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1. Introduction

This report contains statistical analysis of the Cytec Cycom 5215 T650 3K70PW 38% RC Fabric
material property data published in NCAMP Test Report CAM-RP-2010-067 N/C. The lamina
and laminate material property data have been generated with FAA oversight through FAA
Special Project Number SP4612WI-Q and also meet the requirements outlined in NCAMP
Standard Operating Procedure NSP 100. The test panels, test specimens, and test setups have
been conformed by the FAA and the testing has been witnessed by the FAA.

92806. The NCAMP Test Plan NTP 3623Q1 Rev. A was used
The testing was performed at the National Institute for Aviatj

the basis value is noted for each basis val
traditional computational methods, v
method is also provided.

The material property data acq
data with sufficient pedig

i n to Complete Documentation sections of the
Composite Materials Hafldbook (W

draft CMH-17 Rev G).

The NCAMP shar te roperty database contains material property data of common
usefulness to agvi acrospace projects. However, the data may not fulfill all the needs
of a project. ific propefties, environments, laminate architecture, and loading situations that
individug ectNace y require additional testing.

The use 8 material and process specifications do not guarantee material or structural
performanc® erial users should be actively involved in evaluating material performance and
quality includjfig, but not limited to, performing regular purchaser quality control tests,
performing periodic equivalency/additional testing, participating in material change management
activities, conducting statistical process control, and conducting regular supplier audits.

The applicability and accuracy of NCAMP material property data, material allowables, and
specifications must be evaluated on case-by-case basis by aircraft companies and certifying
agencies. NCAMP assumes no liability whatsoever, expressed or implied, related to the use of
the material property data, material allowables, and specifications.
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Part fabricators that wish to utilize the material property data, allowables, and specifications may
be able to do so by demonstrating the capability to reproduce the original material properties; a
process known as equivalency. More information about this equivalency process including the
test statistics and its limitations can be found in Section 6 of DOT/FAA/AR-03/19 and Section
8.4.1 of working draft CMH-17 Rev G. The applicability of equivalency process must be
evaluated on program-by-program basis by the applicant and certifying agency. The applicant
and certifying agency must agree that the equivalency test plan along with the equivalency
process described in Section 6 of DOT/FAA/AR-03/19 and Section 8.4.1 of working draft CMH-
17 Rev G are adequate for the given program.

Aircraft companies should not use the data published in this report without 8
Material Specification NMS 323/3. NMS 323/3 has additional require
prepreg process control document (PCD), fiber specification, fiber P

1.1 Symbols and Abbrevia%

Test Propert Abbreviation
Warp 1 WC
WT
FC
FT
IPS
Strength SBS
otched Tension UNT
L Uphotched Compression UNC
aminate Short Beam Strength | SBS1
Filled Hole Tension FHT
Filled Hole Compression FHC
Open Hole Tension OHT
Open Hole Compression OHC
Single Shear Bearing SSB
Interlaminar Tension ILT
Curved Beam Strength CBS
Compression After Impact CAI

Table 1-1: Test Property Abbreviations
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Test Property

Warp Compression Strength
Warp Compression Modulus
Warp Compression Poisson’s Ratio
Warp Tension Strength

Warp Tension Modulus

Warp Tension Poisson’s Ratio

Fill Compression Strength

Fill Compression Modulus

Fill Compression Poisson’s Ratio
Fill Tension Strength

Fill Tension Modulus

In-Plane Shear Strength at 5% strain
In-Plane Shear Strength at 0.2% o

In-Plane Shear Modulus
Table 1-2: Test Proper,

Environmental Conditio Abbreviation
Cold Temperature Dry CTD
Room Temperature Dr'y RTD
Elevated Tempera“ ETD
Elevated Tempesgture\yet 80°+5°F ETW

Table 1- \ m@?l Conditions Abbreviations

0 layup. This is also referred to as “Soft”
0/40/10 layup. This is also referred to as “Hard”

Detailed 1
CAM-RP-20W#067 N/C.
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1.2 Pooling Across Environments

When pooling across environments was allowable, the pooled co-efficient of variation was used.
ASAP (AGATE Statistical Analysis Program) 2008 version 1.0 was used to determine if pooling
was allowable and to compute the pooled coefficient of variation for those tests. In these cases,
the modified coefficient of variation based on the pooled data was used to compute the basis
values.

When pooling across environments was not advisable because the data was not eligible for

pooling and engineering judgment indicated there was no justification for oveypi@ he result,
then B-Basis values were computed for each environmental condition sepatafg WStat-17
version 5.

1.3 Basis Value Computational Process

The general form to compute engineering basis values is: b
factor based on the sample size and the distribution of the al
methods to determine the Value of k in this equatlon d mple size and the

for the standard deviation,

A common problem with new material s 1s that the initial specimens produced and
tested do not contain all of the thgt will be encountered when the material is being
produced in larger amounts ovd peflod of time. This can result in setting basis values
that are unrealistically high: ) ar1ab1 ty as-measured in the qualification program is often

lower than the actual m 3 because of several reasons. The materials used in the
qualification progra sually nanufactured within a short period of time, typically 2-3

ulti-batch qualification materials may actually be from the same
ctured within a short period of time so the qualification materials,

al production material variability.

The modific@Egltficient of Variation (CV) used in this report is in accordance with section
8.4.4 of workiig draft CMH-17 Rev G. It is a method of adjusting the original basis values
downward in anticipation of the expected additional variation. Composite materials are expected
to have a CV of at least 6%. The modified coefficient of variation (CV) method increases the
measured coefficient of variation when it is below 8% prior to computing basis values. A higher
CV will result in lower or more conservative basis values and lower specification limits. The use
of the modified CV method is intended for a temporary period of time when there is minimal
data available. When a sufficient number of production batches (approximately 8 to 15) have
been produced and tested, the as-measured CV may be used so that the basis values and
specification limits may be adjusted higher.
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The material allowables in this report are calculated using both the as-measured CV and
modified CV, so users have the choice of using either one. When the measured CV is greater
than 8%, the modified CV method does not change the basis value. NCAMP recommended
values make use of the modified CV method when it is appropriate for the data.

When the data fails the Anderson-Darling K-sample test for batch to batch variability or when
the data fails the normality test, the modified CV method is not appropriate and no modified CV
basis value will be provided. When the ANOVA method is used, it may produce excessively
conservative basis values. When appropriate, a single batch or two batch esti be
provided in addition to the ANOVA estimate.

In some cases a transformation of the data to fit the assumption of theghodifyed Ited in
the transformed data passing the ADK test and thus the data can bggoo n r Zhe modified
CV method.

\%Q
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2. Background

Statistical computations are performed with AGATE Statistical Analysis Program (ASAP) when
pooling across environments is permissible according to working draft CMH-17 Rev G
guidelines. If pooling is not permissible, a single point analysis using STAT-17 is performed for
each environmental condition with sufficient test results. If the data does not meet working draft
CMH-17 Rev G requirements for a single point analysis, estimates are created by a variety of
methods depending on which is most appropriate for the dataset available. Specific procedures
used are presented in the individual sections where the data is presented.

2.1 ASAP Statistical Formulas and Computations
This section contains the details of the specific formulas ASAP uses i

2.1.1 Basic Descriptive Statistics

The basic descriptive statistics shown are computed a8¢or to thd usual formulas, which
are shown below:

Mean: guation 1
Std. Dev.: Equation 2
% Co. Variation: —=x100 Equation 3

e numbkr of specimens in the sample and
al gpecimen measurements.

Ents of variation for the individual conditions.

affect the c8

2.1.2.1 Pooled Standard Deviation

The formula to compute a pooled standard deviation is given below:

Pooled Std. Dev. S, = Equation 4
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Where k refers to the number of batches, S; indicates the standard deviation of i sample, and n;
refers to the number of specimens in the i sample.

2.1.2.2 Pooled Coefficient of VVariation

Since the mean for the normalized data is 1.0 for each condition, the pooled normalized data also
has a mean of one. The coefficient of variation for the pooled normalized data is the pooled
standard deviation divided by the pooled mean, as in equation 3. Since the mean for the pooled
normalized data is one, the pooled coefficient of variation is equal to the pooled standard
deviation of the normalized data.

S

Pooled Coefficient of Variationsz:Sp uat

2.1.3 Basis Value Computations

thatjenvironment, as
the'data meets all
iation for the environment,

Basis values are computed using the mean and standard devi
follows: The mean is always the mean for the enviro
requirements for pooling, Sp can be used in place ofghe s
S.

jon

A—basis = X —

Basis Values: _
B—basis=X-K,

Equation 6

2.1.3.1 K-factor computationg

Ka and Kb are computed ge
draft CMH-17 Rev G.

ethodology documented in section 8.3.5 of working
he approx ¢h formulas are given below:

K, = +( b,(f) j _ b,(f) Equation 7
20,0 ) 26,00
WY | { bB(f)j _by(f) Equation 8
) cp(f)-n; \ 2¢5(f) 2¢,(f)
Where

r = the number of environments being pooled together
nj= number of data values for environment j

N = Zr:nj
j=1

f=N-r
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q(f)=1—2'323 N 1.064 N 0.9157 B 0.6530
o5 o nrr

1.1372 049162 0.18612

by(f)= +
VS / INS
0.0040342  0.71750 0.19693

¢, (f)=0.36961+

J7 G

b.(f)= 2.0643  0.95145 N 0.51251
N N

0.0026958 0.65201 0.011320

¢,(f)=0.36961+

J7 AL

2.1.4 Modified Coefficient of VVariation

The coefficient of variation is modified according to th&N\oll

NCP-RP-2010-056 N/C

Equation 9

Equation 10

Equation 11

les:

Equation 14

Equation 15

Equation 16

The A-basis and B-basis values under the assumption of the modified CV method are

computed by replacing S with S*

2.1.4.1 Transformation of data based on Modified CV

In order to determine if the data would pass the diagnostic tests under the assumption of the
modified CV, the data must be transformed such that the batch means remain the same while the
standard deviation of transformed data (all batches) matches the modified standard deviation.
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To accomplish this requires a transformation in two steps:

Step 1: Apply the modified CV rules to each batch and compute the modified standard
deviation S; = CV" - X, for each batch. Transform the individual data values (Xj) in each

batch as follows:

Xl.j'.zCi(Xl.j—)?i)+)_(i Equation 17
o5
S

i

Run the Anderson-Darling k-sample test for batch equivalence (seg ¢

Step 2: Another transformation is needed as applying the
leads to a larger CV for the combined data than when

r all batches.

Equation 19

Equation 20

Equation 21

Equation 22

B#as been completed, the k-sample Anderson Darling test for
on the transformed data to determine if the modified co-efficient of
of the data.

of Outliers

All outliers alygentified in text and graphics. If an outlier is removed from the dataset, it will
be specified ahd the reason why will be documented in the text. Outliers are identified using the
Maximum Normed Residual Test for Outliers as specified in section 8.3.3 of working draft
CMH-17 Rev G.

ma_x‘Xl.—)_(‘
MNRz“”lT,izl...n Equation 23
n—1 ¢
C= > Equation 24
\/; n—2+t
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where t is the 1-42 quartile of a t distribution with n—2 degrees of freedom with n being the total
number of data values.

If MNR > C, then the X; associated with the MNR 1is considered to be an outlier. If an outlier
exists, then the X; associated with the MNR 1is dropped from the dataset and the MNR procedure
is applied again. This process is repeated until no outliers are detected. Additional information
on this procedure can be found in references 1 and 2.

2.1.6 The k-Sample Anderson Darling Test for Batch Equivalency

The k-sample Anderson-Darling test is a nonparametric statistical procedure®g
The distinct values in the combined data set are ordered from smalle
z0),... z(1), where L will be less than n if there are tied observation

compute the test statistic.

The k-sample Anderson-Darling test statistic is:

ADK :n——lz i Equation 25
n

n’(k-1)
Where

n=mnjtn>t..+tn
h;j = the number of valucgs
Hj = the number of valugs in tht ined samples less than zg) plus %2 the number of
values in the combi

The critical valye stic at 1—a level is computed:
678 0.362}

Equation 26

#ed on the formula in reference 3 at the end of section 5, using a Taylor's
ate the critical value via the normal distribution rather than using the t
distribution with k-1 degrees of freedom.

an’ +bn* +cn+d
(n—=1)(n=2)(n-3)(k-1)°

o, =VAR(ADK) = Equation 27

With
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a=(4g-6)k-1)+(10-6g)S

b=Qg-4)k*>+8Tk+(2g —14T —4)S —8T +4g—6

c=(6T+2g -2)k* + (4T —4g +6)k + (2T —6)S + 4T

d =QT +6)k* —4Tk

£
§=>—

i=1 1
i1
n=2 n-1 1
g - ;jgl (n_l).]

The data is considered to have failed this test (i.e. the batches age not om e population)
when the test statistic is greater than the critical value. For anformaion &n this procedure,
see reference 3.

2.1.7 The Anderson Darling Test for Normalit

Normal Distribution: A two parameter (u, ility distributions for which the
probability that an observation will fall bet iS@rven by the area under the curve
between a and b:

b 1 -
Fx)=| —=¢ Equation 28
L oN2r
A normal distribution wit ale 6) has population mean p and variance c°.

The normal distributjon
that best fits the d i

d by comparing the cumulative normal distribution function
lative distribution function of the data. Let

, fori=1,...n Equation 29

The Anderson Darling test statistic (AD) is:

D=3 "2 [ Rz ) |+ n[1-Fy (2, ] - Equation 30
-1 n

Where Fo is the standard normal distribution function. The observed significance level
(OSL) is
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OSL = ! , AD = (1+Ej AD Equation 31

1+e—0.48+0.78ln(AD )+4.584D [n

This OSL measures the probability of observing an Anderson-Darling statistic at least as
extreme as the value calculated if, in fact, the data are a sample from a normal population.
If OSL > 0.05, the data is considered sufficiently close to a normal distribution.

2.1.8 Levene’s Test for Equality of Coefficient of VVariation

Levene’s test performs an Analysis of Variance on the absolute deviatig heir
sample medians. The absolute value of the deviation from the medi

each data value. w; = ‘ Yy~ j/l.‘ An F-test is then performed on thgArangfo g values

as follows:

> n, (w,-w) [(k-1) Q
F= ki=1ni Equation 32
3 (w,—w) k)

If this computed F statistic is less tha
numerator and n-k denominator de

itical v for the F-distribution having k-1

s of fr&@dom at the 1-a level of confidence, then the
data is not rejected as being too differeyin te of the co-efficient of variation. ASAP
provides the appropriate critic at o levels of 0.10, 0.05, 0.025, and 0.01. For
more information on this e, \ee references 4, and 5.

2.2 STAT-17

This section contains,thefetails ofthe specific formulas STAT-17 uses in its computations.

ics, the maximum normed residual (MNR) test for outliers, and the
Anderson Da K-sampldjtest for batch variability are the same as with ASAP — see sections

dispositioned before checking any other test results. The results of the
Anderson Df k-Sample (ADK) Test for batch equivalency must be checked. If the data
passes the ADK test, then the appropriate distribution is determined. If it does not pass the ADK
test, then the ANOVA procedure is the only approach remaining that will result in basis values
that meet the requirements of working draft CMH-17 Rev G.

2.2.1 Distribution Tests

In addition to testing for normality using the Anderson-Darling test (see 2.1.7); Stat17 also tests
to see if the Weibull or Lognormal distribution is a good fit for the data.
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Each distribution is considered using the Anderson-Darling test statistic which is sensitive to
discrepancies in the tail regions. The Anderson-Darling test compares the cumulative
distribution function for the distribution of interest with the cumulative distribution function of
the data.

