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Thesis Design of partially parallell stump-jump mechanism using computer-aided design

Abstract

Change in tillage practice over the past decade has been greatly influenced by two tãctors

namely the need to reduce energy consumption in tillage operations and the retention of

crop residue as a soil conservation measure. These changing cultural practices have

greatly intluenced tillage tool design. One response to these changes involves the design

of a partially-parallel stump mechanism to cope with the new conditions. In this research

computer aided design is used to improve the design of a partially parallel stump jump

mechanism which was initially developed by Riley. The principal aim is to reduce the

existing link dimensions of the mechanism so that it can be .suitable tbr use on small

tractors.

To achieve the above aim, kinematic analysis was pertbrmed by using the LINCAGES-4

computer sottware package tbr sizing of the links. The mschanism was de.signed tbr

chisel ploughing tbr tluctuating load with average horizontal antl vertical soil tbrces of

2.5 kN and 1.0 kN respectively. Force analysis was carried out using the MICRO-

MECH sotiware package tbr calculation of joint tbrces. For the stress calculation impact

and tätigue phenomena were taken into consideration and a separate computer-aided

tìniæ element analysis was pertbrmed on individual links of the mechanism. The result

obtained tiom the kinematic analysis shows that there was an improvement in the

dimensions of the links. The driver link has been reduced tiom 600 mm to 363 mm, the

coupler link from 400 mm to 303 mm and the tbllower link fiom 400 mm to 306 mm.
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Thesis Introduction

INTRODUCTION

Major objectives of tillage in 1'arming are to produce a suitable soil environment tbr

germination and growth of plants and to control weeds. These can be achieved hy

loosening the soil thus killing ,weeds and also reducing compaction which causes poor

aeration and reduction in moisture intiltration.

The most common tillage method involves the use of implements that are drawn either

by animals or tractors. The fbrmer is used in many developing countries where

agricultural mechanisation is less common whereas the latter i.s almost universal in

developed countries.

The main problem f'armers encounter during tillage operations is breakage or premature

f'atigue tälure of an implement due to impact loads. Impact loads (shock loads) can

occur even when an implement is working in seemingly unit'orm soil conditions. The

presence of obstructions in the soil, such as stones and roots can cause large shock

loads many times greater than the mean value of soil resistance. Hence, the main tbcu.s

of tillage implement designers is to optimise the design of the implements .so that they

are cost efTective, use less dratt tbrce, are more ruggedly built and have the ground

tools protected by some fbrm of impact reducing devices.

Kilgour and Reece (1962), identitied tbur basic principles which can be used ttr

minimise impact loads:-

(a)Reduce the weight of the tractor and the implement and decrease the stitlness of the

implement and its connection to the tractor.
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Thesis Introduction

(b)Reduce that part of the impact load that is contributed by traction during impact

(c)Provide some energy absorbing capacity in the system so that only a portion of the

kinetic onergy is turned into strain energy.

(d)provide "impact avoiding " devices whereby the tillage tool is able to ride over

obstructions. These devices include some energy storing capacity so that the tool can

be driven back into its working position-

However to attain the above objectives is not an easy task, since there are many

variables which influence the design requirements. With the rapid acceleration of

computer æchnology, Computer Aided Design (CAD) has become a very popular tool

tbr the designers of tillage implements, as it can cater tbr many variables and solve the

problem of complex calculations.

In this project CAD is used to design an impact avoiding clevice known as a partially

parallel stump-jump mechanism which is mounted on individual soil working tools of an

implemenr, as developed by Riley and Fielke (1990). The f'ollowing proceclure is

tbllowed tbr the design of the mechanism:-

(a) Kinematic synthesis and analysis

(b) Kinetic analysis

(c) Structural design tbr strength and fatigue

The LINCAGES-4 sotiware computer package is used tbr synthesis of the mechanism

and kinetic analysis is pertbrmed using the MICRO-MECH sotiware package to

calculate the joint tbrces. The stresses are calculated by a tìnite element analysi.s

package (ANSYS) using the boundary conditions obtained tïom MICRO-MECH ¿nd

tinally the mechanism is designed tbr strength and t'atigue.
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Thesis Int¡oductio¡r

Aims and objectives

The main aim of the project is to optimise (reduce cost and weight) the design of the

existing stump-jump mechanism of Riley and Fielke (1990) so that it can be used on

small tractors which are common in the tields of developing countries.
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Literature Review
Chapter 1

Chapterl

1. LITERATURE REVIEW

1.1 Stump-iumP mechanism

The purpose of a stump-jump mechanism is to enable tillage implements to pass over

obstacles such as stones or stumps and then return to their working position without

stopping or suft'ering breakages. Stump-jump mechanisms may employ gravity, 'spring

or hydraulic arrangements to hold the tine rigidly against their stops whilst dratt t'orces

are less than a certain pre-set magnitude. rühen the dratt tbroe is increased the tine is

displaced in a rearward and upward direction relative to the implement fiame, enabling

the tillage point to pass safely over an obstacle and return to its original position.

1.2 Historical background

The stump-jump mechanism was first developed by Smith of Kalkabury in South

Australia in 1876. It was commercially known as Smith's "vixen" plough and usecl

gravity-restored linkages on a three furrow mouldboard plough (Quiok (1982)). The

neecl fbr this anangement arose in Australia because t'armland was recently opened up

tbr cropping and imported machinery was unsuitable. The new land was otien

previously covered with (eucalyptus) tbrest or scrub, and there was a shallow sheet of

limestone rock leading to breakage of imporæd machines and damage to hclrses and

equipment.

4



Chapter 1 Literature Review

Quick (1982), found that the next stage in the development of stump-jump .system.s,

which tbllowed within a decade, was the "bridle-dratï' design. DrafI was transmitted to

each tine by an equaliser mechanism so that each tine could move independently if an

obstruction was encountered. Due to problems with undertiame clearance and rapid

wear of pins and linkages, bridle-drafi design was superseded by a spring loadecl

mechanism which spread rapidly in Australia at'ær 1900; most recently hydraulic

systems have been employed to provide the restoring tbrce.

1.3 Current stump-jump mechanism

The current stump-jump mechanisms available on the market are classified into t'our

Sroups

1.3.1 Coil type stump-jump
The coil type is the simplest tbrm of tine protection device which relies on shank

deflection to relieve overloading. The shank is usually made of square section spring

.steel with two large spring coils adjacent to the mounting point. This type does not

exhibit a breakaway point as both the horizontal displacement and the vertical

displacement are directly related to the tine drafi fbrce. During use a coil type will

displace or' hangback' until the tbrce generated by the shank and the coil detlection

equals the tine draft requirements. This type has little application in operations requiring

accurate control of working depth but is used tbr secondary cultivation equipment.

-5



Chapter I Literature Review

1.3.2 Cushion spring type.

There are two types of cushion springs

1.3.2.1 Forward-mounted cushion spring

The forward-mounted cushion spring type (see Fig 1-l) consists of one or two

compression springs mounted vertically in front of the tine pivot point. The tine does

not exhibit a definite breakaway point and jump height is restricted. This type has fairly

high draft requirements and hangs back under heavy load, thus giving poor weed

control. In addition this type produces poor working tine characteristics and it can be

bent or damaged if used in heavy soils with obstacles present, such as stumps and

rocks.

Figure 1-1 Forward mounted cushion spring

1.3.2.2 Rear-mounted cushion spring

The rear-mounted cushion spring mechanism, Figure 1-2 is similar to the forward-

mounted type except the springs are mounted at the back of the tine pivot point.

Because of the geometry, this type of mechanism produces a good tine characteristic,

6



Chapter I Literature Review

the tine exhibits a definite breakaway point which is adjustable by varying the spring

pretension. The draft force required increases at a constant rate as the share is displaced

vertically. The draft force continues to increase once the share is clear of the ground

until maximum jump height is reached. Because of the constant increase of force with

vertical displacement, the tine components are subjected to large forces and hence the

components are heavily constructed. The mechanism is simply constructed and

contains two pivot points.

I

l
I

I

Figure 1-2 Rear mounted cushion spring

1.3.3 Lock toggle type
This type of mechanism utilises two additional linkages whose geometry varies as the

force generated by the spring is applied. The lock toggle mechanism is more complex

and generally consist of five or more pivots points but offers the best potential in terms

of an ideal tine characteristic, in that it can be designed so that the retuming moment is

reduced as the mechanism retracts to higher positions. The large number components

and the number of pivots required make the system expensive and prone to wear if

subjected to excessive stump-jump cycling.

l
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Figure 1-3 Lock toggle

1.3.4 Hydraulic type

The hydraulic type (see Figure 2-4) utilises an hydraulic cylinder instead of a spring to

hold and protect the tine when it is working. Various forms of accumulators are used to

adjust the tine breakout pressure and its re-entry to the working position. The tine has a

definite breakout force, and by varying the geome$, a good tine characteristic can be

produced. Moreover by changing the pressure in the hydraulic tine system, the

breakout pressure of the tine can be varied during working. Hence, it has an added

advantage as compared to the other types of mechanism. This type is the most

expensive protection system, but is reliable under heavy and rough working conditions

and has the highest draft requirements.

8



Chapter 1 Literature Review

Figure l-4 Hydraulic type

1.4 Past research on stump-iump mechanism

Past research on stump-jump mechanisms is limited. Bowditch and Willis(1965)

experimented with simple lever and spring arrangements and their conclusion was that

there is an advantage in a mechanisrn yielding a constant draft force relative to both

horizontal and vertical displacement of the tillage point. Constant draft mechanisms

have an advantage over other mechanisms since a much smaller increase in strain

energy is developed when passing over an obstacle, infening that less energy is

available to cause damage on re-entry into the ground. The amount of pre-load required

on conventional mechanisms is critical. Frictional effects in stump-jump mechanisms

are undesirable because they imply wear at the pivot points'

Blair (1969) developed a mathematical model for the force characteristics of a toggle

action and a direct action stump-jump linkage for a disc plough. Solution of the

analysis was calculated with the aid of a digital computer. These computer programs

9



Chapter 1 Literature Review

used by plough designers to study the efTècts of changes in the linkage de.sign.

Although the model does not directly simulate the behaviour of the linkage in tield

conditions, the computed result can act as a guide for the designer.

euick (1982) also developed a computer program which can simulate the pert'ormance

characteristics of stump-jumps and undertake a sensitivity analysis of a specitic stump-

jump mechanism in order to optimise the design and fuIlìl predetermined t'orce-jump

requirements, improve working life of components, or minimise cost of the design-

Details such as pivot triction, spring buckling, energy storage systems, efIècts of

vertical tbrce components, and dynamic characteristics were not taken into

consideration in order to simplify the model. Dependable and reproducible results were

ohtained and there was reasonable contbrmity betrveen theory and pracúce.

In a subsequent work (Quick et al (1984)) the et'tect of pivot friction was incorporated

into the model and laboratory tests were pertbrmed to show the efI'ect of ditlèrent

degrees of pivot triction and to identity energy absorption in the system components.

Three cases of pivot triction were considered (as supplied, increased triction ancl

lubricated) and curves of horizontal tbrce v/s vertical jump height were plotted f-or each

case. The curves showed that the efI'ect of artiñcially increased pivot triction and

recluced pivot triction was not pronounced but it was evident tiom the plotted curve.s

that by reducing the pivot tïction, change in the characteristic of the curve was

observed..

Robotham et al (1983), made an engineering comparison of all the available

commercial mechanisms. Their report is very useful tbr selection of a particular type of

commercial stump-jump mechanism as all the characæristic.s (share angle, t'orce and

l0



Chapter I Literature Review

displacement) of a stump-jump can be tbund and one can determine the he.st

characteristics of a stumP-jumP.

MacMillan et al, (1986) also developed laboratory f'acilities to study the characteristics

of stump-jump mechanisms. Unlike past researchers who only used horizontal loading

acting on the tine for characteristic analysis, they used tangential ef'tects as well ¿ls

horizontal loading as separate tbrces acting on the tine. Their tindings showed that the

horizontal and tangenúal methods are similar when the tine is in its working position

and hence give a similar release tbrce but they become progres.sively <litf'erent as the tine

retracted.

In all the above mentioned works the stump-jump mechanism was analysed fiom static

loading condition. Riley et al (1936) however, reported the dynamic testing of a

hydraulically loaded and spring loaded stump-jump mechanism. The mechanism.s tested

were on John Shearer'str Trashworker' ru chisel plough and Econodrafi'sru chisel

plough. The main objectives were to measure the variation in hydraulic pressure at the

ram, the tbrce on the spring and the strain in the tine during the extension and return

strokes of a jump cycle. They also studied the breakaway fbrce at commercial

ploughing speed and the merits of hydraulic and spring loaded stump-jump mechanisms.

Their conclusions tbr a hydraulically loaded trashworker mechanism were that the

rJynamic breakaway tbrce at commercial ploughing speeds may be more than three

times the static hydraulic tbrce. There is an increase in breakaway tbrce with increa'sed

speed. The return lbrce and velocity is low and there is negligible tine vibration on the

return to stop. On the other hand tbr a spring loaded mechanism, the breakaway tbrce

remains constant at ditlèrent speeds. On the return stroke, the velocity is very high

11



Chapter 1 Literature Review

(estimaæd 110 Km/h) and there is extreme tine vibration and hence high impact stresses

are developed in the tine.

Most of the commercially available stump-jump mechanisms rely on a tine pivoting

about a single point. As a result of the single point, the set angle of the share changes a.s

the mechanism operates, even fbr a small jump which is very common during tillage

activities. Hence there is nose rubbing of the tillage points, decrease of the share cutting

efÏiciency, increase in the draft tbrce and consequently more energy is required to pull

the implement through the soil. But Riley and Fielke (1990), of the University of South

Australia developed a new type of mechanism known as partially parallel stump-jump

mechanism in order to achieve the optimum performance of a stump-ìump mechanism.

The mechanism consists of tbur pivot pins to keep the tillage tool at its correct

operating angle in the soil, while it can still pivot in a conventional manner. The benetits

that the partially parallel stump-jump mechanism otTers as compared to the conventional

one are:

o the set angle remains unaltered for operating depth of up to 100 mm;

o reduced share nose-rub,

o improved trash handling,

¡ improved soil cutting etTìciency,

o minimal soil disturbance and

. contour tbllowing ability.

The main disadvantage of the partially parallel stump-mechani.sm is that it contains more

pivot points (tbur) as compared to the conventional stump-ìump implying that more

maintenance costs are involved due to wear of the pivot poinls, more pivot triction and

the weight of the mechanism is too large for use on small tractor.s.
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Chapter 1 Literature Review

1..5 Forces acting on the stump'jump mechanism

Apart tiom soil resistance (draft, vertical and sideways tbrces) which acts on the .stump-

jump mechanism, one of the important group of fbrces which neecl to be considered in

the design of a stump-jump mechanism are the impact tbrces. Impact f'orce.s are

important because they are the major loads that act on a tractor-drawn implement.

These tbrces not only determine the design of the implement tiom the point of view of

strength but in practice cause many breakages, particularly on tillage implements.

Clyde (1949), pointed out that tbr an impact in which the implement is not damaged,

the kinetic energy of the tractor and the implement is transtbrmed into strain energy of

the implement and the hitch, this transtbrmation being complete at the moment when

the tractor is brought to rest and the impact force reaches its maximum. While this

process is going on the tractor continues to move, so that kinetic energy is added to

traction energy from the wheels and potential energy if on a gradient, and some energy

is lost in overcoming rolling resistance.

Hanavan and Reece (1961), developed a theoretical analysis of impact tbrces between a

tractor-drawn implement and a rigid body obstruction fbr an idealised case. It was

as.sumed that betbre impact the tractor is not developing any traction and rluring impact

any tractive etTort developed by the tractor wheels only counteracts the rolling

resistance of the tractor. The maximum impact force is tbund to be proportional to the

tractor velocity and the square root of both the traotor weight and the

tractor/implement stilTness. Furthermore they reported a simple method fbr measuring

the stitT-ness of the tractor to implement connection..

13



Chapter 1 Literature Review

Studman (1975), studied the impact loads produced when a cutting surtäce contacted

objects of known mass buried in a sandy loam soil at three depths,l30, 160 and 190 mm

helow the ground surt'ace. One hundred and tbrty-tbur objects were buried in 12 rows

3 m apart and each object at 5m intervals along the row There were eight ditterent

types of object and each row contained tbur of these. His tinding was that, cluring the

interaction of the surt'ace with the object at a working speed between 1.5 and 1.8 m s-r,

there were generally two peak loads in the load-time curve: the tirst lasting less than

one millisecond was due to inertia, while the second, rising more slowly ( retèrred to as

penetration load), occurred as the object was pushed into the soil. Flints weighing 2.4

kg frequently produced impact loads in excess of 8 kN, and in one case a load of 18 kN

was recorded.

Small tlints weighing only 0.3 kg caused up to 7 kN impact loads. Penetration fbrces up

to 12 kN were observed with bricks weighing 2.3 kg. It was concluded that the

magnitude of the impact peak depended upon the mechanical properties of the object,

while the penetration tbrce depended on the shape of ttre object.

Yu and Wills (1937), recommended that if implements are to be properly de.signed and

load limiting devices incorporated, where appropriate, it is important that the physical

parameters concerned with impact are understood. They developed a simple impact

model to give an accurate description of impact on the assumption that there is no soil

resistance opposing the motion of the obstacle. Their conclu.sions were a.s tbllows:

o The impact loading was dependent on various physical, geometrical, and operational

parameters of the tractor and the implement combination,

o The maximum impact force is linearly dependent on the forward tractor speed,

o Impact loads depend upon the stitTness of the tractor and implement combination,
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. The geometry of the tractor and implement combination greatly influences the load

transfer during impact and it is more prominent as the obstacle and tractor weight

increases and

o Implement combination and the weight of the obstacle have a signitìcant ett'ect on

impact load.

1,6 Computer Aided Design (CAD)

Application of CAD is well advanced in most branches of engineering, however in

Agricultural Engineering (particularly in the area of tillage) its application has been

quite 1imited. The main reason appears to be due the t'act that the design of a tillage

implement involves a complex soil/tool interaction and it is very difTicult to accurately

access the design parameters. Moreover, tillage implement designers were less

concerned about weight in the past. But now with modern techniques available to

âccess the design parameters of tillage implement and due to the greater emphasis on

the adverse etlèct of weight (compaction, energy consumption etc), tillage implement

designers are attempting to optimise their designs in order to reduce the weight and

cost.

Mc Kay et a1.(1984), highlighted some of the advantages that CAD otÏ'ers to

agricultural machinery designers, tbr example:

o Rapid solution of complex problems;

o The ability to design using simulation techniques;

o The capacity to tìnd optimum solutions;
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o Availability of sensitivity analysis;

o The potential tbr rapid re-design of new and existing components ancl better insight

into problems.

The author concluded that CAD is an extremely valuable, and not necessarily expensive

design tool which off'ers the only method of enabling designers to keep pace with new

problems, products, production methods and competition Hence Computer-Aided

Design will play an increasingly important role in the de.sign philosophy of tillage

implements.

1.6.1 Kinematic synthesis/analysis of mechanism

In the past, kinemaúc synthesis of mechanisms has relied on the trial and error method.

It was based on a combination of intuition, experience, graphical construction, and

thumb-tack and cardboard prototype generation. The theory of kinematic synthesis

exists tbr a systematic mathemaúcal approach but it is tedious and involved. By using

the trial and error method, potential linkages solutions were achieved but it was

cumbersome and time consuming and it did not provide the designer with reasonable

tools to choose the opúmum one within the allocated time. This situation has led to

instances where wrong choice of mechanism has been made (eg.a cam mechanism has

been t'avoured instead of a linkage type mechanisms). With the development of

computer technology, the mathematical approach has become more readily available ¿rs

computers can make these calculations täster and transparent by using interactive

graphics. Some of the commercially available synthesis sottware packages which u.se

inreractive graphics are; CADOM *, MICRO-KINSYN *, MECSYN *,

LINKCAGES rM and GISK ru. All of these are meant tbr 2 dimensional planer linkages

and use the Burmester theory for their solution with the exception of CADOM ru 
and

GISC ru which use polynomial and Wilson methods tbr their solution respectively.
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Kinematic synthesis consists of type synthesis and dimensional synthesis. Type synthe.sis

is the process of deciding which type of mechanism to synthesise, the solution can be a

t'our-bar mechanism, a geared linkage or a cam mechanism. Depending upon the

applications task (t'unction, path, motion or rigid body guidance), one can decide which

type of mechanisms is best suited. Normally, simplicity and experience is the best guide

tbr selecting which type of mechanism to synthesise.

Dimensional synthesis on the other hand concerns choosing the best dimension.s which

satisfy the prescribed motions and constraints.

Kinematic analysis involves the study of the geometry of motion (displacement, velocity

and acceleration) without regard to the tbrces involved in the motion.

Atter the chosen type and dimensions are decided, kinetic analysis is perfbrmed to

calculate the reactions, member tbrces and moments acúng on each component Finally

the structural members are designed tbr strength, durability and reliability.

1.6.2 Computer-Aided design of spring loaded mechanism

An extensive literature search shows that t'ew researchers have worked on computer-

aided design tbr spring loaded mechanisms applicable to tillage implements.. Some of

the relevant works are summarised below.

As reported by Kautman (1978), John Deere and Company designed a new .spring-reset

plow tbr operation in rocky soil with the help of the Dynamic Response Articulated

Machinery (DRAM ru) software package. First, the mechanism was designed to

perfbrm the required trip-reset t'unction . Then its operation was analysed and refined

with DRAM ru package. The computer simulation was in good agreement with the

tield testing and an animation of the computer simulated behaviour is presented.

t7
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Chace (1978), from the Department of Mechanical Engineering University of Michigan

also used the DRAM ru package tbr computer simulation of plough trip and re-setting.

Dandu et a|. (1991), reported the use of CAD to synthesise the optimal pertbrmance of

a spring-loaded tbur-bar mechanism used tbr a f'arm seeding and tèrtilising machine

inoorporating a sequential quadratic programming technique. Maximum litt and

magnitude of actuation fbrce were signitîcantly improved over a current design. In-tield

perfbrmance of the mechanism when encountering an obstacle was verihed using a

dynamic model to realistically simulate the event.

1.6.3 Rigid body motionÆinite element analysis

Huang and Wiley (1985), developed three approaches fbr combining a rigid body

dynamic simulation package (DRAM ru) and a finite element package (ANSYS *¡ t'or

the elastodynamic analysis of a slider-crank mechanism with a rigid crank and a fìexible

connecting rod. This was a quasistatic analysis, where DRAM was used to ohtain rigid-

body inertia tbrces and ANSYS was employed tbr a series of linear static analysis t'or

these rigid inertia tbrces and external tbrces at various po.sitions. The approache.s

discussed are, uncoupled, stiffness coupled and totally coupled.

The uncoupled approach consists of two separats analyses. A rigid body analysis is

pertbrmed first tbllowed by a tiniæ element analysis. The rigid body analysis is

conducted over the entire simulation time and solutions which include position,

velocities, accelerations (linear and angular), joint tbrces and other extemal t-orces are

output at each integration steP.
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A static finite element analysis is then perfbrmed on the individual flexible componenls

of the system at each output step of the rigid body analysis. The tbrces applied to the

finite element analysis consists of both inertial fbrces and joint fbrces.

The stitlhess coupled approach intertaces rigid body analysis and t'inite element analy.sis

ar each integration step. Rigid body analysis is used to predict the system displacement

at each time step. With the predicted solutions, a static finite element analysis tbr each

of the flexible components of the system is performed and the deformed geometry of

the system including the joint locations and the centre of mas.s associated with the

ttexible components is updated accordingly. With the moclitîcations due to ela-stic

detbrmation, the system configuration is recalculated with the rigid body analysi.s. This

intert-ace between the two analyses at a time step iterates until the correction is smaller

than a specifìed tolerance. The solution process continues until the end simulation time

is reached.

The totally coupled approach simultaneously solves fbr all the system variables, which

include both the rigid body motion and the elastic detbrmation.

McConville and Steigerwald (1985), also analysed a slider-crank mechani.sm with a

rigid crank and a tlexible connecting rod by a combined approach involving a rigid body

dynamics package and a tinite element package, but they used ADAMS fbr the rigid

body analysis along with ANSYS. They employed a quasistatic approach similar to that

of Huang and Wiley (1985).

Claar and Chmielewski (1991), presented alternative approaches t'or modelling linkages

with several Computer Aided Engineering (CAE) simulation packages. Discussion was

based in terms of the unique design features and capabiliúes that each CAE software

package otl'ered. The CAE sottware packages discussed were ANSYS, a tinite element
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analysis (FEA) program, integrated mechanisms program (IMP), which is a multibody

system analysis program together with its companion program (geometric modelling of

solids), Quattro a spreadsheet analysis program, and a special u.ser-written

analysis/animation program. Atl the above mentioned programs were usetl t0

clemonstrate the modelling procedures of a dump trailer litt mechanism.

Bidhendi et al.(1990), reported the use of the tìnite element method (FEM) to describe

the dynamic behaviour of a chisel plough tine. They determined that the use of the

natural t'requencies of the chisel plough tine assembly to induce desirable tiequencie.s

and mode shapes helped reduce energy consumption.

Chi and Kushwaha (1991), reported on the application of a non-linear three-

rlimensional, t'rnite element model to study soil- tool interaction. The model catered f'or

both the eft-ect of soil strength and soil-metal friction and the intert'ace element hetween

the soil and the tool surt'ace was based on an hyperbolic model. Tests were conductecl

in a soil bin to verify the model and it was shown that the fìniæ element analy.sis

predicted drati tbrce tbr a simple tillage tool with 0.87o to 10.5%, efror.

In ¿ll the above mentioned work, the three-dimensional shape representation of the

body can be drawn either by constructive solid geometry in which an object is

represented by combinations of basic shapes(cubes, spheres, wedges etc) or by

boundary representation which defines the spatial region of the body by its boundary

surt'aces. Doi and Miyake (1993), have come up with a new technique tbr geomeuic

modelling which uses the principle of video camera images tiom multi-direcúonal

projection to construct the solid model. This intbrmation is very imporüant (even though
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not used in this project) because in a tillage blade, its three-dimensional shape has great

influence on tillage efficiency and blade wear.

1.7 Desirable features of a stump'jump mechanism

The main requirement of a stump-jump mechanism is to hold down the ground tool in

its working position under normal circumstances, yet prevent damage and cope with

obstacles without the need to stop the implement. Moreover with increased tractor

power, further demands have been placed on the design of the stump-jump, these

include:

(i) Greater breakout load setting, to enable implements to operate at higher operating

speed with correspondingly higher draft tbrces (Quick, 1982) ;

(ii) The need for greater underframe clearance to enable the implement to pass through

heavy crop residues (Mac Kay and Hill, 1980) ;

(iii) The share to maintain a particular pitch angle with respect to the soil over as much

of the jump range as t'easible (Quick1982) and,

(iv) Minimum energy storage in the system, to reduce wear on individual componenls

and the risk of damage to the machine tiame (Sineokov,1965) as cited by Quick

(1982). The partially-parallel stump-jump mechanism tulfils the above mentioned

requirements to a certain extent.

1.8 Factors affecting the design of stump'iump mechanism

The design of a stump-jump mechanism involves a complex analysis of soiVtool

interaction and tbr this reason stump-jump design requirements may vary according to
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a particular tillage practice or soil type. However, in general, all stump-ìump

mechanisms require certain characteristics to t-unction properly.

1.8.1 Desirable characteristics of stump'jump mechanisms

1.8.1.1 Avoid excess storage of energy

It is desirable to avoid excess storage of energy in the meohanism. During a stump-

jump cycle a spring stores energy as the tine retracts and relea.ses this energy as the tine

returns to its normal working position. The amount of energy that is desirable is only

the minimum amount which is required tbr ett'ective re-entry and return of the tine when

passing over an obstacle. Excessive storage of energy is undesirable because it requires

large springs and possible damage to the mechanism upon sudden release of the stored

energy.

1.8.1.2 Setting of pre-load

The restraining force generated by the stump-jump mechanism should always exceed

that of the average draft fbrce of the ground tool at any point in the cycle by an amount

of 25Vo as reported by some researchers.

1.8.1.3 Re-entry of tine into soil

Afier the ground tool has cleared the soil surt'ace, the force generatcd by the mechanism

should reduce to a level that will allow the ground tool to easily clear the obstruction

without damage to the tool or the machine fiame. However ,sutlìcient tbrce must be

maintained to ensure re-entry of the groundtool into the soil-

1
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Chapter 2

2. Kinematic Design of the mechanism

2.1 Introduction

The aim of kinematic design is to select suitable dimensions of the tbur-bar linkages of

the stump-jump mechanism such that, the existing kinematic specitications of the

stump-jump mechanism are retained. The existing mechanism is shown in Figure 2-1

Figure 2-l Existing stump-jump mechanism

To achieve the above aim, the LINCAGES-4 rM computer sotïware package is used to

analyse the four-bar linkage of the mechanism.(LINCAGES stands tbr Linkage

INteractive Computer Analysis and Graphically Enhanced Synthesis and was developecl

by prot'essor Arthur G. Erdman tiom the Institute of Technology, University of

Minnesota, Minneapolis -USA). Its analysis capabilities are animation and kinematic

!
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analysis of tbur-bar linkages. The synthesis capabilities are motion, path and t'unction

generation of four-bar linkages using tbur precision points. It uses the prinoiple of

Burmester theory (Sandor and Erdman) fbr its solution and it is available tbr I.B.M PC

and Macintosh hardware.

The existing dimensions and kinematic of the tbur-bar linkages are shown nFigure 2.2

to Fig 2.4 and Table 2.1

ANSYS 5.0 ED56
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Figure 2-2 Position of existing four bar linkage

Table 2-1 Dimension of the existing four bar linkage
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2.2 Desirable kinematic specifications of the mechanism

The desirable kinematic specifications of the stump-jump mechanism are a.s tbllows:-

(a) Within the worhng depth range, i.e. approximately 0-100 mm, the set angle of the

tool should remain almost constant so as to get a more or le.s.s consistent tillage depth

under varying soil lbrces cause minimal soil disturbance and exhibit contoul' t'ollowing

ahility.

(b) In retraction, i.e. tiom a height of 100 mm to about 300 mm, the set angle of the

tool may be altered to a sharp angle to minimise the chances of becoming caught by

obstacles on the soil surtace.

{c) The horizontal displacement should be as amplifìed as possible to avoid rapid

acceleration and hence large magnitude of inertia tbrces in the mechanism.

(d) The dimensions of the mechanism are obtained by reducing those of the existing one

as much as possible.

Having the above mentioned constraints, it is may not be possible to de.sign a

mechanism which satisfies all these requirements. However, a mechanism which can

approximate the above requirements would sutTìce.

2.3 Kinematic Design of the mechanism

2.3.1 The approach via the computer package

For the kinematic design of the mechanism, ditlèrent geometries of the f'our-bar linkage

were investigated using the pivot speciticaúons option of the LINCAGES-4 computer

sofÌware package. The pivot specitìcations method consi.sts of specifying the

coordinates of the following:

o Driver ground (tìxed) pivot

o Follower ground(1ìxed) pivot

o The driver joint

o The tbllower joint and

o A tracer point(which can be located on any link of the mechanism so that the locus

of the tracer point can be plotted when the mechanism move).

The output fiom LINCAGES-4 are the angular orientation of the driver, couplel, and

the fbllower; the vertical and horizontal displacement of the tracer point and the
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velocity and acceleration of the coupler and the tbllower based on a unit acceleration of

the driver tbr the possible range of motion of the mechanism.

