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SUMMARY

The main problem related to plasticity analysis with strainhardening and to a still greater
extent to creep analysis is the fact that there is no phenomenological description available that
has been sufficiently verified by experiments. This is true even for general uni-axial loading
histories although for such situations far more experimental data are available than for multi-

axial loading. For an efficient operation of fast breeders that creep
dgfqgmg;ti_pn‘ has to be taken into account, whereas time tions, due
mainly to thermal loading during emergency conditio makes an

accurate description of these non-linear deformations indispensable.

A finite element description of creep and plastic deformations based on the fraction model
of BESSELING has been developed and applied to components of nuclear reactors. This model
was chosen because it was expected to give the best results. In this description for time-inde-
pendent plastic deformations a volume element is thought to be subdivided into a set of parallel
fractions of elastic-ideally plastic material with different yield limits. When necessary a small
amount of isotropic hardening for each fraction may be included. The required material pa-
rameters aie obtained from a uni-axial tension or a torsion test. In case of creep the parallel
volume fractions show only secondary creep but with different creep rates. Due to the inter-
action of the fractions primary creep and recovery may be explained qualitatively.

To determine the accuracy of the phenomenological description for plastic deformations in
:omponents of AISI 304, a set of bi-axial experiments on thin-walled tubes has been carried
Jut at room temperature, with loading programmes that are a combination of tension, torsion
and internal pressure. They cover the whole range of bi-axial states of stress.

A remarkable result was the significant time effect at room temperature and at very low
strain rates. This required a modification of the constitutive equations and lead to a description
of the interaction of creep and plasticity which may also be applicable at high temperatures.

The experimental set-up is shown and the experimentally obtained stress-strain histories
ire compared with the theoretical results predicted with the fraction model and other theories.

Some results of an experimental programme for verification of the description of creep un-
der general uni-axial and bi-axial loading programmes are shown as well.



—2— L3/9

1, Introduction

The main problem related to creep analysis and to the description of plastic defor-
matbions for materials showing strain<hardening is the fact that there are na constitutive
equations evaileble thet have been sufficiently verified with the aid of experiments, This
is even true for general uni-axial loading histories, although far more experimental date
are then available than for bi-axial or tri-sxial loading programmes.

The development of the high-speed computers and numerical methods adapted to
these computers have made it possible to perform an elastic-plastic or creep analysis
for structures with a complex geometry which is absolutely impossible with analytical
methods. However, such an effort is only justified when a reliable result can be obtained.
That is a reason why much attention is focused on the constitutive equations. Another
important stimulus for this research has come from the nuclear reactor projects, special-
1y the sodium-cooled fast breeders. It is well known that for an efficient operation of
fast breeders the temperature level is such that the creep deformation has to be taken
into account, whereas also time independent plastic deformations due mainly to thermal
loading during emergency conditions must be evaluated.

rhe creep and plasticity research o De AlSCUSEEU wus SUBLLEQ DY QBVELlupimg o +smxve
element description and a corresponding computer code, based on the so-called fraction mod-
el of BESSELING described using continuum theory in [J]. This description was chosen be-
cause it was expected to give more accurate results than other constitutive equations
available and generally applied. A finite element description for time independent plastic
deformations based on this model is discussed in [2,3] and a similer description for creep
in [h].

Although the fraction model can qualitatively describe certain phenomena of plastic
deformation and creep better than other current models, and the finite element programmes
based on this description were applied to components of SNR 300, it was still an open ques=-
tion as to how accurate this description was for nuclear reactor materials. Egpecially for
creep very few experiments have been carried out for verification of the description by
the fraction model, The only comparison known to the authors hes been made by LAMBERMONT
and BESSELING for a Mg-alloy [5].

This is the reason why for stainless steel WN 1,4948 (AISI 30k) an experimental pro-
granme has been started; it should determine the accuracy of this description for a set
of bi-axial loading histories chosen such that the results mey give reliable predictions
for general multi-sxiel loading histories.

