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PREFACE

This final repert summarizes a one-year research program, initiated in
January 1981, sponsored by the National Aeronautics and Spaeceé Administration
under Contract No, NASA1-16557. The NASA Program Monitor.was.Dr. T. Kevin
0'Brien, Materials Division, Fatigue and Fracture Branch.

All work during this research program was performed by the Composite
Materials Research Group within the Mechanical Engineering Department at
the University of Wyoming. Co-principal Investigators were Mr. Edwin M,
Odom, Staff Engineér, and Dr. Donald F. Adams, Professor. Mr. Mark Walker,
Staff Computer Specialist, and Mr. Raja Mohan, Graduate Student Laboratory

Assistant, also made significant contributions.
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SECTION 1
INTRODUCTTON AND SUMMARY

i
1.1 Introduction |
The rcaponse of composite materials to fatigue loading has long i
been a tople of interest. Typiecally, composite materials will '
accumulate damage, which initially may be in the form of microetracks
between the fibers of a lamina and/or between the laminae of the :
i

laminate.

During the growth of these microcracks, which eventually leads to - e .f_‘..‘_..,,_,.

materials failure, the response of the composite in terms of strength
and stiffness is typically degraded. Of particular interest to the
presert program was the effect of fatigue-induced damage on..composite
stiffness. This effect was monitored by conducting a series of fatigue
tests on [MS]Z,3 and [167’.5]28 T300/5208 graphite/epoxy laminates.
During the fatigue testing of these laminates, . stiffness was
continuously monitored, to specimen failure. The stiffness versus cycle
data were *hen studied to determine if a correlation between loss of
material stiffness and failure could be predicted.

The Composite Materials Research Group has been active in
fatigue-rclated studies for some time. Some of the more significant

studies include References [1-5]. As in some of the prior studies, the

present investigation provided the special challenge of monitoring the :
composite stiffness as tlie fatigue test progressed: The challenge in
monitoring the stiffness was 1in doing so such that the stiffness was
mcasured with a high degree of accuracy without interrupting the .atigue

test. The concern herce was that continuously stopping a fatigue test to




take atiffneas measurements could affcct the fatdgue wxesults due to
time~dependent properties, or othor unknowm characteristics of compoaite
materials. Thercfore, tho Composite Materials Roscarch Group devoloped
and utilized an advanced computer-aided testing facility, details of
which will be presented in Saction 2.
1.2 Summary

It was found that the [:45]28 laminates did experience a stiffness
reduction prior to failure, However, the onset of this stiffness
reduction could not be correlated to load or cycle. The [t67.5]28
laminate did not exhibit any measurable stiffness reduction prior to
failure. The cyclic tension loading caused a slightly nonlinear
reduction of strength with respect to the logarithmic number of eycles
foxr..the [tAS]ZS laminates. Using the same correlation procedures for
the [t67.5]28 laminates. resulted in an almost linear reduction..-of.

strength with respect to the logarithmic number of cycles.
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SECTTION 2 ORIGINAL PAGE I
OF POOR QUALITY
TEST PROCEDURES ,

2.1 S8pocimen Geoomatry

The T300/5208 graphita/epexy tent specimens for this- study waerc
supplicd by NASA-Langley. The flat specimens were 12 ‘n long, 1.5 in
wide and appreximately 0.04 in thick, and are one of two 8-ply laminate
orientations, i.e...[tdS]za or [167.5]29.. A total of 30 speecimens of
each of these laminate orientations were provided.

2.2 Test Procedures

All static and fatigue tests were performed in an Instron Model
1321 servohydraulic testing machina. During the static testing, strain
was measured utilizing three extensometers (two axial and one
transverse), as indicated in-Figure 1. The two axial extensomtters wete
mounted on opposite sides of the specimen during the static tedts, to

monitor any bending effects.

RnmengraiUnnyen
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Figure 1. Extensometer Arrangement Utilized to Measure Axial and
Transverse Strains
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Aftor atudying thﬁ‘ﬂtfuﬂﬁﬁﬁtrﬂln.Plotﬁ and the stiffoesses caleulated
'uniuu cnch axtlal oxtensometer, it was detormined that bandingy offects
wera  nonoxistont, Tharefore, only one axial and one transverse
axtonsometer were utilized during the fatigue testing. 8tress vorsud
atraln plots of the statlc tests arc included in Appondix A.

All static tests were conducted at a rate of 2 mwm/min., [atigue
testing was conducted using a stress ratio of R = 0.1 and a cyclic rate
of 10 Haz,

Prior to conducting a fatigue test, an initial static stitffness
test was coaducted to determine tlhe precyclic stiffness of the specimen,
This static test was terminated at the maxioun axial tensile
stress, umax’ presceribed for the fatigue test. The resultant stiffness
was then utilized to establish five percent increments of decreasing
dynamic stiffness. Cyclic loading was interrupted after the dynamic
stiffness of the specimens rcached each of these increments and a static
stiffness tost was conducted to verify the stiffness decay.

2.3 Data Acquisition

All data acquisition for the static and fatigue testing was
performed using a Hewlett Packard HP2IMX-E minicomputer. For monitoring
the fatigue testing, the data acquisition software combined a real time
data acquisition and reduction routine and a logarithmic data storage
routine. The ddta acquisition routine is capable of reading 8 chahnels
of data for a fatigue test conducted at 10 cycles/see at a sampling rate
of 320 samples/sce/channel, Additionally, the data acquisition for cach
cycle of the test was synchronized to begin sampling at the beginning of
the cyele, 1.e., at Yin’® This allowed a very efficient data storage

format for reduction purposes. After the stress and strain data were
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acquired for a complote cyele, the dynamie atiffuces was caleulated
uaing alinear vegrasaion curve=fit, A decislon based upon this valuo
was thon mado to continue or inteérvapt the load eyeldng, If the
caleulated dynamic stiffness indicated a § porcont increment drop of
stiffness, then the tost was Intorrupted to allow a static. stiffncss
test to be conducted, aftor which the fatigue tost was continuaed.

Data were stored using a logarithmic procedure, as indicated in
Table 1. Since stiffness reduction precedes specimen failure, it would

Table 1

Data Storage Progression

Cycle Range Cycle Increment Between Data Storape
1 to 10 2
10 to 100 10
100 to 1000 100
1000 to 10,000 1000 ,
10,000 to 100,000 10,000
100,000 to 1,000,000 100,000

be quite possible for the specimen to start .to indicate a reduction of
stiffness and fail before a scheduled eycle when data were to be stored.
To prevent the above condition, the dynamic modulus was checked 10 times
between cach data storage cycle. If the specimen had not failed at the
designated storage cycle, these values were then deleted from storage
and the value for the data storage cycle was stored. If the specimen
failed before a designated data storage cycle, then the valuces were
maintained in memory. This ensured that the maximum amount of data was
collected for cach specimen, while keeping data storage flles to a

reasonable size.
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2.4 Modulus Galeulationa

The atatement of work for this program rvequested that tho dynamic

accant modulus be calculated., Howevar, during vorification of the-

softwarce routines boforo fatigua tosting was initiated, 1t was noticed
that the sccant modulus calculated varicd by approximately five porcont
from cycla to cycle. Since. the increment of modulus decay needed for
test interruption was five percent, this was unacceptable. 1t was found
that the varlation was caused “y two problems. First, the data
acquisition approach utilized by the Composite Materials Rescarch Group
entails digitizing analog stress-strain data, This entails periodically
sampling the analog signals, and then converting the sample to digital
form. During this process, the absolute minimum and maximum stress and
strain values may not be sampled on every cycle., For the sampling rate
utilized, it was calculated that the greatest difference between the
absolute maximum and minimum stress and strain values and the values
actually sampled would be three percent, Additionally, the samples are
subject to approximately one percent electrical noise. These two
untertainties essentially explain the variation of the secant modulus
from cycle to cycle. One further point is that, while studying the
reagons for the dynamic secant modulus cycle-to-cycle variations, it was
noted that the [145128 laminates were nonlinearly elastic. Therefore,
the magnitude of the dynamic secant modulus is load-dependent. In terms
of rclating modulus decay from specimeén to specimen this behavior was
considered to be unacceptable.

Thus, it was decided to utilize the tangent modulus method for
calculating dynamic stiffnesses. This method is believed to have

several advantages over the secant modulus method., First, a tangent




modulua 18 caleulated utilizing more data pointe than just the two end
pointa utilized to ealeulate the secant modulus, In general, the marae
data points utilized to characteriz¢ a material, the batter-will.bo the
characterization, Second, by utilizing a linear regression fit, slight
anomalies in material behaviox.or data scatter due to elaectrical noise
can be averaged out. As can ba seen in the data gonorated during tho
fatigue testing position of this program, which i1s presented in
Appendices B. and .C, the cycle-to-cycle variation in modulus is very

small.
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flection 3
TEST RESULTS

3.1 8tatic Tenalle Results

Five spocimens of each laminate orientation, i.e., [jﬁ5]28 and [:ﬁ?.S]zs,
werc statically tested to obtain ultimate strength values for use during
fatigue testing. The results of these static tests are presented in Tables

2 and 3. The shear modulus G,,, Poisson's ratio u__, and ultimate shear

Xy
stress at faillurc in the fiber coordinate system Tyys Were calculated using

the following equations from Reference [6]:

61 = 2(13}‘}, w
vy = - éxz- (2)
Tyg = 0.50, ([jﬁS]zs laminates) (3)
Tyg = 0.35350x ([jﬁ?.slzs laminates) 4)

3.2 Tensile Fatigue Results

During the tensile fatigue testing of the two laminates, the dynamic
modulus of the specimen was continuously monitored and the cycles to
failure were recorded. The stress versus number of cycles to failure of
each of the two laminates is presented in Figure 2. The regression
equation whieh best fits the fatigue data points for the [iﬁS]ZS laminate is

of the form:

O eak ™ 26,1 - 0.8 san N (5)

For the [iﬁ?.ﬁ]zs laminate the equation takes the form:

Cpeak = 1004 -~ Ool‘ 9:“ N (6)

FRECEDING PAGE BLANK NOT FiLMED

. Vo -
oo b

armn e - I I S . z . N v




anfea puodas ayl ISTIYA

.
1 g S~ e s e

[

-¢ uopjenby Suysn POIBTNOTED  w¥x

+1933wosua1xe yiduay 283 ur ¢°¢ 9yl gursn poleINOTE) x%

. 1930mosuaIXe y3duaT 29e8 ur ¢°T Y3 WOIF PIUTLIqO sem

¢ 7oj9mosualxe yidusy 988 ur G°¢ IYI Woij PIUTEIGO Sem po3iodax anTeA ISITI YL ¥

Z°0 1°0 £€0°0 80°0/90°0 9°0/%°0 1200°0 £°0 v°2 ‘as
LA y°68 9L°0 89°T/¥L°T %°81/6°81 9220°0 6°%C €°TLT  9%exday
7°Z1 ¥°Gg 08°0 0L°C/SL°T 9°81/6°8T %4920°0 8°%¢ 6°0L1 SONSHN
LagAt ¥°G8 SL°0 08°2/08°C €°6T/€°61 0%20°0 L°Ye T°0LT %0NSYN
rARAY 1°¥8 SL°0 19°2/€9°C 6°LT/T°8T %610°0 ¥4 1°891 €00SHYN
9°21 8°98 SL°0 0L°2T/SL°T 9°81/6°8T %120°0 A 14 9°€LT zonsyN
9°21 8°98 €L°0 09°2/SL°C 6°LT/6°8T 9€20°0 ¢St 9°€LT TONSYN
(rsi) 71 (edi) £x asw) , (2d9) < asn , (edW) Taquny

€ O q , n 3 o uawyd3ads

*E¥
wa3sfs I3eUIpICO) XI9qQLJI
2yl Ul SS9131S IBIYS

=

RIGINAL PAGE i3

a
=
>
o«
]
o
4
e
o

0

£xodj/a23Tyde1s g0zS/00€1l 3O Sojeurwe]

o13ey S,UO0SSTO]

»
8S9UIITIS TETXV

¢ °19elL

ure1ls TETXV

y318uails a3IBWIITN

8 —— .
C(gy¥] 103 sITns9y IseL OTFSUSL TETXV O13LIS

ot

-




11

‘¢ uotrienby Sursn PAIBINOTE)  wxx M i

ORIGINAL PACE 13

OF POOR QUALITY

- 1930m0sUs1%d y3BuoT 9%e8 ur ¢°'¢ 2yl 3ursn PIIBINOTED  xx

+ 1979WOSUL3IXd Y3aBuaT 283 ur ¢°T 2yl WoiJ paUTLIqO Sea
anfea puod3s oYyl OTTYA °I9IBWOSUIIXD y3j8uoT 28e3 ur ¢°¢ 9Yl WOIJ pSUTEBIqO SBem ¢pojzodaa anTea ISITY 9Yl «

I°0 69°0 T0°0 €0°0/S0°0 1T°0/%€°0 €000°0 %°0 8°¢C ‘ass
9°t 8°%C 9T°0 %9°1/99°1 m.HH\euHH 8900°0 £°01 0°TL 238e1dAY
L°€ S°sT 9T°0 19°T/09°T T°1T/0°11 £900°0 %°01 L°TL SONL9N
9°¢ 8°%¢C S1°0 €9°T/S9°T ¢ TIT/€°T1 9900°0 Z°01 £°0L 2001L9N
g°¢ ¢°9¢C LT°0 £9°T/€L°T T°TT/6°T1 %400°0 6°0T1 T°SL €ONL9N
m.m % ST°0 69°T/69°T 7 1T/%°11 9900°0 6°6 ¢°89 J0L9N o
9°€ w.ww 9T°0 69°T/S9°T 9°IT/¥° 11 £900°0 ¢°01 £°0L TOAL9N _
D (eaD) P Fsn) ,  (2ad) N (s, (a0  IPquM
o, 1 ) xx O ¥ q n 3 n® uawrIads
@a1sig 93euIPioo) IDqTI oTiey S,U0SSTO] sS9UJJTIS TeIXY aanyred ol y3i3uaals o3ewrlN
3yl ul SS913S Ieadys ure1ls [eIxXy

£xodg/e3Tydein go¢s/00€L 3O SIIBPUTWET SC1g19¥] 103 sInsoy ISIL STISUSL TETXY OTILIS

€ @1qel

[P

.



(At

sanTieg o3 sa24) B0 snsiv) SSAIIS ITISUIL jB3d  °C 2andry

FYATIVA 0L sATIXD 901 E
) 9 s Y € A . 1 0
1|..ndw [ S Shin s —dd.- | 2z 2u i suind auheasei 42 retoetet Al!—:-.ﬂ.‘:].lq e S .,—-ﬂqﬂ.n A ] .4I|||dﬂu4jlﬂuual||-.|v| ﬁ'
. 0T
4 -
. Q7 TRV
CAN O 0% -
v 44 v v v =
=09 7
or =
o 3 =
0O e < oot -
M. : =
= o @¢o Fozt 7
2 2
. G0 O 3 - !
68 Jort =
o0 ] Z
<091
G
3081
s¢ - 3
“lgrL9 +1 ¥ H 00t
SCigy ¥] O
-10¢c
.




13

Additionally, the peak stress versus the number of cycles to

failure was plotted en a lirear scale to determine if there is a load.- ..

sensitivity, i.e., a percent of ultimate strength where fatigue life
transcends from very short to very long. This plot is shown in Figure
3, These plots indicate a transition between short and long fatigue
1ife occurs at about 119 MPa (17.2 ksi), which correspond to 70 percent
of the static ultimate strength for the [t&S]Zs laminates. For the
[t67.5]28 laminates, the tramsition occurs at about 38 MPa (5.5 ksi), or
approximately 55 percent of the static ultimate strength.

The fatigue test load levels for the laminates wasg originally
specified by NASA-Langley to be 60, 50, 40, 30 and 20 percent of the
static ultimate strengths, with five fatigue specimens to be tested at
each load level. However, the first specinen tested, a [t45]28 laminate
loaded to 50 percent of static ultimate, went to 106 cycles without
failure. Therefore, it was obvious that the load 1eve}s selected were
too low. Thereafter, load levels for conducting the fatigue tests were
selected by the NASA-Langley Contract Monitor in close coordination with
the Principal Investigators. Additionally, at the Contract Monitor's
request, certain specimens were creled without taking dynamic data.
Instead, the test was periodically stopped and a static test was
performed to measure the stiffnecs.

