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7. Concluding Remarks
by Yoshio KiTSunNar*

Abstract; In this study, survey of failure of cranes, monitoring of stress spectrum acting on compo-
nents in a girder of a crane, fatigue crack initiation and propagation lives of welded joints, estimation
of fatigue crack growth life, and weld repair method were examined to prevent failure of overhead
travelling cranes due to damages associated with fatigue and degradation of materials. The results are
summarized as follows:

(1) Fatigue occupies almost fifty percent of damage causes of cranes and others are abrasion, corrosion
etc. The damages of crane initiate to appear after three to four years service, and most of the cranes
have been damaged after fifteen years service. The initiation life of the damages tends to decrease with
increasing hoisting capacity of crane.

(2) The location of damages in runway girder is concentrated at highly stressed region such as the
throat of the top flange to the web or to the stiffener, the welded joints between a bottom flange and
attached members and the terminations of stiffeners. The damage locations of the main girder are
essentially the same as those of the runway girder.

(3) As a result of stress monitoring of a main girder under service, the majority of the stresses is
occupied by relatively low stress ranges below 20 MPa. However, relatively high stresses acted on the
main girder when the lowering was stopped abruptly by braking. Moreover, the component located in
the middle of the main girder was subjected to the stresses reaching around 30 MPa, when the crab
trolley traversed from one side to the opposite side on the main girder.

(4) The stress spectrum monitored for the main girder under service can be approximately expressed
by Weibull distribution.

(5) The crack opening stress intensity factor, Kop, in the welded joints subjected to a two-step program
loading is found to be almost the same in each block and is governed by the maximum stress intensity
factor in the block. 4

(6) The fatigue crack growth rate, da/dN, of welded joint subjected to the two-step program loading
is correlated with an effective stress intensity factor range estimated based on linear accumulation of
the stress intensity factor range which is defined as KiRmax-K op, where Kirmax is the maximum stress
intensity factor which takes into account the residual stress at each step in a block.

(7) The stress concentration factor of the gusset welded specimens tested takes around 2.4. The fatigue
strength of the gusset welded specimens under the program loading determined based on monitoring of
stresses acting on components of an overhead travelling crane has roughly 90 MPa regardless of
specimen size. The fatigue life of the gusset welded specimens is dominated by the crack initiation
rather than the crack propagation life.

(8) The da/dN of the gusset welded specimens under the program loading is correlated with an effective
stress intensity. factor range, AK Rem, estimated based on linear accumulation of the stress intensity
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factor range which takes into account residual stress at each step in a block: ,
(9) The prediction of fatigue propagation life of the gusset welded joints using A K Rem agrees with the
experimental results in the range of error within 15 %, when the crack length is less than 20 mm.
(10) The fatigue strength of the repair welded gusset plate specimens is somewhat higher than that of
as-welded ones because of release of residual stress arising from reheating during the repair weld and
reduction of stress concentration of the weld toe.

(11) The fatigue strength of the repair weld specimens with partial-penetration of weld metal decreases
with increasing the initial crack length. In case of the one-surface repaired specimens with partial
penetration of weld metal, it is difficult to obtain the enough fatigue strength, while the both surfaces
repaired specimens satisfies the requirement of the design code of overhead travelling crane.

(12) In case of cover plate repair specimens, the fatigue strength markedly reduces due to high stress
concentration at the side fillet weld. Therefore the cover plate is an inadequate repair method, and is
inapplicable to cranes subjected to cyclic loadings.

(13) The following repair method for crane members may be recommended: removing the crack from
the damaged component by machining or air-arc gouging and making a groove, filling the groove
completely from both surfaces of the component by welding, and finally finishing by grinding to reduce
the stress concentration.

Keywords; Overhead travelling crane, Survey, Damage, Fatigue, Degradation, Failure analysis,
Fatigue strength, Fatigue crack, Stress monitoring, Service stress, Rain-flow method, Repair weld,
Gusset welded joint, Residual stress, Program loading, Fracture mechanics, Superposition, Life
prediction,
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