The approach used tbr the kinematic design of the mechanism is to choose a suitable

dimension of the tbur bar linkage in which the coupler link satistìes the desirable

kinematic specitìcation as explained in section 2.2.|n doing so, if at a later stage, a tine

is attached to any point on the coupler link, the kinematics of the tine will be the same

as the coupler link. Hence the main criterion tbr the kinematic design of the partially

parallel stump-jump mechanism depends upon the dimension of the tbur bar linkage and

the position of the ground pivot points.

2.3.2 Procedure for kinematic design

The t-rrst step of the design consists of specitying the pivot coordinates and a tracer

point on the coupler link for particular dimensions and orientation of a tbur bar linkage.

The analysis result was then observed tbr possible changes in the pivot coordinates in

order to obtain a tbur bar linkage in which the angular rotation of the coupler tbr a

vertical displacement of 100 mm remains almost constant, along with a relatively large

horizontal displacement and afærwards the angle should change sharply. The next step

of the design consists of specifying ditterent pivot coordinates by trial and error until a

suitable one is achieved. Finally a t'easible range of motion of the mechanism is decided

so that the mechanism can be engineered without any ditTiculty tbr manut'acture.

2.4 Results

The mosr promising dimensions obtained tbr the tbur-bar linkage by LINCAGES-4

package are shown in Tabte 2-2. Figure 2-5 shows the positions of the mechanism,

which can be engineered tbr manutäcture and Table 2-3 shows the angular po.sition of

the driver, coupler, tbllower and the verticaUhorizontal displacement of the tracer point

P2 (tìgure 2--4) tor the entire possible range of motion of the tbur bar linkage. A tìrst

approximation of an actual mechanism was drawn tiom the theory developed above ancl

is included in the appendices (Appendix 1(a) shows the detail of the joint anrJ tine whil.st

appendix 1(b) shows the changes in the relative positions of the component.s of the joint

as it strikes an obstruction.).
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Table 2-2 Dimension of the four bar linkage

335Base

306Follower

303Coupler

363Driver

Dimension(mm.)Member
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294.9 358 294.3 252.58 -332.87

29t.8 358 290.7 234.93 -340.38

288.8 358.1 287.2 216.9r -346.9

285.8 358.3 283.6 198.55 -352.38

282.7 358.4 280 t79.93 -356.84

279.7 358.6 276.5 161.08 -360.24

276.7 358.8 272.9 r42.05 -162.59

273.6 359.t 269.3 122.91 -363.86

271.3 359.3 266.6 r08.23 -364.rr

270.6 359.4 265.7 103.7t -364.06

267.6 359.7 262.1 84.49 -363.18

264.5 0.1 258.5 65.31 -36t.2

26t.5 0.5 254.8 46.22 -358.13

258.4 1 251.r 27.28 -3.53.96

255.4 1.5 247.3 8.-s3 -348.69

252.4 2.t 243.5 -9.97 -342.3r

249.3 2.8 239.6 -28.19 -334.81

246.3 3.6 235.6 -46.07 -326.35

243.3 4.5 23r.4 -63.58 - 16.35

240.2 5.6 227.r -80.69 -305.29

237.2 7.0 222.5 -97.39 -292.87

234.2 8.9 2r7.5 -tr3.72 278.84

31.1 11.6 2rt.6 -129.85 -262.47

228.1 20.0 200.1- -148.5 -235.91

Deg Deg Deg mm mm

Driver Coupler Follower x Y

Angular Orientation Tracer point

Table 2-3 Kinematics of the four-bar linkage
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25.9 20t.2 158.9 233.28 r22.46

22.9 r97.2 158.4 238.92 111.5-5

19.8 193.1 157.8 244.04 100.61

16.8 188.8 156.9 248.66 89.75

13.8 r84.2 155.8 252.83 79.r

r0.7 t79.3 154.4 256.65 68.8-5

7.7 t73.9 T52.4 260.29 59.27

4.7 167.7 r49.6 264.08 50.79

1.6 160.3 r45.4 268.72 44.r

358.6 150.5 138.9 275.84 40.3-5

35-5.6 136.2 r27.5 289.7r 4T.T2

352.5 rtz.6 106.3 32r.5 45.13

349.5 7s.9 70.7 381.25 30.82

346.5 42.4 36.t 426.8 -17.6

343.4 24 15.4 439.24 -62.8r

340.4 14.6 2.9 438.7r -96.59

337.4 9.3 354.4 433.72 -r23.68

334.3 5.9 347.1 426.62 -147.03

331.3 3.6 342.r 418.16 -168.04

328.3 2.1 337.r 408.62 -r87.39

325.2 0.9 332.6 398.r2 -205.46

322.2 0.1 328.2 386.75 -222.43

319.1 359.5 324.1 374.56 -238.4r

316.1 359 320.2 361.59 -253.45

3 13.1 358.6 3t6.3 347.89 -267.57

310 358.4 312.5 333.49 -280.78

307 358.2 308.8 318.M -293.07

304 358.1 305.1 302.78 -304.45

300.9 358 301.5 286.55 -324.36

297.9 358 297.9 269.8 -332.87
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110.9 318.9 t39 -54.16 273.34

104.8 301.3 150 -40.89 265.5

101.8 296.3 151.8 -29.9r 265.83

98.8 29r.7 153.1 -18.35 265.73

95.7 287.3 t54.2 -6.43 265.23

92.7 283.1 155.1 5.74 265.23

89.6 279.r 155.9 18.06 262.78

86.6 275.2 156.6 30.46 262.78

83.6 27r.3 r57.1 42.9 260.75

80.-5 267.5 t57.6 55.32 258.r7

77.5 263.8 158.1 67.68 255

74.5 260.1 158.5 79.92 251.26

71,.4 256.4 158.8 92.02 246.93

68.4 252.7 159.1 103.94 242.03

65.4 249.r 159.3 115.63 236.5s

62.3 245.5 159.5 t27.O5 230.52

-59.3 241.9 r59.7 138.19 223.94

56.3 238.3 t59.9 149.0 216.83

53.2 234.7 160 t59.45 209.21

50.2 23t 160.1 169.52 20t.tr

47.2 227.4 160.1 r79.r7 r92.54

44.1 223.8 160.1 188.38 183.54

4t.l 220.1 160.1 t97.t3 174.13

38.1 216.4 160 205.39 164.36

35 2r2.7 159.8 213.t5 t54.26

32 209 159.6 220.39 143.88

29 205.1 159.3 227.1 133.26
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2.5 Discussion and Conclusions

V/ith the selecæd dimensions of the fbur bar linkage, the kinematic results show that the

coupler angle remains almost constant when the driver angle is in the range oT 276-7 to

313.1 degrees where the corresponding vertical and horizontal displacement are l(X)

mm and 205.84 mm respectively. Afierwards the coupler angle changes fiom -1.2

clegree to 318.9 degrees, a rotation of 320.1 degrees, with a corresponding maximum

vertical and horizontal displacements oT 525.79 mm and 439.24 mm respoctively.

In comparison with the existing dimension of the stump-jump mechanism, the kinematic

result of the fbur bar linkage obtained tiom LINCAGES show that the coupler angle

remains almost constant when the driver angle is in the range oT 272.8 to 296.2 degree.s

where the corresponding vertical and horizontal displacement are 60 mm and 230 mm

respectively. Afterwards the coupler angle can change tiom 0.8 degree to 287 degrees'

with a corresponding maximum vertical and horizontal displacement of 1000 mm and

590 mm respectively.

If the fbur-bar linkage is constrained to move within the driver range of 81.9 degree

with starting position of the driver being 276.7 degree, it is tbund that the coupler zurgle

remains almost constant for a vertical displacement of 100 mm and at'terwards it

changes tiom -1.2 degree to 150.5 degree where the corresponding horizontal and

vertical displacement are 133.79 mm and 402.9 mm.

Thus it is concluded that the selecæd dimension of the tbur-bar linkage with an initial

angular position of driver being 276.1 degree approximates the desirable requiremenls

of the mechanism( Figure 2.5 to 2.6) and is betær compared to the existing one because

(i)the weight of the links are smaller than the existing one due to smaller dimension and

identical material (Table 2.t andTable2.2)

(ii) less energy will be required to pull the mechanism, thus making it possible tbr use

on small tractors which are very common in developing countries.

(iii) unitbrm tillage depth can be achieved within the operating depth of 100 mm

because the coupler angle remains almost constant tbr a vertical displacement of 1(X)

mm whereas in the existing one the coupler angle remains more or less constant tbr

approximately 60 mm.
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Chapter 3

3. Kinetic Analysis of the mechanism

3.1 Introduction

The objective of kinetic analysis is to determine the joint t'orces of the mechanism

subjected to known input soil tbrces to sustain the prescribed motion. Computer-aided

Kinetic analysis of the mechanism is generally pertbrmed by rigid body motion analysis

sotiware package (ADAMS@, DRAM'o, MICRO-MECH") or by a general purpose

tinite element analysis packages (ANSYSTM, ALGORTM, NISATM, NASTRANTM etc).

The rigid body analysis package is easily understood and simple whereas the tinite

element package is quite involved. As reported by Khaskia et al (1991), one way to

approach rigid body analysis using a general purpose tinite element sottware package is

to simulate the stiftness with a relatively high value. This can be done by using an

artifìcially high Young's modulus which will lead to high tiequencies in the system

response. The vibrations coffesponding to high frequencies can be dampened by using

structural and /or external damping.
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Figure 3-l Free body diagram of the mechanism

In this project MICRO-MECH is used to calculate the joint tbrces acting on the

mechanism. The main groups of tbrces that are taken into consideration fbr the

calculation of joint tbrces of the mechanism are: the non unitbrm soil fbrces

(horizontaVvertical) and impact tbrce (shock) which generally occurs when the

mechanism encounters an obstacle or stump. Since the soil f'orces acting on the

mochanism are expected to vary quite otien, it intèrs that the stresses will also vauy

accordingly.In other words the mechanism works under tätigue.

3.2 Assumptions made for force analysis of the mechanism

(i)the soil tbrces acting on the tine of the mechani.sm are assumed to be an average

t'orce of 2.5 kN acting horizontally, Figure 3-2 (a) ,and an avorage t'orce of 1.0 kN

acting vertically, Figure 3-2 (b), tbr an operating depth of lfÐmm
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F¡

2.5 kN

Time

Fv

1.0 kN

Time

Figure 3-2a Figure 3'2b

(iiXbr t'atigue analysis, the worst possible case is taken into consideration; i.e. the

tbrces acting on the mechanism are assumed to be three times the average

horizontaVvertical soil fbrces (impact fbrces) and the tbrce is of repeated nature, that is

to say once the tine reaches the operating depth i.e 100 mm, it encounters an obstacle

and it retracts back and enters the soil once more, encounters another obstacle, retracts

back and this cycle continues (Figure 3-3)

-Fãi/

Force

Fmax
F alternatin

F min Time

Figure 3-3

(iü) the time taken by the mechanism to enter the soil starting tïom 0-100mm is

estimated as 50 millisecond based on Riley work (1986)'

(iv)tbr dynamic analysis, the mechanism is analysed only tbr the last portion of the

tbrward stroke i.e when the tine starts entering the soil until it reaches the operating
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Chapter 3 Kinematic analysis of the mechanism

depth. This part of the motion is very critical because the tine is subjected to very high

impact and alternating t'orces and hence breakage of tine will occur during thi.s part of

the motion. H it is saf'e in ttris portion of the motion it will be sat'e during the whole

operation.

(v)the driver links of the mechanism moves with a linear angular velocity and therefbrc

constant acceleration throughout the whole motion. The angular velocity and

acceleration of the driverlink are taken as -13.96 rad s-r and -558.-5 rad s-2respectively,

calculated as tbllows:-

change in angle of the driver link of the mechanism during the motion of the tine into

the soil is 40 ' (Table 2-3) and the time taken is 0.05 seconds. Then assuming linear

angular velocity

or=At+B

whereatt=tr(whenthetinestartsenteringthesoil)trl=-(ù(maximum)andatt=tz(

when the tine reaches the operating depth 100 mm) 0) = -ú) = 0 (clockwise angular

velocity is considered negative) Therefore

A = cù/( tz-tr) -wr/À t

B = -wrtz/Ät

o= úì/^r (r-t)

¡¡¿' = -C\12

where oàv can be estimated as

(ùu = change in angle(rad) /time = -Â0/Ât = - 2fix 40/360x0.-5 =-0.69813171.05 = -

13.963 rad /s

cr= - AoJAt= - (0ù- tll)/ t=-(0 + 2cùu,) 12=-2x13.9631.0-5 =- 558..51rad s-2

The angular velocity is negative because the mechanism decelerates during the

operation
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3.3 Force analysis of the mechanism.

A two dimensional dynamic tbrce analysis using MICRO-MECH(''was pertbrmed on

the mechanism tbr an average horizontal soil t'orce of 7.5 KN and an average vertical

soil t'orce of 3.0 KN (three times average soil t'orces Ref 3-2 (ii)) t'or the range of the

motion when the tine starts entering the soil and reaches the operating depth of 100

mm.The time taken tbr the tine to reach the operating depth was -50 milliseconcl, the

driver link was assumed to move with a constant angular velocity of -13.963 rad s-r and

constant angular acceleration of -558.51 rads-2 as estimated in .section 3.2(vii).

3.3.1 General Description of MICRO'MECH
MICRO-MECH is a rigid body analysis sot'tware package developed by R.J Williams

fiom Mint, Inc:, Minneapolis Minnesota and is available tiom H¿un Sottware Company

Ltd. It is used to analyse planar mechanisms consisúng of rigid links connected by

combinations of revoluæ and sliding joints. It can pertbrm kinematic analysis, tbrce

analysis and dynamic analysis. The tbrce analysis capability of MICRO-MECH'Ò

cletermines the driving tbrces and joint reaction tbrces required to produce a predefined

motion where inertial tbrces of the links as well as many types of known tbrces if any,

such as, spring tbrces, external fbrces and viscous damper tbrces applied to the links of

the mechanism can also included in the force analysis. The dynamic time response

analysis allows the prediction of the motion of a mechanism subjected to known tbrce,s

and torques.

MICRO-MECH@is used to analyse simple mechanisms, as well as, multiloop, multiple

degree of t'reedom mechanisms. Mechanisms with open kinematic chains can also he
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analysed. The general archiæcture of the MICRO-MECH@ is shown in Figure 3.1 and it

consists of six modules as explained below

Data
Files

Mechanism Picture
File (.LIN)

Figure 3-4 Architecture of MICRO-MECII (from MICRO-MECH Manual)

3.3.1.1 Executive module

The executive module controls the flow of the execution of the system between other

modules and provides some auxiliary data tïe management tunctions.

3.3.1.2 Model definition module

The model definition module allows tbr the initial detinition of a mechanism model.

3.3.1.3 Model modification module

The model modifìcation capability includes changing parameter.s of the model, as woulcl

be required in a parametric design study

3.3.1.4 Mechanism analysis module

The analysis module is the analytical heart of the system. Depending upon the

detinition of the problem i.e. the number of degrees of freedom, number of unknown

tbrces and detinition of the independent joint motion, MICRO-MECH can pertbrm

difl'erent types of analysis available within the system. The maximum number of t'orces

Report
Generation

Report File
(.RPr)

Mechanism
Animation

System

Executive

Mechanism
Analysis

Mechanism Analysis
Results (.RES)

Mechanism Model
Modification

Mechanism Motlel
Data (.MEC)

Mechanism Model
Definition
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which can be defîned is equal to the number of degrees of tieedom tbr the mechanrsm

as calculated by the following equation:

DOF = l* (nlinks- I )-2* (r+s)-sp

where:

nlinks = The number of links in the mechanism including the tixed link.

r = The number of revolute joints.

s = The number of slider joints

sp = The number of slider pin joints.

If the number of unknown forces acting on the mechanism is equal to the number of

degrees of freedom, a kinematic analysis problem is defined (Micro-mech Mzurual) and

kinematic and force analysis can be pertbrmed fbr the mechanism. On the other hand, if

the number of unknown fbrces is less than the number of degrees of fieedom, a dynamic

time response analysis problem is detined (Micro-Mech Manual)

3.3.1.5 Mechanism animation module

The mechanism animation module provides the capability of graphically animating the

mechanism. It includes simple vector diagrams or pictorial representation and path

points locaæd on the links during animation.

3.3.1.6 Report generation module

The report generation module provides the capability of obtaining plotted and tabular

listings of the analysis results. The data reported in the tabular listings can be saved on a

disk tïe and reviewed at a later time or can be passed to another program

In addition to the above mentioned modules, MICRO-MECH generates tbur type.s of

data tìles as fbllows

o The mechanism model data tile which is required to detine the mechanism.

o The mechanism analysis result tìle containing the data generated by the mechanism

analysis module.
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o The mechanism picture file which is used to detine a pictorial representation of the

links of the mechanism, and finally

o A report file containing tabular listing generated by the report generation module.

3.4 INPUT DATA FOR FORCE ANALYSIS

The input data required by MICRO-MECH tbr tbrce analysis consists of:

3.4.1 Definition of the kinematic topology

For the definition of the kinematic topology, each link is detined with respect to a

retèrence link. First of all the ground link is detjned, secondly the driver link is defined

with respect to the ground link, thirdly the coupler link is detìned with respect to the

driver link and finally the fbllower link is detined with respect to the ground link.

3.4.2 Link length /dimensions

The link length of the mechanism was obtained by trial and error (Ref 2.4) liom

kinematic analysis and are recorded in Table 3-1.

Table 3-lDimension of the links

306Follower (L3)

303Coupler (L2)

Driver (Ll) 363

335Base (Lo)

Unit (mm)Components
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3.¿1.3 Gravity vector

The gravity vector of the mechanism was defined as -9.81ms-2 acting in the y-

direction.

3.4.4 Centre of gravityr Polar mass moment of inertiar weight of link

The centre of gravity, mass moment of inertia and weight of each link are caloulated

using the ANSYSTM Finite elements package. The centre of gravity of each link is

calculated with respect to the system of coordinates established t'or the link and the

polar mass moment of inertia is det-rned relative to the centre of gravity. The unit of

weight for the link is Nowton and for the mass moment inertia is Nm.s2 (or Kg m2),

Table 3-2

I
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t
I
I

I

Table 3-2

3.4.5 Definition of points.

Points are detined in the local coordinate system attached to the link of the mochanism

tbr calculation of unknown forces, kinematic parameters of interest and application of

known tbrces. The points are defined in Figure 3.5 and Table 3.3 where

Pl is the point of applicaúon of the hydraulic or spring,

p2 is the point of application of the soil tbrces,

p3 and p4 shows the direction of the horizontal soil tbrces,

p5 and p6 shows the direction of the spring or hydraulic,

p7 and p8 shows the direction of the vertical soil tbrces,

p9 is the centroid of the tbllower link,

p10 is the centroid of the driver link and

pl1 is the centroid of the coupler link.

1 13.10430.r7662890.0o.1523825L3

249.213241.4282-0.r72880.16125L2

t72.256460.58239150.00.1052496L1

(N)(Nm s2YC (m)XC (m)

WEIGHTMASS

MOMENT OF

INERTIA

CENTRE OF GRAVITYLINK

t
il
,t1
',.1
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\f
',J

Table 3-3 Position of points on the mechanism

3.4.6 Definition of the known forces

The known tbrces which act on the mechanism at the tip of the tine are assumed to be

repeated as explained and illustrated in section 3.2, where the average horizontal soil

tbrce was taken to be 2.5 KN and the average vertical tbrce 1.0 kN; and the direction of

the horizontal force is detrned by vector P3 P4 and the direction of direction of the

vertical force is detìned by vector P5 P6. The alternating soil tbrces are 7.5 KN acting

horizontally and 3.0 KN acting vertically.These tbrces act at point P2, Figure 3-1.These

average and alternating tbrces Fm and Fa respectively, are required to calculate the

corresponding average and alternating stresses, om and oa respectively induced in the

mechanism, to be used in Soderberg criterion to estimate the factor of sat'ety of the

mechanism.
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3.4.7 Deflrnition of the unknown forces

Apart tiom the joints reaction tbrces, the unknown tbrces which need to be calculated

are the inertia forces, inertia torque acting on each link of the mechanism and the

reaction at the point where the spring will be connected. The spring or the hydraulic

cylinder is connected at point Pl in the direction of vector P-5.P6

3.4.8 Specification of the independent joint elements

The independent joint element is detined as a joint which tbrms part of the kinematic

loop and it controls the motion of the mechanism ( JNTI in Figure 3-5) whereas the

dependent joints are also part of the kinematic loop but whose position, velocity and

acceleration are being deærmined by the geometric constraints of the loop (joints JNT2,

JNT3 and JNT4 in Figure 3-5).

3.¿1.9 Solution control parameters

The solution control par¿rmeters determine the number of positions to be analysed a.s

speoitìed by the user, the time increment, the types of analysis to be pertbrmed and the

tolerances tbr the solution.

In the present case, a tbrce analysis is perfbrmed on the mechanism tbr nine positions of

the driver link with a constant increment of 5 degrees, starting position at -43.3 degree

and the trnal position at -83.3 degree, i.e. the starting and the digging position of the

digging stroke.The time parameters and the tolerances are set to the defäult values.
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Figure 3-5 Position of points on the mechanism
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3.5 Results of force analysis

3.5.1 FORCES AT JOINT Jl
Table 3-4 Forces at Joint 1

4432r.0-8943.47-43409.3-83.3

45595.4-8063.47-44876.8-78.3

47264.3-7430.2t-46676.6-73.3

49360.3-703r.2r-48856.9-68.3

519-54.8-6874.42-51498.0-63.3

55167.86993.46-54722.7-58.3

59187.3-7462.04-587 15.1-53.0

64292.4-8413.16-63739.6-48.3

70892.6- 10095.1-70r70.2-43.3

FORCES AT

JOINT Jl

Newton

FY AT JOINT J2

Newton

FX AT JOINT JI

Newton

POSITION OF

JOrNr Jl (e)

Degree

48



Chapter 3 Kinematic analysis of the mechanism

3.5.1.1 FORCES AT JOINT J2

Table 3-5 Forces at Joint J2

2485t.320162.5-t4528.0-83.3

26298.820115._s-16940.8-78.3

27955.220051.7-t9478.t-73.3

29861.819968.3-22203.4-68.3

32079.019859.4-25t92.6-63.3

34692.9t97r3.2-28548.0-58.3

37823.619504.9-32406.5-s3.3

41636.019186.6-36951.8-48.3

46340.518655.7-424t9.4-43.3

FORCES AT

JOINT J2

Newton

FY AT JOINT J2

Newton

FX AT JOINT J2

Newton

POSITION OF

JOrNT J2 (e)

Degree
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3.5.I.2 FORCES AT JOINT J3

Table 3-6 Forces at Joint J3

21486.5-21386.12014.68-83.3

22287.8-21857.84356.89-78.3

23324.9-22307.26814.49-73.3

24638.4-22729.89508.3-68.3

26287.2-23tt6.4t2515.9-63.3

28354.6-23449.915940.1-58.3

30958.4-23697.4t9921.3-53.3

34262.8-23796.12465t.3-48.3

38481.3-23613.630384.3-43.3

FORCES AT

JOINT J3

Newton

FY AT JOINT J3

Newton

FX AT JOINT J3

Newton

POSITION OF

JOrNT J1 (e)

Degree

50



Chapter 3

3.5.1.3 FORCES AT JOINT J4

Table 3-7 Forces at Joint J4

Kinematic analysis of the

208'77.r-20858.8872.098-83.3

21684.6-21456.53136.75-18.3

22726.0-22028.95585.59-73.3

24042.1-22571.48279.66-68.3

2569r.r-23074.2rt296.6-63.3

27755.5-23518.714739.r-58.3

30351.3-23869.318747.2-53.3

33639.4-24058.423511.8-48.3

37827.4-23943.329285.4-43.3

FORCES AT

JOINT J4

Newton

FY AT JOINT J4

Newton

FX AT JOINT J4

Newton

POSITION OF

JOrNT Jl(e)

Degree
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3.5.1.4 ACCELERATION OF POINT P9

Table 3-8 Acceleration of point P9

110.31735.92t0-104.305-83.3

108.74r25.000-105.828-78.3

107.54714.3297- 106.588-73.3

106.6383.92462-106.565-68.3

105.936-6.15215-r05.757-63.3

105.359-15.7762-t04.172-58.3

r04.798-24.7229-101.840-53.3

r04.057-32.5628-98.8305-48.3

102.763-38.4103-95.3146-43.3

ACCELERATION

MAGNITUDE OF

P9

ms

Y- ACC OF POINT

P9

ms

X-ACC OF POINT

P9

ms

POSITION OF

JOrNT Jr (e)

Degree

52



Chapter 3 Kinematic analysis of the rnechanisln

3.5.1.5 ACCELERATION OF POINT PlO

Table 3-9 Acceleration of point P10

62.261213.52t7-60.7752-83.3

62.26128.r7334-6t.7224-78.3

62.26t22.7628r-6t.t999-73.3

62.2612-2.66882-62.2040-68.3

62.2612-8.08007-61.7347-63.3

62.2612-r3.4299-60.7955-58.3

62.2612-18.6775-59.3937-s3.3

62.26t2-23.7829-57.5398-48.3

62.2612-28.7073-55.248r-43.3

AC- MAGNITUDE

OF POINT P1O

nl.s
-2

Y-ACC OF POINT

P10

tns

X-ACC OF POINT

P10

ms

POSITION OF

JOrNT Jl (e)

Degree

s3



Chapter 3 Kinematic analysis of the mechanism

3.5.1.6 ACCELERATION OF POINT Pll
Table 3-10 ACCELERATION OF POINT Pll

204.28060.3589-195.159-83.3

204.21439.9084-200.276-78.3

204.36619.6806-203.16-73.3

204.616-0.256649-204.616-68.3

204.837-r9.7740-203.881-63.3

204.847-38.6677-201.165-s8.3

204.335-56.6092-196.337-53.3

202.689-73.0095-r89.083-48.3

198.596-86.6790-r78.682-43.3

AC- MAGNITUDE
OF PT Pl1

-,,ms-

Y-ACC OF POINT
Pl1
rns-2

X-ACC OF POINT
P11

_1

rns -

POSITION OF

JOrNr Jl (e)

Degree
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3.5.1.7 UNKNOWN FORCE

Table 3-11 Unknown force at point Pl

40556.2-83.3

391s3.4-78.3

38065.0-73.3

37271.r-68.3

36775.5-63.3

36609.1-58.3

36840.1-53_3

37586.4-48.3

39049.2-43.3

UNKNOWN FORCE Fl
Newton

POSITION OF JOINT
J1

(0) Degree
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Pó 1

P5
JNT l JNÏ4

10 -39.06 DEGREE

9

Pn
JNT2 JNT3
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P3 P4

Þ
+

ò

P8
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Chapter 4

4. Design of the mechanism for strength

4.1. Introduction

The stress analysis of the mechanism is pertbrmed by tìnite element method and the

design stress tbr tätigue strength is carried out using Soderberg criteria soderberg

criteria.

4.1.1 Finite element method

The tìniæ element method is a computer based procedure that can be used to analyse

structures and continua. It is a versatile numerical method that is widely used to solve

problems covering a wide spectrum of engineering analysis and thermal behaviour of

physical systems, and their components. Advances in computer hardware have made it

ea^sier and very eflìcient to use tiniæ element sottware t'or the .solution of complex

engineering problems on personal computers. The tirst major tinite element paokage fbr

general use was NASTRAN developed tbr NASA by the MacNeal-Schwendler

corporation in the mid-1960s (Steel, 1980). The results obtained with a finite element

analysis generally give a good approximation. However, a very accurate solution can be

obtained if a proper fìnite element model, based on principle.s of tìnite element analysis,

i.s used.
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Chapter 4 Design of the mechanism for strength

4.1.2 General description of the finite element method and steps of flrnite element
analysis

Calculation of detbrmations, strains and stresses via classical method of zuraly.si.s,

through longhand solution of the governing equations and houndary conditions

de.scribing the problem, is probably the best method to analyse .simple structures;

nevertheless, their use is tedious when the physical system is complex. In such cases the

hest alternative is usually a solution obtained with the application of tinite element

methods.

The primary ditTerences between classical and f-rniæ element methods are the way they

view the structure and the ensuing solution procedures. Classical methods consider the

structure as a continuum whose behaviour is governed by difTèrential equations. The

fìnite element method considers the structure to be an assembly of small finite-sized

elements The behaviour of the elements and the overall structure is ohtained by

t'ormulating a system of algebraic equations that can be readily solved with a computer.

The points where the tiniæ elements are interconnected are known as node.s or nodal

points, and the procedure in selecting the nodes is termed discretisation, mesh

generation or modelling.

Typically, a tìnite element analysis involves seven steps as explained in the next section.

Steps 1,2,4,5 and 7 require decisions made by the user of the tinite element program

while the rest of the steps are automatically pertbrmed by the computer

4.1.3 Steps of finite element analysis

4.1.3.1 Discretíse( model) the structure

The structure is divided into tìnite elements. The most commonly used basic types of

tìnite elements are truss, beam, plane stress, plane strain, axisymmetric, membrane,

plate, shell, solid or brick, tetrahedral, hexahedral, boundary, and gap elements
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(Steel,1980). Preprocessors are generally available on most tinite element package and

they help to create the t-rnite element mesh (FEM). In creating a FEM, accuracy and

computational efhciency needs to be taken into consideration. In most case.s, use of a

complex and very retìned model is not justifìed since it most likely provides

computational accuracy at the expense of unnecessarily increased processing time. The

type and complexity of the model is dependent upon the type of required resuhs. As a

general rule, finite element modelling should start with a simple model. The results tiom

the simple model combined with an understanding of the behaviour of the system

cletermines whether, and at which part of the model needs tïrther retinement. This step

is crucial in deærmining the solution accuracy of the problem.

4.1.3.2 Define the element propertíes

Depending upon the type of elements that are most suitable to model the physical

system, the element properties are defined i.e. the cross-section area, mass moment of

inertia, thickness etc.

4.1.3.3 Assemble the element stíffness mølrices.

The stiflness matrix of an element consists of coetlicients which can be derived from

equilibrium, a weighted residual, or an energy method. The element stiflness matrix,

automatically assembled by the package, relates the nodal displacements to the applied

tbrces at the nodes. The package then assembles the stiflness matrix of the whole

structure.

4.L3.4 Apply the loads

The loads that act on the physical system are applied at this step. The points of

application of concentrated loads are firnished as nodal points, and distrihuted loads

are approximated by a number of concentrated loads. For modal analysis the external-

load tiee stnrcture is analysed.

4.1.3.5 Deftnítíon of boundøry condítions.
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In this step the boundary conditions are specified i.e. the support conditions are

provided in which several nodal displacements are set to known values.

4.1.3.6 Solvíng the system of línear ølgebraíc equations

The sequential application of the above steps leads to a system of simultaneou.s

algebraic equations, solved by the package, where the noclal displacemenls are the

unknowns.

4.1.3.7 Calculntíon of stresses

Depending upon the type of analysis and the stresses of interest, the program calculates

the stresses, reactions, mode shapes or other pertinent infbrmation. Generally in mo.st

tìniæ element analysis software, post-processors are available which help the user to

view the output in a graphical form.

4.2 Finite element analysis of the mechanism

The tìnite element analysis of the mechanism is pertbrmed using ANSYS * program.

