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Seismic Performance of Top and Seat Angle CFT Column-to-Beam
Connections with SMA
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Abstract - In this paper a systematic numerical analysis is performed to obtain the hysteresis behavior of partially restrained top
and seat angle connections subjected to cyclic loading. This connection includes superelastic shape memory alloy (SMA) angles
and rods in order to secure the recentering capacities as well as proper energy dissipation effects of a CFT composite frame. 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 connection's
parameters, such as the various thickness of connection angles and the gage distance of steel and SMA rods.
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Fig. 2. Decomposed stress-strain relationship of super-elastic
SMA
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i4;m smm gl = 20m Table 1. Material properties of connection members
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gn—hflé";(']]xéliﬂxlz > 2 . F strenoth F
z 2l Member | Material Y et v S
g - ‘ (MPa) | £, | (MPa) (MPa)
(MPa)
U Steel | ispe00| 450 | 600
/ seat angle 1 tube 205000
— Ly geur = 210mm
&, = 45mm, 55mm, G5 — Anel HSB600 | 450 600
ngle
(a) Geometry of top-seat angle connections £ SMA 422 531 | 44359
: . T e Beam | SM490 | 325 490 03
? K H o gl H : Bolt F10T 900 | 1000 |205000
: Lalal FI0T | 900 | 1000
- Bar
(b) Geometry of top angle (c) Geometry of seat angle SMA 422 31 | 44359
Concrete - - - 22628 | 0.167 27

Fig. 3. Configurations of CFT column-to-beam connections
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Fig. 6. Stress-strain relationships of steel components
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Table 2. ANSYS contact options applied in the finite element
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Table 4. Analytical cases selected for top-seat angle connections
(unit: mm)

Analytical model

ignati e 9| lopr Lse
designation seat t top? Useat

top

+T7-++S10-+++G45-SASB"

T7-S10-G45-SAMB™ 7

T7-S10-G45-MASB™™

T10-S10-G45-SASB

T10-S10-G45-SAMB 10 10 45 210

T10-S10-G45-MASB

T13-S10-G45-SASB

T13-S10-G45-SAMB 13

T13-S10-G45-MASB

T7-S10-G55-SASB

T7-S10-G55-SAMB 7

T7-S10-G55-MASB

T10-S10-G55-SASB

T10-S10-G55-SAMB 10 10 55 210

T10-S10-G55-MASB

T13-S10-G55-SASB

T13-S10-G55-SAMB 13

T13-S10-G55-MASB

analysis
Contact options
Contact surface Contact Behavior of
algorithm contact surface
Column-Angle
Beam-Angle
Angle-Bar Augmented
Angg]e_Bolt Lagrangge method Srandard
Concrete-Bar
Beam-Bolt

T7-S10-G65-SASB

T7-S10-G65-SAMB 7

T7-S10-G65-MASB

T10-S10-G65-SASB

T10-S10-G65-SAMB 10 10 65 210

T10-S10-G65-MASB

Table 3. Friction coefficients between connection members

T13-S10-G65-SASB

T13-S10-G65-SAMB 13

T13-S10-G65-MASB

Contact surface Friction coefficient
Concrete-Bar 0.3
Angle-Bar 0.33
Seat angle-Seat bolt 0.23

“T: Top angle thickness; 'S: Seat angle thickness;
“G: Gage distance
SASB’: Steel Angle & Steel Bar; SAMB™: Steel Angle & SMA

Hokok

Bar, MASB : SMA Angle & Steel Bar

AFT 2} B 297 A6E(FA A1515) 20179 128 427
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FA7F 10mmo]w] Alo] 2] A2|7} 55mmel B¢, 7 1%
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TAL HojRT 9r. Fig, SR
[e]
=

Moment(kN: m)

