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ABSTRACT

SILDY - HANE BELASTO-ALASTIC HROBLEMS UTILIZING
NONLINEAR FINITE BBVIENT ANALY3S

Kanapathy Ramalingam
Master of Science

Youngstown State University, 1985

The objective in this thesis is to present and
demonstrate the use of Finite Element based methods for the
solution of problems involving plasticity. Incremental
theory of plasticity is used and only the elasto-plastic
problems of the type having elastic and plastic strains in
the same order of magnitude are considered.

Study of the method herein includes the preparation
of two computer programs: one for linear strain hardening
material, and the other for nonlinear strain hardening
material to solve plane stress or plane strain or axisymmet-
ric problems. The programs are tested by comparing the results
obtained for two elasto- plastic problems with the correspond-
ing solution / experimental data found in the literature. The
problems studied are: (1) a thick walled cylindrical pressure
vessel subjected to internal pressure, and (2) a circular
hole in a uniformly stressed infinite flat plate.

Also included are the results for a compact tensile

test fracture specimen, fully plastic cylinder with linear



strain hardening material, and a tension member with
circular holes.

In general very good results are obtained for the
two elasto- plastic problems when compared to established
solutions. From this investigation there is evidence that
the programs can be used for successful analysis of other
plane elasto- plastic problems, with nonlinear strain hard-
ening relationship, for which close formed solutions may

not exist.



ACKN OWLEDGEMENTS

I would like to dedicate this thesis to ny wife
Sundari, and our sons Ashok and Vijay, for their patience,
understanding and encouragement.

I wish to acknowledge ny debt of gratitude to pro-
fessors Dr.J.,Alam and Dr.Frank A.D'Isa for their time and
effort in the development and review of ny thesis. | would
like to acknowledge ny appreciation to Mr.Carl H. Minton of

ADS Machinery Corp. for his continuous encouragement and

interest.



TABLE OF CONTENTS

PAGE
ABSTRACT ceiversrsvrssonsssssossssssssssssasscssoassas ii
ACKNOMEDGEVENTS ¢4t vveeeseosssasrsasasassosssanosons iv
TABLE COF CONTENTS seveseosossoossscssrssosssesosssossse \Y
LIST OF SYMBOLS teteetocsensossssssnssnsssssossaosse Vii
LIST O HGURES sssssssnssnsssnsansnnnsansnnnnnnnns Xiv
LIST F TABLES tivevertesnsevesssscsssssnssscnnsnsns XVi

|NTRODUCTION ® 6 9 9 9 0 5 0 8 0 0 0 0 B S OB S 0O PG N LSS S O R LSNPS DSOS XVii

CHAPTER
l. Concept of Finite Element Method «.seevesss 1
IT. Basic Numerical Solution Process for
Nonlinear Problems sesssssssssssnsnnnnnns 16
ITT. The Mathematical Theory of Plasticity ..... 20
V. Matrix Formulation and Basic Expressions
for Two Dimensional Problems .eievvevsces 27
V. Finite Element Expressions and Program
Structure e 0 9 0 5 8 & 8 9 0 5 00 00 s 00 0P8BS 0B S 8 0D 31
V. Test Problems with Input and Output sessuus Lo
VIl. Solution of Some Typical Problems and
Results ® 5 0 & & 0 0 85 5 0 0 0 5 0 2 0V SN S S PP B B E RSP PO B P 0 58
VIlI. Conclusion ® 5 0 2 8 & 5 0 5 5 00 B B S N O E D BN SRS O SO E PO 73

APPENDIX A. Instructions for Preparing Input Data
for Linear Strain Hardening Program
Master @ 9 8 6 & ¢ 8 0 8 0 % 0B 0 A O O C PP P S0 SN PS8 76

APPENDIX B. Instructions for Preparing Input Data
for Nonlinear Strain Hardening
Program Msterz A B R R R EEEEEENEEEEEEREREBERBRE®R 83

APPENDIX C. Finite Element Program for Linear
Strain Hardening Materials sussusnus 86



TABLE OF CONTENTS

APPENDIX D. Finite Element Program for Nonlinear
Strain Hardening MaterialS sssssunus

BIBLIOGRAPHY 0 5 8 0 0 0 6 0 2 I 0 0SS S O AP B0 S e e LSRN
REFERENCES # E §F E F BN EE N EEEEEEREEEE N EEEEEEEEEE RN EEERERENEBERDR

vi

PAGE

117

135
136



LIST - SYMBCOLS

DEFNITION
Inner radius

Derivative of loading function with
respect to stresses

Derivative of ¢, with respect to stresses
Derivative of ¢, with respect to stresses
Derivative of J3 with respect to stresses
Constant (Chapter III)

Outer radius

Strain displacement matrix

Strain displacement matrix of an element

Strain displacement matrix of an element
at node 1i

Yield radius

Constants relating {a} to {al}, {az},and
{a3} defined in Chapter IV

Determinant

Matrix product of {D} and {a]
Elasticity matrix

Elasticity matrix of an element

Elasto- plastic matrix

Modulus of elasticity

Vector of body forces
Vector of element body forces
Vector of surface tractions

Vector of element surface forces

Vector of externally applied concentrated
forces



{N3

DEFINITION

Body force components

Surface force components

Externally applied concentrated force
components

Acceleration due to gravity

Shear modulus

Hardening parameter

Identity matrix

Jacobian matrix of transformation

Jacobian matrix of transformation of an

element

Invariants of stress tensor
Invariants of deviatoric stress tensor

Strain hardening or yield function

Stress / strain concentration factors
defined in Chapter VI

Structure stiffness matrix

Structure stiffness matrix corresponding
to displacement vector U

Tangent stiffness matrix

Number of nodes of an element

Total number of degrees of freedom in the

system
Number of Gauss points

Matrix of shape functions



SYMBCL DEHNITION

N Matrix of shape functions of an element
Ni Shape functions for local node i of an
element
{N(S)e3 Matrix of surface shape functions of an
element
r,0,2 Global cylindrical polar coordinates
P Pressure
Pe Critical pressure
P, Normal pressure on an element
Py Tangential pressure on an element
<i Equivalent nodal force along x axis for
node i
Pyi Equivalent nodal force along y axis for
node i
r Radius at a point
ry Radial distance of Gauss point
{R} Equivalent nodal forces of the structure
Ry Body forces
Rg Concentrated forces
Rg Surface forces
S Surface area
s® Surface area of an element
Sij Deviator stress tensor
£1+52,83 Principal deviatoric stresses
SX,Sy,SZ Deviatoric stress components

Thickness



SYMBOL DEFI N TI CN

t El enent thickness
T Tol erance
ug Radi al di spl acenent
U Di spl acenent vector
u® Di spl acenent vector of an el ement
A
U Vect or of global displacement conponents
at nodal points
A
Uy Vect or of gl obal displacenent conponents
for node 1
U Virtual displacement vector
Ae .
Uj Vector of gl obal displacenent conmponents
for node i for an el enent
y®° Surface displ acenent
I : : :
U Di spl acenent at the application of
concentrated forces
A .
U d obal virtual displacenment conponents
at el ement nodes
0 o .
U Vector of initial displacenent
ut Di spl acement vector at r*P jteration
U,V,w Di spl acement conponents
€SS Di spl f |
ui,vy,w; spl acement conponents of an el ement
at node i
v Vol une
e
v El enent vol une
W W5 Wiy Wy Wy Wei ght functions at sanpling points

i,jrk,p and q

wP Pl asti c work



SYMBCL DEHNITION

Xy Yy Z Global cartesian coordinates of the system
x°,y° Global cartesian coordinates of an element
xi,yi Global car@esian coordinates of an element

at node i
a Ratio of inner to outer radius
B Ratio of r to outer radius
8 Kronecker delta
U Ratio of yield to outer radius
€ Strain vector
€ Virtual strain vector
e® Element strain vector
i3 Strain tensor
Eij Deviatoric strain tensor
ij(p) Deviatoric plastic strain tensor

EXX,eyy,EZZ Normal strains along x,y and z axes
€rrr€oe Normal strains along r and6 directions
ep Vector of total plastic strain
{deij}T Incremental total strain tensor
{deij}e Incremental elastic strain tensor
{deij}p Incremental plastic strain tensor
{dep}e Effective plastic strain increment

0 Angle, circumferential coordinate
@ A stress invariant parameter (Chapter IV)

Poission's ratio



SYMBCL DEFNITION

£yM Natural coordinate system of isoparametric
element

£ ,ﬂj.Ck,ip,ﬂq Sampling points
P Mass density

Shear strains in xy,yz and zx planes

L : Shear strain in rz plane
o} Stress vector
G Virtual stress vector
® Element stress vector
dij Stress tensor
dij Deviatoric stress tensor
G1402,03 Principal stresses
Oe Effective stress
Oy Current yield stress
6:3 Uniaxial yield stress
% Mean stress
ddg Incremental stress assuming elastic
behaviour
XX’dyy’dZZ Normal stresses along x,y and z axes
Gpr1Tgp Normal stresses along r andO directions
rxy' tyz ’tzx Shear stresses in xy,yz and zx planes
T . Shear stress in rz plane
n(ll;) Residual forces
w(U) T Residual forces at r'Piteration
%i(U)r Residual forces at r*iteration at node i
AU Correction factor for displacement

daA Proportionality constant (Chapter III)



SYMBCL DEHNITION

{3 A rectangular or square matrix
-1 L
{3 Matrix inverse
T .
{3 Matrix transpose
-T
{3 Matrix inverse transpose
2 Summation of the mathematical terms

that follow

= Summation over all the finite elements
in the system

CPU Central Processing Unit



LIST OF FIGURES

FGURE
1.1 General Three Dimensional Body ssssssasssnns

1.2 Libraryof Elements A B R R R R RN EE NN NN EREEREEEREDROBEDR

I'.B Element Loadlng ® 0 0 00 0 8 0 e P s 0 s e 8 s N0 eSS L

V.1 Program Outline for Linear and Nonlinear Two
Dimensional Elasto- Plastic Problems ...

V.2 Process of Reducing the Incremental Stress
tOYIeIdSurface IR EEEREEEEEEEEEERE R EENRERDS

Vi.l Plane Stress Elasto- Plastic Problem of a
Circular Hole in a Uniformly Stressed
|nfiniteplate A B B R R RN NN EEENEEENEENEEENEEENEEEENEREEGRRETDR

VI.2 Spread of Plastic Zones at Different Load
Levels for Plane Stress Elasto- Plastic
Problem of a Circular Hole in a Uniform-
|y Stressed Infinite Plate sesessannnnnnns

VIi.3 Stress Concentration Factor k(j at Different
Levels of Applied Loading © for Elasto-
Plastic Problem of a Circular Hole in a
Uniformly Stressed Infinite Plate sususnus

VI.4 Thick Walled Cylinder Subjected to Internal
Pressure .o.eieeecsesosssscessosssscnssanas

VI.5 Comparison of Linear and Nonlinear Program
Outputs for Stresses for Thick Walled
Cylinder under Internal Pressure ssssssass

VIi.6 Comparison of Linear and Nonlinear Program
Outputs for Effective Plastic Strains for
Thick Walled Cylinder under Internal
Pressure A B R R R R EEEEEEEEEEEEEEEEEEEEEERBERBES®

VII.1 Geometry of Compact Tension (CT) Specimen ..

VII.2 Load Vs Load Line Displacement Graph for
C-I- Specimen A EEEEEEEEEEEEEEEEEENEEEEEEENRNGETSR

VII.3 Spread of Plastic Zones for CI Specimen ....
VII.4 Fully Plastic Cylinder - Comparison of Stre-

sses for Perfectly Plastic Material and
Linear Strain Hardening Material susausnus

PAGE

14

32

38

b1

b1

b5

L6

55

56
60

60
61



AGURE
VII.5

VIil.b

VII.7

VII.S8

VII.9

Spread of Plastic Zones at Different Levels
of Loading for an Infinite Plate with a
Single Circular HOle sivveesessnesssnssnss

Enlarged Scale Drawing of Spread of Plastic
Zone for an Infinite Plate with a Single
Circular Hole A B R R R R R R EEE N NN EEERERE R E R R R EDR BT

Spread of Plastic Zones at Different Levels
of Loading for an Infinite Plate with Two
Circular HOlES tevesrecnansscnssenseasanaans

Spread of Plastic Zones at Different Levels
of Loading for an Infinite Plate with
Three Circular HOleS +ievvevsvsorsncoassonce

Displacement Values at Different Levels of
Loading for a Perforated Tension Strip ««.

PCE

66

66

69

72



LIST CGF TABLES

TABLE
1.1 List of Variables and Elasticity Matrices «ss

1.2 Nodal Displacements, Strain Matrices and
Elemental Volumes Or Areas eessasessseassess

Iv.1 Derivatives of Stress InvariantS ssssssssnnns
IV.2 Constants c for Various Yield Conditions.. «us
|V.3 Elasticity Matrices " B R R R EE N EEEEEEENEEEREENEEENEEREEBRTDBE

V1.1 Program Output of Stresses, Strains and Stre-
ss / Strain Concentration Factors for the
Plane Stress Elasto- Plastic Problem of a
Circular Hole in a Uniformly Stressed
Infiniteplate " B R R EEEEEEEEENEENEENENEENEENENENEEEEERER R ORGSR

V1.2 Comparison of Stress/Strain Concentration
Factors for the Plane Stress Elasto- Plastic
Problem of a Circular Hole in a Uniformly
Stressed Infinite Plate sveveesesosnncaneens

V1.3 Comparison of Linear Program Output with
Closed Form Solution for Elastic Thick
Walled Cylinder Under Internal Pressure ...

V1.4 Comparison of Linear Program Output with
Closed Form Solution for Partly Plastic
Thick Walled Cylinder of Perfectly Plastic
Material under Internal Pressure .ieeveeees

VI.5 Comparison of Linear Program Output with
Closed Form Solution for Partly Plastic
Thick Walled ¢ylinder of Hardness(H')
366.279 Kg/mm“ under Internal Pressure ***°*

VI.6 Comparison of Linear Program Output with
Closed Form Solution for Radial Displace-
ment for Thick Walled Cylinder under
Internal Pressure ssssssssssssnsssnnnnnnnns

Vil.1 Maximum Values of Tangential Stresses and
Stress Concentration Factors for a
Perforated Tension Strip sesssssssssnnnnnns

PAGE

12
29
29
30

b3

Ll

49

50

52

53

70



INTRODUCTION

With the current rapid technological progress the
Theory of Plasticity has been brought forcibly into the
forefront of engineering application and design. Although
the Theory of Plasticity has advanced considerably, rigo-
rous solutions to a large class of problems are still not
available. The application of Finite Element Techniques se-
ems to be an ideal choice for solving such problems, as the
technique is an accepted versatile tool for linear analysis
and ideally suited for employing the powerful method of
successive elastic solutions with incremental Theory of P1-
asticity. The purpose of this thesis is to introduce two
Finite Element Programs, one for linear strain hardening
materials, and the other for nonlinear type strain harden-
ing materials and to prove the accuracy of the proposed
solution techniques for two dimensional materially nonline-
ar problems.

Chapter I forms an introduction to two dimensional
continuum problems with the basie theory for isoparametric
elements. Chapter II discusses the general nonlinear probl-
en and the solution technique adopted for numerical solut-
ion. Chapter ITII considers two dimensional elasto-plastic
problems and the basic theoretical expressions for a gene-
ral continuum. In Chapter IV the expressions for plane
stress / plane strain and axisymmetric situations are mani-

pulated into forms suitable for numerical analysis.



xviii

Chapter V describes the computer procedures for Finite Ele-
ment Programs presented in Appendices C and D. Instructions
for the use of these programs are given in Appendices A
and B. In Chapter VI several test examples are considered
with a discussion on the accuracy of the program results.
The accuracy of the programs are established by comparing
the results with established solutions. In Chapter VII some
additional elasto-plastic solutions are given with increas-
ing order of stress concentration and complexity. Conclud-

ing remarks are presented in Chapter VIII.



CHAPTER |
QONCEPT - FINITE HBVIENT MEIHD

The Finite Element Method is a numerical procedure
for solving a continuum mechanics problem with an accuracy
acceptable to engineers. In this method an approximate
solution is attempted by dividing the continuum into a
discrete number of finite elements. These elements are
connected at a discrete number of points along their -perip-
hery known as nodes. In structural mechanics applications
displacement based finite element formulation is generally
used, wherein displacement of the continuum is described
in terms of the displacement of the element nodes. The
programs in the Appendices are written using this method of
formulation.

If the equilibrium of a general three dimensional
body such as in Fig. 1.1 is considered, the external forces

acting on the body are:

1. Surface tractions f°= rfi
S

T

y

S

il

b £ b

2. Body forces £=11f,
fb

4

L T

7



3. Concentrated forces f~=

I
X
I
y
I
Z

b
7
s

Surface Force

| w

v
u ¥y
% Concentrated \

Load
Z'WN / Vv
X,u
Fig. 1.1 General Three Dimensional Body.

The displacement of the body from the unloaded conf-

iguration is denoted by:

UT={uvw}



The strain components corresponding to U are,

T

€ = € €

léxx €yy €2z Yxx Yyy Yy .3
The corresponding stresses are,

T _
o = {ogy Oy py Txy ‘Cyz 'CZX} I.4

In order to calculate the response of the body to
the externally applied forces, the governing equilibrium
equations are to be obtained. These equilibrium equations
are developed first at element level. The element equilibrium
equations can be obtained by the use of the principle of
virtual displacements. This principle states that for the
equilibrium of a body under any compatible, small virtual
displacements, the total internal virtual work must be equal

to the external virtual work. Therefore we have,

T
- |
-8 s I f
-7 =T _b U
Sy @ weav= Sy T 0 av + g U f a8t 1.5
where,
=T . .
€ = Virtual strain
T - £Exx eyy Ezz Yxx Yyy ¥z 3 1.6
U = Virtual displacement
- LV w I.7

The subscript S denotes that surface displacements
are considered and the subscript | denotes the displacements
at the point of application of concentrated forces.

The equation in (1.5) is an expression of equilibrium
and also contains the compatibility and constitutive require-

ments in the finite element formulation. Although the virtual



work equation is written in the global coordinate system
x,y,z of the body it is equally valid in any other system of
coordinates.

In the finite element displacement method,

displacement with in an element is,

e eA
U :N U ? 198

where {N} is the set of interpolation functions termed the
shape functions. The subscript e denotes an element, and
A

U is a vector of three global displacement components

Us 3 Ve g We

;»Visw; at all nodal points. If there are M finite element

nodal points, U is a vector dimension 3. More generally,

(03 = (6 0y 05...00) I.9
Although all nodal point displacements are listed in (I.9)
for a given element only the displacements at the nodes of
the element affect the displacement and strain distribution

within the element. The element strains are evaluated using

A
€ = 8% , I.10

where B® is strain matrix. Finally,

o® = p&e€ , I.11
where De Is elasticity matrix of element e and the material
law can vary from element to element.

The equlibrium equations corresponding to the nodal
point displacements of the assembly of finite elements can
now be written as a sum of integrations over the volume and

areas of all finite elements:



T
- e _ -e b(e)
zeﬁ&e g av = zeJQ U £ 51 Qv
T
-s(e) s(e)
+ zejéTU f as
+ zeﬁI fI , I.12

where Z, denotes summation over all the elements. The inte-
grations in (I.12) are performed over the element volumes
and surfaces, and for convenience we may use different
element coordinate systems in the calculations. Substituting
for element displacements, strains, and stresses from

(1.8) to (I.11) into (I.12),

T n 7
ﬁT{%eJﬁ B8° D Bedi] T = UTB;G §y N fb(e)dv_f
. |
+{ée Ig n(s)e gs(e) g

+:§j I.13
The surface shape function matrix {N(S)e} ig
obtained from shape function matrix {Ne} by substitution
of element surface coordinates. {F} is a vector of the
externally applied forces to the nodes of the element in

th

the structure. The i”" component in {F} is the concentrated

nodal force corresponding to the 1 th displacement component
in G.

The unknown nodal point displacements are obtained
from (1 13) invoking virtual displacement theorem and
imposing unit virtual displacements in turn at all

displacement components.

S

a2t

Ty (1) . I.14



A
L etting {u} ={ U0} I.15

the equlibrium equations reduce to
{xl{vi=1{r1, 1.16

where { K 3} stiffness matrix of the structure

T
_ e e e
=z, J% B D° B~ 4v , T.17

and { R} equivalent nodal forces of the structure

i

{rRg 3+ {RrRy 3+ {Ry : I.18

In the expression (1.18),

Ry = 5,y N° £2(8) gy = voay forces , I.19
T
s 5w g% s(e)
Rg = 2 Jg £ dS = surface forces, 1.20
and Rg = F = concentrated |oads. 1.21

The formulation of equlibrium equations (1.16)
include the assembly process to obtain the structure matrices
from the element matrices, referred to as the direct
stiffness method. The resulting linear simultaneous equations
are then solved for the unknown nodal variables using the
frontal solution technique. Stresses can then be determined.

Although equlibrium equations (1.16) are written
for general three dimensional analysis, the scope of this
thesis is restricted to two dimensional plane stress / plane
strain and axisymmetric problems. The appropriate displace-
ment, stress, and strain variables as well as elasticity

matrices for isotropic material are listed in Table 1.1.
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The element stiffness matrix calculations in the
programs in Appendices C & D are done using a single type of
element known as the isoparametric element, as these elements
are versatile, well tried, and tested. The library of
elements in the program is shown in Fig. 1.2 with their
special coordinate system (&£ ,n),

In isoparametric element formulation the shape func-
tions, which are defined in element natural coordinate
system (& ,m1) define the element coordinates and element dis-
placement in terms of their nodal values. The displacements
can be expressed as,

e n € e
U =X N U, ’ 1.22
e ! A€
where N is matrix of shape functions and U is vector of

nodal displacements. Similarly,

Xe Ni 0 X?
n 1
=%
el i=1 e e .
y Q Ni yi 1.23

For axisymmetric problems, x & y are replaced by r & z in
equation (1.23). The Jacobian matrix which is used in coord-

inate transformation is evaluated as,

[~ e
ax 3y [ (B A, e %B_Niyi;
5 ot 9f ) Ji=q0e” "1 {=10¢~ “1i
Ayl Iy Ay 4§ oan.
an 3N | i=15n~ 71 =130t 71 . I.24
L -



I

—

~2

n=+1 3 e
N.(g,m) = (1+eg. ) (1+mm.) .
L
E:"’]
Local Node Ei Ny
n=~1 2 1 -1 -1
2 +1 -1
3 +1 +1
L -1 +1
i
X

> For corner nodes, 1,3,5,7

N§=(1+zzi)(1+nni)(:ai+nni—1) .

&4 T
For midside nodes, 2

I
y

3 N§=e2(1+2,) (1-n%)wnd (Lemn,) (1-27) s
2 2

X

(b) Eicht Noded Farabolic Element

For corner nodes, 1,3,5,7

€ 1,2 2
NT=(E +£zi)(n +nn; )
L L

For midside nodes,
e_.2, 2
Ni—_n_j;(n
3 2
For central node,

N§=(1—z2)(1-n2).

2

—mn ) (1-2%) 22 (ePoze, ) (1o

2).

For (p)&(c) the following

— applies:

X Local Node . n
(¢) Nine Noded Parabolic Element T ) 3
2 9] -1

3 +1 -1

4 +1 0

5 +1 +1

4 0 +1

7 -1 +1

£ -1 0

S 0 0

Fig.

1.2 Library of E enents.



The strain displacement relationship is expressed as,

e n e Ae
€ = X B, U, ’ I.25
i=1 1 1

e . ) .
where B is the strain matrix.
The elemental volume is given as,
av = t° det J%at an , I.26
Ae e

The expressions for U_ , B, and dV are given in Table 1.2.
i i

The Cartesian shape function derivatives used in
. . e . .
the strain matrix B; in Table | .2 may be obtained by the

chain rule of differentiation:

aNe SRy ©
OV 3 =~ N' 2 +§E _a-I]-
ax- JEL 3% 3Nt 3%
and
e
e e
ON._ oN. of , oN. 3am .
ayl— det dy ant dy I.27

The terms 3¢ , 3n , 3¢ , and 3n may be determined from the

X oxX oy oy
inverse of the Jacobian matrix (I .24).

Let us now consider the evaluation of stiffness
matrix {K} of the structure defined in (I.17). The integr-
ation is performed in the element natural coordinate system
for each element and summed up for all elements of the
structure.

+1 +1 eT

e e e e
K}y=z, f, £, B D B t detJ dt dn. 1.28

The integration is to be performed numerically. If the



integrand in (1.28) is denoted as,

-
e e e e e e
B D B t detJd =17 |, I.29
then,
+1 +1 e
K} =z J Joqg T odEdn . I.30

The numerical integration is carried out utilizing Gauss
quadrature. In two dimensions we find the quadrature

formula to yield the expression for stiffness matrix as,
{K} = zei%i Zyowy wy T (Zi’njzf’ I.31

where wi , and wj are weights for Gauss quadrature at sam-
pling points ¢ and n_ . Similarly in three dimensions we

I J
have,

K} =z [%i Eione owyowgowy T(ai,nj,c%z]. I.32

While it is not necessary to use the same number of Gauss
points in each direction, It is most common to do so.
Similarly, numerical integration is to be done for each
element for determining the body forces Ry (I.19) and

surface forces Rg (1.20).

T b(e)

e
R Z, J} N f av

B

+1  +1 eT b(e) e e
Ze f_l f._lN f t det J d¢ daq.

i}

body forces 1.33

If the integrand in (I.33) is denoted as,



12

T
g€ = N® £Ple) 4o 4oq g
+1 +1 o
Rp = ze{f_l f_1 g 4t dnj I.34
= Z Z. Z . N ,’ﬂ . I.
e{ S I B g(zi j)} 3

TABLE 1.2

NODAL DISPLACEMENTS, STRAIN MATRICES

AND ELEMENTAL VOLUMES OR AREAS

Type of Nodal dis- Strain Matrix av / as
problem placement
Ae e
Plane e ]
stress us 9%~ c
* ON. e e
€ 0 ayl t7 det J d& dan
i
e
M. N
By 3x T
Plane Eﬁi O~.
strain us ox e
’ o =Ny det J° at an
e ayl ©
V. e e
. dN. ON.
Syt %t
IR
3
Axisym- oN . ]
metric -
e e
Uy B o
r e
e 2rnr det J d& dn
ws 0 o0,
i 3z
e e
oSN, 8N,
[5a" ort




In the finite element analysis of structures by
the displacement method, the only permissible form of
loading, other than initial stressing, is by the prescrip-
tion of concentrated loads at the nodal points. Consequently,
forms of loading such as gravity action (body forces),
pressures assigned to element surfaces (surface forces) must
be reduced to equivalent nodal loads.

Point loads:

For each particular node the applied concentrated loads are
associated with one of the elements attached to it and with
the appropriate degrees of freedom of that element.

Gravity loading:

Gravity forces are equivalent to a body force / unit volume
acting within the solid in the direction of the gravity
axis. For plane stress or plane strain problems, the direc-
tion in which the gravity acts need not coincide with eith-
er of the coordinate axes. Fig. I.3 (a) illustrates an
isoparametric element subjected to gravity forces at an
angle ¢ . Invoking the principle of virtual work, we

obtain the expression:

e sin (¢ p
P_.]l= N. P av, I.36
b f " Fleos (9

yi| “v®
which yields the equivalent nodal forces due to a gravitati-
onal acceleration g acting on a material of mass density p .
The subscript "i” ranges over the node numbers. It is again

essential to resort to a Gaussian numerical integration



technique, resulting ins

P_i NGAUS NGAUS sine| ¢ e
= X b Pg i (Ep.nq) w w det J . I.37
Pyi p=I qg=l -cos® P 4

For axisymmetric problems t is replaced by 2an where b Is

the radial distance to the Gauss point under consideration.

 G—
k X,r .
! e = 0 for axisymmetric solids

(a) Specification of the Gravity Axis
for Two Dimensional Problems

AR

¥ P+: ’

n

X

(p) Normal and Tangential Loads per Jnit Length
Applied to a Parabolic Isoparametric Element

Fig,.1.3 Element Loading.



Distributed edge loading:

Any element edge will be allowed to have a distributed
loading per unit length in a normal and tangential direction
prescribed to it as shown in Fig. I.3 (b). These distributed
forces need not be constant, but can vary independently
along the element edge. Since parabolic isoparametric
elements are being employed, then at best a parabolic loa-
ding distribution can be accomodated. The variation will be
defined by prescribing the normal and tangential values at
three nodal points forming the element edge. The three nodes
forming the loaded edge must be in an anticlockwise
sequence. A pressure normal to the face is assumed to be
positive if It acts into the element. A tangential load is
positive if It acts in an anticlockwise direction. Invoking
the principle of virtual work, the consistent nodal forces

for node i can be written as:

_ € X _ p 3y £
Pep = fg N, (P57 - P SF) d
_ e 93X oy
Pyi = ds Ny (Ppgg + Pysp ) 4t £.38

where integration is done along the element loaded edge,

arbitarily considered as M = -1 in Fig. I.3(b). If adistri-
buted load acts on the interface between two elements, then
the load can be considered to be acting on either one or the

other element.



CHAPTER I1I

BASC NUMERCAL SOLUTION HROCESS
FCR NONLINEAR HRCBLBEMIS

In the Finite Element formulation of Chapter I
equlibrium equations (1.16) were derived assuming that the
displacements are infinitesimally small and the material is
linearly elastic. It was also assumed that the boundary
conditions remain unchanged during the application of- |oads.
Under these assumptions the equations,

{x} {u} = {R} I.16
correspond to a linear analysis of the structure, since the
displacement vector {U} is linearly proportional to load
vector {R}. The assumption of small displacements has ent-
ered in the evaluation of stiffness matrix {K}, and load
vector {R} as all integrations were done over the original
volume of finite elements. The strain matrix {B} of each
element was considered to be constant and independent of
element displacements. Elasticity matrix {D} was considered
to be constant. Boundary conditions remained unchanged.
These basic assumptions explain in a way what is generally
meant by a nonlinear analysis. The scope of the present
thesis is restricted to materially nonlinear only formu-
lation. The nonlinear effect lies in the nonlinear stress-
strain relationship. The displacements and strains are

small; therefore the usual engineering stress and strain



measures are employed. Since in nonlinear problems coeffi-
cients of stiffness matrix {K} depend on the unknown nodal
displacement vector {U} direct solution of equation (1.16)
Is generally impossible and some sort of iterative procedure
must be adopted.

The most frequently used iteration schemes for the
solution of nonlinear finite element equations are some form
of Newton - Raphson iteration. The finite element equlibrium
equations amount to finding the solution of equations,

w(u) = {k} {u} - (R} =0, I1.1
where ®(U) can be interpreted as a measure of departure
from the equlibrium. If a true solution to the problem
exists at Ur+AUr after rth iteration, then the Newton -

Raphson iteration schemes yield,

r M 3K, r r
j=1 3 J
where,
M = total number of variables in the system,
and

i the particular node number.
Substituting (II.1) in (II.2),

w(v)=[k(v) + k()] a’ . I1.3
The Newton-Raphson process can finally be written in the

form as:

N -1
AU =E{(Ur) + K'(Ur_)] (¥ . IT.4

This allows the correction vector of unknown nodal displace-



ments U to be obtained from the deviation from the equlib-
rium condition. An iterative scheme must be followed.

The tangential stiffness method:

In structural applications {K} is equal to the local gradi-
ent of the force / displacement relationship of the
structure and is called the tangential stiffness. Since an
incremental analysis is performed in such cases, the problem

is linearized and written as:

-1
vt o= E{(Urﬂ wWu)*. IT.5
A trial value U0 I s assumed; the tangential stiffness
K(UO) corresponding to this displacement is then obtained;
the departure from equlibrium value n(U)0 is determined;
then the correction AU0 Is determined from (II.5); and

the improved approximation to the unknown now is:

1 0 0
U =U + AU

The iteration process is then continued until the solution
converges.

The initial stiffness method:

In the tangential stiffness method the computational cost
per iteration, particularly for large order systems, for
the calculation and factorization of the tangent stiffness
matrix can be expensive. In the initial stiffness method,
complete equation solution need only be performed for the
first iteration and subsequent approximations to the soluti-
on performed thru: _1
)

AUr = E{(UO-l

wWu)o . I1.6



This initial stress method corresponds to a linearization

of the response about the initial configuration of the finite
element system and may result in a very slowly convergent

or even divergent solution. An approach somewhat between
the tangential stiffness and the initial stiffness methods

i s sometimes employed, wherein the stiffness matrix is
updated at selected iterative intervals, when a prior knowl-
edge of the system behaviour is known.

Solution convergence criteria:

The convergence criterion adopted for the termination of

the iteration is by measuring the out of balance load vector
at the end of each iteration and setting the norm of the
out-of-balance load vector to be within a preset tolerance

of the norm of the total applied forces as:

M r\2

z ®,(U)

=1 \ X100 < T , I1.7
[ e

3 :

i=1 (RJ)

iteration number,

where

]
1l

and

=
1

total number of degrees of freedom in the structure.



CHAPTER III
THE MATHEMATICAL THEORY CF PLASTICITY

Whereas the stresses and strains are linearly relat-
ed by Hooke's law in the elastic range, the relationship is
nonlinear in the plastic range as is evident from the unia-
xial stress / strain curve. The mathematical theory of
plasticity provides a theoretical relationship between
stresses and strains for a material loaded in the plastic
range. The three ingredients necessary to formulate the
plasticity theory are:

1. Relationship between stresses and strains in the elast-
i c range

2. Yield criteria for deciding which combination of multi-
axial stresses will cause yielding

3. Relations between stresses and strains when plastic
flow is occuring

Using the tensor subscript notation, the generaliza-

tion of Hooke's |aw leads to,

€, Oy = 6i.V(GXXde +GZZ)
J J J vy , ITT.1
2G E

which can also be expressed as,

€. =5,
1) 1] . III.2



where Ei'j and S.lj are strain and stress deviator tensors,
respectively.
Yield criteria can be defined by the relation,

F(Gij) =k , IT1I.3

where the function F can be looked upon as a loading
function and k is a yield function or a strain hardening
function, and would depend on the complete previous stress
and strain history of the material and its strain hardening
properties. |f isotropy is assumed then rotation of axes
must not affect yielding. Therefore, the relation (III.3)
can be written as,

F(o’1 of o] =k . IIT.4

2 93)

Since it is always assumed that hydrostatic tension or
compression does not influence yielding, we can assume that
only stress deviators enter into the yield function,

F(S1 82 S3) =k . I1T.5
Alternatively, 54,5,,and 83 can be written in terms of the
invariants of deviatoric stresses as,

J1 = Sl+SZ+S3 =
=

= -(SlSZ+8283+5381)

0

3) = 818283 . I11.6

The yield criteria can now be written as,

F(J2 ,J3) = k . III.7
The Tresca criterion can be reduced to the simple form,
(0y-05) = 2k 111.8



where the maximum and minimum principal stresses are known
apriori.
The Von Mises criterion is associated with equation,
Jy = kz, 111.9
in which k is a material parameter to be determined.
For most materials these two laws are used. The

second deviatoric stress invariant can be written as,

J! =190, . IIT.10
2 5 ijij L

If we define effective stress as

1
6 =43 (o o' )%, IT1.11
€ 2 1J 1)
then yield criteria may be written as
Ey
o, = V3 (3% V3 k . III.12

d, can also be explicitly written as

G = .l,Ed -G §+(d -G §+(d -G §+6(52 +T2 +'C2)§2. III.13
e 2 XX Yy Yy zz 27 XX Xy yz =z

For uniaxial tensile test Iy becomes the O and the
physical meaning of constant k can be obtained under uniax-
ial tensile test when

G = dy= V3 k . III.14

Since the plastic strains are dependent on the
loading path, in general it becomes necessary to compute
differentials or increments of plastic strain throughout the
loading history and then obtain the total strains by summa-

tion. Starting with the definition of work hardening and

postulating the existence of a loading function and



linearity between increments of stress and increments of
strain, the general flow rule for a strain hardening mater-
ial is expressed as:
{de, 3 = ar 2F . II11.15
1J P 30, .
1J
This plastic strain increment vector must always be normal
to the yield surface. d\x is a proportionality constant as
yet undetermined , and depends on the stress, strain and
their history in general. During any infinitesimal increment
of stress, changes of strain are assumed to be divisible

into elastic and plastic parts. Hence,

{ae, 3 = {ae 3 + {ae 3. III.16
ijor ij e ij "p

As
-1
{deij}e= {p} {dac} , IIT.17
where {D} is elasticity matrix, we can write (III.16) as

-1
{de}T={D} {do}+ ax 22 . 111.18
adij
From (111.3), we have
f(dij,k)= F(dij)—k =0, I1I.19
where k keeps changing as material work hardens and k can be

written as,

= Py =
k = f£(wP) f(fdij(deij)p), III.20
using the work hardening hypothesis. k can also be written
as
= f(e ) = € .
k ( p) £(Jd p), III.21

using strain hardening hypothesis.
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Dfferentiating equation (III.19),

af = dF do; 5 + df_ dk . III.22
adij d(k)
Wien plastic yielding is occuring, df is zero. Equation

(111.22) can be witten as

T
{a} do6 - A dx = 0, IIT.23
wher e
T
{a} = 3F , IIT.24
30. .
ij
and
A = -1 JF dk III.25
adr 3k
Let
lap}= {0} {a} . III.26

Prenul tiplying both sides of equation (III.18) wth

T T
{dD} = {a} {D} ITI.27

ve get

T T T
{a} {0} fae, Jp= {a} do + {a} {D} ar oaF . III.28
ij 37 ;

From (III.23),
{a} do = A da
Therefore,
{a}T{D} {deij}T = dax A {a} +{a}T£D} SF

30, .
1J

and

T
(2} (0} {ac; .y

dr = T

ITI.29

(A +aDa)



h substituting (111.29) in (III.18),

-1
{ac; 53 = 03 7 {ac) +{a}' (D} {ae; Ipla)

(A+a’Da)
_ [ T
{ag}= {deij}T {p} - dD dD
(A+a’Da)
.
= {deij}T {p} - dy 4 I11.30
T
(A+d a)
| D
= {Dep} {dGi.}T , III.31
where
o J=|p-aqa
eps = - dD dD . III.32
(A+dga)

The elasto- plastic matrix {Dep} takes the place of elastici-
ty matrix {D} in incremental analysis. It isS symmetric,
positive definite, and the expression (111.32) is valid
whether 'A' is zero or not.

