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ABSTRACT: Pennsylvania Department of Transportation’s almost 100 year old Liberty Tunnels underwent 
VLJQL¿FDQW�UHKDELOLWDWLRQ�PHDVXUHV��LQFOXGLQJ�WKH�UHSODFHPHQW�RI�DJLQJ�YHQWLODWLRQ�DUFK�ZDOOV��7KH�DUFK�ZDOOV�
DFW�DV�WXQQHO�VKDSHG�MHW�VWUXFWXUHV�IRU�IUHVK�DLU�VXSSO\��7KH�RULJLQDO�GHVLJQ�IRUHVDZ�WKH�XVH�RI�VHOI�FRQVROLGDWLQJ�
FRQFUHWH� DQG� IRUPZRUN� IRU� WKH� UHSODFHPHQW��7KH� DXWKRUV� GHYHORSHG� DQ� DOWHUQDWLYH� FRQFHSW� DQG� VXEVHTXHQW�
GHVLJQ� IRU�D� VKRWFUHWH�DUFK�ZDOO� VROXWLRQ� LQ� OLHX�RI� WKH� VHOI�FRQVROLGDWLQJ�FRQFUHWH� IRUHVHHQ�E\� WKH�FRQWUDFW�
GHVLJQ��7KH�DOWHUQDWH�VKRWFUHWH�FRQFHSW�SURYLGHG�WKH�FRQWUDFWRU�ZLWK�D�VFKHGXOH�DQG�FRVW�VDYLQJ�VROXWLRQ�XQGHU�
WKH�JLYHQ�WLJKW��WZR�ZHHN�ORQJ��FRQVWUXFWLRQ�ZLQGRZ�DOORZHG�GXULQJ�D�FRPSOHWH�VKXWGRZQ�RI�WKH�WXQQHO�

PROJECT OVERVIEW

7KH�DOLJQPHQW�RI�WKH�/LEHUW\�7XQQHOV�FURVVHV�0RXQW�
:DVKLQJWRQ� LQ� 3LWWVEXUJK�� 3HQQV\OYDQLD�� 7KH� WZLQ�
WXQQHOV�SURYLGH�D�GLUHFW� URXWH� IURP�WKH�6RXWK�+LOOV�
VXEXUEV� WR� 3LWWVEXUJK� DQG� HDVH� WKH� FRPPXWH� IURP�
DQG�WR�GRZQWRZQ�3LWWVEXUJK��7KH�/LEHUW\�7XQQHOV�DUH�
KRUVHVKRH�VKDSHG�WXEHV��(DFK�WXEH�VHUYHV�RQH�GLUHF�
WLRQ�DQG�KDV�DQ�RYHUDOO�OHQJWK�RI�������P��������IW��

7KH� WXQQHOV�ZHUH� RSHQHG� WR� WUDI¿F� LQ� -DQXDU\�
�����DQG�KDYH�JRQH�WKURXJK�D�VHULHV�RI�XSJUDGHV�DQG�
UHSDLUV�GXULQJ� WKHLU� VHUYLFH� OLIH��2ULJLQDOO\� WKH� WXQ�
QHOV�KDG�QR�YHQWLODWLRQ�V\VWHP��EHFDXVH�WKH�H[SHFWHG�
WUDI¿F�YROXPH�WKURXJK�WKH�WXQQHOV�ZDV�YHU\�OLPLWHG��
+RZHYHU��WKLV�ZDV�VXEMHFW�WR�FKDQJH�DOUHDG\�VKRUWO\�
DIWHU�WKH�WXQQHOV�ZHUH�RSHQHG�WR�WUDI¿F�DQG�WKH�WUDI�
¿F�ÀRZ�H[FHHGHG�WKH�SUHGLFWHG�QXPEHUV��2QO\�OLP�
LWHG�QXPEHUV�RI�YHKLFOHV�ZHUH�SHUPLWWHG�WKURXJK�WKH�
WXQQHOV� WR�NHHS� WKH�H[KDXVW�JDVHV�EHORZ�GDQJHURXV�
OHYHOV�� ,Q� ������ WKH� WXQQHOV� ZHUH� XSJUDGHG� DQG� D�
ventilation system was designed to accommodate 
WKH� LQFUHDVLQJ� WUDI¿F�ÀRZ��7ZR�YHUWLFDO�YHQW� VKDIWV�
ZHUH�FRQVWUXFWHG�WR�GUDZ�H[KDXVW�IURP�WKH�PLGSRLQW�
RI� HDFK� WXQQHO� DQG� IRUFH� D� VXSSO\� RI� IUHVK� DLU� LQWR�
WKH� WXQQHO� WKURXJK� WKH� VR�FDOOHG� ³DUFK� ZDOOV�´�$Q�
DUFK�ZDOO� LV�DQ�DUFK�VWUXFWXUH��ZKLFK� LV�RIIVHW� IURP�
WKH�VWUXFWXUDO�OLQLQJ�RI�WKH�WXQQHO�WR�SURYLGH�IRU�DLU�
FKDQQHOV��7KH�YHQWLODWLRQ�DUFK�ZDOO�VHFWLRQ�DFWV�OLNH�
PDFURVFRSLF�DLU�QR]]OH��IUHVK�DLU�LV�VXSSOLHG�IURP�WKH�
YHQWLODWLRQ� VKDIW� DQG� SXVKHG� DORQJ� WKH� YHQW� VXSSO\�

DUHD�RQ�HLWKHU�VLGH�RI�WKH�DUFK�ZDOO��$W�WKH�HQG�RI�WKH�
QR]]OH�WKH�DUFK�ZDOOV�DUH�RSHQ��DOORZLQJ�WKH�IUHVK�DLU�
WR�HQWHU�LQWR�WKH�WXQQHO��DZD\�IURP�WKH�H[KDXVW�SRLQW�
�VHH�)LJXUH����������DQG�����

6ZDQN� &RQVWUXFWLRQ� &RPSDQ\� �6ZDQN�� ZDV�
DZDUGHG� WKH�/LEHUW\�7XQQHOV�5HKDELOLWDWLRQ�SURMHFW�
E\� WKH� 3HQQV\OYDQLD� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ�
�3HQQ'27�� LQ� 0D\� ������ 7KH� SURMHFW� LQFOXGHG�
DPRQJVW� RWKHU� VFRSH�� WKH� GHPROLWLRQ� DQG� UHQHZDO�
RI� WKH� YHQWLODWLRQ� DUFK� ZDOOV� LQVLGH� WKH� WXQQHOV��
FORVH�WR�WKH�YHQWLODWLRQ�VKDIW��7KH�VXEMHFW�VHFWLRQ�LV�
ORFDWHG�EHWZHHQ�67$��������DQG�67$��������LQ�WKH�
LQERXQG�WXQQHO�DQG�EHWZHHQ�67$��������DQG�67$�
�������LQ�WKH�RXWERXQG�WXQQHO��(DFK�DUFK�ZDOO�VHF�
WLRQ�LV������P�����IW��ORQJ��7KH�H[LVWLQJ�YHQWLODWLRQ�
DUFK�ZDOO� KDV� DQ� LQWUDGRV� UDGLXV� RI� �����P� ���� IW��
�ó� LQ��� DQG� VSDQV� WKH� HQWLUH� DUFK�ZLWK� DQ� RSHQLQJ�
DQJOH�RI�����GHJUHHV��,Q�DGGLWLRQ��WZR�YHUWLFDO�ZDOOV�
GLYLGH�WKH�YRLG�VSDFH�IRU�WKH�DLU�VXSSO\�DORQJ�WKH�OHIW�
DQG�ULJKW�VLGH�RI�WKH�DUFK�ZDOO��VHH�)LJXUH����

6WUXFWXUDOO\��WKH�DUFK�ZDOO�VHFWLRQ�FDQ�EH�GLYLGHG�
LQWR�WKUHH�VHFWLRQV�IURP�OHIW�WR�ULJKW�LQ�)LJXUHV���DQG�
�������PHUJLQJ�DUHD�IURP�WKH�VKDIW������IXOO�DUFK�DUHD��
ZKHUH� WKH� DUFK� ZDOO� LV� FORVHG� DW� WKH� ERWWRP�� DQG�
����VXVSHQGHG�DUFK�DUHD��ZKHUH�WKH�DUFK�ZDOO�LV�RSHQ�
DW� WKH�ERWWRP� WR�SURYLGH� DQ�RXWOHW� IRU� WKH� IUHVK� DLU�
�VHH�DOVR�)LJXUH������7KLV�SDSHU�IRFXVHV�RQ�WKH�IXOO�
DUFK�DUHD��FHQWHU��DQG�GRHV�QRW�DGGUHVV�WKH�PHUJLQJ�
DUHD�IURP�WKH�VKDIW��OHIW��RU�WKH�VXVSHQGHG�DUFK�DUHD�
�ULJKW��
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7KH�RULJLQDO�DUFK�ZDOO�XVHG�X�VKDSHG�VWHHO�SUR�
¿OHV� DV� VWUXFWXUDO� PHPEHUV�� ZKLFK� ZHUH� WLHG� ZLWK�
UDGLDO� KDQJHUV� WR� WKH� VWUXFWXUDO� WXQQHO� DUFK� DERYH��
7KH�IUHVK�DLU�WUDYHOOHG�WKURXJK�WKH�YRLG�VSDFH�DORQJ�
WKH�OHIW�DQG�WKH�ULJKW�VLGH�ZDOO��7KH�FHQWHU�SDUW�ZDV�
QRW�XWLOL]HG�IRU�YHQWLODWLRQ��9HUWLFDO�ZDOOV�VHSDUDWHG�
WKH�FHQWHU�SDUW�IURP�WKH�VLGHZDOO�DUHDV��DV�VKRZQ�LQ�
)LJXUH���

$OO� VWHHO�PHPEHUV�� LQFOXGLQJ� WKH� UDGLDO� KDQJ�
HUV� �)LJXUH� ����ZHUH� ODWHU� HPEHGGHG� LQ� FRQFUHWH� WR�
SURYLGH�SURWHFWLRQ�DJDLQVW�FRUURVLRQ�DV�VKRZQ�LQ�WKH�
SKRWRJUDSK�LQ�)LJXUH���

7KH�RULJLQDO�UHKDELOLWDWLRQ�GHVLJQ�SURSRVHG�WKH�
VDPH�VWUXFWXUDO�DSSURDFK�ZLWK�X�VKDSHG�EHDPV�DQG�
KDQJHUV� HPEHGGHG� LQ� UHLQIRUFHG�� VHOI�FRQVROLGDWLQJ�
FRQFUHWH�

*DOO�=HLGOHU�&RQVXOWDQWV� �*=��� LQ� FRRSHUDWLRQ�
ZLWK�6ZDQN�&RQVWUXFWLRQ� DQG�&RDVWDO�*XQLWH�� SUR�
vided an alternate design and construction concept 
IRU� WKH�/LEHUW\�7XQQHOV�5HKDELOLWDWLRQ�SURMHFW��7KH�

SURSRVHG�DOWHUQDWH�FRQFHSW�XVHG�D�VHOI�EHDULQJ�VKRW�
FUHWH�DUFK�ZDOO��ZKLFK�DOORZHG�DYRLGLQJ�WKH�XWLOL]D�
WLRQ�RI�WKH�UDGLDO�KDQJHUV�DV�ZHOO�DV�WKH�FDVW�LQ�SODFH��
VHOI�FRQVROLGDWLQJ�FRQFUHWH�

REHABILITATION DESIGN

Original Design

7KH� RULJLQDO� GHVLJQ� SURSRVHG� GHPROLVKLQJ� DQG�
UHQHZLQJ� WKH� H[LVWLQJ� YHQWLODWLRQ� DUFK� ZDOOV�� IRO�
ORZLQJ� WKH�RULJLQDO� GHVLJQ� DSSURDFK�ZLWK�X�VKDSHG�
VWHHO�EHDP�DQG�UDGLDO�KDQJHUV�HPEHGGHG�LQ�FRQFUHWH�
�)LJXUH� �� DQG� ����7KH� FRQFUHWH� DUFK�ZDV� VXSSRVHG�
WR�EH�UHLQIRUFHG�ZLWK�ZHOGHG�ZLUH�IDEULF��'XULQJ�WKH�
DUFK�ZDOO� GHPROLWLRQ� LW�ZDV� LQWHQGHG� WR� XWLOL]H� WKH�
H[LVWLQJ� VWHHO� IUDPLQJ� KDQJHUV�� ZKLFK� DUH� LQ� JRRG�
FRQGLWLRQ� DQG� UHSODFH� KDQJHUV�� ZKLFK� DUH� GHWHULR�
UDWHG��$�FXUYHG�VWHHO�IRUPZRUN��IRUPLQJ�ERWK�VLGHV�
RI� WKH� IUHH�VWDQGLQJ� DUFK�ZDOO� ZDV� VXSSRVHG� WR� EH�
XVHG�WR�IRUP�WKH�FDVW�LQ�SODFH�DUFK��,Q�DGGLWLRQ��WKH�

Figure 1. tunnel ventilation arch wall section plan view

Figure 2. Tunnel ventilation arch wall section—longitudinal section
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WZR� YHUWLFDO� ZDOOV� DQG� FRQFUHWH� HPEHGPHQW� RI� WKH�
KDQJHUV� RQ� WRS� RI� WKH� DUFK�ZHUH� WR� EH� IRUPHG� DQG�
SRXUHG� DV� ZHOO�� 7R� DFFRXQW� IRU� WKH� UHODWLYHO\� WKLQ��
UHLQIRUFHG� ZDOOV�� OLPLWHG� DFFHVVLELOLW\� DQG� WLJKW�
VFKHGXOH�GXULQJ� WKH�JLYHQ�VKXWGRZQ�SHULRG� WKH�XVH�
RI�VHOI�FRQVROLGDWLQJ�FRQFUHWH�ZDV�IRUHVHHQ�

6HOI�FRQVROLGDWLQJ� FRQFUHWH� LV� D� KLJK�SHUIRU�
PDQFH� FRQFUHWH� WKDW� FDQ� ÀRZ� HDVLO\� LQWR� WLJKW� DQG�
FRQVWULFWHG� VSDFHV�ZLWKRXW� VHJUHJDWLQJ�DQG�ZLWKRXW�
UHTXLULQJ�YLEUDWLRQ��7KLV�ZDV�UHTXLUHG�GXH�WR�WKH�YHU\�

OLPLWHG�DFFHVVLELOLW\��+RZHYHU��IUHVK�VHOI�FRQVROLGDW�
LQJ�FRQFUHWH�H[HUWV�KLJK�K\GURVWDWLF�VWUHVVHV��ZKLFK�
KDYH�WR�EH�ERUQ�E\�WKH�IRUPZRUN��DQG�KDV�D�ULVN�WR�
UXSWXUH�WKH�IRUPZRUN�DQG�FUHDWH�FRQFUHWH�EORZRXWV��
7KHUHIRUH�RUGLQDU\�IRUPZRUN�FRXOG�QRW�EH�XVHG�IRU�
WKH� HQYLVLRQHG� DSSOLFDWLRQ� DQG� UHTXLUHG� VWURQJHU�
IRUPZRUN� HLWKHU�PDGH� RI� VWHHO� RU� YHU\� VWURQJ� WLP�
EHU�IRUPZRUN��7KH�IRUPZRUN�DOVR�KDG�WR�EH�HPEHG�
GHG�ZLWK�VWXGV�DQG�DQFKRUV�RI�VXI¿FLHQW�VWUHQJWK�WR�
SUHYHQW�FRQFUHWH�EORZRXWV�RU�OLIWLQJ�IURP�K\GUDXOLF�

Figure 3. Existing tunnel ventilation arch wall section—cross section

Figure 4. Embedded hangers in existing void space between main tunnel and ventilation arch wall
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VWUHVVHV�HVSHFLDOO\�DW�WKH�ORZHU�SDUW�RI�WKH�IRUPZRUN��
6XFK� FXVWRP�PDGH� IRUPZRUN� LQFXUV� KLJK� FRVWV��
HVSHFLDOO\�GXH�WR�LWV�YHU\�OLPLWHG�UHXVH�DW�WKH�JLYHQ�
DSSOLFDWLRQ��,Q�DGGLWLRQ��WKH�VFKHGXOH�LPSDFW�E\�WKH�
ULVN�RI�EORZRXWV�RU�GHIRUPDWLRQ�RI�WKH�IRUPZRUN�ZDV�
FRQVLGHUHG�YHU\�KLJK�E\�WKH�&RQWUDFWRU��EHFDXVH�WKH�
OLPLWHG�VKXWGRZQ�SHULRG�RI�WKH�WXQQHO�OHIW�QR�WLPH�IRU�
RQ�VLWH�DGMXVWPHQWV�

$QRWKHU�XQFHUWDLQW\�ZDV�SRVHG�E\�WKH�UHXVH�RI�
WKH�H[LVWLQJ�KDQJHUV��ZKLFK�ZHUH�HPEHGGHG�LQ�FRQ�
FUHWH��7R�HYDOXDWH�D�SRWHQWLDO�UHXVDELOLW\�RI�WKH�KDQJ�
HUV�WKH�H[LVWLQJ�DUFK�ZDOO�KDG�WR�EH�GHPROLVKHG�¿UVW��
ZKLOH�WKH�VKXWGRZQ�SHULRG�KDG�DOUHDG\�VWDUWHG��7KH�
QXPEHU� RI� GHWHULRUDWHG� KDQJHUV� RU� KDQJHUV�� ZKLFK�
ZHUH�GDPDJHG�GXULQJ�WKH�GHPROLVKLQJ��ZDV�WKHUHIRUH�
XQNQRZQ�DW�WKH�VWDUW�RI�FRQVWUXFWLRQ��)XUWKHU��VRUWLQJ�
RXW� WKH�KDQJHUV�DQG�UHSODFLQJ�WKH�GHWHULRUDWHG�RQHV�
ZDV�FRQVLGHUHG�D� WLPH�FRQVXPLQJ�DFWLYLW\� LQ� LWVHOI��
7KH�KDQJHUV�DOVR�SRVHG�DQ�DGGLWLRQDO�KLQGUDQFH�GXU�
LQJ�IRUPZRUN�LQVWDOODWLRQ�

Alternative Design

7R�UHGXFH�WKH�VFKHGXOH�ULVN�DQG�SURYLGH�FRVW�VDYLQJV�
an alternative design was developed in order to sim�
SOLI\�WKH�FRQVWUXFWLRQ�SURFHVV��7KH�DOWHUQDWLYH�GHVLJQ�
IRFXVHG�RQ�WZR�FULWLFDO�DVSHFWV�RI�WKH�RULJLQDO�GHVLJQ�
���� WKH�XVH�RI� VHOI�FRQVROLGDWLQJ��FDVW�LQ�SODFH�FRQ�
FUHWH�DQG�����WKH�VWUXFWXUDO�XWLOL]DWLRQ�RI�KDQJHUV�

7KH�FDVW�LQ�SODFH�FRQFUHWH�ZDV�DYRLGHG�E\�WKH�
LQWURGXFWLRQ�RI�VKRWFUHWH��ZKLOH�WKH�VWUXFWXUDO�V\VWHP�
ZDV�FKDQJHG�LQWR�D�VHOI�EHDULQJ�DUFK��DYRLGLQJ�KDQJ�
HUV� DV� VWUXFWXUDO� PHPEHUV�� 7KH� ODWWHU� DOORZHG� WKH�
FRPSOHWH� UHPRYDO�RI�DOO�KDQJHUV�GXULQJ� WKH�GHPRO�
LVKLQJ�SURFHVV�� LQGHSHQGHQWO\� IURP� WKHLU� FRQGLWLRQ��
ZLWKRXW�WKH�QHHG�RI�UHSODFHPHQW�

7KH� DOWHUQDWLYH� GHVLJQ� XWLOL]HG� VHOI�EHDULQJ�
VKRWFUHWH� DUFK� IRU� WKH� YHQWLODWLRQ� DUFK� ZDOO�� 7KH�
VHOI�EHDULQJ� VKRWFUHWH� DUFK� FRQFHSW� LV� RIWHQ� XVHG�
WR� H[WHQG� WKH� XQGHUJURXQG� VHFWLRQ�RI� D�PLQHG� WXQ�
QHO� LQWR� WKH� RSHQ� SRUWDO� DUHD� E\� SURYLGLQJ� D� IUHH�
VWDQGLQJ�DUFK�RU�VR�FDOOHG�VKRWFUHWH�FDQRS\��5HFHQW�
H[DPSOHV�IRU�WKH�XWLOL]DWLRQ�RI�VKRWFUHWH�FDQRSLHV�FDQ�
EH�IRXQG�DW�WKH�:HHKDZNHQ�7XQQHO��1HZ�-HUVH\�DQG�
'HYLO¶V� 6OLGH�7XQQHO�� &DOLIRUQLD�� 6LPLODUO\�� )+:$�
7HFKQLFDO� 0DQXDO� IRU� 'HVLJQ� DQG� &RQVWUXFWLRQ� RI�
5RDG� 7XQQHOV� �)+:$�� ������ DOVR� GHVFULEHV� VKRW�
FUHWH�FDQRS\�XVH�DQG�FRQVWUXFWLRQ�WHFKQLTXHV�

6KRWFUHWH�FDQRSLHV�XWLOL]H�WKH�VDPH�PDWHULDOV�DV�
W\SLFDOO\�XVHG�IRU�WXQQHO�VKRWFUHWH�OLQLQJV�IRU�JURXQG�
VXSSRUW��7KHVH�PDWHULDOV� DUH� VKRWFUHWH�� ODWWLFH�JULG�
HUV��DQG�UHLQIRUFHPHQW��:KLOH�WKH�LQLWLDO�OLQLQJ�GXU�
LQJ�WXQQHO�H[FDYDWLRQ�DQG�VXSSRUW�LV�DSSOLHG�DJDLQVW�
WKH�JURXQG��DQ�DUWL¿FLDO�VXUIDFH�RQ�WKH�EDFNVLGH�KDV�
WR�EH�SURYLGHG�IRU�D�IUHH�VWDQGLQJ�DUFK�WR�DOORZ�IRU�
WKH� EXLOW�XS� RI� WKH� VKRWFUHWH� OLQLQJ�� ,Q� FDVH� RI� WKH�
/LEHUW\�7XQQHO� UHODWLYHO\� OLJKWZHLJKW� SO\ZRRG�ZDV�
XVHG��ZKLFK�FRXOG�EH�HDVLO\�UHPRYHG�DW�FRPSOHWLRQ��

Figure 5. Alternative design self-bearing shotcrete arch section
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$OWHUQDWLYHO\�H[SDQGHG�PHWDO�VKHHWV�PD\�EH�XVHG�DW�
WKH�EDFNVLGH�

7KH�FURVV� VHFWLRQ� LQ�)LJXUH���SURYLGHV�D� W\SL�
FDO�VLWXDWLRQ�IRU�WKH�VHOI�EHDULQJ�VKRWFUHWH�DUFK�RI�WKH�
DOWHUQDWLYH�GHVLJQ��,W�KDV�WR�EH�QRWHG�WKDW�WKH�WZR�YHU�
WLFDO�ZDOOV�VKRZQ�LQ�)LJXUH���GR�QRW�KDYH�DQ\�VWUXF�
WXUDO�IXQFWLRQ�DQG�DUH�IRU�YHQWLODWLRQ�SXUSRVHV��RQO\��
6WUXFWXUDOO\� WKH� DUFK�ZDOO� VXSSRUWV� LWVHOI� DV� D� IUHH�
VWDQGLQJ��VHOI�EHDULQJ�DUFK��ORDGHG�E\�WKH�ZHLJKW�RI�
WKH�WZR�YHUWLFDO�RYHUO\LQJ�ZDOOV��$GGLWLRQDO�KDQJHUV�
VXFK�DV� LQ�WKH�RULJLQDO�GHVLJQ�DUH�QRW�QHFHVVDU\�IRU�
WKH�VWUXFWXUDO�V\VWHP�

7KH� DUFK� ZDOOV� DQG� WKH� YHUWLFDO� ZDOOV� KDYH�
HPEHGGHG�ODWWLFH�JLUGHUV�DW�D�W\SLFDO�VSDFLQJ�RI������
P����IW���LQ���FHQWHU�WR�FHQWHU��7KH�ODWWLFH�JLUGHUV�ZHUH�
EROWHG�RQ�WKH�DEXWPHQW�DQG�DQFKRUHG�ZLWK�XQGHUFXW�
DQFKRUV�DW�WKH�WXQQHO�PDLQ�DUFK�WR�SURYLGH�VWDELOLW\�
GXULQJ� FRQVWUXFWLRQ��7KH� ODWWLFH�JLUGHUV�ZHUH� VWUXF�
WXUDOO\� QRW� XWLOL]HG� LQ� WKH� GHVLJQ�� GHVSLWH� WKH� IDFW�
WKH\�SURYLGH�DGGLWLRQDO�UHLQIRUFHPHQW��7KH�SULPDU\�
SXUSRVH�RI�WKH�ODWWLFH�JLUGHUV�ZDV�WKH�SURYLVLRQ�RI�D�
JHRPHWULFDO� WHPSODWH� IRU� WKH� VSUD\HG� VKRWFUHWH� DQG�
WHPSRUDU\� VXSSRUW� IRU� WKH� UHLQIRUFHPHQW� DQG� VKRW�
FUHWH�GXULQJ�WKH�FRQVWUXFWLRQ�SURFHVV��6WUXFWXUDOO\�WKH�
DUFK�ZDV�GHVLJQHG�ZLWK�D�ZDOO�WKLFNQHVV�RI���LQFKHV��
+RZHYHU��WR�DFFRXQW�IRU�FRQVWUXFWLRQ�DQG�ZDOO�WKLFN�
QHVV�WROHUDQFHV�LQ�WKH�GHVLJQ�WKH�ZHLJKW�RI�WKH�ZDOO�
ZDV�DVVXPHG�IRU�D�ZDOO�WKLFNQHVV�RI���LQFKHV�

Linear elastic beam models were used to calcu�
ODWH� VWUXFWXUDO� IRUFHV� DFWLQJ� RQ� WKH� YHQWLODWLRQ� DUFK�
ZDOOV��$OO�JURXQG�DQG�H[WHUQDO�ORDGV�DUH�ERUQ�E\�WKH�
PDLQ�WXQQHO�DUFK�DQG�GR�QRW�DIIHFW�WKH�LQQHU��VHOI�EHDU�
LQJ�DUFK��7KH�GHVLJQ�ORDGV�FRQVLGHUHG�VHOI�ZHLJKW�RI�
WKH� VWUXFWXUH�� ORDGV� IURP� RYHUO\LQJ� YHUWLFDO� ZDOOV��
DQG� HDUWKTXDNH� ORDG� DQG� DLU� SUHVVXUH� RI� ����� N3D�
����SVI��UDGLDOO\�WR�WKH�ZDOOV��7KH�GHVLJQ�UHVXOWHG�LQ�
PLQLPXP�UHLQIRUFHPHQW�LQ�WKH�DUFKHV�DV�UHTXLUHG�SHU�
$&,� ���� �$&,�� �������7KH� DUFKHV�ZHUH� UHLQIRUFHG�
ZLWK� WZR� OD\HUV� RI�ZHOGHG�ZLUH� IDEULF��:�î:�� DW�
�� LQFK� FHQWHU� WR� FHQWHU� VSDFLQJ� LQ� ERWK� GLUHFWLRQV��
7KH�PLQLPXP�UHLQIRUFHPHQW�ZDV� LPSRUWDQW� IRU� WKH�
GXUDELOLW\�RI�WKH�DUFK�LQFOXGLQJ�FRQWUROOLQJ�FUDFNLQJ�
IURP�VKULQNDJH�DQG�WHPSHUDWXUH�FKDQJHV��)ROORZLQJ�
3HQQ'27¶V� UHTXLUHPHQWV� DOO� UHLQIRUFHPHQW� DV�ZHOO�
DV�WKH�ODWWLFH�JLUGHUV�ZHUH�JDOYDQL]HG�

CONSTRUCTION SEQUENCE

'XH� WR� WKH� WZR� OD\HUV� RI� UHLQIRUFHPHQW� DV�ZHOO� DV�
WKH�YHUWLFDO�ZDOOV�RQ�WRS�RI�WKH�DUFK�ZDOOV��WKH�GHVLJQ�
GLUHFWHG�D�PDQGDWRU\�FRQVWUXFWLRQ�VHTXHQFH��ZKLFK�
KDG� WR� EH� IROORZHG� E\� WKH� &RQWUDFWRU� GXULQJ� FRQ�
VWUXFWLRQ�� 7KH� FRQVWUXFWLRQ� VHTXHQFH� LV� GHVFULEHG�
EHORZ�DQG�VKRZQ�LQ�)LJXUH���

7KH� FRQVWUXFWLRQ� VWDUWHG� ZLWK� GHPROLWLRQ� RI�
WKH� H[LVWLQJ� YHQWLODWLRQ� DUFK� ZDOO� �6WHS� ���� ,Q� WKH�
VHFRQG�VWHS�� ODWWLFH�JLUGHUV�ZHUH�LQVWDOOHG�DORQJ�WKH�
DUFK� SHULSKHU\� DV�ZHOO� DV� IRU� WKH� WZR� YHUWLFDO�ZDOO�

VHFWLRQV�� 7KH� ODWWLFH� JLUGHUV� ZHUH� VHFXUHG� ZLWK�
XQGHUFXW� DQFKRUV� DW� WKH� WRS� DQG�GRZHOV� DW� WKH�ERW�
WRP�RI� WKH�DUFK�RI� WKH�PDLQ� WXQQHO� OLQLQJ��7KH� ODW�
WLFH� JLUGHUV� ZHUH� FRPSULVHG� RI� D� WKUHH�SLHFH� DUFK�
SOXV�RQH�SLHFH�HDFK�IRU�HDFK�YHUWLFDO�YHQWLODWLRQ�ZDOO�
RQ� HLWKHU� VLGH�� 7KH� ODWWLFH� JLUGHU� SLHFHV� ZHUH� FRQ�
QHFWHG�ZLWK�EROWV�XVLQJ�EXWW�SODWHV�ZHOGHG�DW�WKH�HQG�
RI�HDFK�ODWWLFH�JLUGHU�VHFWLRQ��,Q�6WHS���D� OLJKW�SO\�
ZRRG�IRUPZRUN�ZDV�VHWXS�DORQJ�ZLWK�¿UVW� OD\HU�RI�
ZHOGHG�ZLUH�IDEULF�DW�WKH�H[WUDGRV�VLGH�RI�WKH�ODWWLFH�
JLUGHU��7R� HQVXUH� VXI¿FLHQW� FRQFUHWH� FRYHU�� VSDFHUV�
ZHUH� XVHG� EHWZHHQ� WKH� UHLQIRUFHPHQW� DQG� WKH� SO\�
ZRRG��,Q�WKLV�VWHS�LW�LV�LPSRUWDQW�WR�KLJKOLJKW�WKDW�WKH�
FHQWHU�SDUW�RI�WKH�DUFK�KDG�WR�EH�OHIW�RSHQ�WR�SURYLGH�
DFFHVV� IRU� WKH�FRQVWUXFWLRQ�RI� WKH�YHUWLFDO�ZDOOV�� ,Q�
6WHS���VKRWFUHWH�ZDV�DSSOLHG�DW�WKH�URXQGHG�DV�ZHOO�
DW� WKH� YHUWLFDO� ZDOO� VHFWLRQV²H[FOXGLQJ� WKH� FHQWHU�
SDUW��2QO\�WKH�YHUWLFDO�ZDOO�VHFWLRQV�ZHUH�FRPSOHWHG�
WR� IXOO� WKLFNQHVV� DQG�ZLWK�ERWK� OD\HUV�RI� UHLQIRUFH�
PHQW��ZKLOH�WKH�LQWUDGRV�OD\HU�RI�UHLQIRUFHPHQW�DW�WKH�
DUFK�ZDOO�VLGHZDOO�ZDV�OHIW�RXW�IRU�ODWHU�FRPSOHWLRQ��
'XULQJ�6WHS����WKH�FHQWHU�DUFK�VHFWLRQ�ZDV�FORVHG�E\�
LQVWDOODWLRQ�RI�WKH�SO\ZRRG�DQG�UHLQIRUFHPHQW�DW�WKH�
H[WUDGRV� VLGH� RI� WKH� DUFK�� ,Q� WKH� ODVW� VWHS� WKH� FHQ�
WHU�DUFK�VHFWLRQ�ZDV�VSUD\HG�XS�WR�WKH�LQWUDGRV�OD\HU�
RI� UHLQIRUFHPHQW�� IROORZHG� E\� WKH� LQVWDOODWLRQ� RI�
WKH� LQWUDGRV�OD\HU�RI�UHLQIRUFHPHQW�DORQJ�WKH�HQWLUH�
DUFK�DQG�FRPSOHWLRQ�RI�WKH�VKRWFUHWH�DUFK�ZDOO�WR�IXOO�
WKLFNQHVV��LQFOXGLQJ�D�WURZHO�¿QLVK��,Q�D�¿QDO�VWHS�WKH�
SO\ZRRG� DW� WKH� EDFNVLGH�ZDV� UHPRYHG�� FRPSOHWLQJ�
WKH�DUFK�ZDOO�FRQVWUXFWLRQ�

EXPERIENCE AND CHALLENGES DURING 
CONSTRUCTION

$V� PHQWLRQHG� EHIRUH�� WKH� /LEHUW\� 7XQQHOV� DUH� D�
primary commuting route to and from downtown 
3LWWVEXUJK�� 'XH� WR� WKHLU� LPSRUWDQFH� WKH� DOORZDEOH�
VKXWGRZQ� SHULRG� ZDV� YHU\� OLPLWHG� DQG� GHPDQGHG�
D�YHU\� WLJKW� DQG�FRPSDFW� FRQVWUXFWLRQ� VFKHGXOH�� ,Q�
DQ� HDUO\� SODQQLQJ� VWDJH� WKH� YHQWLODWLRQ� DUFK� ZDOOV�
ZHUH�LGHQWL¿HG�DV�D�SRWHQWLDO�KLJK�LPSDFW�ULVN�IRU�WKH�
VFKHGXOH�DQG�ZHUH� WKH�FRQWUROOLQJ�RSHUDWLRQ�GXULQJ�
WKH� FORVXUH� SHULRG� IRU� GLIIHUHQW� UHKDELOLWDWLRQ�PHD�
VXUHV�LQ�WKH�WXQQHO�

7KH� FRQVWUXFWLRQ� ZDV� VSOLW� LQWR� WZR� SKDVHV��
SKDVH��� IRU� WKH� VRXWKERXQG� WXQQHO� DQG�SKDVH��� IRU�
WKH�QRUWKERXQG�WXQQHO��$V�SDUW�RI�WKH�ELG�GRFXPHQWV�
3HQQ'27�VHW�IRUWK����GD\�FORVXUHV�SHU�SKDVH�WR�UXQ�
FRQVHFXWLYHO\� EHWZHHQ� WKH� �WK� RI� -XO\� DQG� /DERU�
'D\��)DLOXUH�WR�PHHW�WKH����GD\�FORVXUH�ZRXOG�UHVXOW�
LQ�D�SHQDOW\�RI����������SHU�GD\��'XULQJ�WKH�SODQQLQJ�
SKDVH�LW�ZDV�DSSDUHQW�WKDW�PHHWLQJ�WKH����GD\�UHVWULF�
WLRQ� ZLWK� WKH� RULJLQDO� GHVLJQ� ZRXOG� EH� H[WUHPHO\�
FKDOOHQJLQJ� DQG� DOWHUQDWLYHV� ZHUH� LQYHVWLJDWHG��
'XULQJ�GHYHORSPHQW�VWDJHV�RI�WKH�DOWHUQDWLYH�GHVLJQ�
LW� ZDV� GHWHUPLQHG� WKH� DUFK� ZDOOV� FRXOG� EH� FRP�
SOHWHG�LQ����GD\V��7KLV�OHG�WR�D�VFKHGXOH�FKDQJH�WKDW�
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UHGXFHG�WKH�DOORZDEOH�FORVXUH�SHULRGV�WR�EH�UHGXFHG�
WR����GD\�SHU�SKDVH�LQ�H[FKDQJH�IRU���ZHHNHQG�FOR�
VXUHV�SULRU�WR�HDFK�ORQJ�WHUP�FORVXUH��7KH�WZR�ZHHN�
HQG�FORVXUHV�ZHUH�XVHG�RQ�DUHDV�QRW�DVVRFLDWHG�ZLWK�
WKH� YHQWLODWLRQ� DUFK� ZDOOV�� 7KLV� DOORZHG� 6ZDQN� WR�
FRPSOHWH�RWKHU�DFWLYLWLHV�SULRU�WR�WKH�VFKHGXOHG�ORQJ�
WHUP�FORVXUH��ZKLFK�LQWHUQDOO\�IUHHG�XS�UHVRXUFHV�DQG�
DOORZHG�WR�IRFXV�RQ�WKH�YHQWLODWLRQ�DUFK�ZDOOV�GXULQJ�
WKH�ORQJ�WHUP�FORVXUHV�

$OUHDG\�RQH�KRXU�DIWHU�WKH�VWDUW�RI�WKH�FORVXUH�WKH�
GHPROLWLRQ�RI�WKH�H[LVWLQJ�DUFK�ZDOOV�EHJDQ�IROORZHG�
E\� WKH� LQVWDOODWLRQ�RI� WKH�QHZ�VKRWFUHWH�DUFK�ZDOOV��

IROORZLQJ� WKH� FRQVWUXFWLRQ� VHTXHQFH� DV� GHVFULEHG�
DERYH��,Q�WKH�VRXWKERXQG�WXQQHO��3KDVH����WKH�ZRUN�
ZDV� FRPSOHWHG� ZLWK� WKH� VHFRQG� OD\HU� RI� VKRWFUHWH�
MXVW�KRXUV�EHIRUH�WKH�RSHQLQJ�RI�WKH�WXQQHO�IRU�WUDI�
¿F��7KH�GHOD\V�ZHUH� FDXVHG�E\� ORJLVWLFDO� SUREOHPV�
and a delayed delivery of lattice girders and undercut 
DQFKRUV��+RZHYHU�� WKH�SKDVH���FRQVWUXFWLRQ��QRUWK�
ERXQG��ZDV�FRPSOHWHG�LQ�DURXQG����GD\V�DQG�PXFK�
TXLFNHU� WKDQ� WKH� VRXWKERXQG� DQG� �� GD\V� XQGHU� WKH�
PD[LPXP�DOORZDEOH����GD\V��GXH�KLJKHU�HI¿FLHQF\�
LQ� WKH� VLWHV¶� ORJLVWLF� DQG� OHVVRQV� OHDUQHG� DV�ZHOO� DV�
OHDUQLQJ�FXUYH�HIIHFWV�IURP�WKH�SUHYLRXV�SKDVH�

Figure 6. Typical construction sequence
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&UHZ�DVVHPEO\�DQG�VL]H�YDULHG�IRU�HDFK�RSHUD�
WLRQ� RI� WKH� FRQVWUXFWLRQ�� 6ZDQN¶V� SRUWLRQ� RI� WKH�
installation was mainly demolition and installation 
RI�ODWWLFH�JLUGHUV��UHEDU�DQG�IRUPLQJ��,Q�WRWDO��DSSUR[�
LPDWHO\���� WR����PHQ�SHU����KRXU� VKLIW�ZRUNHG�RQ�

6ZDQN¶V� FUHZ� GXULQJ� WKH� FRQVWUXFWLRQ� RI� WKH� DUFK��
&RDVWDO�*XQLWH�ZDV�UHVSRQVLEOH�IRU�WKH�LQVWDOODWLRQ�RI�
VKRWFUHWH�DQG�ZRUNHG�ZLWK�D�FUHZ�RI���WR����SHRSOH�
SHU����KRXU�VKLIW�

)LJXUH���GHSLFWV�FRQVWUXFWLRQ�VHTXHQFH�6WHS����
7KH� ODWWLFH�JLUGHUV� RI� WKH� DUFK�ZDOOV� DV�ZHOO� DV� WKH�
YHUWLFDO�ZDOOV�VHFWLRQV�KDYH�EHHQ�HUHFWHG��7KH�H[WUD�
GRV�OD\HU�RI�UHLQIRUFHPHQW�DV�ZHOO�DV�SO\ZRRG�LQ�WKH�
EDFN� KDV� EHHQ� LQVWDOOHG��7KH� FHQWHU� DUFK� VHFWLRQ� LV�
RSHQ�WR�DOORZ�VKRWFUHWLQJ�RI�WKH�YHUWLFDO�ZDOOV��,Q�WKH�
EDFN�WKH�VXVSHQGHG�VHFWLRQ�RI�WKH�DUFK�ZDOO��DFWLQJ�
DV�D�YHQWLODWLRQ�QR]]OH��ZKLFK�ZDV�QRW�GLVFXVVHG�LQ�
GHWDLO�LQ�WKLV�SDSHU��FDQ�EH�VHHQ�

)LJXUH���VKRZV�WKH�VLWXDWLRQ�GXULQJ�FRQVWUXFWLRQ�
VHTXHQFH� 6WHS� ���7KH� FXUYHG� DQG� YHUWLFDO� VLGHZDOO�
VHFWLRQV�DUH�DOUHDG\�SDUWLDOO\�VKRWFUHWHG��'XULQJ�WKLV�
VWHS�WKH�YHUWLFDO�VLGHZDOO�VHFWLRQV�ZLOO�EH�FRPSOHWHG�
ZLWK�ERWK�OD\HUV�RI�UHLQIRUFHPHQW�DQG�VKRWFUHWHG�WR�
IXOO�WKLFNQHVV�

)LJXUH� �� VKRZV� WKH� FRQVWUXFWLRQ� VHTXHQFH�
DW�6WHS����$V�VRRQ�DV� WKH�YHUWLFDO�ZDOO� VHFWLRQV�DUH�
FRPSOHWHG��DFFHVV�WKURXJK�WKH�FHQWHU�DUFK�VHFWLRQ�LV�
QR�ORQJHU�QHHGHG��,Q�WKLV�VWHS�WKH�SO\ZRRG�DQG�UHLQ�
IRUFHPHQW�LQ�WKH�FHQWHU�DUFK�VHFWLRQ�FDQ�EH�LQVWDOOHG�
DQG�VKRWFUHWHG��$IWHU� WKLV� VWHS� WKH� LQWUDGRV� OHYHO�RI�
UHLQIRUFHPHQW��FRYHUHG�E\�WKH�¿QDO�OD\HU�RI�WURZHO�
¿QLVKHG�VKRWFWHWH�FDQ�EH�LQVWDOOHG�

)LJXUH����VKRZV�WKH�DUFK�ZDOO�VHFWLRQ�DIWHU�LWV�
UHKDELOLWDWLRQ�� ORRNLQJ� LQWR� WKH� DLU� QR]]OH� RSHQLQJ��
7KH� VPRRWK� WURZHO�¿QLVK�RI� WKH� VKRWFUHWH�PDNHV� LW�
GLI¿FXOW�WR�UHFRJQL]H�WKDW�VKRWFUHWH�LQ�OLHX�RI�FDVW�LQ�
SODFH�FRQFUHWH�ZDV�XVHG�

7KH� GHVLJQ� VSHFL¿HG� VWULQJHQW� H[SHULHQFH�
UHTXLUHPHQWV� IRU� WKH� VKRWFUHWH� DSSOLFDWRU� WR� HQVXUH�
WKH� UHTXLUHG�KLJK�TXDOLW\�� 6ZDQN�GHFLGHG� WKHUHIRUH�

Figure 7. Construction sequence Step 3—Lattice girder and extrados reinforcement sidewall sections

