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NONDESTRUCTIVE EVALUATION OF CRANE
STRUCTURES

Overview

:HOGHG�VWHHO�VWUXFWXUHV�DOZD\V�FRQWDLQ�XQGHWHFWDEOH�FUDFNV�XVXDOO\�DW�ZHOGHG�MRLQWV�
:KHQ�WKHVH�MRLQWV�DUH�VXEMHFWHG�WR�IOXFWXDWLQJ�VWUHVVHV�EH\RQG�D�YHU\�VPDOO�YDOXH��WKH
FUDFNV�JURZ���7KLV�LV�IDWLJXH�FUDFN�JURZWK���7KH�DOORZDEOH�VWUHVV�OHYHOV�XVHG�LQ�WKH
GHVLJQ�RI�FUDQHV�WDNH�WKH�SKHQRPHQRQ�LQWR�DFFRXQW���$OORZDEOH�VWUHVV�OHYHOV�DUH
GHWHUPLQHG�E\�VWDWLVWLFDO�DQDO\VLV�RI�ODERUDWRU\�WHVWV�RI�W\SLFDO�GHWDLOV�VXEMHFWHG�WR
KXQGUHGV�RI�WKRXVDQGV�RI�F\FOHV�RI�VWUHVV�IOXFWXDWLRQ���$OORZDEOH�YDOXHV�DUH�LQWHQGHG
WR�SURYLGH�D�UHOLDELOLW\�RI���������7KLV�PHDQV�WKDW�LQ�ODERUDWRU\�WHVWV�������RI�WKH
VSHFLPHQV�IDLO�DW�VWUHVV�OHYHOV�EHORZ�WKH�DOORZDEOH���6LQFH�WKH�WHVW�UHVXOWV�VKRZ
FRQVLGHUDEOH�VFDWWHU��D�SUREDELOLVWLF�UDWKHU�WKDQ�D�GHWHUPLQLVWLF�DSSURDFK�PXVW�EH
WDNHQ�LQ�GHWHUPLQLQJ�GHVLJQ�YDOXHV���7KHUH�LV�DOZD\V�IDWLJXH�FUDFN�JURZWK�DQG�D
VLJQLILFDQW�FKDQFH�RI�IDWLJXH�IDLOXUH�

7KHUH�DUH�QR�UHFRJQL]HG�FUDQH�VSHFLILFDWLRQV�XVHG�LQ�WKH�ZRUOG�WRGD\�WKDW�UHTXLUH
VWUHVVHV�WR�EH�VR�ORZ�WKDW�IDWLJXH�FUDFN�JURZWK�ZLOO�QRW�RFFXU�RQ�D�UDQGRP�EDVLV�
(YHQWXDOO\��IDWLJXH�FUDFNV�EHFRPH�ODUJH�HQRXJK�WR�EH�GHWHFWDEOH�E\�PHDQV�RI
QRQGHVWUXFWLYH�WHVWLQJ�PHWKRGV��L�H���07��87�RU�'37���6RPH�FUDFNV�DUH�GHWHFWDEOH�E\
YLVXDO�LQVSHFWLRQ�EHIRUH�IUDFWXUH�LV�OLNHO\���(YHQ�LI�IUDFWXUH�RFFXUV��LQ�PDQ\�FDVHV�WKH
UHPDLQLQJ�HOHPHQWV�RI�WKH�VWUXFWXUH�ZLOO�SUHYHQW�VHULRXV�GDPDJH�SURYLGHG�WKH�FUDQH
LV�WDNHQ�RXW�RI�VHUYLFH�DQG�UHSDLUHG�

3HULRGLF�LQVSHFWLRQV�VKRXOG�EH�PDGH�WR�GHWHFW�IDWLJXH�FUDFNV�EHIRUH�WKH\�JURZ�WR�D
FULWLFDO�VL]H���)DWLJXH�FUDFNV�XVXDOO\�VWDUW�DW�GLVFRQWLQXLWLHV�IRUPHG�E\�ZHOGV��QRWFKHV
RU�KROHV��5HIHUHQFHV���DQG������7\SLFDO�VWUHVV�GLVWULEXWLRQV�DW�ZHOGV�DUH�VKRZQ�LQ
)LJXUH�����7\SFLDO�IDWLJXH�FUDFN�ORFDWLRQV�DUH�VKRZQ�LQ�)LJXUH�����:UDS�DURXQG�ZHOGV�
VKRZQ�LQ�)LJXUH����DUH�SDUWLFXODUO\�OLNHO\�WR�FUDFN���$OWKRXJK�ZUDS�DURXQG�ZHOGV�DUH
SURKLELWHG�E\�5HIHUHQFH����WKH\�DUH�VRPHWLPHV�XVHG�DV�VHDO�ZHOGV�

:KHQ�D�FUDFN�LV�IRXQG��UHSDLU�LV�QHFHVVDU\���5HVWRULQJ�WKH�VWUXFWXUH�WR�LWV�RULJLQDO
FRQGLWLRQ�LV�DOZD\V�DFFHSWDEOH���&KDQJLQJ�JHRPHWU\�E\�PHDQV�RI�FXWWLQJ�DQG
JULQGLQJ�PD\�EH�EHVW�

Fatigue Crack Growth

$OO�VWHHO�VWUXFWXUHV�FRQWDLQ�IDWLJXH�FUDFN�VWDUWHUV���7KHVH�IODZV�DUH�GHYHORSHG�GXULQJ
LQLWLDO�UROOLQJ��ZHOGLQJ�RU�FXWWLQJ���7KH�IODZV�PD\�EH�PLFURVFRSLF�RU�PDFURVFRSLF�
)LJXUH���VKRZV�D�W\SLFDO�FUDFN��WKH�HODVWLF�GLVWULEXWLRQ�RI�VWUHVV�QHDU�WKH�FUDFN�WLS�DQG
WKH�SODVWLF�]RQH�DW�WKH�FUDFN�WLS�
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Figure 1: Typical stress distribution at welded joints

