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Evaluation of Structural Performance of Reinforced Concrete Beams using
Hybrid Retrofitting with Groove and Embedding FRP Rod and CFRP Sheet
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Abstract

In this study, experimental research was carried out to evaluate the structural performance of the reinforced concrete beam using
hybrid retrofitting with two materials (groove and embedding FRP rod, CFRP sheet) in existing reinforced concrete buildings.
Seven reinforced concrete beams, retrofitted groove and embedding FRP rod (NER series) and groove and embedding FRP rod
with CFRP sheet (NERL series), and standard specimen (NBS) were constructed and tested under monotonic loading. Design
parameters of test specimens are the amount of groove and embedding FRP rod and lapping CFRP sheet.

Test results showed that the maximum load carrying capacity of specimens with groove and embedding FRP rod and groove and
embedding FRP rod with CFRP sheet (NERL series) were increased the by 12~46% and 22~77% respectively in comparison with
the standard specimen NBS. Test specimens NER series were failed with the adhesion slip and concrete cover separation. And test
specimens NERL series were failed with the adhesion slip due to the confining effect of lapping CFRP sheet.
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(Im et al., 2009; Kang et al., 2008; Kim et al., 2004).
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Table 1 Design parameters of test specimens

Specimen Main objectives and design parameters

+ ACI building code 318—11

NES - KBC 2011

- Groove and Embedding FRP rod 1EA

NERL (Spacing 100mm, Embedded depth 20mm)

+ Groove and Embedding FRP rod 2EA

NER2 (Spacing 70mm, Embedded depth 20mm)

- Groove and Embedding FRP rod 3EA

NER3 (Spacing 50mm, Embedded depth 20mm)

- Groove and Embedding FRP rod 1EA
(Spacing 100mm, Embedded depth 20mm)
- CFRP Sheet
(Continuous lapping of a side and bottom : 1.8m)

NERIL

+ Groove and Embedding FRP rod 2EA
(Spacing 70mm, Embedded depth 20mm)
+ CFRP Sheet
(Continuous lapping of a side and bottom : 1.8m)

NERZL

- Groove and Embedding FRP rod 3EA
(Spacing 50mm, Embedded depth 20mm)
- CFRP Sheet
(Continuous lapping of a side and bottom : 1.8m)

NER3SL
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Fig. 2 Detail and retrofitting method of each specimen
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Table 2 Material properties of Reinforcing Bar

Yield strength | Maximum Strength Ec

Extensibility
f,0MPa) | e, | o,(MPa)| e (Mpa) (%)

Bar Size

max

D10 478.8 0.00237| 605.7 | 0.198 |2.1x105 29.3

D16 464.7 10.00236| 600.4 | 0.283 [2.0x105 29.6

D19 473.8 10.00229| 6149 | 0.279 [2.0x105 29.6

Table 3 Mix Proportion of Concrete

- Unit Weight (kg/m®)
Compressive |y | LR S
) (%) | (%) it ne oarse (cm)
(MPa) 0. ©) | Cement | Water Ageregate | Agaregate
25.9 52 149.1| 363 172 643 906 150
Table 4 Test result of concrete strength
Age (day) Slump (mm) fa (MPa) E. (10" MPa)
28 150 25.9 2.0

Table 5 Material Properties of CFRP Sheet

Specific Tensile Tensile | Damage

Index Welg?t Gravity Thickness Strength Elas.tlc Str§1n
(g/m”) (g/em) (mm) (MPa) Ratio Ratio
(MPa) (%)

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

Table 6 Material Properties of CFRP Rod

Tensile Tensile Poisson’ Damage Strain
Index Strength Modulus ORS;.O S Ratio
(MPa) (MPa) ' @)
Average 2,296 198,785 0.32 1.11
Table 7 Material Properties of Resin of CFRP Sheet
Available | Available | Drying |Curing| Base Visco
Index | Temperature | Time Time | Time | Resin : sty Spec
(© (min) | (hours) | (day) | Hardenr Y
Primer | 15~25 60 9 | - | 10:5 | 1200 ]solvent
less free
Impreg 3000 Ivent
nation | 15~25 60 - 7 |10:5 | ~ S‘;rve
Resin 5000 | €
Table 8 Material Properties of Resin of CFRP Rod
Inde Available Available Time Drying Time
X Temperature (C) (min) (hours)
Epoxy 5~25 40 (35C) 30 (35C)
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Table 9 Load carrying capacity of each specimen

Specimen Prax AP Puax [Retrofitting]/
P &N &N) Pr [Standard]
NBS 241.8 - -
NER1 270.1 28.2 1.12
NER2 353.6 111.8 1.46
NER3 328.8 87 1.36
NERIL 294.2 52.4 1.22
NER2L 402.9 161.1 1.67
NER3L 427.0 185.2 1.77
450 427.0
402.9
400
353.6
350
294.2
_ 300 270.1
Z 0 2418
2
B 200
150
100
50
0
NBS NER1  NERZ  NER3  NERIL NER2L  NER3L

Fig. 9 Load carrying capacity of each specimen
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Table 10 Comparison of displacement ductility for each

specimen
Specimen 5, 5 Ductility
(mm) (mm) (8,74,
NBS 4.4 18.26 4.15
NER1 5.45 24.49 4.49
NERZ 6.36 21.92 3.45
NER3 5.19 14.63 2.82
NERIL 4.5 26.87 5.97
NERZL 5.38 32.23 5.99
NER3L 6.09 29.56 4.85
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