An observed significance level (OSL) based on the Anderson-Darling test statistic is computed
for each test. The OSL measures the probability of observing an Anderson-Darling test statistic
at least as extreme as the value calculated if the distribution under consideration is in fact the
underlying distribution of the data. In other words, the OSL is the probability of obtaining a
value of the test statistic at least as large as that obtained if the hypothesis that a are
actually from the distribution being tested is true. If the OSL is less than or.4§ OW5, then
the assumption that the data are from the distribution being tested is reje ) ast a five
percent risk of being in error.

distributions has an OSL greater than 0.05, then one of tho
distributions has an OSL greater than 0.05, a non-para 1

by X1, ..., Xn , and the sample observations ordeg€d fro reatest by X, ..., X().

2.2.2 Computing Normal Distributio

Stat17 uses a table of values for the
than 16 and a slightly different f t
normal distribution when the sainple siA@is

wn 1n Table 2-1) when the sample size is less
ASAP to compute approximate k-values for the
r larger.

Norm. Dist. k Factors for N<16
N B-basis A-basis
2 20.581 37.094
3 6.157 10.553
4 4.163 7.042
5 3.408 5.741
6 3.007 5.062
7 2.756 4.642
8 2.583 4,354
9 2.454 4,143
10 2.355 3.981
11 2.276 3.852
12 2.211 3.747
13 2.156 3.659
14 2.109 3.585
15 2.069 3.520

Table 2-1: K factors for normal distribution
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2.2.2.1 One-sided B-basis tolerance factors, kg, for the normal distribution when sample
size is greater than 15.

The exact computation of ks values is 1/ \Jn times the 0.95th quantile of the noncentral

t-distribution with noncentrality parameter 1.282+/n andn-1 degrees of freedom. Since this in
not a calculation that Excel can handle, the following approximation to the ks values is used:
k, ~1.282+exp{0.958—0.5201In(n) +3.19/n} Equation 33

This approximation is accurate to within 0.2% of the tabulated values for sample sizes greater
than or equal to 16.

2.2.2.2 One-sided A-basis tolerance factors, ka, for the normal distriby

t-distribution with noncentrality parameter 2.326+/n andn-1 degrges (Weference
11). Since this is not a calculation that Excel can handle easily, oximation to
the kg values is used:

k,~2.326+exp{l.34—0.5221n(n) +3.87/n

This approximation is accurate to within 0.2% of the t ed Wlue
or equal to 16.

Equation 34
sample sizes greater than

2.2.2.3 Two-parameter Weibull Distributi

A probability distribution for which the probgbility randomly selected observation from
this population lies between a and b oo) ig'given by

Equation 35

In order to compuff a it of a data set to the Weibull distribution and compute basis
values assumi 1 it 1S 11rst necessary to obtain estimates of the population shape and
scale paramefe ection 2.2.2.3.1). Calculations specific to the goodness-of-fit test for the
Weibull dastigguti

Abing Weibull Parameters

lesgfibes the maximum likelihood method for estimating the parameters of the two-
Pull distribution. The maximum-likelihood estimates of the shape and scale

2.2.2.3.

This section
parameter We

parameters are denoted ﬁ and & . The estimates are the solution to the pair of equations:

A B NB :
afin A;@lz"i =0 Equation 36
(24 i=1
n C | X g
E—nlnéﬁZlnx;Z{—j} (Inx,—Ina)=0 Equation 37
i=1 =LA
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Stat17 solves these equations numerically for ,B and & in order to compute basis values.

2.2.2.3.2 Goodness-of-fit test for the Weibull distribution

The two-parameter Weibull distribution is considered by comparing the cumulative
Weibull distribution function that best fits the data with the cumulative distribution function of
the data. Using the shape and scale parameter estimates from section 2.2.2.3.1, let

Zp = [x(l.)/d}ﬂ , fori=1,...,n Equation 38

The Anderson-Darling test statistic is

no1-2i
AD = z T |:€1’l|:1 - exp(—z(i))] - Z(n+1-i):| -n uati
i=1
and the observed significance level is
OSL=1/ {1 +exp[-0.10+1.24In(AD") + 4.48 Equation 40
where
. 0.2
AD =(1+T Equation 41
n

an AWrson-Darling statistic at least as extreme
le from a two-parameter Weibull distribution.
ercent risk of being in error) that the population
tion. Otherwise, the hypothesis that the

This OSL measures the probability of observ
as the value calculated if in fact the
If OSL < 0.05, one may concludg

For the two-pafmeter Weinll distribution, the B-basis value is

Equation 42
where

§=a(0.10536)/5 Equation 43

To calculate the A-basis value, substitute the equation below for the equation above.
= 4(0.01005)" 8 Equation 44

V is the value in Table 2-2. when the sample size is less than 16. For sample sizes of 16 or
larger, a numerical approximation to the V values is given in the two equations immediately
below.
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5.1 :
v, z3.803+exp{l.79—0.516ln(n)+—l} Equation 45
n_

4.76} :
Equation 46

V,~ 6.649+exp{2.55—0.526ln(n)+—
n

This approximation is accurate within 0.5% of the tabulated values for n greater than or equal to
16.

Weibull Dist. K Factors for N<16
N B-basis A-basis

2 690.804| 1284.895

3 47.318 88.011

4 19.836 36.895

5 13.145 24.45

6

7

8

10.392 19.329
8.937 16.623

8.047 14.967,
9 7.449
10 6.711

this population falls between a g
distribution between In(a)
The lognormal distributi@n is a posjtively skewed distribution that is simply related to the normal
distribution. If so 1

The natural (bage

2.2.2.4.1 ipiest for the Lognormal distribution

In order goOdness-of-fit of the lognormal distribution, take the logarithm of the data

and perfo Anderson-Darling test for normality from Section 2.1.7. Using the natural
logarithm, rep¥#ce the linked equation above with linked equation below:
In (x(l.) ) -X;
Zy=————> fori=1,...,n Equation 47
SL

where x() is the i smallest sample observation, ¥, and si. are the mean and standard deviation of
the In(xi) values.
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The Anderson-Darling statistic is then computed using the linked equation above and the
observed significance level (OSL) is computed using the linked equation above . This OSL
measures the probability of observing an Anderson-Darling statistic at least as extreme as the
value calculated if in fact the data are a sample from a lognormal distribution. If OSL <0.05,
one may conclude (at a five percent risk of being in error) that the population is not lognormally
distributed. Otherwise, the hypothesis that the population is lognormally distributed is not
rejected. For further information on these procedures, see reference 6.

2.2.2.4.2 Basis value calculations for the Lognormal distribution

Equation 48

+0.29+—— Equation 49
10,000 n

The formula for the A-basis values should be rounded to the nearest integer. This approximation
is exact for most values and for a small percentage of values (less than 0.2%), the approximation
errs by one rank on the conservative side.

The B-basis value is the rs™ lowest observation in the data set, while the A-basis values are the
ra™ lowest observation in the data set. For example, in a sample of size n = 30, the lowest (r = 1)
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observation is the B-basis value. Further information on this procedure may be found in
reference 7.

2.2.3.2 Non-parametric Basis Values for small samples

The Hanson-Koopmans method (references 8 and 9) is used for obtaining a B-basis value for
sample sizes not exceeding 28 and A-basis values for sample sizes less than 299. This procedure
requires the assumption that the observations are a random sample from a population for which
the logarithm of the cumulative distribution function is concave, an assumption satisfied by a
large class of probability distributions. There is substantial empirical evidenc gests that
composite strength data satisfies this assumption.

The Hanson-Koopmans B-basis value is:

k
*) :
B=x ,|— Egliation 50
(r) X,

k
MU :
A= Xy | = Equation 51

The A-basis value is:

where x() is the largest data value, x: est,’and x(y is the ' largest data value. The
values of r and k depend on n ang-amgyli in Tabte 2-3. This method is not used for the B-basis
value when x@) = x(1).

The Hanson-Koopmans 4 ged to calculate A-basis values for n less than 299. Find
the value ka correspondifig to the sample size n in Table 2-4. For an A-basis value that meets all
the requirements kg draft UMH-17 Rev G, there must be at least five batches
represented in the 55 data points. For a B-basis value, there must be at least
three batches esented 1ffhe data and at least 18 data points.
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B-Basis Hanson-Koopmans Table
n r k
2 2 35.177
3 3 7.859
4 4 4.505
5 4 4.101
6 5 3.064
7 5 2.858
8 6 2.382
9 6 2.253
10 6 2.137
11 7 1.897
12 7 1.814
13 7 1.738
14 8 1.599
15 8 1.540
16 8 9
17 8
18 9
19 9
20 1
21
22
23
24
25 ‘\ 1.087
1.060
_N 1.035
7 28 N 12 1.010

R@asis ytanson-Koopmans Table

\%Q
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A-Basis Hanson-Koopmans Table
n Kk n k n K
2 80.00380] 38 1.79301] 96 1.32324
3 16.91220] 39 1.77546] 98 1.31553
4 9.49579] 40 1.75868] 100 1.30806
5 6.89049] 41 1.74260] 105 1.29036
6 5.57681] 42 1.72718] 110 1.27392
7 4.78352] 43 1.71239] 115 1.25859
8 4.25011) 44 1.69817] 120 1.24425
9 3.86502] 45 1.68449] 125 1.23080
10 3.57267] 46 1.67132] 130 1.21814
11 3.34227) 47 1.65862] 135 1.2062
12 3.15540] 48 1.64638] 140
13 3.00033] 49 1.63456] 145
14 2.86924] 50 1.62313
15 2.75672] 52 1.60139
16 2.65889] 54 1.58101
17 2.57290] 56 1.56184
18 2.49660] 58 1.54377{
19 2.42833] 60 1.5
20 2.36683] 62 1.12226
21 2.31106] 64 1.11486
22 2.26020 1.10776
23 2.21359 1.10092
24 2.17067 200 1.09434
25 2.1310 205 1.08799
26 210 1.08187
27 215 1.07595
1.40614] 220 1.07024
1.39549] 225 1.06471
1.38525] 230 1.05935
1.37541] 235 1.05417
1.36592] 240 1.04914
1.35678] 245 1.04426
4 1.34796] 250 1.03952
1.85088 1.33944] 275 1.01773
1.83065] 94 1.33120] 299 1.00000
1.81139

Table 2-4: A-Basis Hanson-Koopmans Table

2.24 Ana f Variance (ANOVA) Basis Values

ANOVA is used to compute basis values when the batch to batch variability of the data does not
pass the ADK test. Since ANOVA makes the assumption that the different batches have equal
variances, the data is checked to make sure the assumption is valid. Levene’s test for equality of
variance is used (see section 2.1.8). If the dataset fails Levene’s test, the basis values computed
are likely to be conservative. Thus this method can still be used but the values produced will be
listed as estimates.

2.2.4.1 Calculation of basis values using ANOVA
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The following calculations address batch-to-batch variability. In other words, the only grouping
is due to batches and the k-sample Anderson-Darling test (Section 2.1.6) indicates that the batch
to batch variability is too large to pool the data. The method is based on the one-way analysis of
variance random-effects model, and the procedure is documented in reference 10.

ANOVA separates the total variation (called the sum of squares) of the data into two sources:
between batch variation and within batch variation.

First, statistics are computed for each batch, which are indicated with a subscript (7., X, slz)

while statistics that were computed with the entire dataset do not have a subsggfipt. vidual

(SSB) and the Total Sum of Squares (SST) are computed:
k
SSB=Y nx; —nx’

i=1

Edliation 52

k ;
SST=ZZx; —nx’ Equation 53
i=l j=1
The within-batch, or error, sum of squares (SS oMpute subtraction
SSE=SST-S Equation 54
Next, the mean sums of squares are computey;
S. .
Equation 55
Equation 56

Since the batches geed\no@@ve eglial numbers of specimens, an ‘effective batch size,’ is defined
as

=~

n—=1> n,
n=—->mo Equation 57
k—
Using the tw an squares and the effective batch size, an estimate of the population standard
deviation is computed:
MSB (n'-1
Sz\/ - +( - jMSE Equation 58
n n

Two k-factors are computed using the methodology of section 2.2.2 using a sample size of n
(denoted ko) and a sample size of k (denoted ki). Whether this value is an A- or B-basis value
depends only on whether ko and ki are computed for A or B-basis values.
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Denote the ratio of mean squares by

MSB :
U=——- Equation 59
MSE
If u is less than one, it is set equal to one. The tolerance limit factor is
k u
ky ——F= +(k1 —ko)‘/il
T = Jn' ; u+n -1 Equation 60
1—
Jn'
The basis value isx - 75 .
The ANOV A method can produce extremely conservative basig valudq wh all number of

batches are available. Therefore, when less than five (5) bat re avallablg’and the ANOVA

valid B-basis value could be computed u method. The estimate is made using the
mean of the data and setting the coeffici riatioff to 8 percent if it was less than that. A

Equation 61

Method (LVM)

roved for use by the CMH-17 organization. Values computed in
y. It is used only when the sample size is less than 16 and no valid

To compute the estimate, the coefficients of variation (CVs) of laminate data are paired with
lamina CV’s for the same loading condition and environmental condition. For example, the 0°
compression lamina CV CTD condition is used with open hole compression CTD condition.
Bearing and in-plane shear laminate CV’s are paired with 0° compression lamina CV’s.
However, if the laminate CV is larger than the corresponding lamina CV, the larger laminate CV
value is used.

The LVM B-basis value is then computed as:
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K

(N1.N;)

-)_(l-max(CVl,CVz)
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Equation 62

When used in conjunction with the modified CV approach, a minimum value of 8% is used for

the CV.

Mod CV LVM Estimated B-Basis = X, ~ K, , - X, - Max(8%,CV;,CV,)

With:

X , the mean of the laminate (small dataset)

N1 the sample size of the laminate (small dataset)

N2 the sample size of the lamina (large dataset)

CV1 is the coefficient of variation of the laminate (small datase

CV2 is the coefficient of variation of the lamina (large datase

K

(M1,Ny)

is given in Table 2-5

Equation 63

12 ]

13 ]

14 ]

15

o] 1 K21 421 B K%M LS

o 4
?
o_ﬁ

[eNeoNeNoNoNeNoNol
[eNeoNeoNoNoNoNoNoNoNo)

[eNeoNeNoNoNeNoNol

o

2.187
2.154
2.126
2.102
2.081
2.062
2.046
2.032
2.019
2.007
1.996
1.987
1.978
1.969
1.962
1.955
1.949
1.943

o

2.137
2.109
2.084
2.063
2.045
2.028
2.013
2.000
1.988
1.978
1.968
1.959
1.951
1.943
1.936
1.930
1.924

[eNeoNeNoNoNeoNoNoNeNoNoNol

2.093
2.069
2.048
2.029
2.012
1.998
1.984
1.972
1.962
1.952
1.943
1.934
1.927
1.920
1.913
1.907

[eNeoNeNeoNoNoNeNoNoNeNoNoNol

2.056
2.034
2.015
1.999
1.984
1.970
1.958
1.947
1.938
1.928
1.920
1.912
1.905
1.899
1.893

O 0000000000 O0Oo

o

2.022
2.003
1.986
1971
1.958
1.946
1.935
1.925
1.916
1.907
1.900
1.892
1.886
1.880

90
100
125
150
175
200

72.586
2.550
2.528
2514
2.504
2.496
2491
2.486
2.478
2472
2.468
2.465

1.937
1.897
1.873
1.857
1.846
1.837
1.830
1.825
1.816
1.809
1.805
1.801

1.918
1.877
1.853
1.837
1.825
1.817
1.810
1.805
1.795
1.789
1.784
1.781

1.901
1.860
1.836
1.819
1.808
1.799
1.792
1.787
1777
1.770
1.766
1.762

1.887
1.845
1.820
1.804
1.792
1.783
1.776
1771
1.761
1.754
1.750
1.746

1.874
1.832
1.807
1.790
1.778
1.769
1.762
1.757
1.747
1.740
1.735
1.732

Table 2-5: B-Basis factors for small datasets using variability of corresponding large dataset
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3. Summary of Results

The basis values for all tests are summarized in the following tables. The NCAMP

recommended B-basis values meet all requirements of working draft CMH-17 Rev G. However,
not all test data meets those requirements. The summary tables provide a complete listing of all
computed basis values and estimates of basis values. Data that does not meet the requirements of
working draft CMH-17 Rev G are shown in shaded boxes and labeled as estimates. Basis values
computed with the modified coefficient of variation (CV) are presented whenever possible. Basis
values and estimates computed without that modification are presented for all tests.

