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Seismic Performance of an Inverted V-type
Eccentrically Braced Steel Frames with Slit Dampers
Using Shape Memory Alloy
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Abstract

The energy dissipation of inverted V-type eccentric steel braced frames can be achieved through the yielding of a slit
link, through yielding of a number of strips between slits when the frame is subjected to inelastic cyclic deformation. On
the other hand, the development of seismic resistance system without residual deformation is obtained by applying the
superelasdtic shape memory alloy (SMA) material into the brace and link elements. This paper presents results from a
systematic three-dimensional nonlinear finite element analysis on the structural behavior of the eccentric bracing systems

subjected to cyclic loadings. A wide scope of structural behaviors explains the horizontal stiffness, hysteretic behaviors, and
failure modes of the recentering eccentric bracing system. The accurate results presented here serve as benchmark data for
comparison with results obtained using modern experimental testing and alternative theoretical approaches.

Keywords : Shape Memory Alloy (SMA), Hysteretic behavior, Nonlinear finite element analysis, Inverted V-type
eccentrically braced steel frame, Slit link Recentering of eccentric bracing system
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(Fig. 1) Typical geometry of inverted
\V/-type eccentrically braced frames
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CE_ 5 75 - 6
Section size of brace member
(width-thickness, mm)
Number of slit
(NS, 3,5, 14)
Eccentric ratio

(e/L : 0.1, 0.2)

Material properties of braces and link members
(S : Steel / M : SMA / B : Brace / L : Link)

Configuration of eccentrically braced frame
(CE : Chevron Eccentricity)

(Fig. 2) Definition of analytical model
designations
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(Fig. 3) Finite element analytical model of an
inverted V-type eccentrically braced frame
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(Fig. 4) Displacement loading history

(Table 1> Material properties of steel
components of an inverted V-type
eccentrically braced frame
Yield Modulus Poisson
Members strength elasot]iccitv ratio
(£,,MPa) (£ MPa) (v)
Column 408.58 | 205,000 0.3
Beam 394.80 | 205,000 0.3
Brace 504.35 | 205,000 0.3
Gusset plate
446.47 | 205,000 0.3
/ Shear tab
Bolt 900.00 | 205,000 0.3




0
ok
ME
o

1000

900 — =

800

600 -

500 f—r——T—1

stress (MPa)

400  feEmm——— o e
300, / Beam
——————— Column

200 - —_—— . Gusset plate/Shear tab
—_— - Brace
100

/' =iei=Sse—ans B0

T T T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

strain (x 10°°)

(Fig. b) Stress-strain relationships of steel
components
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(Fig. 6) Stress-strain relationships of
superelastic shape memory alloy(SMA)
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(Fig. 8> Deformation shape and stress
distributions of CE-MBSL-0.1-5-120-8
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(b) CE-SL-0.1-5-175-12

(Fig. 9) Load-displacement hysteresis
curves of according to material properties
and section size of brace

(Table 2) Residual displacements of TS and
SMA braced frames having different
section sizes of angle brace

Residual displacement (mm)
Models Matgfri%lr;gges Recentering
effect

TS SMA (%)
CE-0.1-5-75-6 7.21 4.62 36
CE-0.1-5-75-10 843 3.16 63
CE-0.1-5-80-6 7.35 3.84 48
CE-0.1-5-100-8 9.18 367 60
CE-0.1-5-100-12 10.25 4.04 61
CE-0.1-5-120-8 10.13 2.96 Al
CE-0.1-5-120-10 10.96 5.06 54
CE-0.1-5-120-14 11.52 557 52
CE-0.1-5-130-12 11.84 4.67 61
CE-0.1-5-150-10 12.11 3.72 69
CE-0.1-5-175-12 13.11 6.33 52
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(c) von Mises stress of CE-MBSL-5-90-6
(Fig. 10) Stress distributions according to
the number of slits using SMA angle brace
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(Fig. 11) Load-displacement hysteresis
curves according to the number of slits
using SMA angle brace

(Table. 3) Residual displacements of TS and SMA
braced frames according to the number of slits

Residual displacement (mm)
Material types Recenterin
Models g
of brace effect
TS SMA (%)
CE-NS-90-6 7.8 35 55
CE-3-90-6 77 34 56
CE-5-90-6 8.0 3.1 61
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(Fig. 13) Load-displacement hysteresis
curves of according to material properties
of brace and slit link

(Table. 4) Residual displacements according
to the combinations of TS and SMA and
different section sizes of angle brace

Residual displacement (mm)
Models
SBSL SBML MBML
CE-5-90-8 8.6 85 5.7
CE-5-130-10 115 1.2 44
CE-5-150-12 1.9 12.3 40
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(b) von Mises stress of CE-MBSL-0.2-75-10

(Fig. 14) Load-displacement hysteresis
curves of according to eccentric ratio
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(Fig. 15) Load-displacement hysteresis
curves according to eccentric ratios
having SMA brace

(Table 5) Maximum and Residual
displacements according to eccentric ratios
and section sizes of angle brace

Brace Frame
Maximum Residual
Models displacement displacement
(mm) (mm)
0.1 0.2 0.1 0.2

CE-MBSL-75-10 232.9 200.7 3.16 2.28

CE-MBSL-100-12 2432 2158 4.04 4.47

CE-MBSL-120-8 246.7 2256 2.96 3.72

CE-MBSL-130-12 255.8 2224 467 5.94

CE-MBSL-150-10 259.6 233.3 3.72 5.30
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