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ABSTRACT 

A detailed explanation and analysis are presented of the Finite Element 

Method used to solve the stress/strain situation in a small pressure 

vessel. A pressure vessel was modelled whose displacement 

characteristics were previously analysed using speckle photography. 

The Mystro/Lusas finite element software was used on a PC 486 

computer system. A linear and static analysis was made. Contour plots 

of direct stress and shear stress distribution are presented which also 

show the highest stress areas. A comparison of the results from Finite 

Element Method and Speckle Photography Method as well as the 

pressure vessel design formulas are presented. Advantages of the Finite 

Element Method are discussed. 
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1 Introduction 

The Finite Element Method is a numerical procedure for analysing 

structures and continua. Usually the problem addressed is too 

complicated to be solved satisfactorily by classical analytical methods. 

The problem may concern stress analysis, heat conduction, or any of 

several other areas. The finite element procedure produces many 

simultaneous algebraic equations, which are generated and solved on a 

digital computer. Results are rarely exact. 

The Finite Element Method originated as a method of stress analysis. 

Today finite elements are also used to analysis problems of heat 

transfer, fluid flow, lubrication, electric and magnetic fields and many 

other areas. Problems that previously were utterly intractable are now 

solved routinely. Finite element procedures are used in the design of 

buildings, electric motors, heat engines, ships, airframes and 

spacecraft. Manufacturing companies and large design offices typically 

have one or more large finite element programs in-house . Smaller 

companies usually have access to a large program through a 

commercial computing centre or use a smaller program on a personal 

computer . 

The fundamental concept of the finite element method is that any 

continuous quantity can be approximated by a discrete model composed 

of a set of piecewise continuous functions defined over a finite number of 

sub-domains. The piecewise continuous functions are defined using the 

values of the continuous quantity at a finite number of points in its 

domain. 

The more common situation is where the continuous quantity is 

unknown and we wish to determine the values of this quantity at certain 

points within the region. The construction of the discrete model is most 

easily explained, however, if we assume that we already know the 

numerical value of the quantity at every point within the domain. We 
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shall return to the common situation shortly. The discrete model is 

constructed as follows. 

1. A finite number of points in the domain are identified. These points 

are called nodal points or nodes. 

2. The value of the continuous quantity at each nodal point is denoted as 

a variable which is to be determined. 

3. The domain is divided into a finite number of subdomains called 

elements. These elements are connected at common nodal points that 

collectively approximate the shape of the domain. 

4. The quantity is approximated over each element by a polynomial that 

is defined using the nodal values of the continuous quantity. A different 

polynomial is defined for each element, but the element polynomials are 

selected in such a way that continuity is maintained along the element 

boundaries. 

Laser Speckle Photography is an optical technique for measuring 

strains and displacements in structures. It has the advantage of being a 

nondestructive and qualitative analysis system, enabling complete 

structural areas to be assessed for points of high displacement 

gradients, as well as providing quantitative displacement results. 

Speckle Photography involves recording two laser speckle patterns 

obtained from an optically rough object surface, before and after 

displacement, with the use of a photographic camera and high 

resolution film. If the processed negative is then illuminated with a 

narrow beam of coherent light, fringes representing displacement 

vectors are obtained. 

A diagram of the optical arrangement for double exposure Laser 

Speckl e Photography is shown in figure 1.1 
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Object 

r=-': ~ '-----' vi------ ,,,_......-_ -----atjj---
35mm camera 

Fig.1.1 Optical arrangement for double exposure Laser Speckle Photography 

When an optically rough surface is illuminated with laser light the 

scattered radiation forms speckle patterns in all directions and at all 

distances from the surface. The speckle pattern is related to the object 

and its surface texture, and is displaced if the object or part of it is 

moved. 

Fig.1.2 Exampie o[ ~~r. e r.large 5i)ec~de pattern 



A camera is then used to record two superimposed images of the 

surface, one before and one after the surface has moved . From the 

processed negative the main form of displacement that can be measured 

from the object surface is lateral in-plane movement. 

Once the double exposed speckle pattern, from the displaced object 

surface, has been recorded, analysis can be made and the separation 

between the two speckle patterns determined. Analysis can be 

performed either by a point by point or a full-field method. A diagram of 

point by point analysis is shown in figure 1.3 

Fig.1.3 Point-by-Point filtering setup 

The fringe pattern con sists of a set of parall el straight fri nges (Young· s 

fringes) wh ose spacing is inver sely pr oportion a l to t h e speckle(and 

ther efore object surface) displacement, and wh ose direction li es a t righ t 

angles to t h e displacement directi on. 

H er e the di splacem ent 8 can be esta::ili sh ed as fo ll ows: 

where Dis di stance from negative to screen. 
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A. is wavelength of the laser light. 

6 is fringe separation distance. 

The alternative method of analysis is to perform a type of full field 

spatial filtering on the specklegram as shown in Figure 1.4 

SPECKLEGRAN 

TR.l.NS FORN LENS 

OPAQUE 
SCREEN 

FlLTERlNG .A.PERTURC: 

RECORDING 
LEN S I ~~/:.G E 

PLANE 

Fig.1.4 Full fi eld filterin g setup 

The method involves illuminating the whole film "vith light and after 

performing spatial filtering, followed by re-imaging \vith a lens , a 

fringe pattern is obtained which correspondin g describes a large area 

on the surface being analysed. 
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2 Literature survey 

2.1 History of Finite Element Method 

The label " Finite Element Method " appeared in 1960 in a paper by 

Clough (1) concerning plane elasticity problems. However the method 

had its birth in the aerospace industry in the early 1950s. Early work on 

numerical solution of boundary value problems can be traced to the use 

of finite difference schemes. The beginnings of the finite element 

method actually stem from early numerical methods and the 

frustration associated with attempting to use finite difference methods 

on more difficult, geometrically irregular problems. 

Beginning in the mid 1950s, efforts to solve continuum problems in 

elasticity using small, discrete "elements" to describe the overall 

behaviour of simple elastic bars began to appear. Argyris (2) and Turner 

et al. (3) were the first to publish on the use of such techniques for the 

aircraft industry. 

An important theoretical contribution was made in 1963 when Melosh 

(4) showed that the finite element method was really a variation of the 

well known Raleigh-Ritz procedure. 

The early use of finite elements was restricted to the application of such 

techniques to structural problems and much of the early work is on non

linear problems. However, the versatility of the method and its 

underlying rich mathematical basis were soon recognised by others for 

application in non structural areas. Zienkiewicz and Cheung (5 ) were 

among the first to apply the finite element method to field problems 

(e .g., heat conduction, irrational fluid flow, etc.) involving the solution 

of Laplace and Possion equations. Efforts to model heat transfer 

problems with complex boundaries are discussed in Huebner (6); a 

comprehensive three-dimensional finite element model for h eat 

conduction is described by Heuser (7). An early application of the finit e 

element technique to viscous fluid flow is given by Martin (8 ). 
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A virtual explosion in usage of the method has occurred since the mid 

1970s. Excellent reviews and descriptions of the method can be found in 

the texts by Finlayson (9), Desai (10), Becker et al (11), Fletcher (12), 

Reddy (13), Segerlind (14), Hughes (15), Bickford (16), and Zienkiewicz 

and Taylor (17). A rigorous mathematical discussion is given in the text 

by Johnson (18), and programming the finite element method is 

described by Smith (19). A short monograph on development of the finite 

element method is given by Owen and Hinton (20). 

The underlying mathematical basis of the finite element method first 

lies with the classical Rayleigh-Ritz method and variational calculus 

procedures introduced by Rayleigh (21) and Ritz (22). The theories 

provided the reasons why the finite element method worked well for the 

class of problems in which variational statements could be obtained 

(e.g., linear diffusion-type problems). However, as interest expanded in 

applying the finite element method to more areas, especially in 

mechanics, classical theory could no longer be used to describe such 

problems. This is particularly evident in fluid-related problems 

involving convection. 

Extension of the mathematical basis to nonlinear and nonstructural 

problems was achieved through the method of weighted residuals, 

originally conceived by Galerkin (23) in the early 20th century. The 

method of weighted residuals was found to provide the ideal theoretical 

basis for a wide set of problems, including those to which the Rayleigh

Ritz method can be applied. Basically, the method requires the 

governing differential equation to be multiplied by a set of 

predetermined weights and the resulting product to be integrated over 

space; this integral is then required to vanish. Technically, Galerkin 

method is a particular case of the general weighted residuals procedure 

where various types of weights can be utilised; in the case of Galerkin 's 

method , the weights are chosen to be same as the functions used to 

define the unknown variables. Galerkin's method yields results 

identica l to the Rayleigh-Ritz approximations for linear, elliptic 

equations. By using constant weights instead of functions, the weighted 

residual method yields the finite volume technique. A rigorou s 
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description of the method of weighted residuals can be found m 

Finlayson (9). 

2.2 A brief survey of Speckle Photography 

Speckle photography, which is usually based on laser illumination, 

enables measurements of displacement (static or dynamic) and shape to 

be made on optically rough surfaces at sensitivities significantly greater 

than the wavelength of light. 

Operation of the first cw HeNe laser in 1960 revealed an unexpected 

phenomenon: that objects viewed in highly coherent light acquire a 

peculiar granular appearance. 

Speckle photography takes its name from the phenomenon of this laser 

speckle pattern. Burch and Tokarski (24) explained that successively 

displaced laser speckle patterns can generate interference fringes 

similar to an array of fine pinholes. Archbold and Ennos (25) described 

methods for measuring surface displacement, based on the recording of 

laser speckle patterns with a photographic camera and high-resolution 

film. It was shown that two complementary techniques were possible, 

one for the measurement of very small displacements (a few 

wavelengths of light in magnitude), the other for applications where the 

surface movement was relatively large (tens of micrometers). The 

transition between the ranges occurs when the displacement to be 

measured equals the apparent diameter of an individual laser speckle 

referred back to the object. 

The techniques for measurement of the very small displacements utilise 

the interference effects between two speckle fields, as first described by 

Leendertz (26). Archbold and Ennos demonstrated the practicality of 

the method for displacement analysis using laser illumination and a 

35mm camera capable of double exposures, with magnifications of the 

order of unity down to one tenth . Their demonstrations showed a limited 

object size due to the need for laser illumination . 
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To overcome th e probl ems of using laser illumination, Burch and Forno 

(27) proposed the use of white light speckle , this pattern simply taking 

the form of random black and white ma rks on the object surface. Boon e 

and De Backer (28), using a suitable speckle pattern on the surface of the 

object in white light, showed the method was feasible without resorting 

to speci al aperture masks. Asundi and Chiang (29) illustrated that 

many natural surface textures will create a suitable speckle pattern if 

photographed in the correct light configuration. Measurement of 

speckle movement will allow object displacements and strains to be 

calculated in 2-D and 3-D. Establishing speckle movement may be 

performed by suitable spatial filtering or direct observation of the 

speckles. The simplest and quickest method is to u se point by point 

spatia l filtering using an unexpanded laser beam. 

The earliest mathemati cal investigations of speckl e-like phenomena 

were those of Verdet and Strutt (30), who were concerned with the 

properties of "coronas", now more commonly known as Fraunhofer 

rings. Later, in a series of papers dealing with the scattering of light 

from a large number of pa rticles, Laue (3 1) derived many basic r esults 

that have direct relevance to speckle. 

Speckle photography works well when applied to relatively small 

objects, but little use has been made of the technique to look at large 

objects. Those for measurement of la rger movements did so by observing 

the optical transform of the double-exposed r ecording of the speckle 

pattern, it was employed by Archbold and Ennos (25). 

The work of Cloud & Conl ey (32) and Smith & North (33), looking a t the 

movement of glacier ice, used the sun as the light source. 
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3 Finite Element Computations 

3.1 Finite Element Computational Model 

We are often confronted with practical physical and engineering 

problems whose solution is too difficult or even impossible by 

conventional analytical methods. Of particular concern are three

dimensional elastic bodies acted upon by sets of externally applied 

forces. The pressure vessel used in the Optical Engineering Research 

Lab at Massey University is such a problem. The Finite Element 

Method, in conjunction with automatic computation, constitutes a very 

effective and elegant device for solving complex physical problems, 

whose solution by any other means can be too difficult. 

The following is a typical finite element computational model (34). 

1\.loJify 
1.ksig n 

Modify 
ma thema tical 
modd 

Modi fy 
discre tisa tio n 

Modify 
so lu tio n 
techni4ue 

Change 
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acc uracy, etc. 

- - -, 

Poss ible 
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Fig. 3.1 A fi nite eleme nt computa tional model 
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The basic steps in the development of a typical finite element 

computational model are as follows: 

( 1) Starting with the physical reality or an engineering problem , it is 

first necessary to select an appropriate mathematical model . 

(2) Having decided upon the mathematical model, a finite element is 

chosen. 

(3) For each element (e), the stiffness matrices [K]' and the load vectors 

{F}' are evaluated . 

(4) The element stiffness and load terms are then assembled into the 

overall stiffness matrix [K] and load vector {F}. 

(5) The resulting linear simultaneous equations [K]{ D) = {F} are solved 

for the unknown displacement variabl es {D} using an algorithm for 

equation solving. 

(6) Having evaluated the displacements {D} the strains and h ence the 

stresses or stress resultants {er} may be evaluated. Reactions at nodes 

r es trained again st movement are also calculated . 

(7) To achieve the solution steps (3-6) it is necessary to obtain a computer 

im plementation of the finite element method by use of a specially 

developed program. Here the LUSAS program is used. 

(8) After a successful computer run, the next step involves the 

interpretation and presentation of th e results. This is known as post

processing. Results a r e frequently presented graphically to aid 

interpretation and checking. 
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(9) Having studied the finite element results, the analyst may consider 

several possible modifications which may be made at various stages in 

the finite element analysis. 

3.2 MYSTRO and LUSAS programs 

MYSTRO is a full interactive finite element graphics system, it includes 

two parts: Pre-processor and Post-processor. Pre-processor may be used 

interactively to generate full working finite element models. The Pre

processing facilities available include: 

* Interactive model definition in terms of points, lines, surfaces and 

volumes. 

* Automatic or manual model scaling. 

* Automatic regular or irregular line, surface and volume mesh 

genera ti on. 

* Meshing point visualisation and mesh drawing in full or dashed line, 

and exploded or outline plots. 

* Transformation and viewing of the finite element model in isometric 

or perspective projection with hidden line removal. 

* Interactive definition and assignment of element properties, support 

and loading conditions. 

* Generalised load generation and visualisation. 

~, Printing, labelling and interactive modifying of the components of the 

model. 

* Load an d support condition visualisation . 

* Automatic generation of the LUSAS data fil e. 
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Post-processor MYSTRO possesses a range of manipulative and 

graphical facilities which allow effective interpretation and display of 

the analysis results. These facilities include: 

* Manipulation of displacements, velocities, accelerations, strains and 

stresses, field potential s and fluxes. 

* Graphical display of r esults as vectors, smoothed or element by 

element contours, or X-Y graphs. 

* Layer by layer representation of composite or nonlinear shell s . 

* Printing of selected numerical results. 

* Generation of time/load history X-Y graphs for dynamic and 

nonlinear analyses. 

* Post-processing of Fouri er and Harmonic response analyses. 

* Line and slice sections through 2 a nd 3-dimensional structures . 

* Bending moment and s hear force diagrams for frame strucLures . 

* Yield fla g and crack pattern plots for materially nonlinear 

elasto/plastic and concrete analyses. 

* Calculation and plotting of steel reinforcement requirements 

according to \Vood-Armer specification . 

* Combination , transformation, factoring and enveloping of applied load 

cases and inbuilt results calculator. 

* Colour fill for elements 8nd con tou rs with full or selecti,·e colour 

definition. 

* Read and write access lo existing model and picture fil es . 

* Use of multipl e windO\\'S \\'ith line and text ann otations to crea te 

compound pictures . 

* Selective zoom in/out facility Lo invcsLigate <1re8s of particula r interest. 
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* External process control for running a LUSAS analysis or obtaining a 

hard copy plot. 

* Interactive or command file operation, with a full session log. 

* Free format command interpreter with context sensitive prompting . 

The relationship between MYSTRO and LUSAS, and the various types 

of interface files used are shown diagramatically in Fig (3.2). 

The LUSAS program suite consists of the following components: 

* LUSAS Finite Element System. 

* MYSTRO Pre-processor and Post-processor. 

* The EXPOSE Plotting Utility. 
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READ 
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EXIT 

file.SES 

(ASCII file ) * On multiple process machines 

Fig.3.2 The Relationship Between MYSTRO and LUSAS 
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4 Pressure Vessel Model 

The descriptions in chapter 4 provide detailed instructions for modelling 

the pressure vessel. 

4 .1 Configur ation 

U sing the finite element computational model, the pressure vessel will 

be considered a s a practical example of modelling a three-dimensional 

object. The shape and data of the pressure vessel are as follows. (35) 

1. 6 

1.6 I 
'f 

I 
2 64 ~ 

I 

I .,. 

~1--~~~~-3-40_-~s-oo------~~~~~---+-i-----70-----11~ 

STIFFNESS RING DETAILS 

STITCH WELD SOmm 
0 

BOTH SIDES AT 90 

ROTATIONS 

ALL DIME1\JSI01\JS: MILLIMETERS 

MATERIALS: MILD STEEL 18 

Fig.4. 1 

8 9 12 HOLES 

ON 210 .8 PC O 



Length of Cylinder Section: 0.5m 

Material Type: Mild Steel 

E = 200x109 NI m 2 

aY = 207 x 106 N / m 2 

Thickness of cylinder 1.6mm 

Thickness of end caps 4.0 mm 

Max. allowable pressure l.3MN I m
2 

The pressure vessel is subjected to a uniform internal pressure. Its 

properties (material, supports, geometry and loading etc.) are 

symmetric about its centre so only 1/4 need be taken as a model. 

4.2 Features and Attributes 

The first parameter to be defined is the angle of viewing the pressure 

vessel.(i.e .. choice of view eye position) 

1 (x) 

1 (y) 

-1 (z) 

Figure 4.2.1 , 4.2.2 and 4.2.3 shows the view of the pressure vessel from 

the chosen position (x=l, y=l, z=-1 ) 
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;;:; * 1. S(t) means top surface 

S(b) means bottom surface 

2. Surfaces and vo1umes of ring are shoVv-n in Fig.4.3 
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Fig.4.'.2.'.2 Surfaces 
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Figure 4.3 shows a quarter of the stiffness ring which will be used for 

the model (see Fig.4.1) 

203 

202 

200 

where; 

( 2 1 7) 

v7 
(21 -9 ) 

20 5 / 

(212) 
200 

/ 1 1 

/ 

/ 

/ 

s20 3 / 21 O 
/ ( 21' 

/ 

/ s2 l 0 
v8 

( 2 2 3) 

20 1 207 20G 'I 

(Fig.4.3) 

number means front point 

(number) means back point 

S means surface 

V means volume 

The steps used in drawing figure 4.2 and 4.3 were: 

Define points: 

By coordinate s 

Define lines: 

Straight lines by point 

Arc by rotation (2 points, radius) 



Define surfaces: 

By lines 

By points 

Minor/Major arc surfaces by sweep line 

By coordinates 

Define volumes: 

By surfaces 

By lines 

By sweeping surface 

4.3 mesh 

The following is an example of a 3-dimensional mesh. Its thickness is of 

a similar magnitude to its length and width. It is considered as a 3-

dimensional continuum so that the element is a curved, isoparametric 

hexahedral in direct approximation to a curved shell, as shown in 

Fig(4.4) (36) 

~wl fy'(u'~" . v u) 

/ 

Fig. 4.4 Locai and globa l co-ordinates 
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The external faces of the element are curved, while the sections 

across the thickness are generated by straight lines. Pairs of points, 

i,0 P and iborrom, each with given Cartesian co-ordinates, prescribe the 

shape of the element. 

Let ~' 11 be the two curvilinear co-ordinates in the middle plane of 

the shell and S a linear co-ordinate in the thickness direction, 

where t;, 71 ,t; vary between -1 and +1 on the respective faces of the 

element. A relationship between the Cartesian co-ordinates and the 

curvilinear co-ordinates of any point of the shell can be written in 

the form: 

Here N; · (~ ' 77) is a shape function taking a value of unity at the node 

i and zero at all other nodes. 

The following steps were used in drawing the mesh : 

Mesh Techniques: Regular meshing 

Element meshes: HX8 (hexahedral mesh) 

Mesh Define: 
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(a) Line Mesh (line diagram in Fig.4.2.1) 

Dataset Define Mesh 1 

Mesh line type Element=ll 

Spacing Ratios are: 1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

Assign Mesh Dataset Number 1 to Line 9, Line 10, Line 11 

Line 12. 

Dataset Define Mesh 2 

Mesh line type E1ement=6 

Spacing Ratios are: 1.000 1.000 1.000 1.000 

1.000 1.000 

Assign Mesh Dataset number 2 to Line 2, Line 4, Line 6, Line 8, 

Linel4, Linel6, Line25,Lin e27, Line38, Line40, Line 66, Line 67, 

Line 73, Line 74. 

Dataset Define Mesh 3 

Mesh line type Element=! 
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Spacing Ratios are: 1.000 

Assign Mesh Dataset Number 3 to Linel, Line3, Line5, Line?, 

Linel3, Line15, Line21, Line23, Line 24, Line 26, Line28, Line29, 

Line 30, Line31, Line35, Line37, Line39, Line41, Line42, Line43, 

Line44, Line45, Line62, Line65, Line70, Line75. 

Dataset Define Mesh 6 

Mesh line type Element=5 

Spacing Ratios are: 1.000 1.000 1.000 1.000 1.000 

Assign Mesh Dataset Number 6 to Line17, Line18, Line19, 

Line20. 

Dataset Define Mesh 7 

Mesh line Type Element=4 

Spacing Ratios are: 1.000 1.000 1.000 1.000 

Assign Mesh Dataset Number 7 to Line60, Line61, Line63, 

Line64, Line68, Line69, Line71, Line72. 

27 



Dataset Define Mesh 8 

Mesh Line type E1ement=3 

Spacing Ratios are: 1.000 1.000 1.000 

Assign Mesh Dataset Nomber 8 to Line203, Line209, Line210, 

Line211 CRING) 

(b) Surface Mesh (surface diagram in Fig.4.2.2) 

Dataset Define Type ).1eshtype= 1 

Assign Mesh Dataset Number4 to all of the surfaces 

(c) Volume Mesh (volume diagram in Fig.4.2.3) 

Dataset Define Mesh 5 

Mesh Volume Type=HXS 

Meshtype=l 

Assign Mesh Dataset Number 5 to all of the volumes 

Mesh Figures shown in Fig 4.5.1 and 4.5.2 

ie, Mesh(black ) and volum es. 
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The results shown on the screen were: 

Volume 1 with 66 HX8 elements 

Volume 2 with 30 HX8 elements 

Volume 3 with 6 HX8 elements 

Volume 4 with 6 HX8 elements 

Volume 5 with 24 HX8 elements 

Volume 6 with 24 HX8 elements 

Volume 7 with 3 HX8 elements 

Volume 8 with 3 HX8 elements 

Total number of elements=162 

Largest el em ent number=1321 

Total number of nodes=418 

Largest node number=2089 

Element Topology shown in App endix II 

4.4 Geometry, Materials, Support and Loading 

In general , geometry and loa ding da ta may be independ entl y specifi ed in 

Cartesian, cylindrical or sph erica l coordin a te sys tems . A vari e ty of 
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different loadings may be applied to any part of the structure, with up to 

13 independent loading cases.These include the following: (Table 4.1) 

Loading Type 

Co oce.n rra.r cd I oad.s 

Prescribed disp Lace me o.t 

Body forces 

Body forces (fic:ld ) 

U a.if o rml y d.i.stri bu ted Io ads 

Structure f:o.u loads 

Field face Io ads 

Temperature loads 

T em perarure face loads 

Environmental t= p. loads 

N od.a.l tc:m perarure I oads 

General point load.3 

General patch loads 

Px. Py, Pz 

Mx. My, Mz 

:Ml..1. ML2 

U,V,W 

Ttlx. T:.-1y, Triz 

THLl. THL2 

wx. wy, wz 

px. py, pz 

Ax. Ay. Az. 

OMx., OMy, OMz 

ALl.. AL y, ALz 

Q 

Tl 

TO 

cITl/dx. cITl/dy. cITl/dz 

dTO/dx. dTO/dy. cITO/d.z 

T 

be. b.r 

X. Y. p 

Reference 

a... 

PDSP 

CBF 

FC3F 

UDL 

FLD 

:-rLD 

TMPE 

TMPF 

ENVT 

TBil' 

POIN1 

PATC-I 

Load Components 

Px. Py. Pz. Mt.. My. Mz... MLI. "ML2 

U, V, W. Ttlx, lliy, Ttlz., THLI. THL2 

Ax. Ay, Az. OMt... OMy, OMz., AU., ALy. AL.z 

Q 

wx.-wy. wz 

px. py.pz 

q - -

Tl. dTl/d:x. cITI/dy, cITl/dz.. TO, dTO/dx. cITO/dy, cITO/dz 

Tl.TO 

T, be. hr 

Tl.dTl/d:x. cITl/dy. cITI /dz, TO, dTO/dx. dTO/dy, dTO/d.z 

X. Y.P 

:X. Y. p 

KEY. 

Cooc=tr.Ued loads in glob4.l d:i.recion3 

Momett:s 

Loof mom eats 

Dispiao:me:io 

Rourioru 

Loof roorions 
.. u mtormly cfutnbmed Lo .c.13 

Ma: loath in I OC3.l d.irecri ons 

Angular vcloci tie:3 

Angular aco:~nri= 

Potenriili 

F1nal tt:rnper.i..tme 

loi ti.al ll!mpc: ntIIre 

F1nal tt:mpenrure gnd.i=t 

1ni ti.al ll!rn pe n.nIR g:ndi =t 

E.xterrul t= pc::r.uu:re 

Table.4 .1 Summary 01 LoadlnQ Types And ComoonQnt.3 

I 
I 
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Both linear and nonlinear material property models are available. A 

summary of the material type parameter for each of the available LUSAS 

material models is shown in Table 4.2 

Material Description 

LINEAR 

Isotropic 

Orthotropic plane strain 

Orthotropic axisymmetric 

Orthotropic plane stress 

Orthotropic thick 

Orthotropic solid 

Anisa.tropic 

Anisotrop ic solld 

Rigidities 

Rlgidtties shell 

Field isotropf<: 

Field orthotropic 

Field orthotropic Solid 

Field link 

Field link 

NONLINEAR 

Uniaxial CCflcrete 

81 a.xi al conc:ra t e 

E!astc-pl as tlc plane I nte rt ace 

Elasto-plastlc solkl intBiiaca 

El asto-pl as tic Tresca 

El asto-pl 2S tic res u ttarrt 

Eiasto-plastlc von-Mlses 

E! as~o-plastic Mohr-Coul-orro 

E!asto-plastic Oruke-r-Prager 

Sack,.,.-.<:11d EulB< Von-Mises (e!asto-plastic ) 

Use-r-Oefineab1e Material M~ 

I 

I 

Table.4.2 Material Property Type Numbe~ 
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Material Type 

1 

3 

3 

4 

16 

14 

12 

15 

6 

7 

5 

8 

17 

18 

19 

23 

24 

27 

25 

61 

62 

53 

64 

72.175 

I 
I 
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Support conditions may be specified in two ways: 

First, by specifying the support codes for each degree of freedom type 

contained in the MYSTRO freedom library. The required support codes 

are: 

'F' for a 'free' or unrestrained freedom(default) 

'R' for a' restrained' freedom 

'S' for a 'sprung' freedom 

and the freedom library is arranged in the following order: 

u 

v 

w 

THX 

THY 

THZ 

THLl 

THL2 

DU 

DTHX 

Translation in the global X-direction 

Translation in the global Y-direction 

Translation in the global Z-direction 

Rotation about the global X-axis 

Rotation about the global Y-axis 

Rotation about the global Z-axis 

Local rotation about the first loof point 

Local rotation about the second loof point 

Hierarchical displacement 

Hierarchical local rotation 
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In this manner, the order in which the support codes is significant, and 

intermediate unrestrained freedoms must be defined explicitly. 

