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Abstract - In this paper, both connected and disconnected piled raft foundations subjected to compressive load have been analyzed
using PLAXIS 3D considering time effects. Pile rafts of size single pile, 3x1, 3x3 and 5x5 have been considered in the analysis. The
field study reported by Mattsson et al. (2013) has been considered for the analysis and validation. In PLAXIS 3D, the soil model
consists of 10-noded tetrahedral soil elements. The piles are modelled with the use of embedded pile option. The calibrated parameters
from the analysis have been taken for the prediction of settlement of raft and pile heads with respect to time for both connected and
disconnected pile rafts. The settlement of concrete slab of 3x3 disconnected piled raft foundation obtained by PLAXIS 3D is 22% less
as compared to the measured field test values for a period of six months. The settlements of slab of connected piled raft foundations are
about 13% to 68% lower as compared to disconnected piled raft foundations irrespective of pile group configurations for a period of
one year. The settlements of pile heads of connected piled raft foundations are about 20% to 65% lower as compared to disconnected
piled raft foundations irrespective of pile group configurations for a span of one year. The settlement of slab and pile heads of 5x5
connected piled raft foundation has least settlement than other piled raft foundations for a period of one year.
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1. Introduction

Piles act as settlement reducers in case of piled- raft foundations and hence reducing the settlements of raft. The piles
are structurally connected to the raft in a piled- raft foundation (PRF) whereas piles are disconnected to the raft in a
disconnected piled- raft foundation (DPRF). In a piled- raft foundation, if there is a larger spacing between the piles, then
the axial load per pile will increase, and the structural capacity of the pile can become critical. Alternative way is therefore
to disconnect the piles from the raft by introducing an interposed granular layer. In this case, piles act as a means of soil
reinforcement and the factor of safety against structural failure can be significantly reduced. Poulos (2001) performed 2D
numerical modelling. He used the theory of plate-on-spring and tested the effect of various parameters like thickness of
raft, number of piles and pile length in a group of piled- raft on the load shared by piles and the raft and bending moment in
raft. Small and Zhang (2002) analysed the behaviour of piled- raft foundations (PRFs) under vertical and lateral loads
respectively through the program APRAF (Analysis of Piled Raft Foundations). Horikoshi et al. (2003a) analysed the
effect of static horizontal and vertical load on the behaviour of CPRF (combined piled- raft foundations), pile groups, and
rafts. Horikoshi et al. (2003b) did centrifuge shake table tests and observed the behaviour of CPRFs and pile groups.
Matsumoto et al. (2010) studied the outcome of lateral load on pile groups, raft foundations and CPRFs by carrying out 1-g
tests. Sinha et al. (2016) did 3D finite element analysis by using ABAQUS to study the behaviour of piled- raft foundation.
Kumar et al. (2016) modelled a CPRF system using PLAXIS 3D from the experimental work obtained by Horikoshi et al.
(2003a,b) and numerical work obtained by Eslami et al. (2011). They analyzed the model subjected to static, dynamic and
pseudo-static loading conditions. Time dependent behaviour of piles and PRFs in soil are limited (Abbas et al. 2010; Fattah
et al. 2013; Mattsson et al. 2013; Mishra and Patra 2018; Poulos 1994; Small and Liu 2008). Mattsson et al. (2013) did a
full-scale in situ test for a period of six months. They stated difficulty in choosing the soil parameters which the full-scale
test had for the design of ICEDA. Mishra and Patra (2018) predicted the long-term settlement behaviour of pile groups
using two different viscoelastic soil models, a nonlinear five-parameter model (a Hookean spring element and two
Maxwell elements all connected in parallel) and a linear five-parameter model.

From the literature studies, it is concluded that studies on the behaviour of both connected and disconnected piled- raft
foundations considering time effect are limited. In this study, finite element analysis have been carried on both
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disconnected and connected pile raft foundations of size single pile, 3x1, 3x3 and 5x5 pile groups subjected to
compressive loads considering time effect. The field study reported (Mattsson et al. 2013) on disconnected piled raft with
embankment loading has been considered for validation and analysis. A comparative study in terms of settlement of slab
and deformation of pile heads for both disconnected pile rafts as well as connected piled rafts have been made.

