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A E H Effect of Helix Bending Deflection on Load Settlement Behaviour of

Screw Pile in Dense Sand
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A screw pile is one of the old piling systems that have regained its importance due to the development in hydraulic
motors. These piles have edge over other steel pile systems due to its quick installation mechanism, high end bearing,
uplift and lateral resistance, noise reduction and minimum involvement of man power during pile installation. Its use
is increasing rapidly as a foundation for transmission towers, elevators, buildings and many other civil structures.
Generally, it consists of cylindrical steel shaft with one or more helices at various length of the shaft. They are usually
considered as end bearing piles because pile tip holds majority of the structural load. (Pile tip includes helix and tip of
central shaft).

It is always desirable to utilize the maximum available bearing capacity of the ground through any type of piling
system. However, the available ground capacity is often reduced due to soil disturbance during pile installation or
deformation of the pile itself. Similarly, like other piling systems, screw piles can also disturb the ground conditions
and reduce the bearing capacity of the ground if torque and pushing force is not properly monitored and controlled.
However, end-bearing capacity still can be reduced even if the installation of screw pile is done properly without any
serious soil disturbance or pile deformation. This reduction in bearing capacity of the ground is due to the bending
deflection of helix during the loading phase. Therefore, larger ratios of helix to shaft diameters are usually discouraged
by the engineers to overcome helix bending.

In this study, the effect of helix bending deflection on load settlement behaviour in dense sand was investigated
to estimate the critical helix bending deflection (helix bending deflection beyond which it starts affecting the load
settlement behaviour). The effect of increasing stress level (overburden pressure) on load settlement behaviour
and critical helix bending deflection was also considered. This study also investigated the effectiveness of simple
extrapolation methods such as Chin-Kondner and Decourt to estimate the ultimate screw pile capacity, when the

available load test data is limited (not up to failure). The comparison of end bearing capacity of screw and straight



pipe piles under similar pile tip area and ground conditions were also studied in this research. The effect of increasing
overburden pressure on the end bearing capacity of screw and straight pipe piles was also considered in this study.

Model scale of pile load testing was used to achieve the set objectives. A cylindrical steel container was used to
prepare the model ground. The size of the container was according to the previous studies to avoid any boundary effect
on the pile load test results. Pressure transducers were also fixed on the wall and floor of the container to measure the
boundary pressure during the pile load test. Model screw pile having single helix and closed shaft end was used in this
study. The helices were modeled as a flat circular plate with silt so that helices with various diameters (43, 55, 60 and
89 mm) can be used with the central shaft (21.7 mm). Close-ended straight pipe piles (21.7, 43, 60 and 89 mm) were
also used to compare the end bearing capacity with the screw pile having similar pile tip area. The material of the model
piles was according to STK400 and SS400 steel standards.

Dry Toyoura sand was used to develop the model ground. The soil was compacted in 6 layers, each having a
thickness of 100 mm. The relative density of the ground was set around 70, 80 and 92 %. The model piles were placed
after the compaction up to the 4" layer. The remaining two layers were compacted around the pile. Four rubber tubes
with different diameters were used to simulate the effect of stress level (overburden) on the surface of model ground.
The tubes were covered with circular steel plate, which was clamped with container so that the supplied air pressure in
the tubes directly transferred to the surface of the model ground.

The experimental results indicated that if the bending deflection of helix is more than critical helix bending deflection
it will start affecting the load settlement behaviour and will reduce the available bearing capacity of the ground. The
range of estimated critical helix bending deflection based on experimental results is 0.41 — 1.2 mm (with and without
the effect of increasing stress level). It is also observed that the downward movement of the central shaft has a direct
relationship with the bending deflection of the helix and it is due to the fixed boundary condition at the outer edge of the
helix. It is presumed that the change in load settlement behaviour and reduction of ultimate end bearing capacity is due
to radial outward movement of the soil as the central shaft of the screw pile moves downward. An equation is proposed
based on the critical helix bending deflection (bending deflection of helix that has no effect on the load settlement
behavior) to estimate the critical thickness of helix with respect to ground strength.

The prediction analysis of simple extrapolation methods (Chin-Kondner and Decourt) indicated that both methods
overestimate the ultimate pile capacity at plunging resistance state. However, the prediction analysis showed better
agreement with the load test data if the ultimate pile capacity is selected from the predicted model curve at settlement
equals to 10% of helix plate diameter (indicates full mobilization of end bearing). Therefore, it is better to consider the
ultimate end bearing capacity at settlement equals to 10% of helix diameter from the model curve if limited load test
data is available. A reduction factor based on pile load test results in dense fine sand is proposed to control the over
prediction of Chin-Kondner and Decourt methods at settlement equals to 10 % of helix diameter. It is also observed that
the Decourt method of plotting can indicate the helix plate deformation during the pile load test that affects the ultimate
pile capacity of the ground. It is observed from the test results that the straight-line portion transformed to convex
downward curve as the deformation of the helix plate start affecting the load settlement behavior of the ground. The
helix plate limit load that affects the load settlement behaviour can be estimated if tangents are plotted on the convex
downward curve.

The comparison of end bearing capacity of screw pile with straight pipe pile under similar pile tip area and ground
conditions showed that the screw pile end bearing capacity is 16.25 % average (with and without the effect of increasing

stress level) less. Based on the test results in dense fine sand, shape reduction factor is proposed for the estimation of the



end bearing capacity of screw pile. However, the screw piles having helix to shaft diameter ratio of 2 — 4.1 showed 2.5 —
12 times higher end bearing capacity than straight pipe piles with similar pile shaft diameter. It is also observed, in case
of straight pile, the load settlement curve plunges downward without increase in load around settlement equals to 10%
of pile tip diameter (D,), whereas, in case of screw pile the load settlement curve plunges around settlement equals to

15% of pile tip diameter (Dy,).
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