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Fig. 2. Section properties of frames, (a) Three-story, (b) Five-story, (c) Seven-story, (d) Nine-story
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Material Properties Value

Material Unit
Compressive Strength 35 MPa
Concrete B .
Ultimate strain 0.2 %
Modulus of elasticity =~ 200000 MPa
Steel Yield Stress 400 MPa
Strain hardening 0.5 %
Modulus of elasticity 60000 MPa
Austenite to MPa
Martensite start Stress 400
Austenite to
Martensite finish 500 MPa
SMA Stress
Martensite to MPa
Austenite start Stress 300
Martensite to MPa
Austenite finish Stress 100

Table 1. Material properties used in FE models
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PGA Distance Directivity Fault Mw Year Station Earthquake
(km) effect type
0.57g 35 Forward Normal 7 1989 Los Gatos Loma Prieta
0.44¢g 6.3 Forward Normal 7 1989 Lex. Dam Loma Prieta
0.73g 8.5 Forward Normal 7.1 1992 Petrolia C. Mendocino
0.6g 2 Forward Normal 6.7 1992 Erzincan Erzincan
0.76g 11 Forward Normal 7.3 1992 Landers Landers
0.87¢g 7.5 Forward Normal 6.7 1994 Rinaldi Nothridge

Table 2. Characteristics of near-field accelerograms
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Fig. 3. Relative lateral displacement for 3-story RC & SMA RC frame
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Fig. 4. Relative lateral displacement for 5-story RC & SMA RC frame
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Fig. 6. Relative lateral displacement for 9-story RC & SMA RC frame
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Fig. 7. Residual relative lateral displacement for 3-story RC & SMA RC frame
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Fig. 8. Residual relative lateral displacement for 5-story RC & SMA RC frame
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Fig. 10. Residual relative lateral displacement for 9-story RC & SMA RC frame
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Fig. 11. Base shear comparison of 3-story RC & SMARC
frame
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Fig. 12. Base shear comparison of 5-story RC & SMA RC frame
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Abstract: A significant number of concrete structures have been suffered extensive damages during past
earthquakes. Since the Northridge (1994) and Kobe (1995) earthquakes, numerous analytical and experimental
researches have been undertaken to employ new methods for design and retrofit the seismic resisting concrete
structures. Stiffness, strength and ductility are the main parameters in seismic performance of any structure. In
general, stiffness and strength are the factors that control structural and non-structural damages; and ductility is a
structural characteristic that provides the structure to withstand the inelastic deformations and controls the structural
members’ failure. Ductility is the key parameter for earthquake energy dissipation rather than the other effective
parameters. It depends on the formation of plastic hinges at the beam ends in concrete structures during an
earthquake. Formation of plastic hinges at the beam ends arising from the large displacements causes an increase in
the ductility and energy dissipation in moment resisting frames. Although, formation of plastic hinges leads to
energy dissipation, but large inelastic deformation results in an increase in the residual displacement of structures. In
common reinforced concrete structures, post-earthquake residual strains and displacements play an important role.
Therefore, the serviceability of structures may be disrupted after an earthquake and in few cases they need to be re-
built. Using Shape Memory Alloy (SMA) materials with the ability of super-elasticity in large strains at beam plastic
hinges instead of reinforcing bars reduce residual displacements and deformations. High fatigue and corrosion
resistance, ability to regain the original shape after a heat treatment, and high energy dissipation capacity are the
advantages of using these material. Also there is no need to replace SMA members after an earthquake. Using shape
memory alloy materials in the critical zones of structures such as plastic hinge zones decreases post-earthquake
residual displacement, provides serviceability, and prevents the need for destruct or retrofit the structures. One of the
most important features of the shape memory alloy materials is the ability to regain their original shape in strains less
than 8%. In this paper five concrete moment resisting frames with 3, 5, 7 and 9 stories are modeled and subjected to
near-field earthquakes. The amount of damages in the structures that are subjected to near-field ground motions due
to the presence of the long-period pulse at the beginning of the record, is more extensive than far-field earthquakes.
The non-linear time history analyses have been performed by “SeismoStruct” finite element software. Relative
lateral displacement of stories (drift angle), residual relative lateral displacement of stories and base shears are
investigated. Results showed that using shape memory alloy (SMA) materials instead of steel reinforcing bars at
beam plastic hinges reduces the residual displacement of the structure and relative repair cost after earthquake. The
relative lateral displacement of stories is increased in the SMA RC frames. Also base shear of SMA RC frames are
decreased. In general, the SMA RC frames that are subjected to near-field earthquakes showed desirable
performance. It can be deduced that using shape memory materials (SMA) instead of steel reinforcing bars at the
beam plastic hinges reduce structural damages.

Keywords: Shape Memory alloy, Ductility, Nonlinear Time History Analysis, Residual Lateral Displacement,
Near-field Earthquake
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