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THE DYNAMIC STRESS-STRAIN

BEHAVIOR OF PARACHUTE CLOTH

Abstract

The stress-strain behavior of parachute cloth, MIL - ¢ - 7020, I,
was measured for different rates of load increase (1 - 450 lbs/sec),
at creep conditions (70 - 95 % of nominal breaking load), and at
fatigue tests under a sinusoidal load (0.1 - 60 cps, different
amplitudes and upper load limits). The machine used and test
procedure is described and explained in detail. Test results are
given in list and graphical form to show the decrease in strength

under dynamic loading conditions.
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1. SYMBOLS

05, 1bs/120 threads nominal breaking strength
O pax 1bs/120 threads maximum stress at cycling loads
Omin lbs/120 threads minimum stress at cycling loads
€3 % breaking elongation
€ nax % maximum elongation at cycling loads
€Enin % minimum elongation at cycling loads
t sec time
tB sec breaking time



2.

INTRODUCTION

Maximum stress, stress distribution and stress history of an
inflating parachute canopy is still unknown. Theoretical and
analytical attempts to calculate the stresses in a canopy have
failed because of the problem and the complete lack of experimen-
tal data.,

The detection of static or dynamic stresses by the measurement
of strain, which is made so easy by the use of strain gages for
metals and other elastic materials, has not yet been applicable
for nylon cloth. Parachute cloth is elongated about 30 % of its
original length before it breaks. None of the existing strain
gages has this quality. Sven if the elongation would be less

a strain gage applied to thne cloth would change the strain at

the point of measurement and yield false results.

Another reason why sirain measurements are not very meaningfull
is the viscoelastic behavior of nylon material. The stress-strain
curve does not follow a simple linear law like Hookes law. It is
not linear and dependant upon time. Nylon elongates under a
constant load, it creeps, and it does not reach its original
length again, when the load is taken away. Even it the measure-
mens of strain would be possible the evaluation of the actual
stresses from these data would be very difficult. The whole
loading history of the nylon would have to be registered. But
such a method does not promise to be very successfull when
loading histories with random freguencies and amplitudes in a
highly dynamic process like a parachute inflation have 1o be
expected.

Another experimental way for the detection of stress in an in-
flating parachute canopy has been tried by the author [1,2,3]

by measuring the pressure distribution and its history during
the inflation. Using these experimental data in the stress-
analysis method of Heinrich and Jamison [4] resulted in stress
values in the order of only 10 % of the nominal breaking stress,

even for cases where the canopy was overloaded and broke.



The reason for this discrepancy in actual and calculated values
is probably mainly due to the assumption made in the stress ana-
lysis method that the nylon material is elastic and its stress-
strain behavior follows Hookes law,

Again the need for the investigation of the unknown stress-strain
behavior of nylon parachute cloth appeared. This report contains

the results of a program that should answer mainly the 3 questions:

1. How is the stress-strain behavior of nylon parachute cloth
under dynamic loading conditions?

2. Is the breaking strength under dynamic loading conditions less
than the nominal breaking strength?

3. Can strain gages or any other method for the measuring of
strain be applied to determine the stress in a parachute

canopy?

THE TESTING MACHINE

To cover the whole range of parachute application a testing of
the cloth up to 60 cps frequency for fatigue tests was wanted.

It should be possible to apply high rates of load increase from
zero loading to breake up to 450 lbs/sec, which responds to a
breaking time of 1/10 of a second. Because of the high elongation
of nylon a stroke of + 1 inch should be performed at 5 cps, at

60 cps still + 0.1 inch,

Sine wave, square wave, and ramp functions should be produced

and load or stroke be controllable.

These specifications were met by the MTS closed-loopselectro-
hydraulic, expanded range materials testing system., It consists
of 3 units (Fig. 1): the hydraulic power supply, the control

console, and the load frame with the electro-hydraulic actuator.

The hydrauiic power supply produced 3 gallons per minute at
3000 psi by a water cooled piston pump driven by a 6,25 hp

electric motor.



The 3 column frame was rated at + 50 000 lbs dynamic and

+ 100 000 lbs static tension and compression, A load cell
(Lebow fatigue load cell), range + 2000 1lbs, was mounted at
the mounting screw of the upper orosshead. Later the uppey
grip was attached to the bottom screw of the load cell.

The lower grip was attached to the piston rod of the electro-
hydraulic actuator, called Servoram. It is designed for a
long stroke of 4 inches, a high speed up to 1150 in/min at
2000 1lbs load and a 5 gpm servo valve, and high frequency
fatigue testing, performing more than the required 60 «ps.
The servoram model 204.11 is rated at + 2500 1lbs dynamie
tension and compression., It has a built in LVDT type, stroke

displacement transducer.

A line tamer rated at 20 gpm was added between pump and &ctua-
tor to provide hydraulic filtration and suppression of line
pressure fluctuations in the high response actuator supply

and return hoses as well as any instantaneous surge require-

ments demanded by the sevo valve.

The control console contains a function generator, a counter
panel, a transducer donditioner module, a recorder, an
oscilloscope, control panel, recorder input selector and

the closed-loop control unit, named Servac.

The Servac is an integrated, solid state, electronic servo-
controller. It is the main component of the MTS system. It
controls the electro-hydraulic servo valve which regulates
the flow of the hydraulic fluid to and from the hydraulie
actuator. The controller compares the program value of the
controlled parameter (load, stroke or strain) with the actual
value which is read by a transducer and sends a correction
gignal to the servo valve which in turn controls the actuator

to establish the desired value.,

The function generator could provide sine, square, triangle
and sawtooth waveforms from 0,001 to 1100 cps. It also gene-
rated ramp functions with rise times between 0.005 and 500

seconds.



The built in recorder was:a Brush model, mark 280, a 2-pen,
high speed, strip chart recorder. It provided a permanent
ink record, 80 mm maximum response with an accuracy of

0.5 % up to 35 cpe. Higher frequencies could be recorded
with the same accuracy at lower amplitudes.

The built in oscilloscope was a Hewlett-Packard model 130 C.

TEST PREPARATIONS

Gripping of the specimen

The testing machine was delivered without grips but with
adapters for Instron webbing capstan grips, model G-61-11F.
These grips were purchased from Instron but proved to be to
heavy for the dynamic testing system, when we used the low
load range O - 200 1bs. The weight of the grip (20 1lbs) on
the actuator piston did not permit good sine or other wave
forms and caused vibrations in the whole test freme. These
vibrations were transmitted to the upper grip on the load
cell which caused a load reading. It was found that the
weight of the grips should be not more than 1 1b to eliminate
the mass effects. The grips shown in Figures 1, 4, and 5 were
fabricated in the University machine shop and weighed less
than 1 1b.

