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1.2 Pooling Across Environments 

When pooling across environments was allowable, the pooled co-efficient of variation was used.  
CMH17 STATS (CMH17 Approved Statistical Analysis Program) 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 overriding the result, 
then B-Basis values were computed for each environmental condition separately, which are also 
provided by CMH17 STATS. 
 
1.3 Basis Value Computational Process 

The general form to compute engineering basis values is: basis value = X kS��  where k is a 
factor based on the sample size and the distribution of the sample data. There are many different 
methods to determine the value of k in this equation, depending on the sample size and the 
distribution of the data.  In addition, the computational formula used for the standard deviation, 
S, may vary depending on the distribution of the data.  The details of those different 
computations and when each should be used are in section 2.  
 
1.4 Modified Coefficient of Variation (CV) Method 

A common problem with new material qualifications is that the initial specimens produced and 
tested do not contain all of the variability that will be encountered when the material is being 
produced in larger amounts over a lengthy period of time.  This can result in setting basis values 
that are unrealistically high.   The variability as measured in the qualification program is often 
lower than the actual material variability because of several reasons.  The materials used in the 
qualification programs are usually manufactured within a short period of time, typically 2-3 
weeks only, which is not representative of the production material.  Some raw ingredients that 
are used to manufacture the multi-batch qualification materials may actually be from the same 
production batches or manufactured within a short period of time so the qualification materials, 
although regarded as multiple batches, may not truly be multiple batches so they are not 
representative of the actual production material variability.   
 
The modified Coefficient of Variation (CV) used in this report is in accordance with section 
8.4.4 of CMH-17-1G.  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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Where F0 is the standard normal distribution function.  The observed significance level (OSL) is  

 * *

*
20.48 0.78ln( ) 4.58

1 4 25
, 1

1 AD AD
OSL AD AD

n ne�� �� ��

� § � ·� � �� ��� ¨ � ¸
�� � © � ¹

 Equation 31 

 
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 �/�H�Y�H�Q�H�¶�V���7est for Equality of Coefficient of Variation 

�/�H�Y�H�Q�H�¶�V�� �W�H�V�W�� �S�H�U�I�R�U�P�V�� �D�Q�� �$�Q�D�O�\�V�L�V�� �R�I�� �9�D�U�L�D�Q�F�H�� �R�Q�� �W�K�H�� �D�E�V�R�O�X�W�H�� �G�H�Y�L�D�W�L�R�Q�V�� �I�U�R�P�� �W�K�H�L�U�� �V�D�P�S�O�H��
medians.  The absolute va
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� © � ¹�  Equation 42 

 where 

 �� ��
1

�Ö�Ö�Ö 0.10536q �E�D�  Equation 43 

 
To calculate the A-basis value, substitute the equation below for the equation above.  
 1/�Ö �Öq (0.01005) �E�D�  Equation 44 
 
V is the value in Table 2-1 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. 

  Equation 45 

 
4.76

6.649 exp 2.55 0.526ln( )AV n
n

� ª � º�| �� �� ��� « � »� ¬ � ¼
 Equation 46 

This approximation is accurate within 0.5% of the tabulated values for n greater than or equal to 
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 10.392 19.329
7 8.937 16.623
8 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

Weibull Dist. K Factors for N<16

 
Table 2-1: Weibull Distribution Basis Value Factors  

2.1.9.4 Lognormal Distribution  

A probability distribution for which the probability that an observation selected at random from 
this population falls between a and b �� ��0 a b�� �� �� �f is given by the area under the normal 

distribution between ln(a) and ln(b). 
 
The lognormal distribution is 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 e) logarithm is used.   
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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

B-Basis Hanson-Koopmans Table

 
Table 2-2: B-Basis Hanson -Koopmans Table  
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Table 2-4: B-Basis factors for small datasets using variability of corresponding large dataset  
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Table 3-1: NCAMP Recommended B -basis values for L amina Test Data 
 



March 31, 2022          NCP-RP-2019-013 Rev - 
 

34 
 

   
 

Table 3-2: NCAMP Recommended B -basis values for L amin ate Test Data 
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Table 3-4: Summary of Test Results for Laminate Dat a 
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Env CTD RTD ETW CTD RTD ETW

