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ABSTRACT

For the design of components for the High Temperature Gas
Cooled Reactor the failure criteria developped by uniaxial
fatigue tests have to be verified for multiaxial fatigue
loading. The paper describes the experience gained with the
installation of a biaxial fatigue test facility and some
results on thin walled tubes of NiCr23Col2Mo (Inconel 617) at
950 °C. Uniaxial and biaxial fatigue tests at strain ranges
between 0.3 $ and 1 ¢ have been performed. The v. Mises’
equivalent strain hypothesis gave a good £it of the fatigue
results, The deformation and hardening behaviour is described.

I INTRODUCTION

Fatigue loading imposed by start up/shut down operations or
power transients is a principal cause of failure in power
plants. In general the fatigue loading in a component is of a
complex multiaxial nature. There are different ways in treating
multiaxial fatigue which depend e. g. on the actual material
and the loading situation [1 - 3]. The mostly applied engi-
neering method is to reduce the multiaxial straining to an
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equivalent unaxial strain and then to perform the design ana-
lysis on the basis of unaxial fatigue data. For ductile mate-
rials which are applied as structural materials in power
plants, the distortion energy hypothesis (von Mises) is used
to reduce the multiaxial strain to an equivalent unaxial
strain, see e. g. the ASME Code Case N47. For torsional and
combined torsional-axial-in-phase loading this method gives
good or at least conservative predictions whereas for combined
out-of-phase-loading often unconservative results are reported.
The development of the High Temperature Gas Cooled Reactor is
aimed at temperatures up to 950 °C in the primary circuit and
the heat exchanging components. The most promiging alloy for
these service temperatures appears to ﬁe the Ni-base alloy
NiCr23Col2Mo (£ Inconel 617) {4]. For this alloy neither multi-
axial fatigue data nor design rules for applications up to

950 °C did exist which gave rise to the experiments reported

here.

II. EXPERIMENTAL

IT.1 LOAD FRAME, TEST CHAMBER AND SPECIMEN GEOMETRY

For multi-axial fatigue testing several different test configu-
rations have been applied: single load systems with specimens
of variable geometry to obtain different biaxial stress
conditions and multiple load systems with fixed specimen
geometries -[5). These systems include the tension-torsion,
tension-pressure, tension_tdrsion—pressure loading of tubular
specimens and the biaxial loading of cruciform specimens. The
choice of an appropriate system for HTGR related experiments
was determined by the following requirements: Simulation of the
fatigue behaviour of thin walled tubes especially for heat ex-
changer components and hot gas ducts, test temperatures up to
1000 °C under controlled environmental conditions, and last not
least exact strain controlled loading conditions. The loading
should be biaxial with the option of a further extension to a
triaxial state of strain. These requirements could be best ful-

filled with tension-torsion tests of thin walled tubes during .
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which well defined plane strain conditions could be introduced
in the specimens. Furthermore most of the biaxial fatigue
experiments were performed with this type of test configuration
which facilitated the acquisition of an appropriate test
system. The fatigue test system consists of a computer
controlled servohydraulic test unit with independent loading of
the axial and torsional direction. A view on the load frame is
given in Fig. 1. The maximum load capacities are *250 kN in
axial direction and *2.3 kNm in torque, the maximum displace-
ments are *100 mm and *50°,

For tests under controlled environmental conditions which are
essential for the evaluation of the fatigue behaviour of
metallic materials at very high temperatures, a test chamber
has been attached to the load'frame, see Fig. 1. The test
chamber allows for tests in wvacuum as well as under pressurized
helium up to 40 bar. In the current programme the tests have
been performed in helium with defined small amounts of
impurities, the composition of which is given in table 1, at a
pressure of 1.8 bar and a flow rate of 3 1ltr/h. These con-
ditions are comparable to the primary circuit conditions of an
HTGR. The leak tight sealing of the actuator which represented
one of the major problems of the test chamber is achieved by a
double sealing ring system together with a high precision
manufacturing of the sealing surfaces of the clamping device.
Under combined loading a vacuum better than 8 x 10-6 mbar is
achieved which guarantees that the diffusion of oxygen into the
chamber occurs at very low levels. |