The width of the specimen was chosen with 1.0 inch. Since this

definition was not exact, a number of 120 threads was <hosen,

which comes very close to 1 inch for the used Ripstop material.

Por the gripping the ends of the test specimen was glued between
two aluminium plates on each end (Fig. 2). Shell Epon Resin 820

with curing agent V 40 was used in a 60 to 40 mixture.

The bonding was generally satisfactory only at frequencies of

10 or more cps and large numbers of cycles it was observed that

the threads became loose and moved in the glue, probably only
for a very short distance. But no increase of clamp bresking

could be observed due to a frictional abrasion.



The large number of clamp breaks which occured sometimes during
the first test series turned out to be due to not perfect align-
ment. When in the final test series the alignment was done with
great care and perfection almost no clamp break occured any more.

The preparation of the specimen was done in the following way:

1. 24 strips of cloth, 8 inches long in the warp dirsction
1.4 inches wide were cutted out of one piece of cloth from
the left side to the right side of the %6 inches wide roll
of c¢loth. 1.5 inches on e#ch edge was thrown away.

2. 4 jigs, each for 6 specimens, were used for the alignment and
bonding to the metal plates (see Figure 3). First one layer
of metal plates were fixed to the lower part of the jig
(left in Fig. 3) and sligned with it. The same was done with
the upper part of the jig (right) and then all plates were
covered with glue. Second the specimengwere clamped in the
clamps of the middle part »f the jig and also aligned properly.
Finally all 3 parts of the jig were put together and loaded
with a 10 1lbs weight. It needed about 12 hours for proper
bonding.

5. The specimens were taken out of the jigs and the loose threads

plus some more on both edges pulled out until 120 were left.

The jig permitted a free length of the specimen of 4 inches.

The amount of glue used was just that mush that no surplus glue
could be sqeezed out, but enough so that no threads could be

pulled out from between the metal plates.

Great accuracy was necessary with the alignment of the specimens
in the grips. First the threads were checked to be vertical and
the horizontal threads were aligned with the edge of the upper
grip with the help of a magnifying glass. Then the same procedure

was done at the lower grip.

Figures 4 and 5 show one specimen before and after the test.



5. THE TEST PROGRAM

The specimens were tested in the wharp direction. The testing
length was 4 inches, the width was 1 inch, or more exact 120
threads,

In so called "ramp" tests the rate of load was varied. The
increase was always linear and the time from zero %o treaking

varied between 0,1 and 350 seconds,

The nominal breaking strength was defined from these tests as
the average from a large number of tests made at breaking times

of approximately 50 seconds, which is & rate of load of 1 lbs/sec.

Creep tests were made at constant loads of 95, 90, 85, 80, 75 and
70 % of the nominal breaking load. The load increased to these
values in 0.1 seconds and was then kept constant by the control
till fracture occured.

Fatigue tests were made with sinusoidal load functions., The upper
load limit was varied betwesr 95, 90, 85, and 80 % of the nominal
load, the lower limit between O, 50, 75, and 85. The combination
can be seen from table 3. The frequency was mostly 10 cps, for
the O - 85 % combination it was changed to 20, 40, 60, 5, 1, and
0.1 cps.

Creep recovery tests were made with low frequency square wave
functions to measure recovery capability and constant elongation.
The chosen frequency was C.05 cps (0.005 cps was tried once), the
upper load limit was varied between 90, 85, 80, and 75 %, the

lower limit was always zero.

TEST RESULTS

The results are shown in tables 1 through 4 and figures 6 through
18.

a, Definition of nominal breaking strength

Values for the breaking strength of parachute cloth, as given
for instance in the parachute handbook are gained by conven-

tional testing machines which need a time between 30 seconds



and 1 minute to make a stroke of 1 inch which is necessary

to break & 4 inches long specimen.

It was therefore decided to call the strength value gained
at a breaking time of 45 seconds with linear load increase

'nominal breaking strength".

This value will always be an average from a large number of
tests, since there is a scattering due to inhomogeneity in
the material and to inaccuracy in preparing the test specimen

and adjusting it in the grips of the testing machine.

The average from 11 tests with breaking times between 40 and

50 seconds was:

46.5 1lbs = nominal breaking strength for MIL-C-7020, Type I
Tests where the fracture occured at the clamp were eliminated
for the determination of the average, but their results are

shown also behind the eleven good tests in table 1.

Influence of rate of load on breaking strength

In practice the load increase occurs much faster than under
the nominal condition. In the "ramp" test series the rate of
load was therefore increased by setting very short breaking

times down to 0.1 seconds.

The results are shown in table 1 and fig. 6. In figures 7 and 8
several original recordings from tests with breaking times of
50, 5, 1, 0.5, and 0.1 seconds are reproduced. Four tests with
extremely long breaking times of 350 seconds were made which
resulted in a 10 % lower breaking strength. But at such a long
time we have already a remarkable influence of creep which is

responsible for the lower strength.

Down to shorter breaking times the breaking strength is slightly
increasing. The increase amounts to about 10 % at breaking times
of 1 or less seconds where it did not increase any more. It can
be concluded that for breaking times longer than 1 second an
influence from creep appears. This will be discussed in morg

detail under the creep test-results.
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Figure 6 shows all the results of the ramp tests from two test

series.

The accuracy in the preparation of the specimens was not quite
satisfactory for the first test series (specimen numbers below
200) what resulted in clamp breaks for 60 % (31 out of 51) of

the tested specimens,

In the advanced test series (specimen numbers 200 and higher)
the preparation of the specimen was done with more accuracy
and no clamp break due to this fact seemed to occur any more.
The 20 % (8 out of 39) clamp breaks occured all at the high
loading rates with breaking times shorter than 0.5 seconds
and probably have another reason like a dynamic effect. The
fracture, however, did not take place always at the lower
grip, which is moving, but also at the upper grip, which is

at rest, so that an explanation can not be given.

The location of break is given in table 1, 5th column, in %
of the specimen length from the bottom grip. Hence O % indicates
a break at the lower clamp and 100 % a break at the upper clamp.

As figure 6 shows all the clamp breaks lie well within the
scattering of the good tests. This scattering of breaking
strength must be due to inhomogeneity in the material. The
unequality probably gets in during the stretching process after
the spinning of the filaments which is done to coordinate the
molecules to give the material some elasticity. This stretching
which is done to approximately 4 times of the original length
does probably not occur in an even distribution over the length
of the filament and results finally in a scattering of the break
elongation. It can be seen very clearly from table 1 that low
breaking strength goes together with low break elongation and

vice versa.

Question 2, whether the breaking strength becomes less at higher
loading rates, could be answered by the ramp tests: It is not

the case, but the breaking strength can increase up to 10 %.
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¢. The Influence of Creep

It is possible %o break the nylon cloth under lower loads than
the nominal breaking load if the lower load is allowed to act

for a sufficient amount of time.

