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7KH�+RQJ�.RQJ�=KXKDL�0DFDR�%ULGJH��+=0%��SURMHFW��ZKLFK�KDV�MXVW�

EHHQ�RSHQHG�WR�WUDIILF� LQ�������7KH�VSHFLDO�ORFDWLRQ��FRQVWUXFWLRQ�FRQ�

GLWLRQV��TXDOLW��UHTXLUHPHQWV�DQG�PXOWLSOH�IXQFWLRQV�RI�+=0%�EURXJKW�

PDQ��FKDOOHQJHV��VXFK�DV�PDQDJHPHQW�� WHFKQRORJ���VDIHW��DQG�HQYLURQ�

PHQWDO�SURWHFWLRQ��7R�PHHW�WKHVH�FKDOOHQJHV�DQG�HQVXUH�WKH�DFKLHYHPHQW�

of�high�quality�and�120�years�design�service�life,�the�HZMB�project��rst�
LQWURGXFHG�WKH�FRPSOHWHO��QHZ�FRQFHSW�RI��/DUJH�VL]H��)DFWRU��SURGXF�

WLRQ��6WDQGDUGL]DWLRQ�DQG��VVHPEO����ZKLFK�ZDV� IXQGDPHQWDO� WR� WKH�

design�and�construction.�This�was�developed�in�consideration�of�the�dif��

FXOWLHV�RI�WKH�RIIVKRUH�HQYLURQPHQW��

7KH�FRUH� LGHD�ZDV�3UHIDEULFDWLRQ�DQG��VVHPEO���ZKLFK�ZDV� WR�FKDQJH�

WKLV�+=0%�SURMHFW�LQWR�RQVKRUH�ZRUN�DV�PXFK�DV�SRVVLEOH�E��FXWWLQJ�

WKLV�PHJD�VHD�FURVVLQJ�LQWR�ODUJH�VL]HG�FRPSRQHQWV��ZKLFK�FRXOG�EH�SUH�

IDEULFDWHG�RQ�ODQG�DQG�WKHQ�WUDQVSRUWHG�WR�WKH�RIIVKRUH�VLWH�IRU�DVVHPEO���

7KH�VXFFHVV�RI�WKH�+=0%�XQGRXEWHGO��KDV�OHG�WKH�WHFKQRORJ��RI�SUHIDE�

ULFDWLRQ�DQG�DVVHPEO��WR�D�QHZ�KHLJKW�DQG�UHFRJQL]HG�VFDOH��7KLV�SDSHU�

GHVFULEHV�WKH�LPSOHPHQWDWLRQ�SURFHVV�RI�WKH�FRQFHSW���/DUJH�VL]H��)DFWRU��

SURGXFWLRQ��6WDQGDUGL]DWLRQ�DQG��VVHPEO����/)6���WR�WKH�+=0%�

.H�ZRUGV�

0HJD�SURMHFW

3UHIDEULFDWLRQ

�VVHPEO�

7HFKQRORJ�

&RQVWUXFWLRQ�FRQFHSW�

��RUUHVSRQGLQJ��XWKRU�

�XD�LQJ��X�

�RQJ�.RQJ��KXKDL�0DFDR��ULGJH��XWKRULW����KXMLDQJ��*XDQJGRQJ�����������KLQD�

(�PDL���KXD�LQJ�X�����FRP��

���3URMHFW��QWURGXFWLRQ

7
KH�+RQJ�.RQJ�=KXKDL�0DFDR�%ULGJH��+=0%��LV�

D���NP�ORQJ�SURMHFW�FURVVLQJ�WKH�ZLGH�3HDUO�5LY�

HU�(VWXDU��RI�6RXWK�&KLQD�� FRQQHFWLQJ�WKH�+RQJ�

.RQJ�6SHFLDO��GPLQLVWUDWLYH�5HJLRQ��6�5��ZLWK�*XDQJ�

GRQJ��=KXKDL��DQG�WKH�0DFDR�6SHFLDO��GPLQLVWUDWLYH�5H�

gion.�It�is�also�a�mega�infrastructure�project�and�the��rst�to�

EH�FRQVWUXFWHG�XQGHU�WKH�SROLWLFDO�FRQFHSW�RI�RQH�FRXQWU���

WZR�V�VWHPV��+=0%�IRUPV�DQ�LPSRUWDQW�SDUW�RI�WKH�3HDUO�

5LYHU�'HOWD�DQG�QDWLRQDO�KLJKZD��QHWZRUNV�RI�&KLQD��

:LWK�D�WRWDO� LQYHVWPHQW�RI�RYHU����ELOOLRQ��XDQ� �DS�

SUR[LPDWHO������ELOOLRQ�GROODUV��� WKH�+=0%�SURMHFW� LQ�

cludes�three�parts;�the��rst�is�the�main�work�in�the�sea�and�

WKLV� VHFWLRQ�ZDV�FRQVWUXFWHG�DQG�PDQDJHG�E�� WKH�7KUHH�

*RYHUPHQWV�� WKH�VHFRQG�LV�WKH�%RXQGDU��&URVVLQJ�)DFLOL�

WLHV��DQG�WKH�WKLUG�LV�WKH�ORFDO�OLQNV�WR�+RQJ�.RQJ��=KXKDL�

DQG�0DFDX�

7KH�PDLQ�ZRUN�LQFOXGHV������NP�RI�PDULQH�YLDGXFWV��

WKUHH�QDYLJDWLRQ�FKDQQHO�EULGJHV�� WZR�DUWLILFLDO� LVODQGV��
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and�a�6.7km�immersed�highway�tunnel�(�gure�1).�

)LJXUH����/D�RXW�RI�WKH�FRPSOHWHG�+RQJ�.RQJ�=KX�
KDL�0DFDR�%ULGJH

��SURMHFW�RQ�WKLV�VFDOH�FDQ�QHYHU�H[LVW�LQ�LVRODWLRQ��DQG�

a�key�factor�in�uencing�all�aspects�of�the�HZMB�was�that�

LW�H[LVWV�ZLWKLQ�D�FULWLFDO�� FRPPLWWHG�� DQG�KLJKO��GLYHUVH�

HQYLURQPHQW�VSDQQLQJ�WKUHH�MXGLFLDO�GLVWULFWV��

�V� WKH� ODQGPDUN� SURMHFW�RI� WKH�*UHDWHU�%D���UHD��

+=0%�DWWUDFWHG�PXFK�PRUH�DWWHQWLRQ�IURP� WKH�JRYHUQ�

PHQWV�DQG�WKH�SXEOLF��0RVW�RI�WKH�SURMHFW�V�WHFKQLFDO�GHFL�

VLRQ�PDNLQJ�ZDV�EDVHG�RQ�WKH�SULQFLSOH�RI� �VHOHFWLQJ�WKH�

highest�not�the�lowest'�when�con�icts�occurred.

