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A Study of Lateral Resistance of Block Breakwater Combined with Piles
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Abstract : Three-dimensional FEM numerical analysis was performed to understand the behaviors of blocks and
piles according to the horizontal load for the block breakwater combined with piles. The Modified Mohr-Cou-
lomb model, the improved version of the Mohr-Coulomb model, was applied for the ground modeling. The cases
when the pile is embedded only into the block, embedded to the riprap layer (H = 4.29 cm), and embedded to the
ground down to 2H, 3H, and 4H were examined. The results of the laboratory model experiment and the numeri-
cal analysis showed similar horizontal resistance force-displacement behaviors. The pile showed rotational behav-
ior up to the embedment depth of 1H~2H and bending behavior in the case of 3H~4H depth embedment. When
the embedment depth of the pile is 3H or more, the pile shows a bending behavior, so it can be considered that the
pile contributes significantly to the horizontal resistance of the block breakwater. The results of this study will be
used for various numerical analyses for real-size structure design.

Keywords : block breakwater with piles, modified Mohr-Coulomb model, lateral resistance, rotational behavior,
bending moment
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Fig. 2. The view of the experiment according to the embedment
depth of the pile (Kim et al., 2020).
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Fig. 3. Lateral resistance of single block according to pile depth
(Kim et al., 2020).
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Table 1. Element properties applied to numerical analysis
Unit weight  Cohesion  Friction angle  Elastic modulus . o
Element (kN /m3) (kN /mz) © (kN /mz) Poisson’s ratio Model

Rubble mound 20.0 1.0 35.0 1,400 0.30 Modified Mohr-Coulomb

Sand 18.0 1.0 30.0 4,000 0.30 Modified Mohr-Coulomb

Block 25.0 - - 23,200,000 0.167 Elastic Model

Copper pipe (pile) 89.0 - - 122,500,000 0.30 Elastic Model
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Fig. 4. Modeling used to numerical analysis.
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Fig. 5. Lateral resistance of single block according to pile depth (used Mohr-Coulomb model).
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Table 2. Lateral resistance at 10mm displacement of single block with pile according to pile embedment depth

Embedment depth of pile OH 1H (1.5D) 2H (3.0D) 3H (4.5D) 4H (6.0D)
Lateral Experiment 78.87 144.05 161.72 194.88 231.96
Resistance (N) FEM 100.0 150.0 160.0 200.0 230.0
Latz’lr{aelﬁRgii;z?;ee Iﬁ)aﬁo 127 1.04 0.99 1.03 099
Table 3. Bending moment according to pile embedment depth
Embedment depth 1H (1.5D) 2H (3.0D) 3H (4.5D) 4H (6.0D)
Bending Moment Front Pile 8.827 36.569 72.562 78.852
(N.cm) Rear Pile 35.668 106.375 160.577 205.476
Bending Moment Ratio’ Front Pile 1.00 4.14 8.22 8.93
(Ref. 1H) Rear Pile 1.00 2.98 4.50 5.76

’ Expressed as a bending moment ratio based on 1H and the actual bending moment is greater for the rear pile than for the front one.
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Fig. 8. Continued.
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Fig. 9. Comparison of bending moment according to pile embedment depth (Front and rear piles).
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