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Recentering X-Braced Steel Frames Using Superelastic Shape Memory Alloy
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Abstract

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 steel bracing systems are fabricated with super-elastic
SMA (Shape Memory Alloy) braces in order to develop a recentering seismic resistance system without residual
deformation. The three-dimensional nonlinear finite element models are constructed to investigate the horizontal stiffness,

drifts and failure modes of the re-centering bracing systems.

Keywords : Shape Memory Alloys (SMAs), Hysteretic behavior, Nonlinear finite element analysis, Diagonal steel braced

frames, Recentering braced systems
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(Fig. 1) Stress-strain relationship and
super-elasticity behavior of SMA
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(Fig. 3 Typical geometry of X-braced frames

(Fig. 4) FE model of X-braced frames
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(Table 1) Material properties of steel components

Modulus

Yield y Poisson
Members strength elas(‘zicity ratio
F, MP.
(7, MRy GEEY @)
Column 408.58 205,000 0.3
Beam 394.80 205,000 0.3
Brace 504.35 205,000 0.3
Gusset plate & )07 205,000 03
Shear tab
Bolt 900.00 205,000 0.3
Eguy A
IIIIII O’}“‘
% . (,,;:!'.-I
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(Fig. 6) Stress-strain relationships
of shape memory alloys

(Table 2) Material properties of shape
memory alloys

Parameters Value
Egu  (MPa) 27,579
ot (MPa) 422
0}45 (MPa) 531
o (MPa) 337
o' (MPa) 227
e (%) 318
b Bxe] oY ASe] Y WAL adwe
R A A, B 2, T 3, v %
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Y37 ek & 71E 3
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Material property of brace member
(TS:traditional steel, SMA:shape memory alloys)

Section size of brace member
(width-thickness, mm)

Section shapes of brace member
(L:angle, B:box)

Configuration of braced frame
(X:X-type)

(a) Analytical models of angle & box braced frames
X - W -45-R4.0- TS

|_—I\nlatt-:rial property of brace member
(TS:traditional steel, SMA:shape memory alloys)

Radius of wires brace member (mm)
Number of wires

Section shapes of brace member
(W:wire)

Configuration of braced frame
(X:X-type)

(b) Analytical models of wire braced frames

(Fig. 7 Definition of analytical model designation
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(Table 3) Comparison of the energy dissipation capacities of the X-braced frame models

(unit: kN-m)

Analytical model E, by step
designation 1 2 3 4 5 6 7 8 Ep o
X-W-45-R2.5-TS 1.06 127 3.19 13.85 40.38 7943 18164 33737 65819
X-W-45-R2.5-SMA 0.88 0.93 2.50 6.73 1441 2341 7630 16770 29286
X-W-45-R2.75-TS 1.17 140 353 1241 4476 919 20910 37863 74296
X-W-45-R2.75-SMA 095 1.00 276 730 1623 2615 8.14 18022 31975
X-W-45-R3.0-TS 1.28 1.53 3.87 1143 5019 10506 23830 41970 83136
X-W-45-R3.0-5MA 1.03 1.06 292 7.76 1824 29.20 9328 19842 35191
X-W-45-R3.25-TS 140 1.67 422 10.16 5552 11761  269.69 - 460.27
X-W-45-R3.25SMA 111 113 322 782 20.36 3273 10256 20475  373.68
X-W-45-R3.5-TS 1.51 1.82 458 927 6129 13142 30308 51460 102757
X-W-45-R3.55MA 1.20 1.25 348 817 253 3716 11327 22081  407.87
X-W-45-R3.75-TS 1.63 1.9 493 8.90 6604 14576 33615 56841 113378
X-W-45-R3.75-SMA 1.29 1.33 3.72 827 24.68 4248 12481 24553 45211
X-W-45-R4.0-TS 175 210 530 912 6647 15922 37025 61673 123094
X-W-45-R4.0-SMA 1.38 142 397 846 27.58 4931 14086 27724 5102
X-W-45-R4.25-TS 1.87 224 5.67 10.70 6542 17161 40227 66841 132819
X-W-45-R4.255MA 147 1.50 422 9.02 30.53 5879 16466 31464 58483
X-W-45-R4.5-TS 1.98 2.38 6.05 13.38 6769 18421 43759 72438  1437.66
X-W-45-R4.5-SMA 1.58 1.60 449 11.03 36.63 7294 19673 36226 687.26
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(Fig. 10) von Mises stress distribution and
deformation shape of X-\W-45-R4.25-TS connection
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(Fig. 11) von Mises stress distribution and
deformation shape of X-W-45-R4.25-SMA
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