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THE FUTURE OF
QUAYSIDE CONTAINER CRANES

INTRODUCTION

&RQWDLQHU�WUDIILF�FRQWLQXHV�WR�JURZ�ZRUOGZLGH�DW�DERXW�HLJKW�SHUFHQW�D�\HDU���7R
NHHS�XS�ZLWK�WKLV�JURZWK��FRQWDLQHU�VKLSV�DUH�JHWWLQJ�ELJJHU�DQG�ELJJHU���3RVW�
3DQDPD[�VKLSV�ZLWK����FRQWDLQHUV�DEHDP�DQG������7(8�DUH�QRZ�VWDQGDUG���1HZ
VKLSV�DUH�RSHUDWLQJ�ZLWK����FRQWDLQHUV�DEHDP�DQG������7(8���6KLSV�ZLWK�FORVH�WR
�����7(8�DUH�H[SHFWHG�WR�HQWHU�VHUYLFH�LQ������

)RU�WKH�ODUJHVW�VKLSV��WKH�HIILFLHQF\�RI�WKH�WHUPLQDOV�WKDW�VHUYH�WKHP�LV�HVSHFLDOO\
FULWLFDO���7KLV�LV�WRGD\·V�FKDOOHQJH�WR�WHUPLQDO�RSHUDWRUV���7KH�IURQW�OLQH�RI�D
WHUPLQDO�LV�LWV�FRQWDLQHU�KDQGOLQJ�TXD\�FUDQHV����1HZ�FRQWDLQHU�FUDQHV�PXVW
PRYH�FRQWDLQHUV�KLJKHU��IXUWKHU��IDVWHU��DQG�PRUH�DFFXUDWHO\�WKDQ�HYHU�EHIRUH�
7KLV�SDSHU�ORRNV�DW�VRPH�RI�WKH�LVVXHV�WKLV�SUHVHQWV�WR�FUDQH�GHVLJQHUV�DQG
WHUPLQDO�RSHUDWRUV�

7KHUH�DUH�IRXU�PDMRU�GHVLJQ�FRQFHUQV�ZLWK�WKH�QHZ�FUDQHV�

6L]H���7KH�FUDQHV�PXVW�EH�ODUJH�HQRXJK�DQG�KDYH�WKH�UHTXLUHG�VWUHQJWK�DQG
VWLIIQHVV�WR�VHUYLFH�WKH�VKLSV�DQG�SURYLGH�DQ�HIIHFWLYH�SODWIRUP�IRU�WRGD\·V
DGYDQFHG�PHFKDQLFDO�DQG�HOHFWURQLF�V\VWHPV���7KHVH�FUDQHV�PXVW�EH
GHVLJQHG�IRU�JUHDWHU�ZLQG�DQG�LQHUWLD�IRUFHV�EHFDXVH�RI�WKHLU�VL]H���7KH
LQFUHDVHG�RXWUHDFK�LQFUHDVHV�WKH�RYHUDOO�ORDGLQJ�RQ�WKH�FUDQH�

6SHHG���7KH�FUDQHV�PXVW�EH�IDVW�HQRXJK�WR�KDQGOH�PRUH�FRQWDLQHUV�RYHU
JUHDWHU�GLVWDQFHV�LQ�OHVV�WLPH���$�PLQLPXP�UDWH�RI����PRYHV�SHU�KRXU�LV�WKH
VWDQGDUG�UHTXLUHPHQW�

'XUDELOLW\���7R�MXVWLI\�WKH�FRVW�RI�WKHLU�VXEVWDQWLDO�LQYHVWPHQW��WKH�FUDQHV
PXVW�EH�DEOH�WR�ZRUN�FRQWLQXRXVO\��ZLWKRXW�GRZQWLPH���7RGD\·V�FUDQHV�DUH
GHVLJQHG�IRU�WZR�PLOOLRQ�OLIW�F\FOHV�RU�PRUH��HTXLYDOHQW�WR���������PRYHV
SHU�\HDU�IRU����\HDUV���$�SURSHUO\�GHVLJQHG�DQG�PDLQWDLQHG�FUDQH�VKRXOG
ODVW�ORQJHU�ZLWKRXW�PDMRU�RYHUKDXO�

:KHHO�/RDGV�DQG�6WDELOLW\���7KH�FUDQH�ZKHHO�ORDGV�PXVW�EH�FRPSDWLEOH
ZLWK�WKH�TXD\�VWUHQJWK���7KH�FUDQHV�VKRXOG�EH�VWDEOH�LQ�VWRUP�ZLQGV�WR
HOLPLQDWH�WKH�QHHG�IRU�WLH�GRZQV�WKDW�DUH�FXPEHUVRPH�WR�LQVWDOO�DQG�FDQ
LQWHUIHUH�ZLWK�ZKDUI�WUDIILF�
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SIZE

7KH�VL]H�RI�FRQWDLQHU�FUDQHV�KDV�PRUH�WKDQ�GRXEOHG�VLQFH�WKH�ILUVW�FRQWDLQHU
FUDQHV�ZHUH�EXLOW�LQ�WKH�ODWH�����V���7KH�0DWVRQ�FRQWDLQHU�FUDQHV�EXLOW�E\�3DFHFR
LQ������ZHUH�GHVLJQHG�WR�OLIW�����W�ER[HV�����P�RYHU�WKH�UDLOV�ZLWK�DQ�RXWUHDFK�RI
����P���7KH�ODWHVW�FRQWDLQHU�FUDQHV�OLIW�����W�ER[HV���P�RYHU�WKH�UDLOV�ZLWK�DQ
RXWUHDFK�RI���P����7KH�QHZ�FUDQHV�DUH�WDOOHU�DQG�KHDYLHU�WKDQ�DQ\�EHIRUH�²�XS�WR
��P�KLJK�DQG�ZHLJKLQJ�����W�

7\SLFDO�VL]H�FKDUDFWHULVWLFV�RI�VWDWH�RI�WKH�DUW�FRQYHQWLRQDO�VLQJOH�WUROOH\�SRVW�
3DQDPD[�FRQWDLQHU�FUDQHV�DUH�VKRZQ�LQ�7DEOH���

Post-
Panamax
16 wide

Post-
Panamax
 18 wide

Post-
Panamax
 20 wide

*DQWU\�UDLO�JDXJH��P� ���� ���� ����

&OHDU�EHWZHHQ�OHJV��P� ���� ���� ����

/LIW�RYHU�WKH�UDLOV��P� �� �� ��

7RWDO�PDLQ�KRLVW�OLIW��P� �� �� ��

&OHDU�XQGHU�SRUWDO��P� �� ����� ��

2XW�WR�RXW�EXPSHUV��P� �� ����� �����

2XWUHDFK�IURP�ZDWHUVLGH
UDLO�ZLWK��P�VHW�EDFN��P�

����� ����� ��

Table 1: Size Characteristics of State-of-the-Art Container Cranes

Wind Load

,Q�PDQ\�ORFDWLRQV��WKH�VWRUP�ZLQG�ORDG�FRQGLWLRQ�FRQWUROV�WKH�GHVLJQ�RI�WKH
FUDQH�OHJV�DQG�VLOO�EHDPV���([WUD�VWHHO�LV�UHTXLUHG��WKRXJK�LW�LV�QRW�QHHGHG�IRU
RSHUDWLQJ�FRQGLWLRQV���)RU�WKLV�UHDVRQ��LW�LV�RIWHQ�ZRUWKZKLOH�WR�GR�ZLQG�WXQQHO
WHVWLQJ�RI�D�VFDOH�PRGHO���$�SURSHUO\�FRQGXFWHG�ZLQG�WXQQHO�WHVW�FDQ�GHWHUPLQH
WKH�H[DFW�IRUFHV�IRU�GLIIHUHQW�ZLQG�VSHHGV�DV�ZHOO�DV�LGHQWLI\�SRWHQWLDO�ZLQG
LQGXFHG�YLEUDWLRQ�SUREOHPV���:LWKRXW�ZLQG�WXQQHO�WHVW�GDWD��WKH�GHVLJQHU�PXVW
UHO\�RQ�VWDQGDUG�FRGHV�IRU�ZLQG�ORDGV�ZKLFK�FDQ�EH�FRQVHUYDWLYH�EHFDXVH�RI�WKHLU
JHQHUDO�QDWXUH�

:LQG�WXQQHO�WHVWLQJ�FRQGXFWHG�DW�&RORUDGR�6WDWH�8QLYHUVLW\�IRU�0LWVXELVKL·V
QHZ�VXSHU�FUDQHV�DOORZHG�GHVLJQ�ZLQG�ORDGV�WR�EH�YHULILHG�DQG�GDWD�WR�EH
FROOHFWHG�IRU�IXWXUH�FUDQHV�
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Boom Length

*LYHQ�WKH�FRVW�RI�WKH�FUDQHV�DQG�WKH�UDSLG�JURZWK�LQ�VKLSV��QHZ�FUDQHV�VKRXOG�EH
GHVLJQHG�WR�KDQGOH�DW�OHDVW�RQH�URZ�RI�FRQWDLQHUV�EH\RQG�WKH�H[SHFWHG�ODUJHVW
VKLSV���(YHQ�LI�WKH�H[WUD�FDSDFLW\�LV�QRW�QHHGHG��WKH�H[WUD�RXWUHDFK�DOORZV�IRU
LPSURYHG�SURGXFWLRQ�EHFDXVH�WKH�WUROOH\�ZLOO�QRW�KDYH�WR�ZRUN�LQ�WKH�VORZ�GRZQ
]RQH�DW�WKH�HQG�RI�WKH�ERRP�

Trolley

7KH�VHOHFWLRQ�RI�D�FUDQH·V�WUROOH\�V\VWHP�W\SH�LV�VLJQLILFDQW�IRU�WKH�VWUXFWXUH��IRU
ZKHHO�ORDGV��DQG�IRU�PDLQWHQDQFH�FRQVLGHUDWLRQV���7KH�WUROOH\�FDQ�EH�URSH�WRZHG
RU�PDFKLQHU\�W\SH�

:LWK�D�URSH�WRZHG�WUROOH\�V\VWHP��WKH�WUROOH\�GULYH��PDLQ�KRLVW��DQG�ERRP�KRLVW
DUH�ORFDWHG�LQ�WKH�PDFKLQHU\�KRXVH�RQ�WKH�IUDPH���7UROOH\�DQG�PDLQ�KRLVW�URSHV
UXQ�IURP�WKH�PDFKLQHU\�KRXVH�WR�WKH�HQG�RI�WKH�WUROOH\�JLUGHU��WKURXJK�WKH
WUROOH\��DQG�WR�WKH�WLS�RI�WKH�ERRP���7KLV�DUUDQJHPHQW�DOORZV�WKH�WUROOH\�WR�EH
VKDOORZ�DQG�OLJKWZHLJKW��DOORZLQJ�JUHDWHU�OLIW�KHLJKW�DQG�VPDOOHU�ORDGV�RQ�WKH
FUDQH�VWUXFWXUH�

$�PDFKLQHU\�RQ�KRLVW�WUROOH\�KDV�WKH�WUROOH\�DQG�PDLQ�KRLVW�GULYHV�RQ�ERDUG�
:LWK�PRVW�RI�WKH�PDFKLQHU\�RQ�WKH�WUROOH\��WKH�PDFKLQHU\�KRXVH�RQ�WKH�IUDPH�LV
PXFK�VPDOOHU��FRQWDLQLQJ�RQO\�WKH�ERRP�KRLVW���1R�WUROOH\�GULYH�URSHV�DUH
UHTXLUHG��DQG�WKH�PDLQ�KRLVW�URSHV�DUH�VKRUWHU�WKDQ�IRU�D�URSH�WRZHG�WUROOH\�

Structural

)RU�WKH�VWUXFWXUDO�GHVLJQ��ZHLJKW�LV�WKH�PDLQ�GLIIHUHQFH�EHWZHHQ�WKH�WZR�W\SHV�RI
WUROOH\V���7KH�ZHLJKW�RI�WKH�URSH�WRZHG�WUROOH\�LV�OHVV�WKDQ�D�WKLUG�RI�D�PDFKLQHU\
WUROOH\���0RVW�GUDPDWLFDOO\��WKH�KHDYLHU�PDFKLQHU\�WUROOH\�LQFUHDVHV�IDWLJXH
GDPDJH�RQ�D�VLPLODU�FUDQH�ZLWK�URSH�WRZHG�WUROOH\�E\�D�IDFWRU�RI���WR�����7DEOH��
JLYHV�DQ�H[DPSOH�RI�WKH�HIIHFW�RQ�WKH�VWUXFWXUH���7KH�ZKHHO�ORDGV�IRU�D�PDFKLQHU\
WUROOH\�FUDQH�DUH�DERXW�����KLJKHU�WKDQ�IRU�URSH�WRZHG�
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5RSH�7RZHG
7UROOH\

0DFKLQHU\
7UROOH\

7UROOH\�ZHLJKW
�HOHFWURQLF�DQWL�VZD\�

����W ����W

0RYLQJ�ORDG
7UROOH\���VSUHDGHU���+%�����
/7�FRQWDLQHU���LPSDFW

���W ���W

0RYLQJ�ORDG�IRU�IDWLJXH�GDPDJH ��W ���W

)DWLJXH�GDPDJH ��� ����

7RWDO�FUDQH�ZHLJKW
�����P�JDJH��SRVW�3DQDPD[

����W ����W

:KHHO�ORDGV ��W�P ��W�P

Table 2: Effect of Trolley Type on Structure

7KH�FKRLFH�RI�WUROOH\�ZLOO�DOVR�DIIHFW�WKH�ERRP�GHVLJQ���*HQHUDOO\��WZLQ
WUDSH]RLGDO�JLUGHUV�DUH�XVHG�RQ�FUDQHV�ZLWK�URSH�WRZHG�WUROOH\V�EHFDXVH�LW�PDNHV
URSH�UHHYLQJ�UHODWLYHO\�VLPSOH���)RU�PDFKLQHU\�WUROOH\V��ZLWK�IHZHU�URSHV�
UHFWDQJXODU�RU�WUDSH]RLGDO�PRQR�JLUGHU�ERRPV�DUH�JHQHUDOO\�XVHG�

$�SURSHUO\�GHVLJQHG�PRQR�JLUGHU�ERRP�FUDQH�ZHLJKV�OHVV�WKDQ�D�SURSHUO\
GHVLJQHG�WZLQ�JLUGHU�ERRP�FUDQH�IRU�ERWK�URSH�WUROOH\�FUDQHV�DQG�PDFKLQHU\
WUROOH\�FUDQHV���7KH�HFFHQWULF�OLIWHG�ORDG�DSSOLHV�DGGLWLRQDO�YHUWLFDO�ORDG�RQ�RQH�RI
WKH�WZR�JLUGHUV�RQ�WKH�WZLQ�JLUGHU�FUDQH��ZKLFK�UHVXOWV�LQ�KHDYLHU�VHFWLRQV����2Q�D
PRQR�JLUGHU�ERRP��WKLV�VDPH�ORDGLQJ�UHVXOWV�LQ�WRUVLRQ�RQO\��ZKLFK�JHQHUDOO\
GRHV�QRW�FRQWURO���7KHUHIRUH�D�ODUJHU�VHFWLRQ�LV�QRW�UHTXLUHG�

Maintenance

7KH�FRQILJXUDWLRQ�RI�WKH�PDFKLQHU\�WUROOH\�KDV�VHYHUDO�DGYDQWDJHV�IURP�D�VHUYLFH
VWDQGSRLQW���7KH�PDLQWHQDQFH�RI�WKH�ERRP�WLS�HTXDOL]HU�SODWIRUP��ODQGVLGH
WXUQLQJ�VKHDYHV��FDWHQDU\�WUROOH\V��URSH�WHQVLRQHUV��GHIOHFWRU�VKHDYHV��DQG�VODS
EORFNV�LV�HOLPLQDWHG���7KH�HOLPLQDWLRQ�RI�WKH�WUROOH\�GULYH�URSHV�DQG�VKRUWHU�PDLQ
KRLVW�URSHV�UHGXFHV�FRVWV�IRU�VWRFNLQJ�DQG�UHSODFLQJ�ZLUH�URSH����3ROOXWLRQ�IURP
RLO�VSLOOLQJ�IURP�WKH�URSHV�LV�DOVR�PLQLPL]HG�

2SHUDWLRQDOO\��EHFDXVH�KRLVW�URSHV�DUH�PXFK�VKRUWHU�DQG�WKHUH�LV�QR�VWUHWFK�RI
WUROOH\�WRZ�URSHV��WKH�PDFKLQHU\�WUROOH\�SURYLGHV�EHWWHU�ORDG�FRQWURO�
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Wheel Loads

7KH�PDLQ�GLVDGYDQWDJH�RI�WKH�PDFKLQHU\�WUROOH\�LV�WKH�LQFUHDVH�LQ�FUDQH�ZHLJKW
DQG�ZKHHO�ORDGV�RQ�WKH�TXD\���6RPH�TXD\V�DUH�QRW�VWURQJ�HQRXJK�WR�VXSSRUW�WKH
ODWHVW�VXSHU�FUDQHV�ZLWK�D�PDFKLQHU\�RQ�KRLVW�WUROOH\���7KH�3RUW�RI�*RWHERUJ
UHFHQWO\�SXW�RXW�D�WHQGHU�IRU�WZR�VXSHU�FUDQHV�ZLWK�PDFKLQHU\�KRLVW�WUROOH\V�
7KH�3RUW�HYHQWXDOO\�VHOHFWHG�URSH�WRZHG�WUROOH\�FUDQHV�EHFDXVH�WKH�ORZHU�FUDQH
ZKHHO�ORDGV�ZHUH�PRUH�FRPSDWLEOH�ZLWK�WKH�OLPLWHG�VWUHQJWK�RI�WKH�H[LVWLQJ�TXD\
VWUXFWXUH�

$Q�LQWHUHVWLQJ�QRWH���1RHOO�,QF��RI�*HUPDQ\�ZRQ�WKH�*RWHERUJ�FRQWUDFW�ZLWK�D
URSH�GULYHQ�WUROOH\�V\VWHP��HYHQ�WKRXJK�D�PDFKLQHU\�WUROOH\�V\VWHP�ZDV
VSHFLILHG���7KH\�DOVR�ZRQ�D�ODUJH�RUGHU�IURP�$PHULFDQ�3UHVLGHQW�/LQHV�IRU
PDFKLQHU\�WUROOH\�FUDQHV���)RU�WKH�$3/�WHQGHU��D�URSH�WRZHG�WUROOH\�ZDV
VSHFLILHG��EXW�1RHOO�SURSRVHG�WKH�PDFKLQHU\�KRLVW�WUROOH\���7KH�$3/�FUDQHV�ZHUH
WR�EH�ORFDWHG�DW�D�QHZ�IDFLOLW\�GHVLJQHG�WR�DFFRPPRGDWH�WKH�QHZ�DQG�ODUJHU
FUDQHV���:LWK�WKH�KLJKHU�DOORZDEOH�ZKHHO�ORDGV�RQ�WKH�ZKDUI��WKH�PDFKLQHU\
WUROOH\�FUDQH�ZDV�WKH�SUHIHUUHG�V\VWHP�

7KH�WUROOH\�VHOHFWLRQ�VKRXOG�EH�EDVHG�RQ�WKH�QHHGV�DW�D�SDUWLFXODU�ORFDWLRQ��DV
ZHOO�DV�WKH�SUHIHUHQFH�RI�WKH�RZQHU�DQG�RSHUDWRUV�

Design for Automation

7KH�QHZ�FRQWDLQHU�FUDQHV�KDYH�LQFUHDVLQJ�GHJUHHV�RI�DXWRPDWLRQ�WKDW�LQFUHDVH
FUDQH�SURGXFWLYLW\���)RU�DXWRPDWLRQ�WR�RSHUDWH�FRUUHFWO\��WKH�ORFDWLRQ�RI�DOO
V\VWHP�FRPSRQHQWV�PXVW�EH�NQRZQ���)RU�IL[HG�REMHFWV��WKLV�LV�DQ�HDV\�WDVN���)RU
PRYLQJ�REMHFWV��VXFK�DV�WKH�FUDQH�VWUXFWXUH�IOH[LQJ�ZLWK�WKH�PRYHPHQW�RI�WKH
WUROOH\��WKH�WDVN�EHFRPHV�PRUH�GLIILFXOW�

2QH�DSSURDFK�LV�WR�UHTXLUH�D�YHU\�VWLII�VWUXFWXUH�ZLWK�VWULFW�GHIOHFWLRQ�OLPLWV���$
VWLII�VWUXFWXUH�KHOSV�ZLWK�ORDG�FRQWURO�DQG�SURYLGHV�DQ�HDVLHU�ULGH�IRU�WKH
RSHUDWRU���,W�LV�DOVR�KHDYLHU���$�GHWDLOHG�VWUXFWXUDO�GHVLJQ�SURFHVV�LV�UHTXLUHG�WR
PLQLPL]H�WKH�ZHLJKW�DQG�RSWLPL]H�WKH�JHRPHWU\�DQG�VHFWLRQV�
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Figure 1: Rigid Structure Megacrane by MHI