ANSYS * is a general-purpose computer program tbr tìnite element analysis ancl

design i.e. it can be used tbr almost any type of frnite element analysis in virnrally any

industry- automobiles, aerospace, railways, machinery, electronics, sporting good.s,

power generation and transmission, biomechanics etc. It was introduced by Dr. John

Swanson and is available liom Swanson Analysis Systems Incorporated, Houston USA.

Its analysis capabiliúes are structural static, modal, harmonic response, transient

dynamic, spectrum, buckling, nonlinear structural, fiacture mechanics, composite and

fãtigue analysis. The ANSYS ru program is organised into two basic levels: Begin level

and processor (or routine level) as shown below.
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Enter ANSYS EXit ANSYS

I 1

BEGIN LEVEL

PREPT SOLUTION POST] POST 26 OPT ETC

Figure 4-l ANSYS program organisation

4.2.1 Procedure for Finite element analysis of the mechanism

A two dimensional static fìnite element analysis is perfbrmed on each link of the

mechanism using the boundary conditions obtained fiom the t'orce analysis. The

geometry of each link of the mechanism is drawn using the pre-processor module of

ANSYS (Prep7) as shown in Fig 4.2 to Fíg 4.4. Each link of the mechanism is then

meshed with quadrilateral and triangular plane 82 elements, both of them being an eight

nocle two dimensional plane stress element (Fig a.5 to 4.7). Plane stress element is used

because each link of the mechanism t'ulfïs the conditions of plane stre.ss i.e. the

thickness is small compared with the other dimensions. As a result the stres.se.s

developed along its thickness (z-direction) are very small compared with the stresses in

the XY plane and hence all stress components normal to the XY plane are ignored.

Each link of the mechanism is analysed fbr nine positions (when the tine starts entering

the soil and reaches the operaúng depth of 100mm) in order to determine the maximum

of the maximum corresponding stresses which may occur on the link.s. The starting

position of the mechanism is the driver link -83.3", the coupler link -1.I7" and the
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t'ollower -87.1 o. The tinal position of the mechanism is -43.3o f'or the clriver link, -

0.931" tbr the coupler link and -39.06' tbr the tbllower link.

For every element, isotropic property was assumed by detìning the Young'.s modulu.s,

Poisson ratio and material density. The material density of the links,made of mild steel,

were assumed to be 7850 kg/m3,Young's modulus 20089 Mpa and Poi.sson ratio 0.27

Constraints were applied at the nodes of one of the revolute joints of each link to avoid

rigid body motion and all displacements were set to zero. The linite element analysis

then proceeds by employing the body fbrce (gravity and inertia t'orce) and joint f'orce.s

tiom the previous tbrce analysis. As a check on the accuracy of the resulls, the nodal

t'orces where null displacements were specitied i.e. the reactions or support points were

requested as part of the FEM output. These values were checked to be the same as the

values already known tiom the previous tbrce analysis.

ANSYS 5.0 ED56
MAY 11 1997
08:11:21
PLOT NO. 1

LINES
TYPE NUM

ZY =1-DlsT=o 366439
xF =0.07s688
YF =-0.071325
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1

THICKNESS = 25 mm

6,,c
oo

tî

4ò

DRIVER LINK (11)

%
oò

Figure 4-2 Driver link
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Figure 4-7 Finite clement model of follower link
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lr

4.3 Structural Design of the driver link

4,3,1 Stress analysis using finite element method

For the stress calculation, D'Alembert's principle is used to conveft dynamic loading to

a static loading and then a static tìnite element analysis approach is used to calculatc the

maximum dynamic stress that the driven link is subjected to during its working

condition. D'Alembert's principle states that the resultant of the extemal f'orces acting

on the body and the inertia force (-ma) of a particle is zero.

Since the approach is to conduct a static finite element analysis t'or a dynamic case, a

convenient ref'erence coordinate system associated with the body tbr specifying the

geometry is important because in a standard static analysis, the ret'erence coordinate

system does not move, but in the dynamic case under consideration here, this

coordinate system is regarded as sitting on, and moving with one point of the body.

Thus a choice of coordinate systems should be guided by considering the ease of

visualising its motion as well as the detbrmations of the link relative to it. In the present

case the joint JNT1 (Figure 3.5) is regarded as the origin of the coordinate system.

The next step is to specify an appropriate set of boundary conditions. Since part of the

criteria tbr selection of the ret'erence coordinate system was ease of interpretation of

results, the best choice will be to set all the displacements of the node at the origin to be

zero. In general there will be known nodal tbrces acting there due to body t'orce etlects

and possibly due to external fbrces as well. However, in the FEM modelling process,
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these are simply ignored as they act on a constrained node. At all other nodes, external

loading etïects are imposed as in a standard static FEM analysis, but no other pure

displacement or rotation is specified. The input data required fbr static analysis of the

driver link are the material properties, boundary conditions, components of its joint

tbrces and its centroid acceleration. The components of the joint tbrce.s are applied on

48 nodes around the joint of the f"rnite element model. Appendix 2 shows a complete

input listing for the finiæ element analysis of the driver link.

4.3.1.1 ResulÍs of the driver link
The result of the finiæ element analysis of the driver links shows that the maximum

stress occurs when the link is in the fìrst position and its value is 71.1 Mpa. as shown in

tigure 4-8. and Appendix 3. The reaction at the constrained joint (i.e, at the point of

attachment of the hydraulic cylinder) is the same as the t'orces obtained tiom the

previous fbrce analysis (section 3.5.1.7). It implies that the finitc element analysis is

accurate-
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5TI,TIC ÂMIYSIS O[ DRTVER TIilR

Figure 4-8 Stress contours of the driver link
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4.3.2 ßattgue analysis of the driver link using Soderberg criteria

For the t'atigue analysis Soderberg criteria is used i.e,

oJoy+KoJo"<1/N
where,

Equation 4-1

O rn = ÍteÍul StreSS = (O,n** C^¡r)12

ov = minimum yield strength of the material = 350 Mpa (A53678)

O" = alternating Stress = (O-o - 6^¡,)12

o" = endurance limit = 0.5 o" if o" < 1400 or else it is equal to 700 if o u > 14(X)

(Shigley)

oo = utimate yield stress of the of the material = 450 Mpa (AS 3678)

K = stress concentration factor

N = f'actor of sat'ety

Since omo = 0 (Fig 3-2) , then o,n = o" = 6,nol2=7L-I Mpa;

the stress concentration factor is taken as unity because it has already being taken into

account during the finite element analysis, the endurance limit oe = 0.5 ou = 0.5x 4-50

=225 Mpa. Substituting these values in equation 4-1 the tãct<lr of satèty N = 1.93 is

ohtained. Hence the driver link is satè fbr the choosen dimensions, load and material.

4.4 Structural design of the coupler link

4.4.1 Finite element analysis of the coupler link
For the tìniæ element analysis of the coupler link, a simil¿u static tinite element analysis

approach is performed. The coupler is modelled as one unit consisting of the tine ancl

the link to which it is attached. The thickness of the link is 25 mm and the thickness of

the tine is 40 mm.
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The link is constrained at one of the joints JNT2 (Figure 3.3) with null displacement

and the components of the other joint forces are applied on 48 nodes around joint JNT3

(Figure 3.3) together with the components of the accelerations at the centroid of the

link.

The results of the finite element analysis of the coupler link for different positions

show that the maximum stress occurs when the coupler link is in the fifth

position,when the driver link is at -63.3 degrees. The maximum corresponding stress is

138 Mpa in the link and 310 Mpa in the tine as shown in Figure 4.9-4.10 and Appendix

3 respectively.
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Figure 4-9 Stress contours at the junction of the link and the tine
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Figure 4-10 Stress contounl of the link and tine

Since the objective is to design the link, not the tine because a commercial tine will be

attached to the link, the design stress for fatigue analysis is taken as 138 Mpa.

4,4.2 ßaitigue analysis of the coupler link
The fatigue analysis of the coupler link is again peformed by using Soderberg equation,

Equation 4.1. The maximum stress obt¿ined from the finite element analysis for the

coupler link is 138 Mpa, the minimum yield strength of the material is 350 Mpa (mild

steel) and the endurance limit is 225 (o.: 0.5 oo). Substituting the above values in

Equation 4.1 and assuming the stress concentration factor to be unity, v/e get

138/350 + 1381225 = 1A[ Equation 4-2

From equation 4.2we getN = Q.Ç! av l.

Since the value of the factor of safety is unþ, it implies that the coupler is safe from

the fatigue point of view and hence the choosen dimension of the coupler link is

retained. This factor of safety is the worst possible that can happen corresponding to
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situation, explained in section 3.2(íi), that will never happen. In other words, the real

täctor of safety will be greater than unity

4.5 Structural design of the follower link

4.5.1 Finite element analysis of the follower link
A simila¡ approach of static tinite element analysis as explained in Section 4.3.1 is

perfbrmed on each position of the follower link. The link is constrained at joint JNT4

(Figure 3.3) with zero displacement and components of the t'orces are applied around

48 nodes of the other joint together with the components of the acceleration at the

centroid of the tbllower. The result of the finiæ element analysis obtained t-or ditÏ'erent

positions shows that the maximum stress occurs when the tbllower link is in the first

position and the maximum corresponding stress is 78.8 Mpa as shown in Figure 4.11

and Appendix 3.

4.5,2 Fattgue analysis of follower link
The fätigue analysis of the tbllower link is also pertbrmed hy using Soderberg equation,

as .shown in Equation 4.1. The maximum stress obtained fiom the tinite element analysis

fbr the tbllower link is 78.8 Mpa, the minimum yield strength of the material is 350 Mpa

and the endurance limit is 225 Mpa. Subsútuting the above values in Equation 4.1 ancl

a.ssuming the stress concentration t-actor to be unity, we get the factor of saf'ety N =

1.74. Since the t'actor of sat-ety is greater than unity, hence the tbllower link is sat'e fbr

the choosen dimensions,loads and material.
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Chapter5 Conclusion

Chapter 5

5. General conclusions

Tillage is an important component in t'arming systems. It is one of the most expensíve

and time consuming activities which t'armers conduct. The high cost of tbel and

breakage of implements which results from impredictable high impact loading both

contribute to this when the implement is working in the tield condition. The trencl

towards larger tractors working at greater speed has resulted in a higher level of impact

loading on cultivation implements. Many types of impact loading devices are available

on the market but they are either heavily constructed or they do not meet the

requirement of a particular site condition. Nowadays, due to the adverse efIèct of

weight (compaction and cost), tillage implement designers are optimising their design in

order to alleviate the problem of compaction and reduce the material costs. One

æchnique which has emerged due to advances in computer æchnology and lower cost

of computers is computer aided design.

In ttris project, an existing partially-parallel stump-jump mechanism was redesigned

using computer-aided methodology which allows a tillage tool to lift tiom the .soil in

order to avoid damage caused by obstacles. For the kinematic analysis of the t'our bar

linkage of the mechanism, Lincages-4 computer software package was used to calculate

the size of the links such that the kinematic requirement of the partially-parallel stump-

jump mechanism was fultìlled. The Lincages-4 package has proved to be a good tool

tbr sizing of a four bar linkage in order to sustain a prescrihed motion. In the present

study the result obtained tiom the kinematic analysis shows that the dimen.sion of the
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tbur bar linkage of the partially-parallel stump-jump mechanism has been considerably

reduced but still retains the kinematics of the existing design. The driver link has been

reduced tiom 600 to 363 mm, the coupler link from 400 to 303 mm and the f-ollower'

link fiom 400 to 306 mm.

For the design of the mechanism, separate tbrce analysis anrJ tinite element analysis

were performed. For the fbrce analysis a rigid body motion package (MICRO-MECH)

was used to calculate the joint and inertia tbrces and stress analysis, a tinite element

analysis package (ANSYS) was used tbr stress calculation . This methodology was used

because the computer-aided technique of dynamic simulation of mechanisms and tinite

element structural modelling have developed along independent lines. Moreover, there

exists computer sof-tware packages such as ADAMS (Automated Dynamic Analysis of

Mechanical Systems) which enable the result of a rigid bocly dynamic simulation to a

t'inite element structural modelling package. This was not caffied out in this project due

to the non availability of ADAMS software package. Nevertheless, the results of t'orces

analysis obtained from MICRO-MECH were successfulþ used in the ANSYS tinite

element package tbr stress calculations. The prediction of stresses fiom ANSYS was

within the expectation i.e. the maximum stress in the link occur when the mechanism

starts entering the soil. This is quite obvious because when the tine starts entering the

soil it will be subjected to high impact load leading to high stresses at'ter which the

stresses start to decrease. It is worth mentioning that due to the unpreclictable fiequency

of obstacles that might be encountered during use, the mechanism has been designed tbr

the worst possible case of fatigue on the assumption that once the mochanism reaches

the operating depth, it encounters with obstacle, retracts, return to the operating

position and come across another obstacle and the cycle continues. This assumption

was to simplify the design procedure as the real operaúng conditions depends upon the
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soil condition. Taking into account the above assumption, the stresses as predicted by

the tìnite element analysis would be on the conservative side
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Appendix 1

(a) Detait of the joint and tine at rest
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(b) The effects of striking an obstruction
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Appendix 2

Input listing for the finite element analysis of the driver link

PRINT S NODAI.. SOLUTION PER NODE

"i** POST1 NODÀI, STRBSS LISTING rri'r

LoÀD STEP= 1 SUBSTEP= 1
TIMB= 1,0000 LOAD CASE= 0

THE FoLLorÍING x,Y,Z VALUBS .âRE IN GLOBÀL cooRDINÀTEs

I
rit
1ir

I

NODE
1
2
3
4
5
6
7
I
9

10
11
t2
13
1¿
15
16
18
20
22
2Á
26
2A
30
32
34
36
38
¿0
42
44
¿6
¿8
50
52
5¿
56
58

sx
{¡808¿.
.192988+06
227 0 .5

-70773 -

- .3291¿E+08
-.89053E+07

.179918+06

.347o28+O7

.2567 4E+08

.262638+04
-.31¿71E+08
-.570568+07
-.181758+08
-.302838+07

,856058+07
,336588+08

-7¿115.
-.510118+06
-.988658+06
-.1¿8308+07
-.139878+07
-,737638+06

.73 9¿¿E+06

.292938+07
,561598+07
.8589¿E+07
.116068+08
.1¿6038+08
.175058+08
.205918+08
.23 6578+08
.266528+Og
.29 5698+08
.322378+OA
.3¿5088+08
,363118+08
.37r1308+08

sx
.377778+Og
.3733(¡E+08
,36¿298+08
.3 52 888+08
.3 {06¿E+08
.32 88 5E+08
.3 17 818+08
.3 08018+08
.297 808+08
.288¿7E+08
. 27 9 1¿B+08
.27 0¿18+08
.26!248+OB
.252258+OA
.2¿3288+08
.234198+08
.225168+08
.216118+08
.207078+08
.198058+08
.188988+08
.179838+08
,1?O588+08
,161168+08
.151508+08
.141¿38+08
.130828+08
.11942E+08

SY
76038.
.120368+06

-23237 .
-51503.

.3239 ¿E+08
- .360188+07
- . 21¡9 ¿88+ 0 6

.tO222E+OA
- .1{1858+08
-.27a278+o7

.675138+07

.206998+08
-.1001¿E+08

.2¿2658+08
- . ¿¿3288+07

. ó15308+07
-.126564+06
-.567958+06
- ,101768+0?
-.136458+07
-.128058+07
- .659 858+06

.AL227B+06

.2a34tB+O7

.S25t7E+O1

.7A2568+07
,10¿678+08
. 13 12 58+08
.158088+08
.185168+08
, 2 11838+08
.23 8598+08
.26367B+oa
.247228+OA
.307 658+08
.323 188+08
,332¿08+08

SY
.33{¡818+08
,33 0478+08
.322628+Og
.312018+08
.301398+08
.2 9 1168+08
,281458+08
.272498+Oa
.263 998+08
.255898+08
.24?688+08
.239938+08
.23 1758+08
.223668+0g
.215718+08
.207688+08
.19 9618+08
,191578+08
.183568+08
.175538+08
.167 518+08
.159 ¿18+08
.151238+08
.1¿2868+08
.13¿278+08
.125338+08
.116028+08
.1058¡¡E+08

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
-¿237 .2
-¿4342.
-9524.2
24s4.3

-.1¿6788+07
- .393798+07

1810r¡.
-372568+07

-.721568+A7
.724618+07
.108878+07

- .248818+08
.31¿3 98+06

-.157088+08
- .91¡8288+07
- .132978+08

.126508+06

.5¿03¿B+06

.101568+07

.137 478+07

.ttg97E+O1

.600208+06
-.839328+05
-.295278+07
- .5¿8108+07
-.A2]-778+O7
-.1102¿B+08
- .138¿78+08
-.156788+08
-.195288+08
- .223 818+08
- ,2 520¿E+08
- .279038+08
- .303868+08
-.325108+08
- .3¿168E+08
- .351728+OB

sxY
-.35ô¿38+08
- .350288+08
- . 3 ¿2 6,lE+ 08
- .331738+08
-.32O428+Og
- .309¿88+08
- .299288+08
-.2895?B+08
- ,280378+08
-.271768+0A
-.263018+08
-.254588+08
- .2¿6168+08
-.237548+OA
-.229018+O8
- .220538+08
- .212018+08
-,203478+08
-.19¿978+08
- .186¿58+08
- .177908+08
-.169308+08
- .160598+08
-.151708+08
- .1¿2588+08
- .133058+08
-.123098+08
- .1123{E+08

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
. o0000

riTTT POST1 NODAIJ SfIRBSS LIStrING TT.TT

LoÀD STEP= 1 SUBSTIEP= 1
TIME= 1.0000 LOÀD CÀSE=

THE FOIJIJOWING X,Y'Z VALITES ARE IN GLOBÀL cooRDINÀTBS

0

NODE
60
62
64
66
68
70
72
74
76
78
80
a2
8¿
86
88
90
92
94
96
98

100
ro2
10¿
106
108
110
TL2
LL4

svz
.00000
.00000
.00000
.00000
,00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

r 82



Appendix 2

.106928+08 .946578+07

.925548+Oi .819338+07

.765078+07 .669728+07

.578¿68+07 . ¿96858+07

.368828+07 .306¿38+0?

.167548+07 .120538+07
-. 132138+06 -.244248+06
-.119558+07 -.103628+07
-.151d5E+07 -.116588+07

r*rrr POST1 NODÀL STRESS I¡ISTING ittrr

LOAD STEP= 1 SIIBSTEP= 1
IIME= 1.0000 LOÀÐ CAÁ!E=

THB FOITIJOWING X,Y,Z VÀLITES ÀRE IN GLOBÀL CoORDINÀTES

116
118
t20
L22
124
126
t2a
130
132

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000

- ,100¿58+OB
-.870018+o7
-,713888+07
-.533478+07
-.337388+O7
- .150658+07

.113908+06

.tO4328+O7

.125738+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000

0

NODE
13¿
136
139
1(¡ 1
1¿3
1¿5
!47
L49
151
153
155
L57
159
161
153
165
168
170
L72
t74
!76
178
180
182
181¡
186
188
190
!92
194
196
198
200
202
204
206
208

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

svz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
-.115918+07
-. ¿35¿78+06
-. ¿53168+05
-.7.46328+A7
-.133538+07
- .621208+06

.I6S2LE+O7

.5¿5058+07

. 9 18{78+07

.108068+08

.879658+07

.55L2OB+O7

.26O5LB+07

.77 88¿B+06
36261.

-52680.
-327 55 .
55035.
,175098+06
4722r.

-.230578+05
-,543538+06
-.679428+06
-.651088+06
-.536728+O6
- .59¿578+06
-.732078+06
- ,106658+07
- .159308+07
-.2238O8+07
-.296728+07
-.377578+07
- , ¿60528+0?
-,5(¡7558+07
- .636078+07
-.726768+01
-.817588+07

sx
- .908628+07
- .999888+07
-.109148+08
-.118318+08
-,!27528+OA
-.13700E+08
- .1¿6568+08
-.156508+08
-.166988+08
-.178278+08
-,190698+08
- .2 0¿808+08
-,220118+Og
-.239908+08
- .261¿68+08
- .2837¿E+08
-,303718+08
- .3 16638+08
- .317738+08
- .30615E+08
- .284058+08
-.257258+Oa
-.230718+08
-.207398+08

SY
-.75625E+06
-.12156E+06
-.285898+06
-.812198+06
- .113708+07
-.718528+05

.15¿308+07

.5¿20(tE+07

.986018+07

.123188+08

.107918+08

.706888+07

.351578+07

.138178+0?

.1t¡059E+06
- .11¡¿938+06
- .132188+06
-2017.0
76777.
1697 6 .

-.288578+06
-.536748+06
- .614008+06
- .5270¿E+06
-. ¿7506E+06
-.428728+06
-.585208+05
-.922108+06
- .1¿0138+07
-.198828+07
-.264368+07
- .336138+07
-. ¿1135E+07
-. ¿89638+07
-.568958+07
-.6¿8558+07
-.729L58+O7

SY
-.810038+07
-.890828+0?
-.971908+07
-.10539E+08
-.113628+08
- .121828+08
-.1303{B+08
-.139108+08
-.14835E+08
-.158328+08
-.159124+08
-.182208+08
-.197728+Og
- .21¿888+08
- .23¿33E+08
-.25¿258+08
-.271828+Og
-.282398+0g
-.281778+Og
- .269938+08
- .2¿9538+08
-.226658+0A
- .20¿088+08
-.192968+08

sxY
.887¿88+06
.292138+O6

-.293478+06
-.865318+06
-.131188+07
- ,511038+06

.165828+07

.5501¿E+07
,9¿4118+07
.110048+O8
.936688+07
,6315óB+07
.32t298+07
.125998+O7
.151198+06

-¿3866.
60224.

-23330.
-7861¡8.
-12429.

.262928+O6

.5207¿E+06

.615¿18+05
,587258+06
,50¿958+06
.567888+06
.663538+06
.101018+07
.150178+07
.2!1378+O7
.2 80518+07
. 3 56188+07
. ¿355¿B+07
.518098+07
.60A72B+O7
.686808+07
.77ztoÈ+o1

1
ti{

'a!

r*+rr PosTl NoDÀL STRBSS LISTING.*r.r

I¡oÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀD cÀSE=

THE FoLLoWING X,Y,Z VALUES ÀRE IN GLOBAL CooRDINATES

0

NODE
210
212
2t4
2t6
2ts
220
222
224
226
228
230
232
234
236
238
240
2¿2
244
246
248
250
252
254
256

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. o0000
.00000
.00000
.00000
.00000
.00000
. o0000

sxY
.857958+07
. 9 ¿3 858+07
.103008+08
.111678+08
.120378+08
.t29248+OA
.138268+08
.1¿7628+08
.157¿98+08
.1681¿E+08
.179878+08
.193038+0S
.209 108+08
.227 428+oa
.247 498+OB
.2 68218+08
.286318+08
.297328+Oa
.297¿08+08
.286258+08
.2 65838+08
.2ó1558+08
.216978+08
.194958+08

sYz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
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Appendix 2

iTTTI POST1 NODÀI, STRESS LISTING "TI'

LOÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 I¡OÀÐ CÀSE=

THE FoLLOIqING X,Y,Z VALUES ÀRB IN GLoBÀL COORDINATES

25e
260
262
261
266
269
270
272
27Á
276
274
280
242

-.185508+08
-.1663¿E+08
- . 143 108+08
-.121988+08
-.987138+07
- .7 41298+07
- . ¿87338+07
- .258858+07
- .560?38+06

.877018+05

.146dBE+07

.151518+07

.tL2398+O7

-.163768+08
-.143228+Oa
- .1273 8E+08
-.107118+08
- . g6{238+0?
- .6¿3938+07
-. tl33638+07
-.22o448+07
-.4771t8+06

.698278+05

.121898+07

.128818+07

.975108+06

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
. o0000
.00000
.00000

.17¿8¿B+08

.15¿098+OB

.13¿688+08

.11¿218+08

.922788+07

.691258+07

. ¿60138+07

.2422t8+o7

.5607ôE+06
- .6585(tE+06
- .119258+07
- .133178+07
-.103508+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

0

NODE
2A¿
2A6
289
29t
293
295
297
299
301
303
305
307
309
311
313
31s
318
320
322
324
326
329
331
333
335
337
3¿0
342
3¿¿
346
3¿B
351
353
355
357
359
362

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
. o0000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. oo000

sYz
.00000
,00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
.726778+O6
.1196¿E+06
.101068+06
. tl¿3138+06
.958578+06
.106798+07
.91¿188+06
.577218+06
.203 888+06

-.193518+06
-.578708+06
-.9L2778+06
-.101¿98+07
-.927548+06
- .454228+06
-77 062 .
-,338928+08
-.278328+OA
-.211028+08
-.156948+08
-.122088+08
-.5380¿E+07
-.223038+07
- .201738+06

.582308+06

.520628+06

. 2 07 538+05

.422t28+O6

.7 18018+05
,8?6098+06
.L49928+07
.67511E+07
.885588+07
.5255¿E+07

-.630558+07
-.22O378+OA

.28¿¿88+08

sx
.233268+08
.216288+08
.2 5¿938+08
.297788+08
.131428+08

- .615268+07
- .2 ¿53 1E+08
-.353538+08
-,366948+08
-.258998+08
- .23¿138+08
- .22ó988+08
-.19¿378+08
- .130258+08
-.238298+07
- .375¿98+07
-. {¡78178+07

.130888+05

.11975E+08
-.180888+08

SY
.326138+06
59851.
7L376.
.53685E+06
.835868+06
,100078+07
.101388+07
.716558+06
.297 6tE+O6

-.1¿1918+06
-.615578+06
-.100868+07
-.7.L6228+07
-.100798+07
-.591178+06
- . 13 12 58+06

.194338+08

. ¿86588+07
-.56035E+07
-.830608+07
-.6¿3098+07
-.189158+07
-.12488E+07
-.930258+06
-.561258+06
-.257768+06
- .501108+06
-.523478+06

. ¿67318+06

.2 88808+0?

.63 939E+07
,1362¿E+08
.1729¿E+08
.2277 6B+Oa
.30t¡088+08
.3 59 014+08

-.575168+06

sr
.182518+08
.288758+08
.232628+os
.981298+07

- .72o598+O7
-.372068+07

.33 0118+07

.81¡8008+07

.810188+07

.98815E+07

.172898+08

.2503 8E+08

.309 518+08

. 2 88378+08

.1157¿E+08
,3tS97B+07

-.39t928+07
- .1192 SE+08
-.161t968+08
-.159258+08

sxv
-.527918+06
-99162.
97246.
. ¿89ó98+05
.825218+06
.lOL?2B+O7
.952178+O6
.6i¡3¿28+06
.2 ¿6118+06

-.172058+06
-.5935r¡E+06
-.9¿76¿E+06
-.107198+07
-.892188+06
-.512358+06
- .11¿928+05
-.L22078+Og
-.163378+08
- .12 829E+OB
-.193228+07
-, ¿97358+0?
-.365958+07
- .3077 4B+O7
-.206828+07
- .10¿878+07
-,337538+06

. ¿08¿28+05

.t22A7E+07

.240798+07

.335108+07

.370118+07

. ¿75638+07

.A35218+O7

.13¿788+08

.157988+08

.103578+08
-317 OIE+O1

*rrrr POST1 NODAL STRESS I¡ISTJNG "iri

LoÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOÄD CÀSE=

THE FOI.LOWING X,Y,Z VÀI,U8S ARB IN GLOBAI, COORDINÀTES

0

NODE
364
366
368
370
373
375
377
379
381
384
386
388
390
392
395
397
399
{01
¿03
¿06

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
.73 188E+07
.106788+07

-.524628+07
- .285308+07

.19 1848+08

.2 597 9B+08

.237888+08

.138368+08

.134628+07

.106608+07
-1697.8
-.¿18968+07
-.127¿¿E+08
- .209 818+08
- .23916E+08
- .23 58¿E+08
- .2¿6358+08
- .2¿9 188+08
- .177558+08
-.tO27oB+o7

svz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000

t
I
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Appendix 2

r*rrr POST1 NODAL SIIRESS I¡ISTING r¡rrt

LOÀD STEP= 1 SIIBSTEP= 1
TIIIE= 1.0000 I¡OÀD CÀflE=

TIIB FoLIJOWING X,Y,Z VÀ.I,IIES ÀRE Il¡ GLOBAL COoRDINÀTBS

¿08
¿10
4t2
¿1¿
4L7
¿19
42t
423
425
428
¿30
432
434
435
¿39
4¿1
¿¿3

-.1¿79¿E+08
-.1¿1088+08
-.1¿808E+08
-.1079¿B+08

.Lt477B+OA

.235508+08

.282388+08

.240O2E+og

.1¿¿508+08

.861608+07

.989608+0?

.132728+Og

.178178+08

.250058+08

.411{38+08

.3 9 16BE+OB

.257198+08

-.1713¿E+08
- ,539078+07

.753¿{E+07

.t92528+Og

.198608+08

.115108+08

.631058+07

.327A7B+07

.800078+06
-.10000E+08
-.112¿78+08
-.6220a8+07

.187508+07

.635018+07
-.256038+07
- .7 189 18+07
-.671818+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.292atB+O1

.3631¡¿E+07

.27 4lAB+07
- .49!778+07
-.222298+0g
-.205248+OS
-.142778+oa
- .858128+07
- .7 42078+07
-.111118+08
-.a51978+07
-.633228+07
-.7526L8+07
-.11¿¿78+08
-.758928+07

,3¿6518+07
.1¿392E+08

.00000

.00000

. o0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

0

1!

NODE
445
447
4¿9
450
¿51
452
¿53
454
¿5s
(t5 6
457
¿58
¿59
,t¡60

¿61
462
,tl63
46¿
465
466
Á67
Á68
¿69
170
47L
472
473
474
475
476
477
474
479
¿80
481
452
483

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
. ¿129¿E+07

-.129(¡98+08
-6126.5
-.651¿38+06
-.t2a2gB+O7
-.199168+07
-.300758+07
-. ¿00258+07
-.592978+07
-.123568+08
- .236698+08
-.256t28+Og
- .232308+08
-.167868+08
-.137658+08
- .9 50688+07
-.6]-6268+07

.185028+07

.3927 4E+07

.26O2LE+07

.421768+06
-1¿925.
-.296388+06
- .286558+08
-.237928+Og
-.182988+08
-.113938+08

.1?6098+07
- ,269 138+08

,99¿8¿B+07
.237628+Og
.2¿6658+08
.203 ¿98+08
.2o3228+Og
.119248+08
.102¿18+08
.692958+O7

sx
,156898+07

-.620028+07
- .109268+08
- .156468+08
- .205888+08
- .2¿1¿6E+08

.1¿8088+08

.1681¡08+08

.111158+08

.1¿83 1E+08
,172818+08
.833658+07

-. ¿066¿B+07
-.1151{B+08
-.1¿¿908+08
-.120858+08

slf
-,183638+07
-.25L228+07
2301.4
.215508+06

-54729 .

- ,6¿3328+06
-.152658+07
-.260288+07
-.37016E+07
- .18¿1{E+07

.657398+07

.105678+08

.217278+Og

.2O7 17B+OA

.25L478+Og

.25l2tE+OA

.235318+08

.185978+08

.8¿8218+07

.514318+07

.209518+07

.137668+07

.77 ¿328+06

.109 468+08

.25Oo7E+07

. 9 ¿0¿¿E+06

.A72OLE+07

.118318+07

.1¿¿528+08

.426968+07

.88341E+0?