Tables 4 and 5 are a summary of the results of the fatigue testing
of the two laminates. As can be seen, the [145128 laminates exhibited a
modulus decay that is load-dependent, i.e., the larger the peak stress
the greatér the modulus decay. For the [:67.5]28 laminates, the modulus
decay 1is essentially nonexistent; on average the magnitude of the
modulus decay for this laminate {s close to the magnitude of

experimental error.
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Examples of the normalized mudulus decay versus number of cyeles
are presénted In Fipures 4 through 13, The (dynamic) longitudinal
modulus has been normalized by dividing by the (preeycling) initial
static modulug,

doveral atcempts were made to correlate the modulus decay data for
the [:45]28 laminates, without success. The first attempt at
correlating the data was to average the modulus decay at approximately
coineiding cyclea for the group of specimens run at each load level.
This approach was not generally sutcedsful since the modulus decay was
very small until just prior to specimen failure., Therefore, the average
would remain constant until the first specimen at a given load level
approached failure. Then the average would dip until the first
specimen did fail, and tlen tise back up until the second specimen of
the group approached. This approach was considered unacceptable. The
gecond approach to correlating the [:45]28 data was to study each
normalized modulus versus number of cycles plot presented in Appendix C,
to degermine the cycle where modulus decay began, and then to compare
this value with the number of cyclés to failure. This approach>was
hampered by not being able to establish in all cases the cycle when
modulus decay began. However, for the plots where it was possible, the
percent of cycles te failure at which modulus decay began ranged from
approximately zero percent for the specimens tested at a high peak

gtress, to approximately 60 percent for the specimens tested .at the

.lower peak stresses. However, it must be added that the scatter of the

data from this attempt was quite large, and not all specimens could be

included. Consequently this approach was not considered acceptable.
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3.3 Secondary Effects

The primary cmphasis of this study was the monitoring of tho

modulus decay of two graphite/epoxy laminates, and to then.correlate the

g' modulus decay. However, as présented 1in the previous section, the
[1:67.5]28 laminates did not exhibit measurable modulus decay, and the
[:45]28 laminates, while indicating modulus decay at the higher peak

stress levels, could not be correlated. i

However, during the course of testing and data reduction, several
other phenomena were observed. For example, in comparing the initial
static modulus to the initial dynamic modulus (see Table 4), it will be
noted that in all cases except two, the static modulus was slightly

higher than the dynamic¢ modulus for the [145]28 laminates. However, the

reverse of the above is true for the [t67.5]28 laminates, as can be seen
in Table 5. The difference in both cases are quite small, and might be
attributed to experimental error except for the consistent trend
indicated. It is reasonable to assume that the.static values for each
of the laminates are the “eorrect” values since they were obtained in a
very controlled manner, as explained in Seection 2. Theretore, it would i ;
be reasonable to assume that the laminate must..have a physical
characteristic that is dependent on dynamic loading. )

As noted above, the initial static moduli of the [f45]28 laminates
were greater than the initial dynamic moduli measured during fatigue
testing. Additionally, when testing was suspended during fatigue
testing due to a 5 percent loss of dynamic modulus, it was noted that
the subsequently measured static modulus was greater than the dynamic
modulus calculated prior to test interruption. However, when fatigue

testing was resumed, the first dynamic modulus measured was also greater
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than the last dynamic modulus measured prior to test intdérruption., This
characteristic 18 indleated, for oxampla, by, Spccimena N45901,  N45701
and N45703 In Appendix B, This occurrence is actually muc¢h more
pronounced than tha data from these tests indicate, since the first
dynami¢ modulus stored after test resumption was typically that measured
a number of cycles after test resumption. In.some cases it was noted
that the dynamic modulus after test interruption nearly recovered to the
initial dynamic modulus, but very quickly decayed back to the dynamic
modulus measured prior to test interruption. This type of behavior is
most clearly indicated by Specimen N45901, due to the test being stopped
at a very low cycle number, where. the number of cycles between a data
storage cycle, as explained in Section 2.3, was small. It is presently
believed that this apparent modulus recovery is due to..a.viscoelastic
response of the matrix material of the laminate when subjected to a high
shear loading. This response¢ was not noted in the [t67.5]2s laminate.
However, this laminate did not indicate any modulus decay, and therefore
testing was not suspended to conduct statié tests.,

The previous phenomena, i.e., differences in static and dynamic
moduli and modulus recovery, were initially believed to be experimental
errors, due to the small magnitude involved. While trying to find the
caugse of these apparent discrepancies,.by checking the test equipment
and by studying the cyclic data, yet another phenomena was noted.
During the study of the cyclic data for the [345]28 laminate, it was
noticed that the stress-strain hysterices loop was shifting from cycle
to cycle. Further investigation revealed that the mean strain of
specimens of the [345]28 laminate was increuasing as the fatigue test

progressed.  This phenomenon 1is . 1lso attributed to a viscoelastic

e —

i at th « x amabet i o
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response of the matérial, Figures 14, 15 and 16 indicate the alope of
the lines that resulted from the linear regression fit of the stress-
strain data taken at various cycles. As can be seen, these lines are
moving to the right, and rotating in a clockwise manner, Additionally,
the .higher the peak stress during cyelic loading, the greater the shift,
The rotation of lines in the figures is the modulus decay of the
specimen, while the shift indicates the viscoelastic response. From
these curves, which are typical of the [:1:45]2s laminates, it would seem
that the viscoelastic response is dominating the results obtained during
the fatigue testing, It is presently believed that the viscoelastic
mechanism_mdy provide an explanation for the lack of modulus decay of
the [t45]28 laminates at low load levels. What may be occurring is that
the stresseés for the lower load levels are being relaxed, and therefore
not propagating damage zonés that would show up as modulus decay.
Conversely, at the higher load levels, the stresses may be high enough
to overcome the viscoelastic response of the material and propagate the
damage 2zones.

3.4 Failure Modes

Figures 17 ond 18 indicate typical failures of the [t45]28 and
[£67.5]28 laminates, respectively. The [tdS]zs laminate . indicates a
failure mode dominated by delamination and matrix failure. The
[:«.67‘5]28 laminates indicate a failure tode highly dominated by matrix
failure and fiber fracture.

When this program was initiated, 1t was expected that the test
specimens would accumulate internal damage during cyclic loading, and
that this damdage would significantly reduce the stiffness of the test

specimen. To determine the extent of this damage, the test specimens
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Figure 15. Slopes of the Stress-Strain Curves for Specimen N45803
' at Various Numbers of Cycles During the Fatigue Test.
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Figure 17. Typical Failure of a [t45],,a Laninate
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Figure 18, Typical Failure of a [t67.5]82 Laminate
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wore andpeetad untog an uleranonie Conean hefore eyelie Joadiog.  After

the Toading of each apocimen wan terminatad,  the apocimen wan seanned
apale By compaetng the bofore and aftor peann of thode  apoeimens, '
accumubatod damoge ., ean be Hoo, l

PFipure 19 taddeaton an oxample of theao scans for Specimen N4 560D,
which dtd not tall atter .‘l,()“ cyclon,  An coan bo soen, there are more
white arcan atter fatigue evellug than before tosting,  Theno white

arcas Indfleate a material anontaly,

At the prosent time, Cescan techndques are not advanced enough to

eatablish that these white areas arve delaminattons, or areas of matvix

]
and Ciher tracture,  The flrat fmpregsion might be that they arve aveas )
of delamination,  However,. a subsoquent scectiontug of selected spectmens
followed by examination i both an optical microdeope and a scanning
aeloctron microscope fatlod to roveal stgnitficant numbors of tatlures of )
any type.  Flguve 20 ts a low (100X) magnitleation SEM photograph of an i
odge of  Spectmen N45602, a lMF»]za loaminate, Indicating the only {j'
obsorved  damage  In the specimen, What appears to be a crvack has 5
propagated across the specimen thicknoss, from the upper loft corner of j

i

the photograph to the lower right.  (The davk.spots arve shadows duting

to flaring in the SEM caused by poorly conducting roglens of the surface

TR NPT R

where  electron  charpe  butld-up  ocenrred.) 1t will be unoted that

Uy SO

parttealarly In the upper loft center of the cvack path, the "erack"
appears to be more of a Mswear'. Figure 21 faoa hipher maputfication
(6OOX)  close-up of thin "smeared" rogton, which can be fdentiticd In
Figure 20 an bolng Just to the lett ot the bripht replon (the tip of
which in at the vight edpe of Flgure 200 This narrow band ol material

doos not appear to be smeared, althouph T wanr not done in the cutting




a) Prior to fatigue testing

b) After 1,010,460 cycles

Figure 19. Ultrasonic C-Scans of Specimen N45602, a [+45] ¢ Laminate
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Figure 20, Edge Crack, in Specimen N45602 of the [£45], Laminate.

process, It is possible that the matrix material, and perhaps parts of
the fibers as well, have been pulverized by the cyclic fatigue action,
conceivably in a shear mode. Obviously further study of tais damage
mode will be required.

For comparison, Figure 22 is an even higher magnification view
(100X) of the same defect shown in Figure 20, in a region where a
distinet crack is exhibited. A good fiber-matrix interface bond is
evident, no bare fiber surfaces being exposed. Some suggestion of shear
lacerations in the matrix can be seen. The lack of damage even one

fiber diameter away from the crack will also be noted.
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Figure 21. Close-up of Smeared Region .of the .Crack of Figure.20.. . ;

T T D)

T Figure 22, Close-up of a Distinct Crack in the Specimen of Figure 20.




SECTTON 4

CONCLUSIONS

During this study, two 1300/5208 . nraphito/cpuxy laminates were
tested to determine modulus decay durlog cyelic loading. The results of
the fatipgue tests of the [t&5]28 laminate indicate a cyecllc peak
stress-dependent modulus decay, f.e., the higher the peak stress, the
greater the modulus decay. Yor the [t67.5]28 laminate teosts, modulus
docay was. nonexistent.

puring the cyelic testing, three secondary effects were noted.
First, the two laminate orientations regpond differently when subjected
to dynamic toads. This was noted in observing the difference between
static and dynamic stiffness measurement. second, it was observed that
there was a modulus recovery when the cyclic loading was interrupted.
However, this modulus recovery very quickly decayed after cyclic loading
was resumcd. Third, the [thﬁlzs laminate cexhibited a very strong
viscoelastic response when subjected to cyclic loading. ALl of these
secondiaty responses were unexpected, and are not tully understood at the
present time, Additlondlly, since these effects are scecondary, they are
unlikely to  receive much atteation. Nevertheless, by  having  an
awareness ot their oxistence when bepinuing any future tatipue testing
program, their occurrence fa less likely to obscure the tuterpretation

of the results obtataed.
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Appendix A
Static Tensile Stress-Strain Plots

This appendix includes the stress-strain data for the 10 static
tests performed. Each plot includes two stress-strain curves, which
were obtained by utilizing two axial extensometers, one having a 3.5 in
gage length and the other a 1.5 in gage length. Théfe is a diffe?ence
between the two curves; however, the difference is small. Importantly,
there is no divergence at the beginning of the curves, which would
indicate the presence of binding. Additionally, the calculated tangent
moduli of these curves are very close, as indicated in Tables 2 and 3

also.
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o Appendix B
%ET. Tables of Static and Dynamic Moduli of Fdatigue Test Specimens

’ This appendix includes the static and dynamic modulus values stored -'?
for each specimen during the fatigue testing. i
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TEST DATE 071071901 » CONTRAGT NO. 40-0338 PROJECT RASA
TYPE=09 11021 TENSION TERSION ® SPECIMEN NAME .N48901
TEST DIRECTION 18 UP » .
MATERIALY +=403 GIVEP,90% PATIGUE » SPECIMEN SHAPE RECTANGULAR
TEMPERATURR 24,00 DEG. €, MUNIDITY 23.0% =
CYCLING FI\PQ, ~weeenceene {0,00 UERTZ % LEAGTR (IN)emmmenane 2,000
FUKCTION CEX RNG,MULT=== 10,00 100,00 * ¥IDTI ( IN)=eomeccnnee |,800
BCAN MATE~rercmmemenanes820,00 B2 * TUICKNESS (IN) ~wmewe 044
OPERATOR #1  MOHAN L
OPERATOR #2 ®
CUHAN, TYPE LOW HicHt CAL-LOW CAL~HIGH GAGE LEN, DESCRIPTION
] 41 -, 013 10,010 0.00060 2000.0000  0,00800 20KLB L.CELL
? 48 .003 10,008 0.00000 .07000  8,80000 LONG. EXT.
6 49 +00% 10,010 0.00000 +01970 .98430  LAT. EXT.

SPECIMEN: N48901

CYCLE # STATIC LORC, DYNAMIT LONG, CC12)R(E+06)
MODULUSH( E+06) NODULUS®( E+06)

1 2.54 . . 2.47 22

8 2.89 +69

8 2.8? +69

v 2.86 +68

® 2.86 .68

19 2.83 «6?

29 2.81 67 L
39 2.34 K4

49 2.380 «66

89 2.28 +68

69 .22 +68 ]
79 2.2? +68

89 2,27 +68 3
99 .28 +63 -
130 2.29 +66
200 2.26 8
239 2.20 68
8108 .80 + 66
363 2.28 <64
420 2.20 + 69 N
49 3.1? «62
834 2.18 +6
886 2.99 2.10 .39
633 2.26 64
637 2.2? +64
642 2.38 64
647 a.28 +64
682 2.28 +64
63° 2.2¢ - 64
662 2.24 +63
260 3.1? .61
860 2.10 89
960 2.09 5 14
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ORIGINAL P
- OF_POOR QUALITY NUS50@2 -

} TEST DATR 73471901 = CONTHACT RO, 43-0338 PROJECT NARA
]
TYPEewm 11301 TPRSIOR TENSION KRPECIMEN NAME N48002

TEST DIREGEION IS8 U

MATERIALT =40 GR-PP 90% PATIGUR HPEGIMEN SIAPE RECTANGULAR

TEAPERVIURE 232 00 DEC, U, BUMIDITY 20,00
LENGTH (1N wmememeae 7,000 v
WIDTH (1N mewmemen=r- |, 500

CVCLING FRFQemamemen=eae 10,00 REQTS
TUICKNESS (1N me=eee (044

FURLTION GLN RAG IUP-=~ 10,00 1040, 00
REAN NP mm e e mwe e «=320, 00 2
OFFRATOR @1 POHAN

OPERVION o
uunvvunu~\tnutn”:tuuutnnnnuuuuanuuttnutuut"ntt”tutnu“at

SRFErNERS

-
;
L
i
.

'y

GHAN, TYPE LN meau CAL-LOY  CAL-NIGH GASE LEN, DESCRIFTION
[} 4\ -, 010 10,010 0. 00000 2000,0000  0,00000 20KLL 1., CELL
% 48 <008 14,008 0, 00000 LATON0  O.00000  LONG, EXT,

6 4 LA03 10,010 0. 00000 +01970 L0430 LAT. ENT. -

SPPCIMENT R48002

CQYCLY » NTATIC LONG. DYNAMIC LONG. CUIDIR(F+06)
BODULUSK( E+00) MODULUSR( E+06)
1 3,70 2.84 .78
a ! 2.47 20
[} d.44 69
- ? .42 .69
9 8.41 .68
18 2.41 .68
28 Q.88 .67
88 e.8° .67
44 .88 N
38 2.38 J60
ot 284 + 68
by a.a8 66
an .48 R
o .91 N3 g
149 2,36 o7 1
200 .4 .68 ;
ast 2,06 67
ore 2.86 .67 i
L2 2,48 .66 \
ane 42,98 .66 ‘ f
302 2,09 .66
297 2,94 .66
ae o,489 60 4
wor 2,40 68 [
[2iry e.41 .68
00e 2,44 .69 ]
04 2,07 .48 .69 i
4 4

k NU5803

e
SPUCIHENT RISO0D
CAMLYE # NIAT G LORG, PYRAMIC LORG, GLIDI R(Be0LY
A HUDULAN * ( Ke 00D NOMIL USRS Ee06)
. o Wb N
L a0 T O '
(RN ) 66
RER] PRI ) 8
< S8 0B
(L] AR TY Ny i
e L.88 63 ‘
- 020 sLan .08
o0 Q.88 N3
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R NL590L .

SPECIMTN: N4B904
cye STAT]

ILE o 1C LONG, DYNAMIC LONG. G( 12) (E+06)
txoxwwsgci E+06) MODULUS2(¢ E+06)
2. .6 -

350 2,40 .62

230 2,86 +63

400 .87 .08
600 2,32 +68
a8 .27 .62
10630 2.22 +60

NUSSO5

TEST DATE 82771981 : CONTRACT NO. 43-8333 PROJECT NASA
TYPE~09 11321 TENSION TENSION * SPECIMEN NAME N483908

TEST DIRCCTION IS UP *

MATERIAL: +-43 GR/EP,90% FATIGUE % SPECIMEN SHAPE RECTANGCULAR

TENPERATURE 28.00 DEG. C, mmmrn' 23.0% *
CYCLING FREQ, ~=emeeceees 10,00 HERTZ * LENGTH ¢ IN)==emences 7,000
FURCTION GEN RNG,MULT~~~ 10. oo 160.00 * WIDTH ( IN)mewecemcas 1,500

SCAN RATE~mmme——e——m--—-320.00 HZ ® THICKNESS (IN)=mmm=~ ,044
OPERATOR #3 *
OPERATOR #2 ®
CHAN. TYPE LON HIGH  CAL-LOV CAL-HICH GAGE LEN. DESCRIPTION
8 4i ~.013 10,016  6.00000 2000,0000 ©0.07000 20KLB L.CELL |
? 48 .603 10.605  0.06000 .07000 8.80000 LOKG. EXT. .
6 49 .006-10.010  0.00000 .61970 .98480 LAT. EXT. -
SPECIMER: R459G3 ;
CYCLE » STATIC LONG. DYNAMIC LONG. €12 R(EL06) R
HODULUS#®¢ E+06) MODULYS:( E+06) g
1 2.70 2.48 .69
8 2.87 .6 |
8 2.88 .66
? 2.34 .
9 2.33 .68
19 2.82 .68 Y
29 2.31 .64
39 2.80 .64
49 2.29 .
89 2.29 .
69 2,20 +64
29 2.27 .68 i
89 2.28 .63 :
99 2.29 .62 T
199 2.24 .6
299 2.19 .61
399 2.16 .60
499 2.11 .8 R
609 2,10 .
700 2.03 .56 : i
a20 1.99 .88
810 1.96 .34
620 1.97 .84
a30 1.96 .54
840 1.98 .83
, 830 1.98 .34
. 860 1.94 .88
\ 870 1.92 .33
. 880 1.91 . !
L 890 1.688 .82
: 900 1.07 .52
o 1
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SITCIMEN: Rebl0}

CYCLL # fTATIC LORG, DYNANIC LOKG, GC 120 E+00)
MODULURH{ E+06) HODULUS2( E+0G)
30 2.83 RYS
ngo 2.26 <61 ;
200 u.81 <63 '
660 .81 .
1050 2.80 .68
1600 2.48 .64
2500 2,29 .68
3300 2,2 .68
4500 2,33 .64
$500 2.82 . .
6300 - 2,81 .64

NU58@2

SPLCINEN: N438O2

CYCLE » STATIE LORG. DYNAMIC LONG. CC 1) S E+06)
MODULUS=( E+06) MODULUSH(E+06)

¢ 2.68 .69
1000 2.87 .64
Bud0 2,29 +63
4090 2.27 62
5050 2.30 +64
6000 .24 .62
?6s0 2.23 .62

