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Small Scale Modelling Experiments for Evaluating Lateral Resistance of

Block—Type Breakwater I: A Single Block Reinforced with
Piles under Cyclic Lateral Loads
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ABSTRACT

In the case of harbor structures, it is important to understand the characteristics of structures that are subjected to repeated
loads as they are structures that receive repetitive loads such as wave pressure as well as static loads. In this study, the lateral
resistance according to the pile embeded depth of the block breakwater reinforced with piles by cyclic lateral loads was obtained
through an model experiment. As the depth of embedment of the pile increased, the lateral resistance showed a tendency
to increase. As the load was repeated, the gradient of the lateral resistance gradually appeared to be gentle. The bending
moment of the rear pile was larger than that of the front pile. The bending moment of piles in the ground was similar to
that when the pile head was free in the cohesionless of Broms (1964).
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A Sk olelg B2 B B mAS e T 9l o5 W Aol AL askt
o] HAE 294 &5 HupA7t /dEglen, 4 o e B ol52 W = Broms(1964)7F A2 |6k
golAe o] IS Yt FxEo| &=L ot of WA= = Wl MHESHEstEs AHEAIA W
(Kim et al., 2020). o] AZEX| ot A1E A3kt Kim et al.(2017)
WEo] MAH B4 WL WA Aojs FHI 2 HUAFRES V|22 gol EEE FATES] U
252 o AHES AYL Qo AF B4 BS T U P BESEeES eAA U ASEY
7ke] A&o] 9dto] Lol BEAGPAHl S5t of tigh AFE AT o]PE WEOR WYY B
ok E3F 3717t Arom, EE4] S Al oheket 3 Al JiAlof] 2181 skl 7FsfiRl 7ol ek A= 2
He] T2 AZo] 7hsely] tRe] J1E BEA FHS Wol HA gk Aol
gAlstol @golx HEET U Aol WEoR B mEhA B ATNE M SuelES W wEos
FE 294 £5 HupA|ef 2ol IEo] ARtof| ZYE= H7E £54] WA o] ASE4S Tefshr] s =1
A9mat opjeh AnpaE} Po| AAS Ho AW 3k ANA] WY 29 Yol WA Fhu] Ay
of ufe} 7jE0] £HHES W WEO] AT TE A ARG AW
L= Bk Kim et al.(2020)2 7] 54 FHE
oo wid 2S5yl Aol SEe 2. MURBHY
gRlsk= A5 %1353t} Kang et al.(2021) U5
2 wE 224 Yo A5E4S sieksh] e 4 NHE SyatEo] Agate UEOR M BB
=55 FHE 95 2ol mE 54 WA Y] A o] AFEEe Tetstr] e AU ER S X3
BAGHol gt A5 2851313l Kang and Kim(2021 sheleh. AW EP S 5h7] flshA]l A| Table 13} 2
under review)> LUEOR WAE 224 wulAlel o] Lai(1989)9] AAPEE Hesldrk A L] Hg
2R3 gjst A1E A8Ysgich Kim et al.(2019) % Scale Factor2 35.71%2 ZAsI9tE 2340 AL
£ RS Bo B G pRES] WS F B AREL 1i(1989)2] AAP o] tlet Table 22} 2ol
9 Qg AR, AN BT AT Wgelsl ARSI
Table 1, Scaling law for the modelling experiments (lai, 1989)
Quantity Scale Factors for 1g tests, A=3571 Experiment Reality
length A 1 35,71
Stress and pressure 1 1 3571
El of pile/width A 1 272,123
Displacement \3/4 1 213,40
Time 1 1 14 .61
Strain A7/2 1 5,98
Acceleration A3/2 1 1
Density /2 1 1
Table 2. Material parameters used in the modelling tests
ltem Prototype Model
Pile Diameter, mm 1,000 286
Bending Stiffness of Pile, MN-cm? 9.81E+6 12,4983
Density of con’s block, kN/m® 24 24
Height of Riprap, mm 1,500 429
Block (widthlengthxheight), mm 2,400 X 11,000 X 1500 68.6 X 314.4 X 429
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Fig. 1. Apparatus of model test
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Table 3. Properties of the model ground

Property Value 3 EX shFof Q= AEEEE ol &
Max_ void ratio 0.79 TE 2%E AUsHA FAske] AY
Min, void ratio 0.58 B0 2L ol = Fig. 33} 7ho)
; 3
Méx, dry densﬁy (kN/ma) 15,78 EEZ 0|3} WO Hyre
Min, dry density (kN/m) 13.92 . ~
Specific gravity 254 = =5 dldofA 12.38cm A=
, 2021).
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Fig. 2. Particle size distribution
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Fig. 3. Wave—induced pressure distributions (Goda, 1973)
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Fig. 4. Model block
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Table 4. Properties of pile used in the modelling tests
Length Diameter Thickness E | El
(mm) (rm) (mm) (MN/mm?) (cm?) (MN*+cm?)
430 28.6 127 12.25 1.02027 12,4983
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Table 5. Results of pile distribution

) Relative Pile length(Z)
L
Pile embedment depth (%) (cm) n 7 Result
1H 30.03 1.9949 Short pile
2H 34.32 2.2799 Medium pile
72 0.06643 - -
3H 38,61 2.5649 Medium pile
4H 42 9 2.8498 Medium pile
Table 6. Test cases
No Pile embedment depth Pile position Load Number of Blocks
1 1H Inside the block and riprap
2 2H
Cyclic load 6
3 3H Inside the block, riprap and natural ground
4 4H
* H: Heigh of riprap layer
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Fig. 6. Lateral resistance according to the cyclic loads and
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Fig. 8. Bending moment according to the pile position and the embeded depth
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Table 7. Position of maximum bending moment (unit : cm)

Pile embeded depth \ 2H 3H \ 4H
Model test 4.29
Broms (1964) \ 381 5,20 \ 6.41
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