysis of the cantilever beam problem. |

The considerable success achieved by Parént and
others with the cantilever beam problem is barely mentioned
in "A Treatise on Civil Engineering," an early American
textbook (1880) by D. H. Mahan, LL.D., a professor of Civil

Engineering at West Point. The analytical treatment of such

43
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problems was completely omitted from the main text, which
consisted of 543 pages devoted to the more important '"des-
criptive matter." Items concerned with "mathematical analy-
sis,'" which included three cantilever examples, were
relegated to a 76-page appendix.

The engineers who made these early attempts to
analyze the cantilever problem were particularly handicapped
since they were challenged to predict failing loads rather
than the elastic stress distribution. Present-day strain
measuring devices were not available to these men, so they
directed their attention to the failing loads, which could
be substantiéted, rather than to elastic analysis.

It is interesting to note that even with today's
technology one of the most challenging engineering problems
is to predict the ultimate or failing load of complex engi-
neering structures. It has become quite apparent that in
order to predict failing loads one must be able to examine
the state of nonlinear stress which occurs within the struc-
ture.

This chapter on nonlinear analysis of the cantilever

problem is presented with the hope of encouraging engineers
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to take a critical look at the accepted plastic solutions
of these and other engineering problems to see whether, as
in the case of Galileo and Mariotte, the proverbial neutral

axes may have been mislocated.

6.1 Problem Definition

The work reported in this chapter was conducted for
use in the evaluation of the new nonlinear elements. It
has, however, also afforded the writer the opportunity to
rediscover, by use of modern maﬁfix analytical tools, the
solution of the cantilever beam. Some of the findings have
been quite surprising, while others have merely confirmed
that which has already been stated.

The three classes of problems chosen for examination
were the cantilever plate (Figure 20), the cantilever beam
(Figure 21), and the tapered cantilever beam (Figure 22),.

In seeking to find the critical variables to validate the
study of the cantilever beam, approximately 12 models were
chosen originally. Variables in these models included long
beams as well as short beams; heavy, medium and light flanges;
and small, medium, and steep tapers. Summing up these possi-
bilities aﬁd considering the different stress-strain curves

possible, it became apparent that several hundred computer
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runs would be required to complete such an ambitious study.
It was finally decided that by selecting the medium range
of all of the variébles and utilizing the stress-strain
curve shown in Figure 23, 48 problems would provide a fairly
- accurate evaluation of the nonlinear elements and grids

chosen for examination.

6.2 Pfoblem Simulation

The three cantilever problems were simulated by
various systems of bars, triangles, rectangles, and quadri-
laterals, The number of these elements necessary for each
simulation depended on the grid mesh size. The grids varied
from a minimum of five divisions to a maximum of 80 divi-
sions. Four grid simulations were made for each problem
as shown in Figures 24 through 35. The boundary conditions
are illustrated along the left edge of the beams in each
figure.

The five-division grid is of particular importance
in solving practical engineering problems since it repre-
sents the type of simulation that can be used for very large
plate-like structure, where one layer of shear elements can

be used to represent the full depth of the shear web.
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Figure 27 Model II Simulation, 10-Grid Plate
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Figure 30 Model III Simulation, 20-Grid Plate
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The 80-division grid was chosen to represent the
base line solution. Since an exact analytical solution to
such problems is not available, the author felt that the
80-grid problems would provide the.best measuring stick for
the correctness of the nonlinear solutions.

Both the 10- and 20-division grids were chosen be-
cause these were considered to approach the ideal grid for
the nonlinear solution of a series of problems such as these.

The choice of boﬁndary conditions for these studies
presented a problem since a proper boundary condition for
one of the problems was either impossible or impractical for
one of the other problems. The boundary conditions finally
chosen (shown in the Figures 24 through 35) proved to be
quite manageable, and the effects of the,boundary conditions
on the results were not considered important provided these
were consistent.

The use of the constant stress bar to represent the
outstanding flange proved to be a slight handicéé in examin-
ing the various elements. While the constant stress bar and
the constant stress triangle are quite compatible, the use
of this same bar with the more sophisticated rectangular

elements subjected the flange to a discontinuous load
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distribution. The effects of this unknown variance on the
solution was not ascertained.

Loads were applied in a more or less parabolic
shaped distribution., The load applied to Model I was di-
vidéd into two equal parts; however, a more accurate appli-
cation was possible in the other problems. The parabolic
distribution was selected to minimize the effects of redis-
tribution near the load; this was an important item in the
study of the short beams. 1In each of the nonlinear solutions
the load is applied in two equal increments, and the stresses
and deflections were found by ﬁse of two intervals of Runge-
Kutta integration.

The rectangular elements were not used for the
analysis of the tapered beams. Although the computer pro-
gram will accept rectangular plates in quadrilateral grids,
the answers will always be out of moment balance. One point,
which perhaps should be mentioned is the iﬁportance of using
adequate checking procedures to ensure correct operation of
the computer program. For instance, it is easy to show that
the summation of forces in the X- and Y-axis directions are

exactly in balance while, due to improper selection of ele-
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ments such as rectangles for quadrilaterals, the solution

may be completely out of moment balance.

6.3 The Cantilever Pléte Analyéis

The cantilever plate, shown in Figure 20, is 20
inches long and 8 inches deep. The assumed stress strain
diagram for this plate was shown in Figure 23, The problem
was solved for a 1000-pound load applied parabolically at
the right edge while the nodes along the left edge remained
fixed. Element numbers 2, 3, 4, and 5 were each used to
simulate the plate material; these simulations are shown by

Models I, II, III, and IV.

6.3.1 Deflection Analysis

The nonlinear plate deflections for the 1000 pound
load are shown plotted along the plate length in Figure 36.
It is easy to see from these results that, in-every model,
the element number 3 rectangle gives the highest deflection
values. Because the procedure gives a lower bound to the
correct answer for these solutions, the deflection for ele-
ment number 3 which varies from 0.574 inch for Modél
I to 1.205 inches for Model IV is the most accurate value

calculated for each grid.
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Several interesting observations may be made upon

examination of the results obtained with the remaining three

elements:

1.

The deflections of Model III element number 2 anal-
ysisvare more or less identical to the Model I
element number 3 analysis. This would seem to indi-
cate that for this type of problem one layer 6f the
number 3 elements is as accurate as four layers of
the number 2 elements.

The number 3 and 4 elements give almost the same
answers for Models I, II, and IiI, with element
number 4 being the stiffer of the two.

In each of the models the number 2 and 5 elements
give more or less identical deflections. It is
interesting to note that although the number 5 ele-
ment is made of double overlapped triangles, i.e.,
twice the number of triangles, the deflections do
not show any improvement.

The next point is one of great importance, and it
recurs in each of the cantilevers analyzed. Through-
out Models I, II, and III, the number 2 element de-

flections lag those of the number 3 and 4 elements
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and then pass the number 4 eiement deflections and
all but pass the number 3 element deflections in the
Model IV analysis. What has happened is that the

far left triangle, nearest the bouﬁdary where the
highest stresses occur, has become plastic. This is
the beginning of a plastic hinge, and, thus, the
structure is only slightly short of collapse. This
same effect does not show up in results obtained
with the number 4 elements and shows up only slightly
in results obtained with the number 3 element be-
cause the nonlinear action of these elements is moni-
tored by the midpoint stresses, which are closer to
the neutral axis. The warning here is that once a
plastic hinge begins to form the accuracy of the re-
sults deteriorates rapidly. In this partigular
problem, the structure would suffer complete collapse

if only a very small additional load were applied.

The elastic plate deflections for the 1000-pound

load are shown plotted along the plate length in Figure 37.
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In comparison with the nonlinear results, the elastic re-
sults seem quite stable. For each model, the elements
always remain in the same order with regards to the amount
of predicted deflection, The elements are rated thus: Ele-
ment number 5 is the least accurate, element number 2 next,
element number 4 next, with element number 3, the rectangu-
lar plate with the linear edge displacement assumption, pro-
ducing the best results.

In Figures 38 and 39 are shown the plots of the non-
linear and elastic tip deflections for the cantilever plate
versus the grid size. Figure 38 shows graphically the
before-mentioned plastic hinge effect of the number 2 and
3 element solutions. In the plot, this is noted as diver-
gence, which is meant to indicate that the deflections are
no longer converging as a lower bound solution but are di-
verging, which indicates that a collapse mechanism is being
formed for this load. The results of the number 4 and 5
element solutions, because their stresses are lagging those
of the other elements, seem to be stable: up to this point.
Perhaps for a 900-pound load all elements would be stable,

and for an 1100-pound load all elements would diverge. At
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least the existing data seem to indicate that this would
be true.
Close examination of the elastic results, plotted

in Figure 39, reveals a picture of consistency, convergence,

and numerical stability. Interpolation between Figures 38

and 39 supports the above conclusions.

6.3.2 Special Deflection Problem -

Seo

The results shown in Figure 40 were obtained.in a
special study problem, which was set up for the purpose of
determining whether or not the element number 4 quadrilat-
eral plate would perform satisfactory while described in
various nonrectangular shapes. The work in the preceding
section showed that element number 4 perforﬁed very satis-
factorily when it was described in a rectangular shape.
This study, although not extensive, indicates that the de-
flections along the beam are more or less identical for the
quadrilateral grid shown in the same figure. The results
obtained in this problem were quite reassuring since the
major jﬁstification for the development of this element was
its use in numerous applications that can be simulated only

by a quadrilateral grid.

JEER
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6.3.3 Plate Stress Analysis

The horizontal normal stress oy is shown in Figures
41 through 48. 1In each figure, the 0y stress has been plot-
ted at four different cross-sections. The cross-sections
investigated are located at 2, 6,_10 and 14 inches from the
fixed end. No attempt was made to plot the data from either
Models I or II since these models did not present enough
data points for a meaningful evaluation.

The shape of the nonlinear curves are very much as
might be expected. It is apparent that at the highest
stressed cross-section for each of the élements only a
small amount of reserve strength remains to prevent a com-
plete collapse. The differences in accuracy noted in the
Model III and IV deflection curves also appeared in the Model
III and IV stress curves,

An overlay of the stress pictures will show that the
results obtained with elements number 2 and 5 are more or
less identical and the results obtained in the element 3 and
4 solutions are almost exactly identical. It is reassuring
to find that element number 4, which can be used as a quad-
rilateral pléte as well as a rectangular plate, gives such

good agreement with the linear stress rectangular element.
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Plate, Element Number 3, Model IV
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Figure 44 Horizontal Normal Stresses for the Cantilever
Plate, Element Number 3, Model III



68

Bottom
] 1 1 ] ] 1

100 80 60 40 20 0.0 -20 -40 -60 -80 -100

O'X s ksi

Figure 45 Horizontal Normal Stresses for the Cantilever
Plate, Element Number 4, Model IV
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Figure 46 Horizontal Normal Stresses for the Cantilever
Plate, Element Number 4, Model III
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Figure 47 Horizontal Normal Stresses for the Cantilever
Plate, Element Number 5, Model IV
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Figure 48 Horizontal Normal Stresses for the Cantilever
Plate, Element Number 5, Model III
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6.4 The Cantilever Beam Analysis

The second class of cantilever problems examined is
" the beam with a constant area flange equal at the top and
_Bottom. A good example of this problem is the typical wide-
flange beam. The particular problem presented here was
carefully selected to avoid the plastic hinge formation
that appeared in the plate study. Of the several combina-
tions examined it seemed that in general the web would go
nonlinear and cause collapse because of the critical bi-
axial stress just beneath the flange.

Since the beam problem is a rough idealization of
an aircraft wing, this study has particular importance. The
data presented show that, although slight improvements may
be obtained by use of better elements, for this particular
flange-web ratio the difference between the solutions is too

small to be of much consequence.

6.4.1 Deflection Analysis

The nonlinear cantilever beam deflections for the
4000-pound load are shown plotted aldng the length of the
beam in Figure 49. Since the answers obtained all agree to

two significant figures, no effort will be made to select
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Model IA
2 .095 .196 .307 427 .552
3 071  .169 .288 421 .561
4 .070 .167 .284 .415 .552
5 .097 ,200 .311 431 «555
Model IIA
2 .084  ,186 .303 .432 .568
3 .077 .176 .296 .430 .570
4 077 .176 .296 .430 .569
5 .091 .195 .315 446 .582
Model IIIA
2 ~.087  .192 .313 .446 .584
3 .079 ,179 .300 434 .573
4 079  ,178 .300 .433 .571
5 .088 ,193 .315 .448 .587
Model IVA
2 .081 ,184 .306 <442 .583
3 .080 ,182 .304 .440 .580
4 .080 .181 .302 437 .577
5 .083 .185 .307 442 .583

Nonlinear Beam Deflections for 4000-Lb Load
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the best element for this problem., The important item to
note is that, once a flange has been placed on the web
and the web is forced to carry mainly shear, the large
differences seen in the element performance for the plates
no longer seems to exist.

The values for elastic beam deflections with the
4000-pound load, shown in Figure 50, agree to the same
accuracy, as did the nonlinear results; however, in addi-
tion they tend to show a definite pattern. If it is assumed
~that a lower bound solution has been obtained and that in
each case where no divergence exists the highest value is
the most nearly correct, then element number 3 is the best
for eaqh model.

In Figﬁre 51, the nonlinear tip deflections are
plotted versus grid size. The average value of all of the
elements in the Model IA and ITA results is improved about
4 percent; however, the differences recorded in the Model

ITA, IIIA, and IVA results are too slight to be noticeable.

6.4.2 Stress Analysis

The horizontal normal stresses for the cantilever

beams are shown in Figures 52 through 55. These figures
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Figure 52 Horizontal Normal Stresses for the Cantilever
Beam, Element Number 2, Model IVA
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Figure 53 Horizontal Normal Stresses for the Cantilever
Beam, Element Number 2, Model IIIA
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Figure 54 Horizontal Normal Stresses for the Cantilever
Beam, Element Number 3, Model IVA
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Figure 55 Horizontal Normal Stresses for the Cantilever
Beam, Element Number 3, Model IIIA
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show the Model IITA and IVA results plotted at four differ-
ent cross-sections on each beam for elements number 2 and 3.
In order to point out the discontinuity between the
horizontal normal stress in the flange and that just beneath
the flange in the web, different symbols are used to indi-
cate bar and plate stresses. Looking at Figures 54 and 55,
one can see that the discontinuity all but disappears at
X = 14 inches, whereas at X = 2 inches the discontinuity is
as much as 20,000 psi. To understand this difference, one
must remember that the initiation of plastic action is
caused by the von Mises stress rather than the horizontal
normal stress. Since the shear stress in a wide flange
beam approaches zero in the flange while it has a high value
just beneath the flange, the effects of this stress will
cause most of the plastic action to occur at the point just
beneath the flange, rather than on the extreme fibers as is
often assumed. For the ratio of flange area-to-web thick-
ness and bending moment-to-vertical shear occurring in this
particular problem, the beam becomes almost completely plas-
tic in the extreme fiber of the web, while the flange is

stressed to only 80 percent of its capability. Thus we can
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see the true stress distribution in a wide flange beam
cross-section as it undergoes plastic straining action.

In each case, whether the stresses are low or high,
the elements seem to give approximately the same degree of
accuracy. Of particulér interest is the fact that without
exception the stresses from elements number 2 and 5 were
identical and the stresses from elements 3 and 4 were iden-
tical. The stress plots for element number 2 are the results i
of the triangular stresses in each rectangle being averaged.
An attempt was made originally to use the data points from
the triangles without averaging them; however, no apparent
correlation could be made of the results when this practice
was followed. This particular characteristic of triangular
eleﬁents is not only true for the constant stress triangles
used in this analysis but also for triangles of a higher

order, which the author has used in other analyses.