Secondly, by specifying which freedoms from the library are restrained, 

and in what manner the restraints are to be applied. Since the support 

codes refer directly to the freedom name, the order in which they are 

specified is unimportant, and unrestrained freedoms may be implied 

using the default condition. 

The data for geometry, materials, support and loading are entered as 

follows: 

Geometry: 

Define Geometry 

Dataset number 1 

Property type number 6 

Thickness default 

Assign geometry to all of the surfaces. 

Materials: 

Define Material 

Dataset number 1 

Property type number 1 (isotropic) 
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Young's Modules E = 200,000N I mm
2 

Posson's Ratio 19 = 0.3 

Mass Density RH0=7.7028E-05N /mm 3 

Coefficient of Thermal Expansion ALPHA= 1.1 OOOE-05/ C 

A Stiffness Rayleigh Damping Constant ar=O.OOOOE+OO 

B Stiffness Rayleigh Damping Constant br=O.OOOOE+OO 

TEMP T=17 

Assign material to all of the volumes. 

Data storage locations used= 13 

Support: 

Define Support, (Dataset Define Support 1 found ) 

Dataset number 1 

Translation in the global x-direction U =R 

Translation in the global y-direction V =F 

Translation in the global z-direction W=F 

Rotation about the global X-axis THX=F 

Rotation about the global Y-axis THY=F 
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Rotation about the global Z-axis THZ=F 

Local rotation about the first loof point THLl=F 

Local rotation about the second loof point THL2=F 

Hierachical displacement DU =F 

Hierachical local rotation DTHX=F 

Assign support 1 to Surface 3, Surface 8, Surface 14, 

Define Support, 

Surface 22, Surface 60, Surface 65. 

Dataset number 2 

U=F 

V=R 

vV=F 

THX=F 

THY=F 

THZ=F 

THLl=F 

THL2=F 

DU=F 

DTHX=F 

Assign support 2 to Surface 5, Surface 10, Surface 16, 

Surface 24, Surface 62 , Surface 66. 

Define Support 

37 



Dataset number 3 

U=R THZ=F 

THLl=F 

THL2=F 

THX=F DU=F 

THY=F DTHX=F 

Assign support 3 to Surface61. 

Define Support 

Dataset number 4 

THZ=F 

THLl=F 

THL2=F 

THX=F 

THY=F DTHX=F 

Assign support 4 Lo Surface67. 

Loading: (surface diagram in Fig.4.2.2 ) 

I ' Surfacc4: the area ofthe S.= -?.nxl?.8 x3-W = 6836Jmm
- 4 



the value of structure face loads=68361 x l.3=88870 (N) 

I 2 
59 =-1.rr x 128 x 160 = 32 l69. 9mm 

Sur face 9: the area of the -+ 

the value of structu re face loads=32169.9 x l.3=41820(N) 

Surface 17, Surface 21: 

1 2 
S.-.5, 1 = - 2rr x 128 x 39=7841.4mm 

the areas of the ' ' - 4 

the value of str ucture face loads=7841.4 x l.3=10190(N ) 

Surface 64, Surface 69 : 

Due to the fact that 864 and 869 are irregula r curved 5ur face s , 50 di\·id e 

them into 5 s mall surfaces . t hen calculate the a r eas of each . 

S 130 + 132 16 ..., _,, : , -s /) , _, : 
100 = x - . 4 = .)-bi::>. 4n:11! = .)4) . 4 + _( = -1-l 1 , . -Imm 

I 

l .... _,Q + ] II , , 
S -- " 6 .... ,..,6 .. ,..., ..., 6 " ) ...,..., ' -IOI= X .!. ).4 = .) .) _ .-i it:l l : :::: ."I .. ) .!. ). 4 + .!.( = _) _) ..! ti . -111:1 11 

I 

S 107 + 122 ?6 s ' ..., ' 
102 = x - .4 = 3022. 11111!- = ~022 . 8 + 20 = JO-i~ . ,' 11:11:· 

I 

S _ 8 1+107 1r..4 -/ · 0 6 .=- 1 8 6 ?() -/-() ' . : 
103 - X _o. - _.:lei I. m11. - _-le I. + _ - _) }.(1111m 

I 

9 + 16 4 (\+] I 
S - -· 66 ._, - - ]/') ')/ 2 -?/?/·] / () - J "' ...j/?: 104- x + - - - _____ /I/Ill - ] ___ __ • - - _) _ , _ /ll/71 

I I - -

the loads on ea ch a reas as: 



F;00 =3478.4x1.3= 4521.92(N) 

F; 01 = 3346.4X1.3= 4350.32(:V) 

F;02 = 3042.8 x 1. 3 = 3955. 64(N) 

F;03 = 2501. 6 x 1. 3 = 3252. 08(N) 

F;04 =1342.2xl.3= 1744.86(N) 

Total loads on the 864 and S69 are: 

5104 

5103 

5102 

5101 

5100 

Fig.4.6 

F; 00 + F;01 + F;02 + F; 03 + F; 04 = 4521. 92 + 4350. 32 + 3955. 64 + 3252. 08 + 1744. 86 

= 17824.82(N) 

8203 and 8210 (RING): 
1 

? 9 6 - ?()() ' ~ - _n x7. xl.6-_ 11.m 
the areas of the 8203 and 8210= 4 

the value of the structure 1oads=200xl.3=260. l(N) 

(b) Loading values which are input into the computer 

Dataset Define Loading 1 

Loading Type=FLD 

Loading values are: 

F, = 0. 0000 E + 00 

F~ = 0.0000£ + 00 

F, = -0.8887 £ + 05 

Assign loading dataset number 1 to surface 4 

Dataset Define Loading 2 

Loading Type=FLD 
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Loading values are: 

Fx = 0.0000£ + 00 

FY= 0.0000£ + 00 

F, =--0.41 82£+05 

Assign loading dataset number 2 to surface 9 

Dataset Define Loading 3 

Loading Type =FLD 

Loading values are: 

Fx = 0.0000£ + 00 

~ = 0.0000£ + 00 

F, = --0.1019£ +OS 

Assign loading dataset number 3 to surface 17 and surface 21 

Dataset Define Loading 4 

Loading Type = FLD 

Loading values are: 

Fx = 0. 0000£ + 00 

FY= 0.0000£ + 00 

F, =-0.1782£+05 

Assign loading dataset number4 to surface 64 and surface 69 

Dataset Define Loading 5 

Loading Type = FLD 

Loading values arc: 

41 



Fx = 0.0000£ + 00 

FY= 0.0000£ + 00 

F, = -260.1 

Assign loading dataset number5 to surface 203 and surface 210 

Support and loading are shown in Fig (4.7 ) 

The green arrows show the position of support and the blue arrows show 

the position of loading. 
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5 Running LUSAS 

Using the model previously defi n ed and data previously input, LUSAS is 

run to calculate displacements an d stresses. 

5.1 Running LUSAS 

Create a LUSAS datafile from MYSTRO using command: 

TABULATE (file name) 

The command to spawn a LUSAS analysis process is: 

PROCESS LUSAS 

This will run and automaticall y create the fil es: 

(file name). file . OUT Results file (readable ASCII ) 

(fil e name). fil e . MYS Post-analysis graphics fil e 

(binary) 

(file name) . fil e. LOG Analysis Log (readable ASCII ) 

7488 k bytes of extended memory is required fo r this mod el. 

The followin g inforrnation is shown in th e screen: 

(time) Processing elements 

Processing co-ordinates and supports 

Processing properties and supports 

Proces sing load s 

Cross check ing data 

Assembling elements 

Solving equations 

Hccovering stresses 

Writing output 

\V1·itin g plot file 
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The output information from the LUSAS run is: 

Total number of nodes= 418 

Larges t node number= 2089 

Tota l number of c lements = J 62 

Larges t elem ent number = 1321 

Largest material assignment set number = 1 

Tota l number of material assignment set = 8 

Tota l number of support nodes = 132 

Largest node number= 1756 

Number of loaded nodes or elements = 648 

Tota l number of' loading cases = 1 

Maximum frontwidth of s tiffness m atrix = 90 

Root mean square of frontwidth = 60 

Tota l number of equations= 12.S-t 

Tota l number of active nodes =-+ 18 

The results of the LUSAS analysis which a re s tored in th e unformatted 

post-an a lysis model fil e may be accessed using the comm a nd : 

> MODEL READ fll c nam e. :\IYS 

SUMMARY OF POST PHOCESSTNG OPERATTO S 

SET LOADCASE Set the loadcasc 

SET RESULTS ( DlSPLACE:\IENT STRAIN STRESS ) 

Set the results r ecord 

RESULTS ASSEMBLE 

RESULTS DEFORMATION 

* 

Assembl e the results 

Asse mble deformation s 



P RINT RE SUL TS 

* * 

DRAW MESH 

* * 
D ISPLAY DIAGRAM 

DISPLAY PEAK 

D ISPLAY VALUE 

DISPLAY YILED 

D ISPLAY VECTOR 

* * 
RESULTS USER 

RESULTS HISTORY 

SETTON LINE 

SET GRAPH NUMBER 

SET GRAPH XAXIS 

SET GRAPH Y AXIS 

DISPLAY GRAPH AXES 

D ISPLAY GRAPH DATA 

* :f. ~-

DISP LAY CONTOU I\ 

ANNOTATE 

* 
SECTION LlNE 

SECTION SL I C I~ 

Print selected results 

Draw mesh 

* 
Fra me diagram 

Peak value locations 

P eak values 

Nonlinear material states 

Vectors (only for 2D) 

* 
User suppl ied datasets 

Time hi story datasets 

Line section datasets 

Graph numbe r 

X-axis cbta seL 

Y-axis da taset/control 

Graph a xes 

Gra ph data 

::. 

Contou rs 

Annotate cont ours 

~-

Linc section (f'or 21) ) 

Sli ce' ~l'C ti o n (for :3DJ 



5.2 Running EXPOSE: 

EXPOSE is the modul e which generates hardcopi es from LUSAS runs. 

a) picture fil e: 

To enabl e hard copy pl ots to be produced, MYSTRO crea tes a neutral file 

known as the picture fil e. 

Processing the picture file may be impl emented in following way: 

PICTURE OPEN Open a picture fil e 

SET PICTURE TITLE 

ERASE 

DRAW MESH (or other gTaph s) 

PICTURE SA VE 

Give the titl e 

En sure titl e appears 

Draw picture 

Close and save picture fil e 

All the scre en chan ges cau se d by commands i ss u ed be tween th e 

PICTURE OPEN and PICTURE SA VE commands will be save d in th e 

picture fil e. Smartening up the picture can be done using the ANNOTATE 

commands in MYSTRO. 

The n eutra l plotting fil es are converted to the appropriate dri ver s u sing 

the plotting utility EXPOSE. 

Run EXPOSE by typing: 

C:!FEA I STUDENT> Expose 

Input picture fil ename: L&F2. pie 

DEVICE> 3 (no colour fill ) 

Output fi le name: L&F2. hp 

Input number of pens to be u sed : G 

b) Colour print: 

To print th e coloured pictures . the computer mu st be rebooted 

typin g: 

--+ 7 



>Choose: P 

> [PTPrt] C: I> FEA 

> [PTPrt] CI FEA I student> A4Plot L&F2.hp 

The above instructions will cau se a ll th e n ecessary graphs to be printed. 

c) Configuration file: 

Expose can be configured to suit the plotter that was ins talled by editing 

the enclosed configuration fil e:CONFIG .FIL. 

The following is an example of CONFIG.FIL. and its contents: 

(IDEV/Device number -1 ) 

Idev Dvscle IPl IP2 JP3 IP4 !Sl IS2 1S3 !S4 XSl XS2 

1 0.10 0 0 0 0 0 0 0 0 0.0 0.0 

2 10.0 0 0 0 0 0 0 0 0 0.0 0.0 

3 40.0 0 0 13520 9600 0 13520 0 9600 0.0 0.0 

4 3.00 0 0 0 0 0 0 0 0 0.0 0.0 

5 40.0 0 0 13520 9600 0 13520 0 9600 0.0 0.0 

6 27.0 0 0 338 2'10 0 0 0 0 00 0.0 

7 40.0 11160 1600 13600 9600 20 1 1 () 0.0.5 0.05 

8 40.0 11160 1600 13600 9600 20 1 1 0 o.o.s 0.05 

9 40.0 0 0 13520 9600 0 13520 0 9600 0.0 0.0 

10 40.0 0 0 13520 9600 0 13520 0 9600 0.0 0.0 

11 40.0 0 0 13520 9600 () 13520 0 9600 0.0 0 0 

12 40.0 0 0 13520 9600 0 1:3520 0 9600 0.0 0.0 

Table 5.1 

XS3 XS4 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 



The first number in line 1 is IDEV and if IDEV is set to -1, then EXPOSE wil 

prompt the user for th e desired device number from the supported list. Thi 

remaining Jines de fin e th e se t-up and the numbers r efer to the followinl 

parameters: 

EXPOSE CONFIGURATION DETAILS 

!DEV/DEVICE number 

DVSCLE/SCALE (plot units/mm ) 

HPGL PARAMETER DESCRIPTION 

!Pl/Minimum X value IP 

IP2/Minimum Y value IP 

IP3/1\!Iaximum x value IP 

IP4/Maximum y value IP 

IS I/Minimum x value SC 

182/Maximum x value SC 

IS3/Minimum y value SC 

IS4/Maximurn Y value SC 

XSl!Unused 

XS2!Unused 

XS3/Unused 

Xs4!Unused 

POSTSCRIPT PARAlVIEfER DESCRIPI'ION 

IPlffransla te X of Origin 

IP2ffranslate y of Origin 

IP3/Bounding Box Size X (EPS only ) 

IP4/Bounding Box Size Y O'=PS onl y "l 

ISJ !Linewidth 

-1 

40.0 

VALUE 

0 

0 

13520 

9600 

0 

13520 

0 

9600 

0.0 

0.0 

0.0 

0.0 

VALUE 

11160 

J600 

13600 

9600 

~ 



IS2/Linejoi n l 

IS3/Linecap 1 

IS4!Unused 0 

XSl/Scale x 0.05 

XS2/Scale y 0.05 

XS3!Unused 0.0 

XS4!Unused 0.0 

MYSTRO produces plot fll es in different paper sizes depending on the 

commands i ssued when creating the PICTURE file. The maximum plot 

area is se t with in MYSTRO as follows: 

PLOTSIZE (MM) MYSTRO 

PLO'ITER Ul\TJTS (DVSCLE=40.0) COlVIMAND 

1168 by 800 (46720 by 32000) SET PLOTSIZE AO 

800 by 574 (32000 by 22960) SET PLOTSTZE Al 

574 by 400 (22960 by 13520) SET PLOTSJZE A2 

338 by 240 (13520 by 9G00) SET PLOTSIZE A3 

240 by 169 (9600 by 6760) SET PLOTSTZE A4 

XS by ys (40. XS by 40. ys) SET PLOTSlZE X S ys 

Table 5.2 MYSTRO plotsize 

)() 



6 Results Analysis 

Analysis Types: 

Static ana lysis is used to de termine displacements, stra ins, stresses, 

and forces in structures und er appli ed loads . Elastic , plastic, creep and 

swelling material behaviours are avai lable. Stress stiffening and large 

defl ection effects may be included. 

Graphlc Displays 

The graphi cs capa bi1ities of the MYSTRO pre- and post-p rocessor provide 

many options for verificati on of mod el geometry and loads. vVindowing on 

a model can be don e by limiting included nod es, elements, or geometric 

di stances. Th e ge om et ry m ay be li mited in any defined co-ordinate system. 

Surfaces may be plotted a s well as defined co-ordinate systems. All 

boundary conditi on s (di spl ace m ents , forc es, mom ents, press ures , and 

degrees of freedom ) may be di sp layed on element or nod e plots . Element, 

node, m a te ri al , support , loading , or m ember property numbering can be 

shown on plots of the mod el. Section views through three dimensional 

structures, plots of" mod el edges . a nd hidd en line plots are all avai lable fo r 

furth er ch ecking or rnod el geom etry and for p resenta tion . 

The LUSAS a nalysis p rogra m m ay be ac ti va ted as a n externa l process at 

any time during th e MYSTRO session. Any previously crea ted LUSAS 

datafile may be a nalysed using th e comma nd: 

PROCESS LUSA.S 
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A11 results are from the post-processor s fil e. 

6.1 Displ acements 

Th e followin g data are the actual di splacem ents determined by the 

LUSAS run (l< inite E le ment ~Icthod) at certain nodes whi ch are of 

particular importance .Some of these points have also been a na lysed using 

Laser Speckle Photography by H endel (35). They are three-dimen sions 

with respect to th e structure's axes. Other di splacements determined by 

the LUSAS run are presented in the Appendix. 

Nodal point Displacement Di splacement Di splacement 

No. in x-di rcction in y-direction in z-direcLion 

x J(f5m x l 0-5rn x 10-5 m 

I 

0 2.38238 6.42835 ] 

2 0 2.34768 6.43892 

5 2.38238 0 6.42835 

6 J.71429 4.34860 6.42931 

17 2.34768 0 6.43892 

70 0 5.45467 6.31879 

71 0 6. 16685 6.2721(-i 

7:3 0 6.44746 6.214;30 

75 0 6.53613 6.13688 

76 0 6.61395 6.07377 

91 f).45467 0 6.3] 879 

92 (). 1 ()()8:) 0 6.27216 

96 6.5:3(i 1 :3 0 6.13688 



97 6.61395 0 6.07377 

137 4.62226 4.62226 6.15044 

138## 4.70197 4.70197 6.07834 

283 0 6.58007 6.07374 

345 4.67810 4.67810 6.07706 

587 0 0.73642 6.18326 

588 0 0.72787 6.29184 

597 0.72787 0 6.29184 

605 0.73642 0 6.18326 

671 0 0.75724 6.47868 

673 0.75724 0 6.47868 

681 I 0 0.74852 6.36268 

689 0.74852 0 6.36268 

1039 0.15952 0.15952 7.4757 

1228 0 4.32069 6.48469 

1229# 0 6.03063 6.59390 

1230 0 6.50287 6.68666 

1237 4.32069 0 6.48469 

1238@ 6.03063 0 6.59390 

1239 6.50287 0 6.68666 

1240* 5.53683 0 6.72497 

1247 6.06548 1.82455 6.54414 

1248 6.35939 1.76317 6.64513 

1249* 5.34644 1.43087 6.69258 

1253* 4.80760 2.77416 6.64185 

1256 4_902;13 4.90233 6.52501 

1263 1.82455 6.06548 6.54414 
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1264 1.76317 6.35939 6.64513 

1316 0 5.99370 6.64782 

1317 0 6.46713 6.67740 

1324 4.28331 0 6.60363 

1325 5.99370 0 6.64782 

1326 6.46713 0 6.67740 

1327* 5.50567 0 6.63758 

133?> 6.32733 1.74689 6.62845 

1336* 5.31656 1.42289 6.60276 

1340* 4.78214 2.75781 6.54716 

1345 3.84141 6.02092 6.41808 

1351 1.74689 6.32733 6.62845 

1429 0.18787 0.70324 6.29219 

1430 0.36359 0.63080 6.29205 

1433 0.70324 0.18787 6.29219 

1441 0.19012 0.71142 6.18412 

1442 0.36780 0.63798 6.18553 

1443 0.52072 0.52072 6.18631 

1444 0.63798 0.36780 G.18553 

1445 0.71142 0.190]2 G.J84 J 2 

1489 0.18880 0.73357 6.47145 

1490 0.37246 0.66005 6.45724 

1493 0.73357 0.18880 6.47145 

1501 0.J8557 0.72547 6.35656 

1504* 0.653J9 0.36731 6.34507 

1542" 0 0.37238 6.97320 

1560 0_:35202 0 6.95891 
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1579 0.08935 0.34420 6.94934 

1580 0.17828 0.31441 6.92858 

1582* 0.31441 0.17828 6.92858 

1583 0.34420 0.08935 6.94934 

1586* 0.20542 0.20542 6.83227 

1646* 0.32907 0.19077 6.93958 

2009 -0.03791 1.53211 11.5535 

2046 -0.21212 1.41999 1.15538 

2075 1.53211 -0 .03791 11.5535 

2089 1.41999 -0.21212 11.5538 

Table 6.1 Di splacements at nodes 

(1) The nodes whose displacements are compared with La se r Speckle 

Photography method are noted by *. 

(2) The node whose stress is the largest in the x-direction is node 1229, 

noted by #. 

(3) The nod es whose stress I S the la rgest in the y-directi on is n ode 

1238, noted by @. 

(4) The nod e whose stresses are th e largest in the z-di rection a r e n ode 

1542, noted by/\. 

(5) Th e nod e whose stress I S the la rgest in the xy-plan e is node 138, 

noted by ##. 
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6.2 Deformation 

An overall view of structural performance of the pressure vessel can be 

achieved from a deformed plot, which is generated by LUSAS as follows . 

The deformation of the pressure vessel is shown as are deformed 

shape, it is a static analysis. 

Two kinds of deformed m esh can be drawn . 

(1) A deformed mesh plot may be drawn using the commands: 

SET LOADCASE 

RESULTS DEFORMATION 

DRAW MESH 

(2) A deform ed m es h may be superimposed over the original configuration 

using the commands: 

SET LOADCASE 

RESULTS DEFORMATION 

DRAW MESH 

RESULTS DEFORMATION OFF 

DRAW MESH 

The deformation mesh is superimposed over th e origina l mesh m 

Fig.(6 .1 ) 

Thi s shows : 

* Large displacem ents but small strains. 

*Large di splacements occurred at th e middle of th e lines 9, 10, 11, 12, 17, 

and 18, 19 , 20, as well as at the left side of the cap. 

* No di spl acements occuncd at th e end of the right si de of the cap because 

it was fix ed. 

*Small di spl acem ents occurred at the area around the ring and fixed end . 
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6.3 Stress 

The direct and shear stress lists (table) show th e output stresses for 

certain nodes which are of particular importance and some of them were 

also analysed using Laser Speckle Photography by Hendel (35). 

The graphs of the stress contours are shown after the lists of stresses . 

The areas of highest stress can be determined by comparing the list of 

stresses with the graphs of stress contours. 

