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1.�� Introduction 

This report contains statistical analysis of ACG MTM45-1/AS4-145-32%RW material property 
data published in ñMTM45-1 AS4 Data MH Cure Cycle.pdfò, available on the NCAMP website. 
The lamina and laminate material property data have been generated with FAA oversight 
through FAA Special Project Number SP3505WI-Q and also meet the requirements outlined in 
NCAMP Standard Operating Procedure NSP 100. 
 
B-Basis values and A and B-basis estimates were computed using a variety of techniques that are 
detailed in section 2. Qualification material was procured in accordance with ACG material 
specification ACGM 1001-11. An equivalent NCAMP Material Specification NMS 451/11 
which contains specification limits that are derived from guidelines in DOT/FAA/AR-03/19 has 
been created. The qualification test panels were fabricated per ACGP1001-02 using ñMHò cure 
cycle. An equivalent NCAMP Process Specification NPS 81451 with ñMHò cure cycle has been 
created. The panels were fabricated at Advanced Composites Group, 5350 E. 129th E. Ave. 
Tulsa, OK 74134 and Solvay, 1440 N Kraemer Blvd, Anaheim, CA 92806. The ACG Test Plan 
AI/TR/1392 was used for this qualification program. The mechanical testing was performed by 
ACG at their Tulsa, Oklahoma facility and National Institute for Aviation Research, Wichita 
State University, Wichita, KS 67260. 
 
Basis numbers are labeled as óvaluesô when the data meets all the requirements of CMH-17-1G. 
When those requirements are not met, they will be labeled as óestimates.ô  When the data does 
not meet all requirements, the failure to meet these requirements is reported and the specific 
requirement(s) the data fails to meet is identified.  The method used to compute the basis value is 
noted for each basis value provided.  When appropriate, in addition to the traditional 
computational methods, values computed using the modified coefficient of variation method is 
also provided.   
 
The material property data acquisition process is designed to generate basic material property 
data with sufficient pedigree for submission to Complete Documentation sections of Composite 
Materials Handbook 17 (CMH-17-1G).  
 
The NCAMP shared material property database contains material property data of common 
usefulness to a wide range of aerospace projects. However, the data may not fulfill all the needs 
of a project.  Specific properties, environments, laminate architecture, and loading situations that 
individual projects need may require additional testing.  
 
The use of NCAMP material and process specifications do not guarantee material or structural 
performance. Material users should be actively involved in evaluating material performance and 
quality including, but not limited to, performing regular purchaser quality control tests, 
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In some cases a transformation of the data to fit the assumption of the modified CV resulted in 
the transformed data passing the ADK test and thus the data can be pooled only for the modified 
CV method.  
 
NCAMP recommends that if a user decides to use the basis values that are calculated from as-
measured CV, the specification limits and control limits be calculated with as-measured CV also.  
Similarly, if a user decides to use the basis values that are calculated from modified CV, the 
specification limits and control limits be calculated with modified CV also.  This will ensure that 
the link between material allowables, specification limits, and control limits is maintained. 
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2.�� Background 
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2.2.1�� Distribution tests 

In addition to testing for normality using the Anderson-Darling test (see 2.1.7); Stat-17 also tests 
to see if the Weibull or Lognormal distribution is a good fit for the data.  
 
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 the data are 
actually from the distribution being tested is true.  If the OSL is less than or equal to 0.05, then 
the assumption that the data are from the distribution being tested is rejected with at most a five 
percent risk of being in error. 
 
If the normal distribution has an OSL greater than 0.05, then the data is assumed to be from a 
population with a normal distribution.  If not, then if either the Weibull or lognormal 
distributions has an OSL greater than 0.05, then one of those can be used.  If neither of these 
distributions has an OSL greater than 0.05, a non-parametric approach is used.  
 
In what follows, unless otherwise noted, the sample size is denoted by n, the sample observations 
by x1, ..., xn , and the sample observations ordered from least to greatest by xy r

 222.1��
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2.2.2.3.3�� Basis value calculations for the Weibull distribution   
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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.   

2.2.2.4.1�� Goodness-of-fit test for the Lognormal distribution   

 
In order to test the goodness-of-fit of the lognormal distribution, take the logarithm of the data 
and perform the Anderson-Darling test for normality from Section 2.1.7.  Using the natural 
logarithm, replace the linked equation above with linked equation below: 

� � � � � �� � � �
� � � �� � � �ln

,    for 1, ,
Li

i
L

x x
z i n

s

��
�  �  �� �� �� �(�T�X�D�W�L�R�Q��������

where x(i) is the ith smallest sample observation, Lx and sL are the mean and standard deviation of 

the ln(xi) values. 
 

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 �d 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 7.  