Uniform, bi-axial states of stress which cover the whole range of principal stress
ratios cen be obtained when thin-walled cylinders are loaded by combinations of tension,
torsion and redial pressure, The discussion on the experimental verification will in the
present paper be concentrated on the plastic deformation of WN 14948 at embient tempera-
ture. Since this material showed considerable time effects even at 20 °C and at very low
strain rates, it was necessary to combine the description for creep and time independent
plastic deformations., An experimental programme was 8lso initiated for verification of the
creep description at high temperature starting with very accurate uni-axial and then also
bi-axial tests .en thin-walled tubes.’

Having reached a sufficiently relisble description, the question arises whether a
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certain multi-axial deformation history is allowsble from the point of low cycle fatigue

and creep rupture, Therefore experiments have been started for the seme meterial to collect
data on the effect of bi-axiality on low-cycle fatigue, Again these experiments are being
carried out on thin-welled tubes loaded by combinations of cyclic axiel load, torsion and

redial pressure,

2, Analysis

2,1 Plastic deformation with strainhgrdening

In the discrete description of the continuum theory of plesticity developed in
[J] a finite element is thought to be subdivided into & number of perallel subelements
with an elastic-ideally plastic behaviour or showing some isotropie. hardening, but with

different yield limits, The vector of generalized plastic strain components of subelement k
in element j is denoted EJk, the vector of generalized thermal strains e°9 and the vector

of total strains is eY. The yield surface in the space of generalized elastic strain com—

ponents
e®ks o (B ik (1)
is indicated; k.2
. (o))
k 1
¢J - g _GL =0 (2)

where X is the yield stress in uni-axial tension of subelement k, and G the shear modulus,
When the VON MISES yield criterion is accepted, ¢Jk is the specific distortionsl elastic
energy, which is in terms of the elastic strains,
3 ETeJk sg EeJk

ik

odk (3)

i
The fact thet the vector of plastic strain increments AE9K is normal to the yield sur-

face in generalized stress space [6] may be written as:

o ik
s agdks ) B (%)

8eeJk

where SY is the stiffness matrix of element j Elimination of A from (2) and (L) yields for
the strein increments; (ck)2

e N CE R B P B ¢ (5)
and (ck)2

2 = o it g <g (6)

The general expression for the yield matrix is;

- .
yI¥ = ]:SJ'] (1)

and for the VON MISES yield surface
J1=1 o) _ejk_Tejk _J
ko [89]7 8] &% 8

J

% S . (8)
J rgd)=lgd ek
sy [sY] sp €
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The variation of the potentisl energy for kinematicaelly admissible veriations of the

displacements - where the non-elastic strains ere treated as fixed quantities -~ is zero
for an equilibrium position. This provides ue with a set of linear equations for the in-
crement of the displacement vector in terms of the increments of the mechenical and possi-
bly thermal loading, The matrices relating the vector of element strains to the structural
displacément vector u, the vector of prescribed displacements 1° and tempereture vector 60,
are defined by the relations:
ed= Dlyd= Djljﬂ Lgl wl| , ¥ Dg pd= Dg Lg 6°, (9)
W°

The equations for displacement increments arei

_ ae0 o o
[s,-¥,]au = a5~ [s, - ] au’+ [s3..y3'_|Ae (10)
where £°'ip the external load vector and:
Yoomy oy 5 g gd S B TR TR N R
g= ¢ YDV DLy ;Y= T 2 = L9 pY 8 vIE pd L (i=123) (11)
i 171 i . P i1
J=1 . j=1 k=1

(pd =0} = D7)

Integer nj indicates the number of plastic subelements in element Je

Having obtained the increment of the displecement vector we can derive the generalized
elastic strain vectors of each element. The stress vector, &, for an arbitraery point in en

element j is in terms of the increments of the vector of generalized elastic strains:

0o =09 as =cd o a [l - e o n R B (12)
k

where matrix Cj relates ‘the generalized strain vector to the vector of locel strain compo-
nents €.

