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2. Survey of Damage of Cranes in the Southern Hyogo-prefecture Earthquake

by Yoshio KiTsunNar* and Yutaka MAEDA**

Abstract: On the early morning of 17th January 1995, a very severe earthquake hit around the
southern portion of the Hyogo prefecture, particularly the city of Kobe. The earthquake caused
catastrophic disaster, with more than 6,400 people dead, about 300,000 injured due to collapse
of more than 100,000 buildings resulting from severe shaking and fire. All types of cranes, such as
container cranes in Kobe harbor, unloaders, jib-cranes in shipbuilding yards, tower cranes in building
lots, overhead travelling cranes in manufacturing works, etc. were broken or failed significantly.

The epicenter was near Awaji island and located at 34° 36.4’ North latitude, 135° 2.6’ East
longitude. The Richter Magnitude of the earthquake was estimated to be 7.2. The focal depth was
approximately 14.3 km. Peak ground accelerations at Kobe Ocean Meteorological Observatory were
818 gal in the north-south direction (NS), 617 gal in the east-west direction (EW), and 332 gal in
the vertical direction (VD), and duration of strong shaking was less than 10 sec. The area, which
suffered acceleration above 600 gal, extended from Takatori through Nishinomiya, and was a narrow
band of approximately 20 km long and 1 km wide.

National Institute of Industrial Safety (NIIS) and Japan Crane Association (JCA) dispatched a
reconnaissance team to Hanshin area to assess the damage of cranes. In addition, questionnaires were
sent to heavy industry works, manufacturing factories, civil engineering works, and port facilities,
etc. in Kansai area. 117 replies for the questionnaires were received. The number of damaged cranes
identified by the questionnaire is corresponding to 56.6% of a total number of damage cranes of 207
cases.

The main results are follows;

(1) The cranes with high height such as a tower crane and a jib crase suffered more damage compared
with the crane with low height such as an overhead traveling crane.

(2) Main damage cause of overhead traveling cranes was falling down of main girder and derailment
from rail due to large plastic deformation of runway girder.

(3) Damage of portal jib cranes was particularly concentrated around roller path. About a half of
the portal jib cranes damaged due to buckling of the columns. »

(4) Plastic deformation and collapse of jib accounted for approximately 50% of whole damage causes
of tower and climbing cranes.

(5) The tower crane fixed with stay was severely damaged, while the tower crane without stay
suffered relatively minor damage. The tower crane mounted on the rooftop of 17 stories building
overturned and fell down due to brittle failure from bottom of the tower. ,

(6) Container cranes and unloader installed along waterfront of reclaimed lands were severely dam-
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aged due to movement of foundation associated with soil liquefaction.
Keywords; Earthquake, Crane, Seismic damage, Brittle fracture, Plastic deformation, Buckling,

Soil liquefaction
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Fig. 1 Record of grand motion observed at Kobe Ocean Meteorological Observatory.

HMEBERRAETHA A IEERHEO



EREREDHECE TS 7 V- ORERE

H
R e
818

Akashi
“ e
k@ Epicenter o g
Sakai z]
Awaji Island
Rokko Island
Port Island
Fig. 2 Map of peak ground acceleration of Kobe port vicinity.
WA EMEORKINEE
Table 1  Peak ground motion of Kobe Ocean meteorological Observatory (KOMO) and Port island.
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Location  North East Direc- Acceleration Displacement
Latitude  Longitude tion Max. Predom. Max. Predom.

Freq. Freq.

(gal) (Hz) (cm) (Hz)

NS 818.1 14 24.3 0.0

KOMO 34.67 153.18 EW 617.3 1.4 16.1 0.0
UD 332.2 0.8 17.0 0.0

Port NS 678.8 2.9 28.1 0.2
Island 34.67 135.21 EW 302.6 2.9 12.0 0.3
UD 186.1 0.4 12.1 0.3
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Photo 4

Failure of jib of portal jib crane.
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Fig. 6 Damage cause of tower and climbing cranes.
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Photo 5

Failure of jib of tower crane.
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Photo 6  Falling down of a part of tower located above
the fixed stay of tower crane.
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Photo 7  Brittle failure of jack used stay.
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Photo 10 Collapse of unloader.
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