" P ,ﬁ‘
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NUS8@g3 e

TEST DATE 072571981 = CONTRAGT NG, 40-0338 = PROJECT RASA

*
TYPE-09 11321 TENSION TENSION » SPECIMEN NAME N43803
TIST DIRLCTION 18 up *
HATERIAL: +=45 GR/EV,80% PATIGUE % SPECIMEN SHAPE RECTANGULAR -
TENPER\TURIE. £3,00 DEG. Cy HUMIDITY 23,058 % )
CYCLING FRIQ), ~meveccecas 10,00 HERTZ ® LERGTH ( IN)mvwocncea 7,000
FURCTION GEN NG, MULT=<= 10:00 100,00 = WINTI () wemmancece 1,800
SCAN I\TEm~~deneonenceanil, 00 U2 ® TUICKNESE (IN)wmeone 044
OPERATOR #t ®
OPERATOR #2 *
Rl * - W R
CUAN, TYPE LOW  HIGR CAL~LOW CAL-NICH GAGE LEN.,  DESCRIFTION
8 41 -, 013 10,010 0.00000 2000.0000 0.00000 20KLB L.CELL
? 48 ,008 {0,008 0.00000 07000 8.80000 LONG. EXT.
6 49 .603 16.010  0.00000 +01970 .98430  LAT. EXT,
SPLCIMEN: N48S803
CYCLE » STATIC LONG, DYRAMIC LONC, G 12) xCE+06)
MODULUS: ( E+06) MODULUSHCE+06) - voom » =»
1 2,68 2.51 .22
3 2.46 . +70
8 2.449 .69
? 2.48 69
9 2.48 .69
19 2.41 +68
29 2.48 70
39 2.48 70
49 2.39 .68
39 2.89 68
69 2.89 .68
9 2.89 68
a9 2.88 .67
99 .38 .67 .
198 2,86 .67
298 2,41 .68
398 2.38 67
498 2.36 47 .
898 2,80 .66
698 2.43 .66 -
798 2.32 .66
890 2.32 .68
998 2.81 .65
1996 a.27 .64
2993 2.26 .63
8994 2.29 .
4094 2.29 .68
4194 2.29 64
4293 o, .64
43983 2.27 .64
4493 2.26 +64
4393 2.26 .64
4693 2.28 +63
4793 2.28 .63
4893 2.20 -1 i
:l\'xzt&mm: N46804 ]
'CLE o STATIC LORG. DYNAMIC LONGC. 12) % Ee
HODULAUS: (E+06) RODULUSR( L.+ 06) o ko8 1
.66 .68 k
300 2,98 .64
2000 2.84 .63
40350 .83 .63
6059 2. .63
7030 .33 .63
900 2, .62
" . oy v J S A - J
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TEST DATE

TYPE=09
TEST DIRCCTION 1

HATERIAL! +=4% GR/FP,70%,PATICUE
TENPERATURE 28,00 0BG, €, HUNIDITY 28.0%
CYCLING FREQ,=wremamanna 10,00 HERTZ
FURCTION GEN RNG, MUILT=== 10,00
SCAN 1L\‘ﬂ'---------------ag\) . oo
OPLRATOR #1
OPERATOR »2

t TENSION TENSION
8 Up

NUS761

T/24.°1901 % CONTRACT NO. 43-8333
SPECINEN NAME N43703
SPECIMEN SHAPE RECTANCULAR
LEECTR { NV omennecee 7,000

VIUTH (IN) mmecevenns |, 500
TH (CKNESS (1R)mevmee

100.00

CHAN. TYTE
8 41

v
°

SPECIMEN: Ne¢8?201t
CYCLE » —

CY 5
wog
20084
30030
8103
82038
RURIINL )
34036
38037
B86USY
87061
28063
39064

0.000 9,998

STATIC LONG.
HODULUSR( E+06)

CAL-LOW
0, 00000
0.00000
0.00000

DYNAMIC EORG.
MODULUS®( E+06)

2.61
2.61
2.89
2.89
2.89
2.89
2.89
2.89

2.

o.89
2.87
2.86
2,89
2.8
2.88
2.88
2.8+
2.084
2.83
2,83
2,83
2.838
2.88
2,49
2.49
2,52
2.52
2.

2.88
2.83
2.83
2,32
2.89
2.82
2,82
2,82
2.82
.81
2.81
.48
2.33
2.49
2.80

ORIGINAL PAGE 1S
QF POOR_QUALITY

PROJECT NASA

ARNNKEREENNN

CAL-U1GH GACE LEN,

CL 12YRCE+06)

3
.
)
i
|
|
i
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ORIGINAL '
NUST70D o soos ohce s

TEST PATE ?/377190) * CONTRACT NO, 43-8335 PROJECT NASA
*

TYPE~=09 11821 TERSJON TENSION ® SPLCIMEN NAME N43?702 (
TEST DIRECTION I8 UP ] !
- MATERTALG «=43,CR/EP,70%, PATICUR » SPECIMEN SHAPE RECTANCULAR
TEMPERATURE 28.00 DEG, C, HUMIDITY 88,08 =
CYCLING FAFQ,wewremneces 13,00 HERTZ * LENGTR (IN)emcanven= 2,000 o
FUNCTION GEN NG, MULT-=- 10,00 100,00 % WINTH ( (M) ewcweeenne 1,800
SCAN M\ Emeenmmeenenseeadd), 00 02 » TUICKNESS (IN)eeweew 043
OPERATOR «#1  MOHAN »
OPERATOR #2 ) =
GUAN, TYPE LoY  HICGH CAL-LOVW CAl =HIGU GAGE LEN, DESCRIPTION
8 41 0.000 9,990 0. 00000 2000.0000 ©0.00000  20iLB L.CELL
? 48 .008 10.018 0.00000 .070060 8.50000 LOKG. EXT. .
6 49 .040 10.018 0. 60000 .03970 .98430  LAT. EXT.
SPECIMEN: N43702
CYCLE # STATIC LOKG. DYNAMIG LONG. G 12) % E+06)
MODULUS*( E+06) MODULUSX(E+06)
1 2.d80 , 2.72 .79
8 2.69 . .78
8 2.72 .78
? 2.68 2
9 2.68 3
19 2.20 (]
29 2.70 .28
39 2,70 .28
49 2.70 N ¢
59 2,69 .28
6 2.69 .28
2?9 2.68 27
89 2.69 78
99 2.68 27
199 2.67 2
299 2.67 K44
399 2.67 f
499 2.63 76 :
899 2.66 .26
699 2,68. .76
799 2.68 .76
899 2.68 .76
1000 2.65 .76
2000 2.64 .76
3002 2,65 .26
4093 2.68 .26
5008 2.68 .26
6004 2,66 26
7008 2.67 27
8006 2.67 22
9007 2.66 .26
16010 2,67 27
20028 2.68 .
30048 2.67 26
40036 2.67 .26
80058 2,67 .76
«0081 2.63 .?8
20160 2.64 .78
801238 2.64 .78
90133 2.63 .73
91138 2.63 .74
92136 2.62 74
93137 2.61 74
94138 2.62 74
93139 2,64 74
96139 3.61 ' 24 )
0?7140 2.61 .24
8141 2.81 24
99142 2.60 .78
100143 2.60 .70
103148 2,89 .78
104146 2.39 .73
103147 2.62 2.8 .78
106148 2.8? .73
107149 2.87 ¢
108134 2,86 .72
109138 2,36 .72
m‘nng a.gg :‘l’
11113 2.82 .
112152 2.80 2.89 .66

P

i S T i
A KN ™o ty;;»u’.: - .
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NLUS703

ORIGINAL PAGE IS -
OF POOR QUALITY ?

TEST DATE 7r87/1981 : CONTRACT NO, 40-0388 PROJECT RASA .
TYPE~09 11821 'raqsxon TENSIOR * SPLCIMEN NAME N45700 . C "
TLEST DIRECTION ) v .
MATERIAL: +~43, ctvm' ?0% . FATIGUE ¥ SPLCIMEN SIAPE RECTANGULAR ! |
TENPERATURL £3.00 DEG. C., NUMIDITY 20.0% # i
CYCLING FREQ,eerecmmeces 10,00 INCNTZ % LENGTR (IN)weemcceee 7,000 b
FUNCTIOR GEN RNC,MULT=»~ 10,00 160,60 * VINTH ( IN)mrewaceene {,500 |
SCAN RATE==evcmemwewene=320,00 - B2 % TUICKRESS (IN)wecene 044 ! i
OPLRATOR #3 MORAN * i
OPERATOR #2 . L _— " t,
CHAN., TYPE LOW  11GH CAL-LOW CAL~HIGI GAGE LEN,  DESCRIPTION i
8 41 0.000 9,998 0.00000 2000,0000 O, ooooo 20KLB L.CELL {
? 48 .008 10,018 0,00000 +07000  8.80000 LONC. EXT. o
6 49 +010 10,018 0,00000 01920 +98430  LAT.- EXT. p

SPECIMEN: N43?03

CYCLE # STATIC LONG. DYNAMIC LONG, GLI2IR(EL06) -
NODULUS#(E406)  MODULUS*(E+06)
1 2.78 .68 .76
3 3.66 78 ]
8 2.68 .78
? 2.68 .78
¢ 2.68 N X
19 2.64 K
29 2.3 78
89 2.63 <)
49 2.623 R4
59 2.68 .74 ]
69 2:68 .74 :‘
79 2.63 .74 ;
89 2.62 74 . 1
99 2.62 74 .
199 2.60 78 4
299 2.89 .28
399 2.59 72 .
499 2.58 .72 . j
599 2.87 72 k
699 2.62 .78 d
799 2,61 .78 {
899 2.60 .73 i
$99 2.60 .78
2000 2.5% 72 o
3000 2.36 .71 4
4001 2.56 7
5001 2.87 .71 o)
6002 2.56 .71 S
2002 2.87 21 ;
8003 2.86 .21
9008 2.587 21 !
10004 '.!. 87 4} { i
20009 2.58 .21
30013 .66 71 x
40017 2.84 .70 o
43019 2.54 .70 i
44019 2.8?7 2.83 (] ! 1
43020 2.3 21 .
46021 2.04 .70 Eoy
47021 2.54 .70 ,
48022 23.84 70
4902; 2,83 .70
HOO23 2.49 .69
51023 2,82 .70
82024 2.36 .67

oS

A S e aid
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ORIGINAL PAGE I3

NLUE7@L O Foom vy

TEST BATR T80 1901 * CONTRACT NO. 40-008 PROITCT NAYA
TYPE-00 | g 'I'Fﬂl'll'ﬂﬂ TERRION RPCCIMN NANE  N4DTOA

TUST MIRLGTION 188 Up
MATIIEM L oo dd G PE, TON PATIGUR RPTCIIR AHAPE ILETANGULAR
o LPRGETH (b eoomnace- 7,000

THHPLIVIUIY, 6 00 DRG, 6 Il"l‘l‘l\:"l:\’ prLm
FUSC PO G WG ST =m0, 00 THO000  MIDTIL (Y escecnanen | (00

SFECES

|
CVCLANG PIPQ . reaccmnoans §11, 0

BEAN NV e memanoracoan (10,00 2 * THICKNESK (INYemac-c (144
OFEIIVTOR #1 MOUAN [
O RVIOR e A
L 13 \.wu.n'vuuuwununnunvuv-u-nnn»"nwuuvnnuvnun (124412411
CllAh. TYPE OV e CAL- LV CAL INGIE QAU § PR, PERCRIPTION
) 41 0 000 9,000 @, 00000 QODK, 0000 0, 00000 BOKLL |, GELd,
? 40 008 10,018 O, 00t L7000 [T T LN, END '
[} L1 JO30 10,000 (UG ) UL AL LTI LAY LNT
NPPCINER: RART04
CYCLE o KRPVTIC LORG, DYNAMIC LONG, HR TG LI AN} -_
MOIMLUN (1 4006) HONMULUINAS Lo 00)
[} 2,77 . —d) GO 20
] 2.47 o
8 $.00 A
v 2.60 Y
9 2,06 w9 J
19 9.04 20
29 8.04 Bx] ]
a9 o.04 78
“) u.!;ll ‘?(\
59 a.00 76
69 U0 g
™ 2.048 ()
30 2 -00 o
99 2,02 L)
199 t.61 3
My 6l 8 1
199 2 00 )
499 2.89 ) ! 1
599 Q.00 ) .
099 2,09 4 .
T Q.68 70
401 2,60 7o
10430 2,060 o
oM 2,00 o8 f
qoat 2.08 4 4
4002 e.88 T4 J
sl 2.09 L] )
ALK 2.09 L -
004 8.488 e ]
8003 2,00 78
06 2.60 38 i
10007 .89 K1
20014 2,60 T8
{020 R i) {
400279 .60 .8
Hooad 2,89 8
40D 2,69 .78 {
I RIS 2.848 W8 *
LR 2,87 .38
87000 .80 78
ABOUT 2,087 W70
BYOAT 2,489 .78
egoan .07 () .
(AR 2.80 W3 ]
62049 2,86 k) R
oHO40 2,04 8 .
]
i
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ORIGINAL PAGE I8

N L!. S 7@ 5 OF POOR QUALITY

TERT WATE P4Q021981 » CONTRAGT NO. 40-A000 PIOIEET NANA

TYPE=00 (1031 TENHION TENRION NORCIMEN NAM  Nen708

TERT DIREGTION R .
HATERIALL o~dB, GRAPT, mn.m'rwur SPLCIMRI SBAPE NECTPANGULAR

TEHPERATURE, 00 DG, €, mmlnm' o4,0n

CVELING PIMQ, > ommononmes 10,00 HLRTY .F‘N(“I'll ({NVoconnesnn 2,000

POl mq GEN G MU = a 10,00 10,00 & WINIR ( (NI wocaunnnan |, GO0

HEAN AT crcverrcoruanacBOY, 00 07 mwm«wn R T EELET TRttt
OPERATOR @) MOHAN
OBERATOR #2Y
uawmnarmn-mtm"nn“hnnn"vumw"mnnnumnmun"nuan”n'”n"”nnn

4

L2 B2 B A2 2 3 8 3

GHAN, 'l\'l‘l' Low e CAL-LOW  GAL-IIGH GAGY. LEN, BERCRIPTION
[\] 0.000 9,998 0, 00000 2000,0000  0,00000  LOKRLY | LCELL
? ﬂl 000 10,018 0, 00000 JO7000  3,00000  LONG, i...l.
] 49 010 10,018 0.00000 01970 90480 LAT.  LXT.

SPRCIMER: N4B708

CYCLE ¢ BTATIC 1LONG, DYNAMIC LONG, G 13IM(E+00)

. HODULUS®C E+00) l'lm)lll.gﬂ;:’ E+00) o0

&?-(!—— J .
8 8,060 0

8 4,608 .
? 2,697 7
9 2,67 44
19 a.€8 W0

29 2,66 .
a9 4,60 6

49 2.63 4

89 3,64 R
©9 2,68 .76
79 4,04 ()
a9 2.64 ()
99 u o4 76
199 e.08 W8
299 2,60 8
899 2,00 08
499 2.62 .78
899 2.00 T4
699 2.01 78
799 2,60 ()
a99 2.61 o4
999 &.60 T4
2000 2,60 74
3001 2.61 8
4003 201 78
8008 8.6) o8
04 2.61 70
004 2.061 3
tooa 8,00 74
9006 2.0} W°8
10006 &.61 .78
Q020 Q.68 78
adouss .61 5]
40049 3,89 g
47042 2,89 78
48048 4,089 20
49043 a.808 78
biHI44 e, 88 . 7Y
81044 2.88 . ey
BL048 .00 08
81048 2.88 32
LERLT 2,87 W28
88046 2,87 2
DOte 8.00 Kt

s

K



TERT DAY
TV

Frs b DGR IR
(IR {1 L R
TENPEL UL 800
IRYR R IR LAY *

VURE PG GEN BING P =
DR (TP

KU RV

arravien 21 HONAR

GFRVIL o 2

S L VENSION TENSVON
up
e, Y

(U R

arieug
UUTTETY 28,05
1L 00 RN

ORIGINAL PAGE
OF POCR QUALITY

NLS601

P10 1001 # CONTRACT Nb, S 138 PROIFET NANA
.

& SPECTREN Nat Nabhoot

L

# RPPCIMUN BUAPY ICTARGUL AR
»

i LENGTH (e e 7,000
§

100, 00 WINEL C ANy momme e 1000
w2 e o THIURNESS TR EESITE T UL

L)

TR -‘.uvouv,mm\umwnwvunmmnunxmcu-t rl'humlwmamw\mm«tw.«*\wawhm:.\ uuwnu"t

CHAN, VR
31

b

v LT
O L]
) a0

RETCUENE Nbbol

[HYMEN

¢

NUAY

MODULURY L Bde)

- TS A

-

i

o

109
REL)
a4ty
498
sl
o)
T

[ 1)
LYY
1o
DAY
UMK
BULN
Wood
0 D KY
o
o
YUY
o066
oy
HOU IS
B LI
HODGY
[TEIIRY )
YUY
HONVIY
[P T UL
[GUR N
suopiily
HEII TR
QU
KUR Y]]
end o
ORI
[IIE T )
wiaund
LRETIUN)
DRESUN )
LB RITHI
CRETRIR
Sudoiit
LYY
CHAC
QUBIG
[TIUR |

Lov

L0008 10,000

SO0

16 LORG,

8.7

o GAL-tan eAL-ial t‘n\(‘-l'.‘ LYN,

UL
U U AT
A 0l

MRCPTION

WL IGD . 000, 0000 A1, (RTTCTUN (U N R [ HERY

O 00 L0000 BLheeae Lo, FNT,
PO LOTO ‘opado LAY ENT.
0, QOO0 lgeta 100000 LONG, NV,

PYNAMLIC LORG, GLILY BB 06) ..
RODULURY (L 00D

R & 29
R i
2,7 o
8. RY:)
0. )
2.8 Rl
870 ()
4.7 R
Q.09 %A
9,69 T
2,72 el
RS | o
0Tt 37
9,09 30
eV (]
PN i
.70 2T
o Ny
RIS} Y
Q.90 e
2.70 s
2, TO Rt
o928 78
a.%0 w7
o, )
RIS Ryt
a0t )
RA{\] x4
2,70 Y
0. Ry
o.v8 Y]
KN4 Y]]
9.0 )
R 3| R{
o0 i)
IOt 79
e )
o2 .
a,78 ]
2,78 ol
9.0 o0
AN A
U] e
ST Ry
94,74 O
2.7 T
4. L)
g )
el )
FUN i} )
PR K
AN T
2. L
A | A\
NN T
R Ry
wLoh Y1)
s oul )
R O e}
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!

ST DATE
TYPE=09

RRNEBXRERESCRRR
CHAN, T\'ES
1

AT

SPECIMEN: N43602

STATIC LONG.

HODULUK: F406)
2.80

CYCLE »

4998
8998
o8
7998
8998
9998
19998
Q997
{9907
49996
HONY4
09908
TH92
ST
99901
to0av4
299063
BO06
49993 ¢
600008
THIIO2
80184
200297
[UNTY 4
RO
a6
90823
[ TOVRA L)
9700833
PHOI40
990818
1000032
10104358

NUS602

ORIGINAL PAGE IS
OF POOR QUALITY

/73571901 & CORTRACT NO, 44-D028 PROJECT NASA

11821 TENSTON TENSION
TEST MIRECTION I8 UP

MVIERIAL! *=4d , CILP, 605, FATIGUE
TEMPERATURE 88,00 DI, ¢, WOHIDITY Q3,00
CYCLIRG FIUQ, wmweeecncan 10,00
FURGTION GUN NG, UL T=w= 10,00
SCAR WATEeeeerencaneennalR0, 00
OPERATIR @}
OPFRATOR »2

.

