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Abstract 

 

 Recent studies showed that concrete confinement using shape memory alloy (SMA) spirals is a 

promising technique for seismic retrofitting of reinforced concrete columns that lack flexural ductility. 

However, more in depth investigation of this new confinement technique is in need to better understand 

concrete behavior under confinement provided by SMAs. This research aims at addressing three main issues 

related to this new confinement technique. These issues are: 1) the relatively high cost of the commonly 

used Ni-based SMAs, which limits the widespread application of this new technique; 2) lack of knowledge 

related to the application of this new confinement technique to non-circular concrete sections; 3) lack of 

knowledge related to applying SMA confinement to newly constructed concrete columns as transverse 

reinforcement; 4) lack of analytical models that are able to predict 3-dimentional (3-D) behavior of concrete 

confined with SMA spirals.  

 This research is focused on addressing the previously stated knowledge gaps. First, to promote and 

facilitate the application of the new confinement technique, this research studied the characteristics of 

unconventional, cost-effective types of SMAs, namely Fe-based SMAs, to explore their feasibility of being 

used in applying confinement to concrete elements. Several tests were conducted to investigate the 

transformation temperatures of FeNiCoTi alloys under different heat treatment methods and prestrain 

schemes. A heat treatment method was proposed as a proper way to train the raw material to obtain 

noticeable shape memory effect. Recovery stress tests were conducted to explore the effect of heating 

method, heating rate and prestrain level on the recovery stress. Thermal cyclic tests were also conducted to 

investigate the recovery stress stability under temperature variations. 

 Second, this research proposed an innovative method to implement SMA confinement in non-

circular concrete sections and validated its efficacy by comparing it to conventional methods. Tests were 

carried out on SMA confined concrete prisms and their stress-strain behaviors were compared with that of 

concrete prisms confined with fiber reinforced polymer (FRP) jackets.  

 Third, an experimental study on implementing SMA spirals as internal transverse reinforcement in 

newly constructed square concrete columns were carried out. In this experimental program, short square 

concrete columns were designed, constructed with internal longitudinal steel rebars and transverse SMA 

spirals. The columns were tested under uniaxial cyclic compressive loading. In addition, traditional 

transverse steel reinforced concrete columns were designed to have the same lateral confining pressures as 

the SMA reinforced counterparts. 

 Lastly, a comprehensive experimental program was conducted and carried out on SMA confined 

concrete cylinders with different concrete strength, spiral pitch spacing, confining pressure values, loading 

types and loading protocol to explore their effects on the stress-strain behavior of SMA confined concrete. 

A plasticity model was derived and validated based on these concrete cylinders test results within the 

framework of Drucker-Prager plasticity model. Unlike existing models in the literature, this model is able 

to take into account the unique behavior of SMA confined concrete, which involves a combination of both 

active and passive confinement, and is capable of simulating the 3-D stresses of SMA confined concrete. 