The required constants, viz, the volume fractions wk and the yield limits, can te di-
rectly determined from e upni-axial tension or & torsion test, The tension curve is epproxi-
mated by & plecewise linear curve, see Fig. 1, For this exemple, three elastic-ideally
plestic fractions have been chosen. In point 1, the first volume fraction starts yielding
and at point 3 the third and last fraction reaches the yield limit of that volume fraction.
The yield limits follow directly from the strains at points 1 till 3:

k k

g-=E¢€ (k=1,2,3) (13}
¥y X

The volume fractions are determined by the tangents of the line segments since:

n
1
s =E[1- = *lae, (11)

and the condition;

=1, (15)

k

n, being the number of plastic subelements at stress level Oy It is also possible to in-

1 .
clude in the description & small emount of isotropic gtrain-hardening.
A computer progremme based on this formulation has been developed for axi-symmetric

and plahe two-dimensional structures and applied to components of the SNR 300 project
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loaded under thermel and mechanical loading, Fig., 2 shows an example of the elastic-plas-
tic analysis of the bellows in a compensator loeded by prescribed axial displacements and
an internal pressure [7]. In the analyeis it is assumed that the fictitious finite subele-
ments as & whole either yield or remain elastic; this implies that the transition between
the elastic and the plaestic region is along the element boundaries, The approximate uni-
axial stress-strain curve valid for the material at the operating temperature is the curve

shown in Fig, 1,

2,2 Creep analysis

In the discrete description of creep [E] based on the continuum theory developed in
[1], & finite element J is again assumed to be subdivided into e number of parallel sub-
elements. All these subelements show only secondary creep, but with different creep rates,
Due to the interaction of these volume fractions, primary creep end after effects may be

described as well,
Jk

Vector V" is now the vector of generalized creep strains for subelement k in element

J. For this subelement the rate of energy dissipation per unit volume, which is essumed to
be & function of the elastic strains and temperature, is indicated ng, Hence:
Tejk .j dgd® i gk, ejk .}
et gl S8 _ ¢l g7 (e ,SJ) (16)
dt
The essumption that dEJk/dt is normal to the surface of constant rate of dissipation

[8] in stress space ylelds the relation;

s =ik AN
J _dev™ _ L 3ge
5" 5% uv o (17}

Elimination of u from eq. (17) with help of eq, (16) leads to the following expression for

the dissipation vector of subelement k in element j:

=jk . . Jk _=1 . s Jk
Qe |y [eTedk 22” - g [s] ™ B | (18)
at . aeeJk aeeJk

It is known from experiments that & hydrostatic state 6f stress does not influence the
creep of metals, and hence the dissipation function in en arbitrary point of volume frac-
tion k is a function of the distortional elastic energy and the temperature, In the discrete
description we assume it to be a function of the specific distortional energy averaged over
the subelement concerned and the average temperature over the element,

The following expression for gjk has been assumed in the calculations:

1 _Tejk oJ _ejkn

6% = 1(e9) [— SIJ"E]

e (19)

{p
The difference in strain for the subelements is determined by factor pk. The number n is
assumed to be equal for all elements, An enalysis can also be carried out with more general
expressions of the distortional elastic energy, but for the time being there are no suffi-
ciently accurate experimental dete availahble to justify a more refined description,

As to the temperature dependance, it is well known from theoretical considerations
that it is an exponential function of the absolute temperature. The simplest expression,

which will be epplied here,is:
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T
[¢]

y(e)=yo S (20)

vhere T is the absolute temperature and T, the actiyation energy divided by the gas corstant
With eg. (19) the creep rate is:
. -1
. . Tejk .J _ejk v
-3k J % € 8Y e o =1 . . .
de - 9 D ejk k
e = xle) {ﬁ ,,,,,, b 1 61 sd eod = (21)
k k
() (p) v

Application of the principle of minimum potential energy leads to the set of first-order
differential equations for the components of the unknown displacement vector u:

? LT p™ g pd 19 Do 11 pT g [pdpde % - %?— -]+ g (22)
where

cj = Zwk c‘jk (23)

When, for the time being, it is assumed that the required creep constants are aveil-
able, simultaneous numerical integration of eq. (21) and eq. (22) with mere or less ad-
vanced methods gives us the displacement vector u(t),

Superposition of the contributions of the subelements gives the stresses in en arbi-
trary point of the element, The formal expression is identicel to (12},

It is more difficult to obtain the creep parameters wk and pk. from e uni-exial creep
on relaxation test than the corresponding parameters for time independent plaestie deforma-
tions. Moreover, there is often an enormous scatter in the aveilable.date, This is mainly
due to the exponential effect of tempereture and the highly non-linear dependence of the
¢reep strain rate on the stress level, which implies thet tao determine the creep parsm
metere as & Tunction of stress end temperature it must be possible ta control with extreme
accuracy the temperature and load of the specimen.

Having available a number of uni~axiel creep curves, we can obtein the best approxime-

tion for stationary creep parameters n and F(8) in the degenerate expression of eq. (21):

g =¥%0) o (24)

In order to reach the stationary creep rate it is necessary that the following relation

holds between the volume fractions and the creep parameters of these volume fractions [5]:
1

k (F )2n-]

i v Fk 1 (25)
In addition, & set of non-lineer, ill~conditioned equations for constants wk and Fk can be
derived. Another procedure is thet a very restricted number of volume frections is chosen
and starting from an assumed combination, the parameters are modified in a systematic way
until a sufficiently accurate approximation of the experimental creep and/er relaxetion
curve is obtained. Fig 3 shows theoretical curves for various perameter combinations and
the same secondary creep rate., The figure illustrates thet in this cese it is fairly gimple
to obtaeipn an epproximation of the experimental creep curve. The relation between the para-
mefers’pk and X follows from eq. (19).

A computer progremme.based on this description is available for axi-symmetric struc-
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tures [h]; it Nes been applied for details of nuclear reactor components, The computation
cost is only slightly increased with respect to that of & creep analysis, teking into ac-

count only secondary creep.

2.3

A combination of the models discussed in the preceding paragraphs, the uni-axiel case
of which is shown in Fig l-a, mekes 1t possible to give a description of the interection
of creep and time~independent plastic deformations, The incrementsl equations cen be de—
rived in & similar way as discussed in the preceding paragraphs, The genersl equation cor-

responding to eq., (10) and eq, (22) is:
(8,-¥,]au = 2£°- [5 -x Jaul+ [85-v,]0% = L TpTigdcdas (26)
3

vhere in the yield matrices the summation is extended over the plestic subelements whereas
in the creepvector, the summation is restricted to the creep fractions,

First it wes planned to determine the accuracy of the creep and time~independent plas-
ticity description for the material WN 1.4948 (AISI 304) separately at ambient temperature
and later coupled for temperatures of 550-600 °C, However, the significant time-effect at
room temperature and et very low strein-rates as mentioned above made it necessary to in-
clude creep effects from the beginning [9]. These effects are not dominant at 20 °C and
therefore only a single creep fraction (Fig lk-a) was chosen, which implies that only sec~
ondary creep can be described,

The discussion on the determination of the model parameters for the combination of
creep and plastic deformations will be restricted here to the beheviour of WN 1.4948 at am-
bient temperature and the creep effects collected in & single subelement,