�V�D� UHVXOW�� WKLV�SURMHFW�ZDV�H[SHFWHG� WR�EH�DFFRP�

SOLVKHG�VDIHO���HFRQRPLFDOO���LQQRYDWLYHO���EH�HQYLURQPHQW�

IULHQGO��� DFKLHYH�KLJK�TXDOLW��DQG�EH�FRPSOHWHG�ZLWKLQ�D�

WLJKW�VFKHGXOH���OO�WKLV�EURXJKW�WKH�JUHDWHVW�FKDOOHQJHV�WR�

WKH�HQJLQHHUV�

����HQHUDO��QWURGXFH

+=0%�KDV�D� WRWDO� OHQJWK�RI����NP��7KRXJK�LW� LV�FDOOHG�D�

EULGJH��DFWXDOO�� LW� LV� D�PHJD�VHD�FURVVLQJ�SURMHFW�ZKLFK�

LQWHJUDWHV�EULGJHV�� LVODQGV�DQG� WXQQHOV���V� WKH� ORQJHVW�

VHD�FURVVLQJ�LQ�&KLQD��LW�XVHG�RYHU���NP�RI�VWHHO�ER[�JLUG�

HU�DQG�RYHU�����������P��RI�FRQFUHWH��+=0%�KDV�PDQ��

XQLTXH�IHDWXUHV�ZKLFK�GLIIHUHQWLDWH�LW�IURP�RWKHU�SURMHFWV��

VXFK�DV��EHLQJ� ORFDWHG� LQ� WKH�SUHVHUYDWLRQ�DUHD� IRU� WKH�

&KLQHVH�:KLWH�'ROSKLQ��D�UDUH�PDULQH�PDPPDO���KDYLQJ�

�����HDUV�GHVLJQ�VHUYLFH� OLIH�� LQFRUSRUDWLQJ� WKH�GHHSHVW�

����P�EHORZ�VHD�OHYHO��LPPHUVHG�KLJKZD��WXQQHO��DQG�WKH�

ORQJHVW�VHD�FURVVLQJ�EULGJH��RYHU����NP���:LWKRXW�GRXEW��

there�were�many�challenges�and�dif�culties�which�needed�

WR�EH�VROYHG�LQ�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�SURFHVV�RI�WKLV�

SURMHFW��+=0%�LV�UHJDUGHG�DV� WKH�PRVW�FRPSOLFDWHG�DQG�

dif�cult�sea�crossing�project�in�China�transport�engineer�

LQJ��

'HVSLWH� WKH�PDLQ�FKDOOHQJHV�PHQWLRQHG�DERYH�RI� WKH�

PHJD�VL]H��KLJK� WHFKQLFDO� VWDQGDUGV��XQLTXH� ORFDWLRQ��

VHQVLWLYH�HQYLURQPHQW�DQG�VR�RQ��RQH�SRLQW� WKDW� VKRXOG�

EH�VWUHVVHG�SDUWLFXODUO��LV�WKDW�LW�LV�D�FRPSOHWHO��RII�VKRUH�

SURMHFW��ZKLFK�PHDQW� WKDW� WKH�SUHYLRXV�H[SHULHQFH�RI�

bridges�and�tunnels�in�China�were�not�suf�cient.

