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Abstract of Thesis

Skin friction is the shear stress mobilized along the pile’s shaft, resulting from the relative movement between the pile and the
adjacent soil. On the one hand, applying a load on the pile head results in a downward pile movement. This downward movement
is resisted by positive skin friction along the pile’s shaft and contributes to bearing capacity of the pile as a result. On the other
hand, when a pile is installed into a thick clay layer, adding a surcharge load on the ground around a pile may cause a significant
consolidation settlement in the clay layers next to the pile as a result of excess pore water pressure dissipation, and a relative
movement between the pile and the adjacent soil takes place, and negative shear stress along the pile shaft, which is generally
known as the negative skin friction (NSF), is mobilized. This relative movement may proceed after the end of primary
consolidation as a result of secondary consolidation due to the structural viscosity of the clay. The aim of this research is, first,
to form a numerical model in order to simulate the behaviors and bearing characteristics of a single pile embedded in clay layers.
Secondly, to perform a numerical analysis using the elastic-viscoplastic (EVP) soil model in order to study the influence of
secondary consolidation on the negative skin friction (NSF) distribution. Furthermore, a parametric study is conducted to
examine the influence of the pile load, surcharge load, and viscous parameters on the axial load and the NSF distribution
mobilized in a pile, and to understand the bearing mechanics under various loading conditions.

After describing the background and objectives of the thesis in Chapter 1, Chapter 2 presents a literature review on the numerical
modeling simulating the behavior of pile foundations in clayey soils as well as the EVP behaviors of the clayey soils to strengthen
the importance and novelty of the research.

In Chapter 3, the results of a full-scale vertical loading test, such as the axial load distribution and the pile settlements, which is

conducted for a cast-in-place RC (reinforced concrete) bored pile embedded in the clayey layers, are presented.

In Chapter 4, the analytical model used in this study is formulated and explained in detail. The elastic-viscoplastic (EVP) soil
constitutive model for clay is clearly described. Also, the methods to determine the parameters for this model based on the
laboratory and field observations are explained comprehensively. Moreover, by comparing the field test measurements shown
in Chapter 3 with the numerical results, it is verified that the numerical models and parameter settings employed can simulate
the axial load distributions of a single pile reasonably.

In Chapter 5, a parametric study for different surcharge and pile loading conditions is conducted by analyzing the calculation
results of the pile axial load distribution, the soil and pile settlements during primary and secondary consolidation, and the
distribution of negative skin friction. Furthermore, comparing the analytical results for the axial load and the skin friction
distribution between elasto-plastic and EVP models, the effects of soil viscosity on the bearing characteristics are more clearly
discussed. Raising the applied pile load maximizes the difference between pile and soil settlements during primary consolidation
and minimizes this difference during secondary consolidation. As a result, the location of the neutral plane (LNP) is shifted
upward at the stage of secondary consolidation. Furthermore, applying a small magnitude of surcharge load causes a difference
in the LNP between the end of primary consolidation and during secondary consolidation, where the effect of NSF is obviously
taking place during secondary consolidation. On the contrary, doubling and tripling the surcharge load magnitudes reduces this

difference in the LNP, where the most part of settlements has occurred during primary consolidation.

In Chapter 6, a simplified model is introduced in order to study the impact of the viscous parameters on the NSF distribution.
Reducing the coefficient of secondary consolidation minimizes the NSF distribution. While increasing the value of the reference

volumetric strain rate raises the NSF, the axial load distribution, and the soil settlements during secondary consolidation.

In Chapter 7, the conclusions of the thesis and recommendations for future work are provided.
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