7KH�DOWHUQDWLYH�LV�WR�DFFRXQW�IRU�FUDQH�PRYHPHQW�LQ�WKH�ORDG�FRQWURO�V\VWHP
GHVLJQ�DQG�QRW�VSHFLI\�GHIOHFWLRQ�OLPLWV���7KLV�UHTXLUHV�PRUH�FRPSOH[�VRIWZDUH�
EXW�ZLOO�UHVXOW�LQ�D�OLJKWHU�FUDQH�VWUXFWXUH�

,I�WKH�VWULFW�GHIOHFWLRQ�OLPLW�DSSURDFK�LV�WDNHQ��D�VLJQLILFDQW�VRXUFH�RI�YHUWLFDO
GHIOHFWLRQ�RI�WKH�ERRP�LV�GXH�WR�FXUYDWXUH�DQG�WKH�SUHVHQFH�RI�OLQNV�LQ�WKH�VWD\V�
7KLV�LV�EHFDXVH�WKH�VHOI�ZHLJKW�RI�WKH�IRUHVWD\�FDXVHV�LW�WR�VDJ�DORQJ�LWV�OHQJWK
DQG�URWDWH�DW�WKH�OLQN���7KLV�HIIHFW�DFWXDOO\�UDLVHV�WKH�ERRP�E\�D�VPDOO�DPRXQW
ZKHQ�WKHUH�LV�QR�ORDG�RQ�LW�

$Q�DVVLVW�OLQN��SDWHQW�SHQGLQJ��KDV�EHHQ�GHYHORSHG�IRU�0LWVXELVKL·V�ODWHVW�VXSHU�
FUDQHV�WKDW�HOLPLQDWHV�WKH�OLQN�GHIOHFWLRQ�DQG�UHGXFHV�WKH�FXUYDWXUH���7KH�OLQN
ZRUNV�E\�KROGLQJ�WKH�IRUHVWD\�LQ�WKH�VDJJHG�SRVLWLRQ���6HH�)LJXUH���
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MHI patent pending

Figure 2: Assist Link

SPEED

7KH�FKDOOHQJH�RI�WKH�QHZ�FUDQHV�LV�QRW�RQO\�DQ�LQFUHDVHG�WKURXJKSXW��EXW�DQ
LQFUHDVHG�WKURXJKSXW�ZKLOH�OLIWLQJ�ER[HV�IURP�GHHSHU��KLJKHU��DQG�RYHU�JUHDWHU
OHQJWKV�LQ�WKH�VKLSV�WKDQ�HYHU�EHIRUH�

7\SLFDO�VSHHG�FKDUDFWHULVWLFV�RI�WKH�VWDWH�RI�WKH�DUW�FRQYHQWLRQDO�VLQJOH�WUROOH\
SRVW�3DQDPD[�FRQWDLQHU�FUDQHV�DUH�VKRZQ�LQ�7DEOH���
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Post-
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 16 wide
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 18 wide
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20 wide

+RLVWLQJ�ZLWK�UDWHG�ORDG
�P�PLQ�

�� �� ��

+RLVWLQJ�ZLWK�HPSW\
VSUHDGHU��P�PLQ�

��� ��� ���

7UROOH\�WUDYHO��P�PLQ� ��� ��� ���

/RZHULQJ�ZLWK�UDWHG�ORDG
�P�PLQ�

�� �� ��

/RZHULQJ�ZLWK�HPSW\
VSUHDGHU��P�PLQ�

��� ��� ���

*DQWU\�WUDYHO��P�PLQ� �� �� ��

%RRP�KRLVW�WLPH�WR
VWRZHG�SRVLWLRQ��PLQ�

� � �

Table 3: Speed Characteristics of State-of-the-Art Container Cranes

Power

7R�PHHW�WKH�PHJD�FUDQH�FKDOOHQJH��WKH�WUROOH\�DQG�PDLQ�KRLVW�GULYHV�DUH
EHFRPLQJ�LQFUHDVLQJO\�SRZHUIXO�WR�SURYLGH�JUHDWHU�VSHHGV�DQG�DFFHOHUDWLRQV�
,QFUHDVLQJ�GULYH�DQG�EUDNH�SRZHU�LV�QRW�GLIILFXOW���7KH�SUREOHP�LV�WR�SURYLGH�D
FRPSOHWH�DQG�EDODQFHG�V\VWHP�

2QH�FDVXDOW\�RI�WKH�KLJKHU�RSHUDWLQJ�VSHHGV�LV�WKH�RSHUDWRU���6HYHUH�DFFHOHUDWLRQV
DQG�GHFHOHUDWLRQV�FDQ�EH�XQFRPIRUWDEOH�DQG�WLULQJ���0DQ\�QHZ�FUDQHV�DUH
VSHFLILHG�WR�SURYLGH�DQ�DGGLWLRQDO�UDLO�RQ�WKH�ERRP�DQG�WUROOH\�JLUGHU�IRU�D
VHSDUDWH�RSHUDWRU�FDE�WKDW�PRYHV�LQGHSHQGHQWO\�IURP�WKH�WUROOH\�

7KH�IHVWRRQ�V\VWHPV�WKDW�SRZHU�WKH�WUROOH\V�DQG�SURYLGH�FRPPXQLFDWLRQV�DUH�D
SUREOHP�ZLWK�WKH�IDVWHU�WUROOH\�GULYHV���:LWK�KLJK�WUROOH\�DFFHOHUDWLRQV�DQG
VSHHGV��IHVWRRQ�V\VWHPV�FDQ�ORVH�FRQWURO��JHW�WDQJOHG��DQG�VQDUH���0RWRUL]HG
IHVWRRQ�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�NHHS�XS�ZLWK�WKH�IDVWHU�WUROOH\V���7KHVH
V\VWHPV�FDQ�EH�KLJK�PDLQWHQDQFH�LWHPV���1HZ�V\VWHPV��VXFK�DV�LQGXFWLYH�SRZHU
DQG�ZDYH�JXLGH�FRPPXQLFDWLRQV��DUH�EHLQJ�GHYHORSHG�DQG�XVHG�LQ�WKH�LQGXVWU\�

7KH�EDORQH\�FDEOH�WKDW�FRPPXQLFDWHV�ZLWK�DQG�SRZHUV�WKH�VSUHDGHU�LV�DOVR�D
SUREOHP�DW�KLJK�KRLVW�VSHHGV��LW�WHQGV�WR�JHW�RXW�RI�FRQWURO���3RZHUHG�EDORQH\
FDEOH�UHHOV�DUH�QRZ�EHLQJ�SURYLGHG�RQ�VRPH�FUDQHV�
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Snag

6QDJ�RFFXUV�ZKHQ�WKH�VSUHDGHU�JHWV�FDXJKW�LQ�WKH�VKLS�KROG�ZKLOH�KRLVWLQJ�DW�IXOO
VSHHG���7KH�WUHPHQGRXV�HQHUJ\�WKLV�LPSDUWV�WR�WKH�FUDQH�FDQ�FDXVH�VHYHUH
GDPDJH�WR�FUDQH�V\VWHPV����$V�FUDQHV�EHFRPH�ODUJHU�DQG�PRUH�SRZHUIXO��WKH�VQDJ
ORDG�EHFRPHV�PRUH�FULWLFDO�DQG�UHTXLUHV�DQ�HQJLQHHUHG�VROXWLRQ�

2QH�RSWLRQ�LV�WR�GHVLJQ�WKH�VWUXFWXUH��DQG�DOO�FRPSRQHQWV��WR�ZLWKVWDQG�WKH�VQDJ
ORDG���7KH�DOWHUQDWLYH�LV�WR�SURYLGH�D�VQDJ�V\VWHP���$�VQDJ�V\VWHP�LV�D�PHFKDQLFDO
VROXWLRQ�WKDW�GLVVLSDWHV�WKH�VQDJ�HQHUJ\�RI�WKH�URSHV��XVXDOO\�E\�PHDQV�RI
K\GUDXOLFV��WR�SUHYHQW�GDPDJH�WR�WKH�FUDQH�

Anti-Sway

$QWL�VZD\�ORDG�FRQWURO�V\VWHPV�FRQWLQXH�WR�EH�GHYHORSHG���(OHFWURQLF�DQWL�VZD\
LV�QRZ�VWDWH�RI�WKH�DUW���,I�FUDQH�RSHUDWRUV�DUH�XQVNLOOHG��WKHVH�V\VWHPV�FDQ
LPSURYH�FUDQH�SURGXFWLYLW\�VLJQLILFDQWO\���+RZHYHU��PDQ\�VNLOOHG�RSHUDWRUV�DUH
PRUH�SURGXFWLYH�DQG�SUHIHU�WR�ZRUN�ZLWKRXW�DQWL�VZD\�

Automation

)XOO�FUDQH�DXWRPDWLRQ��IURP�VKLS�WR�VKRUH��PD\�EH�WKH�DQVZHU�WR�JUHDWHU�FUDQH
VSHHGV�DQG�SURGXFWLYLW\�GHPDQGV���7KLV�LV�GLIILFXOW�WR�DFKLHYH��KRZHYHU��IRU
VHYHUDO�UHDVRQV�

$FFXUDF\�ZLWKLQ�D�IHZ�FHQWLPHWHUV�ZLOO�EH�UHTXLUHG�WR�DXWRPDWLFDOO\�SLFN�D
FRQWDLQHU�IURP�D�VKLS�DQG�VHW�LW�RQ�D�WUXFN�RQ�WKH�TXD\���$V�GLVFXVVHG�DERYH��LW�LV
HDV\�WR�WUDFN�IL[HG�REMHFWV�DFFXUDWHO\��EXW�GLIILFXOW�WR�WUDFN�PRYLQJ�REMHFWV�

1RW�RQO\�GRHV�D�FUDQH�IOH[�DQG�VWUHWFK��EXW�WKH�VKLS�WZLVWV��ULVHV��DQG�VDJV
LQWHUQDOO\��DV�ZHOO�DV�PRYLQJ�LQ�UHODWLRQ�WR�WKH�ZKDUI���8QOHVV�$XWRPDWLF�*XLGHG
9HKLFOHV��$*9V��DUH�XVHG��LW�LV�YHU\�GLIILFXOW�WR�NQRZ�H[DFWO\�ZKHUH�WKH�KXVWOHU�RU
WUXFN�WR�UHFHLYH�WKH�FRQWDLQHU�LV�ORFDWHG�RQ�WKH�TXD\�

6RPH�PDQXIDFWXUHUV�DUH�ZRUNLQJ�RQ�V\VWHPV�WKDW�´VHHµ�WKH�FRQWDLQHU�ZKHQ�WKH
VSUHDGHU�LV�FORVH��DQG�JXLGH�LW�DXWRPDWLFDOO\�WR�ORFN�RQ�WR�WKH�ER[�

Other Crane Concepts

$GYDQFHG�FUDQH�FRQFHSWV�KDYH�EHHQ�GHYHORSHG�WR�SURYLGH�LQFUHDVHG�FUDQH
SURGXFWLYLW\�

'XDO�KRLVW�FUDQHV�KDYH�D�VHFRQG�KRLVW�ORFDWHG�RYHU�WKH�TXD\���7KLV�FDQ�LQFUHDVH
SURGXFWLYLW\�E\�DERXW������EXW�DOVR�LQFUHDVHV�WKH�LQLWLDO�FRVW�RI�WKH�FUDQH�E\����WR
���SHUFHQW��DGGV�DQ�RSHUDWRU��DQG�LQFUHDVHV�RSHUDWLQJ�FRVWV���7KH�%DOWLPRUH
6XPLWRPR�FUDQHV�DW�6HDJLUW�7HUPLQDO�DQG�WKH�(&7�1HOFRQ�FUDQHV�DW�'HOWD
7HUPLQDO�LQ�5RWWHUGDP�DUH�WKH�DUFKHW\SHV�
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'XDO�KRLVW�HOHYDWLQJ�SODWIRUP�FUDQHV�DUH�GXDO�KRLVW�VLQJOH�WUROOH\�FUDQHV�H[FHSW
WKH�VKXWWOH�UXQZD\�HOHYDWHV�WR�WKH�LGHDO�HOHYDWLRQ���6HH�)LJXUH�����7KHVH�FUDQHV
FRVW�PRUH�WKDQ�GXDO�KRLVW�FUDQHV�EXW�SURGXFH�PRUH���7KH�9LUJLQLD�,QWHUQDWLRQDO
7HUPLQDOV�1,7�.RQH�FUDQHV�DUH�WKH�RQO\�FUDQHV�RI�WKLV�W\SH�

Figure 3: Dual Hoist Elevating Platform Crane

2WKHU�DGYDQFHG�FRQFHSWV�DUH�EHLQJ�VWXGLHG�EXW�KDYH�QRW�EHHQ�EXLOW�RU�KDYH�QRW
WDNHQ�KROG�LQ�WKH�LQGXVWU\���7KRXJK�KLJKO\�SURGXFWLYH�FRQFHSWV�KDYH�EHHQ
GHYHORSHG��WKH�EDVLF�SUREOHPV�ZLWK�QHZ�FUDQH�V\VWHPV�DUH�LQFUHDVHG
FRPSOLFDWLRQV�DQG�FRVW��DQG�XQNQRZQ�UHOLDELOLW\�

DURABILITY

7KH�ILUVW�FUDQHV�ZHUH�GHVLJQHG�EHIRUH�VWHHO�IDWLJXH�ZDV�SURSHUO\�XQGHUVWRRG�
0DQ\�RI�WKHVH�FUDQHV�DUH�VWLOO�LQ�VHUYLFH����\HDUV�ODWHU���7KH�NH\�WR�DWWDLQLQJ�DQG
VXUSDVVLQJ�D�FUDQH·V�GHVLJQ�OLIH�LV�SURSHU�XQGHUVWDQGLQJ�RI�WKH�HIIHFW�RI�IDWLJXH�
SURSHU�LQVSHFWLRQ��DQG�SURSHU�PDLQWHQDQFH�

)RU�WKH�FUDQH�SXUFKDVHU��LW�LV�LPSRUWDQW�WR�KDYH�FRPSUHKHQVLYH�VSHFLILFDWLRQV
WKDW�DGGUHVV�UHOHYDQW�LVVXHV�RI�IDWLJXH�DQG�VHUYLFH�OLIH����(LWKHU�D�FUDQH
PDQXIDFWXUHU�ZLWK�D�SURYHQ�WUDFN�UHFRUG�VKRXOG�EH�VHOHFWHG��RU�D�FRPSUHKHQVLYH
LQGHSHQGHQW�TXDOLW\�DQDO\VLV�SURJUDP�VKRXOG�EH�LQVWLWXWHG�GXULQJ�IDEULFDWLRQ��RU
ERWK�
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Fatigue Design

0RGHUQ�FRGHV��VXFK�DV�%6������&RGH�RI�3UDFWLFH�IRU�)DWLJXH�'HVLJQ�DQG�$VVHVVPHQW
RI�6WHHO�6WUXFWXUHV��UHFRPPHQG�VWUHVV�OHYHOV�IRU�PDQ\�GHWDLOV���7KHVH�VWUHVV�OHYHOV
DUH�EDVHG�RQ�WKH�VWDWLVWLFDO�HYDOXDWLRQ�RI�WKRXVDQGV�RI�WHVWV���,Q�PRVW�FDVHV��WKH
DOORZDEOH�VWUHVVHV�SURYLGH�D�������SHUFHQW�FKDQFH�RI�DWWDLQLQJ�WKH�GHVLJQ�OLIH�

7KH�GHVLJQ�FULWHULD�PD\�EH�PDGH�PRUH�RU�OHVV�VWULQJHQW�WR�DGMXVW�WKH�UHOLDELOLW\�
0RUH�LPSRUWDQW�WKDQ�GHVLJQ�FULWHULD�LV�WKH�XVH�RI�´JRRGµ�GHWDLOV�

5HOLDELOLW\�GHSHQGV�RQ�WKH�GHWDLOV���$�SURSHU�GHVLJQ�FDQ�EH��DQG�RIWHQ�LV�
GHJUDGHG�E\�FDUHOHVVO\�DGGLQJ�DWWDFKPHQWV�IRU�KDQG�UDLOV��ZDONZD\V��DQG
PHFKDQLFDO�DQG�HOHFWULFDO�HTXLSPHQW����7KH�GHJUDGDWLRQ�LV�GUDPDWLF���7KH
H[SHFWHG�IDWLJXH�OLIH�RI�D�ZHOGHG�ER[�EHDP�LV�����WLPHV�WKH�H[SHFWHG�OLIH�RI�WKH
EHDP�ZLWK�D�ILOOHW�ZHOGHG�ODSSHG�SODWH�

-XVW�DV�LPSRUWDQW�DV�XVLQJ�JRRG�IDWLJXH�GHWDLOV�LV�PDLQWDLQLQJ�WKH�LQWHJULW\�RI�WKH
GHVLJQ�WKURXJKRXW�WKH�OLIH�RI�WKH�FUDQH���7KLV�VWDUWV�ZLWK�WKH�HOLPLQDWLRQ�RI
WKRXJKWOHVV�DWWDFKPHQWV�DQG�HQGV�ZLWK�D�WKRURXJK�SHULRGLF�PDLQWHQDQFH
SURJUDP�

,I�FUDFNV�DUH�IRXQG�DQG�UHSDLUHG��WKH�VWUXFWXUH·V�OLIH�FDQ�EH�H[WHQGHG�LQGHILQLWHO\�
6LQFH�WKH�UHSDLUV�PD\�EH�PDGH�ZLWK�PRUH�FDUH�DQG�LQVSHFWLRQ�WKDQ�WKH�RULJLQDO�
WKH�UHSDLUHG�MRLQW�LV�RIWHQ�EHWWHU���)RU�RQH�VHULHV�RI��FUDQHV�WKDW�KDYH�EHHQ
URXWLQHO\�LQVSHFWHG�DQG�UHSDLUHG��WKH�IUHTXHQF\�RI�FUDFN�RFFXUUHQFH�KDV�DFWXDOO\
GHFUHDVHG�

Mechanical/Electrical Systems

$�QHZ�FUDQH�PD\�KDYH�VWDWH�RI�WKH�DUW�V\VWHPV�DQG�FRQWUROV��EXW�FKDQFHV�DUH�WKDW
VRPH�RI�WKHVH�V\VWHPV�ZLOO�EH�RXW�RI�GDWH�EHIRUH�WKH�HQG�RI�WKH�FUDQH·V�XVHIXO�OLIH�
&UDQHV�QHHG�V\VWHPV�WKDW�FDQ�JURZ�ZLWK�WKH�WHFKQRORJ\��RU�EH�HDVLO\�UHSODFHG�
5HOLDEOH�PDQXIDFWXUHUV�ZLOO�SURYLGH�WKHVH�V\VWHPV�

WHEEL LOADS AND STABILITY

:KHQ�GHWHUPLQLQJ�WKH�QHHGHG�FUDQH�FKDUDFWHULVWLFV�IRU�QHZ�RU�XSJUDGHG�FUDQHV�
LW�LV�QHFHVVDU\�WR�GHWHUPLQH�DQ\�UHVWULFWLRQV�WKDW�DQ�H[LVWLQJ�TXD\�PD\�KDYH���,Q
������D�VWXG\�ZDV�PDGH�IRU�WKH�3RUW�RI�2DNODQG�WR�GHWHUPLQH�WKH�DSSOLHG�UDLO
ORDGV�IRU����FRQWDLQHU�FUDQHV�DQG�WKH�VWUHQJWK�RI�WKH�VXSSRUWLQJ�TXD\V���7KLV
VWXG\�KDV�EHHQ�XSGDWHG�DV�WKUHH�QHZ�FUDQHV�ZHUH�SXUFKDVHG���7KH�FUDQHV
UHSUHVHQW�D�JRRG�VDPSOH�RI�H[LVWLQJ�3DQDPD[�DQG�SRVW�3DQDPD[�FUDQHV���7KH
WKUHH�QHZ�FUDQHV�DUH�VWDWH�RI�WKH�DUW�SRVW�3DQDPD[����ZLGH�FUDQHV�
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Crane Loads - Quay Design Criteria

:KHQ�GHVLJQLQJ�QHZ�TXD\V��LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�SRVVLEOH�IXWXUH�FUDQHV�
3DUW�RI�WKH�3RUW�RI�2DNODQG�VWXG\�ZDV�WKH�GHYHORSPHQW�RI�GHVLJQ�FULWHULD�IRU�WKH
QHZ�TXD\V�

7KH�VWXG\�LV�FRQVLVWHQW�ZLWK�%XLOGLQJ�&RGH�5HTXLUHPHQWV�IRU�5HLQIRUFHG�&RQFUHWH�
$&,�������0RVW�RI�WKH�FUDQH�ORDGV�DUH�LGHQWLILDEOH�ZLWKLQ�WKH�$&,�GHILQLWLRQV�
)DFWRUV�IRU�ORDGV�WKDW�DUH�QRW�GHILQHG�PHHW�WKH�LQWHQW�RI�WKH�FRGH���/RDG
FRPELQDWLRQV�DQG�IDFWRUV�DUH�VKRZQ�LQ�7DEOH�����7\SLFDOO\��WKH�UDWLR�RI�WKH
FRPELQHG�XQIDFWRUHG�RU�ZRUNLQJ�ORDGV�WR�WKH�RSHUDWLQJ�IDFWRUHG�ORDGV�LV������

Comb Operating Overload *Stowed

Load Name Name OP1 OL1 S1
&UDQH�/RDGV�
'HDG�/RDG '/ ��� ��� ����
7UROOH\�/RDG 7/ ��� ��� ����
/LIWLQJ�6\VWHP /6 ��� ����
/LIWHG�/RDG // ���
,PSDFW ,03 ���
2SHUDWLQJ�:LQG 2:/ ��� ���
6WDOO�7RUTXH 67/ ���
6WRZHG�:LQG 6:/8 ���

:KDUI�/RDGV�
'HDG�/RDG :'/ ��� ��� ����
6XSHULPSRVHG

� /LYH�/RDG
:// ��� ��� ����

6RLO�/RDG 62,/ ��� ��� ����

EXAMPLE
:

OP1 is 1.4 x WDL + 1.7 x WLL + 1.7 x SOIL + 1.4 x DL + 1.4 x TL + 1.4 x LS + 1.7 x LL
+ 0.85 x IMP + 1.3 x OWL.

*Stowed:  The boom is up, the trolley and lifting system are in the stowed position and tie-downs, if
any, are in place.
Wind is acting in the most adverse direction, “angled wind.“
Impact is reduced, since the value at the gantry rail is much less than the value at the trolley rail.
If tie-downs are required during stowed wind, the factored tie-down force should be 0.9 times
(DL+TL) plus 1.3 times stowed wind or 1.4 times stowed EQ.
All loads causing and combined with overloads have a load factor of 1.0.

Table 4: Load Combinations
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$SSOLHG�IDFWRUHG�ORDGV�IRU�WKH�H[LVWLQJ�FUDQHV�DW�WKH�3RUW�RI�2DNODQG�DUH
WDEXODWHG�LQ�7DEOH���

0DQXIDFWXUHU
DQG�<HDU

)DFWRUHG�5DLO
/RDG�WRQV�P�×

�P�VSUHDG

&UDQH�'HVFULSWLRQ

/DQG
VLGH

:DWHU
VLGH

3DFHFR

�������

��[� ��[� 3DQDPD[�$�IUDPH��7UXVVHG�%RRP������P
JDJH�����WRQ�

.6(&����� ��[�� ��[�� 3RVW�3DQDPD[�$�IUDPH��$UWLFXODWHG�7ZLQ
3ODWH�*LUGHU�%RRPV������P�JDJH�����WRQ�

3DFHFR�����
5DLVHG�����

��[� ��[� 3DQDPD[�$�IUDPH��7UXVVHG�%RRP�������JDJH
���WRQ���´6/��µ

.UXSS����� ��[��� ��[� 3DQDPD[�$�IUDPH��0RQR�*LUGHU������P
JDJH�����WRQ�

+LWDFKL�����
5DLVHG�����

��[� ��[� 3DQDPD[�$�IUDPH��$UWLFXODWHG�7ZLQ�3ODWH
*LUGHU�%RRP������P�JDJH�����WRQ�

3DFHFR�����
5DLVHG�����

��[� ��[�� 3DQDPD[�/RZ�3URILOH�������P�JDJH�����WRQ�

3DFHFR����� ��[�� ��[�� 3RVW�3DQDPD[�$�IUDPH������P�JDJH��7ZLQ
*LUGHU�%RRP�����WRQ�

.RFNV����� ��[�� ��[�� 3RVW�3DQDPD[�/RZ�3URILOH������P�JDJH�
���WRQ

0LWVXELVKL

����

��[�� ��[�� 3RVW�3DQDPD[�$�IUDPH��$UWLFXODWHG�3ODWH
*LUGHU�%RRP������P�JDJH�����WRQ�

3DFHFR����� ��[�� ��[�� 3RVW�3DQDPD[�$�IUDPH��$UWLFXODWHG�3ODWH
*LUGHU�%RRP������P�JDJH�����WRQ�

=30&����� ��[�� ��[�� 3RVW�3DQDPD[�$�IUDPH��$UWLFXODWHG�3ODWH
*LUGHU�%RRP�������P�JDJH�����WRQ�

=30&����� ��[�� ��[�� 3RVW�3DQDPD[�$�IUDPH��3ODWH�*LUGHU�%RRP�
����P�JDJH�����WRQ�

The linear load was calculated by dividing the corner loads by the length over which the wheels
spread the load.

Table 5:  Factored Operating Loads from Existing Cranes
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Recommended Design Criteria For New Crane Runways

7KH�JLUGHU�VKRXOG�EH�GHVLJQHG�XVLQJ�$&,�����RU�DQ�HTXLYDOHQW�FRGH���3UHVWUHVVHG
FRQFUHWH�SLOHV�VKRXOG�EH�GHVLJQHG�XVLQJ�6HFWLRQ�������RI�WKH�3&,�'HVLJQ�+DQGERRN�
�WK�HGLWLRQ��ZLWK�PRGLILFDWLRQV�IRU�SLOH�VOHQGHUQHVV��RU�HTXLYDOHQW�

)RU�JLUGHUV�RQ�SLOHV��WKH�VWLIIQHVV�RI�WKH�SLOHV�DQG�VRLO�VKRXOG�EH�LQFOXGHG�LQ�WKH
VWUHQJWK�FDOFXODWLRQ���)RU�JLUGHUV�RQ�VSUHDG�IRRWLQJV��WKH�EHDP�RQ�HODVWLF
IRXQGDWLRQ�PHWKRG�VKRXOG�EH�XVHG���7KH�JLUGHUV�PD\�EH�PRGHOHG�ZLWK�FUDFNHG
VHFWLRQ�SURSHUWLHV��VLQFH�WKH�JLUGHU�PRPHQWV�ZLOO�FUDFN�WKH�VHFWLRQ�

7KH�HIIHFWLYH�VSDQ�OHQJWK�LV�JUHDWHU�WKDQ�WKH�SLOH�VSDFLQJ�EHFDXVH�WKH�FXUYDWXUH
GRHV�QRW�UHYHUVH�EHWZHHQ�SLOHV���&RQVHTXHQWO\��WKH�JLUGHU�GRHV�QRW�KDYH�WR�EH
GHVLJQHG�DV�D�GHHS�EHDP���7KH�DSSOLHG�ORDGV�VKRXOG�EH�PXOWLSOLHG�E\�WKH�ORDG
IDFWRUV�WDEXODWHG�LQ�7DEOH�����7KH�PLQLPXP�UHFRPPHQGHG�IDFWRUHG�ORDGV�RQ�WKH
ODQGVLGH�DQG�ZDWHUVLGH�UDLOV�DUH�VKRZQ�LQ�7DEOH���

:LWK�WKH�JDQWU\�ZKHHOV�VSDFHG�DW�����WLPHV�WKHLU�GLDPHWHU��WKH�WKHRUHWLFDO
ZRUNLQJ�ORDG�OLPLW�IRU�D�����SRXQG�$6&(�UDLO�LV����W�P�EDVH�RQ�WKH�ZKHHO�UDLO
LQWHUIDFH���7KH�IDFWRUHG�ORDG�OLPLW��PXFK�PRUH�WKDQ�H[SHFWHG��LV�����W�P�

&UDQH�)UDPH
:DWHUVLGH�RU
/DQGVLGH

7ULEXWDU\�:LGWK�SHU�:KHHO

&UDQH�5DLO

��#�����P

���P
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Figure 1:  Wheel Load Distribution
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Factored Load t/m Comments

9HUWLFDO �� 6HH�)LJXUH���IRU�ZKHHO�ORDG�GLVWULEXWLRQ�
+RUL]RQWDO

⊥��WR�5DLO ��� 7KH�WRWDO�ORDG�RQ�D�UDLO�VKRXOG�EH�WKH�GLVWULEXWHG�ORDG
WLPHV�WKH�HIIHFWLYH�OHQJWK�XVHG�IRU�WKH�YHUWLFDO�ORDG�

__��WR�5DLO ���

Table 6:  Recommend Minimum Factored Rail Loads

2FFDVLRQDOO\��D�VKLS·V�EXOERXV�ERZ�ZLOO�VWULNH�WKH�JLUGHU�SLOHV���$Q�HFRQRPLF
VWXG\�VKRXOG�EH�PDGH�WR�GHWHUPLQH�WKH�LQFUHPHQWDO�FRVW�WR�GHVLJQ�WKH�JLUGHU
ZLWK�RQH�DQG�WZR�SLOHV�PLVVLQJ���,Q�PDQ\�FDVHV��D�WKUHH�GLPHQVLRQDO�DQDO\VLV�RI
WKH�JLUGHUV�VKRZV�WKDW�D�PLVVLQJ�SLOH�LV�OHVV�VHULRXV�WKDQ�H[SHFWHG���7KH
DSSURSULDWH�PLVVLQJ�SLOH�FULWHULD�VKRXOG�EH�GHWHUPLQHG�DIWHU�WKH�VWXG\���,I�QR
SURYLVLRQ�LV�PDGH�IRU�PLVVLQJ�SLOHV��DQ�DQDO\VLV�VKRXOG�EH�PDGH�WR�GHWHUPLQH�WKH
DOORZDEOH�IDFWRUHG�ORDG�ZLWK�RQH�DQG�WZR�SLOHV�PLVVLQJ�

Stability

2I�DOO�WKH�FRQWDLQHU�FUDQHV�WRWDOO\�GHVWUR\HG�EHFDXVH�RI�D�IDLOXUH��PRVW��RYHU����
KDYH�EHHQ�YLFWLPV�RI�VWRUP�ZLQG�ORDGV���,Q�HYHU\�FDVH�RI�VWRUP�ZLQG�IDLOXUH��WKH
IDLOXUH�KDV�QRW�EHHQ�LQ�WKH�FUDQH�EXW�LQ�WKH�WLH�GRZQ�V\VWHP�

7\SLFDOO\�WKHUH�DUH�WZR�HUURUV����7KH�HPEHGGHG�KDUGZDUH�KDV�QRW�EHHQ�GHVLJQHG
SURSHUO\�DQG�WKH�SU\LQJ�HIIHFW�LV�QRW�LQFOXGHG���7R�FRUUHFW�WKH�ILUVW�HUURU��WKH
GHVLJQHU�VKRXOG�LPDJLQH�WKH�IDLOXUH�PRGH�RI�WKH�HPEHGGHG�KDUGZDUH���0DQ\
GHVLJQV�IDLO�E\�RSHQLQJ�DQG�UHOHDVLQJ�WKH�SLQ���7R�FRUUHFW�WKH�VHFRQG�HUURU��WKH
GHVLJQHU�VKRXOG�EH�VXUH�WKH�WLH�GRZQ�IRUFH�LQFOXGHV�SU\LQJ�

3U\LQJ�RFFXUV�ZKHQ�WKH�VWRZDJH�VKHDU�SLQ�WKDW�WUDQVIHUV�WKH�KRUL]RQWDO�ZLQG
ORDG�WR�WKH�TXD\�LV�RQ�WKH�HTXDOL]HU�V\VWHP���7KH�FUDQH�PDQXIDFWXUHU�XVXDOO\
QHJOHFWV�WKLV���(YHQ�LI�WKH�PDQXIDFWXUHU�UHSRUWV�WKDW�QR�WLH�GRZQV�DUH�QHHGHG�
WKHUH�VWLOO�PD\�EH�D�SUREOHP���)LJXUH���VKRZV�WKH�ORDGV�DQG�ORDG�SDWK�IRU�WKH
HIIHFWV�RI�WKH�KRUL]RQWDO�IRUFH�WHQGLQJ�WR�URWDWH�WKH�HTXDOL]HU�V\VWHP���,I�WKH�VKHDU
SLQ�LV�RQ�WKH�PDLQ�HTXDOL]HU�EHDP��WKH�SUREOHP�LV�VWLOO�WKHUH���,I�WKH�VKHDU�SLQ�LV
RQ�WKH�VLOO�EHDP��WKHUH�LV�QR�SU\LQJ�
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Up Up Up Up

2 Up

4 Up

2 Up

Tiedown force is increased
by about 4 Up.

Figure 2: Prying Action for Stowage Pin on Equalizer System

CONCLUSION

1HZ�FUDQHV�FDQ�EH�GHVLJQHG�WKDW�DUH�ELJ�HQRXJK�DQG�IDVW�HQRXJK�WR�NHHS�XS
ZLWK�WKH�GHPDQGV�RI�WKH�QHZ�ODUJHU�VKLSV�

7KH�GHVLJQ�RI�WKHVH�FUDQHV�PXVW�EH�WKH�UHVXOW�RI�FRRSHUDWLRQ�EHWZHHQ�WHUPLQDO
RSHUDWRUV��VWUXFWXUDO��PHFKDQLFDO�DQG�DXWRPDWLRQ�HQJLQHHUV��DV�ZHOO�DV�ZKDUI
GHVLJQHUV�DQG�FUDQH�RSHUDWRUV�

2Q�D�ELJ�VFDOH��WKH�VL]H�RI�VKLSV��WKH�WKURXJKSXW�FDSDFLW\�RI�WKH�WHUPLQDO��DQG�WKH
VWUHQJWK�RI�WKH�ZKDUI�PXVW�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�
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2Q�D�VPDOOHU�VFDOH��WKH�FUDQH�PXVW�EH�VWLII�HQRXJK�WR�DOORZ�HOHFWURQLFV�WR�RSHUDWH
RU�WKH�HOHFWURQLFV�PXVW�WDNH�WKH�FUDQH�GHIOHFWLRQV�LQWR�DFFRXQW�

7KH�VHOHFWLRQ�RI�D�WUROOH\�V\VWHP�DQG�WUROOH\�DQG�KRLVW�VSHHGV�VKRXOG�EH�WKH�UHVXOW
RI�FDUHIXO�HYDOXDWLRQ�RI�VHYHUDO�IDFWRUV�

:KHQ�WKHVH�LVVXHV�DUH�DGGUHVVHG��DQ�HIIHFWLYH�FUDQH�FDQ�EH�GHVLJQHG�WKDW�ZLOO
VXLW�WKH�SUHVHQW�DQG�IXWXUHQHHGV�RI�WKH�HQG�XVHU�
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