To enable testing at temperatures up tc 1000 °C the test
chamber consists of a double walled construction with aﬂ
internal cooling system which keeps especially the sealing of
the different feedthroughs below 100 °C. In Fig. 2 the specimen
geometry applied for these tests is shown. The inner surface
was carefully honed whereas the outer surface was grinded and
subsequently polished which led to a roughness ra < 0.5 pm and
tolerances in the outer diameter of less than 10 pm. A

concentric mounting of the specimens was achieved by bolts
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which fit into the specimens at each end with a clearance of
less than 2 pm. The specimens have been clamped from outside
against these bolts by a circular spring system which guaran-
tees an undistorted transmission of the axial and torsional '
forces as can be seen later from the hysteresis loops. The
clamping of the specimens against the inner bolts additicnally
secured the sealing of the inner volume of the specimen. The
bolts contained a boring which could be either connected to
the pressure chamber to allow the helium gas to flow through
the specimen and thus prevent the oxidation of the inner
surface or could be connected to an outer pressure system to
perform at a later time tests under a triaxial state of
strain. In the current tests the inner'volume of the specimen
was connected to the pressure chamber, i. e. a helium stream
of 1.8 bar pressure passed with 3 1ltr/hr through the specimen.
This provided equilibrium with the outer pressure and due to
the low flow rate no significant cooling of the inner surface

occured.

IT.2- SPECIMEN HEATING AND TEMPERATURE DISTRIBUTION

The choice of the heating system was influenced by the
requirements to perform tests up to 10006 °C, not to interfere
with the composition of the test atmosphere, not to heat up
the pressure chamber beyond 100 °C, to allow for a homogeneousL
temperature profile on the gauge length of the specimen but
also for a sharp gradient to the specimens' clamping devices
and last not least to give access for a strain measurement
device for temperatures up to 1000 °C. Under these circum-
stances the best solution apeared to be an induction heating
system., Some minor problems occured with the feedthrough of
the induction coil tubes which had to be heat resistant, non
conductive, and ductile to guarantee leak tightness during the
operation of the chamber. With the choice of a special polymer
these problems could be overcome. Furthermore the intensive
electric field generated with the induction heating required
very careful and extended grounding of all metallic components
of the pressure chamber and of the loading rig to reduce the
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noise signals in the different measurement devices and even to
avoid sparking between different components.

But the main problem appeared to be the temperature measurement
and distribution on the tubular specimens. First, only shielded
thermocouples could be used to minimize the noise induced by
the induction heating. The noise was found to be reduced fur-
ther when the shielded thermocouples were orientated perpendi-
cular to the specimens surface in contrast to a parallel orien-
tation, Only shielded thermocouples of 0.5 mm diameter, the
smallest available diameter, could be'applied because the more
stable thermocouples of 1.0 mm diameter led to a significant
heat conduction from the surface inducing a temperature drop of
up to 506 °C, depending on the fixture on the surface. In
addition the thin walled tubes did not allow for drilling holes
in the specimen surfaces to attach the thermocouples
effectively. From all possibilities of a reliable coupling
which on the other hand must avoid crack initiation during the
fatigue tests the fixture of the tHermocouples by 50 pum thin
foils which themselves have been spotwelded to the specimens
guaranteed the best results. By this procedure the thermocouple
was for more than five times the thermocouple's diameter in
contact to the specimen surface, Nevertheless the sharp
temperature gradient at the surface to the surrounding
atmosphere and the thermal conductivity of the thermocouple led
to an error of -20 °C, But because this error was reproducable
by £2 °C it was tolerated and taken into account. during the
tests.