Fig. 5 shows stress-strain curves for three different strain-rates and an approxima-
tion for the "static" stress-strain curve (£=0), An epproximetion of this curve can also
be obtained by allowing for relexetion periods during a tension test. The total load per

unit aree of the cross-section may be split as follows (Fig 5):

o, = UE(EX'T) + cc(éx' e, T) (27)

x!
For sufficiently large values of 6y the creep contribution g, tends to be independent of
the total deformation, and the creep parameters have been determined from this stationary
. . . . 1 . N .
situation, where 0o = Tt Assuming e volume fraction y;, one can obtain an approximation

for the creep constents F~ and n from equation:

g 2n-1
e, = F](vﬁ%) (28)
v Oy. i
when curves for different strain rates are available. The constant oy has only been intro-
duced for seeling. An epproximation of the creep fraction mey be obtained from the response
to & step load, This resulted in a rather large creep fraction, which implies a strong re-
duction in the slope of the stress-strain curve at very low strain retes in the elastic
range, This was not confirmed by the experifients., A volume fraction w1= 0,15 was chosen-
as & compromise,
In case there is & emall amount of isotropic hardening in plastic deformation this can

be teken into account by & small parsmeter 1" defined such that (see eq, (5)):



L3/9

p 29 = 15y WX [aed - ae®] . (29)
When consistently yield matrix ¥ g replaced by:

gk = (1 - nErdE (30)

. . . .
and there is in eddition & creep fraction y°, eq. (14) for the tangents of the line seg-
ments of the "static" stress-strain curve becomes;:
n

1
bo, =B [ v oz @ -hk)wk] - (31)
k=2 *

The parameters hk sre assumed to be equal for all subelements, Under this condition the
slope of the line segments and eq, (15) provide us with a sufficient set of relations to

determine wk(k > 2) and h.

3, Bi-axisl plesticity experiments for WN_1.49h8

3.1 Test apparatus and specimens

Fig 6 shows the geometry of the tubular specimen. The menufecturing hes been carried
out very carefully, so as to keep the residual stresses as low as possible,

The test set-up is indicated in Fig T. A torsion testing machine has been modified to
carry out tensiony compression and internal pressure tests as well, The axial load and the
twisting moment are measured by e load cell, and the internal pressure by an electronic
pressure gauge, To measure the axiel strain, special extensometers have been designed; for
the angle of twist, a precise potentiometer was made, The tangential strein is measured.
with four high-strain strain-gauges on the outside of the tube,

The measured signals are emplified end recorded on x-y and x-t recorders, At the same
time the signels are scanned and stored on tepe, In & computer the experimental date are
converted into stresses and strains, and fed into & plotter, For a more detailed discussion
we refer to [10].

3.2

A set of model parsmeters has been based on tension curves for different strain rates
and, 8lso, on & torsion test with relexation periods, Teble I shows the numerical results,
Subsequently, approximately 30 experiments have been carried out to consider the accuracy
of the description for bi-axial loading histories. All these loeding programmes are COm-
binations of a uniform axial stress and torsion or combinations of axial load and internal
pressure, With these combinations it is possible to cover the whole range of principal
stresses -1 g 01/02 < 1. Load reversals end rotation of the prinéipal stresses during the
loading programmes were included since the theoretical prediction of the deformetions under
such circumstances is very sensitive for the constitutive equations applied,

A comparison of theoretical and experimentel results, where the theoretical results
are based on paresmeters of a tension and torsion test are shown in Figs 8 -13 for 6 typ~
ical loading histories. The input for e theoretical anelysis was the measured strain histo-
ry as a function of time,

The results are quite encouraging, although the description of the creep effect is not
very sccurate, This is clearly illustrated in Figs B and 9 at points where in the experi-
mental curve the load is sharply increased. In cyélic loading, the elastic range is con=

sistently smaller than expected from theory; most pronounced is this effect in Fig, 13, The
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experiments aleo confirmed the expectation thet the isotropic herdening parameter h re=
duces with en increase of the plastic strains, Thérefore a refinement of the description
to teke into account the diminishing of the isotropic hardening with the accumulated plas=-
tic strain would also be useful,

During the plastic deformation in Fig 12 the stress ratio 01/02 increases from 0,5 to
1 and near the point where oJ/c2 = 1 the normel to the yield surface in stress space, which
indicates the direction of the plastic strain vector, strongly rotates for the VON MISES
yield surface, Under such circumstances relatively more pronounced differences between des—
cription and experiment can be expected,

