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The study reported herein was conducted at the U. S. Army Engineer
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b Chief of Engineers, Project 4A161102AT22, "Theory and Principles of Re-
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The finite element and parametric studies described were performed

during the period July 1975 through February 1977 by Drs. M. M.

| Al-Hussaini and L. D. Johnson, assisted by Mr. Y. S. Jeng, all of the
Soil Mechanics Division (SMD), Soils and Pavements Laboratory (S&PL).
This report was written by Dr. Al-Hussaini, assisted by Dr. Johnson,

E under the general direction of Mr. C. L. McAnear, Chief, SMD, and

E Mr. J. P. Sale, Chief, S&PL.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

inches 254 millimetres
feet 0.3048 metres
square inches 6.4516 square centimetres
square feet 0.0929030L square metres
pounds (mass) 0. 4535924 kilograms
pounds (force) per

square inch 6894 .757 pascals
pounds (force) per

square foot L7.88026 pascals
kips (force) per

square inch 6894 . 757 kilopascals
pounds (mass) per

cubic foot 16.01846 kilograms per cubic metre
inches per minute 25.4 millimetres per minute
degrees (angle) 0.017L45329 radians
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FINITE ELEMENT ANALYSI. OF A REINFORCED EARTH WALL

PART I: INTRODUCTION ®

Background

1. Reinforced earth consists of a soil mass whose engineering
characteristics and performance have been improved by the introduction of
small quantities of frictional material that possess a relatively high
tensile strength. Many reinforced earth walls are designed as gravity
structures, the stability of which depends on the frictional stresses be-
tween the reinforcing elements and the surrounding soil and the strength
and elastic properties of the reinforcing material. The basic design
concept of a reinforced earth wall assumes that the soil mass is in ac-
tive failure governed by Rankine earth pressure theory. The developed
lateral pressure is assumed to be counterbalanced by the friction force
that develops between the reinforcement and the surrounding soil.

2. An instrumented reinforced earth wall was constructed at the
U. S. Army Engirieer Waterways Experiment Station (WES) to determine the
performance of such a wall during construction and surcharge loading.1
The wall, shown in Figure 1, was reinforced with galvanized steel strips,
4 in.* wide, 0.024 in. thick, and 10 ft long, spaced at intervals of

2 and 2.5 ft in the vertical and horizontal directions, respectively.

Three galvanized strips along the center line of the wall, located at
elevations 1, 5, and 9 ft above the bottom of the wall (Figure 2), were
instrumented with full SR-4 strain gage bridges at points 1, 2.5, 5., and
7.5 ft from the face of the wall. At the elevation of each instrumented
tie and 1 ft away from the face of the wall (i.e., skin element), two
pressure cells were placed to measure the induced vertical and horizontal

pressures within the fill material.

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is shown on page L.
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Figure 2. Schematic showing the location of the electric
strain gage bridges along the center line of the retain-
ing wall

3. The skin element, which comprised the exposed surface of the
wall, was made of Alcoa T1ll high-strength aluminum panels normally used
in the expedient construction of airfields. Each panel was 2 ft wide,
12 ft long, and 1.6 in. thick and can be connected lengthwise to other
panels by integral hinge-type connections, Figures 1 and 2. The rein-
forcing elements were fixed to the skin element by double angle con-
nectors, Figure 1. Further details of these components are discussed

later. A full description of the reinforced earth wall is presented by

Al-Hussaini and Perry.l




L. The reinforced earth structure was constructed to a height of
12 ft and loaded by a uniform surcharge pressure to failure. Instrumen-
tation readings and analyses during construction and surcharge loading
are given in Reference 1. The exact cause and pattern of failure are
not known since failure was catastrophic; however, it is probable that
failure was initiated either by fracture of one of the connections which
joined the reinforcing strips to the skin element, by failure of the
skin element due to buckling and shear, or by failure of the reinforcing

strips.

Purpose and Scope

5. Accurate analysis of a system incorporating reinforcing strips
placed at known intervals in the vertical and transverse directions
within the soil mass poses a three-dimensional (3D) problem. Proper
modeling of a reinforced earth wall also involves reasonable simulation
of (a) the mechanical behavior of the earth fill, skin element, and rein-
forcing strips, and (b) the interaction mechanisms between these compo-
nents of the wall. Field observations during and s.bsequent to the
construction of the reinforced earth wall at WES were not in complete
agreement with the theoretical method proposed originally by Vidal2 and
later by Lee.3

6. The finite element (FE) method was consequently proposed to
simulate as closely as possible various sequences of construction of the
reinforced earth wall constructed at WES and to predict the distribution
of stresses and deformations within the reinforced earth mass. Although
3D formulations and codes based on the FE method are possible, their use
for reinforced earth walls would involve great amounts of human and com-
puter effort. The 3D problem is therefore approximated by a structur-
ally equivalent two-dimensional (2D) system.

T. The soil-structure plane strain 2D FE code originally devel-
oped by Clough and Duncanh for analyses of Port Allen and 01d River

5

Locks and subsequently modified by Radhakrishnan and Jones” was adopted

for use in this study. This code (see Appendix A), which uses the
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S5~-node isoparametric quadrilateral element, is capable of simulation of
the incremental buildup of the wall and the concentrated loading con-
struction sequences needed for this study. The nonlinear behavior of
the earth fill of th: reinforced wall is simulated by a hyperbolic for-
mulation developed by Duncan and Chang.6 The behavior of the metal skin
element and reinforcing strips is assumed linear elastic until the yield
stress is reached; thereafter, these metal components are assumed to
fail plastically.

8. Interface elements available in the FE code were also used to
accommodate slippage between and separation of the components of the re-
inforced wall. The interface elements are especially important in
separating the ends of the reinforcing strips from the original in situ
earth face which supports the back of the reinforced earth mass, thereby
permitting the stresses in the reinforcing strips to approach zero at
the ends.

9. FE analyses of the reinforced wall were performed for the con-
struction of the wall and surcharge loading to failure. The numerical

predictions of the FE analyses are compared with field observations, and

conclusions regarding design analyses are presented.




PART II: MODELING THE MATERTAL BEHAVIOR OF
THE REINFORCED EARTH WALL

10. Because of the composite nature of the reinforced earth wall,
it is essential that the stress-strain re¢lationships for the foundation
scil, fill material, reinforcing strips, and skin element are accurately
defined. It is also essential that the interaction between these com-

posite materials within the reinforced mass be considered.

Stress-Strain Behavior of Foundation Material

11. The stress-strain relationship for the foundation material
was approximated by the hyperbolic formulation, summarized in Appendix B,

and stated by the following expressicns:¥*

w 2
E (G xl) E, (1a)
n
3
Ei = KPa (i;_) (1b)
a
s Rf(c1 = 03)(1 - sin ¢) oy
1 2c cos ¢ + 203 sin ¢
where
Et = tangent modulus
Ei = initial modulus

K = hyperbolic loading parameter

Pa = atmospheric pressure
0, = minor principal stress
E . n = pure number

R, = failure ratio

* TFor convenience, symbols and abbreviations used herein are listed and
) | defined in the Notation (Appendix C).

10




o, = major principal stress

angle of internal friction

N ©
1}

= cohesion

12. Laboratory tests were not conducted on the foundation material
because these tests were not required in the conventional design analysis
of the wall. However, several triaxial Q tests previously conducted on
soil specimens with similar characteristics were used in the FE analysis.
The stress-strain curves and Mohr-Coulomb criteria of the ML soil used
in the FE analysis are presented in Figures 3 and 4, respectively. The
stress-strain data were replotted in the linear form, Figure 5, which
shows that most of the data points of each test fell on a straight line,
indicating that the shape of the stress-strain curve of the ML material
conforms with the hyperbolic representation. From Figure 5, the value
of the initial modulus Ei , represented by the inverse of the intercept

on the ordinate, and the value of (Ol - 03) , represented by the
ult

inverse of the slope of the line, were obtained. The failure ratio Rf

is equal to (ol - 03)f/(01 - 03>Ult where (crl - 03)1‘ is the princi-
pal stress difference at failure, as illustrated in Figure 3. A summary
of the ML soil parameters needed for the hyperbolic stress-strain repre-
sentation is tabulated below.

g, =0 ) (? -0 ) o
oy E, ( 1 3/¢ it 3 Wit (_3)
Rf

& P

psi psi psi psi a

6.95 3,700 27.78 29.85 0.93 0.473
20.84 5,550 62. 51 T0.42 0.89 1.418
Lb1.67 8,000 TLlcoaz 125.00 0.89 2.835
69.45 12,500 168.75 188.70 0.89 4.790

Average 0.90

13. The values of the loading stiffness K and the exponential
constant rn needed to incorporate the effect of the confining pressure
03 in the hyperbolic constitutive model are obtained by plotting Ei

versus (03/Pa) as shown in Figure 6. The bYest fit line was used for the

Aol
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Figure 6. Variation of the initial modulus Ei versus (03/Pa) for the
ML soil
analysis. Since adequate information on the volumetric behavior of the
ML soil was not available, Poisson's ratio v was assumed constant at

0.33. Poisson's ratio at failure was assumed to be 0.48.

Stress-Strain Behavior of Sand Fill

14. The fill material used in the construction of the reinforced
earth wall was clean concrete sand with particles ranging from subangu-
lar to angular. More detailed physical properties of the sand fill used
are presented in an earlier report.l The same procedure of hyperbolic
stress-strain analysis, presented previously in describing the behavior
of the foundation soil, was used to obtain the constitutive equations
for the sand fill. The hyperbolic parameters and other properties

adopted for the FE analysis were as follows:

13




R Ya ¢
£ K L pef v degrees
0.85 580 0.5 97.2 0.30 36

Poisson's ratio at failure was assumed to be 0.L48.

Stress-Strain Behavior of Reinforcing Strips

15. The steel reinforcing strips used in the earth wall were made
Each strip was 0.025 in.

from galvanized zinc-coated, oL4-gage steel.

thick, 4 in. wide, and 10 £t long. The stress-strain curve for a

1/2-in.-wide strip is shown in Figure T

This curve shows the classical

60
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X
»
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T 30 £ = 311 x 10° PSI
0]
J
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<«
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AXIAL STRAIN, %

Figure 7. Average stress—-strain relationship for

the galvanized steel strips
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stress-strain curve with modulus of elasticity E = 31.1 x lO6 psi and

yield stress oy = 51 ksi. The Poisson's ratio v needed for the FE

analysis was assumed equal to 0.28.

Flastic Behavior of Skin Element

16. The skin element was made of Alcoa T1ll high-strength aluminum
panels, 2 ft wide, 12 ft long, and 1.6 in. thick, connected lengthwise
to each other by a hinge connector. The physical and elastic properties

of the panels are shown below.

Moment of inertia per foot of panel width = 1 368 in.3
Section modulus per foot of panel width = 1.396 in.3
Modulus of elasticity = 10 x lO6 psi
Weight per square foot = 4,61 1b
Poisson's ratio = 0.33
Thickness of the panel = 1.6 in.
Thickness of the sheet = (ol AL bl
Yield stress = 35,000 psi

17. The reinforcing elements were fixed to the skin element

through a connector as shown in Figure 8. The connector consisted of
double angles, each of which was 1-1/2 by 3 by 1/4 in. and 12 in. long,
used to grip the reinforcing strip and tie it to the skin element by
two 1/k-in. bolts. This type of connection was simple and adequate as

long as the skin element exhibited very small or no bending deformations.

Behavior of Interface Elements

18. The interface element formulation introduced by Goodman and
his coworkers7 was incorporated in the FE program used in this study.
The constitutive behavior of the interface elements was based on the
hyperbolic shear stress-displacement model originally formulated by

Duncan and Chang6 (Appendix A) and summarized by the following equations:

Sl
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K, = dimensionless number
= unit weight of water
= normal stress
m = exponential number
T = shear stress
C_ = adhesion
§ = angle of friction
The normal stiffness of the interface element is assumed to behave elas-
tically and, given a high value of 108 psf, to inhibit mutual penetra-
tion of the materials adjacent to the interface element. The tangent
shear and normal stiffnesses were each set to a small residual value Kr
of 10 psf if the normal stress of the interface element became tensile,
permitting voids to develop in the interface. The shear stiffness is
also reduced to the residual shear stiffness Kr if the shear stress at
the interface equals or exceeds the Mohr-Coulomb strength.

Interface behavior
between reinforcing strip and sand

19. The nonlinear shear stress-displacement relationship between
the sand and the reinforcing was determined, prior to the field test,
using a specially designed shear box. The testing device, shown in Fig-
ure 9, is similar to the direct shear box except that the lower frame

was replaced by a sheet of the galvanized steel glued to a wooden block.

NORMAL FORCE

‘ UPPER FRAME
TR
\%STON% REINFORCING MATERIAL
\ il / ;AGEAML';IRAAN’E)ED STEEL OR
EAR ..- A AN “:".‘-.' .'.’._'.--...... §
SF%RCE \ L AND R

—— (O

WOODEN BLOCK

& s i

Figure 9. Modified shear box for determining skin friction angle
between the sand and the reinforcing material

49




The sand was compacted to a dry density of 101.7 pcf. Three direct
shear tests were conducted with normal stresses of 10, 50, and 100 psi,
respectively, at a shear deformation rate of 0.5 in. per min.

20. The shear stress-deformation relationship between the sand
and the galvanized steel is shown in Figure 10; these curves provide a
reasonably accurate determination of the initial shear stiffness Ki
The ultimate shear stress Tt vas obtained from the inverse of the

slope of the linearized shear stress-deformation relationship as shown

in Figure 11. The failure ratio R was obtained by dividing the peak

fr
shear stress % as measured from Figure 10, by the ultimate shear
stress Tt for these tests the value Rf was approximately equal to

unity. The angle of friction & and the adhesion Ca were obtained by

plotting the shear stress at failure Tmax versus On as shown in Fig-
ure 12. A summary of the parameters needed for the hyperbolic shear
stress-displacement behavior of the interface elements between the sand

fill and the galvanized steel is presented below.

o T K. C
n max 2 a § R
psi psi psi psi degrees £
. 10 3.06 81 0 18 1.0
50 11+95 Lk 0 18 1.0
100 32.09 1020 0 18 1.0

21. The influence of stress level was accounted for by plotting
the initial shear stiffness Ki versus (on/Pa) as shown in Figure 13.
The experimental data fell on a straight line on the logarithmic scale,
thus enabling accurate determination of the exponential parameter m
and the dimensionless number Kj defined in Equation 2b. For the in-

terface element between the steel strip and the surrounding sand, m is

equal to 1.1 and KJ is equal to 3280.

Interface behavior
between skin element and sand

1 22. No direct shear test was conducted to examine the interface
behavior between the skin element and the sand fill. However, the non-

linear parameter obtained previously for the sand on galvanized steel

20
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was used to describe the interface behavior between the skin element and

the sand.

Interface behavior
between sand and natural soil

23. The nonlinear constitutive equation presented in Equation 2
was used to describe the interface behavior between the sand fill and
the surrounding natural ground. Three direci shear tests in which the
lower part of the shear box was filled with the ML soil and the upper
part was filled with compacted sand were conducted, and the linearized
shear stress-displacement relationship is presented in Figure 14. The
figure shows that the experimental points deviate slightly from the
straight line, which indicates that the hyperbolic representation is
only an approximation for the behavior of this material. The Mohr-
Coulomb Tailure envelope for sand on silt, presented in Figure 15,
showed an angle of friction of 34 deg and a small adhesion of 0.05 psi.

24. The influence of the stress level on the behavior of the in-
terface elements between the sand and the natural ML soil was accounted
for by plotting the initial shear stiffness Ki versus (on/Pa) as shown
in Figrre 16. The figure shows that the experimental points deviate
significantly from the ideal straight linej; however, the best fit 1line

was used for evaluating m and K A summary of tlie parameters

3

needed for the nonlinear constitutive equation for the interface element

between the sand and the natural ML soil is presented below.

Ca § o K
psi degrees £ J m
0.05 34 0.86 14,523 0.68

25. Comparison between the shear stress-deformation curves ob-
tained by experimental tests and those generated by the hyperbolic formu-~

lation, shown in Figure 17, indicates a reasonable agreement between the

two respective curves.
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PART III: IDEALIZATION OF THE REINFORCED EARTH WALL

26. The reinforced earth wall is a complicated 3D problem, the
complexity of which is compounded by the introduction of the steel
strips as a reinforcing element. The solution of such a problem re-
quires a substantial amount of human effort and computer time. In order
to arrive at a solution with reasonable time and cost, it is necessary
to introduce a certain amount of idealization and simplification with

respect to geometry and modeling of material properties.

Idealization as 2D Problem

Modeling of reinforcing strip

27. The 3D reinforced earth wall was idealized as a 2D plane
strain problem by assuming that the reinforcing strips (see Figure 1)
are replaced by a plate extended to the full width and breadth of the
wall. These plates are illustrated in mesh I (Figure 18) and mesh II
(Figure 19) which were developed for this study. Assuming that the
major response of the strips is provided by an axial stiffness, the

total axial stiffness of the reinforcing strips S of the wall is:

ﬁifi. ASES
S = T (3)
A -
where
n = total number of strips in each row
As = cross-sectional area of the reinforcing strip
Es = modulus of elasticity of the galvanized steel
LS = length of the reinforcing strip

28. The equivalent stiffness of the plate that substitutes for

each row of steel strips Se may be defined as
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Figure 18. FE mesh I employed in the analysis of the reinforced
earth wall
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Figure 19. FE mesh II for the reinforced earth wall
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where
Ae = equivalent cross-sectional area of the steel strips
Ee = equivalent modulus of the steel strips
L = equivalent length of the steel strips

22. Because the stiffness S and the equivalent stiffness Se
should be the same and also because the length LS and the equivalent
length Le remain the same, thus by equating Equations 3 and 4, the
equivalent stiffness Ee can be determined as

nAsEs

e A
e

(5)

29. For the prototype reinforced earth wall the cross-sectional
area of the reinforcing strip was 0.096 sq in., the modulus of elastic-
ity of the galvanized steel was 31.1 x 106 psi, and the number of strips
in each row was 6. The thickness of the equivalent reinforcing strip
elements, as shown in mesh I (Figure 18), was 6 in. and as shown in
mesh II (Figure 19), 0.024 in. The width of the equivalent plate for
both meshes (i.e. length of the reinforced earth wall) was 16 ft. Sub-~
stituting the appropriate values in Equation 5, the magnitude of Ee
can be determined.

6 x 0.096 x 31.1 x 106

e 0.5 x 16

n
n

Mesh I: E 2.2 x 106 psf

6 x 0.096 x 31.1 x 106

= 8
0.002 x 16 = 5.598 x 10~ psf

Mesh II: E_ =
e

The unit weight of the equivalent reinforcing strips of mesh I was as-
sumed identical with that of the sand backfill because of the very small
cross-sectional area of the actual reinforcing strips. The unit weight
of the equivalent reinforcing strips in mesh II was taken as L92 pcf,
which is the unit weight of the actual strips; the very small area of
these strips should cause little additional contribution to the stresses

from gravity using mesh II.

e




Modeling of skin element

30. The behavior of the skin element, like that of the rest of
the reinforced earth mass, was treated as a plane strain problem whose
major response is provided by bending. The aluminum panels that repre-
sent the skin element, as shown in Figure 1, were replaced by an equiva-
lent beam element of similar deflection response depending on the dimen-
sions of the skin element in the FE meshes, Figures 18 and 19. The
equation used to satisfy equal bending deformation response between the

prototype and the model was:

EaIa ) EeIe e
La Le
where

Ea = modulus of elasticity of the aluminum panel

Ia = moment of inertia of the aluminum panel per unit width

La = length of the beam (S ) between any two rows of reinforcing

strips (see Figure 1)

Ee = equivalent modulus of elasticity

% equivalent moment of inertia per unit width

o 25 equivalent length of the beam

31l. Since the beam lengths of the skin element and its model are b

the same (i.e., L, = Le)’ the equivalent modulus of elasticity for the

skin element can be expressed by:

From paragraph 16, the modulus of elasticity and the moment of inertia
are 10 x 106 psi and 1.368 in.h, respectively. The depth of the equiva-
lent beam, as shown in Figure 18 for mesh I, is 6 in.; therefore, the
equivalent moment of inertia Ie is equal to 216 in.h Substituting the
values of Ea 5 Ia , and Ie in Equation T, the magnitude of Ee for

mesh I can be obtained as follows:

_ 10 x 106 x 1.368

Ee 216

= 6.33 x 101‘ psi (9.13 x 106 psf)

34




The magnitude of Ee for mesh II (Figure 19) with skin element thick-
ness of 1.6 in. was 3.34 x 106 psi (L.8 x 108 pst).

32. The aluminum panels of the skin element were hinged rather
than bonded together into an elastically rigid unit; the actual modulus
of the skin element may consequently have been substantial%y less than
that assumed for the FE analyses using meshes I and IT.

33. Two iterations were made for computation of stresses during
each construction and loading sequence. The first iteration indicated
the appropriate modulus (based on input material properties) to use for

computation of the stresses during the second iteration.

FE Mesh Design

3k. In addition to idealizing the reinforced earth wall as a 2D
problem, there are a number of other factors which affect the design of
the FE mesh. Some of these factors are:

a. Design of elements required to obtain a satisfactory

result.
* b. Boundary conditions.
c. DNumber of construction and loading sequences.
d. Location of interface elements.

Design of elements

35. It is always desirable to use a minimum number of elements
that achieve a satisfactory degree of accuracy so that the computer time
and hence computation cost are minimum. However, for a given number of
elements, the degree of accuracy in simulating a particular behavior de-
pends upon the correlation between the displacement pattern assumed and
the displacement of the actual events. Because of the uncertainties re-
garding the assumed displacement and the preliminary nature of this
study, simple meshes using relativel; (arge numbers of rectangular ele-
ments, as shown in Figures 18 and 19, were developed to improve accuracy.

36. The elements in mesh I,.¥Figure 18, were square to minimize
distortion of results that might occur if the aspect ratio is different

from unity. The elements in mesh II1 were reduced in total number
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compared to mesh I to increase computation efficiency and dimensions
were adjusted to closely simulate actual dimensions of the components of
the wall.

Boundary conditions

37. The boundaries should be located so that they will have neg-
ligible effect on the main structure to be analyzed. In view of the pre-
liminary nature of this analysis, the boundaries were kept at a distance
of 2 ft from the reinforced earth mass. No calculation was used to de-
termine the influence of the boundary conditions on the FE results.

38. The left and right vertical boundaries were confined later-
ally and the bottom horizontal boundary was confined both laterally and
vertically. During each construction sequence of the wall, the lateral
displacement was set to zero to simulate actual construction in which
the lateral displacements of the skin element were restricted.

Construction and loading sequences

39. Twelve buildup increments 1 ft high each were used to con-
struct the wall described by mesh I, while six buildup increments 2 ft
high were used to construct the wall described by mesh II. Concentrated
loads following construction were placed on each nodal point at the top
of the wall mesh to cause surface pressures of 250 psf per increment.
Six increments were applied to reach the failure condition of 1500 psf
observed with the actual wall.