This time is the shorter the c¢loser the applied load is to the
nominal load, for loads less than 70 % of the nominal value
(46.5 1bs for the 1.1 oz MIL-C-7020 cloth) the breaking time
came to the order of days and was probably close to a limit
where the load was not high enough to cause enough creep for

the breaking.

Tests were made with 95, 90, 85, 80, 75, and 70 % of the nominal
breaking load. The results are shown in table 2 and figures 9
through 15. Figure 14 shows 4 copies of original creep test
recordings. Four to eight tests were made under each condition,
with exception of the 75 and 70 % where because of the long

testing times only 2 and 3 tests were made.

The figures 9 through 12 are the elongation over time recordings.
All parallel tests under equal loading conditions are put together
in one diagram. All of them show a large scattering in breaking
time and in breaking elongation., The times scatter by one power

of ten and the elongations between 16.6 and 23.0 %, where normally
the low breaking elongations go together with the short breaking

times.,

This again can be explained with inhomogeneity in the material
and to some degree with the always remaining inaccuracy in the

alignment of the specimen.

It could be observed that in some cases the first thread or
single filaments of it broke very early. This very often caused
the adjacent threads to break earlier too. In such cases the
rate of elongation was higher and fracture occured at a shorter

time.,

In other cases where no early thread break occured and the rate
of elongation was normal the specimen broke a2t a lowe¥ breaking
elongation (compare for instance figure 12, specimen numbers
253, 254, 255) which resulted also in short breaking times.

These cases did not have the high increase in rate of elongation

12



some seconds before break (compare for instance figure 11,
specimen number 246) but broke abruptly. It can be assumed
for instance that the threads of this specimen had suffered
another amount of prestretching during their fabrication.

From these considerations it can be infered that the specimen
with the highest homogeneity in the material and the highest
accuracy in preparation have the longest breaking times.
Consequently the test with the longest breaking time was taken
from each group and all together were plotted in figure 13.
Here the curves arrange themselves in a significant manner.
The breaking elongation seems to decrease with the applied

load and increasing breaking times.

It is assumed that after long loading times with a high constant
load, as well as with high cycling loads some changes in the
physicel structure of the material take place which cause kind
of a hardening effect. This effect decreases the rate of elonga-
tion and by this extends the breaking time. But this is only an

agsumption and can not be proved by the results.

The result of the creep tests is the statement that the cloth
can break already at 70 % of the nominal load if the load acts

constantly for about 10 minutes.

Fatigue test results

The influence of cycling loadings was investigated by applying
sine wave loadings. For one test series the frequency was kept
constant with 10 cps and the upper load, Omax’ and lower load,

0 . , varied.
min

The set-up is described in table 3, column 1. omax was set 80,
90, and 95 % of OBo' O in "88 set once close but some 1lbs
higher than zero, and than at 50 %. For the Opax = 85 %
setting o . was also set at 75 and 85 %. The last setting
with 85 - 85 % was identical with a 85 % creep test.

In a secand test series the setting O ax = 85 % and O in close.
to zero was kept constant but the frequency changed between 0.1,
1, 5, 10, 20, 40, and 60 cps.

13



Again a large scattering in the numer of cycles to break can

be seen which will be caused by the influences of inhomogeneity
and inaccuracy which were already mentioned with the creep and
ramp test results. But if we take the highest numer of cyclesd
reached for each condition, the results are arranged again in
an orderly manner, For the O to 80, 85, 90, 95 % series the
cycles to break are approximately 34 000, 16 000, 3 000, 700.

When we raised Umin to 50 % the lifetime of the specimen got
higher to 39 000, 18 000, 5 000, 1 300 cycles and still higher
(55 000 for 0oy = 89 %) when we raised Opin t0 75 %

It is hard to find an explanation for this result. One would
have expected that the lifetime decreases the higher dmin gets

and the less recovery is granted.

When we increased dmin to a zero amplitude of the wave, thus
having a 85 - 85 % setting, which responds to a 85 % creep test
the lifetime did not increase further but was remarkably shorter
with only 500 seconds (corresponding to 5000 cycles). This value

corresponds very well with the results from the creep setting.

When the frequency was raised from 10 to 20, 40, 60 cps (see table 4)
the number of cycles increased from 16 000 to 24 000, 97 000,
225 000 cycles, and also the breaking times from 1 600 to 1 200

(no increase), 2 400, 5 600 seconds.

Down to 5 and 1 cps the breaking times were much shorter with
100 and 400 gseconds but at 0.1 c¢is with 2 500 seconds again very

high so that no clear impression can be gained.
These results are demonstrated graphically in figure 15,

The breaking elongation scattered again in the known way with

lower values for shorter times.

A ratio £ = Omin/ O oy %28 defined and one plotting made to
look for the influence of € (figure 16A). It is very hard to

read an influence, the curves lie close together.

The plotting was made with dmax over the logarithm of the
breaking time and indicates by the straigth line that a loga-

rithmic dependancy exists.
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While in this figure only the tests with the highest time were
plotted another diagram was made (figure 16B) using all test
results from settings which had a & of about 0.18. The line
drawn through the points almost coincides with the one for

E = 0.18 on the figure before and shows that the spreading of
time down to lower values can be larger., An explanation for

the spreading was already given in the chapters before.

FPigure 17 shows copies of 3 original recordings with one
15 - 85 %, one 15 - 95 %, and one 75 - 85 % setting. In the
first recording the paper speed was increased twice by the

factor of 100 to show the load and strain wave forms.

Creep-recovery test results

How does parachute cloth recover after being exposed to a
certain loading and how is the stress-stirain behavior at a
new exposure after a certain time of rest? To answer these
questions a square wave setting was used and a frequency of
0.05 cps chosen., This gave 10 seconds of constant loading and
10 seconds of rest at zero loading. Again loadings of 90, 85,
80 and 70 % of 05
4, 44, 75 and 425 with corresponding breaking times of 53,
660, 1485 and 8440 seconds (see table 5).

were investigated. Cycles to break were

Compared with the creep tests the breaking times here are
higher, but they do not reach twice the value of the creep
tests or even more what should be expected when a recovery

is granted from time to time.

One test was made with a frequency of 0,005 cps, what is a
100 seconds loading + 100 seconds rest cycle. Here the total
time was much longer, but no conclusions can be formed from

only one test,

The recordings show also that the recovery time has only very
little influence. Figure 18 is the recording from the

200 seccnds/cycle (0.005 cps) test. O oy W88 37.4 1bs (80 %),
omin = 0. Roughly seen if the recovery was 1 scale the elon-

15



gation at the next loading starts only 1/10 of a scale lower
than it ended the time before. The rate of elongation was a
little lower than at a corresponding creep test and the breaking
elongation was 0,6 % higher compared with test number 269. Both
deviations may be responsible for the breaking time which was

3 times the time of test 269.