�IWHU�VWXG�LQJ�ZRUOGZLGH�SURMHFWV��D�FRQVWUXFWLRQ�FRQ�

FHSW�ZDV�GHYHORSHG�LQ�WKH�GHVLJQ�SKDVH��ZKLFK�ZDV�FDOOHG�

ODUJH�VL]H��)DFWRU��SURGXFWLRQ��6WDQGDUGL]DWLRQ�DQG��V�

VHPEO���/)6����7KH�FRUH�LGHD�RI�WKLV�FRQFHSW�LV�WR�FKDQJH�

WKH�RIIVKRUH�ZRUNV�LQWR�RQVKRUH�ZRUNV�DQG�WKLV�ZDV�UHDO�

L]HG�LQ�WKH�IROORZLQJ�ZD���

)LUVWO��� WKH�SURMHFW�ZDV�GLYLGHG� LQWR�PDQ��VHFWLRQV�

PDGH�XS�RI� VWDQGDUGL]HG� VWUXFWXUDO� FRPSRQHQWV�ZKLFK�

FRXOG�EH�SUHIDEULFDWHG�RQ�ODQG��7KHVH�FRPSRQHQWV�ZHUH�

WKHQ� WUDQVSRUWHG�WR� VLWH�DQG�DVVHPEOHG�E��PDFKLQHU��RU�

HTXLSPHQW�SLHFH�E��SLHFH��7KURXJK�WKLV�� WKH�SURMHFW�ZDV�

UHDOL]HG�LQ�DQ�LQGXVWULDO�ZD���XVLQJ�SURGXFWLRQ�OLQH�PHWK�

RGV�ZLWK�D�PLQLPL]HG�ZRUNIRUFH��

8VLQJ� WKLV�FRQFHSW�PLQLPL]HG� WKH�RIIVKRUH�FRQVWUXF�

WLRQ�ZRUN�DQG�LPSURYHG�WKH�TXDOLW��DQG�VDIHW���DV�ZHOO�DV�

VKRUWHQLQJ�WKH�FRQVWUXFWLRQ�WLPH��

�V�D�UHVXOW�� WKLV�SURMHFW�ZDV� UHDOL]HG�E��DVVHPEOLQJ�

WKH�YDULRXV�FRPSRQHQWV�RIIVKRUH��DV�LI�WKH�HQJLQHHUV�ZHUH�

SOD�LQJ�D�VXSHU�EXLOGLQJ�EORFN�JDPH��

����SSOLFDWLRQ�RI�3UHIDEULFDWLRQ�DQG��VVHPEO��

7KH�NH��SRLQWV�RI�/)6��DUH�SUHIDEULFDWLRQ�DQG�DVVHPEO���

/DUJH�VL]H�DQG�VWDQGDUGL]DWLRQ�RI�FRPSRQHQWV�ZHUH� WZR�

NH��IHDWXUHV�DSSOLHG� WR�SUHIDEULFDWLRQ�DQG�DVVHPEO���7R�

IXOO��GHPRQVWUDWH�WKH�DSSOLFDWLRQ�RI�SUHIDEULFDWLRQ�DQG�

DVVHPEO���GHWDLOV�RI�/)6��DUH�GHVFULEHG�LQ�WKH�IROORZLQJ�

IRXU�VHFWLRQV��DFFRUGLQJ�WR�WKH�FRQFHSW�KHDGLQJV�

�����DUJH�VL�H

7KH�+=0%�KDV�D�WRWDO� OHQJWK�RI����NP�� LQFOXGLQJ�RYHU�

��NP�RI� VHD�FURVVLQJ�EULGJHV�� D�����NP�ORQJ�LPPHUVHG�

WXQQHO��ZKLFK�LV� WKH�ORQJHVW� LPPHUVHG�KLJKZD��WXQQHO���

DQG�QHDUO����NP�RI�ORFDO�OLQN�KLJKZD�V��%DVHG�RQ�WKHVH�

GDWD�� LW�LV�UHDOO��D�6XSHU�3URMHFW�LQ�WKH�HQJLQHHULQJ�LQGXV�

WU���

+=0%�LV� ORFDWHG� LQ� WKH�3HDUO�5LYHU�'HOWD�� FURVVLQJ�

/LQJGLQJ�DQJ�ZKHUH� WKHUH� LV�DQ�HFRORJLFDOO�� VHQVLWLYH�

DUHD�DQG�KDELWDW�RI�WKH�HQGDQJHUHG�SLQN�GROSKLQV��/HDVW�

GLVWXUEDQFH�LQ�WKH�ZDWHU�GXULQJ�FRQVWUXFWLRQ�DQG�PLQLPXP�

obstruction�to�water��ow�were�primary�considerations�in�

WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�

)RU�HQYLURQPHQWDO�FRQVLGHUDWLRQV��������P�VSDQV�ZLWK�

VLQJOH�SLHU�FROXPQV�WR�VXSSRUW�HLWKHU�WZR�VHSDUDWH�GHFNV�RU�

D�VLQJOH�ZLGH�GHFN�KDYH�EHHQ�XVHG�IRU�WKH�PDULQH�YLDGXFWV�

LQ�+=0%��ZLWK�SLOH�FDSV�IRU� WKH�EULGJH�SLHUV� UHFHVVHG�

EHORZ�WKH�VHDEHG��VR�DV�WR�SURYLGH�WKH�OHDVW�REVWUXFWLRQ�WR�

water��ow.

�V�PHQWLRQHG�DERYH�� LQ�RUGHU�WR�PLQLPL]H� WKH�ZRUNV�

LQVLWX�� WKH�HQJLQHHUV�GLYLGHG�WKH�SURMHFW� LQWR�VHFWLRQV�RI�

ODUJH�FRPSRQHQWV��7KH�EULGJH�HOHPHQWV�LQVLVWV�RI�SLOH�FDS�

DQG�SLHU��VWHHO�ER[�JLUGHU��VWHHO�FRQFUHWH�FRPSRVLWH�ER[�

JLUGHU�DQG�VWHHO�S�ORQ��DOO�RI�ZKLFK�ZHUH�IDEULFDWHG�LQ�YDU�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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LRXV�SUHFDVW��DUGV�RU�IDEULFDWLRQ��DUGV�

7KH�SLOH�FDSV�DQG�SLHUV�ZHUH�SUHIDEULFDWHG�DV�FRPSOHWH�

XQLWV��7KH�WDOOHVW�RI�VXFK�NLQG�RI�SLOH�FDS�DQG�SLHU�XQLW�ZDV�

about�50�meters�high�and�weighed�over�3000t�(�gure�2).

)LJXUH����3UHFDVW�SLOH�FDS�DQG�SLHU�XQLWV

/RQJ�VSDQV�RI� VWHHO�ER[�JLUGHU�ZHUH�DVVHPEOHG�DQG�

HUHFWHG��7KH�ORQJHVW�SLHFH�ZDV�������P� ORQJ��ZHLJKHG�

���W�DQG�ZDV�HUHFWHG�RQWR�WKH�SLHUV�E��D�ODUJH�IORDWLQJ�

crane�with�a�lifting�capacity�of�4000t�(�gure�3).

)LJXUH����(UHFWLRQ�RI�D�IXOO�VSDQ�VWHHO�ER[�JLUGHU

7KH�����NP�ORQJ�LPPHUVHG�WXQQHO�ZDV�GLYLGHG�LQWR����

HOHPHQWV��HDFK�RI�ZKLFK�KDV�D�OHQJWK�RI����P�DQG�D�ZLGWK�

RI���P��(DFK�HOHPHQW�LV�VWLOO�D�ELJ�EORFN��ZLWK�D�ZHLJKW�RI�

76000t�(�gure�4).

)LJXUH����Longitudinal�pro�le�of�immersed�tunnel�ele�
PHQWV

The�body�of�the�two�arti�cial�islands�was�formed�using�

RWKHU�ELJ�HOHPHQWV��VWHHO�F�OLQGHUV�ZLWK�D�KHLJKW�RI���P�

DQG�HDFK�ZHLJKLQJ�RYHU����W�ZHUH�XVHG�WR�HQFORVH�WKHVH�

sand-�lled�reclamations�(�gure�5).

