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(a) The tie rods of the front girder of the quay crane
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(b) Crack at the root of the tie rod
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Fig.1 Fatigue crack of quay crane tie rod structure
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Fig.2 Main metal structure of quay side container crane
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Fig.3 Time-domain data of vertical acceleration of girder

hinge points
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Fig.4 Installation position of vibration sensor on quay side

hinge
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Fig. 5 Tested vertical acceleration time-history of hinge
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Fig. 6 Tested vertical acceleration frequency spectrum of hinge
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Fig.7 Acceleration frequency spectrum of quay crane hinge
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(c) Squeeze and wear of track pad
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(d) Thickness of track pad after use
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Fig. 8 Squeeze and wear of quay side track joint pad
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Tab.1 Single beam model parameters
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Fig.9 Mid-span vertical displacement of girder under

different load or velocity conditions
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Fig. 10 The vertical displacement of girder in mid-span
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under different load or velocity considering

centrifugation
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Container quay crane structural dynamic response under trolley traveling

HU Xiong, DONG Kai, ZHENG Pei, SUN Zhi~wei, MU Sen
(Logistics Engineering College, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Structural response of quay crane should be paid more attention to with the growth of worldwide logistics demand. This
paper analyzes the response mechanism of the metallic structure of the quay crane induced by trolley traveling. On-site test is con-
ducted. The time domain of crane girder acceleration signal shows that the main influence of the trolley travelling on crane structure
is the high-frequency impact as it passes through the hinge point. The spectrum shows the main frequency of structure vertical vibra-
tion and impact vibration. Based on Euler-Bernoulli beam theory, a numerical model of quay crane single beam structure is estab-
lished. The influence of different working conditions on the dynamic response of the beam structure and effect of the centrifugal ac-
celeration term in the dynamic equation on logistics equipment such as quay cranes is analyzed. A refined model of the whole struc-
ture including the critical parts of the structure, such as the hinge points, the rail girder and other structural geometric features is es-
tablished. The trolley is simulated with simplified mass points, and the interaction between the trolley and the girder is realized by
the contact between the mass and the shell elements in the dynamic analysis of the quay crane structure. The eccentric force of the
rail girder is considered, and the acceleration response of the girder hinge point is calculated, which is basically consistent with the
measured signal results. After calculation and analysis, the frequency spectrum of the measured acceleration signal and the calculat-
ed signal spectrum at the girder hinge point of the quay crane show that the main influence of the trolley traveling on the quay crane
structure is the high-frequency impact. The influence of the impact on the surrounding structure cannot be ignored. At the same
time, the displacement results of 10 measuring points on the girder of the quay crane model and the trolley show that when the trol-
ley runs at a constant rated speed with the rated load, the front end of the girder of the quay crane produces a vertical quasi-static

displacement. The displacement spectrum indicates that the trolley is mainly affected by the vertical direction forced vibration.

Key words: quay side container crane; trolley travelling; contact method between mass and shell; non-central force; dynamic

response
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