3.1 NCAMP Recommended B-basis Values

The following rules are used in determining what B-basis value, if anygs inglude bles
Table 3-1and Table 3-2 of recommended values.

1. Recommended values are NEVER estimates. O
requirements of working draft CMH-17 Rev G mended

CV basis value when available. The CV gro e recommended basis value
will be the one used in the computatiog’o

3. Only normalized basis values are gigen that are normalized.

4. ANOVA B-basis values are not e only three batches of material are
available and working draft C recommends that no less than five
batches be used when co s with the ANOV A method.

5. Basis values of 90% or mor n value imply that the CV is unusually low
and may not be consgfVItige tion is recommended with B-Basis values calculated
from STAT17 whenfthe B-bagi e 18 90% or more of the average value. Such
values will be jadhcat@d.

6. If the data apflear quesitamabl€ (e.g. when the CTD-RTD-ETW trend of the basis

values arg nofggonsisten} with the CTD-RTD-ETW trend of the average values), then
illfiot be recommended.
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NCAMP Recommended B-basis Values for

Cytec CYCOM® 5215 T650 3K 70PW
All B-basis values in this table meet the standards for publication in CMH-17G Handbook
Values are for normalized data unless otherwise noted

Lamina Strength Tests

IPS*

Environment |Statisticfik, WT WwcC FT FC SBS* 0.2%

0 .
Offset 5% Strain

B-basis | 99.618] 99.680| 101.382|] 90.696] 9.612 7.637] NA:l
CTD (-65°F) |Mean 111.867| 110.386] 113.390] 102.150] 10.518 8.623 12.729
Ccv 6.000] 6.927] 6.046] 7.586] 6.000 6.000 8.000

B-basis | 107.263| 85.319] 105.511] 83.329] 9.050 5.426
RTD (70°F) Mean 119.511] 96.306] 117.519] 94.783] 9.948 6.127

Ccv 6.000] 6.000] 6.000] 6.368] 6.000 6.000
B-basis 69.704 67.526| 7.262

ETD (180°F) [|Mean 80.509] 79.089] 8.168
Ccv 7.748 7.340] 6.000

B-basis | 110.324| 44.561] 103.422] NA:A 5.241 3.182 5.321
ETW (180°F) [Mean 122.572| 55.223] 115.430] 55.836] 6.143 3.607 6.013
Ccv 6.000] 9.372] 6.000] 9.568] 6.000 6.187 6.037

Notes: The modified CV B-basis value is recommended when available.

The CV provided corresponds with the B-basis value given.

NA implies that tests were run but data did not meet NCAMP recommended requirements

"NA: A" indicates ANOVA with 3 batches, "NA: I" indicates insufficient data,
Shaded empty boxes indicate that no test data is available for that property and condition
* Data is as measured rather than normalized
** indicates the Stat17 B-basis value is greater than 90% of the mean value.
Table 3ff : NCAM™®Reeémmended B-basis values for Lamina Test Data

©

Page 33 of 100



July 31, 2012 NCP-RP-2010-056 N/C

NCAMP Recommended B-basis Values for
Cytec CYCOM® 5215 T650 3K 70PW

All B-basis values in this table meet the standards for publication in CMH-17G Handbook
Values are for normalized data unless otherwise noted

Laminate Strength Tests

SSB
Lay-up | ENV |Statistic] OHT OHC FHT FHC UNT UNC 2% Sth SBS1*
Offset '
cTD B-basis | 38.622 42.124 71.756
(:65°F) Mean 43.400 47.342 80.250
Ccv 6.000 6.482 6.000
0 RTD B-basis | 40.100] 35.776] 43.486| 58.049| 75.886] 59.073] 83.738| 97.614| 8.314
§ (70°F) Mean 44.879| 40.395| 48.704| 66.928| 84.380] 70.048] 93.377] 108.568| 9.388
ﬁ Ccv 6.000] 6.000] 6.000] 6.000] 6.000] 8.224] 6.463] 6.291] 6.000
ETW B-basis | 44.890] 28.263| 45.804| 42.966| 72.464| 45.818| 65.032] 79.826| 5.559
(180°F) Mean 49.668| 31.212| 51.023| 49.056] 80.959] 51.733] 74.671] 90.780| 6.277
CcVv 6.000] 4.225] 6.000] 6.000] 6.000] 6.000] 6.377| 6.000] 6.000
cTD B-basis | 35.911 39.775 48.192
(:65°F) Mean 39.744 43.975 53.463
Ccv 6.000 6.000 6.000
g RTD B-basis | 33.899] 31.011| 37.435| 43.411| 47.677| 44.556| 80.116] 96.540
g (70°F) Mean 37.732| 34.269| 41.635| 47.970] 52.904| 49.072] 91.095| 107.520
e cv 6.000] 6.000] 6.000] 6.000] 6.000] 6.013] 7.408] 6.185
ETW B-basis | 29.204] 23.218] 31.149| 31.947| 40.468| 29.916| 65.147| 83.984
(180°F) Mean 33.036| 26.476] 35.348| 36.466] 45.739| 34.433] 76.126] 94.965
CcVv 6.000] 6.000] 6.000] 6.000] 6.000f 6.000] 7.329] 6.000
cTD B-basis | 44.829 47.478 84.509
(-65°F) Mean 50.662 53.398 95.012
Ccv 6.335 6.000 6.127
g RTD B-basis | 47.998] 38.587| 49.566] 58.568| 91.625| 63.320| 73.655| 88.018
8 (70°F) Mean 53.832| 42.650] 55.486| 66.623] 102.084] 70.603|] 84.027| 98.749
= Ccv 6.000] 6.000] 6.249] 7.009] 6.015| 6.391] 7.120] 7.082
ETW B-basis | 55.220] 28.180| 53.899| 43.587| 93.926| 48.664| 59.722| 71.499
(180°F) Mean 61.054| 32.243| 59.819| 51.642] 104.429| 55.947] 70.094] 82.230
Ccv 6.000] 6.165] 6.000] 8.062] 6.000f 6.536] 8.150] 6.000

Notes: The modified CV B-basis value is recommended when available.
The CV provided corresponds with the B-basis value given.
NA implies that tests were run but data did not meet NCAMP recommended requirements.
"NA: A" indicates ANOVA with 3 batches, "NA: I" indicates insufficient data,
Shaded empty boxes indicate that no test data is available for that property and condition.
* Data is as measured rather than normalized
** indicates the Statl7 B-basis value is greater than 90% of the mean value.
Table 3-2: NCAMP Recommended B-basis values for Laminate Test Data
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3.2 Lamina and Laminate Summary Tables

Prepreg Material: CYTEC CYCOM® 5215 T650 3K70PW
Prepreg Material Specification: ~ NMS 323/3 CYTEC CYCOM® 5215 3K70PW
Lamina Properties Summary
Fabric: T650 3K70PW Resin: CYTEC CYCOM® 5215
Tg(dry): 330.82°F Tg(wet): 250.69°F Tg METHOD: DMA (SRM 18R-94)

PROCESSING: NPS 81323 Baseline "C" Cure Cycle

Date of fiber manufacture 3/2006 to 6/2006 Date of testing Dec. 2010 to Sept. 2010
Date of resin manufacture 9/2006 to 12/2006 Date of data submittal 5/1/2011
Date of prepreg manufacture 12/1/2006 Date of analysis Mar. 2012 to April 2012

Date of composite manufacture February 2009

LAMINA MECHANICAL PROPERTY B-BASIS SUMMARY
Data reported: As measured followed by normalized values in parentheses, normalizing tply: 0.0081 in
Values shown in shaded boxes do not meet CMH-17G requirements and are estimates only
These values may not be used for certification unless specifically allowed by the certifying agency

CTD RTD E ETW
B-Basis C'lﬂlog-igz:is Mean B-Basis C’\\ﬁogig::iis Mean 255 c OdTJZsis e B-Basis C’\\ﬁogig(;iis Mean
Fu 104.244 100.549 113.264 112.304 108.608 121.323 98.029 111.036 123.751
(ksi) (104.705) | (99.618) | (111.867) | (112.349) | (107.263) | (119.511) (115.410) | (110.324) | (122.572)
£, 9.452 9.239 9.216
(Msi) (9.334) (9.096) (9.144)
2 0.057 0.052 0.047
U 83.179 101.851 115.124 89.704 106.894 120.167 68.623 101.640 117.561
(ksi) (93.508) | (101.382) | (113.390) | (110.126) | (105.511) | (117.519) (96.485) | (103.422) | (115.430)
ES 9.474 9.339 9.302
(Msi) (9.330) (9.131) (9.138)
% 83.495 101.725 112.827 89.447 87.525 98.917 73.234 71.349 82.553 47.099 45.244 56.299
(ksi) (101.084) | (99.680) | (110.386) | (86.760) (85.319) (96.306) (71.121) (69.704) (80.509) (45.959) (44.561) (55.223)
E.° 9.230 8.546 8.521 8.663
(Msi) (9.038) (8.328) (8.321) (8.480)
Vit 0.054 0.054 0.049 0.051
(= 92.550 91.244 102.837 85.572 84.266 95.859 69.972 68.653 80.357 31.872 NA 56.666
(ksi) (92.033) (90.696) | (102.150) (84‘565) (83.329) (94.783) (68.875) (67.526) (79.089) (32.101) NA (55.836)
ES 8.493 8.311 8.196 8.508
(Msi) (8.432) (8.224) (8.101) (8.439)
Vai® 0.063 0.052 0.049 0.045
FHSo.Z% (ksi) 7.815 7.637 8.623 5.710 5.426 6.127 3.323 3.182 3.607
Fr2™> (ksi) NA 6.459 12.729 5.546 5.321 6.013
G1.° (Msi) 0.679 0.565 0.389
SBS (ksi)| 9894 9.612 10.518 9.329 9.050 9.948 7.822 7.262 8.168 4.987 5.241 6.143

y Table 3-3: Summary of Test Results for Lamina Data
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Prepreg Material:
Prepreg Material Specification:

Fabric: T650 3K70PW

Tg(dry): 330.82°F

CYTEC CYCOM® 5215 T650 3K70PW

NMS 323/3

Resin:

PROCESSING: NPS 81323 Baseline "C" Cure Cycle

CYTEC CYCOM® 5215

Tg(wet): 250.69°F

Tg METHOD: DMA (SRM 18R-94)

CYTEC CYCOM® 5215 3K70PW
Laminate Properties Summary

Date of fiber manufacture
Date of resin manufacture

Date of prepreg manufacture

Date of composite manufacture

3/2006 to 6/2006

9/2006 to 12/2006
12/1/2006

February 2009

Date of testing
Date of data submittal
Date of analysis

Dec. 2010 to Sept. 2010
5/1/2011
Mar. 2012 to April 2012

LAMINATE MECHANICAL PROPERTY B-BASIS SUMMARY
Data reported as normalized used a normalizing tpiy of 0.0081 in
Values shown in shaded boxes do not meet CMH17 Rev G requirements and are estimates only
These values may not be used for certification unless specifically allowed by the certifying agency

Layup: Quasi Isotropic 25/50/25 "Soft" 10/80/10 "Hard" 40/20/40
Test Property Co-r:fifttion Unit | B-value Motﬂi: B-|  Mean B-value MO(\jf.'ali\e/ Bl Mean B-value MO(\’,'aIﬁZ Bl Mean
OHT CTD ksi 41.197 38.622 43.400 35.659 35.911 39.744 47.256 44.829 50.662
(normalized) Strength RTD ksi 42.675 40.100 44.879 33.290 33.899 37.732 50.425 47.998 53.832
ETW ksi 45.447 44.890 49.668 29.720 29.204 33.036 57.648 55.220 61.054
OHC Strength RTD ksi 38.535 35.776 40.395 28.635 31.011 34.269 40.077 38.587 42.650
(normalized) ETW ksi 28.263 NA 31.212 22.085 23.218 26.476 29.670 28.180 32.243
Strength ksi 61.696 71.756 80.250 44.060 48.192 53.463 75.503 84.509 95.012
Modulus c1D Msi 6.630 4.383 8.256
UNT Strength RTD ksi 68.632 75.886 84.380 46.413 47.677 52.904 84.533 91.625 102.084
(normalized) Modulus Msi 6.457 4.226 8.205
Strength ksi 67.588 72.464 80.959 43.588 40.468 45.739 92.906 93.926 104.429
Modulus ETW Msi 6.314 3.744 8.080
Strength ksi 59.073 NA 70.048 41.743 44.556 49.072 65.073 63.320 70.603
Modulus RTD Msi 5.942 3.924 7.396
UNC Poisson's Ratio 0.317 0.550 0.141
(normalized) Strength ksi 48.328 45.818 51.733 32.623 29.916 34.433 50.417 48.664 55.947
Modulus ETW Msi 5.840 3.613 7.387
Poisson's Ratio 0.325 0.572 0.139
SBS1 (as Strength RTD ksi 8.945 8.314 9.388
measured) ETW ksi 5.877 5.559 6.277
CTD ksi 42.866 42,124 47.342 42.926 39.775 43.975 49.574 47.478 53.398
FHT ) Streng RTD ksi 39.780 43.486 48.704 40.586 37.435 41.635 51.662 49.566 55.486
(normalized) ETW ksi 43.744 45.804 51.023 34.299 31.149 35.348 49.130 53.899 59.819
FHC Str RTD ksi 64.003 58.049 66.928 42.238 43.411 47.970 59.181 58.568 66.623
normalized ETW ksi 45.998 42.966 49.056 34.794 31.947 36.466 44.200 43.587 51.642
) 29% Offset RTD ksi 70.232 83.738 93.377 79.268 80.116 91.095 74.305 73.655 84.027
Single Shéar Strength ETW ksi 66.962 65.032 74.671 54.608 65.147 76.126 60.371 59.722 70.094
Bea ) Ultimate RTD ksi | 100.937 97.614 108.568 100.252 96.540 107.520 67.471 88.018 98.749
(normalize Strength ETW | ksi | 83148 | 79826 | 90780 | 87696 | 83984 | os0e5s | 76162 | 71499 | 82230
CAI_ Strength RTD ksi 27.140
(normalized)
ILT (as ;t €D | ki 0957
rength RTD ksi 8.050
measured) ETW ksi 3148
CBS (as coon CTD b 282.179
gth RTD b 334.188
measured) ETW Ib 129,896
Table 3-4: Summary of Test Results for Laminate Data
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4. Individual Test Summaries, Statistics, Basis Values and Graphs

Test data for fiber dominated properties was normalized according to nominal cured ply
thickness. Both normalized and as-measured statistics were included in the tables, but only the
normalized data values were graphed. Test failures, outliers and explanations regarding
computational choices were noted in the accompanying text for each test.

