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$%675$&7�
$Q�DWULXP�RI�D�EXLOGLQJ�QRW� RQO\�DFFRPPRGDWHV� WKH�
IXQFWLRQV�RI�D�PHGLXP�DQG�QRGH�DV�D�PLGGOH� UHJLRQ�
RI� WKH� EXLOGLQJ
V� LQGRRU� DQG� RXWGRRU� VSDFHV�� EXW� LV�
DOVR�XWLOL]HG�DV�D�SODFH�IRU�UHVW�DQG�FRPPXQLFDWLRQ�E\�
WKH� EXLOGLQJ
V� XVHUV�� 7KHUHIRUH�� DQ� DWULXP� PXVW� EH�
SODQQHG�VR�WKDW�LW�FDQ�SHUIRUP�WKH�IXQFWLRQ�RI�LQGRRU�
FOLPDWH� FRQWURO� DV� DQ� DOO�ZHDWKHU� RSHQ� VSDFH� GXH� WR�
LWV� SK\VLFDO� QDWXUH�� DQG� DOVR� KDYH� PDQDJHPHQW�
HIILFLHQFLHV�� VXFK� DV� ZLWK� UHJDUG� WR� HQHUJ\�
FRQVXPSWLRQ�� *HQHUDOO\�� GXH� WR� LWV� VSDWLDO�
FKDUDFWHULVWLFV�� DQ� DWULXP� LV� FRQVWUXFWHG� XVLQJ� JODVV��
ZKLFK� LV� RQH� RI� WKH� PDWHULDOV� WKDW� FDQ� H[SUHVV�
RSHQQHVV�DORQJ�ZLWK�DUFKLWHFWXUDO�GHVLJQ���
+RZHYHU�� LI� WKH� DUFKLWHFWXUDO� SODQQLQJ� RI� D� JODVV�
DWULXP� JRHV� ZURQJ�� WKLV� VLJQLILFDQWO\� UHGXFHV� WKH�
FRPIRUW� RI� WKH� EXLOGLQJ
V� XVHUV� LQ� VXPPHU� DQG� WKH�
LQWHUPHGLDWH� VHDVRQV�� DQG� UDSLGO\� LQFUHDVHV� WKH�
FRROLQJ� HQHUJ\� FRQVXPSWLRQ� XVHG� WR� RYHUFRPH� WKLV�
VLWXDWLRQ��7KHUHIRUH�� WKLV�VWXG\�ZDV�FRQGXFWHG�DV�WKH�
SUHOLPLQDU\�VWXG\�IRU�VHOHFWLQJ�WKH�EHVW�LPSURYHPHQW�
SODQ� IRU� WKH� DWULXP’V� WKHUPDO� HQYLURQPHQW�� )RU� WKLV�
SXUSRVH��WKH�VWXG\�VHOHFWHG�DQ�DWULXP�EXLOGLQJ�ZKLFK�
KDV� D�Y HU\� SRRU� VXPPHU� DQG� LQWHUPHGLDWH� VHDVRQ�
HQYLURQPHQW�� FRQGXFWHG� H[SHULPHQWV� RQ� WKH� WKHUPDO�
HQYLURQPHQW� LQ� WKH� VXPPHU�� GUHZ� DUFKLWHFWXUDO�
DOWHUQDWLYHV�IRU�LPSURYHPHQW�DFFRUGLQJ�WR�WKH�UHVXOWV��
DQG� FRQGXFWHG� WKHUPDO� HQYLURQPHQW� VLPXODWLRQV� RQ�
WKHLU�HIIHFW��
�

7+(�%$&.*5281'��
7KLV� VWXG\� WDUJHWHG� *D\DQXUL� +DOO�� ZKLFK� LV� DQ�
HGXFDWLRQ� EXLOGLQJ� DIILOLDWHG� ZLWK� .LPKDH� 1DWLRQDO�
0XVHXP�� ORFDWHG� LQ�.LPKDH�VL��*\HRQJVDQJQDP�GR��
.RUHD�� 7KH� *D\DQXUL� +DOO� DWULXP� LV� ORFDWHG� DW� WKH�
IURQW�SDUW�RI�WKH�ZHVW�VLGH�RI� WKH�KDOO��6RPH�SDUWV�RI�
WKH�VRXWK�DQG�HDVW�VLGHV��DV�ZHOO�DV�WKH�FHLOLQJ�RI�WKH�
DWULXP� ZHUH� ILQLVKHG� ZLWK� JODVV�� VR� LQ� WKH� GD\WLPH�
GXULQJ� VXPPHU�� VRODU� UDGLDWLRQ� WKDW� IORZHG� LQWR� WKH�
EXLOGLQJ� DFFXPXODWHG� DQG� FUHDWHG� D� JUHHQ� KRXVH�
HIIHFW�WKDW�LQFUHDVHG�WKH�URRP�WHPSHUDWXUH���
7KXV�� LW� FRXOG� QRW� SURYLGH� D� FRPIRUWDEOH� LQGRRU�
HQYLURQPHQW�WR�WKH�EXLOGLQJ
V�YLVLWRUV��DQG�UDLVHG�WKH�
FRROLQJ� ORDG�� LQFUHDVLQJ� HQHUJ\� FRQVXPSWLRQ��
$FFRUGLQJO\�� WKHUH� LV� D� ULVLQJ� GHPDQG� IRU� DQ�

DUFKLWHFWXUDO� VROXWLRQ� DV� SDUW� RI� WKH� SODQ� IRU�
LPSURYLQJ� WKLV� EXLOGLQJ ’ V� SRRU� LQGRRU� WKHUPDO�
HQYLURQPHQW��$OVR��WKH�ZLQGRZ�IURP�ZKLFK�D�QDWXUDO�
YHQWLODWLRQ� FRROLQJ� HIIHFW� IURP�RXWGRRU� DLU� FRXOG� EH�
H[SHFWHG�LV�LQDGHTXDWH��UHVXOWLQJ�LQ�D�YHU\�KRW�LQGRRU�
HQYLURQPHQW�� HYHQ� LQ� VSULQJ� DQG� DXWXPQ�� DV�ZHOO� DV�
LQ� VXPPHU�� 7KHUHIRUH�� WKLV� VWXG\� LQYHVWLJDWHG� WKH�
FRROLQJ�HIIHFW�RI�DQ�LQFUHDVHG�QDWXUDO�DLUIORZ�WKURXJK�
WKH� EXLOGLQJ� LQ� WKH� LQWHUPHGLDWH� VHDVRQV�� )RU� WKLV�
VWXG\��DUFKLWHFWXUDO�DOWHUQDWLYHV� IRU� WKH� LPSURYHPHQW�
RI� WKH� LQGRRU� WKHUPDO� HQYLURQPHQW� RI� WKH� *D\DQXUL�
+DOO� DWULXP� ZHUH� GUDZQ�� DQG� UHJDUGLQJ� WKHVH�
DOWHUQDWLYHV��VLPXODWLRQV�ZHUH�FRQGXFWHG�WR�DVVHVV�WKH�
DPRXQW� RI� VRODU� UDGLDWLRQ� LQIORZ��PD[LPXP� FRROLQJ�
ORDG�� DQG� LQGRRU� DLU� WHPSHUDWXUH� DFFRUGLQJ� WR� WKH�
YHQWLODWLRQ� UDWH� FKDQJH�� XVLQJ� %XLOGLQJ� 'HVLJQHU��
ZKLFK� LV� D� ORDG�HQHUJ\� DQDO\VLV� SURJUDP�� DQG�
VXJJHVWLRQV�PDGH�DV�WR�WKH�EHVW�SODQ�IRU�LPSURYHPHQW��
�

63$&(�25*$1,=$7,21�
7KH� .LPKDH� 1DWLRQDO� 0XVHXP� LV� GHVLJQHG� ZLWK� D�
PDLQ� EXLOGLQJ� IRU� H[KLELWLRQV� DQG� *D\DQXUL� +DOO��
ZKLFK�LV�XVHG�IRU�H[SHULHQFH�DQG�HGXFDWLRQ��*D\DQXUL�
+DOO�FRQVLVWV�RI�WKUHH�VWRULHV��7KH�EXLOGLQJ�VXPPDU\�
LV� VKRZQ� LQ� 7DEOH� ��� DQG� HDFK� IORRU� SODQ
V�
RUJDQL]DWLRQ�LV�VKRZQ�LQ�)LJXUH���DQG�)LJXUH����7KH�
ZHVW�IDFDGH�RI��*D\DQXUL�+DOO�LV�VKRZQ�LQ�)LJXUH����
�

