
7KH��WK ,QWHUQDWLRQDO�&RQIHUHQFH�RI�$VLDQ�&RQFUHWH�)HGHUDWLRQ
1RYHPEHU����������� )X]KRX��&KLQD

���

(YDOXDWLRQ�RI�&XULQJ�(IIHFW�RQ�&RQFUHWH�'XUDELOLW\�

7��,\RGD�

� 3URIHVVRU��6KLEDXUD�,QVWLWXWH�RI�7HFKQRORJ\��7RN\R��-DSDQ��(PDLO��L\RGD#VKLEDXUD�LW�DF�MS�

$%675$&7

&RQFUHWH�LV�KDUGHQLQJ�ZLWK�FHPHQW�K\GUDWLRQ�UHDFWLRQ��,W�LV�NQRZQ�WKDW�WKH�K\GUDWLRQ�UHDFWLRQ�GHSHQGV�
JUHDWO\�RQ�WHPSHUDWXUH�DQG�DPELHQW�KXPLGLW\�LQ�FLUFXPVWDQFHV��)RU�WKH�FRQVWUXFWLRQ�RI�D�KLJK�TXDOLW\�
FRQFUHWH�VWUXFWXUH��FXULQJ�RI�FRQFUHWH�DIWHU�FDVWLQJ�LV�YHU\�LPSRUWDQW��7KLV�UHVHDUFK�LV�IRFXVLQJ�RQ�ZHW�
FXULQJ�H[SHFWLQJ�FXULQJ�HIIHFWHG�E\�WHPSHUDWXUH��ZH�ZLOO�VXPPDUL]H�WKH�LQIOXHQFH�RI�ZHW�FXULQJ�RI�
FRQFUHWH� RQ� GXUDELOLW\��$IWHU� WHVWLQJ� WKH� FRQFUHWH� GXUDELOLW\� ZLWK� WKH� LQIOXHQFH� RI� YDULRXV� FXULQJ�
PHWKRGV�� ZH� H[SHULPHQWDOO\� LGHQWLILHG� WKH� DUHD� WKDW� FXULQJ� DIIHFWV��:H� DOVR� H[DPLQHG� WKH� WHVWLQJ�
PHWKRG�WR�FODULI\�WKH�GXUDELOLW\�RI�FRQFUHWH�XVLQJ�WKH�GLIIHUHQW�FXULQJ�PHWKRG��)LQDOO\��ZH�GHYHORSHG�
WKH�V\VWHP�ZKLFK�FDQ�HYDOXDWH�HIIHFW�RI�FXULQJ�ZLWK�DFWXDO�VWUXFWXUH��$V�D�UHVXOW�� LW�ZDV�IRXQG� WKDW�
FXULQJ�JUHDWO\�DIIHFWV�DERXW����WR����PP�DUHD�IURP�WKH�VXUIDFH�RI�FRQFUHWH��$QG LW�ZDV�DOVR�IRXQG�WKDW�
WKH� LQLWLDO�FXULQJ�SHULRG� LV� LPSRUWDQW� IRU�PDNLQJ�JRRG�TXDOLW\�RI�FRQFUHWH�� ,Q�RUGHU� WR�HYDOXDWH� WKH�
FXULQJ�RI�WKLV�DUHD��LW�ZDV�VKRZQ�WKDW�LW�LV�HIIHFWLYH�WR�PHDVXUH�HOHFWULF�UHVLVWDQFH��$QG�LW�LV�SRVVLEOH�WR�
HVWLPDWH�WKH�FRPSUHVVLYH�VWUHQJWK�DQG�GXUDELOLW\�RQ�HDUO\�DQG�ORQJ�WHUP�XVLQJ�HOHFWULFDO�UHVLVWDQFH�

���,QWURGXFWLRQB:KDW�LV�FXULQJ�RQ�FRQFUHWH"

7KH� K\GUDWLRQ� UHDFWLRQ� RFFXUULQJ� LQ� WKH� SURFHVV� RI� KDUGHQLQJ� SURJUHVVLQJ� RQ� FRQFUHWH� LV� ODUJHO\�
LQIOXHQFHG�E\�WKH�VXUURXQGLQJ�HQYLURQPHQW��6LQFH�WKLV�UHDFWLRQ�LV�D�FKHPLFDO�UHDFWLRQ��LW�FDQ�EH�HDVLO\�
LPDJLQHG�WKDW�LWV�K\GUDWLRQ�UHDFWLRQ�UDWH�YDULHV�GHSHQGLQJ�RQ�DPELHQW�WHPSHUDWXUH��2Q�WKH�RWKHU�KDQG��
LW�LV�FRQYHQWLRQDOO\�NQRZQ�WKDW�LW�LV�DOVR�DIIHFWHG�E\�WKH�PRLVWXUH�FRQGLWLRQ��VR�LW�LV LPSRUWDQW�WKDW�D�
ZHWWLQJ� FXULQJ� SHULRG� EH� SURYLGHG�� )LJXUH� �� VKRZV� WKH� UHVXOW� RI� LJQLWLRQ� ORVV�PHDVXUHPHQW� DV� WKH�
SURJUHVV�RI�K\GUDWLRQ�LQ�GLIIHUHQW�KXPLGLW\�HQYLURQPHQWV�XVLQJ�FHPHQW�SDVWH��,W�FDQ�EH�VHHQ�WKDW�WKH�
K\GUDWLRQ�VWRSV�DW�WKH�LQLWLDO�VWDJH�LQ�WKH�HQYLURQPHQW�ZLWK�ORZ�DPELHQW�KXPLGLW\�LQ�WKLV�ILJXUH��,Q�RWKHU�
ZRUGV��WKH�UHDVRQ�ZK\�FRQFUHWH�UHTXLUHV�ZHW�FXULQJ�LV�QRW�WR�SUHYHQW�WKLV�K\GUDWLRQ�UHDFWLRQ��$OVR��WKH�
SRUH�VWUXFWXUH�LV�JUHDWO\�DIIHFWHG�E\�FXULQJ�FRQGLWLRQV��)LJXUH���VKRZV�WKH�UHVXOW�RI PHDVXUHPHQW�RI�WKH�
SRUH�VWUXFWXUH�RI����GD\V�XVLQJ�D�FHPHQW�SDVWH�RQ�YDULRXV�FXULQJ�E\�PHUFXU\�LQWUXVLRQ�SRURVLPHDWHU�
PHWKRG��:KHQ� WKH� K\GUDWLRQ� VWRSV� LQ� WKH� GU\LQJ� HQYLURQPHQW�� WKH� SRUH� VWUXFWXUH� GRHV� QRW� FKDQJH��
LQGLFDWLQJ�WKDW�ODUJH�YRLGV�UHPDLQ��,W�FDQ�EH�HDVLO\�LPDJLQHG�WKDW�WKLV�KDV�DIIHFWHG�RQ�WKH�VWUHQJWK�DQG�
WKH�GXUDELOLW\�RI�FRQFUHWH�

)LJXUH���3URJUHVV�RI�K\GUDWLRQ�RQ�GLIIHUHQW�FXULQJ�FRQGLWLRQV
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)LJXUH���'LIIHUHQW�SRUH�GLVWULEXWLRQ�RQ�GLIIHUHQW�FXULQJ�FRQGLWLRQV

7KHUHIRUH��KHUH�ZH�UHSRUW�WKH�HIIHFW�RI�H[SHULPHQWDO�GDWD�RQ�WKH�LQIOXHQFH�RI�GLIIHUHQFH�LQ�PRLVWXUH�
FRQGLWLRQ�GXULQJ�FXULQJ�RQ�KDUGHQHG�FRQFUHWH��$OVR��ZH�HYDOXDWH�FOHDUO\�WKH�LQIOXHQFHG�DUHD�RI�FXULQJ�
IURP�WKH�FRQFUHWH�VXUIDFH��,Q�DGGLWLRQ��ZH�GLVFXVV�WKDW�WKH�HYDOXDWLRQ�RI�WKH�LQIOXHQFH�RQ�FXULQJ�ODUJHO\�
GHSHQGV� RQ� WKH� WHVWLQJ� PHWKRG�� )LQDOO\�� ZH� ZRXOG� OLNH� WR� LQWURGXFH� RQH� RI� WKH� PHWKRGV� RI� QRQ�
GHVWUXFWLYHO\� LQYHVWLJDWLQJ� KRZ� PXFK� SHUIRUPDQFH� RI� FRQFUHWH� DIWHU� FXULQJ� FDQ� EH� GHPRQVWUDWHG�
FRQVLGHULQJ�WKH�DFWXDO�VWUXFWXUH�

�� ,QIOXHQFH�RI�ZHW�FXULQJ�RQ�KDUGHQHG�FRQFUHWH

����,QIOXHQFH�RQ�FRPSUHVVLYH�VWUHQJWK�

)LJXUH���VKRZV�WKH�UHVXOWV�RI�FRPSUHVVLYH�VWUHQJWK�RQ�GLIIHUHQW�FXULQJ�FRQGLWLRQV�ZLWK�FRQFUHWH�XVLQJ�
GLIIHUHQW�FHPHQW� W\SH�VXFK�DV�23&�DQG�%$��%%��%&� �PHDQLQJ� UHSODFHPHQW� UDWLR� LV� FKDQJHG�� 7KH�
FXULQJ�FRQGLWLRQV�DUH� LQ�ZDWHU�DQG�QR�FXULQJ��GU\�FXULQJ���:KHQ�H[SRVHG� WR�WKH�GU\�VWDWH� IURP�WKH�
GHPROGLQJ�WLPH��LW�LV�XQGHUVWRRG�WKDW�PRLVWXUH�VKRUWDJH�IRU�K\GUDWLRQ�GXH�WR�HYDSRUDWLQJ�PRLVWXUH�DQG�
WKH�VWUHQJWK�SURJUHVV�LV�VWRSSHG��7KH�HIIHFW�LV�WKDW�K\GUDWLRQ�SURJUHVVHV�VORZO\��EHFDXVH�K\GUDWLRQ�KDV�
QHHGHG�PRUH�ZDWHU��$QG�LW�ZDV�IRXQG�WKDW�LW�LV�ODUJHO\�DIIHFWHG�RQ�WKH�KLJK�YROXPH�EODVW�IXUQDFH�VODJ�
FRQWHQWV�ZKLFK�UHTXLUHG�PRUH�PRLVWXUH�

)LJXUH���3URJUHVV�RI�FRPSUHVVLYH�VWUHQJWK�RQ�GLIIHUHQW�UHSODFHPHQW�UDWLR�RI�VODJ�
DQG�GLIIHUHQW�FXULQJ�FRQGLWLRQV

����(IIHFW�RQ�GXUDELOLW\�

)LJXUH� �� VKRZV� WKH� UHVXOW� RI� SHUPHDELOLW\� FRHIILFLHQW� RQ� GLIIHUHQW� FXULQJ� SHULRG��7KH� FHPHQW� XVHG�
RUGLQDU\�3RUWODQG�FHPHQW��1��DQG�EODVW�IXUQDFH�FHPHQW�W\SH�%��%%���7KH�VSHFLPHQV�DUH�GHPROGHG�DW�
��GD\�DIWHU�FDVWLQJ�DQG�VHDOHG�FXULQJ��6���+HUH��&�LQGLFDWHV�GU\LQJ�FRQGLWLRQ�DIWHU�ZHW�FORWK�FXULQJ��:�
PHDQV�XQGHUZDWHU�FXULQJ�XQWLO�FXULQJ�SHULRG��6�LV�VHDOHG��QRW�GHPROGLQJ��FXULQJ��7KH�FXULQJ�SHULRG�DUH�
������������GD\V��,Q�DGGLWLRQ��DIWHU�FRPSOHWLRQ�RI�FXULQJ��V\PERO�'�PHDQV�WKDW�LW�ZDV�NHSW�LQ�WKH�GU\�
HQYLURQPHQW��5+������XQWLO�WKH�DJH�RI����GD\V�DV�WKH�WHVW�GD\��7KH�WHPSHUDWXUH�ZDV�NHSW�FRQVWDQW�DW�
���GHJUHHV�&HOVLXV�IRU�DOO�FXULQJ��
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7KH��WK ,QWHUQDWLRQDO�&RQIHUHQFH�RI�$VLDQ�&RQFUHWH�)HGHUDWLRQ
1RYHPEHU����������� )X]KRX��&KLQD

