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Wherek refers to the number of batchesjrlicates the standard devaat of " sample, and;n
refers to the number of speciménghe I" sample.

2.1.2.2 Pooled Coefficient of Variation

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 varmatfor 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 noralized data.

S

Pooled Coefficient of Variation Tp Sp Equation 5

2.1.3 Basis Value Computations

Basis values are computed using the mean and standard deviation for that environment, as
follows: The mean is alwaythe mean for the environment, but if the data meets all
requirements for pooling,,$an be used in place of the standard deviation for the environment,

S.

rmn

Basis Values:

A basis X K _
— Equation 6
X K

B basis

rn

2.1.3.1 K-factor computations

Ka and K, are computed according to the methodology documented in section 8.3.5 eiZMH
Rev G. The approximation formulas are given below:

2.3263 \/ 1 b(f)§  by(f) .

Ka = Equation 7
\/Q(f) ca(f) n 26,(Ho 2¢(f)

K, 1.2816 \/ 1~ By(f) 3 by(f) Equation 8
vacf) V() 2¢(Ho 2¢(f)

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

N n

r

I n
I

JI1

I 1iU
2.323 1.064 0.9157 0.65:

NI S VA
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4.76

«
=

V, 6.649 exp 2.55 0.526In( ) Equation 46

This appoximation is accurate within 0.5% of the tabulated values tyeater 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 13.855
10 6.711 12.573
11 6.477 12.093
12 6.286 11.701
13 6.127 11.375
14 5.992 11.098
15 5.875 10.861

Table 2-2: Weibull Distribution Basis Value Factors
2.2.2.4 Lognormal Distribution

A probability distribution for whichhe probability that an observatiodexted at random from
this population falls betweeaandb 0 a b fis given by the area under the normal

distributionbetween In(a) and In(b).

The lognormal distributiors a positively skewed distribution that is simply related to the normal
distribution If something is lognormally distributed, then its logarithm is normally distributed.
The natural (base) logarithm is used.

2.2.2.4.1 Goodnessof-fit test for the Lognormal distribution

In order to test the goodnestfit of the lognormal distributiontake the logarithm of the data
and peform the Andersomarling test for normality sm Section 2.1.7. Using the natural
logarithm, replace the linked equation abeowth linked equation below

In x. X
z, ———, fori 1, n Equation 47

S

wherexg; is the I" smallest sample observatioR,ands, are the mean and standard deviation of
the In(x) values.

The AndersorDarling statistic is then computed using the linked equation adnodé¢he

observed gnificance level (OSL) is computed using the linked equation abdvds OSL

measures the probability of observing an AndeiBarling statistic at least as extreme as the

value calculated if in fact the data are a sample from a lognormal distribltiosL d0.05,

one may conclude (at a five percent risk of being in error) that the popunot lognormally
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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 1.485
17 8 1.434
18 9 1.354
19 9 1.311
20 10 1.253
21 10 1.218
22 10 1.184
23 11 1.143
24 11 1.114
25 11 1.087
26 11 1.060
27 11 1.035
28 12 1.010

Table 2-3: B-Basis Hanson -Koopmans Table
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Laminate Strength Tests

B-basis
Mean
Ccv
B-basis
Mean
Ccv
B-basis
Mean
Ccv
B-basis
Mean
Ccv
B-basis
Mean
Ccv
B-basis
Mean
CcVv
B-basis
Mean
Ccv
B-basis
Mean
Ccv

35.896
41.167
6.568
NA:A
43.645
7.657
42.946
48.634
6.000
NA:A
43.644
6.115
41.555
45.890
6.000
29.793
34.069
6.000
NA:A
46.769
7.329
43.367
49.920
7.333

43.715
48.077
6.000
29.998
34.342
6.000

37.947
42.467
6.000
27.598
30.886
6.002

45.391
50.104
6.000

41.773
47.455
7.099
43.721
49.512
6.578
44.705
50.387
6.000
NA:A
47.804
5.205
44.589
49.406
6.008
32.818
37.636
6.046
NA:A
53.638
6.222
48.530
55.324
7.077

