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I. Introduction and Scope

The structural application of composites with specified
reliability targets require quantitative characterization of the
composite's time-dependent deformation and time-dependent damage
properties. The inherent variability of damage requires extensive
replication of tests and a large number of samples. The very nature
of time-dependent characterization coupled with the large number of
specimen requirements leads to the necessity of occupying testing
facilities for extended periods of time. As a matter of practical
constraints, it is frequently not feasible to test the numerous
permutations of fiber, matrix, lamination geometries, and load-history
profiles. Significant reduction of the testing and data managing
effort is possible by first characterizing the basic (or local) aspect
of time-dependent deformation and damage separately for the fiber and
for the matrix, and then by computing the overall composite
performance by mechanistic modeling. 1In graphite-epoxy composites, it
is known that the fiber properties are weakly time—-dependent; our
program is therefore directed towards the characterization of matrix
dominated time-dependent properties. The specimens are T300/5208,

+ 45° laminates tested in tension. This configuration characterized
the matrix dominated behavior under combined normal and shear stresses
as well as interlaminate stresses. Further partitioning of these
effects requires igkerfacial strength characterization and
supplemental testing of the lamina in pure shear and in uniaxial
transverse tension. These characterizations were not included in this

program.

The scope of this program is to provide a data base which can be
used to characterize overall matrix-dominated time-dependent
deformation and time-dependent strength. Three load-histories (ramp
loading, step and hold loading, creep and recovery loading) were
performed to facilitate identification of non-linearity in

proportionality and non-linearity in time-superposition. The data



base includes a complete recording of the mechanical stimuli (the

input) and the material responses (the output) by macro-variables of ‘

stress and strains. Emphasis in this report is on presentation of the
data so that it may be accessible to the technical community at large
and to facilitate correlation and formulation of mechanistic models
from diverse perspectives to meet different goals in fundamental
research and in engineering applications. Part I of this report

summarizes the data base established for ramp loading.

II. Material, Specimen Preparation, and Sample Configuration

The material tested in this program was Narmco T300/5208
Graphite—epoxy currently widely used by the aerospace industries for

structural components of high performance aircrafts.

All samples tested were coupons machined from (+ 45)5, i.e.,
four ply + 45 symmetric laminates. The 12" x 12" laminates were
fabricated from prepregs supplied by the manufacturer. The
fabrication method was by vacuum bag molding using scrim cloth to
control fiber volume to be 61% Ve * 2%. The laminates were cured in
accordance with the manufacturer's specification which included vacuum
evacuation in vacuum-bag; increased temperature from room temperature
to 130° C and held 1 hour at 135° C. Raised temperature to 179°% ¢
and held for 2.5 hgﬁrs with autoclave pressure at 100 psi. Allowed to
cool down overnight to 60° C. Post—cure followed a 6-hour ramp to
204° C, held for 4.5 hours at 204° C, followed by a 6-hour ramp-
down to room temperature. Commerically available glass-fiber cloth
reinforced circuit board material was used to provide jaw cushioning
for the tensile coupons. Strips of this glass tab materials were

bonded to the 30 cm x 30 cm laminate as shown in Fig. la.

Coupon samples were machined from the plate by a water—cooled
diamond cut-off disk, and then precision drilled in a jig, producing

the finished specimen with the configuration indicated in Fig. lb.




The finished specimens were inspected for irregularities and machining
damage by a 10X stereo microscope. Finally, 350 § sgrain gauges

were affixed to the samples as illustrated in Fig. 2. Three gauge
rosettes (0°/45°/90°) were used to collect additional

information for identifying damage associated with delamination.

II1. Experimental Configuration

The ramp-test loading reported here was performed on a standard
metric-model Instron Testing Machine with fine pitch cross-head
screws. The range of the standard Instron cross-head rates were
extended by serially connecting an Instron table model gear box to the
Selsyn motor. Using this extended range, we carried out the testing

matrix as indicated in Table 1.

The specimens were loaded by displacement conditions (not
strained controlled), and the displacement rates were nominally
constant. The deviation from constant rates are greatest at the
slowest cross-head rates. In any case, it would be inappropriate to
interpret the data as constant strain rate and substitute directly in
the constitutive relations such as those in the convolution integral
form. Records of the actual strain-time histories are reported herein
for proper constitutive modeling.

e

For each test sample, the cross—sectional area was measured at
three locations over a 2 cm length in the middle of the gauge length.
The load generated by displacement inputs were measured by a load cell
with a capacity approximately 1.5 times the expected maximum load.
Load cell output and linearity were calibrated by dead weight. The
engineering stress compiled in this report was computed from the

measured load divided by the predeformation area.




The in-plane strains were measured by the 350 Q strain gauges
of one of the two configurations shown in Fig. 2. Excitation voltage
was nominally 6 volts which, in conjuction with the high resistance
strain gauge, was verified to be below the threshold of excessive

heating and the associated drift of strain measurements.

Data acquisition for each load and strain channel was performed
by individual digital volt meters acting as analogue to digital
converters. The sampling rate of the digital volt meters was
controlled by a microprocessor which also transfers the digital data
and timing signal to a standard magnetic tape. The data on this tape
is then transferred to a Digital Equipment LSI-11/60 based data

archival and data analysis system.

IV. Data Compilation Procedure

Test data collected in this project were acquired and archived in
a computer in digital form. Associated with each sample tested, data
was recorded for four or five variables (time, load, 00/900 strains or
0°/45°/90° strains). For each of these variables, approximately 200
points were recorded giving a resolution of 0.5%, roughly
corresponding to the accuracies of the instrumentation. Thus, each
test sample has 800 to 1000 points, giving a total of 40,000 points
for all the speciméns. For dissemination of these data, a direct
digital print-out is impractical because of the volume of the data
involved. On the other hand, a graphical or analogue presentation
cannot retain the inherent resolution. A distribution by magnetic
tape or disk would be too complex because of the dependency on
computer hardware. We have chosen to represent the data by
appropriate analytical forms. Compilation of the parameters for the
analytical function is a compact method to disseminate and retrieve
data. Several analytical forms for data representation were
considered. We noted that since the data is associated with

time-dependent material characterization, the appropriate analytical




form is governed by the nature of the input function (the ramp in this
particular case) and the form of the material constitutive relation
(the relaxation function in this case). For example, if we have a
constant strain rate input and if we choose the relaxation function to
be in the form of an exponential series, then in order to be
mathematically consistent, the output function should be the sum of a
power series and an exponential series. This can be readily seen by
evaluation of the usual convolution integral for viscoelastic
materials. However, since the objective of this report is data
dissemination, not the formulation of theory for materials
characterization, we choose not to limit the flexibility of data
utilization by casting the data into a specific choice for the
constitutive form. Thus, we compromised on the formalisms of
mathematical consistency, and fit both the mechanical input and the
materials response output by polynomial series. The degree of the
polynomial was chosen to adequately represent the data. The sole
intention of polynomial representation is for data compaction and data
retrieval. In the theory formulation stage, at the option of the

investigator, the data can be represented in other functional forms.

Prior to the data fit, man-machine interactive computer software
was used to identify the load and strain datum level to define the
zero time and to eliminate extraneous data recorded after failure of
the specimen. Theféperations of this interactive data conditioning
are illustrated sequentially from Fig. 3 to Fig. 8. Figure 3 is a
typical load versus time record with data taken initially (t < 4
seconds) to establish zero load level and extraneous data recorded
after failure (t > 21 seconds). Figure 4 displays an
operator-defined region within which data was considered to be
extraneous. Figure 5 displays the region from which data was removed
and a new region (on the left) defined by the operator to be enlarged
for detailed examination. Figure 6 displays the enlarged region,
clearly displaying 16 points taken at zero load for definition of the

load datum. Figure 7 displays two operator-defined regions; a



constant was fitted to the region on the left defining the load datum
and a polynomial (of an order selected by the operato}) was fitted to
the right region. The intercept of the two curves defines the zero
starting time. Figure 8 displays a replot of the data with the proper
datum level and time as defined by the previous steps. For each
sample, the zero time defined by the load rise was transferred to the
associated strain-versus-time records. In other words, the zero time
was not independently determined again for the strain channels of the

same specimen.

Our experience indicated that interactive data conditioning was
needed; automatic data conditioning algorithms without the heuristics
of 'expected' material response frequently are misled by noise in the

data and give erroneous representations.

All the test data were conditioned interactively by the above
operations. This is followed by a conversion of the physical units of
load and deformation voltages into stress and strains. Polynomials
were fitted to the stress-versus—time and strain-versus—-time records.
We noted that a high degree polynomial was needed to adequately
represent the data. In Fig. 9 a third degree polynomial was fitted
and displayed with the data. We note a good fit over the majority of
the data range since the fitted curve (small dots) was completely
covered by the dat;‘(large dots) except near the origin. An
enlargement of the region near the origin shows the discrepancy
between the data and the fit. In comparison, a 9th degree polynomial
provides a good overall fit, including the origin as shown in Figs. 11
and 12. Accordingly, all data were fitted to 9th degree polynomials
and they are presented in the Appendix. The data was compiled for
specimens tested at increasing rates of loading. For samples
instrumented with two strain gauges there are three graphs,
respectively, for stress-versus—time, 0° strain-versus-time, and
90° strain-versus-time. For samples instrumented with a three-gauge
rosette, there are four graphs per specimen, the additional graph

. o . .
being 45 strain-versus-time.