6.5 The Tapered Cantilever Beam Analysis

The tapered beam depicted in Figure 22 is 20 inches
long and tapers from 8 inches in height at the fixed end to
6 inches at the free end. The assumed stress-strain diagram  *
is shown in Figure 23. The problem was solved forba 4000-

pound load which was ‘applied parabolically at the right edge
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while all coordinates at each of the nodes along the left
edge remained fixed. Elements number 2, 4, and 5 were each
used to simulate the web material while the flanges were
simulated by element nqmber 1 bars. The tapered beam simu-
lations are éhown by Models IB, IIB, IIIB, and IVB.

The nonlinear vertical deflectibns are shown in
Figure 56 for the 4000-pound load plotted aﬁ five stations
along the length. Except for the added taper, these prob-
lems are identical to those for the nontapered beam; however,
the results are somewhat different from those presented for
the nontapered beam, where the'deflections were almost iden-
tical for ﬁodels ITIA, IITIA, and IVA. The data presented in |
Figure 56 indicate that more layers of elements are necessary
for the analysis of tapered beams.

The elastic tapered beam deflections, shown in Figure
57, tend to be more regﬁlar than the nonlinear deflections,
with the order of elements identical to the order noted for
the plate and straight beam problem. Elements number 2 and
5 results are more or less identical while element number &4

results seem to be slightly better.

—
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ELEM No. 2
ELEM No. &4

ELEM No. 5

ELEM No. 2
ELEM No. 4

ELEM No. 5

ELEM No. 2
ELEM No. 4

ELEM No. 5
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ELEM No. 5

Model 1B
065 .156  .271
.059  .150 .270
.064  .155 .270
Model IIB
.063  .155 .275
062 .153  .276
.066  .160 .281
Model IIIB
.064  .159 .282
.063  .154 .277
.065  .160 .284
Model IVB
.063  .157 .281
.063  .156 .279
.064  .158 .282
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Figure 56 Nonlinear Tapered Beam Tip Deflections for
4000-Lb Load
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Model IB
ELEM No. 2 .059 .144  .251  .377  .514
ELEM No. & .05 .149  .267  .407  .562
ELEM No. 5  .058 .142  .249  .374  .512
Model I1IB
ELEM No. 2 .060 .149  .264  .400  .549
ELEM No. 4  .061 .151. .271  .412  .569
ELEM No. 5  .060 .148  .263  .399  .549
Model ITIIB
ELEM No. 2 .061 .151  .268  .407  .560
ELEM No. &4  .061 .152  .271  .413  .568
ELEM No. 5  .061. .150  .267  .407  .560
Model IVB
ELEM No. 2 .061 .152  .273  .416 .573
ELEM No. 4  .061 .153  .273  .416 .577

ELEM No. 5 .061 .153 .273 416 .575

Figure 57 Elastic Tapered Beam Tip Deflections for 4000-
Lb Load
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In Figure 58 the tip deflection for elements number
2 and 4 have been plotted versus grid size for both the
linear and nonlinear results.

The shear stress data for the.tapered beams reflec-
ted essentially the same results as those obtained for the
straight beam problem. These data are not included in this
paper.

The flange stress data for the Model IB, Model IIB,
and Model IVB tapered beams are plotted in Figures 59 and
60. The data presented in Figure 59 are for beams with ele-
ment number 4 shear webs; these data show that for this
tapered beam problem the percent error between the 5-division
grid and the 80-division grid is less than 5 percent. The
data in Figure 60 are for beams with element number 2 shear
" webs; these data show that for this tapered beam the percent
error in the flange stréss between the 5-division grid and
the 80-division grid is approaching 20 percent. Again we
see that element number 4 is muqh_more accurate than element

number 2.

6.6 Final Remarks on the Cantilever Problem
The particular stress field of the beam problem

i.e., flexural normal stresses and shear stresses, can be
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Figure 58 Tip Deflection for the Tapered Cantilever Beam
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‘well represented by any of the four plate element types
investigated when the geometric and material parameters are
identical to those used in this study and the grid is ade-
quate. For a more complex stress field, the elements may
or may not give satisfactory answers; however, - there is no
question but that the more complex-the state of stress, the
finer the grid must be. In addition, more caution must be

exercised in evaluating the results.



CHAPTER 7
DISCUSSION

The problems solved in this dissertatidn have been
presented to demonstrate the accuracy and applicability of
the nonlinear finite element method of structural analysis.
The average stress value general quadrilateral plate element
developed during the study has been shown to be a valuable
tool for the solution of nonlinear problems.

Two types of quadrilateral piates were investigated.
One, element number 4, makes use of an averaging technique
while the other, element number 5, uses overlapping constant
stress triangles with no averaging technique. 1In all appli-
cations conducted during this study, the element number 4
quadrilateral finite plate element was superior to the ele-

ment with the overlapping triangles. Thus, element number 4

may be used with confidence in nonlinear finite element com-
puter programs. Further work with element number 5 has been
discéntinued.

Of particular interest in the study is the work des-

cribed in Chapter 6, where the results of 48 cantilever beam

86
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problems‘are presented. The interplay of stress gradients,
grid fineness, and element types for each of the three
cantilever beams investigated leads to the conclusion that
some nonlinear solutions require a bit more engineering
judgment than identical elastic problems. However, since

the norlinear solﬁtiqp method descfibed he;ginnencompassgs
several important engineering structures, its importance
warrants the additional effort required for its use. Very
simple problems, such as those presented by the straight wide
flange beam, can be processed by the uninitiated; however,

- prior expérience with the procedure is essential for the
nonlinear analysis of complex shapes and fittings. By exaﬁ-
ining the problems presented in this text, the structures
analyst should be able to avoid some of the early pitfalls

;n nonlinear finite element analysis and proceed to the solu-

tion of meaningful problems at a more rapid pace.

7.1 Significance of the Method
The nonlinear finite element methéd of analysis is
relative simple in its application mechanics. The structural
systems to be analyzed are represented by finite element

models composed of bars and plates just as in the elastic

—
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finite element method. Additional nonlinear parameter input
data are required, of course; however, the procedure used to
establish nodal geometry, material size, and elastic con-
stants is much the same as that learned for elastic solutions.
The accuracy demonstrated with the solution of the shear-lag
structure (Chapter 5) gives additiénal confidence in the
accuracy of the method for predicting stresses, strains, and
internal load disfribution of complex structural systems
subjected to static loadings into the nonlinear material

range,

7.2 Implication for Solution of Other Problems

Although all of the problems presented are relative-
ly simple and only partially typical of real design problems,
the program is not limited to the solution of this class of
problems. In related experience in the aircraft industry
the author has used the method for the analysis of large
complex structures constructed of plastic and metallic ma-
terials. Of particular interest has been the'solution of
nonlinear stress concentrations around bolt holes.

Using a technique of stepped down grid fineness, a
coarse grid is first used for the total structure to obtain

the internal displacement distribution. The local regions
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are then resimulated with a much finer grid while using the

internal nodal displacements as boundary values. Then an
area inside of this local region can be resimulated and the
same procedure with the deflections applied once again until
the right fineness of grid is reached. This technique ex-
tends the method to a new class ofiproblems and greatly en-

hances its value as an analytical tool.

7.3 Recommendations
As with most research undertakings, the knowledge
gained in this study has indicated several areas in which
further work is desirable. Some of these areas, enumerated
and discussed below, are simply extensions of the present
studies while others are the extensions of the method to
other classes of problems.

1. A study of the effects of length, web-flange ratio,
taper rate, Richard parameter, and shear-moment ra-
tios would probably be beneficial. These additional
problems should add validity to the results of this
study.

2. A search should be made for additional nonlinear
structural test data. There is definitely a short-

age of available nonlinear test data for analytical



problem correlation. The shear-lag problem has
probably been overworked; thus, the challenge is to
obtain data from a nonlinear structural test of

other representative real structural problems.

New finite elements for nonlinear stress analysis of
fastener systems--which may account for bolt slip,
prestress, and bearing failure--should be the subject
of future research. The method presented in this
dissertation can be relied upon to give good results
only in regions away from such areas.

Finally, the value of the method would be greatly
enhanced by the documentation of procedures for auto-
matic input génerati;nvand meaningful visual presen-
tation of the input and output data. One goal of
such a study would be to develop an automatic plot-
ting routine for stress contours, deflection contours,
and deflected shapes. Such a routine would allow the

computers to do one of the time-consuming tasks that

now consumes valuable engineering manpower.
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NONL INEAR FINITE ELENMENT ANALYSIS BY ReMo,RICHARD AND JeR.BLACKLOCKRQY$001

MODE=0 FOR FOURTH ORDER RUNGE KUTTA INTEGRATION RQ1$002
MODE=1 ‘FOR FIRST ORDER EULER INTEGRATION RQ1$003

. " RQ1$004

' : RQ1$005
LMODE=1 SPECIFIC LOAD COEFFICIENTS MUST BE SUPPLIED IN PMODE RU1$006
LMODE=2 FOR 1/241/4+1/8,ETC INCREMENTS OF LDAD RQ1$007
LMODE=3 FOR EQUAL INCREMENTS CF LOAD RQ1$008
RQ1$009

DIMENS IUN  ALAM(15¢15) yALAMT(15,150,R(12),U(12),UU(10) ,AL(3), RQ18010
1SIGMA(3) LP(333)4NS{ €66) JAL2(3)+DSK{B,8) 4PMIDE (10) ,QXY (333), RQ1$011
2PXY( 7500 ¢P{T50) +PLITS0) 4 PE{TS0) 4 kX (7500 y JLUTS0) 4y JR(TSOD, RQ1$012
INSP{T50) +SSIBT4750) 4y NPT{250) yX(250),Y(2501 42(2501,1S(1000), RQ1$013
4SE11000),S1(1000¢3)s52(100043) 4$3(1000,3),1E(1000),1P(1000), RQ18014
51Q(1000) 4 IR(1000) yNTYPE(1000)¢EM(20) 4PR(20),SY(20) 4PNL(20), RQ1$015
6MATYPE (10000 +A (1000} +SAF TY{1000) yVE(10001,54(100043),S7(1000,2), RQ1$016
TEMM(201,G( 20 ), THETA( 20) 4 22(15415), RQ18017
BTT(15,15),T11(898),T220242) ,TL2(842)yT21(2,8)4T22INV(2,2) RQ1$018
9,S1G(3),ZIGMA(3), TMATRX(3,3) ,DENSE (20) RQ1$019
COMMON SS, IXsJLoJRoAEL yNBAND sALAMyALAMT yRyRR D14 AL»X21 9X31 X 32,Y21RQ18$020
19Y314Y32,A123,UsUUySTIGMA ¢SYE ¢PNEMEsAyNLP ¢BMoSE¢S1952,53,P1, RQ1s021
2NTYPE 4N, IM(NPASS NN, NPr.x.v.z.lE.IP.xo.la.AE.Nooes.ll.JJ.ALz.sz. RO18022
3Py SAFTY,VE 4S49SToPE ¢ MIDNSP 15402, RQ1$023
4EMMy Gy THETAyBETA ySoC ¢SByCRyGTo PRy PR24EL 4E2 RQ18024
5,LPyPRyNS, SY PMUDE yPNL yPXY EMy MATYPE, RQ1$025
6TT 111,722,712, T21,T22INVyZZ NPASSToNTRT JXIT oY IT 42IT, ILAM,JLAM RQ18026
74DIR1,DIR2,DIR 3, THETAL 4QXY RQ18027
CALL GSTART(34RQ1,MID) RQ1$028

800 CALL PROB RQ13029
‘600 FORMAT(BIT) RQ1$030
601 FORMAT(BF7.0) RQ1$031
602 FORMAT (1H1,10X,46H RUNGE-KUTTA ELEMENT STRESSES AND STRAINS JRQ13032
603 FORMAT(1P3E20.6) RQ1$0312
604 FORMAT(IS) RQ1$034
605 FORMAT  (1HLsSX¢l6H*#e%s DATA *%%u%) RQ1$035
606 FURMAT(1PBELS.S) ‘ RO1$036
607 FURMAT(917,12) RO1$037
608 FORMAT(7110) RQ1$028
609 FORMAT(514,4F10e0sF5.0) RQ1$039
610 FORMAT{I10+5X,3F10.5) . RQ13040
611 FORMAT(3F10404F54042F10s 0y2FS5e 0) RO1$041
612 FORMAT (1H1,1UX,46H EULER ELEMENT .STRESSES AND STRAINS JRQ1$042
613 FORMAT(1H1,10X,38HFIRST INTERVAL LINEAR ELEMENT STRESSES/ ) RO1$043
614 FORMAT(1X4113441441P8E14e5) RQ1$044
615 FURMAT (1HU,56HELEMENT NO, SIGMA XX SIGMA YY SIGMRQ1$045
1A XY/ ) RQ18$046
616 FORMAT(1H1,10X,44HFIRST INTERVAL LINEAR ELEMENT OISPLACEMENTS / ) RQ1$047
617 FORMAT(1HO,65HCOORD DEFLECTION COORD DEFLECTION COORRQ1$048B
10 DEFLECTION/ ) RO1$049
618 FORMAT(1H o1542XsE134691892XeE134.641842X,E1346) RQ1$050
619 FORMAT (1HO,104HELEMENT NO. SIGMA XX SIGMA YY SIGMRQ1$051
1A XY STRAIN XX STRAIN YY . STRAIN XY/ ) RQ1$052
620 FORMAT(LHO,74H NUMEL NODES NLOAD  NSUPS NRKI NODSEP MODE  RQ1$053
INOMAT LMDDE ITERAT /) RO1$054
621 FORMAT(1HO410X,5HLOADS/ ) RQ1$055

622 FORMAT (1HO410Xy11HLOAD POINTS/ ) RQ18056



93

623 FORMAT {1HO 410X, lkHSUPPDRT POINTS/ ) RQL$057
624 FORMAT (1H1,y63H NO . Q R S NTYPE MATYPE AREARQ1$058

1-THICKNESS /) RQ1$059
625 FORMAT(1H]1,44H NODE POINT X COORD Y COORO Z COORD 7/} RQ1$060
626 FORMAT(10IT) RQ1$0¢1
030 FORMAT(LH +15,8Xy6ELl€sT) RQ1$062
632 FORMAT(1H1416H PMODE ELEMENTS /) RQ1s$063
633 FORMAT (1H 4 15+8X43E16.7) RQ13064
634 FORMAT{1HO,64HCUOURD LUAD COORD LOAD COORRQ12065

10 LOAD /) RQ1$066
635 FORMAT(1HL 1 THEQUILIBRIUM CHECKI RQ1$0¢7
636 FORMAT(1HO,44H SUM FORCES-X SUM FORCES-Y SUM FORCES-Z/) RQ18068
637 FORMAT{1P3ELS5.5) RO1%069
638 FURMAT (1H1s10Xy46H RESIDUAL STRESSES AND STRAINS JRQ14070
639 FORMAT(1HL 10X, 43HPRINCIPAL STRESSES AND MARGIN OF SAFETY JRQ1s071
640 FORMAT(1HO,115HELEMENT NO. SIGMA ONE . __ SIGMA TWO TAURQ1$072

1 MAX EFFECTIVE STRES PLASTIC STRESS MARGIN OF SAFETY 1RQ1s073
64l FORMAT(110,3F10,0) RQ1$074
650 FORMAT (615,)1[104F10.5) RQ1$075
651 FORMAT{11595X93E134695X01E130693X92E130643X92E13.6491E1346) RQ1%076

652 FORMAT(1H1l,116HMATERIAL NO/ELASTIC MOD/POISSONS RATIO/PLASTIC STRERQ1$077

1SS/NONLINEAR PARAM/ELASTIC MOD-2/SHEAR MODULUS DENSITY THETA )RQ1s078

653 FURMAT (1H1,10X,46H EULER COURDINATE DISPLACEMENTS JRQ1$079
654 FORMAT (1H1910Xs46H RUNGE-KUTTA COORDINATE OISPLACEMENTS JRQ1%080
655 FORMAT (1H1,10X,46H RESIDUAL COORDINATE DISPLACEMENTS JRQL1s081
656 FORMAT(615+9110+5X4F10e5) RQ1s082
657 FURMAT(1H1) RQ1$083
659 FORMAT (37H * = * NODSEP IS OUT OF BOUNDS * = * ) RQ1%084
660 FURMAT  (43H * * * NBAND IS GREATER THAN 3#NUDES * * * ) RQ1s085
661 FORMAT (1Hls10X,46H THE STRUCTURE WEIGHT CALCULATED IN POUNDS )RQ1s$086
662 FORMAT(1HO,43H SUM MUMENTS-X SUM MOMENTS-Y SUM MOMENTS-Z /) RQ14087
CrexxkREAD AND WRITE DATA *xrakRQ16088
READ(54607) NUMEL.NODESyNLOAD.NSUPSoNRKloNODStP'MODE'NDMAT'LHODE RQ1$089

