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1. Introduction 

7KLV� UHSRUW�FRQWDLQV�VWDWLVWLFDO�DQDO\VLV�RI� WKH�0HGLXP�7RXJKQHVV�3$(.�WKHUPRSODVWLFV�7RUD\�
�)RUPHUO\�7HQ&DWH��&HWH[��7&����� �/0�3$(.��7���*&���.�7�(�8QLGLUHFWLRQDO�7DSH�����
JVP�����5&�PDWHULDO�SURSHUW\�GDWD�SXEOLVKHG�LQ�1&$03�7HVW�5HSRUW�&$0�53����������5HY�
$��7KH�ODPLQD�DQG�ODPLQDWH�PDWHULDO�SURSHUW\�GDWD�KDYH�EHHQ�JHQHUDWHG�ZLWK�1&$03�RYHUVLJKW�
LQ� DFFRUGDQFH�ZLWK�163�����1&$03�6WDQGDUG�2SHUDWLQJ�3URFHGXUHV�� WKH� WHVW� SDQHOV� DQG� WHVW�
VSHFLPHQV� KDYH� EHHQ� LQVSHFWHG� E\�1&$03� $XWKRUL]HG� ,QVSHFWLRQ� 5HSUHVHQWDWLYHV� �$,5�� DQG�
WKH� WHVWLQJ� KDV� EHHQ� ZLWQHVVHG� E\� 1&$03� $XWKRUL]HG� (QJLQHHULQJ� 5HSUHVHQWDWLYHV� �$(5���
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3DUW�IDEULFDWRUV�WKDW�ZLVK�WR�XWLOL]H�WKH�PDWHULDO�SURSHUW\�GDWD��DOORZDEOHV��DQG�VSHFLILFDWLRQV�PD\�
EH�DEOH�WR�GR�VR�E\�GHPRQVWUDWLQJ�WKH�FDSDELOLW\�WR�UHSURGXFH�WKH�RULJLQDO�PDWHULDO�SURSHUWLHV��D�
SURFHVV�NQRZQ�DV�HTXLYDOHQF\��0RUH� LQIRUPDWLRQ�DERXW� WKLV�HTXLYDOHQF\�SURFHVV� LQFOXGLQJ� WKH�
WHVW�VWDWLVWLFV�DQG�LWV�OLPLWDWLRQV�FDQ�EH�IRXQG�LQ�6HFWLRQ���RI�'27�)$$�$5�������DQG�6HFWLRQ�
������RI�&0+�����*��7KH�DSSOLFDELOLW\�RI�HTXLYDOHQF\�SURFHVV�PXVW�EH�HYDOXDWHG�RQ�SURJUDP�
E\�SURJUDP�EDVLV� E\� WKH� DSSOLFDQW� DQG� FHUWLI\LQJ� DJHQF\��7KH� DSSOLFDQW� DQG� FHUWLI\LQJ� DJHQF\�
PXVW�DJUHH�WKDW�WKH�HTXLYDOHQF\�WHVW�SODQ�DORQJ�ZLWK�WKH�HTXLYDOHQF\�SURFHVV�GHVFULEHG�LQ�6HFWLRQ�
��RI�'27�)$$�$5�������DQG�6HFWLRQ�������RI�&0+�����*�DUH�DGHTXDWH�IRU�WKH�JLYHQ�SURJUDP��
�
$LUFUDIW�FRPSDQLHV�VKRXOG�QRW�XVH�WKH�GDWD�SXEOLVKHG�LQ�WKLV�UHSRUW�ZLWKRXW�VSHFLI\LQJ�1&$03�
0DWHULDO�6SHFLILFDWLRQ�106��������106�������PD\�KDYH�DGGLWLRQDO�UHTXLUHPHQWV�WKDW�DUH�OLVWHG�
LQ� LWV� SUHSUHJ� SURFHVV� FRQWURO� GRFXPHQW� �3&'��� ILEHU� VSHFLILFDWLRQ�� ILEHU� 3&'�� DQG� RWKHU� UDZ�
PDWHULDO� VSHFLILFDWLRQV�DQG�3&'V�ZKLFK� LPSRVH�HVVHQWLDO�TXDOLW\�FRQWUROV�RQ� WKH� UDZ�PDWHULDOV�
DQG� UDZ� PDWHULDO� PDQXIDFWXULQJ� HTXLSPHQW� DQG� SURFHVVHV�� Aircraft companies and certifying 
agencies should assume that the material property data published in this report is not applicable 
when the material is not procured to NMS 122/1.�106�������LV�D�IUHH��SXEOLFO\�DYDLODEOH��QRQ�
SURSULHWDU\�DHURVSDFH�LQGXVWU\�PDWHULDO�VSHFLILFDWLRQ���
�
7KLV�UHSRUW�LV�LQWHQGHG�IRU�JHQHUDO�GLVWULEXWLRQ�WR�WKH�SXEOLF��HLWKHU�IUHHO\�RU�DW�D�SULFH�WKDW�GRHV�
QRW�H[FHHG�WKH�FRVW�RI�UHSURGXFWLRQ��H�J��SULQWLQJ��DQG�GLVWULEXWLRQ��H�J��SRVWDJH�����

1.1 Symbols and Abbreviations 

Test Property Abbreviation
/RQJLWXGLQDO�&RPSUHVVLRQ�� /&�
/RQJLWXGLQDO�7HQVLRQ� /7�
7UDQVYHUVH�&RPSUHVVLRQ� 7&�
7UDQVYHUVH�7HQVLRQ� 77�
,Q�3ODQH�6KHDU� ,36�
'RXEOH�1RWFK�6KHDU� '16�
/DPLQDWH�'RXEOH�1RWFK�6KHDU� '16��
6KRUW�%HDP�6WUHQJWK� 6%6�
/DPLQDWH�6KRUW�%HDP�6WUHQJWK 6%6��
8QQRWFKHG�7HQVLRQ� 817�
8QQRWFKHG�&RPSUHVVLRQ� 81&�
)LOOHG�+ROH�7HQVLRQ� )+7�
)LOOHG�+ROH�&RPSUHVVLRQ� )+&�
2SHQ�+ROH�7HQVLRQ� 2+7�
2SHQ�+ROH�&RPSUHVVLRQ� 2+&�
6LQJOH�6KHDU�%HDULQJ�� 66%�
��)OH[XUDO� �)/(;�
���)OH[XUDO� ��)/(;�
,QWHUODPLQDU�7HQVLRQ�� ,/7�
&XUYHG�%HDP�6WUHQJWK� &%6�
&RPSUHVVLRQ�$IWHU�,PSDFW� &$,�

Table 1-1: Test Property Abbreviations 
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7KH� PDWHULDO� DOORZDEOHV� LQ� WKLV� UHSRUW� DUH� FDOFXODWHG� XVLQJ� ERWK� WKH� DV�PHDVXUHG� &9� DQG�
PRGLILHG�&9��VR�XVHUV�KDYH� WKH�FKRLFH�RI�XVLQJ�HLWKHU�RQH�� �:KHQ�WKH�PHDVXUHG�&9�LV�JUHDWHU�
WKDQ� ���� WKH� PRGLILHG� &9� PHWKRG� GRHV� QRW� FKDQJH� WKH� EDVLV� YDOXH�� � 1&$03� UHFRPPHQGHG�
YDOXHV�PDNH�XVH�RI�WKH�PRGLILHG�&9�PHWKRG�ZKHQ�LW�LV�DSSURSULDWH�IRU�WKH�GDWD����
�
:KHQ�WKH�GDWD�IDLOV� WKH�$QGHUVRQ�'DUOLQJ�.�VDPSOH� WHVW� IRU�EDWFK� WR�EDWFK�YDULDELOLW\�RU�ZKHQ�
WKH�GDWD�IDLOV�WKH�QRUPDOLW\�WHVW��WKH�PRGLILHG�&9�PHWKRG�LV�QRW�DSSURSULDWH�DQG�QR�PRGLILHG�&9�
EDVLV� YDOXH�ZLOO� EH� SURYLGHG�� :KHQ� WKH� $129$� PHWKRG� LV� XVHG�� LW� PD\� SURGXFH� H[FHVVLYHO\�
FRQVHUYDWLYH� EDVLV� YDOXHV�� :KHQ� DSSURSULDWH�� D� VLQJOH� EDWFK� RU� WZR� EDWFK� HVWLPDWH� PD\� EH�
SURYLGHG�LQ�DGGLWLRQ�WR�WKH�$129$�HVWLPDWH����
�
,Q�VRPH�FDVHV�D�WUDQVIRUPDWLRQ�RI�WKH�GDWD�WR�ILW�WKH�DVVXPSWLRQ�RI�WKH�PRGLILHG�&9�UHVXOWHG�LQ�
WKH�WUDQVIRUPHG�GDWD�SDVVLQJ�WKH�$'.�WHVW�DQG�WKXV�WKH�GDWD�FDQ�EH�SRROHG�RQO\�IRU�WKH�PRGLILHG�
&9�PHWKRG���
�
1&$03�UHFRPPHQGV�WKDW�LI�D�XVHU�GHFLGHV�WR�XVH�WKH�EDVLV�YDOXHV�WKDW�DUH�FDOFXODWHG�IURP�DV�
PHDVXUHG�&9��WKH�VSHFLILFDWLRQ�OLPLWV�DQG�FRQWURO�OLPLWV�EH�FDOFXODWHG�ZLWK�DV�PHDVXUHG�&9�DOVR���
6LPLODUO\�� LI� D� XVHU� GHFLGHV� WR� XVH� WKH� EDVLV� YDOXHV� WKDW� DUH� FDOFXODWHG� IURP� PRGLILHG� &9�� WKH�
VSHFLILFDWLRQ�OLPLWV�DQG�FRQWURO�OLPLWV�EH�FDOFXODWHG�ZLWK�PRGLILHG�&9�DOVR���7KLV�ZLOO�HQVXUH�WKDW�
WKH�OLQN�EHWZHHQ�PDWHULDO�DOORZDEOHV��VSHFLILFDWLRQ�OLPLWV��DQG�FRQWURO�OLPLWV�LV�PDLQWDLQHG��
�
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2. Background 

6WDWLVWLFDO�FRPSXWDWLRQV�DUH�SHUIRUPHG�ZLWK�&0+���67$76���3RROLQJ�DFURVV�HQYLURQPHQWV�ZLOO�
EH� XVHG� ZKHQHYHU� LW� LV� SHUPLVVLEOH� DFFRUGLQJ� WR� &0+�����*� JXLGHOLQHV�� ,I� SRROLQJ� LV� QRW�
SHUPLVVLEOH�� WKH� UHVXOWV� RI� D� VLQJOH� SRLQW� DQDO\VLV� SURYLGHG� E\� &0+��� 67$76� LV� LQFOXGHG�
LQVWHDG��,I�WKH�GDWD�GRHV�QRW�PHHW�&0+�����*�UHTXLUHPHQWV�IRU�D�VLQJOH�SRLQW�DQDO\VLV��HVWLPDWHV�
DUH� FUHDWHG� E\� D� YDULHW\� RI� PHWKRGV� GHSHQGLQJ� RQ� ZKLFK� LV� PRVW� DSSURSULDWH� IRU� WKH� GDWDVHW�
DYDLODEOH�� � 6SHFLILF� SURFHGXUHV� XVHG� DUH� SUHVHQWHG� LQ� WKH� LQGLYLGXDO� VHFWLRQV�ZKHUH� WKH� GDWD� LV�
SUHVHQWHG����
�

2.1 CMH17 STATS Statistical Formulas and Computations 

7KLV� VHFWLRQ� FRQWDLQV� WKH� GHWDLOV� RI� WKH� VSHFLILF� IRUPXODV� &0+��� 67$76� XVHV� LQ� LWV�
FRPSXWDWLRQV��

2.1.1 Basic Descriptive Statistics 
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������ ������� �������

� �Bb f
ff f f

    Equation 10 

 
��������� ������� �������

� � �������Bc f
ff f f

     Equation 11 

 
������ ������� �������

� �Ab f
ff f f

    Equation 12 

 
��������� ������� ��������

� � �������Ac f
ff f f

     Equation 13 

2.1.4 Modified Coefficient of Variation 

7KH�FRHIILFLHQW�RI�YDULDWLRQ�LV�
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7KLV�26/�PHDVXUHV�WKH�SUREDELOLW\�RI�REVHUYLQJ�DQ�$QGHUVRQ�'DUOLQJ�VWDWLVWLF�DW�OHDVW�DV�H[WUHPH�
DV�WKH�YDOXH�FDOFXODWHG�LI��LQ�IDFW��WKH�GDWD�DUH�D�VDPSOH�IURP�D�QRUPDO�SRSXODWLRQ���,I�26/�!�������
WKH�GDWD�LV�FRQVLGHUHG�VXIILFLHQWO\�FORVH�WR�D�QRUPDO�GLVWULEXWLRQ����

2.1.8 Levene’s Test for Equality of Coefficient of Variation 

/HYHQH¶V� WHVW� SHUIRUPV� DQ� $QDO\VLV� RI� 9DULDQFH� RQ� WKH� DEVROXWH� GHYLDWLRQV� IURP� WKHLU� VDPSOH�
PHGLDQV���7KH�DEVROXWH�YDOXH�RI�WKH�GHYLDWLRQ�IURP�WKH�PHGLDQ�LV�FRPSXWHG�IRU�HDFK�GDWD�YDOXH��

ij ij iw y y   �$Q�)�WHVW�LV�WKHQ�SHUIRUPHG�RQ�WKH�WUDQVIRUPHG�GDWD�YDOXHV�DV�IROORZV��

 

 

 

�

�

�

� �

�� ��

�� �
i

k

i i
i

nk

i ij i
i j

n w w k
F

w w n k



 

 


 




 Equation 32 

�
,I� WKLV� FRPSXWHG� )� VWDWLVWLF� LV� OHVV� WKDQ� WKH� FULWLFDO� YDOXH� IRU� WKH� )�GLVWULEXWLRQ� KDYLQJ� N���
QXPHUDWRU�DQG�Q�N�GHQRPLQDWRU�GHJUHHV�RI�IUHHGRP�DW�WKH���Į�OHYHO�RI�FRQILGHQFH��WKHQ�WKH�GDWD�
LV�QRW�UHMHFWHG�DV�EHLQJ�WRR�GLIIHUHQW�LQ�WHUPV�RI�WKH�FR�HIILFLHQW�RI�YDULDWLRQ����&0+����67$76�
SURYLGHV�WKH�DSSURSULDWH�FULWLFDO�YDOXHV�IRU�)�DW�Į�OHYHOV�RI��������������������DQG�������)RU�PRUH�
LQIRUPDWLRQ�RQ�WKLV�SURFHGXUH��VHH�UHIHUHQFHV���DQG����

2.1.9 Distribution Tests 

,Q�DGGLWLRQ�WR�WHVWLQJ�IRU�QRUPDOLW\�XVLQJ�WKH�$QGHUVRQ�'DUOLQJ�WHVW��VHH���������&0+���67$76�
DOVR�WHVWV�WR�VHH�LI�WKH�:HLEXOO�RU�/RJQRUPDO�GLVWULEXWLRQ�LV�D�JRRG�ILW�IRU�WKH�GDWD���
�
(DFK� GLVWULEXWLRQ� LV� FRQVLGHUHG� XVLQJ� WKH� $QGHUVRQ�'DUOLQJ� WHVW� VWDWLVWLF� ZKLFK� LV� VHQVLWLYH� WR�
GLVFUHSDQFLHV� LQ� WKH� WDLO� UHJLRQV�� � 7KH� $QGHUVRQ�'DUOLQJ� WHVW� FRPSDUHV� WKH� FXPXODWLYH�
GLVWULEXWLRQ�IXQFWLRQ�IRU� WKH�GLVWULEXWLRQ�RI� LQWHUHVW�ZLWK�WKH�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ�RI�
WKH�GDWD����
�
$Q�REVHUYHG�VLJQLILFDQFH�OHYHO��26/��EDVHG�RQ�WKH�$QGHUVRQ�'DUOLQJ�WHVW�VWDWLVWLF�LV�FRPSXWHG�
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2.1.9.1 One-sided B-basis tolerance factors, kB, for the normal distribution when sample 
size is greater than 15. 

7KH� H[DFW� FRPSXWDWLRQ� RI� N%� YDOXHV� LV� � n � WLPHV� WKH� ����WK� TXDQWLOH� RI� WKH� QRQFHQWUDO�

W�GLVWULEXWLRQ�ZLWK�QRQFHQWUDOLW\�SDUDPHWHU������ n �DQG�Q�í���GHJUHHV�RI�IUHHGRP���6LQFH�WKLV�LQ�
QRW�D�FDOFXODWLRQ�WKDW�([FHO�FDQ�KDQGOH��WKH�IROORZLQJ�DSSUR[LPDWLRQ�WR�WKH�N%�YDOXHV�LV�XVHG���
�
 ����� H[S^����� �����OQ� � ���� `Bk n n     Equation 33 

�
7KLV�DSSUR[LPDWLRQ� LV�DFFXUDWH� WR�ZLWKLQ������RI� WKH� WDEXODWHG�
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�
9�LV�WKH�YDOXH�LQ�7DEOH�����ZKHQ�WKH�VDPSOH�VL]H�LV�OHVV�WKDQ�����)RU�VDPSOH�VL]HV�RI����RU�ODUJHU��
D�QXPHULFDO�DSSUR[LPDWLRQ�WR�WKH�9�YDOXHV�LV�JLYHQ�LQ�WKH�WZR�HTXDWLRQV�LPPHGLDWHO\�EHORZ��

 
���

����� H[S ���� �����OQ� �
�BV n

n
      

 Equation 45 
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REVHUYDWLRQ� LV� WKH� %�EDVLV� YDOXH�� )XUWKHU� LQIRUPDWLRQ� RQ� WKLV� SURFHGXUH� PD\� EH� IRXQG� LQ�
UHIHUHQFH����

2.1.10.2 Non-parametric Basis Values for small samples  

7KH�+DQVRQ�.RRSPDQV�PHWKRG� �UHIHUHQFHV� �� DQG���� LV� XVHG� IRU� REWDLQLQJ� D�%�EDVLV� YDOXH� IRU�
VDPSOH�VL]HV�QRW�H[FHHGLQJ����DQG�$�EDVLV�YDOXHV�IRU�VDPSOH�VL]HV�OHVV�WKDQ�������7KLV�SURFHGXUH�
UHTXLUHV�WKH�DVVXPSWLRQ�WKDW�WKH�REVHUYDWLRQV�DUH�D�UDQGRP�VDPSOH�IURP�D�SRSXODWLRQ�IRU�ZKLFK�
WKH� ORJDULWKP�RI� WKH� FXPXODWLYH� GLVWULEXWLRQ� IXQFWLRQ� LV� FRQFDYH�� DQ� DVVXPSWLRQ� VDWLVILHG� E\� D�
ODUJH�FODVV�RI�SUREDELOLW\�GLVWULEXWLRQV���7KHUH�LV�VXEVWDQWLDO�HPSLULFDO�HYLGHQFH�WKDW�VXJJHVWV�WKDW�
FRPSRVLWH�VWUHQJWK�GDWD�VDWLVILHV�WKLV�DVVXPSWLRQ���
�
7KH�+DQVRQ�.RRSPDQV�%�EDVLV�YDOXH�LV��
�

  
 

 

�

k

r
r

x
B x

x

 
  

  
 Equation 50 

7KH�$�EDVLV�YDOXH�LV���
�

  
 

 

�

k

n
n

x
A x

x

 
  

  
 Equation 51 

ZKHUH�[�Q��LV�WKH�ODUJHVW�GDWD�YDOXH��[����LV�WKH�VPDOOHVW��DQG�[�U�� LV�WKH�UWK�ODUJHVW�GDWD�YDOXH��7KH�
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n k n k n k
2 80.00380 38 1.79301 96 1.32324
3 16.91220 39 1.77546 98 1.31553
4 9.49579 40 1.75868 100 1.30806
5 6.89049 41 1.74260 105 1.29036
6 5.57681 42 1.72718 110 1.27392
7 4.78352 43 1.71239 115 1.25859
8 4.25011 44 1.69817 120 1.24425
9 3.86502 45 1.68449 125 1.23080
10 3.57267 46 1.67132 130 1.21814
11 3.34227 47 1.65862 135 1.20620
12 3.15540 48 1.64638 140 1.19491
13 3.00033 49 1.63456 145 1.18421
14 2.86924 50 1.62313 150 1.17406
15 2.75672 52 1.60139 155 1.16440
16 2.65889 54 1.58101 160 1.15519
17 2.57290 56 1.56184 165 1.14640
18 2.49660 58 1.54377 170 1.13801
19 2.42833 60 1.52670 175 1.12997
20 2.36683 62 1.51053 180 1.12226
21 2.31106 64 1.49520 185 1.11486
22 2.26020 66 1.48063 190 1.10776
23 2.21359 68 1.46675 195 1.10092
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2.1.11.1 Calculation of basis values using ANOVA 
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7ZR� N�IDFWRUV� DUH� FRPSXWHG� XVLQJ� WKH� PHWKRGRORJ\� RI� VHFWLRQ� ������ RI� &0+�����*XVLQJ� D�
VDPSOH�VL]H�RI�Q��GHQRWHG�N���DQG�D�VDPSOH�VL]H�RI�N��GHQRWHG�N�����:KHWKHU�WKLV�YDOXH�LV�DQ�$��RU�
%�EDVLV�YDOXH�GHSHQGV�RQO\�RQ�ZKHWKHU�N��DQG�N��DUH�FRPSXWHG�IRU�$�RU�%�EDVLV�YDOXHV����
'HQRWH�WKH�UDWLR�RI�PHDQ�VTXDUHV�E\��
�

 
MSB

u
MSE
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� Ȟ��� �PDMRU�3RLVVRQ¶V�UDWLR�RI����SOLHV�IURP�DQ�DYHUDJH�RI�DOO�EDWFKHV�
�
7KLV�IRUPXOD�FDQ�DOVR�EH�IRXQG�LQ�VHFWLRQ��������HTXDWLRQ���������E��RI�&0+�����*����
�
,Q� FRPSXWLQJ� WKHVH� VWUHQJWK�YDOXHV�� WKH�YDOXHV� IRU� HDFK� HQYLURQPHQW� DUH� FRPSXWHG� VHSDUDWHO\���
7KH� FRPSUHVVLRQ� YDOXHV� DUH� FRPSXWHG� XVLQJ� RQO\� FRPSUHVVLRQ� GDWD�� WKH� WHQVLRQ� YDOXHV� DUH�
FRPSXWHG� XVLQJ� RQO\� WHQVLRQ� GDWD�� � %RWK� QRUPDOL]HG� DQG� DV�PHDVXUHG� FRPSXWDWLRQV� DUH� GRQH�
XVLQJ� WKH� DV�PHDVXUHG� DQG� QRUPDOL]HG� VWUHQJWK� YDOXHV� IURP� WKH� 81&�� DQG� 817�� VWUHQJWK�
YDOXHV���
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3. Summary of Results 

