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1. Introduction  

This report contains statistical analysis of Hexcel 8552 AS4 Unidirectional prepreg at 190 gsm & 
35% RC qualification data. Material property data is published in NCAMP Test Report CAM-
RP-2010-002. The lamina and laminate material property data have been generated with FAA 
oversight through FAA Special Project Number SP4614WI-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. 
 
B-Basis values, A-estimates, and B-estimates were calculated using a variety of techniques that 
are detailed in section two.  The qualification material was procured to NCAMP Material 
Specification NMS 128/1 Rev – Initial Release dated February 6, 2007.  The qualification test 
panels were cured in accordance with NCAMP Process Specification 81228 Cure “M,” June 7, 
2007.  The panels were fabricated by Cessna Aircraft Company, 5800 E. Pawnee, Wichita, KS 
67218. The NCAMP Test Plan NTP 1628Q1 Rev. B was used for this qualification program.  
The testing was performed at the National Institute for Aviation Research (NIAR) in Wichita, 
Kansas.      
 
The panels were fabricated by Cessna Aircraft Company, 5800 E Pawnee, Wichita, KS  67218 
and cured in accordance with Baseline Cure Cycle (M) of NCAMP Process Specification NPS 
81228 Rev A.  The NCAMP Test Plan NTP 1128Q1 was used for this qualification program. 
The testing was performed at the National Institute for Aviation Research (NIAR) in Wichita, 
Kansas.      
 
Basis numbers are labeled as ‘values’ when the data meets all the requirements of working draft 
CMH-17 Revision G.  When those requirements are not met, they will be labeled as ‘estimates.’  
When the data does not meet all requirements, the failure to meet these requirements is reported 
along with the specific requirement(s) the data fails to meet.  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 (



October 26, 2011  
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Tests with a number immediately after the abbreviation indicate the lay-up:   
  
  1 = “Quasi-Isotropic” 
  2 = “Soft”    
  3 = “Hard”   
 
  EX:  OHT1 is an open hole tension test with a “Quasi-Isotropic”  layup  
 
Detailed information about the test methods and conditions used is given in NCAMP 
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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 the 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 in its computations. 
 
2.1.1 Basic Descriptive Statistics 

The basic descriptive statistics shown are computed according to the usual formulas, which 
are shown below: 

Mean:    
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Where k refers to the number of batches and ni refers to the number of specimens in the ith 
sample.  

2.1.2.2 Pooled Coefficient of Variation 
Since the mean for the normalized data i
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Where F0 is the standard normal distribution function.  The observed significance level 
(OSL) is  

* *

*

0.48 0.78ln( ) 4.58

1 0.2
, 1

1 AD AD
OSL AD AD

ne− + +

 = = + +  
   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 
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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.  
 
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 
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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
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In order to compute a check of the fit of a data set to the Weibull distribution and compute basis 
values assuming Weibull, it is first necessary to obtain estimates of the population shape and 
scale parameters (Section 2.2.2.3.1).  Calculations specific to the goodness-of-fit test for the 
Weibull distribution are provided in section 2.2.2.3.2.   

2.2.2.3.1 Estimating Weibull Parameters 
This section describes the maximum likelihood method for estimating the parameters of the two-
parameter Weibull distribution.  The maximum-likelihood estimates of the shape and scale 
parameters are denoted ̂β  and α̂ .  The estimates are the solution to the pair of equations:  
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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 β
 − 
 =      Equation 42 

where 

   ( )
1

ˆˆˆ 0.10536q βα=      Equation 43 

 
To calculate the A-basis value, substitute the equation below for the equation above.  
   1/ˆ ˆq (0.01005)         䔀焀甀愀瑩漀渀 㐳

㐳
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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

−
= =    Equation 47 

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 ≤ 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   
 
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 sample comes from.  It does require that the batches be similar enough to be 
grouped together, so the ADK test must have a positive result.  While it can be used instead of 
assuming the normal, lognormal or Weibull distribution, it typically results in lower basis values.  
One of following two methods should be used, depending on the sample size. 

