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Test Property Symbol 

Longitudinal Compression Strength F1
cu 

Longitudinal Compression Modulus E1
c 

Longitudinal �&�R�P�S�U�H�V�V�L�R�Q���3�R�L�V�V�R�Q�¶�V���5�D�W�L�R ��12
c 

Longitudinal Tension Strength F1
tu 

Longitudinal Tension Modulus E1
t 

Longitudinal �7�H�Q�V�L�R�Q���3�R�L�V�V�R�Q�¶�V���5�D�W�L�R ��12
t 

Transverse Compression  Strength F2
cu 

Transverse Compression Modulus E2
c 

Transverse �&�R�P�S�U�H�V�V�L�R�Q�����3�R�L�V�V�R�Q�¶�V���5�D�W�L�R ��21
c 

Transverse Tension Strength F2
tu 

Transverse Tension  Modulus E2
t 

In-Plane Shear Maximum Strength F12
smax 









April 16, 2019  NCP-RP-2009-028 Rev B  
 

Page 15 of 105 

 

Where k refers to the number of batches and ni refers to the number of specimens in the i th 

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 variation for 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 normalized data.   

 

Pooled Coefficient of Variation
1

p
p

S
S�  �       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 always the mean for the environment, but if the data meets all 

requirements for pooling, Sp can be used in place of the standard deviation for the environment, 

S.   

 

 Basis Values:      
a

b

A basis X K S

B basis X K S

�� � ��

�� � ��
     Equation 6 

 

2.1.3.1 K-factor computations  

Ka and Kb are computed according to the methodology documented in section 8.3.5 of CMH-17-

1G. The approximation formulas are given below: 

 

 

2

( ) ( )2.3263 1

( ) 2 ( ) 2 ( )( )

A A
a

A j A A

b f b f
K

c f n c f c fq f

� § � ·
� �� �� ��� ¨ � ¸�˜ � © � ¹

    Equation 7 

    Equation 8 

 

Where  

 r  =  the number of environments being pooled together 

 nj= number of data values for environment j 

 
1

r

j
j

N n
� 

� �¦  

     �I��� ���1�í�U 

 

2

2.323 1.064 0.9157 0.6530
( ) 1q f

f ff f f
� �� �� �� ��     Equation 9 
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1.1372 0.49162 0.18612

( )Bb f
ff f f

� �� ��     Equation 10 

0.0040342 0.71750 0.19693
( ) 0.36961Bc f

ff f f
� �� �� ��    Equation 11 

2.0643 0.95145 0.51251
( )Ab f

ff f f
� �� ��      Equation 12 

0.0026958 0.65201 0.011320
( ) 0.36961Ac f

ff f f
�� �� �� ��    Equation 13 

 

2.1.4 Modified Coefficient of Variation 

The coefficient of variation is modified according to the following rules: 

  Modified CV = *

.06
.04

.04 .04 .08
2

.08

if CV
CV

CV if CV

if CVCV

�­ ���°�°
� �� �d ���®

�° �t
�°�¯

   Equation 14 

 

This is converted to percent by multiplying by 100%. 

 

CV* is used to compute a modified standard deviation S*.   

 

   * *S CV X�  � ˜        Equation 15 
 

To compute the pooled standard deviation based on the modified CV: 

 

�� ���� ���� ��
�� ��

2
*

* 1

1

1

1

k

i i i
i

p k

i
i

n CV X
S

n

� 

� 

� � � ˜
� 

��

�¦

�¦
    Equation 16 

 

The A-basis and B-basis values under the assumption of the modified CV method are computed 

by replacing S with S* 

 

2.1.4.1 Transformation of data based on Modified CV 

In order to determine if the data would pass the diagnostic tests under the assumption of the 

modified CV, the data must be transformed such that the batch means remain the same while the 

standard deviation of transformed data (all batches) matches the modified standard deviation.   

 

To accomplish this requires a transformation in two steps:  

 

Step 1:  Apply the modified CV rules to each batch and compute the modified standard deviation 
* *

i iS CV X�  � ˜ for each batch. Transform the data in each batch as follows:  
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Table 2-3: B-Basis Hanson -Koopmans Table  
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Table 2-4: A-Basis Hanson -Koopmans Table  

 

2.2.5 Analysis of Variance (ANOVA) Basis Values 

ANOVA is used to compute basis values when the batch to batch variability of the data does not 

pass the ADK test.  Since ANOVA makes the assumption that the different batches have equal 