When hardening is considered, parameter k must be
considered, on which the shifts of the yield surface depend.

With a work hardening hypothesis,

dk = {G}T {déij}p . III.33

Substituting the flow rule (III.15), in (III.33),

T T
dk = dr {6} {a} = dh [a} (o} . IIT.34



If we define effective plastic strain increment as
3
= !, €.
{dep}e [32_ {ElJ(p) i3(p) 4 111.35

2 2
L (<d€ XX _(deyy)QJrédeyy)p—(dezz)}) ¥

Qdezz)p—(de )

XxX'p 1
2 2 2\?
6 (g wavg) v ), e
then together with the relation
dde :
ﬁ ="' o II1.37

we can experimentally determine the hardening parameter from
a simple uniaxial yield test, as the slope of effective
stress / plastic strain curve. Since uniaxial tensile yield,
GY is equal to 3k,
A=-41 2 dk=_1 do_dk , III.38
dr 3k ar 3
dk
from which, using (III.33) and (III.34), and after some

manipulation can be shown to give:

di

1

(dep)e. I11I.39
and

A =H' ., ITT.40



CHAPTER |V

MATRIX FORMULATION AND BAJC EXPRESSONS
FCR TWO DIMENSONAL HOBLEMS

It has been shownl that for isotropic materials, it
IS convenient to express the yield criteria as functions of

three stress invariants ( dm,de,¢ ) given by:

n = ﬁ =1 (Gxx+dyy+dzz)
3 3
1 L
> 2 2 2 2 2 2 ]2
g, =J5 = 1(S_+S_+s Y+ __ +C_ +TC
e 2 5 Xy oz Xy vz 72X
¢ =1 sin"1[-343 Iyl d<an, It
3 —3 6 6
7 72 de o
where,
r 2 2
J3 - SxSySz +(2 xyTyz z-zx)_ sz§/ z" Sy Z2X  ZXY
and,
SX = GXX—Gm ; Sy = dyy—dm ; SZ = Gzz-dm.

The yield surfaces for several classical yield conditions
can now be written as:
1.Tresca

F=26ecos¢-dy=0, Iv.2

1G.C.Nayak and 0.C.Zienkiewicz, "Convenient Form of
Stress Invariants for Plasticity.” Proceedings of American
Society of Civil Engineers,98,ST4,949-954(1972)




2.Von Mises
F=J3oe-aY=o. V.3
In (1V.2) and (1V.3), o’Y , the current yield stress depends
on "k". These forms yield to a very convenient definition of

{a} used in the determination of {Dep} , and we can write,

al = 3F =|3F ag  + 3F a0, + 3F 38 |. IV .4
36. . |30 F&ln' 36, s5- 30 230, .
From (IV.1),
9 =-43_1 133 =3Jd3 3¢ | . V.5
30. . 2 cos39 335 n e
1J Ce ij o] d0. . ’
¢ e ij
——f
V¢ can now write,
a} = c1 {a;} +c, {ay} c5 {aB} ; IV.6

where the vectors {a,}, {a,}, {ag} and constants c,, c,, ¢,
are given in Tables IV.1 and 1V.2 , respectively.
For the two dimensional plane stress / plane strain

and axisymmetric cases we shall employ 4x4 {D} matrix and

the vector {a} will be modified to,
R
{a} =|23F 2oF __ 8—1; IV.7
a0 rXe} aT gdzz
XX YY Xy Z ,

with the {dD} matrix used in {Dep} as given in Table IV.3.
Whenever {a] vector is not uniquely defined for
certain stress combinations, singularities arise. In the

(0]
program a check is made to find out if ¢ is equal to 30

and then constants Cy» Cpy Cq are rewritten explicitly, when
(0]
¢ approaches 30 . That is, the corners are rounded off.
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TABLE IV.1
DERIVATIVES OF STRESS INVARIANTS

Vector Definition Values
T
{a,] 3G 1 {1,1,1,0,0,03
33, . 3
) 1J,
T
{a,] (ade 5% { s S sZ,zryZ,ztzx,zTXy}
o0, . e
1]
- 2 2 ]
3 o -
{a3} _23 Sy Ss Z&z * % e
aG. .
ij 2 2
SX Sz _tzx % Ye
2 2
Sy Sy = Tay +% o2
2(zzizxy - letyz)
z(txy'(yz - Sy 'CZX)
Lffryérxy - Sz.riy)
TABLE 1V.,2
CONSTANTS ¢ FOR VARIOUS YIELD CONDITIONS
Yield condition Cl Co 03
Tresca 0 2 cos® (1+ tan® tan3¢)) V3 sin®

62 cos39
e

Von Mises 0 V3 0
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CHAPTER V
FINITE HBEVENT EXPRESSONS AND HROERAM STRUCTURE

The expressions derived in the previous Chapters
describe fully the stress / strain relation in the elasto-
plastic state. Since the elasto-plastic matrix {Dep} depends
on the state of total stress, the piecewise linearization
process is adopted, wherein small increments of load are
prescribed and in each increment the material is treated as
quasi elastic, with a constant elasto- plastic matrix. The
material tangent stiffness matrix {KT} , during the incre-

ment, is evaluated using
T
(K} = J (8} {p 3} (B} av . V.1

The solution process for the nonlinear problem described in
Chapter IT is utilized. The program is outlined in Fig. V.1.
There are twenty five subroutines for linear strain
hardening application; fifteen of these are common to non-
linear strain hardening application. The nonlinear strain
hardening program utilizes a total of twenty eight subrou-
tines. The controlling segment calling the subroutines is
called MASSER for linear strain hardening program , and
MSTER2 for nonlinear strain hardening program. A brief

description of each subroutine is presented as follows:



r DIMEN/ DIMENIJ
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INPUT/ §NPUT 2

32
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|
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Fig. V.I Program Outline for Linear and
Nonlinear Two Dimensional Elasto- plastic Problems.



Subroutines DIMEN / DIMEN1

These subroutines preset variables to upgrade the
magnitude of the maximun size problems. DIMEN is for linear
strain hardening program, and DIMEN1 is for nonlinear strain
hardening program.

Subroutines INRUT / INPUT2

These subroutines accept most of the input data.
INFUT is for linear strain hardening program, and INPUT2 is
for nonlinear program.

Subroutine CHECK1

This subroutine checks main control data and is
common for both programs.

Subroutine CHEOK2

This subroutine checks remainder of input data and
Is common for both programs.

Subroutine NIDEXY

This subroutine generates the midside nodes of
straight sides of elements and central node of 9-noded
elements. This subroutine is common for linear and nonlinear
programs.

Subroutine EHO

This subroutine writes the remaining data cards
after an error has been detected in input data cards, and is
common for both programs.

Subroutine GAUSSQ

This subroutine is common for both programs and sets

up Gaussian quadrature data for numerical integration.



Subroutine UNIAX2

This subroutine reads uniaxial test data for stress
and total strains for nonlinear program.

Subroutine HRONS

This subroutine prepares the hardness / plastic
strain array from the uniaxial test data for nonlinear
program.

Subroutines LOADRS / LOADP1

These subroutines evaluate the consistent nodal
forces for each element for plane and axisymmetric situat-
ions. LOADRS is used in linear strain hardening program and
LOADP1 in nonlinear program.

Subroutine SFR2

This subroutine evaluates the shape functions and
their derivatives at the Gaussian points and is common
for both programs.

Subroutine JACOB2

This subroutine evaluates the Jacobian matrix and
the cartesian shape function derivatives for both programs.

Subroutines MCDPS / MODPS1

These subroutines evaluate the {D} matrix for plane
and axisymmetric situations. MCDFS is used in linear program
and MODPS1 in nonlinear program.

Subroutines INVAR / INVARI

These subroutines calculate the stress invariants
and the current value of yield function. INVAR is for linear

program and INVARI is used in nonlinear program.



Subroutines YIELDF / YIELD1

These subroutines calculate {a} vector. YIELDF is
for linear program and YIELD1 is for nonlinear program.

Subroutines LOMY. / FLOWP1

These subroutines calculate {dy]} vector. HOML is
used in linear program and FLOWP1 is for nonlinear program.

Subroutines STIFFP / STIFP2

These subroutines calculate element stiffness matrix
{K}. STIFFP is used in linear strain hardening program and
STIFP2 in nonlinear strain hardening program.

Subroutine ZERO

This subroutine is used in both linear and nonlinear
programs. This subroutine initializes several arrays which
are employed for accumulation of data.

Subroutine DBE

This subroutine is used in both linear and nonlinear
programs. This subroutine is used for matrix multiplication
of {D} matrix by {B} matrix.

Subroutine INCREM

This subroutine is used in both linear and nonlinear
programs. This subroutine increases the applied loading.

Subroutine ALGOR

This subroutine sets an equation resolution index,
which determines initial stiffness approach or tangential
stiffness approach or a combination of both for reformulati-
on of element stiffness matrix. This is a common subroutine

for both linear and nonlinear programs.
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Subroutine FRONT

This subroutine is used in both linear and nonlinear
programs. This subroutine is the equation solver by the
frontal method.

Subroutines LINEAR / LINER1

These subroutines evaluate stresses and strains
assuming linear elastic behaviour. LINEAR is used in linear
strain hardening program and LINER1 in nonlinear program.

Subroutines RESDU / RESID2

These subroutines reduce the stresses to the yield
surface and evaluate the equivalent nodal forces. Comparison
of these nodal forces with the applied loads give the
residual forces. The procedure consists of the following
steps:

th iteration are residual

1. Applied loads for the r
forces

2. For the residual forces compute,

r r
dos_ = {D} ae .
e
3. Compute,

r (r-1) r
G =0 +dGe.

Check if £(¢") < 0 , with {K} referring to the initial
value at the start of increment. If it is satisfied
only elastic strain changes occur and the process is
stopped.

L. 1f (") >0 and also f(d(r_l)) = 0, the element was in



yield at the start of increment and continues to yield.

Evaluate,

r r
do” = {D} de - 4aa {dD} ,
L = d(r-l) + ’

(r-1) r
o} + do, - dA {dD} .

V.3

5. 1f £(d%) >0 , but f(d(r'l)) < 0 find the intermediate

stress value at which yield begins and compute ¢* from

that point,

6. When a finite sized increment is taken the resulting "

may deviate from the yield surface and a scaling factor

may be used to bring the point to the yield surface.

Therefore,

Or the excess stress from the yield surface at each

increment may be divided into a

number of parts <

The above process is shown in Fig. V.2 .

RESDU is used in linear program and RESID2 in nonlinear

program.
Subroutine CONVER

This subroutine is used in both linear and

V.4

Vc5

nonlinear programs. This subroutine checks the convergence



3 (b) Point Yielding During This Increment

- (¢) Refined Process for Reducing
the Stress to Yield Surface

Fig. V.2 Process of Reducing
The Incremental Stress to Yield Surface.



of iteration process.

Subroutine HNUMB

This subroutine is used in nonlinear strain harden-
ing program. This subroutine returns the hardness value
depending on the effective plastic strain.

Subroutine QUTRJT

This subroutine is used in both linear program and in
nonlinear program. This subroutine outputs displacements,

reactions and stresses.



CHAPTER V |
TEST ARCBLEMIS WITH INFUT AND QUTRJT

In this Chapter an attempt is made to establish the
accuracy of the Finite Element Programs presented in previ-
ous Chapters for the linear and nonlinear strain hardening
applications. Typical elasto-plastic test problems are
chosen for which either closed form solutions or practical
iterative solutions exist for comparison with program
output.

The first problem considered is that of elasto-plas-
tic stress and strain concentration factors at a circular
hole in a uniformly stressed (radially,that is) infinite
plate. For this plane stress problem, the problem parame-
ters and the finite element model are illustrated in
Fig. VI.1 . The problem is analysed using the linear strain
hardening program. The applied stress ¢ is increased from
0-56$ to 0-9<5$ in seven (7) steps. The spread of
plastic zone at different load levels is shown in
Fig. V1.2 . The various stress and strain concentration

factors are defined as follows:

kde = % @ Hole '
G
kd = Ge @ Hole

Q
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Fig. VI.1 Plane Stress Elasto- plastic Problem of A
Circular Hole in A Uniformly Stressed Infinite Plate.

1”

. o
radius

Outer radius = &*

Fig. VI.2 Spread of Plastic Zones at Different Load
Levels for Plane Stress Elasto- plastic Problem of A
Circular Hole in A Uniformly Stressed Infinite Plate.
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The output from the linear strain hardening program
IS summarized in Table VI.I for the points around the
circular hole. The stress / strain concentration factors

2 in Table VI.Z2.

are compared with the values from reference
The stress / strain concentration factors from the program
compare very well with the values from referencez. Before
the onset of plasticity, the program yields a stress conce-
ntration factor k of 1.96, which compares very well with
the theoretical value.of 2.0, The stress concentration
factor kde Is plotted at different levels of loading in
Fig. VI.3. These results show that the strain concentrati-
on increases as the material in the most highly stressed
region becomes plastic. This happens as the stress concent-
ration decreases.

The second selected problem to show the agreement of
the finite element solutions with theoretical predictions
Is the classic plane strain problem of a thick walled
cylinder subjected to internal pressure. The problem is

studied under three different levels of final loading:

1. The entire cylinder is perfectly plastic.

2I .3.Tuba, "Elastic-Plastic Stress and Strain Con-
centration Factors at a Circular Hole in a Uniformly Stres-
sed Infinite Plate,” Journal of Applied Mechanics, Trans.
ASME,710/September 1965.
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TABLE VI. 2
COMPARISON CF STRESS / STRAIN CONCENTRATION FACTORS FOR
THE ALANE STRESS ELASTO-PLASTIC FROBLEM - A CIRCULAR
HOLE IN A UNIFORMLY STRESSED INFINITE PLATE.

g 0 “o, “ee

68 Theorya Program Theorya Program Theorya Program
0.25 2.0 1.91 2.0 1.96 2.0 2.2
0.5 2.0 1.91 2.0 1.96 2.0 2.2
0.6 1.85 1.69 1.85 1.78 2.1 2.17
0.7 1.55 1.48 1.55 1.57 2.23 2.23
0.8 1.36 1.33 1.36 1.44 2.42 2.35
0.9 1.23 1.22 1.23 1.36 2.7 2.57

aI .5.Tuba, "Elastic-Plastic Stress and Strain Con-
centration Factors at a Circular Hole in a Uniformly Stress-
ed Infinite Plate,"” Journal of Applied Mechanics, Trans.
ASME,710/September 1965.
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Fig. VI.3 Stress Concentration Factor Kg
at Different Levels of Applied Loading for

Elasto- plastic Problem of a Circular Hole
in a Uniformly Stressed Infinite Plate.
2. The cylinder is partly plastic, and made up of a
perfectly plastic material.
3. The cylinder is partly plastic, and made up of a
linear strain hardening material.
The parameters of the problem and the finite
element modeling of the problem are illustrated in
Fig. V1.4,

The closed form solutions from theory for the three

different levels of final loading are as below:
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E=§moo kg/mm

» vY=Q0.
@ % = 5%.0 l@;’rnm‘z

Quter racius=200mm

i O ®

Fig. VI.4 Thick Walled Cylinder
Subjected to Internal Pressure.

1. Perfectly Elastic Cylinder. 3,4

_ 2\ o
'b ———
V3
G =P a® [1-p%)\ .
rr 2 2 2
(v=-2%) T
G =P 2% [1+p2 ) .
00 N S
(pc=-a%) r
ug =3P b2 a® 1.
2F (p2_2) T

3A.Nadai, Plasticity ( New York and London:

McGraw-Hill Book Company,Inc., 1931 ), p.194.

LpAris Phillips, Introduction to Plasticity
( New York: The Ronald Press Company, 1956 ), p.183.

VI.2

VI.3

VI.g

VI.5



2. Partly Plastic Cylinder and made up of a Perfectly

Plastic Material.5'

B=r 4 a=a su=¢ . VI
b b o
Opp ==L 0Q w2 (1 -13 « c<rc<b
rr ;5 9 ( 82 ) ( Elastic Region)
0] 2
6 -1 0 ( L 1‘) . VI.7
696 y 2
V3 B
G = -P + 200 1ln/8 asr=c
rr A a} (Plastic Region)
V3
_ 0
o,ee = P + 2(jy ln[.g + ﬂ VI.8
V3
P =d° (2 ln(g)+ 1 - HZ)- YEe9
y o
3
_ 0o 2
ay - 3% Gy . . VI.10
Er

3. Partly Plastic Cylinder and made up of a Linear Strain

Hardening M aterial.?

o] = 1 + 1 . c <r<b5o VIi.11
0 YT, 2 T
r (Elastic Region)

5Nadai, Plasticity, pp.196-97.

®phillips, Plasticity, pp.184-85.

"pnillips, plasticity, pp.186-90.




Opp= -20 |+ 1 + 1 qu 1n(g)+ gH'(c? + & -
73- Zb2 2 §9H +LE) r 2 2 a2

 © r
G g _ZdyE—CE+ 1+ 1 %E(ln(g_)—l)—q{'g_z_ - _C_Z +1)Yl.
= b2 2 (9H'+LE) T 2 52
- a<rc<ec VIi.12
(Plastic Region)
= 3 oy & . VI.13
2 E
P=2 of1-¢® + 1 Jup 1n +2H VI.1kh
3 Y2 L2 (OH'+IE)

In the equations (V1.2) thru (VI.14) we have,

a = Inner radius, b = Outer radius,
c = Yield radius, H'= Hardening parameter,
r = Radius, ugy= Radial displacement,
E = Young's modulus, Oy= Yield stress,
drr:RadiaI stress, 669=Tangential stress,
6?( =Uniaxial yield stress, P= Pressure,

and P_. = Critical pressure.

The output from the linear strain hardening program
is compared in Table VI.3 for the elastic cylinder for
stresses. Stresses show an excellent comparison with the
results obtained from expressions (VI.3) and (VI.4).

For the case of a partly plastic cylinder, made up
of a perfectly plastic material, the stress output from
linear strain hardening program is compared in Table VI.4 .

Once the cylinder is partly plastic, the boundary of the



TABLE VI.3

COMPARISON OF LINEAR PROGRAM OUTPUT WITH CLOSED FORM SOLUTION

FOR ELASTIC THICK WALLED CYLINDER UNDER INTERNAL PRESSURE

Element Gauss Estimated

Point Radius

(mm)

of
rr

(Compressive)

Calculated

Values

OQutput

(Ke/mm?) (Ke/mm?)

Y

Program Calculated Program

Values Output
(Kg/mm?)__ (Ke/mm?)

. 1 104,227 20.877 20.885 36,4043 36,452
3 115.774 15,441 15,437 31.011 31.004
. 1 124,227 12.391 12,394 27.958 27.961
3 135.774 9.105 9.102 2L, 672 2L, 669
1 146,34 6.755 6.759  22.321 22.326

7
3 163.66 3,84 3.836 19.407 19.403
o 1 176.34 2.229 2.231 17.795 17.797
3 193.66 0.518 0,516 16.085 16.083

647



TABLE V I.4
COMPARISON OF LINEAR FROGRAM OUTRUT WITH CLOSED FORM SOLUTION FOR PARTLY PLASTIC
THICK WALLED CYLINDER OF PERFECTLY PLASTIC MATERIAL UNDER INTERNAL PRESSURE.

Element Gauss Estimated o] o]

rr 66
Point Radius (Compressive)
(mm)
Calculated Program Calculated Program
Values Output Values Output
(Ke/mm®) __ (Kg/mm®) _ (Ke/mm®) (Ke/om®)
L 1 104,227 39.353 39.354 25.310 25.237
3 115.774 32.559 32.568 32.104 32.093
L 1 124,227 28.002 28.005 36.66 36.645
3 135,774 22.255 22.268 L2.,408 42,269
1 146,34 17 .409 17.372 Lh7.254 46,976
7
3 163.66 10.209 10.343 51.594 51.802
10 1 176.34 5.925 5.965 47.31 47.588
3 193.66 1.377 1.380 L2.761 43,002

0S¢



plastic region, r = c, at pressure P isS obtained from
expression (VI.9) by trial and error method. Once again
very close agreement is seen between the program output,
and the calculated stress values using expressions (VI.7)
and (V1.8) for a pressure P of 42.03 Kg/mmz.

The stress output from the linear strain hardening
program is compared in Table Vi.5 for the case of a partly
plastic cylinder of a linear strain hardening material. The
boundary of the plastic region, r = ¢ , is obtained from
the expression (VI.14) by trial and error method, for
pressure P acting inside the cylinder. The stresses show
good agreement with the results obtained from expressions
(VI.11) and (VI.12) for a pressure P of 42.03 Kg/mmz.

In Table VI.6 a comparison is mede of the radial
displacement for the three different cases between the
program output and the results obtained from expressions
(vI.5),(VI.10) and (VI.13). Once again close agreement is
obtained.

The assumption of linear strain hardening may not
be adequate for certain situations, The modified program
considers the nonlinear type of strain hardening material.
If uniaxial test data are available at a discrete number of
points, namely the stress and the corresponding total stra-
ins, the modified program represents the uniaxial stress /
plastic strain relationship in a piecewise linear fashion.

The program calculates the hardness array for the regions
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TABLE VI.6
COMPARISON CF LINEAR AROGRAM OQUTRJT WITH ALOED FORM SOLUTION FOR RADIAL
DISFLACEMENT FOR THICK WALLED CYLINDER UNDER INTERNAL PRESSURE.

Radial Displacement®(mm)

Nodal Radius Elastic Case Partly Plastic & Partly Plastic &2'
Point  (mm) Perfect Plasticity H'=366.279 Kg/mm
Calculated Program Calculated Program Calculated Program
Values Output Values Output Values Qutput
1 100 0.222 0.212 0.591 0.616 0.560 0.596
9 110 0.202 0.196 0.537 0.556 0.509 0.53
14 120 0.185 0.184 0.493 0.51 0.467 0.494
21 130 0.171 0.173 0.455 0.473 0.431 0.459
29 140 0.159 0.165 0.b422 0.445 0.400 0.432
30 155 0.143 0,154 0.381 0.413 0.361 0.401
37 170 0.131 0.146 0.348 0.391 0.33 0.38
L3 185 0.12 0.14 0.32 0.374 0.303 0.363
51 200 0.111 0.135 0.296 0.361 0.280 0.351

@Fvaluated for =z Presgure of 23.35Kg/mm2 for the elastic
case and 42.03 Kg/mm* for Partly Plastic cases.

€S



between uniaxial test points as the slope of uniaxial

stress / plastic strain. Instantaneous yield stress ¢_ is

Y
then calculated as:
o = +H' de_ , VI.15
y y b
where
0] . .
o’Y = Uniaxial yield stress,
H' = Hardness value depending on the total
: . th | :
plastic strain at (r-1) iteration,
and dEp = Increase in plastic strain at rtNiteration.

The accuracy of the nonlinear strain hardening
program is established by comparing the results between
linear and nonlinear programs, for the classical plane
strain problem of a thick walled cylinder under internal
pressure, for which linear program gives excellent results
for stresses and displacements. For comparison purposes,
two cases of uniaxial test data are prepared for the non-
linear program so as to have,

1. Perfect Plasticity (H' = 0),

2. A Fixed Hardness Value (H' = 366.279 Kg / mm?) .
Both the above cases are also run on the linear program.
Stress output from both programs at Gauss point-1 of
element 1 are compared in Fig. VI.5 for different levels
of loading for both cases. Results are in very good
agreement.

Effective plastic strain output from linear and

and nonlinear programs at element 1 , Gauss point-1 are



Stress (Kg/n.n:z)

60 __
e '—r— -2 G
e
no _|
Y99
20 1
P/G.
0
I | I | I
0.2 0.4 0.6 0.8 1.0
-20 _
40 o rr
Notes Cata point from linear ¢
and nonlinear programs
practically coincide.
——_ — H'=366.279 Xg/mm°
-60 _ H'=0

fig. VI.5 Comparison of Linear and Nonlinear
Program Outputs for Stresses for Thick Wa-
led Cylinder Under Internal Pressure.
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compared in Fig. V1.6 for defferent levels of loading for

both cases. Once again results are in excellent agreement.

Effective Plastic Strain x10™°

r
I
0.4 I
0.3 -
0.2 =
Note: Cata points from linear
and nonlinear programs
practically coincide.
0.1 —
6]
I l I | l
0.2 0.4 0.5 0.8 £/a°
y

H' = 366.279 Xe/mn®

—_——- H' =0

Fig. VI.6 Comparison of Linear and Non-
linear Program Outputs for Effective Plastic Strains
for Thick Walled Cylinder Under Internal Pressure.



In each of the above studies, a tolerance (II.7) of
1%owvas considered for convergence testing. From the results
obtained it appears that both the linear and nonlinear
programs are reliable in predicting elasto- plastic
stresses, displacements, and effective plastic strain for

plane stress / plane strain problems.



CHAPTER V I |
SOLUTION - SOME TYHRCAL HROBLEMS AND RESULTS

In this chapter some typical elasto- plastic prob-

lems of practical interest are solved utilizing the linear

and nonlinear programs.

Compact Tension (CT) Fracture Specimen

The first problem of a CT specimen is of great in-
terest 1N Fracture Mechanics analysis. The, specimen is used
to determine the fracture toughness of the material, which
requires an accurate determination of the stress and strain
field near the crack tip. The geometry of the CT fracture
specimen is given in Fig. VII.1. This problem is analysed
using one half of the specimen with forty five quadratic
elements and one hundred and sixty five nodes. While mo-
deling the specimen, the bolt hole across which the load
is applied is ignored and the applied load is considered
as a uniform pressure across the bolt hub. To accurately
model the crack tip behaviour more elements are used near
the crack tip. The tangent stiffness method with two point
integration was employed. I n view of considerable computing
time involved in such an analysis, after some trial and
error, a tolerance (II.7) of 6% was chosen. The problem was

analysed as a plane strain problem. The load vs load-line



displacement graph is plotted in Fig. VII.2 . The specimen
was analysed using both linear and nonlinear programs. A
hardness value of 138.484 Kgf/mm2 was used in the linear
program. In the nonlinear program the range of hardness was
between 51.08 and 731.51 Kgf/mmz. The load vs load-line
displacement curve shows no appreciable difference between
the linear and nonlinear cases. Total GJ time used in the
analysis was about 56 seconds, about the same for both
linear and nonlinear programs. The load was applied in
eight steps. The spread of plastic zone is shown in Fig.
VII.3

At present it is difficult to judge the accuracy of
the numerical solutions obtained for the elasto-plastic
crack problems because of the absence of exact solutions.
Indeed the elaste-plastic analysis of cracked bodies by the
finite element method must be performed with sufficient
care to maintain a balance between solution accuracy and
computational time. The programs can be used with confi-
dence to determine stresses, displacements, and effective

plastic strains.

Fully Plastic Thick Walled Cvlinder

The second problem is an extension of the classical
plane strain problem of thick walled cylinder subjected to
high enough internal pressure so that the entire cylinder

Is plastic. The engineering applications of such thick
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walled pressure vessels are too many to |list here. The

stresses and the critical pressure to maintain the yielding

are obtained from the equationsS,

_ 0
Oy = =2 o 1n(p) ,
-2 r
N3
S0 = 2 ° Ll-—ln(b)], VIT.1
Y i
V3
and p =2 v ln(’;)) VII.2
c y = !
V3
where,
a = inner radius, b = outer radius,
r = radius at the point , and P = yield stress.

Y
For the thick walled cylinder considered in Chapter VI, the

expression (VI11.2) yields a value of 44.82 Kg / mm- for P,
for a perfectly plastic material.

The problem was analysed at a pressure of 46.7
Kg/mm2 for alinear as well as a nonlinear type of strain
hardening material. The hardness value of 366.279 Kg/mm2
was input in the linear program. In the nonlinear program
hardness values ranged between 188.891 Kg/mm'2 and 377.316
Kg/mmz. The stress output from the programs are plotted in
Fig. VII.4 and compared with the corresponding values

calculated from expression (VIl.1).

8Nadai, Plasticity, p. 188.
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Comparison of Stresses for Perfectly Plastic
Material and Linear Strain Hardening Material.



The resulting Opp 7 Y0

strain hardening type of material as was expected; however

values are higher for a

the differences in e ,and ¢, values between the program

60
output and the closed form solutions of (VII.I) are small
for a perfectly plastic material. It may indeed be worth-
while for such fully plastic cylinder analysis to |imit the
analysis to relatively easy perfectly plastic type of mate-
rial, for a large number of noncritical applications , to

reduce computational time and cost.

Perforated Tension Strip

The third problem is the plane stress problem of a
perforated tension strip. A perfectly plastic type of
material is chosen for the strip and the strip itself Iis a
12'x 12 square plate. The perforations are small circular
holes one inch in diameter. The problem is analysed to
study the effect of stress concentrations and the collapse
load as the number of perforations (holes) are increased

from one to two and to three as explained below.
Infinite Plate With A Single Circular Hole

The problem under this case is an infinite plate
with a single circular hole as perforation in the middle
and subjected to uniform tension. This problem is analysed
with forty quadratic elements and one hundred and forty
seven nodes for one quarter of the plate with the help of

the linear program. The spread of plastic zone at different
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levels of loading is shown in Fig. VII.5 . A 3.0% converg-
ence tolerance (II.7) was set and it took a total CPU time
of approximately 56 seconds to perform the analysis. It is
seen from the enlarged scale drawing of spread of plastic
zone, Fig. VI1.6 , that as the strip tension ¢ increases,
yielding spreads and very soon tends to progress along two
comparatively narrow strips symmetrically situated with
respect to the axis of tension and at an angle of about 450
with the direction of tension. This has, ¢f course, been con-
firmed by experiments. The stress distribution in atension
or compression member in the form of a wide plate contain-

ing a small cylindrical hole is well known in the case of

an elastic material and the stresses are given by,

g =4d f_ + 3 a cos(26)
96 = g [1 +a° -[1+3a%|cos(20) | , VII.3
2 2 L
r r
where
¢ = applied tension , a = radius of the hole,
and

r,0 = polar coordinates of the point. According to
this expression the first yielding is expected to start at
the two points situated on the boundary of the hole on a
diameter perpendicular to the direction of tension, and at

a value of ¢ equal to one third of yield stress.
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I n numerical procedures the collapse condition is
deemed to have occurred if the iterative analysis failed to
converge for an incremental load. As expected the collapse
load for this case is found to be the uniaxial yield

stress.
Infinite Plate With Two(2) Circular Holes

As this is an extension of the previous case, all
problem parameters are kept the same as for the previous
case except the location of holes. One quarter of the plate
was modeled using twenty six quadratic elements and one
hundred and one nodes in this analysis. A 3.0 % convergence
tolerance (11.7) was set and it took a total CRJ time of
about 47 seconds to complete the analysis.

The spread of plastic zones at different d/o’(Y)
values of loading is shown in Fig. VII.7. It would appear

from the program results and the trial runs that the

0]
Y

0]

collapse load ¢ for this case would be 0.95 ¢ , where OY

Is the uniaxial yield stress,
Infinite Plate With Three(3) Circular Holes

As this is also an extension of the previous two
cases, all problem parameters are kept the same as before
except the location of holes. Orne quarter of the plate was
modeled using forty-one quadratic elements and one hundred
and fifty-six nodes. As in previous cases 3.0 % convergence

tolerance (II.7) was set and 1t took a total CRJ time of



approximately 81 seconds to complete the analysis.
The spread of plastic zones at different levels of

loading is shown in Fig. VII.8. The collapse load of this
0

case is determined to be 0.85 ¢, where d$ Is the uniaxial
yield stress.

The stress concentration factor k for all the
cases is defined as:

= Maximum value of ¢ VARIR

g
Maximum values of tangential stresses and the stress conce-

kg

0 66

ntration factors for these three cases are tabulated in

Table VII.1 . The values of ¢ listed in Table VII.I are

00
the maximum values chosen from the program output at that
level of loading.

In the elastic range of loading for the plate with

a single circular hole ¢ , and k_  can be evaluated

60 0 o
from the expressions (VII.3) and (VII.4) . At G/GY value of
0.25, when the plasticity has not set in, the calculated
990 and kde values of 17.5225 Ksi and 2.336 compare very

well with the program output of 18.5934 Ksi for ¢,, and

06
2.47912 for kde for a Gauss point with r = 0,55253 and

0 = 80.53O .It should however be noted that the accuracy
of the finite element solution can further be improved by
placing more elements at the critical locations. In all the
cases as the applied tension increases there is more
plasticity and the stress concentration factor decreases.

It would appear logical from elementary considerations to
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TABLE VI1I.1
MAXIMUM VALUES (F TANGENTIAL STRESSES AND STRESS
CONCENTRATION FACTORS FOR A PERFORATED TENSON STRIP.

Srgrele pLata el (Bf Rl AL Adtetn ™ (gf'ele gh Three
d KST -
og (K5I kde Gag (Ksi) kde Yo 0

18,5934 . 2479 18,384 2.451 19.3
32 445 2.163 32,327 2.155 3L 42
34.905 1.939 35.058 1.948 35.91
36 . 526 1.739 ~ 36,296 1.728 38,53

- - - = 30,68
37.51 1.563 37.529 1.564 41,39

- - - - L2.40
40.038 1,483 39.274 1.455
L6,926 1.564 45,035 1.58
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expect a drop in the collapse load of tension strip propor-
tional to the loss of strip surface area as the number of
holes increase. The collapse load came down about 5% and
15% respectively for the tension strip with two and three
holes, while the loss of strip surface area due to increas-
ed number of holes was 8.3% and 16.67% respectively. While
the elastic analysis predicts an increased stress concen-
tration factor, and therefore a conservative design, the
elasto- plastic analysis would enormously help in furthering
the understanding of stress concentration factors, stresses
and collapse loads after the onset of plasticity and thus
promote the better use of metals with aptly chosen factors
of safety in machine design. For all the above cases of
study, the displacement values at center line of strip
along the loading direction are plotted in Big. VII.9 for
different levels of loading. Such a displacement graph
would greatly facilitate in accurately predicting the
collapse load, as well as help in confining the design area

to the left of the kink.
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CHAPTER VI | |
GONCLUSON

Nonlinear Finite Element analysis is a powerful
tool for solving engineering problems in which plasticity
plays a dominant part. Appendix C contains a Finite Element
Program for linear strain hardening material and Appendix D
includes the modifications required for a complete Finite
Element Program for nonlinear type of strain hardening
materials. These programs are capable of solving two dimen-
sional Plane Stress / Plane Strain / Axisymmetric Problems
with a material only nonlinearity with a measure of
confidence.

Finite Element formulation procedures and the esse-
ntial Mathematical Theory of Plasticity are presented in
Chapters 1 thru V.

The accuracy of the programs is established in
Chapter VI for metal plasticity, by comparing the program
output for two typical Elasto-Plastic Test Problems. The
first problem is the plane stress problem of Elasto- Plastic
Stress and Strain Concentration Factors at a Circular Hole
in a Uniformly Stressed Infinite Plate. The second problem
is the classical plane strain problem of a Thick Walled
Cylinder Subjected to Internal Pressure, when the cylinder
Is elastic or partly plastic. The program outputs are in

close agreement with theoretical predictions.



A small selection of elasto- plastic problems of
practical interest have been solved in Chapter VII. The
first problem solved is a CT Fracture Test Specimen. The
second problem is an extension of the plane strain problem
of Fully Plastic Thick Walled Cylinder Under Internal Pres-
sure for a linear and nonlinear type of strain hardening
material. The third problem solved is the plane stress pro-
blem of a Perforated Tension Strip, when the perforations
are gradually increased from one to two to three.

The programs are comprehensive extending plasticity
concepts to two types of metal plastic yield criteria,
namely Tresca and Von Mises as well as potential surfaces
which are used in rocks, concretes and soils. These programs
have not been tested on nonmetals. Various iterative proce-
dures ranging from the simple Initial Stress Method to the
Tangential Stiffness Method as well as a combination of
both methods have been incorporated in the same program.
The nonlinear program can be used with ease if uniaxial
test data are available for stress / strains at discrete
number of test points,

Although the programs are effective the user must
understand the problem well enough to make a Finite Element
Model and to choose the load steps and convergence toleran-
ce for an incremental analysis. It would be wise to do an
Elastic Analysis first and then proceed to Elasto-Plastic
Analysis with a large enough convergence tolerance of the

order of 5-6% . Even then several analyses may be required



for the same problem to get a satisfactory result. Since
nonlinear analysis requires more computer time, a balance
Is to be struck between the desired accuracy and the compu-
ting costs. It would be desirable to start with small
number of load increments and | ess number of iterations to
know the order of total CRJ time required. In the sample
analyses conducted in Chapters VI and VII, generally total
(U time has been restricted to a maximum of approximately
sixty(60) seconds for one complete nonlinear analysis. A
nonlinear analysis may fail to converge, in spite of-a good
program, because of a bug in the data, numerical error,
greater nonlinearity than what the program can accomodate,
or a prescribed load greater than the structure's collapse

load.
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11.

