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1- Introduction

The rise in energy demand has spurred the discovery of
new energy sources. The extensive utilization of maritime
docks, including the exploration of fossil fuels, brings
particular focus to these structures and the maintenance of
their essential functions.

Offshore platforms situated in the challenging ocean
environment face various environmental forces, such as
waves, ice, winds, and earthquakes, over extended periods.
These factors can lead to catastrophic failures, even if the
structure remains stable. The vibrations induced by these
forces can result in operational inefficiencies, damage to
platform facilities, and discomfort for the crew.
Decreasing the vibration amplitude in an offshore platform
by 15% can significantly prolong its lifespan and reduce
maintenance and inspection expenses. Efforts have been
undertaken to enhance seismic safety, improve
serviceability, and boost the reliability of civil
infrastructure. Utilizing structural control systems is
among the most effective methods to reduce seismic
response and enhance the resilience of structures. Previous
research indicated that employing shape memory alloys as
dampers for offshore platforms is advantageous due to
their favorable characteristics, including adequate fatigue
resistance, long-term  dependability, and suitable
mechanical properties.

2- Mechanical Properties of Shape Memory Alloys
Shape memory alloys are a new generation of smart
materials that can recover their original shape after
experiencing a large strain. This alloy consists of two main
phases, austenite and martensite, which exhibit distinct
properties through phase transformation. The shape
memory alloy-based damping system is a self-center
system. It features the ability to provide force feedback and
energy absorption. This system consists of shaped memory
alloy wires arranged on a cylinder.

3- Analysis of frame and modeling
In this research, the impact of pre-stressing shape memory

alloy wires in a shape memory alloy-based damping
system on enhancing the seismic performance of marine
structures was examined. To achieve this, a single-degree-
of-freedom frame representing a simplified marine
structure was simulated using the OpenSees software. The
frame comprises two massless columns and a rigid base,
making it a single-degree-of-freedom system. It has a
height of 3657 millimeters and a span length of 7314
millimeters. ElasticBeamColumn elements were utilized
to simulate the beams and columns in the software. The
configuration and elements employed for modeling the
damper are illustrated in Figure 1.
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Figure 1. Placement and modeling of the seismic system in
the frame

To analyze the response of marine structures in different
scenarios, the structure undergoes ground motions. The
frame under investigation was examined in non-seismic
conditions, as well as with a shape memory alloy seismic
system where the radius of wires was doubled. To assess
the impact of pre-stressing on the seismic system, pre-
stressing at 5%, 10%, and 15% of the activation stress was
considered, and the frame was reevaluated. Seven pairs of
ground motions were selected and applied to the structure
after scaling.

Afterwards, the impact of structural parameters on the
study results was investigated. Three different scenarios
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for the frame were created by altering the column stiffness
through various elastic modulus variations. The cases are
outlined in Table 1. Similar to the preceding section, a time
history analysis was conducted on the frames.

Table 1. Frame Specifications

No. Beam Elastic Columns Fundamental
Modulus Elastic Periode
(kN/mm?) Modulus (sec)
(KN/mm?)
1 206.84 150 0.64
2 206.84 206.84 0.54
3 206.84 310 0.44

4- Conclusions

In this study, a single-degree-of-freedom frame, a
simplified form of marine structures, was analyzed using
the OpenSees software. The frame underwent seven pairs
of scaled ground motions in multiple stages and various
conditions in the far field of time-history analysis. A
detailed examination of the structure was carried out to
assess the impact of increasing the cross-sectional area of
shape memory alloy wires and the influence of pre-
stressing on the performance of a shape memory alloy-
based seismic isolation system. Analysis of the results
revealed that incorporating a damping system in the
structure leads to a decrease in the maximum
displacement. The results indicated that enlarging the
cross-sectional area of the cables and applying pre-stress
to them results in a reduction in the maximum
displacement of the frame. Furthermore, augmenting the
levels of pre-stress causes an enhancement in the
structure's performance against any ground motion. As the
frame stiffness increases, the displacement decreases. In
scenario 3, with increased frame stiffness, the shape
memory alloy damper has a more significant effect,
leading to a 12% decrease in displacement. In scenarios 1
and 2, reductions of 4% and 6% in displacement,
respectively, compared to the state without the damper,
have been observed. The analysis results are as follows:

1- Increasing the cross-sectional area of the wires in the
structural system and doubling their radius led to a
25.3% enhancement in reducing the maximum frame
displacement.

2- The enlargement of the wires' cross-sectional area in the
structural system amplified the impact of pre-stressing.
Doubling the wire radius from the initial conditions
resulted in a 25.3% improvement without pre-stressing
and a 32.2% improvement with pre-stressing compared
to the initial state.

3- Enhancing the frame stiffness and decreasing its cycle
time intensified the efficacy of incorporating a damper
without pre-stressing in reducing displacement. In this
scenario, the effect of wire pre-stressing on
performance enhancement was reduced. Decreasing
the frame stiffness increased the pre-stressing effect,
reaching 7%.
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Prestressing Effect on SMA Damper Aimed at Improvement of Seismic Performance of Marine
Structures

M. Rostami M. Hamidia M. J. Mahmoodi

Abstract Structural control mechanisms are used as a reliable and efficient methods to enhance seismic performance
and stability of structures. Ensuring the integrity and stability of civil infrastructures such as marine structures, especially
oil platforms exposed to difficult environmental conditions, poses challenges that engineers strive to overcome. Introduc-
ing innovative methods and improving existing system performance can significantly aid in addressing these challenges.
The objective of the present research is to investigate the effect of different levels of pre-stressing on shape memory alloy
wires in a passive damper based on shape memory alloy and its impact on reducing the seismic response of marine
structures. For this purpose, a simplified marine structure is modeled, and a structural control system with a passive
damper using shape memory alloy is incorporated. The results of different scenarios after applying seven sets of scaled
ground motions from far field earthquakes and time history analyses have been evaluated. The obtained results indicate
that increasing the cross-sectional area of the wires and increasing their pre-stress level reduces the maximum displace-
ment of the structure and improves the overall performance of the structural control system. Furthermore, considering
three different scenarios for the frame, the influence of frame stiffness on the results has been assessed.

Key words Shape memory alloy, Passive control, Energy dissipation, Prestressing, Marine structure.
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