71.468
79.638
6.849
48.582
56.888
6.000

54.025
60.566
6.000
34.895
39.191
6.000

69.850
80.727
6.912

NCP-RP-2012023 RevNC

73.584
82.950
6.178
79.100
88.466
6.454
81.730
91.096
6.000
53.217
59.011
6.000
52.219
58.013
6.000
44.269
50.064
6.000
84.972
95.768
6.000
93.595
104.345
6.000
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74.092 96.830
82.242 108.922
6.397 6.474
50.235 76.455
58.385 88.256
6.360 7.897

53.686 97.899
60.961 108.455
7.013 6.152
33.355 71.605
37.875 82.161
6.430 6.244

77.809 93.757
86.426 103.771
6.047  6.150

118.297 8.333
131.495  11.955
6.131 8.967
95.468 NAA
108.348 6.497
6.625 6.149

121.832
135.163
6.268
93.629
106.960
6.000

112.601
125.470
49.920 50.104
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4.3 Warp Compression (WC)

The Warp Compression data is normalized, so both normalized -anelsasired statistics are
provided. The ETD1, ETD2 and ETW1 conditions had insufficient data to compute basis values,
so only estimates are available for those conditions.

Both the normalized and the-asasured data from the B2 environmental condition and the

as measured data from the CTD and RTD conditiathsd the ADK test. Bestimates were
computed using the ANOVA method. The as measured RTD dataset and the normalized ETW2
dataset passed with the use of the modified CV method, so modWi&ibasis values are

provided for those two conditions. The as measured CTD and ETW2 datasets failed the ADK
test even after the modified CV method was applied to the data. Estimates of the modified CV
basis values are provided for themasasured datasets from those two conditions, but they are
considered estimateslgrdue to the failure of the ADK test. No modified CV basis values are
provided for the as measured ETD2 dataset because pooling was not available for the as
measured data and the ETD2 dataset had a CV of greater than 8% which means that modified
CV metha would give results no different from the normal distribution estimate provided.

Pooling of the normalized data was acceptable with the ETW2 data excluded. Pooling the
normalized data from all six conditions was acceptable for computing the modified CV basis
values and estimates.

There were twautliers, both in the ameasured dataset onlyrhe highest value in batch ook
theasmeasured CTatasetind the lowest value in batch two of the RTEnssasured datasets
were outliers for their respve batches, but not their respective conditions. Both outliers were
retained for this analysis.

Statistics basis values and estimates are given for strength data in4Falaled for the modulus

data in Tablet-6. The normalizedata, Bestimatesand Bbasis values are shown graphically in
Figure 43.
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Cytec 5320-1 T650 3k-PW fabric with 36% RC

In-Plane Shear as measured
Strength at 5% Strain

21
L34
19 { OH OO ge
Add,A,
17 A
L 2 ad
15 - O
OvYpo []D ”0. AAAAAAA
13 A —_—
2 1 -
] 000 ¢%*
! S—0 2% taatatt
5 |
3 4
1 T T T
CTD RTD ETW1 ETW2
Environment
0O Batchl 4 Batch?2 A Batch3
CTD B-Estimate (ANOVA) — —RTD B-Estimate (ANOVA) ETW1 B-Estimate (Normal)
CTD B-Basis (Mod CV) —— RTD B-Basis (Mod CV) ETW1 B-Estimate (Mod CV)
— —ETW2B-Basis (Normal) —— ETW2B-Basis (Mod CV)
Figure 4-6: Batch plot for IPS Strength at 5% Strain asmeasured
In-Plane Shear Strength Basis Values and Statistics
0.2% Offset Strength 5% Strain
Env CTD RTD ETW1 ETW?2 CTD RTD ETW1 ETW2
Mean 11.504 8.299 5.455 3.760 18.882 14.650 9.506 6.915
Stdev 0.179 0.134 0.126 0.159 0.639 0.451 0.172 0.328
CV 1.559 1.612 2.302 4.238 3.382 3.081 1.809 4.737
Mod CV 6.000 6.000 8.000 6.119 6.000 6.000 8.000 6.369
Min 11.011 8.095 5.211 3.545 17.916 14.071 9.335 6.427
Max 11.856 8.614 5.563 4.108 19.882 15.577 9.733 7.487
No. Batches 3 3 1 3 3 3 1 3
No. Spec. 21 21 7 21 17 21 7 19
Basis Values and Estimates
B-basis Value 6.277
B-Estimate 10.574 7.647 5.107 3.155 14.651 12.495 9.028
A-Estimate 9.910 7.182 4.861 2.723 11.632 10.957 8.692 5.824
Method ANOVA ANOVA Normal ANOVA ANOVA ANOVA Normal Normal
Modified CV Basis Values and Estimates
B-basis Value 10.437 7.232 3.322 17.060 12.862 6.057
B-Estimate 4.251 7.407
A-Estimate 9.703 6.498 3.427 3.009 15.832 11.626 5.971 5.448
Method pooled pooled Normal Normal pooled pooled Normal Normal