�Y�D�U�L�D�Q�F�H�V�����W�K�H���G�D�W�D���L�V���F�K�H�F�N�H�G���W�R���P�D�N�H���V�X�U�H���W�K�H���D�V�V�X�P�S�W�L�R�Q���L�V���Y�D�O�L�G�������/�H�Y�H�Q�H�¶�V���W�H�V�W���I�R�U���H�T�X�D�O�L�W�\���R�I��
variance is used (see section 2.1.8���������,�I���W�K�H���G�D�W�D�V�H�W���I�D�L�O�V���/�H�Y�H�Q�H�¶�V���W�H�V�W�����W�K�H���E�D�V�L�V���Y�D�O�X�H�V���F�R�P�S�X�W�H�G��
are likely to be conservative.  Thus this method can still be used but the values produced will be 

listed as estimates.  
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2.2.5.1   Calculation of basis values using ANOVA 

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 do

ET


Qedure is do

ET


Qe
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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:   

       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  

 

This formula can also be found in section 2.4.2 of the CMH-17-1G, equation 2.4.2.1(d).   
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Table 3-2: NCAMP Recommended B -basis values for laminate test data  
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Table 3-4: Summary of Test Results for Laminate Data  
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Figure 4-2: Batch plot for F1

tu from LT  strength normalized  
 

 
Table 4-3: Statistics and Basis values for F1

tu from LT  strength  
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Table 4-4: Statistics and Basis Values for TT Strength data as me asured  

 

 
Table 4-5: Statistics from TT Modulus data as measured  
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4.3 Longitudinal (0º ) Compression Properties (LC) 

The strength values for 0�ö��properties are computed via the formulas specified in section 2.5.  For 

the CTD, RTD and ETW condition, equation 64 was used.  For the ETD values, a different 

formula was required because there were no specimens tested in that condition for the transverse 

compression and the modulus value of TC is needed to use the same formula as was used for the 

CTD, RTD and ETW conditions.  Therefore, the ETD strength values were computed using 

equation 65. 

 

There were no outliers or test failures, but due to problems with �8�1�&���¶�V���S�D�Q�H�O��lay-up, there was 

insufficient data for the basis values to meet CMH-17-1G standards.  Therefore, only estimates 

are provided.  Statistics and B-estimates are given for strength data in Table 4-6 and for the 

modulus data in Table 4-7. The data and the B-estimates are shown graphically in Figure 4-4.   

 

 
Figure 4-4: Batch plot for F1

cu strength  from UNC0 normalized  
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Table 4-6: Statistics and Basis Values for F1

cu strength  from UNC0 normalized  
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Env CTD RTD ETW

Mean 55.31 41.44 19.02

Stdev 2.87 1.86 1.04

CV 5.19 4.50 5.47

Mod CV 6.60 6.25 6.74

Min 50.41 38.79 16.78

Max 61.39 46.40 20.70

No. Batches 3 3 3

No. Spec. 20 20 25

B-basis Value 49.78 17.11

B-estimate 34.07

A-estimate 45.84 28.81 15.73

Method Normal ANOVA Normal

B-basis Value 48.28 36.45 16.66

A-estimate 43.29 32.90 14.97

Method Normal Normal Normal

Basis Values and/or Estimates

Mod CV Basis Values and/or Estimates

Transverse Compression Strength Basis Values and 
Statistics

As Measured

 
Table 4-8: Statistics an d Basis Values for TC Strength data  

 

Env CTD RTD ETW

Mean 1.53 1.41 1.18

Stdev 0.12 0.09 0.09

CV 7.64 6.63 7.99

Mod CV 7.82 7.32 8.00

Min 1.26 1.25 1.03

Max 1.70 1.66 1.35

No. Batches 3 3 3

No. Spec. 20 20 9

Transverse Compression Modulus Statistics

As Measured

 
Table 4-9: Statistics from TC Modulus data   
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Table 4-10: Statistics and Basis Values for IPS Strength data  

 

 
Table 4-11: Statistics from IPS Modulus data   
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Table 4-12: Statistics and Basis Values for SBS data  
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Table 4-15: Statistics and Basis Values for UNC 0 Strength data  

 

 
Table 4-16: Statistics from UNC 0 Modulus data  

 

 

Note:  The specification limit for this property as given in NMS 128/2 Rev A is that the average 

of 5 specimens must be greater than or equal to 85 ksi.  The specification as computed per 

DOT/FAA/AR-03/19 with alpha = 1% is 87 ksi.  If these B-estimates are converted into B-basis 

values, the spec limit will also need to be revised. 
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CTD                                                   RTD                                                       ETW
Environmental Conditions

Hexcel 8552 IM7 Unidirectional Tape
Quasi Isotropic Unnotched Tension (UNT1) Strength normalized 