.73 83 8E+07

.3156¿E+07

.344738+07
-.244538+O7
- .660568+07
- .734308+07

SY
.388278+07
.224148+OA
.250928+08
.253 818+08
.23 5¿98+08
.197258+08

-. ¿¿1308+07
.223A28+O6

-.5839¿E+07
.52083E+07
.938278+07
.141898+08
.7t¡0638+07
. 3 53 ¿68+07
.2O7OsE+07

- .238058+07

sz
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sxy
.160388+08
.17 4t3E+O7

-.135298+06
- ,617628+06
- .857668+06
- .112688+07
- .161018+07
- .189008+07
- .328008+07
- .662098+07
-.713288+07
- ,588308+07
- .3 533 6E+06

.181218+06

.273548+07

. ¿3¿¿98+07

.5551¿B+07

.8155¿B+07

. ¿19038+07

.233528+o7

.135838+07

.105898+07

.684¿08+06
, 47 99 6E+O7
.125518+08
.155998+08
.108808+08
.1¿2718+08
.155¿58+07
.118638+08
.597788+07

- .196¿78+07
-.5722t8+07
- . t26498+07
-.913838+07
-.133{¡38+08
-.182598+08

sxY
- .2523 58+08
- .208518+08
- .169168+08
- .12¿868+08
-.752238+07
-.247028+07
- .9280¿E+07
- ,108938+08
-.8¿9858+07
- .130¿28+08
-.1391¿E+08
-.t21718+OA
-.665958+07
-.357198+07

.8506¿E+06

.629398+O7

sYz
.00000
,00000
. o0000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000

titti POST1 NODAL STRESS I¡ISTINO trr*'

LOÀD STEP= 1 SUESTBP= 1
TIME= 1.0000 I¿OÀD CASE=

THE FOI,LOWING X,Y,Z VÀúITES ARE IN GI,OBAI, COORDINÀTES

0

t
I

NODE
48¿
485
¿86
487
¿88
¿89
¿90
{9L
492
¿93
¿94
¿95
¿96
497
¿98
¿99
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500
501
502
503
5 0(¡
505
506
507
508
509
510
511
572
513
514
515
515
517
518
519
520

.8866¿E+06

. ¿38268+07

.129998+Og

.2t72gE+oa

.247248+08

. 2 58028+08

.23 9688+08

.23 {8¿B+08

.201518+08

.11726E+08
-. ¿52558+06
-.772508+06
-.602138+05
-.6¿¿66E+06
-.652678+06
-.402088+06
- .630368+05
-, rt3829E+06
-.1658¿B+07
-.217888+07
-.896768+06

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

.743918+07

.618¿58+07

. ¿30188+07

.2t6628+07
-.835978+06
-.256248+07
- ,87?338+07
-.803418+07
-.953598+07
-.93311E+07
-.102908+06
-.207938+06
-Lgo23.
-7290.5
86991,
.260198+06
65002.
60980.

- .2¿7698+06
- .50¿¿58+06
-19918.

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
,00000
.00000
,00000
,00000

-.322638+07
-.958898+07
-.55¿6¿E+07
-.133508+07

.1o72aE+o7

.2077 8E+06
- .528058+06
-.2A7538+07
-.18¿588+07
-.517?88+07

. ¿09678+06

.518¿28+06

.632118+06

.663318+06

.6¿6018+06

.522238+06

.690978+06

.609598+06
- .279818+06
-,986788+06

.48467E+06

Appendix 2

rt**i POST1 NODAL SÍRESS I¡ISIIING rt*r'

LOÀD STEP= 1 SUESTEP= 1
TIME= 1.0000 LOAD CÀSE=

THE POLLOWING X,Y,Z VAI,I'BS ÀRE IN GI.OBÀI, COORDINÀTES

0

NODE
521
522
523
524
525
526
527
s28
529
530
531
532
533
53 (¡

535
536
s37
538
539
540
5¿1
542
5¿3
544
545
546
547
5ó8
5¿9
550
551
552
553
55¿
555
556
557

sx
-.994228+O6
-.302388+07
- . {57 O7B+o7
-.20137E+08
-.173108+08
-,22818E+08
-.979058+0?
-.23¿838+08
-.180908+08
- .22 1108+08
-.1981¿B+08
- .177918+08
- .159008+08
-.1532¿E+08
-.207138+08
-.1963t18+08
-.175938+08
- ,16358E+08
-.1¿919E+08
- .141t¡{B+08
-.125598+08
-.887¿68+07
- ,106?28+08
-.111908+08
-.103008+08
- .3031¿B+07

.61¿318+06

.137158+07

.521988+06

.233 108+07

.1¿3708+07
-.295238+06
-.538058+06
-96472.
- .288818+06

.377318+06
-.235778+Og

sx
- .217 518+08

.252168+07
-.251998+08
-,207298+Og
- .197628+08
-.185998+08
-.168958+08
- ,1¿59 0E+08
-.719298+07
-.199538+07
- ,2 ¿¿958+08

.6o8618+07

SY
-49223.
- .189r¡78+07
- ,27 57 4B+o7

.571998+07

.17814¡E+07

.9O9428+07
-s609¿,

.15566E+08

.16¿668+08

.10909E+08

.121¿28+08

.136868+08

.1¿8268+08

.163678+08

.102068+08

.110808+08
,12285E+08
.133248+08
.1¿5278+08
.187878+08
.21¿918+08
.221688+08
.228798+Og
.205398+08
.205668+08
,19428E+08
.136688+08
.289168+07
,224498+07
, ¿0900E+07
.228AlE+O7
.130738+07
.890988+06
.159838+07
.125898+07
.185328+07
.928068+07

SY
,357¿58+07
.80806E+07
.137858+08
.slg628+07
.1¡66808+07
.292938+07
.4A2l7E+06
. 3 ¿2 038+06
.31¡¿688+07
. ¿03388+07
,17146E+08
.27 9678+07

sxY
.L62478+O6

- .109558+07
-.2275o8+o7
-.503218+07
-.675o68+07
- .3911¿B+07
-.413868+07
-.281558+07
-. ¿67938+06
-.195268+07
-.167¿18+06

.120558+06
-7 664t.
- .362698+06
-.873528+06

, ¿13 ¿68+06
.113598+07
.516988+06

-17320.
- .52069E+06

1102 5 .
.ta677B+O7
.LO377E+O1

- .108{¡58+07
-.102058+07

,61?858+07
.59¿418+0?
.778618+06
.624578+06
.t6O21B+07
. ¿29338+06
.510¿88+06
,3 0¿138+06
.29328E+06
203A.7
.t77778+O6
.7 697 2B+O7

sxY
.101638+08
. ¿03118+0?
. {¡32188+07
.7 60668+07
.9099?E+0?
.911688+07
.10357E+08
.105568+08
.119718+08
.133658+08
.554798+06
.13634¡E+08

sYz
,00000
,00000
.00000
.00000
.00000
.00000
,00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
. o0000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
,00000
.00000
, o0000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sz
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

r**rt POST1 NODÀL STRESS I¡ISTING ttrt*

LOÀ.D STEP= 1 SUBSTBP= 1
TIME= 1,0000 LOAD CÀSE=

THE FOLIJOWING X,Y,Z VAI'UES ARE TN GI]OBAI, COORDINATES

0

NODE
558
559
560
551
562
563
564
565
566
567
568
569

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
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Appendix 2

570
57L
572
573
57 1
s75
576
577
578
579
580
581
582
583
58¿
585
585
547
588
589
590
591
592
593
591¡

NODE
595
596
s97
598
599
600
501
602
603
60¿
605
606
607
608
609
610
611
612
613
61¿
615
616
677
618
619
620
621
622
623
624
625
626
627
624
629
630
631

NODE
632
633
634
635
636
637
638
639

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000

s(z
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.100168+08

.257798+o6

.568568+06

.818168+06

.2¿37 68+06
-.379098+06
-.1250¿E+07
- .865258+06
- . ¿3]-228+06

.658778+06

.3222¿B+o7

.5897¿B+0?

.820308+07

.102198+08
,151008+08
.22L948+Og
.238078+08
.251598+08
.296658+08
.3112¿E+08
,3 13 918+08
.32 5¿58+08
.321738+08
.315878+08
.308138+08

-.692268+07
-.557058+06
- .835(¡58+06
-.5O7248+06
-.297768+06

.160678+07

. ¿908¿E+07

.447958+07

.7]-2548+07
,100988+08
.t22968+Og
.1¿3888+08
.156118+08
.189 538+08
.231268+OA
.2 69898+08
.282608+08
.289818+08
.2 882¿E+08
.2763 6E+08
.253 ¿68+08
.255538+08
.249L28+OA
.2¿¿55E+08
,240038+08

.362tSB+07
-ttL7t3.

.22t938+06
-23955,

.379708+06

.13¿768+05
-.6102¿E+06
-.15¿968+07
-.323108+07
- .5¿71¿E+07
-.798258+07
- .10¿078+08
- .12675E+08
- ,1¿8608+08
- . 19 57 9E+08
-.2{9038+08
-.26t268+O8
- .2? 6118+08
- .298668+08
- .299338+08
-.2877tB+Og
- .290578+08
-.2A4228+Oe
-.278338+08
-.272t38+OA

sxY
58318.

- . ¿2¿0¿E+06
.1386¿B+06

-.224t18+Og
- .195198+08
- .199128+08
- .179158+08
-.191¡0¿E+08

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

. o0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

'tttt POST1 NODÀIJ STRESS LISTING t'rr*

LOAD STEP= 1 SIIBSTBP= 1
TIME= 1.0000 LOÀD cÀsE=

THE FOI,LOWING X,Y,Z VÀLUBS ÀRE IN GI.OBÀI, COORDINATES

o

sx
.297AZB+OA
.282538+08
.278008+08
.27L298+Og
.262628+Oa
.251168+08
.251068+08
.23 5018+08
.2 183 8E+09
.2093 5E+08
.201888+08
.19¿138+08
.186728+08
.178708+08
.170278+08
.161898+08
.1536¿E+08
,136608+08
.1277 4B+Og
.118098+08
.119968+08
.1068¿E+08
.863628+07
.7 S7.O2E+07
.3877 88+07
.2O2glB+07
.755798+06

-.290528+06
.1715¿E+07
.215978+07
.2883¿E+07
.877 438+07
.919088+07
. ¿¿8628+07

- .3015{B+07
-.293268+Oj
-.222998+07

SY
.231538+08
.212338+08
.2t7ztg+Og
.21¿988+08
.2O9258+OB
.186778+08
.197 47B+Oe
,180?38+08
.16¿928+08
.156278+08
.1¿9128+08
.141518+08
.13592E+08
.130058+08
.122688+08
.113988+08
.10¿568+08
.899708+07
.821388+07
.725O28+07
. ¿76588+07
.602758+07
.431038+06

- .17 4798+06
-.513818+06
- .29 S70B+06

.2t7778+O6

.750348+06

.27 6L9E+o6
- .499228+06
-.7øO¿28+06
-.166858+07
-.960508+06

,375618+07
.7 81808+07
.888608+07
,671838+07

sxY
-.262778+Og
- .2¿5358+08
- .2¿61S8+08
- .241848+08
-,234728+Og
-.2t7428+OA
-.22303E+08
- .2066¿E+08
- .190¿28+08
- .181618+08
-.17¡1288+08
- .165628+08
- .160198+08
- .153328+08
- .145478+08
-.136988+08
-.128188+08
- .112578+08
- .10¿378+08
-.947628+07
- . 8¿3 028+07
-.831238+07
- .4297 48+07
-.2623A8+07
- .108938+07
- .33,r¡538+06
-2t5r2.

6999¿.
-58351.

.261¿18+06

.5¿0¿38+06

.347 O2B+O7

.572588+07

.70? ¿08+07

. ¿5098E+07

.223498+07

.927298+06

rirr* POST1 NODÀL STRESS LISTING rrr*'

r'oAD STEP= 1 SUBSTEP= 1
TIMB= 1,0000 LOAD CASE=

THE FOI,LOWING X,T,Z VÀTJI'ES ÀRE IN GI'OBAL COORDINÀTES

0

sx
-.261788+06

2773 .4
.99 0¿68+06
.163118+08
.8921óE+07
.2277.O8+Oe
.218528+08
.107358+08

SY
.153388+07
.8¿5¿?E+06
.3¿35¿E+06
,268868+08
.263 518+08
.1?3508+08
.1¿329E+08
.2 60558+08

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
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6rt0
6¿1
642
6¿3
644
6¿5
645
647
6¿8
6r¡ 9
650
651
652
653
65¿
655
656
657
658
659
660
561
662
663
66¿
665
666
667
668

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.225438+OA

.9tI8148+07

.123058+08

.125o98+08

.998288+05

.120008+07

.728758+07

.1(¡¿8¿E+07
-244728+07
.92gl2B+06
.1¿181E+0?
. 83 ¿¿OB+06
.384088+06

- .1446t18+06
-.902¿38+06
-.1950¿E+07
-.2O94A8+Oj
-.312078+07
- .4A2L6B+07
-.503578+07
-.58¿828+07
-.612298+07
- .7 5988E+07
-.824408+07
-.997268+07
-.102038+08
-.112598+08
-.121618+08
-.130908+08

SX
-.141588+08
- ,15649E+08
-.1¿9528+08
-.161978+08
- . 177 5¿E+08
- .19¿338+08
-.2O9t28+OA
-.227t78+og
- .2¿5828+08
-.262O78+Oa
-.262618+0g
-.2r19108+08
-.228798+OB
- .2 01668+08
-.189848+08
-.172908+08
-.157328+08
-.1¿1718+08
-.97o708+07
-.519078+07
-.347968+07
-.!75528+07

.33¿168+06

.8¿0818+06

.856388+06

.758988+05
- .608tI98+06
-.299178+06
-.326288+06

.516308+06
- ,25¿108+07

.2 553 ¿E+06
-.580188+0?

. ¿6¿¿08+06
-.922438+07
- .68¿808+07
- .142378+08

.1¿9388+08

.2397O8+O7

.6327 0B+o6

.278L58+O7

. ¿24418+06

.3208¿E+06

.565728+06

.7.22068.+O7
,23r¡8BB+07
.876308+06
7f¡492.

- .6529 ¿E+06
-.7,28878+07
-.193018+07
-.255938+07
-.295428+07
- .422698+07
-.56936E+07
-.6¿3538+07
-.71880E+07
-.7951¿E+07
-.87]-218+Oj
-.948728+07
-.1O2228+Oa
-.110¿38+08
-.119798+08
-.12892E+08
-.138108+08
-.1¿8228+08

,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

- ,185578+08
-.58?584+07
- .675898+07
-.?88688+07
-.863578+06
- .733978+06
- .760388+06
- . 1103 5E+07
-.239938+07
- .97 1608+06
- .9¿395E+05
- .18¿¿¿E+06

. 419 138+06

.10¿188+07

.t7s61B+o7

.2177 9E+O7

.322128+O7

. ¿¿8628+07

.535658+0?

.618818+07

.697618+07

.779228+07

.861578+07

.930578+07

.100818+08

.111528+08

.L2t27B+OS

.130258+08

.139878+08

'r'rr POST1 NODÀL SrRESS LISIIING t'r"

L,oÀD STEP= 1 SIIBSTEP= 1
TIME= 1.0000 LOÀD cÀSE=

THE FOI.LOWING X,Y,Z VÀI,I'BS ÀRE IN GLOBÀL COORDTNÀÎES

o

NODE
669
670
67r
672
673
674
675
616
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
69¿
695
696
691
698
699
700
70t
702
703
?04
705

SY
- .159418+08
- .171¿58+08
-.190108+08
-.2087¿E+08
-,2235¿E+08
- .233218+OB
- .232808+08
- .2193 1E+08
-.196¿78+08
- ,1?6878+08
- ,1597 18+08
- ,1550¿E+08
- .113524+08
- .1055¿E+08
-.657298+07
-.538688+07
-.617098+07
- .50807E+07
-.t9[288+07

.9257 ÁB+06

.108¿28+07

.37 5568+06
-39598.
- ,520068+06
- .5¿0608+05
- .205¿28+06

.363338+05

.725798+06

.7 51918+06

.9¿6¿¿E+06
- . ¿93668+07
-.¿7586E+07
-.1?¿328+08
- . 4O7 598+07
- ,190538+08
-.150998+06

.509888+07

sxY
,1507 0E+08
.163978+08
.169508+08
.185508+08
.202 098+08
.2t7298+Og
.227668+08
.232798+Og
.230758+08
.224228+08
.210828+08
.19 9338+08
,165898+08
.150158+08
.12¿388+08
.111508+08
.107898+08
.9¿5918+07
.562488+01
.158908+07
. ¿26108+06

- .2 18618+06
- . {¡2¿058+06
- .2079¿8+06
79539.
.373 818+06
.232738+O6
.28137E+06
.202 508+06

-.tO77tB+O1
.3 80778+07
.23 5068+07
.13?718+08
,186?¿E+07
.11¡0258+08
.31¿0¿E+07
.26336E+0?

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
- 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000

*iiii POST1 NODAL STRESS LISTJNG TTITT

LOÀD STEP= 1 SUBSTBP= 1
TIME= 1.0000 LOAD CAÉIE=

THE FOI,LOWING X,Y,Z VAI,I'ES ARE IN GIJOBÀL COORDINÀTBS

0

sx sY
-.112508+08 .l9s24B+O7

,293538+06 -.5¿8098+06
8¿166. -.1619¿8+06

-.6rt88?E+06 .45¿968+06

sz
.00000
.00000
.00000
.00000

sxY
.385558+07
.335368+05
. ¿18808+06

-.113858+06

NODB
106
707
708
709

88

sYz
.00000
.00000
.00000
.00000

sxz
.00000
.00000
,00000
.00000



Appendix 2

710
771
7t2
7t3
7L4
7t5
716
711
718
7t9
720
72\
722
723
724
725
726
727
725
729
730
731
732
733
734
735
736
737
738
739
740
7tt
142

.00000

.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

. o0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

-.603958+06
- .2 60888+06

.265228+O6

.3 92648+06

.273768+06

.208768+08

.1¿8¿¿E+08

.133578+08

.21¿008+08

.15879E+08

.108268+08

.181308+08

.1¿85¿B+08

.117958+08

.99t768+07

.100¿58+08

.16¿198+08

.1353¿E+08
,107878+08
. 9 59 068+07
.10¿728+08
.106518+08
.911718+07
.7 61118+07
.100388+08
.12358E+08
.1186O8+08
.1¿6198+08
.680¿88+07

-.129958+07
-.1¿9558+07
-.650398+07
-.110794+08

.32L7tE+O6

.1137 6E+06
-.10,l¡608+06
-.62O028+06
-.837888+06

s4236.
.5902(¡E+05

- .560398+07
.L27o9B+07
.352118+07
.22534Ê+O7
.1¿99¿E+07
.173058+07
.266368+Oj
.3069 1E+07
.157798+07

-.159¿08+07
=.174248+07.L22l9E+07

.2r18518+07
- .178668+07
- .108668+07
-.1¿0¿78+07

. ¿36338+07
-.367758+07

.126958+07
-.338978+06

. {05018+07

.12¿658+08

.160178+08

.2273o8+Og

.2352¿B+OA

.235778+Og

- .375368+06
-.437238+06
- ,372008+06
- . 3 15468+06
-.275298+06

. ¿30518+07

.106808+0S

.756708+07
- .181578+07
- .67 4928+07
-.810868+07
-. ¿65698+0?
-.698¿28+07
-.798828+07
-,8235¿E+07
-.870938+07
- .35741E+07
-.523938+07
-.745018+07
-.789568+07
-.103¿98+08
- .111008+08
-.195888+08
- . 22 803E+OB
-.156868+OB
-.170768+08
-.135348+08
- .157378+08
- . 23 5928+08
- .2¿¿078+08
- .18¿908+08
-.157008+08
-.128718+08

r'rri POST1 NODÀL STRESS I¡ISTING rrr*'

LOÀD STEP= 1 SIIBSTEP= 1
TIME= 1.0000 LOÀD CÀflE=

TTTB FOI,LOWING X,Y,Z VÀLI'BS ARE IN GI,OB.AI, COORDINATBS

0

NODE
743
744
745
746
747
748
749
750
75L
752
753
754
755
756
157
?58
759
760
76L
762
763
764
765
756
767
168
769
770
77r
772
773
774
775
776
777
778
779

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000

sx
- .21Á68E+08
-.165738+08
- .135¿28+08
- .18838E+08
- . 2156tlE+08
-.221058+08
- .21¿368+08
- .2029 1E+08
-.1937t18+08
-.185¿58+08
-.179328+08
-.t72298+08
- .166008+08
- .15662E+08
-.149888+08
-.133988+09

.155¿38+0S

.161¡63E+08

.1¿231E+08

.1¿6558+08

.t44278+OB

.13 5798+08

.120308+08
,105238+08
. 82 57 68+07
.1280¿E+08
.6399(¡E+07
. ¿39¿18+07
.140r188+07

-.51¿1¡18+07
-.857198+07
-.986698+07
-.769428+07

.124528+OA

.146538+08

.975558+07
,178068+08

SY
.2067 8E+08
.229318+OA
,2309 0E+08
. 2 13 698+0 I
.187808+08
.159828+08
.135508+08
.116938+08
.793128+07
.516¿78+07
.2 83698+07
.t27A0B+07
. ó61508+06
. 563 538+06
.13¿768+07
.1790¿E+07

-.259948+07
.155628+06

- .3981¡?E+07
- .3163¿B+07
- .973078+06

.146648+07

.424438+07

.891138+07
,106698+08

- .357 478+07
.9¿2588+07
.663578+07
.45343E+07
.48300E+07
.5737t8+07
.675918+07
.17 4t7B+07

- .3761¿E+07
.752058+06

-.152a78+o7
,9 68348+06

SXY
- .426498+07
-.901738+07
-.981708+07
-.5I3478+07
-.768¿08+06

.255858+07

. ¿65328+07

.5667t8+07

.7 37 958+07

.82 1038+07

.859218+07

.870938+07

.8811¿E+07

.892598+07
,979388+07
.119098+08

-.101618+08
- .1190¿E+08
- .801668+07
- .8610¿B+07
-.105078+08
-.115¿38+08
- .116228+08
- .111828+08
- .889528+07
- .7 57 468+07
-,683578+07
-,595838+07
- . 63 19 ¿E+07
-.622048+07
-.461788+07
- .2870¿E+06

.551818+07
39300.

-16635.
- .6211¿E+06

.225128+06

sltz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

rr*ir PosTl NoDAL STRESS I¡ISTING .rr.r

LOÀD STBP= 1 SIIBSTEP= 1
TIIIE= 1.0000 LOÀD CÀSB=

THE FOT.LOIíING N,Y,Z VÀLIIES ÀRE IN GLOBÀL COORDINÀTBS

0

NODE SX SY sz

89

sxY svz sxz



Appendix 2

rTTTT POST1 NODAI, SITRESS LISTING T'IT¡

LOAD STEP= 1 SUBSIÍEP= 1
IIME= 1.0000 LoÀÐ CÀSB=

THE FOLLoITING X,Y,Z VALI'ES ÀRE IN GLOBÀL COORDINÀTES

780
7S1
752
783
744
785
786
757
788
749
790
79r
792
793
794
795
796
797
798
799
800
801
ao2
803
80¿
805
806
807
808
809
810
811
sL2
813
81¿
815
816

NODE
817
818
819
420
a2t
422
823
s24
82s
s26
827
s2s
s29
830
831
832
833
83¿
835
836
a37
838
839
8¿0
841
442
843
8¿l¡
8¿5
8¿6
847
8{t8
8¿9
850
851
8s2
853

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
,00000

. 2 02 tl4E+0I

.235988+08

.206(¡68+08

.t65228+OA

.132938+08

.17 0598+08

.1¿¿978+08

.133¿28+08

.122838+08

.138528+08

.13373E+08

.1,í1¿68+08

.1¿2958+08

.13¿818+08

.7.29248+OA

.11282E+08

.99785E+07

.831898+07

.666718+0?

. 57 53 58+07
- .675208+06
-.1351{E+07
-.577038+06
-.7.9¿758+07
- . 3 008¿E+07
-.567218+07
-.169588+08
-.210298+08
-.19¿808+08
-.183708+08
-.166028+08
-.15¿708+08
- .1¿1798+08
- .137?48+08
-.130478+08
-.121608+08
-.1869¿E+08

sx
- .185788+08
-.575538+07
-.956¿18+07
-.6¿285E+07
- .119588+08
-.106308+08
- ,997908+07
-,12,(¡1¡98+08
-.113218+08
-.105398+08
-.101808+08

.978508+06
-.8,{6908+07

,103108+07
.tl243B+O7
.279518+O6

-.137218+08
-.513568+06
-.1¡¿4178+06
- .601508+05
-.858658+07

.660858+06

.145238+06
-.315798+07
-.11¡3538+07

1¡11¿3.
-.300518+07

.5161t18+07

.171758+08
,979588+07
.977 O6B+07
,133058+08
.1032418+08
.972OEB+O1
.941278+O7
.1098¿B+08
.130878+08

-.186918+07
-.3279O8+O7
- .355328+07
-.328808+07
-.32A7A8+O7
- . 3 ¿¿1OB+07
-.260378+07
-.236708+07
- .314878+07
- .305788+07
-.297578+07
- .301¿1E+07
-.2029O8+O7
-.tt2S4B+07

9424.4
.205738+07
.395¿3E+07
.560988+07
.728688+07
.752428+07
.796858+06

-.596278+06
- .33 5558+06
- .129808+07
-.202898+01
-.18006E+07

.580¿18+07

.8¿¿968+07

.968298+07

.113¿68+08
,122928+oB
.132888+08
.11¡¿778+08
.159528+08
.L7 6228+oa
.19¿058+08
.a7.2368+Oj

SY
,10527E+08
.19¿¿08+08
.197518+08
, 169 608+08
.182328+08
.193¿?E+08
.192888+08
.173058+08
,190388+08
.185618+08
.189698+08
.2067 98+O7
.186888+08
.1r10068+07
.473558+07
.880¿38+07
.2691t8+07
.tl229B+07
. 82 87 1E+06

-.7114918+06
. 113 598+07
.129888+07
.131308+07
.7.32298+Og
,898088+07
.515808+07

-.206468+07
-. ¿84988+07
-.399858+07

.336218+0?

.320988+07
-.670i¡58+07
-.375698+07
- .5¡ló968+06

.7.257 OB+O7

.135¿68+07

.229708+O7

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000

-.t7t2lB+O1
-.5735¿E+07
- .923868+07
-.10¿01¡B+08
-.979568+07
- .9 583¿B+07
-.965098+07
-.898188+0?
- . 83 5278+07
-.779658+07
- .7777 6E+O7
- .805128+07
- .9ó6538+07
-.966608+07
-.102128+OB
- .102978+08
- .101278+08
-.921368+07
-.759798+07
-.586988+07

¿4¿95.
51150.
.277 6tB+O6

- .276038+06
-.L0724Ê+O7
-.27O198+O7
-.27ttoB+O1
-.279378+0?

.131868+06

.1¿1608+07

.149978+O7

.803288+06
- .108208+05
-.713578+o6
-.112918+07
-.L2276E+O7
-.918308+06

sxY
.158¿18+07
.245508+07

-.152858+07
.2o6738+06

-.187018+07
-.229678+07
-.252008+07
-.162078+07
-.2LO378+O7
-.331858+07
- .296598+0?

.2t2t9È+O6
-.191388+07
2209!.
.t7061B+07
.319958+07

- . ¿18498+07
.156438+06

-.201188+06
.215¿08+06

-.220098+07
- .10¿108+06
- ,110168+06

.1t!8168+07

.158238+07

.105308+07

.153578+08

.132¿¿E+08

.529198+06
-.8¿8318+07
- ,81¿5¿E+07

.105538+07
-. ¿3015E+07
-.6¿¿138+07
- .730808+07
-.100308+08
-.125028+08

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

s.lrz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00p00
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

0

rtrrr POST1 NODAL STRESS LISÍING 'rrrr

LOÀD STEP= 1 SIIBSTEP= 1
TIMB= 1.0000 LoÀD CÀsE= 0

90



Appendix 2

THE FOI,LOWING X,Y,Z VÀIJI'ES ÀNE IN GI'OBÀI, COORDINATES

NODE
85¿
855
856
857
858
859
860
861
862
853
86¿
865
866
867
868
859
870
s7r
472
873
474
875
875
877
878
479
880
881
882
883
884
885
886
88?
888
889
890

sx
.142728+Og
.1199 lE+08
.1¿6618+08
,951718+07
,812018+07
.87 5428+07
.125738+08
.920118+07
.6¿7228+07

- .943308+07
.175388+08
,937 428+07
.337 O2B+07

-.249a78+o7
-,657108+07
- .116¿88+08
-.1631¿B+08
-.978138+07
-.1¿2358+08
-.16?358+08
- .192858+08
-.19925E+08
-.195628+08
-.179848+08
-.180998+08
-,188208+08
- .188298+08
- ,185¿28+08
- .181078+08
-.L77248+OS
-.17¿768+08
-.173678+08
-.175228+Og

.50771E+07

.18053E+08

.l2O29B+07

.151628+08

sx
-.232418+07
-.550808+07
- .605388+07

.24]-2tB+07

.981{88+07
-.185068+08
- ,156668+08
-.183518+08
-.2LO328+og
-.193398+08

.102028+08

.120398+08

.18011E+08

.197718+08
,160868+08
.1¿7398+08
.1667 1E+08
.128438+08
.137518+08
.136198+08
.1r¡079E+08
.135828+08
.1¿2078+08
.156688+08
.861538+07
, 13 ¿198+ 08
. 13 8068+08
.139078+08
.13s9¿E+08
.140668+08
.128588+08
.117¿1E+0S
.101158+08
.647 O7B+O7
.1361¿E+08
.12959E+08
.120068+08

SY
, ¿¿6638+07
. (¡71588+07
.555298+07

- .860068+0?
- . 503 0¿B+07
- ,137088+07

,103068+08
.1078¿E+07

- ,969208+07
.80¿028+06
.7 49638+07
.187908+08
.211938+08
.240058+08
.23 8608+08
.232548+OA
.218178+08
.235088+08
.22IL9E+OA
.2016¿E+OB
.19¿698+08
.173288+08
.155488+08
. 1862 8E+08
.170898+08
.13?198+08
.107988+08
.809378+07
.542a78+O7
.3!2698+07
.131038+07
.297838+06

-75346.
,611638+0?
.210028+08
. tl1682E+07
.163118+08

SY
, {{9198+07
.620838+07
.7683 5E+07
.285188+07

-.35r¡¿58+07
-.206798+07
- . ¿36168+07
-.665?08+06
-,3¿8678+07
- .136808+07

.762 058+06
,6611¡98+06

- .3 5á018+07
- .413358+07
-,295678+07
-.241658+07
-.332558+07
- .255¿38+07
-.207718+01
-.250178+07
- .27 o91E+07
-.LO2t1B+Oj
-.179818+07
-.302128+07
-.389i¡78+06
-.2¡.9538+07
- .216188+07
-.2346¿E+07
-.234968+07
- .251598+07
-.9a2218+o6

.350528+06

.20¿588+07

. ¿76058+07
- .186108+07
- .166198+0?
-.777958+O6

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
-.120958+08
- .201328+08
-.182068+08

.910658+06
- .325108+07
-.5AL428+07
-.220678+09
-.7LO298+o7

.968128+07

.1¿3688+08
-.162518+08
-.228078+og
- .209768+08
- .161038+08
-.139058+08
-,988058+07
- .587708+07
- ,991608+07
- .635578+07
- .32¿538+07
- .167618+07

.100718+07

.264168+07
-.673398+06

.935368+06

.3 8¿838+07

.563638+07

.683738+07

.7 62288+07

.805558+07
,e249AB+07
.841258+07
.893818+07

- .450428+07
-.242928+OB
- . ¿11558+07
- .231(¡08+08

sxY
-.582338+07
-. ¿0¿718+07
-.12599E+0?
-. ¿31258+07

.101688+0?

