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Ronvarpo Steven Reagay

ABSTRACT

This thesis presents an analytical study of the behavior of prestressed
composite beams, The particular configuration of prestressed composite
beam considered is a simply-supported steel beam, prestressed by a high-
strength steel tendon with a constant eccentricity, and attached to a con-
crete slab by shear connectors designed to insure complete interaction,

A numerical method for analyzing the staticaliy indeterminate beam was
developed and used as a basis for a computer program which found the
strains and deflections at a discrete number of equally spaced points a-
long the 1ength_ of the beam for inereasing values of 10;21(1 up to the fail-
ure load. These strains and deflectioné satisfied ?he stress-strain rel-
ations for the materials, the static equilibrium of the beam, and tHe com-~
patibility of deformation of the tendon, Hognestad's stress-strain rela-
tion was assumed for the concrete slab, an elasto-plastic stress-strain
relation was assumed for the sfeel beam, and an actual stress-strain curve
was used for the tendon, The numerical procedure combines the method Qf
tangents for solving simultaneous nonlinear equations with a method of suc-
cessive approximations, A simplification of this program was devised to
analyze conventional composite beams,

Detailed studies were made of some prestressed composite beams suitable
for highway bridges and some suitable for buildings, The effect on behav-
ior of variation of prestress force and tendon size were investigated and
compared with the effect of variation of cover plate size for conventional
cémposite beams, These studies show that prestressing a composite beam is
an effective means of increasing the load capacity of the beam at all 6f
the following stages of behavior: load causing allowable steel stress,

load causing yielding of steel beam, and ultimate load. Prestressing does



not significantly increase the load causing the allowable concrete stress
nor does it significantly reduce live load deflection., The behavior of a
prestressed composite beam is shown to be not very sensitive to variation
of slab thickness,

The validity of the method of analysis was verified by the comparison
of analytical and experimental results for several prestressed and convent-
ional composite beams which‘were tested in the labératory by other invest-

igators,
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1, INTRODUCTION

The structural element considered in this study is a simply-supported
steel beam, unshored and prestressed by high-strength steel tendons with
a constant eccentricity along the length of the steel béam, and with a
concrete slab attached to the steel beam by shear connectors as shown in
Fig, 1. This structural element is assumed for design purposes to ap-
proximate the behavior of prestressed steel beam and one-way slab systems
for bridges and buildings, when shear connectors are provided to insure
composite action,

Prestressed composite beams have been studied by several authors., In

1949, F. Dischinger !’

published a series of articles proposing the pre-
stressing of entire bridges by means of Eigh-strength cables, 1In 1950,
L, CofoZ) was granted a U, S, patent for z composite steel beam and con-
crete slab system prestressed by means of draped cables, The analysis
of prestressed composite beams using both elastic assumptions and approx-
imate ultimate strength methods was discussed in papers by R. Szilara(3?
and P, G, Hoadley(a). Hoadley's method of ultimate strength analysis was
approximate in that theistatically indeterminate tendon force correspond-
ing to the ultimate load of the composite section was not deter mined from
considerétion of equilibrium and compatibility of ddimmation, but was
assumed to equal the tendon force at first yield of the steel beam, Com-
parisons were made by Hoédley between the moment capacities of convente
ional and prestressed composite beams,

Prestressed composite beams have been used in both Bridge and building

construction., A highway bridge near Des Moines, Iowa, was prestressed by

jacking rolled steel beams into deflected shapes and welding high-strength
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cover plates onto their bottom f1anges<5). The roof system over a park-
ing garage in Berkeley, California, was cénstructed using steel girders
prestressed by the Prescon system'ahd designed for composite action with
a post-tensioned concrete slab(6), A highway bridge near Brits in Trans-
vaal, South Africa, was built using the Freyssinet system to prestress
steel box girders which were connected by shear cqnnectdrs to a cast-in-
place concrete slab(7).

No published results of tests on prestressed composite beams cou}d be
found’by the author, but test results for three identical prestressed
composite beams did appear in a thesis by J, C, Stras, III(B).

The objectives of this study were as follows:

1. To determine from an analysis Eased on equilibrium and compati-
bility of deformation the behavior of prestressed composite
beams throughout the entire range of loading up failure,

2, To compare the behavior of prestressed composite beams to the
behavior of conventionalicomposite Eeams with cover plates.

3,  To determine the effect of variation of the prestress force and
the slab thickness on the behavior éf prestressed composite
beams,

4, To analyze conventional and prestressed coméosite beams for

which test results are availablé and then compare the analytical

and experimental results,



2, METHOD OF ANALYSIS

A simply-supported prestressed composite beam is statically indeter-
minate internally to the first degree and is composed of three materials,
structural steel, concrete, and high-strength steel, each with nonlinear
relations between stress.and strain, The method used to analyze this
structure is a numerical procedure for solving simultaneously the equa-
tions of static equilibrium of the beam and compatibility of deformation
of the prestressing tendon. A Fortran program based on the' procedure was
written for an IBM 7040 computer to carry out the computations presented
in - this thesis, The approach is somewhat similar to the method used by
E, O, Pfrang and C, P, Siess(9) to analyze restrained reinforced concrete
colunns, in that it yields the same info?mation, i, e,, strains and de-
flections for values of applied load up to the failure load,:that wduld
be obtained from an actual structural test.
Assumptions

The assumptions used in the analysis were as follows:
1, Stress-strain relations

a. Steel beam, For the steel beam the familiar elasto-plastic
relationship as shown in Fig. 2(a) was assumed.

(10)

b, Concrete slab., Hognestad's stress~strain relationship as
shown in Fig, 2(b) was assumed for the concrete slab., The concrete
was assumed to take no tensile stress. The strain Go correspond-

ing to the maximum concrete stress £, which was assumed equal to

0.85 times the cylinder strength £}, was found from Eqs. 1 and 2,

=
1]

1.8x10% + 460£¢ : ' €V)

m
U}

o = 2EL/Eg (2)



fs
f [ L
y TEASIC!
COMPRESSION
" - fy
- fsA
(a) STEEL BEAM
2
f=f 28 _ ic)
/ » f=fo [l -.15(c"C0
, ey €g
fc '
COMPRES SION
€c
€o €u

(b) CONCRETE SLAB

FIG, 2, Stress-strain relationships for steel beam and concrete slab



where E, = initial tangent modulus of elasticity of concrete
c. Prestressing tendon. A table of discfete points'ffom an actual
stress-strain curve such as the one shown in Fig., 3 was assumed
for the tendon., Parabolic interpolation was used at points iv-
termediate to the table values.
2, Deformations caused by shear, creep, shrinkage, and tendon relaxation
were neglected, |
3. The cross section of the steel beam was treated as a number of rect-
angles,
4, Reséidual stresses in the steel beam were neglected.
5, The strain distribution across the cross section of the concrete slab
and steel beam was assumed to benliﬁear.
6, Complete interaction was assumed between the concrete slab and steel
beam, i, e., no slip.
7. The prestressing tendon was restrained axially only at its ends and
vertically tb remain a constant distance from the steel beam,
8, Small angle theory was assumed,

General description of the method of analysis

The method of analysis used was incremental; that is, strains, deflect-
ions, and tendon force were found for increasing values of applied load,
from no load to the failure load of the beam, which was assumed to occur
when the concrete strain reached the ultimate concrete straﬁ\ellor the
tendon reached its ultimate load. Initially a load increment approach
was tried in which the applied load was incremented until failure, but
this procedure was unsuccessful when a decréase in load occurred with in-
creasing deflection, This is analogous physically to the difficulty in

measuring the "downhill" side of the behavior of structures tested by
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applying increments of load, as opposed to applying increments € deform-
ation, This difficulty was overcome by incrementing a deformation, the
strain at the bottom fiber of the steel beam at midspan, until failure of
the bean,

Throughout the rest of this thesis the term "initial" will be used to
refer to the effects of prestressing and dead load, i. e., before the
~application of live load. The dead load of the structure produces a para-
bolic distribution of moments to be carried by the steel beam, the con-
crate slab being initially unstressed as-unshored constructipn was assumed,
This causes each cross section of the prestressed composite beam to have
a different initial strain distribution. Since the response of a cross
section of a beam with a nonlinear stress-strain relationship depends on
the initial strains, each cross section has a different relationship be-
tweén applied forces and moments and deformations. Therefore instead of
using stored tables of moment, axial load, curvature, and axial strain
for every cross section of the beam, the equations of static equilibrium
were solved to find‘the deformation of the beam. These equations of equi-
librium, which are nonlinear since the materials in the structure have
nonlinear stress-strain relationships, were written by summing forces in
the horizontal direction and summing moments about éhe centroid of the
tendon on the free body diagram shown in Fig., 4., These equations appear

in functional form below,

2F =0 = F(€,6) - F, (3)

1]
o
I

2n, = M(€,€,) - M | . %)

where EFX = sum of forces in the horizontal direction

2M, = sum of moments about the tendon centroid
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Eb = strain at bottom of steel beam due to prestress,
dead load, and live load

€. = strain at top of steel beam due to prestress,

dead load, and live load

FE = tendon force due to prestress, dead load, and
live load
Mx = external moment at cross section due to dead and

live loads

internal force at cross section

FE,,€,)

internal moment about tendon centrdid at cross

M(€,€¢)
section

Since the distribution of strain acroéé the cross section of the steel
beam and concrete slab was assumed to be linear, the two strains €b and
et were usedlto specify the total strain distribution at a cross section
of the prestressed composite beam, The strain distribution in the con-
crete at a cross section was found by subtracting the initial strain dis-
tribution from the total strain distribution, since the concrete slabl
‘only "knows about' the deformations produced by the live load.

The iterative method of tangengs(ll) for a single nonlinear equation
was used to Solve Eq., 3 foréEt at midspan corresponding to an assumed
value of the tendon force Fy and to the value ofEt)at ﬁidSpan which was
the quantity incremented until failure of the structure. Then Eq. 4 was
used to find the external woment M _ at midspan, which was used in the load-
moment relationship for the live load considered to f£ind the live load on
the beam, The iterative method of tangents(ll) fop two simultaneous non-

linear equations was used to solve Eqs, 3 and 4 simultaneously for values

of € and-€; corresponding to the assumed Fy and My values calculated from
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the applied load at a discrete number of equally spaced node points along
half of the 1ength of the beam, as the structure and ioading was assumed
to be symmetrical, The value of F(Gb,et) was fognd by integration of the
stress distribution, as found from the stress-strain relationships, across
the cross section of the sﬁeel beam and concrete slab, and M(Gb,Gt) was
found by(determining the first moment of these -stresses about the tendon
centroid, This integration was done in closed form by breaking the in-
tegrals into pieces af each change of width of the cross section and at
each change in stress-strain function, The values of OF(€,€.) /¢y,
3F(eb,et)/aet,aM(eb,et)/aeb, and OM(€p,€+)/P€t needed for the method of
tangents were found by differentiation of the expressions for F(€,€:)
and M(€,,€,) found above., The iterations were continued until the cal-
culated corrections to the strains were less than some fractional téler-
ance of the corresponding strains for the preceding increment,

A method of successive approximations was used to find the wvalue of
tendon force Ft for each strain increment in the following manner,
First a value of tendon force for the strain increment was-assumed and
the deformali ons along the beam length corresponding to this assumption
were found as described above., The tendon force corresponding to these
calculated beam deformations was found, Then £from tﬁe assumed and cal-
culated Values a new-assgmption was madé and the process repeated until
the assumed and calculated valués agreed within a specified tolerance,

Steps in the application of the method

The line of réasoning used in the computer program appears in the flow
chart, Fig, 5, Each box in the flow chart is numbered, and a more de-
tailed discussion of“the computations in each box appears in the £follow-

ing correspondingly numbered steps,
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2
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—

4 Y
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lopes and deflections at all nodes by
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Write applie

slopes, and

d load, tendon force, and strains, curvatures,

deflection at all nodes

,
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( Has concret
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8 Y

| . Assume tendon force

<

9 \2 o~

Find strein
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distribution and external moment at midspan

\

10

Calculcte

applied load from external moment at midsparﬂ

¥ Y
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distributions at remaining nodes from statics

12 )

4

Calculate tendon force from strains at the node points

yes

13 Y

——< Does assume tendon force agree with the calculated one P

14 Wwno
| Revise tendon force assumption |
I <<
Stop

FI1G. 5, Flow chart of computer program




13

Material properties, structural dimensions, prestress force, number
of node points, tolerances for strains and tendon force, and incre-

ment by which the strain at the bottom of the steel beam at midspan

"is to be increased until the failure of the beam are read,

The quantities read in step 1 are written.

The initial strains and curvatures at each node point and the initial
tendon force are found using the equations presented by Hoadley(4)
basgd upon elastic assu&ptions. See ' Fig, 6 for the initial strain
distribution at a typical cross section,

The slopes and deflections of all node points are calculated by num-
erical integration of the curvatures at the node points using a
three-point quadrature formula.

