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Research of Earthquake Resistance of Tower Crane for Construction.
by Seiji TakanasH™ and Yutaka MaEpA™

Abstract : A lot of tower cranes were severely damaged by the Hyogo—ken Nambu earthquake that had occurred
on January 17, 1995. There were several major classifications of damage. The most extreme serious examples are
the following three types. 1) Damage of mast part. 2) Damage of jib part. 3) Damage of base part. In this research,
the damage of mast and the damage of the jib were examined. The purpose of this research is to propose
measures to prevent such damage. However, the dynamic characteristics of the tower crane have not been
examined enough. Therefore, at first, the free vibration test was done with the tower crane actually used on the
construction site, and the dynamic vibration characteristics were examined. The lifting capacity of this tower
crane is 200tm. The lifting capacity and the height of the crane were the same as the severely damaged tower
crane. Next, the reduced-size model for the shaking table test was constructed based on those data. A
reduced-size model (1/36 in length of the full scale) was utilized. The purposes of the shaking table tests were to
confirm the damage situation of the crane and the effectiveness of the earthquake resistance measures, and to
make an analytical model for a numeric simulation. The crane damaged at the mast was for the high rise building
construction. This crane is connected to the building by stays. The damaged part was a part where the stay had
been installed. The shaking table test was able to confirm that. Moreover, it has been understood that the
vibration characteristic of connected buildings strongly influences the vibration characteristic of the tower crane.
When thinking about the earthquake resistance of the crane, it is necessary to think about both the
characteristic in the building and characteristics of the crane. It was confirmed that improvement in earthquake
resistance performance could be achieved by installing oil dampers into the stays. The validity of an analytical
model for a numeric simulation could be confirmed by these experiment results. The crane damaged at the jib was
for the low rise building construction. This crane can stand by itself and comparatively small. As for the crane of
this type, the numerical analysis simulation did the examination. The crane of 20tm, 40tm, 60tm and 100tm were
chosen as an analytical model. The following has been understood from an analytical result. In the tower crane of
60tm, damage was little and negligible. It corresponds to the analytical result. It has been understood that the
earthquake resistance performance is greatly different according to the up and down angles of the jib. To
decrease the stress generated in the jib, the rotation restraint of the revolving frame was released. However, the
stress has not become small. In static mechanics, this method is effective. However, it was not necessarily
effective in dynamic mechanics. It was confirmed that the earthquake resistance performance improved by
absorbing the rotation energy of the revolving frame. Moreover, the hook was used as TMD to decrease the
stress of the jib. From the analytical results, it was understood that this method is not necessarily effective.
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Fig. 2 The outline drawing of the full-scale tower crane.
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Table 2 Mass distribution of building models.
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Table 3 Specifications of building model.

BMETILOFET
#Eip-1 -2
1 A 0.30 & 0.38 7
2 WA 0.11 # 0.13 %
1 /RE—F 113kg 170kg
EHEE
Zim-1 zm-2

7T
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Fig. 4 Mode shapes of tower crane.
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Table 5 Specifications of tower cranes.
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Table 6 Earthquake resistance measures.
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