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Introduction: Piles transfer structural loads to the ground (1) at the surface of

their shafts and (2) at their toe (Fig.1). In the calculation of these two E e : g
components of load transferred from a pile to the soil mass, both the 10 & g il
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deformation characteristics and the strength properties of the soll need to be 5 = & 1 N
taken into consideration. In unsaturated solls, matric suction changes the stress- 0- i E : 120
strain-strength behavior of the soil. Similarly, the adhesion and the friction angle ~ mampepasnes ggﬁATURATED : 0 5w
at the contact area between the soil and the pile shaft are affected by the 10 - o
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changes in matric suction. In this paper, the effect of soll suction on the shaft 15 SATURATED : g2,
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resistance and toe resistance of a pile is examined. The pile under consideration om PILE TOE | : 5o
IS described by Georgiadis et al. (2003). In the present study, soll-pile interaction 3 w - E 0
is analyzed as a contact mechanics problem using COMSOL. The pile is 20 m i I 7 e
long and its diameter is 1m. The pile is embedded in the soil with linearly '3& _r=0 I ‘"’EW'FH'ED"dl5D|HEEWEﬂTSHTEUdllffEfEﬂT
varying matric suction between the ground surface and the GWT which is at 93 20 -10 0 10 20 30 locations along the pile shaft at failure, m
D=10m (Fiq. 2).
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J - Figure 5. Pile sections used In Figure 6. Shear strength of soil
HEAD the analysis. and the vertical displacements
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required for failure at 20 different
: | GROUNDWATER locations along the pile shaft.
LEVEL.D
1 1 et l - Results: Calculated values of maximum values of shear stress are plotted in
om - ® N T *“""‘;FETEF Fig. 6. Figure 7 shows the total shaft resistance as a function of vertical
maateareo; NI  ( ®H | O\ > Diﬁi?ébﬁglll displacements of the pile head. At any given pile head movement, the sum of
e — . the resistance of each pile section gives one point on the total shaft resistance
T versus displacement curve. Details of the procedure can be found in Infante et
- 1m al. (2012). The total shaft resistance calculated by COMSOL in the present
RESISTANCE U= porewater pressure, yw = unit weight of water study 1s 7722kN and it compares well with 7740kN determined by textbook
calculations.
_ _ _ _ _ The toe resistance was rather small. At 0.1m pile head movement, the
Figure 1. Load transf_er Figure 2. Pile dlr_ner_lsm_ns and pore contribution to the pile capacity was about 500kN. The effect of toe resistance
from a structure to soil mass. water pressure distribution.

on the total load versus pile head displacement can be seen by comparing Fig.
/ and Fig. 8.

A solution of this problem requires the simultaneous use of Structural

Mechanics, Geomechanics modules and the Contact Mechanics option. The

modulus of elasticity of soil in unsaturated state Is calculated using an =
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equation by Oh et al. (2009). Shear strength of soll is calculated by using an — 000 | T 00g
equation proposed by Vanapalli and Fredlund (2000). The elastic modulus %6000: Eﬁm
and shear strength values used in this study are shown in Figs. 3 and 4. = 50005 9.
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Figure 3. Elastic modulus of Figure 4. Shear strength of solil as a < toebrle3|stance an t c sthatcr:eatstatncl\e/l % ? plie Canb_l_te_ ca C;J aggl\’/lévgl_
soll as a function of depth. function of depth. reasonabie: suttess, “using e Lontact WIodeling  capabliities - o
Multiphysics code. The amount of vertical movement at the pile head for any
Model parameters for the saturated soil mass are taken from Taylan et al. specified load can be determined for piles in both unsaturated/saturated soils. In
(2012). As shown In Fig. 3, the elastic modulus is 5e6Pa in saturated soll future studies, however, the modeling of the nonlinear, stress level dependent
mass. soll deformation properties should be considered.
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