INSTRUCTIONS FOR PREPARING INPUT DATA

FOR LINEAR STRAIN HARDENING HROGRAM MASTER

CARD SET 1 TITLE CARD(18A4) - Ore card.

Columns Variables

1-72
CARD SET
1-5

6-10
11-15
16-20

21-25

26-30
31-35

36-40

41-ks

L6-50
51-55

Entry
Title of the problem.

2 GONTROL CARD(11I5) - Ore card.

NFOIN
NE_LEM
NVHX
NTYHE=

NN QE

NVATS

NCRIT

NINCS

Total number of nodal points.

Total number of elements.

Total number of boundary points

where one or more degrees of

freedom are restrained.

Parameter defining the problem:

1-Plane stress,

2-Plane strain,

3-Axisymmetry.

Number of nodes per element:

4-Linear quadrilateral element,

8- Quadratic serendipity element,

9- Quadratic Lagrangian element.

Total number of different

materials.

Order of numerical integration:

2-Two point Gauss quadrature rule

3-Three point Gauss quadrature
rule.

Nonlinear solution parameter:

1-Initial stiffness method.

2-Tangential stiffness method.

3-Combined algorithm,wherein
element stiffnesses are recal -
culated for the first iteration
of each load increment only.

4-Combined algorithm, wherein
element stiffnesses are recal -
culated for the second iterati-
on of each load increment only.

Yield criterion parameter:

1-Tresca.

2-Von Mises.

3-Mohr-Coulomb.

Lb-Drucker Prager.

Number of increments in which the

total loading is to be applied.

Number of independent stress

components at a point:

3-Plane stress / Plane strain,

L-Axisymmetry.



ITII. CARD SET 3 HLBMIENT CARDS(11I5) - One card for each
element. Total NHLBM number of cards.

Columns Variables Entry
1-5 NUVIEL Element number.
6-10 MATNO (NUMEL) Material property number.
11-15 LN(DSSNUMEL,l) 1st nodal connection number.
16-20 LNODS(NUMEL,2) 2nd nodal connection number.
51-55 LNODS(NUMEL,9) 9th nodal connection number.
Notes:

1.Columns 31-55 remain blank for linear 4-noded

elements.

2.Columns 51-55 remain blank for 8-noded elements.

3.The nodal connection number must be listed in an
anticlockwise sequence starting from any corner
node.

IV. CARD SET 4 NCDE CARDS(I5,2F10.5) - One card for each
node whose coordinates must be input.

Columns Variables Entry
1-5 | POIN Nodal point number.
6-15 COORD(IPOIN,1) x(or r)coordinate of the node.

16-25 COORD (IPOIN,2) y(or z)coordinate of the node.

Notes:

1.The total number of cards in this set may differ
from NPOIN input in card set 2, since for quadratic
elements whose sides are linear, intermediate
nodal coordinates may be interpolated from corner
nodes automatically.

2.For Lagrangial elements the coordinates of the 9th
(central) node are never input.

3.The coordinates of the highest numbered node must
be input regardless of whether it is a midside
node or not.

V. CARD SET 5 RESTRAINED NCDE CARDS(1X,ILL,5X,I5,5X,2F10.5)-
One card for each restrained node. Total of NVHX cards.
NVHX is input in card set 2.

Columns Variables Entry
2-5 NOFIX(IVFIX) Restrained node number.
11-15 |FPRE Restraint code:

O1l-Nodal displacement restri-
cted to x(or r) direction
only.

10-Nodal displacement restii-
cted to y(or z) direction
only.



Columns Variables Entry
11-Nodal displacement restra-
ined in both coordinate
directions.

21-30 PRESC(IVFIX,1) Prescribed value of x(or r)
component of nodal displace-
ment.

31-40 PRESC (IVFIX,2) Prescribed value of y(or z)
component of nodal displace-
ment.

VI. CARD SET 6 MATERIAL CARDS
OONTROL CARD(I5) - One card.

Columns Variables Entry
1-5 NUMAT M aterial identification
number.

PROPERTIES CARDS(7F10.5) - One card for each different

material.

1-10 PROPS(NUMAT,1) Young's modulus, E.

11-20 PROPS(NUMAT,2) Poission's ratio,v.

21-30 PROPS(NUMAT,3; Material thickness, t.
(leave blank for plane strain
and axisymmetric problems;
note also that for plane
stress problem loading is
for unit thickness.)

31-40 PROPS(NUMAT,4) Mass density, p. 0

41-50 PROPS(NUMAT, 5) Uniaxial yield stress, ¢ .

(or cohesion factor for Y
Mohr-Coulomb or Drucker-
Prager materials)
51-60 PROPS(NUMAT,Gg Strain hardening parameter,H'.
61-70 PROPS(NUMAT, 7) Friction angle in degrees for
Mohr-Coulomb and Drucker-
Prager materials only.

Note: This card set to be repeated for each different
material. Total of NMATS card sets. NVATS input
in card set 2.

VI11.CARD SET 7 LOAD CASE TITLE CARD(18AL4) - One card.

Columns Variables Entry
1-72 - Title of the load case.

VIITI.CARD SET 8 LOAD OONTROL CARD(3I5) - One card.

Columns Variables Entry
1-5 IPLOD Applied concentrated load
control parameter:




IX.

X1,

Columns Variables Entry
0-No concentrated loads.
1-Concentrated loads applied.
6-10 IGRAV Gravity loading control
parameter:
0-No gravity loading.
1-Gravity loads to be input.
11-15 |IEDGE Distributed edge loading
control parameterr
O-No distributed edge loads.
1-Distributed edge loads
are to be input.

CARD SET 9 APPLIED LQOAD CARDS(I5,2F10.3) - One card
for each loade nodal point.
Columns Variables Entry
1-5 LODPT Node number.
6-15 POINT (1) Load component in x(or r)
direction.
16-25 POINT(2) Load component in y(or z)
direction.
Notes:
1.The last card should be that for the highest numbe-
red node whether it is loaded or not.
2.For axisymmetry problems the loads input should be
the total loading on the circumferential ring
passing through the nodal point concerned.
3.If IPLOD =0 in card set 8 omit this set.
CARD SET 10 GRAVITY LOADING CARD(2F10.3) - One card.

Columns Variables Entry

1-10 THETA Angle of gravity axis measured
from the positive y-axis. See
Fig. 1.3.

11-20 GRAVY Gravity constant, specified as

a multiple of the gravitational
acceleration g.

Note: If IGRAV =0 in card set 8 omit this set.

CARD SET 11 DISTRIBUTED BDGE LOAD CARDS
OONTROL CARD(I5) - One card.

Columns Variables Entry

1-5 NEDGE Number of element edzes on which
Id.is(tjributed loads are to be app-
ied.

BLBMENT FACE TOROLOGY CARD(413)



The element number with which
the edge is associated.

List of nodal points in an
anticlockwise sequence of the

Columns Variables Entry
1-5 NEASS

6-10 NOPRSélg

11-15 NOPRS(2

16-20 NOPRS(3)

nodes of the element on which
the distributed loading acts.

Note: For linear 4-noded element the columns
remain blank.

DISTRIBUTED LOAD CARDS(6F10.3)

Value of normal component of
distributed load at node
NOPRS(1).

Value of tangential component of
distributed load at node-
NOPRS(1) .

Value of normal component of
distributed load at node
NOPRS(2) .

Value of tangential conponent of
distributed load at node
NOPRS(2) .

Value of normal component of
distributed load at node
NOPRS(3) .

Value of tangential component of
distributed load at node
NOPRS(3) .

Columns Variables Entry
1-10 PRESS(1,1)

11-20 PRESS(1,2)

21-30 PRESS(2,1)

31-40 PRESS(2,2)

41-50 PRESS(3,1)

51-60 PRESS(3,2)

Notes:

1.For Lb-noded elements columns 41-60 remain blank.

2.Element face topology card and distributed load
cards must be repeated for every element edge on
which a distributed load acts. The element edges
can be considered in any order.

3.If IEDGE =0 in card set 8 omit this card set.

XII.CARD SET 12 LOAD INCREMENT QOONTROL CARDS(2F10.5,3I5)-
One card for each load increment. Total of NINCS cards.
NINCS input in card set 2.

Columns
1-10

11-20
21-25

Variables
FACTO

TOLER
MITER

Entr )
Applied load factor for this
increment specified as a factor
of the loading input in card sets
8 to 11.

Convergence tolerance factor.
Maximum number of iterations
allowed for the load increment.



Columns \V ariables

Entry

26-30 NOUTP (1)

31-35 NOUTP( 2)

Output control parameter after

1st iteration;

O-No output.

1-Output displacements,

2-Output displacements and
reactions.

3-Output displacements,reactions
and stresses.

Output control parameter for

converged results:

O-No output.

1-Output displacements.

2-Output displacements and
reactions.

3-Output displacements,reactions
and stresses.

Note: The applied loading factors are cumulative. If
FACTO iIs specified as 0.2,0.3,0.4 for the first
three load increments, then the total load during
the third increment is 0.9 times the load input
in card sets 8 to 11.
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11.

INSTRUCTIONS FOR PREPARING INPUT DATA FOR
NONLINEAR STRAIN HARDENING HROGRAM MSTERZ

CARD SETS 1 THRU 5 - Same as the card sets 1 thru 5
presented in Appendix A.

CARD SET 6 MATERIAL CARDS
CONTROL CARD(I5) - One card.

Columns Variables Entry
1-5 NUMAT M aterial identification
number.

PROPERTIES CARDS(6F10.5) - One card for each different
material.

1-10 PROPS(NUMAT,1) Young's modulus, E.
11-20 PROPS(NUMAT, 2) Poission's ratio, v. .
21-30 PROPS(NUMAT,3) Material thickness, t.

(leave blank for plane strain
and axisymmetric problems;
note also that for plane
stress problem loading is for
unit thickness.)
31-40 PROPS(NUMAT,4) Mass density, p. o
41-50 PROPS(NUMAT,5) Uniaxial yield stress, ¢
(or cohesion factor for Y
Mohr-Coulomb or Drucker-
Prager materials).
51-60 PROPS(NUMAT,6) Friction angle in degrees for
Mohr-Coulomb and Drucker-
Prager materials only.

Note: This card set to be repeated for each different
material. Total of NMATS card sets. NMATS input
in card set 2.

III.CARD SET 7 UNIAXIAL TEST DATA

OONTROL CARD(5X,I5)-One card.

Columns V ariables Entry
6-10 NUMAT M aterial identification
number.

NUMBER CF TEST DATA POINTS(5X,I5)-One card.

6-10 NUMB Number of uniaxial test
data points.

UNIAXIAL TEST STRESS AND TOTAL STRAIN VALUES
(F10.4,6X,E14,8)-0One card for each test point.



Columns Variables Entry

1-10 USTRES (NUMAT, INUMB) Uniaxial test stress.

17-30 USTRN (NUMAT, INUMB) Uniaxial test total
strain corresponding to
the test stress.

Notes:
1.USTRES (NUMAT, INUMB) must be input in increasing
order.
2 .USTRES (NUMAT, INUMB) and USTRN(NUMAT, INUMB) must
form the pairs of test stress and total strain.
3.Total NMB cards input.

CARD SET 8 THRU 13 - Same as the card sets 7 thru 12
presented in Appendix A.



APFENDIX C

Finite Element Program For

Linear Strain Hardening M aterials




87

FINITE ELEMENT PROGRAM FOR

LINEAR STRAIN HARDENING MATERIALS
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i

DO “0 IITER = 1,MITER

C

g"* CALL RUUTINE WHICH SELECTS SOLUTION ALGJRITHH VARIABLE KRESL
CALL ALGDR(S;(X);B)IINCS,IITER,KRESL,HTOTVpNALGO,

. ggpgg,NVFIX,SfRS

g“ﬂ IF SOLUTIAN HAS CONVERGED ST0OP ITERATING AND OUTPUT RESULTS

LFE (NCHEK.EQeO0) GO TO 75
50 CDNTINGE £a-0

Coana
[ ]
C
IS_IEOISNALGH.EQ-ZD Q TO 75
75 CALL DUTPUT( IIIER,“}B GeMTATU.MUETY NI CM. AR QAl ETV.MANHTYD
NEUE I GoMTOTVoMVEIX sNELEMsNGAYS oNOE I X p
. BPHENINVE X STRS e TUT LN YRR HOAYS NOE X NOUTE
100 CONT INUF
sTop
END

(?"" CHCCK WHLTHFR A NEW EYALUATXON OF THE STIFFNESS MATRIX |S REQUIRED
IF (KRESL.E@W1) CALL STIFEP(COORDIEPSINYLINCSLNGOS s MATNDs
MEVAB s MMATS o MPOTN o MTOTV o NELEM. NEVAR S MEALLS :
. NSYRE N AAT s BROL N BEDT Yo NELEN NENAR HRAYS, NN ODE
c STRSG oNTYPE sNCRIT)
Cass SDLVE EQUATIONS
CALL FRONT(ASDIS)ELNADIEGRHSIEQUATIESTIFSFIXEDIFFEIRoTINCSoTITER
M R L R S
; NNODE yNOF IXsNPIVOSNPOINsNTOTY ) YB ISR YEBRESYREREINEVA,
c VEERV)
(c_:nn CALCULAY; RESIDUAL FORCES
CALL RESIDU(ASDIS<COORN,EEFSTLELAn.EocTa. TXTERIL 8BS
ROPsMAT .HE-gn.nnArs.nPutm.utUTG.“ BFy:hn £
° A ML
) L) . by
c NS T RE o NEN T g aRRYS s NBOCE s IO SE s ' i
Cess CHECK FOR CONVERGENCE
C TR CONVERCELDAR LITER (LNADS HELEM JMEVARIHTOTY 4 NCHE K9 NDOFN
c NELEMoNEVAB ¢NNODE ¢NTOTV 4 PVALUSSTFORsTLDAD TOFDRs TOLER)
(étttl OUTPUT RESULTS 1f REQUIRED
'EA{E155#5?2%#2'2‘#?3?8‘%%& b AYF I X NELEM s NGAUS FIX T
. NOUTP
’ ST Ree TDTSA I TREAC I FRSTRINTLAR NAYTRs
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SUHRAOUT INE NODEXY(CUDRDQLNODS.HEEEHoHPUIN.HELEHpNNODE)

[ R G R T L N Y YN Ny Y
C

Cewsae THIS SURRUUTINE INTERPOLATES THE MID SINE NIDES QF STRAIGHT
C SIOES’UF ELEMENTS AND THE CENTRAL NUOE {OF 9 NODED ELEMENTS

R R R Ll A R O R R T T T T T T oen
5?§FN§;ANREaEigza;Hfﬂ:ggoLNDDS(HELEH.?)
IF CNNLDEEBe84) RETURN

g"' LNOP OVLR EACH ELEMENT ’

c DO 30 ICLEM = 1 eNELEM

g*" LOOP OVER EACH ELEMENT EDGE

NMIDL = 9

| F CNNIDE «€EQeB) NNODYL = 7
DO 20 [HODE = 19NNDD o%
15 CINDDE «FNe9) 60 Ta SO

c
Cess COMPUTLC THY NODE NUMBER 0OF THE FERST NabDf&

C
NODST = LNIIDSCIFLEM 9 INDDE)
IGASH = INUDE+2
¢ IF (IGA3H.GTe8) IGASH = 1
g"' COMPUTE THC NODEL NUMBER OF THE LAST NGQOF

NUDFN = LNNDSCIELEMoIGASH)
H1DPT = INODE+]

8"* COMPUTE THE NODE NUMBER UOF THE INTERMEDIATE NODE

c
NIOMD = LNUDSCIFLEM9HIDPT)
c TATAL =LARSCCOORGINJDND 1)) +DABSCCOARDENIDMD2) )
Ce#e |F THC COUCROINATES OF THE INTERMEDIATE NODE ARZ BOTH ZERO
¢ INTERPOLATE BY A STRAIGHT LINE
1 LTUTALLGTL040) 60 TO 20
10 CUBRO(NAGMD KOUNT) = (COORDCNODST JKIUNT)+CNURDCNTDFN 4KOUNT) /240
KOUNT = KOUNT+1
I F (KOUNT.FQ.2) GO TO 10
20 CONTINUE
GO _TO 30
50 LNUDE=LND8$(IELFM.IMDD€)
TUTAL =DABSCCOURDCLNGDE 9129 +DABSCCHIRDCLNIDE 2) )
I'E (TATAL.GTe040) GO 10 30
LNIOL=LNODSCIELEMe L)
LN1D3 = LNOOSCIELEMsS)
LNODS = UNODSC(IELEM+5)
LNADT? = LNODDSUTELEM,T)
KNUNT = 1
40 COURDLLNODLaKUUNT) = (CUGROCLNONT oK QUNT) ¢ CltDCLNOD3 s KOUNT)
»+LOURDCUNNNG 9 KDUNT) +COOGRDCLNAD | ¢ KOUNTY 3 /4.9
KOUNT = KUUNT o1
IF (KOURT.:Q42) 60U TO 40
30 CONTINUK
RETURN
END
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SuUCROUTINE CHECK2(C3 Rg
NVFiA

[ 4
JND uuurN.NELcn.NMAfs.munns.uur

THIS SUBROUTINE CHECKS THE REMAINDER df THE INPUT DATA

nanhw¢~-;.-att»~tahtao.afttott'ﬁti»atf.t.a.natt-ttnttttt.tatttts*
IMPLICIT RLAL*B8(A-H
DIMENSINN ClORD(HPﬂfN 2).IFFIX(HTDTV)9LNUD:(MLLFH 9y

MATNOHEMELEM oNDFRU(HtLEH’.NERUR(ZQ)oNﬂFiX(HVFIK)

[
Cvee CHECK AGAINST TMQ IDENTICAL NONZERO NODAL CUIRDINATES
c

DN 5 IERDR = 13424
NERORCIERIIR)
DO 10 [FLiM = 1yNELEM
NDFROCTFLEM) =
DU 40 IPOfi = 2¢.NPOIN
KEULY 5ndTHTY1, kparn
DO 20 IBIME = 142
éaﬁ??ﬂﬁp(1noxN.foxnc».us.cnﬂno(apnt~.tnrMs»» 61 TO 30
NERNR(13) - NEROR(13)+1 .
CUNTINYE
CUNTINUF
CHECK THF LIST OF ELEMENT PROPERTY NUMHEHS
DO 50 IFLEM = 1yNELEM
IF(MATNH(IELEM):LE.O.DR. MATNOCIELEM) GT.NMATS) NERDRC14)=
NFRORC 14 ) +1
CHECK FUR IMPOSSIBLE NOOE NUMBERS
on 70 1rLEH = 1eNELEM
b 69 xnwo = 1 yNNJDE R
IF (LNUDS(&L}EH.¥“DR§{.F$.2) NEROR(15) = WNER aa 55+
[~ [ - “4
LF st EM s fNanE s o 1.7« ORALNGDSCIELEH INODED 6T o NPOIND
CONTINUF

CHECK FAR ANY RCPETITION UF A NODE NUMBIR WITHIN AN ELEMENT
DO_140 IPUIN = 1sNPOIN

KSTAR = N

DD.lOO IELEM = 14NELEM

KZERD 0

DD a8 INUDI = 14NNDDE

kEEéBN D;(I‘LFM,INUDE) +NELIPOIN) GO TO 30
IF(KZERU.bT 1) NERDRC17)=NERORC(LT) +1

c .
Cess SEEK FIRSTHLASTyAND INTERMEDIATE APPEARANCZS NF NODE

LR AL E ERBN: B N
DFR0y Xe NP

1 AL AR AR N RN R R N Ry Y Y Ry N N Y N R R R I TS
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THE SIGN 0Ff THC LAST APPEARANCE
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AND CHANGE

OO o000 00000O0000000CO0000n0
Sl It L L L W L WL L Lt Lt
I Iy T ITYITIYIIXTIYI=ITIES
LLLOLLLLLLLLCOLVLLLLLOVLLC

= NDFROCKLAST +«1)~-NDOFN

o fygyesron

T

-
[=p o
e

alild
ozZ2

s
Chmpm
Woitn

A

W HDD QI

L2 =<a
lotaal o)
)b XD

EEF.EEEEEEEEEF.EE.LF.EEEEE—LEEErgCuEE
I I I XY I LTI T X I LYY I T =Y ITT
CCP‘CCCCCCCCCCCCCCCCCP.CCCCCCCCPv

)
+1

HEROR(22)

o

NERGR(€20)

+GT.NPIN)

? ENCOUNTCREO =z,15)

1

HY NNDEs14914H NEVER APP: AR
NDUFN

+1
G.IPOIN)Y NFEROR(C20)

TUReRARYIYEP
CHICKING THE DATA FOR THE FIXED VALJES

UNUSED NODE NUMBER | S NOT A RESTRAINED NODE
NVFELX

eLEL0+OR.NOFIXCIVFIN)

14 NOOFN

i
LARGEST FRONT WIDTH

}’NVFIX

“IX)

THY
NHEIXCIVFIX)=1)»
Dk

24230 MANTY
N

iNefi T MFRON

s#s CONTINUL

CHECK THAT AN
I
Ix
«z
=n
= f
01

*#4 CHECK THAT COORDINATES FOR AN UNUSED NODE HAVE Wni1T BEEN SPECIFIED
CALCULAT!

(2 X

C
jCat.v

OOOOOOOOOOWO0000000000000
NS OO OTO = N TN OO PO g @ 1)
ettt el et e VO LU D N M0 )

COoODODODOOCOOOD o
W b b L L o Lt ) Lo b o WSt Wb W L s Ly
IXIITIIITIIIIXIIIYIIIIIIIIT
VOLLLLLLLLLLLLLLLLLLLLLLL

-
<
o~
-~
-4 (%]
[=] L1
-4 >
) -t
2 - <
x >
- %]
- > w
b (] > -
L d Nt — -
1R - — %)
> [-4 - o
L] o 0 Q
~ 4 @] 2
-t * [- 4 o -
< - L -
- '8 - (@) T
L] o (3] [ L
o b4 X -l
- L3 (& 0 [N
-4 [ [ o (]
~ [ I~ L -
e . © ~un I I
uJ - € & T (=]
nz * - Dr»e , DO -
[ & P4 Z
-1 w O W -t
2 > = w0 = -
D - ) (@) [%]
ey x © OO o O -
-~ 3 ®ZZ ~ 5 -
Ll 1T - Lo
ol wd e Zao O Z Xuw
M DT Ne eml F Z WO
L X e oC O O o=
OZ 0 ®MU o « m O 2w
. -Z e et Z2C
et &I -~ e — O ]
O Ul S HE — 2T o L et
<) X e o W o O unue
OIS mx ¢m & AT ¢ D X e
Codillbie S O=<a L Z WOE
P > -4 4 ) 4 P gy ]
2wt ow O v NI ¢ - W4 O
XKZ IXRE et | eerd T
UMD D D Vet DT < - O
LD Cuax o8 wi- S LOw 2L
CUEXS DSy = Z thoua
Ot 2 OmZ2ZS5k=F EX @ a2
O% U w ¥ wyHE Zw S DTLm
U oWl Qwuied Ou ~ OGZw<
2O X YEUE O _mm_ DO 4er O
S -
o o o o o o
O ~ - - o O
- L] [ B ] - — N



OO0 OO0 COOOOD OODOO oD o0

=N AP IND OO O DQUD D ...234561890123456889012345618901234567890123456189012345
OO0 OO O rtrtmt etrdtomd ot OOO00OQOOOD N N A N NI I G @ ¢ ¢ & € D NTPNDNDN
00 DO (DOO0HD OCD OO coo o o000 o000 0000
oo Llooo conocoo oo oo ocooo 0000000 SO
ITIrTY IIXTIITr TIX XT I CILICL L LTI I L L L L LT LT AAAAAAAAAAAAAAAAAAAAAAA teccaas
LC U000 ILOLLLL VUL VL ﬂ0DUUﬂﬂﬂﬂnnuJ0”0000030UDMQUOQUODUUO]OUOUOQUﬂgnﬂ asocee
LR TIN WIRE B RN REN RN W] ddddddddddddddd b ddd DS b NS DI b Sl S edd b Dt A D

- N a - » -

2 O « -~ - -

- X e %24 « X «

. < « [=] « O «

- O « .4 *oe & o - -

- -« - Tra « L - -~ e

- < 4 w We « - E ~

& - g -~ & « W e

« O« « < Wwo « O *  elme

- O s = 0. « L & ALINZ

« - < oe & a NI o<

« XO « o LTI « voed

« O o - & L ¢ T

« W= o o o» &« O « NTOON

- IT « w k- & & C=0Ne

* O . = XZ & O « Ol

- - wn e & L « ¥ [a)

« nI ., < 0 x & ®olw w

« Wl g ) - ¢ o & ooy - =

+ 20 « = <= & o & O\haQ =) =

« - [a) TN « O + eeg« o - ]

Ly "SR] ! TZ = 1 « NI wIT = -n =

- DX . = coemy 2 a wyian = N e w

a - « 2 T22 2 DS e oot —

« @ - o] Wbl & . LINe 1aJ i w

« U a o «SIDx = « XIS @ na2

« Dy e WaAO« ||| ¢ Wwl e 2 P

&« U= g LL 22« ¢« Qnee O ws <

- [ d (@) o o0y (n * eQar [ co

* Wx o Quwa e« — T WOINLY Qe T

« M= » o Z00e « NEw 0 e

. « = COa =Z P ] w .o — - -

a QO o = «<2Lu'« O ¢ Z 2% o ~z > - E

* uWZ - EXZx« O L e > Zu. W u.

& x s n *oon « Qoo oW wo o =] -]

« O - - NNoD« L « O e on [N " T an o o o

¢« LN o — QD«e« T a TN oA [OT]-} O < 2o mo

« =y o DaOx X wwa_j0 e Z Ol g (@) -t ~

[ Y < ZOd« &« OCONKZ~N L - ' - [ .

£ O « SZze 0 & EOw oww O e O o TBO ©

- X e~ n ceeos | +ABUTIaLD < o> -+ { o] - - Lt~ ©

. > ainNg > DN A NO I~ I0 o O >« e z ) o9 ©

*« W e (@] o &« < € | Qi o=t . R {-4 Qo = T WLIO [=]- R =] 4

* Wz a0 | Q>0+« O 40 & *ONO e €0 »v Qaw O wome w O o O

L] — a & _ Ouazce & ol fp=ld T O O Q =we O 0w * U Lo ]

. E «ex=~ 5 2 QZ0 ¢ < +I0« o & ocOLID> Z e « .- W2~ N - -

« L « o W = - .« > « | o eak amO diu~ W - e O Ceo - Z2ZO0« e Q O

« SO sacx - = 7] « w S ANT X CCTONIZDU] o - 0o - V0O~ I ee0U a~aTe O W

* L e X Ea a * v wwweN2 edd e o OJ COM O =eZD Netth O )
Ve TO ¢ Cud CTot Zed aQ « w * COXNONOO ¢ e o O - =~0de¢ O td ®lQ -
s D e g 2= < << x Z @« Bt Q LD eded Lt b QA Z O © Z2Z HIlw2 ~AJOZ2 o O
O ) 4 dmims Z =0 o « = ¢ JECC O Nl @ 5 = e Ne HOZ e o 2
we n « A= T~ aOm - + 5 « QLT TR L0 e o Z ~ O Caemu 1w FLHES GCem C =

- QUi «LZOCVim— e - A WQCZ2ENIONEIE~ALM e O alm 0 LMt X LOCy 22X 0 @ O
Lie BRe & PEOCNX uj s O - SO O Mo TN e e e e el e e
Zs XX & = ON\OC *O 2 « .« 2 CudDIOLCT Lo R = T Y o] WZ = Qe > O
e L= e =T0N e o0 -— « I a0 el v Set ey L T e o eI D LGS o
- . a Sttt v Yt e el [, & Dj— a8 fitdttom Gt Do |— &l O it - O =MD x ,
D C* *U - - o + NZ aN wilitwi < Pw= D Qv - < OO<CZ -wT2C >
Ta N «=2ua < L=} * W« ez =OCOwSLd O wwd Z = wd = "M00 _JI=Q LD aleie b=
Ta X ¢ I -ETDXECT— [ - NS e Jdu Qo< O EIE (=123 -E U [ e L A i
s OU s CEmEaImE C = « — sO&E =] CRX—E O QT O <C-x T CRd 2 a8 2 >
D« W ¢« T=~xSuoxoZ ] + T «aXm INCJIWOXT < Wed <4 Lwed » QOZWLOODddutn <«
N LT «=-QIBuow [ « U amQ OO L R WU oBu W ~x3u v —~OUOZXHO—

« O e - .. e & 2 [ < X - <

- -« oo o - - * o - " o O e o0 o o

« o « OHO « =« « - 0 O a - . N M e e N O -

< » - o o o « = - o o s o « o o« n *

* - - - « L a- -« - *

QOWLOLL LUOLO VL LoL [31S 35 (W[5} [S11S]

L
'C



96

Ce¢ss READ GRAVITY ANGLE AND GRAVITATIONAL CONSTANT

COO0OCOO0OROOOO0OOS 0O [=1-1-] =1-1-] o o
PN TN OFCNONMNE NN CRO~ANNE NONONO=NMET NGO~ NITN IO
NIOC VDL O OO QLMo e et COCOLOROODC OO ONN T ROO0OOO0O00O0O
000000000000 0ORO00ONO0O0DNOO0COOOCORVOOOOTH: *rd ridivlrdmirdmdriet
OO0O00000O00D00NOROOON0ODOOO oo =] COOLODOOOO0D
P S S e o e L e e L e
[afelalob-ldalolnisialeiulalaiclalsl slat alolal—ialwlole] ol oteinlafal =ial el e Lol afulal okt ol ale by al o el s)
woddd At bbb A At el ed Dl b ddd Dd el d DA A DDA S I IID
-

el
. oD
o | )
- < [~
w = >
- = [=t=
H L -
= -~
= w Radlad
= ] f ol
< i} - [=1=]
[y a %2 2Z
2] [a) ) - et
= =2 - = -~
@] < o - taslat
(&) %4 ~ O aa
7] - a o <t «t
> - x v rx
[ =2 Wi < wnu
= %] — - v < * &
> P c tw ¥ a X
< = a — - ™ Lom }ond
o — - - 2 (818
o o o C ~ >
% =4 > =~ o - 1%}
o o) =W o o = + e
] - - —_ - a o -0 w - -
- < [FE o < © a S T
- o x < = X = DXxXO «“
L] o] - < " O «w+ o<
. = [-B0) %) L = o T 5
o - W O <xXa Zx
-t A e L O 4 wewWwQ I - e
TS F -~ u T Q & asX M E % 4
> e ) -~ 0 = [ E * O m i
] < X [ =1 E O s = purp)
- W o 2 = e O WD [iw]
[ W 2 O 4 < < & <« XE>»J W ——o—t
- 0 T W 2 w O " D w0 B -~
O« = Obmen -0 = N - Oma > I o0
> Zed b= e LU e @ X zZ %X = oo g <<
> >an < 2n T T o Y o W >wd oo
> L o = OB - w o = = e ~oaor O pariper}
< et O om0 - D oo e<od 0 e
€ O~ - T = Me OO L Wl p=4 [%1%] O VN WIe=OD N ey
© e Z W O meeOeses O Om ! DD = € ONwDJI < Qe+t
- g0 U J O FOAO»S O~ < «CLNN DO = eeans Crovey
« aN T W WO 23 ) 20 -~ U] QOUID UL W OwWo 3 O Zaéem=
= e || > JdEXeAda W Z00NW X Z2Z<9dq o —Qral Z ZmaIl
W JO~ 1 e o uotocEa = eOen < e e LI > fuo <L SNV}
T = 10 L e el 100 € A ZmO -y 0 e 2 A R S
= TN S wwwoss 2 Jd 2 ww L ESO2eoM ) WO
Mmeaga T I = OOV el = liwil O nHaa T Wow e O UDDZE
- et O S 2ZoodUG = v e L ve 0 on Lwe < N0 e e
MQ e e C S Z +TOCLIZ2 X WERIW wnnen el ®KZ2Ww O WZZEITX
OmeoX W | - «€xXx sl T OWRKET 0 oDCS CT D e e T g
P eI T W st O S 0 OSgOO I NXYT OXui i IO B
S0 Tt x ) %] [ER— =Y~ | 20 - LK) e W Z i
Neewsw ! L — O UL uN T R T P L T | PR ETT  CRRTR T e )
bt > ] w -~ o [ 3 I+ < ~ -2
Qe O © O LXUDSE |- owoen aoconn Ll 2% Dl oS OILIOON
CX =T C D CUAWAS D OLLC & L) DI Jvd Jdwe D ~NNNACC-
<x el A =2 Qv o T 0 e = —<t @D Ja-d o © <aIQCZ
“WZOT O 2 = 0T, X> = OZ0a = OIT"Xe T <ol Dol 4 SO0
CuIu- O O W J~ChOo O Ad0W 2 Xonuww 0L OxO Om— <« OZIXXO
-l 7] (&) w o> Q
© o oo
o - - - IR - - ~00
o O « - - Y P -
* r - -
oo [&35] OO0 (@155 ]

- *
O Oou VOO ©



o~ DOO0O0000B000ONOOO0DOOD OO0 ODODOC cooooEOOe SQOOQ000AQ0 000000000000 0O0CO0
o SHNMENO OO AINMPNHDONO-MI® Ml O~ Nl 67890123&.56789012345 678901234567890123#567890123556789012
}‘111111222222222233B3 e eTTed “4‘45555555555666666 6666'1]77777778888835“.889999999999000

p—y Ju—y oot -t L< -l oo ad e o gned ol el et gud ol @l v LLLL
MNNWMMMM 0000000000000 oo ooo ooc cooo NMNNMMMOMMOMMMMMMMMMOMMOOOOMOMOOOOGOO
gL L LT Lt LA LTSI gL LA L L AT < < b e L L XL LT L LT LL
cacgocanguooesaonds coo onoococ UUODUDMMGBUUUUGMUUDO oocanfocacIrcColtocoRnoooocoCoooacocco

