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Hysteresis Behavior of Semirigid CFT Column-to-Beam Connections
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ABSTRACT : This paper presents the results from a systematic finite element study on the bending moment resisting capacity of
double web-angle connection for a CFT(concrete filled tube) composite frame subjected to cyclic loading. The three-dimensional

nonlinear finite element models are constructed to investigate the rotational stiffness, bending moment capacity, and failure

modes of the partially restrained composite CFT connections. A wide scope of additional structural behaviors explain the

different influences of the double web-angle connections parameters, such as the different thickness of connection angles and

the gage distances of high strength steel connection bar. The moment-rotation angle relationships obtained statically from

the finite element analysis are compared with those from Richard's theoretical equation.
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Fig. 1 Configurations of CFT column-to-beam connections

Fig. 2 Typical finite element model of CFT column-to-beam
connection with a double-web angle
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Fig. 3 Displacement loading history

Table 1. Material properties of connection members

Tensile
) R F, |strength E for
Member | Material| 5 )| 2™ | (MPa) | U | (MPa)
(MPa)
Steel tube
& 055 | 450 | 600 -
Angle
SM ~
Beam 490 325 490 | 205,000| 0.3
Bolt
& F10T | 900 1000 -
Steel bar
Concrete - - - 22,628 [0.167 | 27

F, = vyield strength: F, = tensile strength: Fix = compressive
strength: E = modulus of elasticity: v = Poisson’s ratio
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Fig. 4 Stress-strain relationships of steel components

Table 2 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 3. Analytical cases selected for double web-angle
connections (unit: mm)

Diameter
Analytical Angle Gage | Angle | Pitch of bolt
model thickness| distance | length | distance &
designation (t) (g) (1) (p) |steel bar
(b,)
“G65-""T12 12
G65-T15 15 65
G65-T19 19
300 70 22
G90-T12 12
G90-T15 15 90
G90-T19 19

*G : Gage distance: T7T : Angle thickness
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Table 4. Main parameters by Richard’s regression method

Analytical K e M
model y o ! n R
designation (kNm/rad) (kN In/l ad) (kN m)
G65-T12 | 8089.27 116.89 68.31 | 2.12 | 0.99
G65-T15 | 10482.80 145.90 74.83 | 1.99 | 0.99
G65-T19 | 13084.13 135.17 76.39 | 1.83 | 0.99
G90-T12 | 4683.73 195.42 4948 | 464 | 0.99
G90-T15 | 7182.05 159.98 70.59 | 2.16 | 0.99
G90-T19 | 10195.30 114.08 70.98 | 1.99 | 0.99
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Table 5 Comparisons of plastic moment results for
double web-angle connections

Analytical M, (kN‘m) Diff *
model Present Chen'’s Yang's (%)

designation FEA model model
G65-T12 68.31 58.45 63.47 7.63
G65-T15 74.83 78.58 88.77 15.70
G65-T19 76.39 108.60 129.14 40.85
G90-T12 49 .48 52.74 54.91 9.89
G90-T15 70.59 69.82 73.10 3.43
G90-T19 70.98 94.86 104.34 31.97

* Difference between present FEA and Yang's model
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(b) Opposite side of connection

Fig. 15 Typical von Mises stress distribution of concrete in
CFT column (G65-T19)

Table 6. Analytical results for double web angle connections
under cyclic loadings

. - Ultimate . ]
Analytical Initial von Mises stress |Ultimate |Ultimate
model stiffness moment | rotation
designation | (kN-m/rad.) | Value |y o1 (kN'm) | (radian)
(MPa)
G65-T12 | 7838.77 |1258.54|Steel bar| 66.67 | 0.0279
G65-T15 | 9745.76 |1310.94|Steel bar| 67.62 | 0.0209
G65-T19 | 12657.48 |1278.62|Steel bar| 68.30 | 0.0209
GY90-T12 | 5014.97 |1361.63| Angle | 65.26 | 0.0419
GY0-T15 | 7134.19 |1252.86| Bolt 67.45 | 0.0279
GI0-T19 | 9509.54 |1249.35|Steel bar| 64.58 | 0.0209
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