.131288+08

.158778+08

.10¿908+08

.119208+08

.917 268+07
- . rt46538+06
-¿20¿8.
- .44lo2B+O7
-,759658+07
- .880868+07
-.916238+07
- .7 44298+07
-.813618+07
-,873008+07
-.7a2758+O7
-.799118+07
-.944778+06
-.85¿758+07
-.58523E+07
-.895?¿E+06
-.811¡¿88+07
-.7897L8+o7
- .78508E+07
-.79630E+0?
-.s42248+o7
-.92sa28+07
-.955258+07
-.93799E+07
-.723268+Oj
-.892158+07
- .8¿51¿E+07
-.a72O78+O7

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

s.ltz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00.000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
. o0000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

Itrrr POST1 NODÀL STRESS LISÎING rrrar

LOÀD STEP= 1 SIIBSTEP= 1
TIME= 1.0000 LOÀD CASB=

THE FOI,LOWING X,Y,Z VAI,I'ES ÀRE IN GI,OBÀIJ COORDINÀITES

0

NODE
891
492
893
89¿
895
896
s97
898
899
900
901
902
903
90¿
905
906
907
908
909
910
911
9L2
913
914
915
916
9L7
918
919
920
92L
922
923
924
925
926
927

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
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irrr* POST1 NODÀI¡ STRESS LISTING r*r*r

LOÀD STEP= 1 SUBSTEP= 1

TIME= 1.0000 I¡OÀD CÀSE=

THE FoIJIJOWING X,Y,Z VALUES ÀnE IN GIJOBÀL COORDINATES

0

NODE
925
929
930
931
932
933
934
935
935
937
938
939
9l¡0
9¿1
942
9¿3
944
9{s
946
947
9¿8
949
950
951
952
953
95¿
955
956
957
958
959
960
961
962
963
964

sx
.8¿8328+07
.750988+07
. t59128+O7
.282518+01
.429398+07
.378398+07

- .910908+06
-.2826¿8+07
- ,173688+08
- .160068+08
-.1¿9938+08
-.139578+08
-.129668+08
- . 17 8298+08
-.172628+0e
- .167628+08
-.157858+08
-.1¿90¿B+08
- .1393 58+08
-.\29978+Og
- . 12 0538+OB
- .121188+08
- . 112 598+08
-.179108+08
-.18¿6BE+08
-.168798+OB
-,17151E+OB
-.17¿¿58+08

.613728+07

.6177 OE+O1
- ,6¿O0gE+o6
-.72505E+06

.633358+07
-.383758+07

.101¿18+07

.138058+07

.699378+06

sx
- ,860938+06
-.183028+07
- .21 9A5E+07
-.376818+07
- .115¿¿E+07
-. i¡13918+07
-.243578+07
- .101018+07
-.356278+06

. ¿3088E+07
, ¿05058+07
.7 53 5¿B+07
,152 168+08
.198858+08
.703858+07
.869308+07
.138028+08
.23 181E+08
,25¿908+08
.2 60878+08
,28 8628+08
,292728+OB
.29O268+OS
.217828+Oa
.259 1?B+08
.266278+Og
,255328+08
.257L28+Og
.25¿958+08
.251908+08
.242568+Og
.210238+08
.25¿588+08
.2¿7008+08

SY
,3¿8308+07
.280808+07
.192388+07
.286908+0?
.497 478+07
.37 OI¿E+O1

-.120058+07
-.151228+07

.115038+08

.123798+oB

.133538+08

.1¿4l7OB+08

.160¿78+08

.106638+08

.1075¿E+OB

.115508+08

.12¿058+08

.133968+08

.1¿5908+08

.157208+08

.173388+08

.169 ¿¿E+08

.1799¿E+08

.967 428+07

.94t2oB+07

.7¿8058+07

.797758+07

.98O228+O7
- .1¿9¿58+07
-.649728+06

,83¿39E+06
.470128+06
.593708+06
.120628+08
,630528+06
.202648+07
.2 18618+07

SY
.485978+07
.7 067 8B+07
.103808+08
.1¿1308+08
.155¿98+08
.176558+08
.1S5178+08
.196818+08
.2099¿E+08
.2063 0B+08
.2283 5E+08
.2¿5538+08
.2669 ¿E+08
.2 517 88+08
.2 56238+08
.2389 1E+08
.227otg+oa
.2¿9¿78+08
.231628+Og
.203148+08
.212948+OA
.2 03868+08
.200998+08
.191098+08
.159268+08
.175578+08
.1652¿E+08
,1? 5568+08
.180178+08
.182228+Oa
. 171018+08
.135¿28+08
.156788+08
.148058+08

sz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
,00000
.00000
.00000

sz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sxY
-.8721s8+07
- .7539¿B+0?
- .492138+07
-.253878+07
-.397158+07
-.299928+07
-72t22.
-.958r¡38+06

.199798+o7

.t71828+07

.fJ?577a+O6
-.11730E+06
-.!22278+07

.235608+07

.2g32OE+07

.234978+07

.19002E+07

.100658+07
-.107988+06
-.]-20698+01
-.201568+07
-.22t778+O7
-.297198+07

.257958+07

.145238+O7

.121758+07

. 3 1933E+07

.338698+07

.6799¡¡E+06
- .20¿058+05
-73¿60,
-.2¿9888+06
-.347918+06
-.630958+06
-76950.

. ¿58888+06

. ¿66258+06

sxY
50800.

-.1-275A8+O7
-.254378+07
- .,il67118+07
- .7 47738+07
-.702968+07
- .8¿882E+07
-.982098+07
- .108198+08
-.129158+08
- .1¿00¿E+08
-.16770E+08
- .2313 6E+08
- .2 53 688+08
-.19¿558+08
-.2]-2638+08
- .233128+08
- .26ó188+08
- .2 6¿9¿E+08
- .25051E+08
-.257638+08
-.2¿7¿38+08
- .2¿2888+08
-.231158+08
- .205128+08
- .2 18108+08
- .207478+08
- .21{128+08
- .215698+08
-.215ó¿B+08
-.205178+08
- .171018+08
- .201928+08
-.19¿138+08

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. o0000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

r*'rr POST1 NODÀL STRBSS I¡ISTING rtÊ'r

LoÀD STEP= 1 suBslIBP= 1
TIME= 1,0000 LOÀD CÀSE=

THE FOLIJOWING X,Y,Z VÀI,UBS ÀRE IN GLOBÀIJ COORDINATES

0

NODE
965
965
967
968
969
970
97r
972
973
974
915
976
977
978
979
980
981
982
983
984
985
986
957
988
989
990
991
992
993
99¿
995
996
997
998

syz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
. o0000
.00000
.00000
,00000

sxz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
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999
1000
1 001

.232938+08

.231318+Og

.23 852E+08

. 12 9378+08

.L4O22E+Og

.1¿7868+08

.00000

.00000

.00000

-.178268+08
-.196238+08
- .19 09¿B+08

.00000

.00000

.00000

.00000

.00000

.00000

rrtr' POST1 NODÀL STRBSS I¡ISTING rriti

LOÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LoÀD cÀSE=

THE FoLLOWING X,Y,Z VALITES ÀRE IN GLOBÀL COoRDINATBS

0

NODE
ro02
10 03
100¿
1005
100 6
1007
1008
1 009
10 10
1011
to!2
1013
101¿
1015
1016
1017
1018
10 19
to20
702L
to22
7023
7024
to25
to26
to27
102 8
LO29
103 0
1031
103 2
103 3
103 ¿
103 5
103 6
103 7
103I

sz
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000

sx
. 23 87 9E+08
.229688+08
.210118+08
.201058+08
.192668+08
.200838+08
.18931E+08
. 183 19E+08
. 17 640E+08
.169008+08
.L62298+og
.161368+08
. 1567 SE+Og
.155668+08
.1¿1058+08
.138648+08
.133368+08
.123078+08
.12686E+08
.890388+07
. ¿93518+07
.3777 eE+07
.267 478+07

-.39592E+07
-.!42278+07
-.313558+06
-.291608+A7
-.553568+06

.216368+08

.1¿¿338+08

.136488+08

.738338+07

.199308+07

.537178+06

.138398+08

.1¿5338+08

.153018+07

SY
,155188+08
.147518+08
.117668+08
.105¿58+08
.9¿387E+07
,12t¡758+08
.113808+08
.109518+08
.1039 ¿B+08
.969108+07
.888¿78+07
.67ó038+07
.58r¡378+07
.787 628+07
.683928+0?
. ¿79508+07
.377 9 4B+O7

-.105¿18+07
-.2O7OLB+O1
-.L09528+07
-70000,

.592358+06

.877698+06

.687398+07

. ¿031¿E+07

.L7 4598+07

.539238+07

.2592L8+07

.126618+08
- .1968¿B+07
- .21¿838+07

,619¡l6E+06
.25t248+OA
.2¿8928+08

-.600228+06
-.129348+07

.959508+06

SY
.1137óE+0?
.t9Lo2B+07
.2381¡88+07
,89¿078+06
.156¿68+07
.330538+07
.198468+07
.91¿098+06
.9¿3798+06

-.17{¡568+06
- .161¿¿E+07
- .235068+07
- .323438+07
-.327OL8+O7
-.393798+07
-.5ó9508+07
- .625588+07
-.559368+07
-.637658+07
-.6906¿E+07
- .7 49618+07
-,819858+07
-.898658+07
-.960008+07
-.102588+08
-.903188+07
-.973048+07
-.113538+08
-.123398+08
-.133788+08

sxY
- .19¿928+08
- .186598+08
- ,1615¿E+0S
-.150848+08
- .1¿1078+08
-.160938+08
-.149818+08
-.L44728+OA
-.138?08+OB
-.131678+08
-.12(¡508+Og
- , 113 688+08
-,107¿38+08
-.116508+0S
-.10¿688+08
- .9(¡6738+07
-.A79178+07
-.553528+07
- . ¿0{378+07
-.177t78+o7
-,711618+06
- .37 19¿E+06
- .24145E+06
-.t27598+07
-.2O7238+06
- .658878+06
-.2692aB+o7
-.170008+07
- ,169158+08
-.6729L8+O7
-.259738+07
- .334238+O6
-.162978+08
-.15¿778+08
- .7 13448+07
-,803128+07
-.15990E+07

sxY
- .169¿58+07
- .27 42tE+07
-.205758+07
-.801908+07
-.232378+O7
-.2739ÁB+o7
-.233578+07
- .1¿6098+07
-.250308+07
- .20{1698+07
-. ¿1¡3298+06

.278998+O6

.t326tE+O7
-6388¿.

.57¿568+06

.280958+07

.397618+07

.196918+07

.308778+07

. ¿689¿E+07

.520498+07

.59¿098+07

.582858+07

.73 0158+07

. 7 609 0B+07

.53993E+07

.595838+07

.894¿08+07

.994488+07

.10855E+08

tÊrri POST1 NODÀL STRESS I¡ISTING tirr'

LOÀD STEP= 1 SUBSTBP= 1
TIME= 1.0000 LOÃ.D CÀsE=

THE FOLLOWING X,Y,Z VAI,I'ES ARE IN GLOBÀIJ COORDINATES

0

NODE
103 9
1 0¿0
1041
ro42
10 43
1044
104 5
10¿ 6
ro47
10¿8
10¿9
1050
105 1
to52
10 53
10 5¿
1055
1056
10 s7
105 I
1059
10 60
10 61
1062
10 63
10 6¿
1065
106 6
1067
1068

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000

svz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sx
.2o¿638+o7
.25105E+07
.27 5388+07
.137338+08
.132898+O7
.323 448+07
.229 478+Oj
.155538+07
.283948+0?
.3078¿B+07
,209O2E+07
.162188+07
,530048+06
.323!68+o7
.292728+07
.747378+o6

-.142298+07
.2 00¿48+07
.575368+06

-.2173t8+O7
- .260588+07
- ,338028+07
- . ¿38588+07
- . 47 !7 2B+O7
-.471348+01
-.1{3rt1E+07
-.199088+07
-.631128+07
- .7¿6s98+07
-.836468+07
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106 9
107 0
107 1
LO12
1073
ro7 4
107 5

-.909608+07
- .101878+08
- .118978+08

.273588+07

.391108+07

.323648+07
- - 123 86E+08

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.116928+08

.128188+08

.143858+08

.]-22728+07

.692tLtLE+o6

.1(¡0618+07

.175538+08

.00000

.00000

.00000

.00000

.00000
,00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

-.1¿¿8¿E+08
-.157278+os
-.171528+08
- , {91958+07
- .4955?E+07
- .560518+07
- .205268+08

ttiri POST1 NODÀL STRBSS LISTING rr'rr

LoÀD STEP= 1 SUBSTEP= 1
TME= 1.0000 LOÀD cÀsB=

THB FOLLOWING X,Y,Z VÀIJI'ES ARE IN GLOBAL COORDINATBS

NODE
107 6
LO17
10? I
107 9
10 80
10 81
10 82
10 83
108 4
108 5
108 5
1087
108 I
1089
109 0
1091
ro92
109 3
109 ¿
1095
1096
109 7
109 I
109 9
110 0
1101
11 02
1103
110 ¿
1105
1106
1107
110I
110 9
1110
1 111
!tt2

syz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
. o0000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
- . 13 08¿E+08
-.11362A+07
- .561328+07
-.112058+08
-.180998+08
- .21¿378+08
-.232278+OA
-.235538+08
-.220398+08
-.207918+08
-.205998+08
- .188338+08
-.182118+08
-.171918+08
-.158138+08
- ,1tl657E+08
- .8927 OB+07
- ,6930?E+07
- .538158+07
-.253398+07
-.375tl¿B+06

.482168+06
-. {¡69238+07
-.120388+08
- .958¿08+07
- .1777 ÁB+07
- .551808+07

.256788+07

. ¿33058+07

.557788+07

.5{1868+07

. ¿¿5108+07

.1997t18+08

.189988+08

.250598+07
-.312368+07
- . ¿31188+07

sx
.139878+07
.7?5¿58+06

-.810068+07
-.345528+07

.150178+07
- .718758+0?
-.188118+07

.27902Ê+07

.532318+O7
-.158888+08
-.!72778+Os
-. 1?3188+08
-.170868+08
- ,169 078+08
- ,164728+08
-.157698+08
- .1Á9168+08
- .140308+08
- ,130568+08
-.121018+08
- .111628+08
- , 1027 98+08
- ,987798+07
- .860308+07
-.8?7038+07
-.?57088+07

SY
- .191938+08
-.151718+08
-.15527E+08
-.813158+07
-.131298+08
-.1012?B+08
-.779A28+O7
-.105238+08
-.903558+07
-,655678+07
-.352A78+07
- .15830E+07
-.378¿18+07
- .338188+07
-.117138+07

.185588+07

.244478+O7

.190538+07

. 923 588+06
- .611108+06
- .7999?E+06
-.922218+06
-.17¿088+08

.411688+07

.271BAB+07

.159568+07
-50325.
- .,1¡50¿88+07
-.4500?B+07
-. ¿33128+07
-. ¿7(¡5¿E+07
-.554738+07

.92la4E+07

.7 85248+07

.253728+O8

.2¿5¿28+OA

.2¿5158+08

SY
- .140558+08
- .13250E+08
- .175¿¿E+08
-.165268+08
- .13 5008+08
-.162508+08
- .11¡6748+08
-.1151¿E+08
-.9oslzB+o1

. 563 578+07

.AL422E+07

.g6O22E+O7

.102258+08
,1090?E+08
.115688+08
.123698+08
.13¿968+08
.1¿7138+08
.157608+08
.169 688+08
.1?9198+08
.18{868+08
.188118+08
.18¿668+08
.185368+08
.18275E+08

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
.18¿208+08
.1075r¡E+08
.146188+08
,170938+OB
.193188+08
.182528+OB
.158468+08
.163938+08
.1r¡89¿E+08
.130¿78+08
,112198+OB
.999798+07
.107798+Og
.101028+08
. 8¿3 028+07
.67I2OE+O7
.t7t27B+O7
.301728+06

- .571368+06
-.6r¡0318+06
- .19¿598+06

.135588+05

.11?898+08

.821798+06
-. ¿64268+06
-,105398+07
- .155858+07

.105508+07

.195988+05
-. ¿9¿668+06
-.136978+06

,807368+06
-,1¿33¿B+08
-.131t¡58+08
-.156218+08
-.1253¿E+08
-.131¿6E+08

sxY
.7 (¡5¿SE+07
,116008+08
.12¿698+08
.97 4!tB+O7
.572418+07
.tt229E+Og
.735678+O7
.310098+0?
.4761t18+06
. ¿30578+07
. ¿09748+0?
. ó¿5908+07
.358968+07
.3 0085E+07
.256738+07
,211458+07
.110108+07

-¿0806.
- -722078+O7
-.236928+07
- .326898+07
-.380398+0?
-.337788+07
- .390558+07
-.477908+07
- ,507818+07

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

rr*r* POST1 NODÀL STRASS LISTING trrrr

toÀD STBP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀD CÀSE=

lHE FOI,LOWING X,Y,Z VAT,UBS AR3 IN GIJOBAI' COORDINÀTES

0

NODE
11 13
1114
11 15
1116
ttLT
1118
111 9
Ltz0
ttzL
7722
7123
1r24
tt25
tL26
tt27
TL28
rr29
113 0
113 1
LL32
113 3
113 4
113 5
113 6
TT37
113 I
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-.757758+07
-.58694E+07
-.205748+07

.693048+06

.510328+06
-.113698+08
- .145888+08
-35817.
-. ¿081¿E+07

.113618+08

.119878+08

i'rrr POST1 NODAL STRBSS IJISTING r""

113 9
11¿ 0
114 1
tL42
11¿3
11¿¿
11¿ 5
114 6
lL47
11¿ 8
11¿ 9

.176598+08

.153178+08
,826698+07

-.2ta238+O6
.627898+06
.290968+07
.532978+07
.7¿0258+05

-.110¿18+08
.3¿8198+07
. ¿50288+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

-.320268+01
-.126978+o1
-.103638+06
-.227248+06
-.25¿378+06
-.195098+07
- .7¿¿058+06
- ,289128+06

.152168+08
- .952338+07
- .94889E+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

LOÀD sftBP= 1
Trr{E= 1.0000

SUBSTEP= 1
LoÀD CASB= 0

THE FoLLOWING X,Y,Z VALI'ES ÀRE IN GLOBÀL COORDINÀTES

NODE
115 0
1151
tt52
1153
11 5¿
115 5
115 6
rr57
1158
1159
116 0
1161
lt62
1163
116 ¿
1165
1166
rt67
116 I
116 9
117 0
117 1
rt12
tL73
LL1 4
tr1 5
tr1 6
rr77
117 I
Lt19
118 0
1181
tra2
1183
1181t
118 5
118 5

NODE
1187
118I
118 9
119 0
1191
Ltg2
119 3
119 ¿
119 s
119 6
tt97
119I
119 9
1200
]-20t
1202
12 03
!204
1205
t206
1207
1208

sYz
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
. o0000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000

+tr*' POST1 NODÀL STRESS LISTING 'rrrr

LOÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀD CASE=

THB FOIJIJOIIING X,Y,Z VÀIJUBS ARE IN GL'OBÀT, COORDINATES

sx
.106288+08
,656518+07
,80¿718+07
.923938+07
.152028+08
.128058+08
.158868+08
.190218+08
.166018+08
.205068+08
.216388+08
.662128+07
. l7 4948+07
.L66798+07
.7 07 2oE+07
.101598+08
.950238+07
.113318+08
.135158+08
,166038+08
.1953 8E+08
.23 0808+08
.228208+O8
.220398+08
.259538+08
.28806E+07

-,539¿38+07
-.123958+08
-.1¿8258+08
-.161738+08
-.169{¡9E+08
-.t75228+QA
-.a6!298+07
-.813268+07
-.109088+08
-.131878+08
-.149038+08

sx
-.1619¿E+08
-.16667E+08
-.176808+08
- .1811¿E+08
-.180508+08
-.178918+08
- ,178988+08
-.18099E+08
-.186238+08
- .213888+06

.152678+08

.1516¿B+08

.1r¡5858+08

.1¿2288+08

.13 8058+08

.1¿0¿58+08

.13 9588+08

.138978+08

.137158+08

.13 52 5E+08
,128198+08
.122418+08

SY
.280268+07

-.619788+07
-.2t19368+07

.31t!098+06

.601698+07

.47 46tB+O7

. 67 1¿08+07

.893528+07

.992228+07
,15¿598+08
.1997 68+08

-.886138+07
-.835688+07
-.112398+08
-. ¿51388+07
-.404978+06
- .3 8{088+06

.23ol4E+O7

.155478+07

. 69 83 sE+07

.9¿3658+0?

.t2777B+Oa

.128888+08

.t322OB+oB

.178¿18+08

.2 ¿1868+08

.242t38+Oa

.223278+Og

.2097 58+08

.195728+08

.1822 5E+08

.162118+08

.235¿08+08

.233358+08

.22Á328+Oa

.21-26aE+OB

.198538+08

sy
.1804¿E+08
.16143E+08
.13726E+08
.112298+08
.880638+07
.598198+07
.318318+07
.111¿58+07

-.319968+06
.316668+07

-.235788+07
-.230298+07
-.161208+07
-.137978+07
-.t99298+07
-.163¿78+07
-.185908+07
-.201618+07
-.205238+07
-.2It2lB+07
- ,17 42OB+O7
-.1¿0968+07

sz
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000

sz
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
-.805768+07
-.220728+07
- . ¿8(¡738+07
-.659¿88+07
-.118968+08
-,959388+07
- ,118138+08
-.153578+08
- .195¿78+08
- .22¿658+08
- .2¿6038+08

.276968+06
-12179.

.335228+07
- . 3 1¿088+07
-.609628+07
-.6122t8+o7
- .791¿38+07
- .963218+07
- .119 51E+08
-.1¿8¿58+08
- .181228+0e
-.189258+08
-.2o22o8+Og
- .2327 (E+og
- .186268+08
-.136328+08
- .671684+0?
- . ¿16088+07
-.207758+07
- .436t108+06

.154328+Oj
- .960068+07
-.905228+07
- . 7 00108+0?
-.4?9468+07
-.2643L8+07

sxY
- . r¡¿5038+06

.L27L6E+07

.3360¿B+0?

.501078+07

.61¿578+07

.703168+07

.778118+0?

.826188+07
,8829¿E+07

- .385888+07
-,779318+07
- ,850628+07
- .841678+07
-.826!28+07
-.817938+07
- ,812198+07
-.792248+01
-.783728+07
-.783208+07
- .81¿598+07
-.797708+07
-.803928+07

s]tz
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

0
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rrrtr POST1 NODÀL STRBSS I¡ISTING ttrrt

LOÀD STBP= 1 SUBSIIEP= 1
TIME= 1.0000 Í¡OAD CÀSE=

TEE FOÍ,I,OWTNG X,Y,Z VÀLI'ES ÀRE IN GI,OBJAI, COORDINATES

L209
t2ro
L2tr
L2L2
t2L3
12L4
12t5
t2L6
t2L7
12 18
!2t9
L220
122t
1222
1223

.110878+00

.105558+08

.839708+07

.690688+07

.561058+07

. {¡81658+07
,370158+07
.5{4708+07
.392298+07

-.799598+07
-.570728+07
- .1¡30208+07
-,126808+07
-.186088+07

.903758+06

-.659738+06
. 503 028+06
.1453¿E+07
.198¿3E+07
.337788+07
.209608+07
.260558+07
. 109 538+0?
.506568+05
.188¿¿E+08
.19191¡B+08
.200988+08
.222438+Og
.236¿98+08
.2¿6368+08

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000

- .801098+07
-.869088+07
- .75¿958+0?
-.6563¿E+07
- .597¿98+07
- , ¿7¿638+07
-,381938+07
- . 47 6328+07
-.313308+07
- .560098+07
- .7 46398+07
-.836608+07
-.110298+08
- .1168¿E+08
-.139108+08

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

0

NODE
1224
r225
r226
1227
r22A
1229
1230
!237
1232
!233
!234
r23s
1236
!237
t23s
1239
1240
t24L
1242
L243
L244
1245
1246
t2t7
1248
!249
7250
\25t
1252
L253
L254
1255
1256
1257
t258
1259
1260

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
-.335168+07
- .615188+07
-.527998+07
-.87¿028+07
- . lÁ5268+07
-.369818+07
-.652448+07
-.906798+07
- ,868898+07
-.10tl0tlE+08
- ,123618+08
-.116838+08
-.105428+08
- .137008+08
- .152 558+08
-.15¿298+08
-.162008+08
-.170?18+08
-.176708+08
-.177108+08
-,179918+08
-.182978+08
- ,189608+08
-.1978¿E+08
- .20¿658+08
- .218978+08

,263938+08
.262128+0a
.2303¿B+08
,237 5 1E+08
,22 4808+08
.2LI248+OB
.216748+08
,2187 6E+08
.222308+Og
.2tt72E+Og
.L99228+0g

sx
,1870r¡B+08
.178318+00
.403428+07
.16909E+08
.166008+08
.163998+08
.152898+08
,15¿908+08
.170508+08
.1?9318+08
,1770¿E+08
.183098+08
,17 8668+08
.173038+08

-.595318+07
.167978+08
,153318+08
.166688+08

gY
.2169 58+08
.2L629B+08
.226188+08
.2272¿B+OA
.2¿0818+OB
.27.o248+Og
.208928+08
.209268+Og
.219 188+08
.217 46E+08
.203 098+08
. 21¿,108+08
.222358+OA
.2O0188+08
.180808+08
.170S38+08
.158328+08
.135198+08
.116538+08
.100¿08+08
.5207 6E+O7
.284778+O7
. ¿63 008+06

- .1¿3578+07
-.268958+07
- .573108+07

.155ó78+08

.162058+08

.123¿08+08

.L3277B+Oa

.115728+08

.967558+07

.106318+08

.11200E+08

.1236¿E+08

.111208+08
,832198+07

SY
.671¿38+07
.559228+07
.3¿943E+07
. ¿00798+07
. 3 69 688+07
.351638+07
.2O2628+o7
.23!7tB+O1
,45¿808+07
.629238+07
.639978+07
.88300E+07
.865208+07
.818738+07
.17169E+08
.6]-2628+07
.5¿9768+07
.7 49668+07

sz
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
-.966¿68+07
-.812648+07
-.922308+07
-.798328+07
-.112128+08
-.913398+07
- .755158+07
- .608598+07
-.697218+07
- .610868+07
-.391338+07
-,530268+07
-.672t68+O7
-.312758+07
-.802¿2E+06
29295.
.126418+07
. 31r¡188+07
. ¿51168+07
.528878+O7
.708!28+07
. ?86658+07
.875388+07
.975998+07
.106898+08
.129168+08

- .214998+08
-.209178+08
-.17271E+08
-.181288+08
- .167088+08
-.151358+08
-.158918+08
-.162798+08
-,170578+Og
-.159058+08
-.138¿3E+OB

sxY
-.124128+08
- .114068+08
-.430888+07
- .101538+08
- .983028+07
- -96¿258+07
- .833238+07
- .9577 4E+O7
- .10¿878+08
-.118258+00
-.117958+08
- .133 588+08
-.130708+08
- .1258t18+08
- .519298+07
-,113118+08
- .1082¿E+08
- .119618+08

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

**air PosTl NoDÀL STRESS I¡ISTING r*..r

I¡oÀD STEP= 1 SUBSTEP= 1
TrME= 1.0000 LOAD CÀSB=

THE FOLLOYÍING X,Y,Z VALUES ÀRE IN GIJOBÀIJ COORDINATBS

0

NODE
126!
1262
1263
126l
1265
L266
1267
t26A
7269
t27 0
r27t
127 2
L27 3
L27 4
r27 s
r27 6
r277
727 A
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rrrrr posTl NoDAL STRESS I¡ISTING r*ttÈ

LOÀD SIIEP= 1 SUBSTEP= 1
TIIIE= 1.0000 LOÀD CAÍIE=

THE FOLIJOIÍING X,Y,Z VAI'I]ES ÀRB IN GI'OBAI' COORDINATES

rirrr POST1 NODÀIr SIIRESS I¡ISTING rrrr'

LoÀD STEP= 1 SUBSTBP= 1
TME= 1.0000 LOÀD CÀSE=

THB FOI,LOWING X,Y,Z VÀI,UES ÀRE IN GLOBÀL COORDINATES

127 9
!2AO
t2sL
t2a2
t2s3
LzA4
t2a5
t2g6
L2A7
1288
L2g9
1290
t29L
L292
1293
L294
t295
L296
1297

.159608+00

.157178+08

.152?68+08
,1¿8878+08
.1457¿B+08
.142858+08
.1¿0198+08
.1¿2998+08
. 1¿3 838+08
.1¿2(¡38+08
.1¿1368+08
.1¿06¿E+08
.138738+08
.13502E+08
.1327 68+0g
.125738+08
.116998+08
.10¿618+08
.919¿38+07

,510S38+07
, ¿83288+07
.4t2t4E+O7
.655548+07
.472O78+O7
,3á3888+07
.2L4O4B+o7

-.210248+06
-.958?¿E+06
-.Lt4248+O7
-,1¿3818+07
-.15¿798+07
-.t7Os2E+07
-.180368+07
- .193118+07
-.L69278+07
- ,135788+07
-.8¿¿¿88+06

.S232OB+06

.00000

.00000
,00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

-.105078+08
-.103058+08
-.983398+07
-.107158+08
-.9747L8+O7
-.91617E+07
- .860008+07
-.82!738+07
-.929748+07
-.AL2928+O7
- .805378+0?
-.792968+07
-.778978+Oj
-.77Ot68+O7
-.780268+07
-.767O18+O7
- .753118+07
-.72OaLE+O1
-.75380E+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000

.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

0

NODE
L298
L299
1300
13 01
7302
13 03
13 04
13 05
13 06
13 07
13 08
13 09
13 10
1311
!3L2
13 13
131¿
13 15
13 16
13!7
13 18
13 19
1320
!32L
!322
1323
r32l
1325
1326
L327
L328
t329
133 0
133 1
L332
1333
133¿

sx
,71-2958+07
.718138+07
.536068+07
. ¿71098+07
.2523t8+o7
.377 878+07
.563618+07
.571868+07
. r¡89888+07
.535238+07
.7 66298+07
.719738+07
.673668+07
. A62ILE+07
.627208+07
.3503¿E+07
.5L4758+07
. 7 13 8{E+07
.9t267A+07
. A4727Ê+07
.827888+07
.83205E+07
.?88788+07
. ?O¿85E+07
.711998+O6
.22 89 68+08
.197688+08
,195338+08
.2L3428+Og
.201158+08
.18731¡B+08
.193{58+08
.196238+08
.169798+08

-L9234.
-.907898+06
-.t52198+07

SY
.10¿98E+07
.330758+06
77077.