A gauge length of 50 mm required at least a uniform axial
temperature distribution over 70 mm. During the optimization of
the induction coil geometry the limited available length and
the attachment of the extensometer as well as the available
power of the heating system had to be considered. The
temperature distribution could be considerably improved when
nearly rectangular tubes were applied for the induction coil
instead of round tubes because rectangular tubes generate a
more extended penetration of the field into the gpecimens as

compared to round tubes. Besides the axial temperature
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distribution the circumferential temperature distribution needs
special attention for thin walled tubes because the circumfer-
ential heat flux is restricted due to the small wall thickness.
This requires a very low ovality of the induction.coil as well
as an exactly concentric mounting of the induction coil in the
test chamber because the circumferential temperature distri-
bution appeared to be very sensitive to small deviationg of the
location of the induction coil. Figure 3 gives a drawing of the

final configuration of the induction coil and the axial tempe-

rature distribution achieved hereby. For the temperature measu
rement on a calibration specimen 5 thermocouples have been
mounted along 70 mm on the gauge length. They have been atta-
ched with small welded plates and in drilled holes which give
good coupling to the surface. The specimen had been rotated by
steps of 45° and during each step the axial gradient had been
measured. With this procedure the circumferential temperature
distribution could be determined, too. A maximum axial devia-
tion of less than 8 °C and a maximum circumferential deviation
of 9 °C were found whereas the highest overall temperature
difference between two points was less than 15 °C. From the
current experience it seems to be very difficult to achieve a
better temperature distribution even though a deviation within
the range of %5 °C would be desirable.

II.3 STRAIN MEASUREMENT

At the time when the test facility was ordered worldwide no
high temperature multiaxial strain measurement device was
available. After trials performed by the manufacturer of the
test facility it became clear that the only possible solution
could be a biaxial extensometer to be developped on the basis
of available unaxial strain measurement systems. In Fig. 4 the
extensometer and its fixture and attachment to the hot specimen
is shown. The axial and torsional displacement of the specimen
is transmitted by a single pair of gquartz rods to a set of two
resistance type strain gauges which are protected by a water
cooled shield from the radiation heat of the specimens. The

strain gauges are mounted in a way that axial and circum-
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ferential displacements are measured independently from each
other practically without any crosstalk. The calibration curves
- examples of which are shown in Fig. 5 - show the excellent
accuracy and resolution of the extensometer. Even for the
smallest axial strain range of Aep = 0.24 $ the accuracy is
better than 0.4 % of the actual value or less than 0.25 % of

el

the full range. During the axial displacement the torsional
signal nearly keeps zero as indicated by the crosses at the
centre line of the upper diagramme in Fig. 5. The same was
found at higher axial strain ranges and torsional displace-
ments. The calibration of the axial or torsional displacement
with a superimposed constant second component did not show an
influence on neither of the two signals., During the fatigue
experiments the extensometer was mounted on a column of its own
which was fixed to the machine bed and coupled to the pressure
chamber only by a vacuum below. This construction avoids
possible interference with vibrations of the pressure chamber
which might be induced by the friction of the loading piston
with the seals. ' ’

I1.4 MATERIAL

The tests have been performed on tubes of NiCr23Col2Mo, almost
equal to Inconel 617 (Trademark of the Inco. Co.). It is a
solid solution hardened Ni-base wrought alloy which is regarded
to be the most suitable alloy for applications as heat exchang-
ing components at very high temperatures. The tubes which had
an original diameter of 34.0 x 3.0 mm have been supplied in two
lots, the chemical composition and room temperature strength
values of which are given in Table 2. They were fabricated by
Mannesmann pilger mill rélling and finally anealed for 30 min
at 1200 °C and water quenched., This treatment resulted in a
grain size of ASTM 4 which was identical for both lots. The
material falls well within the specification for NiCr23Col2Mo
and even though not identical it is not much different from the
heats on which the uniaxial tests on standard specimens have
been performed.
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I1.5 TEST PROGRAMME

