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1.�� Introduction 

7KLV�UHSRUW�FRQWDLQV�VWDWLVWLFDO�DQDO\VLV�RI�$&*�070�����$6���������5:�PDWHULDO�SURSHUW\�
GDWD�SXEOLVKHG�LQ�³070�����$6��'DWD�0+�&XUH�&\FOH�SGI´��DYDLODEOH�RQ�WKH�1&$03�ZHEVLWH��
7KH�ODPLQD�DQG�ODPLQDWH�PDWHULDO�SURSHUW\�GDWD�KDYH�EHHQ�JHQHUDWHG�ZLWK�)$$�RYHUVLJKW�
WKURXJK�)$$�6SHFLDO�3URMHFW�1XPEHU�63����:,�4�DQG�DOVR�PHHW�WKH�UHTXLUHPHQWV�RXWOLQHG�LQ�
1&$03�6WDQGDUG�2SHUDWLQJ�3URFHGXUH�163������
�
%�%DVLV�YDOXHV�DQG�$�DQG�%�EDVLV�HVWLPDWHV�ZHUH�FRPSXWHG�XVLQJ�D�YDULHW\�RI�WHFKQLTXHV�WKDW�DUH�
GHWDLOHG�LQ�VHFWLRQ����4XDOLILFDWLRQ�PDWHULDO�ZDV�SURFXUHG�LQ�DFFRUGDQFH�ZLWK�$&*�PDWHULDO�
VSHFLILFDWLRQ�$&*0����������$Q�HTXLYDOHQW�1&$03�0DWHULDO�6SHFLILFDWLRQ�106��������
ZKLFK�FRQWDLQV�VSHFLILFDWLRQ�OLPLWV�WKDW�DUH�GHULYHG�IURP�JXLGHOLQHV�LQ�'27�)$$�$5�������KDV�
EHHQ�FUHDWHG��7KH�TXDOLILFDWLRQ�WHVW�SDQHOV�ZHUH�IDEULFDWHG�SHU�$&*3��������XVLQJ�³0+´�FXUH�
F\FOH��$Q�HTXLYDOHQW�1&$03�3URFHVV�6SHFLILFDWLRQ�136�������ZLWK�³0+´�FXUH�F\FOH�KDV�EHHQ�
FUHDWHG��7KH�SDQHOV�ZHUH�IDEULFDWHG�DW�$GYDQFHG�&RPSRVLWHV�*URXS�������(�����WK�(��$YH��
7XOVD��2.�������DQG�6ROYD\�������1�.UDHPHU�%OYG��$QDKHLP��&$��������7KH�$&*�7HVW�3ODQ�
$,�75������ZDV�XVHG�IRU�WKLV�TXDOLILFDWLRQ�SURJUDP��7KH�PHFKDQLFDO�WHVWLQJ�ZDV�SHUIRUPHG�E\�
$&*�DW�WKHLU�7XOVD��2NODKRPD�IDFLOLW\�DQG�1DWLRQDO�,QVWLWXWH�IRU�$YLDWLRQ�5HVHDUFK��:LFKLWD�
6WDWH�8QLYHUVLW\��:LFKLWD��.6��������
�
%DVLV�QXPEHUV�DUH�ODEHOHG�DV�µYDOXHV¶�ZKHQ�WKH�GDWD�PHHWV�DOO�WKH�UHTXLUHPHQWV�RI�&0+�����*��
:KHQ�WKRVH�UHTXLUHPHQWV�DUH�QRW�PHW��WKH\�ZLOO�EH�ODEHOHG�DV�µHVWLPDWHV�¶��:KHQ�WKH�GDWD�GRHV�
QRW�PHHW�DOO�UHTXLUHPHQWV��WKH�IDLOXUH�WR�PHHW�WKHVH�UHTXLUHPHQWV�LV�UHSRUWHG�DQG�WKH�VSHFLILF�
UHTXLUHPHQW�V��WKH�GDWD�IDLOV�WR�PHHW�LV�LGHQWLILHG���7KH�PHWKRG�XVHG�WR�FRPSXWH�WKH�EDVLV�YDOXH�LV�
QRWHG�IRU�HDFK�EDVLV�YDOXH�SURYLGHG���:KHQ�DSSURSULDWH��LQ�DGGLWLRQ�WR�WKH�WUDGLWLRQDO�
FRPSXWDWLRQDO�PHWKRGV��YDOXHV�FRPSXWHG�XVLQJ�WKH�PRGLILHG�FRHIILFLHQW�RI�YDULDWLRQ�PHWKRG�LV�
DOVR�SURYLGHG����
�
7KH�PDWHULDO�SURSHUW\�GDWD�DFTXLVLWLRQ�SURFHVV�LV�GHVLJQHG�WR�JHQHUDWH�EDVLF�PDWHULDO�SURSHUW\�
GDWD�ZLWK�VXIILFLHQW�SHGLJUHH�IRU�VXEPLVVLRQ�WR�&RPSOHWH�'RFXPHQWDWLRQ�VHFWLRQV�RI�&RPSRVLWH�
0DWHULDOV�+DQGERRN�����&0+�����*����
�
7KH�1&$03�VKDUHG�PDWHULDO�SURSHUW\�GDWDEDVH�FRQWDLQV�PDWHULDO�SURSHUW\�GDWD�RI�FRPPRQ�
XVHIXOQHVV�WR�D�ZLGH�UDQJH�RI�DHURVSDFH�SURMHFWV��+RZHYHU��WKH�GDWD�PD\�QRW�IXOILOO�DOO�WKH�QHHGV�
RI�D�SURMHFW���6SHFLILF�SURSHUWLHV��HQYLURQPHQWV��ODPLQDWH�DUFKLWHFWXUH��DQG�ORDGLQJ�VLWXDWLRQV�WKDW�
LQGLYLGXDO�SURMHFWV�QHHG�PD\�UHTXLUH�DGGLWLRQDO�WHVWLQJ���
�
7KH�XVH�RI�1&$03�PDWHULDO�DQG�SURFHVV�VSHFLILFDWLRQV�GR�QRW�JXDUDQWHH�PDWHULDO�RU�VWUXFWXUDO�
SHUIRUPDQFH��0DWHULDO�XVHUV�VKRXOG�EH�DFWLYHO\�LQYROYHG�LQ�HYDOXDWLQJ�PDWHULDO�SHUIRUPDQFH�DQG�
TXDOLW\�LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��SHUIRUPLQJ�UHJXODU�SXUFKDVHU�TXDOLW\�FRQWURO�WHVWV��
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,Q�VRPH�FDVHV�D�WUDQVIRUPDWLRQ�RI�WKH�GDWD�WR�ILW�WKH�DVVXPSWLRQ�RI�WKH�PRGLILHG�&9�UHVXOWHG�LQ�
WKH�WUDQVIRUPHG�GDWD�SDVVLQJ�WKH�$'.�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�$*$7(�6WDWLVWLFDO�$QDO\VLV�3URJUDP��$6$3��ZKHQ�
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� �Bb f
ff f f

