
,03529('�&21'8&7,21�75$16)(5�)81&7,21�&2()),&,(176�
*(1(5$7,21�,1�7516<6�08/7,=21(�%8,/',1*�02'(/�

�
%HQRLW�'HOFURL[���0LFKDsO�.XPPHUW���$KPHG�'DRXG���DQG�0DULRQ�+LOOHU��

�eFROH�3RO\WHFKQLTXH�GH�0RQWUpDO��'HSW�RI�0HFKDQLFDO�(QJLQHHULQJ��0RQWUpDO��4&��&DQDGD�
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�O¶eQHUJLH��+\GUR�4XpEHF�5HVHDUFK�,QVWLWXWH��6KDZLQLJDQ��

4&��&DQDGD�
�75$1662/$5�(QHUJLHWHFKQLN�*PEK��6WXWWJDUW��*HUPDQ\�

�
�

$%675$&7�
0DQ\� EXLOGLQJ� HQHUJ\� SHUIRUPDQFH� VLPXODWLRQ�
SURJUDPV� �LQFOXGLQJ� 7516<6�� XVH� WKH� &RQGXFWLRQ�
7UDQVIHU� )XQFWLRQ� �&7)�� PHWKRG� WR� FRPSXWH� ��'�
WUDQVLHQW� KHDW� FRQGXFWLRQ� WKURXJK� PXOWL�OD\HU� VODEV��
3UREOHPV� KDYH� EHHQ� UHSRUWHG� ZLWK� WKH� FXUUHQW� &7)�
LPSOHPHQWDWLRQ� LQ� WKH� 7516<6� PXOWL]RQH� EXLOGLQJ�
PRGHO�� HVSHFLDOO\� GXULQJ� WKH� &7)� FRHIILFLHQWV�
JHQHUDWLRQ��7KHVH�SUREOHPV�DUH� UHODWHG� WR�KHDY\�DQG�
KLJKO\�LQVXODWHG�VODEV�DQG�VKRUW�WLPH�VWHS�VLPXODWLRQV�
�OHVV�WKDQ����PLQXWH�WLPH�VWHS���7KLV�SDSHU�GHVFULEHV�
WKH� LPSOHPHQWDWLRQ� RI� D� QHZ� &7)� FRHIILFLHQWV�
JHQHUDWLRQ� PHWKRG� LQ� WKH� 7516<6� EXLOGLQJ�
SUHSURFHVVRU� �751%XLOG��� 7KH� HIILFLHQF\� DQG� WKH�
OLPLWDWLRQV�RI�WKLV�PHWKRG�DUH�DOVR�GLVFXVVHG����������

,1752'8&7,21�
7UDQVLHQW� FRQGXFWLRQ� KHDW� WUDQVIHU� WKURXJK� EXLOGLQJ�
VODEV� LV� D� NH\� DVSHFW� RI� FRROLQJ� DQG� KHDWLQJ� ORDGV�
FDOFXODWLRQ��7KHVH� FDOFXODWLRQV� FDQ�EH�SHUIRUPHG�E\�
VHYHUDO� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ� �%36��
SURJUDPV� VXFK� DV� (QHUJ\3OXV� �(QHUJ\3OXV�
'RFXPHQWDWLRQ�� ������� (63�U� �(QHUJ\� 6\VWHPV�
5HVHDUFK�8QLW��������DQG�7516<6��75$1662/$5�
(QHUJLHWHFKQLN�*PEK���������7KH�FXUUHQW�LQWHUHVW�IRU�
QHW�]HUR� HQHUJ\� EXLOGLQJV� DQG� IRU� EHWWHU� SRZHU�
GHPDQG� PDQDJHPHQW� VWUDWHJLHV� UHTXLUHV� DFFXUDWH�
WUDQVLHQW� VLPXODWLRQ� RI� KHDY\� DQG� KLJKO\� LQVXODWHG�
VODEV�ZLWK� VKRUW� WLPH�VWHSV� �ORZHU� WKDQ����PLQXWHV���
,W� WKHQ� UHSUHVHQWV� D� FKDOOHQJH� IRU� FRGHV� WKDW� ZHUH�
PDLQO\�GHYHORSHG�IRU�\HDUO\�HQHUJ\�ORDG�FDOFXODWLRQV�
ZLWK� D� WLPH�VWHS� RI� �� KRXU�� ,W� LV� WKH� FDVH� RI� WKH�
7516<6�EXLOGLQJ�PRGHO� �FDOOHG�7\SH� ����ZKLFK� LV�
NQRZQ� WR� KDYH� OLPLWDWLRQV� ZLWK� KHDY\� DQG� KLJKO\�
LQVXODWHG� VODEV� DQG� ZLWK� VKRUW� WLPH�VWHSV�� 7KHVH�
OLPLWDWLRQV�FRPH�IURP�WKH�PHWKRG�XVHG�E\�7516<6�
IRU�PRGHOLQJ� FRQGXFWLRQ� KHDW� WUDQVIHU� WKURXJK� VODEV�
ZKLFK�LV�NQRZQ�DV�WKH�&RQGXFWLRQ�7UDQVIHU�)XQFWLRQ�
�&7)�� PHWKRG�� ,Q� SDUWLFXODU�� SUREOHPV� KDYH� EHHQ�
LGHQWLILHG�LQ�WKH�JHQHUDWLRQ�RI�&7)�FRHIILFLHQWV��DQG�D�
VROXWLRQ� KDV� EHHQ� SURSRVHG� �'HOFURL[�� .XPPHUW��
'DRXG�� 	� +LOOHU�� ������� 7KLV� SDSHU� UHSRUWV� RQ� WKH�
LPSOHPHQWDWLRQ�RI�D�QHZ�PHWKRG�RI�&7)�FRHIILFLHQWV�
JHQHUDWLRQ� LQ� WKH� 7516<6� EXLOGLQJ� SUHSURFHVVRU��
NQRZQ�DV�751%XLOG��7KH�PHWKRG�LV�H[SODLQHG��DQG�D�
VLPSOH� H[DPSOH� LV� SURYLGHG�� 5HVXOWV� REWDLQHG� XVLQJ�
WKH�LPSURYHG�YHUVLRQ�RI�751%XLOG�IRU�GLIIHUHQW�ZDOO�

W\SHV� WKDW� FDXVH� SUREOHPV� DUH� SUHVHQWHG� DQG�
GLVFXVVHG��LQFOXGLQJ�D�IXOO�KRXVH�PRGHO�IRU�D�QHW�]HUR�
HQHUJ\�UHQRYDWLRQ�SURMHFW�����������

67$7(�2)�7+(�$57�
7KH� &7)� PHWKRG� KDV� EHHQ� LPSOHPHQWHG� LQ� PDQ\�
%36�SURJUDPV��LQFOXGLQJ�7516<6�DQG�(QHUJ\3OXV��
WR� PRGHO� ��'� WUDQVLHQW� FRQGXFWLRQ� KHDW� WUDQVIHU�
WKURXJK�EXLOGLQJ�VODEV�� ,W�ZDV� LQWURGXFHG�E\�0LWDODV�
DQG� 6WHSKHQVRQ� ������� DQG� FRQVLVWV� LQ� WLPH� VHULHV�
ZKLFK� DOORZ� WR� FRPSXWH� WKH� LQVLGH� DQG� RXWVLGH�
VXUIDFH�KHDW�IORZV���̇� DQG��̇� ��IURP�FXUUHQW�DQG�SDVW�
YDOXHV�RI�VXUIDFH� WHPSHUDWXUHV��7VL�DQG�7VR��DQG�SDVW�
YDOXHV�RI�KHDW�IORZV�WKHPVHOYHV���
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�̇� , = 𝑎
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− 𝑏 𝑇 ,
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   �̇� , �

����

:KHUH��

∑ 𝑎  

∑ 𝑑   =   
∑ 𝑏  

∑ 𝑑   =   
∑ 𝑐  

∑ 𝑑   = 𝑈� ����

7KH�FRHIILFLHQWV�D��E��F�DQG�G�DUH�NQRZQ�DV�WKH�&7)�
FRHIILFLHQWV�� 7KHVH� FRHIILFLHQWV� DOORZ� FKDUDFWHUL]LQJ�
WKH� G\QDPLF� EHKDYLRU� RI� D� VODE�� 7KH\� DUH� JHQHUDWHG�
RQO\� RQFH� EHIRUH� WKH� VLPXODWLRQ� IRU� D� FHUWDLQ�
WLPHEDVH�YDOXH�ǻWE�ZKLFK� LV� WKH�&7)� WLPH�VWHS��7KH�
WLPHEDVH�PXVW� EH� GLVWLQJXLVKHG� IURP� WKH� VLPXODWLRQ�
WLPH�VWHS��7516<6�VLPXODWLRQV�FDQ�UXQ�ZLWK�D�WLPH�
VWHS� WKDW� LV� VKRUWHU� WKDQ� WKH� WLPHEDVH��DV� ORQJ�DV� WKH�
ODWWHU� LV�DQ� LQWHJHU�PXOWLSOH�RI� WKH� IRUPHU�� 7KH� LGHDO�
FDVH� LV� WR� KDYH� HTXLYDOHQW� YDOXHV�� EXW� WKLV� FDQQRW�
DOZD\V� EH� DFKLHYHG� IRU� KHDY\� DQG� KLJKO\� LQVXODWHG�

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

- 2667 -



VODEV�� ZKLFK� UHTXLUH� ORQJHU� WLPHEDVH� YDOXHV�
�VRPHWLPHV� VHYHUDO� KRXUV�� WR� EH� VLPXODWHG� LQ�
7516<6��$�GLIIHUHQFH�EHWZHHQ� WLPHEDVH� DQG� WLPH�
VWHS� FUHDWHV� D� VWDLU�VWHS� HIIHFW� ZKLFK� EHFRPHV�PRUH�
SURQRXQFHG�DV�WKH�GLIIHUHQFH�LQFUHDVHV��
6HYHUDO� PHWKRGV� H[LVW� IRU� JHQHUDWLQJ� WKH� &7)�
FRHIILFLHQWV�� 6SLWOHU� DQG� DO�� PDGH� D� FRPSDULVRQ�
EHWZHHQ� WKH� GLIIHUHQW� DYDLODEOH� PHWKRGV� �/L�� &KHQ��
6SLWOHU��	�)LVKHU���������7KH�WZR�PHWKRGV�PRVW�RIWHQ�
XVHG� LQ� SUDFWLFH� DUH� WKH� 'LUHFW�5RRW� )LQGLQJ� �'5)��
DQG�WKH�6WDWH�6SDFH��66��PHWKRGV��7KH�ILUVW�RQH�ZDV�
GHYHORSHG� E\�0LWDODV� DQG� $UVHQHDXOW� ������� DQG� LV�
XVHG� LQ� 7516<6�� 7KH� 66� PHWKRG� LV� IRU� H[DPSOH�
GHVFULEHG� E\� 6HHP� ������� DQG� LV� FXUUHQWO\� XVHG� LQ�
(QHUJ\3OXV�� 6HYHUDO� SDSHUV� �LQFOXGLQJ� �/L�� &KHQ��
6SLWOHU�� 	� )LVKHU�� ������� GHPRQVWUDWHG� WKDW� WKH� 66�
PHWKRG�LV�PRUH�HIILFLHQW�EHFDXVH�LW�DOORZV�JHQHUDWLQJ�
WKH�&7)�FRHIILFLHQWV�IRU�D�ORZHU�WLPHEDVH�YDOXH��
:LWK�WKH�VWDLU�VWHS�HIIHFW��WKHUH�LV�D�VHFRQG�GUDZEDFN�
ZLWK� WKH�&7)�PHWKRG�ZKLFK� LV� WKH�GLIILFXOW\� WR� WDNH�
LQWR� DFFRXQW� WLPH�YDULDQW� SURSHUWLHV�� VLQFH� WKH�
FRHIILFLHQWV� DUH� JHQHUDWHG� RQO\� RQFH� EHIRUH� WKH�
VLPXODWLRQ� �SUH�SURFHVVLQJ���7KLV� LV�JHQHUDOO\�QRW�DQ�
LVVXH�ZLWK�FRQYHQWLRQDO�ZDOOV�EXW�LW� LV�DQ�REVWDFOH�WR�
PRGHOLQJ� SKDVH� FKDQJH� PDWHULDOV� �3&0�� HPEHGGHG�
LQ�ZDOOV�DQG�VODEV��

0$7+(0$7,&$/�'(6&5,37,21�
7KH�PHWKRG� WR� JHQHUDWH� &7)� FRHIILFLHQWV� SUHVHQWHG�
LQ� WKLV� VHFWLRQ� LV� DGDSWHG� IURP� 6HHP� �������� 7KH�
SULQFLSOH�LV�WR�REWDLQ�D�VWDWH�VSDFH��66��UHSUHVHQWDWLRQ�
RI� D� VODE� DQG� WR� FRQYHUW� WKDW� PRGHO� LQWR� D� WUDQVIHU�
IXQFWLRQ�UHSUHVHQWDWLRQ���
*HQHUDWLQJ�WKH�&7)�FRHIILFLHQWV�UHTXLUHV���VWHSV��
� 6HOHFWLRQ� RI� WKH� QXPEHU� RI� QRGHV� DQG� WKHLU�

SRVLWLRQLQJ��
� &RQVWUXFWLRQ�RI�WKH�66�PRGHO��
� 'LVFUHWL]DWLRQ�RI�WKH�66�PRGHO��
� &DOFXODWLRQ�RI�WKH�&7)�FRHIILFLHQWV��
� &KHFN�RI�WKH�JHQHUDWHG�&7)�FRHIILFLHQWV��

6HOHFWLRQ� RI� WKH� QXPEHU� RI� QRGHV� DQG� WKHLU�
SRVLWLRQLQJ�
7KH� ILUVW� VWHS� FRQVLVWV� LQ� VSDWLDOO\� GLVFUHWL]LQJ� HDFK�
OD\HU� RI� WKH� VODE� E\� QRGHV�� 7KH� QXPEHU� RI� QRGHV� LV�
FKRVHQ�DFFRUGLQJ� WR� OD\HUV�FKDUDFWHULVWLFV�� DQG�PRUH�
HVSHFLDOO\�WKH�)RXULHU�QXPEHU�)R�ZKLFK�LV�FRPSXWHG�
DV� VKRZQ� LQ� (TXDWLRQ� ����� 7KLV� PHWKRG� LV� DGDSWHG�
IURP� WKH� RQH� XVHG� LQ� (QHUJ\3OXV� �(QHUJ\3OXV�
'RFXPHQWDWLRQ���������������

𝐹𝑜 = 𝛼  𝛥𝑡𝑏
𝐿 � ����

:KHUH�WKH�WKHUPDO�GLIIXVLYLW\�Į�LV�GHILQHG�DV��

𝛼 = 𝑘
𝜌  𝐶 � ����

7KH� SULQFLSOH� LV� QRZ� WR� GHILQH� DQ� RSWLPDO� VSDFLQJ�
EHWZHHQ�WKH�QRGHV��QDPHG�ǻ[��(TXDWLRQ�������$�KLJK�
)RXULHU� QXPEHU� ZLOO� JLYH� PRUH� DFFXUDF\� �PRUH�
QRGHV�� EXW� D� KLJKHU� FRPSXWDWLRQDO� WLPH�� $� YDOXH� RI�
����ZDV�VHOHFWHG�DIWHU�LQLWLDO�WHVWLQJ���

∆𝑥 =    𝛼  𝛥𝑡𝑏
𝐹𝑜           (𝑤ℎ𝑒𝑟𝑒  𝐹𝑜 = 200)� ����

:LWK� WKH� YDOXH� RI� ǻ[�� LW� LV� SRVVLEOH� WR� GHILQH� WKH�
QXPEHU� RI� QRGHV� E\� GLYLGLQJ� WKH� OD\HU� WKLFNQHVV� E\�
ǻ[��7KHQ�WKH�ODUJHVW�IROORZLQJ�LQWHJHU�LV�FKRVHQ��
$� PD[LPXP� QXPEHU� RI� QRGHV� IRU� D� VODE� ZDV� DOVR�
GHILQHG� WR� DYRLG� H[FHVVLYHO\� ORQJ� FDOFXODWLRQ� WLPHV��
7KH�OLPLW�ZDV�IL[HG�DW������FDOFXODWLRQ�WLPH�SHU�VODE�
RI� DSSUR[LPDWHO\� �� VHFRQGV��� ,Q� WKH� FXUUHQW�
LPSOHPHQWDWLRQ�� LI� WKH�QXPEHU�RI�QRGHV�UHDFKHV� WKDW�
YDOXH�� DQ� HUURU� PHVVDJH� SURPSWV� WKH� XVHU� WR� DGDSW�
�LQFUHDVH��WKH�WLPHEDVH���
1RGHV� DUH� GLVWULEXWHG� HTXDOO\�� ZLWK� KDOI�QRGHV�
ORFDWHG�DW�HDFK�LQWHUIDFH�EHWZHHQ�OD\HUV��7KH�VXUIDFH�
QRGHV� GR� QRW� WDNH� LQWR� DFFRXQW� LQVLGH� DQG� RXWVLGH�
FRQYHFWLRQ� FRHIILFLHQWV�� ZKLFK� DUH� KDQGOHG�
VHSDUDWHO\�������

&RQVWUXFWLRQ�RI�WKH�66�PRGHO�
$Q�66�PRGHO�RI�D�OLQHDU�WLPH�LQYDULDQW��/7,��V\VWHP�
ZLWK� Q� QRGHV�� �� LQSXWV� �7VL� DQG� 7VR�� DQG� �� RXWSXWV�
��̇� DQG� �̇� �� FDQ� EH� H[SUHVVHG� DV� IROORZLQJ� �0\HUV��
�������

𝑑
𝑇
…
𝑇
𝑑𝑡 = [𝐴]

𝑇
…
𝑇

+ [𝐵] 𝑇
𝑇 �

����

�̇�
�̇� = [𝐶]

𝑇
…
𝑇

+ [𝐷] 𝑇
𝑇 � ����

7KH� YDULDEOHV� 7L«7Q� DUH� WKH� WHPSHUDWXUHV� DW� HDFK�
QRGH� DQG� DUH� NQRZQ� DV� WKH� VWDWH� YDULDEOHV��$��%��&�
DQG�'� DUH� FRQVWDQW� FRHIILFLHQWV�PDWULFHV�ZLWK� D� VL]H�
RI� UHVSHFWLYHO\� �Q�Q��� �Q����� ���Q�� DQG� ������� 7KHVH�
PDWULFHV� FKDUDFWHUL]H� WKH� V\VWHP� DQG� FDQ� EH�
GHWHUPLQHG�LI�WKH�QRGHV�SURSHUWLHV�DUH�NQRZQ��
(TXDWLRQV� ���� DQG� ���� FDQ�EH� UHZULWWHQ� DV�(TXDWLRQV�
���� DQG� ������ ZKHUH�8O� DQG�8U� DUH� UHVSHFWLYHO\� WKH�
KHDW� WUDQVIHU� FRHIILFLHQWV� WR� WKH� OHIW� DQG� WKH� ULJKW� RI�
WKH�QRGH�L��

𝐶 𝑑𝑇
𝑑𝑡 = 𝑈 (𝑇 − 𝑇 ) + 𝑈 (𝑇 − 𝑇 )� ����

�̇� = 𝑈(𝑇 − 𝑇 )� �����

'LVFUHWL]DWLRQ�RI�WKH�66�PRGHO�
7KH�WKLUG�VWHS�LV�WKH�GLVFUHWL]DWLRQ�RI�WKH�66�PRGHO��,W�
PHDQV�WKDW�ZH�KDYH�WR�GLVFUHWL]H�WKH�PDWULFHV�$��%��&�
DQG�'�ZLWK� UHODWLRQ� WR� WLPH� �WKH�GLVFUHWL]DWLRQ� WLPH�
VWHS�LV�WKH�WLPHEDVH���7KH�GLVFUHWL]DWLRQ�PHWKRG�XVHG�
LV� WKH� )LUVW�2UGHU� +ROG� PHWKRG� ZKLFK� DVVXPHV� D�
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OLQHDU� LQWHUSRODWLRQ� EHWZHHQ� WKH� GLVFUHWL]HG� GDWD�� WR�
EH� FRQVLVWHQW� ZLWK� 7516<6� FRQYHQWLRQV� WR� SDVV�
DYHUDJH� YDOXHV� RYHU� WKH� WLPH�VWHSV� EHWZHHQ�
FRPSRQHQWV��
)LUVW�� D� QHZ�PDWUL[�0� LV� EXLOW�� LQFOXGLQJ�PDWULFHV�$�
DQG�%�� ,W� DOVR� LQFOXGHV� DQ� LGHQWLW\�PDWUL[� ,�ZLWK� WKH�
VL]H� ������ ZKLFK� LV� GLYLGHG� E\� WKH� WLPHEDVH�� 7KH�
PDWUL[�0�FDQ�EH�SUHVHQWHG�DV�IROORZV�������

𝑀 =  
⎣
⎢
⎢
⎡ 𝐴(𝑛𝑥, 𝑛𝑥) 𝐵(𝑛𝑥, 𝑛𝑢) 𝑧𝑒𝑟𝑜𝑠(𝑛𝑥, 𝑛𝑢)
𝑧𝑒𝑟𝑜𝑠(𝑛𝑢, 𝑛𝑥) 𝑧𝑒𝑟𝑜𝑠(𝑛𝑢, 𝑛𝑢) 𝐼(𝑛𝑢)

𝛥𝑡𝑏
𝑧𝑒𝑟𝑜𝑠(𝑛𝑢, 𝑛𝑥) 𝑧𝑒𝑟𝑜𝑠(𝑛𝑢, 𝑛𝑢) 𝑧𝑒𝑟𝑜𝑠(𝑛𝑢, 𝑛𝑢)⎦

⎥
⎥
⎤
� �����

:H� FDQ� QRZ� FRPSXWH� WKH�PDWUL[� H[SRQHQWLDO� RI�0��
ZKLFK�LV�QDPHG�ĭ��

𝛷 = 𝑒 𝛥𝑡𝑏 � �����

1XPHURXV� PHWKRGV� H[LVW� WR� FRPSXWH� D� PDWUL[�
H[SRQHQWLDO��VHH�H�J��0ROHU�DQG�9DQ�/RDQ��������IRU�
D� FRPSDUDWLYH� UHYLHZ� RI� ��� PHWKRGV��� 7KH� 3DGp�
DSSUR[LPDWLRQ�PHWKRG� LPSOHPHQWHG� LQ� ³'*3$'0´�
URXWLQH��6LGMH��������ZDV�VHOHFWHG��
ĭ� DOORZV� GHILQLQJ� �� LQWHUPHGLDWH� PDWULFHV� �)�� DQG�
)���DQG�WKH�GLVFUHWL]HG�PDWUL[�$G���

𝐹1 =   𝛷(1: 𝑛𝑥, 𝑛𝑥 + 1: 𝑛𝑥 + 𝑛𝑢)� �����

𝐹2 =   𝛷(1: 𝑛𝑥, 𝑛𝑥 + 𝑛𝑢 + 1: 𝑛𝑥 + 2  𝑛𝑢)� �����

𝐴 =   𝛷(1: 𝑛𝑥, 1: 𝑛𝑥)� �����

)���)��DQG�$G� WKHQ�JLYH� WKH�GLVFUHWL]HG�PDWULFHV�%G��
&G�DQG�'G��

𝐵 = 𝐹1 + 𝐴 ∗ 𝐹2 − 𝐹2� �����

𝐶 = 𝐶� �����

𝐷 = 𝐷 + 𝐶 ∗ 𝐹2� �����

&DOFXODWLRQ�RI�WKH�&7)�FRHIILFLHQWV�
&7)� FRHIILFLHQWV� DUH� FRPSXWHG� IURP� WKH� GLVFUHWL]HG�
PDWULFHV��7KLV� VWHS�FRQVLVWV� LQ� WKH�FRQYHUVLRQ�RI� WKH�
66�PRGHO� LQ� D� WUDQVIHU� IXQFWLRQ� UHSUHVHQWDWLRQ�� 7KH�
FRPSXWDWLRQ� SURFHVV� LV� IRU� H[DPSOH� GRFXPHQWHG� LQ�
WKH� 0DWODE� GRFXPHQWDWLRQ� �7KH� 0DWK:RUNV� ,QF���
��������
)LUVW�� WKH� G� FRHIILFLHQWV� DUH� FDOFXODWHG� XVLQJ� WKH�
HLJHQYDOXHV� RI� WKH� PDWUL[� $G�� ,Q� )2575$1�� WKH�
HLJHQYDOXHV�RI�D�PDWUL[�DUH�FRPSXWHG�ZLWK�D� URXWLQH�
QDPHG� ³'*((9;´� ZKLFK� LV� LQFOXGHG� LQ� WKH�
/$3$&.�SDFNDJH���������
7KH� �� RWKHU� FRHIILFLHQWV� �D�� E� DQG� F�� DUH� WKHQ�
FRPSXWHG�IURP�WKH�G�FRHIILFLHQWV�DQG�VHYHUDO�VHWV�RI�
HLJHQYDOXHV� FDOFXODWHG� IRU� GLIIHUHQW� PDWULFHV�
LQYROYLQJ�WKH�PDWULFHV�$G��%G��&G�DQG�'G��
7KH�G� FRHIILFLHQWV� DUH� GLPHQVLRQOHVV� EXW� D��E� DQG� F�
H[SUHVV� WKH� UDWLR� EHWZHHQ� KHDW� WUDQVIHU� UDWH� DQG� D�
WHPSHUDWXUH�VR�FDUH�PXVW�EH�WDNHQ�WR�FRPSO\�ZLWK�WKH�
QRQ�VWDQGDUG�7516<6�XQLWV��N-�K�.������

&KHFN�RI�WKH�JHQHUDWHG�&7)�FRHIILFLHQWV���
7KH� YDOLGLW\� RI� WKH� FRPSXWHG� &7)� FRHIILFLHQWV� LV�
FKHFNHG�XVLQJ�(TXDWLRQ� ����� WKH�FDOFXODWHG�8�YDOXHV�
PXVW� EH� ZLWKLQ� ������� RI� WKH� ³DFWXDO´� YDOXH� �L�H��
FRPSXWHG�IURP�WKH�OD\HUV�GHVFULSWLRQ���

(;$03/(�
7KLV� VHFWLRQ� LOOXVWUDWHV� WKH� &7)� FRHIILFLHQWV�
JHQHUDWLRQ� E\� D� VLPSOH� H[DPSOH� RI� D� VODE� ZLWK� ��
QRGHV��7KH�H[DPSOH��)LJXUH����LV�D�FRQFUHWH�VODE�ZLWK�
D�WKLFNQHVV�/�RI�����P��D�GHQVLW\�ȡ�RI������NJ�Pñ��D�
VSHFLILF� KHDW� &S� RI� ����� N-�NJ�.� DQG� D� WKHUPDO�
FRQGXFWLYLW\�N�RI�����:�P�.��7KH�LQVLGH�DQG�RXWVLGH�
ILOP� FRHIILFLHQWV� KL� DQG� KR� KDYH� D� YDOXH� RI�
UHVSHFWLYHO\� ���� DQG� ����� :�Pð�.� �LQ� 7516<6��
WKHVH� FRHIILFLHQWV� ZRXOG� EH� KDQGOHG� LQ� D� GLIIHUHQW�
SDUW�RI�WKH�SURJUDP�DQG�ZRXOG�QRW�EH�LQFOXGHG�LQ�WKH�
&7)�FRHIILFLHQWV����

�
)LJXUH���±�6FKHPH�RI�D�WKUHH�QRGH�H[DPSOH�

2QFH� WKH� QRGHV� DUH� GHILQHG�� WKH� $�� %�� &� DQG� '�
PDWULFHV� RI� WKH� 66� PRGHO� FDQ� EH� FDOFXODWHG�� 7KH�
WKHUPDO�FDSDFLW\�DQG�UHVLVWDQFH��RU�8�YDOXH��IRU�HDFK�
QRGH�DUH�SUHVHQWHG�LQ�(TXDWLRQV������WR�������

𝐶 = 𝜌 × 𝐶 × 𝐿 = 2200 × 840 × 0.3
= 554400 𝐽

𝑚²𝐾�
�����

𝐶1 = 𝐶3 = 554400
4 = 138600   𝐽

𝑚 𝐾� �����

𝐶2 = 554400
2 = 277200 𝐽

𝑚 𝐾� �����

𝑈1 = 1
𝑅1 = ℎ = 8.3 𝑊

𝑚 𝐾� �����

𝑈2 = 𝑈3 = 1
𝑅2 = 𝑘

𝐿
2
= 1.7
0.15 = 11.33 𝑊

𝑚 𝐾� �����

𝑈4 = 1
𝑅4 = ℎ = 34.5 𝑊

𝑚 𝐾� �����

'LIIHUHQWLDO� HTXDWLRQV� VLPLODU� WR� (TXDWLRQ� ���� FDQ�
WKHQ�EH�ZULWWHQ�IRU�HDFK�QRGH���

𝑑𝑇
𝑑𝑡 = 𝑈1

𝐶1 × (𝑇 − 𝑇 ) + 𝑈2
𝐶1 × (𝑇 − 𝑇 )

= 8.3
138600 × (𝑇 − 𝑇 )

+ 11.33
138600 × (𝑇 − 𝑇 )�

�����
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𝑑𝑇
𝑑𝑡 = 𝑈2

𝐶2 × (𝑇 − 𝑇 ) + 𝑈3
𝐶2 × (𝑇 − 𝑇 )

= 11.33
277200 × (𝑇 − 𝑇 )

+ 11.33
277200 × (𝑇 − 𝑇 )�

�����

𝑑𝑇
𝑑𝑡 = 𝑈3

𝐶3 × (𝑇 − 𝑇 ) + 𝑈4
𝐶3 × (𝑇 − 𝑇 )

= 11.33
138600 × (𝑇 − 𝑇 )

+ 34.5
138600 × (𝑇 − 𝑇 )�

�����

(TXDWLRQV� ����� WR� ����� FDQ� EH� ZULWWHQ� LQ� D� PDWUL[�
IRUP�� ZKHUH� WKH� ��E\��� PDWUL[� LV�$� DQG� WKH� ��E\���
PDWUL[�LV�%�LQ�WKH�66�PRGHO��

𝑑
𝑑𝑡

𝑇
𝑇
𝑇

=

⎣
⎢
⎢
⎢
⎢
⎡− 19.63

138600
11.33
138600 0

11.33
277200 − 22.66

277200
11.33
277200

0 11.33
138600 − 45.83

138600⎦
⎥
⎥
⎥
⎥
⎤

  
𝑇
𝑇
𝑇

+

⎣
⎢
⎢
⎢
⎡ 8.3
138600 0

0 0
0 34.5

138600⎦
⎥
⎥
⎥
⎤
   𝑇𝑇 �

�����

+HDW�IORZV�DUH�FRPSXWHG�IURP�WKH�ILUVW�DQG�ODVW�QRGHV�
DQG�ERXQGDU\�FRQGLWLRQV��

�̇� = ℎ (𝑇 − 𝑇 ) = 8.3  (𝑇 − 𝑇 )� �����

�̇� = ℎ (𝑇 − 𝑇 ) = 34.5  (𝑇 − 𝑇 )    � �����

2U��LQ�D�PDWUL[�IRUP��

q̇
q̇ = −8.3   0 0

0 0 −34.5
T
T
T

+ 8.3 0
0 34.5

T
T �

�����

7KH���E\���DQG���E\���PDWULFHV�LQ�(TXDWLRQ������DUH�
UHVSHFWLYHO\�&�DQG�'�LQ�WKH�66�PRGHO���
7KH�IRXU�PDWULFHV�DUH�GLVFUHWL]HG�IRU�D�WLPH�VWHS�RI���
KRXU�������VHFRQGV���

𝐴 =   
0.6147 0.1999 0.01142
0.09994 0.7725 0.07353
0.01142 0.1471 0.3133

� �����

𝐵 =
0.1355 0.01029
0.02049 0.06137
0.002475 0.3142

� �����

𝐶 = −8.3 0 0
0 0 −34.5 � �����

𝐷 =    7.537 −0.009171
−0.009171 23.68 � �����

7KH� &7)� FRHIILFLHQWV� DUH� FDOFXODWHG� IURP� WKH�
GLVFUHWL]HG�PDWULFHV�DV�H[SODLQHG�SUHYLRXVO\��7DEOH���
VKRZV�WKH�UHVXOWV���

7DEOH���±�9DOXHV�RI�WKH�&7)�FRHIILFLHQWV�

�
7KH� DFWXDO�8�YDOXH� �LQFOXGLQJ� WKH� ILOP� FRHIILFLHQWV��
RI�WKH�FRQFUHWH�VODE�LV��������N-�K�Pð�.�ZKLOH�WKH�8�
YDOXH�FDOFXODWHG�ZLWK�WKH�FRHIILFLHQWV�LV��������N-�K�
Pð�.��7KH�REVHUYHG�HUURU�LV��������ZKLFK�LV�JUHDWHU�
WKDQ�WKH�OLPLW�RI����������6R�WKH�FRHIILFLHQWV�VKRXOG�
EH� FRQVLGHUHG� DV� QRQ�UHOLDEOH�� 7KLV� UHVXOW� LV� QRUPDO�
EHFDXVH�WKH�QXPEHU�RI�QRGHV�����LV�QRW�VXIILFLHQW�IRU�
WKDW� W\SH�RI� KHDY\�ZDOO��(TXDWLRQ� ����ZRXOG� UHTXLUH�
���QRGHV�IRU�WKLV�FRQFUHWH�VODE�����

,03/(0(17$7,21�,1�7516<6�
7KH�GHYHORSHG�66�PHWKRG�KDV�EHHQ�LPSOHPHQWHG�LQ�D�
GHYHORSPHQW�YHUVLRQ�RI�7516<6�����
&7)� FRHIILFLHQWV� XVHG� LQ� WKH� PXOWL]RQH� EXLOGLQJ�
PRGHO��7\SH�����DUH�JHQHUDWHG�E\�URXWLQHV�FDOOHG�E\�
751%XLOG�� WKH� EXLOGLQJ� SUHSURFHVVRU�� 7KH\� DUH�
LPSOHPHQWHG� LQ� D� '//� FDOOHG� *HQ751�� ZKLFK� LV�
FRGHG� LQ� )2575$1�� 6HYHUDO� VXEURXWLQHV� DUH�
LQFOXGHG� LQ� WKLV� SURJUDP��)LJXUH���EHORZ�SUHVHQWV� D�
JHQHUDO� VFKHPH�RI� WKH�*HQ751�QHZ� VWUXFWXUH�ZKHQ�
WKH�66�PHWKRG�LV�LPSOHPHQWHG�DV�DQ�DOWHUQDWLYH�WR�WKH�
FXUUHQW�PHWKRG��

�
)LJXUH���±�6FKHPH�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�66�

PHWKRG�LQ�7516<6�
7KH� VXEURXWLQH� ³*(17516<6),/(6´� LV� WKH� PDLQ�
HQWU\� SRLQW� LQWR� WKH� '//�� ZKLFK� LV� FDOOHG� E\�
751%XLOG� DQG� FDOOV� DOO� WKH� RWKHU� VXEURXWLQHV� LQ� WKH�
'//�� 7KH� PDLQ� URXWLQH� UHFHLYHV� DOO� WKH� EXLOGLQJ�
GHVFULSWLRQ�GDWD�IURP�751%XLOG��ZDOOV��OD\HUV�«���,Q�
WKH�FXUUHQW�WHVW�YHUVLRQ��WKH�XVHU�VHOHFWV�WKH�QHZ�&7)�

Subroutine 
WALLS

If TIMEB < 0 then
useSsCtfMethod = .TRUE.
TIMEB = -TIMEB

Else
useSsCtfMethod = .FALSE. 

Subroutine NodesDetermination
+

Subroutine CtfCoeffGen
Subroutine TRANS

If useSsCtfMethod 
= .FALSE.

If useSsCtfMethod 
= .TRUE.
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FRHIILFLHQWV� JHQHUDWLRQ� PHWKRG� E\� VSHFLI\LQJ� D�
QHJDWLYH�WLPHEDVH�YDOXH��7KLV�FKRLFH�LV�FDXJKW�E\�WKH�
PDLQ� URXWLQH� DQG� SDVVHG� WR� WKH�:$//6� VXEURXWLQH�
ZKLFK� FDOOV� WKH� DSSURSULDWH� &7)� FRHIILFLHQWV�
JHQHUDWLRQ�URXWLQH�DFFRUGLQJ�WR�WKH�XVHU�FKRLFH��

:$//�7(676�,1�7516<6�
([WHQVLYH�WHVWV�ZHUH�SHUIRUPHG�WR�GHEXJ�DQG�TXDOLW\�
FKHFN� WKH� QHZ�&7)� FRHIILFLHQWV� JHQHUDWLRQ�PHWKRG��
7KLV� SDSHU� UHSRUWV� RQ� �� ZDOO� W\SHV�� DQ� LQVXODWHG�
FRQFUHWH� IRUP� �,&)�� ZDOO� DQG� D� SODLQ� ZRRGHQ� ZDOO��
7KH� FKDUDFWHULVWLFV�RI� HDFK� VODE� DUH�SUHVHQWHG� LQ� WKH�
IROORZLQJ�WDEOH��IURP�LQVLGH�WR�RXWVLGH����

7DEOH���±�'HVFULSWLRQ�RI�WKH�SUHVHQWHG�ZDOOV�

�
7KH�SODLQ����FP�ZRRGHQ�ZDOO�LV�DQ�H[WUHPH�FDVH�WKDW�
LOOXVWUDWHG�WKH�OLPLWV�RI�WKH�&7)�PHWKRG��DV�FXUUHQWO\�
LPSOHPHQWHG� DQG� ZLWK� WKH� QHZ� FRHIILFLHQWV�
JHQHUDWLRQ�PHWKRG���
7KH�VFHQDULR�WKDW�ZH�KDYH�WHVWHG�LV�WKH�RQH�SUHVHQWHG�
LQ� WKH� )LJXUH� ��� ,W� UHSUHVHQWV� D� W\SLFDO� VHW�EDFN�
VFHQDULR���
7KH�RXWVLGH� WHPSHUDWXUH� LV�NHSW�FRQVWDQW� DW���&��1R�
UDGLDWLYH� KHDW� IORZV� DUH� FRQVLGHUHG�� 7KH� KHDWLQJ�
V\VWHP� SRZHU� LV� LQLWLDOO\� VHW� WR� PDLQWDLQ� D� VWHDG\�
VWDWH�LQGRRU�WHPSHUDWXUH�RI����&��7KH�KHDWLQJ�V\VWHP�
LV� WKHQ� VWRSSHG� IRU� �� KRXUV�� DQG� UHVWDUWHG� ZLWK� D�
KHDWLQJ�SRZHU�HTXDO�WR�����WLPHV�WKH�LQLWLDO�YDOXH��
7KH�VLPXODWLRQ�WLPH�VWHS�LV�RQH�PLQXWH�DQG�WKH�LQVLGH�
DQG� RXWVLGH� FRQYHFWLRQ� FRHIILFLHQWV� KDYH� D� YDOXH� RI�
����DQG������:�Pð�.��UHVSHFWLYHO\�����

�
)LJXUH���±�'HVFULSWLRQ�RI�WKH�SUHVHQWHG�VFHQDULR�

,Q� WKH� IROORZLQJ� �� JUDSKV�� �� NLQG� RI� UHVXOWV� DUH�
SUHVHQWHG�� ILUVWO\�� LQ�GRWWHG� OLQHV�� WKH� UHVXOWV�FRPLQJ�
IURP� WKH� FXUUHQW� YHUVLRQ� RI� 7516<6�� VHFRQGO\�� LQ�
GDVKHG� OLQHV�� WKH� UHVXOWV� SHUIRUPHG� E\� XVLQJ� WKH� 66�
PHWKRG� IRU�JHQHUDWLQJ� WKH�&7)� FRHIILFLHQWV�� WKLUGO\��
LQ� VROLG� OLQHV�� D� UHIHUHQFH� VROXWLRQ� LPSOHPHQWHG� LQ�
0DWODE��7KH�0DWK:RUNV�,QF���������E\�VLPXODWLQJ�D�
GLVFUHWL]HG�ZDOO�PRGHO�ZLWK�D�ODUJH�QXPEHU�RI�QRGHV��
$OO�JUDSKV�SUHVHQW�WKH�HYROXWLRQ�RI�WKH�LQVLGH�VXUIDFH�
WHPSHUDWXUH�DFFRUGLQJ�WR�WLPH��

7KH�ILUVW���JUDSKV��)LJXUHV���DQG����FRQFHUQ�WKH�,&)�
ZDOO��)LJXUH���LV�D�]RRP�LQWR�)LJXUH���WR�KLJKOLJKW�WKH�
GLIIHUHQFHV� EHWZHHQ� WKH� FXUYHV��� 7KH� UHVXOWV� VKRZ�
WKDW� WKH� RULJLQDO� DQG�PRGLILHG� YHUVLRQV� RI�7516<6�
PDWFK� WKH� UHIHUHQFH� VROXWLRQ� DW� WKH� HQG� RI� HDFK�
WLPHEDVH� EXW� WKH� SUHVHQFH� RI� D� VWDLU�VWHS� HIIHFW� LV�
LQIOXHQFHG�E\�WKDW� WLPHEDVH��7KH�PLQLPXP�WLPHEDVH�
YDOXH�WKDW�FDQ�EH�UHDFKHG�ZLWK�WKH�QHZ�PHWKRG�LV����
PLQXWHV��ZKLOH�LW�ZDV���KRXU�ZLWK�WKH�'5)�PHWKRG�������

�
)LJXUH���±�(YROXWLRQ�RI�WKH�LQVLGH�VXUIDFH�

WHPSHUDWXUH�IRU�DQ�,&)�ZDOO�

�
)LJXUH���±�(YROXWLRQ�RI�WKH�LQVLGH�VXUIDFH�
WHPSHUDWXUH�IRU�DQ�,&)�ZDOO��]RRP��

7KH�QH[W�WZR�JUDSKV�DUH�DERXW�WKH�SODLQ�ZRRGHQ�ZDOO�
ZLWK� D� WKLFNQHVV� RI� ���� P�� WKH� VHFRQG� RQH� EHLQJ� D�
]RRP� ZKHUH� WKH� PLQLPXP� WHPSHUDWXUH� LV� UHDFKHG��
7KLV� ZDOO� LV� QRW� W\SLFDO� IURP� ZDOOV� HQFRXQWHUHG� LQ�
UHDO� EXLOGLQJV� EXW� LW� DOORZV� KLJKOLJKWLQJ� SUREOHPV�
ZLWK�WKH�&7)�PHWKRG��7KHVH�SUREOHPV�DSSHDU�FOHDUO\�
LQ� WKH� JUDSKV�� 7KH� UHVXOWV� JHQHUDWHG� E\� WKH� FXUUHQW�
DQG�PRGLILHG�YHUVLRQV�RI�7516<6�DUH�DIIHFWHG�E\�D�
VWDLU�VWHS� HIIHFW��7KDW� HIIHFW� LV�PRUH�SURQRXQFHG� IRU�
WKH� FXUUHQW� 7516<6� YHUVLRQ� �PLQLPXP� WLPHEDVH�
YDOXH�  � �� KRXUV�� YV�� �� KRXU� IRU� WKH� QHZ� PHWKRG���
'XULQJ� WKH� WHPSHUDWXUH� GURS�� WKH� PRGLILHG� YHUVLRQ�
EHKDYHV� EHWWHU� ZKLOH� LW� LV� WKH� RSSRVLWH� GXULQJ� WKH�
WHPSHUDWXUH�LQFUHDVH��,W�LV�QRW�FOHDU�DW�WKLV�VWDJH�ZK\�
WKH�QHZ�&7)�FRHIILFLHQW� JHQHUDWLRQ� VKRZV�DQ� RIIVHW�
LQ� DGGLWLRQ� WR� WKH� VWDLU�VWHS� HIIHFW�� 7KLV� ZLOO� EH�
LQYHVWLJDWHG�LQ�WKH�IXWXUH��
)LJXUH� �� VKRZV� WKDW� ERWK� FXUYHV� SUHVHQW� D� QHJDWLYH�
SHDN� WKDW� LV� QRW� SUHVHQW� LQ� WKH� UHIHUHQFH� VROXWLRQ��

6ODEV /�>P@ N�>:��P�.�@ ȡ�>NJ�Pñ@ &S�>N-��NJ�.�@ 5�>Pð�.�:@

,&)
*�����*\SVXP�ERDUG ����� ���� ��� ���� �����
,�����(36��H[SDQGHG�
SRO\VW\UHQH��ERDUG ����� ���� �� ���� �����

0�����+HDY\ZHLJKW�
FRQFUHWH

����� ���� ���� ��� �����

,�����(36�ERDUG ����� ���� �� ���� �����
)�����6WXFFR ����� ���� ���� ���� �����

:RRG�ZDOO
:RRG ����� ����� ��� ���� �����

:DOO�RQO\�8�YDOXH��������:��Pð�.�

:DOO�RQO\�8�YDOXH��������:��Pð�.�

4000 4005 4010 4015 4020 4025 4030
16

17

18

19

20

21

22

23

Time [h]
Te

m
pe

ra
tu

re
 [°

C]
 

 
Original - 1 h
Modified - 12 min
Reference

4018 4018.5 4019 4019.5 4020 4020.5 4021
17

17.2

17.4

17.6

17.8

18

18.2

18.4

18.6

18.8

19

Time [h]

Te
m

pe
ra

tu
re

 [°
C]

 

 
Original - 1 h
Modified - 12 min
Reference

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

- 2671 -



$JDLQ�� IXWXUH� ZRUN� ZLOO� DLP� DW� FODULI\LQJ� ZK\� WKH�
UHVSRQVH�RI�WKH�ZRRGHQ�ZDOO�LV�LQFRUUHFW�����������

�
)LJXUH���±�(YROXWLRQ�RI�WKH�LQVLGH�VXUIDFH�

WHPSHUDWXUH�IRU�D�ZRRGHQ�ZDOO�

�
)LJXUH���±�(YROXWLRQ�RI�WKH�LQVLGH�VXUIDFH�
WHPSHUDWXUH�IRU�D�ZRRGHQ�ZDOO��]RRP��

&7)� FRHIILFLHQWV� DUH� JHQHUDWHG� RQFH� SHU� VLPXODWLRQ��
LQ� WKH� EXLOGLQJ� SUH�SURFHVVLQJ� VWDJH�� &RPSXWDWLRQDO�
WLPH� LV� LPSHUFHSWLEOH� ZLWK� WKH� FXUUHQW� PHWKRG�� 7KH�
66�PHWKRG�WDNHV�PXFK�ORQJHU��DQG�WKH�FRPSXWDWLRQDO�
WLPH�GHSHQGV�RQ� WKH�QXPEHU� RI� QRGHV� IRU� HDFK�ZDOO�
DQG� WKH� WLPHEDVH�� 7DEOH� �� VXPV� XS� WKH� UHVXOWV�
REWDLQHG� IRU� YDULRXV� WHVWV� RQ� ��ZDOO� W\SHV�� 7KH� ,&)�
DQG�ZRRGHQ�VODEV�ZHUH�GHVFULEHG�DERYH��7KH���RWKHUV�
DUH� D� GRXEOH� VWXG� ZDOO� ZLWK� EULFN� YHQHHU� �'67��� D�
VWUXFWXUDO�LQVXODWHG�SDQHO��6,36���D�FRQFUHWH�VODE������
P�WKLFN��DQG�DQ�LQVXODWLRQ�VODE������P�WKLFN����
7DEOH���±�&RPSDULVRQ�RI�WKH�PLQLPXP�WLPHEDVH�

YDOXH�DQG�WKH�FDOFXODWLRQ�WLPH�EHWZHHQ�WKH�'5)�DQG�
66�PHWKRGV�

�
7KH� WDEOH� VKRZV� WKDW� WKH� 66� PHWKRG� DOORZV�
GHFUHDVLQJ� WKH� WLPHEDVH� YDOXHV� �WKUHH� WLPHV� LQ�
DYHUDJH��� 7KLV� LPSURYHPHQW� GHFUHDVHV� WKH�
LQDFFXUDFLHV� UHODWHG� WR� WKH� VWDLU�VWHS� HIIHFW�� 7KH�
PD[LPXP� FRVW� RI� WKLV� LPSURYHPHQW� LQ� WHUPV� RI�

FDOFXODWLRQ� WLPH� SHU� VODE� LV� �� VHFRQGV� �RQFH� SHU�
VLPXODWLRQ�����

)8//�%8,/',1*�7(67�,1�7516<6�
,Q� WKLV� VHFWLRQ�� UHVXOWV�FRPLQJ� IURP� WKH�RULJLQDO�DQG�
PRGLILHG�YHUVLRQV�RI�7516<6�RQ�D�FRPSOHWH�KRXVH�
PRGHO�DUH�SUHVHQWHG��
7KH� WHVW�ZDV� UHDOL]HG� LQ� WKH� FRQWH[W� RI� D� UHQRYDWLRQ�
SURMHFW�� FDOOHG� =HUR� (QHUJ\� +RXVH� 5HQRYDWLRQ� DQG�
ORFDWHG� LQ�2XG�+HYHUOHH��%HOJLXP� �3HHWHUV�	�0ROV��
�������7KH�EXLOGLQJ� �)LJXUH���� LV�DQ�ROG�KRXVH�EXLOW�
LQ������DQG�FRPSRVHG�RI���IORRUV��EDVHPHQW��JURXQG�
IORRU�DQG��VW�IORRU���7KH�SURMHFW�FRQVLVWV�LQ�UHQRYDWLQJ�
WKLV� KRXVH� E\� WU\LQJ� WR�PDNH� LW� D� VPDUW� QHDUO\� ]HUR�
HQHUJ\� EXLOGLQJ�� 7KLV� H[DPSOH� LV� W\SLFDO� RI� FDVHV�
HQFRXQWHUHG�E\�7516<6�XVHUV�ZKHUH�WKH�OLPLWDWLRQV�
LQ� WKH� FXUUHQW� &7)� PHWKRG� EHFRPH� DSSDUHQW�� DQG�
VRPHWLPHV� PDNH� LW� GLIILFXOW� WR� REWDLQ� PHDQLQJIXO�
UHVXOWV� IRU� VKRUW�WHUP� DQDO\VHV� �H�J�� UHJDUGLQJ�
GHPDQG�VLGH� PDQDJHPHQW� VWUDWHJLHV� RU� WUDQVLHQWV� LQ�
KHDWLQJ���FRROLQJ�V\VWHP�FRQWUROV����

�
)LJXUH���±�3LFWXUH�RI�WKH�KRXVH�LQ�SURMHFW�=(+5�
�=HUR�(QHUJ\�+RXVH�5HQRYDWLRQ���3HHWHUV�	�0ROV��

������
7KH� SUHVHQWHG� UHVXOWV� IRFXV� RQ� WKH� HYROXWLRQ� RI� WKH�
RSHUDWLYH� WHPSHUDWXUH� LQ� WKH� NLWFKHQ�� DV� VKRZQ� LQ�
)LJXUH����

�
)LJXUH���±�3ODQ�RI�WKH�KRXVH¶V�JURXQG�IORRU��3HHWHUV�

	�0ROV��������
7DEOH� �� EHORZ� GHVFULEHV� WKH� H[WHUQDO� ZDOO� RI� WKH�
NLWFKHQ�� ZKLFK� LV� D� KLJKO\� LQVXODWHG� �8�  � ������
:�Pð�.��DQG�KHDY\�VODE���
7DEOH���±�'HVFULSWLRQ�RI�WKH�H[WHUQDO�ZDOO�LQ�WKH�

NLWFKHQ��3HHWHUV�	�0ROV��������

�
7KH�VHWEDFN�VFHQDULR�SUHVHQWHG�DERYH�LV�H[WHQGHG�WR�
WKLV� FDVH�� 7KH� RXWVLGH� WHPSHUDWXUH� LV� IL[HG� DW� ��&��
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Original timebase 
(DRF method)

New timebase 
(SS method)

Number of nodes 
(SS method)

Calculation time 
(SS method)

[h] [h] [-] [s]
ICF 1 0.2 255 2

DST 0.25 0.1 323 3.4
SIPS 0.15 0.05 350 3.7

Concrete 0.25 0.2 268 2.2
Insulation 0.5 0.1 333 3.4

Wood 3 1 347 3.5
/�>P@ N�>:�P�.@ ȡ�>NJ�Pñ@ &S�>N-�NJ�.@ 5�>Pð�.�:@

&DYLW\ � � � � �����
)RDPJODVV ����� ����� ��� ����� �����

%ULFN ����� ����� ���� ����� �����
3ODVWHU ����� ����� ���� ����� �����
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7KHUH�DUH�QR�VRODU�JDLQV��7KH�RQO\�URRP�WR�EH�KHDWHG�
LV� WKH� NLWFKHQ� �FRQYHFWLYH� KHDWHU��� 7KH� KHDWLQJ�
V\VWHP� VWRSV� GXULQJ� �� KRXUV� EHIRUH� D� UHVWDUW� ZLWK�
PRUH�SRZHU������WLPHV�WKH�LQLWLDO�SRZHU�����
7KH� VLPXODWLRQ� KDV� EHHQ� FDUULHG� RXW� WZLFH�� ILUVWO\��
ZLWK�WKH�RULJLQDO�YHUVLRQ�RI�7516<6��'5)�PHWKRG�±�
7LPHEDVH�  � �� KRXUV�� WKH� PLQLPXP� DFKLHYDEOH�� DQG�
VHFRQGO\��ZLWK�WKH�PRGLILHG�YHUVLRQ�RI�7516<6��66�
PHWKRG� ±� 7LPHEDVH�  � ���� KRXUV�� WKH� PLQLPXP�
DFKLHYDEOH���
)LJXUH����EHORZ�VKRZV�WKH�HYROXWLRQ�RI�WKH�RSHUDWLYH�
WHPSHUDWXUH� LQ� WKH� NLWFKHQ� DFFRUGLQJ� WR� WLPH�� 7KH�
UHVXOWV� SUHVHQW� D� FOHDU� GLIIHUHQFH� EHWZHHQ� WKH� ��
PHWKRGV� �'5)� DQG� 66�� IRU� JHQHUDWLQJ� WKH� &7)�
FRHIILFLHQWV�� 7KH� 66� PHWKRG� DOORZV� UHGXFLQJ� WKH�
VWDLU�VWHS� HIIHFW�� DV� VKRZQ� LQ� WKH� VLQJOH�ZDOO�
H[DPSOHV�� 7KH� REVHUYHG� PD[LPXP� DQG� PHDQ�
WHPSHUDWXUH� GLIIHUHQFHV� EHWZHHQ� WKH� �� PHWKRGV� DUH�
UHVSHFWLYHO\������DQG������&���
$QRWKHU� LPSRUWDQW� SDUDPHWHU� WR� WDNH� LQWR� DFFRXQW� LV�
WKH� LPSDFW�RI� WKH�PHWKRG�RQ� WKH�FRPSXWDWLRQDO� WLPH�
GXULQJ� WKH� VLPXODWLRQ� �DQG� QRW� GXULQJ� WKH� &7)�
FRHIILFLHQWV� JHQHUDWLRQ��� )RU� D� ����GD\� VLPXODWLRQ�
ZLWK�D�WLPH�VWHS�RI���PLQXWH��WKH�FRPSXWDWLRQDO�WLPHV�
IRU� WKH� RULJLQDO� DQG� PRGLILHG� YHUVLRQV� RI� 7516<6�
DUH�UHVSHFWLYHO\����DQG����PLQXWHV������

�
)LJXUH����±�(YROXWLRQ�RI�WKH�RSHUDWLYH�WHPSHUDWXUH�

LQ�WKH�NLWFKHQ�

',6&866,21�$1'�&21&/86,216�
7KLV� SDSHU� GHVFULEHV� WKH� LPSOHPHQWDWLRQ� RI� D� QHZ�
&7)� FRHIILFLHQWV� JHQHUDWLRQ� PHWKRG� LQ� 7516<6��
7KH� PHWKRG� ZDV� VXFFHVVIXOO\� LPSOHPHQWHG� LQ� D�
GHYHORSPHQW� YHUVLRQ� RI� WKH� 7516<6� EXLOGLQJ� SUH�
SURFHVVRU� �751%XLOG��� 7KLV� ZRUN� LV� LQWHQGHG� WR�
UHVSRQG� WR� SUREOHPV� IDFHG� E\� 7516<6� XVHUV� ZKR�
VLPXODWH� KHDY\�� KLJKO\� LQVXODWHG� ZDOOV� DQG� ZDQW� WR�
SHUIRUP� VKRUW� WHUP� DQDO\VHV� WR� VWXG\� GHPDQG�VLGH�
PDQDJHPHQW� VWUDWHJLHV� RU� WUDQVLHQWV� LQ� KHDWLQJ� DQG�
FRROLQJ�V\VWHP�FRQWUROV��
7KH� SURSRVHG�PHWKRG� DOOHYLDWHV� WKH� VWDLU�VWHS� HIIHFW�
WKDW� RFFXUV� LQ� WKHVH� FLUFXPVWDQFHV�� DOORZLQJ� WR�
UHGXFH� WKH� PLQLPXP� WLPHEDVH� E\� D� IDFWRU� RI� �� LQ�
DYHUDJH��,W�SURYLGHV�YHU\�VDWLVIDFWRU\�UHVXOWV�LQ�VRPH�
FDVHV�IRU�WLPH�VWHSV�GRZQ�WR�WKH�RUGHU�RI�RQH�PLQXWH��

6RPH� ZDOOV� SUHVHQW� PRUH� GLIILFXOWLHV� VXFK� DV� WKH�
H[WUHPH����FP� WKLFN�SODLQ�ZRRGHQ� VODE� VHOHFWHG� IRU�
RXU� WHVW�� ,Q� WKHVH� FDVHV�� WKH� QHZ� PHWKRG� GHOLYHUV�
VRPH� LPSURYHPHQWV� UHJDUGLQJ� WKH� VWDLU�VWHS� HIIHFWV�
EXW� GRHV� QRW� FRPSDUH� IDYRUDEO\� ZLWK� D� UHIHUHQFH�
VROXWLRQ�� )XUWKHU� ZRUN� ZLOO� DLP� DW� EHWWHU�
XQGHUVWDQGLQJ� WKH� OLPLWDWLRQV� RI� WKH� &7)� PHWKRG�
ZKLOH� WKH�QHZ�PHWKRG� LV� UHOHDVHG� WR�PRUH�7516<6�
XVHUV��
7KH� LPSDFW� RQ� FRPSXWDWLRQDO� WLPH� WR� JHQHUDWH� WKH�
&7)� FRHIILFLHQWV� LV� VLJQLILFDQW�� EXW� WKLV� RSHUDWLRQ�
RQO\� WDNHV� SODFH� RQFH� SHU� VLPXODWLRQ� DQG� WKH� FRVW�
DPRXQWV� WR�D�IHZ�VHFRQGV�SHU�ZDOO� W\SH��7KH�LPSDFW�
RQ� VLPXODWLRQ� WLPH� LQ� D� UHDOLVWLF� FDVH� LV� DFFHSWDEOH�
�����LQFUHDVH�����

120(1&/$785(�
$��%��&�DQG�'� �VWDWH�VSDFH�PDWULFHV�
D��E��F�DQG�G� �&7)�FRHIILFLHQWV�
&� �WKHUPDO�FDSDFLW\�>-�Pð�.@�
&S� �VSHFLILF�KHDW�>-�NJ�.@��
)R� �)RXULHU�QXPEHU�
K� �FRQYHFWLRQ�FRHIILFLHQW�>:�Pð�.@��
N� �WKHUPDO�FRQGXFWLYLW\�>:�P�.@�
/� �WKLFNQHVV�>P@�
Q� �QXPEHU�RI�FRHIILFLHQWV�RU�QRGHV�
Q[� �QRGHV�QXPEHU�
QX� �LQSXWV�QXPEHU�� ����
�̇�� �KHDW�IORZ�>:�RU�N-�K@�
5� �WKHUPDO�UHVLVWDQFH�>Pð�.�:@�
7� �WHPSHUDWXUH�>�&�RU�.@�
W� �WLPH�>V@�
8� �KHDW�WUDQVIHU�FRHIILFLHQW�>:�Pð�.@�
[� �SRVLWLRQ�>P@�
𝛥𝑡 � �WLPHEDVH�>V@�
*UHHN�V\PEROV�
Į� �WKHUPDO�GLIIXVLYLW\�>Pð�V@�
ǻ� �GLIIHUHQFH�
ȡ� �GHQVLW\�>NJ�Pñ@�

6XEVFULSW�
G� �GLVFUHWL]HG�
L� �LQVLGH�RU�L�QRGH�
N� �QXPEHU�RI�&7)�FRHIILFLHQW�
O� �OHIW�
R� �RXWVLGH�
U� �ULJKW�
V� �VXUIDFH�
Z� �ZDOO�

$&.12:/('*(0(17�
7KH� UHVHDUFK� ZRUN� SUHVHQWHG� LQ� WKLV� SDSHU� LV�
ILQDQFLDOO\� VXSSRUWHG� E\� D� JUDQW� RI� +\GUR�4XpEHF��
)4517� �)RQGV�4XpEpFRLV� GH� 5HFKHUFKH� HQ�1DWXUH�
HW�7HFKQRORJLHV��DQG�16(5&��1DWXUDO�6FLHQFHV�DQG�
(QJLQHHULQJ�5HVHDUFK�&RXQFLO�RI�&DQDGD���0RUHRYHU�
WKH�SUHVHQWDWLRQ�RI�WKH�IXOO�EXLOGLQJ�WHVW�LQ�WKLV�SDSHU�
KDV�EHHQ�SRVVLEOH� WKDQNV� WR� WKH�FRRSHUDWLRQ�RI�/HHQ�
3HHWHUV� ZKR� ZRUNV� RQ� WKH� ³=HUR� (QHUJ\� +RXVH�
5HQRYDWLRQ´�SURMHFW���
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5()(5(1&(6�
'HOFURL[��%���.XPPHUW��0���'DRXG��$���	�+LOOHU��0��

�������� &RQGXFWLRQ� WUDQVIHU� IXQFWLRQV� LQ�
7516<6� PXOWL]RQH� EXLOGLQJ� PRGHO�� FXUUHQW�
LPSOHPHQWDWLRQ�� OLPLWDWLRQV� DQG� SRVVLEOH�
LPSURYHPHQWV�� 6LP%XLOG� �S�� ���� 0DGLVRQ��
:LVFRQVLQ��

(QHUJ\� 6\VWHPV� 5HVHDUFK�8QLW�� �������� (63�U� 8VHU�
*XLGH�� 7KH� (63�U� 6\VWHP� IRU� %XLOGLQJ� (QHUJ\�
6LPXODWLRQ��*ODVJRZ��

(QHUJ\3OXV� 'RFXPHQWDWLRQ�� �������� (QJLQHHULQJ�
5HIHUHQFH��S���������

/$3$&.�� �������� '*((9;�� FRPSXWDWLRQ� RI� WKH�
HLJHQYDOXHV�RI�D�JHQHUDO�PDWUL[��5HWULHYHG� IURP�
KWWS���ZZZ�QHWOLE�RUJ�ODSDFN�LQGLYLGXDOURXWLQHV�
KWPO�

/L�� ;�� 4��� &KHQ�� <��� 6SLWOHU�� -�� '��� 	� )LVKHU�� '��
��������$SSOLFDELOLW\�RI�FDOFXODWLRQ�PHWKRGV� IRU�
FRQGXFWLRQ� WUDQVIHU� IXQFWLRQ� RI� EXLOGLQJ�
FRQVWUXFWLRQV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 7KHUPDO�
6FLHQFHV�� ������� ����±������
GRL���������M�LMWKHUPDOVFL�������������

0LWDODV��*��3���	�$UVHQHDXOW��-��*����������)RUWUDQ�,9�
SURJUDP�WR�FDOFXODWH�]�WUDQVIHU� IXQFWLRQV� IRU� WKH�
FDOFXODWLRQ� RI� WUDQVLHQW� KHDW� WUDQVIHU� WKURXJK�
ZDOOV� DQG� URRIV�� 'LYLVLRQ� RI� %XLOGLQJ� UHVHDUFK��
1DWLRQDO� 5HVHDUFK� &RXQFLO� &DQDGD�� 5HWULHYHG�
IURP� KWWS���QSDUF�FLVWL�LFLVW�QUF�
FQUF�JF�FD�QSVL�FWUO"DFWLRQ VKZDUW	LQGH[ DQ	U
HT ��������

0ROHU��&���	�9DQ�/RDQ��&����������1LQHWHHQ�'XELRXV�
:D\V� WR�&RPSXWH� WKH�([SRQHQWLDO� RI� D�0DWUL[��
7ZHQW\�)LYH�<HDUV�/DWHU��6,$0�5HYLHZ���������
�±����

0\HUV�� *�� (�� �������� $QDO\WLFDO� PHWKRGV� LQ�
FRQGXFWLRQ� KHDW� WUDQVIHU� �0F*UDZ�+LO���� 1HZ�
<RUN��

3HHWHUV�� /���	�0ROV��5�� ��������=HUR�(QHUJ\�+RXVH�
5HQRYDWLRQ�� 5HWULHYHG� )HEUXDU\� ��� ������ IURP�
KWWS���ZZZ�]HKU�EH�

6HHP�� -�� (�� �������� 0RGHOLQJ� RI� KHDW� WUDQVIHU� LQ�
EXLOGLQJV��8QLYHUVLW\�RI�:LVFRQVLQ��0DGLVRQ��

6LGMH��5��%����������([SRNLW��D�VRIWZDUH�SDFNDJH�IRU�
FRPSXWLQJ� PDWUL[� H[SRQHQWLDOV�� $&0�
7UDQVDFWLRQV� RQ� 0DWKHPDWLFDO� 6RIWZDUH�� �������
���±�����

6WHSKHQVRQ�� '�� *��� 	� 0LWDODV�� *�� 3�� ��������
&DOFXODWLRQ�RI�KHDW�FRQGXFWLRQ�WUDQVIHU�IXQFWLRQV�
IRU� PXOWL�OD\HU� VODEV�� $6+5$(� 7UDQVDFWLRQV��
������� ���±����� 5HWULHYHG� IURP�
KWWS���QSDUF�FLVWL�LFLVW�QUF�
FQUF�JF�FD�QSVL�FWUO"DFWLRQ VKZDUW	LQGH[ DQ	U
HT �������	ODQJ HQ�

7KH� 0DWK:RUNV� ,QF�� �������� 0DWODE� KHOS�� 1DWLFN��
0$��86$��

75$1662/$5� (QHUJLHWHFKQLN� *PEK�� ��������
7516<6������0XOWL]RQH�EXLOGLQJ�PRGHOLQJ�ZLWK�
7\SH����DQG�751%XLOG��S��������6WXWWJDUW��
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