The applied load, tendon force and strain, and strains, curvatures,

slopes, and deflections at each node point are written. The first

‘time this is done, the applied load is equal to zero and the other

quantities are the initial conditions found in step 3.

The maximum concrete strains at all node points are compared with €u
and the tendon force is compared with the ultimate tendon force. I1f
either of these ultimate values has been excecded, the structure has
failed and the analysis is finished, and if not the analysis 1s con-
tinued in step. 7,

The strain at the bottom of the steel bemn€t>at midspan is increm-
ented by the amount specified in step 1.

A value £6r the tendon force is assumed., For the first strain in-
crement the initial tendon force is assumed, for the second strain
increment an assumption is obtained froﬁ straight line extrapolation,
and for the third and successive strain increments parabolic extra-

polation is used.
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11,

12,

13,

15

The strain at the top of the steel beaﬂxet at midspan is determined
by solving Eq. 3 using the method of tangents. A starting value of
€t for the first strain increment is calculated from equations pre-
sented by Hoadley(A), based upon elastic assumptions and the trans-
formed section, and for successive strain increments from the same
extrapolation procedures ;sed in step 8 for Fy. The external moment
M, at midspan is found from Eq, 4.

The applied load on the beam is calculated from the external moment
found in step 9,

The‘values of M, at each node point are calculated, and the strains
€b and €t at ecach node point are found by solv?ng Eqs, 3 and 4 simul-
taneously using the method of tangents., Starting values for €3 and
€, are obtained as was done for €. in step 9. See Fig, 6 for the
strain distribution at a typical cross section,

The tendon strain is calculated from the strains at the node points,
The strain in the tendon is the same as the average strain in a fic-
titious "fiber" of the beam at the level of the tendon centroid and
is obtained by numerically integrating the strains in this "fiber"
at the node points along the length of the beam and dividing the re-
sult by the length of the tendon, Then the tendon force is calcul-
ated using the stress-strain relationship for the tendon.

The tendon force calculated in step 12 is compared with the tendon
force assumed in step 8. If they agree within an amount less than
the fractional tendon force tolerance specified in step 1 multiplied
by the tendon force for the preceding strain increment, the analysis
of the beam for this strain increment is finished, and the procedure
is continued in step 4. If not the tendon force assumption is revised

in step 14,



14,

16

A new assumption for the tendon force is made, This is done for 'the
second trial of each increment by assuming the average of the assumed
and calculated values which are stored. Then for the third and suc-
cessive trials, é‘new assumption is made, thinking of a plot of as-
sumed tendon force vs, calculated tendon force, by finding the inter-
section of a straight line passing through two points representing
the last two trials with the straight line oﬁ which the assumed ten-
don force ecuals the calculated tendon force, Then the analysis is

continued in step 9.

The program described above for analyzing prestressed composite beams

was modified to analyze conventional composite beams by removing from it

all the statements concerned with the prestressing tendon. The average

computer time required to analyze a structure with either of these pro-

grams, using a strain increment of 0,0003 and six node points, was about

five minutes on the IBM 7040,
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3. RESULTS

The method of analysis presented herein was used to study the struct-
ural behavior of thirty-one prestressed and conventional composite beams
in the following categories:

(1) Beams of a configuration which might be found in a highway

bridge |

(2) Beams of a configuration which might be found in a building

(3) Beams for which experimental results are available
In all of the beams studied the dead 16ad of the structure (weight of the
concrete slab, steel beam, and tendon or cover plate) was assumed to be
carried by the steel beam alone, All the beams studied failed by crush-
ing of the concrete, not breaking of the tendon,

In the first two categories the tendon stress-strain curve shown in
Fig, 3 was used for all prestressed beams, and the following material
properties were used: concrete cylinder strength, fé = 3000 psi; ulti-
mate concrete strain, eu = 0,0038; yield stress of the steel beam, fy =
36,000 psi; and modulus of elasticity of the steel beam, Eg = 29x10° psi.
For the third category the material properties used were those that the
experimenter obtained from samples of the materials.used in the test spec-
imens,

For the first two categories allowable loads were determined which
were used in the calculation of factors of safety. The allowable load
was taken as the greatest load at which neither the steel nor concrete
stress at midspan, the section of maximum live load moment, exceeded the
allowable stress specified by the appropriate building code. The steel

stress at the support in the beams which were highly prestressed exceeded
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the allowable,stee} stress or even the yield stress at a load less than
the allowable load, Over the support the concrete is in tension, since
there is no external moment at the support, and therefore takes no stress,
and the steel beam must carry the stresses caused by the~prestress force
and the increase in the tendon force caused by live load, Thus if the
steel beam is stressed to near or above its allowable stress by the pre-
stress force, the increase in the tendon force may cause the steel stress
at the support to excéed the allowable stress or even the yield stress at
a load less than what is here defined, somewhat arbitrarily, as the allow-

able load.. This point is discussed more fully later in this chapter.,

Analytical results for the highway bridge beams

The basic configurations and loading of the prestressed and conven-
tional composite highway bridge beams appear in Fig, 7(a)., The live load
consists of a concentrated load and a uniformly distributed load applied
in the same ratio as the concentrated and distributed loads in the AASHO
H20-S16-44 lane loading for flegure(l2), In the £following results for the.
highway bridge beams, only the concentrated live load P 1lb, is given; let
it be emphasized that the concentrated load is always accompanied by a
uniformly distributed live load of 8P/2700 1b,/in.

The design of composite highway bridge beams is covered by the AASHO
code. The allowable stresses as specified by this code are for the con-
crete, 0,4f! = 1200 psi, and for the steel beam, 20,000 psi‘13), Tne
code also limits the deflection due to live load to 1/800 of the span
length which corresponds to 1.18 in. for a 79 ft. span,

Table 1 for the prestressed composite highway bridge beams, designated

PH1 through PH10, contains for each beam the slab depth, the number and
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diameter of tendons, the prestress force, the maximum stress in the steel
beam due to the.prgstressing, the yield load (loaé corresponding to the
first yielding of the steel beam at midspan), the ultimate load (load
corresponding to the crushing of the concfete slab), the tendon force af

failure of the beam, the pPercent.increase in the tendon force due to live

‘load at the failure of the beam, the factor of safety with respect to

yield (ratio of the yield load to the allowable load), and the factor of
safety with respect to ultimate (ratio of the ultimate load to the allow-
able load), Table 2 for the conventional composite highway bridge beams,
designated CH1l through CH4, gives for each beam the coverlplate size, the
yield load, the ultimate load, and the factors of safety with respect to
yield and ultimate, |

.Detailed graphical results are presented for one typical prestressed
beam, beam PH3, only, The load-strain curves for beam PH3 appear in Figs,
8 and 9, These curves and the deflected shapes for beamvPHS shown in Fig,
10 show that most of the deformation of the beam occurred at the midspan
cfoss section., Thus the beam behaved as if a "plastic hinge' had formed
at midspan, | |

Fig, 11 shows a plot of the increase in tendon force due to live load
for beam PH3, This curve is linear up to the yield ibad; and then it
flattens out, even though the tendon was still in the straighﬁ line por-
tion of its stress-strain curve at failure of the beam, ‘This is caused
by the large deformations of the steel beam occurring after yielding
which in turn cause a correspondingly large increase in the tendon force,
since the tendon is attached to the ends of the steel beam and is re-:
strained to remain a constant distance from it. |

Figs, 12-15 summarize the behavior of all of the highway bridge beams



TABLE 2, Results for conventional composite highway bridge beams

Beam | Cover plate Yield | Ultimate | Yield |Ultimate

no, | size,in x in.| load, |load, F. S, |F. S,

1b, 1b,

CH1 none 27960 44470 2,10 3,35

CH2 ix11 37290 56500 2,28 | 3,45

CH3 1 x11 47680 68440 2,12 3,04

CH4 13 x 11 58300 79360 2,05 | 2,79

*

Each tabulated load P is a concentrated live load which is
accompanied by a uniformly distributed live load of 8P/2700
1b./in, in order to use a loading proportional te /

H20-S16-44 lane loading,

ASHO
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studied., These figures show curves of load vs, deflection at midspan
with points corresponding to various stress and deformation conditions
marked on each curve and corresponding points joined by a dotted line,
The line marked "b-b" joins points corresponding to the load at which the
steel stress at midspan equals the allowable steel stress, The line
marked "c-c" joins points corresponding to the load at which the concrete
stress at midspan equals the allowable concrete stress, The line marked
"d-d" 'joins points corresponding to the load at which the deflection of
the beam due to live load equals the AASHO allovable live load defléction.
The line marked "o-o" joins points corresponding to the load at which the
concrete strain at midspan equals €o. The line marked "y-y" joins points
corresponding to the load at which the éteel stress at midspan equals the
yield stress, The point marked "s" corresponds to the load at which the
steel stress at the support equals the yield stress. The curves are all
stopped at tﬁe load corrésponding to the crushing of the concrete,

The effect of variation of prestress force and tendon size is seen
from the load-deflection curves shown in Fig. 12 for beams PH1 through
_PH5, The prestress force used in each of these beams .was nearly equal to
the recomménded working load for the tendon. The s$lopes:cof.lines ''b-b"
and "y-y'" and a line passing through the end points of the curves show
that incfeasing the prestress force and tendon size greatly increases the
load that produces the allowable steel stress at midspan, the yield load,
and the ultimate load. The slopes of lines "c-c" and "d-d" show that in-
creasing the prestress force and ﬁendon size only slightly increases the
load that produces the allowable concrete stress at midspan and only
slightly decreases the live load deflection.' Beaﬁ PH5 yielded over the

support at a load of 22,75 kips in the manner described above,
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The effeét of variation of the cover plate size for conventional com-
posite highway bridge beams is seen in Fig, 13, the load-deflection
curves for beams'Cﬂl through CH4, These curves show that increasing the
cover plate size greatly increases the load producing the allowable steel
stress at midspan, the yield load, and the ultimate lead. Unlike the
effect of increasirg the prestress force and tendon size, increasing the
size of the cover plate does significantly reduce the live load deflect-
ion and does increase the load producing the allowable concrete stress
at midspan.

The effect of increasing the prestress force on beams with the same
tendon is seen from Fig, 14, the load-deflection curves for beams PH1,
PH2, PH9, and PH10, Beam PH10 was the énly beam studied for which the
prestress force exceeded the recommende& design load for the tendon used,
The curves ghow that any increase in the prestress force increases the
yield and ultimate loads and the load producing the allowable stress in
the steel beam at midspan, They also show that, if the tendon size is
hot increased with an incréase in prestress force, the load producing
the allowable concrete stress and the live load deflection are unchanged,

The effect of variation of the slab thickness on prestressed composite
" beams with the same‘tendon and prestress force is seen in Fig, 15, the
load-deflection curves for beams PH3, PH6, PH7, and PH8, Increasing the
slab thickness increases the ultimate load, but, as is shown by the figure
and Table 1, slightly reduces the yield load, since the increased dead
load reduces the effect of the prestressing. The curves all cross at a
load of about 30 kips, since increasing the slab thickness increases the

stiffness, but also increases the dead load and the initial deflection,
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Analytical results for the building beams

The basic configuration and loading of the building beams studied
appears in Fig, 7(b). The building beams were loaded with uniformly
distributed live load,

The results for the same quantities appearing in Table 1 for the pre-
stressed composite highway bridge beams appear in Table 3 for the pre-
stressed composite building beams, designated PBl through PB7, and the
results for the same quantities appearing in Table 2 for the conventional
composite highway bridge beams appeér in Table 4 for the conventional
compoéite building beams, designated CBl through CB4,

The design of composite building beams is covered by the AISC(14) and
ACI(?S) codes. The allowable stresses for the building beams were taken
as 0.66fy = 24,000 psi for the steel beam as specified by the AISC code
and 0,45f} = 1350 psi for the concrete élab as specified by the ACIccdde,
The allowable live load deflection was taken as 1/360 of the span corre-
sponding to 1 in., for a 30 ft, span as specified by the AISC code for
beams and girders Support;ng plastered ceilings,

The graphical results for the buiiding beams are presented in two load
vs, deflection at midspan curves marked with dotted.lines as described in
the highway bridge beam results,

The effect of the variation of prestress and tendon #ize appears in
Fig, 16. the load-deflection curves for beams PBI, PB3, PB5, and PB7.
These éurves show, as did Fig, 12, that increasing the prestress force
and tendon size greatly increases the yield and ultimate loads and the
load producing the allowable steel stress at midspan, slighﬁly increases
the load producing the allowable concrete stress at midspan, and slightly

AN
decreases the live load deflection. Beam PB7 yielded over the support at

)
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TABLE 4, Results for conventional composite building beams
Beam | Cover plate size, | Yield Ultimate | Yield | Ultimate
no, |in, x in, load, load, F, S, |F. S.

