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FeMnAINi Peroperties
austenite to martensite starting 320 MPa
stress
austenite to martensite finishing 4425 MPa
stress
martensite to austenite starting 210.8 MPa
stress
martensite to austenite finishing 122 MPa
stress
superelastic plateau strain length 6.13%
modulus of elasticity 98.4 GPa

Table. 1. Mechanical properties of FeMnAINi [27]
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[28] 153 55 eslizuls ;e (slas Shw Sluasein £ J g

Yield Ultimate Young

rebar strength strength modulus

(Mpa) (Mpa) (Gpa)_
D6 425 538 204
D10 366 509 180
D13 369 522 189
D16 400 569 194
D19 384 616 183
[ 985 1143 197

Table. 4. Properties of rebars [28]
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Item Specification

Wall thickness 80 mm
Wall reinforcement D6@100
Reinforcing bar of opening
(vertical) 4-D13
Reinforcing bar of opening 4-D13

(horizontal)

Table. 2. Section and reinforcement details of shear wall web
[28]

[28] 2 5 Ll sl o8 Ko 5 slal Sl ¥ r

_Sectlo_n Longitudinal ~ Transverse
Item dimention
rebars rebars
(mm)
Boundry 300x300 8-D19 20 10@75
element
Coupled 200x300 2-D13 2 ®6@100
beam
Loading 400x400 2-D19 2D10@100
beam
foundation 600x400 4-D19 4D10@100

Table. 3. Section and reinforcement details of shear wall
elements [28]
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Table. 5. Evaluation of first case of optimization
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Table. 6. Evaluation of second case of optimization
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Fig. 14. Pushover analysis result
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SMAC 2376 cm?® 6.15 20.2 0.36 56
SMAB 2721 cm?® 6.86 34.2 0.41 83
SMAW 463 cm?® 5.97 16.7 0.07 238

Table. 7. Influence of SMAs on reduction factor of shear wall
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Abstract

Seismic loading in seismic prone countries is very important and the lack of enough attention can make
irreparable damages to structures and non-structural elements. Dissipating earthquake energy just by using
elastic capacity of structure will increase the dimension and weight of structural elements such as column,
beam, walls; and therefore the cost of building will increase. Incoming seismic energy should be dissipated
in plastic process and in this process, structure must remain stable. Shear wall is widely used because of its
suitable behavior against seismic loading and good ability of energy dissipation. Sometimes it is inevitable to
avoid openings in shear walls due to architectural considerations. Providing enough ductility in these shear
walls is a difficult job because of stress concentration around of voids. The other problem of using shear
walls is plastic deformations that make the structures useless. One way of improving ductility and self-
centering ability of shear walls is using smart materials. Shape memory alloys are one of the newest smart
materials that have two important behaviors; mainly known as memory effect and superelasticity. Removing
the residual deflection after unloading of elements made by shape memory alloys by heating is called
memory effect. Superelasticity in SMASs results in returning the elements to their initial shape after unloading
without having any residual displacement. Good corrosion resistance, good fatigue behavior and weldability
are the other positive behaviors of shape memory alloys. In this paper the improvement of the shear walls
ductility and self-centering ability with using shape memory alloys in superelastic phase is investigated.
Shape memory alloys can withstand up to seven percent of strain without any residual deformation.

In this paper shear walls modeled by shear-flexure interaction multi-vertical-line-element-model (SFI-
MVLEM). This model was implemented in the Open System for Earthquake Engineering software
(OpenSees). Considering interaction between shear and flexural response in shear walls has made this
element superior. Superelastic reinforcement bars were embedded in plastic hinge of boundary elements,
coupled beam and walls web separately. Shear wall modeled by using SMA in boundary element, coupled
beam and walls web called SMAB, SMAC and SMAW respectively. To examine the effects of these alloys
on energy dissipation capacity and self-centering ability of the shear walls, structure were evaluated in cyclic
analysis. Place of using SMAs on shear wall in very important and can influence widely on shear wall so
most optimized place of using SMAs in shear wall should recognized. Two case of optimization considered
in this analyze. In first one, best place is a place that using SMAS on it causes minimum energy dissipation
reduction and maximum residual displacement removing. In second one, best place is the place that causes
maximum residual displacement removing with minimum usage of SMAs. In order to find the influence of
SMASs on ductility of shear wall, pushover analysis was used. Using SMAs in boundary elements of shear
walls made maximum increasing in ductility of shear wall but the best place for using SMAs for
optimization of usage of SMAs is walls web. Based on the results, with using shape memory alloys, ductility
of shear walls was increased and its residual deformation and energy dissipation capacity was decreased. The
best place of using SMAs in shear wall is coupled beam for optimization of energy dissipation and residual
displacement and for optimization SMA usage is walls web.

Keywords: Shape memory alloys, Reinforced concrete shear wall, self-centering, ductility.
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