All individual specimen results are graphed for each test by batch and environmental condition

with a line indicating the recommended basis values for each environmental cge@ . The data
is jittered (moved slightly to the left or right) in order for all specimen valupé
visible. The strength values are always graphed on the vertical axis wit
include all data values and their corresponding basis values. The vertj
zero. The horizontal axis values will vary depending on the data a

color of the symbol used to plot the data. Otherwise, the erfi§ tal cgnditions were graphed
from left to right and the batches were identified by the,

When a dataset fails the Anderson-Darling k-sa
ANOVA analysis is required. In order for B-b,
data from five batches are required. Since
basis values computed using ANOVA ar
resulting from the ANOVA method ugi

the transformation, estim
of working draft CMH-1§ Rev G S8
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4.1 Warp (0°) Tension (WT)

The Warp Tension data is normalized, so both normalized and as-measured statistics are
provided. There were no test failures for the normalized data, so it was pooled across all three
environmental conditions to compute basis values and estimates. The as-measured data for the
ETW condition failed the ADK test, but passed with the use of the modified CV method. A B-
estimate computed using the ANOVA method was computed for the as-measured ETW data
while the other two environmental conditions were pooled to compute the basis values. All three
conditions were pooled to compute the modified CV basis values. There were no outliers.

nd for tR@ modulus
0 grapflically in

Statistics, estimates and basis values are given for strength data in Table 4-
data in Table 4-2. The normalized data, B-estimates and B-basis values

h

Figure 4-1.
Cytec Cycom 5215 PW (C13) Fabri
Warp Tension Strength Normalizgd
140 £
=
130 A " .
e ®m A m * A A
BB ., ,
A
120 - - . " ", s AL,
= * A
3 - : o 4 g et : -8 _
¢, g —m——————
o ° e A
L 2
— &k ————— %
100 A

20 -
CTD RTD ETW
~_ Environment

B Batchl ¢ Batch2 A Batch3
—— = CTDB-Basis (pooled) — =RTD B-Basis (pooled) — = ETWB-Basis (pooled)
——— CTD B-Basis (Mod CV) —— RTD B-Basis (Mod CV) ——— ETW B-Basis (Mod CV)

Figure 4-1 Batch plot for WT normalized strength
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Warp Tension Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 111.867 119.511 122.572 113.264 121.323 123.751
Stdev 3.977 4.765 3.599 5.430 4.718 5.167
cv 3.555 3.987 2.937 4.794 3.889 4.175
Mod CV 6.000 6.000 6.000 6.397 6.000 6.088
Min 104.191 111.398 116.436 100.504 110.939 111.893
Max 117.442 128.405 132.047 123.031 132.298 134.108
No. Batches 3 3 3 3 3 3

No. Spec. 21 21 21 21 21 |y |

Basis Values and/or Estimates

B-basis Value 104.705 112.349 115.410 104.244 112%
B-Estimate 9
A-Estimate 99.867 107.511 110.572 98.040 101 0, 9.
Method pooled pooled pooled pooled oole )OVA
Modified CV Basis Values and/or Estimates
B-basis Value | 99,618 107263 | 110324 | 19054 10868 { 111036
A-Estimate 91.344 98.989 102.050 91. 00. 102.447
Method pooled pooled pooled pooled pooled pooled

Table 4-1: Statistics and Basis values Mngth Data
2 )

Warp Tension Modulus Statistics

Normalized As Measured

Env CTD RTD ETW y CTD RTD ETW
Mean 9.334 9, \\144 9.452 9.239 9.216
Stdev 0.141 (fh 0.389 0.300 0.363
cv 1.511 0.697 4111 3.244 3.944
Mod CV 6.000 6.00 .000 6.055 6.000 6.000
Min 9. 9.006 “ 9.015 9.032 8.772 8.688
Max 539 92 9.266 10.141 9.675 9.916

No. Batches 3 3 3 3 3

No. Spe 21 22 21 21 22

-2: Statistics from WT Modulus Data
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4.2 Fill (90°) Tension (FT)

The Fill Tension data is normalized, so both normalized and as-measured statistics are provided.
The normalized data from CTD and ETW environmental conditions failed the ADK test, but
passed with the use of the modified CV method. B-estimates were computed using the ANOVA
method for the normalized CTD and ETW data. The normalized CTD data also failed Levene's
test. Pooling all three environmental conditions was acceptable to compute modified CV basis
values and estimates.

The as-measured data failed the ADK test for all three conditions; the as-mea
CTD and RTD conditions passed with the use of the modified CV method. 4§
data from the CTD and ETW conditions also failed the normality test a
data also failed Levene's test. B-estimates were computed using the
and RTD conditions could be pooled to compute the modified CV

estimate requires an override of both the ADK test result an

were due to a large difference between the batch 1 and 2 r the bgtch 3 results, which
was largely eliminated by the normalization procedure,

There were no outliers.

Statistics, estimates and basis v3
FT modulus data in Table 4-4.

shown graphically in Fng
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Cytec Cycom 5215 PW (C13) Fabric
Fill Tension Strength Normalized
130
125 .
. . z® A
120 - A A
CE¢ .o mm * A A Aa,a
115 = e X g e - >
AT A = By .
=} A, A mE e
110 i —_—— — —— .
Em A ¢
105
=
100
i - L
90
85 T T ‘
CTD ETW
Eruﬁ;mn'&\ )
B Batchl 4 Batch2 A Batch3

—— = CTD B-Estimate (ANOVA)
—— CTD B-Basis (Mod CV)

— = RTDB-Basis (Normal)
—— RTD B-Basis (Mod CV)

— = ETW B-Estimate (ANOVA)
—— ETW B-Basis (Mod CV)

Figure 4-2: Batch PlotNor FT

malized strength

Fill Tension Strength Basis Values and Statistics
Normalized As Measured

RTD " ETwW CTD RTD ETW
17.5 115.430 115.124 120.167 117.561

3.881 3.998 5.663 5.453 7.304

3.302 3.464 4.919 4.538 6.213

6.000 6.000 6.459 6.269 7.107
110.025 107.817 101.560 108.566 108.441
124.462 122.205 121.877 129.049 129.546

3 3 3 3 3
21 21 21 21 21
Basis Values and Estimates
sis Yalue 110.126
B—;imate 93.508 96.485 83.179 89.704 68.623
A-Estimate 79.317 104.855 82.963 60.374 67.957 33.684
Method ANOVA Normal ANOVA ANOVA ANOVA ANOVA
Modified CV Basis Values and/or Estimates
B-basis Value | 101.382 105.511 103.422 101.851 106.894

B-Estimate with override of ADK and normality Results 101.640
A-Estimate 93.271 97.400 95.311 92.723 97.766 90.300
Method pooled pooled pooled pooled pooled Normal

Table 4-3: Statistics and Basis Values for FT Strength Data
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Fill Tension Modulus Statistics
Normalized As Measured

Env CTD RTD ETW CTD RTD ETW
Mean 9.330 9.131 9.138 9.474 9.339 9.302
Stdev 0.180 0.148 0.134 0.367 0.383 0.406
cv 1.927 1.618 1.470 3.871 4.101 4.368
Mod CV 6.000 6.000 6.000 6.000 6.051 6.184
Min 9.034 8.801 8.894 8.960 8.702 8.770
Max 9.703 9.469 9.464 10.055 9.900 9.943

No. Batches 3 3 3 3 3 3

No. Spec. 21 21 21 21 21

Table 4-4: Statistics from FT Modulus Data
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4.3 Warp (0°) Compression (WC)

The Warp Compression data is normalized, so both normalized and as-measured statistics are
provided. There were no test failures for the normalized data, so it was pooled across all four
environmental conditions to compute basis values and estimates. The as-measured data for the
CTD condition failed the ADK test, but passed with the use of the modified CV method. A B-
estimate computed using the ANOVA method for the as-measured CTD data while the other
three environmental conditions were pooled to compute the basis values. All four conditions
were pooled to compute the modified CV basis values. There were no outliers.

nd for tR@ modulus
0 grapflically in

Statistics, basis values and estimates are given for strength data in Table 4-
data in Table 4-6. The normalized data, B-estimates and B-basis values
Figure 4-3.

h

Cytec Cycom 5215 PW (C13) FabN
Warp Compression Strength No&alize
4
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1201 ® g O
mE Aa
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Environment
B Batchl 4 Batch2 A Batch3 —— = CTD B-Basis (pooled)
— =RTDB-Basis (pooled) - —ETD B-Basis (pooled) = ——— CTD B-Basis (Mod CV) =———RTD B-Basis (Mod CV)
——— ETD B-Basis (Mod CV) — =ETW B-Basis (pooled) ——— ETW B-Basis (Mod CV)

Figure 4-3 Batch plot for WC normalized strength
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Warp Compression Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETD ETW CTD RTD ETD ETW
Mean 110.386 96.306 80.509 55.223 112.827 98.917 82.553 56.299
Stdev 6.461 3.307 6.035 5.176 6.888 3.791 6.379 5.347
cv 5.853 3.434 7.496 9.372 6.105 3.832 7.727 9.497
Mod CV 6.927 6.000 7.748 9.372 7.053 6.000 7.863 9.497
Min 100.375 90.872 67.049 46.652 100.665 92.470 68.544 47.110
Max 122.377 102.810 87.955 63.732 126.024 106.840 90.023 64.867
No. Batches 3 3 3 3 3 3 3 3
No. Spec. 22 17 20 23 22 17 20 23
Basis Values and/or Estimates
B-basis Value 101.084 86.760 71.121 45.959 89.447 73.234 47.099
B-Estimate 83.495
A-Estimate 94.828 80.541 64.879 39.697 62.550 83.202 66.962 40.804
Method pooled pooled pooled pooled ANOVA pooled pooled pooled
Modified CV Basis Values and/or Estimates
B-basis Value 99.680 85.319 69.704 44.561 101,72 87.52 [V 71349 45.244
A-Estimate 92.480 78.161 62.520 37.354 4260 80.103) 63.900 37.771
Method pooled pooled pooled pooled pooled pooled pooled pooled
Table 4-5: Statistics and Basis Valgdes ength Data
Warp Compression Modulus Statistics
Normalized As Measured
Env cTD RTD ETD N ETW oo RTD ETD ETW
Mean 9.038 8.328 8.321 9.230 8.546 8.521 8.663
Stdev 0.475 0.175 0.466 0.195 0.205 0.303
cv 5.254 2.101 . 5.051 2.281 2.406 3.497
Mod CV 6.627 6.000 6. 6.000 6.525 6.000 6.000 6.000
Min 8.208 7.983 7.826 8.095 8.428 8.252 7.976 8.133
Max 9.761 8.551 8.961 10.010 8.886 8.906 9.263
No. Batches 3 3 3 3 3 3 3
No. Spec. 21 4 \ 26 21 21 24 26 21

le : Statistics from WC Modulus Data
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4.4 Fill (90° Compression (FC)

The Fill Compression data is normalized, so both normalized and as-measured statistics are
provided. The data from the CTD, RTD and ETD environmental conditions, both normalized
and as-measured, met all requirements for pooling, so that method was used to compute basis
values for those conditions. The data from the ETW environmental condition, both normalized
and as-measured, failed the ADK test. The CV for the ETW data was over 8%, so the modified
CV method could not be applied. Estimates of basis values for the ETW data were computed
using the ANOVA method. In addition, estimates of basis values are provided for the ETW data
with an override of the ADK test results. There were no outliers.

Statistics, basis values and estimates are given for strength data in Table
data in Table 4-8. The normalized data and B-basis values are shown gfaphi

Cytec Cycom 5215 PW (C13 iC
Fill Compression Strength Nowali
140
120 1 m
=]
I.- . A
i A AA ]
e Ay H 47 A AA
—_—— —Aa_ g % A AA
80 B % *aaa
— ] = * A
N S e A
BE g Tege 4
u AP )
40 A
20
0 T T T T T T T
TDi RTD ETD ETW
Environment
B Batch1l ¢ Batch2 A Batch3
= = CTDB-Basis (pooled) — =RTD B-Basis (pooled) = = ETD B-Basis (pooled)
——— CTD B-Basis (Mod CV) —— RTD B-Basis (Mod CV) ——— ETD B-Basis (Mod CV)
— = ETW B-Estimate (ANOVA) — ETW B-Estimate (Override ADK)
L4

Figure 4-4: Batch Plot for FC normalized strength
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Fill Compression Strength Basis Values and Statistics

Normalized As Measured

Env CTD RTD ETD ETW CTD RTD ETD ETW
Mean 102.150 94.783 79.089 55.836 102.837 95.859 80.357 56.666
Stdev 7.327 4.488 5.283 5.343 6.812 4.458 6.326 5.782
cv 7.173 4.736 6.680 9.568 6.624 4.651 7.872 10.204
Mod CV 7.586 6.368 7.340 9.568 7.312 6.325 7.936 10.204
Min 89.430 86.408 65.726 46.631 90.649 87.855 64.263 46.574
Max 119.332 101.731 86.332 68.386 116.239 103.040 89.845 70.216

No. Batches 3 3 3 3 3 3 3 3

No. Spec. 21 21 19 21 21 21 sl =

Basis Values and/or Estimates
B-basis Value 92.033 84.665 68.875 92.550 85.5720 972

B-Estimate 32.101 9 31.872
A-Estimate 85.189 77.821 62.049 15.161 85.592 8. 63,03 14.175
Method pooled pooled pooled ANOVA pooled &ole pc)ed ANOVA

Modified CV Basis Values and/or Estimates

B-basis Value 90.696 83.329 67.526 P44 7 68.653
A-Estimate 82.948 75.581 59.798 &3. 60.831
Method pooled pooled pooled ﬂﬂed pooled

Basis Value Estimates with override of ADK test result

B-Estimate 45.651
A-Estimate 37.798
Method Normal
Table 4-7: Statistics an@sis ues fd¥ FC Strength Data
Fill Compression Modulus Statistics
Normalized As Measured

Env CTD RTD D \| ETW CTD RTD ETD ETW
Mean 8.432 8.22 8. 8.439 8.493 8.311 8.196 8.508
Stdev 0.395 ,Agzl 0.32 0.421 0.335 0.353 0.290 0.368
cv 4.690 4.422 4.986 3.941 4.253 3.542 4.326
Mod CV 6.34 6.211 6.000 6.493 6.000 6.126 6.000 6.163
Min 7 7.394 7.896 7.894 7.139 7.534 8.073
Max 8.482 9.367 8.930 8.790 8.650 9.309

No. Batches 4 3 3 3 3 3 3 3

No. Spec. 23 24 20 21 23 24 20

Table 4-8: Statistics from FC Modulus Data
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4.5 Short Beam Strength (SBS)

Short Beam Strength data is not normalized. The SBS data from the ETW environmental
condition failed the ADK test, but passed with the modified CV transformation of the data.
When the data from the CTD, RTD and ETD conditions was pooled, it failed Levene's test for
equality of variance. The data from the CTD and RTD environmental conditions met all
requirements for pooling, so that method was used to compute basis values for those conditions.
The ETD basis values and estimates were computed separately using the single point method for
the normal distribution. Estimates of basis values for the ETW data were computed using the
ANOVA method. Pooling all four conditions was acceptable for computing t V basis
values.

