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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 overriding the result, 
then B-Basis values were computed for each environmental condition separately using Stat17 
version 5.  
  

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 2.0.  
 

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 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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2.2.2.3.3 Basis value calculations for the Weibull distribution   
  
For the two-parameter Weibull distribution, the B-basis value is 

   
ˆ

ˆ
V

nB qe �E
� § � ·��� ¨ � ¸
� © � ¹�      Equation 42 

where 

   �� ��
1

ˆˆˆ 0.10536q �E�D�      Equation 43 

 
To calculate the A-basis value, substitute the equation below for the equation above.  
   1/ˆ ˆq (0.01005) �E�D�      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. 

5.1
3.803 exp 1.79 0.516ln( )

1BV n
n

� ª � º� | � � � � � �� « � »��� ¬ � ¼
    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 2-2: Weibull Distribution Basis Value Factors  

2.2.2.4 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� � � � � � � fis given by the area under the normal 

distribution between ln(a) and ln(b). 
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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 condition.  The data 
is jittered (moved slightly to the left or right) in order for all specimen values to be clearly 
visible.  The strength values are always graphed on the vertical axis with the scale adjusted to 
include all data values and their corresponding basis values.  The vertical axis may not include 
zero.  The horizontal axis values will vary depending on the data and how much overlapping of 
there was of the data within and between batches.  When there was little variation, the batches 
were graphed from left to right and the environmental conditions were identified by the shape 
and color of the symbol used to plot the data.  Otherwise, the environmental conditions were 
graphed from left to right and the batches were identified by the shape and color of the symbol.   
 
When a dataset fails the Anderson-Darling k-sample (ADK) test for batch-to-batch variation an 
ANOVA analysis is required.  In order for B-basis values computed using the ANOVA method, 
data from five batches is required.  Since this qualification dataset has only three batches, the 
basis values computed using ANOVA are considered estimates only.  However, the basis values 
resulting from the ANOVA method using only three batches may be overly conser vative.  The 
ADK test is performed again after a transformation of the data according to the assumptions of 
the modified CV method (see section 2.1.4 for details).  If the dataset still passes the ADK test at 
this point, modified CV basis values are provided.  If the dataset does not pass the ADK test after 
the transformation, estimates may be computed using the modified CV method per the guidelines 
in CMH-17 Vol 1 Chapter 8 section 8.3.10.   
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4.5 In-Plane Shear Properties (IPS)  

In Plane Shear data is not normalized. Statistics, basis values and estimates are given for the 
strength and modulus data in Table 4-9. The data, B-basis values and B-estimates are shown 
graphically for the 0.2% offset strength and the strength at 5% strain in Figure 4-5. 
 
The 0.2% offset strength had data available from all three environments tested. Pooling the three 
environments together was not appropriate due to non-normality.  However, two of the 
environments, CTD and RTD, could be pooled. The 2% offset strength data for the ETW 
environment did not fit any distribution tested and the non-parametric method was used to 
determine basis values.  Since it did not fit the normal distribution, modified CV basis values are 
not provided. 
 
The strength at 5% strain had data available only from the ETW environmental condition.  It did 
not pass the ADK test, so an ANOVA analysis was required.  It did not pass the ADK test even 
with the modified CV transform, so modified CV basis values are not provided.   
 
There was one outlier.  It was on the high side of batch one in the ETW data.  It was an outlier 
both before and after pooling the three batches together for the 0.2% offset strength data.  It was 
retained for this analysis. 
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4.7.3 “Hard” Unnotched Compression (UNC3) 

Statistics, basis values and estimates are given for UNC3 strength data in Table 4-20 and for the 
modulus data in Table 4-21. The normalized data, B-estimates and B-basis values are shown 
graphically in Figure 4-11.    
 
Both the as measured and the normalized data from the ETW environmental condition failed the 
ADK test even with the modified CV transform, so that environmental condition required the 
ANOVA method of analysis.   
 