The 20 seconds/cycle tests, however, have a slightly higher rate
of elongation or no difference to the creep tests and no syste-

matic behavior is indicated.

As a first approximation one can say that recovery has no effect
on the elongation history and that the elongation depends only
upon the loading history neglecting the times of rest.

SYMMARY, CONCLUSIONS, RECOMMENDATIONS

We have gained information about the stress-strain behavior and
the breaking strength of a nylon parachute cloth under different

static and dynamic loading conditions.

The stress-strain curve is non-linear and the nylon material not
elastic. A linear law like Hookesg law can not be applied for
these reasons, because of the second reason not even in a first
approximation. Not only the amount of load but also the load

history has to be considered.

The nylon cloth creeps under load and the stress relaxes when

a constant elongation is kept. A permanent elongation remains

after the load is removed (compare with figure 18 and see table 5).

It is getting higher after each loading as long as the maximum

elongation increases. The difference € remains rather

ax - ¥min

constant during a cycling test with & constant dmax - omin

setting. € max = Emin is dependent upon this stress limit setting

and upon the frequency. It decreases with increasing frequency.

The breaking strength decreases with decreasing loading rates
because of creep influence and it decreases generally with

increasing loading times because of the creep effect.

16



When we consider the scattering in breaking elongation to be
due to inhomogeneity in the material and inaccuracy in the
specimen alignment we can conclude that breaking occurs when
a specific elongation is reached. For our nylon cloth this

value was approximately 20 %.

Since creep contributes to the elongation this influence or
generally time has to be considered in all stressestrain

measurements or calculations.

The results from the cycling loadings in the fatigue test can
not be considered to explain a fatigue characteristic of the
material, it is again a creep effect that causes the fracture,

The number of cycles per second has no significant influence
on the breaking strength. That the breaking time increases
with the number of cycles per second may have other reasons
and can not be explained. It is guessed that kind of a harde-
ning effect in the material causes a flattening of the elon-

gation increase.

It has to be concluded from these results that the detection
of stress by the measuring of strain by means of strain gages
is impossible. A method might be found to measure strain, but
at a filling parachute with its very complex loading history
the calculation of stress from a measured strain history of
the nylon cloth will be impossible. A direct measurement of
stress should be attempted, but with any method it has to be
watched that the threads are not prevented from elongation

or the stress is concentrated or diluted at the point of

meagurement.

One influence could not be investigated during these tests:
the influence of weaving, i. e. the interaction of fill and
wharp threads. It was observed during the tests that the
specimen constricts under load in the middle. At breaking
load this constriction amounted up to 10 % of the original
width,

17



It can be concluded from this observation that an interaction
between fill and wharp threads exists, and it is assumed that

at cycling loading conditions the breaking strength is affected.
The investigation of this problem of interaction would be another
step to a better understanding of the stress events in a filling

parachute canopy.

It can be presumed that other types of nylon cloth have a similar
characteristic behavior to the one that was investigated. They
should be tested however in the same manner to gain exact infor-
mation and the possibility for comparison, to verify the existing

results,

18
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RAMP LOAD ELONGATION TIME LOCATION | SPECIMEN
SETTING OF BREAK NUMBER
[sec] [1bs/120 Thr.] [%] [sec]
GBreak EBreak tBreak % from
| bottom

350 41.4 21.1 365 20 130
42.8 21.7 367 40 131
41.3 19.4 326 80 137
42.2 22.6 343 40 138

50 43.6 171 41,0 70 200
45.0 19.1 40.2 ~ 10 226
46,2 21,0 46.8 70 2217
46.6 21.1 50.0 35 228
46.2 20,2 49.5 75 229
48.3% 22.6 51.2 80 230
48,3 21.8 51.8 50 231
47.4 21.2 50.8 60 232
47 .1 21.8 50.6 20 245
45.6 20.4 47.0 50 112
47.2 22.6 41.7 50 132
43.6 17.5 50.0 0 111
45.5 20.4 45.8 0 113
46.8 20.9 47 .1 100 114
39.7 16.5 40.4 100 115
47.7 22.4 49.2 100 120
25 42,0 16.5 30.9 60 224

45.7 17.3 18.1 80 225
43.3 17.9 37.6 50 135
43%.4 19.0 35.6 80 136
43.8 20.6 36.7 0 133
44.7 19.5 38.7 0 134
TABLE 1 RAMP TEST RESULTS




RAMP LOAD ELONGATION TIME LOCATION | SPECIMEN
SETTING OF BREAK NUMBER
[sec] [1bs/120 Thr.] (%] [sec]
dBreak € Break tBrealc % from
bottom

10 51.0 22,2 11.9 10 241
503 22.8 16.4 45 242
49.9 w27 10.1 25 243
50.7 22,2 10.2 25 244
46.0 17.9 7.7 40 167
50.0 23%.3 8.1 20 169
46.7 20. 1 12.9 100 116
48.0 21.5 10.3 100 117
48.0 19.2 7.9 100 118
38.4 157 6.2 0 119
49.1 21.3 8.1 0 166

5 48. 7T 21.0 4.3 90 201
51.2 21.7 4.4 5 203
51.4 21.8 4.4 50 204
5141 21.0 4.2 5 233
48.0 20.8 4.0 60 139
48.3 21.6 4.1 30 140
42.9 16.6 3.4 40 144
5.2 20.9 6.0 0 202
48.6 20.2 3.9 100 141
49.6 21.6 4.3 0 142
49.8 22.9 4.3 0 143
1 53.5 22.0 0.94 235

50.3 19.9 0.73 236
52.5 22.7 0.94 20 237
53,2 22.8 0,94 20 238
52.0 22,7 0.94 90 239
Contd. TABLE 1 RAMP TEST RESULTS




RAMP ‘LOAD ELONGATION TIME LOCATION | SPECIMEN
SETTING OF BREAK NUMBER
[sec] [1bs/120 Thr.] [%] [sec]
dBreak € Break tBreak %sfrom
ottom

50.5 21.6 0,91 15 170
50.0 20.1 0.85 15 172
50.9 22.5 0.93 5 163
49.5 21.3 0.86 100 164
51.2 20.4 0.92 100 165
49.8 21.1 0.84 0 171

