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Bidirectional cyclic loading tests on spatial beam-column joints in
ground floor of momentresisting RC frames

Let Yuande Qu Zhe Wang Tao
( Key Laboratory of Earthquake Engineering and Engineering Vibration Institute of Engineering Mechanics

China Earthquake Administration Harbin 150080 China)

Abstract  ‘Strong column-weak beam’ and ‘strong joint-weak member’ are the important design principles for the
ductile moment-resisting reinforced concrete ( RC) frames. The desired seismic performance governed by these
principles  however may not be easily realized because of various uncertainties including the contributions from the cast—
in-place RC slabs and the infilled wall members as well as the bidirectional earthquake actions. Four 1:2-scale three—
dimensional RC beam-eolumn joint specimens two for the interior joints and the other two for exterior mid-edge joints
are tested under the bidirectional cyclic loading for the impacts of bidirectional loading and the contribution of cast-in—
place slabs on the seismic performance of RC frames including the bearing capacity ductility and failure modes. The test
results show that all specimens failed to exhibit the desired mechanism of ‘strong column-weak beam’ under
bidirectional cyclic loading regardless of the presence of slabs although they are designed according to the Chinese
seismic design code. Instead the brittle failure of interior joint specimens may occur at the bottom end of the column
while for the failure of exterior joint it may occur as the consequence of the reduced beam confinement in the joint zone
and the lower strength. For such failure modes the presence of slabs has little impact on the bearing capacity of the joint
specimens but the confinement of exterior joint zones provided by the slabs is beneficial to the increase of deformability
of the joint.
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Table 1 Summary of specimens
( ) ( )
1 1.45(0.54) 1.53 0.94 0.45 0.78(0.38) 1.07/0.88 1.88/1.48
2 1.45(0.54) 1.53 0.94 0.45 0.78(0.38) 1.07/— 1.88/—
3 1.05(0.44) 1.53 0.84 0.45 0.45(0.22) 1.05/0.86 2.11/1.81
4 1.05(0.44) 1.53 0.84 0.45 0.45(0.22) 1.05/— 2.11/—
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Fig.2 Dimensions and reinforcement of specimens
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Fig.3 Test setu Pfor interior joint specimens
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Table 2 Damage sequence of interior joint specimens

1 2
1/750 1/750
1/750 1/750
1/500 1/300
1/500 1/300
1/100 1/100
1/50 1/50
3 4
o 3
(c)3 (d)4
100mm ‘4 5
3 Fig.5 Ultimate failure of interior joint specimens
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Fig.7 Desired and actual failure modes
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Fig. 9 Force-displacement skeleton curves
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Table 4

Damage characteristics of specimens

(kN)

(‘mm)

1 117.1

2 111.0

3 68.9

4 64.9
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Fig. 10 Bidirectional drift orbit
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