*

IHERTZ

(X Z X XN X R X X J

SPECIMIN NAME  N4DOO2
SPECIMEN SHAPE RICTANGULAR
LENGTH (1N mencnanes T,000

WIDTIL ( 11 mamammaane {800
'l‘lllClv‘.NBSS (IN)wbmwee 043

-+

LoW  utch

-.008 9,983

010 10,013
<010 1h. 010
+010 10.010

2.09

DYRAMIC LOKG.
BUDULUS:}(o E+O6)

GAL-UIGH GAGE LEN. DESCRAIPTION

0,60080  2UKLL L.CELL
8.80000  LONG. EXT.
+98430  LAT. EXT.
1.80000  LONG. EXT.

GC I2I%(E+06)

i

LR, AP




69 ?
ORIGINAL PAGE IS ?

OF POOR QUALITY NUSBG3

. TERT DATE. ?/20/3901 * CONTRACT NO. 40-Batd PROJEGT NASA
o h v
C TYPE=09 11021 TENSION TENSION » BPECIMEN NAME H430600
-0 TENT DUCTION I8 Up ¥
b . NATERIALY #-45,CIVEN, 6085, FATIGUF, » SPECIMEN SHAPE NECTANCULAR
D TEMPERATURE 24,06 DEG, €, HUNIDITY 83,08 »
1. CYCLING FHEQD, somwecaamces 10,00 HERTZ # LEHGTH (1) mmemeece~ 7,000
FURGTION GEN NG, HULT ==~ 10, 60 100,00 % VIDTH (1) wmecneenes | 500
: SCAN RATEmemecermennen=-300,00 02 % TUICKNESS (IN)omemmm L 044
OPEIATOR #1  NOMAN ®
OPERATOR 2 *
CIAR,  TYPL Lov  uicH CAL=LOV CAL~-HIGH GAGE LEN.  DESCRIPTION
o 41 0.000 9.995 ©.60000 2000,0000 ©,00000 20XLB L.CELL
? 48 .003 10.018 0.00000 L07000  8.00000 LONG., EXT.
6 49 010 10,018 0.00000 .01970 L98430  LAT. EXD,

SPECIMNEN: N4560S
CYCLE

. 'ATIC LOKG, DYNAMIC LONG, CC12)*(E+06)
HODULUS% E+06) MODULUS:2(E+66)
1 2.7 2.66 +40
3 2.66 .40
$ 2.66 .40
? 2.66 41
9 2.68 .40
19 2.64 .40
29 2.68 .
39 2.68 .40
49 2.64 +40
89 2.64 .40
69 2.68 40
79 2.64 40
89 2,64 +40
99 2,68 +90
199 2.63 40
299 2.63 . 1
399 2,68 o4 ;
499 2,62 +40 | :
599 2.63 4 i
699 2.62 .40 b
799 2.62 +40
899 2,62 +40 1
999 2.62 .40 ;
1999 2,62 . {
2999 2.62 40
4000 2.63 +30 b
8000 2.64 «40 ‘
6000 2.64 +40 q
72000 2.64 .4
8031 2,64 .
9001 2.64 +40
10031 2.64 +40 . Y
20004 2.6¢ .40
80006 2.64 +40
44016 2.68 .27 ) i
80020 2.61 .76 o
60023 2.638 .26
70027 2.08 77 1
80028 2.64 .26
90033 2,63 26 of
100037 .63 26 j
200064 2,64 .76
300301 2.68 44 h
4001567 2,63 7
410164 2.63 .76 *
420170 2.62 76 ]
450177 2.62 .26
+$0183 2,62 .78
450190 2,62 .76 ‘
460196 3.61 .06
. 470203 2.60 .26
SR 450210 2,60 .76 )
. ' 490217 2,88 .76 4
800229 2.06 .28 1
301224 2.86 .78
2,86 .
2,86 .73 [
: 2.66 .75
. 2.88 .78
o 2.88 .78
' 2,34 .70
203 2,84 .70 .
- BUYED 2.03 .23 }
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NUSGO3 CONTINUED

CYCLE » KTATIC LORG, PYIANIC LONG, CLI2I{ E+C06) .
TUBULUNY( K406) HODULUS :( E+06)
6002414 a.80 2,30 8 {]
D948 - 2.60 76
HU9243 2.58? .70
809247 2,87 76 -
o4 Q.07 .76 q
gooasv .67 i)
269 2.86 76 NN
Heti 8.87 26 ORIGINAL PACE 13 A
¢ 2. 76 ) |
509299 2.56 . LITY : L
809399 2.06 .gg OF POOR QUA R e e <
509319 a.86 .76 : Ty
809329 2,86 76 ‘
5609339 3.88 W26
804439 3,88 .73 . s
509539 2.584 N ¢ : -
809639 2.84 .78 ’
HeOTI9 2,33 .73 :
509819 2.81 74 i
8095949 2.50 74 ;
810049 .82 78 f 1
510189 2.82 .28 . ]
5610U340 2.82 .28 : : 4
511040 2.80- 4 b
811140 2.80 24
811220 2.49 74 ]
811840 2.49 24 :
511440 2.48 .74 \
511340 2.47 74 :
81104} 3.46 .74
S11741 2.46 2.43 .28
LARL SR 2,89 .79
811941 2.48 2,27 .69
N
L5 KoL !
‘\« ) 5 6 @ (§
TEST DATE 7/,29,1981 ® CONTRACT RO, 43-8333 PROJECT RASA
»
TYPE-00 51321 TERRION TEXSION » SPECIMEN NAME N43604 f
TEST MRLETION °&  UP » g
MATERIAL: +=43,GREP. 607, FATIGUR » SPECIMEN SDAPE RECTANGULAR
TENPERATURE 28.0n4 DEG, G, NUIIDITY 2d.0n » R
CYCLING FREU. =wee——ese=== 10,00 UCRTZ ® LENCTH ( INVemceccaen 7,000 ‘»
FUKGTION GUN RNG,TALT=== 10,00 100.60 ¥ WIDTH (1N} cemeecace 1,500 ;
SCAN RATh- oo mmme—=emv=-J20.00 U2 * THICKNESS () mwmm=s 044 |
OPLIATUN #1  NOINAR * ;
OPLURATOR #2 o= |
BRLRRRAEE KEIR £ 3
CHAN, TYPL Lov  nicn CAL-LON GAL-RIGH GAGE LEN.  DESCRIPTION
8 41 0.000 9,993 . 00000 2000,0000  ©.606000  20KLE L.CELL
? 42 .003 10,018 0.00000 L0T000  3.850000  LONG, EXT.
6 4 L0100 10.018 0.00000 01970 .eB430  LAT. EXT. ,

KPICINEN: R48604

CYCLE @ [ eagid LONG, DYRAMIC LORG, CL 122 (EH06) *
FDBULUR L smm NODUINIS ! £+06).

v ] 2.7 2.7 .80
. a3 2.74 .80
- 8 2.72 .80
¥ % 2.72 .80

: ° .72 .80
19 2.7t »80

! 29 2.7 .80

i 39 2.72 .80

i 9 .20 ' 79

N 89 2.70 79

. 63 2.70 .79

; vl 2.70 W70
' 6? 2.69 19
69 .09 79

7n 2,69 .79
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NUSGEH CONTINUED

[STHER J : 3 Pﬂ‘ M (:g
* NEAT RS LON, PYIANTE T ONG, G L 00D ORl
‘E l\-

BOBLLA S (1) RDULUN: (Potiey)

) '{:‘ Y
R o OF P00R QUALITY
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W 5 ‘}: N
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1 KX s
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iy b N0 |
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1oy 33 S0
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| R 201 '
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. oy By .zv
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R 20 en w8
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rosy i g
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- 72 ORIGINAL PAGE IS

NUSEgg . TP

TESI DATE . 9/ 071901 * CONTRACT NO. 43-8338  PROJECT NASA

TYPE-09 11321 TENSIOR TENSION ® SPLCIMEN NAME NeS606

TENT DIRECTION IS up » .

MATERIAL: +=43, GILER, 60%, FATIGUE # SPECIMEN SUAPE RECTANGULAR

TEHPERVTURL: 23000 BEG. ¢, numm'n' 23.0% »

CYCLING FINQ, wm=om=-mc== " 10,00 HERTZ & LENGTN { {N)wmmeemene 7,000

FURCTION CEN RIG,MULT-== 10.00 100,00 * KIDTN (IN}eceamamuun {500

SCAN RATE=-eee-ecmumenuegd30.00 B2 £ TUICKNESS (M) emme-v 044

OVERATOR #1  SINIPPEN *

OPERATOR <2 L% )

CHAN. TVPE LOW  WIGH  CAL-LOW CAL-RIGH GAGE LEN.  DESCRIPTION

[ Y] =013 10,010 0.00000 2000.0000  0.00000 20KLB L.CELL :
7 40 008 10,005 0.00000  .07000 3.50000  LONG. EXT.
& 4 003 10.010  0.06000  .01970  .98430 LAT, EXT.

SPEC1 HEN: N4S606

CYCLE STATIC LONG. DYNAMIC LONC, CC12)%(E+06)
HODULUS*( E+06) MODULUS®(E+06) - - -
2,78 2.70 .?8
3 2.68 .78
] 2.66 7
? 2.68 a4
9 2.68 o
19 2.64 x4
29 2.64 .77
39 2.63 76
49 2.64 3
39 .04 o
69 2.64 Ntd
9 2.68 6
89 2.638 «76 .
99 2.63 76
32° 2.62 .76
4937 2.68 .76
€605 2.68 s
822 .63 Bt
9940 2.63 76
11607 2.68 (]
13278 2.04 g
140942 2.068 7
1o 10 2.66 Ny}
33290 2.68 T
49970 2.68 .78
66039 Q.68 At
83320 2.67 .78
100006 2.68 544
110683 2.68 78
133360 2,67 .78
150041 2.867 .78
1LOT 19 23.67 .78
333308 2.68 .78
400224 2 .08 .78
416904 2.64 .78
433383 2.64 .78
430203 2.64 .78
456933 2,04 .78
458623 2.64 s
300304 . 2.63 70
S10984 2.63 8
543663 3.62 .
350336 2.63 7
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NUSBO7  oFeook auay i

TEST DATE 9/10/1941 * CONTRACT NO. 43-8333 PROJECT NASA
»

TYPE-07 11821 TENSION TERSION ¥ SPECIMEN RAME R4560?
TEST DIRFCTION IS up » )
HATURIAL: +-40,CRVEP, 60%, FATIGUF, * SPECIMEN SHAPE RECTANGULAR
TENPERATURL 23,00 DEC. €, HivMinify 23,07 %
CYCLING FRLQ, ~===w -nemeee 10,00 HERTZ % LENGTH ( IN)==cencees10, 000 1
FURCTION GLN RNGMULT-~~ 10,00 100,00 * WIDTH ( IN)~mmaccenc= 1,500 ;
SCAN R\TF-osromcnmcanee. §2¢,00 HZ ¥ THICKNESS (IN)mwome= 044 :
OPLRATOR @1 EBHIPPEN *
OPERATOR «2  MONAR *
CHAN.  TYIL LoY HIGH CAL-LOW CAL-11CH GACE LEN. DESCRIPTIO)
8 41 ~-.013 10,010 6,00000 2000.0000  ©0.00000 2OKLB L.CELL
k4 48 +003 10,003 0.00000 L0000 3.80000 LORG. ENT. 3
6 49 003 10,010 0,0000¢ 01920 . 98430 LAT. EXT.
4
SPECINEN: N43607
CYCLE ¢ STATIC LONG. DYNAMIC LONG. GUI2IR(E+06)
NODULUSs:( E+06) HODULUS®(E+06)
1 2.%6 » 2,71 .78
8 2.68 : .27
$ 2.69 R4
? 2.68 x4
9 2.68 ¢4
19 2.67 .27
29 2.66 T
39 2,66 x4
49 2,66 .77
39 2.67 ;?
69 2.6V s
T 2.66 -7
89 2,66 77
99 2,66 27 ;
a270 2.64 .76
4938 2.64 .06
0603 2,66 .
8278 2.64 .76
9940 2.68 .26
. 11608 2.64 .76
13273 8.65 .?6
19943 2,63 .26
16610 2.66 .76
332491 2,67 .77
49970 2,66 .76
©6633 2.66 .20
83338 2.68 c
100018 2,06 .76 .
116693 2.66 o !
130872 2.67 77
150031 2,67 .
166731 2.66 .76
333526 2,66 77
s00327 2,66 P
vaT148 2.68 77
833980 2.68 .76 .
HoTu48 2,66 .76
864031 2.66 06
900713 2,64 .26
917399 .63 .76
LRETRG 2.68 .26
480765 2.63 ]
QOTIIY 2,63 .20
984130 2.04 76
tupoi e 2.6 ¢
10170080 2.62 . 2.63 W70




1 ;
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|
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NUSEO8 OF POOR QUALIY

TEST DATE 9710719013 : CONTRACT NO. 43-8338 PROJECT RASA
TYPE-09 11321 TENSION TENSION » SPECIMEN NAME N¢S608

TEST DIRECTION 1S UP %

HATERIAL: +-43,CIVLP, 60%, PATIGUE * SPECIMEN SRAPE RECTANGULAR
TEMPERATURE 28.00 DEG. C, HUMIDITY 23.0% »

CYCLING FRLQ,-=memmaces: 14,00 v * LENCTH ( IN) »eemeanea=10,000
FUKCTION GEN RNG,MULT=-- 10.00 100.00 * WIDTH (IN)=ecerecoana {1,500

SCAN RATE=~mmmemememeweaces 820,00 HZ # TUICKNESS C(IN)=emmne 044
OPERATOR #1 SHIPPER 3
OPERATON #2  MOUAN *
CUHAN, TYPE Low nicGH CAL-LOW CAL-HIGH CACE LEN. DESCRIPTION
8 41 -,013 10,010 0.00000 2000,0000 0,00000 20KLB L.CELL
? 48 .005 10.008 0.60000 07000 3.80000 LONG. EXT.
6 49 +0603 10,010 0.00000 .01970 .98430  LAT. EXT.

)
SPECIMEN: N45608

CYCLE « STATIC LORG. DYNAMIC LOKNG. GC12) 2 (E+06)
MODULUS*( E+06) MODULUSS(E+06)
1 2.81 2.71 .78
3 2.68 - 27
3 2.69 - W72
? 2.68 27
9 2.68 22
19 2,67 .77
29 2.66 K¢t
39 2.66 27
49 2.66 Ked
89 2.67 27
69 2.67 87
79 2.66 Kes
69 2.66 77
99 2.66 27
2270 2.64 .26
4938 2.64 .26
6608 2.66 27
8278 2.64 .76
9940 2.65 .76
11608 2.64 .76
13278 2.68 .76
14943 2.63 +76
16610 2.66 .26
33291 2.67 27
49972 2.66 K23
66653 2.66 27
83333 2.68 .

100013 2.66 .26
116698 2.66 27
133372 2.6? 27
150033 2.67 27
166731 2.66 .76
333326 2.68 K s
800327 2.66 Ked
667143 2.68 22
833980 2.63 .76
867348 2.66 .26
84031 2.66 .76
900718 2.64 .76
917399 2.63 . .76
934082 2,68 .76
930763 2.63 .78
967437 2.63 .76
9834130 2.64 .76
1000812 2.63 .78
1017080 2.63 .76




PAGE 18
- NUSE0Q  eon quay

' ‘ TEST DATE 2¢20/1901 * CONTIMCT NO. 43-830% PROJECT NASA
- TYIP=09 11324 TENSIOR TENSION SPECIMEN RAME N43609
TUST MUrCeTion I8 up

*
13
.
»
MAFLREAL! +=40,GR-EP, 607, FATIGUE » KPECIMEN SHAPE RECTANGULAR
»
*
.
*
*

TERPERATIRG 08,00 DIG, €, MIDITY 23.0%

CYLLIRG FRLQ, ~=memmeenae 10,00 HERTA LEHCTH (IN) mmeceace= 2,000
POMITIOR GEN RREG, BV l"‘-“- l“ o0 100,00 * WIDIH (IR) mmemcccnes |,500

RCAWR RVTEimmmm o menr mee V0,00 WL : THICKNESS (3N) =womme=e 044 )
OPLRATOR »1  MONAN

OPLRATOR #2 ®
EXRHR KL EER T TRERRD & 3 ® '\ *
CUAN. TYVPE LoV IIGH GAL-LOW CAL=-111GIt GACI' LEN.  DUSCRIITION
8 41 -, 0 9,508 VL O0000 2000.0000  0,.08000 20KLB 1. CELL
v 48 SN0 10,013 0L Q0000 L0000 3.30000 LORG. EX,
© 19 L0110 10,4110 V., 00000 ,01970 JA8%80  LAT.  EXT.
3 40 L0100 10,010 0,00000 JA6000  1.80000 LONG. EXT.