7KH�EDVLV�YDOXHV�IRU�DOO�WHVWV�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�WDEOHV��7KH�1&$03�UHFRPPHQGHG�
%�EDVLV� YDOXHV�PHHW� DOO� UHTXLUHPHQWV� RI�&0+�����*�� �+RZHYHU�� QRW� DOO� WHVW� GDWD�PHHWV� WKRVH�
UHTXLUHPHQWV��7KH�VXPPDU\�WDEOHV�SURYLGH�D�FRPSOHWH� OLVWLQJ�RI�DOO�FRPSXWHG�EDVLV�YDOXHV�DQG�
HVWLPDWHV�RI�EDVLV�YDOXHV��'DWD�WKDW�GRHV�QRW�PHHW�WKH�UHTXLUHPHQWV�RI�&0+�����*�DUH�VKRZQ�LQ�
VKDGHG�ER[HV�DQG�ODEHOHG�DV�HVWLPDWHV��%DVLV�YDOXHV�FRPSXWHG�ZLWK�WKH�PRGLILHG�FRHIILFLHQW�RI�
YDULDWLRQ� �&9��DUH�SUHVHQWHG�ZKHQHYHU�SRVVLEOH��%DVLV�YDOXHV�DQG�HVWLPDWHV�FRPSXWHG�ZLWKRXW�
WKDW�PRGLILFDWLRQ�DUH�SUHVHQWHG�IRU�DOO�WHVWV��
�

3.1 NCAMP Recommended B-basis Values  

7KH� IROORZLQJ� UXOHV� DUH� XVHG� LQ� GHWHUPLQLQJ� ZKDW� %�EDVLV� YDOXH�� LI� DQ\�� LV� LQFOXGHG� LQ� WDEOHV�
7DEOH�����DQG�7DEOH�����RI�UHFRPPHQGHG�YDOXHV��
�

�� 5HFRPPHQGHG� YDOXHV� DUH� 1(9(5� HVWLPDWHV��� 2QO\� %�EDVLV� YDOXHV� WKDW� PHHW� DOO�
UHTXLUHPHQWV�RI�&0+�����*�DUH�UHFRPPHQGHG��

�� 0RGLILHG�&9�EDVLV�YDOXHV�DUH�SUHIHUUHG���5HFRPPHQGHG�YDOXHV�ZLOO�EH�WKH�PRGLILHG�
&9�EDVLV�YDOXH�ZKHQ�DYDLODEOH���7KH�&9�SURYLGHG�ZLWK�WKH�UHFRPPHQGHG�EDVLV�YDOXH�
ZLOO�EH�WKH�RQH�XVHG�LQ�WKH�FRPSXWDWLRQ�RI�WKH�EDVLV�YDOXH��

�� 2QO\�QRUPDOL]HG�EDVLV�YDOXHV�DUH�JLYHQ�IRU�SURSHUWLHV�WKDW�DUH�QRUPDOL]HG����
�� $129$�%�EDVLV�YDOXHV�DUH�QRW�UHFRPPHQGHG�VLQFH�RQO\�WKUHH�EDWFKHV�RI�PDWHULDO�DUH�

DYDLODEOH�DQG�&0+�����*�UHFRPPHQGV�WKDW�QR�OHVV�WKDQ�ILYH�EDWFKHV�EH�XVHG�ZKHQ�
FRPSXWLQJ�EDVLV�YDOXHV�ZLWK�WKH�$129$�PHWKRG��

�� %DVLV�YDOXHV�RI�����RU�PRUH�RI�WKH�PHDQ�YDOXH�LPSO\�WKDW�WKH�&9�LV�XQXVXDOO\�ORZ�
DQG�PD\�QRW�EH�FRQVHUYDWLYH��&DXWLRQ�LV�UHFRPPHQGHG�ZLWK�%�%DVLV�YDOXHV�FDOFXODWHG�
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Lamina Strength Tests

0.2% 
Offset

5% 
Strain

B-basis 168.3 304.4 34.81 NA:A 6.159 11.58 15.34 210.7 91.28
Mean 188.5 358.9 39.49 15.29 6.834 13.14 16.77 232.2 102.2
CV 7.130 7.875 6.000 7.959 6.000 6.000 6.000 6.000 7.130
B-basis 157.5 285.3 27.12 12.08 4.763 8.379 12.67 179.6 NA:A 85.31
Mean 177.8 336.8 30.76 13.68 5.437 9.505 14.10 201.1 20.56 96.29
CV 6.479 8.842 6.000 6.000 6.000 6.000 6.000 6.303 7.201 6.479
B-basis 108.0 NA:A 15.21 5.951 1.519 4.025 6.727 116.8 57.81
Mean 128.2 364.6 17.20 6.750 1.800 4.565 8.161 138.3 68.78
CV 6.913 8.556 6.000 6.000 8.106 6.000 6.000 6.802 6.913

Notes:  The modified CV B-basis value is recommended when available.  
         The CV provided corresponds with the B-basis value given. 
           NA implies that tests were run but data did not meet NCAMP recommended requirements.
            "NA: A" indicates ANOVA with 3 batches,  "NA: I" indicates insufficient data, 
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3.2 Lamina and Laminate Summary Tables    
Material: Toray Cetex® TC1225 (LM PAEK) T700GC 12k T1E Unitape 145 gsm 34% RC 

Material Specification: NMS 122/1

Process Specification: NPS 81225

Fabric: T700GC-12K-T1E Resin: TC1225 PAEK

DMA,Tg(ambient): 288.06°F DSC, Tg(ambient): 288.84°F Tg METHOD: DMA (ASTM D7028) &

DMA,Tg(wet): 272.62°F DSC, Melt Temperature (Peak): 582.88°F DSC (ASTM D3418)

DSC, Hot Crystallization Temperature (Peak): 474.11°F

Fiber Lot
Date of fiber manufacture Date of testing 4/2/2019 - 10/08/2019
Resin Lot Date of data submittal
Date of resin manufacture Date of analysis 8/1/2019 - 11/18/2019
Prepreg Lot
Date of prepreg manufacture
Date of composite manufacture

B-Basis
Modif ied 

CV B-basis
Mean B-Basis

Modif ied CV 
B-basis

Mean B-Basis
Modif ied 

CV B-basis
Mean B-Basis

Modified 
CV B-basis

Mean B-Basis
Modif ied 

CV B-basis
Mean

322.1 321.6 370.7 302.8 302.2 351.3 248.8 322.0 371.1 262.6 235.1 309.8 275.7 258.2 340.2

(307.3) (304.4) (358.9) (285.3) NA (336.8) (197.1) NA (364.6) (257.8) (228.6) (301.2) (251.7) (242.1) (318.9)

19.14 18.93 18.36 18.86 18.43

(18.49) (18.10) (17.93) (18.33) (17.27)

0.3331 0.3371 0.3253 0.5033 0.3744

8.702 NA 15.29 11.06 12.08 13.68 5.850 5.951 6.750 2.887 2.410 3.093 5.655 4.490 5.916

1.410 1.318 1.010 0.2574 0.7640

176.0 173.5 192.9 164.3 161.8 181.3 116.8 109.6 129.1 39.55 36.51 48.10 73.50 NA 119.4

(169.6) (168.3) (188.5) (158.8) (157.5) (177.8) (113.5) (108.0) (128.2) (39.83) (37.14) (48.93) (76.21) NA (120.9)

17.30 16.94 17.13 16.43 16.63

(16.41) (15.81) (16.06) (15.52) (15.85)

0.3647 0.3633 0.3614 0.3795 0.3423

38.34 34.81 39.49 29.60 27.12 30.76 16.06 15.21 17.20 6.390 5.898 7.435 13.97 11.92 15.70

1.413 1.340 1.187 0.337 1.009

12.04 11.58 13.14 9.280 8.379 9.505 4.218 4.025 4.565 NA NA NA 3.373 2.861 3.770

6.270 6.159 6.834 5.179 4.763 5.437 1.519 NA 1.800 0.4929 0.4210 0.5403 0.6990 NA 1.341

0.7326 0.6739 0.4790 0.09234 0.3746

205.2 217.0 242.1 160.0 186.1 211.2 94.98 NA 145.4 *** 107.2 86.79 114.3

(220.8) (210.7) (232.2) (149.3) (179.6) (201.1) (123.0) (116.8) (138.3) *** (105.2) (84.36) (111.1)

18.45 18.17 21.24

(13.79) NA (20.56)

93.04 93.73 104.2 89.41 87.18 97.68 62.37 58.43 68.93 20.18 18.62 24.54 38.95 39.09 63.30

(89.73) (91.28) (102.2) (86.86) (85.31) (96.29) (60.87) (57.81) (68.78) (20.34) (18.97) (24.99) (40.50) (40.63) (64.27)

9.497 9.364 9.184 8.681 9.037

(9.307) (9.239) (9.163) (8.839) (9.179)

15.54 15.34 16.77 13.39 12.67 14.10 6.363 6.727 8.161 *** 6.565 5.621 7.406

* Derived from cross-ply using back-out factor
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4. Test Results, Statistics, Basis Values, and Graphs  

7HVW�GDWD�IRU�ILEHU�GRPLQDWHG�SURSHUWLHV�ZDV�QRUPDOL]HG�DFFRUGLQJ�WR�QRPLQDO�FRQVROLGDWHG�SO\�
WKLFNQHVV���%RWK�QRUPDOL]HG�DQG�DV�PHDVXUHG�VWDWLVWLFV�ZHUH�LQFOXGHG�LQ�WKH�WDEOHV��EXW�RQO\�WKH�
QRUPDOL]HG� GDWD� YDOXHV� ZHUH� JUDSKHG�� 7HVW� IDLOXUHV�� RXWOLHUV� DQG� H[SODQDWLRQV� UHJDUGLQJ�
FRPSXWDWLRQDO�FKRLFHV�ZHUH�QRWHG�LQ�WKH�DFFRPSDQ\LQJ�WH[W�IRU�HDFK�WHVW����
�
$OO�LQGLYLGXDO�VSHFLPHQ�UHVXOWV�DUH�JUDSKHG�IRU�HDFK�WHVW�E\�EDWFK�DQG�HQYLURQPHQWDO�FRQGLWLRQ�
ZLWK�D�OLQH�LQGLFDWLQJ�WKH�UHFRPPHQGHG�EDVLV�YDOXHV�IRU�HDFK�HQYLURQPHQWDO�FRQGLWLRQ���7KH�GDWD�
LV� MLWWHUHG� �PRYHG� VOLJKWO\� WR� WKH� OHIW� RU� ULJKW�� LQ� RUGHU� IRU� DOO� VSHFLPHQ� YDOXHV� WR� EH� FOHDUO\�
YLVLEOH�� �7KH�VWUHQJWK�YDOXHV�DUH�DOZD\V�JUDSKHG�RQ� WKH�YHUWLFDO�D[LV�ZLWK� WKH�VFDOH�DGMXVWHG� WR�
LQFOXGH�DOO�GDWD�YDOXHV�DQG�WKHLU�FRUUHVSRQGLQJ�EDVLV�YDOXHV���7KH�YHUWLFDO�D[LV�PD\�QRW�LQFOXGH�
]HUR�� �7KH�KRUL]RQWDO� D[LV� YDOXHV�ZLOO� YDU\� GHSHQGLQJ� RQ� WKH� GDWD� DQG� KRZ�PXFK� RYHUODSSLQJ�
WKHUH�ZDV�RI�WKH�GDWD�ZLWKLQ�DQG�EHWZHHQ�EDWFKHV�� �:KHQ�WKHUH�ZDV�OLWWOH�YDULDWLRQ��WKH�EDWFKHV�
ZHUH�JUDSKHG�IURP�OHIW�WR�ULJKW��7KH�HQYLURQPHQWDO�FRQGLWLRQV�ZHUH�LGHQWLILHG�E\�WKH�VKDSH�DQG�
FRORU�RI�WKH�V\PERO�XVHG�WR�SORW�WKH�GDWD���2WKHUZLVH��WKH�HQYLURQPHQWDO�FRQGLWLRQV�ZHUH�JUDSKHG�
IURP�OHIW�WR�ULJKW�DQG�WKH�EDWFKHV�ZHUH�LGHQWLILHG�E\�WKH�VKDSH�DQG�FRORU�RI�WKH�V\PERO����
�
:KHQ�D�GDWDVHW�IDLOV�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH��$'.��WHVW�IRU�EDWFK�WR�EDWFK�YDULDWLRQ��DQ�
$129$�DQDO\VLV� LV� UHTXLUHG�� � ,Q� RUGHU� IRU�%�EDVLV� YDOXHV� WR� EH� FRPSXWHG�XVLQJ� WKH�$129$�
PHWKRG�� GDWD� IURP� ILYH� EDWFKHV� DUH� UHTXLUHG�� � 6LQFH� WKLV� TXDOLILFDWLRQ� GDWDVHW� KDV� RQO\� WKUHH�
EDWFKHV��WKH�EDVLV�YDOXHV�FRPSXWHG�XVLQJ�$129$�DUH�FRQVLGHUHG�HVWLPDWHV�RQO\���+RZHYHU��WKH�
EDVLV� YDOXHV� UHVXOWLQJ� IURP� WKH� $129$� PHWKRG� XVLQJ� RQO\� WKUHH� EDWFKHV� PD\� EH� RYHUO\�
FRQVHUYDWLYH���7KH�$'.�WHVW�LV�SHUIRUPHG�DJDLQ�DIWHU�D�WUDQVIRUPDWLRQ�RI�WKH�GDWD�DFFRUGLQJ�WR�
WKH�DVVXPSWLRQV�RI� WKH�PRGLILHG�&9�PHWKRG� �VHH� VHFWLRQ������� IRU�GHWDLOV��� � ,I� WKH�GDWDVHW� VWLOO�
SDVVHV�WKH�$'.�WHVW�DW�WKLV�SRLQW��PRGLILHG�&9�EDVLV�YDOXHV�DUH�SURYLGHG���,I�WKH�GDWDVHW�GRHV�QRW�
SDVV�WKH�$'.�WHVW�DIWHU�WKH�WUDQVIRUPDWLRQ��HVWLPDWHV�PD\�EH�FR
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4.1 Longitudinal Tension (LT) 