The information given on each graph is:

1) Type of composite (fiber/epoxy)

2) Measured fiber volume

3) Nominal loading rate (displacement rate)

4) Specimen identification number

5) Polynomial fitted to the data

6) Actual range of data recorded (in terms of the independent
variable)

7) Fitted parameters for the polynomials

8) Multiple correlation coefficient; 1 = perfect fit

9) Number of total data points

For clarity, the data was displayed by coarse symbols; whereas,
the fitted polynomial was displayed by a dotted curve. A cursury
confirmation of satisfactory goodness of fit is suggested when the

coarse data points obscure the superimposed fitted curve.

V. Data Retrieval

All the information necessary for retrieving the data are
contained with the graphs of the respective variables in the
Appendix. The form of the polynomial and the parameters optimized to
the data are listeél Also given is the respective actual data range
of the independent variable (time) in the polynomial representation.
Substitution into the polynomial of time ..crements within this range
assumes the retrieval of the dependent variable (stress or strain)
within the accuracy indicated by the multiple correlation
coefficient. It should be noted that estimation of the independent
variables outside this range constitutes extrapolation from actual

data. This should only be done with discretion.

To recapitulate, the objective of this report is to disseminate
experimental data of matrix-dominated time-dependent deformation and

time-dependent damage in graphite-epoxy composite. The composite



specimens were + 45° T300/5208 laminates tested in tension with
complete instrumentation for stress, strain, and time recordings.
Experimental data was recorded and archived in digital form.
Polynomial series are fitted to the experimental data for compilation,
dissemination and future retrieval. Data presented herein is
accessible to the technical community at large for correlation and the
formulation of theory from diverse perspectives, and to meet different

goals in fundamental research and engineering applications.
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Loading Rate
cm/min

0.0001
0.0100

1.0000

TABLE 1

Testing Matrix for Ramp Loading

No. of Specimen

10
10

10

Strain Gauge

Instrumentation
0/90 0/45/90

8 2

8 2

9 1
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Fig. 11 - Same data fitted to 9th degree polynomial. No visible
discrepancies over entire range.
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Fig. 12 - Enlarged region near origin confirming fine fit,.
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Experimental Data Under Ramp Loading

APPENDIX:
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* Instrumented with 0°/45°/90° Strain Gauge Rosette
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Specimen I.D.: 1355-001

gA,L_AlAIAAAA‘llllllAAA‘llll‘lllAllLAAALLlleAllllllllllllllljlllllll‘lllllllllAlLlljlllAllll

TIME - HRS,
STRESS = MA@ + RIXTIME + AKTIMEN2 + ... + ASKTIMERS

where: 9.2417 =< TIME =< 69,6792
A = -8.3103E+20
Al = 0.29SBE+21 A4 = -@.2140E-02 A7 = @.1876E-@7
A2 = -0.3531E+29 RS = Q.7215E-G4 A8 = -8.1297E-@9
A3 = 0.3807E-81 RE6 = -@.149SE-@S AS = 0.38@%E-12

Multiple Correlation Coefficient = @,9999688; MNo. of Data Points = 251
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Specimen I.D.: 1355-001

‘lLll‘llll,‘jlllllll‘llj_‘lll‘lI‘lllllllll‘LLLlllllllLllllllllllllllllllllll‘w.l

iiddis i il

0 10 20 30 40 S0

| TIME - HRS.

STRAIN = ARG + AIXTIME + ASXTIME~Z2 +

where: 8.2417 =< TIME
A = -B.6270E-32
A1 = B.1620e-01 R4 = -9, 1S2SE-84
A2 = -9.2038E-32 RS = Q.SEeS7E-G6
A3 = Q.246SE-03 A = ~-8.1277E-37

Multipie Correlation Coefficient = @.999994; MNo. of Data Points = 2S1
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+ AMXTIME™S
=<  £38.6792
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1.76
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1.28
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0.26
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Specimen I1.D.: 1355-091 3
.
]
3
E
]
3
o 10 20 30 40 50 80 70 80
TIME - HRS. ‘
STRAIN = AG + ALXTIME + ASKTIMEA2 + ... + ASKTIME~S
where: @8.2417 =< TIME =< §639.6792
AG = -@.383°%6-02
A1 = Q.1318E-01 R4 = -Q.1491E-04 A7 = Q.1613E-@9
A2 = -Q.1871E-02 RS = Q.S5S226E-06 A8 = -B.119%e-11
A3 = 0.2253E-93 RE = -3, 1188E-07 AS = @.3744E~-14

Muitiple Correlation Coefficient = 9.9999394; No. of Data Points = 251

- 24 -



MPA

STRESS

T300/5208 -

VF=61.8 - 0

.0001 CM/MIN

Q
2 TI"'I"llllrIIIITTr] 'TTllITrT"IlI'[II'TI_hIIT‘rTIITYIllllll"llll’lll'l’—rff"—rfla
Specimen I.D.: 1355-002 3
3 3
2
g
: E
3
3 3
3
3
s |
3
o 3
- -
o 3
N E
3
0 10 20 30 40 50 60 79 %0
TIME - HRS.
STRESS = AB + ALIxTIME + R2XTIMENZ + + ASXTIMENY
where: 8.2928 =¢( TIME =< 51.3988
: AQ = 0Q.1241E+0Q

Al = Q.112SE+81 R4 = Q.34S8E-32 R7 = -3.1182E-96

A2 = 0.194SE+00 RS = -3, 19SeE-a3 AS = @.1192t-08

A3 = -Q.3285E-81 A6 = 0.6323E-8S AS = -8.5019€-11

Multiple Correlation Coefficient = @.999999; MNo. of Data Points = 18S
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Specimen I.D.: 1355-0@2

A
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gt gaaa g b g st gt ea e ea g s la g g a laga g vqaelagaa 1040

o] 10 20 30 40 50 §0 70 80

TIME - HRS.
STRAIN = A3 + ALXKTIME + ARATIME~Z + ... + RASXTIMES

where: 8.2928 =< TIME =< 51.3988
PG = 0.1771E-32
Al = 0.7518E-32 A4 =« @, 1885E-84 A7 = -@,739SE-09
A2 = @.7795E-33 RS = -@,1093E-85 A8 = 0.780eE-11
A3 = -0.1512£-923 A6 = B.37S1E-Q7 A9 = -@,34228-13

Muitiple Correlation Coefficient = @.9939999; No. of Data Points = 185
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Q 10 20 30 40 50

TIME - HRS.

STRAIN = ABG + AIXTIME + AXTIME~Z2 +

where: 9.2928 =< TIME
A » B.3619E-03
AL = 0.3707E-02 A4 = Q,1485E-04
A2 = B.S472E-03 RS = -Q.81S6E-v6
A3 = -9.1471E-@3 A6 = 0.2618E-07

60 70
+ ASXTIME™S
=< 51.3%88

A7 = —B.49@8E-09
AB = 0.4983E-11
AS = -0.2118E-13

(']
o

Multiple Correlation Coefficient = 8.999999; No. of Data Points = 185
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Specimen I.D.: 1358-201
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-u:'.“.U.LULLL.LunLL.LLL..LJ.LL..LL..l,.u..u.u..lu...L.“.u..ll..“,.“.;
0 10 20 40 50 80 70 80
TIME - HRS.

STRESS = A@ + AIxTIME + AZXTIME~Z2 + + RASXTIME~S
where: 3.9718 =< TIME =< 68.3552

AQ = -9.470SE+QAL
AL = 0O.35774E+01
A2 = -9.1145E+81
A3 = B.13S2E+00

Multipie Correlation Coefficient = @.999982;

A4 = -B.8379E-02
AS = ©.3@S4E-03
A6 = -0.6743E-85
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No. of Data Points = 204
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10 20 30 40 50 §0 70 80

TIME - HRS.
STRAIN = A@ + ALXTIME + AZXTIMEN2 + ... + RASKTIMENY

o

where: 3.9718 =< TIME =< £8.3552
G = -0.1201E-01
Al 9.2096E~-01 A4 = -0,2233E-04 A7 = B.566SE-10
A2 = -0,.3643E-02 RS = @.6547E-0S A8 = 0.2365E-12
A3 B.4129E~-03 A6 = -9.9927E-08 A9 = -9,3063E-14

Multiple Correlation Coefficient = @.999987; MNo. of Data Points = 284
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Specimen I.D.: 1358-001
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TIME - HRS.

o
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STRAIN = A3 + AIxTIME + AZXTIMEAZ + ... + RASXTIME"S

where: 3.9719 =< TIME
AB = -Q.3392E-01
Al 8. 29621 A4 = -Q,4018E-04
A2 = -9.5721E-02 AS = @.1470E-QS
A3 Q.6562E-03 A6 = -Q,3286E-07

Multiple Correlation Coefficient = @.999991; No.
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A7 = Q0.4415E-@9
A8 = -@.3284E-11
AS = G.1841E-13

of Data Points = 284
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Specimen I.D.: 1358-0@2
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TSP N

o

10 20 30 40 50 80 70

TIME - HRS.
STRESS = A + ALXTIME + AATIMEN2 + ... + AOXTIMENS

where: 0.2886 =< TIME =< $3.0619
AQ = -@.1499E+01 '
Al 9.7821E+01 A4 = -@,1124E-01 A7 = @.1831E-96
A2 = -8.1218€+01 RS = | Q9.4679E-@3 A8 = -Q.1550e-28
A3 9. 1601E+29 A6 = -0.1194E-904 A9 = Q.5555E-11

Multiple Correlation Coefficient = @,999995; No. of Data Points = 187
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Specimen I.D.: 13S8-202