Table 4-9: Statistics and Basis Values for IPS Strength Data
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In-Plane Shear Modulus Statistics

Env CTD RTD ETW1 ETW2
Mean 0.852 0.735 0.560 0.386
Stdev 0.020 0.012 0.007 0.017
cVv 2.387 1.664 1.336 4.359
Mod CV 6.000 6.000 6.000 6.179
Min 0.820 0.711 0.545 0.358
Max 0.881 0.759 0.569 0.422

No. Batches 3 3 1 3

No. Spec. 21 21 7 21
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Unnotched Tension (UNT2) Strength Basis Values and Statistics
Normalized As-measured

Env CTD RTD ETW2 CTD RTD ETW2
Mean 59.011 58.013 50.064 59.450 58.502 50.293
Stdev 1.886 1.530 1.198 1.323 1.175 1.534
cv 3.197 2.637 2.394 2.226 2.009 3.050
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 55.905 55.320 47.188 57.453 56.846 46.242
Max 62.102 61.058 52.070 61.811 61.084 53.240

No. Batches 3 3 3 3 3 3

No. Spec. 21 21 21 21 21 21

Basis Values and Estimates
B-basis Value 47.781 56.078 47.870
B-Estimate 46.067 49.101 50.901
A-Estimate 36.825 42.738 46.153 44.797 54.413 46.204
Method ANOVA ANOVA Normal ANOVA pooled pooled
Modified CV Basis Values and Estimates

B-basis Value 53.217 52.219 44.269 53.615 52.667 44.458
A-Estimate 49.305 48.307 40.358 49.676 48.728 40.519
Method pooled pooled pooled pooled pooled pooled

Table 4-13: Statistics and Basis Values for UNT2 Strength &a

Unnotched Tension (UNT2) Modulus Statistics
Normalized As-measured

Env CTD RTD ETW2 CTD RTD ETW2
Mean 4.868 4.602 3.888 4.905 4.642 3.905
Stdev 0.089 0.118 0.106 0.065 0.113 0.101
cv 1.824 2.558 2.725 1.329 2.426 2.588
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 4.696 4.259 3.734 4.810 4.362 3.785
Max 5.025 4.724 4.089 5.093 4.806 4.143

No. Batches 3 3 3 3 3 3

No. Spec. 21 21 21 21 21 21

Table 4-14: Statistics from UNT2 Modulus Data

Page 54 of 102




































October 13, 2015

NCP-RP-2012023 RevNC

Laminate Short Beam Strength
(SBS1) Basis Values and Statistics
Env RTD ETW2
Mean 11.955 6.497
Stdev 1.072 0.399
cV 8.967 6.149
Modified CV 8.967 7.075
Min 8.439 6.092
Max 13.019 7.427
No. Batches 3 3
No. Spec. 27 21
Basis Value Estimates
B-basis Value 8.333
B-Estimate 4.021
A-Estimate 5.330 2.254
Method Non-Parametric ANOVA
Modified CV Basis Values and
B-Estimate NA 5.621
A-Estimate NA 4.997
Method NA Normal
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Env CTD RTD ETW2 CTD RTD ETW2
Mean 53.638 55.324 58.910 54.032 55.808 59.244
Stdev 3.337 3.405 2.313 3.144 3.120 2.210

cv 6.222 6.154 3.926 5.819 5.590 3.730

Modified CV 7.111 7.077 6.000 6.910 6.795 6.000

Min 48.313 49.307 54.951 49.013 50.154 55.568

Max 60.759 61.138 63.675 59.861 60.354 64.231
No. Batches 3 3 3 3 3 3
No. Spec. 18 18 18 18 18 18