2.2.3.1 Non-parametric Basis Values for large samples 
The required sample sizes for this ranking method differ for A and B basis values.  A sample size 
of at least 29 is needed for the B-basis value while a sample size of 299 is required for the A-
basis.   
 
To calculate a B-basis value for n > 28, the value of r is determined with the following formulas:   
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For B-basis values:  

  
9

1.645 0.23
10 100B

n n
r = − +        Equation 48 

 
For A-Basis values: 

  
99 19.1

1.645 0.29
100 10,000A
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data and at 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.   
 

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
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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 
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MSB
u

MSE
=       Equation 59 

 If u is less than one, it is set equal to one.  The tolerance limit factor is 
 

   

(10 1 0

1
1

1

k u
k k k

u nnT

n

− + −
+ −′=

−
   Equation 60 

 The basis value is

x TS

.    
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LVM Estimated B -Basis = ( ) ( )
1 21 1 1 2, max ,N NX K X CV CV− ⋅ ⋅   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 = ( ) ( )

1 21 1 1 2, 8%, ,N NX K X Max CV CV− ⋅ ⋅  Equation 63 

With: 

1X 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 dataset) 
CV2 is the coefficient of variation of the lamina (large dataset) 

( )1 2,N NK  is given in Table 2-5 

 

2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 4.508 0 0 0 0 0 0 0 0 0 0 0 0 0
4 3.827 3.607 0 0 0 0 0 0 0 0 0 0 0 0
5 3.481 3.263 3.141 0 0 0 0 0 0 0 0 0 0 0
6 3.273 3.056 2.934 2.854 0 0 0 0 0 0 0 0 0 0
7 3.134 2.918 2.796 2.715 2.658 0 0 0 0 0 0 0 0 0
8 3.035 2.820 2.697 2.616 2.558 2.515 0 0 0 0 0 0 0 0
9 2.960 2.746 2.623 2.541 2.483 2.440 2.405 0 0 0 0 0 0 0

10 2.903 2.688 2.565 2.484 2.425 2.381 2.346 2.318 0 0 0 0 0 0
11 2.856 2.643 2.519 2.437 2.378 2.334 2.299 2.270 2.247 0 0 0 0 0
12 2.819 2.605 2.481 2.399 2.340 2.295 2.260 2.231 2.207 2.187 0 0 0 0
13 2.787 2.574 2.450 2.367 2.308 2.263 2.227 2.198 2.174 2.154 2.137 0 0 0
14 2.761 2.547 2.423 2.341 2.281 2.236 2.200 2.171 2.147 2.126 2.109 2.093 0 0
15 2.738 2.525 2.401 2.318 2.258 2.212 2.176 2.147 2.123 2.102 2.084 2.069 2.056 0
16 2.719 2.505 2.381 2.298 2.238 2.192 2.156 2.126 2.102 2.081 2.063 2.048 2.034 2.022
17 2.701 2.488 2.364 2.280 2.220 2.174 2.138 2.108 2.083 2.062 2.045 2.029 2.015 2.003
18 2.686 2.473 2.348 2.265 2.204 2.158 2.122 2.092 2.067 2.046 2.028 2.012 1.999 1.986
19 2.673 2.459 2.335 2.251 2.191 2.144 2.108 2.078 2.053 2.032 2.013 1.998 1.984 1.971
20 2.661 2.447 2.323 2.239 2.178 2.132 2.095 2.065 2.040 2.019 2.000 1.984 1.970 1.958
21 2.650 2.437 2.312 2.228 2.167 2.121 2.084 2.053 2.028 2.007 1.988 1.972 1.958 1.946
22 2.640 2.427 2.302 2.218 2.157 2.110 2.073 2.043 2.018 1.996 1.978 1.962 1.947 1.935
23 2.631 2.418 2.293 2.209 2.148 2.101 2.064 2.033 2.008 1.987 1.968 1.952 1.938 1.925
24 2.623 2.410 2.285 2.201 2.139 2.092 2.055 2.025 1.999 1.978 1.959 1.943 1.928 1.916
25 2.616 2.402 2.277 2.193 2.132 2.085 2.047 2.017 1.991 1.969 1.951 1.934 1.920 1.907