���

,W�ZDV�IRXQG�WKDW�WKH�KDUGHQHG�FHPHQW KDV�VPDOO�DLU�SHUPHDELOLW\�FRHIILFLHQW�E\�OHQJWKHQLQJ�WKH�FXULQJ�
SHULRG�DQG�GHQVH�RI�SRUH�VWUXFWXUH��1H[W��FRPSDULVRQ�RI�FDUERQDWLRQ�UDWH�FRHIILFLHQWV�LV�VKRZQ�LQ�)LJXUH�
��� � )URP� WKHVH� UHVXOWV�� LW� FDQ� EH� FRQILUPHG� WKDW� FDUERQDWLRQ� UHVLVWDQFH� LV� LPSURYHG� E\� FRQWLQXLQJ�
FXULQJ�DV�ZHOO��/LNHZLVH��HYHQ�LQ�WKH�UHVXOW�RI�WKH�ZDWHU�SHUPHDELOLW\�WHVW�� LW�ZDV�PDUNHGO\�UHGXFHG�
XQOHVV�FXULQJ�ZDV�DSSOLHG��KRZHYHU�LW�ZDV�FRQILUPHG�WKDW�LW�ZDV�LPSURYHG�E\�FXULQJ�

)LJXUH���5HODWLRQVKLS�EHWZHHQ�FXULQJ�SHULRG� � � � � )LJXUH���5HODWLRQVKLS�EHWZHHQ�FXULQJ�SHULRG�
DQG�DLU�SHUPHDELOLW\ DQG�FRHIILFLHQW�RI�FDUERQDWLRQ�UDWLR

����5HODWLRQVKLS�EHWZHHQ�FRPSUHVVLYH�VWUHQJWK�DQG�GXUDELOLW\

7KH� LPSURYHPHQW�RI� VWUHQJWK� DQG�SHUPHDELOLW\� UHVLVWDQFH�E\�FXULQJ� LV� GXH� WR�GHQVLILFDWLRQ�RI�SRUH�
VWUXFWXUHV�GXH�WR�WKH�SURJUHVV�RI�K\GUDWLRQ�UHDFWLRQ��7KHUHIRUH��LW�FODULILHV�WKH�LPSRUWDQFH�RI�FXULQJ�
2Q�WKH�RWKHU�KDQG��)LJXUH���VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�FRPSUHVVLYH�VWUHQJWK�DQG�SHUPHDELOLW\�DQG�
FDUERQDWLRQ�UDWH�FRHIILFLHQW�RI�FRQFUHWH�ZLWK�GLIIHUHQW�FXULQJ�XVLQJ�23&�DQG�%%�ZLWK�GLIIHUHQW�:DWHU�
FHPHQW� UDWLR� RQ� WKH� UHVXOWV� LQ� �����$OWKRXJK� VRPH� GHJUHH� RI� FRUUHODWLRQ� ZDV� IRXQG� EHWZHHQ� WKH�
FRPSUHVVLYH� VWUHQJWK� DQG� HDFK� SK\VLFDO� SURSHUW\� YDOXH�� KRZHYHU� LW� LV� GLIILFXOW� WR� VD\� WKDW� WKH�
FKDUDFWHULVWLF� YDOXH� LV� XQLTXHO\� GHWHUPLQHG� E\� WKH� FRPSUHVVLYH� VWUHQJWK�� 7KLV� LV� EHFDXVH� WKH�
FRPSUHVVLYH�VWUHQJWK� WHVW� LV� UHVSRQVLEOH�IRU� WKH� ORDG�RI� WKH�ZKROH� VSHFLPHQ��RQ� WKH�RWKHU�KDQG� WKH�
SK\VLFDO�SURSHUW\�YDOXH�LQGLFDWLQJ�WKH�SHUPHDELOLW\�IURP�WKH�VXUIDFH�OD\HU�RI�FRQFUHWH��7KHUHIRUH��LI�
WKHUH�LV�DQ�DUHD�ZKHUH�PRLVWXUH�HYDSRUDWH�GXH�WR�GU\LQJ�FXULQJ��SHUPHDELOLW\�UHVLVWDQFH�PD\�GHFUHDVH��
7KH�DUHD�LQIOXHQFHG�E\�WKLV�FXULQJ�LV�OLPLWHG��DQG�LW�FDQ�EH�DVVXPHG�WKDW�WKH�SRUWLRQ�ZKHUH�WKH�K\GUDWLRQ�
LV�VXSSUHVVHG�DQG�WKH�JDS�DV�FRDUVH�DJJUHJDWH�VXFK�DV�LQWHUIDFLDO�WUDGLWLRQ�]RQH�KDV�DOVR�OLPLWHG�DUHD�
IURP�WKH�VXUIDFH�OD\HUHG�FRQFUHWH��

����,QIOXHQFH�DUHD�RI�FXULQJ

$V�PHQWLRQHG�DERYH��QHJOHFWLQJ�FXULQJ�LV�WKDW�ZDWHU�QHFHVVDU\�IRU�K\GUDWLRQ�RI�FHPHQW�LV�GHILFLHQW�DV�
ZDWHU�LQ�WKH�FRQFUHWH�HYDSRUDWH�IURP�WKH�VXUIDFH�OD\HU�DQG�SHUIRUPDQFH�FDQ�QRW�EH�GHPRQVWUDWHG�E\�
VXSSUHVVLQJ�K\GUDWLRQ��&RQVLGHULQJ�WKDW�PRLVWXUH�HYDSRUDWH�RFFXUV�RQO\�IURP�WKH�FRQFUHWH�VXUIDFH��LW�
FDQ�EH�LPDJLQHG�WKDW�DUHD�WKDW�LV�VXEMHFW�WR�PRLVWXUH�GHILFLHQF\�GXH�WR�FXULQJ�EHFRPHV�D�OLPLWHG�SDUW�
IURP�WKH�VXUIDFH�OD\HU��7KHUHIRUH��LQ�RUGHU�WR�HVWLPDWH�WKH�DUHD��WKH�UHVXOW�RI�PHDVXULQJ�WKH�KXPLGLW\�DW�
GLIIHUHQW�GHSWK�SRVLWLRQV�

)LJXUH���5HODWLRQVKLS�EHWZHHQ�FRPSUHVVLYH�VWUHQJWK�DQG�RWKHU�GXUDELOLW\�LQGLFDWRU�
VXFK�DV�JDV�SHUPHDELOLW\��ZDWHU�SHUPHDELOLW\�DQG�FRHIILFLHQW�RI�FDUERQDWLRQ�UDWLR
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)LJXUH���0HDVXUHPHQW�RI�LQWHUQDO�UHODWLYH�KXPLGLW\�RQ�GLIIHUHQW�GHSWK�IURP�VXUIDFH

)LJXUH���5HVXOWV�RI�ZDWHU�DEVRUSWLRQ�DUHD�UDWLR�RQ�GLIIHUHQW�NLQG�RI�FHPHQW
LQVLGH�WKH�FRQFUHWH��DV�VKRZQ�LQ�)LJXUH����7KH�DUHD�ZDV�DERXW����PP�IURP�WKH�VXUIDFH�OD\HU�RI�FRQFUHWH��
6LPLODUO\��LQ�RUGHU�WR�DVFHUWDLQ�WKH�SRUH�FRQGLWLRQ�LQVLGH�WKH�FRQFUHWH�ZKRVH�FXULQJ�SHULRG�ZDV�FKDQJHG��
WKH�SHUPHDELOLW\�PRLVWXUH�WHVW XQGHU�WKH�YDFXXP�VWDWH�ZDV�FDUULHG�RXW��DQG�DV�D�UHVXOW�LW�GHSHQGHG�RQ�
WKH�W\SH�RI�FHPHQW�DV�VKRZQ�LQ�)LJXUH����,W�ZDV�IRXQG�WKH�HIIHFWLYH�DUHD�RI��� WR��� PP�IURP�VXUIDFH�
RQ�FXULQJ��2I�FRXUVH��LW�LV�DOVR�QHFHVVDU\�WR�WDNH�LQWR�FRQVLGHUDWLRQ�WKDW�WKH�HQG�RI�FXULQJ�DW�WKH�DJH�RI�
��GD\�LQ�D�FHPHQW�ZLWK�D�VORZ�K\GUDWLRQ�OLNH�%%�DQG�/3&�KDV�WKH�HIIHFW�RI�GU\LQJ�WR�D�UHPDUNDEO\�GHHS�
SRVLWLRQ�DQG�WKDW�FRDUVH�YRLGV�UHPDLQ�
,Q� WKLV�ZD\��FXULQJ�FKDQJHG� WKH�PRLVWXUH� VWDWH� LQ� WKH�DUHD�RI� VHYHUDO�PP�IURP� WKH�VXUIDFH OD\HU�� LW�
EHFDPH�FOHDU�WKDW�WKH�VWDJQDWLRQ�RI�WKH�K\GUDWLRQ�UHDFWLRQ�PDGH�D�SRUH�VWUXFWXUH��ZKLFK�DIIHFWHG�WKH�
VWUHQJWK�DQG�GXUDELOLW\��+RZHYHU��ZKHQ� WKH�FRYHU�FRQFUHWH�FDQ�EH�VHW� ODUJH� OLNH�D�FLYLO�HQJLQHHULQJ�
VWUXFWXUH��LW�LV�SRVVLEOH�WR�HQVXUH�WKH�SHUIRUPDQFH�RI�FRQFUHWH�GHHSHU�WKDQ�WKH�UDQJH�ZKHUH�FXULQJ�KDV�
DQ�LQIOXHQFH��DQG�WKHUH�LV�D�SRVVLELOLW\�WKDW�WKH�LQIOXHQFH�E\�FXULQJ�LV�QRW�JUHDW��2Q�WKH�RWKHU�KDQG��GXH�
WR�IDFWRUV�VXFK�DV�LQVXIILFLHQW�VWUHQJWK��WKH�LQIOXHQFH�RQ�WKH�RFFXUUHQFH�RI�FUDFNV�DQG�SHHOLQJ�RII�RI�
VXUIDFH�OD\HU�FRQFUHWH�FDQ�QRW�EH�GHQLHG��,Q�DGGLWLRQ��FRQVLGHULQJ�WKDW�WKH�SHUPHDELOLW\�UHVLVWDQFH�LQ�
WKDW�DUHD�EHFRPHV�FRQVLGHUDEO\�VPDOO��LW�FDQ�EH�VDLG�WKDW�LW�LV�LPSRUWDQW�WR�DSSO\�DSSURSULDWH�FXULQJ�

���7HVW�PHWKRG�RQ�FDUERQDWLRQ�DQG�SHQHWUDWLRQ�RI�FKORULGH�LRQ�WR�HYDOXDWH�RQ�WKH�LQIOXHQFH�RI�
FXULQJ�

����7HVW�IRU�FDUERQDWLRQ

*HQHUDOO\�� WKH�DFFHOHUDWHG�FDUERQDWLRQ� WHVW� LV�FDUULHG�RXW�LQ�D�GU\LQJ�HQYLURQPHQW�VXFK�DV�5+������
:KHQ�PRLVW�FXULQJ�LV�LQVXIILFLHQW��WKH�LQWHUQDO�PRLVWXUH�HYDSRUDWH�DQG�WKH�K\GUDWLRQ�UHDFWLRQ�FDQ�QRW�
EH�FDUULHG�RXW��7KHUHIRUH��DV�D�UHVXOW�RI�WKH�FDUERQDWLRQ�WHVW�ZLWK�GLIIHUHQW�FXULQJ�FRQGLWLRQV��DV�VKRZQ�
LQ� )LJXUH� ��� WKH� LQIOXHQFH� RI� FXULQJ� UHPDUNDEO\� DSSHDUV�� DQG� WKH� VKRUWHU� WKH� FXULQJ�� WKH� IDVWHU� WKH�
SURJUHVV�RI�FDUERQDWLRQ�� � %\�SURPRWLQJ�FDUERQDWLRQ�LQ�WKLV�PDQQHU��WKH�LPSRUWDQFH�RI�FXULQJ�FDQ�EH�
UHFRJQL]HG�
+RZHYHU��LQ�JHQHUDO�FLUFXPVWDQFHV�LW�LV�DVVXPHG�WKDW�PRLVWXUH�ZLOO�EH�VXSSOLHG�HYHQ�DIWHU�FXULQJ��$QG�
LQ� WKDW� FDVH�� WKH� K\GUDWLRQ� UHDFWLRQ�PD\� DOVR� FDXVH� UHK\GUDWLRQ�� ,Q� DGGLWLRQ�� VLQFH� WKH� SURJUHVV� RI�
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7KH��WK ,QWHUQDWLRQDO�&RQIHUHQFH�RI�$VLDQ�&RQFUHWH�)HGHUDWLRQ
1RYHPEHU����������� )X]KRX��&KLQD

���

FDUERQDWLRQ�LV�UHPDUNDEO\�VXSSUHVVHG�E\�WKH�PRLVWXUH�FRQGLWLRQ��LW�LV�DOVR�DVVXPHG�WKDW�LW�LV�GLIILFXOW�WR�
FOHDUO\�HYDOXDWH�WKH�LQIOXHQFH�RI�FXULQJ�LQ�WKH�JHQHUDO�HQYLURQPHQW��,W�FDQ�EH�VDLG�WKDW�GLVFXVVLRQ�LV�
QHFHVVDU\�HQRXJK�WR�MXGJH�WKH�GXUDELOLW\�RI�FRQFUHWH�VWUXFWXUHV�E\�DFFHOHUDWHG�WHVW�

)LJXUH���5HODWLRQVKLS�EHWZHHQ�DFFHOHUDWHG�SHULRG�DQG�FDUERQDWLRQ�GHSWK�
RQ�GLIIHUHQW�FXULQJ�FRQGLWLRQV

����3HQHWUDWLRQ�WHDW�IRU�FKORULGH�LRQ

&KORULGH�SHQHWUDWLRQ�WHVW�LV�JHQHUDOO\�FRQGXFWHG�E\�VDOW�ZDWHU�LPPHUVLRQ�WHVW��+HUH��)LJXUH����VKRZV�
WKH�UHVXOWV�RI�VDOWZDWHU�LPPHUVLRQ�WHVW�RI�FRQFUHWH�SUHSDUHG�ZLWK�GLIIHUHQW�FXULQJ��$V�LW�LV�FOHDU�IURP�
WKLV�� LW�FDQ�EH�VHHQ�WKDW�VDOW�SHQHWUDWHV�LQWR�WKH�VSHFLPHQ�LQ�WKH�GU\LQJ�FXULQJ��ZKLFK�LV�GHILFLHQW�LQ�
FXULQJ�DW�WKH�EHJLQQLQJ�RI�WKH�PHDVXUHPHQW��+RZHYHU��ZKHQ�WKH�VSHFLPHQ�LV�VXEMHFWHG�WR�ORQJ�WHUP�
H[SRVXUH��WKH�GLIIHUHQFH�LQ�FXULQJ�LV�KDUGO\�VHHQ��,W�LV�DVVXPHG�WKDW�WKLV�LV�FDXVHG�E\�UHK\GUDWLRQ�RI�
FHPHQW�E\�GLSSLQJ� LQ�VDOW�ZDWHU��ZKLFK�FDXVHV�GHQVLILFDWLRQ�RI�SRUHV�DQG� LW� LV�GLIILFXOW� WR�SHQHWUDWH�
FKORULGH�LRQV�LQWR�FRQFUHWH��8QGHU�VXFK�FLUFXPVWDQFHV�LW�LV�GLIILFXOW�WR�MXGJH�WKH�GLIIHUHQFH�LQ�FXULQJ��
7KHUHIRUH��)LJXUH��� VKRZV�WKH�QRQ�VWHDG\�VWDWH�HOHFWURSKRUHVLV�WHVW�FRQGXFWHG�RQ�FRQFUHWH�SUHSDUHG�
XQGHU�GLIIHUHQW�FXULQJ�FRQGLWLRQV��,Q�WKLV�FDVH��ZH�FDQ�VHH�WKH�GLIIHUHQFH�RQ�FXULQJ�FOHDUO\��+HUH��LQ�WKH�
QRQ�VWHDG\�VWDWH�HOHFWURSKRUHVLV�WHVW��VLQFH�WKH�WHVW�LV�FDUULHG�RXW�DW�DQ�HDUO\�VWDJH�IURP�WKH�DQRGH�VLGH�
WR� WKH� GHWHFWLRQ� RI� WKH� FKORULGH� LRQ�� WKH� LQIOXHQFH� VXFK� DV� UHK\GUDWLRQ� FDQ� EH� HOLPLQDWHG� DQG� WKH�
LQIOXHQFH�RI�FXULQJ�LV�HYDOXDWHG�WKDW�LW�LV�D�SRVVLEOH�ZD\��2Q�WKH�RWKHU�KDQG��LQ�UHDO�VWUXFWXUHV�� LW�LV�
QHFHVVDU\�WR�GLVFXVV�KRZ�PXFK�WKH�HIIHFW�RI�WKLV�FXULQJ�LV�H[SHFWHG�

)LJXUH����5HODWLRQVKLS�EHWZHHQ�DFFHOHUDWHG�SHULRG�DQG�SHQHWUDWLRQ�GHSWK�RI�FKORULGH�LRQ
RQ�GLIIHUHQW�FXULQJ�FRQGLWLRQV
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)LJXUH����5HVXOWV�RI�SHQHWUDWLRQ�GHSWK�RI�&KORULGH�LRQ�RQ�QRQ�VWHDG\ VWDWH�HOHFWURSKRUHVLV�WHVW�RQ�GLIIHUHQW�
FXULQJ�FRQGLWLRQV

���(YDOXDWLRQ�RI�FXULQJ�XVLQJ�HOHFWULFDO�UHVLVWDQFH�� ,QIHUHQFH�RI�FKDUDFWHULVWLF�YDOXHV�RI�FRQFUHWH�

,W�LV�QHFHVVDU\�IRU�FXULQJ�QRW�WR�GLVWXUE�WKH�SURJUHVVLRQ�RI�K\GUDWLRQ�E\�SUHYHQWLQJ�PRLVWXUH HYDSRUDWLRQ
IURP�WKH�FRQFUHWH�VXUIDFH��DQG�LWV�LQIOXHQFH�FDQ�EH�VDLG�WR�EH������PP�IURP�WKH�VXUIDFH�OD\HU��+HUH��LI�
WKHUH� LV�D�PHWKRG� WKDW�FDQ�FRQILUP� WKH�GHJUHH�RI�FXULQJ�RQ�VXUIDFH� OD\HU�FRQFUHWH�� LW� LV�SRVVLEOH� WR�
HVWLPDWH�WKH�SHUIRUPDQFH�RI�FRQFUHWH�HYHQ�LQ�WKH�DFWXDO�VWUXFWXUH�WR�LPSURYH�FRQFUHWH�SHUIRUPDQFH�E\�
FXULQJ�
)XUWKHUPRUH�� LI� LW� EHFRPHV� SRVVLEOH� WR� SUHGLFW WKH� HQG� WLPLQJ� RI� FXULQJ�� WKHUH� LV� D� SRVVLELOLW\� RI�
VKRUWHQLQJ�WKH�FRQVWUXFWLRQ�SHULRG�DQG�VWUHDPOLQLQJ�WKH�FRQVWUXFWLRQ��7KHUHIRUH��LQ�WKLV�VHFWLRQ��ZH�ZLOO�
LQWURGXFH�D�FDVH�ZKHUH�HYDOXDWLRQ�RI�FXULQJ�ZDV�DWWHPSWHG�E\�IRFXVLQJ�RQ�ZDWHU�FRQWHQW�LQ�FRQFUHWH�
DQG�DOVR�HOHFWULF�UHVLVWDQFH�LQ�FRQFUHWH�
)LJXUH����VKRZV�WKH�HOHFWULFDO�UHVLVWDQFH�PHDVXUHPHQW�V\VWHP�GHYHORSHG�E\�WKH�IRXU�HOHFWURGH�PHWKRG��
7KH�HOHFWURGHV��IRXU�ZLUHV��ZKLFK�DUH�HPEHGGHG�LQ�WKH�IRUPZRUN�DQG�WKH�SRVLWLRQ�WR�EH�PHDVXUHG�ZDV�
OHIW��VR�DV�WR�EH�DEOH�WR�PHDVXUH�RQO\�WKH�VSHFLILF�GHSWK�SRVLWLRQ�IURP�WKH�IRUPZRUN��DQG�VHDO�WKH�UHVW�
RI� WKH� SDUW��9ROWDJH� LV� DSSOLHG� WR� WKH� WZR� RXWHU� HOHFWURGHV�� FXUUHQW� LV� PHDVXUHG� E\� WKH� LQQHU� WZR�
HOHFWURGHV�� DQG� WKH� UHVLVWDQFH� YDOXH� LV� PHDVXUHG�� )LJXUH� ��� VKRZV� WKH� WLPH�GHSHQGHQW� FKDQJH� LQ�
UHVLVWDQFH�DW�WKH�SRVLWLRQ��

)LJXUH����0HWKGRORJ\�RI�IRXU�SUREH�HOHFWULFDO�UHVWDQFH�PHDVXUHPHQW�V\VWHP

)LJXUH����5HVXOW�RI�HOHFWULFDO�UHVLVWDQFH�RQ�GLIIHUHQW�FXULQJ�SHULRGV�
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7KH��WK ,QWHUQDWLRQDO�&RQIHUHQFH�RI�$VLDQ�&RQFUHWH�)HGHUDWLRQ
1RYHPEHU����������� )X]KRX��&KLQD

