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Seismic Retrofit of RC Exterior Beam-Column Joints Strengthened with CFRP
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ABSTRACT It has been shown that many Reinforced Concrete(RC) structures designed without seismic details have
experienced brittle shear failures in the beam-column joint area and resulted in large permanent deformations and
structural collapse. In this study, experimental investigations into the performance of exterior reinforced concrete beam-
column joints strengthened with the carbon fiber-reinforced polymer(CFRP) under cyclic loading were presented. The
CFRP has been applied by choosing different combinations and locations to determine the effective way to improve
structural performances of joints. Eight beam-column joints were tested to investigate behaviors of each specimen under
cyclic load and to compare performances of seismic retrofit. According to the experimental study, the retrofit strengthened
with the CFRP provides significant improvements of flexural capacity and ductility of beam-column joints originally built

without seismic details.
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Fig. 1 Elevation view of a 10-story RC building structure(unit : mm)

Table 1 Experimental parameters
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Fig. 2 Non-seismic reinforcement details(unit : mm)
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Fig. 3 Seismic reinforcement details(unit : mm)

T-type FRP retrofit L-type FRP retrofit

X-type FRP retrofit Strip-type FRP retrofit

Case 1
(NS-1)

Case 2
(SD-1)

Case 3 |FRP retrofit on both sides | FRP retrofit on the upper and

(RNS-1) | of joint bottom side of joint

Case 4 | FRP retrofit on both sides | FRP retrofit on the upper and

(RNS-2) | of joint bottom side of joint

FRP retrofit on both ends of
column

Case 5 FRP retrofit on column
(RNS-3) i i side in joint i
Case 6 FRP retrofit on the upper and { FRP retrofit on column
(RNS-4) i bottom side of joint side in joint i

Case 7 | FRP retrofit on both sides | FRP retrofit on the upper and

(RNS-5) | of joint bottom side of joint

FRP retrofit on both ends of column,
the end of beam with a U-shape strip

Case 8 |FRP retrofit on both sides | FRP retrofit on the upper and
bottom side of joint (two layers

(RNS-6) | of joint (two layers)

FRP retrofit on both ends of column

(two layers)
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Fig. 4 Features of experimental specimens

[Flowchart of reinforcing the CFRP}

—
LClearing and repairing concrete surface

L !
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[Coating the primer on concrete surface
y

E’:uring the primer and removing excess material]

-

[ First epoxy coating on the primer layer J

-

L Attaching the CFRP on the epoxy layer J

-

{ Second epoxy coating on the primer layer J

. .

( Curing J

Fig. 5 Flowchart of the CFRP retrofit porcedure to non-seismic
models
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Table 2 Properties of the concrete and reinforced bars

Strength of concrete Strength of reinforcement
(unit: MPa) (unit: MPa)
Compressive| Splitting
strength strength Yield strength
Moist curing|  33.8 40 D10 3240
Dry curing 36.5 3.8 04 459.0
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Table 3 Properties of the CFRP

CFRP |Top coat| Primer | Reinforcements
Tensile strength
. 59. . 2.0
(MPa) 4,965.8 9.5 56.8 39
Tensile modulus
(GPa) 240.5 3.7 3.7 200.0

Hinge at
the top of column

Fig. 6 Experimental setup of NS specimens
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Table 4 Experimental resuits
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Fig. 9 Determination of yield displacement

NS-1 SD-1 RNS-1 RNS-2 RNS-3 RNS-4 RNS-5 RNS-6
CFRP retrofit area(cm’) - - 6.014.0 6,682.0 4,800.0 6,274.0 7,016.0 13,364.0
Yield strength(kN) 55 7.0 8.0 7.8 8.0 8.3 7.8 72
Yield displ.(mm) 8.2 8.0 6.8 8.8 7.5 7.5 74 6.0
Maximum strength(kN) 8.5 10.5(23.5%) | 10(17.6%) | 10(17.6%) | 10(17.6%) | 10(17.6%) | 9.5(11.7%) |11.3(32.9%)
Zgixn“r;“z?spsfaf;)gth at 5.5 9.7(76.3%) |  6(9%) | 8.6(56.3%) | 10(81.8%) | 9.3(69%) | 7.8(41.8%) | 10.6(92.7%)
Initial stiffness(kN/mm) 0.5 1.8 2.1 1.6 1.7 1.9 2.1 1.8
Energy area(kN-m) 22.8 27.9 33.7 38.9 64.9 52.8 332 41,2
Ductility 3.5 4.4 4.0 52 7.7 7.9 6.2 9.6
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Fig. 10 Load versus displacement curves of test specimens
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Fig. 12 Failure mode of each beam-column experiment
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