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

��������� ������� �������
� � �������Bc f

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

������ ������� �������
� �Ab f

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

��������� ������� ��������
� � �������Ac f

ff f f
�  � � � � � �
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2.2.1�� Distribution tests 

,Q�DGGLWLRQ�WR�WHVWLQJ�IRU�QRUPDOLW\�XVLQJ�WKH�$QGHUVRQ�'DUOLQJ�WHVW��VHH���������6WDW����DOVR�WHVWV�
WR�VHH�LI�WKH�:HLEXOO�RU�/RJQRUPDO�GLVWULEXWLRQ�LV�D�JRRG�ILW�IRU�WKH�GDWD���
�
(DFK�GLVWULEXWLRQ�LV�FRQVLGHUHG�XVLQJ�WKH�$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�
IRU�HDFK�WHVW���7KH�26/�PHDVXUHV�WKH�SUREDELOLW\�RI�REVHUYLQJ�DQ�$QGHUVRQ�'DUOLQJ�WHVW�VWDWLVWLF�
DW�OHDVW�DV�H[WUHPH�DV�WKH�YDOXH�FDOFXODWHG�LI�WKH�GLVWULEXWLRQ�XQGHU�FRQVLGHUDWLRQ�LV�LQ�IDFW�WKH�
XQGHUO\LQJ�GLVWULEXWLRQ�RI�WKH�GDWD���,Q�RWKHU�ZRUGV��WKH�26/�LV�WKH�SUREDELOLW\�RI�REWDLQLQJ�D�
YDOXH�RI�WKH�WHVW�VWDWLVWLF�DW�OHDVW�DV�ODUJH�DV�WKDW�REWDLQHG�LI�WKH�K\SRWKHVLV�WKDW�WKH�GDWD�DUH�
DFWXDOO\�IURP�WKH�GLVWULEXWLRQ�EHLQJ�WHVWHG�LV�WUXH���,I�WKH�26/�LV�OHVV�WKDQ�RU�HTXDO�WR�������WKHQ�
WKH�DVVXPSWLRQ�WKDW�WKH�GDWD�DUH�IURP�WKH�GLVWULEXWLRQ�EHLQJ�WHVWHG�LV�UHMHFWHG�ZLWK�DW�PRVW�D�ILYH�
SHUFHQW�ULVN�RI�EHLQJ�LQ�HUURU��
�
,I�WKH�QRUPDO�GLVWULEXWLRQ�KDV�DQ�26/�JUHDWHU�WKDQ�������WKHQ�WKH�GDWD�LV�DVVXPHG�WR�EH�IURP�D�
SRSXODWLRQ�ZLWK�D�QRUPDO�GLVWULEXWLRQ���,I�QRW��WKHQ�LI�HLWKHU�WKH�:HLEXOO�RU�ORJQRUPDO�
GLVWULEXWLRQV�KDV�DQ�26/�JUHDWHU�WKDQ�������WKHQ�RQH�RI�WKRVH�FDQ�EH�XVHG���,I�QHLWKHU�RI�WKHVH�
GLVWULEXWLRQV�KDV�DQ�26/�JUHDWHU�WKDQ�������D�QRQ�SDUDPHWULF�DSSURDFK�LV�XVHG���
�
,Q�ZKDW�IROORZV��XQOHVV�RWKHUZLVH�QRWHG��WKH�VDPSOH�VL]H�LV�GHQRWHG�E\�Q��WKH�VDPSOH�REVHUYDWLRQV�
E\�[��������[Q���DQG�WKH�VDPSOH�REVHUYDWLRQV�RUGHUHG�IURP�OHDVW�WR�JUHDWHVW�E\�[\�U怀

�222.1��
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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 3.520

Norm. Dist. k Factors for N<16
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7KH�ORJQRUPDO�GLVWULEXWLRQ�LV�D�SRVLWLYHO\�VNHZHG�GLVWULEXWLRQ�WKDW�LV�VLPSO\�UHODWHG�WR�WKH�QRUPDO�
GLVWULEXWLRQ���,I�VRPHWKLQJ�LV�ORJQRUPDOO\�GLVWULEXWHG��WKHQ�LWV�ORJDULWKP�LV�QRUPDOO\�GLVWULEXWHG��
7KH�QDWXUDO��EDVH�H��ORJDULWKP�LV�XVHG����

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

�
,Q�RUGHU�WR�WHVW�WKH�JRRGQHVV�RI�ILW�RI�WKH�ORJQRUPDO�GLVWULEXWLRQ��WDNH�WKH�ORJDULWKP�RI�WKH�GDWD�
DQG�SHUIRUP�WKH�$QGHUVRQ�'DUOLQJ�WHVW�IRU�QRUPDOLW\�IURP�6HFWLRQ���������8VLQJ�WKH�QDWXUDO�
ORJDULWKP��UHSODFH�WKH�OLQNHG�HTXDWLRQ�DERYH�ZLWK�OLQNHG�HTXDWLRQ�EHORZ��

� � � � � �� � � �
� � � �� � � �OQ

� ���IRU� �� �
Li

i
L

x x
z i n

s

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

ZKHUH�[�L��LV�WKH�LWK�VPDOOHVW�VDPSOH�REVHUYDWLRQ�� Lx DQG�V/�DUH�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�

WKH�OQ�[L��YDOXHV��
�

The Anderson-Darling statistic is then computed using the linked equation above and the 
observed significance level (OSL) is computed using the linked equation above .  This OSL 
measures the probability of observing an Anderson-Darling statistic at least as extreme as 
the value calculated if in fact the data are a sample from a lognormal distribution.  If 
OSL �d 0.05, one may conclude (at a five percent risk of being in error) that the population 
is not lognormally distributed.  Otherwise, the hypothesis that the population is 
lognormally distributed is not rejected.  For further information on these procedures, see 
reference 7.  

