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$EVWUDFW�� 7KH� HIIHFWLYHQHVV� RI� LQQRYDWLYH� PRUWDU�EDVHG� FRPSRVLWHV� IRU� WKH� VHLVPLF�
UHWURILWWLQJ� RI� PDVRQU\� VWUXFWXUHV� ZDV� LQYHVWLJDWHG� WKURXJK� VKDNH� WDEOH� WHVWV�� 7KH�
H[SHULPHQWDO� VWXG\� ZDV� FDUULHG� RXW� RQ� D� QDWXUDO� VFDOH� ZDOO� DVVHPEODJH� XQGHU� QDWXUDO�
DFFHOHURJUDPV�� DSSOLHG�ZLWK� LQFUHDVLQJ� LQWHQVLW\� XS� WR� IDLOXUH�� 7KH� SURSRVHG� VWUHQJWKHQLQJ�
V\VWHP� FRPSULVHV� FRQQHFWRUV� DQG� KRUL]RQWDO� VWULSV� RI� 8OWUD� +LJK� 7HQVLOH� 6WUHQJWK� 6WHHO�
�8+766�� FRUGV� H[WHUQDOO\� ERQGHG� WR� WKH� PDVRQU\� ZLWK� K\GUDXOLF� OLPH� PRUWDU�� ZLWKLQ� WKH�
WKLFNQHVV� RI� D� SODVWHU� OD\HU�� 7HVW� UHVXOWV� SURYHG� WKH� HIIHFWLYHQHVV� RI� 65*� DV� D� SURPLVLQJ�
VROXWLRQ�� WR� LQWHJUDWH� RU� VXEVWLWXWH� WUDGLWLRQDO� VWHHO� WLH�EDUV�� IRU� LPSURYLQJ� WKH� RXW�RI�SODQH�
VHLVPLF�FDSDFLW\�RI�PDVRQU\�ZDOOV��
� �
�
,QWURGXFWLRQ�
7KH�RXW�RI�SODQH�FDSDFLW\�RI�IURQW�ZDOOV�LV�RQH�RI�WKH�FUXFLDO�LVVXHV�LQ�WKH�VHLVPLF�YXOQHUDELOLW\�
RI�PDVRQU\�VWUXFWXUHV��HVSHFLDOO\� LQ�KLVWRULFDO�FHQWUHV��([DPSOHV�KDYH�EHHQ�REVHUYHG�DIWHU�
UHFHQW� HDUWKTXDNHV� RQ�PDVRQU\� EXLOGLQJV�� DJJUHJDWHV�� DQG� FKXUFKHV� �/DJRPDUVLQR�� ������
6RUUHQWLQR�HW�DO����������7KHUHIRUH�� LPSURYHG�UHWURILWWLQJ�VROXWLRQV�DUH�QHHGHG� WKDW�FRPELQH�
VWUXFWXUDO�HIIHFWLYHQHVV��HFRQRPLF�DQG�HQYLURQPHQWDO�VXVWDLQDELOLW\��DQG�SRVVLELOLW\�RI�EHLQJ�
LQWHJUDWHG� ZLWK� PDLQWHQDQFH� ZRUNV�� 7UDGLWLRQDO� VWHHO� WLH� EDUV�� ZKLFK� KDYH� EHHQ� EHLQJ�
LQVWDOOHG�VLQFH�FHQWXULHV��SURYHG� WR�HIIHFWLYHO\�DYRLG� WKH�RXW�RI�SODQH�RYHUWXUQLQJ��+RZHYHU��
WKH�ORFDOL]HG�FRQVWUDLQ�SURYLGHG�E\�WKH�HQG�SODWHV�FDQQRW�DOZD\V�SUHYHQW�WKH�IDLOXUH�E\�RXW�
RI�SODQH� EHQGLQJ�� HVSHFLDOO\� IRU� VOHQGHU� PDVRQU\� ZDOOV�� 5HLQIRUFHG� FRQFUHWH� ERQG� EHDPV�
KDYH�EHHQ�XVHG� LQ� WKH� ODVW�GHFDGHV�WR�SURYLGH�D�ER[�W\SH�EHKDYLRXU�DQG�D�KLJKHU�EHQGLQJ�
FDSDFLW\� WR� WKH�ZDOOV�� EXW� LQ� VRPH� FDVHV� WKH� VWLIIQHVV� GLVFRQWLQXLW\� DQG� WKH� ODFN� RI� SURSHU�
FRQQHFWLRQ�KDYH�HYHQ�FDXVHG�WKH�FROODSVH�RI�WKH�PDVRQU\�EHORZ�WKH�EHDP���
$LPLQJ� DW� RYHUFRPLQJ� WKHVH� GUDZEDFNV�� LQQRYDWLYH� VROXWLRQV� ZLWK� H[WHUQDOO\� ERQGHG�
FRPSRVLWHV� KDYH� EHHQ� GHYHORSHG� LQ� WKH� ODVW� WZR� GHFDGHV�� &RPSRVLWH� PDWHULDOV� RIIHU�
VLJQLILFDQW�VWUHQJWK� LPSURYHPHQW�ZLWK�PLQLPXP�WKLFNQHVV��QRU�YDULDWLRQ�RI�RULJLQDO�VWUXFWXUDO�
JHRPHWU\��ZLWK�QR�PDVV� LQFUHDVH�DQG�OLPLWHG�VWLIIQHVV�PRGLILFDWLRQ��%HVLGH�ZHOO�HVWDEOLVKHG�
)LEUH� 5HLQIRUFHG� 3RO\PHUV� �)53V�� �VHH�� DPRQJVW� RWKHUV�� :LOOLV� HW� DO��� ������� D� QHZ�
JHQHUDWLRQ�RI�FRPSRVLWHV�ZLWK�LQRUJDQLF�PDWULFHV�DUH�FXUUHQWO\�XQGHU�GHYHORSPHQW��'HVSLWH�D�
ORZHU�ERQG�VWUHQJWK�WKDQ�)53V��GH�)HOLFH�HW�DO����������PRUWDU�EDVHG�UHLQIRUFHPHQWV�HQVXUH�
EHWWHU� YDSRXU� SHUPHDELOLW\� DQG� PDWHULDO� FRPSDWLELOLW\�� FKHDSHU� DQG� IDVWHU� LQVWDOODWLRQ� RQ�
XQHYHQ�VXUIDFHV��DQG�KLJKHU�ILUH�UHVLVWDQFH��SURYLGLQJ�UHPDUNDEOH�DGYDQWDJHV��HVSHFLDOO\�IRU�
DSSOLFDWLRQV�WR�PDVRQU\��3DSDQLFRODRX�HW�DO���������9DOOX]]L�HW�DO����������5HFHQW�VWXGLHV�RQ�
PHGLXP�VFDOH�VSHFLPHQV�KDYH�VKRZQ�WKH�SRWHQWLDO�XVH�RI�PRUWDU�EDVHG�FRPSRVLWHV�IRU�WKH�
UHWURILWWLQJ� RI� PDVRQU\� ZDOOV� XQGHU� RXW�RI�SODQH� ORDGV� �3DSDQLFRODRX� HW� DO��� �������
1HYHUWKHOHVV�� D� GHHSHU� XQGHUVWDQGLQJ� VWLOO� QHHGV� WR� EH� JDLQHG� RQ� WKH� DFWXDO� UHVSRQVH� RI�
VWUHQJWKHQHG� VWUXFWXUHV� WR� HDUWKTXDNH� PRWLRQ�� WKH� LPSRUWDQFH� RI� FRQQHFWLRQV� EHWZHHQ�
IDoDGH�DQG�ODWHUDO�ZDOOV��DV�ZHOO�DV�EHWZHHQ�IORRUV�DQG�ZDOOV��0HQGHV�HW�DO����������WKH�VL]H�
RI�WKH�UHLQIRUFHPHQW�QHFHVVDU\�WR�SURYLGH�D�VLJQLILFDQW�LQFUHDVH�RI�WKH�VHLVPLF�FDSDFLW\��DQG�
WKH� LPSRUWDQFH� RI� SURSHU� LQVWDOODWLRQ� SURFHGXUHV�� 7KH� GHYHORSPHQW� RI� DQ� LPSURYHG�
NQRZOHGJH�RQ�WKHVH�LVVXHV�PD\�KDYH�LPSRUWDQW�LPSOLFDWLRQV�RQ�FXUUHQW�GHVLJQ�SUDFWLFH�DQG�
PDLQWHQDQFH�DFWLYLWLHV��
7KLV�SDSHU�SUHVHQWV�D�VKDNH�WDEOH�VWXG\�FDUULHG�RXW�RQ�D�IXOO�VFDOH�PDVRQU\�ZDOO��UHWURILWWHG�
ZLWK�HLWKHU� WUDGLWLRQDO�VWHHO� WLH�EDUV�RU�6WHHO�5HLQIRUFHG�*URXW� �65*���7KLV� ODWWHU�FRQVLVWV�RI�
�������������������������������������������������
��5HVHDUFK�$VVLVWDQW��5RPD�7UH�8QLYHUVLW\��'HSW��RI�(QJLQHHULQJ��5RPH��,WDO\��VGHVDQWLV#XQLURPD��LW�
��3URIHVVRU��5RPD�7UH�8QLYHUVLW\��'HSW��RI�(QJLQHHULQJ��5RPH��,WDO\��JLDQPDUFR�GHIHOLFH#XQLURPD��LW�
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8OWUD�+LJK�7HQVLOH�6WUHQJWK�6WHHO��8+766��WH[WLOHV�DSSOLHG�ZLWK�K\GUDXOLF�OLPH�PRUWDU�WR�WKH�
VXUIDFH�RI�WKH�PDVRQU\��$PRQJ�DOO�WKH�DYDLODEOH�FRPSRVLWHV��LQFOXGLQJ�FDUERQ��EDVDOW��JODVV��
3%2�� DUDPLG� DQG� QDWXUDO� ILEUHV��� VWHHO�EDVHG� UHLQIRUFHPHQWV� RIIHU� SDUWLFXODUO\� JRRG�
PHFKDQLFDO� SHUIRUPDQFH� WKDQNV� WR� WKH�KLJK� WHQVLOH� VWUHQJWK�RI� WKH� WH[WLOH�DQG� WKH�HIIHFWLYH�
FRUG�WR�PRUWDU�LQWHUORFNLQJ��$VFLRQH�HW�DO���������'H�6DQWLV�DQG�GH�)HOLFH���������DW�UHODWLYHO\�
ORZ� FRVWV�� 7KH� VHLVPLF� UHVSRQVHV� H[KLELWHG� DIWHU� VWUHQJWKHQLQJ� ZLWK� WLH�EDUV� DQG� DIWHU�
UHWURILWWLQJ�ZLWK�65*�DUH�FRPSDUHG� LQ� WHUPV�RI�VHLVPLF�FDSDFLW\��GDPDJH�GHYHORSPHQW�DQG�
G\QDPLF�SURSHUWLHV�WR�LQYHVWLJDWH�WKH�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�VROXWLRQ�ZLWK�VWHHO�EDVHG�
FRPSRVLWHV���
�
'HVFULSWLRQ�RI�WKH�VSHFLPHQ�DQG�WHVW�VHWXS�
7KH�VSHFLPHQ�ZDV�D� IXOO�VFDOH�8�VKDSHG�WXII�PDVRQU\�ZDOO��FRQVLVWLQJ�RI�D� IDoDGH�DQG�WZR�
WUDQVYHUVH� ZDOOV� �)LJ�� ���� 7KH� IDoDGH� ZDV� ����P� ORQJ�� ����P� KLJK� DQG� ����P� WKLFN�� WKH�
WUDQVYHUVH�ZDOOV�KDG�WKH�VDPH�WKLFNQHVV�DQG�KHLJKW�RI�WKH�IDoDGH�DQG�ZHUH�����P�ORQJ��7R�
WR� VLPXODWH� WKH� SRRU� FRQQHFWLRQ� EHWZHHQ� IURQW� DQG� VLGH� ZDOOV�� ZKLFK� LV� RQH� RI� WKH� PDLQ�
FDXVHV�RI�WKH�VHLVPLF�YXOQHUDELOLW\�RI�KLVWRULF�PDVRQU\�EXLOGLQJV��WKH�VSHFLPHQ�ZDV�UHDOL]HG�
ZLWKRXW�EORFN�LQWHUORFNLQJ��WKH�ZDOOV�ZHUH�EXLOW�QH[W�WR�HDFK�RWKHU�DQG�D�PRUWDU�MRLQW�ZDV�ODLG�
EHWZHHQ�WKHP�DW�WKH�FRUQHUV��7KH�VSHFLPHQ�ZDV�LQLWLDOO\�VXEMHFWHG�WR�D�VKDNH�WDEOH�VHVVLRQ�
ZLWKRXW� UHLQIRUFHPHQW� �$O6KDZD�HW� DO��� �������ZKLFK� FDXVHG� WKH� GHWDFKPHQW� RI� WKH� IDoDGH�
IURP�WKH� WUDQVYHUVH�ZDOOV�DQG�RXW�RI�SODQH�RYHUWXUQLQJ��7KHQ�� WKH�VSHFLPHQ�ZDV�UHLQIRUFHG�
ZLWK� VWHHO� WLH�EDUV� DQG� WHVWHG� DJDLQ�� )LQDOO\�� LW� ZDV� UHSDLUHG� DQG� UHWURILWWHG� ZLWK� 65*� DQG�
VXEMHFWHG�WR�D�ILQDO�VKDNH�WDEOH�VHVVLRQ��
7HVWV�ZHUH�FDUULHG�RXW�DW�(1($�&DVDFFLD�5HVHDUFK�&HQWUH��LQ�5RPH��,WDO\��HTXLSSHG�ZLWK�D�
�Pî�P�VKDNH�WDEOH��7KH�VHLVPLF�LQSXWV�ZHUH�EDVHG�RQ�VL[�QDWXUDO�UHFRUGV�RI�,WDOLDQ�VWURQJ�
HDUWKTXDNHV��WKUHH�VLJQDOV�ZHUH�UHFRUGHG�GXULQJ�WKH������,USLQLD�HDUWKTXDNH��RQH�GXULQJ�WKH�
�����8PEULD�0DUFKH�HDUWKTXDNH��RQH�GXULQJ�WKH������/¶$TXLOD�HDUWKTXDNH��DQG�RQH�GXULQJ�
WKH������(PLOLD�HDUWKTXDNH��7DEOH�����7KH�RUGHU�RI�WKH�LQSXW�VLJQDOV�ZDV�HVWDEOLVKHG�RQ�WKH�
EDVH�RI�ERWK�WKH�9HORFLW\�6SHFWUXP�,QWHQVLW\��96,��DQG�WKH�DYHUDJH�VSHFWUDO�DFFHOHUDWLRQ�LQ�
WKH� ����+]� IUHTXHQF\� UDQJH� �6D��� 6LJQDOV�ZHUH� DSSOLHG�ZLWK� LQFUHDVLQJ� VFDOLQJ� IDFWRU� �6)��
IURP�����WR�����LQ�GLUHFWLRQ�QRUPDO�WR�WKH�IURQW�ZDOO��WHVWV�ZHUH�XQLGLUHFWLRQDO���
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)LJXUH����6SHFLPHQ�XQGHU�VWXG\�DQG�WHVW�VHWXS��
�
�
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7DEOH����$FFHOHURJUDPV�VHOHFWHG�WR�SHUIRUP�VKDNH�WDEOH�WHVWV��

�� (DUWKTXDNH� 'DWH� 0:� 5HFRUG� 3*$� 3*9� 3*'� 96,������+]�� 6D������+]��
>J@� >PP�V@� >PP@� >PP@� >J@�

�� ,USLQLD� ����������� ���� &DOLW:(� ������ ���� ��� ������ ������
�� ,USLQLD� ����������� ���� %DJQLU:(� ������ ���� ���� ������ ������
�� (PLOLD� ����������� ���� 0UQ:(� ������ ���� ��� ������ ������
�� ,USLQLD� ����������� ���� 6WXU:(� ������ ���� ���� ������ ������
�� $TXLOD� ����������� ���� $4*16� ������ ���� ��� ������ ������
�� 8PEULD�0DUFKH� ����������� ���� 5����(:� ������ ���� ��� ������ ������
MW: Moment magnitude; PGA: Peak Ground Acceleration; PGV: Peak Ground Velocity; PGD: Peak Ground 
Displacement; VSI: Velocity Spectrum Intensity; Sa: average spectral acceleration. 

$� KLJK�UHVROXWLRQ� �'�PRWLRQ� FDSWXUH� V\VWHP�ZDV� DOVR� LQVWDOOHG�� ZKLFK�PDNHV� XVH� RI� QHDU�
LQIUDUHG� FDPHUDV� WR� UHFRUG� WKH� GLVSODFHPHQW� RI� UHWUR�UHIOHFWLQJ� PDUNHUV� JOXHG� RQ� WKH�
VSHFLPHQ��6XFK�V\VWHP�DOORZHG�IRU�WKH�PHDVXUHPHQW�RI�WKH�UHODWLYH�GLVSODFHPHQW�EHWZHHQ�
WKH� WZR�VLGHV�RI� WKH�YHUWLFDO�FUDFNV�DW� WKH�FRUQHUV�DQG� WKH� LQ�SODQH�GHIRUPDWLRQ�RI� WKH�VLGH�
ZDOOV�� ZKLFK� ZHUH� QRW� PRQLWRUHG� E\� FRQYHQWLRQDO� DFFHOHURPHWHUV� DQG� GLVSODFHPHQW�
WUDQVGXFHUV��
,Q�RUGHU� WR�PHDVXUH�WKH�RXW�RI�SODQH�EHKDYLRXU�RI� WKH�IDoDGH����DFFHOHURPHWHUV�DQG���ZLUH�
SRWHQWLRPHWHUV�ZHUH� LQVWDOOHG�DV� VKRZ� LQ�)LJ�� ���7ZR�DGGLWLRQDO�PHDVXUHPHQW� SRLQWV�ZHUH�
SODFHG� RQ� WKH� IRXQGDWLRQ� WR� UHFRUG� VHLVPLF� EDVH� PRWLRQ�� )LQDOO\�� WKH� VWUDLQV� LQ� WKH� VWHHO�
WH[WLOHV� ZHUH� UHFRUGHG� WKURXJK� IRXU� VWUDLQ� JDXJHV�� 7HVW� GDWD� ZHUH� DFTXLUHG� DW� ���+]�
VDPSOLQJ� IUHTXHQF\��$� WKLUG�RUGHU�EDVHOLQH�FRUUHFWLRQ�DQG�D� IRXUWK�RUGHU�%XWWHUZRUWK�EDQG�
SDVV� ILOWHU� LQ� WKH� �������+]� UDQJH� ZHUH� XVHG� WR� SURFHVV� DFFHOHUDWLRQ� UHFRUGLQJV�� $� WKLUG�
RUGHU� EDQG�VWRS� ILOWHU� DW� ���+]�ZDV� DOVR� QHFHVVDU\� WR� UHPRYH� HUURUV� GXH� WR� VDPSOLQJ� DQG�
EDFNJURXQG�QRLVH���

�

)LJXUH����3RVLWLRQ�RI�LQVWUXPHQWV�RQ�WKH�IDoDGH�DQG�VWUHQJWKHQLQJ�GHVLJQ��
�
6WUHQJWKHQLQJ�ZLWK�WLH�EDUV�DQG�ZLWK�6WHHO�5HLQIRUFHG�*URXW�
$IWHU�WKH�WHVW�VHULHV�RQ�WKH�XQUHLQIRUFHG�VSHFLPHQ��WZR����PP�VWHHO�URGV�ZHUH�LQVWDOOHG�DW�D�
GLVWDQFH� RI� DERXW� ����P� IURP� WKH� WRS� RI� WKH� ZDOO�� 7ZR� ���PP� ORQJ� 831���� VWHHO� EDUV��
SODFHG�DW������ZHUH�XVHG�DV�HQG�SODWHV�WR�DQFKRU�WKH�URGV�WR�WKH�IDoDGH��$�IXUWKHU�WHVW�VHULHV�
ZDV� FDUULHG� RXW�� 7KH� WLH�EDUV� LPSHGHG� WKH� FROODSVH� RI� WKH� IDoDGH�� EXW� GLGQ¶W� SUHYHQW� WKH�
GHYHORSPHQW�RI�VHYHUH�GDPDJH��DV�LW�ZLOO�EH�VKRZQ�DIWHUZDUGV���
)LQDOO\��WKH�ZDOO�ZDV�UHSDLUHG�DQG�UHWURILWWHG�ZLWK�65*��7KH�WH[WLOH�LV�D�XQLGLUHFWLRQDO�PHVK�RI�
8+766� FRUGV�� VSDFHG� ����PP� ��� FRUGV�LQFK�� DQG� FRDWHG� ZLWK� ]LQF� WR� HQVXUH� SURWHFWLRQ�
DJDLQVW�UXVWLQJ��,W�KDV�����1�PP��WHQVLOH�VWUHQJWK��FRUUHVSRQGLQJ�WR����N1�P�SHU�XQLW�ZLGWK��
DQG������N1�PP��<RXQJ¶V�PRGXOXV��
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7KH� 1+/� PRUWDU� XVHG� WR� ERQG� WKH� WH[WLOHV� WR� WKH� PDVRQU\� KDV� ����1�PP�� FRPSUHVVLYH�
VWUHQJWK�� �����1�PP�� <RXQJ¶V� PRGXOXV�� DQG� ���1�PP�� WHQVLOH� VWUHQJWK�� 7KH� FRPSRVLWH�
VWUHQJWKHQLQJ�V\VWHP�ZDV� WHVWHG�XQGHU� WHQVLRQ�� UHYHDOLQJ�D� VWUHQJWK�RI�����1�PP��DQG�D�
WHQVLOH�PRGXOXV�RI�HODVWLFLW\��DIWHU�FUDFNLQJ��RI����N1�PP���'H�6DQWLV�DQG�GH�)HOLFH���������
)LQDOO\��WKH�ERQG�VWUHQJWK��SHU�XQLW�ZLGWK��RQ�WXII�ZDV���N1�P��'H�6DQWLV�HW�DO����������
7KH�65*�UHWURILWWLQJ�V\VWHP�FRPSULVHG����VWHHO�FRQQHFWRUV�DQG�WZR�KRUL]RQWDO�VWULSV��)LJ������
7KH�VWHHO�FRQQHFWRUV�FURVVHG�WKH�IURQW�ZDOO�DQG�ZHUH�DQFKRUHG�WR�WKH�LQWHUQDO�VXUIDFH�RI�WKH�
VLGH�ZDOOV�E\�DGKHVLRQ��DQG�ZHUH�UHVSRQVLEOH�IRU�UHWDLQLQJ�WKH�RXW�RI�SODQH�RYHUWXUQLQJ�RI�WKH�
IDoDGH� �SOD\LQJ� WKH� VDPH� UROH� RI� WLH�EDUV��� )RXU� KRUL]RQWDO�65*�VWULSV�ZHUH� DSSOLHG� WR� WKH�
VLGH�ZDOOV�WR�WUDQVIHU�WKH�ORDG�IURP�WKH�FRQQHFWRUV�WR�WKH�PDVRQU\��7KH�KRUL]RQWDO�65*�VWULSV�
ZHUH� DSSOLHG� WR� WKH� IURQW� ZDOO� DW� WKH� VDPH� KHLJKW� RI� WKH� SUHYLRXV� RQHV�� WR� WUDQVIHU� WKH�
UHWDLQLQJ� HIIHFW� �LQ� D� PRUH� GLVWULEXWHG� ZD\� WKDQ� VWHHO� HQG�SODWHV�� RI� WKH� FRQQHFWRUV� DQG�
SURYLGH�DQ�LQFUHDVH�RI�WKH�EHQGLQJ�UHVLVWDQFH�RI�WKH�ZDOO��'HVSLWH�LQ�WKLV�FDVH�WKH�VSHFLPHQ�
FRXOG�KDYH�EHHQ�VWUHQJWKHQHG�E\�H[WHUQDO�EDQGDJHV��WKH�ZRUN�ZDV�LQWHQWLRQDOO\�GHVLJQHG�VR�
DV� WR�EH� IHDVLEOH� LQ� WKH�PRUH�JHQHUDO� ILHOG�FRQGLWLRQV�RI�D� ORQJ� IDoDGH��ZKLFK�QHHGV� WR�EH�
FRQQHFWHG� WR�DOO� WKH� WUDQVYHUVH�ZDOOV�� ,Q� WKH�SURSRVHG�VROXWLRQ�� WKLV� UROH� LV�HQWUXVWHG� WR� WKH�
VWHHO�FRQQHFWRUV�FURVVLQJ�WKH�IURQW�ZDOO���
�
7HVW�UHVXOWV�DQG�FRPSDULVRQV��GDPDJH�GHYHORSPHQW�DQG�VHLVPLF�FDSDFLW\�
,Q� RUGHU� WR� GHYHORS� D� GHHSHU� XQGHUVWDQGLQJ� RI� WKH� HIIHFWLYHQHVV� RI� WKH� SURSRVHG�
VWUHQJWKHQLQJ�VROXWLRQ�ZLWK�FRPSRVLWHV�� WKH�VHLVPLF�SHUIRUPDQFHV�RI� WKH�VSHFLPHQ�ZLWK�QR�
UHLQIRUFHPHQW�� ZLWK� WUDGLWLRQDO� WLH�EDUV� DQG� ZLWK� 65*� DUH� FRPSDUHG� LQ� WHUPV� RI� VHLVPLF�
FDSDFLW\�� EHQGLQJ� UHVSRQVH�� DQG� G\QDPLF� SURSHUWLHV�� 7KH� IRUPHU� �FRPSDULVRQ� RI� VHLVPLF�
FDSDFLW\�� LV�VKRZQ�LQ�)LJ�����KDYLQJ�WKH�UHFRUGHG�3*$�RQ�WKH�\�D[LV��DQG�HLWKHU�WKH�YHUWLFDO�
EHQGLQJ� �7��7���)LJ���D��RU� WKH�KRUL]RQWDO�EHQGLQJ� �7��7���)LJ�����RQ� WKH�[�D[LV��7KH�YHUWLFDO�
EHQGLQJ� ZDV� PHDVXUHG� E\� WKH� UHODWLYH� GLVSODFHPHQW� �GX�� EHWZHHQ� WZR� SRLQWV� YHUWLFDOO\�
DOLJQHG� �7��7���� ZKLOH� WKH� KRUL]RQWDO� EHQGLQJ� ZDV� PHDVXUHG� E\� WKH� UHODWLYH� GLVSODFHPHQW�
EHWZHHQ�WZR�SRLQWV�KRUL]RQWDOO\�DOLJQHG��7��7����,Q�WKH�IRUPHU��WKH�ZDOO�EHKDYHG�DV�D�YHUWLFDO�
FDQWLOHYHU�IL[HG�DW�WKH�EDVH��URWDWLQJ�EHQGLQJ�LQ�D�YHUWLFDO�SODQH��DURXQG�D�KRUL]RQWDO�D[LV���DV�
D� UHVXOW� RI� ERWK� WKH�QHDUO\� HODVWLF�GHIRUPDWLRQ�RI� WKH�ZKROH� VSHFLPHQ�DQG� WKH�GHWDFKPHQW�
IURP�WKH�VLGH�ZDOOV��,Q�WKH�ODWWHU��WKH�IDoDGH�EHQW�LQ�D�KRUL]RQWDO�SODQH��DURXQG�D�YHUWLFDO�D[LV��
GXH�WR�WKH�FRQVWUDLQV�SURYLGHG�E\�WKH�VLGH�ZDOOV�DQG�WKH�VWHHO�FRQQHFWRUV�DW�WKH�FRUQHUV���
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)LJXUH����6HLVPLF�FDSDFLW\�RI�WKH�ZDOO�ZLWKRXW�DQ\�UHLQIRUFHPHQWV��ZLWK�VWHHO�WLH�EDUV�DQG�ZLWK�65*��
3*$�YV��YHUWLFDO�EHQGLQJ��7��7���D��DQG�KRUL]RQWDO�EHQGLQJ��7��7���E���
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7KH�RXW�RI�SODQH�RYHUWXUQLQJ�RI� WKH�XQUHLQIRUFHG�ZDOO�RFFXUUHG�XQGHU�&DOLW:(�VLJQDO�ZLWK�D�
3*$�RI�����J��$SDUW�IURP�WKH�ODVW�WHVW��LQ�ZKLFK�RYHUWXUQLQJ�RFFXUUHG���WKH�PD[LPXP�UHODWLYH�
GLVSODFHPHQW�ZDV�QHDUO\��PP�IRU�3*$ ����J��7KH�GDPDJH�SDWWHUQ�DIWHU�WKH�WHVW�VHULHV�RQ�
WKH�XQUHLQIRUFHG�ZDOO�FRPSULVHG� WZR�YHUWLFDO�FUDFNV��RQH�SHU�VLGH��GLYLGLQJ� WKH� IDoDGH� IURP�
WKH�WUDQVYHUVH�ZDOOV��)LJ���D��DQG�D�KRUL]RQWDO�FUDFN�DW�WKH�IRXUWK�PRUWDU�EHG�MRLQW��DW�DERXW�
����P� IURP� DERYH� WKH� IRXQGDWLRQ�� DQG� DOO� DORQJ� VSHFLPHQ� ZLGWK��� ZKLFK� FRQVWLWXWHG� WKH�
RYHUWXUQLQJ�KLQJH�RI�WKH�IDoDGH��
5����:(�VLJQDO�DSSOLHG�ZLWK�3*$ ����J�RQ�WKH�ZDOO�ZLWK�WKH�VWHHO�WLH�EDUV�FDXVHG�D�VHYHUH�
GDPDJH��WKRXJK�QRW�D�SURSHU�IDLOXUH��$�YHUWLFDO�FUDFN�GHYHORSHG�LQ�WKH�PLGGOH�VHFWLRQ�RI�WKH�
IDoDGH��)LJ���E���GXH�WR�WKH�RXW�RI�SODQH�EHQGLQJ�DQG�WR�WKH�LPSDFWV�RFFXUULQJ�DW�WKH�FRUQHUV�
GXULQJ�PRWLRQ�� ,Q� DGGLWLRQ�� VRPH� GLDJRQDO� FUDFNV� IRUPHG� DW� WKH� WRS� DQG�PLG�KHLJKW� RI� WKH�
IURQW�ZDOO��SUREDEO\�UHODWHG�WR�WKH�SXQFKLQJ�HIIHFW�RI�WKH�HQG�SODWHV��)LJ���F����
�

�E� �F��D�

�
)LJXUH����'DPDJH�SDWWHUQ�LQGXFHG�E\�VKDNH�WDEOH�WHVWV�RQ�WKH�VSHFLPHQ�VWUHQJWKHQHG�ZLWK�VWHHO�WLH�
EDUV��YHUWLFDO�FUDFN�DW�WKH�FRUQHU�VHSDUDWLQJ�WKH�IDoDGH�IURP�WKH�VLGH�ZDOOV��RULJLQDWHG�GXULQJ�WHVWV�RQ�
WKH�XQUHLQIRUFHG�ZDOO��D���YHUWLFDO�FUDFN�LQ�WKH�PLGGOH�RI�WKH�IURQW�ZDOO��E���DQG�GLDJRQDO�FUDFNV�LQ�WKH�

YLFLQLW\�RI�WKH�VWHHO�HQG�SODWHV��F���
�
7KH� VSHFLPHQ� UHWURILWWHG� ZLWK� 65*�� LI� FRPSDUHG� WR� WKH� SUHYLRXV� RQHV�� VKRZHG� KLJKHU�
VWLIIQHVV� DQG� VWUHQJWK�� ,WIDLOHG� XQGHU� D� 3*$� RI� ����J�� %RWK� WKH� XQUHLQIRUFHG�ZDOO� DQG� WKDW�
UHWURILWWHG�ZLWK�65*�GLVSOD\HG�D�VWURQJ�LQFUHDVH�LQ�WKH�UHODWLYH�GLVSODFHPHQW�RQO\�DW�IDLOXUH��
ZKLOH� LQ� WKH� VSHFLPHQ� VWUHQJWKHQHG� ZLWK� WLH�EDUV� ODUJH� GLVSODFHPHQWV� RFFXUUHG� DOVR� ZHOO�
EHIRUH�IDLOXUH��GXH�WR�WKH�GHYHORSPHQW�RI�WKH�YHUWLFDO�FUDFN�LQ�WKH�PLGGOH�RI�WKH�IDoDGH���
,Q� FRQFOXVLRQ�� DVVXPLQJ� WKH� 3*$� DV� D� UHOLDEOH� LQGLFDWRU� RI� WKH� LQSXW� LQWHQVLW\�� WKH�
LPSURYHPHQW�RI� WKH�VHLVPLF� FDSDFLW\�SURYLGHG�E\� WKH� UHLQIRUFHPHQW�ZLWK� VWHHO�WLH�EDUV�DQG�
ZLWK�65*�ZDV��LQ�WKH�SUHVHQW�FDVH��LQ�WKH�RUGHU�RI���DQG���WLPHV��UHVSHFWLYHO\��
)XUWKHUPRUH��GDPDJH�UHPDLQHG�H[WUHPHO\�OLPLWHG�DORQJ�WKH�HQWLUH�WHVW�VHVVLRQ��FRQVLVWLQJ�RI�
���VKDNH�WDEOH�WHVWV��7KH�VWURQJHVW�LQSXW�ZDV�/¶$TXLOD�UHFRUG�DPSOLILHG�E\�D�VFDOH�IDFWRU�RI�
����ZLWK�D�3*$�RI�����J��6XFK�D�KLJK�LQWHQVLW\�SURYHG�WKH�IXOO�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�
UHLQIRUFHPHQW�V\VWHP�ZLWK�65*����
7KH�ODVW�WHVW�ZDV�FDUULHG�RXW�XQGHU�1RFHUD�8PEUD�UHFRUG�DPSOLILHG�E\�D�IDFWRU�RI������DQG�WKH�
DFFHOHUDWLRQ� UHFRUGHG�RQ� WKH� IRXQGDWLRQ�KDG�����J�3*$��$IWHU� WKLV� WHVW�� WKH�VSHFLPHQ�ZDV�
FRQVLGHUHG�IDLOHG�GXH�WR�WKH�VHYHULW\�RI�GDPDJH��VKRZQ�LQ�)LJ������7KRXJK�WKH�PDVRQU\�RI�WKH�
IDoDGH�ZDV�FRPSOHWHO\�VHSDUDWHG� IURP� WKH� WUDQVYHUVH�ZDOOV� �)LJ���D��� WKH�VWHHO�FRQQHFWRUV�
GLG�QRW�IDLO�QRU�ZHUH�SXOOHG�RXW�IURP�WKH�IURQW�ZDOO��DQG�WKH�KRUL]RQWDO�UHLQIRUFHPHQWV�RQ�WKH�
VLGH� ZDOOV� GLG� QRW� GHWDFK�� VR� QR� RXW�RI�SODQH� RYHUWXUQLQJ� RFFXUUHG�� 'HVSLWH� WKH� VHYHUH�
YHUWLFDO�EHQGLQJ�H[SHULHQFHG�E\�WKH�IDoDGH��RXWZDUGV�IDLOXUH�ZDV�SUHYHQWHG�E\�WKH�KRUL]RQWDO�
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65*� VWULSV� LQVWDOOHG� RQ� WKH� H[WHUQDO� VLGH� RI� WKH� ZDOO�� 2Q� WKH� FRQWUDU\�� WKH� DEVHQFH� RI�
KRUL]RQWDO�65*�VWULSV�LQ�WKH�LQWHUQDO�VLGH�OHG�WR�WKH�GHYHORSPHQW�RI�D�YHUWLFDO�FUDFN�GLYLGLQJ�
WKH�ZDOO� LQWR� WZR�SRUWLRQV��ZKLFK�URWDWHG� LQZDUGV�DURXQG�WKH�FRQQHFWRUV��)LJ���E���7KH� ORDG�
RQ�WKH�FRQQHFWRUV�UHWDLQLQJ�WKH�IDoDGH�ZDV�HIIHFWLYHO\�WUDQVIHUUHG�E\�DGKHVLRQ�IURP�WKH�IRXU�
65*�VWULSV� WR� WKH�VLGH�ZDOOV��ZKHUH�DQ� LQ�SODQH�PHFKDQLVP�DFWLYDWHG�GXH� WR� WKH�FRPELQHG�
HIIHFW�RI�EHQGLQJ�DQG�VKHDU�VWUHVVHV��DV�LW�LV�H[SHFWHG�ZKHQ�WKH�PDVRQU\�VWUXFWXUH�H[KLELWV�D�
ER[�W\SH�EHKDYLRXU��$�GLDJRQDO�FUDFN�IRUPHG�RQ�ERWK�WKH�VLGH�ZDOOV��IURP�WKH�FRQQHFWRUV�DW�
����P�RI�KHLJKW�GRZQ�WR�WKH�RSSRVLWH�EDFN�FRUQHU��)LJ���F��DV�D�FRQVHTXHQFH�RI�WKH�LPSDFW�
DW� WKH� FRUQHUV� RI� WKH� IURQW� ZDOO� PRYLQJ� LQZDUGV�� ,PPHGLDWHO\� DIWHU�� ZLWK� WKH� LQYHUVLRQ� RI�
HDUWKTXDNH� PRWLRQ�� D� KRUL]RQWDO� FUDFN� GHYHORSHG� DOO� DORQJ� WKH� EDVH� RI� ERWK� VLGH� ZDOOV��
FRPSOHWHO\� VHSDUDWLQJ� WKHP� IURP� WKH� IRXQGDWLRQ�� 'HVSLWH� WKH� RYHUDOO� VHYHUH� GDPDJH�� QR�
SRUWLRQV�RI�UHOHYDQW�VL]H�IHOW�GRZQ��

�E� �F��D�

�

)LJXUH����'DPDJH�SDWWHUQ�LQGXFHG�E\�VKDNH�WDEOH�WHVWV�RQ�WKH�VSHFLPHQ�VWUHQJWKHQHG�ZLWK�65*��
YHUWLFDO�FUDFNV�DW�WKH�FRUQHU�VHSDUDWLQJ�WKH�IDoDGH�IURP�WKH�VLGH�ZDOOV��D���GDPDJH�LQ�WKH�LQWHUQDO�VLGH�

RI�WKH�IURQW�ZDOO��E���DQG�GDPDJH�LQ�WKH�VLGH�ZDOOV��F���
�
7HVW�UHVXOWV�DQG�FRPSDULVRQV��RXW�RI�SODQH�EHQGLQJ�UHVSRQVHV�
7KH�VHLVPLF�UHVSRQVH�RI�WKH�ZDOO�ZLWKRXW�DQ\�UHLQIRUFHPHQWV��DIWHU�WKH�LQVWDOODWLRQ�RI�WLH�EDUV��
DQG�DIWHU�UHWURILWWLQJ�ZLWK�65*�DUH�VKRZQ�LQ�)LJ����XQGHU�&DOLW:(�UHFRUG�ZLWK�6) �����DQG�
3*$ ����J��UHFRUGHG�RQ�WKH�IRXQGDWLRQ�GXULQJ�WKH�WHVW�RQ�WKH�UHWURILWWHG�ZDOO��)LJ���D���
7KH� XQUHLQIRUFHG� ZDOO� GLVSOD\HG� WKH� ODUJHVW� GLVSODFHPHQWV�� HVSHFLDOO\� LQ� WHUPV� RI� YHUWLFDO�
EHQGLQJ�� ZKLOH� WKH� LQVWDOODWLRQ� RI� WKH� WLH�EDUV� SUHYHQWHG� WKLV� RXW�RI�SODQH� URWDWLRQ� RI� WKH�
IDoDGH��)LJ���E���$W� WKH�VDPH� WLPH��GHVSLWH� WKH�VLJQLILFDQW�FDSDFLW\� LQFUHDVH�� WLH�EDUV�GLGQ¶W�
SURYLGH�D�UHGXFWLRQ�RI�KRUL]RQWDO�EHQGLQJ��VXFK�WKDW�7��7��GLVSODFHPHQWV�RI�WKH�XQUHLQIRUFHG�
VSHFLPHQ�ZHUH�FRPSDUDEOH�WR�WKRVH�RI�WKH�ZDOO�ZLWK�WLH�EDUV��,Q�WKLV�ODWWHU��WKH�GHYHORSPHQW�
RI� WKH� YHUWLFDO� FUDFN� LQ� WKH� PLGGOH� RI� WKH� IURQW� ZDOO�� GXH� WR� WKH� EHQGLQJ� IRUFH� DQG� WR� WKH�
LPSDFWV� DW� WKH� FRUQHUV� GXULQJ� LQZDUG� PRWLRQ�� ZHUH� UHVSRQVLEOH� IRU� UHODWLYHO\� ODUJH�
GLVSODFHPHQWV� �)LJ�� �F��� )LQDOO\�� WKH� ZDOO� UHWURILWWHG� ZLWK� 65*� VKRZHG� WKH� VPDOOHVW�
GLVSODFHPHQWV� LQ� WHUPV� RI� ERWK� YHUWLFDO� DQG� KRUL]RQWDO� EHQGLQJ� �)LJV�� �E�F��� WKDQNV� WR� WKH�
FRQVWUDLQ� RI� WKH� FRQQHFWRUV� DQG� WKH� GLVWULEXWHG� HIIHFW� RI� WKH� KRUL]RQWDO� 65*� VWULSV�� ZKLFK�
SUHYHQWHG�FUDFN�GHYHORSPHQW�LQ�WKH�PLGGOH�RI�WKH�IDoDGH�DQG�LQFUHDVHG�LWV�EHQGLQJ�VWUHQJWK��
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)LJXUH����6HLVPLF�EHKDYLRXU�XQGHU�&DOLW:(�UHFRUG�ZLWK�6) �����RI�WKH�VSHFLPHQ�ZLWKRXW�
UHLQIRUFHPHQWV��ZLWK�WLH�EDUV�DQG�ZLWK�65*��WLPH�KLVWRULHV�RI�HDUWKTXDNH�EDVH�DFFHOHUDWLRQ��D���YHUWLFDO�

EHQGLQJ��7��7���E���DQG�KRUL]RQWDO�EHQGLQJ��7��7���F���
�
7HVW�UHVXOWV�DQG�FRPSDULVRQV��G\QDPLF�SURSHUWLHV�
7KH�G\QDPLF�SURSHUWLHV�RI� WKH�VSHFLPHQ�ZLWKRXW�DQ\�UHLQIRUFHPHQWV��ZLWK� WLH�EDUV�DQG�ZLWK�
65*�DUH�LOOXVWUDWHG�LQ�)LJ����IRU�VRPH�VDPSOH�WHVWV�DQG�LQ�)LJ����IRU�WKH�HQWLUH�WHVW�VHULHV��7KH�
IXQGDPHQWDO� IUHTXHQF\� ZDV� GHULYHG� IURP� WKH� WUDQVIHU� IXQFWLRQ� �7[\��� ZKLFK� UHSUHVHQWV� WKH�
ILOWHULQJ�HIIHFW�RI�WKH�VWUXFWXUH�WKURXJK�WKH�FRPSDULVRQ�RI�WKH�RXWSXW�VLJQDO��y��DQG�WKH�LQSXW�
VLJQDO��x���,Q�WKH�SUHVHQW�ZRUN��WKH�WLPH�KLVWRULHV�UHFRUGHG�E\�DFFHOHURPHWHU����ZDV�DVVXPHG�
DV� LQSXW� VLJQDO� DQG� WKDW� E\� ��� DV� RXWSXW� VLJQDO�� 7[\�I�� LV� GHILQHG� DV� WKH� UDWLR� EHWZHHQ� WKH�
FURVV�SRZHU�VSHFWUDO�GHQVLW\�RI�x�DQG�y�DQG�WKH�SRZHU�VSHFWUDO�GHQVLW\�RI�x��,W�LV�D�FRPSOH[�
IXQFWLRQ��DQG�LWV�PRGXOXV�LV�GHSLFWHG�RQ�WKH�\�D[LV�RI�WKH�JUDSKV��%HIRUH�WKH�EHJLQQLQJ�RI�WKH�
WHVW�VHULHV��WKH�IXQGDPHQWDO�IUHTXHQF\�RI�WKH�XQUHLQIRUFHG�VSHFLPHQ��GHWHFWHG�XQGHU�D�ZKLWH�
QRLVH� LQSXW�ZLWK�����J�3*$��ZDV�����+]��)LJ���D���7KH�ZDOO�VWHDGLO\�DFFXPXODWHG�GDPDJH��
GHFUHDVLQJ�LWV�IXQGDPHQWDO�IUHTXHQF\�WR����+]��)LJ������$IWHU�WKH�LQVWDOODWLRQ�RI�WKH�WLH�EDUV��
WKH�IXQGDPHQWDO�IUHTXHQF\�ZDV����+]��PHDVXUHG�XQGHU�5����:(�UHFRUG�ZLWK�6) �����)LJ��
�E�� DQG� GHFUHDVHG� WR� ���+]� DIWHU� �� WHVWV� ZLWK� FRPSDUDEOH� LQWHQVLW\� �)LJ�� ���� )LQDOO\�� WKH�
VSHFLPHQ�UHWURILWWHG�ZLWK�65*�GLVSOD\HG�D�IUHTXHQF\�RI�����+]�XQGHU�ZKLWH�QRLVH�EHIRUH�WHVW�
EHJLQQLQJ��)LJ���D���RI�����+]�XQGHU�5����:(�UHFRUG�ZLWK�6) �����)LJ���E���DQG�RI������+]�
GXULQJ�WKH�PRVW�VHYHUH�WHVWV�DW�WKH�HQG�RI�WKH�VKDNH�WDEOH�VHVVLRQ��EHIRUH�FROODSVH��)LJ������
LQGLFDWLQJ� WKDW� WKH� DFFXPXODWLRQ� RI� GDPDJH� GHYHORSHG� PRUH� VORZO\� WKDQ� LQ� WKH� RWKHU�
FRQILJXUDWLRQV��L�H���QR�UHLQIRUFHPHQW�DQG�WLH�EDUV���
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Tests on rocking façade
(AlShawa et al., 2011)

�
)LJXUH����9DULDWLRQ�RI�WKH�SUHGRPLQDQW�IUHTXHQF\�GXULQJ�ZKROH�WHVW�VHTXHQFH���

�
&RQFOXVLRQV�
$� VKDNH� WDEOH� LQYHVWLJDWLRQ� ZDV� FDUULHG� RXW� RQ� D� QDWXUDO� VFDOH� PDVRQU\� VSHFLPHQ�
VWUHQJWKHQHG�ZLWK�HLWKHU�VWHHO�WLH�EDUV�RU�6WHHO�5HLQIRUFHG�*URXW��65*���7HVWV�ZHUH�FDUULHG�
RXW� XQGHU� QDWXUDO� DFFHOHURJUDPV� ZLWK� LQFUHDVLQJ� LQWHQVLW\� XS� WR� IDLOXUH�� WR� LQYHVWLJDWH� WKH�
HIIHFWLYHQHVV�RI�WKH�SURSRVHG�VROXWLRQ�ZLWK�65*�LQ�FRPSDULVRQ�ZLWK�WUDGLWLRQDO�GHYLFHV��7KH�
IROORZLQJ�UHVXOWV�ZHUH�DFKLHYHG��
x� 7KH�PD[LPXP�3HDN�*URXQG�$FFHOHUDWLRQ�ZDV�����J�IRU�WKH�XQVWUHQJWKHQHG�ZDOO��IDLOXUH�

E\� RYHUWXUQLQJ��� ����J� IRU� WKH� ZDOO� UHLQIRUFHG� ZLWK� VWHHO� WLH�EDUV� �H[WUHPHO\� VHYHUH�
GDPDJH�ZLWKRXW�FROODSVH���DQG�����J�IRU� WKH�ZDOO� UHWURILWWHG�ZLWK�65*��GDPDJH�ZLWKRXW�
FROODSVH���

x� ([WHUQDOO\� ERQGHG� UHLQIRUFHPHQW� ZLWK� 65*� SURYLGHG� D� VLJQLILFDQW� LPSURYHPHQW� RI� WKH�
RXW�RI�SODQH� VHLVPLF� FDSDFLW\�� SURYLQJ� WR� EH� DQ� HIIHFWLYH� DOWHUQDWLYH� WR� WUDGLWLRQDO�
VWUHQJWKHQLQJ�GHYLFHV���

x� 7KH�65*�FRQQHFWRUV�SURYLGHG�DQ�JRRG�FRQQHFWLRQ�EHWZHHQ�WKH�WUDQVYHUVH�ZDOOV�DQG�WKH�
IDoDGH��SUHYHQWLQJ�WKH�RXW�RI�SODQH�RYHUWXUQLQJ�RI�WKLV�ODWWHU��7KH�65*�VWULSV�DSSOLHG�WR�
WKH� IURQW� ZDOO� DOVR� LPSURYHG� LWV� EHQGLQJ� VWUHQJWK� DQG� SURYLGHG� D� GLVWULEXWHG� UHWDLQLQJ�
HIIHFW��DYRLGLQJ�WKH�ORFDO�GDPDJH�GXH�WR�WKH�SXQFKLQJ�HIIHFW�RI�WKH�HQG�SODWHV�RI�WLH�EDUV���
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x� 65*� HQWDLOHG� D� UHODWLYHO\� VPDOO� PRGLILFDWLRQ� RI� WKH� LQLWLDO� G\QDPLF� SURSHUWLHV� RI� WKH�
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