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Traditional RC columns after an earthquake
Residual drift Residual drift



Huanpeng Hong, 5IBSW-Changsha, June 5~8, 2026, National Science Center for Earthquake Engineering (NSCEE), Tianjin University 

Difficulty in demolition and reconstruction

Girder Falling / Nonstructural elements damage  Difficulty in demolition and reconstruction
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What is Shape Memory Alloy (SMA)?

 SMA is a smart material 
• Smart materials refer to materials whose properties can be changed in a controlled manner by 

external stimuli, such as stress, temperature, photon, electric or magnetic fields, etc. 

Piezoelectric materials
 Stress – voltage 

Photovoltaic materials
Photon – electric current 

Ferrofluids
Magnetic field – motion

Shape memory alloy
 Stress – Temperature - Strain  

 SMA is a functional metal material 
• Compared with structural metal materials, functional metal materials are usually NOT used alone to 

manufacture large structures, but only used locally when special functions are needed. 
Conventional structural metal materials – Steel

buildings/ bridges
Stainless steel
kitchen items 

Titanium alloy
Engine blades

Shape memory alloy
 Deformable engine nozzle



Huanpeng Hong, 5IBSW-Changsha, June 5~8, 2026, National Science Center for Earthquake Engineering (NSCEE), Tianjin University 

Unloading

Loading

Strain

Stress

Traditional Metal
(Plastic Deformation)

 Dislocation 
relocation

 Plastic slip

Loading

Unloadin
g

Strain

Stress

A

DM

TM

A

Stress

DM

DM

Strain

Heatin
g

Heating

Cooling

Superelastic Effect Shape Memory Effect
Shape Memory Alloy (SMA)

Austenite Detwinned martensite Twinned martensite Austenite

Traditional Metal & Smart Metal: Shape Memory Alloy (SMA)



Huanpeng Hong, 5IBSW-Changsha, June 5~8, 2026, National Science Center for Earthquake Engineering (NSCEE), Tianjin University 

Source: www.livescience.com

The World’s First “Flexible” Bridge with 
SMA and ECC in Seattle 

What SMA has been used for?

Hong et al. Engineering Structures 
(2025)

Hong et al. Journal of Building 
Engineering (2025)

Saiidi et al. SR-99 off-ramp bridge, 
Seatle (2017)
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Development history of SMA

Cu-Al-M
n

Cu-Al-Ni
Cu-Zn-Al

Cu-Al-Be

1980s 2010s

Brittle Brittle Toxic Low cost, large size

Fe-Mn-Si

Fe-Al-Ta
Fe-Pt

2000s 2010s

Expensiv
e

Expensiv
e

Low cost, large size

Ni-Ti-based

Cu-based

Fe-based

1960s 202
4

Ni-Ti-Fe
Ni-Ti-Nb

Ni-Ti-Hf

Ni-Ti-Co

Practical, narrow 
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temperature, 
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High strength, 
large size 

High temperature, 
small size
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small size

Ni-Ti
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s-e curve of SMA 
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Source: 
britishsteel.co.uk

Source: 
roechling.com  

High strength steel strand 

Fiber reinforced plastic (FRP) tendon

Traditional post-tensioning materials 
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White et al. (2016)Zaman et al. 
(2013)

Fiber reinforced plastic (FRP) tendon D

F

D

F

Without energy 
dissipator 

With energy 
dissipator 

Traditional post-tensioned columns

 Only works in elastic range
 Additional damper is needed
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Source: baridu.com

Source: 
baridu.com

Traditional post-tensioned columns

 Hydraulic devices are needed
 On-site post-tensioning is needed
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SMA prestressed column  
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SMA material characterization 

Incremental cyclic behavior 

Low-cycle fatigue behavior 

Prestress behavior 
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Challenges of anchoring SMA – Traditional methods 

Shear screw anchoring 

Chemical or grout filling anchoring 
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 Bundle-20: 20% prestrain level

 Bundle-10: 10% prestrain level  
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Construction process

(a)
Tie the rebar cage, reserve a 

prestress conduit

(b)
Cast the 
concrete 

(c)
Column model after 

demolding

(d)
Activate the SMA by 

heating tape
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Test setup
Top anchor

DIC system

Linear potentiometer 

String potentiometer

String potentiometer

Hinge connection

Servo hydraulic actuator

DIC region
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Residual drift versus applied drift
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Residual drift versus applied drift
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