SPLCIMIN: Ni56Q9

CYCLE » STATIC LONG. PYRANIC LORG, CLI2)IR(E+006)
NODULUSS F+06) MODULUSH{ E406) =
5 IR { 't T —— .:’.::}‘3 gg
3 2.73 09
? 2.7 .79
9 0.72 .79
19 '.: . ‘:: 1 . ;g
& &7t .
39 2,71 70
49 .71 .79
39 .71 .o
©9 ;.:.;1 .29
7o 2,70 o8
o 2.71 9
99 2,70 o9
108 2.7 .79
o %y P
it fieo 78
408 2,00 .70 '
308 2,71 .78
* oLl 2.7 .78
To8 2,70 T8 3
w2 2,69 78 ;
908 2.7 .78 b
1997 2,09 .28 :
290 2.08 Red 5
RETIY 2,69 T '
POTX 2,69 .78
994 2,70 .38
P 2,70 %8 ' 1
Tz .7 .8 :
e niTy T8 :
9991 2,50 .78 %
10070 2.70 %8
LDBH0 2.7 .8
DY t‘.: 2' . '_.:x: . ;z
PETH 2.7 . 4
LUD AR :’32 . ‘.’;‘8‘
9900 .91 .
THRI 2.69 .78
Beiia 2.0 .78
aaiaa a.7 T8 k|
foagan T .8
Quorn 10 2.00 ST
anaiin 2,69 7
490830 2,06 . z; .
RYLD B IR &S00 .
3‘104:‘; :‘.mt: .':".‘
H00410 2,68 27 }
ERUTHI 1‘: o |
349 :e. .y
:..w;::_: :.\ 20
soeud il 62 T
avotle ‘.:.m T ‘
[nost 2.08 &8, 60 Q] A
DU 1L 2,60 .70
. 1
]
i
F
- ~— e : : S _

o oA RS T it i et st R L T A5 A T
et o . e it e S

i
s
e » )

E
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OF POOR QUALITY
NUS501

TEST DATE 871771981 : CONTRICT NO, 43-8333 PHOJECT NASA
TYIL-00 11328 TENSION TENSION » SPECIMEN NAINE N4330% ¢
TINT MRECTION I8 up »
ANTLRIALS '-41 +CIL'EPOXY, 8078 FATICU » -SFECIMER SUAPE RECTANGULAR
TEHPERATURE 24,00 DEC, C, utmunw 233.07% =
CYCLIRG FIEQ, conanananca 10,0 % LENGTHl ( IN)wwmcacane 1,000
FUNCTION GEN RNG,MULT=== 10, 00 wo 00 » VIDTH (M) emucwnecne 1,500 . .
BCAN RATE-ewememarmameee020.00 N2 ® THICRARESS CIN)~ww=ee 044 A
OPERATOR #f MOHAN » ‘
OPERATOR #2 * ) L i
CHAN, TYPE Low  nicy CAL-LOVW CAL-BIGH GAGL LN,  DFSCRIPTION ' ‘
8 41 ~. 018 10.010 0,00000 2000,0000  0,00000  20KLB L.CELL !
? 48 005 10,003 0., 00000 L0200 8,30000  LONG. EXNT, i
© 49 +003 30.010 0, 00000 01970 «98430  LAT. ENXT.
‘I 4“
!
!
SPECIMEN: N45801 : '
CYCLE » STATIC LONG. DYRAMIC LONG. CC12)%(E+06) " ;
HODULUS®( E+06) HODULUS®( E+06) ) ;
1 2.80 .87 .83 ! ‘
g8 . .86 .83
8 2.87 83
? 2.90 U8
9 2.84 .82
19 2.83 .82
29 2.84 .82
39 2.86 .
49 2.88 82
89 2.84 .82 )
69 2.8% .83 7
7% 3.87 83
89 2.84 .82
99 2.83 N
199 2.e0 .81
298 a. .81
398 2.79 .01
498 2.80 .81 N
598 2.80 .81
698 2.79 .80
798 2.9 .80
897 2.79 .80
997 .76 79 .
1996 2.79 .80
2995 2.80 .80
3993 2.80 B8O f
4992 .81 .80
8990 2.79 .80
6989 2.81 .
7988 2.02 N
8986 2.79 80
9983 2,79 .80
19971 2.81 .80
29937 2.81 .
29910 a.%a .80
49928 2.82 .81
89914 2.83 .81
69900 c.ul .80
79083 .81 .80
9ao9 2.02 .80 : .
o4 2.680 .80
199700 '.).? 9
2990837 2.8t .80
899420 2.81 .80
499138 2,82 .81 .
899183 2.82 81
©99078 2.84 8
TIRVEO 2.78 o.42 .81
898026 2.8 .81
908870 2,02 .81
218386 a.81 .80
923833 2.82 .81
9BHIBIY o.62 .81
241038 2.80 .
934824 2.80 .
68018 z.m 0t
THEND e,.682 01
834793 2.80 .80
991792 2,83 81
991799 .79 +80
994290 2.02 .81
94789 2.89 .81
IR L. .80
996787 2.8 .80
90780 .01 80
99HTHS 2,79 80
909734 a.m 80

1000204 2.78 L.00 .80




ORIGINAL PAGE 18 77
OF POOR QUAL

NG7301

TEST DATE 9,20/1981 w CONTIACT KO, 43-008% PROJECT NASA
.

TYPE=09 11821 TENSION TENSION s SPLCIMEN NAME No7801
TEST DILCTION I8 up [

MATERIAL: «<07,0,GILEP,00% PATIGUR % SPECINEN SHAPE RECTANGULAR
TEMPERATUIL 28,00 DEG, Gy HUNIDITY 23,08

CYLLING FRE(, woenesnneee 10,00 JERTZ LENGTH (IN)mmecncmean 2,000
FUNCTION GLN RNG,MULT~=e 10,00 100,60 % VINTH (1) mecmracann |, 500

¥XBEANR

SCAMN M\ e mmemnmaccenana iy, 00 TIICKNESS (IN)==cmee 044
OPERATOR oy
OPERATOR 2
BRERRRERPRRY RER ERRRRERRRPRYRE® § 3
CHAN,  ‘TYPL LOW  nicH CAL-LOW  CAL-UIGH GAGE LEN.,  DESCRIPTION
a 48 -, 018 10,003 0.00000 1000,0000  ¢,.00000  IKLD L. CELL
¢ 48 L010 10,020 0.00000 07000  $.00000 LONG. FXT, ‘
6 49 LO10 10,048 6. 00000 .01970 +9B430  LAT.  ENT.
SPECIMEN: N67801
CYCLE » STATIC LONG, DYNAYMIC LONC. G 12)R(E+06)
MODULUS®( F+06) MODULUS*( E+06)
3 1.86 1.08 .69
K] 1.58 .69
8 1.8? +69
N ? 1.3? .69
= 9 1.59 .69
19 1.87 69
= 29 1.87 .69
. 39 1.37 .68
49 1.8? .68
89 1.86 .68
69 1.82 .68 1
?9 1.57 .68
89 1.5?7 .68 4
99 1.67 .68 1
179 1.86 .68 4
189 1.8? .68
200 1.8? .69 P
210 1.56 .68 4
220 1.57 .68
230 1.56 .68
240 1.86 .68
: 230 1.56 .68
i 260 1.86 .68 !
%0 .. 1.55 .68 §
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OF POOR QUALITY

NG7802

TEST WiTE 10/12371901-% CONTRAGT NO, 40~-G308 PPOJECT NASA

»
TYPE-09 11321 TENSION TENSION % SPECINEN NAME N6TB02
TEST DIRCCTION 18 up .
MATERIALL +-67.0,GR/EP,010% FATIGUE * SPLCIMEN SIAPE RECTANGULAR
TEMPEIWTURE 23.00 DECG. C, uunwl'rv 20,05 = ,
CYCLING FIEQ,~=rewceasae 10,00 QENTZ % LUAGTT ( IN)emwcenneee 7,000
mnm‘w\ GEK RNG,MULT=== 10, oo 100,00 & WIDTI ( {N)weeneenn=s 1,800
SCAN MATE-~ecrocrmeecn=all),00 B2 ® THICKNESS (IN)emm=~a 044
OPERATOR @t SRIPPEN ™
OPERATOR #2 "
CUAN, TYPE Lov  #ich CAL-LOW CAL-TIICH GACE LEN,  DESCRIPTION
8 42 «013 10,010 0,00000 1000,0000 ©0,00000 xxw L. CELL
? 48 .010 10,018 8, 060000 .07600 8.80000 . EXT.
6 49 .010 10.018 0. 00000 101970 +98480 LM‘. EXT.
SPECIMEN: Ne?7802
CYCLE # STATIC LONG. DYNAMIC LONG. G 12) % E+06)
NMODULUS( E+06) MODULUS®( E+06)3
3 1.853 1.88 06?
8 1.8¢ N3
3 1.54 .6
? 1.84 «6?
9 1.84 .67
19 1,88 .
29 1.84 .6
39 1,84 6
49 1.54 .67
89 1.54 67
69 1.84 .
?% 1.84 .6
89 1.34 .67
99 1.84 +67
199 1.84 W67
299 1.88 67
899 1.88 67
500 1.88 6%
820 1.53 67
830 1.83 67
540 1.88 +66
830 1.88 +66
560 1.88 +66
870 1.88 .66
880 1.88 66
890 1.88 +66
600 1.83 +66
610 1.82 +66
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OF POOR QUALITY

678075

TEST DATR

[URY il.\l«ll\ (3]
OPF YT e

7

(] 49

KPECIMENS N(a“'H(\ }
C¥eLl-#

TYPE~00 11094 mmmn TENRION
'mr HIREETION 1N y

. HATLIEALY =67, 8, Gie BP0 PATIOUT
Tk lmuur Al 00 PG,
CYULIKC Tl eaaneracana {1, 00
wm*wn t.u NG, MLT=re 10,00 100,00
®OAN N EE e ~~r-r--aﬂawar"uu [T Y]

BIIPPEN

SOV MOEENBRLFEGRERRERRPNRDRFRRAN NS PONARR
CUAR,  TYTE
0 4

40

LOW

018 10,010

Gy HrnETyY og, 00

107181981 ' CONTRANT fi0, 40-AB0G
ﬁmmm'u LA
SPEGINEN BRAPE REGTANGULAR
LENGTH ¢ iN)eennesvac T,000

1t ¢ {Hirrrenoanrs

THIGKHEHS (Midoooene

) d

!C'.‘!!Q-l"

L0 10,080 T
10 10,018 OrOoo

TIE LONG,

PYRAMIE LONG.

Wi

GC1IDIR(E06)

Norden

G=00000
th BOBO0
T

PROJFAT HARA

1 00
(a4

VREBRABIRE BNIRBAARPREBENREEERD I INARERBNERY
G GAL=TOW  GAL=IIGH GAGE JihiE
0L, 00000 K0k, G000
LOAT000
1070

BERCNIPTION
LN 1, GHLb
LONG, DNT,
LAT: BXT,

mnm UK (P4 0d) MODULUNC 14 06)

1 1,18 Loue N3
0 1,086 N4
] 1.00 67
? 1,088 X4
9 1.05 Ny
19 1.0 07
29 I.M NS
49 1,40 a9
49 1,808 O°
39 .00 o?
69 1,00 67
?9 1,80 &Y
uy - 1.06 g
93 1,86 6%
9B 1,08 67
97 1.00 Ny
99 £.080 .67
109 1.04 00

A T e L et e o —‘z‘n o L '1@ i, i

sminin et
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'\n 6 r7 s7 .0) 1 OF POOR QUALITY

TENT DATE 9/29/ 19101 : GCONTRAET NO, 40~0006 PROJTCT NARA
TYPE=09 11021 ﬂ*nmon TENRION w RPLCIAMEN NAME  NOT703
TEST DIRSGTION I8 up *
HATERIALY #~67,8, mvrl' 'm'x PATIGUR n SPCCIMEN RUAPE RECTANGULAR .
TEMIE nm:iu. 8U, 00 BIG, € mnnm'w 23,01 » .
OYCLING FllLu, cmmamonaonn 10,00 JERTZ " LENGTH (I euncuenns 7,000
FURCTION GLN RNG UL T=== 10, tm 100,00 ® NPT (1) emwoncnnes {1,500
REAN WATHnemornnecannenalli, 00 112 % VIICKNESS (i) memane 044
OPERATOR # 4 "
OPEINTUN 02 " .
RANAENEFRRYRRRRVVERAARANRRRBRBRERLE KA VERRP HARRANREBERRARRUY PNAERRRN RSP RP R ERV A SRR . 4
CUHAN, TV LOW NG CAL=LOY  CAL~NIGI GAGE LEN,  DUSCWIPTION 1
1] 493 =, 010 10,008 0,00000 1000,0000 0.00000  {KLD L. GELL . ' !
7 40 010 10,020 0. 40000 L0000 8.00000  LONG. EXT. oo
6 4 10 10,018 0.00000 01970 +90900  LAT, EXT. b
]
3
srrctm‘m N6?701
CYCLE » |TATIC LONG, DYNAMIC LONG, Gt 12) ¢ E+06)
MODULUSH(E+00)  * rxoom.um(mom
1 1.88. . vv v w1407 08
q 1.00 +68 3
3 1,86 +60
? 1.86 .0
9 1.86 .
19 1.87 .68 \
29 1.86 6 |
89 t.ug .60 :
49 1.8 67
89 1.06 .68
69 135 60 ;
79 1.86 .68 !
89 1066 060 R
99 1.06 68 - ¢
200 1.33 .68 ]
800 1.87 .69 :
400 1.86 .60 i
801 1.86 6 X
X1} 1,86 466 :
?01 1.086 68 . :
802 1.86 +68 i
902 1 86 68
1008 1.36 .68 .
1808 1.083 .68
1606 1.88 .68
1706 1.33 .68 :
1806 1.88 168
1907 1.86 68 i
2007 1.86 .68 A
2107 1.86 .68 Y
a208 1.56 68
2808 1.88 .68
2408 1.36 68




) ORIGIN
NG77072 o roor qoas

TEST DATH /1871901 % CONTRACT NO. 40 -nnus PROJECT RASA

»
TYPE-00 11021 TENRION TERNION o RPECYMEN NAME  Na?703
TEST MIRCCTION IR ue v
HATEWIALY @+ 695,003, 70% PATIGUR v KPLCIMEN SUAPE RECTANGULAR
TEAPLRATUNE 28,00 DEG, G, SUBIDITY 83,08 »
CYCLIKG FRUQ, eovommmnmee 10,00 EAT2 » LPHGTN () emmmenene 7,000
FUNCTION GERORHG, MU=~ 10,00 100,00 5 WIDTH (IR ~evenaecne T, 500
RUAR NATE~drermeanmenme=0I, 00 12 % THICKNESS (1) memeee 044
OPERATPOR ¢ BHIPPER [
OPERATOR e "
ARYARTSEFI S NASREELAAFRERBAERRREARARRENRRARUARRREERPRERBRLANRERBARERENRBCCCRRBAER
CllAN.  TYPE LON nmau GM. =10V CAL=ITLDN CAGY LEN, PESCRITTION
a 42 L0108 10,010 0,00000 1060, 0000 0,00000 LR L. CLLL
2 40 L0 10,018 o, oY LOT000  U,.80000 LORG, LXT,
N 49 010 10,018 . 00000 01970 L0480 LAT., ENT,
SPECIMEN: Ha?T0R
GYCLE »# STATIE LONG, PYRAMIC LOKG, G IRIR(ES06)
MODULURN® ¢ F406) NODULUS®( F+06)
! 1.88 1,00 .68
3 1.68 .68
8 1.08 68
? 1.58 08
9 1.87 .68
19 1.88 .68
29 1.87 .07
39 1.3% 68
49 1.08 SN
48 1,68 .68
49 1.04 R
49 1,89 68
31 <40 g

8l
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) ‘ UI\UTV
NG7703  OFFooRQ

TEST DATE 10 1871001 » CONTRACT RO, 4d-000d PROIECT NASA

| 3
TYPE-00 110201 TFNRION TUNRIGN  BPECIMEN NAME  NOTTOO
TEST MIRECTION I8 W [ \
MATLITAL L «=6T. 0,608 PP,20% PATIGUL w RPVCINPN SHAPE MPCTARGULAR
, TEMFERATURE 0. 00 DEG, G, TNNITDETY 83,00 »
W CYCLING PIQ, mmmmeamame e (0,00 RERTY ® LEHGTH (INevwcnmwan 2,00
s FULETION GEN RNG LT~ 10,00 0,00 & WINTH ( INIwenwcwnene |, 300
o BUAN WAoo s oeen Bl TNV {4 SOPHIGRNESE 1) e 0
b OPERATVL o1 SHIPPEN L4
P IRATOI #Q L4
B VORPUMRLAIRPACR G BRI NS ARREGNRARRRPANRFAIURAURRENVTRNUNARSSURRRESANIN RN EVRB B0 R
, GHAN,  TYDPE Low o wen CALCLON QAL TG GAGYE LN, DESCRIPTION
) ) L3 TN O N0 TOMO, D00 (4, 000 IRLD L, QL
; v 40 MU AT NI L 00000 LOTO00 &4, 00000 LORG. ENT,

o [ e — I LU LT T ] G A9 SN LAT, BNT.

SPUCIMENT NoTRME

LYell » STATIC LORG, DYRANIC 1LORC, CUIDI R BO6Y -
HODULLUS ( E400) HODULUSSLF+00)
1 108 1,97 .69
u 4,87 ' V49
8 1,30 KL
v 1,00 09
9 1.86 o9
1 1,87 09
€N 1.86 )
49 1,06 )
49 1.87 69
' 89 1 o0 N
= oy 1. 00 69
0 1.86 +69
N i) 1.%0 N
> 9w 1,97 69
H 109 r.86 60
fv0 1.86 &9
00 1,80 )
Lo .80 o9
[ 180 09
00 1.8? 00
an 180 09
0o 1,07 R
nag 1.87 N
ni 1,00 o9
. nsy 1.8¢ N
pors ot 1.56 09
: (114 1,87 N
aan 1,57 .00
(104 1. 50 Na
L1 1,89 N}
9l 1.87 SO0




ORIGINAL PAGEK (3

N 6 '7 6 @ 1 OF POOR QUALITY

TFIST UATE 971771908 # CONTRACT NO, 4i-000% PROJECT NASA

»
TYPE~9 11001 TERSION TENSION ¢ BITOUMN NAME NOT601L
TET DIRLETION I8 Up .
HATEREALG 4. 07 GRATE 6071 PATIQUT » RPCCIHGR- BHAPE REGTARGULAR
TENPERATURE 23,00 BEG. €, NHINITY 0,08 ®
CYELING PG, wmeeemmeses 10,00 HEAT * LONGTIH (IN) moor weome 7,000
FURCTION GUN RNG, MULTe=w 10,00 100,00 & WIDTH (N smeconanss 1,509
NOAN RAT m e e c e wee me=320,00 U2 & TAICRNESR (1) emmmas 044
OPERATOR ¢1 SHIPPEN "
arnAToR P2 *

‘.l'lv'%“"‘*“‘l"l‘l"ﬁ‘!l!Il‘l'lm'..llﬁl‘*l'llﬁt.3'.ﬂ'ﬂ!titbl‘lh"l""lll!