There was one outlier. It was the lowest value in batch three of the outlier
for the RTD condition, but not for batch three. It was retained for
Statistics, basis values and estimates are given for the streng i . The data, B-

basis values and B-estimates are shown graphically in Fig
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0- ‘ ' RTD ‘ ETD ' ETW
Environment

B Batchl ¢ Batch2 A Batch3
—— = CTD B-Basis (Pooled) — = RTD B-Basis (Pooled) —— = ETD B-basis (Normal)
- CTD B-Basis (Mod CV) — RTD B-Basis (Mod CV) —— ETD B-Basis (Mod CV)
— = ETW B-Estimate (ANOVA) —— ETW B-Basis (Mod CV) O  Outlier

Figure 4-5: Batch plot for SBS as measured
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Short Beam Strength (SBS) Basis Values and Statistics
as measured
Env CTD RTD ETD ETW
Mean 10.518 9.948 8.168 6.143
Stdev 0.411 0.292 0.182 0.217
cv 3.908 2.932 2.223 3.529
Mod CV 6.000 6.000 6.000 6.000
Min 9.716 9.118 7.779 5.848
Max 11.373 10.454 8.544 6.570
No. Batches 3 3 3 3
No. Spec. 21 23 21 22
Basis Values and Estimates
B-basis Value 9.894 9.329 7.822
B-Estimate R
A-Estimate 9.465 8.899 7.576 4& 4.1
Method pooled pooled
Modified CV Basis Values a
B-basis Value 9.612 9.050
A-Estimate 9.008 8.444
Method pooled poole

Table 4-9: Statisti&/al for SBS
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4.6 In-Plane Shear (IPS)

In-Plane Shear data is not normalized. Only the ETW condition had sufficient data to compute a
B-basis value for strength at 5% strain. The CTD condition had values for only three specimens
for strength at 5% strain while the RTD condition had no data for that property. Estimates of the
basis values for the CTD condition were computed using the mean of the three specimens and
the two batch method, which modifies the CV to 8%.

The 0.2% Offset Strength data for the CTD and RTD conditions failed the ADK test, but passed

normality test. The Weibull distribution provided the best fit and was used
basis value and A-Estimate for the ETW condition. Estimates of basis v,

the Mod CV basis values due to failure of Levene's test.
There are four outliers. The highest values of batches two an.

the RTD condition and the lowest values of batches one a
data for the ETW condition are outliers. All four are outli

the sfrength at 5% strain
wtheir respective batches,

not within their respective conditions. All outliers this analysis.
Statistics, basis values and estimates are given gthyd modulus data in Table 4-10.
The data, B-basis values and B-estimates ar; ly for the 0.2% offset strength in

Figure 4-6 and the strength at 5% strain i

Cytec
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9 ’.’0’ AA
......I o AAA Ap
8 1 — —
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£ s
HomyTEE ¢¢% A, A,4A
,< BaugTas et 4yukant
2 4
1 -
0
CTD RTD ETW
Environment
B Batch1l 4 Batch2
A Batch3 O Outliers
= =0.2% Offset Strength CTD B-Estimate (ANOVA) —0.2% Offset Strength CTD B-Basis (Mod CV)
— =0.2% Offset Strength RTD B-Estimate (ANOVA) ——0.2% Offset Strength RTD B-Basis (Mod CV)
= = 0.2% Offset Strength ETW B-Basis (Weibull) 0.2% Offset Strength ETW B-Basis (Mod CV)

Figure 4-6: Batch plot for IPS 0.2% Offset Strength as measured
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Cytec Cycom 5215 PW (C13) Fabric
In-Plane Shear as measured
Strength at 5% Strain
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3
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CTD
Environ‘ent
B Batch1 4 Batch2
A Batch3 O Outliers
Strength at 5% Strain CTD B-Estimate (Mod CV) = = Strength at 5% Strain ETW B-Basis (Normal)
Strength at 5% Strain ETW B-Basis (Mod CV)
Figure 4-7: Batch dlo ngth at 5% Strain as measured

In-Plane Shear Strength Basis Values and Statistics

0.2% Offset Strength 5% Strain Modulus Statistics
ET CTD ETW CTD RTD ETW
3.607 12.729 6.013 0.679 0.565 0.389
0.158 0.242 0.245 0.012 0.009 0.016
4.375 1.901 4.073 1.713 1.580 4.098
6.187 8.000 6.037 6.000 6.000 6.049
3.240 12.487 5.434 0.662 0.552 0.354
3.799 12.971 6.395 0.703 0.586 0.411
3 2 3 3 3 3
21 3 21 21 21 21
Basis Values and Estimates
B-basis Value 3.323 NA 5.546
B-Estimate 7.815 5.710
A-Estimate 7.238 5.413 3.017 NA 5.214
Method ANOVA ANOVA Weibull NA Normal
Modified CV Basis Values and Estimates
B-basis Value 7.637 5.426 3.182 6.459 5.321
A-Estimate 6.935 4.927 2.879 1.983 4.829
Method Normal Normal Normal Two Batch Normal

Table 4-10: Statistics and Basis Values for IPS Strength and Modulus Data
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4.7 Quasi Isotropic (25/50/25) Unnotched Tension (UNT1)

The Unnotched Tension data is normalized, so both normalized and as-measured statistics are
provided. The data, both normalized and as-measured, from all three environmental conditions
failed the ADK test, but passed with the modified CV transformation of the data. There were no
other diagnostic test failures. B-estimates were computed using the ANOVA method. Pooling
all three environmental conditions was acceptable to compute modified CV basis values and
estimates.

There was one outlier. It was on the high side of batch 2 of the as-measured
an outlier only for batch 2, not for the ETW condition, and only in the as-mg
normalized data. The outlier was retained for this analysis.

lé 41 ¥ and for the
ugf are shown

Statistics, basis values and estimates are given for UNT1 strength
modulus data in Table 4-12. The normalized data, B-estimates
graphically in Figure 4-8.

Cytec Cycom 5215 (C a
Quasi Isotropic Unnotched Tezan TINStrength Normalized
90

0’0
L 2K 4
*
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a1l n A AR44  mgm,®
80 - I. A I.l A A A
A
A A A A
A A
‘0 A
X
A
70 A

CTD RTD ETW
Environment

B Batchl ¢ Batch2 A Batch3
—— = CTD B-Estimate (ANOVA) —— = RTD B-Estimate (ANOVA) — = ETW B-Estimate (ANOVA)
—— CTDB-Basis (Mod CV) —— RTDB-Basis (Mod CV) —— ETWB-Basis (Mod CV)

Figure 4-8: Batch Plot for UNT1 normalized strength
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Unnotched Tension (UNT1) Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 80.250 84.380 80.959 80.954 85.284 81.408
Stdev 2.992 2.507 2.084 2.102 1.786 1.780
cv 3.728 2.971 2.574 2.596 2.094 2.186
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 73.394 80.388 77.909 76.247 81.671 77.939
Max 84.435 88.721 85.581 84.578 88.295 84.947
No. Batches 3 3 3 3
No. Spec. 21 21 21 21
Basis Values and Estimates
B-Estimate 61.696 68.632 67.588 71.989
A-Estimate 48.450 57.389 58.041 65.591
Method ANOVA ANOVA ANOVA ANOVA |
Modified CV Basis Values and Estimates
B-basis Value 71.756 75.886 72.464 ' 72.842
A-Estimate 66.018 70.147 66.726 67.056
Method pooled pooled pooled pooled
Table 4-11: Statistics and Basis Valygs 10§ ength Data
Unnotched Tension (UNT1) Modulus Statistics
Normalized As Measured
Env CTD RTD NET D RTD ETW
Mean 6.630 6.457 “\6.314 6.693 6.529 6.351
Stdev 0.078 0.197 0.152 0.211
cv 1.184 2.950 2.334 3.321
Modified CV 6.000 6.000 6.000 6.000 6.000
Min 6.133 6.466 6.265 6.053
Max 6.640 7.089 6.792 6.812
No. Batches 3 3 3 3
No. Spec. \ 22 21 21 21 21

Batch 1 Average Spec. Thickness = 0.131
Batch 2 Average Spec. Thickness = 0.130
Batch 3 Average Spec. Thickness = 0.125

This leads to a significant decrease after normalization in the strength results for batch three as
illustrated in Figure 4-9. Batch three is consistently lower than the other two batches but only for
the normalized data. Pooling was acceptable for the modified CV basis values, which mitigates
the change in results due to the specimen thickness.
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Cytec Cycom 5215 PW (C13) Fabric
Quasi Isotropic Unnotched Tension (UNT1) Strength
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O Outlier

Figure 4-9: Batch Plot illustrated bot ormal&and as measured UNT1 strength
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4.8 “Soft” (10/80/10) Unnotched Tension (UNT2)

The Unnotched Tension data is normalized, so both normalized and as-measured statistics are
provided. There were no diagnostic test failures in the as-measured data and pooling was
acceptable. The normalized data from the CTD and RTD environmental conditions failed the
ADK test, but passed with the modified CV transformation of the data. B-estimates were
computed using the ANOVA method. Pooling all three environmental conditions was
acceptable to compute modified CV basis values and estimates.

data was an outlier for batch one, but not for the CTD condition and not fo
The lowest value in the normalized data from batch three of the CTD da

retained for this analysis.
Statistics, basis values and estimates are given for UNT2 str

modulus data in Table 4-14. The normalized data, B-estim
graphically in Figure 4-10.

Cytec Cycom 521
"Soft" Unnotched Tensi NT2)
60 «
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, CTD RTD ETW
Environment

B Batch1l 4 Batch2 A Batch3
= = CTD B-Estimate (ANOVA) — = RTD B-Estimate (ANOVA) — = ETW B-Basis (Normal)
= CTD B-Basis (Mod CV) — RTD B-Basis (Mod CV) — ETW B-Basis (Mod CV)
O Outlier

Figure 4-10: Batch Plot for UNT2 normalized strength
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Unnotched Tension (UNT2) Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 53.463 52.904 45,739 53.825 52.930 45.855
Stdev 1.477 1.087 1.129 0.980 0.840 1.046
(V) 2.763 2.054 2.469 1.821 1.586 2.280
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 50.530 50.389 43.268 51.946 51.432 43.586
Max 56.016 54.708 47.446 55.981 54.579 47.886
No. Batches 3 3 3 3 3 3
No. Spec. 21 23 21 21
Basis Values and Estimates
B-basis Value 43.588 52.176
B-Estimate 44.060 46.413
A-Estimate 37.347 41.778 42.054 51.064
Method ANOVA ANOVA Normal pooled,
Modified CV Basis Values and Estimates
B-basis Value 48.192 47.677 40.468 837 47.68] 40.567
A-Estimate 44.636 44,113 36.912 44.97 0 37.000
Method pooled pooled poole pooled pooled

Table 4-13: Statistics and Basis} for ON T2 Strength Data

Unnotched Tension (UNT2) Modulus Statistics
Normalized As Measured

Env CTD RTD | \ETW CTD RTD ETW
Mean 4.383 : 4 4.414 4.229 3.755
Stdev 0.099 94 0.1 0.093 0.193 0.119
cv 2.264 4. .658 2.118 4.570 3.160
Modified CV 6.0 6.294 6.000 6.000 6.285 6.000
Min 123 911 3.621 4.264 3.882 3.600
Max 533 ' 3.952 4.596 4.649 3.985

No. Batch 3 3 3 3 3

No. Spdt. 2 23 21 21 23 21

able 4-14: Statistics from UNT2 Modulus Data

The UN ormn tioMresults show an increase in both standard deviation and coefficient of

j maly7ation, which is unusual. Looking a bit closer at the results, the batch
three averge spe@men thickness is more than half a ply thinner than the batch one and batch
two specimeythuCknesses.

Batch 1 Average Spec. Thickness = 0.165
Batch 2 Average Spec. Thickness = 0.162
Batch 3 Average Spec. Thickness = 0.158

This leads to a decrease in the strength results for batch C as batch three is consistently lower

than the other two batches but only for the normalized data. Pooling was acceptable for the
modified CV basis values, which mitigates the change in results due to the specimen thickness.
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4.9 *“Hard” (40/20/40) Unnotched Tension (UNT3)

The Unnotched Tension data is normalized, so both normalized and as-measured statistics are
provided. There were no diagnostic test failures in the as-measured data and pooling was
acceptable. The normalized data from all three environmental conditions failed the ADK test,
but passed with the modified CV transformation of the data. B-estimates were computed using
the ANOVA method. Pooling all three environmental conditions was acceptable to compute
modified CV basis values and estimates.

There was one outlier. The highest value in the as-measured data from batch g€ @fgghe CTD
data was an outlier for the CTD condition but not for batch one and not for #{g '
This outlier was retained for this analysis.

Ié 4\1% and for the
ugf are shown

Statistics, basis values and estimates are given for UNT3 strength
modulus data in Table 4-16. The normalized data, B-estimates
graphically in Figure 4-11.
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= = CTD B-Estimate(ANOVA) — = RTD B-Estimate(ANOVA) — = ETW B-Estimate(ANOVA)
——— CTD B-Basis (Mod CV) ——— RTD B-Basis (Mod CV) ——— ETW B-Basis (Mod CV)

Figure 4-11: Batch Plot for UNT3 normalized strength
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Unnotched Tension (UNT3) Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 95.012 102.084 104.429 96.458 103.629 105.675
Stdev 4.042 4.114 2.662 2.952 3.452 2.632
cv 4.255 4.030 2.549 3.061 3.331 2.490
Modified CV 6.127 6.015 6.000 6.000 6.000 6.000
Min 88.277 96.078 100.302 92.074 96.213 100.295
Max 105.861 111.042 109.798 104.982 110.034 109.994
No. Batches 3 3 3 3
No. Spec. 21 22 21 21
Basis Values and Estimates
B-basis Value 91.209
B-Estimate 75.503 84.533 92.906
A-Estimate 61.578 72.002 84.682 87.666
Method ANOVA ANOVA ANOVA pooled,
Modified CV Basis Values and Estimates
B-basis Value 84.509 91.625 93.926 \§83 93.09 95.100
A-Estimate 77.419 84.527 86.836 78.74 2 87.961
Method pooled pooled poole pooled pooled

Table 4-15: Statistics and Basis} for ON T3 Strength Data

Unnotched Tension (UNT3) Modulus Statistics
Normalized As Measured

Env CTD RTD | \ETW CTD RTD ETW
Mean 8.256 : 0 8.388 8.334 8.180
Stdev 0.175 02 0.1 0.287 0.248 0.276
cv 2.115 1. 443 3.422 2.970 3.376
Modified CV 6.0 6.000 6.000 6.000 6.000 6.000
Min Fr87 7.948 7.849 7.694 7.959 7.869
Max 524 ' 8.342 8.720 8.846 8.781

No. Batch 3 3 3 3 3

No. Spdt. 2 22 21 21 22 21

able 4-16: Statistics from UNT3 Modulus Data

The UN ormn tioMresults show an increase in both standard deviation and coefficient of
j alf7ation, which is unusual. Looking a bit closer at the results, the batch
three averge spe@men thickness is more than half a ply thinner than the batch one and batch
two specimeythuCknesses.

Batch 1 Average Spec. Thickness = 0.122
Batch 2 Average Spec. Thickness = 0.121
Batch 3 Average Spec. Thickness =0.116

This leads to a decrease in the strength results for batch C as batch three is consistently lower

than the other two batches but only for the normalized data. Pooling was acceptable for the
modified CV basis values, which mitigates the change in results due to the specimen thickness.