-.527218+06
- .909 108+06
-.184738+07
-.139028+07
-.3120¿B+07
-.375628+07
-.252458+07
-.262798+07
- .31{538+07
- ,351108+07
- .1¡18368+07
- .390¿18+07
-.2s3278+o7
- .19¿098+07
-.232408+07
-.225638+07
-.27O¿98+O7
- .298068+07
- .313318+07
- .3¿7508+07
- .399038+07
-.67503E+07

.122808+08

.91090E+07

.83¿39E+07
,101078+08
.a32L2B+O7
.631 248+07
.71¿888+0?
.7 62648+07
.395738+0?

-.738768+07
- .806¿78+07
- .868508+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000

sxy
- .61680E+07
-.566768+07
-.398288+07
- .302118+07
-.117308+07
-.136938+07
-.297!78+07
-.152328+07
-,6031¿B+06
-.181728+07
- .2 96818+07
-.221958+07
-.166938+07
- .159628+06
-.1131d8+0?
- . 71¿71¡B+06
-.236788+07
-.302788+07
- . ¿08298+07
-.322328+O7
- .281018+07
-.265268+07
-.21,i¡¿08+07
- . 1373 1E+07

.322758+07
-.171808+08
- ,1¿1778+08
-.136888+08
- ,15¿0¿E+08
-,139768+08
- .123¿38+08
-.130088+08
- .13364E+08
-.102038+08

.391708+07

. ¿68578+07

.528¿38+07

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

0

NODE
1335
1336
1337
1338
1339
13 ¿0
13 41
tt42
13 ¿3
13¿¿
13¿5
13¿6
L347
1348

sx
.119658+07
.746578+06

-.30{258+07
-.375528+07
- .4t6798+07
-. ¿60{¿E+07
-.576808+07

.330528+07

.242598+01

.!29428+07

.391098+07

.362218+O7

.352728+07

.238628+06

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

SY
-.a25578+07
-.86920E+07
-,105538+08
-.11396E+08
-.122858+08
-.13¿308+08
-.148068+08
-.629888+07
- . 693 18E+07
-.796238+Oj
-.699018+07
-.726¿28+07
-.754a28+O7
-.929238+A7

sxY
.365788+0?
. ¿0¿118+07
.683468+07
.751858+07
.801178+07
.860838+0?
.977 998+07
.77 5778+07
.2 50108+07
,3 51178+07
.t722lB+O7
.187318+07
.794248+07
. ¿493¿E+07

sYz
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

97
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13119
1350
13 51
1352
13 53
13 5¿
1355
1356
1357
1358
1359
13 60
13 61
7362
13 63
13 64
13 65
13 66
1367
1368
1369
1370
137 1

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

. r¡75698+07

.472OSE+O1

.396858+07

.622938+07
,955328+O7
.883638+07
.966918+07
.80¿2¿E+07
.77 6998+07
.801208+07
.802828+O7
.769958+07
.62A228+07

-.113328+07
-.236758+07
- .115818+07
- .2 8¿688+06
-,283508+07
-.222298+07

.3 883 ¿E+06

.307298+07

.503628+07

. ¿66108+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
,00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

-¿811r¡.
¿6328.
.872388+06

-.ttL37aE+07
-.19¿768+08
-.188658+08
- .177818+OB
-.186078+08
-.18¿9gB+08
- .18¿1¿E+08
-.178488+08
-.168558+08
-.165338+08

.7 oS298+07

.880598+07

.73t628+O7

.624¿28+07

.947tgE+O1
,g775tB+01
.5{1928+07
.A77t2E+07

-.168158+08
- .1727 (B+Oa

- .9853óE+07
- .10{098+08
-.107788+08
-.130508+08
-.568398+06

.10¿818+07
-.168568+07

.263678+o7

.3¿¿50E+07

.28O438+07

.2Lo45B+o7

.156738+07

.385¿18+07
-. ¿28638+07
- .350078+07
- . ¿¿1038+07
-.509268+07
- .319378+07
-.370868+07
-.565¿08+07
-.7¿8808+07

.6237o8+O7

.876058+07

rrtÈi POST1 NODÀIJ SIIRESS I¡ISÍING rt*t'

LOÀD STEP= 1 SIIBSTEP= 1
TII{E= 1,0000 LOÀD CASE=

THE FOI,LOWING X,Y,Z VÀLI'BS ÀRB IN GIJOBÀI' COORDINÀTES

0

NODE
737 2
r37 3
r37 4
137s
1376
1377
13?8
L37 9
13 80
13 81
1382
13 83
1384
1385
1386
13 87
138S
1389
1390
13 91
1392
1393
1394
1395
1396
7397
1398
1399
1¿00
1¿ 01
1402
1¿ 03
1¿0 r¡

140 5
1 406
L¿07
1408

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000

sx
-.169328+08
-.172518+08
-.17¿688+08
-.173¿58+08
-.1696d8+08
-.16{638+08
-.163928+08
- ,158138+08
-.151258+08
-.1¿3058+08
-.134398+08
-.131¿18+08
- .119968+08
-.108098+08
-.983478+07
-.935378+07
-,739798+07
-.689898+07
-.9336{E+07
-.97085E+07
-.9¿030E+07
-,114018+08
-,11¿918+08
-.131578+08
-.13s668+08
- .1¿8278+08
- .156158+08
-.162838+08
-.165698+08
-.172468+08
- .1?7r¡18+08
-,L77828+OA
-.181608+08
- .182558+08
-.181178+08
-.180308+08
- . 17 5098+08

sx
. ¿21018+07
,828958+07
.120518+08
.139988+08
.128878+08
.166338+08
.198718+08
.23 13 1E+08
.163828+08
.168618+08

SY
.1019¿E+08
.7013 0B+07
,681368+07
.8¿3088+07
.999078+07
.112658+08
.1138¿E+08
,123718+08
.13¿358+08
.1¿6958+08
.159238+08
.159398+08
.173178+08
.1816¿E+00
.185768+08
.187918+08
.193?98+08
.20099E+08
.190718+08
,1939¿E+08
.20132E+08
.196828+08
.202858+08
.187838+08
.187588+08
.17¿098+08
.159898+08
.1¿¿358+08
, 13 03 0E+08
.116188+08
.83499E+0?
.731118+07
, 47 g7 OE+07
,469858+07
.5¿8568+07
.436718+07
.372578+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
.387118+07
.5232!E+O7
.57 4248+07
.5039¿E+07
.417 628+07
.332188+07
.306628+07
,23 0818+07
.137988+07
.227438+06

- .973 518+06
-.123448+01
-.266668+07
-.371838+07
- .43¿598+07
- . ¿88068+0?
-.63¿758+07
-.698318+07
-.512268+07
- .503608+0?
-.550778+07
- ,398808+07
- . ¿30588+07
-.231768+01
-.195568+0?
-.523508+06

.833888+05

.2t22sB+O7

.301168+07

.420678+07

.59 61¿E+07

.62Á4OB+07

.720OSB+07

.723678+07

.686588+07

.721498+07

.712738+01

sYz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

syz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

r¡ti* POST1 NODAL STRBSS I¡ISTING "rti

LOÀD STBP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀD cÀSE=

THE FoIJIJoWING X'Y'Z VÀLUBS ARE IN GLOBÀL CoORDINÀIIBS

0

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

SY
-,82L208+07
- .307¿98+07

.2o2t2B+07

. lt6a2B+07

.20990E+07

.637758+07

.957{¡18+07

.126798+08
,551808+07
.5106¿B+07

SXY
. ¿8¿¿BE+06

- .403858+07
-.799748+07
-.95600E+07
- .810918+07
- .115608+08
- .1¿6008+08
-.176538+08
- .110198+08
-.109758+08

NODE
1409
1l¡ 10
1¿1 1
l4L2
14 13
1¿ 1(¡
1¿ 15
1rt 16
t4r7
1l¡18

98

sxz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
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rrttr POST1 NODAL STRESS I¡ISTING rtri*

I'oÀD STBP= 1 SUBSTEP= 1
TIMB= 1.0000 LOÀD CÀSE=

TEE FOI,LOWII{G X,Y,Z VAI,I'ES ÀRE IN GI.OEÀI, COORDINÀTES

.**r* POSÎ1 NODAL SIIRESS LISTING r¡rit

LoÀD STEP= 1 SUBSTEP= 1
![rME= 1.0000 LOÀD CÀSE=

THE FOI,LOWING X,Y,Z VÀLUBS ÀRE IN GI.OBÀI, COORDINATES

1¿19
L420
r42r
1422
tt23
t42l
1¿2 5
t426
1427
t42S
1429
1¿3 0
1¿3 1
t432
1¿3 3
1¿3 ¿
1¿3 5
1¿36
1437
143 I
1¿3 9
1¿rt0
1¿¿ 1
t442
1(¡¿3
L44l
1¿¿5

.187288+08

.177718+0s

.167728+09

.t72t48+08
,151838+08
.151108+08
.15209E+08
.131888+08
.136308+08
,139828+08
.1{5728+08
.159¿58+08
.151378+08
.155598+08
,1751¿B+08
.L727IB+OA
.16¿288+08
.161668+08
.156818+08
,155658+08
.15¿¿68+08
.149588+08
.1¿8788+08
.1¿6168+08
.1¿¿398+08
.1¿3938+08
.165?68+08

.67 9298+07

.529908+07

.391328+07

.129268+07

.191718+07

.l767OE+O1

.187168+0?
-.250608+06

.1846¿E+06

.5601¿E+06

.12¿038+07

.29SI6E+O7

.199098+07

.424248+07

.653258+07

.655828+07

.452948+07

.429398+07

.338808+07

. 3 ¿¿108+0?

.35945E+07

.2oo24B+o1

. 3 08878+0?

.198578+07

.5¿8778+06
-.535518+06

.450488+07

.00000

.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000

-.125838+08
-.113828+08
- .101798+08
- ,105138+08
-.83529E+07
- .917308+07
-.822508+07
- ,615368+07
-.657208+07
- .694678+07
- . 7 60738+07
-.915858+07
-.A29718+07
- .1011¡7E+08
-.LL?928+OA
- ,11715E+08
-.103038+08
- .101058+08
- .950708+07
-.956268+07
- .96¿058+07
- .88¿698+07
- .929018+07
- .883068+0?
-.8¿3958+07
- .823658+07
-,103218+00

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

0

NODB
1¿ ¿6
1447
11148
11¡49
1¿50
1{51
t452
1¿ 53
1r¡ 5 r¡

1¿55
1¿56
7457
1¿5 I
1{5 9
1¿60
1¿6 1
r462
1463
L464
1¿65
1¿56
r467
1¿68
1469
1¿7 0
L47r
L¿7 2
L47 3
r47 4
747 5
r47 6
r477
t47g
r479
1¿80
1¿ 81
r4a2

sx
.156538+08
. 157 0¿B+08
.152¿58+08
.148968+08
.1r¡9¿78+08
.1{97¿B+08
.1¿5798+08
.1¿8338+08
,1¿3¿88+08
.1{¡1828+08
. 13 9 1¿B+08
.135068+08
.1315¿B+08
.123388+08
.113138+08
.100278+08
.878058+07
.692OSE+07
.632628+O7
.682868+07
.695238+07
.873808+07
.10¿798+08
.9A2628+07
.93¿118+0?
.100778+08
.96¿818+07
,909498+07
.10¿918+08
.117318+08
.130908+08
.119118+08
.615838+07
.421478+07
,576938+07
.65209E+07
.6?3138+07

SY
.2887 OB+07
.3 09818+07
.236518+O7
.175508+07
.182488+07
.190788+07
.802598+06
.t6A298+O7

- .569 8¿E+06
-.118178+07
-.13¿818+07
- . 1619 4E+07
-.L71548+07
-.164738+07
-.L4I748+07
-.112558+07
- .145s38+06
- ,31¿928+06
-.887688+06
-.153038+07
-.193¿78+07
-.207758+01
-.191518+07
-.22t768+07
-.259958+07
-.212668+07
-.275168+07
- .318368+07
-.242688+07
- .1¿9058+07
-.3¿0888+06
-.137568+0?
-.593278+O7
-.659{88+07
-.520338+07
-.5¿9808+07
- ,5¿5528+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000

sxY
-.907318+07
-.925638+07
- .876668+0?
-.8¿3508+07
- .858138+07
-.872708+07
-.fJ2¿7LB+o1
-.87¿988+07
- .8109¿E+07
-.797t48+O7
-.775028+07
- .763368+07
-.7579a8+07
-.728!ta+O7
- .599¿58+07
- .643¿¿E+07
-.657328+07
-. ¿89608+07
-.391928+07
- .364998+07
-.332338+07
-. tl1759E+07
-.510288+07
- . ¿287 6B+07
-,360328+07
-.390128+07
-.336608+07
-.2769t8+07
- .378208+07
- . ¿9008E+07
- .610688+0?
-. ¿953¿E+07
- .1{0208+07

.136568+07
- .59 5238+06
- . ó3 0078+06
- .67 93 6E+06

sYz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000

sxz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

0

sz
.00000
.00000
.00000
.00000
.00000
.00000

sx
.696288+07
. 3 ¿8¿28+07
.37¿068+07
. {53718+0?
.117118+08
.110328+08

SY
-.536318+07
-.783578+07
-.792718+07
-.75O578+O7
- .156¿¿B+07
-.2t2398+07

sxY
-.101888+07

.190688+07

.155028+07

.529858+06
-. ¿74608+07
- . ¿742!B+o7

sYz
.00000
.00000
.00000
.00000
.00000
.00000

NODE
1¿ 83
1¿8{¡
1485
1ó86
1¿ 87
1¿88

99

sxz
.00000
.00000
,00000
.00000
.00000
.00000
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1¿89
1¿90
1¿9 1
!t92
1¿93
L49IL
1¿9 5
1¿96
1497
1¿98
1119 9
1500
15 01
rso2
15 03
1504
15 05
1506
1 507
150I
15 09
1510
1511
!5!2
1513
151¿
1515
15 16
!5!7
15 1B
15 19

.gl276B+07
- .172¿08+08
-.177238+Oa
- .175¿08+08
-.171128+08
-.16¿?58+08
-,16O678+08
-,159668+08
-.1548¿E+08
-.1¿8598+08
-.139108+08
-.124738+oa
- , 107 198+08
-.113718+08
- .111898+08
- .1157¿B+08
-,129558+08
- .1113108+08
- .1501¡78+08
-.157398+08
-.170358+08
-.17¿328+08
- . 17 5338+08
-.77a728+Og
-.180008+08
-.176738+08
-.113778+OB
-.178238+08
- ,166{98+08
- , 1572 5E+08
- .1562¿E+08

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

-.168318+07
.616008+07
.651128+07
.557958+07
. ¿5¿508+07
.338088+07
,27\4lB+o7
.256A78+07
.18399E+07
,877888+06

- .462578+06
-.222928+07
- .398768+07
-.3¿9598+07
- .379058+07
-.353¿7E+07
-.221o38+O7
- .827198+05

.266158+06

.138998+07

. lt323E+o7

.50¿578+07

.5¿5358+07

.6¿0048+07
, 6613 8E+07
.578688+07
.508938+07
.620098+07
.3653 18+07
.2t11tB+o1
.198068+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. o0000

sx
-.14?688+08
- . 1r¡ 03 8E+0I
-.130718+08
-.121008+08
-.129298+Og
-.1¿1¿1¡E+08
- .1¿1188+08
- .1¿9708+08
-.157{98+08
-.1526¿B+08
-,167078+08
-.172538+08
-.1773¿E+08
- .I7 4228+oa
- . 17 1008+08
- .165628+08
- .160078+08
-.15Á158+08
- ,152608+08
-.1¿¿718+08
-.136598+08
-.150328+08
-.15710E+08
-.159128+08
-.161¡108+08
-.169038+08

. 47 57 lB+07

.7 ¿4208+07

.97 97 ¿B+07

.923108+07

.990198+07

.106208+08

.97 6t7B+O7

.6862¿B+07

.7L7 4OB+o7

.1¿5258+08

.146718+08

- . 4!7 538+07
.533138+07
.560708+07
.773338+07
.966008+07
.113758+08
.1,22638+Og
.L22678+Og
.13 1968+08
.1t13358+08
.156788+08
.1713{B+08
.18(¡198+08
,182758+08
.188038+08
.189138+08
.1831t18+08
.17{¡128+08
.16311E+08
.151078+08
.1121¡18+08
.989588+07
.8867¿E+07
.6752O8+O7
. 613 598+07
.183268+07
. 9 03 808+07
.67 6628+07
.1121¿B+08
.129088+09
.132538+08

SY
.1{8168+08
.15755E+00
.168¿0E+08
. 17 9 538+08
. 17 63 8E+08
.16¿628+08
.1703¿E+08
.159008+08
.1¿6808+08
.130528+08
.1192¿E+08
.996188+07
.759158+07
,909318+07
,102088+08
.116828+08
.128¿5E+08
.138?18+0S
.1¿¿938+08
.1560¿E+08
.16¿698+08
.152988+08
,1¿1598+08
.133308+08
.1230{E+08
.110618+08

-.615698+07
- ,468428+07
-.308948+07
- .357278+07
-.30{39E+07
-.233798+01
-.291208+07
-.543728+07
- .505658+07

.2¿1798+06

.97 97 0E+06

sxY
.6¿0028+06

- .365768+06
-.1607¿B+07
-.279568+07
-.199098+07
-.518758+06
-.779¿88+06

. ¿1¿998+06
,159538+07
,21t7AE+O1
.355128+07
.477OBB+O7
.59543E+07
.518r¡38+07
. ¿¿813E+07
.345L28+07
.250¿88+07
.158308+07
.122808+07
92t89 .

- ,956928+06
.7 16888+06
.L77 648+07
.2260SE+O1
.310178+07
. ¿03188+07
.94¿578+06

-.1128?E+07
-.310188+07
-.2663¿E+O1
- .338088+07
- .423668+07
- .3788¿B+07
- .11963E+07
- .187608+07
-.431728+07
- .851518+07

rr*r* posTl NoDÀL sTRBss I¡ISTING *trrÊ

LoÀD STEP= 1 SIIBSIIEP= 1
![IME= 1.0000 LOAD CASE=

THB FOI,LOWING X,Y,Z VAI,I'BS ÀRE IN GI,OBÀI, COORDINÀÎES

0

NODE
152 0
ts2L
I522
L523
r52¿
r525
!526
L527
152 I
1529
153 0
1531
r532
153 3
1534
153 5
153 6
153 7
153I
153 9
15¿0
15 41
1542
15 43
15{4
15 (¡5
15¿6
ts47
15¿8
15 ¿9
1550
15 51
!552
15 53
155¿
155s
15 56

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

s]tz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

rrrir POST1 NODAL STRESS LISTING r'rrr

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀD CÀSE=

THE FOLLoIIING X'Y,Z VÀLITES ÀRE IN GLOBÀL cooRDINAllEs

NODA SX SY SZ SXY
1557 .144058+08 -.100578+06 .00000 -.972798+07
1558 .1¿¿268+08 .128968+06 .00000 - .810568+07

0

syz
.00000
.00000

sxz
.00000
.00000

r00
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1559
15 60
1561
t562
15 63
15 6¿
156 5
156 6
!567
1568
15 69
t57 0
157 1
1572
L57 3
L51 ¿
r57 5
157 6
L577
157 I
!579
1580
1581
1 582
15 83
158¿
1585
1586
15 8?
1588
15 89
159 0
15 91
L592
159 3

.140008+08

.1¡12028+08
,145248+08
.t42azB+Og
.1¿12¿B+08
,1¿¿088+08
.1¿1598+08
.135938+08
.132708+08
.117658+08
.109668+08
.149708+08
.1¿0918+08
.13789E+08
.132718+08
.133958+08
.137908+08
. 13 5928+08
.126828+08
. 1197 6E+08
.8¿7318+0?
.800958+07
.846228+07
.1¿6588+08
.1t!5998+08
.112168+08
.127318+08
.125608+08
.163968+08
.158168+08
,15¿128+08
.L27978+Og
, 123 ¿38+08
.126638+08
.918718+07

s¡(
.154868+08
.1¿8288+08
.138408+08
.91 62OE+07
,101018+08
.110278+08
.105168+08
.112338+08
.11¿3 18+08
.111328+08
.107208+08
.123618+08
.105168+08
.130588+08
.110018+08
.98¿398+07
.113598+08
.118198+08
.121518+08
.116608+08
.123158+08
.129478+OB
.126378+08
.138618+08
.126968+08
.128¿68+08
,129 168+08
.123438+08
.103 0¿E+08
,13¿698+08
.1tl39tlB+08
. tl4992E+06
.183 5¿E+08
.2 586¿E+08
.2127 6B+Oa
.103068+08

- .105618+07

- .7 ¿8728+06
-.716828+06

.118798+07

.748578+O6

.3757 18+05

.6192¿E+06
- .115818+06
-.7.30288+07
- .161788+07
-.t57758+O1
-.151238+07

.18791¡B+07

.647228+06

.t72488+06
- . ¿60508+06
- .551898+06
- .365968+06
-.888318+06
-.159978+0?
-.159168+07
-.753768+06
-.129388+07
-.179468+07

.3309 8B+07

.235418+07
7907.6
.888108+06
38¿88.
.393428+0?
.293518+07
.23 ¿3 0E+07

- .5179?B+06
- .101878+07
- .716198+06
-.2t¡0638+07

SY
.255138+07
.16¿098+07
.4t4178+06

-.L41478+O7
-.186258+07
- .182008+0?
-,208768+07
-.179168+07
- .169708+07
-.191788+07
-.22O848+07
- .100688+07
- .255418+07
- .137368+07
-.162958+07
-.168958+07
- .166158+07
-.15535E+07
-.t37738+07
-.156718+07
-.lL¿228+O7
-.58¿988+06
- .7880¿8+06

. ¿¿07 8B+06
- .100298+07
-.103568+07
-.115358+07
-.1¿9338+07
-.20082E+07

.25966E+06

.159258+07
-.850678+06

,2 5¿0?E+08
.207 658+08
.186688+08
. ¿332s8+07
.570¿68+06

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000

-.772438+07
-,791798+07
-.791808+0?
-.773248+07
- .7 6L7 gB+Oj
-.799268+07
-.77968E+07
- . ?51858+07
- .7 ¿7378+07
- . 6832 1E+07
-.64¿688+0?
-.833?68+07
-.734928+07
-.7l7OSB+O1
-.676428+07
-.701988+07
- .7¿1608+07
-.137758+07
-.?15308+07
-.571608+0?
- .568078+0?
-.472tO8+O7
-. rltl066E+07
-.926028+07
- ,86¿¿88+07
- .6(¡60¿B+0?
- .728838+07
- .660038+07
- .101338+08
-.929308+0?
-.875178+07
-.5992t8+o7
- .5¿6088+07
- .568338+07
-.448358+07

sxY
-.878358+07
- . 8077 9E+07
-.692718+01
-.578078+07
- .51¿808+07
-.523948+07
- . ¿580¿E+07
-. ¿926¿E+07
- . r¡88018+07
- . ¿Á9898+07
- .4O77 4B+O7
-.553018+0?
- .368978+07
- .7157 (E+Oj
- .6LL77B+O1
- .536268+07
-.500928+07
-.607098+07
- .611928+07
-.557728+07
- .5s7738+07
-.628248+07
- .588138+07
-.703478+07
-.639¿98+07
- ,666628+07
-.683518+07
- .667698+07
- . ¿75698+07
- .679298+07
- .80¿338+07

.167828+06
-.222L38+Og
- .232138+08
- .213¿88+08
-.72s668+07
- .208198+06

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
- ooo00

*trt* POST1 NODÀ! STRESS I¡ISTINO rrirt

LOÀD STEP= 1 SIIBSTEP= 1
|[IME= 1.0000 LOÀ.D CÀÉlE=

THE FoIJLOI|ING X,Y,Z VÀI¡IIES ÀRB IN GLOBÀL COORDINÀTES

0

NODE
159 ¿
159 5
1596
t597
1598
159 9
1600
15 01
L602
16 03
160¿
16 05
1 606
1 507
1608
1609
1610
1 611
t6L2
1613
1614
1615
1 616
7617
1618
1619
r620
t62t
t622
!623
r624
t62s
1626
1627
L62g
L629
163 0

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00,000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000

'ri'i POST1 NODAL SERESS I¡ISTING ttri*

LoAD STEP= 1 SIIBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOI,LOWING X,Y,Z VÀLITES ÀRE IN GI,OBAI, COORDINATES

1

l{
1j

101
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NODE
163 1
1632
163 3
153 ¿
163 5
163 6
t637
163 S

163 9
1640
1 5¿1
t6¿2
1 643
t64t
1645
16¿6
L647
16¿8
16¿9
165 0
1651
t6s2
16 53
1654
1555
1656
16 57
1658
16 59
16 60
16 61
t662
1663
156¿
1665
1666
1667

sx
¿9¿33.

-.2o22O8+O7
-.175278+08
- .738608+07

.578398+06
-3 8007 .
-. ó56898+07
- ,797 498+07
- , 17 07 BE+08
-,7306¿E+07
-.101988+07

.37 9 ¿78+07
,12o998+0?

-.101988+06
- .283 958+08
-.757At8+O7

.175978+08

.266838+08

.160¿38+08

.408888+0?

.200398+08

.138528+08

.2O7368+07
- .156508+08
-. ¿3¿188+07

.151958+08

.273 158+08
, 97 5668+07
.L229LB+OA
.133t¡58+08

-.192518+08
-.16¿628+08

.913368+07

.101628+08

.138958+08

.147 568+08

.598958+07

sx
.1¿63¿E+08
.118{88+08

-.160938+08
,157038+08
.I47228+Og
.335288+07

-.19,1¡978+08
.105728+06

-.113398+08
- .184038+08
-.107138+08
-.936918+07
-.176¿28+08
-,941498+07
-.103188+08
- .718858+06
-.173538+08
- .7 44528+06
- ,7 5¿3 58+05
-.523778+06
- .236688+07
-.126008+07
-.622A78+07
-.627278+07
- .182628+08
- .173518+08

.2 5¿158+08
,72o248+O6
.983 588+06

- ,19599E+08
.59 ¿08E+06

-.968t138+06
.309¿08+0?
.111958+07
.118978+08
,276158+08
.158788+09

SY
. ¿29798+06

-.365738+07
-.181668+08
-.182048+07
-.188358+06
- .739¿08+05
-.273878+07
-.3¿1828+07

.3 01¿58+08

.279228+Og

.235528+08

.13087E+08
,331028+07
.1¿59?B+06
.692838+07
.123548+06
.67915E+07
,100988+08

- .151¿98+06
-. ¿11598+07

.52o638+07

.127 448+OA

.t22L9E+OA
-.t94128+07
-,657588+0?
- .422SSB+07
- .217 088+06
-.369998+07
-.258088+07

.288248+07

.10{9¿B+08

.113888+08

.179368+07

.625178+O7
-.26a758+07
-.2ts7tB+07

.506008+06

SY
.858758+06

-.tl2tlB+O1
.1241{E+08
.32LOSE+07
.150218+07
.265538+07
.1003{E+08
.tA292E+07
.182358+08
.L792tE+O7
.187588+08
.188658+08
.811¿78+07
.186¿68+08
.18¿7?E+08
.521638+06
.7 62248+07
73L27,

-.2á5¿78+06
-.521938+06

.1412t18+08

.2 19 508+06

.18¿8¿B+08

.231998+08

.105?88+06
-.1037t18+06

.171088+08
-.10025E+06
-27900.
-.382548+07
-.777948+06

.262528+O7

.186888+08

.1697 88+08

.214048+08

.2925L8+OA

.272998+OS

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sxY
-49752.

.288248+07

.178718+Oo

.142728+07
98301.

-. ¿96088+06
-.233¿¿B+O7
-. ¿78838+07

.666158+07

.972738+07

.932998+07

.643728+07

.168{3E+07

.543278+06
,870938+07
.16,r¡118+08
.954878+07
.191558+07

-.659108+07
-.22t968+0A
- .123938+08
- .137 81E+08
-.9158¿E+07

.2023!E+O7

.527778+O7
- .965658+07
-.642678+07
-.133218+08
-.8958¿E+07
- .770108+0?

.81¿838+06

.289568+07
- .840898+07
-.107528+08
-.784t28+O7
- .880638+07
-. ¿81058+07

sxv
-.836188+07
-.532448+07

.212OAB+O7
- ,935758+07
-.790358+07
-.273o28+O7

.63533E+07

.617258+06
-.263738+07

.975238+07
- .290{08+0?
- .30¿3{E+07

.573388+07
- . ¿020¿E+07
- .42LO2E+O7
- .1¿6558+06

.51BB38+07
- .3 83 478+06
-.583978+06
- .63¿968+06

.4o2458+07
-.1¿7988+05
-.634258+07
-.932928+07

.90¿¿08+07

.8?2008+07
- .2233 1E+08

. 32 5¿58+06
-.528658+06

.112?68+08
- .125098+06
- . ¿¿9588+06
-.113228+08
- .9{51¿E+07
- .169658+08
-.290198+08
- ,2281r¡B+08

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
. o0000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

rr*ti POST1 NODAL STRESS ITISTING r"*'

LoÀD STEP= 1 SIIBSTEP= 1
TIME= 1,0000 LOÀD CASE=

THE FoLLOWING X,Y,Z VAIJUES ARE IN GLOBAIJ COORDINÀTES

0

I

NODE
166 I
16 69
167 0
t67t
L672
167 3
167 4
167 5
L67 6
1677
167 I
167 9
1680
16 81
L6S2
1683
16 8¿
1685
1686
16 87
1588
16 89
1690
169 1
L692
1593
169¿
1695
169 5
!697
1698
1699
17 00
17 01
t7 02
17 03
r7 04

syz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.0q000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

t

1
il.tl

i¡irr POST1 NODÀL STRBSS I¡IS'IING 'rrrt
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Appendix 2

LoÀÐ STEP= 1
TIME= 1.0000

SUBSTEP= 1
I,OÀ.D CÀSE= 0

THE FoLLOWING X,Y,Z VÀLItBs ÀAE IN GIJoBAIJ COoRDINÀTES

rriii posTl NoDÀL sTREss I¡ISTING rrrrr

LoÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀ.D CÀSE=

THE FoIJIJOWING X,Y,Z VÀLUBS ÀRB IN GIJoEAIJ cooRDINÀTBS

NODE SX SY sz sxY

NODB
17 05
1706
L7 07
1708
t7 09
17 10
tTLt
L7L2
17 13
L7 L4
t7t5
r7 L6
77 I7
17 18
t7 !9
t7 20
t72t
1722
r723
17 24
7725
t7 26
r7 27
r7 28
r7 29
r7 30
!7 3!
r7 32
7-7 33
17 34
r7 35
r7 36
L7 37
!7 3g

sx
.1¿¿128+08
.5L47 5B+o1

-.123108+08
-.165818+08
-.2L6778+Og

.2 93 188+08

.1r¡5¿88+08

.127168+08

.1¿23¿E+08

.13¿¿38+08
,581518+07
.216938+07
.971,É58+05
, ¿08?08+07

-,146818+08
-.232928+oe

.327 Á78+06

.195138+08
-.108938+08
- .3¿5088+07

.285¿58+08

.256568+08

.187428+08

.L26238+Og

.112388+08

.7366rtE+07

.171178+08
- , 73 82 1A+06

.101138+08

.16¿11E+08

.57 97 3B+07

.116298+08

.153 5{E+08

.142858+08

SY
.388628+07

- .118¿78+07
- ,31O2tlE+07
- .249518+07
- .132288+08

.208608+08

.9¿8338+07

.551808+0?