)LJXUH����6WHHO�F�OLQGHU�IRU�GULOOLQJ�LQWR�WKH�JURXQG�WR�
IRUP�LVODQG

%DVHG�RQ� WKH�DERYH�VWUXFWXUDO�FRPSRQHQWV�� WKH�ZKROH�

FRQVWUXFWLRQ�RI�+=0%�ZDV� UHDOL]HG�E��DVVHPEOLQJ�E��

SURGXFWLRQ�OLQH�PHWKRGV��ZKLFK�JUHDWO��UHGXFHG�WKH�ZRUN�

RIIVKRUH��PLQLPL]HG�WKH�ULVNV�IRU�VDIHW���WKH�HQYLURQPHQW��

TXDOLW��DQG�FRVW��DQG�JUHDWO��VKRUWHQHG�WKH�FRQVWUXFWLRQ�

WLPH��2I�FRXUVH��VXFK�PHWKRGV� ODUJHO��FKDQJHG� WKH�RII�

VKRUH�ZRUN�RI�+=0%�LQWR�RQVKRUH�ZRUN���V�D�UHVXOW��WKLV�

HQFRXUDJHG�D�V�VWHP�WR�SURPRWH�WHFKQRORJ��GHYHORSPHQW�

IRU�WKH�FRQVWUXFWLRQ�PHWKRGV��HTXLSPHQW�DQG�PDQDJHPHQW�

����)DFWRU��3URGXFWLRQ

�V�PHQWLRQHG�DERYH�� WKH�+=0%�LV�YHU�� ORQJ�DQG� WKH�

TXDQWLW��RI�ZRUN�ZDV�KXJH��7KH�YDULRXV� VWDQGDUG�FRP�

SRQHQWV�ZKLFK�ZHUH�SUHIDEULFDWHG�LQ�IDFWRULHV�ZHUH�YHU��

ODUJH�VL]H���OO�WKHVH�FRPSRQHQWV�ZHUH�SURGXFHG�LQ�YDULRXV�

GHGLFDWHG�IDFWRULHV� VXUURXQGLQJ�WKH�DVVHPEOLQJ�VLWHV��,Q�

RUGHU�WR�VDYH�ZRUN�WLPH��HDFK�IDEULFDWLRQ�IDFWRU��VHW�XS�D�

linear��ow�production�line,�which�was�similar� to�the�sys�

WHPV�XVHG�E��WKH�PDWXUH�LQGXVWULDO�PDQXIDFWXULQJ�LQGXV�

WU���

,W� LV�QRW�WKH�ILUVW�WLPH� WXQQHO�RU�EULGJH�HOHPHQWV�KDYH�

EHHQ�SURGXFHG�LQ�DQ�LQGXVWULDO�PDQQHU�DW�JURXQG�OHYHO��XQ�

GHU�FRQWUROOHG�IDFWRU��W�SH�FRQGLWLRQV��+RZHYHU�� LW� LV� WKH�

ODUJHVW�DQG�ZLGHVW�DSSOLFDWLRQ�GXH�WR�WKH�VFDOH�RI�+=0%�

7KH�W�SLFDO�IDFWRU��IRU�+=0%�FRPSRQHQWV�FDQ�EH�FODV�

si�ed�into�three�main�kinds;�prefabrication�facility�for�the�

LPPHUVHG�WXQQHO��VWHHO�JLUGHU�IDEULFDWLRQ� IDFLOLWLHV��DQG�

SLOH�FDS�DQG�SLHU�SUHIDEULFDWLRQ�IDFLOLWLHV��7KHVH�DUH�GH�

VFULEHG�LQ�PRUH�GHWDLO�EHORZ�

������)DFWRU��IRU�7XQQHO�(OHPHQWV

7KH�LPPHUVHG�WXQQHO�RI�+=0%�KDV����HOHPHQWV��RI�ZKLFK�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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���DUH�D� VWDQGDUG�VL]H�DQG���DUH�FXUYHG�HOHPHQWV��(DFK�

VWDQGDUG�HOHPHQW�LV����P�ORQJ�DQG�KDV�D�ZHLJKW�RI�RYHU�

76000t.�It�was�the��rst�time�for�China�to�prefabricate�such�

KXJH�WXQQHO�HOHPHQWV��(YHQ�ZRUOGZLGH��LW�LV�RQO��WKH�VHF�

RQG�WLPH�LPPHUVHG�WXQQHO�HOHPHQWV�KDYH�EHHQ�SURGLFHG�LQ�

D�IDFWRU��W�SH�PDQQHU�

&RQVLGHULQJ� WKH� WUDQVSRUWDWLRQ�GLVWDQFH�DQG�FRQYH�

QLHQFH� IRU� WKH� LPPHUVLRQ��D�VSHFLDOL]HG�SUHIDEULFDWLRQ�

IDFLOLW��ZDV�VHW�XS�RQ�1LXWRX�,VODQG��ZKLFK�LV�RQO����PLOHV�

E��VHD�DZD��IURP�WKH�LPPHUVHG�WXQQHO�ORFDWLRQ��7KH�WRWDO�

DUHD�RI�WKLV�IDFLOLW��ZDV�DERXW�������P���,W�ZDV�GLYLGHG�

LQWR�IRXU�]RQHV��PDWHULDO�]RQH��FRQFUHWH�PL[LQJ�]RQH��HOH�

ment�production�zone,�and�the�dock�zone�(�gure�6).

)LJXUH����/D�RXW�RI�IDEULFDWLRQ�IDFWRU��IRU�WXQQHO�HOH�
PHQWV�

7KH� WXQQHO�HOHPHQW�SURGXFWLRQ�]RQH�ZDV�VHW�XS�ZLWK�

D� OLQHDU�ZRUN� IORZ�DUUDQJHPHQW�� (DFK����P� HOHPHQW�

ZDV�PDGH�XS� IURP���HTXDO�VHJPHQWV�RI�����P��ZKLFK�

ZHUH�FRQFUHWHG�XVLQJ�����P��FRQFUHWH�LQ�RQH�FRQWLQXRXV�

RSHUDWLRQ��7KH� IDFWRU��KDG� WZR�SURGXFWLRQ� OLQHV�ZKLFK�

FRXOG�EH�ZRUNLQJ�DW�WKH�VDPH�WLPH�DQG�RYHUDOO��WKH�IDFLO�

LW��KDG�WKH�FDSDELOLW��WR�SURGXFH�WZR�HOHPHQWV�HYHU��WZR�

PRQWKV�

7KH�SURGXFWLRQ�SURFHVV�RI�D�WXQQHO�VHJPHQW�ZDV�DV�IRO�

lows;��x�the�reinforcement�for�bottom�slab,�side�wall,�in�

WHULRU�ZDOO�DQG�WRS�VODE��VOLGH�WKH�UHLQIRUFHPHQW�FDJH�LQWR�

WKH�IRUPZRUN��ERWWRP�IRUP��LQQHU�IRUP�DQG�VLGH�IRUP���

SODFH�FRQFUHWH�XVLQJ�D�SXPSLQJ�V�VWHP��WKH�WHPSHUDWXUH�

RI�FRQFUHWH�EHIRUH�SODFLQJ�ZDV�FRQWUROOHG� WR�EH�EHORZ�

�� ���DQG�FXULQJ��ZKLFK�ZDV�FRQGXFWHG�DIWHU� WKH�IRUPV�

KDG�EHHQ�VWULSSHG��7KH�LQWHUQDO�DQG�H[WHUQDO� WHPSHUDWXUH�

RI�WKH�FRQFUHWH�GXULQJ�FXULQJ�ZDV�PRQLWRUHG�XVLQJ�D�GLJL�

WDO�PRQLWRULQJ�V�VWHP�

�IWHU�FXULQJ� IRU� ��� KRXUV�� WKH� VHJPHQWV� FRXOG� EH�

SXVKHG�IRUZDUG�����P��WR�FOHDU�WKH�EHG��UHDG��IRU�WKH�QH[W�

RQH (DFK�VHJPHQW�ZDV�PDWFK�FDVW� DQG� WKH� ODXQFKLQJ�

F�FOH�ZDV�UHSHDWHG���WLPHV�XQWLO�DOO� WKH�VHJPHQWV�RI�RQH�

HOHPHQW�KDG�EHHQ�FRPSOHWHG��7KH�HQWLUH�HOHPHQW�ZDV�WKHQ�

pushed�forward�into�the�shallow�dock�for�out�tting.

