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$PLU�+RPDLRRQ�(EUDKLPL���3HGUR�0DUWLQH]�9D]TXH]���DQG�&KDUDODPSRV�&�%DQLRWRSRXORV�

�6FKRRO�RI�(QJLQHHULQJ��8QLYHUVLW\�RI�%LUPLQJKDP��(GJEDVWRQ��%LUPLQJKDP��%����77��8QLWHG�.LQJGRP

H�PDLO��KRPDLRRQ�HEUDKLPL#\DKRR�FRP

.H\ZRUGV� SURJUHVVLYH�FROODSVH��LUUHJXODULW\�LQ�SODQV��VWHHO�VWUXFWXUHV��QRQ�OLQHDU�G\QDPLF�DQDO\VLV��

QRQ�OLQHDU�VWDWLF�DQDO\VLV�

$EVWUDFW� 7KUHH� EXLOGLQJV� RI� GLIIHUHQW� KHLJKW�� UHJXODU� DQG� LUUHJXODU� DV� SHU� WKHLU� SODQ� OD\RXW�� DUH� GHVLJQHG�
DFFRUGLQJ�WR�$,6&�>�@�DQG�$6&(��>�@��7KHVH�VWUXFWXUHV�ZHUH�FRQVLGHUHG�WR�EH�ORFDWHG�LQ�UHJLRQV�ZLWK�GLIIHUHQW�
VHLVPLF� DFWLYLW\� ZLWK� WKH� SXUSRVH� RI� REVHUYLQJ� WKHLU� G\QDPLF� UHVSRQVH� XQGHU� VHYHQ� ORDG�FROXPQ�UHPRYDO�
VFHQDULRV�E\�XVLQJ�QRQ�OLQHDU�VWDWLF�DQG�G\QDPLF�DQDO\VHV��1RQ�OLQHDU�G\QDPLF�DQDO\VHV�H[DPLQH�WKH�HIIHFW�RI�
FROXPQV� UHPRYDO� RQ� DGMDFHQW� FROXPQV�� LQFOXGLQJ� QRGH�GLVSODFHPHQW� FRQILJXUDWLRQV� ZKLOVW� QRQ�OLQHDU� VWDWLF�
DQDO\VHV� IRFXV� RQ� WKH� SXVK�RYHU� FXUYH� DQG� \LHOG� ORDG� IDFWRU�� 7KH� UHVXOWV� LQGLFDWH� WKDW� LUUHJXODU� VWUXFWXUHV�
GHVLJQHG� LQ� VLWH� FODVV� &� VHLVPLF� ]RQH� GR� FROODSVH� LQ� PRVW� RI� WKH� FROXPQ� UHPRYDO� VFHQDULRV�� ,W� LV� DOVR�
GHPRQVWUDWHG�WKDW�KLJKHU�OHYHO�RI�UHGXQGDQF\�VKRZHG�E\�WKH���VWRUH\�ZLWK�UHVSHFW�WR�WKH���VWRUH\�EXLOGLQJ�SOD\V�
DQ� LPSRUWDQW� UROH� LQ� WKH� SUHGLFWLRQ� RI� SURJUHVVLYH� FROODSVH�� 7KH� FROOHFWHG� GDWD� OHDG� WR� YDULRXV� UHIOHFWLRQV�
UHODWHG� WR� UHJXODU�DQG� LUUHJXODU�EXLOGLQJ�SHUIRUPDQFH�XQGHU� VHLVPLF� ORDG�DQG� WKH� LPSRUWDQFH�RI� SULRULWLVLQJ�
UHGXQGDQF\�DQG�UREXVWQHVV�LQ�WKH�FRQWH[W�RI�XOWLPDWH�OLPLW�VWUHQJWK�GHVLJQ�DSSURDFKHV��

� ,1752'8&7,21
2YHU�WKH�SDVW�\HDUV��WKH�LQFLGHQFH�RI�EODVW�ORDG�LQ�DQG�DURXQG�EXLOGLQJV�DQG�WKH�VXEVHTXHQW�SURJUHVVLYH�FROODSVH�
KDYH� DFFRXQWHG� IRU� VLJQLILFDQW� KXPDQ� FDVXDOWLHV� DQG� VWUXFWXUDO� GDPDJH� �$PHULFDQ� 6RFLHW\� RI� &LYLO�
(QJLQHHUV>$6&(@� >�@��5LVNV�DQG�XQXVXDO�ORDGV�SRWHQWLDOO\�FDXVLQJ�IDLOXUH�LQFOXGH�SODQH�FUDVK��LQFRUUHFW�GHVLJQ�
RU� FRQVWUXFWLRQ�� JDV� H[SORVLRQ�� ILUH�� RFFDVLRQDO� RYHUORDG�� YHKLFOH� LPSDFW� DQG� H[SORVLRQV� �1DWLRQDO� ,QVWLWXWH�RI�
6WDQGDUG�DQG�7HFKQRORJ\>1,67@� >�@� <HW��DV�WKH�ULVN�UHODWLQJ�WR�VXFK�RFFXUUHQFHV�LV�QRW�KLJK��EXLOGLQJV�DUH�QRW�
GHVLJQHG� WR� UHVLVW� WKH� XQXVXDO� RYHUORDG�� DQG� QHLWKHU� LV� WKH� LQIOXHQFH� RI� VXFK� ORDGV� RQ� VWUXFWXUHV� WKRURXJKO\�
H[DPLQHG�� WKXV�� VWUXFWXUHV� UHPDLQ� YXOQHUDEOH� WR� GLIIHUHQW� GHJUHHV� RI� GDPDJH��1RQHWKHOHVV�� PHDVXUHV� H[LVW� WR�
PLWLJDWH�HIIHFW�RI�SURJUHVVLYH�FROODSVH��6XFK�PHDVXUHV�DUH�SURSRVHG�E\�)DFLOLWLHV�&ULWHULD��8)&� DQG�WKH�*HQHUDO�
6HUYLFHV�$GPLQLVWUDWLRQ��*6$��>���@��ERWK�RI�ZKLFK�DGGUHVV�WKH�$OWHUQDWLYH�3DWK�0HWKRG��$30���ZKLFK�UHPDLQV�
WKH�PRVW�ZLGHO\�SUDFWLFHG�PHDVXUH�LQ�ILJKWLQJ�SURJUHVVLYH�FROODSVH�

7KH�SURSHU�SDUDPHWHULVDWLRQ�RI�WKH�SURFHGXUH�LV��QHYHUWKHOHVV��VWLOO�EHLQJ�H[DPLQHG� 3RZHO�>�@��IRU�LQVWDQFH��PDGH�
D�FRPSDULVRQ�RI�OLQHDU VWDWLF��QRQ�OLQHDU�VWDWLF�DQG�QRQ�OLQHDU�G\QDPLF�DQDO\VHV��ILQGLQJ�WKDW�XVLQJ�D�ORDG�IDFWRU�
RI���LQ�VWDWLF�DQDO\VHV��ZH�FDQ�SURGXFH�VLJQLILFDQWO\�FRQVHUYDWLYH�UHVXOWV��5XWK��0DUFKDQG��DQG :LOOLDPVRQ >�@��
OLNHZLVH��DQDO\VHG��'�DQG��'�VWHHO�IUDPHV�VR�DV�WR�GHPRQVWUDWH�WKDW D�ORDG�IDFWRU�RI���LQ�QRQ�OLQHDU�VWDWLF�DQDO\VHV�
FRXOG�EH�FRQVHUYDWLYH��$�IDFWRU�RI�a����ZDV�WKHQ�IRXQG�WR�EH�PRUH�DFFXUDWH�LQ�FDSWXULQJ�G\QDPLF�LPSDFW�REWDLQHG�
IURP�TXDVL�VWDWLF�DQDO\VHV��DQG�D�ORDG�IDFWRU�RI���ZDV�IRXQG�WR�EH�PRUH�VXLWDEOH�IRU�KLJK�GXFWLOLW\�VWUXFWXUHV��RQ�
FRQGLWLRQ�WKDW�WKH�PDWHULDOV¶�EHKDYLRXU�LV�QRW�HODVWLF�SHUIHFWO\�SODVWLF�DQG�WKDW�WKH�PDWHULDOV�KDUGHQ�RYHU�D�ZLGH�
UDQJH�RI�VWUDLQV�DIWHU�\LHOGLQJ��7KXV��WKH�DXWKRUV�RI�WKH�SUHVHQW�VWXG\�UHFRPPHQGHG�XVLQJ�ORDG�IDFWRUV�RI���DQG�����
IRU�GXFWLOH�VWUXFWXUHV�DQG�RWKHUV��UHVSHFWLYHO\��

7KH�ODVW�GHFDGHV�KDYH�DOVR�VHHQ�ZLGH�UHVHDUFK�LQWR�WKH�DVVHVVPHQW�RI�WKH�VHQVLWLYLW\��RU�WKH�ODFN�WKHUHRI��WR�ORFDO�
GDPDJH� *HUDVLPLGLV�DQG�%DQLRWRSRXORV�>�@� VWXGLHG�WKH�GLVSURSRUWLRQDWH�FROODSVH� LQ�VWHHO�PRPHQW�IUDPHV�DQG�
PDGH�D�FRPSDULVRQ�RI�WKH�$30�ZLWK�D�QXPHULFDO�DSSUR[LPDWLRQ��ZKLFK�ZDV�EDVHG�XSRQ�ȕ�1HZPDUN�DQG�OLQHDU�
+LOEHUW�+XJKHV�7D\ORU�SURFHGXUHV��*HUDVLPLGLV� %LVERV��DQG�%DQLRWRSRXORV�>��@� UHSRUWHG�D�SDUDPHWULF�VWXG\��LQ�
ZKLFK� LUUHJXODU� VWHHO� IUDPHV� VXEMHFW� WR� YHUWLFDO� JHRPHWULF� LUUHJXODULW\� KDG� EHHQ� H[DPLQHG�� PHDQZKLOH��
*HUDVLPLGLV��%LVERV��DQG�%DQLRWRSRXORV�>��@� FRQVLGHUHG�VWUXFWXUDO�VHQVLWLYLW\�WR�ORFDO�GDPDJH�DQG�LQWURGXFHG�WKH�
LGHD�RI�SDUWLDO�GDPDJH�WR�VWUXFWXUDO�HOHPHQWV�

.KDQGHOZDO��(O�7DZLO�� DQG�6DGHN >��@� VWXGLHG� WKH� ODWHUDO� VWDELOLW\� RI� VWUXFWXUHV� E\� DQDO\VLQJ� WKH� SURJUHVVLYH�
FROODSVH�RI VWHHO�EUDFHG�IUDPHV GHVLJQHG�VHLVPLFDOO\� XVLQJ�H[SOLFLW�WUDQVLHQW�G\QDPLF�VLPXODWLRQV��,Q�WKLV�VWXG\��
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$PLU�+RPDLRRQ�(EUDKLPL��3HGUR�0DUWLQH]�9D]TXH]��&KDUDODPSRV�&��%DQLRWRSRXORV

