
International Journal of Offshore and Polar Engineering (ISSN 1053-5381) http://www.isope.org/publications/publications.htm
Copyright © by The International Society of Offshore and Polar Engineers
Vol. 27, No. 2, June 2017, pp. 184–192; https://doi.org/10.17736/ijope.2017.ak20

Wave-dissipating Performance of Twin-plate Breakwater Under Oblique
Random Waves

Qian Gu, Guoxing Huang and Ningchuan Zhang
State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology

Dalian, Liaoning Province, China

Cun Hu
Institute of Mechanics, Chinese Academy of Sciences

Beijing, China

The present study investigates experimentally the wave-dissipating performance of twin-plate breakwater under oblique
random waves. Through extensive model tests, the effects of the relative plate width and relative wave height on the dissi-
pating performance are investigated under various incident wave angles. The results show that the dissipating performance
changes insignificantly within the measured range of 15�∼60� incident angles. The transmission coefficient kt under oblique
waves fluctuates around the value under normal waves. In addition, the transmission was directly affected by the relative
plate width, i.e., the transmission was 001 < kt < 0015 for B/L < 005 and 0005 < kt < 0010 for B/L ≥ 005. In particular,
under oblique waves the wave patterns after the twin-plate breakwater exhibited significant three-dimensional characteris-
tics, which were different from those under normal incident waves. To validate the present experimental results, the mea-
sured transmission coefficients are compared to those of Neelamani and Gayathri (2006) under normal incident waves, and
the comparison shows good agreement.

INTRODUCTION

Conventional breakwaters have been widely used in coastal
engineering all over the world. However, the cost for the con-
struction of conventional breakwaters increases exponentially with
the increase in the water depth. Furthermore, the conventional
breakwaters obstruct natural currents, which could lead to hydro-
environmental issues. The permeable breakwater, on the one hand,
seldom affects the current direction and hence maintains the
balance of the sediment transport in the harbor. On the other
hand, such a breakwater cannot stop strong currents and/or sed-
iment transport, which might affect the operation of the harbor.
The early permeable breakwater, which was proposed by Wiegel
(1961), consisted of several rows of narrowly spaced piles and
was gradually developed into a pile-foundation permeable break-
water with the upper part serving a wave dissipating function. In
recent years, various permeable breakwaters were developed and
applied in engineering projects, i.e., the horizontal plate break-
water (Patarapanich and Cheong, 1989; Nagata et al., 2003; Liu
et al., 2008; Kee, 2009), T-type breakwater (Neelamani and Rajen-
dran, 2002), suspended pipe breakwater (Mani and Jayakumar,
1995), and floating breakwaters (He et al., 2012). The horizontal
twin-plate breakwater is probably the most effective one among
these permeable breakwaters. It is well known that most of the
wave energy concentrates near the water surface. The horizontal
twin-plate breakwater consists of two horizontal plates, and the
upper plate is placed near the water surface to dissipate the wave
energy effectively. Besides, the breakwater has little effect on the
propagation of the tide and current, which is preferable for natu-
ral coastal environments.
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The study of the horizontal plate breakwater started approxi-
mately 40 years ago. Siew and Hurley (1977) obtained the empir-
ical formula for the transmission and reflection coefficients of
the single submerged plate by using the matched asymptotic
expansion method. Patarapanich and Cheong (1989) conducted
experiments on the transmission and reflection coefficients of a
submerged single plate and calculated the wave energy dissipa-
tion. Liu and Iskandarani (1991) solved the reflection and trans-
mission coefficients of the single submerged horizontal plate with
the eigenfunction method and concluded that the single plate
could absorb energy well under long-period waves. With the
increase in the water depth, however, the gap between the plate
and seabed became wider, and most of the wave energy could
transfer through the breakwater. As such, the dissipation perfor-
mance decreased significantly and could not meet the expectation.
To address this issue, researchers started to study the twin-plate
and multi-plate breakwaters.

The reflection and transmission coefficients of a horizontal
twin-plate system, which consists of a submerged leeward plate
and a submerged seaward plate below the leeward plate, have
been derived by Cheong and Patarapanich (1992). Their experi-
mental results showed that the optimal submergence of the sea-
ward plate was approximately 0.1–0.2 to obtain the minimum
wave transmission. Usha and Gayathri (2005) further performed
a theoretical study of the wave reflection and transmission over
a twin-plate breakwater with the velocity potentials in four fluid
domains determined by three sets of orthogonal eigenfunction. In
their study, the energy dissipation was neglected when the waves
passed through the twin-plate system under the finite water depth.
The optimal relative plate width and the submergence spacing for
the minimum wave transmission were proposed. In addition, the
study showed that the performance of the twin-plate breakwater
is superior to that of the single floating and submerged plate or
a group of submerged plates (e.g., three to six plates). Neela-
mani and Gayathri (2006) estimated the energy loss coefficient kl


