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Using fracture mechanics, the number of cycles required, DN, for a crack to grow 
from an initial size, a1, to a larger size, a2 ,is calculated.  Also using fracture 
mechanics, the critical crack size, acr , is calculated.  So, in theory, an inspection 
interval could be determined for the given geometry, material properties, and stress 
history so cracks would be detected before they reach the critical size.  This approach 
is suitable for airplanes and other machines that have well defined geometry, 
material properties, and stress history, but it is not suitable for cranes.  There are too 
many unknowns. 

We do not know the geometry at the toe of the weld, because no two welds are the 
same.  The allowable stress is determined from numerous fatigue tests.  The scatter is 
so great that the allowable stress is given in terms of Gaussian values, the mean and 
standard deviation.  We do not know the material properties, tensile yield and 
fracture toughness very well.  Only a few samples are taken from a large batch of 
steel.  So the properties for each piece of plate are known only within wide 
variations.  And finally, we do not know the stress history. 

Because of the many random variables, we believe the safest and most cost effective 
approach is the suggested one based on fracture mechanics and statistical analysis.   

SOME EXAMPLES OF FAILURES AND REPAIRS 
Now that we know the basis of the structural 
maintenance program and what factors are 

 

 

Oakland Low Profile Crane 



 
 

 

11 

Fatigue
crack

Drilled hole at end
of crack.
Hole remains.
Crack stops

Improve contour.

G
rin

d

OR

 

Fig. 13: Hanger Repair Fracture Surface 

important, we are ready to make inspections.  But when a crack is detected, what 
should be done? 

Three cases are presented to guide you.  The conditions and repairs were different 
for each case.  But in each case, the failure was repaired following the principles of 
fracture mechanics discussed above. 

Low Profile Cranes 
Oakland Hanger Failure 

In 1988, during normal operations, a waterside hanger blade failed.  A fatigue crack 
initiated at the toe of the wrap around connecting the gusset plate to the blade.  See 
photos.  The fracture surface clearly indicated a fatigue crack that had grown to 
several inches and resulted in brittle fracture.  The brittle fracture was indicated by 
the crystalline fracture surface and the absence of shear lips. 

The crane was designed to stand with one hanger broken, provided the remainder of 
the structure was intact.  Fortunately, no other blades were cracked and the structure 
was intact.  The structure performed so well that the operator didn’t notice the major 

 fracture until he finished his shift and could not retract the boom.  He noticed that 
one side of the boom had dropped about six inches, but this didn’t concern him. 

Another odd circumstance: The joint had been MT inspected the day of the failure.  
The inspector inspected the fillet welds on the inside of the gusset but did not 
inspect the wrap around weld at the outside edge of the blade, since it was difficult 
to reach.  Since he didn’t understand the situation, he spent his time inspecting the 
welds that had little chance of cracking, and did not inspect the small portion of the 
weld that was most likely to crack.  If he understood the subject, he could have spent 
less time and found the crack.  For your guidance, Appendix A shows where fatigue 
cracks are likely to occur. 
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Elizabeth Low Profile Crane 

 

The detail at the wrap around weld is not allowed by current standards.  A number 
of details that have been used are likely to crack and should be avoided.  Appendix B 
shows some welds that are not allowed by the Liftech specifications and the proper 
details.  Many of these details have become industry standards. 

The fractured blade was replaced with an improved detail according to the 
recommendations in Appendix B.  The uncracked blades at the other hangers were 
modified to improve the contour at the weld.  And since we did not know the 
fracture toughness of the material, reinforcing plates were bolted to the blade and 
gusset plate as had been done on the Sea-Land low profile cranes in Elizabeth NJ.  
See photos. 

Elizabeth Hanger Repair 

In 1975, after a catastrophic fatigue 
failure caused a low profile boom to 
collapse and crash onto a ship, the 
remaining low profiles cranes were 
carefully inspected.  The inspection 
detected a small fatigue crack at the 
wrap around weld similar to the detail 
that failed in Oakland.   

Repairs were made.  A hole was drilled 
a short distance beyond the crack and 
reinforcing plates were bolted to the 
blade and gusset plate.   

The hole acted a crack stopper.  Once the 
crack reached the hole, the stress 
intensity would be less the fracture 
toughness and the crack would stop.  
After about 15 years, the crack did 
progress to the hole.  Since the 
reinforcing bars covered the sides of the 
blade, only the end was visible.  Now 
that the crack had reached the hole, it 
opened enough so the crack was visible at the edge of the blade.  This was to be 
expected and had been predicted.  But the operator was concerned that perhaps the 
crack did not go to the hole and may be progressing across the blade.  So the bolted 
plates were removed for inspection.  The hole had progressed to the hole and 
stopped just as fracture mechanics led us to expect.  There are many unknowns 
about crack growth.  But there is one certainty: the crack always grows 
perpendicular to the principal stress. 
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Fig. 15:  Leg Repair 

Defective butt jointAdded stiffeners

Fig. 14: Upper Chord Repair 

Although the hole was an acceptable solution, technically we would have been better 
to make the hole and then neatly cut the plate to the hole.  Then the layman would 
not have been concerned. 

