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Model Shake Table Test and Numerical Analysis
on Dynamic Behavior of Low-Profile Container Crane during Strong Earthquakes
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Soshi SATO**

Synopsis

There are limited surfaces, such as a conical surface and the approach surface is in the area
around airports, setting a limit to the height of buildings. If there is a container wharf in that area, a
low-profile container crane shall be employed, which does not include A-frame supporting tension
bars and does not raise a boom to be suspended. A low-profile container crane has not been
introduced into Japanese ports and its seismic property during earthquakes, which is important to
design structures in our country, is unclear; the dynamic response behavior during a level 2
earthquake in Japanese technical standards for port structures has not been clarified. Base isolation
mechanisms have been introduced into container cranes in high earthquake-resistance facilities and,
however, applicability of base isolation mechanism to a low-profile crane has not been investigated.

Vibration was observed in an actual low-profile container crane, to confirm the vibration
characteristics in this research. It was confirmed that natural period of the low-profile crane is
shorter than conventional container cranes. Preparing a 1/16 scale model of low-profile crane with
reference to the information obtained in the vibration observation, dynamic behavior during large
earthquakes and applicability of seismic isolation and boom slides mechanism were examined with
model shake table tests. Numerical analysis with a three-dimensional frame model was examined to
confirm reproducibility of experimental results such as response acceleration, leg load and seismic

isolation displacement.
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F=-A 1 [EA A & R ERE (7 — & KSNN, 5k L,
TEZERT)
=V Ak A FHRE
R (Hz) (s) X Y z
1 2.354 0.425 0.0000 0.0000 2.3602
2 3238 0.309 1.0837 0.0008 0.0000
3 3937 0.254 0.0000 0.0000 -1.4740
4 6.853 0.146 -0.0273 1.7944 0.0000
5 7.665 0.130 0.0000 0.0000 -0.3443
6 8.502 0.118 0.0000 0.0000 0.0470
7 10.085 0.099 0.0000 0.0000 0.0902
8 16.753 0.060 0.0000 0.0000 0.5286
9 17.158 0.058 0.0197 0.8417 0.0000
10 21.887 0.046 0.0000 0.0000 -0.1900
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F-A.2 EAEH AR (U — X KSAN, vbbE— *F-A 6 [EAEMY RS (U — A& KKAN, vLE—

LR, (EERF) L TREEEBRBR, 7 — AR T A FEEERE
TF R ] RIBRE R, IRIERE)
R (Hz) (s X Y z Py AR B FIRRE
1 1.080 0.926 1.0094 0.0001 0.0000 - CH2) (o) " v >
2 2.354 0425 0.0000 0.0000 2.3602 1 0.340 2.943 1.0486 ~0.0001 0.0000
3 3937 0.254 0.0000 0.0000 ~1.4739 2 1582 0632 09808 0,003 0.0000
4 6.853 0.146 ~0.0026 1.7943 0.0000 3 2504 0.399 0.0000 0.0000 2.2657
5 7.665 0130 0.0000 0.0000 ~0.3443 4 4556 0219 0.0000 0.0000 ~1.4395
6 8.501 0118 0.0000 0.0000 0.0468 5 5056 0,198 20,0013 9945 00000
7 10.084 0.099 0.0000 0.0000 0.0903 . 5619 o151 0.0000 0.0000 01945
8 16.753 0.060 0.0000 0.0000 05284 7 9114 0.110 0.0000 0.0000 0.0853
9 17.153 0.058 0.0030 0.8396 0.0000 P 17350 0.058 00000 00000 01826
10 21.878 0.046 0.0000 0.0000 —0.1901 9 19.497 0.051 0.0004 —1.3534 0.0000
10 22317 0.045 00023 ~03117 0.0000

F=-A. 3 EAEH ERERES (U —A RSAL, vE—
L RSEIEERE, 7 — LA T A R,

VEZERS)

—h R A FlSRE

RE [Hz) (s) X Y z
1 0.340 2.940 1.0608 -0.0001 0.0000
2 1.424 0.702 0.9692 0.0000 0.0000
3 2771 0.361 0.0000 0.0000 24492
4 4812 0.208 0.0000 0.0000 -1.7159
5 7.135 0.140 0.0014 1.8214 0.0000
6 8.104 0.123 0.0000 0.0000 0.4328
7 8.839 0.113 0.0000 0.0000 0.2511
8 18.224 0.055 0.0000 0.0000 0.3273
9 18.449 0.054 0.0009 0.8941 0.0000
10 21.354 0.047 0.0000 0.0000 0.1590

F-A 4 EAEH AR (O — & KKNN, fER L,

IRFERF)

=V [Bi% % A FlSRE

R (Hz) (s) X Y z
1 2178 0.459 0.0000 0.0000 2.3880
2 3.240 0.309 1.0811 00198 0.0000
3 3832 0.261 0.0000 0.0000 -1.4849
4 4683 0.214 -0.2359 20192 0.0000
5 6.174 0.162 0.0000 0.0000 0.4900
6 8.285 0.121 0.0000 0.0000 0.0817
7 15.352 0.065 0.0000 0.0000 -0.3551
8 16.690 0.060 0.0016 -1.3125 0.0000
9 17.292 0.058 0.0000 0.0000 0.4778
10 19.956 0.050 0.0398 -0.2872 0.0000

F-A.5 EAEH AR (7 —A KKAN, vbe—
L PRI E R, RERE)

L IR R FlRREK

R (Hz) (s) X Y z
1 1.200 0.833 1.0116 0.0015 0.0000
2 2178 0.459 0.0000 0.0000 23879
3 3832 0.261 0.0000 0.0000 -1.4849
4 4678 0.214 -00184 20230 0.0000
5 6.175 0.162 0.0000 0.0000 0.4901
6 8.284 0.121 0.0000 0.0000 0.0817
7 15.351 0.065 0.0000 0.0000 0.3544
8 16.692 0.060 0.0002 -1.3130 0.0000
9 17.291 0.058 0.0000 0.0000 0.4783
10 19.938 0.050 0.0106 -0.2868 0.0000
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