1o ITCRAT RQ13090
READ(55601) (QXYULI)11=1,NLOAD) RQ1$091
READ(54600) (LP (I11)4I11=1+NLOAD) RO1%092
READ(54600) (NS (II},11=1,NSUPS) : RQ1$093
READ(S+611 M EMUT ) yPRIID o SY(I)4PNLIT) JEMM(T )G I) yDENSE(]), RQ1$094

1 THETA(L) oI =1 yNOMAT) RQ1$095

DO 97 I=1yNOMAT RQ14096

97 THETALI) = 0.0174533*THETA(I) RQ1s$097
DO 99 II=1,NUDES RQ1$098
READ(5464L1) NPT(II) g XINPTLIL)) o YINPTIILI) ) ZINPTL(IL)) RQ18099

99 CONTINUE HQ1$100
DO 102 I=1,NUMEL RO1$101
READ(5¢650) IECT)oIPLIE(L)) IQUIECE) ) yIR(TECID)QISCIE(LDD, RQ1$102

1 . NTYPECIE(I) ) yMATYPECIELI)},ALIE(T)) RQ1$103

C * = x TEST NODSEP FOR PROPER SIZE PQ1s104
IFINUDSEP«LT 04 OR.NODSEP.GT4s28) GO TQ 1800 RQ18105

GO 10 1810 RQ1s$106

1800 WRITE(64655) RO18107
CALL SKIPPR RQ18108

GO T0 800 RQ1$109

1810 CONTINUE RQ1s110
NBAND = {6*NOUSEP) +5 RQ1ls1l1l

IFINBAND.LE. (3 *NODESI) GO TO 1820

RQ1s112



WRITE(69660)
CALL SKIPPR
G TO 800

1820 CONTINUE
IRAND = NOODSEP

Il = Jet

JBAND =[ABSCIP(IDI-1Q(LIT )
IF(JBAND.GTs IBAND) GO TU 40
IFINTYPE(T1).EQe 1.0} GU TO 102
JBAND =1ABS({IP(IL)-IR(IL))}
IF(JBAND<GT. IBAND) GO TO 40
JBAND =TABSCIQUID)-IR(II))
IF(JBAND.GT. IBAND) GO TO 40
IF(NTYPE( [[)+EQ.21G0 TO 102
IF(NTYPE([I)EQ. 3)GO TO 102
JBAND =1ABSCIPC(EII-IS(ID))
IF(JBAND.GT. IBANDIGO TD 40
JBAND ={ABSLIQUINI-IS(TII NI
IF(JBAND.GT. IBANDIGO TO 40
JBAND =1ABSUIRC(III=IS(IT))
IF{JDAND.GT. IBANDIGU TO 40

GO Th 102

40 WRITE(6950)

50 FURMAT

WRITE(6y600)
CALL SKIPPR
G TO 800

102 CONT INUE
1830 CONTINUE

154

155

209

116

1

1

WRITE(b,605)
HWRITE(64620)
WRITE(69626)
¢ ITERAT

WRITE(64621)
WRITE(64606)
WRITE(64622)
WRITE(6y600)
WRITE(64623)
WRITE(6y600)
WRITE(6,4652)
WRITE(64651)

(36H * * = NBAND IS OUT OF BOUNDS * * * )

NUMELsNODES +NLOAD yNSUPS yNRK I ¢ NODS EP ¢ MODE » NOMATy LMODE

(OXY(ID ), 11 =1,NLOAD)
(LP (I1)s11=1,NLOAD)
(NS (11 )ell=14NSUPS)

(IoEMUTDIsPRUID) oSY (L) oPNLUT) oEMM(I ) oGUT) +DENSE(I ),
THETA(I )oI=1,NOMAT)

GO TD(1544155,155),L MODE
REAU(5,601) (PMODE(IT), ll?erRKl)

WRITE(69632)
WRITEL64606)
CONT INUE

WRITE(64624)

(PMODELII)y [I=14NRKI)

DO 209 [=1,NUMEL

WRITE{ 64650)
CONT INUE
WRITE(6,625)

LoIPAD) o IQUEY o ERCID ISUL)oNTYPE(LD) o MATYPE(L}oALI)

WRITE(CO96L0M (T T XCIT )oY {LI1)oZUTIT)y11=]1yNODES)
IF(MODE) 11641164117

WRITE(6y9613)
WRITE(64615)
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RQIs113
RQ1s1ll4
RQ1L$11S
RQ1%116
ROYSL1 T
RQ1s118
RQ18$119
RQ1$120
RQ18121
RQ1%122
RQ1s123
RQ1$124
RQ1$125
RQLIsl2e
RQ18127
RQ1%128
RQ18129
RQlS$130
RO1S$121
RQ1$132
RO1$133
RQ1s$134
RQ1%$135
PO1s136
RQ1$137
RQlsl38
RQ1$139
RQ1$140
RQ1s141
RQ1%$142
RQ1IS$143
PQls144
RQ1$145
RQ1%146
RQIsleT
RQ1s]48
RQ18149
RQ1£150
RQ1ls151
RQ1$152
RQ1$153
RQ1$154
RQ18155
RQ1$156
RQ1s$157
RQ1s158
RQ18$159
RQO1$160
RQ1slé6l
RO18162
RQ1sl63
RQLs$164
RQ1$165
RQ18166
RQlsle7
RQ1s168



117
1103

103

104

1105
5110
105

108

121
501
502

503
504

NDDE S=3%NODES
WEIGHT = 040

DO 103 11=1,NODES
NSPCIT)
PXY(1I)
P(11)=0.
DO 104 Il1=14NSUPS

JJ=NS(ID)

NSPUJJI=1

00 105 JJ=14NLOAD

IH = LPiJ4d)

GO T0{5110+5110+1105),LMODE
ANRK I=NRK I .

PXY(TE) = QXY(JJ)/ANRKI .

GO TO 105 :

PXY(IL) = QXY{(JJ)

CONT INUE

DO 108 [I=1¢NODES

PL{II) = 0.

D0 121 I1=1yNUMEL

SE(IIN=0.

m 121 JJ=1,3

S3{11yJJ)=Cs

S1{11+JdJ)=0.

S2(114JJ)=0.

G0 TD(501,502,503),L MODE
TLC=1./PMOCE(]})

GU TO 504

TLC=2.

Gu TO S04

TLC=NRKI

CONT INUE

(¢}
= 0.0
0

CexnsxSET UP BAND INDEXING VEC TORS

EXQY
372

370

350

352
351

353

NBSYM={(NBAND+1)/2
KUUNT=1

b0 370 {I=1,NUDES
IF(EI-KOUNT*NRSYM} 371,371,372
IXULEd=F I-NBSYM* (KOUNT=1)
GO YO 370
IXCI1)=1I-NOSYM*KOUNT
KOUNT=KOUNT+1

CONT INUE
JRT=(NBAND=-1)/2
JS=NUDES=-JRT

ISI = JRT+1

DO 340 [I=1,NODES
IF(II-15S1)250035Cy352
JLT=1

JRT=JRT+]

GO TO 356
IF(II-J5)3519353,35)3
JLT=JLT+])

JRTzJRT+1

GO TO 356

JLT=JLT+1

JR¥=NODES

95

RQ18169
RQ1$170
RQ1s171
RQ1s$172
RQ18173
RQ1%174
RQ1$175
RQLls176
RO18$177
rRQ1l8178
RQ1s179
RQ1$180
RQ1s181
RQ1%182
RQ1s183
RQlsl84
RQ1s$1RS5
RQY$186
RQ1$187
RQ1%188
RQ181€E9
RQ1$190
RQ1s191
RQ1s$192
RO18193
RQ1$194
RQ1%195
RQ1s$196
RQ14197
RQ1s198
RQ1$199
RQ1$200
e - *exskRQ1$201
RQ13202
RQ1%203
RQ18204
RQ1%205
RQ1%206
RQ1$207
RQ1%208
RQ1$209
RQ1%$210
RQ1s211
RQ1s$212
RQ1$2123
RQ 18214
RQ1s8215
RQ18$216
RQ1$217
RQ1s218
RQ1$219
RQ1s$220
RQ1$221
RQ1$222
. RQ1$223
RQ18$224



356
340

152

JUiTl)=aL¥

JRELT)=JRI

CONT INUE

IRK=1

{F(NRKI[+EQeleU} GU TO 401
IF(LMUDE «GE«240) GO TO 401

DO 152 1=2.NRK1

J = NRKI +2-]

PMODE(J) = PMUDE(J)/PMODELJI=1)

CusxekSTARY THE INTEGRATION SCHEME

401

182

151
153

119
118
100

106

1108

1106
1107

1109

1110

CenskCOMPUTE ELEMENT STIFFNESS COEFFICIENTS AND STORE

DO 300 JRK=1,NRKI1

00 182 [1=1,NUMEL

DD 182 JJ=1,3
S3(I1,JdJd)=S2(114dJ)
SLUI14JdU)=S2(1144J)

GD TO (1514119,100), LMODE
N0 153 11 =1,NUDES
PXYLIE) = PXY(I1)}* PMODE (JRK)
G0 70 100

DO 118 II =1,NODES
PXY{IL)=PXY(I1)}/2,

00 106 [[=14NODES
PCILII=PXY(II)

DO 106 JJ=1yNBSYM
$S{JJ»11)=0,

NPASS=1

NPASS1= 1

DO 107 IM=1,NUMEL
NN=IM

NTYP=NTYPE (NN)
MATYP = MATYPE(IM)
GO TO (1108,1108,1106,1108,1103) NTYP

SYE = SY(MATYP)
PN = PNLIMATYP)
NLP=PN

BM=1o+{ABS{SE(IM)/SYE) )**NLP
EME=EM(MATYP) /BM* x{ {PN+],)/PN)
IF(EME-EM(MATYP)/100.0) 1106,1106,41107
EME = EM(MATYP)/100.0

CONT INUE

RR =¢5=(+5-PRIMATYP) |*(EME/EM{MATYP))
AE=A(IM)

GU TO 1110

PN =PNL(MATYP)

NLP=PN

El = EM(MATYP)

E2 =EMM(MATYP)

PR1= PR(MATYP)

PR2=PR1*E2/E]

SYE = SY(MATYP)
BM=1,+(ABS(SE(IM)/SYE} ) **NLP
GT=G(MATYP )/78Ms* { (PN+1,) /PN)

-AE=A{IM)

BETA = THETA(MATYP)
CONT INUE
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RQ1%225
RQ1s226
RQ1s227
RQ1$228
RQ1$229
RQ1%230
RQ1s231
RQ1$232
RQ1$233
**%2xRQ1$234
RQ1$235
RQ1%23¢
RQ1$237
RQ1s238
RQ1$239
RQ1$240
RQ1$241
RO18242
RQ1s$243
RQ1$244
RQ1$245
RQ1s$246
RQ1$247
RQ1$248
RQl$249
RQ1s$250
RQL1$251
RO18252
RQ1¢253
RQ1$254
RQ1$255
RQ1$256
RQ1s257
RQ1s258
RQ1$259
RQls$260
RQ1s261
RQ18262
RQ1$263
RQ13264
RQ1$265
RQLls266
RQls267
RQ1%$268
RQ13269
RQ1s8270
RQls271
RQ1%272
RQ18$273
RQ1$274
RQ1$275
RQ1$276
RQ18277
RQ1s$278
RQ1$279
*xxkxRQ1$280



107

CALL ELEMS
CALL STORE
CONT INUE

CoxkkxSOILVE THE SIMUL TANEOUS EQUATIONS

425
1401
1402
1403

1400

434

«21

423
“22

424
420

451

450
452

251
252
263
261
262

lol
136
143
144
142
132

b 420 [I=1,NODES
IFINSP(I1))42044259420
KB=IX{II)
IF(SS(KByI[)eNE<Oe0O) GU TO 1400
FNORMAT {45H * » »= THERE [S A ZERO ON THE DIAGONAL * * % /)
WRITE (641401}

FORMAT (10H COORD NO. }
WRITF (6491402)

FORMAT (IT)
WRITE{6y1403) IV

CALL FRROR (107}

CONT INUE
AA=1./55{KByI1)
JRT=JRLITY

DD 434 JJ=[1,JRT
SS{kByJJ }=SSIKByJJ)*AA
PCLII=PLI1)%AA

11=11+1

DO 424 LL=]1,JRT
LB=IX(LL)
[FINSPILL ) )42494210424
BR=SS{KB,LL)/AA

IF(BB) 42344249423

D0 422 JJ=LLJRT
SS{LByJJ)=SS(LByJJI=-S5S(KByJJ)*BB
PLLL)I=P(LL}-P(I]1)*BB
CONT INUE

CONT INUE

DN 452 11=2,N(DES
JJI=NCDES+1~-11
IFINSP(JJ)) 451,451,452
JH=IX(JI)

KlK=11=~1

LL=JL(Il)

DO 4«50 MM=LL K1K
NN=NODES +1-MM
PLJII)I=PLJJ)I-SS(JIBNNI*P{NN)
CONT INUE

IF(MODE) 1l41y141, 251
IFINRKI-1)261,252+261
D3 263 N=1,NODES
PE(NI=PI(N)

DU 262 N=]1,NUDES
PL(NI=PL1(N)+P(N)

GO TO le0

GO T (136,137,138,129), IRK
IFU JRK=1)143,1434142
DO 144 N=1,NODES
PE(N)=P(N)}

D0 132 N=1,NODES )
PLIN)=PL(NI+P(N) /6,

GO TO 140

97

RQ1s281
RQ1%282

RO1$283
*ees%RN14284
RQ1$285
RO1$286
RQ13287
RQ1$288
RQ1$289
RQ1$290
RQ1$291
RQ1$292
RO1$293
RO18294
RQ1$295
RQ1$296
RO1$297
RO1$298
RQ1$299
RQ1$300
RO1$301
RQ1$302
RQ1$303
RQ1$304
RQ1$305
RO1$306
RQ1$307
RQ1$308
RQ1$309
RQ1$310
RO1$311
RO1$312
RQ1$313
RQ1$314
RQ1$315
RQ1$316
RQ1$317
RO1%318
RQ1$319
RO1$320
RO18321
RQ1$322
RQ1$323
RQ1$324
RQ1$325
RQ1$326
RQ1$327
RO1$328
RQ1$329
RO1$330
RQ1$331]
RQ1$332
RQ1$333
RQ1$334
RQ1$335
RQ1$336



