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Hysteresis Behavior of Partially Restrained Smart Connections for the
Seismic Performance of Composite Frame

Kim, Joo Woo'*
'Professor, Dept. of Architecture, Semyung University, Jecheon, 390-711, Korea

Abstract - The partially restrained smart CFT (concrete filled tube) column-to-beam connections with top-seat split T
connections show various behavior characteristics according to the changes in the diameter and tightening force of the fastener,
the geometric shape of T-stub, and material properties. This paper presents results from a systematic three-dimensional nonlinear
finite element study on the structural behavior of the top-seat split T connections subjected to cyclic loadings. This connection
includes super-elastic shape memory alloy (SMA) T-stub and rods to obtain the re-centering capabilities as well as great energy
dissipation properties of the CFT composite frame. A wide scope of additional structural behaviors explain the influences of the
top-seat split T connections parameters, such as the different thickness and gage distances of split T-stub.

Keywords - Top-seat split T connection, CFT composite frame, Shape memory alloy, Nonlinear FE analysis, Cyclic load
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Fig. 1. Stress-strain relationship and super-elasticity behavior
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(b) Geometry of split T-stub

Fig. 3. Configurations of CFT column-to-beam connections
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Fig. 4. Typical finite element model of CFT column-to-beam
connection with a top-seat split T-stub
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Table 1. Material properties of connection members

Tensile
. F strength E Sk
M M 1 Y .
ember ateria (MPa) 7 (MPa) v (MPa)
(MPa)

Steel tube| HSB600 | 450 600

205000 -
Split T |HSB600 | 450 600

Angle SMA | 422 531 44359

Beam | SM490 | 325 490 0.3

Bolt F10T | 900 1000 | 205000

F10T | 900 1000
SMA | 422 531 44359

Bar

27

Concrete - - - 22628 [0.167

=yield strength, £, =tensile strength, F); : compressive

strength, £'=modulus of elasticity, v = Poisson's ratio
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Table 2. Friction coefficients between connection members

Contact surface Friction coefficient

Concrete-Bar 0.3
T stub-Bar 0.33
T stub-Bolt 0.23

Table 3. Analytical cases selected for top-seat split T connections
unit: mm)

Analytical model
designation

“G160-""T14-""B250-STSB"
G160-T14-B250-STMB™ 250| 9 | 14 |160]| 55 |75.5
G160-T14-B250-MTSB"™
G210-T15-B300-STSB

G210-T15-B300-STMB 300| 10 | 15 [210] 45 | 100
G210-T15-B300-MTSB

*G:Gage distance, T :T-stub thickness, "B :T-stub
width, STSB": Steel T-stub & Steel Bar; STMB'™ : Steel

T-stub & SMA Bar, MTSB™ : SMA T-stub & Steel Bar
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Fig. 8. Moment-rotation hysteresis loops of T-stub connections
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[ — —
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145.80° 32.571 719.334

(b) Steel T-stubs

=y

53.4482 300.401 547.353 794.306
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(c) Steel bars

33233

[ — E— |
1.87865 284.298 566.718 849.137

1131.56
143.088 425.508 707.928 990.3347

(d) Bolts

G210-T15-B300-STSB connection
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3.81497 81.0087 158.202 235.396 312.59

424118 119.605 196.799 273.993

(a) H beam

2.96527 262.927 522.889 782.85 1042.81
392.908 912.831

652.87

(b) Steel T-stubs

Wiy

6.82427 327.898 648.972 970.046
167.361 488.435 809.509 1130.58

(¢) SMA bars

1.11662 240.254 479.392 718.529 957.667
8.09:

120.685 359.823 ’ 598.96 ) 838.098

(d) Bolts

Fig. 10. von Mises stress distribution and deformation shape of

G210-T15-B300-STMB  connection

1077.24

oY
3

1.65618 86.3498 171.043 255.737 340.431

351.187 44.003 128.697 213.39 298.084 382777

(a) H beam

3.07905 426.478 849.876 1273.28 1696.67

1172.79 214.778 638.177 1061.58 1484.97 1908.37

(b) SMA T-stubs

Wy

23.6266 292.397 561.167 829.937 1098.71
82 695.552 964.

1451.66 321 1233.09

(c) Steel bars

1 e
2.03653 454.096 680.125 906.155
115.05: 341.081 567.111 793.14 1019.17

(d) Bolts

Fig. 11. von Mises stress distribution and deformation shape of
G210-T15-B300-MTSB connection
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Fig. 12. Moment-rotation hysteresis loops of T-stub connections
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Fig. 13. Moment-rotation hysteresis loops of T-stub connections
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SMA A2 M 8510l % AT UA At 52}
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A3 FHs N0 DRt 7123 dlojeulo|27} B Folct

841479

7 24.851
21.8498

(a) Connection side

841479 9.84507
3.84267

12.8463

9.84507

18.8487

15.8475

24.851
21.8498

(b) Opposite side of connection

27.8522

27.8522

Fig. 14. Typical von Mises stress distribution of concrete in
CFT column (G160-T14-B250-STMB)

Table 4. Analytical results for top-seat split T connections

under cyclic loadings

Ultimate ” ”
Analytical model von Mises stress | Ultimate Utm'.late
designation Value moment | rotation
i kN'm radian
(MPa) Location | ( )| ( )
G160-T14-B250-STSB | 1776.66 SIE/I-ZN‘: . 535.83 | 0.0209
G160-T14-B250-STMB | 1664.59 SMAa 526.93 | 0.0419
G160-T14-B250-MTSB | 2173.81 491.49 0.0419
T-stub
G210-T15-B300-STSB | 1292.86 SI;FA-ZNE . 460.49 | 0.0419
G210-T15-B300-STMB | 1451.66 SMAa 437.07 | 0.0419
G210-T15-B300-MTSB | 1908.37 Tostub 380.18 | 0.0419
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