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Connections with a Top-Seat Angle

Lee, Sung Ju', Kim, Joo Woo?*

'Graduate Research Assistant, Dept. of Architecture, Semyung University, Jecheon, 390-711, Korea
%Professor, Dept. of Architecture, Semyung University, Jecheon, 390-711, Korea

Abstract - In this paper a systematic numerical analysis is performed to obtain the bending moment resisting capacity of a top and
seat angle connection, which is a type of partially restrained connection, for a CFT composite frame subjected to cyclic loading.
This partially restrained composite CFT connections are fabricated using high strength steel connection bar. The
three-dimensional nonlinear finite element models are constructed to investigate the rotational stiffness, bending moment
capacity, and failure modes. A wide scope of additional structural behaviors explain the different influences of the top and seat
angle connection’s parameters, such as the different thickness of connection angles and the gage distances of the high strength
steel bar. The moment-rotation angle relationships obtained 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 top-seat angle
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Fig. 3. Displacement loading history

Table 1. Material properties of connection members

Tensile
F t th
Member |Material y | SHENE £ v S
(MPa)| £, (MPa) (MPa)
(MPa)
Steel
tube & HSB 450 600 -
600
Angle
SM
Beam 490 325 490 205,000 | 0.3 -
Bolt
& F10T | 900 1000 -
Steel bar
Concrete - - - 22,628 [0.167| 27

F, = yield strength; F, = tensile strength;
Fe = 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 0.3
Angle-Steel bar 0.33
Seat angle-Seat bolt 0.23
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Table 3. Analytical cases selected for top-seat angle

connections (unit: mm)
T Seat
Analytical op e Gage Angle
del angle angle distance | length
d mo et' thickness | thickness (e) |« L)
csignation op’ Vsea
& (ttnp) (tseat ) ' for i
“T7-S10-"G45 7
T10-S10-G45 10 45
T13-S10-G45 13
T7-S10-G55 7
T10-S10-G55 10 10 55 210
T13-S10-G55 13
T7-S10-G65 7
T10-S10-G65 10 65
T13-S10-G65 13

“T : Top angle thickness; "G : Gage distance
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Fig. 6. Typical Moment-rotation curves of T10-S10-G45 by
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Table 4. Main parameters by Richard’s regression method

Analytical

K, K M,
model N / d kN'mp/ ol an- n | Rr2
designation (kN-m/rad) | ( rad)| (KN'm)

T7-S10-G45 | 23120.83 | 1423.14 71.93 |1.61|0.99
T10-S10-G45| 37035.06 523.86 147.71 | 1.50 { 0.99
T13-S10-G45| 40490.21 460.75 171.65 |2.94(0.99

T7-S10-G55 | 18745.38 | 1567.30 42.18 1.62]0.99
T10-S10-G55 | 34211.85 535.58 86.54 |1.39(0.99
T13-S10-G55| 34574.57 | 441.83 155.24 | 1.530.99

T7-S10-G65 | 13152.72 | 1080.56 29.40 |1.43]0.99
T10-S10-G65 | 28545.40 | 1320,75 69.29 |1.13]0.99
T13-S10-G65 | 30415.50 | 418.33 119.16 | 1.25(0.99
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Table 5. Comparisons of plastic moment results for top-seat angle

connections
Analytical M, (kN'm) Diff.
model
designation Present FEA | Yang's model (%)
T7-S10-G45 71.93 53.72 33.90
T10-S10-G45 147.71 118.08 25.09
T13-S10-G45 171.65 205.17 16.34
T7-S10-G55 42.18 38.74 8.88
T10-S10-G55 86.54 83.45 3.70
T13-S10-G55 155.24 149.97 3.51
T7-S10-G65 29.40 30.59 3.89
T10-S10-G65 69.29 64.25 7.84
T13-S10-G65 119.16 114.57 4.01
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T7-S10-G65 connection
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(b) Top and Seat angle

Fig. 16. von Mises stress distribution and deformation shape of

T13-S10-G65 connection
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(d) Bolts

Fig. 16. von Mises stress distribution and deformation shape of
T13-S10-G65 connection (Continued)
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(b) Opposite side of connection

Fig. 17. Typical von Mises stress distribution of concrete in CFT
column (T13-S10-G65)
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Table 6. Analytical results for top-seat angle connections under
cyclic loadings

. . Ultimate . .
Analytical Initial von Mises stress Ultimate | Ultimate
model stiffness moment | rotation
designation |(kN-m/rad.)| YA€ |1 ation| (kN-m) | (radian)
(MPa)

T7-S10-G45 | 21230.03 |2454.82| Angle | 168.89 | 0.0140
T10-S10-G45| 36963.59 |1434.95| Angle | 172.68 | 0.0140
T13-S10-G45| 39892.76 |1272.77| Angle | 163.09 | 0.0105
T7-S10-G55 | 17073,02 |2913.61| Angle | 16537 | 0.0279
T10-S10-G55| 32888.91 [1908.59| Angle | 165.71 | 0.0209
T13-S10-G55| 33192.72 [1611.69| Angle | 146.19 | 0.0140
T7-S10-G65 | 12605.11 |3652.64| Angle | 151.01 | 0.0349
T10-S10-G65| 27724.02 |2061.86| Angle | 155.02 | 0.0279
T13-S10-G65| 29077.31 |1896.76| Angle | 142.02 | 0.0209

Aol TA o] MR FA9] 2o von Mises &8 1%
7oA BAES o 4= gl

Fig. 172 Xt} W$IetZ slollA] ol AH-§38h= T13-
S10-G65 FPH-2] CFT 7|59 2 Eo] WA=
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27 MPa® UEFIT) Table 60 525150 th3t 9714 9]
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