2.2.2.4.2�� Basis value calculations for the Lognormal distribution   

�
,I�WKH�GDWD�VHW�LV�DVVXPHG�WR�EH�IURP�D�SRSXODWLRQ�ZLWK�D�ORJQRUPDO�GLVWULEXWLRQ��EDVLV�YDOXHV�DUH�
FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�DERYH�LQ�VHFWLRQ���������+RZHYHU��WKH�FDOFXODWLRQV�DUH�SHUIRUPHG�
XVLQJ�WKH�ORJDULWKPV�RI�WKH�GDWD�UDWKHU�WKDQ�WKH�RULJLQDO�REVHUYDWLRQV���7KH�FRPSXWHG�EDVLV�YDOXHV�
DUH�WKHQ�WUDQVIRUPHG�EDFN�WR�WKH�RULJLQDO�XQLWV�E\�DSSO\LQJ�WKH�LQYHUVH�RI�WKH�ORJ�WUDQVIRUPDWLRQ���
�
2.2.3�� Non-parametric Basis Values 

1RQ�SDUDPHWULF�WHFKQLTXHV�GR�QRW�DVVXPH�DQ\�SDUWLFXODUO\�XQGHUO\LQJ�GLVWULEXWLRQ�IRU�WKH�
SRSXODWLRQ�WKH�PԠ ⁉�IHV

3 � U D W ༃ � , I Ր ԀS R V L W 䨀 H I U W L 圀

I � 〃 逄 䀀 　2.2.怗.1 
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OHDVW����GDWD�SRLQWV��)RU�D�%�EDVLV�YDOXH��WKHUH�PXVW�EH�DW�OHDVW�WKUHH�EDWFKHV�UHSUHVHQWHG�LQ�WKH�
GDWD�DQG�DW�OHDVW����GDWD�SRLQWV����
�

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
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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
24 2.17067 70 1.45352 200 1.09434
25 2.13100 72 1.44089 205 1.08799
26 2.09419 74 1.42881 210 1.08187
27 2.05991 76 1.41724 215 1.07595
28 2.02790 78 1.40614 220 1.07024
29 1.99791 80 1.39549 225 1.06471
30 1.96975 82 1.38525 230 1.05935
31 1.94324 84 1.37541 235 1.05417
32 1.91822 86 1.36592 240 1.04914
33 1.89457 88 1.35678 245 1.04426
34 1.87215 90 1.34796 250 1.03952
35 1.85088 92 1.33944 275 1.01773
36 1.83065 94 1.33120 299 1.00000
37 1.81139

A-Basis Hanson-Koopmans Table
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'HQRWH�WKH�UDWLR�RI�PHDQ�VTXDUHV�E\��� � �
MSB

u
MSE
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�/�9�0���(�V�W�L�P�D�W�H�G���%���%�D�V�L�V��� ��
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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�瀄耄̇耄̇耄ӀӰӰ
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�/�D�P�L�Q�D���6�W�U�H�Q�J�W�K���7�H�V�W�V

����������
�2�I�I�V�H�W

������
�6�W�U�D�L�Q

B-basis 232.65 207.81 NA: A 33.04 14.41 7.61 12.17
Mean 263.10 231.81 7.10 38.35 16.35 8.36 13.37
CV 6.99 7.02 14.77 7.00 6.00 6.00 6.00
B-basis 240.01 178.99 NA: A 24.26** 11.16 5.56 8.64
Mean 270.76 202.80 6.92 26.81 12.66 6.31 9.83
CV 6.64 7.68 17.47 4.93 6.00 6.00 6.00
B-basis 8.70 NA:I NA:I
Mean 9.87 4.91 7.28
CV 6.00 1.68 1.07
B-basis 225.78 111.93 NA: A 13.15 7.32 3.71 5.44
Mean 256.69 135.73 3.99 14.96 8.31 4.16 6.11
CV 7.04 8.49 9.85 6.13 6.00 6.00 6.00
B-basis 237.12 114.32 NA: A 10.90 5.96 2.89 NA:I
Mean 268.04 138.12 3.26 12.30 6.83 3.24 4.79
CV 6.13 9.44 13.32 6.16 6.45 6.00 6.00

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, 

Shaded empty boxes indicate that no test data is available for that property and condition.
          * Data is as measured rather than normalized
          ** indicates the Stat17 B-basis value is greater than 90% of the mean value. 