137 DO 133 N=]1,NODES
133 PLINI= PLIN)+P(N) /3.
G0 T0 140
138 00 134 N=1,NODES :
134 PY(N) = PLIN) +P(N)}/3.
G0 TO 1le0
139 DO 135 N=1,NUDES
135 P1(N} = PLINI+P(N)/6.
140 NPASS = 2
B D0 111 N=1,NUMEL
NN =N
MATYP=MATYPE(N)
NTYP=NTYPE(N)
GO0 TOC11114111140112420110101000,NTYP
1111 SYE = SY{MATYP)
EME = EM(MATYP)
RR = PR(MATYP)
AF=AIN)
G0 TO 1113
1112 SYE SY {MATYP)
El EM(MATYP)}
E2 =EMM{MATYP)
PR1 = PR{MATYP)
PR2=PR1*E2/E1
GT = G(MATYP)
AF=A(N)
BETA=THE TA(MATYP)
1113 CUNTINUE
CxamaxxCOMPUTE ELEMENT COMPATIBILITY ARRAY
CALL ELEMS
CHetex COMPUTE ELEMENT STRESSES
CALL STRES
IF(MODE)Y T0yT70,71
Coeusk (NTER EULER INTEGATION SCHEME
7L D0 72 J=1,3
T2 SLUINsJ) = SLIN.JI+SIGMALJ)
GO 10 111
CrauadFNTER RUNGE-KUTTA INTEGRATION SCHEME
70 GU TO (74475476477} IRK
T4 IF(IRK=JRK) &3,82,83
82 DO 8200 J=1,3
8200 SIGMA(J) = SIGMA(JI=TLC
WRITE(69633) Ny (SIGMA(J) yJ=],43)
00 8201 J=1.3
8201 SIGMA(J) = SIGMALJI/TLC
N0 288 J=1,3
288 S4(N,J)=SIGMA(J)
83 N0 78 J=1,2
SLINyJ}=S1(N.,J}+SIGMAL{J) /6,
T8 S2(NyJI=S3(N,J)+SIGMA(JL /2,
GD TOCL1TB8+1178911079.117841178),NTYP
1178 CUNTINUE

Hn

98

RQ1$337
RQ1$338
RQ1%339
RQl$340
RQ1%341
RQ1$342
HQ1s$343
RQ1$344
RQ1$345
RQ18%346
RO18347
RQO14$348
RQ18$349
RQ1$350
RQ1$351
RQ1s%352
RQ1%353
RQ18354
RQ1$355
RQ18356
RQ1%357
RQ1s358
RQ1$359
RQ1$360
RQ1s$361
RQ1%362
RQ18363
RQ14364
£k %xRQ1$365
RQ1$366
*ekkRQ1$367
RQls$368
RQ1$369
xxkxkRQ1$370
RN1%371
RNO1$372

RQ1$373 -

REXRHRQ18$374
RQ1$375
RQ1$376
RQ1%377
RQ1$378
RQ1$379
RQ1s380
RQ1s381
RQ18382
RQ1$383
RQ1l$384
RQ1$385
RO1$386
RQ1%387
RQl1$3886

SEANI=(S2(Ny 1)*%24S2(Ne2)*#2-S2(NoLl) *S2(Ne2)+3.*S2(Ny3 1e22)%%,5 RQ1$389

GO TO 1180
1179 SE(N)=S2(Ns3)
1180 CONTINUE

RQ1$390
RQ1$391
RQ1s$392



99

GO TO 111 RQ1$393

75 00 79 J=1.3 PO13394
SI{N,yJI=S1(N,J)+SIGMALI) /3, RQ14395

79 S2(NyJ)I=S3{N,J}+SIGMALJ) 72, RQ1%396
GU TO{217842178,4217942178¢2178) ¢NTYP RQ18397

2178 CONT INUE RQ14%398
SEANDI=(S2(Ny 1) *®24S2 (N2 )2 %2=S2{(Nyl)®S2(Ny2) +3,%S2(Ny3)s%2) 2%, 5 RQ1%399

G0 TH 2180 RQ1$400

2179 SEIN)=S5S2(N,3) RQ1s401
2180 CONTINUE RQ1%402
GO TO 111 RQ1%403

76 DO 80 J=1,3 RO1%4064
S1{N,J)I=SLI{N,J)+SIGMA(J) /3. RQ1$405

80 S2(N,J)=S3(N,J)+SIGMA(J) RQls$406
GO TO(31784,3178,3179,3178,3178) NTYP RQ1$407

3178 CONTINUE . RQ1%408
SE(N)=(S2(Ng1)**2+S2(Ne2)0%2~S2 (Nyl) *S2(Ny2) +3%S2(Ny3)**2})%%,5 RQ1$409

GO TO 3180 RQl8410

3179 SE(N)=S2(N,3) RQ1%411
3180 CONTINUE RQ1s412
GO T 111 RR1%413

77 DO 81 J=1,3 RQ1ls414
81 SLIN,JI=SL(NsJ)+SIGMA(J) /6. RQ1%415
111 CONTINUF RO1%416
IF(MODEY 112,112,113 RQ1%417

112 IF(JRKNEW1e0) GO TO 150 RQl%4l8
IF(IRK. «NEe1le0) GO TO 150 RQ1%419

130 WRITE(64616€) RQ1%420
WRITE(E961T) RQ1s$421

. D0 8202 N=1,NODES RQ1%422
3202 PIN) = PINI*TLC RQ18423
WRITE(6s618) (NyPIN) yN=1,NODES) RQ1%426

DD B203 N=1,NOVES RQ1%425

8203 P(N) = PI{(NI/TLC RQ1s8426
150 IRK = [RK+1 RQ1$427
IFLIRK-5)100,120,120 RQls428

120 IRK=] RO1%429
DD 183 N=1,NU4EL RQ1%430
NTYP=NTYPE(N) RQ1%431

GD TOU41T789417844179,4178,4178) (NTYP RQ1%432

4178 CONTINUE RQ1442173
SEANDI=(S 1INy L)% 2+SL (N92)#**2=~SL{Ny1)%*SL(Ns2)#3,%S1(Ny3)%%2)%%,5 RQ1%434

GO Tu 183 RQ1%435

4179 SE(N}=S1(N,3) RQl$436
183 CONTINUE RQ1%437
113 DO 180 [1=1,NUMEL RQ1%438
DO 180 JJ=1+3 RQ1%$439

180 S2(11,JJ)=S1L18,4J) RQ1$440
CoaexaCOMPUTE END OF INTERVAL STRESSES AND STRAINS *RkkRQ1 441
DD 283 N = 1,y NODES RQl$442

283 PIN) = PL(N) RQO1$443
DO 184 N=1,NUMEL RQ1%444

NN =N RQ18445
MATYP = MATYPE(N) RQ1%446
NTYP=NTYPE(N) RQ18447

GO T0(1283,1283,1284,41283,1283),NTYP RQ1%448



1283 SYE = SY(MATYP)
PN =PNL (MATYP)
EME = EM(MATYP)

RR = PRIMATYP)

AE=A(N}

NL P=PN

BM=14+{ABS(SE(N) /SYE )} *=NLP

EME=EME/BM*& (14 /7PNI

RR = o65={e5-RR)I®(EME/EMIMATYP))
GO TO 1285
1284 SYE = SY(MATYP)
PN =PNL (MATYP)
E1 = EM{MATYP)
E2 =EMM(MATYP)
PR1 = PR{MATYP)
PR2=PR1*E2/E]
NLP=PN

BM = 14+(ABS(SE(NI/SYE))*sNLP
GT = GIMATYP)/BM=%x(],/PN)
AE=A(N)
BETA = THETA(MATYP)
1285 CONTINUVUE
CALL ELEMS
CALL STRES
DO 185 M=1,3

185 S1{(N,M)=SIGMA(M}
NTYP=NTYPE (N)

GU TU(Z854¢286926869128691286) 4NTYP

285 S3{N,1)=(UuUl2)-UU(1))/D]1

T S3INy2)=0.
S3(N,3)=0.
GO TO 184 .

286 SAIINL)={ Y325UULLI-Y31%UU(3)+Y21*UUI(S))/(2.%A123)
S3(N2)=(=-X32%YU(2)+ X31%UU(4)-X21%UU(6) ) 7(2.*A123)
S3(Ns3)=(=-X32%UU{1)+Y32%UU(2)+X31*UU(3)~

1Y31%UU(4 ) =X21%UU(5)+Y21%xUU(6)) /(2.%A123}
GU TO(1844184,287,1286,1286) NTYP

287 R(1)=S3(N, 1)
R(2)=S3(N,2)
R{3)=S3(N,3)
S3(Ns1)=R(1L)*CB+R(2) %SB+R{3) *xS%(
S3I(Ne2)=R(1)*SB+R(2) *CB-R{3)%S%(
SI(N3)==2s%RILI®SRC+2,*R(2)*S*C+R (3} *(CB~-58)
G TO 184

1286 S3(Ny1) = (SHIN¢1)}-S1{Ny2)*RR) JEME

S3(Ny2) = (SLINy2)-S1(Ny1)*RR) /EME
S3(Ns3) = (SLINy3)/ENEI*2,%(]e+RR)

184 CONT INUE

. ConxxanlR [TE ENU OF INTERVAL STRESSES AND STRAINS

IF(MODE) 123,123,124
124 WRETE(6,4612)
G0 TO 125
123 WRITE(6,602)
125 WRITE(6+604) JRK
WRITE(6y619)
WRITECG16300 T T1oS1CTLo1) oSLATT92)9SLCTL43)4S3C1141),
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RQ1%449
RQ1%450
RQ1%451
RQL13452
RQ1$453
RQ1%454
RQ1%455
RQl1s$456
RQ18457
RQ1s458
RQ1s459
RQ1%460
RQ1s461
RQ183462
RQ1s$463
RQ1%464
RQ1%465
RQ1%466
RQLs467
RQ1$468
RQ1s46°
RQO18470
RQL1s$471
RQ18472
RQ1s$4723
RQ18474
RQ18$475
RQ18476
RQ1$477
RQ1%478
RQ1$479
RO13$480
RQ1s481
RQ1%$482
RQ1¢483
RO146484
RQ1%485
RQ1$486
RQ1s487
RQ1%488
RQ1%489
RQ14%490
RQ1%491
RQ1$492
RQ1%493
RQ1$494
RO1$495
RQO1$496

“EERERQ1$497
RQ18498
RQ18$499
RQ1$500
RO1$501
RQ1$502
RQ1$503
RQ1$504



101

1 S3(I14209S3(I1,3)y [I = 1, NUMEL) RQ1$505
IFIMODEN1123,1123,1124 RQ1$506

1124 WRITE(6y653) RQ1$507
G0 TO 1125 RQ1$508

1123 WRITE(6y654) RQ1$509
1125 WRITE(6,604) JRK RO1$510
WRITE(6461T) : RO1$511
WRITE(6,618) (N,P1(N}s N=1,NODES) RO1$512
CoeswsCALCULATE PRINCIPAL STRESSES AND MAXIMUM SHEAR . RQ1$513
DO 900 N=1,NUMEL RQ1$514
VEIN) = 040 RO1$515
SAFTY(N) = 0.0 RO1$51 6

STPY = S1IN,1) RO1$517

STP2 = S1(N,2) RO1$518

STP3 = S1(N,3) KQ1$519

Cxnxs ORTENT ORTHUTROPIC ELEMENT STRESSES AND STORE [IN ST ***%RQ1$520

IFINTYPE(N)eNE«3) GO TO 1488 RO1s521

BETA = ~-THETA(MATYPE (N)) RQ18522

C = COS(BETA) RQ1$523

S = SIN(BETA) RQ1%52¢4

Cd= CxC RQ1s$525

SB= Sx§ RQls$S526
STINyl)= STP1%CB +5TP2%SB +STP3%xS%C*2, RQ18527
STIN,2)= STP1#5B +STP2*CB ~STP3I*S%(C*2, ' RQ1%528

STIN 3 )==STP 1*S*C+STP2*S*C+STP 3I*(CB~-S5B) RQ1$529

GO TO SO0 RQ1$530

1488 CONTINUE RQ18531
STIN93) = (LISTPL=STP2)1/2.,)%%2 +STPI*%2) *u,5 RQ1$532
STINy11) = (STPL+5TP2)/2. +STiN,3} RQ1$533
ST(Ns2) = (STP1+STP2)/2. =ST(N,3) RQ1s$534
CrxnsxCALCULATE EFFECTIVE STRESS AND MARGIN OF SAFETY RQ1$535
VEIN) = (STINy1)%*%2 +ST(Ny2)%%2 ~STINel)*ST(Ny2) ) *%,5 RO18536
IF(VE(N).LT.100.0) GO TO S00 RQ1$537

903 SAFTYIN}) = (SY{MATYPEIN}))/VE(N)-1.0)%100.0 RQ1s538
900 CUNTINUE RQ1$539
WRITE (64639) RQ1$540
WRITEL6,604) JRK RQ1%541
WRITE (64640) RQ1%542
NN&8=0 RQ1$543

DO 901 N=1,NUMEL RQ1%$544
WRITE(6+630) NySTIN,L) 9 STIN2) ¢« STINs3) 4 VEIN)}, RQ1$545

1 SYUMATYPE (N)) ySAFTY(N) ~ RQ18546
NN8=NNE+1 RQ1l$547
IF(NNB«NE.45) GD TO 901 RQ1%548
NNB=0 RQ18549
WRITE(64657) RQ1$550
WRITE( 64640} RQ18551

901 CONTINUE RQ1$552
IF(MODE)114y1144215 RN1$553

215 IF(JRK -1111542164115 RQ1$554
216 DO 1287 N=1yNUMEL RQ1$555
DO 1287 J=1,3 RQ1s$556

1287 S4(NyJ) = S2(NsJ) RQ1$557
115 DO 187 N=1,NUMEL RQ18558
CoaneuCALCULATE ELASTIC EFFECTIVE STRESS RQ1$559
NTYP=NTYPE(N) RQ18$560



1115

1116
187

GO TOU111541115911164112541115)4NTYP

SEANDI=(S2(Ng 1) %®24S2(Ny2)%%2=52(Nyl)*S2(Ny2)+3.%52(Ny3)#%2)%2,5
GO TO 187

SE(N)I=S2(N,3)

CONT INVE

CoanuwaNOW LLTS CALCULATE EXTERNAL FORCES AT EACH NOOE

114

517
518
516

510

0484

%485

4486

484

487

488
485

NPASS=1

IF(MODE~NRKI 151645174516
DO 518 N=1,NUMEL
SE(N)=0.

CONT INUE

NO 510 II = 1,NUDES

DU 510 JJ = 1,NBSYM
SS‘JJ,") = 0.0

DO 484 N=1,NUMEL

NN =N

MATYP = MATYPE(N)
NTYP=NTYPE(N}

Gl TO(4484444844448594484¢4484) +NTYP
SYE = SY(MATYP)

PN =PNL (MATYP)

EME = EM(MATYP)

RR PR(MATYP)
AE=A(N)
NLP=PN

AM=14+(ABS{SE(N)/SYE })**NLP
CME=EME/BM*x (1,/PN}

RR = ¢5=(<5-RR)I*(EME/EMIMATYP))
GO TO 4486

SYE = SY{MATYP)

PN  =PNL {MATYP)

El = EM(MATYP)

E2 =EMM(MATYP)

PR1 = PR{MATYP)
PR2=PR1%*E2/E1

NL P=PN

AE=A(N)

BM = 1o +(ABSUSE(N}/SYE))*&NLP
GT = G(MATYP)/8BM*%(1/PN)
RETA = THETA(MATYP)

CALL LELEMS

CALL STORE

WEIGHT = WEIGHT+A123*AE*DENSE(MATYP)
CONTINUE

00 485 11=1,NODES

PLIN)=V,

Ki=Ix¢II)

JLT=gL (I 1)

JRT=JR(IT)

DO 487 J=11,4JRT
PCIII=PLIT)+SS(KI +JI%PL(J)
D0 488 J=JLT,11

KJ=1x(J)
PLINI=PUII)+SS{KJ, 1T )*PL(J)
PULIN=PLIL)=-SS(KI III*P1 (L]}
NOO3 = NOODES/3
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RQ1$561
RQ1$562
RQ18$563
RQ1$564
RQ1$565
RQ1$56 6
RQ18$567
RQ1$568
RQ1$569
RQ1$570
RQ1$571
RQ18572
RQ1$573
RQ18574
RO1$575
RQ1$576
RQLE577
RQ1$578
RQ1$579
RQ1$580
RQ18581
RQ18582
RQ1$583
RQ1$584
RQ1$585
RQ18586
RQ1$587
RQ1$588
RQ1$589
RQ1$590
RQ18591
RQ1$592
RQ1$593
RQ1$594
RQ1$595
RQ1$596
RO1$597
RQ1$598
RQ1$599
RQ1$600
RQ13$601
RQ1$602
RQ1$603
RQ1$604
RQ1$605
RQL$606
RQ1$607
RQ15608
RQ1$609
RQ1$610
RQ1s611
RQ1s612
RO1$613
RQ1$614
RQ1s$615
RQ1$616



486

300

1500

1510

Cormnn
1590
505

5505
5506

SUMEX = 0.0

SUMFY=0U.
SUMFZ=0.