Mean 120.8 139.4 140.1 122.9 144.8 134.0

Stdev 4.658 5.309 6.899 7.708 7.945 7.800

CV 3.856 3.808 4.923 6.274 5.488 5.820

Mod CV 6.000 6.000 6.462 7.137 6.744 6.910

Min 113.5 125.5 124.6 111.0 130.0 119.6

Max 127.2 145.2 150.4 138.0 155.7 145.0

No. Batches 3 3 3 3 3 3

No. Spec. 19 19 18 19 19 18

B-Basis 110.8 129.4 130.1 109.1 131.0 120.2

A-Estimate 104.1 122.8 123.4 99.9 121.8 111.0

Method pooled pooled pooled pooled pooled pooled

B-Basis 106.3 124.9 125.6 106.6 128.5 117.6

A-Estimate 96.60 115.2 115.9 95.63 117.5 106.7

Method pooled pooled pooled pooled pooled pooled

Normalized As-measured
Warp Tension Strength Basis Values and Statistics

 Basis Value Estimates

Modified CV Basis Value Estimates

 
Table 4-1: Statistics and Basis values for WT Strength Data 

 

Env CTD RTD ETW CTD RTD ETW

Mean 9.699 9.431 9.461 9.861 9.833 9.047

Stdev 0.1357 0.09168 0.08430 0.3996 0.4020 0.1878

CV 1.399 0.9721 0.8910 4.052 4.089 2.076

Mod CV 6.000 6.000 6.000 6.026 6.044 6.000

Min 9.487 9.322 9.295 9.354 9.115 8.521

Max 9.985 9.694 9.598 10.55 10.42 9.341

No. Batches 3 3 3 3 3 3

No. Spec. 19 18 18 19 18 18

Normalized As-measured
Warp Tension Modulus Statistics

 
Table 4-2: Statistics  from WT Modulus Data 
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Table 4-3: Statistics  and Basis Values for FT Strength Data 

 

 
Table 4-4: Statistics from FT Modulus Data 



March 31, 2022          NCP-RP-2019-013 Rev - 
 

42 
 

4.3 Warp Compression (WC)  

Warp Compression data is normalized by cured ply thickness. Both normalized and as-measured 
statistics are provided. Tests were conducted in four environmental conditions, but the ETD 
condition had data available from only one batch, so only B-estimates can be provided for that 
condition. The normalized RTD dataset did not pass the normality test, but the pooled dataset 
passed the normality test and there were no other diagnostic test failures. Hence, the data could 
be pooled across all four conditions. While the CTD condition had only 15 specimens, this is 
adequate to meet CMH17 requirements when pooling across environments.   
 
There was one outlier. The lowest normalized value in batch three of the RTD condition was an 
outlier for batch three, but not for the RTD condition. It was an outlier in the normalized RTD 
dataset but not in the as-measured RTD dataset. It was retained for this analysis. 
 
Statistics, basis values and estimates are given for the WC strength data in Table 4-5 and for the 
modulus data in Table 4-6. The normalized data, B-estimates and B-basis values are shown 
graphically in Figure 4-3.   

 

 
Figure 4-3: Batch plot for W C normalized strength  
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Table 4-5: Statistics and Basis Values for WC Strength  Data 

 

 
Table 4-6: Statistics from W C Modulus Data 
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4.5 In-Plane Shear (IPS)  

In Plane Shear data is not normalized. Test results were available for 0.2% Offset Strength for all 
three conditions (CTD, RTD and ETW), but the Strength at 5% Strain property data was 
available only for the RTD and ETW conditions, not for the CTD condition while Maximum 
Strength is available only for the CTD condition.   
 
The ETW datasets for all two properties, failed the Anderson Darling k-sample test (ADK test), 
so the ANOVA method was required and with test results from only 3 batches of data available, 
these are considered estimate basis values for those properties. All these datasets passed the 
ADK test after the modified CV transformation of data was applied, so modified CV basis values 
could be provided.   
 
The CTD dataset for 0.2% Offset Strength failed all distribution tests and also failed the 
normality test after the modified CV transformation. The non-parametric method was used to 
compute the basis values for the property and the modified CV approach could not be used.  
 
There were two outliers. The largest value in batch one of the RTD dataset was an outlier for 
batch one, but not the RTD condition, for both 0.2% Offset Strength and Strength at 5% Strain. 
The largest value in batch one of the CTD dataset was an outlier for batch one, but not the CTD 
condition, for the Maximum Strength property. Both outliers were retained for this analysis.  
 