7KH� /7� GDWD� LV� QRUPDOL]HG�� 2QO\� RQH� EDWFK� RI� PDWHULDO� ZDV� WHVWHG� LQ� WKH� (7$�� DQG� (7:�
HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�HVWLPDWHV�RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
�
7KH� &7$� DQG� 57$� FRQGLWLRQV� PHW� DOO� UHTXLUHPHQWV� IRU� SRROLQJ�� EXW� DIWHU� WKH� PRGLILHG� &9�
WUDQVIRUPDWLRQ��WKH�SRROHG�GDWDVHW�IRU�QRUPDOL]HG�&7$�DQG�57$�FRQGLWLRQV�IDLOHG�WKH�QRUPDOLW\�
WHVW�� VR� SRROLQJ� ZDV� QRW� DSSURSULDWH� IRU� WKH� PRGLILHG� &9� EDVLV� YDOXHV�� 7KH� 57$� DQG� (7$��
FRQGLWLRQV�IRU�QRUPDOL]HG�GDWDVHW�KDG�D�&9�JUHDWHU�WKDQ�����VR�QR�PRGLILHG�&9�EDVLV�YDOXHV�DUH�
SURYLGHG�IRU�WKRVH�FRQGLWLRQV��
�
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 18.49 18.10 17.93 18.33 17.27 19.14 18.93 18.36 18.86 18.43

Stdev 0.5709 0.6202 0.6770 0.4136 0.2053 0.4001 0.4288 0.4488 0.3967 0.3645

CV 3.088 3.427 3.776 2.256 1.188 2.090 2.265 2.445 2.104 1.978

Mod CV 6.000 6.000 6.000 8.000 8.000 6.000 6.000 6.000 8.000 8.000

Min 17.33 16.92 16.70 17.80 17.12 18.61 18.41 17.54 18.38 17.78

Max 19.56 19.28 19.02 18.82 17.60 19.90 20.02 19.04 19.39 18.77

No. Batches 3 3 3 1 1 3 3 3 1 1

No. Spec. 18 18 18 6 6 18 18 18 6 6

Longitudinal Tension Modulus Statistics
Normalized As-measured

�
Table 4-2: Statistics from LT Modulus data 

�
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4.2 Transverse Tension (TT)  

7UDQVYHUVH�7HQVLRQ� GDWD� LV� QRW� QRUPDOL]HG� IRU� XQLGLUHFWLRQDO� WDSH��2QO\� RQH� EDWFK� RI�PDWHULDO�
ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�HVWLPDWHV�RI�EDVLV�YDOXHV�DUH�
DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
�
7KH�&7$��57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV�IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�
WHVW�� IRU� EDWFK� WR� EDWFK� YDULDELOLW\�� ZKLFK� PHDQV� WKDW� SRROLQJ� DFURVV� HQYLURQPHQWV� ZDV� QRW�
DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ�
��EDWFKHV��WKLV�LV�FRQVLGHUHG�DQ�HVWLPDWH��7KH�57$�DQG�(7$��GDWDVHWV��EXW�QRW�WKH�&7$�GDWDVHW��
SDVVHG� WKH�$'.�WHVW�DIWHU� WKH�PRGLILHG�&9�WUDQVIRUPDWLRQ�ZDV�DSSOLHG�� VR�PRGLILHG�&9�EDVLV�
YDOXHV�DUH�SURYLGHG�IRU�WKH�57$�DQG�(7$��GDWDVHWV�EXW�QRW�WKH�&7$�GDWDVHW����
�
7KHUH�ZHUH�WZR�RXWOLHUV��7KH�VPDOOHVW�YDOXH�LQ�EDWFK�WKUHH�RI�WKH�&7$�GDWDVHW�ZDV�DQ�RXWOLHU�IRU�
WKH�&7$�FRQGLWLRQ��EXW�QRW�EDWFK�WKUHH��7KH�ODUJHVW�YDOXH�LQ�EDWFK�WZR�IRU�WKH�(7$��GDWDVHW�ZDV�
DQ� RXWOLHU� IRU� EDWFK� WZR�� EXW� QRW� IRU� WKH� (7$�� FRQGLWLRQ�� %RWK� RXWOLHUV� ZHUH� UHWDLQHG� IRU� WKLV�
DQDO\VLV���
�
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 15.29 13.68 6.750 3.093 5.916

Stdev 1.217 0.5464 0.2050 0.07420 0.08599

CV 7.959 3.995 3.037 2.399 1.454

Mod CV 7.979 6.000 6.000 8.000 8.000

Min 12.01 12.26 6.368 3.013 5.802

Max 16.85 14.59 7.196 3.191 6.030

No. Batches 3 3 3 1 1

No. Spec. 19 19 18 7 6

B-estimate 8.702 11.06 5.850 2.887 5.655

A-estimate 4.000 9.186 5.208 2.742 5.470

Method ANOVA ANOVA ANOVA Normal Normal

B-basis Value 12.08 5.951

B-estimate 2.410 4.490
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 188.5 177.8 128.2 48.93 120.9 192.9 181.3 129.1 48.10 119.4

Stdev 11.80 8.816 7.473 3.007 14.77 10.57 7.771 6.216 2.821 15.17

CV 6.259 4.958 5.827 6.144 12.21 5.482 4.287 4.816 5.864 12.70

Mod CV 7.130 6.479 6.913 8.000 12.21 6.741 6.143 6.408 8.000 12.70
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4.4 Transverse Compression (TC) 

7UDQVYHUVH� &RPSUHVVLRQ� GDWD� LV� QRW� QRUPDOL]HG� IRU� XQLGLUHFWLRQDO� WDSH�� 2QO\� RQH� EDWFK� RI�
PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�HVWLPDWHV�RI�EDVLV�
YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
�
7KH� &7$�� 57$� DQG� (7$�� FRQGLWLRQV� FRXOG� EH� SRROHG� WRJHWKHU�� EXW� ZKHQ� WKH� GDWD� ZDV�
WUDQVIRUPHG�IRU� WKH�PRGLILHG�&9�DSSURDFK�� WKH�GDWDVHW� IDLOHG�/HYHQH
V� WHVW�VR�SRROLQJ�ZDV�QRW�
DSSURSULDWH�IRU�WKH�PRGLILHG�&9�EDVLV�YDOXHV��7KHUH�ZHUH�QR�VWDWLVWLFDO�RXWOLHUV���
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�7&�VWUHQJWK�GDWD�LQ�7DEOH�����DQG�PRGXOXV�
GDWD�LQ�7DEOH������7KH�DV�PHDVXUHG�GDWD��%�HVWLPDWHV��DQG�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�
LQ�)LJXUH������
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 39.49 30.76 17.20 7.435 15.70
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4.5 Lamina Short-Beam Strength (SBS) 

7KH�/DPLQD�6KRUW�%HDP�6WUHQJWK�GDWD�LV�QRW�DYDLODEOH�GXH�WR�XQDFFHSWDEOH�IDLOXUH�PRGH���
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4.7 0˚ Flexural Test (0FLEX, Proc. A) 

7KH��)/(;�GDWD�LV�QRUPDOL]HG��2QO\�RQH�EDWFK�RI�PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7:�HQYLURQPHQWDO�
FRQGLWLRQ��VR�RQO\�HVWLPDWHV�RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKDW�FRQGLWLRQV��7KH�(7$��GDWD�LV�
QRW�DYDLODEOH�GXH�WR�XQDFFHSWDEOH�IDLOXUH�PRGH��
�
7KH� QRUPDOL]HG� 57$� GDWDVHW� DQG� WKH� DV�PHDVXUHG� &7$�� 57$� DQG� (7$�� GDWDVHWV� IDLOHG� WKH�
$QGHUVRQ� 'DUOLQJ� N�VDPSOH� WHVW� �$'.� WHVW�� IRU� EDWFK� WR� EDWFK� YDULDELOLW\�� ZKLFK� PHDQV� WKDW�
SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�
WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�LV�FRQVLGHUHG�DQ�HVWLPDWH����
�
2QO\� WKH� DV�PHDVXUHG� (7$�� GDWDVHW� IDLOHG� WR� SDVV� WKH� $'.� WHVW� DIWHU� WKH� PRGLILHG� &9�
WUDQVIRUPDWLRQ� ZDV� DSSOLHG�� VR� QR� PRGLILHG� &9� EDVLV� YDOXHV� DUH� SURYLGHG� IRU� WKDW� GDWDVHW��
3RROLQJ� DFURVV� WKH� FRQGLWLRQV� ZDV� DSSURSULDWH� WR� FRPSXWH� PRGLILHG� &9� EDVLV� YDOXHV� IRU� WKH�
UHPDLQLQJ�GDWDVHW���
�
7KHUH�ZHUH�QR�VWDWLVWLFDO�RXWOLHUV��
�
6WDWLVWLFV��HVWLPDWHV�DQG�EDVLV�YDOXHV�DUH�JLYHQ�IRU�WKH��)/(;�QRUPDOL]HG�VWUHQJWK�GDWD�LQ�7DEOH�
���� DQG� DV�PHDVXUHG� VWUHQJWK�GDWD� LQ�7DEOH� ������7KH�QRUPDOL]HG�GDWD��%�EDVLV� YDOXHV� DQG�%�
HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�������
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETW (275⁰ F)

Mean 232.2 201.1 138.3 111.1

Stdev 5.770 9.265 7.752 1.959

CV 2.485 4.607 5.605 1.763

Modified CV 6.000 6.303 6.802 8.000

Min 224.8 183.9 120.1 107.8

Max 245.1 215.8 149.0 113.7



May 14, 2021    NCP-RP-2019-011 Rev A 
�

3DJH����RI�����
�

4.8 90˚ Flexural Test (90FLEX, Proc. A) 

