Characteristics of artificial reefs in installation stages
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ABSTRACT
Most of artificial reefs (ARs) are installed on the seabed by means of a free fall or
certain guided way. Relatively cheaper and smaller artificial reefs are generally installed
by a free fall procedure from the water surface while expensive and larger ARs are
established on the seabed using wires, cables, divers, and other mechanical ways. In
Korea, cube type ARs are the most popular because their durability, inexpensive cost,
and others. When these reefs are launched from a barge, their falling behaviors are not
well understood. Besides, recently, the partial settlement of the seabed caused by AR
installation becomes an issue. To provide the stability of ARs against partial settlement,
sliding, and overturning, it is important to understand the initial settlement of ARs during
the employment and necessary to figure out the impact energy of ARs when they
collide on the seabed. Accordingly, the drag coefficients (pressure drag or form drag) of
employing ARs are significant for the calculation of the impact energy. This study
presents a procedure in obtaining the pressure drag coefficient, their values, and
associated impact energies to the seabed. For the purpose, flow characteristics around
these ARs were investigated to calculate the pressure fields and other hydraulic
measures. From the flow analyses, it is found that the maximum kinetic energies of the
four cube type ARs are 14.43 (C1), 86.89 (C2), 110.31 (C3), and 38.80kJ (C4).
1. INTRODUCTION
Most artificial reefs (ARs) are installed on the seabed by means of a free fall or
certain guided way. Relatively cheaper and smaller ARs are generally installed by a
free fall procedure from a barge on the water surface while expensive and larger ARs
are established on the seabed using wires, cables, divers, and other physical ways.
Thanks to modern development of materials, some countries such as Japan, Korea,
and China have developed large-scaled artificial reefs; hence, the installation methods
have been concerned (Kim et al., 2014a, 2014b). However, although the size of ARs
considered is small, the installation procedure is still important because the ARs usually
settled down into the seabed owing to its weight and the effect of multiple
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arrangements. This phenomenon was reported by several researchers (Manoukian et
al. 2011). To obtain the settlement depth, the velocity profile of an AR with respect to
water depth is required and accordingly the drag coefficient should be known. This
study proposes the procedure with some cases.
In fluid mechanics, drag refers to forces acting on a solid in the direction of the
relative fluid flow velocity. Drag forces can be classified into the several categories. The
first is called parasitic drag consisting of pressure drag (or form drag), friction drag (or
skin friction), and interference drag. The other two are called lift-induced drag and wave
drag (aerodynamics) or wave resistance (water wave dynamics). Among them,
pressure drag and friction drag are significant in determining the total drag force acting
on an underwater body (Hasanloo et al., 2012) such as artificial reefs (ARs). These
drags all follow the drag equation
Pressure drag arises because of the form of the solid. This drag is a force
resulting from pressure differences across the obstacle in a flow field. For example, in
the ocean, pressure drag occurs when currents flow over or around an object. The size
and shape of the solid object are the most significant factors determining pressure drag;
solids with a larger apparent cross-section have a larger drag coefficient. Pressure drag
increases with the square of the velocity with which the object is moving through the
fluid, and thus becomes more significant at high speeds. Friction drag arises from
friction of the fluid against the ‘skin’ of the object. This drag is due to the tangential
forces that result when a fluid flows over a surface; hence, a rough surface results in
more friction drag. Friction drag is directly related to the wetted surface, i.e., the surface
area that is in contact with the fluid. Friction drag also increases with the square of the
velocity. It should be noted that the drag coefficient for all objects with a sharp edge is
essentially independent of the Reynolds number (for Re ≥ 1000) because of the
separation points (Fox et al. 2004). In general, the magnitude of the pressure cannot be
determined analytically; hence, experimental or numerical methods are required.
Woo and Na (2014) determined the drag coefficient of 2-ton stock and stockless
anchors using the element-based finite volume method (FVM). They only considered
pressure drag in the calculations because pressure drag is dominant owing to the
shapes of the anchors considered. With a similar method, the drag coefficients of 24
Korean general artificial reefs were obtained by Woo et al. (2014). However, in the
calculations, the 24 ARs were assumed to be installed on the seabed. Thus, the flow
direction is different from the scope in this study, the consideration of free fall of ARs.

2. MATERIALS AND METHODS
ANSYS CFX was used for the numerical modeling (ANSYS-Inc. 2009). It utilizes
the finite volume technique, which divides the region of interest into sub-regions and
discretizes the governing equations and solves them iteratively over each sub-region.
The value of each variable at the nodal points over the domain can then be evaluated.
The reliability of this method has been established by a number of reports (Finnegan
and Goggins 2012, Gylys et al. 2012, Kim et al. 2012, Versteeg and Malalasekera 1995,
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ULTS
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Table 1 Drag coeffficients an
nd other measures
A
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C1
C2
C3
C4

Drag
Critical depth
Terminal
coe
efficient velocity (m//s)
(m
m)
1.35
3.87
12.8
84
1.14
4.27
14.8
80
1.22
4.13
12.7
78
1.74
3.71
10.9
91
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9544.90
12915.10
5623.10

Kinetic
energy (kJ)
14.4
43
86.8
89
110.3
31
38.8
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