7KH�K�GUDXOLF�V�VWHP�IRU� ODXQFKLQJ�WKH�HOHPHQWV�LQWR�

the�out�tting�area�was�controlled�by�the�computer�to�en�

VXUH�EDODQFHG�VXSSRUW�DQG�GLUHFWLRQDO�FRQWURO���IWHU� WKH�

out�tting�of�a�pair�of�elements�had�been��nished,�the�slid�

LQJ�GRFN�JDWH�EHWZHHQ�WKH�GRFN�DQG�WKH�SURGXFWLRQ� OLQH�

ZDV�FORVHG�DQG�WKH�GRFN�IORRGHG� WR�WKH�KLJKHVW� OHYHO�WR�

�oat�the�elements.�The��oating�elements�were�then�moved�

VLGHZD�V�LQWR� WKH�GHHS�ZHW�GRFN�DUHD�IRU�VWRUDJH��:KHQ�

required,�the��oating�elements�were�moved�out�of�the�wet�

GRFN�DQG�WRZHG�WR�VLWH�IRU�LQVWDOODWLRQ�

������6WHHO��LUGHU�3URGXFWLRQ�)DFWRU�

+=0%�LV�DOVR� WKH� ODUJHVW� DQG� ORQJHVW� VWHHO�ER[�JLUGHU�

EULGJH��,W�LV�FDOFXODWHG�WKDW�RYHU���������WRQV�RI�VWHHO�KDYH�

EHHQ�XVHG� IRU�WKH� VWHHO�ER[�JLUGHU��7R�GHDO�ZLWK�VXFK�D�

KXJH�DPRXQW�RI�VWHHO�JLUGHU��WKH�FRQWUDFWRUV�VHW�XS���VWHHO�

SDQHO�IDEULFDWLRQ�IDFWRULHV�LQ�GLIIHUHQW�SODFHV�RI�&KLQD��

VXFK�DV�6KDQKDLJXDQ��:XKDQ���DQJ]KRX�DQG�1DQWRQJ���W�

WKH�VDPH�WLPH��WKUHH�VWHHO�ER[�JLUGHU�DVVHPEO��OLQH�IDFWR�

ULHV�ZHUH�VHW�XS�LQ�WKH�=KRQJVKDQ�DUHD��QHDU�WR�WKH�EULGJH�

site.�The�production��ow�is�shown�in��gure�7.�

7KH�SODWHV�DQG�VWLIIHQHUV�ZHUH�FXW�DQG�ZHOGHG�XVLQJ�

&1&�V�VWHPV��7KH�VWLIIHQHG�SDQHOV�ZHUH�WKHQ�WUDQVSRUWHG�

WR� WKH�DVVHPEO��IDFWRULHV� LQ�=KRQJVKDQ�DQG�DVVHPEOHG�

LQWR�VSDQ�ORQJ�VHFWLRQV���OO�WKH�SURFHVVHV�ZHUH�VHW�XS�DQG�

controlled�as�linear��ow�production�lines.�The�completed�

VWHHO�ER[�VHFWLRQV�ZHUH�WUDQVIHUUHG�WR�VSHFLDO�EODVWLQJ�DQG�

SDLQWLQJ�HQFORVXUHV�� DIWHU�ZKLFK� WKH�VSDQ�ORQJ�VHFWLRQV�

ZHUH�WUDQVSRUWHG�RQ�VSHFLDO�EDUJHV�WR�WKH�LQVWDOODWLRQ�VLWH�

and�erected�by�very�large��oating�cranes.

)LJXUH����3URGXFWLRQ�SURFHVV�IRU�VWHHO�ER[�JLUGHU

������3LOH��DS�DQG�3LHU�3URGXFWLRQ�)DFWRU�

7R�PHHW�WKH�UHTXLUHPHQW�UDLVHG�E��WKH�PDULQH�DXWKRULWLHV�

IRU�D� OLPLW� WR� WKH�ZDWHU� IORZ�REVWUXFWLRQ� UDWH��+=0%�

DGRSWHG�SLOH�FDSV�IRU�WKH�SLHUV�WKDW�ZHUH�UHFHVVHG�EHORZ�

WKH�VHDEHG���OO� WKH�SLOH�FDSV�DQG�SLHUV�ZHUH�SUHIDEULFDW�

HG�DV�XQLWV�DQG�WKH�SLHUV�ZHUH�GLYLGHG�LQWR�RQH�WR�WKUHH�

VHFWLRQV��GHSHQGLQJ�RQ�WKH�FDSDELOLW��RI�WKH�FRQWUDFWRUV��

FUDQHV���OO�WKH�SLOH�FDS�DQG�ORZHU�SLHU�VHFWLRQV�ZDV�PDGH�
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DV�RQH�XQLW��ZLWK�DOO�VLWH�MRLQWV�IRU�WKH�SLHUV�PDGH�DERYH�

VHD�OHYHO��

�Q�LQQRYDWLRQ�ZDV�GHYHORSHG�WR�PDNH�WKH�FRQQHFWLRQV�

between�piles�and�some�of�the�pile-caps�(�gure�8).�A�steel�

FRIIHUGDP�RQ�WKH�SLOH�FDS�ZDV�ORZHUHG�RYHU� WKH�SLOHV�VR�

WKDW�ZRUN�FRXOG�EH�GRQH�LQ�WKH�GU���7KH�SUHFDVW�SLOH�FDS�

ZLWK�VWXE�FROXPQV�KDG�RYHUVL]H�KROHV�LQ�WKHP�ZLWK�VKHDU�

NH�V��7KH�SLOH�FDS�ZDV� ORZHUHG�RQWR�WKH�IODQJHV�RII� WKH�

SLOHV����JDVNHW�W�SH�ZDWHU�VHDO�FORVHG�WKH�JDS�EHWZHHQ�WKH�

bottom�of�the�sof�t�of�the�pile�cap�and�the�pile,�and�then�

the�hole�was�concreted�(�gure�9).