5 5245 20.0 0.52 90 206
51.4 19.6 (22.0)]0.46 25 208
52.3 18.8 0.47 95 211
51.2 22.4 0.52 80 145
49.0 19.4 0.45 80 147
45.0 16.7 0.34 50 151
49.6 20.4 C.48 50 152
52.1 20.1 0.48 0 205
50,1 17.5 0.45 100 207
49.9 17.8 (18.8)] 0.46 0 209
52.9 20.3 0.50 100 210
52.1 20,8 0.44 100 146
50.0 19.6 0.44 0 148
46.4 16.7 0.39 100 149
52.3 19.6 0.46 0 150
52,0 22.2 0.50 0 154
52.0 21.4 0.52 100 155
50.0 21.9 0.48 0 156
49.8 18,1 0.45 0 157
48.4 18.5 0.41 0 158
52.0 19.6 0.47 100 159
50.0 21.3 0.46 0 160
51.5 22.7 0.48 0 161
52.0 20,8 0.48 100 162
Contd. TABLE 1 RAMP TEST RESULTS




RAMP LOAD ELONGATION TIME LOCATION | SPECIMEN
SETTING OF BREAK NUMBER
(sec] [1bs/120 Thr.] (%] [sec]
oBreak E:Brea.k tB::'ea.lc %bgizrgm
.1 53,0 20.7 (21.9) 0.17 60 212
50.0 17.0 (19.1) 0.13 5 214
5341 19.4 (21.4) 0.17 5 216
53,4 21.6 0.29 95 234
47 .1 16.2 0.10 0 213
52.9 20.5 0.15 0 215
51.2 18.6 (18.9) 0.13 100 217

Contd. TABLE 1 RAMP TEST RESULTS




CREEP LOAD ELONGATION TIME LOCATION | SPECIMEN | REMARKS
SET-UP OF BREAK | NUMBER
dBreak 8?reak €o tBreak %bgizgm
[% of a5 ] | [1bs/120 [#] (%] [sec]
Thr.)

95 44.5 22.8 | 16.7 33.5 30 264
44.4 20.5 | 16.9 32.6 70 265
44.3 22.0 | 16.5 31.5 5 266
44.1 19.9 | 16.4 3.7 95 267
44.5 23.0 16.6 10.6 75 268

90 42.0 20.6 | 15.4 88.1 10 260
42,0 21.0 | 16.1 68.7 5 261
42.0 22.8 | 16.1 7.1 25 262
42.1 20,2 | 15.9 85,0 5 263

85 38.5 21.3 15.4 385 85 246
39.0 21.5 | 15.7 546 40 247
9.8 19.0 | 15.6 103 60 248
39.6 17.7 | 15.8 39.5 25 249
39,6 17.2 15.3 44.0 80 250

80 36.6 17.8 | 15.1 98.0 50 253
3745 16.9 | 15.3 40,0 80 254
37.5 16.6 | 14.7 57 .6 75 255
37.8 19.1 14.6 104 35 256
37.9 20.2 | 14.5 327 30 257
3T.4 20.7 14.7 550 80 258
37.5 20.5 | 14.7 404 40 259
37.7 21.1 950 85 269

TABLE 2

CREEP TEST RESULTS




CREEP LOAD ELONGATION TIME LOCATION | SPECIMEN | REMARKS
SET-UP OF BREAK | NUMBER
g € € t % from
Break Break 0 Break bottom
(% of ap )| [1bs/120 [#] [#] [sec]
‘I‘hr.]
75 (20.0) 14.4 | 19,800 No 269 raised
to 80%
35.3 17.5 116 50 100
70 33.2 19.3 | 13.3 700 | 75 251 | o Break
(33.2) (16.8) 13.4 | (7,906)| No 252 after 132
32.6 17.5 10;000 | 170 101 minutes

Contd.

TABLE 2

CREEP TEST RESULTS
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Fig. 4 Specimen in machine before test

Pig. 5 Specimen in machine after test



ISYTYONI QVOT YVANIT ¥H04 HWIL ONINVIYE NOdN LNVANIJUIC HLONIELS ONIAVIHE 9 014

91 Boj awl} bBumjeauqg
00L 93s QS 0l 0l S A b S0 ¢0 —.oo

dwed ayj je aqouq uswidadg .
S31J9S 153} Sdl) ‘AIpPpIW Ul 8x3ouq uswidadg o
S31J3S 1S3} PpPadUBApE ‘IppIW Ul 3)ouq ulawidads o

0 |

J29s (g
0sE 18 ?
o
* 0%
o . Gy
%u (s ]
g |
. MV UOO. .
. ] . oo, .
o D 0 * O\r« 0 o G Om
o * S ? o|.o0
2 alér
a i o m *
0
Gs

[44]l 0ZL/S91] Yibuauis bBuiyesug




- S s w s v e . ¥ - zw e g e w4 ey -+
- : - e I
E =3 worEE R TR LY O WTTYE RE LTE PR & LW D K e e o b e - o e v oy Jb-
L 23 o s R W W ARIE R T BRI ek e * S T T R S L et L e e L R e S P 4
4~ o e s LB e «-nﬁw-um = .(» e e s = S SN sxe -~.m,»;,@.%-.*,uo%;in**m-a - "
. N 3
—— s o
14 e s s o v o Y A TR AN AW AN W L RO Y, AT RO, 74 TN Y - R 4
G T e a s e T L I Y 4
D N e £ A P g e W, - -y Pt - g T % A A A A T W B o 5 o] o
BB - Pa— T T T R E b s i o o0, T CAS a A rge 3 - + + L&
i
) SR RSN SO P W .
4 ———— i oy e s @O G g2 B e R A R A A e e oo e wp- e et A W R WY TA e S o AWK b C o w w A
5).8 sec
4 . i o 2 A e TR W 9T N A WO T 5, o BT e T & LT . S T TR T A 8 +
4 PRSP o) . Fyra—— e TR Wt N A KD A e 4.
-3~ e e a2y T E N S T L E T R -+ e e e o S R A e e T e o
e m————— R R S T T RN * SUTRTINRSURIIGSI USRS QU SN, YISO S G———.
I s e i m 1 g PRI RSSO - SRS 4
4 S—— RS PR - S D QP S 4
i N
k= = + e g B B P E Gom o B Tem kR sy imin o e o - PR ot S SN - e s .
4 O g ., de -
2 .
L3 N e e e e e S . _— e o4
4. -,‘.-.(*-,—,qx*;] R T e e O -+ + e e s o4
.r R L L T
- o —— 4 t -
- . : e e - i 4+
4 SRR 4 B + + + -
213/ . .
i t + + - + * : : $ + v I
i } B T LTS N

v .
1 (\ - ‘ 1
4 A o ; ' fo
4. . wno 3 4
L - \ i i
4 !
3 N - 1
4 A -+ ' 4~
e B 1 + + -+
¢ : ;
! 4
1 - + . : 4
; ; ! :
4 i + 4 + o+
4.2 58C \ .
: ; ‘ : 4
t t + \ T 13 T
. H i 4
! i ! N ;
1+ + + + -+ + + * e o
4 : ] + + " + r \ t
! ! : : f
-+ - + + + ‘ . 1 4 .
. i 4 i i
T M H * - + + -+
, , 20§ ‘ ‘
+ ; : ; J e ; ; L
H ) : : i ;
H : i ! :
i . - + + + +
; ; ; f
1 : : : ; +
: : ‘ i i ;
+- S + + T ; T
i i : : :
4- : + § + +
H I H
233 - o 0
L : : ; " ; +
N ¢
. : s
T T i T T H H -
: . R : : : H i ¥
! ; A : i H ; : ; ; J
4- + : : g H 4 Loy E) H H 1 1 H
! : : f H H