Oakland Low Profile Upper Chord Repair 

During routine maintenance inspections, 
indications were found at the root of the 
complete penetration butt welds in the 
upper chord.  Attempts were made to 
repair the welds, but the root at the backing 
bar could not be brought up to current 
standards.   

The joint is fracture critical, so a reliable 
solution was needed.  We could not risk the uncontrolled growth of a crack initiating 
at the root, so reinforcing bars of high strength and extremely tough material were 
welded to the outside of the upper chord.  See Fig. 14.  These bars reduced the stress 
at the butt joint, thereby reducing the fatigue crack growth rate.  They were designed 
to carry the full upper chord load, making the welded butt joint redundant.   

Notice that the fillet weld on the bars is interrupted at the butt joints.  This will 
prevent a crack extending from the pipe into the bars.  With the bars in place, the 
chance of fracture at the butt joint is reduced.  With the repair, the most likely 
initiation location of fatigue cracks is at the ends of the bars.  These ends are 
inspected regularly in accordance with the 
port’s structural maintenance program.  

Oakland Crane Leg Cracks 

The conventional A-frame container crane 
had been raised to service larger ships.  See 
photos next page.  New diagonals 
extending from the portal tie to the leg 
were added, and a new gusset plate was 
welded to the leg.  During a routine 
structural maintenance inspection, cracks 
were found at the discontinuity at the end 
to gusset plate weld to the leg. 

The crack started at the end of a very rough 
butt weld.  

The repair was straightforward.  A hole was drilled just beyond the end of the crack, 
and the plates were butt welded with complete joint penetration welds.  The rough 
contours were ground smooth.  This repaired the cracks and extended the life of the 
new detail by a factor of four or more. 
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This is a good example of proper inspection at the critical locations.  The cracks were 
found and repaired before any serious damage occurred. 

One final comment about crack removal.  Generally, a hole should be drilled at the 
end of the crack before the crack is removed by burning.  The heat causes the 
material to expand.  The crack has zero clearance, so the heat causes tension at the 
crack tip and can cause the crack to advance.  In one case, a welder caused a crack in 
a rail support beam to advance 130 feet.  He thought he was finding more cracks.  
Actually the crack that needed removing was only a few inches long.  
Understanding helps. 

CONCLUSION 
If we understand the phenomena, we can apply our understanding and put our 
efforts where they are most effective.  

Structural maintenance programs are necessary to maintain highly reliable cranes.  If 
cracks are detected in their early stages, repairs are usually straightforward and 
economic.   

Although life is uncertain we can improve our odds. 
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APPENDIX A: 

TYPICAL PATTERNS OF FATIGUE CRACKING 
 

Reference:  British Standards Institution. BS 5400: Part 10:1980. Steel, Concrete and 
Composite Bridges. London: BSI. 
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APPENDIX B: 

STRUCTURAL DETAILS 
 

These details have been prepared in accordance with recognized engineering 
principals and are intended for use only by competent persons who, by education, 
experience, and expert knowledge, are qualified to understand the limitations of the 
data. 

Permission to use, copy, and distribute this document is hereby granted for private, 
non-commercial, and educational purposes only, provided that the above copyright 
notice appears.  All other rights reserved. 

The publication of the information is not intended as a representation or warranty by 
Liftech Consultants Inc.  Anyone making use of the information assumes all liability 
arising from such use. 
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RELIABILITY OF SYSTEM SHALL BE
CALCULATED BY DETERMINING THE
RELIABILITY “D” OF EACH LINK INCLUDING ALL
CONNECTION DETAILS, AND CALCULATING THE
RELIABILITY OF THE SYSTEM USING:

DSYSTEM = DA x DB x DC … DN

FOR EXAMPLE, THE RELIABILITY OF LINK A IS
D  = D1 x D2 x D3 x D4 x D5 x D6 x D7 x D8
THE VALUES OF Di ARE FOUND FROM TABLE
FOR EACH Ri.

NOTICE WHEN R < 0.4, D = 1
AND WHEN THE CALCULATED STRESS RANGE
IS < 0.74 X ALLOWABLE STRESS RANGE, R < 0.4.

Liftech Standard Structural Details. Copyright ©1995, 2000, 2008 Liftech Consultants Inc.