LLLLLLLLLLLLLLLLLLLLLLL 303 O00390 990333333323333043030a0  Sdaddddsddddaddddddadddddddddddddd A

p}
- an
- © p- ]
o W [=l=]
~btJ - O «>
PLr=] o O o
-~ we L w - (=X
[%] o2 o o * = (Xt o
[~] Ce (@) o - =z »e -
< St w - w a0 —~ @
=] etl - > = -« F <
= -itd [ [N L -~ Z >
Wi Z a = — - W w
[=} [} oo w n a U L 2~ S 2
w < wa s — %] r °© o= w -
— [ - D | = o v 2 =2 _—
— -~ O Ce —_ - <t « - << w2 w »n
[N 9 Ll e w (@) (=] - ~ 0 foe]
o 0w O eN o - =z W x W I «
. < T~ S = R IR w g - S o >
- -2 e T .| a = A= — <L < i
" O - 2 e el - W m < o ™ ~N -~ = pa- R Wi e
- Z [-% et d - p—_ a — i (] (o1 - ¢ >
e < Q@ e~ 0 uZ L = = o O e 2 IT L 14 +X r =-
" < O 2Zu (@) - < o g = @ L na [=] o - o ®
n O W ul w o S a w @ =g o < Te L =
o W O W e oo « 0 < T F a 2 oc - Q e >
WO Z 0 O Dwm w L] wwn zZ o = ao - - <X N Li-
v N T O = me o o - e U - Y e - on L e
.0 uw - e aa o - = W W - O =~ - L Z< QO ee
w W > o =2 2 . = T © < » Q9 o o Q D X xe
@) O =~ O 2u W F o > n O w> o O =o nx O wN
O w O v W uLo w o - 2 = W -l ITXT (57 L - " e I
e I W a 8o T e < =2 2 « W 99 - W < it
z o < ‘Q O ow = Z O < « O a * < L Z e oW - =
o) I O O 8 = me S = a + =~ ©O « ADn oo Zz< < we
= o I L w w e L - X n - 2 o - - "~ O ex
= | Q v 0 ow o o U4 Z o~ w =z W& o1~ © Q = L oz Q =o
o O LL o~ W I © 2 Wwo ® = o x T uw Q ~~ LI} = ’m 0O NI T aw Z Ce
o uw w O ) o € & o 7 c DO . Y ow 0 © &= [ [ 724 C + 0NN CO e
~ 0 (e wn O S oA O D W e = - e o = v~ [=l=] - %] 2 224l RS
[l W O 2 wiw -0 O %) O a LW O~ % ITd ~< Z W~ 2 WwO0x2 L ~e
O w « v Ow O W2 w wn < W x D Z wun O e I 00 Owe [ Qus o e ODZ> o Hw e
F O 8w WO OO0 I « * N0 Z Qa g I~ S5 « o Y=<<99 Luws | 02~ 1| W CC  n& O =ty
< w2 J 00 W W F e enu - QU W e L = n Qo SNCO DO= < Bww 0 D ZTeas~ N d Eemt
0O OwWor XX B0 O 2 v nwe O ZWN~ =D W N o2 9202 O=a > Z0N0 W O *aliisa il
O J 0~ & 2Z I & O N <=gza € COe0 Z om W e Z eoten OCerQ 2IO = eQx Q Z ~A~QOII Telx
2 uN M O = Z < LGw O Oy | ™ O > W « ¢Sl O «1X D w00 © = ~=OCrw oL -
- WL Ze e - Z W Zeww o - -t <L - 2 ol e Lok o 29 2 -l tooa< M e
0 O Z x x <0 W E 2 Xe o O #HwiQ ¢ I T &« O 011 I n o~ s L HIZ & BaIWIZZOS ESTRERG)
* O ~NAn Wee T < ~n an Vo= O 6 O W o e ~axTTM 0D ~e W  FaOn e ¢ZT X -~
O W foNe COD U 12 O & Memg 0 o A= L GO & x Zzzoa FICT e D L WAC O GZCTEe - - ~CE D
o C Qe T 2 O NAmoTeo s TOoLd.Ew A W e O elihlwe e—Sid .o T CXu O SSZ2cacne ~ O
¢ O MaPRICT T 08 L O 1 ONDmetQeied = OSwZ W & T O Seccy SuwoecZoeg«a> - O e 2 SOXX e U)LY OOLT -
U, W O S T LIS w Tt ®omel™ & 1 cZEce o oa F o conoc DYDD.¢)RD Z-d —oZXwwiilula XL ex
WS = il w CD o = L *T ww *ul W o e o = o BER VR e rerpumpeey S e w ™= Gl K TG s lajind Sttt Com
SO0 D Nwe w || 1T L E New Pwwil H o= O 1 o L s b WL .P_. Wiy = e ANz DT w ww
ZoWL L v = = Z2 3 0 < Wk e - < © Ow d O - 0N < o Cw - O 2 g O «E o' Z2wwZTIwO 2
o e QuSLdowZZ O ¢ 0 <dg wda J owes no < ol =ETeI %UMHTSZSUI O NLEHwsETIX 2 OC—mli <o L
S5 & CIFTREILCow - AF~T2ETC D mfeC &~ 2D 1 D AN ALaONUlULT AQw O 2 ZN V)W v € @b b be T =X D
z - QEmE—EOo o 0 RmETICEL C TETC w T2 I 3 0 Talla I9LHOr0 OBz O O ZEa LS ICIZZoa —xiO
Q0L » WOKAXSOOUL @ O < WUxowa J Q204 = oX « < J CoOQe OVXYFA ISC 0 oJuBZeo000u L 220000 ECLWZ
OO- & «uwILILZZ—— 6 O U FuFuaIuw < Q-ow Z ou > 0 < Ganna OCOM~rArso % OZ _UDXOXZZmmaxxQOUILO Rl
-4 [S) [*Y) [*9)
=36} N N N ™ <« o © © 0 10 aco oooo &~ on
o0 - N ot e - e O d = o« © « - . A N o« o eV o o
a « oo N .« o o n - - . H . A — - . e et
. - - - - - « hl
O Lo OLu O VL0 RO VWO (Ol -

c
‘e



98

ocoo 000000
HNMF INDP DN Ot NS IND M DN Q= I € 1N OB
O00OOOOOD mimt .».:..2222%22
0000OOOOODOOODOOOOOOOOMMMOMW
o0 OO0 L~

[ 43443404 [ 414 424447 e k.
mmEﬂEEEEEEHWHEmEEEEEEEFEEEEE
ha LN LN LT LN LN LT NTNTNENT NN N NN NN NENTN TN S 1Y

-
x * -
W « &
-t -« .
J a -
= - -
- - «
= -« « o
U -« « -
Q « .« Do
o - e b
2 &« « o
o - LI
> - -« XD
- a & b
O « O = ax
[t 2] « X & Nw
ru v Ll o« @
-y, « N &« DO
Ow - L ol /s]
—ee 4 O - [ Y%
2= « +— « o~y
=) @ « Qe
XNt & ) & P
*AU & > ¢« Oy
Ut & L s e
oo g X « TN
Ccll, a X & e
At &2 < & P
EQes & . we
o= & ) « OX
DE « DO & Nw
Ceons O ¢ €O
DuiOXE — ¢
Weeae X o Oul
Xy < & o
CYH=E S & A
EXZNE e « Qe
Weeseas ) &« -
AKX | &« >IN0
WOwe (n & Lt
T e — s~
*A>a — &N oy oo o [~ ]
QEX—a I » 1 XIX L) * .
Keooes — 2QUIeA [-1-} (-] o
Ce>Q« - s o4x0 o > X2 O -t
ol et a e T T LN LI e g T o it
W3COe Z s 1 X 00O IDmal WO~ -
widtm e M el JWDEee 2O 2 NO
&« aw TX 2EICATOJLZLZO00I
=2 @ W aOww sedI e se el e o *O
-4 4 Z A RCOr AU Ot OO et
Lt € — & AOTUY I Jee ] 6
N « = samu e mil & oa- o
4 D el 1l ETTIIIHNIMIOO et
L s QO e WO Ul et U b e (7
= « X & 2 D INCCULOL SO C-
— « X «=3 Sl i L= = D S DR e b N
- « T g e 1 ot 0oea
2 a N ¢ Y e - w— wZ
Q - " — FooGtot.oowecZ-ovx
+4 « ) e O AT VNN T=NOND
= « = eA¥E <C ST e W L x~N
Pl « T o Fw LOQu-10Q0xIQ 1L S
w2 « F 2= FoQW-CrQQQwIovN
s Qg - [0
- « e« o o (=3 Q
« & & " & 2] o
L 3 « a
« « %
[SI¥ 151 S18] -

ZER00300

WG

o0 vy

i

o D0
TN E DD P VD et (NI NN D VO =t NI @ N D P OVO NN EeNOOrD
OO0 C OO rdumtgmbemid ot vmf ot — vt et O O N O I O\ Y O FY MMINNINne
020000000 OONOOCCOO0OOOCOO000 OO0
CEO00000000C0000D0COONHODOON0O0 CO00000ooa
LLOLLLULLLLLULLLOLLLLLLLLLLOL LLOLLVLULOOL
NNNNNNNNNNNNNNNNNNNNNNNNNNNNN LZI2222222

-
« * H
* &«
Ld « n an
. . P ==
-« « () (518
-« « — g
- . = i
. . < * e
. * o -~
L d . - w o
LX X Y 4 -~ - o<
- « . > - >
L) o 6 - Wity
2D e e« Ce LL oy
—=Cu o a4 e @) *e
X @ * X2 rE
~ee o LR -~ FTH
boaTsal m I ¥ KD m -~ ~N oD e
qefal ¢ &~ N - Wity
>>20 ¢« O ¢« UL - o Pttt
Ll vy > s we> O - . Dend
TZer ¢« — M D xe cc
coe ¢ O g TE D o wx e
FTIO ¢ < & ~y e Z T oD
LW « O & >»>E 2 * 4 @ -4t
adedld & ) « Ey e -~ [. 4.4 [ g
Wi « & Ow_j oo IO * e [ ot
O « 0O & =QOIEWN - eose - o
ceoe ¢ || * XNEL rew o arne | 0D -
NEX &« — @ ~oliw a0 = an <t X 'S
O ¢ — o O = D0 e > & «
20U « O ¢ A<D [= ol 3l W © -
-~O> ¢ 0 &« XeO LK &L o= loind 'S k4
=EZZ & T & A O@ - Sl - o [N
> & ey [ o ~ 3 0 ot ITeom L o 2 [=]
OX2&Zes I ¢ prooeDIWM W wan W O u o
Liritmlle T & el o2 [t ] wdad |— o o
XiDde - + O - =il & O =} -
e & « ALy =+ ai L e | -3 x
WEZea ) ¢ DwDIR *~all e > « -
S eeoy = §aLIRLILINS e —Ly oo - [/
O>XO: ZF INE~TITER WUZ D= e e = -t >
Lt s W & | ey el -l <O Q0 _ > X{Z &~
OQuOs I « OXOXre OCY T x i [odil ]
A=0ds W & OYS240Q < DCujeClut= < O WX O
WEZs ¢ s _dedzZB~ O IO JwH I = = D20

- * QO oA =D QWi < ZOZW Zuiu
x ¢ Z ICETNETD~ QI Ila_PNN_BB O e eed ol
w M AW watel) QeI e e O rtont e 0
[-4 « CWOA O & ol Bt > -~
[X] + W e o) SH oD Wid ] e @

& 2 e JDIOOXEK ¢ = XZEQ g e~ - <

-~ < E e LIS ANNO OBy Z— e S ¢ s o Tle

TS AULEZX (B X0 Q- DIEDET =l oL T

w ) - COL WIOX TwaLlile L D=2 4
Z ] .« Z TN —OFITUY It —Cswo2<

— « X S — SIS ddiicn W =l WD O

- + I aeaim - Ul 2 Nl opirmtted L - H uZS

2 £ D 2N Wm0l w=N2 W & OwO o w>2Z

a « ) amzZ Wew -LauN=—oone o oI IS =

@ « * i =ECSOT s OoIcd & il D

@© * D 2QE  HESXI=IINI . 00 & 02X O <SxZr0

=2 * = s EOWOLE O D0dd = COSOO=OLiZ

2 + T s IUxTFILN GnodL- Z2 cLoZoZeOen

“anew H & -a PR ~—
- - o o [~ o o
¢« & & o 0 0 e & o —
€« & & [o200 - ) -] x® e — —
hJ -« L «
LU O LOL



99

OOOOCOOOOOCOOR OO0 O0O
~SONMEIC DO NS NP0 Ot
OC BOOOO GOt et o mradrdest =t
O TOOO0O000CCOO COOO COO
OO OCOO0OOOCOO0 COOD OO0
IO BB OO LDO D OB IO
wd ol o ) e ad ) i o d i e d o
L R 2 e = P 2 L O O e L O = 2

. +
- -
Y *
- -
. -
. -
. «
- R J
- -
« « =
« a -
- . " ]
. -
- « - —
. - n n
L « L L
L4 + 2 2 e
« x X X
[ «
-« 'l - -
» -~ Ll Ll
L} E . .
- ¥ o] «<
- & = o (9]
~ - e e
PO - -4 o
wooe . [P T
xdx & . Lo il
x & - - ) ]
~a g - . 2 etn
[ X ] . * W o
Wibk=a - o oo
—Da - 2T w2x
ey - L4 <
—2 « ¢ o o~
-oq -« - N
thd -« * e g¢
(SILY ] » c o
Zods L] [ % W
— s - et @ 00
—~2« - [ - %7 - 4
- oy - O H Ol
.
.
-
[
-«
-
L4
-«

5
J
>
TH13 SUNROUTINE SFTS EQUATION RESOLUTIJUN INOIX, KRESL

~
o> 1om & b= ZFn
b= bon - TR T NS,
Ty S (e et D)
o Tra e e q Qbmbm
wE s 1= Qo CcolZo
-~ A <X Z¥XZIIIx e
x e ot & AT ~O
C @ O 9~ e (¢
O &« o sl etONM gl
- o« 4dX s ste (80
< .« Lps TTO COTOD -~
« et wdlolu Ll ke
[ . « a0t (9 o p=
< . « ZNECOCCx-3
_— T OO0 8 ueee
- « & o || S dad mdi= =
D o« « QN LA QLW ZZ
S e eI Y202 ZI-C Q-
x b i i s e =D
< +AEL, X
- e Tl 1 Wl b LS
WV - AN e e O L
< -
- - - <
« &« @ ©
« « = -~
® L} «
LOvoL

OCOOCODI(OOCO
=SONLOSUND T T O
OO0 OCOOIOOCH
QO OoCOHDIOOCE
[l =Jel_ - —T7- —{-_]
S ] bt & Gt At
e | b b b < B
NN NLURI LA CUN

7188128

COMWOOOOO0O0O00 MOOOOOOD
P QOOHNNTLOO M0 TD i I IO
e et NN N AN NN (N NN ey )
OOCOOOOO00000 WO
oogooooooow [€-J-1-T1-1-1-1_1.)
o)
oDl et ot ad ol el pad e ] o] o Y Sy C Ry
ANNNNNNNNBY) NN AN

O MOOOOOOOOCO
DO N ELOONTOO =N
@ A<t TN
OO MMWOOOOORO OO
OO ADOBOOO0COoO D
et ot et T S ] ] St S St bt
—dee b | S | | b e e e
N DNNNNNN AN A

- -
- >
& - &
« Z .«
- e - w -
I « S -
- « -
<t « *
x « W «
b =4 - -
~ee g I -
Do « O .
L f=1 S -4 -
=00 & L « %)
WZe— @ « [,
X2 4« [ « b
- o e * O » puy
A « L - O
D o= * o
<t ) &x > []
< e v P
X2 » o - <
- e « [ 3 * o
NLL &« < « o =
O &« X - 2 =
et & . - —
Zu o« 0 L - B - < -
2% & €« EemrE!™M zZ - = <
soeom e | ¢ Owvinl e e w u X x
NEA~ & — s ORWCe'N = T k£ ]
Qs s T ¢ Ok sdw'w o - < w
Zaow ¢ a  egmQ 0 - o = -
=y « = s eI [im] - -y =2
—-Z02 « ¢ MOk «ax L - - %) -t
seee g O * ® o) ek Q. L w (%) N
Z0 « & NamO T o a 1l ]
——Cloe W e . F 2z <
NDY¥ a T ¢ Ove(m o = > & O
OO &« - . =a<Bia @ LL L) - m T
WELZ « ¢ el [®) - - =L o
sose g () =3 ) QU = b 4 o [ P=) w
Qe « U *NCILIO. L QD %)) P P n P4 =
Q) & |- 4t aQ it | ] Q- =] 2
0w & 2= aZ=D = L~ W am e @mN Z 0w
CRA « 5 & sDaaLng Z Wx < Ow- O Z2 «ait Daldm x
QER » s TN e o W dul Z O Ha td > < <N -
b « L 2l eeciaac S Wd § ZUN  aC ¥ W~ W O3ED @
Q. - > P NNIT @ W W x 2 «+Nwx 1@ 22 X ZgZ« -
w « & wr o e L) 1 erd el O o e e <L o3 = <
w - 2 Q03X OCC 1= L et O wZe_ o5 L Ao P
— a2 w B T2O(Om o O -t Zow w o - wed o
Lo .« * AL Obemite ™) T HZ O uwWn2e=t? W N4 O Hallagwl ©
© - P AE Sl D @) = @ teo T e L o OuD
- - LTI D™ < 't =T TuDuS e NNV L
L s 2 -x . w o wr I O<ZEL =X << n DTDODLO
< ~ - ¥ o -t = Cremel, 1 23>0 0 < ILXYXY -
— - = - — [- < 2 o o LT [ NI
- . = o i Bt el L el e it bt o el e 1] 1 .
2 ¢« D2 <00 (=} > - ~ L -~ ] —
L] PN e —ZV; O ch < OLZOZDYVY < Soun . chctingn «
P. - - b dla S.—=> -~ D O () Z NAweX & e D D
< « U s0aE T QO « 2 CT o= -l a - g )
2 - W « 3L RUS O G <« O220a4T — COvD) &= OXZFIQ <
«» ¢ IZ «wn ~xx O Od 3 QOumOm-W- z COL 2 Nwbuxx >
e H— o b w = - e
- - o o
-« - < - - — - N L d -
« x . - - * +* -
- * - . - - - «
[SISSTLISTE] [O]3]18] oL o owo 00O (OS]

CALL MALPSCDMATX9LPROP¢MMATSoNTYPE PR I %)



‘€ass [VALUATL THL SHAPE FUNCTIONSsELEMENTAL VULUME E£7¢C.
¢
SER2COERIVIETASPoCXISP o NNDDE o SHAPE)
AL Aoy i AN IE ARG DR a s A o, hoLEM 1 KGASP,
NNMNDE g SHAP
: poach uetedMBilsyrever PCJGAUS)
Eyﬂkﬁrrpa.ca.sx OVULY - ovunu~?u?p?oapcnn(1.KcAsp)
. I'F (THILKINZ cDe0) DVOLU = DVOLU*TRICK
Cess FVYALUAT: THr B AND 0B MATRICES
- CALI OMATPSCHMATX ¢CARTO ,NNBOEySHAPE yGPCO,NTYPE sKGASP)
F (1INCS.r0.1) 60 T 80
IF (5P3FNCKGAUS) oEQWB0) 00 TO 80
Otre St itrty = aNRIRY i1 KkGAUS
90 EALL“rnﬁAn(?sg¥:.b:§gP.¢?éjg Ncnfr.PRaps.sxmrs,erFF.srREs.
'CALL vxaLoF(Av:gf.otMfé9&88989?22}&.3&25;;N3tk1.
PR
CALL FLuupL(AV@C?}?éEf?!EJEE@!NTYPE:Paops.LpRop.Nsrﬂi.nHATS)
DN 100 ISTR™ = 1eN3TRE
B'ﬁ %00 JETRFE — 1 NSTRE ) ’_
100 DMATXCISTRC ¢USTRE ) ZOMATRCISTRE ¢ JSTREN =AUETA~OVACTCISTRE V4
oo DS TR
CALL D3¢ CHMATXoDBMAToDMATX s MEVAB S NEVAB JNSTR S NS TR )
g‘“ CALCULATE THE ELEMENT STIFFNESSES
00 30 LEVAK = 1sNEVAB
00 0 JLyAl = IEVAN.NEVAB
Y - 3
30 Egr%r(1rVAu.JEvia»=ﬁsrlr(IEVAB.JEvAs)onMArx(xsrng,,svnaya
~OBMATCISTRU, JEVAB) +OVOLU
_ 50 CONTINUE
€aas CONSTRUCT TH: LOMER TRIANGLE 0F THE STIFFNESS MATRIX
¢
00 60 [ VAW = 14NCVAR
DO A0 JEVAR = 1INCVAB
. 60 ESTIF(JEVAN,IEVABY = ESTIFCIEVABJEVAB)
¢ STORE THY STIFFNESS MATRIX,STRES MATRIXyAND SAMPLING POINT
Gt CnBRBINATES FOR EAGH ELEMERT xS S&TRIN:
[
MRITE (1) £3TIF
70 CONTINUI
RETURN
LND

100

ot 2]

(7 ANY7: 17,17, BuLVLVLLLILBLVVLBLVOND (17 ANV 19,1717, 17:Y9,17, Y7, 191}
8 8 b oo o o s b o e b ) e o o p a2 e o 2oy e o

"y

QLOCODOOOONOON
SO0 OoO00OO000

LVLVVLIVVVBLBLVBVVLIVBWONLY
o e g af o e e o oo o o i anf o =

[~
&
o dudad

bl d ol Aot YT
DO N2 L= OG5

OO0OoOOO0O0OOS
Vo000 0O0OOO000
0330 2000~ b~ o i g oy i g O
OO DN NS LIN IO

CO00O0000O0OOOOCOOOOOODDOOD

D ODDEDOE®D
DO~OUI>

0000000000000 O0DOODOOCOO
bt bt pt gt 3 s G O OO O D OO OOOLOOOO

edrdbrdadodod= IV IV. NIV TV IV, N
NS OB DN E N O
[=1=d= =T g 1o ToT-T_PC PoPpty



101

0000000000000000000000000000000000000000000000000000000
HNN G DONDCO M T IN 6789012345678901235567890123456789012345
COCOOOOOC e NNNNNNNNNNNIMIIMMNMMING S ¢ TS TP E TSN NIRIND

L) «
NL - Y a -
Qlan * « -~
& Il - - [ >4
~Wo - - e
Lok 1 4 « - ~AZ -

coae 5 I . 0L 2
HaE>2 4 « a X el
Ll & - Ol wan
LOXO «» 2 - [t 2 =1
L= & ©O « oEwdDwZ
—~IT2P . &« + awQoup. e

srae o oy * Ot
Qlg o « WilD@E D j=]

WS> & L « D¥d el -3
Rulw & T * DO W Lt wn
[ond st NN = * T o ax o N =
wwzz . « e = =

e s em, T NATTMO P-4 « o
LN ™ * IOt Ld Lot
SOy tii O @ * oIy iy X <
Londii T X P ¢ CU WY 15 " =
NIZ>Iue o & LHIXE It < -4 -4 ta
W IEE e o « eEwiiwe W o — w n
S es oy = ¢ AeDUNA o =] - o
e D + 2l e~s [T - a -

3l = ] ¢ qCI I o - < (]
2VODWe © + > *O> 'z} =] 1 x Z
OQ=Zxe 0 ¢ WIDaZiy w e (= ~
Wl P o ¢ IX o0 oX (5] " - -

e eeee 2 - S G @ A =] [ =] « -
Nueos O ¢ XU<XDNE < © ”~ P =4 -4
Lrtetatag s LIRS TR ¢W) -4 - L =
L=y b= € LH=Dodd < O - L]

CHNWIe < WL w o 2 « © a
WOEZe D ¢« XTUTIXET a - -4 4 b4

*Seosvee O « w ewwww QA - =) -4 - < L4
DOIBEA « W s Qa0 < a - x TS
XD « ¥ CCDIOVS . — [ - < >
COZdes 0 ¢« CumOWwe | . %) > Z =
cdedlliC s W + 40200 0 © (W] < [- 4 - x
Lo x AN E JE et o L4 = - ju ] - [~ =]
A - 4 aeNeoT sosed 3 X L} ¥ > ¢ = "
NETE:e = € | emmmacy WS Tl - W oa u 2 <o
=L - COD2ZU. AN W = WOW (4] W =~ . x «
O30 3a 4 SO b T ~E ST [=] D D = oN w
N=ilQe= o O s TIXD=DDT) = il WD =} 2 T 0 uw = 5] 2
RC~T2Ze 2 4 Ll = T 2= - ~ FOXOXcO X~ v F o
~ « 2 VITTEIETED WL Ko & om ] N etsgats o Z
- - S wwwwwww e T Den eqed @ o MOEEOCOC L O
Z L PRl ok TR LN e = - - > -
o . 2 ¥t I T et Y Ly o < ATy -
& L ¢ dC DL T (- ] -l . — P .
w B = FWADTULICO N - 2 D oullC S e A alana<ge -

¢« 2 LU SR RL b 1o LR N~ b 4 — LR 322202 -3

e « O e - 0 UT w2 . b4 UFTIRﬂUﬂNH w .
ot .« x -4 D W CLOLZU e - —~ IZDM-LeaXaedor o og
- « - & T Com =) Ll Lpdeebnl ST o] MR IITI TP 4 Ve
— a - - bt S - L] TH DD > L B B DT SR ol e
> *r NC sV -~ - o2 CIIZZ T OwOwOwwedw L -4
o [ C 2 QL T e IO b e bt X e e LANLLCIdDQV- ¢ axZ2
= - = el & D Wttt (NN e b b F LAt et XX Dot O UL e et
= ¢ == a0 F o =2 « qQI2Z 22 «© @ =~ COu D 2D X3
2 * . Xhi e L € Lo Cudidocuo < D00V & Twhkill
vi « =E «em0 2 X =CYTORMXZUOMMOO » QUICOVRODZ0L Z Zmac

s xw - LIPS [ &) (%] <<
« - - cO oW o o o
« & « & N P e 0 0 2 o«
« @ . * et - 3 €« - -~
- - a“ & - .
VL (& ] QOO [S1%] (18]

. C
(€
c
Cc
C

{
|
i



000000 0000000000000 0000CCO000000N00C000000O00000CO0000
D OO O vd NN @ IO ™) TV O — NN @ LD O P DO =N @ N DN OO NN T N OMONONNNE NI LN O
CINNNOOO\CAE WO DGOt bo P M DD L DO R OO T OO RONCNOOC OO0~
CO0ONLOAOOCOOOORCOONOOROOOACOOOOOODCOCO RO T O térded veivm et out st et vt ol
0000000000000 COo00D00R0000000000CO00000RN00RDOLOOOOOO.
[olnl=lnlalnlslelolalislolalnlnlOlalnlslalslnlalelalaigla o la oo ol m e o [o e L= [ I Lo ot le ol Lo o Tt el o L
Y N Y Y Y Y X O R N N Y Y I N Y N A XXX Y L
Lhttupupt bbbt uwitpttiuhtiuietutetLwiiut gt it luiot bty

Ly

oo
zZ2a

St s s

- 3. 1
recor

s

~REDUCTION Luar

ENTER MAIN LLEMENT ASSEMHLY

Coana

L P
omjomied L1}

§ g -
HUwoo
- L DV s e
— R D e

Wb L 2O

-l O e
OO " CwTCwJTTD

— ——— 2= .
N A Hem HIHOWD
DLl -—moC o2

TDONY L et 0} 2w~ —
Ca w>g o =
LWL OO Duw.
2O OO )

(]
~
-4

START HY LAOKING FOR EXISTING OESTINATIUNS

X X}

SO0

o
[ee]
—
]
[
Q
1]
- -
- - o
] Z —
< Q o
> 2
< Ou O
b L -4 ] Z
Livw {Lw O
T Z< x O
ouf o> o O
-0 o =
[ =] o -
nod nZe |l o
-~ o L]
ol Ui e
<z To>» o2
> X el .
oL DX
— - b -
I i eTx
< Qb -l
—=DNTI X N
CiZ— et Lt (N o
x> DXiwZ
C2XD _XXZO—
[~
[

-l

C

Cene HE NuMW SCEK MEW EMPTY PLACES FOR DESTINATI ) VECTOR

-
—
[~
-
=
[
b
[~}
-4
U
(SRS
2 = b4
< (=
> > o
o ul L
el 4 =
W = -
Lond <
Z i >
— W (5
o -
w 2 2
N L
" [
m *
o x Z Zui
o o O oo
— =z X «&Z
— WL W e
= Zz 24
- = bS]
< -~ IO
o Z >0
© o 0 ud
2 o «
Z- ' < U 2=
(== X & e
ox 2 Z W ' e
L2 O o = Nna
L2 [ B TV 4
[El=gTs > ¢ Ouw
—-— L -~ 2
= - I £ e
Wl el < e
= o v > Lie
N e -t Qe
TeZ>l C ¥ Tk
o < v JC
La<ZX¥D0 -l
—Du TIoC G e
O 1t x> [P loide
OkXw w Z = QO2wily
N2~ L 2o
A DL T Y
w2 D
QURLOOUT o Lo
O—X200 I —_OXm
-
o [e]e]

o
—

v
Cone

ELLHENT LUAOS

ASSE MHLY

Crrs

(IDESTI+ELBADC(IELEM, IEVAB)



103

C

O OO000OOOMMOCEOOas DO DO RO TIMODOO00COMP OO0

=M P LOL ~~D T U TP O N T IND P00 TD =t N < LU B0 0T N ) N D I BN O = NN 1N
O ottt bt (NN NN M N N ) O CF ¢ I Qr < SO I DN NI DOLC LB
Ot 0k et et o ot POt ok bt ot et gt g et et bt ool e ot ot S ot gl gl g oot et oot =t

ao o
0D
-0 N
-l

ooCovoam o (O OO0OOOOMDOOOADADO ano PODC o000 0O0OMOOOOOC
01 (00000 OCDCD M e MO@EONC mMOOOTIICOOOanOOOINRe
oY & (T FXXXTE XA XXX IO XX ol OO X O I
[ TRTE T T TR TR T T T P T TR TR Py YT T T T P T r I TP WubuLitulWdet b

-~
= 3
«:
>> -
» < Z
S z m
T (-
o« = <
> — z
2 i L =
[=] ot s
- Rt d w pu
[ G m —
hn bt Ll
-d —t— p-d g
[ps] 1512 <C o) a4
(%) Wi 8] = o -
< .+ - o b %]
(x4 - Tr L-4 [t [ )
s (%] 2 2 43 o
=z oy — — fanc) [TRIN —
- L) b x — ) %]
0 > - - > e
= 2z - [=d 22 =
) - w W > o= z
=z Wi o (] (=23 <
et = x Loy . x
- -t 2 o ) -
2 L7210 (o4 LL o > e L
D Qo z " L w LL~ x
[ XU w > o > z 22 [T]
(2] -~ [a) @) < W > D20 [
LJ T =] <C = — x tad L w9 -4
(%] (777 - i © < x T =224
17} < - o o] c o -4 -« = 3 O]
Wi OO [N [+~) - <t > = 1 N Z -~
Z -~z =) (%) [=] - LL (™ = 2
g e~ =] Ww =« &0 > a O & <= 2 o
L N vows 2z o QO C F o= > o OO Z =
O Lylee ~ T 2 oL = O & 009 O uw
0 OO -2 m g 2% O O *Z a = 2370 O
v Q Y=on 2 « = O » O - 2 Z Qoz=z N -

D> e e W 00X =2 — e - w e " w o o2
el T W= e O a T on —  Leaa O o 20
Z NN m- W2 > 2w a > O Qxz2~c X po xx
L ot e Lad e - <O *Z O w QO o« L wennae O _J e =i
x -0 0Cn W e L ed s — 2D i [« ] m —~Eruc O o 2=~
P [V e T TR TS e @) o g = - w o~ wwD -

- el Ve~ T tlemam 2% VY & &~ Ne -AIDN W wiell
e ) Qe QO wo @ T Z ¢ e~ T O &« ez T <

e 2 < L 2,e¢ Z Zx'. = 1 S =z« O =Zmtl: om = eaa>an
w eSO D “w QU D TulD =~ o w=C 2D NITOoIK QT AL
I eoD,u uwcy DO - Xea T LI LIPS « L eme el [ Sm NI T
Land 1 97 = - Y LWL - w2 O L L oW I S22 O DxxDD

-2 e 2 om0 e e D e dmCm L = O e € . X
Lo il nies S5 e V2 S D Duuncarad ETRZ ¥ JTeliDg
-y W Z=Z2Z2 X ey © o o £ v eM2 e ORI wZ m ww wew
S xe-Troc=Za < —~Tem ) el <T ST wran O XM=~ X VOO
I NIV x 22 Ml e h wULXS G € oo ] T a3
W ow L iiwwZZ2 L X C -l - S g2 =22 [ S+ 2
9 LOCOQUULSO0D | CHL 2 CLT w~ LILEDITWD = LOoLLTeD A O Juas
@ =OVZZ2000 W OZ = CmZ & —_Z=BIOXXO X O —OC Z wOxz=
< x [ > i <

aNNO « < o<
« NON  a - - O O ;O «
« NN« - & -« < @ A
-« L] - 3 - -
QO OO OLO [6]%]®) [8Y% 0] [&/X}@] O



104

o000 O0O0000CO00000O0COOOOOCOODO0OO0OAOOOO0
P~ D PO rd N N0 O TN ot WHN ) D P R TNO vt I o 1) D D TN O et YO 1N D88
QOO it E DT HL OO NN NN RO NP OOCOCSOC
-t ot vt -t b od 4 - ot od ot et = O NN N IO
0000000000000 A0N00AO00ONOODOOOO0DOOOOOOO
OUUDDUUDUDODDUUDDODDDUJUUDOUGUDUUUUDUUUQOU
XN O XY ¥ XXX E XL XXX XX TS Z K LT
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

N

-
w c
— >
om —
< a
—_ [ - L
o - %) - —
< - o < m
> [TH = w ‘N
S S n
o « «© 2
) 2 w b4 [©)
I [a) - =) - o
L 2 — [ -
Q m (=] (%] x < L
w = [ 3 w —
-3 o L O =] 2
u! O = 4 Lt ksl T
- (%2} ~ < 3 pd -
b= L - T - - o
2 a4 L= < Z —
o o 2 — LL - >
[&] o] I =) o Ll
Z o IS o I [T8 =
[N > - — =z -d s
-~ (-4 L ] —r x
- [ =3 2 o [ ™
o () p-4 L Q ~ b
> -4 b4 T o Lt N > L
- w - |l u o = O
-8 =z 2 o W -}
(%) - P - O — - [a]
jo] — [ [ Lo [ Ll
x o = td - < =Z (@] Wt o
ud w o O » x p R (O] o
~ -4 N = - [~} o] [=]
m = w - W »n - (%) =
m < O ©O [] < t - o ] <
- = b uw - w - = [] - L)
-~ Q9 o -1 2 N 20 ©o - T = W
< W < ouw o | o — ¢ « O o ©
U OV =i o > & O [ w x O oe o < S <
2D Do < (=) U 2 [T ) [£] — o
EIDM=lf © b 29 @ ZI [ ST e~d= 2 o 0
2t o L 0 Q Ow < Ow ~AZ2Z20 -
- aw no e uxd = xo Wl caldx w "o
22 eyl N O 2 ua X ga O Fuo2 o 2
co2> ~ oW o 20 < 26 O DO U ~ <
e 22X < £ e x e > ed LT WE e JV a O
W = N W O =~ QO =0 - L Z e L < o
> = 9 on L T ~oD = 2 >
— - a2 e D x 2 & nu W I sZwwiyen @ [l
o o x| 2 W ¥ x - 2 Z =
S 2 s e T M e L 2~ ¥ exZaZ"~ e L -
- DS e < - =z 2 =Z F LD oxI s 2 =2
a4 eocox o e - S oot T =T e OVUCW (=] =
w T x I x "X O W = el .l x W x
e S P Pemet e I M I N o Do b - Lduw Tow
b O w e D [T AN - D TN 2D
- Dwtma e 4 L e Sw < Cw T LD O wSZ2w ~
X e b X M R 00 2 ~C ECICQ Ui i~ O o
DA Lt o~ W Dl = ARG D XL QM tbmtnl X >
-l e, TIZTD D — = = = wwlx C=LI25 O O
L LD = O O . < 2D = O F LLULJO00NUGCe L <«
i O=BULTOOW Z ~ W 002 a4 00 O ZOR2C OV W 2
[ =] - - [a] (™) 2z » [-4
o o o o o oo
- o ™ . - < « 0 « © e -
- o o - « o~ -« - N TN &
- - « -» * -«
Qo OO OO [STE0¥} [STEXS) 200

GU T 240

QOOQOVO0OO0OD
NOHNMT OO TCONO
€=ttt b ot emd b omi o ot N
NN NN NN NN S
OO00000O0OOD
[mlolelnielnlenelolin ]
ot 4. 4. 4. 4 44 4. 233
sl sttt

£V

QUAT9EQRHS ¢ NP IV 3y AN

£+0) GO TO 310

THC ELEMENT LOOP IN THE FORWARD ELIMINATION
2

Leltel) WRITEC2) E

146T.0) GO T3 290
3

“VACNERON) o N
NFHaN=1

COMPLE T¢
N
R
4
N
N
C

(Sl LIS TS T, .

Qo (=1~]
oM N
Le YY) "

(a3

€
"ChAna



105

0000000000000000000000000000000000000000000000000000000
ST NN DT O AN T NINDONO NI OO NO~NM @ NONSD OO NANE NDNONO NI
NNNNANNCICIN NN T eS¢ TSI TN NENNNDNEDOODNCDGOD NN~
2222222?_22222222222222222222222222222222222222222222222
O 00000 O0000000D000000C00D0ON0DONOROO0OO0 o000

ﬂOJOUD)ODUDDUODUDOOUUDDD)QDODUDOOOUUDUOOUDDDOIOUUUDODUU
X Y X Y N Y Y N A Y A I AR E I XA E XXX T E T
L T PR T T TS T P T O TG Vo P VO T PO PO T PO VA T TG T VO T W TR T Y8 PO T TN TR I TS PR TS PR TR Y T TR PR PR YO TR VI T TR PR T T

[}
w
-} -
m <
< [N
x 2
< = -
> > > (=]
-4 >
W (@] o N
= [4
pe] = - [ LN
o < - - -g
3 2 = ~ <l
T (o4 o - 1w
Lol L - e < o=
2 pe) =
o - - [o] Z
(=} =z on [N -
3 [N] W « nx [}
< [=] o« -~ - Tx ] -
x W [ - 2 xo 2 >
x [=] -4 W =2 o o - —
O ] = 3 0 C o Wi < o
< Wl %] ns = W 2 un > -
-3 2 > = D O ea- -
Q -~ e < - g 20 - -
a ™™ T 2z 2 > W a2 < " «
B = ] H oQ O ® 9o «®x = - L =]
=} > ox LW X [ O c - O
-l 1 L S u.u. Wi > w2 - "N < (]
. x o) - | > W ww < J
tal (& < X -~ Z t T >0 (%) - =]
0 -4 2 o > L - XL - -] ~ O Lod
b3 o - g < ux 2 o) > >
X - N2 o [N} Qud X L W oWe O = - = Q
a — - > — Ll Wi O D X u & > o <
< & =~ < -] D=w O m O w w - = =
Z « D o - oo 2E T = - X e — Iz -~ =
O >0 2 Q — ZAaa W v D 0O - O few X —-0u. © w
Z o - e - — aaecc T XN s e > =] - Qa7 e 2
o (%) N LT e m LT ) QU & O Fun aZO2~ O
D X L DX @ C LuLOwWe I W w2 o F 2w S22 =
- e O v x D DD&EZLi Z e D s e U -0 C L =1 -
- (] V) TDU e _ il | mea D N -y -~ -
Lod X -~ -~ 1| Z2man <L e - [
DO o . - X wwwlQ W llw > 2210 2 1l «»n HZH+N) i
= o ¢~ <<eo O D22 - xx« L -4 - )
=2 T e g O X g DoA¥YY I Zea ] el £ D~ 2 2T =
VW > QD RDosxw T D - Cg < 22D w R - -t D w
U] «Q Te QALICZZ = U & w2 QN - [l g =2
X W X eyl uE ) O Z2Www LD = XXX < D U ~NAwOSX oo
o = L e O N0 O— KA LT S L e bl o] e = — et iy Mmoo
< Z D~ <l LagD Gl s = b-d a2 Qo LB U [ [ N TWnl
= o TeNQ XOIN 2 W i D Ow L Wi w2 1 Nw & o O uLZ o
I < 2Ow KXW~ & 2ol O 0N LT oememdGe = S0 N7A5HlIUl
x o™ wd O X wXOV o TZ0me | NI - wwihebe O MO L ANCNOwe
ot c O LD 0902 & xXDww x o 202 - x o C 2D X
O LU R TID w Wemi e O OO - LUWDAD QA 0 T Iosoduden
L O W oex T OO0 & S0~ < OW D —e=ZI0 0O = - XOIOZMOUAO
-t x o = o < «
N o o [To) o o
- - — e * " o« < o« < . " 9
* « < . . " o« ™ e ™ o« m m
* - - < « < -
CLL Loo [S18T3) [STETX RS ET3] o v

|
i
i

'C

-y
t
!