Figure 8. Construction sequence Step 4—Curved 
and vertical sidewall sections are shotcreted
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WR� VXEFRQWUDFW� WKH� VKRWFUHWH� ZRUN� WR� WKH� VKRWFUHWH�
VSHFLDOLVWV�&RDVWDO�*XQLWH��7KH�VKRWFUHWH�ZDV�SODFHG�
XVLQJ�DQ�$OOHQWRZQ��3XW]PHLVWHU��(OLWH����6KRWFUHWH�
3XPS��7KH� FRQFUHWH�PDWHULDO�ZDV� EURXJKW� LQWR� WKH�
WXQQHO� GU\� LQ� EXON� VDFNV� DQG�PL[HG� LQVLGH� D� UHDG\�
PL[�WUXFN�LQ�RUGHU�WR�ERWK�XVH�WKH�PDWHULDO�VSHFL¿HG�
DQG� KDYH� HQRXJK� DYDLODEOH� WR� SODFH� LW� LQ� VXI¿FLHQW�
TXDQWLW\�JLYHQ� WKH� WLJKW� FRQVWUXFWLRQ� VFKHGXOH��7KH�
PDWHULDO� LWVHOI� LQFOXGHG� SRO\�¿EHUV� DQG� D� FRUURVLRQ�
LQKLELWRU�� ([FOXGLQJ� WKH� ¿QLVK� FRDW�� WKH� VKRWFUHWH�
SURFHVV�LQYROYHG�WKH�DGGLWLRQ�RI�D�OLTXLG�DFFHOHUDWRU�
DW�WKH�VKRWFUHWH�QR]]OH�WR�UHDFK�WKH�VSHFL¿HG�VHW�WLPHV�
DQG�PHHW�WKH�HDUO\�VWUHQJWK�UHTXLUHPHQWV�SHU�GHVLJQ�

7KH� &RQWUDFWRU� ZDV� DEOH� WR� GHPRQVWUDWH� SUR�
¿FLHQF\� HQFDSVXODWLQJ� WKH� ODWWLFH� JLUGHUV� DQG� ERWK�
OD\HUV� RI� PHVK� VLPXOWDQHRXVO\� E\� DOWHUQDWLQJ� WKH�
ORFDWLRQ� RI� VKRWFUHWH� DQG� PHVK� LQVWDOODWLRQ�� 7KLV�
DSSURDFK� DOORZHG� WKH� SURMHFW� WR� PRYH� IRUZDUG�
PRUH� TXLFNO\� ZKHQ� QHHGHG�� 2YHUDOO� WKH� VKRWFUHWH�
ZDV�SODFHG�LQ�WKUHH�OLIWV�SHU�ZDOO��7KH�¿UVW�OD\HU�RI�
VKRWFUHWH�ZDV�SODFHG�HQFDSVXODWLQJ�WKH�¿UVW�OD\HU�RI�
PHVK� DQG� OHIW� HQRXJK�RI� WKH� ODWWLFH� JLUGHU� H[SRVHG�
VXFK� WKDW� WKH� VHFRQG� OD\HU� FRXOG� EH� LQVWDOOHG�� 7KH�
VHFRQG�SODFHPHQW� HQFDSVXODWHG� DOO� RI� WKH� VWHHO� DQG�
ZDV�OHIW�URXJK�VR�WKDW�D�PRQROLWKLF�¿QLVK�FRDW�FRXOG�
EH�DSSOLHG�ODVW�DV�WR�EH�PRUH�DSSHDOLQJ�DHVWKHWLFDOO\��

Figure 9. Construction sequence Step 5—preparation of center arch section

Figure 10. Finished rehabilitation
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7KH�¿QDO� OD\HU�ZDV�¿QLVKHG�ZLWK�D�EURRP�DQG�ZDV�
VSUD\HG� ZLWK� D� FXULQJ� FRPSRXQG� WR� DWWDLQ� SURSHU�
FXUH�DQG�DYRLG�VXUIDFH�FUDFNLQJ�

CONCLUSION

)RU� WKH� /LEHUW\�7XQQHO� 5HKDELOLWDWLRQ� SURMHFW� WLPH�
ZDV�RI�WKH�HVVHQFH�GXH�WR�D�VKRUW�DQG�OLPLWHG�FORVXUH�
RI�WKH�WXQQHO��7KH�DOWHUQDWLYH�GHVLJQ�RI�VHOI�EHDULQJ�
VKRWFUHWH�YHQWLODWLRQ�DUFK�ZDOO�SURYLGHG�WKH�FRQWUDF�
WRU�JUHDWHU�ÀH[LELOLW\�DQG� UHGXFHG�FRQVWUXFWLRQ� ULVN�
GXULQJ� WKH� YHQWLODWLRQ� DUFK� ZDOO� LQVWDOODWLRQ�� 7KH�
DOWHUQDWLYH�GHVLJQ�FXW�GRZQ�WKH�WLPH�UHTXLUHG�IRU�WKH�
LQVWDOODWLRQ�RI�DQ�RWKHUZLVH�KHDY\�IRUPZRUN��ZKLFK�
ZRXOG�KDYH�EHHQ�UHTXLUHG�E\�WKH�VHOI�FRQVROLGDWLQJ�
FRQFUHWH�� )XUWKHU� LW� ZDV� QRW� UHTXLUHG� WR� UHWDLQ� WKH�
H[LVWLQJ�KDQJHUV�VXSSRUWLQJ�WKH�YHQWLODWLRQ�DUFK�ZDOOV�
VLQFH�WKH�VKRWFUHWH�DUFK�ZDOO�ZDV�VHOI�VXSSRUWHG�

7KH� UHKDELOLWDWLRQ� ZRUN� FRQGXFWHG� LQ� WKH�
/LEHUW\�7XQQHO�VKRZHG�D�XQLTXH�FROODERUDWLYH�HIIRUW�

EHWZHHQ�WKH�GHVLJQHU�DQG�FRQWUDFWRUV��ZKLFK�DOORZHG�
WKH� ZRUN� WR� EH� FRPSOHWHG� RQ� VFKHGXOH�� EHORZ� WKH�
RULJLQDO� FRVW�� DQG�ZLWK�PXFK� OHVV� FRQVWUXFWLRQ� ULVN�
IRU�WKH�FRQWUDFWRU�DV�ZHOO�DV�WKH�RZQHU�

7KH� SUHVHQWHG� DSSURDFK� RI� WKH� VHOI�EHDULQJ�
VKRWFUHWH� DUFK� LV� D� VKRZFDVH� IRU� VLPLODU� UHKDELOLWD�
WLRQ�DQG�UHSDLU�ZRUNV�RI�DJLQJ�WXQQHOV��ZKLFK�KDYH�
WR�EH�UHKDELOLWDWHG�ZLWK�D�KLJK�TXDOLW\�XQGHU�D�OLPLWHG�
WLPH�IUDPH�IRU�WXQQHO�FORVXUHV�DQG�ZLWKLQ�WKH�JLYHQ�
EXGJHW�
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