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Evaluation of Dynamic p-y Curves of Group Piles
Using Centrifuge Model Tests
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Abstract

Dynamic soil-pile interaction is the main concern in the design of group piles under earthquake loadings. The lateral
resistance of the pile group under dynamic loading becomes different from that of a single pile due to the group pile
effect. However, this aspect has not yet been properly studied for the pile group under seismic loading condition. Thus,
in this study the group pile effect was evaluated by performing a series of dynamic centrifuge tests on 3x3 group pile
in dry loose sand. The multiplier coefficients for ultimate lateral resistance and subgrade reaction modulus were suggested
to obtain the p-y curve of the group pile. The suggested coefficients were verified by performing the nonlinear dynamic
analyses, which adopted Beam on Nonlinear Winkler Foundation model. The predicted behavior of the pile group showed

the reasonable agreement compared with the results of the centrifuge tests under sinusoidal wave and artificial wave.
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Fig. 1. Schematic diagram of the centrifuge test model (model
scale, mm)



Table 1. Scaling law applied for dynamic centrifuge modeling

Quantities Scaling factor Values Unit
(Model/Prototype) Model Prototype
Length 1/N 1 48 m
Stress 1 1 1 kPa
Strain 1 1 1 -
Bending moment 1/N® 1 1/48° KN-m
Time 1/N 1 48 sec
Frequency N 1 1/48 Hz
Acceleration N 1 1/48 g

Table 2. Input properties of pile and deck (in prototype scale)

Pile properties

Diameter (m) Elastic modulus Total length Embedded length Moment of inertia
Outside Inside (kN/m?) (m) (m) (m*)
0.912 0.816 63,910,095 24 17.36 0.0122
Deck properties
Width Length Thickness Mass density Elastic modulus Moment of inertia
(m) (m) (m) (kg/m®) (kN/m?) (m*)
13 6 0.96 2,690 63,910,095 0.4424
AR 43S A8 F 217 0.019m, £7) Imm, 7] 00 1 °
/
R R K e
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Fig. 2. Relationship between measured pile strain and theoretical
bending moment

Table 3. Basic soil properties of silica sand

Specific Maximum dry Minimum dry Dso
gravity density (kN/m°) density (kN/m?) (mm)
2.65 16.09 12.16 0.237
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a) Artificial motion, a, =0.2g

04 b) Sinusoidal motion, a_, =0.25g
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Fig. 3. Base input acceleration
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M(z) :ai-I-B,;(z—z,-)+)\i(z—zi)2+ni(z—z,¢)3 3)
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Fig. 5. Opensees model applied in the study



Table 4. Summary of p-y methods applied in the study

Approaches Equations Remarks
kz
= Ap tanh( )
AP (2000) P Y
D, :min((q,z+ CQD)'yz)and(CgDyz)) A = factor depended on loading type
o, = lateral soil resistance
p= Y k = initial subgrade reaction modulus
1 .y z = depth
kiﬂl by Yy = unit Welght
G, G, G = coefficients, function of friction angle
Yoo et al. (2013) p, =12.5DK 2" D = pile diameter
Ep, ' K = subgrade reaction modulus at 1% of O (N/cm?)
k. pK=426DF, ( )05 y' = effective unit weight
pu*Km ¢ Ko = Rankine coefficients
oo Ps = atmospheric pressure
P, =a(12.5DK5/2"") o = p—multiplier
This study = Kp“D ;K:ﬂ(4.261)Pa(%)”'5) P = Komultipler
L T '
Pile deflection (m) Pile deflection (m) Pile deflection (m) Pile deflection (m)
0.00 0.04 0.08 0.12 0.00 -0.04 -0.08 -0.12 0.00 0.04 0.08 0.12 000 0.04 008 0.12
0 + L L 0 L L ) 0 - 1 L ) 0 ,
: D
: o
4 44 44 i/ ]
Groun;}/surface / Grounc},surface // Ground/surface Ground surface
TR ST R [ TR IXXK
12 12 12 12
Sinusoidal motion Sinusoidal motion Sinusoidal motion Sinusoidal motion
a,,=0.10g a,,=0.14g a,,= 0.20g a,=025g
16 + 16 16 - 16 |
. Centrifuge test
20 al “ 20k This study
——— Yooetal. 2013
24 1 24 1 24 B 24 B IEREERRERR API

Fig. 6. Comparison of the pile deflection between test and analysis results (Pile 1, at peak bending moment)
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; 2
4 44 S
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SRR Voo : XK
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12 12 - 12 - 12
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Pile deflection (m)

0.00 0.04 0.08 0.12 0.00 0.04 0.08 0.12
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. Centrifuge test
—— This study
Yoo etal. 2013
API

Fig. 7. Comparison of the pile deflection between test and analysis results (Pile 2, at peak bending moment)
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