Location of interface elements

40. The interface elements within the FE meshes are presented in
Figures 18 and 19. These interface elements increase flexibility in ac-
counting with the interaction effects between the different components
of the wall such as slippage and separation between the different com-
ponents. Mesh I contains vertical interface elements between the skin
element and backfill material and between the back face of the wall and
the original in situ earth. Horizontal interface elements are located
between the reinforcing strips and backfill material and between the
backfill and original ground surface of the wall. Mesh II contains

vertical interface elements between the back face of the wall and the
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original in situ earth and horizontal interface elements between the

reinforcing strips and backfill material.

Examination of the FE Mesh

41. Two FE analyses were performed using mesh I and mesh II in
order to determine the influence of the shape of the FE mesh on the
results. The results of the FE analyses obtained from both meshes were
compared and correlated with field measurements at the end of construc-
tion as well as prior to failure. End of construction (EC) refers to
completion of construction of the reinforced earth wall; prior to fail-
ure (PF) refers to placement of 1500 psf of surcharge load on the top
surface of the wall.

Tensile stress distribu-
tion in reinforcing strips

42. The tensile stress obtained by the FE method, which is based
on a reinforcing plate covering the entire area at a given reinforced
elevation of the wall, was converted to tensile stress carried by the

reinforcing strips as actually placed in the field by the following

expression:
tewe
% = Ntw C‘te (8)
where
ot = tensile stress in the reinforcing strip
te = equivalent thickness of the reinforcing tie in the FE mesh
We = equivalent width of the reinforcing tie in the FE mesh
N = number of reinforcing ties in each reinforced elevation
t = actual thickness of the reinforcing tie
W = actual width of the reinforcing tie
ote = equivalent tensile stress computed by the FE analysis

The parameters expressed in Equation 8 for mesh I and mesh II are:




Parameter Mesh T Mesh IT
1 0.02k4 in. 0.024 in.
L.00 in. 4.00 in.
N 6 6
t, 6.00 in. 0.024 in.
] 3 192.0 in. 192.0 in.

43. Comparisons of tensile stresses obtained from the FE method
using mesh I and mesh II and those obtained from actual measurement at
the end of construction and prior to failure are shown in Figures 20
and 21, respectively. Figure 20 shows little difference in results be-
tween mesh I and mesh II at the end of construction. The tensile stress
distribution from the FE analysis assumes a parabolic shape similar to
that obtained from actual measurements for the tie at elevation 1 ft
ebove the base of the wall. The locations of the maximum tensile stress
as obtained from the FE analysis agreed well with those measured in the
field.

LY. The tensile stress distribution along the reinforcing ties
prior to failure, Figure 21, indicates that the FE results of mesh II

. are slightly higher than those from mesh I. However, the shapes of the
tensile stress distribution curves for mesh II are much closer to actual

field data than those obtained for mesh I. These results indicate that

T

the square elements as represented in mesh I reduce the maximum tensile

stress as well as the curvature of the tensile stress distribution

curve.

1 Lateral pressure distribution

45, The lateral pressure distributions along a vertical plane
1.25 ft from the skin element as obtained from the FE analyses of mesh I

and mesh II are shown in Figure 22. These results indicate that while

the lateral pressures at the énd of construction are slightly higher for
mesh I than for mesh II, the trend reverses itself prior to failure.
The results of the FE analyses for both EC and PF cases are approxi-
mately similar but somewhat higher than those obtained from the Rankine

active earth pressure theory. The PF lateral pressure near the top of
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the wall as obtained from the FE analysis is greatly increased for
mesh I, a weakness in the FE program.

46. From the foregoing, it appears that both mesh I and mesh TT
provided approximately the same results, indicating that the use of
square elements of aspect ratio of 1.0 did not significantly improve the
results. Furthermore, fewer elements are contained in mesh II, sig-
nificantly reducing computation and increasing accuracy. Therefore,
mesh II was adopted for the actual FE analysis of the reinforced earth

wall.
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PART IV: FE ANALYSIS OF THE REINFORCED EARTH WALL

LT. Reliable FE analysis of the reinforced earth wall requires
accurate information on material properties, proper modeling of deforma-
tion and failure mechanisms, and proper modeling of the interaction
effects between the components of the wall. The previously described
models of material behavior (Part II) and idealization of the wall by
the computer code (Part III) provide only a rough approximation of the
actual field situation. The results of this analysis and comparisons
with field observation will consequently be used to help determine more
appropriate parameters for material properties of the components of the
wall and improved models that may better represent field behavior.

48. An important assumption needed to obtain the FE plare strain
solution is that the reinforcing strips cover the entire length of the 1
wall. BSuch an assumption increases the shear resistance between the re-
inforcing element and the surrounding sand by a magnification factor

me s where m (see Figure 1) is the ratio of the horizontal cross-

2
sectional area of the wall to the total area of the reinforcing strips

at that elevation. Thus,

o Boe 10 x 16 o
mf‘N-L-w’6x10x0.333'8 (9)

Therefore, the increase in the shear stress at the interface element of
mesh IT due to the computer code is compensated for by reducing the

shear stresses in Equation 2 by m Thus, the constitutive equation

po
for the interface element used in the actual FE analysis is:

¥ 2
K * (L = xe) K, (10a)
|
; K o \"
il n
K, = m, Te (_Pa> (10v)




J‘ A, = 4 (10¢)
| 2 (3
a §
;r-+ on tan -
i f
Therefore, the material parameters input in the code are KX, = L10 and

¢ = 3 deg. .

49, It must be noted that Equation 10 can only provide a crude
simplification of the real behavior between the reinforcing strips and
the surrounding soil. More study is needed to provide a better consti-
tutive model to describe the behavior of the interface elements. In
Equation 10 the tangent shear stiffness Kst is set to a small residual ;
value Kr of 10 psf whenever the shear stress at the interface element

‘ exceeds a Mohr-Coulomb strength envelope with cohesion equal to Ca/mf
‘and an angle of friction equal to G/mf g
50. The ribs of the skin element, Figure 8, are extended only

along the length of the wall; thus, they contribute very little to the

bending resistance of the skin element in the vertical direction. The
moment of inertia used in the calculation is that for the aluminum sheet

of 0.1-in. thickness rather than that of the integral aluminum panel.

FE Analysis

: 51. Two FE analyses were performed using mesh II. In the first
analysis, case Cl s the toe of the wall represented by point A of Fig-
ure 2 was assumed fixed. In the second FE analysis, case C2 s Doint A
was assumed free to move in any direction. It must be noted that under
field conditions point A is neither fixed nor free and the true answer
may be between the two extreme cases. The lateral pressures exerted by
the backfill and surcharge loading following construction, lateral move-
ment of the skin element, and the tensile stress and deformation be-
havior of the reinforcing strips are given below. Comparisons are made

3 with field observations for the EC and PF cases.

Distribution of lateral pressure

52. The distributions of lateral pressure along a vertical plane

Ll




1 f't from the wall face determined from the FE analysis for the free-
and fixed-end cases are compared with field observations. Figure 23
shows the variation of the lateral pressure as a function of the height
of the wall at the end of construction. The differences in results be-

tween cases Cl and 02 at the end of construction are negligible ex-

cept at the base of the wall where the fixed end, case C] , showed

higher lateral pressure than the free end, case C2 . The results of

the FE analysis at the end of construction for Cl and 02 cases are

somewhat higher than those determined by Rankine theory and those ob-

tained by field measurements.
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Figure 23. Pressure distribution at vertical plane 1 ft from
ckin element at end of construction

Ls




c-

53. Field measurements for lateral pressures, Figure 23, were
obtained directly from readings of earth pressure cells placed along the
center line of the wall 1 ft from the skin element, and also from those
stresses generated in the instrumented reinforcing strips within a seg-~
ment of the wall bounded by RXSZ , Figure 1, surrounding the strip.
The excessive lateral pressures determined by the FE analysis may be at-
tributed to deficiencies in the computer code and to the poor modeling
of the skin element. It must be noted that the panels of the skin ele-
ment were connected together by horizontal hinged joints, Figure 1,
rather than continuous bonded joints as assumed in the FE analyses. The
crude approximation of the tangential shear stiffness in the interface
elements between the reinforcing strips and backfill material could also
have contributed to the difference in the results.

5h. Figure 24 shows the FE results for lateral pressures along
a vertical plane 1 ft from the skin element prior to failure. The re-
sults indicate that the lateral pressures obtained for the fixed end,
case Cl , are significantly higher than those obtained for the free end,
case C2 . Both analyses deviated significantly from the linear distri-
bution of Rankine active earth pressure theory but agreed well with field
measurement at the upper portion of the reinforced earth wall. It is
very difficult to tell which FE analysis agrees with field conditions at
the middle portion of the wall since the pressure cell reading agreed
very well with case C while lateral pressure calculated from the ten-

al

sile stress of the instrumented strips agreed with case 02 . At the

lower part of the wall it is clear that the FE analysis of case Cl
provides better agreement with field measurement than does that of
case C2 v

55. Significant scatter in the results of the FE analyses was
observed from one vertical plane to the other; the scatter became ap-
preciably worse closer to the skin element. The scatter in results is
not well understood but was probably influenced by the interaction ef-
fects between the reinforcing strips, skin element, and the backfill

material.
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Distribution of tensile
strain in reinforcing strips

56. The reinforcing strips located at elevations of 1, 5, and
9 ft along the center line of the wall were instrumented with full SR-L
bridges on both surfaces at points 1, 2.5, 5, and 7.5 ft from the face
of the skin element. The measured strains at the top and bottom of each
instrumented point were averaged to eliminate the effect of bending
strains; the average strain was considered equal to the tensile strain
at that point in the reinforcing strip. Only the strains at the end of

construction and prior to failure are presented. For the FE analysis
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the strains were calculated from the average deformations of the nodal
points of each element in the instrumented strips. It has been noticed
that in certain cases the deformation for the two nodal points at the
lower face of the element were unbearably excessive; in such case, only
the deformations of the two nodal points at the upper face of the ele-
ment were considered.

5T. Comparisons of tensile strains from the FE analyses for the
free~end and fixed-end cases and the actual strain gage measurements of
the field test at the end of construction are presented in Figure 25.
The figure indicates that the FE results for the free-end condition,
case C2 , are slightly higher than those for the fixed-end condition,
case Cl s> but much closer to actual field measurements. The FE analy-
sis indicated that the maximum strain in each reinforcing strip occurred
at points closer to the skin element than those obtained from actual
measurement. In general, the maximum tensile strains at the end of con-
struction for case C are in better agreement with field results than

2
those obtained from case C

58. The trend of thelresults at the end of construction differed
significantly from those obtained prior to failure of the wall. Strains
determined from the FE analysis prior to failure, shown in Figure 26,
indicated a maximum strain value close to the skin element that de-
creased gradually until it vanished at the free end of the reinforcing
strips. The results, unlike the end of construction condition, showed
higher strains for case C than for case C., . For the strips at ele-

2 10

vation 5 ft above the base, both C1 and 02 cases showed similar

values and their maximum values were in good agreement with that ob-
tained from field measurement.

Distribution of tensile
stress in reinforcing strips

59. The in situ tensile stress distribution along the reinforcing
strips of the reinforced earth wall was calculated from the strain gage
readings and the modulus of elasticity of the galvanized steel using
modulus of elasticity E = 31.1 x 106 psi. Therefore, the variation in

the field tensile stress distribution is similar to the wvariation in

L8
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tensile strain distribution as long as the stresses in the reinforcing

strips are within the elastic range. The tensile stress at any point

for the FE analysis was obtained from the equivalent tensile stresses

using Equation 8. Comparisons of the tensile stress distribution along

the instrumented strips at the end of construction between the FE analy-

sis and field test results are presented in Figure 27.

The

that the FE results for the free-end case and the fixed-end

identical, but somewhat different from field measurements.
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Figure 27. Tensile stress distribution along instrumented

ties at end of construction
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tensile stress for the FE analysis occurred at a point much closer to
the skin element than that observed in the field. Both the FE results
and the field data show a gradual decrease in the tensile stress from the
maximum until it reached zero at the free end of the reinforcing strip.
60. Comparisons of results between the tensile stress prior to

failure for the FE analysis and actual field observations are presented

in Figure 28. The figure shows that the tensile stresses obtained from
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Figure 28. Tensile stress distribution along instrumented
ties prior to failure
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the FE analysis are generally lower than those obtained from field mea-
surements and the results for the fixed-end condition, case C1 ) are
higher than those for the free-end condition, case C, . FE analysis

2

results also show that the maximum tensile stresses occurred at a point
much closer to the skin element than those obtained from field measure-
ment. Reasons for the differences between the FE results and field ob-
servations are not known with certainty; however, deficiencies in the

computer code and modeling, difficulty in determining the actual stiff-
ness of the skin element, and lack of precise constitutive equations for
describing behavior for the materials are considered major contributing

factors.

Lateral movement of skin element

61. The reinforced earth wall was constructed such that each sec-
tion of aluminum paneling added to form the skin element was held in
place to prevent lateral movement while the corresponding layer of back-~
fi1l was added. Field observations indicated negligible deformations at
the end of construction, but the skin element deformations became sub-
stantial prior to failure, as shown in Figure 29, with maximum deforma-
tion of 3.4 in. at the top of the wall. Comparison between the FE analy-
ses and the field observations, based on the accumulative deformation
from one panel to the next, shows good agreement betwzen the field ob-
servations and FE results for the fixed-end condition, case C, . For

i
the free-end condition, case C2 , the FE analysis showed excellent
agreement with field observations at the lower half of the wall; however,
at the upper half of the wall the FE results deviated significantly from

actual observations and indicated compression.

Concluding Remarks on the FE Analysis

62. Because of the preliminary nature of this study and the com-
plex interaction between the various components of the reinforced earth
wall, it is considered unlikely that total agreement between the FE
analyses and field measurements could be obtained. However, it is shown

that the boundary conditions of the wall play a significant role in the

T
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Figure 29. Accumulated lateral skin element deformation
prior to failure

FE results. In certain aspects such as the deformation of the skin
element, the fixed-end condition showed better agreement with field ob-
servations, while in other aspects such as the tensile strain in the
reinforcing strips, the free-end condition showed better agreement.
Other problems, such as improving the computer code, obtaining better
constitutive equations for modelling material properties, and better

representation of the skin element stiffness used in the calculation,

need further development before a total agreement can be achieved.




PART V: PARAMETRIC STUDY

General Objectives

63. 1In the previous part of this report it was shown that there
are some differences between results of the FE analysis and chose ob-
tained from field observation. The differences were attributed to
many factors, some of which were discussed previously. Variables which
may influence the performance of a reinforced earth wall are also nu-
merous. The influence of the following variables on the tensile stress
distribution along the instrumented reinforcing strips was evaluated
using the FE analysis: (a) friction between the reinforcing strips and
the fill material; (b) end conditions of the skin element; (c¢) stiffness
of the skin element; and (d) length of the reinforcing strips.

Influence of friction between
reinforcing strip and fill material

64. Equation 2 represents the constitutive equation which is
used to describe the stress-deformation relationship between the gal-
vanized steel and the concrete sand used. Analysis of the test results

presented in Figures 12 and 13 indicated that & = 18 deg and

Kj = 3280 . These parameters were reduced by a magnification factor
me = 8 when used in the FE code to obtain tensile stress distribution
for cases Cl and C2 , shown in Figures 27 and 28. 1In order to de-

termine the influence of friction between the reinforcing strips and
the fill material, FE runs were performed using the same parameters

employed in cases Cl and C2 except that &8 and Kj were not re-

duced. The tensile stress distributions for the fixed-end condition,

case C3 , and the free-end condition, case Ch , are presented in

Figures 30 and 31, respectively. Comparison between Figures 30 and 31
for the unreduced interface friction and Figures 27 and 28 for the re-
duced interface friction indicates that the increase in the interface
friction increases the tensile stress in the reinforcing strips; the

increase in stress is much higher for the free-end condition, case Ch %

than for the fixed-end condition, case C., . Based on this analysis it

3
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can be concluded that the increase in the interface friction between
the reinforcing strips and the surrounding fill increases the maximum
tensile stresses

Influence of end
conditions of skin element

65. Two boundary conditions of the skin element were investigated
to determine their influence on the tensile stress distribution within
the reinforcing strips. In the first analysis the lower point of the

skin element was assumed fixed, cases C1 and C3 , and in the second

analysis the lower point was assumed free, cases 02 and Cb « ‘Com-

shown in Figure 28, indicates that

parison between cases Cl and C2 =
the fixed-end condition yielded higher tensile stresses in the rein-
forcing strips than that for the free-end condition. However, compari-
son between cases C3 and C)4 ,» where the interface friction between
the reinforcing strips and the fill material was not reduced, shows

that the free-end condition induced higher tensile stresses than the
fixed-end condition. Therefore, it is not possible to draw definite
conclusions oun the basis of boundary condition of the skin element alone
since the interface stress between the reinforcing strips and the sur-
rounding fill plays a major role in dictating the magnitude and distri-
bution of the tensile stresses.

Influence of skin element stiffness

66. In the previous FE runs the stiffness of the skin element was
based on the moment of inertia IX of the metal sheet at the back of
the aluminum panel, on the assumption that the T ribs (see Figure 2),
which were placed in the horizontal direction, did not influence the
stiffness of the skin element. Knowing that the thickness of the metal
sheet is 0.1 in., the moment of inertia IX per foot of the skin element
is 0.0022 in.3 To evaluate the influence of skin element stiffness on
the tensile stress along the reinforcing strips, another FE analysis,
case C. , was conducted. Case C was similar to case Cb in every

5 J

respect except that the moment of inertia in case C was 1.368 in.,3

3

which is the moment of inertia per foot of panel as shown in para-

graph 16, rather than 0.0022 in.3, which is the Ix for the aluminum
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sheet only. The tensile stress distribution along the instrumented
strips at the end of construction and prior to failure for case C
is shown in Figure 32. Comparison between results for case C_. and
those of case Ch , shown in Figure 31, indicates that the magnitudes
of the maximum tensile stress are not significantly influenced by the
stiffness of the skin element. However, maximum tensile stresses for

low skin element stiffness, case Ch , occurred at points much closer
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to the face of the wall than those for high skin element stiffness,
case C5 . Therefore, it can be concluded that the stiffness of the
skin element slightly changes the shape of the tensile stress distribu-
tion along the reinforcing strip but not the magnitude of the maximum
stress.

Influence of length
of reinforcing strips

67. The influence of the length of the reinforcing strips on the
magnitude and distribution of tensile stresses was examined by increas-
ing the length of the reinforcing strips and the depth of the wall from
10 ft for case C to 20 ft for case C6 (Figure 33). All other

3
parameters between cases C and C6 were identical. Comparison be-

tween Figure 33, case C6 ,3and Figure 30, case C3 , indicates that the
increase in the length of the tie influenced the distribution but not
the magnitude of the maximum tensile stresses along the reinforcing ties
at the end of construction. However, for the prior to failure case,
maximum tensile stress along the reinforcing strips showed a substantial
decrease with increasing length of the strips. Therefore, it can be
concluded that the increase in the length of the reinforcing strips

tends to decrease the magnitude of ténsile stress, and thus less cross-

sectional area of strips may be required for design purposes.

Concluding Remarks on the Parametric Study

68. It has been shown that reinforced earth is a complex problem
whose complexity arises from different materials with different proper-
ties that constitute the reinforced earth mass. The influence of only
a few variables was considered in the parametric study. For the cases
considered, the magnitudes and locations of maximum tensile stresses are
summarized and compared with field data in the following tabulation. It
can be seen that none of the FE analyses actually duplicated field con-
ditions. While the magnitude of the tensile stress in case C3 is

closest to the field observation, the location of the maximum stresses

in case C5 correlates most favorably with the actual field data.
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Field
Case
Case
Case
Case
Case

Case

test

€2 .@ 0
AV I R VUR S B

gl

Cq

Friction
Angle
§ , deg

3
3
18
18
18
18

Strip

Length

Lo, B¥
10
10
10
16
10
10
20

Tie Flevation Above the Foundation

5.0 ft 9.0 ft

Maximum Max imum Max imum

Tensile Tensile Tensile

Stress Location®* Stress Location#* Stress Locat.ion¥
psi £t psi £t psi ft
39,000 2.00 30,000 L.50 29,000 3.50
28,700 0.75 29,410 1.50 17,220 2.50
25,140 .75 26,460 1.50 6,770 0.25
31,040 0.5 3k,980 2.50 26,260 2.50
37,020 1.50 Lk, 280 2.50 23,650 4.50
37,600 2.50 39,760 3.50 23,670 2.50
22,260 1.50 2k,510 5.00 17,650 5.00

* The location of the maximum tensile stress was measured relative to the skin element.
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PART VI: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

69. An FE study was performed on a reinforced earth wall to in-

vestigate the feasibility of using numerical methods in predicting

stresses and deformations of the various elements of the wall. The wall

used in the FE analyses was 16 ft long, 10 ft deep, and 12 ft high; the

earth backfill was reinforced with galvanized steel strips 4 in. wide,

0.025 in. thick, and 10 ft long, spaced at 2- and 2.5~ft intervals in

the vertical and horizontal directions, respectively. Based on the re-

sults of the FE analyses of this study and results collected from labora-

tory and field tests, the following conclusions are drawn:

a.

|o’

The one-dimensional interface elements vertically in-~
serted between the foundation soil and the back of the
reinforced earth wall are necessary to permit separation
between the reinforcing strips and foundation soil such
that the tensile stresses developed in the reinforcing
strips decrease to zero at the back of the wall as ob-
served from field measurements. Interface elements
horizontally inserted between the reinforcing strips and
backfill of the wall are necessary to model the slippage
and friction forces between the reinforcing strips and
backfill.

The assumption of using the FE plane strain analysis to
solve the 3D problem of a reinforced earth wall by in-
creasing the area of the reinforcing strip, to cover the
entire length of the wall, and decreasing the shear re-
sistance between the fill and the reinforcement by the
same proportion is a practical and satisfactory
assumption.

The FE analyses of both fixed-end and free-end skin ele-
ments are necessary to obtain good correlation with field
data. It is observed that the FE results of tensile
stresses along the reinforcing strips and the lateral de-
formation of the skin element showed better agreement
with field observation for the fixed-end condition than
for the free-end condition. However, field measurements
of strains along the reinforcing strips agreed better
with the FE results of the free-end condition than with
those obtained from the fixed-end condition. While
lateral pressure cell measurements agreed better with FE
results of the fixed-end rather than free-end conditions,

63




|

T0. Based on the findings of this study, it is recommended that
the study be expanded as follows:

a.

|o

fe

the opposite was observed when comparison was made with
lateral earth pressure calculated from tensile stresses
in the reinforcing strips.

The magnitude and distribution of tensile stresses along
the reinforcing strips increase with increasing interface
friction between the strip and surrounding fill material,
decrease with increasing reinforcing strip length, and
show no significant change with change in skin element
stiffness.

Recommendations

It is desirable to improve the computer code and make it
more accurate and efficient by introducing elements that
better simulate actual events. The variable node of bend-
ing element is recommended because fewer elements may be
needed and oscillation observed in results using the
isoparametric elements may be reduced or eliminated.