Bl aaaaaasat o aa g b g g aaaaal s g sty qgaa g e a gl eaga a1

-

laasnasapadoeasngnasbogrannasadasasunsnalanaganaaalasaanessalsnsnarnsqlanagngiys

Liliairg

-

0 10 20 30 40 50 80 70

TIME - HRS.
STRAIN = AQ + ALXTIME + AXTIMEN2 + ... + ROXTIME"S

where: B.2886 =< TIME =< S53.0610
AQ = -B.7462E-02
AL @.378s8E-01 R4 = -Q@,.35434E-04 A7 = B.8544E-0S
A2 = -3.6197E-82 RS = 8.2223E-0S A8 = -@.71S6eE-11
A3 @.80eeE-a3 A6 = ~@.S611E-07 RS = Q.2571E-13

Multiple Correlation Coefficient = @.999993; NMNo. of Data Points = 187
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N: j
F Specimen I.D.: 1358-9@2 3
NF .i
C 3
F 3
ol 3
SF 3
i3 /
3 3
2 :
o: 5
Nr_ =
s ]
33 3
of 3
: 3
2 3
or 3
of ]
g i
ol 3
SE F
of 3
:LxllLLlllx_Llll_L_xLLLLlLLn_anLln1J_LALLL11L1_L1LLL1|lL11LLLI[;L;;AnLunnglnlnnllxlA:
1] 10 20 30 40 50 80 70 80
TIME - HRS.
STRAIN = ARG + AIXTIME + A2xTIME~Z2 + + ASXTIME"S
where: 8.2886 =< TIME =< S3.0618
A3 = -@.8248E-02
Al = 0Q.3220e-01 A4 = -@.4996E-B4 A7 = 0.997Se-09
A2 = —-9.5414E-02 RS = 0.2132£-0S5 A8 = -9.8137E-11
A3 = Q.7134E-03 A6 = -Q.5643E-07 A9 = Q.311SE-13

Multiple Correlation Coefficient = B.,999999; No. of Data Points = 187
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Specimen I.D.: 135%9-001

i
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Eosaaa gl sl aa et s s g aaada g b g aa g gt s a e i a4

0 10 20 30 40 50 80 70 89

TIME - HRSo
STRESS = A8 + RALXTIME + A2XTIME"2 + ... + RAS*TIME"S

where: 9.2194 =< TIME =< £6.6Q16
. AQ @. 10SeE+31
AL @.4726E+91 A4 = -Q,.3845E-82 A7 = Q@.4264E~97
A2 = -B.56158E+00 RS = Q.13SSt-@3 A8 = -@.31SE-09
R3 0.6484E-91 A6 = -9.3142E-@S A9 = Q.1088E-11

Multiple Correlation Coefficient = @.95999@0; MNo. of Data Points = 236
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Specimen I1.D.: 13595-001
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@
o

.T IrqEE - P*F?s;o
STRARIN = AQ + AIXTIME + AXTIME"Z + ... + PRSXTIME"S

where: 8.2184 =< TIME =< £6.64016
AQ = -0.3158E-03
R1 = 0.2614E-01 A4 = -9, 2364E-04 A7 = B.2717E-@S
A2 = -@,3490E-32 AS = B.8776E-06 A8 = -0,2028E-11
A3 = @.3868E-@3 A6 = -9,1996E-07 AS = 0.6381E-14

Multiple Correlation Coefficient = 9.999997; No. of Data Points = 236
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Specimen I.D.: 13SS5-001
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atdaaad g g o e g gt agga g g ag by s g g b g e lag g aa e

0 10 20 30 40 50 60 70 80

TIME - HRS.
STRAIN = A@ + ALXTIME + ASKTIMEN2 + ... + ASKTIMENS

where: 8.2184 =< TIME =< 66.£016
A = 0Q.1141£-32
Al = 0.1884E-01 R4 = -3, 1764E-04 A7 = Q.2170e-09
A2 = -Q.2SeSE-22 AS = Q.5698E-06 ARS8 = -B.165z2E-11
A3 = @.2834E-43 A6 = -9.15Se8E-97 RS = 0.5292e-14

Multiple Correlation Coefficient = @.9999597; MNo. of Data Points = 236
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Specimen I.D.: 1359082
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10 20 30 40 S0 60 70 80

TIME - HRS.
STRESS = A@ + ALXTIME + AATIMEN2 + ... + AOXTIMENS

o

where: 8.1832 =< TIME =< 55,1776
A9 = -0.2768E+20
Al 9.8737E+01 A4 = -@,3836E-02 A7 = 0.410%€-07
A2 = -@,79SSE+00 AS = Q.134eE-03 A8 = -0.313eE-09
A3 8.6922£-01 A6 = -@.3001E-0S RS = 0.101SE-11

Multiple Correlation Coefficient = B.999996; MNo. of Data Points = 199
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Specimen I1.D.: 135S-0@2
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0.8 0.76

0.28

it o g g s g e e Lo s aaa g e baso caa gl g taas b 14
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TIME - HRS.
STRAIN = AB + ALXTIME + AZXTIMEN2 + ... + ROXTIME~S
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where: 8.1832 =< TIME =< 55.1776
RO = -8,2831E-32
Al = 0.44S7E-O1 A4 = -Q0.1288E-@4 A7 = Q.1534E-09
A2 = -@,321SE-82 RS = D.435RE-06 A8 = -0, 1330E-11
A3 = 0.2632£-93 RE = -9.1014E-Q7 A9 = Q.4913E-14

Multiple Correlation Coefficient = B.3999999; No. of Data Points = 199
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Specimen I1.D.: 13539-002
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TIME - HRS.
STRAIN = AB + ALXTIME + A2ATIMEN2 + ... + ROXTIME~S

where: 0.1832 =< TIME =< 55.1776
Aa = -0.2988E-02
Al = 0.3260E-01 A4 = -3.4443E-CS A7 = -@,4381E-10
A2 = -9,1933€-82 AS = 0.5454E-G7 A8 = 0.5951E-12
A3 = 0.1376E-33 A6 = 0Q.9611E£-@9 RS = -B.2973E-14

Multiple Correlation Coefficient = @.999999; No. of Data Points = 199
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Specimen I.D.: 1359003
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(1]
o

TIME - HRS.
STRESS = A@ + AIXTIME + ARATIMES2 + ... + ROXTIME~Q

where: 8.1721 =< TIME =¢ 71.5538
A = 0.1028E+01
Al = Q.5633E+31 A4 = -3.1300E-82 A7 = B.763SE-@8
A2 = -Q.4582E+00 AS = B.3538E-04 RS = -@.53873E-10
A3 = 0.3154E-01 e = -9.6501E-86 AS = Q.142%€E-12

Multiple Correlation Coefficient = 8.999962; MNo. of Data Points = 258
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Specimen I1.D.: 1359-9@3 3
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3
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(<] e
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0 10 20 30 <0 50 60 70 80
TIME - HRSo
STRRIN = AQ <+ AIXTIME + ASXTIME~Z + + ASX%TIME"9
where: 0.1721 = TIME ={ 71.5538

AQ = -0.26806eE-32 .

Al = 9.3131E-61 R4 = ~3,71S3E-8S R?Y = G.S5134€-10

A2 = -9.2244E-32 RS = B.2235E-26 A8 = —-@.2976E-12

A3 = @.160SE-a3 RE = -Q.445S6E-98 RS = 0Q.6148E-15

Multiple Correlation Coefficient = 9.999990; No. of Data Points = 258
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Specimen I.D.: 1355-0@3
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[ ]
o

TIME - HRS,
STRAIN » A3 + ALXTIME + ARXTIMES2 + ... + RAOXTIMEND

where: B.1721 =< TIME =< 71.5538
AQ = Q.1771E-@2
Al = 0.2315e-01 R4 = -Q@,.4142E-05 A7 = 0@.2367E-~-10
A2 = -@.1568E-~d2 AS = 0.118SE-@6 A8 = -@.1213E-~12
A3 = 0.1844E-03 A6 = -@.2208E-08 A9 =  0Q,177S5E~1S

Multiple Correlation Coefficient = B@.3999992; MNo. of Data Points = 258
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Specimen I.D.: 13595-004
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0

10 20 30 40 S0 60 70 80

TIME - HRS.