B-Tc 6-1538 Td [(N)35(0)1()-25( S)-20(p)L(e)-54(C)23()[TJ-0.018 Tc 0018 Tw 9.231 0 Td (18)Tj9 Tdj-0095 Tc 1-54(C):
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Open Hole Compression (OHC1) Strength Basis Values and Statistics
Normalized As-measured
Env RTD ETW1 ETW2 RTD ETW1 ETW2
Mean 48.077 40.963 34.342 48.267 41.400 34.440
Stdev 1.204 0.357 1.269 0.928 0.651 1.202
cv 2.504 0.870 3.696 1.923 1.574 3.491
Modified CV 6.000 6.000 6.000 6.000 6.000 6.000
Min 46.044 40.506 31.311 46.524 40.558 31.741
Max 49.978 41.479 36.496 49.913 42.510 36.606
No. Batches 3 1 3 3 1 3
No. Spec. 21 8 22 21 8 22
Basis Values and Estimates
B-basis Value 31.948 46.469 32.650
B-Estimate 42576 40.036 39.391
A-Estimate 38.649 39.387 30.238 45.243 38.198 31.422
Method ANOVA Normal Normal pooled pooled pooled
Modified CV Basis Values and Estimates
B-basis Value 43.715 29.998 43.884 30.075
B-Estimate 36.088 36.502
A-Estimate 40.740 33.191 27.019 40.896 33.593 27.083
Method pooled pooled pooled pooled pooled pooled

Table 4-31: Statistics and Basis Values for OHC1 Strength &ta
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The OHC3 data is normalized. There were no diagnostic test failures or outliers. Pooling the
two conditions was acceptable. Statistics, basis values and estmege®en for OHC3 strength

data inTable4-33. The normalized data,-8timates an@-basis values are shown graphically

in Figure 423.

60

55 A

50 A

45 A

ksi

40 -

35 4

30 A

25

Cytec 5320-1 T650 3k-PW fabric with 36% RC

"Hard" Open Hole Compression (OHC3) Strength Normalized
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Figure 4-23: Batch plot for OHC3 normalized strength
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Filled Hole Compression (FHC2) Strength Basis
Values and Statistics

Normalized As-measured
Env RTD ETW2 RTD ETW2
Mean 60.566 39.191 60.729 30.312
Stdev 2.357 1.216 2.186 1.268
cv 3.801 3.102 3.599 3.227
Modified CV 6.000 6.000 6.000 6.000
Min 56.986 35.850 58.035 36.013
Max 65.838 40.562 65.175 40.587

No. Batches 3 3 3 3

No. Spec. 20 17 20 17

Basis Values and Estimates
B-basis Value 56.693 36.648 56.975 36.845
A-Estimate 54.029 34.933 54.393 35.182
Method pooled pooled pooled pooled
Modified CV Basis Values and Estimates

B-basis Value 54.025 34.895 54.170 35.002
A-Estimate 49.525 31.998 49.658 32.096
Method pooled pooled pooled pooled

Table 4-35: Statistics and Basis Values for FH@ Strength Data

Page 88 of 102




































October 13, 2015 NCP-RP-2012023 RevNC

5. Outliers

Outliers were identified according to the standards documented in s@ctién which are in
accordance with the guidelines developed in section 8.3.3 of-CMRev G. An outlier may be

an outlier in the normalized datthe asmeasuredlata, 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 investigated for a cause of
the extreme observation. Outliers that have an identifiable cause areetefram the dataset as

they inject bias into the computation of statistics and basis values. Specimens that are outliers
for the condition and in both the normalized andremsurediata are typically more extreme

and more likely to have a specific caums®d be removed from the dataset than other outliers.
Specimens that are outliers only for the batch, but not the condition and specimens that are
identified as outliers only for the normalized data or thenaasureddata but not both, are
typical of nornal random variation.

All outliers identified were investigated to determine if a cause could be found. Outliers with
causes were removed from the dataset and the remaining specimens were analyzed for this
report. Information about specimens that were removed from the dataset along with the cause
for removal is documented in the material property data report, NCAMP Test RepoHRPAM
20129017 N/C

Outliers for which no causes could be identified are listed in Tafle With the exception of

the specimen CUHYA114/40r the UNC3 test,ltese outliers were included in the analysis for
their respective test properties.
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