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Laterally Loaded Piles in Clay

By

Helle Christensen and Gitte Niewald, Aalborg University

SUMMARY

The ultimate lateral resistance of a pile element moved horizontally can be analyzed by the
theory of plasticity. At a certain depth the movements around the pile are purely horizontal
and upper bound solutions can be estimated theoretically under undrained circumstances.
Model tests in the laboratory show ultimate resistances close to the estimated limits and
p — y curves close to curves based on test results from full-scale piles. Rough and smooth
piles with circular and square cross sections are investigated.

INTRODUCTION
Reasonable estimates of the behaviour of laterally loaded piles is an important factor in

design and construction of off-shore installations.

To simplify the problem, the soil near the surface is considered to be pushed up in front
of the pile, and in great depth the soil flow is assumed to be horizontal.

The relations between the horizontal soil resistance on a pile element p and the corre-
sponding deflection y are normally described by p —y curves which take the non-linearity
of the soil pile interaction into account.

Frg. 1: Swmplification of soil movement al lateral loading of pile, suggesied by B. Broms in 1964 /1/.
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P-Y CURVES

The p — y relations are influenced by a great many factors including:
1. Installation 4. Stress history
2. Geometry and pile properties 5. Stress-strain relations of soil
3. Rate and time of loading 6. Depth below the surface

According to 2. the curves may be considered as analytical tolls and not as fundamental
soil properties because the description also includes pile geometry and pile properties.

p—y curves are normally related to the fundamental theory of soil properties, for example
the ultimate lateral soil resistance p, per unit length of pile. For the characteristic strain
hardening “soft clay” (¢, < 100 kPa), /2 - 4/, p, is found as the ultimate provided soil
resistance.

ULTIMATE RESISTANCE

Introduction
In case of a deposit with undrained soil shear strength ¢, constant with depth, the soil

resistance near the surface will be less than the resistance in great depth, according to the
difference in soil movements as mentioned above.
This paper deals with failure mechanisms in great depth where only horizontal move-

ments take place.

Square piles
A square pile with width B is considered (Fig. 2). A possible mode of failure, which consists
of both plastic zones and stiff bodies, is developed around the pile.

By an infinitesimal deflection of the pile in the loading direction, the rate of dissipation

of energy within the deforming soil mass is
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Fig. 2: Plane failure mode for a square pile. Fig. 3: Plane failure mode for a cylindrical pile.
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