Estimates computed using the modified CV method are also provided for the data from the ETW 
environment, both normalized and as measured.  These are termed estimates due to the failure of 
the ADK test after the transformation for the modified CV method.  There were no outliers.  
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Figure 4-11: Batch plot for UNC3 normalized strength  
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Env CTD RTD ETW CTD RTD ETW

Mean 43.17 49.10 51.58 43.70 49.49 51.14

Stdev 1.83 2.40 1.67 2.50 2.75 1.98

CV 4.24 4.89 3.23 5.72 5.56 3.86

Mod CV 6.12 6.45 6.00 6.86 6.78 6.00

Min 40.21 43.34 47.90 40.09 44.74 46.94

Max 46.69 52.84 53.92 49.35 55.13 53.74

No. Batches 3 3 3 3 3 3

No. Spec. 21 24 21 21 24 21

B-basis Value 39.70 45.67 48.11 39.05 44.89

B-Estimate 41.22

A-Estimate 37.36 43.32 45.77 35.86 41.69 34.14

Method pooled pooled pooled pooled pooled ANOVA

B-basis Value 38.02 44.01 46.43 38.26 44.11 45.70

A-Estimate 34.55 40.53 42.96 34.59 40.43 42.04

Method pooled pooled pooled pooled pooled pooled

Quasi Isotropic Filled Hole Tension (FHT1) Strength Basis Values and 
St ti tiNormalized As Measured

Basis Values and/or Estimates

Modified CV Basis Values and/or Estimates

 
Table 4-27: Statistics and Basis Values for FHT1 Strength Data  
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Env RTD ETW RTD ETW

Mean 49.99 32.35 50.31 32.16

Stdev 1.31 1.76 1.16 1.78

CV 2.62 5.45 2.30 5.53

Mod CV 6.00 6.72 6.00 6.76

Min 47.30 29.90 48.65 29.13

Max 52.60 35.82 52.70 35.46

No. Batches 3 3 3 3

No. Spec. 21 22 21 22

B-basis Value 47.49 48.10

B-Estimate 22.80 22.95

A-Estimate 45.71 15.99 46.53 16.37

Method Normal ANOVA Normal ANOVA

B-basis Value 45.37 27.75 44.55

B-Estimate 28.06

A-Estimate 42.20 24.57 40.46 25.13

Method pooled pooled Normal Normal

"Hard" Open Hole Compression (OHC3) Strength 
Basis Values and Statistics

Normalized As Measured

Basis Values and/or Estimates

Modified CV Basis Values and/or Estimates

 
Table 4-32: Statistics and Basis Values for OHC3 Strength Data  
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4.13 Single Shear Bearing 

4.13.1 Quasi Isotropic Single Shear Bearing (SSB1) 

Statistics, basis values and estimates are given for the SSB1 strength data in Table 4-36.  The 
normalized data, B-estimates and B-basis values are shown graphically in Figure 4-26.  
 
The 2% offset strength data from the RTD environmental condition, both as measured and 
normalized, failed the ADK test, which indicates substantial batch to batch variability.  This 
means that the ANOVA analysis required with that dataset.  Estimates computed using the 
modified CV method are also provided for the RTD environment.  These are termed estimates 
due to the failure of the ADK test after the transformation for the modified CV method. 
 
The ETW 2% Offset Strength data had a large CV, so modified CV basis values are unchanged 
from the basis values computed using the single point method.  There were no diagnostic test 
failures for the ultimate strength data, so it could be pooled across the two environmental 
conditions.  
 
There were three outliers in the SSB1 data, all three outliers were outliers only within their batch, 
not after pooling the three batches together and only for 2% offset strength.  There were no 
outliers in the ultimate strength data.  The lowest value in batch two of the 2% offset strength 
RTD data was an outlier in both the normalized and the as measured data.  The lowest value in 
batch three of the 2% offset strength RTD data was an outlier for the as measured data only.  The 
lowest value in batch two of the 2% offset strength ETW data was an outlier for both the 
normalized and as measured data.  All three outliers were retained for this analysis. 
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4.14 Compression After Impact (CAI) 

Basis values are not computed for this property. Testing is done only for the RTD condition.  
Summary statistics are presented in Table 4-39 and the data are displayed graphically in Figure 
4-29.  There were no outliers.  Only one batch of material was tested.  
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Figure 4-29: Plot for  Compression After Impact normalized strength 

 

RTD Normalized As Measured

Mean 31.22 31.67

Stdev 1.17 0.94

CV 3.76 2.98

Mod CV 6.00 6.00

Min 29.58 30.46

Max 32.50 32.70

No. Batches 1 1

No. Spec. 6 6

Compression After Impact Strength 

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

The ILT and CBS data is not normalized.  Basis values are not computed for these properties. 
However the summary statistics are presented in Table 4-40 and the data are displayed 
graphically in Figure 4-30.  The lowest value of the CTD data is identified as an outlier.  Only 
one batch of material was tested.  
 








