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Evaluation of axial compressive performance of FRP-confined steel-reinforced concrete

column-to-reinforced concrete ring beam joint with seismic damage

TIAN Shiyu, REN Fengming* , WU Junlei , MO Jinxu , LAI Chulin
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Axial compressive tests were conducted on two fiber reinforced polymer (FRP)-confined steel-rein-
forced concrete (FCSRC) column-to-reinforced concrete (RC) beam joints with seismic damage which have
different reinforcement ratios of the ring beam. The axial compressive performance of the specimen with seismic
damage was analyzed and evaluated by finite element simulation and theoretical analysis. The results show that the
failure of the specimens is caused by the rupture of the glass fiber reinforced polymer (GFRP) tubes, indicating that
the designed specimens still meet the design principle of strong joint and weak members after seismic. When the
ring beam reinforcement ratio is increased from 1.4% to 2.5%, the yield load and initial stiffness of the specimen do
not change much, while the peak load and post-yield stiffness increase by 7.3% and 60.2%, respectively, and the
ultimate deformation and ductility factor decrease by 10.4% and 8.5%, respectively. The established finite element
model can better reflect the axial compressive behavior of the specimens with seismic damage. The proposed
theoretical formulation could predict the axial compressive bearing capacity of the specimen with seismic damage
accurately with certain safety reserves.

Keywords: fiber reinforced polymer-confined concrete; joint; axial compressive performance; seismic damage;
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Table1 Mechanical properties of steel

Type of steel Thickness or diameter/mm Jy/MPa fu/MPa E,/GPa
8 306 456 211
10 459 627 200
Steel bar 12 448 609 201
14 422 612 208
22 418 591 205
Steel plate 16 286 411 191

Note: f;, fi, Es—Yield strength, ultimate strength and elastic modulus of steel, respectively.
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Fig.3 Test set-up of seismic performance experiment
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Fig.4 Load-displacement curves of FCSRC column-to-RC beam in seismic performance experiment
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Fig. 6 Load-strain curves for the ring beam of FCSRC column-to-RC beam in seismic performance experiment
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Fig.9 Experimental phenomenon of M-5
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Table 2 Results of experiment, finite element analysis and theoretical analysis for FCSRC column-to-RC ring beam joint

Fy/kN 4/mm  F,/kN 4,/mm  F,/kN A /mm oy ko/(kN-mm™) k/(KN-mm™) Fpp/kN  Fyo/kN
M-4 9351 10.15 11 080 32.32 9408 36.02 3.55 1129 78 11 256 10 723
M-5 9258 9.98 11 891 31.07 10 107 32.27 3.23 1153 125 12 042 10 723

Notes: Fy, F,, F,—Yield load, peak load and ultimate load of the specimen, respectively; 4, 4, 4,—Displacement corresponding to F, F,,

F,
bearing capacity calculated by FEA and theory.

y=p

w #—Ductility coefficient; k,—Initial stiffness of the specimen; k,—Post-yield stiffness of the specimen; Fggy, Fipe—Maximum load-
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Fig. 12 FEA model of FCSRC column-to-RC ring beam joint
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Fig. 13 Verification of FEA model of FCSRC column-to-RC ring beam joint
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