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ABSTRACT
Title of Thesis: Finite Element Modeling of a

Femoral Stem in a Total Hip Prosthesis
Robert C. Cohen, M.S.M.E., 1984

Thesis directed by: Professor M. Pappas

A three-dimensional model was produced to study of
effects of stress on a femoral stem in a total hip prosthesis.
Using the ANSYS General Purpose Finite Element Computer
Program, a reproduction of the system was constructed for
the loads acting on the hip joint at intervals of a walking
cycle., With isotropic properties for cortical bone, cancellous
bone, cement, and selected alloys, the model was generated
using three-dimensional, isoparametric, eight-node, solid
elemenfs (STIFL5). The model consists of over 700 nodes and
442 elements., This model can be used to produce computer

calculated stress data, if disc storage space allows.






PREFACE

A finite element model can be used to study the
effects of some of the factors leading to the early failure
of the femoral stem in total hip prosthesis. This study
can be used to analyze the effects of stress on a certain
femeral stem implanted in its proper environment in the quest
to reduce fatigue failures. The model is generated with the
use of the ANSYS General Purpose Finite Element Computer
Program using three-dimensional solid elements. This model
is intended to give an accurate representation of an actual
prosthetic system involving forces, material properties, and
incorporating the human walking cycle. Due to the limitations
of available disc storage space on the institution's computer,
the program could not finish its execution phase to produce
complete stress results. If the reader wishes to perform the
execution, the author is confident the program will produce

satisfactory results on a larger system.
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I INTRODUCTION

A, Background

The ultimate success or failure of a surgical im-
plant depends on many elements including: The physical,
mechanical, and biochemical properties of the implant ma-
terial; the design, construction, and quality of the fin-
ished implant; the selection of the proper implant for the
surgical technique to be carriéd out, the operative tech-
nique; and the postoperative management of the patient (Ref. 1).
For the purpose of this study, mechanical considerations are |
to be the main objective.

The goals of total hip reconstruction are relief of
pain and restoration of normal activity. In most cases,
pain is reduced, and the range and function of movement is
increased. The movement of the hip is produced by the ar-
ticulation of a ball-and-socket joint (enarthrodial), formed
by the reception of the head of the femur into the cup-shaped
cavity of the acetabulum,

All patients who underwent total hip-replacement
arthroplastyrhad a significant degree of disability caused
by degenerative or rheumatoid arthritis or recurrent pain
after previous surgical procedures performed on the hips
(Ref. 2).

If the following criteria are fulfilled, it may he
assumed that the most mechanically effective hip will be
the result: 1) minimum muscular effort required to perform

normal activities; 2) minimum joint contact force at the hip;
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and 3) minimum bending moment at the neck-stem junction of the
femoral component (Ref. 2).

It is a measure of the success of the procedure that the
majority of patients are completely free from pain post-opera-
tively, with greatly improved function and movement.

It is usually agreed that a total hip replacement should
incorporate a ball and socket arrangement as in a natural joint.
. A1l prosthesis in principle have a spherical, or approximately
spherical, femoral head which resides in and articulates with a
hemispherical acetabular component. The shape of the femoral
component and the method of attachment to the remains of the
femur play an important role in failure prevention.

The loads of the components, and, therefore, the stress-
es in them, and the forces within the muséles during normal
activity are related to the geometry of the hip joint (Ref. 3).

Since the forces and moments acting on the hip joint can
cause femoral stem loosening resulting in failure of the pros-
thesis, the mechanical behavior must be known. Theoretical
stress analysis using finite elements could prove to be an in-
valuable aid in reducing the incidence of failure.

Loosening of the femoral stem has been variously reported
as occurring in from four to twenty percent of patients. Many
factors can be cited, but the most generally accepted is im-
proper technique for insertion of cement (Ref. 4). It should
be noted that mechanical failure of acrylic bone cement can
impair the structural integrity of a total joint arthroplasty.

Since the bone cement may be exposed to millions of loading



cycles after implantation, the fatigue behavior is a funda-
mental design consideration.

Many femoral stems do break. Most stems, when using
scanning electron microscope examinations, show evidence of
fatigue failure, with the crack initiating at the lateral sur-
face of the stem where the tensile stresses would be expected
to be highest. The crack then appeared to have progressed
medially first by a low-cycle fatigue mode and then by rapid
breakaée (Ref. 5). 1In some cases, microscopic imperfections
may have been the starting point of the failure.

The effect of inadequate medial support around the pros-
thesis is also a cause of stem fracture (Ref. 6).

The above stated causes of failure may be the effects of
the following variables: 1) the angles of application of the
force at the hip joint; 2) the orientation of the femoral compo-
nent; 3) variations in the amount of stem support; and 4) vari-
ations in femoral-stem design (Ref. 7).

A femoral stem implanted in the femur is a system com-
posed of cement, metal, and cortical and cancellous bone pro-
ducing a complex mechanical siﬁuation. For this reason, the
use of the computer incorporating finite element analysis is

chosen.



B, Finite Element Method

A finite element method can be distinguished by the

following features:

1)

2)

The physical region of the problem is subdivided

into subregions or finite elements.

One or more of the dependent variables is approxi-
mated in functional form over each element and

hence over the whole domain. The parameters of this
approximation éubsequently become the unknowns of

the problem.

Substitution of the approximations into the governing
equations (or their equivalent) yields a set of
equations iﬁ the unknown parameters. The solution

of these equations yields the parameters and hence the

approximate solution to the problem (Ref. 8).

Since the number of unknowns in the final set of equations

is often very large, it is common practice to use matrix nota-

tion, both for conciseness and to facilitate computer program-

ming.

The widespread adoption of the finite element method

for increasing diverse problems has been facilitated by: 1)

the inherent generality of the method; 2) its natural formulation

in
to
of

of

matrix language; 3) the availability of efficient procedures
solve very large sets of equations; and 4) the capability |
modern computers (Ref. 8).

Three-dimensional problems involve a large number

degrees of freedom. For example, in solid mechanics, the

.



three displacements, and their first derivatives in the X,
Y, and Z directions, respectively, cause the simple tetrahedral
element to have forty-eight degrees of freedom. Even with a
reasonable number of elements, thé resulting system matrix
equation can easily have several thousand unknowns. Hexadral
(brick-shaped) elements can even produce more unknowns.

If the reader desires to study the derivations of the
formulas used with three-dimension elements or if a more de-
tailed explanation of the methods used is desired, Ref. 8

may be consulted.



C. Previous TFemoral Stem Models

Finite element models have been used many times in the
past to study the behavior of the human femur and thelbehavior
with an implant. |

Most models are two-dimensional which at best can only
approximate the true behavior of a three-dimensional system.
Obviously, their rationale is that a two-dimensional element
model can adequately model the characteristics of the proximal
femur (Ref. 6). This may be true, but, when the forces and
moments are applied to the femoral head, the resultants can
only be properly specified by a three-dimensional system.

Even though, there remain at least two widely accepted
two-dimensional. studies, one by Andriacchi, et al. (Ref. 7),
and the other by Sih, et al. (Ref. 6).

In summary, Andriacchi made his analytical model using
a two-dimensional representation of the femoral stem, cement,
and proximal half of the femur lying in the frontal plane of
the stem. The elements chosen for this study were constant
strain quadrilaterals and constant strain triangles (see Figure
1), This study showed that the tensile stresses were largest
in mégnitude along the middle portion of the stem and become
compressive near the distal trip. The region of highest temnsile
stresses occured in the middle one-third of the stem, the
region where fractures are reported to oeccur. It should be
noted that moments were not used in this study.

Sih used the "Axisymmetric Planar Elastic Structures™

two-dimengional finite element program. He used twelve-noded
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guadrilateral isoparametric elements with cubic displacement
functions. Aé with this thesis study, he used a four material
model (see Figure 2). His study showed total cement fractures
occuring near the distal tip of the prosthesis. Other fail-
ure sites agreed with Andriacchi's results. Again all moments
could not be taken into consideration, nor would it be possible
to with this type of model.

With both of these two-dimensional models, the effects
of muscle loadings in addition to the Joint forces is neglect-
ed. Therefore, an accurate sitress distribution could not be
obtained.

Recently, Scholten et al (1978) have analyzed the prox-
imal femur with implanted prosthesis. Thelr analysis is based
on a three-dimensional model and includes nonhomogeneous prop-
erties and slip characteristics of the interface. Other three-
dimensional analyses of the femur with the implanted hip pros-
thesis are by Crowninshield et al (1979) and Tarr et al (1979),
(Ref. 9).

Crowninshield used tetrahédon three-dimensional elements
to model a transverse section of the bone/cement/stem composite
as taken from the middle third of the femur. A crude model was
developed and did not take into account torsion about the femoral
head nor did it take into account adduction forces.

Tarr et al constructs a model using hexahedral elements
with two elements across the stem, two across the cement and
one for the cortex of the bone. This model is also very crude

and does not take into account muscle forces.



Recently, Huiskes et al (Ref. 9) composed a model made
up of quadratic isoparametric general hexahedron elements to
simulate one quarter of a stem/bone complex. This model was
abandoned due to cost and complexity. The major drawback of

his work is that only a circular prosthesis stem can be studied.



Figure 1.
Andriacchit's Finite
.Element Model
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D. Summary of 2-D and 3-D Models

A1l of these models have severe limitations. At best
they provide first approximations to the stresses and behaviors
of the femoral components. The models do provide insight into
how the stem can fracture due to loosening.

Even though three-dimensional analysis involves a large
amount of data and more computer time than a two-dimensional
analysis, if modeled properly, the three-dimensional system
will come closest to an actual representation of a total hip
prosthetic.

It should be noted that because of the uncertainties
introduced in the problem and because of. the uncertainties
introduced in the data, one cannot expect to predict the stress
distribution in these problems in an absolute sense. However,
the finite element method will be more useful in a parametric
study. An implant designed for 1life requires a better design.
This is where the finite element method will be of great help.
(Ref. 10).

-10-~



IT OBJECTIVE OF PRESENT STUDY

The purpose of this study is to construct a finite
element model of a femoral component stem within its sim-
ulated biomechanical environment using ANSYS General Purpose
Finite Element computer program. With the constructed model
using forces normally incurred during the walking cycle, stress
values at node locations can be computed, if desired.

The model is to take into account muscle forces includ-
ing adduction forces as well as joint forces. Hence, all forces
and moments about a complete implanted prosthetic system are
to be taken into consideration.

In an effort to come as close as possible to actuality,
& three-dimensional model will be constructed. This way, mo-
ments in three directions can be properly simulated.

The complete model should be able to be executed in
order to analyze the stress distributions in the total systen,
including the femoral stem, the bone cement, cancellous bone,

and cortical bone, i1f the reader desires to do so.

-11-



ITT SYSTEM TO BE MODELED

The system to be analyzed contains cortical and
cancellous bone, bone cement to adhere the prosthesis to the
bone, and the femoral stem which is part of a total hip
prosthesis. Figure 3 shows the system in a two-dimensional
view for simplicity. The human femur used is from a study
performed by Koch (Ref. 11). Xoch used cross-sections at
intervals to demonstrate the actual views showing true size
and the regions of cortical bone and cancellous bone. These
cross-sections can be found in Appendix A.

The Koch study 1s one of the most detailed studies
done of the human femur. In an effort to avoid confusion,
the cross-section numbers specified are identical to the
labels Koch presented.

The cement used is of the acrylic type. The cross-
sectional thickness of the cement is held constant around
the femoral stem at 0.0197 inch (0.5mm); with the exception
at the distal end of the stem where a cement plug is formed
£illing up the region of the cancellous bone remaining in that
immediate area.

This cement is commonly used in orthopaedic procedures
requiring adhesion of bone to an implant. It is assumed that
no gaps or air bubbles are in the cement and that the material
properties of the cement are cohstant throughout. This is a

reasonable assumption.

-12-
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The dimensions of the femoral component with all of its

views 1s i1llustrated in Figure 4.

The component can be made of

either cobalt-chromium alloy or titanium - 6% AL - 4% V alloy.

The material properties of the two alloys and the acrylic

bone cement are usually commonly

erties of bone has encountered great debates.

no two people's bones are exactly alike.

agreed upon. The material prop-
One reason is that

Also, the properties

are not constant throughout the femur in either cancellous or

cortical bone.

