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The 27th International Ocean and Polar Engineering Conference
San Francisco, California, USA

The Influence of Wave Overtopping on the
Stability Analysis of Vertical Breakwater

Dr. Li-Hung TSAI

Dr. Hung-Chu HSU
Dr. Cheng-Jung HSU
Dr. Meng-Syue LI

INTRODUCTION

* Many previous wave-structure interaction
studies had discussed the effect of wave
overtopping but some of which in structure
stability analysis assumed seaward loads were
static.
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« In theory, there are some 1dealized theoretical models which
had been presented (e.g., Sollitt and Cross 1972; Vidal et al.
1988; Liu and Wen 1997).

* In different laboratories, hydraulic physical models had been
used to study the problem (e.g., Allsop et al. 1985; Owen 1980;
Franco et al. 1994; Van der Meer and Janssen 1995; Pedersen
1996; Hedges and Reis 1998; Franco 1999; Besley 1999).

* The numerical approach becomes more flexible and efficient
because of the rapid growth of the computer performance.

\

* Lin and Liu (1998) developed COBRAS model to study wave-structure
problem. In order to validate COBRAS model,

= Hsu et al. (2002) compared numerical results of elevation and pressure with
laboratory measurements related to a hydraulic physical model of a
composite breakwater by Sakakiyama and Liu (2001).

= Hsich et al. (2008) used COBRAS model 1o investigate the wave-structure
interaction of quarter-circular shape breakwater.

» Losada et al. (2008) modified COBRAS to investigate the functionality of
rubble mound breakwaters with special attention focused on wave
overtopping processcs.

* Guanche et al. (2009) followed to carry out an analysis of wave induced
loads corresponding to a low-mound and a rubble-mound breakwater with
both regular and irregular incident wave conditions. Good agreement was
found between COBRAS numerical result and experimental data.

»  Walkden et al. (2001) investigated the seaward loads induced by wave
overtopping on a caisson breakwater. They commented that seaward
loads should be considered as failure mode of breakwater designs.

22




MODEL VALITAION

* The COBRAS model (Cornell Breaking Wave and Structures)
is a bidimensional numerical model that solves the Reynolds
Averaged Navier Stokes (RANS) 2DV equations, with a three

dimensional nonlinear k- £ turbulence model.
e COBRAS model features:

- Use VOF (Volume of Fluid) method for tracking the free
surface.

- The grid size can be non-uniform: a finer grid can be defined
for specific study zones representation.

- Allows the definition of obstacles and porous media which
arc defined through continuous conic function.

e =z ISOPE

MODEL VALITAION

* Lee (2006) conducted a physical model testing of Taichung
harbor wave-breakwater interaction in general wave condition
(H=0.19m and T=1.67s) and typhoon wave condition

(H=0.25m and T=2s).
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The elevation in general wave condition
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The pressure along the front face of the
cglgson in typhoon wave condition
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typhoon wave condition

The pressure on the bottom of the caisson in

E b xporimental data |
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CONCLUSION

To perform the structure stability of breakwater concerning the effect of wave
overlopping, a wave-structure interaction of Taichung harbor is simulated by a
numerical model.

+First, a COBRAS model of the Taichung Harbor breakwater structure is created, then
the model is verified with experimental data, and reasonable agreement is shown
between the two. According to the numerical result, the pressure distribution along the
rear side of caisson can be calculated in dynamic, moreover, the load analysis including
the force and its moment can be analyzed.

*Second, the risk of sliding is greater than that of overturning in Taichung harbor
breakwater. Under the extreme wave more than 100 year-return-period, the breakwater
is unstable due to sliding, but that is safe from overturning. The influence of Wave
Overtopping on the Stability Analysis is dominated by the force on rear side of caisson
and the phase difference on the two ends of caisson. If the impulse force happens at the
moment of the minimum of the front force, the safety factor migﬁl decrease
significantly and the failure of sliding might cause breakwater damage.

*The study establishes an evaluating procedure concerning wave-structure interaction
on extreme wave and the influence of wave overtopping to provide ﬂort.s and other

auml;)rities with an appropriate assessment and evaluating strategy of harbor stability
e e 150
Thank you for
your listening
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