)LJXUH����6WHHO�FRIIHUGDP�IRU�FRQQHFWLRQ�EHWZHHQ�SLOH�FDS�
DQG�SLOH

)LJXUH����,QVLGH�YLHZ�RI�VWHHO�FRIIHUGDP�

�OO�WKH�SLOH�FDS�DQG�SLHUV�ZHUH�SUHIDEULFDWHG�LQ�WKH�ODQG�

IDFWRULHV�DQG�DVVHPEOHG�DW� WKH�RIIVKRUH�VLWH��7KH�ZKROH�

prefabrication�process�is�shown�in�the��gure�10.

7KH�SUHIDEULFDWLRQ�RI�WKH�SLOH�FDS�DQG�SLHU�XQLWV�ZDV�

PRGHUQL]HG��7KH�IDFWRULHV�ZHUH�HTXLSSHG�ZLWK�DXWRPDWLF�

&1&�FXWWLQJ�DQG�EHQGLQJ�HTXLSPHQW�IRU� WKH� VWHHO� UHLQ�

IRUFHPHQW�EDUV���OO�SUHSDUHG�UHLQIRUFHPHQW�ZDV�PRYHG�WR�

DQ�DVVLJQHG�SRVLWLRQ�DIWHU� LQVSHFWLRQ��7KH�UHLQIRUFHPHQW�

ZDV�DVVHPEOHG�LQWR�SUHIRUPHG� UHLQIRUFHPHQW�FDJHV�DQG�

then�the�cages�were�slid�or�lifted�on�to� the��xed�casting�

EHGV���IWHU� WKH� IRUPV�KDG�EHHQ�SRVLWLRQHG�� WKH�FRQFUHWH�

ZDV�FDVW�LQ�RQH�FRQWLQXRXV�RSHUDWLRQ�ZLWKRXW�FRQVWUXFWLRQ�

MRLQWV��7KH�IRUPV�ZHUH� VWULSSHG�DZD��DIWHU� WKH�FRQFUHWH�

reached� suf�cient�strength�to�allow�the�pile-cap�and�pier�

XQLW�WR�EH�SXVKHG�IRUZDUG�WR�FOHDU�WKH�FDVWLQJ�EHG��ZKLFK�

FRXOG�WKHQ�EH�SUHSDUHG�IRU�WKH�QH[W�XQLW�

)LJXUH�����3URGXFWLRQ�SURFHVV�RI�SLOH�FDS�DQG�SLHU�XQLW

����6WDQGDUGL�DWLRQ

6WDQGDUGL]DWLRQ�RI�FRPSRQHQWV�ZDV�GHOLEHUDWHO��FKRVHQ�

DQG�LPSOHPHQWHG��0RUHRYHU��WKH�FRPSRQHQWV�ZHUH�GH�

VLJQHG�WR�EH�WKH�ODUJHVW�SUDFWLFDO�VL]H�WR�PLQLPL]H�WKH�RII�

VKRUH�DVVHPEO��ZRUN��6WDQGDUGL]HG�FRPSRQHQWV�ZHUH�WKH�

EDVLV�IRU�LPSOHPHQWLQJ�VXEVHTXHQW�FRQVWUXFWLRQ�E��SUHIDE�

ULFDWLRQ�DQG�DVVHPEO���7KH�W�SLFDO�NH��FRPSRQHQWV�ZHUH��

LPPHUVHG�WXQQHO�HOHPHQW��SLOH�FDS�DQG�SLHU�XQLW��DQG�VWHHO�

ER[�JLUGHU���V�ZHOO�DV�WKH�GHVLJQ�RI�VWDQGDUGL]HG�FRPSR�

QHQWV��WKH�FRQVWUXFWLRQ�PDQDJHPHQW�V�VWHP�IRU�WKH�SURMHFW�

FDOOHG�IRU�&HQWUDOL]HG�6WDQGDUGV�WR�EH�LPSOHPHQWHG�LQ�DOO�

WKH�SURGXFWLRQ�DQG�IDEULFDWLRQ�SODQV�WR�HQVXUH�SURSHU�FRQ�

WURO�RI�WKH�SURGXFWLRQ�PDQDJHPHQW�IRU�FRQFUHWH��VWHHO�DQG�

RWKHU�FRPSRQHQWV��

'XULQJ�WKH�ZKROH�FRQVWUXFWLRQ�SHULRG��WKHUH�ZHUH��QLQH�

WHHQ�FRQFUHWH�PL[LQJ�SODQWV��ILJXUH������WKUHH�VWHHO�ER[�

JLUGHU�SURGXFWLRQ� IDFWRULHV�� WKUHH�SLOH�FDS�DQG�SLHU�SUR�

duction�factories�(�gure�12);�one�tunnel�element�produc�

WLRQ�IDFWRU���DQG�VHYHUDO�VPDOO�FRPSRQHQW�IDFWRULHV��ZKLFK�

SURGXFHG�WKH�QHFHVVDU��VXE�FRPSRQHQWV��VXFK�DV�GRORV�RU�

FRYHU�VODEV��IRU�+=0%�

7KH�H[WHQVLYH�XVH�RI�LQGXVWULDO� W�SH�SURGXFWLRQ�XQGHU�

IDFWRU��FRQGLWLRQV�LQ�+=0%�KDG�PDQ��DGYDQWDJHV��7KHVH�

LQGXVWULDO� W�SH� IDFWRULHV�FHQWUDOL]HG�DOO� WKH� IDFWRUV�DQG�

SURFHVVHV�IRU�SURGXFWLRQ�RI�WKH�VWUXFWXUDO�FRPSRQHQWV�DQG�

DOORZHG�VWDQGDUGL]HG�PDQDJHPHQW�V�VWHPV�WR�EH�LPSOH�

PHQWHG��8QGHU�WKH�FHQWUDOLVHG�FRQWURO�RI�WKH�IDFWRU��W�SH�

SURGXFWLRQ� OLQH�� WKH�ZRUNIRUFH��PDWHULDOV�DQG�ZRUNLQJ�

WLPH�ZHUH�DOO�JUHDWO�� UHGXFHG��DQG�WKH�ZRUNLQJ�HQYLURQ�

PHQW�ZDV�PXFK�LPSURYHG��7KHVH�DUUDQJHPHQWV�DOVR�SUR�

moted�mechanized�and�automatic�production.�Ef�ciency,�

TXDOLW��DQG�VDIHW��ZHUH�SURPRWHG�DV�ZHOO��,W� LV�EHOLHYHG�

WKDW�DOO� WKHVH�UHSUHVHQWHG�PRGHUQ�HQJLQHHULQJ�PHWKRGV�

DQG�WUHQGV��

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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)LJXUH�����&RQFUHWH�EDWFKLQJ�SODQW