�7�7� �7�&�
�,�3�6�

�1�&�$�0�3���5�H�F�R�P�P�H�Q�G�H�G���%���E�D�V�L�V���9�D�O�X�H�V���I�R�U

�$�O�O���%���E�D�V�L�V���Y�D�O�X�H�V���L�Q���W�K�L�V���W�D�E�O�H���P�H�H�W���W�K�H���V�W�D�Q�G�D�U�G�V���I�R�U���S�X�E�O�L�F�D�W�L�R�Q���L�Q���&�0�+�����������*���+�D�Q�G�E�R�R�N
�$�&�*�������0�7�0�����������$�6������������������ �5�:�����8�Q�L�G�L�U�H�F�W�L�R�Q�D�O��

�9�D�O�X�H�V���D�U�H���I�R�U���Q�R�U�P�D�O�L�]�H�G���G�D�W�D���X�Q�O�H�V�V���R�W�K�H�U�Z�L�V�H���Q�R�W�H�G

�(�Q�Y�L�U�R�Q�P�H�Q�W
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�/�D�P�L�Q�D�W�H���6�W�U�H�Q�J�W�K���7�H�V�W�V

B-basis 51.52 51.76 101.08
Mean 57.49 58.71 113.13
CV 6.00 6.00 6.00
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�(�Q�Y �&�7�' �5�7�' �(�7�: �(�7�:�� �&�7�' �5�7�' �(�7�: �(�7�:��

�0�H�D�Q ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

�6�W�G�H�Y ���������� ���������� ���������� ���������� ���������� ���������� ���������� ��������

�&�9 �������� �������� �������� �������� �������� �������� �������� ��������

�0�R�G���&�9 �������� �������� �������� �������� �������� �������� �������� ��������

�0�L�Q ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

�0�D�[ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

� 1� R� �� �� %� D� W� F� K� H� V � � � � � � � � � � � � � � � �
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�(�Q�Y �&�7�' �5�7�' �(�7�: �(�7�:�� �&�7�' �5�7�' �(�7�: �(�7�:��

�0�H�D�Q ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

�6�W�G�H�Y ���������� ���������� ���������� ���������� ���������� ���������� ���������� ����������

�&�9 �������� �������� �������� �������� �������� �������� �������� ��������

�0�R�G���&�9 �������� �������� �������� �������� �������� �������� �������� ��������

�0�L�Q ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

�0�D�[ ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

� 1� R� �� �� %� D� W� F� K� H� V � � � � � � � � � � � � � � � �

� 1� R� �� �� 6� S� H� F� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �

�%���E�D�V�L�V���9�D�O�X�H ������������ ������������ ������������ ������������ ������������ ������������ ������������ ������������

�$���H�V�W�L�P�D�W�H ������������ ������������ ���������� ������������ ������������ ������������ ������������ ������������
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4.5�� Unnotched Tension Properties (UNT0) 

