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Preface 
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Abstract 
7KLV�SDSHU�SUHVHQWV�DQ�DQDO\VLV�RI�ZLQG�GULYHQ�UDLQ�DFURVV����VLWHV�LQ�1HZ�=HDODQG�DQG�WKH�
UHVXOWV�DUH�FRPSDUHG�ZLWK�VHOHFWHG�GDWD�IURP�RWKHU�FRXQWULHV��7KH�UHVXOWV�DUH�DOVR�FRPSDUHG�
WR� WKH� WHVW� SDUDPHWHUV� LQ� (��90�� �'%+� ������� WKH� FXUUHQW� YHULILFDWLRQ� PHWKRG� IRU�
GHPRQVWUDWLQJ�ZHDWKHUWLJKWQHVV�RI�UHVLGHQWLDO�FODGGLQJ�V\VWHPV�LQ�1HZ�=HDODQG��

8UEDQ� DUHDV� LQ� 1HZ� =HDODQG� ZHUH� IRXQG� WR� H[SHULHQFH� KLJK� OHYHOV� RI� ZLQG�GULYHQ� UDLQ�
FRPSDUHG� ZLWK� RWKHU� FRXQWULHV�� DOWKRXJK� LW� LV� QRW� DOZD\V� VWUDLJKWIRUZDUG� WR� PDNH� GLUHFW�
FRPSDULVRQV�ZLWK�RWKHU�GDWD��

7KH�SUHVVXUHV�IURP�(��90��H[FHHG�WKH�ILYH�\HDU�ZLQG�GULYHQ�UDLQ�UDWHV�DQG�ZLQG�SUHVVXUHV�
IRU�WKH�YDVW�PDMRULW\�RI�ORFDWLRQV�LQ�1HZ�=HDODQG��,I�LW�ZDV�GHVLUHG�WR�EDVH�D�ZDWHU�SHQHWUDWLRQ�
WHVWV�RQ�WKH�LQWHUDFWLRQ�RI�ZLQG�DQG�UDLQ� LQ�1HZ�=HDODQG��WKH�WHVW�SUHVVXUHV�FRXOG�EH�ORZHU�
WKDQ�ZKDW�LV�FXUUHQWO\�LQ�(��90���+RZHYHU��LW�LV�QRW�UHFRPPHQGHG�WR�DOWHU�(��90��LQ�OLJKW�RI�
WKLV�VWXG\��7KLV�LV�EHFDXVH�RI�WKH�DUELWUDU\�QDWXUH�RI�DQ\�FKRLFH�DERXW�VXLWDEOH�UHWXUQ�SHULRGV�
IRU�ZDWHU�SHQHWUDWLRQ�DQG�WKH�IDFW�WKDW�(��90��KDV�SURYHQ�LWVHOI�WR�EH�D�VXFFHVVIXO�SURFHGXUH�
RYHU�WKH�\HDUV��
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1.� INTRODUCTION 
:LQG� GULYHQ� UDLQ� �:'5�� LV� WKH� WHUP� XVHG� WR� GHVFULEH� KRZ�PXFK� UDLQ� KLWV� D� YHUWLFDO�
VXUIDFH�� IRU� H[DPSOH�� WKH�ZDOO� RI� D� EXLOGLQJ��:LWKRXW� WKH�SUHVHQFH�RI�ZLQG�� UDLQGURSV�
ZRXOG� IDOO� YHUWLFDOO\� DQG� D� URRI� ZLWK� HDYHV� ZRXOG� EH� DOO� WKDW� ZDV� QHHGHG� WR� SURWHFW�
ZLQGRZV�DQG�RWKHU�VHQVLWLYH�EXLOGLQJ�HOHPHQWV� LQ� WKH�ZDOO� IURP�JHWWLQJ�ZHW��7KH�ZLQG�
KRZHYHU��FDXVHV�UDLQGURSV�WR�GHYLDWH�IURP�D�YHUWLFDO�WUDMHFWRU\�VR�WKH\�FDQ�VWULNH�D�ZDOO��
W\SLFDOO\�IRUPLQJ�D�ILOP�RI�ZDWHU�RQ�WKH�VXUIDFH��
7KH�SUHVHQFH�RI�ZDWHU�RQ�WKH�VXUIDFH�RI�D�ZDOO�LV�RQH�RI�WKH�WKUHH�WKLQJV�QHHGHG�IRU�D�
OHDN�WR�RFFXU��WKH�RWKHU�WZR�EHLQJ�D�SDWKZD\�IRU�WKH�ZDWHU�WR�IROORZ�DQG�D�IRUFH�WR�GULYH�
WKH�ZDWHU�DORQJ�WKH�SDWKZD\��$V�ZHOO�DV�FDXVLQJ�WKH�UDLQGURSV�WR�VWULNH�WKH�ZDOO��WKH�ZLQG�
SUHVVXUH�LV�UHODWHG�WR�WKH�SUHVVXUH�GLIIHUHQFH�DFURVV�D�FODGGLQJ��RQH�RI�WKH�IRUFHV�WKDW�
FDQ�GULYH�ZDWHU�LQWR�WKH�ZDOO��,Q�PRVW�FDVHV�KRZHYHU��WKH�SUHVVXUH�GLIIHUHQFH�DFURVV�WKH�
FODGGLQJ�ZLOO�EH�VXEVWDQWLDOO\�OHVV�WKDQ�WKH�ZLQG�SUHVVXUH�DFWLQJ�RQ�WKH�VXUIDFH��
4XDQWLI\LQJ�WKH�DPRXQW�RI�ZDWHU�WKDW�VWULNHV�D�ZDOO�FODGGLQJ�DQG�WKH�DFFRPSDQ\LQJ�ZLQG�
SUHVVXUH�LV�D�NH\�VWHS�LQ�GHULYLQJ�D�WUXH�SHUIRUPDQFH�EDVLV�IRU�ZHDWKHUWLJKW�GHVLJQ��2WKHU�
VWHSV� LQFOXGH� FDOFXODWLQJ� KRZ� PXFK� RI� WKLV� ZDWHU� SHQHWUDWHV� WKH� FODGGLQJ� DQG�
LQYHVWLJDWLQJ� ZKDW� VXEVHTXHQWO\� KDSSHQV� WR� WKDW� ZDWHU�� 3UHYLRXV� ZRUN� DW� %5$1=�
�%DVVHWW� HW� DO�� ������ KDV� HVWDEOLVKHG� WKH� SRWHQWLDO� IRU� YHQWLODWLRQ� GU\LQJ� LQ�ZDOOV� DQG�
LQYHVWLJDWHG�OHDNDJH�FKDUDFWHULVWLFV�IRU�FODGGLQJV��ZKLOH�FXUUHQW�ZRUN�LQYROYHV�PHDVXULQJ�
WKH�OHDNDJH�WKURXJK�YDULRXV�MRLQWV��
,W�LV�WKHUHIRUH�XVHIXO�WR�ORRN�DW�WKH�DPRXQW�RI�:'5�WKDW�DFWXDOO\�RFFXUV�LQ�1HZ�=HDODQG��
7KLV�SDSHU�SUHVHQWV�DQ�DQDO\VLV�RI�:'5�DFURVV����VLWHV�DQG�WKH�UHVXOWV�DUH�FRPSDUHG�
ZLWK� VHOHFWHG� GDWD� IURP� RWKHU� FRXQWULHV�� 7KH� UHVXOWV� DUH� DOVR� FRPSDUHG� WR� WKH� WHVW�
SDUDPHWHUV� LQ�(��90���'%+�������� WKH�FXUUHQW�YHULILFDWLRQ�PHWKRG� IRU�GHPRQVWUDWLQJ�
ZHDWKHUWLJKWQHVV�RI�UHVLGHQWLDO�FODGGLQJ�V\VWHPV�LQ�1HZ�=HDODQG��

2.� CALCULATION METHOD 
:'5�LV�QRW�W\SLFDOO\�PHDVXUHG�DW�ZHDWKHU�VWDWLRQV��,QVWHDG��VHPL�HPSLULFDO�UHODWLRQVKLSV�
DUH� XVHG� WR� UHODWH� WKH� PHDVXUHPHQWV� DYDLODEOH� WR� WKH� DPRXQW� RI� :'5�� 7KH�
PHDVXUHPHQWV�DYDLODEOH�DUH�W\SLFDOO\�WKH�WRWDO�UDLQIDOO�SHU�KRXU��PP���WKH�KRXUO\�DYHUDJH�
ZLQG�VSHHG��P�V��DQG�WKH�PD[LPXP�WKUHH�VHFRQG�JXVW�VSHHG��P�V���)RU�D�GHWDLOHG�UHYLHZ�
RI�WKH�PHDVXUHPHQW�RI�:'5�DQG�YDULRXV�VHPL�HPSLULFDO�PHWKRGV��WKH�UHDGHU�LV�UHIHUUHG�
WR�WKH�H[WHQVLYH�UHYLHZ�SHUIRUPHG�E\�%ORFNHQ�DQG�&DUPHOLDW���������
7KH�FDOFXODWLRQ�PHWKRG�XVHG� LQ� WKLV�VWXG\�ZDV� WKDW�GHVFULEHG�E\�6DKDO�DQG�/DFDVVH�
��������6DKDO�DQG�/DFDVVH�HVVHQWLDOO\�UHYLHZHG�YDULRXV�PHWKRGV�IRU�TXDQWLI\LQJ�GULYLQJ�
UDLQ�DQG�WKHQ�FRPELQHG�D�QXPEHU�RI�WKHVH�PHWKRGV�WR�IRUP�D�VWHS�E\�VWHS�SURFHGXUH�IRU�
FDOFXODWLQJ�WHVW�SDUDPHWHUV��VSUD\�UDWHV�DQG�SUHVVXUHV��WKDW�ZRXOG�UHSUHVHQW�WKH�:'5�
IRU�D�JLYHQ�JHRJUDSKLF�ORFDWLRQ��
7KH�FDOFXODWLRQ�VWHSV�FDQ�EH�JURXSHG�LQWR�WKH�IROORZLQJ�VWDJHV��

x� JDWKHULQJ�WKH�FOLPDWH�GDWD�±�WKLV�SUHOLPLQDU\�VWHS�LQFOXGHV�FRUUHFWLQJ�IRU�DYHUDJLQJ�
WLPH�DQG�ORFDO�WHUUDLQ�HIIHFWV�

x� HVWLPDWLQJ�WKH�LQWHQVLW\�RI�ZLQG�GULYHQ�UDLQ�±�XVLQJ�HPSLULFDO�PHWKRGV�WR�FDOFXODWH�
WKH�UDWH�DW�ZKLFK�UDLQIDOO�KLWV�D�ZDOO�

x� DQ� DQDO\VLV� RI� H[WUHPHV�±� XVLQJ� WKH� SHDN�:'5�DQG�ZLQG�HYHQWV� HDFK� \HDU� WR�
DVVHVV�WKH�SUREDELOLW\�RI�H[FHHGLQJ�D�FHUWDLQ�:'5�UDWH�RU�ZLQG�SUHVVXUH�
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2.1� Gathering the Climate Data 
7KH�VRXUFH�ZHDWKHU�GDWD�XVHG�LQ�WKLV�DQDO\VLV�FDPH�IURP�WKH�1,:$�1DWLRQDO�&OLPDWH�
'DWDEDVH��+RXUO\�UDLQIDOO��DYHUDJH�ZLQG�VSHHG�DQG�PD[LPXP�JXVW�GDWD�ZHUH�REWDLQHG�
IRU� ��� ORFDWLRQV� DFURVV� WKH� FRXQWU\� FRYHULQJ� D� ���\HDU� SHULRG� ������������� 7KHVH�
ORFDWLRQV�ZHUH�FKRVHQ�SULPDULO\�IRU�WKH�FRPSOHWHQHVV�RI�WKH�GDWD�DYDLODEOH��L�H��UDLQIDOO��
DYHUDJH�ZLQG�VSHHG�DQG�JXVW�GDWD�ZHUH�DYDLODEOH�IRU�DW�OHDVW�����RI�WKH�KRXUV�LQ�WKH����
\HDU�SHULRG��

2.1.1� Selecting a Suitable Averaging Time 
:LQG�DQG�UDLQ�GDWD�LV�W\SLFDOO\�DYDLODEOH�LQ�KRXUO\�IRUP��L�H��WKH�WRWDO�UDLQIDOO�IRU�HDFK�KRXU�
DQG�WKH�DYHUDJH�ZLQG�VSHHG�RYHU�HDFK�KRXU��:KHQ�FRQVLGHULQJ�GULYLQJ�UDLQ��DQ�KRXU�PD\�
QRW� EH� WKH� PRVW� VXLWDEOH� WLPH� SHULRG� WR� FRQVLGHU�� 0D\R� ������� SURSRVHG� WKDW� WKH�
PD[LPXP� UDLQZDWHU� UXQRII� IURP� D� ZDOO� LV� DVVRFLDWHG� ZLWK� DQ� DYHUDJLQJ� WLPH� RI� ILYH�
PLQXWHV�DQG�WKLV�DYHUDJLQJ�WLPH�ZDV�XVHG�LQ�WKLV�VWXG\��

2.1.2� Five-Minute Rainfall Rate 
7KH� ILYH�PLQXWH� UDLQIDOO� UDWH� FDQ�EH�HVWLPDWHG� IURP� WKH�KRXUO\� UDLQIDOO� UDWH�DV� IROORZV�
�&KRL���������

ሺଷሻݎ ൌ � ሺଷሻݎ ൈ ቀଷ
ଷ

ቁ
Ǥସଶ

� � ����

:KHUH�UK�LV�WKH�UDLQIDOO�UDWH��PP�PLQ���
7KH�KRXUO\�UDLQIDOO�GDWD�DYDLODEOH�IURP�WKH�ZHDWKHU�VWDWLRQV�ZDV�VLPSO\�GLYLGHG�E\����WR�
JLYH�UK��������WKH�KRXUO\�UDLQIDOO�UDWH��PP�PLQ���

2.1.3� Five-Minute Wind Speed 
7KH�FDOFXODWLRQ�RI�D�ILYH�PLQXWH�ZLQG�VSHHG�LV�PRUH�FRPSOLFDWHG�WKDQ�WKH�FRUUHVSRQGLQJ�
UDLQIDOO� FDOFXODWLRQ��2QH�FRPSOLFDWLRQ� LV� WKH� IDFW� WKDW� WKH�DQHPRPHWHUV�DW� WKH�YDULRXV�
ZHDWKHU� VWDWLRQV� DUH� QRW� QHFHVVDULO\� DW� WKH� VDPH�KHLJKW� QRU� GR� WKH\� KDYH� WKH� VDPH�
VXUURXQGLQJ�WHUUDLQ�DV�HDFK�RWKHU��7KHUHIRUH�ZLQG�VSHHG�PRGLILHUV�IRU�ERWK�KHLJKW�DQG�
WHUUDLQ�ZHUH�XVHG�WR�QRUPDOLVH�WKH�GDWD��
7KH� FRQQHFWLRQ� EHWZHHQ� WKH�PHWHRURORJLFDO�ZLQG� YHORFLWLHV� DQG� WKH� QRUPDOLVHG�ZLQG�
YHORFLWLHV�LV�JLYHQ�E\������
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:KHUH�9�LV�WKH�ZLQG�YHORFLW\��]�WKH�DQHPRPHWHU�PDVW�KHLJKW��7�LV�D�WRSRJUDSKLFDO�IDFWRU�
WKDW�DFFRXQWV� IRU�ZLQG�DFFHOHUDWLRQ�RYHU� WRSRJUDSKLFDO� IHDWXUHV� �VHH�7DEOH�����D� LV�D�
VXUIDFH�URXJKQHVV�IDFWRU��VHH�7DEOH����GUDZQ�IURP�*ULPQUXG�HW�DOO�>����@��DQG�J�VFDOHV�
WKH�KHLJKW�YDULDWLRQ�RI�ZLQG�YHORFLW\�DFFRUGLQJ�WR�VXUIDFH�URXJKQHVV��DOVR�VHH�7DEOH�����

� �
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7DEOH�����7RSRJUDSK\�)DFWRU��IURP�1=6������±�1RZ�6XSHUVHGHG��

7RSRJUDSK\� 7��
9DOOH\V� DQG� JRUJHV� VKDSHG� WR� SURGXFH�
IXQQHOOLQJ�RI� WKH�ZLQG��H[SRVHG�KLOOVLGHV��
SHDNV� DQG� ULGJHV� ZKHUH� DFFHOHUDWLRQ� RI�
WKH� ZLQG� LV� NQRZQ� WR� RFFXU�� HVSHFLDOO\�
DEQRUPDO�VLWHV�

����WR�����

$OO�RWKHU� ����

�
7DEOH�����&RHIILFLHQWV�RI�WKH�*URXQG�5RXJKQHVV�)XQFWLRQ�

*URXQG�
5RXJKQHVV�
&DWHJRU\�

7HUUDLQ�'HVFULSWLRQ� J � D �

�� 2FHDQ�RU�RWKHU�ERG\�RI�ZDWHU�ZLWK�DW�OHDVW�ILYH�
NLORPHWUHV�RI�XQUHVWULFWHG�H[SDQVH�

����� ����

�� )ODW� WHUUDLQ� ZLWK� VRPH� LVRODWHG� REVWDFOHV�� H�J��
EXLOGLQJV� RU� WUHHV� ZHOO� VHSDUDWHG� IURP� HDFK�
RWKHU�

����� ��

�� 5XUDO�DUHDV�ZLWK�ORZ�EXLOGLQJV��WUHHV��HWF�� ����� �����

�� 8UEDQ��LQGXVWULDO�RU�IRUHVW�DUHDV� ����� �����

�� &HQWUH�RI�ODUJH�FLW\� ����� �����

�
7KH�YDULRXV�IDFWRUV�LQ�7DEOH�����DQG�7DEOH�����ZHUH�DVVHVVHG�IRU�HDFK�ZHDWKHU�VWDWLRQ�
GXULQJ�HDUOLHU�ZRUN�DW�%5$1=��7KH�ROG�ORDGLQJV�FRGH��1=6������–�General Structural 
Design and Design Loadings for Buildings��1HZ�=HDODQG�6WDQGDUGV�������KDV�QRZ�EHHQ�
VXSHUVHGHG�E\�1=6������–�General Structural Design and Design Loadings for Buildings�
�1HZ� =HDODQG� 6WDQGDUGV� ������ EXW� LW� LV� FRQVLGHUHG� WKH� FDOFXODWLRQ�ZRXOG� EH� ODUJHO\�
XQDIIHFWHG�DQG�VR�WKH�ZLQG�VSHHG�PRGLILHUV�IURP�WKLV�HDUOLHU�ZRUN�ZHUH�XVHG�LQ�WKLV�VWXG\��
7KH� ZLQG� VSHHG� GDWD� IURP� HDFK� VWDWLRQ� ZDV� QRUPDOLVHG� WR� D� KHLJKW� RI� ��� P�� D�
WRSRJUDSKLFDO�IDFWRU�RI�����DQG�D�JURXQG�URXJKQHVV�FDWHJRU\�RI����2QFH�WKH�QRUPDOLVHG�
ZLQG�VSHHGV�KDG�EHHQ�GHULYHG�� WKH�VKRUW�GXUDWLRQ� �ILYH�PLQXWH��ZLQG�VSHHG�9������ZDV�
FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��&KRL���������

ሺܸଷሻ ൌ ൫ ሺܸଷሻ െ ሺܸଷሻ൯ ൈ ቀ୪୬ሺଷȀଷሻ
୪୬ሺଷȀଷሻ

ቁ � ሺܸଷሻ� ����

:KHUH�Y�������LV�WKH�KRXUO\�ZLQG�VSHHG�DQG�Y����LV�WKH�WKUHH�VHFRQG�JXVW�VSHHG�LQ�P�V��

2.2� Estimating Driving Rain Intensity on a Wall 
7KH�ILYH�PLQXWH�ZLQG�VSHHG�DQG�UDLQIDOO�UDWH�ZHUH�WKHQ�XVHG�WR�FDOFXODWH�WKH�:'5�UDWH�
�PP�PLQ��XVLQJ�HTXDWLRQV�JLYHQ�E\�6WUDXEH�DQG�%XUQHWW���������

ܴܦܹ ൌ ܨܣܴ ൈ ܨܴܦ ൈ �ߠݏܿ ൈ ܸ ൈ �ݎ � ����
:KHUH�5$)�LV�D�UDLQ�DGPLWWDQFH�IDFWRU��SURSRVHG�E\�6WUDXEH�WR�EH�������'5)�UK��LV�WKH�
GULYLQJ�UDLQ�IDFWRU��UK�LV�WKH�UDLQIDOO�UDWH��PP�PLQ���T�LV�WKH�GLUHFWLRQ�RI�WKH�ZLQG��UHODWLYH�
WR� WKH�ZDOO��FKRVHQ�KHUH�WR�EH���q�� L�H��QRUPDO��DQG�9K��P�V�� LV� WKH�ZLQG�VSHHG�DW� WKH�
KHLJKW�RI�LQWHUHVW��OHIW�DW����P�VWDQGDUG�ZLQG�SUREH�KHLJKW���
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7KH� GULYLQJ� UDLQ� IDFWRU� LV� WKH� SURSRUWLRQDOLW\� FRQVWDQW� WKDW� UHODWHV� UDLQ� IDOOLQJ� RQ� D�
KRUL]RQWDO�SODQH�WR�WKDW�IDOOLQJ�RQ�D�YHUWLFDO�SODQH��

ܴܦܹ ൌ ሻݎሺܨܴܦ� ൈ ܸ ൈ �ݎ � ����
7KH�GULYLQJ�UDLQ�IDFWRU�LV�D�IXQFWLRQ�RI�WKH�UDLQIDOO�UDWH��,I�ZH�DVVXPH�WKH�UDLQGURSV�DUH�DW�
WKHLU� WHUPLQDO� YHORFLW\� �9W�� LQ� WKH� YHUWLFDO� GLUHFWLRQ� �QRUPDOO\� UHDFKHG� DIWHU� IDOOLQJ�
DSSUR[LPDWHO\� ���P� >:DQJ�����@��DQG�DUH�VPDOO� HQRXJK� WKDW� WKH\�KDYH�D�KRUL]RQWDO�
YHORFLW\�HTXDO�WR�WKDW�RI�WKH�ZLQG��ZH�KDYH�WKH�IROORZLQJ�VLWXDWLRQ��

�

�

)URP�)LJXUH����ZH�FDQ�VHH�WKDW�WKH�'5)�LV�VLPSO\�WKH�LQYHUVH�RI�WKH�WHUPLQDO�YHORFLW\�RI�
WKH�UDLQGURSV��

ܨܴܦ ൌ � ଵ

� � ����

7KH�WHUPLQDO�YHORFLW\�RI�WKH�UDLQGURSV�LV�D�IXQFWLRQ�RI�WKH�UDLQGURS�GLDPHWHU��ZKLFK�LV�LQ�
WXUQ�D�IXQFWLRQ�RI�WKH�UDLQIDOO�UDWH��
7KHUH�DUH�VHYHUDO�RSWLRQV�IRU�FDOFXODWLQJ�UDLQGURS�GLDPHWHU��7KH�RQH�XVHG�LQ�WKLV�VWXG\�
ZDV�WKH�IRUPXOD�IRU�SUHGRPLQDQW�GURS�VL]H��'SUHG��&RUQLFN�HW�DO���������

ௗܦ ൌ ܽ� ൈ�ቀିଵ

ቁ
ଵ ൗ

� � ����

:KHUH�D� ������[�UKS��S� ��������Q� �������
7KHQ��WKH�WHUPLQDO�YHORFLW\�FDQ�EH�FDOFXODWHG�DV�IROORZV��'LQJOH�DQG�/HH���������

9W �������������������'���������'������������'�� � ����
,Q�VXPPDU\�� IRU�D�SDUWLFXODU�UDLQIDOO� UDWH� WKH�SUHGRPLQDQW�GURS�VL]H�FDQ�EH�HVWLPDWHG��
WKHQ�WKH�FRUUHVSRQGLQJ�WHUPLQDO�YHORFLW\� LV�FDOFXODWHG�DQG�ILQDOO\� WKH� LQYHUVH�RI� WKLV� LV�
WDNHQ�DV�WKH�GULYLQJ�UDLQ�IDFWRU��'5)��
7KH�'5)�LV�WKHQ�PXOWLSOLHG�E\�WKH�QRUPDOLVHG�ZLQG�VSHHG�DQG�WKH�UDLQIDOO�UDWH�WR�JHW�WKH�
free stream ZLQG�GULYHQ�UDLQ��)LQDOO\�ZH�XVH�D�UDLQ�DGPLWWDQFH�IDFWRU������LQ�WKLV�VWXG\��WR�
DFFRXQW�IRU�WKH�SUHVHQFH�RI�WKH�EXLOGLQJ�DQG�FDOFXODWH�WKH�UDWH�DW�ZKLFK�UDLQ�KLWV�D�YHUWLFDO�
ZDOO��

9W�

9K�
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ܴܦܹ
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5HVXOWDQW�
YHORFLW\�

5DLQGURS�

)LJXUH���5HVXOWDQW�9HORFLW\�9HFWRU�IRU�D�5DLQGURS�
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2.3� Analysis of Extreme Values 
7R�FDOFXODWH�WKH�FKDQFHV�RI�H[FHHGLQJ�D�JLYHQ�:'5�UDWH�DQG�ZLQG�VSHHG�LQ�DQ\�JLYHQ�
\HDU��DQ�DQDO\VLV�RI�H[WUHPHV�ZDV�XVHG��7KH�PHWKRG�HPSOR\HG�LQ�WKLV�VWXG\�ZDV�WKDW�RI�
*XPEHO��������DQG�LV�VXPPDULVHG�EHORZ��+ROPHV���������

x� WKH�ODUJHVW�YDOXH��:'5�RU�ZLQG�VSHHG��LQ�HDFK�FDOHQGDU�\HDU�ZDV�H[WUDFWHG�

x� WKH�YDOXHV�ZHUH�UDQNHG�IURP�VPDOOHVW�WR�ODUJHVW������������P�����WR�1�

x� HDFK�YDOXH�ZDV�DVVLJQHG�D�SUREDELOLW\��S��RI�H[FHHGDQFH��ZKHUH�±�

 ൌ 
ேାଵ

�� ����

x� D�UHGXFHG�YDULDWH��\��ZDV�IRUPHG�IURP�±�

ݕ ൌ െ ��ሺെ���ሺሻሻ� ����

x� WKH�YDOXHV��:'5�RU�ZLQG�VSHHG��ZHUH�WKHQ�SORWWHG�DJDLQVW�\�DQG�D�OLQHDU�
UHJUHVVLRQ�ZDV�XVHG�WR�GUDZ�D�OLQH�RI�EHVW�ILW��KDYLQJ�DQ�LQWHUFHSW��F��DQG�D�
JUDGLHQW��P�

x� WKH�YDOXH�IRU�D�JLYHQ�UHWXUQ�SHULRG�;5��ZKHUH�;�LV�WKH�:'5�RU�WKH�ZLQG�VSHHG��
ZDV�WKHQ�FDOFXODWHG�DV�±�

ܺோ ൌ ܿ ݉ ቄെ݈݃ ቂെ݈݃ ቀͳ െ
ଵ
ோ
ቁቃቅ� � �����

:KHUH�5�LV�WKH�UHWXUQ�SHULRG�LQ�\HDUV��
,W� VKRXOG� EH� QRWHG� WKDW� D� ���\HDU� UHWXUQ� SHULRG�� IRU� H[DPSOH�� KDV� D� SUREDELOLW\� RI�
H[FHHGDQFH�RI� ����� ������� LQ� DQ\�RQH� \HDU�� ,W� VKRXOG�QRW�EH� LQWHUSUHWHG�DV� UHFXUULQJ�
UHJXODUO\�HYHU\����\HDUV��
:KHQ�FRQVLGHULQJ�WKH�ZLQG�VSHHG��WKH�FRLQFLGHQFH�RI�ZLQG�DQG�UDLQ�ZDV�DFFRXQWHG�IRU�
E\�DQDO\VLQJ�RQO\�WKRVH�ZLQG�VSHHGV�ZKHQ�WKH�:'5�UDWH�ZDV�DERYH�D�FHUWDLQ�WKUHVKROG��
&KRL��������FKRVH�WR�XVH���PP�KU�RI�GULYLQJ�UDLQ�DV�D�WKUHVKROG�DQG�WKLV�ZDV�WKH�SUDFWLFH�
IROORZHG�KHUH��
:LQG�VSHHGV�DQG�:'5�UDWHV�ZHUH�FDOFXODWHG�IRU�UHWXUQ�SHULRGV�RI�ILYH��WHQ�����DQG����
\HDUV��
7KH�UHVXOWDQW�ZLQG�VSHHGV�ZHUH�WKHQ�FRQYHUWHG�WR�D�SUHVVXUH�XVLQJ�WKH�UHODWLRQVKLS��

ܲ ൌ ଵ
ଶ
�ଶܸߩ �����

:KHUH�3�LV�WKH�SUHVVXUH��3D���9�LV�WKH�ZLQG�VSHHG��P�V��DQG�U�LV�WKH�GHQVLW\�RI�WKH�DLU��
WDNHQ�WR�EH�����NJ�P���
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3.� RESULTS 
7DEOH�����VKRZV�WKH�UHVXOWV� IURP�WKH�DQDO\VLV�IRU���� ORFDWLRQV��VRUWHG�DOSKDEHWLFDOO\���
XVLQJ�WKH�ILYH�PLQXWH�ZLQG�DQG�UDLQ�GDWD��

7DEOH�����1RUPDOLVHG�'ULYLQJ�5DLQ�LQ�1HZ�=HDODQG�%DVHG�RQ�)LYH�0LQXWH�5DLQ�DQG�:LQG�'DWD�

FiveͲMinute�Data� Driving�Rain�Level�
(mm/min)�

Wind�Pressure�(Pa)�����������
(t5�mm/hr�Driving�Rain)�

Location�
Return�Period�(Years)� Return�Period�(Years)�
5� 10 25 50 5� 10 25� 50�

Auckland�� 2.84� 3.37 4.03 4.52 284� 313 352� 383�
Blenheim�� 1.77� 2.24 2.84 3.28 267� 310 368� 415�
Castlepoint� 3.95� 4.87 6.03 6.89 373� 429 506� 568�
Christchurch�� 1.45� 1.68 1.97 2.18 208� 240 282� 317�
Dunedin�� 1.36� 1.58 1.86 2.07 255� 300 361� 410�
Gisborne� 2.25� 2.54 2.91 3.18 229� 275 340� 392�
Gore� 2.02� 2.46 3.02 3.44 307� 364 444� 508�
Hamilton� 3.19� 3.79 4.55 5.12 233� 267 313� 349�
Hicks�Bay� 3.61� 4.25 5.07 5.67 310� 351 405� 448�
Hokitika� 3.53� 4.11 4.84 5.38 258� 291 336� 371�
Invercargill�� 1.77� 1.90 2.07 2.19 423� 487 575� 645�
Kaikoura� 2.18� 2.57 3.07 3.44 390� 436 498� 546�
Mahia� 3.33� 4.17 5.23 6.01 343� 424 538� 631�
Manapouri�� 1.03� 1.14 1.27 1.37 173� 201 240� 271�
Napier�� 2.09� 2.42 2.84 3.15 220� 261 317� 363�
Nelson� 2.81� 3.36 4.06 4.58 255� 287 331� 366�
New�Plymouth� 3.37� 3.91 4.58 5.09 304� 336 377� 410�
Paeroa� 3.13� 3.78 4.61 5.22 256� 292 340� 378�
Palmerston�North� 2.08� 2.49 3.00 3.38 204� 220 241� 257�
Paraparaumu�� 2.43� 2.87 3.42 3.83 253� 277 309� 333�
Puysegur�Point� 4.90� 5.55 6.38 6.99 518� 563 623� 669�
Queenstown�� 1.61� 1.89 2.25 2.51 219� 248 286� 317�
Rotorua�� 3.03� 3.48 4.06 4.49 231� 256 290� 316�
Secretary�Island� 4.05� 4.53 5.14 5.59 369� 422 494� 551�
South�West�Cape� 2.50� 2.79 3.15 3.43 640� 692 761� 813�
Tara�Hills� 2.37� 3.26 4.38 5.22 164� 201 253� 296�
Taupo� 1.77� 2.11 2.53 2.85 170� 194 225� 250�
Tauranga�� 4.15� 5.05 6.19 7.03 278� 310 353� 386�
Timaru�� 1.64� 1.99 2.43 2.76 165� 190 226� 254�
Wanaka�� 0.83� 0.94 1.07 1.16 121� 135 154� 168�
Wellington�� 2.75� 3.21 3.78 4.21 377� 466 591� 693�
Westport�� 3.19� 3.56 4.04 4.39 406� 463 541� 602�
Whakatane�� 4.92� 6.11 7.63 8.75 344� 383 434� 475�
Whangarei�� 4.71� 5.81 7.21 8.25 338� 394 472� 533�
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�
7DEOH�����VKRZV�WKH�UHVXOWV�IURP�XVLQJ�KRXUO\�ZHDWKHU�GDWD�DV�RSSRVHG�WR�ILYH�PLQXWH�
GDWD��$OVR�LQFOXGHG�LQ�WKLV�WDEOH�LV�WKH�'ULYHQ�5DLQ�,QGH[��ZKLFK�LV�VLPSO\�WKH�SURGXFW�RI�
WKH�PHDQ�DQQXDO�ZLQG�VSHHG��P�V��DQG�WKH�PHDQ�DQQXDO�UDLQIDOO��P�\U���/DF\���������

7DEOH�����1RUPDOLVHG�'ULYLQJ�5DLQ�LQ�1HZ�=HDODQG�%DVHG�RQ����0LQXWH�5DLQ�DQG�:LQG�'DWD�

Hourly�Data� Driving�Rain�Level�
(mm/min)�

Wind�Pressure�(Pa)���������
(t5�mm/hr�Driving�Rain)�

Driven�
Rain�
Index�

(m2/s.yr)

Location�
Return�Period�(Years)� Return�Period�(Years)�
5� 10 25 50 5 10 25 50�

Auckland�� 1.04� 1.24 1.50 1.69 208 235 272 301� 5.0�
Blenheim�� 0.61� 0.77 0.98 1.14 190 236 301 355� 2.6�
Castlepoint� 1.50� 1.85 2.29 2.62 311 367 445 508� 8.4�
Christchurch�� 0.52� 0.60 0.70 0.77 141 164 195 220� 2.3�
Dunedin�� 0.44� 0.51 0.60 0.66 144 167 199 225� 2.1�
Gisborne� 0.75� 0.85 0.98 1.07 149 189 245 292� 3.1�
Gore� 0.66� 0.79 0.96 1.08 218 270 344 404� 3.3�
Hamilton� 0.98� 1.16 1.38 1.54 155 182 219 249� 3.5�
Hicks�Bay� 1.32� 1.56 1.85 2.07 252 288 338 377� 9.3�
Hokitika� 1.23� 1.41 1.65 1.83 183 209 244 271� 8.2�
Invercargill�� 0.64� 0.68 0.74 0.78 299 351 422 479� 5.3�
Kaikoura� 0.81� 0.95 1.14 1.27 277 305 343 372� 3.1�
Mahia� 1.17� 1.48 1.86 2.14 243 306 396 471� 5.1�
Manapouri�� 0.36� 0.40 0.46 0.49 116 137 167 191� 2.9�
Napier�� 0.73� 0.85 1.01 1.12 153 184 227 263� 3.2�
Nelson� 0.89� 1.02 1.18 1.30 188 210 239 262� 2.9�
New�Plymouth� 1.25� 1.47 1.75 1.95 219 244 277 303� 7.2�
Paeroa� 1.05� 1.29 1.59 1.81 172 201 242 275� 2.9�
Palmerston�North� 0.72� 0.87 1.06 1.20 135 150 172 188� 3.8�
Paraparaumu�� 0.87� 1.03 1.24 1.40 151 169 192 211� 4.0�
Puysegur�Point� 1.78� 2.01 2.31 2.53 500 591 717 818� 20.0�
Queenstown�� 0.60� 0.71 0.85 0.96 153 177 209 235� 2.3�
Rotorua�� 1.07� 1.24 1.44 1.60 167 186 212 232� 4.9�
Secretary�Island� 1.26� 1.38 1.52 1.64 322 422 567 689� 17.1�
South�West�Cape� 0.91� 1.03 1.18 1.29 507 556 620 670� 13.6�
Tara�Hills� 1.08� 1.52 2.07 2.49 85 106 135 159� 1.3�
Taupo� 0.58� 0.71 0.86 0.98 109 126 148 166� 3.4�
Tauranga�� 1.32� 1.57 1.90 2.14 179 207 246 276� 4.8�
Timaru�� 0.54� 0.66 0.80 0.91 102 118 140 157� 1.4�
Wanaka�� 0.30� 0.34 0.39 0.43 72 81 95 105� 1.9�
Wellington�� 1.00� 1.17 1.38 1.54 293 368 474 561� 6.1�
Westport�� 1.17� 1.30 1.48 1.61 305 355 424 480� 7.2�
Whakatane�� 1.56� 1.88 2.29 2.59 263 296 340 374� 4.5�
Whangarei�� 1.54� 1.88 2.32 2.63 220 262 321 368� 4.2�
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)LJXUH���VKRZV�WKH�ILYH�\HDU�UHWXUQ�YDOXHV�DV�D�FROXPQ�FKDUW�VRUWHG�LQ�RUGHU�RI�
GHFUHDVLQJ�ZLQG�SUHVVXUH��)RU�FRPSDULVRQ��WKH�DQQXDO�DYHUDJH�ZLQG�SUHVVXUH�DQG�
DYHUDJH�DQQXDO�UDLQIDOO�DUH�VKRZQ�LQ�)LJXUH����

�

)LJXUH���)LYH�<HDU�5HWXUQ�:'5�5DWHV�DQG�)UHH�:LQG�3UHVVXUHV�IRU����/RFDWLRQV�LQ�1=�
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)LJXUH���$YHUDJH�<HDUO\�5DLQIDOO�DQG�:LQG�3UHVVXUHV�IRU����/RFDWLRQV�LQ�1=�

4.� DISCUSSION OF RESULTS 

4.1� Selection of a Suitable Return Period 
7DEOH�����DQG�7DEOH�����FRQWDLQ�GDWD�FRUUHVSRQGLQJ�WR�UHWXUQ�SHULRGV�RI�ILYH��WHQ�����DQG�
���\HDUV��:KHQ�VHOHFWLQJ�D�VXLWDEOH�UHWXUQ�SHULRG��LW�PD\�EH�DUJXHG�WKDW�WKH�UHWXUQ�SHULRG�
IRU�ZLQG�SUHVVXUHV�DQG�:'5�UDWHV�VKRXOG�EH�OLQNHG�WR�WKH�VHUYLFH�OLIH�RI�WKH�VWUXFWXUH��
VD\����RU����\HDUV��7KLV�VKRXOG�FHUWDLQO\�EH�WKH�FDVH�ZKHQ�FRQVLGHULQJ�WKH�XOWLPDWH�ZLQG�
ORDGV�RQ�D�VWUXFWXUH��IRU�H[DPSOH��EXW�WKH�FRQVHTXHQFH�RI�UHDO�:'5�HYHQWV�H[FHHGLQJ�
WKH� OHYHOV� IRU� D� JLYHQ� UHWXUQ� SHULRG� VKRXOG� EH� FRQVLGHUHG�� ,Q� D� VHYHUH� FDVH�� ZDWHU�
SHQHWUDWLRQ� LQWR� WKH� VWUXFWXUH� PD\� RFFXU�� EXW� WKH� EXLOGLQJ� LV� XQOLNHO\� WR� EH� FULWLFDOO\�
FRPSURPLVHG��,Q�DGGLWLRQ��ODUJH�VDPSOLQJ�HUURUV�DUH�LQWURGXFHG�LI�WKH�UHWXUQ�SHULRG�LV�IDU�
ORQJHU�WKDQ�WKH�SHULRG�WKDW�GDWD�LV�DYDLODEOH��,W�LV�WKHUHIRUH�FRQVLGHUHG�WKDW�D�ILYH�\HDU�
UHWXUQ�SHULRG�LV�D�SUDJPDWLF�FKRLFH�ZKHQ�GLVFXVVLQJ�:'5�LQ�1HZ�=HDODQG��QRWLQJ�WKDW�
WKLV�UHSUHVHQWV�D�����FKDQFH�RI�H[FHHGDQFH�LQ�DQ\�JLYHQ�\HDU��

4.2� Variation in Wind-Driven Rain Across the Country 
7KH�DQDO\VLV�RI�ZLQG�GULYHQ�UDLQ�ZDV�SHUIRUPHG�XVLQJ�GDWD�IURP����ORFDWLRQV��EXW�QRW�DOO�
RI� WKHVH� ORFDWLRQV� DUH� SRSXODWLRQ� FHQWUHV�� 8QVXUSULVLQJO\�� VRPH� RI� WKH� PRVW� VHYHUH�
FRQGLWLRQV�DUH�REVHUYHG�DW�H[SRVHG�FRDVWDO�ORFDWLRQV��VXFK�DV�WKH�6RXWK�:HVW�&DSH�RQ�
6WHZDUW� ,VODQG��+RZHYHU��RWKHU� UHVXOWV�DUH�ZRUWK\�RI�FRPPHQW��HVSHFLDOO\�EHFDXVH�RI�
KRZ�WKH\�FRPSDUH�ZLWK�1HZ�=HDODQGHUV¶�W\SLFDO�RSLQLRQV�RI�WKH�ZHDWKHU��
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:HOOLQJWRQ�KDV�D�UHSXWDWLRQ�DV�RQH�RI�WKH�ZLQGLHVW�FLWLHV�RQ�(DUWK��7KLV�LV�ERUQH�RXW�WR�
VRPH�H[WHQW� LQ� WKH�:'5� UDLQ�DQDO\VLV� EXW� SODFHV� VXFK�DV� ,QYHUFDUJLOO��:HVWSRUW� DQG�
.DLNRXUD� DFWXDOO\� KDYH� D� KLJKHU� ILYH�\HDU� UHWXUQ� ZLQG� SUHVVXUH�� 7KLV� LV� EHFDXVH� WKH�
DQDO\VLV�RQO\�XVHG�WKH�SHDN�YDOXHV� LQ�HDFK�\HDU��)LJXUH���VKRZV�WKDW�:HOOLQJWRQ�KDV�
HDVLO\�WKH�KLJKHVW�DYHUDJH�ZLQG�SUHVVXUH�RI�DQ\�SRSXODWLRQ�FHQWUH�LQ�1HZ�=HDODQG��

4.3� Comparison with Other Countries 
'ULYLQJ�UDLQ�DQDO\VHV�KDYH�EHHQ�SHUIRUPHG�IRU�QXPHURXV�RWKHU�FRXQWULHV��KRZHYHU�LW�LV�
GLIILFXOW�WR�FRPSDUH�WKHVH�GDWD�EHFDXVH�WKHUH�DUH�RIWHQ�GLIIHUHQFHV�LQ�WKH�PHWKRG�XVHG��
7KH�PRVW�GLUHFW�FRPSDULVRQ�FDQ�EH�PDGH�ZLWK�&DQDGD��&RUQLFN�DQG�/DFDVVH���������
EHFDXVH�RI�WKH�VLPLODULW\�RI�WKH�PHWKRG�XVHG��
7DEOH�����VKRZV�VRPH�VHOHFWHG�ILYH�\HDU�UHWXUQ�GDWD�IURP�WKH�WZR�FRXQWULHV��2QH�SRLQW�
RI�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VHWV�RI�GDWD�LV�WKH�WKUHVKROG�DPRXQW�RI�ZLQG�GULYHQ�UDLQ�
XVHG�WR�VHOHFW�ZLQG�UHFRUGV������PP�KU�LQ�WKH�&DQDGLDQ�6WXG\�YHUVXV���PP�KU�LQ�WKLV�
VWXG\���+RZHYHU��VXEVHTXHQW�DQDO\VLV�VKRZHG�WKDW�ORZHULQJ�WKH�WKUHVKROG�IRU�WKH�1HZ�
=HDODQG�GDWD�KDG�QR�HIIHFW� IRU����RI� WKH� ORFDWLRQV�DQG�RQO\�DOWHUHG�WKH�UHVXOWDQW�ZLQG�
SUHVVXUHV�E\�D�IHZ�SDVFDOV�LQ�WKH�RWKHU�ILYH�ORFDWLRQV��7KHUHIRUH�WKLV�GLIIHUHQFH�LQ�WKH�
DQDO\VLV� PHWKRG� LV� FRQVLGHUHG� QHJOLJLEOH�� 'DWD� IRU� VRPH� RI� WKH� ODUJHVW� FLWLHV� �E\�
SRSXODWLRQ�� IRU� HDFK� FRXQWU\� DUH� VKRZQ�DORQJ�ZLWK� WKH� ORFDWLRQ� FRUUHVSRQGLQJ� WR� WKH�
KLJKHVW� ZLQG� SUHVVXUH�� &HUWDLQO\�� 1HZ� =HDODQG¶V� XUEDQ� DUHDV� DSSHDU� WR� H[SHULHQFH�
VHYHUH�GULYLQJ�UDLQ�FRPSDUHG�ZLWK�FLWLHV�LQ�&DQDGD��
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7DEOH�����'ULYLQJ�5DLQ�'DWD�IRU�1HZ�=HDODQG�DQG�&DQDGD��&RUQLFN�DQG�/DFDVVH�������

New�Zealand� WindͲ
Driven�Rain�

Rate�
(mm/min)�

Wind�Pressure�
(Pa)�

Auckland� 2.8� 282�
Wellington� 2.8� 377�
Christchurch� 1.5� 207�
Hamilton� 3.1� 230�
Dunedin� 1.3� 247�
South�West�Cape� 2.5� 640�

Canada� � �
Calgary� 1.2� 280�
Toronto� 1.0� 180�
Vancouver� 0.6� 150�
Ottawa� 1.3� 190�
Sandspit� 2.8� 630�

�
6DKDO� DQG�/DFDVVH� ��������ZKRVH�PHWKRG� LV� XVHG� LQ� WKLV� VWXG\�� GHULYHG� GULYLQJ� UDLQ�
SDUDPHWHUV�IRU�,VWDQEXO��7XUNH\���%HFDXVH�RI�WKH�ODFN�RI�DYDLODELOLW\�RI�FOLPDWH�UHFRUGV��
WKH� GDWD� ZDV� EDVHG� RQ� ���PLQXWH� DYHUDJHV�� WKH� ILYH�\HDU� UHWXUQ�:'5� UDWH� ZDV� ����
PP�PLQ�DQG�WKH�ILYH�\HDU�ZLQG�SUHVVXUH�ZDV�����3D��&RPSDULQJ�WKLV�WR�WKH�KRXUO\�GDWD�
IRU� 1HZ� =HDODQG� ZRXOG� SXW� ,VWDQEXO� XQVXUSULVLQJO\� WRZDUGV� WKH� ORZHU� HQG� RI� :'5�
VHYHULW\��
7KH�%ULWLVK�6WDQGDUG��%6�����–�Assessing exposure of Walls to Wind Driven Rain��%6,�
������ GHVFULEHV� D� ORFDO� VSHOO� LQGH[� PHWKRG� DQG� D� ORFDO� DQQXDO� LQGH[� PHWKRG� IRU�
DVVHVVLQJ�:'5��7KH�VSHOO�LQGH[�LV�XVHG�ZKHQ�FRQVLGHULQJ�ZDWHU�SHQHWUDWLRQ�RI�D�ZDOO�
DQG� WKH� DQQXDO� LQGH[� LV� XVHG�ZKHQ� FRQVLGHULQJ� WKH�PRLVWXUH� FRQWHQW� RI� DQ� H[SRVHG�
EXLOGLQJ�PDWHULDO��%RWK�RI�WKH�PHWKRGV�FRUUHVSRQG�WR�D�WKUHH�\HDU�UHWXUQ�SHULRG��$�VSHOO�
LV�D�YDULDEOH�WLPH�SHULRG�WKDW�FDQ�LQFOXGH�VHYHUDO�:'5�HYHQWV�LQWHUVSHUVHG�ZLWK�SHULRGV�
RI�XS�WR����KRXUV�ZLWKRXW�DSSUHFLDEOH�:'5��7KH�FXUUHQW�PHWKRG�ZDV�GHYHORSHG�IURP�DQ�
HDUOLHU�GULYHQ�UDLQ�LQGH[��ZKLFK�RULJLQDOO\�WRRN�WKH�IRUP�RI�WKH�SURGXFW�RI�WKH�DQQXDO�UDLQIDOO�
�LQ�P�\U��DQG� WKH�DQQXDO�DYHUDJH�ZLQG�VSHHG� �P�V���$�YDOXH�JUHDWHU� WKDQ�VHYHQ�ZDV�
FRQVLGHUHG� ³VHYHUH´�� YDOXHV�EHWZHHQ� WKUHH�DQG�VHYHQ� ³PRGHUDWH´��ZKLOH� WKRVH�EHORZ�
WKUHH�ZHUH�FRQVLGHUHG�³VKHOWHUHG´��7KH�FXUUHQW�PHWKRG�UHOLHV�RQ�ORFDWLRQ�VSHFLILF�GHWDLO�
ZLWKLQ�WKH�VWDQGDUG�VR�LV�QRW�GLUHFWO\�WUDQVSRUWDEOH�WR�1HZ�=HDODQG��)RU�VLPSOLFLW\�WKH�ROG�
PHWKRG�ZDV�XVHG�IRU�FRPSDULVRQ�ZLWK�1HZ�=HDODQG�DQG�WKH�DQQXDO�GULYHQ�UDLQ�LQGH[�LV�
VKRZQ�LQ�7DEOH�����IRU�WKH����ORFDWLRQV��
,W� FDQ� EH� VHHQ� WKDW� XVLQJ� WKH� ROG� DQQXDO� GULYHQ� UDLQ� LQGH[�� +RNLWLND� EHFRPHV� WKH�
SRSXODWLRQ�FHQWUH�ZLWK�WKH�PRVW�VHYHUH�:'5��TXLWH�D�GLIIHUHQW�UHVXOW�WR�WKH�PDLQ�DQDO\VLV�
LQ�WKLV�SDSHU��,Q�SDUWLFXODU��LW�FRXOG�EH�H[SHFWHG�WKDW�:HOOLQJWRQ�ZRXOG�IDOO�LQWR�WKH�³VHYHUH´�
FDWHJRU\��EXW�EDVHG�RQ�FOLPDWH�GDWD�IURP�����������WKDW�LV�QRW�TXLWH�WKH�FDVH��.DLNRXUD�
DOVR�HQGV�XS�ZLWK�YHU\�GLIIHUHQW�UHVXOWV�EDVHG�RQ�WKH�PHWKRG�XVHG��,W�KDV�RQH�RI�WKH�PRVW�
VHYHUH�ILYH�\HDU�UHWXUQ�ZLQG�SUHVVXUHV�EXW�LV�RQO\�MXVW�DERYH�WKH�VKHOWHUHG�FODVVLILFDWLRQ�
XVLQJ�WKH�ROG�DQQXDO�GULYHQ�UDLQ�LQGH[��)RU�FRPSDULVRQ��)LJXUH���VKRZV�ZLQG�GULYHQ�UDLQ�
PDSV� EDVHG� RQ�%6����� DQG� WKH� ROG� DQQXDO� GULYHQ� UDLQ� LQGH[�� 7KHUH� LV� D� GHJUHH� RI�
VLPLODULW\�EHWZHHQ�WKH�WZR��WKH�³VHYHUH´�FDWHJRU\�LQ�WKH�ROG�PDS�URXJKO\�DOLJQV�ZLWK�³YHU\�
VHYHUH´� LQ� WKH�QHZ�PDS�DQG� WKH� ³PRGHUDWH´�FDWHJRU\� LQ� WKH�ROG�PDS� LV�VLPLODU� WR� WKH�
FRPELQDWLRQ�RI�³PRGHUDWH´�DQG�³VHYHUH´�LQ�WKH�QHZ�PDS��
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)LJXUH���6SHOO�,QGH[�0DS��7HFKQRORJ\�6WUDWHJ\�%RDUG�>����@��DQG�WKH�(DUOLHU�$QQXDO�'ULYHQ�

5DLQ�,QGH[�0DS�IRU�WKH�8.��/DF\�������

�
,I� WKH�URXJK�DVVXPSWLRQ�LV�PDGH�WKDW�YDOXHV�IRU�WKH�ROG�DQQXDO�GULYHQ�UDLQ� LQGH[�DOLJQ�
ZLWK�WKH�VSHOO�LQGH[�LQ�WKH�IROORZLQJ�ZD\��!�� �YHU\�VHYHUH��!�� �VHYHUH��!�� �PRGHUDWH��
��� �VKHOWHUHG��WKH�FODVVLILFDWLRQ�VKRZQ�LQ�7DEOH�����LV�REWDLQHG��
�

7DEOH�����(VWLPDWHG�%6�����6SHOO�,QGH[�&ODVVLILFDWLRQV�IRU�1HZ�=HDODQG�

Very�Severe� Severe� Moderate� Sheltered�
Puysegur�Point� Wellington�� Paraparaumu�� Paeroa�
Secretary�Island� Invercargill�� Palmerston�North� Manapouri��
South�West�Cape� Mahia� Hamilton� Nelson�
Hicks�Bay� Auckland�� Taupo� Blenheim��
Castlepoint� Rotorua�� Gore� Christchurch��
Hokitika� Tauranga�� Napier�� Queenstown��
New�Plymouth� Whakatane�� Gisborne� Dunedin��
Westport�� Whangarei�� Kaikoura� Wanaka��
�� �� �� Timaru��
�� �� �� Tara�Hills�

�
,Q�VXPPDU\��WKHUH�ZRXOG�OLNHO\�EH�VHYHUDO�GLIIHUHQFHV�LQ�WKH�UHVXOWV�FRPSDUHG�ZLWK�WKH�
PDLQ�DQDO\VLV� LQ� WKLV� SDSHU� LI� WKH�%6�����PHWKRG�ZDV�XVHG� IRU�1HZ�=HDODQG�� ,I� WKH�
%6�����PHWKRG�ZDV�XVHG��LW�LV�H[SHFWHG�WKDW�WKH�:'5�OHYHOV�ZRXOG�EH�VLPLODU�WR�WKRVH�
LQ�WKH�8.��JLYHQ�WKH�GLVWULEXWLRQ�RI�HVWLPDWHG�VSHOO�LQGH[HV�VKRZQ�LQ�7DEOH������
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4.4� Comparison with Existing Water Penetration Test Parameters 
,Q�1HZ�=HDODQG��(��90�� LV� W\SLFDOO\� XVHG� WR� WHVW� WKH�ZHDWKHUWLJKWQHVV� RI� UHVLGHQWLDO�
FODGGLQJ�V\VWHPV� WKDW� LQFOXGH�D�FDYLW\��(��90�� LV�D�VHULHV�RI�ZDWHU�SHQHWUDWLRQ� WHVWV�
EDVHG�RQ�WKH�SURFHGXUH�RI�1=6������– Testing of Building Facades �6WDQGDUGV�1HZ�
=HDODQG���������
7KH�SUHVVXUHV� LQ� WKH�(��90�� WHVWV� DUH�GHULYHG� IURP�1=6������– General Structural 
Design and Design Loadings for Buildings� �6WDQGDUGV� 1HZ� =HDODQG�� ������� ZKLFK�
GHVFULEHV�WKH�FDOFXODWLRQ�RI�XOWLPDWH� OLPLW�VWDWH�DQG�VHUYLFHDELOLW\� OLPLW�ZLQG�SUHVVXUHV��
1=6������DOVR�VSHFLILHV�WKH�YDULRXV�IDFWRUV�WKDW�VKRXOG�EH�DSSOLHG�WR�WKH�IUHH�ZLQG�VSHHG�
WR�DFFRXQW�IRU�HIIHFWV�IURP�WRSRJUDSK\��KHLJKW�DQG�VKLHOGLQJ�HWF��7KH�ILQDO�WHVW�SUHVVXUHV�
DUH�����3D�IRU�WKH�VWDWLF�SUHVVXUH�WHVWV������RI�WKH�SUHVVXUH�DULVLQJ�IURP�D����P�V�ZLQG��
DQG���������3D�IRU�WKH�F\FOLF�SUHVVXUH�WHVWV��7KH�VSUD\�UDWH�IRU�WKH�WHVWV�LV�VSHFLILHG�DV�
EHLQJ�QRW�OHVV�WKDQ���/�P���)LJXUH���VKRZV�WKHVH�YDOXHV�SORWWHG�ZLWK�WKH�:'5�GDWD�IURP�
WKLV�VWXG\��
�

�

)LJXUH���(��90��7HVW�3DUDPHWHUV�&RPSDUHG�ZLWK�)LYH�<HDU��
:'5�5DWHV�DQG�3UHVVXUHV�LQ�1HZ�=HDODQG�

�
7KH�SUHVVXUHV�IURP�(��90��H[FHHG�WKH�QRUPDOLVHG�ILYH�\HDU�UHWXUQ�ZLQG�SUHVVXUHV�IRU�
WKH�YDVW�PDMRULW\�RI�ORFDWLRQV�LQ�1HZ�=HDODQG�DQG�WKH�VSUD\�UDWH�IURP�(��90��LV�KLJKHU�
WKDQ�WKH�ILYH�\HDU�UHWXUQ�:'5�UDWH�IRU�DSSUR[LPDWHO\�KDOI�RI�WKH�ORFDWLRQV��+RZHYHU��WKH�
YDVW�PDMRULW\�RI�VLWH�ZLQG�SUHVVXUHV��DQG�KHQFH�:'5�UDWHV��DUH�OLNHO\�WR�EH�ORZHU�WKDQ�
QRUPDOLVHG� YDOXHV� EHFDXVH� WKH� VLWHV� ZLOO� EH� LQ� PRUH� VKHOWHUHG� ORFDWLRQV� WKDQ� WKDW�
DVVXPHG�E\�WKH�QRUPDOLVDWLRQ�SURFHVV��
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,Q�WHUPV�RI�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�VSUD\�UDWH��:'5�UDWH��DQG�WHVW�SUHVVXUH��ZLQG�
SUHVVXUH��� LW� LV� OLNHO\�WKDW�WKH�SUHVVXUH�LV�WKH�PRVW� LPSRUWDQW��7\SLFDOO\��DV�ORQJ�DV�WKH�
VSUD\�UDWH�LV�KLJK�HQRXJK�WR�VXVWDLQ�D�ILOP�RI�ZDWHU�RQ�WKH�VXUIDFH�RI�WKH�ZDOO��WKHQ�LW�LV�
OLNHO\�WR�EH�VXIILFLHQW��,Q�(��90��WKH�FRQFHUQ�LV�ZKHUH�WKH�ZDWHU�JRHV�UDWKHU�WKDQ�KRZ�
PXFK�ZDWHU�SHQHWUDWHV�VR�DV�ORQJ�DV�WKHUH�LV�IUHH�ZDWHU�LQ�WKH�YLFLQLW\�RI�D�GHIHFW��WKH�
VSUD\�UDWH�LV�KLJK�HQRXJK��
7KHUHIRUH�WKH�DQDO\VLV�SHUIRUPHG�LQ�WKLV�VWXG\�VXJJHVWV�WKDW�WKH�SDUDPHWHUV�LQ�(��90��
ZRXOG� H[FHHG� WKH� ILYH�\HDU� :'5� UDWHV� DQG� ZLQG� SUHVVXUHV� IRU� WKH� YDVW� PDMRULW\� RI�
ORFDWLRQV� LQ� 1HZ� =HDODQG�� ,I� LW� ZDV� GHVLUHG� WR� EDVH� D� ZDWHU� SHQHWUDWLRQ� WHVW� RQ� WKH�
LQWHUDFWLRQ�RI�ZLQG�DQG�UDLQ�LQ�1HZ�=HDODQG��WKH�WHVW�SUHVVXUHV�FRXOG�LQ�WKHRU\�EH�ORZHU�
WKDQ�ZKDW�LV�FXUUHQWO\�LQ�(��90���
+RZHYHU��WKH�FKRLFH�RI�D�ILYH�\HDU�UHWXUQ�SHULRG�LV�VRPHZKDW�DUELWUDU\�DQG�(��$6��KDV�
SURYHQ� LWVHOI� WR� EH� DQ� HIIHFWLYH� SURFHGXUH� RYHU� WKH� \HDUV�� 7KHUHIRUH� LW� LV� QRW�
UHFRPPHQGHG�WR�DOWHU�(��90��LQ�OLJKW�RI�WKLV�VWXG\��7KH�GDWD�LQ�WKLV�VWXG\�LV�OLNHO\�WR�EH�
PRVW� XVHIXO� ZKHQ� GHULYLQJ� SDUDPHWHUV� IRU� VSHFLILF� GHVLJQ� RU� XQXVXDO� VLWXDWLRQV�� IRU�
H[DPSOH��ZKHUH�WHPSRUDU\�ZHDWKHUWLJKWQHVV�IRU�D�FHUWDLQ�SHULRG�LV�GHVLUHG��

5.� CONCLUSIONS 
x� ZLQG�GULYHQ�UDLQ�UDWHV�DQG�DFFRPSDQ\LQJ�ZLQG�SUHVVXUHV�ZHUH�FDOFXODWHG�IRU����

ORFDWLRQV�DFURVV�1HZ�=HDODQG�IRU�WKH�SHULRG�����������

x� XUEDQ�DUHDV�LQ�1HZ�=HDODQG�DSSHDU�WR�H[SHULHQFH�KLJK�OHYHOV�RI�ZLQG�GULYHQ�UDLQ�
FRPSDUHG�ZLWK�RWKHU�FRXQWULHV��&DQDGD� LQ�SDUWLFXODU��DOWKRXJK� LW� LV�QRW�DOZD\V�
VWUDLJKWIRUZDUG�WR�PDNH�GLUHFW�FRPSDULVRQV�ZLWK�RWKHU�GDWD��$�URXJK�FRPSDULVRQ�
ZLWK�GDWD�IURP�WKH�8.�EDVHG�RQ�WKH�%6�����VSHOO� LQGH[�PHWKRG��VXJJHVWV�WKH�
:'5�OHYHOV�ZRXOG�EH�EURDGO\�VLPLODU�LQ�WKH�WZR�FRXQWULHV�

x� WKH� SUHVVXUHV� IURP�(��90��ZRXOG� H[FHHG� WKH� ILYH�\HDU�:'5� UDWHV� DQG�ZLQG�
SUHVVXUHV�IRU�WKH�YDVW�PDMRULW\�RI�ORFDWLRQV�LQ�1HZ�=HDODQG��EHFDXVH�PRVW�VLWH�
ZLQG� VSHHGV� ZRXOG� EH� ORZHU� WKDQ� WKH� QRUPDOLVHG� ZLQG� VSHHGV� XVHG� LQ� WKLV�
DQDO\VLV�� ,I� LW�ZDV�GHVLUHG�WR�EDVH�ZDWHU�SHQHWUDWLRQ�WHVWV�RQ� WKH� LQWHUDFWLRQ�RI�
ZLQG�DQG�UDLQ�LQ�1HZ�=HDODQG��WKH�WHVW�SUHVVXUHV�FRXOG�LQ�WKHRU\�EH�ORZHU�WKDQ�
ZKDW�LV�FXUUHQWO\�LQ�(��90��

x� LW�LV�QRW�UHFRPPHQGHG�WR�DOWHU�(��90��LQ�OLJKW�RI�WKLV�VWXG\��7KLV�LV�EHFDXVH�RI�
WKH� DUELWUDU\� QDWXUH� RI� DQ\� FKRLFH� DERXW� VXLWDEOH� UHWXUQ� SHULRGV� IRU� ZDWHU�
SHQHWUDWLRQ� DQG� WKH� IDFW� WKDW� (��90�� KDV� SURYHQ� LWVHOI� WR� EH� D� VXFFHVVIXO�
SURFHGXUH�RYHU�WKH�\HDUV�

� �
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