The test programme consisted of four different sets of experi—
ments: pure axial loading, pure torsional loading, combined
axial/torsional in-phase loading and combined axial/torsional
loading with 45° phase angle. All tests were performed dis-
placement controlled with a triangle wave form. For the axial

N

component strain ranges Aep = 0.3 - 1.0 % and a strain rate

¢ = 4 + 10-s-1 have been employed. For the torsional component
the shear strain was chosen in a way that the same equivalent
strain range ey as the axial strain Aep resulted. During the
combined axial/torsional tests the ratio of equivalent strain
of the torsional component to the axial 'strain was

Aewr/Aea = 1. For the calculation of the equivalent strain the
distortion energy hypothesis of ASME Code Case N47 was applied:

Aey = V(Aea)2 + § (Ay)2

which assumes a Poisson's ratio v = 0.5,
ITT. " RESULTS

ITI.1 FATIGUE LIVES

The fatigue lives obtained under uniaxial locading with thin
walled tubes fit very well within the scatterband obtained for
two other heats of NiCr23Col2Mo at 950 °C, Fig. 6. Only one
experiment on the thin walled tubes has to be excluded which is
indicated by brackets in Fig. 6 and upon which will be comment-
ed later.

When the fatigue lives of the axial, torsional, and combined
axial-torsional experiments are plotted as a funcion of the

equivalent strain Aey a surprisignly good correlation is ob-

5

tained. Only the experiment at Agpy = Aeyr = 1.0 % and g = 45°
gives a significantly lower fatigue life than predicted by the
von Mises equivalent strain hypothesis. Excluding this experi-
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ment the von Mises equivalent strain hypothesis describes the
fatigue lives for all strain ranges very well, even at low
strain ranges where deformation has a significant elastic com-
ponent. The von Mises equivalent strain as applied in Code Case
N47 assumes a Poisson's ratio of v = 0.5 which is valid for
entirely plastic deformation. An examination of Richter [7] on
the physical properties of NiCr23Col2Mo up to very high
temperatures suggests v = 0.35 for elastic deformation. But
this value has been determined dynamically. An evaluation of
Young's and shear moduli of the first loading cycle of each
experiment revealed a mean value v = 0.5 which justifies the
assumption of Code Case N47 in the case of the behaviour of
NiCr23Col2Mo at 950 °cC.

One experiment with Aea which gave only 1/5 of the mean fatigue
life was excluded from the evaluation., During the experiment
the pressure within the tube was not kept at 1.8 bar but at
normal pressure due to a malfunction of the throttle wvalve.
Therefore, the helium flux increased which must have decreased
the temperature of the inner wall considerably, thereby
inducing a sharp temperature gradient over the specimen wall.

Some examples of failed specimens are given in Fig. 8. Under
pure axial loading the crack is orientated circumferentially.
Under pure torsional loading the cracks appear at two planes at
angles of 45° with respect to the specimen's axis and are con-
nected by one or more perpendicular cracks. Under in-phase
loading the cracks are orientated at 45° with respect to the
axis. For 45° out-of-phase loading two circumferential cracks
connected by a vertical crack are observed at low strain ran-
ges. At the highest strain range the specimen failed clearly by
buckling and not by fatigue crack formation.

During all tests with a constant principal loading direction
which are the test with pure axial, pure torsional, and in-
phase loading, the crack is orientated normal to the principal
loading direction. The torsionally loaded specimens contain
only a small amount of tensile cracking (stage II cracking). In

that way the cracking behaviour differs from that of austeni-
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tic stainless steels at room temperature [8]}. During 45° out-
of-phase loading the cracks normal to axial and shear loading
appear to have been formed relatively separately from each

other.

