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Presentation Notes
Hello everyone. My name is Xiao Tan, and I am from Stevens Institute of Technology, and I’m now working with Dr. Bao. My topic is about “Improving Bridge Performance Using Fiber Reinforced Polymer (FRP), Shape Memory Alloy (SMA), and Engineered Cementitious Composites (ECC)”.
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Outline

* My research aims to improve bridge performance through using
innovative materials.

* This research addresses the following contents:
» Advantages of FRP, SMA and ECC;
» Applications in highway bridges;
» On-going research;

> Conclusions.
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The research aims to use some innovation materials such as FRP, SMA and ECC to improve bridge performance, so at first I’d like to introduce you advantages of FRP, SMA and ECC; then I will show you their applications in highway bridges; next part is some on-going research. At last, I will summarize them and give conclusions.
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Fiber reinforced polymers

 Combination of fibers in polymer matrix: o [MPa] CERP HS
» Most loading is carried by the fibers BERP
» Matrix provides support and keeps the fibers together GFRP
/ " Prestressing Steel
> Different types of fibers are used 7" steel
v’ Glass, Carbon, Kevlard9, Boron, Silicon Carbide, etc. 4 s " e %]

* Has many advantages
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Firstly, I’d like to introduce you Fiber reinforced polymers, which is a kind of composites combined of Fibers and Matrix. Fibers carry the load and  Matrix provides support and keeps the fibers together. There are several kinds of FRP depend on fibers, such as Glass, Carbon and etc. FRP has many advantages such as: High strength, Lightweight, Fatigue & corrosion resistance, Low thermal conductivity & life-cycle cost. Some advantages of FRP are shown in the pictures. 
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Shape memory alloys are smart materials

e With unique capability to “remember” the original shape:

» Super-elasticity: Return to the original shape (6%~8% strain)

» Shape memory effect: Recover from large deformations after heating

Prestressed ,
Strands /

SMA

W

Tensile Strain €

Tensile Stress o

@App ie Heat®

Super-elasticity Shape memory effect Tensile behavior of steels and SMA

STEVENS INSTITUTE of TECHNOLOGY 4


Presenter
Presentation Notes
Shape memory alloy is a kind of smart material with unique capability to remember its original shape due to 2 properties: the first one is Super-Elasticity, which means they are able to return to their original shapes even after large tensile strain under constant temperature; the second one is Shape Memory Effect, which means they can recover to its original shape after heating to certain temp. With these two Properties, SMA shows different tensile behavior compared with steels.



o

Engineered cementitious composites (ECC)

* ECCis a smart material with multiple
unique properties and functions:
» Unigue mechanical properties

v' Tensile strain-hardening, high tensile ductility
(4% strain)

2119876543210 .

Flexural test of ECC

» Excellent durability

v’ Controlled crack width, self-healing of cracks

1000

» Superior temperature resistance

800
v’ High-temperature, low-temperature 2 so0 W
400 f!

v’ Self-sensing, self-cleaning, air-purifying, etc. 200

» Multi-functionality (smart functions)

Stress, o (psi)

Conventional Concrete

0 1 2 3
Strain, g (%)
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ECC is a smart material with multiple unique properties and functions: its Unique mechanical properties with strain-hardening and high ductility; Excellent durability with Controlled crack width; Superior temperature resistance; and Multiple function: such as Self-sensing, self-cleaning, air-purifying, etc. 



o/
Applications in Highway Bridges

» Lateral confinement of bridge piers

» Active confinement of concrete bridge piers with NiTiNb SMA spirals and FRPs

 |nnovative connection

» Column-footing connections in seismic zones with SMA bars and ECC

* Bridge vibration control
> SMA devices for vibration isolation

» Cable damping devices
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Next part is some applications of these innovation materials in Highway Bridges, such as Lateral Confinement of Bridge Piers, Innovative Connection, and Structural Vibration Control of bridges.
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Lateral confinement of bridge piers
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Firstly, it is Lateral Confinement of Bridge Piers.
According to shape memory effect, If pre-strained SMA wires are kept restrained during the heating process, the wires can generate large recovery stresses. 
This recovery stress can be used for introducing force on the structures, such as prestressed force. 
One of the application is Lateral active confinement of bridge piers with combination of SMA and FRP, which takes both advantages of high strength of FRP and recovery force of SMA. 
The result shows that Active confinement delivered better performance of the bridge piers compared with the passive confinement strategy.
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Innovative connection
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Next, it is Innovative Connection.
According to super-elasticity of SMA. Due to their unique ability to recover up to 8% strain, SMAs have the potential to create a re-centering effect on the connection under large drift demands. 
Re-centering of SMA also provides prestressed force on ECC to make micro-cracks close, which limits the damage of Column-footing connections and improve resilience & durability of bridges. 
The result shows that The piers with SMA/ECC connection recovered the position and demonstrated the minimal permanent drifts.
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Isolate vibration with SMA devices

* Improving the position stability of bridges
* Benefits

» Improving safety and resilience under dynamic loadings

» Convenient installation and replacement

Steel-Teflon E | N SMA devices

sliding bearing
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Another application is to Isolate Vibration with SMA device, which increases the position stability of bridge girders in earthquake regions. SMA-based device can dissipate energy through hysteretic behavior. 
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Cable vibration control with damping devices

* The vibration amplitude of cables and hangers are reduced by 50%
using SMA dampers, increasing the service life of the cables/hangers.

With / without damper at L/2 (force 4kN)
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A = structural cable, B = SMA damper, and
C = accelerometer
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As the cable deform under dynamic excitation like wind, SMA damping can reduce the vibration and increase the service life of the cables.


o
On-going research 1:

Improve fire resistance of highway bridges

i i Prest d
* Fire may result in permanent gyt
damage or even collapse of the
bridge ECC

 We improve the fire resistance
using prestressed Fe-SMAs and
fire-resistive ECC o pr
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Here are some on-going research. The first one is Improve fire resistance of highway bridges. We propose to improve the fire resistance using Iron based SMAs and fire-resistive ECC
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On-going research 2:

Improve fatigue life of bridges Using SMAs and CFRP

* An active retrofitting
technigue using SMA/CFRP
composite

* Crack-closing capability of
SMA and fatigue resistance
of FRP
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The second one is to improve Fatigue Life of Bridges using active retrofitting technique using SMA/CFRP composites due to crack closing capability of SMA and fatigue resistance of FRP.



Conclusions

e The combination of FRPs, SMAs, and ECC demonstrated
advantages in bridge engineering, especially in earthquake
resistance design.

* Active confinement delivered better performance of the
bridge piers compared with the passive confinement strategy.

 The piers with SMA/ECC connection recovered the position
and demonstrated the minimal permanent drifts.

e The SMAs are promising to control structural vibration,
improve fire resistance, and enhance the fatigue resistance
of bridges.
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