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Small Scale Modelling Experiments for Evaluating Lateral Resistance of
Block—Type Breakwater 1: Complex Blocks with Group Piles
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ABSTRACT

While the existing pile foundation had the role of supporting the superstructure or reducing the earth pressure, recently there
are cases where it is integrated with the superstructure to increase the lateral resistance. This study aims to evaluate a lateral
resistance of block—type breakwaters with group piles by modelling experiments. The lateral resistance and bending moments
of the piles by penetrated depths for the piles were measured. As a result, it was found that the lateral resistance increased
as the depth of embedment of the group piles. In particular, the lateral resistance was 1.52 times greater in the case where
the pile embedded up to the riprap layer than the case where the pile was embedded into the block. For the bending moment,
the rear piles ware larger than the front piles, and the outside piles were larger than the inside piles. The location of the
maximum bending moment in the ground was shown at the interface between the riprap layer and the natural ground.
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Fig. 1. Block breakwater reinforced with piles
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Table 1. Scaling law for the modelling experiments (lai, 1989)

Quantity Scale Factors for 1g tests, A=3571 Experiment Reality
length A 1 3571
Density 1 1 1
Stress and pressure A 1 3571
Time A3/4 1 14,61
Acceleration 1 1 1
El of pile/width N7/2 1 272,123
Displacement A3/2 1 213.40
Strain /2 1 598

Table 2. Material parameters used in the modelling tests

ltems Prototype Model

Pile diameter, mm 1,000 28.60

Bending Stiffness of Pile, MN-cm? 9.8E+6 12,498
Single Block (WXLXH), mm 2,400 < 11,000 X 1,500 68.60 X 314,40 X 4290
Double Block (WXLXH), mm 4,800 X 11,000 < 1,500 137.20 X 314,40 X 4290

Density of Concrete Block, kN/m’ 240 240

Height of riprap, mm 1,500 4290
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Table 3. Physical properties of the ground

Property Symbol Value
Max_ void ratio €max 0.79
Min, void ratio €nin 0.58
Max, dry density Tymax (KN/m?) 15.78
Min, dry density Tamin (KN/mP) 13.92
Specific gravity G, 254
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Fig. 2. Particle size distribution for experiment
Table 4. Properties of pile used in the modelling experiments
Length Diameter Thickness E | El
(mm) (rnm) (mm) (MN/mm?) (cnm®) (MN-cm?)
430 286 1.27 12,25 1.02027 12,4983
Table 5. Results of pile length
) Relative Pile length (L)
L
Pile embedment depth (%) (cm) n 7 Result
0 2574 1.7099 Short pile
1H 30.03 1.9949 Short pile
2H 72 34.32 0.06643 22799 Medium pile
3H 38.61 2.5649 Medium pile
4H 429 2.8498 Medium pile
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Table 6. Test cases
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No Pile embedment depth Location of Pile
Case 1 OH Inside the block only
Case 2 1H Inside the block and riprap
Case 3 2H
Case 4 3H Inside the block, riprap and natural ground
Case 5 4H

* H: Heigh of riprap layer
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Table 7. Complex block lateral resistance and allotment ratio of

piles by pile’s embedment depth

Pile embedment depth OH 1H 2H 3H 4H
Total laterdl (SS'Stance N 315,56 4802 533,12 607.6 705.6
Total resistance increase rate 1 1.62 1.69 1.93 224
Plles lateral (Er;s'smce N 0 164.64 217.56 292.04 390,04
Pile’s resistance increase rate - 1 132 177 2.37
Pile’s load sharing ratio (%)
(C=B/A) 34.29 40.80 48.06 5528
Sharing ratio each pile
- 429 5.1 6.01 6.91
(C/Pile number) i : ’ :
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