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$%675$&7�
7KH� DUWLFOH� VWXGLHV� WKH� HIIHFWV� RI� GLIIHUHQW� EXLOGLQJ�
GHQVLWLHV� LQ� D� FHUWDLQ� OD\RXW� RI� EXLOGLQJ� FOXVWHUV� RQ�
VODE�W\SH�EXLOGLQJV¶�QDWXUDO�YHQWLODWLRQ�� ,W� LV� WKURXJK�
LQYHVWLJDWLRQ� RQ� UHDO� EXLOGLQJV� DQG� SXEOLVKHG�
DFDGHPLF� DUWLFOHV� WKDW� ZH� FRQFOXGH� D� �î�� OD\RXW� WR�
HPXODWH�WKH�PRVW�FRPPRQ�OD\RXW�RI�VODE�W\SH�EXLOGLQJ�
FOXVWHUV��6LPXODWLRQV�DUH�GRQH�ZLWK�&)'�DQG�WKHUPDO�
ORDG��DQG�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKRVH�RI�LVRODWHG�
EXLOGLQJ� DQG� QRQ�QDWXUDO� YHQWLODWLRQ� EXLOGLQJ�� :LWK�
SDUDPHWHUV�VXFK�DV�DQQXDO�FRROLQJ�ORDG�VDYLQJ�UDWH�DQG�
DLU�H[FKDQJH�UDWH�RI�QDWXUDO�YHQWLODWLRQ��D�FRQFOXVLRQ�
DERXW� WKH� LQIOXHQFH� RQ� VODE�W\SH� EXLOGLQJV¶� QDWXUDO�
YHQWLODWLRQ�FDXVHG�E\�GLIIHUHQW�EXLOGLQJ�GHQVLWLHV�DUH�
REWDLQHG��

,1752'8&7,21�
1DWXUDO� YHQWLODWLRQ� LV� DEOH� WR� QRW� RQO\� PHHW� WKH�
UHTXLUHPHQWV� RI� WKHUPDO� FRPIRUW� DQG� KHDOWK\� LQGRRU�
HQYLURQPHQW�� EXW� DOVR� SRWHQWLDOO\� FRQWULEXWH� D� ODUJH�
DPRXQW� RI� HQHUJ\� VDYLQJ�� :HOO� RUJDQL]HG� QDWXUDO�
YHQWLODWLRQ� FDQ� VDYH� HQHUJ\� DV� ZHOO� DV� LPSURYH� WKH�
LQGRRU�WKHUPDO�HQYLURQPHQW�DQG�DLU�TXDOLW\�HIIHFWLYHO\��
7KHUHIRUH�� DV� D� SDVVLYH� ZD\� RI� EXLOGLQJ� HQHUJ\�
FRQVHUYDWLRQ��QDWXUDO�YHQWLODWLRQ�LV�JUDGXDOO\�UHFHLYLQJ�
PRUH�DWWHQWLRQ�

(DUOLHU�UHVHDUFKHUV�LQ�WKLV�ILHOG�KDYH�FRQGXFWHG�PDQ\�
UHVHDUFKHV�RI�QDWXUDO�YHQWLODWLRQ�ZLWK�YDULRXV�EXLOGLQJ�
PRGHOV� LQ�GLIIHUHQW� RXWVLGH� FRQGLWLRQV��$QG�PRVW� RI�
WKHVH�UHVHDUFKHV�PDLQO\�IRFXVHG�RQ�RQH�VLQJOH�LVRODWHG�
EXLOGLQJ�� 6DQJ�+R� 6XK� ������� VWXGLHG� WKH� VXUIDFH�
ZLQG�SUHVVXUH�FRHIILFLHQW�GLVWULEXWLRQ�RI�DQ�LUUHJXODUO\�
VKDSHG�EXLOGLQJ�WKURXJK�&)'�QXPHULFDO�VLPXODWLRQV��
-RKQ�%XUQHWW��������VWXGLHG�WKH�VXUIDFH�ZLQG�SUHVVXUH�

FRHIILFLHQW� GLVWULEXWLRQ� DQG� QDWXUDO� YHQWLODWLRQ� RI� D�
+RQJ�.RQJ�KLJK�ULVH�UHVLGHQWLDO�EXLOGLQJ��

+RZHYHU�� LVRODWHG� EXLOGLQJV� DUH� QRW� VR� FRPPRQ� LQ�
UHDOLW\�� :KLOH� EXLOGLQJ� FOXVWHUV� DUH� PXFK� PRUH��
UHVHDUFKHV�RQ�EXLOGLQJ�FOXVWHUV�DUH�UDUH��)HQJ� �������
VXPPDUL]HG� D� IHZ� FRPPRQ� OD\RXWV� RI� UHVLGHQWLDO�
EXLOGLQJ�DQG�XVHG�&)'�QXPHULFDO�VLPXODWLRQ�WR�VWXG\�
WKH�VXUIDFH�ZLQG�SUHVVXUH�FRHIILFLHQW�LQ�WKRVH�OD\RXWV��
)HQJ� DOVR� SURSRVHG� D� VLPSOLILHG� PHWKRG� FDOOHG� The 
Three Basic Examples Method�WR�FDOFXODWH�WKH�VXUIDFH�
ZLQG�SUHVVXUH�LQ�UHJXODU�UHVLGHQWLDO�EXLOGLQJ�FOXVWHUV��
ZKLFK� JUHDWO\� UHGXFHG� WKH� DPRXQW� RI� QXPHULFDO�
VLPXODWLRQ�FDOFXODWLRQV��

1RQHWKHOHVV��PRVW�RI�WKH�VWXGLHV�RI�QDWXUDO�YHQWLODWLRQ�
LQ� EXLOGLQJ� FOXVWHUV� PDLQO\� IRFXVHG� RQ� WKH� VXUIDFH�
ZLQG� SUHVVXUH�� QRW� WKH� QDWXUDO� YHQWLODWLRQ� HIIHFW��
7KHUHIRUH�� E\� XVLQJ� 6WDU�&&0��� 'H67�YHQW�� HWF��� � �
WKLV�DUWLFOH�VWXGLHV�WKH�VLPXODWLRQV�RI�GLIIHUHQW�EXLOGLQJ�
GHQVLWLHV�RI�EXLOGLQJ�FOXVWHU�� LV� LQWHQGHG�WR�GHDO�ZLWK�
WKH� LQIOXHQFH� RQ� VODE�W\SH� EXLOGLQJV¶� QDWXUDO�
YHQWLODWLRQ�FDXVHG�E\�GLIIHUHQW�EXLOGLQJ�GHQVLWLHV��

&$6(�678'<�

Building model 

6ODE�W\SH� EXLOGLQJ� LV� WKH� PRVW� FRPPRQ� IRUP� RI�
UHVLGHQWLDO�EXLOGLQJV��HVSHFLDOO\�SUHYDOHQW�LQ�WKH�XUEDQ�
UHVLGHQWLDO�DUHD��2QH�REYLRXV�IHDWXUH�LV�WKDW�WKH�OHQJWK�
LV� PXFK� ODUJHU� WKDQ� WKH� ZLGWK�� ,W� LV� WKURXJK�
LQYHVWLJDWLRQ� RQ� UHDO� EXLOGLQJV� DQG� SXEOLVKHG�
DFDGHPLF�DUWLFOHV�WKDW�ZH�FRQFOXGH�WKH�PRVW�FRPPRQ�
OD\RXW�RI�VODE�W\SH�EXLOGLQJ�FOXVWHUV��ZKLFK�LV�QHDWO\�
DOLJQHG��0RVWO\��LQ�RUGHU�WR�UHFHLYH�PRUH�VXQOLJKW��WKH�
ORQJ�HGJHV�RI�WKH�EXLOGLQJV�DUH�WRZDUGV�QRUWK�RU�VRXWK��
7KH� GLVWDQFHV� EHWZHHQ� WZR� EXLOGLQJV� DUH� PDLQO\�
GHFLGHG� E\� WKH� UHTXLUHPHQWV� RI� ILUH� SUHYHQWLRQ� DQG�

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

- 3322 -



VXQVKLQH��7R�VLPSOLI\�WKH�FDVH��WKH�UHVHDUFK�VLPXODWHV�
WKH��î��OD\RXW�RI�QLQH�VDPH�VODE�W\SH�EXLOGLQJV��DQG�
VWXGLHV�WKH�FHQWUH�EXLOGLQJ�RI�WKH�FOXVWHU��

7KH�UHVHDUFK�VLPXODWHV�D�VODE�W\SH�EXLOGLQJ�ZLWK�RQO\�
ZLQG� SUHVVXUH� YHQWLODWLRQ� LQ� D� �î�� EXLOGLQJ� FOXVWHU�
WKURXJK� &)'� WHFKQRORJ\�� 7KH� &)'� VLPXODWLRQV�
REWDLQV� WKH� VXUIDFH� ZLQG� SUHVVXUH� FRHIILFLHQW�
GLVWULEXWLRQ� RI� ��� GLIIHUHQW� ZLQG� GLUHFWLRQV� �HDFK�
�������� HVWDEOLVKHV� WKH� ZLQG� SUHVVXUH� FRHIILFLHQW�
GDWDEDVH��7KHQ��WKH�GDWDEDVH�LV�SXW�LQ�'H67�YHQW��WR�
FRQGXFW�WKH�WKHUPDO�ORDG�VLPXODWLRQ�DQG�FDOFXODWH�WKH�
FRROLQJ� ORDG�DQG� WKH�YHQWLODWLRQ�UDWH��7KH�UHVXOWV�DUH�
FRPSDUHG� ZLWK� WKRVH� RI� LVRODWHG� EXLOGLQJ� DQG� QRQ�
QDWXUDO�YHQWLODWLRQ�EXLOGLQJ��6R�WKDW�WKH�HIIHFWV�RQ�WKH�
FHQWUH� EXLOGLQJ¶V� QDWXUDO� YHQWLODWLRQ� FDXVHG� E\�
GLIIHUHQW�EXLOGLQJ�GHQVLWLHV�LQ�D��î��EXLOGLQJ�FOXVWHUV�
DUH�PHDVXUHG��

7KH� VLPXODWLRQ� H[DPSOH� SLFNV� D� W\SLFDO� VODE�W\SH�
DSDUWPHQW� EXLOGLQJ� DQG� D� W\SLFDO� EXLOGLQJ� OD\RXW� LQ�
&KLQD��7KH�DSDUWPHQW�EXLOGLQJ�KDV���� IORRUV��ZLWK�D�
OHQJWK�RI������PHWHU��ZLGWK����PHWHU��VWRU\�KHLJKW���
PHWHU�DQG�WRWDO�KHLJKW����PHWHU��7KHUH�DUH���UHVLGHQWLDO�
XQLWV� RQ� HDFK� IORRU�� (DFK� UHVLGHQWLDO� XQLWV� KDV� ��
ZLQGRZV�DQG���QDWXUDO�YHQWLODWHG�URRP����WR�WKH�VRXWK��
��WR�WKH�QRUWK��

)LJXUH���VKRZV�WKH�IORRU�SODQ�RI� WKH�ZHVW�KDOI�RI�WKH�
VODE�W\SH� EXLOGLQJ�� 7KH� ZDOOV� DUH� FRORXUHG� EODFN��
ZKLOH�WKH�ZLQGRZV�DUH�FRORXUHG�UHG��
�

�
Figure 1 Floor plan of the case (west half) 

�

7KH� OD\RXW� RI� WKH� EXLOGLQJ� FOXVWHU� LV� VHW� DV� �î�� WR�
HPXODWH� WKH� UHDO� VLWXDWLRQ�� 7KH� ORQJ� HGJH� RI� WKH�
EXLOGLQJV�DUH�WRZDUGV�QRUWK�RU�VRXWK��7KH�VLPXODWLRQ�
SLFNV�ILYH�FDVHV�ZLWK�GLIIHUHQW�EXLOGLQJ�GLVWDQFHV�DQG�
EXLOGLQJ�GHQVLWLHV��7KH�EXLOGLQJ�GHQVLW\�LV�GHILQHG�DV�
)LJXUH����
�

�
Figure 2 definition of building density 

�

6SHFLILF�FDVH�VHWWLQJV�DUH�VKRZQ�LQ�7DEOH����
�

Table 1 

Case settings 

No. 
Column 

spacing/m 

Line 

spacing/m 

Building 

density/% 

�� ��� ��� ��

�� ��� ��� ����

�� ��� ��� ���

�� ��� ���� ���

�� ��� ���� ���
�

&RQVLGHULQJ� WKH� VXQVKLQH� DQG� ILUH� SUHYHQW�
UHTXLUHPHQWV�DV�ZHOO�DV�WKH�HFRQRPLF�HIILFLHQF\�LQ�WKH�
UHDO�HVWDWH��WKH�EXLOGLQJ�GHQVLW\�UDQJH�IURP����WR�����
FDQ�FRYHU�PRVW�RI�WKH�FRPPRQ�VLWXDWLRQV�� �

CFD Simulations 

7KLV� VWXG\� XVHV� 6WDU�&&0�� WR� FRQGXFW� &)'�
VLPXODWLRQ��6WDU�&&0��LV�D�SURGXFWLRQ�RI�&'�DGDSFR��
DQG�LV�ZLGHO\�XVHG�LQ�&)'�QXPHULDO�VLPXODWLRQ�ILHOG��

 &RPSXWDWLRQDO�GRPDLQ�DQG�PRGHO�DUUDQJHPHQW�

7KLV�VWXG\�QHHGV�WR�FDOFXODWH�WKH�VXUIDFH�ZLQG�SUHVVXUH�
RI�ILYH�GLUHFWLRQV������������������������DQG������QRUWK�
ZLQG�DV�����FORFNZLVH�DUUDQJHPHQW���:LQG�SUHVVXUH�RI�
WKH� RWKHU� GLUHFWLRQV� FDQ� EH� REWDLQHG� E\� V\PPHWU\��
7KHUHIRUH� WKH� EXLOGLQJ� FOXVWHU� LV� DUUDQJHG� LQ� WKH�
PLGGOH�RI�WKH�FRPSXWDWLRQDO�GRPDLQ��

7KH�FRPSXWDWLRQDO�GRPDLQ�KDV�D�VL]H�RI�����×����
× ���P�� ZKLFK� LV� VKRZQ� LQ� )LJXUH� ��� 7KH� XSSHU�
ERXQGDU\�LV�DERXW���WLPHV�RI�WKH�EXLOGLQJ�KHLJKW�DERYH�
WKH�URRIWRS��7KH�RWKHU�ERXQGDULHV�DUH�DERXW����WLPHV�
RI�WKH�EXLOGLQJ�OHQJWK�DZD\�IURP�WKH�EXLOGLQJ�FOXVWHU��
0D[LPXP�ZLQGZDUG�REVWUXFWLRQ�UDWH�LV�QR�PRUH�WKDQ�
������ �
�
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� �

Figure 3 model computational domain 
�

 0HVKLQJ�

$,-��������SURSRVHG�WKDW� WKH�PLQLPXP�PHVK�VL]H� LQ�
ZLQG�ILHOG�VLPXODWLRQ�RI�KXPDQ�VHWWOHPHQW�VKRXOG�EH�
DERXW� RQH�WHQWK� RI� WKH� DUFKLWHFWXUDO� VFDOH�� URXJKO\�
���P�a����P��,Q�WKLV�FDVH��WKH�PLQLPXP�PHVK�VL]H�LV�
�P��ZKLOH� WKH�PD[LPXP� LV���P��7KH�FHOOV� VXUURXQG�
WKH�EXLOGLQJV�DUH�WKLFNHU��DQG�JUDGXDOO\�JURZV�ELJJHU��
7KH�VXUIDFH�JURZWK�UDWH�LV�VHW�DV��������

 %RXQGDU\�FRQGLWLRQV�

,QOHW�ERXQGDU\�FRQGLWLRQ�LV�VHW�DV�YHORFLW\�LQOHW�LQ�6WDU�
&&0���:LQG�VSHHG�PDJQLWXGH� LV�VHW� WR� WKH�JUDGLHQW�
ZLQG�ZLWK�YHORFLW\�IXQFWLRQ�DV�(TXDWLRQ����

����

���
��h
hv    

 
� ����

7KH�IXQFWLRQ�UHSUHVHQWV�WKDW�WKH�ZLQG�VSHHG�LV�YK��P�V��
ZKHUH�WKH�KHLJKW�IURP�WKH�JURXQG�LV�K��P���

2XWOHW� ERXQGDU\� FRQGLWLRQ� LV� VHW� DV� SUHVVXUH� RXWOHW�
ZLWK� ERXQGDU\� SUHVVXUH� DV� �� 3D�� 8SSHU� ERXQGDU\�
DSSOLHV�V\PPHWU\�SODQH�FRQGLWLRQ��$QG�FRQGLWLRQ�ZDOO�
LV�DSSOLHG�WR�EXLOGLQJ�VXUIDFH�DQG�WKH�JURXQG��

 $FFXUDF\�YHULILFDWLRQ�

7KURXJK�VLPXODWLRQ�FRPSDULVRQ��IXUWKHU�H[SDQVLRQ�LQ�
FRPSXWDWLRQDO�GRPDLQ�RU�LQFUHDVH�LQ�PHVKLQJ�GHQVLW\�
KDV� YHU\� OLPLWHG� LPSURYHPHQW� LQ� DFFXUDF\�� DQG�ZLOO�
VLJQLILFDQWO\� LQFUHDVH� WKH� QXPEHU� RI� FHOOV�� WKHUHE\�
DIIHFWLQJ�WKH�FDOFXODWLRQ�VSHHG��

Thermal Load Simulations 

7KHUPDO� ORDG� VLPXODWLRQV� DUH� FRQGXFWHG� E\� 'H67�
YHQW��� $V� DQ� LQGHSHQGHQWO\� GHYHORSHG� WKHUPDO�
VLPXODWLRQ�VRIWZDUH��'H67�KDV�D�KLJK�DFFXUDF\�ZKLFK�
KDV�EHHQ�YDOLGDWHG�E\�PDQ\�RWKHU�WKHUPDO�VLPXODWLRQ�
VRIWZDUH�� %DVHG� RQ�'H67��'H67�YHQW�� KDV� DGGHG� D�

YHQWLODWLRQ� PRGXOH� XVLQJ� PXOWL�QHWZRUN� PHWKRG��
ZKLFK� LQFUHDVHV� WKH� DFFXUDF\� RI� WKHUPDO� ORDG�
VLPXODWLRQ�ZLWK�YHQWLODWLRQ��

%DVHG�RQ�WKH�UHVXOWV�RI�ZLQG�SUHVVXUH�REWDLQHG�IURP�
&)'� VLPXODWLRQ�� ZLQG� SUHVVXUH� FRHIILFLHQWV� RI� HDFK�
ZLQGRZ�RI�DOO����ZLQG�GLUHFWLRQV�DUH�FDOFXODWHG�DQG�
LQSXW� LQWR� 'H67�YHQW�� WR� FRQGXFW� WKHUPDO� ORDG�
VLPXODWLRQ��7KH�'H67�YHQW��PRGHO�DGRSWV���GLIIHUHQW�
JOD]LQJ�IORRU�DUHD�UDWLRV�WR�HPXODWH�GLIIHUHQW�VL]HV�RI�
ZLQGRZ�DUHD��7KH���GLIIHUHQW�JOD]LQJ�IORRU�DUHD�UDWLRV�
DUH���������������������������������������������
UHVSHFWLYHO\��

7KURXJK� WKH�VLPXODWLRQ�� WKH�KRXUO\�FRROLQJ� ORDG�DQG�
KRXUO\� QDWXUDO� YHQWLODWLRQ� YROXPH� RI� WKH� ZKROH�
EXLOGLQJ� DUH� FDOFXODWHG�� 6XP� XS� WKH� KRXUO\� FRROLQJ�
ORDG�� WKH� WRWDO� DQQXDO� FRROLQJ� ORDG� LV� REWDLQHG�� 7KH�
DYHUDJH� YHQWLODWLRQ� YROXPH� RI� QDWXUDO� YHQWLODWLRQ�
KRXUV� GLYLGHG� E\� WKH� YROXPH� RI� WRWDO� QDWXUDO�
YHQWLODWLRQ� YROXPH� RI� WKH� ZKROH� EXLOGLQJ�� �����Pñ��
ZH� FDQ� JHW� WKH� DYHUDJH� DLU� H[FKDQJH� UDWH� RI� QDWXUDO�
YHQWLODWLRQ�� 7KH� UHVXOWV� DUH� FRPSDUHG� ZLWK� WKRVH� RI�
LVRODWHG�EXLOGLQJ�DQG�QRQ�QDWXUDO�YHQWLODWLRQ�EXLOGLQJ�
REWDLQHG�E\�IRUPHU�UHVHDUFKHUV��

5(68/76�
$IWHU�&)'�VLPXODWLRQV�DQG�WKHUPDO�ORDG�VLPXODWLRQV��
UHVXOWV�DUH�FDOFXODWHG��

7DEOH� �� VKRZV� WKH� VXPPDULHV�RI� WKH� DQQXDO� FRROLQJ�
ORDG� SHU� XQLW� DUHD� �$&/�� 0:�㎡�� DQG� DYHUDJH� DLU�
H[FKDQJH� UDWH�RI�QDWXUDO�YHQWLODWLRQ� �$(5�� WLPHV��RI�
GLIIHUHQW� EXLOGLQJ� GHQVLWLHV� DQG� JOD]LQJ� IORRU� DUHD�
UDWLRV��*)$5������
�

Table 2 

ACL and AER  
of different building densities and GFAR 

building density = 5% 
*)$5� ����� ���� ����� �� ���� �� ���� ���

$&/� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �

$(5� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �
�

building density = 7.5% 
*)$5� ����� ���� ����� �� ���� �� ���� ���

$&/� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �

$(5� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �
�
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building density = 10% 
*)$5� ����� ���� ����� �� ���� �� ���� ���

$&/� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �

$(5� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �
�

building density = 15% 
*)$5� ����� ���� ����� �� ���� �� ���� ���

$&/� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �

$(5� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �
�

building density = 20% 
*)$5� ����� ���� ����� �� ���� �� ���� ���

$&/� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �

$(5� ����� ������ � ����� � ����� ������ � ����� � ����� ������ �
�

isolated building 
*)$5� ����� ���� ����� �� ���� �� ���� ���

$&/� ����� ������ ������ ������ ������ ������ � ����� � ����� �

$(5� ����� ������ ������ ������ ������ ������ ������� ������� �
�

)RUPHU�UHVHDUFKHUV�KDYH�GRQH�VLPLODU�VLPXODWLRQV�RQ�
LVRODWHG�EXLOGLQJ�DQG�QRQ�QDWXUDO�YHQWLODWLRQ�EXLOGLQJ�
RI�WKH�VDPH�DSDUWPHQW��7KLV�DUWLFOH�LV�DXWKRUL]HG�WR�XVH�
WKHVH�UHVXOWV��%DVHG�RQ�IRUPHU�UHVHDUFKHUV¶�VLPXODWLRQ�
VWXG\��WKH�DQQXDO�FRROLQJ�ORDG�SHU�XQLW�DUHD�RI�WKH�QRQ�
QDWXUDO�YHQWLODWLRQ�PRGHO�LV�������0:�㎡��7KHQ�WKH�
QDWXUDO� YHQWLODWLRQ� DQQXDO� FRROLQJ�ORDG� VDYLQJ� UDWH�
�$&65��FDQ�EH�FDOFXODWHG��DV�VKRZQ�LQ�(TXDWLRQ���� �

����NV

n

ACLACSR
ACL

 
 

����

3ORW�WKH�QDWXUDO�YHQWLODWLRQ�DQQXDO�FRROLQJ�ORDG�VDYLQJ�
UDWH� DQG� DYHUDJH� DLU� H[FKDQJH� UDWH� RI� QDWXUDO�
YHQWLODWLRQ� DFFRUGLQJ� WR� JOD]LQJ� IORRU� DUHD� UDWLR� DV�
)LJXUH���DQG�)LJXUH����

�
Figure 4 annual cooling load saving rates�

�
Figure 5 average air exchange rates 

�

)URP�WKH�UHVXOWV��LW�FDQ�EH�VHHQ�WKDW�WKHUH�LV�DQ�REYLRXV�
VLPLODULW\�DPRQJ�WKH�UHVXOWV�RI�GLIIHUHQW�FDVHV�� �

',6&866,216�
7KH� VLPXODWLRQ� UHVXOWV� VKRZ� WKDW� ZKHQ� WKH� EXLOGLQJ�
GHQVLW\�LQFUHDVHV��WKH�DQQXDO�FRROLQJ�ORDG�VDYLQJ�UDWH�
DQG� DYHUDJH� DLU� H[FKDQJH� UDWH� RI� QDWXUDO� YHQWLODWLRQ�
GHFUHDVH��$QG�WKH�WUHQG�OLQHV�RI�UHVXOWV�IURP�LVRODWHG�
EXLOGLQJ� DQG� EXLOGLQJ� LQ� D� FOXVWHU� DUH� VLPLODU��
7KHUHIRUH��ZKHQ�WKH�VLPXODWLRQ�UHVXOWV�RI�DQ�LVRODWHG�
EXLOGLQJ� DUH� JLYHQ�� WKHUH� LV� D� SRVVLELOLW\� WR� JHW� WKH�
QDWXUDO�YHQWLODWLRQ�FRQGLWLRQ�RI�D�VDPH�EXLOGLQJ�ZLWKLQ�
D�FOXVWHU�DFFRUGLQJ�WR�WKH�HPSLULFDO�YDOXHV��

7DEOH���DQG�7DEOH���RQ�WKH�QH[W�SDJH�VKRZ�WKH�UDWLRV�
RI� DQQXDO� FRROLQJ� ORDG� VDYLQJ� UDWH� DQG� DLU� H[FKDQJH�
UDWH� RI� FHQWUH� EXLOGLQJV� ZLWKLQ� FOXVWHUV� WR� WKRVH� RI�
LVRODWHG�EXLOGLQJ��$QG�WKH�EXLOGLQJ�GHQVLW\�RI�LVRODWHG�
EXLOGLQJ� LV� UHJDUGHG� DV� ��� 'LIIHUHQW� URZV� UHIHU� WR�
GLIIHUHQW� EXLOGLQJ� GHQVLWLHV� ����� ZKLOH� GLIIHUHQW�
FROXPQV�UHIHU�WR�GLIIHUHQW�JOD]LQJ�IORRU�DUHD�UDWLRV������

:LWK�UHJDUG�WR�DQQXDO�FRROLQJ�ORDG�VDYLQJ�UDWLR��LW�FDQ�
EH�HVWLPDWHG�E\�GRLQJ�LQWHUSRODWLRQ�DFFRUGLQJ�WR�7DEOH�
��� ZKHQ� WKH� JOD]LQJ� IORRU� DUHD� UDWLR� DQG� EXLOGLQJ�
GHQVLW\�RI�FHUWDLQ�FDVH�DUH�JLYHQ��

$V� IRU� DLU� H[FKDQJH� UDWH�� LW� LV� REVHUYHG� WKDW� ZLWK�
GLIIHUHQW�JOD]LQJ� IORRU� DUHD� UDWLRV�DQG�VDPH�EXLOGLQJ�
GHQVLW\��WKH�UDWLRV�RI�DLU�H[FKDQJH�UDWH�RI�EXLOGLQJ�LQ�D�
FOXVWHU�WR�WKDW�RI�DQ�LVRODWHG�EXLOGLQJ�DUH�DOPRVW�HTXDO��
$QG�WKH�UHODWLYH�GHYLDWLRQV�DUH�OHVV�WKDQ����ZKHQ�WKH�
UDWLR�LV�UHSUHVHQWHG�E\�WKH�DYHUDJH�YDOXH��7KHUHIRUH��LW�
LV�SUDFWLFDEOH�WR�XVH�WKH�DYHUDJH�YDOXHV�WR�HVWLPDWH�WKH�
DLU�H[FKDQJH�UDWH�ZLWK�D�FHUWDLQ�EXLOGLQJ�GHQVLW\��
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Table 3 

Ratios of ACSR of centre buildings within clusters to ACSR of isolated building 

� 0.25 0.5 0.75 1 2.5 5 7.5 10 
20 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

15 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

10 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

7.5 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

5 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

0 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �
 

Table 4 

Ratios of AER of centre buildings within clusters to AER of isolated building 

 � 0.25 0.5 0.75 1 2.5 5 7.5 10 AVG 

20 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

15 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

10 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

7.5 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

5 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �

0 ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ � ������ �
�

&21&/86,216�
%DVHG� RQ� WKH� VWXGLHG� FDVHV�� WKH� UHVXOWV� FDQ� EH�
VXPPDUL]HG�DV�IROORZV��

�� %XLOGLQJ�GHQVLW\� HIIHFWV� QDWXUDO� YHQWLODWLRQ��7KH�
DQQXDO� FRROLQJ� ORDG� VDYLQJ� UDWH� DQG� DYHUDJH� DLU�
H[FKDQJH� UDWH� RI� QDWXUDO� YHQWLODWLRQ� GHFUHDVH�
ZKHQ�WKH�EXLOGLQJ�GHQVLW\�LQFUHDVHV�

�� 7KHUH� LV� D� VLPLODULW\� DPRQJ� WKH� UHVXOWV� RI� VDPH�
EXLOGLQJ� ZLWK� GLIIHUHQW� EXLOGLQJ� GHQVLWLHV� DQG�
GLIIHUHQW� JOD]LQJ� IORRU� DUHD� UDWLRV�� 7KH� QDWXUDO�
YHQWLODWLRQ�RI�D�EXLOGLQJ�ZLWKLQ�D�FOXVWHU�FDQ�EH�
REWDLQHG�DFFRUGLQJ�WR�HPSLULFDO�YDOXHV��

�� :LWK�GLIIHUHQW�JOD]LQJ�IORRU�DUHD�UDWLRV�DQG�VDPH�
EXLOGLQJ�GHQVLW\��WKH�UDWLRV�RI�DLU�H[FKDQJH�UDWH�RI�
EXLOGLQJ� LQ� D� FOXVWHU� WR� WKRVH� RI� DQ� LVRODWHG�
EXLOGLQJ�DUH�DOPRVW�HTXDO��

120(1&/$785(�
h  =  KHLJKW�IURP�WKH�JURXQG��P��
vh  =  ZLQG�VSHHG�DW�WKH�KHLJKW�h��P�V� 
ACL  =  DQQXDO�FRROLQJ�ORDG�SHU�XQLW�DUHD� �

�0:�P�� 

AER  =  DYHUDJH�DLU�H[FKDQJH�UDWH 

GFAR = � JOD]LQJ�IORRU�DUHD�UDWLR 

ACSR =  DQQXDO�FRROLQJ�ORDG�VDYLQJ�UDWH 

ACLNV =  DQQXDO�FRROLQJ�ORDG�SHU�XQLW�DUHD�ZLWK�
QDWXUDO�YHQWLODWLRQ��0:�㎡� 

ACLn =  DQQXDO�FRROLQJ�ORDG�SHU�XQLW�DUHD�ZLWK�
QR�QDWXUDO�YHQWLODWLRQ��0:�㎡� 

5()(5(1&(6�
6DQJ�+R� 6XK�� ������ $SSOLFDWLRQ� RI� FRPSXWDWLRQDO�

WHFKQLTXHV� IRU� VWXGLHV� RI� ZLQG� SUHVVXUH�
FRHIILFLHQWV�DURXQG�DQ�RGG�JHRPHWULFDO�EXLOGLQJ��
-RXUQDO� RI� :LQG� (QJLQHHULQJ� DQG� ,QGXVWULDO�
$HURG\QDPLFV���	������������������

-RKQ�%XUQHWW��������:LQG�LQGXFHG�SUHVVXUH�DW�H[WHUQDO�
VXUIDFHV� RI� D� KLJK�ULVH� UHVLGHQWLDO� EXLOGLQJ� LQ�
+RQJ�.RQJ��%XLOGLQJ�DQG�(QYLURQPHQW�����������
��������

<LQJ\LQJ�)HQJ��������(VWDEOLVKPHQW�RI�ZLQG�SUHVVXUH�
FRHIILFLHQW� IRXQGDWLRQDO� GDWDEDVH� IRU� QDWXUDO�
YHQWLODWLRQ�VLPXODWLRQ��%DFKHORU¶V�GLVVHUWDWLRQ�LQ�
7VLQJKXD�8QLYHUVLW\��%HLMLQJ��&KLQD�� �

<RVKLKLGH� 7RPLQDJD�� ������ $,-� JXLGHOLQHV� IRU�
SUDFWLFDO�DSSOLFDWLRQV�RI�&)'�WR�SHGHVWULDQ�ZLQG�
HQYLURQPHQW� DURXQG� EXLOGLQJV�� -RXUQDO� RI�:LQG�
(QJLQHHULQJ� DQG� ,QGXVWULDO� $HURG\QDPLFV� ���
�����������������

4LQSHQJ�:DQJ��������6WXG\�RQ�VHQVLWLYLW\�RI�QDWXUDO�
YHQWLODWLRQ� DJDLQVW� VXUIDFH� ZLQG� SUHVVXUH�
FRHIILFLHQW�� %DFKHORU¶V� GLVVHUWDWLRQ� LQ� 7VLQJKXD�
8QLYHUVLW\��%HLMLQJ��&KLQD��
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