Other direct and shear stresses determined by the Finite Element Method 

are presented in Appendix. 
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ELT Node Com pt Corn pt Compt Co m pt Com pt Com pt 

No. No. x-dirn y-dirn z-di rn xy-dirn yz-dirn zx-dirn 

x l06 x !O ~ x l06 x106 x l06 x l06 

2.'39 1 72.33 -17 .83 20.67 71.88" 17.32 3.62 

244 5 -17.83 72.33 20.67 71.88" 3.62 17.32 

259 3.50 67.85 3.09 56.38 -65.21 0.49 0.54 

143 69.06 3.01 56.84 -65.73 1.35 -0.76 

133 32.70 32.02 56.65 -71.32 7.48 7.31 

34D 33.53 33.06 55.66 -70.76 6.80 7.43 

351 60.68 11.36 56.78 -65.22 -0.41 -1.92 

144 62.49 11.71 57.44 -66.00 0.08 -2 .70 

134 36.01 35.80 47.18 -70.19 -6.45 -4.58 

341 37.99 33.92 45.99 -70.37 -6.61 -4 .52 

262 320 -14.69 85.53 58.70 -44 .19 -0.83 -11 .97 

113 -1 3.58 84.97 58.85 -45.64 -2 .12 -11.64 

S2 -15.60 107.36 69.13 -6.53 -1.39 -15.82 

299 -15.25 105.05 69.24 -6.37 -0.80 -15.75 

321 -12.90 86.34 58.53 -46.96 0.49 7.91 

114 -12.49 85.21 58.50 -44.30 -0.42 8.12 

9.3 -15.25 105.76 68.90 -9.46 1.24 11.58 

300 -14.6] 104.lJ 69.J9 -9.34 1.47 11 .64 

277 137 33.20 3J .43 57.91 -71.88 -2 .73 -0.06 

344 31.43 33.20 57.14 -71.03 -2.71 -0 .12 

281 2.82 104.6] -14.90 57.50 -12.65 -2 .13 -0.90 

75 106.66 -15.1 3 57.83 -12 .76 -2.10 -0.86 

157 83.25 -12 .39 57.79 -43.49 -2 .74 1.34 
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364 84.25 -12 .58 57.48 -43.16 -2.74 1.33 

283 106.44 -14.65 57.89 -12.55 6.42 0.12 

76 108.57 -14.16 58.25 -12.67 6.44 0.16 

158 88.00 -12.74 58.20 -43.07 6.29 2.40 

365 87.92 -12.90 57.86 -42.73 6.28 2.38 

137 31.00 36.33 57.62 -71 .88 -3.34 -0.67 

138 31.99 36.76 57.89 -72.79/\ 4.96 5.42 

768 1337 -12.96 33.75 27.31 -21 .51 8.73 -3 .37 

771 1229 114.32* -11 .88 67.95 -10.89 48.88 7.21 

776 1238 -16.88 114.32# 67.95 -1.89 7.01 48.96 

777 1317 97.22 -13.35 63.22 -7 .01 62.59 -5.79 

1351 97.64 -12.30 69.75 -45.24 55.57 19.04 

1264 98.01 -12.09 69.77 -43.69 55.60 20.23 

1230 92.47 -13.10 69.98 -7.18 62.95 -5.25 

1318 90 .23 -1 2.98 68 .39 -8.12 -64.75 -21.08 

1352 73.95 -12.13 67.81 -33.80 -61.98 5.06 

1265 73.38 -11.51 64.57 -34.11 -61.04 5.88 

778 1231 89.52 -13.85 64.88 -8.23 -Gl.23 -5 .01 

779 1257 28.30 24 .56 52.90 -61.92 -19.91 -46.45 

781 1340** 25.60 26.21 55.94 -69.33 -8 .75 -5.S .63 

1336'~* -12. 10 71.2:2 67.86 -37 .55 -34.88 -53.25 

1249** -12.59 70 .65 64.64 -38.07 -33.96 -53.01 

1253** 0.26 62 .95 43 .34 -63.99 -7.70 -55.90 

1248 -12.52 80.22 69.32 -44.82 10.25 58.28 

782 1326 -13.35 92 .22 73.22 -17.02 -5.79 62.58 

1239 -13.11 92.47 69.98 -17.18 -4.99 63.96 

1336** -12.14 86.95 67.8 1 -43 .80 7.03 -63 .97 
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1240** -13.85 79.52 64.88 -8.23 -20.93 -64.15 

787 1253** 0.54 55.87 55.63 -59.99 33.95 25.68 

788 1327** -13 .48 79.69 63.53 -8. 13 -21.08 43.51 

1240** -13.18 79.55 62.36 -8.24 -20.97 44.86 

1249** 12.39 78.26 69.85 -36.11 28.21 36.36 

841 587 16.41 -14.68 38.26 -1.04 -70.39## 9.28 

842 1441 -15.30 5.92 38.07 -4.84 -70.06 -13.81 

845 1445 5.92 -15.30 38.07 -4.84 -13.8 1 -70.06 

1433 -0.12 2.98 83.86 -4.69 -13.33 -67.91 

846 605 -14.68 16.41 38.26 -1.04 9.28 -70.20 

597 -14.32 10.05 37.42 -1.00 7.50 -70.39"" 

8.99 673 -13.71 6.44 109.48 -1.00 -10.51 69.40 

689 -13.48 5.85 108.47 -0.96 31.55 69.39 

1505 -10.06 9.13 112.74@ -4.95 12.31 64.40 

~3 1501 5.67 -11.10 112.74@ -5.11 68.51 12.31 

1502 9.13 -0.60 101.22 -4.95 59.40 50.19 

ffi7 1542 2.91 -12.60 -112.75@ 0.74 7.78 -5.42 

1501 5.23 -11.75 112.28 -5.38 25.17 18.84 

671 6.44 -13.81 112.70 -0.93 69.40 -9.29 

1001 1489 5.75 -12.83 11 1.21 -4.39 52.60 4.27 

1005 1491 6.02 5.94 102.13 -5.35 31.77 42.42 

1503 5.62 6.40 101.49 -5.96 14.92 26.26 

1013 1492 -] 3.JB 13.55 98.37 -4.27 32.36 4 1.77 

1505 -16.58 7.23 103.97 -3.73 -1.51 29.85 

1017 673 31.89 39.29 39.37 -0.63 -9.29 69.40 

597 4. 19 12.50 101.39 -0.74 8.34 -28.77 

1285 2051 -6.70 -11.58 -2.12 2.17 20.38 -27.65 
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1319 

1321 

1039 

1082 

2075 

2089 

-12.80 

-lJ .58 

-14.16 

-17.84 

-0.69 

-6.70 

-17.13 

-13.40 

0.43 

-2.11 

-6.22 

-6.22 

-0.31 

2.17 

-3.97 

4.66 

Table 6.2 Direct and shear stresses in element 

6.4 A summary of the results from FEM 

-23.41 

-27.96 

-22.55 

-22.81 

25.09 

20.38 

6.98 

7.31 

Basic aspects of the Finite Element Methods, theory, input features and 

scope of MYSTRO and LUSAS programs have been presented. In addition, 

detailed input and numerical as well as graphical output illustrating 

linear response have been presen ted. 

The output results show: 

(a) The highest direct stress in the X-direction occurred at node 1229 of th e 

element 771, its \·alues is 114.32 x !On NI m 2
, noted by *. Other values of the 

direct stresses in th e X dire ction \·ary from -17.84 x l06 Nlm 2 to 

114.32 x l06 N Im: . 

(b) The highest direct stress in the Y-dircction occurred at node 1238 of the 

clement 776, its \·aluc is 114.32 x l011 N In/ , noted by #. Other values vary 

from -17.84 xl0<' /\'/ m2 to1J4.32 x !O~ Nl11z2 . 

(c) The highest direct stress in th e Z-direction occurred at node 1542 of the 

element 997, node 1501 of the clement 903 and node 1505 of the clement 899, 

their values a re -11 2.75 NI m2 and 112.74 x !011 NI m'2 respectively, noted by 

@.Other values vary from -112.75 x l06 N /111 : to 112.74 x 106 NI m2
• 

(d) The high es t shear stress in the XY-planc occurred at node 138 of the 

element 283, it s \·aluP is -72.79 x l01
' .\' I m ~ , noted by/\ . Other values of the 



shear stresses in the 

71.88 x l06 N /m 2
. 

XY plane vary from -72 .79 x l06 N/m 2 to 

(e) The highest shear stress in the YZ-plane occurred at node 587 of the 

element 841, its value is -70.39 x l06 N/m 2 ,noted by ##. Other values vary 

from -70.39 x l06 NI m2to 69.40 x 106 N / m2
. 

CD The highest shear stress in the ZX-plane occurred at node 597 of the 

element 846, its value is -70 .39 x l06 N /m 2
, noted by/\/\. Other values vary 

from-70.39 xl06 N/m 2 to69.40x106 N/m 2
. 

(g) The hi ghest stress areas are indicated by as teri sk sign on the s tres s 

contour graphs. 

(h) The number of contours = 12 

(i) The elements whose stresses at all of the nod es in th e x-direction a re 

larger than others are element 251, 263, 269, 275, 281 and 287 (refe r to 

Appendix III). 

(j) The elements whose stresses at all of the nodes in the y-direction a re 

larger than others are element 256 , 262, 268, 27 4, 280, 286 , 292 and 776 

(refer to Appendix III ). 

(k ) The nodes whose stresses in t he z-di rection are larger than oth ers are 

nodes673,689, 1505, 1501, 1502,671 , 1542,681, 1489, 1490, 1491, 1503, 1504, 

1505, 1493, 1552, 1560, 605, 597. (refer to Appendix III ). 

(1 ) The el ements whose stresses at all of the nodes in the xy-plan e are 

larger than others are elernent 259 , 260, 265 and 266 (re fer to Append ix 

III ). 

(m) The nodes whose stresses in the yz-plane ar e la rger than oth er s a re 

nodes 1317, 1230, 13 18, 1352, 1265, 1231, 587, 1441, 1501, 67 l(refer to 

Appendix III ). 
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(n) The elements whose stresses at all of the nod es in the zx-plane are 

larger than others are element 776 and 782 (refer to Appendix III) . 

(o) The nodes whose displacem ents are compared with Laser Speckle 

Photography Method are noted by ** . 
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MYSTRO: 10.1 - 2 

'-rj 

f-'· 
LO 

0\ 
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CON TOUR VALU E 
A -0 .25404 E+08 

B -0 .12702E+08 
(, 0 .0 

_, 

K 

0.12702E+08 

0.25424E+08 
0.38107E+08 
0.50809E+08 
0 .63511 E+08 
0.76213E+08 
0 .88916E+08 
0 .10162E+09 

0.11432E+09 

DATE : 5- 2 - 93 

SCALE 1/ 2 .071 
EYE X - COORD = 1.000 
EYE Y - COO RD - 1.000 
EYE Z - COORD - -1.000 
LOAD CASE ID - 1 
TYPE STRE/FLUX 

COMPO NENT = 1 
NUMBER OF CONfOURS 12 
INTERVAL - 0.11292E+O 
MAX NODAL VALUE - 0.11432E+0 
MIN NODAL VALU E 0 -0.17840E+08 
COMPONENT = 1 
PEAK RANGE ( % l - 1 .000 
MAX NODAL VALU E - 0.11432E+09 

IN NODAL VALUE ~ -0.17840E+0 



en -
0) 

MYSTRO: 10. 1-2 

..,, 
I-' · 

l.Q . 
CJ'\ 

w 

-

CONTOUR VALUE 
/:, -0 . 25404 E+08 
fj -0 .12702E+08 
I ' 0 .0 

0.12702E+08 
0 .25424E+08 
0.38107E+08 
0.50809E+08 
0.63511 E+08 
0 .76213E+08 
0.88916E+08 

K 0 .10162E+09 
0 .11432E+09 

- - . - - - - - - - -- - · - - --

DATE: 5- 7-93 
SCALE 1/ 2.671 
EYE X-COORD = 1.000 
EYf:. Y-COORO - 1.000 
EYL Z-COORD 
LOAD CASE ID 
TYPE STRE/FLUX 
COMPONENT = 2 

-1.000 
1 

NUMBER OF CONTOURS - 12 
INTERVAL 0.11292E+08 
MAX NODAL VALUE 0.114::S2E+09 
MIN NODAL VALUf:: -0.17840E+08 
COMPONENT - 2 
Pf AK RANGE (%l 1.000 

NODAL VAL U~ - 0.11432E+09 
- NODAL VALUE - -0.17840E+08 
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MYSTRO: 10. 1-2 

"'J 
I-'· 
lO 

C"I 

~ 

CO NTOUR VAL UE 
A -0.13866E+09 
tJ 

\., 

D 

-0.11555E+09 
-0. 92440E+08 
-0.69330E+08 

-0.46220E+08 
-0.231 1 OE+08 

0.0 
0 .2311 OE+08 

0.46220E+08 
0 .69330E+08 

K 0 . 92440E+08 
L 0. 11555E+09 

T1f1~· n; ,..o r • C:. t- .-nc:f"" ....... 7 n+ ... ,...,..~."'"' 

DA TE: 5 - 2- 93 
SC AL E 1 / 2.071 -
EYE X COO RO ~ 1 .000 
EYE Y-COORD 1.000 
EYE Z - COORO -1.000 
LOA D CASE 10 - 1 
TYPE STRE/FLUX 
COMPONENT 
NUMBER OF 
INTERVAL 
MAX NODAL 
MIN NODAL 

3 
CONTOURS - 12 

0.2311 OE+08 
VALUE 0 .11274E+09 
VALUr- -0.11275E+O 

COMPONENT = 3 
PEAK RANGE ( % l - 1 .000 
MAX NODAL VALUE - 0 .11274E+09 
MIN NODAL VALUE -0 .11275E+09 
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MYSTRO: 10. 1-2 

'"':l 
!-'· 
lQ 

0\ 

U'1 

CONT OUR VALUE 
A - 0.88320E+08 
8 -0 . 73600E+08 
c -0 .58880E+08 
J -0 .44160E+08 

-0 .29440E+08 
-0 .14 720E+08 
0.0 
0.14720E+08 
0.29440E+08 
0.44160E+08 

0 .58880E+08 
0 .73600E+08 

T I TL[ Sh ear Str ess on XY D 1rect 1on 

DATE: 5- 2-93 

SCALE 1 I 2.071 
EYE X -COORD - 1.000 
EYE Y -COORD 1.000 
EYE Z-COORD - -1.000 
LOAD CASE ID -
TYPE STRE/FLUX 
COMPONE NT = 4 
NUMBER OF CON TOURS - 12 
INTERVAL 0 0.14 720E+0 
MAX NODAL VALUE - 0.71880E+08 
MIN NODAL VALUE ·-0 .72790E+08 
COMPONENT = 4 
PEAK RANGE ( % l - 1 .000 

NODAL VALUE - 0.71880E+08 
NODAL VALUE ·-0 . 72790E+08 
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MYST RO: 10. 1-2 

"='] 
I-' · 

lQ 

0\ 

0\ 

CONTOUR VALUE 
A -0.59433E+08 
B -0.47546E+08 
c -0 . 35660E+08 
,, -0 .23773E+08 

K 

l 

-0.11887E+08 

0 .0 
0.11887E+08 
0.23773E+08 
0.35660E+08 
0.47546E+08 
0 .59433E+08 
0.71320E+08 

DATE : 5- 2-93 --
SCALE 1/ 2.071 
f YE X -COORD - 1.000 
EYE Y - COORO 1 .000 
FYE Z-COORD -1.000 
LOAD CASE 10 1 
TYPE STRE/FLUX 
COMPONE NT = 5 
NUMBER OF CONTOURS 12 
INTERVAL - 0.11887E+08 
MAX NODAL VALUE = 0.69400E+08 
MIN NODAL VALUF -0.70390E+O 
COMPO NE NT = 5 
PEAK RANGE ( % l 1 .000 

= 0.69400E+O 
> 0 .70390E+O 
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"'I 
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LQ . 
9\ 

-...I 

CON 1 0Uf~ YALU! 
I\ 0. 5943 3 E+08 
n -0 .4 7546E+08 

· O. 35660l:+OB 
·0.23773E+08 
-0 11887E+08 
0 0 

" 0.11887E+-08 
H 0.23773E+08 

0.35660E+08 
0.47546E+08 

K 0 .59433E+08 
... 0.71320E+08 

T 1T1.E: Sneor St r ess 1n XZ D i rection 

!iCALI~ 1 I 
!:YE X COOHQ 

DA 11 : 

2 .07 1 
~ - '). · 93 

r Y!- Y COORD 
1 ~r '/ coono 
l UAD CAS[ I fl 
I Y Pl S r HL II l UX 

1.000 
1.000 
. 1 .000 , 

t:OMflONt N l 
NUMlll ~~ or 
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B 
CON I OlJI~~: 1? 

MA); NODAi VAl UI 
0. 11887E+08 
0.69400E+08 

MIN NOL)AL VALUl. ·0 .70390E+08 
COMPO NC NT (i 
Pl AK RANOC ! 't l ~ 

MAX NODAL \I AL ~ll 
N NO DAL V f\L UI 

, .000 
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MYSTRO: 10.1-2 

'"") 
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l..Q . 
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CONTOUR VALUE 
A 0.23550E+08 
B 0.47 100E+08 
r 0.70650E+08 

K 

L 

0.94200E+08 
0 .11777E+09 
0 .14132E+09 
0.16487E+09 
0.18842E+09 
0 .21197E+09 
0.23550E+09 
0 .25907E+09 
0.28264E+09 

DATE: 5 - 2 - 93 

SCALE 1 / 2.071 
EYE X - COORD = 1.000 
EYE Y-C OORO = 1.000 
EYE Z - COO RO - -1 .000 
LOAD CASE ID = 1 
TYPE STRE/FLUX 
COMPONE NT = 7 
NUMBER OF CONTOURS 12 

INTERVA L =0.23 550E+081 

MAX NODAL VALUE =0 .26019E+0 
MIN NODAL VALUE =0.741 15E+0 
COMPONENT = 7 
PEAK RANGE ( % l = 1.000 
MAX NODAL VALUE =0.26019E+09 

IN NODAL VAL UE =0. 74511 E+ 071 
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CONTOUR VALUE 
A -0 .1 0982E+08 
B 0 .0 
1: 0.10982E+08 

0.21964E+08 
0 .32946E+08 
0 .43928E+08 
0 .5491 OE+08 

• I 0.65892E+08 
0.76874E+08 
0.87856E+08 

K 0 .98838E+08 
0 .10982E+09 

DATE: :i- 2-93 

SCALF 1 / 2.071 
EYE X-COORD - 1.000 
C. YE Y - COO RD 1 .000 
EYE Z-COORD - -1.000 
LOAD CASE 10 1 
TYPE STRE/FLUX 
COMPONENT : 8 
NUMBER OF CONTOURS - 12 
I NTERVAL 0.10982E+08 
MAX NODAL VALUE 0.10917E+091 
MIN NODAL VALUE -0 .18684E+08 
COMPONENT = 8 
PEAK RANGE ( % l 1 .000 
MAX NODAL VALUE =0.1091 ?E+O 

IN NODAL VALUE -0 .18684E+0 
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MYSTRO: 10. 1-2 DATE: 5- 2- 93 
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LO 
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CONTOUR VALUE 

A -0.84175E+08 
B -0 .67340E+08 
c -0 .50505E+08 
;J -0.33670E+08 

-0. 16835E+08 
0 .0 
0.1 6835E+08 

•j 0 .33670E+08 
I 0 .50505E+08 
J 0 .67340E+08 
K 0. 841 75E+08 
L 0 .10 101 E+09 

SCALE 1 / 2 .071 
EYE X-COORD = 1.000 
EYE Y - CO ORD = 1.000 
EYE Z - COORD -1.000 
LOAD CASE ID : 1 
TYPE STRE/FLUX 

COMPONENT = 9 

---

NUMBER OF CO~TOURS 12 
INTERVAL 0 .16835E+08 
MAX NODAL VALUE 0 .98460E+08 
MIN NODAL VALUE -0 .861 OOE+O 
COMPONENT = 9 
PEAK RANGE ( % l - 1 .000 

MAX NODAL VALUE 0.98460E+0 
IN NODAL VALUE - - 0 .86100E+O 
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CO NTOUR VALUE 
A -0.82350E+07 
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c 0.82350E+07 
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0 .24 705E+08 
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0.4941 OE+08 
0.57645E+08 
0.65880 E+08 

K 0 .74115E+08 
L 0 .82350E+08 

DATE = 5 - 2 - 93 
SCALE 1/ 2 .071 
EYE X- COORD = 1.000 
EYE Y-COORD = 1.000 
EYE Z -COOR D -1.000 
LOAD CASE ID = 
TYPE STRE/FLUX 
COMPONENT = 10 
NUMBER OF CONTOURS = 12 
INTERVAL = 0 .82350E+07 
MAX NODAL VA LUE =0 .80865E+0 
MIN NODAL VALUE - -0 .10035E+07 
CO MPONENT = 10 
PEAK RANGE ( % ) - 1 .000 

NODAL VALUE =0 .82350E+07 
NODAL VALUE c -0 .10035 E+07 

------



-...:] 
CJl 

MYS TRO: 10 . 1-2 

'"rJ 
I-'· 

lO . 
0\ 

...... 
N 

CONTOUR VALUE 
A 0.0 
B 0.14236E+08 

Ii 

k 

L.. 

T 1 •• r· . r 

0 .28437E+08 
0.42709E+08 
0.56945E+08 
0 .71182E+08 
0.85420E+08 
0 .99654E+08 
0 .11389E+09 
0 .12813E+09 
0 .14236E+09 
0.15660E+09 

,..., 

DATE : 5 - 2-93 
SCAL E 1 I 2 . 0 71 
EYE X- COORD = 1.000 
EYE Y - COOR D 1 .000 
EYE Z-COORD -1.000 
LOAD CASE 10 = 1 
TYPE STRE/FLUX 
COMPONENT = 11 
NUMBER OF CO NT OURS = 12 
INTERVAL = 0.14236E+O 

MAX NODAL VALUE = 0.15636E+O 
MIN NODAL VALU E = 0.1 7478E+07 
COMPONENT = 11 
PEAK RANGE (%l : 1.000 

NODAL VALUE = 0.15636E+09 
VALUE = 0 .17478E+0 



76 

Cf) 
(!) 

""C 
0 
c 
_, 
i:: 
w _, 
;.... 

c 
':fl 

'--
0 

0 
-~ 
. ;; 
0 
::l.. 



6.5 Results from the pressure vessel design formulas 

The results from the pressure vessel design formulas were calculated by 

hand to verify the results from Finite Element Method. 

According to design formula, Presented in (37) 

CYLINDRICAL SHELL: 

P= all 
R + 0.6£ 

where 

P: Design pressure or max . allowable working pressure. 

er: Axial stress value of material. 

J: Joint efficiency. 

R: Inside radius. 

t: Wall thickness. 

when J=0.65 

take P=l.3Mpa 

er= P(R + 0.6r) = 1300000(0.128 + 0.6 x 0.0016) = 161 _2 x 106 NI m 2 

Jr 0.65 x0.0016 

ASME FLANGED AND DISHED HEAD: 

er.fl 
P=-----

0.885L + 0.1r 

where 

P: Design pressure or max. allowable working pressure . 
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a: Axial stress value of material. 

J: Joint efficiency. 

R: Inside radius. 

L: Inside radius of dish. 

t: Wall thickness. 

when J=0.65 

a= P(0.885L + O. lt) = 1300000(0.885 x 0.42 + 0.1 x 0.004) = 186_05 x 106 NI m2 

Jr 0.65 x 0.004 

6.6 Results from Laser Speckle Photography experiment (35) 

The results from the Laser Speckle Photography are simple 

displacements. They are as foll ows: 

Fri~ge Fringe Distance Distance Actual 8 P reCicted 
Pattern Spacing of point of point (from 8 
No. 6 from fix ed from Young's (rr:el~ :s ) 

end (x) centre.I Equation ) 
axis (y) (meu:rs) 

1 I 
I 

4.16 mm 21.25 mm 50.0 rnm 5.29 x i o·5 .1. L i ·· . .. - .\. 
10·5 

') I 4.13 mm I 102.5 mm I 47.5 rrun I 5.33 x io·5 I 4.76 x io·5 
I 

3 I 4.43 mm I 105.0 mm I 8.75 rrun I 4.96 x io·5 I 2.48 :< io·S 

4 I 5.0 mm 102.5 mm · 45 .0 mm I 4.40 x io·5 I 4. 57 x 10·5 

Tabl e .6.3 The displacements from Laser Speckle Photography 
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These results have been calculated 

using the following formulas: 

8= DA-(47) 
/::,. 

D=348mm 

A= 6320 x 10- io mm 

Specklegram 

1 ... 

D 
.., 

Fig.6.16 

where A is wave length of the coherent light source (He-Ne laser in this 

case), 8 is the principal displacement, D and 6 can be measured. 

6. 7 Comparison of displacements and stresses determined by FEM , LSP 

and the pressure vessel design formulas 

1. Comparison of displacements determined by Finite Element Method and 

Laser Speckle Photography 

The node No.1 from the LSP has data as follows: 

Fringe spacing L'-.=4.16mm 

Displacement of point from fixed end x=21.25mm 

Displacement of point from central axis y=50.0mm 

Actual displacement 8 =5.29 x l 05 m 

The points from FEM that relate to No.l(from LSP) are : 

No.1504 

Displacement in x-direction x=6 .53188E-3mm 
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Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

No.1582 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

No. 1586 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

No.1646 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

y=3.67331E-3mm 

z=63.4507E-3mm 

8=~x2 + y2 +2 2 = 

6.389 x l0-5m 

x=3.14414E-3mm 

y=l.78281E-3mm 

z=69.2859E-3mm 

8 = ~x2 + y2 + 2 2 = 

6.938 x10-5m 

x=2.05417E-3mm 

y=2.05417E-3mm 

z=68.3227E-3mm 

D= ~x2 + y2 + 22 = 

x=3.29072E-3mm 

y= 1.90765E-3mm 

z=69.3958E-3mm 

8 = ~x2 + y2 + 2 2 = 

6.949 x10-5m 

The node No.2 from LSP has the da ta as follow s : 

Fringe spacing 6=4.13mm 

Displacem ent of point from fi xed end x=102 .5mm 
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Displacement of point from central axis 

Actual displacement 

y=47.5mm 

0=5.33 x 10-5m 

The points from FEM that relate to No.2 (from LSP) are: 

No.1253 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

No. 1340 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

x=48.07 60E-3mm 

y=27. 7 416E-3mm 

z=66.4185E-3mm 

O=~x2 +y2+ z 2 = 

8.655 x I 0-5m 

x=4 7 .82 l 4E-3mm 

y=27.5781E-3mm 

z=65.4 716E-3mm 

0=~X2 +y2 +z 2 = 

8.536 x I 0-5m 

The node No. 3 from the LSP has the data as follows: 

Fringe spacing 

Displacement of point from fixed end 

Displacement of point from central axis 

Actual displ acement 

L1=4.43mm 

x=105.0mm 

y=8.75mm 

8=4.96 x I 0-5 m 

The points from FEM that relate to No.3 (from LSP) are: 

No.1240 

Displacement in x-direction 

Displ acement in y-direction 
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Displacement in z-direction 

Actual displacement 

No.1327 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

z=67.2497E-3mrn 

8 = ~x2 + y2 + z2 = 

8.711 xl0-5m 

x=55.0567E-3mrn 

y=Omm 

z=66.37 58E-3mrn 

8 = ~ x2 + y2 + z2 = 

8.623 x 1 o-sm 

The Node No.4 from the LSP has the data as follows: 

Fringe spacing 

Displacement of point from fixed end 

Displacement of point from central axis 

Actual displacement 

6. =5.0mm 

x=102.5mm 

y=-45. 0mm 

8=4.40 x10-s m 

The model in Finite Element Method only considered 1/4 of the model in 

Laser Speckle Photography, so it can't include the same point (No.4). 

Therefore, the points whose co-ordinates are x=l02.5mm, y=45.0mm is 

taken as relative points. 

No.1249 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 
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x=53.4644E-3mm 

y=14.3087E-3nun 

z=66.9258E-3nun 

8=~x2 +/+z2 = 

8.684 x I 0-5m 



No.1336 

Displacement in x-direction 

Displacement in y-direction 

Displacement in z-direction 

Actual displacement 

x=53.1656E-3mm 

y=14.2289E-3mm 

z=66.0276E-3mm 

6 = ~ x 2 + y2 + z2 = 

2. Comparison of stresses determined by Finite Element Method and the 

pressure vessel design formulas 

The maximum axial stress determined from Finite Element Method is: 

For CYLINDRICAL SHELL 

CY x(ma) = 114.32 E + 06N I m
2 

(Jy(max .) = 114.32£ + 06N / 1/1
2 

CYaxial (m•x) = ~CYxcrnax l
2 

+ CYy(,,,,,/ = ~(114.32x 106 ) 2 +(114.32 x 106 )2 = 161.67 x 10
6 
NI m

2 

The maximum stress determined from pressure vessel design formulas 

are : 

For CYLINDRICAL SHELL: 

CY
1 

= P(R + 0.6l) = 1300000(0. 128 + 0.6x0.0016) = 
16

1.2 x
10

6 NI m2 

ll 0.65 x 0.0016 

for ASME FLANGED AND DISHED HEAD: 

P(0.885L + 0. 1t) 1300000(0.885 x 0.42 + 0.1 x 0.004) 
86 

()-
0

6 NI 2 
CY2 = = =I . ) x I m 

Jl 0.65 x 0.004 
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7 Conclusion 

The results from the Finite Element Method have been compared with 

results from Laser Speckle Photography and pressure vessel design 

formula s . 

From the comparison of di splacements, it was found that the 

displacements from Finite Element Method are slightly larger than from 

Laser Speckle Photography. The reason is that the displacements from 

Laser Speck} e Photography were calculated on a 2-dimensional co

ordinate system and the displacements from Finite Element Method were 

on a 3-dimensional system. They are still quite similar. 

From the companson of stresses, it was found that the stresses from 

Finite Element Method and from pressure vessel design formula s are in 

good agreement. 

From Figure 6.1, It was found that the deformation of the pressure vessel 

follows that expected from the design calcula tions. 

