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ABSTRACT

This paper presents the failure mode and strengthening design of reinforced concrete slab strengthened with
Carbon Fiber Reinforced Polymer(CFRP) grid. Parameters involved in this experimental study are FRP grid
reinforcement quantity, repair mortar thickness, the presence of anchor, and strengthening in compression. In this
study, there are different failure types with increasing the CFRP grid strengthening reinforcement. On the low
strengthening level, CFRP grid in repair mortar cover ruptures. On the moderate strengthening level, there is a
debonding shear failure in the interface of carbon FRP grid because of the excessive shear deformation. On the
high strengthening level, diagonal shear failure occurs. With the increasing of FRP grid reinforcement, the
strengthening effect increased, but the ductility decreased. By limiting the strengthening level, it can be achieved
to prevent shear failure which result in sudden loss in the resisting load capacity. CFRP rupture failure is
desirable, because CFRP ruptured concrete slab keeps the same load capacity and ductility having before
strengthening even after failure. Finally, design guideline and procedure are given for strengthening of concrete

slab with CFRP grid.
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Fig. 1 Dimensions and loading arrangement of test slab
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Table 1 Physical properties of material

Material Property
Concrete Compressive strength(MPa) 285
Reinforcing Yield strength(MPa) 420
bar Ultimate strength(MPa) 634
(D10) Elastic modulus(MPa) 2.0x10°
Tensile strength(MPa) 1400
CFRP grid ; 5
MP. 1.
(4, C6, C8) Elastic modulus(MPa) 00x10
Maximum tensile strain(%) 14
Bond strength(MPa) 1.7
) Compressive strength(MPa) 37
Repair mortar -
Bending strength(MPa) 6.9
Tensile strength(MPa) 20
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Table 2 Details of test slabs

Slab LD CFRP 2 Anchor del\l.{)[t?lr(tg;id Location
grid, mm pm depth), mm
RS - - - -
C4A-2T 52.8 Used 20(155) Tension
C6A-2T 140.0 Used 20(155) Tension
C3A-2T 211.2 Used 20(155) Tension
C6N-2T 140.0 Unused 20(155) Tension
C6N-4T 140.0 Unused 40(175) Tension
C6N-2C 140.0 Unused 20(155) Compression
C4A 2

S{rengthen'\ng (T:Tension strengthening,
C:Compression strengthening)

Thickness (20mm, 40mm)

Anchor pin (A:Anchor, N: No Anchor)

CFRP Grid No.(C4,C6,C8)
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Table 3 Test results of test beams
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Cracking Yield state Ultimate _ state Ductility .
Test slabs load(KN) Load(KN) | Deflection(mm) | Load(KN) Deflection(mm) index Failure mode
RS 135 39.2 85 540 71.0 84 Yielding-
Compression failure
C4A-2T 168 366 7.7 65.4 414 56 CFRP rupture
C6A-2T 180 55.2 10.0 95 330 33 Debonding shear
failure
C8A-2T 188 59.0 86 9.6 289 34 Diagonal shear
failure
C6N-2T 20.3 548 75 86.2 23.2 31 Debonding shear
failure
C6N-4T 24.4 66.4 6.7 1039 20.7 26 Diagonal shear
failure
_ Debonding—
C6N-2C 177 423 80 53.0 100.0 125 oo & ilure
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Fig. 5 Diagonal shear failure
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Fig. 12 Failure mode classification
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