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1. Introduction 



December 19, 2019   NCP-RP-2018-017 Rev N/C�

Page 7 of 39 

SHUIRUPLQJ�SHULRGLF�HTXLYDOHQF\�DGGLWLRQDO�WHVWLQJ��SDUWLFLSDWLQJ�LQ�PDWHULDO�FKDQJH�PDQDJHPHQW�
DFWLYLWLHV��FRQGXFWLQJ�VWDWLVWLFDO�SURFHVV�FRQWURO��DQG�FRQGXFWLQJ�UHJXODU�VXSSOLHU�DXGLWV���
�
7KH� DSSOLFDELOLW\� DQG� DFFXUDF\� RI� 1&$03� PDWHULDO� SURSHUW\� GDWD�� PDWHULDO� DOORZDEOHV�� DQG�
VSHFLILFDWLRQV� PXVW� EH� HYDOXDWHG� RQ� FDVH�E\�FDVH� EDVLV� E\� DLUFUDIW� FRPSDQLHV� DQG� FHUWLI\LQJ�
DJHQFLHV��1&$03�DVVXPHV�QR� OLDELOLW\�ZKDWVRHYHU��H[SUHVVHG�RU� LPSOLHG�� UHODWHG� WR� WKH�XVH�RI�
WKH�PDWHULDO�SURSHUW\�GDWD��PDWHULDO�DOORZDEOHV�DQG�VSHFLILFDWLRQV���
�
7KH�GDWD�LQ�WKLV�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
:DUS�&RPSUHVVLRQ�� :&�
:DUS�7HQVLRQ� :7�
)LOO�&RPSUHVVLRQ� )&�
)LOO�7HQVLRQ� )7�
,Q�3ODQH�6KHDU� ,36�
6KRUW�%HDP�6WUHQJWK� 6%6�
2SHQ�+ROH�7HQVLRQ� 2+7�
2SHQ�+ROH�&RPSUHVVLRQ� 2+&�
&RPSUHVVLRQ�$IWHU�,PSDFW� &$,�
&XUHG�3O\�7KLFNQHVV� &37�
'\QDPLF�0HFKDQLFDO�$QDO\VLV '0$�

Table 1-1 Test Property Abbreviations 

�
Environmental Condition Temperature Abbreviation 
&ROG�7HPSHUDWXUH�'U\��������� í������Û)� &7'�
5RRP�7HPSHUDWXUH�'U\������� ���������Û)� 57'�
(OHYDWHG�7HPSHUDWXUH�:HW� �������Û�)� (7:��

Table 1-2 Environmental Conditions Abbreviations 

7HVWV�ZLWK�D�QXPEHU�LPPHGLDWHO\�DIWHU�WKH�DEEUHYLDWLRQ�LQGLFDWH�WKH�OD\�XS��
�
� ��UHIHUV�WR�D����������OD\XS��7KLV�LV�DOVR�UHIHUUHG�WR�DV�³4XDVL�,VRWURSLF´��
� ��UHIHUV�WR�D����������OD\XS��7KLV�LV�DOVR�UHIHUUHG�WR�DV�³6RIW´�
� ��UHIHUV�WR�D����������OD\XS��7KLV�LV�DOVR�UHIHUUHG�WR�DV�³+DUG´�
�
� (;���2+7��LV�DQ�RSHQ�KROH�WHQVLRQ�WHVW�ZLWK�TXDVL�LVRWURSLF�OD\XS���
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2. Background 

(TXLYDOHQFH�WHVWV�DUH�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�VHFWLRQ�������RI�&0+�����*�DQG�VHFWLRQ�����
RI�'27�)$$�$5��������³0DWHULDO�4XDOLILFDWLRQ�DQG�(TXLYDOHQF\�IRU�3RO\PHU�0DWUL[�
&RPSRVLWH�0DWHULDO�6\VWHPV��8SGDWHG�3URFHGXUH�´�
�
2.1 Results Codes 

