Km Check for updates

Journal of Korean Society of Steel Construction ISSN(print) 1226-363X  ISSN(online) 2287-4054

Vol.33, No.6, pp.403-411, December, 2021 DOI https://doi.org/10.7781/kjoss.2021.33.6.403

S23 [10[0ITUS 2= 2T IIS-HHZY

& BMENBISO| A 1}

ol

Kl
e
i
Ee)
!

ol
.l
|
%
o)
|=J

W, A28, zwm %a D}%qu  A2TET, 204, ELRENS R, 42T,

[e]
D A S P Ry

Experimental Evaluation of Square Tubular Section Column to
H-Shaped Beam Moment Connections
with Slotted Diaphragm

Lee, Kyungkool, Jin, Jooho®’, Shin, Jinwon®, Seo, Heesun®*, Park, Kooyun5

'Professor, Dept. of Architectural Engineering, Dankook University, Yongin, 16890, Korea
2Graduate Student (Doctor Candidate), Dept. of Architectural Engineering, Dankook University, Yongin, 16890, Korea
3 Assistant Professor, Dept. of Architectural Engineering, Catholic Kwandong University, Gangneung, 25601, Korea
“*Senior Assistant, Technical Research Center, Gaurian Co., Ltd., Goyang, 10401, Korea
’CTO, Technical Research Center, Gaurian Co., Ltd., Goyang, 10401, Korea

Abstract - The welded connections using diaphragm in panel zone are widely used for moment connection of square tubular
section column to H-shaped beam. However, the welded connection has disadvantages such as weld quality maintenance, stress
distribution complexity, and weld fracture. In this study, an oneway-bolted endplate moment connection with inner plate and
slotted diaphragm was proposed and the seismic performance of the proposed connection was evaluated experimentally. The
specimens varying inner plate thickness and slotted diaphragm thickness were tested under cyclic load. Also, the test results of
the proposed connection were compared with the results of through diaphragm connection. It was observed that the proposed
moment connections with slotted diaphragm have good strength and ductility.
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Table 1. Specimens of column-beam connections

No. | Specimens” Column Beam

TD
P9
IP9-D16(F)
IP14-D16(F)
IP14-D16(S)
IP14-D32(F)

"IP: inner plate thickness (mm), D: diaphragm thickness (mm), F: slotted
diaphragm with beam flange height, S: slotted diaphragm with stiffener
height
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Table 2. Tested material properties

Specimens Tvpe Thickness F, F, Yield ratio Elongation
P P (mm) (MPa) (MPa) (%) (%)
Rectangular steel tube SRT355 12 451.62 583.23 77.36 32.20
Flange 13 362.32 524.54 69.14 28.35
H-beam SM355
Web 8 433.23 557.12 78.61 23.05
9 380.15 542.15 70.12 27.42
Inner plate SM355
14 360.30 531.26 68.82 25.45
Diaphragm SM355 16 367.21 551.48 67.59 23.24
End plate SM355 20 393.38 547.93 74.15 29.39
Table 3. Result
Yield load Maximum load Maximum test moment
Shecimens Positive (+) Negative (-) Positive (+) Negative (-) Positive (+) Negative (-)
Py 5y Py 5y Pmax 5max Pmax Emax Mmax Hmax Mmax emax
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm) | (kN'm) | (rad) | (kN-m) | (rad)
D 155.04 | 83.73 |-147.26| —79.02 | 193.99 | 177.48 |-183.69 |-171.63 | 670.42 | 0.05 |-634.83| —0.05
P9 9394 | 87.59 | —87.52 | -95.42 | 143.13 | 286.88 |—132.96|-321.98 | 494.66 | 0.08 |—459.52| —0.09

IP9-D16(F) 94.35 | 85.68 | —90.82 | —82.98 | 142.27 | 323.40 |-145.55|-323.40| 491.69 | 0.09 |-503.01| -0.09
[P14-D16(F) | 103.51 | 85.28 | —91.47 | —80.55 | 193.36 | 323.10 |-156.36|-319.87| 546.95 | 0.08 |-501.40| —0.07
IP14-D16(S) | 104.29 | 72.20 |-103.35| —65.00 | 158.83 | 215.21 [-144.09 |-214.01| 548.93 | 0.06 |-497.98| —0.06
IP14-D32(F) | 99.94 | 80.95 | -92.77 | =70.02 | 163.05 | 322.28 |-142.38 |-231.96| 563.49 | 0.09 |-492.05| —0.07

700 700
600 |[— 1o 600 || —— IP9-D16(F)
500 H —— M, [—1 —
400 1 ceennens 0480M,, ...... (/13 [ 20 O A
= 300 2 2
g 200 ; :
Z 100 Z Z
E o g g
g =] =]
2 -200 o - S -
= 300 = =
200 |eereereeneree o b
500 - ——— +———t—
-600
-700 -700 -700
-0.10-0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.10 -0.10-0.08-0.06-0.04-002 0 0.02 0.04 0.06 0.08 0.10 -0.10-0.08-0.06-0.04-002 0 0.02 0.04 0.06 0.08 0.10
Rotation (rad) Rotation (rad) Rotation (rad)
(a) TD (through diaphragm) (b) IP9 (inner plate) (c) IP9-D16(F) (inner plate + diaphragm)
700 700 700
600 || —— IP14-D16(F) p 600 || —— IP14-D16(S) 600 || —— IP14-D32(F)
500 s | 500 3 —— 500 -_M,  H—-——= 2 —
400 400 {1 cvevene 80M, . 7 400 {1 cvevene 80M, NS 4
~ 300 ~ 300 0 ~ 300
g 200 £ 200 £ 200
Z 100 Z 100 i Z 100 =i
g -108 g -108 / b4 g -108 e
3 -200 3 -200 3 -200
= 300 = 300 /1 = 300 / [#7]
-400 |- 2400 fereeeree 7 /" (fhreeneetosncarsnnsncincansnccncnacnns 2400 |+ {24 '/, ...................................
-500 50— — T - — - — ——— — — — -500 e ———t ————————
-600 -600 -600
-700 -700 -700
-0.10-0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.10 -0.10-0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.10 -0.10-0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.10
Rotation (rad) Rotation (rad) Rotation (rad)

(d) IP14-D16(F) (inner plate + diaphragm) (e) IP14-D16(S) (inner plate + diaphragm) (f) IP14-D32(F) (inner plate + diaphragm)
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Table 4. Initial stress result

Initial stiffness
Specimens K (kN/mm)
Positive (+) Negative (-)
TD 2.00 1.92
1P9 1.70 1.42
IP9-D16(F) 1.94 1.63
IP14-D16(F) 1.73 1.45
IP14-D16(S) 2.18 1.82
IP14-D32(F) 2.02 1.68
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Fig. 14. Stiffness comparison of specimens

Table 5. Moment-rotation comparison
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Fig. 15. Comparison of specimens ultimate resistance

Rotation 04/01p
Specimens Elastic rotation Plastic rotation Total rotation
Okiasiic Opiasiic Orotal Total rotation Plastic rotation
(rad) (rad) (rad)
TD 0.0226 0.0374 0.0600 1.00 1.00
P9 0.0254 0.0646 0.0900 1.50 1.73
IP9-D16(F) 0.0234 0.0665 0.0899 1.50 1.78
IP14-D16(F) 0.0230 0.0669 0.0899 1.50 1.79
IP14-D16(S) 0.0190 0.0510 0.0700 1.17 1.36
IP14-D32(F) 0.0209 0.0689 0.0899 1.50 1.84
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