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1- Introduction

Pile Raft Foundations are considered one of the effective
systems for transferring the loads of heavy and high-rise
structures onto soft and compressible soils. In this system,
both the piles and the foundation simultaneously
participate in load transfer, which increases load-bearing
capacity and controls both Total and differential
settlements. Despite extensive research on Pile Raft
Foundations, the effect of the type of connection between
the foundation and the piles (including fixed, hinged, and
non- Connected) has received less attention. In a fixed
connection, a complete moment transfer occurs between
the pile head and the foundation, while in a hinged
connection, the bending moment at the connection
between the pile head and the foundation is zero. In the
non- connected state, a layer of soil is placed between the
foundation and the pile, and load transfer occurs indirectly
through the soil.

2- Methodology and Numerical Modeling

In this study, a three-dimensional numerical analysis was
conducted using PLAXIS 2020 software to investigate the
effect of the type of connection between the piles and the
foundation on the mechanical behavior of pile raft
foundations under vertical and lateral static loading. To
validate the software, the numerical model was compared
with experimental and analytical results from the studies
of Park and Lee (2015) and Halder (2020). In the validated
model, the pile arrangement was 4x4, with a pile diameter
D=0.6 m and pile length L=15m. A square raft foundation
with width B= 9 m and thickness 1.2 m was considered.
The comparison of the load-displacement curves for the
two cases, the raft foundation alone and the pile raft
foundation, showed a good agreement.
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Fig. 1. Software validation diagram in pile raft foundation
mode

The numerical model used in this study consists of a square
foundation with dimensions 12 m and a thickness of 1.5
meters, supported by 9 piles arranged in a 3x3 pattern. The
diameter of each pile is 0.5 meters, and the pile length is
20 m. The underlying soil is modeled as homogeneous
sand using the Mohr-Coulomb failure criterion, and the
foundation and pile components are modeled elastically.
Three different connection types between the foundation
and the piles were considered: fixed, hinged, and non-
connected state (with a 1-meter thick soil layer between
the foundation and pile head).

3- Results and Discussion

The results of the analysis indicated that the type of
connection has a significant impact on the Total
settlement, axial load distribution, and bending moments
in both the foundation and piles.
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Under vertical static loading, the fixed connection
resulted in the least settlement but led to an increase in the
bending moments in the piles and foundation. In the
hinged connection, a greater settlement occurred in the
foundation, but the bending moments were reduced
compared to the fixed connection, displaying a more
flexible behavior. In the non- connected state, due to the
presence of a soil layer between the pile and the
foundation, the bending moments were minimized, and the
axial load distribution between the piles was more
uniform, although the Total settlement slightly increased.

The bending moments along the pile were also
examined. At the pile head, which is the connection point
between the pile and the raft foundation, only the fixed
connection produced a bending moment, whereas the
hinged and non- connected state resulted in zero bending
moments at this location. Among the three connection
types, the bending moments along the pile were the
smallest in the non- connected case compared to the other
two connection types.
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Fig. 2. Comparison of the bending moment created in the
pile under the 100 kPa Static Vertical Load at different
connection type

The shear force generated in the foundation under vertical
static loading in the hinged and fixed connection cases is
similar, although the shear force is slightly higher in the
hinged connection compared to the fixed connection. The
non- connected state exhibits the lowest shear force among
the three connection types. Under lateral static loading, the
bending moment and shear force developed in both the
piles and the foundation are greatest in the fixed
connection case and smallest in the non- connected state.
The horizontal displacement of the foundation under
lateral loading is smallest in the hinged connection case
and greatest in the non- connected state.

4- Conclusions

Based on the numerical modeling results, the type of
connection between the foundation and the piles plays a
crucial role in controlling the deformations and internal
forces in pile raft foundations. The fixed connection is the
best choice for structures that need to with stand heavy
vertical and lateral loads; however, it comes with higher
costs and design complexity. The hinged connection is a

balanced system that is suitable for bearing vertical and
lateral loads while offering greater flexibility. The non-
connected state is a more cost effective option for reducing
differential settlements and better controlling stresses in
projects that do not require resistance to heavy lateral
forces. Overall, the results indicate that the design details
of the pile-foundation connection have a significant impact
on the system's ultimate performance, and optimizing this
aspect can increase efficiency while reducing material
usage and costs.
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Numerical Study of the Effect of the Type of Connection between the Pile and the Foundation on the
Bearing Capacity and the Settlement Created in the Pile Raft Foundations

Mahdi Yazdi nasab Mahmoud Yazdani

Abstract Many studies have been done on the pile raft foundations. However, the effect factor of the type of connection
between the piles and the raft foundation has been less studied. The type of rigid connection is a state in there is a
bending moment between the pile and the foundation. But in the case of a hinged connection, unlike a rigid connection,
the bending moment at the connection between the pile and the foundation is zero. In the non-connected state, the raft
foundation is not directly connected to the pile, and a layer of soil is placed between the pile and the foundation. In this
research, the effect of the type of connection between the pile and the raft foundation on the performance of the entire
system, especially the settlement of the raft foundation, as well as the distribution of the bending moment in the
foundation and pile under vertical and lateral static loading was studied. The amount of bending moment created in the
pile and foundation under vertical and lateral static loading is the lowest in the detached state and the highest in the
rigid connection state. The two states of rigid and hinged connection before the piles reach their maximum bearing
capacity (yield point) have a similar behavior. After the yield point of the piles, a lower bending moment is created in
the hinged connection state than in the rigid connection state. But the settlement created in the hinged connection mode
will be more than the rigid connection.

Key words Piled raft foundation, Bearing capacity, Non-connected between pile and foundation, Rigid and hinged
connected between pile and foundation, Settlement of raft foundation.
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