Pass�LQGLFDWHV�WKDW�WKH�WHVW�UHVXOWV�DUH�HTXLYDOHQW�IRU�WKDW�HQYLURQPHQW�XQGHU�ERWK�FRPSXWDWLRQDO�
PHWKRGV��
�
Fail�LQGLFDWHV�WKDW�WKH�WHVW�UHVXOWV�DUH�127�HTXLYDOHQW�XQGHU�ERWK�FRPSXWDWLRQDO�PHWKRGV��
�
Pass with Mod CV LQGLFDWHV�WKH�WHVW�UHVXOWV�DUH�HTXLYDOHQW�XQGHU�WKH�DVVXPSWLRQ�RI�WKH�PRGLILHG�
&9�PHWKRG�WKDW�WKH�FRHIILFLHQW�RI�YDULDWLRQ�LV�DW�OHDVW���EXW�WKH�WHVW�UHVXOWV�IDLO�ZLWKRXW�WKH�XVH�RI�
WKH�PRGLILHG�&9�PHWKRG��
�
2.2 Equivalency Computations 

(TXLYDOHQF\�WHVWV�DUH�SHUIRUPHG�WR�GHWHUPLQH�LI�WKH�GLIIHUHQFHV�EHWZHHQ�WHVW�UHVXOWV�FDQ�EH�
UHDVRQDEO\�H[SODLQHG�DV�GXH�WR�WKH�H[SHFWHG�UDQGRP�YDULDWLRQ�RI�WKH�PDWHULDO�DQG�WHVWLQJ�
SURFHVVHV��,I�VR��ZH�FDQ�FRQFOXGH�WKH�WZR�VHWV�RI�WHVWV�DUH�IURP�µHTXLYDOHQW¶�PDWHULDOV��
�
2.2.1 Hypothesis Testing 

7KLV�FRPSDULVRQ�LV�SHUIRUPHG�XVLQJ�WKH�VWDWLVWLFDO�PHWKRGRORJ\�RI�K\SRWKHVLV�뜀䑀Ր
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2.2.2 Type I and Type II Errors 

 Materials 
are equal 

Materials 
are not 
equal 

Conclude 
materials 
are equal 

Correct 
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0.25 0.1 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005
2 0.6266 1.0539 1.3076 1.5266 1.7804 1.9528 2.1123 2.3076 2.4457
3 0.5421 0.8836 1.0868 1.2626 1.4666 1.6054 1.7341 1.8919 2.0035
4 0.4818 0.7744 0.9486 1.0995 1.2747 1.3941 1.5049 1.6408 1.7371
5 0.4382 0.6978 0.8525 0.9866 1.1425 1.2488 1.3475 1.4687 1.5546
6 0.4048 0.6403 0.7808 0.9026 1.0443 1.1411 1.2309 1.3413 1.4196
7 0.3782 0.5951 0.7246 0.8369 0.9678 1.0571 1.1401 1.2422 1.3145
8 0.3563 0.5583 0.6790 0.7838 0.9059 0.9893 1.0668 1.1622 1.2298
9 0.3379 0.5276 0.6411 0.7396 0.8545 0.9330 1.0061 1.0959 1.1596
10 0.3221 0.5016 0.6089 0.7022 0.8110 0.8854 0.9546 1.0397 1.1002
11 0.3084 0.4790 0.5811 0.6699 0.7735 0.8444 0.9103 0.9914 1.0490
12 0.2964 0.4593 0.5569 0.6417 0.7408 0.8086 0.8717 0.9493 1.0044
13 0.2856 0.4418 0.5354 0.6168 0.7119 0.7770 0.8376 0.9121 0.9651
14 0.2760 0.4262 0.5162 0.5946 0.6861 0.7488 0.8072 0.8790 0.9300
15 0.2673 0.4121 0.4990 0.5746 0.6630 0.7235 0.7798 0.8492 0.8985
16 0.2594 0.3994 0.4834 0.5565 0.6420 0.7006 0.7551 0.8223 0.8700
17 0.2522 0.3878 0.4692 0.5400 0.6230 0.6797 0.7326 0.7977 0.8440
18 0.2455 0.3771 0.4561 0.5250 0.6055 0.6606 0.7120 0.7753 0.8202
19 0.2394 0.3673 0.4441 0.5111 0.5894 0.6431 0.6930 0.7546 0.7984
20 0.2337 0.3582 0.4330 0.4982 0.5745 0.6268 0.6755 0.7355 0.7782
21 0.2284 0.3498 0.4227 0.4863 0.5607 0.6117 0.6593 0.7178 0.7594
22 0.2235 0.3419 0.4131 0.4752 0.5479 0.5977 0.6441 0.7013 0.7420
23 0.2188 0.3345 0.4041 0.4648 0.5359 0.5846 0.6300 0.6859 0.7257
24
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0.25 0.1 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005
2 1.2887 1.8167 2.1385 2.4208 2.7526 2.9805 3.1930 3.4549 3.6412
3 1.5407 2.0249 2.3239 2.5888 2.9027 3.1198 3.3232 3.5751 3.7550
4 1.6972 2.1561 2.4420 2.6965 2.9997 3.2103 3.4082 3.6541 3.8301
5