Batch 1 Batch 2 Batch 3
CTD B-Estimate (Normal) RTD B-Estimate (Weibull) ETW B-estimate (ANOVA)
CTD B-Estimate (Mod CV) RTD B-Estimate (Mod CV) ETW B-Estimate (Mod CV)
Outlier

 
Figure 5-1: Batch Plot for UNT1 strength normalized  

 

 
Table 5-1: Statistics and Basis Values for UNT1 Strength data  

 







April 16, 2019  NCP-RP-2009-028 Rev B  
 

Page 61 of 105 

 

 

 
Table 5-3: Statistics and Basis Values for UNT2 Strength data  

 

Env CTD RTD ETW CTD RTD ETW

Mean 5.52 5.22 4.47 5.42 5.23 4.41

Stdev 0.11 0.28 0.10 0.12 0.17 0.09

CV 2.03 5.27 2.13 2.26 3.31 1.93

Mod CV 6.00 6.64 6.00 6.00 6.00 6.00

Min 5.31 4.70 4.33 5.14 4.95 4.28

Max 5.77 5.72 4.65 5.62 5.54 4.51

No. Batches 3 3 3 3 3 3

No. Spec. 17 18 18 17 18 18

Unnotched Tension (UNT2) Modulus Statistics
Normalized As Measured

 
Table 5-4: Statistics from UNT2 Modulus data  
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Table 5-5: Statistics and Basis Values for UNT3 Strength data  

 

 
Table 5-6: Statistics from UNT3 Modulus data  
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5.2.2 �³�6�R�I�W�´��Unnotched Compression 2 Properties (UNC2) 

For the UNC2 data there were no outliers and pooling the two environments together was 

acceptable. Statistics and basis values are given for UNC2 strength data in Table 5-9 and for the 

modulus data in Table 5-10. The normalized data and the B-basis values are shown graphically 

in Figure 5-5.   

 

 

 
Figure 5-5: Batch plot for UNC2 strength normalized  
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Env RTD ETW RTD ETW

Mean 66.44 40.61 67.49 40.43

Stdev 4.89 4.43 3.73 4.33

CV 7.36 10.91 5.53 10.71

Mod CV 7.68 10.91 6.77 10.71

Min 57.29 31.19 60.87 31.31

Max 72.61 50.34 73.01 49.44

No. Batches 3 3 3 3

No. Spec. 16 31 16 31

B-basis Value 58.16 32.79 60.01 33.37

 
Table 5-9: Statistics and Basis Values for UNC2 Strength data  

 

Env RTD ETW RTD ETW

Mean 4.90 4.10 4.98 4.06

Stdev 0.30 0.09 0.24 0.11

CV 6.10 2.21 4.84 2.72

Mod CV 7.05 6.00 6.42 6.00

Min 4.35 3.96 4.58 3.85

Max 5.35 4.25 5.33 4.18

No. Batches 3 3 3 3

No. Spec. 16 16 16 16

Normalized As Measured
Unnotched Compression (UNC2) Modulus Statistics

 
Table 5-10: Statistics from UNC2 Modulus data  
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5.2.3 �³�+�D�U�G�´��Unnotched Compression 3 Properties (UNC3) 

For the UNC3 data there were no outliers or test failures.  Data could be pooled across the two 

environments.  Statistics, basis values and estimates are given for UNC3 strength data in Table 

5-11 and for the modulus data in Table 5-12. The normalized data and the B-basis values are 

shown graphically in Figure 5-6.    
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Figure 5-6: Batch plot for UNC3 strength normalized  
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Table 5-11: Statistics and Basis Values for UNC3 Strength data  

 

 
Table 5-12: Statistics from UNC3 Modulus data  
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5.3 Open Hole Tension Properties 

5.3.1 Quasi Isotropic Open Hole Tension 1 Properties (OHT1) 

The data for the CTD condition (both normalized and as measured) and the RTD condition (as 

measured only) fail the ADK test but pass with the modified CV transformation.  Since there are 

only three batches available, this means that the basis values computed using ANOVA method 

(which must be used when the data does not pass the ADK test) will be estimates only.  

However, modified CV basis values can be computed.  The RTD and ETW normalized data can 

be pooled and all three environments can be pooled for the modified CV basis value 

computations. There were no outliers.  

 

Statistics, basis values and estimates are given for OHT1 strength data in Table 5-13. The 

normalized data, B-basis values and B-estimates are shown graphically in Figure 5-7. 