Since the greatest region
greater trochanter, the material
be chosen for the average value
The remaining cancellous bone is
fluence the system greatly. The

is within the lower two-thirds of

within this region are fairly consistent (Ref. 11).

of cancellous bone is within the
properties of this region will
for all of the cancellous bone.
extremely soft and does not in-
greatest region of cortical bone
the system.

The properties

The re-

maining cortical bone is extremely thin and does not affect the

system to any great extent. Ther

efore, an average value will be

selected for all of the cortical bone using cortical bone prop-

ertlies in the lower two-thirds re

gion. Sih's (Ref. 6) study

seems to come closest to average values when compared to numer-

ous other studies.

The material properties ar

e as follows:

Acrylic bone cement -~ 300,150 PSI (Ref. 6)

Cortical bone
Cancellous bone
Cobalt-chromium alloy - 3
Titanium-6AL-4V alloy - 1

—

-1~

2,575,200 PSI (Ref. 6
47,067 PSI (Ref. 6)
0,200,000 PSI (Ref.

6,000,000 PSI (Ref.

—
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The desired model is to be fixed with a zero displacement
at all points on cross-section no. 36, except for the inner qement
region, which will have no preset limitations placed upon it.
This allows to ample displacement of the cement caused by the
possible compression from the tip of the stem.

A study performed by Paul (Ref. 12) represents a study
of the femur of all forces, including joint and muscle forées
complete with moments. This is a representation of all forces
throughout a walking cycle. A model that is constructed could
be, with respect to geometry, perfect in all regards, but with-
out all of the proper forces accounted for, the model is far less
than superior.

Even with the complexity of the calculations and mea-
surements, and the simplifying assumptions made on a analysis
of the femur, Paul's study appears to be the best for muscle
and ligament forces. There have been numerous studies in one
one-legged standing, but this assumes a planar-force system.

A study was performed by Rydell (1966) in which strain gages
were fitted to the femoral head prosthesis implanted in two
patients who had suffered fractures of the neck of the femur.
A problem with this study is that the walking speed was slower
than normal, (Ref. 12).

Paul measured photographically the three-dimensional
configuration of the leg segments during the walking cycle
in which the ground-to-foot force actions were measured by
a force-plate dynamometer. From these, the resultant forces
and moments transmitted between segments were calculated in

the same way as by Bresler and Frankel (1950), (Ref. 12).

-16-



This study is one that uses the knowledge of the phasic
activity of muscles and their anatomical location to aid in de-
termining the tension in relevant ligaments and muscles, includ-
ing adductors, and jJoint forces.

Force actions on the system of a walking subject is to
be used at four stages in the cycle; at four, nine, forty-one,
and fifty-two percent after heel strike. The forces and moments
fof each percentage is illustrated in Figures 4-7. Note that
the forces and moments use a three-dimensional component system.

Figure 8 shows a plot of the hip force against a per-
centage of a normal cycle of time. This plot is intended to
2id the reader in getting a better understanding of what a full
walking cycle actually is. The ordinate is a resultant force

representation and is only used for graphing purposes.

-17-



Figure 5.
Forces at 4% of
Walking Cycle
(Ref, 12)
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Figure 8.
Forces at 52% of
Walking Cycle
(Ref. 12)
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IV _IMPLANT MATERTALS

The following is offered to educate the reader, and

in support of the analysis of the two alloys chosen.

Sophistication of implants and prosthesis in recent

years has placed an increasing demand on the materials used.

A detailed analysis is necessary and could result in the suc-

cess of a design and the reduction of failures. TFor example,

problems of wear resistance could mean disaster for a ortho-

paedic implant.

followed.

A type list of constraining requirements‘could be

For this material analysis, these requirements can

be divided into three groups (Ref. 15 :

1.

a)

o)

The compatibility between material and the special
environment with which it has to co-exist.

The mechanical and physical properties necessary for
the desired function.

The relative ease of production and supply of the
required components.

In other words, it will be said that the material nust
not:

induce any undesirable and clinically significant
changes in the tissues or fluids of the body,
undergo significant changes in either mechanical,
physical or chemical properties during the period of
implantation such that the implant is unable to

function efficiently, and

_23-



¢) corrode or degrade such that the products of the
deterioration are liberated into the environment,
where they may induce local deleterious changes or
give rise to harmful systemic effects.

The outstanding specific mechanical and physical pro-
perties required for the "ideal" orthopaedic implant (Ref.16)
would be a high yield strength, a high tensile strength, good
ductility, and high fatigue strength.

To elaborate on the ease of production of the required
components, there must be economical methods available to
fabricate complex shapes on a mass production basis. Also,
the ability to impart appropriate surface finish to the fab-
ricated device, and the ability to achleve good dimensional
accuracy and consisbtency is important (Ref.16).

None of the materials currently in use in orthopaedic
implants meets all of these requirements. Thus, the choice
of the implant material becomes a matter of optimization, a
trading off between the physical, mechanical, and biochemical
properties of the various metals (Ref.16).

To date, cobalt-chromium alloys and titanium alloys
come closest to the "ideal" optimal material for reasons which
will be discussed in detail (Ref. 15, 17).

Perhaps the most suitable metallic material for use in
the human body is the cobalt-chromium-molybdenum alloy, usually
referred to as the cast cobalt-chromium alloy since it is con->
ventionally fabricated by casting. It is also described by

proprietary names such as Vitallium and Vinertia (Ref. 2).

-2~



Another type of cobalt-chromium alloy is the cobalt-chromium-
nickel-tungsten alloy, referred to as the wfought cobalt-
chromium alloy.

The outstanding property of a cobalt-chromium alloy
implant is its high degree of corrosion resistance and bio-
compatibility (Ref. 19).

Corrosion resistance would be included in the biochemical
properties of the metal. Corrosion of metallic implants im-
bedded in the human body may occur by the mechanism of a
protective film breakdown of the interface between the implant
and the saline solution that surrounds it. Inherently corrosion-
:resistant materials such as cobalt-chromium base alloys, develop
a protective oxide film through a process of surface oxidation
or passivation.

Actually, corrosion can be broken down into three sub-
topics: galvanic corrosion, crevice corrosion, and stress
corrosion. Galvanic corrosion is the most basic form of
corrosion affecting surgical implants. It occurs when two
dissimiliar metals immersed in the same conductive solution
set up a transfer of metallic ions. This transfer can also
occur in instances where there are slight variations in the
composition of the same material throughout a single implant.
Therefore, great care must be taken to assure the uniformity
of the metal processed.

Gaps and cracks between parts of a multicomponent im-

plant provide sites for crevice corrosion to take place.

-25-



When crevice corrosion commences, there is a depletion of
local oxygen which further accelerates the corrosion process.
The environment that the implant material is placed in, with
respect to the quantity of oxygen, is extremely hostile. This
can cause rapid breakdown of the passive protective surface
layer, leading to rapid corrosion. ‘The passive layers that
form over cobalt-chromium alloys tend to be much more stable
and therefore more resistant to breakdown.

Metal implants occgsionally may be subject to stress
corrosion, the result of the combination of mechanical stresses
and the corrosive environment in which the implant must exist.
Types of stress corrosion include: fretting (stress disrupts
the protective layer), stress cracking, and fatigue. Each
metal will react depending on the.implants environment and type
of use (Ref. 16).

Other biochemical properties which are directly related
to corrosion and are worthy of mention are local tissue re-
action, and systemic toxicity. Corrosion products from a
surgical implant may in certain instances cause local tissue
reaction, either in the form of fibrous tissue formation, or
occasionally an inflammatory cell reaction. Systemic toxity
can be caused by dissolved or corroded particles of certain
metals which may exist in trace amounts in impure ores used
in formulating the alloy. Cobalt-chromium alloys usually
produce no occurrences of tissue reaction or systemic toxicity.

When properly heat-treated following casting, implants
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of cobalt-chromium alloy demonstrate good mechanical pro-
perties. The reasonably high strength of the cobalt-based
alloys is basically due to the cobalt, itself a hard, strong
metallic element. Varlations in strength of the cast type

may be due to the grain size and carbide distribution variations.
The small amount of molybdenum reduces the grain size pro-

duced on casting and increases the strength accordingly (Ref.
16) The alloy is, however quite brittle and as more carbides
are produced with the increasing cafbon content, the alloy
becomes even more brittle.

The cobalt-chromium alloys possess excellent abrasion
resistance. These alloys are currently the superior choice
when a two pilece total joint replacement with both bearing
surfaces made of metallic materials is desired (Ref. 15.

It should be noted that the specific technique used
for the casting of cobalt-chromium alloys is that of invest-
ment casting, otherwise known as the lost-wax or precision
casting process. This method is used where high dimensional
accuracy or extremely intricate shapes are required.

Implants of wrought cobalt-chromium alloy lends itself
to fabrication of implants of simple shape with high length-to-
width ratio (i.e. pins, rods, wires). This alloy demonstrates
improved ductility, mechanical properties comparable to or
better than cast products, and good corrosion resistance. The
elastic modulas is the highest displayed by current metallic
implant materials (Ref.15).
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Both types of alloys have been approved by the American
Society for Testing and Materials for surgical implant ap-
plications, Cast cobalt-chromium-molybdenum alloy has the
designated specification ANSI/ASTM F 75. Wrought cobalt-
chromium-tungsten-nickel alloy has the designated specification
ANSI/ASTM F 90 (Ref.18).

Unalloyed titanium and titanium alloys possess re-
latively high corrosion resistance to the saline environment
of the body. This advantage for unalloyed titanium is offset
by the relatively low mechanical properties, including low
torsional strength and relatively low wear characteristics
that make it unsuitable for metal/metal bearing surfaces.
Furthermore, titanium possesses the lowest modulas of elasti-
city of all the major implant metals, hence, the finighed
product must be specially designed to provide the required
stiffness. Titanium also has caused tissue pigmentation.

An alloy of titanium, 6% aluminum and 4% vanadium
(Ti-6A1-4Va), shows improved torsiocal strength and wear
characteristics compared to unalloyed titanium. The mech-
anical properties of this alloy can further be enhanced by
heat treatment. Because of the previously stated facts,
further discussion will only be presented on the titanium
alloy, Ti-6A1-4Va.

Ti-6A1-4Va alloy éan give wear rates equivalent to
cobalt alloys. No significant differences were found between

these alloys when, with finished passivated surfaces, they
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FIGURE 10
COMPARATIVE PHYSICAL AND MECHANICAL PROPERTIES
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were abraded against machined ultrahigh molecular weight high
density polyethylene. Accordingly, titanium alloy bearing
surface total hip prosthesis are commercially available (Ref.
19).

The corrosion resistance of the Ti-6A1-4Va alloy is
excellent. Titanium is one of the most corrosion resistant
engineering materials, being virtually uncorrodable in near
neutral solutions, especially those containing the chloride
ion, which affects most metals and alloys. Alsoc of great
significance is the fact that many titanium alloys display
similiar corrosion resistance to the pure metal.

Fretting corrosion of the titanium alloy does not
occur too readily. Reformation of the oxide film is extremely
rapid and gross corrosion does not occur. It is possible how-
ever for small amounts of loose oxide to be released in the
surrounding area.

With respect to galvanic corrosion, titanium has a
higher potential than other commonly used implant materials
and does not, therefore, suffer accelerated attack. There is
the possibility of attack on the other metals when in contact
with a titanium alloy. For this reason it has been customary
to avoid dissimilar metal contact in surgery. However, in
recent years, it has been realized that the increases in cor-
rosion rate on coupling some metals is so slight that it does
not create any specific problems, and it may be possible to
couple two passive metals together. It is clear, for example,

that titanium alloys may be coupled to cobalt-chromium alloys
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Element
hydroggn
carbon
oxygen
nitrogen
aluminum
silicon
titanium
vanadium
chromium
manganese
iron
cobalt
nickel
molybdenum

tungsten

TABLE 1

—_—

COMPOSITION OF IMPLANT ALLOYS

Cast Wrought Titanium
Co-Cr Alloy Co~Cr Alloy 6GA1-U4Va
- - 0.0125
0.35 max. .05-.15 0.08
- - 0.13
- - 0.05
- - 5.5-6.5
1 max. - -
- - remainder
- - 3.5-k4.5
27.0-30.0 19,0-21.0 -
1 max. 2 max. -
0.75 max. 3 max. 0.25
remainder remainder -
2.5 max. 9.0-11.0 -
5.0-7.0 - -
- 14.0-16.0 -

All values are given in percentages.