The r esults from FEM, LSP a nd pressure vessel design formulas are in 

good agreement. Thus it is reasonable Lo believe that r esults from the 

Finite Element Method are realistic for the pressure vessel. 

The Finite E lem ent Method , in conjunction with automatic computation, 

constitutes a very e ffective and elegant device for accurately solving 
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complex physical and engineering problems. Its advantageous properties 

as compared with other methods are as follows: 

1. Any continuous quantity such as pressure, displacements, stresses, 

strain etc. can be approximated by a discrete model composed of a set of 

piecewise continuous functions defined over a finite number of 

subdomains. 

2. Solution of the stresses, deformation and displacements can be obtained 

directly at any continuous point, and the distribution of stresses and 

deformation can be shown directly by contour plotting and deformation 

graphs. 

3. The Finite Element Method, as compared with Laser Speckle 

Photography, can provide a more complete representation of 3-

Dimensional displacement and 

deformation shape. 

stress components as well as 

4.However the Finite Element :..Iethod requires experimental confirmation 

and Laser Speckle Photography is an ideal technique for providing them. 
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8 Thoughts on further work 

Finite Element Method was used to solve the Stress/strain situation in a 

small pressure vessel. It was an example of how the method can be 

implemented . A linear static analysis was made. The results from Finite 

Element Method were compared with the results from Speckle 

Photography Method and this is where future work should lie. Both 

Holographic Interfermetry and Speckle Photography need some form of 

theoretical back-up. 

The Finite Element Method is a powerful technique for obtaining 

numerical solutions to engineering and physics related problems. Since 

its appearance, it has been applied to many areas, such as linear static, 

linear dynamic, nonlinear and heat transfer analysis on two-, and three

dimensional structural and thermal models, etc. 

Finite element analysis by computer may encompass many applications. 

The LUSAS program is hi gh1y interactive. Its application in the 

Department of Production Technology has showed that its results are an 

approximation to the real case. Advanced studies of the finite element 

technique are required to give more confidant results. 

Research and development in both the theory and application of the finite 

element technique are continua11y ongoing. The current research is 

focused on deve1oping the nonlin ea r analysis, dynamic's response, etc . 

Further resea rch into respeclive areas wi11 reveal significantly more 

complex and difficu1t prob1 ems . Th e present work highlights a different 
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area that is the application of fea and its comparison with practical 

techniques. 

The pressure vessel has been a nalysed by means of the Finite Element 

Method and Laser Speckle Photography. The application of Laser and 

White-light Speckle Photography in the Department of Production 

Technology has been ongoing for a few years and this work has proven 

that the method of Finite Element Analysis can be used to establish the 

applicability of other practical methods. However, research work is 

needed to involve different light sources. For solving three-dimensional 

displacement, it is necessary to introduce the Holographic technique. It is 

also felt that both fea and the optical method can be used to extend 

research to more complex and particular problems. 
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Appendix I 

EQUILIBRIUM 

Equilibrium arguments are used to relate the stresses 1n the 

structure to applied forces . 

Generally, the internal stresses in a structure are integrated to form 

internal forces at discrete points or nodes. 

Similarly, the applied loading is converted to external forces applied 

at the same discrete points. 

Then for equilibrium , the sum of the internal and external forces 

must be zero. 

In dynamic analyses, t he internal force due to the stresses will be 

supplemented by the inertia and damping forces. 

C0}.1P.-\ TABILITY 

Compatibility arguments are used to relate strain s to displacem ents 

and al so di splacements between di screte section s of the structure i. e. 

members or elements. 

The s train-di splacement relations hip is dep end ent upon the 

definition of strain and on the type of deformation and geometry of a 

particular s tructure. 

The inte r-el ement compatibility conditi on ensures that all sections of 

a s tructure con nected t o a di scret e point de form by the correct 

amount, so tha t no gaps appear in the structure. 

A l 



STRESS STRAIN LAW 

A ' constitutive relationship' that relates the stress to the strain is 

required. 

The constitutive relationship may often be approximated as being 

linear for may structural materials within their useful working 

rang e.g. ferrous materials. 

Nonlinear constitutive relationships may be required for some 

materials e.g. creep analysis , or for ultimate load analysis of 

structures e.g. plastic collapse loads of fra me structures. 
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Appendix II 

N 0 D - C 0 0 ~ D I N A T _ S 

NODE NO. COORDINATE IN CCC~SINATE IN COORDINATE IN 

2 
5 
6 
7 
8 
9 

10 
17 
19 
20 
21 
22 
23 
35 
36 
39 
40 
41 
42 
43 
44 
5l 
53 
54 
55 
50 
57 
69 
7C 
7:!. 
72 
/ J 

76 
77 
78 
90 
91 
92 
93 
9! 
95 
95 
97 
98 
99 
l : 
::..2 
_!.._; 

16 
..:.. ' 

~9 
2C 
2: 
22 
23 
2.: 

26 

30 
JI 

X-DIRECTION 

0. 228879E-1J 
0. 24 6227E-l3 

128.000 
33.1288 
64 . 0000 
90.5097 
110.851 
123 . 639 
129.600 
33.5429 
64.8000 
91.6410 
112.237 
125.184 

0.258543E-l3 
0. 275890E-l3 

128.000 
33.1288 
64.0000 
90.5097 
110.851 
123.639 
129.600 
33.5429 
64.8000 
91 . 6410 
112.237 
125 . 184 

0.240676 - 1 
0 . 269472 -l 
0.235645 -i 
0 . 213594 -1 
0 .245828 -l 
0.300419 -l 
0 . 236824 -1 
C.330257 
0. l478J:3 -:!. 
0 364361 - 1 

28.000 
28.000 
28.000 
28.000 
28.000 
28.000 
28.000 
28.800 
28.0CO 
28.GOO 
23.775 
23.775 
23 . 775 
23 . 775 
23 . 715 
22.775 
2J. 715 
23.7/S 
23 . 775 
23. 775 
: 0 .91J 
::. 8. 9i J 
:0.9l:i 
:c.91J 

:a.1lJ 
: :J . 9: ::; 
: 0. 9 i. 3 
• r'I 9 l 3 
0. C9 7 
a. 09 1 
0 . C91 
C . C9 "7 
c . as 1 
c. 097 
u. c 9 7 
c. a g 7 

·-:-J ::<..sc:-::::cN 

:28.000 
:29.500 

0 .2288792-13 
:!.23 . 639 
l:0.351 
90.5097 
64.8000 
33.1288 

0. 24 62272-13 
125.184 
112.237 
91.6410 
64.8000 
J.3.5429 
128.000 
129.cOO 

- 0.32C299E-l3 
:23.539 
110.351 
90 .5 097 
54.COOO 
33.1288 

-c. 4:89702 - 13 
125.:84 
:12.237 
91.C~:c 
64.2000 
JJ.5~29 

128. 000 
:28.JCO 
128. '.lOO 
:23 . :JCC 
:22. 000 
:28. JOO 
~28.CCO 
:22.:::CO 
~23.800 
:zs ::co 
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0 .12 75 0 -
c _-; 4 554 
C . 77 3:!.9 -

- 0.20 
- c. l 5 
- J . 2: 
- 0.29 
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c 6 7 
638 -

26C 
260 

Z- DI::lECTION 

-0 . 2288792- 3 
- 0.246227<:- 3 

0.299760E
- 0.235l24E- 3 
-0.2:!.7673E- 3 
- 0 .128439E - 3 
- 0.792422E-

0.20955 5E- 4 
0 . 658848E - 4 

-0.208306<:- 3 
-0.1193842- 3 
-0.183083E- 3 
- 0.3361892- 4 
- 0 . 2071262- 4 
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61.8182 
92.7273 
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309 . 091 
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61 . 8132 
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20. 9C9: 
?~ . 2 :22 
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139 90.5097 0.5097 278.18 
14C 90.5 0 97 0.5097 309.09 
141 63.9936 10.913 30 . 909 
142 63.9936 10. 913 61.818 
143 63.9936 10. 913 92 . 727 
144 63.9936 10.913 123.63 
145 63.9936 10.913 154 . 54 
146 63.9936 10.913 185 . .;5 
147 63.9936 10.913 216.36 
148 63.9936 10.913 247.27 
149 63.9936 10.913 278 . 18 
150 63.9936 10.913 309.09 
151 33.1260 23. 775 30.909 
152 33 .1260 23.775 61.318 
153 33.1260 23. 775 92 . 727 
154 33 .1260 23.775 12 3 . 63 
155 33 .1260 23. 775 154.54 
156 33 . 1260 23 . 775 185.45 
157 33.1260 23.775 216.36 
158 33.1260 23 . 775 247.27 
159 33 . 1260 23.775 278.18 
160 33 . 1260 23.775 309.09 
276 0. 2580572-13 29.600 30 . 909 
277 0. 286837E - 13 29.ECC 61 . 318 
278 0.253001E - 13 29.60C 92 . 727 
279 0. 241204£ - 13 29.600 123.63 
280 0.273444£-13 29.600 154.54 
281 0.201748£-13 29.600 185.45 
282 0. 254172£-13 29.600 216.36 
283 0 . 231620£ - 13 2 9. 600 247.27 
284 0.247233£-13 29. EOC 278.18 
285 0 381709£-13 29.600 309.09 
297 29 . 600 J.200708 - 30.S09 
298 29.600 C. ll41:!.C - 61.8:9 
299 29.600 '.J .025303 - 32.727 
300 29.600 C. 2.177:2 7 123.63 
301 29.600 - 0 .518856 - 154.54 
302 29.600 - G. 921659 - l95.4S 
303 29. 600 -2.l37"72C - 216.36 
304 29 . 600 - :.2 58256 - 247.27 
2CS 29.600 - 0.2 55802 - 278. 18 
]06 29. 600 - 0. 335322 - 309.09 
] 18 25.323 ~3.54 0: 30.9C9 
319 25. 323 23. 540: 61 . 319 
320 25.323 33 . .: 40: 92.727 
32l 25.323 33.54 01 123. ~ -

o~ 

322 25.323 :;:;_54 01 :54.54 
323 25 . 323 33. 54 0 : 185. 45 
324 25.323 :; 3. 5 4C!. 216.36 
,---"" 25.323 :;.3.54C~ 20. 2i 
3~-"0 25.223 23. 5;~::. 273.l9 
327 25.323 33.5~01 309.09 
328 12.3CO 64.7936 30.909 
329 12.JCO :3~.79j6 61. 9::. 3 
330 12.3CO s.;. 79 JC 92.72i 
221. l2.3CO ;.; . 7936 123. SJ 
232 !.2.300 5~. 79::6 15~.5.; 

--- 12.300 - .. 1 -j.;-: ls :. ;: 
23~ l2.3CO .; ; . 7926 216.35 
~JS 12.300 ~~. 793S 247.2 7 
330 12.300 ;.;.79JO 279. 18 
33 7 12.300 .; 4 . ..,. g 3 0 309.:9 
333 l. 641 '.l 9:.6~lJ J O. 909 
339 :!. . 64 l:) :;:.. - 6~ : J 61.3:3 
-: 1"'1 
-'": U i.6410 :? :. . o~::. s 92. 127 
:c l. 64 lC ~:.54:: 12 J . --
JO l.6410 ., _ . O~l~ 15 4. 5 ~ 
242 l. 6410 92.. 04lC 185.~5 

:; ~ 4 c .5410 9: . .;~:.. 8 2l 0 . .3 c 
2 ~ :; 1. 64 :!.O ~~ . ; 4: ·~ 247.27 
:; 4 6 l.5410 , - 6 ; :_ ~ 278.:3 
2 ~-; l . cl~:. 8 ~ :.. 5.;~: 309. :~ 
:~8 4. 7 93.:; :: 2 .J CJ - n Jv. 9J9 
:; .; 3 ~- 7936 - - .::: . :; ::c 6 !. . 3:. 3 
35C e.7936 :. :. 2. .J .... v 32. 727 

--- 4.7930 :. :. 2 . J ·: 'J l2j . --
:; 52 J .7936 - - - . .;. ..... v :. .:; "'; . : ~ 
353 J - ,... - ,,-

.• I j...) 0 :.::.::.:c l 3 s. -: : 
:; : ~ 4 . 1936 :. :. 2. 2 :: 2:.. 6. --
...: J:: 4.7936 - - - - ~C0 2~7.2~ 

_;..: 0 ~ . /936 --- . :;cc 273 . _3 
::1 .; . 7 93 6 - - ..:. . 3C8 309. 89 
:: s; J.S~o: - 4: . 223 JC.90 9 

~S1 3. 5; c :._ - -- . --- 0:.. 3 -_ 2 

. .\ J. 



360 33.5401 5.323 92. 7273 
3 61 33.5401 5.323 123.636 
362 33.5401 5 . 323 154 . 545 
3 63 33.5401 5.323 185.455 
364 33 . 5401 5.323 216.364 
3 65 33.5401 5.323 247.273 
366 33.5401 5.323 278.182 
3--o I 33.5401 - 5.323 309.091 
503 0 . 2708942-lJ 8.000 -l60 . 0CO 
504 0.259237£-13 9.600 -160.00 0 
513 128 . 000 J. 33046£-13 -160. 000 
521 129.600 ~ 50393£-13 -160.0 00 .J • 

5 64 0. 267911£-13 2 . GOO 34 0. 000 
572 132. 000 - J . 1093 22-13 340.000 
587 0 . 248898£-1 3 - 8.000 379 . 000 
588 0 . 292266£-13 l 2 . 000 379 . 000 
597 132. 000 -c . 28060E-13 379.000 
605 128 . 000 - •J. 55480E-13 379.000 
648 0.198175£-13 - 2.000 -160 .000 
656 132 . 000 ' 603262-13 - 160.000 
671 0 . 251466C:-13 ~ 8.000 -199. 000 
673 128 . 000 ., . 68157c:-13 -199.000 
681 0 . 1787462-13 2.0 0 0 - 199 .000 
68 9 132 . 000 '.J . 11525E-13 -199.000 
732 -0.228983£-14 2 . ocoo 408. s oc 
745 0.252159E-13 2 .0000 404. 500 
765 20.0000 -~. 41549E-13 408 . 500 
778 20 . 0000 -c. 33937£-13 404.500 
814 0 .140651::: - 13 2 .coco - 228.500 
827 0 . 8396062-15 2 . 0000 - 224. 50 0 
847 20.0000 - 26 3 84£- 13 -228.5 00 
8 60 20 . 0000 V• 34999£-13 - 224. 500 
896 0 .121275::-::.3 ~ .6000 0.800000 
898 56.3000 J .3CCO 0 .80C COO 
945 79 . 6000 v. 44 0172-13 o.aooocc 
968 91.6400 , .6400 C.800000 
004 0 .167123£-13 . 6000 - 0.80 00 00 
00 6 56.3000 J .3 000 -o.aocooo 
030 0 . 175693E-13 8.CCO -1.cOOOO 
039 91.6408 .C40C - 0.300000 
125 128.000 -. 3821 E-lJ - l . 6COOC 
::. 4 9 79.6000 v . 44 38::.2-D - 0 800000 
200 3 3 .1288 3 . 639 60. GOO 
201 64.00:JG c . 85!. 50. cca 
202 90.5097 - .5 J97 60.000 
203 llG.35! .:J aco 60.CCO 
204 123.633 .1293 60 . oco 
212 33.5429 5. 18 4 60 . 000 
2!.3 64.80CC 2.237 60 . COG 
214 9 2. . Qt; l 0 .6~!0 60 . OCO 
2:.5 ll2. 237 ::i .... ,..,... 

. .,,,..., ..... v 60.0CC 
216 125.184 - .5~29 60 . ooc 
228 0 .22203~ - 2 . ~cc 2 . GGCC 
--a ££, 0 .24C~33 9.808 a "I"""" ••._-.JV ..J 

230 0 . 126982 ~ ",...n 
.., . ·~..JV ;.coc o 

231 0 . 27 0 339 s.~80 29 . GCC 
237 : 2 8.CQO 30088 - - 2. 00CO 
238 ::28.GCQ 5534: - - ~ .cc:c 

239 l 2S .CCC 3 2 ~ ~:. - - 6.20 08 
2·-"" :2S. C.:C:C 57759 - - 2 8 . ~C8 

246 1 23.775 . :. 2 ;;a - 2.JC GO 
24~ 123. 775 . :. 2 6C - 4. CG:JO 
2~8 l23 . 77S . _ L Cu 

,,. ,..., .... ,..,,., 
C.vVVv 

2'9 :23 . 775 . :. 2 6J - 23. CCC 
2 on ::o.9:3 .99JO 2 ""'..,""' • \Jl...1..ov 

251 110 .91.J 3;30 , "...,"f" ~. vu ... v 

252 LIO. 9cJ . 9936 - 6.0CCO 
253 ;.. : a ~ 1 -........ J . 9936 - 28. '.JC8 
254 90. G97 .50~7 - 2 . C 8CC 
255 90. C9f . 50 97 4. c ~co 
2:6 30. v 97 .5C97 - 6.0QGC 
257 9C. ~ ~7 . .: ;: 9 7 - 2'3 . CCC 
2~P 5.3 . 9:: 6 , . s:2 2 . c::::o 
253 o~. 9:: 6 J. ~ - .:. - I' ""'"'""' "-: .......... · ....... 
2-- c..:.. 9 3.; - - ,.. !"\,...(',.. 

Ov --- ':) ......... vu 

2 ~: :;3 . , .; -;: -. -;; - ,; 23 . 80~ 

262 J3 . t. C'v J. 775 - 2.CQCG 
253 33 . 26C :; . 77; t.: '"' ....... ,.. . . .,_, v...iiJ 

264 3 3. 2, -~~ J. 7 7 s - c. o:::co 
2 'i5 jj 2'" -o~ , . 77: - 23 . :::;88 
J - J 

~ 1 2 - j_6CQ 2.G8CO 
:3!6 -.L 72 0 - c ,.... .......... 
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32" 129. 600 c. 2 .;J 6 - 3 -32.0DDO 
325 129. 600 0 . 3 088 - 3 -64.DDDO 
326 129 . 600 0.2 301 - 3 -96.0DD O 
327 129. 600 D. 4 :06 - 3 -1 28 .0DO 

_333 :i.25. 323 23 . 401 -32.0DO O 
: 33.; :;. 2 5 . 323 33 . 4 01 -64. ODO O 
1235 125.322 :;:; . ~O:!. - 96. 0DD O 
l 336 :25 323 .;.:, 4C1 -12 8 .0D O 
l337 ll2 . 3DO G~ ~3 E - 32 .0DO O 
1338 :!.i2.300 6~ :; 3 6 - 64 . DOD O 
13 3 9 ll2.30C 64 536 - 96 .DDO O 
1 34 0 112. 300 64. 93 0 -12 8 .DO O 
i34l 91 6410 9l 410 -3 2 . DO OO 
::. 342 9i 600 91 .; l 0 - 64 .D DO O 
1343 91 6410 91 .; 10 - 96 . 0000 
134~ 91 6410 91 '1 0 - 128 .D OO 
1345 64 7936 l:!. 2. 300 - 32 .0DDO 
1346 64 .7936 112 . 300 -6 4 . ODD O 
1347 64 . 7936 _ ::..2 300 - 96.0 0 00 
13 48 64 . 7936 ::2 30G - 128 . DOO 
1 34 9 33 5401 125 .3 23 -3 2 . 00 00 
1350 ~..:. . 5 4 O:i. :!.2 .S 22 3 -6 4 . 00 00 
!35l 33 . 540 : :25.323 - 96. 00 00 
1352 33 . 5401 12.5 . .3 22 - 128. 0 00 
l ~ :::. 1 34 1641 2.2i 502 340 . 000 
1412 66 . 0000 ..:...i. . 31 5 3 40. 00 0 
1413 93.3381 9 2 .238~ 34 0 . 000 
l 414 ll 4 . 315 66.COOO 340. 000 
1415 127 . 502 34 - 641 34 0. 000 
1429 3 £_ 16n 12') SC2 3 7 9 . 000 
100 66. 0000 - - --- 3 7 9. 000 
1431 93.3381 92 2 3 8 l 379.000 
1 432 11 ~ .315 cc. :~oo 379. 000 
103 :21.502 34 -;c 3 7 9 . 000 
-4 4 l -- 1 282 :.. 2:; :: .; ~ 3 7 9. 000 
:::. 4 4 2 o.; 0000 i:c s .:::. 379.000 
l 443 90 . 5097 9C :c 97 3 79.000 
- l~4 2.iO. 851 E~ :ooc 3 7 9. 000 
:445 ::. 23. E3 9 -- . :.. 233 3 7 9. ooc 
: ·'72 34 16 4: : r: 502 - - 60. 000 
:::.~13 66.00CO - - - - - - 1 60. 000 
104 ~..:;. 3381 93 232l - l 60. 000 
1475 .!..l 4 315 cc. ::co - l 60. coc 
l476 127. SG2 3~ - c~: - 160. 000 
1489 .;.; . 12SE :23 ,-a c..: _, -1 99. 000 
1490 64 .OOOG ~ -"' SSl - 199 coo 
14 91 9C . 50 97 SC. S891 - 199. onr vv 

1~92 110. 851 6~ C:JOC - 199 . 000 
1493 123. 610 -- :288 - 199. 000 
150~ 34 . 1 64: : 2-; ~02 - 199 000 
l502 66.0000 -- 315 - 199 . 0CO 
1503 9 3. 3381 93 3381 - 199. oco 
150~ l 1 4 315 ' -ct:. :0ca - 199. 000 
: 505 :!.27. 502 ~~ . - C4l _, 99 . 080 
1532 c. 150435 - 3 ~ 5. : .;12 - 226. s:s 
1533 c. 738298 - 4 77 S254 - 220 . 75 6 
153~ c. 819i:S3 - l C;.'.; 787 - 209 6;Q 

~548 '-' · 909089 - 4 ~ s? 6 ~ - 222 /4l 
15 4 l C. 95092 - 7 5 3506 -217 299 
15~2 c ll2?65 - 3 l c: 2 C2 - 207 .030 
: SS C ., 8 9C~ 0. 4c /26 - - 222 It..:: 
1551 5 . 3506 0 SE 7:6 - - 2:7 .2S9 
1552 o: 2 62 0 973 - - 207 r1n - . ..,._.v 

l558 ~. l412 0 l.. 7 C4S - - 226 555 
~559 7. 825~ 0 4.; 338 - - 22C 75 f, 
156: 04 767 0. 4 ~ 9E3 - - 209 c:ss 
1568 i 6384 - ' c 60 - 228 : 65 
:569 97958 CQ! - 227 95~ 
~570 1 i Q"\ 

• - - ,....L 
·, ~ 98 - 227 S82 

i57l 300::. 9 ' SSS - 227 9S~ 

:s72 20 EQ :: g £; -222 l cs 
~S7S 0420 ::. c: 2: 9 -209 S7' 
!SSC 250~ -- :; ~ c - 2C S :: 2 ~ 
:so~ 92.;g 7; 2<8 -2::; ::". r 

... u .... 

l5E2 E:: t; 0 ::; < ~s.; -2 C? :2: 
2. s 2:: - 2 2. < ' ~2C - 28S :1; 
:56£ qc;, ·- - ..::~ - 22: ~c: 
:se~ ii O: c - c ';;:: -22: ~: ~ 

:586 6~"' -v - -- -2 2:. t; ~ 7 
~ 587 0699 26 Cl& - 2 2 C: ~s: 

l58E 0:22 - 7C.c, - 22: : 3 :· 
~5S9 6024 -. : c.:; - 2 2 c :: c 2 
:S 9C 3€~6 ~ 65 - 22E. - ~s 

~ 5 9 ~ o-n 
-~v :: .:; ~JC - 226 c 9 ~ 

A6 



592 42.3365 4.3616 - 226.145 
593 47.3564 2.6024 - 226.302 
632 5.16384 9. 3 0 60 - 224 .165 
633 9.97958 7.3001 - 223.954 
634 14 .1190 4 .1190 - 223.882 
635 17.3001 . 97958 -223.954 
636 19.3060 .~6384 - 224.165 
643 26.1802 ' .883: -206.945 
644 50.5793 7.6893 - 206.893 
645 71.5456 ::. . 5456 -206.875 
646 87.6893 C.5793 -206 .89 3 
647 97.8831 5.l.802 -206.945 
648 19.3765 2.6867 - 217.132 
64 9 37.4485 S.0265 - 217.027 
650 53 . 0048 3.0048 -216 . 991 
651 65.0265 7.4485 -217.027 
652 72.6867 9.3765 -217.132 
653 12.3052 6. 19 90 - 222.489 
654 23.7843 l.3120 - 222.331 
655 33.6688 3.o6aa - 222 . 278 
656 41.3120 3.7843 -222.331 
657 46.1890 2.3052 - 222 . 489 
701 -0.138778E-l 9.~412 406.555 
702 0 . 260625E - l 7.8254 400. 756 
703 0. 435138E-l 04 .787 389. 658 
708 0.112410E-l 7.8964 402.741 
709 0.727890E - l 5.3506 397.299 
710 0 310169E-1 cl . 2 62 387.030 
719 .16384 3.3060 408.165 
720 .97958 1.300!. 407.954 
721 4. 1190 .;.:190 407.882 
722 7.3001 .97958 407.954 
723 9.3060 . :6384 408.165 
731 . !. 6384 9.3060 4C4 .16 5 
732 .97958 7.3001 403.954 
-,- -
'J J 4.1190 ' . 90 403. 882 "': • .!. 

734 7.3001 ~I 58 403.954 
735 9. 30 60 . !. 0 84 404.165 
747 9.1412 -C.3:3 38 - 3 406.555 
743 7.8254 - 0.614 83 - 3 ~00.756 

749 04. 787 -Q.456 lS - 3 389.c58 
7;~ 7 . 8 964 - 0. 622 ll - 3 402.741 
7;; 5.3506 -G . :5 4 26 - 3 397.299 
7SO 0 1 . 2 62 - 0 . .; 48 22 - 3 387. :J3Q 
76~ 7.0420 :!. 8l . 19 339.574 
7 65 2.25C4 9C.6 46 389.521 
760 3. 9248 1 .,;. ': .;s 389.SC~ 
, 67 0.6346 52 . 2 04 339.521 
, 60 .:J!.. 219 27.J 20 389.574 
7 :;g 9.9704 r:.: 22 400.588 
--n 3 . 0\JlO 0 ' 99 4CC.48.3 I 1..,; .~ 

/71 4 . 650 1 .: 4. 6 01 400.447 
172 7.0699 - Q 1, ~ 00.~03 J-. - - 0 

773 5.0122 - , . 9 04 40C . .S88 
774 2.6024 ' - 64 406.302 '":. I . -
/75 4 . 36i6 42 .J 65 406 . i45 
7-; 6 4.4930 .,; ~ . '":. 30 406.091 
777 2. 32 6.S 2.; . - ~c 4QC.:~s 

178 7 . .3 56 4 .:. .c::. , 2~ ~06.3C2 
317 2 . 3852 "': ~. - 9G 4C2 . ~8~ 

·3: a 3.-; 8 ~ j ' 2G ~C2 . JJ: 

8~9 j.6688 -- . - 28 '102. 278 
S2C l . 3128 23. !i 3 402.331 
32l 6. l 8 90 : 2.:; " --L 402.439 
322 ~. j 7 6.S :2.5 a' 

- ,.. - , - .... 
.; ';I . :...J.C. 

