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,Q� WKLV� SDSHU� WKH� DXWKRUV� SUHVHQW� D� QRYHO� SDUDPHWHU�
IRU� WKH� HYDOXDWLRQ�RI� WKH� EXLOGLQJ� WKHUPDO� ORDGV�GXH�
WR� WKH� VRODU� UDGLDWLRQ� LQFLGHQW�RQ� WKH�JOD]HG�VXUIDFH��
7KH�SDUDPHWHU�LV�WKH�6RODU�5HVSRQVH�)DFWRU��GHILQHG�
DV� WKH� RYHUDOO� FRQYHFWLYH� KHDW� IOX[� UHOHDVHG� E\� WKH�
EXLOGLQJ� HQYHORSH� WR� WKH� RFFXSLHG� VSDFH� SHU� XQLW�
F\FOLF�UDGLDQW�KHDW�IOX[�DFWLQJ�RQ�WKH�RXWHU�VXUIDFH�RI�
WKH�JOD]LQJ��7KH�6RODU�5HVSRQVH�)DFWRU�LV�D�FRPSOH[�
QXPEHU�� WKDW�GHSHQGV�RQ� WKH� IUHTXHQF\�RI� WKH�F\FOLF�
H[FLWDWLRQ�DQG�WKDW�FDQ�EH�H[SUHVVHG�DV�D�FRPELQDWLRQ�
RI�WKH�WKHUPDO�DQG�WKH�RSWLFDO�SURSHUWLHV�RI�ZDOOV�DQG�
JOD]LQJ��:KHQ�WKH�VRODU�UDGLDWLRQ�FDQ�EH�GHVFULEHG�DV�
D� SHULRGLF� IXQFWLRQ�� WKH� GHILQLWLRQ� RI� WKH� 6RODU�
5HVSRQVH� )DFWRU� DOORZV� DQ� HDV\� HVWLPDWLRQ� RI� WKH�
EXLOGLQJ�WKHUPDO�ORDGV�GXH�WR�VRODU�JDLQV��
7KH� SDSHU� DOVR� GLVFXVVHV� KRZ� WKH� 6RODU� 5HVSRQVH�
)DFWRU� GHSHQGV� RQ� WKH� RSWLFDO� SURSHUWLHV� RI� WKH�
JOD]LQJ��RQ� WKH� VL]H�RI� WKH�ZLQGRZV�DQG�RQ� WKH� W\SH�
RI� ZDOOV� GHOLPLWLQJ� WKH� HQFORVHG� VSDFH�� )LQDOO\�� WKH�
UHOLDELOLW\� RI� WKLV� DSSURDFK� LV� SURYHQ� WKURXJK�
FRPSDULVRQ� ZLWK� D� VHULHV� RI� VLPXODWLRQV� FDUULHG� RXW�
RQ�(QHUJ\3OXV���

,1752'8&7,21�
6XPPHU� WKHUPDO� ORDGV� RI� EXLOGLQJV� DUH� KLJKO\�
DIIHFWHG�E\�VRODU�KHDW�JDLQV��+RZHYHU�� LW� LV�QRW�HDV\�
WR� DFFXUDWHO\� KDQGOH� WKHVH� FRQWULEXWLRQV�� EHFDXVH� RI�
ERWK� WKH� WZRIROG� QDWXUH� RI� WKH� KHDW� WKH\� EULQJ� LQ�
�FRQYHFWLYH� DQG� UDGLDQW�� DQG� WKH� TXLWH� FRPSOH[�
PHFKDQLVPV� WKH\� DFWLYDWH� ZLWKLQ� WKH� VWRUDJH� PDVV��
0RUH�LQ�GHWDLO��WKH�VRODU�UDGLDWLRQ�SHQHWUDWLQJ�WKURXJK�
WKH�JOD]LQJ�LV�ILUVWO\�DEVRUEHG�E\�WKH�LQQHU�VXUIDFH�RI�
WKH�RSDTXH�HQYHORSH�FRPSRQHQWV��7KHQ��WKH�DEVRUEHG�
KHDW� LV� SDUWLDOO\� UH�HPLWWHG� WRZDUGV� WKH� LQGRRU�
HQYLURQPHQW��GXH�WR�WKH�VXUIDFH�RYHUKHDWLQJ��RQO\�WKH�
FRQYHFWLYH�SDUW�RI�VXFK�WKHUPDO�HPLVVLRQ�GHWHUPLQHV�
D� WKHUPDO� ORDG� IRU� WKH� LQGRRU� DLU�� )XUWKHUPRUH�� LQ�
RUGHU�WR�DVVHVV�WKH�WKHUPDO�ORDG��RQH�PXVW�QRW�IRUJHW�
WKH�UDGLDQW�HQHUJ\�DEVRUEHG�E\�WKH�JODVV�LWVHOI�DQG�UH�
HPLWWHG� WR� WKH� LQGRRU� HQYLURQPHQW� E\� LWV� LQQHU�
VXUIDFH��
,Q� WKH� PDMRULW\� RI� WKH� VLPXODWLRQ� WRROV� WKHVH�
PHFKDQLVPV� DUH� WUHDWHG� TXLWH� ULJRURXVO\�� ZKLFK�
LPSOLHV� D� FHUWDLQ� FRPSXWDWLRQDO� HIIRUW�� +RZHYHU��
GHVSLWH� WKH� FRPSOH[LW\� RI� WKH� SUREOHP�� LW� ZRXOG� EH�
LQWHUHVWLQJ� WR� GHILQH� D� WUDQVIHU� IXQFWLRQ� WKDW� FRXOG�

HVWLPDWH��ZLWK�JRRG�DFFXUDF\�� WKH� WKHUPDO� ORDGV�GXH�
WR� VRODU�KHDW�JDLQV��6RPH�DWWHPSWV�ZHUH�GRQH� LQ� WKH�
SDVW� LQ� WKLV� VHQVH�� )RU� LQVWDQFH�� WKH� WKHUPDO� VWRUDJH�
IDFWRU� ZDV� GHILQHG� LQ� WKH� FRQWH[W� RI� WKH� &DUULHU�
PHWKRG� �&DUULHU�� ������ DV� WKH� UDWLR� RI� WKH� UDWH� RI�
LQVWDQWDQHRXV� FRROLQJ� ORDG� WR� WKH� UDWH� RI� VRODU� KHDW�
JDLQ�� 7KLV� IDFWRU� KDV� WR� EH� GHWHUPLQHG� WKURXJK�
DSSURSULDWH� WDEOHV�GHSHQGLQJ�RQ� ERWK� WKH�ZHLJKW�SHU�
XQLW� IORRU� DUHD� RI� WKH� RSDTXH� FRPSRQHQWV� DQG� WKH�
UXQQLQJ�WLPH��7KHUHIRUH��LWV�XVH�UHTXLUHV�LQWHUSRODWLRQ�
DPRQJ� WDEXODU� GDWD�� IXUWKHUPRUH�� LW� LV� UDWKHU� URXJK�
EHFDXVH�LW�GRHV�QRW�DFFRXQW�IRU�WKH�DFWXDO�VHTXHQFH�RI�
WKH�ZDOO� OD\HUV��DQG� LW� ODFNV�RI�DQ\� WKHRUHWLFDO�EDVLV��
DV�LW�UHVXOWV�IURP�QXPHULFDO�VLPXODWLRQV��
,Q� WKLV� SDSHU�� D� VXEVWDQWLDOO\� GLIIHUHQW� DSSURDFK�ZLOO�
EH� SURSRVHG�� 7KLV� DSSURDFK� LV� GHYHORSHG� LQ� WKH�
IUDPHZRUN� RI� WKH� $GPLWWDQFH� 3URFHGXUH�� D�
PHWKRGRORJ\� EXLOW� XS� LQ� WKH� HDUO\� 6HYHQWLHV�� ZKHUH�
WKH�G\QDPLF�KHDW�WUDQVIHU�WKURXJK�WKH�RSDTXH�ZDOOV�LV�
DVVHVVHG�E\�PHDQV�RI� WKH�VR�FDOOHG�G\QDPLF� WKHUPDO�
SURSHUWLHV�� DV� GLVFXVVHG� E\� �/RXGRQ�� ������
�0LOOEDQN� HW� DO�� ������ DQG� �%DOFRPE�� ����� D�E���
$PRQJVW� WKHVH� G\QDPLF� SURSHUWLHV�� WKH� OLWHUDWXUH�
PHQWLRQV� WKH� 6XUIDFH� )DFWRU� DV� D� SDUDPHWHU� WR�
HYDOXDWH� WKH� G\QDPLF� WKHUPDO� UHVSRQVH� RI� EXLOGLQJ�
FRPSRQHQWV� WR�DQ\�UDGLDQW�KHDW� IOX[�DFWLQJ�RQ� WKHP��
+RZHYHU�� WR� WKH�DXWKRUV¶� NQRZOHGJH�� OLWWOH� UHIHUHQFH�
LV� PDGH� WR� WKLV� SDUDPHWHU� LQ� WKH� ZKROH� VFLHQWLILF�
OLWHUDWXUH� �%HDWWLH� DQG� :DUG�� ������ �5HHV� HW� DO���
������� ZKLOH� LWV� GHILQLWLRQ� KDV� EHHQ� RQO\� UHFHQWO\�
UHFRYHUHG�LQ�WKH�&,%6(�JXLGH��&,%6(��������DQG�LQ�
WKH� LQWHUQDWLRQDO� 6WDQGDUG� ,62� ������������ ,Q� DQ\�
FDVH�� WKH� VXUIDFH� IDFWRU� LV�QRW� LQWHJUDWHG� LQ� WKH�PRVW�
FRPPRQ�VLPXODWLRQ�SURFHGXUHV��,Q�WKH�IROORZLQJ��WKH�
6XUIDFH�)DFWRU�ZLOO�EH�XVHG�DV�D�EDVLV�WR�LQWURGXFH�D�
G\QDPLF� SDUDPHWHU�� FDOOHG� 6RODU� 5HVSRQVH� )DFWRU��
WKDW� DOORZV� DQ� HDV\� EXW� DFFXUDWH� FDOFXODWLRQ� RI� WKH�
WKHUPDO�ORDGV�GXH�WR�VRODU�KHDW�JDLQV��

7+(�685)$&(�)$&725�
$FFRUGLQJ�WR�WKH�GHILQLWLRQ�SURYLGHG�E\��0LOOEDQN�HW�
DO����������WKH�VXUIDFH�IDFWRU�)�TXDQWLILHV�WKH�RYHUDOO�
UDWH� RI� KHDW� IORZ� UHOHDVHG� E\� D� ZDOO� WR� WKH� LQGRRU�
HQYLURQPHQW� � LT ��SHU�XQLW� UDGLDQW�KHDW�JDLQ�DEVRUEHG�
RQ�LWV� LQQHU�VXUIDFH�� DEVT ���ZKHQ�WKH�DLU� WHPSHUDWXUHV�
RQ�ERWK�VLGHV�RI�WKH�ZDOO�DUH�KHOG�FRQVWDQW�DQG�HTXDO��
�! L R �   ��� 7KH� V\PERO� ³´� UHIHUV� WR� VLQXVRLGDO�
IXQFWLRQV�DQG�LQGLFDWHV�WKHLU�GHYLDWLRQ�IURP�WKH�PHDQ�

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, ChambŽry, France, August 26-28

- 161 -

Administrateur




YDOXH��6R��ZLWK�UHIHUHQFH�WR�)LJ�����RQH�FDQ�VWDWH�(T��
����� ZKHUH� � LV� WKH� UDGLDQW� KHDW� IOX[� DFWLQJ� RQ� WKH�
LQQHU� VXUIDFH� RI� WKH� ZDOO� DV� D� UHVXOW� RI� WKH� UDGLDQW�
HQHUJ\� WUDQVPLWWHG� WKURXJK� WKH� JOD]LQJ� DQG�� LV� WKH�
PHDQ�VRODU�DEVRUSWDQFH�RI�WKH�ZDOOV��
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,Q� RUGHU� WR� JHW� DQ� RSHUDWLRQDO� H[SUHVVLRQ� IRU� WKH�
VXUIDFH� IDFWRU�� RQH� FDQ� FRQVLGHU� WKDW� WKH� WKHUPDO�
HQHUJ\�DEVRUEHG�E\�WKH�ZDOO�LV�UH�HPLWWHG�WRZDUGV�WKH�
LQWHUQDO�� LT ��DQG�WKH�H[WHUQDO�HQYLURQPHQW�� RT ���XQGHU�
WKH� K\SRWKHVHV� WKDW� L R �   �� WKH� UDWLR� RI� WKHVH�
FRQWULEXWLRQV� HTXDOV� WKH� LQYHUVH� UDWLR� RI� WKH�
FRUUHVSRQGLQJ�WKHUPDO�LPSHGDQFHV��7KLV�OHDGV�WR�WKH�
IROORZLQJ�H[SUHVVLRQ��
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$W� WKLV� VWDJH�� RQH� FDQ� UHPDUN� WKDW� WKH� WKHUPDO�
LPSHGDQFH�=VL�EHWZHHQ�WKH�VXUIDFH�RI�WKH�ZDOO�DQG�WKH�
LQGRRU�DLU�LV�SXUHO\�UHVLVWLYH��WKXV��=VL� �5VL��EHLQJ�5VL�
WKH� LQQHU� VXUIDFH� WKHUPDO� UHVLVWDQFH�� 0RUHRYHU�� WKH�
UHFLSURFDO� RI� WKH� ZDOO� WKHUPDO� LPSHGDQFH� =� LV� E\�
GHILQLWLRQ� WKH� WKHUPDO� DGPLWWDQFH� <�� 6XFK� SRVLWLRQV�
\LHOG�WKH�IROORZLQJ�H[SUHVVLRQ�IRU�WKH�VXUIDFH�IDFWRU��
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7KH�GHILQLWLRQ�JLYHQ�LQ�(T������FRUUHVSRQGV�WR�WKH�RQH�
SURYLGHG�LQ�WKH�&,%6(�JXLGH�DQG�LQ�WKH�LQWHUQDWLRQDO�
6WDQGDUG� ,62� ������������ 7KH� WKHUPDO� DGPLWWDQFH�
FDQ� EH� FDOFXODWHG� DFFRUGLQJ� WR� WKH� ,62� 6WDQGDUG�
������������ 7KH� UHVXOW� RI� (T�� ���� LV� D� FRPSOH[�
QXPEHU��WKDW�FDQ�EH�TXDQWLILHG�LQ�WHUPV�RI�DPSOLWXGH�
DQG�DUJXPHQW��7KH�ODWWHU�FDQ�EH�DVVHVVHG�WKURXJK�(T��
�����DQG�ZLOO�DOZD\V�UHVXOW�QHJDWLYH��ZKLFK�LQGLFDWHV�D�
GHOD\� RI� WKH� ZDOO� UHVSRQVH� WR� WKH� UDGLDQW� KHDW� IOX[�
DFWLQJ�RQ�LW��
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)LJXUH���±�(QHUJ\�EDODQFH�RQ�WKH�LQWHUQDO�VXUIDFH��

IRU�WKH�GHILQLWLRQ�RI�WKH�VXUIDFH�IDFWRU�

7KH�SHULRG�RI�WKH�F\FOLF�H[FLWDWLRQ�LV�XVXDOO\�3� ����K�
LQ� EXLOGLQJ� VLPXODWLRQ�� :LWK� UHIHUHQFH� WR� WKH� PHDQ�
YDOXH� RI� WKH� F\FOLF� H[FLWDWLRQ�� D� VWDWLRQDU\� VXUIDFH�
IDFWRU� FDQ� EH� GHILQHG� DV� ZHOO�� E\� XVLQJ� WKH� ZDOO�
WKHUPDO� WUDQVPLWWDQFH� 8� LQ� SODFH� RI� WKH� WKHUPDO�
DGPLWWDQFH�<���

   VL) � 8 5 � � � � � ����

7+(�62/$5�5(63216(�)$&725�
$FFRUGLQJ� WR� LWV� GHILQLWLRQ�� WKH� VXUIDFH� IDFWRU� )� LV�
XVHIXO�WR�PHDVXUH�WKH�G\QDPLF�UHVSRQVH�RI�D�ZDOO�WR�D�
UDGLDQW�KHDW�IOX[�DFWLQJ�RQ�LW��1RZ��LW�LV�RXU�LQWHQWLRQ�
WR� H[WHQG� WKH� DQDO\VLV� WR� WKH� ZKROH� HQYHORSH� RI� D�
URRP�� VR� DV� WR� GHILQH� D� UHODWLRQVKLS� EHWZHHQ� WKH�
WKHUPDO� ORDGV� DQG� WKH� VRODU� UDGLDWLRQ� LPSLQJLQJ� RQ�
WKH�JOD]HG�VXUIDFH��
,Q�RUGHU�WR�JHW�DQ�RSHUDWLRQDO�GHILQLWLRQ�IRU�WKH�6RODU�
5HVSRQVH�)DFWRU��OHW�XV�ILUVW�FRQVLGHU�WKDW�WKH�UDWH�RI�
WKHUPDO�HQHUJ\�DGPLWWHG�LQWR�WKH�HQFORVXUH�GXH�WR�WKH�
VRODU� UDGLDWLRQ�DYDLODEOH�RQ� WKH�JOD]LQJ� LV�FRPSRVHG�
RI�WKUHH�FRQWULEXWLRQV��
� WKHUPDO� HQHUJ\� WUDQVPLWWHG� GLUHFWO\� WKURXJK� WKH�

JOD]LQJ� �VKRUW�ZDYH� UDGLDWLRQ�� � �� �� P��� LW� LV�
SURSRUWLRQDO� WR� WKH� VRODU� WUDQVPLWWDQFH� J� RI� WKH�
JOD]LQJ��DQG�FDQ�EH�FDOFXODWHG�E\�(T�������ZKHUH��
LV� D� FRHIILFLHQW� WKDW� DFFRXQWV� IRU� DQ\� VKDGLQJ� RU�
REVWUXFWLRQ�LQWHUFHSWLQJ�WKH�VRODU�UDGLDWLRQ������
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� WKHUPDO� HQHUJ\� DEVRUEHG� E\� WKH� JOD]LQJ� DQG�
UHOHDVHG�E\�LUUDGLDWLRQ�E\�LWV�LQQHU�VXUIDFH��ORQJ�
ZDYH� UDGLDWLRQ�� � !� �� P��� WKH� VRODU� UDGLDWLRQ�
DEVRUEHG� E\� WKH� JOD]LQJ� LV� SDUWLDOO\� UH�HPLWWHG�
WRZDUGV�WKH�LQGRRU�HQYLURQPHQW��SURSRUWLRQDOO\�WR�
WKH� GLIIHUHQFH� EHWZHHQ� WKH�J�YDOXH� DQG� WKH� VRODU�
WUDQVPLWWDQFH� J�� ,Q� RUGHU� WR� LVRODWH� WKH� UDGLDQW�
FRPSRQHQW� RI� WKLV� FRQWULEXWLRQ�� RQH� � FDQ� DGRSW�
(T������DQG�(T�������
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� WKHUPDO� HQHUJ\� DEVRUEHG� E\� WKH� JOD]LQJ� DQG�
UHOHDVHG�E\�FRQYHFWLRQ�RQ�LWV�LQQHU�VXUIDFH��KHUH��
LQ�RUGHU�WR�LVRODWH�WKH�UDWH�RI�FRQYHFWLYH�KHDW�IOX[�
UH�HPLWWHG� E\� WKH� JOD]LQJ� WRZDUGV� WKH� LQGRRU�
HQYLURQPHQW��(T������DQG�(T�������FDQ�EH�XVHG��
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,Q�(T�� ����DQG�(T�� �����[F�DQG�[U�PHDVXUH� WKH�UDWH�RI�
WKH� KHDW� IOX[� H[FKDQJHG� UHVSHFWLYHO\� E\� FRQYHFWLRQ�
DQG�E\�LUUDGLDWLRQ�RQ�WKH�LQQHU�VXUIDFH�RI�WKH�JOD]LQJ�
�[F���[U� ������
1RZ�� OHW�XV� LQWURGXFH� WKH�6RODU�5HVSRQVH�)DFWRU���
,W�FDQ�EH�GHILQHG�DV� WKH�RYHUDOO�FRQYHFWLYH�KHDW� IOX[�
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�F�R�X�S�O�H���R�I���S�D�U�D�P�H�W�H�U�V�����D�P�S�O�L�W�X�G�H���D�Q�G���S�K�D�V�H������

���� �L�W���D�O�O�R�Z�V���W�R���S�U�H�G�L�F�W���W�K�H���W�K�H�U�P�D�O���O�R�D�G�V���G�X�H���W�R���V�R�O�D�U��
�U�D�G�L�D�W�L�R�Q�� �L�Q�� �W�K�H�� �W�L�P�H�� �G�R�P�D�L�Q�� �W�K�U�R�X�J�K�� �D�� �I�H�Z��
�V�L�P�S�O�H���R�S�H�U�D�W�L�R�Q�V������

�$�V�� �F�R�Q�F�H�U�Q�V�� �W�K�L�V�� �V�H�F�R�Q�G�� �S�R�L�Q�W���� �R�Q�H�� �I�L�U�V�W�O�\�� �Q�H�H�G�V�� �W�R��
�F�D�O�F�X�O�D�W�H���� ���D�Q�G�����D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �J�H�R�P�H�W�U�\�� �D�Q�G��
�W�K�H���W�K�H�U�P�R�S�K�\�V�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���H�Q�F�O�R�V�X�U�H�����7�K�H�Q����
�R�Q�H�� �P�X�V�W�� �D�S�S�O�\�� �W�K�H�� �)�R�X�U�L�H�U�� �D�Q�D�O�\�V�L�V�� �W�R�� �W�K�H�� �S�H�U�L�R�G�L�F��
�H�[�F�L�W�D�W�L�R�Q�� ���L���H���� �W�K�H�� �V�R�O�D�U�� �L�U�U�D�G�L�D�Q�F�H��,�J�� �L�Q�F�L�G�H�Q�W�� �R�Q�� �W�K�H��
�J�O�D�]�L�Q�J�� �V�X�U�I�D�F�H�����W�R�� �J�H�W�� �W�K�H�� �K�D�U�P�R�Q�L�F�� �F�R�P�S�R�Q�H�Q�W�V����
�)�L�Q�D�O�O�\���� �W�K�H�� �W�L�P�H�� �S�U�R�I�L�O�H�� �R�I�� �W�K�H�� �W�K�H�U�P�D�O�� �O�R�D�G�V�� �F�D�Q�� �E�H��
�D�V�V�H�V�V�H�G�� �W�K�U�R�X�J�K�� �(�T���� ������������ �Z�K�H�U�H�� �W�K�H�� �K�D�U�P�R�Q�L�F��
�F�R�P�S�R�Q�H�Q�W�V�� �R�I�� �W�K�H�� �U�H�V�S�R�Q�V�H�� �D�U�H�� �V�X�P�P�H�G�� �X�S�� �W�R�� �W�K�H��
�R�U�G�H�U��Q��� ��1K������
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�7�K�H�� �R�Q�O�\�� �O�L�P�L�W�D�W�L�R�Q�� �P�L�J�K�W�� �O�L�H�� �L�Q�� �W�K�H�� �Q�H�H�G�� �R�I�� �X�V�L�Q�J��
�F�R�Q�V�W�D�Q�W���S�D�U�D�P�H�W�H�U�V�����Z�K�H�U�H�D�V���W�K�H���R�S�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I��
�W�K�H�� �J�O�D�]�L�Q�J�� �D�V�� �Z�H�O�O�� �D�V�� �W�K�H�� �V�X�U�I�D�F�H�� �K�H�D�W�� �W�U�D�Q�V�I�H�U��
�F�R�H�I�I�L�F�L�H�Q�W�V���X�V�X�D�O�O�\���Y�D�U�\���Z�L�W�K���W�L�P�H����

�,�Q�� �R�U�G�H�U�� �W�R�� �Y�H�U�L�I�\�� �W�K�H�� �U�H�O�L�D�E�L�O�L�W�\�� �R�I�� �W�K�L�V�� �D�S�S�U�R�D�F�K���� �D��
�Y�D�O�L�G�D�W�L�R�Q�� �K�D�V�� �E�H�H�Q�� �S�H�U�I�R�U�P�H�G���� �D�Q�G�� �L�V�� �S�U�H�V�H�Q�W�H�G�� �L�Q��
�W�K�H���I�R�O�O�R�Z�L�Q�J�����,�W���L�V���E�D�V�H�G���R�Q���W�K�H���F�R�P�S�D�U�L�V�R�Q���E�H�W�Z�H�H�Q��
�W�K�H�� �W�K�H�U�P�D�O�� �O�R�D�G�V�� �G�X�H�� �W�R�� �V�R�O�D�U�� �U�D�G�L�D�W�L�R�Q�� �F�D�O�F�X�O�D�W�H�G��
�Z�L�W�K�� �(�Q�H�U�J�\�3�O�X�V�� �D�Q�G�� �W�K�R�V�H�� �F�D�O�F�X�O�D�W�H�G�� �Z�L�W�K�� �(�T���� ����������
�I�R�U���D���V�L�P�S�O�H���W�H�V�W���U�R�R�P�����Z�K�R�V�H���V�L�]�H���L�V�������î�������î�������P�������$�V��
�F�R�Q�F�H�U�Q�V�� �W�K�H�� �H�Q�Y�H�O�R�S�H�� �R�I�� �W�K�H�� �W�H�V�W�� �U�R�R�P���� �W�K�U�H�H��
�G�L�I�I�H�U�H�Q�W���E�X�L�O�G�L�Q�J���W�\�S�R�O�R�J�L�H�V���Z�H�U�H���F�R�Q�V�L�G�H�U�H�G������

�� 7\SH�$�����K�H�D�Y�\���P�D�V�R�Q�U�\���Z�D�O�O�V�����V�W�R�Q�H���Z�D�O�O�V������

�� 7\SH�%�����K�R�O�O�R�Z���F�O�D�\���E�U�L�F�N�V���F�R�Q�V�W�U�X�F�W�L�R�Q����

�� 7\SH�&�����K�L�J�K�O�\���L�Q�V�X�O�D�W�H�G���O�L�J�K�W�Z�H�L�J�K�W���H�Q�Y�H�O�R�S�H����

�$�F�W�X�D�O�O�\���� �W�K�U�H�H�� �Y�D�U�L�D�Q�W�V�� �Z�H�U�H�� �F�R�Q�F�H�L�Y�H�G�� �I�R�U�� �W�\�S�H�� �%����
�G�H�S�H�Q�G�L�Q�J�� �R�Q���W�K�H�� �Q�X�P�E�H�U���R�I�� �E�U�L�F�N���O�H�D�Y�H�V�� �D�Q�G���R�Q���W�K�H��
�S�R�V�L�W�L�R�Q�� �R�I�� �W�K�H�� �L�Q�V�X�O�D�W�L�Q�J�� �P�D�W�H�U�L�D�O���� �+�R�Z�H�Y�H�U���� �W�K�H��
�W�K�U�H�H���S�U�R�S�R�V�H�G���V�R�O�X�W�L�R�Q�V���K�D�Y�H���W�K�H���V�D�P�H��8���Y�D�O�X�H����

�� 7\SH� %������ �G�R�X�E�O�H���O�H�D�I�� �F�D�Y�L�W�\�� �Z�D�O�O�V�� �Z�L�W�K�� �W�K�H��
�L�Q�V�X�O�D�W�L�R�Q���S�O�D�F�H�G���L�Q���W�K�H���D�L�U���J�D�S����

�� 7\SH� %������ �G�R�X�E�O�H���O�H�D�I�� �F�D�Y�L�W�\�� �Z�D�O�O�V�� �Z�L�W�K�� �W�K�H��
�L�Q�V�X�O�D�W�L�R�Q���S�O�D�F�H�G���R�Q���W�K�H���L�Q�Q�H�U���V�L�G�H���R�I���W�K�H���Z�D�O�O����

�� 7\SH� %������ �V�L�Q�J�O�H�� �O�H�D�I�� �Z�D�O�O�V�� �Z�L�W�K�� �G�L�V�W�U�L�E�X�W�H�G��
�L�Q�V�X�O�D�W�L�R�Q�����O�L�J�K�W���Z�H�L�J�K�W���L�Q�V�X�O�D�W�L�Q�J���E�U�L�F�N�V������

�7�K�H�� �G�H�W�D�L�O�V�� �F�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �F�R�P�S�R�V�L�W�L�R�Q�� �R�I�� �Z�D�O�O�V����
�I�O�R�R�U�V�� �D�Q�G�� �F�H�L�O�L�Q�J�V�� �D�U�H�� �U�H�S�R�U�W�H�G�� �L�Q�� �W�K�H�� �$�S�S�H�Q�G�L�[����
�Z�K�H�U�H���W�K�H���Y�D�O�X�H�V���R�I���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���V�X�U�I�D�F�H���I�D�F�W�R�U�V��
)���D�U�H���D�O�V�R���S�U�R�Y�L�G�H�G�����,�Q���W�K�H���F�D�O�F�X�O�D�W�L�R�Q�����W�Z�R���Z�D�O�O�V���D�U�H��
�V�W�U�X�F�W�X�U�H�G���D�V��H[WHUQDO�ZDOOV���� �Z�K�H�U�H�D�V�� �W�K�H�� �R�W�K�H�U�V�� �O�R�R�N��
�O�L�N�H��LQWHUQDO�ZDOOV���� �,�Q�� �D�Q�\�� �F�D�V�H���� �D�O�O�� �R�S�D�T�X�H�� �V�X�U�I�D�F�H�V��
�K�D�Y�H���W�K�H���V�D�P�H���V�K�R�U�W���Z�D�Y�H���D�E�V�R�U�S�W�D�Q�F�H�����V�Z��� ����������������

�)�X�U�W�K�H�U�P�R�U�H���� �W�K�H�� �U�R�R�P�� �L�V�� �H�T�X�L�S�S�H�G�� �Z�L�W�K�� �D�� �Z�L�Q�G�R�Z����
�Z�K�R�V�H�� �V�L�]�H�� �L�V��$�J�� � �� �������� �P

������ �Z�K�L�F�K�� �F�R�U�U�H�V�S�R�Q�G�V���W�R���W�K�H��
������ �R�I�� �W�K�H�� �Z�K�R�O�H�� �H�Q�Y�H�O�R�S�H�� �V�X�U�I�D�F�H�� ��I�� � �� �������������� �7�K�H��
�Z�L�Q�G�R�Z�� �K�D�V�� �D�� �G�R�X�E�O�H�� �J�O�D�]�L�Q�J�� �I�L�O�O�H�G�� �Z�L�W�K�� �D�L�U���� �Z�L�W�K�� �D��
�W�K�H�U�P�D�O���W�U�D�Q�V�P�L�W�W�D�Q�F�H��8�J��� �����������:�P

