Check for

updates
JFMSE, 31(1), pp. 28~34, 2019. www.ksfme.or.kr
ot EAT, M31E M1z, 53973, 2019. https://doi.org/10.13000/JFMSE.2019.2.31.1.28

M%) z0] BE AFoixe] 271U A3
221X - LE2Ibt
SAUE D (EHM) - P 2AUE W (W)

Initial Settlement Estimation of Artificial Reefs According to Installation
Condition

Minji KIM - Won-Bae NA'
Pukyong National University(student) + YPukyong National University(professor)

Abstract

Generally, artificial reefs (ARs) are installed on the seabed using a free fall method or a guided way
through cables or wires. Currently, the cable method is recommended for most installation activities
because this method can locate the target seabed in a more exact manner than the free fall method.
However, even with careful installation with the cables, AR deployment may cause the initial settlement
of the seabed and accordingly a problem in their efficiency and stability. This study numerically
investigates the initial settlement of ARs using a transient structural analysis tool and considering
installation conditions such as installation velocity, and seabed soil properties and compositions. From the
results, the following conclusions were made. First, if the installation velocity is less than 1m/s during
the AR installation with the cables, the initial settlements of a fixed seabed condition are generally
similar. Second, the initial settlement of the seabed increases when the contact angle with the cube-type
AR increases. Third, the initial settlement occurs considerably when the ARs are installed on the seabed
composed of saturated sand and clay. This considerable settlement causes a tremendous loss of the usable
space of ARs for marine fauna and flora. Thus, it is expected to require reinforcement of the seabed
(saturated sand and clay) before installation of ARs.
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[Fig. 1] Concept of the settlement of an AR
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[Fig. 2] Target artificial reefs: a cube-type reef
(left) and a half-ball type reef (right)
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<Table 1> Data of target artificial reefs

Type B L H t V.; W
(m) | (m) | (m) | (m) | (m’) | (kN)
cube 2.00 | 2.00 | 2.00 | 0.25 | 8.00 | 33.34
half-ball | 2.00 | 2.00 | 1.30 | 0.15 | 3.00 | 21.57
<Table 2> Material properties of RHT concrete
model (Riedel et al., 1999)
Parameter Value
Porous density (kg/mm?®) 2.010°
Porous sound speed (m/s) 2920
Initial compaction pressure (MPa) 233
Solid compaction pressure (GPa) 6.0
Compaction exponent 3
Bulk modulus 4/ 3.52710’
Parameter A2 3.958107
Parameter 43 9.0410°
Parameter B0 1.22
Parameter Bl 1.22
Shear modulus (GPa) 16.7
Compressive strength (MPa) 35.0
Tensile strength (ft/fc) 0.1
Shear strength (ft/fc) 0.18
Intact failure surface constant A 1.6
Intact failure surface exponent N 0.61
Brittle to ductile transition 0.0105
Fractured strength constant B 1.6
Fractured strength exponent M 0.61
Damage constant D; 0.04
Damage constant D, 1
Principal tensile failure stress
(MPa) >
Fracture energy (J/m?) 120
Erosion strain 1.5
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[Fig. 3] Finite element models of cube-type reef
(left) and half-Ball type reef (right)
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[Fig. 4] Finite element model of the seabed
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<Table 3> Maximum settlement (cm) of cube-type
AR installed on the seabed of sand
(70%) and gravel (30%) composition

Installation Installation angle (deg.)
velocity (m/s) 0 5 10 15
0.2 0.18 2.9 4.1 6.6
0.4 0.23 3.0 43 6.8
0.6 0.29 32 4.6 7.0

Z3E R 85%) S BEAS%E TAAE A
ARkl A, A7 00l W AX S wE
Ao z0 Hul HekEe ZHE 39.3cm, 39.4cm,
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<Table 4> Maximum settlement (cm) of cube-type
AR installed on the seabed of sand
(85%) and clay (15%) composition

Installation Installation angle (deg.)
velocity (m/s) 0 5 10 15
0.2 393 459 479 53.0
0.4 39.4 | 46.1 482 53.3
0.6 39.6 | 46.3 48.2 53.4
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[Fig. 5] Settlement contour of cube-type AR
when the seabed is composed of
saturated sand (70%) and gravel (30%)
and installation is made with the
installation angle of 15°and velocity of

0.6m/s

[Fig. 6] Settlement contour of cube-type AR
when the seabed is composed of
saturated sand (85%) and clay (15%)
and installation is made with the
installation angle of 15°and velocity of

0.6m/s

<Table 5> Maximum settlement (cm) of half

ball-type AR
Installation Seabed composition
velocity sand-gravel sand-clay
(nv/s) (70%-30%) (85%-15%)
0.2 0.35 39.2
0.4 0.37 393
0.6 0.44 39.5
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[Fig. 7] Settlement contour of half ball-type AR
when the seabed is composed of saturated
sand (85%) and clay (15%) and
installation is made with the installation

angle of 0°and velocity of 0.6m/s
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reduction of thé effective usablé'volume of ARs

[Fig. 8] Concept of reduction of effective usable
volume of ARs
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Il Haff ball-type reef

19.65 19.7 198

volume (%)

009037 012039

02 04 06 02 04 06
Installation velocity (m/s)
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015046

Reduction ration of effective usable

[Fig. 9] Reduction ratio of effective usable volume
of cube-type and half ball-type reefs,
considering two seabed conditions(sand
70%-gravel 30% and sand 85%-clay 15%),
three installation velocities (0.2, 0.4, and
0.6m/s), and installation angle of 0°
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[Fig. 10] Reduction ratio of effective usable volume
of cube-type AR with respect to four
installation angles (0, 5, 10, and 15°)

[Fig. 11] Settlement contour of cube-type AR when
the seabed is composed of sand (85%)
and clay (15%) and installation is made

with the installation angle of 0°and
velocity of 0.6m/s
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