
�&LYLO�(QJLQHHULQJ�'HSDUWPHQW��69(5,¶V�&ROOHJH�RI�(QJLQHHULQJ��3DQGKDUSXU��,QGLD
�&LYLO�(QJLQHHULQJ�'HSDUWPHQW��69(5,¶V�&ROOHJH�RI�(QJLQHHULQJ��3DQGKDUSXU��,QGLD

$EVWUDFW
5HVSRQVH� FRQWUROV� RI� VWUXFWXUHV� ZLWK� YDULRXV� W\SHV� RI� GDPSHUV� KDYH� EHHQ� D� FHQWHU� WHUULWRU\� RI� VWXG\� ZKLFK� ZDV�
HPEUDFHG� WR� DOOHYLDWH� GLIIHUHQW� FKDUDFWHULVWLF� ULVNV� OLNH� TXDNH� DQG� ZLQG�� '\QDPLF�� DORRI� ZKDW
V� PRUH�� FURVVRYHU�
GDPSHUV�RI�YDULRXV�VWUXFWXUHV�DUH�FRPPRQO\�XWLOL]HG�LQ�VWUXFWXUHV�WR�PDNH�VWUXFWXUHV�SURJUHVVLYHO\�DGDSWDEOH��7XQHG�
IOXLG� GDPSHU� RU� 7/'� KDV� EHHQ� QRUPDO� W\SH� RI� GDPSHU� DV� D� UHDFWLRQ� FRQWUROOHU� DQG� KDV� H[SHULHQFHG� YDULRXV�
DOWHUDWLRQV�LQ�LWV�XVHIXOQHVV�DQG�HVWDEOLVKPHQW�WR�GLPLQLVK�WKH�DX[LOLDU\�YLEUDWLRQ�GXULQJ�D�VHLVPLF�WUHPRU��7LOO�QRZ�D�
IHZ�IUXLWIXO�DSSOLFDWLRQV�DSSURYH�ZLWK�WKH�QXPHULFDO��H[SORUDWRU\�DOVR��H[SODQDWRU\�H[DPLQDWLRQ�KDV�EHHQ�GLVSOD\HG�
RQ�7/'��)RU�WKH�WULDO�FRQFHQWUDWH�VKDNH�WDEOH�LV�XWLOL]HG�WR�GLVFRYHU�WKH�UHDFWLRQ�RI�WKH�VWUXFWXUH��7KLV�SDSHU�VKRZV�D�
SRLQW� E\� SRLQW� VWXG\� GLG� WR� H[SORUH� WKH� DGYDQFHV� LQ� WXQHG� IOXLG� GDPSHUV� DQG� LWV� DSSURSULDWHQHVV� LQ� WKH� VWUXFWXUH��
/LNHZLVH�JLYHV�WKH�UHSRUW�RQ�GLIIHUHQW�SDUWV�RI�WKH�WXQHG�IOXLG�GDPSHU�

�� ,QWURGXFWLRQ

7KH�SUHVHQW�SDWWHUQ�WRZDUG�WKH�VWUXFWXUHV�RI�FRQVLVWHQWO\�H[SDQGLQJ�VWDWXUHV�DQG�WKH�XWLOL]DWLRQ�RI�OLJKW�ZHLJKW��KLJK�
TXDOLW\�PDWHULDOV��DQG�SURSHOOHG�GHYHORSPHQW�VWUDWHJLHV�KDYH�SURPSWHG�SURJUHVVLYHO\ DGDSWDEOH�DQG�GDLQWLO\�GDPSHG�
VWUXFWXUHV��-XVWLILDEO\��WKHVH�VWUXFWXUHV�DUH�YHU\�WRXFK\ WR�HFRORJLFDO�H[FLWDWLRQV��IRU�H[DPSOH��ZLQG��VHD�ZDYHV�DQG�
VHLVPLF� WUHPRUV�� 7KLV� FDXVHV� XQGHVLUDEOH� YLEUDWLRQV� LQVWLJDWLQJ� FRQFHLYDEOH� DX[LOLDU\� GLVDSSRLQWPHQW�� LQKDELWDQW�
LQFRQYHQLHQFH��DQG�JOLWFK RI�KDUGZDUH��+HQFH�LW�KDV�EHFRPH�LPSRUWDQW�WR�VHDUFK�IRU�SUDFWLFDO�DQG�HIIHFWLYH�GHYLFHV�
IRU� VXSSUHVVLRQ�RI� WKHVH�YLEUDWLRQV� ,Q�DQWL�UROOLQJ�WDQNV��GDPSHUV�XVLQJ�OLTXLG�KDYH�EHHQ�XVHG� WR�VWDELOL]H�PDULQH�
VKLSV� DJDLQVW� URFNLQJ� DQG� UROOLQJ� PRYHPHQWV� VLQFH� WKH� ����V�� +RZHYHU�� WKH� FRQFHSW� RI� LPSOHPHQWLQJ� 7/'V� WR�
GHFUHDVH�VWUXFWXUDO�YLEUDWLRQ�LQ�FLYLO�HQJLQHHULQJ�EXLOGLQJV�VWDUWHG�LQ� WKH�PLG�����V��ZKLFK�VXJJHVWHG� WKH�XVH�RI�D�
IXOO\�ILOOHG�UHFWDQJXODU�FRQWDLQHU�ZLWK�WZR�LPPLVFLEOH�OLTXLGV�WR�GHFUHDVH�WKH�VWUXFWXUDO�UHDFWLRQ�WR�G\QDPLF�ORDGLQJ��
7KHUH�DUH� WZR�SRSXODU�PHWKRGV�XVHG� WR�PRGHO� WKH�EHKDYLRU�RI� OLTXLG� WDQNV�� ,Q� WKH� ILUVW�� WKH�G\QDPLF�HTXDWLRQV�RI�
PRWLRQ� DUH� VROYHG� E\� XVLQJ� SRWHQWLDO� IORZ� WKHRU\� DQG� VKDOORZ� ZDWHU� WKHRU\�� ZKLOH� LQ� WKH� VHFRQG� DSSURDFK� WKH�
SURSHUWLHV� RI� WKH� OLTXLG� GDPSHU� DUH� SUHVHQWHG� E\� DQ� HTXLYDOHQW� PDVV�� VWLIIQHVV� DQG� GDPSLQJ� UDWLR�� HVVHQWLDOO\�
PRGHOLQJ�WKH�7/'�DV�DQ�HTXLYDOHQW�70'��7XQHG�PDVV�GDPSHU�� 5HVSRQVH�FRQWUROV�RI�VWUXFWXUHV�ZLWK�YDULRXV W\SHV�
RI� WKH XWLOL]DWLRQ�RI�7XQHG�/LTXLG�'DPSHUV�DV�D� WHFKQLTXH�IRU�YLEUDWLRQ�FRQWUROOLQJ�PHWKRG�ZDV�H[DPLQHG� LQ� WKLV�
ZRUN��7/'
V�DUH�IXQGDPHQWDOO\�IOXLG�WDQNV��W\SLFDOO\�ZDWHU��LQFRPSOHWHO\�ORDGHG�XS�ZLWK�WKH�IOXLG��DQG�LV�FRPPRQO\�
VLWXDWHG�DW�WKH�KLJKHVW�IORRU�RI�WKH�VWUXFWXUH�RU�TXLFNO\�XQGHUQHDWK�LW���.DUWK�DQG�5LW]\�������� $W�WKH�SRLQW�ZKHQ�WKH�
WDQN�LV�OHIW�WKURXJK�YLEUDWLRQ��WKH�IOXLG�LQ�WKH�WDQN�VWDUWV�WR�VORVK�DJDLQVW�WKH�GLYLGHU��EHVWRZLQJ�LQHUWLDO�SRZHUV�LQWR�
WKH�VWUXFWXUH��RXW�RI�VWDJH�ZLWK�WKH DX[LOLDU\�PRYHPHQW��DORQJ�WKHVH�OLQHV�GLPLQLVKLQJ�WKH�GHYHORSPHQW���.DUWK�DQG�
5LW]\�� ������ 7/'µV� FDQ� EH� FODVVLILHG� LQWR� 7XQHG� 6ORVKLQJ� 'DPSHUV� �76'µV��� 7XQHG� /LTXLG� &ROXPQ� 'DPSHUV�
�7/&'µV��DQG�FRQWUROODEOH�7/'µV��76'µV�DUH�JHQHUDOO\ UHFWDQJXODU�DQG�FLUFXODU� WDQNV��7/&'µV�UHGXFHV�VWUXFWXUDO�
YLEUDWLRQ�GXH�WR�WKH�PRWLRQ�RI�OLTXLG�LQ�WKH�WXEH�DV�D�UHVXOW�RI�JUDYLW\�DFWLRQ�DQG�E\�WKH�ORVV�RI�K\GUDXOLF�SUHVVXUH�GXH�
WR�WKH�RULILFH�LQVWDOOHG�LQVLGH�WKH�FRQWDLQHU��&RQWUROODEOH�7/'µV�DUH�XVHG�WR�LQFUHDVH�WKH�HIIHFWLYHQHVV�RI�WKH�GDPSHU�
ZKHQ�WKH�IRUFHV�DFWV�RQ�WKH�EXLOGLQJ�DUH�VSUHDG�RYHU�D�EDQG�RI�IUHTXHQFLHV��7KLV�LV�GRQH�E\�DFWLYH�DQG�VHPL�DFWLYH�
FRQWURO�GHYLFHV�E\�FRQWUROOLQJ�WKH�DQJOH�RI�EDIIOH�SURYLGHG�LQ�WKH�WDQNV�RU�E\�XVLQJ�SURSHOOHUV�SRZHUHG�E\�PRWRU�
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,Q�WKH�SUHVHQW�ZRUN��WKH�PRGHO�5&�EXLOGLQJ�RXWOLQH�*���LV�FRQVLGHUHG��7KH�VWUXFWXUH�FDVLQJV�FRQVLGHUHG�DUH�VTXDUH�
LQ� SODQ� ZLWK� VLQJOH� VRXQG� LQ� WKH� WZR� EHDULQJV�� 7KH� JHRPHWU\� RI� EXLOGLQJ� HGJHV� DUH� FKRVHQ� GHSHQGHQW� RQ� WKH�
SRVVLELOLW\�RI�WHVW�VWXG\�RQ�VFDOH�GRZQ�VWHHO�PRGHO��7KH�VXEWOHWLHV�RI�GLPHQVLRQDO�DWWULEXWHV�DUH�UHSUHVHQWHG�LQ�7DEOH�
�

6U�1R� &RQWHQW 'HVFULSWLRQ
� 6WUXFWXUH 0XOWL�VWRUH\�ULJLG�MRLQW

IUDPH
� 1R�RI�VWRULHV *��
� *UDGH�RI�FRQFUHWH ����P
� *UDGH�RI�VWHHO 0��
� %D\�ZLGWK�%RWK�GLUHFWLRQ� 0���
� 6ODE�WKLFNQHVV �����P
� 6L]H�RI�FROXPQ ����P�;����P
� 6L]H�RI�EHDP ���P�;�����

7DEOH����*HRPHWULF�DQG�PDWHULDO�SURSHUWLHV�RI�EXLOGLQJ�IUDPHV

�� 3UHSDUDWLRQ�RI�6FDOHG�'RZQ�6WUXFWXUDO�0RGHO

7KH PDMRU� WDVN� LQ� WKH� VFDOLQJ� GRZQ SURFHVV� LV� WR� DFKLHYH� ³'\QDPLF� 6LPLODULW\´� ZKHUH� PRGHO� DQG� SURWRW\SH�
H[SHULHQFH�KRPRORJRXV�IRUFHV��$FFRUGLQJ�WR�WKLV�DSSURDFK�WZR�SULQFLSDO�WHVW�FRQGLWLRQV�DUH�HVWDEOLVKHG

���1DWXUDO�IUHTXHQF\�RI�WKH�SURWRW\SH�VKRXOG�EH�VFDOHG�E\�DQ�DSSURSULDWH�VFDOLQJ�UHODWLRQ�WR�WKDW�RI�PRGHO�

���'HQVLW\�RI�WKH�SURWRW\SH�DQG�PRGHO�VKRXOG�EH�VLPLODU�

�� 6FDOH�)DFWRU

5HFHLYLQJ� VXLWDEOH� JHRPHWULF� VFDOH� IDFWRU� LV� RQH� RI� WKH� VLJQLILFDQW� VWULGHV� LQ� VFDOH� GHPRQVWUDWLQJ�� 7KH� VFDOLQJ�
UHODWLRQV�IRU�WKH IDFWRUV�HPEUDFHG�LQ�WKLV�H[DPLQDWLRQ��DUH�DSSHDUHG�LQ�7DEOH���

6U�1R� 3DUDPHWHUV 6FDOH�)DFWRUV

� 0DVV�GHQVLW\ �

� 6WLIIQHVV 6�

� )RUFH 6�

� 0RGXOXV V

� $FFHOHUDWLRQ �

� )UHTXHQF\ 6���

� 7LPH 6���

� 6KHDU�:DYH�9HORFLW\ 6���

� /HQJWK 6

�� 6WUHVV 6

�� 3URWRW\SH�5&�%XLOGLQJ�)UDPH�&RQVLGHUHG�)RU�WKH�$QDO\VLV
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�� 6WUDLQ �

�� (, 6�

7DEOH����6FDOLQJ�5HODWLRQV�LQ�7HUPV�RI�*HRPHWULF�6FDOLQJ�)DFWRU��6�

7\SLFDO�VFDOLQJ�GRZQ�SURFHGXUH�IRU�*����VFDOH�GRZQ�VWHHO�PRGHO�LV�GHVFULEHG�EHORZ�

$FFRUGLQJ�WR�WKH�ILUVW�SULQFLSOH��WKH�UHODWLRQ�EHWZHHQ QDWXUDO�IUHTXHQF\�RI�PRGHO��IP��DQG�SURWRW\SH��IS��LV

IP�IS� �6���

 ����

)UHTXHQF\�RI�WKH�*���SURWRW\SH�VWUXFWXUH�LV�FDOFXODWHG�E\�XVLQJ�VRIWZDUH��67$$'�3UR��DQG�LW�LV�

IS� ������+]�

7KHUHIRUH�UHTXLUHG�IUHTXHQF\�RI�WKH�PRGHO��IP��LV

IP� �����î���

 ������+]�

1RZ�DFFRUGLQJ� WR�VHFRQG�SULQFLSOH� WKH�GHQVLW\�RI� WKH�PRGHO� �ȡP��VKRXOG�EH�HTXDO� WR� WKH�GHQVLW\�RI� WKH�SURWRW\SH�
�ȡS��'HQVLW\�RI�WKH�SURWRW\SH�VWUXFWXUH��ȡS��LV�GHWHUPLQHG�DV�IROORZV�

ȡS� �PDVV�RI�SURWRW\SH�YROXPH�RI�SURWRW\SH

 ���������������î����î�����

 ��������.J�P�

7KHUHIRUH�WKH�PDVV�RI�WKH�VWUXFWXUDO�PRGHO��0P��LV�HVWLPDWHG�DV

0P� �ȡP�î�9P

 ��������î�������î����î�����

 ��������.J

6U��
1R�

&RQWHQW 'HVFULSWLRQ

� 1R��RI�VWRULHV *��
� 6WRUH\�+HLJKW ���PP
� *UDGH�RI�6WHHO )H���
� %D\�ZLGWK ����PP
� 6ODE�WKLFNQHVV ��PP
� 6L]H�RI�&ROXPQ ��PP�;���PP