STRESS = A@ + ALXTIME + ASXTIME™Z + ... + RIXTIME"S

where: 2.1624 =<¢ TIME =( 58.2122

AQ
AL
A2
A3

@.355eE+20

@.7986E+91 Ad = -0,.5061E-G2 A7 = 0@.8258E-97
-0.7155E+00 RS = 0.2067E-@3 A8 = -0.7191E-09
Q.772ZE-01 f6 = -3.5383e-0S A9 = B8.257%E-11

Multiple Correlation Coefficient = @3.999994; No. of Data Points = 210
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T300/5208 - VF=60.1 - 0.0001 CM/MIN

TIME - HRS.
STRAIN = AB + RAIXTIME + ASXTIME~2 + ... + RASXTIME~S

where: @a.1624 =< TIME =< S8.2122
AB = @.7827E-33
Al = 0Q.3823E-01 A4 = -@,.2147E-04 A7 = Q,3771E-90S
A2 = -9@.3142E-02 RS = 0.896%E-06 A8 = -8.3265E-11
A3 = Q.3379E-93 A6 = -3.2373E-37 A9 = @.1178E-13

Muitiple Correlation Coefficient = @.999998; No. of Data Points = 219
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T300/5208 - VF=60.1 - 0.0001 CM/MIN

TIME - HRS.
STRAIN = AB + ALXTIME + AXTIMES2 + ... + ROXTIME~S

where: 8.1624 =< TIME =< 5B.2122
A3 = 0.2784E-22
ARl = @.31S8E-01 A4 = -Q, 2S29E-04 A7 = @.459%E-09
g s -@,3176E-02 RS = 0.1084E-0S A8 = -0.4001E-~11

9.373%E-83 A6 = -Q,2888E-07 AS = Q.1459%-13
Multiple Correlation Coefficient = @.999999; No. of Data Points = 210
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Specimen 1.D.: 1363-20S5
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o] 10 20 30 40 50 80 70 80

TIME - HRS.
STRESS = A@ + -ALXTIME + AATIMES2 + ... + ROXTIME"S

where: 8.1701 =< TIME =< 51.2761
A = -0.1042E+00
Al = 0O.S7ESE+D1 A4 = 0, 888SE-02 A7 = —-3.152SE-06
A2 = @.S65SE+00 AS = -9.3828E-03 A8 = Q.1301E-928
A3 » -@.1147E+20 A6 = @.9884E-@S A9 = -@,4744E-11

Multiple Correlation Coefficient = @3.9999839; No. of Data Points = 185

- Lg -




'®

PERCENT

O DEGREE STRAIN

25

1.76

1.8

1.26

0.5 0.756

0.285

0o 10 20 30 40 50 80 70

T300s/5208 - VF=60.1 - 0.0001 CM/MIN

RJLSLEUEE LR S 20 S0 00 S A SN B N 00 B U NNLANE MR 20 B L M LSRN B0 LB BN L 0O LA LS B B N AE BN SLALAL BN AL BLAR BL LA NLAC SR LA BUALELILY

Specimen I.D.: 1363-085
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TIME - HRS.
STRAIN = A@ + ALXTIME + ASKTIMEN2 + ... + RSXTIME"S

where: 8.17081 =C TIME =< S51.2761
A = -4.7251E-@3
Al = 0.294SE-01 A4 = Q.4421E-94 R7 = -@.71S2E-@9
R2 = 0.3961E-32 RS = -3,1813E-0S A8 = @.64SBE-11
A3 = -0.6149E-03 A6 = 0.4591E-07 A3 = ~9.2561E-13

Multiple Correlation Coefficient = 9.999996; MNo. of Data Points = 185
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Specimen I1.D.: 1363-08S
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1540400243

9 10 20 30 40 50

TIME - HRS.

@
o

60 70

STRAIN = AB + ALXTIME + A2XTIME2 + ... + RASXTIME"S

where: 8.1781 =< TIME
RQ = ~Q.1192E-082
AL = Q.2425E-81 A4 = Q,163SE-04
A2 = B.2134E-02 AS = -@.484SE-06
A3 = -Q.2828E-83 A6 ~ B.7S97E-38

Multiple Correlation Coefficient = @,999937; MNo.

- L8 -

= 51.2781

A7 = -0.5601E-10
A8 = 0.1@5E-12
AS = 0Q0.3214E-15

of Data Points = 185
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Specimen 1.D.: 1363-005
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Q 10 20 30 40 50 60

TIME - HRS.
STRAIN = AQ + ALKTIME + AXTIMEAZ + ... + AKTIME"S

where: 8.1781 =< TIME =< S1.2761
A = 0.2517E-82
Al = -9.2B66E-33 A4 = D.1262E-B4 A7 = -9.3965%E-99
A2 = Q.9077E-33 RS = -9.65063E-06 A8 = B.2937E-~11
A3 = -9.1532e-83 A6 = B.1765E-Q7 AS = -@.1191E-13

Multiple Correlation Coefficient = B.999826; MNo. of Data Points = 185
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Specimen 1.D.: 1363-~@86
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TIME - HRS.,
STRESS = A3 + ALXTIME + AKTIMEAZ + ... + ROXTIMENS

where: 8.0653 =<( TIME =< 58.6706
AB = —Q@.4528E+08
Al 8.6247E+Q1 R4 = 0,8849E-02 A7 = —-@.1746E-06
a2 @.358SE+09 AS = -9.4101E-03 AS = 0.1499%€-98
A3 = -0.1009€+20 =1 @.1106E-04 AS = -3@.5410e-11

Multiple Correlation Coefficient = ©,999983S; MNo. of Data Points = 212
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Specimen I.D.: 1363-006 /
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o

TIME - HRS.
STRAIN = MA@ + ALXTIME + AXTIME2 + ... + ASXTIME"S

where: B8.8653 =< TIME =<{ 58.6706
AQ = -@.548SE-D3
Al = 0.312%€-01 A4 = @,5424E-G4 A7 = -Q0.9672E-@3
A2 = 0.3158E-02 RS = ~@.2413E-0S A8 = Q.80S6E-11
A3 = -0.6532e-93 Ae » B.6298E-97 AS = -@.28S6E-13

Multiple Correlation Coefficient = 9,999998; MNo. of Data Points = 212
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Specimen I.D.: 1363-906

0 10 20 30 40 50

TIME - HRS.

80 70

STRAIN = AB + RALIXTIME + A2XTIME"2 + ... + RSXTIME"S

where: 0.9653 =< TIME
AQ = -0.9891E-G3
AL = B.2426E-01 A4 = 0.3247E-04
ARZ = 0.22S2E-82 AS = -@.1304E-0S
A3 = -Q.4230E-33 A6 = 0.298SE-07

Multiple Correlation Coefficient = 9.9999398; No.

- 52 -

={ 58.6706

A7 = -0.3846E-29
A8 = 0.2514E-11
A9 = -0.6087E-~14

of Data Points = 212
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Specimen I.D.: 1363-806
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A

e

7

o

10 20 30 40 S0

TIME - HRS.
STRAIN = AQ + ALXTIME + AATIMEA2 + ... + ASKTIMERD

where: 8.9653 =< TIME =< 58.6706
A = -9,.5483E-Q3
AL = B.S27eE-32 A4 = B.2896E-8S A7 = -Q.63B86E-10
A2 = -Q.9858E-04 RS = -@.1442-06 RE = B.5559%-12
A3 = -9.2537E-94 A6 = BQ.3992E-08 AS = -3.2049%-14

3 aaaaasaasbasanasaanbonannssaadoanaassantssnsaneaalosssnspnalonssseansbongsasss

Multiple Correlation Coefficient = @.999911; MNo. of Data Points = 212
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Specimen I.D.: 1356-0@1

i
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F'S
o

TIME - MIN.
STRESS = AD + ALXTIME + AXTIMEAZ + ... + ASKTIME"S

where: 8.2294 =<¢ TIME =< 35.2294
AQ = 9.5016E-01
RL = 0.3536E+91 R4 = -@,595BE-02 A7 = -@.6674E~06
R2 = -@.5292E+00 RS = 0Q.5817E-B4 R8 = 0Q.142SE~Q7
A3 = @.9551E-91 A6 = @.1287E~84 AS = -@.1124E-09

Multiple Correlation Coefficient » @.999989; MNo. of Data Points = 211

- 54 -




PERCENT

O DEGREE STRAIN

2.28

T300/5208 - VF=61.8 - 0.0l CM/MIN

LRI B LR AR LB LSS N A0 0 BN BN SN L MO0 BN JND N LA SL BNLON A NS SN BB LI N U (LR L LT G0 N B AL BN LIRS

Specimen I.D.: 1356-001
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9 S 10 13 20 23

TIME - MIN.

30 35

STRAIN = A + AIXTIME + AZXTIMEZ + ... + ASXTIME™S

where: 8.22%4 =< TIME
A0 = -Q.1360E-32
Al = 0.1497E-01 R4 = Q.5451E-04
A2 = -0.4844€-33 AS = -@.6826E-05
R3 = -Q.9206E-04 A6 = 0.4184E-06

Multiple Correlation Coefficient = 0,999993; Mo.
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=( 35.2294

A7 = -Q@,1382E-07
R8 = 0.2360E-39
RY = -0.1636E-11

of Data Points = 211

40



PERCENT

90 DEGREE STRAIN

T300/5208 - VF=6l.8 - 0.0l CM/MIN

TVI I I Yty rrrrrrrrrpryrrrrrrrjtryrrryrrrrprrrryryrrrprrrrriyrey

Specimen I.D.: 1356-801
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9 S 10 15 20 25

T-IP"E = P1Ih‘o

30 3% 40

STRAIN = A@ + ALIXTIME + AR2XTIME~2 + ... + ASXTIME"S

where: 3.2294 =< TIME
="} 9.7197E-04
Al 8. 10S4E-91 R4 = Q.478SE-04
R2 = -@.5616E-04 AS = —-B.5521E-8S
A3 = ~@.13SSE-93 A6 = 0.3271E-06

Multiple Correlation Coefficient = B.999992; MNo.
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= 35.2294

A7 = -8.1061E-07
AS = 0.1794E-29
AS = -@.1237E-11

of Data Points = 211
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Specimen 1.D.: 1356-202
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5 10 15 20 4] 30 3% 40

TIME -. MIN.
STRESS = A@ + ALKTIME + ARXTIME~2 + ... + ROXTIME~S

o

where: 8.9646 =< TIME =< 23.9613
Ag = -@,3827E+00
At 0.5319€+01 A4 = 0Q.6718E-01 A7 = -0, 2865E~-04
A2 9. 1608E+209 AS = -@.9226E-02 RS = 0.639CE-06 .
A3 = -0.2174E+00 RE =  0.68B4SE-03 A9 = -9.5921E-08

