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Abstract 
7KH� XVH� RI� ULJLG� VKHDWKLQJ� LV� LQFUHDVLQJ� LQ�1HZ�=HDODQG� FRQVWUXFWLRQ��5LJLG� VKHDWKLQJ� �RU�
ULJLG�XQGHUOD\�� LV�QRZ�PDQGDWRU\� IRU�1=6������VW\OH�FRQVWUXFWLRQ� LQ�H[WUD�KLJK�ZLQG�]RQHV�
DQG� WKHUH� LV� DQHFGRWDO� HYLGHQFH� RI� ULJLG� VKHDWKLQJ� LQFUHDVLQJ� LQ� SRSXODULW\� IRU� SUDFWLFDO�
UHDVRQV�DV�ZHOO��
7KLV� VWXG\�PHDVXUHV� WKH� DLUWLJKWQHVV� RI� VL[�ZDOO� VSHFLPHQV�ZLWK� GLIIHUHQW� FRQILJXUDWLRQV� RI�
XQGHUOD\�� LQFOXGLQJ�EDWWHQHG�SO\ZRRG�VKHDWKLQJ�� ,W� LV� VKRZQ� WKDW�ZDOOV�ZLWK� ULJLG� VKHDWKLQJ�
DUH�OLNHO\�WR�EH�PRUH�DLUWLJKW�WKDQ�FXUUHQW�W\SLFDO�FRQVWUXFWLRQ��ZKHUH�WKH�LQWHULRU�OLQLQJ�DFWV�DV�
WKH�PDLQ�DLU�EDUULHU��
$ERXW�D�WKLUG�RI�QHZ�KRPHV�DUH�XQGHU�YHQWLODWHG�DQG�VR�DQ\�IXUWKHU�LQFUHDVH�LQ�DLUWLJKWQHVV�
ZLOO�DOVR�LQFUHDVH�WKH�QHHG�IRU�VXSSOHPHQWDO�YHQWLODWLRQ�LQ�1HZ�=HDODQG�KRPHV��
7KH�GHFLVLRQ� WR�PDNH� ULJLG� VKHDWKLQJ�PDQGDWRU\� LQ� H[WUD�KLJK�ZLQG� ]RQHV� LV� VXSSRUWHG� E\�
UHVXOWV� IURP� WKLV� VWXG\�ZKLFK�VKRZ� WKDW� VFUHZ�SXOO�RXW� FDQ�RFFXU� LQ� WKH� ILHOG�RI� WKH� LQWHULRU�
OLQLQJ�DW�D�WRWDO�SUHVVXUH�RI�����3D�IRU�ZDOOV�ZLWK�ULJLG�VKHDWKLQJ��5LJLG�VKHDWKLQJ�LV�FDOFXODWHG�
WR�LQFUHDVH�WKLV�SUHVVXUH�WR������3D��
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1.� INTRODUCTION 
7KH�1HZ�=HDODQG�VWDQGDUG�IRU�WLPEHU�IUDPHG�FRQVWUXFWLRQ��1=6�������ZDV�XSGDWHG�LQ�
�����DQG�QRZ� LQFOXGHV�DQ�H[WUD�KLJK�ZLQG�]RQH� �6WDQGDUGV�1HZ�=HDODQG���������7R�
DFFRPPRGDWH�WKLV��WKH�'HSDUWPHQW�RI�%XLOGLQJ�DQG�+RXVLQJ¶V�FRPSOLDQFH�GRFXPHQW�IRU�
ZHDWKHUWLJKWQHVV��(��$6��� UHTXLUHV�D�ULJLG�XQGHUOD\��RU� ULJLG�VKHDWKLQJ�� WR�EH�XVHG� LQ�
WKH�QHZ�ZLQG�]RQH��'HSDUWPHQW�RI�%XLOGLQJ�DQG�+RXVLQJ���������
7KHUH� LV� DQHFGRWDO� HYLGHQFH� WKDW� WKH� XVH� RI� ULJLG� VKHDWKLQJ� LV� LQFUHDVLQJ� LQ� JHQHUDO��
7KLV�PD\�EH�SDUWO\�GXH�WR�WKH�FKDQJHV�LQ�(��$6��EXW�DOVR�EHFDXVH�WKHUH�DUH�VHYHUDO�
SUDFWLFDO�EHQHILWV�ZKHQ�XVLQJ�D�ULJLG�VKHDWKLQJ�LQFOXGLQJ��

x� HDVH�RI�XVH��HVSHFLDOO\�ZKHQ�GHDOLQJ�ZLWK�SHQHWUDWLRQV�

x� LQFUHDVHG�GXUDELOLW\�IURP�³UHGXQGDQF\´�LQ�WKH�ZDOO�V\VWHP�

x� LQFUHDVHG�UREXVWQHVV�RI�WKH�GUDLQHG�FDYLW\�±�OHVV�ULVN�RI�LQVXODWLRQ�EXOJLQJ�DQG�
UHGXFLQJ�FDYLW\�GHSWK�

x� WKH�SRWHQWLDO�WR�³FORVH�LQ´�WKH�IUDPLQJ�HDUOLHU�

x� WKH�SRWHQWLDO�WR�UHPRYH�WKH�DLU�EDUULHU�IXQFWLRQ�IURP�WKH�LQWHULRU�OLQLQJ�

5LJLG�VKHDWKLQJ�LV�RIWHQ�UHIHUUHG�WR�DV�D�³ULJLG�DLU�EDUULHU´�LQ�1HZ�=HDODQG��7KLV�FUHDWHV�
D� GHJUHH� RI� FRQIXVLRQ� DV� WKHUH� LV� QR� DLUWLJKWQHVV� UHTXLUHPHQW� LQ� WKH� 1HZ� =HDODQG�
%XLOGLQJ�&RGH��$GGLWLRQDOO\��RYHUVHDV��ZKHUH�VKHDWKLQJ�LV�ZLGHO\�XVHG�DQG�DLUWLJKWQHVV�
LV� RIWHQ� D� UHTXLUHPHQW�� WKH� VKHDWKLQJ� LV� XVXDOO\� QRW� WKH� GHVLJQDWHG� DLU� EDUULHU��
2YHUVHDV�� WKH� VKHDWKLQJ� RIWHQ� IXQFWLRQV� DV� D� EUDFLQJ� HOHPHQW�� EXW� KHUH� LQ� 1HZ�
=HDODQG��WKDW�UROH�LV�XVXDOO\�SHUIRUPHG�E\�WKH�LQWHULRU�OLQLQJ�RU�GHGLFDWHG�PHWDO�EUDFLQJ�
HOHPHQWV��
$V�DQ�H[DPSOH�RI�ZK\�ULJLG�VKHDWKLQJ�GRHV�QRW�QHFHVVDULO\�IXQFWLRQ�DV�DQ�DLU�EDUULHU��LW�
LV� UHDVRQDEO\� FRPPRQ� IRU� VKHDWKLQJ� WR� EH� UXQ� KRUL]RQWDOO\� LQ� 1RUWK� $PHULFDQ�
FRQVWUXFWLRQ�DQG�WR�KDYH�D�JDS�EHWZHHQ�WKH�VKHHWV��WR�DOORZ�IRU�H[SDQVLRQ���6XFK�DQ�
DUUDQJHPHQW� LV� QRW� JRLQJ� WR� IXQFWLRQ� DV� DQ� DLU� EDUULHU�� EHFDXVH� DLU� FDQ� VLPSO\� IORZ�
WKURXJK�WKH�JDSV�LQ�WKH�VKHDWKLQJ��7KHUHIRUH�LI��IRU�VRPH�UHDVRQ��LW� LV�GHVLUHG�WR�KDYH�
DQ�DLU�EDUULHU�LQ�1HZ�=HDODQG�FRQVWUXFWLRQ��LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�DLU�EDUULHU�DV�
D�FRPSOHWH�V\VWHP��QRW�MXVW�D�FROOHFWLRQ�RI�PDWHULDOV�WKDW�KDYH�ORZ�DLU�SHUPHDQFH��
,I� ULJLG�VKHDWKLQJ� LV� UXQ�YHUWLFDOO\�DQG�EDWWHQHG�RYHU� WKH� MRLQWV�� LW� FDQ�SRWHQWLDOO\� IRUP�
SDUW�RI�DQ�DLU�EDUULHU�V\VWHP�DQG�WKLV�LV�WKH�IRFXV�RI�WKLV�VWXG\��6SHFLILFDOO\��KRZ�LV�WKH�
DLUWLJKWQHVV�RI�D�ZDOO�DIIHFWHG�ZKHQ�ULJLG�VKHDWKLQJ�LV�XVHG"�

1.1� Airtightness in New Zealand and Overseas 
$V� PHQWLRQHG� SUHYLRXVO\�� WKHUH� LV� QR� DLUWLJKWQHVV� UHTXLUHPHQW� LQ� WKH� 1HZ� =HDODQG�
%XLOGLQJ� &RGH�� EXW� WKHUH� DUH� PDQ\� FRXQWULHV� ZKHUH� DLUWLJKWQHVV� LV� D� UHTXLUHG�
SHUIRUPDQFH�FULWHULD�IRU�EXLOGLQJV��,Q�VRPH�FRXQWULHV�WKH�GULYH�WR�PLQLPLVH�XQFRQWUROOHG�
DLUIORZ�WKURXJK�WKH�VWUXFWXUH�LV�PRWLYDWHG�E\�PRLVWXUH�SUREOHPV�DQG�LQ�RWKHU�FRXQWULHV��
HQHUJ\� VDYLQJV� DUH� WKH�PDLQ�PRWLYDWLRQ��$Q� DLUWLJKW� EXLOGLQJ� LV� DOVR� GHVLUDEOH� IRU� WKH�
HIILFLHQW�XVH�RI�PHFKDQLFDO�YHQWLODWLRQ�V\VWHPV��
6RPH� VHOHFWHG� DLUWLJKWQHVV� UHTXLUHPHQWV� IURP� QDWLRQDO� EXLOGLQJ� FRGHV� DQG� HQHUJ\�
VDYLQJ� LQLWLDWLYHV�DUH�VKRZQ� LQ�7DEOH����1RWH� WKDW� WKH�XQLWV� IRU�PHDVXULQJ�DLUWLJKWQHVV�
YDU\� DQG� LQ� VRPH� FDVHV� WKH� UHTXLUHPHQWV� UHODWH� RQO\� WR� ZDOO� VSHFLPHQV�� QRW� ZKROH�
EXLOGLQJV�� $� QRUPDOLVHG� YDOXH� IRU� DLU� FKDQJHV� SHU� KRXU� �DFK�� DW� ��� 3D� KDV� EHHQ�
FDOFXODWHG�IRU�HDFK�FDVH��
�
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7DEOH�����,QWHUQDWLRQDO�$LUWLJKWQHVV�5HTXLUHPHQWV��/LPE�>����@��.OXWWLJ�(UKRUQ�HW�DO�>����@��
1%&&�>����@��

&RXQWU\� $LUWLJKWQHVV�
5HTXLUHPHQW�

)RUP�RI�
5HTXLUHPHQW�

$SSUR[LPDWH�
1RUPDOLVHG�9DOXH�
�DFK��#����3D�

%HOJLXP� x�0HFKDQLFDOO\�
YHQWLODWHG�

��DFK�#����3D�
x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�#����3D�

6WDQGDUG� IRU�
YHQWLODWLRQ�V\VWHPV�

x�0HFKDQLFDOO\�
YHQWLODWHG�

��DFK�
x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�

&DQDGD� ����� WR� ���� O�V�P�� #� ���
3D� �IRU� RSDTXH�� ZDOO�
VSHFLPHQV� ±� QRW� ZKROH�
EXLOGLQJV�� 9DOXH� GHSHQGV�
RQ�DELOLW\�RI�ZDOO� WR�GU\� WR�
WKH�RXWVLGH��

5HFRPPHQGDWLRQ�
LQ�&RGH�

����WR�����DFK�

&]HFK�
5HSXEOLF�

x�1DWXUDOO\�YHQWLODWHG�
����DFK�#����3D�
x�0HFKDQLFDOO\�
YHQWLODWHG�

����DFK�#����3D�
x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�#����3D�

&RGH�UHJXODWLRQ� x�1DWXUDOO\�YHQWLODWHG�
����DFK�
x�0HFKDQLFDOO\�
YHQWLODWHG�

����DFK�
x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�

'HQPDUN� ���� P��KU� SHU� P�� RI� IORRU�
DUHD�#����3D�

&RGH�UHJXODWLRQ� ����DFK�

*HUPDQ\� x�1DWXUDOO\�YHQWLODWHG�
����DFK�#����3D�RU�����
P��KU�SHU�P��RI�IORRU�DUHD�
x�0HFKDQLFDOO\�
YHQWLODWHG�

����DFK�#����3D�RU�����
P��KU�SHU�P��RI�IORRU�DUHD�

&RGH�UHJXODWLRQ� x�1DWXUDOO\�YHQWLODWHG�
����DFK�
x�0HFKDQLFDOO\�
YHQWLODWHG�

����DFK�

*HUPDQ\� ±�
3DVVLYHKDXV�

x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�#����3D�

9ROXQWDU\�VWDQGDUG� x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�

)UDQFH� ±�
(IILQHUJLH�

����P��KU�SHU�P��#���3D� 9ROXQWDU\�VWDQGDUG� ����DFK�

,QWHUQDWLRQDO�
(QHUJ\�
&RQVHUYDWLRQ�
&RGH�

��DFK�#����3D� &RGH�UHJXODWLRQ� ��DFK�

1RUZD\� ��DFK�#����3D��KRXVHV�� 5HFRPPHQGDWLRQ� ��DFK�
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LQ�&RGH�

1HWKHUODQGV� ����P��KU�#����3D��FODVV�
�� EXLOGLQJV� EHWZHHQ� ����
DQG�����P���

&RGH�UHJXODWLRQ� ��DFK�

6ZHGHQ� ����O�V�SHU�P��#����3D� &RGH�UHJXODWLRQ� ����DFK�

6ZLW]HUODQG� �����P��KU�SHU�P��#���3D� &RGH�UHJXODWLRQ� ����DFK�

6ZLW]HUODQG� ±�
0LQHUJLH�

x�0HFKDQLFDOO\�
YHQWLODWHG�ZLWK�KHDW�
UHFRYHU\�

����DFK�#����3D�

9ROXQWDU\�VWDQGDUG� ����DFK�

8.� ���P��KU�SHU�P��#����3D� &RGH�UHJXODWLRQ� ����DFK�

86$� ±�
$6+5$(�

'HSHQGV�RQ�ORFDWLRQ��
3UHGRPLQDQWO\������DFK�#�
��3D��

9ROXQWDU\�VWDQGDUG� ����DFK�

86$� ±� $670�
(�����

���� O�V�P�� #� ��� 3D� �IRU�
RSDTXH��ZDOO�VSHFLPHQV�±�
QRW�ZKROH�EXLOGLQJV��

6WDQGDUG� IRU� DLU�
EDUULHUV�

���� DFK� �1�%�� $670�
(����� VD\V� WKLV� LV�
HTXLYDOHQW� WR� ���� DFK�
EXW� WKH� ZRUNLQJ� LV�
XQFOHDU��

�
7KH�QRUPDOLVHG� YDOXHV� DVVXPH� WKH� IROORZLQJ� EXLOGLQJ� SDUDPHWHUV�� YROXPH� � ����P���
VXUIDFH�DUHD� �����P��DQG�IORRU�DUHD� �����P���
7R� FRQYHUW� UHTXLUHPHQWV� WKDW� DUH� DW� SUHVVXUHV� RWKHU� WKDQ� ��� 3D�� WKH� IROORZLQJ�
UHODWLRQVKLS�LV�DVVXPHG��

� ܳ ൌ �οܲ଴Ǥ଺଺ܥ ���

4�LV�WKH�IORZ�UDWH�DQG�WKH�'3�LV�WKH�SUHVVXUH�GLIIHUHQFH��
7KLV� HTXDWLRQ� LV� XVHG� WR� FDOFXODWH�D� YDOXH� IRU� WKH� IORZ� FRHIILFLHQW�&��ZKLFK� LQ� WXUQ� LV�
XVHG� WR�FDOFXODWH� WKH�DGMXVWHG� IORZ� UDWH�DW����3D�� ,Q� WKH�&DQDGLDQ�FDVH�� LW�KDV�EHHQ�
DVVXPHG�WKDW�WKH�OHDNDJH�RI�D�ZKROH�EXLOGLQJ�LV�DQ�RUGHU�RI�PDJQLWXGH�JUHDWHU�WKDQ�WKH�
OHDNDJH�WKURXJK�DQ�RSDTXH�ZDOO�VSHFLPHQ��7KLV�DVVXPSWLRQ� LV�EDVHG�RQ�WKH�GLIIHUHQW�
$670�UHTXLUHPHQWV�IRU�WKH�DLUWLJKWQHVV�RI�PDWHULDOV��DLU�EDUULHU�DVVHPEOLHV�DQG�ZKROH�
EXLOGLQJV�UHVSHFWLYHO\��$QLV���������%HFDXVH�RI�WKH�DVVXPSWLRQV�PDGH��WKH�QRUPDOLVHG�
FRPSDULVRQ�VKRXOG�EH�WUHDWHG�DV�D�YHU\�URXJK�DSSUR[LPDWLRQ��
7KH�8QLWHG�6WDWHV�GRHV�QRW�KDYH�D�QDWLRQDO�HQHUJ\�FRGH�EXW�.OXWWLJ�(UKRUQ�HW�DO��������
VWDWH� WKDW� ORFDO� FRGH� RIILFLDOV� JHQHUDOO\� IROORZ� WKH� ,QWHUQDWLRQDO� (QHUJ\� &RQVHUYDWLRQ�
&RGH� ZKLFK� KDV� D� UHTXLUHG� DLUWLJKWQHVV� RI� OHVV� WKDQ� �� DFK�#� ��� 3D� �RU� D� YHULILHG�
LQVWDOODWLRQ� FKHFNOLVW��� 6HYHUDO� RWKHU� ORFDO� FRGHV� H[LVW� LQ� WKH� 86$� VXFK� DV� WKH�
:DVKLQJWRQ�6WDWH�(QHUJ\�&RGH�DQG�WKH�6HDWWOH�(QHUJ\�&RGH�ZKLFK�UHTXLUH�EXLOGLQJV�
WR�XQGHUJR�DQ�DLUWLJKWQHVV�WHVW�EXW�GR�QRW�UHTXLUH�WKHP�WR�SDVV�D�SUHVFULEHG�YDOXH��$LU�
%DUULHU�$VVRFLDWLRQ�RI�$PHULFD���������
,Q� 1HZ� =HDODQG�� DLUWLJKWQHVV� KDV� EHHQ� OHVV� RI� D� FRQFHUQ�� +RZHYHU�� PRGHUQ� 1HZ�
=HDODQG�KRPHV�DUH�PRUH�DLUWLJKW�WKDQ�ROGHU�KRPHV��2YHUWRQ�HW�DO���������
7KH�DYHUDJH�DLUWLJKWQHVV�UHVXOW��DW����3D��IURP�KRXVHV�EXLOW�EHIRUH�::,,�ZDV�DURXQG�
��� DFK� EXW� WKLV� UHGXFHG� GUDPDWLFDOO\� WR� ���� DFK� IRU� KRXVHV� EXLOW� EHWZHHQ� ����� DQG�
������ $� VLJQLILFDQW� FRQWULEXWRU� WR� HQYHORSH� DLU�WLJKWHQLQJ� DURXQG� ����� ZDV� WKH� VKLIW�
IURP� VXVSHQGHG� WRQJXH�DQG�JURRYH� IORRULQJ� WR� VKHHW� IORRU� FRQVWUXFWLRQ� DQG� VODE�RQ�
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JURXQG� IORRUV�� $QRWKHU� FKDQJH� DW� D� VLPLODU� WLPH� ZDV� WKH� VKLIW� IURP� WLPEHU� MRLQHU\� WR�
DOXPLQLXP�IUDPHG�GRRUV�DQG�ZLQGRZV��
1HZHU� FRQVWUXFWLRQ� SUDFWLFHV� KDYH� FRQWLQXHG� WR� LQIOXHQFH� WKH� DLUWLJKWQHVV� RI� KRXVHV��
5HFHQW�H[DPSOHV�RI�FKDQJHV�DUH�WKH�ZLGHVSUHDG�XVH�RI�ERQGHG�SODVWHU�FRUQLFHV�RU�D�
VTXDUH�VWRSSHG�LQWHULRU�SODVWHU�ILQLVK�DQG�WKH�DGRSWLRQ�RI�DLU�VHDOV�DURXQG�ZLQGRZ�DQG�
GRRU� DVVHPEOLHV� WR� FRQWURO� UDLQ� SHQHWUDWLRQ�� )RU� KRXVHV� EXLOW� VLQFH� ������ WKH� PHDQ�
DLUWLJKWQHVV�OHYHO�ZDV�DW�����DFK�DW����3D��
7KH�DLUWLJKWQHVV�RI�1HZ�=HDODQG�KRPHV�DQG�KRZ�LW�YDULHV�ZLWK�WKH�GDWH�RI�FRQVWUXFWLRQ�
LV�VKRZQ�LQ�)LJXUH������2YHUWRQ�HW�DO���������

�
)LJXUH�����$LUWLJKWQHVV�0HDVXUHPHQWV�RI�1HZ�=HDODQG�+RPHV��2YHUWRQ�HW�DO��������

�
)RU�KRPHV�EXLOW�VLQFH�������UHVHDUFK�KDV�VKRZQ�WKDW�DERXW�RQH�WKLUG�KDYH�YHQWLODWLRQ�
OHYHOV�EHORZ�LQWHUQDWLRQDO�JXLGHOLQHV�IRU�LQGRRU�DLU�TXDOLW\��2YHUWRQ�HW�DO���������7KLV�LV�
EHFDXVH�WKH�DLU�LQILOWUDWLRQ��UHODWHG�WR�WKH�DLUWLJKWQHVV��WKURXJK�WKH�EXLOGLQJ�HQYHORSH�LV�
QRW�DOZD\V�VXSSOHPHQWHG�E\�H[WUD�YHQWLODWLRQ��
7KHUHIRUH�LI�1HZ�=HDODQG�KRPHV�EHFRPH�PRUH�DLUWLJKW��WKH�QHHG�IRU�VSHFLILF�YHQWLODWLRQ�
SURYLVLRQ�ZLOO�EHFRPH�HYHQ�JUHDWHU��7R�DVVHVV� WKH�HIIHFW�RQ�DLUWLJKWQHVV�DULVLQJ� IURP�
GLIIHUHQW�RSWLRQV�IRU�ZDOO�XQGHUOD\��LQFOXGLQJ�WKH�XVH�RI�ULJLG�VKHDWKLQJ��D�VHULHV�RI�WHVWV�
ZHUH� SHUIRUPHG� WR�PHDVXUH� ERWK� WKH� DLUWLJKWQHVV� DQG� WKH�SUHVVXUH� GURS� WKURXJK� WKH�
ZDOO�DVVHPEO\��

2.� EXPERIMENTAL METHOD 
6L[�����P�KLJK�E\�����ZLGH�ZDOO� VSHFLPHQV�ZHUH� WHVWHG�XVLQJ� WKH�JHQHUDO�SURFHGXUH�
RXWOLQHG�LQ�$670�(��������Standard Test Method for Determining Rate of Air Leakage 
Through Exterior Windows, Curtain Walls and Doors Under Specified Pressure 
Differences Across the Specimen�� $670� (���� LV� UHIHUHQFHG� E\� $670� (������
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Standard Specification for an Air Barrier (AB) Material or System for Low-Rise Framed 
Building Walls. 7KLV� ZDV� FKRVHQ� EHFDXVH� WKHUH� LV� QR� 1HZ� =HDODQG� VWDQGDUG� IRU�
PHDVXULQJ�DLUWLJKWQHVV�RI�ZDOO�VSHFLPHQV��

2.1� ASTM E283 
$670�(���� UHTXLUHV�D� WHVW�VSHFLPHQ� WR�EH�VHDOHG� LQWR�RU�DJDLQVW�RQH� IDFH�RI�DQ�DLU�
FKDPEHU�� VXSSO\LQJ�DLU� WR�RU�H[KDXVWLQJ�DLU� IURP� WKH�FKDPEHU�DW� WKH� UDWH� UHTXLUHG� WR�
PDLQWDLQ�WKH�VSHFLILHG�WHVW�SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�VSHFLPHQ�DQG�PHDVXULQJ�WKH�
UHVXOWDQW�DLU�IORZ�WKURXJK�WKH�VSHFLPHQ��
7KH�SURFHGXUH�LQ�$670�(����ZDV�PRGLILHG�VOLJKWO\�WR�REWDLQ�IXUWKHU�LQIRUPDWLRQ�DERXW�
WKH� DLUWLJKWQHVV� RI� WKH� WHVW� VSHFLPHQV� DQG� WR� EHWWHU� DOLJQ�ZLWK� H[LVWLQJ�1HZ�=HDODQG�
WHVWV� VXFK� DV� (��90�� �'HSDUWPHQW� RI� %XLOGLQJ� DQG� +RXVLQJ�� ������� 7KH� PDLQ�
PRGLILFDWLRQV�DUH�VKRZQ�EHORZ��
�

7DEOH�����0RGLILFDWLRQV�WR�$670�(����LQ�WKLV�6WXG\�

$670�(�����$670�(���� 0RGLILFDWLRQ�
,QWHULRU� OLQLQJ� KDV� DQ� HOHFWULFDO� VRFNHW� ZLWK�
WZR�RSHQ�NQRFNRXWV�

,QWHULRU� OLQLQJ�KDG�D����PP�GLDPHWHU�KROH�
FXW�LQ�LW��7KLV�LV�WKH�VDPH�VL]H�KROH�XVHG�LQ�
(��90��

&ODGGLQJ�LV�VLPXODWHG��L�H��SDUWLDOO\�FODG� :DOO�ZDV�IXOO\�FODG�ZLWK�FOHDU�DFU\OLF�VKHHW�
RYHU�D����PP�FDYLW\��1RWH� WKDW� WKLV� VWXG\�
ZDV� FRQFHUQHG� ZLWK� WKH� ZKROH� ZDOO�� QRW�
MXVW� WKH� FRPSRQHQW� WKDW� ZDV� VSHFLILFDOO\�
WKH�DLU�EDUULHU��$FU\OLF�DOORZHG�YLVXDOLVDWLRQ�
RI� WKH� ZDOO� ZKLOVW� PDLQWDLQLQJ� QRUPDO�
FRQVWUXFWLRQ�VW\OH�

3UHVVXUH�LV�PHDVXUHG�LQ�FKDPEHU� 3UHVVXUH�PHDVXUHG� LQ�FKDPEHU�DQG�RWKHU�
ORFDWLRQV� WR� JDLQ� LQIRUPDWLRQ� DERXW�
SUHVVXUH�GURS�WKURXJK�WKH�ZDOO�

7HVWHG�DW�SUHVVXUHV����������������DQG�����
3D��W\SLFDOO\��

7HVWHG� DW� ���� ���� ���� ���� ����� ����� �����
����� ����� ����� ����3D��7KLV�ZDV�GRQH� WR�
REWDLQ�PRUH�GHWDLOHG�LQIRUPDWLRQ�

�
7HVWV�ZH�FRQGXFWHG�RQ�WKUHH�FRQILJXUDWLRQV�IRU�HDFK�VSHFLPHQ��VHH�6HFWLRQ������DQG�
HDFK� FRQILJXUDWLRQ� ZDV� WHVWHG� LQ� ERWK� IORZ� GLUHFWLRQV�� L�H�� SRVLWLYH� DQG� QHJDWLYH�
SUHVVXUH��
,Q� DGGLWLRQ�� DW� WKH� FRPSOHWLRQ� RI� WKH� WHVWV� RQ� 6SHFLPHQ� &� �VHH� 6HFWLRQ� ����� WKH�
SUHVVXUH�LQ�WKH�FKDPEHU�ZDV�UDPSHG�XS�WR�DVVHVV�WKH�PRGH�RI�IDLOXUH�RI�WKH�DLU�EDUULHU�
FRPSRQHQWV�LQ�D�W\SLFDO�1HZ�=HDODQG�ZDOO��

2.2� Description of Wall Specimens 
6L[�ZDOOV�ZHUH�EXLOW�XVLQJ�WKH�VDPH�JHQHUDO�FRQVWUXFWLRQ��7KH�RQO\�GLIIHUHQFHV�EHWZHHQ�
VSHFLPHQV�ZHUH�LQ�WKH�QDWXUH�RI�WKH�XQGHUOD\�DQG�WKH�SUHVHQFH�RU�RWKHUZLVH�RI�D�FDYLW\�
FORVHU��
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2.2.1�General Construction 
$OO� ZDOOV� ZHUH� ����P� KLJK� [� ����P�ZLGH� DQG� WLPEHU�IUDPHG�� 6WXGV� ZHUH� DW� ����PP�
FHQWUHV�DQG�GZDQJV�DW�����PP�FHQWUHV��7KH�VSHFLPHQV�ZHUH�FODG�ZLWK�FOHDU�DFU\OLF�
VKHHW�RYHU�D�FDYLW\�IRUPHG�E\�WLPHU�EDWWHQV��)OH[LEOH�ZDOO�XQGHUOD\�ZDV�VWDSOHG�WR�WKH�
IUDPLQJ�DW�����PP�FHQWUHV�DQG�VXSSRUW�WDSH�ZDV�UXQ�YHUWLFDOO\�EHWZHHQ�EDWWHQV��7KH�
WLPEHU�IUDPHV�ZHUH�LQVXODWHG�XVLQJ�5�����ILEUHJODVV�SODFHG�LQ�WKH�VWXG�VSDFH��7KH�ZDOOV�
ZHUH� OLQHG� RQ� WKH� LQWHULRU� XVLQJ� VFUHZ�IL[HG� ���PP� WKLFN� J\SVXP� SODVWHUERDUG�� 7KH�
OLQLQJ� ZDV� VHDOHG� DW� WKH� VLGHV�� WRS� DQG� YHUWLFDO� MRLQW� XVLQJ�PDVNLQJ� WDSH�� $� ��� PP�
GLDPHWHU� KROH� ZDV� GULOOHG� LQ� WKH� SODVWHUERDUG� WR� VLPXODWH� OHDNDJH� DW� DQ� HOHFWULFDO�
VRFNHW��

2.2.2�Specific Details 
'HVFULSWLRQV�RI�HDFK�ZDOO� VSHFLPHQ�DUH�VKRZQ� LQ�7DEOH������8QOHVV�VSHFLILHG�� ³WDSH´�
UHIHUV�WR�PDVNLQJ�WDSH��7KH�EROG�WH[W�UHSUHVHQWV�WKH�NH\�IHDWXUHV�RI�HDFK�VSHFLPHQ��
�

7DEOH�����'HVFULSWLRQV�RI�7HVW�6SHFLPHQV�

6SHFLPHQ�
1DPH�

'HVFULSWLRQ�

$� $V�JHQHUDO�FRQVWUXFWLRQ�EXW��
x�+RUL]RQWDO�MRLQW�LQ�IOH[LEOH�XQGHUOD\�ZDV�ODSSHG�E\�����PP�DW�
DSSUR[LPDWHO\�PLG�KHLJKW�RI�WKH�VSHFLPHQ�

x�)OH[LEOH�XQGHUOD\�ZDV�WDSHG�WR�VLGHV�DQG�WRS�RI�IUDPH�
x�&DYLW\�FORVHU�SUHVHQW�DW�EDVH�RI�GUDLQHG�FDYLW\�

%� $V�JHQHUDO�FRQVWUXFWLRQ�EXW��
x�+RUL]RQWDO�MRLQW�LQ�IOH[LEOH�XQGHUOD\�ZDV�ODSSHG�E\�����PP�DW�
DSSUR[LPDWHO\�PLG�KHLJKW�RI�WKH�VSHFLPHQ�

x�)OH[LEOH�XQGHUOD\�ZDV�WDSHG�WR�VLGHV�DQG�WRS�RI�IUDPH�
x�&DYLW\�FORVHU�RPLWWHG�DW�EDVH�RI�GUDLQHG�FDYLW\�

&� $V�JHQHUDO�FRQVWUXFWLRQ�EXW��
x�+RUL]RQWDO�MRLQW�LQ�IOH[LEOH�XQGHUOD\�ZDV�WDSHG�XVLQJ�39&�MRLQLQJ�WDSH�DW�
DSSUR[LPDWHO\�PLG�KHLJKW�RI�WKH�VSHFLPHQ�

x�)OH[LEOH�XQGHUOD\�ZDV�WDSHG�WR�VLGHV�DQG�WRS�RI�IUDPH�
x�&DYLW\�FORVHU�SUHVHQW�DW�EDVH�RI�GUDLQHG�FDYLW\�

'� $V�JHQHUDO�FRQVWUXFWLRQ�EXW��
x�+RUL]RQWDO�MRLQW�LQ�IOH[LEOH�XQGHUOD\�ZDV�WDSHG�XVLQJ�39&�MRLQLQJ�WDSH�DW�
DSSUR[LPDWHO\�PLG�KHLJKW�RI�WKH�VSHFLPHQ�

x�)OH[LEOH�XQGHUOD\�ZDV�WDSHG�WR�VLGHV�DQG�WRS�RI�IUDPH�
x�&DYLW\�FORVHU�RPLWWHG�DW�EDVH�RI�GUDLQHG�FDYLW\�

(� $V�JHQHUDO�FRQVWUXFWLRQ�EXW��
x�+RUL]RQWDO�MRLQW�LQ�IOH[LEOH�XQGHUOD\�ZDV�WDSHG�XVLQJ�39&�MRLQLQJ�WDSH�DW�
DSSUR[LPDWHO\�PLG�KHLJKW�RI�WKH�VSHFLPHQ�

x�)OH[LEOH�XQGHUOD\�ZDV�WDSHG�WR�VLGHV��WRS�RI�IUDPH�DQG�ERWWRP�SODWH�
x�&DYLW\�FORVHU�SUHVHQW�DW�EDVH�RI�GUDLQHG�FDYLW\�

)� $V�JHQHUDO�FRQVWUXFWLRQ�EXW���
x�7ZR�����P�KLJK�E\�����P�ZLGH����PP�WKLFN�SO\ZRRG�VKHHWV�ZHUH�QDLOHG�
WR�WKH�RXWVLGH�RI�WKH�IUDPLQJ�DW�����PP�FHQWUHV�

x�+RUL]RQWDO�MRLQW�LQ�IOH[LEOH�XQGHUOD\�ZDV�ODSSHG�E\�����PP�DW�
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DSSUR[LPDWHO\�PLG�KHLJKW�RI�WKH�VSHFLPHQ�
x�)OH[LEOH�XQGHUOD\�ZDV�WDSHG�WR�VLGHV�DQG�WRS�RI�IUDPH�
x�&DYLW\�FORVHU�SUHVHQW�DW�EDVH�RI�GUDLQHG�FDYLW\�

�
)RU�DOO�WKH�ZDOOV��WKH�IROORZLQJ�FRQILJXUDWLRQV�ZHUH�WHVWHG��

x� DOO�HGJHV�RI�LQWHULRU�OLQLQJ�VHDOHG�DQG����PP�KROH�WDSHG�±�WKH�EDFNJURXQG�
OHDNDJH�FDVH�

x� ZLWK�WKH�ERWWRP�HGJH�RI�WKH�LQWHULRU�OLQLQJ�XQVHDOHG�±�W\SLFDO�LQVWDOODWLRQ�PHWKRG�

x� ZLWK����PP�KROH�XQWDSHG�±�WR�VLPXODWH�W\SLFDO�DV�EXLOW�FRQGLWLRQ��ZLWK�HOHFWULFDO�
VRFNHWV�HWF���

2.3� Test Equipment 

2.3.1�Test Chamber 
%5$1=¶V� (��90�� ULJ� ZDV� XVHG� DV� D� WHVW� FKDPEHU�� 7KLV� ULJ� FRQVLVWV� RI� DQ� RSHQ�
FKDPEHU�ZLWK�ZDWHU�VSUD\�HTXLSPHQW�DQG�D�IDQ��
7KH�ZDOO� VSHFLPHQV�ZHUH� FODPSHG� WR� WKH� RSHQ� IDFH�� 7KH� YDOYHV� IRU� WKH�ZDWHU�ZHUH�
FORVHG�RII�DQG�DOO�RWKHU�DSHUWXUHV�VXFK�DV�WKH�GRRU�DW�WKH�UHDU�RI�WKH�ULJ�ZHUH�VHDOHG�DV�
EHVW�DV�SRVVLEOH��
$� ODPLQDU� IORZ�HOHPHQW�ZDV�FRQQHFWHG� WR� WKH� IDQ��7XELQJ� WR� WKH�FKDPEHU�ZDV�HLWKHU�
FRQQHFWHG�WR�WKH�KLJK�SUHVVXUH�RU�ORZ�SUHVVXUH�VLGH�RI�WKH�IDQ��UHVXOWLQJ�LQ�SRVLWLYH�RU�
QHJDWLYH�FKDPEHU�SUHVVXUHV�UHVSHFWLYHO\��

2.3.2�Pressure Measurements 
$�VLQJOH�SUHVVXUH�WUDQVGXFHU�ZDV�XVHG�GXULQJ�WKH�WHVW�DQG�D�VZLWFK�XQLW�ZDV�XVHG�WR�
VHOHFW�WKH�SUHVVXUH�GLIIHUHQFH�WR�EH�PHDVXUHG�E\�WKH�WUDQVGXFHU��
3UHVVXUH�WDSV�ZHUH�ORFDWHG�DW�WKH�IROORZLQJ�ORFDWLRQV��

x� PDLQ�FKDPEHU�

x� EHWZHHQ�WKH�FODGGLQJ�DQG�WKH�EXLOGLQJ�ZUDS�

x� EHWZHHQ�WKH�EXLOGLQJ�ZUDS�DQG�WKH�LQWHULRU�OLQLQJ��L�H��LQ�WKH�LQVXODWLRQ��

x� DPELHQW�SUHVVXUH�RXWVLGH�RI�WKH�FKDPEHU�

x� DFURVV�WKH�IORZ�WUDQVGXFHU�

2.3.3�Flow Measurement 
$�/DPLQDU�)ORZ�(OHPHQW��/)(��ZDV�XVHG�WR�PHDVXUH�WKH�YROXPHWULF�IORZ�UDWH�WKURXJK�
WKH�IDQ��7KH�/)(�ZDV�FRQQHFWHG�WR�WKH�KLJK�SUHVVXUH�VLGH�RI�WKH�IDQ��
7KH� /)(� PRGHO� QXPEHU� ZDV� 0HULDP� )������ ��0� 5����� (DUOLHU� FDOLEUDWLRQ� KDG�
FDOFXODWHG� D� IDFWRU� RI� ����� WR� FRQYHUW� IURP� O�V� WR�3D� DQG� WKLV� YDOXH�ZDV� XVHG� LQ� WKLV�
SDUWLFXODU�VWXG\��

2.4� Calculation of Airtightness 
7R� EH� FODVVLILHG� DV� DQ� DLU� EDUULHU� V\VWHP�� $670� (����� UHTXLUHV� WKH� IORZ� WR� EH� D�
PD[LPXP�RI�����O�V�P��#����3D��
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7KH�DERYH�IORZ�UDWHV�ZHUH�IRXQG�DV�IROORZV��

x� WKH�IORZ�WKURXJK�HDFK�VSHFLPHQ�ZDV�FDOFXODWHG�XVLQJ�WKH�SUHYLRXVO\�FDOLEUDWHG�
UHODWLRQVKLS�EHWZHHQ�SUHVVXUH�DQG�IORZ�IRU�WKH�/)(�

x� IRU�HDFK�FRQILJXUDWLRQ��D�SRZHU�ODZ�UHODWLRQVKLS�EHWZHHQ�IORZ��4��DQG�SUHVVXUH�
GLIIHUHQFH��3��ZDV�ILWWHG�WR�WKH�GDWD��7KH�UHODWLRQVKLS�LV�VLPLODU�WR�WKDW�LQ�
(TXDWLRQ���EXW�WKH�H[SRQHQW�LV�DOVR�XQNQRZQ�

x� WKH�DLUWLJKWQHVV�RI�WKH�RYHUDOO�VSHFLPHQ��L�H��ZLWK�WKH�KROH�DQG�WKH�ERWWRP�HGJH�RI�
WKH�LQWHULRU�OLQLQJ�XQ�WDSHG��ZDV�IRXQG�E\�VXEWUDFWLQJ�WKH�IORZ�DVVRFLDWHG�ZLWK�
EDFNJURXQG�OHDNDJH�IRU�WKH�VDPH�SUHVVXUH�

x� WKH�UHVXOWDQW�SRZHU�ODZ�UHODWLRQVKLS�ZDV�XVHG�WR�FDOFXODWH�WKH�OHDNDJH�DW����3D�

x� WKH�IORZ�DW����3D�IRU�ERWK�SRVLWLYH�DQG�QHJDWLYH�SUHVVXUHV�ZDV�DYHUDJHG�WR�JLYH�
WKH�HQG�UHVXOW�

� �
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3.� RESULTS 

3.1� Airtightness 
$670� (���� QRUPDOO\� TXRWHV� WKH� UHVXOWV� DV� D� OHDNDJH� UDWH� DW� ��� 3D�� 7KH� DYHUDJH�
UHVXOWV�IRU�WKH�VL[�VSHFLPHQV�LQ�WKHLU�DV�EXLOW�FRQILJXUDWLRQ�LV�VKRZQ�LQ�7DEOH������
�

7DEOH�����$YHUDJH�$LUWLJKWQHVV�5HVXOWV�IRU�3RVLWLYH�DQG�1HJDWLYH�3UHVVXUHV�

6SHFLPHQ� $LUWLJKWQHVV�/HYHO�

$� �����O�V�P��#����3D�

%� �����O�V�P��#����3D�

&� �����O�V�P��#����3D�

'� �����O�V�P��#����3D�

(� �����O�V�P��#����3D�

)� �����O�V�P��#����3D�

�

3.2� Pressure Drop Across Interior Lining 
7KH�SHUFHQWDJH�SUHVVXUH�GURS�DFURVV�WKH�LQWHULRU� OLQLQJ�LV�VKRZQ�LQ�7DEOH������:KHUH�
WKH� YDOXH� LV� DERYH� ���� LW� PHDQV� WKDW� WKH� LQWHULRU� OLQLQJ� ZDV� DFWLQJ� DV� WKH�PDLQ� DLU�
EDUULHU�LQ�WKH�ZDOO��
�

7DEOH�����3HUFHQWDJH�RI�7RWDO�3UHVVXUH�'LIIHUHQFH�$FWLQJ�RQ�WKH�,QWHULRU�/LQLQJ�

6SHFLPHQ� $SSUR[LPDWH� 3UHVVXUH�
'URS� $FURVV� ,QWHULRU�
/LQLQJ�

$� ����

%� ����

&� ����

'� ����

(� ����

)� ����

�
,Q�HDFK�FDVH�WKH�UHPDLQGHU�RI�WKH�SUHVVXUH�GURS�RFFXUV�DFURVV�WKH�VKHDWKLQJ�XQGHUOD\�
OD\HU��

3.3� Structural Strength 
8QGHU�D�SRVLWLYH�SUHVVXUH�� WKH�PRGH�RI� IDLOXUH� IRU�6SHFLPHQ�&�ZDV� WKH� LQWHULRU� OLQLQJ�
SXOOLQJ� DZD\� IURP� WKH� VFUHZ� IL[LQJV� LQ� WKH� ILHOG� RI� WKH� VKHHWV�� 7KLV� RFFXUUHG� DW� D�
FKDPEHU�SUHVVXUH�RI�DSSUR[LPDWHO\�����3D��)URP� WKH�HDUOLHU�PHDVXUHPHQWV������RI�
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WKLV�WRWDO�SUHVVXUH�GURS�ZRXOG�KDYH�RFFXUUHG�DFURVV�WKH�LQWHULRU�OLQLQJ��FRUUHVSRQGLQJ�WR�
D�SUHVVXUH�RI�����3D��
8QGHU�D�QHJDWLYH�SUHVVXUH�WKH�PRGH�RI�IDLOXUH�ZDV�WKH�ZUDS�SXOOLQJ�WKURXJK�WKH�VWDSOH�
IL[LQJV��+RZHYHU��DOWKRXJK�WKLV�RFFXUUHG�DW�D�IHZ�SRLQWV��WKH�ZUDS�ZDV�WKHQ�UHVWUDLQHG�
E\� WKH� FODGGLQJ�� WKHUHE\� SUHYHQWLQJ� IXUWKHU� IDLOXUH�� 7KH�ZUDS� OD\HU� ZDV� VWLOO� UHVLVWLQJ�
DSSUR[LPDWHO\�����RI�WKH�SUHVVXUH��DV�LW�KDG�GRQH�WKURXJKRXW�WKH�WHVW��

4.� ANALYSIS AND DISCUSSION 

4.1� Airtightness 
7KH� UHVXOWV� VKRZ� WKDW� WKH� DLUWLJKWQHVV� RI� RSDTXH� ZDOOV� GHSHQGV� RQ� WKH�
VKHDWKLQJ�XQGHUOD\�FRQILJXUDWLRQ��
7KH�RQO\�VSHFLPHQV�WKDW�GLG�QRW�PHHW�WKH�$670�(�����UHTXLUHPHQW�IRU�DLU�EDUULHUV������
O�V�P��� ZHUH� 6SHFLPHQV� %� DQG� '�� 7KHVH� VSHFLPHQV� GR� QRW� UHSUHVHQW� ³UHDO´� 1HZ�
=HDODQG�ZDOOV�EHFDXVH�RI�WKH�DEVHQFH�RI�D�FDYLW\�FORVHU��,W�ZDV�VXUSULVLQJ�KRZ�ZHOO�WKH�
FDYLW\�FORVHU�VHDOHG�WKH�ERWWRP�RI�WKH�ZDOO��$OWKRXJK�WKH�FDYLW\�FORVHU�ZDV�RQO\�VWDSOHG�
WR�WKH�IUDPLQJ�DW�����PP�FHQWUHV��LWV�HIIHFW�ZDV�VLPLODU�WR�WDSLQJ�WKH�ERWWRP�HGJH�RI�WKH�
IOH[LEOH�XQGHUOD\�FRPSOHWHO\�VKXW��DV�LQ�6SHFLPHQ�(���
7KH�VSHFLPHQV�ZKLFK�PRVW�UHSUHVHQW�FXUUHQW�³QRUPDO´�SUDFWLFH�ZHUH�6SHFLPHQV�$�DQG�
&� ZKLFK� KDG� DLUWLJKWQHVV� OHYHOV� RI� ����� O�V�P�� DQG� ����� O�V�P�� UHVSHFWLYHO\� DQG� ERWK�
PHHW� WKH� DLUWLJKWQHVV� UHTXLUHPHQW� RI� $670� (������ 7KH� $670� (����� UHVXOW� UHODWHV�
RQO\� WR�DQ�RSDTXH�ZDOO� VSHFLPHQ��5HDO�ZDOOV��ZKLFK�ZLOO� FRQWDLQ�GRRUV��ZLQGRZV�DQG�
MXQFWLRQV� WR� WKH� IORRU�DQG�FHLOLQJ�HWF���DUH� OLNHO\� WR�EHKDYH�TXLWH�GLIIHUHQWO\��8VLQJ� WKH�
URXJK�DSSUR[LPDWLRQ�WKDW�WKH�OHDNDJH�RI�D�ZKROH�EXLOGLQJ�ZLOO�EH�DQ�RUGHU�RI�PDJQLWXGH�
ODUJHU� WKDQ� WKDW� WKURXJK� DQ� RSDTXH� VSHFLPHQ� DW� ��� 3D�� WKHQ� WKH� QRUPDOLVHG� ZKROH�
EXLOGLQJ� OHDNDJH� UDWH� �VHH� 6HFWLRQ� ����� IRU� DQ� DLUWLJKWQHVV� RI� ����� O�V�P�� LV� ���� DFK��
7KHUH� LV� UHDVRQDEOH� DJUHHPHQW� EHWZHHQ� WKLV� FUXGH� HVWLPDWH� DQG� WKH� DYHUDJH�
DLUWLJKWQHVV�IRU�KRXVHV�EXLOW�VLQFH������LQ�1HZ�=HDODQG�RI�����DFK��
,I� EDWWHQHG� ULJLG� VKHDWKLQJ� LV� HPSOR\HG�� WKHQ� WKH� ZDOO� ZLOO� EHFRPH� PRUH� DLUWLJKW��
6SHFLPHQ�)�ZDV�WKH�PRVW�DLUWLJKW�RI�DOO�WKH�VSHFLPHQV�ZLWK�D�IORZ�RI������O�V�P���7KLV�
OHDGV� WR� DQ� DSSUR[LPDWH� QRUPDOLVHG� ZKROH� EXLOGLQJ� DLUWLJKWQHVV� RI� ���� DFK�� 7KH�
DSSUR[LPDWH�DLUWLJKWQHVV�RI�WKH�ZKROH�EXLOGLQJ�DVVXPHV�WKDW�WKH�ULJLG�VKHDWKLQJ�IRUPV�
SDUW�RI�D�FRQWLQXRXV�DLU�EDUULHU��)XUWKHU�ILHOG�WHVWLQJ�ZRXOG�EH�GHVLUDEOH�WR�PHDVXUH�WKH�
DLUWLJKWQHVV� RI� ZKROH� EXLOGLQJV�ZKHUH� ULJLG� VKHDWKLQJ� LV� XVHG� WR� VHH� KRZ� WKH� UHVXOWV�
FRPSDUH�ZLWK�WKLV�HVWLPDWH��
$Q�DLUWLJKWQHVV�RI�����DFK� LV�VLPLODU� WR� WKH�UHTXLUHPHQWV� LQ�FRXQWULHV�ZKHUH�DGGLWLRQDO�
YHQWLODWLRQ�LV�WKH�QRUP��VHH�7DEOH�������,I�KRXVHV�LQ�1HZ�=HDODQG�DUH�WR�EH�EXLOW�WR�VXFK�
OHYHOV� RI� DLUWLJKWQHVV� WKHQ� DGGLWLRQDO� YHQWLODWLRQ� ZLOO� EH� QHFHVVDU\� WR� DYRLG� PRLVWXUH�
DQG�RU�KHDOWK�LVVXHV��
:KHUHDV�LQ�PDQ\�FRXQWULHV�WKH�XVH�RI�YHQWLODWLRQ�V\VWHPV�KDV�PRWLYDWHG�WKH�GULYH�IRU�
DLUWLJKW�EXLOGLQJV��1HZ�=HDODQG�LV�KHDGLQJ�WRZDUGV�D�VLWXDWLRQ�ZKHUH�WKH�DLUWLJKWQHVV�RI�
EXLOGLQJV�LV�GULYLQJ�WKH�QHHG�IRU�D�YHQWLODWLRQ�V\VWHP��

4.2� Pressure Drop Across Interior Lining 
6SHFLPHQV�$�DQG�&�EHVW�UHSUHVHQW�³QRUPDO´�SUDFWLFH�DQG�LQ�HDFK�RI�WKHVH�FDVHV��WKH�
PDMRULW\�RI�WKH�SUHVVXUH�GURS�ZDV�DFURVV�WKH�LQWHULRU�OLQLQJ��7KHUHIRUH��LQ�WKH�PDMRULW\�RI�
H[LVWLQJ�1HZ�=HDODQG�ZDOOV�WKH�LQWHULRU�OLQLQJ�LV�OLNHO\�WR�EH�WKH�PDLQ�DLU�EDUULHU��QRW�WKH�
IOH[LEOH�XQGHUOD\��7KLV�LV�SHUKDSV�DQRWKHU�UHDVRQ�WR�DYRLG�WKH�WHUP�³ULJLG�DLU�EDUULHU´�DV�
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D�JHQHUDO�WHUP�IRU�ULJLG�VKHDWKLQJ��VLQFH�J\SVXP�SODVWHUERDUG�FRXOG�MXVWLILDEO\�EH�FDOOHG�
D�³ULJLG�DLU�EDUULHU´�DV�ZHOO��
,Q�6SHFLPHQ�)������RI�WKH�SUHVVXUH�GURS�ZDV�DFURVV�WKH�ULJLG�VKHDWKLQJ��7KHUHIRUH��LI�
EDWWHQHG� ULJLG�VKHDWKLQJ� LV�XVHG�� LW� WDNHV�RYHU� IURP� WKH� LQWHULRU� OLQLQJ�DV� WKH�PDLQ�DLU�
EDUULHU��DVVXPLQJ�FRQWLQXLW\�ZLWK�FRPSRQHQWV�RI�WKH�DLU�EDUULHU�V\VWHP���
,Q�DLUWLJKW�FRQVWUXFWLRQ��WKH�ORFDWLRQ�RI�WKH�DLU�EDUULHU�LV�JHQHUDOO\�QRW�D�FUXFLDO�GHFLVLRQ�
�XQOLNH� WKH� ORFDWLRQ�RI�D�YDSRXU�EDUULHU�� LI�RQH� LV� WR�EH�XVHG���+RZHYHU��RQH�SRWHQWLDO�
GLVDGYDQWDJH� RI� KDYLQJ� WKH� LQWHULRU� OLQLQJ� DV� WKH� DLU� EDUULHU�� LV� WKDW� DQ\� GDPDJH� RU�
DOWHUDWLRQ�WR�WKH�OLQLQJ�SRWHQWLDOO\�DIIHFWV�WKH�DLUWLJKWQHVV��

4.3� Structural Strength 
7KH�VWUXFWXUDO� LQWHJULW\�WHVW�ZDV�OLPLWHG�E\�WKH�IDFW� LW�ZDV�SHUIRUPHG�RQ�RQH�VSHFLPHQ�
RQO\��EXW� LW� LV� IHOW� WKH� LGHQWLILHG�PRGH�RI� IDLOXUH��VFUHZ�SXOO�RXW��ZDV�DFFXUDWH�DQG�WKDW�
WKH�IDLOXUH�VWUHQJWKV�ZHUH�LQ�OLQH�ZLWK�H[SHFWDWLRQV��
7KLV�VXJJHVWV�WKDW�DQ�DLU�EDUULHU�RWKHU�WKDQ�WKH�LQWHULRU�OLQLQJ�PD\�EH�DGYLVDEOH�ZKHUH�
WKH� VHUYLFHDELOLW\� OLPLW� VWDWH� �6/6�� SUHVVXUH� LV� H[SHFWHG� WR� H[FHHG� ���� 3D�� 7KLV�
SUHVVXUH�LV�EDVHG�RQ�WKH�LQWHULRU�OLQLQJ�WDNLQJ�����RI�WKH�ZLQG�SUHVVXUH��6SHFLPHQ�&��
DQG� KDYLQJ� D� IDLOXUH� SUHVVXUH� RI� ���� 3D�� 7KLV� 6/6� SUHVVXUH� FRXOG� EH� LQFUHDVHG� E\�
LQFUHDVLQJ�WKH�VWUHQJWK�RI�WKH�IDLOHG�FRPSRQHQW�H�J���DOWHUQDWLYH�IL[LQJV�RU�ORZHULQJ�WKH�
ORDG�RQ�HDFK�IL[LQJ��PRUH�IL[LQJV���
$VVXPLQJ� WKH� VDPH� IDLOXUH� FULWHULD�� WKH� SUHVHQFH� RI� EDWWHQHG� ULJLG� VKHDWKLQJ� ZRXOG�
LQFUHDVH�WKH�DOORZDEOH�6/6�SUHVVXUH�WR�DSSUR[LPDWHO\������3D��7KLV� LV�EDVHG�RQ�WKH�
LQWHULRU�OLQLQJ�KDYLQJ�WR�VHH�����RI�WKH�WRWDO�ORDG��6SHFLPHQ�)���
,W� LV� IHOW� WKDW� WKH�FXUUHQW� UHFRPPHQGDWLRQ� WKDW�D� ULJLG�VKHDWKLQJ�EH�XVHG� LQ� WKH�H[WUD�
KLJK�ZLQG�]RQH�RI�1=6������ LV�VHQVLEOH��7KH�DERYH�DQDO\VLV�VXJJHVWV� WKLV�FRXOG�EH�
H[WHQGHG�DOO�WKH�ZD\�GRZQ�WR�WKH�KLJK�ZLQG�]RQH��EXW�WKHUH�LV�OLWWOH�HYLGHQFH�IURP�WKH�
ILHOG�WR�VXSSRUW�VXFK�D�PRYH��

4.4� General 
,Q�WKH�SURFHVV�RI�WHVWLQJ�HDFK�ZDOO�VSHFLPHQ��LW�EHFDPH�DSSDUHQW�WKDW�WKH�SUHVVXUH�MXVW�
LQVLGH�WKH�FODGGLQJ�ZDV�QHDUO\�LGHQWLFDO�WR�WKH�PDLQ�FKDPEHU�SUHVVXUH���
7KLV� PHDQV� WKDW� LQ� DOO� RI� WKH� ZDOO� VSHFLPHQV� WKH� static� SUHVVXUH� PRGHUDWLRQ�
SHUIRUPDQFH�ZDV�JRRG��7KH�FKRLFH�RI�DLU�EDUULHU�PD\�KDYH�DQ�LPSDFW�RQ�WKH�dynamic�
SUHVVXUH� PRGHUDWLRQ� SHUIRUPDQFH� KRZHYHU�� EXW� WKDW� ZDV� EH\RQG� WKH� VFRSH� RI� WKLV�
H[SHULPHQWDO�ZRUN��

5.� CONCLUSIONS 
x� W\SLFDO�(��$6��FDYLW\�ZDOOV��6SHFLPHQ�$�DQG�6SHFLPHQ�&��PHHW�WKH�$670�

UHTXLUHPHQW�IRU�DQ�DLU�EDUULHU�RI�����O�V�P��#����3D��,Q�WKHVH�ZDOOV�WKH�LQWHULRU�
OLQLQJ�ZDV�WKH�PDLQ�DLU�EDUULHU��WDNLQJ�DSSUR[LPDWHO\�����RI�WKH�WRWDO�DSSOLHG�
SUHVVXUH�

x� ZDOOV�ZLWK�EDWWHQHG�ULJLG�VKHDWKLQJ�DUH�PRUH�DLUWLJKW�WKDQ�W\SLFDO�FXUUHQW�
FRQVWUXFWLRQ��,Q�WKLV�VWXG\��6SHFLPHQ�)�ZDV�WKH�PRVW�DLUWLJKW�DW�������O�V�P��#�
���3D��,Q�WKLV�FDVH�DSSUR[LPDWHO\�RQO\�����RI�WKH�SUHVVXUH�ZDV�WDNHQ�DFURVV�
WKH�LQWHULRU�OLQLQJ�
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x� LI�EDWWHQHG�ULJLG�VKHDWKLQJ�KDV�D�VLPLODU�HIIHFW�RQ�ZKROH�EXLOGLQJ�DLUWLJKWQHVV��WKHQ�
WKH�QHHG�IRU�VXSSOHPHQWDO�YHQWLODWLRQ�ZLOO�EHFRPH�HYHQ�JUHDWHU�LQ�1HZ�=HDODQG�
KRPHV��:KROH�EXLOGLQJ�DLUWLJKWQHVV�ZLWK�ULJLG�VKHDWKLQJ�ZDV�URXJKO\�HVWLPDWHG�
WR�EH���DFK�#����3D�FRPSDUHG�ZLWK�����DFK�#����3D�IRU�H[LVWLQJ�KRXVHV�EXLOW�
VLQFH�������)XUWKHU�ILHOG�WHVWLQJ�ZRXOG�EH�GHVLUDEOH�WR�YDOLGDWH�WKLV�HVWLPDWH��
$ERXW�D�WKLUG�RI�QHZHU�KRPHV�DUH�XQGHU�YHQWLODWHG�DQG�WKLV�SURSRUWLRQ�ZLOO�
LQFUHDVH�LI�KRPHV�EHFRPH�PRUH�DLUWLJKW�ZLWKRXW�FRPSOHPHQWDU\�PHDVXUHV�WR�
HQVXUH�DGHTXDWH�YHQWLODWLRQ�

x� ZLWK�W\SLFDO�FXUUHQW�FRQVWUXFWLRQ��6SHFLPHQ�&���VFUHZ�SXOO�RXW��D�VHUYLFHDELOLW\�
IDLOXUH��RFFXUUHG�DW�D�SUHVVXUH�GLIIHUHQFH�RI�DERXW�����3D�DFURVV�WKH�J\SVXP�
SODVWHUERDUG�LQWHULRU�OLQLQJ��7KLV�FRUUHVSRQGHG�WR�D�WRWDO�SUHVVXUH�RI�����3D�

x� ULJLG�VKHDWKLQJ�ORZHUV�WKH�SUHVVXUH�UHVLVWHG�E\�WKH�LQWHULRU�OLQLQJ�PHDQLQJ�WKDW�
VFUHZ�SXOO�RXW�ZLOO�QRW�RFFXU�XQWLO�DSSUR[LPDWHO\������3D�6/6��7KHUHIRUH�ULJLG�
VKHDWKLQJ�PD\�SUHYHQW�VFUHZ�SXOO�RXW�LQ�FDVHV�ZKHUH�WKH�6/6�SUHVVXUH�LV�
KLJKHU�WKDQ�����3D��7KLV�FRUUHVSRQGV�WR�WKH�1=6������KLJK�ZLQG�]RQH�DQG�
DERYH��+RZHYHU��JLYHQ�WKH�ODFN�RI�ILHOG�HYLGHQFH�UHJDUGLQJ�IDLOXUHV�RI�WKH�
LQWHULRU�OLQLQJ��LW�LV�UHFRPPHQGHG�WKDW�WKH�FXUUHQW�UHTXLUHPHQW�IRU�ULJLG�VKHDWKLQJ�
LQ�WKH�H[WUD�KLJK�ZLQG�]RQH�RQO\�LV�OHIW�XQFKDQJHG�

x� SUHVVXUH�PRGHUDWLRQ�DFURVV�WKH�FODGGLQJ�ZDV�HVVHQWLDOO\������XQGHU�WKH�VWDWLF�
FRQGLWLRQV�XVHG�LQ�WKLV�VWXG\�IRU�DOO�WHVW�VSHFLPHQV��7KH�FKRLFH�RI�XQGHUOD\�PD\�
KDYH�DQ�HIIHFW�RQ�WKH�G\QDPLF�SUHVVXUH�PRGHUDWLRQ�EXW�WKDW�ZDV�EH\RQG�WKH�
VFRSH�RI�WKLV�VWXG\�
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