December 19, 2019   NCP-RP-2018-017 Rev N/C�

Page 13 of 39 

�
7KLV�LV�FRQYHUWHG�WR�SHUFHQW�E\�PXOWLSO\LQJ�E\�������

�
&9
�LV�XVHG�WR�FRPSXWH�D�PRGLILHG�VWDQGDUG�GHYLDWLRQ�6
��

�

   
 
S CV X�  � ˜       Equation 2 

�
7R�FRPSXWH�WKH�SRROHG�VWDQGDUG�GHYLDWLRQ�EDVHG�RQ�WKH�PRGLILHG�&9��

�

� � � �� � � ��� ��
� � � �

�



 �

�

�

�

k
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i

p k

i
i

n CV X
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��
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�¦
   Equation 3 

�
7KH�$�EDVLV�DQG�%�EDVLV�YDOXHV�XQGHU�WKH�DVVXPSWLRQ�RI�WKH�PRGLILHG�&9�PHWKRG�DUH�FRPSXWHG�
E\�UHSODFLQJ�6�ZLWK�6
��

�
:KHQ�WKH�EDVLV�YDOXHV�KDYH�EHHQ�VHW�XVLQJ�WKH�PRGLILHG�&9�PHWKRG��ZH�FDQ�XVH�WKH�PRGLILHG�
&9�WR�FRPSXWH�WKH�HTXLYDOHQF\�WHVW�UHVXOWV��
�
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3. Equivalency Test Results 

7KHUH�ZHUH�D�WRWDO�RI����GLIIHUHQW�WHVWV�RI�HTXLYDOHQFH�UXQ�ZLWK�VXIILFLHQW�GDWD�DFFRUGLQJ�WR�WKH�
UHFRPPHQGDWLRQV�RI�&0+�����*��7KHUH�ZHUH�DQ�DGGLWLRQDO�WZR�WHVWV�SHUIRUPHG�ZLWK�
LQVXIILFLHQW�GDWD��$�FRPSDULVRQ�RI�WKH�DYHUDJH�FXUHG�SO\�WKLFNQHVV�DQG�'0$�UHVXOWV�ZDV�DOVR�
PDGH��$OO�WHVWV�ZHUH�SHUIRUPHG�ZLWK�DQ�Į�OHYHO�RI�����
�
7KH�UHVXOWV�RI�WKH�HTXLYDOHQF\�FRPSDULVRQV�DUH�OLVWHG�DV�µ3DVV¶��µ)DLO¶��RU�µ3DVV�ZLWK�0RG�&9¶��
µ3DVV�ZLWK�0RG�&9¶�UHIHUV�WR�FDVHV�ZKHUH�WKH�HTXLYDOHQF\�IDLOV�XQOHVV�WKH�PRGLILHG�FRHIILFLHQW�
RI�YDULDWLRQ�PHWKRG�LV�XVHG��$�PLQLPXP�RI�HLJKW�VDPSOHV�IURP�WZR�VHSDUDWH�SDQHOV�DQG�
SURFHVVLQJ�F\FOHV�LV�UHTXLUHG�IRU
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�
Description Modulus Strength 
0LOG�)DLOXUH� ��IDLO������� ��IDLO�������
0LOG�WR�0RGHUDWH�)DLOXUH� �������IDLO������� �������IDLO��������
0RGHUDWH�)DLOXUH� �������IDLO�������� �������IDLO��������
0RGHUDWH�WR�6HYHUH�)DLOXUH ��������IDLO������� ��������IDLO��������
6HYHUH�)DLOXUH� ��������IDLO������� ��������IDLO��������
([WUHPH�)DLOXUH� ��������IDLO� ��������IDLO�

Table 3-2 "% Failed" Results Scale 
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*UDSKLFDO�SUHVHQWDWLRQV�RI�DOO�WH
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3.1 Warp Compression (WC) 