SUMMX = (.0
SUMMY = 0.0
SUMMZ = 0,0 .
DO «86 11=14NOD3
J=11%3

SUMF X=SUMF X+P{JJ=2}
SUMFY=SUMFY+P{JJ-1)
SUMFZ=SUMF Z+P(JJ )
SUMMX + P(JJ) * Y{(II) =-PlJJ-1)* Z2(I11)

SUMMX =
SUMMY = SUMMY + P(JJ=21% Z(I1) =P{JJ) * X(1I}
SUMMZ = SUMMZ + P{JJ=1)* X(I1) =P(JJ=2)* Y{I1)
CONT INUE

WRITE{6,0635)

WRITE(64604) JRK

WRITE(6,636)

WRITE(6+637) (SUMFXy SUMF Yy SUMFZ)

WRITE(6,662)

WRITE(6¢637) (SUMMX, SUMMY, SUMMZ}

WRITE(6y634)

WRITE(69618) (NyP(N)yN=1,NODES)

CONT INUE

WEIGHT = WEIGHT/NRKI

WRITE(6,661)

WRITE(6y606) WEIGHT

IF(MODE)}156041590,15C0

IF(ITERAT.EQ.Q0) GO VO 1600

ITERAT = [TERAT-1

ITEST= O

DO 1510 N=1,NUMEL

IF(DEMSL (MATYPE(N))«EQ.O4) GO TO 1510
IF(SAFTY(ND)eLTe5e «ANDGSAFTY(N)oGTe~5.1G0 TO 1510
ITEST= 1

ACNY = A(ND) + A(NI®R{VE(N)=-SY(MATYPE(N)) ) /SY(MATYPE (N))
CONT INUE

NODES = NOCES/3.0

IFCITEST.EQ,0) GO TO 1600

GO TO 1830

COMPUTE RESIDUAL STRESSES STRAINS AND OISPLACEMENTS
DO £05 N=14NODES

PEINDI=PLINI-PEIN)}*TLC

D) 506 N=1,NUMEL

NTYP=NTYPE(N)

MATYP= MATYPE(N)

EME = EM{MATYP)

SLUN,1) = SL(Nel) =S4(N,1)=TLC

S1INy2) = SL(Ne2) =S54(N,2)*TLC

S1(Ny3) = S1(N¢3) =-S4(N,3)*TLC

GO T0O(5505¢5506455064¢550645506) yNTYP
SI{Ne1)={S3(Ny 1)} ~-TLC*S4(Ny1))/EME

GO0 TO 506

S3(N¢1)=S3(NsL)I=TLC* (SG(NsL)-PR(MATYP)%S4(N,2) )/ EME
S3(Ny2) = S3(N,2) = TLC*(S4(Ns2) -PRIMATYP) #S4(Ny1) )/ EME
S3INy3)=S3(Ne3)=TLC* (S4(Ny3) *(2,*(1.+PRIMATYP))))/EME
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RQ1$617
RNO1s618
RQ1%619
RQ1$620
RQ1%621
RQ1%622
RQ1%623
RQl1%624
RQ1%625
RQ13626
RQ1$627
RQ1$628
RO18629
RQ1$630
RQ1s$631
RQ1%$632
RQ1$633
RQ1s634
RQl1s$635
RQL1$636
RQ1$637
RQ1%638
RO1$639
RQ13640
RO18641
RQ1s642
RQls643
RQ1s644
RQ1$645
RQ13646
RQ1s647
RQ1$648
RQLs€49
RQ1%650
RQ1%$651
RQ1$652
RQ1$653
RQ1$654
RYI$655
RQ18656
RQG1s657
RQ1s¢58
RQO1$659
RQ1%660
RQ1s661
RQ1$662
RQ1$663
RQ1%664
RQ1$665
RQ13666
RQ18687
RQ13668
RQL13669
RQ1%670
RQ1$671
RQls672



104

506 CONT INUE ) RQ1$673
WRITH(6,638) RQ1%674

WR ITEL 64 619) RQlso675
WRITE(Go 6300 (T 1o SICLT 1) oSLAET92)SLUTLI 930 4S3CL141)y RQ1%676

1 $3(11¢2)9S3011,43),11=1yNUMEL) RQ1$677
WRITE( 6y 655) RQ1%678
WRITE(G,61T7) . RO1$679
WRITE(69 618V IN,PEIN) ¢yN=1 yNODES) RQ1$680

1600 CONT INUE RQ1$681
GO TO 800 RQ1$582

END ’ : RQ1$683
SUBROUTINE ELEMS RQ1A001
ConnekPRZEMIEN JECK I-BERKE 30 ELEMENT STIFFNESS ROUTINE *%xEEERQ1AD02
DIMENSION  ALAMUL1S5¢15)ALAMT(15,15),R(12),U(12),UULL10)AL(3), RQ1AQ03
LSIGMAL3) ,LP(333) ¢NSLE66) yAL2(3),05K(8,8) +PMUDE(10),QXY(333), RQ1A004
2PXY(T750) 4P {T50)+PLITSO) +PELT50) o IX(T50) yJLITSO) 2 JR(TSO), RQ1A00S5
INSP{T50) 4SS{BT, 7501 ,NPT(250) +X{250)+Y(250)4+2(2501,1S(10001}, RQ1AQ06
4SE(1000),S1(100043),5211000,3),S3(1000,31,1E(1000},IP(1000), RQ1A007
S51Q{1000) 4 IR(1000)NTYPE(1000) yEM{20) yPR{20),4SY(20) yPNL(20), RQlAO08
6MATYPE(1000),A(1000) ySAF TY{1000) yVE(1000),54(1000,3},57(1000,43)y RQ1A009
TEMMI20) 4G 20 )y THETA(20)922(15415), RQ1A010
BYT(15,15)4T11(848)9T22(2+2)9T12(8+2)9T21(2+81,T22INV(2,2) RQR1A011
9,SIGI3)9s2IGMAL3) sTMATRX(3,3),DENSE(20) RQ1A012
COMMON SSyIXpJLy JRyAEL yNBAND ¢ALAM, ALAMT gRoRR yD19ALyX214X314X32,Y21RQ1A0)3
19Y31,Y32,A123,UpUUySIGMA ySYE ¢PNJEMEyAyNLP,BM,SE$S1,+52+453,P1, RQ1AO14
2NTYPE yNy IMNPASS NNy NPTy Xy Yo ZoIEoIP;1Qe IRy AE yNODES,I1yJJyAL2DSKy RQLAOLS

3Py SAFTYyVE y5S4»STHPE,NIDsNSP9IS,D2y RQ1lAOLl 6
HEMMy Gy THETA,BETA$5+C4SByCByGTyPR1,PR24E14E2 RQ1A017
SsLPePRoyNSy SY oPMNDE yPNL 4P XY EM,MATYPE, RQ1AO18

6TT g111,T22,T12¢T2LeT22INVyZZoNPASS) oNTRI oXIT oVITHZIToILAMeJL AM RQ1A019
TyOIR1IWDIR2,DIR3, THETA]L yQ XY RQ1A020

GO TO(BR8,400) yNPASS] RQ1A021

888 XQP=XC(IQ(NN)}=-X{IPINN}) RQ1A022
YOP=Y( IQ(NN) )=Y( IP(NN}} ) RQL1A023
29P=2CIQ{NN) )=2(IP(NN)) RQ1AQ24

D1 =SORT{XQP*%2+VQP**2+7QP%%2 ) RQ1A025
{F(D1e«NE<0+0O) GO TO 1400 RQ1A026

1401 FORMAT (52H * * & THERE IS A GEOMETRY ERROR IN ELEMENT NUMBER /) RQ1A027
WRITE (0,1401) RQ1AO028

1402 FORMAT (17) RQ1AQ29
WRITE (6,1402) NN RQ1A030

CALL ERROR(103) RQ1A031

1400 CONTINUE RQ1A032
CALCULATE THE PQ DIRECTION COSINES . RQ1A033
AL(1)=xQP/01 ’ RQ1A034
ALL2)=YQP /DL RQ1A035
AL(3)=2QP/D} RQ1A036

AE 1= AE*EME RQ1AO037
NTYP=NTYPE (NN) RQ1A038

GO TO{ 1y 242939040 o+NTYP RQ1A039
CALCULAT IONS FDR THE BAR . RQO1A040
1 ILAM=2 RQ1A041
JLAM=6 : RQ1A042

N0 239 [=1,3 RQ1A043
ALAM(Llo1)=ALLT) : RQ1A044

ALAM(141¢3)=0, RQ1A04S



ALAM(2,[+3)=AL(1)
ALAM{2,[)=0.
GO TO (231,239),NPASS
231 DO 240 J=1,3
ALAMT( TyJ)=AL(1 )*AL( J) *AEL1 /D]
ALAMT(I+3,J)=-ALAMT(1,J)
ALAMTU Ly J+3)=~ALAMT( 14 J)
ALAMTL 1+34J43)=ALAMT (1 ,4J)
240 CONT INUE
239 Al23 = D1
60 10 40
CALCULATIONS FOR THE TRIANGLE
2 ILAM=6
JLAM=9
XRP=X{ IR {NN) )=-X{ IP{NN))
YRP=Y{ IR (NN} )-Y(IPINN)})
ZRP=Z({ [R(NN) )=Z(IP(NN))
XRQ=X( IR (NN) )=X(IQ(NN})
YRQ=Y( IR{NN})=Y{IQINN))
IRQ=ZCIRINN) ) =2 ( IQ(NN) )
RP=AL(1)*XRP+AL (2)*YRP+AL( 3} *IRP
X2=XRP=AL{ 1) *RP
Y2=YRP=AL(2)*RP
12=2RP-AL( 2)*RP
N2=SQRT( X2%% 24 Y2%%2+22%%2)
IF(D2.NE.0.0) GO TO 1500
1501 FORMAT (52H * * # THERE 1S A GEOMETRY ERROR IN TRI PLATE NO. /)
WRITE (641501} .
1502 FORMAT (17)
WRITE (6,41502) NN
CALL ERROR (104)
1500 CONTINUE
CALCULATE THE TRIANGLE DIRECTIUN COSINES
AL2(1)=Xx2/D2
AL2(2)=Y2/02
AL2(3)=22/02
CHANGE FROM DATUM TO LOCALCODRDINATES
X21=XUP*AL2( 1) +YQP*AL2(2)+2QP*AL2(3)
Y21=XQP*AL (1)+YQP*AL (2)+2QP*AL (3)
X31=XRP®AL2( 1) +YRP*AL2{2)+ZRP*AL2(3)
Y31=XRP*AL (1)+YRP*AL (2)+ZRP*AL (3)
X32=XRQ*AL2( 1 )+ YRQ®AL2( 21+ ZRQ*AL2(3)
¥32=XRQ*AL (1)+YRQ*AL (2)+ZRQ*AL (3)
Al23=(X32%Y21-X21%*Y32) /2,
IF(A123.NE0.0) GO TO 1600
1601 FORMAT (52H * = * THERE IS A GEOMETRY ERROR [N TRI PLATE NG. /)
WR ITF (641€¢01)
1602 FORMAT (17)
WR [TE (641602} NN
CALL ERROR (105)
1600 CONTINUE
GO TO (232, €1)4NPASS
232 GD T0(233,233,234),NTYP
233 ET1=2AELl/(4*AL123% (1, -RR*%2)}
ET2=AEL/(B.,%A123% (1. +RR))
CALCULATE THE STIFFNESS MATRIX FOR THE TRIANGLE IN LOCAL COORD
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RQ1A04 6
RQ1A04T
RQ1A048
RQ1A049
RQ1A050
RQ1A051
R01A052
RQ1A053
RQ1A054
RQ1A0SS
RQ1A056
RQLAOS 7
RQ1A058
RQ1A059
RQ1A060
RQ1A061
RQ1A062
RQ1A063
RQ1A0G64
RQ1A065
RQ1A06 &
RQ1A067
RQ1A068
RQ1A069
RQLA070
RQ1AOT1
RQ1A072
RQ1A073
RQ1AOT4
RQ1AOTS
RQ1AOT6
RQ1A0T7
RQ1AOTS
RO1A0T9
RQ1A080
RQ1A081
RO1A082
RQ1A0R3
RQ1A0B 4
RQ14085
RQ1A086
RQ1A087
PQ1A0SS
RQ1A089
RQ1A090
RQ1A091
RQ1A092
RQ1LA093
RQ1A094
RQ1A095
RQ1A096
RQ1A097
RQ1A098
RQ1A099
RQ1A100
RQ1A101



234

DSK(1l,1)= ET1xy32%%2 +ET2%X32%%2
DSK(2y1)==FT1*RR*Y32%X32-E T2%X32%Y32
DSK(242)= ET1%X32%%2 4ET2%Y32%%2
DSK(3,1)=-ET1%Y32%Y3] -ET2%X32%X31
DSK(342)= FT1®RR®=X32*YIL+ET2%Y32%X3]
DSK(2y3)= ET1HY3]1%%2 +ET2%X3]1%%2
DSK(4y1)= ETIXRR*Y32%X31+ET2%X32%Y3]
DSK(4,2)==ET1%X32%X31 ~ET2%Y32%Y3]
DSK(4,43)=-ET1*RR*Y31*X3]1-ET2%*X3]%Y3}
DSK(4o4)= ET1%X3L%%2 +ET2%Y 3] #%2
DSK(591)= ET1xy322Y2]} +ET2%X32%X21
DSK(542)==ET1*RR*X32%Y21-ET2%Y32%X21
DSK(5,3)=-ET1xY31*Y21 -ET2*X31%*X21
DSK(Sy4)= ET1*RR*X31 #Y214ET2%Y3]1%X2]
DSK(545)= ET1xY2]1#%%x2 +ET2%X21 %%2
DSK(6y1)==ET1®RR*Y32%X21-ET2*X32%Y2]
DSK(b9e2)= ET1%xX32%X21 +ET2%Y324Y2]1
DSK{6y3)= ETI®RR*YI]1*X2)1+ET2%X31%Y2]
DSK{644)==ET1%X31*X21 ~ET2%Y31%*Y2]1
DSK{695)=-ET I*RR*Y2] #X2]1-ET2%X2]1#*Y2]1
DSK(Eob6)= ET1®X21%%2 +ET2%Y21 %2
60 TO 61
Cl1=F1l*AE/{4.¥A123%(1.-PR1%*PR2})
C12=C11%PR2

€21=C12

C22=Cl1l*E2/E1

Co6=GT*AE/(4.%A123)

C=COS(BETA)

CB=C#%2

S=SIN(BETA)

SH=S»®Q

ALAMT( 1y 11=Cl1*CB#%242,%(C12+2,%C66) *CB*SB+L22%5B**2
ALAMT(192)=(CL1)4C22-4o*CH6)*SB¥CR+CL2*%( CA*X2+SA%*%2)
ALAMT(2,21=CL1*S8%%242.,%{C12+42.%C66) *SB*CB+C22 *(B*%2
ALAMT (143)=(Cl1-Cl2-2,%C66)*S*CBHC+(C12-C22+2.%CH66 ) *S*SB*(C
ALAMT (29 3)=(Cl1-C12-2.%C66 )% S*SB*C+(C1l2-C22+2,%C66 )1 *S*CB*C
ALAMT(3,30=(C114C22-C12-2.%C66) *SB*CB+CH6*(SBX*2+CB**2)

