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Fragility curves for seismic assessment of reinforced concrete
buildings with shape memory alloy in regular, torsional
irregularity and extreme torsional irregularity
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) M.Sc. in Civil-Earthquake Engineering, University of ShahidBeheshti, Tehran, Iran
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ABSTRACT ARTICLE INFO

The design and construction of irregular buildings has always been the Receive Date: 02 March 2018
focus of attention due to the demand for a beautiful and unique structure. ~ Revise Date: 12 June 2018
Furthermore, the use of Shape Memory Alloys (SMAs) has expanded due ~ A\ccept Date: 12 July 2018

to the improvement of the behavior of RC structures in the last decade.

The main advantages of using this alloy are its super-elasticity and the

reversibility of inelastic displacements of the structure. In this paper, the g?[/a\;v?\)/lrgric-)ry Alloy,
behavior of reinforced concrete structures with SMA alloy in regular, Irrigular Concrete Structure,
torsional irregularity and extreme torsional irregularity are investigated. Incremental Dynamic

The effect of using this alloy has been shown using fragility curves in Analysis,

different degrees of irregularities than conventional concrete structures. Maximum Dirift,

In this regard, the effects of memory-shaped alloys as longitudinal Residual Drift,

reinforcement in short-order, intermediate, and high-order structures with Fragility curve,
three different arrangements of longitudinal reinforcements have been ~ Torsional Irregularity
investigated. Different types of reinforcement arrangements are the case

of full Steel, the case of SMA at the plastic region of the beams and steel

reinforcement in other regions and finally the case of SMA reinforcement

over the entire length of the beams. In all of the above cases, steel bars

are used in columns for economic purposes. Then, several increasing

nonlinear dynamic analysis (IDA) were performed under the influence of

the 10 selected accelerometers, and maximum drift of each analysis was

obtained and the fragility curves were calculated in accordance with the

HAZUS instruction for each structural case. The results indicate that the

presence of memory alloy in irregular buildings will reduce the damaging

effects of irregularities, including maximum drift and residual drift of the

structure. This result suggests that the use of SMA alloy in torsional

irregular and extreme torsional irregular buildings can reduce the

structural damage caused by a possible severe earthquake.

All rights reserved to Iranian Society of Structural Engineering.
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_ Height
Description
Range Typical
Name Stories Stories Meters
Low-Rise(C1L) 1-3 2 6.5
Concrete Moment Frame Mid-Rise(C1M) 4-7 5 155
High-Rise(C1H) 8+ 12 36.5
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Materail Mechanical property Value
Concrete Compersive strength (Mpa) 35
Tensile strength (Mpa) 35
Strain at peak stress (%) 0.2
Steel Modulus of elasticity (Mpa) 200.000
Yield strength (Mpa) 400
Strain hardening parameters (%) 0.5
SMA Modulus of Elasticity (Mpa) 60.000
Austenite to Martensite starting stress (Mpa) 400
Austenite to Martensite finishing stress (Mpa) 500
Martensite to Austenite starting stress (Mpa) 300
Martensite to Austenite finishing stress (Mpa) 100
Super elastic plateau strain length (%) 6
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[Yo] HAZUS-MH MR5 3,158 wlul p cilises sl ol 5 b blite Slib o JKS oid Gl 0 J g

Interstory Drift at Threshold of Damage State

Type
Slight Moderate Extensive ~ Complete
Low-Rise(C1L) 0.0050 0.0100 0.0300 0.0800
Mid-Rise(C1M) 0.0033 0.0067 0.0200 0.0533
High-Rise(C1H) 0.0025 0.0050 0.0150 0.0400
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