3RROLQJ�DFURVV�WKH�HQYLURQPHQWV�ZDV�DFFHSWDEOH�IRU�ERWK�WKH�QRUPDOL]HG�DQG�WKH�DV�PHDVXUHG�
GDWD��7KH�QRUPDOL]HG�DQG�WKH�DV�PHDVXUHG�57'�GDWD�DQG�WKH�DV�PHDVXUHG�&7'�GDWD�GLG�QRW�SDVV�
WKH�QRUPDOLW\�WHVW��EXW�WKH�SRROHG�GDWDVHW�IRU�ERWK�WKH�QRUPDOL]HG�DQG�WKH�DV�PHDVXUHG�GDWD�GLG�
SDVV�WKH�QRUPDOLW\�WHVW���
�
7KHUH�ZHUH�IRXU�RXWOLHUV�LQ�WKH�/7�GDWD���7KHUH�ZDV�RQH�RXWOLHU�LQ�WKH�57'�FRQGLWLRQ�GDWD��,W�ZDV�
DQ�RXWOLHU�IRU�ERWK�WKH�DV�PHDVXUHG�DQG�QRUPDOL]HG�GDWD���,W�ZDV�RQ�WKH�ORZ�VLGH�RI�EDWFK�WZR�DQG�
ZDV�DQ�RXWOLHU�IRU�ERWK�EDWFK�DQG�FRQGLWLRQ�LQ�WKH�QRUPDOL]HG�GDWD���,W�ZDV�DQ�RXWOLHU�IRU�WKH�
FRQGLWLRQ��EXW�QRW�WKH�EDWFK�LQ�WKH�DV�PHDVXUHG�GDWD���7KHUH�ZHUH�WZR�RXWOLHUV�LQ�WKH�(7:�
FRQGLWLRQ�GDWD���2QH�RXWOLHU�ZDV�RQ�WKH�KLJK�VLGH�RI�EDWFK�WZR�IRU�WKH�DV�PHDVXUHG�GDWD�RQO\���,W�
ZDV�DQ�RXWOLHU�IRU�EDWFK�WZR��EXW�QRW�IRU�WKH�(7:�FRQGLWLRQ���7KH�VHFRQG�RXWOLHU�LQ�WKH�(7:�GDWD�
ZDV�RQ�WKH�ORZ�VLGH�RI�EDWFK�WKUHH���,W�ZDV�DQ�RXWOLHU�IRU�ERWK�WKH�QRUPDOL]HG�DQG�DV�PHDVXUHG�
GDWD���,W�ZDV�DQ�RXWOLHU�IRU�WKH�(7:�FRQGLWLRQ��EXW�QRW�IRU�EDWFK�WKUHH���7KH�IRXUWK�RXWOLHU�LQ�WKH�
/7�GDWD�ZDV�LQ�WKH�(7:��FRQGLWLRQ���,W�ZDV�DQ�RXWOLHU�RQO\�IRU�WKH�DV�PHDVXUHG�GDWD���,W�ZDV�RQ�
WKH�ORZ�VLGH�RI�EDWFK�WZR�DQG�ZDV�DQ�RXWOLHU�IRU�ERWK�EDWFK�WZR�DQG�WKH�(7:��FRQGLWLRQ���$OO�
IRXU�RXWOLHUV�ZHUH�UHWDLQHG�IRU�WKLV�DQDO\VLV���
�
6WDWLVWLFV�DQG�EDVLV�YDOXHV�DUH�JLYHQ�IRU�WKH�817��VWUHQJWK�GDWD�LQ�7DEOH�����DQG�IRU�WKH�PRGXOXV�
GDWD�LQ�7DEOH�������7KH�QRUPDOL]HG�GDWD�DQG�WKH�%�EDVLV�YDOXHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�
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Batch 1 CTD B-basis (pooled) CTD B-basis (Mod CV)
Batch 2 RTD B-basis (pooled) RTD B-basis (Mod CV)
Batch 3 ETW B-basis (pooled) ETW B-basis (Mod CV)
Outlier ETW2 B-basis (pooled) ETW2 B-basis (Mod CV) �
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4.6�� Unnotched Compression Properties (UNC0) 

7KH�81&��QRUPDOL]HG�VWUHQJWK�GDWD�PHHWV�DOO�&0+�����*�UHTXLUHPHQWV�IRU�SRROLQJ���7KHUH�ZDV�
RQH�RXWOLHU�LQ�EDWFK�RQH�RQ�WKH�KLJK�VLGH�LQ�WKH�(7:�HQYLURQPHQW���,W�ZDV�DQ�RXWOLHU�DIWHU�SRROLQJ�
IRU�WKH�(7:�FRQGLWLRQ��EXW�QRW�EDWFK�RQH���,W�ZDV�DQ�RXWOLHU�LQ�ERWK�WKH�QRUPDOL]HG�DQG�DV�
PHDVXUHG�GDWD��,W�ZDV�UHWDLQHG�IRU�WKLV�DQDO\VLV����
�
6WDWLVWLFV�DQG�EDVLV�YDOXHV�DUH�JLYHQ�IRU�WKH�81&��VWUHQJWK�GDWD�LQ�7DEOH������6WDWLVWLFV�IRU�WKH�
PRGXOXV�GDWD�DUH�JLYHQ�LQ�7DEOH���������7KH�QRUPDOL]HG�GDWD�DQG�WKH�%�EDVLV�YDOXHV�DUH�VKRZQ�
JUDSKLFDOO\�LQ�)LJXUH������
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4.7�� In-Plane Shear Properties (IPS) 

