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Performance Evaluation of Pull-out Load of a New Type
of Double-wall Pile Foundation for Easy Demolition
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Abstract

Steel pile foundations are widely used for offshore constructions due to their high bearing capacity and efficiency.
Typically, offshore structures that have reached the end of their design life are required to be demolished. However,
pile foundations are often left on site due to technical and economic limitations. The pile left on the site not only pollutes
the environment, but can also cause obstacles for the construction of new structures. Therefore, research is required
to completely eliminate these foundations at the site. In this study, a new type of double-wall pile foundation that can
drastically reduce the pull-out load was conceptually proposed, and a series of model tests were performed to validate
the performance of the double-wall pile foundation. The installation and extraction of the double-wall pile were simulated
in dry sand in the model test, and the measured up-lift load was compared to that of the conventional pile. According
to the result, the maximum up-lift load induced by the decommissioning of the double-wall pile was reduced by 45%
when compared to the traditional pile in dense sand. This study verified the mechanism for reducing the up-lift load
of the double-wall foundation and confirmed the possibility of completely decommissioning a pile that has reached the

end of its nominal service life.
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Table 1. Pile dimensions

Scale = 175 Conventional pile Double—wall type 1 Double—wall type 2
Prototype Model Prototype Model Prototype Model
Outer diameter, D (m) 5.0 0.067 5.0 0.067 5.0 0.067
Tip thickness (pile), toie (M) 0.075 0.001 0.075 0.001 0.075 0.001
Total length, L (m) 33.75 0.45 33.75 0.450 33.75 0.450
Tip thickness (outer wall), twar (M) - - 0.0225 0.0003 0.0225 0.0003
oo o ve vt o || = | Etemel 08 e 45 tanel (008 boou
Ava/Agie™™ - 0.3 0.6

*The length of the arc at the top and bottom of the outer wall
**The ratio of the outer surface area of the outer wall to the outer surface area of the pile shaft
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Fig. 3. The model piles used in this study
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Table 2. Geotechnical properties of silica sand (Kim et al., 2016)

ltem Properties
Soil classification (USCS) SP
Maximum dry density, Yomar (g/cm’) 1.645
Minimum dry density, yamn (g/cm®) 1.244
Specific gravity, Gs 2.65
Coefficient of curvature, Ce 11
Coefficient of uniformity, C, 1.96
Mean particle size, Dso (mm) 0.22
Peak friction angle, @, ()* 42.8
Residual friction angle, @, ()** 36.6

*Peak friction angle measured from the triaxial compression test of
the soil for Dr = 84% under confining pressure of 400 kPa
*Friction angle measured at large strain from the triaxial compression
test
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Table 3. Testing conditions
No Soil type Soil dry unit density, ya (kN/m®) Plie type
T Conventional pile
™ Dry dense sand 15.90 Double—wall type 1
(thickness = 500 mm) (Dr = 88%)* (Awa/Agie = 0.3)**
3 Double—wall type 2
(Awal\/Apne = 06)**
T4 Conventional Pile
5 Dry loose sand 1414 Double—wall type 1
(thickness = 500 mm) (Dr = 33%)* (Avwar/Apic = 0.3)**
6 Double—wall type 2
(Awal\/Api\e = 06)**

*Soil relative density (%)

*The ratio of the outer surface area of the wall to the outer surface area of the pile shaft
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Table 4. Comparison of decommissioning tests

No Pile type Soil dry unit density, | Maximum installation Maximum uplift load, Vin (kN) v, Nut™ Vlift(dwblemzll) 1
' Y va (KN/m°) load, Vur (kN) Wall Pile el Vi ft(conventional)

T1 Conventional pile 292 - 0.31 0.11 -
Double—wall pile 1 15.90

T2 (Ava/Anie = 0.3) (D, = 88%)* 4.33 0.04 0.22 0.05 0.55
Double—wall pile 2

T3 A/ e = 0.6) 4,98 0.08 0.17 0.03 0.71

T4 Conventional pile 0.40 - 0.043 0.11 -
Double—wall pile 1 1414

T5 (Ava/ Ao = 03) . = 33%)* 0.48 0.027 0.057 0.12 1.03
Double—wall pile 2

T6 (Aat/ Ao = 0.6) 0.39 0.040 0.045 0.12 1.31

*Soil relative density (%)

**The ratio of maximum uplift load of pile to maximum installation load

"The ratio of maximum uplift load of double—wall pile to maximum uplift load of conventional pile
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