CReF. 15)

31



without risk of significantly accelerated corroéion with
both metals remaining passive (Ref. 19).

Even though titanium alloys are susceptible in a number
of environments to stress corrosion, as of yet there do not
appear to be any reports of this type of failure in surgical
implants, but this must remain a possibility.

Inspite of the extensive clinical use of titanium
and its alloys, there are few detailed reports of the titanium-
tissue interaction. It is generally concluded that Ti-6A1-4Va
is extremely well tolerated by the local tissues.

It has been strongly suggested that some patients may
be allergic to some implant mefals. There is strong evidence
that loosening of the total hip prosthesis may be initiated
by a hypersensitivity reaction to the implant, indicating that
metal sensitivity may be an important factor in bilocompatibility.
However, all the recorded cases relate to stainless steel or
éobalt—chromium alloys, which are known sensitisers in relation
to skin. There is no evidence to suggest that titanium can
be a sensitiser or that it causes such hypersensitivity effects,
and indeed this metal should be preferred should a patient be
suspected of being sensitive to metals.

Titanium appears to have a very low toxicity and is well
tolerated by the human body. Like titanium, aluminum occurs
in only very low concentrations, with no evidence that it is
an essential trace element. Toxicity arising from ingested
aluminum is low. Vanadium, on the other hand, is an essential
trace element being/implicated in the mineraligzation of bones

and teeth. It is not regarded as a particular toxic element (Ref. 19),
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In situations where the metal articulates against
cartilage or bone, the precise wear characteristics of the
prosthetic material have not been considered too important,
even though some wear does take place. The low specific
gravity of titanium has been an advantage, and many prefer
the lighter prosthesis. Other advantages to many of the major
implant materials are the resistance to fretting corrosion
and the superior resistance to corrosion fatigue.

An important advantage that the titanium alloy has
compared with the cobalt-chromium alloys is that the material
is substantially less rigid. With respect to a femoral stem,
the increased flexibility’results in lower stem loading re-
ducing stem stresses, and a higher loading of the bone, re-
ducing anthropy (Ref.20).

The titanium, 6% Al, 4% Va extra-low interstitial alloy
annealed has been approved by the American Society for Testing
and Materials for surgical implant applications. The alloy has

the designated specification ANSI/ASTM F 136 (Ref.18).
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V_ANSYS AND STIF45 ELEMENT MODULE

The ANSYS computer program is a large-scale, general
purpose computer program for the solution of several classes
of engineering analysis. Analysis capabilities include static
and dynamic, elastic, plastic, creep, and swelling, puckling;
small and large deflections; steady state and transient heat
transfer, fluid and current flow.

The matrix displacement method of analysis based upon
finite element idealization is employed throughout the pro-
gram. Loading on the structure may be forces, displacements,
pressures, temperatures or arbitrary functions of time for
linear and nonlinear dynamic analysis.

The ANSYS program uses the wave-front direct solution
method for the system of simultaneous linear equationé developed
by the matrix displacement method, with no limit on the number
of elements used in an analysis (Ref.21).

The input data for the ANSYS program incorporates a
preprocess or (PREP 7) which contains powerful mesh generabtion
capabilities. PREP 7 prepafes all data necessary for the
solution. The total generation is done with results stored
on various files. The PREP 7 routine consists of several
modules with each module performing a different operation
and containing a unique set of commands.

The element used to construct the model is STIF45
which is three-dimensional. The element is defined by

eight nodal points having three degrees of freedom at each

-34-



node with translations in the nodal X, Y, and Z direction.
Orthotropic material properties correspond to the element
coordinate direction.

The element theory is based upon a formulation which
includes incompatible displacement shape, as described in
Ref.22. A 3x3i3 lattice of integration points is used with
the numerical (Gaussian) integration procedure. When the
stiffness matrix is formed with shape functions, the shape
functions are as follows (Ref.23):

4=1/8(Uz(1-8) (1-%) (1-7)

+Us(1+s8) (1-%) (1-7)

+Ug (148) (1+t) (1-1)

+UL(1-8) (14+t) (1-7)

+UM(1-8) (1-t) (1+7)

+U(1+s) (1-t) (1+r)

+Ug(1+8) (1+s8) (1+7)

+Up (1-8) (1+s) (1+7))

Where U; is typical displacement at node i, U is the
total typical displacement, and r,s, and t are locations of

nodes within the generated local coordinate system.
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VI FORMULATION OF MODEL

The system described in Chapter III was formulated
with the use of commands found in the Users Manual (Ref.21).
Basically ten nodes are placed thirty-six degrees apart at
each of the cross-sectional interfaces. There is a maximum of
four interfaces; implant stem to cement, cement to cancellous
bone, cancellous bone to cortical bone, and cortical bone to
the system surrounding environment. Obviously, where a cross-
section contains no cancellous bone, only three interfaces
are used. This ten node interface relationship is used from
the bottom of the stem to the uppermost portion of the femur.

Between every two cross-sectional planes, thirty elements
were constructed if no cancellous bone is present. If can-
cellous bone is present, forty elements are used, ten for
construéting the region of cancellous bone.

Random elements are constructed in the region of the
greater trochanter, and, in the region of the neck and ball
of the prosthesis, the coordinate system is rotated in an effort
to create symmetry for element generations.

For every element, the module used, STIFA5, had to be
specified with the material reference number.

After the complete model is specified, forces are
applied to certain nodes, and material properties are entered.

Since, for this model, the bottom most cross-sectional

area is fixed, the displacement of all nodes at that cross-
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section, nodes 1 to 30, is set to zero, leaving the inner
cement region with no limitations.

The following is a explanation of the method used to
generate nodes 1 to 30:

1. It is desired to have ten nodes, 36° apart, at
each interface. 1In cross-section no. 36, there are three
interfaces, stem to cement, cement to cortical bone, and
cortical bone to the environment.

2. Since the stem at this cross-section is ecircular,
and since. the axis of the model goes thru its center, cylin-
drical geometry is established about the axis. Therefore,
the coordinate system is set to handle cylindrical coordi-
nates having the origin in the center of the stem at this

cross-section. The command for coordinate system is described

as follows:
CSYS,KCN

ACTIVATES AN ALREADY DEFINED COORDINATE SYSTEM
KCN - NUMBER OF COORDINATE SYSTEM TO BE ACTIVATED
0O - GLOBAL CARTESIAN

1 - CYLINDRICAL
2 - SPHERICAL

N - REFERENCE NUMBER OF USER DEFINED SYSTEM

The command entered is:

CSYS,1

3. The first node is desired to be set at the 0°
and at half the diameter of the stem or 0.2375 inch. The

command for nodal placement is described as follows:.
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N,NODE,X,Y,Z,THXY,THYZ, THXZ
DEFINES A NODE IN THE CURRENT COORDINATE SYSTEM

NODE - NODE NUMBER TO BE ASSIGNED

X,¥,Z - NODE LOCATION IN THE CURRENTLY ACTIVE COORDINATE
SYSTEM (R,THETA,Z FOR CYLINDRICAL,R,THETA,PHT
FOR SPHERICAL OR TOROIDAL)

THXY, - ©NODAL COORDINATE ROTATION ANGLES

THYZ,

THXZ

Recalling the cylindrical system which uses R as the

radius., Theta as the angle, and Z, which in this model,

is the vertical displacement from the origin. Therefore,

for node 1, the command entered is:

N,1,.2375,0,0

he Since, at this cross-section, the stem is a circle,

all ten nodes will have the same radius and Z location with

only Theta changing. To have ten nodes in a 360° circle,

each node must be 36° apart. The command for the generation

of these nodes‘is described as follows:

NGEN, ITIME, INC,NODE1,NODER,NINC,DX,DY,DZ, SPACE
GENERATES ADDITIONAL NODES FROM A GIVEN PATTERN

ITIME, -~ DO THIS GENERATION OPERATION A TOTAL OF ITIME,

INC - INCREMENTING ALL NODES IN THE GIVEN PATTERN BY INC
EACH TIME (INC DEFAULTS TO 0)

NODE1, - BEGINNING AND ENDING NODE NUMBERS DEFINING THE

NODEZR PATTERN TO BE REPEATED (NODE2 DEFAULTS TO NODE1)

NINC -~ INCLUDE ALL NODES FROM NODE1 TO NODEZ IN STEPS
OF NINC (DEFAULTS TO 1)
bX,DY¥, - NODE LOCATION INCREMENTS IN THE CURRENTLY ACTIVE
DZ COORDINATE SYSTEM (DR,DTHETA,DZ FOR CYLINDRICAL,
DR,DTHETA,DPHI, FOR SPHERICAL OR TOROIDAL)
SPACE - SCALE GENERATED NODE PATTERN BY THIS VALUE BEFORE

APPLYING NODE LOCATION INCREMENTS (DEFAULT IS 1)
The command entered is:
NGEN,10,1,1,1,1,0,36,0

Nodes 1 to 10 are now generated.
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5. The cement to bone interface nodes are symmetrical
about the axis of the cement to stem interface with only the
radius changing. The cement thickness is 0.0197 inch. To
generate the nodes at this interface,‘the command entered is:

NGEN,2,10,1,10,1,.0197,0,0

Nodes 11 to 20 are generated.

6. The cortical bone to the environment interface nodes
are also symmetrical about the axis of the cement to stem
interface with only the radius changing. The difference be-
tween the radius of the stem and the radius of the bone is
0.3625 inch. To generate the nodes at this interface, the
command entered is:

NGEN,2,20,1,10,1,.3625,0,0

At this point in the program, nodes 1 to 30 are
generated. Next the nodes are generated for the cross-sections
remaining., Recalling the system to be modeled, symmetry about
the axis is not possible for most of the cross-gections.

When all nodes are completed, elements are entered using

the following two commands:
E,I1,J,X,L,M,N,O,P

DEFINES  ELEMENT CONNEGTIVITY

1,7,K, - NUMBER ASSIGNED TO NODE 1 (FIRST -NODE), J
L,M,N, (SECOND NODE), ETC.
0,P

EGEN, ITIME, INC,IELY, IELR, IEINC,
GENERATES ADDITIONAL ELEMENTS

ITIME, - DO THIS GENERATION OPERATION A TOTAL OF ITIME,
INC INCREMENTING ALL NODES IN THE GIVEN PATTERN
BY INC. INC DEFAULTS TO 1 )
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- IEL1, - BEGINNING AND ENDING ELEMENT NUMBERS DEFINING

IELZ, THE PATTERN TO BE REPEATED., INCLUDE ALL ELEMENTS

IEINC FROM IEL1 TO IEL2 IN STEPS OF IEINC. TIELR2

DEFAULTS TO IEL1. TIEINC DEFAULTS TO 1.
IF IEL1 IS NEGATIVE, USE THE PREVIOUS (-IEL1)
ELEMENTS AS THE PATTERN TO BE REPEATED.