2.2.2.4.2�� Basis value calculations for the Lognormal distribution   

 
If the data set is assumed to be from a population with a lognormal distribution, basis values are 
calculated using the equation above in section 2.1.3.  However, the calculations are performed 
using the logarithms of the data rather than the original observations.  The computed basis values 
are then transformed back to the original units by applying the inverse of the log transformation.  
 
2.2.3�� Non-parametric Basis Values 

Non-parametric techniques do not assume any particularly underlying distribution for the 
population the mᴀ -fes
P  r a t  I f ᴰ pא o s i t e f r t i

f 2.2. .1 
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least 55 data points. For a B-basis value, there must be at least three batches represented in the 
data and at least 18 data points.   
 

� Q � U � N
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Denote the ratio of mean squares by     
M
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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 CMH-17-1G.  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 CMH-17-1G 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 any, is included in tables 
Table 3-1and Table 3-2 of recommended values. 
 

1.�� Recommended values are NEVER estimates. Only B-basis values that meet all 
requirements of CMH-17-1G are recommended. 

2.�� Modified CV basis values are preferred. Recommended values will be the modified 
CV basis value when available. The CV provided with the recommended basis value 
will be the one used in the ͅ ͅ ԏָָ
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3.2�� Lamina and Laminate Summary Tables    
�$�G�Y�D�Q�F�H�G���&�R�P�S�R�V�L�W�H�V���*�U�R�X�S�������0�7�0���������������.���$�6�������������8�Q�L�G�L�U�H�F�W�L�R�Q�D�O���7�D�S�H
�1�0�6�����������������0�D�W�H�U�L�D�O���6�S�H�F�L�I�L�F�D�W�L�R�Q
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4.2�� Transverse (90º) Tension Properties (TT) 

Transverse Tension data is not normalized because it is not a fiber dominated property for 
unidirectional tape.  The strength data could not be pooled as all four conditions failed the ADK 
test.   In addition, all environments have such a large coefficient of variation that the modified 
CV method would have no effect. This means those datasets require the ANOVA method and 
with data from less than five batches available it is an estimate only and may result in overly 
conservative basis values.  An override of the ADK test results is not appropriate due to the 
batches showing trends across the environments; batch two has lowest mean for all four 
environments while batch three has the highest mean for all for environments.   Estimates were 
also computed using the normal distribution method, but caution is advised with these estimates.  
There were no outliers.   
 
Statistics and A- and B-estimates of basis values are given for the as measured TT strength and 
modulus data in Table 4-3. The data and B-estimates are shown g
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4.5�� Unnotched Tension Properties (UNT0) 

Pooling across the environments was acceptable for both the normalized and the as measured 
data. The normalized and the as measured RTD data and the as measured CTD data did not pass 
the normality test, but the pooled dataset for both the normalized and the as measured data did 
pass the normality test.  
 
There were four outliers in the LT data.  There was one outlier in the RTD condition data. It was 
an outlier for both the as measured and normalized data.  It was on the low side of batch two and 
was an outlier for both batch and condition in the normalized data.  It was an outlier for the 
condition, but not the batch in the as measured data.  There were two outliers in the ETW 
condition data.  One outlier was on the high side of batch two for the as measured data only.  It 
was an outlier for batch two, but not for the ETW condition.  The second outlier in the ETW data 
was on the low side of batch three.  It was an outlier for both the normalized and as measured 
data.  It was an outlier for the ETW condition, but not for batch three.  The fourth outlier in the 
LT data was in the ETW2 condition.  It was an outlier only for the as measured data.  It was on 
the low side of batch two and was an outlier for both batch two and the ETW2 condition.  All 
four outliers were retained for this analysis.  
 
Statistics and basis values are given for the UNT0 strength data in Table 4-7 and for the modulus 
data in Table 4-8.  The normalized data and the B-basis values are shown graphically in Figure 
4-5. 
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4.6�� Unnotched Compression Properties (UNC0) 

The UNC0 normalized strength data meets all CMH-17-1G requirements for pooling.  There was 
one outlier in batch one on the high side in the ETW environment.  It was an outlier after pooling 
for the ETW condition, but not batch one.  It was an outlier in both the normalized and as 
measured data. It was retained for this analysis.   
 
Statistics and basis values are given for the UNC0 strength data in Table 4-9. Statistics for the 
modulus data are given in Table 4-10.   The normalized data and the B-basis values are shown 
graphically in Figure 4-6. 
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4.7�� In-Plane Shear Properties (IPS) 

The In-Plane Shear data is not normalized. Data is reported on three properties: 0.2% Offset 
Strength, Strength at 5% Strain and Modulus. The ETD condition lacks sufficient specimens to 
compute B-basis values so only B-estimates are provided for that condition. 
 