2. Numerical model and validation

In this paper, both disconnected and connected pile raft foundations of size single pile, 3x1, 3x3 and 5x5 pile groups
are numerically modeled using the finite-element software PLAXIS 3D. The calibrated parameters that are reported in
Mattsson et al. (2013) have been used. The field instrumentation is shown in Fig. 1. Four layers of clay have been taken for
the analysis of the numerical model. The three dimensional mesh for 3x3 disconnected and connected piled- rafts are
shown in Fig. 2 and Fig. 3. For disconnected piled-raft, the mesh consists of 13201 elements representing the soil and the
concrete piles, and 1798 elements representing the concrete slab. Due to the symmetrical layout, one-fourth of the full
model is reproduced in the numerical model. A linear elastic model is considered for the concrete elements in the model.
The soil is constituted by elasto-plastic constitutive models such as modified Cam Clay for the clay and Mohr—Coulomb
for the embankment fill, upper granular layer and molasse. The calculations are carried out taking into account the coupled
behavior of deformation and flow as well as the time-dependent effect of consolidation linked to the permeability of the
soil. The length of piles for disconnected and connected pile raft foundations are 36.5m and 39m respectively. The pile
diameter remains the same for all cases i.e. 1m. The spacing of piles remains same i.e. 5d where d is the diameter of pile.
The raft dimensions changes according to the number of piles. For the group of 9 piles, 11mx11m raft size is provided as
mentioned by Mattsson et al. (2013). For the group of 25 piles, 21mx21m raft size is provided. For 3x1 line pile group,
11mx1m raft size is provided. For the single pile, Imx1m raft size is provided. The raft thickness remains the same i.e.
1.2m for all cases.

Fig. 1: Layout of full-scale test: Field instrumentation Fig. 2: Numerical model (Disconnected piled raft).
(Adopted from Mattsson et al. 2013).

The numerical results of disconnected piled raft of 3x3 pile group have been compared with the reported results of
Mattsson et al. (2013) (Fig. 4). It is observed that the settlement of the concrete slab of disconnected piled raft from the
present analysis is consistent with the reported results by Mattsson et al. (2013) and is within an error of 20%. Also,
convergence analysis has been carried out considering coarse, medium and fine meshing. It has been observed that fine
mesh of size 14999 elements (including soil and slab) gives better results (about 20% error). The numerical results by
Z_soil software (Mattsson et al. 2013) predicts 40 to 50% higher settlement on concrete slab of 3x3 disconnected piled raft
as compared to measured value. The accuracy from the present analysis gives results within 20% error.
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Fig. 4: Measurement and calibrated prediction of settlement on

Fig. 3: Numerical model (Connected piled raft). concrete slab for six months

3. Numerical results and discussion

3.1. Settlement of slab
Fig. 5 shows the deformation of concrete slab at settlement cell 11 (S11) for a time period of 1 year. The settlement of

concrete slab of single connected piled raft is about 41% less than the settlement of disconnected single piled raft. The
settlements of concrete slab of 3x1, 3x3 and 5x5 connected piled rafts are about 18.83% to 96.53% less than the settlement
of single connected piled raft for about 1 month to 1 year. The settlements of concrete slab of 3x1, 3x3 and 5x5
disconnected piled rafts are about 46.02% to 94.51% less than the settlement of single disconnected piled raft for about 1
month to 1 year.

3.2. Settlement of pile heads

Fig.6 shows the deformation of pile heads at cell 4 (S4) for a time period of 1 year. The settlement of pile heads of
single connected piled raft is about 20% less than single disconnected piled raft. The settlements of pile heads of 3x1, 3x3
and 5x5 connected piled rafts are about 7.17% to 87.77% less than the settlement of single connected piled raft for about 1
month to 1 year. Similarly, the settlements of pile heads of 3x1, 3x3 and 5x5 disconnected piled raft are about 12.45% to
65.77% less than the settlement of single disconnected piled raft for about 1 month to 1 year. It is observed from the
results that as the number of piles increase, there is a decrease in the settlement of pile heads. The settlement of the pile
heads of 5x5 connected piled raft is the least among all.
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Fig. 5: Settlement of concrete slab for both disconnected and Fig. 6: Settlement of inclusion heads for both disconnected and
connected piled raft foundation for a period of 365 days. connected piled raft foundation for a period of 365 days.

4. Conclusions
Based on the current study, the following conclusions are drawn.

Disconnected and connected piled- raft foundations of single pile, 3x1, 3x3 and 5x5 pile groups have been
analysed using PLAXIS 3D. The reported soil profile and pile dimensions given by Mattsson et al. (2013) have
been considered in the analysis. The raft dimension varies according to the configuration of pile groups. The
present analysis by PLAXIS 3D has been validated with the reported field test results (Mattsson et al. 2013) and
found to be within an error of 22% for the settlement of concrete slab.

The settlements of pile heads of 3x1, 3x3 and 5x5 connected piled rafts are about 7.17% to 87.77% less than the
settlement of single connected piled raft for about 1 month to 1 year The settlements of concrete slab and pile
heads in case of 5x5 connected piled- raft foundation are observed to be least as compared to other connected and
disconnected piled rafts for a period of one year.
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