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Abstract

In this study, experimental research was carried out to evaluate and improve the seismic performance of reinforced concrete
beam-column joint regions using strengthening materials (embedded CFRP rod and CFRP sheet) in existing reinforced concrete
building. Therefore it was constructed and tested six specimens retrofitting the beam-column joint regions using such retrofitting

materials.

Specimens, designed by retrofitting the beam-column joint regions of existing reinforced concrete building, were showed the
stable failure mode and increase of load-carrying capacity due to the effect of crack control at the times of initial loading and

confinement of retrofitting materials during testing.

Specimens RBCJ-SRC2, designed by the retrofitting of CFRP Rod and CFRP Sheet in reinforecd beam-column joint regions
were increased its maximum load carrying capacity by 1.97 times and its energy dissipation capacity by 2.08 times in comparison
with standard specimen RBCJ for a displacement ductility of 4 and 7. Also, specimens RBCJ-SRC2 were increased its maximum
load carrying capacity by 1.09~1.11 times in comparison with specimen RBCJ-SR series. And Specimens RBCJ-CS, RBCJ-SR
series, RBCJ-SRC2 were increased its energy dissipation capacity by 1.10~2.30 times in comparison with standard specimen RBCJ

for a displacement ductility of 5, 6.
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Fig. 1 Reinforcement construction method of Embedded CFRP
Rod
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Table 1 Design parameters of test

specimens

Table 6 Material Properties of CFRP Rod

Reinforced
Region

Loding

Specimen
D Type

Design Methods and Parameter

RBCJ None

+ Evaluation of structural

performance

+ ACI Building Code
+ ACI-ASCE 352 Recommendation

Tensile Tensile Poisson’s Damage Strain
Index Strength Modulus IlQatio Ratio
(MPa) (MPa) (%)
Average 2,296 198,785 0.32 1.11

RBCI-CS

+ CFRP Sheet

RBCJ-CRU

- CFRP Sheet and Embedded

CFRP rods(Two rods)
(top and bottom of beam)

+ Development length: 100mm

Table 7 Material Properties of Resin of CFRP Sheet

Cyclic
loding
(T=70sec)

Beam

Column

RBCJ—SR2

+ Embedded CFRP rods(Two rods)

(top and bottom of beam)

+ Development length: 300mm

joints region
beam plastic

RBCJ—=SR3 hinge zone

+ Embedded CFRP rods

(Three rods)
(top and bottom of beam)

+ Development length: 300mm

RBCJ-SRC2

+ CFRP Sheet and Embedded

CFRP rods(Two rods)
(top and bottom of beam)

- Development length: 300mm

Table 2 Material properties of Reinforcing Bar

Yield strength Maximum Strength
Bar Siz Ec Extensibility
ar S1ze Iy . 9y €1 (Mpa) (%)
(MPa) Y (MPa) ’
D10 478.8 | 0.00237 | 605.7 0.198 |2.1x10° 29.3
D16 464.7 | 0.00236 | 600.4 0.283 |2.0x10° 29.6
D19 473.8 |0.00229 | 614.9 0.279 |2.0x10° 29.6
Table 3 Mix Proportion of Concrete
. Unit Weight (kg/m’)
Cogf;gbfﬁve wiC | s/a = . Stump
(%) | (%) e 0arse | (cm)
(MPa) o ©) | Cement | Water Ageregate | Agaregate
27.3 52 149.1| 363 172 643 906 150

Table 4 Test Result of Concrete Strength

Age at Loadin: Slump | Compressive Strength | Modulus of Elasticity
S (MPa) (MPa)
28 day 150 27.3 21
Table 5 Material Properties of CFRP Sheet

Specifi Tensil Tensile | Damage

Weight SPECHIC 1y keness . CNSTC T plastic Strain

Index o Gravity Strength . .
(g/m") (g/ent) (mm) (MPa) Ratio Ratio

¢ Yl ara | @

Average 200 1.82 0.11 2,286 | 198,869 1.11

Available | Available | Drying | Curing| Base .
- -~ | Visco
Index | Temperature | Time Time | Time | Resin : —sit Spec
(0) (min) | (hours) | (day) |Hardenr v
Primer |  15~25 60 9 | - |10:5|L200]solvent
less | free
Impreg— 3000 | Ivent
nation |  15~25 60 - 7 |10:5]| ~ S‘Erve“
Resin 5000 | ¢
Table 8 Material Properties of Resin of CFRP Rod
Index Available Available Time Drying Time
Temperature (C) (min) (hours)
Epoxy 5~25 40 (357C) 30 (357C)
0il Jack(50T)

Actuator(50T)

Fig. 3 Test setup of test specimen
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Fig. 5 Load—displacement relationship of each specimen
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(c) Specimen RBCJC—CRU
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Fig. 6 Crack pattern and failure mode of each specimen
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Table 9 Comparison of load—carrying capacity as a function
of displacement ductility

Displaggment RBCJ RBCJ RBCJ RBCJ RBCJ RBCJ
ductility -CS —CRU —SR2 —SR3 —SRC2
1 30.27 38.90 36.64 54.80 38.70 43.90
2 48.65 60.84 56.17 64.80 61.20 64.50
3 55.91 70.30 70.21 83.20 73.60 82.10
4 50.63 65.75 72.34 99.10 86.50 95.50
5 41.69 61.27 73.01 99.70 90.20 104.20
7 33.75 61.36 52.08 92.40 95.50 109.70
8 29.36 47.29 31.91 91.60 101.30 | 110.30
9 27.25 31.27 25.47 92.90 100.70 | 108.80
10 - - - 92.10 96.70 104.80
33 UdEHs EN
Y43 A RBCJ, RBCJ-CS+= Table 9 %! Fig. 70149} &
o] Wl 3, A8A RBCJ-CRU, RBCJ-SR2, RBCJ-SR3,
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