���

)LJXUH�����5HVXOWV�RI�HOHFWULFDO�UHVLVWDQFH�RQ�GLIIHUHQW�PHDVXUHPHQW�GHSWK
PP�IURP�WKH�VXUIDFH�ZLWK�GLIIHUHQW�IRUPZRUN�GXUDWLRQ��)URP�WKLV�UHVXOW��LW�FDQ�EH�FRQILUPHG�WKDW�WKH�
UHVLVWDQFH� YDOXH� GHFUHDVHV� DV�PRLVWXUH� LV� NHSW� DV� WKH� IRUP�LQ�UHVLGHQFH� SHULRG� LV� OHQJWKHQHG��7KLV�
LQGLFDWHV�WKDW�DV�WKH�K\GUDWLRQ�SURJUHVVHV��WKH�SRUHV�DUH GHQVLILHG�WRJHWKHU�ZLWK�WKH�GHFUHDVH�LQ�ZDWHU�
FRQWHQW� LQ� WKH� FRQFUHWH�E\�K\GUDWLRQ�� ,W� LV� HYLGHQW� WKDW� WKH� UHVLVWDQFH�YDOXH� LQFUHDVHV� DV� D� UHVXOW� RI�
PRLVWXUH�HVFDSLQJ��EXW�WKH�LQIOXHQFH�EHFRPHV�VPDOOHU�DV�WKH�IRUPZRUN�KROGLQJ�SHULRG�EHFRPHV�ORQJHU��
1H[W�� )LJXUH� ��� VKRZV� WKH� PHDVXUHPHQW� UHVXOW� XQGHU� WKH� GU\LQJ� FRQGLWLRQ� WKDW� WKH� PHDVXUHPHQW�
SRVLWLRQ�LV�GLIIHUHQW�IURP�WKH�VXUIDFH�OD\HU�E\�����������������������PP��)URP�WKLV�UHVXOW��WKH�UHVLVWDQFH�
DW�WKH�VXUIDFH�OD\HU�UHPDUNDEO\�ULVHV�IURP�WKH��WK�GD\�VHDOHG�FXULQJ�PHDQV�WKH�IRUPZRUN�LV�UHPRYHG�
DW�DJH��GD\V��ZKHUHDV�WKH�UHVLVWDQFH�YDOXH�RQO\�JUDGXDOO\�LQFUHDVHV�XQGHU�WKH�GHSWK�RI�������PP��2Q�
WKH�RWKHU�KDQG��UHVLVWDQFH�YDOXH�LV�QRW�FKDQJHG�DW����PP�RU�PRUH�IURP�VXUIDFH��6LQFH�WKH�UHVLVWDQFH�
LQFUHDVHV�DV�WKH�DPRXQW�RI�PRLVWXUH�GHFUHDVHV�GXH�WR�WKH�K\GUDWLRQ�SURJUHVV��WKH�LQFUHDVH�LQ�UHVLVWDQFH�
DW� WKLV� GHSWK� SRVLWLRQ VKRZV�PDLQO\� WKH� GHFUHDVH� LQ�PRLVWXUH� XVHG� IRU� K\GUDWLRQ��+RZHYHU�� LW� LV�
WKRXJKW�WKDW�WKH�UHPDUNDEOH�LQFUHDVH�LQ�WKH�UHVLVWDQFH�YDOXH�RQ�WKH�VXUIDFH�FRQFUHWH�VKRZV�PRLVWXUH�
HYDSRUDWHG��
1H[W�� WKH�HOHFWULF� UHVLVWDQFH�ZDV�PHDVXUHG� LQ�D�VHDOHG�VWDWH�ZLWK� WKH� IRUPZRUN�HPEHGGHG�ZLWK� WKH�
HOHFWURGH�SODFHG�DW� WKH�SRVLWLRQ�RI����PP�LQ�GHSWK�DW�DJH�RI�������������DQG����GD\V��$QG�DOVR� WKH�
FRPSUHVVLYH�VWUHQJWK� LV�PHDVXUHG�DW� VDPH�DJH��)LJXUH���� VKRZV� WKH� UHODWLRQVKLS�ZLWK� FRPSUHVVLYH�
VWUHQJWK�DQG�WKH�HOHFWULF UHVLVWDQFH�DW�WKDW�WLPH��,W�LV�FRQFUHWH�XVLQJ�RUGLQDU\�3RUWODQG�FHPHQW��EXW�LW�
ZDV�GLIIHUHQW�ZDWHU�FHPHQW�UDWLR��,W�FDQ�EH�VDLG�WKDW�WKH�FRPSUHVVLYH�VWUHQJWK�RI�WKH�FRQFUHWH�LQVLGH�WKH�
IRUPZRUN�FDQ�EH�HVWLPDWHG�E\ PHDVXULQJ�WKH�HOHFWULF�UHVLVWDQFH��$QG�LW ZDV�DOVR�JRRG�UHODWLRQVKLS�
REWDLQHG�ZLWK�FRPSUHVVLYH�VWUHQJWK�DQG�FRHIILFLHQW�RI�FDUERQDWLRQ�UDWH�DQG�HOHFWULFDO�UHVLVWDQFH�DW����
GD\V�DIWHU�GHPROGLQJ�DQG�H[SRVXUH�WR�WKH�GU\�HQYLURQPHQW��,W�FDQ�EH�HVWLPDWHG�WKH�FRPSUHVVLYH�VWUHQJWK�
LQ� WKH� IRUPZRUN� DQG� WKH� ��� GD\V� VWUHQJWK� DQG� GXUDELOLW\� VXFK� DV� FDUERQDWLRQ� DIWHU� H[SRVHG� WR�
HQYLURQPHQW�ZLWK�GLIIHUHQW�IRUPZRUN�GXUDWLRQ�RI�FRQFUHWH��%\�XVLQJ�WKLV��LW�LV�SRVVLEOH�WR�HVWLPDWH�WKH�
SHUIRUPDQFH�RI�FRQFUHWH�WR�VRPH�H[WHQW�DW�WKH�WLPH�RI�ILQLVKLQJ�FXULQJ�DW�WKH�VLWH�DV�VKRZQ�LQ�)LJXUH�
����:H�DUH�VXJJHVWLQJ�WKDW�LW�LV�SRVVLEOH�WR�D�V\VWHP�IRU�FRQVWUXFWLRQ�WKDW�FDQ�SUHGLFW�WKH�FXULQJ�HQG�
WLPH�LQ�UHDO�WLPH�DFFRUGLQJ�WR�WKH�UHTXLUHG�SHUIRUPDQFH�

)LJXUH�����5HODWLRQVKLS�EHWZHHQ HOHFWULFDO�UHVLVWDQFH�DQG�FRPSUHVVLYH�VWUHQJWK�
DW�GHPROGLQJ�WLPH
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)LJXUH����6\VWHP�IRU�SUHGLFWLRQ�RI�FRQFUHWH�SURSHUWLHV�LQ�IRUPZRUN�XVLQJ�HOHFWULFDO�UHVLVWDQFH

���&RQFOXVLRQ

&XULQJ�LV�DQ�LQGLVSHQVDEOH�DFW�WR�HQFRXUDJH�WKH�FHPHQW�K\GUDWLRQ�DQG�GHYHORS VWUHQJWK�DQG�GXUDELOLW\��
7KH�UHDVRQ� LV� WKDW� LW� LV� LPSRUWDQW�WR�SUHYHQW�HYDSRUDWH�RI�ZDWHU�QHFHVVDU\�IRU�K\GUDWLRQ�UHDFWLRQ�RI�
FHPHQW�DQG�WR�IRUP�D�GHQVH�SRUH�VWUXFWXUH��2Q�WKH�RWKHU�KDQG��PRLVWXUH�HVFDSLQJ�GXH�WR�SRRU�FXULQJ�LV�
DERXW����� ���PP�IURP�WKH�VXUIDFH�OD\HU��&RQVLGHULQJ�WKH�PDVV�WUDQVIHU�FKDUDFWHULVWLFV��LW�LV�H[WUHPHO\�
LPSRUWDQW�WR�HQVXUH�WKH�TXDOLW\�RI�FRQFUHWH�LQ�WKH�FRYHU�FRQFUHWH�SDUW��+RZHYHU��VHFXULQJ�H[FHVVLYH�
FXULQJ�GD\V�DQG�VXSSO\LQJ�PRLVWXUH�PD\�FDXVH�WURXEOHV�LQ�SURFHVVHV�DQG�FRVW�UHTXLUHG�IRU�FRQVWUXFWLRQ��
:H� EHOLHYH� WKDW� LW� LV� LPSRUWDQW� WR� HQVXUH� DGHTXDWH� FXULQJ� SHULRG� DFFRUGLQJ� WR�PDWHULDOV� XVHG� DQG�
UHTXLUHG�SHUIRUPDQFH�DQG�WR�LPSURYH�FRQFUHWH�SHUIRUPDQFH�

$FNQRZOHGJHPHQWV

7KLV� UHVHDUFK� ZDV� FRQGXFWHG� ZLWK� WKH� FRRSHUDWLRQ� RI�PDQ\� JUDGXDWH� VWXGHQWV� RI�0DWHULDO� 'HVLJQ�
ODERUDWRU\��6KLEDXUD�,QVWLWXWH�RI�7HFKQRORJ\�

5HIHUHQFHV

7DNHVKL� ,<2'$��7DNHWR�820272��(IIHFW� RI�'U\LQJ� DW� (DUO\�$JH� RQ� WKH�0LFURVWUXFWXUHV� DQG� WKH� 3K\VLFDO�
3URSHUWLHV��3URFHHGLQJV�RI�WKH�QLQWK�HDVW�$VLD�SDFLILF�FRQIHUHQFH RQ�VWUXFWXUDO�HQJLQHHULQJ�DQG�FRQVWUXFWLRQ��
&07���ZLWK�LQFOXGLQJ�&'�520��������

7DNHVKL�,<2'$��<DVXKLUR�'$1��<DVXWDND�6$*$:$�DQG�+LGHQRUL�+$0$'$���7+(�())(&7�2)�&85,1*�
3(5,2'� 21� &21&5(7(� '85$%,/,7<� 86,1*� %/$67�)851$&(� 6/$*� &(0(17�� �UG� $&)�
,QWHUQDWLRQDO�&RQIHUHQFH��$&)�9&$��������

7DNHVKL� ,\RGD�� 6KLQLFKLUR�0DWVX]DNL� ��1HZ�PHWKRG� IRU� HYDOXDWLRQ� RI� FRQFUHWH� GXUDELOLW\� LQ� GLIIHUHQW� FXULQJ�
FRQGLWLRQ��7KH��WK�$&)�,QWHUQDWLRQDO�FRQIHUHQFH�������

(��7R\RPXUD᧨.��$R\DPD᧨7��,\RGD᧶(IIHFW�RI�GLIIHUHQW�FXULQJ�FRQGLWLRQV RQ�WKH�GHJUDGDWLRQ�SURFHVV᧨7KH��WK�

$&)�,QWHUQDWLRQDO�FRQIHUHQFH�������
7��,\RGD��<�+DUDVDD��<�+RVRNDZD��6WXG\�WKH�FKORULGH�GLIIXVLRQ�FRHIILFLHQW�FDOFXODWHG�IURP�D�VLPSOH�DFFHOHUDWHG�

FKORULGH�SHQHWUDWLRQ�WHVW�XVLQJ�HOHFWULFLW\��($6(&����������

<RNR�+$5$6$:$��6KLQJR�.852'$�DQG�7DNHVKL� ,<2'$᧶7+(�())(&7�21�&+/25,'(�',))86,21�

)520�121�67($'<67$7(�(/(&75,&$//<�$&&(/(5$7('�0(7+2'6�86,1*�',))(5(17�0,;�
3523257,21�$1'�&85,1*�&21',7,216��7KH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�$VLD�&RQFUHWH�)HGHUDWLRQ��
SS����������������

7DNHVKL� ,\RGD��0DKR�2WD�DQG�7DNHKLUR�0LVDND� ��352326('�&216758&7,21�6833257�6<67(0�)25�
(67,0$7,21� 6(77,1*� 7,0(� $1'� &85,1*� 86,1*� 7+(� (/(&75,&$/� 5(6,67$1&(� 21�
&216758&7,21� 6,7(�� 7KH� )LIWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RQVWUXFWLRQ� 0DWHULDOV�� 3HUIRUPDQFH��
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