7KH�:&�GDWD�LV�QRUPDOL]HG��%RWK�WKH�:&�VWUHQJWK�GDWD�DQG�PRGXOXV�GDWD�SDVVHG�HTXLYDOHQF\�
WHVWV�IRU�DOO�WHVWHG�FRQGLWLRQV���6WDWLVWLFV�DQG�DQDO\VLV�UHVXOWV�DUH�VKRZQ�IRU�WKH�VWUHQJWK�GDWD�LQ�
7DEOH�����DQG�IRU�WKH�PRGXOXV�GDWD�LQ�7DEOH������

�

Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�QRUPDOL]HG�ZLWK�&37�������    

0HDQ�6WUHQJWK��NVL� ������� ������� ������� ������� ������ ������
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����
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3.2 Warp Tension (WT) 

7KH�:7�GDWD�LV�QRUPDOL]HG��%RWK�WKH�:7�VWUHQJWK�GDWD�DQG�PRGXOXV�GDWD�SDVVHG�HTXLYDOHQF\�
WHVWV�IRU�DOO�WHVWHG�FRQGLWLRQV���6WDWLVWLFV�DQG�DQDO\VLV�UHVXOWV�DUH�VKRZQ�IRU�WKH�VWUHQJWK�GDWD�LQ�
7DEOH�����DQG�IRU�WKH�PRGXOXV�GDWD�LQ�7DEOH������
�

Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�QRUPDOL]HG�ZLWK�&37�������    

0HDQ�6WUHQJWK��NVL� ������� ������� ������� ������� ������� �������
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� ����� ����� �����
0LQLPXP ������ ������� ������� ������� ������� �������
0D[LPXP ������� ������� ������� ������� ������� �������

1XPEHU�RI�6SHFLPHQV �� � �� � �� ��

RESULTS
0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

MOD CV RESULTS
0RGLILHG�&9��

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

������
������� ������� �������

����� �����
������� ������� �������

������ ������� �������

PASS PASS PASS

PASS with MOD CV PASS with MOD CV
�����

RTD

�������

PASS with MOD CV
�������

ETW2CTD
Warp Tension (WT) Strength

�

Table 3-5 Warp Tension Strength Results 

�

Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�QRUPDOL]HG�ZLWK�&37�������    

0HDQ�0RGXOXV��0VL� ����� ����� ����� ����� ����� �����
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� ����� ����� �����
0LQLPXP ����� ����� ����� ����� ����� �����
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)LJXUH�����LOOXVWUDWHV�WKH����7HQVLRQ�VWUHQJWK�PHDQV�DQG�PLQLPXP�YDOXHV�DQG�PRGXOXV�PHDQV�IRU�
WKH�TXDOLILFDWLRQ�VDPSOH�DQG�WKH�HTXLYDOHQF\�VDPSOH��7KH�OLPLWV�IRU�HTXLYDOHQF\�VDPSOHV�DUH�
VKRZQ�DV�HUURU�EDUV�ZLWK�WKH�TXDOLILFDWLRQ�GDWD��7KH�ORQJHU��OLJKWHU�FRORUHG�HUURU�EDUV�DUH�IRU�WKH�
PRGLILHG�&9�FRPSXWDWLRQV��
�

9.2

9.4

9.6

9.8

10.0

10.2

10.4

82

92

102

112

122

132

Mean Min Mean Min Mean Min CTD RTD ETW2
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3.3 Fill Compression (FC) 

7KH�)&�GDWD�LV�QRUPDOL]HG��7KH�QRUPDOL]HG�)&�VWUHQJWK�GDWD�DQG�PRGXOXV�GDWD�SDVVHG�
HTXLYDOHQF\�WHVWV�IRU�DOO�WHVWHG�FRQGLWLRQV���0RGLILHG�&9�UHVXOWV�ZHUH�QRW�SURYLGHG�IRU�WKH�
VWUHQJWK�GDWD�EHFDXVH�WKH�FRHIILFLHQW�RI�YDULDWLRQ�ZDV�DERYH���
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)LJXUH�����LOOXVWUDWHV�WKH�����&RPSUHVVLRQ�VWUHQJWK�PHDQV�DQG�PLQLPXP�YDOXHV�DQG�PRGXOXV�
PHDQV�IRU�WKH�TXDOLILFDWLRQ�VDPSOH�DQG�WKH�HTXLYDOHQF\�VDPSOH��7KH�OLPLWV�IRU�HTXLYDOHQF\�
VDPSOHV�DUH�VKRZQ�DV�HUURU�EDUV�ZLWK�WKH�TXDOLILFDWLRQ�GDWD��7KH�ORQJHU��OLJKWHU�FRORUHG�HUURU�EDUV�
DUH�IRU�WKH�PRGLILHG�&9�FRPSXWDWLRQV��

�

8.1

8.3

8.5

8.7

8.9

9.1

9.3

9.5

32

52

72

92

112

132

Mean Min Mean Min Mean Min CTD RTD ETW2

CTD Strength RTD Strength ETW2 Strength Modulus

M
siks
i

Solvay (Formerly Cytec) 5320-1 T650 3k-PW fabric with 36% RC
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3.4 Fill Tension (FT) 

7KH�)7�GDWD�LV�QRUPDOL]HG��7KH�QRUPDOL]HG�)7�VWUHQJWK�GDWD�DQG�PRGXOXV�GDWD�SDVVHG�
HTXLYDOHQF\�WHVWV�IRU�DOO�WHVWHG�FRQGLWLRQV����
�

6WDWLVWLFV�DQG�DQDO\VLV�UHVXOWV�DUH�VKRZQ�IRU�WKH�VWUHQJWK�GDWD�LQ�7DEOH�����DQG�IRU�WKH�PRGXOXV�
GDWD�LQ�7DEOH�������

Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�QRUPDOL]HG�ZLWK�&37�������    

0HDQ�6WUHQJWK��NVL� ������� ������� ������� ������� ������� �������
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� ����� ����� �����
0LQLPXP ������ ������� ������� ������� ������� �������
0D[LPXP ������� ������� ������� ������� ������� �������

1XPEHU�RI�6SHFLPHQV �� � �� � �� �

RESULTS
0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

MOD CV RESULTS
0RGLILHG�&9��

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

������ ������� �������

������ ������ ������

PASS with MOD CV PASS with MOD CV PASS with MOD CV
����� ����� �����

������ ������� �������
������ ������� �������

PASS PASS PASS

Fill Tension (FT) Strength
CTD RTD ETW2
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)LJXUH�����LOOXVWUDWHV�WKH�����7HQVLRQ�VWUHQJWK�PHDQV�DQG�PLQLPXP�YDOXHV�DQG�PRGXOXV�PHDQV�
IRU�WKH�TXDOLILFDWLRQ�VDPSOH�DQG�WKH�HTXLYDOHQF\�VDPSOH��7KH�OLPLWV�IRU�HTXLYDOHQF\�VDPSOHV�DUH�
VKRZQ�DV�HUURU�EDUV�ZLWK�WKH�TXDOLILFDWLRQ�GDWD��7KH�ORQJHU��OLJKWHU�FRORUHG�HUURU�EDUV�DUH�IRU�WKH�
PRGLILHG�&9�FRPSXWDWLRQV��
�
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3.5 Lamina Short Beam Strength (SBS) 

7KH�6%6�GDWD�LV�QRW�QRUPDOL]HG��7KH�6%6�GDWD�SDVVHG�HTXLYDOHQF\�WHVWV�IRU�DOO�WHVWHG�FRQGLWLRQV��
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3.6 In-Plane Shear (IPS) 

7KH�,36�GDWD�LV�QRW�QRUPDOL]HG��7KH�,36�GDWD�SDVVHG�DOO�HTXLYDOHQF\�WHVWV�IRU�WKH�&7'�DQG�57'�
FRQGLWLRQV��DOWKRXJK�WKH�VWUHQJWK�DW����VWUDLQ�GDWD�LQ�WKH�&7'�FRQGLWLRQ�UHTXLUHG�WKH�XVH�RI�WKH�
PRGLILHG�&9�DSSURDFK�WR�SDVV�HTXLYDOHQF\��7KH�,36�GDWD�LQ�WKH�(7:��FRQGLWLRQ�SDVVHG�
HTXLYDOHQF\�WHVWV�RQO\�IRU�VWUHQJWK�DW����VWUDLQ��QRW�IRU������RIIVHW�VWUHQJWK�RU�PRGXOXV��7KH�
VWUHQJWK�DW����VWUDLQ�GDWD�LQ�WKH�&7'�FRQGLWLRQ�KDG�LQVXIILFLHQW�GDWD�IRU�WKH�UHVXOW�WR�EH�
FRQVLGHUHG�FRQFOXVLYH��
�
6WDWLVWLFV�DQG�DQDO\VLV�UHVXOWV�DUH�VKRZQ�IRU�WKH������RIIVHW�VWUHQJWK�GDWD�LQ�7DEOH�������WKH�
VWUHQJWK�DW����VWUDLQ�GDWD�LQ�7DEOH�������DQG�WKH�PRGXOXV�GDWD�LQ�7DEOH�������
�

Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�DV�PHDVXUHG    

0HDQ�6WUHQJWK�#������RIIVHW��NVL� ������ ������ ����� ����� ����� �����
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� ����� ����� �����
0LQLPXP ������ ������ ����� ����� ����� �����

0D[LPXP ������ ������ ����� ����� ����� �����
1XPEHU�RI�6SHFLPHQV �� �� �� � �� �

RESULTS
0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

MOD CV RESULTS
0RGLILHG�&9��

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ
0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

������ ����� �����

����� ����� �����

PASS with MOD CV PASS with MOD CV FAIL
����� ����� �����

������ ����� �����

������ ����� �����

PASS PASS FAIL

In-Plane Shear (IPS) 0.2% Offset 
Strength

CTD RTD ETW2

�

Table 3-12 In-Plane Shear 0.2% Offset Strength Results 

Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�DV�PHDVXUHG   

0HDQ�6WUHQJWK�#����6WUDLQ��NVL� ������ ������ ������ ������ ����� �����
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� ����� ����� �����
0LQLPXP ������ ������ ������ ������ ����� �����

0D[LPXP ������ ������ ������ ������ ����� �����
1XPEHU�RI�6SHFLPHQV �� � �� � �� �

RESULTS
0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

MOD CV RESULTS
0RGLILHG�&9��

0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0HDQ
0LQLPXP�$FFHSWDEOH�(TXLY��6DPSOH�0LQ

 Insufficient Data

������ ������ �����

����� ����� �����

������ ������ �����

������ ������ �����

PASS with MOD CV PASS with MOD CV PASS with MOD CV

FAIL PASS PASS
������ ������ �����
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Qual. Equiv. Qual. Equiv. Qual. Equiv.
'DWD�DV�PHDVXUHG    

0HDQ�0RGXOXV��0VL� ����� ����� ����� ����� ����� �����
6WDQGDUG�'HYLDWLRQ ����� ����� ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� ����� ����� �����
0LQLPXP ����� ����� ����� ����� ����� �����

0D[LPXP ����� ����� ����� ����� ����� �����
1XPEHU�RI�6SHFLPHQV �� �� �� � �� �

RESULTS
3DVVLQJ�5DQJH�IRU�0RGXOXV�0HDQ ������WR ����� ������WR ����� ������WR �����

6WXGHQW
V�W�VWDWLVWLF
S�YDOXH�RI�6WXGHQW
V�W�VWDWLVWLF

MOD CV RESULTS
0RGLILHG�&9�

3DVVLQJ�5DQJH�IRU�0RGXOXV�0HDQ
S�YDOXH�RI�6WXGHQW
V�W�VWDWLVWLF

������ ������ ������
����� ����� �����

����� ����� �����

������WR������ ������WR������ ������WR������

����� ����� �����
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)LJXUH�����LOOXVWUDWHV�WKH�,36�VWUHQJWK�PHDQV�DQG�PLQLPXP�YDOXHV�DQG�WKH�PRGXOXV�PHDQV�IRU�WKH�
TXDOLILFDWLRQ�VDPSOH�DQG�WKH�HTXLYDOHQF\�VDPSOH��7KH�OLPLWV�IRU�HTXLYDOHQF\�VDPSOHV�DUH�VKRZQ�
DV�HUURU�EDUV�ZLWK�WKH�TXDOLILFDWLRQ�GDWD��7KH�ORQJHU��OLJKWHU�FRORUHG�HUURU�EDUV�DUH�IRU�WKH�
PRGLILHG�&9�FRPSXWDWLRQV��
�
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CTD RTD ETW2 CTD RTD ETW2 CTD RTD ETW2

Strength at 5% Strain 0.2% Offset Strength Modulus

M
si

ks
i

Solvay (Formerly Cytec) 5320-1 T650 3k-PW fabric with 36% RC
Comparison of Equivalency panels for FAA Laminate Repair Study with original 

Qualification Results
In-Plane Shear Data as measured

Qual. Strength Equiv. Strength Qual. Mod. Equiv. Mod.