.561798+07

.627 ¿78+Oj
- .536608+06

.t625lE+07

.102588+07
-.11803E+07
-.16290E+08
- .1¿962E+08
-,6!1298+07

.117578+08
- .2 01898+08
-.1¿7888+08

.198158+08

.157778+08

.905158+07
-.403038+06
-.158908+07
-. ¿65388+07

. ¿2¿088+07
-.901¿08+07
-.273658+07

.379318+07
-.58¿928+07
-.t64728+07

.277958+07

.117358+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
-.952648+07

.16¿568+07

.752SOE+o1

.9¿8928+07

.171348+08
- .253338+08
-,119338+08
-.915738+07
- .998808+07
-.98?9¿E+07
- ,11559E+07
-.173688+07
-.952868+06
-,206708+07

.190448+08
,188468+08
.307568+07

-.154¿88+08
,159308+08
.826898+07

-.238528+08
-.203078+08
-,13666E+08
-.617928+07
-.505098+07
-.250018+07
- .104718+08

.500708+07
- .3393¿E+07
-.9811¿E+07

, 17 03 9B+06
-. ¿7¿688+07
-.860318+0?
- .7 67178+07

sYz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

o
.I

rlf
,ri

!.{INTMW VÀI.UES
NODB 381
vÀLuE -.3669¿E+08

MINIMI'M VÀLUES
NODE 381
VALUE -.497728+0S

244
282398+08

244
283238+08

1
.00000

37s
00000

60
354¿38+08

¿01
374958+08

sYz

375
.00000

sxz

1
00000

375
00000

1
00000

u.NKIurrlr vAL,uEs
NODE 439 359 t 246 1 1
VALUE . ¿11rt3B+08 ,359018+08 .00000 .297¿08+08 .00000 .00000
TTTiT BSTIMÀTBD BOUNDS CONSIDERING THE EFFECT OF DISCRETIZATION BIUIOR "*iT

t
ì

I.Í,AI(IMI¡M VÀI,UES
NODE 439 390 375 375 375 375
VÀLUE . ¿66¿88+08 . ¿2¿578+08 .00000 . ¿16618+08 .00000 .00000
ittititttttittttttttttttttattlt*ltatttttatataaatttatitttl*ltatttttiitttaatt
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Appendix 2

PRINT F REJACTION SOI,UTIONS PER NODB

r'irr POST1 TOTÀL REÀCTION SOIJUTION I¡ISTING '*'rr

LOÀD STEP= 1 SIIBSIIEP= 1
TIIdE= 1.0000 I¡OAD CÀÉlE=

EEB FOLLOWING X,Y,Z SoLI'TIONS ÀRE IN GLOBAL COORDINÀTES

0

NODE
5
6
7
8

3L7
318
319
320
32!
322
323
32tL
325
326
327
325
329
330
331
332
333
33¿
335
336
337
338
339
340
31t1
342
3¿3
3¿4
345
3{6
347
3¿8
3¿9

FX
920.57
359.99
6.9265
200.42
190¿ ,9
993.35
18?0,6
9¿5.68
1781.6
82S.63
1535.6
699.09
12t2.7
517.69
895.06
608.18
236.09
370.77
1¿2 .81
2ta.66
at.323
rLg.73
¿4.075
54.932
22.996
1¿.823
2.LgSA
1 .16¿3
4.3938
7!.327
¿1.580
32.467
108.17
12.O49
206.72
!24.5t
334.32

FY
966.77
22r.37
7 .5544
¿07.01
1783.5
966.22
1¿81.7
682.59
t2so.4
575.25
91¿ . ,r¡6

{4t.27
7 00 .97
319.11
499.02
352.75
137 .06
2L6.77
7 A .206
115.88
36.425
49.672
10. ¿07
14.s23
3 ,68¿5
7.3329
29.360
27.564
65.133
56.311
1¿5.38
95,705
255.19
!67.t3
422.63
271.52
669 .0¿

itrr' POST1 TOTAL REÀCTION SOLUTION I¡ISTING rrrr'

LOÀD STEP= 1 SUBSTBP= 1
TIMB= 1.0000 LOÀD CASE=

THE FoIJIJoIIING X,Y,Z SOLUTIONS ÀRE IN GLOBAL COORDINÀTES

0

NODE
350
351
352
353
35¿
355
356
3s7
358
359
360

FX
¿89.51
297.t6
699.92
404.27
934 .7 2
531¡.99
LL98.2
685 .70
1466 .9
825-38
L7r2. ¿

FY
981.88
581,36
1352.0
7 64.43
1558.8
903.17
1898.3
993.60
L992.9
1018.0
192s.9

TOIIÀL VAI,UES
vÀr,uE 26787. 28419,

T

IM



Appendix 3

Input tisting for the finite element analysis of the follower link
PRINT S NODAI, SOLUTION PER NODB

r.r sIÀIlNINc r.. cP= 2.¿33
The êelec!êd elemeDÈ 6êt coBtalDe ml'xed maÈeria1s.
Tb16 could l¡vêIiðaÈe erroE e6tlmatl'oD.

TIME= 08:592O7

rritt POST1 NODAL STRBSS I¡IS|NG "'ri

LoÀD STEP= 1 SUBSTEP= 1
TIMB= 1.0000 LOÀD CÀSB=

THE FOI,LOWING X,Y,Z VÀI,UES ÀRB IN GLOBAI, COORDINÀTBS

0

NODB
1
2
3
4
5
6
7
I
9

10
11
r2
13
!4
15
16
!7
18
19
20
2L
22
23
24
26
2A
30
32
3¿
36
38
¿0
42
44
47
(t9
51

s,}tz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
,00000
.00000
.00000

sxz
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
-.135¿¿E+05

seo27.
- ,15156E+06

.2892t8+o6
- .249¿08+06

.L2o77E+o9
171.¿0

- .985668+08
- .121838+08
-.73193E+08
-.572O18+O7
-. {835¿E+08
-.111068+08
-.1196¿B+07

.87{148+07
,953238+06

- .188368+07
,632398+o7

-.45312A+07
.123098+08
.443t78+07
.3 10¿68+07
.143908+08
.185538+08

-66737 .
-538¿6.
3t662.
.180198+06
.20O82B+o6

-29497.
-.156358+06
-.106388+06
-.138558+06

77 500 .
- .129348+07
-.177558+07

. ¿100¿B+07

SY
-.133568+06

¿8019.
- ,1¿9¿58+06

.113{78+08
-.223968+06

.913928+08

.101988+08
-.15¿328+09
- ,1373 5E+09
-.207528+O9
-.279O18+A7
- .L7 4478+O9

.168968+06

.2965¿B+09

.256318+07

.289 868+07
- .3058 1E+06

.260¿08+08
-.235828+07

.819¿98+07
-.138688+07
-.7a9328+07

.1¿56¿E+09

.301¡238+08
,11,t¡658+07
.472218+07
.886458+07
.10¿988+08
.7¿¿888+07
.1¿8928+07

-.315888+07
-. ¿55078+07
-.308528+07
- .110068+07

¿3553.
-¿{¡995.
-.139008+06

az
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
-,13,1¡508+06
-527 S6 .
-. 150508+06

.1091¿E+06

.236258+06
- .10261E+09

¿5516.
- .828518+07

. ¿11038+08

.583878+08
-.9!2658+07
-.3277t8+O7
-.3893t18+07
-.5029¿E+08

.195768+07

.1309¿B+08

.806888+07
- .108888+08

.609998+07
-.535518+07
-.85¿¿¿E+07

.24ÛL3E+O1
-. ¿52598+08

.238288+08

.267798+06

. ¿72508+06
, ¿47138+06

- .121568+06
-.7r¡5958+06
-.?81758+05
- .429a78+06

,295568+06
.589288+06
.513208+06
.3503¿B+06

-.121038+06
-.57318E+06

rrrrr posTl NoDAIJ sTREss LISTING r*r-r

I¡oÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LoÀD CASE=

THE FoIJIJo!ÍING X,Y,Z VÀLUES ÀRB IN GLOBÀL cooRDINÀTEs

0

NODE
53
55
57
59
61
63
65
67
69
7r
73
75
77
79
81
8¿
86
88
90
92
95
9',',l

99
101
103

sx
.117568+08
.185228+08
.253588+08
.3 15638+08
.369898+08
. ¿05018+08
. ¿08608+08
.37 5048+08
.309518+08
,22 6 508+08
.143938+08
.7 97.078+07
.388628+07
.138808+07

-50130.
.117848+06
56394.
t7 03 .7
6100.9
1180.3
,112298+09
.9¿5038+08
,699558+08
. ¿87488+08
.3O153E+08

SY
23s7t.
6267 2 .
1¿900.
70078.
.152268+06
.2093¿E+05
.227558+06
.188278+06
.105188+06

-23227.
-77 629 .

-46253.
-¿95¿7.
-.tI2168+06

4s623.
,706388+07
,5¿1468+0?
.350768+07
.1L27 4B+o7

- .282008+06
.653168+08
. ¿00¿88+08
.201698+08
.989688+07
.387068+07

sxY
- .2!77 6B+06
-.28¿5¿8+06
- .3 32 808+06
- .3¿8¿18+06
- .370618+06
- . 27 0¿08+06
-74375.

.L22L2B+O6

.275588+06

.35¿1¡18+06

.331658+06
86883.

-¿1358.
6931¡8.

-24095.
-.13819E+06
-83997.
-63275.
-¿¿813.

.259188+06
- .8¿5058+08
-.611?6E+08
-.377758+og
- ,221068+08
-.112758+08

sYz
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

11-s



Appendix 3

+rri. PosTl NoDÀIJ STRESS I¡ISTING *r.rr

LoÀD STEP= 1 SIIBSIIBP= 1
TIME= 1.0000 LOÀD CASE=

ÍHE FOLIJOTÍING X,Y,Z VÀLI'ES ÀRE IN GLOBAL CooRDINATES

105
!o7
109
Lt2
11¿
116
119
L27
L23
125
r27
129

.136168+08

.318568+07
- .387378+06

.219908+07
-.362898+07
- .266908+08
- .160578+08
- .23¿¿08+08
- .3¿9398+08
-. ¿58598+08
-.605(¡68+08
- .751908+08

.813018+06
-5065¿.
-1783.0

.2227 4Ê+O7
- .307838+07
-.84¿118+07
-,13¿¿¿E+09
- .133228+09
-.1298¿B+09
-.12tl89E+09
- .117738+09
-,10857E+09

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

- .391¿58+07
-.5867¿E+06

.10¿658+06
- .57¿888+07

.3918¿E+o7

.23 ¿0¿B+08

.47 6278+0g

.566968+08

.680698+08

.7 69238+08

.8¿766E+08

. 9 16628+08

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

0

NODE
131
133
136
138
1¿0
142
t44
1t¡ 6
1¿8
150
L52
154
156
158
160
L62
164
166
168
t70
r72
175
177
t79
181
183
185
ra7
189
191
193
195
L97
200
202
204
206

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
-.907598+08
-.107288+09

88600.
-.580108+06
-.138398+07
-.t76758+07
- ,183308+07
- .32094E+06

.528858+06

.924378+06

.267 o3B+06
-.954278+06
- .286¿18+07
-.513878+07
-.806288+07
- .116058+08
-.162028+08
- .22 1818+08
- .258908+08
- .3 19 9 ¿B+08
- . ¿37208+08

.933 868+06
,159908+07

- .201938+07
- .567688+07
- .938258+07
-,117198+08
-.1¿7758+08
-.773228+oa
-.18763E+08
-.180358+08
- .262888+08
-.28¿708+08

26087 .

-.110088+06
-62654.
69371.

sx
37386,
62280.
2280.9

-.773698+07
- .11t¡068+08
- . 1583 5E+08
-.195038+08
- .21¿89E+08
-.22007B+Oe
- .2 100¿B+08
-.195388+08
- .1511878+08
- ,10¿278+08
-.500328+0?
-7858. ¿

. 3 53 598+07
, ¿5001E+07
.2O02OB+07

-.22t298+07
-.221258+07

.3 502¿E+07

SY
-.968138+08
-.9¿258E+08

,9¿8208+07
.896738+O?
.109388+08
.1¿3838+08
,196298+08
.223188+08
.205938+08
.185988+08
.1¿2¿58+08
.132118+08
.119758+08
.121398+O8
.115338+Og
.112528+08
.856378+07
.551¿98+06

-.9727!B+O7
-.233138+08
-.588218+08

.111178+06
507¿9.
52633.
24051.

-5813.2
6355.4
2roa2.
60007.
.3 8¿658+06
72525.
.103808+08
.129328+OA

-2A757.
.1293t8+O7
. ¿16808+07
.84337E+07

sv
.t2l23E+Og
.1¿6188+08
.142198+08

-.581398+07
-.6A6128+07
-.107958+08
-.192798+08
- .306528+08
- . ¿59728+08
-.6¿8398+08
- .802728+08
-.103508+09
- .130938+09
-.16030E+09
-.190608+09
-.220628+09
- .2¿905E+09
- .27 4SOE+Og
- ,294658+09
- ,1377 8B+06

,6ó2008+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sxY
.9¿31¿E+08
.109798+09

- .8¿¿688+06
-.825258+06
-.498208+06
-.952978+O6
- .29 5918+07
-.59t¡388+07
-.660318+07
-.730018+07
-.566598+07
- .386988+07
- .136168+07

.883978+06

.33853E+07
,659988+07
.108?68+08
,152968+08
.204478+Oa
.2¿054¡E+08
.291788+08
.42082E+06
318t¡.1

- .3 08708+06
-79ó8¿.

31090.
63568.
.105158+05
.244228+O6
.829¿98+06
.192998+07
.40ÂS2B+O1
.806188+07

-159¿9.
.128608+06
,2L2tOB+O6
.34675E+05

sxv
.213¿18+06

-2405 .4
-.1669¿E+06
-.506708+07
-,939888+07
- ,134898+08
-.202928+oa
-.267798+Og
- .332908+08
- .3 87318+08
-.398318+08
-. ¿31388+08
-.417978+08
-.355228+08
- .266688+08
- .119?28+08

.757818+07

.315338+08

.52¿3¿E+08
37078.
. ¿57568+07

syz
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000

sxz
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

trrri POST1 NODAL STRESS I¡ISTING rrtt'

I¡OÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LOÀD CÀsE=

THE FOLLOWING X,Y,Z VÀLUES ÀRE IN GI,OBÀI, COORDINÀTES

0

NODE
20a
2lo
2L2
2rs
2r7
2r9
22r
223
225
227
229
23!
233
235
237
239
24r
243
245
2¿S
250
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trrtr POST1 NODÀL STRESS LISTING 'rrtr

LOÀD STEP= 1 SIIBSTEP= 1
TIME= 1.0000 I¡OåÐ CÀSE=

lHE FOLLOWING X,Y,Z VALI'BS ÀRB IN GLOBAL COORDINÀTES

252
254
256
255
260
262
264
266
268
270
272
274
277
2AO
252
284

.69616E+07

.104198+08

.127818+08

.1366¿E+08

.136¿58+08

.10¿0¿E+08

.7A3628+07

.531508+07

.396278+07

. ¿9 0858+07
,938688+07
.186298+08

- . 4t27 aB+07
.116788+08
.1¿9758+08
,171768+08

.145338+08

.2524A8+OA

.397578+08

.580258+OB

.826558+08

.113658+09

.142228+O9

.t72328+09

.202798+09

.232368+09

.259688+09

.283258+09

.231818+07

. ¿83378+07

. 519 038+07

.303 098+07

,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.100828+0S

.158888+OB

.2170¿E+08

.268708+08

.293818+og

.30¿528+08

.268018+OB

.188258+08

.615998+07
-.113¿¿E+08
- .33 5278+08
-.5869¿E+08
-.110638+07

.3{9318+07
, ¿02638+07
.602808+07

.00000

.00000

.00000

. o0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000

0

NODE
286
248
297
293
295
297
299
302
304
306
308
310
313
315
3L7
319
32r
32¿
326
324
330
332
335
337
339
3¿1
343
346
31¡ I
350
352
354
357
359
361
363
365

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sx
.15¿778+08
.9242o8+O7

-.573658+07
-.AL29SE+O7
-.65¿288+07
- . 32 93 6E+07
-.109198+0?
-.55¿518+07
-.977938+07
-.116138+08
-.8372t8+07
-.152308+07

.963378+07

.7387 4B+O7

.127 teB+O1

.35988E+07

.588818+07
-.50¿83E+07
-.1¿8518+07

.576368+07

.137898+08
,170028+08
.1¿6408+07

-.7360¿E+0?
-.899758+07
- .432528+07

.830398+06
,821488+07
.14¿6¿E+08
.20860E+08
.22036E+08
.!49278+Oa

-.709¿38+07
-.121718+08
-.117608+08
-.725!48+07
- . ¿53918+07

SY
.1008l¡E+07
.113288+07
.421988+07
.33 08¿B+0?
.468888+06

-.237078+07
-.3:2928+07

.627398+07

.1¿7808+08

.226628+Og

.27 8648+08

.290678+08

.2 19068+08

.177138+08

.126298+08

.66¿¿¿B+07

.2 50¿08+07

.106968+08

.2 169¿E+08

.223578+OA

.175¿58+08
,117878+08
,670898+07
.265528+o7

-. ¿82198+07
-.1095¿E+08
-.999328+07

.823558+07

.9465¿E+07

.383638+07
-.3293\E+07
-.719028+07
- .872998+07
- .118618+08
-.167278+Oa
- .20350E+08
-.152568+08

SY
.105578+08
.109568+09
.123728+09
.1350¿E+09
.1¿3748+09
.1¿9958+09
.152538+09

-,136388+09
-.129188+09
- .1203 8E+09
- ,11216E+09
- .106598+09
- .100¿¿E+09
-.855628+08
-.297228+Og

,133958+09
.t262OB+O9

sz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sxY
, 9 83 108+07
.129908+08
.97 4248+07
.5083¿a+07
.191018+07
.777568+07
. á396¿E+07
.997928+07
.83 8¿18+07
.2932f¡8+07

-. ¿06968+07
-.9s5298+O7
- .820¿18+07
-.57A738+O7
- . ¿595¿E+07
- .38¿908+07
- . 13 1698+07

. 3 652 58+07
-.353358+07
-.1076¿E+OB
-.125858+08
-.958978+07
- .501378+07
-.9797o8+o7
-.150308+08
-.1503¿E+08
- .112798+08
- .109208+08
-.1ó4758+08
- .11¡2¿98+08
-,822788+07
-.860628+06

.966608+O6
-.272¿78+07
-.463398+0?
-.203208+07

,31¡3218+07

riiir POST1 NODÀL STRESS I¡ISTING irrii

LOÀ.D STEP= 1 SUBSTBP= 1
TIME= 1.0000 LOÀD CÀSE=

TIIE FoLI,OWTNG X,Y'Z VALUES ÀRE IN GLOBÀIr CooRDINATBS

0

NODE
368
37r
373
375
377
379
381
384
386
388
390
392
39¿
396
398
{¡ 01
¿03

sx
-.t72398+07

.116598+09

.972118+08

.7 404¿E+08

.5371¿E+08
,359548+08
.23 8¿98+08

- .111908+08
-.102858+08
-.927798+07
-.879578+0?
-.a57578+07
-.85t1918+07
-.1790¿B+07

.90¿358+07

.111588+08

.105968+08

sxY
.2¿6898+05

- .110618+09
-.108268+09
- ,987 568+08
- ,855108+08
-.732278+OB
- .588178+08

.388128+08

.3 65108+08

.333068+08

.313¿78+08

.30¿148+08
,2 83 858+08
.186108+08

- .167¿¿B+07
- .3905¿B+08
- .3 6510E+08

sYz
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
. o0000
.00000
.00000
.00000
.00000
.00000
,00000
. ooo00

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
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.101208+08

.96¿95E+07

.949¿28+07

.867968+0?

.6¿0858+07

.1103 8E+08

.933028+07

. tt1286E+06
- . ¿9 0888+08
- . ¿69¿1E+08
- .366358+08
-.289038+08
-.222278+0g
- .235¿98+08
-,162818+08
-.111728+08
-.688908+07
-. ¿10738+07
- .77 Á298+07
- . ó51358+07

rrtrr POSTI NODÀL SÍRESS I¡ISÍING ittrr

LOÀD STBP= 1 SIIBSTBP= 1
TIME= 1.0000 LOÀD CÀSE=

THE FoLLOI{ING X,Y,Z VALITBS ARE IN GIroBÀIJ COORDINÀTES

405
407
4t 09
¿11
ó13
¿15
¿18
¿19
Á20
A2T
422
423
424
425
426
127
424
¿29
¿30
43r

.118458+09

.112368+09

.105608+09

.9829¿E+08

.102018+09

.160788+09
- .490978+08
- .760018+08
-.528738+08
- .196378+08
-.237af8+O7

.663598+07

.111638+08
- .33¿068+08

.126¿88+08

.t22798+Oa

.108¿98+08

.11560E+08

.139758+08

.128948+08

.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

-.3r¡6058+08
- .332488+08
-.31112E+08
- .298698+08
- .2351?B+08
- .177 418+OA

.22t568+OA

.3 10838+08

. ¿773 58+07

.1¿3918+08

.1¿7¿68+Og

.109718+OB

.677778+O7

.15072E+Og

.301838+07

.319 5¿B+06
-.893958+06
- .37 4428+01
- .497 l2E+O7
-,588888+0?

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

0

NODE
432
¿33
rt3 ¿
435
¿36
437
438
¿39
4¿0
44r
4t2
¿43
44Ã
445
446
447
¿44
4¿9
¿50
¿51
452
{53
¿s{
455
¿56
457
458
¿59
4t 60
¿61
462
453
¿64
¿65
¿66
467
468

sx
-.3076¿B+07
-.2347La+O1
- .101908+07
-.115?88+06
- .17¿258+06
73950.
.286¿18+08
.196668+08
.551398+07

-.579078+08
-.3¿9988+08
- .299468+08

.32 5098+08
-,340078+08
-.293338+08
-.210508+08
- .175578+08
- ,12¿058+08

.1¿3¿38+08
,1518?E+08
,264208+06

-.273298+07
.L!!728+07

- .23 1508+08
- .151288+08
- .1{¡9168+08
- .402328+07
- .2810¿E+07
-.678408+07
- .105208+07
-.209858+07
- .652788+06

.164198+07

.472498+07

.786518+0?
-,7509¿E+06
- .375608+07

sv
.137028+08
.127328+oa
.818108+07
.553¿08+07
.554268+07
.334428+07
.539818+09
.29 96?E+08
.23 5308+08

-.667058+08
-.539168+08
-.500008+08

.49 8868+08

.108788+07

.1¿3208+08

.218158+08

.1?7598+08
,163288+08
.170968+08
.283 ¿88+08

- .35¿698+08
- .717568+08
-.57¿508+08

.177568+08
,22 18{B+08
.261378+08
.13¿¿18+08
.11¿0¿E+08
.165¿88+08
.139518+08
.105618+08
.712588+07
.977118+06
.398798+07
.989168+07
.178028+08
.235¿9E+08

sz
. o0000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxY
- .460328+07
-.182918+07
-.935668+06
-.1260¿E+07
-.t7O298+O7
-.!6Lt2B+o7
-. ó05878+OB
- .263368+08
- .128618+08

.276258+oa

. tl9tl89E+08

.566¿98+08
-. ¿02978+08

.680708+07

.3309¿E+07
-. 518058+07
- ,18¿128+07
- .3 90418+07
- .192¿0E+OB
-.255¿58+08

. ¿73018+07

.180398+08

.161238+08

. ¿80868+06
- ,7¿3988+07
- ,105058+08
-,8¿7868+07
-.1¡130¿E+07
- .91¿878+07
- ,1132¿E+08
-,665918+07
- .389138+07
-.l7L1tB+o1
- .617¿18+07
-.725258+0g
-.1393¿E+08
-.153018+08

sxY
- .3¿6398+08
-.163018+08
-.g2l2gg+O7

.429508+07
- .281038+08
- .27 5668+08
- .22 03 8E+08
- .207788+08
-.177868+08
-.131368+08
-.177308+08

.77 5778+o7
-.277338+07

svz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

r*i*i POST1 NODÀL STRESS I¡ISTING rirrr

I¡oAD STEP= 1 SUBSTEP= 1
TIME= 1,0000 LOAD cÀSE=

THE FOI,LOWING X,Y,Z VÀI,UES ÀRE IN GI.OEÀI, COORDINATES

0

NODE
¿69
470
47r
472
473
474
475
476
477
475
479
¿80
481

sx
.287248+Og

-,(¡23568+07
-.117978+08
- ,3¿02¿E+08

.389708+08

.37 52 88+08

.2¿8558+08
,207118+08
.155958+08
.832858+07
.586968+07
.2¿5808+08

-.775798+07

SY
.385138+08
.33 8¿18+08
.3 05 568+08
.106798+08
.340208+08
.376ô38+08
,395388+08
. ¿27138+08
.387098+08
.23 8598+08
.422298+Oa

- ,275538+08
. ¿82018+06

sz
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
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¿42
483
¿8{
¿85
¿86
487
¿88
¿89
¿90
¿91
492
¿93
¿9¿
495
¿96
t97
¿98
r¡99
500
501
861
462
863
86¿

NODE
86s
866
467
868
869
870
871
472
873
87t
875
876
s77
878
879
880
881
882
883
88¿
885
886
887
888
889
890
891
492
893
89¿
895
896
897
898
899
900
901

NODE
902
903
904
905
906
907
908
909
910

sz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
. o0000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000

-.9252L8+O6
.239758+07
13? 19 .
.787198+06

-.6tLl26B+O7
-.189778+08
-.1{¡4¿68+08
-.89r¡058+07

.2498¿B+08
-.282008+08
-.228088+08

.7277 lE+07
-.207678+07

.829518+07
- .9819 58+06

.970928+O6

.5526¿E+06

.61¿518+06
-.10{238+08

. r139198+07
-.25¿358+08
-.267718+07
-.273A78+Oj
- .324188+07

sx
-.322588+07
-.171918+07

.t352AB+07

.47 6378+07

.810888+07

.11¿77E+08

.134318+08

. 12 8? 8B+08

.982178+O7
,611118+07
.3 61858+07
.353638+0?
.37 4768+07

-.3500¿B+07
- .416328+07
- . ¿39198+07

.L93928+07
-.209748+07

.679808+07

.108018+08

. 83 8168+07

. ¿9¿608+07

.6222O8+O7

.3 873 6E+07

.1395¿E+07
-.3¿1158+07
- .709 818+06

.23 1468+07

.513398+07

.580798+07

.615108+07

.213808+07

.59 4778+o7

.390238+07

. ¿3¿068+07

.2 15008+07
-.!94428+07

- .511058+08
- .523018+08
-.5067¿B+08
- , 3 08¿38+08
- .53 5968+08
-.652428+0S
-. ¿61088+08
- .283138+08

.235388+08
-. ¿8788E+07

.953808+07

.553938+08

.321258+08
-.928028+07

.831218+O7

.3¿5138+07

.7 03698+07
,990818+07
.2003 4E+08
.118178+08

- .517628+08
.30{058+07
.1tI1608+07
.115¿68+07

.967938+07

.18323E+08

. 23 1038+08

.293218+O7

.310558+08

.442328+08

. 3 691¡ ¿E+0I

.27 568E+og
- .145588+08

.218928+08

.4S2O1B+O7
-.206168+08
- .188178+08
- .260558+07
-.21t648+07
- .315318+07
-.6t9478+01
- ,919038+07
- .90¿908+07
- ,100¿88+08
- .28¿878+08

. ¿75{88+07
, ¿1995E+07
. ¿36888+07

sxY
.534178+o7
.679988+07
.765758+07
.8¿0118+07
.900178+07
.A9t12B+O7
.7 50¿08+07
.5¿9708+0?
.3377 9E+07
.159158+07
,7 9 5018+06

-.193158+0?
- .5L77 ¿B+o7

.39gg3E+07

.113218+07

.301¡708+07
- .125¿18+08
-.113758+08
- .12¿828+08
-.112128+OA
-.120128+08
-.131358+08
-.121528+08
-. 126¿98+08
-.126968+08
- .101658+08
-.920648+O7
-.9388¿E+07
- . 9 60638+07
-.at6228+O7
-,558808+07
-.3{3¿¿E+07
- . r¡09198+07
- .182888+07
-.311228+07
- .385188+07

.14¿068+06

.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000

.TTTi POST1 NODÀI. STRESS LISEING T'*TT

LOÀD STBP= 1 SIIBSIIEP= 1

TIME= 1.0000 I¡OÀ.D CÀSE=

THE FOI.IJOTÍING X,Y,Z VÀLI'ES ÄRB IN OIJOBAIJ COORDINÀTBS

0

SY
.Ltgt2B+07
.133288+07
.153598+07
.230308+07
.3 16378+07
.33ó838+07
.328588+07
.332908+07
.37 8958+07
.51¿038+07
.752738+07
.105238+08
.138858+08
.7 42728+07
,11¡6978+08
.111358+08

-.126a28+07
- .253608+07

.552 008+06

.1¿1658+07
-,765?3E+06
-.529048+06
-.101008+07
- .378858+06
- .155578+06
- .424268+01
-.3244A8+O7

.508058+06

.560338+07

. 1137 9E+08

.1363¿E+08

.921938+07

.132918+08

.977 2\E+01

.115638+08

.3 85668+07

. 117 128+08

rTtIT POST1 NODAL STRESS LISTING TTIII

LOÀD STEP= 1 SUBSIIEP= 1
TIME= 1.0000 LoÀÐ cÀSE=

THE FOIJIJOWING X,Y'Z VAI.I'BS ÀRB IN GLOBÀI. COORDINÀTBS

0

sx
-.158758+07
-.222538+07

.688¿98+06
- .2 83¿88+08
- . ¿51618+06
-.6981¡58+06
- .4127 ¿E+O6

.191798+07
- .257008+05

SY
.105158+08
.909 858+07
.119188+08

-.13¿898+07
.2,16088+07
.988598+07
.1176¿B+08
.957508+07
.110668+08

sxY
.102108+06
.1511óB+07

-.t26878+O7
- .779058+07
-. ¿52308+07

,163558+07
.110¿58+06
.899828+O5
.t2O728+07

sYz
.00000
.00000
. o0000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

Lt9



Appendix 3

911
9!2
913
914
91s
916
9t7
918
919
920
92t
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
,00000
.00000
.00000

- . ¿88898+07
-.632178+07
-.268618+07
-.582158+06
- .288308+07
-. ¿10198+07
-.71¿998+07
-,921958+07
- .126128+08
- . tl4683E+07
-.730538+07
-.303708+07
-,682588+07
-.107758+07
-.389¿88+07

.228898+05

.225658+07

.25O2OB+O7

. ¿09898+07

.2267.L8+O7

.762OLB+07

. 2 ¿0608+07
,11¿188+08
.130238+08

-.266848+07
-.229!lE+07
-.273t98+07
- .201598+0?

,126358+08
.118388+08
.120788+08
.983938+07
.10280E+08
.912ÛtE+07
.102398+08
.893568+07

- .24¿088+08
.533768+06

- . ¿633 óB+07
.2A126B+07

- .10¿788+08
-.377928+07
-.108608+08
-.1098¿E+08
-.a53228+01
- ,599698+07
- .39(t368+07
- . tl208dB+07
-37¿38.
-.324228+06

.193198+07

.219558+07

. ¿62958+07

.398518+07

.6815¿E+07

.689¿¿E+07

. 3 59 168+07

.595938+07

.222t98+07

.381508+0?