Better constitutive equations that not only simulate the
behavior of each material in the reinforced earth mass
but also describe the interaction between different mate-
rials should be developed.

More studies are needed to model and improve the behavior
of interface elements between the reinforcing strips and
surrounding soil.

Hinges between panels that form the skin element need to
be considered in the FE code.

an
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APPENDIX A: COMPUTER CODE




. HONNdl 'Wiva ' mRYB'C 2_..5«3 N :i ﬂ 2%

¥ e GG URANI LS UAN 1B S RAR A B RO AIRAN LGN (02 T8 L L 10 601
oooo-o.o-o-.oocooo-oto"..ocnoococu 0s
®  viva 1044800 sNI¥W ONY aVEY w a o (]
o - il SRS WS o 6 A 4 a8 s 8 40098 40 8 808 5 5588 8bhssso0 2 |
:Ju;.:uouo.: 32 iv
= 0e3714N 9
H :2::::2:-25::8 " 1
o RaNN' XdNN/ZAXN/NOWHOD N
- (0T eIaB (PYIEIQC (2 Y LI 8T i
”” vite! n.<-..-.14.. a..u.,oa.a..oﬂ.Oﬂ.m.ax:.:mx~...:-r.c..<.~.>x..c.o ['17 "l
f———— - — — — _— «:J tuzvv?:uc:c« SN ddnt ¥ i
b 08)988¢aNN) ya LANWIAEY (aNMI B 4" (ONNIX g7 (2 uz.:-!n 3:._;.:_:..::.: 13 1
. 3 N9 (1341 00NE" (IBHIB3E(P ' 13H) 018! () uiSe" .Z-.::«...:«:uoﬂ:.. it 1
S > S Sy S A 43N ARNLL03I 0N 0ZIIN0S 0T 0 “
" 9¢(0213'(02) :229:&.2352 Sw.?xw.:ﬁ:uoo.:.N:..a.;N' st 1
- )r0ot om.mga nAYY 'WiVy! a«nuax 2A'Ix s 'uN* 0N’ zx nq.—,.xJ-::z a:m»n 119 “
— - e ONYRRI LN AN BN B  IN G TN d N i TN
ALSEN dALIN" QLR gNON' ”Sz.:..z.muz.:oz;oz:-a AALNILINL T gdTHIN'S £ i
LAHREEING0T Gua T IOSHANALYRUONY T3MON? Ny " 217 L0280 NOWWOD t
T i e s s S - 2 A R 8 8 9 a8 s 0 aaf 2P 2% o e e h 0 i
= S3M 'Y3ILN3D 4a¥ "HONYHE e 62 |
f SISATYNY »BINgNOD 3AL 48 B3NOM 3NaVM_'Bu ANV ! S:: 344 "gn @ 82 |
— ———————— lt‘fxur;hxn: ‘4 ud 48 30ww IuIn-3699 5 o
W3LIYA ANNYG 'uW A8 3N0G SYA W3isas 009 39 3WE O4 -2-5»..8 3003 ¢ 92
. _.m;.:ou 3» wWel u.: Y04 o (14
SIS S TR i — 4 1BHIAINA-BNAG THAADTIS ENAYA 40
SIY193aYR v¥ALINNLS NO uz_n<0J wz=»<umu:w> HQ ® £2
) *oN1dv0Y >zmz-u-4mm~n 0 30404 QELVYELNIINCIONIAYOT @ 22

#niavol m.:m-m..zo_iiuum Y. B3K34ENT 40 S8ON3ND3S
P - AuvELI8NY 4O z.~..4;x_" 404 WY¥OPNY ANINSIE BiINlS Y
P R [ ] e " 0 00 0 .-.

4 35v2 434 §NOIZIONDD BynsS83a4 w31k anvadaOs 40 umn.az WNIxYH

wm: ﬂwswwqumw:” oya2 0y :m 38 Dy $300N 48 ¥BBWAN NNMIXVH
va 0vgl y3¢ 84831313 NOJ YAYIX3

Ay 3¢9 23«.. d SINIW33 AN3NIOVI4 40 uBBNAN WNWIXVH
b WoloPA g 40 32I8) § e Z o t T o 3ONRYILUIA WNRIXYN)
e S S 1 U LT VL S ——

g (AM3IW3LVig 8323dvivd N1IS NIW3ITI JO HBBWNN WNWIXVHW
CANIWILYAS N¥9.3WYNYd NTISIAON 40 HBBRNN WAWIXYW @ ONNW

. I p——— " e il e RO L 22802-T9802 aNvy AR44T=

vV LUV LLPLOLL L L

i
b ‘ I
) TR S S P o PR e Dou L SO S 1= SO I 1-Y ) s _ ZeGN'0Zabn'003838N "ZaRIN HIIBNYNYA 3.
2 098MK B3L3NVEVY 3

14

0ZI=MEKN ¥ILInVHYL
20NW Yuv

6987136 BILIWVEYVY
(z~0'Mey) NOI183234y 378N0C 41217dH1




| »
&

Mo - - et

i b
.. 41%X3 170 vl “
- et Iy I[||I|§£&ill|mt«|
- ahe (N3 ag? (NI SR CuNAL m.:z o dnuNND 41 ]
| 3 e (H)da’ (M)dd (W) At CBIXING —-oo” grasian 04 )
& (§603'S)3Llum "
" on E 3 (eNnNN *3Y° N4l g
—— b 5 FUT. EPRL TP T P
* 2.:..« ¢ (Nge

) 52 14 8 {04 ]
.Lrl\ e e o S et e Wo DX s el RN e s T I a .-m‘ 8 (X DT

e L'08 {1 = NI i
r e 0g i
.v\ L . & o — il =S el SRVt s O e _ DR, ot !
W x27¢{V)dy ¥ (NYad) = 4180 ™
y -2:..: s (M)A) o AQ u
g e e m—— — e 2224493 % & {(N)K} = XO o
) N = X2 r
- 06 04 ©9 (T_'03' NIJI rl
i e e T I e s N

4 (N) @ (NTad? (nIB Y CnEREN :.:...:nu.m_ o [
,.WVw i e -D"l ~ 188 .
el ® 9 9 0 5 0 90 008 NG 0% 0000 pe R eV e ) 19 p<
» ®  34NLV¥3dwIL ¥O0 3yngsdnd 3404 N1 3IONYHI ONY JuNsSIHd m«o. q 0e Il
5 e et e Om—ﬂz_ﬂzou O,un_uuta -8 ¥ 0. 64 e
y © 0 0 000 000 P NN 0000t -.oo.o.ooo. " 1
{ INNILNGD B¢ 13 “
& S MUY TTTT 1T VA I SRR PR—
= TANIPAXI CNIPIBOS Y ENIPHA ' (NIFOD  LEIEXYINY [0p02 )34V 6L "
o . 2:...5:.::.:.:;?..:3 '(NIF4300 T v I
—_— —_—ie———

: sgesieiaiive i 1
i s oo\noo.oo.o..b.o‘nooo-ono.”"on-oooo.I l» r
: ®  gd31dy340ud 3v4uBANI ININd ONY QYN * 2 S "
P ® 8 9 0 2 0 0 0 8 % 0N B OGP 90 g 0 e e h e N0 e e g

e e PR TR AN &EEEK['.
. :_:z-:..z.m (NI E4TUND 330002 (8243000 (NI GXV*T i
b .x;uuw."nn_:;..z;u .ztac.:::_-.:.::o..a.m-;uc.z::u.n.u—:: 02 n

o LS N F;EEFES‘?EE i
{ (N)aXYSIN)IHA T (NIOY (N)B S INIWYD ' (N)SNS' (NI INO(OTAT TIQYIY £9 r
2 WERAN'S $ N o~ oa 29 I
- ol e o rie n--oPPb-o-Pmbo-LstI-l "
k $311¥340k¢ Tv1¥adyn $82Y Qnx av3 3 i
b ooo.oooo.oc:..cooooooc-lo.tocooocoo.. "
o el - o e g et et R e e e e T e L R R R D AR R L .
) WASZEN'dALTEN ‘gALONTAALEN (GOOB'E)ILTuN "
. GALZEN'JALTBNYdAAIN"GAAYN (DFRT'TIAVIY N
y P—— - —— . ) .

. 3R 10002 Sraiiun " i
| 048 (3'03°3714N)d1 £s :
s — @ v " aaevn - ¥62°4T  94e6T-11 10 gesls

o




~ -
£l
,m,ﬁ
o B/ (oMW BZMK 953
o’ Xisr 082 (149
- 0L /0vB 0vELN=NN) S} »s3
I IENILIsaY NN nnn
£33 02 DO
»'T31 062 0Q 187
TWNANITIN 062 0C 0g? |
ORe Pre |

S8 0% 0 000 e PP QAT g0 p00DhPO RO S e 0] (121
i * WEllN BNINY3L3Q @ ? £v3

o A 8 0 8 8 8 s a0 uB R AP 28 505880 pReeeREeSes S St |
= 3ANTLNOD  0§T svl
o INNILNOD  OFT (124
H g0% 04 09 £2l
0sT 04 09 §B ‘08' 13wNNIST OFT 1134
| k0% 0L O w1

i — 1602200321 1N0 TS S
% 01T 04 08 {73RAN *37° NI 4L 681
| 0S% 04 09 N ‘03° W) 4l 8cl
1 e hhl.lnh~.-.2h.: N Enn.n.wull 023 481
% (efININT 8 (SN 9t
u T e tptBeNINt 9 (pNIL (13

P . & fetépnit o (e E134 ¢
L T oo (2I¥eN)L e (2N ££1
. T e (TN e (T T 2t
— e $8T-Ge—69 b .uwh i} 163

W - =t
<

Ve coghre avay SBF eat
* SN NERY, e :5-» .:nm.-" \”nh,

0 =N 66 427
- ® 8 e % 0 0 4 0 9 ® 90 8 R ST o8 g9 g e NS00 s e 921 ¥
e e o wlyg AN3W338 40 40JNe-ONY Qugu-e Q.  G2T
i ® 0 6680 g0 e tg P PR a0V PAIeN s 0003 ”nt
i —2.:—-.....;;: :o.-.n Bilun (134

. - Lol eNS r
" 66 0y 0D f0 ‘03° ;oz.: L6 121
S ::..::. ?6: .omau.:m:-: 023 ﬁ
-
3 : o9 (0 .o-. XON) 31 1 13 133 ﬁ
:oz;-» ENID3) {640B°8)3i1Mn 1313 1
B AL = o gADN'TeN'tN)31) (DCOYCTIAVAM _9nt !
€6 04 09 (0 'D3' AON)J] (13

AXON ® XON® AON = 01 (23 ;
-— i o it ST =R et I * Wl o= N] £37 r
XON o AQN & &} Eid 5
) T + AON = ¢l 13t ’
5 S . AXON'RONIARN (DROTCEIAVEM 031 .
: §0¢08'g)3d1um 601 P
@ @ g ® 2 P 5 8 5 % 5 0 D O P 00 5 ae e P e 9P e e e s e T R e .
NS e o ® SNO141ONOD ANYQNNOS ANINd ONY Q¥3M e 9  ARF "
oo.oo-ooooo-ooo-ooco-o-oosn‘nootooon L Th S i
INNIINGD [ ({24 i
‘)

I §  39Vg TUTeagEvT e it = ¥52 4% 9¢-81-T1 YV ges




. CAINO LN3IW3yoN! slHL 403 NOI1423y10%A NI n3x14 SICONHAS'X6/)LVYWHOyY CO0P 80¢

o e LAWNG A VIR DN0NE S T 0T MO T Tu AN 03X BN AP Oy SO0

> (G19T)iYWy04 2Z90T 902

) (ZIIITEIAT (19312 (2p0T TIAYIY €02

— — - Faggwnstaiodst— 02—

& (612 ivywt0y T90T £0¢
110y 04 09 4003’ xdNN) 31 20z

e — S —-OVTNYY PPN S TE V-1V 7 B

oy Te0isTdl

BiH'BTENSSON (0#DT TIQVIY

o— -— — —_— - {ENON'S
d FN (pSOT*'T)Qv3y L6t
o 93N = N EN)TI3TD4T3TN (06BTTIAY S, 961
—_— - _— »\ltbm?#bftfl‘lf
® 0 00 00 g 0 9000 0 8 %e 00008 0nbopPReLee ] (734
o vivE JN=gife fuluw oNx avaw e 3 g6t
o) < WS - 8 & R 8 8 % 9 2 5 % 8 8 8 0% 2 2 0 aagaf e asesassesasse = JPpT |
" AY3X3 17v2 181
(13N TaNCgeT=1 (1 'N) 1NN (09T 'E)3ullm 061
= e wmnluh.ln'Wb:-l 661
i (TAN‘TeN’(’TsT/ (I NI} Cofat’EIavay (13
: TN Sn-u.“::- (e ;
s = T ST VST W EETLAL TV DT —— T S
e 9 4 ® ® P g 0 00 0 8P &% 8 e 5 04 eV e e 0 e e e e 0 e ] [1°29
- o VivQ Nol vYAYOX3 (Nlbd Onv Ov3y e 2 vel
e S TP D SIS S et o s b o0t s se sy s83
2 ‘0 ¢ (DAs sO8 b4
- ‘e s (1IKg 303
e GMMORLT & 1 €0p Qg - 03—
* 0 = (TIan 6Lt
o INVINIGMNIBW O TINGIAN LOEDS'T) OVl 8st
IN'y = OW 066 QQ 9.3

Aa Nn YAl XXX =T

Ty

009 ol 09 (0 ‘03° MmNl [T}
a R ® gNIQv0T YNZWI¥ON] WHO4u3d @ 2 £t
® ® 0 0% 020 o 00 008 00N g0 P 000 e ] 2T
g S s et PR — Twilinl JHNV v &k .
o © 9 00 00 o0 e N0 eLPeoes Vot ORENOEELere]) '
: o wding ang4lowals w1 s3ssauds Avibinl wetlevdsa o 3 o
P e e o e e h ¢ 9 28 o0 a0 a 2 0 % 9 00 s 0 0aB 9 p 8B AR S S s e 88 28T
¥ 0= 1IN (91
X 0 = dNN 991
= - Srt—— —— any LIS
£ 3ANI4NDGD  O0g vl
. 009 04 00 £t
b — 00s 04 Co 4 mnt3y :
i 2+re2sONYBN 191
o INNTANQGD OS2 091

A SRR L N taT3e ot

£) 3ilun
: o2 B4 DD (gnn*3Y F) yi Ty

[ FEI P EAERELTA] *g2'Lt 9(~0T=T1 10 gesdy

AS




00% 04 OS(ADN "37° W4l 092

e " 010 2 (Nidg 688 3
G6c o4 00 (Wl *37* ¥ "ANYS AON *U0% WAL 52 |
fW131 = N (82 |
c..”.QQUQOO\H‘L\-\.r!-.‘-ooo.‘-‘n0000.o..u (194 ﬁ. H
n ® Sinlod ANvONNQE Q3X14 NC SAYO? O¥32 » 2 1114 i
— S o8 8 8 5 8 0 80 A8 A% 8 a4 o5 4 o0 8 s s s s saasase g Lo2
oK .__uma.n.u:-z 2862 ﬂ
r 04% 04 08 <0 '03° iN)33 O9¢ 82
; 0] a8 88 00 480 808 8 A0 8 A8 o400 80 A8ssssssaraP 042 u
" ® 9N1QVO" 3uNAYW3Idn3L 3903THONNDY @ 2 6%
.. ® 9 9 9 2 0 g 0 0 0 0 0 8PP RN g 00 sV BB e e e e e ] 1174 "
A e . ' (VL (]
. CAdAN® TR’ (V) ug 1N I8P 1Y) IR Sm..w..: Qviy 92 m
H JuBR (0£0 n: qavay (124 L
0 09t 04 09 (0 '03* dMN) 4l Osg £v2 u
- 2 0 9 8 2 0 g 9 0 B % 0 0% OB 0 g 0 g e 20 e e e e e e ] r414
4 | v v 8
N #338 1vd © 0¥
= \ too2z'er3slun (334
M $ 068 0b ‘ag -
x| @ 9 8 9 9 0 5 0 00 0 %0 00N e e e g e NN e e e e e ] ige
3 . e pNIQYOY 3pYe3ds IbwvuInao e D s8¢
— ————a 8 8 8 8 & 5 5 8 8 5 A 8 8¢ = bb e ﬂ
000890003 8 ININMS O2¢ 1431 1 O
. :.nn: T 8 INISILS [Ty <
“q 00 = (R4MIDLS -
n (N)I3T = W 13%4 8
o IBINN = N 028 OC oge .w
s 0588 0l g9 (L3 ¢ 73 ‘3’
o v .uman WV 113
x5 CTN'T & BCCNITBTN BN -n.-.n:t-a 82 M
v INNTLNDD 210y (144 .4

0'0s(NN)AS 260¢ 22

y TR (1)J1=NN 2 .
&l ‘gdist TE0L 00 m«m b

113
vl .vc-.nu-n..—:uw:ne-v.uu-:-z

ASI0TXREIAVMNGS €000 . 0F2

b (2009 @) 3 luM 63z M
. (pdlegdlntr(g¥o(zr0TeTIqVIY 812 h
SR = oy ; s JupdNNOXANNeScfwpdl (Fg
& x‘..z wlegul 932 - |
b TT0¥ 04 OV (0'OR‘'AdNNIIL 133 L
BRI b AN _anNIJNDD S300 32 |
0'0s(NNIX4 TGO £12 [

. (1)31eNN ~«m ¥
’ at 5 < Zdl'3dl=] 3Ig0E 0Q 11 9
» teal Tsa 2t 1203008000 R34 10N oz |
' 43008239410 e |
fir 2 3 ECL PR FT A o AR LR U] 1 1]

O




o A o N e ¢ S '
AWO13A LINNG 'xOc/gl'vs 3000 AOILYINDTI¥) SAINAOW, ‘x05/61'18 3000 Ssg 21 [
\&Eil%’a«o*iwﬂ
18 §3§VD QY0 4o d3AWONY ‘R06/S1*)® sinan313 (=3n0 30 wIEWNNI *X0EC
761000 SINBUID yNOlIgNAHDE oML ¥O4 BIVIBILYH ANINIIILQ J0 w3BWNNIZ 608
e 1x0p/R s SN RN KN ANBNB IS0 S0 HIBHAN OB E R E L e NN B8f
40 ¥ABANNL 'X0¢ gl tis gLNIGd YOOV 40 xme:;..“on\t:s;:::.&f 0002 (0§
(2'u33210%122)4Yw805 040F 90¢ u
- - (4B 84 8i2) 834 ¥NHO4 Q0T &88
o ~ (G19%)4VWu0d 00T »08
M (B*9T4¢0T12)4vHu0S OYOS £o8
8 SRS —_— — oAV 00T 30
= (£20T49'0T1T)ILVWE04 0207 10g
4 1614661361 1vAt0 g1ot 0og "
R e e o TS el S S o e e B IR VEM I a5
3 L . (S°0T40I4VNNOS OTOT 96
(61°c°0%42/6103/9v02)4VNE04 000F 82
e . 03 0 0B 942 v
.n Seen Seedbasccnsvsnnspse - § 562
u 3aNNI4N0D 009 v62
N i e add pin oa et AanliNgy 06 [V ¥ C
ol i
par £S364S 1V2 682 "l
- © 9 2 9 % 0 00 0 ® B B B Qe 0% g0 g e 0 s e e s e 0] 882 “
- — - FAPNu SN I AV SISSTUNS SN IO IO
" EEEEEEEEEEKE R I AR N N | ﬁ Wn.
a 1t A B B U S ) S M it ’
' o §iNFWIIVTESIT w04 SNOI4vNoT SNOBNYLIINKIS 3AT0S » 2 8
b @ 8 9 % 8 9 06 0 ° 00 B 8% e 00 e 000 ®e e et e s e een ) 1
FAEhE I3 i
o v D R N N I R I L N L o-w §
- o0, 034 QvOY ONY xiuivi Gs3N4418 3pNiONULS dn 135 @
- o 5. 0o A 8. B o &5 o A 5 6 8 & % B a8 5 o o B 8 5 8 8 o 8 5 A A & 88D -
. ddYKNN‘S ® BN 00 0C [
v INNILINGD 0¥ f
o SR . = b
L 24 ¢ INJAG ® (NDAY g
e X e rz..:: * (NIXS P
ol . Th p Awdid ® Goag
L TX o [WIXS 3 (WIXJ ;
p Zatax!NeTAYX R (0BT TaQVIY ;
; b e & _19NeT 3 1 0ge 0U o
o TN (0fRTTIqY3N ¢
| » g t0psCiCI34ian ,
. . . ‘
] @ ® ® 0 2 % 9 0 9 % 8 0 B P % P 2 e g e g e ® e E e e e e ] 692 i
. * ONIQYOT 4N3w33V14810 ¥0 30und G34veiNIONOT 39CITMONXIY @ 2 vz |
TSI — 2 & 2 % 8 # s 8 u % a 8 0 2 ° % B 8 o & 5 @ % % B 2R 8P S R 0 e e & J £02
3NNTANOD 00y 292 i
0'a & (N)Xs peg 192 d
J
7] SRR [ 39vg VT, 738y s ¥GZ'LT  9(-81~17 10 ggk0s

i

b i ol ot il ek e A i 2 i s et




Um — —

m (g]1ST)iVWH0y O£0E (1%

el 4518463480804 nmbn £ag

e . .-.-n YAVNUO0S non

H (Zi0F42oxge0stox2?e*0t -..-_ m:q..co; 13

3 YOVIVIY LTINS ¥ 88

™ avo *a OY0Y*x 4d IWAONI'XYE//4|NIWIEOND SIML ¥OJ 0B14193d5 T 658 [

el N338 SYN ONIGYEY IN3WBOVIYS1a w0 30M04 J<pzmxm‘uz_..xnn\\\\v»<xaou ovgZ 139

o Lol FEFES-TS LE TV T7.L URVISE SRCUR Y TS

¥ 4 U81744Y ON1%0 39V Sglpiptpgnal vOoN ..:....-T .. 3 'X00/2/) AV¥G4 0282 %<

M (R3433461278)4VNHN0S 0B 113

tdsp o

5 1 3uNESTud WILVYA) xS’ BAONT'XG' 1 300N, 'x2*13YnSEIud HILWM *XE" 12 £88

u 300N X611 3GON.*X2 13RS 3Nd gm~<s..xn..a unoz..xn“._ 300N ‘X2 T 2st

” A $I3N

r u04 081412848 N30 SYA PNICYQ] 39 adng aqpau..-nu- 12x8 \\Q- v

K "X0E* . 'W3T8 TON X677/, VIva dndNl dn=QTINEITXOV//(/)LVNHOS 0632 4rs

- ({S1'xS)@IavWE04 0932 9vg

hnq.hdJnP!h.Lr 7 € Y .lb- :

; jhe8//18 o 9000 - in1og WWooM 430v07A N8 woll . :

v SUBLAB RSl ‘B 8NDeopsh/f Yivg dNgyt NolivA -nwocs\asn c:c.n -amn 1143

&2 N1GY¥QY 3SYJ 031415345 NB38 gVM ON1AY0Y 1YINIHINING 13XOL THTILYWEOS ORF2 1173

i (0/7/61° yogl WAQInANYE 3HA1IX0P////)AYWEOS 0232 ovE

i 461—2+—8-

w §aYava IN : e 3

,AP 39 v». ] > b

H ICEIL] .oz ;u-w._m_.:n;x::.aw.. 0032 seg
.:::sn\m:: :n\-:w.;zw:&sz A O X ONyixgs/)1vid03 0602 vee

E .-Q-: A, ‘
2//:84 =¢~.= Awvg n e ; :

(S1ORET IR Odrge8 L 04 X2 .n.:;:.n.:;..:;n :.::a.. 0902
..-»-a IN104 TvEBON N1 uouxw. xu».u:«.»<:¢ou 6502
(27, N10d : d

[FUTTIn ROTTTHIR I H 4 4
3.:‘ vy AN ] .u..u 84 kg 2% »’ 1 L RES/ 4 008
[y 'g8° [} U xpe ey
J-J\qmmu..n»..Jcnuw»- ..-n \\.mu_bzusoug nu«u.m»z.».xem\~\.p<:xou 0f0 £
o' xe‘s’ .2.: thea :.:.3..:,:.» m;:'.a; 23t
OB 4CNB 2 g X2%2" vh.x gt . 0 1
(O .-...-: ,.-.. -u 3.3 S =
Xo'1148037) 12023 4RD 2 xR’ ..:-!3 .-.........._. R Ry o
(SIC10ZTVINGLYW 1 sHOVR "XBE761" (=3 V 1 03LYNE 43¢ g
0 a%gvas fxgergl ovslvigdiva IvHAAANNLS ! xye/81 i pNIV) P X06//18H0TTT uz *
04 §Y Iny §A443 Teindavy IV nNIWINONI 03 L ;
HINGET) 'XOR/ZTOT I, ® 3YNESRug Ol1uINesOHiv *XOR/3L0BSRIN REAVR 4 » oo

(I ATASEEE 7T Aeh e aun A 1111 ]

O

A8




-

18 FrErrL L

2

¥ §

”ow
<z

"A v e e s e e¥THAEWEY

O T VINE & P T TN SO N SWNIFS L T TS F T TS e IRV VY PYS)

¢P'0T80)4VYNEOS OPOL (1]

e

“3vg T Fav

16247

9(+~8T=T1 10 gukoy

had

AQ




18dAdl)IND = 309 2%

oo-c.oo.ooc-ooo-o‘co-.occo.oo.oo-otou 1y

Q¢ 04 09 0y
.