COCO000000RORDUOO00O
Ot C N Qe NN N DT DR OO T D
et QOLNCLXCRCCT ROOT O
2222222222222”““MMMM
OQOOONOOTC OO0

000000000200 NCo00n0
rararX ey a
[TV T TR TR TR TR RIS TR TR TR TR TR TR T4 U

- -
x
% »
L3 Lo
34 L]
-4 =
) -~
o o
Lt (W]
> *
— —
u. W
* +
- -
= > - 4
w << w
- 3
o
™ < k-
- -
b4 o - x
=} < - w
o o [N] -l
[=o] - =] 2T
x jpn 1 [T TR ]
-~ - =N OCw
(%] < —_r~ ano
< = - sttt
[ (@) o [ ]-]
-4 = (R 24
- 22X - - T T
Wi =W w99
1§ T DATe-d QA
= - QWS w on=
[T ZZZ2N~ S48~
o2 O eeelx onaT
ou - et DL e}
e = 22 I 1<
L X=X Z b Hdd HWZO
== -z Oz
O e UV 2T W e 2TD e
w2c 2 =L C0O wWZAX
—~= S TSl Qe
2T - AU ¢ Dww )
P A LT - S ) [rR e
xS Q et 1=
~ 2 < occ TZo -2
TOZ i OemaQrent TIT O
PAD e X e Ot O YL =T
< s Cwd® 44T Z+0
Q20 O DCDILODOIITuZE
o[-0 m QoCZ~UCZLErroxd
[ — oo o0
- e -y no
U I B (1 ~t~
<
m [ S 38}



106

AQSSSSSSSSSSSSSSSSSssssnbSSShQSSSSSSSaJSShuSSSSSSSSSSSSShaSSS
e R O A B D T A T YA S Wilwle b Roic tule Wiuluid ol w Ll Lt L' Al Wbl it Wl Gl i, L Lie
RRRRRRRRQ\\NRRRRRRRRRRRRRRRRRRRRRRRRRRRRR&RRRRRRRRRRRRRRR

- e ~
SN & « -
La o« a - ~
o o« - - oo
Qx a L] L aad N
28 o - - e - 1)
cee 4 2 « oun o
N3O « « - -4 - o
O « & et L) N
CoV & w & oawX - Mt
=0 « O “«4 NBZT e o nNeo
~JEL & <« « Griw A g < e -
Coems « 200 & - L1 W - N
TOWRs ¢ =0 w X - b 2]
LM e D + Ows - - o - <
== + Ooe¥ Doex I3} (2]
b0 a « Eafl tax et W x
~E2ue O « wihe OO .o [~] -
~ e aae « Dea e L TH =
TR v i A XTHSE eQye Qo 2] il
) & ) - e - F Ll P -t
Ot > *r oo 0w e 2 L
LN - ¢« OTD ey “Lo i -
UEF—s 1 « *N O -~ = -
soeaexy T ¢ A Jd exXaxy e L [a]
onwa. & = . PUA~AOCw o~ %} - )
=D e a ® & 0Dt o) o L4 «“ -_~{d
CxDeie O & Naaimim> Qe ] Q. La
X ELIe - o« wOOD e aflea A =] Qo
WX e V2 4 Ok mawa alle -~ g -
SCeos L & EROETCLY e o Z o xa
ETNWE LD o el swl e eatN 0O u e 0o
AUDNE NE & <AT Je-Og~ Q. J6 o W -
Lol s A2 ¢ OwidwrI> SwN o Q aQ iad -t
WiOk e LWL 4 ~=EONNm XM o« - LI 4 [=1M]
WEZ2Ne & @ ANwNL e ani = - - Qe
seess =l & SUNEZONE -0 2 [ w2 22
ODNma N « w O o1 wate  LJ c oy e ‘ 20
ZZ et 4 O & FLUDN- oo Nl X = [=]=ll] L4
Q2ra WE o4 O e erya QL+ W z 20~ o
DO E T2 a Lmgm ool Qo e« - wl2eg el =]
QE2Z2¢ = « DE NS g o O - woZ - -
*eney - teQwawvwe~xO [~ a0y 2 p onE x>
NEEUs NZ &N o= [ Hil= w2 4 Lfeu
HOLIE 2 W] e | SOOI - o - (3] -0 i~ -
OX It Od «DIDW SELI~ = T NOXNe~ O LOZE PAnavm v [-RW]
NUIN s DL « *=DEm) o0 W s e o ogsy Z Wy, Q<€ e SDaa Lyl
LXIZZ2r O a IDCUND =N ID> ATAQQ il CU DWw20 AL <) < -
b @ Lk & it o jeerSmoullle WLUCOSCZZw = OO0 ~eJT OODD [ad=]
2 T ED adTAamn comZZ, ZLEXEIDZ WZ ZO-Z W ex ZZ<a Lijte
Q - C vwerIqqasIchHeea sLoA0 o et ZPTe e OOXA e Ot (4
- 2Ll ¢ DO w e e w O - el llaalt) A0 2 1t OO it ¢ >
v « Z & R L2220 W e [ WA ZA el ¢ 2w -~ > _—0
L ® i g IO LD O = IDOW) ¢ 6 ) HwQH2=—EN HUHLALY Qow
x s I A AE X e ACIT - Zrsatcc o4 NI G e ea S L :
£ D QL el T OMNEDT Fr-TSlCwe 9 XX LUIZZOZ2w T NG <oy
L. + O A QLOED oM sty Lo ox ¢ o 20 <Ll DIOSCD Uwe -
= ¢« XY . 2 N LSJO LT AL--v CO CewOZ=o0iloxacq oo
band e D <=3 - b oLt e -_—. OZ 2 o oo DO xXC
P « D= e H o ettt 1o 41 4] B M2 [ RN N N g T TP STHTINT) HL <
2 = NI s O - QU L= S 9D
[ =} L3 D amZ | MeQOLCNCAXVRZIZ -2 OLZCZOT xGooadd a
o ¢« Vad «ddi FAmedoMCRDUweT DU MCUMG OO0 S« N D [ ]
= a g xO X - O Xes@xe— & ax ool N = KT WP § realal <Ll
2 « I3 X QROCIOCICZSIK ke~ T OZAO0L JUSTSOLXFS Oa< .
w « =L s ErQOWXC D T U e Ddd OJIZOZLUL-XO0WLWX XOO
e oaw . R S « QW _
- - - o o
-« &« « - - ”m
« ¢ * -
-« L ] - hJ
LOULOCY LLOL




107

OO0 000000000N0000000D0OOC0000O000OROMOCAON0OD0OOOA0DCOO0
AL N O N INDN DN QO M T A0 OO D=t I G N DN Qe M NI SO NS N OO S
NOHOIND DL DO LA DD o P s fo o P o D L X DO XX BT PO OO NN OODOOOONC D~
CO0000000O0CCOOROOONOCONOCODOCONOOOONDOOOCIC O mivd rmitvd ot st ript i ond

OO 000NON00000000000A00O00ONOOCO0COOOO0DONOCOOAOOOOC00.

LN NN N NN THANN NN NN NNN NN DNNY DDNNDNBNONNNNDN NN NOANDNNA NN
LALNML LA LI WL b W L LM L L L W sl L Lo L b L b e L 2 R L L S L B L L WL W i Lt L e o A
O O O X (Y. O O O O & O O O O O O O O (Y Y (Y X Y X Y Y o Y ¥ X O Y X X T (X I I Y K Y O XXX O O

- -
e - (2] -
. 4 L L d - - -
- b o - -t Q
(2] b b x -4 -
4 (3] (3] x Lo ©
[ 2] - (%] - %] %]
-~ (7] - - et >
aoa L w o R w
o w - w - - u
-~ «PY w - [N} (%) Q W
o u2uy W -4 - = W Lol
v} Yeoeo - - V3 e e > (%2}
< .2 (%] (%] - - Qo [a) -
[LERNITN ] - — (2B - A o] ® ha
x oo - ~ _ - x [=} [
e >0a —the 7] 2 n a o 2
- =T = Pl [SI- ] o -
- P eae T g -~ o - @ Lt ¢
o enn Llo17o] - * e Qm -
[~ I =~ Y7} -~ - %} [T YN 1™
O Cde ~ ity - a ;no - a
-~ WYX (7,18 (8- BN A} <-4 - T C -
e ATy W Ll x 2«9aa - L2 -4 - -
D Yt ee [+ 3. 4 O+ O e>e o K=< o w
o« O enn -G [ I - e e —
B -dmbend i LY N e el = ot (7] VoD >
[N Toxx L dat L A IR i o - L ] N
-l -~ - —~ X ElLi- - -Ne o N -
OB aT NN [7e1-4 - Ned L EXI2 172 =LE O ) >
D DN @ ) o0 N dx Z eke [X] Ox<e Z 0 O
iyt eN2 <Z > b G Sp [- 4 ——d e X D
WD e < O om < QN NAaDLO - o QN wnag L ©
B U300 xno o Wedt b= JOZ0 L (%) L) Ne+ AT )
SOOIt -~ ey x (] Swr LA LIS * o rmam o Je
- W™ et LIND Ow - ¢ -} T 0 - et () X b [Lla)
VNONHE e et XTI B= NG L) E>»eN e - N —-ED Twtd O 22
- SIUNT =TIy [ 72 2= + =0 e exf o< . 4 heal oD — el
W ) JIO=A NN e ezl Cu a= % Ui O, O\t - S O Saf — et
OO DOttt QNP bl O < =3 OTIeld N T N TONY ety
K OO E XY wwDD | w x [ S QEELIZT = o Ertww DY N K
T DAONA W NIOTESD O w3 = CEOPLA IO~ o L mwheZ 3w -1
MATCQ @ eZNLUNACNONNEA s D =i et e N0 =D 12 =& 2
*O> QWX I>D > J u ~ NEKY) & o4 0= 20 4= 0 e N2 i
WO aX =0 () otmte ¢ eAllall Lo © HZRETICLION0 *Ue oLWOOL < e > el
O CrIPAmCNdaICKO— LO ¢ O eNE emhilud ~3CO wDGe —dl XD
TR ecaq=iul b= 00 63 L@ C T ~“~>lyme << e <t ey D <
T OTOZLHUHDWUWO IO 1O ¢ W Il LUITCZE He+0 [+ 101 wue QUG
ZN ¢ eOw X LiIr 0 N O ¢ xoht [EE=1 2L . IX e b o OXx ¢ ¥
UC L™ Ledmam Cre N Slstr ] Dt e o AN N e v ed G-
RUZNE e UOIAD iad Or=Ceteme—n L dogCac <oy - DX
Ve U Zarex K el meIN ey ¥ C =S e CRD X ZO ¢xD
QuiXiul Dbt LW EW > Tt d J IONCLLCDONT - < DAiQU-<
[« S -2 —( e X T e LTIV L T e A T 2 -l
HPmeme Tt 1F el A BN O O letememet 2 =~ _} s oy T iy =)y
T ) s [Te I 7o)} [72] e e e gy O - @ e i S
SZ wroa WhEu D urFA oo e ToOTOQTI~NI -2~ SIS I N
el et ld FelwUrmDewllinXTTWURN 0 | _Nee N wifedl Do 3 P wed (0
o el W CTCD OO € QO @ =x T T € | a2 e 4TS
Dkt TSN DMl SN VOO T 0004, 900 S Dxlceu,
QemiQY LAV WHAWHE QO L=EEIXOANNC O O Oo<e<omIDDM_ VO LG
« . =S
o o (-] o o o o <
o 5 ~ ©< (] - > Lal
- -t — -

ALTERNATIVE LOCATION OF STRESS REDUCTIOM LJOP TERMINATION CARD

Canrnn

(=11~}
—oyrn
oy
o et gy
[=1=T-]
[2041%]
[ RS VL )
[-4.4. 4

1
STRSGCISTRL9KGAUS) +DESIG( STRY)

OO0 OCOMAMPOD OO
NN DO OMMTYID Ml
b ed et CUOON OOV O E™
et et e eted vl et vfemivted o vt
OO0 COOM MDOR OtCo
WIN ) I I WOWVIUND NN
Wit Lol Lol LN
Y X XX Ny MOIXY ATy

WITH THE

EQUIVALENT NODAL FORCES AND ASSOCIATS

GADC MoMGASHI+BMATX(ISTRE s MBASH)
dAEUIELE 146 (@953 ’

-2
W Wite
-4 QL X -~
-t O = hn
noo = »n D
-2 W) S22 2=~
* LY - e oX
-3 e -
D — I~
[IR&=] ] i
x

- - LS
Xttt Tio

!
N
g
f
t

He
MG
h1Rp

n
f
A 3
R
4
3

=X =C DO
S COIDEV) i
W TN LZ ey U0
D et ey L 1] " D
-4 Owew oG- OC Owax->I=
= DO LIdeItO =
N~ e DL ek =D
=z Tu UL« < O Z2-o
O OGku. LsO0R0RJde ODLZ
O 0anw <JTAaSaw OVcw.
Qe *
o [=1-} [ o oo
O« Jeo « o < <N
<« -4 a1 —
- -
(O]5) L OO



108

OO0 00000000 CO00000CACOO00 00000000 OCHROCO000
O DD OO © A IO ) D OO et NI D P DD —NN @ IO Y T Dt NI F N OO DO
COOOOOE OO et ettt ittt TN MNAUNNNNNNI O MMM (inesssteTaaTO
000000000000000000000000000000000000000000000%00%0
000000000000000000000000000000OOODOOOOOOOOOOONOONO
22 P Il 2 PP IR R P TR L 22D ER IR R I IR IRTI ST ET2AETZZ =z
et o e fo b fatata o tat e tate O fatal ato ot n it ateal el el ot tnl =it et el al= e O] =i s O[O}
LOOOCOV000000000LLOCLLLOYOLLLUULLLVLLOLOLLLLLLLOLLOO

x

& « oo ]

L3 « w

« 0 a

« O & -
.o 5 W 5 <
e « O a 2
W 4« O ¢ - a
T « X « o ] lond
O ¢ 0O & =~ < ]
ZV & .« > > w
ce & ZT & [N] o
>D &« O ¢ O -
bl & 8 = [ LL
O « = & X = (@]
-3 4 < 4 2w W
T ¢ & 2 -t x
~e & L * D ] =4
feed— I [T [ [}
- L] — -~ ~ -
>0 & s O koloel o I~
L= g i 3 - 34 < <\
EZ2 5 T & ~ o> (] cy .
oo & = 4 ™~ Lot -t b
Eid = * o Y33 [N] I et
LY ¢ b — - - ] Nt
P B T B S Y 4 = - -
W2 » L .. Lty -~ = E Al
TE o« W & ue ded > < —
cama O =& =X LN [ > » *_l
R R Z a4 we ot et [ =] [ < o1 <C
DL e W & vE - - —t ™ >
AOxe¢ O &« Cw o0 &~ = T - Ll N
2uills X « CJ - o > w ) x & 0 —
B WU e 2w - e = x < ! 7 enp)”
seey > 4 T [N] a4ed O O O ] o O ol
XXX Z & v 0 ki = WL < W o 0~
WL« O &« «an = Lee =~ O ~ -2
dusr O & o< -4 Qe w = W ~ o € QX
—=LIO & « «aO - Qi X @ o 222
Bl ¥ & 34 - - D~ X 3 Y ¥ eOWUX
Se ey D k- x + 00 LE> < =] Dlou' e
CENes L aNZe [N} ZoaA =k > - =TT L=l X
€U << & al am - W22 NWo W - WO L Teu<
CQCe ? *+0OXE> T WWE Owwiaigk= YD xXxZ20Z Q>
- e X & O > w Ol DXEXr o« = Lt ¥ A g ZWwWaT
W2 O sXT D [ w DD Z00PEY cwld> aalla o 0
- L AR Moo W 200 5l aXliLiaQ=E D emte
o« *# I s<xZTXT —et Z ZOZ2 AFRQZOLDESZZE~ONWIO.) IX ¢
tJ ¥ U awww 2O e o0 @& (= oL TS e eNieblid qC LeRX
> - Iy =14 - - 2t | AT U et DL LI A D b e D
2 « W & eaD -y - 2D el LEX sbei +q ®® o
o ¢ Z sdu 1 NeuZ NED X sHIN v # ¢ ¢S XKD
© - = el I 11 o - 1 L am Do i e SV N @

P Lt e O 3D X w20 DL NONCEIDIZAOCL Sten & &
L « D e 00O e ) OML IV TLED g UCOQ ¢ @ <o c -~
= « O + Z ©0COCHCTY JOTmlXwCoOFCLUgI > e Qx DN W
= » X am Thetmniu & C 3o EC P iu, T bl ew &
g + hred 4 g~ A0 0E a1 1 et bt T g 0 et (et T 5 2T 6] M Y et (TG W e b (3 1
> « D rOn St v 2 popes R - Qi o b= =
o=} 8 3 e X DX XSO OL—EIO =T 00RO CEmED e T
-4 - A LT T aPatC OO T O w A St D o = F  »3
=y e U MLE ToEE LuZ > O SCull W CLI = Sl et ]
> .« - N CCEFmTUﬂ WOOCOArOCWHus L O dw—<lL lkiad>r0 <UUZ
L) - m 0 ZxxeONEFORXDJCX Znr-Caaad—OC X & — A 3u EXu

- " ® *

- = Py o o o o o

« [ ] -« < [Te) — N

-« - -«

-« - -

[EIATSTETX)

G



109

DODIDHHIDNDHDDIDDIISIDIIDD
ZooecoonOnnooon o000

JUTPUTY

SUBRLUT INE

Lol Jelal - T-Tal-T-Y=1-1
O P OO M IO i i)
OEHO0OOOOe
OO0 00ODONCOCOOONOD
OO0 O00ORODO0ODoOORO
—— e bbbk s

Lotrtrtattoimlcielelalal-Tol- oI Jol - 1-7-T-T-T-T-1_Y. Tolelal-1~T-Talol = = 1= = = =]
SOV OO NI OM D NOQm NN INDM DB O et NV DL OO Ot (N M 1)

NANNNNNNNNGI MO e <t IS ¢ ¢ ¢ < <D n D
CO0000000BOCORC0OR0Co0CO0Dooootonmon

A A L Y Y Y Y Y X R I

THIS SUBRGUTINF OUTPUTS DISPLACEMENTS.REACTIONS AND STRESSES

0000000000 COO00O0OOODO WOOOQOOOOOOOO
Lo et S Ty Bl i i et W e e vt et i ] o M el it w e ol

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

-

-« -

] (&

« -

« Q

&« -

- x

L] -

- o o

« AN

« ™mu

& sl

« Qi

«a Ne -

4 e X

L i) o

kY CY - - <t

. - - A [}

LI Y o~ a o -4

« OX ~ (% %) -

- - [-% — e of

. T2 [ o (oI = s}
Ll o > | 1 -

- X2 Q > N (o]

« e -4 T T Z

« L ~ ~ "

4 we " - e T

« O~ x x %)

« N a =~ ~ o~ <

« Xeo - e @ 0)

* - D = . @ =

4 N o e a o >

« oy ay [ 7] -

a ~> N ~ e I

¢« NE wa 0O [7 - = (7]

« ww Q0 2 [=dad el L]

4 Q0 =0 Zoxx 2]

¢« P DO 2 wnNIvx [

+ D O O O~ -

+ D 2 ¢ =~ Weesees o

* mZ - X = O WVIOXIOX 2]
“Nee I <« ~ Cwlwd bt

L Rotny I < o o e [=]
+OXD> QAU W o oulwuiwz (=

& Bptbn = F = = Q= -~
ATUDT De = —— e Y -
I3 OO = O OXFxZa Za
CAEE X2WSE 2 O XIDIZXIZ ewal
Wt et 1 I e 90
P XMO odom gt & T A fem o - ONOQ &

¢ OIS rtomtend X L e SMINMIX g | et

s Al 20 M O AN e D HST W
LD DD e & ONU O e i)

P ZmJC UC L O o lC2TED
-« T teI QA 0O 6T eI mQ OO
? T TXX e (N L el el -

o« b= T e Tl wd -y
- hete—t ¥ paben o C Dvwdx P N
LRSS —— |— = B S ey et -—r—
At Qi< e XU ZI2COT T et
fadi rwweS D wrZwIwINOGHS |-
«CIT O —r o XY o Qe Z
X QupxQ - XOWDIULCCOOXTO
40 Xe_XT D MIuet - uwSzz300
- =

- w o o n Qoo
« - e o n Nty
. . LA - (I 4 o
- -

(%] LOW

OUTPUT RE ACTIONS

152)

)

960)

THX~REACe»7Xs THY=R:ACS )

969) :

THR=REACes TXy7HZ-REAC.)
VFIX) 9 CTREACCIVFIXsIOOFN) ¢ IDOFN

Neese

- 2O LIC K
eCIO e eT o~
ATT L, *
ol aml > T R IV
DO w> > wD
1 e b b o b e =
ML 2L ZITOLIm
T w wE g
Y e~
Lol 30xn
[ TR LT = = TR}

STRESSES

nuTPuyT

o c n
N O O
LA A B

[l
T

I X X J

(S {S]8)

OO0 0nonan20000n o000 no el

e .NOM -
eI ewd o
it Ot
il NI XL @
P OludT O
Q s Ix e,
e 0 e
pe R I
Db | Chr=te

[YORVIS w fop Yin )t Wpum

——

<
o

-]

—te

O
~
o«

00000 COQONOOOODOORODOOOOC
D=L T NV DTN G NI OO
PN NG O DO D DAL DD P o P P o oy P o P 8
OCOoO00O0DOADO0ODOOOOOODOACCO
SoSeopoResoe00000000005es
222D D2DDDIDHIDIDIDIDIDIDDIDIDD

-
b3
L)
-
L]
(2]
.
o -
E 4%
-4 -3
— —t
x Heoe
x x
< —
- x
= Balls} ——
K] L (%15
- oo e
. x e N ey
(%] -~ P e
O~ - M-
o e N = KRVI W
s 2D x D D
x o << 0 ~Y
<a - OO W L 15
e [z} XX ¢ O e
Ty -t e 3 O i
X - NN N a1
) [} wew X TN ¢
e SO ©» Wy«
L . [ 170 B M ey el
>y [=] xe O QL w bt
N e 2 b=t 3¢ oY =N
(%171 nn ¢ HedN ™ &
w [ od !¢ I QN "
- 48] -4 - () Tl = g
- W N ot NNIe= O
Ne= ¥ Toan DN — X
1) L WwDD aaIXIIOM ey e
_-a -l DOt e NXWANY 0
L TV XXOI OO OO+~ ¢
Tu 2 LIz O NQQDAXIN T
cCw . -t e =t B W IOl e
O —t Ledetmtoirimww NS | 02X oL
xo - + e OCwXIT IO =g
Nes 1 X BOANONOWNY e~ o
-e - SCXEC QO e X
X S C oL X O DL TN
I )] MO DD UNOXX Tl e

W eC oI S (XY w3 IIT emy

[+ ETI *e 2D [ T X% L OE S
ol el e sm™ U] B et st D

1% 1C] —-— - Cw A2
{0V IOOVNIITITON XA o
NG QO IOE O L 20NN NN s bt e D
EIT < e L 1L=lOxer x=NxZt=c
SOWOQO Opbr - w CDOLIZ
O ¥XCxYBUOOXNY XX XMINmNI e O
« o -

o o OO
™ © <0
2] 2]



110

SUBROUT

OO OO0 o0 CCO0OOOCOOOOO0OOOOOOOCOOODOOL
NN L IO OO M D INT OO OIS IN I OO D = NI F IO @
OTCOCOOCICrtrdrtrmtrmtrdrmtedod ol QIO O OO NN TN MMM MW N e @ <
QOO0 00000 CCOORN0CCOROAC000R0N0OCCOOROOOC
OO0 OCOO0COOCAOOO0O0OO000DC00AROOODOOOC
0 O 0F & O 0 O O O X (. O X & O Y Y X S X Y A XXX
Gh bbbt lwb bbb bl bl Lt
LI NNNN VNN TN NN NN NN NNNNNLIN AN OAAN N TINL

- x
« «
- «
A -
- -
- > -«
« - .
« - -
* o, «
* O em -
LI =] -
« W -«
+ Tw -
- [ ¥ 4 -
¥ L) -
« 0n «
.o -
> L fal L3

-~ z M

Lis et «

as = ™

<e o2 « -

ITe —< «

e = o

s OO Y

Wwe =ZZ «

e S PY

QO+« 0 «

&< O -

Zs U -

e& 0 _ x -

s < . b4

Ve T - W

— et a =

xs [ ] IR

We [L=g & - -

*e T « o [}

as HFo * -

|28 <N o« w O DN

<+ NO=~ x 0O W QN

e WOZ g (=) A esee

Wea = el aNIT - s B X Y= T

s WMyxE 5| 2 Ax+sx

D D e e o -

=t lded ¢ e - I

Xe LT «IT™ (Lo ol lie]

o e sl - o x <ol

Ce« LIS «<acy (&) Q vrun

- 3 [} & - L 1+t

Crte WY « T - b e e

X+ &5 L ] -« (7200 B IR 2

wer U s - Z et

Ve b e s - T wwww
¢+ DX O <2 -

we Cur s2x . - s

Zs Q@D ¢ 200 [X)

He LI e CRLCK 2 maman
e M=l g emEeealfT . D et
* VKL 2 0QOUXEZ2) U wwww
« L a=ZLIZ [P IRIR]
€ VIl o U w-it W Qoo
« w-wxQ «CXHU O <Cqdag
4 TWY) «+XTm = « ITIIIT
Qe a=QUIN T NN
* - [%]

- - -

-« « « a
&« = - .
.« & « «
wLLLLVLWL LLL

SHAPE FUNCTION 0FRIVATIVES

DNDNCHNNN
NN NN NI
4 9 ¢ 9 6 a s o
cCoOCoDOO®
LI S I I
A S Sy S S P, S S
[l o Xl 2 Sk % 18]
+ 1 etel et
o grd gt 9t vl o] =d b
Tesiliee
ot Nt S
[T P TR T TR T
Y ay S, S S
UMY @ N
-neesaes I LIbdmiT |
el el et N OY CC LR o1 ]
w2 D= D0

DIODD2D>YI il
T T e L [ TR T I | T

[ 4-4.4-4- 4. 4. 4. 4 )] o= O
o L g b Lt s L s s A, NN () o b (D e |—
ooocCooLQX—NE NBRVNNY

HDF«GTaR) Gi} T 30
SHAPE FUNCTINNS FOR 8 NDDED FLEMENT

Qi.l

~§TT1/4.0
+5TT)/440
+STT)/4.0
~STTV2840

O O O
) o) s} N o
VNN NN
ININeN e
o e o e o
o b o o e o e
PN )=
L7ad% 175 12012 Xial/at/y]
eI NILANS
+E NS
= ) e e e (3 o b=
QLo
L RZE N N ]
Olo+0 e
O ') O O
.t St Mot Sgm @
LR RN I
Wt N o P
rannnaita
PP
— A ey Y e T
Nt Nt Nt S o
— el Ll
ascansen
LI L AL
IIIITITIX
CTIAIN NI

[=T-1-1ol=oT-T-T-T-I-Y_T-Y_Y-)
N INECRO~NN SN
TLFressIeDNOTOMIN
OO0DOCOO0OODDOO
O000O0COOO0ODOROO
jo4: 4. 4s4- 4. -4 4: 4. 4.4.5.4-4
Wt bu b winilb by
FRIAAA A LALUN NN LI

FUNCTION DERIVATIVES

SHAPE

153
Canns



111

O OO0 D
ot SO INOC
NY DUN OO L LODI0
QC OOODOOOIOD
OC QOODOOCHOO

L AN ANAYNNNAWY

) o (=]
PO ¢ O ¢
o 4T ¢ @ &
Q ¢ O N N TN
¢ & [T S S . ]
T N & -OAON A N
W N AN G NO-
~ b aw NN =
= Q= NNNNe N
= e ) NN
I NS NENON Nan
N =N =N &N~
= Nt e | 4O ¢ AN
N VA NONOAN | =0
| ONi=dbrd otm 00 |=O e ¢
SO ) | (Nt ¢ (2 = ¢ 0
VNeON LI INTL 1)
P b P Vv ww v ww
| 2Bl |

el Eotndndd LU S ER LT TH BT
nitnnn

- s sy S o o o~
T O D T AU
L RN N R A R K N A Y
ol vl o o el e e @l Y QU CL LIS G

[=]-alé Y Rdnlal
¢ e Qe e
[NE7al Yol S Lo Rl o ot ol
De- 244t

Nt W Nt ot W o P o N o Nt bt ot N D 2 e (Y e T e L
SOOI DEIOIDOIIDDDNE

"~ L]
4. 44 2 X. 4 2. 4. 4. 4. 4.4-7. 4. 4

Demlil 11 e 18 14 42
a2 )

s =iadins ol b e b L il b td iz C O e e et et OGN O
00RO CCOCCCOCOONOX QUINI-N-U-

"

[ 4: 2. 4.4. 4. 4. 4. 4. 3. 4. hd-4. 4. 3. 4- 4. 4. - 2. 4. 4.4.4.4-4.3.4-4-4-4-4
NNNNN NNNNNNLANNNNDNNABNNNNBBNNNNLI

SHAPE FUNCTTIUNS FOR 9 NOOED ELEMENT

* e

-
Lo

CO000000O00CCOO000000RO000O0DA0S
COmMAM T INDMDO QNN NOM PO S NI CTRON
OPeutete oot o fute TXRDOLCRDNL TCOPPCORC RN OO

0000000
Mano~oho
QOO0O0OOO

o -t
R i e
« b a e
- =
(AR Al RUR R =T
b g @
®NS 98N & e
Y (Y bt e (/) e o

NNt e &
e ¥+ 2O+ O
O\ eteiet OOMNN
Nt NNV« N
Awaxawaldl
Ve IN+ O
NN & NN @
e Qo) &0 0
OCC IDOCOw

<
HH RN

P Y et )
L lakiie I5 SN ol o S of rol
N N N o "t o N

L s b UL L s L

c

O Oriedt ot

FUNCTION DERIVATIVES

SHAPT

Cawan

OOOO0O0O000O
- 4. 4. 4.4. 4.4.3-4
[T S PR TR TR '
NANAONNAOLY

- -

- [ o~

- [ o - -
N Cpred =t Moo
B - O VON
+ sCe a9 4 o
O = e et (Do 4
¢ seta aw <+ 10O
- - gy s - a -~ §
I NaQ N> (NP
- Nal) ViNemp== |
X SON¢ Ve Nw
Ot oo o+onk
- e s el el
2 Ol o OOV
e e et e] o

000 ¢ e ONINTUNNIN O
OIQ QN s N ¢ s 0

o oo looo
RN

s o, o, P o -
O NI GO = N
rPesronsconne
ot vt e ] omd et et b e O8] 1 O
N N P S ) S S gt b P

SO>I ID>HDD

XXX XXX
[afalalalalalalalelalata]

[=1=1=1-1=1=0=1=}
=N DG
b el ond emd ol o=t onb d
byt ool ot ol gt omd
COoO00OQOC
[0 4. 4. -4 3.4.4-4
[ . A FIR
NN

" -

N

(S
-~
NOo N
—

L ekl
Owo
s o

Lo L X I Y
- Nw
«Ne O
“lr
100 o
+ o .
D et 20

LI SR BT RRY I T

P
SYICC I
cov e
CICIC C DI
warw www Z
D3>
et ot et eped g
[-4:4-4.2- 4. < da)
Wwidbibhwiti Z
[alalal= alal. 411]



112

0000000000000000000oooooooooooooooogooooooogonooooooo
HOIMN P NOM YD NN E IO OO N FNO OO = NN N DM DO NN @ O OO =N
LOOWLLLLLLULLLLOLYVLLLLLOVLULLLLVLLLLLLLYLLVLOLOLLLLLLUL
oS TINNININNDDNINDNNINLIVMINVSANIDDTIINIVINDVMAIVNIVIINDINOND

J

-«

* -

L] & -

« Z . -~

< a o
* a8 — a w
o « O W
v . W « Q
< « « < a «
© 4« X « X - - -~ -
x e« < « 0 w ) [N
* & O « » [=] (= E -
T « a o~ o [=] - e
“oe W « O 2 2 o Ll
- & T Y - - - o -~ hr ] - e
W & - « o - - L K | - (.. 4
- .~ Lt W @ o Ll eNW
. = O . O = = -~ I oo
o « 2 x ™ — — — W - — ox
2 o« < « O = o o = o o>
O o« + O — — - (3] - -z
L e X ® ~ - - Z = ~ -
< o« = - - o o > < = — -
- » X - - L] — - X (&) [ 73~ 4
e « = « & 0O Q @ T a < 2
O« < o« o = - u c -~ 2 mx
Q & = « & = W o (XY -t
P « - - . + «< o ¢ D
W e =2 « o o - -~ D - - ou
s & g « o = a U ~ Lo
N & —= « O o %] L Nw x [=] X
O o« O « a < < et o 2 3w
< & O s W 0 o o < Z 0
2 &« 0O a S » - w - ™ -
o «» « e L - - n x e Z%
sy « OCe T w w r 0 Ww —o
>ula « o x = w - W x -
~0 & W « Ow - —~ S o me > - O e
x<s T « w¥ oy (=) T o =z - TDOQ w a L
W« « DO 2 - Q - = QL - e
ok ) & et - -C - ~ <LIY < - =g
S o N =D 0 (= =] ] x O x =<_VWAQA0 > [=] <<w!
OLle > «NLIX W * O E (& zZ o QONN = [ oot Te
Qs e a0 e o O o <« < < Wy~ o o o <
e - aQ e~ < a b [ ] ] et ! ¢ « =
CZe DA & Gy > "o - owx - Neieoe O we © <L
O« 1> ¢gIM e o= on [-4 Heu 2« - ey O on n x>
- e L+~ ] eN O -~ - - e < o~ ¥ Netw o 2 Com  emem G_H
N s Sax eag<Nw aZo. o [Wp- NN 2 - ow ww X o 2w Www O
E « Uy saww—m QO N2V = £2¥0 - e IXVU = NZOoNDO X
D . O 020 T eg o NNt ®il) X QU PO D seD e 0O
O« w e O DD Z e 0w @~ O <L) W AN ZaZ2 L
< 2 22 sz X Xe et Y=t W X0 VINXK = (He e T Z
DV L =T aa)GX L e ey - Bl el eae - 0 e~ xxt i o - ee

ro— LU = Wous3 = ol w ego W Wl iwid Mo
“w & D ax - WwELxEr O LuXILES 0o 9 o ———— O TOESETE O
=< &« Co & & Erea O 2 O EEeQOeemid XK -~ O —OIC e et it N,
- R W =CCTCm ¢ < == T0D | e Lesee o ZTCOIDLULND
= e ID ses E Cminies T LCIT=IT | HU3 DeieiD b ecetm "I T e O
D &2 D s < e Dt < L SDwwwew v e U2
O « - — O 4~ W E TQ- J TV e ] OODOQASHE NI
X [ S T F T D NENCEr = gaiellm2Z D WS ee,mOulu S md-dd-—Z O
£ = o 10X () O OIT2 < < U O Sl Zlala O @ oI
D 8 —d gEe = DAQLMIT W SOVQVJIU - DU=TOINT d COCOTIODI N
v« I amo < QUDV+0 & COXOXW L O=BNOXKXX <€ COVOUOVL NI

e Fun o « O + (%] & O (8] - *

- - N . L -4 (V- I - o |~ @]

« - - * a a - -O

L - L L * . - L 3 ©

- . - « - - -

[SISTX] (¥} (S} EIST5 (915797 [S15]18

C
. C
c

!

