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ABSTRACT ARTICLE INFO
Buildings in high seismic regions are prone to severe damage and Received: 03/12/2017
collapse during earthquakes due to large lateral deformations. The use of Revised: 22/03/2018

superelastic shape memory alloys (SMAs) as reinforcements in concrete Accepted: 10/05/2018

structures is gradually gaining interest among researchers. In this study,

the effect of SMASs as reinforcement in concrete structures is analytically Keywords:

investigated for 3, 6 and 8-story reinforced concrete (RC) buildings. Each Concrete structures,
building has five bays in both directions with the same bay length of Sm. Superelastic shape memory
For each concrete building, three different reinforcement details are alloys,

considered: (1) steel reinforcement (Steel) only, (2) SMA bar used in the IDA,

plastic hinge region of the beams and steel bar in other regions (Steel- Residual drift,

SMA), and (3), beams fully reinforced with SMA bar (SMA) and steel bar Structural behavior factor.

in other regions. For each case, columns are reinforced with the steel
bar. Incremental Dynamic Analyses (IDA) are performed using ten
different ground motion records to determine the seismic performance of
Steel, Steel-SMA and SMA RC buildings using OPENSEES program.
Results obtained from the analyses indicate that the value of Sa in Steel-
SMA frames are higher than SMA frames, and its recovery capacity is
almost similar with SMA frames. However, the SMAs materials are
expensive, and the use of Steel-SMA frames can be reasonably effective in
seismic zones. The comparison between frames with various
reinforcement’s details shows that Sa of 3-story frames with various
reinforcements are almost identical. But, in 6- and 8-story frames, Sa of
Steel frames are higher than others. In other words, frames with SMA
bars in the all length or plastic hinge region of the beam have reached the
same level of seismic demand under lower spectral acceleration which
can be resulted from the decreased stiffness caused by SMA bars.
Furthermore, the results indicate that structural behaviour factor in 3
and 6 story buildings with different types of reinforcement is not much
change, but this change is perceptible in the 8-story frame. In the case of
residual drift in all cases, the use of shape memory alloys will reduce
these drifts.

All rights reserved to Iranian Society of Structural Engineering.
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3 Superelastic Shape memory Alloys
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Material Mechanical Property Value
Compressive strength (MPa) 35
Concrete Tensile strength (MPa) 35
Strain at peak stress (%) 0.2

Modulus of elasticity (MPa) 200000

Steel Yield strength (MPa) 400

Strain hardening parameter (%) 0.5

Modulus of elasticity (MPa) 60000

Austenite to martensite starting

400
stress (MPa)
Austenite to martensite =00
Storey ID Floor level Description Column ID
C1 Q
3 Storey building Up to roof Size (mm x mm) 375 x 375 300 x 300
Main reinforcement 8-15M 4-20M
6 Storey building Up to 3rd floor Size {(mm x mm) 450 x 450 300 = 300
Main reinforcement 8-25M 6-20 M
3rd floor to roof Size (mm x mm) 450 x 450 300 = 300
Main reinforcement 8-20M 4-20M
8 Storey building Up to 3rd floor Size (mm x mm) 500 x 500 300 x 300
Main reinforcement 8-25M 6-25M
3rd floor to roof Size (mm x mm) 500 x 500 300 = 300
Main reinforcement 6-25M 6-20 M
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Storey ID Beam ID Size
Section 1-1 Section 2-2 Section 3-3
Main reinforcement Main reinforcement Main reinforcement
Top (M) Bottom (M) Top (M) Bottom (M) Top (M) Bottom (M)
3 Storey building B1 300 x 450 2-20 2-20 2-20 2-20 2-20 2-20
6 Storey building B1 300 x 500 3-25 4-25 3-25 4-25 5-25 4-20
B2 300 x 500 2-20 2-20 2-20 3-20 2-20 3-20
8 Storey building B1 300 x 500 3-25 4-25 3-25 4-25 5-25 4-20
B2 300 x 500 3-20 3-20 3-20 3-20 3-20 3-20
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