- Gl H—e—du %
LdhivnIa & INI3B (MRLYN §03' (§'N)T12 4] os
. 000003 ¢ (N)33 (1
053 -ad- 00 L90800N 4B tetnd1tids Py
vy oru9—<t TN L2 8 AR BEAESRS N a2 2 LA
0'0 = (W'N)DIS OfT iy l
v{T = W 0£T 0OC 117 0
— iaelbtioe o LRl Ge—03 e —T
CRCRCEE IR B A A N R e I N A A A SR A A | " 5l
® NI QYv3¥ JON E) £

b 0,7 04 0O (§ ‘08’ LPNANIA] ot
o r mauzaz.m.:m.a.-vJ-.e~o-...a<-¢ i g
- LdnNO,
| CN3WNN S TEN (P Tawf (M N)ELS)IL000T*L)AVIY s¢
i ® 8 ® 9 0 ® 9 0 0 ° b B B P4 o8 s e 0 TP e e g e e e e ) (29 -.,
q ONY Adu3g0ud WIPILYNT LNWIDYIS1076SOLLE IVILING QVIY * a " T
| oooo..o-oo-o—.c.oooocoooo.ov.cco-oooon 113 .f
:u : 583 0305 % e pINN—— 0"
= ¥ oe dluin 62 h
~ : 4d¥WNN 3 DN 82 0|
b 1w —r—
£ - 0« i 92 1
8 0= 7 1] ¥
94 $poagleddypinn -2 1
& 02AdNN £2 §
= 02XdNN 22 1
i 2 4 % 2 8 % s 8 5 2 8 8 § 8 ¢ % 20 o8 g s e s 3 R e w e e a9 ] l2 3
ug 03M v8y 0z "
> ..umz—--z«z-<-aszoxzou st
Mo YA LIFIVE LNT RATIV.CEND AFLE ST. 1L SSUNEE—— S
| VL2 YR LR WY (y®y) D0 (0B g (0T 0TIS iMMIMNaNIY (RBRIB (v 2)IAX (p's I )
vl 24P UON MY (SNIIBA(SN)IBE (ON) N (3BNI T34/ (833N TI0T (S 13K) 1T 7 (08 91 '
B 0g3al (QNu .5.EELLL-E:I.«;..m:»»l:.:u.hr::m;.mnz:_»..mﬂu:.»F $1 M
mzso:..u..;oz-::zzw"— ‘73M)0180 (g)yIS, (w28 (D2Iu4’ (02) 4300 N9 v ¥
(OZIgRV e (CZ) 43097 (0Z)3NOD* (02} Ina?tOZ)vHI Y EBZIDY(P2) 30D (02) INg mﬁ |
UNT LA LETYST0T LAY 8! [) . l_

Y JP02' H0Z) oMM MRV WL Y QU IRu DA DX g MA T TOA NN Tt Ty 18INY  gwBLE 11
bl .az<nx.m¢m.,z.oz.oz*uz.msz.euun:z.“zMJJz.aﬁzpz.sz“g>»<z.a>g~mz.nu o
— L In' ' ' 3Tane 131N AN AxgH? ¢ . ‘ ' 3 &
., AFHARZTnuoR ¢ SHANSLYHHAN T3WAN ' NN 1110021 80K NONHG. s
) ZoGNYOZepN 0054 3EN"EoBIN N3ABNYYYY ¢
. LTTME =
g 0Z1=MEN ¥343Wv8vg S
’ $94=QNN B3LINYHYY 14

YOS ENIETE N S

T’ -
i

(z#0'Ne¥) NO16XO3Mg 378000 4101%dKI
AIND 3N1anOyENs

-~

3 30vq Ty INT gv1

)

(

GPE'LT  9L=8T=T1 10U gghl¥

A10

byt 4
e

.t

s




i
e
LONONST = 1 08f 0C £0% '
£0202°'¢330lun _201 r
S0 800 0.0 00 ®P s Q0L e gage®OBsPpreeeNeees) R} L
o s@liuBdOug 30v4uBiNI NYELIND ANgéNp o ] (119 M
a0 8 8 8 2 a0 00 000 0% 9 09 an s e a0 R esse e el rve
0gf 0L 09 {8 03’ LrwlN) ) 86
3NNIANOD  09€ 1
4 Nola .su ..ax.ozz ¥0 11Y5 NI 039nisSa3u A8 4 - A¥W N x30N] g0Q7 00 LePT M ﬁ
% (N)Yages 1IN0 n.
P a u
e 2 0 @ @ & 0 g 2 90 9 00N T O RO g 8 g e ® 2 e e e e e 00 ] no
r e SiN3H3T3 002 404 s3WNSsIya Fu0d ONY TS3NTYA SNINCOW 2 26 " A
uallli!iliglr% 3 .
'g3583u48 ILIND lmlsg ONv §3NTYA gRINAOW NYILING 40 438 o ] 5
od -ocoooocoo-ta..oc.-oooo-o...mnoooooon.on (1}
b $iNiote & (lip hbhll.llbrlu
o vt = | g92 od ]
el 0%¢ 04 09 (IOSKAN *LD*' 3dAdWirdl 092 98 s
ANnel2°N)IDISaL2'NINIS £8
ANeg3INIOISS(T N)IDIS "
g (] .. ‘p/nneNn £8
\ VugeRNANO a¢d n- !
[SETTRITS -
»'1¢] pg2 0C 3 r
o 0'0s0n AL r
0 5 ..:l:._....?wn-g -m "..2 -J_u 2 (7 ' —
* sttt g i 1 $f [ 3
) 22002018 = (T'N)DIS ISBY = (9'N)OIS sL § 1
- (ZIN)DISOt3dadm)IOY = (3'N)OIS 092 ve 1
P 2 8 % 0 s ® 99 ¢ n.onoooot-ooooo.-ooco-p oL rd
» o Wb Qvay doN .z-u._: 45 238s3ydg vino2IuON ..:: lvupuas o a 7 ;
L P00 060vesorpePNtecrenseRobpROGIOGSare] .--M k
—het 84 pp r !
0¥2Z 04 09 LI0SKAN 37! 3dal)dl 69 5
09z 04 0P [0 '03' AINDIJ 89
{S2 -m:.z ® 3dAlN L9 3
IBNONET = N 098 00 04T [
X AR T ¢
' ASENAE 1D " '
‘ Y0SNYE 11vD £9 2
b 415848 172 29 .
0'g # (N)X4 093 19
070 # (NIAJ 09 y
ONAS ® N 09T OC (1] .
ANNIANDD Q06T @€ |-
“00p00000T & (NS4S lg .
*00p000ROT & (NINJLS O3 9¢ 3
gsy 04 05 _SS [
. ((ange 2eiTre(aNy o .:.aﬁ . (N)gouE " :
1 LITL) 8 (N)ne £ K

[] 39v4 viINt T3EVT WVETLY  YIUTSYT YU BEs0E

-




Rkl g b oa e ML Vol Sl L s L e e

(@' "GqT3ruT 228326 'API YRE04 0502
.\\.oz RETRS LARWE D0 z<mxm_.xw 4

144145 vRNON+" X8 ' 4 SS30,

axitgrtaaN Ju.u:t?-m-um 48 A0YINaNT VLN ,.no.\:::ﬁou 0202 193
ot u..:».n.:-:k AR LT om 0w ,
y)
*ISSANAST X2 SAINANT (Xp ! Vg3u1S Nfws ‘XT? 1S3HLS x¥H 'XE'Ix2
- 7] :::.:...;5:..::mumapmi...«..mmmx»m;n_.x..;.;m IX1'XG T
.”T ON-34L ~\~..lbn>: hz.. r
il
o !
7 (2 3%::&3 0007T 2et n
bh NdNL3y 1£7 L
—oy- | -
™ q
iy 637 =5
W 2y [ <
B, oS — 2% [
i 2!% 3 W 00§ 00 921 i
dNHONIT = N 00§ 0C g2zt {
o sinduovusie AVILING o¥dz ¢ 3 mu“ ;
: _Baniined0ap 3BT P
3INNIANOD  0gR ozt |
FUUFYSILS" (FINJST(BITRLICIIM)018) ‘AR70X"r (Og02ie)aLiam Dt 611 I
e {2'rinls $I1.
anN1 NDD g9t ot I
mn & t)raets = (3'r)0lS 951
ANYS o OtesnA w .  gXI K
{17dy ¢ NN = NN 99C (33 :
(1'rde] = M £11 :
e P #'T = 1 329¢ 0O 233 I
| 0'0 = NN T
] v IvludL¥e GENIFUOND *0 & NIVNON 2 (13 y
x YY1 04-0n 42° .
e 0L 04 00 _§0 ‘o3’ LINI'4L 801
*T/UE A o DA) = D4 (01
st Y2L0403X e ()XY 8 IX 241
1293 » Y sot
| (TIrITL o X . »et
” - [ 39v4  TviIND 1381 Grc'ct  9Ze81-T1 10 pekby

]
|
M
| | J




m
e i TR e i -
¥ &
(Z'WW)] = 2g 1
(MWl = ] e b
(NN'HTINT & WW 0$ .
) ¥'} = NN 023 OC 6 ﬁ
a s s 8 28 anm Ph+’<i‘rb\blhlhl0l0+»'lhlllbllvttttnblﬁ.||llbil|
* ( 3S xjylvW ILYNICHCQO 3JCON ¥3IIN3D dN 43S 2 Ly W
@ € 8 @ 4 8 g a8 g ® @0 8 8% P PO 4 8 g 8 " e s Ve ] 9 1
:..JJL 1314910862 Y ™
£'% 8 r gz 00 (13 I
v't 31 62 0 £ §
ol TP T s 111 & 113 T
3INN1INOD 03T Ty
00¢ 0L 09 0y i
annliNGgs 00T 4LS o
0SY 04 Op 48 *BN dpel’WIWNT2 41 L1y 1
y&¢T s | 00T 0Q Lt B
e —— v VU T'EE-T VETRV.1 - 98 ¢
(dALVN)I = (IN)33 se 5
dALYN = (g6'IN)I 06 124 o
et Q0¢ 01 Q09 R &
0T = (ININJLIS 2 ’
‘07 = (INIS4LS 144 e
o 0404 0B th0SEAN '39¢ (c'DNAINI4L 06 08 M
(T!T=w2INT = MW 62 el
0g 0; 09 (% *p3' Wyil 82 B
el e ».:w..[w-..b.«lﬁx_r L2 4
._-..: = W 008 Og 92 ¥
$'00('2) u052S (1] 8
8 » 40481 T e
0= 111 ¥ &
o-.‘ooooo.o'.-o.o.000000001000000000 22 W
03K 3N _12
(42'(t’0316)4238] 3ON3IVALND3 (21 i
.n.nw.;..:.n: NOISNINWIG 63 P
0234870300029 ' CIJET L 1 1 3
<..m.n:m.;,z._.:.iu.Zu:_.,oa.oﬁm..x::.mx:.:.my,m..'.m;x:c 6 2 4
240 (ONI A (SNIDBAS(SNIABE ' LON) AN (3BN) 1377 (8 33NN (S 13W) T " (08 .
bn.iLa‘Eé.EﬁEn.gthﬁEEFEzﬁrblLlﬁ
3WIND* (13w Q0OWA" (18K BIL(P13N)OISI{CINAS’ (VI (D2Iud'(02) 4300 "8
SuZ:..o«:mou:..a«vmzou..o«:x;.3~.<x;a-.=n.o<..e«.uao .ou-:n 3 "
SRS ENC e u.:.«E.Bn:.:.-.:.-».Em.;n».ztn.:_n:.;xu..-u.m !
§oU..oSw§;:S .::. Q¥ T80 A O 5 N ToA M PRI T W TERNAN "aW3LE 17 &
.az;x AN'dMN‘ON‘DNW’ uz.-:..sz &i.uzj._z.&upzjmz .t:z mtumz a2 0t !
L B R ALTEN"dALION'ALA INON BTANS 12N 3ONY L I
:...::»....En...nx:.._om.sz:-:.sz.._w.sz.az.sz 3.:28: NOWHWDD [] 0
ZeeN'02epN'00883EN '2e33N N343HVUVY ‘ i
| TSSO e e BU L e e S e 099" NILANYNYL 9 i
02rENBN ¥3L3WNVYYJ 3 ¢
19¢=ONK ¥343WTVHYd 13 ¥
e - e _D6FeT3m HMILINYHYL £ b
(2=0'M-v) NO1SI33uw 378N00 41J17dW1 2 .
Avdx3 3wlinoyens 3 .

IXETEBRECTA

TGE LY  9¢6t=-tt TU gelly¥

&

Al




b
WNS « (r'I)s a wWNS »0T "
— —_——— —— e Ny T Tae ]
WNgs(1'3)§ 20% T

‘o = WN§ 303
iy T S 3 00% o
»12%] 2»1 OC 66 )
w:q:zou sel 86 L
- Su— — e e e e 4o ———
£9191 &£% 0 98 ™
£'T9F €83 0Q s

= = o M a 24
4230/20'TQICANTW TVD £6 il
¥a=£Q=2ta 047 26 |
G TP (R0, S Pupat ST ) S bty ok oo EINE 3 1é ™

gof 04 00 06

IN top02'R)adlun 48
. - —6—." -.- \-. o
—— ) -
0ET 1627 42T (v=3'T=pg+Lq) 4l % b
(30758Yaga r
—_— SONILNDD 223 [l

2qe(TeTrydzZe(2agrIdze(cr1)d2a(g’Tr)dle(2 2R)dZa (3 [)E2E2g
TQe (T TRIZOCEGrIZO(E!1IZm (£ TMIZOMRI20I204T11022Tg m
, ! 350t T51)00K03P 8
{ £1T81 32T 0c
."I-I-“ -
‘0s1g '
e 8 o ® @ ® o 8 8 » ® % g 0 9 0% v e e g 00w e e e Q 5
3wt 3t I ——— ]
e e 9 9% 050 LI ) 2t e PP Roes e ee 1
aNNIANGD 02T

FETL TG ZVATE JTE ST FIY E/¥TvE s S —"  OR—

2se(XXx*AA) =L 2 ' TNN) 42
2Se(AAeXX)=(T*INN)dZ
AReXX2 (o TNNVZ

s ¥

A8 (ZOINNNZ
XX8 (5 INN)Z

S P SV VUT ¥ VU S

-

L4 39vd

\

(g'TIS=xxsXX #13 £9
02 94 09 29 ;
I, Ah& (51235 —) P
XX 8 (g'3)S 21% 0y K
"I 223T '2T) CINND 41 &¢ ;
GZ'0e( (AR (MIAS(LIAR(IIA)ZAA (s i
GZ' 00 ((AIXCHMIXSLFIXTCIIX) =KX 9¢ A
‘P /KRYSRY (Vi dg {ide—2 4L )dd—s i )ddla—tNNIe (4 ]
(o2 8 9 117 i
(E'WHIL & n X3 A
AvIX3 138v7 0GE'(T  9(=8T=TT 10 ggeds

A1l




M O01AY10d5BUNT ¥YINONTS v G3ONA0Hd SyMi'w1*  ANIWINE, 1 X02///)4iYwE0s 0002 961
M . NHNL3N sel
I 41x3 1w I3 *08' d0isi241 3
.u INNIANOD  00% £¢7
L Sani N0 092 000 2%
i (1'8)4 % (WIDAd & (HIDA4 1733
B (1'%)5 » (WIdxd ® (WIIXy 0st
I Pwu 04 08 10 .Bu. FP-.:.JDJE AaT
i I o il
’ L] Z 0q i“r
+\I|'.. N 2 8 A & 2 & o & 5 2 8 R B A S 8 8 8 o a p AR 88 8 B p¥ e e e s s @] T34
= Q3ave7 LON 300N = Q¥3Z ST¥VNOB (8= WITnT 41 » 2 13
® 53qu04 VOON 03AVYIN3IINOD 4 s3FJH04 TYAON LNITVAL(O3 GOV « 2 rel X
— P— 28 8§ % 2 % o9 5 * n R 8 £ 0 % 2 9 a4 2 S 2R 2R S 22 2 L] £l
b {IN)psaNed 1Y) [121
o INNIINDD 062 T3
- _AIIMI00 8 (MNONID 02 08X K
0 TTgiT s ¥ 0wz 00 0f2 (33
o 062 04 09 8gt
_Ada XXallepeirpiagy T LT E
. AAeitioorrinayY o RAX®LTBIPr)0QY & (W'SIMra08Y = OIN'PrI) 022 (14
SANIINDD 032 (134
062 0} 08 fui *03° ¢1'wwdP34y 0 8% M
v!1 21 3~ 0g ££T
bzez 04 05 (] ‘03’ Mv 2¢t
£¢3 » CC 0g2 0O ¥0¢ IS8T i
9| -u.:a.."::» S“ L
~ oliA®tQ)eX <
*y ﬂ ~’> mmlﬂ" - =
b v0z !y02 ‘zOZ (210)41 (2t
(SIZ)S=(HRIAEAA 921
.P.n,ﬁuntt.:kk &2k
DTINIL & Wn 1333
#'% & ax 0g2 O £23
- 9 9 9 8 5 ® g9 99 088 8500840499 ReHo g e es s sy 2% ¢
® ()9 XIyivW SS3¥4S IYOON y03 3A70S » 2 12t
2 ® 8 % 8 2 ® 5 8 9 ®* 2 W 0 A% e e 0 e 0 0¥ e daw g e e e ] 037
CCIRdd ¢ (xu'HHrylgigc]rirrys o (T0rrfSinIOkY & (RCO'ux)28Y Q6T 413
(EI'WT0T ® uu (33
0'0 9 CIf%u (0 '03°* )4l (233
! e’s 8 LI g6t Q4 233
| 0 = (3P 'Mx)08Y STl
| ¥'3 s FF 06T 00 yil
£'7 = XX 067 0Q £33
M EEEEEE R R E I A I I A L o | F133
o L )DBY X3uEVA $N31D144300 NOTAYI04RSING 04 aAgs o ] 133
EEERERTREEERR R RN NN EE RN E RN SRR N NN NN 03t
: STe(TtT)g 60T
of A 801
| . 19

the Whg* s (3'1)S 9at
o 3NKILNGD 00 (123

L i 8 39v4  AVOXR 138Y1 IR S TE ) 44 J‘qoo:j-
=

J

indaiin e naliobiac i d. . cnlbilned e o



-

R .-

31

e
LTy

T

T X = X7

A &
A16

:

A a N X

>

an2
(TANIN3T3 NOTLVAOQNAANT NBONOBY*XINLYH NT

ur |
uy |

» 30vd  AVOXdE 38V

ege' (T 9iowleTy

v gesoy |




/

~ 3NNIANDD 0¢ 6y
b S e - —30N14N0D 05 e L
% (N mSN.::.::L (ar' 2:1:..1;.:.3@ 2 Ly
0% 04 09 9 1
—_— ——————— . Awp'Bl)eZel g vl el = el e 2 , ﬁ.
vty ‘2 (2TQ sl r” 1
. J4 (£'%er)QON =86 ey B
i e : v ek e Siirity e ($'r)Q0W mYP 2% o
» g£'%sr 01 OQ Ty il
k TS {g'Te1200k & B b il
o SYESRS : - o . - SRR, <303 vy e (R S,
: £'%=1 02 0a 1Y
F] L8 ¥
o S [ Nl DO B 0 B [l P 3 i Sroe S e e asH- - v3y¥ oc i
= (0T ) 1S (0Tig)gai(z’v!SI0BY 42IEIVR* (gINTT sf ™
t066)4NBYY (i) Beipigraz ()2 (MW" xmz:..:mx:m:..mrx:q.o v i
— }nt.?ta?tzvo%«. 8631 LON )N 4380 i
Al S.w SLaNNIJO* (ONK) dd® (ONMI X 4! (ONW)Xd' L2 aNWI uSTa! Sz:::nzz: (1 ~n [
3w P8 113w) QOWE* (13W) 238 (/13M)D 1S S)¥IS4* (PTB'(D2INI’(02) 430079 ﬁ
P Y IPTL] .Eg.“gggftfgt«hzwg%ml%%
pai :om.m.Sm::o..o«n.w:m:nmn.ztn.Sm.:xu;ow.:wou..om_axm:on. H
P IP0ALE0Z)ISHY ' MUYD ' WiYd"! naouna AT IS MNTIOA NN PP T T W BWNN" gw3UE cm 1
S .nx.mx.»u.-:rix.qx.uz.n{u? %%f&%iwl]ﬁln -
: ALTENZdALONBLAT gNON‘ITANS T1INTIINTAKON XON T AN JuALBILINT T advHNN'T ] ~
% LPRAREINEOT QUi ] P 0SHANSLINIAN 13NN gNWDN 11 102103 NOWHOD nn [ <t
e aN A2 et 0030 3ON B0 B3t vty 92—
y 092Mn BILIRVEVY £2
= PZ1=MB) B3L3WYEYD (44
19alhn wIuarhite 33—
i *  De9¥I3n WIL3HYNV 02 ¥
o 3 6t &l
o i - 83 &
& "dZ xlwbvk 40 ININIWH3L3D 3HL 2d 2 s 1
" ) 91 1
4 o S : L A7 xlybwn 40 ANINJWNRA30 ML I5 3 S {
% 3 3 |
"B INTOrQY 3H4 40 BSOJSNYNS 3ML @ 2 3] !
LS ETNSR IS N 23 i
Yq3lyafnl 88 £ XIydvw 3Inb 42/ 2 11 |
2 0t i
= s 2 b ‘
] S378Y1uvA ¥OrYN J0 NOTdgludsad w ) .
i t
3 AT LA Y dils a 9 ‘ §
: UxindvW £ x £ v S4u3ANT BNI4N0RENS giWs 2 S i
v d v
: = by &
| (7=0'H=¥) NO1SIJ3¥8 378N00 L1017dKI 2z .
3 (270°20°'Ta7SoNIN INTLNONBNS 1 _,

. a3 T 39¥4  cANIW 138Y1 ¥SC'CT  94°6T-T1 10 gg&08 | _




4

.