ITII.Z2 DEFORMATION BEHAVIQUR

Under continuous cycling at 950 °C the alloy NiCr23Col2Mo
shows no cyclic hardening anymore [6]. This was intensively
studied for uniaxial fatigue tests but the same features are
observed in multiaxial tests. In Fig. 9 the cyclic hardening
of different loading combinations is shown for

Aesy = Aeyy = 0.6 %. The y-axis is given in normalized values of
force and torque, the conversion factors Ca to axial and C¢ to
shear stresses - which are to be applied to the full range of
the y-axis - are given, too. Both the axial and the shear
stress remain constant for more than 90 % of the fatigue life,
which indicates that the crack propagation phase in thin
walled tubes is restricted to a short period. During uniaxial
tests on solid specimens the crack propagation phase extends
to over appr. 30 % of fatigue life due to the larger thickness
of the specimens. The nearly constant stress behaviour also
indicates that the specimens keep relatively stable until the
start of the crack initiation phase. During the axial loading
a negative mean stress developped already in the first cycle.
The shear stresses always remained symmetrical without mean
stress. The negative mean stress probably developped by the
internal pressure of the test chamber which acted on the large
clamping devices. During combined axial-torsional loading with
a 45° phase angle a continuous decrease in the axial and shear
stresses is observed from the very beginning of the test. The
effect is even more pronouced at Aep = Agyr = 1.0 %. Because
the cyclic hardening behaviour is not very likely to change
significantly when a phase angle is introduced in combined
loading it appears to be more likely that the stiffness of the
specimen is decreasing. This was confirmed by the buckling
obgserved for the failed specimen. Additional information on

the deformation behaviour can be obtained from the hysteresis
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loops as shown in Fig. 10a - d for strains Asy = Agyr = 0.6 3.
The axis are once again normalized in strain and stress
conversion factors are indicated. At 950 °C the alloy
NiCr23Col2Mo can be plastically deformed without any strain
hardening which is examined and discussed in more detail in
ref. [6]. The behaviour under axial or torsional loading is not
much different, s. Fig. 10a + b. Even under combined loading
no drastic changes occur, Fig. 10c. But both the axial and the
shear stresses are reduced compared to pure axial or torsional
loading. The reduced maximum stresses- can easily be explained
by Mohr's circle. Putting axial and shear stress together in
Mohr's circle a uniaxial stress of 210 MPa would result which
is clese to the experimental value of 190 - 200 MPa,

During the biaxial fatigue experiments at 45° phase angle the
hysteresis loops are significantly distorted. For a better de-
monstration of the yielding behaviour the points of identical
loading times are indicated., The shear stresses increase rapi-
dly when the axial stresses have changed the loading direc-
tions, points 1 and 3 in Fig, 10d. The maximum shear stress is
achieved when the axial stress is zero and at that poinE it is
equal to the shear stress measured in pure torsion. The axial
stress reacts in a similar way on the out-of-phase loading of
the shear stress., An evaluation shows that the resulting flow

stresses do not deviate significantly from Mohr's circle.

v Summary

The installation of a biaxial tension/torsion fatigue test
facility with an option for triaxial loading has been des-
cribed. A pressure chamber allows for tests under. vacuum of
better than 10-5 mbar and pressure up to 40 bar. The
experiments have been performed at 1.8 bar in helium with
defined small amounts of impurities at 950 °C on thin walled
tubes. A major problem was the axial and circumferential
temperature distribution which was optimized to a deviation
between two locations of better than 15 °C. The strain and
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shear displacements have been measured with a newly developped
extensometer of very high resolution, Uniaxial tension, torsion
and biaxial experiments without and with 45° phase angle have
been performed. The fatigue lives could consistently be des-
cribed by the von Mises equivalent strain hypothesis without
any modifications. The fatigue cracks mainly occured normal to
the principal loading directions or in the case of 45° phase
angle independently normal to the axial and shear strain direc-
tions. At 950 °C NiCr23Col2Mo practically shows no strain har-
dening which is believed to be the reason for the good fit of

the fatigue results with the von Mises eguivalent strain.
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Fig. 1: Load frame with integrated pressure chamber
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Fig. 2: Specimen geometry

1]