�

Figure 3-8 In-Plane Shear means, minimums and Equivalence limits 
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3.7 “25/50/25” Open Hole Tension 1 (OHT1) 

7KH�2+7��GDWD�LV�QRUPDOL]HG��7KH�2+7��VWUHQJWK�GDWD�SDVVHG�HTXLYDOHQF\�WHVWV�IRU�DOO�WHVWHG�
FRQGLWLRQV���6WDWLVWLFV�DQG�DQDO\VLV�UHVXOWV�IRU�WKH�2+7��VWUHQJWK�GDWD�DUH�VKRZQ�LQ�7DEOH�������
�

Qual. Equiv. Qual. Equiv.
'DWD�QRUPDOL]HG�ZLWK�&37�������   

0HDQ�6WUHQJWK��NVL� ������ ������ ������ ������
6WDQGDUG�'HYLDWLRQ ����� ����� ����� �����

&RHIILFLHQW�RI�9DULDWLRQ�� ����� ����� ����� �����
0LQLPXP ������ ������ ������ ������
0D[LPXP ������ ������ ������ ������

1XPEHU�RI�6SHFLPHQV �� � �� �

RESULTS
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3.9 “25/50/25” Compression After Impact 1 (CAI1) 

7KH�&$,��GDWD�LV�QRUPDOL]HG��7KH�&$,��VWUHQJWK�GDWD�SDVVHG�HTXLYDOHQF\�WHVWV�IRU�WKH�57'�
FRQGLWLRQ�EXW�KDV�LQVXIILFLHQW�GDWD�IRU�WKH�UHVXOWV�WR�EH�FRQVLGHUHG�FRQFOXVLYH���6WDWLVWLFV�DQG�
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3.10 Cured Ply Thickness (CPT) 
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Solvay (Formerly Cytec) 5320-1 T650 3k-PW fabric with 36% RC
Comparison of FAA Laminate Repair Study with original Qualification Test 

Results Cured Ply Thickness

Qualification CPT FAA Laminate Repair Study CPT Nominal CPT

�

Figure 3-12 CPT means, 95% standard error bars and nominal value 
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3.11 Dynamic Mechanical Analysis (DMA) 

'0$�LV�FRPSDUHG�IRU�WZR�PHDVXUHPHQWV��WKH�RQVHW�RI�VWRUDJH�PRGXOXV�DQG�WKH�SHDN�RI�WDQJHQW�
GHOWD�IRU�ERWK�GU\�DQG�ZHW�FRQGLWLRQV��7KHVH�DUH�WHVWHG�IRU�HTXLYDOHQF\�XVLQJ�D�SRROHG�WZR�
VDPSOH�GRXEOH�VLGHG�W�WHVW�DW�D�����FRQILGHQFH�OHYHO��7KH�PRGLILHG�&9�PHWKRG�LV�QRW�DSSOLHG�WR�
'0$��EXW�DQ�DGGLWLRQDO�DQDO\VLV�LV�DOVR�PDGH�ZLWK�WKH�DOORZDEOH�UDQJH�IRU�'0$�EHLQJ�VHW�WR�
����)��7KLV�HTXLYDOHQF\�FULWHULRQ�IRU�HYDOXDWLQJ�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�LV�QRW�D�VWDWLVWLFDOO\�
EDVHG�FULWHULRQ�EXW�LV�JHQHUDOO\�PRUH�VWULQJHQW�WKDQ�WKDW�EDVHG�RQ�Į ���ZLWK�PRGLILHG�FRHIILFLHQW�
RI�YDULDWLRQ�EXW�OHVV�VWULQJHQW�WKDW�WKDW�EDVHG�RQ�Į ���ZLWK�DV�PHDVXUHG�FRHIILFLHQW�RI�YDULDWLRQ��
7KLV�FULWHULRQ�LV�DGGHG�WR�WKH�WHVW�RQ�7J�WR�DLG�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�EHFDXVH�WKH�
VWDWLVWLFDOO\�EDVHG�PHWKRGV�DUH�RIWHQ�WRR�VWULQJHQW��ZKHQ�DV�PHDVXUHG�FRHIILFLHQW�RI�YDULDWLRQ�LV�
XVHG��RU�WRR�OD[��ZKHQ�PRGLILHG�FRHIILFLHQW�RI�YDULDWLRQ�LV�XVHG���
�
7KH�'0$�GU\�GDWD�VHWV�ZHUH�VOLJKWO\�DERYH�WKH�XSSHU�DFFHSWDQFH�OLPLWV�ZKLOH�WKH�'0$�ZHW�GDWD�
VHWV�ZHUH�VOLJKWO\�EHORZ�WKH�ORZHU�DFFHSWDQFH�OLPLWV���+RZHYHU��WKH�'0$�GDWD�SDVVHG��
HTXLYDOHQF\�WHVWV�IRU�ERWK�WKH�GU\�3HDN�RI�7DQJHQW�'HOWD�DQG�WK
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4. Summary of Results 