2.0741 Tm
(26123 0 Td
[(2.)-1(025)9
[(1.)-1(951)]TJ
3.723 0 Td
[(1.)-1(934)]TJ
3.723 0 Td
[(1.)-1(920)]TJ
3.723 0 Td
[(1.)-1(907)]TJ
23.723 0 21)]TJ
3.723 0 Td
[(1.)-1(934)]TJ
3 Td
[(1.)-1(907)]TJ
23.7238
/TT2 1 Tf
-0.002 Tc 0.0027428 161.4395 281.2722 Tm
(20.002 T.723 0 Td
[(2.)-1(144)]7228)]TJ
3.723 0 Td
[[(2.)-11109621.947 1.935
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2.5 0º Lamina Strength Derivation   

Lamina strength values in the 0º direction were not obtained directly for any conditions during 
compression tests.  They are derived from the cross-ply lamina test results using a back out 
formula.   Unless stated otherwise, the 0° lamina strength values were derived using the 
following formula:   

0 0 /90

u uF F BF= ⋅   where BF is the backout factor.   

0 /90
=UNC0 or UNT0 strength valuesuF    

( ) ( )
( ) ( ) ( )

2

1 0 2 0 1 1 22

2

0 1 0 2 0 2 0 1 1 22

1

1 1

E V E V E E
BF

V E V E V E V E E

ν

ν

+ − −  =
+ − + − −      

   Equation 64 

V0=fraction of 0º plies in the cross-ply laminate ( ½ for UNT0 and  1/3 for UNC0)  
E1 = Average across of batches of modulus for LC and LT as appropriate 
E2 = Average across of batches of modulus for TC and TT as appropriate  
ν12 = major Poisson’s ratio of 0º plies from an average of all batches 

 
This formula can also be found in the Composite Materials Handbook (working draft CMH-17 
Rev G) in section 2.4.2, equation 2.4.2.1(b).   
  
In computing these strength values, the values for each environment are computed separately.  
The compression values are computed using only compression data, the tension values are 
computed using only tension data.  Both normalized and as measured computations are done 
using the as measured and normalized strength values from the UNC0 and UNT0 strength 
values.  
 
2.5.1 0º Lamina Strength Derivation  (Alternate Formula) 

In some cases, the previous formula cannot be used.  For example, there were no ETD tests run 
for transverse tension and compression, so the value for E2 was not available. In that case, an 
alternative formula is used to compute the strength values for longitudinal tension and 
compression.    It is similar to, but not quite the same as the formula detailed above.  It requires 
the UNC0 and UNT0 strength and modulus data in addition to the LC and LT modulus data. 
 
The 0° lamina strength values for the LC ETD condition were derived using the formula:   

   1 1
0 0 /90 0 0 /90

0 /90 0 /90

,
c t

cu cu tu tu
c t

E E
F F F F

E E
= =     

   

    Equation 65 

with 
0 0

,cu tuF F  the derived mean lamina strength value for compression and tension respectively 

 
0 /90 0 /90

,cu tuF F     are the mean strength values for UNC0 and UNT0 respectively 

 1 1,c tE E  are the modulus values for LC and LT  respectively  
  

0 /90 0 /90
,c tE E     are the modulus values for UNC0 and UNT0  respectively  
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This formula can also be found in the Composite Materials Handbook (working draft CMH-17 
Rev G) in section 2.4.2, equation 2.4.2.1(d).   
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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 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 for publication in of working draft CMH-17 Rev G 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 computation of the basis value. 

3. Only normalized basis values are given for properties that are normalized.   
4. ANOVA B-basis values are not recommended since only three batches of material are 

available and working draft CMH-17 Rev G recommends that no less than five 
batches be used when computing basis values with the ANOVA method. 