CGUAN . YL 1aw nicn CAL-LON  CAL=FLIGIE GAGE LN, DESCRIPTION
) 42 -, 018 16,003 0,00000 1000,0000  0,00000  IKLE L. CLLL
7 40 SO0 10,020 0, 00000 LO7000  3.30000  LOKG, ENT.
[ 49 L0100 10,010 [(O O 01970 LT EIY LAT.  LNT.
SPECINLTE HOT601
CYULE » STATIC LORG. PYNAMIC LONG. Gl $2IRCES06)
MODULUS L F+06) MODULUSHK( E+06)
t l.ﬁ?—-—-..—...___,_‘o“(’ .69
k<] 1.60 69
] 1.39 .69
? 1.89 69
9 1.58 .68
19 1,80 o8
29 1.89 .69
a9 1.39 169
49 1.39 N
69 1.89 .
69 1,60 +69
79 1.60 .09
e 1,60 .69
99 1.89 +09
109 1,89 +69
299 1.89 09
499 1,89 69
400 1.60 (]
o0 1,60 69
700 1.69 W09
/00 1.60 69
900 1.89 ND)
1000 1.89 R
2002 1.60 09
BoNe 1.89 69
4006 1.60 169
8007 1.09 69
HONY 1.39 69
ot 1.61 70
Hne 1.00 .69
14 1,60 69
100106 1.61 .70
18028 1,60 69
16026 1,66 .20
17020 1.01 .20
IGORD 1.60 .69
19031 1.60 W0
G K] 1.89 09
L1033 1,60 20
JUATIE 4 1.09 .69
PROKT 1.89 .69

2040 1.09 69

.
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N 6 7 6‘ 0 2 OF POOR QuaLiTy

TEST DATE 9/32/1903 : CONTRACT NO. 40-8383 PROJECT NASA

TYPE~09 11001 TENS4OR TENSION *® SPHCIMEN NAME N67602
ST DIRECTION IS wIp Y
MATERIALL ¢-67° GIVE™ 607 FATIQUE ® SPLCIMEN SHAPE RECTANGULAR
TEMPEIATURE 28,00 DG, C, HUMIDITY 0.0% =
GYCLING FRFQ) »woeacmenes 18,00 JERTZ * LENCTR (IN)encweneee 7,000
FUNCTIOR GEN RNG, MILTm== 10,00 100,00 % WIDTH ( [N)wooececene | 804
SCAN RAThee~ ——ee020,00 N2 . * THICKNESS (IN)mwmnne 044
OPERATOR #f  SUIPIMEN "
OPERATOR #2 v .
CHAN., TYPE Lov  ritcn CAL-LON  CAL-HGIl GAGE LEN,  DESCRIPTION
8 42 ~,013 10,008 0,00000 1000.0000  0.00000 I1KLB L. CELL
? 40 +010 10,020 0,00000 +07000  9,80000  LONG, ENT.
6 49 +010 10,015 0,0V000 101970 +98480  LAT. EXT.
SPECIMEN: Nermaqm
CYCLE # STATIC LONG, DYNANIC LONG. GC12)%(E+06)
MODULUIS: ( E+06) MODULUSS( E+06)
1.88 1.60 +69-
8 1.88 .69
8 1.89 6
? 1.60 .69
9 1.89 .69
19 1.60 6
29 1.89 .69
99 1.89 .6
49 1.89 .69
89 1.89 +69
69 1.89 169
79 1.89 +69
a9 1.53 +69
99 1.8 .69
199 1.89 +69
299 1.89 +69
899 1,60 +69
800 1.89 +69
600 1.60 169
200 1.89 .69
890 1.58 .69
900 1.58 .69
1001 1.89 .69
2008 1.89 +69
8003 1.59 +69
4007 1.09 .68
8009 1.89 +69
6011 1.88 .68
7018 1.89 +69
8018 1.38 +69
9017 1.60 +69
10019 1.89 8
20039 1.89 .69
30038 1. .69
40078 1.89 .89
80099 1.89 .69
88118 1.88 .68
89117 1.87 .68.
60119 1.68 .68
61121 1.89 .
623123 1,88 .68
63128 1.88 .08
64127 1.08 .68
63129 1.89 .68
66191 1.58 68
6?7133 1.39 168
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85

OF POOR QUALITY

TIST DATE 9/232/1001 8 CONTIACT No, 43-R838  PROJECT DASA
L

TYPE-09 11821 'rrm-xmu TENHIOR ® RPRCIMEN NAME  NOT60O

TERT MICCTION 18 »

HATERIALY +200 GItY Ll‘ M"' FATIOUE v SPLCIMEN SHAPE RLCTANGULAR
TEMPERATUIRL Q4,00 DEE. €, IIUPUNT\' G,01-»

CYCLING TR e conmmnus {0, () s LEROTH { i) mmeenann 7 000
FURCTION CLN RNG, MULT=w= 10, 00 100 00« WIDTI () wmeananens 1,300

SCAN QAT mr mom i o e mmm e {00, 00 1T ® THICKHERS () eeeman .»44
OPERATON @14 SIIPPEN »
OPERATOR #28 n L
PEEBRRREC VRN RRERRIKES L 113 3
CHAN,  TYPE LoV  1nIGH CAL-LOV  CAL-1LGY GACE LEN. nm.uu'nou
0. 42 -, 018 10,0008 0, 00000 1000, 0080 O, 00000 IRLY L. CELL
7 44 .610 16,020 4. 00000 07000 §.00000  LOWG, EXT,
6 49 L010 10,013 0.00000 01970 98480 LAT,  ENT, .

KPECIMUNT NoT6OR

CYCLE » STATIC 1LONG. DYNAMIC LORC. G 12 R (E06)
MODULUS«( E+06) HODULUSR( E+06)
1 'O 1 S—— 1.88 66
a8 1,34 .63
8 1.04 08
4 1,38 166
9 1.04 468 -
19 1.04 +68
29 1.84 .68
49 1.838 .
4" 1.84 .68
89 1.54 166
69 1.88 +66
9 +38 166
H9 1.84 6
99 1.58 o0
199 1,48 .66
299 1.88 N
499 1.08 +66
800 1.838 +063
w00 1.084 03
TOH 1.83 463
aou 1.8¢ J68
90 1.84 63
1001 1.8¢ 68
2008 1.54 106
Joos 1.54 106
L i1\ 1.04 66
8009 1.33 60
[ B 1.04 .68
014 1.33 00
[LOTE 1.04 68
97 1.5¢4 +Ob
10019 1.08 O
20040 1.04 166
anved 1,54 .66
4001 1.54 166
49100 1.04 SO0
sv102 1.04 +06
DI04 1,04 b6
S2100 1.04 63
[RETU 1.408 63
S4ttt .82 OB
a’18 1.08 68
86118 1.54 T
arue 1.88 68
Sutly 1,82 +08

i £k ki

o~ s b i L s aba st o e




| 86
: ORIGINAL PAGLC IS
b OF POOR QUALITY

3 NG760U

TERT DATE 9307190 : CONTRACT. NO, 40~-8300 PRAOJECT NASA
wh TVIE-09 11821 TERSION TENSION & SPECINEN NAME X67604
o TEST DIRECTION t8  up »
MATERTALD +-67 GIVEDR 60% FATIGUR # SPECIMEN SIANE RECTANGULAN -
TEMPERATURE 23,00 DEG. €, WUHIDITY 0,0% »
CYCLING FRLQ, memoswenenes 10,00 QLRTZ # LEHGTH (IN) mevemceee 7,000 o,
FUNCTION GEN RNG, MULV=== 10,00 100,00 ¥ VIDTI (IN)omencesces 1,300 '
SCAR MATH=mwemeccceonaea(ln,00 2 * THICKNESS () mmmoee 044 .
. OPERATOR #1  SULPLN " |
v OPLRATOR #22 w :
e * g - L RRRBR & .
L. CHAN, TYPE Low  nicH CAL-LOW  CAL=TIICH CACE LEK.  DLSCRIPTION 1
“h ] 42 -.018 10,003 0,00000 1000,.0000  0,00000  §ALE L. CELL
o ? 48 .010 10,020 0.,600000 LO7000  3,80000  LONG, EXT. C
ir 6 49 L0010 10,018 0.,900000 01970 98480  LAT. EXT. : »
="' .
ST !
S
s
ot
.o SPRCIMEN: N62604 . !
CYCLE # STATIC LOKG, DYNAMIC LORG. CCLI2YR(E406) - e ‘
HODULAISR( K406} HODULUSKCESOG) oemommmrs smms -
1 1.47 1.08 +66
8 1.82 . .66 : 4
8 1.88 + 60 . ]
? 1.82 .66 : ‘
9 1.82 +60 i
19 1,51 160 '
29 1.02 .66 :
39 1.88 66
49 1.81 +66
59 1.82 66
o9 1.88 67 i
9 1.58 N3
a9 1.81 .66 .
99 1.89 67
199 1.82 +66 !
299 1.88 66
400 1.82 .66
800 1.82 56
690 1.08 +66
700 1'53 066 +
fot 1.82 .66
%01 1.8 166
1001 1.88 .67
2003 1.83 .66 A
3006 1.88 .86
4008 1,82 +66
8010 1.88 .66 i
6018 1.88 .66
7018 1,88 +66 ‘
amr 1.08 .66 )
902 1.88 .66 y
10022 1.32 ‘06
20046 1.88 .66 |
2WO64 1.52 .66 '
20067 1,82 .66 :
#0069 1.88 .67 . ;
31071 1.8 <66 : y
a207¢ 1.82 +66 : |
av076 1.83 J60 i L
w4078 1.81 66 :
a50u1 1.81 68 ‘
Qo003 1,80 N
47080 1.48 64

o -Rcéos -




GE 1S
NBG7B@5  of poor quaury

TEST DATE 90071901 ® QANTRACT NO, 44-ARG0 PROJICT NARA

-
TYPF=09 11021 TERSION TENSION » SIUCIMEN NAME  NGT60D
TEST PIRCCTION I8 up .
HATERIALY +-67 GIVER 60 FATIO % BPECIMEN SHAPE RECTANGULAR
TEMPERATURE 24,00 DES, C, uumm'r\' 0,07 »
CYGLING FIUQ, ==nenmswaee 11,00 NERTZ 0 LENGTT (IN) memmmeana 2,000
FUNCTION GER 8RG, MULT=== j0, ﬁu 100,00 » RIDTI (IN)wwmnennnns |,303
SCAN RATErmorersomnnnee~8u0,00 |2 * THICKNESS {(IN)meeeae 048
OPLRATOR 1 SUIPPEN ®
. OPERATON w22 "
BERARRRKBRAN RN w " t 333 KR RRRK
CHAN.,  TYPL LN HICH CAL=LOW  CAL=IIIGH CAGE LUN.  DESCRIFTION
8 42 -.018 10,008 0,00000 1600.0000  0.00000  $KLIW L., CELL
? 48 2010 10,020 0., 00000 L07000  3.80000  LOKC. EXT.
6 49 W10 10,018 0, 0000 01970 90430  LAT, EXT,
St‘t'cmmh R67608
CYCLE STATIC LOKG. DYRAMIC LONG, G I2YRCE+00)
MODULUS*( 11t 06) NMODULUS®( E+06)
1 1.86 1.89 +69
1 1.38 . .69
b 1.87 69
? 1.08 +69
9 1.38 69
19 1,89 70
29 1.88 .
a9 1.89 +69
49 .88 69
89 1.88 .69
69 1.89 .69
7% 1.89 69
a9 1.89 .69
99 1.88 ‘69
199 1.08 .
249 1.88 +69
239 1.89 .6
269 1.59 .69
279 1.69 .69
289 1.58 69
299 1.09 )
309 1.58 69
819 1.8 +69
a2e 1. an .69

A
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ORIGINAL PAGE 17

N67606 OF POOR QUALNTY.

TEST DATE 1043271001 : CONTRACT NO. 48-8038 PROJECT NABA
TYPE=-09 11821 'I'BNS!ON TENSION » SPECIMEN NAME NG7606 .
TEST DIRECTION IR u
MATERIALY #=6? mvx:l' 601! FATIQUE * SPLCINEN SIAPE RECTARGULAR
TEMPERATUIYS 34,060 DRG, €, llumm'n' 6,089
CYCLING FREQ, »mennmnmwns 13,00 HENTZ ® LENGTU (IN)mecmeweae 7,080
ruuc'rlan GEN RNC,MULT=w= 10, oo 100,00 = WIDTH ([N)woonaneces |,300
8GA Themmeemacecenee-030,00 [IZ % TUICINESS (IN)wemwme ,Bd4
omwwu ") "
OPERATOR #2 *
{1 ] !
ClIAK, TYPE LovY  migH CAL~LOW cu.-n&cn GACL LEN,  DESCRIPTIOX

8 42 +040 10,010 0,00000 1000.0000  ¢,00000  (KLS L,

(4 40 +010 10,01 0,0u000 +Q?000  8,80000 LONG, EXT.

6 49 +010-30.01 0.00000 --019?0 +98480  LAT, EXT,

SPECIMER: Ne?606
CYCLE »

STATIC LONC. DYHAMIC LORG, C¢12)R(E406)
MODULUS®( E+06) MODULUS#( E+06)
1 1.88 1.8? +69
8 1.86 .60 - - -
8 1.87 69
7 1.86 .69
9 1.8 +69
19 1.8 69
” -08? 06’
39 1.86 .69
49 1.5? .69
89 1,987 69
69 1.5¢9 169
29 1,86 69
€9 1.56 .68
99 1.87 .69
199 1.8% +69
299 1.8? .68
399 1.87 .69
800 1.3? .69 .
600 1.8% 169
700 1.8? +69
#06 1.87 69
900 1,89 .69
1001 1.87 .69
2008 1.86 68
4408 1.8% «69
4007 1.8? .69
8009 1.87 6
6041 1,80 8
2013 1. +89
g014 1.87 69
9018 1, 6
10018 1.8? 69
20038 1.87 +69 .
30038 1.86 6
38024 1.08 68
189076 1.86 .68
40078 1.86 .68
41080 1.88 168
42082 1.086 o8
46084 1.88 " 068
44086 1.88 68
48008 1.84 N.1:]
46090 1.88 X4 3
42092 1,47 +08-
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ORIGINAL PAGE 13

NC76@7 OF POOR QUALITY

. TEST DATE 1071071901 » CONTRAGT NO. 40-0008 PROJEGT NASA
' » .
ST TYPE=00 11821 'rruexon TENS 10N ® SPECIMEN NAME NO7607
- .o TEST DIRECTION I8 »
R MATERIALY +=67 GIVFI‘ 60% PATIQUE w SPECIMEN SHAPE RECTANGULAR
) TEMPEIATURE 26,00 DLG, C, NUMIDITY 0.0 o
ro CYCLING FlllQ; emeneannanes 10,00 HERTZ * LENCTH (IN) mencmacne 7 000
Ve FURETION GON RNG, HULT-=~ 10,00 100,00 » VIDTI| ( IN)wwnmaveene |, 500
P SCAN RATE=omenencmemene-080,00 02 ® TUHICKNESS ( IN)mweene 044
o o LIATOR #§ "
OPLRATUR #2 n
S Kesainnk " 'Y - ;
R cwm. TYPE LOW  IIGH  CAL-LOW CAL-IIGH CAGE LEK.,  DESCRIPTION
S 8 42 +018 10,010  0,00000 1000.0000 0,00000 JNLG L, CELL
S 7 48 «010 10,018 0. 00000 .07000 8.30000 LOKG, EXT.
¢y 6 49 <010 10,018  0,00000 +01970 . . .98480 LAT, EXT. . .

SPBCIHER! R6T607
YCLE STATIC LONG, DYRAMIC 1ONG. ©(I12IR(E+06)

\

HODULUR®( E+06) MODULUS*( E+06) .

1 1.63 1.86 69
8 1.86 . +69
8 1.86 69
? 1.86 +69
9 1.86 +69

- 19 1.86 6
29 1.86 69
a9 1.86 +69
49 1.06 +69

89 1.86 .

69 136 169
9 1.8? +69
89 1.86 +69
99 1.86 69
- 199 1.86 .63

; 299 1.86 .6
899 1.8% <69
800 1.06 .69
600 1.86 +69
‘ ?00 1.86 +69
. 800 1.57 .69
900 1.06 +69
1901 1.86 +69
g 2009 1.57 169
. 8008 1.86 +69
e 4007 1.87? + 69
o 8009 1.86 169
60114 1.87 +69
b 8018 1.86 69
- 9019 1.86 +6Y
10019 1.86 .69
20009 1.86 .69
fa03s8 1.86 +69
2903? 1.68 +89
v 80039 1.88 .68
81061 1.88 .69
-- 82068 1.88 169
83068 1.88 .1
34067 1.88 +69
8806y 1.88 68,
B60T1 1.84 +68
8707?08 1,883 +68

LmE

.
&
3

i
e

iy e e Y - e " "
M.u_.hn N T 2 ik
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NG75QE  OF POOR QuaLny

TFST DATH 10731871901 » CONTRACT MO, 40-0000 PROSECT NARA
TYPE=~09 11020 mmon TERKION RPECIMEN NAME NeY6On

TERT DITCTION |
MATENIALL #=07 mw‘r 607 FATIQUE SPECTMEN SHAVE REGTANGULAR
LENGTH (INVwmnanmane 7,000

R,HI'}'H\'I‘IIN' 28,00 DEG. G llll"ll)lg?mﬁ 0
VINTIL ( IN) wmmnoennes 1,500

CLING PREY, mwesnnweaee 10,00 JIEN
TUICKNERR () ermman 044

FUNCTION GEN NG, MULT=== 10,00 100.00
BUAN [I\T} #nemencannenenr-330,00 T2
OPERATOI #t  SUIPPER

OPERATOR 2
CESUAREERARARRERERR RV ARCERBRERERSARRNNRRFLARLNBEAARURERENRRARBRRKRESOINUPRRERBRY

I X2 X X 2 K 3 & J

CUAN, ‘l‘\'l'B LoV nicu CAL=LOW  CAL=-TIIGH GAGE LEN.,  DENCHIPTION
[1] L0410 10,010 0,00000 1000.0000  ¢,00000  INLD L, CELL
? on 010 10,018 0. 0000 07000  G.50000 LONG. 1XT.
6 010 10,018 0.47000 01970 90400  LAT. .-EXT,

SS‘LClPﬂ"M N67608

CYCLE KRTATIC LONG. DYNAMIC LOKG. ClLITI B (E+08)
MODULUS#( E+06) NODULUSR( E+00)
1} 1.83 1.89 +69
3 1.09 +69
3 1.89 68
? 1.08 6
9 1.88 .
19 1.80 168
29 1.09 <69
39 1.89 69
49 1.89 .
89 1.89 68
69 t.80 .68
k() 1.80 .
89 1.88 +68
99 1.08 Y]
199 1.39 N
299 1.80 88
400 1.83 60
800 1.8 .60
600 1.59 +08
200 1.89 .
doo 1.89 168
900 t.88 68
1001 1,39 +00
2008 1.89 N
8003 1.89 168
4007 1.08 68
8009 1.89 68
6011 1.88 .68
7048 1.08 60
8o18 1,89 68
Y017 1.89 68
918 1.89 .68
9919 1.09 .68
10019 1.89 .68
11028 1.88 .68
12020 1.89 60
19029 1.84 .68
14007 1.89 68
15029 1.89 .68
16031 1.0 60
17089 1.8 +68

s St < et iRandBi
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ORIGINAL PAGE H“!

