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The performance and bearing capacity of helical piles, in addition to
their construction and geometry, are highly dependent on
characteristics of site soil. On the other hand, the soil resistance
parameters have inherent uncertainty, which causes differences in the
analytical results and experiments. In this paper, using Monte Carlo
analysis, the uncertainty of the compressive bearing capacity of helical
evaluated by stochastic parameters of cohesion, internal friction
angle, and unit weight of soil. To determine different failure mode,
different piles with different geometries (single-plate and double-
plate piles with different S/D) were modeled in PLAXIS 2D software.
The results of analytical calculations, uncertainty analysis and FEM
showed that the permissible settlement of helical piles in selected soil
in order to achieve ultimate bearing capacity should not be more than
5% of the piles plate diameter. Also, the ratio S/D=1.5 is the change
boundary of bearing behavior from individual plate to cylindrical
shear for the two-plate helical pile. The results also showed that the
greater influence of bearing plates on the final uncertainties of the
bearing capacity of piles, and also the bearing capacity of the
cylindrical shear mode has less uncertainty than the individual
bearing mode. Also, by performing the sensitivity analysis of the input
parameters in the final bearing capacity uncertainties, it was observed
that the greatest effect in the final uncertainties is related to the
internal friction angle of the soil than to the unit weight of the soil on
the output of the analysis.
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EXTENDED ABSTRACT

Introduction

The importance of soil mechanical parameters dispersion has increased stochastic
analyses in geotechnical engineering day by day. In this research, with an uncertainty
analysis in different failure modes of helical piles, the contribution of different parts of the
pile and input parameters (soil mechanical characteristics) on the output uncertainties
were studied. By modeling different two-plate piles with different distance between the
plates in PLAXIS software, the behavior of piles bearing capacity and different failure
modes was investigated. In general, in this research, the behavior of helical piles in
Kerman soil has been investigated using finite element modeling, analytical method and
reliability analysis.

Methodology

In this research, the bearing capacity of hollow steel helical piles with 2 meters length
and 0.076 meters in diameter; has been studied in two cases: one load-bearing and two load-
bearing plates. The modeling of these piles has been done in PLAXIS software using the
elastic behavior model in a two-dimensional space using 15-node elements showed in figure
1.

Figure1: finite element grid in PLAXIS software

By applying the vertical displacement above the main shaft of the piles, the settlement
graphs against the applied load are drawn. By modeling two-plate piles with different
distance between the plates (S), the changing pile bearing behavior between individual
plate bearing and cylindrical shear method was investigated and the optimal distance (S)
was determined in existing soil.

Assuming the behavior of individual plates bearing, the uplift and compressive capacity
of multi-plate piles can be estimated using equation (1).

P, = (GuA) + f.H(xd) O

i=1



In the case of cylindrical shear, the main bearing capacity of the pile is provided by
relying on the shear strength of the soil enclosed between the load-bearing plates and the
soil around the pile. In addition, according to equation (2), the lower bearing plate of the pile
and the main shaft of the pile also play a role in the final bearing capacity of the pile.

PuZ :quItAL-I_T(n _1)S7TDavg + sz(ﬂ.d) (2)

To consider the uncertainty in the analysis of the bearing capacity, 3 input parameters
are considered as random variables, which include the angle of internal friction (¢),
cohesion (C) and unit weight (y). These random parameters are modeled using truncated
normal probability distribution functions with Monte Carlo simulation as equation (3):

F(X u;0%) = #exp(—o.5(x?7“)2) (3)

o2x

Results and discussion

In single helix pile, the coefficient of variation for bearing capacity of plate is 0.11 and for
the frictional force of the main shaft is 0.078. The ratio of the average bearing capacity of the
bearing plate (Fp) to the average frictional force of the pile wall (Fs) is equal to 6.43. For a
two-plate pile with (S/D=1.5), the coefficient of variation of the bearing capacity of bottom
plate, the frictional force of the main shaft, and the shear force of the soil cylinder enclosed
between the two plates are 0.11, 0.1, and 0.0998, respectively. For two-plate pile with
behavior of individual plates bearing (S/D=5), the coefficient of variation of the bearing
capacity of plates and the frictional force of the main shaft are 0.109 and 0.078, respectively.
In figure (2) shows the coefficient of variation for bearing capacity in the sensitivity analysis.
The bearing capacity of helical piles is very sensitive to the internal friction angle of soil. In
this study, 5% of the bearing plate diameter of helical piles can be considered a more suitable
criterion to control the settlement of these piles.
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Figure (2): coefficient of variation for bearing capacity in the sensitivity analysis
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Conclusion

By reliability analysis, it was determined that the largest share of the uncertainty of the
bearing capacity is related to the bearing plates of the helical piles. In other words, in the
calculation of the bearing capacity, some random parameters affect the calculations in
several stages, which increases the uncertainty in the final bearing capacity of the piles. In
helical piles, the contribution of the friction of the shaft to the bearing capacity of the plate
is so low that it practically leaves a negligible effect on the final uncertainties. In the
cylindrical shear failure of a double-plate pile, the frictional capacity of the shear cylinder is
about 25% of the bearing capacity of the bottom plate of the pile, which makes the total
bearing capacity of the pile in the cylindrical shear state equal to 64% of the bearing capacity
of the individual plates mode in the uncertainty analysis, while This value is equivalent to
79% in finite element analysis. It can be said that the cylindrical shear failure mode is more
conservative than the individual plates and the top plate of the pile also plays a small role in
the bearing capacity, which is not included in the calculation formulas. Using the results of
the finite element analysis and the obtained force-displacement diagram, and with the
analytical calculations and the uncertainty analysis of the bearing capacity, it is determined
that the bearing capacity of helical piles with considering the displacement equivalent to 5%
of the bearing plates diameter, can be a better measure to displacement equal to 10% of the
diameter of these plates. In the sensitivity analysis of the studied piles with a 20% changing
in the standard deviation of each random parameters of the soil, the dispersion of the output
results is reduced, and this reduction is more severe in the case of the internal friction angle
of the soil and then in the case of soil adhesion reduction. This issue is important because
with the help of the results of geotechnical tests, if the soil in a site has relatively good
homogeneity and the deviation from the criteria of random soil parameters is small, there
is no need to use high confidence coefficients in the design of geotechnical structures. On
the other hand, this analysis can determine the risk limit and the worst possible case of
bearing capacity and help the designer to increase the safety of the structure.
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! Truncated normal probability distribution functions
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2 Probability Density Function (PDF)
3 Coefficient of Variation (CV)
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