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ABSTRACT

This study investigates the seismic behavior and experimental analysis of
two common types of pile caps used in infrastructure projects for port
construction in Iran. The objective of this research is to evaluate the
mechanical and energy performance of these pile caps under cyclic loading,
particularly in the pile-to-deck connection regions. Two pile cap samples,
namely PRC and PEST, were subjected to bending and shear loads in
laboratory conditions. The results revealed that the PRC sample
experienced reinforcement yielding and concrete cover cracking under
similar loading conditions, whereas the PEST sample failed primarily at
the welding joint between the pile and deck bolt connection. Additionally,
compared to the PRC sample, the PEST sample exhibited higher stiffness,
attributed to the use of steel pipes and grout in its construction. On the other
hand, the energy absorption capacity and hysteretic damping in the PRC
sample were higher, especially at higher drifts, than in the PEST sample.
These findings have direct implications for the design and performance of
port structures under seismic loads. The results of this study can contribute
to improving the design of pile-to-deck connections and enhancing the
performance of structures against seismic forces.
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Introduction

Ports are fundamental components of
national infrastructure, supporting the flow of
goods, economic growth, and regional
development. In earthquake-prone countries
like Iran, the seismic safety and functionality of
port facilities are of paramount importance, as
structural failures during seismic events can
disrupt trade, cause significant economic
losses, and endanger human lives. Among
marine structures, pile-supported wharves are
widely used due to their adaptability to various
soil conditions and their ability to resist both
vertical and lateral loads. However, the pile-to-
deck connection, especially the pile cap region,
represents a critical and vulnerable point under
seismic excitation, where inelastic
deformations and damage are likely to
concentrate. While analytical and numerical
investigations on pile-wharf systems exist,
there remains a notable gap in experimental
studies specifically addressing the cyclic
seismic performance of commonly used pile-to-
deck connections in Iran. A detailed
understanding of their behavior under realistic
loading conditions is crucial for developing
effective seismic design strategies and
retrofitting solutions for marine infrastructure.
This research addresses this gap by conducting
laboratory-based cyclic loading tests on two
prevalent pile cap connection types—PRC
(rebar and concrete) and PEST (external steel
pipe and grout)—adopted in Iranian marine
wharves.

Methodology

In this research, two typical pile-to-deck
connection types, known as PRC (utilizing
rebar and concrete) and PEST (employing an
external steel pipe filled with grout), were
selected based on the design details of existing
marine wharves in the Persian Gulf. Laboratory
specimens were constructed at a 1:3 scale, each
comprising a steel pile, a reinforced concrete
deck, and the corresponding pile cap
connection. The PRC specimen featured
longitudinal rebars extended from the pile into
the deck and encased in concrete, while the
PEST specimen used a larger steel pipe sleeve

with grout to connect the pile to the deck via a
steel plate and welded joints. Comprehensive
instrumentation, including strain gauges,
displacement transducers (LVDTs), and load
cells, was installed to monitor key response
parameters such as lateral displacement,
curvature, load, and energy dissipation
throughout the tests. Quasi-static cyclic lateral
loading was applied to the free end of the deck
using a hydraulic actuator, following the ACI
374.1-05 protocol to simulate earthquake-
induced displacements. Each specimen was
subjected to increasing drift ratios until failure,
and the force—displacement behavior, failure
modes, and energy absorption  were
systematically recorded and analyzed.

Results and Discussion

The experimental results revealed
significant differences in the seismic behavior
of the two connection types. The PEST
specimen achieved an ultimate lateral load
capacity of 56.6 kN, about 7% higher than the
PRC specimen (53.0 kN), and exhibited
approximately 15% greater initial stiffness.
This superior strength and stiffness were
primarily attributed to the steel pipe and grout
configuration in the PEST connection, which
enhanced load transfer efficiency.
However, the PRC specimen outperformed
PEST in terms of ductility and energy
dissipation, achieving a ductility index of 2.6
(versus 2.2 for PEST) and 12% higher
hysteretic energy absorption, particularly at
higher drift levels. This suggests a better
capacity for inelastic deformation and seismic
energy mitigation in the PRC system.
Failure mechanisms also differed: PRC
predominantly  failed by yielding of
longitudinal rebars and cracking of the concrete
cover in the deck, whereas the PEST specimen
experienced premature failure at the welded
joint between the steel plate and deck bolt,
highlighting a potential weakness in welding
details. Both connection types, however,
showed some undesirable concentration of
damage in the deck region rather than at the pile
base, indicating the need for improved design
strategies to better localize plastic hinge
formation and prevent critical deck damage.



Overall, the findings provide practical insights
for marine structural designers, emphasizing
the trade-off between strength and ductility, and
the importance of meticulous detailing,
especially in welded connections.

Conclusion

This study demonstrated that while the
PEST connection offers greater initial strength
and stiffness due to its steel pipe and grout
configuration, the PRC system provides
superior ductility and energy absorption, which
are critical for seismic resilience. The observed
concentration of damage in the deck, rather
than at the pile base, in both connection types
suggests that current design details may not
sufficiently promote plastic hinge formation
where intended.

Accordingly, future designs should
prioritize connection detailing that enables
controlled plastic deformation at the pile base
and enhances weld quality in steel plate joints.
These improvements can help prevent
premature deck failure and ensure greater
durability and safety of marine structures under
seismic loading.

Further research involving full-scale tests,
diverse soil conditions, and advanced
numerical modeling is recommended to
validate the laboratory findings and develop
optimized design guidelines for pile-to-deck
connections in marine infrastructure.
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