 

 
Figure 5-7: Batch Plot for OHT1 strength normalized  

 







April 16, 2019  NCP-RP-2009-028 Rev B  
 

Page 73 of 105 

 

 
Table 5-14: Statistics and Bas is Values for OH T2 Strength data  
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Env CTD RTD ETW CTD RTD ETW

Mean 78.75 86.59 114.86 77.97 86.63 113.87

Stdev 3.96 4.72 6.83 4.68 4.96 7.25

CV 5.03 5.46 5.95 6.01 5.72 6.37

Mod CV 6.52 6.73 6.97 7.00 6.86 7.18

Min 72.41 78.90 105.04 70.75 79.07 102.24

Max 84.29 95.17 129.75 84.38 94.49 128.78

No. Batches 3 3 3 3 3 3

No. Spec. 19 19 20 19 19 20

B-basis Value 75.97 104.29

B-estimate 54.89 47.70 57.48 82.20

A-estimate 37.87 68.73 97.03 26.09 36.68 59.61

Method ANOVA pooled pooled ANOVA ANOVA ANOVA

B-basis Value 73.93 102.26 98.11

B-estimate 68.75 67.32 75.04

A-estimate 61.66 65.30 93.61 59.78 66.83 86.91

Method Normal pooled pooled Normal Normal Normal

Normalized As Measured

Basis Values and/or Estimates 

Open Hole Tension (OHT3) Strength Basis Values and Statistics

Mod CV Basis Values and/or Estimates

 
Table 5-15: Statistics and Basis Values for OHT3  Strength data  
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Table 5-16: Statistics and Basis Values for FHT1 Strength data  
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5.5 Open Hole Compression 

5.5.1 Quasi Isotropic Open Hole Compression 1 Properties (OHC1) 

The normalized RTD condition data failed the normality test, but the pooled data set did not, so 

pooling was acceptable for both the normalized and as measured data.  There were two outliers.  

Both outliers were in the RTD normalized data only. One outlier was on the low side of batch 

one; it was an outlier before, but not after, pooling the three batches. This outlier was retained for 

this analysis.  

 

The other outlier was on the low side of batch three; it was an outlier both before and after 

pooling the three batches. It was removed for this analysis. This outlier has been removed from 

the analysis for both the normalized and the as-measured datasets due to severe taper on both 

sides of the specimen.   

 

Statistics, estimates and basis values are given for OHC1 strength data in Table 5-19. The 

normalized data and the B-basis values are shown graphically in Figure 5-13.   

 

 
Figure 5-13: Batch plot for OHC1 strength normalized  
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Table 5-19: Statistics and Basis Values for OHC1 Strength data  
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5.5.3 �³�+�D�U�G�´��Open Hole Compression 3 Properties (OHC3) 

There were no diagnostic test failures.  Both the as measured and normalized data could be 

pooled across the two environments.  There was one outlier.  It was on the high side of batch two 

in the normalized RTD data.  It was an outlier before, but not after, pooling the three batches.  It 

was retained for this analysis. 

 

Statistics, estimates and basis values are given for OHC3 strength data in Table 5-21. The 

normalized data and the B-basis values are shown graphically in Figure 5-15.    
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Figure 5-15: Batch plot for OHC3 strength normalized  
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Table 5-22: Statistics and Basis Values for FHC1 Strength data  
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Table 5-23: Statistics and Basis Values for FHC2 Strength data  
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Table 5-25: Statistics and Basis Values for SBS 1 data  
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2% Offset Strength
Env RTD ETW RTD ETW

Mean 109.89 88.14 112.98 89.88

Stdev 6.06 8.90 4.02 8.53

CV 5.51 10.10 3.56 9.49

Mod CV 6.76 10.10 6.00 9.49

Min 99.31 69.19 106.30 68.62

Max 119.86 101.13 118.98 99.81

No. Batches 3 3 3 3

No. Spec. 19 21 19 21

B-basis Value 98.08 65.05 64.23

B-estimate 94.81

A-estimate 89.70 42.07 81.84 41.98

Method Normal
Non-

parametric
ANOVA

Non-
parametric

B-basis Value 95.42 NA 99.77 NA

A-estimate 85.16 NA 90.40 NA

Method Normal NA Normal NA

Single Shear Bearing (SSB1) Strength Basis Values and Statistics 
Normalized As measured

Basis Values and/or Estimates

Mod CV Basis Values and/or Estimates

 
Table 5-26: Statistics and Bas is Values for SS B1 2% Offset Strength data  
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5.8.2 �³�6�R�I�W�´��Single Shear Bearing 2 Properties (SSB2) 

There were no diagnostic test failures.  Both the as measured and normalized data could be 

pooled across the two environments.  There were no outliers. Statistics, estimates and basis 

values are given for the SSB2 2% offset strength data in Table 5-27.  The normalized data and 

the B-basis values are shown graphically in Figure 5-21.  