To generate the nodes and elements in the greater
trochanter, and the neck and ball of the prosthesis, a local
coordinate system was desired so there could be a change in
the origin and central axis. The following command is used:

LOCAL,XCN,XCS,XC,YC,z2C,THXY,THYZ,THXZ,PARAM

DEFINES A LOCAL COORDINATE SYSTEM (ALTERNATE)

KCN - ARBITRARY NUMBER ASSIGNED TO THIS COORDINATE
SYSTEM. MUST BE GREATER THAN 10 (MAX. 40)
KCS - COORDINATE SYSTEM TYPE
0 - CARTESIAN
1 - CYLINDRICAL
2 - SPHERICAL
3 - TOROIDAL
XC, - GLOBAL CARTESIAN COORDINATES OF THE ORIGIN
YC, OF THIS COORDINATE SYSTEM
zGC
THXY, - ROTATION ANGLES OF THIS LOCAL
THYZ, COORDINATE SYSTEM RELATIVE TO THE
THXZ GLOBAL CARTESIAN COORDINATE SYSTEM
PARAM - PARAMETER FOR TEIS COORDINATE SYSTEM TYPE

To get the desired zero displacement at Nodes 1 to 30
so the model will have a fixed end, the command used is des-
cribed as follows:

D,NODE, LAB,DISP,CDISP,NEND,NINC,LABR,...LABSG

SPECIFIED DISPLACEMENTS

NODE - NODE NUMBER AT WHICH DISPLACEMENT IS TO BE SPECIFIED
LAB - DISPLACEMENT DIRECTION OR DEGREE OF FREEDOM
(VALID LABELS ARE ALL,UX,UY,UZ,ROTX,ROTY,ROTZ.
LAB=ALL IS USED TO SPECIFY DISPL. AT ALL VALID
DEGREES OF FREEDOM FOR THE SELECTED ELEMENT TYPES.
DISP - VALUE OF DISPLACEMENT
CDISP - TIMAGINARY PART OF DISPLACEMENT VALUE (KAN=6 ONLY)
NEND, - TUSED TO NAME ADDITIONAL NODES WHERE SAME DISPL.
NINC IS SPECIFIED. DISPL. SPECIFIED FROM NODE TO NEND

WITH NODE INCREMENTS OF NINC
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LAB2 -
TO LAB6

The command entered is:

b,1,ALL,0,0,30,1,0

OTHER LABELS AT WHICH SAME DISPLACEMENT IS SPECIFIED

The material properties of each element are set prior

to the construction of the
specific reference number.

material:

Material

Material

Material

Material 5 =

The forces at the four
use the following command:

F,NODE, LAB,FORCE

element with each material given a

The following identifies each

arylic cement
300,150 PSI

cortical bone
2,575,200 PSI

cancellous bone
47,067 PSI

cobalt-chromium alloy
30,200,000 PSI

or -
titanium-6AL-4V alloy
16,000,000 PSI

percentages of the walking cycle

SPECIFIED FORCE AT DEGREES OF FREEDOM

LAB -

FORCE - FORCE OR MOMENT

DIRECTION OF FORCE VALID LABELS ARE
FX,¥Y,¥F7Z,MX, MY,

MZ
VALUE

At four percent of the walking cycle, the commands entered

are:

F,3011,FX,10
F,3011,FY,222
F,3011, FZ, 680
F,3011,MY,-280
F,3011 MX, 1370
F, 97
F, 91
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At nine percent of the walking cycle, the commands
entered are:

F,3011,FX,145
F,3011,FY,-119
F,3011,FZ,-585
F,3011,MX, -640
F,3011,MY,318
¥,3011,MZ,-73
F,911,FX,101

F,911,F2,549

At forty-one percent of the walking cycle, the commands
entered are:

F)3011’FX,"180
F,3011,FY,-455
¥,3011,FZ2,-738
¥,3011,MX,590
F,3011,MY, 490
F,3011,MZ,90
F,911,FX, 140
F,911,FZ,243
F,140,FX,167
F,140,FZ7, 460

At fifty-two percent of the walking cycle, the commands

entered are:

F,3011,FX, 370
¥,3011,FY, -857
¥,3011,F2,-178
F,3011,MX, 830
F,3011,MY,60
¥,3011,MZ,-100
F,911,FX,10
F,911,FZ,18
F,140,FY,270
F,140,FZ, 468

Only the major commands have been detailed. For further
information on many of the minor commands and the commands for
plotting, filing data, checking, and execution, the reader

should consult the ANSYS users manual, Ref. 29.
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I THE MODEL

The following pages represent the computer graphics
display of the model, viewing at fifty element intervals with
the last figures showing the total model with all elements
and nodes. Note that the proper scaling factors are docu-
mented on the figures. At the top of each figure is a de-
tailed description of what is shown. Note that cross-section
is denoted as C.S. where the specific cross-section number is
displayed in Figure 3, as is the material regions.

In Appendix C is the Table of Nodes and the Table of

Elements. With this, the exact model can be reproduced.
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Elements 1 to 30, cement between
C.8.24 and 36

Elements 31 to 50, cortical bone
: C.8.28 and 36
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Figure 14.

Elements 1 to 50
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Elements 51-60, cdortical bone between
C.8.24 and 28
Flements 61-100, cement between
C.5.24 and 14
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Figure 15.
Elements 51-100
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Elements 101 to 120, cement between
C.8.14 and 10

Elements 121 to 150, ¢ancellous bone between
Cs8.28 and 18

AMSYS
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Figure 16

Elements 101 to 150
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Elements 151 to 180, cancellous bone .
between €.8.18 and 12
Elements 1871 to 200, cortical bone
between C.8.28 and 20
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Figure 17.
Elements 151-200
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Element; 207 to 240, &ortical bone between

C.S5.20 and 12
Elements 2471 to 250, c¢ement between

C.8.70 and neck of

Elements 201 to 250
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Elements 251 to 300, &tem between

C.8.32 and 16
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Figure 19.
Elements 251 to 300
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Elements 301 to 340,

Elements 341 to 350,

tip

stem between
C.e$.16 and neck
of prosthesis
stem between
C.8.32 and stem
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Figure 20.
Elements 301 to 350
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Elements 351 to 360, cement between
C.5.36 and stem
tip

Elements 361 to 395, remaining cortical bone
beneath neck to the
greater trochanter

o - - ANSYS
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Figure 21.
Elements 351 to 395
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A graphic representation of all
Elements from 1 to 400
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Figure 22.
Elements 1 to 400
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Elements 403 to A42, ball and neck of
prosthesis
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Figure 23.
Elements 403 to 450
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The complete model with all elements
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Figure 24
Elements 1 to 442
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VITT DISCUSSION OF COMPUTER EXECUTION

Due to limited storage space available, the model could
not be fully executed, demonstrating the fact that a model of
such detail requires large amounts of space for execution.

The execution used up the maximum allocated space of
13,000 blocks, where one block equals 512 bytes. Swanson
Analysis, creators of ANSYS, commented that the full execution
would take, at‘least, double that amount. It must be stressed
that the model did not fail or could not run because of errors.

Proof of no errors can be found in Appendix B where the
print out shows that the model went through the check module
and responds with "no fatal errors". This does not ascertain
accurate correct answers, but it does ascertain a solution can
be executed. Numerous efforts were made to try reducing the
number of nodes and elements with the risk of destroying the
accuracy of the model, but the efforts did not succeed.

Unfortunately, the solution phase, when storage space
was exceeded, aborted the execution. The solution phase is
also the final phase of using the computer program. There-
fore, the solution phase shows the results of all previous
work. In this case, all previous work was done, yet the results
of the modeling could not be seen. It should be noted that
execution was tried interactively and batch.

Since the author‘is confident of the program and model,
the reader who wishes to execute the solution phase should have

no problem on a computer system where more space is available.
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(To New Jersey Institute of Technology computer users -
exceeded space caused by limitations was encountered on VAX
System A. There are many users on this system; thérefore,
more space was impossible to allocate. It should be noted
that the average VAX user 1s only allocated 2,000 blocks.
Numerous efforts were attempted using enormous amounts of
time to execute the program on VAX System B. This proved
to be a failure since VAX System B does not have a disc reader.
Links between systems was attempted but inaccurate and in-

consistent information and data was transmitted.)
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IX SUMMARY

A complete geometric finite element, three-dimensional
model of a femoral stem in a total hip prosthesis has been
generated.

The ANSYS Finite Element Program is used in the
generation of this system involving cortical and cancellous
bone, arcylic bbne cement, and either cobalt-chromium or
titanium - 6% Al - 4% Va - alloys.

To construct the model, various studies were incorporated.
Koch's study (Ref. 11) is used for cortical and cancellous bone
geometry. Paul's study (Ref. 12) is used for the joint, muscle,
and ligament forces actions. Exact nodal locations, element
descriptions, and load inputs are presented i1f the reader

desires to execute the model to produce stress values.
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APPENDIX A

The following figures are the actual, true size,
cross-sectional views of the human femur used. Note that the
cross-sections are perverted to the view of the cross-sections

in Figure 3.
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APPENDIX B

Theifollowing pages represent computer printouts. The
first figure proves the execution of the check module showing
that no fatal errors were found. Following that the message
of full disc space is illustrated also showing the typical

ANSYS warning message displayed at time of execution.
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APPENDIX C

The following pages represent the complete geometric
model. The Table of Nodes show the X, Y, and 7Z components
of all the nodes. The next table is of the elements. Shown
is the element number, the material reference number for each

element, and the eight nodes that construct the element.
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NODE

o W 0 3 o U WP

TABLE 2

LIST OF NODES

X
23750
19214
73392E-01
73392E~01
19214
23750
19214
73392E-01
73392E-01
19214
25720
20808
79479E-01
794 T79E-01
20808
25720
20808
794 T9E-01
794 79E-01
20808
60000
48541
18541
18541

-69-

b
00000E+00
13960
22588
22588
13960
414528-05
13960
22588
22588
13960
00000E+00
15118
24461
24461

15118

44890E-05
15118
24461
24461
15118
O0000E+00
35267
57063
5706%

o O O O O o o o o o o o o o o o
*

L] L ) ® L] ®

L 3 L *

o
® . ° N

L

*

o O o o o o O
L

L]

z
OO000E+00
0O00O0E+00
00000E+00
00000E+00
0O00OE+00
00000E+00
00000E+00
00000E+00
0O000E+00
OOO0OE+00
OOO00E+00
00000E+00
0OO0OE+00
0O000E+00
00000E+00
00000E+00 -
OO000E+00
O0000E+00
0000OE+00
00000E+00
00000E+00
00000E+00
00000E+00
O0000E+00



NODE
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48

TABLE 2 (Con't)

LIST OF NODES

X
48541
60000
48541
18541
18541
48541
23750
19214
73392E-01
73392E-01
19214
23750
19214
73392E-01
T3%92E-01
19214
25720
20808
79479E-01
79479E-01
20808
25720
20808

194 19E~01

Y
35267
10472804
35267
57063
57063
35267
00000E+00
13960
22588
22588
13960
41452805
13960
22588
22588
13960
00000E+00
15118
24461
24461
15118
448908-05
15118

24461

o O O O O ©
[ 3

7
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
0000 |
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000



NODE
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
i
72

TABLE 2 (Con't)

LIST OF NODES

X

79479E-01
20808
60000
48541
18541
18541
48541
60000
48541
18541

18541

48541
23750
19214
733292E-01
73392E~01
19214
23750
19214
73392E~01
73392E~-01
19214
25720
20808

-7 -

Y

24461
15118

- OOO0QE+00

35267
57063
57063
35267
104 72E~04

35267

57063
57063
35267
O0000E+00
13960
22588
22588
13360
41452E=-05
13960
22588
22588
12960
OOOOOE+600
15118

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000



NODE
73
T4
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

TABLE 2 (Con't)

LIST OF NODES

X

79479E-01
79479E-01
20808
25720
20808
79479E-01
79479E-01
20808
60000
48541
18541
18541
48541
60000
48541
18541
18541
48541
23750
19214
73392E-01
733928-01
19214
23750

Y
24461
24461
15118
44890E~05
15118
24461
24461
15118
0O0000E+00
35267
57063
57063
35267
104728-04
35267
57063
57063
35267
00000E+00
13960
22588
22588
13960

41452E~05

N N ro N no no no no N
L]

* L] L ]

N W W W N
. ° ® . )

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000



NODE
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
13
114
115
116
117
118
119
120

TABLE 2 (Con't)
LIST OF NODES

£ I
19214 -0, 13960
73392E~-01 -0, 22588
73392E-01 -0, 22588 .
19214 -0, 13960
25720 0. O0000E+00
20808 0. 15118
794 79E-01 0. 24461
794 79E~01 0, 24461
20808 0. 15118
25720 0. 44890E-05
20808 -0, 15118
794 79E~-01 -0, 24461
794 79E-01 -0, 24461
20808 -0. 15118
60000 0. 0Q0000E+00
48541 0. 35267
18541 0. 57063
18541 0. 57063
48541 0. 35267
60000 0. 10472E-04
48541 -0, 35267
18541 -0, 57063
18541 -0, 57063
48541 -0, 35267

5
3
3,
3.
3.
5
3.
3.

3.
3.
3.
3.
3.
3
3.
5,
3.
3
5
3
3.
3.
3

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000



NODE
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

141

142
143
144

TARLE 2 (Con't)

LIST OF NODES

X
27690
22402
8556 7TE-01
8556 7E-01
22402
27690
22402
8556 TE-01
8556 7E-01
22402
23750
19214
73392E-01
73392E-01
19214
23750
19214
73392E~01
73392E-01
19214
25720
20808
794'719E-01

79479E-01

Y
00000E+00
16276
26335
26335
16276
48328E-05
16276
26335
26335
16276
O0000E+Q0
13960
22588
22588
13960
41452E-05
13960
22588
22588
13960
00000E+00
15118
24461

24461

3.
3.
5.