WKH�$30�RQ�SUHYLRXVO\�GHVLJQHG����VWRUH\�SURWRW\SH�EXLOGLQJV�ZDV�XVHG��ZKLFK�GHPRQVWUDWHG�WKDW�FRQFHQWULFDOO\
EUDFHG� IUDPHV�DUH�IDU�PRUH�VXVFHSWLEOH�WR�SURJUHVVLYH�FROODSVH�WKDQ�DUH�WKHLU�HFFHQWULFDOO\�EUDFHG�FRXQWHUSDUWV�
&KHQ��3HQJ��0D��DQG�+H�>��@� VWXGLHG WKH�HIIHFWLYHQHVV�RI�KRUL]RQWDO�EUDFLQJ�RQ�D�VWHHO�PRPHQW�UHVLVWLQJ�IUDPH��
DQG�IRXQG�WKDW�URWDWLRQ�DQJOHV�DQG�GLVSODFHPHQWV�LQ�WKH�PRGHO�ZLWK�EUDFLQJV�ZHUH�QRZKHUH�DV�ODUJH�DV�WKRVH�LQ�WKH�
DEVHQFH�RI�EUDFLQJ� .LP�DQG�3DUN >��@� LQYHVWLJDWHG�WKH�SURJUHVVLYH�FROODSVH�UHVLVWLQJ FDSDFLW\�RI�VSHFLDO�WUXVV�
PRPHQW�IUDPHV�LQ�YDULRXV�DUELWUDU\�FROXPQ�UHPRYDO�VFHQDULRV��6WUXFWXUHV�GHVLJQHG�DFFRUGLQJ�WR�WKH�$,6&�VHLVPLF�
SURYLVLRQ��LW�ZDV�QRWHG��FROODSVHG��XSRQ�WKH�VXGGHQ�UHPRYDO�RI�D�FROXPQ��DV�D�UHVXOW�RI�SODVWLF�KLQJH�IRUPDWLRQ�DW�
KLJKO\�VWUHVVHG�UHJLRQV��*HUDVLPLGLV�DQG %DQLRWRSRXORV�>��@��WRR��LQYHVWLJDWHG�WKH�HIIHFW�RI�GLIIHUHQW�VWUHQJWKHQLQJ
WHFKQLTXHV�WR�PLWLJDWH�SURJUHVVLYH�FROODSVH�LQ��'�VWHHO�PRPHQW�IUDPHV��ZKLOH�*HUDVLPLGLV��'HRGDWLV��.RQWRURXSL��
DQG (WWRXQH\�>��@��LQ�DFFRUGDQFH�ZLWK�WKH�$30��DQDO\VHG�WKH�SURJUHVVLYH�FROODSVH�RI�D WDOO�VWHHO�IUDPH�XSRQ�WKH�
UHPRYDO�RI�D�FRUQHU�FROXPQ� +RPDLRRQ�(EUDKLPL� 0DUWLQH]�9D]TXH]��DQG %DQLRWRSRXORV >��@� LQYHVWLJDWHG�WKH�
HIIHFW�RI�SODQ�LUUHJXODULWLHV�RQ�WKH�SURJUHVVLYH FROODSVH�RI�IRXU�VWHHO�VWUXFWXUHV�ORFDWHG�LQ�UHJLRQV�ZLWK�GLIIHUHQW�
VHLVPLF�DFWLYLW\��DQG�ZKHQ�FRPSDULQJ�UHJXODU�DQG�LUUHJXODU�VWUXFWXUHV�GHVLJQHG�LQ�VLWH�FODVV�(�VHLVPLF�]RQH��WKH�
GHPDQG�IRUFH�WR�FDSDFLW\�UDWLR��'�&��RI�WKH�FROXPQV�LQ�WKH�LUUHJXODU�VWUXFWXUHV�LV�RQ�DYHUDJH�EHWZHHQ�����DQG���
WLPHV�WKDW�RI� WKH�UHJXODU�RQHV��,Q�DGGLWLRQ��+RPDLRRQ�(EUDKLPLP��0DUWLQH]�9D]TXH]� DQG�%DQLRWRSRXORV�>��@��
DQDO\VHG� WKH� HIIHFW� RI� SODQ� LUUHJXODULWLHV� RQ� WKH� SURJUHVVLYH� FROODSVH� RI� EUDFHG� DQG� XQ�EUDFHG� VWHHO� VWUXFWXUHV
ORFDWHG�LQ�UHJLRQV�ZLWK�GLIIHUHQW�VHLVPLF�DFWLYLW\�7KH�SUHVHQW�SDSHU�EXLOGV�RQ�SUHYLRXV�UHVHDUFK�DQG�IRFXV�RQ�WKH�
LPSDFW�RI�WKUHH�EXLOGLQJV�RI�GLIIHUHQW�KHLJKW��UHJXODU�DQG�LUUHJXODU�DV�SHU WKHLU�SODQ�OD\RXW��DQG�VWUXFWXUDO�VWDELOLW\�
HYDOXDWHG DW�WZR�GLVWLQFW�VHLVPLF�UHJLRQV��&�DQG�(��ZKLFK�FUHDWHV�ULVN�VFHQDULRV�WKDW�KDYH�QRW�UHFHLYHG�DGHTXDWH�
DWWHQWLRQ� IURP�VFKRODUV��&RQVHTXHQWO\�� WKH�VSUHDG�RI�GDPDJH� LQGXFHG�E\�YDULRXV�FROXPQ�UHPRYDO� VFHQDULRV�RQ�
WKUHH EXLOGLQJ�UHJXODU�DQG�LUUHJXODU�SURWRW\SHV�LV�H[DPLQHG�DQG�GLVFXVVHG�WKURXJKRXW�

� 02'(/ 6758&785(6
7KUHH������DQG���VWRUH\�VWHHO�VWUXFWXUHV�ZLWK�UHJXODU�DQG�LUUHJXODU�SODQ�ZHUH�VHOHFWHG�IRU�WKH�SUHVHQW LQYHVWLJDWLRQ��
,QWHUPHGLDWH�6WHHO�0RPHQW�)UDPHV�ZHUH�SUH�GHVLJQHG�ZLWK�(7$%6�VRIWZDUH�DFFRUGLQJ�WR�WKH�$,6&��������DQG�
$6&(��������WR�VWXG\�SURJUHVVLYH�FROODSVH�VFHQDULRV�LQ�VWUXFWXUHV� (DFK�RI�WKH���VWUXFWXUHV�KDV���P�KHLJKW�DQG���
ED\V�RI���P�ZLGH�HDFK��DQG�SODQ�RI�VWUXFWXUHV�IRU�UHJXODU�DQG�LUUHJXODU�EXLOGLQJV�VKRZQ�LQ�)LJXUH �� $OO�VWUXFWXUHV�
DUH�DVVXPHG�WR�EH�ORFDWHG�LQ�VLWH�FODVV�&�DQG�(�VHLVPLF�]RQHV� 7KH�EXLOGLQJV�ZHUH�ORDGHG�ZLWK�����NJ�P��DQG�����
NJ�P� GHDG� DQG�OLYH�ORDG�UHVSHFWLYHO\��)XUWKHU�GHWDLOV�RI�WKH�VL[�VWUXFWXUHV�DUH�SURYLGHG�LQ�7DEOH���ZKLOVW�VHFWLRQV�
RI�VWUXFWXUDO�PHPEHUV�IRU�WKH�UHJXODU�DQG�LUUHJXODU�VWUXFWXUHV�DUH�JLYHQ�LQ�7DEOHV��������DQG�� UHVSHFWLYHO\�

)LJXUH��� 5HJXODU�DQG�LUUHJXODU�VWUXFWXUHV�SODQ

6WUXFWXUH 6HLVPLF�]RQH 7\SH�RI�6RLO 5HJXODULW\ 1XPEHU�
6WUXFWXUH�� & YHU\�GHQVH�VRLO�DQG�VRIW�URFN ,UUHJXODU �����
6WUXFWXUH�� ( VRIW�FOD\�VRLO ,UUHJXODU �����
6WUXFWXUH�� & YHU\�GHQVH�VRLO�DQG�VRIW�URFN 5HJXODU �����
6WUXFWXUH�� ( VRIW�FOD\�VRLO 5HJXODU �����

7DEOH����$QDO\VLV�PRGHO�VWUXFWXUHV
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7DEOH����'HWDLO�RI�VHFWLRQV�XVHG�LQ��� VWRU\�VWUXFWXUHV
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&ROXPQ
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WZ � � � � � � � � � �
7DEOH����'HWDLO�RI�VHFWLRQV�XVHG�LQ��� VWRU\�VWUXFWXUHV

� 180(5,&$/�02'(/,1*
7KH� �'�PRGHO� VWUXFWXUHV� ZHUH� QXPHULFDOO\� DQDO\VHG� ZLWK� 2SHQ6HHV VRIWZDUH�� 1RQ�OLQHDU� DQDO\VHV� ZHUH� UXQ�
FRQVLGHULQJ�D�VLPSOH�EL�OLQHDU�PDWHULDO�PRGHO�ZLWK�SRVW�\LHOG�VWLIIQHVV�RI����RI�WKH�LQLWLDO�VWLIIQHVV��1RQ�OLQHDU�
EHDP�FROXPQ� HOHPHQWV� ZHUH� XVHG� IRU� PRGHOOLQJ� WKH� FURVV�VHFWLRQDO� DUHDV� DV� SUHFLVHO\� DV� SRVVLEOH�� 7KH�
SODVWLILFDWLRQ�RYHU�HOHPHQW�OHQJWK�DQG�FURVV�VHFWLRQV�ZHUH�DOVR�FRQVLGHUHG��ZKHUHDV�ODUJH�GLVSODFHPHQWV�HIIHFWV�
ZHUH�DOVR�DFFRXQWHG�IRU�E\�WKH�HPSOR\PHQW�RI�WKH�FR�URWDWLRQDO�WUDQVIRUPDWLRQ�RI�WKH�JHRPHWULF�VWLIIQHVV�PDWUL[��
7KH� G\QDPLF� EHKDYLRXU� FDXVHG� E\ VXGGHQ� FROXPQ� UHPRYDO�ZDV� QRW� D� IDFWRU� LQ� WKH� ORDG� UHYHUVDO� EHFDXVH�� LQ�
VWUXFWXUHV�VXEMHFWHG�WR�HDUWKTXDNH� ORDGV��XVLQJ�D�FRPSOLFDWHG�K\VWHUHWLF�PRGHO� LV�XQQHFHVVDU\��7KH� IUDFWLRQ�RI�
GDPSLQJ�ZDV�DVVXPHG�WR�EH����ZKLFK�LV�XVXDOO\�WKH�FDVH�IRU�VWUXFWXUHV�ZLWK�ODUJH�GHIRUPDWLRQV�

���
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����$1$/<6,6�0(7+2'�)25�352*5(66,9(�&2//$36(�
)ROORZLQJ�WKH�*6$��������JXLGHOLQHV��ORDG�FRPELQDWLRQV�LQFOXGLQJ������RI�GHDG�ORDG�SOXV�����RI�WKH�WRWDO�OLYH�
ORDG�ZHUH�JUDGXDOO\�DSSOLHG�ZLWKLQ�D�WLPH� IUDPH�RI���V��7KHQ��DQG� LQ�RUGHU WR�DFFRXQW�IRU�QRQ�OLQHDU�G\QDPLF�
HIIHFWV��WKH�ORDG�ZDV�PDLQWDLQHG�VWHDG\�IRU�WKH�IROORZLQJ���V��$IWHU�WKH���V�VHTXHQFH��ZKHQ�JUDYLW\�ORDG�HIIHFWV�DUH�
FRQVLGHUHG�WR�EH�IXOO\�WUDQVIHUUHG�WR�WKH�VWUXFWXUH��D�SUH�VHOHFWHG�FROXPQ�ZDV�VXGGHQO\�UHPRYHG�IURP�WKH PRGHO�
DQG�WKH�VWUXFWXUDO�UHVSRQVH�ZDV�H[DPLQHG��
,Q�SDUDOOHO��QRQ�OLQHDU�VWDWLF�DQDO\VHV�ZHUH�SHUIRUPHG��IROORZLQJ�WKH�*6$��������������UHFRPPHQGDWLRQ�IRU�XVLQJ�
D�G\QDPLF�DPSOLILFDWLRQ�IDFWRU�RI�a���7KDW� LQ�RUGHU�WR�UHIOHFW�D�UDWLR�RI���EHWZHHQ�WKH�ORDG�WKDW�LV�DSSOLHG�WR�WKH�
VSDQV�WKDW�DUH�DGMDFHQW�WR�WKH�UHPRYHG�FROXPQ�ZLWK�UHVSHFW�WR�WKDW�DSSOLHG�RQ�RWKHU�VSDQV��,Q�WKLV�FDVH��YHUWLFDO�
ORDGLQJ� LV� DSSOLHG� E\� IROORZLQJ� D� VWHS�ZLVH� LQFUHDVH� XQWLO� WKH� PD[LPXP� DPSOLILHG� ORDGV� DUH� DWWDLQHG� RU� WKH�
VWUXFWXUH� FROODSVHV�� 7KLV� YHUWLFDO� SXVKRYHU� DQDO\VLV� SURFHGXUH�� ZKLFK� LV� RIWHQ� FDOOHG� WKH� 
SXVKGRZQ� DQDO\VLV�
PHWKRG
��DFFRXQWV�IRU�QRQ�OLQHDU�HIIHFWV�ZKLFK�DSSUR[LPDWH�WKH�QRQ�OLQHDU�G\QDPLF�UHVSRQVH�ZKLOVW�SURYLGLQJ�D�
UHOLDEOH�HVWLPDWLRQ�RI�WKH�HODVWLF�DQG�IDLOXUH�OLPLWV�RI�WKH�VXEMHFW�VWUXFWXUH�
'HULYHG�IURP�WKH�QRQ�OLQHDU�VWDWLF�DQDO\VHV� WKH�HIIHFWLYH�LPSRVHG�ORDG SORWWHG�DJDLQVW�WKH�QRGH�GLVSODFHPHQW�RI�
WKH�UHPRYHG�FROXPQ�LQGLFDWHV�WKH�FDSDFLW\�RI�D�VWUXFWXUH�DJDLQVW�SURJUHVVLYH�FROODSVH��,I�WKH�ORDG�YDOXH�LV�GLYLGHG�
E\�WKH�VWDQGDUG�JUDYLW\�ORDG��WKH�YHUWLFDO�D[HV�RI�WKH�SXVKGRZQ�FDSDFLW\�FXUYH�DUH�FRQYHUWHG�LQWR�GLPHQVLRQOHVV�
ORDG�IDFWRUV��DV�LQ�(TQ�������7KLV�VWDQGDUGLVHV�WKH�ORDG�UDWLR�DQG�PDNHV�LW�HDVLHU�WR�HVWDEOLVK�JHQHULF�REVHUYDWLRQV��
7KH�ORDG�IDFWRU�FDOFXODWHG�LQ�WKLV�ZD\�KDYH�WKXV�EHHQ�XVHG�KHUHLQ�DV�D�FULWHULRQ�IRU�DVVHVVLQJ�VWUXFWXUDO�FROODSVH��
1DPHO\��LI�WKH�ORDG�IDFWRU�FRUUHVSRQGLQJ�WR�WKH�GLVSODFHPHQW�FDXVLQJ�PDWHULDO�\LHOG�LV�KLJKHU�WKDQ����WKH�VWUXFWXUH�
FDQ�ZLWKVWDQG�WKH�UHPRYDO�RI�D�FROXPQ��RWKHUZLVH�WKH�VWUXFWXUH�ZLOO�FROODSVH�

݀ܽܮ ݎݐܿܽܨ ൌ
ௗ

ே ௩௧௬ ௗ
���

� $1$/<6,6�5(68/76�
$V�RXWOLQHG�DERYH��LQ�WKLV�LQYHVWLJDWLRQ��WKH�SRWHQWLDO�FROODSVH�RI�WKH�VWUXFWXUHV�OLVWHG�LQ�7DEOH���LV�VWXGLHG�XQGHU�
WKH�VFHQDULRV�VHW�RXW�LQ�7DEOH�� DQG�)LJXUH����,Q�DOO�FDVHV��WKH�FROXPQ�UHPRYHG�FRUUHVSRQG�WKRVH�ORFDWHG�LQ�WKH�
JURXQG�IORRU��DV�WKDW�LQGXFHG�WKH�PRVW�FULWLFDO�FRQGLWLRQV�FRQFHUQLQJ�VWUXFWXUDO�VWDELOLW\��$GGLWLRQDOO\��D�UDQJH�RI�
FROXPQ�UHPRYDO�VFHQDULRV�KDYH�EHHQ�LGHQWLILHG�LQ�RUGHU�WR�LQGXFH�PHDQLQJIXO�FRQILJXUDWLRQV�RI�SRWHQWLDO�IDLOXUH��
,Q�HDFK�RI�WKHVH�VFHQDULRV��D�FROXPQ�LV�VXGGHQO\�UHPRYHG�DQG�WKH�UHVSRQVH�RI�WKH�VWUXFWXUH�LV�H[DPLQHG�WKURXJK�
QRQ�OLQHDU�G\QDPLF�DQG�VWDWLF�DQDO\VHV��DV�GHVFULEHG�DERYH��7KH�FROXPQV�VHOHFWHG�IRU�UHPRYDO�DUH�VKRZQ�LQ�)LJXUH�
��

)LJXUH��� /RFDWLRQ�RI�WKH�FROXPQV�UHPRYHG�IRU�HDFK�RI�WKH�VL[ VWUXFWXUHV

/RFDWLRQ�RI�UHPRYDO�FROXPQ
1XPEHU 6WRUH\ )UDPH 3LHU 6FHQDULR�QRWDWLRQ

� � � $ 6�)�3$
� � � % 6�)�3%
� � � ' 6�)�3'
� � � $ 6�)�3$
� � � ' 6�)�3'
� � � ) 6�)�3)
� � � $ 6�)�3$

7DEOH����&ROXPQ�UHPRYDO�VFHQDULRV�IRU�HDFK�RI�WKH�VL[ VWUXFWXUHV�

���
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������ 1RQOLQHDU�VWDWLF�DQDO\VLV�UHVXOWV
������7ZR�VWRUH\�PRPHQW�UHVLVWLQJ�IUDPH�VWHHO�VWUXFWXUH�UHVXOWV
&RQVLGHULQJ�WKH�VL[ UHJXODU�DQG�LUUHJXODU�VWUXFWXUHV�DQDO\VHG�LQ�WKLV�VWXG\ XVLQJ�QRQOLQHDU�VWDWLF�DQDO\VLV��,Q�)LJ��
��� D� FRPSDULVRQ� KDV� EHHQ� FRQGXFWHG� EHWZHHQ� ORDG� IDFWRUV� LQ� GLIIHUHQW� FROXPQ� UHPRYDO� VFHQDULRV� IRU� ��VWRUH\�
VWUXFWXUH��

)LJXUH��� /RDG�IDFWRUV�IRU�DOO�WKH�VWUXFWXUHV�DQG�VFHQDULRV�LQ���VWRUH\

&RQVLGHULQJ�)LJ�����LW�PD\�EH�XQGHUVWRRG�WKDW�XQGHU�DOO�FROXPQ�UHPRYDO�VWDWHV��WKH�WZR�LUUHJXODU�VWUXFWXUHV����DQG�
�� DUH�QRW�DEOH�WR�EHDU�WKH�IRUFH�LPSRVHG�E\�FROXPQ�UHPRYDO�LQ�WZR�&�DQG�(�VHLVPLF�UHJLRQV��UHVSHFWLYHO\��7KH
PRVW�FULWLFDO�VWDWH�LV�UHODWHG�WR�D�VWDWH�ZKHQ�WKH�FRUQHU�FROXPQV�RQ�³$´�D[LV�DUH�UHPRYHG��8QGHU�YDULRXV�FROXPQ�
UHPRYDO�VFHQDULRV��ERWK�UHJXODU�VWUXFWXUHV����DQG����PDQDJHG�WR�EHDU�WKH�ORDG�LPSRVHG�WR�DGMDFHQW�FROXPQV�

����� 7KUHH�VWRUH\�PRPHQW�UHVLVWLQJ�IUDPH�VWHHO�VWUXFWXUH�UHVXOWV
,Q�)LJ���� WKH�ORDG�IDFWRU�IRU�UHJXODU�DQG�LUUHJXODU�VWUXFWXUHV�LQ���VWRUH\�VWUXFWXUH�KDV�EHHQ�VKRZQ��$V�LW�PD\�EH�
VHHQ�� OLNH���VWRUH\��DOVR�KHUH�UHPRYDO�RI�FRUQHU�FROXPQ�UHSUHVHQWV�PD[LPXP�GDPDJHV�DQG�PLQLPXP�VWUXFWXUDO�
HQGXUDQFH�DJDLQVW�SURJUHVVLYH�FROODSVH�DUH�UHVXOWHG��

)LJXUH��� /RDG�IDFWRUV�IRU�DOO�WKH�VWUXFWXUHV�DQG�VFHQDULRV�LQ���VWRUH\

%RWK� UHJXODU� VWUXFWXUHV� ���	����PDQDJHG� WR� UHVLVW�DJDLQVW�SURJUHVVLYH�FROODSVH�XQGHU�YDULRXV�FROXPQ�UHPRYDO�
VFHQDULRV��$OVR�LQ�WKHVH�VWUXFWXUHV��FRUQHU��6�)�3$��DQG�LQWHUQDO��6�)�3'��FROXPQV�UHPRYDO�LPSRVHV�PD[LPXP�
DQG�PLQLPXP�GDPDJHV�WR�WKH�VWUXFWXUHV��UHVSHFWLYHO\� 2Q�WKH�RWKHU�KDQG��LW�LV�VHHQ�WKDW�XSRQ�LQFUHDVLQJ�VWUXFWXUH�
KHLJKW�IURP���WR���VWRULHV��WKH�VWUXFWXUH�FDSDFLW\�DJDLQVW�SURJUHVVLYH�FROODSVH�DOVR�LQFUHDVHV��&RPSDULQJ�WKH�ORDG�
IDFWRU�LQ��� DQG���VWRUH\�VWUXFWXUHV�ZLWK�VLPLODU�VWDWXV�WKH�VDPH�LVVXH�PD\�EH�LQVWDWHG��7KH�ORDG�IDFWRU�LQ�VWUXFWXUH�
��ZLWK�VFHQDULR���LV�HTXDO�WR��������ZKLOH�IRU���VWRUH\�WKH�VDPH�LV�HTXDO�WR��������,Q�RWKHU�ZRUGV��D URXJK�LQFUHDVH�
RI����KDV�EHHQ�REVHUYHG�LQ�WKH�VWUXFWXUH�FDSDFLW\��

����� )LYH�VWRUH\�PRPHQW�UHVLVWLQJ�IUDPH�VWHHO�VWUXFWXUH�UHVXOWV
&RQVLGHULQJ�)LJ�����DV�H[SHFWHG��E\�LQFUHDVLQJ�WKH�KHLJKW��DQG�LQ�FDVH�RI�UHPRYLQJ�6�)�3'�&ROXPQ��WKH�VWUXFWXUH�
PD\�EHDU�WKH�ORDG�FDXVHG�E\�YHUWLFDO�ORDGLQJ�DW�WKH�UHPRYHG�FROXPQ��7KLV�LVVXH�KDV�EHHQ�H[SUHVVHG�XVLQJ�D������
ORDG�IDFWRU�IRU�6WUXFWXUH���VLWXDWHG�LQ�(�VHLVPLF�UHJLRQ��+RZHYHU��VWLOO�LUUHJXODU�6WUXFWXUH���PD\�QRW�EHDU�WKH�IRUFH�
FDXVHG�E\�YHUWLFDO�ORDGLQJ�DW�WKH�UHPRYHG�FROXPQ�DQG�IRUFH�GLVWULEXWLRQ�DPRQJVW�LWV�DGMDFHQW�PHPEHUV��

�

���

�

���

�

���

� � � � � � �

/
RD
G�
)
DF
WR
U

6FHQDULR�QXPEHU

6WUXFWXUH��
6WUXFWXUH��
6WUXFWXUH��
6WUXFWXUH��

�

���

�

���

�

���

� � � � � � �

/
RD
G�
)
DF
WR
U

6FHQDULR�QXPEHU

6WUXFWXUH��
6WUXFWXUH��
6WUXFWXUH��
6WUXFWXUH��

���



$PLU�+RPDLRRQ�(EUDKLPL��3HGUR�0DUWLQH]�9D]TXH]��&KDUDODPSRV�&��%DQLRWRSRXORV

$�FRPSDULVRQ�EHWZHHQ�WKH���VWRUH\�VWUXFWXUH�ZLWK�WKRVH��� DQG���VWRUH\�RQHV�GHPRQVWUDWHV�WKDW�XQGHU�DOO�VWDWHV�
WKH�FDSDFLW\�DQG� ORDG�IDFWRU�KDYH� LQFUHDVHG�XSRQ�LQFUHDVLQJ�WKH�VWUXFWXUH�KHLJKW�DQG�GHYHORSLQJ�PRUH�VWLIIQHVV�
DORQJ�WKH�VWUXFWXUH�KHLJKW��

)LJXUH����/RDG�IDFWRUV�IRU�DOO�WKH�VWUXFWXUHV�DQG�VFHQDULRV�LQ���VWRUH\

,Q�)LJ�����WKH�ORDG�IDFWRU�FKDQJHV�LQ�WHUPV�RI�KHLJKW�KDYH�EHHQ�JLYHQ�IRU�DOO�VWUXFWXUHV����WKURXJK�����5HJDUGLQJ�
IRUFHV� LQ� KHLJKW� UDWLR� FKDQJHV� LW� PD\� KDYH� H[SUHVVHG� WKDW� WKH� UHODWLRQ� EHWZHHQ� IRUFH� DQG� KHLJKW� IRU� UHJXODU�
VWUXFWXUHV�LV�DOPRVW�OLQHDU��ZKLOH�WKH�VDPH�LV�QRQOLQHDU�IRU�LUUHJXODU�RQHV��

6WUXFWXUH��� 6WUXFWXUH��

6WUXFWXUH�� 6WUXFWXUH��
)LJXUH����<LHOG�ORDG�IDFWRUV�YV��+HLJKW�IRU�DOO�WKH�VWUXFWXUHV�DQG�VFHQDULRV

��� 1RQOLQHDU�G\QDPLF DQDO\VLV�UHVXOWV
1RQ�OLQHDU�G\QDPLF�DQDO\VHV�ZHUH�XVHG�WR�FDOFXODWH�WKH�SHDN�GLVSODFHPHQW�RI�WKH�QRGH�DERYH�D�UHPRYHG�FROXPQ��
)LJXUH��� � DQG�� VKRZV�WKH�UHVXOWV�REWDLQHG�IRU�VFHQDULRV���DQG���DFURVV�DOO�VWUXFWXUHV��UHVSHFWLYHO\��$V�LW�FDQ�EH�
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LQIHUUHG� IURP� WKH� UHVXOWV�� QRGH� GLVSODFHPHQWV� LQ� VWUXFWXUHV� �� DQG��� UHSUHVHQW� VWUXFWXUDO� FROODSVH� RI� WKH� UHJLRQ�
DURXQG�WKH�UHPRYHG�FROXPQ��,Q�FRQWUDVW��WKH�QRGH�GLVSODFHPHQW�UHPDLQV�FRQVWDQW�DIWHU���V�IURP�WKH�UHPRYDO�LQ�DOO�
VWUXFWXUHV���DQG�� IRU�VFHQDULRV���ZKLFK�UHYHDOV�D�UREXVW�VWUXFWXUDO�SHUIRUPDQFH�IROORZLQJ�WKH�SRWHQWLDO�IDLOXUH�RI�
WKH�WDUJHW�FROXPQ�

D� 6FHQDULR�� E� 6FHQDULR��
)LJXUH��� 9HUWLFDO�GLVSODFHPHQW�RI�UHPRYDO�SRLQW RI���VWRUH\�VWUXFWXUHV��D��6FHQDULR����E��6FHQDULR��

D� 6FHQDULR�� E� 6FHQDULR��
)LJXUH��� 9HUWLFDO�GLVSODFHPHQW�RI�UHPRYDO�SRLQW�RI���VWRUH\�VWUXFWXUHV��D��6FHQDULR����E��6FHQDULR��

D� 6FHQDULR�� E� 6FHQDULR��
)LJXUH����9HUWLFDO�GLVSODFHPHQW�RI�UHPRYDO�SRLQW�RI���VWRUH\�VWUXFWXUHV��D��6FHQDULR����E��6FHQDULR��

$QRWKHU�NH\�DVSHFW�IRU�DVVHVVLQJ�VWUXFWXUDO�SHUIRUPDQFH�XQGHU�SURJUHVVLYH�FROODSVH�LV�WKH�IRUFH�WDNHQ�E\�FROXPQV�
WKDW�DUH�DGMDFHQW�WR�WKH�UHPRYHG�FROXPQ��,Q�)LJXUH��� WKH�GHPDQG�WR�FDSDFLW\��'�&��UDWLR�RI�WKH�FROXPQV�DGMDFHQW�
WR�WKH�FRUQHU�FROXPQV�LQ�VFHQDULR���DFURVV�DOO�WKH�VWUXFWXUHV�LV�JLYHQ��,W�FDQ�EH�VHHQ�LQ�WKLV�ILJXUH�WKDW�WKH�'�&�UDWLR�
DVVRFLDWHG�WR�DGMDFHQW�FROXPQV�LV�DURXQG���LQ�VFHQDULR���UHODWHG�WR�VWUXFWXUHV���DQG����7KLV�VXJJHVWV�WKDW�FROXPQV�
DGMDFHQW�WR�WKH�WDUJHW�UHPRYDO�RQH�PD\�QRW�EH�H[SRVHG�WR�WRWDO�GDPDJH�DV�DOWHUQDWLYH�ORDG�SDWKV�GR�QRW�VHHP�WR�
GLUHFWO\�UHGLVWULEXWH�WR�WKRVH�VSDQV�
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D� ��VWRUH\�VWUXFWXUHV E� ��VWRUH\�VWUXFWXUHV

F� ��VWRUH\�VWUXFWXUHV

)LJXUH���� 7KH�GHPDQG�IRUFH�WR�FDSDFLW\�UDWLR��'�&��RI�WKH�DGMDFHQW�FROXPQV�LQ�6FHQDULR��
D� ��VWRUH\�VWUXFWXUHV��E����VWRUH\�VWUXFWXUHV��F������VWRUH\�VWUXFWXUHV

$FFRUGLQJ�WR�WKH�VWUXFWXUHV���DQG���LQ ILYH�VWRUH\�VWUXFWXUHV�H[KLELW�'�&�RI�����DQG����� IRU�VFHQDULR����UHVSHFWLYHO\�
7KHUHIRUH�� WKHVH�FROXPQV�DUH� QRW�H[SRVHG� WR�FROODSVH�XQGHU� WKDW�FROXPQ�UHPRYDO� VFHQDULR��EXW� WKH\�ZRXOG�EH�
GDPDJHG�LI�EHORQJLQJ�WR�VWUXFWXUHV��� � DQG�DOVR�LQ�WKHVH�VWUXFWXUHV�WKH�UHTXLUHG�IRUFH�IRU�ERWK�DGMDFHQW�FROXPQV�
LQ�WKH�SURJUHVVLYH�FROODSVH�DQDO\VLV�LV�EHWZHHQ�����DQG�����WLPHV�WKH�FROXPQ�FDSDFLW\��ZKLFK�LQGLFDWHV�WKDW�WKHVH�
FROXPQV�ZRXOG�KDYH�EHHQ�GDPDJHG�DIWHU�WKH�FROODSVH�RI�WKH�WDUJHW�FROXPQ�
2Q� WKH�RWKHU�KDQG�� LW� FDQ� EH�VHHQ� WKH�'�&� UDWLR�DVVRFLDWHG� WR�DGMDFHQW�FROXPQV� IRU�ERWK� WZR�DQG� WKUHH� VWRUH\�
VWUXFWXUHV�LV�JUHDWHU�WKDQ ��LQ�VFHQDULR�� UHODWHG�WR�VWUXFWXUHV �����DQG � ZKLFK�LQGLFDWHV�WKDW�WKHVH�FROXPQV�ZRXOG�
KDYH�EHHQ�GDPDJHG�DIWHU�WKH�FROODSVH�RI�WKH�WDUJHW�FROXPQ� ,Q�7DEOH�������DQG���QRGH�GLVSODFHPHQW�DQG�PD[LPXP�
'�&�UDWLR�RI�DGMDFHQW�FROXPQV�LV�JLYHQ�IRU�DOO�WKH�VFHQDULRV�DQG�VWUXFWXUHV��

6WUXFWXUH��6WUXFWXUH��6WUXFWXUH��6WUXFWXUH��6FHQDULR

'�&1RGH�
'LVSODFHPHQW�

'�&1RGH�
'LVSODFHPHQW�'�&

1RGH�
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