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Experimental Study on Torsion Springing and Whipping of Large Container Ship
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As the size of container ships increases, the springing and whipping phenomenon has been among important design
considerations due to its significant effect on wave loads and fatigue analysis. Thus the need for reliable model test data
is increasing for validation of state-of-the-art analysis tools for the springing and whipping. In the present study, a model
system for the measurement of torsion springing and whipping has been described. The model was composed of an elastic
backbone and a segmented container ship in which the natural frequencies of bending and torsion were matched to the
target values. A series of model tests has been conducted for the selected cases of springing and whipping in regular and
irregular waves. Discussions were focused on the physics of torsion springing and whipping observed in the model test, and
technical difficulties associated with interpreting the torsional moment from measured strains from the backbone model.

INTRODUCTION

As the size of container ships increases, the springing and
whipping phenomenon has been among important design consid-
erations due to its significant effect on wave loads and fatigue
analysis. Almost 15,000 TEU-class container ships are already in
service, and the appearance of very large container ships, much
bigger than 15,000 TEU, is expected in the near future. Thus, the
need for experimental investigation of springing and whipping has
arisen from classification societies as well as shipbuilders because
model test data are the most reliable references for validation of
state-of-the-art analysis tools.

The increasing importance of evaluating the springing and
whipping effects on large container ships’ structural integrity
continuously has been driving classification societies to develop
and enhance their analysis tools and the procedures associated
with the evaluation of structural loads and fatigue analysis. Most
analysis tools for wave loads and dynamic responses, including
hydroelastic effects used in major classification societies, have
been based on potential theory and 3D panel methods com-
bined with a simplified beam model or full FEM (Finite Element
Method) model (G-Hydroflex, HydroSTAR, NLOAD3D, WISH-
FLEX (Hong et al., 2010), but the RANS (Reynolds Averaged
Navier-Stokes equation) approach has become a potential alter-
native for analyzing nonlinear wave forces due to the recent
advances in CFD (Computational Fluid Dynamics) technology
(Oberhagemann et al., 2010).

A systematic experimental study on wave-induced vibrations
(springing and whipping) has been conducted by Storhaug and
Moan (2006). The model was made of 4 segments and flexible
joints to meet design structural stiffness. In his study, bending
springing and whipping effects were investigated. Hydroelastic
effects on the torsional moment were investigated by Remy et al.
(2006); 2-rod beam structure was applied to allow torsional defor-
mation but the springing effect was not considered because the
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model ship was a box structure. Iijima et al. (2009) investigated
torsion springing experimentally; they used a backbone with par-
tial cutouts to model elastic characteristics of torsion. Miyake et
al. (2009) conducted model tests on the hydroelastic response of
a very large container ship in regular and irregular seas. They
showed that higher-harmonic resonant behaviors of the bending
moment are observed in irregular sea states. Oka et al. (2009)
investigated springing and whipping phenomena experimentally in
regular and irregular waves. They adopted a kind of open-section
backbone made of 2 C-shape channels. They obtained vertical and
horizontal whipping signals successfully, but no further informa-
tion was given for torsion springing and whipping.

There have been a few experimental studies on bending, spring-
ing and whipping so far, but an experimental study on torsion
springing and whipping is very rare because of its complexity,
which is associated with measurement and analysis of torsion
springing and whipping, and design and analysis of a measure-
ment system using an elastic model.

In the present study, as a continuous effort to develop a set of
validation model test data for the springing and whipping of a
large container ship, being encouraged by the successful develop-
ment of validation model test data for global wave loads analysis
(WILS-I: Wave Induced Loads on Ships, Phase I, Hong et al.,
2007, 2008), a series of model tests on springing and whipping of
a 10,000 TEU-class container ship is presented with a focus on
torsional moment as well as vertical bending moment (Hong et al.,
2010). A segmented ship model with an open-section backbone
system for measuring torsion springing and whipping, developed
through the Joint Industry Project “Wave-Induced Loads of Ships,
Phase II (WILS-II),” was described. The use of an H-shape back-
bone with a segmented container ship model has made it possi-
ble to match target the natural frequencies of bending and torsion
simultaneously. A series of model tests has been carried out for
selected cases of springing and whipping in regular and irregular
waves. Discussions focused on the physics of torsion springing
and whipping observed in model tests, and the technical difficul-
ties associated with interpreting the torsional moment from mea-
sured strains from backbone. Measured linear RAO and spring-
ing response were also compared with numerical results which
demonstrate the usefulness of the present model test data.




