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Development and Structural Behaviors of New Vertical-Diaphragm
Connections to CFT Column-H Beam Under Cyclic Loading
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Abstract - This research developed an innovative connection with vertical diaphragm for fully restrained conditions between
H-shaped steel beams and concrete filled tubular (CFT) columns. To explore the seismic behavior of the beam-column connec-
tion of this type economically before laboratory test, a non-linear finite element (FE) model was developed using ABAQUS
software. Six different FE models of beam-column connection configurations were established and loaded with typical cyclic
loads specified in KDS 41 31 10: 2019 and AISC 341-16. The failure modes, moment-rotation hysteretic performance, initial
stiffness, energy dissipation capacity, equivalent plastic distribution are compared and analyzed. It is found that the proposed
connection details exhibited stable hysteretic performance and good ductility, which can satisfy the seismic provisions of AISC

and KDS to be utilized in intermediate moment frames.

Keywords - Seismic performance, Concrete filled tubular, Cruciform diaphragm, Finite element modeling, Cyclic loading
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(a) Diaphragm configuration
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(b) Assembly process
Fig. 1. Proposed diaphragm
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Table 1. Details of FE modeling

H-diaphragm”
Specimens | Flange Web Column Beam

Ty Tua

(mm) (mm)
C1-25-25 25 25 00 BIL
C2-12-12 12 12 600%200%
400x12
12x18

C3-09-09 9 9

Y

BH-600%200x12x18

|

Cyclic loading 7

A

y

Lateral restraint

0-400x400 12
Fig. 2. Finite element model and mesh
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Table 2. CDP model™!

Concrete CDP parameters Compression Compression Tension Tension
elasticity P hardening damage stiffening damage
(G?’a) v p m f];o ch ke S\t;;is) Strain | Damage | Strain (Sl\t;;is) Strain | Damage | Strain
15 0 0 0 1.99 0 0 0
20 0.0000747 0 0.0000747 | 2.842 |0.000033 0 0.000033
30 0.000098 0 0.000098 | 1.869 | 0.00016 0.4 0.00016
40 0.00015 0 0.00015 0.86 [0.000279| 0.696 |0.000279
19.7 | 0.19 | 38 1 1.12 | 0.666
45 0.00076 0 0.00076 | 0.226 | 0.00068 0.92 | 0.000684
40 0.00255 0.195 0.00255 | 0.0565 | 0.001 0.98 0.001
20 0.0056 0.596 0.0056 - - - -
5.25 0.0117 0.896 0.0117 - - - -
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Table 3. Parameters of the Chaboche model!?

E 0y0
GPay | YV | Mpay | @ | P © 4
211 | 03 | 39241 | 11.19 | 0.80 | 2502.41 | 7.63
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Table 4. FEA results of proposed cruciform diaphragm welded joints

o] - Al

Yield state Peak load Ultimate limit state
K

Specimens (k%ym) (‘?Ay)) (11(\1{?;;) ?‘%) (kl{ﬁn) (°0/Z) (krI:dOI)n/ o] # (klﬁtm)

DO HOIHIEO OO OO
C1-25-25-Concrete filled |1,190(1,197| 1.0 | 1.0 |1,420|1,391| 4.0 | 3.0 {1,207|1,182| 4.8 | 138,172 | 27 | 4.79 | 563.4
C1-25-25-Concrete unfilled [1,167|1,172| 1.1 | 1.1 [1,420|1,416| 4.0 | 4.0 {1,207|1,204| 4.9 | 131,852 | 25 | 4.57 | 561.0
C2-12-12-Concrete filled |1,125|1,149| 1.1 | 1.1 |1,408|1,388| 4.0 | 3.5 [1,197|1,180| 4.9 | 126,658 | 24 | 4.51 | 552.1
C2-12-12-Concrete unfilled | 838 | 840 | 1.2 | 1.2 {1,391|1,376| 6.0 | 5.0 [1,183|1,170| 6.8 | 108,247 | 21 | 5.46 | 918.5
C3-09-09-Concrete filled |1,059(1,088| 1.1 | 1.1 |1,380(1,362| 4.0 | 3.0 |1,173|1,158| 4.9 | 119,843 | 23 | 4.42 | 529.5
C3-09-09-Concrete unfilled | 704 | 705 | 1.3 | 1.3 [1,359|1,360| 7.0 | 6.0 [1,155|1,156| 7.8 | 89,767 | 17 | 5.90 |1,068.9
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Fig. 4. General yield moment method diagram
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(c) C2-12-12-Concrete filled steel tubular
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(e) C3-09-09-Concrete filled steel tubular
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(b) C1-25-25-Concrete unfilled steel tubular
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(d) C2-12-12-Concrete unfilled steel tubular
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(f) C3-09-09-Concrete unfilled steel tubular

Fig. 5. Beam moment at the column face versus rotation angles
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(a) C1-25-25-Concrete filled steel tubular (6 = 0.049 rad) (b) C3-09-09-Concrete unfilled steel tubular (8 = 0.078 rad)
Fig. 6. PEEQ distributions at the ultimate limit state
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(b) C1-25-25-Concrete unfilled steel tubular
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2.00 0.00

(e) C3-09-09-Concrete filled steel tubular () C3-09-09-Concrete unfilled steel tubular
Fig. 7. PEEQ distributions at 5 % story drift angle
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