1b./in, | ib./in,
CBL none 195,9 302,6 1.56 2,41
CB2 3 x 63 327,3 435,2 1.55 2,06
CB3 1x 6% 4453 570.4 1,56 2,00
CB4 13 x 63 573.9 707,.1 1,76 2,17
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a load of 206,1 1b,/in, in the manner previoﬁsly described,

The effect of the variation of coverplate size on conventional com-
posite building beams appears in Fig, 17, the load-deflection curves for
beams CBl through CB4, These curves show, as did Fig, 13, that increas-
ing the cover plate size greatly increases the yield and ultimate loads
and the load producing the allowable steel stress at midspan, and that
increasing the cover plate size increases the load producing the allow-
able concrete stress at midspan and decreases the live load deflection

much more than increasing the prestress force and tendon size does,

Comparison of analytical results with available experimental results

The computer program was used to analyze severzl beams for which exper-
‘imental results from other investigstors were available, in order to check
the walidity of all the analytical results obtained. The confiéuration
and loading for each of these beams appears in Fig, 18,

Fig, 19 shows experimental and analytical load-deflection results
for beam B24W of the series of tests made by I, M, Viest, C, P, Siess,

H, H, Appleton, and N, M, Newmark(16) at the University of Illinois.
Fig., 20 shows experimental and analytical load-deflection results for
beam B1-T1 in the'series of tests conducted at Lehigh University and
reported by G, Culver and R, Coston(17), The agreement between exper-
imental and analytical results for both these beams is quite good,

Fig., 21 and 22 show experimental and analytical results for moment-
deflection for beams 11, 41A, and 41B in the series of tests conducted

by A, A, Toprac(18>

at the University of Texas, Beams 41A and 41B were
identical except for the concrete strengths which were 4770 psi for beam
41A and 3640 psi for beam 41B, The agreement between experimental and

analytical results is not as good as it is for the Illinois and Lehigh
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beams, The slopes of the analytical curves are greater in the elastic
range than the slopes of the experimental points, and the experimental
points lie above the theoretical curves in the inelastic range, Similar
discrepancies were shown by Toprac between the experimental points and
the slopes of curves based on elastic calculations, and the experimental
points in the inelastic range were above the ultimate loads he calculated
from rectangular stress blocks, The reason for these discrepancies is
not known by the author nor was it given by Toprac., Possible explana-
tions might be lack of complete interaction or a nonuniform distribution
of strain across the width of the concrete slab; both of which violate
the assumptions used in the analysis, -The concrete slab in the Texas
beams had the largest width/span and width/depth ratios of the beams
studied as shown in Table 5,

Figs. 23, 24, and 25 show experimental and analytical results for load
VS, concrete‘strain, load vs, change in tendon force, and load vs, mid-
span deflection, respectively, for beams A, B, and C tested by J, C.j
. Stras III(8) at Rice University in 1964, To the author's knowledge,
these are the only experimental results available for prestréssed com-
posite beams, These beams were prestressed with a force of 8,5 kips,

The agreement between experiment and analysis is quite good, The yield-
ing of the steel beams at a value of load less than the theoretical yield
load, as seen in Fig, 25, may have been caused by residual stresses in the
steel beams, This same phenomenon was observed by P. R, Barnard(19> in
the analytical and experimental moment-curvature relationships he obtained

for composite beams,



TABLE 5, Width/span and width/depth ratios of the
concrete slabs used in the beams for which experi-
mental results are available

Beam Width/span ratio | Width/depth ratio
Illinois .160 ' 11.5
Lehigh 200 8,0
Texas ¢ 261 11,75
Rice .125 4,5
AASHO max.|

allowed <250 12,0
ratios

AISC max. *
allowed 250 16,0
ratios

* This is not exactly correct, since the AISC code
allows the slab width to be 16 times the thickness
plus the flange width of the steel beam,

45
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4, CONCLUSIONS

Based upon the analytical results obtained and the comparison of the

analytical results with available experimental results, the following

conclusions are offered:

1.

The method of analysis of conventional and prestressed compdsite
beams presented herein gives a reasonable'approximation to the be-
havior of these structures throughout the entire range of loading up
to failure.

Prestressing a composite beam increases the yield and ultimate loads.
Thus a prestressed composite beam is an efficient structure if design
is based upon ultimate strength,

Prestressing greatly increases the load producing the allowable steel
stress, but doesn't significantly increase the load producing the
allowable concrete stress, Thus there is some optimum prestresé
force (about 200 kips for fhe beams in Fig, 12 and about 75 kips

for the beams in Fig. 16) for which the steel and concrete stresses
will reach ﬁheir allowéble values at the same value of load., Any
prestress force greater than this optimum one will only slightly
increase the allowable load of the structure, since the concrete
stress governs and isnot significantly éhanged by additional pre-
stress, Thus, if design 1s based upon allowable.stresses, prestressed

composite beams will be most efficient only if care is taken to se-

~ lect the proper combination of composite beam and prestress force,

Prestressing does not significantly reduce the live load deflection
of composite beams, Therefore, if the design of.-a composite beam is
controlled by live load deflection, prestressing may not-be'appro-

priate, Prestressing, however, does induce an initial camber which

is desirable for certain applications,



50

Large amounts of prestress caused yielding over the support in some
of the prestressed cbmposite beams analyzed in this study. This is
undesirable and can be prevented by avoiding such large amounts of
prestress or by simply shortening the tendon and moving the tendon
anchors in from the supports,

‘In none of the structures analyzed did the tendon break, since the
tendon is a very ductile element of the struéture as compared with
the concrete slab, This was true even for beam PH10, the only beam
for which the prestress force exceeded thg recommended working.load
for the tendon,

The slab thickness is not too important a variablé in the behavior
of prestressed composite beams, Iﬁcreasing the slab thickness does
increase the ultimate load, but not nearly as much as increasing the
prestress force or cover plate size does, The slight increase in
the stiffness of the structure afforded by increaging the slab thick-
ness is somewhat offset by the corresponding increase in the dead

load of the structure and the initial deflection,
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APPENDIX A, EQUATIONS USED IN THE ANALYSIS

1, Coordinate system and sign conventions

The coordinate system used showing the equally spaced node points and

the corresponding sign conventions for §lope and curvature appear in Fig.

A-1, Tensile strains, downward loads, and external moments causing neg-

ative curvature were taken as positive,

2, Initial conditions

The strains caused by the prestress force and dead load of the beam

were calculated fiom the following equations,

a., Strains due to prestress

Q)
o’
l
1

where € tp

€bp

Fp

1]

I

1 e d

AS 2Is

1 e d
(_ . — s) (A=2)
AS 2Is

strain at top of steel beam due to prestress

strain at bottom of steel beam due to prestress
prestress force

modulus of elasticity of steel beam

area of steel beam cross section

depth of steel beam

moment of inertia of steel beam cross section about

its centroidal axis

distance from tendon centroid to centroid of steel beam
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FIG, A-2., Coordinate systems used in integrating stresses
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b. Strains duc to dead load

e w.i”
s d s
= AT
Fd 1, e2 1L 1 (4 3)
3 S i S
12E I . —_— _
- SS\E1 A AgBg
s s t ¢
where Fd = increase in tendon force due to decad load

w, = uniformly distributed dead load of the structure
L_ = span length of the steecl bean

L, = tendon length

B, = modulus of elasticity of tendon

A. = area of tendon cross section

.30
ati o, :
M. =— (L - x.) Al
a3 5 s 3 (4-4)

where M.. = dead load mowuent &t jth node point

- .

x. = x ccordinate of jth node point

Ky (Fe .=..0d
a [elIRSS aj S -
€raj = - g (a-5)
A B 21 =
s s s7s
F. (F.e - ,.)¢
€bd. = e — J (_‘\.—6)
J AE 21_E
s’s S's
where € = strain at top of steel beam at jth node point

tdj
due to dead load
€bd = straln at bottom of steel beam at jth node point

due to dead load
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€‘X:Ij = €tp

ebIj =

'F

where eth =

3, Curvatures

The curvatures at

* etdj

tT " P d

Total initial strains

initial strain

point

initial strain

node point

initial tendon

each node point of

¢ . = —-L_et _ ebj
J d

s
where ¢.
J

€13

4.

= curvature at jth
= strain at top of

= strain at bottom

Slopes and deflections
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(A-7)
(A-8)
(A-9)
at top of -steel beam at jth node

at bottom of steel beam at jth

force

the beam were found from Eq; A-10,
(A-10)

node point
steel beam at jth node point

of steel beam at jth node point

The slopes and deflections of each node point were found by numerical

integration of the curvatures as shown in Eqs, A-11 and A-12,

Xj Xn
ej:j; ¢<x>dx:j; $ (dax

where © j

¢ (x)

It

(A-11)

slope at jth node point

distribution of curvatﬁres'along beam length des-

described by values at the discrete node points

subscript denoting node point at midspan
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*j
Vs =f "0 (x)dx (A-12)
J 0 :

deflection at jth node point

where y i

©(x) = distribution of slope along beam length described

by values at the discrete node points
The three-point quadrature formula Eq, A-13 was used for the
numerical integration,
1+

.. .
1 ~ h

J; £CGodx T 5058 +8E;,, -£;.5) (A-13)

i

where £(x) = function of x described by discrete values at
equally spaced node points

£5

value & £ at ith node point

h

node point spacing
5, Equilibrium equations

The é&quations:of static equilibrium at the jth node point as found by
summation of forces and summg.tion of mc?ments about the tendon centroid

appear in Eqs. A-14 and A-15, See Fig, 4 for a free body diagram,

2F, =J‘; £(y)dA - F, =0 . (A-14)

ZMt =IA‘ £(y)ydA - My = 0 (A-15)

whgrezFx = sum of forces in the horizontal direction

Ft = tendon force
£(y) = stress distribution over beam cross section
ZMt = sum of moments about tendon centroid

Mj = external moment at X3
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6. Solution o6f equilibrium equations

For assumed values of Fy and Mj Eqs. 14 and 15were solved at each
node point for?bj and etj' The integrals in the equations are functions
of€bj and €, jo At ml.dspan€ . was known since itwas the quantity increm-

. using the

ented until failure of the beam, so Eq. 14 was solved for€t:l

method of tangents for a single nonlinear equétion, written below in the

notation of this thesis,

F(E yeb;,) -F =0 ~ (A-16)
F(€ € )
€tj - etj £3’ b ' (A-17)
o amet ,€ )
3
€y
where ’E’(Gﬁt ,€bJ) = internal force at jth node point
o =

subscript denoting evalution for current
values of the i.terate; |

Then Eq., l4was solved directly for Mj at midspan,

At the remaining node points Eqs. 14 and 15 were solved simultaneously
for the values of €tj and ebj’ using the method of tangents for two sim-

ultaneous nonlinear equations as shown below,

M(E t3’€ ) - MJ 0 (A-18)
IM v OF
F0 3€b3 - o aSbJ

€ ..-€ = (A-19)

G| P —aF an el
3€t aeb 3€t aeb
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SF M oM P
e ~3€¢;
€ -€.. =- €tjlo © "9Ctjlo o (8-20)
J Jlo 3F oM oM OF
O€+ j oaebj ° —a€tj 0 9€bjlo

where M(etj,€ ) = internal moment about tendon centroid at

bj
jth node point

The values of the integrals in Eqs, A-14 and A-15 and implicit in
Eqs. A-16 and A~18 were found in closed form by breaking the integrals
into pieces at cach change of width of the cross section and change of
stress-stréin function, The partial derivativés in Eqs, A-17, A-19, and
A-20 were found by differentiation of these 'integrals using Leibnitz's
rule for.differentiation of integrals containing a parémeter.