Multiple Correlation Coefficient = @.999997; No. of Data Points = 139
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Specimen I.D.: 1356-002

1 J
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s g sa g da g g g aag g gaga e b g gaa gl g s b g g e la g i

5 10 18 20 25 30 3% 40

TIME - MIN.
STRAIN = A@ + AIXTIME + AATIMEA2 + ... + RASXTIME"S

where: 8.9646 =< TIME =< 23.9613
=7} 8.4703E~-03
Al 9. 1646E-01 R4 = 0Q,6B47E-A3 A7 = -8.21S4E-96
A2 8.5%4%e~02 RS = -@,7439E-04 A8 = 0.4762E-08
A3 = -@.2611E~@2 R = 0.35255e-0S A9 = ~@.4410E-10

Multiple Correlation Coefficient = ©9,999SS7; No. of Data Points = 139
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5 10 1S 20 28 30 35 40

TIME - MIN.
STRAIN = AD + ALKTIME + AXTIMES2 + ... + ROXTIMENS

o

where: B8.9646 =< TIME =< 23.9613
AB = Q.2S8BE-82
Al = Q.1268E-91 R4 = Q@,540S5E-03 A7 = -@.1864E-86
AR2 = @.5374E-02 RS = -@.6544E-04 AS = 0.4103F-28
A3 = -0.2368SE-82 A6 = B.4581E-0S A9 = -@.3785E-10

Multiple Correlation Coefficient = 0.999996; No. of Data Points = 139
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Specimen I.D.: 1356-0@3
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TIME - MIN,
STRESS = A@ + ALXTIME + AKTIMES2 + ... + ASKTIMES

where: 1.7978 =( TIME =< 31.8736
A0 = -Q.7782E+81
[=}1 9. 1290E+22 A4 = -Q, 10S0E+09 A7 = Q.828%E-2S
R2 = —-@.4207E+91 AS = @,7394E-32 A8 = -@,1180E-06
A3 8.8965E+08 RE6 = -B.31968E-33 A9 = Q@.7088E-g9

Multiple Correlation Coefficient = @,999983; MNo. of Data Points = 182
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Specimen I.D.: 1356-083
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o

3 i0 18 20 25

TIME - MIN.

30 38

STRARIN = AD + ALKTIME + AXTIMEAZ + ... + PASXTIME"S

where: 1.7870 =< TIME
AQ = -Q.4868E-01
A1 9.7053E-01 A4 = @, SS54SE-03
A2 = -0.2317E-01 AS = @.3764E-04
A3 3.4864E-22 ARG = -@.1S44E-0S

Multiple Correlation Coefficient = @.9999393; No.

- 61 -

= 31.8736

A7 = Q@.372SE-97
A8 = -0.4843E-0S
A9 = Q.2572E-11

of Data Points = 182
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Specimen I,.D.: 1356-003

i

Lesssveaaabysanannaeyansysaagabogpananaabaaganagaadoaaasanasdoganenasalosangans

LA AL alig}

8] 5 10

STRAIN = AG + AIXTIME

where:
ARG = -0.3413E-91
AL = Q.58S3E-91
A2 = -B.1664E-31
A3 = Q.3522E-82

Multiple Correlation Coeff

18- 20 25
TIME - MIN,
+ AXTIMEN2 +
1.7070 =< TIME
Ad = -@.4070E-3

RS = 0.2817E-04
A6 = -0.1182E~@5

30 3%

+ RA9XTIME~S
= 31.8736
A7 = 0,2934E-07

A8 = -0.3931£-09
AS = 0.2185E-11

icient = @.999991; NMNo. of Data Points = 182
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T300/5208 - VF=6l1.8 -

0.01 CM/MIN

Specimen I.D.: 1356-004
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] S 10 18 20 2s

TIME - MIN,
STRESS = AQ + ALXTIME + ASXTIME~2 +

where: 8.3961 =< TIME
AQ = —9.138SE+31 .
=} 8.6272E+91 A4 = -9,5741E-91
A2 = -9.1638E+31 AS = Q.4367E-Q2
A3 Q. 4420E+08 RG6 = -3.2032E-33

Multiple Correlation Coefficient = B.999935; MNo. of Data Points = 190
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+ RASXTIME~S
=( 31.8961
A7 = B.5675E-@5

RB = -Q0.8727E-07
R9 = @.5673E-29

40
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Specimen 1.D.: 1356~-084

i
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TIME - MIN,
STRAIN = A@ + AIXTIME + AATIME~2 + ... + ASKTIME"S

where: 9.3961 =< TIME =C 31.8%61
A9 = -0.8424E-22
AL = Q.3S33E-91 A4 = -Q.40SSE-G3 A7 = 3.4304E-07
A2 = -3.1031E-91 RS = Q.3189€-04 A8 = -@.6704E~-29
A3 = 09.3825E-82 A6 = -B9.1518E-@S AS = @.4417E-11

Multiple Correlation Coefficient = Q@.999996; MNo. of Data Points = 190
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TIﬁE - MIN.,
STRAIN = AQ + RAIXTIME + A2XTIME~2 + + ASXTIMENS
where: 80.3961 =< TIME = 31.8961

T300/5208 - VF=6l.8 -

0.01 CM/MIN

Ad = -@.5884E-@2

Al = 0.2480e-01 A4 = -0, 1803E-A3
A2 = -0.6@91E-82 RS = Q.1229%E-24
A3 = 09.1S36eE-82 A6 = —-@.4955E-@6

Multiple Correlation Coefficient = 8.999957; No. of Data Points = 199
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A7 = Q@.1148E-97
R8 = -Q,1362E-09
R9 = Q.6853E-12
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T300/5208 - VF=61.8 - 0.0l CM/MIN
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Specimen I.D.: 1356~-00S
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TIME - MIN.
STRESS = ARG + RIXTIME + ASXKTIMEA2 + ... + RASXTIME"S

where: 8.3809 =< TIME =< 33.2142
ARG = -0, 121S5E+01
=} 9.633¢E+91 A4 = -9, 7001E-01 A7 = 0Q.7311E-@S
A2 = -@,2034E+01 RS = 0.54828-02 A8 = -0.1124E-86
A3 9.52SSE+09 A = -0.2596E-33 A9 = Q.7273E-ES

Multiple Correlation Coefficient = 0.999989; No. of Data Points = 198
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T300/5208 - VF=61.8 - 0.0l CM/MIN
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Specimen I.D.: 1356-9@S

SVL‘LALAIIlAlllAALlllllllLllIllllJlllAllJlll‘lllllAllALALAA‘AALlA]L]JAAIllIllllllllLLlAALLj

TIME - MIN.
STRAIN = A3 + RAIXTIME + AXTIMEN2 + ... + ASXTIME"S

where: 0.3808 =< TIME =< 33.2142
A = -9, 1393E-91
Al = 0,.3165€-01 A4 = -Q.4S8SE-@3 A7 = Q.S22eE-37
A2 = -B,1178E-91 AS = B.3726E-94 A8 = —@.8194E-09
A3 = 0.3284E-32 A6 = -@,181SE-0S A9 = 0.5388E-11

Muitiple Correlation Coefficient = @.999986; MNo. of Data Points = 198
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Specimen I.D.: 13556-0S
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'T IP1EE - P1:[Pde
STRAIN = AB + ALXTIME + AZXTIME~Z2 + ... +

where: 8.3808 =< TIME
A = -@.9714E-02
AL = 0Q.2682£-01 R4 = -0, 398SE-G3
A2 = -0.1854E-21 AS = 0.3249e-04
A3 = @.2868E-G2 Re = -@.1582£-8S

Multiple Correlation Coefficient = 9.999984; NMNo.
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30 35 W
ASXTIME™D
=( 33.2142

R? = B.4571E-Q07
A8 = -@,7192E-89
A9 = 0.4743E-11

of Data Points = 198
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Specimen I.D.: 1362-0@1
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-] 10 18 20 25 30 3% 40

TIME - MIN,
STRESS = AQ + ALXTIME + AXTIMEN2 + ... + RAOXTIMEN9

o

where: 8.1741 =< TIME =< 31.807S
ARG = -@.1070E+08
Al 9. 1257E+@2 A4 = @,.3337E-01 A7 = -3.4478E-05
A2 = -P,966SE-21 AS = -P,2936E-92 A8 = B.7354E-07
A3 = -0.185SE+00 A6 = 0,1494E-03 AS = -3.5116E-09

Multiple Correlation Coefficient = @.999997; No. of Data Points = 186

- 69 -




PERCENT

0 DEGREE STRAIN

2.26

1.76

IllITVII'IUII"IVT]'TIIlr'l"lﬂ'llllTr‘l‘llIIIIlllll'lf'ﬁr“lrl'l"!l'Ill‘lIlll!lr"ll"_

l.s

0.785 .25

0.26

T300/5208 - VF=60.1 - 0.0l CM/MIN
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Specimen I1.D.: 1362-001
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S 10 15 20 29 30 3% 40

TIME - MIN.
STRAIN = AQ + ALXTIME + AATIMEN2 + ... + ASTIMENS

o

where: 8.1741 =< TIME =< 31.0075
="} 2.1012£-02
Al a.659%E-01 A4 = 9,276SE-03 A7 = -B.4221E-07
/2 8.2225e-92 AS = -g3.2513E-84 A8 = @.7285E-09
A3 = -Q.1563E-82 A6 = 0,.1339%E-0S A9 = -9.530SE-11