Statistics, basis values and estimates are given for the IPS strength data in Table 4-9 and for the 
modulus data in Table 4-10. The as-measured data, B-basis values and B-estimates are shown 
graphically for Maximum Strength and Strength at 5% Strain in Figure 4-5 and for 0.2% Offset 
Strength in Figure 4-6. 
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Figure 4-5: Batch plot fo r IPS Maximum Strength and Strength at 5% Strain as-measured  

 

 
Figure 4-6: Batch plot for IPS 0.2% Offset  Strength  as-measured  
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Max Str
Env CTD RTD ETW RTD ETW CTD

Mean 11.09 8.083 3.028 13.33 5.149 16.18

Stdev 0.4561 0.3169 0.09163 0.2204 0.1491 0.5173

CV 4.114 3.921 3.026 1.653 2.896 3.198

Mod CV 6.057 6.000 6.000 6.000 6.000 6.000

Min 10.57 7.697 2.895 12.88 4.940 15.43

Max 12.22 8.728 3.181 13.76 5.443 17.10

No. Batches 3 3 3 3 3 3

No. Spec. 18 19 18 19 18 18

B-basis Value 10.45 7.465 12.90 15.16

B-Estimate 2.426 4.176

A-Estimate 8.495 7.026 1.996 12.60 3.482 14.43

Method
Non-

Parametric
Normal ANOVA Normal ANOVA Normal

B-basis Value 7.137 2.669 11.77 4.539 14.26

A-Estimate 6.467 2.415 10.67 4.108 12.91

Method Normal Normal Normal Normal Normal

In Plane Shear Strength Basis Values and Statistics

 Basis Values and Estimates

Modified CV Basis Values and Estimates

0.2% Offset Strength

NA

Strength at 5% Strain

 
Table 4-9: Statistics and Bas is Values for IPS Strength Data 

 

 
Table 4-10: Statistics from  IPS Modulus  Data 
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Figure 4-8: Batch Plot for UNT2 normalized strength  

 

 
Table 4-13: Statistics and Basis Values for UNT2 Strength D ata 
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4.8 �³�����������������´���8�Q�Q�R�W�F�K�H�G���7�H�Q�V�L�R�Q������(UNT3) 

The UNT3 data is normalized by cured ply thickness. Both normalized and as-measured statistics 
are provided. Tests were conducted in three environmental conditions.  
 
The normalized datasets from all three conditions and the as-measured CTD and ETW datasets 
did not pass the Anderson Darling k-sample test (ADK test). This diagnostic test failure means 
that the ANOVA method must be used to compute basis values and with test results from only 3 
batches of data available, these are considered estimates. After applying the modified CV 
transformation to the datasets, the RTD and ETW datasets passed the ADK test but the CTD 
datasets did not. Pooling the RTD and ETW conditions was appropriate for both the normalized 
and as-measured modified CV basis values. The ETW condition datasets have only sixteen 
specimens. When pooling across environments, sixteen is considered adequate for a publishable 
B-basis value. 
  
There were two outliers. The largest value in batch one of the as-measured CTD dataset was an 
outlier for batch one, but not for the CTD condition and not for the normalized dataset. The 
lowest value in batch two of the ETW dataset was an outlier for the ETW condition but not for 
batch two. It was an outlier in both the normalized and as-measured datasets. Both outliers were 
retained for this analysis. 
 
Statistics, basis values and estimates are given for the UNT3 strength data in Table 4-15 and for 
the modulus data in Table 4-16. The normalized data, B-estimates and B-basis values are shown 
graphically in Figure 4-9. 

 
Figure 4-9: Batch Plot for UNT3 normalized strength  
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Table 4-15: Statistics and Basis Values for UNT3 Strength D ata 

 

Env CTD RTD ETW CTD RTD ETW

Mean 8.535 8.303 8.062 8.525 8.642 7.817

Stdev 0.1136 0.1171 0.1089 0.3666 0.3468 0.1625

CV 1.331 1.410 1.351 4.301 4.013 2.078

Modified CV 6.000 6.000 6.000 6.150 6.006 6.000

Min 8.331 8.112 7.847 8.079 8.143 7.416

Max 8.791 8.485 8.242 9.310 9.391 7.998

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 20 18 18 20

Unnotched Tension (UNT3) Modulus Statistics
Normalized As-measured

 
Table 4-16: Statistics from UNT3  Modulus D ata 
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Table 4-19: Statistics and Basis Values for UN C2 Strength D ata 

 

 
Table 4-20: Statistics from UNC2 Modulus Data 
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4.11 �³�����������������´��Unnotched Compression 3 (UNC3) 

The UNC3 data is normalized by cured ply thickness. Both normalized and as-measured 
statistics are provided. Tests were conducted in two environmental conditions. 
 