7KH���)/(;�GDWD�LV�QRUPDOL]HG��2QO\�RQH�HQYLURQPHQWDO�FRQGLWLRQ�ZDV�WHVWHG��57$��7KH�RQO\�
SURSHUW\�UHSRUWHG�LV�6WUHQJWK���
�
7KH�QRUPDOL]HG�57$�GDWDVHW�IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�
EDWFK� YDULDELOLW\�� ZKLFK� PHDQV� WKDW� &0+���� 5HY� *� JXLGHOLQHV� UHTXLUHG� XVLQJ� WKH� $129$�
DQDO\VLV��:LWK�IHZHU� WKDQ���EDWFKHV�� WKLV� LV�FRQVLGHUHG�DQ�HVWLPDWH��0RGLILHG�&9�YDOXHV�FRXOG�
QRW�EH�UHSRUWHG�IRU�QRUPDOL]HG�GDWD�DV�LW�IDLOHG�WKH�$'.�WHVW�HYHQ�DIWHU�WKH�GDWD�ZDV�WUDQVIRUPHG�
WR�PHHW�WKH�DVVXPSWLRQV�RI�WKH�PRGLILHG�&9�PHWKRG���
�
7KHUH�ZHUH�QR�VWDWLVWLFDO�RXWOLHUV��
�
6WDWLVWLFV��HVWLPDWHV�DQG�EDVLV�YDOXHV�DUH�JLYHQ�IRU�WKH���)/(;�VWUHQJWK�GDWD�LQ�7DEOH�������7KH�
QRUPDOL]HG�GDWD��%�EDVLV�YDOXHV�DQG�%�HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�������
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Figure 4-6: Batch plot for 90FL
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RTA (70⁰ F) Normalized As-Measured

Mean 20.56 21.24

Stdev 1.480 1.416

CV 7.201 6.664

Modified CV 7.601 7.332

Min 18.07 19.06

Max 23.12 23.79

No. Batches 3 3

No. Spec. 18 18

B-basis Value 18.45

B-estimate 13.79

A-estimate 8.972 16.47
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4.9 In-Plane Shear (IPS)  

,Q�3ODQH�6KHDU�GDWD�LV�QRW�QRUPDOL]HG��'DWD�LV�UHSRUWHG�RQ�WKUH
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Figure 4-7: Batch plot for IPS for 0.2% Offset Strength and Strength at 5% Strain as-measured 

 

Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETW (275⁰ F)

Mean 6.834 5.437 1.800 0.5403 1.341 13.14 9.505 4.565 3.770

Stdev 0.1099 0.1988 0.1459 0.01707 0.2120 0.2097 0.1142 0.1757 0.1310

CV 1.609 3.656 8.106 3.160 15.81 1.596 1.201 3.849 3.476

Mod CV 6.000 6.000 8.106 8.000 15.81 6.000 6.000 6.000 8.000

Min 6.650 5.231 1.436 0.5162 1.151 12.81 9.353 4.120 3.541

Max 7.044 6.089 1.994 0.5635 1.745 13.53 9.760 4.781 3.921

No. Batches 3 3 3 1 1 3 3 3 1

No. Spec. 18 18 18 7 6 18 18 18 6

B-basis Value 5.179 1.519 9.280 4.218
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4.10 In-Plane (Interlaminar) Shear Double Notch (Round) Shear Strength 
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Env RTA (70⁰ F) ETA1 (275⁰ F) ETW (275⁰ F)

Mean 12.09 6.964 6.265

Stdev 0.4804 0.3927 0.2343

CV 3.972 5.638 3.739

Mod CV 6.000 6.819 8.000

Min 11.02 6.262 5.911

Max 12.73 7.874 6.525

No. Batches 3 3 1

No. Spec. 18 19 6

B-basis Value 6.244

B-estimate 9.960 5.555

A-estimate 8.440 5.785 5.051

Method ANOVA Lognormal Normal

B-basis Value 10.984 5.862

B-estimate 4.755

A-estimate 10.232 5.108 3.722

Method pooled pooled Norma
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4.13 “10/80/10” Unnotched Tension 2 (UNT2) 

7KH�817��GDWD�LV�QRUPDOL]HG���'DWD�LV�UHSRUWHG�RQ�WZR�SURSHUWLHV��6WUHQJWK�DQG�0RGXOXV��7KH�
&7$��57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��IDLOHG�WKH�$QGHUVRQ�
'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�SRROLQJ�DFURVV�
HQYLURQPHQWV� ZDV� QRW� DFFHSWDEOH� DQG� &0+���� 5HY� *� JXLGHOLQHV� UHTXLUHG� XVLQJ� WKH� $129$�
DQDO\VLV�� :LWK� IHZHU� WKDQ� �� EDWFKHV�� WKLV� LV� FRQVLGHUHG� DQ� HVWLPDWH�� 7KH� (7$�� GDWDVHW�� ERWK�
QRUPDOL]HG� DQG� DV�PHDVXUHG�� DQG� WKH� QRUPDOL]HG� &7$� GDWDVHW� SDVVHG� WKH� $'.� WHVW� DIWHU� WKH�
PRGLILHG�&9� WUDQVIRUPDWLRQ�ZDV� DSSOLHG�� VR�PRGLILHG�&9�EDVLV� YDOXHV� DUH� SURYLGHG� IRU� WKRVH�
GDWDVHWV����
�
7KHUH�ZDV�RQH�RXWOLHU��7KH�ODUJHVW�YDOXH�LQ�EDWFK�WKUHH�IRU�WKH�(7$��HQYLURQPHQW�ZDV�DQ�RXWOLHU�
IRU� EDWFK� WKUHH� DQG� IRU� WKH�(7$��FRQGLWLRQ�� ,W�ZDV� DQ�RXWOLHU� IRU� ERWK� WKH�QRUPDOL]HG� DQG� DV�
PHDVXUHG�GDWDVHWV���,W�ZDV�UHWDLQHG�IRU�WKLV�DQDO\VLV���
�
6WDWLVWLFV�� EDVLV� YDOXHV� DQG� HVWLPDWHV� DUH� JLYHQ� IRU� WKH� 817�� VWUHQJWK� GDWD� LQ� 7DEOH� ����� DQG�
PRGXOXV� GDWD� LQ� 7DEOH� ������ 7KH� QRUPDOL]HG� GDWD�� %�HVWLPDWHV� DQG� %�EDVLV� YDOXHV� DUH� VKRZQ�
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4.14 “50/40/10” Unnotched Tension 3 (UNT3) 

7KH�817��GDWD�LV�QRUPDOL]HG���'DWD�LV�UHSRUWHG�RQ�WZR�SURSHUWLHV���6WUHQJWK�DQG�0RGXOXV�����
7KH�&7$��57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��IDLOHG�WKH�
$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�
SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�
WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�LV�FRQVLGHUHG�DQ�HVWLPDWH���2QO\�WKH�
QRUPDOL]HG�57$�GDWDVHW�SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�PRGLILHG�&9�WUDQVIRUPDWLRQ�ZDV�DSSOLHG��
VR�PRGLILHG�&9�EDVLV�YDOXHV�DUH�SURYLGHG�RQO\�IRU�WKDW�GDWDVHW����
�
7KHUH�ZDV�RQH�RXWOLHU��7KH�ODUJHVW�YDOXH�LQ�EDWFK�WZR�RI�WKH�&7$�QRUPDOL]HG�GDWDVHW�ZDV�DQ�
RXWOLHU�IRU�EDWFK�WZR��EXW�QRW�IRU�WKH�&7$�FRQGLWLRQ��,W�ZDV�QRW�DQ�RXWOLHU�LQ�WKH�DV�PHDVXUHG�
GDWDVHW��,W�ZDV�UHWDLQHG�IRU�WKLV�DQDO\VLV���
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�817��VWUHQJWK�GDWD�LQ�7DEOH������DQG�
PRGXOXV�GDWD�LQ�7DEOH�������7KH�QRUPDOL]HG�GDWD��%�EDVLV�YDOXHV�DQG�%�HVWLPDWHV�DUH�VKRZQ�
JUDSKLFDOO\�LQ�)LJXUH���������
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Figure 4-12: Batch Plot for UNT3 Strength normalized 
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4.15  “50/0/50” Unnotched Compression 0/90 (UNC0) 

7KH�81&��GDWD�LV�QRUPDOL]HG���'DWD�LV�UHSRUWHG�RQ�WZR�SURSHUWLHV��6WUHQJWK�DQG�0RGXOXV��2QO\�
RQH�EDWFK�RI�PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�
HVWLPDWHV�RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
�
3RROLQJ�DFURVV�FRQGLWLRQV�ZDV�QRW�SHUPLVVLEOH�GXH�WR�IDLOXUH�RI�/HYHQH¶V�WHVW��EXW�WKHUH�ZHUH�QR�
RWKHU�GLDJQRVWLF�WHVW�IDLOXUHV��$IWHU�WKH�PRGLILHG�&9�WUDQVIRUPDWLRQ�ZDV�DSSOLHG�WR�WKH�GDWD��
SRROLQJ�UHTXLUHPHQWV�ZHUH�PHW��VR�PRGLILHG�&9�EDVLV�YDOXHV�ZHUH�FRPSXWHG�E\�SRROLQJ�WKH�
&7$��57$�DQG�(7$��FRQGLWLRQV��7KH�(7:�FRQGLWLRQ�KDG�D�&9�JUHDWHU�WKDQ�����VR�QR�PRGLILHG�
&9�EDVLV�YDOXHV�DUH�SURYLGHG�IRU�WKDW�FRQGLWLRQ��7KHUH�ZHUH�QR�VWDWLVWLFDO�RXWOLHUV��
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�81&��VWUHQJWK�GDWD�LQ�7DEOH������DQG�
PRGXOXV�GDWD�LQ�7DEOH�������7KH�QRUPDOL]HG�GDWD��%�HVWLPDWHV�DQG�%�EDVLV�YDOXHV�DUH�VKRZQ�
JUDSKLFDOO\�LQ�)LJXUH�������
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 102.2 96.29 68.78 24.99 64.27 104.2 97.68 68.93 24.54 63.30



May 14, 2021    NCP-RP-2019-011 Rev A 
�

3DJH����RI�����
�

4.16 “25/50/25” Unnotched Compression 1 (UNC1) 

7KH�81&��GDWD�LV�QRUPDOL]HG���'DWD�LV�UHSRUWHG�RQ�WZR�SURSHUWLHV���6WUHQJWK�DQG�0RGXOXV��2QO\�
RQH�EDWFK�RI�PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�
HVWLPDWHV�RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
��
7KHUH�ZHUH�QR�GLDJQRVWLF�WHVW�IDLOXUHV���7KH�57$�DQG�(7$��FRQGLWLRQV�FRXOG�EH�SRROHG���7KH�
(7$��FRQGLWLRQ�KDG�D�&9�JUHDWHU�WKDQ�����VR�QR�PRGLILHG�&9�EDVLV�YDOXHV�DUH�SURYLGHG�IRU�WKDW�
FRQGLWLRQ�����
�
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4.17 “10/80/10” Unnotched Compression 2 (UNC2) 

7KH�81&��GDWD�LV�QRUPDOL]HG���'DWD�LV�UHSRUWHG�RQ�WZR�SURSHUWLHV���6WUHQJWK�DQG�0RGXOXV���
�
7KHUH�ZHUH�QR�GLDJQRVWLF�IDLOXUHV�LQ�WKH�QRUPDOL]HG�GDWDVHW��EXW�SRROLQJ�DFURVV�FRQGLWLRQV�ZDV�
QRW�SHUPLVVLEOH�IRU�WKH�DV�PHDVXUHG�GDWDVHWV�GXH�WR�IDLOXUH�RI�/HYHQH¶V�WHVW����
�
7KHUH�ZDV�RQH�VWDWLVWLFDO�RXWOLHU���7KH�ODUJHVW�YDOXH�LQ�EDWFK�RQH�RI�WKH�QRUPDOL]HG�57$�GDWDVHW�
ZDV�DQ�RXWOLHU�IRU�EDWFK�RQH��EXW�QRW�IRU�WKH�57$�FRQGLWLRQ�DQG�QRW�IRU�WKH�DV�PHDVXUHG�GDWDVHW���
,W�ZDV�UHWDLQHG�IRU�WKLV�DQDO\VLV��
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�81&��VWUHQJWK�GDWD�LQ�7DEOH������DQG�
PRGXOXV�GDWD�LQ�7DEOH�������7KH�QRUPDOL]HG�GDWD�DQG�WKH�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�
LQ�)LJXUH���������
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Env RTA (70⁰ F) ETA1 (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F)