JACD0S60

CND



113

COO0O0COOONOOONOON0OOOO00OO0OCONO0OOOONODNO0000DOODOODD

=AML O CROANNI DT ROANNMIFIN O O PO NMIEN OO NO~RNMENIOOT oM
COODOOOQOO rtrmird sttt b et =t (U NN NN N NN NI MMM MIN N G & & & & T €S IDNDN
COoO0O0O0OON000000000CO00D00000000000D0O0000O00O00000000
OO0 00000000000000000C00DO00000000DA0OONOOOO00DO000
CcCoN000000000000CCaASODa0CO00CO0000000000noa00oacoOann
[atm el e b fodm o latol e [~ Tie]e atele e il ola [ale ol ialgaml ot ole bl Lo Lo [onl o To Lot [ [ o [ S il on o depl g |
I Yy I N Iy I I Y LN NN IS I Y II IS XYL X LT ITTIT I

Al -
- -
- »
- -
- L
L] -
- -
* L J -~
- L ] b
] - -~ (724
- . ~ %]
- - (724 =t
- « %) - (=] -
- - L -~ a, -
- - o [24 - (%24
- - Q. w o 7]
= - » [ 0] et
- rY o o o [=}
a - ° a ! Q
as - N ) o 1
=g 3 « ] o L] o
[- & - (=] * - [
ar -« L] -t - -t
bt ] - ¢ 4 x -
e » - [ ] - »
e * . o (%} (-]
e M & -~ (] (%) L}
e 4 1% o~ [ «~N
Ze T » (7] -~ [ ] -
oy e g - — s a -
NNa <« & ™ o (=1 [7e 27 1 * -~
—a X a - -~ L a [memedd o 7]
<» ' e O 73 ~ L o {om - 4 1] v
e O & = N ~ =] [ XK= 4 [
Xa - < - - w e LLK"] - o
ea Ul # X w 3 (723 0 - ooa W~ a.
as I & X 0 o & <L - L N - «
SNa H a2 w << » [=] O w —tet ) << -~ o
xs L O (5] - - i) (O} 0
s n « Q [} - Z -~ Sy 4 N N
S8 Ul «~] (=] ) —- N~ = v [41%]=] O = L2111 217, 1%))]
s I aNE e 0= o 3 LT v Na B = B oNNNVIND
Xe << alQe=s O W a == [ e ] 2 Q- o ZZzz2Z
—r D B ey 3 0 oo~ o - g 0o Q = 19 IOOODUU
QTr | & emeas N |- @ Qg - 0 a ety - W o (CCCCCC
Ta < «T 02 0w s ® a0 ' nrey £ ) y oD e
Qe > e« Q7 -~ bbb ] O W Okl O X 10T.ITT.ITTTTT
wa Ul sFEZTT~O W +NINVe O = MINNNO O > w sNNVVITNNINNY
e Ewwl l »ec =z Z2ZZ e C ~2ZZ2 0 7] ~Z2ZT2IZTZZ
La i «TXodedemimam £ NDISCA— ~ 1 wO0QOT= ~ w0 wwDoooe=cOD
Qs Z ssbww Vs _J QUL N O *LLLY~ M X RYCIEIZTRI XTSI ETES]®)
Os ™ «dKUIINH™D e O D . L *  Ow
e k= XA - ZVEHNNnN W o 2ZnHne w ZWODIIILW ey
« D e wCCTememe=Z o D 2 O 2 Z £ Dre
We T aX Xz s O Teamanaa ¢ L Tammomom s e DO T e
29 T 5 A0yl L deeNCIeM LY P = OINe W W >R MO T e NS
—s T ¢==2 (31519 1 B eessree Q X crree 0 Lol ol o L IR ol PO
= D et N TV ge X HeClem G D e Bt I 3 S (] e G CI N> D
S& V3 a0 - ey P L4 - 4 et D= "t P e et v o D
for il S e 2 N0ONZ L =XXRKKHTE e XX T O LD D008 MK D D X e [
Cr N s d il = NApepet e Dw L bbb D e G) LS b e b b b b e e e b e T
Ty = e EDT— < < Ta<SqIL T S - Q@ T ITIILCIILIZ-O
De I «XI=I23CEW X STEITEXTwL SXEIIET U «w JOXIXIIXIZTEZICWLZ
e H a=COLOSOGH a weonooca— Q Vacaoootr . [SlSatelalalalalalalalalS adN)
® -
- - = D
« & &« -t - > - O ~ @«
- - - » L L
- * . - L3 -
[S{G]ORETE] [E1S1S} RST8] [318)

[=1-T-T-1-ToT-1—T-1=1-]
SO @ UND =T el
OQOCOOOOQO ™ied
OOOOQOOOORO
O0OOO00O0ODO00

L IL L L LI LT
FEASIYIIILIXY ITIITITIISIXEIX
THXEMISTTONLT TTNRTDEATLED
- -
- -
& -
- -
-~a »
[- 9 »
Nae -
<& »
Da ]
e X &
-y - &
Wa a »
Aa = a -~
> p o « O
~a T » -
Zx = o
- — - -
Te zZ a O
T O 2 -
Qs LS ]
[o 3 ] = - -
Se W oo o a
e O s . . b
we < o = <
ax 7« o ™
<a I3} . w x
e Z ox W -
e N & a -t
~a | 8 =< -
we > & T [=]
Qs = » 0 o]
s < ¢ - o
2a X ¢ =~ Q.
Z« - 3 & ~ o D
oy ) & » - Witdud N
Oa . N 1] Qo -~
oy L o W Q Q2O W
as I &« Q [=] ZTZ O
<s — & 2 et O
Oe [ - -4 = rsee 2
e N p~g - NN =t g
e uwl BNOD (g D e hnd
e e 2w - QOT W
T L 21T~ o b= b O30,
e D s =0 O OO XL i-qD
T Jd T X ® gt T o
g € gl = <cooLLuovo
Ne > s 2 © o
L r & reww o npyay i
— @ IO bt ) L
<X x a3 X - - R el L)
Ter Z e WIITTZITLIT oTX
Lor e . X (3 ACILINGT L LN
¥ = ea.T UAgEILILIIIZ T
e 2D «Xx CUIIDIACES 109
2% T » Z20CZTITIZTIZIIUEZ
e ® 2= 2 L N N
g T e e ] e NIV I DY
D I OV b e 7
Ce I a=ZTOILXXKMMXMMXZIXKr<(Y
- PR P B 1% o el and ke d ol ol o den )
Te N 2LEd <L L T2}
e = 2 T=OAQVLIETIEIXILIXOUZ
Ne W *=OZOEZIOCRCR_CBOX U
L] -
. -
« & & [~ 2
- L] . -t
= 4 =
LOLLU

00000 O0DO0OD
ME OGP O =N @
i ood e et b =t O\ (U ON NI N
00000000000
OCcOO0000000N



114

NCRIToPRIPSoySINVI¢oSTEFF ¢STEMP,
FENA T R R NSNS ARERT Lo AN NI ITY

TES THE STRESS INVARIANTS AND THE CURREN

CTI1O0N

INVAR(

LA ANNERERENERENENE |

' 00ooo0000000000000000003000

QOOOOO0

192)4qu'ﬂ%70|ﬂfaﬁqu7n¥7OiaééﬁﬂfglaoﬂulotJQnﬁb7n27018<3bé7b7

CO000O00OOCO0O0DO0ODOOOOO0OODOOOOOO

T OO0 OO rrted mirt et et mipt 7=t NN NN NN NN NN MM N e S TS T TS

(=1}

00000000 00O00000ODO00OO0OODO00000000000000CO00O000D

23D ISOIDISIOOIOOIBETDIOSHLOIDIBIZSIIID I I 0

| RETZ222LTZ222ZT2IZ2TRAZTZIDITZ22Z2ZIZ2RXTR2TZI2RZ22ZIZ2ZZ

I

b
)
*

nas

SUBROUT INE

Commannan

C

E_EVALUA
IELDO FUN

NE E
YIEL

THIS SUBRNUTI

VALUL 17 The

[ X T
c

ACL)*»DEVIACLI®DEVIAC2) .

(22222 AR XSRS REAREREN RN ANE 4

- -~
- L.
- o o~ TN
o . = o
b e ] x Lot
W < 7]
- -~ > -
N - - ) ~N
- @ S~ -2
-~ uee [- 4
~ Q Dww L3
- X wa >
|2 N - bt pp Y
| i DI (-1-]
< O [IRTN ..
I + [~fe]=] Alee
L -~ tas Ow
w NZZ Zaaa ey

-~y el <TNee 2]

~NA ALl Weww O
12 EEX X<<L =~

nR7JLScu [t ndenimd <

& B D) ) 1233 DO

4T ewamamallluiad ey
Al mOemNMEeCOON M

BT D AW w s & § "Jonjoem,
2 wwO~QLILAA~marOQO
ALK WwETET NS 0] 0
e & =OQ LUl w20~
A DN E el I L ok
PSS N 270 & X7 Py Tl o T g

[y et e S>>z e
[ Y- e Bl HicwuiC oM o
v et cacnwI»
P e -~~~ Cile =0
D et M LT oW E 3

- - — e

P LEQLUDSIOIDE X 2

<

.

o
.

=

22

oo
-

=y
D=
ot G2 g e
[T e L]
(el s
- 20
Qo
O} »
— S
[ P-4
st -
e b (M)
-l -
* ey
Lelelal g
)

(LT [ I2d JET B 4 HESY

St g

2.0+DCOSCTHETA)» STEFF

S

P

RULTS*STEFF

H

[*STEFFe(DCOSCTHETAY-0SINC(THETA)«SNPHIZROQTI)

Py7)* 0017453292

): : 1]

< 2= 20
22 ALMNTEMNISToCxEZQX AID..N.:LAIDR
P T N e B T e e et T IS o Vv Y o o 2 o S 1" e " ~l o
W wlbike L e D= kO LD
e E=QE LIS A L O L T = DU S T i 3 T 2 2
a=CrnGOOe U= ONOFPE SR >>EZ3> T N >EEA NIX L]

a -t

‘Cnoa

Cosnoe

N

Cran

”m

¥
=

9]

Cawr

*SNPHI/C(ROOT3I*(3.0-SNPHI) ) +STEFF

OPe7)» 04017453292

- 3. T4

ot

L 4

2



115

O OoOOoOCOoOO0
—N & INC 00O
O OOOOOCIO
O OOO0O0OOOO
ooyl 1-T-T-T- "=}
NIRRT N
Pt At g et bt it ket
Laak ot oPabet X 3 S )

RARKNEOARCRANENNRBA N s cab AN bhARAb O bObns

THIS SUBROUTINE EVALUATES THE FLOY VECTOR
*
v
C

s CAVLUTOUL VIAJLIERUFSIMMATIDNL T o
o SUBROUTINE YIELOF ) S e S INT SV STEFFy THETA S VARG D) TPNSTRLY
cﬁ'.‘..’..‘ SR ARYR AR PACARRN AR A AERNRRANRERNNAREI N st nd AR ARARRAR L n

C
Corens

OO0 OO00 OO0 00OCOOONDOOOOONOONOOOOOOOOOODRACOD
SNV OO C OO N D0 N = I @ NN PO NN N O D TO M - 1N
wetrmbad o ot 0=t 9t ot ot O] NN VNN NN NIY MM DN NS S F < € @ C @ S UNRMO UL
SO0 N0O0O0 0000000000 A0O0000CO0N0OONOOOODRNOOO
OO0 0D00COOONCCOCOOADOOOO000DOOO0COO0O0OO0DOOONO
LWL LG WL LIS L) L bl b et L sl W Lt W L W L) L) Lt Wt A W WL b L L et L L L)

QOO O0ODOO00DS QOO0 O00O00
O~ OO NS N0 DD QAN N O ON Qe NNC N O D
VDD OIS DN OO DO DOD = P P o o o oo oo e P €2 L0 O X O R RO
OOO0COODROOOO0ON000OCOOOOEODCO0O0O00
[— A=) [~ 0000000000000 00
LU LG LW Wt W LWL W L WD W UL R LS W eid

L S W I T B W MR S 06 G S R S I S SN

AC3)#DNZVIAL3) +VARJ2/340

-
w oo
I ° 0
-~ W men
] [ oy
o ©» NN - -
L2 ] L) Ve «© "
- o xee> =) -
'l . aClwr ) " [2l%]
o o~ 2DCO - (=]
~ - * e n 20
P~ ~ -~ e < &
w0 - TeLN ~N ey
DN - =1 ~ -«
N (-4 <y 0 Xee
2 00 —~u ot o O\ b —
a M nid S>> o~ 2>
Sen —~ - —t = Goiladw L) 0 -t
=~ N < <~ ) OOCO ~O 708
weOc - [- -4 . n +X
<. % w KL g o ~aDeaor - b oo
Ot ~TamTo ~ N NN O Nedie=Q <o -z
gl -<a-0 < < Z2uw < wwQw2 - Vet
LRI o W= LYatrs <Ce T o wo on
wrnclouion O vt et X e o L«
O~ NT eI e O oo O H> O > o> = ~)
Wiw ¢ -Mimietaty = Qe e | U W o= Ll e ~ - -
CAC U wwwww ) Ao~ O - O Cc I @347 Pt
oz o228 n0ne WU W e w - oz <29 -0
e ¢ LI =TT v > NIl S e 3 NN ok LxO Ng
LoD OO -~ b - ox o o
e p b ol alaTated - mama L e e Wit <t
b 0 e i€ E o bt et -
- om <« wwww < o g v < HugaMTINMO
mid I TMTIMND J et - Qe T mmmnO § OXwDnemnDe
O w e D g D wkg O <cagga~ P Ze ZZ 22
- = ZZ2>000 O GLOL O QU O woow L OzuOwomOo
el L <=0 C0 o Wbk — CwWi O wiladid ¥ Ox—_OuecOo
=G HNQOUY g 32333 I CGD> I 2D> =
Q ®) ()
[Te] n x o
— N a - - - N
-« L ] - -«
hJ - L] - -
(O] %1@) 0LO = VL0 oo @]

1

3+ 3= 3o 3= 3> 3m 3o 3= = 3= D 3o 3= 3 3 3= 3 3 o 3w I 3 I D P 3 3 3= D B Do B O

- *
" [ 4]
- (2]
o =
[= i Q
[ g (8]
L 1 o *
] -
I ° -t
[ o
-2 -
-y (7]
- -
102 ~
Lal=s o
- <<
2= (S}
(=] td
[ I >
- *
L X4 N
-t w
- 1w - -4
m 22X - a
- O oy (8]
[-) o U b < +
- 0 +0 e. -
[ x -0 & -t
- « Mg 2 «
) Ot e -1 [
Ot ) 2V N [}
on -z a2 oo -
[ e} 10 =0 [Vt -
e (1) O a2 o -t
L e Hae T» ne <
< - batd (S
"~ - T e [l g L
L] D «am -3 >
< ¢O Dl o e
*~ O -~ ¢X 0 et
o O+ O Ow -t
48 - "y L P-4 ™ 0N
<o o~ it ot 20
Ao o0 w® WX -
Lt 0 wae —Cl -
ax oy [=1- S Lor] [- 24 [ Ko
™ W o S X (19 7% ] (1
- v b _— O o wwa -~
e INd S8ngas y 2ODD et
=" e e e R =R R K N . 4 D et s e Xrd
o = VR UIOm IO U & NI ET e
o o IO cor - = - ] LU
b g il dlia el o o Do
L. b=} =] I 1 P eaZ
G mNND O el M NSOINMT & el MO
- AV U CTertleuduee ||| TNCEetouD
x 232 1 2w 2= 2 2= Y GQTE2I LPeC
[ g L] x QLoD o O 2=oC=0O>» W2
W [B]S1E] W UK=L —W WO W NOLOLOT X
> z [a] -
[3¥] ~ o - [~
- - ™ -« ®
- = -«
- - ®
0O [S1815} oo



116

OO OO0 OOOOOOCOOOOCOOOOCOCOODOOOOOOOOOS
CO0O0 000 MCO000D 0O SO0 NOo OO0 OO0 0oO00 0WoOoMmMme 00 SN F N OO O NI € 1D DT O I @ VDt D0 Dot I € 1) OGO O
DLNO DM AL NON TOQ=ANTN SN 8y TN NSIDD Ao NN O COCO0N0OO M~ AN NN NN NN MM MM e
COO0 OO0 rimmtmtricirt mINNNNNN NN M9 09 0000 OMeteirrtrtiet et 000N 0000000000C00CCO000R00000000CCONS
OO0 000 MWOODOO OWOOOMMO ess 83 a8 8333 M%MMM%M oo 00000000000000000OOOOOOOOOOWDOMOOOMWMGM
OO 000 CO000000e ZZZZZZrZRzIo2 ZZZZZzZ2a2z 2z
SO0t MOOoOAt OOE00000 00D 0o Wi LI o L LU i) BEZZZ 2T I I I T ZZZRZ2TZAITZZ 2

Jdd o dd dodd SIS IS DD D 2T ZTAT ImIToArT ox e ddd I et IR T RN
AT T I TR T T T TR R e T TR T C0 000D OaRComMnG 66 i S A At S

FEAB3828
8
:
g
0

* «
w e L ]
. « - b o « &
. « * - - . &
- « - b N a a -~
« . . . * 2 s . a
. Y -~ b - *mia o x [
. « %) -~ - Wikt et - < —
N - «n - & an.e« 2 - © w
« « - - - O<Lle = * x nq
. - Q -~ b ZT s o * 3 =
- - a - M 2Ma - P -t %)
- - Y - & a - - ore O & o - -
- « o i —a X & 20)s =2 « -~ o ~
. « . 7] “e o s wera e a o =) z
. « ™ - 2« - . TUle X -« ® - e} «
- « ~ o] e < * oa.e D * o i a o -~
« . - a Wa s * Z0)e 0 —— o [T] - -
- . ~ . [+ a« - a5 PR bl ~ N
- . - %) Ll 1 ¢ - o < - = - P
[Z . « - %) e M £ = e « - W -~
a . & - ' . o << s N « J - o LW
C & @ a ~ =] e QO « a Edte = . oW 2 = x &
x x O . [ [N Ter T « > TY's — & ee [T N Ll
O & = a [3) [} e oW eema < & dnem [~ - [ ]
L B TR N N o >« * X ana " S o - D e
L oE W~ > ¢~ We > « o Owia - & o~ - W . -~
O« > a2 e < - - »n Zs T « o X« 0 & N - a W et
> .« 0 * [%] - 2] - > « o b« & wld (7] < o« -
- e D e - - 7 B G - De X 4 &= + die QO . x = x -
z « o o~ - - [~] o Les o~ 20 —~ coy = & b o I L7 ]
ema O & X - 0 =~ a [ >e - o« Z @ n2e I . a0 - « ~
e = g X - a & < 2] Lis o ¢ » a< ' & T e W -~ - -
U F & w Q ¢ w o - T S 2= > 3» acgs 0 a Qe - ut x 0
uLae 0N « @ W © = . ~ > & * < Wit P T ¢ o o) -~ o - -
SX e < & aQ > ¢ QO - - Xs | s x i Wnie 0 @ W - o <
CXxe 1 a« O < O WMo [S] =+ O « & .o eceey O a 0z =} - b3 xr wn
e 0 « @ ¢ e DIN W <« + O Wid x« L & oda ] ~ - o n
<ot & a a a DO\ «2DVD > e W 4 = o -0 e X & NN 2z ~ L + -
e UL & e - ETOD +IXZX QO O+ I & = Lt <D ia ' o - I e 0 -~
W= T g o - WLZT allDw - & & Me v X« O . ONW (> [Z ) W e
ITN& - ¢ @« = eIl et eDe -~ ol d * «x - on * s = e 20 < L% | x|t
<2 x ¢ w - U mAD g womad o - < N & e — aey (N P ] U< o - — -
cea N & NOUL FHO>a =emfNag o T« W salin o© X Cwie LI aNCT QO < o nee
- e W e NO NED W @ Unwaw - Qax = aNTZ s E -0 2 1Q o~ ox * - N g
COr = el = @ pmaw L= O Cs o ajee o Fag > < *0 e o222 WD I ] W b w)
L ¢ € DD mrmaAlCw UUME DUOw et o4 QO &£0eriet - Ju ol -« S ¥ Smpmam el Owil () NN D¢ O & ZOViW
S, e D 2D WiShrs WWwO QUL X~ Xe = 4 exXUTI WOD UZ'¢ T aINGLOD O0 = see La 2 = mulle
Tl e ) 2T e Qeed N DD, WwIDOD = =& = aToa i - o« < | *oX OO0 T = alNed 24 H NONT X
e K s DLOOY ACUD ¢ LT VO Le o 41 NOEDIA - x « > tINENEZZ Z¥Z < wow Zw O Z 2=
= A D aqe DT D s wlit NE 2D ZLE T« 3 2122200200 <L« Uy ¢svwwwdoee oqy K TTT o2 Z oo e
C. 3 4 s QL T ) ity ST R T avew2ZZda2ax [ D ¢ EITNCAmet ~QT = ¢ =< B ™ ~ -
X . P LAl wal o JoiCe md s ] T2 el ] EFCRX ® 0> ST Z & Wz ++00Ow *0 ) a<€<o « Q 1o ey
T or L o« e sdiN= 2D D<o, 23505 +'u We W ¢ s b et - A ZZ IO IS QS st 7 H 1 i e
- a2 e e ICNEEZND TAEE TN NED T+ Z 42 = D) - e > sadxan e o aSED )W - -~ ey
U e w o3 WD L 6T e LOu D ™ e E fEXIECte el ew + B sucootzzeouwaz T - o WO
*  ew< WASLIO oo 9 X~z o Mot NI O W « 2T e¢x iy 00K = NHBHCH & oo e
woe 2 e aCOCeDdAituny ZBII o @ e = L K-S Lol Z « O « =2 aOoJooTe = C e
E & D e« ZOaxoyude =) . TeOw = T * Z X = ¢« I «+C O & © W AaamaZa U HIWWA
™ o x .0 LA G Oeamaaglaana » ladd T AR et L 210) E + o - —p W ol et o IS padt e T I
S e X aeem N Qe CIY g e O ) N aedd el LT o T 2 . 20 +«0wn w € wwww w - P 2
D« D sn0 b Nwwww ||~ =2 D D LN FmwDewSZ O « = s~z NOQOLOII 4 ZITZ202 I OoVOVNZ2[X
O % 0 462 BNAEN bbb e D) b b pe T T L Ce O wrmz - oxcx X F i ANNNECEN D deaamg = FLUSWZw D
& < adisd ZNOdwe JOL OO JOOCOS BT x 3o ANE NG5 5 X « 0V «0X ~ Q@ adC O e o & &w FQ
51 2IERORRLAMpee e Bulo 51 2485 oI E3SLS 3 ¢ 2< 1% Boad3gld 2 EEESSE o ofofi.i2
- & = 4 Xre wXe > - (22 - «a o0 € NVNNNCKY ZE O I _ (YL
W+ T am0 A Tu~uwoOo0owdRsoQoRaXil e T a0 CCOcOGOXW ee HlUl « . (¥} <
oe — a - « F x - « - oo [-3 o
x - o © o « « N « a - - e L Y <
« .« & © ~ o « ¢ L J & &« . -« «
L « @ “ “ “ a @ - - -«
« « =« VOO U0 WO 2
LULOU LU O _ ol

i€

1
t



APPENDIX D

Finite Element Program For

Nonlinear Strain Hardening Materials




118

FINITE ELEMENT PROGRAM FOR

NONLINEAR STRAIN HARDENING MATERIALS

o000

123‘R:EIBQKYI23‘é’!889ﬂzgfé‘sﬁ;159.1:‘54567.3‘9123‘6

ot oudnd

[ ~1~

221:!03!‘!33!:3“‘11“

=l oind il ~Jelel-]
P COHNOO
< eeDNNLOON
[l Jelel—]

QoooooO0 oo

'Iolololol.'.l-ltoltvl.lrlolololflfl'lololololto’vlfl’l'loltlT’ltlt.lolol'loltflru'l
NV AVINNN VTN NN N NN NN NNV AVNN NNNNNNNAHANNNNVNNNHNWN
iRt tttd ittt ittt ittt st bty

SSe

X N T Y R XA R R YR AN Y T R N NN RN N A NN AN
1
L]
’

AR OOw NI

1= B L=l &

Skt O ey~

- e el g e
Neaalld O.a0 NN
*ONE otNlm N
Oed & @ 6m oG &
o SOmm O w \Dwi
~_O OO SN N Pw
WO St OwNweD

ASTO-PLASTIC ANALYSIS OF PLANE sT®

XISYMMETRIC SOLIDS

& Boayuim ¢ QO eDeND
2LTO O™ ¢ «eOOMO o
« |l O BOAme O *OIN &
- L O MNNN T NG N Wi
- Wt ek WP W b N

R

s CNwRAELO XOXLIZ
& MO =ONoOx
AT L ODNU EL b=
o LWt CI o= AN
o LlxOw=Z 20 NN-2O0.
hRth

TRAIN AND

.
T
0

AN FOR TH:
L 4

S
ve
Ct
S1

MSTER2 PLAST
A N I I I N s R T R Y N N Y TN A X T

DUTINE MHICH CA%CULLTES THE HLRDNESS V¥ALUZ
NIAXIAL TEST DATA

LEM MEVAIoMFRON,
BARSQNGAUZP
NPROPINSTRE,
T16P,

hgcgﬁ:ﬂlfnﬂcﬂi
NE

MOST OF THE PROBLEM 3JATA
*

;PRUPS'"“A'S’N"‘TS'

"NhETRVREARA
PoPRESCoPROPS oM

'
]
£
’
B)

¥
X
N
0
v

MP MSTLF,MTOTG
ﬁEkEQ:QEYﬁEK"FRDN’”“‘TS’ DINGHMSTIF, By
READS

gER

MB
CALL THE SUBROUTINE MHICH

¥5§§J!8FIX9ND

M
CALL HRDNS (USTRESyUSTRN, N?
HVALU9YSTRES,PS

CALL THE SUBR
ARRAYS FROM U

CALL O
CALL LIADPIC

ter PRESTT VARIA3ILES ASSOCILTED WITH DYNAMIC DIMENSIONING
’

E..u

¢

Croten

c

coe
e o e b o b
NNNNONNAOY
IEEIXTIXTY

RTAIN ARRAYS
2 h
E

H INCREMENT

TROCEL
i
L

CALL 2
LOOP OVTR EA

INITYALIZE C:

(X X

(&) [ZI9]18)



CO00ARC0000000C000CN00ctO00000NG00O0O00C00000000000D0DOD
BT OO TUNINC T Dt IM ¢ OO DO =M F IR DN FII DO D NN SO OO
DO OGO I DI I Pl fu b e e DL B L L DL VDSDIPNC O ONO P NOOOO0OCOCO
o000 CO00O00000R0000CRC000COOOOOCIOE D DO O et rbet mé rmé wd et sh vt et
o000 000MRR0R00A0000000000000C00000000000DR000C00000
P b B B e e o b o o e e e e e = s o e o o e e o e B o o e . s o o
NNANUNN DT NN N DN AN NI NN VBRI N DNIAL S ADDT NN NEIAN NN NN
rI I I Iy Ty I I E I I Y T E Yy YIS Y Y LIS Y IFISI ST ETEY

-~
o -eoa ;4
W - 22 ut
e 4 7% ] et J
- [} Lo - -4 jae )
D f | [T ) X [ -
-] 2 —EZ 47 - ax
— [N} 2 -eee wa 2 (g2}
n x oo (7] o3 28] o0 wo 2 0
Ll QNG ~ Qs ldeg (1.4 Cu. cw +
[a g N EIW 0 Z>Nd Z0. (@] =] 22 -
N I o {= B [ININTS L Ze- ce D
- <O < 23 4 v - xu} 0
> Ll x E2X X ~e o Q=0 xQ o W
[ — — seoe 2 XX 2O oQNn - weg > X
oo -} xZ NDX o » =il el k= o ==t
| <€ Lo =L {%]. -4 b =00 ~EQ Od 22
s = < O AT [T N~ LR K Z¥~ .o D
> om T T 2uLion —T 2 Sz .o vz o
xx < o —2E2d -eon Wi—Q, =% > O
Wty > o ? eewel Qet-Q =27} -0 < 2D
[ [T} N NXOZ e Wi e g ¥ (=17 ea O
—Ty E [FAEN S WL J. 47 ] =180 —TXZiim ot 2u)
EZ- I < 2 Z24Jdw—0 T - -aZ o7 - O3
-en -2 (TR NN 1. TR 4= g DS el — - - ra 2
rao - e u 2T < - oo =t QP U3 () foaden | VIS S
< x > - e e eal > QMY s _| < -l
>0 3 - — 23D — L QT > e O
W 5- e [ B g - VO | —tEO L 2= Li>» - 2
P-4 -3 - N [2]- 4 <ol . eee - af. -
ool < X au Qx> w2z (17 10810 ) - b LT
bt ol - X wIyaTrT - e Lol 181 =] > —n -
te) Z o saee Ntz el i1 (WS W
- (eI aZza - = —-EZui 0 -=0 W
e — t L SR tD et 000 WXZ2T L (S =
T2 E e 2 ooue a2<a co e P-4 Yoo -
E eee o x 2a.00 Wwazz TV e -e ey
Z NED - - 2 VIa2 [ it NI B g O=Cr O
W Q< O =x 0 weoesre NAXO Ll X [a]e o O
S 2J5 0 W - N = Tl W= fang el ~—t— | —
O =uia - - A=A O LXZn2 ZZ D ~EN O
x & [ ] < L« aO>0. Lot AdEZ W wes
O **- — D =T WL EZ v ORT=Z s X ACX Q O
> c2L 2 D e - —TZ2 ~eoe e e AD e b L S
= Wwan O W o < Neoeeo [«1138- 24 O =g W 2 DTu. O
[ I X SO = [UIS e Sl g X DKUOon —> @ TJ=> & O
QO = DX e d oW Z YRS L 3 5 ) D2 QA VEZ2A W~ w ZEZ W
2 2 LI2 LT = P w32 - OF 3= B eeeece ) mZ X sea
- L ees O - 3 SN WOEZ VOLTFLD Z oo cxa 2 Q
2 X CXX W T I e~ W QUIZZWN seeea J QXD W QXD L S O O
- X Qe = e U O 2 VCRLD € 28I S Qi =~ <=3 O
- D Tl = e — b - ° T D AL o "I o0 -
HQ u>d> T XT < e N OO 0 KCAZZT W Ll (7 a2 Y o
WEZ T 0 32 e [ 2 WA - S W2 e e << %
17 B [ &) Lz T @ T D EZ> O N Z - o O r 3
[ T S < < X L e - ol e -~ [ss I~ 4 2D W3 [
oG S T w2 L I » b= X QoW 2] 8 Z .
- = = - < Z P2} > i X = x
- << W e ] - 2 p .- z 2 L= -
- -] = o 2 b s - -
[=IR > 3 g 2 v b < w O — 3
o = s o x x T D wm - 2
— 1 - — X - o > 4 “ a0 T e
- ht 3
=T c | 2] > o < [ — < %]
o < T =T 4 < - -t < - O - < = uwo o
= - O -~ o < O = - I O < z O QO — L~
E4 - (@) [ A (=] 9 —
- - - - - [ 4 - - L3
- = - - - 1 ] » - L]
- - » - - [ ] - L] -
[SIS]X} LeYw Lo (878 (518 [SISTX [S1S1S [S1818] [S1E13]

- C
C

[=1-T-T-T-T.1-1-1-T_Y_ V-]
N PO OO =N

NN

(=Y -J-T-Y-T_Y-Y_T-T-T.T-3
T e b s o i e o b
LI NN DN NN
IFIXTXEZIXEIIE

(NALGHL0.2) GO TO 75
T
{
F

50 CONTINUf
u
L

100 CuNTINUL
crne
[ R

l

Cane,



120

OO0 O0 OO CODOCOOCRIOOO )
O IO 0 0D M S INADMCINCO =N M OO0 OOO00COOOOOOOOOOO0OOOOLODOOOOOOODROOOR0OCOCODOOO0

DODOORO O Chirt it rdededed NN N O ENORDT OSSN AN TN O ONO=NME NI RO NMFN IO O NN
00ODOO0 OLPO DOGCROMWOOOO DCOOICO OO mirtrut it et et rd et AN NN NV NN NN NN NN S P L T S ¢ S SNDNNOON
OOE000 OGO OONAOOAOOOO 00000000 DODOADOOD orooo 0000000000000
FIIZITZIELE TITLXTITITEESS 00000000000 COO0O00000000000NONO0000DOOONO000OODOODOOMN
T —— atactcansafanccagoncanasaasfsoadannoscacossgacasasacncaassan
oMo oMo aoccachoncO DZZ2FTZ2ZIDRTIZ2TL222ZE22IILZTZIIZZITZAL2LILZZIZZIZI2ZI2222
b - L et et -t
- -
[T - - - e - - -
- oy - 2 -~ o« - e
- « = xre a [ Ll
v . « -4 el ¥ a2
E w « w N « - - = - 22
> u L'y = 23 « & x = 2 e
Z « « g o * < « o=
- s W &« -] wey: a -« > e © -t i
O « e - < xo & « W o -4 Hid
a e F 4 - > =0 « - = Ly woe
T a = & L ne « « > o « (ol
> & = - b < =0 « “« - [z 1] X —~ O
[ « - *e & . e (%) > D ) e
- a O - x a0 a a o~ ben | « X 2 X o
< &« - w cn « « O e o O e W e
L ¢+ T « ] [~ « * ~ 5 Z uw > O ew
T & - . t ax « « T 2 z - > = =2 wa
* § . = 20 r « WoWe - w 2 - oom (¥ o om
Z = « - - & * - Qe > 0 [ TzZn W zZ 02
T« - Q L. 0« « U O« -l - < X —_——) O Z
EARE N - « = -t 4 € ¢« T 2w W <« x e T O W e
wee « [N - - DUV 2 = 3 w  en - 2 = HE ~ ¥ c el
Ty - » = a™D ¢ <« x % ¥ <« 2 - w 22 0 D
oNe o - k4 20 4 0O a4 O e - - i e Lo = = WX
TZx e s cee oo g ®« I wunn o w o e ey W T XD
< eoa O * NTE XX ¢« |- &« T DX 1 [=] (= ey T o D2
Sae O CCUl w4 5 & O Fee P 2 - A e 2w
LCae [72] - Tdd WL & 0 o« * wain) r 2 Z . ZZ< - win
ITxe 0 « 2 22Ul O3> . > 4 A DD - Z - 1 2Z © x N
Q. & - o SZZ2 22 ¢ = 2 D et - Whig T ee 2 =Y«
2 « « cerooosmgy « alieX o itd QXX NEN~ o - o2
Wer O -« w RHRZ2NWWTE W ¢ OTXWE — o Dol N Sopd & > 2
2% W - - L DICOTES T 6 el e ol ol =N eXgx O [l L
L e * +* LULOKCO»D & = a Tdep2 2 =0 SILIN eI 2 X we
T« o * © LDPOVZ=2s o wlhiemd r z=2 SaT sese® O W e~
eOa I - e ETZZ2Z o4 L & NI O e XN Sl se a ~J
<2« = « o socoeaZs O & rmwwen W ¢ Ll O Lttt (AR P o W
w e X a -~ CRTNNDIX « &4 WD QO 4 W2 e e aDt L  WE
Dxe < « -~ L Dpmbtm g |~ a LOEOQJ & O w2 = Dol fOHQU L a ID
D > & -4 COMKKDNE ) ¢ wLAO~ Z e (%2} ZEx - O> Z I 22
T &~ Q COWIT=De O « eQDan < zZ P4 * o LNINZ2 2 C Dw
> O -N x CISZ2SZ e3 T smaZnanN - " T~ Q2L ee O * w
Ta «t U ceceaeeNa ANN e 0T @ O X&= [ Wt D 22X O x 9Z
- oy LU «Q T ZHRNOWE () 4| ema o) O Wi L2 DT elO. 9 e
> O « & ¢ g = & = g2 TE NV < < m WO o220 .Jd>» o psg
- LU -aT 3 TEDIZDO=x O & Seiitibag O WO 221 e Wik < —-Taxr
20« @ L | o 4 wh Ol W s duaX L Z2Z u F2nnees rEXRTZZ O ZLE -
Whee 0 < < [T LZI2ZTDa W ¢+ | QIDEX [P << ee O NudDZOoZLmecee O Wai oo
XX .~ w fo) N e « U CTETEw -4 E 20 0O ZOKS=Qm e e s a2y Z E il wdld
- o W . x c = a € swwwwwl) —_—— L = 2 CUOOIOX Xa XX JEUE
Qeyg 2 - % «N 2 [+ D= - «+COQXNLI —— 0O Do Z-AaZ220 0. CF—@The = -l XD
Da | 2 % * o< + W eaxEBO. - AT K+ME s +ZZJT ceseln) 2 W D2
—a et st ox Z 4 == « Z sdC-u0r -~ = 2Z 2 20X TeeZ2Z U 2
ST D2 W o ld = ' -x L QqTLSEN -~~~ () AU DA Thars E ~ZTn a
ey Qe 2o Sua O o = sweE2a0 QOIa A NDEUSCded D * el ey wi N A
2« &2 +« Owe oXIw a0 C [ + D rx N = O O AV NS - NI
- . X o G e e T E 2 « O +» 2 N UL ©O —2ZiLL2220 N > 0 = DINLIo
- - Det ¢ — e R AR (Tt — « & 2= I T S et L | o * o L S _jh e
S o o 0O =z - D e P - o oty s Qb= WD g
S o« 2 Q|AMNSN..IGNVVAWHR ] « D x LG CcCORO0Ow = T ¢ - - w e OO T ekt w
T i 0o DL LS el - aD o VT X =2 22222 WL - v AZ=ZD>N0u GREIO - L wd
X & wE LS oc<oEocclxoa @ " - ——————— = O ETCxwmTiie ZZ22ZTZa =Moo
D+ Im +SZTLLSLWEGHSALLINZ = « O «aX XBRXTIC—F (O < XD OO - C — <~
V x =0 smEEXTIILNEITIS2YE0L 2D X e e LwbiwwO < w Oue-Qee CITIxIa < XQIwiX
- - 17 « X &~C xrexDOl WU &€ wZ2mI2Z23 400 w IFcx:®
a o - PEESS nes s = 3 F o - ks res - &
a - « -« - [ ] o - N N
.« « « « & a N e o = -« o
« - -« « « & [ JBR ] 2] [, - 2]
LOLOLW « & e . «
. QO K0 [STERK] LWO



121

CO00O00N00ORNODO00OR000AO0NOD0D0ONCO0ORON0N0O0D HOOODDOOSO
P OIS = NI DD P N O AN T N DL TN Ot N  INDMONO NN IND P O O~ M IN O TN O
DHE DN WAL WD OL L AL IDD MM Pt f P et (V0 000 0 CRDDO NINA OO0 VOO0 €8 CODO O O ot
OO O00000000OON000DCO0O00R0CO000000CDO0TDOOC OO vt ydvmtert et vl et eoded i
OO 000000000 N000COOOODO0PODOO0ONCOO0OOOC0O0 HONOOOOOO.
geasgacaaacandsnatasancaancaianoacioinanannacasanaascoaasasaan
”m B2 222 2ZZR2RLTZ2 2T IR TIZIZEIT2ATFAIII I ZZ2T22 2222 2

