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Seismic behavior of semi-rigid joints of precast concrete
beam and column
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Abstract: To examine the seismic behavior of semi-rigid joint of the precast concrete frame, a type of beam-
column joint connected by end-plate and bolts is proposed. The joints are designed and the quasi-static test is
carried out, and compared with the test of cast-in-place concrete frame joint. The failure mode, bearing
capacity, energy dissipation capacity and displacement ductility of the joints are investigated. The finite element
program is used to simulate the mechanical performance of test joints, and the accuracy of the model is verified.
The results show that the cast-in-place joints dissipate energy by the plastic hinge at the end of the beam, and
the section at the end of the beam is damaged by bending and shearing. The cracks are found in both the column
and the beam. The semi-rigid joint connected by end-plate and bolts mainly dissipates energy through the
relative rotation between the beam and the column. Its failure is due to the insufficient strength of the concrete at

the end of beam, but the column and its internal reinforcement remain intact. Consequently, the joint can be

Y%= B #1:2021-02-03

E£WHE &K A AR IS (este2018jeyjAX0001)

YEF BN 2 IES(1975- ), 2o 4, il #Rz , S E50 TS, E-mail: lizhengy@cqu.edu.cn,

Received: 2021-02-03

Foundation item: Natural Science Foundation of Chongging (No. cstc2018jcyjAX0001)

Author brief: 1.I Zhengying (1975- ), PhD, associate professor, main research interest: structural engineering, E-mail:

lizhengy@cqu.edu.cn.



56 + K5 xE 1

FHROF & L)

% 45 &

quickly repaired by replacing high-strength bolts and precast beam. The joint connected by end-plate and bolts

can meet the requirements of energy dissipation and ductility of reinforced concrete structure. Whether the

reinforcement and embedded end-plate in the beam can work together with concrete has great influence on the

mechanical performance of the joint.

Keywords: precast construction; concrete frame; beam-column joints; pseudo-static test; seismic behavior
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Table 1 Specimen informations

KRS LRI M /mm Ly qin] P/ mm AR /mm iR 3]
DB-T20 400 mm X 400 mm 3000 200 mm X 500 mm 2150 20 i M 422
DB-T16 400 mm X 400 mm 3000 200 mm X 500 mm 2150 16 i M 3 4

XJ 400 mm X 400 mm 3000 200 mm X 500 mm 2 150 P
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Fig. 1 Elevation dimension and rebar layout drawing of the end-plate joint (unit: mm)
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Table 2 Mechanical properties of rebar

FLAE f/(Nemm™?)  fi/(Nemm %) E./(Nemm %)
6 324.00 517.43 193 360. 81
8 460. 19 638. 57 190 714.75
10 487.08 645. 67 217 641. 50
12 434.19 641.38 197 601. 00
18 440. 82 625.44 193 083. 19
22 453. 57 639. 46 203 543.92
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Fig. 4 Layout of displacement meter for specimen
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Fig. 5 Failure pattern of specimens
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Table 3 Bearing capacity and displacement of the joint specimens

KA i Jai A5 2% P, /kN JE ML A,/mm WA 17 2% P, /KN VEAE RS A,/ mm WAL A,/ mm
DB-T20(+) 68. 64 9.37 84.83 17.05 27.31
DB-T20(—) 63. 27 9.21 79.00 16.48 21.65
DB-T16(+) 78.10 9.75 100. 76 28.76 32.22
DB-T16(—) 83.70 13. 30 111.89 29. 96 33. 34

XJ(+) 120. 25 16.78 155. 29 78.57 89. 38
XJ(—) 111.01 14.77 146. 61 69. 50 86.75
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Fig. 6 Load-displacement hysteresis curve of

the specimens
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Table 4 Energy dissipation coefficients of joint specimens

N R SERTIEILE R B, REEFEHRME
DB-T20 0.15 0.92
DB-T16 0.16 0.98

XJ 0.26 1.65
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Fig.7 Moment-relative rotation angle of joints
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Table 5 Energy consumption and ductility index of

fabricated joint specimens

WG S AAEIIE R, REERREAERE TR,
DB-T20 0.12 0.76 2.55
DB-T16 0.15 0.94 2.69
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Fig.9 Finite element model of end-plate connection joint
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Fig. 10 Tensile damage diagram of concrete
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Table 6 Comparison of mechanical properties between numerical simulation and experiment
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