Mean 58.17 39.47 60.77 40.92

Stdev 3.737 2.437 4.058 1.958

CV 6.423 6.174 6.678 4.785

Modified CV 7.212 7.087 7.339 6.392

Min 50.46 34.89 51.73 37.04

Max 66.94 44.84 67.96 44.25

No. Batches 3 3 3 3

No. Spec. 18 18 18 18

B-basis Value 52.43 33.73 52.76 37.06

A-estimate 48.52 29.82 47.08 34.32

Method pooled pooled Normal Normal

B-basis Value 51.68 32.98 51.97 35.76

A-estimate 47.26 28.56 45.74 32.11

Method pooled pooled Normal Normal

As-measured

Unnotched Compression (UNC2) Strength Basis Values and 
Statistics

Basis Values and Estimates

Normalized 

Modified CV Basis Values and Estimates 

 
Table 4-26: Statistics and Basis 
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4.18 “50/40/10” Unnotched Compression 3 (UNC3) 

7KH�81&��GDWD�LV�QRUPDOL]HG���'DWD�LV�UHSRUWHG�RQ�WZR�SURSHUWLHV��6WUHQJWK�DQG�0RGXOXV���
�
7KH�QRUPDOL]HG�57$�FRQGLWLRQ�GDWDVHW�IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�
EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�
&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�
LV�FRQVLGHUHG�DQ�HVWLPDWH���7KH�QRUPDOL]HG�57$�GDWDVHW�SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�PRGLILHG�
&9�WUDQVIRUPDWLRQ�ZDV�DSSOLHG��VR�PRGLILHG�&9�EDVLV�YDOXHV�DUH�SURYLGHG�IRU�WKDW�GDWDVHW���
7KHUH�ZHUH�QR�RWKHU�GLDJQRVWLF�WHVW�IDLOXUHV���3RROLQJ�ZDV�DFFHSWDEOH�IRU�WKH�DV�PHDVXUHG�
GDWDVHWV�DQG�IRU�WKH�PRGLILHG�&9�DSSURDFK��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��
�
7KHUH�ZDV�RQH�RXWOLHU���7KH�ORZHVW�YDOXH�LQ�EDWFK�RQH�IRU�WKH�57$�HQYLURQPHQW�ZDV�DQ�RXWOLHU�
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Env RTA (70⁰ F) ETA1 (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F)

Mean 98.06 74.81 102.8 78.41

Stdev 5.584 3.541 4.412 3.002

CV 5.695 4.733 4.291 3.829

Modified CV 6.847 6.367 6.146 6.000

Min 90.95 68.94 94.82 71.87

Max 109.1 82.81 110.9 82.81

No. Batches 3 3 3 3

No. Spec. 18 18 18 18
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4.19  “25/50/25” Open-Hole Tension 1 (OHT1) 

7KH�2+7��GDWD�LV�QRUPDOL]HG��7KH�RQO\�SURSHUW\�PHDVXUHPHQW�UHSRUWHG�LV�VWUHQJWK��2QO\�RQH�
EDWFK�RI�PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�HVWLPDWHV�
RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
�
7KH�&7$��57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��IDLOHG�WKH�
$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�
SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�
WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�LV�FRQVLGHUHG�DQ�HVWLPDWH���2QO\�WKH�
QRUPDOL]HG�&7$�DQG�57$�GDWDVHWV�SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�GDWD�ZDV�WUDQVIRUPHG�IRU�WKH�
PRGLILHG�&9�PHWKRG��EXW�QRW�IRU�WKH�QRUPDOL]HG�(7$��DQG�WKH�DV�PHDVXUHG�&7$��57$�DQG�
(7$��GDWDVHWV��0RGLILHG�&9�EDVLV�YDOXHV�FDQ�EH�SURYLGHG�IRU�WKH�QRUPDOL]HG�&7$�DQG�57$�
FRQGLWLRQV�DQG�SRROLQJ�ZDV�DSSURSULDWH�IRU�WKH�PRGLILHG�&9�EDVLV�YDOXH�FRPSXWDWLRQV����
�
7KHUH�ZDV�RQH�RXWOLHU���7KH�ODUJHVW�YDOXH�LQ�EDWFK�RQH�RI�WKH�(7$��QRUPDOL]HG�GDWDVHW�ZDV�DQ�
RXWOLHU�IRU�EDWFK�RQH��EXW�QRW�IRU�WKH�(7$��FRQGLWLRQ�RU�WKH�DV�PHDVXUHG�GDWDVHW��,W�ZDV�UHWDLQHG�
IRU�WKLV�DQDO\VLV����
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�2+7��VWUHQJWK�GDWD�LQ�7DEOH�������7KH�
QRUPDOL]HG�GDWD��%�EDVLV�YDOXHV�DQG�%�HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�������
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 70.30 68.52 66.18 58.03 63.11 71.72 69.82 67.24 60.12 65.00

Stdev 2.931 3.227 3.836 1.281 1.608 3.903 4.287 5.125 1.623 1.759

CV 4.169 4.710 5.796 2.208 2.547 5.442 6.141 7.623 2.700 2.706

Modified CV 6.084 6.355 6.898 8.000 8.000 6.721 7.070 7.811 8.000 8.000

Min 65.42 63.82 61.50 56.55 60.97 66.24 63.21 59.29 57.80 63.12

Max 75.35 76.45 75.44 59.29 65.01 78.42 78.29 77.38 62.74 67.61

No. Batches 3 3 3 1 1 3 3 3 1 1

No. Spec. 19 18 18 6 6 19 18 18 6 6

B-estimate 51.62 53.57 42.54 54.15 58.24 45.99 44.84 34.56 55.20 59.68

A-estimate 38.28 42.90 25.68 51.39 54.77 27.62 27.02 11.24 51.71 55.89

Method ANOVA ANOVA ANOVA Normal Normal ANOVA ANOVA ANOVA Normal Normal

B-basis Value 62.49 60.68

B-estimate 44.04 47.90 45.63 49.34

A-estimate 57.16 55.35 34.47 37.49 35.72 38.62

Method pooled pooled Normal Normal Normal Normal

Normalized As-measured
Open-Hole Tension (OHT1) Strength Basis Values and Statistics

Basis Values and Estimates 

Modified CV Basis Values and Estimates

NA NA NA NA

�
Table 4-30: Statistics and Basis Values for OHT1 Strength data 
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4.20 “10/80/10” Open-Hole Tension 2 (OHT2) 

7KH�2+7��GDWD�LV�QRUPDOL]HG��7KH�RQO\�SURSHUW\�PHDVXUHPHQW�UHSRUWHG�LV�VWUHQJWK����
�
7KH�QRUPDOL]HG�&7$��57$�DQG�(7$��GDWDVHWV�KDG�QR�GLDJQRVWLF�WHVW�IDLOXUHV�DQG�PHW�DOO�
UHTXLUHPHQWV�IRU�SRROLQJ�WRJHWKHU���7KH�DV�PHDVXUHG�&7$��57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV�
IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�
WKDW�SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�
XVLQJ�WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�LV�FRQVLGHUHG�DQ�HVWLPDWH����$OO�WKUHH�
GDWDVHWV�SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�GDWD�ZDV�WUDQVIRUPHG�IRU�WKH�PRGLILHG�&9�PHWKRG��VR�
PRGLILHG�&9�EDVLV�YDOXHV�FDQ�EH�SURYLGHG�IRU�WKH�DV�PHDVXUHG�&7$��57$�DQG�(7$��GDWDVHWV���
3RROLQJ�ZDV�DSSURSULDWH�IRU�WKH�PRGLILHG�&9�EDVLV�YDOXH�FRPSXWDWLRQV����
�
7KHUH�ZDV�RQH�RXWOLHU���7KH�ORZHVW�YDOXH�LQ�EDWFK�WZR�RI�WKH�&7$�DV�PHDVXUHG�GDWDVHW�ZDV�DQ�
RXWOLHU�IRU�EDWFK�WZR��EXW�QRW�IRU�WKH�&7$�FRQGLWLRQ�RU�WKH�QRUPDOL]HG�GDWDVHW���,W�ZDV�UHWDLQHG�
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4.21 “50/40/10” Open-Hole Tension 3 (OHT3) 

7KH�2+7��GDWD�LV�QRUPDOL]HG��7KH�RQO\�SURSHUW\�PHDVXUHPHQW�UHSRUWHG�LV�VWUHQJWK����
�
7KH�&7$��57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��DOO�IDLOHG�WKH�
$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�
SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�
WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�LV�FRQVLGHUHG�DQ�HVWLPDWH��7KH�&7$�DQG�
57$�GDWDVHWV��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�GDWD�ZDV�
WUDQVIRUPHG�IRU�WKH�PRGLILHG�&9�PHWKRG��EXW�WKH�(7$��GDWDVHWV�GLG�QRW��0RGLILHG�&9�EDVLV�
YDOXHV�FDQ�EH�SURYLGHG�IRU�WKH�&7$�DQG�57$�FRQGLWLRQV�DQG�SRROLQJ�ZDV�DSSURSULDWH�IRU�WKH�
PRGLILHG�&9�EDVLV�YDOXH�FRPSXWDWLRQV����
�
7KHUH�ZHUH�WZR�RXWOLHUV��7KH�ODUJHVW�YDOXH�LQ�EDWFK�WKUHH�RI�WKH�&7$�DV�PHDVXUHG�GDWDVHW�ZDV�DQ�
RXWOLHU�IRU�EDWFK�WKUHH�EXW�QRW�IRU�WKH�&7$�FRQGLWLRQ�RU�WKH�QRUPDOL]HG�GDWDVHW��7KH�ODUJHVW�YDOXH�
LQ�EDWFK�WKUHH�RI�WKH�(7$��QRUPDOL]HG�GDWDVHW�ZDV�DQ�RXWOLHU�IRU�EDWFK�WKUHH�EXW�QRW�IRU�WKH�
(7$��FRQGLWLRQ�RU�WKH�DV�PHDVXUHG�GDWDVHW���%RWK�RXWOLHUV�ZHUH�UHWDLQHG�IRU�WKLV�DQDO\VLV��
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�2+7��VWUHQJWK�GDWD�LQ�7DEOH�������7KH�
QRUPDOL]HG�GDWD��%�HVWLPDWHV�DQG�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH���������
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F)

Mean 97.90 95.06 98.05 104.5 102.8 105.2

Stdev 4.107 4.363 4.844 4.276 4.398 5.117

CV 4.195 4.590 4.940 4.091 4.279 4.863

Modified CV 6.097 6.295 6.470 6.045 6.140 6.431

Min 92.48 86.06 90.90 99.05 94.24 98.64

Max 107.6 103.9 108.0 114.9 112.6 114.6

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 18 18 18 18

B-estimate 72.66 72.97 67.26 77.83 79.47 72.05

A-estimate 54.64 57.21 45.29 58.78 62.84 48.38

Method ANOVA ANOVA ANOVA ANOVA ANOVA ANOVA

B-basis Value 87.01 84.18 93.04 91.28

A-estimate 79.61 76.77 85.21 83.45

Method pooled pooled pooled pooled
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4.23 “10/80/10” Filled-Hole Tension 2 (FHT2)  

7KH� )+7�� GDWD� LV� QRUPDOL]HG�� 7KH� QRUPDOL]HG� 57$� GDWDVHW� IDLOHG� WKH� QRUPDOLW\� WHVW�� 7KH�
:HLEXOO�GLVWULEXWLRQ�SURYLGHG� WKH�EHVW� ILW� IRU� WKH�GDWD�� �7KH�QRUPDOL]HG�DQG�DV�PHDVXUHG�&7$�
GDWDVHWV� IDLOHG� WKH� $QGHUVRQ� 'DUOLQJ� N�VDPSOH� WHVW� �$'.� WHVW�� I
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4.24 “50/40/10” Filled-Hole Tension 3 (FHT3)  

