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Lateral Resistance of Block Type Breakwater with Piles to Depth of Embedment
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Abstract : This study conducted to obtain the lateral resistance of a block-type breakwater reinforced with piles
through an model test. In particular, the changes in the lateral resistance and bending moment of the pile were ana-
lyzed by varying the depth of the pile. As a result, the lateral resistance at 1H, 2H, 3H, and 4H compared to OH
increased by 1.83, 2.05, 2.47, and 2.94 times, respectively. The lateral resistance when the pile was penetrated to
the riprap layer (H) was 1.83 times greater than when the pile was penetrated only in the block. In the case of the
bending moment of the piles, the piles arranged in the rear row appeared to be larger than the front row, which can
be seen as a result of the sliding as well as the overturning of the block subjected to the lateral load.
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Table 1. Similarity law of Iai (1989)
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Table 3. Physical properties of the ground

Scale Factor, A=35.71

Ration of lai (1989) Experiment Reality
Vertical length A 1 35.71
Horizontal length A 1 35.71
Density 1 1 1
Stress and pressure A 1 3571
Time 2 1 14.61
Acceleration 1 1 1
EI of pile/width A7 1 272,123
Displacement A7 1 213.40
Strain A" 1 5.98
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Table 2. Properties of materials to which lai’s similarity law is applied

Property Symbol Value
Max. void ratio €nax 0.79
Min. void ratio Coin 0.58
Max. dry density P (KN/M®) 15.78
Min. dry density P (KN/M) 13.92
Specific gravity G, 2.54
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Item Prototype Model
Pile diameter (mm) 1000 28.6
Block (width x length x height) (mm) 2,400 x 11,000 = 1,500 68.6 x314.4 x42.9
Height of rubble mound (mm) 1500 429
Density of con’s block (kKN/m’) 24 24
Pile’s flexural rigidity (MN-cm®) 9.81E+6 12.4983
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Fig. 1. Layout of model test apparatus.
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Fig. 2. Particle size distribution for experiment.
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Table 4. Characteristics of model pile
Length Diameter Thickness E I EI
(mm) (mm) (mm) (MN/mm”) (cm®) (MN-cm®)
430 28.6 1.27 12.25 1.02027 12.4983
Table 5. Average values of #, by Broms (1965)
Soil type n, (N/em’)
Loose 0.764~2.156
Dry or moist sand Medium 5.39~6.84
Dense 14.7~17.64
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Table 6. Distinction of pile length by Broms (1965)

Description Sand
Short pile nL<2
Medium pile 20<nL <40
Long pile nL>4.0
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Table 7. Result of pile distribution
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Fig. 5. Goda’s wave pressure distribution (Goda, 1973).
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Pile length (L)

Pile embedment depth Relative (cm) n nL Result
0 25.74 1.7099 Short pile
1H 30.03 1.9949 Short pile
2H Dense 34.32 0.06643 22799 Medium pile
3H 38.61 2.5649 Medium pile
4H 429 2.8498 Medium pile

Fig. 4. Model blocks.
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Table 8. Type of experiments

Pile embedment Pile embedment

NO depth NO depth
1 OH 4 3H
2 IH 5 4H
3 2H H : Heigh of riprap layer
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Fig. 6. The view of the experiment according to the embedment
depth of the pile.
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Fig. 7. Lateral resistance of single block according to pile depth.
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Table 9. Lateral resistance of single block and load sharing ratio of pile according to pile embedment depth

Pile embedment depth OH 1H 2H 3H 4H
Total lateral resistance (N) (A) 78.87 144.05 161.72 194.88 231.96
Load increase rate 1 1.83 2.05 247 2.94
Pile’s lateral resistance (N) (B) 0 65.18 82.85 116.01 153.10
Load increase rate - 1 1.27 1.89 2.35
Pile’s load sharing ratio (%) (C = B/A) - 45.25 51.23 59.53 66.00
Sharing ratio each pile (C/Pile number) - 22.63 25.62 29.77 33.00
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Fig. 8. Bending moment according to pile depth.
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