2

i

b

i

¥

-

-

& Ll

_-A

i

i

jul

-

”~

[

,v- 0

o

b )

L *

“d

o

]

-t

b X

*

»r .

ol e . Tk 7

T A S e an3 £9

4 NuNL13y 00} 29 f

e T e 3 19 b

4 3INNILNOD 0¥ 0% “

b o/¢re1rBmiri N2 6% .

# T e L A o S TS ol B £'Jel Qr 00 88 :

i g =] 0y 0Q [ (s v

. a 95 .

g -, e e gs'opTeas (ar 41 92 S§ ’

o 1030 ¥2 ve "
92 04 09 X3 !

TSI ] 39vg  cANIW 13873 TF oY i = ¥Ge LY 9L-8Y°TT TV gekly o

A18




e R ey iy 3
L2 .
pemo FE —— — 9
& L4
v.f)l o T _ o n N |
- 1 |
£
e eive dal e S
i NBNi Sy " r
o INNI4ANOD O%% 143 i

IS — = e }n . ] 1 "
:x.nvunz.z: . :_ .J: ¢ 10 3;_.:.395& . 2 Ty i
(V'€)0e (N FIAXICLIRT 0 * ((NM)Dell’ CFIAX * ((1' £FIAX T 0y |
SNV U I PYR ST UYL A «t&o&&\%wffﬂT‘lL‘;
ke 3 regigr ™
4 3 N
e 2 L
o 13
: <
e o 1 $< 4
8 00 200 0a®e PP NP, 0000 bPpreneeene] e [
® $30u04 wdoN JNBIVAI003 ¥OJ FA0S o F 18
N tID-PFDLIDL—IPnbleIttLIDIOE!ELlL.
(F)A = (1)A 8 (N'2)AX OTT 62 ™
£10%= (F)Xx & (N'TIAX 82 m
= S lnr—ttw«w.: = 0 L2
T e Nn iS ‘03" wWHIdI 02 5
.!mb.o.-uu. o WM\ ﬂ <
b viT = N OIT 0Q £2 ﬁ
- ® 9 9 0 00 0 00 % 00 0 0% P 0 40 40" e e 22 §
e oReed 4 *
(1] ._cnc o3 r
— »nw.u.E:nnc!-bP:l-P- 183 L
I m.S.n:.m.::__3...:;.:::_..3.35.:_...:@::.;ml ey m.;....o (t M
Y4 (ENING! (SNDDBRTCSNIABT ! LYN) AN’ (3BN) 71371 (8°33N) DT (SITIN) 1+ (08 91
E-;...annfn.-a:n»tt.nhklywu. «:&t.k;:u.:zt::._a JONNI AL ONRINL I L3
m:;-..._wx.no..n..._nz.-m:-:.w.:ﬂn..n:.—oa 1¥78° (PTIyd’ (02) 4300709 " 4
.S.u-«.;mzmoux. 3!5? )ind!ig2 YHaTY* SR2)DY2 (02) 3004 102) 1 ]
Dlp®)3910 e |
IPOSLL0Z)SHY ' MAYD WLYu! ma.:x 2A'2x 1! MO0 MM Cr T x.i.sa dW3LE 13 "
CONVER'INT N N oW ‘0N BWEA0N’ agan! uz..jz.:u; muz ._,:z gAtZenq2 ot ;
AlTIgN*ga ONvg A NON STgNS 13N 3 ' P
LPWNESINYOA ‘UL I0SKANSL zs:z..‘wz:z.gz:?.j (0Z)1gBH NOKKOD i
ZeGN'oZepN ' 00FR3EN “uwmz W34 3WVHVd 3 i
ot 2
i 021=N8N amhuz;«a s E
of 394=0NH ¥313WYHYd [3 r
¢l S 0468213 K KW»WIIKIL PR "
; (7=0'M=¥3 NOIS133us 378N00 1121%aw1 2 .
’ {IN)0JONDI 3NTANONEBAS ] ;
£ o 3 30v4 0aaN03 T3EvT Ser (T 9C=eT-T7 10 ges0d

U]




‘0T = (WH)S4LS 043 143
ne| . ‘00000000T & (MWINILS
1 LONYISRON( ST Sshes’0 o (US ® 8S)98°0 * LT'WHIDIS
~ S§e(diitanioy = ¥S
L -G:l_ a .-!-I-;-—Hﬂ-&-l. n ﬂﬂ Gﬂ“ ..
o (ONYLINYLY®'Z £ ONY /S
M NSJ/3NS & DNVL 9»
" 06315408 430009000 Lls.u. (- 0uNSI IS8 3] Y
=8 a.:m._n =By "
o ZAg » 3n§ »
& umnsnuF:F 2n
o (Z%®AQ & ZeexQ)i¥0S = 0 T
Y (I)a = (F3k & AQ 0%
! FEee™ ) —e—A— o5
HJ ooo-ooooaooo-o-oo-ooooo.ooo-ooooo-n 1 1
b4 ® SU3IFANVNVA IVINILYN ONY 83553846 nSIVEYiE3 » 48
- a h a8 00 o ag e o4 »\n|b|b)h|hlhlb|b1u|b|b|h|b;blh|bIh|h|hlblh|01|l|l|¢h|||||
i 99T 01 0B (I0SKON 37 g pk) T4 s
™ W/twlA e (wla 9 (A e (174 & 9AVA »e
™ (p'HH)L = K i
o (Erwnd i ey «»
b (ZURSTL =
bl 1Tmiy & . nn
= 0'0 » ‘1'Wn)OIS
o ¥t 2 [ 06 0Q o~
—_———— ———— s S S (3133 5 Wk L2
= A3NET = 7 00g ol 9
, »«aow.uum»-x $

(SNINQON 839n03HKST'X0T ININTIINL’ xua\\\\.p<:acu 1001 £2

3TEN ¢ 30N = IN (44

0.3 13 12

® 9 Q00 00O PRIPE NP0 P RN ] (1}

a3M Y3y 13

PR o (0%c348 (08 CIaa¢2* *CIIRT 8%
<..w.m..m..o.:;..',..u.ﬁo-,a..oﬁ.oavm..‘:.1mxv<.ﬂwmr,m..<.~.>x..'.o Fas

2)4'(SNIHG (SNIIBAO(SN)BBT  (YN)dN' ammz:w...; mwz:s.‘:mjmzu.: (og 93

06)212¢aNMH) 0’ (ANWYdd? CANKM)I 3 47 (ANRIX 4!

3WIN .Sm.:S:-.S-E-m:.smx.o.?R_Em._::o:a: ...o:.‘moo.s.a
cu.m-ou.:_2?;..Smm::.i.;m.ﬁ.:_urme:zzmn

E»mo: £ ’

1008 w.mxx anu WiVe'Qye4Cy DA x5 MN 0N’ xx ﬁﬂ.__ mexsz uzm»n

*ONVENAIN dMNTON DR ONBRETAN " knxz.uz~447.a_msz 8N n»»qz a»-mz aw on
A TEN dALIN'8 H INON ‘BIANSIAN!

2:-333.2:...om::z:.z..oz.d.sz. z::z.j.:ﬂm zox:ou [

2aGN'02sPN'00T43BN 233N HILIWYHVY ¢

o D9BMN MILONYNVY _9

02YaMBW HILIWYEVY 9

$9L=0NW HILIWYYYd v

R e st el SOh a5 Ral Bo Sel  RETNL VT £

(2-0'HeY) NOI§123yy 3998ND0 {1317dN1 [

1n8 3N[inOuSAS 13

- T3 T 3%4

aling 3I38v7

ZGE'LT  9iLeet-1y YU pgeoy




v .
. L
- B
(4!\ e Tl T o
a8 =
It e e ana 08l
2 NaNi3a 66 M
3nNi 4 NOD  00F 86 1
e e ‘ ‘'
=y T WO 0 brYA4 ® (FIAg 082
> (1'WWd L » 1
e i s SEE SRR |} ¢ L S S
. 14/09R)HYDeYItV=2 %O i
o) el = 13 992 "l
A R Ly PRSP S O R e e el Y SRR e L O e s 3 10l 882 bl
4 992 o4 09 5
g£s101 292 B
R R 03 1202 o5z | |
o 0¥z 04 09 ((S'mWITl *03° ()41 L8 ™
. CCErYA = (DIAYSONIX T 98 .
—— EE—— WY T T VOV T SVS VY BY B S RVVRTREY FTAE VLY R ST e
g &1 = ¥l " 8
(2'WWIIT = N £s
+ et {9iMKIIL o P 28 b
4 te'wWdl = | 0¥2 18 I
- 092 04 09 08 u
- R MERES % I
# (3'NW)1 = 7 "
, 820—o—vIuy—032— 9+
= D I T S A T I I I I I | St r
- * §iN3N373 #N=g110A 04 On1aY0Y AdTAVHD 34Vy3NID @ 2 v W
" IDD.IPID'tPIIlF\PI Ililibi!ilblllﬂu L4
0'C » .-.nn::n L 73 »
~d {3)0 » {T'RM)BIg e
» DU 1230 & (2% -
£ 300'pe :::ww.::. mm 69 B
" S~ 01 09 (4ALZEN ‘03" (S'WMW) 89 ‘
gy TR P TEPTL | " JJ u L8 ¥
. 0%0 = (#)D 99
. 020 ® (D)0 (1] M
e A1-TTLI'S) a2 (330 20 “
o (Oava=gifre (Fminy? = (z)1g 002 £9
A " 022 04 O 29 )
: ¢ :
1 o CCLAALONIINGe'2 = *TAoi(HASINIIND o 'T)e*2)/(dAdANII = (NHIAOKS 0 i
= ! :.:uzm_:c.- (WNIAD 111 ”
s oW & (G'RR) 1] I3 i
‘ dALZEN ® Bn TN ‘B’ 1)1 95 N
‘ - dAlON = OW 09T v ;
| o0f 04 0O f
RN .z 39v4 @71ng 136v] 26041 9i=81°17
|
L

A21




il .
b ‘D = HH 1s
— s e e e T o
I v o 100 vgh o
W £6% 04 09 { 1]
4 & £ s h“m b T44 "’
# ¥EY ‘2l fygl (Wil) 4l 9»
- (PTINIID = (ECINDTD = WL 0T [
S T 2 & o R % B a 8 o & 2 2 8 2 % 9 2P 5 5 5 8 R o s R e s R e s e s e J b
n ® sQvon vOON N 30WB¥3443a 3ind m £»
b e P 0 o0 e Rea®erceape ool £1] ]
e MOLLONAS IwuyONBY- 80 I7v3 NI -A3N143034- 34 40N VNN DN 40008 L5y NasRan
b {IN)O4ANDS 17VD T
N waznwzou 0et Oy
e e — 790 1Y ¥ 716 T S S0 0 7.5 K SR -
b 24T =  02% OC 113 |
kg 0°0 = (1°€)0 it |
. LIeIM3ME = MM 20
»!T = 1 021 0Q sg

,obe o1 091
16°IN) N @ 3daiM 2

13pAN'E » IN 002 0O 133 !
—SANILNDD— 00T 0f |
W3ld ® (N)dd 0§ 62
00% 04 09 82
———— Lga i hide 4
g tN)gd® & (N)4Q 9”2 o
= 06 OL %9 (30 * 3p > WBM4) 4T €2 <
b ANBE—e 1M i8I —p3—
H dNWONYTSN 00T 0Q £2
Ed S 9 0 ® 8 % 09 3 0 9P OO O 0L e e g s N e e e e e ) 22 g
L5l o 3u0ck :
o R O e e e 3 = g !
bd asx vy o &
% 40390)a89 (030020004200 03308 g% ¢ :
4 YLZRIvB LGN (p2p) 0 (0B A (0T 0TS IMNINBHIY (MBRIBI(p 2IAX (NS A " ;
I N....mz::._..nfum_.:m..:um...1.:.:.qu:w._;n.wmz_.s,_:mndxj_..:3 91 ¥
R ININGL(I3W) aoNBT (I9W) 334 (P NINIDISIEIELS I L0 (DT} u..oﬁwuoo..:.o " [
(02) gAY’ (0F) 4 wz. :I.aw.:-:i:.em YHaIv4 L0ZI0V2102) 408740211
e Y00 0Z) X VD 'y Y GuZ40n 04 Ox 5 un T0ATHNLF 1T ¥ 8NN andus 11 ﬁ
TONVEN LN NN ON oW ON SHETON! 4dUN AN TINCGTHIN 18N gAdvN'gAd2an'a2 ot
. ) * . L 1) L} . . 1 [ o
4 APWAN S INYOT*GuLT* OSHANSLTHANN ¢ 13WAN alunN* 111802 ) K NOWMOD ° X
. ZPcN'0Za PN 003438N Ru3IN NDLINVEVY

) 0ZTeMBK ¥3L3WYHVE
. ¥9¢=qhw ¥313nYEYd

Bhbl.wﬂﬁ B4 S-S d—

LU RN TN

i (2*0'H=v) NOTGI83W# 378N0C 4 31741
‘| ¥33s 3uiinowens

e e e 3%4 4338 138Y9 RELUTNEDUESE. S3NEEWREYE

-




~ b o
" »d
-
r o
] ®
-l 3
o
d . :
n [t m
i
v|
1
I
o p
% il
~ ™M
{ a
. i =
p
ke
e
il aNa3 69 L
r NunL 3y 89 3
s INNILNOD Q02 (9 J
N s = 30N 1 4N00 (81 99 g
t trrzrax o (NN g o (NNYAY 1) -
o ~ CPETIAX ® (NNIX3 ® (NNIXJ v
‘ ACTINIYIL = NN £! L
IC1'T = 48T 00 08T 29 .
AA = (I'2)Ax 09T 19 ﬁ
s P HE = (]'TIAX 09
dBIAT = 1 09T O 13 *
1d7AA & AA 8s .
_1d/HH = MM iS ¢
1 3INNTANQD (&F 9¢ .
ls AN o (17274 8 AA (14 *
| o Hk & (1'7)3 = M ve .
| e v T et ist 0a ] .
| ‘0 & AA ¢ '
ﬁ ST 2 #9v4 4338 138V TETTLY  9C-8Y=TT U GeWUE |

i e i e g s, - i i e . - e ac b il



|
|
|

092 04 09 2 [
o«..o-«.o-u_xz o (I'W)TD30 03T 0¢
03t 0% 023N 2 (1'NITD4IT 6
PSRN SIS SE SRR 1 U I A IR |
092 03 OB {0 147 (e'N)1) 4l Ly
YERAN'T = N 092 00 9
— L= anaZ5 L iineH ob {
3 o8N e uNe N " il
BN 2 MN @ WN £ 1
W NN R ST 4% » NIBUANJEGN = WN 2
T o+ X78ANN = ¥18WON  GO0T Ty "
e ® & 8 ¢ & 9 5 5 0 0 00 4" ® 00 5 09 0" e s e g e e e e e ] ov

& %3078 NI (wOUs2A0uYEMIY X
8 0@ 0P 2 2o *2 80 20N g 0RO AP T e e s ] 114
0°0 » (W'NIV 00F ‘e
— oMt aMp0Y B0 L 9
0°0 = (N)B st

20NIT = N 00T 0C

2 8 a % 2 8 2 3 2 % B 28 o * @
* oAdBA ¥ ONY Xfubyw SSANJ4ILS 3Z1VILINT @

v

LI I I B I R I I I A R R R A R BRI IR -1 it
— i %0 = 4045 08 ;|
0 = XIBWNN 62 Wi
aNez = 20N 82 il
PV _za. r

C/RN » -z
€ ONIMBY

0 b‘b.l.l..

e sx2078 N@II¥Np3 TouinNDD pé SENYAENCD 3ZI1VIAIND &

LI B B B I A B D B I T I B R I I NI I e 22 {
bn.l l—lulr £ 1% “
RdNK’ u&lz\»xt\zottou {

(0t )8 (P3zeIqae2 y'RI08S
~.u..-z.ua..ozaumﬁm.n:vum....z.uz..wavamJ..o wmz.JDJ..m.sz,Jﬂ..co LT

gt (o¥iar(otrnvl’(0¥E)Q4452¢q AR LEHT
r‘!il]tgggs 3419 %0t AR L30A WAL ERT L1 uatunn 4348 23

aINSL 1130 30nR1 L 1an1 P40 130} 0 51
(O2)gRY* (03 ) 430n* m«..xo...mm..x;..o~w<x‘4<...mva...°~.u u..o~._mm I3

INJiS’ (o 14800 (0 I PHa (O

‘aNyBm Ay gmnt v az.ur sweT mxz.uz.JJz S1uAN" BN dAdyn ' qadzan g2 1T
ALTEN dAL N’a; "gNON' Stans I3 NG uz.>xoz..oz.>oz.w.»,x »—zﬂ.aa<z:z.ﬂ 01
LLHANTINN3Y Oyl 10 RANALTRUAN 11

ZOCN/OZe PN 003N 2R3N HILBWVEYd ®
09Nk mpmx<m<;

ﬂonuazxmm»mxcaqn m
L69=T13n ¥3L3nVEVY 4

..
08)2LA0aNK) g0  tANW) A LANM) X 4/ (CymIX 47 (2" azz.am_n..ozzv» LaONRIX" (L 91 [
k
L

]

3%v4

31Suls Ta3gy)

e e

\

44384S 3NTLnONENS Z b
6 ® 0 0 0 000000 2" 8 g g ee R PP e e e ) 3
® 9 00 00000 0V O0e0 e e s 'R EEEEEEE 9ve' LY 9¢»8T=T1 1V ggely

n)
ot
e




I

-

TN

M (13261 I 201
[ ..:_r.HLn 1 008 03 301 r
b 0 90 S0 a0 e®BRNR AT PO 000V pROAyROeL e 093

H ® §av07 3uNEE3¥Y ZUVONNRE adv o 3 [1)

P 6.8 5 8 8 & o & o 6 8 8 8 6 % & 8 8 o5 0 o a8 4R A 8 84 a8e 8 ass3 84

ket S¢Z 0L 0D (0 '03' dmN) 4l L6

bl (N)X3 ® (T = I8 » (T = ¥)g 042 96

i e B O S o I
e A31USH © Nol 8 ) co

B X8'N ® N 042 OQ

H ANNAN m\uzh-:xnx|u«.ux::pcrnn;n|||||l,|«9||;|j
= WN = XN

H ® 8 @ @ 0 0 5 0 9 % 2 0 QA% 2 e % g 09 e R e e P 0w e e e e s ] no

bt RO R R A A I A A I e A o R R (1]

ot 3NNIINDGD 092 I3

oy BANILNGD 082 oe .
o (979'y)s * (APTIITY & (Pr'II)Y 092 1]

M 092 04 09

+3 2 d04sS
ol ) »ooe-...u n 082
““ - : (1214 13 .nn “_-nna..t oz2
£ 2] -
kd 13I8y = 1 ¢ 11 = (
J 2 082 04
na....zs "~
Dy b t11)8 8 t1108 a
He 2 o 10BN NN <
LIIHSY = % * (D1 = 11
2!T = % 082 0C
rmnumm‘mvob
2 = JE2NiNeg & 10 032
et e} .nu ot
txt - !
oo-.o......-ooot..Qo-eo..-to.otcoouu i9 ¥
LN w. Rl Swwdy 1YNOSYVIQ u>om- ANO maapm - nc:pmx 2 99 !
R R O ' [] c R N] ” ﬁ
0°% & 4048 {14 4
B _£0DOR'SIRALMNA 2 b
0oz 0L 09 (3090° 'LB* T0A) 41 19 r
NOI4ONNS TYWEONBY ¥® 1Y NI 03nis303y 36 40N ><:zxmnz~. d007 00 (gPT :....-ﬁ.
(0'N)gyhp y2  DET D9
oot 04 oo o .
NNJ TYWEONBY ¥@ "TY2 NI GBNT 4808y B8 ADN AVW N XBON] 4007 00 1gPt 2
0ST 0L 09 (0SWAN '3 Bdadw) 41 i ;
{SINITL & 3gAin O@1 96 iy
@ 9 9 0 % % 9 9 g ® B 0 8 4O O e 0 g 0 9 0% et e e e e e e 1Y “
® (4770518 XludvyN o.-c-.nm AMBWENS KNOJ ¢ [] s :
008 0500020 PRRPRIIRLRbeNOIPRTOEOOEOLEer0 £s. i
& Y
[ 39Yd 41Sul8 138Y1 e s 0 s S 8 0 © s P S e e s e P e e esr s e e e I¥C LT 9i°8T-TT YU gebly

|

L=




|
®%078 H3M07 gN LJIHS QNY 84Y4 NO SNOIAVADI 4D %3078 09X09 34[dmMe 2 rel I |
DDP-iliiblb.b.!hihllhn-brtlib\.liL \Wﬁrll
002 91 08 10583 Ny ANV SWI*B Y WNSEAY NT' um.:»uoo i «““ s _
[} 03 MulaNY' By LU ] .:-...x:.».. ]
0'T = (T'N)Y 6rl "
ANNIANOD  00F grl y |
05 ¢ Eztfllllltrl |
NOLNN'NIY o :.-m s e g |
06c 84 08 (x *413' Zanil i |
I 8 NB o N 8 )N £63 1
0'c = (INN'X)Y .u
NeLNN'HIY = C:m s ()8
! £62-04-09 (g v31: 4] o
n 2 TONNSNEY 3
o GNYANAZ = NN 00g0Q 5
-y 872 0} o8 L unban 219° W ﬂm’- MN—2400 wi4g 0
e 0TE 04 0% &N *471° W4l 062 "
o 43IMSY = ¥ = peZ = ™
5 I a Ny r
4 {NiXd = n 082
ol ges 04 0O
433uBy o MaZ & N PeT.
o 030%N (140 Wn) 4] n
b (WIAd = n Il
e o
of : 092 o4 of 1997 uus @BY S Sal’ ] o
- . 02 04 03 (ND * " :_-ﬁ AN e o
o EWi'T s W 0%E OU T2
AdNNeH[®2K] (24 L
" ZENNSZTXONXONSAONaN (134 1
T 2 XON & AON & N3 8- B B
A 6 5 & 8.0 0088 4 08 4% 8 00 a0 06a% e p s Nal 5 8 6 89 _93% &
SNOLLJaNDD AMYONNOE ¥04 SNOJ4YNp3 AdICOW ® 3 611 ¥
® 8 % @ 0 0 9 0 0 ® P R0 0O 2 e s g0 9 0% B e g e e e e ] 811
SAMILN0I 006 413 8 _
Xg @ ifrye 2 (Pr)0 933 [
X8 » (JefCle o (3=M)E (30
faf 04 08 -.D *ie! guarrigs s &4
00§ 04 09 (0 me 2.,.“— osy £t
1'8 = :~ 8 21t 1
..... Ag_ e :FL b
0gy 04 09 §p 4D gne 03T
S oL 09 0 '3 1A B S ;
. L4INguerel a P 203 ‘ ..ﬂ
LilHgy=leZ = || Lot q ....
¢ dye(tlyx = (Myx) = xa 901 . ?
! dMe(4CIA & (I)A) = AQ ga% "
| *2/(ud » ¥ I
o (Noer s £t i
gl ;
( ] 30¥4 41SHL8 V3BV @ * o 0 v 0 0 0 0 0 0 s s e e ® e ao e b0 be e 9vs' LT 9L=81°11 aommnoa)]