The integration over the steel beam cross section involved breaking
the cross section up into a number of elastic and plastic elements, and
for both eldstic and plastic elements, equations for ;nternal force, in-
ternal moment, and parfial derivatives were obtained,

A coordinate "u" measured upward from the bottom of the stecl beam was
introduced as shown in Fig. A-2, The strain distribution across the steel

beam was given by Eq. A-21,
€S = €bj + ¢Ju (A-21)

The equations for internal.force-and internal moment for elements of
the steel beam were found by substi?uting Eq. A-21 iﬁto the appropriate
stress-strain function given in Fig, 2(a) and integrating the resulting
function for the stress distribution according to Egqs. A-14 and A-15,
The partial derivatives were found by differentiation of the resulting

integrals using Leibnitz's rule,
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For an elastic element of the steel beam

u2 o2
o : 2 -
Fe = 4bx&s[€bj(u2 - ul) +4)j > (A-22)
aFe ug - ui
—— = bE (A-23)
aetj s 2dg
9 Fe ( . 1]22 - U
= bE u, = - (A=
aebj s I: 1 u2) > (A=24)
. s
W@ - u? w2 . wd (A-25)
M = bE_|E. . = l+<i>.-—2—L + F e
e s|"bj 2 J 3 e
3
aMe u) - uy aFe
= bE ————— + e (A-26)
a€ t] s 3d8 aetj
oM, ug - ui ug - 3F
= bE_( —_— . ) o+ (A-27)
S Ebj s 3d _eae 3
s
where Fe = resultant internal force over elastic element of

bt

R

steel beam
lower u coordinate of elastic element
upper u coordinate of elastic element

resultant internal moment over elastic element of

.steel beam

distance from bottom of steel beam to tendon cen-
troid

width of element of steel beam
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For a plastic element of the steel beam

E, = ¥ b (u, - 5) (A-28)
+ uZ B u§
M, = Z bE 5 + Foe : (A-29)
JF OF, JIM_ JIM .
y Y YL ¥ _o (A-30)
: aétj aebj 3€tj d€pj
where Fy = resultant internal force over plastic element of
steel beam
u, = upper u coordinate of plastic element
uz = lower u coordinate of plastic element

"y

resultant ‘internal moment over plastic element

The strain distribution in the concrete slab was specified by the quan-

tities calculated in Eqs, A-31, A-32, A-33, and A-34,

. = . - : A~
€pj = €t = Cerj . (A-31)
€cpj ~ Sbpj
J bPj : :
$p; = — (A-33)

S

€ips .
q: = d +ﬁ+?5133— (A-34)
(] .
PJ

strain at top of steel beam due to live load at

(2]

where thj
jth node point

strain .at bottom of steel beam due to live load

m
1}

bPj
at jth node point
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curvature at jth node point due to live load

-
g-]
Cde

]

distance from point of zero strain due to live

load to the top of the concrete slab

The integration of stresses over thelconcrete slab cross section was
done in a slightly different manner than for the steel beam, There were
five possible distributions of stress in the concrete slab labeled as
cases 1 to 5 in Fig, A-3, 'A coordinate "v'" as shown in Fig, A-2 was in-
troduced measured upward from the. point of zero strain due to live load.
General expressions were obtained for the internal force and the internal
moment across the concrete slab cross section, ‘The paftial derivatives
were obtained by differentiating these expressions qsing Leibnitz's rule.

‘The strain distribution in the concrete was found from Eq, A-35,

€ =Ppyv | (A-35)

The ''v' coordinate v, of the point where the concrete strain equals

€ ., the value of strain at which the change in stress-strain function

o!?

occurs, see Fig, A-2, was found/from Eq, A-36,

&
v, =
bp;5

Upon substitution of Eq, A-35 into the stress-strain relation given in

(A-36)

Fig, 2(b) for the concrete slab, integration of the stress function ob-

tained and differentiation of the result, the following expressions wgré

obtained,
(% b
F, = £b —Pl[‘VZ'V‘?)--?—j-(v"’-vs) +
e € 2 1 3¢ 2 1
(o] (o] '
. +15€ 075G s ‘
(1*—0')(v4-v3)-' —-?—PJ-(VZ-vg)} (A-37)
’ eu'eo eu-eo .
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JF, 1
3Ccs - fé'bc{eods [(Vz - vp) "5“1 S5 ]

j
av, v .075(v4 - "3)
8(v2)—"5(13 - ( )
9€t j €tj 4% - % :
v i
52("4) 5 . § Jy) 3 } (A-38)
aetj aetj
3
e L 2. (v )
C - ~wi o VD) e 2 1 ’
d€pj °° (ol 1 "
: - gv,  a075(v. - v2)
— ey ) ot
1956 7 ST e, -6
v, Vs 2 |
) (va)ae -8 (VS)E - -

"
M = fcbc o

3 3 4 4y
bpj |2¢vy = v) ) bp;v3 - vy) .
; be

-

0 -

. : F d (A-40)
\(q, -€)) -2 (Ey-€,) '

‘e q

' 2 2 - 3 3
J15€. | vy - v3) .05¢Pj(v4 - vs)} ,
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3 3
5 , 8"2 S o) vy .05(v4 - v3)
- - T ey
"23 €cs 371 3¢+ d € -€)
- - * d (A-41)

O 8 - [o]
v V1 05(v v3)
. -
3, ¢ NOR- 3 v 8, wp)
32,3]9:l 179 €p; d (€ -€) 5“561;3
OF
8 (v aV3 aqj (A-42)
» 3€yp; depj Oe€py
where
- o
2.
d, = 4)?3 (2v -———(:-i)?:') ’ | (A-43)
o eO
le15 54, . v
. (v) =1+ — % . Bl - - (A-44)
2 €u." € €u "€y
SS(V) = vsl(v) t (A-45)
§ ., = v, S (A-46)

= - o . (A-47)
= ds + dc + e qJ : .
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and where Fc = resultant internal force over concrete slab cross

section

Mc = resultant internal moment about.tendon centroid
over concrete slab cross section

dq = distance from tendon centroid to point of zero
strain due to live load

be = width of concrete slab

dy, = distance from point of zero strain due to 1live

load to the bottom of the concrete slab

These equations were applied by substituting the appropriate limits
which are given in Table A-1 for each of the five possible distributions
of stress, Other quantities needed in these equations were calculated

. . s

Y 3 ’ '

from the expressions appearing below,

o €/d
Vo - . o 28 i ¢ (A;—aa)
e € Y (A-49)
= 2 S
aebj Pj
d4q; _ Gy s (A-50)
2 8
aetj Pj
\' o4 _ qf’pj "etpj,’/ <“=‘38 (A-51)
2 ’
aebj d) Pj
o db aqj . : | (A-52)
a€tj aetj
dd, 9q j (A-53)

3eb5~ dep :
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FIG. A-3,

Possible stress distributions in concrete slab

caée, vy vy vy vy

i 0 a4 0 0

é éb 93 0 0

) % 0 vo Vo .qj

‘." % Yo vo 9

A 5 0 0 dp ' ay
TABLE A-1, Limits of integration for each

possible concrete stress distribution .
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The total values of F(th'ebj)' M(th,ebj), and the partial derivatives
were found by summing the results for each elemeht of the steel beam and

for the concrete slab,

\

7. Determination of the tendon deformation from the beam deformations

The tendon strain is the same as the average strain in a fictitious
beam "fiber'" at the location of the tendon centroid, This average strain
was found by integrating numerically the strains of this "fiber'" along the
length of the beam using Eq. A-13 and dividing the result by the tendon.

length, The equations for these calculations abpear below,

€. =€, .- eP. o A-54
£5 = by ed, (A-54)

: 2.fx.1xh ef(x)dx |
€,, = - | (A-55)

: Ly

where efj = strain in fictitious "fiber'" at jth node point
€4aq = tendon strain
€f(i) = distribution of strain in fictitious "fiber"

along the beam lenghbh specified by the values

at the node points

w*
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APPENDIX B, NOTATION

The symbols used in this thesis are defined where they fiirst occur,

and are listed below:

Ag

Area of steel beam cross section

Area of tendon cross section
Width of steel beam element

Width of concrete slab

Distance from point of zero strain due to live load to the

bottom of the concrete slab

Depth of the concrete slab

Distance from tendon centroid to point. of zero strain due
to live load

Depth of steel beam

Distance from bo;tom of steel beam to tendon centroid

Distance from tendon centroid to centroid of steel beam
Initial tangent modulus of eiasticity of the concrete -
Modulus of elasticity of the steel beam

Modulus of elasticity of the tendon

Concréte stress

Compressive strength of the concrete determined from eyl-
inder tests

Compressive strength of concrete in beams

Value of £(x) at ith node point

8tress in steel beam

Yield étress of steel beam

Function of x described by disérete values ab equally_Spaced

node points
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£(y) Stress distribution over beam cross section

Fo Resultant internal force over concrete slab cross section
Fyq Increase in tendon force due to dead load

F, Resultant internal force over an elastic element of the

steel beam '

Fy | Initial tendon force

Fy Tendon force

Fp Prestress force

Ey Resultant iﬁternal force over plastic element of steel‘beam

F(ep,,€¢) Resultant internal force over beamlcposs section

h Node point spacing

I Moment of inertia of steel beam cross section ebout its
‘centroidal axis -

Lg Span length

L, ‘Tendon length

Mo Resultant internal moment about tendon centroid over concrete
slab cfoss sectdon

Mdj Dead load moment at jth node point

Mé " Resultant internal moment about tendon centroid over an
elastic element of the steel beam

Mj External moment at x5

External moment

Resultant internal moment about tendon centroid over plastic

& F

element of the steel beam
M(€ p,€¢) Resultant internal moment ebout tendon centroid at beam

cross section



u

Uy
Uy

Wd.

Vl-V4
S 1 (V)"’
8,
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Concentrated live load

Distance from top of concrete slab to point of zero strain
due to live load

Goordinate measurédqupward from the bottom of the steel beam -
Lower u coordinate of an elastic element of the steel beam
Upper u coordinate of an elastic element of the steel beam
Lower u coordinate of a plastic elément of the steel beam
Upper u coordingte of a plastic elément 65 the steel beam
Uniformly distributed live load .
Uniformly distributed dead load

Coordinate measured from beam support along the beam axis
Vertical deflection of the Beam

Coordinate measured upward from the point of zero strain
due to live load

v coordinate where € = €
Limits of integration specified in Table A-1

Integrands used in Leibnitz's rule

Strain at bottom of steel beam

Strain at bottom of steel beam due to dead load

Initial strain at bottom of steel beam
Strain at bcttom of steel beam due to prestress
Strain at bottom of steel beam due to live load

Concrete strain

S;rain in fictious beam fiber at level of tendon centroid
Compressive strain in concrete corresponding to maximum

stress



€ Strain in steel beam

€ Strain at top:-of steel beam

€ta Tendon strain

€1 Initial strain at top of:steel beam

€ia Strain'at top of steel beam due to dead load
etq, Strain at top of steel beam due to prestress
€ip Strain at top'of steel beam due to live load
€. Maximum strain in concrete at erushing;

Gy Yield strain of steel beam

e ' Slope of beam

2F, Sum of forces in the horizontal direction
ZM, Sum of moments about the.tet'ldon centroid

() Curvature

(bp .' Ourvature due to live load

Subscript "j" denotes value of quantity at a particular nodeypoint
Subscript 'n'" denotes the node point at midspan
Subscript "o" denotes evaluation for'the current values of thei.

iterates in the method of tangents

71
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APPENDIX C, LISTINGS OF COMPUTER PROGRAMS

Listings of the Fortran comﬁuter programs and subroutines used to ana-
lyze the prestressed and conventional composite beams studied appear on
the following pages, “

The main program PSCOM for analyzing prestressed composite beams, uses
subroutines FMP, PLOAD, EBMI, CSD, INTEG, PINT, SLOPE, STE, and STP. The
main program COMP for analyzing conventional composite beams usesl all
these subroutines except PINT,

FMP is a subroutine which calculates from a given strain distribution
the internal force, internal moment, and partial de;ivatives.of the in-
ternal force and internal moment with respect to the strains, PLOAD and
EBMI are subroutines which calculaﬁé the live load moment from the ex-
ternal moment and the external moment from the live load, respectively.
Listings fa- PLOAD and EBMI are given for each of the live loads consid-
ered in this study, Subroutine CSD calculates the slopes and deﬁlections
along the beam length by numerical integration of the curvatures, INTEG
a numerical integration subroutine which finds the integral at each node
point of any function specified by values at the node points.; PINT is a
parabolic interpolation subroutine used to interpolate between the points -
given for the tendon stress-strain relation, SiOPE is a subroutine which
corrects the valués of the integral Gftfhe curvature to values of slogg by
making them satisfy the condition that the slope at midspan equal zero.
Subroutines STE and STP calculate the internal force, internal moment, and
partial derivatives for elastic and plastic elements of the steel beam

cross section, respectively,

o



V WO¥d SAvo1l dv3d*9 OH6e/871 He*8°613=30404 SS3¥1S3dd°S OHOZ) LVWYOd €21

(NI He¢8°913=0v01 Ol /D0 WOdd4 3IDONVISIQ H6Z/NI HE*8°GT13=HION3T 1

Ug7 HE*8°9T3= LHOT3IM IVIOL *% OH6T)1VWIOd 0%l —

NOONITRYTCYEINT HE¥8*STI=NVAS  ~ HB8/SNOTISNIWIQ dVINII*E OHTZVIVRYOT 2¢T
(NI He¢8°sT3=1/D NOGN3l Ol 39NVId4d WOl108 WV3E WOYd 3JONVISIAQ T

