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Abstract— Shape memory alloy (SMA) is a unique material 

and have been known for many decades and it has its many 

application in research areas as well as it have been used in 

medicines, space industry, air and in the consumer goods 

industry. The most usual shape memory alloy in the market is 

nickel-titanium (Ni-Ti) but SMA has very limited application 

in Civil engineering because of its very high cost and limited 

knowledge of material in civil engineering industry. SMA has 

an ability to undergo large deformation up to 6 to 8 percent 

and also have the ability to regain its unreformed shape by the 

removal of stress. And due to this unique property SMA are 

now being implemented to the civil structures. This paper 

presents the existing application and the fundamental 

characteristics of the shape memory alloy in civil engineering 

structures and the mathematical description of how SMA 

responds to various loading. 
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I. INTRODUCTION 

Shape memory alloy (Also known as memory metal) are the 

material which are capable of undergoing large recoverable 

strain up to 8% while producing hysteresis and this smart 

system in the Civil Structures are described as the system 

which can adjust its structural characteristics automatically in 

the response of the external disturbances or loadings. And 

thus, it leads to the safety of the structure and extends the life 

time of the structure and also the serviceability. Now a day’s 

shape memory alloy have found its application in the various 

fields due to its unique property such as high power density, 

high damping capacity, durability, fatigue resistance and 

super elasticity and solid state actuation etc. Some times 

SMA is used in Civil Structures as the earthquake reducing 

devices by integrating it with the civil structures in the 

passive, active and semi-active components. Various research 

activities related to the properties of the shape memory alloy 

are still in progress in laboratory stage and only few of its 

application have been implemented in the field of the civil 

structure and has found very effective. The three main types 

of SMA are such as copper-zinc-aluminium copper-

aluminium-nickel and nickel-titanium (Ni-Ti) alloys. Ni-Ti 

alloys are generally more expensive and have superior 

mechanical properties in comparison to copper based Shape 

memory Alloys. 

II. NITINOL SHAPE MEMORY ALLOY 

The first record of the shape memory alloy transformation 

was observed by Chang and read in 1932 during the reversal 

phase transformation study in gold-cadmium (AuCd). In 

1962, at the naval ordinance laboratory, shape memory effect 

in nickel-titanium was observed by Buechler and his co-

researchers. Thus they name this material as Nitinol after 

their workplace. And then after many research and practical 

have been in progress to study the properties of the Shape 

Memory alloys. 

Till now, many different types of the shape memory 

alloys have been discovered and among all these, Nitinol has 

superior thermo-mechanical and thermo-electrical 

properties.Nitinol is most commonly use Shape Memory 

Alloy and it has two very unique ;properties in comparison to 

other SMA are as- 

Shape memory effect: The property of the SMA by 

the virtue of which the material SMA will return to its original 

shape by heating a material. 

Super elasticity: A property of the SMA material by 

the virtue of which the material can undergo large plastic 

deformation and can recover its original shape after the 

removal of the load or removal of the stress. 

And theses unique properties are the results of the 

reversible phase transformation of SMA. 

III. PHASE TRANSFORMATION IN SMA 

Shape memory alloys (SMAs) are a unique class of metal 

alloy that can recover apparent permanent strains when they 

are heated a certain temperature. The shape memory alloys 

(SMAs) have two stable phases- the high-temperature phase, 

called austenite and the low- temperature phase, called 

martensite. In addition, the martensite can be in one of the 

two form : twinned and detwinned as shown in the figure 1. 

A phase transformation which occurs between these two 

phases upon heating/cooling is the basis for the unique 

properties of the SMAs. The key effects of SMAs associated 

with the phase transformation are pseudo elasticity and shape 

memory effect.  

 
Fig. 1: Phases in SMAs 

A. Temperature-Induced transformation of SMAs without 

loading: 

Upon cooling in the absence of applied load the material 

transforms from austenite into twinned (self-accommodated) 

martensite. As a result of this phase transformation no 

observable macroscopic shape change occurs. Upon heating 

the material in the martensitic phase, a reverse phase 
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transformation takes place and as a result the material 

transforms to austenite. The above process is shown in Figure 

2. Four characteristic temperatures are defined in Figure 2:  

Martensitic start temperature (M_s) which is the 

temperature at which the material starts transforming from 

austenite to martensite; martensitic finish temperature (M_f), 

at which the transformation is complete and the material is 

fully in the martensitic phase; austenite start temperature 

(A_s) at which the reverse transformation (austenite to 

martensite) initiates; and austenite finish temperature (A_f) at 

which the reverse phase transformation is completed and the 

material is the austenitic phase. 

A typical stress-free temperature induced martensite 

transformation and its inverse effect have been shown 

through the figure 2. And its transformation loop is 

characterized by the four different transition temperatures. 