L
_W. i B .
m
*
ﬂ“ p
-
H
b .
-
-
o
*
. »
|
0o :
.“. : v
W ~ - ™ m\
$n01S3ydxd 41 V21007 NI AnJoNING3N 28 LON AVM NOBIuYaW0? AL1TVAB3=NON ¥O »»Sq:.q 0T Keeses <
*q
b §¥*T330T14vWE04 020¢ A b
e (61674612 Lywu04 010¢ 9Ly
. 46163, ¥al04 0008 GLY
£ (6177 & 4NSNITI y3uy BALETEDN: S TNTILYNNOS 0002 ‘3
. ) NUNLIY T
i _11x3 13 L°% *Ag’ 4B4R) 41 2ex
e INNILNOGD  OFE 1LY 3
o 0T 04 09 fdNWAN "47' wWNI 3L 0%
@ % % 8 @8 9 0 g ® g P B 9% 0 20 g e p s PO s s e W s e ® ] %
o ® ¥3pI8 SE¥7 uO4 WDawd ¢ F] mm -
™ e b eB g epeprNadroserortentreneeseae ] 9 4
, 00w tnh)Y DER  98F )
.y ('u)y 3 (W'NDY 591
. QN'3E W 02¢ OC »91
S 00 = (X]8
¥ oi7e » (N8 W.TJ
» an * N 9
g ONSS = N 8Ze 00 get g
< ® 8 2 B 8 8 9 8 9% 9 0 Q4 0 * O 0 o e ¥ e Es e ] 6671
| y ® SNOILY03 40 %3078 2XK3N MO0J F21TMILINI * 2 861
| S — 2 2 @ % 0 g g * 3 0 g B0 e s s 9 ¥ eh s e e e e ] 4ST
| ; 108’ & NICONVER!'S & WO (NINIVIS(NIE) (KIBATNN st |
o9 % 9 00 00 0% 00N Q® 9000 Sepnpgelvedoer] (114 i
C P v A9Vg JISUIS TH6YY ® ¢ ¢ ¢ s s 8 P S P P s s s s S s s e s e s s s s e e e e e OVETLT  9L-eT-TY TSRS -

0




AD=AD43 069 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG MISS F/6 8/13
FINITE ELEMENT ANALYSIS OF A REINFORCED EARTH WALL.(U)
JUL 77 M M AL=HUSSAINI: L D JOHNSON

UNCLASSIFIED WES=TR=5=77~6 NL




“ x oy ) ©
: (FPr*11)2BASH) = (sr'sSl)S 41
b - S)IN £ . = - .
“ ‘ 3 = Ofed s P e
- 223 » 0P 093 ; :
Y] 3
" T = 1le2 = 61 iy
B v's » 11 091 OC 9 s

A

—w

5. 0. 8 8 % 8 5 5 o & 5 A A 5 2 8 58 g @ o3 8 _p

I RAEEEREEED B N5 N

s Wiigas w:._:-z 007 N8 GgINddlLS N3N
28 gt 0P RRgteneproa s
*_
n 0002’
2930408410 .u‘\un £5—
tzona0 p gedX0)2yeg & 2
nxonmnun B
(2'N)11 s 62
(3N)I1 82
o0 '-IP".'I’-’.". » -'"“w"- - R s
_ R ® ANl3HOBA LNBNBTD :-naac.-m . D
i : { - o090 escvecrrpgorretsncotocprosacsenny . £
'000°'1**000"'T=000°2=2000*2°000"1*000'2="000 " $='000:T¢00"'2/08 viva £2
(272INTSO0“(¥ 9 {08 NOISNIWIC 22
PI.I.b..III.II).wb..qll.’b!l.l.l“ﬂtlblll.l“\’ .n.u!
ase sy : (11

(08ec)aB (pR2£lqa’iT v *210qs

4 wet2’glygtip} . 2 P
N,;..nz,aa .nzvuma.Amz.um~..v2,mz .mmz.JWJ (8'33N) 07! .n.Jw:,J~..co a4 r
0£)91 (aNW) 4" (ANW) dd? gazz.xh (anWyxgrtz! az:.um.o._ozz,> (aNKIX* .4» 91
EM VLN GEMT o - LI 180 b
.euvm-¢..em.;meux.*ouvm-o ..mm.-x;..oum<:;4<.—.m.o.u.o~.s o...n._mm 3 ﬁ
B1107131 (08Inva*(nRE 0 4aSS LB INILS ] (0] )Fgxa " 1BVIE 4RO )10 IPRY! O
nz.mx.pz dPN'ON oW ON'EHENY! uaxz.hz.JJz d1Y4N"1BNTdAdyNdad2an' a2 1
ALTEN! u»»uz.m»n.uzoz.uaaz.Jqu.wuz AXON'XoN ' >az.wc>~x LINI'ggvmnN's ot

LOMANINGCY'aNit !

ZeGN'0ZebN ' 00Y93BN 2o BIN NI BHVEVY ] 1

’ 999My U3LEHYEVY [ P
AR1aNgN $3.8uYyYy ]

I94%0ONw 834304 Y4 (4 .

065131 H3L3WvVHYd [ 3

nuta.tbkv- NOIS1D 34 FLI LYY EFE LG L T7) SE—R——

.z-n»-05 INTANONSNS 1

0 R 0 00000 P e9 AP e g0 et . ePoveveey

'*—WL..V T i .

p

uu<g u»w»ﬁ._wnq.. ® 8 @ 9 0 0 0 0 0 P P 8 e 00T 9P s g 9 0 e e e e e ere'LT 94~8T=TT 10 geely

8

-

td




»
"~
-
" |
4 |
-~ |
o | ]
”~
™) Y S
H .
-
-
H
4 H
-
=
ul o\
Ll [qY}
) : oy <
e anNIinoD 06t St
ol T err s rr 083 ve
|2 Eﬁn.mlﬂﬂtﬂmﬁ Py L...w_i:p‘*.uwz_n 2 (ll'crle L
- d 3'% » i Uet 00 n
.# (12'nrrls = awidy 34 i
20 ! MNOZ o PP 8l :
€'F « Il 06T 0C 69 5
T errspr 04 89
= (retins L9 P
‘3 u.- AN 043 00 ”»” r
SPCOIIES o gnll §9 b
3 = NNOZ o PF _
6T » I1 04Y OC £9
»'T &« NN 06% 0Q 29 3
10/x0 = (Z*'2IN1SQD 19
Tqrige o am. IN}S0D . [13 .
| 0730 » (8'3INIS0D o4 .
® 0 8 ® 8 0 o 0 g 89 D @ 8 00 o8 o e eV e e ] (s 9
» (ydelydeliy) o 31YNIgHR0D TvB0T9 O SB3INJIILS 3ivipH e -] 9% i
L.-ooooo'ono-o-no-’o-oco.bbroo-o-o-u 11 "
a.:. t°0 ‘ea' Amisl |
(APIT1)00ONND & CNPUNIDS 11} i
Y [ 30V4  JISLM T8V © 9 5 o 8 o o 5 0 S 0 o s 8 ¢ e v P e e e e e e s s e ¥ e GPLLT OLoRT-TT TV gokly

P

J




TEE

z

00f 04 09 (3000° *371°* Y0A)4I

I31s

494340813183 03)
S 0000 o00®rplACoerseeeRoOpPEOGOLOOEREOLES 8

& Xtulve S5Ing 15 YYNPAYIINQYID NNDJ » ?

ID'IIlIlinDli.lllPhi'lP.IDPI..II.LIP

09T 04 09
‘0 s gW3y U

86 100% ‘00Y t21) 41

254 99

¥s.0] ¥6
98 04 09
£ai0]  Zo

L8

»8 20 'p0 (A1) 41
(PN =(S M)V ImuA]

0°0 & (£¢23)
0'0 = (£'2)0
0'0 = (3'€)0

0'0 & (2319
(Y4310 s (29233
(2L%)0 = (322))

£°0 = 1£°1)2 gg

Q0WA3Q s (£°£)0
NOWASG = (N)QOWB & (29T))

ﬂblbh\-b {80008 & LI'I22
tty)no » *3ie'2)/nr33 = goua
(GENYTIS & Bgadn

S 8 ¢ & 8 8 & 8. 9 & 5 &8 A D 8 o 8 o 6 4 4 B 8 8 88 g 08 o 8 040083
! ® dIMSNOTAvI38 NIVHIGeSSIuis dN 435 » 2
00)00.0.0......00.0....n.-o.noo-o-.u
_03W ¥3y
{8244 NOISNIHIT
10872)48¢ (p3°CIQq €279 5) 26T
Y'{2‘slivgils 11y ] . Ifge 2te4

‘.
€Y40(ENI g LSN)IBAS(SNIABE LYN) AN (38N) 13 1¢ (8 33N)INT* (S4T30 1 ° (08
onvu_“.u¢z.mn..az:vaum.az:w»uu~a¢x.xu.*m.az:.;mmou.cnzw»..azzvx..uk
’

'~

.Wm.hm J3M)01Setc ¥ Sy
.ou.u-<1.o_v.mo HeL0Z)IR0P ‘LB ) Mt C0Z)YHA TV L0ZI0V2(D2)4ND* (D2 1NG
0(0¥13% (0 Yuve o n.n*.m.‘-un.zupw..an.ﬂ4xu.*.u,qswou..eu.«:n..e«.
Ippad iy ] o ta ta tppoggt

CANVER AN NN DN oW ONSHEINN’ SN IN T IN G THAN " TBN  dALYN ‘dad 2N o2
ALTANSdALIN"BLR'INON"BTENS qu.muz.>«oz.xoq.>mz.ua>>z~»_z_.au.x;z.a
U

_JPHAN' Iny0'ay1 Y P 9DSH

28GN'022PN"003930N 233N NILINYLYY
098y a318uvEve
: )

RZISHAY BALANYNYY

T94=ONW H3IL3WYHEYG
069373 B3,3nYaVd
2=0"'H=Y) NO1SI123Md 378000 1121%dW1

121°n30v0p 3u1éRoyeng

0% 500 0000 af AR e0ospavOoPOENQEEROECTene H

AN end D

39vd

avnd® T38v3

® % 0 0 0 00800 es e ® e 8%, 00000 ton00 e eve (T

gcogT=Ty TV gekl¥

A30




TYTIOIITD

.
*

pey
[ T
- -
b q
" v
»y an3 "
P NUNL3Y il
o __SaNliN03 08¢ .
= (W) iLe(n'1)S » (12d = (L1a 062 il
84T = % 082 00 "
» 8! = bhhwbq ol
P .u.x“m . :.._.mw: 002 8
W . 0
i ;D“-I- s »» o
v41 = 1 002 00 o4 ™
Q0 '04T '0LY (21) 4l F
:.-LL:.:(ILJ-.:::: 2 dhid ™
-n\o>-»¢-0»4>n |
anN1inDD 293 .”,
(1N 1 5
101181 291 0Q 08 I
e A 3 4 -l
e 9 Q00 ss 0t BRQ eI pPORERSOs ) " 1
o F ‘02' An MY WIYRLYW 38nEONNAE OL ONIAVOY BUQAVERYNIS ATdeY * ? @ 5
o0 b & 5. 0.0 0 o o4 008 5 60 8 8.0 5 0 60 6 8 5 50 8.0 Pay . ¥ 5y U
00f o4 00 (4AlDN .w... 3déan oHC' 0 ‘03" AN) 4T S
00¢ 04 0P {T ‘03° 4INI)4I 09% v 4
-u.ﬂuw ~h-1—0 + uu-ﬂ FEST IV VS 2 B o
I i
n— -..» I a}l 06 00 g4 bm =
?.::: 69 "
x..:..: "1
2'T 3 )M 063 0 48 >
u:._:..ou (133 [ '
OFT 00 0PS(L3°T)D) 4l (13
'.\...b..l.l...‘...lnlh....‘...“‘.‘” 20 L
« NDI4WgN3@N0) Oldvdg Am Ox8 ol ggansylds avNg 0TX0% 30Na3y o ) £9
TR R EE R EE R N AR R IR B I ] 29
19 .
1d0Npe » .-ou.s .-n un ¥ 3
. A01:T = 1 ORT DO 88 |
(3YALNIWYO®I0A 3 X2 I3 i
e 8 © 0 5 0 00 0 ° 0 0 g A" e 0 g 00 0t a0 e e e ] 96 r

e o s seoacofonpooessenses e
oSt 04 0p 10 ‘03* AINDIAL s

* 08

Vd CVND 138Y7 o o 6 0 0 0 ¢ ® 0 0 0 0000 °®eeosonooeo®o00e0e 09E°'4T  9(=BT=TT 10 gg&ly

A3l




_l!.!'{l_r.'_'ﬂt

= o Nm
- (AN Admidd s
= TATeIN 000T OC 0s
M e gl 'Y s
H 'NOTAVEDILINT TVOIHIRNN 3HL WHOJH3d el ey
av 2 iv
E —— E NS ETCY 003 o P E
n *ps(ri])s [1% b
8 tevér 00y og »" M
ﬂ - et e s ‘0 e (31)g £ |
= 0T'Ts] 00T 0Q 2y
I 2 Ty
H B ik R b s o,
ke q 113
by ‘0 = M0A 113
i Lt i NS AN a s o
ﬂ ‘TNl 9¢
[t} ] (1%
o “Svluidlee—3nddo nm-nto+z»|mt»|xm+ua«rmu;||||o||n|reh||:|gﬁ
u ] N3 [l
= (2)ideniTIAd 7
P T T L
! "Ta(2) M 0§ N
~ ‘Ta(T)4M 62 o
k 3. LN .

(qV}

| D aN1a80 ] 44 . 254
o! aan sy sz . <
L L0400 4g L2 it P I 2V LT P I B MM B I ———
o ..~.n:n..o-t._:vo:u..a:u..oﬁ.o:m.-xr.:m::.:mrvm..v.m;x.:.o e ﬂ.
E €y4¢(ENTHAS (GNIOBRE(SNIIBT ' (YN IdN’ (3BN)131(8/33N) 1N TS/ 13W) 11" (08 ¢ d
ru 3WIND (13W) QONET CYBNIBIB(D NINIDISI(EIU S (VI (PZTIV4*(02) 4300709 ]
- (02)gKY* (021 4300H* (02)3H0D° L02) IHd* (0Z)vHaT¥* 402)0VE (B2) 400° (02106

uatn ,wou..omvmxx.::«o.:»<u.amnuau.u>.ur NS 'MN oA WN T _~.z4u::z FLENYS L 4

3 CONYEN' LN guN ‘BN’ oz.uz.u:.Jaz ugzz.uz.JJz.agz»z 93N* m.»<z a»»mmz d 91 y
al :nu:.u:uz.n.n.;z:z.uwidfwozhg

g >1z=a<J=¢eJ.nx.~.Jouzaz.p-:=az.4mx:z dNNON JJ. o~.¢ NOWH0D

ZegN'0ZepN' 003 038N 2033N nmumz< vd

098 ML o

pZl=M8N ¥343WVHVd

Y9L=20NW HILINVHYd

SR e sk e Sl 069373 N34 JNVAYS

XT8LYW SEBINJITLS IHL 534"an0D 3NIL"'0MBT'S SIHL

Ppoopos

| (2e0'M-¥) nO16133u8 378N00 41917dN1
N)BY20S! 3N14NONENS

T #9vd dyd0S] 938V 8ve' LT 94°87=T1 10 gekQY




ysFTE

x

RS

4307 L4IN) 440 (SN) sM=E4 01

a3 £01
'X1¥ YW S83NJJILE 3HL 3LNgWOD ? 20%
) 10

e L RRNS MDY R

Crtpdgdezdel2 Mgt T Irae(r')dd 66
21s] 009 O¢ 86

.Enmvﬂh e

‘sl '3 dd 96

tr'z2iad » 2 s6

= (P34 = T4 YN
S*'Tar 009 0C 00 £6

<] 26

2 [ 1]

& ‘008 (430041 a (1]

CAN) dme(SN) sm=20A L8

(T'2)Fr 4o (2'T)r4=(2'2)r4eti"T)ra=430 98
) <8

*4N3K373 3wy 40 3nP70A 3Ma BANgwoD ] v
a £e

ETTTOUT. I | R T S—
(2¢zirgoxxel[?Tyaael2’2iry 18
(Te2yrdexxe(i’2)ga=e(t2)ry (1]
'

SENES—F 7§ SYFTYOV Y FUL SUWEY TTLE S T WEEE VAR—
(TeTIngeArn{ls (teg
t ndc {1 n.;nno:-> 4 n»
S LONIXAXX - 24

(1'N)T1eCN
v'Te] 00y OC

3NN14NOD
N T Y]
2'Taf QOF Q0

2'Te] 00¢ 00

‘xlyiym NMYIEQQYC 3H, 8404w0D

'2edidn( TpBASESES IR z) e
2 4 »

3INNTUNOD
ge'Oelde("3o1SespSiel]'2)dd
g2'DelSef'sellel i) (]"'T)dd

A ROUUN
Gogelojejen]s
»°381 002 0a

'X1yi¥N 3WiBa d 3H4 34Ngn0D

(SN} ideSES
24%s56N 0003 OO

39V4 ¥vd0S1 138V

weET SLe6T=TT IV §ERUN

<

- %

A33

= A Al AL AT

v -4

B ER-A- -

WP o g, b o 3 %




A n

TS 35 ¥ 5 38 X 22 2 3

H

L b
“u - aN3 1123 u
el aull3y 000§ e L
o F] 6cT ﬂ
& 3NN1INOS  000¢ (T3
. ST S TYYTIBETY _ 481 "
03 'T41sr 0002 00 [ 13 i
3elntdl ser [
4138 00023 00 »£3 v
2 ££7 B
3NNILNOD 000F 2et [l
< 36—
3NNIANGD 006 (133 1
3 ] ozt P
-‘I,D.n. 3 S ileiBiBivusRialnliZluvelSARLTY .b- onl
) 3pCATHH setief4Zipyadioiiplavet SariTEE ee3 8
el .aﬁﬁ.~_,m.«»..n.a.««.u»..w.a.<<u.«ﬁw.__vm 2t
o (PreBtlySe2ieloz)VVeTie(To2)VV=(rr TII)S 92t i
e ~hh.F_u.nbuvl.a.auxnbrﬂ-w.E.«h«ﬁw..:n cal e
(r12)ddes (31 "
(N'31dd0Td £23
‘. a 223 ¢
i e §3MNvA gSaN44I1S 3aV¥IUNT M3N 3uvIMDTVD e F) 12T P
v ® 8 ® 0 0 9 8 00 %0 8 8 0000 o0 g e ¥ eRe e e e e e ] 02T :
.. lerralfr 11
Tezerurr 3
1'%sr 006 OQ L33 !
2 9IT
30N1in0D  008® 1333
a»..JNnvu.mk..J.N,u-.J.N.qq ;
< . o

€729 00 0
sle1'2)dd*es
Sin(5'2144aT¢

Tellatll
JeZalall

—

£'181 006 OC

9

39v4

yvdosl

38V (I

9¢=6T1=11

¢ gesly

A3k




NN‘TeN 00f 0Q 002

8 8 % 8 8 5 8 g ® B3 8§ A% 2 5% o4 o4 % 8 5 8 8 48 e S s R

b

-zo.*<;e-uoannoaa-cau .

© 0 90 5 000 e aReteer 0P eePRENeseeeey
008456881005 48891353

CHNEINEN (UM Ta W CROND YD TINYB) (G) QY3y 0T
0cTr00Z 08 (BN=X18MNN) 41

2 8 p 0 5 5 o o 8 8 B 3 8 & 8 8 8 A s 8 8 3

0LNI SNOT.VNO3 40 XD038 ixam avay '2 H
e e s a0 ppoesr oo )
NIMNIY 623

(HIWUNI V(R N) Y
WW'TeW $21 00

B0 luN)E

-

|

e (AN B8 (N)E

NONNSHN
Te8N=BN 00T

L) ® 2 8 9 0 0 0 00 8% 0 0 g 090 ® 0P e e e e e e ]

&

0 * 0 00000 PpRRT®e

o9 '8 a0 e nedpana oo

e 0 @ %o ¢ o 0000 ald oo

0800000000000 000,0008R0PRRGDROOOOOES

b

VOLZS VR L@ WY (p®y B (0T A (0T 0TIS tMNIMGRIV (PERIB (P 2IAX (p's

Z)4'ON)INd ' LENIDBAY LS m.oz .va..WJJAm.J—:J-
2147 L3NNG L SNDOBETLENIABL (E W) dn® (30N 19T (B SAINT A0 N6 030 1L B0

A35

- - .-

8-S

G T T R R L RN RU RO VT IR L

(] VO(Og) 43004 102) 4 " ‘(8 o2
R O S St et MO H R

.aou..m«.uxu.xn«o.:».g.mxmu xuu>.un.;m.::.4o>.xx.nsu~_.x;n:;g.nxw»n
*aNvaW »¢muqz..z.o:.wr. WST0N’ JaMN T INT 1IN G TudN BN gALUN " gAd2ZEN 82
\J o . U . [ [l : [

Allgh'
N0 Ayt TA0SHANS LTl 1anAN’ anunn ' 11202 fan NOWO
ZoENRapn*00800EN 23N RILINVAYY

CZT=MBW N3IL3WVUVY
$94=aNN B343WYHYd

— $482 18R addnlita—
(220" HeV) go.-.-ano-aoao. 191Nt
S48 IN]LAOYENS

Tosnve 3gy)

b ee e

0L 'LT 9uvBT-TT

U




7

RIS FEY Y

N3 , \%J
- L ] - 9%

1} :
165604YHN04 0000 n“"

»
B 3 66
,P (BNINNIYE(XIg O30S 86
' Iadsld i
H NUONORN %
n BNITON 009 00 n»
i NI0uARITaRM- 808 88
- Quy 006 £6
L ® ® 2 ® % 0 3 0 0 ® p 00 A 2 00 g 9 g 0% e 9 b e e e e e ] 26
p YA B -metipp.fll&.ll
[ et pvev et e Rt RO ppRpIROOILYE
o 200 01 00 o.

