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1. Introduction

Reinforced concrete (RC) structures, designed per current seismic standards, ensure the life safety
of the occupants. However, yielding of the steel rebars leads to permanent seismic residual
deformations and considerable amount of damage. Following a strong seismic event, retrofitting

of such damaged structures might be impractical, which makes demolition the only valid solution.

The use of superelastic shape memory alloys (S



centering capability of this new alloy, when used to reinforce RC beams and to form tension braces

in a steel frame, was confirmed experimentally by Shrestha et al. [26] and Araki et al. [20].

Similar to Ni-Ti alloy, the modulus of elasticity and energy dissipation of Cu-Al-Mn alloy are
lower than those of steel reinforcing bars. To limit the seismic deformations while using Cu-Al-
Mn bars, this paper examines relocating the plastic hinge. Details about the conducted

experimental and numerical investigations are given in the following sections.
2. Experimental Program

Four-700 mm long concrete beams with a cross section of 100 mm by 150 mm were prepared. The
first beam [beam SD] was reinforced with conventional steel rebars. The three remaining beams
were reinforced with 100 mm long Cu-Al-Mn SMA bars, as well as steel rebars. 300 mm-long
concrete stubs with cross-section dimensions of 200 mm by 250 mm were cast at the ends of the
concrete beams to simplify the test setup. Cross sections of the concrete beam and the concrete

stubs are given in Fig. 1.

The longitudinal centroids of the 12 mm-diameter SMA bars were positioned at the end of the
beam [beam SMA(0D)], 0.5D from the end of the beam [beam SMA(0.5D)], and 1.0D from the
end of the beam [beam SMA(1.0D)], where D = 150 mm. The improved machinability of the SMA
bars facilitated threading them to a 10-mm diameter. A 40 mm-long threaded coupler was then
used to connect the SMA bars to 10 mm steel bars, as shown in Fig. 2. The overlap between the
coupler and each of the steel/ SMA bars was 20 mm. Tension tests of the SMA bar-coupler-steel
bar assembly showed that failure always occurs in the SMA bars. The beam elevations are shown

in Fig. 3.



The concrete mix proportions are given in Table 1 and the concrete properties are given in Table
2. The compression and split cylinder tests are conducted per JIS A1132 [27]. The concrete slump,

measured per JIS A1101 method [28], was 180 = 25 mm.
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Fig. 1 Cross-section of (a) Stub, (b) beam

Fig. 2 Steel bar-coupler-SMA bar assembly



Table 1 Mix proportions of concrete

Unit Content (kg/m?)
S/a (%) W/C (%)
Cement Water Sand Coarse Aggregate Admixture
318 191 821 917 3.18 48 60
Table 2 Concrete properties
Specimen Compressive strength Compressive strain defining strength Splitting tensile strength
(MPa) (MPa)
SD 40.1 0.0025 3.47
SMA(0D) 404 0.0023 3.31
SMA(0.5D) 34.0 0.0023 2.96
SMA(1.0D) 40.6 0.0024 3.03

Cu-Al-Mn SMA bars having Al content of 17% or less and Mn content of 8% or more were used.

The SMA bars were manufactured by hot forging and cold drawing. The martensite-start

temperature M;, the martensite-finish temperature My, the austenite-start temperature 4,, and the

austenite-finish temperature Ay of the bars were -74°C, -91°C, -54°C, and -39°C, respectively. The

SMA bars were trained using thermal cycling. The experimental stress-strain plots, evaluated by

testing only the SMA bars, are shown in Fig. 4. Strains were measured using a non-contact digital

video extensometer over a gauge length of 40 mm. Fig. 5 shows a photo of the SMA failure.

Properties of the steel and SMA reinforcing bars are given in Table 3. The yield strength and yield

strain refer to the point at which SMA structure changes from austenite to martensite.




Table 3 Characteristics of reinforcing bars

Bar Yield strength (MPa) | Tensile strength (MPa) | Yield strain | Young’s Modulus (MPa)
SD295 D10 (steel) 362.9 502.4 0.0019 186,000
179.3 - 0.0073 25,000
M10 (threaded SMA) 2039 | - 0.0068 30,000
2016 | - 0.0068 30,000
SR295(p4 (steel) — 5603 | e
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Fig. 3 Elevation of tested specimens. (a) SD, (b) SMA(0D), SMA(0.5D), and (d) SMA(1.0D)
(All dimensions in mm)