�����. ���������W�K�H���R�S�W�L�F�D�O��
�S�U�R�S�H�U�W�L�H�V�����F�D�O�F�X�O�D�W�H�G���D�F�F�R�U�G�L�Q�J���W�R���8�1�,���(�1��������������������
�Z�L�W�K���U�H�I�H�U�H�Q�F�H���W�R���G�L�I�I�X�V�H���U�D�G�L�D�W�L�R�Q�����D�U�H���D�V���I�R�O�O�R�Z�V����

J��� ������������ ������J��� ��������������gV��� ��������������

�,�Q�� �W�K�H�� �F�D�O�F�X�O�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�R�O�D�U�� �U�H�V�S�R�Q�V�H�� �I�D�F�W�R�U������ �Q�R��
�R�E�V�W�U�X�F�W�L�R�Q�� �R�U�� �V�K�D�G�L�Q�J�V�� �Z�H�U�H�� �F�R�Q�V�L�G�H�U�H�G�� ���� � �� �������� �$�V��
�F�R�Q�F�H�U�Q�V���W�K�H���S�D�U�D�P�H�W�H�U�V���G�H�V�F�U�L�E�L�Q�J���W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I��
�F�R�Q�Y�H�F�W�L�Y�H���D�Q�G���U�D�G�L�D�Q�W���H�Q�H�U�J�\���U�H���H�P�L�W�W�H�G���R�Q���W�K�H���L�Q�Q�H�U��
�V�X�U�I�D�F�H�� �R�I�� �W�K�H�� �J�O�D�]�L�Q�J����[�F� � �  � � � �� ������� �D�Q�G��[�U�� � �� ���������� �Z�H�U�H��
�D�G�R�S�W�H�G���� �W�K�H�V�H�� �Y�D�O�X�H�V�� �G�H�U�L�Y�H�� �I�U�R�P�� �8�1�,�� ��������������������
�Z�K�H�U�H��K�F�� � �� �������� �:�P

�����. �������D�Q�G��K�U� � �  � � � �� �� �� � � :�P�����. �������D�U�H��
�V�X�J�J�H�V�W�H�G�� �Z�K�H�Q�� �G�H�D�O�L�Q�J�� �Z�L�W�K���D���J�O�D�]�L�Q�J�� �K�D�Y�L�Q�J��
�V�W�D�Q�G�D�U�G���H�P�L�V�V�L�Y�L�W�\������� ������������������

9DOLGDWLRQ�RI�WKH�SURSRVHG�PRGHO�
�)�R�U���H�D�F�K���W�\�S�H���R�I���H�Q�Y�H�O�R�S�H�����I�R�X�U���G�L�I�I�H�U�H�Q�W�� �V�L�P�X�O�D�W�L�R�Q�V��
�Z�H�U�H���F�D�U�U�L�H�G���R�X�W���� �V�R���D�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���D�O�O���W�K�H���S�R�V�V�L�E�O�H��
�H�[�S�R�V�X�U�H�V���R�I���W�K�H�� �J�O�D�]�L�Q�J���� �7�K�H���Z�H�D�W�K�H�U���G�D�W�D���D�U�H���W�K�R�V�H��
�D�Y�D�L�O�D�E�O�H���R�Q���(�Q�H�U�J�\�3�O�X�V���I�R�U���&�D�W�D�Q�L�D�����6�R�X�W�K�H�U�Q���,�W�D�O�\������
�,�W�� �L�V�� �W�R�� �E�H�� �U�H�P�L�Q�G�H�G�� �W�K�D�W�� �Q�R�� �I�R�U�F�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�� �R�W�K�H�U��
�W�K�D�Q�� �W�K�H�� �V�R�O�D�U�� �U�D�G�L�D�W�L�R�Q�� �L�Q�F�L�G�H�Q�W�� �R�Q�� �W�K�H�� �J�O�D�]�L�Q�J�� �P�X�V�W��
�E�H���W�D�N�H�Q���L�Q�W�R���D�F�F�R�X�Q�W���L�Q���W�K�L�V���F�R�Q�W�H�[�W�����D�F�F�R�U�G�L�Q�J���W�R���W�K�H��
�G�H�I�L�Q�L�W�L�R�Q���I�U�D�P�H�Z�R�U�N���R�I���E�R�W�K���W�K�H��VXUIDFH�IDFWRU�)���D�Q�G��
�W�K�H��VRODU� UHVSRQVH� IDFWRU� ���� �7�K�H�� �U�H�V�S�R�Q�V�H�� �R�I�� �W�K�H��
�H�Q�F�O�R�V�X�U�H�� �W�R�� �R�W�K�H�U�� �I�R�U�F�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�V���� �V�X�F�K�� �D�V�� �W�K�H��
�R�X�W�G�R�R�U�� �W�H�P�S�H�U�D�W�X�U�H�� �I�O�X�F�W�X�D�W�L�R�Q�V���� �F�D�Q�� �E�H�� �G�H�D�O�W�� �Z�L�W�K��
�W�K�U�R�X�J�K�� �R�W�K�H�U�� �G�\�Q�D�P�L�F�� �S�D�U�D�P�H�W�H�U�V�� ���H���J���� �W�K�H��WKHUPDO��
DGPLWWDQFH�� �D�Q�G�� �W�K�H��GHFUHPHQW� IDFWRU������ �W�K�D�W�� �D�U�H�� �Q�R�W��
�D�G�G�U�H�V�V�H�G�� �L�Q�� �W�K�L�V�� �S�D�S�H�U���� �)�R�U�� �W�K�L�V�� �U�H�D�V�R�Q���� �L�Q�� �W�K�H��
�V�L�P�X�O�D�W�L�R�Q�V�� �Z�L�W�K�� �(�Q�H�U�J�\�3�O�X�V�� �D�� �F�R�Q�V�W�D�Q�W�� �D�L�U��
�W�H�P�S�H�U�D�W�X�U�H�� �Z�D�V�� �L�P�S�R�V�H�G�� �L�Q�� �W�K�H�� �W�H�V�W�� �U�R�R�P�� ��șL�� � ��
�����ƒ�&�������D�Q�G���D�O�O���W�K�H���H�Q�Y�H�O�R�S�H���H�O�H�P�H�Q�W�V���Z�H�U�H���F�R�Q�V�L�G�H�U�H�G��
�D�G�M�D�F�H�Q�W���W�R���R�W�K�H�U���U�R�R�P�V���Z�L�W�K���W�K�H���V�D�P�H���W�H�P�S�H�U�D�W�X�U�H����

�1�R�Z�����L�Q���R�U�G�H�U���W�R���F�D�O�F�X�O�D�W�H���W�K�H���V�R�O�D�U���U�H�V�S�R�Q�V�H���I�D�F�W�R�U����
�I�R�U�� �W�K�H�� �W�H�V�W�� �U�R�R�P���� �O�H�W�� �X�V�� �F�O�D�U�L�I�\�� �W�K�D�W���� �D�V�� �F�R�Q�F�H�U�Q�V�� �W�K�H��
�G�H�I�L�Q�L�W�L�R�Q�� �R�I�� �D�� �U�H�O�L�D�E�O�H�� �F�R�Q�V�W�D�Q�W�� �Y�D�O�X�H�� �I�R�U�� �W�K�H�� �K�H�D�W��
�W�U�D�Q�V�I�H�U�� �F�R�H�I�I�L�F�L�H�Q�W��KF�� �D�Q�G�� �W�K�H�� �L�Q�Q�H�U�� �V�X�U�I�D�F�H�� �W�K�H�U�P�D�O��
�U�H�V�L�V�W�D�Q�F�H��5VL���R�I�� �W�K�H�� �R�S�D�T�X�H�� �H�Q�Y�H�O�R�S�H�� �F�R�P�S�R�Q�H�Q�W�V������
�R�Q�H���P�L�J�K�W���D�S�S�D�U�H�Q�W�O�\���U�H�I�H�U���W�R���W�K�H���Y�D�O�X�H�V���V�X�J�J�H�V�W�H�G���E�\��
�H�L�W�K�H�U�� �W�K�H�� �V�W�D�Q�G�D�U�G�V�� �,�6�2�� �������������������� ��5VL�� � �� ����������
�P���. �: ���������R�U���,�6�2��������������������������5VL��� �������������P���. �: ����������
�W�K�H���O�D�W�W�H�U���E�H�L�Q�J���P�R�U�H���V�X�L�W�D�E�O�H���I�R�U���V�X�P�P�H�U���F�R�Q�G�L�W�L�R�Q�V����

�+�R�Z�H�Y�H�U���� �L�Q�� �W�K�H�� �D�X�W�K�R�U�V�¶�� �R�S�L�Q�L�R�Q���� �W�K�H�� �G�H�I�L�Q�L�W�L�R�Q��
�I�U�D�P�H�Z�R�U�N�� �R�I�� �W�K�H�� �V�X�U�I�D�F�H�� �I�D�F�W�R�U�� �L�P�S�O�L�H�V�� �G�L�I�I�H�U�H�Q�W��
�E�R�X�Q�G�D�U�\���F�R�Q�G�L�W�L�R�Q�V���W�K�D�Q���W�K�R�V�H���D�G�R�S�W�H�G���L�Q���W�K�H���D�E�R�Y�H��
�P�H�Q�W�L�R�Q�H�G�� �V�W�D�Q�G�D�U�G�V���� �,�Q�� �I�D�F�W���� �W�K�H�� �D�E�V�H�Q�F�H�� �R�I�� �I�R�U�F�L�Q�J��
�F�R�Q�G�L�W�L�R�Q�V�� �R�W�K�H�U�� �W�K�D�Q�� �W�K�H�� �V�R�O�D�U�� �U�D�G�L�D�W�L�R�Q�� �D�G�P�L�W�W�H�G��
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WKURXJK� WKH� JOD]LQJ� VKRXOG� GHWHUPLQH� DQ�
KRPRJHQL]DWLRQ� RI� WKH� LQQHU� VXUIDFH� WHPSHUDWXUHV��
WKXV� GHFUHDVLQJ� WKH� UDWH� RI� UDGLDQW� KHDW� WUDQVIHU� LI�
FRPSDUHG� WR� DQ� ³RUGLQDU\´� VLWXDWLRQ�� FRQVHTXHQWO\��
KLJKHU�YDOXHV�RI�5VL�VKRXOG�EH�FRQVLGHUHG��7KH�YDOXHV�
UHWDLQHG� LQ� WKLV� SDSHU� DUH� WKRVH� OLVWHG� LQ� 7DEOH� ���
1RZ��ZH�DUH�DEOH� WR�DVVHVV�WKH�VRODU�UHVSRQVH�IDFWRU�
� RI� WKH� WHVW� URRP� IRU� HDFK� EXLOGLQJ� W\SRORJ\�� 7KH�
UHVXOWV� IRU�WKH�ILUVW�KDUPRQLF��3� ����K��� LQ� WHUPV�RI�
DPSOLWXGH�DQG�DUJXPHQW��DUH�UHSRUWHG�LQ�7DEOH����WKH�
DUJXPHQW��LV�QHJDWLYH��ZKLFK�PHDQV�D�GHOD\�LQ�WKH�
UHVSRQVH�RI�WKH�HQFORVXUH�WR�WKH�SHULRGLF�H[FLWDWLRQ��
)LQDOO\�� D� IXUWKHU� FDXVH� IRU� UHIOHFWLRQ� FRQFHUQV� WKH�
FKRLFH� RI� WKH� RSWLFDO� SURSHUWLHV� RI� WKH� JOD]LQJ��
SURYLGHG�WKDW�WKH\�PXVW�EH�DVVLJQHG�FRQVWDQW�YDOXHV��
WKH� VHQVLWLYLW\� RI� WKH� UHVXOWV� WR� VXFK� YDOXHV� ZDV�
LQYHVWLJDWHG�� 7R� WKLV� DLP�� WKH� FDOFXODWLRQ� RI� WKH�
WKHUPDO�ORDGV�ZDV�FDUULHG�RXW�QRW�RQO\�E\�UHIHUULQJ�WR�
GLIIXVH� UDGLDWLRQ�� EXW� DOVR� E\� DGRSWLQJ� ³GHWDLOHG´�
YDOXHV� RI� J�� J� DQG� JV�� SURYLGHG� E\� D� SUHOLPLQDU\�
LQYHVWLJDWLRQ� RQ�(QHUJ\�3OXV�� DQG� GHSHQGLQJ� RQ� WKH�
JOD]LQJ� H[SRVXUH�� $V� VKRZQ� LQ� 7DEOH� ��� WKH�
GLIIHUHQFH� EHWZHHQ� ³GHWDLOHG� YDOXHV´� DQG� ³GLIIXVH�
YDOXHV´� LV� LPSRUWDQW� RQO\� IRU� D� ZLQGRZ� GXH� VRXWK��
ZKHUH�WKH�DYHUDJH�JODVV�VRODU�UHIOHFWDQFH�LV�JHQHUDOO\�
KLJKHU��GXH�WR�WKH�SURQRXQFHG�DQJOH�RI�LQFLGHQFH��
$� ILUVW�RXWFRPH�RI� WKH�YDOLGDWLRQ� LV� VKRZQ� LQ�)LJ����
DQG�)LJ�����+HUH��WKH�FXUYH�RI�WKH�GDLO\�WKHUPDO�ORDGV�
REWDLQHG� WKURXJK� (QHUJ\3OXV� LV� FRPSDUHG� ZLWK� WKH�
UHVXOWV�RI�(T��������ZKRVH�FDOFXODWLRQ�ZDV�FDUULHG�RXW�
E\� XVLQJ� 1K�  � �� KDUPRQLFV�� VLQFH� D� SUHOLPLQDU\�
DQDO\VLV�VKRZHG�WKDW�QR�LPSURYHPHQW�ZRXOG�DULVH�E\�
DGGLQJ�KLJKHU�KDUPRQLFV��)RU�WKH�VDNH�RI�EUHYLW\��WKH�
FRPSDULVRQ� LV� OLPLWHG� WR� FDVH�$� DQG� FDVH� %���� ZLWK�
WKH� ZLQGRZ� GXH� VRXWK� RU� ZHVW�� KRZHYHU�� WKH� RWKHU�
FDVHV�SUHVHQW� WKH� VDPH�EHKDYLRXU��)RU�HDFK�GLDJUDP�
WZR� FXUYHV� DUH� UHSRUWHG�� WKDW� UHIHU� WR� WKH� XVH� RI� WKH�
GLIIXVH� RU� WKH� GHWDLOHG� RSWLFDO� SURSHUWLHV�� 7KH�
SURSRVHG� PRGHO� VKRZV� YHU\� JRRG� DJUHHPHQW� ZLWK�
(QHUJ\3OXV�ZKHQ�GHWDLOHG�RSWLFDO�SURSHUWLHV�DUH�XVHG��
ZKHUHDV� VRPH� GLVFUHSDQF\� DULVHV� LQ� WKH� FDVH� RI�
GLIIXVH�RSWLFDO�SURSHUWLHV���
�

7DEOH����9DOXHV�UHWDLQHG�IRU�KF�DQG�5VL�
��  Ceiling Floor Walls 
KF� >:P��.��@� ���� ���� ����
5VL� >P�.:��@� ���� ���� ����

�
7DEOH����7HVW�URRP��DPSOLWXGH�DQG�DUJXPHQW�RI��

CASES A B.1 B.2 B.3 C 
__� >�@� ������ ������ ������ ������ ������
� >K@� ����� ����� ����� ����� �����

�
7DEOH����$YHUDJH�RSWLFDO�SURSHUWLHV�RI�WKH�JOD]LQJ�

 Diffuse North East South West 
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!
"!