5. Caution is recommended with B-Basis values calculated from STAT17 when the B-
basis value is 90% or more of the average value.  Basis values of 90% or more of the 
mean value imply that the CV is unusually low and may not be conservative. Such 
values will be indicated. 

6. If the data appear questionable (e.g. when the CTD-RTD-ETW trend of the basis 
values are not consistent with the CTD-RTD-ETW trend of the average values), then 
the B-basis values will not be recommended.  
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4. Lamina Test Results, 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 
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4.1 Longitudinal (0º) Tension Properties (LT )   
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Env CTD RTD ETW CTD RTD ETW

Mean 236.95 271.47 279.17 240.12 279.61 284.85

Stdev 7.52 11.21 8.58 7.87 12.64 10.29

CV 3.18 4.13 3.07 3.28 4.52 3.61

Mod CV 6.00 6.07 6.00 6.00 6.26 6.00

Min 218.94 252.71 262.58 222.91 255.04 263.16

Max 247.64 290.25 297.21 254.09 306.97 305.09

No. Batches 3 3 3 3 3 3

No. Spec. 19 19 20 19 19 20

B-basis Value 220.78 255.29 263.07 221.79 261.29 266.62

A-estimate 209.94 244.46 252.22 209.52 249.02 254.33

Method pooled pooled pooled pooled pooled pooled

B-basis Value 209.13 243.64 251.48 211.35 250.84 256.22

A-estimate 190.49 225.00 232.81 192.08 231.57 236.93

Method pooled pooled pooled pooled pooled pooled

Longitudinal Tension Strength Basis Values and Statistics

Modified CV Basis Values and/or Estimates

Normalized As Measured

Basis Values and/or Estimates

 
Table 4-1: Statistics and Basis values for LT strength computed from UN T0 specimens  

 

Env CTD RTD ETW CTD RTD ETW

Mean 18.17 18.46 18.76 18.48 19.09 19.00

Stdev 0.16 0.61 0.19 0.21 0.59 0.23

CV 0.91 3.28 1.03 1.16 3.07 1.20

Mod CV 6.00 6.00 6.00 6.00 6.00 6.00

Min 17.94 16.29 18.34 18.18 18.29 18.60

Max 18.60 19.15 19.09 18.89 20.69 19.36

No. Batches 3 3 3 3 3 3

No. Spec. 19 21 24 19 21 24

Longitudinal Tension Modulus Statistics
Normalized As Measured

 
Table 4-2: Statistics  from LT modulus  

 
The statistics and basis values for strength computed from the LT specimens are provided in 
Table 4-3.  Pooling across environments was not acceptable because the RTD and ETW datasets 
did not pass the ADK test. ANOVA was the only appropriate method that could be used with 
those datasets and because there were only three batches, those values are considered to be 
estimates only.  Estimates computed using the modified CV method are provided for the RTD 
environment but not the ETW environment due to the non-normality of the data from the ETW 
environment.  Pooling across the environments was not acceptable due to the non-normality as 
well.  These are termed estimates due to the failure of the ADK test after the transformation for 
the modified CV method.   
 
There was one outlier, the lowest value in batch 2 of the RTD data.  It was retained for this 
analysis.  The data, B-estimates and B-basis values are shown graphically in Figure 4-2.   
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 Table T a b l e  
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4.2 Transverse ( º) Tension Properties (TT)  

Transverse Tension data is not normalized for unidirectional tape.  The pooled dataset failed 
Levene’s test for equality of variance, so pooling across environments was not acceptable.  CTD 
and RTD environments have data from only two batches because specimens from the third batch 
were removed due to deep scratches on those specimens.  This means that only estimates are 
provided for the CTD and RTD environments.  Due to the large CV of the CTD and RTD 
environments, modified CV basis values are not available.  There were no outliers. 
 
Statistics, estimates and basis values are given for strength data as measured in Table 4-4 and for 
the modulus data as measured in Table 4-5. The data, B-estimates and the B-basis values are 
shown graphically in Figure 4-3. 
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