HTS 713797 HO¢B*GTI=1HOIIMHL S XHFTOENT HY7¢8*GT3=VIYV  —~ "HEYIVWIOI 17T
(NOAQN31°®*D> OHIT/NI He¢8°6s13= HIQIM I

HTT/NT HE*B*6T3=HId3QHI“XeT¢¢14/97T HL®* 8 GTI=1HOIIM —  HITITIVWI0d 02T
(gVI1S 313¥ON0D°*8 OHBI/HNI H¥*8°G11

J=VIIEINT JO INIWOW HZZ B TTYIVRYoI T
(HLQIMHGCYNT ¢ HIJIAHS ¢ X6 “¥Y3IFGWNN OHB/dOL Ol WOLL08 WOYd ¢SITONVI

1539 HY%e/NT HE*B*aT3=HIdIAHI*XGT*ZINT R¥¥8°GT3=V3IEV ~ HOEVLIVWIOI 8TT
(14787 H9¢8°GT3=1HOI3IM HIT/WV38 7331s°V  OHST/SNOISN3IWIQ NOIT

1035 SS0¥D*C OH8Z/1Sd HY¢8*SII=ATIDOILISYII J0 SNTNAONW H9ZTLVWI0d LTT
’ (8°c13¢X.¢8°GT13¢XE)1lVWIOL 911

(NIT/NT “NIVJISHEL®XTL¢ISd ¢SS34lS HST/NOAGNII*D OHTI)Y1IvVWyg0d &1t
‘ (8°G13=SNTNUOW LIN3IONVI HOZ) 1VIWY0d 221
(NI/NT HO¢8°GT3=NIVILS ONILIWIT HOZ)YIVIWY04 8€l
. (NI/NI H9¢8°GT3I=HION3YLS ILIVWI
I17N IV NIVYlS HZE/1Sd H7 8°GI3=HION3ILS FLVWILIN HZZ) IVWY03 #1T

(V1S 3134¥ONOD°d OHBT)LIVWHOd LET

(ISd H%¢8°GT3=ALIDI1ISVI3 40 SNINAOW H9Z/NIT
/NI H9¢8°ST3=NIVYLS QI3IA ISdHBT¢B8°6T13=SS341S QI3IA HLT)1VWJ0d £11

(WV3d8 1331S°*V OHGST/SIVIdILIVW *TOHZT/S31193d08d WV3g OHLZT I LVWYOd ¢I11
(WV38 311S0dWOD d3SS3y1S3dd Q3LY¥Y0ddNS-ATdWIS HY¥%)LlVWyod 111

(V JO0 d31NdWOD 0O%1
0L W8I ALISY3AINN wUHm th A9 SISATVNV 3HL zomm SLIINS3IYTHZL) LVWYOd OT1

(8°ST3C LT XTVIVWNE0d 801
(L*G132¢X02)1YWH04 LOT

TG T2 X T ) TVAN0T 90T

(L°GT39¢XT)LVWNYO04 GOT .

(G*0TILXT)ILVWHOT %01
(2°0T3L¢XT)LVWIO4 201

.oE<wm Q3QT73TA SVH SS3Y1S3yd HEZ)V1VWE0d 10T

SWV38 311SOdW0OD d3SS3Y¥1S3¥d 40 SISATVNVY ¥03 WVHOOHd—WODSds##*%%D

WODSd 214819




aﬂvomz*hﬁVQMOtaﬁvwm<

dN¢T1=r604a
*0=KWS

*0=v8
*0=(2)1Sa

: *o0=(T1)1sa
(AN T=Cc(r)QIMe(r)d3Q) (201¢5)QVIY

IN(90T1¢6)av3d
MD>€g2¢aD(#0T¢5)av3y

T dN¢1=VYNeeod
- dN(901¢5)Qv3y

aoom_m_.aaﬁv_Uwaaoﬁvo..ovamo.AOHVO.AOHVNQ. (002¢01)83¢ (00¢¢01)132
. ¢1¢7¢(8)3S¢(8)1SA%(8)QIM ¢830WQ0¢ 13AWA¢83040¢13040°WE*€D04¢3T101T

O T-F €05¢dgva I3 HA 3IITD°03°389A38°A39 NOWWOD
(8)d3Q*(8)3I¥Y_NOISNIAWIQ

ﬁoHvHo.AoH,m.ﬂoHvau..ooqua.goﬂvuz. (0T)0a*(01) >3d NOISNIWIQ
- (8°ST3=NIVY¥LS NOGN3T

I HI9TI/7971 HE*8°GI3I=39NVHOHL XG¢aT Im.w.mﬁm =3D0¥04 378VD  H¥T)I1VWI0d 9¢l
(T-NI ¢3¥NLVAYNDOHST*XL)L1VWYOd GEl

(NTYNOTIS3ITIICHET“X2¢ NI

I/NI ¢3dO0SHYT¢ I-NI ¢3¥NLVAINDOHITCXLCNI 3ONVHOH6¢ 3dON OHL)IVWIOd %¢el

(8°GT3¢XT¢8°GTI¢XT¢B GTIXT 8 GIIXT 9T IVWIOT €€l
. I (NI NI

IVIISHOT XS NI/NT SWVIBHTT¢XTTENT/NTHG XS NT/NT “@VISHITXL)IVWH03 2Zel
- (0¥3Z 40 LNIOdHET*XT¢11T

331S 30 zo__omzmH.xN..z<mm T331S JOHHTEXS¢ILIYONOD JOHITCXL)LVWIOL TET
(0L 3DONVISIQHIT*XL¢LIVI

s e e e PRa— e e STt SOV g S

NIVILSHG6XESdOL 1V NIVUISHET“Xe4doL LV NIVILSHET® 3AQON OHLZ) LVWd03 O€l
(8°6T13=0V01 OHB8)LVWYOS 621

“(AV07 Q317ddVY ¥3dNN ¥OIAVHIS OH62) 1VWd0d 8¢
(8esli3= Z<m00ma Ag8.d3SN  3ONVY3T010HBZ)1IVWIOS 921

(8°GT3°XGCGI¢XTT)LYWHOd G211
(NI ¢31VNIQJO0D XH9T*XTZ*H¥3IGWNN thOa JAON HTZ)1VWY0d %21

S INIOd 3QON°*8 OHS1g
/NI/NI H9¢8°GT3=IN3W3YONI NIVYLS®L OHIZ/1d4/871 Io.w ST13=Wv3g 31150d¢

WOD NO H12/14787 H9¢8°G13=WV38 1331S NO ‘HLT/349N10NY1S ONINIOraQl

w~




ageva(8IT*9)3ILIYM

75

ME¢3IM(LTT*9)3LIYM
ZC(r)dM(9TT9)31LIdM LT

MHxZ=2
1-r=2

MN*T=F LT 0Q
(6TT¢9)3418M

IDCLZT 931 TaM
N3(8eT¢9)31L1yM

TOFOF(HTTC9)ILT M
"L3/3¢4%°2=03

JZd%*09%-938°T=1D
J24d%68°=>¢24d

(ZeT*9)31ITaM
39¢A3G¢A48(eTT¢9)3LIUM

(Z1T*9)31TaA
(TTIT¢9)3LT1YM

(OTT¢9)3lTym
A3g/Ad8=39

MH*1NS=11NS
MN=17INS

AN T=r () amI(¢0T¢6Yavay
L MN¢ON(90T¢S)Qv3y

MHed¢ImMe X384 d8N3 ¢34(20T¢s)av3ay
4701¢3701¢1dd€1A¢O3 ¢ MMEVMe M 1D (#0T¢G)QVIY

. gA/19=858d
( gA-0g)/189=158

(T+dN)1Sd=a8
N**a.mo*aﬂvawo+gﬁvkmovl A ¥ (r)3YV+°2T/ex%(r)1d3d=(r)gimM+Ig=1d 8

IN¢T=rgod
*0=189

VA/WS= 8A
vax%°ec=Mg

(% (M) d30+¥ (A1 IS % () IIV+WS=RWS 6
(r)33v+vg=vg

(ryd3g+ir)1Isa=tr+r1r1sa




ag/((1¢11g3-(1¢1113)=(1)1ed

o *0=(1)0
*0=(1)123

“o=(I1d
(19%38%°%)/A8%((1)S-18)%(1)S*M— 131=(T¢1)13

.Hm*um*.qv\om*ngmvw 18) % (1) S*M+g3l=(1¢1783
(I)S¢I(G2T¢9)1311YM

IS*Z=(1)S
1-1=2

TON*1=1¢€00
(38%158)/ ( gA+D3) %04+ (38%V8)/7a4-131=131

(3g%9s49)/ (" TgA+33)*04-(38%vE)/Q4-831=831
o (((39%vg)/18+(3MxVM)/TIMT

+(I18%39)/C*xx(D3+ gA)%x18) % 2T%189%3d) /7MxE%x 19 (D3+  dAI=0d
*Z1/ST10+M=M

*21/27130=01d
(#2T¢9)31L1YM

1ad¢D70°S10¢d(e2T¢9)131 1M
ML(O%T¢9)31I3M

DQ¢S1a(%01¢s5)Qav3d
' g% M=ML

ST/ R T /MO % A0 %GO+ MM+Mg ) =M
(zZ%x°2)/18=1S

T~ON=Z¢

3NANILNOD ¢

ge Ol 09

Z2¢Te1(g31+A38) 31
131¢931(60T¢9)311YM

(TO0T¢9)31Idm 1

(39xva)/d-(38x 8S8)/ | gA+d3) xd-=931
(3gx%vg)/d-(38% 1S8)/ ( JA+D3) %d =131

TQ@€IMe1g (2214931 19M
DICMMEVM(TZTI®9)3LIYM

TGO adFMI(02T 93T UM
19 (6TT°9)3114M

(AN T=re(r)aIMe(rId3gér)(8oT*9)aLTdM




e 1 e 8 204 i T A S e Goek AR A B % Ah e mobna e M e B L - e e s o v arar——

ANNILNOD 2L

TCONST=re(rhoas(rytage(riyeas TR (EETY9YILT M

TegeszLezr (e y3I=NNITTT T T T T
ON¢1=rcL0d

(6eT€9)3L1I4M
(HeTC9)3LTaM

(ON¢T=r¢(r)0 (¢ r)83¢(N¢r)L3¢(r)Ld3¢r)(eel*9)3114M

(CeTs 93l
(T€T*9)3L14M

(0€T 93T THM
(0Q¢TQ*€2Q*ON¢IS)ASD 17VD

N3ILSedD0 (M 3IL(9eT*9)JLT M
(1)d(62T¢9)3LTUM Le

(8CT¢9)31TYM
go%224=1D

(C*ONI L3 .me.AN.Ozvmw.Hhoch.moﬂaovwhHmzaﬁoow ¢rldl

(Zr¢2)IHDLIMSS 17VD

(38%11)/7(01-0D)*W83+(T°ON)13=(Z¢ON) 13

(1)d41=(2) 4L

g x1g=218

(0L-08+0D)/ (38%xI1L)%x((T*ON)G3~(Z*ON)83)=W83

(T¢oON)g3+1dd=(2Z*oN) 83
Ol-2>3+09+Ad>=513

Cxx (DL-8A-AG+AD) *»VE+ CZx*x(G°*xAD-01)%VO1+°21/0A0%x0AD*VDOl+I1g=I1

(V1) /((8A-Q8+0D) xVE+S5**xADO*VD1)=01

va+vol=vl
39/120%82x00=VDOl

(=1
33/703%91°*+°1=HA

03-N3=33
°0=(1)7d

d+dd=11731
*0=42d

(VA¥IMNY/7TG3+d)=N31S
370L(92T1¢9)3L1YM

(1YT2a=(1)2q ¢




((2-1°¢1)13-(1=-T7¢1)13)%°e+(e-1¢1)13 =(1¢1)13 9

L 01 09
9 OL 09(€*19°1)4dI

zmm.HRmoﬁ.o,mpHmzﬁﬁ.om.¢nvuh
(M$D1Q*W83€1A¢T18¢(1)S¢(1)1d) IWg3 1IVD

,aa At - TON¢T=16200Q
T-ON=TON

(ON) Q% ((ON)O-23+0d5+ag)-=(0N)>3d
(71)d(S0T¢9)3LTYM(T*D3*Hr)d]

(Y7 THOTASS T 1IVD
RB.UJQ.Lm.qo.qm.NJm.Aquauo<oqa 1IVD

T Wg==Wg
9€ OL 09

JOO-1TFONIL3=(T°0ONY 13

£0c¢c02ec0e(((T-T¢ ON)13%3701)S8v-(3402)S89V) 41

YOO WG D04 (T¢I L3(S0T!

