AT EE =R A3 23 20179 29 pp. 17 ~ 26 ISSN 1229-2427 (Print)
JOURNAL OF THE KOREAN GEOTECHNICAL SOCIETY ISSN 2288-646X (Online)
Vol.33, No.2, February 2017 pp. 17 ~ 26 https://doi.org/10.7843/kgs.2017.33.2.17

Hefx[gol et HeolEs e TS J1E8 e ot

Evaluation of Permanent Lateral Displacement
of a Cyclic Laterally Loaded Pile in Sandy Soil

WA Baek, Sung-Ha A F o Kim, Joon-Young
o] & 3 Lee, Seung-Hwan 4 F 7 Chung, Choong-Ki
Abstract

Pile foundations that support offshore structures or transmission towers are dominantly subjected to cyclic lateral loads
due to wind and waves, causing permanent displacement which can severely affect stability of the structures. In this
study, a series of cyclic lateral load tests were conducted on a pre-installed aluminum flexible pile in sandy soil with
three different relative densities (40%, 70% and 90%) in order to evaluate the permanent displacement of a cyclic laterally
loaded pile. Test results showed that the cyclic lateral loads accumulated the irreversible lateral displacement, so-called
permanent displacement. As the number of cyclic lateral load increased, accumulated permanent displacement increased,
but the permanent displacement due to one loading cycle gradually decreased. In addition, the permanent displacement
of a pile increased with decrement of relative density and decreased by soil saturation. From the test results, the normalized
permanent displacement defined as the cumulative permanent displacement to the initial permanent displacement ratio
was investigated, and empirical equations for predicting the normalized permanent displacement was developed in terms

of relative density of the soil and the number of cyclic lateral load.
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Fig. 1. The schematic diagram of model pile experiment set-up

Table 1. Material properties of model pile

Scale factor Prototype Model (A=15)
Outside diameter (mm) A 450 30
Length (mm) A 21000 1400
Embedment depth (mm) A 14250 950
Thickness (mm) A 40 2
Flexural rigidity (Ncm?) A0 2.29E+8 1.19E+3
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Table 2. Material properties of Jumoonijin sand = HEPT SRS & SHAElR 73] Fleming
USCS SP e 0.99 et al.(1992)9] u}3|7]&S& #8313t o|F, Fig. 31 &
Dy, (mm) 0.35 Cmin 0.63 of U] Al Tol 7zt A ek SR AE 9
Dy, (mm) 0.58 C, 1.68 20%, 40%, 60% 7)) st I3k 522 203
G, 265 D, 5 | 40,70, % W kR Aekela, 7k AfetekAultie] XM elE 25

Table 3. Test program

Loading conditions Loading rate
(no. of cycles: 20) (mm/s)

Static

Cyclic (0.2Hys, 0.4Hys, 0.6Hys)
Static

Cyclic (0.2Hys, 0.4Hys, 0.6Hys)
Static

Dry - 0.06

Cyclic (0.2Hys, 0.4Hus, 0.6Hys)
Static

Cyclic (0.2Hus, 0.4Hus, 0.6Hys)

Soil conditions

Dry

Loose sand (D, =40%)

Saturated

Medium dense sand (D, =70%)

Saturated

Static
Cyclic (0.2Hys, 0.4Hys, 0.6Hys)

Very dense sand (D, =90%) Dry
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Fig. 4. Static lateral load-displacement curves

Table 4. Static lateral load capacities
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Fig. 5. Cyclic lateral load-displacement curves (D;=90%: dry)

Loose sand Medium dense sand Very dense sand
Soil conditions (D, =40%) (D,=70%) (D, =90%)
Dry Saturated Dry Saturated Dry
Static lateral load capacity, H,, (kN) 0.0658 0.0608 0.1437 0.0968 0.1673
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Table 5. Empirical equations of normalized permanent displace-
ment of a pile in sand (where, V is the number of cycle)

Normalized permanent

Soil conditions displacement, y,/y,

Loose sand (D, =40%) = N0
Medium dense sand (D, =70%) = NOI87
Very dense sand (D, =90%) = NOIT
0.27 , , .
-
0.24 - @ =0.5879 - 0.093In(D) T
/ R?=0.98
0.21} L ]
3
s
0.18 | .
= Regression point e
~~~~~~~~~~ Trend line
0.15 ' ' '
40 60 80 100
D, (%)
Fig. 9. Regression analysis of the parameter «
90%)01] tisl 2A-%E A o(Z2r 0.245, 0.187, 0.171)
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Table 6. Existing empirical equations of normalized permanent
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Fig. 10. Comparison between experimental values and the values
predicted by the proposed method and the previous
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