 

 
Figure 5-21: Batch plot for SSB2 strength normalized  
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Table 5-27: Statistics and Basis Va lues for SSB2 2% Offset Strength data  
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5.8.3 �³�+�D�U�G�´��Single Shear Bearing 3 Properties (SSB3) 

There were no diagnostic test failures.  Both the as measured and normalized data could be 

pooled across the two environments. There was one outlier.  It was on the low side of batch three 

in the RTD condition.  It was an outlier in both the normalized and the as measured data.  It was 

an outlier before, but not after, pooling the three batches. It was retained for this analysis. 

 

Statistics, estimates and basis values are given for the SSB3 2% offset strength data in Table 

5-28.  The normalized data and the B-basis values are shown graphically in Figure 5-22.  
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Figure 5-22: Batch plot for SSB3 strength normalized  
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2% Offset Strength
Env RTD ETW RTD ETW

Mean 113.90 91.67 113.93 91.80

Stdev 5.71 6.56 4.32 6.27

CV 5.01 7.15 3.79 6.83

Mod CV 6.51 7.58 6.00 7.42

Min 104.32 79.33 104.57 81.00

Max 121.80 102.78 122.04 101.30

No. Batches 3 3 3 3

No. Spec. 19 19 19 19

B-basis Value 102.81 80.58 104.22 82.09

A-estimate 95.23 73.01 97.58 75.45

Method pooled pooled pooled pooled

B-basis Value 100.94 78.72 101.62 79.49

A-estimate 92.09 69.87 93.22 71.09

Method pooled pooled pooled pooled

Single Shear Bearing (SSB3) Strength Basis Values and Statistics 
Normalized As measured

Basis Values and/or Estimates

Mod CV Basis Values and/or Estimates

 
Table 5-28: Statistics and Basis Values for SSB3 2% Offset Strength data  
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Test Condition Batch
Specimen 

Number
Normalized 

Strength
As Measured 

Strength  
High/ 
Low

Batch 
Outlier

Condition 
Outlier

TC RTD 3 HFIZC214A NA 43.63 High Yes No

SBS CTD 1 HFIQA11CB NA 20.00 Low Yes No

SBS ETW 1 HFIQA21DD NA 8.42 High Yes No

LT 272.74 285.19

UNT0 143.99 150.39

UNT1 RTD 3 HFIAC211A 90.08 Not an outlier Low Yes No

UNT2 CTD 1 HFIBA216B 66.60 Not an outlier Low Yes Yes

UNT2 CTD 2 HFIBB219B 75.29 Not an outlier High No Yes

UNT3 CTD 2 HFICB216B 159.91 160.82 Low Yes No

UNC1 RTD 1 HFIWA111A 76.27 Not an outlier Low Yes No

OHT2 CTD 3 HFIEC115B 44.04 Not an outlier Low Yes No

OHT2 RTD 1 HFIEA211A 39.91 Not an outlier Low Yes No

FHT1 RTD 2 HFI4B214A 71.76 Not an outlier High Yes No

FHT2 RTD 2 HFI5B182A 49.07 Not an outlier High Yes No

FHT2 ETW 3 HFI5C11CD 41.68 41.45 Low Yes No

FHT3 CTD 2 HFI6B217B 79.90 Not an outlier Low Yes No

OHC1 RTD 1 HFIGA211A 46.32 Not an outlier Low Yes No

OHC1 RTD 3 HFIGC211A 43.91 Not an outlier Low Yes Yes

OHC2 RTD 1 HFIHA111A 33.59 Not an outlier Low Yes Yes

OHC2 ETW 3 HFIHC218D 22.36 22.24 Low Yes
No - Norm.

Yes - As Meas.
OHC3 RTD 2 HFIIB111A 65.80 Not an outlier High Yes No

FHC1 RTD 3 HFI7C213A 75.10 Not an outlier High Yes No

FHC3 RTD 2 HFI9B111A 91.49 Not an outlier Low Yes No

SBS1 RTD 2 HFIqB173A NA 11.19 Low Yes No

SBS1 RTD 3 HFIqC272A NA 9.55 Low Yes Yes

SBS1 ETW 1 HFIqA276D NA 7.70 High No Yes

SSB3 - 2% Offset RTD 3 HFI3C212A 105.84 104.57 Low Yes No

RTD 3 HFIPC211A Low Yes
Yes - Norm.  

No - As Meas.

 
Table 6-1: List of outliers  
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