0.03 002 0.03

0.02
Rotation angle(radian)

50) BYIE 5]} of

ox I#

B FU3t 7lstets SA4E e A A 34T e
— o 105l 2L = w T10-510-G55{SA SB)
(£, SASB)= 483 HT+H7F SMA 5(5, SAMB) E+= T TS
SMA T§7H(%, MASB)E A§3 HaFuH 27]7040] =
T 2 Ao L A9 oF 2 9] 51 Z3}H . . .
1 2 A= ek e & 5 Al E“’_ SASB el Fig. 8. Moment-rotation hysteresis loops of top angle connections
A 778 AA | A7 24T, MASB H3HRoll A 7Hg 2 of T10-S10-G55
Table 5. Comparison of the energy dissipation capacities of the top-seat angle connection models (unit: kN-m)
Analytical model Ej, by Step
designation 1 2 3 4 5 6 7 8 9 10 E),
T7-S10-G45-SASB | 90.80 89.87 | 442.35 | 670.54 | 1513.81 | 2783.26 - - - - 5590.63
T7-S10-G45-SAMB | 6.08 12.42 89.81 | 271.01 | 721.09 | 1529.57|3766.44 | 5734.65 - - 12131.07
T7-S10-G45-MASB | 38.10 24.69 | 15291 | 404.48 | 608.20 | 1090.18 | 2393.31 | 3982.46 - - 8694.33
T10-S10-G45-SASB | 125.23 | 109.40 | 432.69 | 724.53 | 1673.55 - - - - - 3065.40
T10-S10-G45-SAMB| 8.50 2.18 77.87 | 320.74 | 854.67 | 1792.76 | 4548.81 | 7528.63 | 9431.64 - 24565.80
T10-S10-G45-MASB| 44.13 92.28 | 228.06 | 546.44 | 885.16 | 1567.30 | 3162.60 | 5181.32 - - 11707.29
T13-S10-G45-SASB | 154.01 | 145.84 | 501.56 | 725.58 - - - - - - 1526.99
T13-S10-G45-SAMB| 19.77 10.59 80.70 | 325.32 | 934.55 | 1612.45|3428.98 - - - 6412.36
T13-S10-G45-MASB| 61.61 54.38 164.97 | 537.77 | 1074.25 | 1818.78 - - - - 3711.76
T7-S10-G55-SASB | 60.01 48.60 | 284.49 | 489.27 | 1162.09 | 2019.19 | 4486.98 - - - 8550.63

T7-S10-G55-SAMB | 13.11 25.06 | 23.76 | 165.15 | 556.07 |1216.62 | 3173.08 | 5628.35 | 8028.34 [10640.44|29469.98
T7-S10-G55-MASB | 34.76 14.90 | 107.85 | 296.63 | 472.99 | 705.80 | 1619.09|2701.19 | 4123.16 | 5659.07 |15735.44

T10-S10-G55-SASB | 92.98 82.90 | 349.03 | 514.66 | 1414.84 |2176.90 | 2375.38 - - - 7006.69
T10-S10-G55-SAMB| 21.84 | 2498 | 48.71 | 264.92 | 683.91 | 1470.37 | 3798.48 | 6525.82 | 9928.82 |12517.10|35284.95
T10-S10-G55-MASB| 44.28 2.15 138.04 | 345.85 | 617.68 | 1006.98 | 2086.12 | 3563.11 | 4745.34 | 6149.41 |18698.96

T13-S10-G55-SASB | 127.77 | 124.63 | 406.43 | 570.71 | 1339.36 - - - - - 2568.90
T13-S10-G55-SAMB| 2594 | 27.74 | 27.49 | 237.26 | 728.89 | 1404.51 | 3853.05 | 6117.64 - - 12422.52
T13-S10-G55-MASB| 52.28 17.33 | 195.51 | 375.60 | 806.80 |1207.22|2687.73 | 4149.20 | 5031.60 - 14523.27
T7-S10-G65-SASB | 45.74 | 47.61 | 168.97 | 337.50 | 859.93 |1479.93 | 3635.24 | 5172.84 | 5148.78 - 16896.54
T7-S10-G65-SAMB | 14.77 15.67 9.74 117.43 | 378.85 | 800.82 |2377.57|4095.36 | 6403.29 | 8668.42 [22881.92
T7-S10-G65-MASB | 18.18 26.67 62.51 | 175.61 | 291.45 | 440.43 | 1039.48 | 1795.67 - - 3850.00
T10-S10-G65-SASB | 81.33 70.41 | 26191 | 424.84 | 1118.82 | 1817.21 | 3966.08 | 2569.31 - - 10309.91

T10-S10-G65-SAMB| 22.57 15.37 | 32.85 | 166.92 | 482.38 | 1006.04 | 2844.46 | 5030.09 | 7810.32 {10628.97(28039.97
T10-S10-G65-MASB| 30.17 | 49.56 | 84.38 | 234.04 | 445.53 | 735.50 | 1590.55 | 2644.51 | 3774.65 | 4801.25 |14390.14

T13-S10-G65-SASB | 104.49 | 87.71 | 316.88 | 361.58 | 1212.95|1782.08 | 2701.71 - - - 6267.40
T13-S10-G65-SAMB| 25.16 5.40 35.84 | 189.14 | 564.19 | 1176.33 | 3349.71 | 5801.36 | 8377.20 {10335.36|29859.69
T13-S10-G65-MASB| 38.37 | 61.68 | 201.69 | 232.98 | 643.26 | 1048.18 | 2113.36 | 3320.30 | 4339.63 | 5784.07 |17783.52
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(c) Steel bars