Multiple Correlation Coefficient = 08.999998; MNo. of Data Points = 186
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Specimen I.D.: 1362-001 3
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5 10 15 20 25 30 3% 40
TIME - MIN.
STRARIN = AB + ALIXTIME + R2xTIMEAZ + + ASXTIME~S
where: @.1741 =< TIME =< 31,0075
AQ = -@.3983E-92

Al = 0.492%E-91 A4 = 0.229%e-03 A7 = -Q,38901E-07

A2 = Q.2225E-22 AS = -0.2140E-04 A8 =  B.6724E-29

A3 = -@3.1292E-92 AE = B.1174E-GS RS = -Q.5006E~-11

Multiple Correlation Coefficient » @.99939399; MNo. of Data Points = 186
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Specimen I.D.: 1356-086 3
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TIME - MIN.
STRESS = A@ + AIXTIME + AXTIMEN2 + ... + RAOXTIME~S

where: 8.87S1 =< TIME =< 29.57S1
AQ = —-Q.1554E+00
Al = Q.4640E+01 A4 = -9.6948E-02 A7 = -Q.1270E-0S
A2 = -B.6771E~01 AS = Q.1954E-33 AS = Q.3594E-Q7
A3 = 0O.6201E-81 A6 = 0.1453E-84 A9 = -3.3621E-09

Multiple Correlation Coefficient = B.999998; MNo. of Data Points = 178
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T I ME = M I N s
STRARIN = AQ + ALIXTIME + AZXTIME™Z + ... + RAOXTIME"9

where: 9.97S1 =< TIME =( 29.5751
A9 = -0.309SE-04
Al = 0.2438E-01 R4 = D,1722E-04 A7 = ~@.2134E-07
A2 = 0.2476E-03 AS = -@,4972e-@S A8 = 0Q.4847E-09
A3 = Q.9427E-84 A = @.4659%E-36 A9 = ~B3,4376E-11

Multiple Correlation Coefficient = @.999993; MNo. of Data Points = 178
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Specimen I.D.: 1356-906
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TIME - MIN.
STRAIN = A@ + ALMTIME + A2ATIMEN2 + ... + RASXTIME"D

where: B.0751 =< TIME =¢ 29.57S51
Ag = Q.156E-03
Al = Q.1887E-01 A4 = @, 3306E-04 A7 = =-Q.2287E-Q@7
A2 = -@.1433E-9S AS = —-@.6372E-@S A8 = @.5ea%E-03
A3 = @.2132E-34 A6 = Q9.5301E-06 AS = -@.44128-11

Multiple Correlation Coefficient = @,359999; No. of Data Points = 178
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Specimen I.D.: 1362-002
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TIME - MIN.
STRESS = A@ + AIATIME + A2XTIME"2 +

where: 0.8466 =< TIME
=] 8.3743E+00
Al 9. 1061E+02 A4 = 0.48SBE-01
R2 8. 18SE+91 RS = -@,3457E-02
A3 = -Q@.3825c+20 RS = O.14%6E-03

Multiple Correlation Coefficient = 9.999987; MNo. of Data Points = 186
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A7 = -@,3921E-8S

A8 = 0.5731E-87
AS = -Q.3591E-89
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Specimen I.D.: 1362-0@2
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TIME - MIN.
STRAIN = AB + ALXTIME + AKTIMENZ + ... + ASKTIMENS

where: B.0466 =< TIME =<( 30.8799
AQ = 0.366%E-82 .
A1 = 0.5804E-91 A4 = Q,2049E-03 A7 = -@,199%E-07
A2 = @.6416eE-02 AS = -9.1313E-04 A8 = Q.12S4E-99
A3 = -@.1747E-82 A& = 09.4995E-06 AS = -@.S39BE~-12

Multiple Correlation Coefficient = @.9999S4; No. of Data Points = 186
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Specimen 1.D.: 1362-002
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o S 10

where:
AQ = Q.224SE-@2
Al = Q.4367E-81
A2 = Q.487SE-92
R3 = -9.1388E-02

Multiple Correlation Coefficient = B.999995; No. of Data Points = 186

18

20 4]

TIME - MINo
STRAIN = A@ + AIxTIME + A2xTIME~Z2 +

Q.0466 =< TIME
A4 = Q.1630E-03

AS = -0.1175E-04
RE6 = 0Q.5236E-05
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+ ASXTIME™I
=( 30.879%
A7 = -Q@.1418E-Q7

AB = 0.2131£-0S
A9 = -@.1361E-11
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| TIME - MIN,
STRESS = A8 + RIXTIME + R2XTIME™Z +

where: 9.1393 =< TIME
ARG = 0.7324E+00
Rl = 0.1011E+Q2 A4 = Q.8730E-91
A2 = @.1618E+01 AS = -9.6881E-02
A3 = -0.6154£+00 ARG = @.314SE-03

Muitiple Correlation Coefficient = @.9999390; No. of Data Points = 177
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+ RS%TIME"S
=  29.4727
A7 = -@.8654E-2S

A8 = 0.1307E-26
AS = -@.8376E-0S
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Specimen I.D.: 1363-081
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TIME - MIN.

STRAIN = AB + ALXTIME + ASXTIME~2 +

where: 0.1393 =< TIME
AQ = Q.3731E-G2
Al = Q.5380E-01 A4 = O.3853E-03
R2 = 0.9079E-02 AS = -B.2676E-04
A3 = -Q.2957E-32 A6 = B.1074E-0S

Multiple Correlation Coefficient = @.9999397; No. of Data Points = 177
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+ AS%TIME™S
= 28.4727

A7 = -Q.2480E-07
RS = 0.3017E-89
RO = -0.1467E-11
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Specimen I.D.: 1363-001
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TIME - MIN.
STRAIN = AB + AIXTIME + A2XTIME~2 + ... + ASXTIME"S

where: 9.1383 =<( TIME =< 2S.4727
Ag = B8.2973E-82
AL = @.4866E-01 R4 = 0.2210E-03 A7 = -3.7365E£-08
A2 = B.6288E-32 RS = -Q,13S6E-04 A8 = @.3588E-10
A3 = -0.1851E-02 A6 = @.449SE-06 A9 = Q.2412E-12

Multiple Correlation Coefficient = @.999997; No. of Data Points = 177
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Specimen I1.D.: 1363-001
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0

STRAIN =

where:

Multiple Correlation Coefficient = 3.999986; No. of Data Points = 177

S 10

13

TIME

20

- r’Ihlo

A + AIXTIME + A2XTIME~2 + ...
8.1393 =< TIME
AP » 0.1233E-82
A1 = 0O.6471E-8B2 R4 = Q.1136E-03
A2 = Q.288%E-82 AS = -@.8538E-3S

A3 = -0.8548E-83

AG =

9.3835E-06
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+ RSXTIME"I

= 29.4727

A7 = -8.1024E-07
A8 = 0Q.15@5e-29
A9 = -@.937SE-12
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T300/5208 - VF=60.1 - 0.0l CM/MIN
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TIME - MIN.
STRESS = MA@ + ALXTIME + AKTIMENZ + ... + RASKTIME™S

where: B.8546 =< TIME =< 31.7212
AQ = 0.3083E+090
Al = 0.10SSE+@2 A4 = 0.8036E-01 A7 = -@.9657E-8S
A2 = B.5644E+0Q AS = -0.6872E-82 A8 = 0.1501E-Y6
A3 = -B.4761E+00 A6 = B.3374E-@3 A9 = -Q.9813E-0S

Multiple Correlation Coefficient » @.999989; No. of Data Points = 191
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Specimen I.D.: 1363-0@2
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TIME - MIN,
STRAIN = A + ALXTIME + ARATIMEN2 + ... + RAOXTIME"D

where: 8.8546 =< TIME =¢ 31.7212
AG = Q.2011E-@2
Al = B.57S8E-B1 A4 = @, SESSE-03 A7 = -@.5726E-07
A2 = 0.5S98E-32 RS = -@.4221E-94 AB = Q.8832E-09
A3 = ~-0.3141E-02 R6 = 0.2829c-8S A9 = -B.5761E-11

Multiple Correlation Coefficient = Q,999537; No. of Data Points = 191
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Specimen I.D.: 1363-902
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TIME - MIN,
STRAIN = AB + AIXTIME + A2XTIMEA2 + ... + ASKTIME~S

where: B.8546 =< TIME =< 31.7212
A = QB.1111E-02
A1 = 0.40S7E-01 R4 = Q.27S7E-23 A7 = -Q.2654E-07
A2 = G.4320E-82 RS = -@.2145e-34 A8 =  @.3962£-09
A3 = -@.1845E-@2 AS = Q.9812E-06 A9 = -@.2532E-11

Multiple Correlation Coefficient = B.999998; No. of Data Points = 191
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Specimen I.D.: 1363-902
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Q9 -] 10 15 20 -4 30 38
TIME - MIN.
STRAIN = AQ + ALXTIME + A2xTIME~2 + ... + ROXTIME"S
where: 0.8546 =< TIME ¢ 31.7212
A3 = Q.8477E-Q3
Al = Q.1002E-01 A4 = Q.9600E-~-04 A7 = -9.1851E-a7
A2 = Q.1306E-32 AS = -3, 788SE-@S A8 = 0.15S98E-09
A3 = ~9.6139€-33 A6 = B.3763E-86 RS = -@.1022t-11

Multiple Correlation Coefficient = B8.999998; MNo. of Data Points = 191
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Specimen I.D.: 1357-001

