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Flexural Behavior of Reinforced Concrete Beams Strengthened with
Grid-type Carbon Fiber Plastics

BYUNG-WAN Jo AND GHiI-HO TAE
Dept. of Civil Engineering, Hanyang Univ., Seoul 133-791, Korea

KEY WORDS: Carbon grid fiber B4
7k

A A f, Stengthening effect 27 E 7}, Separation failure A|H o3, Anchor bolt cffect ©f
1 E-E & 3}, Strengthening desigen H 744 A

it

ABSTRACT: Flexural fracture characterisiics of newly-developed Grid-type carbon fiber plastics in the deteriorated reinforced
concrefe siructures were investigaled by the four-points fracture test to verify the strengthening effects in the beam specimens. Resulls
showed that initial cracks appeared in the boundary layers of fibers embedded in the newly-placed mortar concrete slowly progressed
fo the direction of supports and showed fracture of fiber plustics and britile failure of concrete in compression in sequence dfter the
vielding of steel reinforcement. Accordingly, the reasonable area of Grid-type carbon-fiber plastics in the strengthening design of
deteriorated RC structures should be limited and given based on the ultimate strength design method to avoid the brittle failure of

concrete Structures.
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Table 1 Types of beam specimens

Design Strengthening  Strengthening

Specitrien Sirength Sirf/;agtt;lg}amg Length plastics
(kgfem) ‘ (D] 7Fh
A-CON Pilot - -
AGLL-C1"™ Grid fiber L 3
A-GI11-C2 Grd fiber L 3
A-G12-C2 210 Grid fiber L 4
A-G13-C2 Grid fiber L 6
A-G21C2 Grid fiber 0.8L 3
A-G31-C2 Grnid fiber 0.6L 3
_ASI4C2 Stect L DI3Z
B-CON Pilot - -
B-G11-CIL Grid fiber L 3
B-G11-C2 280 Grid fiber L 3
B-GI3-C2 Grid [iber L 6
B-S14-C2 Steel L DI3
B-S15-C2 Steel L DI6
C-CON Pilot - -
C-Gl1-C1 Grid fiber L 3
C-Gl1-C2 Grid [iber L 3
C-Gl2-C2 350 Grid fiber L 4
CGi3C2 Grid fiber L 6
C-514-C2 Steel L D13
C-815-C2 Steel L D16

Notc) C1 : Chipping Depths 3cm  C2 : Chipping Depths Sem

Table 2 Propertics of materials (a) Concrete material
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Material Properties of Cement

Cement Water Ageregate Gravel Admixrure
) 3 s 2 5 W/C (%) S/A(%)
(kg/em”) (kgfem”) (kg/em) (kg/cm) (kg/em)
345/395/485 189 997/951/872 749/748/744 1.86/2.13/2.61 50.9/44.5/36.3 54/53/51(%)
(b) Steel deformed bar of D16, 22 B (¢) CFRP-grids (NEFMAC)
Yield Tensile Modulus of Tensile Modulus of .
. . Seclion Arca
Division Strength Strength Elasticity Type  Gravity  Strength Elasticity (em)
3 ) ) 2 3 cm
(kgfem’) (kefem?) (kefer?) (kgfem®)  (kgfem?)
D16 5180 7160 2.03x 10
steel —- - Cé 1.42 12000 1000000 0.175
D22 4720 6230 2.03x10°
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(d) Epoxy resin and repair material

Tensile Swength

Epoxy

Compressive Strength

Bending Strength

Tensile Shear Strength ~ Modulus of Elasticity

(kg/em’) (kg/erm®) (kg/om®) (kg/em®) (kgfem®)
EPX-3W =200 =700 =400 =150 210,000
FP-E3P 431 04 692 135 30,100
Primix 580 100 - - 1.31%10°
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Table 3 Experiment resulis

initial crack loads  Yielding loads P, Failure loads Strengthening

Specimen (ton) {tom) P, (lom) effect(%) Failure: mode
A-Const 3.0 11.73 1.02 12.10 0 Flexural Failure
A-G11-C1 33 12.20 116 14.20 17.4 Flexural Failure
A-G11-C2 36 12.86 1.13 14.50 19.2 Dchonding
A-G12-C2 4.0 13.64 1.25 17.00 40.5 Debonding
A-G13-C2 52 16.35 113 18.50 529 Debonding
A-G21-C2 43 13.02 L15 15.04 24.3 Debonding
A-G31-C2 4.8 16.35 1.13 18.50 17.36 Dchonding
A-§14-C2 4.5 15.83 1.04 16.50 36.4 Flexural Failure
B-Const 33 11.97 1.11 13.30 0 Flexural Failure
B-Gl11-C1 4.0 12.55 1.09 13.70 3.0 Flexural Failure
B-Gl11-C2 5.0 12.95 1.24 16.08 21.0 Debonding
B-G13-C2 5.4 1320 1.29 17.00 27.8 Debonding
B-S14-C2 4.5 13.65 1.27 17.30 30.1 Flexural Failure
B-515-C2 5.2 17.50 112 19.67 47.9 Flexural Failure
C-Consi 3.6 13.02 1.04 13.60 0 Flexural Failure
C-G11-C1 4.8 1321 122 16.10 18.4 Flexural Failure
C-Gl1-C2 5.2 13.55 1.26 17.05 254 Debonding
C-Gl12-C2 5.4 14.05 1.27 17.87 314 Debonding
C-G13-C2 5.5 15.06 1.22 18.42 354 Debonding
C-S14-C2 5.0 16.82 115 19.30 420 Flexural Failure

C-515-C2 55 18.20 1.09 19.80 45.6 Flexural Failure
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Fig. 10 Strain curves 10 the specimen depth
Table 4 Yicld strains of specimens (unit: )
specimen Type Concrete Steel CFRP-Grid

CAGILC2 3120 2470 2512
A-G21-C2 -3012 2074 2721
A-G31-C2 -3000 2250 2371
A-GI2-C2 -3620 2004 3237

OA-G13-C2 -3373 1974 2741
B-G11-C2 -3385 2051 3121
B-G13-C2 -3672 2143 2405
C-G11-C2 -3507 1987 3156
C-Gl2-C2 -3571 2097 2813
C-Gl13-C2 -3895 2104
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