- -6-unsonnllbb.|||||||.0|lll
kn (NNTRN" (WH 2R (NINIYICINIR) () QY3 1]
-l » 30vdSXNOVE GLY 98
- n~v-tobh.k~r A8N) 41 $8
: .z....uamu"wa ose
n £a} L”I
& zz.z.xz
- 18 IX'NIv=gNIBRINIB $2V
rf
!
«q
i @ 0 0 ® 0 0 g 0 0 ® 0 00 6 % 080 g0 g0 T s s e s e g

{ NOI4DL11SBNS=XIVE ]

00% g4 08

e 00" 00U pRA®TR 000 e hRARIOIREPLIPREO)

:...:...:.....nu..n._.-.: Suge {9 83lua sid
4

L] @ ® ® 06 0 ® 0 PP B OB 0 g0 g0t e PN

% 3dY4 NO SNOTAVNB3 030N0%y 40 XJ04E Iuluk ‘v
o 8 g ® 8 8 g 0 g ® 9 8 8 0 0 80 g 0 g 8" e AP NP e e e @

Lo

“Shy1aNDD OOF
INNIANOD 642

ge(I'N)Y pl. . ¥

(nge(V'N)yeldge(y £9
(A'NIYRQ=Lr 1 dVeirtl)y 0S2 29

asr
_EeleNel

- TETE TR \\mmunnl
_as |

P3NV 97 N)vag OS2 LS
0g2'g 20T t(1'NHY) 4l 96
Wh ! a

(RON)y7ENIgeiNdg 6
c28'008’538 1(3'OOV) 3l ts

39vd TOSNVE 13avT [ 9t 'LY  9{-0T°¥1 'V gek

A3€




¥=71061 2y

IS FTEETEf

=

Yﬁr'l"gi“-" i - |

A3T

€91 04 09 (dALON ..m. JLLEEL: T

e Y e 2 08
(14 “H
....: s 1 693 0d " "

0% 04 08 ¢ ‘o8' Y4l it
C =M 9¢ .u

(1!N)DIS = (Do £47T (13
1= 1 £43 QU 25 &
008 0L B8 (NOSWON uump_::.s. " ﬁ

L ]

: .z»n:-lhﬂ s -u.r_u... e M
0811081 of ]
02X23HI1 62 [
RO N—0E0—o81- $2 ol
094NIudl a2 1
ON/DR (oB0B*SIBLINN (14 "
L4 ¥HAN .Il. FY Sann® o 13° guii)al L2 &
29T 04 OB {1 '03° 4INII4I v2 i
ooauoooooo-o-.-..;..-.o..-ooo-..oau g2 o
2 QOON ¥3UIN32 1Y §3553y4S LN3N3I3 31XI307¥0 8 b} 22 i
R E R E RN EREERE R E R A A I SR A B AN S A A B | 33 I
0% 04 00 (0 ‘03’ TWNI4L it B
0 = 11 T I
f1INIOlS = (DD £4T 13 8
$'T = ] ££7 00 ys P
008 0L $ . XA
(S!N)I] » WM 1
Lee'NINLISBYD 2 LS L 31 ¥
0271081 N | S—
0=%23HD1 62 B
IBEWONST = N 00€ 00 29T 82 il
—c QR LN{INE] L2 Bl
ON:ON (0Z0Z'E)ALTNN 92 1
29T 04 86 (daVwNN ‘3N’ BN ‘aNY® 0 ‘e3! ouil)dl 11 B

29t 0b 05 (% (23% AIngyas e
® 9 9 9 ® 2 0 0 0 ® 0 B B 8T O 0% g 04 0 e et e e e s e e e ] £2 re
e BaON u3IN3D Ly §35g3ydS LN3W3T3 34YINDTVD e 2 22 ;|
& ® o @ 3 9 0 ® g 8 B 8% ® 8 % 5 9 0 8 % ® @ & 9 g * e o @ e @ @ 3 12 R
a3n Y3y '] ] '
nonNa 1 FHONNG/ NOWNDD 63 b
L UITLLIT Y SSST TN FAT LIV I} S | S
m..u SIvE (g N (p®p)30 (0T 0 (0T 0TIS IMWIMBUIV (PBRIBI(p 2IAX (1’6 T3 3
I;.:xa..nz:ma:nz;m.;.z?..z:wmz.._w.:s.wwi._n (6*13W) 11108 91 .
SO 08)2LI (AN 0’ (ONWI dd’ (ONM) § 4  CONHIX A" EEE&EIFlﬁ

3)NE L I3XI QoG (13W) BI4(P1IN)DIS LG)HIS (P20 (DL 84" (02) 4300 N9

(0Z)dRV* (0 4300K" o«-wxo-.;u._xc..z:xm.:._o«.s.:m::o..eu.;n |
e n¢ w.:r:_.-».up ngmu;:pzht.r. (4 4 1
1R0IC0Z)SHY ' MWYD ' WiYa ' QuSdan DA DX 15 MNY Jo> xx L) e x._?:; diW3Lig 11 &
‘ONVAW AN guN‘ER"’ s:.uz.mzj? 4dMN " 4§ z.jz.a:tz ._mz .u»:; &:mmz aw ot )
 ALTEN'dALON'ALH dNON‘BTENSTAIN/IINAXON ! 5
—2:...._3._3.3_:...omzaz.::_.sz.dxzz.xzz:z:.._ .2.3: NOWNQD [] i
ZEGN'0Zs¥N‘00F338N '2233N HILTHYYEYM ¢ ¢
- RS SRR N S B R _09sMy MILIWYHYH 9 ‘
U21=MEW H3LZWYYVd S N
194=0Nk ¥343WY8Yd v »
b e N s e e e D69=13m HILAWYHY £ 1
(2-0'M=V¥) »0Q1RI34y 376N00 41317dKWI 2 i
SE3¥ 1S ANLLNOUENS 3 i
'y

SSE'(T  9i-81°%1 YV ggkU®




¥4t 04 00 (@3AVN *SN' WW)dL 043 s
__SAMIINOD ge®  Ti |
€687 04 09 0s
ANNIANOD £97 14
| FITWIROE UL FCFTANBUE T ST AUE W 1 BUVVE - U] J—
¥ e T e (IulugINS "I (TufHdInls o TERIe(  (B)uuBgl ¢ 40u &
(CBIAdINES =113/ Culnd)B0D SINWIBHDD® ) » D ¢

N)OIS & (§)YiSd

<

Y

(3'0I01% 9 (2luibe E 14

A38




~ 13 X =« 2 2 X T 23

01f 64 0B(T 03 AINDINI 66
0p€ 04 00 L9 “0B' LrunN)al 88
— 1.1 STIT.C T T S—F S—
f110 = (1°N)9IS 082 96
p!T s | 082 Og 042 s6
. -
047 04 OP {2°41°HINRGIN 4] £6 !
00€ 0. 09 (WdYHON °‘SN* oc.uw z6 "
aaingex o R
(NINDLINIZI  (eotat®(IdyaSy)  ‘(o'Tmlt(1)p )*DA'DX'N LOFOZ‘E)ILINN 06 il
INNTAINOD  6i2 68 ﬁ
ON'CWi0Z02c)3 Inn 88
TeLININA] (8 I
6.2 04 02 $36°17'INTudI) 41 98 ¥
— - - xeitigiednTiig - g P
0pf Oa 09 (ddvwnN *3N' oN ‘ON¥* 0 *©3* Qyil)d) v8 i
! 60€ 04 0F (T *03°* LINDDSI £g P
o304 08 (7 83 1) 4] 28 o
NOLAINAS YYWWONEBY g 1173 NI G3n14303y 38 LoN AVW N XIANI d007 00 LgbT Heedes i
(N)Tvaged 17v3 38 e
2 8 & 2 % 2 9 a @ 8 B 8 8 ° ® 5 0 5 00 PP . e 0 «
® % & % 8 ® 0 9 g ® 0 9 8 0T O 8 e g 0 g e ® e P Ag e e e e 0w e ] 6L <
e §3MN7VA @livd NosgliDg aNv SNTNgon 3N 34v1N0TV0 2 8L o
= — 2 2 % % 2 % 0 o o ® 0 § B 0 % ® 9 @ 5 0 4 0 * % 9 P % e w & P ° g & & g LL =i
02 04 op {3 'p3° _dINDI4I 9L 1
SnnliNgd OF2 S sl
0 =11 i u

(ININ9=0'T)/(2)0%(N)NDe(T)0(T 03 NI3HDI) 41 £t
NOILONNS YL uONBY ¥0 11Y3 NI 03nI3303y 88 LON AVW N X3ANI 4007 00 LgvT M
ININSE0S] Y20 e3°10S 13 41 .

-

.l

. IS Y- O

€0 22 0 0 etB PR AT RN Geene PR e I 1L
* 83563315 ¥0J 3AT0S « ? 0L

2 2 2 ® 5 5 8 0 9% 9 B 8 B ® O S P s s S e P PY S PSS e e ] _&9
(rr)g = (11)d g6t 89

(3 = Mg e (T = 114 9

= — Ly (1'N)Jwe = CC 99

192 a 11 s9

vIT x| €67 0Q 144

I S . RN R N I N NN N £9
o ¥0L03A INIWIOV1dSIQ 4A3W313 dn 435 » 2 29

® 8 % ® 8 0 0 8 3 % 8 8 B &Y e 0N g e g8 e s nY e sew s e 19

NOLLINAS TYUNONBY yp 10

2

#9v4q

Ss3¥Ls 138y

(TINY Qvno 17vD §6°F 09
.Nuupm; s (S)uiSd 13

ove O4 Q9
P O T

3NNTANDD
0¥z 0L 0O

§6E° LY 9/781°1%

ProneER R B T R R R ——— . -

A30




09¢ 04 09 (ON*3N‘9W'HO*T 03 LINI M0 ddVANN'3N‘ON) ST 261
ETeT———— = anNliNG3 Ji'h 4 1Sl
£ N'CNLdE' (NOZ)B2(TaNeZ)Ba(B Rul’ (1 'NIdsIA) PENIATINIXINLOTOR )3 1un OST (133
- ANNILNGD 204 ort
s — e — e MibBORRI3 MM Bl
ﬂ Te Nlgal yl
. 204 04 09 436'19"ININd1I ST (124
o Jein klnu_zmllh &5l
- 3NNIANGD 304 "l
u_ (B'N)dsla’ (VINIGBIQTI(NIA'EN xmz.moan HONNG 91
e e L S R 5 T T (Ne21B + 12')e810 =(2'N)gSIq
0l (TaNez)g o (3'NIDSIO = (T'N)dSIQ  O¥T 0v3
...... = e T84 0408 651

‘0 s (2°N)dSIQ L3

0 & {T'N)dSIQ ist
088 04 00 ('08% '31° (4TaNaz)alsOy ‘oNy' ‘005 *19° ((Ne2)gliSevldl 00T FTis
0gT Oy Oy sel
'0 & {2'N)ds1d vel
-.tPl »W-E-Lﬁnﬂ G
Tef g

0eT 04 09 £§ ‘3N’ (MIdN) ST
‘D A (NIRY

‘0 s (N)Xy4
dNWON'T = N 0ST 0Q

o8 diilual
B Sedrbdubdd

3NNTANOD 004
mz:aammux.cnon LELLT
+ 42

St te 84y

1Al AN 4 -
T wr
Ow (Qpo02'g)3dlum

a' en ‘upt T ‘oot Ialigl
t

N Lt T
R E R E N ERE NN R R I RS u IS BRSO AE R SRR |

[ 1>:uhu3lJIn- Sud wbluhbukb a a 33

e 9 4 ® 8 8 0 9 0 ® 00 8 0 0 9 a0 3 0090 " R s 0 e e e 00 ]
3NNILANOD 0S¢
‘0T = (WW)S4LS

X s R sy I S Y s Y Y e Tl T

.

a d 8 X AN R XRT

-

95e 04 09¢°T '47° ('0000R000F=({HNISILSISBYI AT gy
: 0se 04 09
20008 (My)ade N1 384 4a 100" AN BHI 4

gpE 0L B9 (NOSKON *49°' 9W) 4]
0'0 = ¢
T |

(N?I37 ® WW-
JAINLT = N 06t og
1]

£85 05 08 (44¥NAR LFY-L

—— 1.3 UL T VUL VU1 VRSV SE T PRV T T, E I T Y-T R TR A SRR A e e A2 ST e e

3INNTLNOD  Ovg g0t
3NN14N0D 028 »01

(N)SIWISP YI¥3 (I6SHAN 34D° (S'N)DI4Y £t
TwndNgT = N 02g 00 o3¢ 20t

*

39v4

[T T

-
_J

Ty 10 ges0Y g,:

e

ALO




)

bl

i

HER I BESENE RS

i r
o :
-
wi an3 0et
Aallda rvi
rf ! INNTINGY ..m (T —
{ SefipTay)iviung 040 [T =
1318000810 V004 0008 928 | =
(PIZ'TV27TV yvLT)dviu0y 0g0¢C (73
(S1)LVWEO4 000F (734
122/2.5838d 3906, "800 4411S WMONL* XS, 44318 Ny, ¢x002 S4LT
THULLIT NN 4510 WBON, 2XE*16SIUIS NYL 10X ? iGSINAR WHONI'RE 1As 3 24
Ix9 0 xy txg) "n: 3,4%x67//,8470838 ANININ3 3dY -pz..‘xnc.azu.pcnc 4 0002 143
204T¢8 ' 0g2d000TPRAT 2 £ 4TdDICH! r
f1S3yc ¥odi 'XT ¥ 691 ™
173A37 4 'x8¢ LYY S104s*xFLiSNINAON, ! ...mJQz...xﬁ..mmwz»m.z~rn €9t -
A'XT4)SSIN Sy 'RT" LMMmcrh..tL.k |
..;.._-..u-. vON Y34 ° \-uh..zo_.<¢a--..n«.u_..-u<u -og..-nns.n-a 993 b
uNEsavd 3u0d aNY SBNIVA SAINAOW'S3SSING m>~hnuus-. m.«.ﬂ $)ivYWH03 0202
Ui d"Ne"x2' ¢ 'S83Yd 380d, 'xF!ian ‘WINONI I XL, XD 1H3YONI L x5 Y £97 !
YiAR A0l 'XE2ixn J:ob.. oJ»..x‘..x..xv. .m N xm 3 291 ;

£/441%s ‘0N 3Sy2 SNlgvol ¥py.

(s n« o.=z¢ou ovos 9

(gleTIivHY04 0808 %3 b

) :.-.:».EA

(2'0T48)4YWE04 OT0C (st *

.»wz:z.ﬂnz..z.zupm..zvmh.mv .o'on.wvm>~¢z 9¢7 0

e — R R O (13man’ )
(ANNANITON® (N)dd' (2 'temn’ .:.z..n~n.u .ouen.«.mpncz [11] :

(N3UNNTanN?tp i Tuk (W'NIDISH) (O30R°20300NN £st g

v 39V4 Ss3yL§ V38V E ] A MASE 74 L SA ANt anmamJ




2191 00f OC (3%

2 8¢
——— S - Ak ludvn NYLBOSYL FH-IiNgRUD 44T
" 9 9"t
r 3nNIuN00 008 113
K il §2°0elini]’2)dd 2
ml $2'001S=t1'T)dd £€
: TeZeg/1214 28
- Eegeleleleals 1€
1 »1381 90z 00 ot |
s ] 62
tmu-IF B4 BML-ALNINED 8 82
b 3 L2
» Q3 1v3y 92
4 ekl let 42!
4 veile ey ;.:J.:.!.. 08)0¢(0T¢0YISI(N ;m.. <.;-5-.:.~.=.:..
» 2ISV I8N ug  LGNIIBAO(SN)IABY LyN)dN ' (3EN) 1Y (6] -mz:a.;.n:.m.:: (08 52
S 0325 LaNMINE 4ANKIBATLANMIR 4! (0NN S L2 anus
H mm.o:m-:f& ¢
b ."Nm..nl-: [y
¥ Nl Secplelelez]ls 1$
! v*ts1 002 bC [T
ko @ 62
e L SXiylvM 3uiB¢ 4 DML PANEOD 2 82
| e L2
- amx qv3d 92

1.2::..:5.:.:...25.::.S;.;:...m.;-.;2;..:&;—:!.

wani.:: N3DBReUSyIaBE  EyNYdn' (3BN1T137° 0 BINIT0E (6 TT3WI T 1408

3WINS (13W)QOWA T (13RI 3IL(P I1INIZ (I Y S’ (»)DIS'(D2IY4'(02) 430009 «N Bl
(02) :.Sm:maux moﬁwzou:,N._.E..cqumJ«.:mvo«.S~I:o.2~::m o
e 94469130 0080n8 1080164482102 N 4us ! LoLar %ul&hﬁthnrlllt[llj
ICERTTINTY x=<..z....n¢«u.. 2A*OX IS M T0A N O 211 N IRNNN dudig 1
‘aNvEN'y ‘ou‘ON'sH TONY 4dMN? INTTINO G TUAN TBNT dALYN dAS2EN® d2 :
:E.L:J!. ? JNDN' Innzuan;z.na:. :;l.-:z.»nz.nlh.:h..!P......:.S!.ur 8% 4
LANNNT TN T aust’ émx:z:q{nzt:xaz PLLUIN j.:.&:mx T NOWHOD st
2%GN'02=pn‘003838N "233N B3L3nVHVd (2 1
098My M3 ImyHyd [ 4 rr
! DEIeNEH H3iBWVAVd (3 e
% 394=aNW um»m::: 13 re
B TYIRENE EEFTUET P I— | | -
3 6 3
] 8 3
e tIN3W373 21M13uYNYdOST 300N=3AL4 3ML 30 ) g h
380N Ridtg 3ml LY sgands 3ud g34Nyn0d anidinowens siMé w M ”
SIS SRR 2 » o
(2-0'M=¥) NO1SIO3de 378N0C0 L1J17dNWI € &
(N) Bisosl 3NILiNoweENs 2 ﬁ
o-.oo-Ooooth,.m..‘-\‘;\mlcn{o‘xo‘\w.ho.co'ooo‘o.-u T
3 39V¢ YiS0S) N13BYY o ¢ ¢ 9 5 0 0 % P P B e B PP OS o0 beeoePo 96E°4T  94°8T°TT Y0 peso¥
EE&FE»;»IEPEEE o .
S .
u 3 .
ST Y= = N ;‘N-P.E.KFEDP»E—E& £ i
IN) B4SOS] 3NYinoyen 2 -
@ @ 9 0 0 0 & 8 4 ° 0 08 &% 400t g0qe NP POYee e ] 1 il
1 30Vd HISOST T3BYT © & ¢ o ¥ o © & 8 & & o 0 6 ¢ ° 3 ¢ % a0 0000V e §35 (T 9/°B1~T1 TU gg&uy8




3

A a

I B .-

A 8 ¥ 5 ¥ 53385

.

