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ABSTRACT

In the last two decades, advantages of using piled-raft foundations have become
apparent to geotechnical and structural engineers and a great deal of attention has been
paid to study the different engineering aspects of piled-raft foundations. Because of the
three-way raft-pile-soil interaction in a piled raft system, the designer can optimize the
location and dimensions of the piles to restrict the maximum and differential settlements,
and to improve the load carrying capacity of piled rafts without excessive cost.

The present study aims to understand the behavior of piled raft foundations
considering the serviceability limit state condition to get a safe and economical design
using simple and quick approaches. To fulfill this purpose a large range of piled raft
configurations are considered in different types of sands at various states (loose, medium,
dense) and clays with different over-consolidation ratio (OCR =1, 2, 5 and 10) subjected
to a wide range of vertical and eccentric loading. All the piled rafts considered for the
present study are analyzed using a rigorous continuum based three dimensional elasto-
plastic finite element approach in Abaqus software. To model soils, critical state-based
soil constitutive models are used such as the “Clay And Sand Model” (CASM) for sand
and the “Modified Cam Clay Model” (MCC) for clay. These rigorous finite element
analyses are capable of considering complex interactions among raft-piles-soil
considering nonlinear elasto-plastic behavior of the soil. Systematic parametric studies are
performed using these rigorous finite element analyses to determine the factors affecting
different types of settlements (immediate settlements, time dependent consolidation
settlements, differential settlements) and load sharing between raft and piles which
govern the design of piled rafts under various circumstances. Based on detailed
parametric study on load settlement behavior of piled raft foundations, predictive

equations are proposed for estimation of piled raft stiffness considering soil-structure



interactions, short-term and long-term settlements, soil subgrade modulus at different
interfaces of the piled raft system. Also, effects of load eccentricity on the behavior of
piled rafts are studied to understand its importance in design considerations.

The major findings of the present study comprises of (i) a simplified design
methodology to predict combined piled raft stiffness, average elasto-plastic settlement
and load sharing between raft and piles for piled rafts in sand; (ii) an approximate method
of piled raft analysis and design by predicting soil subgrade modulus at various points of
piled rafts in sand using the SAP2000 software package; (iii) a simple method to predict
long term piled raft settlement, load sharing characteristics and overall time to complete
more than 95% consolidation settlement and (iv) effect of load eccentricity with
triangularly distributed load on piled raft load-settlement response.

The accuracy of all the proposed methods are cross checked in comparison with
rigorous finite element analysis results as well as through validation or verification with
existing load settlement data obtained from various literature which indicates the

meaningful outcome of the research for use in piled raft design practice.
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