-t St et e, et B e ok Sood fod $uret ppodipncd ot
-
-~
24
3 52
- WN
® « -
= >y
w LL -t
T (e} na
= 24
[N] -]
u o o0
[ =] [=] O -
2 - e a
Ll LN o
x = -2 [
o ] -~ =u %) a
(] <C -— -y W ter b
_ o woo- 1=} — -
-l - C - -~ O — -~
= w - o n [ -4 -]
et T L1 Z o £ 4 iN] - oo
2 [l ut 2 x D X a 7] e = -
- x . = - -l Q L a « [ %]
W T — x o < > o -~ Z a -
o - o N W - = et a - L) <
— - W J e (o1 [- 4 - e -
(@] > - O W =~ O = (] n -~ -
= - O 2 w W un =4 a a o -
L] w Z e X x A w e © o0 7]
-4 2 = Z o~ -~ e O s « x & [
o [ [ W = o L @ W [-% a a <
- x -~ 0O QO - X Qe 1 - x
- 4 (%] b L] — A e N we w [ . e < X
Q. ~— Te N e =z - el 2 - b — e
- k-4 -2 I e * W LL [ 0 < < o
w - St n e x ol ~ O ¥ 86X O0oX
Wi w b i) - w & 0 awd 8 u &« 2 =
- e @O © = o = L= [ - a 2 = &
< [ e [ L ez © © 0 W -~ n e
z w *ow O L T O Q e~ - = T L] W &
= =T x F O e & 0O Aax~ (@) uw «© - a - &«
-~ o ¢ o T n O bt — »n o - < Om e
n & © Z «H O n 6 12 T ot - Ll s ¥ x0o O
= 2 I~ o) O Ul O_0O € ud~a 0O % 1 x 3 ae z D
e 22 a0 >0 E 22w~ 0 eR KB (D v ouw 0N 2 we g »
b o Qv & < _Juian L 3 ar—rnarind § QL - O P— W  eed [7]
x D A B we Z Z emZe¢ O QLeXwZlum o a N U X W
v 4 a8 w o *Zam S camo eINHDIULCCU b =~ W LISH-S <0 = o
s> < 2ux O LG o x2ZTe L W D200 Co e o = Xe zZ -
D D e e D eo Deu > S euDw) omD OeX = == x 2% DO W
~ QO e g eeZ O Qe CHEZXZ~+UAlND € D-DRa-~2Zm =1
- & [ - 4 S e O Oy -« 2 2 i il e EZICwN e L w
i o} ir e O = Wie O w = i = fl el 1 tem | T ey -~ [P e
- Z 0 eI~z PZL~ X I ALYCe Tl @ QINAAOcds e Cf
o LT Eut & CHN et ||| G @ o OPKTOZOZdedNE UL & D eSO e x X
x ~ ®mES CNONZ | WONX b CN—ONwelZ 6O =X o ON«wCrLAX B <
- FE=l W ®N\Tem o S5 e e\ue S witOl e CUTIT TN ®em -
= — B0 E Vw e C | Cmlw || TwI el LGl agamiie L dwemeowlw O 2
E d maw O w=EQ O 2 S T whrtte o Qwll = T e Sifiew- 2 D
< < O ¥ Wawlem 7§  oOlWd F Wd witdih TlXig - WIwwoglld o
= <trx »EQSw  JdX T OCOCENm~CE ICOT-X 4
x o LB O =k ] 2 e O = o0 Iwl.adx O e G<g~a O -
O @ O30 < «Qwouw E <oxO < QW eCOwkii0 < SOCwWOxo < <
L E [=3-17%} % Juxii— - Oozw % Bl OLBZ O Dottty % eI W O
= [a g
el < <o o ~ 000 o oo
O « « o o « —Q e o o & ©dH N &
2B ] « o o - [ ™ o & o o o o«
- - - - - -
ov ouw [378) X} v 0O

el

SfT UP 6:AUSSIAN TNTCGRATION CONSTANTS
i)
¥
o]

C;t.ﬂ

[~le]lof~Tolo] =]
NP N0 D
Pt et ood b et vt
ettt ot o=t =4
OO0 O

ZZE22222

St et ek Serd et $ed

CALL GA
CALL c#
RETURN

END




122

onooooooooooooooo00000000000000000000000000
=AM FUNI RN O M T NI N OO M F N VDO O=NMIE N OO O N M
OCOOCOOOO i mirdrmimted mt rt 1N NN NN N CIN NN MM MMM S ST
oooooooo00000000000000000000000000000000000
00000000000000000000000 QO I QOO

e e
DODDDHDSSODIDDNIDDDODDDDISDIDIDIDIDIIIDIDIZIODIDDD

*» *

- ]

- -

« »

a -

- -

- - -~

« 0 - ~

. Z @ ~

a < a -~

- - ol

e O - -

« w » 2 -

«a O - - -~ -

®« 0 L d < m -
~a LU &= o x 1%
s [ - - 2 -
8 - 2] -4 <<
<& O [ b -4 — x
s L 4 o - -
T x - - [ -
-r » L >e < =
(X TS -~ Xy T x
b - <= - -
< N -~ z o
T b= » - N ~ 2
Tes <« v © Ll =z -
-y O . - Dw 4 -~
== » o ey — -
=y » % <L (2] -
3 O » X > 2 2l

-4 | & w O - - i

. » 2 > = -~ < -
Ze « 2 < nx X £
xs *» = Lig x -
8 < .« N L D - -
ne — « 2D < » 4 (22 4
De X - - — [ Woe
e < . ~ 2 < » - o
we = am) [~} |t - |
ke Z BNGE LY xxr < Du
Xe DX al e (= ] b <t X~ -
-2 w *#3IV 2D =] 2 — - 240 >
Ne NAX s ®= o n -t 4. 3%4 Z e [
De Or= +ITX 3 = " - 4 I T — »oe
ws o« * 1 E U oL e~ a g e < MmN

W) X @& X DI~ WS- Dlslad = e
Ne Xk dww = 2 QT Q Tl 2@ - - <.
x 5 Z s N e TOC 2 b= > -3¢ [
[ Ny T ity a TE~23 ~ 30 ~E -
— ZX arX o~ e <D 20~~~ D - = -
e =3 e (O W [% I < =~z [raRie N1 N 4 2~
e - w222 T 1 - — Qe Aaim o~ - 1t

s D xu.D F 0 < b o COIPDO =~ eND N -
Ly =2 e - LT O O kDX i X
s X< ¥ T L KTE Crt XL NN Sl <t =N
—— - el S, T L e t(rL!I((N"er e eyl
e DI e ke = ey W DYD ] ( — -yl 2w =D
p X ] S - S " LU SRV -t ~—-2ZZ -2
== —_ T T Y L Zemes fA = LD e QO G
T R k. T AN X =S TRt e ST
e o rQ AL — T e Z7 3 e <CxX (X222 [l 7 Sl
Dea I g Eee o~ TQOISSNTID <« 20 S-ISSSUWUCIS3Ze o R0 S
Vie ) amC Z OECIOZ0OU W L CoxbLoXuouoIwOntw

- L] — X L3

- - oy o £Y-] Vo [=I=~1~]

- » - MmN s o S oy el ely]

- . . - o~ —t— -t -

L] 2 - -

ceuwolou [(SES 15 [STS1S ]

|



123

OCO00O0O0OTODACDOCCOROOC0ONN0DNOONOOIOCOODOOOOIDOROOD
“ONUMFNONTVOO NN OONOHANM SO ONO NI FVIIDTO=NM P INENDDO NS
COONOOQD D ririrtrtrd mtrd et NN NNNNNNNNMMINIMIMNOMMINMN S & ST CTFETOOINDNND
0000000000 O0ORO000000COCO00CROOOCOOCO0000ONOOCOOOO
el e o ol o e L e L o L e o o bbbttt bttt b=t d =ttt e b E E E L - - I
[a]alelalalalelalalalalolelalalalalnlale [alalelolelnlolalolalelalalTelalal=laloTe o Talalalalalolala e la = T=t=]
X Y X X A X X N Y N Y X XYL L XXX T X
I I I I I I T I X N I I X I I T I I X LI X I LI I T IXTIIXITIILY

* x -

L3 -~ L ] -

- » -

- - - -+

a o - -~ L -

. < - [L] [7] -~

- - L lg -4 [ o -~

« N . e~ =2 w - -~

s I . N =] a x e~

.« - . oo > 4 )=t
. » & VO - w - =1 -
”n « _J » = -~ [a N = -y >
~ e« Ol & o< [%2] - (@) a [ [+
< & AT ¢ ITX w - — - V- -
= s« o s XX o) (%) (I T >
Z & | . ww - ot Q i <
> . T *r 1D < L L - b4 -4
[Z N B~ B - G > x T N ~=X x
- & s o< — ~ - e <
< & 1% - o> =z - o D X
= s = o = (&) = - 1884 X
= e Lt * ee < 4 Y] »x n
e » D> » o~ o 4 o — b e -
[72 200 ST 4 a N0 [ [ /' D (%17, ] b4
a = 2D « Ny ] %3 O] > -~
~ x >0 - - e (%)) o J N> - [ ] -
x = x > o o ~ Wl —~  aa -
A~s 12 & < = et h=T= -3 ] o
sZTa i 2 << a4 1% et ~O - e L
res 23 . T o b - o <« = 0 *
= O r EX < 3 — . >2 =« b z
Dine a- & ww o ) - T D~
Z0.» <0 - 2Z (2] [t ¢ g WXy b % 4 2>
eee T » xXe s | [T = 4 N - —— <
20 $) ® b -3 n —E W= - - ]od
i LW— LI 17 ] b= 0 o~ 2V W \nT oY
—s TH « Da %] w DOV = -3 w x <
N g N » oo b o 2z a0 W+ & -
2 < [ rded - = weea <— »n —t -z
a1 SO0 2 ] Yt b e TH > o =
Nes O NN 0 x cco ®) > 0N - > a<
[ sl oo (] ~a = vee o— (== WL w w O
X I <O *Jny - ) N coco - — X1 n - o
—t s D> | Bt Nee o ] ~ -0 (%3 Wwnn
> sTtag X pay - 'K a< ]l [S < n Panivid
D= e T rizx W - o> O [ -~ oL O a cu<
- 8 DU +<ITT L E<g I Cm e <0 o a> a T

¢ U swww O 2xx <« Oudadd (=] - < 4 -
[ XL o N X S D oo > DT S -1 XU -
Z = Wk Xl O ~wws T [ 31 ETE - TreDDe = TO -~ 2 -t et
fan » 2n « >z et Bt g by N Dax¥ D) [} i e Tem X
A R B HED R B ) - e LS 25 eXi— e U e S ~oua b
I . een <L <t [ B nine = e eZ 2 TW N xe S e

-« DT €Ty = o = e [ ——he(1) D s ke e 2=1=1=17,]
v e 2 ex x XX —e g e -3 2 < b~ L DO b
P S S 4N 2 < <A W SCZES Tud e~ XY X LY X It — ey <X
s a1 &= — N D Qe Ol & L, _- e T el W
o - =< ——y Z =i - e e ] e S el =1 «f - 2Mre DD -
D e Nd— 2N 3 - i VI ui Nw = ) D v Z24
D e X v Z D200 « OD2'wrmt LD RCRWR=— D¢ D700 mmpelg L3
- G S M S AXrie S22 Z0w X2 U XL e =X N
= s L=y X < Swi e T L Z 2 —,—-D2D LY <« < T ool
D a2 ITZZ = W TS o= OCS®MND Tu JowocO <« 2iIc> Iooed 2
B =D a0 X S Z ICTA>u L XC_>ANMUXY U IN¥GSTE 0L O

- - - - by

- - o = ao %)

- - - - 2 B 4 N - Ll o

- - - - . » -

- - - - - -

[BIBSISTATSTSS [BT373) [SIETE) [STSISTS] [SYSTSTEY Q

SOO000000
\OPe OOt M)
N0\ WO
OO0 Q
OOO00000
[alelelalafalal=]
~EEXeIXrE
ITTITXIT

SeINUMIB) o PSTRNCIMATS ¢ INUMG)
1 ] l"-“’

T3,
Xof

<

U

]

1
VIR

-— v

-_— 3
—elTO0Z

o L bt e 2

b I e b e

Eal: A== o Sl

oo 200 Frrgin ] & | W P~4

DHFCCWRL
Feltelve)

—t ey

e

(5



124

OO0 COO00000000000000000C00E0000000CCONN00OROOCOROOGCOD
=AM ENOONONMNENONOCORANM POV CRO-NMT N DD OO EINO DS = NS
OO00ODOOO e rirmtrdrd md rtrl et cd NAN N NNNMA NN AN NS S ¢ ¢ S S & ¢ e NNNIINN
OO0 0000OOOOOROOONOO00CO000000000A0COCHC0DNO0ODODNN0ODODD
OO0 CO00COO0000000OGO0O0CCOO0OO0COOMOONOOOMOCIR0CODIOODOO
A I LI AL I LI L L L L L L AL L L L L XL L L LT L L LT L L L L
[Stelatelal apul luiaialelalalatalainlollolelasi sl alal sl=lagisiel slaloloinial ol slalalsbol aluTola o atalat ol o]
slddddaddd dddddd D b dd Sl ddalddd Dl d DS A ) A S S

L

« *
- -
+ T *
« O -«
- e & -r x -
TO e W & -~ e -
Wy &« « E =
- o« - [V 2 4
LB « O * edene i
Zo « L « N E i
-e @ « X et |
T €« ) & wwex |
., o« L &« TOwi-— !
o= &« O . NZON !
O+ « ‘4 =N
=2 + O *«  Oegll~
- - T ¥ MDD [a)]
N &« - - o0 W w
Lok - TN T | ' ma el - -
=~ & o & MTOMan =) -4
xN « O Y .oy o - w
EZ ¢ . & OTwX = ~ =
- sy a« w1 = N e L
TZZ+ « DUV e o ]
Ll e . e L o L
[ Lo ) o « X¥FTT T "na
wia e ) « Liwfed 20 =
ETZXe « Qe e o uo <
* ey () ¢ eCaXx [ oo
Owa s« — & OGS [l o p- =4
Z00e D - N2 n —_e
o8 - TP =2 - LY 1] —o— -t - -
<Zws O « Zea2T o -~z = - k-4
FEZ3« O A et i > 24, L [T
L Pd « QoOOo0 [l 1Y) wo (%) =] a ¢
Qe LW « O e« om Wit jta] [a) o o
QDxs T « EN «Teq O oo (=T < 20 [l
DwDQe - @ wwea_ i e Z 0w ot pr (@) - -
-4- 31 ] « DONK~N L L] o - > L
-2« 0 * ZOWw Sww O mea (=TT 4 roc 220 o
eeey | A aQOI~WD < o> (=5 [ Lt W= O
onNe | X NTINB I -] O >« =0 -4 - oo ©
Xaoe < *HOLE o . — -« (=]-8 =~ Fulo aa.o =z
O>0« O L a2 =L, Tt ro xo ¥ Ofw O uwomO - O O O
Tuic«e ® tmm] = Tall 0 O C e L T + U = =
oZoe < * T oL ® eTULID> 2 ~e « -~ W2t N A~ =
~ . > 4] e emaXangliy~ o - e 0 Owa - 220« enZ o O
- « Ll *CNCTESEMUISTW I - 00 o OatGa < eego al= O W
-8 - Cv v w e NZ et . g D CC" O T N D n
Q . ow «TORVDNAG Sie e DO JIJQ = age O A el -
<« -« 2 a0 LlODmied Ll P~ £ O 2 Od © Z2 NUwZ ~UIAZ o o
] « * IO Q2 1 (] et 0 = e o A Ne HOZ* « 2
-1 .« - + QT DO * w2 -~ T Qeeea L RLITD A e Q =
- 2 L RDCZACZITEDY A e T A 0 et X O, NNM..L L o
L « O * X ULy LT O, O D eNG & = T ¢ LY e _
= + o « = LD JoCTI ~e= QT D LEZ = T > T
- « = -0 el Dt Com ¢ P e @ O L e LD wlww J
[y S D e . floevud G -Sw = 2lw O e = DD N2
po} - NZ roC wilfpmaree <L N D A - < OCAD2 -ZO0 >
= . L a2 —OO0Qwiud (O wlid Z s L€ = MU SO TOI~—
a. LI cH R T Qe IDT L DT -or-x O bt e T
T 4 =u «TE C_Cofxma O =g Q4 «w=x O =CJd 2 <0 Z >
=] &« T wXes ATOIJWwIED € Wed < Lwes 0 onZua20od ouw I
0 e u e —R0XCLIL W AL W L D —~OOZxho_ @
» - S < < < (O]
« s - © o O - oo o o
« - - 0 © a - [V .o I ot n O -
«* & - LA - AN ] o e o o« Yo} .
e =« . - - - .
LULLLE QO QoL [STERE} (STEISIO N



125

Py o o e e - o - e T - T T Yot T Yoot T T T e T e e T T T == T T
B OO €IS TN TIPSO ~ANMENOPFQNONMFNIORONO NSO+ OO
DOIAIIG T IO OO P o f ot bl b CRXDVOOTCECODPF OO MNIROOSOOOOOOO~
OO0 O00C0O0000000080000000OD0000 OO0~ - —tet
CoOO0O0O0O00OO0000000CN00OB0O000OANDDOODOOOOOONNOONODO
ettt It LI LI L LI LI L L LI LI LI LTS LT
[oniodnl et oade lote bl aladelal aleteielatalslotal ol olaisleioleloliia] ot el ~lalpteie bole] ol o o lng i) alad ol lolae}
ddtdldbddddddedddd S D DAl bl A dddd DAl bl Dbl dd Al

-
»y
. 2D
=} - -
~ < [ =]
w = >>
- =z [a]~]
1] [41] F
> -~ -
= w [N ]
=z — [=Y=1
< w - I=1=]
[y a [%2] 44
[%2) [a) (%] = Pt
zZ = - b -
o) < @ — [N
(@) 1% ~ O aa
%] - a 0 <<
> = x % T
[ =z w < J wwn
= ] = -3 o < X
> = O L ¥ O £x
> = =z o — - ~=
2 o = =~ - 2 (&35 )
< O] = [i.] o ~ >C D
e o = =z -~ O D 2
w T ] - L O - 2 e
2 a~ — - - | o o -~ o W _—~ -~
- - < [V a < © U a T X
(%3 - [a) X « x X - DX W o
g O - < N O alses J <<
— 4 =z [= IR L] ] ® O Od=s LI [LX1)
< o - oW W U DOXa X
z - = . W O J =3 X - o
D W =z - W 2 -4 Q' CeB ITX
- - ~e 1 -~ e - E s O = W
= ] < S w Q 2 @ e X -
< [T - B - | > - O waD [
= w W 8 o « < a « 2> W ot o
> — n I uw 2 - Q 0w D .00 = -
Oe = b= S~ ] 2] 14 Oma~s > I ao
< > Zet zZ Nerw LW - & Z x - one g <<
X o San < 20 I £ 9 w 2w Dud a2
O > < & = OmS F W O XL - » —aa3n O 24
< > 2} -t - 0D - G x€odd 0 oz
0O & QM = I Z MNe OO L Wi b4 (%2124 [ N WI—ZD 0 wWen
Z O et 2 ui O meeOnsr O v N I T g ONeDg < Cren
C o a@a> W 4 O TALAO S < SN D e e e O —aes
< N T WO >> v 20 o~ ] GYID W W QWO > O Z2rsa-
W W W 2 > Jeeeda W S0NW o Z24< & Qe Z 2AaaAIL
& O e X LAADQXY e eOe << - ety 1 > rIve <L w3
QX e N L - —Jd B & TAZe -t 0 2 X 0~ EANEL
Z b=~ TN Z wwwOr s 2 -4 &2 @ - <L rerOZrom N Wi O
< NAad T i e ZOM LW = Hslle O nnaa I ua~- e O HoOZX
- = O X 222900 O ¥ e (&3} =13} VLT < e
> rTheme. (T — ~TTLZZ X LT [ 1510 g CZe O LTTZEXT
- CmOOL - o - XX S T CIEIT O b R o SOV | L e g Cr—_
e iy ST - w S S 2 A o<<aa I N¥YOQ QYo Tl )
> .0 L &~ . = 3 O £ a2 DS — xo O ea o Z e
€ Sl L e O N4l e T B LI - LI wll <t e e e il B — D)
& e > N (@) - w v D I < - -2
[ Tua T QO O AXLIIX | owoO oeend =W a D=2 dJ OISO
[t T D ZOVWOC D LACT X NXITNY DX At v D SOV ke
O <=xi. & = oL 4O 26w < L S dtad D (3 g =2
< LTSI O D F ATWLA»> = SZ23d = OSCXE Id «Oo)k DUl 4 SO2J4a3
J cuIduLF90 C W JFo0—0u O 0Oudow 2 YXoouww CO Ux O—— <€ oIZXxau
T - " (@] w > o
N- I | o (=Y}
[ o « - - - © a - - t~ 00
] > o0 = - L] . - -
= - » - - » »
[21%] (G SIS N GLS ] 20 2 0 2 [STS S ovw



126

)

OO0 O00ON0OO0N0OOOOO0OQC0O0ODOOON0CCOOCOODOOOOOCDO00 OOCOOCODEO OCOOODOOOO0O00OOOO0OD ADOCOOOC
SN T NDCNOANMNTIONC RO NONORCRNMTNIOrECROSANMNENORONORNNITN VReODPSAHNNESN OCHNONAMNTNOSONO~-NMNT DN OO —N
1111111112222222222333333333344&.45QQQQ05555555355666666 AL DADAS P P e 7777388888888899999 oCrTrooo
b et ot et g ol ot el ot et ol v et o N O
CCO0OE0N0N0COEOa0OC00000000000000000AN00A0ON00C0000DIOO0 T D D D D e P P WOOOOQO
et e C L S L L L L L It LI I L LI T I ST LT L Ll L LT
jt et minimlotalieiolnlatednlol vinlnlelalols]olalalialatslul slalelalalet el m] ol olelolol ol olotalatainl ol olelal sche e tole hatal el of of alelef ole) alalelolol=lelalol o fal al ol = botolibonl ol el alalete]

ddddadddddd dddddddd A W S dd dddddddad dddd DS dddddddddd DA ddo S dd o ddd dd D S W A

|
{
i

o
pu]
- oD
- (&) >
[L-] W oD
- - -
[LTa) Qo x0
- wa L d O«
172] (=34 (O] Q - - I
o Qe [a) | = pd x>0 -
- et L Lo B Ll av -~ m
c el - > = L -
-l - - Li e w -~ 2 >
" = a o — |75 2 5
o =) o0 w (2] < Ll Z-~ T 2
1] s woe = = ” r o o L e
- = - O Wi p=4 < [ © P -4 - e
- -l -~ e e = = < r -~ < x> L1 i
o O L e u (@) o - ~3 =
o O W O e o - Z oW 4 wy I «
< LW S C eae %] u o - T~ (S -
- - 2 e x 2 (O] - T a.- — L < u
o - 2 L] LA [ [ = L= 4 £ * v - b J xra W e
- 2 Q. " e~ el — — -~ O - L L] L4 -
- < O e~ I uZz LL - — M, - » T [N] n - x -
1" < 1 O 2u (@) -~ L a =2 O y A = (@) -~1A o o
[%] ¥ W W w o« S« W 0O a< o < e L =
0 w 0w o o n r © < ¥ = o o oo - o - >
w ¢ Z 0 0 Om Ll - 0w v =2 T =~ aa - — <X 0 e
[OR =) T O st o [a) O b= s O N o s -t o0 LUl ttom
O W - ® e O. - | V% R | - ) eaem - L Z< QO e
L W e & & =z LR I 0 < n 0 NN [=] (O] - x e
[a)] O =& O Z2u W - a > N O ww o [a) -~ nx O WwN
o uw 0O ¢ L wo w Qo - 2 = Ww a4 XX w iN) -y n e Ll adomd
[Wia) U w e oo I a < -z 2 x U N ] Lot <) (W]
b4 0 < a QO O = Z2 O < & O 0 ¢ <« (W] | o Honwn D
=] « O O Q w w=e - T a uw * A O « < ac Z< L we
- o I W e w e W ~ (2R ] - Z 00 -~ o - " ~—w 0 ox
- - O w» 0 Ow (=] o Z = W 2 . 1 © (@] - "] oz O «o
o W w. N W < & wWo e = O X T U O ~an won =z 0 Q NI I<w Z Qe
o W w o (L] O & a om %] [=J] = W Q o ¢wwo [ o] "o a e+0NQ ad
~ v o win o O A O O [N e =z = e QO = wed =0 - (%] Z2 22<Cax -
- [WEN] Q 2 v - 0 2] O a uw O+ w ITX e 2 W<~ 9 WwLO0xd @ I
D2 0 s 0 (-2 Y] O WU 2 w wn < x 2D z «»n O Wi I O Qe or W QL™ ~ e COZT J —li
- 0 = I LUO © 8 T w» e 00N 2 0O~ I € g9~ O « 0OX VeadaD Ly -l 2 | W O ne o B RN
- wZ J 0D W W — e (Neals - O W ON WL - »n NN NS OO € Bww O O 22a~ | DS 2]
QO O W e T cow O Z v ANl O 2N~ 2 22 w = N o244 oOoDaa o<a > 2V W C s sl 2l
© Jd O 0O~ < ZZ2 « ¢ O N C—xO X eQ e = e U & Z 2O 9e0 QOCu ZI0 - QX O & ~=~QCII X sJ
[= Tl o I ] 0 = 2 o CMNOw O ~=Oeild o =D O D L vt 0O Qo Nk D =20 ) e =TTV el &
-~ L W Z2e - _— — oy 2 eww ) - 0 - <L - Z o V8 bt o e -t - 1= 20 2 - puaa Pt
o v 2 »  x o Hh - & X o O N3 ¥ N T g O njl vy wearwe  { @ W HIZ ¢ NHeLRI22200 it N
L~ ] e Wee T « -~y v - O a  J -~ -0 T nd - e LJ CC ¢ o 2T > - e
C L o~ Cleftle TAC LU o W o~ Meag eo LI Dolde L OO O X IR e. TN e D v L0 O 2T e arxne
[ ) D Twuiv 2 8 D (A=~ 8 I LX D w D AT oSSl OGS X oz I CTIXITooene ~ o
* 0 MaAalINTI Z et L O J OUCemePee = OD0=X () QO X QO CUoOLE TwoosZooca> - Cge & TCXX 9 0 O *
W b L Gt e 2 Lt Do N oL TS0 G L4 - o QOO0 o30C ¢ ¢+Ox0 Zmc —OZXwwlILS< X ex
LoD b= e Ow O [aY~T- - S XV4 I Ve L et ey T b B i = - = o L o= Qu x OO et wt! S Jeme
=320 D fivwes w4 ‘..JJ .  New Nwwit "o C I w - e e o d DR B D HE3IUI G CT2ZoIDDCw v
L2l L wi= - - ZZ2 > © L wk o - < © ©Ow 4 O - 0 <« O O™ > 0 Z < O 42 o 2Eww I 22w =0O =2
lesaiaiiiie) L LLIOLZZ T % 0O <t Lo - cwoo [To) - SR 4 -’ ALTHAX IDEEL=INUNDI~ — K2t I T Y S0  COuw. q X
e OIFERILCew - AT-TOAFEN D MmOmT & 6 D A D NN NICTZDmDad~ O dUFCZAZCNNwewqdit- =TT
z2 — G~ o O <es=E—e O CcC O W [ T << &« <zocewe cecZz O c Z9D Da<I QOIZZZ-x =+
COu. ¥ WREDXCIOVWL O O < WSxdUuaeG- - 8204 = OX « < 4 00000 O3%>udat> >0 () OJUDOZRONVOLLALCICE00XSW=
QO M CLELBULZZ~e~ O O % ru-BuXXull m QeCiuwl 2 Qs > O N [olaNalal- NN at<T-¥. R T Y. T ] mmu OZ _OIXOXZ2T _ —CxOCOILOL &L
14 - -d [T
L0 . N NN N ™ < (-3 o [Tol 2] oo OO0 ™M~ O
[l ] - M e - « -« o — « o - « — N - & (L] THLOoo o oo
L] - o 0 - - o o o . - . - - — — - o« At it N O
* - « . « - - «
QOO LW Lo owo [STS 38} VOO VL [6]5]&)

E
i
|
!
|
|
|



127

0000000000000 O00O0O000ODOOOOOOOOONOOO0OODOOOOOOONOOOODOD

~SONMNPNO T PO NIF LSOO ONMNE I OMOOAMNE IS ONQAIM FINOP O O NN N
COOOOOOOC = rirtrirmimtmismirit N NNNNNNNNANNMIMMIMNIAMMIMMEPCE S TSITTICNDDIDN
Qo000 COO000ROOO00000O000000A0COOOOO00N0OONOODOODOOROO
OO0 ON00ONCOO000000C000C000R0D0N0DODONOONDO0OD0OOD

[ SR R U S S U Ut Tt G SO RS Sy T -S4 4 S ¢ S S S S A S S 0 U S S R St R W S
AL P AN YNNI ANV DN TT N DI N LI DN N NN I AN CAN DY

= -
« -
* - -
. Z L4 -~
- o « W *» - >
[ZIN] - =S a -~ -
- L T « © X
<he « _1 « =4 W
v s w « & g
2 - a €« L~
cae a T a w X
TS « O & P ww
<OV & < a < DWW
>ac « a X OO [7]
Ll Zh=- - a T Q< o
rZzzT - o « O 22X z
- e a4 = - L =15 ] ind
CPrLT e W . -~ ea o }
EDL =n * D Aa o
—<t) <& X * = 2O
IRt Ty = T R e -~
F2X =2 % o v ) e <
cnaDen - e T @ o
nN=ad2s < & O et [w) =
OO E .2 TAawE- = oo
OD>=>0s @ weLID e —
2T I V) a4 O ssuwiem [ > -
-—“ZR Ae O ® XEe—-NED®D =z -~ = <
comeen L +r Swihl. o» w [N} o o
[23 LTt - + OXLOeN s r £ o
VWA~ W . Ok oiww w - < w
240X s W ¢ oAl OO | o = -
[dl- 457 & T a aXOenO (] -~ -t 2
—-20.2ZTe & DAFAxO - - 0 =
soace 5 O s eeOek-qQ 41 w (] n
Z>0.uW e £ (Nmpew(1O T [=] [~} L -
——SArs O s waXl ee = = [=] = <
N> s T & OwwImaa 2 z TR O
Qb= % s —EXZNTT > LL Lol - m z
WEAZZ s LI e iy (@] - - =
ceeeas O . ~d NN = 8 o W
OZmecZa LW » NOLA sLIONN [ 2 O s =
XX e ) eQUumxL s> ud - (= o -]
OCkxr g < 837 & oD b L~ = WL o = JMT Z nw
o= D x SOama SO0 Cr-— 2 LWUEX € D Qe Z g DaD e~
LEZNL e " TN > et T [ TN I o Hna L >> < ey
- « < sl seejmanaTTO T LJd = ZNne ~g T W~ W Q2B
[ - > ALTOUOTFITIIN W 2 O ZO+«sNeilix W 220 X 2«2«
a « O 5 e e o 1) e X ermme A L e e << s e
‘i v »TXDCTARDZ2O WOt D et ¢ O W D — et Y et
— . AT 2O —~ 2 - = o] > -
— - 2 LS s ) T o 0 N o D T o Hoeraocyd
-3 P P T L L. DAL 5] - “C Nea T - - [ IR
. = “e I O_EISITQRN < TL L LTIl e T2 et
L « 2D "z . w wE I DIESEIEX <Lt v OO
2 . O - B o - b Cmudrerssmd J D3B30 Q0 <4 <OXX
- e = P - X u Z wa Qo ~ oty z < 3
[ = - « — —t 1"t o —en L e R LI T B R T | W2 e TS
=2 s T2 raWw @) > L - - ~ -
jan } a X a2 =—=0) O o0 < OLZOICYK A« oWl casa.03
x - 3 e - ) ~O 3 SV SO NGt X AN ND
= « O WS SO QA o 4 2 T0= - — Ui - a<lg
= & = s X WO © 0 <« 220030 .U4T = CORY = OXOr=0O3
v « = -~ XY Q Od > C4mOmulE 2 A3wX 2 Q0 uXX
. @ g e CIR N A -d tad [2a] (W]
- - o o
& = L] - - — L3 N 3
. » N - - -
« - L ] a - - -
LLLLLL (S8 78] ovw LLL [S[S38] o



128

CO0000OM00000C0000B00000000000N000 COOADOOCO000! OSOND0O 000
F B LOOINMFINHNBOO TNNFDON~0OQHNNFNIDSES ~NMLSRIN~CRO N FOINTOD  ~OM
t 555566566666667777’77777R888388389 CONPPOORTIOOO OCOOCOm rwirtet
i 0000000000000000000300000000000000 OO0O0COOCOrt —eir ritrm -t
. 000CECO00N 0000000000000 XCO00O0O000 O0000OCAODO0! OO0 OO0

ostertartis v Nastustuvtud © i v ostus e i Nttt tu © Do - ——

S b b b o o e B | b b = | e e e o e b [ b e b e b b et b b e b e e e b e b b b b . b e

AN NN NN D NNNE DN NN N NN NN NN VYOI NNILNNT YNNVIWEE N

» -
N %]
W - [
@ < - - =z
| = - - =
(%] x L b ]
» - - - a < [a
Q. [-% w - - >
» N u a n i ®
< < Ll |l - - [ > =
[T -~ 4. | (7] - -y - - -
* ¥ a x %] 2 - W o ~
[} - (%] - - o - (3] — x = o
- X < V] " - o Y} - < s
woowW o a = (o) > 2 %) = <
- P ~ Z - x [=] - — %)
g o - - — N - 0 ~ N ~ t
z — — 2 0n =2 a < ~ - 7] =
- D - - - - - - o] o [ d Y] 2
[ '} =] = (] N =N V) l 123 «t 2 <
[ - = = QA =73 a a = = x W L]
2D L0 -~ (3} ~ o xe g 7 < - ° w - W
24 aa e a, @ QK o o ) = + — PR
O J <23 DO 9 a 2> e - < - - « U i
- g T & Qv - - e =)™ L] > oo "y >
Wk O Bee— ] — O el -3 L o L <O
a2 g =9l a  be Tl - 2 > w 2 =
> W WY wOH < O A Sl XTI (%3 () W T - =
- X OJd O3 X T VO TI 2 hr 2w hr = = O
Z g D oD 12 DZ LT @2 - < O - < V)
o o e mal) * 3 Lo o0 TN 9] > n m LL > Lz
M W ZB WOI3 N W = OVNedlu. D 2 W) < o w xO
e =0 XRI> WO X=-QOu 200 [ £ = > i od
< V A «CO O Q 3T etoaxld [- 4N ] L] b T wJ L - -
E 2 N ~> = 2 VO ~ZXuar > -y = — — uw ez
T O ~a vwan X 2 ZEmI? D e - [ T - I0) - XL
- .y X EeaD E eGa jmexes e b «< < uL> b ————=
a = wrwaerd < Ao uva can <2< - E O > md < [Z -]
O U e=QAS J = = & =N Dk Ll [=} W =0 = W
X Z AXC-3T _ XOO~wrIDIAT<CW 2 . - T2un> X == <

X A D VNUTwdD> T & ¢ XAOQAXL=N TN - Z L ezlin F a«an X

- d W CANATA O U V=NUCONIDZ st NNH < ULl DR=Ita > T

X - - aO> QLI oD e oL Z emZT~ X S Wiy sa x WwWd~s N0

_ X O WwOwimCa O XO 22 eI -t] » o) 2 W =>Zan W 222 n<g

<L e O SOl D Z e e eIIOAXN VOO~ [ N R el 2 ee W

E g L drmxa s  gaydd DL Dwl dlT [ e Ul > e R

I X T =ag2ZsC T~ Huw>a Q=< 1 > Lald - ST T

O 0 U xOS=Tre = gl OTCA S <L e} — W ol Pt T e

~ — LCut (Y o S B T - iy P, & L -~ e (IR .~ U

O e o DN T Z e VX etetrd o~ 0 ~ EXJu X F oxrzZoizw I === D]

T O I wr Desw T Cewxamy O LI A blexe 2 << L F asae 0V wl

L e CNES SaX ke e Z ke ) LLE X N v 'l DD D S>> W i

= ) e LD = IR i 1 7340 SO VO SR PO B & IO LR [ e

LD 4 " P> — EX w2 e 02 3 DD D —IeemD D eI TL e D

E =2 = 39 =L — Tl e D= I 4 OOwwZO _J o2 D - 2 w ZZ

< < =2 < .o z OO XM —ne D OCOu— & Oou. — W e

D e D A wwsw T dw~wCudd 1 ] dAmmO= ] O el e SO L =) =D

I ™ I LT R = - vd <4 g 4 < uZ 1 -2 - XX = 20

< @ & < Doy € <WaZher < O < QO2EDAC < TIADGZO & ST AT 2 CW=Z

> 0 > 00 e > O—=cuiw O 00 O QA0 O CRAWIW I AW =3I = el

“ - — a - . . (s ] (518 )

=3 o =

- . - 2 o T - o O a o & o

= - - — - ™ 10 & v I ~

“ - - - - -

00O owoL [SES1S] O 1400 QOO

COO0DOOGOOO0O000O0000O0DOOOACOD
O ECORRNORAM TV N O NMT IO OO Ot
NI OO D DI b b vt b v pb it b o 4t O O O VN N N NN NI MY VY
OOODO0O00ON00COONN00OODDOOCODODO
COSO0CO000000000000IDODDDOOORDD
[alovinlelainleletelafelelelaleijelolie i fwielsleloielsfe lal=Ta]
wend D dddddd DD DA D el ed SN DS
Lttt ebsiibubb o s,

[ ZENIRNEEINEARE RN RS R NN NENS]