NG7809 . oF poor quaL

TEST DATE 1021871001 : CORTIUGT RO, 40-A008 PROJECT NASA
TYIF=00 11081 TENRION TENRION W RPECIMEN NAME  W67609
TERT DIGTION I8 up

ATEVIALL =67 GIVEDP 60T PATIQUR SPECINER RIAPE ARCTANGUIAN
PRERATUIM, 88,00 DEG, G, NUNINMITY 0.0n0
CYCLING FiLU, wromcaseeen 10,00 JIENTZ LENUTI (i emnesneas 7,000
FUNGTION GEN WG, MULT~~~ 10, m» 100,00 v WINTH () moccowonan |,H00
BOAY Wilrosnsnrencnnnae(l(),§0 (02 TRICKNERN (1) oreesa 044
OFLIATOR @}
OPERATIR o0
ntunun"nr-num""nnnnn”"lnnnnnnnn"munﬁ”mnnn"n"unnnnnunnun

AeETEXERRES

CHAR,  TYPE Lov  man CAL=Li  CAL=NIGI GAGL LEN, DESCRIPTION
[ 43 0108 10,010 0. 00000 1000.0000  0,00000 JHLE L. CELL
? 40 010 10,010 1, 006000 JO2000  4,830000  LOKG, ENT,
[ LA «010 10,018 0.00000 01970 U480 LAT,  EXI.

SPRCINENG RoT000
CYeLE

L4 RIATIC LONG, DYNANMIC LONG, GCIDIR(E+00) —
uovm.usm Pe00) HOBULUSH( E+006)
1.80- 1.80 4
8 1.30 07
B 3.08 + ‘ﬁ‘l'
7 ‘0 56 ) 67
9 {~ 86 f
19 1.80 WO
29 1.080 107
39 1.86 07
49 .06 67
89 1,86 67
69 1.86 B
4 1,36 67
89 1.048 67
99 1,86 67
199 1,88 N3
299 1.08 .34
499 1.86 69
%00 L.86 07
600 1,86 67
200 1,086 67
600 1.86 16?
900 1,86 NS4
1001 1,86 169
2008 1.06 N
8008 1.86 N3
4007 1.08 67
8009 1.86 67
6011 1,86 67
vo1g 1.86 W0
8018 1.86 .69
Y019 1,86 .6
10019 1.86 1.
1903? 1.86 67
18029 1.806 WO
16041 1.08 67
17048 $.03 67
tdoas 1.88 67
19039 1.86 N3
Looae 1.86 N
2104y 1.88 68
22043 1.84 166
U043 1.04 166
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NAL PAGF 1.

- NG75@1 o roor aukim

TERT DATR 9+008/19081 » CONTIMGT RO, 406000 PROJECT RARA
TYPE~ 0 11821 TENRION TERAION APECINEN NAME, me7001
TERT DINCCTION s UP
MATERIAL! #=G6TDEGGRYEP, 801 FATIQU APECIMEN SHATE RECTANGULAR
o TERPERATURE 20,00 LG, €, UU"IIHTX 26,01
- EYCLING FREG, anwnomnmess 10,00 I T? LENGTI ({N) womeanans 7,000
A FUNGTION GLN ARG, MILT o= 14, O 100,00 VIDT ¢ ifYeroonemans |,000
: GCAN WATheeeseanmaevaese(t) 00 1% TIICENESH (L1l)mmwana 044
OPERATON @1 RITPPEN
O OPERATOR 28
AESRNEANARNRBARRERAENRAR
ClAll,  NPE
1] 42

'EXs 22 222 2

CALLOV  CAL=IIIGI GAGEL LEK. DﬁQCNPTION
«,019 10,000 @,00000 1600.0000  0,00000 1KLL L, & 1L

v 40 010 10,020 0. 00000 L07000 080000  LONG. LXT.

6 49 .010 10,018 0. 00000 «01970 190480  LAT, EXT»—

®
=
—
o
=

= SPECIMEN: NG7601
CYeLL ¢ STATIC LONG. DYNANIO LORG. Gt 12)/(E+08)
’ MODULUS# ( L3+ 006) MODULUS#H( E+00)
1 1.04 1.8 67
) 1.87 60
[ 1.0%7 60
? 1.87 60
9 1.89 +08
19 1.00 69
29 1.86 .60
u9 1.80 .08
49 1.89 Y]
89 1.8? + 61
69 1,879 f
79 1.0% 68
- 8% 1,87 +68
9 1.8? 80
199 1.80 .67
299 1.087 €0
400 1.8? +60
800 1.89 ;)
600 1,89 .60
7200 1.88 68
gay 1.008 +68
901 1.0° .68
1001 1.00 ol
20038 1,87 68
8003 1.88 .68
4007 1.8? 6%
8009 1.87 .62
[T1Y 1.08 o7
7018 1,879 469
do1e 1.86 .66
) 9018 1.86 N1
160020 1.87 67
LOOSL 1.08 N4
gooneg 1.86 166
40084 1.8? +6?
sotos 1.89 67
60126 1.087 .67
70147 1.87 N
~ 80169 1.86 66
90190 1.8 +66
9u20? 1.86 160
99809 1.86 106
10081 1.08 .67
1102498 1.86 .66
12004 1.06 b
180298 1.86 160
v 140890 1,07 NS
180318 1.09 6
160809 1.86 87
Q. P0G .06 66
- [kadity ] 1.806 1686
17828 1.80 +60
10081 1.06 166
131883 1.87 67
182007 1.8¢ +686
- 188309 1.0? 00
184491 1.07? 67
v 115394 1.86 N
1.806 ‘67

C. 186896
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ORIGINAL PACE 15

, | NB7502 . OF POOR QUALITY ___

T. ST PATE 948471001 : CONTTIAGT RO, 40-0006 PHOJEGT NASA

TYPE=00 11081 TENRION TENE1ON » BPLOTMER RAME  NETNOG
", TEHT BIRECTION 16 P 4
: HATEREALY fc(.?ﬂlﬂ.dl@'ﬂl‘.ﬂﬂﬂ PATIQ0 w RAPEGINTH SHAPE NECTANGULAR
TEMPERATURS 8, 00 016G, G HURIDITY Q0,00 »
o GYEL NG PIWQ, menenrcaoana 10,00 IBENTA % LEHGTR ¢ IN)enc—acnn~ 7,000
. FUNGTION GLN RHG, HULTeer 10,00 100,00 ¢ HIRTH (|} oeoenanens |, 500
— ROAR WATHeoreeesaecans- Q00,00 2 * THICKNENS (ll)rocese (44
- OFERANTON #1 RIPPEN .
OPEIATUR o1 »
. ARRBNNEPRIVEN " hBy e SUBRRORESREE RUPAPEERR
. GUAN, TYPE LoV o CAL=L.OW  GAL=ILIGH GAGE LEN, PERCRIPTION
" 1] 42 =010 10,000 0, 00008 1000.0000 0, 00000  TELD b, GELL
L. 9 40 016 10,090 0., 00000 JO7000  0,60000  LONG, XY,
- [ 49 010 10,010 0.00000 . 01970 90480 LAT. - EXT,

APLCIMEN: R6?80D
GYOLE & RTATIC Lona, DPYNAMIC L6RO, Gt i) n(Ee00)
MODULURs¢ g.#OOl-- vor noom.uswé E¥00)

1 1.8 1.0 , 6
1) 1.8¢ 0
= 8 1.80 0
? 1,00 8%
" 9 1,88 +09
i° ' Ouo ‘
29 1.04 O
a9 1.06 +60
_ 49 1.08 N
89 1.06 )
- 69 1.08 N
79 1.06 .88
[1}] 1.08 .
99 1.04 .
199 1.06 28
q$99 1,808 .
00 1,06 N
800 1.88 68
000 .88 163
200 1,86 68
800 1.80 168
1001 1,86 68
2008 1.89 68
8008 1,88 68
% 4007 1.086 68
B 8109 1.86 .67
! 6010 1.86 68
) 7014 1.89 68
8016 1.06 .68
9018 1.86 68
10020 1.86 68
LoV 1.086 .68
Bo064d 1.86 +68
— 4004l 1.87 .11
=1 . 80107 1.86 68
— 60128 1.0% 68
3 70130 1.8 68
= a“‘ - , l ta? tea
' [ 1L 3 R 1.86 160
. 10028 1.0% .68
= B 120239 1.8% 68
) fuoust 1.80 68
3, 140308 1.06 .68
i\ 10324 1. 858 NI
=3, 180846 1,58 N34
i 120008 1.00 .68
(LR EL] 1.06 +08
19041 L 1.08 67
200433 1.86 67
210430 1.00 .68
214466 1.88 N.Y4
216469 1.04 67
217471 1.08 0?
210478 1.08 167
LT I 1.04 67
220479 1,60 +67
231479 1.88 +60
202402 .00 87
2d404 1.81 68
224406 [} 4 1.47 69




9. ..

TLST DATE 9728/1903 : CONTRACT NO., 40-0u08 PROJECTNASA
TYPE~0Y uaax TENSIOR TENSION » GPECIMEN HAME N67000
TEST DIRLCTION IS UP v
MATHILIALY +-67DLG, QIVEP, 807 PATIOU " APEGIMEN SHAPE RECTANGULAR “
'l')'Ml'FRv\'l’Ulll. 24,00 PLG, C, mmnm-rv 20,08 »
CYCLIN m‘“'ﬁ};;”ﬁf}'" 1o oo l:oo o0 : wwa'm ¢ ‘!‘?)-------—- 7. :g
D‘UN(.‘I‘ION GLN tH - b Ddrdotumindatalodnd
BCAN MATEwmaoeeenenanene00,00 12 » 'rulclcmss (IN)mmmman 044
OPERATOR ¢t SUIPPEN ]
OPERATOR #2  WALKER n
ClHAN, TYIE LOW  nign CAL~LOV .\L-lllcll GAGE LBN. DESCRIPTION
' 8 43 =-,0108 10,003 0700000 1000,0000  0,00000 IKLE L. CELL
? 40 .018 10,020 0.00000 07000 8.86000 LONC. EXT.
L 6 49 +010 10.018 0.00000 .019?0 .98480 LAT,
SPECIMEN: N0?003
CYCLE » STATIC LOKG, DYNAMIC LONG. 0¢ 18) %L £+06)
i novm.usmmoo) MODULUS®R¢E+06) . .. .
- 163220 1.04 1.88 .68
Lo 162272 1.82 67
130774 1.87 .48
183776 1.38 ' +68
IR 152978 1.82 67
. 162788 1.8? .60
o 152798 1.8? W67
B 182008 1.8? .68
L 1652818 1.87 67
. 162628 1.87 .68
SE 1628438 1.8? .68
: 182648 1.88 .68
o 1820838 1,82 .68
N 182968 1.6% 67
14,2068 1.8? .68 1
163169 1.82 67 :
158269 1.5? .68 ;
158869 1.87 +67 )
183469 1.87 87
1886721 1.58 .68
1£3670 1.8? 67
. 158770 1.87 .67 ;
. 134772 i.86 67 :
N 188724 1.87 .68 ;
Y 136776 1.82 +67 4
189729 1.87 .68
168781 1.87 © .67 ;
169783 t.sg +67 4
160785 1.8 +68
161788 1.8? .68
162459 1.5? 68
162689 1.8? .68 |
162690 1.8? 68 ’
162790 1.8? .68
163792 1.86 N4 ;
164794 1.86 .62
168796 1.86 67 it
166799 1.87 .68 1
167891 1.88 +68 ¥
1AIANA

&
3




95
ORIGINAL PAGE i3

N 6 7 5 @ L!. OE-POOR QUALITY

TIAT DATR 92021901 CONTRACT NO. 4000480 PROJECT NASA
»

TYPE-00 11081 TENSION TENSION i RPROINEN- NAME  Re7004

TERT. DIRECTION §8 OP » X

HVPCRIALL - 0TDEG,GIVER, BO% rariay » SPRCIMEN SHAPE RECTANGULAR

TEIPEIRATUIW 46,00 MG, €, HUNIDITY @6.00 ¥
GYULIRG FIEQ, wemmemneeees 10,00 NERT B LENGTIH ( V) weemmees~77,000
FULGTION GER NG, MU=~ 10,00 100,00 & VIDTH ( JR)wememeesns 1,800
NUANL I [hmememmeneaame==G20, 00 n W OTHICKNLGW ¢ Il memmns 064
A OPEIATOR 1 "

— GHMATOR ¢

"
mmwummnm.mmm_mmmmmmmm. TR

E3 Rt & £ *
: CHAR, TYPE LoV HIGH CAL-10Y  GAL-HIGH CAGE LER, PESEN L0
: 1] 42 -,018 10,000 0,00000 1000,0000  0,015000 thLb L. CELL
) 7 40 010 10,020  0.00000 67000  8.00000  LOKG. BXT,
© 49 L010 10,018 0,00000 01970 L9U300 L LAT. EXT. ..
Q& K|RPECINE®: NG7004
CYCLE ¢ £TATIC 1LOHG, DYNAMIC LONG, G 12)N(E+06)
: BOBULUG L B+06) NODULULN( 1+ 00)
. 3 1.86 1.09 .48
B 1,89 68
" 8 1.89 .68
0 ? 108? *
g 9 1.89 .68
4 19 1.86- .
) 29 1.50 .68
S 189 1.8°? 67
» 49 1.058 .68 k
89 1.39 .68 !
4 69 1.58 .68 ,
: 79 1,09 +6
89 1,89 .0
o 99 1,69 .60
" 199 1.08 .68 !
g 850 1.69 .68 3
. 400 1.068. %
| 500 1.69 .68
i 601 1.60 69
. 7?04 - 1.59 .68
821 1,60 169
902 1,58 .68
1002 1.89 .68
2008 1.69 +6
8009 1.89 . :i
4012 1058 .
6018 1.60 6 1
6019 1,60 6 o
7022 1.60 . §
8025 1,60 .68
9029 1.69 .60 )
1060 1.98 .68
200068 1.60 68 1
20090 1.60 69
401082 1,60 169 i
50168 1.09 68 4
60198 1.89 .68
T0231 1.88 .60 ¥
e PUTTNS 1,60 .69
o 90290 1.61 €9
S 9328 1.60 169
994328 1.60 .69 1
100332 1.89 60 )
- 1103608 1.59 68 ‘
o 1:0390 1.59 .68
L 180332 1.09 .68 4
150458 1.09 68
S 130490 1,89 68
L 1ensys 1.89 .68
o 1703068 1,80 .60 ]
o 1790690 1,60 .68 b
e 180399 1.60 .69
R 1 rous 1.89 68
. 1420006 1.60 .6
o 181610 1.08 .68
e 181610 1.99 .68
S ‘ 1B616 1,60 .68 i
b 186620 1.09 68 !
. 117680 1.60 .68 )
b8 !

7 10867 1.08




; NG750L CONTINUED

LY [rnzu t NGTHOA

CYull, » SUATIC LG, DYRANIC LOKG, LA B E00)
HUDULUSSC 1+ 06) LODULUS U 1o 06)
101630 1,60 +09
194032 1.89 68 ' '
191604 1,60 68
191636 1.09 68
191636 .89 08
111668 1.60 62
191670 1.89 168
1600 1.09 60
10 {69 1,09 168 ,
19170 1.60 08
191720 50 < lea
Vi §. Ly M RS It
191786 1.59 w68 INAL BAOR Y
s B S OroooR curiier
4 1 . LR
191949 1,00 60 OF POOR Qi
192049 1,69 +68
192149 1,60 +68
192330 1.60 +69
198830 1,60 +68
19430 1.60 .68
192331 1.89 .68
192688 1,60 .68
198684 1,60 68
194654 1.89 +68
196661 1.89 .68
196058 1.60 .68
1976068 - 1.69 08 .
194022 1.60 169 )
199678 1.89 68 )
2000679 1.69 .08 3
201682 1.60 .08 3
211716 1.09 +68 1
201749 1.68 68 ;
21703 1.69 .08 -
81816 1.59 68
251831 1.69 .68
LuIyns 1.59 48 ]
271919 1.89 .68 . 3
201939 1.88 .68 b
2o 1982 1.69 .68 : i
qoru2e 1.58 67 "
1.68 .67 |
1.80 68
1.59 .6
1.89 +60
1.68 .68
1.69 .68 !
1.09 68 1
1.58 69
1.08 67
1.8% N4
1.58 .66
[ | 1.84 +66
540813 1.50 67
b4 1048 1.04 +66
sanysn 1.54 66 4
[(ERINEY 1.04 63 3
82039 1.62 63 ' 1
BeGRH2 1.0 .60 :
B uBH0 1.48 1.4 04 .
847870 1.43 .62
]
t
]
4
1
* ]




ORIGINAL Par: 1y o7-

OF POOR QuUALNY -
NG7505

TEST DATE 101871001 » CORTIACT RO, 40~0303 PROJECT-RASA- war

} "

N TYPE=G0 11821 TERSION TENRION » SPEGIMEN NAME No7808 '

SN ) TERT IMRCCTION I8 Up " !
MATERIAL, +=GYDLG,CR'TP, 80N FATIQU * RPECIMEN SHAPE RECTANGULAR !
TEMPERATURE 29,00 D, &, NUMIDITY 20,0% » :
CYCLING FREG, werocneweee (i, 00 HERTZ ® LONGTH (INymmmonnaan 7,000
FUNGTION GLN RNG, MULT=-~= 10,00 100,00 # WIDTH (IH)jwrmcennane 1,500 i
SCAN MATHmeeecccnnwneeend, 00 12 * THICKRESS (IN)ewemae (44 ;
OPERATOI @1 BIUPPEA ® :
OPERATON #22 . o . !

