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$%675$&7�
1DWXUDO� YHQWLODWLRQ� LQ� EXLOGLQJV� LV� D� ZHOO� NQRZQ�
VWUDWHJ\� IRU� HQHUJ\� VDYLQJ� WR� HQVXUH� RFFXSDQW¶V�
WKHUPDO� FRPIRUW� ZLWKRXW� DQ\� HQHUJ\� FRQVXPSWLRQ�
DQG� LQIOXHQFH� RQ� JOREDO� ZDUPLQJ�� ,Q� WKH� SUHVHQW�
VWXG\�� DLUIORZ� LQVLGH� DQG� DURXQG� WZR� W\SHV� RI�
WHUUDFHG�KRXVH�PRGHO��RQH�ZLWK�D�SRUFK�DQG�DQRWKHU�
ZLWKRXW� D� SRUFK�� KDYH� EHHQ� QXPHULFDOO\� VLPXODWHG�
XVLQJ� 5H\QROGV�DYHUDJHG� 1DYLHU�6WRNHV� PRGHO� WR�
HYDOXDWH� WKH� HIIHFW� RI� D� SRUFK� RQ� ZLQG�LQGXFHG�
YHQWLODWLRQ��7KH�UHVXOWV�RI�YHORFLW\�GLVWULEXWLRQ�LQVLGH�
URRPV�DQG�YHQWLODWLRQ�UDWHV�RI�RSHQLQJV�UHYHDOHG�WKDW�
WKH� SRUFK� KDV� D� VLJQLILFDQW� HIIHFW� RQ� WKH� IORZ� ILHOG�
PRGLILFDWLRQ��UHVXOWLQJ�LQ�WKH�EHWWHU�YHQWLODWLRQ�UDWH�RI�
WKH�EXLOGLQJ����

,1752'8&7,21�
1DWXUDO�YHQWLODWLRQ�FRQVLVWV�RI� WZR�SDUWV�QDPHO\�

ZLQG�GULYHQ� QDWXUDO� YHQWLODWLRQ� DQG� EXR\DQF\� HIIHFW�
�VWDFN�YHQWLODWLRQ��LQ�ZKLFK�QR�PHFKDQLFDO�IRUFHV�DUH�
UHTXLUHG� WR� UHSODFH� URRP� DLU�ZLWK� WKH� IUHVK� H[WHUQDO�
DLU� WKURXJK� RSHQLQJV� IRU� EHWWHU� WKHUPDO� FRPIRUW� DQG�
VDWLVI\� LQGRRU� DLU� TXDOLW\�� 7KLV� WHFKQLTXH� KDV�
UHSHDWHGO\� DWWUDFWHG� UHVHDUFKHU¶V� LQWHQWLRQ� IRU�
GHFDGHV� GXH� WR� WKH� IXHO� SULFH� KLNHV� DQG� JOREDO�
ZDUPLQJ� LVVXH�� ,Q� UHDOLW\�� WKH� DSSOLFDWLRQ� RI� QDWXUDO�
YHQWLODWLRQ�LQ�EXLOGLQJV�LV�D�FKDOOHQJLQJ�WDVN�EHFDXVH�
RI� WKH� FRPSOH[� SKHQRPHQD� DIIHFWHG� E\� YDULRXV�
IDFWRUV� VXFK� DV� ZLQG� YHORFLW\�� ZLQG� GLUHFWLRQ��
WHPSHUDWXUH� GLIIHUHQFH�� RSHQLQJ� GHVLJQ� �VL]H�� VKDSH��
DQG�ORFDWLRQ���EXLOGLQJ�VKDSH��DQG�DGMDFHQW�EXLOGLQJ��

0DOD\VLD� LV� RQH� RI� GHYHORSLQJ� FRXQWULHV� ZLWK�
FRQWLQXRXV�LQFUHDVH�RI�WKH�SRSXODWLRQ�UHVXOWLQJ�LQ�WKH�
H[SDQGLQJ�RI�HQHUJ\�GHPDQG��7KH�WRWDO�SRSXODWLRQ�LQ�
WKH�\HDU������ZDV������PLOOLRQ�ZKLFK�KDV� LQFUHDVHG�
PRUH� WKDQ� WZRIROG� FRPSDUHG� WR� WKDW� LQ� WKH� \HDU�
����>0DOD\VLD�� 3RSXODWLRQ� DQG� +RXVLQJ� &HQVXV��
0DOD\VLD� ����� ������ &HQVXV��� ����@�� 7KH�
QDWLRQZLGH� HQHUJ\� GHPDQG� RI� WUDQVSRUWDWLRQ��
LQGXVWULDO�� UHVLGHQWLDO�� FRPPHUFLDO�� DQG� DJULFXOWXUH�
VHFWRUV�DOVR�VKRZV�DQ�LQFUHDVH�RI�WKUHH�WLPHV�RYHU�WKH�
SDVW� WZR� GHFDGHV� >0DOD\VLD�� 1DWLRQDO� (QHUJ\�
%DODQFH������@���

7KH� UHVLGHQWLDO� VHFWRU� LV� WKH� WKLUG� ODUJHVW�
FRQWULEXWRU� WR� WKH� HOHFWULFLW\� FRQVXPSWLRQ� LQ�
0DOD\VLD�FRQVLVWV�RI�������IURP�WKH�WRWDO�HOHFWULFLW\�
FRQVXPHG� LQ� ����� DIWHU� LQGXVWULDO� �������� DQG�

FRPPHUFLDO� �������� VHFWRUV� >0DOD\VLD�� 1DWLRQDO�
(QHUJ\�%DODQFH������@��$QG� VSDFH�FRROLQJ�DFFRXQWV�
IRU�WKH�ODUJHVW�SRUWLRQ�RI� WKH�HOHFWULFLW\�FRQVXPSWLRQ�
LQ�UHVLGHQWLDO�VHFWRU�ZLWK�����FRQWULEXWLRQ� LQFOXGLQJ�
DLU�FRQGLWLRQHU������IDQ�����DQG�RWKHU����>.XERWD��
-HRQJ��7RH��2VVHQ������@��7KHUHIRUH��GHYHORSPHQW�RI�
FOLPDWH�UHVSRQVLYH� GHVLJQ� RI� 0DOD\VLDQ� UHVLGHQFH�
KRXVHV� VR�FDOOHG� µSDVVLYH�GHVLJQ¶� LV� VWURQJO\� QHHGHG�
WR� DFKLHYH� ERWK� WKHUPDO� FRPIRUW� DQG� HQHUJ\�
FRQVHUYDWLRQ� E\� UHGXFLQJ� WKH� XVDJH� RI� DLU�
FRQGLWLRQHUV��

&RXQWULHV� ORFDWHG� LQ� WURSLFDO� UHJLRQ� H[SHULHQFH�
KLJK� WHPSHUDWXUHV� DQG� KLJK� KXPLGLW\� ZLWK� D� VPDOO�
WHPSHUDWXUH� YDULDQFH� WKURXJKRXW� WKH� \HDU�� DQG� VXFK�
FOLPDWH�FRQGLWLRQ�VRPHWLPHV�FDXVHV� WKHUPDO�FRPIRUW�
SUREOHP�� WKXV�� XWLOL]DWLRQ� RI� PHFKDQLFDO� FRROLQJ�
GHYLFHV� OHDGV� WR� KLJKHU� HQHUJ\� FRQVXPSWLRQ� DQG�
LQFUHDVH� RI� JUHHQ� JDV� HPLVVLRQ�� +RZHYHU�� SDVVLYH�
GHVLJQ�WHFKQLTXHV�KDYH�QRW�EHHQ�FDUHIXOO\�FRQVLGHUHG�
DQG� LPSOHPHQWHG� LQ� 0DOD\VLDQ� UHVLGHQFH� KRXVHV��
PRVW� RI� WKHP� DUH� WHUUDFHG� KRXVHV� LQIOXHQFHG� E\�
ZHVWHUQ� GHVLJQV� ZLWK� OHVV� FRQVLGHUDWLRQ� RI� ORFDO�
FOLPDWH�FRQGLWLRQ��%XLOGLQJ�PDWHULDOV�ZLWK�ODUJH�KHDW�
FDSDFLW\�VXFK�DV�EULFNV�DQG�FRQFUHWH�DUH�PDLQO\�XVHG�
LQ� WKH� FRQVWUXFWLRQ� RI� WHUUDFHG� KRXVHV� ZKLFK� FDXVH�
ODUJH�DPRXQW�RI�KHDW�VWRUDJH�GXULQJ�GD\�WLPH�DQG�WKH�
KHDW�LV�UHOHDVHG�LQWR�OLYLQJ�VSDFHV�DW�QLJKW�WLPH��WKXV��
RFFXSDQWV�KDYH�WR�XVH�PHFKDQLFDO�FRROLQJ�GHYLFHV�WR�
UHPRYH�WKH�KHDW�LQ�RUGHU�WR�REWDLQ�DFFHSWDEOH�WKHUPDO�
FRPIRUW�OHYHO����

$SSOLFDWLRQ� RI� QDWXUDO� YHQWLODWLRQ� VWUDWHJLHV� WR�
VROYH� WKHUPDO� FRPIRUW� SUREOHP� LQ� 0DOD\VLD¶V�
WHUUDFHG�KRXVHV�KDYH�EHHQ� LQYHVWLJDWHG� WKURXJK�ILHOG�
PHDVXUHPHQWV� DQG� QXPHULFDO� VWXGLHV� EDVHG� RQ�
FRPSXWDWLRQDO� IOXLG� G\QDPLFV�� DQG� VWDFN� HIIHFW� KDV�
EHHQ� VHOHFWHG� DV� WKH� PDLQ� IRFXV� WR� LQGXFH� DLUIORZ�
LQVLGH� WKH�EXLOGLQJ� >1XJURKR��$KPDG��2VVHQ�� ����@�
>0RKDPPDG� <XVRII�� 6DOOHK�� $GDP�� 6DSLDQ��
6XODLPDQ�� ����@�� $� UHODWLRQVKLS� EHWZHHQ� DLU�
FRQGLWLRQHU� XVDJH� DQG� RSHQLQJ� ZLQGRZV� KDV� EHHQ�
DOVR� H[WHQVLYHO\� LQYHVWLJDWHG� WR� XQGHUVWDQG�
RFFXSDQW¶V� EHKDYLRU� LQ� RUGHU� WR� GHWHUPLQH� WKH� PRVW�
VXLWDEOH�HQHUJ\�VDYLQJ�VWUDWHJ\�WR�UHGXFH�GHSHQGHQF\�
RQ� DLU�FRQGLWLRQHUV� >.XERWD� $KPDG�� ����@��
0HDQZKLOH�� VLPXODWLRQ� RQ� WKH� HIIHFW� RI� DQ� LQWHUQDO�
FRXUW\DUG� VKRZHG� WKH� LPSURYHPHQW� RI� QDWXUDO�
YHQWLODWLRQ�DQG�WKHUPDO�FRQGLWLRQV�RI�WKH�VXUURXQGLQJ�
VSDFHV� LI� RSHQLQJV� DV� ZHOO� DV� VKDGLQJ� GHYLFHV� DUH�
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DGHTXDWHO\� DQG� HIILFLHQWO\� GHVLJQHG�� >6DGDIL�� 6DOOHK��
+DZ��-DDIDU������@��

0RVW�UHVHDUFKHUV�KDYH�IRFXVHG�RQ�WKH�DSSOLFDWLRQ�
RI� VWDFN� YHQWLODWLRQ� VWUDWHJ\�� ,Q� FRQWUDVW�� WKH� DLP� RI�
WKLV� VWXG\� LV� WR� SUHVHQW� HIIHFWLYH� ZLQG� LQGXFHG�
YHQWLODWLRQ� VWUDWHJ\� IRU�0DOD\VLDQ� UHVLGHQFH� KRXVHV��
WKXV�� D� W\SLFDO� RQH�VWRUH\� WHUUDFHG� KRXVH� ZLWK� DQG�
ZLWKRXW� D� SRUFK� DUH� DGRSWHG� IRU� WKH� QXPHULFDO�
VLPXODWLRQ� WR� XQGHUVWDQG� WKH� HIIHFW� RI� D� SRUFK� RQ�
YHQWLODWLRQ�HIILFLHQF\�HVSHFLDOO\�LQ�D�OLYLQJ�URRP�DQG�
D�EHG� URRP��'HWDLOHG� LQIRUPDWLRQ�RQ�DLU� IORZ� LQVLGH�
URRPV��DUH�DOVR�SURYLGHG���

6,08/$7,21�6(77,1*�
 Building models 

��������6HYHQ� FDVHV� ZLWK� DFWXDO� VL]H� RI� D� W\SLFDO� RQH�
VWRU\� WHUUDFHG� KRXVH� ZLWK� D� IODW� URRI� FRQVWUXFWHG� LQ�
0DOD\VLD� DUH� DGRSWHG� IRU� WKH� VLPXODWLRQ� WDUJHW��
)LJXUH� �� VKRZV� WKH� IORRU� SODQ� RI� WKH� KRXVH�� ZKLFK�
FRQVLVWV�RI�D�OLYLQJ�URRP����EHG�URRPV��D�NLWFKHQ��DQG�
XWLOLW\� VSDFH�� (DFK� FDVH� LV� QDPHG� DFFRUGLQJ� WR� WKH�
SRUFK�JHRPHWULHV��OHQJWK��/ �����P�DQG�ZLGWK��: ���
P��DV�VKRZQ�LQ�7DEOH����
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� 7KH� SRUFK� LV� D� W\SLFDO� GHVLJQ� HOHPHQW� WKDW�
FRQVWUXFWHG�DW�WKH�IURQW�IDoDGH�RI�WHUUDFHG�KRXVHV�IRU�
SDUNLQJ� DQG� IRU� VRFLDO� SXUSRVHV� DV� ZHOO� DV� DYRLGLQJ�
WKH� GLUHFW� SHQHWUDWLRQ� RI� VRODU� UDGLDWLRQ� WR� WKH�
EXLOGLQJ� HQYHORSH�� %\� FRPSDULQJ� WKH� UHVXOWV� RI� WKH�
VHYHQ� FDVHV�� ZH� HYDOXDWH� WKH� HIIHFW� RI� WKH� SRUFK� RQ�
WKH�DLUIORZ�LQVLGH�WKH�KRXVHV�LQ�RUGHU�WR�LQWHUSUHW�WKH�
QHFHVVLW\� RI� SRUFK� GHVLJQ� IRU� HIIHFWLYH� ZLQG� GULYHQ�
QDWXUDO�YHQWLODWLRQ��
� 2SHQLQJV� DUH� DQ� XQREVWUXFWHG� VSDFH� WKDW�
FRQVWUXFWHG� DW� UHVSHFWLYH� URRPV� SXUSRVHO\� WR� DOORZ�
IUHH� XQLQWHUUXSWHG� IORZ� RI� DLU� DQG� DUHD� RI� WKHVH�
RSHQLQJV�VKDOO�EH�QRW�OHVV�WKDQ����RI�VXFK�URRP�IORRU�
DUHD� >0DOD\VLD�� 8QLIRUP� %XLOGLQJ� E\�/DZV�� ����@��
7KH�FHQWHU�RI�HDFK�RSHQLQJ� LV� ORFDWHG�DW� D�KHLJKW�RI�
����P� IURP� WKH� IORRU� ZLWK� D� KHLJKW� RI� ����� P�� 7KH�
ZLGWK� RI� HDFK� RSHQLQJ� LV� YDULHG� LQ� RUGHU� WR� FRPSO\�
ZLWK� WKH� DUHD� DSSOLHG� LQ� SUHVHQW� VWXG\��ZKLFK� LV� ���
IURP� WKH� UHVSHFWLYH� URRP� IORRU� DUHD� KHUHDIWHU� 2S���

2S���2S���2S��DQG�2S���2S��DQG�2S��SRVLWLRQHG�DW�
WKH�EXLOGLQJ�IURQW�IDFDGH�ZRUN�DV�LQOHW�DQG�2S���2S��
DQG�2S�� ORFDWHG� DW� WKH� UHDU� RI� WKH�EXLOGLQJ� ZRUN� DV�
RXWOHW��'RRUV�ZLWK�GLPHQVLRQV�RI���P�ZLGWK�DQG���P�
KHLJKW�SRVLWLRQHG�DW�HDFK�EHGURRP�DUH�NHSW�RSHQHG�WR�
DOORZ�FURVV�YHQWLODWLRQ�RFFXUV��

7DEOH���6LPXODWLRQ�FDVHV�

Simulation Case� Porch size (length x  
width)�

Case NP 1R�3RUFK�

Case 1L-1W ����P�[���P�

Case 0.5L-1W �����P�[���P�

Case 2L-1W ��P�[���P�

Case 1L-2W ����P�[���P�

Case 0.5L-2W �����P�[���P�

Case 2L-2W ��P�[���P�
� �
� ���

�� Governing equations 

7KH� VLPXODWLRQV� ZHUH� FRQGXFWHG� EDVHG� RQ�
5H\QROGV�DYHUDJHG�1DYLHU�6WRNHV�HTXDWLRQV��5$16��
XVLQJ� VWDQGDUG� N�İ� WXUEXOHQFH� FORVXUH� PRGHO�� )RU� D�
VWHDG\��LQFRPSUHVVLEOH��LVRWKHUPDO�DQG�WXUEXOHQW�IORZ��
WKH�FRQWLQXLW\�HTXDWLRQ�DQG�5$16�HTXDWLRQV�FDQ�EH�
ZULWWHQ�DV��
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Fig. 1.� /D\RXW�SODQ� IRU� WHUUDFHG�KRXVH�XVHG� LQ� WKH�
VLPXODWLRQV��
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:KHUH��XM�LV�WKH�YHORFLW\�RI�M�FRPSRQHQW��W�LV�WKH�WLPH��
[M� LV� WKH� M� FRRUGLQDWH�� ȡ� LV� WKH� DLU� GHQVLW\�� ȝ� LV� WKH�
G\QDPLF� YLVFRVLW\� DQG� JL� LV� WKH� JUDYLWDWLRQDO� ERG\�
IRUFH��5H\QROGV�VWUHVV�WHUP�FDQ�EH�H[SUHVV�DV�EHORZ��
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ȝW� � ȡ&ȝN��İ� LV� WKH� WXUEXOHQW� YLVFRVLW\� DQG�*N� LV� WKH�
WXUEXOHQW� NLQHWLF� HQHUJ\� SURGXFWLRQ�� ıN�� ıİ�� &İ��� &İ��
DQG�&ȝ�DUH�WKH�FRHIILFLHQWV�RI�VWDQGDUG�N�İ�PRGHO�DQG�
WKH�YDOXHV� DUH� JHQHUDOO\� IL[HG� DW� ���������� ������ �����
DQG� ����� UHVSHFWLYHO\�� 2SHQ� VRXUFH� VRIWZDUH�
2SHQ)2$0� �2SHQ� )LHOG� 2SHUDWLRQ� DQG�
0DQLSXODWLRQ��KDV�EHHQ� XVHG� WR� VROYH� WKH� JRYHUQLQJ�
HTXDWLRQV�DW�HDFK�JULG�RI�WKH�FRPSXWDWLRQDO�GRPDLQ���

Computational domain and boundary conditions 

)LJXUH� �� VKRZV� WKH� FRPSXWDWLRQDO� GRPDLQ� ZH�
XVHG�� ,Q� HDFK� VLPXODWLRQ�� LQOHW�� RXWOHW� DQG� ODWHUDO�
ERXQGDULHV�DUH� WUHDWHG�DV�SHULRGLF�FRQGLWLRQ��DQG� WKH�
WRS� ERXQGDU\� RI� WKH� GRPDLQ� LV� WUHDWHG� DV� IUHH�VOLS�
FRQGLWLRQ�� ,Q� FRQWUDVW�� QRQ� VOLS� FRQGLWLRQ� LV� DSSOLHG�
RQ� WKH� ERWWRP� ERXQGDU\� DQG� VXUIDFHV� RI� EXLOGLQJ�
VWUXFWXUH�� 7KH� LQLWLDO� KRUL]RQWDO� YHORFLW\� LQ� WKH� [�
GLUHFWLRQ�LV�VHW�DW���P�V�IRU�DOO�FDVHV�ZKLFK�LV�FRQVWDQW�
ZLWK� UHVSHFW� WR� WKH� KHLJKW�� :LQG� GLUHFWLRQ� LV�
SHUSHQGLFXODU� WR� WKH� IURQW� IDoDGH� LQ� DOO� VLPXODWLRQ�
FDVHV���
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5(68/76�$1'�',6&866,21�

:H� LQYHVWLJDWHG� WKH� VLPXODWLRQ� UHVXOWV� RI�
YHORFLW\� SURILOH� RQ� D� FHQWUDO� SRVLWLRQ� RI� HDFK� URRP�
VKRZQ�LQ�)LJ�����

)LJXUH���VKRZV�YHUWLFDO�GLVWULEXWLRQV�RI�YHORFLW\�
FRPSRQHQW� 8� IRU� HDFK� FDVH�� 7KH� KRUL]RQWDO� D[LV�
UHIHUV� WR� WKH� YHORFLW\� QRUPDOL]HG� E\� WKH� YDOXH� DW� D�
KHLJKW� RI� �+��8�8�+�� DQG� WKH� YHUWLFDO� D[LV� UHIHUV� WR�
WKH� KHLJKW� IURP� WKH� IORRU� QRUPDOL]HG� E\� EXLOGLQJ�

KHLJKW�� \�+�� ,W� FDQ� EH� GHSLFWHG� WKDW� WKH� YHORFLW\�
FRPSRQHQW�8�LQ�WKH�EXLOGLQJ�LV�REYLRXVO\�YHU\�VPDOO�
FRPSDUHG� WR� WKH� RXWVLGH� IUHH� VWUHDP� DLU� YHORFLW\��
,GHQWLFDO� WUHQGV� RI� DLU� YHORFLW\� GLVWULEXWLRQV� FDQ� EH�
REVHUYHG�LQ�HDFK�URRP�LQ�WKH�EXLOGLQJ��,Q�WHUPV�RI�WKH�
YHORFLW\�RI�OLYLQJ�URRP��WKH�KLJKHVW�YDOXH�LV�REVHUYHG�
LQ� WKH�QR�SRUFK� �13��FDVH�� LQ�FRQWUDVW�� ODUJHVW�SRUFK�
FDVH��/��:�VKRZV�WKH�ORZHVW��&RQWUDVWLQJO\��LQ�)LJ��
��E�� IRU�YHORFLW\�GLVWULEXWLRQV� LQ� WKH�EHG� URRP��� WKH�
KLJKHVW� YHORFLW\� DUH� REVHUYHG� LQ� FDVHV� �/��:� DQG�
���/��:�QRW� LQ� WKH�FDVH�ZLWK�QR�SRUFK�� WKRXJK�FDVH�
�/��:� �ODUJHVW� SRUFK�� VWLOO� VKRZV� WKH� ORZHVW� YDOXH��
7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�H[LVWHQFH�RI�WKH�SRUFK�
DQG� LWV�GLPHQVLRQ�VLJQLILFDQWO\�PRGLI\� WKH� LQFRPLQJ�
IORZ� DQG� DIIHFW� WKH� YHORFLW\� GLVWULEXWLRQV� LQVLGH� WKH�
EXLOGLQJ� HQYHORSH�� 7KH� YHORFLW\� LV� DWWHQXDWHG� DV� WKH�
IORZ� WUDYHOV� IDU� IURP� WKH� RSHQLQJV� �� DQG� �� DV�
GHSLFWHG�LQ�)LJ�����F��a��H����(YHQ�WKRXJK�WKH�LQWHUQDO�
IORZ� YHORFLW\� LV� FRPSDUDWLYHO\� VPDOO� WR� WKH� IUHH�
VWUHDP�� WKH� YHORFLW\� GLVWULEXWLRQ� GLIIHUV� IURP� OLQH� WR�
OLQH�ZKLFK�VKRZ�WKDW�WKH�IORZ�DW�WKH�FHQWUDO�DUHDV�DUH�
QRW�VWDJQDQW��,W�LPSOLHV�WKDW�WKH�SXUSRVH�RI�YHQWLODWLRQ�
LV�SDUWLDOO\�DFKLHYHG���

)LJ�� �� �D�� a� �F�� FRPSDUH� WKH� FURVV� VHFWLRQDO�
YLHZV� RI� WKH� ZLQG� YHFWRUV� RQ� PLG�SODQH� RI� WKH�
RSHQLQJ� �� LQ� RUGHU� WR� LQYHVWLJDWH� WKH� IORZ� SDWWHUQV�
DURXQG� WKH� EXLOGLQJ� IRU� FDVHV� RI�13�� � ���/��:�DQG�
�/��:��7KH�DLU�IORZ�DSSURDFKHV�IURP�OHIW�WR�WKH�ULJKW��
,Q� FDVH� RI�13�� WKH� YHORFLW\� DW� WKH� RSHQLQJ� KHLJKW� LV�
UHODWLYHO\� KLJKHU� FRPSDUHG� WR� WKH� RWKHU� FDVHV��
5HFLUFXODWLRQ� LV� REVHUYHG� DW� WKH� ORZHU� SDUW� RI� WKH�
EXLOGLQJ�QHDU�WKH�ZDOO�ZKLFK�LV�DWWULEXWHG�SDUWLDOO\�WR�
WKH�IORZ�ERXQFLQJ�EDFN�DW�WKH�ZDOO���)RU�WKH�FDVHV�RI�
���/��:� DQG� �/��:�� WKH� IORZ� LV� VHSDUDWHG� DW� WKH�
SRUFK� HGJH�� UHVXOWLQJ� LQ� WKH� GHYHORSPHQW� RI� VZLUOV�
MXVW� LQ� IURQW� RI� WKH� SRUFK� EHIRUH� WKH� IORZ� HQWHUV� WKH�
SRUFK�DUHD��7KH�IORZ�WKHQ�DWWHQXDWHG�EHORZ�WKH�SRUFK�
DUHD�GXH�WR�VKHDU�HIIHFWV�LQGXFHG�E\�WKH�SRUFK�FHLOLQJ�
DQG� WKH� IORRU� ZKLFK� FDXVHV� WKH� ZHDN� DLU� YHORFLW\�
DSSURDFKLQJ� WR� WKH� RSHQLQJ� ��� KHQFH�� ZHDN� IORZ�
YHORFLW\�LQ�WKH�EXLOGLQJ�HQYHORSH�LV�REVHUYHG��

)LJ�� �� VKRZV� WKH� ODWHUDO� YLHZ� RI� ZLQG� YHORFLW\�
YHFWRUV� IRU� WZR� GLIIHUHQW� KHLJKWV�� ���� P� �RSHQLQJ�
FHQWHU�� DQG� ���� P� KHLJKW� IURP� WKH� IORRU�� %RWK� D[HV�
VKRZ� WKH� KRUL]RQWDO� DQG� ODWHUDO� GLVWDQFH� QRUPDOL]HG�
E\� WKH� EXLOGLQJ� KHLJKW� UHVSHFWLYHO\�� � $LUIORZ� HQWHUV�
WKH�EXLOGLQJ�HQYHORSH� WKURXJK�RSHQLQJV���DQG���DQG�
IORZ�RXW� WKURXJK� RSHQLQJV� ��� �� DQG� ��� 7KH� DLU� IORZ�
YHORFLW\�QHDU�WKH�RSHQLQJ��LQVLGH�WKH�OLYLQJ�URRP�DW�D�
KHLJKW�RI����P�RI�WKH�FDVHV�RI�13�DQG����/��:�VKRZ�
KLJK� YHORFLW\� DSSURDFKLQJ� LQWR� WKH� LQWHULRU� VSDFH��
KRZHYHU�� ORZ� YHORFLW\� ZHUH� GHSLFWHG� LQ� WKH� FDVH� RI�
�/��:�IRU�ERWK� WKH�OLYLQJ�URRP�DQG� WKH�EHG�URRP���
UHVSHFWLYHO\��$LU� IORZ�YHORFLW\�HQWHUV� WKH�EHGURRP���
RI� FDVH����/��:� LV� VOLJKWO\�KLJKHU� WKDQ� WKDW� RI� FDVH�
13��DQG�LW�PD\�EH�GXH�WR�WKH�H[LVWHQFH�RI�SRUFK�WKDW�
PRGLILHV� WKH� DSSURDFKLQJ� IORZ� UHVXOWLQJ� LQ� KLJKHU�
YHORFLW\� HQWHULQJ� RSHQLQJ� ��� $W� D� KHLJKW� RI� ���� P�
IURP� WKH� URRP� IORRU�� WKH� FDVH� �/��:� VKRZV� ORZ�
YHORFLW\� IRU� ERWK� KRUL]RQWDO� DQG� ODWHUDO� GLUHFWLRQV��

�
�

Fig. 2.�'LPHQVLRQV�RI�WKH�FRPSXWDWLRQDO�GRPDLQ��D��
VHFWLRQDO�YLHZ��E��SODQ�YLHZ�
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6LJQLILFDQW� YDOXH�RI� ODWHUDO� GLUHFWLRQ�YHORFLW\� FDQ�EH�
REVHUYHG�LQ�ERWK�FDVHV�13�DQG����/��:�HVSHFLDOO\�DW�
GRRU�ZKHQ� WKH� IORZ�FKDQJHV� LWV� GLUHFWLRQ�GXH� WR� WKH�
GLVWXUEDQFH� LQGXFHG� E\� WKH� URRP¶V� ZDOO�� $W� WKH�
GLVWDQFH�IDU�IURP�WKH�RSHQLQJV���DQG����L�H��EHG�URRP�
��DQG�NLWFKHQ��WKH�YHORFLW\�LV�DWWHQXDWHG�DQG�EHFRPH�
QHDUO\�XQLIRUP�����

*HQHUDOO\�VSHDNLQJ��SDVVLYH�GHVLJQ� UHODWHG�ZLWK�
ZLQG�GULYHQ�QDWXUDO� YHQWLODWLRQ� IXOO\�GHSHQGV�RQ� WKH�
DPELHQW� FRQGLWLRQV�� WKXV�� WKH� EXLOGLQJ� GHVLJQ� LV�
QHFHVVDU\�WR�UHVSRQVH�WKH�XQVWHDG\�IOXFWXDWLRQ�RI�WKH�
ZLQG� YHORFLW\�� GLUHFWLRQ�� DLU� WHPSHUDWXUH� DQG�
KXPLGLW\�� %DVHG� RQ� WKLV� IDFW�� WKH� SUHVHQW� VWXG\�
SUHGLFWV� WKH�HIIHFW�RI�YDULRXV�EXLOGLQJ�GHVLJQV� WR� WKH�
IORZ�UDWH�WKURXJK�EXLOGLQJ�HQYHORSH��

7DEOH���VKRZV�WKH�FRPSDULVRQ�RI�WKH�YHQWLODWLRQ�
UDWH�PHDVXUHG� DW�2S���2S�� DQG� WKH� WRWDO� YHQWLODWLRQ�
UDWH� IRU� DOO� FDVHV�� ,W� LV� FOHDU� WKDW� YHQWLODWLRQ� UDWH� DW�
2S��RI�FDVH�13�LV�WKH�KLJKHVW�FRPSDUHG�WR�WKH�RWKHU����������
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FDVHV�GXH� WR� WKH�KLJK� � YHORFLW\�DSSURDFKLQJ� WRZDUGV�
RSHQLQJ� ��� KRZHYHU�� GLIIHUHQW� FRQFOXVLRQ� FDQ� EH�
GHSLFWHG�DW�RSHQLQJ���ZKLFK�FDVHV��/��:�����/��:�
DQG��/��:�VKRZ�KLJKHU�YDOXHV�FRPSDUHG�WR�FDVH�13��
)RU� ERWK� RSHQLQJV�� FDVH� �/��:� VKRZV� WKH� ORZHVW�
YDOXHV� DQG� LQ� WRWDO�� FDVH� ���/��:� JLYHV� WKH� KLJKHVW�
YHQWLODWLRQ�UDWH���$FFRUGLQJ�WR�WKLV�UHVXOW��H[WHUQDO�DLU�
IORZ� DSSURDFKHV� WR� ZLQGZDUG� ZDOO� RI� WKH� WHUUDFHG�
KRXVH� ZLWK� D� SRUFK� LV� VXSSRVHG� WR� EH� VLJQLILFDQWO\�
PRGLILHG�DW� WKH�SRUFK�HGJH�EHIRUH�HQWHULQJ�2S��DQG�
2S���$V� LW� LV� H[SHFWHG�� WKH� DSSURDFKLQJ�ZLQG� VSHHG�
WRZDUGV�RSHQLQJ�KDV�VLJQLILFDQW�HIIHFW�RQ�WKH�LQWHUQDO�
IORZ�FKDUDFWHULVWLFV�DV�ZHOO�DV�YHQWLODWLRQ���

&21&/86,21�
����,Q� WKH� SUHVHQW� VWXG\�� ZLQG� LQGXFHG� QDWXUDO�
YHQWLODWLRQ� WKURXJK� D� W\SLFDO� WHUUDFHG� KRXVHV� LV�
LQYHVWLJDWHG� E\� XVLQJ� 5H\QROGV� DYHUDJHG� 1DYLHU�
6WRNHV� HTXDWLRQV� RI� VWDQGDUG� WZR�HTXDWLRQ� N�İ�

 �
�D��

 ��
�E��

�
�F��
�

Fig. 4.�9HUWLFDO�VHFWLRQ�YLHZ�RI�ZLQG�YHFWRUV�IRU��D��13��E�����/��:��F���/��:�
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7DEOH���
)ORZ�UDWHV�LQ�HDFK�WHUUDFHG�KRXVH��P��V��
�

Simulation Cases� Op1� Op2 Total 

No Porch (NP)� ������ ������ ������

1L-1W� ������ ������ ������

0.5L-1W� ������ ������ ������

2L-1W� ������ ������ ������

1L-2W� ������ ������ ������

0.5L-2W� ������ ������ ������

2L-2W� ������ ������ ������

2S��

2S��

2S��

2S��

2S��

�D��

�E��

�F��

3R
UF
K�

3R
UF
K�

�
�

�
�

�
��������������������������������������
��������������������������������������+HLJKW� �����P��FHQWHU�RI�RSHQLQJ�����������������������������������������������������������+HLJKW� �����P�
�

Fig. 5.�9HORFLW\�YHFWRU�IRU�SODQ�YLHZ�IRU��D��13��E�����/��:�DQG��F���/��:�FDVHV�IRU�GLIIHUHQW�KHLJKWV�
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WXUEXOHQFH� PRGHO�� 7KH� VLPXODWLRQ� IRFXVHV� RQ� WKH�
IORZ�ILHOGV�LQVLGH�DQG�DURXQG�D�VLQJOH�VWRUH\�WHUUDFHG�
KRXVH� XQGHU� VHYHQ� FRQGLWLRQV� ZLWK� GLIIHUHQW� SRUFK�
VL]HV�� 7KH� YHORFLW\� GLVWULEXWLRQV� LQVLGH� URRPV� DQG�
ZLQGZDUG�ORFDWLRQ�RI�WKH�KRXVH�DV�ZHOO�DV�YHQWLODWLRQ�
UDWH� WKURXJK� RSHQLQJV� ZHUH� GHWHUPLQHG�� 2SHQLQJV�
SODFHG�DW� D�ZLQGZDUG�ZDOO� DQG�D� OHHZDUG�ZDOO�ZRUN�
DV�LQOHW�DQG�RXWOHW��UHVSHFWLYHO\��9HORFLW\�DSSURDFKHV�
WR�WKH�RSHQLQJV�FRYHUHG�E\�WKH�SRUFK�LV�DWWHQXDWHG�E\�
WKH�VKHDU�HIIHFW�LQGXFHG�E\�WKH�SRUFK�FHLOLQJ�DQG�WKH�
IORRU�UHVXOWLQJ�LQ�WKH�ZHDN�DLU�YHORFLW\��,Q�FDVHV�ZLWK�
D� SRUFK� ZLWK� D� ZLGWK� RI� KDOI� RI� WKH� IURQWDJH� RI� WKH�
KRXVH� �L�H�� FDVHV� �/��:�� ���/��:� DQG� �/��:���
KRZHYHU��WKH�LQOHW�IORZ�IRU�WKH�RSHQLQJ�XQFRYHUHG�E\�
WKH� SRUFK� LV� DFFHOHUDWHG� GXH� WR� WKH� HIIHFW� RI� IORZ�
FRQWUDFWLRQ�� DQG� VKRZ� WKH� ODUJHU� YHQWLODWLRQ� UDWH�
FRPSDUHG� WR� WKH� FDVH� ZLWK� QR� SRUFK�� 7KH� SUHVHQW�
ILQGLQJ�VKRZV�VRPH�W\SHV�RI�SRUFKHV�DUH�SRVVLEOH�WR�
HLWKHU�HQKDQFH�RU�DWWHQXDWH�ZLQG�LQGXFHG�YHQWLODWLRQ�
DFFRUGLQJ�WR�WKH�VL]H�DQG�UHODWLYH�SRVLWLRQ�EHWZHHQ�D�
SRUFK�DQG�DQ�RSHQLQJ��DQG�VXJJHVWV�WKH�LPSRUWDQFH�RI�
FDUHIXO�GHVLJQ����
�

5()(5(1&(6�
0DOD\VLD���������8QLIRUP�%XLOGLQJ�E\�/DZV��
0DOD\VLD���������1DWLRQDO�(QHUJ\�%DODQFH��
0DOD\VLD�� ������ 3RSXODWLRQ� DQG� +RXVLQJ� &HQVXV��

0DOD\VLD������������&HQVXV���
0RKDPPDG� <XVRII� :DUGDK� )DWLPDK�� 6DOOHK� (OLDV��

$GDP� 1RU� 0DULDK�� 6DSLDQ� $EGXO� 5D]DN��
6XODLPDQ�0RKDPDG�<XVRI�� ������(QKDQFHPHQW�
RI� VWDFN� YHQWLODWLRQ� LQ� KRW� DQG� KXPLG� FOLPDWH�
XVLQJ� D� FRPELQDWLRQ� RI� URRI� VRODU� FROOHFWRU� DQG�
YHUWLFDO�VWDFN��%XLOGLQJ�DQG�(QYLURQPHQW�������

1XJURKR� $JXQJ� 0XUWL�� $KPDG� 0RKG� +DPGDQ��
2VVHQ� 'LOVKDQ� 5HPD]�� ������ $� SUHOLPLQDU\�
VWXG\� RI� WKHUPDO� FRPIRUW� LQ� 0DOD\VLD
V� VLQJOH�
VWRUH\� WHUUDFHG� KRXVHV�� -RXUQDO� RI� $VLDQ�
$UFKLWHFWXUH�DQG�%XLOGLQJ�(QJLQHHULQJ�������

6DGDIL�1DVLEHK��6DOOHK�(OLDV��+DZ�/LP�&KLQ�� -DDIDU�
=DN\�� ������ (YDOXDWLQJ� WKHUPDO� HIIHFWV� RI�
LQWHUQDO�FRXUW\DUG� LQ�D� WURSLFDO� WHUUDFH�KRXVH�E\�
FRPSXWDWLRQDO� VLPXODWLRQ��(QHUJ\� DQG�%XLOGLQJ��
���0LWFKHOO�� -�:��� %HFNPDQ�� :�$�� ������
,QVWUXFWLRQV� IRU� ,%36$� 0DQXVFULSWV�� 6(/��
8QLYHUVLW\�RI�:LVFRQVLQ��0DGLVRQ�86$��

7HWVX�.XERWD��6XSLDQ�$KPDG��������(QHUJ\�HIILFLHQW�
FLW\� LQ� 0DOD\VLD�� :LQG� IORZ� LQ� QHLJKERXUKRRG�
DUHDV�� 7KH� �WK� ,QWHUQDWLRQDO� 6HPLQDU� RQ�
6XVWDLQDEOH� (QYLURQPHQW� $UFKLWHFWXUH�
�6(19$5��

7HWVX� .XERWD�� 6DQJZRR� -HRQJ�� 'RULV� +RRL� &K\HH�
7RH�� 'LOVKDQ� 5HPD]� 2VVHQ�� ������ (QHUJ\�
FRQVXPSWLRQ� DQG� DLU�FRQGLWLRQLQJ� XVDJH� LQ�
UHVLGHQWLDO� EXLOGLQJV� RI� 0DOD\VLD�� -RXUQDO� RI�
,QWHUQDWLRQDO�'HYHORSPHQW�DQG�&RRSHUDWLRQ��
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