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Abstract - A through diaphragm is often used to ensure their stiffness for moment-resisting connections using rectangular steel-
tube column and H-shaped beam. The through-diaphragm connections, however, have some difficulties for their applicabilities
to the field due to the complexity of the fabrication and construction processes. This study thus proposes a new modular system of
steel structures assembled only using bolts without welding, by bringing a connection module composed of rectangular steel-tube
column, H-shaped beam and oneway bolt onto the site. An experimental study to evaluate the seismic performance of the propo-
sed connection details based on the new modular system is then conducted. The length and type of the inner reinforcement plate are
considered as the primary design parameters, and the strength, stiffness, ductility and energy dissipation capability of the new
connections are experimentally analyzed by comparison to those of conventional through diaphragm connections.

Keywords - Rectangular steel tube column-to-H beam connection, Inner reinforcement plate, Cyclic loading test, End-plate

connection, Rotational capacity
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Fig. 2. Oneway bolt and nut detail
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(a) The principle of oneway bolt (b) Oneway nuts and inner plate (front & rear) (c) Connection of new type image
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Fig. 3. The proposed bolt connection
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Fig. 4. Details of column-to-beam connections
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Table 1. Specimens of column-beam connections

Specimens | Column [SPSR400] Beam [SS400] |Diaphragm (mm) |Inner plate (mm)| End plate (mm) | Oneway bolt
D [1-200%200%9 H-250%125%6%9 PL-9%240x240 - - -
IP-L [1-200%200%9 H-250%125%6%9 - PL-9%150x630 | PL-16x150%580 Ml6
IP-S [1-200%200%9 H-250%125%6%9 - PL-9%150x530 | PL-16x150%480 Ml6
IA-S [1-200x200%9 H-250x125%6x9 - L-9x86%530 PL-16x150x480 M16
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Fig. 5. Specimen test set
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Table 2. Tested material properties

. Thickness | Fy Fu |Elong.

Specimens Type
(mm) |(MPa) | (MPa) | (%)

Rectangular SPSR
steel tube 400 ? 324 | 473 ) 280
Flange 9 326 453 | 272

H-beam

Web 6 312 | 450 | 253
Diaphragm 4SOSO 9 302 432 | 229
Inner plate 9 303 419 | 275
End plate 16 298 | 423 | 315
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Fig. 7. Load-displacement relations of specimens

Table 3. Test results

Yield resistance of specimens Ultimate resistance of specimens
. P P P, (kN) P (KN)
Specimen " e — 4 - — -
[kN] [kN] Positive [+] Negative [-] Positive [+] Negative [-]
L [kN] | o, [mm] | £ [kN] | o, [mm] |, [KN]|dy. [mm]| B,y [KN]|Gp,x [mm]

TD 45.61 40.55 -50.50 -45.36 51.29 74.52 -55.63 -80.89
IP-L 43.07 48,65 49.34 47.17 -53.96 -43.44 58.13 144.59 -63.61 -149.11
IP-S 46.71 56.52 -50.72 -48.02 54.46 173.85 -63.46 -173.10
1A-S 53.03 55.08 -55.89 -44.43 60.52 185.54 -73.54 -200.13

dapasts) =2 A0 A2s(EA A153Z) 20189 49 81



—a—Through Diaphragm
—o—Inner Plate(Long type) |go
—a—Inner Plate(Short type)
|| —@—Inner Angle(Short type)

ﬁ

B

N
=]

(-]

'
N

0o -100 100 200

Load(kN)

-40

-60

20
80

Displacement(mm)

Fig. 8. Comparison of specimens ultimate resistance
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(d) IA-S (inner angle - short type)

Fig. 9. Failure mode
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Table 4. Ductility ratio

Yield rotation
capacity (rad)

Ultimate rotation| Ductility factor
capacity (rad) (1)
imen |Positive|Negative|Positive| Negative | Positive| Negative

[*] [-] [*] [-] [*] [-]

Spec

TD | 0.016 | -0.018 | 0.036 | -0.039 | 2.21 2.17
IP-L | 0.019 | -0.017 | 0.070 | -0.070 | 3.69 4.00
IP-S | 0.023 | -0.019 | 0.068 | -0.068 | 3.00 3.56
IA-S | 0.022 | -0.018 | 0.079 | -0.080 | 3.58 4.49
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Fig. 10. Energy dissipation per cycle
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