ERER o 3 [ "R " ARNRR ‘
CUAN, TYIE 0% IGK CAL-10W  CAL-NUIGH GAGE LEN,  DESGRIPTION
8 42 018 10,030 0. 08000 1000,0000 0, 00000 1KLL L, CR o
? 48 O30 19,018 4, 0000y L0000  8.80000  LOKG, BENT,
6 49 L0100 10,018 ¢. 00000 +01970 90480  LAT, ENT.
SPECIMER: Ne7808 X
GYCLE .4 STATIC LONC, DYRANIC LONG. GUIIMCESDO): -+ -rvr + mmmec v omn s wr se e o
MODULUSK( E+06) MODULUS®( E+06) ’
1 1.808 1.88 . .66
8 1.5? +66 1
8 1.8? .66
v 1.89 +66 ]
1 157 - E
. 6
29 1.88 +66 {
89 1.87 .66
49 1.82 166 g
89 1.08 +66
69 1.6% +66 ;
?9 1.5% +66 .
H9 1.88 +6 )
- 99 1.87 +6 )
199 1.8? +06 :
299 1.87 .66 3
400 1.58 166
800 1.88 .66 b
600 31.87 +66
200 1.82 +66 ;
8u0 1.58 .66
901 e 1.87 66 !
1001 1.89 +66 '
2008 1.87 +66
3003 1.8% 166 j
4008 1.87 .66
5010 1.87 .66
6012 1.82 .66
7014 1.89 +66
#8016 1.86 .66 ]
9019 1.8? 166
10021 1.87 .66
20048 1.87 166
30066 1.87 .66
40088 1.86 68 {
80110 1.86 166
60182 1.87 466 3
0188 1.86 +66
BU1?? 1.06 .66
90200 1,86 +68 p
91202 1.86 .68
92204 1.86 168 '
w1206 1.88 .48
44209 1.88 .68 4
93211 1.88 .88
96218 1.88 04
97218 1.84 .64
95218 1.38 ‘64 {
V92120 1.04 .63
100222 1.88 +608 1
101224 1.04 .68
102207 1,63 .68 }
108329 1.82 N
104201 1.81 .62
103233 1.46 N1

RN W= P




§ e N _
?  ORIGINAL BAGE 15

. OF POOR QUALITY
- - ,
NG67506
TPST. DATE 1071471901 % GORTMAGT NO. 43-0090  PHOJEGT NASA

TYPE=09 118221 TENRION TENSION- BPRCIMEN NAME  NG780O

TENT MRECTION IR
NVIEREAL! ¢=07D1E, GRZEP, 801 PATY SPECINEN SUAPE RECTANGULAR
LENGIN (IN)wwncenans 7,000 .

U
TEIHERATURE 84,00 LG, G, lmmm?'\' 26,41 v
WIDTH IV wmevoncens 1,000

CYCLING FILU, wmmeemmvena (0. 40 HERTZ )
BUAN RATEmeemercrnveweea(l0, 00 U2 b TIICKNESS (JN)mw-=ms= 044 ]

it 2 B2

X

FUNGTION GEN JNG, HULT=== 10,00 100,00

OPERATOR #1  WALKER »
OPERATOR o2 L. . '
[ 3 3]
CIHAN, TYI'E 10w nigH CAL-LOY  CAL-ILIGIH GAGL LEN, DESCHRIPTION
[:] 42 018 10,010 0, 00000 10600,0000 - 0O, 060000 1KLY 1. CELL
? 40 010 10,0108 0., 00000 07000 8, 80000 LONG, . '
[3 49 010 10,018 0, 60000 01920 U480 LAT. EXT.
SPECINER 447806
CMLE ¢ STATIC LONG. DYNAMIG LONG. CL 13 R(EAGE)
NODULUSH( 134 06) MODULUS®K( E+06)
1890 1.88 1.08 +89
1892 1.88 69
1894 . 1.08 69
1396 1,88 «69
1898 1.588 .69
1408 1.88 +69
1418 1.08 +69
1428 1.58 89
1489 1.88 69
1449 1.88 169
1439 1.89 .69
1469 1.58 +69
- e R %
N 1. 8
1888 1.58 +69
1688 1.5868 .69 R
_ 1789 1.08 .69
1889 1.58 .69
1989 1.68 .
2089 1.38 +6
2169 1.08 .69
2290 1.87 69
2390 1.58 .69
; 8392 1.068 +69
4398 1.58 .69
- 8397 1.89 .70
6399 1.58 +69
" 7404 1.38 .69
0494 1.68 .69
9406 1.088 +69
10408 1.80 +69 i
11411 t.68 .6
21434 1.88 69 i
91437 1.88 .69
41480 1.59 69 :
31503 1.88 . 6 :
5 01827 1.88 +69 ;
7?1830 1.38 89 !
) 818?78 1.88 +69 '
» 91897 1.08 .69 i
—N 101620 1.00 169 :
Lo 21838 1.58 .69
— 302090 1.58 69 !
- 402326 1.88 .69
oot 802306 1.0 +6! :
- QUL 1.08? N i
' OBIVOT 1.89 169 N
on3031 1.08 .69 ;
U306 1.8 +89 .
18001 1.86 N :
TR 06 1.86 «68
caa 1 1.86 N 1)
?43106 1.86 68
2891683 1.08 .68
Toi208 1.04 +68
Teu2as 1.04 .67
TU246 1.84 +68
w o4l 1.08 67
o' f 0231 1.88 67 .
o 81233 1.08 67
w 02236 1.82 N 14
_ THILIO 1.89 .66
. U261 1,80 ‘66
- 033204 1.80 .66
i THO266 1.40 +63
. 747269 1.46 .64




ORIGINAL PAGE 3 s

OF POOR QUALITY | !
NE7507
1
TRET DATE 10/10/1081  GONTRACT RO, 40-0308 PROJECT NASA
TYPE=0S 11821 TERRION TENRION * SPECIMEN NAME No¥0O?
TERT MRECTIN IR WP » _ ,
MVTERIALY € 30TG GR/ED, BOT FATIQY « SPECIMEN SUAPE NNCTANGULAR
TEMPEIATURY, 484,00 DUG. Gy HUNIDITY 88,08
CYCLING PREQ, smnsenmones 10,00 UERTZ » LENGTH (IN)wmmeemee= 7,000
FURCTION GUN RNG, MULT=w= 18,00 100,00 8 WIDTH (IN) wanwesnnes 1800
RCAN JAThow = memm 2mmme=e- 020,00 # TUICKNESS ¢ IN)meme=e 044
OPERATOR #3 »
GPERATOR 2 *
han E LSl L * ol ] *
CHAN. TYTE LOW MG CAL=LOW @AL-fi1an OAGE LEN,  DESCRIPTION
a 42 L0108 10,010 0. 00400 1000, 0000 0, 00000 tkLY L. CBLL
k4 408 L0180 10,018 0. 00000 . 07000 3., 30000 LUk, EXT.
6 L3 .0{0 10,010 0,00000 ., 01970 +9H4TY LAT. EXT.

SPECIMENS NGTIO7
CYCLE & «PATIC LORG. DYRAMIC LONG. G 1) R BH06)
MlbUl.Uaitm é tt;;wm PIUDULUR;'(’ E+06)

1 1 .69
a 1.09 .68
8 1.88 +68
T 1.88 08
9 1.88 68
19 1.88 .6
29 1,88 168
3 1.58 6
49 1.88 .68
1.08 .68
o 1.08 +6
29 1.88 +6
a9 1.089 .6
9% 1.08 6
199 1.58 .68
800 1.089 .69 i
400 1.89 68
800 1.68 .
000 1.89 +6
700 1.88 .68
801 1.89 +069
901 1.68 N
1001 1.58 .68
2004 1.89 .
$oo" 1.89 .69
4009 1,60 .70
5012 1,89 N3
o014 1,60 .69
017? 1.89 +09
8020 1.60 .69
9022 1.089 69
10028 1.89 N
20031 1.089 .
BOO?H - 1.89 .
44104 1.89 .69
80130 1.60 +69
00186 1.689 N
Thus 1.60 .
Hozow 1.60 .89
90248 1.60 +69
100261 $.89 69
200828 1.89 +69
2T 1.89 .69
QROT40 1.89 .69
MOTO? 1.89 .69
WNTHE 1.89 69
SIOB20 1.89 .09
WLONAT 1.59 . 29
sIYTe 1.89 .
H4090 ) 1.59 .69
4s0ee? 1.59 .69
- RTT ALY 1.89 +69
% BOTOTY 1.09 69
Y #6890 1.89 .69
e 369978 1.9 69
. 870981 1.89 .69
i aviond 1.89 .69
aranne 1.39 .69
aTaeny 1.00 . 68
174992 1.89 169
378998 1.59 .09

‘ 476997 £.09 .69




100 ORIGINAL PAGE IS

NB7508 OF POOR QUALITY |

TEST DATE 1071041903 » GONTIACT NO, 40-0008  PROJECT NASA .

»
TYPF=00 lmal WNSION TENSION » % SPECHIEN NAME Ne7800 -
'n:wr DIRCCTION »
ATERTALY o-o"'DLG.mVEP 80 FATIQU » SPLCIMEN SHAPE RECTANGULAR .
LHPERATURES 28,00 DEG, €, HUMIDITY 130 0% *®
YULING PREQ, »oermananee (0,00 TER " u‘nc'rn (IN) mecnnenes 7.000
FUNCTION GLN ANG, MULT~~- 10,00 100,00 ® WIDTH ¢ IN) *rcmannenes 1,000
BUAR RAThmweemmncmennane02(,00 17 % TIICKNESS (1) ~mmeee 044
OPERATOR #)  SBIPPEN *
OPERATOR 2 "
(2311 RS TR TS T3 AW FET L "
GHAN, E LO¥  HICH CAL=~LOW C\L-lllcll CABE LEN. vscnw'rlon
] 42 010 10,010 0,00000 1000,0000  ¢,00800 KLB L., CELL
7 48 +010 10,018 0.00000 ooo a BUO0D LONG. nx-r.
6 49 ,010 19,018 0.00000 101870 (98480  LAT.
st'sclmm R67508
LE @ STATIC LORG. BYNAMIC. LONG. CC12) R E+G6)
MODULUSK( E+06) NODULUS*( E+06)
1 1.89 1,60 6
8 1.69 6
8 1.60 .68
? 1.89 +68
9 1.61 .68
19 1.89 +68
29 1.89 .68
39 1.89 68
" L g
1. .
o 180 811
80 1.60 +68
90 1.6 68
100 1.60 Ng:]
199 1.60 .8 .
800 1.59 .68
400 1.60 +68
801 1.60 .68
601 1.60 o
701 1.89 .68
802 1.61 68
902 1.60 .68
1002 1.61 .68
2006 1.88 A7
8010 1.59 .68
4014 1.89 .68
8017? 1.69 +68
60721 1.60 .68 i
2028 1,60 .68
8029 1.60 .68 :
9082 1.60 .68
10036 1.88 .68
20074 1.61 .68
80318 t.61 .68
40149 1.89 . +68
50187 1.60 .68
60228 1.89 .68
70263 1.89 .68
#0301 1,60 .68
90339 1.61 . i
100877 1,60 .08
200764 1. 68 .
801158 1.8% .68 :
491837 1.89 68 -
801938 1.89 +68 :
882079 1.8 .68 i
642119 1.8 . :
832160 1.88 .68
562200 1.89 .68
872041 1.89 .68
82261 1.89 6l ;
892328 1.89 .68
602362 1.88 .5
612403 1,60 .68
622448 1.89 N3
628468 1.89 +68 '
629472 1.09 .08 X
630476 1.89 .68
631480 1.89 .68
632484 1.89 .68
633488 1.60 68
6114492 1.60 .68
633496 1.60 .68
b36300 1,60 .68
637004 1.60 .68




E " . 101

- ORIBINAL PAGE 1S |
OF POOR QUALITY

] NG7U02

TEST DATE 978071901 : CONTRAGT NO.-40+8308  PROJECT NASA

TYPE=09 11821 TENSION TENSION * BPECIMEN NAME No?7408 f
TEST DIRRCTION I8 @ ® |
MATERIALL =67 .0,00/EP,40% PATIGUE » APECIMEN SHAPE RECTANGULAR |
TEMPERATUNE 20,00 DEG, G, BUNIIHTY 26,05 » i
CYCLING FREQ, mmememenmes §,00 IHHITA ® LENGTH (Il monmannn= 7,06 i
FUNCTION CEN RNG, MULTS== $0,90 100,00 % WIDT) (ll{)wewennenes }, 80 b
KCAN PATE-eecmnenemesee=GR0,00 02 % TUICKNESS (1) mwre-= 044 '
OPERATHIL @1  MOUAN " !
OPERATOR #Q :

A BRRRMNRERXRNFRRREERREKRERAW T RN BB RI IR NI IRBW NNV RUD I WR N R RMR KT A BRI RKR R :

; ClIAN, TYPE LOW  RIGH OAL=1OY CAL-II6H CAGE LER,  DESCRIPTION '

S 8 4 -,018 10,000 0.08000 1000,6000 0,00000 I1KLD L, CELL

. 7 48 L010 10,020 0, 0000 +070600  3.30000 LONG, EXI.

o ¢ 49 .010 10,010 0. 00080 01970 +9H4B0  LAT, EXT.

SPECIMENS R67402
CYCLE—»

STATIC LOKG, DYRAMIC LORG, G 12)x(E+06)
MODULUSH( E+06) MODULUSK( k+06)
1 1.82 1.86 62
8 1.88 N
8 1,87 .
? 1.86 .68
9 1.86 .
19 1.86 .
29 1.87 S
89 1.86 .68
49 1.86 .8
89 1.86 '6
%9 1.86 .68
‘05‘ -
89 1.86 6
99 1.86 .
199 1.566 .68
1.87 .68
400 1.86 .68
801 - 1.86 @
601 1.86 +6
201 1.86 .68
= 8ua 1.86 N
B 902 1.87 .68
= " 1003 1.86 .68
2006 1.53 +68 .
8010 1.8 .68
4014 1.86 .68 !
8018 i.88 .69 '
60 1.8 68
7040 1.86 .68 i
8029 1.8? 68
9033 1.06 .68
10032 1.88 169
20078, 1.88 .69
80114 1,07 .68
414182 1.86 68
! 81190 1.5% +68
b 60229 1.86 .68 i
L 20267 1.86 .68
80308 1.82 .68
20344 1.82 .68 N
100383 1.87 .68
200772 1.86 N
801164 1.8? +6| /
401837 1.58 .6 “i
801639 1.87 .
6033523 1.58 6
702763 1.08 .6 .
8091088 1.06 68
904068 1.86 68
913606 1.87 .68
923647 1.88 .69
LI 1,886 .68
443729 1.87 .68
9543770 1.87 .68
630812 1.88 +69
978833 1.88 +69
2083894 1.58 .69
993936 1.8? .68
1630397 1.5? 69
1004982 1.08 +69
1108986 1.37 .08
1006990 1.8? .68 ]
100799 1.86 +60
1O0H99 1.89 69
1016002 1.88 69
1011007 1,07 .68
1012011 1.86 608
1013018 1.8? .68 ;
10149019 1.84 1.80 .60




102

NAL PAGE 13
ofual a

OF_POOR QUAWII

N67U@3

TERT DATE 10561001 : CONTRAGT MO, 403-0000 PROSEGT NARA
TTIF=00 11021 TENRIGN TENRION APLGIMEN NAME  NO7400

TEST DHWCTION 19 1

MATERIALY #n6% .0, GRAED, 401 FATIGUR APEGIMEN SHAPE NECTANGULAR
TEMPERATURE 80,00 DEG, ¢, HUNIDITY 80,601
CYCLING FIEQ, mawnemwenes 10,00 UEATZ LENGTHE ( ) momeceess 7,000
FURCTION GEN RNG, MULT=o= 10,00 100,00 ¥ WINTHL ( |N) mommncana~ 1,800
RGAN 1A menacssnanannec(li, 00 U/ TIHCKNESE (1) ewwoee 044
OPBIATON # ¢
OPERATOR 2
SERRRKRRRRRERKNRERELRKRRARPREARRRERARBRRVBEERNRRARRERNAN A NRBRRARRER NN RERRRE S

L2 XA S & § & &

ClUAN, TYPE HOW DGR CAL=10W  CAL=HIGIL GACE LEN, DESGRIPTION
1] 49 018 18,040 0,00000 1000,0000 09,0000 1KLY L, CLLL
v 40 010 10,010 0, 00000 0 9‘”00 3.80000 I.ONC. EXT.
6 49 V016 10,010 0. 0vb1VO 01970 90480 LAT.  EXT,

SPECIMENt N67403

CYCLE » STATIE LONG. PYNAMIG LONG, GL12)R(F+06)
MODULUSIG F4 063 HODULUSHC E+06)
1 1.08 1.8? .67
H 12 '
R .
? .88 +67
9 1.89 N
19 1.58 .
a9 1.8? .6
39 {,68 67
49 1,58 +6
89 1.88 .68
69 1.8¢ 67
) 1.88 67
9 1.88 .67
99 1.87 .67
199 1.808 62
800 1.88 .68
400 .88 68
590 1.08 62
601 1.89 S8
01 x.ag NN
891 1.8 .68
201 1.80 .62
1002 1.68 .68
2004 1.68 167
8007 1.89 .68
4010 1.89 .68
5013 1,87 .67
6016 1.86 N34
T019 1,89 .68
B2l 1.89 .68
LT ) 1.88 68
1WaY 1,89 60
20086 1.88 60
B00H4 1.88 +67
40112 1,89 68 S
80144 1.89 .68
60149 1.89 .68
20198 1.60 68
8o02a? 1.60 68
90288 1,89 .68
100284 1.60 .6%
LUOB69 1.08 N3
RIUVHETY 1.61 iy 6"
401148 1.89 .68
DUI4I8 1.89 .68
601920 1.68 . .68
02028 1.09 .68
Boauae 1.89 +68
026120 l.az .68
PR 1.8 .68
u8719 1.89 +68
v42?230 1.88 .68
04781 1.89 .68
PRI 1.88 .08
TS 1.89 .68
98474 1,09 .68
992908 1.88 N4
1002936 1.89 .68
1012967 1.88 .68
1018070 1.88 P
1014978 1,60 v
1013976 1,89 .68
1016979 1.89 ', 68
1017982 1.09 .68
1018988 1,089 .68
1019908 1.8? +6?
1080992 1.60 .68
1021998 1.60 +60
1022998 1.80 1.89 .68




e sakamamige e

3 R

R e

Appuidix €

Modulua Docay Plots

This appendix Ineluden normalizod plots of the dyamic modulus for
both the [ﬂﬂ%],ﬂ and the lfﬁ7.5)2u laminates, Additionally, poer the
roquest of the NASA-Langloy Program Monitor, normalized ploto of 012 for

tzhc..]_'i;&S],,8 laminates are also included.
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