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Study on Earthquake Resistibility of Container Cranes and Jib Cranes

by Seiji TakaNasHI* and Yasumichi Hino*

Abstract: The Hyogoken-nambu earthquake, which occurred on January 17, 1995, caused damage
not only to buildings but also to a number of large cranes. The collapse of these large cranes did
not cause human casualties because the earthquake occurred early in the morning. However, their
collapse could have harmed many workers at the harbor. It was also pointed out that the problems
with material-handling machinery caused delays in delivering relief goods such as medical products,
foodstuffs, and water. In particular, transportation by ship was necessary because damage to roads
was severe. This paper deals with the seismic response characteristics of container cranes and jib
cranes. Damage observed in container cranes can be classified into two types. One type is damage
due to opening of legs by the liquefaction of the ground. The other is buckling of crane legs due
to rocking. We researched the damage caused by rocking of the crane with shaking table tests and
numerical analysis simulations. We used a 1/15 crane model for the shaking table tests. We
presumed that the marks of damage on the pier were due to the rocking of the cranes, and we
confirmed that marks of damage were due to such behavior of the cranes by the shaking table tests.
The crane response acceleration that can be used as an index for seismic intensity in the design
was greatest with the maximum input acceleration of 8.5 m/s®. We found that the response
acceleration remained constant even if the input acceleration increased further. The maximum axial
force in the legs showed similar characteristics, but the maximum bending moment in the legs grew
larger as the input acceleration grew. As we were sure that test results could be obtained through
numerical analysis simulation, we carried out simulation analyses using seismic waves with various
characteristics. We obtained the same results as from the shaking table tests regardless of seismic
characteristics. Our test and analysis results show that the axial force and bending moment in the
legs can be estimated without non-linear calculation. These stresses obtained by linear calculation
give safer side results than the results obtained by non-linear calculation. In addition, we proved
with numerical analysis simulations that seismic resistibility can be improved by lowering the container
crane’s center of gravity.

The most serious damage to jib cranes was the falling of the part above into the roller path. We
carried out shaking table tests and numerical analysis simulations in the same way as container
cranes. We found through our tests and simulations that dynamic analyses are not necessary for
jib cranes because of very high natural frequency. As a result, we concluded that the Construction
Code for Cranes, which is simple and in use, is effective for jib crane design.
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Table 3 Seismic intensity by ground condition
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Table 4~ Comparison of seismic intensities by design
method
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