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Abstract - This study investigated the behavior of a bolted end plate moment connection for the beam-column joint of filled
composite members. To increase the moment resistance at the joint with bolt arrangement limited, U-shaped end plate and high-
strength through bolts were used for the connection. Cyclic loading tests of three exterior beam-column connections were per-
formed to investigate the behavior of the proposed end plate connection. Bolt arrangement and the use of the panel zone stiffener
were considered as the test parameters. The tests showed that the U-end plate moment connection secured a robust moment trans-
fer at the joint, without significant deformations of the end plate and through bolts. However, the ductility was limited due to the
premature rupture at the welded joint to the end plate and low-cycle fatigue failure of thin-walled plates in the beam (i.e. inelastic
local buckling and subsequent rupture). The effective stiffness of the specimens were reduced by the slip of through bolts, where-
as the panel zone stiffener alleviated stiffness reduction. Based on the test results, design and detailing recommendations of the
end plate connection for filled composite members with thin-walled sections were suggested.
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H-section beam TU-section beam U-section beam

(b) Beam-to-column connections with diaphragms

Fig. 1. Concrete-filled thin-walled tube sections
and beam-to-column connections
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Fig. 2. Configurations and dimensions of exterior
beam-column connection specimen EC1
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Fig. 3. End plate moment connection details with through bolts at the beam-column joint
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Fig. 5. Fabrication of exterior TSC beam-to-OCFT column connection specimens

Table 1. Mechanical properties of materials 1,200
Yield | Ultimate 1,000 P A N Heat-treated
Type strength | strength Eéf)’/“)g' o s high-tension bolts
(MPa) | (MPa) : 800 |1
Column tube beam 6 mm § /\
U-section (SM355) 432 483 36 g 600
25 mm &
End plate (SM355) 377 555 44 400
Steel plates
High-strength M24(F8T) | 680 815 14 oo Hl g-lrol\f)i: bolt === 5}-61\2? bolt ﬁi‘iﬁ“ﬁ?!ﬁ?ﬁon
I . and end plate)
bolts M30(F10T)| 913 | 1,010 | 21 — Gmmplate e 25 mm plate P
i i D10 430 580 23 0
Slab reinforcing bars 0 005 010 0I5 020 025 030 035 040
(SD400) D16 439 642 22 Strain (mm/mm)
Concrete infil $100 Compressive strength Fig. 6. Stress-strain relationships of steel plates,
%200 27.5 MPa high-tension bolts, and reinforcing bars
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Fig. 7. Test setup and calibration of lateral drift ratio
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Table 2. Lateral drift ratio at each loading step (Unit: %)
Step | No. of EC1 EC2 EC3
no. | cycles © 4 _ + _ +

Null™ | Null | Null | Null | Null | Null
Null | 0.35 | 0.22 | 030 | 0.02 | 0.27
0.02 | 0.56 | 0.34 | 0.48 | 0.17 | 0.46
0.43 | 095 | 0.71 | 0.90 | 0.51 | 0.86
0.83 | 1.38 | 1.06 | 0.91 | 091 | 1.27
1.66 | 2.21 | 2.27 | 2.60 | 1.75 | 2.11
2.51 | 3.10 | 3.18 | 3.54 | 2.64 | 3.00

8 2 346 | N/A | 4.09 | 450 | N/A | N/A

1

N N || W N
[\STR I S RN SR N R N )N )

"The symbols - and + indicate negative and positive loadings, respectively.
All specimens were loaded in the negative direction first and then in the
positive direction.

"“Null” indicates that calibrated values were invalid (i.e. negative).
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Fig. 12. Calculation of flexural strength of U-section
composite beams by plastic stress distribution method

Table 3. Calculation of strengths (Unit: kN-m, kN)

EC1 EC2 EC3

Strength
= + - |+ - |+

TSC composite beam, M,rsc| 693 | 977 | 482 | 602 | 482 | 602
End plate connection, M, 1,270[1,260| 978 | 923 | 978 | 923
Nominal strength, P, | 265 | 374 | 201 | 252 | 201 | 252
Test strength, P, 328|376 | 272 | 281 | 276 | 331
P,/P, 1.24]11.011.35/1.12]1.37| 1.31

"M,y is the moment strength resisted by through bolts and slab bars. 4y =
450 mm, Ay = 180 mm, hy, = 138 mm, py, = ps =50 mm, n, =5, n; =2, and
ng-=4.

"I, =3,375 mm, I. = 3,625 mm, &, = 2,810 mm, and s, = 0 for EC1 and
290 mm for EC2 and EC3.
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Fig. 13. Moment resistance of through high-tension bolts and slab reinforcing bars at the end plate moment connection
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