Page 57 of 100



July 31, 2012 NCP-RP-2010-056 N/C

4.10 Quasi Isotropic (25/50/25) Unnotched Compression (UNC1)

The Unnotched Compression data is normalized, so both normalized and as-measured statistics
are provided. The RTD and ETW data could not be pooled due to a failure of Levene's test.
Basis values and estimates were computed using the single point method, normal distribution.
Modified CV basis values were not provided for the RTD datasets because the coefficient of
variation was over 8% for both the normalized and as-measured data, which means that that there
is no change to the C.V. or basis values computed with the use of the modified CV approach.

walized and

There were two outliers. The highest value in batch three of the RTD data, boy@
highcS@value in

as-measured, was an outlier for batch three, but not for the RTD condition. &
batch two of the normalized ETW data was an outlier for batch two, but

Figure 4-12.
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= = RTD B-Basis (Normal) = = ETW B-Basis (Normal) — ETW B-Basis (Mod CV)
O  Outliers

Figure 4-12: Batch plot for UNC1 normalized strength
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and Statistics

Unnotched Compression (UNC1) Strength Basis Values

Normalized As Measured
Env RTD ETW RTD ETW
Mean 70.048 51.733 70.704 52.515
Stdev 5.761 1.788 5.981 2.059
cv 8.224 3.456 8.460 3.920
Modified CV 8.224 6.000 8.460 6.000
Min 60.924 48.619 59.100 49.029
Max 82.849 54.992 86.327 56.392
No. Batches 3 3 3 3
No. Spec. 21 21 21 21
Basis Values and Estimates
B-basis Value 59.073 48.328 59.309 504
A-Estimate 51.249 45.900 51.186 459
Method Normal Normal Normal orm
Modified CV Basis Values and Estimates
B-basis Value NA 45.818 A 46.5
A-Estimate NA 41,605 )& 227
Method NA Normal ormal
Table 4-17: Statistics and Basis V gth Data

X

Unnotched Compression (UNC1) Modulus Statistics

Nor ed Measured

Env RTD ETW RTD ETW
Mean 5.9 840 5.997 5.853
Stdev 709 0.102 0.088
N 1976 1.707 1.499

)@.ooo 6.000 6.000

5.702 5.813 5.669

6.142 6.186 5.971

3 3 3

21 21 21
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4.11 “Soft” (10/80/10) Unnotched Compression (UNC2)

The Unnotched Compression data is normalized, so both normalized and as-measured statistics
are provided. The RTD and ETW as-measured data could not be pooled due to a failure of
Levene's test. Basis values and estimates were computed using the single point method.
However, after applying the modified CV transformation, pooling the RTD and ETW as-
measured data was acceptable to compute the modified CV basis values and estimates.

The normalized data for the RTD condition failed the ADK test, but passed with the modified

CV transformation of the data. A B-estimate was computed using the ANOV A a0d for the
normalized RTD data. Pooling the RTD and ETW normalized data was ac
the modified CV basis values and estimates.

measured dataset, but not for the ETW condition in the no
retained for this analysis.

Statistics, basis values and estimates are given for

Figure 4-13.
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"Soft" Unnotched C sSiQn (UNC2) Strength Normalized
70 N
60 -
50 5 B *
=] g U AA N A
T S S
7 L] Lt L2328 FYVV YV
30 4
20 A
10 1
O T
RTD ETW
Environment
B Batch1l ¢ Batch2 A Batch3
= =RTD B-Estimate (ANOVA) — = ETW B-Basis (Normal) O Outlier
—— RTD B-Basis (Mod CV) —— ETW B-Estimate (Mod CV)

Figure 4-13: Batch plot for UNC2 normalized strength
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Unnotched Compression (UNC2) Strength Basis Values
and Statistics

Normalized As Measured
Env RTD ETW RTD ETW
Mean 49.072 34.433 49.590 34.796
Stdev 1.975 0.950 1.807 0.983
cv 4.025 2.759 3.645 2.825
Modified CV 6.013 6.000 6.000 6.000
Min 45.236 32.197 45.325 31.963
Max 52.264 36.049 52.273 36.034
No. Batches 3 3 3 3
No. Spec. 21 21 21 21
Basis Values and Estimates
B-basis Value 32.623 46.146
B-Estimate 41.743
A-Estimate 36.512 31.333 43.692
Method ANOVA Normal Nor“
Modified CV Basis Values and Estimates
B-basis Value 44.556 29.916
A-Estimate 41.450 26.810
Method pooled pool

Table 4-19: Statistics and B%Zﬂu

2 Strength Data

Unnotched Compression (UNC2) Modulus Statistics
Nor ed As Measured
Env RT. TW RTD ETW
Mean 92 3.965 3.617
Stdev N 0085 0.073 0.082
cv 2.5 .354 1.836 2.281
Modifieph C 6.000 6.000 6.000 6.000
in 697 3.503 3.831 3.483
ax . 3.780 4.069 3.750
0. ches 3 3 3 3
No. 21 21 21 21

able 4-20: Statistics from UNC2 Modulus Data
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4.12 “Hard” (40/20/40) Unnotched Compression (UNC3)

The Unnotched Compression data is normalized, so both normalized and as-measured statistics
are provided. There were no diagnostic test failures, so the RTD and ETW data could be pooled
to compute the basis values and estimates. There were no outliers.

Statistics, basis values and estimates are given for UNC3 strength data in Table 4-21 and for the
modulus data in Table 4-22. The normalized data, B-estimates and B-basis values are shown
graphically in Figure 4-14.
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Fig}e 4-14: Batch plot for UNC3 normalized strength
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Unnotched Compression (UNC3) Strength Basis Values
and Statistics

Normalized As Measured
Env RTD ETW RTD ETW
Mean 70.603 55.947 71.521 56.881
Stdev 3.376 2.838 3.452 3.172
cv 4,782 5.072 4.826 5.577
Modified CV 6.391 6.536 6.413 6.789
Min 62.945 51.158 63.891 51.439
Max 75.187 60.545 78.562 62.102
No. Batches 3 3 3 3
No. Spec. 21 21 21 21
Basis Values and Estimates
B-basis Value 65.073 50.417 65.643 7002
A-Estimate 61.269 46.613 61.600 46"
Method pooled pooled pooled oole
Modified CV Basis Values and Estimates
B-basis Value 63.320 48.664
A-Estimate 58.312 43.656
Method pooled pooled

Table 4-21: Statistics and Basis V

K

Unnotched Compression (UNC3) Modulus Statistics

Nor ed Measured

Env RTD ETW ~ RTD ETW

Mean 7. 387 7.492 7.434

Stdev .18 0.178 0.165

cv N 2073 2.381 2.226

Modified C 6.00 )@.000 6.000 6.000

Mi 7.086 7.063 7.220 7.113

ax 859 7.626 7.855 7.817
No@Batches 3 3 3
No ec. 21 21 21 21

22: Statistics from UNC3 Modulus Data

Page 63 of 100




July 31, 2012 NCP-RP-2010-056 N/C

4.13 Quasi Isotropic (25/50/25) Open Hole Tension (OHT1)

The Open Hole Tension data is normalized, so both normalized and as-measured statistics are
provided. The normalized data for the ETW condition failed the ADK test, but passed with the
modified CV transformation of the data. A and B-estimates computed using the ANOVA method
were computed for the normalized ETW data while the other two environmental conditions were
pooled to compute the basis values.

For the as-measured data, all three environmental conditions could not be pooled due to a failure
of Levene's test. However, the data from the CTD and RTD conditions could ed while
using the single point method for the as-measured ETW data.

All three environmental conditions could be pooled after applying thegodi
transformation, so pooling was acceptable to compute the modifie
estimates for both the normalized and as-measured datasets.

There was one outlier. The highest value in batch three of
as-measured, was an outlier for batch three but not for
retained for this analysis.

data, Both normalized and
wfl. The outlier was

showMpetaphically in Figure 4-15.
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O Outlier

Figure 4-15: Batch Plot for OHT1 normalized strength
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Open Hole Tension (OHT1) Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 43.400 44.879 49.668 42.967 44.346 49.093
Stdev 1.198 1.286 0.953 1.048 1.577 0.946
cVv 2.759 2.866 1.919 2.438 3.556 1.926
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 41.508 41.727 47.287 41.141 40.977 47.311
Max 45.514 46.620 51.464 44,978 47.224 50.548
No. Batches 3 3 3 3 3
No. Spec. 21 21 21 21 21 21
Basis Values and Estimates
B-basis Value 41.197 42.675 40.593
B-Estimate 45.447
A-Estimate 39.681 41.159 42.435 38.960
Method pooled pooled ANOVA poQ Normal
Modified CV Basis Values and Estimates
B-basis Value 38.622 40.100 44.890 38.2 44.368
A-Estimate 35.394 36.872 41.662 36.429 41.177
Method pooled pooled po oled pooled pooled

Table 4-23: Statistics and Basi

O@Strength Data

Page 65 of 100



July 31, 2012 NCP-RP-2010-056 N/C

4.14 “Soft” (10/80/10) Open Hole Tension (OHT2)

The Open Hole Tension data is normalized, so both normalized and as-measured statistics are
provided. The as-measured data for the ETW condition failed the ADK test, but passed with the
modified CV transformation of the data. A and B-estimates computed using the ANOVA
methodwere computed for the as-measured ETW data. The other two environmental conditions
(CTD and RTD) could not be pooled to compute the basis values due to a failure of the normality
test for the pooled dataset. The single point method was used to compute basis values, with the
normal distribution being used for the CTD condition and the Weibull distribution for the RTD
condition. All three environmental conditions could be pooled after applying dified CV
transformation, so pooling was acceptable to compute the modified CV basj4
estimates for the as-measured datasets.

For the normalized data, all three environmental conditions failed
the modified CV transformation of the data. A and B-estimates

modified CV transformation, so pooling was acceptable to
values and estimates for the normalized datasets.

The OHT?2 normalization results show an increasg dard deviation and coefficient of
variation after normalization, which is unusua i itytoser at the results, the batch

two specimen thicknesses. This is likely t n for the ADK test failures in the
normalized data

There were two outliers. The hig
outlier for batch three but not fq
data, not for the as-measu
was an outlier for batch
measured data, not fQr t

ormalized data. Both outliers were retained for this analysis.

Statistics, basiggval stiMates are given for OHT?2 strength data in Table 4-24. The
normalized dat®and B-basi§values are shown graphically in Figure 4-16.
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Cytec Cycom 5215 PW (C13) Fabric
"Soft" Open Hole Tension (OHT2) Strength Normalized
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O  Outlier
Figure 4-16: BﬁiCh Plot:r OHT)ﬁ)rmalized strength
Open Hole Tension (OHT?2) Strength Basis Values and Statistics
Normalized As Measured
Env CT 4 ETW CTD RTD ETW
Mean 39.74 332 33.036 39.921 38.110 33.186
Stdev 0.698 0.737 0.643 0.607 0.505 0.570
cv A 1.756 1.955 1.947 1.521 1.326 1.719
ModifiedfCV 6.000 6.000 6.000 6.000 6.000
in 8.328 36.188 31.952 38.868 37.089 32.196
R 0.693 38.724 34.278 41.362 38.739 34.274
tc 3 3 3 3 3 3
No. c. 21 21 21 21 21 21
Basis Values and Estimates
sis Yalue 38.764 37.097
B-Bftimate 35.659 33.290 29.720 31.012
A-Estimate 32.742 30.118 27.353 37.939 35.935 29.461
Method ANOVA ANOVA ANOVA Normal Weibull ANOVA
Modified CV Basis Values and Estimates
B-basis Value 35.911 33.899 29.204 36.064 34.253 29.329
A-Estimate 33.322 31.310 26.615 33.459 31.647 26.723
Method pooled pooled pooled pooled pooled pooled

Table 4-24: Statistics and Basis Values for OHT2 Strength Data
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4.15 “Hard” (40/20/40) Open Hole Tension (OHT3)

NCP-RP-2010-056 N/C

The Open Hole Tension data is normalized, so both normalized and as-measured statistics are
provided. There were no diagnostic test failures, so pooling was acceptable to compute basis
values and estimates for both as-measured and normalized datasets.

There was one outlier. It was the highest value in batch two of normalized CTD data. It was an
outlier for the CTD condition, but not for batch two and only for the normalized dataset, not for
the as-measured dataset. The outlier was retained for this analysis.

Statistics, basis values and estimates are given for OHT3 strength data in Ta
normalized data, B-estimates and B-basis values are shown graphically y#Ki
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Figure 4-17: Batch Plot for OHT3 normalized strength
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Open Hole Tension (OHT3) Strength (ksi) Basis Values and Statistics

Normalized As Measured

Env CTD RTD ETW CTD RTD ETW
Mean 50.662 53.832 61.054 50.534 53.790 60.675
Stdev 2.366 1.564 1.898 2.651 1.658 1.923
cv 4.670 2.905 3.108 5.246 3.082 3.170
Modified CV 6.335 6.000 6.000 6.623 6.000 6.000
Min 47.142 50.150 57.514 45.368 50.177 57.657
Max 57.410 55.911 64.243 57.489 56.324 63.797

No. Batches 3 3 3 3 3 3
No. Spec. 21 21 21 21 2y

Basis Value Estimates

B-basis Value 47.256 50.425 57.648 46.869 WS 57.01
A-Estimate 44,955 48.124 55.347 44.394 47,65l
Method pooled pooled pooled pooled d \ oled
Modified CV Basis Values and Estimates
B-basis Value 44.829 47.998 55.220 E.SQS' 54.780
A-Estimate 40.888 44.057 51.279 &0.6 4?)13v 50.798

Method pooled pooled pooled
Table 4-25: Statistics and Basis Valu

\CQQ
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4.16 Quasi Isotropic (25/50/25) Filled Hole Tension (FHT1)

The Filled Hole Tension data is normalized, so both normalized and as-measured statistics are
provided.

Only the normalized data from the CTD condition passed the ADK test. A and B-estimates
were computed for all other datasets using the ANOVA method. After applying the modified
CV transformation, the as-measured CTD and ETW datasets and the normalized RTD and ETW
datasets passed the ADK test, so modified CV basis values are provided for those conditions.

was acceptable to compute the modified CV basis values and estimates. In a
estimates are provided for the as-measured RTD data with an override o

There was one outlier. The highest value in batch one of the as-meagure D dAtaget was an
outlier for batch one, but not for the RTD condition. It was not an ouNjer f@athgfhormalized
dataset. The outlier was retained for this analysis.

Statistics, basis values and estimates are given for FHTL streng¥ da able 4-26. The

normalized data and B-basis values are shown graphia 4-18.

Cytec Cycom\g215 P 13) Fabric

Quasi Isotropic Fill ion (FHT1) Strength normalized
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= = CTDB-Basis (Normal) — = RTD B-Estimate (ANOVA) — = ETW B-Estimate (ANOVA)
——— CTD B-Basis (Mod CV) ——— RTD B-Basis (Mod CV) ~——— ETW B-Basis (Mod CV)

Figure 4-18: Batch plot for FHT1 normalized strength
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NCP-RP-2010-056 N/C

Filled Hole Tension (FHT1) Strength Basis Values and Statistics

Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 47.342 48.704 51.023 47.456 48.720 51.009
Stdev 2.350 1.758 1.392 2.633 2.219 1.781
cv 4.963 3.609 2.728 5.549 4.554 3.491
Modified CV 6.482 6.000 6.000 6.774 6.277 6.000
Min 44.183 45.866 49.220 43.769 44,981 48.257
Max 53.614 52.254 54.061 53.856 52.559 54.243
No. Batches 3 3 3 3 3
No. Spec. 21 21 21 21 21
Basis Values and Estimates
B-basis Value |  42.866 /N ]
B-Estimate 39.780 43.744 35.515 20 3
A-Estimate 39.675 33.410 38.548 26.991 ( 26. .906
Method Normal ANOVA ANOVA WOV OVA
Modified CV Basis Values a
B-basis Value | 42.124 43.486 45.804 45.176
B-Estimate with override of ADK test result
A-Estimate 38.599 39.961 42.279, 38.741 41.022
Method pooled pooled rmal Normal Normal

Table 4-26: Statistics and Basi

§
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July 31, 2012 NCP-RP-2010-056 N/C

4.17 “Soft” (10/80/10) Filled Hole Tension (FHT?2)

The Filled Hole Tension data is normalized, so both normalized and as-measured statistics are
provided. The normalized data had no diagnostic test failures, so pooling was acceptable to
compute basis values and estimates.