FIG. 7 ORIGINAL RAMP TEST RECORDINGS



A

i : i H § % F .
ok OB R ' Joen . o ORI, Y ~ ' : +
i i i 3 4 } 7 i H §
- F RPN AP RN U SRS, S — 55 i AU GRS SN
! ! ! prmms pret : T : v -1 ;
§ . ; i :
=4 = + . = £ o r T

FRSTY e

:‘:
i

HR— \ § — 10 1 ; 026
f AN > N S

L
o Pl
L]

TR p o x4
1 i

i : i

+ + PRI SRS R N e o ’
i t i

! ! 1 . i \ ) H

et R e s o o4 e o -1y PURA t
a \;\ ; z ; \ ‘ ‘T ‘ |
i } SSRGS SOVSN 4 } 13 + o+ e S % formme :

' i | ¥

" 094 sec NN L NS SO
ey + : t ‘
: ‘ o \1 i ; I ‘»

, b i : ,
N\ r P N\ :
i N £ 3

+

FYON s cnas A v wvfimrmimery + f - e ”T
! : 3

i i ; ! \ !

. - SNSRI § I

i ; 1

- - +

&

sec 1| | AN

+
. - S .wm;m»r—‘ z \
t

—

0.47 sdc ’ N 1 | N

N
o

AL

T -+ L * T T
T 1
4 fee ]

/
/I
/

[ 21a

FIG 8 ORIGINAL RAVP TEST RECORDINGS




@¥0oT INVISNOD % S6 V IV NOILVONOTE d¥34y 6 °51d
awi]

GE J9s O¢€ S¢ 0¢ Gl ol S 0 0

S
Ol m
o
-
\Q
ol
Sl o
3

Il\
\W\\\w \ L9Z N
292 cﬁ g9z’




V0T INVISNOO % 06 Y 1Y NOILVONOTIE JdATUD OfL "OLd&

awi]
ool 295 08 09 07 0¢ 0,
G
1ol
Gl
P
_
€9C | 4
—8 | \\n‘\ 0c
092 ° +— |
n\ F@N O\O
292 | GZ

co_ammcfum



0SS

s i i .
e eSS

V0T LNVLSNOD R G8 ¥V IV NOILVONOTH JdAFHD L *DIA
awi)
0
oom%om.\ 00Y 29S 00€ 002 001 5
S
oL
P
\\\\\l y
e T 892 0¢
m.a\ 97¢ %
GZ

uoirebuol3




0S7

ol

avo1 GNVLSNOO m{n C8 ¥V IV NOILVONOTH JdYHAEOD 2L °DHIdA
awi)
00y 995 0O€ 002 001 0
) — — 95¢
[e)
6S¢ 857 IAT4

Sl

0c

%

Sl

uoljebuol3

o A o e i ST




SAYOT +NVLSNOD LHI¥IJAIA &V SNOILLYONOTH JIIYD 40 NOSIUVIHOD ¢L °91d

CINT]]
00Y 29S 00€ 00¢ 00l 0 0
S
% 0L
% SL
_——
%089’
% S8 &)
i O\O O@ O\Omm
w | _ £ G2