#!!
#"!
$!!
$"!
%!!
%"!
&!!
&"!

! $ & ' ( #! #$ #& #' #( $! $$ $&

!"
#$

%
&

'('
)&

*+
(,-

.

!/%#(,".

01#$234'5+ 067887*#9&/'#* 067887*/::5+#

-/1*); *5#(+)59"

�

!

#!!

$!!

%!!

&!!

"!!

'!!

! $ & ' ( #! #$ #& #' #( $! $$ $&
!"

#$
%

&
'('

)&
*+

(,-
.

!/%#(,".

01#$234'5+ 067887*#9&/'#* 067887*/::5+#

-/1*); *5#(;#+9

�
)LJXUH����±�&RPSDULVRQ�EHWZHHQ�UHIHUHQFH��
DQG�FDOFXODWHG�WKHUPDO�ORDGV��FDVH�$��

!
"!

#!!
#"!
$!!
$"!
%!!
%"!
&!!
&"!

! $ & ' ( #! #$ #& #' #( $! $$ $&

!"
#$

%
&

'('
)&

*+
(,-

.

!/%#(,".

01#$234'5+ 067887*#9&/'#* 067887*/::5+#

-/1*); *5#(+)59"

�

!

#!!

$!!

%!!

&!!

"!!

'!!

! $ & ' ( #! #$ #& #' #( $! $$ $&

!"
#$

%
&

'('
)&

*+
(,-

.

!/%#(,".

01#$234'5+ 067887*#9&/'#* 067887*/::5+#

-/1*); *5#(;#+9

�
)LJXUH����±�&RPSDULVRQ�EHWZHHQ�UHIHUHQFH��
DQG�FDOFXODWHG�WKHUPDO�ORDGV��FDVH�%����

$� IXUWKHU� FRPSDULVRQ� LV� EDVHG� RQ� WKH� FDOFXODWLRQ� RI�
WKH�GDLO\�HQHUJ\�QHHG�/�GXH�WR�VRODU�UDGLDWLRQ��VHH�(T��
������7DEOH���UHSRUWV�WKH�HUURU�PDGH�RQ�WKLV�SDUDPHWHU�
IRU� DOO� WKH� SURSRVHG� EXLOGLQJ� W\SRORJLHV� DQG� DOO� WKH�
ZLQGRZ� H[SRVXUHV� ZKHQ� XVLQJ� WKH� GHWDLOHG� RSWLFDO�
SURSHUWLHV��LI�FRPSDUHG�WR�(QHUJ\3OXV��)LQDOO\��7DEOH�
��VKRZV�WKH�HUURU�RQ�WKH�SHDN�WKHUPDO�ORDG��
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�7�D�E�O�H���������(�U�U�R�U���R�Q���W�K�H���G�D�L�O�\���W�K�H�U�P�D�O���O�R�D�G�����/��

CASES A B.1 B.2 B.3 C 
�1�2�5�7�+�� ������ ������ ������ ������ ������
�(�$�6�7�� ������ ������ ������ ������ ������

�6�2�8�7�+�� ������ ������ ������ ������ ������
�:�(�6�7�� ������ ������ ������ ������ ������

��
�7�D�E�O�H���������(�U�U�R�U���R�Q���W�K�H���S�H�D�N���W�K�H�U�P�D�O���O�R�D�G�����4�V�R�O���P�D�[��

CASES A B.1 B.2 B.3 C 
�1�2�5�7�+�� ������ ������ ������ ������ ������
�(�$�6�7�� ������ ������ ������ ������ ������

�6�2�8�7�+�������� ������ ������ ������ ������
�:�(�6�7�� ������ ������ ������ ������ ������
�
$V�VKRZQ�E\�WKLV�YDOLGDWLRQ��WKH�XVH�RI�(T�������WHQGV�
WR�XQGHUHVWLPDWH� WKH� WKHUPDO� ORDGV�RI� WKH� WHVW� URRP��
+RZHYHU�� WKH� KLJKHVW� GLVFUHSDQF\� LQ� WKH� FDOFXODWLRQ�
RI� WKH� GDLO\� HQHUJ\� QHHG� LV� ����� �VHH� 7DEOH� ���� LW�
RFFXUV� LQ� FDVH� &�� ZKHUH� WKH� YHU\� OLJKWZHLJKW�
HQYHORSH� HPSKDVL]HV� WKH� UROH�RI� WKH� VRODU� JDLQV��2Q�
WKH� ZKROH�� WKH� RXWFRPH� RI� WKH� YDOLGDWLRQ� LV� YHU\�
VDWLVIDFWRU\��JLYHQ�WKDW�D�TXLWH�ODUJH�ZLQGRZ�DUHD�ZDV�
FRQVLGHUHG���$J� �����P����EHWWHU�UHVXOWV�ZHUH�REWDLQHG�
LQ�FDVH�RI�DQ�HQFORVXUH�ZLWK�VPDOOHU�ZLQGRZV��

)857+(5��5(68/76��
,Q�WKLV�VHFWLRQ�WKH�SDSHU�GLVFXVVHV�PRUH�LQ�GHWDLO� WKH�
6RODU�5HVSRQVH�)DFWRU��DV�D�IXQFWLRQ�RI�WKH�W\SH�RI�
ZDOOV� GHOLPLWLQJ� WKH� HQFORVHG� VSDFH� DQG� WKH� VL]H� RI�
JOD]HG� VXUIDFH�� GHVFULEHG� WKURXJK� WKH� QRQ�
GLPHQVLRQDO� SDUDPHWHU� �I�� 7R� WKLV� DLP�� )LJ�� �� VKRZV�
WKH� DPSOLWXGH� DQG� WKH� DUJXPHQW� RI� � YHUVXV� �I�� IRU�
HDFK� EXLOGLQJ� W\SRORJ\� PHQWLRQHG� DERYH�� +HUH�� WKH�
VKRUW�ZDYH� DEVRUSWDQFH� RI� WKH� RSDTXH� VXUIDFHV� LV�
DOZD\V�VZ� ������WKH�RSWLFDO�SURSHUWLHV�RI�WKH�JOD]LQJ�
UHIHU�WR�GLIIXVH�UDGLDWLRQ��)URP�)LJ����RQH�FDQ�QRWLFH�
WKDW�� IRU� DQ\� EXLOGLQJ� W\SRORJ\�� WKH� KLJKHU� LV� �I�� WKH�
ORZHU� LV� WKH� DPSOLWXGH� __� RI� WKH� VRODU� UHVSRQVH�
IDFWRU��$FWXDOO\��D�ODUJHU�JOD]LQJ�VXUIDFH�GHWHUPLQHV�D�
KLJKHU�UDWH�RI�VKRUW�ZDYH�UDGLDQW�ORVVHV�SHU�XQLW�VRODU�
UDGLDWLRQ� DYDLODEOH� RQ� WKH� RXWHU� VXUIDFH�� GXH� WR� WKH�
JOD]LQJ�WUDQVSDUHQF\���
2QH� FDQ� DOVR� REVHUYH� WKDW� WKH� WKUHH� EXLOGLQJ�
W\SRORJLHV� VKRZ� D� TXLWH� GLIIHUHQW� EHKDYLRXU�� WKH�
FXUYH�DVVRFLDWHG�ZLWK�D�KHDY\ZHLJKW�HQYHORSH��7\SH�
$�� LV� WKH� RQH� ZLWK� WKH� ORZHVW� YDOXHV� RI� __�� ZKLFK�
SURYHV� KRZ� WKH� KLJK� LQHUWLD� RI� PDVVLYH� PDWHULDOV�
�VXFK� DV� ODYD� VWRQHV�� FDQ� HPSKDVL]H� WKH� DWWHQXDWLRQ�
RI�WKH�VRODU�JDLQV��,Q�WKLV�H[DPSOH��RQO\�WKH�������RI�
WKH� LQFLGHQW� VRODU� UDGLDWLRQ� LV� FRQYHUWHG� LQWR� KHDW�
ORDGV� IRU� WKH� HQFORVXUH�� 7KH� KLJKHVW� YDOXHV� RI� __�
RFFXU� IRU� WKH� OLJKWZHLJKW�HQYHORSH� �7\SH�&��� LQ� WKLV�
FDVH��GXH�WR�WKH�ODFN�RI�PDVVLYH�PDWHULDOV�FDSDEOH�RI�
GDPSLQJ�GRZQ� WKH� WKHUPDO�ZDYH�� __� NHHSV�EHWZHHQ�
���� ��������7KLV�PHDQV� WKDW� WKH� WKHUPDO� ORDGV�ZRXOG�
EH�WKUHH�WLPHV�DV�KLJK�DV�IRU�7\SH�$��XQGHU�WKH�VDPH�
IRUFLQJ�FRQGLWLRQ��$V�FRQFHUQV�7\SH�%��KROORZ�FOD\�
EORFNV��� WKLV� VKRZV� DQ� LQWHUPHGLDWH� EHKDYLRXU�� WKH�
KLJKHVW� YDOXHV� RI� __� DUH� WKRVH� RFFXUULQJ� IRU� 7\SH�

%���� DV� H[SHFWHG�� LQGHHG�� LQ� WKLV� FDVH� WKH� OD\HU� RI�
LQVXODWLQJ�PDWHULDO� LV� SODFHG� RQ� WKH� LQQHU� VXUIDFH� RI�
WKH� ZDOO�� WKXV� ³KLGLQJ´� WKH� WKHUPDO� PDVV� DQG�
SUHYHQWLQJ�LW� IURP�ZRUNLQJ�HIIHFWLYHO\��)XUWKHUPRUH��
)LJ����DOVR�GHVFULEHV�WKH�GHSHQGHQFH�RI�WKH�DUJXPHQW�
� RQ� WKH� IHQHVWUDWLRQ� VXUIDFH�� WKH� DUJXPHQW�
PHDVXUHV� WKH� WLPH� GHOD\� RI� WKH� UHVSRQVH� �WKHUPDO�
ORDGV��WR�WKH�H[FLWDWLRQ��VRODU�UDGLDWLRQ���
,W�LV�SRVVLEOH�WR�REVHUYH�WKDW�WKH�YDULDWLRQ�RI��ZLWK��I�
LV� OHVV� SURQRXQFHG� WKDQ� IRU� WKH� DPSOLWXGH� __��
HVSHFLDOO\�ZKHQ�GHDOLQJ�ZLWK�WKH�EXLOGLQJ�W\SRORJLHV�
LPSO\LQJ� DQ� LQVXODWLQJ�PDWHULDO� FORVHU� WR� WKH� LQGRRU�
VSDFH� �7\SH� $� DQG� 7\SH� %����� 7KH� WLPH� VKLIW� LV�
DOPRVW�FRQVWDQW�DQG�H[WUHPHO\�ORZ�IRU�7\SH�$��� �
���� ±�����K���ZKHUHDV� LW� NHHSV� DURXQG����� ±���KRXUV�
IRU�DOO�WKH�RWKHU�EXLOGLQJ�VROXWLRQV��
�
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�)�L�J�X�U�H�������±���$�P�S�O�L�W�X�G�H�����X�S�����D�Q�G���D�U�J�X�P�H�Q�W�����E�R�W�W�R�P������

�R�I�����D�V���D���I�X�Q�F�W�L�R�Q���R�I���W�K�H���J�O�D�]�L�Q�J���V�X�U�I�D�F�H��

&21&/86,21�
7KH��6�R�O�D�U���5�H�V�S�R�Q�V�H���)�D�F�W�R�U��LQWURGXFHG�LQ�WKLV�SDSHU��
LV� DSSURSULDWH� DQG� YHU\� XVHIXO� WR� FKDUDFWHUL]H� WKH�
HQHUJ\�SHUIRUPDQFH�RI�EXLOGLQJV��,QGHHG��LW�PDNHV�LW�
SRVVLEOH� WR� TXDQWLI\� WKH� KHDW� IORZ� WUDQVIHUUHG� E\�
FRQYHFWLRQ�IURP�WKH�LQQHU�VXUIDFH�RI�WKH�HQYHORSH�WR�
WKH�LQGRRU�DLU�LQ�UHVSRQVH�WR�WKH�VRODU�UDGLDWLRQ�DFWLQJ�
RQ�WKH�JOD]LQJ��WKXV�DOORZLQJ�WKH�GHWHUPLQDWLRQ�RI�WKH�
WKHUPDO� ORDGV�� 7KH� IRUPXODWLRQ� RI� WKLV� SDUDPHWHU� LV�
GHULYHG� DQDO\WLFDOO\�� DQG� LQYROYHV� DOO� RI� WKH�
WKHUPRSK\VLFDO�SURSHUWLHV�RI�WKH�HQYHORSH��
7KH�PDLQ�TXDOLW\�RI�WKH��6�R�O�D�U���5�H�V�S�R�Q�V�H���)�D�F�W�R�U�LV�WKDW�
LW� UHSUHVHQWV� D� WUDQVIHU� IXQFWLRQ� RI� WKH� ZKROH�
HQFORVXUH�� DQG� DOORZV� WR�TXDOLI\� WKH� UHVSRQVH�RI� WKH�
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�E�X�L�O�G�L�Q�J���W�R���V�R�O�D�U���H�[�F�L�W�D�W�L�R�Q�V���W�K�U�R�X�J�K���D���V�L�Q�J�O�H���F�R�P�S�O�H�[��
�Q�X�P�E�H�U���� �L���H���� �W�K�U�R�X�J�K�� �D�� �F�R�X�S�O�H�� �R�I�� �U�H�D�O�� �Q�X�P�E�H�U�V��
���D�P�S�O�L�W�X�G�H���D�Q�G�� �W�L�P�H�� �V�K�L�I�W�������,�Q�� �W�K�L�V�� �V�H�Q�V�H���� �L�W�� �F�D�Q�� �E�H��
�X�V�H�G���W�R���P�D�N�H���F�R�P�S�D�U�L�V�R�Q�V���E�H�W�Z�H�H�Q���G�L�I�I�H�U�H�Q�W���E�X�L�O�G�L�Q�J��
�V�R�O�X�W�L�R�Q�V�� �L�Q�� �W�K�H�� �G�H�V�L�J�Q�� �V�W�D�J�H���� �R�U�� �W�R�� �F�O�D�V�V�L�I�\�� �H�[�L�V�W�L�Q�J��
�E�X�L�O�G�L�Q�J�V���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H�L�U���F�D�S�D�F�L�W�\���W�R���D�W�W�H�Q�X�D�W�H���W�K�H��
�H�I�I�H�F�W�V�� �R�I�� �V�R�O�D�U�� �U�D�G�L�D�W�L�R�Q���� �Z�L�W�K�R�X�W�� �W�K�H�� �Q�H�H�G�� �R�I��
�F�R�P�S�O�H�[�� �G�\�Q�D�P�L�F�� �V�L�P�X�O�D�W�L�R�Q�V���� �,�I�� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H��
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