ALAMT (24 1 )=ALAMT (1,2)
ALAMT(3, 1 1=ALAMT (143}
ALAMT( 3, 2)=ALAMT(2,3)
ALAM(L,1)= Y32
ALAM(1,2)=0.
ALAM{1,3)=-Y31
ALAM(1441)=0.
ALAM(1,5)= Y21
ALAM(1+6)=0.
ALAM{2,1)=0.
ALAM(2,2)=-X32
ALAM{2+3)=0,
ALAM(244)= X31
ALAM(2,5)=0,
ALAM(246)=-X21
ALAM(3,1)==X32
ALAM(3,2)= Y32
ALAM(3,3)= X231
ALAM(3,4)==-Y31
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RQ1A102
RQ1A103
RQ1A104
RQlAl105
RQ1A106
RQ1A107
RQ1Al08
RQ1A109
RO1Al110
RQ1A111
RQIALYR
RQ1A113
RQ1ALl4
RQ1Al1!S
RQ1lAllG
PQlALl17
RQ1A118
RQ1Al19
RQ1A120
RQ1lAl21
RQ1AL22
RQ1A123
RQ1A124
RQLAL2S
RQ1AL26
RQ1A127
RQlAl28
RQ1Al129
RQ1A130
RQ1A131
RQ1A132
RQ1A133
RQ1A134
RQ1AY25
RQ1Al36
RQ1A137
RQ1Al38
RQ1Al139
RQ1Al40
RQ1lAls4]
RQ1Al42
RQ1Al43
RQ1lAl44
RQ1Al4S5
RQlAL46
RQlA147
RQ1Al48
RQ1Al49
RQ1A150
RQ1AL1S51
RQ1A152
RQLAL1S53
RQ1Al154
RQ1A155
RQ1lAl56
RQ1A157



ALAM(3,5)=-X21
ALAM(3,60= Y21
DO 235 1=1,3
) 235 J=1,6
ALAMT(I+3,J) =0,
DO 235 K=1,3

235 ALAMTI 143, J)=ALAMT(I +3,J)+ALAMT(T oK) %ALAM(K,J)
D0 236 I=1,6
DO 236 J=1,1
DSK{ I,J)=0,
DD 236 K=1,3
236 DSK( Iy d)= DSK(l!J’*ALAM(Kol"“LANT(K§39J’
GU TO 61
C CALCULATIONS FOR THE RECTANGULAR PLATE $xkkuknns
c
3 ILAM=8
JLAM=12
X2=XCIR(NNDI)I=XCIQ(NND)
Y2=Y(IR{NN =YL IQINN )
22=2UIRINN)I-ZCIQI(NND)
D2=SQRT{ X2%% 24 Y 2%%24+ 22%% 2)
IF{02.NE 40.0) GO TO 1700
2701 FORMAT (52H * * & THERE IS A GEOMETRY ERROR [N RECT PLATE NQ. /)
WRITE (64,1701}
1702 FORMAT (1I7)
WRITE {6,1702) NN
CALL ERROR (106)
1700 CONT INUE
AL2(1)=X2/02
AL2(2)=Y2/D2
AL2(3)=22/D2
Al23 = D1=D2
‘GO TO(2614€1)4NPASS
261 BETA = 01l/02
ET1l =AE1/( le=RR%%2)
ET2 =AE1/(24+24%RKR)
ET3 =AEL*D2/(2.-2.%RR)
Cc CALCULATE THE KD+KS MATRIX

RR2 = RR*%2
DSK(1,1)=ET1*BETA/3, +ET2/(3. *BETA)
DSK(2,1)=(ET1*RR+ET2)/ 4,

DSK(3y L1=ETI*BETA/64-ET2/(3¢ #BETA)
DSK( 4y 1) =(=ETL*RR+ET2) /4, ’
DSK(S59 1) ==ET1*BETA/6 +~ET2/(6.%BETA)
DSK(7y1)=<~ET1*RETA/3+ET2/(6.%BETA)
DSK({242)=ET1/{ 3., *BETA)+ET2*BETA/I.
DSK(4¢2)=-ET1/(3.,%BETA)+ET2*BETA/6,
DSK{6921==ET1/(6*BETA)-ET2%BETA/6.
DSK(B842)=ETL/(6.*BETA)-ET2*BETA/3,
DSK(343)=ET1*BETA/3.+ET2/({3.,*BETA)
DSK(5¢93)==ET1*BETA/I «+ET2/(6.*BETA)
DSK(6s1)= ~DSK(2,1)

. DSK{8y1l)= =DSK{4,1)
- DSK(3e2)= <DSK{4,y1)

DSK(5,2)= =DSK(2,41)}
DSK(T792)=. DSK(4y])
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RNJAL158
R0O1A159
RQ1Al60
RQ1AL61
RQ1AL62
RQ1A163
RQ1lAl64
RQ1Al6S5
RQ1Al66
RQ1A167
RQlAl&8
RQ1A169
RQ1AL170
RQ1AL171
RQ1A172
RQ1A173
RO1AL174
RQ1A17S
RQ1AL176
RQ1Al7T.
RQ1A178
RQ1A179
RQ1A180
RQ1A181
RQ1A182
RQ1Al183
RQ1Al184
RQ1A1R5
RQ1Al86
RQ1AL1RY
RQ1AlR8
RQIAL1R9
RQ1A190
RQ1A191
RQ1A192
RQ1Al93
RQ1Al194
RQlA195
RQ1A196
RD1A197
RQ1Al198
RQ1Al9Q9
RQ1A200
RQ1A201
RQ1A202
RQ1A203
RQ1A204
RQ1A205
RQ1A206
RQ1A207
RQ1A208
RQ1A209
RQ1A210
RQ1A211
RQ1A212
RQ1A213



DSKE4y3)= =DSK(2,1)
DSK(63)= DSK(4,1)
USK(T¢3)= DSK(5,1)
DSK(B8¢3)= DSK(241)
OSK(4y4)= DSK(242)
DSK{(544)= DSK(3,2)

NSKi&,

4)= DSK(8,2)

VSKETy4d= LSKE2410
DSK(By4)= DSK(6,2)
DSK(545)= 0DSK(l,1)
DO B620 1=22,4

DSK (I+4451=DSK{ 1,1}

3620 DSK {144,61=DSK (142}
DSK(T7,7)= DSK(1l,1})
DSK(B8y7)= =DSK(2,1)
DSK(8,8)= DSK(2,2)
GO TO 61

C CALCULATIUNS FOR THE QUAD PLATE *%xtkbnkkknksdky
4 NTRI = 1

Al234 = 0.0

379

400

401

402

403

DD 379 1=1,15
DD 379 J=1,15
TT(14J1=0.0

XIT =

(XCIPONND Y XTTQINNDI+XCTRINNII+XETISINNIL /4.0
YIT = (YUIPINN)D+YUIQUINNII+Y(JRINNII+Y(ISINN)I))Z4,0

ZIT = (ZCIPINN) Y+ Z(IQINND)I+Z(IRINNII+Z(ISINNI) /4.0
GO TO (401,402,403,404,405),NTRI
XRP = XIT=X(IP(NN))

YRP = YIT-Y{IP(NN)) "

IRP = ZIT=-2{IP{NN))

XRQ = XIT=-X{IQINN))

YRQ = YIT=Y(IQ(NNI}I

ZRQ = ZIT-Z2{IQ(NN))

ILAM =8

JLAM =12

iP3=3

1Q03=¢

GO TO 500

XIP = XCIR(NN) I=X{IQ (NN
YOP = YUIR(NN))I=-Y(IQ(NN))
ZAP = ZOER(NN) DI =201Q (NN))
XRP = XIT=X{IQINN))

YRP = YIT=-Y(IQINN})

ZRP = 2IT=2(IQ(NN))

XRQ = XIT=-X{IR{NN))}

YRQ = YIT=-Y(IRI{NN))

IRQ = ZIT-Z(IR(NN))

1P 3=z6

1Q3=9

GO TO 500

XQP = X(ISINN))=X{IR(NN))
YQP = Y{ISINN))I=Y{IR(NN))
2QP = ZUISINN))-Z(IR(NN))
XRP = XIT=X{IR({NN))
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RQ1A214
RO1A215
RQ1A216
RQ1A217
RQlA218
RQ1A219
RQ1A220
RQ1A221
RQ1A222
RQ1A223
RQ1A224
RQ1A225
RQ1A226
RQ1A227
RQ1A228
RQ1A229

RQ1A230 -
RQ1A231
RQ1A232
RQ1A233
RQ1A234
RQ1A235
RQ1A236
RQ1A237
RQ1A238

RQ1A239

RQLA240
RQ1A241
RQ1A242
RQ1A242
RQ1A244
RQLA245
RQlA246
RQLA2647
RQLA248
RQ1IA249
RQlA250
FO1A251
RQ1A252
RQ1A253
RQ1A254
RQlA2S5S
RQ1A256
RQLA257
RQ1A258
RQ1A259
RQ1A260
RQ1A261
RQlA262
RQ1A263
RQIA264
RQ1A265
RQ1A266
RQlA267
RQlA268
RQ1A269



404 XQP

: 1Q3
-——C -

wonan

{1 S T I |

1

YIT=Y(IR(NN})
2ZIT=20 IR(NND)
XIT=XCISINND)
YIT=-Y{IS(NN))
ZIT=-2Z{IS(NND))

500

XCIP (NN ) =X{IS (NN))
YCIP(NND)I-Y (IS (NN}
ZOIPINN))=Z (IS (NN)D
XIT==X{ IS (NN} )
YIT=-YUISINN))
ZIT=2CIS(NN)}
XIT=X{IP (NN))
YIT-Y({IPINN))
ZIT-Z(IP(NN))

2

3

500 D1=SQRT{XQP**2+YQP**2+20P%%2)
IF{DLeNE «0.0) GO TO 1450

1451 FORMAT (52h %= » * THERE [S A GEOMETRY ERROR IN QUAD PLATE NO. 7/}

WRITE (641451)
1452 FORMAT (17)
© WRITE (641452) NN
CALL ERROR(103)
1450 CUNTINUE

C CALCULATE THE PQ DIRECTION COSINES

AL{1)=xQP/D1
AL(2)=YQP/Dl
AL(3)=2QP/01

RP=AL {1 )*XRP+AL{ 2)*YRP+AL(3) *ZRP

X2=XRP=AL{ 1) *RP
Y2=YRP=-AL{ 2)*RP
22=IRP=AL( 3)*RP

N2=SORT{ X2*k 24Y2%%2+ [24% 2}

IF(V2.NE.0.0) GO TO 1550

1551 FORMAT (S52H * = * THERE IS A GECMETRY ERROR IN QUAD PLATE NO. /)

WRITE (641551)
1552 FORMAT (17}

WRITE (6,1552) NN

CALL ERROR (104)
1550 CONTINUE

CALCULATE THE TRIANGLE OIRECTION COSINES

AL2(1}=X2/D2
AL2(2)=Y2/D2
AL 2(3)=22/0D2
IF(NTRI.NE.1) GO TO €70

DIR1
DIRZ2
DIR2
DIR&
DIRS
DIRé6

AL(1)

= AL(2)

AL(D)

AL2(1)
AL2(2)
AL2(3)
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RQLlA270
RQ1A271
RQ1A272
RQ1A273
PQLlA274
RQLA275
RQ1A276
RQ1A277
RQ1A278
RQ1A279
RQ1A280
RO1A281
RQ1A282
RQ1A283
RPQ1A284
RQ1A285
RQ1A286
RQ1A287
RQ1A288
RQ1A289

- RQ1A290

RQ1A291
RQ1A292
PQlA293
RQO1A294
RQ1A295
RQlA296
RQ1A297
RQ1A298
RQ1A299
RQ1A300
RQ1A301
RQ1A302
RO14303
RQ1A304
RO1A305
RQ1A306
RQ1A307
RQ1A308
RQ1A309
KQ1A310
RQ1A311
RQ1A312
RQ1A313
RQ1A314
RQ1A315
RO1A316
RQ1A317
RQ1A318
RQ1lA319
RQlA320
RQ1lA321
RQ1A322
RQ1A323
RQ1A324
RQ1A325



CHANGE FROM DATUM TO LOCALCOORDINATES

870

1651
1652

1650

1232

CALCULATFE THE STIFFNESS MATRIX FOR THE TRIANGLE IN LOCAL COORD

X21=XQP*AL2( 1)+YQP*AL2({2)+2QP*AL2(3)
Y21aXQP*AL (1)+YQP*AL (2)+20P®AL (3)
X3AL=XRPRAL2( 1) ¢YRP*AL2(2)+2RP*AL2(3)
Y31=XRP*AL (1)+YRP*AL (2)+ZRP*AL (3)
X32=XRQ*AL2(1)+YRQ*AL212)+ZRQ*AL2(3)
Y32=XRQ®AL {1)+YRQ*AL (2)+ZRQ*AL (3)
A123={X32%Y21-X21%Y32) /2,
IFIA123,NELO.0) GO TO 15650

FORMAT {S52H * » &« THERE [S A GEOMETRY ERROR IN QUAD PLATE NO. /)

WRITE (641651)

FORMAT (17)

WRITE (6+1652) NN

CALL ERROR (105)

CONT INVUE

Al234 = Al234+A122

GO TOE12224161)4NPASS
ILAN =6

JLAM =9
ET1=AE1/(4.¥A123%(1. ~-RRe%2})
ET2=AEL/(B*AL123% (1, +4RR))

DSK(lell= ET1®Y3I2%%2 +ET2%X32%%2

DSK{2¢1)=-ET1*RR*YI2%X32~ET2%X32%Y32
DSK{Zy2)= ET1€X32%%2 +ET2%Y32%%2

DSK{3¢1)=-ET1*Y32%Y31 ~ET2%X32%X21
DSK(392)= ET1*RR*XA2%Y 31 +LT2*Y32%X3])
USK(3,y3)= ET1eY31%e2 +ET2%X3] %%2

DSK{6y1)= ETI*RR*YI2*X3I1+ET2%X32%Y3]
DSK(4,2)==-ET1%X32%X3] ~ET2%Y32%vy3]
DSK{4y3)=-ET1*RR*Y3] #X3] ~ET2%X3]1#Y2]
DSK(4y4)= ET1¥X31%%2 +ET2%Y3] %#2

DSK(Sy1l)= ET1%®Y32%y2] +ET22X32%%21
DSK{542)==ET]1*RR*X22%Y2]1-ET2*Y32%X2]
DSK(S¢3)==ET1xy31%Y21 ~ET2%X31%x21
DSK(S94)= ETI*RR*XI]1#Y21+ET2%Y3]1%*x21
DSK{5,5)= ET1%Y2]u%2 +ET2%X2] #%2

DSK{ 6y 1) =-ET1*RR*V3I24X21-ET2%X32%V2]
DSKl &y 2)= ET1%X32%X21 +ET2%Yv325Y2]1
DSK{ 693 )= ETI*RR*V31 221 +ET2%X3]1%Y2]
DSK{644)==ET 1#X31%X21 = =-ET2#%Y¥31#Y2]
USK(695)=~ET1*RR®Y2] #X21-ET2¥X21*Y2]1
DSK{6,6)= ET1®X21%%2 +ET2%Y2]1%%2

CALCULATE LAMBDA AND (TS TRANSPOSE

lol

160

170

U0160 I=1,ILAM

DD160 J=1,JLAM
ALAM([4J1=0,
ALAMT(J, [ )20,

K=0

DO170 J=1,1LAM,2

DO170 I=1,3

KzK+1

ALAMT(Kod d=AL2(T)
ALAMT (Ko J+1)=AL(I)

ALAM (J oK) 2ALAMT(K,J )
ALAM (J+1,KISALAMTIK 4J+1)
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RPO1A326
RO1A327
RQlA328
RQ1A329
RQ1A320
RQ1A331
RQ1A332
RO1A333
RQ1A334
RQ1A335
RO1A336
RQ1A337
RQ1A338
RQ1A339
RO1A340
RQ1A34]
RQ1A342
RQ1A363
RQ1A344
RQ14345
RO1A346
RQ1A347
RQ1A348
RQ1A349
RQ1A3S0
Q14351
RQ1A352
RQ1A353
RQ1lA354
RQ1A35S
RQ1A356
RQ1A3S 7
RQ1A358
RQ1A359
RQ1A3¢0
RQ1A361]
RQ1A3¢2
RO1A362
RPQl1A366
RQ1A365
RO1A3¢6
RQ1A367
RQ1A368
RO1A369
RO1A370
RQ14371
RO1A372

. RQ1A373

RQ1A374
RQ1A375
PQ1A376
RO1A377
RQ1A378
RQ1A379
RQ1A380
RQ1A381



GO TNU1T71+40)4NPASS
MATRIX IN DATUM COORD

CALCULATE THE STIFFNESS
171 DOISO I=1,ILAM
00190 J=1,ILAM
190 OSK(14J)=DSK{Jy1}
DO1110 I=14JLAM
VOL100 J=1y1LAM
R(J)=0.
DI1100 Ki=1oILAM

1100 REJI=R{JI+ALAMT [ oKL I*DSKIKL o J)

NI1110 J=1,ILAM’
1110 ALAMT( T, J1=R(J)}

DN1210 I=1yJLAM

DU1200 J=1+JLAM

R(J)I=0.