uoiyebuoqg



[ - e - + Tee 4
[ | ST SRS SRS B i Goe ; 5
NERPRSENN PRSI s B | , .
s e P Sevmetrarepaeseruner] $ DO TOMN
O PR FAP PO P SRR 4 Pesorbuncoporsidont: poocidon wbianedioms
- ¢ : :
v FORUORIUIOUSTUIN SUDPUPUUUNIDOS SRS S S SO ; ete ; ‘L.-!w:« i
i 1
SUNIN SRR S SO SNSRI + PUNDS ISP ST FEPPULUT S P SO
i ; : i
e aifizrmbnzrakreneboniia casbes amanas e od S PUSERPURY: SRR H 9
xzigisizdnznd , P BEmasan et et A 3 i ’ cg o, g
A eug ek tusemnns soeeepeseogoeaf g Wl - 3 § oo : \O = Avv ;v
[ :
B T T TERN TGP S e keaasaran * e rabcnbeveeteeiad o S S SR S, 4
* [ i
ORI PN SO SR - et amran b todre nbe FIDON S . og Qs _
£ (o] -
. ; 1
B PP SN P - Cireacemad 44 eduee edecdrmergroes] 4
PPNV S erriusmrnas + e s bt } omb o\ m o m O - .v
P D ;,....;4“!7::.:. g |..eee- 4
T ~ 80 % 08 =S81G6.¢ 62
B T T RLT T T TT T U5 C Y + ... H H 9 b 10 N
TR FOR I R SEPF PNIG S - SOV ST S "
Cbare e eirradnann Favesausna I vt e oheemnts 1
| e e beradrees t Chtadme e e ee 4
Yogd Gemmig 4y H : ¢
e A bunev i 823 SRS S S SOUSTNUCPRYSURUUIDY 1 SUUPUY Ut U S
B S Y R e eebkT e R ostert 2 TRRaali ot memeaes TN )
PSR TORRS U P SPRIIUIDNMY 1t N SR TOURE ST SORIS SRR DUTUICUEEE SRS SR
N F UMD SR S NI S RS S i ¥ ERETS SRSET TS H N Y SRR SRRE SRR SEPS SRatd
u “ D I L R SR SRLEL IR & B R R T e .orfwa..,?.!No@er ;- . F : w : . 4 N H » N
DR SOOI . FORSY U O T e, @ + R enady SECELEER S .n:-,:ﬂf.ow«vinl. + I%x i{w«f:?»».&ﬁl PR S S S mmN
;- 3 K 3 N N
N T . N !Llﬂl}v!?v N 4 ; § S DU i [ TSI VRDYS HI S ST
I . meiras . Caal e + PO DI § Y o«i.olri..,.m«ﬁ M i 4 l.i:.rl.w.fxo..r.. -5 .f,.vwst;»;..w.!» - SIS n....vc.v.w R lf?&.'wfc‘wfi. S
§ e e e e . NN SR, .T?iv?*ili.ﬂ..f 1 4 .w 4!-.::*?:2.,.* R e e ARRRCSTIE * B R AU S St RETLLIEELS Satht SRAn) SRS
e a e e - eeman . I..f[l...li-o!li . - beenn i : R SRR ST ST T L R It Sl + e I Ane antty L Atzﬂl,.:wti,.:;,r..
: : . i ‘
3 3 Ry L Rt T o - 1 - e 4
aa ke es PR :;f?;.ﬁ.t?.t.; FETTVRV S T ares B | 3 d Eanads SARI .._+ : * w t ]
[ I i : N i ; AN i i ; :
e . . . . e erbaeofa s aaee .lol«lv.rl‘{;.?..v ] [N NN SADUMNS DU SN o ;...T‘!r,.l«. - ,wm N B Shie SEESE SETTE SR & POPNT Y .,..!.-Lw,f. wed
: ¥ Por ; : i : :
e . N et it R s SRS s MR SN ST S SRTELLOR SOP! ¥ EOSDE TRTRE BN SR SR
: e e URUTRTN F i O et 3 ceieberiRescageeney SRRa. SR CLTRY SRR P + B SERa SREEE IS T SN & SECUPIORRSSF SRRRES Spery
P h Beeaedr e e v PR O S - [ SNSRI G SU 3 S SN SR
] P T IT TR PR SIS R AR | SIS N: SN
* ? i .
e e e . PO SRV SUNU S om.f;,-?ln | b e I TS v Rt SETTT SR E PR PR & R S e NN
wie w4 e PP - S T S P ».41..r.2.—o53+,.‘té 4 Lif.?m.i.r-..w.... hRAa & SURERAAS RARE A ¥ SRRt Sadal Shiie: et § SERERSRIEE Ly [t S Soly 1
e s s R R T e 1 p R b P + SR ARIRT SRR | SRRLISIS 08 e et oS B
- : : ; i : .
N = ¥ e R IR s LR s =1 - - b - — R LR TS PN SRy
. e ki eseen cheaeman > B T LTI T R -t § DRSO 4 Goesssoeeat 4 droeet + SRR A e S tEad
H R R e sl = ALt Te + ...Ln.i?,-;b«). ceremmenbediatesootoias L
¥ : : : ; i : ; ! ; i ;
e e P USRS JUDUISIFYS SURUTUDUUIE S ] F O P ! PP IR bRt ST TR SR RN & IODSNSEIY OF SpRLE RO
| : . : : i i
e e . [RPSIIUNY SERUUURITY | URTURPUES SPUIIUUIIN B : N : ;
; i
-, S S P PO I SUPE PPN OIS B
3 R s . NTUEIUUUCRIIUY | SURUUY O AR e A - A SE '
| . . e [SUURRTUTTY | SURPURNORE A D TN SR - - B LSRR SRPRR S oo B
. e . .. I . FOTRUDSREUTIN | SUDTUUNNUUE S i R e L L SRREE SN LR ST ITP PR & R SR ARRRL TS & SR EEeR 18 RS E
o erss e e . FRUUT SUUUDUUITS SURERUUITN | SN PO ! R R SRR SETT I SO S A + S NS P PPN AP RS U
e T . b T T T kb ernenas SR RPUES ST S TS 8 NP SN SO SPOUE [ SUUVU SR SPRET NSO | FUFSUEY T NPT SONN B
' - . . * H FRRAGES SEERS SREPE SNEES 20230 0d 1 - i i i !
13 ; ! PSP P S ¥ [P5 OUSSRMISR S D SIS TN N S SO
Ce e e aeeie aeenn . . SRR JS5 SRS ».:&:?M.W-,N i ! 1 1
[ N N S .. PRI SRS S-SR § SOOI S S S 4
[ : : B R R LET TECEE SUPYUN R SRRVINRTON L2 T SOV SR IUUOT SRS § RRIDVSRIY I SR OO
- ‘ T VY PN : 5 - :
] : E [ O S S O DA s .
L e e B D Py . B P : G PP P S : ) : i )
e ; . B T T N - LI RS PO SPPOE O - rw g meaveeebe o dan
.- “« - = PO . R ERETRRAL - syl % ke T - U O . i i . ®
B LT TR TSNP SNSINFR RN + ST PN [ |
: ; g e - S TR . 3 B LT TIOuu & Du '4‘.
- - - 'y s PEEERE % - o RS R E : : M :
] E B B i PR SERNTREDE PUSN § S
{ - . . . wne [IREE SRE N % R | !
; ] P I S chan H O PRI
- . - N . . : FURC TP TN ; . :
H B : © emeaede e e S + P . S S
» s e PR s - . > - - we oy B N I .
’ i T U R T N . L R E 2N [ RSO
- v B M .o . P ] ! .
! iy [RSEPORSPOUIUE SO DUV SUTT ST
s e e e e oee - 30080G ©. : + ‘
i i . Rk SEERC IR T SIS ST P “ aheenegadede o feuan
PR . e - . S crisevere | ; ; !
.4 * —— o MLGTO.. . .. IO e, J }
3 - ¢ [ FPRR FUUIN + cae ey PR
. « VL SZ0 . O Des - o . ) i
. - . . P H - fa e denawes E . 1
N.U B PR aeeibas s S + PG U SR ¥ IR S I N
. . . . . . - S, e w e : : N :
: : ] . B booaie FR N Ve - + B T TN SR S PO S
“ . . B . F [ S .
i ; ] N B e B + S . [P SR S
P | PO S J
2 b e e FEEE e . Cee e e e b .
b # . . . + - # » T
) ¥ . e . Chee . AN P & PR ek e [ G P PR
E - . . . . + - w - . RPN :
H A . . . e B P . E PP £ FUR D H
- > . - . Y . & - - .- . -
? P - .- . . S A - .- . TR PERET ¥ PN CRRI
» v - . f i . . © e
- . . . I @ . b ‘ D | S, IR
Q ; . . . B . I R . e e s ke RS ST
b . ¥ . - P S tol»'?l?z_ AN
L - . RN S . B voooa b . . B . : . . ‘
s e e - ST EE !
] : m ! _ e . S _ . .. e e
B e S . Y - . { Y



AONENDIYL J0 FONIATINI = ONIQVOT HAVM TVIIOSANIS ¥OJL AWIL ONINVIYL Gi *HId

9 bo
000S 235 000Z 000l 00§ 002 00l 0S 0z 0L
0l
—d—— 02
9’0 +200= 3
0€
o o o—o0- o— o 0%
sdopg 0% | Ol 0Z l G Aouanbau 4
xew
0§

Yl 9ZL/sq

(o)



3 J0 FONANTANI - SIJ Ol 40 ONIQVOT FAVM TVAICSANIS ¥Od HAWIL HNIAVIHE V9L °HId

91 603
0009 923s  000Z 000l 005 002 00l 05 02 W

§
4
4
B
i
4

O .