Figure 2: Typical fatigue crack locations
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Figure 3: Typical wrap around weld

Figure 4: Elastic stress at crack tip
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7KH�VWUHVV�LQ�WKH�YHUWLFDO�]�GLUHFWLRQ�LV�

x)2(/ πIz K=σ

ZKHUH zσ � �WKH�VWUHVV�LQ�WKH�]�GLUHFWLRQ�YDU\LQJ�DORQJ�WKH�[�D[LV

.,� �WKH�VWUHVV�LQWHQVLW\�IDFWRU

[� �WKH�GLVWDQFH�IURP�WKH�WLS�RI�WKH�FUDFN

1RWLFH�ZKHQ�[� ����WKH�WKHRUHWLFDO�HODVWLF�VWUHVV�LV�LQILQLWH���6LQFH�WKH�VWHHO�KDV�D�ILQLWH
\LHOG�VWUHQJWK��D�\LHOG�UHJLRQ�LV�GHYHORSHG�DW�WKH�FUDFN�WLS���,I�WKH�FUDFN�VL]H���D���LV
EHORZ�D�FULWLFDO�YDOXH��D�VLQJOH�DSSOLFDWLRQ�ORDG�FDXVHV�WKH�\LHOG�]RQH�WR�GHYHORS�DQG
WKH�VWUXFWXUH�GHIRUPV�ZLWKRXW�IDLOXUH���,I�WKH�ORDG�LV�UHGXFHG�DQG�WKHQ�UHDSSOLHG��WKH
IDWLJXH�FUDFN�ZLOO�JURZ�DV�VKRZQ�LQ�)LJXUH�����7KH�WLS�RI�WKH�FUDFN�DOZD\V�DGYDQFHV
SHUSHQGLFXODU�WR�WKH�GLUHFWLRQ�RI�SULQFLSDO�VWUHVV���([DPLQDWLRQ�RI�WKH�FUDFN�VXUIDFH
UHYHDOV�EHDFK�PDUNV�DW�WKH�OLPLW�RI�FUDFN�JURZWK�ZLWK�HDFK�DSSOLFDWLRQ�RI�ORDG�

7KH�GLVWDQFH�WKH�FUDFN�JURZV�ZLWK�HDFK�F\FOH�LV�FDOOHG�WKH�FUDFN�JURZWK�UDWH���,W�LV
PHDVXUDEOH�LQ�LQFKHV�SHU�F\FOH���&UDFN�JURZWK�UDWH�FDQ�EH�GLYLGHG�LQWR�WKUHH�UHJLRQV
�5HIHUHQFH����

5HJLRQ��� &UDFN�JURZWK�UDWH�LV�YHU\�VPDOO���7KH�FUDFNV�DUH�PLFURVFRSLF�DQG�DUH
GLIILFXOW�WR�GHWHFW���7KLV�LV�WKH�LQLWLDWLRQ�UHJLRQ�

5HJLRQ��� 7KH�FUDFNV�KDYH�EHFRPH�ODUJH�HQRXJK�WR�EHFRPH�GHWHFWDEOH�DQG
WKHLU�JURZWK�FDQ�EH�REVHUYHG�

5HJLRQ��� 7KH�FUDFNV�KDYH�EHFRPH�TXLWH�ODUJH���7KH�UDWH�RI�JURZWK�LV�UDSLGO\
LQFUHDVLQJ���(YHQWXDOO\��WKH�FUDFN�LV�VR�ODUJH�WKDW�WKH�HQHUJ\�UHOHDVHG
GXH�D�XQLW�DUHD�LQFUHDVH�LQ�FUDFN�VL]H�LV�PRUH�WKDQ�WKH�HQHUJ\
DEVRUEHG�GXH�WR�WKH�VDPH�XQLW�DUHD�LQFUHDVH�LQ�IUDFWXUH�VXUIDFH�DQG
WKH�GHWDLO�EHFRPHV�XQVWDEOH�DQG�EULWWOH�IUDFWXUH�VXGGHQO\�

2EYLRXVO\��RQH�RI�WKH�WZR�SXUSRVHV�RI�QRQGHVWUXFWLYH�LQVSHFWLRQ�LV�WR�GHWHFW�WKH
FUDFN�ZKLOH�LW�LV�LQ�5HJLRQ���

7KH�IDWLJXH�FUDFN�JURZWK�UDWH�LV�GHSHQGHQW�RQ�WKH�VWUHVV�LQWHQVLW\�IDFWRU�DQG�IRU
VWHHOV�XVHG�LQ�FUDQH�VWUXFWXUHV�LV�LQGHSHQGHQW�RI�WKH�\LHOG�VWUHQJWK�DQG�IUDFWXUH
WRXJKQHVV�RI�WKH�PDWHULDO���+LJKHU�VWUHQJWK�VWHHOV�FDQ�EH�VXEMHFWHG�WR�KLJKHU�QRPLQDO
VWUHVVHV�UHVXOWLQJ�LQ�KLJKHU�VWUHVV�LQWHQVLW\�IDFWRUV�DQG�PRUH�UDSLG�IDWLJXH�FUDFN
JURZWK�
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Figure 5: Fatigue crack growth

Stress Intensity Factor

)RU�D�SDUWLFXODU�VWHHO��WKH�FUDFN�JURZWK�UDWH�GHSHQGV�RQ�WKH�VWUHVV�LQWHQVLW\�IDFWRU��.,�
7KH�VWUHVV�LQWHQVLW\�IDFWRU�LV�QRW�D�VWUHVV�FRQFHQWUDWLRQ�IDFWRU��EXW�UDWKHU�D�PHDVXUH�RI
WKH�HQHUJ\�UHOHDVHG�DV�WKH�FUDFNV�JURZV���$W�ILUVW��WKH�FRQFHSW�RI�VWUHVV�LQWHQVLW\�LV
GLIILFXOW�WR�XQGHUVWDQG���(TXDWLRQ�IRU�VWUHVV�LQWHQVLW\�LV�

)( acKI πσ=

ZKHUH F� �D�FRQVWDQW��D�IXQFWLRQ�RI�WKH�GHWDLO�DQG�FUDFN�JHRPHWU\

σ � �WKH�QRPLQDO�VL]H

D� �WKH�FUDFN�VL]H��LQFKHV

Brittle Fracture

9LVXDOL]H�WKH�FUDFN�LQ�)LJXUH���KDYLQJ�VL]H�D�DQG�VXEMHFWHG�WR�VWUHVV�σ���:KHQ�WKH
FUDFN�JURZV�E\�D�VPDOO�DPRXQW��WKH�HOHPHQW�GHIRUPV�YHU\�VOLJKWO\���7KH�VXUIDFH
VXEMHFWHG�WR�VWUHVV�ZLOO�GHIRUP�VOLJKWO\�DQG�WKH�DSSOLHG�VWUHVV�ZLOO�GR�ZRUN�RQ�WKH
HOHPHQW���7KH�DPRXQW�RI�HQHUJ\�UHOHDVHG�SHU�XQLW�LQFUHDVH�LQ�FUDFN�DUHD�FDQ�EH
FDOFXODWHG�E\�IUDFWXUH�PHFKDQLFV�
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Figure 6: Crack growth rate

,Q�RUGHU�IRU�WKH�VWUXFWXUH�WR�EH�VWDEOH��WKH�HQHUJ\�UHOHDVHG�GXH�WR�FUDFN�JURZWK�PXVW
EH�EDODQFHG�E\�WKH�HQHUJ\�DEVRUEHG�GXH�WR�WKH�IUDFWXUH�RI�WKH�PDWHULDO�DW�WKH�FUDFN
WLS���,I�WKH�HQHUJ\�UHOHDVHG�GXH�WR�FUDFN�JURZWK�H[FHHGV�WKH�HQHUJ\�DEVRUEHG�GXH�WR
WKH�IUDFWXUH�RI�PDWHULDO��WKH�FUDFN�ZLOO�JURZ�WKRXVDQGV�RI�IHHW�SHU�VHFRQG���´%ULWWOH
IUDFWXUHµ�ZLOO�RFFXU�ZLWKRXW�ZDUQLQJ�

%ULWWOH�IUDFWXUH�IDLOXUH�LV�VLJQLILFDQWO\�GLIIHUHQW�WKDQ�GXFWLOH�IDLOXUH���7KH�IUDFWXUH
VXUIDFH�LV�IODW�VKRZLQJ�FOHDYDJH�IDLOXUH���7KHUH�LV�OLWWOH��RU�QR��VKHDU�OLS���7KH�DYHUDJH
VWUHVV�OHYHO�PD\�EH�VLJQLILFDQWO\�EHORZ�WKH�\LHOG�VWUHVV�DOWKRXJK�\LHOG�VWUHVVHV�ZLOO
RFFXU�DW�WKH�FUDFN�WLS���7KH�DWRPV�VHSDUDWH�GXULQJ�FOHDYDJH�IDLOXUH�UDWKHU�WKDQ�VOLGH
E\�RQH�DQRWKHU�DV�GXULQJ�JHQHUDO�\LHOGLQJ�

Fracture Toughness

)UDFWXUH�WRXJKQHVV�PHDVXUHV�WKH�PDWHULDO·V�DELOLW\�WR�UHVLVW�EULWWOH�IUDFWXUH���$V�WKH
VWUHVV�LQWHQVLW\�.,�LV�D�PHDVXUH�RI�WKH�HQHUJ\�UHOHDVHG�SHU�XQLW�DUHD�LQFUHDVH�LQ�FUDFN
VXUIDFH��WKH�IUDFWXUH�WRXJKQHVV�PDWHULDO�.,&�LV�WKH�PHDVXUH�RI�WKH�HQHUJ\�DEVRUEHG
SHU�XQLW�DUHD�LQFUHDVH�LQ�FUDFN�VXUIDFH���)UDFWXUH�WRXJKQHVV�LV�GHWHUPLQHG�E\�WHVW�
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7KH�IUDFWXUH�WRXJKQHVV�GHSHQGV�RQ�PDQ\�IDFWRUV�LQFOXGLQJ�JUDLQ�VL]H�DQG�FKHPLFDO
FRPSRVLWLRQ���7KH�UDWH�RI�ORDGLQJ�DQG�WKH�WHVW�WHPSHUDWXUH�DOVR�DIIHFW�IUDFWXUH
WRXJKQHVV���7KH�KLJKHU�WKH�UDWH�RI�ORDGLQJ�DQG�WKH�ORZHU�WKH�WHPSHUDWXUH��WKH�ORZHU
WKH�IUDFWXUH�WRXJKQHVV���,QFUHDVLQJ�WKH�\LHOG�RU�XOWLPDWH�VWUHQJWK�RI�WKH�PDWHULDO�GRHV
QRW�QHFHVVDULO\�LQFUHDVH�WKH�IUDFWXUH�WRXJKQHVV�

7KH�FRPSDFW�WHQVLRQ�WHVW�PHDVXUHV�IUDFWXUH�WRXJKQHVV���$�W\SLFDO�WHVW�VDPSOH�LV
VKRZQ�LQ�)LJXUH�����$�PRUH�HFRQRPLF�WHVW��WKH�&KDUS\�9�1RWFK�WHVW��PD\�EH�XVHG�WR
HYDOXDWH�IUDFWXUH�WRXJKQHVV�DOWKRXJK�LW�LV�QRW�D�IUDFWXUH�WRXJKQHVV�WHVW���$
FRUUHODWLRQ�EHWZHHQ�HQHUJ\�DEVRUEHG�LQ�WKH�&91�WHVW�DQG�IUDFWXUH�WRXJKQHVV�KDV
EHHQ�GHYHORSHG�DQG�LV�IUHTXHQWO\�XVHG�IRU�GHWHUPLQLQJ�WKH�DFFHSWDELOLW\�RI�PDWHULDOV�
$�W\SLFDO�UHODWLRQVKLS�EHWZHHQ�FRPSDFW�WHQVLRQ�DQG�&91�WHVWV�LV�VKRZQ�LQ�)LJXUH
�����$�W\SLFDO�&91�VDPSOH�LV�VKRZQ�LQ�)LJXUH�����7\SLFDO�UHVXOWV�IRU�FRPSDFW�WHQVLRQ
DQG�&91�WHVWV�DUH�VKRZQ�LQ�)LJXUHV��$�DQG��%���1RWLFH�IRU�D�JLYHQ�WHPSHUDWXUH��WKH
VWDWLF�ORDGLQJ�UHVXOWV�LQ�KLJKHU�IUDFWXUH�WRXJKQHVV�WKDQ�WKH�G\QDPLF�ORDGLQJ���$OVR
QRWLFH�WKDW�LQFUHDVLQJ�WKH�WHPSHUDWXUH�LQFUHDVHV�IUDFWXUH�WRXJKQHVV�

Figure 7: Compact tension test
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Figure 8: Standard CVN test

Figure 9A: Temperature and loading rate effects on KIC

Figure 9B: Temperature and loading rate effects on CVN energy
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Figure 10: KIC and CVN energy relationship

Material Specifications

,Q�WKH�8�6���VWHHOV�XVHG�IRU�FUDQHV�DQG�EULGJHV�XVXDOO\�FRPSO\�ZLWK�UHTXLUHPHQWV�RI
$670�$������D���7DEOH���VKRZV�VRPH�RI�WKH�UHTXLUHPHQWV�RI�WKLV�VSHFLILFDWLRQ�IRU
IUDFWXUH�FULWLFDO�PHPEHUV�

7KH�]RQHV�UHIHU�WR�GLIIHUHQW�VHUYLFH�WHPSHUDWXUHV�

Zone
Service

Temperature °F
Test Temperature °F

Steel Grade

1 Above 0 36F 50F 100F

2 -1 to -30 70 70 0

3 -31 to -60 40 40 0

10 10 -30

7KH�&91�WHVW�ORDGLQJ�LV�G\QDPLF���6LQFH�WKH�VWUXFWXUH�LV�DVVXPHG�WR�EH�VXEMHFWHG�WR
VWDWLF�ORDGLQJ�UDWKHU�WKDQ�G\QDPLF��WKH�WHVW�WHPSHUDWXUH�LV�KLJKHU�WKDQ�WKH�VHUYLFH
WHPSHUDWXUH���7KH�KLJKHU�WHVW�WHPSHUDWXUH�ZKLFK�LQFUHDVHV�DEVRUEHG�HQHUJ\�LV�XVHG
WR�FRPSHQVDWH�IRU�D�KLJKHU�UDWH�RI�ORDGLQJ�ZKLFK�GHFUHDVHV�WHVW�HQHUJ\���7KH�DWWHPSW
LV�WKDW�WKHVH�WZR�HIIHFWV�ZLOO�EDODQFH�HDFK�RWKHU���7KH�VWUDLQ�UDWH�IRU�VWDWLF�ORDGLQJ�LV
DERXW������LQFKHV�SHU�LQFK�SHU�VHFRQG��IRU�G\QDPLF�ORDGLQJ��LW�LV�DERXW����LQFKHV�SHU
LQFK�SHU�VHFRQG�



3DJH���

??VDP?SFFRPPRQ?DGP?OSDSHUV?PMB���?QRQGHVWUXFWLYHHYDOXDWLRQ�GRF
��/LIWHFK�&RQVXOWDQWV�,QF���������$OO�5LJKWV�5HVHUYHG�

� < 9 6 D 5 3 8 � 3? > C E < D 1 > D C � 9 > 3 �

)RU�EULGJHV��ORDGV�DUH�VWDWLF���$OWKRXJK�FUDQHV�PD\�EH�HLWKHU�VWDWLF�RU�G\QDPLF��LW�LV
FRPPRQ�SUDFWLFH�WR�FRQVLGHU�WKH�UDWH�RI�ORDGLQJ�RQ�FUDQHV�WR�EH�VWDWLF���7KH�KLJKHU
HQHUJ\�UHTXLUHPHQWV�IRU�KLJKHU�VWUHQJWK�VWHHO�WDNHV�LQWR�DFFRXQW�WKDW�PRUH�IUDFWXUH
WRXJKQHVV�LV�QHHGHG�ZKHQ�VWUHVV�LQWHQVLW\�IDFWRUV�DUH�KLJKHU���,I���)�VWHHO�LV�VSHFLILHG
DQG�WKH�\LHOG�VWUHQJWK�LV�KLJK��VD\����NVL��WKH�UHTXLUHPHQWV�IRU�WKH�&91�HQHUJ\
VKRXOG�DFFRUGLQJO\�EH�LQFUHDVHG���1RWLFH�WKDW�WKH�H[WUDFWHG�WDEOH�LV�IRU�IUDFWXUH
FULWLFDO�PHPEHUV�

Minimum Average EnergyB, ft-lbf

Grade Thickness and Joining Method Zone 1
70 degree F

Zone 2
40 degree F

Zone 3
10 degree F

36F to 4” incl 25 25 25

50FC to 4” incl, mechanically fastened 25 25 25

to 2” incl, welded 25 25 25

50WFC to 4” incl, mechanically fastened 25 25 25

to 2” incl, welded 25 25 25

over 2” to 4” incl, welded 30 30 30

100FD, 100WFD to 4” incl,  mechanically fastened 35 35 35

to 2-1/2” incl, welded 35 35 35

over 2-1/2” to 4” incl, welded 45 45 E
A Fracture critical members or member components are defined by the American Association of State

Highway and Transportation Officials (AASHTO) as tension members or tension components of
members whose failure would be expected to result in collapse of the bridge.

B The CVN-impact testing shall be “P” plate frequency testing in accordance with Specification A 673
except tests shall be on each end of each plate.  For material greater than 1-1/2” in thickness, the
required test temperature shall be reduced by 20 deg. F.

