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Characteristics of cumulative deformation and prediction method for
pile foundation under cyclic lateral loading considering influences of
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Abstract: The researches on the prediction of cyclic lateral cumulative deformation of pile foundation for offshore wind

turbines mainly focus on the characteristics of external cyclic loading, ignoring the influences of pile-soil relative stiffness. A

series of 1g model tests are carried out on sand by the self-developed cyclic loading system. The test results show that the

normalized cumulative deformation yn/y1 increases exponentially with the increase of the cycle number &, and increases with

the increase of the cycle load ratio (¢, but it is not significantly correlated with the cycle amplitude (. Also, the relationship

between the pile-soil relative stiffness and the normalized cumulative deformation shows a "s" shape, that is, the pile-soil

relative stiffness has small effects on the cumulative deformation of the flexible and rigid piles. But, the cumulative deformation of
proposed. The rationality and reliability of this method are verified by comparing with the experimental data in the literatures.
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the semi-rigid pile increases with the increasing pile-soil relative stiffness. On this basis, the prediction model for the cyclic lateral

cumulative deformation considering the combined effects of characteristics of cyclic loading and pile-soil relative stiffness is
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Fig. 1 Cyclic loading system
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Fig. 2 Control interface and TST3826-2 data acquisition

instrument
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Fig. 3 Grain-size distribution curve of sand
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Table 1 Properties of sand
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Fig. 4 Relationship curve between nn and Dr
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Table 2 Parameters and critical lengths of model piles

TR iR % JEL LIRS STIL
ek D/cm t/cm L/cm

A-30 5 0.2 40 3.18
A-50 5 0.2 50 1.91
A-70 5 0.2 70 1.36
B-70 3 0.1 70 0.88
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Table 3 Schemes of static and cyclic loading tests

IS & G N a

A-30-s — — —

A-50-s s — — —

A-70-s LE — — —

B-70-s — — —
A-30-cl 0.76 0.01 2000 0.161
A-30-c2 e 0.75 0.35 2000 0.115
A-30-c3 0.40 0.00 2000 0.160
A-30-c4 0.40 0.35 2000 0.112
A-50-cl 0.70 0.01 10000  0.104
A-50-c2 3 0.75 0.29 2000 0.091
A-50-c3 0.72 0.41 2000 0.072
A-50-c4 0.71 0.59 2000 0.054
A-70-cl 0.34 0.01 2000 0.063
A-70-c2 13 0.50 0.30 2000 0.051
A-70-c3 0.62 0.32 2000 0.047
A-70-c4 0.51 0.46 2000 0.035
B-70-cl 0.60 0.02 2000 0.049
B-70-c2 3 0.71 0.07 2000 0.049
B-70-c3 0.47 0.08 2000 0.043
B-70-c4 0.30 0.20 2000 0.034
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Fig 5 Lateral static load-displacement curves of single pile
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Fig. 6 Fitting results of normalized load-displacement curve

2.2 B - (IR R

7 (a) ST T A-50-cl MIPEH G B
ek, TTLAE Y, 2 IR B Rl R, (e
BEFRIA RBUE A1, BB R AR, K 7
(b) BE—B25 T HAS IR B o] th 225
AT LR I (o] AR EOR, RIS KRR
BEE PR UGN, 3 (e Pl T AR )N, i [ el
HSXIEBWIE 2, R AR BEGAE REIZ T P,
A RBUE A B WL, X LR BRI



HET 2 +

FE, SF. 25 REAE AT I EE SR B R AR AR TR L 500 77 it 5 223

o HEHBOAF] 10000 N, 10 AEFE ) ]
JUPedRS, ik BPE TR, AR b
BB RARBERE.

120
| —— A-50-cl

100

1
0 2 4 6 8
KA y/mm
(a) A-50-cl1
]
100k N=1310 N_100-110 N=1000~1010 N=5000~5010
‘ | N

'=10000 10010

FKFAL A/ mm
(b) RFEIGBe e 2R3 L

7 TRIMETEK - A ERZE
Fig. 7 Load-displacement curves under cyclic loading
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Fig. 8 Influences of characteristics of cyclic loading on cumulative

displacement
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Fig. 9 Influences of pile-soil relative stiffness on cumulative

displacement
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Table 4 Summary of lateral cycle tests
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