.53¿868+07

.77 9 488+07

.831588+07

.105468+08

.192658+08
-.2689¿B+07

.762838+06
-.1261¿B+07

.L32398+o7

.266998+07

.192338+07
- ,155698+06
-.353868+07
-.109018+07
- .51O8¿E+07
-. ¿91648+07
- .5¿8168+07
-.578398+07
- .638308+07
-.790878+07

.402258+07

.46Lg2E+07

.31¿618+07

.331118+07

sxY
- .105888+08
- .915808+07
-.222L18+07
-. ¿08198+06
-56¿91.

rrrrr posTl NoDAL STRESS LJSTING rrrrt

LOÀD STEP= 1 SUBSTEP= 1
TIME= 1,0000 I¡oÀÐ CASE=

l[HE FOLLOWING X,Y,Z VÀLUES ÀRE IN GLOBÀL coORDrNÀTES

0

NODE
939
940
941
942
9¿3
944
945
9¿6
947
9¿8
949
950
951
952
9s3
95¿
955
956
9s7
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975

sx
-.L65268+o7
-.t42968+O7

.22O5AB+O7
10730.
,229098+07
. ¿31108+07
.592898+07
.102358+08
.7 977 6B+07
.11¿¿28+08
.107668+08
.853908+07
.693¿¿E+07
.437 668+07
.273L98+O7

-.r42458+07
.106108+06
.269O78+07
.352348+07
.48981¡E+07
.5111¡78+07

-a2634.
.643918+06
.100638+08
.781¿58+07
.623618+07
.500558+0?
.359198+07
.203688+07
.122948+Og
.9¿{¡898+07
,79380E+07
.644708+07
,51230E+07
. ¿23888+07
.357638+07
.2957 6E+07

SY
.927758+07
.236718+07
. ¿869{¡E+06
.921678+06
.575988+06
.t3t97E+07
,2ao47E+07
.337258+07
.357928+07
.296938+07
.300698+07
.385918+07
.492778+o7
.661238+0?
.877 428+07

-.1¿8998+07
-.225018+07
-.250508+07
-.L67828+Oj

.106158+07
-.161718+07
L25.le

-.406588+06
-.693898+06
-.132988+07
- ,127 448+07
-.876938+06
- .2 483 0E+06

.23685E+06

.14818E+07
3798.6

-.115888+07
-.1¿1358+07
-.122098+07
-.69873E+06
-.227668+06

.224758+06

sz
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxy
.t47978+O7
.5598¿E+07
.612688+07
.612678+01
.543128+07
.593368+07
.678788+07
.873358+07
.829518+07
.7 sO97B+O7
.6267 OE+O1
.506508+07
.333508+07
,2916¿B+07
.234698+07

-.968788+07
-.838898+07
-.830738+07
- .973478+07
-.101398+08
-.870758+07
- .110138+08
-.912338+0?
- .98¿968+07
- .105518+08
-.110358+08
-.tt1778+oa
-.119608+08
-.119888+08
- .9¿0178+07
-.7!8798+07
- .856¿58+07
-.961278+07
- ,10¿65E+08
- .113198+08
- .11¿¿08+08
-.113898+08

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00p00
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

stz
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

'iiTi POST1 NODAI, STRESS LISTING TTTTT

LOÀD STEP= 1 SIIBSTEP= 1

TIME= 1.0000 LOAD CASB=

THE FoIJIJoI{ING X,Y,Z VALUES ÀRE IN OIJOBAL COORDINATES

0

NODE
916
917
974
979
980

sx
.166568+07
.356018+07
. ¿¿2888+07
,168888+07

-.94698E+06

SY
, ¿5¿318+06
.653288+07
.531718+07
.195078+07
.108168+08

sz
. o0000
.00000
.00000
.00000
.00000

tz0

sxz
.00000
.00000
.00000
.00000
.00000



Appendix 3

981
992
983
98¿
985
935
987
988
989
990
991
992
993
994
99s
996
997
998
999

100 0
100 1
1002
1003
100{¡
10 05
10 06
1007
100 I
1009
101 0
101 1
to12

NODE
10 13
10 1¿
1015
1016
1017
1018
1019
102 0
ro2t
to22
7023
LO24
to25
to26
ro27
102I
7029
1030
103 1
r032
103 3
103 ¿

103 5
103 6
103?
103 I
103 9
10(10
1 0¿1
lo42
101¡3
10 4¿
10¿ 5
104 6
10{7
1011I
1049

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000

.L25728+O7

.252ASE+06
-3026.0
- .115088+07

.141tI98+0?

.2290OE+O1

.113868+07

.885¿5E+06
-.!82708+47

. {86788+07

.81¿598+07
-. ¿86618+07
-. 1660¿E+05

,819¿28+05
-.520518+06

,8668¿E+07
.989218+07
.100¿18+08
.9t4258+07
.720628+07
.601518+07
.4A7 2tE+07
.27 6LlE+07
. ¿07518+07
.336368+07
.577358+07
.73¿948+07
.539108+07
,351558+06
.t4So2B+07
.33 8538+07
.630878+07

.9!2588+07
-.555198+07

.82A2tB+07
,787108+07
.811658+07
.679678+O7
.6790¿E+07
.596188+07
.683238+07
.\62328+07
.136398+07
.731358+07
. 123 538+08
.11285E+07
,569068+07
.3O6278+07
.300038+07
.2A2238+07
.3L2268+07
. ¿05138+07
.52It7E+O1
.639¿¿E+07
.7 61548+07
. ¿57818+06

-.1¿53?B+07
.L467 ¿B+o7
.2667 4E+o7
.10rt128+07
.20652Ê+07
.t87778+O7
.35¿598+06

-.471128+06

.289398+O7

.256208+O7
,588168+07
.7 42a28+07
. ¿66158+07
.616778+07
.7246ÁE+O7
.85979E+07
,909858+07

-.522¿68+07
-.562638+07

.100¿18+08
- .5{¡5878+06
-. ¿91968+07

.4L9678+O7

.e48228+07

.858028+07

.803978+07

.7 10058+07

.635908+07

. ¿59508+07

.445978+07

.37 6258+07

.4a2278+o7
-.790898+07

, {8¿218+07
.7 01508+07

-.A92648+07
.556898+07
. r¡5¿798+07
.398118+0?

-.6595¿E+07

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
,00000
.00000

.00000

.00000

.00000

.00000
,00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

rrrrr POST1 NODÀIJ STRESS LISTING "TtT

LOÀD STEP= 1 SUBSTEP= 1
TIMB= 1.0000 I¡OÀD CAÉIE=

trHE FOI.LOWING X,Y,Z VÀLI'ES ÀRB IN G¡JOBÀI' COORDINATES

0

sx
.57 O21E+07
. ¿?6688+07
. 6337 58+07
.319258+07
, ¿20098+07
.382968+07
. 3 9 8738+07
.3102¿E+07
.33 87 8E+07
.372258+07
,3{5878+07
.331358+07
.2ai 558+01
.303648+07
, 1163 808+07
.608298+07
.357648+07
.3 55598+06

- ,200698+07
. 447 g2B+o1

-.181548+08
-.13991E+08
-.122O28+OA
- . 93 8198+07
-.10¿878+08
-.566398+07
-.233058+07
-.272638+06

.107908+07

.102538+07
- . ¿3 82 ¿8+06

.173558+07
-2AO.t7
-. ¿68598+07
-.196678+07
-.906038+06

.382348+07

SY
-.112468+07
-.L2667B+01

. ¿65378+06

. ¿670¿B+05
- .531s68+06
-.113398+07
-.90929E+06
-.919738+06
-.680858+06
- . {8¿978+06
-Lt432.

. tl2683E+06
60535.
.689378+07
. 553 118+07
.4L4258+o7
.519768+07
.492138+07
.55¿638+07
.t2o67E+07

-59767.
42L4s.

-.L06528+o7
- . 2 4tl68E+06
8326.8
25tO .4
.363198+06

-.7L2168+06
-.146268+07
-.8079¿E+06

.2O7StE+07

.120888+07

.760¿88+06

.2397 5B+06
-101¿3.

.622068+06
95236.

sxY
-.7a32t8+07
- ,8753¿E+07
- .566648+07
-.5150(¡E+07
-.638138+07
-.935118+07
- .10¿¿88+08
-.964428+07
-.103638+08
-.109938+08
- .11067E+08
-.103558+08
- .898588+07

.503008+07

.599318+07

.748598+07

.7gO72B+07

.100¿¿E+08

.10¿308+08
- . ¿99058+07
-.294r08+O7
-.255888+07
-.661568+07
- .528{38+07
- .258598+07
- . 3 06678+07
- .350078+07
-.2562AA+07
-.569828+06

.1983¿B+07

.239678+O7
-.337328+Oj

.619358+06
- .277 668+07
- , ¿?1538+07
- .,t¡3¿1¡18+07

.216978+07

**ttr POST1 NODÀL STRESS I¡ISTING rtrÊt

LOAD STBP= 1 SIIBSIIEP= 1
TIME= 1.0000 LOÀD CASE=

THE FoLLOWING X,Y,Z VALUES ÀRB IN GI¡OBÀIr COORDINÀTBS

0

NODE SX SY SZ
1050 .731568+06 ,65Á808+06 .00000

sxY
106768+07

sYz
00000

sxz
00000

tzt
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105 1
LO52
10 53
105 ¿
1055
10 56
10 57
10 58
10 59
10 60
106 1
LO62
1053
106¿
106 5
106 5
1067
1068
10 69
107 0
107 1
to12
1073
107 ¿
107 5
107 6
to17
107 I
ro79
1080
10 81
10 82
10 83
1084
1085
10 86

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

.237 ¿88+07

.2 90038+07

.159878+OB

.188938+08

.151018+08
,115¿78+Og
,589598+07
.185308+08

- ,1¿0618+08
- ,116338+08
- .8267 4B+O7
-.581558+07

.133998+08

.153028+08

.167738+08
-.523788+06
-.262278+07
-.479218+07

.12093E+08

.1377 1E+08

.136808+08

.1¿6208+08

.158318+08

.171268+08

.152¿08+08
- . 3 18¿68+07
-.792O38+o7
- .798508+07
- .730058+07

.265638+07
-.942618+07
-.160168+07
-.87¿8¿E+07
- .110028+08
- .100578+08
- .88¿208+07

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

.605198+06

.2o7788+o6
-.132028+08
-.150918+08
- . ¿56428+07
-.3657L8+07
- ,520198+07
-.1700?8+08
-.159588+08
-.1¿9978+08
- . 167 688+08

.219 888+07
-.97L218+O7
-,789868+07
-.978658+07

.6186?E+06

.1¿¿738+07

.3 10888+06
-.61¿808+0?
- . 57 5O5B+07
- . 3 15o68+07
-.367398+07
- .56569E+07
-.821608+07
- .3302¿E+07

.138088+07

.531538+07

.518318+07

.7 97 OIE+O1

.597{08+07
-.8715¿B+07
- ,160868+07
-. ¿89528+07
-,855218+07
-.112888+08
-,118598+08

.229938+07

.456218+O7

.14051¡E+0?
-.719898+07
- .179568+08
- .2697 8E+08
-. tllTrlrlB+08
-.508828+08
- ,186198+08
- ,950738+07
-.299968+07

. ¿86288+07

. ¿86138+07
-.5¿8278+06
-.439798+07

. 3 600¿E+07

.1600¿E+07
- .885888+06

.527658+07
,196808+07
.55¿568+06

-.199588+07
-.567998+07
-.112¿18+08
- .109778+08
-.293348+07
-.119¿88+07
- .567518+06
- .56¿838+06

.328088+06
- .33169E+08
-.290518+08
-.222!38+OA
-.1457¿B+08
- .60r¡998+07
-.343278+07

rr*ra POST1 NODAL STRESS I¡ISTING rt*ir

LOÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 I¡OÀD CÀSB=

TI¡E FOLI,OWING X,Y,Z VAIJUBS ÄRB IN GIJOBÀI' COORDINÀTBS

0

NODB
10 87
1088
10 89
1090
109 1
LO92
109 3
10 91¡

1095
109 6
r097
109 I
109 9
1 100
1101
lr02
1103
110 ¿
110 5
110 6
!!o7
11 08
11 09
111 0
111 1
rtL2
1113
1111¡
1115
11 16
1117
1118
1119
112 0
rr2L
tt22
ttz3

sx
- ,884¿6E+07
- .7¿1548+07

.324848+07
- .311378+07

.926938+07

.912268+07

.7 97 !OB+O7

.6¿3368+07

.933038+07

.90¿698+07

. ¿7 13 1E+ 07

.512288+07

.2!92t8+07

.31¡8868+07

.286418+07

.156568+07

.432228+07

.721338+07

.228528+07

.9198¿B+06
,977698+06
. ¿73878+06
.18317E+07
.275L78+07
.300198+07
.3492O8+O7
.381{6E+07
. ¿88678+07
.7 46278+07
,116928+08
.106458+08
.2 03658+08
.237598+08
.260258+08
.273978+OA
.269428+Og
.23 93 6E+08

SY
- .291118+07
- .186038+07

. ¿10908+07

.46313E+07

.267248+07

.27 4498+07

.3!6268+07

. 3 162 5E+07
,2000¿E+07
.90503E+06
.434558+06
85523.
.567078+06

- .08¿288+06
- .101578+07
-.179708+06

.t266OE+07
-.22s948+06
- .9 533 0E+06
-.599498+06
-.783728+06
-.75tl658+06
-.810558+06
- .7 47 018+06
- .5511¿B+06
- .329908+06

6257 S .
.280t!98+05
85125.

-8¿01¿.
-.22t868+O6
- .105168+06
-.424708+06
-.977208+06
-.1¿1¿(¡E+07
-.137928+07
- .100208+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

sxY
-.444728+07
-.835828+07

.959658+07

.115558+08

.871¡808+07

.A32268+07

.80{858+07

.913388+07

.828668+07

. 49L7 3E+07

.361258+07
-.875138+07

.258188+07
-.7!3228+07
-,797168+07
-.55?548+07
- .570808+07
-.654728+07
-.857308+07
-.6¿7{¡08+07
- . ?¿1558+07
- .788658+07
-.9043¡lB+07
-.981058+07
-.102008+08
-.106958+08
- .106028+08
-,9A4278+Oj
- .8¿5028+07
-.622208+07
- , ¿19618+07
-.503908+07
- .442928+07
-.299168+07
-.338098+06

.2586¿E+07

.St772E+o7

s]Iz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
,00000
.00000
,00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000

'rrri POST1 NODAL STRESS I¡ISTING rt"r

LOÀD STBP= 1 SIIBSIIEP= 1
IIMB= 1.0000 LoÀD CÀSE= 0
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Appendix 3

THE FoLLowING X,Y,Z VALUES ÀRE IN €IJOBÀIJ CoORDINATES

NODE
tL24
tL25
tr26
rt27
tt2a
tt29
113 0
113 1
Lt32
113 3
113 4
113 5
113 6
1 137
113I
113 9
114 0
1141
ttt2
11¿3
11¿¿
11¿ 5
1 1¿6
tt47
11¿ I
11¿9
1150
11 51
tt52
115 3
11 s¿
115 5
115 6
11 57
115I
11 59
1160

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

syz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
,00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000

sx
.15{168+08
.103658+08
.1¿6148+08
.19¿738+08
.138268+08
.5¿7098+07

- .3 88¿18+06
.235588+07
.tlo42B+O7

-.1140¿E+07
-.616328+0?
-.20O2SE+O7
-.506¿08+07
-.295478+07
-.738318+07
- , ¿28808+07
-.263678+07
-.222458+07
- .100468+07
- ,105028+07

.327038+06

.7.29758+07

.22t6SE+07

.264268+07

.3¿050E+07

. ¿30¿0E+07

.611828+07

.422f308+07

.66893E+07

.5{¡1698+07

.793988+07
-.68o8¿B+06
-. ¿¿8438+06
-.163868+07

.772988+06

.155008+07

.565388+06

SY
18102.

-.113888+06
- .1019?B+07
-.308768+06

. ¿05578+06

.2L844E+O7

.3783¿E+07

.30¿968+07

.17185E+07

.245798+07
-.218238+06
-. ¿{56¿E+06
-.541598+06
-.494728+06
-.8995?E+06
-.10¿3¿E+07
-.818558+05
-.620168+06
-.6193¿E+06
-.617128+06
- .701018+05
-.695718+06
-.6692r¡E+06
-.502848+06
- .2935t18+06
-198¿0.

.11¿0¿E+06
-.2278O8+Q6
-.157928+06
-.53638E+06
-. r¡8807E+05
-.207t78+OA
- .2é8648+08
-.291788+08
-.250308+08
- .232808+08
- .216578+08

sxY
- .59¿05E+07
-.ð44218+07
-.7¿05¿E+07

.655558+07

.67 9178+07

.107228+08

.112828+08

.109738+08

.1209¿E+08

.1233¿E+08
-.527248+07
-.62030E+07
-.725O78+O7
- ,711¡838+07
- .7 42A78+O7
- .837208+07
-.852758+07
- .818¿08+07
-.8203{B+07
-.757688+07
-.8¿5688+07
-.913198+07
-.965388+07
-.100088+08
-.103838+08
-.102768+08
- .963238+0?
- .101058+08
-.959198+07
- .9?3 s¿E+07
- .92A978+07

.112018+08

.806588+07

.557368+07

. ¿033{B+07
,320758+06

- .367068+07

titr* POST1 NODÀL SII'RESS I¡ISTING r't'*

LOÀD STEP= 1 SIIBSTEP= 1
TIME= 1.0000 LOÀD CÀSB=

THE FoLLoIIING X,Y,Z VALITES ÀRE IN GLOBÀL COORDINATES

0

NODE
116 1
tt62
1163
116¿
116 5
116 6
tL67
116 I
11 59
117 0
1171
r!7 2
!!7 3
r1? 4
117 5
1176
LL17
117I
117 9
1180
1181
tL82
1 183
118 ¿

118 5
11 86
11S7
118I
118 9
119 0
119 1
tt92
119 3
119 4
119 s
119 6
rt97

sx
- .132058+06
-.341L78+07
- .33023E+07
-.80587E+07
-.624358+07
- ,887978+07
-.600008+07
- .553 108+07
- . ¿86668+07
-.537628+07
- .295248+07
-.194778+07
- .1061¿E+07
-.927118+06
-,381078+06

, ¿7 03 ¿B+06
.L7 024B+o7
.258 118+07
.304028+07
.3¿85¿E+07
.29o458+07
. 407 828+07
.208538+07
.358538+07
.536668+07
.823188+07
.12669E+08
.866778+07
.1529S8+08
.157 988+08
. 187 008+08
.175028+08
.140468+08
.125738+08
.106668+08

-.352698+07
-.119908+07

SY
-.175628+08
-.159588+08
-.119308+08
-.9555¿B+07
- .650¿28+07
-. r¡6¿578+07
-.4280¿E+07
-.285388+07
- .205098+07
-,14685E+07
-.t67978+07
- .115928+0?
-.936¿88+06
-.746678+06
-.647268+06
-.651328+06
- ,610188+05
-.46829E+06
- .396108+06
- .2 80¿08+06
- . ¿80698+06
-. ¿69628+06
-.675708+06
- .75633E+05
-.853698+06
-.113388+07
- . 3 52328+06
- .238958+07
-.262108+07
-.55¿80E+07
- .51082E+07
- . ¿¿3 198+0?
- .238388+07

91089.
.123508+0?
.273898+O7

- .111318+07

sz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

SXY
- .653858+07
-.992768+07
-.949678+07
- .106098+08
- .100228+08
- .957018+07
-.959768+07
- . 9 19378+07
- .893378+07
- .8477 OB+O7
-.910538+07
- .90{378+0?
- .9097¿E+07
- ,89¿168+07
-.886088+07
-.89¿2,t¡B+07
-.95¿¿98+07
-.9950¿B+07
- .101378+08
-.102038+09
-.991728+07
- .9933¿E+07
- .97 42^B+O7
-.980838+07
-.965628+07
-.913378+0?
-,792858+07
-.856398+07
-.638828+07
-.283(¡98+07

.198128+07

.613098+07

.968598+07

.971158+07

.9257 4B+O7
,128118+08
.137¿¿E+08

sYz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000

rrrrr posTl NoDÀL sTREss I¡ISTING tÊ.ir
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Appendix 3

LOÀ.D STEP= 1 SIIBSTBP= 1
TII{E= 1.0000 LOÀD CÀSE= 0

TFE FOI,LOWING X,Y,Z VÀIJI'ES ÀRE IN GLOBÀIJ COORDINÀTES

NODE
119 I
119 9
1200
L20t
7202
L203
L204
L205
L206
1207
1208
1209
12 10
12LL
t2t2
t2r3
1274
t2L5
tzt6
L277
L2tA
L2L9
L220
t22L
1222
t223
1224
1225
t226
L227
t22A
r229
t230
123r
1232
L233
1234

NODE
1235
7236
1237
1238
1239
t2¿o
124r
1242
L243
7244
!245
!246
1247
t248
t249
!250
\25r
1252
t253
r254
L255
1256
1257
L2S8
t259
1260
!261
1262
t263
!264
!265
t266
t267
1268
!269

sz
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

svz
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
- 00000
.00000

sxz
.00000
,00000
,00000
,00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
. 00000
.00000
.00000
.00000
.00000
.00000

sx
-.318098+06
-.LSA27B+07
-.577058+06

.2t2t6B+07

.200318+07

.l779LB+O7

.346928+07

.367798+07

.37ô88E+0?
-.1,É0668+07

. (¡1¡91¿E+06
,8900¿B+06
-22A2tB+o7
.150538+07
.209268+06
.89¿¿98+07
.872478+07
.794458+07
. ¿131¿B+07
.507978+06
.325s28+07
308¿s,

-.366L28+O7
-.273638+07
-.30585E+07
-.294t68+07
-.677028+06
-.306528+07
-.332778+O6
-.560108+06
-,382308+06
-4¿010.

,36s378+06
-.570388+06

.12279ß+O7
,183888+07
.621378+06

SY
- . 37 6808+07
-.6589r18+07
- .151668+08
-.13378E+08
-.17¿268+o8
-.213298+08
-.205388+08
-.19¿6¿B+08
-.166878+08

.851518+06
-,599¿¿E+06
-.2O4O48+O7
-,397888+07
-,691{¡5E+07
-.105028+08

.227688+07

.1,l¡8208+07
-.2¿O728+06

.115198+07

.638198+06
-.]^17978+07
-.139t!98+08
- .87 4268+07
-.696508+07
- .37 ¿t2B+O7
-.257O98+O7
- .956988+07
-.533998+07
-. ¿5021E+07
- .320588+07
-.222658+07
- .113638+07
- .8¿5938+06
- .15¿518+07
-.139058+07
-.1002¿E+07
-,6?6848+06

sxY
.1¿0338+08
.1¿7168+08
.13 1838+08
. 117 tltlB+0I
.102118+08
.7 ¿9 538+07
. 3 60678+07

-.274768+06
- .3¿¿008+07

.131¿3E+08

.132 068+08

.13ÁÉ28+08

.133568+08

.135568+08

.137168+08

.916168+07

.1023¿E+08

.11¿738+08

.117078+08

.t27 648+OA

.127 498+Oa
-.77LASB+o1
-.982458+07
- .97101E+0?
- .958908+07
- .938608+07
- .902448+07
-.972628+01
- .955088+07
-.958718+07
-.954628+07
-.9¿1938+07
-.9¿117E+07
- .9{13368+07
- .960908+07
- .967¿38+07
-.937¿18+0?

sz
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
- 00000
.00000
.00000

slrz
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000

sxz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
. o0000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

rrrrt POSlfl NODAL STRESS LISIING r'trr

LOÀD STEP= 1 SITBSTBP= 1

TIME= 1.0000 LOAD CÀSE=

THE FoLLOWING X,Y,Z VALUES ÀRE IN GLOBÀL COORDINÀTBS

0

sx
.110128+07
.180818+07
.3¿7008+07
. ¿¿493E+07
. ¿94r¡68+07
.518528+0?
. ¿¿3608+07
. ¿06908+07
.3036¿E+07
.539558+07
.933988+07
. 67 ¿3 6E+07
.615¿38+0?
.562838+0?
,535228+07
.668818+07
.569328+07
.503¿08+07
.2,r¡5418+07
.3¿2238+07
.592¿58+06
.330628+07

-. ?18938+06
-.128238+06

.27 4338+07
,207 838+07
.t42O58+07
.221458+07
,101{88+07
.269898+07
.266188+07
.409958+07
.5{3 638+07
.610598+07
.908338+07

SY
-.609508+06
-.580008+06
- .10¿768+07
-,131,1¡48+07
-.1A9228+07
-.113¿88+08
-.147908+08
-.178968+08
-,998968+07
-.901668+07
-.800228+07
-,123658+08
-.1¿9¿58+08
-.169798+08
- .177078+08
- .152108+08
-.132868+08
-.1332{B+08
-.147978+08
-.119298+08
-.110788+08
-.8080¿B+07
-.8007¿B+07
-.629398+07
- ,51ó09E+0?
- .36¿878+07
-.279368+07
-.219068+07
-.t79tLE+07
-.16t1758+07
- ,127 678+07
-.27a248+07
- .3777 4E+07
-.521838+07
- .392488+07

sxY
-.9¿16¿E+07
-.96897E+07
-,973118+07
-.963588+07
-.946778+07

.106328+08

.933938+07

.706608+0?

.12¿308+08

.11¿778+08

.958668+07

.868138+07

.69388E+0?

.466298+07

.275458+Oj
- ,3 597 18+06
- .3032 8E+07
- .465228+07
- .581¡688+07
- .66¿898+07
-.825268+07
- .820¿38+07
-.929578+07
-.940138+07
-.909798+07
-,9¿¿158+07
- ,956538+07
- .95992E+07
-.959288+07
-.96¿318+07
- .968728+07
-.93791E+07
- .891r118+07
- .826658+07
- .796168+07
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Appendix 3

L27 0
!27t

NODE
L272
I273
!27 4
r275
r27 6
!277
L27 I
1279
1280
12st
t2a2
t2a3
t2s4
t2s5
t2ø6

.972¿tB+O7

.7A9[LB+O1

sx
.126508+08
,9tl8018+0?
.t27 638+Os
.86t¡788+07
.739958+07
.7282t8+07
.927 O9B+O1
,993¿18+07
.959tl98+07
.750908+07
. ¿3780E+07
.3 ¿8028+07
.377238+07
.5615¿E+0?
.27 5O9E+O7

57 5088+07
9 9 5 68E+07

SY
- .9¿1588+07

65327 .
- .88¿B¿B+07
- .1207¿B+08
- .1¿¿958+08
- .151578+0s
-.t27O28+OB
- ,110288+08
-.123588+08
-.3AO928+07
-. ¿31818+07
-.597988+07
- ,780938+07
-.65?84E+07

.352528+07

245
¿03888+09

.00000

.00000
6665¿B+07
¿9 0878+07

37r
110618+09

133
.109798+09

1¿
1616¿E+09

00000
00000

grz
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

00000
00000

rriir POST1 NODÀL STRBSS LISTING 'tÊ't

LoÀD STEP= 1 SIIBSTBP= 1

TIME= 1.0000 LoAD CASE= 0

THB FOLLOWING X,Y,Z VÀLIIES ÀRE IN GLOBÀI, COORDINÀTES

sz
.00000
.00000
.00000
.00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. o0000

sxY
.7L5268+07

-.831898+07
.494268+07
.665898+07
,500908+07
.2a2778+O1
.119198+07

-.142248+07
.371398+07
.119028+08
.127558+08
.1289 6E+08
.125138+08
.119658+08
.730718+06

sxz
.00000
.00000
.00000
,00000
.00000
.00000
,00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

MINIMI'U VÀLUES
NODE 133 245
vÀLuE -.107288+09 -.29¿65E+09

LoAD STBP= 1 SIIBSTEP= 1
TIME= 1.0000 LOÀD CÀSE=

ld,A.:(IMIrl.{ VÀLUES
NODE 6 1¿ 1

VALUE .L2O77E+O9 .2965¿E+09 .00000

t'rrr POST1 NODÀ!, STRESS LISTING t'rtr

1
00000

\o

1¿
.00000

1
.00000

1
.00000

14
.00000

1
.00000

1
00000

TIIE FOIJIJOWING X,Y,Z VÀI,UES ÀRE TN GLOBAI, COORDINÀTES

NODE SX SY sz sxY s]rz sxz
rTTTT ESTIMÀTED BOUNDS CONSIDBRING THE EFFECT OF DISCRETIZÀTION EIUIOR '*tTT

MINIIIT'U VAf.UBS
NODE 8
VALUE -.173¿68+09

14
00000

I{ÀXIMI,I,Í VÀLUES
NODE 6 1¿ 14 245 1¿ 14
VALUE ,129288+09 .¿0?898+09 .00000 .16167E+09 .00000 '00000
Irt*tttttrtrrttittitt*lttittiatittatrtaaatl**ttÊtttitatttttttltraitttatltti

PRINT F REÀCTION SOI,UTIONS PER NODE

rtrrr POStfrl TOTÀL REÀCTION SOIJUTION I¡ISTING rirrr

LoÀD STEP= 1 SUBSTEP= 1
TIME= 1.0000 LoAD CASE=

THE FoLLOWING X,Y,Z SoLUTIONS ÀRB IN oIroBÀIJ COORDINATES

0

NODE
15
16
L7
18

279
280
287
252
243
244
285
2s6
287
288
249
290
29t
292
293
294
295
296
297
298

FX
-368,82
-527.r1
-52.301
-436.22
-845.75
-{93.99
-1075,8
-590.55
-1257 .7
-6t2.7s
-1339.6
-6¿1.61
-1316. ¿
-596,9¿
-L200.7
-1035.7
- 431¡ . 11
-sos .42
-331.53
-547 .29
-229.92
-383.01
-138,3(¡
-222.86

FY
-79.O21
-!25.O4
309.89
1028.0

-317 , 0¿
-192.36
-¿58 .33
-244 .7 3
-501. 09
-252.14
-t65.72
-224.4r
-385.90
-t77 .39
-293 .08
-202 .44
-72.ts2
-LO3.62
-22.729

.13180
32.034
r30.27
10¿.93
303 ,58

125



I

299
300
301
302
303
30¿
305
306
307
308
309
310
311

-7 6.391
-1¿1.96
-167 .00
-80.068
-274.62
-1¿6.83
-442 .49
-209.t2
-65¿.6¿
-315.95
-796.79
-39¿. ¿(¡
-906.83

198.5¿
524.64
81¿. 09
462.O1
1087 . ¿
597 .68
1385. s
?35.38
1697.5
900.51
1956.0
1007 .1
20a7.7

NODE
312
313
31{
315
316
3t7
318
319
320
32r
322

FX
-886.55
-¿19 .99
-695.17
-296 .57
-517.11
-254 .67
-¿03.17
-231.32
-4¿4.t4
-265.63
-602.53

ET
1995.5
92t.96
1563.5
734.57
1272.9
507 .97
a27 .60
281.90
362.L5
73.671

-27 .643

19863.

Appendix 3

0

..Tt. POST1 :IOTAIJ RBACIIION SOI'gÍION LISTING 'I*'*

LOAD STEP= 1 SIIBSIIEP= 1
TIMB= 1.0000 LOÀD CÀSB=

THE FOIJIJOIÍING X,Y,Z SOI¡IXIIONS ÀRE IN CI¡OBÀL COORDINÀTBS

TOTÀL VÀIJIIES
VÀLUE -25L95.

i

I

i

l

i

I

t26




