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Assessment of p-y Behaviors of a Cyclic Laterally Loaded Pile
in Saturated Dense Silty Sand

WA 3 Back, Sung-Ha E Choi, Changho
z 2§ Cho, Jinwoo 3 &= 7 Chung, Choong-Ki
Abstract

Piles that support offshore wind turbine structures are dominantly subjected to cyclic lateral loads of wind, waves,
and tidal forces. For a successful design, it is imperative to investigate the behavior of the cyclic laterally loaded piles;
the p-y curve method, in which the pile and soil are characterized as an elastic beam and nonlinear springs, respectively,
has been typically utilized. In this study, model pile tests were performed in a 1 g gravitational field so as to investigate
the p-y behaviors of cyclic laterally loaded piles installed in saturated dense silty sand. Test results showed that cyclic
lateral loads gradually reduced the overall stiffness of the p-y curves (initial stiffness and ultimate soil reaction). This
is because the cyclic lateral loads disturbed the surrounding soil, which led to the decrement of the soil resistance.
The decrement effects of the overall stiffness of the p-y curves became more apparent as the magnitude of cyclic lateral
load increased and approached the soil surface. From the test results, the cyclic p-y curve was developed using a p-y
backbone curve method. Pseudo-static analysis was also performed with the developed cyclic p-y curve, confirming that

it was able to properly predict the behaviors of cyclic laterally loaded pile installed in saturated dense silty sand.
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Fig. 1. Schematic drawing of the model pile test (cross-sectional view)
Table 1. Material properties of prototype and model piles
Scale factor Prototype Model (A=15)
Outside diameter (mm) A 450 30
Length (mm) A 21,000 1,400
Embedded depth (mm) A 14,250 950
Thickness (mm) A 20 1
Elastic modulus (GPa) A 210 70
Flexural rigidity (Ncm?) 245 1.31E+11 6.71E+05
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Table 2. Borehole test results at the target site
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Fig. 2. Borehole location on the target site(Jeollabuk-do, South
Korea)

Borehole No. Depth (m) SPT N values (blow/cm) Soil packing (Meyerhoff, 1956)
BH1 0.0~32.0 28/30~50/24 Compact to Very dense
BH2 0.0~34.0 14/30~50/18 Compact to Very dense
BH3 0.0~15.7 38/30~50/14 Dense to Very dense
BH4 0.0~13.0 15/30~50/14 Compact to Very dense
BH5 0.0~13.5 4/30~50/26 Loose to Very dense
BH6 0.0~27.0 26/30~50/13 Compact to Very dense
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Fig. 3. Particle size distribution of the target site and test specimen sampled in the Saemangeum area of South Korea
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= WHEANA G A WA B(0]3) AJTEFAIR) Q] (reclamation technique)d} FASHA 2o Y& EZ
YR Aut 7125442 712t Fig. 3 9 Table 33} A% Exo) 55| AL Hr(rammer) 2 THA| =
P AEARE JERERA0] gAY EEAR Ao R Auke ZAHTK Yang, 2009).
YrERxIAY FHAAL A5k AEH =,

Hi- 32U (Dsg)e] 0.08mm STt 23 DA A= Y TAH

A RS ALE 70%2 248 vy 2y
T el R e RARHE Table 2 ). ARESH Table 4= ¥ AN +9T 631] RYVEAY
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Table 3. Index properties of Saemangeum silty sand

USCS Dso (mm) Dso (mm) G Gs Vamax) (/M) Yatminy H/m°)
SM 0.03 0.08 3.42 2.67 1.61 1.19
Table 4. Summary of the test program

Test no. Relative density (%) Loading condition Loading rate (mm/s)

T Monotonic lateral loading

T2 Cyclic lateral loading (0.3Hys)

T3 Cyclic lateral loading (0.6Hys)

70 : , 0.03

T4 Cyclic lateral loading (0.9Hys)

T5 Cyclic lateral loading (1.3Huys)

T6 Monotonic lateral loading
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Fig. 4. Sequence of two-way cyclic lateral loading
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