)LJXUH�����/D�RXW�RI�SURGXFWLRQ�IDFWRU��RI�SLOH�FDS�DQG�
SLHU�XQLWV

�����VVHPEO�

�V�PHQWLRQHG�DERYH�� WKH�ODUJH�VL]H�FRPSRQHQWV�DQG�IDF�

WRU��SURGXFWLRQ�ZHUH�GHVLJQHG� WR� LPSOHPHQW�RIIVKRUH�

DVVHPEO���VR�WKDW�WKH�EORFNV�RI�FRPSRQHQWV�FRXOG�EH�EXLOW�

XS��+RZHYHU�� WKH�RIIVKRUH�DVVHPEO��DOVR�QHHGHG�ELJ�DQG�

VXLWDEOH�HTXLSPHQW��)RUWXQDWHO���E�� OHDUQLQJ�IURP�RWKHU�

FRXQWULHV�DQG�SURMHFWV�� WKH�+=0%�FRQWUDFWRUV�ZHUH�DEOH�

WR�GHYHORS�D�ORW�RI�QHZ�HTXLSPHQW�

'XULQJ� WKH�FRQVWUXFWLRQ�SHULRG�IRU�WKH� LPPHUVHG�WXQ�

QHO�� WKH� ODUJHVW�JUDYHO�EHG�SODFLQJ�DQG� OHYHOOLQJ�EDUJH�

ZDV�PDGH�E��WKH�&KLQHVH�FRQWUDFWRU�DQG�WKLV�ZDV�WKH�FRUH�

HTXLSPHQW�IRU�SODFLQJ�JUDYHO�RQ�WKH�VHD�EHG�LQ�GHHS�ZDWHU�

WR�IRUP�WKH�IRXQGDWLRQ�IRU�WKH�LPPHUVHG�WXQQHO�HOHPHQWV��

7KH�LPPHUVHG�WXQQHO�FRQWUDFWRU�DOVR�GHYHORSHG�D� VHW�RI�

DXWRPDWLF�RSHUDWLRQ�V�VWHPV�IRU�LPPHUVLRQ�DQG�PRQLWRU�

LQJ�WKH�WXQQHO�LPPHUVLRQ�SURFHVV��

�FWXDOO���PDQ��RWKHU�ODUJH�PDFKLQHV�DQG�HTXLSPHQW�

ZHUH�GHYHORSHG� IRU�XVH� LQ� WKH�FRQVWUXFWLRQ�RI�+=0%�WR�

UHDOL]H�WKH�RIIVKRUH�DVVHPEO��FRQFHSW��VXFK�DV�IRU�LQVWDOO�

LQJ�VDQG�FRPSDFWLRQ�SLOHV�WR�JUHDWHU�GHSWKV��D�����W�JDQ�

WU��FUDQH�IRU�ORDG�RXW�RI�VWHHO�ER[�JLUGHU�HOHPHQWV������W�

�oating�cranes�for�offshore� installation�(�gure�13,��gure�

�����DQG�VR�RQ�

,Q�&KLQD��LI�D�FRPSDQ��FDQQRW�LQYHQW�RU�PDNH�WKH�QHF�

HVVDU��HTXLSPHQW�� WKH��ZLOO�VHDUFK�IRU�FRRSHUDWLRQ�ZLWK�

IRUHLJQ�FRPSDQLHV�RU�LPSRUW�WKH�HTXLSPHQW�GLUHFWO���)RU�

LQVWDQFH�� LQ�RUGHU�WR�UHDOL]H�DXWRPDWLRQ�RI�WKH�SURGXFWLRQ�

OLQHV�IRU�WKH�VWHHO�ER[�JLUGHUV��&1&�V�VWHPV�ZLWK�FXWWLQJ�

DQG�ZHOGLQJ� URERWV�ZHUH� LQWURGXFHG�DQG� ORFDOO��GHYHO�

RSHG��)RU�WKH�EULGJH�GHFN�SDYLQJ�ZRUN��EODVWLQJ�PDFKLQHV�

DQG�DVSKDOW�PL[LQJ�SODQWV�ZHUH�SXUFKDVHG� IURP�(XURSH�

GLUHFWO���

6RPH�HTXLSPHQW�ZDV�GHYHORSHG�E��WKH�FRQWUDFWRUV� WR�

PHHW�WKH�UHTXLUHPHQWV�RI�WKH�ORFDO�HQYLURQPHQW��([DPSOHV�

ZHUH� WKH�DXWRPDWLF� VSUD�LQJ� OLQH� IRU� WKH�00��ZDWHU�

proo�ng�in�the�steel�deck�paving�work,�and�the�aggregate�

SURGXFWLRQ�SODQW�IRU�FUXVKLQJ��VFUHHQLQJ�DQG�SDFNLQJ� WKH�

coarse�and��ne�aggregates�for�the�deck�paving�mastic�as�

SKDOW�

7KH�GHYHORSPHQW��RSWLPL]DWLRQ�DQG�DXWRPDWLRQ�RI�

VXFK�DGYDQFHG�HTXLSPHQW�ZDV�JUHDWO��SURPRWHG� LQ� WKLV�

SURMHFW�� DQG� WKLV�KDV�EHHQ�D�FULWLFDO� DVSHFW�LQ�DFKLHYLQJ�

the�increased�ef�ciency�and�quality.�These�measures�had�

a�great� in�uence�on�pushing�forward� the�HZMB�project�

DQG�DOVR�LQ�XSJUDGLQJ�WKH�FRQVWUXFWLRQ�LQGXVWU��LQ�&KLQD��

This�progress�is�very�signi�cant�for�the�development�and�

VWUHQJWK�RI�&KLQHVH�FRQVWUXFWLRQ�

)LJXUH���������W�)ORDWLQJ�FUDQH�IRU�HUHFWLQJ�JLUGHUV

)LJXUH����������W�)ORDWLQJ�FUDQH�IRU�LQVWDOOLQJ�WXQQHO�
FORVXUH�HOHPHQW

4.�Bene�t

7KH�FRQFHSW�RI�/DUJH�6L]H��)DFWRU��3URGXFWLRQ��6WDQ�

GDUGL]DWLRQ�DQG��VVHPEO���/)6���VXFFHVVIXOO��FKDQJHG�

offshore�work�into�onshore�work�and�realized�the�bene�ts�

RI�LQGXVWULDO�SURGXFWLRQ�LQ�WKH�EULGJH�FRQVWUXFWLRQ�LQGXV�

WU���,Q�WKH�+=0%�SURMHFW��WKH�ODUJH�VWUXFWXUDO�FRPSRQHQWV�

KDYH�EHHQ�SUHIDEULFDWHG�LQ�IDFWRULHV��WUDQVSRUWHG�DQG�HUHFW�

HG�E��ODUJH�FDSDFLW���DXWRPDWHG�FUDQHV���OO�RI� WKH���NP�

ORQJ�EULGJHV�KDYH�EHHQ�EXLOW�IURP�PRGXOHV�DQG�VWDQGDUG�

'2,��KWWSV���GRL�RUJ����������IUDH�Y�L������
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L]HG�FRPSRQHQWV������QR��SLOH�FDSV�DQG�SLHUV�ZHUH�SUHIDE�

ULFDWHG�DQG�HPEHGGHG�LQ�WKH�VHDEHG����������WRQV�RI�VWHHO�

ER[�JLUGHUV�ZHUH�SURGXFHG�RQ�DXWRPDWLF�SURGXFWLRQ�OLQHV��

DQG�WKHQ�HUHFWHG�LQ�VSDQ�ORQJ�VHFWLRQV�

,W�KDV�EHHQ�FDOFXODWHG�WKDW�WKH�LPSOHPHQWDWLRQ�RI�/)6��

KDV�VDYHG�D�ORW�RI�ZRUN�WLPH��)RU�LQVWDQFH��IRU�WKH�EULGJH�

SRUWLRQV��ZKHQ�XVLQJ�WKH�PHWKRG�RI�FDVWLQJ�RQ�VLWH��RQH�

SLOH�FDS�DQG�SLHU�ZRXOG�QHHG�����GD�V��1RZ��+=0%�

UHTXLUHG�MXVW����GD�V� WR� ILQLVK� WKH�ZKROH�SUHFDVWLQJ�DQG�

LQVWDOODWLRQ��:KHQ� LW�FRPHV�WR� WKH�FDVH�RI�WKH�VWHHO�GHFN�

box�girders,�HZMB�needed�just�57�days�to��nish�all� the�

SURGXFWLRQ�IRU�D����P�ORQJ�JLUGHU�DQG���GD��WR�LQVWDOO�LW��

The�two�arti�cial�offshore�islands�needed�just�210�days�

to��nish�the�core�of�each�island�using�large�diameter�steel�

F�OLQGHUV�IRU�WKH�HQFORVXUHUV��ZKLFK�LV����HDUV�IDVWHU�WKDQ�

the�traditional�way�of�dredging�and��ll�reclamation.�The�

FORVXUH�MRLQW�IRU�WKH�LPPHUVHG�WXQQHO�QHHGHG�MXVW���GD��WR�

LQVWDOO�XVLQJ�D�SUHIDEULFDWLRQ�DQG�DVVHPEO��PHWKRG�DQG�D�

������WRQV�FUDQH�

,W� FDQ�EH� VHHQ� WKDW� WKH�FRQFHSW�RI�/)6��KDV�JUHDWO��

reduced�the�work�time,�improved�the�work�ef�ciency�and�

HQVXUHG�TXDOLW��DQG�VDIHW��DV�ZHOO�

����RQFOXVLRQ

7KH�+=0%�3URMHFW� LV� WKH� ILUVW� WR�DGRSW� WKH�FRQFHSW�RI�

/)6��LQ�&KLQD��'XULQJ�WKH�FRQVWUXFWLRQ�SURFHVV��YDULRXV�

HQFORVHG�IDFWRULHV�ZHUH�VHW�XS�WR�SUHIDEULFDWH�LPPHUVHG�

WXQQHO�DQG�EULGJH�HOHPHQWV�

7KH�H[WHQVLYH�LQYHVWPHQW�UHTXLUHG�IRU�WHPSRUDU��LQVWDO�

ODWLRQV�DQG�FXVWRP�WDLORUHG�HTXLSPHQW�ZHUH�MXVWLILHG�E��

WKH�H[WUDRUGLQDU��VL]H�RI�WKH�SURMHFW�DQG�WKH�KLJK�TXDOLW��LW�

SURGXFHG�WR�WKH�IXOO�VDWLVIDFWLRQ�RI�WKH�RZQHU�DQG�JRYHUQ�

PHQWV�

�IWHU�D�KHVLWDWLQJ�VWDUW�XS��WKH�FRQFHSW�RI�/)6��ZDV�

HYHQWXDOO�� VKRZQ�WR�EH�YLDEOH��7KH�GLOLJHQFH�DQG�SHUVH�

YHUDQFH�RI�WKH�HQJLQHHULQJ�FUHZV�DQG�VWDII�PDGH�LW�SRVVL�

EOH�WR�FDWFK�XS�ORVW�WLPH�E��FRQVWDQWO��LPSURYLQJ�SURGXF�

tion�rates�and��nally,� to�complete�the�whole�project� in�8�

�HDUV��DV�H[SHFWHG�

���(�SHFWDWLRQ

7KH�FRUH�LGHD�RI�/)6�� LV�SUHIDEULFDWLRQ�DQG�DVVHPEO���

7KH�HVVHQFH�LV�EDVHG�RQ�WKH�DFFXPXODWLYH�DFKLHYHPHQWV�RI�

&KLQD�V�����HDUV�RI�UHIRUP�DQG�GHYHORSPHQW��ZKLFK�FRP�

ELQHV�DGYDQFHG�UHVHDUFK�DQG�PDQXIDFWXULQJ�FRPSHWHQFH�

DQG�WKHQ� WUDQVIHUV�WKLV�LQWR� WKH�FRQVWUXFWLRQ�HQJLQHHULQJ�

LQGXVWU��

1RZDGD�V� LW� LV�REYLRXV� WKDW� WKH�SUHIDEULFDWLRQ�DQG�
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