7KH� )+7�� GDWD� LV� QRUPDOL]HG�� 7KH� QRUPDOL]HG� DQG� DV�PHDVXUHG� GDWDVHWV� IRU� DOO� WKUHH�
HQYLURQPHQWDO� FRQGLWLRQV� IDLOHG� WKH� $QGHUVRQ� 'DUOLQJ� N�VDPSOH� WHVW� �$'.� WHVW�� IRU� EDWFK� WR�
EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+�
��� 5HY� *� JXLGHOLQHV� UHTXLUHG� XVLQJ� WKH� $129$� DQDO\VLV�� :LWK� IHZHU� WKDQ� �� EDWFKHV�� WKLV� LV�
FRQVLGHUHG� DQ� HVWLPDWH�� 7KH� QRUPDOL]HG� &7$� DQG� 57$� GDWDVHWV� DQG� WKH� DV�PHDVXUHG� 57$�
GDWDVHW� SDVVHG� WKH� $'.� WHVW� DIWHU� WKH� GDWD� ZDV� WUDQVIRUPHG� IRU� WKH� PRGLILHG� &9� PHWKRG�� VR�
PRGLILHG� &9� EDVLV� YDOXHV� FDQ� EH� SURYLGHG�� 7KH� QRUPDOL]HG� &7$� DQG� 57$� GDWDVHWV� PHW� DOO�
UHTXLUHPHQWV�IRU�SRROLQJ�DFURVV�WKH�FRQGLWLRQV�IRU�WKH�PRGLILHG�&9�EDVLV�YDOXH�FRPSXWDWLRQV����
�
7KHUH�ZDV�RQH�RXWOLHU��7KH�ORZHVW�YDOXH�LQ�EDWFK�WZR�RI�WKH�DV�PHDVXUHG�(7$��GDWDVHW�ZDV�DQ�
RXWOLHU�IRU�EDWFK�WZR�EXW�QRW�IRU�WKH�(7$��FRQGLWLRQ�DQG�QRW�IRU�WKH�QRUPDOL]HG�GDWDVHW��,W�ZDV�
UHWDLQHG�IRU�WKLV�DQDO\VLV����
�
6WDWLVWLFV�� HVWLPDWHV� DQG�EDVLV� YDOXHV� DUH� JLYHQ� IRU� WKH�)+7�� VWUHQJWK�GDWD� LQ�7DEOH� ������7KH�
QRUPDOL]HG�GDWD��%�HVWLPDWHV�DQG�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�������
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Env CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) CTA (-65⁰ F) RTA (70⁰ F) ETA1 (275⁰ F)

Mean 97.61 93.20 95.04 103.0 99.81 102.1

Stdev 4.924 4.402 4.452 6.088 5.012 5.680

CV 5.044 4.723 4.684 5.912 5.022 5.564

Modified CV 6.522 6.362 6.342 6.956 6.511 6.782

Min 89.75 85.87 90.15 93.40 91.29 95.09

Max 106.6 102.3 103.8 114.8 110.4 111.2

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 18 18 18 18
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4.25 “25/50/25” Open-Hole Compression 1 (OHC1) 

7KH�2+&��GDWD� LV� QRUPDOL]HG��7KH�RQO\�SURSHUW\�PHDVXUHPHQW� UHSRUWHG� LV� VWUHQJWK��2QO\�RQH�
EDWFK�RI�PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�HVWLPDWHV�
RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV���
�
7KH�(7$��FRQGLWLRQ�GDWDVHWV��ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�
VDPSOH� WHVW� �$'.� WHVW�� IRU� EDWFK� WR� EDWFK� YDULDELOLW\�� ZKLFK� PHDQV� WKDW� SRROLQJ� DFURVV�
HQYLURQPHQWV� ZDV� QRW� DFFHSWDEOH� DQG� &0+���� 5HY� *� JXLGHOLQHV� UHTXLUHG� XVLQJ� WKH� $129$�
DQDO\VLV�� :LWK� IHZHU� WKDQ� �� EDWFKHV�� WKLV� LV� FRQVLGHUHG� DQ� HVWLPDWH�� %RWK� GDWDVHWV� SDVVHG� WKH�
$'.�WHVW�DIWHU�WKH�GDWD�ZDV�WUDQVIRUPHG�IRU�WKH�PRGLILHG�&9�PHWKRG���3RROLQJ�57$�DQG�(7$��
FRQGLWLRQV�ZDV�DSSURSULDWH�IRU�WKH�PRGLILHG�&9�EDVLV�YDOXH�FRPSXWDWLRQV����
�
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Environment

Cetex® TC1225 (LM PAEK) T700GC 12K T1E Unidirectional Tape 145 
gsm 34% RC Quasi Isotropic Open-Hole Compression (OHC1) 

Strength Normalized  

Batch 1 Batch 2 Batch 3

RTA B-Basis (Normal) ETA1 B-Estimate (ANOVA) Outliers

RTA B-Basis (Mod CV) ETA1 B-Basis (Mod CV) ETA2 B-Estimate (Normal)

ETA2 B-Estimate (Mod CV) ETW B-Estimate (Normal) ETW B-Estimate (Mod CV)  
Figure 4-23: Batch plot for OHC1 Strength normalized 

�

Env RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 45.79 34.00 17.38 29.19 47.33 34.96 17.77 29.93

Stdev 1.380 1.111 0.6432 0.3394 1.235 1.261 0.7136 0.6402

CV 3.014 3.268 3.701 1.163 2.610 3.607 4.015 2.139

Modified CV 6.000 6.000 8.000 8.000 6.000 6.000 8.000 8.000

Min 43.64 31.95 16.64 28.83 44.99 33.02 17.28 28.98

Max 47.95 35.99 18.47 29.72 48.95 37.47 19.19 30.74

No. Batches 3 3 1 1 3 3 1 1

No. Spec. 18 18 6 6 18 18 6 6

B-basis Value 43.07 44.89

B-estimate 28.35 15.43 28.17 27.74 16.40 27.99

A-estimate 41.14 24.32 14.05 27.43 43.16 22.58 10.72 26.61

Method Normal ANOVA Normal Normal Normal ANOVA
Non-

Parametric
Normal

B-basis Value 41.39 29.59 42.78 30.41

B-estimate 13.19 22.16 22.72

A-estimate 38.39 26.59 10.33 17.34 39.69 27.32 17.78

Method pooled pooled Normal Normal pooled pooled Normal

Normalized As-measured

Basis Values and Estimates 

Open-Hole Compression (OHC1) Strength Basis Values and Statistics 



May 14, 2021    NCP-RP-2019-011 Rev A 
�

3DJH����RI�����
�

4.26 “10/80/10” Open-Hole Compression 2 (OHC2) 

7KH� 2+&�� GDWD� LV� QRUPDOL]HG�� 7KH� RQO\� SURSHUW\� PHDVXUHPHQW� UHSRUWHG� LV� VWUHQJWK�� 7KH� DV�
PHDVXUHG�(7$��GDWDVHW�IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH�WHVW��$'.�WHVW��IRU�EDWFK�WR�EDWFK�
YDULDELOLW\��ZKLFK�PHDQV�WKDW�SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�
*�JXLGHOLQHV�UHTXLUHG�XVLQJ�WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ���EDWFKHV��WKLV�LV�FRQVLGHUHG�
DQ�HVWLPDWH��7KLV�GDWDVHW�SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�PRGLILHG�&9�WUDQVIRUPDWLRQ�ZDV�DSSOLHG��
VR�PRGLILHG�&9�EDVLV�YDOXHV�DUH�SURYLGHG�IRU� WKDW�GDWDVHW��7KHUH�ZHUH�QR�RWKHU�GLDJQRVWLF� WHVW�
IDLOXUHV���3RROLQJ�ZDV�DFFHSWDEOH�IRU�WKH�QRUPDOL]HG�GDWDVHWV�DQG�IRU�WKH�PRGLILHG�&9�DSSURDFK��
ERWK�QRUPDOL]HG�DQG�DV�PHDVXUHG��
�
7KHUH�ZDV�RQH�RXWOLHU��7KH�ODUJHVW�YDOXH�LQ�EDWFK�WZR�IRU�WKH�QRUPDOL]HG�(7$��GDWDVHW�ZDV�DQ�
RXWOLHU��,W�ZDV�DQ�RXWOLHU�RQO\�IRU�WKH�(7$��FRQGLWLRQ��EXW�QRW�IRU�WKH�EDWFK�WZR�DORQH�RU�WKH�DV�
PHDVXUHG�GDWDVHW��,W�ZDV�UHWDLQHG�IRU�WKLV�DQDO\VLV���
�
6WDWLVWLFV�� HVWLPDWHV�DQG�EDVLV�YDOXHV�DUH�JLYHQ� IRU� WKH�2+&��VWUHQJWK�GDWD� LQ�7DEOH�������7KH�
QRUPDOL]HG�GDWD�DQG�WKH�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH���������
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4.27 “50/40/10” Open-Hole Compression 3 (OHC3) 

7KH� 2+&�� GDWD� LV� QRUPDOL]HG�� 7KH� RQO\� SURSHUW\� PHDVXUHPHQW� UHSRUWHG� LV� VWUHQJWK�� 7KH�
QRUPDOL]HG� 57$� GDWDVHW� DQG� ERWK� WKH� QRUPDOL]HG� DQG� DV�PHDVXUHG� (7$�� GDWDVHWV� IDLOHG� WKH�
$QGHUVRQ� 'DUOLQJ� N�VDPSOH� WHVW� �$'.� WHVW�� IRU� EDWFK� WR� EDWFK� YDULDELOLW\�� ZKLFK� PHDQV� WKDW�
SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�DFFHSWDEOH�DQG�&0+����5HY�*
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Env RTA (70⁰ F) ETA1 (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F)

Mean 55.04 40.82 57.59 42.47

Stdev 1.038 0.8034 0.8612 1.448

CV 1.886 1.968 1.496 3.409

Modified CV 6.000 6.000 6.000 6.000

Min 52.64 39.19 56.16 40.35

Max 56.50 42.54 59.23 45.09

No. Batches 3 3 3 3

No. Spec. 18 18 18 18

B-basis Value 55.89

B-estimate 50.19 36.16 32.57

A-estimate 46.73 32.84 54.68 25.50
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4.28 “25/50/25” Filled-Hole Compression 1 (FHC1)  

7KH�)+&��GDWD� LV� QRUPDOL]HG��7KH� RQO\� SURSHUW\�PHDVXUHPHQW� UHSRUWHG� LV� VWUHQJWK��2QO\� RQH�
EDWFK�RI�PDWHULDO�ZDV�WHVWHG�LQ�WKH�(7$��DQG�(7:�HQYLURQPHQWDO�FRQGLWLRQV��VR�RQO\�HVWLPDWHV�
RI�EDVLV�YDOXHV�DUH�DYDLODEOH�IRU�WKRVH�FRQGLWLRQV��:KHQ�WKH�)+&��PHDQ�RU�EDVLV�YDOXH�LV�JUHDWHU�
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Env RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)
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4.29 “10/80/10” Filled-Hole Compression 2 (FHC2)  

7KH�)+&��GDWD� LV� QRUPDOL]HG��7KH�RQO\�SURSHUW\�PHDVXUHPHQW� UHSRUWHG� LV� VWUHQJWK��:KHQ� WKH�
)+&��PHDQ�RU�EDVLV�YDOXH�LV�JUHDWHU�WKDQ�WKH�FRUUHVSRQGLQJ�YDOXH�IRU�81&���WKH�)+&��GDWD�LV�
IRU�LQIRUPDWLRQDO�SXUSRVHV�RQO\�DQG�LW�PD\�QRW�VXEVWDQWLDO�HQRXJK�WR�EH�XVHG�IRU�GHVLJQ�����
�
7KH�QRUPDOL]HG�57$�FRQGLWLRQ�GDWDVHW�IDLOHG�WKH�$QGHUVRQ�'DUOLQ
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4.30 “50/40/10” Filled-Hole Compression 3 (FHC3)  