Inner tube dlameter A 28 £ 0.025 mm

33,2 £ 0.05 mm
Outer diameter gauge length C = 32 #* 0.0l mm

Outer tube diameter B




- 42.16 -

Angle

Thermocouple position

,mﬂSQ_waw

géd”mﬁ

1

égduﬁ

5

pégaﬁ_m

'952;5“

45°

952

953

952

857

956

90°

956

954

955

958

958

135°

958

950

955,5

958

956,5

180¢°

958,5

945

954

954

953,5

225°

956’5

944

951,5

951

950

Fig. 3: Geometry of

270°

953

945

950

949

949

315¢

951,5

945

949,5

949

949

distribution on the specimen

Fig. 4:

CE

Extensometer configuration

the induction coil and temperature



1312WOSUDIXS TRIXRTq ayj JO Sauweiberp uorlvIQITRY 6 BT

- —_— Fl - _ - - Fi — — - . - . ¥
ST F=0 % prg F =Wy 060 ¥ = dV ‘o0 = WY o0 = &V ‘% ¥Z°0 F = WY
ia HOLRIIESSIA YIALIV 4SS IH : HOLSH3ES5M AITLYON LINdSSs w3 7T WSIROESSIN YIATLYOSM LRSS
B_es'a ava bla mh Seb bho bre ae e alm_.wm.w. E_._ L TIOR3 n2e_ola S_.ms.ul orl esa eata 2l ush €SH eve abe B2E BID ep.
! - ag'i- 29° [~
ol LIS ez -y
g7e- '~ 230~
ere- y vy 7 - ooy
oo 2 == . oo 3 o oo 3
a8 ] oo | weo |
gzl Y ezt H gz M
29't 3 ! : 0t 3 8'L 2
Wi~ _ HATSIGSSM 4IATATST E._&B:F L 12’3 HYLREESSIH YINTLISOd LNNGSSTH L
! n 123 A b g ALLISOd DNNGSSIH
R AR T Wy W1 e wmo oo T 2% Mo B¢ gz ol'w by . G g9 ero BLY 90 350 Y el wp Olb g,
L i B9’ i [
0 iy . Bzl ¢ gl g
85 0- } €88~ J 28
! tod pre-y ! ey — .
vae 3 ool o
‘g
L g0 1 e | we
™ L gzl B ozt M 2z
. _ ] o1 3 1 ! wld “ 2yl
™ w3 B3 :
= 13 3 1INST-ILNWSSTH I LHIAST-INIESSI . 10 3 TAINLST-SLNNSSIH
eal @y e bl'e e9'0 050 Grd eco Gra piE ., aw.u_ 5’0 59°G e.°@ B9R 059 p'R GE'B 92°C B aeR., Pel 98D @8’ B'D ©HR oSe @b B 2D B1W @8R .
I . ” 1 _ s’ g1z
ww.w.. B8t . 26 I~
99" 1« e5°6- 99" 1~
vwi- ege-0 -
ez'l- 032! @2l
94'e- 0wz b
wh,sln Qm._lo - 2i'e
8o oty ey
-y o5e-2 v2'e-
ne 3 ¥ we'e 3 BB L
e 3 T 0573 AR
e n | a1 L pre 3
2 1 ! est1 3 2o h
%' g L wz 3 982 i
Qg i ez 2 Rl 1
okl s ] #l g
39 g 1 591§
A - ey o 263
I e I ] a/r S 9’z
| - | mmm oy
& § &1




- 42,18 -

19"
o~
S
9. 20 o o
=
T A o =
=
o (oA A 3ot
+J
[}

Dx o

b |

10

12 ¢ T 19!