 

 
Fig. 2: Temperature induced phase transformation 

Where ζ= martensite fraction and T= temperature.  

The starting and the ending of the forward and reverse 

transformation of SMAs are indicated by the all the 

temperature such as Martensite start temperature(M_s), 

Martensite finish temperature(M_f), Austenite start 

temperature(A_s) and Austenite finish temperature(A_f). 

And due to the internal phase friction, the temperature–

deformation loop is hysteretic in nature. 

B. Temperature-Induced Transformation with applied 

stress/loading: 

If the stress/load is applied to the material in twinned state of 

martensite (at low temperature), it is possible to detwin the 

martensite and the material remain deformed after releasing 

the load/stress and reverse phase transformation of 

(martensite to austenite) is caused due to the subsequent 

heating of the material to a temperature above (A_f) and it 

will lead to complete the shape recovery as shown in the 

figure 3. The above described process results in manifestation 

of the shape memory effects (SME). 

It is possible to induce a martensitic transformation 

which will lead directly to detwinned martensite. If load is 

applied in the austenitic phase and material is cooled, the 

phase transformation will result in detwinned martensite. 

Thus, a very large strains (on the order of 5-8%) will be 

observed. Reheating the material will result in the complete 

shape recovery. The above-described loading path is shown 

in Figure 4.The transformation temperatures in this case 

strongly depends on the magnitude of the applied load/stress. 

Higher values of the applied load will lead to higher values of 

the transformation temperatures. Usually a linear relationship 

between the applied load and the transformation temperatures 

is assumed, as shown in Figure 4. 

 
Fig. 3: shape memory effect 

 
Fig. 4: Stress induced transformation 

IV. APPLICATION OF SHAPE MEMORY ALLOYS IN CIVIL 

STRUCTURES 

Due to its unique properties, shape memory alloys have many 

applications in the civil engineering. Shape memory alloys 

(SMAs) are metallic materials with great potential to enhance 

civil engineering structures and they are often referred to as 

smart materials. In this research paper, many application of 

the shape memory alloy have been discussed related to newly 

built up structures and retrofitted structures dampers and 

isolators. 

Use of shape memory alloys: 

In the newly constructed structures, Shape memory alloys 

(SMAs) have been used in the form of reinforcement, pre-

stressing strands, bracing, bolted connections and restrainers. 

Shape memory alloy (SMA) is a novel functional 

material and has found increasing applications in many areas. 

These unique properties enable SMA to be used as actuators, 

passive energy dissipaters and dampers for civil structure 

control. 
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A. As reinforcement in concrete structure: 

As discussed earlier, SMA has its large application in civil 

structure. It is mainly use as the reinforcement in the bridge 

and building which are in seismic region and due to excessive 

lateral displacement these structure faces several damages. So 

it is very essential to design the earthquake resistant structure 

which can behave elastically under medium earthquakes. And 

it is not possible to design the structure economically which 

will be able to behave elastically under the strong 

earthquakes. Steel  used in seismic design and expected  to 

yield to dissipate the energy while undergoing the permanent 

deformation. And if SMA is used in place of the steel in 

reinforced concrete structures, it will yield due to the high 

seismic loading but due to its unique properties, it will be able 

to recover a significant permanent deformation. 

B. As bolted joints and Bracings, restrainers: 

The link between beam-column and column-foundation are 

considered to the weakest point for the civil structures during 

the earthquake. So by using the Shape memory alloy material 

in the joints of beam-column and column-foundation, the 

damage caused due to the earthquake can be reduced by 

dissipating a large amount of energy through large plastic 

deformation and then this deformation can be recovered. 

By using the shape memory alloy (SMA) as the 

diagonal bracing wire in the civil structure subjected to 

seismic loading, it may be concluded that the additional 

damping is being provided by super elastic shape memory 

alloy hysteresis that reduces the peak displacement and will 

also be able to prevent the damage in comparison to the steel 

bracing with the similar stiffness. Due to the lower level of 

damage by using the SMAs in the civil structure after a large 

earthquake, it will be very easy to repair the structures.   

SMAs can also be used as the restrainers in the 

bridge to counteract the unseating problem during the 

earthquakes. 

V. CONCLUSIONS 

This paper is a review over the properties and the applications 

of the shape memory alloys (SMAs) in the civil structures. 

And to control the civil structure the shape memory alloys can 

be used in the various ways and in the different forms such as 

bars, wires etc. Although shape memory alloys (SMAs) have 

been known for decades, but they have not been used much 

in the civil engineering industry because of its cost, low 

modulus of elasticity and a very limited knowledge about the 

material. 

SMA is a very unique material for the civil 

engineering industry and will prove to be a best construction 

material in civil industry due to its self-healing and self-

repairing ability. Now further research about the properties of 

the SMAs are in laboratory stage. 
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