001200 Kl=1y [LAM

1200 R(J)=R(J)*ALA*T(l'Kl)*ALAH(KloJD

DN1210 J=1,JLAM
1210 ALAMT( I, J)=R(J}
DU 380 IROW=1l,y3
JROW=3=1ROW
KROW=[P3-JROW
LROW=]Q3=-JROW
MROW= 15-JROW
D0 380 [COL=1,3
JCOoL=3-1COL
KCOL=1P3-JCOL
LCOL=1Q3-JCOL
MCOL= 15-J4C0L

TT(KROW,KCUL }=TT(KROW,KCOL)+ALAMT( IROW, [COL)
TT{KROW,LCOL }=TT{(KROWyLCOL )+ ALAMT( IROW, 1COL+3)
TT(LRUW,KCOL ) =TT (LROW,KCOL i+ ALAMT{ TROW+3 o [CiIL)
TT(KROW,MCOL)=TT(KROW,MCOL)+ALAMT(IROW, [COL+6)
TT(LROWoLCOL )=TT(LROW,LCOL)+ALAMT{ TROW+3 ,1COL+3)
TT(LROWyMCOL)=TT(LROW, MCOL)+ALAMT(IROW+3 4ICOL+6)
TT(MROWsKCOL ) =T T{MRO Wy KCOL)+ALAMT( TROW+6,ICOL)
TT(MROWy LCOL )=T F(MRU Wy LCOL )+ ALAMT(IROW+6 4 1COL+3)
TT(MROW,MCOL ) =TT(MROWsMCOL ) + ALAMT{IROW+6 4 1COL+6)

380 CONTINUE
NTRI = NTRI +1
GO TU 400

405 A123=A1234
AL(1) = DIR1

AL(2) = DIR2
AL(3) = DIR3
AL2(1) = DIR4

AL2(2) = DIRS
AL2(3) = DIRG

CALCULATE LAMBDA AND ITS TRANSPOSE

ILAM=10

JLAM=15

00260 =1, ILAM

D0260 J=1yJLAM

ALAM( 193 )=0s
260 ALAMT(J, 1) =0

K=0
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RQ14382
RQ1A383
RQ1A3ES
RQ1A385
RQO1A386
RO1A387
RQ1A388
RQ1A389
RQ1A390
RO1A391
RQ1A392
RQlA393
RQ1A394
RQ1A395
RQ1A396
RQ1A397
RQ1A398
RQ1A399
RQ1A400
RQ1A401
RO1A402
RQ1A403
RQ1A404
RQ1A405
RQlA406
RQ1A407
RQlA408
RQ1A409
RQ1A410
RQ1A411
RQ1lA412
RQ1lA413
RQ1lA4L14
RQLA415
RQLAGL 6
RQ1AGL7
RQ1A4l1 8
RQ1A419
RQ1A420
RQ1A621
RQ1A422
RQ1A423
RQ1A424
RO1A425
RO1A426
RQLIA427
RQlA428
RQ1A429
RQ1A430
RQ1A431
RQ1A432
RQ1A433
RQ1A434
RO1A435
RQlA436
RQ1A437



270

Connsn

800

810

998

101

102

103

00270 J=1, ILAM,2
D0270 I=1,3
K=Ke+]
ALAMT(KyJd)=AL2(T)
ALAMT(K J+1)=ALLIT)
ALAMUJ K )=ALANT (Ko d)
ALAMUJ L K )I=ALAMT (K, J+1)
MULTIPLY LAMBDASTT*LAMBOA TRANSPOSE
DO 800 [a21,15
00 800 J=1,10
IZ{1,4)=0,
DO 800 K=1,15
2L 4d)= Z2U14d) +TT UL oK) ®ALAMT(K,yJ)
DO 810 I1=1,10 .
DO 810 J=1,10
TT(1+Jd) =0,
DO 810 K=1,415
TT(I4d) = TT{Led) +ALANIIK)*ZL(KyJ)
DO 998 [1=1,2
D0 998 JJ=1,2
T22{ 11¢JJ)=TT{11+8,JJ+8)
po 101 i1=1,8
DO 101 JJ=1,8
TLIC I JJ =TT o JJ)
00 1u2 (I=148
DO 102 JJd=1y2
TL20114d4)=TT{114JdJ+8)
D0 103 [[=1,2
0o 103 Ju=1,8
T21011,0J)=TT(]1+8,JJ)

CowmannsCALCULATIONS TO INVERT THE T22 MATRIX

201
202
203

1751
1752

1750

204

205

206

N2031=1,2

00203d=142

IF(I-J)201,202,201
TZZ’NV‘ItJ”O.

GO T 203

T22INV(I,J)=1.0

CONT INUE

002071=1,2

IFIT22(1,1)1.NE«0e0) GO TO 1750
FORMAT {52H * * * THERE IS A GEOMETRY ERROR IN QUAD PLATE ND. /)
WR ITE (6,1751)

FORMAT (17)

WRITE (641752} NN

CALL ERROR (106)

CONT INUE

C=1a/T22¢1,1)

D0204Jd=1,42

T22( 1ed)= T22(14J)%C

T22INVII yd)=T22INV(I ¢J)*C
002074=1,2 ’
IF(J=1)2053207, 205

D=T22(Jdy 1)

00206JJ=1,2
T220JdeJJ)=T22(J9J)=T22(144J)%D
T22INVIJS 9 2T22INVI 30 JJ)=T22INVII 4JJ)*D
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RQ1A438
RQ1A439
RQL1A440
RQ1A44]
RQ1A442
RQ1A443
RQL1A4G4
RQ1A44S
RQLlA446
RQ1A447
RQ1A448
RQ1A449
RQ1A450
RO14451
RQ1A452
RQ1A4S3
RQ1A454
ROLA4S55
RQ1A456
RQ1A4S7
RQ1A458
RQ1A459
RQ1A460
RQ1A461
RQ1A462
RQ1A463
RQ1A464
RQ1A465
RQlA466
RQ1A467
RQ1A468
RQ1A469
RD1A4TO
RQ1AAT]
RQ1AGT?
RQlAGT?
R(1A4TS
RQLA4TS
RQ1A4TE
RQ1A4T7
RQ1A478
RQ1A4T9
RQ1A480
RQlA481
RQ1A482
RQ1lA483
RQ1A4B4
RQlA485
RQ1A486
RQ1A487
RQl1A488
RQ1A489
RQ1A490
RQ1A491
RQ1A492
RQLlA493

’



207

CONT INUE

Cxan QHTAIN THE REDUCED STIFFNESS MATRIX AND STORE IN ALAMT

710

mni

T

caLcu
61

60

70

CALCU
T1

90
95

100

110

200

210
«0

DA 710 I=142

DO 710 J=1,48

ALAM(1,4J)=0.0

00 710 K=1,2

ALAMIL4d) = TZZINV(I.K)'TZI(K'JD +ALAMIT 4 J)
00 711 I=1,8

00 711 J=1,.8

ALAMT(1,J)=0.0

DO 711 K=1,2

ALAMTUT,J) = TL201+KI*ALAMIK,J) + ALAMT(I,J)
DO 712 I=1,8

DO 712 J=1,8

DSK(1yJd) = T11L(1 oJ)=ALAMT{],J)
ILam = 8
JUAM = 12

LATE LAMBDA AND ITS TRANSPOSE

DO 60 I=1,ILAM

DO 60 J=1,JLAMN

ALAM(1,4)=0.

ALAMT(Jy 1) =0,

K=0

DO 70 J=1sILAM,2

DO 70 I=1,3

K=K+l

ALAMT(Ked I=AL2(I)

ALAMT(KyJ+1)=AL(T)

ALAM (U JKI=ALAMTIK J )

ALAM (J+14K)=ALAMT{K,J+1)

GO TO (T1,40)4NPASS
LATE THE STIFFNESS MATRIX IN DATUM COORD

DO 90 I=1yILAM

DU 20 J=1,1LAM

OSK{ Loy J)=DSK{Jy 1)

D0 110 [=1,JLAM

DO 100 J=1,1LAM

R{J)=0, —
03 100 K1=1y1LAM

RUSI=R IV +ALAMT (1 oK1 )*DSK{KL oJ)

DO 110 J=1sILAM

ALAMT(I,J)=R(J)

DU 210 I=1.JLAM

00 200 J=1,JLAM -

P{J)=0.

D0 200 K1=1yILAM

RUJI=REJ)+ALAMT ( 1 oK1 I*ALAM(KL s J)

U0 210 J=1e¢JLAM

ALAMT( Iy J =R {J)

RETURN— °

END

SUBROUT INE STRES

ELEMENT STRESSES AND DISPLACEMENTS

DIMENS ION ALAM(15¢15) JALAMT(15,15),R(12),U(12),UUCL10)AL(3),
LSIGMA{3)oLPI1333) ¢NSL 666) 4AL2(3) 4DSK(B,8) yPMODE (10),QXY(333),
2PXY{T50) yP(T750) o PLITS50) s PECTS50) +IXIT50) 4L (7501 9JRIT50),

113

RI1A4496
RO1A495
RQ1A496
RO1A49T7
RO1A498
RO1A499
RQ1A500
RQ1ASO1
RQ1A502
RQ1A503
RQ1A504
RO1A505
RQ1AS06
RQ1AS07
RQ1AS508
RQ14509
RO1A510
RO1AS11
RQ1AS512
RO1A513
RQ1AS514
RO1A515
RO1AS16
RQ1AS17
RQ1A518
RQ1AS19
RQ1AS520
RQ1A521
RQ1A522
RQ1A523
RQ1AS524
RQ1A525
RQ1A526
RO1A527
RQ1AS28
RO1A529
RQ1A530
RQ1A531
RQ1A532
RQ1A533
RQ1A5364
RQ1A535
RQ1AS36
RQ1AS527
RQ1AS538
RQ1AS539
RQ1AS540
RQ1A541
RQ1A542
RQ1A543
RQ1AS44
RQ1B8001
RO1B002
RQ18003
RQ1B004
RQ18005



INSP(T750) 9SS(BT9750) 4 NPT{250) 4X(250),Y(250)2(250)4+15¢10001),
4SE(1000)4S1(1000,43),52{100043) +53(100043),1E(2000),1IP(1000),
SIQ{1000) + IR(C1000)NTYPECLOOQU)4EM20) yPR(20)9SY(20) 4PNL(20),
6MATYPE(L1000)yA(1000) ySAFTY {1000} 4VE(1000),54(100043),S7(1000,3),
TEMM{20)4G(20) o THETAL 2009 22(15415),
BTT(15+15)oT11(8s8)9T22(2+2)¢eT121(892)4T21(248),T22INV(2,2)
99SIGI3) e ZIGMAL3) o TMATRX (343} 4DENSE (20)

114

RQ13006
RQ1B0OOT
RQ18008
RQ18009
rRQ18010
RO1RO11
RQ1B8012

COMMON SSoIXsJdL o JRyAE] yNBAND ¢yALAM) ALAMT Ry RRyD1 ¢ AL yX21+X314X32,Y21RQ1B013

1eY319Y32,A0234UsUUsSIGMA ySYE ¢PNIEME g AgNLP¢BMySE»S1952¢534P1,
ZNIYPE.N.lM'NPASS.NN.NPtox.Y.Z.lE.lP.IQ'IR AE ¢NODESy119JJ9AL2,0SK,
3Py SAFTY VE ¢S4, STyPE, MIDyNSP,15,02,

HCMMy Gy THETAyBETA4SyC ¢SByCBsGTyPR1,PR2,yEL 4E2

SeLPyPRyNS SYPMODE ¢PNL 9 PXYIEMy MATYPE o
6TTQT11pTZZQTIZ"ZlQTZZINVolllNPASSI NTRI o X IToVIT oZIToILAMyJLAM
TeDIR1,DIR2,0IR3, THETAL QXY

NTYP=NTYPE(N)

GO T0(142929300,400) 4NTYP

UlLL}=P{IP(N)*3=2)
U2)=P(IP(NI=*3-1)
UW3)=PLIP(NI*3 )
U{4)=P(IQ(N)*3-2)
UlS)=P(IQ{NI*3-1)
ULS)=P(IQIN}*3 )
Ut 71=0.

uta)=0.

Ui 9)=0.

D0 3 I=1+2
uuiI1=0.

N0 3 J=1l+6

UULT)=UU (T )+ALAM(T, J)*U( I}
SIGMA(1)=EME*(UU(2)-UU(1)) /D]

SIGMA(2)=0.
SIGMA( 3)=0.

GU TO ¢

UCL) =P (IP(N)*3=-2)
UE2)=P(IP(N)*3=1)
W3N=P(IP(N}*3 )
U(4)=P(1QIN)*3-2)
U S)I=P(IQ(N}*3-1)
Ul6)1=P{IQINI*3 }
ULT)I=P(IR(N)*3-2)
ute)=PIR(N)*3-1)
UL9)=P(IR(N)*3 )
D0 5 I=140

uutl =0,

DO 5§ J=1,9

UULTI=UUCT b +ALAMLT J ¥*ULJ)

GT TO (0969 T)eNTYP

AKK=2,%A123% (1. -RR¥*2)

RQ1B014
RQ18015
RQ18016
RQ18017
RQl8018
RQ18019
RQ18020
RQ18021
RQ18022
RQ18023
kQ18024
RQ18025
RQ1B0O26
RQ1B0O27
RQ18028
RQ18029
RO1A030
RQ18031
RQ18032 -
RQ13033
RQ18034
RO1B035
RQ18036
RQ1B3037
RQ1A038
RQ1B039
RQ1A060
RQ1B041
RO 10042
RQ1B043
RQ1B044
RQ18045
RQ1BO46
RQ18047
RQ1B048
RQ18049
RQ18050
RQ18051
RQ18052
RQ18053
RQ1B054

SIGMA(1)={Y32¢UU{1)-RR®EXI2%YU(2)-Y31%UU{3) +RR*X31*UU(4) +Y2]1*UU(5)-RQ1B055

1RR*X21*YU( 6) }*EME/AKK

RQ1BOS6

SIGMA(2)=(RR*Y32*YU( 1) =X32%UU(2)-RREY31*UU (I ) +X31*UU(4) +RR*Y 21 *UU(RQLB057

15)=X21*UU(6) )*EME/AKK

RQ1B058

SIGMAL{3)=(=X32=UU{1)+Y32*UU(2)+X3IL*UU(3 ) =YL *UU (%) =X21*UU(S5 ) +Y 21 *URQ1BO59

1UL6) V*EME* (1 .~RR ) /(2*AKK)

G0 TO 4

RQ18060
RQ18061



7

300

310
Cronx

400

EXX={Y32%Uul{1)=Y31sUUL3)+Y21%UU(5))
EYY=(=X32¢WU(2)+X31%UU(4)=-X21*UU(6))
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RQ1B0O62
RQ1B8063

EXY=(=X32%UULL)+YI2*UUL2)+X31%UU(3)=-YIL *UU(4 )~ XZI‘UU(5D*YZI‘UU(6D!R018064

S=SIN(BETA)

C=COS(BETA)

SH=S*%2

CB=Cx=x?2
ElIZEXX*CB+EYY*SH+EXY* Sk
E22=EXX*SB+EYY*CB-EXY*S*(
El2==EXX*2 ,#S*C+EYY* 2, *S*C+EXY*(CB~SB)
Cll=Fl/(2.%A123%(le=PR1*PR2)}
C22=Cl1*E2/E1

C12=Cl1*PR2

€21=C12

C66=GT/12.,%A123)
SIGMA(1)=Cl1%E]11+C1l2%E22
SIGMA( 2)=C21*E11+4C22%E22
SIGMA( 3)=Co6*E12

GO YO 4

ULL1)=P(IPIN}%*3~2)
U(2)=P(IP(N)*3=1)
UC3)=P(IP(N)*3)
Ul4)=P{IQ(N}*3-2)
WS=P{IQIN}*3-1)
U{6)=P{IQ(N)*3)
ULT)I=P{IR(N)I*3=-2)
ULB)=P({IRIN)*3-1)
UL9)=P(IR(N)*3)

UC10)=P( ISIN)*3-2)
UC11)=PLISIN)*3=~1)
UL12)1=P(1SIN)*3)

DO 310 [=1,8

Uu(ir=0.