7KH�,Q�3ODQH�6KHDU�GDWD�LV�QRW�QRUPDOL]HG��'DWD�LV�UHSRUWHG�RQ�WKUHH�SURSHUWLHV�������2IIVHW�
6WUHQJWK��6WUHQJWK�DW����6WUDLQ�DQG�0RGXOXV��7KH�(7'�FRQGLWLRQ�ODFNV�VXIILFLHQW�VSHFLPHQV�WR�
FRPSXWH�%�EDVLV�YDOXHV�VR�RQO\�%�HVWLPDWHV�DUH�SURYLGHG�IRU�WKDW�FRQGLWLRQ��
�
7KH������2IIVHW�6WUHQJWK��57'��DQG�6WUHQJWK�DW����6WUDLQ��&7'�DQG�57'��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+�����*�JXLGHOLQHV�UHTXLUHG�XVLQJ�WKH�
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5.2.2�� “Soft” Unnotched Compression (UNC2) 

7KLV�SURSHUW\�KDG�GDWD�IURP�RQO\�RQH�EDWFK�DYDLODEOH��WKXV�DOO�EDVLV�YDOXHV�DUH�HVWLPDWHV��
0RGLILHG�&9�YDOXHV�DUH�QRW�DYDLODEOH�IRU�WKH�(7:��FRQGLWLRQ�GXH�WR�WKH�ODUJH�&9�RI�WKH�/&�
ODPLQD�GDWD�IRU�WKH�(7:��FRQGLWLRQ�ZKLFK�ZDV�XVHG�WR�FRPSXWH�WKH�/90�%�HVWLPDWH���6WDWLVWLFV�
DQG�%�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�VWUHQJWK�GDWD�LQ�7DEOH�����DQG�WKH�PRGXOXV�GDWD�LQ�7DEOH��������
7KH�QRUPDOL]HG�VWUHQJWK�GDWD�DQG�%�HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH��������
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5.2.3�� “Hard” Unnotched Compression (UNC3) 
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5.3�� Laminate Short Beam Shear Properties (LSBS)  

7KH�/6%6�GDWD�LV�QRW�QRUPDOL]HG���2QO\�WKH�GDWD�IRU�WKH�(7:��FRQGLWLRQ�PHHWV�DOO�UHTXLUHPHQWV�
RI�&0+�����*��7KH�57'�GDWD�GRHV�QRW�SDVV�WKH�$'.�WHVW��HYHQ�DIWHU�WKH�WUDQVIRUPDWLRQ�WR�ILW�
WKH�DVVXPSWLRQV�RI�WKH�PRGLILHG�&9�DSSURDFK���,W�UHTXLUHG�DQ�$129$�DQDO\VLV�DQG�VLQFH�
$129$�LV�QRW�UHFRPPHQGHG�IRU�VDPSOHV�ZLWK�IHZHU�WKDQ���EDWFKHV��WKHVH�YDOXHV�DUH�FRQVLGHUHG�
HVWLPDWHV�DQG�PD\�EH�RYHUO\�FRQVHUYDWLYH���%�HVWLPDWHV�FRPSXWHG�XVLQJ�WKH�PRGLILHG�&9�PHWKRG�
DUH�SURYLGHG�IRU�WKH�57'�HQYLURQPHQW����
�
7KHUH�ZDV�LQVXIILFLHQW�GDWD�IRU�WKH�(7:�FRQGLWLRQ����7KHUH�ZHUH�QR�RXWOLHUV��6WDWLVWLFV��EDVLV�
YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�/6%6�GDWD�LQ�7DEOH��������7KH�VWUHQJWK�GDWD��%�EDVLV�
YDOXHV�DQG�%�HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH������
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5.4��  Open Hole Tension Properties 

5.4.1�� Quasi Isotropic Open Hole Tension (OHT1) 

7KH�DV�PHDVXUHG�2+7��VWUHQJWK�GDWD�PHW�DOO�UHTXLUHPHQWV�IRU�SRROLQJ�DFURVV�HQYLURQPHQWV��EXW�
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5.4.3�� “Hard” Open Hole Tension (OHT3) 

2QO\�WKH�&7'�GDWD�PHHWV�WKH�UHTXLUHPHQWV�RI�&0+�����*���7KH�QRUPDOL]HG�&7'�GDWD�GLG�QRW�
SDVV�WKH�$'.�WHVW�VR�LW�UHTXLUHV�WKH�$129$�PHWKRG�WR�FRPSXWH�EDVLV�YDOXHV��EXW�ZLWK�GDWD�IURP�
RQO\�WKUHH�EDWFKHV��WKHVH�YDOXHV�DUH�FRQVLGHUHG�HVWLPDWHV�DQG�PD\�UHVXOW�LQ�RYHUO\�FRQVHUYDWLYH�
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5.5.2�� “Soft” Open Hole Compression (OHC2) 
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5.6��  Filled Hole Tension Properties   

