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BACKGROUND INFORMATION

 
*OREDO�5RDG�7HFKQRORJ\��*57��SRO\PHU�PRGLȴHG�FHPHQWHG�PDWHULDOV�PD\�EH�GHVFULEHG�DV�
D�FRPELQDWLRQ�RI�D�FHPHQWLWLRXV�ELQGHU��*57�SRO\PHU��ZDWHU�DQG�JUDQXODU�PDWHULDO�ZKLFK�LV�
PL[HG�WRJHWKHU�DQG�FRPSDFWHG�LQ�WKH�HDUO\�VWDJHV�RI�WKH�K\GUDWLRQ�SURFHVV�WR�IRUP�D�
SDYHPHQW�OD\HU�WKDW�LV�VXEVHTXHQWO\�FXUHG�

7KH�FXULQJ�SURFHVV�IRU�*57�PRGLȴHG�FHPHQW�EOHQGV�LV�GL΍HUHQW�WR�WKDW�RI�FRQYHQWLRQDO�
FHPHQW�VWDELOLVHG�PDWHULDOV�DV�RXWOLQHG�LQ�*57ȇV�FRQVWUXFWLRQ�VSHFLȴFDWLRQ�

7KH�FHPHQWLWLRXV�ELQGHU�PD\�FRQVLVW�RI�D�FRPELQDWLRQ�RI�SR]]RODQLF�PDWHULDO�WKDW�LV�
FRPSDWLEOH�ZLWK�WKH�*57�SRO\PHU�DV�GHWHUPLQHG�E\�ODERUDWRU\�WHVWLQJ���

&RPPRQO\�XVHG�FHPHQW�EOHQGV�QRUPDOO\�XVHG�LQ�FRQYHQWLRQDO�RSHUDWLRQV�DUH�VXLWDEOH�DORQJ�
ZLWK�RWKHU�EOHQGV�ZKLFK�KDYH�DQ�LQFUHDVHG�SHUFHQWDJH�RI�SR]]RODQ�ZDVWH�E\�SURGXFW��7KH�
ELQGHU�VKRXOG�EH�DGGHG�LQ�VXɝFLHQW�TXDQWLW\�WR�EDODQFH�ERWK�VWUHQJWK�DQG�VKULQNDJH�
UHTXLUHPHQWV�WR�SURGXFH�D�ERXQG�RU�PRGLȴHG�PDWHULDO�ZLWK�VLJQLȴFDQW�WHQVLOH�VWUHQJWK�WKDW�
GRHV�QRW�H[KLELW�WKH�VDPH�VKULQNDJH�FUDFN�SURSHQVLW\�DV�FHPHQWHG�PDWHULDOV�ZKHQ�XVHG�
DORQH���7\SLFDOO\��FHPHQWLWLRXV�FRQWHQWV�IRU�*57�SRO\PHU�PL[�GHVLJQV�DUH�OLPLWHG�WR���WR����E\�
ZHLJKW�

&RQWURO�GRHV�QHHG�WR�EH�H[HUFLVHG�GXULQJ�FRQVWUXFWLRQ�RYHU�WKH�ZDWHU�FHPHQW�DQG�FHPHQW�
SRO\PHU�UDWLR�DV�GHWHUPLQHG�E\�*57�IRU�HDFK�VSHFLȴF�SURMHFW��

7KH�*57�SRO\PHU�LV�D�VXEVWDQFH�FRPSRVHG�RI�QDQRSDUWLFOHV�ZKLFK�ERQG�WR�IRUP�ODUJHU��
PROHFXOHV��7KH�VLPSOH�PROHFXOHV�DUH�NQRZQ�DV�PRQRPHUV��DQG�WKH�UHDFWLRQ�WKDW�PHUJHV�
WKHP�LV�FDOOHG�SRO\PHUL]DWLRQ��7KH�*57�SRO\PHU�LV�D�FRSRO\PHU�ZKHUH�WZR�RU�PRUH�
PRQRPHUV�DUH�SRO\PHUL]HG���7KH�H[DFW�IRUPXODWLRQ�LV�FRYHUHG�E\�D�SDWHQW�DQG�KDV�EHHQ�
GHYHORSHG�E\�VSHFLDOLVW�SRO\PHU�FKHPLVWV�DQG�FHPHQW�WHFKQRORJLVWV��

:K\�XVH�*57�3RO\PHU�PRGLȴHG�FHPHQWLWLRXV�EOHQGV"

&RPSRVLWH�PDWHULDOV�XVLQJ�SRO\PHU�ELQGHUV�DUH�ZLGHO\�XVHG�DV�VWUXFWXUDO�FKHPLFDOO\�UHVLVWDQW��
YLEUDWLRQ�DQG�LPSDFW�SURRI�PDWHULDOV�IRU�LQGXVWULDO�FRQVWUXFWLRQ�DQG�FKHPLFDO�LQGXVWU\�IRU�
RYHU����\HDUV�DQG�DUH�SURYHQ�LQ�RWKHU�FLYLO�HQJLQHHULQJ�ȴHOGV�

'HYHORSHG�IURP�WKH�SURYHQ�XVH�RI�SRO\PHUV�LQ�VSHFLDOLVHG�VWUXFWXUDO�FRQFUHWH��*57�KDYH�
GHYHORSHG�SRO\PHUV�WR�EH�XVHG�LQ�SR]]RODQLF�VWDEOLVDWLRQ�RI�SDYHPHQW�PDWHULDOV�WR�RYHUFRPH�
VRPH�RI�WKH�FXUUHQW�VKRUWFRPLQJV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�FHPHQW�DORQH�LQFOXGLQJ�
VKULQNDJH�FUDFNLQJ�DQG�FXULQJ�WLPHV��DQG�LPSURYH�RQ�SURSHUWLHV�RI�XVLQJ�FHPHQWLWLRXV�
PDWHULDOV�DORQH�

7KH�*57�SRO\PHU�LV�D�QRQ�KD]DUGRXV�VXEVWDQFH�DQG�UHTXLUHV�PLQLPDO�KDQGOLQJ�DQG�
HQYLURQPHQWDO�SUHFDXWLRQV���ΖW�LV�ERWK�HQYLURQPHQWDOO\�DQG�2+6�IULHQGO\�

6RPH�RI�WKH�RWKHU�DGYDQWDJHV�RI�*57�SRO\PHU�PRGLȴHG�SR]]RODQLF�EOHQGV�ZKHQ�FRPSDUHG�WR�
FRQYHQWLRQDO�FHPHQW�VWDELOLVHG�RU�WUHDWHG�SDYHPHQWV�DUH�GHWDLOHG�EHORZ�
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:KLOVW�WKH�*57�SRO\PHU�GRHV�LQWURGXFH�LPSURYHG�WRXJKQHVV�DQG�IDWLJXH�OLIH��DW�WKLV�VWDJH�RI�
WKH�SURGXFWV�GHYHORSPHQW��FRQYHQWLRQDO�FHPHQW�PDWHULDOV�IDWLJXH�FKDUDFWHULVWLFV�DUH�XVHG�LQ�
GHVLJQ��

$SSOLFDWLRQV�IRU�WKH�XVH�RI�*57�3RO\PHU�0RGLȴHG�3R]]RODQLF�%OHQGV

• 3RWHQWLDO�VXLWDEOH�DSSOLFDWLRQV�RI�*303�EOHQGV�LQFOXGH�
• 5HKDELOLWDWLRQ�DQG�VWUHQJWKHQLQJ�RI�H[LVWLQJ�JUDQXODU�SDYHPHQW
• 5HF\FOLQJ�UH�VWDELOLVDWLRQ�RI�H[LVWLQJ�FHPHQW�VWDELOLVHG�SDYHPHQWV�ZKLFK�DUH�H[KLELWLQJ�

H[WHQVLYH�VKULQNDJH�FUDFNLQJ
• &RQVWUXFWLRQ�RI�SDYHPHQWV�DQG�RU�ZRUNLQJ�SODWIRUPV�LQ�OLPLWHG�RU�FRQVWUDLQHG���������

FRQVWUXFWLRQ�WLPHV�RU�VLPSO\�ZKHUH�UHGXFHG�FRQVWUXFWLRQ�WLPH�IUDPHV�GHOLYHU�SURMHFW�
HɝFLHQFLHV�RU�EHQHȴWV�VXFK�UHGXFHG�WHPSRUDU\�WUDɝF�EDUULHU�KLUH��

• :KHUH�GHVLJQ�DQG�FRQVWUXFWLRQ�HɝFLHQFLHV�FDQ�EH�JDLQHG�E\�LQFUHDVLQJ�WKH�GHSWK�RI�D�
VLQJOH�FRPSDFWHG�FHPHQWHG�PDWHULDO�OD\HU

• ΖQ�DUHDV�VXVFHSWLEOH�WR�KLJK�UDLQIDOO�RU�LQXQGDWLRQ
• :RUNLQJ�SODWIRUPV���SDUWLFXODUO\�LQ�DUHDV�ZKHUH�WKH�XVH�RI�XQERXQG�PDWHULDOV�PD\�EH�

VXVFHSWLEOH�WR�GHJUHH�RI�VDWXUDWLRQ�LVVXHV�DQG�WKH�QHHG�IRU�UHZRUN
• 2YHU�VRIW�JURXQG�FRQGLWLRQV�ZKHUH�VWL΍�EULGJLQJ�OD\HUV�DUH�UHTXLUHG�WR�FRPSDFW�������

RYHUO\LQJ�PDWHULDOV
• ΖQ�RWKHU�VLWXDWLRQV�ZKHUH�LPSURYHG�VXSSRUW�WR�RYHUO\LQJ�PDWHULDOV�DUH�UHTXLUHG��LQ�WKH�

FDVH�RI�DQ�DVSKDOW�VXUIDFLQJ�WKLV�PD\�OHDG�WR�ORQJHU�DVSKDOW�IDWLJXH�OLIH
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• :KHUH�WHPSRUDU\�WUDɝFNLQJ�RI�WKH�SDYHPHQW�PD\�EH�UHTXLUHG�GXULQJ�GL΍HUHQW�VWDJHV�
RI�FRQVWUXFWLRQ���'HSHQGLQJ�RQ�WUDɝF�YROXPHV�DQG�HQYLURQPHQWDO�FRQGLWLRQV�DW�WKH�
WLPH��*57�SRO\PHU�PRGLȴHG�SR]]RODQLF�EOHQG�SDYHPHQWV�FDQ�JHQHUDOO\�EH�WUDɝFNHG�
LPPHGLDWHO\�DIWHU�ȴQDO�FRPSDFWLRQ�

• 0D[LPLVLQJ�XVH�RI�ORFDOO\�ZRQ�PDWHULDOV�DQG�IRU�UHQGHULQJ�PDUJLQDO�SDYHPHQW�JUDYHOV�
VXLWDEOH�RU�ȴW�IRU�SXUSRVH

• 0RGLȴFDWLRQ�RU�LPSURYHPHQW�RI�QRQ�RUJDQLF�VXE�JUDGH�FRQGLWLRQ
• :KHUH�FRQVWUXFWLRQ�ZDWHU�DYDLODELOLW\�LV�OLPLWHG�Ȃ�*57�SRO\PHU��ZKHQ�XVHG�ZLWK�FHPHQW��

UHGXFHV�FRQVWUXFWLRQ�ZDWHU�UHTXLUHPHQWV��'HSHQGLQJ�RQ�WKH�ZDWHU�TXDOLW\��WKH�*57�
SRO\PHU�PD\�HQDEOH�WKH�XVH�RI�QRQ�SRWDEOH�ZDWHU�

7\SLFDO�UHVXOWV�DFKLHYHG�ZLWK�WKH�XVH�RI�*57�3RO\PHU�PRGLȴHG�3R]]RODQLF�
Blends

7KH�UHVXOWV�RI�ȵH[XUDO�EHDP�EUHDNLQJ�WHVWLQJ�IRU�VDPSOHV�SUHSDUHG�XVLQJ�D�705�7\SH�����
JUDYHO�EHORZ�VKRZ�WKH�EHQHȴWV�RI�WKH�DGGLWLRQ�RI�*57�3&0�FRPSDUHG�WR�UHVXOWV�SURGXFHG�
IURP�FHPHQW�DORQH��7HVWLQJ�KDV�VKRZQ�DW�OHDVW�D�����LQFUHDVH�LQ�ȵH[XUDO�VWUHQJWK�

)LJXUH�����)OH[XUDO�%HDP�%UHDN�WHVW�RQ�0RGLȴHG�705�7\SH�����5RDG�%DVH

7KLV�WHVWLQJ�ZDV�XQGHUWDNHQ�LQ�DFFRUGLQJ�ZLWK�Ȋ7KLUG�3RLQW�%UHDN�7HVWȋ�WR�WHVW�PHWKRG�$670�
'�����'����0�����DQG�WKH�UHVXOWV�SUHVHQWHG�DERYH�DUH�WKH�DYHUDJH�RI�WKUHH�LQGLYLGXDO�WHVW�
UHVXOWV�
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'HVLJQ�7UDɝF�/RDGLQJ��LQ�DFFRUGDQFH�WR�$XVWURDGV�*XLGH�WR�3DYHPHQW�
Technology)

7KH�GHVLJQ�WUDɝF�ORDGLQJ�VKDOO�EH�FDOFXODWHG�LQ�DFFRUGDQFH�ZLWK�6HFWLRQ���RI�$XVWURDGV�
*XLGH�WR�3DYHPHQW�7HFKQRORJ\�3DUW����3DYHPHQW�6WUXFWXUDO�'HVLJQ������WRJHWKHU�ZLWK�
ORFDOO\�HQGRUVHG�SUDFWLFHV�ZKLFK�PD\�EH�SDUW�RI�WKH�FOLHQWV�GHVLJQ�UHTXLUHPHQWV��WKLV�PD\�
LQFOXGH�EXW�QRW�OLPLWHG�WR�GHYHORSPHQW�JXLGHOLQHV��VWDWH�URDG�DXWKRULW\�SDYHPHQW�GHVLJQ�
VXSSOHPHQWV��ORFDO�FRXQFLO�SUDFWLFHV�RU�SURMHFW�VSHFLȴF�VSHFLȴFDWLRQV��

:KHUH�DYDLODEOH��:HLJK�LQ�0RWLRQ��:Ζ0��GDWD�VSHFLȴF�WR�WKH�VXEMHFW�URDG�VHFWLRQ�VKRXOG�EH�
XVHG�LQ�WKH�GHVLJQ�WUDɝF�ORDGLQJ�FDOFXODWLRQ���)RU�WKH�GHVLJQ�RI�WKH�*57�SRO\PHU�PRGLȴHG�
FHPHQWLWLRXV�OD\HU��WKH�VDPH�ORDG�GDPDJH�H[SRQHQW�DV�WKDW�XVHG�IRU�FHPHQW�VWDELOLVHG�
PDWHULDO�DORQH�LV�FRQVLGHUHG�D�JRRG�JXLGH�IRU�XVH�LQ�GHVLJQ�WUDɝF�FDOFXODWLRQV�
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2YHUYLHZ�RI�3DYHPHQW�'HVLJQ�6\VWHP�XVLQJ�*57�3RO\PHU�0RGLȴHG�&H-
mentitious Blends

7KLV�GHVLJQ�JXLGH�DLPV�WR�EH�FRPSOLPHQW�WR�HVWDEOLVKHG�SDYHPHQW�GHVLJQ�SURFHGXUHV�DQG�
SUDFWLFHV�DV�UHFRJQLVHG�E\�UHOHYDQW�DXWKRULWLHV���7KH�JXLGH�LV�SULPDULO\�EDVHG�RQ�$XVWURDGV�
SDYHPHQW�GHVLJQ�SUDFWLFHV�

7KH�GHVLJQ�ȵRZ�FKDUW�GHVFULEHG�LQ�WKLV�JXLGH�LV�VXPPDULVHG�%HORZ�LQ�)LJXUH���
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Empirical Thickness Design

ΖQ�VR�IDU�DV�HPSOR\LQJ�HPSLULFDO�GHVLJQV��WKH�IROORZLQJ�HPSLULFDO�GHVLJQV�UHSURGXFHG�IURP�
1DWLRQDO�$XVW6WDE�*XLGHOLQHV��3DYHPHQW�'HVLJQ�*XLGH�IRU�D�&HPHQW�6WDELOLVHG�EDVH�/D\HU�
IRU�/LJKW�7UDɝF��9HUVLRQ�%�Ȃ����-XO\�������PD\�DOVR�EH�DGRSWHG�

7KH�WKLFNQHVV�RI�WKH�VWDELOLVHG�OD\HU�VKRZQ�LQ�WKH�WDEOH�DERYH�LV�EDVHG�RQ�D�FHPHQWHG�
PDWHULDO�WHVWHG�LQ�WKH�ODERUDWRU\�WR�PHHW�WKH�XQFRQȴQHG�FRPSUHVVLYH�VWUHQJWK�UDQJH��8&6��
RI���WR���03D�DW���GD\V��SUHSDUHG�DQG�WHVWHG�WR�WKH�IROORZLQJ�FRQGLWLRQV�

• 6DPSOH�VL]H���������[�����PP�GLDPHWHU�F\OLQGHU
• &RPSDFWLRQ�DW������VWDQGDUG�RU�����PRGLȴHG
• ��GD\�FXULQJ�DW�D�����RU�PRUH�KXPLGLW\�DQG���r&�DQG�SUHFRQGLWLRQ�VDPSOH�SULRU�WR�

WHVWLQJ�ZLWK���KRXU�VRDN��DSSOLFDEOH�IRU�*3�	�*%�FHPHQWV�
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• ��GD\�FXULQJ�DW���r&�DQG�SUHFRQGLWLRQ�VDPSOH�SULRU�WR�WHVWLQJ�ZLWK���KRXU�VRDN���������
�DSSOLFDEOH�IRU�VORZ�VHWWLQJ�FHPHQWLWLRXV�ELQGHUV��IRU�H[DPSOH�OLPH�VODJ�DQG�OLPH�ȵ\�
DVK�EOHQGV�

• 5HIHU�WR�*57�IRU�ODERUDWRU\�FXULQJ�FRQGLWLRQV�WKDW�VKRXOG�DSSO\�ZLWK�WKH�XVH�RI�3&0�
• 8&6�WHVWLQJ�WR�$6��������

0HFKDQLVWLF�7KLFNQHVV�'HVLJQ

ΖQ�VR�IDU�DV�SURYLGLQJ�JXLGDQFH�WR�VXLWDELOLW\�TXDOLȴHG�SHUVRQV�ZLVKLQJ�WR�SURGXFH��������������
FXVWRPLVHG�GHVLJQV�XVLQJ�&LUFO\��WKH�UHFRPPHQGHG�GHVLJQ�SURFHVV�LV�WKH�VDPH�DV�WKDW�DG�
RSWHG�IRU�FRQYHQWLRQDO�FHPHQWHG�JUDYHO�PDWHULDOV���

7KH�IDWLJXH�UHODWLRQVKLS�LV�DV�GHȴQHG�LQ�6HFWLRQ�������RI�$XVWURDGV�*XLGH�WR�3DYHPHQW���
7HFKQRORJ\�3DUW�����3DYHPHQW�6WUXFWXUDO�'HVLJQ�LV�DV�UHSHDWHG�EHORZ�

N = 5)�>���������(�������������wƂ@{t

Where

1� �$OORZDEOH�QXPEHU�RI�UHSHWLWLRQV�RI�WKH�ORDG

wƂ� �ORDG�LQGXFHG�WHQVLOH�VWUDLQ�DW�WKH�EDVH�RI�WKH�*57�SRO\PHU�PRGLȴHG�FHPHQWHG�PDWHULDO�
�PLUFURVWUDLQ�

(� �*57�SRO\PHU�PRGLȴHG�FHPHQWHG�PDWHULDO�ȵH[XUDO�PRGXOXV��03D�

RF = UHOLDELOLW\�IDFWRU�IRU�FHPHQWHG�PDWHULDOV�IDWLJXH�GHȴQHG�E\�7DEOH�����RI�$XVWURDGV�
*XLGH�WR�3DYHPHQW�7HFKQRORJ\�3DUW����3DYHPHQW�6WUXFWXUDO�'HVLJQ�LV�DV�UHSHDWHG�EHORZ�IRU�
HDVH�RI�XVH�

:LWK�IXWXUH�GHYHORSPHQW�RI�WKH�*57�SRO\PHU�PRGLȴHG�FHPHQWLWLRXV�EOHQG�IDWLJXH�������������
UHODWLRQVKLS��LW�LV�OLNHO\�WKDW�VKLIW�IDFWRUV�RU�D�PRGLȴHG�IDWLJXH�UHODWLRQVKLS�PD\�EH�DSSOLHG�
WR�FDWHU�IRU�WKH�LPSURYHG�WRXJKQHVV�DQG�IDWLJXH�UHVLVWDQFH�WKDW�LV�DWWULEXWDEOH�WR�WKH�XVH�RI�
WKH�*57�SRO\PHU��ΖW�LV�VXJJHVWHG�FXUUHQW�SUDFWLFH�KRZHYHU�WR�DGRSW�WKH�PRUH�FRQVHUYDWLYH�
DSSURDFK�WR�WKLFNQHVV�GHVLJQ�

$OORZDQFH�RI�3UH�DQG�3RVW�&UDFNLQJ�LQ�'HVLJQ

:KHUH�WKH�SDYHPHQW�LQFRUSRUDWHV�D�*57�3RO\PHU�0RGLȴHG�&HPHQWLWLRXV�VXE�EDVH�OD\HU��
WKH�VXE�EDVH�OD\HU�PD\�FRQVLGHU�D�SRVW�FUDFNLQJ�SKDVH�RI�WKH�GHVLJQ�OLIH�LI�FUDFNLQJ�IURP�WKH�
IDWLJXHG�*57�3RO\PHU�0RGLȴHG�&HPHQWLWLRXV�OD\HU�GRHV�QRW�UHȵHFW�WKURXJK�WR�WKH�VXUIDFH���
7R�UHGXFH�WKH�ULVN�RI�UHȵHFWLYH�FUDFNLQJ�WKH�SDYHPHQW�VKRXOG�SURYLGH�D�PLQLPXP�FRYHU�
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HTXLYDOHQW�WR�����PP�RI�ERXQG�PDWHULDO���*UDYHO�PDWHULDO�FDQ�EH�XVHG�DV�FRYHU�HLWKHU�VROHO\�
�L�H��DQ\�VSUD\�VHDOHG�RU�WKLQ�DVSKDOW�VXUIDFLQJ�LV�QRW�FRQVLGHUHG�WR�EH�SDUW�RI�WKH�FRYHU���RU�
LQ�FRQMXQFWLRQ�ZLWK�DVSKDOW��VXEMHFW�WR�WKH�IROORZLQJ�FULWHULD�

������[�WKLFNQHVV�RI�JUDQXODU�PDWHULDO�FRYHU�����WKLFNQHVV�RI�DVSKDOW�FRYHU��Ȳ�����PP�

7KH�FUDFNHG�*57�3RO\PHU�0RGLȴHG�&HPHQWLWLRXV�PDWHULDO�VKRXOG�EH�PRGHOHG�DV�D�
FURVV�DQLVRWURSLF�PDWHULDO�ZLWK�D�YHUWLFDO�PRGXOXV�RI�����03D��DQG�D�3RLVVRQȇV�UDWLR�RI��������
1R�VXE�OD\HULQJ�RI�WKH�PDWHULDO�LV�UHTXLUHG�

([DPSOH�'HVLJQ�7KLFNQHVV�&KDUWV

$�SULPDU\�DSSOLFDWLRQ�RI�WKLV�GRFXPHQW�LV�WKH�SURYLVLRQ�RI�D�EDVLV�IRU�GHYHORSLQJ�GHVLJQ�
FKDUWV�IRU�VSHFLȴF�FLUFXPVWDQFHV���$V�DQ�H[DPSOH�RI�WKLV��D�QXPEHU�RI�FKDUWV�IRU�SDYHPHQWV�
DUH�SUHVHQWHG�EHORZ���7KH�FKDUWV�KDYH�EHHQ�GHYHORSHG�XVLQJ�WKH�PHFKDQLVWLF�SURFHGXUH���
7KHVH�FKDUWV�PXVW�QRW�EH�XVHG�IRU�GHWDLOHG�GHVLJQ�WKLFNQHVV�GHVLJQ���7KH\�VHUYH�DV�DQ���������
LOOXVWUDWLRQ�RI�WKH�DSSOLFDWLRQ�RI�PHFKDQLVWLF�GHVLJQ�SURFHGXUHV�IRU�*57�SRO\PHU�PRGLȴHG�
FHPHQWLWLRXV�OD\HUV�DQG�PD\�EH�XVHIXO�LQ�VHOHFWLQJ�D�WULDO�SDYHPHQW�FRQȴJXUDWLRQ���7UDLO�
SDYHPHQWV�VHOHFWHG�XVLQJ�WKH�FKDUWV�EHORZ�DUH�DSSURSULDWH�IRU�GHVLJQ�&%5ȇV�RI�EHWZHHQ���
DQG�����DQG�VKRXOG�QRW�EH�SURMHFWHG�EH\RQG�WKHVH�OLPLWV��

)LJXUH���Ȃ�7ZR�/D\HUHG�*57�3&0�3DYHPHQW�*XLGH�&KDUW������3URMHFW�5HOLDELOLW\�
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)LJXUH����Ȃ�7ZR�/D\HUHG�*57�3&0�3DYHPHQW�*XLGH�&KDUW������3URMHFW�5HOLDELOLW\�

)LJXUH����Ȃ�*57�3&0�3DYHPHQW�*XLGH�&KDUW�������03D�
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)LJXUH����Ȃ�*57�3&0�3DYHPHQW�*XLGH�&KDUW�������03D�

)LJXUH����Ȃ�*57�3&0�3DYHPHQW�*XLGH�&KDUW�������03D�
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)LJXUH����Ȃ�*57�3&0�3DYHPHQW�*XLGH�&KDUW�������03D�

+HDY\�'XW\�3DYHPHQW�'HVLJQ

+HDY\�GXW\�SDYHPHQWV�UHODWH�WR�WKRVH�SDYHPHQWV�ZKLFK�FDUU\�ZKHHO�ORDGV�LQ�H[FHVV�RI�
WKRVH�FDUULHG�E\�FRQYHQWLRQDO�URDGV�DQG�KLJKZD\V���7KH\�LQFOXGH�DLUSRUWV��SRUWV��FRQWDLQHU�
VWDFNLQJ�DUHDV�DQG�KDXO�URDGV��DOO�RI�ZKLFK�DUH�W\SLFDOO\�VXEMHFWHG�WR�VLJQLȴFDQW�ZKHHO�ORDGV�

0DQ\�DVSHFWV�RI�WKH�GHVLJQ�PHWKRGV�IRU�KLJKZD\�URDG�SDYHPHQWV�VXFK�DV�WKRVH�
SUHVHQWHG�LQ�WKH�QHZ�$XVWURDGV�3DYHPHQW�'HVLJQ�*XLGH��������DUH�QRW�DSSURSULDWH�IRU�
GHVLJQLQJ�KHDY\�GXW\�ȵH[LEOH�SDYHPHQWV�IRU�WKHVH�DSSOLFDWLRQV�

7UDGLWLRQDOO\��KHDY\�GXW\�SDYHPHQWV�KDYH�EHHQ�GHVLJQHG�XVLQJ�FKDUW�EDVHG��HPSLULFDO�
SURFHVVHV�VXFK�DV�WKH�%ULWLVK�3RUWV�$VVRFLDWLRQ�PHWKRG��

ΖQ�PRUH�UHFHQW�WLPHV��GHVLJQHUV�KDYH�XVHG�PHFKDQLVWLF�DQDO\VLV�XVLQJ�&LUFO\�EDVHG�GHVLJQ�
VRIWZDUH�VXFK�DV�+Ζ3$9��+HDY\�ΖQGXVWULDO�3DYHPHQW�'HVLJQ��DQG�$36'6��$LUSRUW�3DYHPHQW�
6WUXFWXUDO�'HVLJQ�6\VWHP��

)RU�SDYHPHQW�GHVLJQV�FRPSOHWHG�XVLQJ�HPSLULFDO�EDVHG�PHWKRGV��WKH�XVH�RI�0DWHULDO�
(TXLYDOHQF\�)DFWRUV�VXFK�DV�WKDW�RXWOLQHG�LQ�WKH�%ULWLVK�3RUWV�$VVRFLDWLRQ�0HWKRG�DUH�
VXJJHVWHG���ΖQ�WKH�FDVH�RI�WKRVH�SURFHGXUHV�WKDW�LQFRUSRUDWH�FHPHQWHG�JUDYHOV�PDWHULDO�
FKDUDFWHULVWLFV�VXFK�DV�8&6�DQG�UHVLOLHQW�PRGXOXV�XVLQJ�*57�3&0�VKRXOG�EH�PDWFKHG�WR�WKH�
SURSHUWLHV�UHTXLUHG�E\�FHPHQWHG�PDWHULDOV�DORQH�
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)RU�SDYHPHQW�GHVLJQV�FRPSOHWHG�XVLQJ�PHFKDQLVWLF�GHVLJQ�PHWKRGRORJ\��WKH�VDPH�
PHWKRGRORJ\�DV�WKDW�DGRSWHG�IRU�FHPHQWHG�PDWHULDOV�DORQH�VKDOO�LV�VXJJHVWHG�

'HWHUPLQDWLRQ�RI�%LQGHU�'RVDJHV

$�QXPEHU�RI�IDFWRUV�D΍HFW�WKH�ȴHOG�SHUIRUPDQFH�RI�FHPHQWLWLRXV�SDYHPHQWV�LQ�JHQHUDO��
LQFOXGLQJ�EXW�QRW�OLPLWHG�WR��ZHDWKHU�FRQGLWLRQV�DW�DQG�DURXQG�WKH�WLPH�RI�FRQVWUXFWLRQ�DQG�
ZDWHU�WDEOH�OHYHOV�

/DERUDWRU\�WHVWLQJ�RI�PL[�GHVLJQV�DUH�UHTXLUHG�WR�YDOLGDWH�ELQGHU�GRVDJHV�UHTXLUHG�JLYLQJ�
GXH�FRQVLGHUDWLRQ�WR�SRWHQWLDO�ULVN�IDFWRUV�IRU�ERWK�GHVLJQ�DQG�FRQVWUXFWLRQ���6R�DV�WR�
RSWLPLVH�WKH�FHPHQWLWLRXV�DQG�*57�ELQGHU�DSSOLFDWLRQ�UDWHV��DQ�LWHUDWLYH�SURFHVV�LV�
UHFRPPHQGHG�

$�FRQVWUXFWLRQ�WROHUDQFH�RI������IRU�WKH�&HPHQWLWLRXV�ELQGHU�DSSOLFDWLRQ�UDWH�DQG������IRU�
WKH�*57�SRO\PHU�DUH�UHFRPPHQGHG�WR�DOORZ�IRU�FRQVWUXFWLRQ�YDULDELOLW\�

%LQGHU�GRVDJHV�IRU�ERWK�&HPHQWLWLRXV�DQG�*57�SRO\PHU�ELQGHU�DUH�FDOFXODWHG�DV�VKRZQ�
EHORZ�

• &HPHQWLWLRXV�ELQGHU�DSSOLFDWLRQ�UDWH�LQ�NJ�Pt� �'HVLJQ�WKLFNQHVV�LQ�PP�[�'HVLJQ�����
GRVDJH�SOXV������FRQVWUXFWLRQ�WROHUDQFH�H[SUHVVHG�DV�D�GHFLPDO�[�FRPSDFWHG�GHQVLW\�
RI�PDWHULDO�EHLQJ�VWDELOLVHG�LQ�W�Pu

• *57�SRO\PHU�ELQGHU�DSSOLFDWLRQ�UDWH�/�Pt� �'HVLJQ�WKLFNQHVV�LQ�PP�[�'HVLJQ�����������
GRVDJH�SOXV������FRQVWUXFWLRQ�WROHUDQFH�H[SUHVVHG�DV�D�GHFLPDO�[�FRPSDFWHG�GHQVLW\�
RI�PDWHULDO�EHLQJ�VWDELOLVHG�LQ�W�Pu

$V�DQ�H[DPSOH��LI�ODERUDWRU\�WHVWLQJ�LGHQWLȴHG�WKH�RSWLPXP�ELQGHU�GRVDJH�RI����&HPHQ�
WLWLRXV�ELQGHU�DQG������*57�ELQGHU��IRU�D�PDWHULDO�ZLWK�D�FRPSDFWHG�GHQVLW\�RI�����W�Pu�
DQG�D�SDYHPHQW�GHVLJQ�WKLFNQHVV�RI�����PP��WKH�IROORZLQJ�ȴHOG�DSSOLFDWLRQ�UDWHV�PD\�EH�����������
DGRSWHG�

• &HPHQWLWLRXV�ELQGHU�DSSOLFDWLRQ�UDWH� �����[���������������[����� ������NJ�Pt
• *57�SRO\PHU�ELQGHU�DSSOLFDWLRQ�UDWH� �����[�����������������[����� ������/�Pt

$�*XLGH�WR�7\SLFDO�%LQGHU�'RVDJH

7KH�WKLFNQHVV�GHVLJQ�RI�WKH�VWDELOLVHG�OD\HU�LV�EDVHG�RQ�8&6�WHVW�UHVXOWV�DFKLHYHG�E\�
ODERUDWRU\�WHVWLQJ���ΖI�ORFDO�NQRZOHGJH�LV�QRW�DYDLODEOH��WKH�IROORZLQJ�DSSOLFDWLRQ�UDWHV�E\�
PDVV�PD\�EH�XVHG�DV�D�JXLGH�RQO\�IRU�D�ODERUDWRU\�WHVW�SURJUDP�WR�WDUJHW�D����GD\�8&6�
UHVXOW�RI�DW�OHDVW���03D���)LQDOLVHG�GRVDJHV�ZLOO�YDU\�GHSHQGLQJ�RQ�VHYHUDO�IDFWRUV�LQFOXGLQJ�
EXW�QRW�OLPLWHG�WR�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�ȴQH�JUDLQHG�PDWHULDOV��$WWHUEHUJ�OLPLWV�DQG�
ȴQHV�UDWLR�RI�JUDQXODU�PDWHULDOV�EHLQJ�WHVWHG��7KH�DGGLWLRQ�RI�OLPH�LV�UHFRPPHQGHG�IRU�3ΖȇV�
!����
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7\SLFDO�3URGXFWLRQ�5DWHV

7\SLFDO�SURGXFWLRQ�UDWHV�YDU\�GHSHQGLQJ�RQ�FRQVWUXFWLRQ�ORJLVWLFV�DQG�VLWH�FRQGLWLRQV���
7\SLFDOO\�IRU�VPDOO�QRQ�FRQWLQXRXV�DUHDV��SURGXFWLRQ�UDWHV�PD\�EH��������Pt�SHU�GD\�
ZKHUHDV�IRU�ODUJH�FRQWLQXRXV�DUHDV��FRQVWUXFWLRQ�UDWH�RI�XS�WR������Pt�SHU�GD\�RU�PRUH�
PD\�EH�DFKLHYHG�
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5HIHUHQFHV

$XVWURDGV�*XLGH�WR�3DYHPHQW�7HFKQRORJ\�3DUW����6WUXFWXUDO�'HVLJQ������

$XVWURDGV�*XLGH�WR�3DYHPHQW�7HFKQRORJ\�3DUW����3DYHPHQW�(YDOXDWLRQ�DQG�7UHDWPHQW�'H�
VLJQ������

$XVWURDGV�*XLGH�WR�3DYHPHQW�7HFKQRORJ\�3DUW����G���6WDELOLVHG�0DWHULDOV������

$XVW6WDE�3DYHPHQW�5HF\FOLQJ�DQG�6WDELOLVDWLRQ�*XLGH�������

$XVW6WDE��3DYHPHQW�'HVLJQ�*XLGH�IRU�&HPHQW�6WDELOLVHG�%DVH�/D\HU�IRU�OLJKW�WUDɝF��1DWLRQDO�
$XVW6WDE�*XLGHOLQHV�������

$XVW6WDE���������5RDG�6WDELOLVDWLRQ�:RUNVKRS�1RWHV��$XVW6WDE��4XHHQVODQG�

ΖQWHUSDYH���-RKQ�.QDSWRQ���������+HDY\�'XW\�3DYHPHQWV�Ȃ�7KH�6WUXFWXUDO�'HVLJQ�RI�+HDY\�
'XW\�3DYHPHQWV�IRU�3RUWV�DQG�2WKHU�ΖQGXVWULHV��(GLWLRQ����8QLWHG�.LQJGRP�

4XHHQVODQG�'HSDUWPHQW�RI�7UDQVSRUW�DQG�0DLQ�5RDGV��705����������3DYHPHQW�'HVLJQ�0DQ�
XDO��6XSSOHPHQW�WR�Ȇ3DUW����3DYHPHQW�6WUXFWXUDO�'HVLJQȇ�RI�WKH�$XVWURDGV�*XLGH�WR�3DYH�
PHQW�7HFKQRORJ\��705��4XHHQVODQG�

4XHHQVODQG�'HSDUWPHQW�RI�7UDQVSRUW�DQG�0DLQ�5RDGV��705����������3DYHPHQW�5HKDELOLWD�
WLRQ�0DQXDO��705��4XHHQVODQG�
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