Fig. 6: Comparison of tubular and solid specimens at 95@° C

cycles to fatlure NF

1p §

O  thin walled tubas A solid specimens ht.365 [} sclid specimens ht.444
1
18
~N
~
Q
o
[ =4
o
i
: &) m]ia]
r ;]
M ie 2
"
b hvd ||
L] ’ -’.\.‘3—
)
o
[ +]
Q oA
d |
19
1@ * 127 i@ * 183

Fig. 7: Multiaxial fatigue behaviour of Inc.617 at 858° C

O axial loading

WV ax, + tors, loading § = 45°

cycles to failure NF

A torsional loading

O

ax. + tors. load.§ = @




45°

& =

.Examples of failed specimens

Fig. 8



. : tg D
(z-WWN §-LTT = ¥ ‘z-wmN 692 = ®p) sbuex uteIls % 9°0 3B uznﬁ,mgma Butuapiey oTT2AD 6 Td

=@ ‘% 9°0 = 3y = ¥y (O
. — = % =
oGy = & ‘3 970 = M3y = Wy (p , 00 = &
a3 N MYZ TS5V . . e 3 P — |
s mu me sbo e e W S MILMI BL o - hd
%. NI S B ey T ) 3
B i | z
. = T e ¥ 3
} JE— g 7 ] 2
SR N 785'9-N \\\‘ e {es-e-N
A | |~y | L . )
N N
3 3 _ 3
! H r
_ o : - e 8 ee'p O
+ ! # .Th :
I ; i
| 3 3
! ) d
i _ ! g AN LA g
et o i .\I BsS'e T {es'a =
.r'r..rl‘...”u..'lll!llnal.l ﬂ 1 N N
. _ e T — 4 & 4
. /..l.._ v 7
| = ¥ y
| * A
= — P [ - - - - . R SVE—— - an- 1
™ 2 3 g 3
o3 . ,
~ % g°(0 = Y3y \®
* ]
| $ 9°0 = 3y (q
s HYZIELSLSY
£ 3 N HYZTIds15¢ ce 3 N HTE . . . ) .
P Bs'2 BR'Z et -1 I 2s°R pE'@ , 2u | 6e os'E ai°h  @e'’s  B5'8 @B aﬂ..a%im,m @ @al's ee MN_._..
ea - R cerraer .
-
L s
3 L
4 U A
B -
a5 e~ I 8378y
H 3
\ 1 o I
J 3 I
d
z -
a
.aa.a L A’ ey
] N )
: :
o v
¥
r " les e §
Jese H
: p 3 ~
4 ]
1 d
g1
ea’ | e 32
a3




42.21

(z-umIN G*LTT = 3D ‘gz-WUN 92

o067 = ¢ ‘% 9°0 = I3y = Wy (p
2y 3 CLUATWEOND SNNNNAD IIYNDISBOL-3TIVIXY
[Tl 8s'g ga'a es g~ g’ i~
. T T T ga’ -
| L
o
) 3
I
W
. g
B a5 alm.
L
3 N
a
- W
] RE'B g
]
]
3
d
d
- 1258 5
F|
v
) ¥
M
Azl
w3
% 970 = M3y (q
ee 3 CLAATHHEOND ANNNHZC ITVNOISHCE
Ra" 1 es'n e BS @~ . A
v + T T e l-
L
4 |
ey g3
25" B T
W
d
a
N
pe'a L
N
a
1 M
0
W
H
105’ 3
-
[¢]
7’ a8’

-

o) =buri urtrils

9°g ae sdooT wammhmpmmm“oﬁ -b1a

g 3

=d ‘% g0 = I3y = Y3y (O
CLMITHNOND SANKHZ 3TYNETSH0)L~3TYIXY

’5' 2 e’y 25" 8- Qe l-
v g’ i~

Bl

ZOorZHWa-

\\\mﬂu\\N _
{8s5'e~

P
=
=2
[~

1
~
v
=

MAEALE I AT EOGEZWIE

e 3
-}

% 9°0 = W3y (e
CLUZTWHOND INMNEA ITVIKY

us'e 2a'e s e es’ 1~
\ et BB =

ZOXTHWX-

1®5° @8-
]

=
a
o

=

L
o
vl
(]

LM J Wt e




