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Proposed Optimized Column-pile Diameter Ratio with Varying
Cross-section for Bent Pile Structures

ABSTRACT

In this study, the behavior characteristics of bent pile structures with varying cross-section was examined through the measured results
of field load test. A framework for determining the bending stress is calculated based on the stresses in the circumference of the pile using
3D finite element analysis. It is found that the bending stress near the pile-column joint changes rapidly and fracture zones occurs easily
at variable cross-sections in bent pile structures. Also, the optimized column-pile diameter ratio was analyzed through the relationship
between the column-pile diameter ratio and lateral crack load ratio. Based on this study, the optimized column-pile diameter ratio can
be obtained near the inflection point of the curve between the column-pile diameter ratio and lateral crack load ratio. Therefore, a
present study by considering the optimized variable cross-section condition would be improved bent pile structures design.
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Fig. 1. Application Examples of Bent Pile Structures
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Fig. 2. Typical Types of Bent Pile Structures
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Table 1. Material Properties in Field Load Test Site (Jeon et al., 2009)

) Material Properties
Site Type 3 2
Y(kKN/m’) | clkN/m”) | p(deg) \% f(MPa) | fy(MPa) | K(MPa/m)| E(MPa)
Concrete 24.5 - - 0.2 45.0 - - 26,000
Pile Steel - - - 0.33 - 420.0 - 210,000
Casing - - - 0.33 - 420.0 - 210,000
Incheon . R
(2009) Residual soil 16.7 0.5 22.0 0.30 - - 2.7 -
Soil Silty sand 1 16.8 2.0 27.0 0.35 - - 6.79 -
oi
Silty sand 2 16.7 2.1 28.0 0.45 - - 244 -
Weathered soil 3 19.4 22 27.0 0.45 - - 61.0 -
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Table 2. Material Properties for Numerical Analysis
Soil condition Load transfer analysis (KN/m’) co(kN/m?) ¢(deg) K(kPa/m) €50
loose 18.1 - 32 10,000 -
Sand O’Neill
dense 19.1 - 40 34,000 -
Soft 17.6 40 - 20,000 0.02
Clay - O’ Neill
Stiff 18.6 120 - 136,000 0.005
Bent pile structures concrete steel
Young's Modulus (kPa) 2.46x10 2x10°
Unconfined compressive strength (kPa) 27,000 400,000
Steel rebar type - H32
Cross-section area of steel rebar (mm?) - 805
Thickness of steel rebar (mm) 125(outer) / 225(inner)
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Fig. 7. Typical Idealized 3D Model for FE Analysis: (a) 3D View; (b) Plane View
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Condition Variables
Pile length (m) 10/30
Pile diameter (m) 2.0
Column length (m) 10
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Soil condition Loose sand / De.nse sand / Soft clay /
Stiff clay
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