The experimentel results may be used to verify eny description currently used or in
the stage of development, Fig 4=b shows a possible adaptation of the model under investiga-
tion. The description becomes more complicated and contains more model parameters, A pre-
ference for this description comes from the fact that there is no creep deformation in the
elastic range, which is confirmed by the low temperature experiments. On thé other hand,
the simpler model of Fig 4-a is in principle applicable for the description of the combina-
tion of creep and time-independent plastic deformations et elevated temperature, In that
case creep becomes more dominant and therefore more than one creep fraction is required to
take into account primery creep as well, A continustion of the experimental verificetion

in this direction is going on.,
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Table I, Model parameters from tension end torsion test,

tension test torsion test

8 W o 1; [1v/mm®] v o ;[N/mmz.]
1 Q,1500 100,0 0.1500 100.0
2 0.4493 14,6 0.6483 129,2
3 0,2819 152,8 0.12k41 258.5
n 0.0556 267.h 0.0559 L39.L
5 0.0348 477.5 0.0143 T75.b4
6 0,0200 76k .0 0.0047 1292.,0
7 0,0084 1528,0 0,0027 2585,0

P=0,5024,10" %" o, =36[v/m"] F'=0972190" %] Tco=17[N/mm2]

n=2,5 h = 0.0164 n=2,5 h = 0,011

E = 1.91.,10° [N/mn°] v = 0,28



[1]

(2]

[al

[v]

[5]

(6]
7]
[8]
(o]

[ro]

—10 —

References

BESSELING, J.F.,"A theory of elastic plastic and creep deformations of an
initielly isotropic meterial showing enisotropic strain-hardening creep re-
covery and secondary creept'J, Appl. Mech., 25, 529-536 (1958),

MEIJERS, P.'Elastic-plastic deformstion of thick-walled cylinders! Proc,
First Int. Conf. Pressure Vessel Technology, Delft, 1969, Part I. Design
and Analysis, 19-34.

ZIENKIEWICZ, 0.C., NAYAK, G.C. and OWEN, D.R,J, "Composite and 'overlay'
models in numerical amalysis of elasto-plastic.continua". Int. Symp, on
Foundations of Plagticity, Warsaw,.1972,

MEIJERS, P., "A discrete description of creep in exi-symmetric structures,
taking into account primary creep and recovery. Inst, TNO for Mechanical
Constructions, Rep. no 10019, 1973,

LAMBERMONT, J,H. and BESSELING, J.F,, "An experimentel end theoreticel in-
vestigation of creep under uni-axial stress of Mg-alloy." Proc. TUTAM Sym-
posium Creep in Structures, Gothenburg, 1970, 39-63.

DRUCKER, D.C."A more fundemental epproach to plastic stress-strain rela-
tions." Proc. First USA National Congr. Appl. Mech. 1951, 487-491,

GEERTSEMA, H, "Elastic-plastic enalysis of the bellows in the compensator
of the SNR steam generator." Rep. No. 10018/2, 1973.

ZIEGLER, H. "Zwei Extremelprinzipien der irreversiblen Thermodynamil."
Ingenieur Archiv, 30, 410-416; (1961).

JANSSEN, G.T.M. and MEIJERS, P, "Bi-axiel plasticity experiments with re-
spect to AISI 30L4-L," Inst. TNO for Mechenicel Constructions. Rep. no.
10664/1, 197k,

BOOY, J. end WERFF., K, v.d, "Plasticity experiments on eustenitic strain-
less steel tubes." Dept. Mechenicel Engineering, Delft University.