N0 310 J=1,12

VUL =UUCTI+ALAM T 0 )%UCJ)
XCALCULATE®* THEX*RECTANGULAR®PLATE*STRESSES
DA=1e/124%D2)

DB=1e/(24%0D1)

F4=tME/( 14-RR*RR}
EXX=DAX{=QU(1)=Uu(3) +UU(S)+ULITH)
EVY=DB®{(~UU( 2)+UU(4) +UU(6) -UULB)}
EXY=DA*{~UU( 2)=UUL4) +UU(6)+UU(3) )+
108« (=UUC L) +UUL 3)+UUL S)=UW(T) )
SIGMA({ 1) = te*x(EXX+RR®EYY)
SIGMAL2) = E4*(RR*EXX+EYY)
SIGMA(3)= E4* EXY*{1.-RR)/2,
60 TO 4

1) =P(IP(N)*3=2)

Ut2) =PLIP(NI*3~1]1)

UL 3) =P IPI(N)I*3 )

U(a) =PLIQ(N)I*3-2)

Uts5) =PLIQIN)*3=-1)

Ut6) =PLIQINI*3 )

UlT7) =P{IR{(N)*3=-2)

u{a) =P{IRI{N)®3=-1)

U(9) =P(IRIN)I*3 )

RQ1B065
RQ1N066
RQ1BO67
KQ1B0&8
RQ18069
RQ1B8070
RQ1B071
PQ18072
RQ18073
RQ1R074
RQ18075
RQ1B076
RQ18077
RQ18078
RQ18B079
rRQ18080
RQ18081
RQ1HG82
RQ1A8083
RQ1B084
RQ1BOBS
RQ18086
RQ1H087
RQ1B8088
RQ18089
RQ18090
RQ18091
RQ18092
RO1B093
RQ 18094
RQ1BO2S
RQ1B096
RQ1B097
RQ1B098
RQ14099
RQ1K1100
RQ18101
RQ18102
RQ18103
RQ1B8104
RQ1B105
RQ18106
RQ18107
RQ18108
RQ1B109
RQ18110
RQ18111
RQ18112
RQ1B113
RQ1Bl1l4
RQ18115
RO1B1% 6
RQ1B117



410

401

402

403

404

500

UL 10)=P{IS(N)*3-2)

UCL11)=P{ IS(N)I*3-1)

UL12)=P{ISIN)*3 )

D3 410 I=1,8

Uutlr=0.

00 410 J=1,12

UUTT 1=UUCT 1+ ALAMCT yJ I*U(J)

UUIS) = (LULL1)+UU(3) +UUL{S) +UU(T) ) /4.
BUE10)= (ULL2)+UU(4) +UU(6)+UU(B] ) /4.
GO TD{401,402y403,404)4NTR]
SIGMA(1)=0.0

SIGMA(2)= C.0

SIGMA(3)= C.0

THETAYl = 0.0

utl)= vulil)
uc2i= uu2i
Ui 3= wui(3)
Uls)= UU(4)

U(S5)= Uu(9)
utée)= VU(LI0)
NPASSl= 2
G0 TO $00
Ul 1)=uuL 3)
U 21=uU( 4}
U 31=uu(5}
Ut 4l =uute)
U(5)=uu(9)
Ut6)=uut 10)

GO TO 500

Ul 1) =uuis)
Ut 2)=uule)
U3r=uu(Ti
Ut4)=uui 8l
U{st=uu(9l
U 6})=0U(10)

G3 TO S00

ut1)=0ut7)

Ut 2)=uui 8)

ug3r=uu(l)

Ut 4)=0u(2)

U( 5)=0u(9)

ut6l=uu10}

NPASS1 = 1

NTRI = NTRI+1

AKKx2,%A123% (1 ~RR**2)

LIGMALL) = +{Y32*U(1)-RR*X32%U(2)=-YIL1*U(3) +RR*X3L1*U( 4}
1 +Y21%U(S) -RREX21*U(6) ) *EME/ {44 *AKK)

ZIGMA(2) = + (RR*Y32%U(1) =X32*U{2)-RR*Y31*U (3} +X31%U( 4)
1 +RR*Y21%U (S)=X212U(6) ) REME/ (44 *AKK)

ZIGMA(3) = +(=X32*%U1)+Y32%U(2)+X31*U(3) ~Y312{4)
1 =X21%U(5) +Y21%U (6 ) ) REME® (1. ~RR)}/{Be *AKK)
AR=DIR1*AL (1) +DIR2*AL(2) +DIR3I*AL(3)

[F(ARGEe1s0) GOTO 6CO
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RQ1B118
RQ18119
rRQ18120
RQ1A121
RQ1R122
RQ1R123-
RQ18B124
RQ1B125
RQ18l26
rRQl1R127
RO18128
RQ18129
RQ18130
rRQ18131
RQ18132
RQ18133
RQ1B134
RQ18135
RQ18136
RQ1A137
RQ18138
RQ18139
RQ18140
RQ1B141
RQ1B142
PQ1A143
RQ1Bl44
#Q181645
RQ1Al46
RQ1D147
RQ18148

RQ1B1l69

RQ1A150
RO1R1S51
RQ181S52
RQ1B1S3
RQ1IN154
RQ1R155
RQIHlSe6
RQlBlS7
RQ1H158
RQ1B159
RQ1AL160
RQ14161
RO18162
RQ1B163
RQlAl64
RQ18165
RQlBl66
RQ18167
RQ1B168
RQ18B169
RQ1B170
RO1B171
RQ18172
RQ1B173

L



600

890

THETAl = THETAL +ARCCS (AR}

CONT INUE

DIRY1 = AL(1)
DIR2 = AL{(2)
DIR3 = AL(3)

S = SIN(THETAL)
C = COSITHETAL)

SB= S*§
CH= CxC

SC= C*$

IMATRX(1,1) = CB
TMATRX(142) = SB
TMATRX(1,3) = 2.%SC
TMATRX(2,1) = S8
TMATRX(2,2) = CB8
TMATRX(243) = =2.%SC
TMATRX{(3,1) = =SC
TMATPX{3,2) = SC
TMATRX(3,3) =  CB-SB

SIGLI) = 0.0
DO B850 K= 143

SIGUI) = SIGUI)+TMATRXI(I yKI*Z[GMA(K])

SIGMA(1) = SIGMA(Y)+ SIGIL)
SIGMA(2) = SIGMA(2)+ SIG(2)
SIGMA(3) = SIGMA(3)}+ SIG(3)
[FINTR1.EQ.5)G0 TO 4

CALL ELEMS

G3 TQ 400

RETURN

IND

SUBROUTINE STORE

STORE ELEMENT STIFFNESS COEFFICIENTS IN SYSTEM ARRAY
DIMENSION  ALAM(1S,15) yALAMT (15,150 4RC123,U(12),UUCL0)4ALI3),
1SIGMAL3),LP(333) 4NSL E666) +AL2(3)+DSKIB4+B) 4PMOIDE(10),QXY(333),
2PXY{T750) 4P {750} PLITE0) »PE(TSO) 4 IX{TS0) ,JL (TS0} ¢ JR(T50),
3NSPOT50) oSSBT 475001y NPT{ 2500 4X(250),Y{250),21{2501,1S11000},
4SE(1000),S1(1000+3),52{(100043)+53(1000,+3),1E(1000),1P(1000),
SIN{(1000) 4 IRC1V00)4NTYPE(LO00)+EM(20) 4PRI20)4SY(20) «PNL(20),
OMATYPE(1000) +A11000) ¢SAFTY(1000) 4VE{1000),5411000,3),5S7(1000,3),
TEMM{20)+G1 20), THETAL{ 201 ,22(15,15),
BTIT(15415)¢eT11(8,8),T22(242) +T212(892)+T21(2+31,T22INV(24+2)
9,SIGE3),21GMA(3),TMATRX(3,3) ,D0ENSE(20)
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ROLBLT4
RO1BLTS
ROLBITE
RQ18177
rQ1B178
RQ1B179
RO1B1IBO
RO18181
ROIB1B2
ROLB183
PO1BY84
RQ1B185
RO1B186
RO1B187
RQ1B188
RO18189
RQ18190
RQ1B191
RO18192
RQ1B193
RO18194
RQ1B195
RO18196
RQ1R197
RQ18198
ROIAL1G9
RO16200
RO1B201
RO1B202
RQ13203
RO IH204
RQ1CO01
RQO1CO02
RQ1C002
RQ1C004
RQ1C005
RQ1C006
RQ1CO07
RQ1C008
RO1C009
RO1CO10
RQ1CO11
RQ1CO12

COMMON SSy»IXyJL s JRYAEL yNBAND ALAM, ALAMTyR,RR 4D1 AL yX21 yX31,X32,Y21RQ1CO13

1oY314Y32yA1230UsUUsSIGHMA ¢SYE yPNoEMEJAyNLPyBM¢SE9S1952053,P1,
2NTYPE ¢Ny IMyNPASSy NNy NPTy XoVoZ o IESIPyIQe IRy AE JNODES I E ¢ JJeAL2 yDSKy
APy SAFTY VE 1S4y STePES MID'NSP41S,D2,

GEMMy Gy THETAyBETA9S+C oSHICRyG Ty PRIy PR2,EY 4E2

SyLPyPR NS, SY yPMOUE yPNL +PXYEMy MATYPE,

6TT yT119T22,T129T219T22INVoZZyNPASSYL o NTRIE oXIT oYIT o2 IT o ILAMyJL AM

TeDIRLIDIR24DIR3 THETAL 4Q XY
NTYP=NTYPE (NN)
1P3=1P(NN) %3
1Q3=JQ(NN) %3
IR3= IR(NN)*3
[S3= JS(NN}*3

RQ1CO14
RQ1CO18
RQ1COlé
RQ1lCOX7
RQ1COl 8
RQ1CO19
RQ1C020
RG1CO021
rR@1C022
RQ1C023
RQ1CO24
RQ1C025



315
3l4

- 308

17
3le
3ia
398
330
m
332
333
334
335

320
307
3i9
321
322
324
323
399
340
341
342
343
344
345
341

33

350
382
380

00 380 IROW=1,3
JROW=3=-[KOW

KROW =IX{IP3-JROWI
LROW =IX{iQ3=JROW)
MROW =IX(IR3=JROW)
NRUw = IX( 1S3=JROW)

DO a1 ICOL = 1,3
JCUL = 3~-ICOL

KCOL = [P3=-JCGL
LCoL = IQ3-JCOL,
MCOL = [R3-JCOL
NCOL = IS3-4COL

IF(1P3-1Q31315+3144314 )
SS{KROW,LCOL)=SSIKROW,LCOL) + ALAMT(IROW,ICOL+3)
GO T0(320,208,308,308,308)NTYP
IF{IP3-1R3)317431¢é4316

SS{KROWyMCUL) = SS(KRUOWyMCOL) +ALAMT(IROW,ICOL+6)
IF(IQ3-1IR3) 3184368, 298

SSILROW,MCOL) = SS(LROWsMCOL) +ALAMT(IROW+3,ICOL+6)
GO TO(320+320¢32C»33Ce330),NTYP
IF(IP3-1S83)331,332,532

SS(KROWyNCOL) = SS{KROW,NCOL)+ALAMT(IROW,ICOL+9)
IF11Q3-153)323,334,334

SSILROWINCUL) = SS(LROWyNCOL)+ALAMT( IROW+3 ,1COL+9)
IF(IR3-183)335,32Cy320

SS{MROW,NCUL) = SSIMROW,NCOL)+ALAMT(EROW+6,1COL+9)

[F(1P3-1Q3)319,319,307

SS{LROWKCOL) = SSI{LROW,KCOL)+ALAMT(IROW+3,1COL)
GO TO(381,5321932193219321)¢NTYP
IF(IP3=-]1R3)324,3244322

SSIMROWIKCOL) = SS{MROW,KCOL)+ALAMT(IROW+6 ,ICOL)
[F(IQ2~-1R3)399,396,323

SSIMROW,LCOL) = SS(MROW,LCOLI+ALAMT( IROW+6 o1COL+3)
GN TO(381le2381938L+340,340) ¢NTYP

IF(IP3=-1S3) 342,342,341

SS{NKOW,KCUL) = SS{NROW,KCOL}I+ALAMT( IROW+9,ICOL)
IF{IQ3=-1S3) 344434%,343

SS(NRUWLCOL ) = SSINROWoLCOL)+ALAMT{IROW+9,1COL+3)
IF(IR3=-1S3) 381,281,345

SSI{NRUWyMCOL) = SSINROW,MCOLIJ+ALAMT(IROW+9,1COL+6)
CONT INUE

DO 382 [COL=IROW,3

JCOL = 3-1C0L

KCoL = [P3-JCOL
LCOL = 1Q3-JCOL
MCOL = IR3-JCOL
NCOL = [S3-JCUL

SS{KROW,KCOL )} = SS(KROW,KCOL}+ALAMT{IROW,ICOL)
SS{LROW,LCOL) = SS(LROW,LCOLI+ALAMT{IROW+3,ICOL+3)
GO T0(382931393134313,4313),NTYP

SS(MRUWyMCOL ) = SSI{MROWsMCOL)+ALAMT{ IROW+6 ¢+ ICOL+6)
GO TO(38292829382435Cy350) 4yNTYP

SS{NROW,NCOL) = SS(NROWsNCOL)+ALAMT{ IROW+9,1COL+9)
CONT INUE

CONT INUE

"RETURN

ENOD

cc = 1515
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RQ1C026
RQICO27
RQlCOZ8
RQ1C029
RQ1C0O30
RQ1CO21
RQ1C0O32
RQ1C033
RQ1CO34
RQ1CO35
RQ1CO03 0
RQICO™:T?
RQICU3-
PN1CO39
RO1C0O&40
2Q1C0461
RQ1C042
RQ1C043
RQ1CO044
RQ1C0O&5
RQ1C046
RQ1C047
RQ1C0O48
RQ1C049
RQ1C050
RO1COS1
RQ1CO052
RQ1COS3
RQ1CO54
RQ1COSS
RQ1C056
RQ1CO57
RQ1COSS8
RQICUS¢
RQ1C060
RQ1COe]
RQ1C062
RQ1C063
RQICO64
RQ1CO065
RQICO66
RQ1CO67
RQ1CO68
RQ1CO069
®Q1CO70
RQ1CO71
RQ1CO72
RQ1COT3
RQ1CO74
RO1CO75
RQ1CO76
RQ1COT77
RQ1CO78
RQICO7¢9
RQ1C0O80
RQ1lcCO81
RQ1CO€2
RQA1COB3
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