7DEOH����*HRPHWULF�DQG�PDWHULDO�SURSHUWLHV�RI�VFDOH�GRZQ�VWHHO�PRGHO

7KH� HOHPHQWV� RI� VHJPHQW�DQG� SLHFH� RI� VFDOH� GRZQ� VWHHO�PRGHO� LV� LQIHUUHG� LQ� VXFK�D�PDQQHU� WKDW� WKH�KHDYLQHVV� RI�
PRGHO�DOPRVW�HTXLYDOHQWV�WR��������.J�DV�UHTXLUHG�E\�UHHQDFWHG�ODZV��&RQVLGHULQJ�DOO�RYHU�WKH�VXEWOHWLHV�RI�*����
VFDOH�GRZQ�VWHHO�PRGHO�LV�ZRUNHG RXW��7KH�VXEWOHWLHV�RI�VFDOH�GRZQ�PRGHOV DUH�DV�SHU�WKH�IROORZLQJ�
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$�W\SLFDO�*���VFDOH�GRZQ�VWHHO�PRGHO�LV�JLYHQ�LQ�)LJXUH���

)LJ����$�W\SLFDO�*���VFDOH�GRZQ�VWHHO�PRGHO�

�� 6KDNH�7DEOH DQG�([SHULPHQWDO�6HWXS�RI�6KDNH�WDEOH

)LJ����6KDNH�WDEOH

6KDNH� 7DEOH� LV� D� PRVW� ILWWLQJ� H[SORUDWRU\� VHW� XS� IRU� WKH� H[SHFWDWLRQ� RI� VHLVPLF� FRQGXFW� RI� GLIIHUHQW� VWUXFWXUDO�
EXLOGLQJ�VWUXFWXUHV��%DVLF�PRGHOV�DUH�OHJLWLPDWHO\�H[SRVHG� WR�G\QDPLF�H[FLWDWLRQV�ORRNLQJ� OLNH� WKRVH�QRUPDO� WR�EH�
H[SHULHQFHG� LQ� DQ� RQJRLQJ� VHLVPLF� WUHPRU� RFFDVLRQ�� ,W� LV� FRQFHLYDEOH� WR� UHDVRQDEO\�PLPLF� WKH� LPSDFW� RI� VHLVPLF�
SRZHUV� RQ� WKH� WHVW� VWUXFWXUHV� RQ� 6KDNH� 7DEOH�� 7KH� IXOO� SRZHUIXO� VWDFNLQJ� SURSHUW\�PDNHV� 6KDNH� 7DEOH� WHVWLQJ� D�
FRPSHOOLQJ�LQVWUXPHQW�LQ�WKH�H[DPLQDWLRQ�ILHOG��7KHUH�DUH�WZR�FULWLFDO�GLIILFXOWLHV�IRU�HPEUDFLQJ�WKH�6KDNH�7DEOH�
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)LJ����6KDNH�WDEOH

$Q�H[SORUDWRU\� LQYHVWLJDWLRQ� LV�GRQH�VR�DV�WR�DSSURYH� WKH�FUXFLDO�FRPPRQ�UHFXUUHQFH�RI�D�PRGHO��7KH�GRZQVL]HG�
VWHHO�PRGHO�FODULILHG�LQ�VHJPHQW�����LV�XWLOL]HG�IRU�WKH�VWXG\��7KH�UHVHDUFK�IDFLOLW\�VHW�XS�LV�SURGXFHG�IRU�IL[HG�EDVH�
FRQGLWLRQ� ZLWKRXW� WXQHG� IOXLG� GDPSHU�� 7KHUH� DUH� �� TXDQWLWLHV� RI� DFFHOHURPHWHUV� XVHG� WR� JHW� WKH� LQIRUPDWLRQ��
$FFHOHURPHWHU�QR����LV�DW�EDVH�RI�6KDNH�7DEOH��$FWXDWRU���QR����DQG���DUH�DW�SLHFH�OHYHO�DQG�DFFHOHURPHWHU�QR����LV�DW�
URRIWRS� OHYHO�RI� VFDOH�GRZQ�PRGHO��7KLV���DFFHOHURPHWHU DUH�DVVRFLDWHG�ZLWK� LQIRUPDWLRQ�SURFXUHPHQW� IUDPHZRUN�
ZKLFK�FRQYHUWV�WKH�VLPSOH�VLJQ�WR�FRPSXWHUL]HG�VLJQDOV��7R�GHPRQVWUDWH�WKH�DGYDQFHG�VLJQ�LQIRUPDWLRQ�SURFXUHPHQW�
IUDPHZRUN�DVVRFLDWHG�ZLWK�WKH�ZRUNVWDWLRQ��.DPSDQD�SURJUDPPLQJ�LV�XWLOL]HG�WR�JHW�WKH�DIWHUHIIHFWV�RI�WU\��7KH�WULDO�
DUUDQJHPHQW�DQG�VLWXDWLRQV�RI�DFFHOHURPHWHUV�DUH�DSSHDUHG�LQ�)LJXUH���

�� 3URSRUWLRQLQJ�RI�7/'