€e 01 09(T*p3*aryal
(SL¢G)IHDLIMSS 1IVD

€9)3LTUYMN(T 03 *er) JI
13044a/504=340>

(&N W3 1TVD
°0=W83

9¢

TZECONTLIIETTETE SN TI% =TI ON) I3"

(2=1)dL-°2Zx(T1-T)dLl=(T1) 4L

§T¢9e“gl(c-14l
9¢ 01 09

((Z=T1¢ON)L3-(T-TCONI L3 )%+ (€=-T1°ON)I L3 =(T¢ONJI 13

((2=1)d1-(T-7)d1)x°e+(€=-T)d1 =()d1

G Ol 09
% Ol 09(g®*19°1) 4l

(7¢1)83(G0T¢9)3LTyM(T*03a%er)dl
(EFLCEIHDLIMSS T1VD

Idg+(T-1¢0ON)83=(T1°ON) 83
" ON=1

T=d3
I+3=1

ECCOT 0T (LINS-NILS) AT

0ol




cvo=1V¥D

ﬁqml.ﬂv\gﬁwq*qm =Ivo)=(M4d1

B Tgs=sElsy T T

(TSV=¢SV)I7TTVD=2VDOI =TS
824=¢VD

Y 3L=¢sy
O% OL 09(1°03°4%)dl &¢

SECTLCTLOT=-1) %3700 Sgv=1go3=M3ansavidl
N315¢824¢(7)d1(S0T¢9)3LTYM(T*03 %)l

TVM¥g33=904d
( @OJ¢MHEMN* M) LINId TIVD

g24=N31S
(VM%x3M)/(Qdd+d)+IM/* 2% (ON)13D=8D4

{ 130° D3QCONCTSTOIINT 11IVD
(1)J%((1)D-23+AD+08)-=(1)D>30 &2

2e 0TI 09
thIRJogvhmuﬁJ.thw

=T na3=Te1ras L2
bNomNammaAAHIJaHvkw*MJOFme<lﬂkwuvwm<vm~ 91

LT T T 83 %3101)S8V=-1g30)SavI dl
ge Ol 09(1°03°ar)dl

(SreS)YHIIMSS TV

kuomwu.zmaUOm.aJ.H-mw,.4.Hvkwamoﬁ.ovwhmmx.H.Ow.¢ﬂvmu

"N3IQ/(63030*xW8=93AWA*D031=13D
N34/ (D04%L3AWA-WE%1304Q0)=93D

7 '93030¥130AWJ-d3aWa*1303d=N3a
(UN)dW4 T1VD Z¢

S (2=T¢TYg3I= ZF I T=19 I 835141783
(2-7¢1)13-°2%(1-1¢1)13=(1¢1) 13 1€

Ze 0l 09
o (O1l-AD)%I10G+(T¢1)1L3=(2°1)13

(01-a8+00Y*10g+(1¢1)@3=(2*17)83
{(3gx11)/W83=109 81

Te“g8T¢Te(e=Trdr ¢
Zeg 0L 09

T =TT N 83T I g H e+ e T1g3 =114 1) 83

B



3=VILY3INI 3O LINIWOW HZZ ‘ ) LYWJO0d 611

(HIQIMHS“XOT HLIJd3dHG X6 “Y3IAWNN OH8/d0L Ol WOLl108 WO¥d *S3IT19ONVI
103y H%€/NI HE®$8°SGT3=HLdIQHI*XST*ZNI H¥¢8°GT3=V3 YV H6) LYWY04 811

(13787 H9E°GTI=1HOTIM ~~HIT/WV3I8 1331LS*V ~OHST/SNOISNIWIA NoIl

1235 SSoy¥d*Z 0H8Z ) LVWH04 LTI
T T U826 13=SNINA0OW IN3ONVL  HOZ) LVWY0od LT
(NI/NI H9¢8°GT3=NIVYLS ONILIWIT HO0Z)1lVWy04 8¢€l

T T T T (NI /NT H9 86 T3I=HIONIYLS FLIVWT
ILIN LV NIVYLS — HZEe/ISd HY¢8°GTI=HLONIYLS 3LVWILIN  HZZ)ILIVWYOd #11
. _ e (gvI1S IL3dONOD*g  OHS8THILVWYOT el

(ISd H%¢8°GT3=ALIDILSVI3 40 SNINAOW H9Z/NIT

/NT H9¢8*GT3=NIVIIS dT131A [SHHBTI*8°G6T3=SS3YLS Q131X  HLTILVWIOS €Il
(Wv3g 1331S°V  OHST/SIVI¥ILVW®TOHZT/S3I11¥3d0¥d WV3EG OHLT)LVWIOd 211

(WV38 3LISOdWOD d31Y0ddNS-ATdWIS HZEILVWIO0od TT1T
(v JO ¥31NdW0OD O%1

0L W81 ALISU3IAINN uwfmeuzh,xm SISATIVNV 3HL WO¥d SITNSIYTHZL) LvWwdod 0Tl
(8°GT3IZ*LISXT)LVYWYOS4 80T

(L*GT32¢X02)1VWYOd LOT
(GI12¢XT)LIVWIOd 901

(L°GT39¢XT)LVWJOd SO0T1
(S°0T4L¢XT)LIVWIOS %01

(2°013L*XTYLVWY0S 201
SWv38 311S0dWOD 40 SISATVNV ¥0d WVYOOUd— dWOD##%¥x%D

T T T dWOD D1481Is

aNn3

INNTINOD €t
Le 01 09

~dd-d-(Mmd1=35a0 1L
9¢ 01 09

T T T T T T T T G‘N‘“ w ¥
ﬁmuu+~4vuh*.mv*mmo (1)41

Tg24=1vD
(1)41=1Sv 0%

9¢ 01 09




*0=(211sa

*0=(1)1Sa
(AN T=r¢(r)QImMe(ri)d3ad) (%0T*5)Qqvay

YN(90T1*3)av3y
MD¢8D¢QD(#01¢5)QVv3y

ot A e e iak 3 e 6k Y £ v 8 e S 8 SR S

dN¢TI=VNeeOod
dN(90T¢5)Qav3y

(002)4L¢(0TILD3¢(0TID (CT)IIZA {0T)Q*(0T)I2d¢ (002¢0T)1g3¢ (002¢01)r13¢
¢1¢77¢(8)35¢(8)150¢(8)QIM ¢d30WA*¢ 130W0*¢83033¢13040¢WE*D04¢31011

‘W83 T TTeQoeQgevgeDIcHO 3¢ IO 034399A 194439 NOWWOD”
(8)d3Q¢ 83V (0T)TA¢(0TIS€(002)Td*(01)00 NOISNIWIQ

(T=NT “JUNIVAGNDOHGT*XL )Y IVWNY0d Sl
(NI*NOILD3143QHeT*XZ¢ NI

T/NT ¢ 3dOTISHYT®S T=NI1 “3dNLVAINDOHIT XL NI 3ONVHOHG* 3IAON OHZVIVWIOd %el

(8°GT3¢XT*B°GTI¢XT¢B°GTII¢XT¢B°GTI*XT*II)L1VWIOS eel

(NT *NT
IVYLISHOT XS NI/NI SWVIGHTT*XTT*NI/NIHG*XGNI/NI *¢gVISHIT*XL)IVWIO04 2¢cl

T (0Y3Z 30 LINIOJHETI*XT*1
331S 40 WOl1OGHST*¢XZ¢*Wv3I8 1331S JOHHT¢XS 313I¥YONOD JOHITXL)LIVWYO4 Tel

(01 3DONVISTQHITXL¢1IVI
NIVYISHE¢Xe¢dOLl LV NIVYLISHET*XE€dOL 1V NIVYLISHET® 3AON OHL)1VWYO4 0€l

(8°GT3=QV0T OH8) LVWIO3 62T
(AvO1 A3I1ddV d43ANN JOIAVHIE OH6Z)1VWIOd 821

(8°¢T3I=WVY903d A8 d3SN  3IDONVI3ITN0LOHBZ) LviWdOod 9¢T
(8°GT13¢XGC2*SI¢XTIL)1IVWYOL s21

(NI ¢ 3TYNTQY00D XHO T XTZ d3aRNN INTOd 3AON  HIZ)LVA¥0I %21
(SINIOd 3QON°®*8 OHGTE

/NT/NT H9¢8°GTI=INIWIYONT NIVYLS®*9 OHTZ/137871 H9*8°*6sT13=WV3g 3L1S0d¢e
WOD NO H1¢/14/871 H9¢8°S13=WV3d 1331S NO HLT/3dN1ONY1LS ONINIOratl

V WOd3 SAvOoT dv3d*s OHé6E . ) IVWY0d €¢1
(87 HE®B8°GT3= 1HOI3M VIOl °% OH6T)LIVWYO4 O%1

(NT He€8°G9T3=av0T 01 1/D WOY¥d 3IDNVISIQA ~ HeZ/ {
XEINI He¢8°513=NVdS H8/SNOISN3IWIQ ¥V3INIA*e OHIZ)LIVWI04 221

TTTINT He*8°6e13= HIAIN T T
HTT/NI HE®B8°GT13=HId3QHI*XET*€L14/97 HL8°GT3=LHOIIM HIT)L1vWd0d 021

T (GVIS 313YDONOD*8 ~ OHBT/Y¥NI H¥®¢8°aTI1




~ - 14a .Jmﬁmmﬁ-wwwbnms,!sf:‘sa S
e gl¢aD¢MD(02T“9)3LTHM
19 (6TT1¢G9)3L1YM -
; o .a TCINCTERCTA)IQIMC () d3asrytgore s3I gm T T T T T T
Qg*va(8lT1¢9)3LIydM
Tt ToTTmoTmmr T o T s ql!l!l]l..l.Bm - ..ulﬁ..\l..ﬁzﬂ ololu..u.‘—vlmdz
1D(L2T¢9)3L1YM
T T Tt N3 (8ET 9 YILTEM )
03¢24(#11¢9)3114M
e e e e i, .s;s;pu\umm*.m 55
JZ4%*09%-938°1=1>
T - T T TmTmhrn e m T T T Uh**mwo.llUNlm,nf.
(LET*9)ILIYM
T 3°A38YAIG(ETT9)3LT UM
o ACTL1*9)31TYM
- T (TTT*9)3LTuM
~ (OTT*9)311¥M
o - A38/Adg9=389
~ _ON(901¢5)av3y
...... T T A38¢Ad8¢N3 €34(201¢s)avay
.;;s;;:z,.,mJOruunbuuo ¢1g(4#01¢5)Qvay
gA/19=8s59d
L ) ( gA-q0g)/19=1S8
o o (T+3N)1SQ=ag
Zxx L (S°%(r)d3a+(r)1saj- m>,wMﬁpmm<u,wwhmwmwmwummmmmwnﬁ@+Hm 18 ¢
T IN¢T=rzod
e . e e e e *0=19 . ...
VE/WS= 8A
— R, .. vex¥w°e=M8
‘ (6% (F)d3a+(FILSA) ¥ (M) 3YVHNS=WS T
R S . _{r)3y¥v+vg=vy
(r)dag+(r)1sa=(1+r)1sa
o (C)AIM% () d3Aq=(r)3YY s
AN¢T=r10d
o _*0=WS -
- *0=vg




M (Zr¢2IHDOLMSS V3
e - e - e . SO

, (3% I L) /7(01-0D 1 %W83+(T*ON)L3=(Z¢ON) 13
N : S*x19=219

T (DL=dg+dd) /(3gx T k((TEONIgI-(Z ON) g3 ) = =Wy T
__ tTeoN)83+1da=(Z*ON) 83

Cxx (OL-gA=-dg+ad)»xvg+ 2Zxx(G*x0D-01)%VDL+°21/0>%AD*VDO1l+19=11
(V1) /((8A-Q8+0D) *VE+6 *#QD*VD1l)=0L

V8+VvD1=Vvl
39/10%923x0dD0=VIl

e e S e 2 E5
33/03%G1°+°1=HQ

. ‘ S _ 03-n3=33

*0={1)1d

F0L(92T¢9)31TdmM
MH )120=(1)2Q €
g7 ((remaI=ttenIa=rrniéa
*0=(1)0
*O=(11I>3
*0=(1)Q

CIg#3gx %) /7agx (I7S1g ) % (1) S*M- =(T1°*1313
(38%1S9)/6°%((1)S=-18)%(I)SxM= ={1¢1)13

(38%8Sg)1 /6% ({1)S=-18) =« (1) S*M ={1¢174g3
(I)S*I(62T1¢9)3L14M
ISxZ=(1}S
1-1=2Z
ON¢T=1€00d :
*21/S10+M=M
*Z1/590=>74
(#21¢9)31L1YM