80 140 160
R RS AR AR AR AR AN AR RS A AR R AN RS AR AR A AR R AR AR AR RN R A AN R R R AR E R AR AR AR AR R
1

120

100

40 60

20

/

LAAR AR NS AR A R R N R RN L N R R RN N AR NN A AN RN RS AR AR R R L)

[IYTELIVENTICRSI SN TEIUN VI NI FUTETETE SNSRI ISR SUNTECINVI NI CUUUE U RN AN NN ENEE VN RRTENE FEUSUINENCRUEUUNITY

[UVSTEVE FNUUNTICVE FRTNE NN IS UUN VNI RUNCUTRUTI N TET VNN ST ENNUNVI VTN PRI T

E

2 4 ] 8 10 12 14

TIME - SEC.
STRESS = A@ + ALXKTIME + AXTIME~2 +

where: 8.6852 =< TIME
AQ = —-0.477SE+01
Al 3. 1474E+@2 A4 =~ 0.239eE-a1
R2 = —-0.4546E+01 RS = -3.3307E-91
A3 9.9091E+20 Ae = 0.5127E-82

Multiple Correlation Coefficient = 8.999895; No. of Data Points =
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A8 = B.1323E-94
R9 = -Q.1883E-86
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° T300/5208 - VF=61.8 - 1 CM/MIN
N
o
Specimen I.D.: 1357-081
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0o 2 4 5 s 10 12 14 18 18 20
| TIME - SEC.
STRAIN = A + AIxTIME + R2XTIME~Z2 + + ASXTIME"S
where: 8.6852 =< TIME =< 17,6852
A3 = ~-9.2153E-01
Al = 0Q.SBe7E-O1 A4 = Q,3808E-32 A7 = -3.S320e-0S
A2 = Q.1143E-92 AS = -9.7737E-@3 A8 = 0.1747E-06
A3 = ~-Q@.8322£-02 A6 = B.8S57E-B4 A9 = -@.2358E-08

Multiple Correlation Coefficient = 9.999911; NMNo.
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° T300/5208 - VF=61.8 - 1 CM/MIN
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Specimen I.D.: 1357-0901
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o 2 4 s ) 10 12 14 16 18 20
TIME - SEC.
STRAIN = AG + AIXxTIME + A2XTIME~2 + + AS%TIMENS
where: @.6052 =< TIME =< 17.60S2
RO = -Q.1240E-91
Al = Q.3483E-31 R4 = Q,3861E-02 A7 = -0.4734E-0S
R2 = @.96eSeE-82 AS = -9.7310E-33 A8 = Q.1S31E-86
A3 = -Q.1022E-01 A6 = Q.7791E-94 RS = -Q.2044E-28
Multiple Correlation Coefficient = @.9993135; No. Y4
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TIME - SEC.
STRESS = AB + ALXTIME + AKTIME~2 + ... + RASXTIME~S

where: 8.61380 =< TIME =< 19.091306
AQ = -9.91S1E+81
AL = 0.2687E+32 A4 = -9.1831E+01 A7 = 0Q.3544E-Q03
A2 = —-Q@.1482E+32 RS = 0.1196E+08 A8 = -@.B80SSE-0S
A3 = Q@.5291E+91 A6 = —-8.845SE-02 RS = Q.7623E-a7

Multiple Correlation Coefficient = 9.999923; No. of Data Points = 60
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Specimen I1.D.: 1357-002
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TIME - SEC.
STRAIN = AQ + ALXTIME + AZXTIME~Z2 + ... + ASXTIME"S
where: 8.6138 =<¢ TIME =< 19.0130
AQ = -8.5338E-01
AL = @.1457E+00 A4 = -3.5794E-a2 A7 = @.20S1E-85
A2 = -0.8168E-01 RS = 0.68@SE-33 A8 = -0.470SE-Q7
A3 = @.2943E-31 A6 = —0.4854E-04 RS = 0, 4497E-@9

Multiple Correlation Coefficient = B.999934; No. of Data Points = 6@
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TIME - SECo
STRAIN = AQ + ALIXTIME + A2XTIME~Z + ... + ASXTIME"S

where: 9.6130 =< TIME =< 19.02130
AQ = -Q.4837E-31
Al Q. 1296£+0@ A4 = -Q,4582E-02 A7 = @.17S4E-0S
A2 = -Q@.6280E-91 RS = 0.5491E-03 A8 = -0.4199%E-37
A3 9.2292£-91 RS = -3.4016E-04 RS = 0.4242E-29

Multiple Correlation Coefficient = B.999931; No. of Data Points = €8
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Specimen I.D.: 1357-003
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2 4 ) 8 10 12 14

TIME - SEC.
STRESS = M@ + AIXTIME + AXTIME~2 +

where: @.1652 = TIME
AQ a.26824E+09
Al 2.5986E+91 A4 = Q.3271E+0Q
R2 2.12136+91 RS = -Q.59S87E-O1
A3 = ~@.9138E+08 Ae = B.6191E-02

Multiple Correlation Coefficient = 9.999914; No.
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of Data Points =
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TIME - SEC.

STRAIN = A3 + ALXTIME + A2%TIME~Z2 +

where: @.1652 =< TIME
A3 = 0.1662E-02
Al = 0.1932F-01 A4 = B.4879E-02
A2 = 0.2082E-01 AS = -@.7100E-33
A3 = ~0.1284E-01 A6 = Q.7181E-94

Multiple Correlation Coefficient = B.3999927; No. of Data Pgints = 59
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Multiple Correlation Coefficient = 9.999926; No.
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18 18 20

=< 17.596352

AY = -9.3680E-@S
A8 = 0.114%E-06
A9 = -0.1488E-Y8

Specimen I.D.: 1357-0@3
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. el
) 2 4 6 8 10 12 14
TIME - SEC.
STRAIN = ARG + AIXTIME + A2XTIME~2 + ... + RASXTIME"9
where: B2.1652 =< TIME
AQ = @.1846E-02
Al = 0.1120e-01 A4 = Q,.3669E-32
A2 = 0.1946E-01 RS = —-@.6310E-03
A3 = -0.117SE-91 A = 0B.8329%E-94

of Data Points = S8
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TIME - SEC.
STRESS = A@ + AIXTIME + AXTIME~2 + ...

where: 1.5139 =< TIME
-9. 1006E+32

0. 177E+32 A4 = -9, 4210E+00
-3.831e£+081 AS = 09.4233E-01
8.2526E+01 A6 = -0,2603E-02

8

Multiple Correlation Coefficient = @.999948; No. of Data Points =
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o] 4 [ 8 10 12 14 18 18 20 22
TIME - SEC.

STRARIN = A3 + ARIXTIME + ASXTIME~Z2 + + ASXTIME"D
where: 1.5138 =¢ TIME =<C 21.8139

AQ = —-0.5653E-01

A1 = 0.9308E-01 A4 = -@,18326-02 A7 = Q.236%E-06

A2 = -0.414S£-01 AS = 0.1642E-03 A8 = -3.2837E-88

A3 = @.1193E-91 RE6 = ~Q.8SESE-~-85 A9 = B.357SE-11

Multiple Correlation Coefficient = @.999953;
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1-II4EE - 5SEEE:¢
STRAIN = ARG + ALIxTIME + RAXTIMENZ +

where: 1.51338 =< TIME
ARQ = -0.SPE2E-01
Al 0.8306eE-91 A4 = -@,1740E-02
A2 = —9.3867E-O1 AS = 0.1579%€-03
A3 @.1118e-01 RS = —-0.,8247E-0S

Multiple Correlation Coefficient = B.999946; Mo.
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of Data Points =
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2 4 8 8 10 12 14

TIME - SEC.
STRESS = AB + ALXTIME + A2xTIMEN2 +

where: 9.2384 =<¢ TIME
RQ = -@.4287E+01
Al 0.5541E+02 A4 = -3, 2620E+01
A2 = -@.2873E+82 AS = 0.37S2E+00
A3 0.1116E+02 A6 = -0.3417E-01

Multiple Correlation Coefficient = @.999765; Mo.
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A8 = -@.563SE-24
RS = 0.7225E-86

of Data Points =
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TIME - SEC.
STRAIN = AB + AIXTIME + AKTIME~2 +

where: 8.2304 =< TIME
A = -@.3391E-81
Rt 8.34S1E+00 A4 = -0.2116E-01
A2 = -@.2078E+00 RS = 0.3120E-02
A3 a.8732E-91 ARG = -9,2837E-03

Multiple Correlation Coefficient = 3.995830; MNo. of Data Points =
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+ RASXTIME™S
=< 15.73@4
A7 = @.15S0E-04

A8 = -0.4660E-06
AS = B@.5591E-08

27



PERCENT

90 DEGREE STRAIN

2.25

1.75
o‘lll'll‘l'l‘r"llll"mlll'lll'l"Illllll'llTl"lll'llllll]lllllIIIIIUIllllllllll'll{li"
*

1.6

1.20

.76

0.8

0.26

T300/5208 - VF=60.1 - 1 CM/MIN

X

IR N AN R RS R N AR AR RS N A AN R RN RN R AR LA SRR AR AN R RER]

Specimen I.D.: 1362-9@3
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2 4 ] 8 10 12 14 18 18 20 22

TIME - SEC.

