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ABSTRACT

For design of laterally loaded piles, the non-linear Winkler foundation method has widely been used
around the world based on the p-y concept, where p is soil resistance and y is local pile deflection. A
number of p-y curves have been proposed but the pile response is mainly governed by the limiting value
of the p, i.e. limiting force or soil ultimate resistance p,, at shallow depths. Should the limiting force
profile (LFP) have been accurately determined, the overall behavior of laterally loaded piles (including
pile deflection, maximum bending moment, slope and bending moment distribution etc.) could be well
predicted. Nevertheless, as the variability of soil profile and properties, pile size and installation method,
and loading type would impose significantly influence on the pile behavior, none of LFPs has been
widely accepted. Using three parameters of Ny, ap and n, however, a generic LFP can not only include
all existing LFPs, but allows the aforementioned factors on pile response to be gauged through selecting
the set of values of the three parameters.

Based on the generic LFP, existing LFPs for pilesin soil and rock are discussed herein and closed form
solutions and a program GASLFP are presented. And further, numerical methods involving finite
difference approach are derived and implemented into a spreadsheet program FDLLP. Utilizing the
programs of GASLFP and FDLLP, this thesis focuses on:
(1) Examining the selection of the three parameters for the generic LFP,
(2) Discussing the main factors on the behavior of laterally loaded piles;
(3) Investigating the response of single piles involving linear and nonlinear structura
behavior and presenting databases for laterally loaded pilesin soil and rock;
(4) Exploring the nonlinear response of individual pilesin a group tentatively and discussing
pile group efficiency;
(5) Evaluating static and cyclic responses of single pilesin calcareous sand.

Above analyses demonstrate that:

(1) The generic LFP can integrate all existing LFPs and is capable of taking effects of layered
soils, gap formation under cyclic loading and pile group action into consideration;

(2)  For one type of soil, the parameters for the generic LFP are rather consistent. For relatively
uniform sand, oo = 0, n =17 and Ny = (0.4 ~ 2.5)Kp2 (Kp = coefficient of passive earth
pressure) ; for relatively uniform clay, ap = 0~0.3, n=0.7and Ny = 0.8 ~ 3.2;

(3) Theresponse of laterally loaded piles occurs mainly within thetop 10d  (d = pile diameter)
and is dominated by the L FP within the top (5~7) d;

(4) For drilled shafts, the structural nonlinearity should and could be accurately considered,
especially for higher load levels;

(5) Inagroup, responses of individual piles are dependent of their relative position. Generally,
the leading row piles behave as isolated single piles. The group response can be derived
from the response of an isolated single pile in the same site if available;

(6) The static response of pilesin calcareous sand is similar to that of onshore piles except for
effect of particle cementation. The magnitude of LFP under cyclic loading is about 0.56~
0.64 times that under static loading due to formation of gap .

Above conclusions are recommended for design of laterally loaded piles in conjunction with the
elastic-plastic solutions using the generic LFP.
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