R [ A R [ A [ § XA SR N §111)
ML(O%T¢9)3L1YM

T T T TTTTTTOOdYsaw0T¢s)gv3y
g% M=M1

CZT7 %% T7MI%0D%g0+ M@ =mM
(Z%x*2)/18=1S

T-ON=¢




e L - - ¥OO-(I°ON)IL13=(T°ONIL3 €02 o
0 €02%20 .Nomaﬁaﬁ T¢ON)13%370L)S8V~(30D)Sav) 41
- k£ Ol OO(T°O03°*Srd
- - ‘ ) o R (GregIHDLIMSS T1IVD
YOO *WAD04¢(1¢I1)13(G0T49)ILIYM(T DI er)dl
13304a/504=40D
_ (YN)dDW4 1TIVD
Tt o e T *0=(1)31
e e e e e e e e, .wb:cmu 9¢ —
o C (¢- J.oz,hma,ﬂ SHYONIL3%2=(1¢0ONY 1T Sl
GT*9¢¢gT(2-14dl &
< X s TR o 1)
{(2Z=T%ON)L3~-(T~1¢ON) 13} %€+ (E-T1°ON)Y L3 =(T1°ON) L3
N O (4= D RN e B R I Ry o B RN RN (e I W
e e . R S 0l 09
7 01 09(g*19°1) 31
(1€1)93(S0T¢9)ILIYM(T*DI*Er)dI
T o I (EF*EIHDLMSS VD
1da+(1-1*0ON)83=(T°ON) g3
h B - ON=1
- e e e R & o ]
T o JANTLINOD 2L
. €E82L¢2L( () 1D3-N3) I
. T T T Oz Ql.ﬁ.l.ﬂrN FOO
{ONCT=r¢(r)0Q¢(r)TQe(rizae(rig ri(eet*9)3LIyum
T T T(GET 93T IEM - _ :
_ _ ) o  (%ET*9)31IYM
(ONST=r¢ ()0 “ (e @3c e L3cirIIoI¢r)(eeT*9)13L18M
(ZET*9)3LIYM
[ & €S SR TR T
(0ET*9)3L14M
T T T T T T 0@ IQ2atoONSIS)IAsSD 1IvD
e S ;%uwuaaﬂmﬂ.ovm*muz LE R
) _ (821¢9)3114M
8o%224=1D
TTTHZYONYLT T T CiWg3¢(ZCONIg3CTILc0L(60T 9T LTgMIT 03 2r)dl




-

Le Ol 09

-,.l--!l ;;;!sia; ; ‘izls_.f--_ - ShN TN 67
Ze 01 09 -
e e e S T TS O ST T
832-(71¢1)83=(1¢1)83 L¢
T TG 2 e G T I 24 210L0)Sav=(130)5ay ) 41 91
L2¢9T¢9T(((T-1¢1)63%3701)S9v~-(83D)Sgv) 4l
T T T T T T T TTTTUEe T 0lT09(T 03 s 1 -
(Gr¢*G)IHDLIMSS 1VD . o )
I3y 9g 3¢ N0 (1783 ¢ (1 T LI (GO0T¢ 9 ILIYM (T T w31~
. N33/ (93040xW8-83AWA%*D04)=13D
- TUTTTTTUUN3Q7 (O0d% 3gwa=waxl3agday=e3y” T T T T T T T
83040%13AaWQ-93aWa*1304a=N34
- T CINYIWI 1Y) -
*0=(7)4d1 2¢
R = LS S AN R LSS FEI R L R L E I
(2=-1¢1)13-°2%(T-1¢1)13=(1¢1)13 1¢
|= Z2¢ 01 09
(OL-gD)#10g+(T¢1)L3=(2¢1)43
T T TT{ol=agFaoy ¥ log¥ (T IYga=(ge1) g3
(3@x11)/Wa3=109 81
) T TeegTeTe (24T L
2e 0L 09
- - (27917 g3=-(1=-7¢ g3 *e+(e-1¢1)g3 =(11)83
((2=-T1¢1)L3-(T-1¢1)13)%%€+(€-T1¢1)13 =(1¢1)143 9
- Tt L 0L 09 :
9 01 09(g*19°7)4d1
- T - WEI“T(BUT“9)YILTIM (T 03 %) dl
(M¢DIQ4NE3¢T1A¢18¢ (1)S¢(T)d) IWE3 TTIVD
- ‘ o ,|. TTON*T=1620d
(1)d(G0T¢9)3LIYM(T*O3* %) 4l
h T (¢ )YHOLMSS 1VD
, .. L-ON=TON R
(M¥DTd“W8¢1Q* 784278 (M1 7d41avo1d 11vd
Wg8-=Wg8 202
T 9¢ 0109




03/(1)a=2>

Ta@d>=(1)o=18
. - . e e e e {114/03=0A w1 -

TTCTT %I LD3) 41
- (I)3%(1)0=(1)1D3

B e o A O R K VA N O I G 3 8 5 I I 5 08 1 2
(I)12a0-(I1)za=(Il)a 21
N o T T T T ooy T T T
_ e . 20=83aWa
........ S e . ST 30N
= ep=g304d
o T T e - ) *0=13Q4a
e °0=Ng ~
ST T *0=004 11
R - CTCTITCTT(((T*I)13x300L)S8V—-((T1¢1)13—-(¢1)43y88vdd
T ags((1¢1)g3i-(a¢1)13)=(1reda
.oomvmp..Oﬂwau..oﬂwauAwﬂvwwanwoﬂvo._oﬂvmmuzmmbmubmwmmn.ﬁoom.oﬂ.hwm
ST €1¢7¢(8)3S¢(8)1SA¢(8)IQIM ¢93AWAa*¢ 13aWa+833040¢13040°Wa¢D04431011
‘wa3 $05¢Q9¢VE¢DI“HA3I¢TD¢0343g°A49¢A38 NOWWOD

(835V> H9)1VWy0d 802
s e eV £SOV HI)LVWHOL LOC

(93SVD H9)YLIVYWY0d 90¢
(G3ISVD H9) LVWY04 602

S T o T (%#3SVD H9)1VWI0d4 %0¢
... le3SVD HI)1VWIO4 €02 o

(Z23SVD H9)1lVWIO0d 20¢
ﬂﬂmm<u H9)1VIWY03 102

T (891394 X1 1VWY04 S01
sfumz.azu 3NILlnoysens

NOTINGTYLISTA NIVYLS N3IAID WONI SIATLVAIYIQ IVILYVA ONVw¥#%D
$LNIWOW TVNYILNI 3D¥04 TVNYILNI 3HL ONIGNIJ ¥Od 3INTLNOYENS—didxwxxxD

o a S ~dWd D1491%
e aN3 o - -
B S h S T . INNILNOD €€




*0=¢€A
~o/o - . N S G T LTI B [
6¢8¢8((1)1>3-03)41 S
. e s i 2 S S LSRRI R e
L¢1¢9(9D3-03) 41 o
T - TTTITTIIITI s e T T TN A% L8=993 967 e
g 0L 09
o T T T T T T T T a0 dx0vd=93dwa
LQoa=d%¥d=13awa
T T e = T 1 Ye P YL LT E [ [
100a%02Q0=1304a
T T T e (TYO=HK T T
OA=€EA
T Tt T T - O>|W|N.Nl,¢.l|z.:»!..;f ) T
S 0L 09 .
e e e e e e e SR E QLR ARG e
Lgoaxdea=13awa
oo ggoagxotg=93Qq3a ~— 7
Lgogxd1a=130a4q
- - T *0=%X I .
*0=¢A
T e (INo=2¢A 6¢E - -
%¢66¢66((1)1D>3-03)41I
T T T *O=TA %6
96¢76%416( 19) 41
T CTT T T 149%92a=9%d
33/719x%(1)Qg%s1*-HQA=982Q
- e ) g1dxLg8=g¢d - o :
(19%2D>—-°2)x%19%2>=91d
T (1)0%02a=0%a T
33/(1)0x%(1)A%ST*~-HA=02a
o T T A 6 S Ko £ 10 8 (¢ -1 9 1 X «
L  ((I)D®ZD-*2)x(I1)Dx2D=DId - 7

(17d7*1+8Q00-=1Q0d
((I1)a=(1)0x%dg)/130 =300Q

T T IS¢ 1L3=T w,o.luvtt!--.: T




© L _ A8/ (33/7e7A%50°~03/(H2A#ZD%G*~*€/CCA%°C) )=HN0d -
© oo*u0u+amw\m¢>wgHvo*mo.lm *#CHAHA+(* 2/ HAxZD-€/e2A#°2)%ZDix%x1D=W8
(40d-930d4Q)*1D>=9304Qd
e e et e i e S PP IR =Pty P g
Ag/(33/729%A%xGL0°*~03/(°*€/€2A%2D%*2—-22A))=40d B
o T (37 (T)A%27A%GL0® =THA=HA+(*e/7e2A%2D-22A)1%ZD) %»1D=004
CA%EAXEA~TARYARYZA=EHA
S T T EAREA-ARYASITA
EA=A=THA
oo ;;2A>*~>*ﬂ>*~> CA¥ZA%C2A%ZK=42A
TA#TA%xTA=CA%ZA%ZA=€CA
i T T T T T T T LAR TA=Z AR A=A
TA-=CA=12A
’ Co T T T T TN -3 +Qg+0o3=04d ¢
(8%d-0%0)%*8004d=93aqhkq@
) T T T T T g a=-0va) ¥ LQDa=13anWa )
(92Q0-0<A)%8a0Qd=9304aQ
T T T T T T T (9eQ-02a) ¥ 1god=13a434a
(1)O=%A

1g=¢k
; | *0=2A

e e e e e e e e e e e T 7 S A
S s 0l 09

(9e£d-0%0) %g9qod =g3anda o
(8€d-0%Q) x14Qba =130Wa

T (810-020)%8Q0a° T =€304d
e ... t81Q-De@Ixtq0oQ  =d3QdQ
(T10=%A
o OA=eA —
N — S S SAEr
o soLoo

- 8Q0Ax%(9€Q-Deq) =g3ana
100Q%(8€Q0-D€A) =130WQA _

'gQoax(8910-01Q)=9304Q
1300%(810-010)=13040

- o . o T s0=hA




o 09 0oL 09 o
@ e T R & €A N LIRSV ELET I S o
o o Iad1Sge(Isac(N)aImIdLs 1av> 1tz
- e e e e e 2 S S s o
e '§30WG*13dWA*9304G°1304G WED04(S0T¢9) LT UM )
. i T T T (802913 THM 8Te -
09 0L 09
o o T8lz 0L 09(r*03*9rdr
((H)ISEDACINILSAC(NITIMICLS TIVD
T - o LA SKECN GIMYIIS Ty o -
(CT+X)3SC(T+A)LSQCLAC (A)QIMIHLS TV
’ - B N o R o 1>X  N=1= I i L O D I ) I G
*ONV*(A38 *19°(T+3)3S)*ANV°(A38=°19°(A)3S))dI
o T 9ZzToLTooUAIg LI TR ISITT T T T T T T
PANV* (A3G-°19° (T+3)3S) "ANV® (AIB= LA (NIISIIAL e
SZ701 091(A38-*17°(T+X)3S) *ANV* (A38 *19°(N)3S))dl
. o o ¥Z 0L 09((A38-"19°(N)3S)1 .
*ANV*(A38-*17° (T+3)3S)*ANV* (A39 *17°(N)3S2) 4l
_ €2 01 09 ((A38 °L17°(I+X)3S) 1
*ANV® (A3G-°19°(T+3)3S)*ANV°*(A38 *19°(N)3S)1 )4l
e 4102970872 11832438 214 o -

(1)2a/0(7¢1)83+A38)-=DA

22 0L 09 ((A3g-"LT°*(T+MN)3S) ANV (A3g="LT°(AN)3S)1

IO (T+A)3S) ANV (A3E *19°(A)13S)) 4l

*LT°(T+A)3S) ANV (A3G-°*19°(AH)3S) T

T Teyoc(A3g
T2 0L 09 ((A39

T UYONVC(AZ8-C Lo (T+NIFS)ITANV  (A3G *LI° (N30 d1
— . e . - mz.H =2090d
‘ TN TSR (A 3S) (60T 9 IITEM (TP 0a* 9 41
(1)20#(r)1SQ+(1)3S=(r)3s 6¢
T AN“C=r6e0d
(71¢1)13=(T+¥N)I3S

- (7¢1783=(1)3S €T
g83dWd¢.130Wa¢933d40°¢13040Q°¢ W8¢J04(501¢9)3114M(T°D3" orydr

TTTTT90 Y9 Y HOLMSS TITVO
gQ00%204-00%83040+(WOd-830dWQ) *1D=830NWA

T T o 13aod%2004-00d%*13040+ (WOd+13AWA) #T1D=130Wa




(902¢9)311ym 91¢

& T T 709 01 09

e — e e e e e e o 9l¢ €L oo(1®*03°9rddtr
TUTTTCCYAS oA (M) LS (yaImydIs 1A R

e LTAAILSQOACINIQIMIFLS VD 92

09 01 09
83aWG ¢ 130W3°¢93040°13d4Q“WE* D04 (S0T¢9)3LTYM

(602°9)3LI¥M G2
S i - S, e 09 0L 09 .
¢Tz 61 09(T*03%9r 131
S L O ISELAC N LS (NI AIMILS 1TVD
(DACLAC(X)AIMITLS TTVD
e o ((T+A)3S¢ (T+A)L1SADAC(AIQIMICLS 1IVD G2 e
09 01 09
e 830QWA¢13AWA¢8304G 13040 W8 D0d(s0T¢9)3aLtym
(702°9)3LT¥M ¥12
R . SRS .09 Ol 09 - ]
%12 0L 09(1°03°9r 141
S LIRS CIFANLSAIIACIAIAINIALS 1TV S

(DA (M) LSAC(A)IQIMIITLS TIVD %2
— S S ) 0901 09
g93AWG ¢ 130W3*83d4A L3040 WS D0 (S0T*9)ILTuM

(€02°9)311YM €12

09 01 09

€1z 01 09(1°03°9r) 4l

T _ T T AIISELAC (A LSAC (AN ATMIGLS TIVD

. LT+ LSA 1A (N)AIM)IZLS 1IVD €2

- 09 0l 09
] mua:o.kmozo.mu@maiwuouo-mmnwwu.moﬁ.ovm+~ﬁmt:=;g.a. .
(202¢9)3L1¥M 21¢
o . e ¢g 6L 05
212 0L 09(1°03°*9r) 4l
e - e LAAD IS LT HAILSA(A) LSAC(AIAIMICLLS VD 22 S

39 01 09
93QWA¢ 130dWA* 8304013040 WE*D04(G0T¢9)3LTYM

(102¢9)3L19M T12




~
SON L - - ————— IO e e e s e e e e e e et 4 o e ot et ot 1 et et e et e e e L e e
S — e e i s
I Nunlld .