323 l.~485 .;.: . :: 65 397 . G27 
'32 4 :; . ooq : :; . :; 49 JS6.99l 
325 5.0265 - · 85 397.C27 
o-r 2.6367 : 3. E: 397.:32 -LO -
827 6 .~802 37.3 Jl 336.345 
323 0. 5793 " ' - 93 380.893 
829 - .5450 - . - S6 386.975 
220 7 . 6093 s ~.: 93 38C .393 
Q - ' 7.393:. 2.;. C2 38 5 ;45 - J - -
927 6S7 , ' 0 J~ 0.4: 812 - - . ?"':. 

923 2..; '.J: s .. ' 58 0 .: 4 J27 
~c~ , . 0: 1 I C.= 4 4 0.3C CCC 

:;. 067 S2. 7 ' 0 . 2C :8C 
c:s , . ssa : 2 ~ . .: s c. l ~ G27 
':: ~ ;; ". }~~ 5 7 ("\ ·' ~ 3:. 2 v. '":. -

s ~ -s s. 057 : c. = 4a -0.3C cao 
S47 ". oe1 -- . , 7 1 -0 . 9C GOO 
0:2 852 : 2~ 55 : -c-- . I , I 

GS.:; .. .. - 57 SL9 

A7 



2074 68.9471 3 9 - 7 0.800000 
2:J 7 5 76.8944 20. 7 0.800000 
2082 111.657 ~' 0"':. 4 - 1.18519 
2083 124.055 33. 8 - 1.45797 
2088 68.9471 39 - 7 -0.800000 
2089 76.8944 ~,, 

L ~ - 7 - 0.800000 

AS 
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').'.JC CO CC -::c 
-: . :cc cc: ... ,, 
:.:;ccccc -::c 
:i.::ccocc -00 
'J.CCOOCC -CC 

~ . :::cooc -cc 
O.OCGOCC -~C 

J.:;:::ccco -cc 
':: . :JCCCCC •00 
C.OCCGCC - OC 
~.::ccc: 

a.~cccoc 
-oc 
-;c 

::; . JOOOOC •·:C 
J.:::occoc -Ge 
.: . ::;ocooc -cc 
~ .:ocoao -v: 
J.::ccccc - :c 
~. GGCCOC - -~: 
J. ~00000 -·~C 

J. '.JOCOOO • •:::: 
·J. :JOCOO C • :JC 
c. ::;cccco "-OC 
C . '.JOOOOO - ·:O 
:}.':CCOOC - CC 
J. JCOOCC - ·..i .... 

o.cococc::- ac 
7" 

c.:ccc8~::-c8 

" ........ .... ................. 
........... - ....... u -

... ,. ... ,..,..,..,. .. .................. "" ;; . .:coccc c 
7S 
7~ 

1e 
90 
·H 
92 
'3} 
<;jJ 
gs 
;o 
~I 

a : 
0 
0 
0 
c 

c 

J 
c 

"' ?. 

: . :.:::C!: :-CC 
: . .:: :ccc -cc 
: . .:.:cccc ~:;c 
: . .:::~~cc -cc 
~ -~ :\:~CC ;..:;~ 

~. ~:: :cco ~-:Jc 
:; . ::~~cc --:: 
:.~~:~cc -cc 
: . :.:::cs - ·~~ 
:.:~::ccc: .................. .... ,.. ............. .... ......... 

. -\ 9 

- c ~ 

: . ~::cccc 
"' .................... .... 
.; ........ """""""' 

c.:c:~c:: ... ,....,,...,.. ...... ,.., 
"' . ... ................. u 

: . .:caccc - ... ,..,,..,.. ... ,. 
.J • ... \,vvvv 

. ,_ 

- ·..i•,,,. 

:; . .::cs~·: -:c .., ....... ,.,, .... ,..,,... .. ,. .. ~ .... ~............ -~ ... 
~. ~~~~c: -·.:i:: 
J . .;.::::~c~ -:c 

~-~accoc ~ 
.:; . CGCCOC : 
.: . ~coca: ~ 

:. -:occoc - c 
~.JGCCCC C 
:.~COCGC 
: .:;Gccc: 
J.:ccccc 
:;.:occco 
·:!. ~CCCC2 
~.:c~occ 



98 
99 

276 
277 
278 
279 
280 
281 
292 
283 
284 
285 
297 
298 
299 
JOO 
301 
302 
303 
304 
305 
306 
503 
504 
513 
521 
5 64 
572 
587 
588 
597 
605 
648 
65 6 
671 
673 
681 
689 
732 
745 
7 65 
i78 
8:4 
827 
847 
860 
228 
229 
230 
231 
237 
238 
239 
240 
315 
316 
Jli 
3l3 

.32 6 
327 
532 
533 
:J4 
540 
54~ 
5~2 

550 
SSl 
552 
553 
559 

5 70 
57~ 
:: 72 
~32 

033 
53~ 

.-.;..:. c 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
G 

G 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
J 
c 
c 

J 

c 

0 
n 
v 

c 
0 

., 
G 

c 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

c 
:J 
J 

'.) 

0 
G 
c 
n ·-

c 
0 
'.) 

0 

f R 
f R _ 

R -
R - -
R -
R 
R 
R 
R 
R -
R -
R - -
f R 
~ R -
f R 
f R _ 

F R 
F R _ 

• R -
• R -
F R -
f R _ 

R - -
R c -
F R _ 

- R -
R • -
• R -
R - -
R - -

R • -

R - -
- R -
R -
- R ·' 
?. ~ -
R R 
R R 
R ?. -
R R ?
R R _ 

R R ?. 
R R -· 
R -
R 
R 
R 

R - -

?. ::-. ?. 
~ "?. :J_ 

~ .... 
.• ::-_ ?. 

O.OOOOOO E+OO 
O.COOOOO E+OO 
O.COOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOO E+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000E+OO 
O.OOOOOOE+OO 
o.OOOOOOE+OO 
O. OOOOOO E+OO 
O.OOOOOOE+OO 
O.OOOCOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000E+OO 
O.OOOOOO E+OO 
O.OOOOCOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.COOOOOE.+00 
O.OCOOOOE+OO 
O.OOOOOO E.+ 00 
0.00COOOE+OO 
:J.OCOOOO E+OO 
O.OOOOOOE+OO 
0.000000::+00 
·J. OOCOCOE+OO 
:).000000£+00 
o.oocooo::+oo 
0.000000::+00 
O.CO COCOE+OO 
O.OOCOOOE+OO 
O. COOOCCE.+00 
O.OGGGOCE:+OO 
O.GCCGOOE:+CC 
a.cococo::+oo 
Q.CGCCQO:::+GO 
o.occccc::+oo 
8.CCCGCC~+OC 

o.coocoo::+oo 
O.OGOCCC S+CO 
C.COOOCC~+OO 

0 .000000::+00 
C.SCOOOO C:+OO 
J.C CCG OC E+CO 
o.ao oooc::+ca 
J. :JOC 000 £.,.QO 
J . :::o::c:::::+oo 
G.OGGOCO ::~co 

c. 0ccooc=:+oo 
: . cci:uc:: ::~ co 

.: . cc::::ccE:.~oo 
r. ,..,,...,,..n,...,..,-. "'\,.., 
J. ·"''-'"'""'-'u:..~\...V 

J . ccc:::::=:~oo 
·:. J2':8CC:::+G:J 
J. :cccoc::-:-cc 
: . :G2GCCS-·'JG 
·:· . ::c:ccc~+cs 
~. : ~s: :Jc~ ~ ca 
.~ . 000:00::+00 
') .:;cc;:: :c ~-co 

: . c;: .:oc::::-:-co 
:;.:::;c:c: ::~ cc 
....... ,...,..,..,...,..._ l"I"" 
v. vv .... v-.... ·..,::..,~...;v 

: . :'.:':8.J:JC~-:-·~G 

.: . 'j~Ccc::~+OC 
:· . ::::coo::+oo 
:.:;c::ccs::-G8 
,..., ........... ,..,..,..."'_ . ,...,... 
~ . ... v,,,.vvv:.-vv 
.., ....,, .... ,...r . .., ,._ . "'"" 

- ...... ..., ..., ... ... =.- vu 

: . :::::c::- ;JJ 
: . ':C8.:::8 :>-CC 

- - .-.. .................. - ""If"'\ 
.J. _-..., .... "" ...: .... :.-v ..... 
: . ::ccc:=:~.:c 
: . :::c:: c. =:- ·::o 
.. . :1:'.:::ss::-ca 
"'.: :: :Jc=: ~ ·JC 

.-\ 10 

O.OOOOOOE.+00 
0.000000E+OO 
O.OOOOOOE+OO 
0.000000 E+ OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE.+00 
O.OOOOOOE+OO 
O. OOOOO OE.+ 00 
O.OOOOOOE+OO 
O.OOOOOO E+ OO 
0.0000002+00 
O.OOOOOOE.+00 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE.+00 
O.OOOOCOE+OO 
0.000000E+OO 
O.OOOOOOE+OO 
0.000000£+00 
O.OOOOOOE+OO 
O.COOOOCE+OO 
O.OOOOOOE.+00 
O.OCOOOOE+OO 
O.OOCOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
o.oooooo::+ co 
O.OOOOOCE+OO 
O.OOOOOCE•OO 
G.OCCCOCE+GO 
0. ocoooc:: ... oo 
O.OCGOOC2+CG 
o.occoocc:+co 
O.COCCOOS+OO 
c.000000 ::: +00 
C.GOOO OO~+C C 

o. 000000::.,.co 
o.oooooc::+co 
C.OC80CO:::+cc 
o. 000000:::.,.cJ 
c.cooocc::+oo 
o.:;cooc c::+oo 
J.~C:JCOO=:+co 

o.ococac:::+oc 
8 . JOCOOOE+08 
o. c:occc :>- cc 
o . cooooos~ca 

G. 2CJCOCC ::>· CC 
:J . ~c:ooc::"':":a 
·J . CCQGCC :::"':" c~ 

c.cc:ccc::~8: 

8.:ccc8c;::~:: 
,.., '"'""',...,.,,.,_ ,...,,., v . 1..: ..1 .... ... v .... .:.":"' '- .... 

s. :cccoc ::":"' c: 
·J. ~SOCCC::-:-C:! 
:.~08GCC ~~ c: 
0.880CCC ::~ cc 

o. :cocac::"':"::: 
~. ::s::8oo ::-:::: 
: . ::ccc::.:"':"c8 
0 . o~c:c::::::"':"c: 
J . ::co~sc ::"':" -:: 

~.:OGGCC:::-G~ 

'J. JSOCCC :::- : ·: 
~ . ·~CCC~G::- .:: 

:: . :::cc0::.: -:-: : 
,.... ,.. .... ,.. .... ,.. ,...,_ ......... 
............................ .:. ':" --

... ,.,,...,., , .... ,...,_ ,.., .... 
..J . ........ '..;,..) .... .:. - ...... 

J . :: .::;::::::: - ::: 
... ,., .......... ..... ,., ..... - ~ .. 
"" • .... ..i .......... .... ::..- ...... 

J. ':8COC-:!::-c .:: 
... ,...,., "" ' ....... ,..,_ "I .... 
~ . ...... v ............... ::..- ·- .... 

'"' ·::c: ·=~~ ·:::-2:: 

: . ~'J~.:cs::-::: 

O.OOOOOOE+OO 
O.OOOOOOE+OO 
O_OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
o_ooooooE+oo 
O_OOOOOOE+OO 
O. OOOOOOE+OO 
O.OOOOOOE+OO 
O. OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000E+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000E+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000;::+00 
O. OOOOOOE+OO 
0.000000£+00 
0.000000=::+00 
O.OOOOOOE+OO 
O.OOCOCOE+OO 
O.OOOOOOE+OO 
O.OCOOOOE+OO 
O. OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000::+00 
O.OOOOOOE+OO 
0.000000::+00 
O.OOOOOOE+OO 
0.0000002+00 
O.OOCOOOC:+OO 
C.COOOCCE+OO 
O.OOOOOOE+OO 
0.000000::+00 
0. :JOCOOO E+OO 
O.OCCOOOE+OO 
O.OOCOOOE+OO 
O.OCGOOOE+OO 
o.oocooo:::+oc 
c . ocococ::+oo 
O.OCCCCCE+OO 
o.ccccco::+oo 
O.GCOCOCE+OO 
O.OGCOOCC:"-00 
o.::coocc:::+oo 
o.ooc:ico ::+oo 
o.occooc::+oo 
c .ccccoc::+oo 
0.000000:::+00 
o . ococoo::+oo 
G.G8GCGC2+00 
O.COOOCCE.+00 
O. OOOOOOE+OO 
8.CGCCCC::+oo 
O.OOGGOC::+oc 
'J .ococc a::~oo 

:J.80C800£~00 

J.OCCCCOE+OO 
O. COCCOOE"-CC 
O.JOCOOO:::+OO 
J . OOO COCE+CO 
o .occccc::~oo 
c. OGOOCC:::.,.co 
G.GOCCCG::~oc 

Q.:JCCCCCS+OO 
:i.oocooc::+cc 
o.ocooco::.,.oc 
J. aoococ ::.,.oc 
J.QOCOCO~~oo 



1701 0 0 R r - o.occooo::+oo 0.000000:::+00 O.OOOOOOE+OO 
1702 0 0 R r - o.occoooc:+oo O.OOOOOOE+OO O.OOOOOOE+OO 
1703 0 o R r c 0.0CCOOO<:+OO O.OOOOOOE+OO 0.000000E+OO 
1708 o o R r r · o.occcoos+oo O.OOOOOOE+OO O.OOOOOOE+OO 
1709 0 o R r c o.oocooos+oo O.O OOOOOE+OO O.OOOOOOE+OO 
1710 0 0 R F O.OOCOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1719 0 0 R R " o .c cooco::+oo O.OOOOOOE+OO O.OOOOOOE+OO 
l 720 o c R R - o.occoooc:+oo O.OOOOOOE+OO 0.000000:::+00 
1721 o 0 R R F 0.0CCOOOE+OO O:OOOOOOE+OO O.OOOOOOE+OO 
1722 0 0 R R O.CCCOOOS+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1723 0 0 -R R "' o.ocoooo::+oo 0.000000::+00 0.000000E+OO 
1731 0 0 R R - O.CCCOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1732 0 0 R R - o.oc::ooo::+oo O.OOOOOOE+OO 0.000000:::+00 
1733 0 0 R R c 0.000000£+00 O.OOOOOOE+OO O.OOOOOOE+OO 
1734 0 0 R R r o.oocooo::+oo O.OOOOOOE+OO O.OOOOOOE+OO 
1735 0 0 R R - O.OOCOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1747 0 o r R r O.COOOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1748 0 0 F R r 0.0'.JOOOOC:+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1749 o o E' R O.OCCOOOE+OO O.OOOOOOE+OO O.OOOOOOE+OO 
1754 o o F R F O.OCCOOOE+OO O.COOOOOE+OO O.OOOOOOE+OO 
1755 o 0 F R - O.OCCOOOE.+00 O.OOOOOOE+OO 0.000000E+OO 
1756 0 0 F R r O.OOOOOOE.+0 0 O.OOOOOOE+OO O.OOOOOOE+OO 

TOTAL NUMSC:R OF SU? PORT NODES 132 
LARGE:s'I' NODE NUMBER l. 756 

DATA STORAGE: LOCATIONS USE.D 924 

;\ l I 



!.., 0 A D c A s E 1 

?LO LOAD INPUT 

NUM3E::<. OC' VALUES = J START LOc;..::oN = l 

NOTE: ZERO NODE NUM3ER INDICATES UNI?C::\~ LOADING C'OR ALL 
TfiE NODES or TH<: SPECIFIE D n .. c::: 

:::LEMENT r.11.c::: NODE VAI..:;s VALUE 2 VALUE 3 VALUE: 
VAL US 5 VALUE 6 

239 4 1 o. cocooc:::+oo O.OOOOOOE+OO - 13 46. 52 
239 4 69 o . oooocc ::: -roo O.OOOOOOE+OO - 1346. 52 
239 4 151 0. OOOOC C:>OO O.OOOOOOE+OO - 1346 . 52 
239 4 6 0 .00 0000::+00 O.OOOOOOE+OO - 1346.52 
240 4 6 0 . 000000 ::: +00 O.OO OOOOE+OO - 134 6 .52 
240 4 151 o . oooocc ::+oo O.OOOOOOE+OO - 13 46 . 52 
240 4 141 o. oocooc:::-roo O.OOOOOOE+OO -13 46 . 52 
240 4 7 o . oooooc ::: •oo O.OOOOOOE+OO -1346.52 
241 4 7 o.ooooos:::+oo O.OOOOOOE+OO - 1346 . 52 
241 4 141 0.00000 0:::+00 O. OOOOOOE+OO - 1346 . 52 
241 4 131 o.oooo oc :::+oo O. OOOOOOE+OO - 1346 . 52 
241 4 8 o . oooooc:::+oo O.OOOOOOE+OO - 1346.52 
242 4 8 0.000000:: •00 O.OOOOOOE+OO - 1346 . 52 
242 4 131 0.000000:::+00 o.oooooor:+oo - 1346.52 
242 4 121 0 - ooooc c ::: .,.oo O.OOOOOOE+OO - 1346 . 52 
242 4 9 o.ooocco:::+oo O.OOOOOO E+OO - 1346.52 
243 4 9 o.oooccc::+oo O.OOOOCOE+OO - 1346. 52 
24< 4 121 o . oooocc ::: +oo O.OOOOOOE+OO -1346 . 52 
243 4 111 O . OOOCOC ~ +CO O.OOOOOOE+OO - 1346 . 52 
243 4 10 o . ooocc c :::-r oo o.oooooor:+oo -1346 . 52 
244 4 10 o.oococ o::: +oo O.OOOOOOE+OO -1346 . 52 
244 4 111 c.oococ2:::+cc '.;.OOOOOO E:+OO - 1346 . 52 
244 90 o.oococ: ::: +ao O.OOOOOO E+OO - 1346.52 
244 4 5 o.occoc::::~co J.000000 2+ 00 -:!.346 . 52 
245 4 ~" c::i o . ooc::cc::~co O. GOOOCCC+OO - 1346.52 
245 4 7C o.ocooo::::-cc O.OCCCC8E+OO - 1346 . 52 
245 52 o.cooc oc ::+ oo ·J. cccooo :::+ oc -2.346 . 52 
245 51 o.ooocco::.~co 8.000000E:+OO - l346.52 
246 51 o.occccc::-oo C.OOCOOOE-;-OO - 1346.52 
246 4 52 o . oococc::• oo J . OOOOOO E:+ OO -1346 . 52 
246 4 42 o.occccc::.~oc c . oooooc c:+co -1346.52 
246 41 o . ooocc o::.,. oc C. OOOOOC E+O O - 1346.52 
247 41 o.ooooc : ::~ co o .oooooc:::+oo - :i.346.52 
247 cl 42 0. OOOOCC~>-SO J . ocoooo :::+oo - 1346.52 
247 4 32 o . oooc;.;:::-cc O.GOOCOOE+OO -1346.52 
247 4 Jl O . OOQC~2::~C8 J.JCOCOOE+OO -~346.52 

248 31 O.OOGGC::: ~ oo :~ - 000000 :::+00 -~346.52 

248 32 o. occoc:;::.,.co J .JOCOOOE+OO -1346 . .:2 
248 22 0 . OCG8CC :>· CO o.ooococ ::~ oo -:346.52 
248 21 o.occccc::-Jo 0 . 0cocoo::~oo -1346.32 
2~3 21 o. oac:~i: ::.- cc O.GOCOCOSTOO - :346 . .:2 
249 22 a. cc8::::::- sc J . GC8CCOE.;.CO - i..346. 52 
249 12 o. oos:.c -:::-20 J . C:CCCCC ::.;. OO -l346 . .52 
249 l_ G . 00'.JCC.:::-sc ~. ·JCOOOO:::.,.co -:346.52 
25C 1 "l 0.8CC8CC'::- :c : .~ c::;cc;o2+cc -:346 . .52 
250 12 o . ccc~ c: ::'?" oo 8 . .JCCCCC=: ~ ca -!.346 . .52 
250 9l o.cccc:c::-~c '.'.:. SGCOCCS+CC - i 24 6.52 
250 90 c. cccccc:>-::o 8.~0CQ:JO::+GO - 2.346 .52 
251 70 o.ocoocc::-so J.:JOOCOO=:+co -:.345.52 
2.5~ 71 o . cococ o ::~ ca J. JOCOCO:::+oc - l .3~6 . .52 
251 53 o. oococ:::+ -:c: :J .G OCCCO ::.+OG -1346 . 52 
251 52 o. occccc::-r.:o C .JCOCCGS~CG -1346 . 52 
252 52 0. 000000::- 1:0 :J.SCOCOO E-0 0 -l34ii.52 
252 SJ 0. GQC:008::+ ·:0 :J.:occoc ::+o o - ~:::~6 . 52 
252 42 C. OOCC8:J::- ·~8 '.l.OOOOCOE+OO -~346 . .52 
252 4 42 0. oocccc::-:o 8 . :JOOCCC::+co - ::. :::~6.52 
2<< 42 o.ccccc~::- o~ :.c:cccos+oc -:. :: ~ 6 . .52 
2 s:: c S. CGC:JCC:::- 20 0.:oc2cc::~cc -~346 . 32 

253 JJ c .o:c:ccc ::-cc J . . JQOOCC::+oo -:.3.;6.52 
253 32 o.occscc::-co o. ~cocoo :::+ oc -~.3~6.52 

254 32 C. 8GC8CG::+-:: o. ooco:::c:::-roc -~2~6.5 2 

254 33 o.occooc::-;;c: :J . OCOO'.JC:S+CC -~ 3~6 . 52 

254 23 o. oc::occ:: - Jo O.:JOOOOOc.:~GO -~.3~6.52 

254 22 o.ccc:;cc::-co J . ·:oocccc:+cc -~246 . 52 
2 < < 22 o. cccocc;::- ·JC o . cccooc:::+cc; -~246.52 

255 2J o .c occcc=:-.:c Q . :JC80CCE>·iJO -~3~6.:2 

255 l3 o.ccacc:::-~c ,-:; . :JCQOC:'.:C: ":"C 2 -~246.52 

Al2 



255 112 o.oooooc::-:c O.OOOOOOE+OO -1346. 2 
256 112 o .oooooc:::-.:o O. OOOOOOE+OO -1346. 2 
25 6 llJ 0 . OOOOOCE-·~O O.OOOOOOE+OO - 1346 . 2 
256 92 0 . 000000 :::-: c O.OOOOOOE+OO - 134 6. 2 
256 91 O. OOOOOOE- JO O.OCOOOOE+OO - 1346. 2 
257 71 o.cooooo:::-: o O. OOOOOOE+OO -1346. 2 
257 72 c.oooooc:::-:o 0.000000E+OO - 1346 . 2 
257 !54 c.oooccc:::-:c O. OOOOOO E+OO - 1346. 2 
257 1~1 0. OOOOCOE<C O.OOOOOO E+OO -~34 6. 2 
258 153 0 . 000000:::-::0 O.OOOOOOE+OO - 1346. 2 
258 154 o. ooooco::- ·:c O.OOOOOOE+OO - 1346. 2 
258 144 o.ooooooc:T::o O. OOOOOOE+OO -1346. 2 
258 l qJ 0.000000::-00 O.OOOOOOE+OO - 1346. 2 
259 143 O.OOOOOOE-JO O.OOOOOOE+OO - 13 46. 2 
259 144 O.OOOOOOE-00 O.OOOOOOE+OO - 1346. 2 
259 134 O.OOOOOOC:•CO O. OOOOOOE+OO -1346. 2 
259 133 0.000000::+::0 O.OOOOOOE+OO -1346. 2 
260 133 O.OOOOOOETCO O.OOOOOOE+OO - 1346. 2 
260 134 0.000000::: -co O.OOOOOOE+OO -1346. 2 
260 124 O.OOOOOCE-00 O.OOOOOOE+OO - 13 46 . 2 
260 123 0.000000ET00 O. OOOO OOE+OO -1346. 2 
261 123 0.000000::: ... 00 O.OOOOOOE+OO - 1346. 2 
261 124 0.000000:::-co O.OOOOOOE+OO -1346. 2 
261 114 0.000000:::-00 O.OOOOOOE+OO -1346. 2 
261 113 C. 000000:: - JO O.OOOOOOE+OO -1346. 2 
262 113 O.OOOOOOE-'.:0 O.OOOOOOE+OO -1346. 2 
262 114 O.OOOOOOE•CO O.OOOOOOE+OO -1346. 2 
2 62 93 0 . 000000:::-:c o.ooooooc:+oo -1346. 2 
2 62 92 o.ooooocc:- :o O.OOOOOO E+OC - 1346. 2 
2 63 72 0.000000 :::- ~o O.OOOOOOE+OO -1346. 2 
263 73 o . 000000::: ... co O.OOOOOO E+OO - 1346. 2 
263 155 o . oooooc:::- co O. OOOOOOE+OO - 1346. 2 
26.J 154 o.oooooc:::T.:io O.OOOOOOE+OO -1346. 2 
264 154 O.OOOOOCE•CC 0.000000E+OO -1346. 2 
264 155 0.0000002.-00 0.000000E+OO -1346. 2 
2 64 145 O.OOOOOOE-CO O.OOOOOOE+OO - 1346. 2 
264 144 0.0000002- cc O.OOOOOO E+OO - 1346. 2 
265 144 c.0000002- co O.OOOO OOE+OO - 1346. 2 
265 145 0.000000:::-~c O.COOOOOE+OO -1346 . 2 
265 . -~ 