Se
3.
3.
5
3.
5.
S

3
5
3.
3.
3.
3.
3.
3.
5.
3.
3
3.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500



NODE
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

TABLE 2

(Con't)

LIST OF NODES

b
20808
25720
20808
79479E~01
79479E-01
20808
60000
48541
18541
18541
48541
60000
48541
18541
18541
48541
40000
32361
12361
12361
32361
40000
32361

12361

Y
15118
44890E-05
15118
24461
244061
15118
00000E+00
35267
57063
57063
35267
10472E~04
35267
57063
57063
35267
00000E+00
2%511
38042
38042
23511
69813E=05
23511
38042

3
3.
3.
3
3.
3.
3.
bR
3.
3.
Se
5.
3
3.
3.
3.

3
3.
3.
bR
5.
5.

3.

7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500
7500

7500



NODE
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

TABLE 2

(Con't)

LIST OF NODES

X
12361
52361
35000
26698
80344E-01
74164E-01
19416
24000
19416
74164E~01
80344E~-01
26698
36970
28291
86432E-01
80252E~01
21010
25970
21010
80252E-01
86432E~01
28291
58000

56631

- -T76-

Y
38042
23511
00000E+00
19397
24727
22825
14107
41888E-05
14107
22825
24727
19397
00000E+00
20555
26601
24699
15265
45326E-05
15265
24699
26601
20555
00000E +00

41145

7500
7500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500



NOTE
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

215
216

TABLE 2 (Con't)

LIST OF NODES

X
20086
19468
56631
75000
60676
19777
18541
48541
38000

40451

13906
13288
40451
55000
44496
13597
12361
32361
50000
32361
83435E-01
75709E-01

19821
24500

Y

61819
59917
41145
13090E-04
44084
60868
57063
35267
OO000E+Q0
29389
42798
40895
29389
95993E~05
32328
41846
38042
23511
00O000E+00
23511
25679
23301

14401

427618B~05

5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
0600
0600
0600
0600

0600
0600



_NODE
217
218
219
220
221
222
223
224
225
226
227
228
229
230

231

232
233
234
235
236
237
238
239
240

TABLE 2 (Con't)

LIST OF NODES

X
19821
75709E-01
83435E-01
32361
51970
32954
89522E-01
81797E-01
21415
26470
21415
81797E-01
89522F~-01
33954
70000
66339
24721
22249
66339
94000
68766
20086
18541

55013

-78-

X
14401
23301

25679

- 23511

00000E+00
24669
21552
25174
15559
46199E-05
15559
25174
277552
24669
00000E+00
48198
76085
68476
48198
16406E-04
49962
61819
57063
39969

5
5.
5.
5.
e
De
5.
5.
5.
e
5.
5.
5e
e
5.
5
5e
56
5e
5.
5.
5e
5.
5.

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
0600



NODE
241
242
243
244
245
246
247
248
249
250
251
252
253
254

255 |

256
257
258
259
260
261
262
263
264

TABLE 2 (Con't)

LIST OF NODES

X
60000
58249
21631
19159
58249
84000
60676
16996
15451
46923
68000
57215
84980E-01
77254E~01
20225
25000
20225
77254E-01
84980E~01
37215
69970
38809
91067E~01
83342E~01

Y
00000E+00
42321
66574
58966
42321
14661E-04
44084
52308
47553
34092
00000E+00
27038
26154
23716
14695
43633E=05
14695
23776
26154
27038
OO000E+00

128196

28028
25650

5.
5.
5e
5.
5.
5.
5.
5.
5.
5.

5,

5.
5.
5.
5e
5e
e
5.

5e
5.
5.
5e
5e

0600
0600
0600
0600
0600
0600
0600
0600
0600
0600
4000
4600
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000



NODE
265
266
267
268
269
270
271
272
273
274
275
276
277
2178
279
280
281
282
283
284
285

286

287
288

TABLE 2 (Con't)

LIST OF NODES

X
21819
26970
21819
83342E-01
91067E=01
38809
80000
64721
24721
22249
67957
95000
68766
20086
18541
53395
72000
57440
21940
19468
60676
86000
61485

17305

-80-

Y
15853
47072E-05
15853
25650
28028
28196
00000E+00
47023
76085
68476
49374
16581E-04
49962
61819
57063
38794
00000E+00
41753
67525
59917
44084
15010E-04
14672
53259

5e
5.
5.
5e
5.
5.
5
54
5.
5e
S5
5.
5e
s
5.
5.
5.
5.
5.
5.
5.

5.
5.

4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000



TABLE 2 (Con't)

LIST OF NODES

NODE X Y z
289 0. 15760 -0, 48504 5. 4000
290 0. 46114 0. 33504 5. 4000
291 0. 93000 0. 00000E+00 5. 7000
292 0. 33979 0. 24687 6. 0000
293 0. 86525E-01 0. 26630 6. 0500
294 ~0. 78799E~01 0. 24252 6. 1600
295 -0, 20630 0. 14989 6. 2000
296 -0, 25500 0, 44506E-05 6., 2500
297 -0, 20630 -0, 14989 6. 2000
298 ~0. 78799E-01 0, 24252 6. 1600
299 0. 86525E-01 -0, 26630 6. 0500
300 0. 33979 ~0. 24687 6. 0000
301 0. 94970 0. OOO00E+00 5, 7000
302 0. 35572 0. 25845 6. 0000
303 0. 92612E-01 0. 28503 6. 0500
304 -0, 8488TE-01 0. 26126 6. 1600
305 -0, 22224 0. 16146 6. 2000
306 ~0. 27470 0. 47944E-05 6. 2500
307 -0, 22224 -0, 16146 6. 2000
308 ~0. 84887E-01 -0, 26126 6. 1600
309 0. 92612E~01 ~0. 28503 6. 0500
310 0. 35572 -0, 25845 6. 0000
311 1. 1500 0. 00000E+00 5. 9000
312 0. 88992 0. 64656 5, 8200



NODE
313
314
315
316
317
318
319
320
321
322
323
324
325
326
3217
328
329
330
331
332
333
334
335
336

TABLE 2 (Con't)

LIST OF NODES

X

20395 0.
24721 0.
80902 0.
. 0600 0.
74430 -0,
23176 -0,
21631 -0,
76857 -0,
. 0300 0.
82520 0.
17923 0.
22249 0.
74430 0.
98000 0.
67957 -0,
20704 -0.
19159 -0,
70384 -0.
. 1500 0.
36406 0.
88070E-01 0.
80344E-01 0.
21034 0.
26000 0.

-82-

Y
62770
76085
58779
18500E~04
54076
71329
66574
55840
00000E+00
59954
55161
68476
54076
17104E-04
49374
63721
58966
51137
0000OE+00
26450
27105
24727
15282

45379E-05

U o (o)} N (¢ )Y N O [9)Y
*

3000
2600
4800
6500
4800
2600
3000
8200
6400
8200
3000
2600
4800
6500
4800
2600
3000
8200
9000
0000
3000
5000
5400
6400



NODE
337
338
339
340
341
342
343
544
345
546
547
348
549
350

351
352
353
354
355
356
357
358
359
360

TABLE 2 (Con't)

LIST OF NODES

X
21034
80344E-01
88070E-01
36406

. 1697
38000
94157E-01
86432E-01
22628
27970
22628
86432E~01
94157E-01
38000

« 3000
80902
22249
26266
66339
96000
68766
21940
23176

75239

-§3-

Y
15282
24727
27105
26450
00000E+00
27608
28979
26601
16440
48817E-05
16440
26601
28979
27608
00000E+00
58779
68476
80840
48198
16755E-04
49962
67525
71329
54664

A N o) T ) T 2 R < W « A W < A W = A W ) WY o A WY o A U o ) WY © ) ERNR ¥ ) B ) WY o))
.

o Oy
@ .

> L J * * L - -

O O O O
. . . . °

5400
5000
3000
0000
9000
0000
3000
5000
5400
6400
5400
5000
3000
0000
7800
0000
3000
6200
9500
0600
9500
6200
3000
0000



NODE
361
362
363
364
365
366
367
368
369
370
371
572
373
574
375
376
377
378
379
380
381
382
383
384

1
O.
0.

X
. 2400
76048
20395
24412
61485
90000
63912
20086
21322
70384
. 1100
96199
78243
59363
38891
38000
38891
58707
18245
96199
. 1297
98133
80056

61034

TABLE 2 (Con't)

LIST OF NODES

¥
O0000E+00
55252
62770
75133
44672
15708E~04
46435
61819
65623
51137
00000E+00
18699
33212
37094
38891
00000E-+00
38891
38125
33212
18699
00000E+00
19075
33982
38138

84"

N N
- .

>

- > °*

o o [e)) (o)) [o) N (o) o o (o)
L ]

oN [e)
. .

7800
0000
3000
6200
9500
0600
9500
6200
3000
0000
1800
2500
3500
4500
5500
6500
5500
4500
3500
2500
1800
2500
3500
4500



TABLE 2 (Con't)

LIST OF NODES

NODE X b4 z
385 0, 40284 0, 40284 6. 5500
386 0. 37800 0. 00000E+00 6. 5500
387 0. 40284 -0, 40284 6. 5500
3688 0. 60359 ~0. 39198 6. 4500
389 0. 80056 -0, 33982 6. 3500
390 0. 98133 ~0. 19075 6. 2500
400 0. 00000E+00 0. 00000E+00 1. 0000
401 0. 00000E+00 0. 00000E+00 1. 0000
402 0. 00000E+00 0. 00000E+00 1. 0000
103 0. 00000E+00 0. 00000E+00 1. 0000
404 0. 00000E+00 0. 0O000E+00 1. 0000
405 0. 00000E+00 0. 00000E+00 1. 0000
406 0. 00000E+00 0. 00000E+00 1. 0000
407 0. 00000E+00 0. 00000E+00 1. 0000
408 0. 00000E+00 0. 00000E+00 1. 0000
409 0. 00000E+00 0. 00000E+00 1. 0000
430 0. 00000E+00 0. 00000E+00 2, 0000
431 0. 00000E+00 0. 00000E+00 2. 0000
432 0. 00000E+00 0. 00000E+00 2. 0000
433 0. 00000E+00 0. 00000E+00 2. 0000
434 0. 00000E+00 0. 00000E+00 2. 0000
435 0. 00000E+00 0. 00000E+00 2. 0000
436 0. 00000E+00 0. 00000E+00 2. 0000
437 0. 00000E+00 0. 00000E+00 2. 0000



TABLE 2 (Con't)

LIST OF NODES

NODE X L z
438 0. O0O0OE+00 0. 00000E+00 2. 0000
439 0. OO000E+00 0. OOQOOE+00 2. 0000
460 0. 00000E+00 0. 00000E+00 3, 1000
461 0. 00000E+00 0. OO00OE+00 3. 1000
462 0. 00000E+00 0. 00OOOE+00 3, 1000
463 0. 0O0OOE+00 0, 0000OE+00 3, 1000
464 0. OOOOOE+00 0. 00000E+00 %, 1000
465 0. OOOOOE+00 0. 0000OE+00 3, 1000
466 0. 0O000OE+00 0. 00000E+00 3, 1000
467 0. 00000E+00 0. 00000E+00 %, 1000
168 0. OOOQOE-+00 0. 00000E+00 3, 1000
469 0. 00000E+00 0. 00000E+00 %, 1000
500 0. 00000E+00 0. 00000E+00 3. 7500
501 0. 00000E+00 0. 00000E+00 3. 7500
502 0. O0000E+00 0. 00000E+00 3. 7500
50% 0, 00000E+00 0. O000OE+00 3. 7500
504 0. 00000E+00 0. 00000E+00 3. 7500
505 0. 00000E+00 0. 0000OE+00 3. 7500
506 0. O0000E+00 0. 00000E+00 3. 7500
507 0. 00000E+00 0. 00000E+00 3. 7500
508 0. 00000E+00 0. 0000OE+00 3. 7500
509 0. OO0OOE+00 0. 00OOOE+00 3. 7500
540 0. OOOOOE+00 0. OOOQQE+0Q0 4, 5500
541 0. OOOOOE+00 0. OOOOOE+00 4. 5500

—86_



NODE
542
547
544
545
546
547
548
549
580
581
582
583
584
585
586
587
588
589
620
621
622
623
624
625

TARLE 2 (Con't)

LIST OF NODES

X
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

Y
00000E+00
000Q0E+00
OO000E+00
O0000E+00
00000E+00
O0000E+00
O0O000E+00
O0000E+00
O0000E+00
OO000E+00
O0000E+00
OO000E+00
O0000E+00
O0000E+00
00000E+00
OOO00E+00
OOO00E+00
OOO000E+00
O0000E+00
00000E+00
0000CE+00
O0000E+00
00000E+00

OOOO00E+00

4.