7KH�)+&��GDWD� LV� QRUPDOL]HG��7KH�RQO\�SURSHUW\�PHDVXUHPHQW� UHSRUWHG� LV� VWUHQJWK��:KHQ� WKH�
)+&��PHDQ�RU�EDVLV�YDOXH�LV�JUHDWHU�WKDQ�WKH�FRUUHVSRQGLQJ�YDOXH�IRU�81&���WKH�)+&��GDWD�LV�
IRU�LQIRUPDWLRQDO�SXUSRVHV�RQO\�DQG�LW�PD\�QRW�VXEVWDQWLDO�HQRXJK�WR�EH�XVHG�IRU�GHVLJQ����
�
7KH�DV�PHDVXUHG�57$�DQG�(7$��FRQGLWLRQ�GDWDVHWV�IDLOHG�WKH�$QGHUVRQ�'DUOLQJ�N�VDPSOH� WHVW�
�$'.�WHVW��IRU�EDWFK�WR�EDWFK�YDULDELOLW\��ZKLFK�PHDQV�WKDW�SRROLQJ�DFURVV�HQYLURQPHQWV�ZDV�QRW�
DFFHSWDEOH�DQG�&0+����5HY�*�JXLGHOLQHV�UHTXLUHG�XVLQJ�WKH�$129$�DQDO\VLV��:LWK�IHZHU�WKDQ�
��EDWFKHV�� WKLV� LV�FRQVLGHUHG�DQ�HVWLPDWH��%RWK�GDWDVHWV�SDVVHG�WKH�$'.�WHVW�DIWHU�WKH�GDWD�ZDV�
WUDQVIRUPHG�IRU�WKH�PRGLILHG�&9�PHWKRG�DQG�SRROLQJ�ZDV�DFFHSWDEOH��3RROLQJ�57$�DQG�(7$��
QRUPDOL]HG�GDWDVHWV�ZDV�DSSURSULDWH��7KHUH�ZHUH�QR�VWDWLVWLFDO�RXWOLHUV���
�
6WDWLVWLFV�� HVWLPDWHV� DQG�EDVLV�YDOXHV� DUH�JLYHQ� IRU� WKH�)+&�� VWUHQJWK�GDWD� LQ�7DEOH�������7KH�
QRUPDOL]HG�GDWD�DQG�WKH�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�������
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Figure 4-28: Batch plot for FHC3 Strength normalized 
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Env RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 100.9 84.98 50.58 88.12 107.2 89.28 52.32 91.08

Stdev 7.969 5.031 3.323 4.552 7.308 5.142 2.921 5.390

CV 7.900 5.920 6.569 5.166 6.820 5.759 5.582 5.918

Modified CV 7.950 6.960 8.000 8.000 7.410 6.880 8.000 8.000

Min 87.04 71.88 47.01 79.51 92.64 75.08 48.19 81.38

Max 113.8 94.02 55.75 92.57 119.5 96.56 56.36 96.52

No. Batches 3 3 1 1 3 3 1 1

No. Spec. 18 18 6 6 18 18 6 6

B-basis Value 75.05 95.65 77.77

B-estimate 68.72 40.52 74.33 43.47 74.75

A-estimate 45.80 68.01 33.36 64.53 87.82 69.94 37.18 63.14

Method ANOVA Normal Normal Normal pooled pooled Normal Normal

B-basis Value 88.05 72.15 94.23 76.35 39.71 69.13

B-estimate 38.39 66.88

A-estimate 79.32 63.41 30.05 52.35 85.44 67.55 31.08 54.11

Method pooled pooled Normal Normal pooled pooled Normal Normal

Single Shear Bearing (SSB1 Proc. C) 2% Offset Strength Basis Values and Statistics 
As-measuredNormalized

Modified CV Basis Values and Estimates

Basis Values and Estimates
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4.32 “10/80/10” Single-Shear Bea
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Env RTA (70⁰ F) ETA1 (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F)

Mean 106.5 87.29 134.3 105.4 112.7 89.76 142.1 108.4

Stdev 4.438 4.692 3.613 3.930 5.757 4.252 4.886 4.002

CV 4.166 5.375 2.690 3.729 5.107 4.737 3.438 3.692

Modified CV 6.083 6.687 6.000 6.000 6.553 6.368 6.000 6.000

Min 99.57 77.01 127.9 96.63 104.1 81.74 134.4 101.2

Max 116.1 97.13 141.2 111.7 124.9 97.67 152.6 115.0

No. Batches 3 3 3 3 3 3 3 3

No. Spec. 18 18 18 18 18 18 18 18

B-basis Value 78.03 127.4 98.51 81.36 100.5

B-estimate 85.25 81.43 115.7

A-estimate 70.08 71.47 122.8 93.83 59.11 75.41 96.94 94.89

Method ANOVA Normal pooled pooled ANOVA Normal ANOVA Normal

B-basis Value 95.29 76.06 121.1 92.19 100.7 77.73 128.3 94.58

A-estimate 87.65 68.42 112.1 83.21 92.51 69.54 118.9 85.18

Method pooled pooled pooled pooled pooled pooled pooled pooled
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4.34 Interlaminar Tension and Curved Beam Strength (ILT and CBS) 

7KH� ,/7� WHVW� GDWD� LV� QRW� QRUPDOL]HG��'DWD� LV� UHSRUWHG� RQ� WZR�SURSHUWLHV�� ,QWHUODPLQDU�7HQVLRQ�
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4.35 “25/50/25” Compression After Impact 1 (CAI1) 

7KH�&$,��WHVW�GDWD�LV�QRUPDOL]HG��'DWD�LV�UHSRUWHG�RQ�RQO\�RQH�SURSHUW\��6WUHQJWK��7KHUH�ZDV�RQH�
RXWOLHU�� 7KH� ODUJHVW� YDOXH� LQ� WKH� (7$�� GDWDVHW� ZDV� DQ� RXWOLHU� IRU� WKH� QRUPDOL]HG� DQG� WKH� DV�
PHDVXUHG� GDWDVHW�� :LWK� RQO\� RQH� EDWFK� WHVWHG� LQ� WKLV� FRQGLWLRQ�� LW� FDQ� RQO\� EH� DVVHVVHG� DV� DQ�
RXWOLHU�IRU�EDWFK��QRW�WKH�FRQGLWLRQ��%DVLV�YDOXHV�DUH�QRW�FRPSXWHG�IRU�WKHVH�SURSHUWLHV��+RZHYHU�
WKH� VXPPDU\� VWDWLVWLFV� DUH� SUHVHQWHG� LQ� 7DEOH� ����� DQG� WKH� GDWD� DUH� GLVSOD\HG� JUDSKLFDOO\� LQ�
)LJXUH�������
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Figure 4-35: Plot for CAI1 Strength normalized 
 

Env RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F) RTA (70⁰ F) ETA1 (275⁰ F) ETA2 (400⁰ F) ETW (275⁰ F)

Mean 45.38 34.04 13.77 31.86 46.10 34.44 14.14 32.56

Stdev 1.609 1.374 0.3824 0.5476 1.719 1.404 0.4658 0.4867

CV 3.544 4.035 2.777 1.719 3.730 4.077 3.295 1.495

Min 43.39 32.94 13.17 31.25 43.65 33.25 13.37 32.07

Max 47.10 36.71 14.29 32.60 48.06 37.13 14.76 33.13

No. Batches 1 1 1 1 1 1 1 1
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5. Outliers 

2XWOLHUV� ZHUH� LGHQWLILHG� DFFRUGLQJ� WR� WKH� VWDQGDUGV� GRFXPHQWHG� LQ� VHFWLRQ� ������� ZKLFK� DUH� LQ�
DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�GHYHORSHG�LQ�VHFWLRQ�������RI�&0+�����*��$Q�RXWOLHU�PD\�EH�DQ�
RXWOLHU�LQ�WKH�QRUPDOL]HG�GDWD��WKH�DV�PHDVXUHG�GDWD��RU�ERWK���$�VSHFLPHQ�PD\�EH�DQ�RXWOLHU�IRU�
WKH�EDWFK�RQO\��EHIRUH�SRROLQJ�WKH�WKUHH�EDWFKHV�ZLWKLQ�D�FRQGLWLRQ�WRJHWKHU��RU�IRU�WKH�FRQGLWLRQ�
�DIWHU�SRROLQJ�WKH�WKUHH�EDWFKHV�ZLWKLQ�D�FRQGLWLRQ�WRJHWKHU��RU�ERWK���
�
$SSUR[LPDWHO\���RXW�RI�����VSHFLPHQV�ZLOO�EH�LGHQWLILHG�DV�RXWOLHUV�GXH�WR�WKH�H[SHFWHG�UDQGRP�
YDULDWLRQ�RI�WKH�GDWD��7KLV�WHVW�LV�XVHG�RQO\�WR�LGHQWLI\�VSHFLPHQV�WR�EH�LQYHVWLJDWHG�IRU�D�FDXVH�RI�
WKH�H[WUHPH�REVHUYDWLRQ��2XWOLHUV�WKDW�KDYH�DQ�LGHQWLILDEOH�FDXVH�DUH�UHPRYHG�IURP�WKH�GDWDVHW�DV�
WKH\�LQMHFW�ELDV�LQWR�WKH�FRPSXWDWLRQ�RI�VWDWLVWLFV�DQG�EDVLV�YDOXHV�� �6SHFLPHQV�WKDW�DUH�RXWOLHUV�
IRU� WKH�FRQGLWLRQ�DQG� LQ�ERWK� WKH�QRUPDOL]HG�DQG�DV�PHDVXUHG�GDWD�DUH� W\SLFDOO\�PRUH�H[WUHPH�
DQG�PRUH� OLNHO\� WR�KDYH� D� VSHFLILF� FDXVH� DQG�EH� UHPRYHG� IURP� WKH�GDWDVHW� WKDQ�RWKHU�RXWOLHUV��
6SHFLPHQV� WKDW� DUH� RXWOLHUV� RQO\� IRU� WKH� EDWFK�� EXW� QRW� WKH� FRQGLWLRQ� DQG� VSHFLPHQV� WKDW� DUH�
LGHQWLILHG� DV� RXWOLHUV� RQO\� IRU� WKH� QRUPDOL]HG� GDWD� RU� WKH� DV�PHDVXUHG� GDWD� EXW� QRW� ERWK�� DUH�
W\SLFDO�RI�QRUPDO�UDQGRP�YDULDWLRQ����
�
$OO� RXWOLHUV� LGHQWLILHG�ZHUH� LQYHVWLJDWHG� WR� GHWHUPLQH� LI� D� FDXVH� FRXOG�EH� IRXQG��2XWOLHUV�ZLWK�
FDXVHV� ZHUH� UHPRYHG� IURP� WKH� GDWDVHW� DQG� WKH� UHPDLQLQJ� VSHFLPHQV� ZHUH� DQDO\]HG� IRU� WKLV�
UHSRUW��,QIRUPDWLRQ�DERXW�VSHFLPHQV�WKDW�ZHUH�UHPRYHG�IURP�WKH�GDWDVHW�DORQJ�ZLWK�WKH�FDXVH�IRU�
UHPRYDO� LV� GRFXPHQWHG� LQ� WKH� PDWHULDO� SURSHUW\� GDWD� UHSRUW�� 1&$03� 7HVW� 5HSRUW� &$0�53�
���������5HY�$�����
�
2XWOLHUV� IRU� ZKLFK� QR� FDXVHV� FRXOG� EH� LGHQWLILHG� DUH� OLVWHG� LQ� 7DEOH� ����� 7KHVH� RXWOLHUV� ZHUH�
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Test Condition Batch
Specimen 
Number

Normalized 
Strength

Strength As-
measured 

High/ 
Low

Batch 
Outlier

Condition 
Outlier

/7 &7$�����ၨ�)� � 7&$-$���% 1RW�DQ�2XWOLHU ����� +LJK <HV 1R
77 &7$�����ၨ�)� � 7&$8&���% 1$ ����� /RZ 1R <HV
77 (7$������ၨ�)� � 7&$1$���$ 1$ ����� +LJK <HV 1R
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