~ 4 a XXX

4
*q

-4

{
a

ANNIANOD oor
[WAF AT K

(iZ)raexxrii*2)gd*o 't '20P4 %
(2O3Irdvarn i3 gdont u«:.s

(UN)A=AA
(UN) X3 XX
$1'N2 1 = ON

"#'3e1 00» OQ

‘a=ir'ry

2itef noe OC

AL3




28

5880 R A
o S 0 kRSN OR BR-TE I D -ON-0-0 R 0N 8-

ol
o
3 any Ty
“ NuNi3y 000§ £6
H 3 26
E e
9 (tisise iseire1rdstllols i
3 0% 0 o
n L
e 430/6r1is=s LS i8
| £'%sC 0001 0C 98
o 2 ¢8
4 ‘y0128A SEBVAS and BiNgwOd Fl "
e L] (1]
= (2148 9 VI°T)4de (110 » (1'2)gae 31100 ® (giys 18 s
- (2)4Se(1!2)dde(11)N=(2)4S 08 u
«nTwn»m.nululwarmu;l:.n AL pe
o : srpgdtoe TE L o
~ [ - L
i { P_-Enﬁn §§ K =+
w du3ielg)ys StL pe
= dH3azlp)is ”e &
H p'ge(f)48 £ .u
- 0 (2118 7
= olenitiis WM :
P 2 84 3
4| *w0129A NiVe.S awi 31Ngw03 2 69 s
b 3 89 -
£l : :.._:...2.:.:2.:..::..;.:.::_.. ” '
p = 2°T91 009 o0 1]
‘D e (r'2)ae "
| ‘08 (M'T)dd €9
L (r'gide = 24 23
Ak x {r'Yldd s T4 19
»iT9F 0090 00 O “ 09
6%
e *RINSYN o BME 3IANGMOD
. 13
” 00§ 'COPS '008 tu3Q) 4l . 9%
% " S8
| (L2120 (2IT)F2202 B g0 T TIrguing " m"

P E——— 1 J9V4 UISOST T3GVT o @ ® ¢ ® o @ © 0 ¢ 0 0 0 0 0 ° g 0 0 00000000800 000




e
-

Sa¥e(N)S4isevY < (2'N)pls » (2)p
NOMelNINd SeYY * (T'N3IOIS ® (IO

1 T e vy (gevenn ‘03" BN ‘80 T ‘03° AInhidl :
- 6€'0 s vv 0Ot 1
» 8.9 5 8 8 0 0 8 o % 0.9 8 A ° 9 0 8 5 00 u® 0640 en e >e eI
&) % (N3W3TI 3TV 4HIANT NI S35SaHLS 31NGNGD e 2 3
[T @ 0 8 0 @ 0 0 9 0 ® 0P 0B ® P Q0 g 890" 0 e e 0 0 e e e e g e e ] *
- HD-_ —OD nDH D' -
023 Q4 00 ”"” e
0% ok 00 (N ,-x" N3 41 i
v
01T 04 €2 (0 '0%° 1INI4I Ty i
(ZINIDIS = (2)U oy "l
i} (T'NiniS = (D)0 6 ™
i (61 o LTIusfLid)es’s o 60y | " 5
; 5 ((P1g0¢01d @ (ZVU"{R2d)es'D & NQu it 5
- el r-|§v,vEEIBP|LnII= :
il NS2e(Tez’g o INSe(TeTeZlgs 2 (xe2)g st ¥
M O'NIIL = 7 (15 ¢
- e #'1 = % 00T QG £c
o 20740 = 3yg 2t t
o 104Xd * NSJ B {4 i
[ {20840 % 2e9XN)ANBS @ 0 A
o (L)A = (FYA » XU 62 I
be f1IX= (FIX = xU 82 ™
..... = e . ..Nmnmh: o (13A)-= 24 L2 ul
¥ ST/CERX o DMy = Ox 92 1
e (!N e 3 P n
, EEESESE — 4TIN3Y & ) e b =
- ® 0 0 ® o 0 0 0 9 % 0 PP G T S e g 8 00w ontcttaototow £2 o <
« ® W3isxs 31vN10g00° 1v207 04 san3w3IOvTasif Tve01D 3ivioy e 2 1
b 5 8 8 8 2 8 5 5 5 % 5 0 0 8% 8 2 8 5 5 5 5 % 8 8 g e aR e S 9 e e ] 1 rq
(GINITT & 3daur 02 4
5 s asH va o b
. g (0Y'c14B°(08°CIQ0'L2 RTINS 8% . &
» V2R VE (I Y (p®p) 0 (0B) g tOT 0TIS (MRIMEHIV ' (PBRIB (D 'ZIAX (p's it 2
» 214 (EN) Mg (GNDDBAO(SN)IABE LPN)I AN’ (3BN)T1397 (8 BINI0TA(S T3 T ' (08 9%
o S T S A1k {ANMI A L ONNIdd I CANMI B4  (ONiIX S L2 ONMIASIO JONNI A RONHIX" £ (%1 2
% IWNING%(I13W) CONE (13K BASCO‘13NIOISIiG) NLB 4 (PTR' (O2)u4'(02)430070'9 (3] F
(02)gRY'(0Z)430Im* oa.uxou..gu._x...eu.<:¢4<.—ou_c-u..«.smn..e«._:n 3
i T RS, o oo S R goy st ] S % Bl W S B TER, L E U YT LAY o(g28 ' ‘qne ' (g
L 1P00 602 Sy MWy WAV ASIAy DA X 1S MNTgA NN Or 21T ¥ 18BRAN "I IUE 11
3 TONVAR AN GUN BN W ON SRS TINN " JdMN Y INTINT G TYAN TEN"dALYN"dAAZEN" 42 01
3 — ALIBNCHALIN'R HANONITANSTAINIONY 'XON'AQN' : . J
r LPNARSINNOA QU T ' TOSHANELTNUANY TINANS GNWNN* 177402 103N NOWNOD K
b 28GN10ZePN'00S438N '2e33N NILINYYYY .
i il e e S S S —— | . ® 11 P :

CZTl=MBN H343nWVYVd
, $948aNW H3L3WYHYY
g . e 0692130 MILINYNHYL
I (2=0'Wey¥) NOI6103uu 8768N00 41D17dW1
(NISBULSPE 3ANTLNONENS

B T8 3% s3wist Yaevt i ) o 165°ZY  94~6Y-Y7 TV gekoy

_ J

"N NN~ ©




o

%

I

-

o

e,

1T

=

o

u

¥ ) :

» ] <}

&

& \O

o X =

g <<

x

H

m (R ETECAT ety ' tT30AD XEIE AT 010A 1

o 5 2 o . 1 P

4 MNP ININILS®IN)SALE‘ SANINGN(Z)B7 (210N TN (002 Cra Tum 69

4 0pT U4 0P §F '03° LINIISI 89

e 08T 08 80 (da¥ LTV . . ‘na’ P

n i ot »

E e 8 000000t R®O R0 Qe OoppOpeORRNOEN ) ) 1

‘ : o gluguasvlasda 38sdvrgn any cubbauls 20vaualdng dngug o 3 ee

T @ 0 8 0 0 0 9 0 0 %0 08N 2 g0 00RO g e e e e e e g £9 b

% (N)v3gOR 1v2 29

b _08X >

b o 1

b 3 o

A P .

7 023 04 09 €'0 “19' (T'NIDISHJII (s i

s thy< 0gT 04 09 (T Y% ..eaonoaeom..z.nupu.mw<. 41 413 9s i

€ -

. ,

. &I NS -+ Nave(RINGLS = (1181018 o (F'WiOIS s |

? % : k
[} 30v4 S3WLSF 738YY A

CEE'LT  9Le8T=ty 10 gesQy

|




(phivyN)IND ® (N)nD
2'c 1£381Sd

) (3
:“::

| B R -G -.

ALT-!II S EEEET RN RS SR ISNSEEI S SRR E RIS NSIND

o.c- (210
0* c s (T)0 I
o YR '
ce v o0 geos 090 08 ’
o {1 v -uuaaoaco b 1
L 8 a A 0 e o A_A A A 8.8 a. 0.0 &
00€ OL @2 (NOSWAN '4D°' WWlil i
MHYOe'$/NN & MN "]
{1ide-24-NA-= 00 002 ™
o =
pox:
-
@ 9 2+ @ 08 0 00 PR U 00N g 000 Epe o0 e ) P4
e IN3W373 Ho4 3uNsSBEY 3y0d dN 43S o 3 s
2 8 5 8 9 2 8 0 o 0 8 B & % 28 a0e s QR epge et e e e e I r
H‘ ko
(6'M1M = M ’
—6R'080,m3, :
§2'0e)Xe DX ™
anniinod 0T .
L
~.l ==
4 .
s
a e § 8 8 2 s s o888 0% 22 aas R P &
LX)IB09/7{XINSSPIXINYY o
R

m..u.n.<m..o.:4....v.o..o-,-..ou.nﬂ.m..xz.:m:~<..x W) ..q.~.>x.a'.o
.u.“nz.auw.azvumaa.mq.-a~..czvnz hwmz.JmJ..e.wmz~4:4=»m.sz.J_..oo
og)akita U 5 ' J 2XY (4

NINSLCIANIAONAT (BN BIB(0 a0 Bl ¥A84° 1910 (PTIVu’L02) 4302 "0
.eu. ““uno ..uou:. 02)3n03°* em._x...ou <x;4.~*.m...u.-n.umcw.-n._mn

,1ou (02)gNy’ ,=<g.th<; ¥238579A O 15 WN T0A NN PA2TT X INNN " w3t
.az<mx.~x.;,z..z ox.uz.n 437=ka;z.hz.JJz.1_¢,z BN dALYN'dAlZEN " a2
L -N

»1:::. .o;.-.._ 0SHNAN -:..szaz..axaz.aa._.u_..x NOWNOD
ZOgN'oZaPN’ 003 830N’ “-uuz -..-:«-«;
9oMy RIAINVAUYS

OZTxMBN HIL3WVHVY
J9L=ONKW ¥348WYHYd
D69=130 MILINYHYSY

(2%0'HeV) zo_-muugn 278n00 4131%dW1
IN)AVIQOK 3NILNONENRS

4 30v4

Ty3aow T138vY

eSETLT 94=0T=1Y

TU gkl

1

ALT




W?vh"ln?»ﬁﬁ[h
fun)gnp & (N)nR
0'00T/MdydejMn) 430000 (N) 33 :—

3¥01vs NDISNEA 3
4

B8R 084 0L
0* 04 00 %

(0°0'03" (£)u¥as ENY QPO 03} .Mnu '(TruaBe) 41

7105 YY3INIINON ¥ i s3sS3¥LS 3HL 41 ¥O SSYW 1105 HY3NITND
V NI S38s3uaS AdlAvEn ON SI 3w3H4 41 &N2J0 11w SiHa

YT 2 TR S TFY 2 “Fl‘..[ﬁ T:'}’FT_‘ %

[ERSY )

- -n>!3\.
o 310411880 Ny §IAL GN1J 0L WvioOud BHA SADIIY XOBHD SINL 3 1
= SINBN3YE algS ¢<uz—azaz ¥od Oud1 40 °(NI38* SnINQOW V ) %]
= Y2/0404/Que’Z ¢ Ly)uiSd) 3 IS 09T e I
I 40p/Que'z 8 (¥)yiSd 08 ol
3 Pv!hlpu 3 LGl uebe Pl -
09t 04 0B(NEYNON -.. it 1 o
wenade L3 ‘03° Mgl © e 9 =
[ #9013 n LintndINEs = 91/ ttulidints o L3I0l L3iuisd) o8y 8¢ 8 =
el ((BINdINTS ='T)/((¥I1Hd)SOD *fWh)I3HEO®'2) 3 XD 6L §
i GHLT000(WH) IHd & HIHd e
o 0420400430014 Lt i dé £4 &
ke : ] [ 73 q
= winlt et 80 tipttawa ot 3 oK
avup96g L6 8 (£)41Sd 053 69 8
Y2/(AXATLE'NISIBIZNYLY = QYy S¢T 89 \
AST Q4 09 L9 2
0'0 = avy n« :
§,% 01 Op (T0000R°0 348° ¢ AsgIsevI gL
0 s I8 20 ’
nu = a0 * ‘2)uiS¢ £9 1
e () ¢ (T)¥iSq 29
(Ze0lC20 ¢ 2seax0iinns a Oy 18 i
TZILI0 & (T10) & AKQ LA
2 s8/Ch320 o (3)0) & Q@D i
0'0 = (1'N)9IS 02T L5 3
{ T s | 027 0C 9% i
0'G-a 1§ e i
CyhiyNIg 9 (N)QONE 114 .
ledavde ¢ (03 ] !

TT 10 gesly

] 39v4  Tvda0W 138VY 66E°LT L=




B

g 14*44 .
m 3 113
Her R U TV V| A TN VA S ETLY 3V IS NS NPTV S S ESIRY YUV FTTETRWEE LTS P -V $63 2
o INNIINGD 963 134
n ¢63 0L OO [ (L
i 0240180 018420 S Lol iNGntNNI SBOON 8 L4383 36T |
a 0T2 04 09 (0'T'ip'18) 41 163
a 0g’
, ST 3P0 36— w0 AON0 AT MO Ao —— e E—
2 L] "
N . WABgR(NHIJBOUN. » 86 26} i
8 ”0.!}'- [
» 3
) Oy3z 40 IN3NOGX3 404 XI3HD 2
i 04T 04 0P §0°0 ‘31 MI) 4l :
-~ e
- SUBZ NEMp 5B WD BYAENS NOIEN3; 04 ¥I3MD 2 oex |
I 2
™ '2/016TNiSe ¢ £2)84Sd) * KD
- - Ll.-‘-ll 1330 061
4 q
- aaav2N8Tva sRINGON 2N1GYOY 2 L_
o 00» 04 09 u
- (WNIING = (NIND ul
: A0 34865 I30ne N 5
i 0%2 04 OB (°% ‘30 1814l 1 A
~t 3 m
“q
H” =
..“_ (N)33 = B8 921 "
3 IANIINGD 683 [¥A4
» (HH) ARV S EHAVEO 2D/ C(SQUQSY © (2)uABal ) (NLVEP(NNIA30DND & (NIDA "7 |
i !a_..:.su (1) n-“ !
el ry Y 22 ;.
o WiVde (NW2 330070 ® mszm 983 T2t
»r 887 0L 09(YU' 040" (HW)dxYI I " me A
Oy32 40 INBNOWXB 804 XI3WD F) (13
3 (s A
! on ¢ . ‘Mﬂ 4
J (259 &
043Z NYW4 $537 WD 3¥NIIV4 NOISN34 804 X03KD w :M {
e et £t
Z/tisTudgy ¢ (2l F313
133

STETIY  97=9T=TT TU REEUE Y

[] 39Y5 V300w 138VY

—




3

p
.ﬂ m
k 2 802
e Null i 482 -u
o 3NNILNDD 0O 902 |
4 ‘000P0000T 9 (NINIY4S (7
' S
T 3nN14NCD 06 g0z []
= C(RRIFExTe® (WiVa/(T)0))®L{NNYDO (KWW 3300) & NS 202 U
H Bes 04 0D 00z
RUYDP (WW)P 4300 » NS (133 I
08¢ 04 08 (300°0° .85 {WMIAGXIIEGYI L] Pye "
oo ((((YIHAINYL @(TI0 o (WWIFDD)/(WW)HI®L(2Z)DISBY )="T) & (S (63 il
00y 01 09 (°*0 *d7% (T)0 'wO' LSEMS (48° ((27D)S8Y) 4l 9671 r
e E—— | RV T T VTSV IPEE T & SH
§HRISNY 3 INISIIS ¥63 I
(uINdINYL0CiT)DIBRY & (WMIFOD ¢ LSUHS 133 ™
S8430300 (MM HY & ylg 263 “|
00y 04 0B ('T *449' ('0000000pT=(N)§34S)ISBYI 4] 008 161 u
® 9 9 ® @ 0 0 8 0 ® 00N 0 ® P e e g 00 e s P e e e ] 06T
2 un3W373 0=1 404 $3SE3INLSILS YN IYD = 2 681 e
@ 0% 08 0 5000 aPeP®o oot e NTe O see 0] (1) ﬁ
. @0y 04 00 . {03
FURL T AN s 9
(N)33 = 88 sgt B
0'0 = s vel [
AR d e
totein)al (cao*aV0 GISaY *30°(2I0)ul B8 £33 1
€42 0L 00 36t n
18Suii i Bg ({904 380015280y 2
2.2 0L 09 (¥AizON *03° WW) 4l A
T4z 04 09 jdALIN '03° WW)3I 8Lt 5
LN 8a—042 41 &
? L 73] i
VENasEN D34g¥NE WYANIY 2 si3
2 223 .
1 80y 04 09 £¢1
(1(NIND®* 2aTye((NINDS " T)p'2) 8 & (N)AOWS 2Lt i
(uWigna e (09 Ti3. ¥
Y03 » (N)B3  OF2 [T
b : ] 131 1
. _ sultvg wvamg 2 geT B
b 3 57 !
Ll g0y 04 09 991 !

iy
: 866v80 « (NINH (300070 *49* ¢630(N)0RISEY )L F
fwndtno » C(N2AD ;

Zro(ISe(wNIys="T) 3 T

SLANIAXVOR ((RLVA®'C)/(($)BLB4%(2)Hisd) e (WiYd® (RHYI300HT ® (N)33 091 v

0312 04 00 (23 ‘4g’ 1534 661 b
a L §

0N NYAL URLYBUO 38 NOTATENOD QIBIA RO4 NOBHD L) {13 i

39v4 vddow 138Y) eSETLT  9L-GT-TT 11U gesoy |

L]

A50

e oo




-

NEnL3Y 682

| f¢tn)
0'000082=(N)33  0Lp £I2
2 212
‘3,p02 e
Mt 40 340%% NYILINI BW4 04 Tvno3d wAH3 SAdS ' SdsSIuwE @ [1]
On SVA IN3WBY3 NIgs uYANIINON ¥ N3IWR (N)GONE (N33 8488 3 (1]

30vd  Yydgom 138Y1 [11 9044 Si=wisTT IV gEWlE

0

A51




(g ]

NC

APPENDIX B: NONLINEAR STRESS-STRAIN BEHAVIOR FOR SOIL




Homogeneous Soil Element

1. A simple and practical expression for describing the nonlinear
E . 8#*
soil behavior has been suggested by Kondner who assumed that the
stress-strain curve as obtained from triaxial compression tests is the

following hyperbola:

%5

i 3 a + bel

(B1)

1~ 03) is the principal stress difference, € is the axial

g . strain, and a and b are parameters that can be determined by |

where (o

/ experiment.

2. The physical meaning attached to a and b can be seen in

Figure Bl in which a 1is equal to the reciprocal of the initial tangent

i modulus Ei and b 1is equal to the asymptotic value of the stress

+ ASYMPTOTE

3
" b

©y .03)

ASYMPTOTE
STRESS DIFFERENCE
o
+
i
p' -UJ)U,'

o AXIAL STRAIN €,

Figure Bl. Kondner hyperbola for representation of
stress-strain

* Raised numerals refer to similarly numbered items in the References
at the end of the main text.

B2
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difference called the ultimate stress difference (ol - o3)ult . Equa-

tion Bl can be simplified by expressing el/(ol - 03) as a linear func-
tion of El , which would enable direct evaluation of the parameters a
and b as depicted in Figure B2. The linear form of Equation Bl may be

written as:

3. Duncan and Chang6 expanded Kondner's hyperbolic stress-strain
relationship and utilized it for incremental FE analysis by expressing

the tangent modulus Et as a function of (ol - 03) > E; and the

Mohr-Coulomb strength parameters c¢ and ¢ as:

e

L 3
sin ¢ Ei (83)

Rf(l - sin ¢)(o

% T 2c cos ¢ + 20

=
n
=

3

in which Rf is the ratio of (01 - 03) at failure to the asymptotic

value of the stress difference (01 - c3)ult .

!

€4

(©y -03)

—-

AXIAL STRAIN €,

Figure B3. Linear representation of the
hyperbolic stress-strain function

B3
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L. Another characteristic of many soils is the dependency of the
initial tangent modulus Ei upon the confining pressure a3 - Janbu9
nas suggested and Duncan and Chang6 have employed the following exponen-

tial relation between the confining pressure o and Ei

3

ik
E, = xcpa<§—) (Bl)

a

where Pa is the atmospheric pressure expressed in the same units as

03 , K 1is a dimensionless number, and n 1is a dimensionless exponent.
5. The hyperbolic stress-strain relationship as expressed by Equa-

tions B3 and B4 is useful and simple. The parameters K, n, ¢ , ¢ ,

and Rf are all readily determined by conventional triaxial compression

tests.

Interface Soil Elements

6. Although the stress-displacement curve from direct shear tests
cannot be used directly for determining the stress-strain relationship
for soil, it seems likely that a curve for such a test is indicative of
the form of the stress-strain relationship. A comprehensive study by
Clough and Duncanu has shown a resemblance of the shear stress relative
to the displacement to the hyperbolic form suggested by Kondner,8 which
is appropriate for characterization of the behavior of interface
elements.

T. Typical shear stress 1t versus displacement AS for a direct
shear test is presented in Figure B3a, where Ki and Kst are the
initial and tangent shear stiffnesses, respectively. The hyperbolic

form for the shear stress as a function of the relative displacement is:

A
S

@+ bh, Lo
S

T =

where a and b are parameters that can be obtained from laboratory
tests. Equation B5 may be transformed to a linear form as shown in

Figure B3b:

Bl




A ASYMPTOTE = 7,
1 //
ko =
. Ao sl
()]
x P A
- 1 T=
‘l: / ¢:<H:;As
< /
I /,
(1))

RELATIVE DISPLACEMENT, Ag

a. CONVENTIONAL SHEAR STRESS - DISPLACEMENT

DgyT

RELATIVE DISPLACEMENT, Ag

b. TRANSFORMED SHEAR STRESS -DISPLACEMENT

Figure B3. Hyperbolic representation of the
variation of shear stress with relative
displacement




>

= =a+pA (B6)
T S

Y ’
8. It has also been suggested by Clough and Duncan that it is
desirable to determine the straight line for the test data by connecting
points on the curve corresponding to TO and 95 percent of the shear re-

sistance mobilized. The constants a and b are related to the ini-

tial shear stiffness Ki and the ultimate shear resistance Tult as:
a = %T (BT)
i
b = Tl (B8)
ult

The relationships expressed by Equations BT and B8 can be used to deter-

mine Ki and Talt from the transformed linear hyperbolic plot shown
in Figure B3b by simply evaluating a and b .
9. The tangent shear stiffness Kst at any point on the hyper-

bolic curve may be obtained by differentiating Equation BS as:

K = dr e a (B9)

st dAS (5 % bAS)2

From Equation B5 it is possible to obtain an expression for AS by re-

arranging terms to read:

AT
& DT (B10)

By substituting a , b , and As as expressed in Equations B7, B8, and

B10, respectively, in Equation B9, an expression for Kst can be
obtained:
% 2
K, = K.<1 - ) (B11)
st i Tult

Experiments have shown that overestimates the actual value of the

Tult

shear stress at failure 1, , and the ratio between two shear stresses

f

B6
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Rf does not vary significantly for a given soil. By introducing the

failure ratio R into Equation Bll, the following may be obtained:

£
K. =K = Ei (R12)
st 2} T

10. From Mohr-Coulomb failure criteria, presented in Figure Bl,

}

—7— >

Te = C, + T, TAN )

SHEAR STRESS T

Q

NORMAL STRESS O,

Figure BL4. Variation of friction resistance
with normal stress
the shear stress at failure may be related to the normal stress cn by
the following expression:

t.=C +0 tan § (B13)
a n

f
where Ca is the adhesion and § is the angle of skin friction. There-
fore, by substituting Equation Bl3 in Equation B12, the following is

obtained:

R.T

b £
Eop ™ Kb = C + 0 tan §
a n

(B1k)

11. Laboratory studies by Clough and Duncanh have shown that the é

initial shear stiffness Ki may be related to the normal stress on

BT




by the following expounential relationship:

m

a

where y A is the unit weight of water, Pa is the atmospheric pressure,
and Kj and m are parameters that can be determined from laboratory
tests. Equations Bll and Bl5 define a simplified and practical relation-
ship which describes the nonlinear shear stress~displacement relation-

ship for the interface elements.
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APPENDIX C:

NOTATION




—————

i
{ a,b Experimental parameters
Ae Equivalent cross-sectional area of reinforcing strips
As Cross-sectional area of reinforcing strip
c Cohesion
I (& Adhesion
% E Modulus of elasticity of aluminum panel
' Ee Equivalent modulus of elasticity
Ei Initial modulus
Es Modglus of elasticity of galvanized steel reinforcing
strips
Et Tangent modulus
Ia Moment of inertia of aluminum panel per unit width
Ie Equivalent moment of inertia per unit width
IX Moment of in§rti§ of metal sheet at back of aluminum
panel per unit width
K Hyperbolic loading parameter
Ki Initial shear stiffness
K Dimensionless number
Kr Residual shear stiffness
Kst Tangent shear stiffness
. La Length of beam (Sz) between any two rows of reinforcing
strips
Le Equivalent length
3 LS Length of reinforcing strip
Mo Magnification factor
n Pure number; also total number of strips in each row
N Number of reinforcing ties in each reinforced elevation
Pa Atmospheric pressure
Rf Failure ratio
S Total axial stiffness of reinforcing strip
Se Equival?nt stiffness of plate substituting for reinforc-
ing strips
L Actual thickness of reinforcing tie
3 te Equivalent thickness of reinforcing tie in FE mesh
w Water content of soil

c2




1%} Actual width of reinforcing tie

W Equivalent width of reinforcing tie in FE mesh

Yd Dry density of soil

Yw Unit weight of water
§ Angle of skin friction
A Shear deformation or displacement

AS Displacement

€ Axial strain

Al,ke Stress levels; see Equations lc and 2c¢, respectively

v Poisson's ratio

o Normal stress

o, Tensile stress in reinforcing strip
oy Yield stress

L Equivalent tensile stress in reinforcing strip computed

by FE analysis
ol Major principal stress
03 Minor principal stress
oy - 03 Principal stress difference
ol - 03)f Principal stress difference at failure
. <?1 - 03) Ultimate principal stress difference

ult

T Shear stress
L Peak shear stress
3 Talt Ultimate shear stress

¢ Angle of internal friction

C3
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