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Numerical Study for Seismic Strengthening of RC columns Using
Fiber Reinforced Plastic Composite
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Abstract

As increasing number of large—size earthquake around Korean peninsula, many interests have been focused to the
earthquake strengthening of existing structures. Fiber reinforced plastic composite material is one of strengthening
material widely used to increase seismic performance of structures. It should have high stiffness as well as large ductility
to provide best strengthening result. Thus selection of stiffener and fiber in composite is of important. In this study, the
optimal combination of fiber and stiffener is selected with variety of tensile tests. In order to investigate performance of
chosen composite material, several finite element analyses are performed with proposed FRP composite material for
existing RC columns. It is discussed that the seismic performance of strengthened columns through the load—displacement
relationship. It is shown that the proposed composite material can increase the strength as well as ductility of exiting RC
columns.

Keywords : Seismic retrofitted, FRP composite, Fiber, Column retrofitted, Push—Over Analysis(NSA), Finite element
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Table 1 Specimen Type

Speicimen Fiber Type El(ilizz?{ion Layer Mesh Type
CBS Steel
CBA Best Aluminum
CBP Punched—Aluminum
CNS Steel
CNA Carbon Normal Aluminum
CNP Punched—Aluminum
CWS Steel
CWA Worst Aluminum
CWP Punched—Aluminum
GBS Steel
GBA Best Aluminum
GBP Punched—Aluminum
GNS Steel
GNA Glass Normal Aluminum
GNP Punched—Aluminum
GWS Steel
GWA Worst Aluminum
GWP Punched—Aluminum
HBS Steel
HBA Best Aluminum
HBP Punched—Aluminum
HNS Steel
HNA Hyper= Normal Aluminum

Glass

HNP Punched—Aluminum
HWS Steel
HWA Worst Aluminum
HWP Punched—Aluminum
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(c) Hyper—Glass Fiber

Fig. 1 Test Result of Fiber Type

oigk AlaAAA ot e A ohda MEE
o] ok 0.018¢14 <F 0.025 =2 T2 = LERstTh U
AGEHE oF 216MPaclA] oF 379MPa®] & e}
yigith Fig. 1(0) & 145 Fa4Fe ARgel tist Al
AAgAAeIt s i A shdA] WEE
o] oF 0.0239114] F 0.0337 =2 Wz LRttt FHu)

SR ESFTGA|pE st =28 H16H M3z(2012. 5 119



Table 2 Tension Test Result

Speicimen Maxirx(l;/lrlrjla)StreSS Strain at Brittle Elas(tli\?/nl\]/IIr(zzd)ulus
CBS 562.79 0.0139335 40391
CBA 320.10 0.0114758 27894
CBp 371.36 0.0152143 24408
CNS 557.01 0.0114949 48457
CNA 344.47 0.0105768 32568
CNP 439.05 0.016376 26810
CWS 638.57 0.0117065 54548
CWA 398.84 0.0111005 35929
Ccwp 374.57 0.0131264 28535
GBS 299.68 0.0209213 14324
GBA 216.19 0.0206042 10492
GBP 234.34 0.0252386 9285
GNS 334.11 0.0196991 16960
GNA 221.30 0.0189133 11700
GNP 235.01 0.0226351 10382
GWS 379.50 0.0206543 18373
GWA 240.27 0.0191662 12536
GWP 220.71 0.0182322 12105
HBS 421.42 0.0283531 14863
HBA 355.50 0.0253383 14030
HBP 356.41 0.0320641 11115
HNS 325.31 0.0231367 14060
HNA 433.07 0.0288434 15015
HNP 382.97 0.0326214 11740
HWS 315.64 0.0240045 13149
HWA 451.91 0.0266394 16964
HWP 338.13 0.0285725 11834
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Fig. 2 Test Result of Fiber Elongate
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(c) Punched—Aluminum

Fig. 3 Test Result of Layer Mesh Type
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Table 3 Concrete Material Parameter

Compressive Young's Poisson’s

Strength Modulus X

Concrete (MPa) (N/mm?) Ratio

21 21538 0.2

Table 4 Rebar Material Parameter
Compressive Young's Poisson’s
Strength Modulgs R‘a‘tio :
Rebar (MPa) (N/mm?)
300 200000 0.3
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Table 5 FRP Composite Material Parameter

Yield Young's Elongation | Elastic Plastic

FRP | Stress | Modulus |20 g | srain
Composite (MPa) N/ H]I]’lz)

356.41 29887 3.33 0.01 0.02
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(a) Concrete (b) Rebar (c) Composite

Fig. 5 Concrete, Rebar Modeling

(a) Single

Fig. 6 FRP Composite Retrofitted Position
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(a) Stress of Steel
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(b) Damage of Concrete

Fig. 7 Unretrofitted Result of Single Curvature
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(c) Stress of Composite

Fig. 8 Retrofitted Result of Single Curvature
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Fig. 9 Load—Displacement Relation(Single Curvature)
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(b) Damage of Concrete

Fig. 10 Unretrofitted Result of Double Curvature
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(c) Stress of Composite

Fig. 11 Retrofitted Result of Double Curvature
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Fig. 13 Load—Displacement Relation

Table 6 Single Curvature Result

Yield . Yield Strength | Displacement
Strength | Displacement Ratio Ratio
(kN) (mm)
Unretrofitted 115.05 96 1 1
Retrofitted 130.36 224 1.13 2.34

Table 7 Double Curvature Result

Yield . Yield Strength | Displacement
Strength | Displacement Ratio Ratio
(kN) (mm)
Unretrofitted 271.29 56 1 1
Retrofitted 291.39 165 1.07 2.95
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