Ol

0€

07

—~—90 /‘ Xeuw

0S
(44l 0ZL/sq1]

g v g v s e e mee e e e 43w e o w e e aie t e e e e




*3}BU0D = M - Sd0 ol J0 HNIAVOT FAVM TVAIOSANIS ¥OL SWIE DNIXVAIHYE g91 °Did
g1 6
1 6o
000% %8S 000Z 000! 005 002 00l 05 0 0,
w oL
0z
xeul
8810+ 0L 0=gg= =3
0€
00 O—___
0Y
xXeuwl

- - 0S

(44l 02L/591]



0Ll 0% G8-G. 9I¢

~~—

cel 80 %G6—Gl 6672

6 | %S8-Gl 2.2

SONIGHOO3Y 1S31 FNOILVS WNOIHO 21 Oid

8I¢

]
2% 00!

%8 20

" G20

3

¥
o
r
=
7]
1

-
-

s s & .

-

2Ll

398 266

e —————————



. * L] LR N . = * ¥ . - LR + - * rre T rTe +
o)) i
r
[ Y ‘N . P "
R R R AL T “ PR T RN -
vk T P Y R T ) PR EFy - TERT eI .
T TR ) o o cefizas » swasos.
TN STt TRt TR A . Sk e x
. PR R S N L A T IR T - ser e
PN PRI « o1 SO, + PO S PR Cht g rrersvreiten N
T e L L e R ] . x %0 ccazkroms crerowadrwreenereran sadhmaupani .
o A W e
" I P S L L - U SO S P
8 R TEAEL ACR A SR P LSRR e - T T v TR PPy SEREL ST -
5 amisessr drmriesstidzen frrivarrsrpoantrsenfe e - [ T Yy LankbrczmasErrasaa. 4
T R T T e A en ooty T . areads b anebessnd s el srwshrewedrs od oy .
~
1
e O S P * wiasdn.o nb RradrrertryamdrnousrrT cdmerr gy v by ewn -
g P L BT T » PP S NV TN - P T e drr vrdmwnr vy it s hn s N
- e ek 0‘--.0~N~':Vi Ciihrmrn e AkE + B s ST Tt S S SR Rp S TP
e T DR ¥ R RS ARt it LT + [ S e TS GNP PRN SEPE .
o SEE T RN Y L EE EL IR R A i il el . fooscen @ » e R R Y L. 3
e sacrgmzasmeiacpnsonpe vihe crgmenrirmredwomrafunes - PRSPPI A B DI
cisbrrnrprmeit-orxoc Fueciprirresmebinafosed + T s e R N d L oy |
s [PV SIS SUPIDUNI G DY PR + arsarir e meveyise PO -
e o b b e e b Avwa vheem mbaaa + s er e g Ao - 3
R FRONSIRORORPRIOY ¢, RUSITRTEIUUIUY R SURNNPPUIE BTN RPRSITUTETUPUPP S |
o . . ;
" bom v baeitir e s b e e h Lz 49 by e e + SUPRURFUR ST NV S
O T N e S 04 + ST SN S Sy CRp I S  p
. rynarg e gony ey FE N + R S L S B R e e 5
o e B e s et S RLR . P T T e S SR T g = + + PRS— .
; ; : !
+ -~ + + +
’ SN ANPPIS WY R G b LET o s i ot s mopim i . 4
) TUUR— © o brnrre s H UL PPN DU IR SIS S S :
R VOO OUNS SNG SUUTOUS | o | SISO IR SUUSI-TSIPUI U SPUR RIS ININRPR R OTRORST S
O B I 4 P T B T L 2 o AR b o e e .
: : ) ) : ;

P dmiznanciodevcsak-an 4 PR URPI S s e et ¢ rp e 5
DSUIUSI TN SRR S N L - ooz win e % Aot v p T sk o o : 4
R S S Gt TR . b o +
P oacodn oon J R R P + PP P |
R S TR LC Tt s etaras e - ot i e+ ey R T e +
B Ll T T I B o B e | + S T T S aE SRR R Rl O e Rt L 5

. e e L 4 + R SNUSN P D )
N b b v e st s st CJ. T T IS IR WPURIUVIPII NI URUNSPPUSISS W oo X
TSNP § [ U “ T S S W e et o e o R o L
N S N R R T TR e S 2 - - e e T L I 5
; i . R
A : - + e e :
. PP SIS W SURURUROINY SN . - + + I 4 .
B : : : ' '
T e, ; + ; ) ; |
t ! ! ' !
. e S § + ] "
" ._.,.,W.,...,,.‘;..«.-q- + +
i
i :
- + + s wor 2o n .
. + + - * ’ -
- b + ‘ + + ¢ + * - + Jo—— L
| i 3 o U S - + + + + + 4 1+
i P i : : : i
- + } + - ; H
. i i : : i : : : I
L + i ; ; i . : i
+ + + ™ - ¥ - t ! T H i
* : b H : : !
; i
- + + + .
; 1 1 ] I i ;
L ; e} ‘ et P
t } 1 + - + + + . + -
: 4 : H H } . : P i i
; : i ! ; ; ; . i :
+ + t + + -
: i T : I T T : '
- Y i ' M T T * ¢ t I
i i . y
+ ¢ } + .
‘ ‘ ! T LA I A 1
: i N ' i i
. " | , + - mebren ' + }
- + - : : - e ' . : A
i i i ? ' +
. : v N !
t+ - . + + * + +
. o ! i ! . :
L s + ¢ -0 ; e + : i . i s
' i H : : 4 |
- P + v + $ + -
; . : ; i { :
9 T + - - T ; +
N ; } L 5
‘ G X + anen - ass !
i M + - + -
: : ¢ ¢ ! ' .
- s + A -n + 3. i
D + + 4 : ; + i 3
. i P ! . H :
o r ; + ' . ; + H 3
. R RO T — - . ; | | ; A
; ! ] i ) . : ; i
- . ' + ‘ ¢ t -
O ; : ; i i H
- v s v o e s s - . + 4 - 4+ " -
O - | _')-LV P + + '
. P [2 2 i ; i i
. e - el " : - B e H -
. RPN SR fom- . ; s
3 aefe H H H ; I8 iR
&
f ‘ . ; t
H H ' p oy i p
e . R i :
2 . —— 5 PO P ; i
o -, - : 3.
+ + + t 4}-

FIG. 18 CREEP RECOVERY TEST



	GeneralDisclaimer.pdf
	1968028464.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf
	0001C12.pdf
	0001D01.pdf
	0001D02.pdf
	0001D03.pdf
	0001D04.pdf
	0001D05.pdf
	0001D06.pdf
	0001D07.pdf
	0001D08.pdf
	0001D09.pdf
	0001D10.pdf
	0001D11.pdf
	0001D12.pdf
	0001E01.pdf
	0001E02.pdf
	0001E03.pdf
	0001E04.pdf
	0001E05.pdf
	0001E06.pdf
	0001E07.pdf