C If the yield point of the material exceeds 65 ksi, the testing termperature for the minimum average
energy required shall be reduced by 15 deg. F for each increment of 10 ksi above 65 ksi.  The yield
point is the value given on the certified “Mill Test Report.”

D  The CVN-impact test temperatures shall be the following:

Zone 1 at 30 deg. F
Zone 2 at 0 deg. F
Zone 3 at -30 deg. F

E  Not permitted.

Reference:  ASTM A709-88a, page 668, Table 8.

Table 1: Fracture criticalA impact test requirements
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Stress, Flaw Size and Fracture Toughness Relationship

)LJXUH����VKRZV�D�W\SLFDO�FUDFN�RQ�WKH�HGJH�RI�D�SODWH�DQG�WKH�UHODWLRQVKLS�EHWZHHQ
WKH�QRPLQDO�VWUHVV��VL]H�RI�WKH�FUDFN�DQG�WKH�PDWHULDO�WRXJKQHVV���7KH�VWUHVV�LQWHQVLW\
IDFWRU�LQFUHDVHV�ZLWK�LQFUHDVLQJ�VWUHVV�DQG�FUDFN�VL]H���2QFH�WKH�VWUHVV�LQWHQVLW\
H[FHHGV�D�FULWLFDO�YDOXH��.&��WKH�FUDFN�EHFRPHV�XQVWDEOH�DQG�EULWWOH�IUDFWXUH�RFFXUV�
6LQFH�ORZHULQJ�WKH�WHPSHUDWXUH�ORZHUV�WKH�WRXJKQHVV�DQG�LQFUHDVLQJ�WKH�UDWH�RI
ORDGLQJ�LQFUHDVHV�WKH�WRXJKQHVV��WKH�ERXQGDU\�EHWZHHQ�VWDEOH�DQG�XQVWDEOH�EHKDYLRU
LV�QRW�IL[HG���7KH�JHQHUDO�ERXQGDU\�VKDSH�ZLOO�UHPDLQ�WKH�VDPH�DV�IUDFWXUH�WRXJKQHVV
YDULHV��EXW�WKH�SRVLWLRQ�RI�WKH�FXUYH�ZLOO�PRYH�GLDJRQDOO\�DZD\�IURP�WKH�RULJLQ�DV
WKH�WHPSHUDWXUH�ULVHV�DQG�WKH�UDWH�RI�ORDGLQJ�GHFUHDVHV�DQG�WRZDUG�WKH�RULJLQ�DV�WKH
WHPSHUDWXUH�GHFUHDVHV�DQG�WKH�UDWH�RI�ORDGLQJ�LQFUHDVHV�

Figure 11: Stress, flaw size, and material toughness relationship
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Design Approach

7KH�GHVLJQ�RI�D�FUDQH�VXEMHFWHG�WR�IOXFWXDWLQJ�VWUHVVHV�LV�PRUH�FRPSOH[�WKDQ�GHVLJQ
RI�D�VWUXFWXUH�VXEMHFWHG�WR�VWDWLF�VWUHVVHV���7KH�IDWLJXH�VWUHQJWK�RI�WKH�VWUXFWXUH
GHSHQGV�RQ�PDQ\�PRUH�IDFWRUV�WKDQ�GRHV�WKH�VWDWLF�VWUHQJWK���7KH�QXPEHU�RI
IOXFWXDWLRQV�RI�VWUHVV��PDJQLWXGHV�RI�WKH�IOXFWXDWLRQV��VHOHFWLRQ�RI�WKH�DSSURSULDWH
ZHOG�GHWDLO�DQG�LPSRUWDQFH�RI�HDFK�GHWDLO�UHODWLYH�WR�WKH�VWUXFWXUDO�LQWHJULW\�RI�WKH
FUDQH�DOO�LQIOXHQFH�WKH�GHVLJQ�

7KH�XQLQLWLDWHG�XVXDOO\�EHOLHYH�WKH�FUDQH�VKRXOG�EH�GHVLJQHG�WR�ODVW�IRUHYHU�ZLWK�QR
OLPLWV�RQ�LWV�IDWLJXH�OLIH���8QIRUWXQDWHO\��WKLV�LV�LPSRVVLEOH���5HDO�FUDQH�VWUXFWXUHV�ZLOO
H[SHULHQFH�IDWLJXH�FUDFN�JURZWK�DQG�LI�XVHG�LQGHILQLWHO\�ZLWKRXW�LQVSHFWLRQ�ZLOO
HYHQWXDOO\�IDLO���7KH�GHVLJQHU�DQG�RSHUDWRU�VKRXOG�ERWK�UHFRJQL]H�WKLV�

$OORZDEOH�IDWLJXH�VWUHVVHV�DUH�GHWHUPLQHG�IURP�VWDWLVWLFDO�DQDO\VLV�RI�WHVW�GDWD���7KH
WHVW�VDPSOH�LV�VXEMHFWHG�WR�IOXFWXDWLQJ�VWUHVVHV�VLPLODU�WR�WKRVH�VKRZQ�LQ�)LJXUH����
7KH�VWUHVV�UDQJH�LV�YDULHG��GDWD�LV�FROOHFWHG�DQG�DQ�DOORZDEOH�VWUHVV�UDQJH�HQYHORSH�LV
GHWHUPLQHG�DV�VKRZQ�LQ�)LJXUH������9DULRXV�GHWDLOV�DUH�WHVWHG�DQG�DSSURSULDWH�VWUHVV
OHYHOV�DUH�IRXQG�IRU�HDFK���)LJXUH����VKRZV�VRPH�W\SLFDO�GHWDLOV�DQG�DOORZDEOH�YDOXHV
�5HIHUHQFH����

'HVLJQ�VSHFLILFDWLRQV�FRQVLGHU�WKDW�FHUWDLQ�GHWDLOV�DUH�PRUH�VXVFHSWLEOH�WR�IDWLJXH
FUDFNLQJ�WKDQ�RWKHUV���+LJKHU�VWUHVVHV�DUH�DOORZHG�IRU�EHWWHU�GHWDLOV���7KHRUHWLFDOO\��D
VWUXFWXUH�FRXOG�EH�GHVLJQHG�VR�WKDW�D�GHWDLO�ZKLFK�SHUIRUPV�YHU\�ZHOO�XQGHU
IOXFWXDWLQJ�VWUHVV�LV�MXVW�DV�OLNHO\�WR�GHYHORS�FUDFNV�DV�RQH�WKDW�SHUIRUPV�SRRUO\���,Q
SUDFWLFH��VWDWLF�VWUHVVHV�RIWHQ�JRYHUQ�WKH�VWUHQJWK�RI�PDQ\�PHPEHUV�DQG�GHWDLOV�WKDW
FDQ�ZLWKVWDQG�IOXFWXDWLQJ�VWUHVVHV�ZHOO�DUH�OHVV�OLNHO\�WR�GHYHORS�IDWLJXH�FUDFNV�

7\SLFDOO\�IRU�PHPEHUV�JRYHUQHG�E\�IDWLJXH��WKH�SUREDELOLW\�RI�IDWLJXH�IDLOXUH�GXULQJ
WKH�GHVLJQ�OLIH�LV��������7KLV�LV�PXFK�ODUJHU�WKDQ�WKH�SUREDELOLW\�RI�IDLOXUH�XVHG�IRU�D
W\SLFDO�VWUXFWXUH�GHVLJQHG�WR�UHVLVW�VWDWLF�IRUFHV���5HGXQGDQF\�PD\�EH�XVHG�WR
LPSURYH�UHOLDELOLW\���5HGXQGDQW�HOHPHQWV�DUH�WKRVH�ZKHUH�LI�RQH�HOHPHQW�VKRXOG�IDLO�
WKH�RWKHU�FDQ�FDUU\�WKH�ORDG���7ZR�HOHPHQWV�DUH�PRUH�UHOLDEOH�WKDQ�RQH�EHFDXVH�RQFH
D�IDWLJXH�FUDFN�UHDFKHV�D�FULWLFDO�VL]H�DQG�EULWWOH�IUDFWXUH�RFFXUV��WKH�EULWWOH�FUDFN�ZLOO
QRW�HQWHU�WKH�VHFRQG�HOHPHQW�
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Figure 12:  Typical test fluctuating stress

Figure 13:  Typical stress range cycles to failure relationship
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Figure 14:  Effect of welds on allowable stress

7KH�RSSRVLWH�RI�LQFUHDVLQJ�UHOLDELOLW\�WKURXJK�UHGXQGDQW�HOHPHQWV�LV�GHFUHDVLQJ�LW
WKURXJK�D�VHULHV�RI�HOHPHQWV�DV�LQ�D�FKDLQ���,I�WKH�UHOLDELOLW\�LV�����DQG�WKH�FKDLQ
FRQVLVWV�RI�WRZ�OLQNV��WKH�UHOLDELOLW\�LV������RU�������,I�WKH�FKDLQ�KDV�WHQ�OLQNV�LQ�VHULHV�
WKH�UHOLDELOLW\�LV�RQO\�������7KLV�PHDQV�WKDW�WKH�SUREDELOLW\�RI�IDLOXUH�LV�QHDUO\�RQH�LQ
ILYH���7KLV�SRWHQWLDO�IRU�H[WUHPHO\�ORZ�UHOLDELOLW\�LV�QRW�UHFRJQL]HG�LQ�WKH�GHVLJQ
VWDQGDUGV�DQG�RFFDVLRQDOO\�LV�QRW�UHFRJQL]HG�E\�WKH�GHVLJQHU���2FFDVLRQDOO\��FUDQHV
DUH�GHVLJQHG�ZLWK�D�VHULHV�RI�HOHPHQWV�IRUPLQJ�D�FKDLQ�VLJQLILFDQWO\�LQFUHDVLQJ�WKH
SUREDELOLW\�RI�IDLOXUH���(DFK�OLQN�EHFRPHV�DV�LPSRUWDQW�DV�HDFK�PHPEHU�DQG�GHVHUYHV
DV�PXFK�DWWHQWLRQ�

)UDFWXUH�FULWLFDO�PHPEHUV�RI�FRPSRQHQW�PHPEHUV�DUH�WHQVLRQ�PHPEHUV�RU�WHQVLRQ
FRPSRQHQWV�RI�PHPEHUV�ZKRVH�IDLOXUH�ZRXOG�EH�H[SHFWHG�WR�UHVXOW�LQ�FROODSVH�RI�WKH
FUDQH���7HQVLRQ�FRPSRQHQWV�RI�WKH�FUDQH�FRQVLVW�RI�FRPSRQHQWV�RI�WHQVLRQ�PHPEHUV
DQG�WKRVH�SRUWLRQV�RI�IOH[XUDO�PHPEHUV�WKDW�DUH�VXEMHFWHG�WR�WHQVLRQ�VWUHVV���$Q\
DWWDFKPHQW�KDYLQJ�D�OHQJWK�LQ�WKH�GLUHFWLRQ�RI�WHQVLRQ�VWUHVV�JUHDWHU�WKDQ��µ�WKDW�LV
ZHOGHG�WR�D�WHQVLRQ�FRPSRQHQW�RI�D�IUDFWXUH�FULWLFDO�PHPEHU�VKRXOG�EH�FRQVLGHUHG
SDUW�RI�WKH�WHQVLRQ�FRPSRQHQW�DQG�DOVR�EH�FRQVLGHUHG�IUDFWXUH�FULWLFDO��5HIHUHQFH����
7KH�$670�$����PDWHULDO�VSHFLILFDWLRQ�UHFRJQL]HV�WKH�GLVWLQFWLRQ�EHWZHHQ�)&0·V
DQG�QRQ�)&0·V���6RPH�GHVLJQ�VSHFLILFDWLRQV�DOVR�UHFRJQL]H�WKH�GLVWLQFWLRQ�

Fracture Control Plan for Existing Cranes

7KH�SXUSRVH�RI�D�IUDFWXUH�FRQWURO�SODQ�LV�WR�LQFUHDVH�WKH�UHOLDELOLW\�RI�WKH�FUDQH���6LQFH
WKH�VWUXFWXUH�LV�H[LVWLQJ��WKH�RSWLRQ�RI�GRLQJ�WKLV�E\�FRQWUROOLQJ�ZHOGLQJ�WHFKQLTXHV�
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LQFUHDVLQJ�IUDFWXUH�WRXJKQHVV��DQG�XVLQJ�IDWLJXH�UHVLVWDQW�GHWDLOV�LV�XQDYDLODEOH�
,PSURYLQJ�UHOLDELOLW\�FDQ�RQO\�EH�DFKLHYHG�WKURXJK�GHWHFWLRQ�RI�IDWLJXH�FUDFNV�DQG
PDNLQJ�DSSURSULDWH�LPSURYHPHQWV�DQG�UHSDLUV�

$�IUDFWXUH�FRQWURO�SODQ�VKRXOG�LQFOXGH�LQVWUXFWLRQV�GHVFULELQJ�ZKDW�WR�LQVSHFW��ZKDW
PHWKRGV�WR�XVH�DQG�KRZ�WR�UHSRUW�WKH�UHVXOWV�RI�WKH�LQVSHFWLRQ���)UDFWXUH�FULWLFDO
PHPEHUV�VKRXOG�EH�LGHQWLILHG���7KH�OLNHO\�ORFDWLRQ�RI�FUDFNV�FDQ�EH�GHWHUPLQHG�XVLQJ
WKH�SULQFLSOHV�RI�IUDFWXUH�PHFKDQLFV���,I�WKH�VWUHVV�VSHFWUD�DUH�NQRZQ��WKH�FXPXODWLYH
GDPDJH�DW�HDFK�GHWDLO�FDQ�EH�FDOFXODWHG�

)( iD σ∆∑= PQL

ZKHUH '� �DSSOLHG

iσ∆ � �VWUHVV�UDQJH�IRU�WKH�L�IOXFWXDWLRQ

QL� �QXPEHU�RI�DSSOLFDWLRQV�RI� iσ∆

P� �H[SRQHQW�IURP�WHVW�GDWD��XVXDOO\��

7KH�DOORZDEOH�FXPXODWLYH�GDPDJH�FDQ�EH�IRXQG�E\�

σ∆=A P1

ZKHUH $� �DOORZDEOH�FXPXODWLYH�GDPDJH

σ∆ � �DOORZDEOH�VWUHVV�UDQJHV�IRU�1�F\FOHV

1� �F\FOHV�LQ�VSHFLILFDWLRQ

)LJXUH����VKRZV�D�W\SLFDO�VWUHVV�VSHFWUD���7KH�VWUHVV�UDQJH�DQG�F\FOHV�FDQ�EH�FRXQWHG
XVLQJ�WKH�UHVHUYRLU�PHWKRG��5HIHUHQFH����

7KH�UHODWLYH�FXPXODWLYH�GDPDJH��5��FDQ�EH�GHWHUPLQHG�E\�GLYLGLQJ�WKH�DSSOLHG
FXPXODWLYH�GDPDJH��&��E\�WKH�DOORZDEOH�FXPXODWLYH�GDPDJH��$���8VXDOO\��WKH
DOORZDEOH�FXPXODWLYH�GDPDJH�IRU�IUDFWXUH�FULWLFDO�PHPEHUV�LV�RQ�WKH�RUGHU�RI����
WKDW�IRU�QRQ�IUDFWXUH�FULWLFDO�PHPEHUV���:KHQ�WKH�UHODWLYH�FXPXODWLYH�GDPDJH�LV
FDOFXODWHG��WKH�UHOLDELOLW\�RI�HDFK�MRLQW�FDQ�EH�HYDOXDWHG�DQG�DQ�LQVSHFWLRQ�LQWHUYDO
FDQ�EH�GHWHUPLQHG�WR�PDLQWDLQ�WKH�GHJUHH�RI�UHOLDELOLW\�GHVLUHG���/LIWHFK�&RQVXOWDQWV
XVXDOO\�UHFRPPHQGV�LQVSHFWLQJ�WKH�FUDQH�ZKHQ�5�UHDFKHV������WR�REWDLQ�D�UHOLDELOLW\
RI�������D�VLJQLILFDQW�LPSURYHPHQW�RYHU�WKH�W\SLFDO�GHVLJQ�UHOLDELOLW\�RI������
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Figure 15:  Typical working crane fluctuating stress

7KH�RYHUDOO�UHOLDELOLW\�DQDO\VLV�VKRXOG�LQFOXGH�WKH�HIIHFW�RI�GHWDLOV�LQ�VHULHV�

3ULRU�WR�DERXW�������PRVW�VWHHOV�IRU�FUDQHV�ZHUH�QRW�WHVWHG�IRU�IUDFWXUH�WRXJKQHVV�
(YHQ�WRGD\��PDQ\�VWHHOV�XVHG�LQ�FUDQHV�DUH�QRW�WHVWHG���:KHQ�SRVVLEOH��H[LVWLQJ
PDWHULDO�VKRXOG�EH�VDPSOHG�DQG�&91�WHVWV�PDGH���:KHQ�WKLV�LV�LPSUDFWLFDO��FKHPLFDO
DQDO\VLV�PD\�LGHQWLI\�SRRU�VWHHO�VLQFH�W\SLFDOO\�WKH�IUDFWXUH�WRXJKQHVV�RI�WKH�PDWHULDO
LV�UHODWHG�WR�WKH�FKHPLVW\�

Some Common Misconceptions

7HVW�ORDG�YHULILHV�WKH�VWUXFWXUDO�LQWHJULW\�RI�WKH�FUDQH��QRW�WUXH��
7KH�ORDG�WHVW�PHUHO\�GHPRQVWUDWHV�WKH�DELOLW\�RI�WKH�FUDQH�WR�ZLWKVWDQG�VWDWLF�RU
G\QDPLF�ORDGV�XQGHU�FRQGLWLRQV�DW�ZKLFK�WKH�WHVWV�DUH�PDGH���5HFDOO�WKH�VWUHVV
LQWHQVLW\�IDFWRU�LV�D�IXQFWLRQ�RI�WHPSHUDWXUH�DQG�UDWH�ORDGLQJ���(YHQ�LI�WKH�UDWH�RI
ORDGLQJ�DQG�WKH�WHPSHUDWXUH�DUH�DW�H[WUHPHV��WKH�FUDFN�VL]H�LV�QRW���&UDFNV�RQO\�JHW
ODUJHU���$�FUDQH�WKDW�VDWLVIDFWRULO\�FRPSOHWHV�D�ORDG�WHVW�PD\�QRW�EH�VDIH�DJDLQVW
EULWWOH�IUDFWXUH�

/DPHOODU�WHDULQJ�LV�§EULWWOH�IUDFWXUH¨��QRW�WUXH��
/DPHOODU�WHDULQJ�VKRZQ�LQ�)LJXUH����LV�D�VHSDUDWLRQ�LQ�WKH�SDUHQW�RU�EDVH�PDWHULDO
FDXVHG�E\�WKUX�WKLFNQHVV�VWUDLQV�LQGXFHG�E\�ZHOG�VKULQNDJH���8QGHU�WKH�FRQGLWLRQV
RI�KLJK�UHVWUDLQWV��ORFDOL]HG�VWUDLQV�GXH�WR�ZHOG�PHWDO�VKULQNDJH�FDQ�EH�PDQ\�WLPHV
KLJKHU�WKDQ�WKH�\LHOG�SRLQW�VWUDLQV��ZKHUHDV�VWUHVVHV�GXH�WR�GHVLJQ�ORDGV�DUH�RQO\�D
IUDFWLRQ�RI�WKH�\LHOG�SRLQW���7KH�VWUDLQ�GXH�WR�DSSOLHG�ORDGV�DUH�QRW�RI�SULPDU\
FRQFHUQ�LQ�FDXVLQJ�ODPHOODU�WHDULQJ���1R�FDVHV�DUH�NQRZQ�RI�ODPHOODU�WHDUV�EHLQJ
LQLWLDWHG�RU�SURSURJDWHG�E\�GHVLJQ�ORDGV��5HIHUHQFH������$OWKRXJK�ODPHOODU�WHDULQJ�LV
D�IDLOXUH�GXH�WR�ODFN�RI�GXFWLOLW\��LW�LV�QRW�´EULWWOH�IUDFWXUHµ�DQG�LV�XQUHODWHG�WR�IDWLJXH
RU�WKH�RWKHU�LVVXHV�GLVFXVVHG�DERYH�
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Figure 16:  Lamellar tearing (not “brittle fracture”)

$GGLQJ�PDWHULDO�LPSURYHV�WKH�VWUHQJWK�RI�WKH�VWUXFWXUH��QRW�WUXH��
7KLV�FDQ�EH�VHHQ�E\�WKH�DOORZDEOH�VWUHVV�OHYHOV���7KH�DOORZDEOH�VWUHVV�DW�WKH�HQG�RI�D
FRYHU�SODWH�LV�RQO\�D�IUDFWLRQ�RI�WKH�DOORZDEOH�VWUHVV�EH\RQG�WKH�FRYHU�SODWH���:KHQ
IDWLJXH�FUDFNV�GHYHORS�LQ�D�GHWDLO�ZKLFK�LV�OHVV�VHYHUH�WKDQ�WKH�HQG�RI�DQ�DWWDFKHG
SODWH��DGGLQJ�D�FRYHU�SODWH�LV�QRW�DQ�LPSURYHPHQW���7KRXJK�WKH�VWUXFWXUH�ZLOO�FDUU\
WKH�ORDG�WHPSRUDULO\��LWV�OLIH�ZLOO�EH�VKRUWHU�WKDQ�WKDW�RI�WKH�RULJLQDO�VWUXFWXUH�

Conculsion

)DWLJXH�FUDFN�JURZWK�DQG�XOWLPDWH�´EULWWOH�IUDFWXUHµ�LV�D�WKUHDW�WR�DOO�FUDQHV���(YHQ
ZHOO�GHVLJQHG�FUDQHV�PHHWLQJ�DOO�UHFRJQL]HG�VWDQGDUGV�ZLOO�GHYHORS�IDWLJXH�FUDFNV
RQ�D�UDQGRP�EDVLV���,I�XQFKHFNHG��WKHVH�FUDFNV�ZLOO�JURZ�DQG�PD\�FDXVH�VWUXFWXUDO
IDLOXUH���$�VXLWDEOH�IUDFWXH�FRQWURO�SODQ�EDVHG�RQ�WKH�SULQFLSOHV�RI�IUDFWXUH�PHFKDQLFV
ZLOO�UHGXFH�WKH�FKDQFH�RI�EULWWOH�IUDFWXUH�

7KURXJK�FRVW�HIIHFWLYH�LQVSHFWLRQV��UHOLDELOLWLHV�FDQ�EH�JUHDWO\�LQFUHDVHG�DQG�WKH�OLIH
RI�WKH�FUDQH�FDQ�EH�H[WHQGHG�ZHOO�EH\RQG�LWV�RULJLQDO�SODQQHG�OLIH�
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�� %ULWLVK�6WDQGDUGV�,QVWLWXWH��´6WHHO��&RQFUHWH�DQG�&RPSRVLWLRQ�%ULGJHV��3DUW����
&RGH�RI�3UDFWLFH�IRU�)DWLJXH�µ�%6������3DUW��������

�� $PHULFDQ�,QVWLWXWH�RI�6WHHO�&RQVWUXFWLRQ��´&RPPHQWDU\�RQ�+LJKO\�5HVWUDLQHG
:HOGHG�&RQQHFWLRQV�µ
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