— 11—
L 3/9

|
o) = B4SNImm%¢' =09176

032330 N/mm?%¢?=0,0520

EER 141 frochion yields

= 2 3= BN 151 ¢ 2nd hraction yield
03 =1300 N/mm?¢3=00304 "t 200 ectem
u's 0.5 mm
0015
[
Fig 1., Approximete stress-strain curve, Fig 2. Elastic-plastic analysis of bellows,
—
& -
e10 ~
-
E B &
. L I
- 5-
T 02 06 02 000 238 100
g =~ 02 06 02 0001 7.991 1000
. v / / P 2 06 02 O .
01 08 01 000 2063 1000
14 P
1Y =z 02 06 02 000 13532 100
{2/ // 5 02 05 03 0OIC 1298 100
' (‘ 6 02 05 03 0001 9516 100
4 3 7 000: 40.187 2000
4
L _L_ L L " 1 —
0 200 400 600 800 1000

Fig 3. Creep-curves for different combinations of the creep-parsmeters.

O

1 -5 -
Nimm! 16716°6"

curve for €,=0

; 80510 s
100 2081”5
C
[} b —
Fig 4. Models for the description -of Fig 5, Straipn-rete effect for
creep combined with time-independent WN 14948 (AISI 30L).

plestic deformstions,



—_12—

L 3/9
hydraulic hydraulic wormwheel
pressure) .
motor
)
#
- gearbox X
o -
T N
hydraulic connected
cylinder with frame
u, €y
¢ t !
amplifiers - -
Uz \ﬂ &}
‘P' \ L&l ,
Lo
programme 9ger N
p
max torsion 3000 Nm
max tension 150 kN ]
Ey
monitoring

Fig 6. Tubular specimen,

Fig T. Test set~up.



- %0 o
‘(0 > wl > [=) UOTSIO} PUB UOTSUSY UT sumexdoxd ButpBOT ‘0L FTg
Jol
Lay
2 swo 0200 S000 0£00 o200 00 Koysiy Buipoo) ayoweyss
M S0 sTI=530 s lgr="3
] §o—_ " dp=up
\
°
28
]
) —
[uuw/N] [N
ey » S
g
4o
%
‘(0 > T > [=) spotaad UOT9BXBTSI UITA TOTSIO} £q DOMOTTOJ UOTSUS] 6 31q
0
Asoysiy Buippoy dnowayos
f .u SI00 PUD 00D © SO0 =*3 10 UGH}DXDJRY LW §|
0200 5200 0200 000 5000 P
" {
_ 50z 103
™ “a
=
I P
0z
S 0ee1="2
[N [uw/N]
Auy, % B
2y *9§9] UOTISJIO] TO POSEq SPTMSSI *JI09Yg T T §9s5q moTsusy uwo peseq
SqTnSSx *J09Yug i fsammsea *dxe ~ ¢ (0 > HI 3 [=) spotasd; deaId Y3TA moTswey £q ParoTTOJ SPOoTIad UOT3BXBTII UJTA UOTSIOL °g 11
o
£104514 Butppe) I4DWaYSS
fey o 100 PUD S000 1SZ00'0 = *3 §0 doan un g
- — v 150002000 A
200 200 00 . 00 f— Z00 PUD 00 © 5000 12000= 4*3 10 uoioxejas u g -
dsam _
3p
}o——
002
(W IN] SN _
Ay o Junsuos =4xy

"

ez =4



L 3/9

0z00

— 14—

T kY % > 0) sanssead TPUISIUT PUB TESIVASIPBOT YITA PBOT TBIXY ‘£l 3ty
D
$000- 100 000 5000 0000 5000~ ..mLu.B.,im P 5 a91=7

100="3

[uw/N] N

~

{(r 3 Hlb 3 () sanssoad TBULS4UT DUB UOTSHeg ul sumsroxd Furpeo] °*Zi Bta
I

fuaisiy Buippg] SyoURPS

Pariy=%
5100 S0 | — o
vn
S 0-e80=
—
4
00z HINSD: /
[N} [HWiNI _
@ o 5, 00€90=7 »
00€.
- %

“{¢'0 > H| > 0) sunssagd TBUJISIUT PUB UOTSUSY UT ommsaSoxd Butpeol [[ FTA
o

Hihy="

0z00 Sl100 11—

\£802%
5 OERD T4

S 0169072
YWIN a JUWIN = 5=