There were no diagnostic test failures for the normalized datasets. Pooling the two conditions 
was acceptable. The pooled as-�P�H�D�V�X�U�H�G�� �G�D�W�D�V�H�W�� �I�D�L�O�H�G�� �/�H�Y�H�Q�H�¶�V�� �W�H�V�W�� �I�R�U�� �H�T�X�D�O�L�W�\�� �R�I�� �Y�D�U�L�D�Q�F�H��
after the modified CV transformation, so pooling was not appropriate for the as-measured 
modified CV basis values.   
 
There were no statistical outliers. 
 
Statistics, basis values and estimates are given for the 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 4-12. 
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Figure 4-12: Batch plot for UNC3 normalized strength  
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Table 4-21: Statistics and Basis Values for UNC3 Strengt h Data 

 

 
Table 4-22: Statistics from UNC3  Modulus D ata 
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Env CTD RTD ETD ETW

Mean 14.02 11.97 8.210 5.901

Stdev 1.107 0.5227 0.2680 0.2958

CV 7.894 4.367 3.264 5.012

Mod CV 7.947 6.184 8.000 6.506

Min 12.07 10.58 7.959 5.330

Max 15.71 12.50 8.643 6.370

No. Batches 3 3 1 3

No. Spec. 18 18 6 18

B-Estimate 9.232 8.835 7.398 3.936

A-Estimate 5.816 6.599 6.821 2.534

Method ANOVA ANOVA Normal ANOVA

B-Basis 10.51

B-Estimate 6.231

A-Estimate 9.474 4.878

Method Normal Normal

 Short Beam Strength (SBS) As-measured Basis Values 
and Statistics

NA

 Basis Values and Estimates

Modified CV Basis Values and Estimates

NA

 
Table 4-23: Statistics and Basis Values for SBS  Data 
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Env RTD ETW

Mean 9.953 5.043

Stdev 0.5344 0.1654

CV 5.370 3.279

Modified CV 6.685 6.000

Min 9.073 4.774

Max 11.03 5.261

No. Batches 3 3

No. Spec. 18 18

B-Basis 8.897

B-Estimate 4.003

A-Estimate 8.150 3.261

Method Normal ANOVA

B-Basis 8.639 4.446

A-Estimate 7.710 4.023

Method Normal Normal

Laminate Short Beam Strength (SBS1)  
Basis Values and Statistics

 Basis Values and Estimates

Modified CV Basis Values and Estimates

 
Table 4-24: Statistics and Basis Values for SBS 1 Data 
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Table 4-25: Statistics and Basis Values for OHT1 Strength D ata 
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Table 4-27: Statistics and Basis Values for OHT3 Strength Data 
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Env CTD RTD ETW CTD RTD ETW

Mean 44.06 48.02 50.39 43.58 47.81 48.06

Stdev 2.600 2.048 1.961 2.361 2.811 1.548

CV 5.901 4.264 3.891 5.417 5.879 3.220

Modified CV 6.950 6.132 6.000 6.709 6.940 6.000

Min 40.02 43.46 48.18 40.26 43.55 45.91

Max 48.56 52.04 53.68 47.78 53.48 50.77

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 18 18 18 18

B-basis 39.80 43.75 38.85 43.08

B-Estimate 38.19 38.69

A-Estimate 36.90 40.85 29.49 35.63 39.87 32.00

Method pooled pooled ANOVA pooled pooled ANOVA

B-basis 38.73 42.69 45.06 38.18 42.42 42.67

A-Estimate 35.18 39.13 41.50 34.58 38.81 39.07

Method pooled pooled pooled pooled pooled pooled

Modified CV Basis Values and Estimates

Filled Hole Tension (FHT1) Strength Basis Values and Statistics

As-measuredNormalized

Basis Values and Estimates

 
Table 4-28: Statistics and Basis Values for FHT 1 Strength D ata 
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4.19 �³�����������������´��Filled-Hole Tension 3 (FHT3)  

The FHT3 data is normalized by cured ply thickness. Both normalized and as-measured statistics 
are provided. Tests were conducted in three environmental conditions.  
 
There were no diagnostic test failures. The three conditions could be pooled to compute basis 
values.  
 
There was one outlier. The lowest value in batch one of the RTD condition was an outlier for 
both the RTD condition and batch one in the normalized dataset. It was an outlier for the RTD 
condition but not batch one in the as-measured dataset.  It was retained for this analysis. 
 
Statistics, basis values and estimates are given for the FHT3 strength data in Table 4-30. The 
normalized data, B-estimates and B-basis values are shown graphically in Figure 4-20. 