~J- o.oooocc:::- co O.OOOOOOE+ CO - 1346. 2 
265 !. 3 4 c.cooooc::: - :c O.COOOOOE-tOO - 1346. 2 
266 i34 o.oooocc=:- :c O.OCCOOO E+ CO -~34 6 . 2 
266 135 o.ccoocc=:- :c 0.COCOCOE-r OO -1 346 . 2 
266 125 c.oooocc:::- :c 0.000000E+ OO - :.34 6. 2 
206 124 o.ccoccc::-:~ O.COOCOOE+OC -1346. 2 
267 124 0.000000::<: O.OOOOOOE+OO -1346. 2 
267 125 J.oooccc:::-:G O.OOOOOOE.-00 -1346. 2 
2 67 :::.5 c. oococ:.::-;: O.OCOOCO E+OO -i346. 2 
2 67 114 c.coooco:::-:; 0.0CCOOOE+OO -D4 6 . 2 
2 63 114 c.oooocc::-:;c O. OOOOOOE+OO - 13~6 . 2 
2 sa : !. 5 c . ooocc::;::- :~ C.'.lOCOOOE-rOO - 1346. 2 
268 94 o.aooooc ::-;o C.COOOCOE+OO -:i.346. 2 
2 68 93 o . oooooc::-cc :J.OOOOOOE+OO -i346. 2 
269 73 O. GOOOCC::-co O.OCOOOOE+OO -: 346 . 2 
263 74 c.ooococ::-:c O.OOOOOOE-rOC -D46. 2 
2'53 56 o.cooocc:::-~o C.CCCOOOE+OO - 1346 . 2 
2 69 SS o .ooooc c2- :o 0 .000000:::-roo - :: 34 6. 2 
270 55 o . oooooc ::- .~c C.OOOOOOE+ OO - : 3 .; 6. 2 
270 56 ;'.;. ccoocc :: - :c O.OOCCOOE+OO -l:; 4 6. 2 
270 4o : . :!OOCCC:: - JO O.OOOOOOE+OO -:346. 2 
270 45 :J.(;OCCC:c:-:: 0 . :::::00002+00 <3~6. 2 
271 45 J.GC8CCC::-.;o O .::C:JCOC~+OO - !3~6 . 2 
21: 46 J.C8COCC::-:~ O. CCOOOOE+ OO - :.34 6. 2 
2~· 36 ~.cccocc::-~:J O. OCOOOCE+CO - 1346 . 2 
2-, , - :;5 c.coocc-: ::- :c O.OOCOOCE+OC - :. 3 4 6 . 2 
272 35 o. ocoocc ::-;: o J.~COOOOE~oc -:.346. 2 
272 -r 

JO :.ccc:cc::-:::1 o . .:coocoE-roo -1346. 2 
272 26 c. oocccc::- ·:'J O.OCOOOOC:+OC -~346. 2 
272 25 .J.oooooc:::-;c C.'.lOOOOOE+OO - !346 . 2 
21:; 25 J. OOVOGC:: -:JO O. OCCOOOE+OO -~ 346. 2 
27:; 26 0. cccocc::-::: 0 . CCCOOO:>OO -1346. 2 
2-::. 1 r _o o .cccocc::- :c C.COOOOO E+OO -1346 . 2 
273 • < J . JOCCCO::-~: ::.0000 00::+00 - :34¢. 2 
2 7 ~ !.S J.cooooc::-c~ o. co:::ooo:::+oo - 1346. 2 
2·~ ~G : . oonccc:: - .;::; ~.CO~CCC S+OC -: 3q6. 2 
2 7 ~ 35 o . ~caooc:::-:c O.OCOOOOC:-rOO -:346. 2 
27·1 ~4 2.:J~C~GC::-.;: 0 .:)000C0£T00 -:345. 2 
275 14 c. J~:;ccc ::- .:~ C.COOOOCC:TOO -~3~6. 2 
2·:: ~: c. :cc~:.::: - ::: ~.oocoao::Tco -:346. 2 
:: "7 5 .: . ~cc=:;:::o:: - cQ J.:)OCCCCC: -rCO -:3~6 . 2 
2"5 0 J. ::cccs:::- .:: o .c:: C8CO£+CJ - ~ 3.; 6 . 2 
2:0 6 2. :c:ocs::-~J :J .acacoo::+oc - ~) <!6. 2 
21~ 7 J . .::j:: c::: - :: C.JC 0000£·00 -:346 . 2 
2 ... ; J.~S8~::::.;: ~. ·JC808CS ·.JO -~J~O . 2 

,.\ 13 



276 146 O.OOOOOOE+OO O.OOOOOOE+OO 46.52 
277 146 0.000000;:;+00 O. OOO OOOE+OO 4 6. 52 
277 147 O.OOOOOOE+OO O. OOOOOOE+OO 46.52 
277 137 0 . 000000E+OO O. OOO OOOE+OO 46.52 
277 4 136 0.000000;:;+00 O.OOOOOOE+OO 46.52 
278 4 136 O.OOOGOOS+OO 0.000000!::+00 46. 52 
278 4 137 O.OOOOOOE+OO o.ooooooc:+oo 46.52 
278 4 127 o.oococcc:--oo O. OOOOGOE+GO 46.52 
278 126 O.OOOOOCE+OO O.OOOOOOE+OO 46.52 
279 4 126 o.ooooco:::+oo O.OOOOOOC:+OO 4 6. 52 
279 4 127 0.0000002+00 O. OOOOOOE+OO 4 6. 52 
279 4 117 0.000000E+OO O.OOOOOOE+OO 4 6. 52 
279 116 0.000000::+00 O. OOOOO OE+OO 46.52 
280 4 116 O.OOOOOOE+OO O.OOOOOOE+OO 46.52 
280 117 O.OOOOOOE+OO O.OOOOOOE+OO 4 6. 52 
280 96 O.OOOOOOE+OO O.OOOO OOE+OO 46.52 
280 95 O.OOOOOOE+OO O.OOOOOOE+OO 46 . 52 
281 75 O.OOOOOOE+OO O.OOOOOOE+OO 46.52 
28l 4 76 O.OOOOOOE+OO O.OOOOOOE+GO 46.52 
281 4 158 O.OOOOOOE+OO O.OOOOOOE+OO 46.52 
281 157 O.OOOOOOE+OO O. OOOOOOE+OO 46.52 
282 157 0 . 000000::+00 O. OOOOOOE+OO 46.52 
282 158 O.OOOOOOE+OO 0.000000::+00 46.52 
282 148 0.000000::+00 O.OOOOOOE+OO 46.52 
282 147 0.0000002+00 O. OOOOOOE+OO 46.52 
283 147 O.OOOOOCE+OO O.OOOOOOE+OO 4 6. 52 
283 148 O.OOOOCOE+GO O.OOOOOOE+OO 4 6. 52 
283 4 138 O.OOOOCOS+OO O.OOOOOOE+OO 4 6. 52 
283 137 O.OOOOOOE+OO 0 . 000000S+OO 46.52 
284 137 O.OOOCGOE+GO 0.0000002+00 46.52 
284 138 O.OOOOOOE+OO O.OOOOOGS+OO 4 6. 52 
284 128 o.oococc::::+oo O.OOOOOOE+OO 46.52 
284 127 0. coooco:::: .. co O.OOOOOOE+OO 46.52 
20; 127 O.OOGOCCE+OO O.OOOOOOE+GO 46. 52 
285 128 O. OOOOCOE+GC O.OOOOOOE+OO 46.52 
285 113 O.OOGGGOE+OO O.OOOOOOE+OO 46.52 
285 117 0.000000:::+00 0.0000002+00 46.52 
296 117 O.OCOCOOE+OO 0.0000002+00 46.52 
286 118 o. ocoooc::::+oo O.OOOCOC E+CO 46.52 
286 97 o . oooo:cs+co o.ocoooo::::+cc 46.52 
20~ - 0 96 C.OCCCCGE+OQ O.OOOCCOE+CO 46.52 
227 76 O.OCOOCOE+OO O.CGOOOOE+OO .t; 6. 52 
287 77 O.OOOOCOE:+OO O.OOOOOOE+OO 46.52 
287 159 0 . 000000::::+00 O.OOOOOOE+CO 46.52 
257 158 O.OOOGOOE+OC O.OGOOOCS+OO 46.52 
228 158 o.oooccc::::+co O.OOOOOOE+OO 46.52 
298 159 o . oooocc:::+-co O.OOOOOOE+OO 46.52 
2S8 4 149 0.000000::+00 0 . 000000::::+00 45.52 
228 148 O.OCOOCOE .. 00 0.000000::::+00 46.52 
2'3 9 148 O.COOO~G::.+ca o. 000000::::+00 45.52 
229 149 o. oaooco:::: ... oo O.OOOOOOS+OO 46.52 
233 139 O.COCOGO E+OO O.OOOOOOE+OO 46.52 
289 138 o.cccoscc:~ao o . ooooco ::::+c o 46.52 
2 30 138 O.CGGCG8=:~'.]C o.ccoooo ::+ co 46.52 
290 1J9 c.ocoocc::+oa O.OOOOOCE;.OO ~6.52 

290 129 ·o. ccococ::+co 0.000000::::+00 46.52 
290 128 O.CCOC8 Q::+ C8 o.ccaccc::+ca 46.52 
291 128 O.OOOOOCE+OC O.OOOOOCE+OQ 4 6. 52 
291 129 o.ooooos::::-oo O.QOOOOCE~oo 46.52 
2S~ ll 9 G.OGGCSC::-oa 0.000000 ::::~0 0 46.52 
2 92. 113 C.CQCJ8:::::.~cc o. ~occoc"::+oc 46.52 
292 4 113 8.GCCCCG::~ca 0. 000000 ::::~0 0 46.52 
2 32 119 ,.... f'!"'lt"'""" .... "'~ ",,.., 

V • ..Jvvvvv=..-v •.., a.acoooc::~o:; 46.52 
232 9S o.0ccccc::~8c o .ocoooc:: .. oc 46.52 
2'?2 97 0.oa:ccc::~c: c.oooccc::-::1 46 . 52 
293 4 77 :J. oc:;(;cs::+c~ O.OOOOCCE;.CG ~6.52 

293 78 c.ccoocc::~cc o.oooocc::~oo 46.52 
2 ~ 3 CG o.ccococ::+cc o.ooooco ::::~ oo 46 . 52 
2'? 2 S? 0. OOC8~C::-:-as o.oooocc ::::+ co 46.52 
2 ?,,; 59 C.OGOCGC::+so O.OOGOCC E+ GC ~6 . 52 

2 ~~ cO c.acococ ::- cs o . oooooc ::::~ ac 40 .52 
2 3~ .SC c.oooccc::~o: o.ccoooc =:~ co .; c. 52 
2:; 4 ~ 9 G.:JCVC~:::+GJ G. OCOOCOS<C ~ 0. s 2 
295 4 3 o. ccccco::~c::; o. ooooco ::::- ':;o ~5.S2 

295 :a u.oc occo::-cc o. oooooc2~cc .; 6. 52 
2 =?5 i; c G.CGGCC8::~0 0 o.ooococ ::::~ s8 .; 6. 52 
2 ?S 33 o. ccc:;::;c::-::; o.oocooc:: .. 80 ~ 0. 5 2 
236 39 c. ccc:::cc::+c:; G. OCOCOC ;::. :o ~ c. 5 2 
-~ ~ t,? ~G o.occcc:::~co o.cccooc::.co ~ 0. 52 
296 3C c. ccc~:::2::~00 c. ccococ ::':":·c ~6.52 

2~6 29 o . 00::;c:c:: -c o c.oocooc::-c0 ~ 6. 5 2 
237 23 c. c:::c:::oc::~cc 0. OOOOOC:: - JO ~ 6. 5 2 
2:: 7 "~ ~v c. oc:::cGc:::+oa c. ::icoocc::::~8o ~ 6. 5 2 

=~' 2S 8.0::::~::::-:8 0. occc::c::::-:o ~ 6. s 2 

Al4 
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772 12 63 0.000000::: 00 o.oooooos+oo - 394.00 
773 1255 0.000000::: 00 0.000000S+OO - 394.00 
773 1256 0.000000::: 00 O.OOOOOOE+OO - 394.00 
773 12 60 0.000000::: 00 O.OOOOOOE+OO - 394.00 
773 1259 0.000000::: 00 0.000000E+OO - 394.00 
774 1251 0.000000::: 00 O.OOOOOOE+OO - 394.00 
774 1252 0. 00000 0::: 00 O.OOOOOOE+OO - 394.00 
774 1256 0.000000::: 00 O.OOOOOOE+OO - 394.00 
774 1255 0.000000::: 00 O.OOOOOOE+OO - 394.00 
775 1247 0.000000::: 00 O.OOOOOOE+OO - 394.00 
775 1248 0.000000::: 00 O.OOOOOOE+OO - 394.00 
775 1252 0.000000::: 00 0.000000:::+00 - 394.00 
775 1251 0.000000::: 00 0.0000002+00 - 394.00 
776 1238 0.000000::: 00 0.000000:::+00 - 394.00 
776 1239 0.000000::: 00 O.OOOOOOE+OO - 394.00 
776 1248 0.000000::: 00 O.OOOOOOE+OO - 394.00 
776 1247 0.000000:::+00 O.OOOOOOE+OO - 394.00 
777 12 64 0.000000:::+00 0.0000002+00 - 394.00 
777 1265 0.000000:::+00 O.OOOOOOE+OO - 394.00 
777 1231 0. 000000:::+00 0.000000:::+00 - 394.00 
777 1230 0 . 000000:::+00 0.000000£+00 - 394.00 
778 1260 0.000000£+00 0.000000£+00 - 394.00 
778 12 61 o.oooocc:::+oo 0.0000002+00 - 394.00 
778 12 65 o.ocoooc:::+co O.OOOOOCE.+CO - 394.00 
778 1264 o.coococ:::+co 0.000000£+00 - 394.00 
779 1256 0.000000:::+00 O.OOOOOOE+OO - 394.00 
779 1257 o .o ocooc:::+oo O.OOOOOOE+OO - 394.00 
779 1261 0.000000:::+00 O.OOOOOOE.+00 - 394.00 
779 1260 0.000000:::+00 0.000000£+00 - 394.00 
780 1252 0.000000:::;.00 0.000000:::+00 - 394.00 
780 1253 o.ooococ::+oo 0.000000:::+00 - 394.00 
780 1257 0.000000:::+00 0.000000:::-roo - 394.00 
780 1256 0.000000:::+00 0.000000:::+00 - 3 94. 00 
781 1248 o.cooccc:::+oo o .ooococ::+oo - 394.00 
781 1249 O.GCCCCC=:+CQ 0.000000:::+00 - 394.00 
781 1253 c.ocoooc:::+oo o.oooooc::+oo - 394.00 
781 1252 o.oooooc:: .. co 0.000000:::+00 - 394.00 
782 1239 o.cooccc::+oo o.ooooco::+oo - 394.00 
732 1240 o . oooocc:::+oo 0.000000:::+00 - 394.00 
732 1249 o . ccoocc ::: +oo O.OOOOCOS+OO - 394.00 
782 1243 O.:JGQOCC::+co 0 . 000000 =:.,. oc - 3 9-;. 00 
783 12 65 O.OCOOO:J::+OO c.oooooc::+oc - 394 .00 
783 1200 o .oooooc :: +co o.ooococ ::+ co - 394.00 
733 ~~--UJ o.oococo ::: +oo 0.000000::: ... 00 - 394.00 
783 1231 o.oocooc ::.;.o o 0.000000 :::+0 0 - 394.00 
784 !2 61 o . ocoooc:::-oo 0.000000:::+ 00 - 394.00 
784 1201 o.ooocac ::: ~co o . oococo:::-roc - 394.00 
784 1200 o.cooocc ::: +oo 0.000000:::+00 - 394.00 
784 1265 o.cccocc:::+ao 0 . 000000:::.;.0Q - 394 .00 
785 1257 o.ccaccc::+cc o.occoco ::+oc - 394.00 
"7 35 1202 G. :Jucc:::::+oo 0.8COCCC ::-:-c c - 3 94. 00 
785 1201 o.oo cocc: :: +oo O.OOOOOOE+OC - 394.00 
735 1 2 61 Q. ·JSCCCC:::-:-OG O.OOOCOOE:.;.CO - 394.00 
796 1253 o.cccoc~ ::: +co 0. 000000 '::.;. 0C - 394 . 00 
736 1203 c. GGG008::+oo O.OOCCOG::;.CG - 394.00 
786 1202 c. csacc::::+-cc o.occcoo=:+co - 394 . 00 
78 6 :257 C. ':!CC:JC~::+C:J o.occocc=: .. c8 - 394.00 
737 1249 o. c:cso::::..:.88 o.:coooc ::: -:-co - 394.CO 
797 :!.204 a . :::c::::::..:.:JC o. occccc:::~.::~c - 394.CO 
787 1203 G. :::c;::: ·:::..:.CQ o.oococc::-co - 394. CG 
737 :2SJ f'\ '"l'"'f'\l"\I" .... - . f'\I"\ 

\.J . .... ........ .,J.J\.,=-~ .... v 0.80CCCC:::-~c - 394 . 00 
788 :240 0. GCC8C:: ::-:J:J c. ooococ :::.;.co - 394.0 0 
728 -- - 0 ,., '"'l"'\r"'f"\r", - . "" . .... u ......... ..,,_:_- .... v o.cooocc::-c:o :; 94 - 00 
~38 ~ 21J 4 C.QGQGC::::-ao o.ocococ:::-c a - 394.00 
733 ~ 2 4 :1 a. ~J::::c:· c:::,co o.ccocco::-:-r.::G - 394.80 
3 ~ 1 35 c.cccc::::,:c C. CCCCC8:::-:-00 638 . 00 
841 :; g 7 o.coocoo:::~ao o. ccococ::,.Go - 698.00 
341 ~441 O.OGCOC0::'.+00 o.oooccc:: ~ oc - 693.00 
ac 40 0.~8:00~::-:-00 c .ao aocc=: -o a - 698.00 
a i:;2 40 0. 00~:)08=: -:- CO c.80ao8c :::- co - 098.CO 
84 2 ~4~: o .cc::ccc::~ cc 0. ooccco::-:::c - S33.00 
2'2 i442 G. CJC:JCc::.,.co o.occoco ::-J o - 513.00 
a .;2 4 ~ c . Jc .::::::::-c o J.:c:;ccc ::~c: c3S.GO 
3..; J ~: c . ::c~cc::- ::8 c .~c:;c2:::-:: - 693.GG 
3~J :442 o .:::: ~coc ::~sc :J.CCQCGC ::-::: - ;;a.co 
343 !.. ~ ~:; o .oc ~c:2 ::- co c .oooccc ::- Jc - 598.0C 
3;3 42 o. :::a:::;:::-co G .C:JOOC2:::-~2 698.00 
s ~..; 42 ~.v::c2c:::-co ,... ,....,..,..,..,'"\r- .... " 

"'"' . vu..; .... vv .:.- v .... - 638.00 
3~4 ~~~J :J . ::::c::-:::-::a C . '.JQQQC:'.::: - :'J - 633 . GO 
34~ :~44 c. c::::::ccc:::-co : . ~~cccc::-i:'.J - ;;s.oo 
3..; ~ .; j c . Jc::;cc::::-co o . coococ ::~c :i 6 :;0. oo 
:~ : -.i J 

,,... ,.., ,..,,...,...,..,...~ ,...,.. 
V . -..1vvvv .... .:.- v v c.ooooos::-cc ?38.GO 

~; s l ~44 c .CC82 C'::: - oo c. ocoooc::-:c 638.0C 
:~s ~ 445 o. ::c:::c::::::-ca o.ocococ:: - ::: - 5?8 . C::J 

Al6 



845 3 44 O.OOCOOO E+OO O.O OOOOOS+OO . - 1698.00 
846 3 44 0.0CCOOOE+OO O. OOO OOOE+OO - 1698.00 
846 J 14 45 0.COOOOOE+OO 0 . 0000 0 0E+O O - 1698. 00 
846 3 605 o . cccooor::+oo O. OO OOOOE+O O - 1698.00 
846 3 39 o.oocooo:::+oo O. OOOOOOE+OO -1698.00 
899 3 513 0 . 00COOOE+OO O.OOOOOOE+OO - 1698.00 
899 3 673 0 . 00COOOE+OO O. OOOOOOE+OO - 1698.00 
899 3 14 93 O.OOCOOOE+OO 0.000000:::+00 - 1698.00 
899 3 1204 O. CCCOOOE+OO 0 . OOOOOO S+OO - 1698.00 
900 3 1204 0.000000::+00 0. OOOOOOE+OO - 1698.00 
900 3 14 93 0 . 000000::+00 O. OOOOOOE+OO - l698.00 
900 3 1492 O.OOCOOCE+OO 0. OOOOOOE+CO - 1698.00 
900 3 1203 O.CCOOOOE+OO 0. OOOOOOE+OO -1698.00 
901 3 1203 O.OCOOOOE+OO 0 . OOOOOOE+OO - 1698.00 
901 3 14 92 O.OOOOOOE+OC o.ooooocr::+oo -1698.00 
901 3 1491 O.OCCOOOE+OO O.OOOCOOE+OO - 1698.00 
901 3 1202 O.OOOOOO E+OO O.O OOOOOE+OO - 1698.00 
902 3 1202 O.OOCOOOE+OO O. OOOOOOE+OO - 1698.00 
902 3 14 91 O.OCOOOOE+OO 0. OOOOOOE+OO - 1698.00 
902 3 14 90 O. OOOOOOS"-00 O. OOOOOOE+OO - 1698.00 
902 3 1201 O.OOOOOOE+OO o . oooooos+oo - 1698.00 
903 3 1201 O.OOOOOOE+OO O. OOOOOOE+OO - 1698.00 
903 3 14 90 O.OOOOOOE+OO O. OOOOOOE+OO - 1698.00 
903 3 1489 O.OOOOOOE+OO 0 . 000000:::+00 - 1698.00 
903 3 1200 O.OOOOOOE:+OC O. OOOOOOE+CO -1698.00 
904 3 1200 O.OOOOOOE+OO O.OOOOOOE+OO - 1698.00 
904 3 1489 O.OOCOOOE+OO 0. OOOOOOE+OO - 1698 . 00 
904 3 671 O.CCOOOOE+CO 0. OOOOOOE+OO - 1698.00 
904 3 503 O.OOCOOOE+OO O. OOOOOOE+OO - 1698 00 
113 745 O.OOCOOOE+OO 0.0000002+00 -742 . 00 
113 4 1731 O.OOCCOOE+OO O.OOOOOOS+OO - 742 . 00 
113 4 1817 O. OCOOCOS+OO O.OOOOOOE+ OO - 742 . 00 
113 1708 O.OOOOOOE+OO 0.0000002+00 - 742. 00 
114 4 l 708 o. o:::ooco =:"'oo 0.0000002+00 - 742. 00 
1 "?" -L' 4 1817 o.occ:::cos+oo o.ocoooo:::+co -742 . 00 
~14 1822 C.CGCCCO::+co O.OOOOOO E+ CC - 742. 00 
1~4 d 1709 o. occcco:::-roo O.OOOOOGE'.+00 - 742. 00 
115 1709 0 . 000000:::+00 0.0000002+00 - 742. 00 
1 2-5 1822 O.QGQGGV=:~oc 0. 000000:::+00 - 742 . 00 
115 1827 O.COGQCCE+CO 0. OOOCOOE+OO - 742 . 00 
115 l 710 O.CCCC88 ::+ oa o. oocccc::~oo -742. co 
116 4 1710 o . coccoo :::+oo o. oooooc:::~co - 742. 00 
1.16 1827 o.cooooc:::+oG O.OOOGOOE:+C O - 742. 00 
l~O 4 1441 o.occooc:::+oo 0.000000E"'00 - 742 . co 
116 4 587 0. CQ8CCG=:+oo 0. OOOOOOE+OO - 742. 00 
117 731 O.CCCOOOE.~00 O.OOOOCOE:+OO -742. 00 
117 732 0. OGGCCGE+OC O.OOOOOOE•GO - 742. 00 
l l 7 818 O.CCCQOC S+ OC O.OOOOOCE+CO - 742. 00 
117 817 O. COCCOO C:+ CO O.OOOCOOE:+OG -7 42. 00 
ll8 817 o. cc::cco<:>CO 0. OOOOOCE+CO -742. 00 
~ ~ 8 918 o. 8c:· c~a ::+ oc O. OJCOOOE:+CO -7~2. co 
118 823 o . ococoo :::• Go 0 . OOOOOOE:•OO - 742. 00 
: :. 8 4 822 C.CSCCOO~-:-CC 0 . OOCCCOE:+OO -742. 00 
!. l 9 822 8 . ~cc~oc ::+ oo o . cooaoo:::·oo - 742. 00 
119 823 a. cc~cca::':'"cc o. oooooc:::•co - 742. co 
11 9 828 0 '"'li' .-.,-..i'n=-:~J' " 

• ..., V'¥ ....... V - . v ... 0 . OOOCOOE" CO - 742. 00 
~19 4 327 c. c:::;cc:8 ::+ o: a.coocac =: +cc -742. 00 
:28 827 c. CC'..>:sc:::---cc o. oococo:::+co -7~2. 00 
:2 0 82 8 c. s:cccc=: --- 08 o . cccccc:::" co -742. GO 
: 2'.} 4~2 c. :8::::::-:o 0. GOCC20C>:-CC -7~2. co 
~ 2 ·J 442. c. ~:cc~J:>· CJ o. coocco::-:- oc -"742. 00 
!.2l 732 o. :;oc:ca::+ao o. ~coc:o:: - oo -742. 00 
12: 733 C.C8C:co=:+CG O.CCCCCCE+CO - I 4 2. 00 
l2: l 819 c.ccc:co ::-:- :c o.coccco:::+co - 742. 00 
: 2 ~ Sl8 o. oo:::cc :::~ oo 0. 000000:::.;.0Q -<.;2 . co 
:22 318 c. c::ccc~=: ":'" oc a. occc:c::: .;. c:J - 7.;2. cc 
:22 4 819 o. :Jo::::cc ::.:.. co 0. 000000:::-00 - 1.;2. 00 
:22 82~ o.ac:oocs~o8 o. ocoooo:::+oo -742. GO 
~ 22 823 c.c cc ::a:::~cc o. cocooo::: "oc -742. co 
J.. 2 3 823 a. ::::c~cc::.:.vo o.ccccoo::-co - 742 . 00 