For the as-measured data, all three environmental conditions failed the ADK test, but passed with
the modified CV transformation of the data. A and B-estimates computed using the ANOVA
method were computed. All three environmental conditions could be pooled after applying the
modified CV transformation, so pooling was acceptable to compute the modifj basis
values and estimates for the normalized datasets.

There were no outliers.

Statistics, basis values and estimates are given for FHT2 strength datN
normalized data and the B-basis values are shown graphicall
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= = CTD B-Basis (pooled) = = RTD B-Basis (pooled) — = ETW B-Basis (pooled)
——— CTD B-Basis (Mod CV) ——— RTD B-Basis (Mod CV) ——— ETW B-Basis (Mod CV)

Figure 4-19: Batch plot for FHT2 normalized strength
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Filled Hole Tension (FHT?2) Strength Basis Values and Statistics
Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 43.975 41.635 35.348 43.982 41.842 35.372
Stdev 0.576 0.655 0.585 0.798 1.071 0.823
cv 1.311 1.574 1.656 1.813 2.560 2.326
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 43.054 40.255 34.109 42.170 39.955 33.595
Max 44.926 42.772 36.537 45.107 44.145 36.662
No. Batches 3 3 3 3 3 3
No. Spec. 21 21 21 21 21
Basis Values and Estimates
B-basis Value 42.926 40.586 34.299
B-Estimate 39.508 7.05
A-Estimate 42.218 39.878 33.591 36.314 1 .091
Method pooled pooled pooled ANQVA AN ANOVA
Modified CV Basis Values and Esif@ates )
B-basis Value 39.775 37.435 31.149 39.7 | 37¥34 31.164
A-Estimate 36.938 34.598 28.312 38931 7791 28.321
Method pooled pooled pooly pooled pooled

Table 4-27: Statistics and Basis V fo T2 gth Data
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4.18 “Hard’ (40/20/40) Filled Hole Tension (FHT?3)

The Filled Hole Tension data is normalized, so both normalized and as-measured statistics are
provided.

The data from the as-measured CTD and ETW environmental conditions and the normalized
data from the ETW condition failed the ADK test, but passed with the modified CV
transformation of the data. A and B-estimates computed using the ANOVA method were
computed. All three environmental conditions could be pooled after applying the modified CV
transformation, so pooling was acceptable to compute the modified CV basis d
estimates for both the normalized and as-measured datasets.

was an
alized

There were two outliers. The lowest value in batch one of the normalj
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Figure 4-20: Batch plot for FHT3 normalized strength
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Filled Hole Tension (FHT3) Strength Basis Values and Statistics
Normalized As Measured
Env CTD RTD ETW CTD RTD ETW
Mean 53.398 55.486 59.819 53.898 55.985 60.009
Stdev 1.752 2.496 2.324 2.253 3.312 2.677
cv 3.282 4.499 3.885 4.179 5.916 4.460
Modified CV 6.000 6.249 6.000 6.090 6.958 6.230
Min 48.404 50.515 55.921 48.444 50.336 55.553
Max 56.128 50.987 64.108 57.713 62.196 63.784
No. Batches 3 3 3 3 3 3
No. Spec. 21 21 21 21 21
Basis Values and Estimates
B-basis Value 49.574 51.662 .0%5
B-Estimate 49.130 42.272
A-Estimate 46.944 49.032 41.501 33.973 .679
Method pooled pooled ANOVA ANOVA Nor ANOVA
Modified CV Basis Values and Es# N\ )
B-basis Value 47.478 49.566 53.899 : 49\577 53.702
A-Estimate 43.478 45.567 49.900 /416 49.441
Method pooled pooled poolg pooled pooled

Table 4-28: Statistics and Basis V fo
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4.19 Quasi Isotropic (25/50/25) Open Hole Compression (OHC1)

The Open Hole Compression data is normalized, so both normalized and as-measured statistics
are provided. There were no diagnostic test failures for the as-measured data, so pooling was
acceptable to compute basis values and estimates. The normalized ETW and the normalized
pooled datasets failed the normality test, so pooling was not appropriate. The single point
method was used, with the Weibull distribution having the best fit for the normalized ETW data.
Modified CV basis values cannot be provided for the normalized ETW data due to the lack of
normality.

It was an
e outlier

There was one outlier. It was the highest value in batch two of as-measured
outlier for the batch two but not for the RTD condition or for the normalj
was retained for this analysis.

) Strength Normalized
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Figure 4-21: Batch plot for OHC1 normalized strength
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NCP-RP-2010-056 N/C

and Statistics

Open Hole Compression (OHC1) Strength Basis Values

Table 4-29: Statistics and Basis V.

\%Q

Page 77 of 100

Normalized As Measured
Env RTD ETW RTD ETW
Mean 40.395 31.212 40.588 31.395
Stdev 0.976 1.319 1.005 1.155
cv 2.417 4.225 2.475 3.680
Modified CV 6.000 6.113 6.000 6.000
Min 38.359 28.873 38.676 29.286
Max 41,792 33.530 42.403 33.482
No. Batches 3 3 3 3
No. Spec. 21 21 21 21
Basis Values and Estimates
B-basis Value 38.535 28.263 38.668 476
A-Estimate 37.208 25.206 37.348 28
Method Normal Weibull pooled oole
Modified CV Basis Values and Estimates
B-basis Value 35.776 NA
A-Estimate 32.486 NA
Method Normal NA




July 31, 2012 NCP-RP-2010-056 N/C

4.20 “Soft” (10/80/10) Open Hole Compression (OHC2)

The Open Hole Compression data is normalized, so both normalized and as-measured statistics
are provided. The as-measured data had no diagnostic test failures, so pooling was acceptable to
compute the basis values and estimates.

For the normalized data, both environmental conditions failed the ADK test, but passed with the

modified CV transformation of the data. A and B-estimates computed using the ANOVA method
were computed. The environmental conditions met all requirements for pooling after applying

normalized data.

en for OHC2 strength data in

There were no outliers. Statistics, basis values and egtim
1 ues are shown graphically in

Table 4-30. The normalized data, B-estimates an
Figure 4-22.
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Figure 4-22: Batch plot for OHC2 normalized strength
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Open Hole Compression (OHC?2) Strength Basis Values and
Statistics
Normalized As Measured
Env RTD ETW RTD ETW
Mean 34.269 26.476 34.521 26.746
Stdev 1.113 0.821 0.730 0.601
cv 3.247 3.100 2.115 2.247
Modified CV 6.000 6.000 6.000 6.000
Min 32.339 25.272 33.003 25.375
Max 36.182 28.073 35.801 27.638
No. Batches 3 3 3 3
No. Spec. 21 21 21 2
Basis Values and Estimates P
B-basis Value 33.335 25.5
B-Estimate 28.635 22.085 ‘
A-Estimate 24.613 18.951 32.5320' N 24 )
Method ANOVA ANOVA nafled | “hgole
Modified CV Basis Values and Estimates
B-basis Value 31.011 23.218 | 36V461
A-Estimate 28.770 20.9; 21.201
Method pooled d poole pooled
Table 4-30: Statistics and Basi e ORE2,Strength Data

S
Q\C‘D
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4.21 “Hard” (40/20/40) Open Hole Compression (OHC3)

The Open Hole Compression data is normalized, so both normalized and as-measured statistics
are provided. There were no diagnostic test failures, so pooling was acceptable to compute basis
values and estimates for both the normalized and as-measured data. There were no outliers.

Statistics, basis values and estimates are given for OHC3 strength data in Table 4-31. The
normalized data, B-estimates and B-basis values are shown graphically in Figure 4-23.
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Fig!’e 4-23: Batch plot for OHC3 normalized strength

Page 80 of 100



July 31, 2012 NCP-RP-2010-056 N/C

Open Hole Compression (OHC3) Strength Basis Values and
Statistics
Normalized As Measured
Env RTD ETW RTD ETW
Mean 42.650 32.243 42.725 32.278
Stdev 1.504 1.396 1.650 1.153
cv 3.526 4.329 3.862 3.571
Modified CV 6.000 6.165 6.000 6.000
Min 38.970 29.558 39.605 30.355
Max 45.266 34.316 45.769 33.960
No. Batches 3 3 3 3
No. Spec. 21 21 21 2
Basis Values and Estimates P
B-basis Value 40.077 29.670 40.201 29.7
A-Estimate 38.308 27.900 38.466
Method pooled pooled pooled' \ po )
Modified CV Basis Values and Estimates
B-basis Value 38.587 28.180 | 4(z8.
A-Estimate 35.793 25.386
Method pooled poolg

Table 4-31: Statistics and Basis V. for
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4.22 Quasi Isotropic (25/50/25) Filled Hole Compression (FHC1)

The Filled Hole Compression data is normalized, so both normalized and as-measured statistics
are provided. There was insufficient data to compute B-basis values due to unacceptable failure
modes. Only estimates are provided.

The as-measured data from the RTD condition failed the ADK test, but passed with the modified
CV transformation of the data. A and B-estimates for that dataset were computed using the
ANOVA method.

There was one outlier. The highest value in batch two of the normalized R74@
outlier for the RTD condition. It was not an outlier for batch two or for
data. The outlier was retained for this analysis.

Statistics, basis values and estimates are given for FHCI strength dath\n
normalized data, B-estimates and B-basis values are shown
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Figure 4-24: Batch plot for FHC1 normalized strength
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Filled Hole Compression (FHC1) Strength Basis Values
and Statistics
Normalized As Measured
Env RTD ETW RTD ETW
Mean 66.928 49.056 66.836 48.915
Stdev 1.323 1.478 1.950 1.684
cv 1.977 3.013 2.918 3.442
Modified CV 6.000 6.000 6.000 6.000
Min 65.093 46.658 63.866 46.253
Max 70.200 51.419 69.393 52.787
No. Batches 3 3 3 3
No. Spec. 12 15 12 15
Basis Values and Estimates 7/~
B-Estimate 64.003 45.998 54.806 31
A-Estimate 61.970 43.854 46.235 M 42.
Method Normal Normal ANOVA \rma
Modified CV Basis Values a
B-Estimate 58.049 42.966
A-Estimate 51.876 38.693
Method Normal Normal

Table 4-32: Statistics and Basis Va
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4.23 “Soft” (10/80/10)

The Filled Hole Compression data

NCP-RP-2010-056 N/C

Filled Hole Compression (FHC2)

is normalized, so both normalized and as-measured statistics

are provided. The data from the RTD condition, both as-measured and normalized, failed the
ADK test, but passed with the modified CV transformation of the data. The as-measured data

from the ETW condition, failed the ADK test even with the use of the modified CV method. A

and B-estimates for those datasets were computed using the ANOVA method. Modified CV

basis values and estimates are provided for the RTD datasets. In addition, A-and B-estimates are

provided for the as-measured ETW data with an override of the ADK test results.

There was one outlier. The lowest

outlier for the RTD condition. It was not an outlier for batch two or for
data. The outlier was retained for this analysis.

Statistics, basis values and estimates are given for FHC2 strength dath\n
normalized data and the B-basis values are shown graphicall i
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Figure 4-25

: Batch plot for FHC2 normalized strength
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July 31, 2012
Filled Hole Compression (FHC2) Strength Basis Values and
Statistics
Normalized As Measured
Env RTD ETW RTD ETW
Mean 47.970 36.466 48.109 36.235
Stdev 1.435 0.878 1.531 1.434
cv 2.992 2.407 3.181 3.957
Modified CV 6.000 6.000 6.000 6.000
Min 44.389 34.720 43.529 34.166
Max 49,926 37.972 50.320 38.458
No. Batches 3 3 3 3
No. Spec. 19 21 19 21
Basis Values and Estimates
B-basis Value 34.794
B-Estimate 42.238 42.220 8
A-Estimate 38.153 33.601 21. )
Method ANOVA Normal OVA
Modified CV Basis Values and
B-basis Value 43.411 31.947
B-Estimate with override of ADK test result 32.092
A-Estimate 40.304 29.141
Method pooled Normal

Table 4-33: Statistics and B

\%Q
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4.24 “Hard” (40/20/40) Filled Hole Compression (FHC3)

The Filled Hole Compression data is normalized, so both normalized and as-measured statistics
are provided. The normalized data had no diagnostic test failures, so pooling the RTD and ETW
conditions was acceptable. The as-measured data from the ETW condition failed the ADK test,
but passed with the modified CV transformation of the data. A and B-estimates for the ETW
dataset were computed using the ANOVA method. Pooling the RTD and ETW conditions
together was acceptable to compute the modified CV basis values for the as-measured data.

There were two outliers. The lowest value in batch two of the RTD data was g icr for batch

condition but not batch one. It was an outlier for both the normalize
data. Both outliers were retained for this analysis.

Statistics, basis values and estimates are given for FHC3 stre
normalized data, B-estimates and the B-basis values are sh
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Figure 4-26: Batch plot for FHC3 normalized strength

Page 86 of 100



July 31, 2012 NCP-RP-2010-056 N/C

Filled Hole Compression (FHC3) Strength Basis Values and
Statistics
Normalized As Measured
Env RTD ETW RTD ETW
Mean 66.623 51.642 67.127 51.769
Stdev 4.009 4.163 3.563 4.137
cv 6.017 8.062 5.309 7.991
Modified CV 7.009 8.062 6.654 7.996
Min 57.539 38.399 58.380 38.379
Max 72.735 57.720 71.870 57.690
No. Batches 3 3 3 3
No. Spec. 18 18 18 1
Basis Values and Estimates
B-basis Value 50.181 44.200 60.091
B-Estimate
A-Estimate 54.115 39.134 )
Method pooled pooled OVA
Modified CV Basis Values and E )
B-basis Value 58.568 43.587
A-Estimate 53.085 38.1‘
Method pooled p, d
Table 4-34: Statistics and Basis, u rF

S
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4.25 Laminate Short Beam Strength (SBS1)

The SBS1 data is not normalized. The data from the ETW condition failed the ADK test, but
passed with the modified CV transformation of the data. A and B-estimates for the LSBS dataset
were computed using the ANOVA method. Pooling was not appropriate for the modified CV
basis values due to a failure of Levene's test. There were no outliers.

Statistics, basis values and estimates are given for the SBS1 data in Table 4-35. The normalized
data, B-estimates and B-basis values are shown graphically in Figure 4-27.

Cytec Cycom 5215 PW (C13) Fabric

Laminate Short Beam Strength as measu@
12 4 \

10 - Bg .
* L 2 A, A
B m g B et % 0%l
8 4
— =] 2 XX XX 2
2 6 L L IRASAAMAMN LY VYV VY
4
2 4
0 T ) 4 r
ETW
Environment
\
B Batchl 4 Batch2 A Batch3
== = RTD B-Basis (Normal) == RTD B-Basis (Mod CV) = = ETW B-Estimate (ANOVA)

e ETW B-Basis (Mod CV)

VFigure 4-27: Batch plot for SBS1 as measured
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Laminate Short Beam Strength (SBS1)
Basis Values and Statistics as measured

Env RTD ETW
Mean 9.388 6.277
Stdev 0.232 0.112

Cv 2.473 1.791

Modified CV 6.000 6.000
Min 8.938 6.006
Max 9.956 6.439
No. Batches 3 3
No. Spec. 21 21
Basis Value Estimates
B-basis Value 8.945
B-Estimate 5.877
A-Estimate 8.630 5.591,4<
Method Normal

Modified CV Basis Values and Esp

B-basis Value 8.314
A-Estimate 7.550
Method Norm

Table 4-35: Statistics and Ba

\%Q
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4.26 Quasi Isotropic (25/50/25) Single Shear Bearing (SSB1)

The Single Shear Bearing data is normalized, so both normalized and as-measured statistics are
provided. The data from the 2% offset strength RTD condition, both as-measured and
normalized, failed the ADK test. The normalized RTD data passed with the modified CV
transformation of the data but the as-measured data did not. The as-measured ultimate strength
data from the ETW condition failed the ADK but passed with the use of the modified CV
method. A and B-estimates computed using the ANOVA method were used for those datasets.
Pooling was acceptable for the modified CV basis values and estimates for the 2% offset strength

and B-estimates are provided for the as-measured 2% offset strength RTD
override of the ADK test results.

normalized and the as-measured ETW data. The outlier was ined fo

Statistics, basis values and estimates are given for the 1 strdggt in Table 4-36. The
normalized data, B-estimates and B-basis values are& lly in Figure 4-28.

