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Abstract - Concentrically diagonal braced steel frames are generally designed for having complete truss behavior properties that
the brace elements are governed by axial force in elastic region. But, when a large earthquake occurs, inelastic deformation
occurring of the brace elements and connections cause a decrease in the internal resistance forces. Development of possible to
return seismic resistance system without residual strain is necessary for solving the problem. Therefore, in this paper a systematic
numerical analysis is performed to obtain the energy dissipation and re-centering capacities of diagonal steel braced frames
subjected to cyclic loading. This diagonal bracing systems are fabricated with angle and square tube SMA (Shape Memory
Alloy) sections. The three-dimensional nonlinear finite element models are constructed to investigate the horizontal stiffness,
drifts and failure modes of the re-centering bracing systems.
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Fig. 1. Typical geometry of diagonal braced frames
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Fig. 2. FE model of diagonal braced frames
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Fig. 3. Displacement cyclic loading history

Table 1. Material properties of steel components

Yield strength Modul.u.s of Poisson

Members (F,, MPa) elasticity ratio

(&, MPa) )

Column 408.58 205,000 0.3

Beam 394.80 205,000 0.3

Brace 504.35 205,000 03
Gusset plate

& Shear tab 44647 205,000 0.3

Bolt 900.00 205,000 0.3

=] aTT T
Eq &y
600 2
................................................................................... UAS
f
JIETI WS L e AN A A o8
& i
s
g .................... o <
1
g SA
e o}
0 T T T T T
0 10000 20000 30000 40000 50000 60000 70000

strain (x 10°)

Fig. 4. Stress-strain relationship of shape memory alloy

Table 2. Material properties of shape memory alloys

Parameters Values
Eau (MPa) 27,579
oS (MPa) 422
o | (MPa) 531
o (MPa) 337
o (MPa) 227
g (%) 3.18
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Fig. 5. Definition of analytical models designation
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Fig. 6. Deformation of D-L-130-9-TS

Fig. 7. von Mises stress distribution of D-L-130-9-TS
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Fig. 9. von Mises stress distribution of D-L-130-9-SMA
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Table 3. Maximum displacements and stress of
diagonal angle brace members

Brace member
Max Max
Models displacement(mm) stress(MPa)

TS SMA TS SMA
D-L-100-7 236.26 19.74 504.35 260.21
D-L-100-8 232.72 19.92 552.52 250.60
D-L-100-9 228.95 23.05 514.50 246.49
D-L-120-8 232.63 18.92 504.35 232.40
D-L-130-9 229.09 16.28 504.34 25545
D-L-130-10 225.15 14.56 505.23 265.87
D-L-130-15 206.08 30.54 504.35 340.38
D-L-150-10 22498 17.55 513.74 295.99
D-L-150-12 216.07 17.65 521.58 314.05
D-L-150-15 202.48 47.47 517.67 408.58
D-L-150-19 181.32 108.74 537.11 501.85
D-L-175-12 214.12 27.56 531.13 341.09
D-L-175-15 196.99 74.85 546.89 45293
D-L-200-15 191.84 48.27 527.41 497.51
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Fig. 10. Load-displacement hysteresis curves of D-L-130-9
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Fig. 13. Deformation of D-L-150-5-SMA

Fig. 14. von Mises stress distribution of D-L-150-5-SMA
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Table 4. Maximum displacements and stress of
diagonal box brace members

Brace member
Max Max
e displacement(mm) stress(MPa)

TS SMA TS SMA
D-B-100-6 223.25 6.93 504.35 149.98
D-B-110-9 4.15 1.21 504.34 141.79
D-B-120-7 209.78 9.61 525.30 193.97
D-B-120-8 17.89 1.30 515.15 146.50
D-B-125-6 190.43 7.46 511.37 146.56
D-B-125-9 5.38 432 504.35 313.61
D-B-130-8 71.46 10.36 536.17 | 213.06
D-B-150-5 19.59 1.30 508.65 108.50
D-B-150-6 8.28 1.14 509.41 149.11
D-B-150-7 78.32 7.83 467.41 329.34
D-B-150-9 6.70 6.05 45196 | 388.35
D-B-175-6 162.03 3.99 549.36 | 275.76
D-B-175-8 8.43 8.41 451.33 378.45
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