.
-
-
- -
- -
a [%24
- 1 72]
- P
- (=]
L [+ 3
- * —
- o [%)]
- 1 3 (2]
- -4 -t
- - o
- N a
- ~ »
- . - v
7] . - [7]
a - L 4 -
o xz = - (]
b4 — » [d 2.
a. - (3] J
- L & -~ L o
igon J [ ¥+ = . -~
o N > . - L. -~ - [
hade 4 v N * [ - (%) -~
b= ot a & = - wn ~ [ L
22X s a o~ — - « o
ceyr O & = - - - Q. [e
—the — » X Lo a o L g (%]
Os H & w [3) +* v o -
wees O a0 Ll > - . -
>Xe < & Q > . 3} - [*
QX 4 a« O g NN~ LWIMINT V) (8]
s N & & ¢ ddwN DN [N
Ced & « Q. ~ DI «DIID >
—aa W e - - EXDT +XXT2T =]
Wtea T & = » LWLZ2F =wuwdu. »
cne - o @ = teDU we+Dy -~
<2 " w - ) ANy v e -
tee ) A~ VOU Tltidea ~mitNe @ a
e L aNQ NOD wwidr Uwwmaw -
OQe = slujas M € A L) %]
wege < 3BDwalDw UOMk DOV mir
> DO k= enNQ=s LiJwO Qlilikel Y
Qe 1 aX e o+ ) DDLU wDIDUD et
~ 2 < 2| ~T0O0DYN QXAILD s« NQ
- e > ez O s B VIreDe 2UN
o - w Nl Mot (VmeiosZ> ¢ (N el o -2
= - O el S S e ) et
oA Ll aeallwdNe— oD e, OD=eD P
d e 2 U TOUEIND AXLE EZNHED
U a2 we 2D I Tmelntae * X s L LA T
R L T =, X2
Wwows D e XJT e B UGG ZI 0 <egy, e
2 a T s ZIOE>udw 2 Tl
— x o~ 2= LT A SCemaaT Tameasm )
- . - Ehaie A U DV e Y e D g O AT | e 11 3
3 ok D s — Gl e =
T e O A ZCTm20 e e TN b O <
Y. ew BN COCQL JCOL 0 TN T D
Mo N LA T3OwD Dbl Lie DLl 20
D s = aE=UOZIULIOIIDIDTIDIOO> —itued
[ 2 m e =O>llL—UwCoaaoLOOCANOIT XL
-~ - 3 o
- - =2 Q2D
“- a = 3 N~
- & &
» L L]
LULOW



129

0000000000000 ODT00ORCHNOO00DD0000O0OCOO0ON0DOOOODOCND
UM SIS CPONNMF NI O NN EN O ORO =N T NI C RO N M F N0 T DN M )
ODO0O0QQOCOrirtrmirtrtrtrmtmirird N NN NV NNNNMINMMMMMIOMM S T ST LSS T TTONDINN
0000000000000 COO0ONDOAON0000O0O0O0OONOOCO00O0DO0O0ODDCOD
0000000000000 0OONNO0000000000O00DECO0OCON000000DOO0OD
LI NNNDN NN LR DN NNV TN NNNNNNNNNNNNNNNNANTNNMINDNNTNANT NN

Lol 2Lt lo i bhdtiu b Shita ot s L WU U W L W L L e W s W e L et S b W W Lo b L L e e L Lt
bl d Dl d -t d £ 4 - A L D2 A 4 L. R . B L ] L . Y oA Ao A e ATt
- e -
20 ° ° -~
wa - L] - o~
20 » . -~ 'O
o - - (o d o~
2a. . 0 - - o -~y
L a =2 - [ 1%} - o
"i>a s < - h -~ e
[= 1ol "l - a o< -} NP
[i=]7] " W " swk - Lol
20 ] & NOE e e 0o
~Za & = - Srtwr -~ L 2
LK & L & 200 € w ~o L
[- 4 L1794 .« x & i e X —u T
LibeQ b - 2 -« Oud = r O [
L d 20 a 3 « Qs 3o (33
——i—0, - ¥ LaQ ieaX =1 LL
T2 - O ¥ el e (AT Y4 (e}
-- - * - » D em (Ten Yty
[te 20T 8 x v > XNF et~ [3.194 (4]
b e 2 (Y = €« Tww ~Awd [ ] e
(33 o) x> « Doa eOid [+ g} Z
<p 0O « - QT wd LT ) (1'%
[P - L = SO QUM - 4 —
cescee 3 I « AJD eTOA X e [N [72]
QNue.D &« - & PLEBASCw T~ (%} o
g =1CF A s *eeOeeD o < (@)
OO « O a NeaajpiymZ Ce 4 a4
~NEZLLIZ 5 - & wONO o0 s~ Q o
WI2Re » ) & O Slemwa -~ N - -
seceZay MU & =NEFTCLWT DI - Z v
=—ENOENE LU0 & ZEi=Llewo o oLtN 0 uw a
NIV N ¢ KX ICOL~ [ XS L o >
LdSXi€e 0 ¢ OwllwiI> Qwy [~
WiCraTa WL & e=XOU - @ < P — 2
WLEIV o2 X a ~Nwlul =0 aawn - - [
cnseD e Ml 3 FLNED™P «<40e = L waun
QOXRd2s I & wuLOF ohX w-@te LU (=] aun-
EZ Aol o O a2 FELST~ > e Na e~ = [=] [ l=td
Cr>a>ta 00 & U eZarmna=~ aso 2 F1{-% 4
QeI de TZ 3 LisJs ow) Co s - ~ZE
QEIZZ Qs & DF erDele @ o - - -
coas oy e e = IO o ads > x [=1%1-8
NALL Na 2 aN s=JNOXe o . Wl = w2 =
~OWE O« Wi s 1 ®O=SLIOL o) e o ~ (8] —dils 03~
QD s OI sCWL e@ODA x£2 LT OBXXes O w2 ovam Y
NG U CLx Dt 2 M= DT = ) 2= L Lim - et =Z =Yy, Ol s DIDam
RIZZ T O aITOUNQS-TNID.ID HAEALA ==y L OwZT 11 e «gsnd
- @ e g sl e erCEEMOULAS LUDTZ2 - Gl =aaxO OOudDD
N .« X S LT mluma s TOMZIL Z2AcEDIOZ2 W2 202 WY 22«<<
[ x S e wwITIITTEwewTd veag el a0 b ZFD e SO e e
—_ - e = 2 CCAT et o e CX bt T b (Y €7D 2 et T o ettt T
3 x = P RSN XZ DTN — s e NI IO il ¢ ZT T R 4
o P s [ e L e ==~ 1. o FYR TR | R 25 Y5 B PRF R Hewo N E—— 3 hHaa:ita
x T LD ST =T - Laczmce O e e [y Spen 7
D AR kel DADUMNCGETE I TThiw ¢ < LWEZ2T22-C e g
[ » S Al CLOITWIA™S gL wEKEX » ot CO O I AwiIX DIDTLQ
2 .« X s 2 PP DO SEQLI e TO OewQZ2CTLIIOIIL O NXY Y
— e L. wemZ - i, ——— 0Z 2 o acs =2
— o« Dhe o e b ST ]| 2 Dy RN R Un i T S RUN TN TN TY
2 ® U FOW . -~ GOk Lb= X
= - D amZ NmOODNOR X220 H2 oWZoZOw Xacoaawva
& v el Qe I DANCLIUwwd D MOOME D= IU0T IVVNZY
= « =< aOax =3 C<T Gt x Ox CO oAl T <
2 « I> 2Xre QIAVLO000.2xullw =W D20I0JILKTECADXKM=OO
(%] . =W a0 OO O I —— Od OAZ02uinGrXOCWlX Y
-~a s - R e O
- - - o . o
- & - — - "y
L] - - »
® - - -
cuVLLL QLULL

,
4

LY}



130

OO0 0000000R0OROOD0O0DDOOODODCODODODOOOOC oo
DP+CHONMENINONOedtNMFLO O OO =N IONTMO~NME NI ONONO =N T\I MO0 O
[l Tad7a 202V JTo AN IV AV TG TN N B Dl i i it e e e L oL LT Y o T Y T o e e e = e = )
COOOOOOOCO00O0O0ROCOD0000CO0OCON00R00OOOCOCT mrt

OWmOWOO00000000000000000000000000000
SO F B DO Dt N F DR O POt NI € D M 0O 0 O o (NP @ 119D
ettt b NN I NN NN NI M MMM MM @ & ¢ & & 4 &

0000000000000 00(N00000D00LODO000OOOO0OOOODO0OOOOOOODCOOOO
IR NN NI NITNV N U N LITND LT TNV NI DN N DD VNDITHN DN NNV NN VTN D CHAL
L o b LI W Al b el tis b WSlo st L e lo b wito it e b W bt e et UL o b,
XX rragExe DnRRRRRRRRRRRRRRRRRDHRRRRR“RRRRRRRRRRRRRRR

- -
[X] - [%]

o - — [ -

Long [T =} < P

%] L. L x @

2 W L] x -

- e [ 2] (7] - (%]

a. Ll 2] - - —

%] aoa - [ [ 3 -

- [S1=4.1 (2] - u [ [

(L] - g2 [ - Lt (2] (%]

x a o220 -4 -4 - Z L

- N e -t (o (%] - - =

x < 20 [%] (4] - - 0 o

7] (LR T | - — Lol i M
- X aASO -~ -~ - [ - 4 (el
td o »oa v -0, o] Z o A b ]
Jot - T D x < ot - 2 P iw]
- - - P ee & — o~ W~ e = S
a O 2 sna S va = - —n o
] = 3 o-h 2 —- %) [T N [N
X -0 O T - - > e 22 -~r
A W =2 LQEOXk e (SN BT 1.4 -~ -t}
- QA O XS [NY. 4 D 2<aa - —
emag & D XD & eay L) o A e e -4 =4 o4
NITOC K+0 e N2, - ST e el [ =
N0 S O LD (2R M = —2Q [ %] Neu
<< ™) DOLIC *rn O L O it — )
ETWL wOra =i it ~k - ~e X Xt - -z
20w 2R TN n<g -~ N~ O EL2 (%] =g
ol e RN &SI 33X O b4 2@ 2 e~ W [~ 1.0
DNED =dd SNEI <X — o | <~  sm.Q Spe -4 [l

O FA2OU WOODWimLIL O om << D OO - (417}
» Qe TIADGSOXEZT ¥ 000 (4] Xt I ) [ 2 (R Y
S 2EAT + 20D I=AA AT 30 X o QL) " o ¥~
QANO =~> Zuw QL) Ow = 3 T - -t
1] SO & NQIE & oma XA~ O U1 XLt Ed wl) > - U -y
IR mD EMNIT O bebe O [ B | X e ol o @ -t
QIS D=, ¢ ¢ I ®e e T <€ D= A =t — el

2]

QK oD IJetOQOrrrIoID
~m 2 1A LI e DX LE & 1A rt™) ¢
NN CLZTND T w JDPCCR OretelODZ = 1 wO
DD TO s e «NATOW & oL} ZNLNALICBVOD =0

T
EF
§

—w e QIR WEM [- ]
ZA-LGg O —
PO S s() e m N e Ve
VT o o 2ml) 2= 200

o ]
) O el Ll M loctiad 4
-

K
*R.0/PREYS+lel

<< ZZp=0) *I> *OU ¢ 120> > ) )
38 MmnaXieylll ARl S s gl U~ I la -1 E ST 1E Ve BN W TSP WL -
XX DOV ey DL SRXPOCOY KOS Lo O e omdm QY DS S0
-~ S I T X~ I - 20 e ws <<mm —>3L DT J T o <
QOLIMUZ-MCIVZICH 1 L iow 10O L N U XXXT He e HeHn
=TT e ew ZwZN e 0w OO ~TOQ N O xacn O~ I » p o4
a4l s [Sf--Tons MX e b aa Ny D) e - o i L T
PN CON QL2 W T owl. 42 g DO retlires ot mf DI L i Tl
lei? 8 08 W T oe e el (LCSEL e 0 = OGS M MITLE D L O3 ¢ Mo
Wi Z2Z2T 8T DX Jd ZZ2UCEZ>XUT > ST et 2 OIS C O
——D X DURAZ (121D O DU Dew LIS o — T —~ NOw
1t e L. <t o Dms T [ ) Ll P TL TS LI B S TE S FT I T IS U T 4 — - " e How 3y 3}
ddT N L2 CLOww—uIQ U ] e e e o - O e
NS2A0 o= PR o L1~ 4 WU Ll oD —e ITOTOOAT ALM2 =
L rad Ry = v | | wwmr—X | w2000 DT T d - o A E " AT S e
e -3 =z 33 GEd C I O mml = o O O tag € QXD
(L7 I TRV 2 Suu <t wy Swum< PULIINL LGS EROge € < OO00WLOauSe S
wt—~ SO a-—00 =—aowuo RU—ERL_KELXoNNoU U O <3<0-Io030u
o o o o o o
n o ~ ] o —
- - -

000000000000000000”&0000000300000000
ARBANNLVBVBNNVD NNV NN NNNNAVN RN NNY
e S N W RN IR TRIR IR TR D R T AT AT TN Wil bt b
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

-~
[Z]
b
< o
x o
- =z <
| - O [N
Q (%Y T -~
- o = = b 4
[&] Q Q %]
(%) -3 - X €
- [- % [l 3 1]
u, - < [and x
w 17, ] -4 - = -
W [ ] —t -4 W
[ g [+ 4 x a L [*4
7] < « [ - -
- o od () 122 L. [T
» - o -t -t Y
[ = - Q A
> fu— a o] [ »
— [ = — % -
(%) ] = 4 5] <<
cn LN -~ [N} < b
- o] o1
o a zZ * [a)] >
(= ] Ty O - =) - zZ -
@x XD J e — w <
a o W ox b > %
- L - = O < %) <
- “r N ) D L) L L]
- %] N - O x O x
[ 4 9 O w LU [ x -
[ < > = (¥ - o £
2 Xz @€ © [- 4 LL W
- I 2D = [ -’
N o) O O O (%) - W
-0 o To [ — < -
<3 S =XTW H o« - [a] -
T =14 - [ o [~
T n O Zdn w z =
"> .o = sl 3 o>
e N D = eaw b= L ~O
N Ot e -y z W Wi
~mI2Z Xl re a x w SuL @& -~
NEXW= > —Ha2 ) - 22 =t
D TOXT -~ 2 [ < 23 D
< e - VY2 o gt D] > 22 2Zag
CEL - _——lz > ™ X~ -3 — = ~ e ol
X~ 1l oox eI a ~> 2 —-— 01X
~ o . o= D a < o4 ~ q e
tiAlZ O Cllaond nan L WU+ 1O
ZOTZZ e eqtd s ¥ x I S
e b T et P b o -~ LY U1 ek
Fled TR LSS M LI e Tle S X)
202 AT e eZr ¢ sk D> log: =] X o e e L TP
[ < C2Z2X0 LI < (=1 X4 SOZC TV dw
> o = ST O D (8 T e T T LI
nwz DT e, meLD e - u ")

- awn X Xi-2 xu. (B}~ < 0o 22
ul wly SxlLseuwod (s ™ 300 00d ¢« DT
20 Co—— vE—_CuTQ [o7%1W] LT o TOW VO
- Uw -
QD O 20 o o oo
3 al e Dec - ()] <t N
- & - " - — —
L] L) -
(SIS T8) [STS18)



131

OO0 ODCOOOLO OO OOODOO00OOO00O0O OO0 00O
= I $IE 0 OO = IS O SN O N ) D DR0 O) O (NN & OIS O
OO OO0 OO CO Ort b rird ot eyt wdo=d (N OO U NN NI N UMMM OMIMINY
OO0 COCAOOCOOOIOOOCOOODOOOCOCO OO0 OO0
OO0 QOCOOOO0O OO0 0000000000000 O0N00D OO0
Z2IT 222 R2Z7 IERZZIZZTL 7 222T 272222 72T >
Pt St b b Pt bmd bt Pt — -t e . ju
Dddldd_ DA dd A ddd DD ddddd D D
-

1w » -
x - -
L - L]
L [ -~
Z & L) a
[ 2ok ] < » (%24
wwe ) L] < -
cas > o w
O<ta = - b4 ac
ZX» » - -
ZNe « - 12
seon O -« - 2
208 = - - [=] -
ula = a ¢ 3 2
Coa = & o -~ o <
oos 2 . N Lo a € -~
ZVe O . a [T} -
emg ) - u =3 ~ [% B, ]
o s < ” z -~ 2w
e = 0O d L -
L &1 (%) L T | - Q W W
Fir - =z v oyl = o2 >~ &
V. - - - e bord - =
.oy < - o~ ~ — m v
avs X « =z o ~ L Y
Mia [l » e — e - -
e O s 0 - a e
X el %] < 2 -
P17, N - | * X [ond x -
cnys =2 L [= w v LS
NZs <« - <N - ~ -
et B « X» [ -~ - -
as O - O~ L) W8] »x 0
S LU - -y - - [=) Ladiil 4
we 0 a ~w W Ll 2 < =
ewp O a OO2 Q - = T un
xthe L - oo =) ~ - o v
-0 s @ s N 2 - LT} ¢
<o s (g 4 - 0 -l
Txese O « W T %] v O w *Q,
ao» L - 20 L3 v ol
-es ) Y- << © - P b -
Duie W AN ST 20 < Q - N~
=0 = .0 N o= * <S4 0 Ll Bvd
x>re < ®O B eNZE WD ~—a~ U W Liww?
<P D o Smima el Owll () 0NN Q¢ (O & XU
OZr I s Tl DS Z eees e o = LI
- a a) oX o000 s — wmird 29 m NON -
- 2 3 aganINEZZ 222 L vww 2w EXE e
X « LWL ewwwwl te ofh X ITLI *2Z Z oc o0
[ D ATV At =03 N = O = -
Z ul o s T + 20 N Ct=go ¥ O 1 ey
— e Zre edsZOUBHL I ESC ik D it e
- -—> L Sl 4v Wa W 3, 2 L 2 BERW) - -~ ez

.- e R gl TIZ2Z <2 & - [ 2T S o
- & DT = 2 e ide OC O ik F nonndn x memzic e
= v Sl 0w T L ZToozsz = D b= e
—_— Xz = IO E 0 e measmaTa O 21 T2k o N -
[ hied - Pt Ar F L e L T Y Y o B S T D
D Y D0 =L w L wwww w W ~ e
2 o« Vi— s VooIoIl J Z2&2o0 I oVnot"m=2e
x . — e LT D R LANE = LT AW D
= . NV sAE — ¢ <t O XXX = & X =3
D s = aZre ﬂumﬁncc d S O SRSl
N ow Ta emc eS0x0ra € LUINCY Z OVSVI-_uw

e Hu » (5] <

IS « 20 [~ [=3

- » - -\ - » « <

-« = - - »

] - L ] - -

LOLOLY owo (G118

0OOO00DCOOOROOROOCOODOORDORDOIRD
M PO OO M PO N T OmANM S BN O MY
OOOOoOoO00 - NN NN NN N NI 9
0000000000000 COO0DOO0O0
COO00000COONOOODCOONONOO0000000000
2222232222322 3D IIDDIDIDDIDIIDD
Z2222RZTZZIZZIZZIZZRZZRTIZZREZ2Z A2
IIr I T IT I I rIITIXILIXIITIIYITIXIIITT

L 4 »
. .
- »
- -
. O -
- a2 & - [9)]
N » w4 - (%2}
o = O » L
a « 2 ¥ pz4
< = W - o
Iz « 2 - o
* & -« <<
< =« - T
- a > L ] L]
7. I N 7 | L ] L uw
- s O +* T -
N - 4 » = [3
e ¥ < L] 2
a &« I > G |
T~ e - * (2] i
~ » » — -t
a « W - - 2 a
~ £ D - -~ T 3
- 2 x (5] o o
e < . N - & Lad
— e > a o > <
< Z & O o o] * (@]
E = (P ¥ [’ — = [l
X =2 ("t & = g -
» »« Lo & X a. (=] [7 112 B |
D &« 2= x T - — N O
X s OV a» w -4 Q
=2 - 4 -« 2 Ld fon ] *3 -
2 * SO & X < (L] b -~
ooy Tt & - [- 4 - =
D e - e N b - (=2
d—e LN & 2 (7] -~ (O]
<o I & - - - F+4 —~
D0 Fd amm (@] n e ~ - X -
2 G =Ny~ - a - & w =
-ea ) sina o1=] Pt 2 ax
ZTIx WL sDe= ] Fa N~ x - = 2
xh s N> w o < a re a - = =
Pl a et & Thebe ) DA DE 4 .- o -
nxe » ) e o OwE 2T w- A a8
Al s TLQ saqXX 22 =2 X Qg a o
- & Ul eI %} -~ Z e X o & x
= . W F oww > (=3 i - a o o
= v w2 XDN — (AN A e PEE QR . |
Soa ZW w2l — oo =4 o ==
Z e DR =g} s} s DT v D 3 2
X - o Lem>oe i = EOT -4 3
s T roT2 4. [ b LU N B T ¢
W« T e x . ST TS e > D D>
P2 N S B te ZZ=Zw ZO T T I
~ o k= T —r—Z ZZ -
- - D o - 3 I i e S0 W
2 s a . = -t d B—-Zd 22 2 =
= - I —2Z —n MmN N
[ S T S ewwdd el eSS
= e = *aLE Y~ = Z e x-0
D s ITZ axw—e O WUGZAL DeCutioSulUZ
VI a 2 se=O LS = _Omc C—IcelxIcXryl
R 3 - - -
- « (- 2NN To BN s BT BNV
L3 - [N - - N
- - -«
» - -
LLLLUOLW QLLUOLL



132

COODOO00C0O00N000CO000D0CCO000O000000C OO0 DOoOD
AN PO OROr M IO P00 OOt M P DO DOV m N 1D OMe DOt NN DM
oCoooooo T =t NN NNN NN NN MIIMHIN OMIIN S S Pt ¢TSS

2Z22EZZ2TTITIRZIT Z2 TR 2T RZRT IR IR 2222 T2 T2

Bt bt ot Dok et bt

° n

- a L

' Ld -
LN L3 » -
Ly * - "
Lod .« =Z - |
w « L » =]
- & X - =
" e - ] [- 4
- &« D - -~ ~
& « 0O * o nd
— - - - x
7] LN - < Q.
- a T » - b
7] a« b= - > (2]
a - - L -
Qo =0 - o -

e = 2 [ * < W
a - < » - - [T
- - - - | u
- W » - T -

IR B e » < b [
= . Z - — e *
Q a < - > 2 -
2 e s ~ 9 - ~— -

- - - . > [ ] u, 172] —
[72] . =< * - O « ~N W = b o4
Lad * D> « QO . - e | W L Q.
< ® 2 » X" - - -~ 2
x L L] N - < w £ A
 » 3 = - < > » - 1
o~ () - N - —_o ) o [ o
acs » - > - - N T N .
OJdle W » - - W a o - (<ol e ]
ellls ¥ « 0 O Dt o < N - N -
Qe .« = X wat > [~ m N "M =
-t e O . N W Ll aind » [} N o ©
- -y & b - N> [=1-] - [T s O * -
<Ne L e« < 0 LIIei N ’e [ >, ~» O ~ 3
- « X ¢ (=] =]=) ot -t W - - - 0O
DXa 2 & X -~ +a8 Ow ] Lo (=2 Qo o«
Je @ T v w N2 Zaama N Ho N ¢ W *
CIr N ™) v ST ot} » 4 r [~ T O~

S8 N PNIL LU Liwww 39 =13 0y -~ « W L]
L<E QO +210 EXX <KL - Zh vy < - - -~ I
whed L2 ATIENCANY it <2 B ~ W ~ a
et e HID [ e Sial g B | I>D> OSe- et MY LR - 2
LT E L 2T e e il e s () N T U R L N
<= < MmO mmFQIOQON ™ -~ 20 - TR [ Tma
> e SO FICT L wwwws ¢ g Do OmidZ [N xr<a. - < 4
Z0h s Wad swwO—0 QALawm oo O & W - axa Qe
—T . W XA T ETENNS < 07 o -~ twes ) [} -l ) iy
Lis Lik & =iOD L il e IO vy 2 O - g ] ~ITE
—r Z> e DI el ¢k @ L3R TR S e L] VALZ xRy
ZalE - v K T VU L Yt bt e (3 O e ——ae . e T w0 .
e - - SOOI, D O e o DX T AU R
o s DX ax Y I I Lt i) e @ L3 » oLy . 3 e LQotoe
< e Tk s T COCRIL I © MmMmGC e G LT Ja.7) TR
— e = P —~o— o~ T D e e - = 3 c.
e i Rt X a2 R LN L I L -2l N El 3 S TR R | BN TR TR YT} JRLNIXT)
po T3 ettt - - P < = T - 4 Z
= * [ T=des Pl £ £ £ 4,V ML IMNOM NI TUATE QR 1 Ol e 2
< - s A=t beQmme T Py wbewbb ) e U 0D DX T aDe YIS
= o« o “LES LDIDBDE oty o = W s @I ui O -
D s ) e ITTRliuie )] L O Ly B0 . O=u 3T 2 UD T 2. >
9. ““ S =CxOA0SD >2V_N_ON0O— _1=OF>x»CEI > Xxa O
- —— ra o
. - oo el o~ m <
- = . —N - - L -
- - - -« - - .
- - - L J L3 » -
COVLOLL (8] S (5] o



133

v

LD——

1

0000000000000 000N00ODO000OO000O00ONNOO0OSOO00DODDOOO0O
~OAMFNOINQ T O~ NMIEIONDO OO F DD O N0 NN T DN OFONONM SO0 Ot NM 10
DO00OCO00 NNNNNNNNNNMIMMIMM MM NG & &SSO
OO0 0000O0O0OLCO0C0OO0OR0ODACOOO00N0COOO0ODDOOO0CRCOOODDD
CO0ROO000000000ONON0OOANDOO0ON0O0OORONOOOO00DROOOODOS
Wil bWl b W L W L L WU L WU W b Ll Lo Lo W b ) b b L T W LW O WS L L W L

e = —
303 3n 3 Do 3= 3= 3 D 3 3 3e3w 3w 3 3 3o S 3 3> 3 5w 3 oo B 3o D I om B e 3 B 3 v 3 B D o B I Bom 3 D e 3o Do e S S e o I o

x »

- -

- «

» «

. .

a -

] -

Y -

» L] o
> & - *
- . - [
a - - -
- a - o~
) a - )
2 L d - 4
> & - <t
- - >
b~y * »
™M e - -
(S R L [e]
=g 2 . -
[ & » - - <<
N> - -~ —
—es (X & £ >
<cty O & = W
Xrr |- & 2 - [=]
s O « - '8 oo @
sTa LWL & - W [
s > + Ea= =< w Ll alie]
Qe - X [=d - N e
s > & ww L] 7] NV < -~ -~
s O ® 3N - e @ "
SQWws | v Qe ‘¢4 (] xre> (=3 -
s 1 « J20L o [} Qe " el ad
<y = » Xw et L o >><Q — -0
mea Il & AD> Pt} - > o n 20
>y T - e 8N ~ - Ty, oo -« ¢
Wites - & - > -~ FFuit ~ e =0
aZs -« wT N—-0 -t - O g L]
mtE () B e LN [- 37 L L £'Y 4 na ol 4
e Ul a2 =33 -4y, e g Ci= g
Qe H eNgx N30 N >N N 2>
Wenne < « 1 2OUDA O -~ - —th- il D st N
B e D MU I=Ce < <™~ ~tn [=Yal =15 e NN
LV | xeCDL - -~ [l z N ety n +T
wzry L rXeextano I Wi Pt - ” - I

Qs > sle~aa Qg taTaalo ~ N DM M) Nt < -z

s U s KIFTAxir LS L=0 < < Zww o« wwleZ - [l

- E W Q TN O L=t 4 L » gelinl ow

% il s Qe s Wowwoun < o - - T T N (S

¥ Z s 2UKOww s ' T s T 0 O oo O H>= T > e>x - ~

L B b L Te L e o T B e R L B W e N VRS b b -
> = DL LT D W e e M L) et et ~lT L oY om gt o

. 2 2D TN e e 222NN D Y - - s o T ¢ *r
[ e Y- 4 e LT3 0 D NGt > xxh > yuwhnes oLLrD oo
T e X o Z OLLOLLIRENCU~ e b - frn g > =]
4 e T = o Pt oo o podiond ond e memm L DT Wl mam ey TN R T R R Y S
Ll » a v —— N L R e (R UL L T ] L XA A S L R Sy ™ -
D e PSS e == | e oL ww o wwww X et O DTN
= s 8 Z D QLLINTIM™ L mtrieion D60 IMMINT 1D Gt e
b4 s 00ty wUIeellmeimite D I D =g D Q<< (2 L P2 =2
o e QX b ZITONT O LLUY O CO O LLLYW W lZusoerog
2 s I aE LECLLRSS=I00 o wslid W Swebkh A4 Oidiewd € OCemOOCUO0
Doa e a0 SR OCOE € D3OS < OO o SDDDDO -

- - - () o (&

« o a sl o P o

- . = - N e : - - L] ~N

x a4 & L] - - -

- - - L * (=) Ad . x

LoLUO [S1S T3] VLU - UL w (8]

0000000000000 000000C0C0ROOROOD
QM QO D et NS DB DN O et (NP DD O Qe NI F DB PO
OIDUINDL D DV NDDDT Mo e o e o o P e e € 6C 40 20 00 65 CO B 0
OO0ONOOOOO00C00O0ODOOOO00RO00000D
CO0000OO00000O00000000ON0O0ADOORD
Wil tawis il bt Wt b Wbl W bW L W W i b b

S 3 3w 3 3 3 3o Jne 3= 3 B e I 3 3o B D 3o 3 3 e I P D= D D e D o e S D

-~ -
"y ”
g (%1
Q 2z
Ce o
™ (3]
- b= *
-~LN ~
ro -
g [. 4
Z» -
<oy [7]
- -
[ -4 -
" (7]
— <t
padity 5]
< [
- >
Ldy ] «
x o
- [7%]
- e~ -~ =
mn ZIT -~ o
b D — [%)
[} a oun e =4 +*
[ QO +2 e, -
M @x ~0 4 -
~o E Ma /] -4
-~ Ord e -~} —
N -y v 22 No %]
[+a373] —~Z «Z o e -
S PO 173 =3 [Shal -
N T O (3] [X5] M —~d
Nt e Xe s g
SN - =0 e (%]
[ad 2= ~_E e L o i
—“ IO «am -3 >
= O Dd =9 o ~a
e -0 +T .07 el
DY a+ Db o bt
.~ e B 2~ -~ na2
e o~ it bt zZ20
[SY ) OO wn (S =4 -0
L *] e 3 —
~Xo o o™ = "o
Le] - s T (R &1 o e
— R = e X ws -
e Z N 2TDETO N W Z2oo ot b
E=3d T2 ez e v e e eqrtTop [ I ]
oD T N, TR D U X NC S e
=1 c D T X - 2 x 3 s U e
RTINS - [P  B BOR T S DK N PV LR TR Rl TP )
- o = = ] 2 w2
¥ HNNT T e NI ) X =M O
= e O NIWCEwDeneE W Tre esonD
ooSe2 V2= Z2 27z % QgZzs o>Fc
cE3 ¢ OzuCJidul == g ZToZ0z> wa
£ uuuL £ O«k—wa=0 uuI I nouCuog ocu
2 3 x
> A o =
1 ™ o < o 2
14 - ™ ] F O
* * ]
» *® a
[S]S] Qo [S1S]S]



134

OO0 ONOCO00000OD000NOSOHOODOOOACO00OD0OD0ONO
OIS OE GO OmAM ST IO OO —AM SOOI ONM FNONROOC ~NM EN OO ONMNS
COCCODOOO rirtrirtrtmtrt et ~d =t AIN NN NN NN MMM NG &S &SP E S TODDD
OO0 CO00000O00000OA000RONOONDOCO0R0002O0000DO00
OO0 O00000O0000000000DO00000000T000O00COVDDODIONO
AOOQ00COOOACOO0ACa0000000000C000C0000NaCa00N0RCCaNan
RS CaMAMaHCICCoOOCHTROOSCIToOoORUOOINCoICCIC oM 3000
TNy Iy Iy I TN I X S IXII TN I TIIIFISTIITYE

* L4

» -

= -

E L]

[ .

- -

- -

- - -~

[ ] -~

- [ -~ 174

- ] - 2]

L ] - 1% g

® - 1] -~ 2 -~

- - [ -~ a -

] 3 (=) (44 * 1]

- - a 72} o 17
-3 . v — [ -
L%k - o 3 o -
an » * -8 J Q
~a « o ] o )
[ . [} [~ . <
as x o . - 3
-y - L - A -~
P ] - ~ - - -
A e - - * - *
> u « x [~ 2] -]
e X ¥ -~ . %] 3
Zr = & 174 o~ - o~
-4 T » (%) -~ [ ] -
Nae = x = — NN -8 ~
-y < & \Q o o DN + -~
< E & - -~ * a [ alad ] o %]
Xa | /] ] ~N > oS . v
s O 5 = ) - (=] aac -t Bl
- . < — - o e 1o - -
Qs We T w [} v - [=1-R] W w a
e I » = 0w o = < - s "~ =
e H v - < a oo O - ——tl) « -~ o
Q.+« « O v (8] ~ e () [S I~ ] .
Se N o= Q w0 . &~ Ny [ g N
*n |l « =~ [~ 0N = [P (ST 3 - N N QN L7 10012 2% TA 5]
x » = = Ne2 s N O wnwawn o < N @ = IV NN
s < & 1 m~a [=] w a Ittt /) 2 - ud bt X Q. 222222
CE D & T et [= B OTes 0 = 3 D3Ac QO = 19 ~3DO0000
e 1 e o~ = = 2 20T —~ N o aa s = I} o wQOOLLOC
Cese < &« T 0 e rx o ] EIE A x . *RPix o ¥e
- > r ) e -y bl D U Ok ) O E AaCh bbb b e
-y Ul 8 CTXELT~O L wNOVNOo O 2 CNNING B > w sNLININNNN WV XN
[ARY « wwdl e b Z22ZZ L ~NZZZZ [2] —-Z2R2ZZ22ZZ 22
T e W » TH I l—tetimm o NDTICTDed = 4 w0 - =i o wDSSNCD T 00
Cx Z &« sbww Vet 2 LOUOOw 0 O «cQUUUw M X AISISISISISIS[OLERE &)
C3s — &« STICIH NI e a D . L) + < O
Fe W s a¥Cc - =N TRRTIN SR TR VE R - | B L TR Y p=d 5% LTS IR TR | BN LAY B R

a Z ¢ T T2 o 3 2 L2 Z X 2w
e T e X xxXXXX ® — Deamman o L Do o T Dl o -
e XL ¢ 200 rrmmin L >IN DMt CUCI =My UL DL OIS T e OB
— = . - VALIRY. ce e o X ~eeow 7 cenare s =,
bme D o et b e Imde X Ot L™ D et [ e Sl D X B e G CICl T D
D VI « QN -~ — - T Y - T = — W e P o r 2 OF
D 2o oXZ K exXENKEZ e XXX XY 2 D e 2503030 2 I DK P e
x Vo o BTt e Lt Do @ e pene T (30 b e e b b b b e D)
Th e s QXS < < Zgragar T << < ZZaqCaICIIIZF0O
Ds T « E=CISCEYE = DEZEITTWIL OSSITIwy = SOXLLELITTIIIOU
Vis m e —Q»LCOC— - oenuace—- S ou0N0uOx— a [ST8lalnlalatalalotatelalB]. 4]

. -

PO <

- - - -t - L 4 - ¥} - -+

* - - - - [

L] \d ® - - *

[S1S1 S [S1X] Lo e coR [S1S]S]



BIBLIOGRAPHY

Nadai, A. Plasticity. New York and London: McGraw-Hill Book
Company,Inc., 1931.

Nayak, G.C. and Zienkiewicz, 0.C. "Convenient Form of
Stress Invariants for Plasticity." Proceedings of
?meri;:an Society of Civil Engineers, 98,ST4,949-954

1972) .

Phillips, Aris. Introduction to Plasticity. New York: The
Ronald Press Company, 1955.

Tuba, 1.5S. "Elastic-Plastic Stress and Strain Concentration
Factors at a Circular Hole in a Uniformly Stressed
Infinite Plate." Journal of Applied Mechanics, Trans.
ASME,710/September 1965,




REFERENCES

Bathe, Klaus-Jurgen. Finite Element Procedures in Engineer-
ing Analysis, Englewood Cliffs, Nav Jersey:
Prentice-Hall,Inc.,1982,.

D'Isa, Frank A. Mechanics of Metals. Reading,Massachusetts:
Academic Press, 1968.

Hammd, J.W and Bodisco, U.V, and Mattheck, C."An Elastic-
Plastic Finite Element Analysis of a CT Fracture
Specimen.” Computers & Structures,Vol.13,pp.757-770,
1981.

Hinton, E. and Owen, D.R.J. Finite Elements in Plasticity:
Theory and Practice. Swansea, U.K.: Pineridge Press
Limited, 1980.

Mendelson, Alexander. Plasticity: Theory and Application.
New York: The Macmillan Company, 1968.

Owen, D.R.J. and Fawkes, A.J. Engineering Fracture Mechan-
ics: Numerical Methods and Applications. Swansea,
U.K.: Pineridge Press Ltd.,1983.

Zienkiewicz, 0.C. and Valliappan, S. and King, |.P." Elasto-
Plastic Solutions of Engineering Problems
'"Initial Stress' Finite Element Approach."
International Journal for Numerical Methods in
Engineering,Vol.l 75-100 (1969),




	Study_plane_elasto-plastic_problems_utilizing_nonlinear_finite_element_analysis130.pdf
	Study_plane_elasto-plastic_problems_utilizing_nonlinear_finite_element_analysis131.pdf