- " - 82~ ~ . s:~J(;:J ~>· C: o. accccc::+c;J - 7 :;2. 00 
: 2] 829 c. cc::-:::a::+ca 0 . OOGGOG::':'cc - 7 ,2. co 
:23 828 c. c:s:c:::: - cJ c . occcoc::'l"co -74 2. 00 
:. 2.; 828 c.::o::~cc::~cc G. GC:JCSC:: - ao - 7~2 . O:J 
:2~ 829 c;. :::::· :::::::: - c~ o. occc:::::'l"a:::; - -; ~ 2. cc 
: 2 i.; 4 43 c . c:cscc=: "':' cc o . aococc :::- co - i.; 2. 00 
~2' 442 :.::::::cc ::- 82 c . :Jcc::::c::-cc - j ; 2 . co 
!25 7c1 o. cc::::2:::':':c 0. ocvc~c:: ':' co - 7.; 2 - co 
:2: 71 r:.. v.c:::::0c:: -co c . occccc:: .:. .:c - I~ 2 . co 
:25 a2::: 0. s~~::::::~:J:: o. o:J::o::c::-c: - : ~ 2 . cc 
:. 25 819 c . c:: :-:c:: - c:J 0 . GCGCJC::-:8 - ; --: L. co 
:. 2 0 a:9 8. ::c::::o::-c::: a. occ:c~::-cc - -; ; 2. 00 
:26 en : . ·:c:s::c ::· oc 0 . ccccsc::-oc - -; ~ 2. 00 
-<0 825 C . . :2:'.JC8~ .. c: ,... '1,, "'If',..,_ "'('\ 

v . v\..vvv\..:.-Jv - '7 ~ 2. 08 
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1126 824 0. oooccc::: 00 O.OOOOOOE+OO -742. 00 
1127 824 0. oooooc::: 00 O.OOOOOOE+OO -742. 00 
1127 4 825 o.oooooc::: 00 O.OOOOOOE+OO -742. 00 
1127 4 830 0.000000::: 00 0 .0000002+00 -742. 00 
1127 4 829 o . oooooc :::+c o 0.000000E+OO -742. 00 
1128 4 829 0.000000:::+00 O.OOOOOOE+OO -742. 00 
1128 830 o.oooocc:::~oo O.OOOOOOE+OO -742. 00 
1128 444 o . oooooc::+cc O. OOOOOOE+OO -742. 00 
1128 4 443 o.ooococ::+oo O.OOOOOOE+OO -742. 00 
1129 734 o.oooooc::+oo 0 .000000E+OO -742. 00 
1129 735 o .o ooocc:::~oo O.OOOOOOE+OO - 742. 00 
1129 821 0.000000::+00 O.OOOOOOE+OO -742. 00 
1129 820 o.oooocc::+oo O.OOOOOOE+OO -742. 00 
1130 4 820 o.oooooc::+oo O.OOOOOOE+OO -742 . 00 
1130 4 821 o.oooocc:::+oo O. OOOOOOE+OO -742. 00 
1130 4 826 o .o ooocc ::+oo O.OOOOOOE+OO - 742. 00 
1130 825 o. ooooco::+oo O.OOOOOOE+OO -742. 00 
1131 825 o.oococc::+oo O.OOOOOOE+OO -742. 00 
1131 826 o.oooooc::-oo O.OOOOOOE+OO -742. 00 
1131 831 o .o oococ ::: +co O.OOOOOOE+OO - 742. 00 
1131 830 o.oooocc:::+oo O.OOOOOOE+OO -7 42. 00 
1132 4 830 o.ocoocc :::+ oo O.OOOOOOE+OO -742. 00 
1132 4 831 o.cooocc ::+ oo O.OOOC COE+OO - 742. 00 
1132 4 445 o.oococc:::+oo 0.0000002+00 -7 42 . 00 
1132 4 444 0. OOOOCC::->-00 O.OOOOOOE+OO -742. co 
1133 735 o.oococc :::~ oo O.OOOOOCE:+OO -742. 00 
1133 778 o.oocooc::+co O. OOOOCOE+OO -7 42 . 00 
1133 4 1754 o . oocooc:::+oo O.OOOOOOE+OO -742. 00 
1133 4 1821 o.ooooos:::~oo O.OOOOOOE+OO -742. 00 
1134 1821 o.oooccc:::~co O.O OOOOCE+OO -742. 00 
1134 1754 o.ooococ:::~oo 0.000000£+00 -742. 00 
1134 4 1755 o.oooooc:::+oo O.O OOOOOE+OO - 742. 00 
1134 4 1826 o.oococo:::+co O. OOOOOOE+OO -742. 00 
1135 4 1826 o.oococc::~co 0.000000:::+00 -742. 00 
1135 4 1755 o. oococc::+co O.O OOOOOE+OO -742. 00 
1135 4 l756 o.oooccc::+co o . ooooco:::+oo -742. 00 
1135 4 1831 c.oooccc::-co o.ooococ::+oo -742. 00 
1136 18 31 o . oooocc:::+co O.OOOOOOS+OO -742. 00 
1136 1756 o.ccccc:: ::- ~o 0 . 000000::.;.00 - 7~2. 00 
1136 605 o.ooccc:::~co O.OOOOOOS+OO -742. 00 
1136 14~5 a.coocc:::-c8 o .ooocoo:::+oo -742 . 00 

997 :; 671 c . oooas:: ::- ~o 0 . OOOCCOE+CO - 742. 00 
997 J 489 o.oococ:::::-cc O.OOOCCCE+OO -742. 00 
997 3 043 o.ooocc:::~oo O.O OCOCO E+OO -742. 00 
997 - 542 0. OCO:JCC:>·CQ o.002c:::o2+00 -742. 00 
998 ..) s.;2 o. oocc::c ::-:- c:J c. 0000'.lo:::+oo -/42 . 00 
998 3 5 ..;3 o .c ccc~c ::~ cv o.ooccca::+oo -142. co 
998 6-'8 o. ooc:1,::::-oo o.aocooo::+oo -742. 00 
998 - 541 o. aoca ::::- c:'.J C.OCCCCQE:+GO - 742 . 00 
999 :; S~l 0 . CC8CC: ::-:- CG o.ccccocc:+co - 742 . 00 
999 - 648 Q . :JOCSCC~-:i:; O. OOCCOO S+CO -"742. 00 
999 3 653 o.cococs::-cc O.OCOCOOE+OO -742. 00 
999 - 540 o. occcc::::-:-:~ O.OOOOOC C:+CC -7t2. 00 
000 - ::.; o c. accc:::::-:0 G.OOOCQO:::+oo - 7d2 . 00 
000 - 6.SJ ::; . QC CCC :::- ·:o c.000000 :::+ 00 -142 . co 
000 632 o.cooc~:::-:a O.OOOCOOE+ DO -742. 00 
000 3 :3 2 7 0. cccc:: ::- .:c C. QCCCCOS+OO - 7~2. 00 
COl - ~89 C . JGCC::::: - :0 0. ,jQ OCOC::::+oo -742. ::;o 
001 ~ 490 0. 08C8::::":"::; c.ccccccc: ~oo - 7~2 - 00 
001 c ~~ c . cc ::::::::-:c :J . J:JCCOQ'.::+00 - i .;2. GO 
OCJl 6 ~ 3 

,.... ,..,.. ,., ,.., ,.. ~-
-~ 8.COC:J'.:CE:+CO - 1.;2. 80 V . VV.J ... v ... :.-

002 c~J 8 . cc:::::::: - :~ 8.ccooco::+cc - 7~2. 00 
002 - ~;4 s .coa::::::-:0 J.OOGGCC :::+OC - 742 . 00 
.002 649 8. 08C:J:::::- .. :·,.; J . JOOCGC::+oo - 74 2. 00 
OC2 E.;8 0. 08::c::::: - :0 C. SC08CC2+00 -7 42 . 00 
003 6.;8 o.Jc0:::: ::- :J c . sccccc::~oo -7<;2. 00 
C03 649 ~ . QCO ·~C ·:::- S:J ·:. 8COOOOE+OO -742 . 00 
COJ - 654 J . occ:c::::-so 8.00GOCOS;.OO - 742. 00 
803 653 c.oooc::::::-::o C.OOOCOO E+OO - 7 i;2. 00 
004 053 o . oocc~::: -: J J . •JOO:JOO:::+oo - 142. 00 
004 - c:4 r"'I ,..,,..,l"\l"\ ."'\ f" - , .... ,... 

v . u ..... ..., .............. :..--~ o.ocoocc:::+oo - 742. 00 
004 - 633 0. IJCC:O:~::-:~ C.GCOCCOE +CO - 742 . 00 
004 c::2 0.8CC82S::-:c c . '.:COCOC::-oo - 142 . 00 
cos -' 90 ... ,... ("\ .... ,...,... -- ~,... D . JCOCC8:>-00 -7~2 . GO v . .JV,.;vv ·-'::.-- -' 

005 ~ ?l -'J . :Jee:::::: - ·~:: :) . :cuc::c~.:-ao - -;' ~ 2. 00 
ocs c.; s :: . 8:;:c .: :::-::: ~.JC:JCOC::-co - 742. co 
JCS c.; -; :J . oc:::::: - ::: ::: . J:JOOCG:::~cc - 1 ; 2. co 
806 64~ c .:::s 8c:::: -:: :: .:ccc oc::~co - " ~ 2. co 
·JO 6 C~5 c.c:::c:::::- -~ : . :ca:::c::-ca - 7~2. cc 
C06 652 .: . 2c::c : ·::: -:: ~ . ::ccc:os-co - ; .:; 2. co 
006 : c 9 ... .. .... ,,,.. ~ .... ,.. - ~"' 

v · . "'V..,. - - .,., :. - -'-' : .:c:c8s:: - Jo -!~2. co 
807 6 ~ 9 

..., "'\ ..... ,.. , .... ",... - - "" ..... . vv ..... _ .... :.. - _ _. 8 . :ccocc:::~ ·:o -~~2. cc 
007 o:c .... """,...,.... r ~ - - A ~ ~ccc::;c:::-co - 142 . co ... . v v ..... . - - :. . - ., . 
8c-; .:: 5 ,.. ...... ..... ,... ,.. ~ - - -. J.ccsccv=: -oo - 7l2 . JO 

.,J . ..... ·- _, - - • :.. 

. -\ls 



1007 
1008 
1008 
1008 
1008 
1009 
1009 
1009 
1009 
1010 
1010 
1010 
1010 
1011 
1011 
1011 
1011 
1012 
1012 
1012 
1012 
1013 
1013 
1013 
1013 
1014 
1014 
1014 
1014 
1015 
1015 
1Cl5 
1015 
1016 
1016 
1016 
1016 
1017 
1017 
1017 
1017 
1018 
1018 
1018 
1018 
1019 
1019 
1019 
1019 
1C20 

1C20 
1020 
1225 
1285 
1235 
:2 95 
1290 
:296 
l286 
:!.280 
1287 
1287 
::. 2 g 7 
1227 
::. .:; 19 
l :3 ~ 9 
:319 
l.:; '.. 9 
l .J20 
1220 
lj20 
1.320 
2. :3 2 l 
l J21 
lJ2l 
1321 

3 
3 
3 
3 
3 
3 
3 
3 
J 
J 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
J 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 
3 
J 
J 

3 
3 
3 
3 

3 
3 
3 
3 
3 

3 

s 

5 
5 

5 
s 

1654 
165 4 
1655 
163 4 
1633 
1491 
1492 
164 6 
1645 
1645 
1640 
1651 
1650 
1650 
1651 
1656 
1655 
1655 
1656 
1635 
1634 
1492 
103 
1647 
164 6 
16~ 6 
i c~ 7 
1652 
lESl 
165!. 
1652 
1657 
163 6 
165 0 
1657 
1636 
163 5 
1493 

673 
lSS2 
1647 
1647 
1552 
1551 
16.52 
1652 
1551 
lSSO 
2. cs 7 
165 7 

16JC 
833 

2cn 
z:;~:; 

2c:. G 
2~'il 

2c.; 6 
2~p 9 
2009 
2C~C 

1CG4 
896 

.!. V"" C 

2C7S 
2CB 9 
2:::83 

l i.; 9 
2C8 9 
2C7 ':: 

o.oooc::::::: 00 
o.ooocc:;::: oo 
o.oococ:::: 00 
o.ooocc: ::: 00 
o.ooocc::::+oo 
o. oooc: :::::+oo 
o.occc:::::+oo 
o.oocc::;:::+oc 
0. ooocc ::::-co 
0. coocc .::::-oo 
o.ooocc: :::~ oo 

o.ooocc:;:::+oo 
o. coocc::::-oo 
o.oococ: ::: ~co 

o.oooocc:::+oo 
o.ooooc:::::-oo 
o.oooo;:c:::+oo 
o.oococo ::: +oo 
o. ooocon-oo 
o.oococc:::+co 
O . OOCOC~S+OO 
o.ooooco ::: +oo 
o.oooocc:::-oo 
o.coccc2::+00 
o.ococ~: :: ~ca 
o.ocacc:=:-:-co 
o.ooocc::::+co 
o.cocccc::+cc 
O.OOOCCGS+GO 
c.cccc::::::Tca 
0.08SC:8 :: +8C 
c. occc::s::+cG 
o. ocoo::;:::-oo 

o.oocc:::::-oo 
o.ooocc~:::-cc 
o.ococ:c:::+co 
c. aocc:s ::..;.. cc 
8. cccc .::: .:; :: +:Jo 
c. C:JCC: :::+cc 
J.cccc:~::-cc 
O.C8CCC: :: "':""::c 
o. oc:cc2:: :: +::c 
0. oc:o: :::~:::J 
O.CO:J C~8 ::+:JQ 

c. coc:.::: ::~c c 
c. co0c:::::.:..cc 
a. :;cccc2::.:-sc 

c . c:::ac:::::~oc 

o.coccc:: ::: +co 
,.. ,..,..,...,... .......... . ... I"\ 
V. vuvl,....._.,,:_-..; •.,,, 

o.cocs::::-:a 

c .ccc:::::-c:J 

a. o~ccc:::::.:..::8 
c.c:scc:::"':"":c 

C.GCCG:::::-::8 
c. 0sc:c: :: -rc'.J 
,.. ,.. ......................... - """ ...... vv ..... "" - - :.."':"" .... ..; 
o. o~oc:::::"':"":c 
0. c::;::::::::-G:J 

s. ::c::c.::::-~: 
a. c::'.:::::-:a 
C.C8G:::~::-:c 

0. s:oc::::-::J 

NUM3E~ o~ LC ADEJ ~cc::s c~ ::~::~::~J7S 

LARG::ST NCO :: CR ::~::~::N7 ~C~3::~ 

Al9 

o.cocooo::: 00 
0.000000::: 00 
O.OOOOOOE: GO 
o.oooooo c: oc 
0.000000E CO 
C.OOOOOOE: 00 
O.OOOOOCE vu 
0. ooooco::: 0() 
O.OOOOOOE 00 
O.COOOOO E+OO 
O.OCOCOOE:+OO 
O.OOOCOOE:+OO 
0.000000::-co 
0.000000=:~00 

0.000000S"C0 
0.000000 ::: +00 
O.OCOOOOE:+OO 
O. OOOOOOE:+OO 
O.OOOOOOE:+OO 
0 . 000000::+00 
0.000000::+00 
O.OOOOOO S+CO 
0.000000::+00 
o.oooooc::+oc 
0.000000:::~00 

O.CCOCOOC:+CO 
O.OOOOOO E:+OO 
c.ocoooo::-:-oc 
o.oooooo:::Too 
C. C·CCCCC::.r8Q 
O.GGGOCC:: - 80 
o.ccccco ::-:-c o 
C.OCOGCC:::+oo 

o.oooooc:::+oo 
o. ocoooo:::~co 
o.ocooco:::+co 
c.oooooc:::~o0 

o. occooc:::~::o 
c. oac::cc::-rcc 
C. :JCCOOC :>- OG 
o.occc cc::-:-JJ 
C.880CCO :::+ :o 
C . CCOCOG E>·GG 
o.occcoo::-:-co 
c.ccccca::~00 

c.8::oooa ::+8G 
G. CCCCOG:::...-CG 
c.c;::ccac:: ~c c 

o.oaoooc:::+:o 
r. r"<"'"'"'('r'I- ,..,.. ·J.:......,.., .... v .... :.- ..;v 

o .8ccocc::-:-c:; 
c. caa::oc::"'.'"co 
::: . scccoo::-oc 
0. GCC'.JCO::~vc 
.: . S8C08G~- .:~ 

G. C8C:Jcc::.;.~C: 
1J . ·~OCCOO;:.;..:G 

G. :cS80C:::.;.::c 
G . OCOCGC :::-:-:C 
Q. CCCOOG ~-:- ·:C 

o.coococ:::-::o 
c. cc:;coc::-:::J 
G. CCCOGO::-:-:C 
c.cooooo :::~:::o 

8. OOQCCC:>-'.;C 
0. ~800CC::"'.'"8C 

C.88CCCC ::-C~ 
c. scc~cc ::-:- c:J 
c. ooccoo :::"'.'" c8 
0. 'J~CCC2::-:-~0 
c. :soocc:::<o 
'"' '"'" f''"'"''"' - ""'°I .... ..., . .,, ..,, vvu :..":"" v._, 

c .cc ooco ::- ca 
o.oo oooc::: -: o 

- 70. 500 
- 742.500 
-742.500 
-742.500 
-742.500 
-7 42 .500 
- 742.500 
- 742 .500 
- 742.500 
-7.;2.500 
-7 42.500 
- 742.500 
-742.500 
- 742.500 
- 742.500 
- 742.500 
-7 42 .5 00 
-742.500 
-742.500 
- 742.500 
-742.SCO 
-742.500 
-742.500 
-742.500 
-742.500 
-742.500 
-742.500 
-742.500 
-742.500 
-7~2.SCO 

- 742 . 500 
-742.500 
- 7'2.500 
-742.5:JO 
- 742 .5 00 
- 7.;2 . 500 
- 742.500 
- 742.500 
- 742.500 
- 742 . SCO 
-i42.5CO 
- 7.;2.500 
- 7~2 . SCO 
- 7~2 . 500 
-742.5CO 
- 742 .500 
-742.500 
-742.50 0 
- 142.5GC 
-742 .5 00 
- 7~2.SCO 

-742.5CO 
- 142 500 
-43. sea 
-.;3 . 500 
-4 3. 500 

-~3. SJC 

-43. 50 0 
-43 . .500 
-~3. sea 
- 43 . .S GO 
-~3. sea 
- 43. 500 
-~3. 500 
- 43 . SGC 
-,~. 5GO 
-43. 500 
-n. sec 
-.;3. :co 

-C. SG O 
-c. sea 
-~3 . .sea 
-.;2. soo 
-~J. :cc 



NODP..L 
PO INT 

NO. 

l 

2 
5 
6 
7 

8 
9 

10 
17 
19 
20 
21 
22 
23 
35 
36 
39 
40 
41 
42 
43 
44 

51 
53 
54 
SS 
56 
57 
69 
7 0 
71 
-,., 
I L 

74 
75 
7 6 
77 

90 
91 
92 
93 

Appendix III 

D I S ? L A C E M E N T -

IN ST~UCTU2E GLOBAL AXE S 

IN 

:.: - DIRECTION 

O.OOOOOOE+OO 
O.OOOOOO E+ OO 

23.8238 
17.1429 
39 . 7814 
5 6 .9753 
5 9.31 15 
43.4860 
23.4768 
15.7080 
38.9554 
5 6.772/ 
SS . .:;806 
43 . 5456 

.J . COJGOO =: +oc 
;~ . 0 C 0 0 IJ 0 E>7" 0 0 
~ l . !J /1 9 

t. 1~~855 

:5. 4 72 4 

26. 3 1 66 
20 . 9881 
2 0 . -~a o ~ 

/ . 9 21 6 3 

·"' . C:J:JOOG::-7- JO 
.~ . :: coooo c:, oo 

.. T 

: N 
'.'.'-!)I ~:::CT I ON 

2 3. 3238 
23.4/€3 

~ . ·JOQCOO ~+ OO 

43.<:860 
- ..... ..... .., - ,.... 
:J';J. j l. .!. .J 

; . . J :J G C 0 C:: ~ 0 0 

:0.4906 

- - - - ,. -
..:.. ::: . '.:. - ·::: 0 

- - - .... ~ -
..:.. :;,' . :: ,_. ~ -

. - - - - -- . - ~ . - - . _, 

. - - - - -- - .· 

. . ,.. . - " ::-..:._ "(: 
.. ... . . , __, • .J 

. '_ ... _ . - _ ... -- . -. •"" 
. . · .. · •.. ·.:... - ·.·V 

.-\ 20 

DI 

Z- DI?..EC'.:'I ON 

64.2835 
64.3892 
64 . 2835 
64.2931 
64.3065 
64.3131 
64.3065 
64 . 2931 
64.3892 
64.3859 
64.3885 
64.3923 
64.3836 
64.3859 
60.49~2 

6 1 .643 / 
60 . 4942 
50.4%0 
60.50:33 
60 .5:..5 9 
60.5 03 3 
60 . 4960 

61. 5.; :.. 5 
S2-. 66::3 

G:!..66~3 

:53.:S/ 9 

6l . S22~ 

:~ ')" . ·.: \) ·: ..:: 
... ..... - -

. ~ .. 'j' : .... : ·.:;. 



94 
95 
96 
97 
98 
99 

111 
112 
113 
114 
115 
116 

117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
1 ,1') 
..... -:£.. 

14 3 
J..44 

145 
:i.46 

:. 4 7 

148 
i49 
150 
151 
152 
153 
l 5 4 
l5S 
156 

:sa 
l59 

64. 4746 

66.!39 :. 
63.7226 
52.5793 

60.4162. 
Sl.2-75~ 

-Sl.9985 

62.1868 

63 . 0129 
63.332-4 
62. . 5699 
50./366 
57.3657 
56.2084 
:S.9477 
55.5710 
55.3202 
55.5976 
56.5252 
57.3941 
55.4101 
45.6212 
S4.4/73 
50. 1909 
46.9066 
45. 4543 
45. 0678 
4:.3543 
..;.:.2226 

... - - . ·'"'I - ·" 
_; I . ,; 2· !. J 

-- - - -.... 
_:: - . I :•.)~ 

.9522 

. ~ l397 

-.9073 

.OOCO'.JOE+OO 

. ::; 0 c c :J 0 ~ i- 0 0 

-- ----- :.:::, . : : ';.: / 

:_ ;J . 5153 

=- ·5.2:33 

l6 . :0E.9 
:.3.:9:7 
37 . 6635 
3~. 933~ 

:2.C925 
~l./562 

33 . 1397 
32.C220 
26.35-52 

. - " - ... -
-. 1 • _ :._ ';.' I 

- - -. - - ..... 
.:. .• ..: : . :.... J 

- - - .. - . - - . - .... .,_ . 
- - - ,I - -: .: . _:; '-: ' , 

- - - ..... ' ..... - - . _,.,; ' _,, 

- - ----:·.::. :~=-
- - - - . -: ' . ..:: '::::".:: -

.- . . ·"' - '"' 

:: -: • 1 

- - - -

A21 

62.1430 
61.8223 
61.3688 
60.7377 
59. 9964 
59.6063 
64.2040 
63.6921 
63.1339 
62.7108 
62 . 3250 
61.9078 

61.4014 
60.7564 
60.0315 
59.6715 
64.5558 
64.5123 
64.0115 
63.3455 
62.6929 
62.0837 
61.4706 
60.7760 
60 . 0256 
59.6453 
54 . 7425 
64.8369 
64 .43 02 
63 . 6716 
62.8771 
62.1712 
62..5044 
S0.7834 

SC . 0203 
5?.6302 
64.5558 
~4 . .5123 
:~ 4. 01 15 

::: ::; . 34:: 
62.6929 
62.0837 

:s:..4706 
GC.7760 
5:: . 0256 
S S: .6453 
s.;.2040 
63.592l 
:s 3.:. 3 39 
:~2.7108 

:s:.. 907 8 

-:C.756~ 

SG . 0315 



160 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
318 
319 

320 
321 
322 
323 
324 
325 
32 6 

327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
34 6 
347 
348 
3~ 9 

35 0 

13 5971 
0 000000=:+00 
C OOOOOOE+OO 
0 000000 :::+00 
:J oooooo c:+ oo 
c ooocco ::c-- oc 
0 00 0000:>-JO 
C OCOOOO E+ OO 
0 000000 :::-:--00 
o 000000 :::-:-- oc 
c 000000 :::+ 00 

38 963/ 
54 197 C 

153 /80l 
64 1420 
64 2754 
6S 0264 
iJ::: 8007 
63 452~ 

52 2856 
46 4752 
55 Oll5 

60 1098 
61 5507 
5::_ 6716 
6::. 8612 
62 6864 
63 5024 
61 2493 
::: u 4 513 
57 4834 
56.1233 
55 7200 
_,_,, 294 3 
~ --, 0345 

-- 3129 
;)•;) 2416 
SI 11 03 
_,-' 134 6 

54 2828 
49 984~ 

45 2263 
4" 8371 
45 121/ 

~= 9869 

~.:: 8887 
2~ '1 5 67 

so 7366 

54 _9 70 
~l. 3229 

63 720'-
-54 l42 0 

:.SS 0264 
65 8007 

52 2856 
C COCOOOE +OO 
J OOOOOOE+OO 
.J CJOOOO E+ OO 
J OOOOOOE+OO 
0 tJOOCOOE+OO 
} OOOOOOE+OO 
1::: OOOOOOE+OO 
0 OOOOOO E+OO 
0 OOOOOO E+O O 
G OOOOOO E+OO 

15 8723 
16 5415 

16 6866 
15 4962 
16 3709 
l6 ~45/ 

15 /349 
'7 0056 

13 5233 
36 8837 
34 4567 
32 2353 

-- 5920 
' I 7225 
32 3928 
32 9520 
_,,_ 2366 

~4 8371 

·- 9 :~·59 

J :. 7 38 
SI 4834 
- :-. l 2 3 3 
55 7201J 

A22 

59 6715 
62 8384 
62 6439 
62 4982 
62 3525 
~2 14l9 
~ ' 8019 
·Sl 3158 
60 7 37 "= 

so 2926 
60 4907 
62 8384 
62 6489 
62 4988 
62 3525 
62 1419 
61 8019 
61 3158 
60 7374 
60 2926 
60 4907 
63 8448 
63 3032 

62 9927 
62 6901 
62 3254 
6::. 8812 
6::. 342? 
6G 7533 
GtJ 3285 
so 555l 
6~ 7118 
c:~ 6006 
5 ~ 0591 
..;._; 3804 
62 6962 

s::. 400<S 
'.: -~ 766/ 
S:J 3229 
:SJ 538S 
~ =- 0133 

- - ' 4 2. 2 
o --, 6010 

- - 7306 
6.2 879;3 
-; ~ 12/3 
.J - 428 ·3 
,, 7 7 0 6 
.. .... ...., ... - ,... 
·~ . ..) ..!.. I ';) 

.,, ., s 3 l: 

.::; .c 600 :S 

... . 0 ss: 



3 51 
352 
- c; -.J ~..: 

3 54 
355 
356 
3 51 
3 58 
359 
360 
361 
362 
363 
364 
365 
366 
367 
503 
504 
513 
521 
564 

512 
587 
583 
597 
605 
648 
656 
671 
673 
68:. 
r Q " 
Ov~ 

- ~ ,.., 
' _,.::.,. 

:c.: 
-- ..... ; : c 

22: 
3 4; 
85 C 
'396 
398 

:?68 
:. oo .:; 

- ., ..... ' - '- .; ·-· 

3: . 5920 
3:.. 132: 
32.30~3 

~ .... , . - -
- •,j. -: -: ·J . 

l7.0GS6 
:!.6.423~ 

~3.5233 

v . o cc :Joo :: ~ oo 
-. ..... -. !"'\ ... . -
.) L . ..:o ~;:: 

32.:.225 
0.0 0 0000 ::+ 0 0 

:; 0 . '5:.: l 

1.:1:1 c 

::.- ~-: c. 
. - - ..... -

.... .... , ... "'\ ..... ...... -

... .., :_.. . J ' _,' v :....- .. ·-

..; ·~ .. : 

~ - - ' , . ~ 

- - . - ;"-:...: 

: : . ..: - .:..: :: 

- _,-:. ·..:, 

... - - - ... -
'.~ - • : : .J ! 