7KH� 7/'� DUH� SRUWUD\HG� E\� WKUHH� QRWHZRUWK\� SURSRUWLRQV� LQ� SDUWLFXODU� WXQLQJ� SURSRUWLRQ�� PDVV� SURSRUWLRQ� DQG�
SURIXQGLW\�SURSRUWLRQV��$�7/'�WKDW�GHFUHDVHV�WKH�EDVLF�UHDFWLRQ�DOWRJHWKHU�IRU�WKH�JLYHQ�DUUDQJHPHQW�RI�HVWLPDWLRQV�
RI�WKHVH�SURSRUWLRQV�PLJKW�EH�FRQVLGHUHG�DV�DSSURSULDWHO\�SODQQHG�

����7XQLQJ�UDWLR

$V�WKH�QDPH�VXJJHVWV��WXQLQJ�UDWLR�RI�D�7/'��LV�WKH�UDWLR�RI�WKH�IXQGDPHQWDO� OLQHDU�VORVKLQJ�IUHTXHQF\��*HQHUDOO\�D�
WXQLQJ�UDWLR�RI�XQLW\�RU�YHU\�FORVH�WR�XQLW\�LV�FRQVLGHUHG�WR�EH�RSWLPXP�
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����'HSWK�UDWLR�

)LJ�QR�������'LVSODFHPHQW�UHVSRQVHV�RI�D�PRGHO�ZLWK�GLIIHUHQW�GHSWK�UDWLR

)LJ�QR��������$FFHOHUDWLRQ�UHVSRQVHV�RI�D�PRGHO�ZLWK�GLIIHUHQW�GHSWK�UDWLR

0RVW�RI�WKH�HDUOLHU�VWXGLHV�KDYH�UHVWULFWHG�WKLV�YDOXH�WR�OHVV WKDQ����� 7KH�GHSWK�UDWLR��ZKLFK�LV�WKH�UDWLR�RI�GHSWK�RI�
WKH�ZDWHU�K�WR� WKH� WDQN� OHQJWK�/��LV�D� VLJQLILFDQW�SDUDPHWHU� IRU�GHILQLQJ�WKH�HIIHFWLYHQHVV� RI� WKH�UHFWDQJXODU�7/'��
'LIIHUHQW�ZDWHU�GHSWK�UDWLRV� �����DQG����ZHUH�FRQVLGHUHG��7KH�FRUUHVSRQGLQJ�UHVSRQVHV�RI� WKH� VWUXFWXUH�KDYH�EHHQ�
VKRZQ� LQ� ILJXUH� QR����� DQG� ������ 7KH� ILJXUH� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� H[FLWDWLRQ� IUHTXHQF\� UDWLR� 	�
GLVSODFHPHQW�DQG�H[FLWDWLRQ�IUHTXHQF\�UDWLR�	�DFFHOHUDWLRQ�UHVSHFWLYHO\�
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����0DVV�UDWLR

7KH�PDVV�UDWLR�LV�WKH�UDWLR�RI�WKH�PDVV�RI�ZDWHU�LQ�WKH�FRQWDLQHUV�WR�WKH�PDVV�RI�WKH�VWUXFWXUH�LWVHOI��,Q�RUGHU�WR�PDNH�
VXUH�WKDW�7/'�GR�QRW�LQIOXHQFH�WKH�G\QDPLF�FKDUDFWHULVWLFV RI�WKH�VWUXFWXUH�DQG�DOVR�GXH�WR�WKH�SUDFWLFDO�OLPLWDWLRQV�
RI� VSDFH�RQ� WKH�URRI�RI� WKH�VWUXFWXUH� WR�SODFH�GDPSHUV��D�PDVV�UDWLR�RI����ZDV�FRQVLGHUHG� LQ� WKLV�FDVH� 7KH�PDVV�
UDWLR��ZKLFK� LV� WKH� UDWLR� RI� WKH�PDVV� RI�ZDWHU� LQ� WKH� FRQWDLQHUV� WR� WKH�PDVV� RI� WKH VWUXFWXUH� LWVHOI�� LV�D� VLJQLILFDQW�
SDUDPHWHU�IRU�GHILQLQJ�WKH�HIIHFWLYHQHVV�RI�WKH�UHFWDQJXODU�7/'��'LIIHUHQW�PDVV�UDWLRV���������	����ZHUH�FRQVLGHUHG��
7KH�FRUUHVSRQGLQJ�PD[�UHVSRQVH�RI� WKH�VWUXFWXUH�KDV�EHHQ�VKRZQ� LQ� ILJXUH�QR������DQG������7KH� ILJXUH�VKRZV� WKH�
UHODWLRQVKLS� EHWZHHQ� WKH� H[FLWDWLRQ� IUHTXHQF\� UDWLR�	�GLVSODFHPHQW� DQG� H[FLWDWLRQ� IUHTXHQF\� UDWLR�	� DFFHOHUDWLRQ�
UHVSHFWLYHO\�

)LJ�QR�������'LVSODFHPHQW�UHVSRQVHV�RI�D�PHGHO�ZLWK�GLIIHUHQW�PDVV�UDWLR

)LJ�QR�������$FFHOHUDWLRQ�UHVSRQVHV�RI�D�PRGHO�ZLWK�GLIIHUHQW�PDVV�UDWLR
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����([FLWDWLRQ�IUHTXHQF\�UDWLR