4.
4.
4.

4.
4.
5.
5.
5.
5.
5.
54
5.
5.
5.
5.
5.
5.
5.
5.
5.
5.

5500
5500
5500
5500
5500
5500
5500
5500
0500
0500
0500
0500
0500
0500
0500
0500
0500
0500
5800
5800
5800
5800
5800
5800



NODE
626
627
628
629
660
661
662
663
664
665
666
667
668
669
700
701
702
703
704
705
706
707
708
709

o o O o O O O
° ® » ) ) . .

O
.

L]

a

TABLE 2 (Con't)

LIST OF NODES

X
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E +00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

O0000E+00

OOOOOCE+00
OOOO0E+00

00000E+00

OOOO0O0E+00

o o o 0o o o O o o O
) . ® ° . - » . ° [

88

Y
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

00000E+00

00000E+00
00000E+00
00000E +00
00000E+00
00000E+00
00000E+00
00000E+00

e e R e R O e O Y

O

0

o0

)

»

L ]

HS

5800
5800
5800
5800
1400
1400
1400
1400
1400
1400
1400
1400
14.00

1400-
4600
4600
4600
4600
4600
4600
4600
4600
4600
4600



NODE
740
741
742
743
744
745
746
747
748
749
751
752
753
754
755
756
757
758
759
760
770
771
772
773

L] L ] L) L @

o O O O O O O O O O o o o©o

1 |
o O
. °

=0,

TABLE 2 (Con't)

LIST OF NODES

X
65000
65000
65000
65000
65000
65000
65000
65000
65000
65000
23750
19214
73392E-01
73392E-01
19214
23750
19214
73392E~01
73392E-01
19214
00000E+00
00000E+00
00000E+00
00000E+00

L L L J L] L] L ] &

o O O o O O O O O O O O O o o ©o

L

-0,

-89-

Y
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
13960
22588
22588
13960
41452E-05
13960
22588
22588
13960
00000E+00
00000E+00
00000E+00
00000E+00

o o o o o o O o o o o o o o

®



NODE
774
775
776
T
778
779
800
801
802
803
804
805
806
807
808
809
850
851
852
871
872
873
874
875

o o o o o o o o o o
° ® ° ° ° ° ° L] ° °

® °

o o o o o O

TABLE 2 (Con't)

LIST OF NODES

X
O0000E+00
00000E+00
00000E+00
00000E+00
0Q00CE+00
00000E+00
00000E+00
00000E+00
OO000E+00
O0000E+00
00000E+00
00000E+00
00000E+00
OO000E+00
OO000E+00
00000E+00
1000
2400
0934
3082
1449
94373
73724
50185 |

0.
0.
0.
0.
0.,
0.
O.
0.
0.
0.
0,
0.
0.
0.
O.
0.
0,
0.

-20
0.

0

0.
0.
0

.

-90-

Y
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00

O0O000E+00

00000E+00
00000E+00
00000E+00
00000E+Q0
00000E+00
00000E+00
0000CE+00
O0000E+00
00000E+00
00000E+00
1974
68560E~01
28547
46029
51622
55736

o o o ©O © © © 0O O O ©O O O O o O
[ 3

®

L]

*

-

*

6.
6.
S.
6.
6.
6.
6.
6

z
50000
50000
50000
50000
50000
50000
00000E+00
00000E+00
00000E+00
00000E-+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
00000E+00
3100
2100
9460
1800
2500
3500
4500
5500



NODE

876
877
878
879
880
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
920
921
922

TABLE 2 (Con't)

LIST OF NODES

X
38000
55736
77942
98668
1685
22000
22000
22000
22000
22000
22000
22000
22000
22000
22000
92705E~-01
32361
50000
52361
92705E-01
22000
11125

_oo 3721 5

-0, 56000

Y
00000E+00
50185
45000
35912
16422
38397E-05
38397E-05
38397E-05
38397E-05
38397E~-05
3839 7E-05
3839TE-05
38397E-05
38397E-05
38397E-05
28532
23511
87267E-05
23511
28532
3839 7E~-05
34238
27038
97738E-05

6500
5500
4500
3500
2500
6400
6400
6400
6400
6400
6400
6400
6400
6400
6400
6300
7000
6100
7000
6300
6100
6300
7000
6100



TABLE 2 (Con't)

LIST OF NODES

NODE X X z
923 -0. 37215 -0, 27038 7. 7000
924 -0, 11125 -0, 34238 7. 6300
925 -0, 22000 0., 38397E-05 7. 6100
935 -0, 22000 0. 38397E-05 7. 6100
940 -0, 22000 0. 38397E-05 7. 6100
941 -0, 22000 0. 38397E~05 7. 6100
942 -0, 22000 0. 38397E-~05 7. 6100
943 -0, 22000 0. 38397E-05 7. 6100
944 -0, 22000 0. 38397E~05 7. 6100
945 -0, 22000 0. 38397E~05 7. 6100
946 -0, 22000 0. 38397E-05 7. 6100
947 -0, 22000 0. 38397E~05 7. 6100
948 -0, 22000 0., 38397E~05 7. 6100
949 -0, 22000 0. 38397E~05 7. 6100
955 -0, 22000 0. 38397E~-05 T. 6100
965 -0, 22000 0., 38397E-05 7. 6100
9 1. 1100 0. OOOOOE+0O 6., 1800
972 0. 96199 0. 18699 6., 2500
973 0. 78243 0. 33212 6. 3500
974 0. 59363 0. 37094 6. 4500
975 0. 38891 0. 38891 6. 5500
976 0. 38000 0. OOOOOE+00 6. 6500
977 0, 38891 -0, 38891 6. 5500
978 0. 58707 -0, 38125 6. 4500



NODE
979
980
981
982
983
984
985
986
987

988

989
990
991
992
993
994
995
996
997
998
999
1000
1005
1998

0, 78243
0. 96199
1. 3600
1. 2074
1., 0126
. 80565
. 56569
. 63000
. 56569
. 79674
1, 0126

o O O o O

1., 2074
1, 4200
1., 2663
1., 0678
0. 85653
0. 60811
0, 69000
0. 60811
0. 84706
1. 0678
1. 2663
-0, 22000
0. 85000

TABLE 2 (Con't)

LIST OF NODES

Y
3%212
18699
00000E+00
23470
42980
50342
56569
00000E+00
56569
51741
42980
23470
00000E+00
24614
45325
53522
60811
00000E+00
60811
55009
45325
24614
3839TE-05
00000E+00

L 2 L - * * e ® -

L] L L > ® > * *

o O O O O OO O O O OO O O On o O O O ON N
L J

3500
2500
1800
2500
3500
4500
5500
6500
5500
4500
3500
2500
1800
2500
3500
4500
5500
6500
5500
4500
3500
2500
6100
3500



NODE
1999
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

X
0. 78000
1. 3500
1. 1700
85000
70000

48000

O,
0.
0.
0. 38000
0. 48000
0. 70000
0. 85000
1. 1700
1. 3886
1. 2086
0. 88859
0. 73859
0, 51859
0. 41859
0. 51859
0. 73859
0. 88859
1. 2086
0. 85000
0. 85000
0. 85000

TABLE 2 (Con't)

LIST OF NODES

)4
53000
00000E+00
30000
50000
55000
57000
00000E+00
57000
55000
50000
30000
50972E-02
30510
50510
55510
57510
50972E~02
56490
54430
49490
29450
00000E+00
00000E+00
00000E+00

- * L] e *

L] L ] L] [ 3 L]

N O Ov O O O O Ov O O O (o)} (03}
.

L

3500
1800
2500
3500
4500
5500
6500
5500
4500
3500
2500
2935
3635
4635
56535
6635
7635
6635
5635
4635
3635
3500
3500
3500



NODE
2024
2025
2026
2027
2028
2029
2030
2031
2032
20%3
2034
2035
2036
2037
2038
2039
2040
2050
2051
2052
2053
2054
2055
2056

0.

o

a

L4

[ ] > L]

o O O O O O O O O o o o o o o o
®

85000
85000
85000
85000
85000
85000
85000
88859
88859
88859
88859
88859
88859
88859
88859
88859
88859

1537

1008
96687
80303
67188
62350
67638

TABLE 2 (Con't)

LIST OF NODES

o O O
(3 . °

® L] * L] ® L3 - *» L]

[ ] ] * [ ] [ ] L] * [ 3

O O O O O o O O O 0O O O O o o o o o o o
L]

i
(]
°

1
v
1

Y

OOO000E+00
OO000E+00

O0O000E+00

O0000E+00
OO0O0QE+Q0
OOO0QE+00
OOO00E+00
50972E-02
50972E-02
50972E-02
50972E-02
50972E~-02
50972E-02
50972E-02
50972E-02
50972E-02
50972E-02
50972E-02
163953

27115

27115

16953

51021E-02
15933

o o ()Y (o)) [o) o [o)) o [oaY (o)) (o)
° . ° . . e . . . N ®

L * L ] L]

A O Oy Ny Oy oy O [e) (o)} (o (o)) (o)) o)}
L ]

3500
3500
3500
3500
3500
3500
3500
4635
4635
4635
4635
4635
4635
4635
4635
4635
4635
3734
3840
4249
4807
5298
5536
5430



NODE
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
3000

X
0. 81032
0. 97415

1. 1053
1. 2783
1. 2339
1. 1215
0., 98402
0. 87394
0. 83334
0. 87772
0. 99013
1. 1276
1. 2377
1. 0558
1. 0558
1. 0558
1. 0558
1. 0558
1. 0558
1. 0558
1. 0558
1. 0558
1. 0558
1. 4031

TABLE 2 (Con't)

LIST OF NODES

* * * [

*

. L] L3 .

o o O O O o o o o o o
L ]

1
NeE
o

I

by
26096
26096
15933
27185E-01
16519
25048
25048
16519
27189E-01
11082
19611
19611
11082
27185E=01
271858-01
27185E-01
27185E-01
27185801
27185E-01
27185E-01
27185E-01
27185E-01
271858-01
28035E-01

L] [ ] L] .

oN (o) o o) (o) (o) (o) o Oh [o) o
L J

I

5021
4464
3972
8797
8886
9230
9698
0110
0310
0221
9878
9410
8997
9554
9554
9554
9554
9554
9554
9554
9554
9554
9554
8584



NODE
3001
3002
3003
3004
3005
3006
3007
3008
3009
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3040
3041
3042
3043
3044

1
1

o o o o O
®

i

. 3351
. 1629

95226

78363

72143

78941

96162
. 1723
. 3409
. 2424
. 2424
. 2424
. 2424
. 2424
. 2424
. 2424
. 2424
. 2424
. 2424
. 8341
. 7161
. 4171

. 0514

75862

TABLE 2 (Con't)

LIST OF NODES

L ® [ ) * £ ]

*

o O O O O O O O O O O O o O o
*

~97-

Y
23945
37011
37011
23945
28041E-01
18338
31404
51404
18338
51822E-01
51822E-01
51822E-01
51822E-01
51822E-01
51822E-01

518228-01

51822E-01
51822E~01
51822E-01
51822E-01
41886
64570
64570
41886

8720
9247
9963
0595
0902
0766
0239
9523
8891
5040
5040
5040
5040
5040
5040
5040
5040
5040
5040
5040
3265
4179
5423
6520



NODE
3045
3046
30477
3048
5049
3051
5052
3053
3054
3055
3056
3057
3058
3059
3060
3080
3081
3082
3083
5084
3085
3086
3087
3088

X
0. 65063
0. 76867
1. 0676
1. 4334
1. 7261
1. 4096
1. 4096
1. 4096
1. 4096
1. 4096
1. 4096
1. 4096
1. 4096
1. 4096
1. 4096
1. 7126
1, 6521
1. 4991
1. 3118
1. 1619
1. 1066
1. 1671
1. 3201

1. 5074

TABLE 2 (Con't)

LIST OF NODES

o o o o o
. » ° . .