The 0.2% Offset Strength (RTD) and Strength at 5% Strain (CTD and RTD) datasets, failed the 
Anderson Darling k-sample test (ADK test) for batch to batch va
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5.2.2�� “Soft” Unnotched Compression (UNC2) 

This property had data from only one batch available, thus all basis values are estimates. 
Modified CV values are not available for the ETW2 condition due to the large CV of the LC 
lamina data for the ETW2 condition which was used to compute the LVM B-estimate.  Statistics 
and B-estimates are given for the strength data in Table 5-9 and the modulus data in Table 5-10.  
The normalized strength data and B-estimates are shown graphically in Figure 5-5.   
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5.2.3�� “Hard” Unnotched Compression (UNC3) 

This property had data from only one batch available, thus all basis values are estimates. 
Modified CV values are not available for the ETW2 condition due to the large CV of the LC 
lamina data for the ETW2 condition which was used to compute the LVM B-estimate.  Statistics 
and B-estimates are given for the strength data in Table 5-11 and the modulus data in Table 5-12.  
The normalized strength data and B-estimates are shown graphically in Figure 5-6.   
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5.3�� Laminate Short Beam Shear Properties (LSBS)  

The LSBS data is not normalized.  Only the data for the ETW2 condition meets all requirements 
of CMH-17-1G. The RTD data does not pass the ADK test, even after the transformation to fit 
the assumptions of the modified CV approach.  It required an ANOVA analysis and since 
ANOVA is not recommended for samples with fewer than 5 batches, these values are considered 
estimates and may be overly conservative.  B-estimates computed using the modified CV method 
are provided for the RTD environment.   
 
There was insufficient data for the ETW condition.   There were no outliers. Statistics, basis 
values and estimates are given for the LSBS data in Table 5-13.  The strength data, B-basis 
values and B-estimates are shown graphically in Figure 5-7. 
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5.4��  Open Hole Tension Properties 

5.4.1�� Quasi Isotropic Open Hole Tension (OHT1) 

The as measured OHT1 strength data met all requirements for pooling across environments, but 
the normalized OHT1 strength data could not be pooled because the RTD data failed the 
Anderson-Darling k-sample test for batch to batch variability. Since the RTD data failed the 
ADK test it requires the ANOVA method to compute basis values, but with data from only three 
batches, these values are considered estimates and may result in overly conservative basis values.  
The normalized RTD data does pass the normality test and passed the ADK test under the 
modified CV transformation, so the modified CV values are provided.  There was insufficient 
data for the ETW condition so only estimates are provided. 
 
There was an outlier on the high side of batch one of the ETW2 data.  The normalized value was 
an outlier both for batch one and for the ETW2 condition while the as measured value was only 
an outlier for batch one.  There was an outlier on the high side of batch two of the as measured 
RTD data.  It was an outlier only for batch two and not for the RTD condition. 
 
Statistics, basis values and estimates are given for the strength data in Table 5-14. The 
normalized strength data, B-basis values and B-estimates are shown graphically in Figure 5-8. 
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5.4.3�� “Hard” Open Hole Tension (OHT3) 

Only the CTD data meets the requirements of CMH-17-1G.  The normalized CTD data did not 
pass the ADK test so it requires the ANOVA method to compute basis values, but with data from 
only three batches, these values are considered estimates and may result in overly conservative 
basis values. However, the normalized CTD data did pass the ADK test after the modified CV 
transform and modified CV basis values are provided.   
 
The RTD and ETW2 environments had insufficient data for publication in the handbook, so only 
estimates are provided.  There were no outliers. Statistics, basis values and estimates are given 
for the strength data in Table 5-16.  The normalized strength data, B-basis values and B-
estimates are shown graphically in Figure 5-10. 

t h 1t h 2t h 3
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5.6.3�� “Hard” Filled Hole Tension (FHT3) 

This property had data from only one batch available, thus all basis values are estimates.  
Statistics and B-estimates are given for the strength data in Table 5-22.  The normalized strength 
data and B-estimates are shown graphically in Figure 5-16. 
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5.7.2�� “Soft” Filled Hole Compression (FHC2) 

The data for the ETW2 environment meets all requirements of CMH-17-1G.  The as measured 
ETW2 data did not fit a normal distribution, so modified CV basis values are not provided for 
that condition. The RTD data is insufficient to generate basis values that meet the requirements 
of CMH-17-1G so only estimates are provided for that condition. 
 
There was one outlier on the low side of batch two in the as measured ETW2 dataset.  It was an 
outlier only for batch two, not the ETW2 condition.  It was retained for this analysis.   
 
Statistics, basis values and estimates are given for the strength data in Table 5-24.  The 
normalized strength data and B-basis values and B-estimates are shown graphically in Figure 
5-18.  
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5.9�� Compression After Impact Properties (CAI)  

Basis values are not computed for this property. However the summary statistics are presented in 
Table 5-32. The normalized strength data are shown graphically in Figure 5-26.  
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6.�� Outliers 

Outliers were identified according to the standards documented in section 2.1.5, which are in 
accordance with the guidelines developed in CMH-17-1G section 8.3.3. 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 outl
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