7KH� IUHTXHQF\� UDWLR� RI� D� UHFWDQJXODU�7/'� LV� WKH� UDWLR� RI� WKH� IXQGDPHQWDO� OLQHDU� VORVKLQJ� IUHTXHQF\� WR� WKH�QDWXUDO�
YLEUDWLRQ�IUHTXHQF\�RI�WKH�VWUXFWXUH�

�� 'HVLJQ�RI�7/'
)URP� WKH� LQYHVWLJDWLRQ�� WKH SULQFLSDO� UHFXUUHQFH� RI� WKH� VWUXFWXUH�ZDV� HYDOXDWHG� WR� EH� DURXQG� �����+]� UHODWLQJ� WR�
VWUXFWXUH�PDWHULDO�SURSHUWLHV��6LQFH�LW�ZDV�FKRVHQ�WR�FRQVLGHU�WXQLQJ�SURSRUWLRQ�DV�VROLGDULW\��IRU�D�ZDWHU�SURIXQGLW\�
SURSRUWLRQ�RI��������DQG�I� �������WKH�OHQJWK�RI�WKH�WDQN�FRPHV�WR�DURXQG�����PP��$ORQJ�WKHVH�OLQHV�LQ�WKLV�WHVW��D�
FRPSDUWPHQW�ZLWK�OHQJWK�RI�����PP�ZDV�XWLOL]HG�ZLWK�D�ZDWHU�VWDWXUH�RI����PP��7KH�FRPSOHWH�PDVV�SURSRUWLRQ�IRU�
WKLV� VLWXDWLRQ� WXUQHG� RXW� WR� ���� 7KH� WHVW�PRGHO� RI� WXQHG� IOXLG� GDPSHU� XWLOL]HG� IRU� WKLV� H[DPLQDWLRQ� LV� PDGH� E\�
XWLOL]LQJ� WKH� DFU\OLF� PDWHULDO�� )RU� WKH� H[DPLQDWLRQ� WZR� GLVWLQFWLYH� 7/'� DUH� VWUXFWXUHG�� $V� SHU� WKH� SURSRUWLRQLQJ�
SDUDPHWHUV� WKH� FRPSRQHQWV� RI�7/'�DUH� IL[HG��7KH�7/'�PHDVXUHPHQWV� DUH� ���;���;����PP�DQG����;��;����
PP� DV� DSSHDUHG� LQ� WDEOH� QR�� ����� 7KLV� 7/'� DUH� DUUDQJHG� DW� WKH� WRS� GHJUHH� RI� WKH� EDVLF�PRGHO�� 7KH� 7/'ெV� DUH�
DSSHDUHG�LQ�ILJ����

)LJ����7XQHG�OLTXLG�GDPSHU

�� ,QSXW�'DWD�WR�6KDNH�7DEOH
7KH�SULPDU\�JRDO�RI�WKH�WHVW�LV�WR�ORFDWH�WKH�QRUPDO�UHFXUUHQFH�RI�WKH�PRGHO��,Q�6KDNH�7DEOH�GLVWLQFWLYH�LQIRUPDWLRQ�
PRYHPHQW�FDQ�EH�JLYHQ�� IRU�H[DPSOH�� VLQH�� VLQH�FOHDU��DUELWUDU\��7LPH�FKURQLFOHV��DQG�VR� IRUWK��6LQH�6ZHHS� WHVW� LV�
JLYHQ�DV�WKH�LQIRUPDWLRQ�PRYHPHQW�WR�WKH�VWHHO�PRGHO��7KH�UHDVRQ�IRU�D�VLQH�UDQJH�WHVW�LV�WR�UHFRJQL]H�FKDUDFWHULVWLF�
IUHTXHQFLHV�RI�WKH�WHVW�PRGHO��,Q�WKLV�WHVW�D�VLQXVRLGDO�LQIR�ZLWK�FRQVLVWHQWO\�GLIIHULQJ�UHFXUUHQFH�LV�FRQQHFWHG�WR�WKH�
VWUXFWXUH��7KH�UHFXUUHQFH�FRYHUV�WKH�UXQ�IRU�ZKLFK�WKH�HGJH�VWUXFWXUH�LV�WR�EH�TXDOLILHG��7KH�OHYHO�RI�FRQVLVWHQW�VWDWH�
UHYHUEHUDWLRQ� UHDFWLRQ� DFTXLUHG� UHOLHV� XSRQ� WKH� VFRSH� UDWH�� 7KH� VXEVWDQFH� RI� D� VLQH� VFRSH� WHVW� LV� WKDW� WKH� EDVH�
H[FLWDWLRQ�LQIRUPDWLRQ�FRPSULVHV�RI�D�VROLWDU\�UHFXUUHQFH�DW�VRPH�UDQGRP�WLPH��7KH�UHFXUUHQFH�LWVHOI��LQ�DQ\�FDVH��LV�
FKDQJHG�ZLWK�WLPH��7KH�VLQH�UDQJH�WHVW�PD\�VWDUW�DW�D�ORZ�UHFXUUHQFH�DQG�DW�WKDW�SRLQW�EUHDGWK�WR�D�KLJK�UHFXUUHQFH��RU�
WKH� RWKHU�ZD\� DURXQG�� 6R� DV� WR� JHW� UHJXODU� UHFXUUHQFH� RI� VWHHO�PRGHO�� WKH�PRGHO�ZDV� H[SRVHG� WR� D� VWHS� E\� VWHS�
H[SDQGLQJ�XQLGLUHFWLRQDO�FRQVRQDQW�H[FLWDWLRQ��VLQH�UDQJH�ZDYH��ZLWK�DEXQGDQFH ���� ��PP�DQG�UHFXUUHQFH�UDWH�LQ�
WKH�VFRSH�RI�����WR�����+]�

�� &21&/86,21

7KH�IROORZLQJ�FRQFOXVLRQV�DUH�PDGH�IURP�WKH�VWXG\�
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�� 'LIIHUHQW�PDVV�UDWLRV�RI�WKH�VWUXFWXUH�KDYH�EHHQ�FRQVLGHUHG�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�7/'��7KH�
UHGXFWLRQ�LQ�WKH�GLVSODFHPHQW�LV�VLJQLILFDQW�DV�WKH�PDVV�UDWLR�LQFUHDVHV��7KH�LQFUHDVH�LQ�PDVV�UDWLR�LQFUHDVHV�
WKH�HIILFLHQF\�LQ�WKH�GLVSODFHPHQW�UHGXFWLRQ��ZKLOH�WKH�FRQVLGHUDEOH�PDVV�RI�WKH�ZDWHU�WKDW�QHHGV�WR�EH�
HPSOR\HG��,W�LV�VXJJHVWHG�WKDW������PDVV UDWLR�FDQ�EH�UHFRPPHQGHG�DV�WKH�RSWLPXP�YDOXH�

�� 'LIIHUHQW�ZDWHU�GHSWK�UDWLRV�DUH�FRQVLGHUHG�IRU�WKH�7/'�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�VWUXFWXUH��,W�LV�
REVHUYHG�WKHUH�H[LVWV�DQ�RSWLPXP�ZDWHU�GHSWK�UDWLR�FRUUHVSRQGV�WR�WKH�PLQLPXP�UHVSRQVH�DPSOLWXGH��7KH�
RSWLPXP�ZDWHU�GHSWK�UDWLR�LV�IRXQG�WR�EH�������,Q�FDVH�RI�WKH�KLJKHU�ZDWHU�GHSWK�UDWLR�QR�VLJQLILFDQW�
UHGXFWLRQ�LQ�UHVSRQVH�DPSOLWXGH�LV�REVHUYHG�IRU�KLJKHU�GHSWK�UDWLRV��7KH�7/'�KDYLQJ�D�KLJKHU�ZDWHU�GHSWK�
UDWLR�GRHV�QRW�VORVK DV�PXFK�DV�WKDW�IRU�ORZ�ZDWHU�GHSWK�UDWLRV��

�� )URP�WKLV�VWXG\��LW�FDQ�EH�FRQFOXGHG�WKDW�SURSHUO\�GHVLJQHG�7/'�ZLWK�HIILFLHQW�GHVLJQ�SDUDPHWHUV�VXFK�DV�
WXQLQJ�UDWLR��GHSWK�UDWLR�DQG�PDVV�UDWLR�LV�FRQVLGHUHG�WR�EH�D�YHU\�HIIHFWLYH�GHYLFH�WR�UHGXFH�WKH�VWUXFWXUDO�
UHVSRQVH�

����5()(5(1&(6

���$NDQVKX�6KDUPD���*�5��5HGG\���.�.��9D]H���>����@�³6KDNH�WDEOH�WHVWV�RQ�D�QRQ�VHLVPLFDOO\�GHWDLOHG�5&�IUDPH�
VWUXFWXUH´��6WUXFWXUDO�(QJLQHHULQJ�DQG�0HFKDQLFV��9RO������

��� $QGUHZ� 6�� 5RVV��� $VKUDI� 'DPDWW\��� $\PDQ� $QVDU\��� >����@� ³$SSOLFDWLRQ� RI� 7XQHG� /LTXLG� 'DPSHUV� LQ�
&RQWUROOLQJ�WKH�7RUVLRQDO�9LEUDWLRQ�RI�+LJK�5LVH�%XLOGLQJV´��'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ�
:HVWHUQ�8QLYHUVLW\��/RQGRQ��

��� %KDUDGZDM�1DQGD���.LVKRU� %LVZDO��� >����@� ³$SSOLFDWLRQ� RI� 7XQHG� /LTXLG�'DPSHU� IRU� &RQWUROOLQJ� 6WUXFWXUDO�
9LEUDWLRQ� 'XH� WR� (DUWKTXDNH� ([FLWDWLRQV´�� 0RGHUQ� 0HWKRGV� DQG� $GYDQFHV� LQ� 6WUXFWXUDO� (QJLQHHULQJ� DQG�
&RQVWUXFWLRQ�&KHXQJ��-XQH�������

��� (PLOL� %KDWWDFKDUMHH�� /LSLND� +DOGDU�� 5LFKL� 6KDUPD�� DQ� ([SHULPHQWDO� 6WXG\� RQ� 7XQHG� /LTXLG� 'DPSHU� � (PLOL�
%KDWWDFKDUMHH��� /LSLND� +DOGHU��� 5LFKL� 6KDUPD��� >����@� ³$Q� ([SHULPHQWDO� 6WXG\� RQ� 7XQHG� /LTXLG� 'DPSHU� IRU�
0LWLJDWLRQ� RI� 6WUXFWXUDO� 5HVSRQVH´� U� 0LWLJDWLRQ� RI� 6WUXFWXUDO� 5HVSRQVH�� ,QWHUQDWLRQDO� -RXUQDO� RI� $GYDQFHG�
6WUXFWXUDO�(QJLQHHULQJ��

���(UVLQ�$\GLQ�HW��DO��>����@�³([SHULPHQWV�RI� WXQHG� OLTXLG�GDPSHU� �7/'��RQ� WKH�UHGXFHG�VKHDUIUDPH�PRGHO�XQGHU�
KDUPRQLF�ORDGV´���(3-�:HE�RI�&RQIHUHQFHV�������

��� -LWDGW\D� 0RQGDO��� +DUVKD� 1LPPDOD��� 6KDPHHO� $EGXOOD��� 5H]D� 7DIUHVKL��� >$XJXVW� ����@� ³7XQHG� /LTXLG�
'DPSHU´�� 7H[DV� $	0� 8QLYHUVLW\�� 4DWDU� �7$084��� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 0HFKDQLFDO� (QJLQHHULQJ� DQG�
0HFKDWURQLFV�3UDJXH��&]HFK�5HSXEOLF��$XJXVW��������

���/��0��681���<��)XMLQR���%�0��3DFKHFR���>����@�³$�0RGHO�RI�7XQHG�/LTXLG�'DPSHU�IRU�6XSSUHVVLQJ�3LWFKLQJ�
0RWLRQV�RI�6WUXFWXUHV´��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV��9RO���������������

���5LMX�.XULDNRVH���/DNVKPL���>6HSWHPEHU�����@�³(IIHFWLYHQHVV�RI�7XQHG�/LTXLG�'DPSHUV�RQ�+LJK�5LVH�%XLOGLQJV�
LQ�.HUDOD´��,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�5HVHDUFK�	�7HFKQRORJ\��9RO����,VVXH�����

���3UDGLSWD�%DQHUML���$YLN�6DPDQWD���6DFKLQ�&KDYDQ��� >����@�³(DUWKTXDNH�9LEUDWLRQ�&RQWURO�RI�6WUXFWXUHV�8VLQJ�
7XQHG�/LTXLG�'DPSHUV��([SHULPHQWDO� 6WXGLHV´��'HSDUWPHQW� RI�&LYLO�(QJLQHHULQJ�� ,QGLDQ� ,QVWLWXWH� RI�7HFKQRORJ\�
%RPED\��0XPEDL��,QGLD��

�� 7KH�VWUXFWXUH
V�UHVSRQVH�LV�GHWHUPLQHG�E\�FRQVLGHULQJ�WKH�VWUXFWXUH�ZLWK�DQG�ZLWKRXW�7/'��'XULQJ�WKH�
UHVHDUFK��VHYHUDO�IUHTXHQF\�UDWLRV�RI�H[FLWDWLRQ�ZHUH�UHJDUGHG��,W�LV�QRWHG�WKDW�WKH�VWUXFWXUH�XQGHU�KDUPRQLF�
ORDGLQJ�ZLWK�7/'�KDV�OHVV�YLEUDWLRQ�UHDFWLRQ�WKDQ�WKH�VWUXFWXUH�XQGHU�KDUPRQLF�ORDGLQJ�ZLWKRXW�7/'��7/'�
LV�HIIHFWLYH�LQ�UHGXFLQJ�WKH�UHVSRQVH�RI�WKH�VWUXFWXUH�ZKHQ�WXQLQJ�UDWLR�LV�QHDU�WR�XQLW\�
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����5RVKQL��9��.DUWK���5LW]\�5��� >2FW� ����@� ³3DUDPHWULF�6WXGLHV� RQ�7XQHG�/LTXLG�'DPSHU� E\�+RUL]RQWDO� 6KDNH�
7DEOH�([SHULPHQWV´��,265�-RXUQDO�RI�0HFKDQLFDO�DQG�&LYLO�(QJLQHHULQJ������6XEKUD�'DV���6��&KDXGKXU\���>����@�
³7XQHG� /LTXLG� 'DPSHUV� ± $� &ULWLFDO� 6XUYH\� RI� 3DVW� :RUNV´�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 0XOWLGLVFLSOLQDU\�
5HVHDUFK�DQG�3UDFWLFH��9RO����,VVXH�9,,��

���� 6ZDURRS�.��<DOOD���$KVDQ�.DUHHP��� -HIIHU\�.DQWRU��� >����@� ³6HPL�DFWLYH� WXQHG� OLTXLG� FROXPQ�GDPSHUV� IRU�
YLEUDWLRQ� FRQWURO� RI� VWUXFWXUHV´�� 'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ� DQG� *HRORJLFDO� 6FLHQFHV�� 8QLYHUVLW\� RI� 1RWUH�
'DPH��1RWUH�'DPH��,1��������86$��

����0DULR�3D]��6WUXFWXUDO�'\QDPLFV��WKHRU\�DQG�FRPSXWDWLRQ��

����+DUU\�+DUULV��*DMDQDQ�6DEQLV��6WUXFWXUDO�0RGHOOLQJ�DQG�([SHULPHQWDO�7HFKQLTXHV�
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