L - * *

L] [ ]

o O O O o o o o o o o
v

Y
51833E-01
31521
54205
54205
31521
7%3910E-01
73910E-01
73910E-01
73910E-01
73910E-01
73910E-01
7%9108-01
73910E~01
73910E-01
7391 0E=01
73910E~01
26183
37797
37797
26183
73916E~01
11401
23015
23015

7052
6816
53901
4658
3560
9959
9959
9959
9959
9959
9959
9959
9959
9959
9959
8929
9050
9518
0155
0717
0989
0868
0400
9763



NODE
3089
3091
3092
3093
5094
5095
3096
3097
3098
3099
3100
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029

1<

6573
4482
4482
4482
4482
4482
4482
4482
4482
4482
4482
5743
5479
4809
3990
3334
3092
3357
4026
4845
5501

TABLE 2 . (Con't)

LIST OF NODES

-0,

L 3 . - - * *

o o o o o o o O O o o o o o o o
L ]

[ 1 1 1
o O O O
* ] L] L]

~99 -

Y
11401

79007E-01
79007E-01
790078-01
79007E-01
790078~ 01
79007E-01
79007E-01
79007E-01
79007E-01
79007E-01
78158E-01
16037

21119

21119

16037

78160E~01
40578E-02
548708-01
54807E-01
40578E-02

jea

9201
1094
1094
1094
1094
1094
1094
1094
1094
1094
1094
0454
0507
0712
0991

1236

1356

130%

1098
0819

0573



ELEMENT

1

o wWw 0w -~ O Ui P~ W™

(AT 2 TR 1 T A TR 2N T GO G ROY G PU VIt GO W G G G

MATERIAL

1
1
1

TABLE 3
LIST OF ELEMENTS

NODES
1 11
2 12
3 13
4 14
5 15
6 16
717
8 18
9 19
110

31 41
32 42
33 43
34 44
35 45
36 46
37 47
38 48
39 49
31 40
61 71
62 72
63 73
64 T4
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12
13
14
15
16
17
18
19
20
20
42
43
44
45
46
47
48
49
50
50
72
73
74
75
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31
32
33
34
35
36
37
38
39
31
61
62
63
64
65
66
67
68
69
61
91
92
93
94

41
42
43
44
45
46
47
48
49
40
7
T2
73
74
75
76
77
78
79
70
101
102
103
104

42
43
44
45
46
47
48
49
50
50
72
3
4
5
76
7
8
9
80
80
102
103
104
105

32
33
34
35
36
37
38
39
40
41
62
63
64
65
66
67
68
69
70
71
92

93

94
95



TABLE 3% (Con't)

LIST OF ELEMENTS

ELEMENT MATERTIAL E92E§
25 1 65 75 76 66 95 105 106 96
26 1 66 76 77 67 96 106 107 97
27 1 67 7 78 68 97 107 108 a8
28 1 68 78 79 69 98 108 109 99
29 1 69 79 80 TQ 99 109 110 100
30 1 61 70 80 71 91 100 110 101
31 2 12 11 21 22 42 41 51 52
32 > 13 12 22 23 43 42 52 53
33 2 14 13 2% 24 44 45 53 54
34 2 15 14 24 25 45 44 54 55
35 2 16 15 25 26 46 45 55 56
36 2 17 16 26 27 47 46 56 57
37 2 18 17 27 28 48 47 57 58
38 2 19 18 28 29 49 48 58 59
39 2 20 19 29 30 50 49 59 60
40 2 11 20 30 21 41 50 60 51
41 2 42 41 51 52 T2 71 81 82
42 > 43 42 52 53 73 72 82 - 83
43 2 44 43 53 54 T4 T35 85 84
44 2 45 44 54 55 75 T4 84 85
45 2 46 45 55 56 76 75 85 86
46 2 47 46 56 57 17 16 86 8T
47 2 48 47 57 58 78 77 87 88
48 2 49 48 58 59 79 78 83 89



TABLE 3 (Con't)

LIST OF ELEMENTS

ELEVENT ~ MATERIAL  NODES
49 2 50 49 59 60 80 79 89 90
50 2 41 5 60 51 71 80 90 8
51 2 72 71 81 82 102 101 111 112
52 2 75 72 82 83 103 102 112 113
53 2 74 73 8% 84 104 103 113 114
54 2 75 74 84 85 105 104 114 115
55 2 76 75 85 86 106 105 115 116
56 2 77 76 8 87 107 106 116 117
57 2 78 77 87 88 108 107 117 118
58 2 79 78 88 89 109 108 118 119
59 2 80 79 89 90 110 109 119 120
60 > 71 80 90 81 101 110 120 111
61 1 92 91 101 102 132 131 141 142
62 1 93 92 102 103 133 132 142 143
63 1 94 93 103 104 134 133 143 144
64 1 95 94 104 105 135 134 144 145
65 1 9 95 105 106 136 135 145 146
66 1 97 96 106 107 137 136 146 147
67 1 98 97 107 108 138 137 147 148
68 1 99 98 108 109 139 138 148 149
69 1 100 99 109 110 140 139 149 150
70 1 91 100 110 101 131 140 150 141
7 1 132 131 141 - 142 172 171 181 182
72 1 133 132 142 143 173 172 182 183
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERTAL NODES
73 1 134 133 143 144 174 173 183 184
74 1 135 134 144 145 175 174 184 185
75 1 136 135 145 146 176 175 185 186
76 1 137 136 146 147 177 176 186 187
77 1 138 137 147 148 178 177 187 188
78 1 139 138 148 149 179 178 188 189
79 1 140 139 149 150 180 179 189 190
80 1 131 140 150 141 171 180 190 181
81 1 172 171 181 182 212 211 221 222
82 1 173 172 182 183 213 212 202 223
83 1 174 173 183 184 214 213 223 224
84 1 175 174 184 185 215 214 224 225
85 1 176 175 185 186 216 215 225 226
86 1 177 176 186 187 217 216 226 227
87 1 178 177 187 188 218 217 227 228
88 1 179 178 188 189 219 218 228 229
89 1 180 179 189 190 220 219 229 230
90 1 171 180 190 181 211 220 230 221
91 1 212 211 221 222 252 251 261 262
92 1 213 212 222 223 253 252 262 263
93 1 214 213 223 224 254 253 263 264
94 1 215 214 224 225 255 254 264 265
95 1 216 215 225 226 256 255 265 266

96 1 217 216 226 227 257 256 266 267
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERTAL NODES
97 1 218 217 227 228 258 257 267 268
98 1 219 218 228 229 259 258 268 269
99 1 220 219 229 230 260 259 269 270
100 1 211 220 230 221 251 260 270 261
101 1 252 251 261 262 292 291 301 302
102 1 253 252 262 263 293 292 302 303
103 1 254 253 263 264 294 293 303 304
104 1 255 254 264 265 295 294 304 305
105 1 256 255 265 266 296 295 305 306
106 1 257 256 266 267 297 296 306 307
107 1 258 257 267 268 298 297 307 308
108 1 259 258 268 269 299 298 308 309
109 1 260 259 269 270 300 299 309 310
110 1 251 260 270 261 291 300 310 301
111 1 292 291 301 302 332 331 341 342
112 1 293 292 302 303 333 332 342 343
113 1 294 293 303 304 334 333 343 344
114 1 295 294 304 305 335 334 344 345
115 1 296 295 305 306 336 335 345 346
116 1 297 296 306 307 337 336 346 347
17 1 298 297 307 308 338 337 347 348
118 1 299 298 308 309 339 338 348 349
119 1 300 299 309 310 340 339 349 350
120 1 291 300 310 301 331 340 350 341
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERTAL NODES
121 3 102 101 121 122 142 141 161 162
122 3 103 102 122 123 143 142 162 163
123 3 104 103 123 124 144 143 163 164
124 3 105 104 124 125 145 144 164 165
125 3 106 105 125 126 146 145 165 166
126 3 107 106 126 127 147 146 166 167
127 3 108 107 127 128 148 147 167 168
128 3 109 108 128 129 149 148 168 169
129 3 110 109 129 130 150 149 169 170
130 3 101 110 130 121t 141 150 170 161
131 3 142 141 161 162 182 181 201 202
132 3 143 142 162 163 183 182 202 203
133 3 144 143 163 164 184 183 203 204
134 3 145 144 164 165 185 184 204 205
135 3 146 145 165 166 186 185 205 206
136 3 147 146 166 167 187 186 206 207
137 3 148 147 167 168 188 187 207 208
138 3 149 148 168 169 189 188 208 209
139 3 150 149 169 170 190 189 209 210
140 3 141 150 170 161 181 190 210 201
1441 3 182 181 201 202 222 221 241 242
142 3 183 182 202 203 223 222 242 243
143 3 184 183 203 204 224 223 243 244
144 3 185 184 204 205 225 224 244 245
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERTATL NODES
145

N

186 185 205 206 226 225 245 246

146 3 187 186 206 207 227 226 246 247
147 3 188 187 207 208 228 227 247 248
148 3 189 188 208 209 229 228 248 249
149 3 190 189 209 210 230 229 249 250
150 3 181 190 210 201 221 230 250 241
151 3 222 221 241 242 262 261 281 282
152 3 223 222 242 243 263 262 282 283
153 3 224 223 243 244 264 263 283 284
154 3 225 224 244 245 265 264 284 285
155 3 226 225 245 246 266 265 285 286
156 3 227 226 246 247 267 266 286 287
157 3 228 227 247 248 268 267 287 288
158 3 229 228 248 249 269 268 288 289
159 3 230 229 249 250 270 269 289 290
160 3 221 230 250 241 261 270 290

161 3 262 261 281 282 302 301 321

162 3 263 262 282 283 303 302 322

163 3 264 263 283 284 304 303 323 324
164 3 265 264 284 285 305 304

165 3 266 265 285 286 306 305

166 3 267 266 286 287 307 306

167 3 268 267 287 288 308 307

168 3 269 268 288 289 309 308
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAT NODES
169

