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Seismic Performance of Beam-to-column Weak-axis Moment Connection
of Small-size Steel Structure
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Abstract - Cyclic loading tests for beam-to-column weak-axis connections were performed to investigate the seismic
performance. In this study, the connections were developed to improve the constructability on the basis of investigation for
existing small-size steel structures. The primary test parameter is the number of high-tension bolts which are used to connect steel
beam and column using exterior and interior flange plates. Test results showed that the number of bolts had a significant effect
on the cyclic behavior of beam-column weak-axis connections. From the analysis of test results, it is concluded that more than
four bolts in the connections can satisfy the requirements of semi-rigid connection presented in current design codes. All of
specimens showed the bearing failure around bolt holes and fracture at the beam flange. However, when the web height and the
flange width is relatively small, the number of the bolts used in the connections might be limited. Thus, the additional research
in this area is needed.
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Fig. 1. Investigation of beam-column weak-axis connection
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Fig. 2. Configuration of the test specimens
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Fig. 3. Assemblage of beam-column weak-axis connections
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Table 1. Material properties

Yield Tensile Modulus
Members strength strength |of elasticity
(MPa) (MPa) (GPa)
Steel Web 377.3 443.0 200.0
(8mm)
beam Flange
(53400) |y | 2890 4445 197.2
Steel Web 351.9 498.2 206.2
(10mm)
column Flange
(53400) | g | 3290 476.4 203.8
Shear tab (S5400) | 5, 490.7 204.4
(10mm)
Flange plate (S8400) | o, ¢ 468.3 194.6
(14mm)
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Fig. 5. Damage and failure mode at the end of the tests
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Table 2. Summary of test results

At peak At failure

. Positive (+) Negative (-) Positive (+) Negative (-)
Specimens

Ai(;‘rl/pcak ezlllpeak ]u[;tak A@) Vpeak 9;1' Mpeak ﬂ/geak Aj e}r Aﬁ Afi 6; ]I/G
(mm) (rad) (kN) (mm) (rad) (kN) (mm) (rad) (kN) (mm) (rad) (kN)

WSI1 120.2 0.06 305.0 -99.9 -0.05 | -326.6 | 140.2 | 0.070 | 290.0 | -141.9 | -0.071 | -176.6

WS2 142.5 0.071 481.2 | -108.3 | -0.054 | -479.2 | 1425 0.071 481.2 | -137.9 | -0.069 | -203.8

WS3 138.8 0.069 585.0 | -123.0 | -0.062 | -596.4 | 140.3 0.070 | 582.2 | -144.3 | -0.072 | -500.8

At yielding K "
oo cak/ﬂébl
. Positive (+) Negative (-) (kN'm) ' (4/4)
Specimens

Ar 0F M A 0 M

! ! g ! ! ! () ) (+) ¢) () )
(mm) (rad) (kN) (mm) (rad) (kN)

WS1 19.7 0.001 145.2 -18.8 | -0.009 | -152.6 | 31,183 | 28,955 0.79 0.85 7.12 7.55

WS2 44.6 0.022 200.4 -18.8 | -0.009 | -261.6 | 28,800 | 39,745 1.25 1.25 3.20 7.34

WS3 21.0 0.011 353.8 -284 | -0.014 | -377.0 | 44,310 | 46,586 1.52 1.55 6.68 5.08

Note: The initial stiffness (X ,) was obtained at the first cycle of target rotation angle 0.00375 in the envelope curves.
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Table 3. Comparison of flexural moment with plastic moment
of the beam at 0.02rad and 0.04rad

Table 4. Comparison of initial stiffness with current design codes
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