$OO�WKH�HTXLYDOHQF\�FRPSDULVRQV�DUH�FRQGXFWHG�ZLWK�7\SH�,�HUURU�SUREDELOLW\��Į��RI����LQ�
DFFRUGDQFH�ZLWK�)$$�'27�$5�������UHSRUW�DQG�&0+�����*�VHFWLRQ��������,W�LV�FRPPRQ�WR�
REWDLQ�D�IHZ�RU�HYHQ�VHYHUDO�IDLOXUHV�LQ�D�W\SLFDO�HTXLYDOHQF\�SURJUDP�LQYROYLQJ�PXOWLSOH�
LQGHSHQGHQW�SURSHUW\�FRPSDULVRQV
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4.2 Failures 

7KH�)$$�/DPLQDWH�5HSDLU�6WXG\�PDWHULDO�KDV�VXIILFLHQW�WHVW�UHVXOWV�IRU�FRPSDULVRQ�ZLWK�WKH�
RULJLQDO�TXDOLILFDWLRQ�PDWHULDO�WHVW�UHVXOWV�RQ�D�WRWDO�RI����GLIIHUHQW�WHVW�W\SHV�DQG�FRQGLWLRQV��QRW�
LQFOXGLQJ�WKH�FXUHG�SO\�WKLFNQHVV�RU�WKH�'0$�FRPSDULVRQ��
�
8VLQJ�WKH�PRGLILHG�&9�PHWKRG��WKHUH�ZHUH�WZR�IDLOXUHV��%RWK�IDLOXUHV�ZHUH�IRU�,36�SURSHUWLHV�
������RIIVHW�VWUHQJWK�DQG�PRGXOXV��LQ�WKH�(7:��FRQGLWLRQ���
�

�� ,Q�3ODQH�6KHDU�0RGXOXV�IRU�WKH�(7:��FRQGLWLRQ�IDLOHG�E\��������
�� ,Q�3ODQH�6KHDU������2IIVHW�6WUHQ
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4.4 Probability of Failures 

,I�WKH�HTXLYDOHQF\�VDPSOH�FDPH�IURP�D�PDWHULDO�ZLWK�FKDUDFWHULVWLFV�LGHQWLFDO�WR�WKH�RULJLQDO�
TXDOLILFDWLRQ�PDWHULDO�DQG�DOO�WHVWV�ZHUH�LQGHSHQGHQW�RI�DOO�RWKHU�WHVWV��WKH�FKDQFH�RI�KDYLQJ�WZR�
RU�PRUH�IDLOXUHV�LV���������)LJXUH�����LOOXVWUDWHV�WKH�SUREDELOLW\�RI�JHWWLQJ�RQH�RU�PRUH�IDLOXUHV��
WZR�RU�PRUH�IDLOXUHV��HWF��IRU�D�VHW�RI����LQGHSHQGHQW�WHVWV��,I�WKH�WZR�PDWHULDOV�ZHUH�HTXLYDOHQW��
WKH�SUREDELOLW\�RI�JHWWLQJ�ILYH�RU�PRUH�IDLOXUHV�LV�OHVV�WKDQ�����7KLV�PHDQV�WKDW�WKH�PDWHULDO�FRXOG�
EH�FRQVLGHUHG�DV�³QRW�HTXLYDOHQW´�ZLWK�D�����OHYHO�RI�FRQILGHQFH�LI�WKHUH�ZHUH�ILYH�RU�PRUH�
IDLOXUHV�RXW�RI����LQGHSHQGHQW�WHVWV��
�
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Figure 4-1 Probability of Number of Failures 
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