W

270 269 289 290 310 309 329 330

170 3 261 270 290 281 301 310 330 321
171 3 302 301 321 322 342 341 361 362
172 3 303 302 322 323 343 342 362 363
173 3 304 303 323 324 344 343 363 364
174 3 305 304 324 325 345 344 364 365
175 3 506 305 325 326 346 345 365 366
176 3 307 306 326 327 347 346 366 367
177 3 308 307 327 328 348 347 367 368
178 3 309 308 328 329 349 348 368 369
179 3 310 309 329 330 350 349 369 370
180 3 301 310 330 321 341 350 370 361
181 4 122 121 111 112 162 161 151 152
182 4 123 122 112 113 163 162 152 153
183 4 124 123 113 114 164 163 153 154
184 4 125 124 114 115 165 164 154 155
185 4 126 125 115 116 166 165 155 156
186 4 127 126 116 117 167 166 156 157
187 4 128 127 117 118 168 167 157 158
188 4 129 128 118 119 169 168 158 159
189 4 130 129 119 120 170 169 159 160
190 4 121 130 120 111 161 170 160 151
191 4 162 161 151 152 202 201 191 192
192 4 163 162 152 153 203 202 192 193
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERTIAL NODES
193 4 164 163 153 154 204 203 193 194
194 4 165 164 154 155 205 204 194 195
195 4 166 165 155 156 206 205 195 196
196 4 167 166 156 157 207 206 196 197
197 4 168 167 157 158 208 207 197 198
198 4 169 168 158 159 209 208 198 199
199 4 170 169 159 160 210 203 199
200 4 161 170 160 151 201 210 200
201 4 202 201 191 192 242 241 231
202 4 203 202 192 193 243 242 232 2
203 4 204 203 193 194 244 243 233 234
204 4 205 204 194 195 245 244 234 235
205 4 206 205 195 196 246 245 235 236
206 4 207 206 196 197 247 246 236 237
207 4 208 207 197 198 248 247 237 238
208 4 209 208 198 199 249 248 238 239
209 4 210 209 199 200 250 2349 239 240
210 4 201 210 200 191 241 250 240 23
211 4 242 241 231 232 282 281 271 27
212 4 243 242 232 233 283 282 272 27
213 4 244 243 233 234 284 285 273 27
214 4 245 244 234 235 285 284 274
215 4 246 245 235 2%6 286 285 275
216 4 247 246 236 237 287 286 276
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAL NODES
217 4 248 247 237 238 288 287 277 278
218 4 249 248 238 239 289 288 278 279
219 4 250 249 239 240 290 289 279 280
220 4 241 250 240 231 281 290 280 271
221 4 282 281 271 272 322 321 311 312
222 4 283 282 272 273 323 322 312 313
223 4 284 283 273 274 324 323 313 314
224 4 285 284 274 275 325 324 314 315
225 4 286 285 275 276 326 325 315 316
226 4 287 286 276 277 327 326 316 317
227 4 288 287 277 278 328 327 317 318
228 4 289 288 278 279 329 328 318 319
229 4 200 289 279 280 330 329 319 320
230 4 281 290 280 271 321 330 320 311
231 4 522 321 311 312 362 361 351 352
232 4 323 322 312 313 363 362 352 353
233 4 324 323 313 314 364 363 353 354
234 4 325 324 314 315 365 364 354 355
235 4 326 325 315 316 366 365 355 356
236 4 327 326 316 317 367 366 356 357
237 4 308 327 317 318 368 367 357 358
238 4 329 328 318 319 369 368 358 359
239 4 330 329 319 320 370 369 359 360
240 4 321 %30 320 311 361 370 360 351
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAL NODES
241 1 332 331 341 342 372 371 381 382
242 1 333 332 342 343 373 372 382 383
243 1 334 333 343 344 374 373 383 384
244 1 335 334 344 345 375 374 384 385
245 1 336 335 345 346 376 375 385 386
246 1 337 336 346 347 377 376 386 387
247 1 338 337 347 348 378 377 387 388
248 1 339 338 348 349 379 378 388 389
249 1 340 339. 349 350 380 379 389 390
250 1 331 340 350 341 371 380 390 381
251 5 401 400 31 32 431 430 61 62
252 5 402 401 32 33 432 431 62. 63
253 5 403 402 33 34 433 432 63 64
254 5 404 403 34 35 434 433 64 . 65
255 5 405 404 35 36 435 434 65 66
256 5 406 405 36 37 436 435 66 67
257 5 407 406 37 38 437 436 67 68
258 5 408 407 38 39 438 437 68 69
259 5 409 408 39 40 439 438 69 170
260 5 400 409 40 31 430 439 70 61
261 5 431 430 61 62 461 460 91 - 92
262 5 432 431 62 63 462 461 92 93
263 5 433 432 63 64 463 462 93 94
264 5 434 433 64 65 464 463 94 95
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TABLE 3 (Cont't)

LIST OF ELEMENTS

NODES
435
436
4357
438
439
430
461
462
463
464
465
466
467
468
469
460
501
502
503
504
505
506
507
508

434
435
436
437
438
439
460
461
462
463
464
465
466
467
468
469
500
501
502
503
504
505
506
507

~111 -

65
66
67
68
69
70
91
92
93
94
95
96
97
98
99
100
131
132
133
134
135
136
137
138

66
67
68
69
70
61
92
93
94
95
96
97
98
99

100
91

132

133

134

135

136

137

138

139

465
466
467
468
469
460
501
502
503
504
505
506
507
508
509
500
541
542

543

544
545
546
547
548

464
465
466
467
468
469
500
501
502
503
504
505
506
507
508
509
540
541
542
543
544
545
546
547

95

96

97

98

99
100
131
132
133
134
135
136
137
138
139
140
171
172
173
174

75

176
177

178

96
97
98
99
100
o1
152
133
154
135
136
137
138
139
140
151

172

173
174
175
176
177
178
179



TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAL NODES
289 5 509 508 139 140 549 548 179 180
290 5 500 509 140 131 540 549 180 171
291 5 541 540 171 172 581 580 211 212
292 5 542 541 172 173 582 581 212 - 213
293 5 543 542 173 174 583 582 213 214
294 5 544 543 174 175 584 583 214 215
295 5 545 544 175 176 585 584 215 216
296 5 546 545 176 177 586 585 216 217
297 5 547 546 177 178 587 586 217 218
298 5 548 547 178 179 588 587 218 219
299 5 549 548 179 180 589 588 219 220
300 5 540 549 180 171 580 583 220 211
301 5 581 580 211 212 621 620 251 252
302 5 582 581 212 213 622 621 252 253
303 5 583 582 213 214 623 622 253 254
304 5 584 583 214 215 624 623 254 255
305 5 585 584 215 216 625 624 255 256
306 5 586 585 216 217 626 625 256 257
307 5 587 586 217 218 627 626 257 258
308 5 588 587 218 219 628 627 258 259
309 5 589 588 219 220 629 628 259 260
310 5 580 589 220 211 630 629 260 261
311 5 621 620 251 252 661 660 291 292
312 5 622 621 252 253 662 661 292 293

~112-



TABLE 3% (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAL NODES

313 5 623 622 253 254 663 662 293 294
314 5 624 623 254 255 664 663 294 295
315, 5 625 624 255 256 665 664 295 296
316 5 626 625 256 257 666 665 296 297
317 5 627 626 257 258 667 666 297 298
318 5 628 627 258 259 668 667 298 299
319 5 629 628 259 260 669 668 299 300
320 5 620 629 260 251 660 669 300 291
321 5 661 660 291 292 701 700 331 332
522 5 662 661 292 293 702 701 332 333
323 5 663 662 293 294 703 702 333 334
324 5 664 663 294 295 1704 703 334 335
325 5 665 664 295 296 705 TO4 335 336
326 5 666 665 296 297 706 705 336 337
5217 5 667 666 297 298 707 706 337 338
308 5 668 667 298 299 708 TO7 338 339
329 5 669 668 299 300 709 708 339 340
330 5 660 669 300 291 700 709 340 331
331 5 701 700 331 332 741 T40 371 372
332 5 702 701 332 333 42 T41 372 373
333 5 703 702 333 334 743 42 373 374
334 5 704 703 334 335 44 743 374 375
335 5 705 704 3%5 336 TA5 T44 375 376
336 5

706 705 336 337 746 T45 376 377
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TABLE 3 (Con't)

LIST OF ELEMENTS

NODES
707
708
709
700
771
772
773
174
775
776
17T
778
779
770
801
802
803
804
805
806
807
808
809
800

706 337
707 338
708 339
709 340
770 751
771 752
772 753
773 754
74 755
775 756
776 757
777758
778 759
779 760
800

—

801
802
803
804
805
806
807
808
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809

—

_{14-

338
339
340
331
752
153
754
155
756
757
758
759
760
751

O W O 9 o U~ W™

—
—

47
748
749
740

401

402
403
404
405
406
407
408
403
400
771
772
e
774
775
776
777
778
779
770

46
747
748
749
400
401
402
403
404
405
106
407
408
409
770
771
772
773
774
775
776
777
778
779

377

378

379
380
31
32
33
34
35
36
57
38
39
40
751
752
753
754
755

756

757
758
759
760

378
379
380
571
32
3%
34
35
36
37
38
39
40
31
752
753
754
755
756
757
758
759
760
751



TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAL NODES
361 4 364 365 355 354 910 911 921 920
362 4 365 366 356 355 911 912 922 92
363 4 566 367 357 356 912 913 923 922
364 4 567 368 358 357 913 914 924 923
365 3 364 365 901 900 910 911 941 940
366 3 365 366 902 901 911 912 942 941
367 3 366 367 903 902 912 913 943 942
368 3 567 %68 904 903 913 914 944 943
369 1 331 332 342 341 371 372 972 971
370 1 3%2 333 343 342 372 373 973 972
371 1 333 334 344 343 373 374 974 973
372 1 334 335 345 344 374 375 975 974
373 1 537 338 348 347 377 378 978 9717
374 1 338 339 349 348 378 379 979 978
375 1 339 340 350 349 379 %80 980 979
376 1 340 331 341 350 380 371 971 980
377 3 341 342 362 361 971 972 982 981
378 3 342 343 363 362 972 973 983 982
379 3 343 344 364 363 973 974 984 983
380 3 344 345 365 364 974 975 985 984
381 3 347 348 368 367 977 978 988 987
382 3 348 349 369 368 978 979 989 988
383 3 349 . 350 370 369 979 980 990 989
384 3 350 341 361 370 380 971 981 990
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT MATERIAL NODES
385 4 361 362 352 351 981 982 992 991
386 4 362 363 353 352 982 983 993 992
387 4 363 364 354 353 983 984 994 993
388 4 364 365 355 354 984 985 995 994
389 4 367 368 358 357 987 988 998 997
390 4 368 369 359 358 988 989 999 998
391 4 369 370 360 359 989 990 1000 999
392 4 370 361 351 360 990 981 991 1000
393 5 2022 2021 2001 2002 2032 2031 2011 2012
394 5 2023 2022 2002 200% 2033 2032 2012 2013
395 5 2024 2023 2003 2004 2034 2053 2013 2014
396 5 2025 2024 2004 2005 2035 2034 2014 2015
397 5 2026 2025 2005 2006 2036 2035 2015 2016
398 5 2027 2026 2006 2007 2037 2036 2016 2017
399 5 2028 2027 2007 2008 2038 2037 2017 2018
400 5 2029 2028 2008 2009 2039 2038 2018 2019
401 5 2030 2029 2009 2010 2040 2039 2019 2020
402 5 2021 2030 2010 2001 2031 2040 2020 2011
403 5 20%1 2032 2051 2050 2071 2072 2061 2060
404 5 2032 2033 2052 2051 2072 2073 2062 2061
405 5 2033 2034 2053 2052 2073 2074 2063 2062
406 5 2034 2035 2054 2053 2074 2075 2064 2063
407 5 2035 2036 2055 2054 2075 2076 2065 2064
408 5 20%6 2037 2056 2055 2076 2077 2066 2065
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TABLE 3 {(Con't)

LIST OF ELEMENTS

ELEMENT MATERTAL NODES

409 5 2037 2038 2057 2056 2077 2078 2067 2066
410 5 2038 2039 2058 2057 2078 2079 2068 2067
411 5 2039 2040 2059 2058 2079 2080 2069 2068
112 5 2040 2031 2050 2059 2080 2071 2060 2069
13 5 2071 2072 3001 3000 3011 3012 3041 3040
414 5 2072 2073 3002 3001 3012 3013 3042 3041
415 5 2073 2074 3003 3002 3013 3014 3043 3042
416 5 2074 2075 3004 3003 3014 3015 3044 3043
417 5 2075 2076 3005 3004 3015 3016 3045 3044
418 5 2076 2077 3006 3005 3016 3017 3046 3045
419 5 2077 2078 3007 3006 3017 3018 3047 3046
420 5 2078 2079 3008 3007 3018 3019 3048 3047
421 5 2079 2080 3009 3008 3019 3020 3049 3048
422 5 2080 2071 3000 3009 3020 3011 3040 3049
423 5 3012 3011 %040 3041 %052 3051 3080 3081
424 5 3013 3012 3041 3042 3053 3052 308t 3082
425 5 3014 3013 3042 3043 3054 3053 3082 3083
426 5 3015 3014 3043 3044 3055 3054 3083 3084
427 5 3016 3015 3044 3045 3056 3055 3084 3085
428 5 3017 3016 3045 3046 3057 3056 3085 3086
429 5 3018 3017 3046 3047 3058 3057 3086 3087
430 5 3019 3018 3047 3048 3059 3058 3087 3088
431 5 3020 3019 3048 3049 3060 3059 3088 3089
432 5 3011 3020 3049 3040 3051 3060 3089 3080
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TABLE 3 (Con't)

LIST OF ELEMENTS

ELEMENT ~ MATERIAL  NODES
4753 5 3051 3052 3081 3080 3091 3092 4021 4020
434 5 3052 3053 3082 3081 3092 3093 4022 4021
435 5 3053 3054 3083 3082 3093 3004 4023 4022
436 5 3054 3055 3084 3083 3094 3095 4024 4023
437 5 3055 3056 3085 3084 3095 3096 4025 4024
438 5 3056 3057 3086 3085 3096 3097 4026 4025
439 5 3057 3058 3087 3086 3097 3098 4027 4026
440 5 3058 3059 3088 3087 3098 3099 4028 4027
441 5 3059 3060 3089 3088 3099 3100 4029 4028
442 5 3060 3051 3080 3089 3100 3091 4020 4029
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