·;..:.. . ·.: ' - •J 

= .... . ..; s:. 3 

- - -~=:..·J 

-:· -, 

-~ ' : ! ..... -. . --·--- -

.. 
. ... - - -

... - . ' .... ~. -
- - • - - 'J .:.-

. ' -
- • - ... .. -.1 :... -:- .: .... 

- . . . ,, ..1 .:.-

53.33G4 
52.6:?62 
62.045l 
Ol.4006 
so.:sa7 

..... "' - -. - -
'J iJ .:: ~ .j =· 

53.3032 
62 . 9927 
52.6901 
62.3254 
51.3312 
61.3427 
00.7533 
60.3285 
60.5551 
66.:.919 
64.9864 
66.:i.9~9 

6.:;. 9864 
53.5793 
63.5793 
s::... 8325 
·32 . S:!.84 
62 . 9:!.!34 
6~.8326 

:S2.9742 

E~. 7368 
·5~.7253 

·53.6253 

' ... - ... ...... -
...... J - J J -

- - ........ ·"" .... -
, ......... •_, ·., -
- ...... - .... """! =- - . - - ... - .... ~ -

_-:_. 240 

- ,... ·"' .-.. 
: ' j ·..J.: 

... .. : :~ ·:: : 
• , • ..... .1 , , - . ~ "":..; 

: ...:_.;_ 



1201 
1202 
1203 
1204 
1212 
1213 
1214 
1215 
1216 
1228 
1229 
1230 
1231 
1237 
1238 
1239 
1240 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
1264 
1265 
1315 
1316 
1317 
1318 
1324 
1325 
1326 
1327 

1334 
1335 
l336 

1337 
1338 
1339 
1340 

15.7846 
22.2783 
27.5204 
31.0958 
8.204SC 
15 . 7029 
22.l450 
27 . 3465 
30 . 9016 

0. OOOOOOE>·OO 
0.000000::::+80 
0.000000 ::+ 00 
0.000000:::+00 

43.2069 
60.3063 
65 . 0287 
55.3683 
50.0178 
60 . 6548 
63 . 5939 

53.4644 
60.1088 
60.6844 
58 . 6612 
48.0760 

53. :559S· 
49.02~3 

:39 . 327G 
39.1905 
37.4003 
3~.5679 

~7.:7~6 

o. ccoooo=::~ ·JO 

:J . OOCOOOC:"-00 
0 . 00')0 00::·d0 

42 . 2331 
59.9370 

64.6/2-3 
S5 . D567 
49.3879 
60.3771 
6~_27~:~ 

60.2092 
60 .5729 
53 _ 42.':10 

=: .52 iJ~ 

:2.2783 
~5.7 8 ~6 

: . 24056 

..; ~. 2G:S9 

·5S . 0237 
::.3633 

.: . :JOCCG0 2-rOO 

:: . ~JOOOOOS-700 

·:· . 000000 ~~ 00 
:1.5746 
:. S.2455 
::.1.6317 
. ·' ' I"\ 0..., 
- ~•.._;'JV, 

~l-~OC3 

::.:; . 5619 

·5iJ.lOC8 
50.6844 
::.:56:2 

:: .... , .... ~ ...., ·.:: 
-~· ·~- - ' -

- • r - . -. ·:-: . ·.: - ~ 

: . ·:oooco::+oo 
=. JGOCOC ::-:- oo 

' - :~ 02 9 

A24 

65.8247 
65 . 6999 
65 . 8247 
:56 .0722 

64.8654 

-54.4525 

6~.2654 

64.8469 
65.9390 
66.9666 
67.2497 
64.8469 
-'.:5.9390 
6·5.8666 
67.2497 
64.5519 
65.4414 

66.9258 
64.1929 
:54.6285 
65.6325 
6'5.4::.Ss 
64.0066 
:~~.3G82 

:SS . 25Cl 
66.1 5 88 
6~.1929 

6~.6285 

65.6385 
E6.4!.85 

.... .... .... ~ - -
·;-.,J - ~ f.:: ~ 

:.:S.03·53 
::s.n22 

·SG.3753 
6S.050l 
:SS.8452 

-S~.lS:JS 

·54.5187 
65.3045 
:55.47:6 



1341 
1342 
1343 
1344 
1345 
134 6 
1347 
1348 
1349 
1350 
1351 
1352 
14 ll 
1412 
1413 
1414 
1415 
1429 
1430 
1431 
1432 
1433 
1441 
1442 
1443 
1444 
1445 
1472 
14/3 
1474 
1475 
1476 
1489 
1490 
1491 
1492 
1493 
15 01 
1502 
1503 
1504 
1505 
1532 
1533 
1534 
1540 
1541 
1542 
l~SO 

1551 

1553 

56.4067 
53.4383 
48.7925 
39.1168 

36.9216 
3-'i.3161 
27.5781 
16.7431 
li.8909 
17.4689 
14.2289 
/.91734 
15.2518 
21 . 5337 
26.4153 
29 . 5445 
l.87866 
3.63594 
5.14892 
6.30801 
I .03239 
~.90117 

3.67801 
5.20/24 
6. 37S·:30 
i.:.1422 

:S.5946 

21.0901 
30.6307 

S.35940 

C. 00000 1J~-r-OO 

c. ooo ~jrJO c:-.:- ao 

c . ooooco ::~ oo 

5:5.4061 
.53.4383 
42.7925 
30.1168 
·5C. 2092 
68.5720 
5 3.4 19 0 
~7.82:4 

.:;9.8819 
:50. 3771 
63.2133 
53.1656 
29.5445 
26.4153 
21.533/ 
~S.25lS 

"7.91734 
/.03239 
·~ .30801 

S . 14892 
3 . 63594 
2..87866 
/.J..142: 

: . 2012.:; 

:...0 01:..I 
3 ~ . ·S30/ 

::.9483 

- -. -. -- -
: . .:, :; ~ I -

.:.53::: 

-. -- -. ..... ~ 
_ ... . S I .:,.:, -

- .... - -. - -- . '.):..::: 

A25 

63.8726 
64.0500 
64.8050 
65.1882 
64.1808 
64.5787 
65.3046 
65.4716 
65.0501 
65.8452 
66.2845 
66.0276 
63.5797 
63 . 5864 
63.5903 
63.5864 
63.5797 
62.9219 
62.9205 
62.9206 
62.9205 
62.9219 
61.8412 
61.8553 
61.8631 
61.8553 
61 . 8.:;12 
62 . 8832 
62.6942 
62.5983 
52.6942 
62.8832 
64. 7145 

64 . 5724 

64.4999 

·53 . 5656 
:)3 . .:; 5 0 7 
.... ..... ..... ,... ... -
..... ... ' ..... ' -...,, ...,. . .... _,. - ..... 

- .... - .... - -:.:; ..) . : 0:; c 

68 . 9129 
.59 . 5391 

- - . 1 320 
, r - . -. 

........ . ..... - -

59.i32C 



1560 
1568 
1569 
1570 
1571 
1572 
1579 
1530 
1581 

1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 
1593 
1632 
1633 
1634 
1635 
1636 
164 3 
1644 
1645 
1646 
1647 
164 8 
l649 
:i. 650 

1651 
1652 
l653 
1654 
l655 
l656 
:._ 65 7 

l70l 
:. 702 
:. 70 3 
2. 708 
:. 709 
::. 72. 0 
~71 9 

..:... I "-..) 

}_ I ..) .• ) 

3 . s2c2:: 
0. 000000:::+00 
O.OOOGOO :::+ OO 
O. OOOOCOS+-00 
J . GOOOC;Q ;::+ C:) 
O.OOOCOC ~+ OO 

0 .893499 
l.7822: 
2 . 57702 

3.i442.4 

3.44198 
0.6991GS 
l. 41654 
2.0541! 
2.5055S· 

2.73263 
0.576949 

1 . 16005 
1 .66 890 
2.05445 
2.29000 

O.OOOOOCE+OO 
O. OOOOOO E+- 00 
0 .000 000 :::+00 
o . oooooc ::>- oo 
o. ooococ :.>:- c8 

l . S-076 5 
2 . i07S6 

·J _ C 0 0 G G 0 :.: ~ :J 8 

0 . ·: C 0 0 C G ::: - .J C 

O.OCO:JOO :::+oo 
o. cc ·~coo:::+oc 

0 . 0 0 .; : r) 0 E + 0 0 

o . ss-:;~99 

:.. . ~:. :s: 4 

2.29000 
2. 0 :~.:;5 

l.i:::oos 
0.57.:949 
O. CCCOOO E: +OO 
O. OCCOOCE+OO 
o. 0c =:coo :.:-r oo 

3.~2:33 

- - -- - ... . ._: . :: :.:: 

...... ·- ........ - . - -: ..:.. ·...,· .:; 

. .... - - - -. · -. -· ... 
- • - .... ..,. ..,/...,J 

:"" . - - . - -
..... . : :: : .:.:. : : 
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DIRECT AND SHEAR STRESSES IN ELEMENT 

ELT Node Com pt Com pt Corn pt Compt Corn pt Corn pt 

No. No. x-dirn y-dirn z-dirn xy-dirn yz-dirn zx-dirn 

x l 06 x l06 x i(/' x l06 x i 06 xl06 

2.39 1 72.33 -17.83 20.67 71.88 17.32 3.62 

2A4 5 -17.83 72.33 20.67 71.88 3.62 17.32 

2.51 ?:17 103.61 -16.43 38.73 -1.36 -28.24 -6.21 

70 106.96 -16.64 38.25 -1.20 -27.84 -6.53 

152 82.72 -12.12 58.37 -36.02 -21.18 -4.75 

359 83.20 -12.98 58.47 -35.33 -22.04 -2.26 

?:18 105.03 -15.26 69.22 -6.37 23.13 -0.77 

71 106.82 -15.15 69.38 -6.53 23.01 -0.98 

153 84.48 -12.09 58.13 -39.64 19.27 -0.23 

360 85.50 -12.67 58.66 -39.20 19.02 1.84 

319 -12.98 83.20 48.47 -45.33 -2.26 -22.04 

112 -12.12 82.72 48.37 -46.03 -6.53 -21 .18 

91 -15.64 106.95 58.25 1.62 -6.21 -27.84 

298 -15.43 103.61 58.73 1.36 -6.21 -28.15 

320 -12.67 86.50 58.66 -49.19 1.84 19.02 

113 -12.09 84.48 58.13 -49.64 -0.23 19.27 

92 -15.15 106.82 68.32 -6.53 -0 .98 23.01 

299 -15.27 105.03 69.22 -6.37 -0.77 23.13 

2.59 350 67.85 3.09 56.38 -65.21 0.49 0.54 

143 69.06 3.01 56.84 -65.73 1.35 -0.76 

133 32.70 32.02 56.65 -71.32 7.48 7.31 

340 33.53 33.06 55.66 -70.76 6.80 7.43 

351 60.68 11 .36 56.78 -65.22 -0.41 -1.92 
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144 62.49 11.71 57.44 -66.00 0.08 -2.70 

134 36.01 35.80 47.18 ·-70.19 -6.45 -4.58 

341 37.99 33.92 45.99 -70.37 -6.61 -4.52 

260 340 34.63 33.53 55.66 -72.76 7.60 6.80 

133 32.02 31.00 56.65 -71.32 7.43 7.40 

123 10.01 59.06 66.84 -71.73 -0.76 1.35 

330 11.09 57.86 66.38 -70.21 0.54 0.41 

341 33.92 38.00 45.99 -69.37 -4.52 -6.61 

134 35.79 36.01 47.18 -70.19 -4.58 -6.45 

124 -5.72 62.49 47.44 -68.00 -2.70 0.08 

331 -5.36 60.68 46.78 -68.22 -1.92 -0.41 

262 320 -14.69 85.53 58.70 -44.19 -0.83 -11.97 

113 -13.58 84.97 58.85 -45.64 -2.12 -11.64 

9'2 -15.60 107.36 69.13 -6.53 -1.39 -15.82 

219 -15.25 105.05 69.24 -6.37 -0.80 -15.75 

321 -12.90 86.34 58.53 -46.96 0.49 7.91 

114 -12.49 85.21 58.50 -44.30 -0.42 8.12 

93 -15.25 105.76 68.90 -9.46 1.24 11.58 

300 -14.61 104.11 69.19 -9.34 1.47 11.64 

263 279 103.88 -15.84 68.84 -19.34 -5.81 1.47 

72 105.95 -15.06 69.72 -19.46 -5.82 1.24 

154 86.34 -12.62 58.70 -37 .30 -2.98 0.64 

361 85.20 -12.68 58.19 -36.96 3.07 1.03 

2.80 103.26 -14 .43 68.80 -10.02 2.80 1.37 

73 105.16 -15.27 69.08 -10.03 2.75 1.91 

155 84.69 -12.41 57.53 -36.63 0.71 0.16 

362 83.72 -12.55 58.08 -36.32 0.69 0.33 
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265 3,51 60.67 4.34 56.75 -65.22 0.96 3.08 

144 62.54 4.77 57.51 -66.00 1.12 3.90 

134 34.88 35.67 47.00 -70.19 2.54 4.36 

341 33.07 33.99 46.09 -69.37 2.48 4.41 

3,52 61.16 4.01 46.78 -65.20 -2 .5 1 -1.19 

145 63.14 5.50 57.57 -66.02 -2.48 -1.20 

13,5 35.52 39.85 56.95 -70.61 -3.97 -1.98 

342 34.60 37.09 57.03 -69.73 -3.98 -1.99 

266 341 36.99 38.07 47.09 -69.37 4.41 2.48 

134 35.67 39.88 47.00 -70.19 4.35 2.54 

124 4.77 62.54 57.51 -69.00 3.90 1.12 

331 5.34 60.66 56.51 -69.22 3.08 0.96 

342 34.09 37.60 57.03 -69.73 -1.99 -3.98 

13,5 35.85 39.52 56.95 -70.61 -1.98 -3.97 

125 4.50 63.14 57.57 -69.02 -1.20 -2.48 

332 5.01 61.16 56.78 -68.20 -1.19 -2.51 

268 321 -12.68 85.20 58.19 -36.96 1.04 -3.07 

114 -12.62 86.34 58.70 -37.30 0.66 -2 .99 

93 -15.06 105.95 69.17 -11.46 1.26 -5 .85 

300 -14 .83 103.88 68.84 -11.34 1.48 -5.82 

322 -12.55 83.72 58.08 -46.32 0.33 0.70 

115 -12.41 84.69 57.53 -46.63 0.17 0.71 

94 -15.27 105.16 69.08 -10.13 1.47 2.89 

301 -15.43 103.26 68.80 -10.02 1.46 2.86 

269 280 102.79 -14.89 68.10 -11.02 0.93 1.46 

73 104.95 -15.27 68.78 -11.13 0.92 1.47 

155 82.58 -12.29 58.37 -36.63 0.93 2.05 
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362 84.43 -12.26 57.65 . -36.32 0.94 2.01 

281 103.45 -14.49 58.31 -12.84 -2.22 0.18 

74 105.66 -14.49 57.99 -11.95 -2.23 0.20 

156 83.14 -13.63 58.54 -43.85 -2.95 0.77 

363 82.64 -33.57 57.81 -43.53 -2.94 0.75 

271 135 35.84 36.17 57.43 -70.61 1.73 5.10 

146 36.01 35.98 57.43 -70.96 -3.06 -1.64 

272 135 36.17 35.84 54.43 -70.61 3.67 1.73 

136 35.98 36.01 55.03 -70.96 -1.50 -3.82 

274 322 -12.26 83.43 57.65 -42.32 2.00 1.27 

115 -12.30 83.58 58.37 -42.63 2.03 1.26 

9i -15.07 104.95 68.78 -10.13 1.39 0.92 

301 -15.90 102.79 68.10 -10.02 1.39 0.92 

323 -12.57 82.94 57.81 -42.53 0.67 -2.93 

116 -12.63 83.14 58.54 -42.85 0.69 -2.94 

ffi -13.49 105.66 58.28 -14.05 0.24 -2.23 

302 -13.94 103.45 58.31 -14.04 0.19 -2.22 

275 281 102.92 -14.02 57.52 -12.84 2.98 0.19 

74 105.18 -15.01 58.28 -11.95 2.99 0.24 

156 83.81 -12.3] 58.06 -43.25 2.43 2.58 

363 82.60 -12.23 57.30 -43.13 2.43 2.44 

282 104.94 -14 .57 57.99 -13.65 -2.33 -0.90 

75 107.30 -14.51 58.78 13.76 -2.33 -0.89 

157 84.75 -] 2.89 58.54 43.49 -2.68 1.53 

364 83.43 -1 2.77 67.55 -42.86 -2.67 1.40 

277 137 3;~.20 31.4~~ 57.9 1 -71 .88 -2.73 -0.06 

344 31.43 33.20 57.14 -71.03 -2.7 1 -0.12 
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280 323 -12.30 82.60 57.30 -42.53 2.45 2.44 

116 -12.10 83.81 58.06 42.85 2.54 2.43 

ffi -15.11 105.18 58.28 -13.95 0.24 3.00 

302 -15.02 102.92 57.52 13.84 0.18 2.98 

324 -12.77 83.43 57.75 -42.16 1.40 -2.68 

117 -12.89 84.75 58.54 -42.49 1.48 -2.68 

00 -15.51 107.30 58.78 -13.76 -0.86 -2.30 

303 -15.57 104.94 57.99 -13.65 -0 .90 -2.31 

281 282 104.61 -14.90 57.50 -12.65 -2.13 -0.90 

75 106.66 -15.13 57.83 -12.76 -2 .10 -0.86 

157 83.25 -12.39 57.79 -43.49 -2 .74 1.34 

364 84.25 -12.58 57.48 -43. 16 -2.74 1.33 

283 106.44 -14 .65 57.89 -12.55 6.42 0.12 

76 108.57 -14 .16 58.25 -12.67 6.44 0.16 

158 88.00 -12.74 58.20 -43.07 6.29 2.40 

365 87.92 -12.90 57.86 -42.73 6.28 2.38 

283 137 31.00 36.33 57.62 -71.88 -3 .34 -0.67 

138 31.99 36.76 57.89 -72.79 4.96 5.42 

286 324 -12.58 84.25 57.48 -42.16 1.25 -2.75 

117 -12.39 84 .25 57.49 -42.49 1.36 -2 .74 

00 -15.13 106.66 57.83 -13.76 -0.85 -2 .09 

303 -14.90 104.61 57.50 -13.65 -0.90 -2 .10 

325 -12.90 86.92 57.86 -42.73 2.31 6.28 

118 -12.74 87.00 58.20 -43.07 2.39 6.29 

'51 -15.16 108.57 58.25 -9.67 0.14 6.45 

304 -14 .65 106.44 57.90 -9.55 0.11 6.39 

287 283 106.92 -14.16 58.61 -12.55 -20 .04 0.11 
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76 108.18 -14.24 57.66 -12.67 -20.02 0.14 

158 84.71 -12.45 57.77 -44.07 -19.80 -4.80 

36.5 83.51 -12.50 58.74 -43.73 -19.60 -4.90 

284 102.99 -14.70 67.76 -9.20 28.10 6.30 

77 104.19 -14.80 66.79 -9.31 27.90 6.30 

159 83.79 -12.73 66.88 -45.25 28.90 1.50 

366 83.65 -12.80 67.87 -45.92 29.10 1.51 

~2 325 -12.50 86.51 58.74 -42.73 -4.90 19.70 

118 -12.45 87.71 57.77 -42.07 -4.80 19.80 

fJ7 -15.24 108.18 57.66 -9.67 0.13 -20.13 

304 -15.16 106.92 58.61 -9.55 0.09 -20.01 

326 -12.80 81.65 67.87 -43.92 1.51 29.00 

119 -12.73 82.79 66.88 -43.25 1.50 28.87 

00 -14.80 104.19 66.79 -9.31 6.36 28.08 

305 -14.70 102.99 67.76 -9.20 6.36 28.09 

764 1237 -2.57 110.27 38.25 17.58 22.39 35.49 

765 1229 113.99 -13.45 67.95 -10.89 -51.99 7.21 

768 1337 -12.96 33.75 27.31 -21.51 8.73 -3.37 

771 1229 114.32 -11 .88 67.95 -10.89 48.88 7.21 

773 12.56 33.98 34.72 57.13 -72.79 -18.21 -9.02 

776 1334 -12.79 90.80 69.81 -46.91 6.99 43.02 

1325 -16.84 114.29 69.99 -1.63 6.21 48.78 

1238 -16.88 114.32 67.95 -1.89 7.01 48.96 

1247 -12.86 90.26 68.09 -47.61 9.50 42.42 

1335 -12.87 90.21 69.14 -40.24 -3.74 -50.32 

1326 -13.08 99.80 69.62 -7.02 -5.79 -54.23 

1239 - 1 ~3 .01 95.57 67.16 -7 .J 8 -5.24 -54.02 

J\ 33 



1248 -12.22 90.14 67.00 -47.69 -1.64 -50.81 

777 1317 97.22 -13.35 63.22 -7.01 62.59 -5.79 

1351 97.64 -12.30 69.75 -45.24 55.57 19.04 

1264 98.01 -12.09 69.77 -43.69 55.60 20.23 

1230 92.47 -13.10 69.98 -7.18 62.95 -5.25 

1318 90.23 -12.98 68.39 -8.12 -64.75 -21.08 

1352 73.95 -12.13 67.81 -33.80 -61.98 5.06 

126.5 73.38 -11.51 64.57 -34.11 -61.04 5 .88 

778 1231 89.52 -13.85 64.88 -8.23 -61.23 -5.0 1 

1256 84.84 -13.09 66.52 -7.75 ·22.95 31.90 

1340 0.27 60.90 46.00 -57.58 -42.34 -36.25 

1253 0.28 60.51 43.34 -58.26 -41.98 -36.25 

779 1257 28.30 24.56 52.90 -61.92 -19.91 -46.45 

781 1340 25.60 26.21 55.94 -69.33 -8.75 -55.63 

1336 -12.10 71.22 67.86 -37.55 -34.88 -53.25 

1249 -12.59 70.65 64.64 -38.07 -33.96 -53.01 

1253 0.26 62.95 43.34 -63.99 -7.70 -55.90 

1248 -12.52 80.22 69.32 -44.82 10.25 58.28 

782 1335 -12.30 79.64 72.75 -43.24 19.05 55.57 

1326 -13.35 92.22 73.22 -17.02 -5 .79 62.58 

1239 -13.11 92.47 69.98 -17.18 -4.99 63.96 

1248 -12.09 88.01 69.77 -43.69 20.23 55.61 

13-'36 -12.14 86.95 67.81 -43.80 7.03 -63.97 

1327 -13.98 79.23 68.39 -8.12 -21.09 -64.84 

1240 -1:3.8f) 79.52 64.88 -8.23 -20.93 -64.15 

1249 -12.51 66.88 64.57 -34.11 5.88 -63.95 

786 1344 24.07 25.58 44.56 -69.20 39.04 13.29 
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12.53 0.38 55.20 53.61 -58.26 0.89 44.70 

787 1249 -12.47 75.54 69.90 -38.07 -11.09 46.76 

12.53 0.54. 55.87 55.63 -59.99 33.95 25.68 

788 1327 -13.48 79.69 63.53 -8.13 -21.08 43.51 

1240 -13.18 79.55 62.36 -8.24 -20.97 44.86 

1249 12.39 78.26 69.85 -36.11 28.21 36.36 

841 587 16.41 -14.68 38.26 -1.04 -70.39 9.28 

842 1441 -15.30 5.92 38.07 -4.84 -70.06 -13.81 

845 1445 5.92 -15 .30 38.07 -4.84 -13.81 -70.06 

1433 -0.12 8.98 83.86 -4.69 -13.33 -67.91 

846 605 -14.68 16.41 38.26 -1.04 9.28 -70.20 

597 -14.32 10.05 37.42 -1.00 7.50 -70.39 

899 673 -13.71 6.44 109.48 -1.00 -10.51 69.40 

689 -13.48 5.85 108.47 -0.96 31.55 69.39 

1505 -10.06 9.13 112.74 -4.95 12.31 64.40 

S()3 1501 5.67 -11.10 112.74 -5.11 68.51 12.31 

1502 9.13 -0.60 101.22 -4.95 59.40 50.19 

CJ.J7 671 6.44 -13.81 112.70 -0 .93 69.40 -9.29 

1542 2.91 -12.60 -112.75 0.74 7.78 -5.42 

1543 -2.59 27.68 101.32 0.78 2.88 -5.88 

681 6.44 -13.46 112.72 -0.96 28.04 -9.57 

1489 5.77 -12.09 112.01 -5.18 48.08 20.99 

1501 5.23 -11.75 112.28 -5.38 25.17 18.84 

1001 1489 5.75 -12.83 111.21 -4.39 52.60 4.27 

1501 5.23 -l 2.58 109.97 -4.73 29.85 -1.51 

1490 3.55 -13.18 108.37 -14.27 41.77 32.36 

1502 4.19 -12.24 106.61 -14.73 20.94 21.47 
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1005 1490 3.03 -13.37 106.54 -15.11 49.71 18.66 

1491 6.02 5.9-4 102.13 -5.35 31.77 42.42 

1503 5.62 6.40 101.49 -5.96 14.92 26.26 

1009 1504 -12.58 12.64 102.63 -5.67 7.15 29.32 

1013 1492 -13.18 13.55 98.37 -4.27 32.36 41.77 

1505 -16.58 7.23 103.97 -3.73 -1.51 29.85 

1017 1493 -15.09 8.77 105.01 -2.18 20.99 48.08 

673 31.89 39.29 39.37 -0.63 -9.29 69.40 

1552 -8.85 0.29 -112.56 0.78 -5.42 7.75 

15fi0 -8.86 1.59 -112.75 0.74 -6.21 2.88 

689 -12.46 12.69 112.69 -0.70 -10.60 69.40 

3 005 3.23 13.69 103.35 -0.67 8.02 -52.16 

597 4.19 12.50 101.39 -0.74 8.34 -28.77 

1285 2053 -6.70 -11.58 -2.J 2 2.17 20.38 -27.65 

1039 -12.80 -0.69 0.43 -0.31 -23.41 25.09 

1287 2009 -17.13 -14 .16 -6.22 -3.97 8.63 -28.40 

2046 -13.40 -17.84 -6.22 4.6G 7.34 -29.14 

1319 1082 -11.58 -6.70 -2.11 2.17 -27.65 20.38 

1321 2075 -14.16 -17 .13 -6.22 -3.97 -22.55 6.98 

2089 -17 .84 -13 .40 -6.22 4.G6 -2'.2.81 7.31 
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