 

 
Figure 4-20: Batch plot for FHT3 normalized strength  
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Env CTD RTD ETW CTD RTD ETW

Mean 50.11 55.85 58.24 49.23 55.41 55.50

Stdev 2.211 2.649 2.447 3.108 3.220 2.393

CV 4.413 4.743 4.202 6.313 5.811 4.312

Modified CV 6.206 6.371 6.101 7.157 6.906 6.156

Min 46.22 48.59 53.74 45.07 46.07 51.86

Max 53.85 60.25 63.40 56.86 59.66 60.04

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 18 18 18 18

B-basis 45.78 51.53 53.91 44.04 50.22 50.31

A-Estimate 42.90 48.64 51.03 40.58 46.76 46.85

Method pooled pooled pooled pooled pooled pooled

B-basis 44.06 49.81 52.19 42.86 49.04 49.13

A-Estimate 40.03 45.78 48.16 38.62 44.80 44.89

Method pooled pooled pooled pooled pooled pooled

Modified CV Basis Values and Estimates

Basis Values and Estimates

Filled Hole Tension (FHT3) Strength Basis Values and Statistics

Normalized As-measured

 
Table 4-30: Statistics and Basis Values for FHT3  Strength D ata 
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Table 4-32: Statistics and Basis Values for OHC2 Strength D ata 
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Table 4-34: Statistics and Basis Values for FHC1 Strength Data 
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Env RTD ETW RTD ETW

Mean 57.39 31.44 57.77 31.34

Stdev 2.044 1.958 1.341 1.612

CV 3.561 6.230 2.320 5.145

Modified CV 6.000 7.115 6.000 6.572

Min 51.93 27.62 55.31 28.48

Max 60.48 35.20 60.22 35.80

No. Batches 3 3 3 3

No. Spec. 19 18 19 18

Filled Hole Compression (FHC2) Strength Basis Values 
and Statistics

Normalized As-measured

 
Table 4-35: Statistics and Basis Values for FHC2 Strength Data 
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Table 4-36: Statistics and Basis Values for FHC3  Strength D ata 
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4.26 �³�����������������´��Single-Shear Bearing 1 (SSB1) 

The SSB1 data is normalized by cured ply thickness. Both normalized and as-measured statistics 
are provided. Tests were conducted in the RTD and ETW environmental conditions.  
 
The Ultimate Strength datasets met all requirement for pooling across the two conditions. The 
ETW datasets for 2% Offset Strength, both normalized and as-measured, failed the normality 
test.  When the datasets for the two conditions were pooled together, the normalized datasets 
passed the normality test and pooling was appropriate.  However, the as-measured pooled dataset 
did not pass normality and pooling was not appropriate. The Weibull distribution was used to 
compute single point design values for the as-measured 2% Offset Strength ETW condition. This 
dataset had only sixteen test values available for this property, which is acceptable for pooled 
computations but not for the single point approach. Thus the ETW 2% Offset Strength is labeled 
B-basis for the normalized pooled result and B-estimate for the as-measured single point Weibull 
result. The as-measured ETW 2% Offset Strength dataset failed normality after the 
transformation of data for the modified CV method, so modified CV basis value estimates could 
not be provided for that dataset.   
 
There were three outliers. The lowest value in batch two of the as-measured ETW 2% Offset 
Strength dataset was an outlier for batch two, but not for the ETW condition and not for the 
normalized dataset. The lowest value in batch one of the normalized ETW 2% Offset Strength 
dataset was an outlier for batch one, but not for the ETW condition and not for the as-measured 
dataset. Both outliers were retained for this analysis.  
 
The largest value in batch two of the normalized RTD Ultimate Strength dataset was an outlier 
for the RTD condition but not for batch two and not for the as-measured dataset. It was excluded 
from this analysis.  High outliers are permitted to be removed in order to reduce the variance of 
the dataset, which can result in higher basis values.  That was the case for this outlier.   
 
Statistics, basis values and estimates are given for the SSB1 strength data in Table 4-37. The 
normalized data, B-estimates and B-basis values are shown graphically in Figure 4-27.  
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Figure 4-27: Batch plot for  SSB1 normalized strength  
 

 
Table 4-37: Statistics and Bas is Values for SS B1 Strength Data 
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Figure 4-28: Batch plot for SSB2 normalized strength  

 

 
Table 4-38: Statistics and Basis Values for SSB2 Strength Data 
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Figure 4-29: Batch plot for SSB3 normalized strength  

 

 
Table 4-39: Statistics and Basis Values for SSB3 Strength Data 
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