STRAIN = MA@ + ALXTIME + A2XTIME"2 + ... + ASXTIME"S

where: 0.2384 =< TIME =¢ 15.7304

2%
A1
A2
A3

-9.248%€-01

@.2485E+20 R4 = -90,172B8E-01 A7 = 0.1412:-04
-9.15S32E+00 RS = Q@.265€E-02 A8 = -Q.4363E-96
9.679%e 91 A6 = -0.2504E-33 A9 = 0@.566%E-88

Multiple Correlation Coefficient = B.399826; No. of Data Points = 27
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Specimen I.D.: 1362-084 .
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2 4 ] 8 10 12 14 16 18 20 22

TIME - SEC.
STRESS = A@ + RIXTIME + A2XTIMEA2 + ... + RASXTIME~D

o

where: 0.2435 =< TIME =< 17.743S
ARG = -0.3241E+81
Al 8.4614E+02 A4 = -@,1741E+91 A7 = B.1117E-02
A2 = -@.1993E+02 AS = @.2477E+0Q A8 = -9.3163E-04
A3 @.7472£+91 A6 = -0,21S5E-01 RS = 0.3768£-06

Multiple Correlation Coefficient = B.999900; MNo. of Data Points = 31
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TIME - SEC.
STRAIN = AB + ALXTIME + AKTIMEN2 + ...

where: 0.2435 =¢ TIME
ARG = -0.2134E-01
[=}} Q. 2506E+20 A4 = -@,1166E-01
A2 = -Q.120SE+09 AS = 0.1681E-32
A3 0.4888E-01 A6 = -Q@.1465£-33

Multiple Correlation Coefficient = 0.99990S; No. of Data Points =
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A7 = 0.7623E-85

AB = -0.2160E-06
A9 = @.2572E-08
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TIME - SEC.
STRAIN = A3 + RAIXTIME + AXTIME~2 +

where: 9.2435 =< TIME
AQ = -9.1718E-81
Al 8. 1S41E+29 R4 = -3.1008E-01
A2 = -0.9583E-01 AS = 0.1460£-02
A3 9.4158E-81 R = -Q.1278E-33

Multiple Correlation Coefficient = 0,999898; Mo. of Data Points =
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+ ASXTIME~S
= 17.743S
A7 = @.6627E-8S

A8 = ~Q@.1873E-26
RS9 = @,2228:-28
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2 4 6 8

10 12 14

TIME - SEC.
STRESS = A + ALXTIME + ARXTIME~2 +

where:
A = -9.5630E+31
RL = 0Q.5S884E+32
A2 = -@.2299e+32
A3 = Q@.7313E+01

Multiple Correlation Coefficient = @,.359886;

8.2817 =< TIME
R4 = -Q.14S0E+01

AS = @.1881&£+dQ0
A6 = -Q@.147SE-Q1
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A7 = @.6373k-83

A8 = -0.181%-04
RS = 0Q.2005E-06

No. of Data Points =

32
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0 2 4 6 8 10 12 14 16 18 20 22

TIME - SEC.
STRAIN = A + ALXTIME + AXTIMENZ + ... + ASXTIMENS

where: 8.2817 =< TIME =< 18.2817
AQ = ~-Q@.2864E-01
AL a.278zeE+208 R4 = -@.6721E-@2 A7 = @.2268E~@5
A2 = -0.110SE+2Q AS = 0,7746E-83 A8 = -0.511%E-87
A3 9.3S48E-01 A6 = -@.5442E-04 R9 = 0.4812£-99

Multiple Correlation Coefficient = B,39996885; No. of Data Points = 32
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2 4 6 8

10 12 14

TIME - SEC.
STRAIN = AQ + ALXTIME + AXTIME~2 +

where:
A = -0.2745E-31
AL = B.2194E+29
R2 = -Q.1071E+209
A3 = 0.3924E-01

Multiple Correlation Coefficient = @,9998S5;

0.2817 =< TIME
A4 = -@.8423-02

RS = Q.119SE-G2
A6 = -9.8938E-04
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=< 18.2817
A7 = @.4357E-QS

A8 = -0.1174E-06
AS = @.134SE-08

No. of Data Points =
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14

o 2 4 6 8 10 12 14 16 18 20

TIME - SEC. :
STRESS = A@ + ALXTIME + AZXTIMEN2 + ... + ASXTIMERS

where: 0.3609 =< TIME =< 17.86@9
@ = ~-9.5276E+91
Al 8.3951e+82 A4 = -3.3418E+00 A7 = @.6578E-04
A2 = -0.11206+32 RS = 0.3068E-01 R8 = -@,1377E-0S
A3 8.2464E+01 A6 = -0.1792E-02 A9 = Q.12S2E-87

Multiple Correlation Coefficient = 0.9999904; No. of Data Points =
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TIME - SECo
STRAIN = AQ + AIXTIME + ASXTIME"2 + ...

where: 0.3689 =< TIME
A = -@.25SB88E-01
=31 8. 1906E+00 A4 = —P, 3598E~32
A2 = -9.5765E-91 RS = 0.490SE-93
A3 @.175SeE-31 Re = -9.4241E-04

+ RSXTIME~S
={ 17.86@9
A7 = @.2218e-8S

A8 = —0.6378E-07
AS = Q.772%E-2S

Multiple Correlation Coefficient = @.999907; No. of Data Points =
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TIME - SEC.
STRAIN = A3 + ALXTIME + A2ATIMEN2 + ... + RSXTIMENS

where: 0.26@9 =< TIME =< 17.8689
A = -0.2678E-01
Al 9. 1650E+08 A4 = -B.298SE-02 A7 = B.1636E-0S
A2 = =-Q@.5422E-91 RS = 0Q.3824E-33 A8 = -@.4665%€-07
A3 9.157eE-01 A6 = -@.3186E-34 RS = 0Q.564%E-0S

Multiple Correlation Coefficient = B.999889; MNo. of Data Points =
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TIME - SEC.
STRESS = A + ALXTIME + AXTIMEN2 + ... + ASXTIMENS

where: B.1565 =< TIME =¢ 16.6565
AB = -9.3641E+91
A1 8.5317E+02 A4 = -@.2874E+31 A7 = 0.289%€-02
A2 = ~0.2811E+82 RS = Q.4281E+00 RS = —3.6284E-04
A3 3.1163E+02 A6 = -3.38685E-01 A9 = @.7717E-06

Multiple Correlation Coefficient = B.999508; MNo. of Data Points = 23
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TIME - SEC.
STRAIN = A@ + ALXTIME + AATIMENZ + ... + ASTIMENS

where: @.1565 =< TIME =< 16.856%5
: A = —3.2664E-31

A1 9.3109E+04 A4 » -Q,2163E-01 A7 = 0@.168SE-04

R2 = -@.1883E+09 AS = 0Q,3268£-02 A8 = ~@.4712E-06

R3 8.8478E-01 AE = -@,2977E-03 AS = @.5808E-08

Multiple Correlation Coefficient = @.999935; No. of Data Points = 29
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TIME - SEC.
STRAIN = AB + ALXTIME + AATIMES2 +

where: B.1S65 =¢ TIME
-3.2333E-01

9.2576eE+88 A4 = —9,1847E-31
-3.1641E+09 AS = Q.2743E-02
@.73S8E-01 RE = -Q.246€0E-03

A1
A2
A3

Multiple Correlation Coefficient = B.999932; MNo. of Data Points = 23S
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2 4 ] 8 10 12 14 16 18 20

TIME - SEC.
STRESS = A@ + AIXTIME + ASXTIMEN2 + ... + ROXTIMEND

where: 9.2384 =< TIME =< 16.7304
RO = -0.2010E+01
Al 9.3480€E+02 A4 = Q,7926E+00 A7 = -9.1062E-02
A2 = -0.4440c+01 RS = -@.1611E+20 RE = B.3441E-94
A3 = -3.1381£+01 A6 = 9,1743E-91 AS = -9.46106-06

Multiple Correlation Coefficient = B.999829; No. of Data Points =
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TIME - SEC.
STRAIN = A@ + RAIXTIME + AXTIMES2 + ... +

where: 9.2304 =< TIME
ARQ = -Q.4780E-02
Al @. 1495E+00 A4 = O,.8968E-02
R2 . 1379e-01 AS = -3.1646E-32
A3 = -0.2444E-01 A6 = B.171S€E-G3

Multiple Correlation Coefficient = 8.99956871; No.
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TIME - SEC.
STRAIN = A@ + AIXTIME + AXTIMEN2 + ... + RSXTIMES

where: 8.23864 =< TIME =< 16.7384
A2 = —-@.65eRE-82
AL = 9.1131E+00 Ad = Q.6995E-@2 A7 = -Q0.8014E-0S
A2 = 0.8427E-GQ2 AS = -9.1292E~-82 ARG = Q,2552E-06
A3 = -0.18S4E-01 A6 = B.134SE-03 A9 = -@,3367E-08

Multiple Correlation Coefficient = @.999879; No. of Data Points =
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0 2 4 6 8 10 12 14 18

TIME - SEC.
STRAIN = A@ + ALKTIME + AZXTIMEN2 + ... + RAOKTIMERS

where: 8.2384 =< TIME =< 16.7304
AB = -8.83SE-83
AL a.2883e-01 A4 = Q.1808E-A2 R7 = —-@.1948E-0S
A2 Q.338%E-a2 AS = -9.3218E-93 A8 = Q@.6218E-97
A3 = -0.5167E-G2 A6 = 0.3288E-04 AS = -Q.8282€-09

Multiple Correlation Coefficient = @,999858; MNo. of Data Points =
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Neither the United States Government nor the University of California nor any of their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, com-
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or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its

endorsement, recommendation, or favoring by the United States Government or the University of California.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United \«
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