Journal of Korean Society of Steel Construction

Vol.31, No.5, pp.311-320, October, 2019

/i \

Check for
updates

ISSN(print) 1226-363X  ISSN(online) 2287-4054
DOI http://dx.doi.org/10.7781/kjoss.2019.31.5.311

Hysteresis Characteristics of Self-Centering Semirigid CFT
Column-to-Beam Double Web-Angle Connections

Kim, Joo-Woo'",

Kim, Chang Jun®

"Professor, Dept. of Architecture, Semyung University, Jecheon, 27136, Korea
2Graduate Research Assistant, Dept. of Architecture, Semyung University, Jecheon, 27136, Korea

Abstract - In this study a systematic numerical analysis is performed to obtain the hysteresis behavior of partially restrained
double web-angle connections subjected to cyclic loading. This double web-angle connections include superelastic shape mem-
ory alloy (SMA) components in order to obtain proper energy dissipation effects as well as the re-centering capacities of a CFT
composite frame. The three-dimensional (3D) nonlinear finite element models of the connections are built to probe into the
rotational stiffness, bending moment capacity, and failure modes. A wide scope of additional structural behaviors describe the
different effects of the connection’s parameters, such as the various thickness of connection angles and the gage distances.
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Fig. 2. Configurations of CFT column-to-beam connections
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Fig. 3. Typical finite element model of CFT
column-to-beam connection with double-web angles
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Table 1. Material properties of connection members

E Tensile
Member Material (MIy’a) strength E (MPa) v Jex (MPa)
F, (MPa)
Steel tube & angle HSB 600 450 600 -
Beam SM 490 325 490 205,000 0.3 -
Bolt & steel bar F10T 900 1,000 -
Concrete - - - 22,628 0.167 27

F, = yield strength; F, = tensile strength; E = modulus of elasticity; v = Poisson’s ratio; fu = compressive strength of concrete
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Table 2. Applied contact options!"!

Contact options
Contact surface Contact Behavior of
algorithm contact surface
Column-Angle
Beam-Angle
Angle-Bar Augmented
Lagrange Standard
Angle-Bolt method
Concrete-Bar
Beam-Bolt

Table 3. Friction coefficients between connection members

Contact surface Friction coefficient

Concrete-Steel bar 0.65
Angle-Steel bar 0.3
Angle-Beam 0.3
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Table 4. Analytical cases selected for double web-angle con-
nections (Unit: mm)

Analytical model

designation E & e ba

G65-T12-SASB”
G65-T12-SAMB™
G65-T12-MASB"
G65-T12-MAMB**

G65-T15-SASB
G65-T15-SAMB
G65-T15-MASB
G65-T15-MAMB

G90-T12-SASB
G90-T12-SAMB
G90-T12-MASB
G90-T12-MAMB

G90-T15-SASB
G90-T15-SAMB
G90-T15-MASB
G90-T15-MAMB

G: Gage distance; T: Angle thickness;
SASB”: Steel Angle & Steel Bar; SAMB™": Steel Angle & SMA Bar; ASB™:
SMA Angle & Steel Bar; MAMB™: SMA Angle & SMA Bar
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Table 5. Comparison of the energy dissipation capacities of the double web angle connection models (Unit: N-m)

Analytical model Ep by Step
designation 1 2 3 4 6 7 8 9 10 Ep

G65-T12-SASB 26.98 31.99 81.52 136.44 | 405.52 | 698.47 [1,631.902,324.89|3,038.36 |3,834.77(12,210.85
G65-T12-SAMB 9.12 11.35 28.20 4591 | 122.25 | 236.42 | 763.37 [1,411.33|1,002.44 - 3,630.40
G65-T12-MASB 20.16 26.84 87.06 | 159.35 | 327.65 | 548.43 |1,292.93|2,093.69|2,796.38|3,430.91 (10,783.42
G65-T12-MAMB 5.54 6.24 15.67 28.82 84.23 | 147.71 | 515.17 | 832.40 |1,117.66|1,378.99|4,132.43
G65-T15-SASB 42.06 53.12 | 160.16 | 326.95 | 623.60 |1,002.86(2,273.40|2,974.973,824.79|4,732.30 (16,014.20
G65-T15-SAMB 11.09 13.46 33.24 55.46 170.26 | 293.82 | 960.46 |1,561.39|2,272.83|3,023.85 |8,395.86
G65-T15-MASB 13.82 15.84 38.24 62.67 194.68 | 316.67 | 748.27 | 980.12 |1,424.46|1,937.47|5,732.25
G65-T15-MAMB 7.49 8.31 20.97 36.90 | 112.10 | 208.52 | 603.16 | 850.76 |1,153.43|1,542.93|4,544.56
G90-T12-SASB 13.48 16.13 45.61 72.62 | 200.45 | 360.47 | 938.16 |1,496.412,052.46|2,693.58|7,889.36
G90-T12-SAMB 6.53 8.19 20.17 32.25 81.05 | 138.42 | 471.97 | 845.67 |1,352.401,974.06 |4,930.70
G90-T12-MASB 7.37 9.02 21.86 34.35 90.20 | 155.21 | 435.00 | 735.02 |1,070.52|1,415.73|3,974.29
G90-T12-MAMB 3.61 4.13 10.64 17.48 51.57 97.07 | 28891 | 569.37 | 851.33 |1,230.73 |3,124.82
G90-T15-SASB 26.88 36.63 82.65 155.54 | 379.18 | 680.79 |1,680.90|2,453.74|3,222.00|4,019.39(12,737.69
G90-T15-SAMB 8.45 10.66 26.56 4242 | 105.59 | 189.88 | 639.51 |1,240.821,944.25 - 4,208.14
G90-T15-MASB 10.62 12.33 29.42 47.15 | 136.61 | 230.76 | 621.51 | 897.88 |1,148.73|1,488.36|4,623.38
G90-T15-MAMB 5.44 6.08 15.32 25.95 76.68 | 136.16 | 439.08 | 725.70 | 980.79 |1,246.67|3,657.87
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Table 6. Analytical results for double web angle connections
under cyclic loadings

Ultimate b )

Asretbfeal skl von Mises|stress Ultimate U1t111.1ate
designation val moment | rotation
B 3 (kN-m) | (radian)

(MPa) Location

G65-T12-SASB  [1,312.96| Steel Bar | 73.00 0.0419
G65-T12-SAMB  [1,411.54| SMA Bar | 67.53 0.0349
G65-T12-MASB  |1,341.93| Steel Bar | 69.98 0.0419
G65-T12-MAMB | 766.74 Bolt 59.81 0.0419
G65-T15-SASB  [1,326.89| Steel Bar | 69.62 0.0419
G65-T15-SAMB  [1,153.58 Bolt 70.58 0.0419
G65-T15-MASB 935.80 | Steel Bar | 55.08 0.0419
G65-T15-MAMB |1,312.04| SMA Bar | 54.39 0.0419
G90-T12-SASB  |1,467.76|Steel Angle| 63.64 0.0419
G90-T12-SAMB  |1,907.06| Steel Bar | 61.55 0.0419
G90-T12-MASB |1,080.46 Bolt 48.73 0.0419
G90-T12-MAMB | 903.74 Bolt 47.02 0.0419
G90-T15-SASB  [1,256.14| Steel Bar | 7291 0.0419
G90-T15-SAMB  |1,214.02| SMA Bar | 64.99 0.0349
G90-T15-MASB |1,058.01| Steel Bar | 62.03 0.0419
G90-T15-MAMB |1,091.56| SMA Bar | 60.26 0.0419

“Ultimate moment: Maximum moment at double web-angle under tension
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