Cytec Cyco 2 (C13)yFabric
Quasi Isotropic Single Sh& [
120 y .

SB1) Strength Normalized

0"’0 at
110 - m .
| < A A
N
A A A
100 - e T L L =
*e -w
A * * AA
n®e A B ee® ,
o Ll A u A
90 - A By e
- = AA ] * A
) ] |
~ _m___* ____
80 1 H i
m_E e, 22,
/< mTm Tt 4
70 —mmmmmmm o "o e
[
60
2% Offset Str. RTD 2% Offset Str. ETW Ult. Str. RTD Ult. Str. ETW
Environment
B Batchl & Batch2
A Batch3 O  Outlier
= = +2% Offset RTD B-Estimate (ANOVA) = = 2% Offset ETW B-Basis (Weibull)
——— 2% Offset RTD B-Basis (Mod CV) —— 2% Offset ETW B-Basis (Mod CV)
= = -Ult. RTD B-Basis (Pooled) = = Ult. ETW B-Basis (Pooled)
— Ult. RTD B-Basis (Mod CV) — Ult. ETW B-Basis (Mod CV)

Figure 4-28: Batch plot for SSB1 normalized strength
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Single Shear Bearing (SSB1) Strength Basis Values and Statistics

Normalized As measured
Property 2% Offset Strength Ultimate Strength 2% Offset Strength Ultimate Strength
Env RTD ETW RTD ETW RTD ETW RTD ETW
Mean 93.377 74.671 108.568 90.780 95.539 75.121 111.067 91.351
Stdev 4.599 3.550 4.975 3.506 5.257 3.772 5.435 4.368
cv 4.926 4.754 4.583 3.862 5.503 5.021 4.893 4.782
Modified CV 6.463 6.377 6.291 6.000 6.751 6.511 6.447 6.391
Min 84.918 67.075 97.142 83.753 86.159 66.596 82.459
Max 101.069 80.802 118.423 96.198 104.546 79.553 96.921
No. Batches 3 3 3 3 3 3 3
No. Spec. 21 21 21 21 21 21 A | 21
Basis Values and Estimates
B-basis Value 66.962 100.937 83.148
B-Estimate 70.232 71.627
A-Estimate 53.710 59.054 95.688 77.900 57.548
Method ANOVA Weibull pooled pooled Normal ANOVA
Modified CV Basis Values a
B-basis Value 83.738 | 65.032 97.614 99.483 79.767
B-Estimate with override of ADK test result
A-Estimate 77.109 58.403 90.081 91.516 71.801
Method pooled pooled pooled pooled pooled

Table 4-36: Statistics and

\CS)
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4.27 “Soft” (10/80/10) Single Shear Bearing (SSB2)

The Single Shear Bearing data is normalized, so both normalized and as-measured statistics are
provided. The as-measured data from the 2% offset strength ETW condition failed the ADK test
even after applying the modified CV transformation of the data. The normalized data from the
2% offset strength ETW condition failed the ADK, but passed with the modified CV
transformation of the data. A and B-estimates for those datasets were computed using the
ANOVA method. Pooling was acceptable to compute the normalized modified CV basis values
and estimates.

There were no diagnostic test failures for the ultimate strength datasets, so p
acceptable in all cases for those datasets.

There were two outliers, both in the RTD condition. The lowest v of the 2%

offset strength RTD data was an outlier for the RTD condition, put nd§for o. It was an
outlier for both the normalized and the as-measured RTD dat#* ue in batch three
of the ultimate strength RTD as-measured data was an outl4 RTD)condition, but not for

batch three. It was an outlier only for the as-measured ized data. Both
outliers were retained for this analysis.

normalized data, B-estimates and B-basis v. showNetaphically in Figure 4-29.

13) Fabric

"Soft" Single Shea SB2) Strength Normalized
120 P i
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g ¢ A A * AAA
90 ~ [ ] A gL
P9 4 A A
[}
X T "L
* A
0 4
@ 22 A
70 1 P'S
60 1
50 T T T
2% Offset Str. RTD 2% Offset Str. ETW Ult. Str. RTD Ult. Str. ETW
Environment
B Batchl ¢ Batch2
A Batch3 O Outliers
= = 2% Offset RTD B-Basis (Normal) = = 2% Offset ETW B-Estimate (ANOVA)
= 2% Offset RTD B-Basis (Mod CV) — 2% Offset ETW B-Basis (Mod CV)
= = Ult. RTD B-Basis (Pooled) = = Ult. ETW B-Basis (Pooled)
—— Ult. RTD B-Basis (Mod CV) —— Ult. ETW B-Basis (Mod CV)

Figure 4-29: Batch plot for SSB2 normalized strength
Page 92 of 100



July 31, 2012 NCP-RP-2010-056 N/C

Single Shear Bearing (SSB2) Strength Basis Values and Statistics

Normalized As measured
Property 2% Offset Strength Ultimate Strength 2% Offset Strength Ultimate Strength
Env RTD ETW RTD ETW RTD ETW RTD ETW
Mean 91.095 76.126 107.520 94.965 92.393 76.511 109.059 95.408
Stdev 6.209 5.069 4.698 3.396 6.579 5.713 5.534 3.802
Ccv 6.816 6.659 4.369 3.576 7.121 7.468 5.075 3.985
Modified CV 7.408 7.329 6.185 6.000 7.560 7.734 6.537 6.000
Min 74.037 69.253 99.312 89.447 73.583 70.029 100.742 88.143
Max 100.534 87.541 119.033 99.432 104.626 90.138 102.728
No. Batches 3 3 3 3 3 3 3
No. Spec. 21 21 21 21 21 2| 21
Basis Values and Estimates »
B-basis Value 79.268 100.252 87.696 79.860 10Q.64 86.989
B-Estimate 54.608 &965 )
A-Estimate 70.835 39.250 95.253 82.698 4.849 81.199
Method Normal ANOVA pooled pooled pooled pooled
Modified CV Basis Values a
B-basis Value 80.116 65.147 96.540 97.594 83.943
A-Estimate 72.565 57.596 88.989 89.710 76.059
Method pooled pooled pooled pooled pooled
Table 4-37: Statistics and Bagi trength Data
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4.28 “Hard” (40/20/40) Single Shear Bearing (SSB3)

The Single Shear Bearing data is normalized, so both normalized and as-measured statistics are
provided. The normalized data from the ultimate strength RTD condition failed the ADK, but
passed with the modified CV transformation of the data. A and B-estimates for those datasets
were computed using the ANOV A method. Pooling was acceptable for basis values and
estimates for the 2% offset strength, both normalized and as-measured, for ultimate strength as-
measured data. Pooling was acceptable for the normalized ultimate strength only for the
modified CV method.

There were two outliers. The highest value in batch three of the ultimate st
measured data was an outlier for the ETW condition, but not for batch t value in

not for
Both outliers were retained for this analysis.

Statistics, basis values and estimates are given for the SSB
normalized data, B-estimates and B-basis values are sh,
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"Hard" Single Shear E{ ing B3) St®rgth Normalized
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Figure 4-30: Batch plot for SSB3 normalized strength

Page 94 of 100



July 31, 2012 NCP-RP-2010-056 N/C

Single Shear Bearing (SSB3) Strength Basis Values and Statistics
Normalized As measured
Property 2% Offset Strength Ultimate Strength 2% Offset Strength Ultimate Strength
Env RTD ETW RTD ETW RTD ETW RTD ETW
Mean 84.027 70.094 98.749 82.230 85.966 70.249 101.021 82.405
Stdev 5.242 5.713 6.086 3.185 4.995 6.030 5.702 3.757
Ccv 6.239 8.150 6.163 3.874 5.810 8.583 5.644 4.559
Modified CV 7.120 8.150 7.082 6.000 6.905 8.583 6.822 6.279
Min 71.596 58.615 85.842 76.885 75.072 57.841 89.297 76.764
Max 92.920 80.355 106.289 88.513 94.562 83.090 108.844 92.809
No. Batches 3 3 3 3 3 3 3
No. Spec. 21 21 21 21 21 21
Basis Values and Estimates
B-basis Value 74.305 60.371 76.162 76.148 73.843
B-Estimate 67.471
A-Estimate 67.619 53.685 45.143 71.836 69.397 67.955
Method pooled pooled ANOVA Normal pool pooled
Modified CV Basis Values and E{gn\
B-basis Value 73.655 59.722 88.018 71.499 | 75.3 90.215 71.599
A-Estimate 66.522 52.588 80.638 64.119 82.783 64.167
Method pooled pooled pooled pool pooled pooled pooled

| e
Table 4-38: Statistics and Basi lud§for SIB3 Strength Data
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4.29 Compression After Impact 1 (CAI1)

The Compression After Impact data was normalized, so statistics are provided for both
normalized and as-measured datasets. Basis values are not computed for this property. Only one
batch of material was tested. Testing is done only for the RTD condition. There were no outliers.
Summary statistics are presented in Table 4-39 and the data are displayed graphically in Figure
4-31.

Cytec Cycom 5215 PW (C13) Fabric
Compression After Impact Strength Normalized A
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© RTD Environment, Batch 1

for Compression After Impact normalized strength

Compression After Impact (CAI1)
Strength Statistics
Normalized | As Measured
Env RTD RTD
Mean 27.140 26.561
Stdev 0.996 1.062
CcV 3.672 3.999
Modified CV 6.000 6.000
Min 26.228 25.439
Max 28.626 27.990
No. Batches 1 1
No. Spec. 7 7

Table 4-39: Statistics for Compression After Impact Strength Data
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4.30 Interlaminar Tension Strength (ILT) and Curved Beam Strength
(CBS)

The ILT and CBS data is not normalized. Basis values are not computed for this property. Only
one batch of material was tested. There were no outliers. The summary statistics are presented in
Table 4-40 and the data are displayed graphically in Figure 4-32.

Cytec Cycom 5215 PW (C13) Fabric
Interlaminar Tensionand Curved Beam Strength As Measured
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Hinterlaminar Tension [ksi] @ Curved Beam Strength [Ib]

ension (ILT) and Curved Beam Strength (CBS) Statistics
as measured
ILT [Ksi] CBS [Ib]
CTD RTD ETW CTD RTD ETW
6.957 8.050 3.148 282.179 334.188 129.896
0.918 0.570 0.297 38.635 19.165 10.573
cV 13.195 7.077 9.441 13.692 5.735 8.140
Modified CV 13.195 7.538 9.441 13.692 6.867 8.140
Min 5.581 7.198 2.758 224.027 304.324 117.106
Max 7.862 8.683 3.489 323.230 351.095 141.641
No. Batches 1 1 1 1 1
No. Spec. 6 5 6 6 5

Table 4-40: Statistics for ILT and CBS Strength Data
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5. Outliers

Outliers were identified according to the standards documented in section 2.1.5, which are in
accordance with the guidelines developed in section 8.3.3 of working draft CMH-17 Rev G. An
outlier may be an outlier in the normalized data, the as-measured data, or both. A specimen may
be an outlier for the batch only (before pooling the three batches within a condition together) or
for the condition (after pooling the three batches within a condition together) or both.

Approximately 5 out of 100 specimens will be identified as outliers due to the expected random
variation of the data. This test is used only to identify specimens to be investiga or a cause of
the extreme observation. Outliers that have an identifiable cause are removg Slataset as

identified as outliers only for the normalized data or the as-
typical of normal random variation.

All outliers identified were investigated to determin
causes were removed from the dataset and the re
report. Information about specimens that wer
for removal is documented in the material
2010-067 N/C.

Outliers for which no causes could be 1 ¢ listed in Table 5-1. These outliers were
included in the analysis for thei iva\}est properties.

Q\C‘DQ
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Test Condition | Batch Specimen | Normalized | Strength As |High/ Batc_h Condmon
Number Strength Measured Low |[Outlier| Outlier
SBS RTD 3 COFQC211A NA 9.118 Low No Yes
UNTI1 ETW 2 COFABI119M Not an Outlier 84.947 High Yes No
UNT2 CTD 1 COFBA217B Not an Outlier 55.981 High Yes No
CTD 3 COFBC118B 50.530 Not an Outlier Low Yes No
UNT3 CTD 1 COFCA216B | Not an Outlier 104.982 High No Yes
UNCI RTD 3 COFWCI11A 82.419 86.327 High Yes No
ETW 2 COFWBI1CM 54.992 Not an Outlier High Yes No
UNC2 ETW 2 COFXB218M 32.197 31.963 Low Yes | YeS-As meas,
No - Norm
OHTI CTD 3 COFDC117B 44.955 44.978
OHT2 CTD 3 COFEC217B 40.072 Not an Outlier
RTD 2 COFEB213A Not an Outlier 37.176
OHT3 CTD 2 COFFB215B 57.410 Not an Outlier
OHCI RTD 2 COFGB113A | Not an Outlier 41.698
FHT1 RTD 1 COF4A212A | Not an Outlier 49.345
FHTS CTD 1 COF6A119B 48.404 Not an O
ETW 3 COF6C21BM Not an Outlier
FHCI RTD 2 COF7B113A 70.200
FHC2 RTD 2 COF8B213A [ Not an Outlier
FHC3 RTD 2 COF9B111A 57.539 .
ETW 1 COF9A118M 38.399 .
IPS - Strengthat | o | CoFNA2IBM @
5% Strain 3 COFNC21BM .
IPS - 0.2% Offset RTD 2 COFNBI11A
Strength 3 COFNCI11A
SSB ;f;f’ggffset ETW 3 COFICHITME Low | Yes No
SSB2 - 2% Offset RTD 73.583 Low No Yes
Strength
SSB2 - Ultimate RTD 124.865 High No Yes
Strength
SSB3 S'tijf‘ggffset ETW ‘yot an Outlier 83.090 High | Yes No
SSB3 - Ultimate ETW Not an Outlier 92.809 High No Yes
Strength

Page 99 of 100

able 5-1: List of outliers



July 31, 2012 NCP-RP-2010-056 N/C

6. References

1.

2.

. Hanson, D.L. and Koopmans, L.H,

Snedecor, GW. and Cochran, W.G., Statistical Methods, 7th ed., The lowa State
University Press, 1980, pp. 252-253.

Stefansky, W., "Rejecting Outliers in Factorial Designs," Technometrics, Vol.
14, 1972, pp. 469-479.

Scholz, F.W. and Stephens, M.A., “K-Sample Anderson-Darling Tests of Fit,”
Journal of the American Statistical Association, Vol. 82, 1987, pp. 918-924.
Lehmann, E.L., Testing Statistical Hypotheses, John Wiley & Sons, 1959, pp.
274-275.

Levene, H., “Robust Tests for Equality of Variances,” in
Probability and Statistics, ed. 1. Olkin, Palo, Alto, CA:
Press, 1960.

Sons, 1982, pp. 150, 452-460.
Metallic Materials and Elements for Aeros
HDBK-5E, Naval Publications and Form
June 1987, pp. 9-166,9-167.

dministration, September 2003.

Page 100 of 100