Table 1 Building summary of Gayanuri 

SITE 
AREA 

�����້�
TOTAL 
FLOOR 
AREA 

�����້�

NUMBER 
OF 

FLOORS 

��VWRULHV�
DERYH�JURXQG�

DQG�RQH�
XQGHUJURXQG�

IORRUV�

AREA OF 
GLAZING 
ON THE 
ROOF 

���້�

STRUC-
TURE 

5HLQIRUFHG�&RQF��	�VWHHO�VWUXFWXUH�

SPACE 
PLACE-
MENT 

�VW��)ORRU� &LQHPD�URRP���
H[SHULHQFH�OHDUQLQJ�KDOO���

�QG�)ORRU� &RQVHUYDWLRQ�ODERUDWRU\�

�UG�)ORRU� RSHQ�JDOOHU\���
H[SHULHQFH�OHDUQLQJ�KDOO���
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�
Figure 1 The 1st floor plan of  Gayanuri Hall 

 

�
Figure 2 The 3rd floor plan of Gayanuri Hall 

�

�
Figure 3 The west facade of Gayanuri Hall 

�
7KH� IDFDGH� RI� *D\DQXUL�
+DOO�IDFHV�ZHVW��DQG�VRPH�
SDUWV�RI�WKH�PDLQ�EXLOGLQJ�
DUH� GHVLJQHG� ZLWK� DQ�
DWULXP� ZKHUH� WZR� JUHDW�
DQG�VPDOO�ER[HV�LQ�FXUWDLQ�
ZDOO� VWUXFWXUH� ZLWK� JODVV�
DUH� VWDFNHG� RQ� RQH�
DQRWKHU�� 7KHUH� LV� D� OREE\�
DQG� DQ� HQWUDQFH� KDOO�
OHDGLQJ� WR� DQ� RXWGRRU�
UHVWLQJ� SODFH� RQ� WKH� ILUVW�
IORRU� RI� WKH� DWULXP��ZKLFK�
LV�LQ�D�JUHDW�ER[��DQG�WKHUH�
LV� D� FRUULGRU� DQG� D� UHVWLQJ�
KDOO� IRU� RXWGRRU� YLHZLQJ�
ORFDWHG� RQ� WKH� WKLUG� IORRU��
7KH� UDPS� VSDFH�
FRQQHFWLQJ� WKH� IORRUV� LV�
SODQQHG�LQ�D�VPDOO�ER[��
�$PRQJ� WKH� DWULXP�
GRPDLQV�� WKH� VSDFHV� WKDW�
DUH� PRVW� UHOHYDQW� WR� WKH�
WKHUPDO� HQYLURQPHQW� FDQ�

EH�VHSDUDWHG�LQWR�WKH�OREE\�KDOO��UDPS�VSDFH��HQWUDQFH�
KDOO� WR�WKH�RXWGRRU�UHVWLQJ�SODFH��DQG�WKH�UHVWLQJ�KDOO�
IRU� RXWGRRU� YLHZLQJ�� �7 KH� SUHVHQW� FRQGLWLRQ� DQG�
SUREOHPV�UHJDUGLQJ�WKHVH�DUH�DV�IROORZV��
�D��/REE\�6SDFH�
,Q� WKH� *D\DQXUL� +DOO� OREE\�
VSDFH� D� PHWDO� SODWH� ZDOO� LQ�
JUH\�DQG�KRUL]RQWDO�VKDGLQJ�
LQ�WKH�IDFDGH�RI�WKH�HQWUDQFH�
DFW� DV� WKHUPDO� HQYLURQPHQW�
FRQWUROOLQJ� IDFWRUV�� 7KH�
VWURQJ� VRODU� UDGLDWLRQ�
DURXQG� VXQVHW� LQ� VXPPHU� LV�
EORFNHG�IURP�IORZLQJ�LQVLGH�
E\�WKH�JUH\�PHWDO�SODWH�ZDOO��
LQVWDOOHG�LQ�WKH�IDFDGH�RI�WKH�
ZHVW� HQWUDQFH�� EXW� GXH� WR�
WKH� ORZ� DOWLWXGH� RI� WKH� ODWH�
DIWHUQRRQ� VXQ�� LW� LV� GLIILFXOW�
WR�FRQWURO�WKH�VRODU�UDGLDWLRQ�
ZLWK�KRUL]RQWDO�VKDGLQJ��
E��5DPS�6SDFH�
7KH�ZHVW�DQG�VRXWK�HOHYDWLRQV�RI�WKH�UDPS�VSDFH�KDYH�
D� JODVV� FXUWDLQ� ZDOO� VWUXFWXUH�� DQG� WKH� URRI� LV� DQ�
RSDTXH� VWUXFWXUH� WKDW� EORFNV� VRODU� UDGLDWLRQ�� 7KUHH�
ZLQGRZV�DUH�PDQXDOO\�RSHUDWHG��DSSUR[LPDWH�VL]H�RI�
���P�[����P�� LQ� WKH�PLGGOH� VWDLUFDVH� ODQGLQJ�RQ� WKH�
VRXWK�VLGH��EXW� WKH\�DUH� LQDGHTXDWH� WR� WKH�DPRXQW�RI�
KRW�DLU�ZKLFK�QHHGV�WR�EH�UHOHDVHG�LQ�VXPPHU��
�

�
F�� (QWUDQFH� � +DOO� IRU� 2XWGRRU� 5HVWLQJ� 3ODFH� DQG�
5HVWLQJ�+DOO�IRU�2XWGRRU�9LHZLQJ��
%HWZHHQ� WKH� WZR� GRPDLQV� ZKLFK� DUH� ORFDWHG� LQ� WKH�
JUHDW� ER[� IRUP� RI� WKH� DWULXP�� WKH� VRODU� UDGLDWLRQ�
IORZHG� LQ� WKURXJK� WKH�H[WHULRU�JODVV�HQYHORSH�RI� WKH�
WKUHH� VLGHV� RQ� WKH� HDVW�� ZHVW�� DQG� VRXWK� RI� WKH�
HQWUDQFH� KDOO� IRU� DQ� RXWGRRU� UHVWLQJ� SODFH� WKDW� LV�
ORFDWHG�RQ� WKH�ILUVW� IORRU��$QG� LQ� WKH�RXWGRRU�UHVWLQJ�
SODFH� ORFDWHG� RQ� WKH� WKLUG� IORRU�� VRODU� UDGLDWLRQ�
IORZHG� LQ� WKURXJK� IRXU� VLGHV� FRPSULVHG� RI� WKH� HDVW��
ZHVW��DQG�VRXWK�VLGHV�RI�WKH�DWULXP�SOXV�WKH�JODVV�URRI�
WRS�� %HFDXVH� RI� WKLV�� D� YHU\� VHYHUH� WHPSHUDWXUH�
VWUDWLILFDWLRQ�HIIHFW�RFFXUUHG� LQ� WKH� ORZHU�SDUW�RI� WKH�
ILUVW�IORRU�DQG�WKH�XSSHU�SDUW�RI�WKH�WKLUG�IORRU�RI�WKH�

Figure 4 The west  
elevation view Gayanuri 

 

Figure 5  
The south elevation 

view of Gayanuri Hall 

Figure 6 The grey 
metal plate wall and 
horizontal shades in 

the facade of the 
entrance 

Figure 7 The view of 
ramp space 

Figure 8 Manually 
operated window in 

the stair landing of the 
south side 
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DWULXP��$QG�VLQFH�WKH�H[KDXVW�RXWOHW�IRU�UHOHDVLQJ�WKH�
KHDWHG� XSSHU� DLU� ZDV� QRW� LQVWDOOHG�� *D\DQXUL� +DOO
V�
XVHUV� DQG� HPSOR\HHV� H[SHULHQFHG� GLVFRPIRUW�� 7KH�
FXUWDLQ�ZDOO�JODVV�LQVWDOOHG�LQ�WKH�DWULXP�LV�WHPSHUHG�
FRORUHG�JODVV�FRYHUHG� LQ�KHDW�UHIOHFWLQJ� ILOP����PP�
WKLFN�� DQG� LW� DGRSWHG� DQG� LQVWDOOHG� WKH�63*� �6SHFLDO�
3RLQW�*OD]LQJ��V\VWHP��

����������������������������

7+(50$/�(19,5210(17�
(;3(5,0(17�
7KH� LQGRRU� WKHUPDO� HQYLURQPHQW� H[SHULPHQW� DW� WKH�
DWULXP�ZDV�FRQGXFWHG�IRU�WKLUW\�GD\V�EHWZHHQ����-XO\�
DQG� ��� $XJXVW� ������ PHDVXULQJ� WKH� LQGRRU� DLU�
WHPSHUDWXUH� DQG� UHODWLYH� KXPLGLW\�� DQG� WZR�
PHDVXULQJ� SRLQWV� ZHUH� VHOHFWHG� DQG� PHDVXUHG� DV�
VKRZQ�LQ�7DEOH����

Table 2 Experiment summary 
MEASUREMENT 

ITEMS $LU�WHPS��	�UHODWLYH�KXPLGLW\��HWF��

MEASUREMENT 
POINTS 

�DW�WKH�HQWUDQFH�RI�WKH��ILUVW�IORRU�
H[SHULHQFH�OHDUQLQJ�KDOO��	�WKH�
WKLUG�IORRU�RSHQ�JDOOHU\�

MEASUREMENT 
PERIOD & 

INTERVALS 

���-XO\�DQG����$XJXVW�LQ�������
PHDVXUHPHQW�WLPH�LQWHUYDO�HDFK�
���KRXUV�

�
7KH�UHVXOW�RI�PHDVXULQJ�WKH�SRLQWV�DW�WKH�HQWUDQFH�RI�
WKH� ILUVW� IORRU� H[SHULHQFH�OHDUQLQJ� KDOO� LQ� *D\DQXUL�
+DOO�LV�VKRZQ�LQ�)LJXUH�����,W�ZDV�GLVFRYHUHG�WKDW�WKH�
RXWGRRU� PHDQ� WHPSHUDWXUH � �ZDV� �����ଇ DQG� WKH�
LQGRRU� PHDQ� WHPSHUDWXUH� ZDV� �����ଇ �� DOPRVW� QR�
GLIIHUHQFH���
$W� WKH� WLPH� RI� WKH� H[SHULPHQW�� DLU�FRQGLWLRQLQJ�ZDV�
EHLQJ� XVHG� DW� *D\DQXUL� +DOO�� EXW� LWV� HIIHFW� RQ�
ORZHULQJ� WKH� LQGRRU� WHPSHUDWXUH� ZDV� EDUHO\�
QRWLFHDEOH��$QG�DV� IRU� WKH�HQWUDQFH�RI� WKH� ILUVW� IORRU�
H[SHULHQFH�OHDUQLQJ� KDOO�� LW� ZDV� DJUHHG� WKDW� VXFK�
FRQGLWLRQ� ZDV� GXH� WR� WKH� HIIHFW� RI� H[SRVXUH� WR�

���������������������������������������� �������������������
��.RUHD�0HWHRURORJLFDO�$GPLQLVWUDWLRQ����
KWWS���ZZZ�NPD�JR�NU�ZHDWKHU�REVHUYDWLRQ��

RXWGRRU� DLU� WKURXJK� WKH� RSHQLQJ� DQG� FORVLQJ� RI� WKH�
PDLQ�HQWUDQFH�RI�*D\DQXUL�+DOO���
'XULQJ� WKH� WKLUW\� GD\V� RI� PHDVXUHPHQW�� *D\DQXUL�
+DOO� ZDV� FORVHG� RQ� ILYH� 0RQGD\V�� $QG� DPRQJ� WKH�
WZHQW\�ILYH� GD\V� WKDW� LW� ZDV� RSHQ�� WKH� LQGRRU�
WHPSHUDWXUH�ZDV�KLJKHU�WKDQ�WKH�RXWGRRU�WHPSHUDWXUH�
IRU�HLJKW�GD\V��������RI� WKH�ZKROH�� ,W� LV� MXGJHG� WKDW�
WKHUH�ZDV� D� SUREOHP� LQ� WKH� FDSDFLW\� RU� RSHUDWLRQ� RI�
WKH� DLU� KDQGOLQJ� XQLW�� DORQJ� ZLWK� WKH� WKHUPDO�
FKDUDFWHULVWLFV�RI�D�JODVV�DWULXP�LQ�VXPPHU���
7KH� UHVXOW� RI� PHDVXUHPHQWV� DW� WKH� HQWUDQFH� WR� WKH�
WKLUG� IORRU� RSHQ� JDOOHU\� LV� VKRZQ� LQ� )LJXUH� ����7KH�
RXWGRRU� PHDQ� WHPSHUDWXUH� ZDV� �����ଇ �� DQG� WKH�
LQGRRU�PHDQ� WHPSHUDWXUH�ZDV������ଇ�����ଇ�KLJKHU�
WKDQ�WKH�RXWGRRU�WHPSHUDWXUH��'XULQJ�WKH�WZHQW\�ILYH�
GD\V�RI�PHDVXUHPHQWʊ�H[FOXGLQJ� WKH� ILYH�0RQGD\V�
IURP� WKH� WKLUW\� GD\V� RI� WKH� PHDVXULQJ� SHULRGʊ� WKH�
LQGRRU� WHPSHUDWXUH� ZDV� DOZD\V� KLJKHU� WKDQ� WKH�
RXWGRRU�DLU�WHPSHUDWXUH��,W�ZDV�MXGJHG�WKDW�WKLV�KXJH�
GLIIHUHQFH� FRPSDUHG� WR� WKH� ILUVW� IORRU� H[SHULHQFH�
OHDUQLQJ�KDOO�ZDV�GXH�WR�WKH�RXWGRRU�WHPSHUDWXUH�DQG�
VRODU�UDGLDWLRQ�LQIORZ��$QG�DV�IRU�WKH�WKLUG�IORRU�RSHQ�
JDOOHU\��LW�ZDV�GHHPHG�QHFHVVDU\�WR�GHYLVH�D�SODQ�IRU�
EORFNLQJ� WKH� WUDQVPLWWHG� VRODU� UDGLDWLRQ� WKURXJK� WKH�
JODVV� LQ� RUGHU� WR� H[SHFW� DQ\� HIIHFW� IURP� WKH� DLU�
FRQGLWLRQLQJ��
�

�
Figure 11 Measurement of air temperature at the 
entrance of the first experience-learning hall and  

third floor open gallery 
 

6,08/$7,21�2)�$/7(51$7,9(6�
7KH�ELJJHVW�SUREOHP�ZLWK�*D\DQXUL�+DOO� LV� WKH�VRODU�
UDGLDWLRQ�WUDQVPLWWHG�LQWR�WKH�KDOO�DQG�KDOOZD\�RI�WKH�
JODVV�FRQVWUXFWHG�DWULXP�LQ�VXPPHU���
$V� VKRZQ� LQ� 7DEOH� ��� WKLV� VWXG\� VHOHFWHG� HOHYHQ�
DOWHUQDWLYHV� �RU� FDVHV�� IURP� WKH� ILYH� FDWHJRULHV� IRU�
UHGXFLQJ� WKH� VRODU� UDGLDWLRQ� KHDW� JDLQ�� 7KHVH��
DOWHUQDWLYHV� LQFOXGH� ���� H[WHQVLRQ� RI� WKH� *D\DQXUL�
EXLOGLQJ� WRZDUGV� WKH� HDVW� VLGH� RI� WKH� DWULXP� WR�
SURYLGH� D� VKDGRZ�� DORQJ� ZLWK� YDULRXV� PHDQV� RI� ����
LPSURYLQJ� WKH� URRI� VN\OLJKW� DW� WKH� DWULXP�� ����
LQVWDOOLQJ�DQ�LQGRRU�VKDGLQJ�GHYLFH�DW�WKH�DWULXP������
LPSURYLQJ� WKH�RXWGRRU� VKDGLQJ�GHYLFH�DW� WKH�DWULXP��
DQG� ���� FRPELQLQJ� WKH� DIRUHPHQWLRQHG� DUFKLWHFWXUDO�
DOWHUQDWLYHV��

Figure 9 The view of 
Entrance Hall for 
Outdoor Resting 

Place  

Figure 10 
 The view of  installed 

the SPG system 
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Table 3 The selection of architectural categories and 
cases for simulation 

CATEGORY/ 
CASES 

SUBDIVISION /  
CORRESPONDING IMAGE 

&DVH��
&XUUHQW�
VWDWH������������������������������������  

&DWHJRU\�
��

&DVH�
��

WKH�DOW��RI�H[WHQGLQJ�
WKH�*D\DQXUL�
EXLOGLQJ�WRZDUGV�WKH�
HDVW�VLGH�RI�WKH�DWULXP 

&DWHJRU\�
��

&DVH�
���

WKH�DOW��RI �UHSODFLQJ�
WKH�FXUUHQW�VN\OLJKW�
ZLWK�D�URRI�VWUXFWXUH 

&DVH�
���

WKH�DOW��RI �LQVWDOOLQJ��
IL[HG��LQWHULRU�EOLQGV�
OLJKW�WUDQVOXFHQW��
DOZD\V�RQ� 

&DVH�
���

WKH�DOW��RI DWWDFKLQJ�
WKH�/RZ�(�ILOP�WR�
WKH�SUHVHQW����PP�
VLQJOH�VN\OLJKW 

&DWHJRU\�
��

&DVH�
���

WKH�DOW��RI �LQVWDOOLQJ���
LQWHULRU�EOLQGV�ZLWK�
KLJK�UHIOHFWLYLW\�
�RSHUDEOH��SURYLGHG�WKDW�LQVRODWLRQ�
LQWHQVLW\�LV�PRUH�WKDQ����:�້��RQ�
WKH�ZHVW�VLGH�RQ�WKH�IRXUWK�IORRU 

&DVH�
���

WKH�DOW��RI��
LQVWDOOLQJ�LQWHULRU�
EOLQGV�RQ�WKH�HDVW��
VRXWK��ZHVW�VLGHV�RI�WKH�DWULXP 

&DVH�
���

&DVH���
�&DVH���������������������������������� 

&DWHJRU\�
��

&DVH�
���

�WKH�DOW��RI�FKDQJHV�
WKH�H[WHULRU�
KRUL]RQWDO�VKDGLQJ�
GHYLFH�DQJOH�IURP�WKH�SUHVHQW�DQJOH�
RI���WR����GHJUHHV 

&DVH�
���

WKH�DOW��RI FKDQJLQJ�
WKH�H[WHULRU�
KRUL]RQWDO�VKDGLQJ�
GHYLFH�DQJOH�IURP�WKH�SUHVHQW�DQJOH�
RI���WR����GHJUHHV 

&DWHJRU\�
��
�

&DVH�
��� &DVH����&DVH���

 &DVH�
���

&DVH����&DVH�����
&DVH����

�
7KH�EXLOGLQJ�LQSXW�GDWD�IRU�WKH�VLPXODWLRQ�LV�VKRZQ�LQ�
7DEOH� �� DQG� WKH� ZHDWKHU� GDWD� IRU� DQDO\]LQJ� WKH�
VLPXODWLRQ�DVVHVVHG�KRXUO\�LQVRODWLRQ�WKDW�IORZHG�LQWR�
WKH� DWULXP ’ V� LQGRRU� VSDFH� DV� LQ� )LJXUH� ���� DIWHU�
KDYLQJ�VHOHFWHG����-XO\�DV�WKH�VXPPHU�GHVLJQ�GD\��
$QG� DPRQJ� WKH� ZHDWKHU� HOHPHQWV� RQ� WKLV� GD\�� WKH�
PLQLPXP� RXWGRRU� DLU� WHPSHUDWXUH� ZDV� UHFRUGHG� DV�
����ଇ � DW� �� $0�� DQG� WKH� PD[LPXP� RXWGRRU� DLU�

WHPSHUDWXUH� ����ଇ� DW� �� 30�� 7KH� GLUHFW� FRPSRQHQW�
RI� WKH� VRODU� UDGLDWLRQ� KDG� LQIOXHQFH� RQ� WKH� EXLOGLQJ�
IURP���$0�WR���30��$QG�WKH�PD[LPXP�LQWHQVLW\�RI�
WKH� GLUHFW� FRPSRQHQW� ZDV� ����N:�້� DW� ������ 30��
ZKLOH� WKH� GLIIXVH� FRPSRQHQW� RI� WKH� VRODU� UDGLDWLRQ�
VKRZHG�VRODU�LQWHQVLW\�DW�WKH�OHYHO�RI�����૫����N:�
້� IURP������$0� WR� �����30��:KHQ� H[DPLQHG� SHU�
DOWHUQDWLYH�� WKH� VXPV� RI� GLUHFW� DQG� GLIIXVH� VRODU�
UDGLDWLRQ�WUDQVPLWWHG�LQWR�WKH�*D\DQXUL�DWULXP�RQ����
-XO\���DUH�DV�IROORZV���

Table 4 Simulation elements  input data  for atrium 
ATRIUM 

ELEMENTS INPUT DATA & CONTENTS 

$GMDFHQW�
URRP�

DGLDEDWLF�ERXQGDU\�FRQGLWLRQ�EHWZHHQ��
DERYH�JURXQG�DQG��XQGHUJURXQG�IORRUV�

%XLOGLQJ�
RULHQWDWLRQ� �Û�URWDWLRQ�ZHVWZDUG��IURP�GXH�QRUWK�

:LQGRZ�

0RVW�DWULXP�ZLQGRZV��LQVWDOOHG�ZLWK�
��PP�VLQJOH�JODVV��6+*&��������8�
9DOXH������:�້½.���ZKLOH�ZHVW�IDoDGH�
RI��OREE\�DQG�ODPS�VSDFH��LQVWDOOHG�ZLWK��
GRXEOH�JODVV��6+*&��������8�9DOXH�
�����:�້½.��

([WHUQDO�
VKDGLQJ�

���KRUL]RQWDO�VKDGLQJ�ORXYHUV��HDFK�RI�
ZKLFK�VHFWLRQDO�GLPHQVLRQ�LV�����PP�
×����PP��VHSDUDWLRQ�GLVWDQFH�IURP�WKH�
DWULXP�ZLQGRZ�LV�����PP��YHUWLFDO�
GLVWDQFH�LV����PP�

6FKHGXOH�
2I�WKH�ZHHN��HYHU\�0RQGD\��FORVHG���
RSHQLQJ�WLPH���$0�a����30�IURP�
HYHU\�7XHVGD\�WR�6XQGD\�

�

�
Figure 12 The weather data of 15 July as the summer 

design day 
)RU� &DVH� ��� ZKLFK� LV� WKH� SUHVHQW� VWDWH�� WKH� VXP� RI�
VRODU� UDGLDWLRQ� WUDQVPLWWHG� LQWR� WKH� LQWHULRU� RI� WKH�
DWULXP�LQ�RQH�GD\�ZDV������N:K���
)RU� &DVH� ��� ZKLFK� SODQV� WR� H[WHQG� *D\DQXUL� +DOO�
WRZDUGV�WKH�HDVW�VLGH�RI�WKH�DWULXP�LQ�RUGHU�WR�SURYLGH�
D� VKDGRZ�� WKH� DPRXQW� RI� WKH� WUDQVPLWWHG� VRODU�
UDGLDWLRQ�ZDV������N:K��JLYLQJ� WKH� UHGXFWLRQ�HIIHFW�
RI� ������ ZKHQ� FRPSDUHG� WR� WKH� SUHVHQW� VWDWH� DV�
VKRZQ�LQ�)LJXUH������,W�XVXDOO\�EORFNV�WKH�WUDQVPLWWHG�
VRODU�UDGLDWLRQ�EHIRUH�WKH�DIWHUQRRQ�DQG�EDUHO\�EORFNV�
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WKH� PD[LPXP� DPRXQW� RI� WKH� VRODU� UDGLDWLRQ� LQ� WKH�
DIWHUQRRQ��
�

�
Figure 13  Solar radiation evaluation of Category 1 
7KH�VLPXODWLRQ�UHVXOW�RI�&DWHJRU\����ZKLFK�VXJJHVWV�
WKUHH�LPSURYHPHQW�DOWHUQDWLYHV�WR�WKH�URRI�VN\OLJKW�RI�
WKH� DWULXP�� LV� VKRZQ� LQ� )LJXUH� ���� 7KH� UHVXOWV�
LQGLFDWH�WKH�DPRXQW�RI�VRODU�UDGLDWLRQ�LQIORZ�RI�&DVH�
���� ZKLFK� UHSODFHV� WKH� FXUUHQW� VN\OLJKW� ZLWK� D� URRI�
VWUXFWXUH�� LV� �����N:K�� JLYLQJ� D� UHODWLYHO\� ODUJH�
HIIHFW�RI�������ZKHQ�FRPSDUHG� WR� WKH�SUHVHQW�VWDWH��
7KH� DPRXQW� RI� VRODU� UDGLDWLRQ� LQIORZ� RI� &DVH� ����
ZKLFK� LQVWDOOV� IL[HG� LQWHULRU� EOLQGV� WKDW� DUH�
OLJKWZHLJKW� DQG� PDGH� RI� WUDQVOXFHQW� PDWHULDO�� LV�
�����N:K��JLYLQJ�D� ODUJH�HIIHFW�RI�������FRPSDUHG�
WR�WKH�SUHVHQW�VWDWH��$QG�WKH�DPRXQW�RI�VRODU�UDGLDWLRQ�
LQIORZ�RI�&DVH�����ZKLFK�DWWDFKHV�WKH�/RZ�(�ILOP�WR�
WKH� H[LVWLQJ� ��PP� VLQJOH� VN\OLJKW�� LV� �����N:K��
VKRZLQJ� D� UHODWLYHO\� �V PDOO� HIIHFW� RI� ������ 7KH�
UHVXOWV� VKRZ� WKDW� DOO� WKUHH� DOWHUQDWLYHV� EORFN� PRUH�
VRODU� UDGLDWLRQ� LQIORZ� LQ� WKH� PRUQLQJ� WKDQ� LQ� WKH�
DIWHUQRRQ���

�
Figure 14 Solar radiation evaluation of Category 2 
7KH�VLPXODWLRQ�UHVXOW�RI�&DWHJRU\����ZKLFK�VXJJHVWV�
WZR� DOWHUQDWLYHV� RI� LQVWDOOLQJ� DQ� LQGRRU� VKDGLQJ�
GHYLFH�DW�WKH�DWULXP�HOHYDWLRQ��LV�VKRZQ�LQ�)LJXUH�����
$FFRUGLQJ�WR�WKH�UHVXOW��WKH�DPRXQW�RI�VRODU�UDGLDWLRQ�
LQIORZ�RI�&DVH�����ZKLFK�LQVWDOOV�LQWHULRU�EOLQGV�ZLWK�
KLJK� UHIOHFWLYLW\� �RSHUDEOH�� SURYLGHG� WKDW� LQVRODWLRQ�
LQWHQVLW\� LV�PRUH� WKDQ����:�້��RQ� WKH�ZHVW�VLGH�RI�
WKH� IRXUWK� IORRU�� LV� �����N:K�� KDYLQJ� D� UHODWLYHO\�
KLJK� HIIHFW� RI� ������ FRPSDUHG� WR� WKH� SUHVHQW� VWDWH��
7KH� DPRXQW� RI� VRODU� UDGLDWLRQ� LQIORZ� RI� &DVH� ����
ZKLFK� LQVWDOOV� LQWHULRU� EOLQGV� RQ� WKH� HDVW�� VRXWK�� DQG�

ZHVW� VLGHV� RI� WKH� DWULXP�� VXUURXQGLQJ� WKH� ILUVW� IORRU�
HQWUDQFH� KDOO� IRU� WKH� RXWGRRU� UHVWLQJ� SODFH� DQG� WKH�
WKLUG� IORRU� UHVWLQJ� KDOO� IRU� RXWGRRU� YLHZLQJ�� LV�
�����N:K�� JLYLQJ� D� VLJQLILFDQW� HIIHFW� RI� ������
FRPSDUHG� WR� WKH� SUHVHQW� VWDWH�� $QG� WKH� DPRXQW� RI�
VRODU�UDGLDWLRQ�LQIORZ�RI�&DVH�����ZKLFK�DGRSWV�ERWK�
&DVH����DQG�&DVH�����LV������N:K��VKRZLQJ�D�ODUJH�
HIIHFW� RI� ������� )RU� &DVH� ���� VLQFH� LW� LQVWDOOV� WKH�
LQWHULRU� EOLQGV� RQ� WKH� ZHVW� ZLGH�� WKH� HIIHFW� RI�
EORFNLQJ� WKH� VRODU� UDGLDWLRQ� LV�PRVW� VLJQLILFDQW� DIWHU�
QRRQ�� $QG� &DVH� ���K DV� D� VXEVWDQWLDO� HIIHFW� RI�
EORFNLQJ�WKH�VRODU�UDGLDWLRQ�LQ�WKH�PRUQLQJ�DQG�LQ�WKH�
DIWHUQRRQ���

�
Figure 15 Solar radiation evaluation of Category 3 
7KH�VLPXODWLRQ�UHVXOW�RI�&DWHJRU\����ZKLFK�VXJJHVWV�
WZR�DOWHUQDWLYHV� IRU� FKDQJLQJ� WKH� H[WHULRU� KRUL]RQWDO�
VKDGLQJ� GHYLFH� DQJOH� RI� WKH� DWULXP�� LV� VKRZQ� LQ�
)LJXUH� ���� 7KH� DPRXQW� RI� VRODU� UDGLDWLRQ� LQIORZ� RI�
&DVH� ���� ZKLFK� FKDQJHV� WKH� H[WHULRU� KRUL]RQWDO�
VKDGLQJ�GHYLFH� DQJOH� IURP� WKH�SUHVHQW� DQJOH�RI� �� WR�
��� GHJUHHV�� LV� �����N:K�� JLYLQJ� D� UHODWLYHO\� VPDOO�
HIIHFW� RI� ������ZKHQ� FRPSDUHG� WR� WKH� SUHVHQW� VWDWH��
7KH� DPRXQW� RI� VRODU� UDGLDWLRQ� LQIORZ� RI� &DVH� ����
ZKLFK�FKDQJHV�WKH�H[WHULRU�KRUL]RQWDO�VKDGLQJ�GHYLFH�
DQJOH� IURP� WKH� SUHVHQW� DQJOH� RI� ��W R� ���GH JUHHV�� LV�
�����N:K�� VKRZLQJ� DQ� HIIHFW� RI� ������ 6LQFH� WKH�
PDMRU� GLUHFWLRQ� RI� WKH� H[WHULRU� KRUL]RQWDO� VKDGLQJ�
GHYLFH� LQVWDOODWLRQ� IDFHV� ZHVW�� LWV� HIIHFW� LV� XVXDOO\�
VKRZQ�DIWHU���30���

�
Figure 16 Solar radiation evaluation of Category 4 
,Q� WKH� &DWHJRU\� �� VLPXODWLRQ�� ZKLFK� VXJJHVWV� WZR�
FRPSUHKHQVLYH� DOWHUQDWLYHV� WKDW� DGRSW� IHDWXUHV� IURP�
WKH� SUHYLRXV� FDVHV�� WKH� DPRXQW� RI� VRODU� UDGLDWLRQ�
LQIORZ� RI� &DVH� ���� ZKLFK� DGRSWV� ERWK� &DVH� ���D QG�
&DVH� ���� LV� H[SHFWHG� WR� EH� �����N:K�� 7KLV� ZRXOG�
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JLYH� D� KXJH� HIIHFW� RI� �������ZKHQ� FRPSDUHG� WR� WKH�
SUHVHQW�VWDWH��$QG�IRU�&DVH�����ZKLFK�DGRSWV�&DVH�����
���� DQG� ���W RJHWKHU�� WKH� DPRXQW� RI� VRODU� UDGLDWLRQ�
LQIORZ� LV� H[SHFWHG� WR�EH������N:K�� VKRZLQJ� D�YHU\�
KXJH�HIIHFW�RI��������ZKHQ�FRPSDUHG�WR�WKH�SUHVHQW�
VWDWH�� 2YHUDOO�� LW�U HGXFHV� WKH� HQWLUH� DPRXQW� RI� VRODU�
UDGLDWLRQ� IURP� WKH� PRUQLQJ� WR� WKH� DIWHUQRRQ�� 7KH�
PD[LPXP�DPRXQW�RI�VRODU�UDGLDWLRQ�LQIORZ�DW�DURXQG�
�����30�LV����N:�����N:�IRU�&DVH����DQG����N:�
IRU�&DVH�����UHGXFLQJ�LW�DSSUR[LPDWHO\�E\������

�
Figure 17 Solar radiation evaluation of Category 5 
&DVH� ��� UHSODFHV� WKH� FXUUHQW� VN\OLJKW� ZLWK� D�U RRI�
VWUXFWXUH�� 7KH� DQDO\VLV� VKRZV� WKDW� LW�L V� D� SURPLVLQJ�
DOWHUQDWLYH� EHFDXVH� LWV� HIIHFW� RI� EORFNLQJ� VRODU�
UDGLDWLRQ� LV� ������ DQG� WKH�PD[LPXP� UHGXFWLRQ� UDWH�
RI� FRROLQJ� ORDG� ������� +RZHYHU�� WKHUH� FRXOG� EH�
FRQVWUXFWLRQ� RU� PDQDJHPHQW� SUREOHPV� LQ� UHJDUGV� WR�
WKH�LQVWDOODWLRQ�DYDLODELOLW\�RI�WKH�URRI�VWUXFWXUH��
,Q� DGGLWLRQ� WR� WKH� HYDOXDWLRQ� RI� WKH� VRODU� UDGLDWLRQ�
WUDQVPLWWHG�LQWR�WKH�*D\DQXUL�DWULXP�DERYH��WKH�VWXG\�
FRQGXFWHG� D�V LPXODWLRQ� HYDOXDWLRQ� UHJDUGLQJ� WKH�
PD[LPXP�FRROLQJ�ORDG��ZKLFK�LV�DQ�LPSRUWDQW�IDFWRU�
IRU� GHFLGLQJ� WKH� FDSDFLW\� RI� FRROLQJ� HTXLSPHQW�
LQVWDOODWLRQ�LQ�WKH�DWULXP��7KH�VLPXODWLRQ�GD\�ZDV�WKH�
VDPH� DV� WKH� 6XPPHU� 'HVLJQ� 'D\�� ��� -XO\�� DQG� WKH�
FRROLQJ�UHIHUHQFH�WHPSHUDWXUH�SRLQW�ZDV�VHW�DV���ଇ��
$V�VKRZQ�LQ�)LJXUH����� WKH�HYDOXDWLRQ�GHPRQVWUDWHG�
WKH� PD[LPXP� FRROLQJ� ORDG� DQG� UHGXFWLRQ� UDWLR� LQ�
FRQWUDVW� WR�WKDW�RI�WKH�SUHVHQW�VWDWH��&DVH���� IRU�HDFK�
DUFKLWHFWXUDO� DOWHUQDWLYH�� DQG� WKH� VXPPDU\� RI� WKH�
UHVXOWV�LV�DV�IROORZV��

�
Figure 18 Evaluation and comparison of  the 
maximum cooling load and reduction ratio  