T ANG=T8) %6 wNGx O+ (°L2/(NG-8) % #G T +5*) ¥NA%01d=WE3
D10+M=0

MDA WE5¢ 10418 4NGC0T1d) IWE3 T INTLNOYENS
ONIQVOT INVT #%-91S-0ZH YOdsxxx%xD

szzoz AVNYILXT T SILVINDTIVD HOIHM wzﬁhDOmme.~zmwk****u
IWg3 Uhumuw

TavoT IVNYE3IX3 TWoyd”

' ————— s

— aNg
N3Nnl3y

s e P p— e t» vt 30 AT A — e R+ s T3 TLA e 2 A A A A n

(C*L27(NG=T78)% %0°+6*)%NQ) /T (NG=78 ) %s*xNd% ~©=-WNg8371=0d
: 210+ M=0

(M$DTACWEI TGI8 Nd 01d)IAvV01d INTLINOYENS
ONIQJVOT 3NV #%-91S-0ZH YOd#xx%xD

INIWOW TVNY3ILXI WOYd avOoT IVYNY3ILX3 SILVINDIVD HITHM IANITNOYBNS—AVO Id¥s%%%D
avold >1349I1$%

S — e
N¥NL13Y
T oo T - WEI+Wa=ng
i N o B (1) 31+D>04=204 ‘ o
R e e R R R SR e e
830WG ¢ 13ANG 93040 1304 WE*D04(G0T*9) 3L TYM
..... T R VA O X =1 BN S T WA - T
09 OL 09
- T S Ao ¥ Ao 1Y § SV E KX Tl 1F ) T
) o (LAS(3)LSG* (X)AIMI3LS TIVD -
T T TN IS U THNILSAC LA CNIQIMYGLS VDY LT )
09 0L 09
TTTTTTTTG3aWa Y 13anwacg3adaciadIaewg s D09 (g0t 9 ) ILTEM




o _.Qv0T] TVNY3LX3 WO¥4 LINIWOW 1IVN¥ILX3 SILVINDTIVD HOIHM 3INILNOYENS—IWGI%sx%%d B
Lo IWg3 >l1491%
an3 )
. - o e . e U S -
) INNILNOD €6
- T N T VA CERE R R
€6 0L 09 i
T - T T T T T R@=E#6 ) /Wad =01d 26
26%26¢T6(71a+5°%19-NQ) 41
o o o T T UUTING-T18) %6 *#NQx (D1a+MY —Wgd=wWe3 T
(M*D10*WE3*10¢T84NG*01d)IAV0Td INTLNOYENS o
T ;w@adqxdmp<mhzmuzou IVOTYLIWWAS @3DVdS AT1TVND3 OML dOdwxxxx%D -
INIWOW TTVYNY3LX3 WO¥d gvOoll TyN¥ILX3 SILVINDIVD HOIHM 3INILNOYENS-AVOIds#%x%xd
B T T avold D>Ld91s
an3
. - T o T - NYN13d Tt
(NQ-18) %5 %NAx ( D+01d)=Wg3 - o
SO e e, NG AN IR _
(M¢D10“WE3¢10¢18¢NA*01d) INE3  3NILNOYENS -
- o © 7 QVvV01 Q31NgI1Y1SIA ATWYOSINN V dOdsxx%x%D
avol IVNY3LX3 WOY¥d LINIWOW TVN¥ILX3  S3LVINDTIVD HOIHM 3INILNOYBNS-IWEIxx%%%D
T S ‘ ING3 DL1481s
_ e e @AN3
NYN13Y
) o O-((NQ-19)xG*xNQ)/Wg83=0d
T T M+ U.._o 0
-;  (MS$DTQ*WE3¢1G¢184NA*01d)QV0Td 3NILNOYENS. )
- AVOTl A3LNGIYLSIA AINYO4INN V HOdswx%xD
. IN3WOW TVNY31X3 WOYd 4VOT TVYNYILIX3 SILVINDIVD HOIHM 3NILNOY8NS-AVOId%xxxx*d
avold D>14891s




S (0Q¢TQ2Q ON*“IS)IASD 3NILNOYANS

SIANLVAYND IHL WOHd LINIOd IAON%x*%%D T
HOV3 LV SNOILD3743d UNV $3d01S 3IHL SILVINDIVD HOIHM 3INILNOYENS-ASdwx%x%%d
- T e . TT@sS> oL49ls
an3
-n e U i e g e
‘ ‘ (NQ=-18) %G *xNQ%D+S *¥NG*01d=W83 . .
R B U B
(M€D10°W83¢10¢19¢NA*0T1d) IWE3 3NILNOYANS -
I T T 7T UNVASQIW LV gvol QILVYLN3DONOD 3ITIONIS V dOdxxxxx>
GV0T TVYNY3ILX3 WOYS INIWOW TVNYILX3  S3ILVINDIVD HOIHM 3N[LNOYENS—IWI%xx%xD B
T o T s e TTUTTTIWd3 O14d81s -
an3 B
o o o i NIN1I3y
NG/°*Z%((NG-18) G *«NA*D-WEg3)=01d o
T T 373+ Mm=0 A
) (M¢DTQW83¢1Q¢T19¢NJ*01d)AV0Td 3INILNOYANS o
T T UNVASAIW LY avoT JILVYLINIONOD 3IONIS V dOdxwxxxD
IN3IWOW TVN¥3LX3 WO¥d dvO0T TVYNY¥3LX3I SILVINDTIVD HOIHM 3INILNOYENS—-AVOId#3%%D
T 7 Qvold D>1381%
an3
T (| T .
. INNILNOD €6
N F [ E R E L E R -
, €6 0L 09
o T T T T T e (1Q=T1g %G ) 01 dEWET 26 T T T
1 26°26°16(1G+°2/19-Nq) 41
T T T e T T T NG =T18) %6 xNQ% (D QM) = T T T T T T
(M€37Q°WE3€T1Q“T18NG°01d) IWG3 INILNOYENS
TTTTTSAVO  QILVELINIDONOD T AVIITYLI3WWAS A3DVASTATIVADI T OML YO R kkx%xD T



< L - . 9zdH=Y .
o N=1
‘ . . . o be=NYd=teeNdd e
- e e e e . ) . . RS
(T-N)d=1 18
T - o . o T T 0818 08 (TN AT T T ) -
dHx11-9=9 -
T ) T o T ’ N B -
s ) e e e e e D ST4dH/9=1 —
T : "(0T)4 NOISNIWIA
e (D¢4H¢N¢4)LNId 3NIlooyens
S . o INTLNOYENS NOILVIOHYIUINI DI09VYVI—LINIdsxxxxD"
S e INId 51491 e
e o ~ e e o L o e
N¥N13y o
T T N T T e 1/(2Z-TZ#8+IN)dx*S)xH+ (T-N)D=(NYO
2T/ ULTHM) 4= (C) 4% "8+ (T~ d%°S) %H+(1-r)9=(r)9 ¢
ToTrTTm T - - Tt s T - T T xn.’lﬁz.v.*?e N —lmOQ T T T
, . o EENECA L R
— U e . R G TG .
{2-N)d4=22 .
B T oo s T (1T-N1Y3=12 T T
(01)9¢(0T)4 NOISN3WIQ
’ T T T T (9¢5¢NCHIO93LNT 3INTLNOYENS T
___INILNO¥ENS NOILVYOILNI VIIYIWNN-OILINIsssxxd
931LNI DL381%
R o e aNs e
S i "Ninl3y
. 1,- R o togfTac‘“ON* vaomkzu LA R R
(IG*ON*1S)3d01S 17VD
- . B o ) (TQ¢2A*ON¢IS)93INI VD
i ‘ (0T1)0Q¢(0T)TQ“(0T)2d NOISNIWIQ



hma*um+om\mm>*wmm LWd

X ST T s e T 14d-12A%¥389=84d T
Q8/2zA%384=14d o

e e e R I
(€2Ax (1) IHd+  22ZA%(1°1)93)%399+>3»84+N8=Ng 3

T T oo | - (Z2ZA%(1) IHd+T2A% (14 1183) x388=93
€/ (TA#TA*TA=ZA%ZA%ZA)=€ZA
UG R ITARTAZZA%¢A) =2TA
e e e W NTCAZLEA

Jaxg=394d
(002)4L¢(0T)LDO3¢(0TIDC(0T)ICZGC(0T)IA(0T)IHJ(002¢0T)g3* (002¢0T)13¢

T ; _ CTO6(8)3S8(8)LSAs (8YAIM T T ¢g3aWG 130WA E30IgYITada Wag 03¢ 300T T o
‘Wg3 : €02°Qgvgd3°HA¢33¢13¢03¢38¢A48°A38 NOWWOD

T ) T T T T e T T T T T ZACTACg)Y3LS T aNTLnoyans T o T
WV38 13315 3HL 40 IN3W313 DILSVI3 NV ¥3A0 S3AILYAIYIA IVILYVdsxwxxD L

T T I T TANY O INIWOW  TYNY3ANT ¢ mumOu “IYNYILNT FHL SANTA HDIHM INILNOYANS-ILSH%x%xD i
, 31S D1d8ls S
I . AN . o
NiN13y )
e e e e - e o o e e

N¢T=r 1104

T T T e - (NY3-=D oo
(0T)4 NOISN3WIQ -

N ¢ S O EE LR E N T S I
SIYNLVYAUYND FHLx#%%xDd

WOg4 T INTOd "3GON HIVI 1V $3d07s” mmp<JDUJ<u THYTHM 3NTLN0Y¥ENS=3d0 1S %% x%D

B . o 3d01S Dld8ls o
) . e o e aNg U
NYNL13d - o

- A e B S R T A O (4 B D G

=(T+7) 4% Y+ (1) % *€~) %O+ (JIHxJH% 2D/ ((Z+N)J+(T+1)d%°2-(T7)d) %9x9=0 08
T - . ST e N 0 £ = S 0 ) R 0 [ I -




o S , . . . L ,- R
\ \
. } . e . el aN3 - e
’ NYN13y ) o
R . e e T T e .
(G*xQa+cA+D3) x94+Wa=Wg L
T ) Trrrem e eme i e ,:m:.n._....xmsmm-ﬂ.o..r.p_ Sshydqr T T 0
gxQQd:xAd48=84 R
. o T TeA-wA=aq
o :lizh%w,wm_,r....ﬂoﬁ:uu,830.SH:No:o:o:oSNo. aoownmtmm..,anoow,,..ogﬂ.,:wwm;i o N
T C167¢(8)35¢(8)15G¢(8)AIM ¢g3QWG* 130WA¢83040°L13A40°WE*D04¢3T011T
‘wg3 €QD>¢QgeVvgd3¢HA*33¢1D¢03¢394AdgA38 NOWWOD
s T (S¢yAS€A®g)dlS 3INILNOYLNS
Wv3g 1331S 3HL 40 IN3W3I3 DILISVId V YIAOwaxx%d o
. h INIWOW TIVNY3LINTI ANV 30404 TVNYILNI 3IHL SANIS HDOIHM 3NILNOYENS—dLlSx#%#%D
e _ USSR - § 5= =1 § & TSN e
~ e e o e i
NgnL3ly -
T B s T T T giWd+93awWa=93dna
e AW ¥13AWA=13AWa .
’ 84d+93040=9344q
14d4+13040=1304q o
T o T T T T g dd D3+ INd-22A%398=and