Fig. 9. Von Mises stress distribution and deformation shape of T10-S10-G55-SASB connection
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| S — |
196729 1226.53 2452.87 3679.21 4905.54
613.365 1839.7 3066.04 4292.37 5518.71

(c) SMA bars
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jm 4
m
18.3148 438.375 858.436 1278.5 1698.56
228.345 648.406 1068.47 1488.53 1908.59
(b) Steel angles
:’!m @
[ EEEESS  ee— |
8.54567 236.673 464,801 692.928 921,056
122.609 350.737 578.864 806.992 1035.12
(d) Bolts
13.3858 272,532 531.678 790.824 1049.97
142,959 402,105 661.251 920.397 1179.54
(b) Steel angles
| S —— |
13.4831 294.604 575.726 856.847 1137.97
154.044 435.165 716.286 997.408 1278.53

(d) Bolts

Fig. 10. von Mises stress distribution and deformation shape of T10-S10-G55-SAMB connection
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223.
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X
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(c) Steel Bars

124631
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Fig. 11. Von Mises stress distribution and deformation shape of T10-S10-G55-MASB connection
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Fig. 12. Moment-rotation hysteresis loops of top angle connections with SAMB
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Fig. 13. Moment-rotation hysteresis loops of top angle connections with MASB

430 =gt xsts =23 A9 Aoz (B AllS1E) 20179 12¢



AFS- - o5
N — E— S - E— —
.425311 6.48397 12.5426 18.6013 24.66 .425311 6.48397 12.5426 18.6013 24.66
3.45464 9.51331 15.572 21.6306 27.6893 3.45464 9.51331 15.572 21.6306 27.6893
(a) Connection side (b) Opposite side of connection
Fig. 14. Typical von Mises stress distribution of concrete in CFT column (T7-S10-G55-SAMB)
Table 6. Analytical results for top-seat angle connections under cyclic loadings
. N Ultimate von Mises stress +Ultimate moment Ultimate rotation
Analytical model designation - .
Value (MPa) Location (kN'm) (radian)
T7-S10-G45-SASB 2154.82 Angle 135.10 0.0140
T7-S10-G45-SAMB 3898.98 SMA Bar 139.92 0.0349
T7-S10-G45-MASB 3122.81 SMA Angle 146.97 0.0349
T10-S10-G45-SASB 1434.95 Angle 163.11 0.0105
T10-S10-G45-SAMB 4612.63 SMA Bar 169.04 0.0349
T10-S10-G45-MASB 4614.11 SMA Angle 168.12 0.0279
T13-S10-G45-SASB 1272.77 Angle 173.08 0.0105
T13-S10-G45-SAMB 3695.75 SMA Bar 144.40 0.0209
T13-S10-G45-MASB 2925.02 SMA Angle 148.78 0.0195
T7-S10-G55-SASB 2913.61 Angle 130.89 0.0209
T7-S10-G55-SAMB 4866.95 SMA Bar 124.31 0.0419
T7-S10-G55-MASB 6727.42 SMA Angle 134.23 0.0419
T10-S10-G55-SASB 1908.59 Angle 164.43 0.0209
T10-S10-G55-SAMB 5518.71 SMA Bar 165.17 0.0419
T10-S10-G55-MASB 5378.47 SMA Angle 166.69 0.0419
T13-S10-G55-SASB 1611.69 Angle 167.09 0.0140
T13-S10-G55-SAMB 3720.19 SMA Bar 156.14 0.0279
T13-S10-G55-MASB 4574.79 SMA Angle 167.51 0.0279
T7-S10-G65-SASB 3652.64 Angle 132.93 0.0349
T7-S10-G65-SAMB 4194.39 SMA Bar 92.82 0.0419
T7-S10-G65-MASB 3751.89 SMA Angle 53.24 0.0279
T10-S10-G65-SASB 2061.86 Angle 155.46 0.0279
T10-S10-G65-SAMB 4951.80 SMA Bar 147.40 0.0419
T10-S10-G65-MASB 4580.97 SMA Angle 147.40 0.0419
T13-S10-G65-SASB 1896.76 Angle 161.09 0.0209
T13-S10-G65-SAMB 4750.10 SMA Bar 164.97 0.0419
T13-S10-G65-MASB 2457.35 SMA Angle 173.09 0.0419

“Ultimate moment: Maximum moment at top angle under tension
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