according to each case 

)RU� &DVH� �� VLPXODWLRQ�� ZKLFK� SODQV� WR� H[WHQG� WKH�
*D\DQXUL�EXLOGLQJ�WRZDUG�WKH�HDVW�VLGH�RI�WKH�DWULXP��
WKH� PD[LPXP� FRROLQJ� ORDG� ZDV� �����N:�� VKRZLQJ�
DQ� LQDGHTXDWH� UHGXFWLRQ� HIIHFW� RI� ������ ZKHQ�
FRPSDUHG� WR� WKH� PD[LPXP� FRROLQJ� ORDG� RI� WKH�
SUHVHQW�VWDWH�&DVH����ZKLFK�ZDV������N:��7KH�FDXVH�
RI� � LWV� HIIHFW�EHLQJ�VR� ORZ�ZDV� WKDW� WKH�H[WHQVLRQ�RI�
WKH� DGMDFHQW� EXLOGLQJ� WRZDUGV� WKH� HDVW� VLGH� ZDV� QRW�
DEOH� WR� GHPRQVWUDWH� LWV� LQIOXHQFH� IRU� GHFUHDVLQJ� WKH�
PD[LPXP� FRROLQJ� ORDG� LQ� WKH� DIWHUQRRQ�� VLQFH� WKH�
VXPPHU�PD[LPXP�FRROLQJ�ORDG�RFFXUV�DW���30���
5HJDUGLQJ� &DWHJRU\� ��V LPXODWLRQ�� ZKLFK� VXJJHVWV�
WKUHH� LPSURYHPHQW� DOWHUQDWLYHV� IRU� WKH� URRI� VN\OLJKW�
RI�WKH�DWULXP��WKH�PD[LPXP�FRROLQJ�ORDG�RI�&DVH�����
WKH� UHSODFHPHQW� RI� WKH� FXUUHQW� VN\OLJKW� ZLWK� D� URRI�
VWUXFWXUH�� ZDV� �����N:�� UHGXFLQJ� ������� ZKHQ�
FRPSDUHG� WR� WKH� SUHVHQW� VWDWH�� DQG� WKH� PD[LPXP�
FRROLQJ� ORDG� RI� &DVH� ���� ZKLFK� LQVWDOOV� OLJKWZHLJKW�
IL[HG� LQWHULRU� EOLQGV� PDGH� RI� WUDQVOXFHQW� PDWHULDO��
ZDV�������N:��UHGXFLQJ������ZKHQ�FRPSDUHG�WR�WKH�
SUHVHQW�VWDWH��$QG�WKH�PD[LPXP�FRROLQJ�ORDG�RI�&DVH�
���� ZKLFK� DWWDFKHV� WKH� /RZ�(� ILOP� WR� WKH� H[LVWLQJ�
��PP�VLQJOH�VN\OLJKW��ZDV������N:��UHGXFLQJ������
ZKHQ�FRPSDUHG�WR�WKH�SUHVHQW�VWDWH���
,Q� &DWHJRU\� �� VLPXODWLRQ�� ZKLFK� VXJJHVWV� WZR�
DOWHUQDWLYHV�RI�LQVWDOOLQJ�DQ�LQGRRU�VKDGLQJ�GHYLFH�DW�
WKH� DWULXP� HOHYDWLRQ�� WKH� PD[LPXP� FRROLQJ� ORDG� RI�
&DVH�����ZKLFK� LQVWDOOV� WKH� LQWHULRU�EOLQGV�ZLWK�KLJK�
UHIOHFWLYLW\�� ZDV� �����N:�� UHGXFLQJ� ����� ZKHQ�
FRPSDUHG� WR� WKH� SUHVHQW� VWDWH�� DQG� WKH� PD[LPXP�
FRROLQJ� ORDG� RI� &DVH� ���� ZKLFK� LQVWDOOV� WKH� LQWHULRU�
EOLQGV�DW�WKH�HDVW��VRXWK��DQG�ZHVW�VLGHV�RI�WKH�DWULXP�
WKDW� VXUURXQGV� WKH� ILUVW� IORRU� HQWUDQFH� KDOO� IRU� WKH�
RXWGRRU� UHVWLQJ�SODFH�DQG� WKH� WKLUG� IORRU� UHVWLQJ�KDOO�
IRU� WKH� RXWGRRU� YLHZ�� ZDV� �����N:�� UHGXFLQJ� �����
ZKHQ�FRPSDUHG�WR�WKH�SUHVHQW�VWDWH��)XUWKHUPRUH��WKH�
PD[LPXP�FRROLQJ� ORDG�RI�&DVH�����ZKLFK�FRPELQHV�
ERWK�&DVH� ��� DQG� ����ZDV� �����N:�� UHGXFLQJ� �����
ZKHQ�FRPSDUHG�WR�WKH�SUHVHQW�VWDWH���
)RU� &DWHJRU\� �� VLPXODWLRQ�� ZKLFK� VXJJHVWV� WZR�
DOWHUQDWLYHV� RI� FKDQJLQJ� WKH� H[WHULRU� KRUL]RQWDO�
VKDGLQJ�GHYLFH� DQJOH�� WKH�PD[LPXP�FRROLQJ� ORDG�RI�
&DVH� ���� ZKLFK� FKDQJHV� WKH� H[WHULRU� KRUL]RQWDO�
VKDGLQJ�GHYLFH� DQJOH� IURP� WKH�SUHVHQW� DQJOH�RI� �� WR�
��� GHJUHHV�� ZDV� �����N:�� UHGXFLQJ� ����� ZKHQ�
FRPSDUHG� WR� WKH� SUHVHQW� VWDWH�� $QG� WKH� PD[LPXP�
FRROLQJ� ORDG�RI�&DVH�����ZKLFK�FKDQJHV� WKH�H[WHULRU�
KRUL]RQWDO� VKDGLQJ� GHYLFH� DQJOH� IURP� WKH� SUHVHQW�
DQJOH� RI� �� WR� ���GH JUHHV�� ZDV� �����N:�� UHGXFLQJ�
�������
5HJDUGLQJ� &DWHJRU\� �� VLPXODWLRQ�� WKH� PD[LPXP�
FRROLQJ�ORDG�RI�&DVH�����ZKLFK�DGRSWV�ERWK�&DVH����
DQG� &DVH� ���� ZDV� �����N:�� UHGXFLQJ� ������ ZKHQ�
FRPSDUHG� WR� WKH� SUHVHQW� VWDWH�� ,Q� DGGLWLRQ�� WKH�
PD[LPXP� FRROLQJ� ORDG� RI� &DVH� ���� ZKLFK� DGRSWV�
&DVH���������DQG����WRJHWKHU��ZDV������N:��KDYLQJ�D�
YHU\�KXJH�HIIHFW�RI��������
�
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(9$/8$7,21�2)��9(17,/$7,21�5$7(��
,Q� RUGHU� WR� YHULI\� WKH� QDWXUDO� YHQWLODWLRQ� FRROLQJ�
HIIHFW�LQ�WKH�DWULXP�E\�XVLQJ�ORZ�WHPSHUDWXUH�RXWGRRU�
DLU� GXULQJ� WKH� LQWHUPHGLDWH� VHDVRQV�� VSULQJ� DQG�
DXWXPQ�� WKLV� VWXG\� H[DPLQHG� WKH� LQGRRU� DLU�
WHPSHUDWXUH� GLVWULEXWLRQ� DFFRUGLQJ� WR� WKH� FKDQJH� RI�
WKH� YHQWLODWLRQ� UDWH� E\� DSSO\LQJ� WKH� RULJLQDO�&DVH� ���
QDPHO\�WKH�SUHVHQW�VWDWH���
7KH� YHQWLODWLRQ� UDWH�ZDV� FDWHJRUL]HG� LQWR� IRXU� FDVHV�
RI� RQH�� WKUHH�� ILYH�� DQG� WHQ� WLPHV�KU�� 7KH� LQGRRU� DLU�
WHPSHUDWXUH� DQDO\VLV� RI� WKH� DWULXP� DFFRUGLQJ� WR� WKH�
YHQWLODWLRQ�UDWH�FKDQJH�ZDV�FRQGXFWHG�IRU�RQH�PRQWK�
IURP� �� 0D\� WR� ��� 0D\� ZLWK� WKH� QDWXUDO� URRP� DLU�
WHPSHUDWXUH�XQGHU�WKH�QRQ�RSHUDWLQJ�DLU�FRQGLWLRQLQJ�
VLWXDWLRQ� VLPXODWLRQ�� DQG� WZR� GD\V�� ��� DQG� ���0D\��
ZKLFK� VKRZHG� WKH� DYHUDJH� GLVWULEXWLRQ� GXULQJ� WKH�
SHULRG��ZHUH�VHOHFWHG��DQG�WKHLU�UHVXOWV�DQDO\]HG���
:KHQ� H[DPLQLQJ� WKH� LQGRRU� HIIHFWLYH� WHPSHUDWXUH�
GLVWULEXWLRQ� LQVLGH� WKH� DWULXP� DFFRUGLQJ� WR� WKH�
YHQWLODWLRQ� UDWH� EDVHG� RQ� WKH� SUHVHQW� VWDWH� &DVH� ���
ZKHUH� WKH� DLU�FRQGLWLRQLQJ� ZDV� QRW� RSHUDWHG� LQ� WKH�
LQWHUPHGLDWH� VHDVRQ�� DV� VKRZQ� LQ� )LJXUH� ���� WKH�
LQGRRU� DYHUDJH� HIIHFWLYH� DLU� WHPSHUDWXUH�� ZKLFK�
FRQVLGHUV�WKH�UDGLDWLRQ�HIIHFW�RI�LQVRODWLRQ��ZDV�����ଇ�
IRU�WKH�EDVLF�SODQ�ZLWK�D�RQH�WLPH�KU�YHQWLODWLRQ�UDWH��
����ଇ� IRU� WKUHH� WLPHV�KU�� ����ଇ� IRU� ILYH� WLPHV�KU��
DQG�����ଇ�IRU�WHQ�WLPHV�KU���

�
Figure 19  Atrium indoor effective  temperature 

comparison according to the ventilation rate 
�

&21&/86,21�
5HJDUGLQJ�WKH�IDFW�WKDW�WKH�LQGRRU�WHPSHUDWXUH�RI�WKH�
*D\DQXUL� +DOO� DWULXP�� LQ� .LPKDH�VL��
*\HRQJVDQJQDP�GR�� .RUHD�� LQFUHDVHV� GXH� WR� VRODU�
UDGLDWLRQ�� UHVXOWLQJ� LQ� D� YHU\� KLJK� WHPSHUDWXUH� LQ�
VXPPHU��WKLV�VWXG\�ZDV�FRQGXFWHG�ZLWK�D�SXUSRVH�RI�
VXJJHVWLQJ� RSWLPXP� VROXWLRQV� DIWHU� HYDOXDWLQJ� DQG�
DQDO\]LQJ� YDULRXV� DUFKLWHFWXUDO� DQG� YHQWLODWLRQ�
LPSURYHPHQW� DOWHUQDWLYHV� IRU� LPSURYLQJ� VXFK�
FLUFXPVWDQFHV�HIILFLHQWO\��DQG�WKH�PDLQ�UHVXOWV�RI�WKLV�
VWXG\�FDQ�EH�VHHQ�IURP�WKH�IROORZLQJ���
��� $V� VKRZQ� LQ� 7DEOH� ��� WKLV� VWXG\� VHOHFWHG� HOHYHQ�
DOWHUQDWLYHV� IURP� WKH� ILYH� FDWHJRULHV�� ZKLFK� LQFOXGH�
H[WHQGLQJ�WKH�*D\DQXUL�EXLOGLQJ�WRZDUGV�WKH�HDVW�VLGH�
RI� WKH� DWULXP� WR� SURYLGH� D� VKDGRZ�� DORQJ� ZLWK�

DOWHUQDWLYHV� IRU� LPSURYLQJ� WKH� URRI� VN\OLJKW� DW� WKH�
DWULXP�� LQVWDOOLQJ� DQ� LQGRRU� VKDGLQJ� GHYLFH� DW� WKH�
DWULXP�� LPSURYLQJ� WKH�RXWGRRU� VKDGLQJ�GHYLFH�DW� WKH�
DWULXP�� DV� ZHOO� DV� FRPELQDWLRQV� RI� WKH�
DIRUHPHQWLRQHG� DUFKLWHFWXUDO� DOWHUQDWLYHV�� ,W�
HYDOXDWHG� WKHLU� DWULXP� LQVRODWLRQ� DQG� FRROLQJ� ORDGV�
ZLWK� VLPXODWLRQV�� $V� D� UHVXOW�� WKH� UHGXFWLRQ� RI�
LQVRODWLRQ� DQG� UHGXFWLRQ� UDWLR� RI� WKH� PD[LPXP�
FRROLQJ� ORDG� DW� WKH� DWULXP� IRU� HDFK� DOWHUQDWLYH� ZHUH�
SUHGLFWHG�LQ�)LJXUHV����a�����UHVSHFWLYHO\���
���&DVH����ZDV� VHOHFWHG�DV� WKH� ILQDO�DOWHUQDWLYH�� DQG�
WKH�DUFKLWHFWXUDO�LPSURYHPHQW�SRLQWV�RI�WKH�*D\DQXUL�
+DOO� DWULXP�� ZKLFK� ZHUH� SURSRVHG� EDVHG� RQ� WKLV�
DOWHUQDWLYH��LQFOXGH�WKH�IROORZLQJ��
D�� $OWHUQDWLYH� IRU� ,PSURYLQJ� 5RRI� 6N\OLJKW� DW� WKH�
$WULXP�
)LUVW�� LW�D GRSWHG� WKH� DOWHUQDWLYH� RI� LQVWDOOLQJ� IL[HG��
OLJKWZHLJKW� LQWHULRU� EOLQGV� PDGH� RI� WUDQVOXFHQW�
PDWHULDO�� DPRQJ� WKH� DOWHUQDWLYHV� WKDW� FKDQJH� WKH�
DWULXP�URRI�VN\OLJKW��LQ�RUGHU�WR�UHGXFH�������RI�WKH�
WUDQVPLWWHG�VRODU�UDGLDWLRQ�DQG������RI�WKH�PD[LPXP�
FRROLQJ� ORDG�� ZKHQ� FRPSDUHG� WR� WKH� SUHVHQW� VWDWH��
7KH� DOWHUQDWLYH� RI� LQVWDOOLQJ� D� URRI� VWUXFWXUH� ZDV�
H[SHFWHG� WR� KDYH� D� VLJQLILFDQW� HIIHFW�� EXW� VLQFH�
*D\DQXUL� +DOO� ZRXOG� KDYH� KDG� WR� EH� FORVHG� IRU� D�
FRQVLGHUDEOH�OHQJWK�RI�WLPH��LW�ZDV�H[FOXGHG�IURP�WKH�
DUFKLWHFWXUDO�LPSURYHPHQW�DOWHUQDWLYHV��

�
E�� $OWHUQDWLYH� IRU� ,PSURYLQJ� WKH� (OHYDWLRQ� RI� WKH�
$WULXP��
$V� LV� VKRZQ� IURP�)LJXUH���� WR�)LJXUH�����������RI�
WKH�VRODU�UDGLDWLRQ�LQIORZ�DQG������RI�WKH�PD[LPXP�
FRROLQJ�ORDG FRXOG�EH�UHGXFHG��ZKHQ�FRPSDUHG�WR�WKH�
SUHVHQW� VWDWH�� E\� LQVWDOOLQJ� LQWHULRU� EOLQGV� ZLWK� KLJK�
UHIOHFWLYLW\� VODWV�� ZKLFK� DUH� RSHUDEOH� SURYLGHG� WKDW�
LQVRODWLRQ� LQWHQVLW\� LV�PRUH� WKDQ����:�້�� WDUJHWLQJ�
WKH� ZKROH� ZHVW� ZLQGRZ� RI� WKH� DWULXP�� WKH� VRXWK�
ZLQGRZ� RI� WKH� UDPS� VSDFH�� DQG� WKH� HDVW� DQG� VRXWK�
VLGHV�RI�WKH�DWULXP��DQG�ZKLFK�VXUURXQG�WKH�ILUVW�IORRU�
HQWUDQFH� KDOO� IRU� WKH� RXWGRRU� UHVWLQJ� SODFH� DQG� WKH�
WKLUG� IORRU� UHVWLQJ� KDOO� IRU� WKH� RXWGRRU� YLHZ� LQ�
HOHYDWLRQ��)RU�WKH�FXUUHQW�VKDGLQJ�ORXYHU��LWV�VHFWLRQDO�
GLPHQVLRQ� LV� ���� PP� × � ��� PP�� WKH� VHSDUDWLRQ�
GLVWDQFH� IURP� WKH� DWULXP� ZLQGRZ� LV� ����P P�� WKH�
YHUWLFDO�GLVWDQFH�LV����PP��DQG�D�WRWDO�RI����ORXYHUV�
DUH� LQVWDOOHG�� $V� VKRZQ� LQ� )LJXUH� ���� WKH� DQJOHV� RI�

Figure 20 Installation area 
 Of fixed- type roof skylight interior blinds  
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WKH�H[WHULRU�KRUL]RQWDO�VKDGLQJ�WKDW�LV�LQVWDOOHG�RQ�WKH�
ZKROH� ZHVW� VLGH� RI� WKH� DWULXP�ZHUH� FKDQJHG� WR� ��°�
IURP� WKH� FXUUHQW� KRUL]RQWDO� GLUHFWLRQ�� LQ� RUGHU� WR�
UHGXFH� ����� RI� WKH� FXUUHQW� FRROLQJ� ORDG�� $QG� LW� LV�
H[SHFWHG� WKDW� LWV� HIIHFW� ZLOO� LQFUHDVH� LI� WKH� YHUWLFDO�
GLVWDQFH� RU� QXPEHU� RI� LQVWDOODWLRQ� ZHUH� WR� EH�
GHVLJQHG�RSWLPDOO\��

Figure 21 Installation  area of  operable  interior 
blind for the  west elevation of atrium) 

Figure 22 Installation area of  operable  interior 
blind for the  south elevation of atrium 

Figure 23 Installation area of operable  interior 
blind for the east elevation of atrium  

Figure 24 Alteration  area of external shading louver 
angle for the west elevation of ramp space   

 
���,Q�RUGHU�WR�YHULI\�WKH�QDWXUDO�FRROLQJ�HIIHFW�RI�WKH�
DWULXP�E\� XVLQJ� ORZ� WHPSHUDWXUH� RXWGRRU� DLU� GXULQJ�
WKH� LQWHUPHGLDWH� VHDVRQV� RI� VSULQJ� DQG� DXWXPQ�� WKH�
YHQWLODWLRQ� UDWH� ZDV� VHW� LQ� IRXU� FDVHV� RI� RQH�� WKUHH��
ILYH��DQG�WHQ�WLPHV�KU��EDVHG�RQ�WKH�SUHVHQW�VWDWH�&DVH�
�� DQG� VLPXODWLRQV�ZHUH� FRQGXFWHG��)LJXUH���� VKRZV�
WKH� FKDQJH� RI� WKH� DYHUDJH� HIIHFWLYH� WHPSHUDWXUH� RI�
WKH�DWULXP��7KHUHIRUH��WKH�VWXG\�HVWDEOLVKHG�D�QDWXUDO�
YHQWLODWLRQ�FRROLQJ�VWUDWHJ\�IRU�WKH�DWULXP�WKDW�FRXOG�
DFWLYHO\� EULQJ� WKH� RXWGRRU� DLU� LQVLGH� E\� SUHSDULQJ�
ERWK� ORZ� OHYHO� LQOHW� DQG� KLJK� OHYHO� RXWOHW�� XVLQJ�
ZLQGRZV� ZKLFK� FDQ� EH� RSHQHG�� DV� LW� LV� VKRZQ� LQ�
)LJXUHV� ��� WR� ���� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH�
RXWGRRU� DLU� DQG� WKH� LQGRRU� FRQGLWLRQV� GXULQJ� WKH�
LQWHUPHGLDWH�VHDVRQV���

Figure 25 Installation  points of  openable window 
for the west elevation of atrium 

Figure 26 Installation  points of  openable window 
for the south elevation of atrium 

Figure 27 Installation points of  openable window for 
the east elevation of atrium 

%DVHG�RQ�WKH�EHVW�SODQ��WKH�FXUUHQW�UHQRYDWLRQ�GHVLJQ�
DQG� FRQVWUXFWLRQ� DUH� LQ� SURJUHVV�� DQG� DIWHU�
FRPSOHWLRQ�� WKH� HIIHFW� RI� LWV� LQVWDOODWLRQ� ZLOO� EH�
YHULILHG�� 
�
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