5.6.1�� Quasi Isotropic Filled Hole Tension (FHT1) 

7KH�GDWD�IURP�WKH�&7'�HQYLURQPHQW�PHHWV�DOO�UHTXLUHPHQWV�RI�&0+�����*���7KH�57'�GDWD�LV�
LQVXIILFLHQW�WR�JHQHUDWH�EDVLV�YDOXHV�WKDW�PHHW�WKH�UHTXLUHPHQWV�RI�&0+�����*�VR�RQO\�HVWLPDWHV�
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5.6.3�� “Hard” Filled Hole Tension (FHT3) 

7KLV�SURSHUW\�KDG�GDWD�IURP�RQO\�RQH�EDWFK�DYDLODEOH��WKXV�DOO�EDVLV�YDOXHV�DUH�HVWLPDWHV���
6WDWLVWLFV�DQG�%�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�VWUHQJWK�GDWD�LQ�7DEOH��������7KH�QRUPDOL]HG�VWUHQJWK�
GDWD�DQG�%�HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�������
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5.7.2�� “Soft” Filled Hole Compression (FHC2) 

7KH�GDWD�IRU�WKH�(7:��HQYLURQPHQW�PHHWV�DOO�UHTXLUHPHQWV�RI�&0+�����*���7KH�DV�PHDVXUHG�
(7:��GDWD�GLG�QRW�ILW�D�QRUPDO�GLVWULEXWLRQ��VR�PRGLILHG�&9�EDVLV�YDOXHV�DUH�QRW�SURYLGHG�IRU�
WKDW�FRQGLWLRQ��7KH�57'�GDWD�LV�LQVXIILFLHQW�WR�JHQHUDWH�EDVLV�YDOXHV�WKDW�PHHW�WKH�UHTXLUHPHQWV�
RI�&0+�����*�VR�RQO\�HVWLPDWHV�DUH�SURYLGHG�IRU�WKDW�FRQGLWLRQ��
�
7KHUH�ZDV�RQH�RXWOLHU�RQ�WKH�ORZ�VLGH�RI�EDWFK�WZR�LQ�WKH�DV�PHDVXUHG�(7:��GDWDVHW���,W�ZDV�DQ�
RXWOLHU�RQO\�IRU�EDWFK�WZR��QRW�WKH�(7:��FRQGLWLRQ���,W�ZDV�UHWDLQHG�IRU�WKLV�DQDO\VLV����
�
6WDWLVWLFV��EDVLV�YDOXHV�DQG�HVWLPDWHV�DUH�JLYHQ�IRU�WKH�VWUHQJWK�GDWD�LQ�7DEOH��������7KH�
QRUPDOL]HG�VWUHQJWK�GDWD�DQG�%�EDVLV�YDOXHV�DQG�%�HVWLPDWHV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�
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5.8.2�� “Soft” Pin Bearing (PB2) 

7KH�(7:��GDWD�PHHWV�DOO�UHTXLUHPHQWV�RI�&0+�����*���7KH�57'�GDW
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5.9�� Compression After Impact Properties (CAI)  

%DVLV�YDOXHV�DUH�QRW�FRPSXWHG�IRU�WKLV�SURSHUW\��+RZHYHU�WKH�VXPPDU\�VWDWLVWLFV�DUH�SUHVHQWHG�LQ�
7DEOH�������7KH�QRUPDOL]HG�VWUHQJWK�GDWD�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH��������
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6.�� Outliers 

2XWOLHUV� ZHUH� LGHQWLILHG� DFFRUGLQJ� WR� WKH� VWDQGDUGV� GRFXPHQWHG� LQ� VHFWLRQ� ������� ZKLFK� DUH� LQ�
DFFRUGDQFH�ZLWK� WKH�JXLGHOLQHV�GHYHORSHG� LQ�&0+�����*�VHFWLRQ��������$Q�RXWOLHU�PD\�EH� DQ�
RXWOLHU�LQ�WKH�QRUPDOL]HG�GDWD��WKH�DV�PHDVXUHG�GDWD��RU�ERWK��$�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�
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