R TREH $138 HDK pp56~64, 199. 8
® i@ X

g4 gl o EA R E o] 83 AT EARE
AL B AkEel F A9H d7F

=y %7 9 A
)

An Experimental Study on Shear Strengthening of the R/C Deep Beams
Using Carbon and Aramid Fibers
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Abstract

An experimental study was carried out to examine the structural behavior of reinforced
concrete deep beams strengthened with aramid fiber sheets, carbon fiber sheets and plates,
and to propose the reasonable strengthening method for the deteriorated R.C. deep beams.
Results show that the most significant differences in behavior of reinforced concrete deep
beams strengthened with fiber sheet and plate were mainly due to various fiber
orientations and anchorage. Deep beams diagonally strengthened with carbon fibers show
better performance compared with those of vertically, horizontally strengthened specimens
and produce the increase in the shear resistance through the redistribution of internal
forces after the initial cracks occur. However, strengthened deep beams without
anchorages might show unreasonable, brittle peeling-off failure of fiber reinforcements.
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Fig. 1 Typical failure modes of deep beams
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Fig. 2 Geometrical dimension of test specimens (all dimensions in mm)
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Table 1 Characteristics of carbon and aramid fibers
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FRP Thickness Width Tensile Tensile elasticity { Strain at Mﬁ)dules of
(mm) (mm) strength(ke/crf) ratio(%) failure elasticity(kg/cr)
Aramid sheet 1.0 - 36,500 12 0.025 1.19x10°
Carbon sheet 12 - 46,000 24 0015 24%10°
Carbon plate 12 50 46,000 24 0.015 24%10°
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Table 2 Test specimens and failure loads

. . Loads at first Loads at Strengthening
Specimens Strengthening methods crack(ton) failure(ton) effect(%)
Pilot Control 26 490 -
A-V2-W | vertical strengthening 2% 584 170
Af;iﬂﬁd A-H2-W | horizontal strengthening 30 56.2 107
sheet : T
110 horizontal strengthening
A-H2-] + vertical jack 31 55.2 105
C-V2-W | vertical strengthening 2 0.1 0.0
Carbon 119 horizontal strengthening
sheet C-H2-Ac |, fiber anch o 26 53.2 65
C-I2-W § inclined strengthening 32 72.1 45
Carbon | S-2-B | nclined st 2 622 246
plate S-12-S inclined stirrup strengthening 32 743 438
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Fig. 3 Crack patterns of pilot deep beam
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Table 3 Shear fracture patterns of strengthened specimens

C-H2-Ac

C-12-w

Peeling-off failure occurred along internal
crack at 53ton and as displacement became
large, fiber reinforcement was torn laterally
but no peeling-off occurred at anchorage
zone.

Initial bending cracks occurred and
peeling-off about bearing point occurred by
bearing stress at 50ton. And partial elliptic
peeling-off occurred diagonally at 67ton, the
top and bottom of crack zone was peeled off

in the shape of triangle at 72ton.

S-12-8

S-12-S

Initial crack occurred at 29ton and shearing
failure occurred at 62.17ton. Section loss by
additional reduced Pmax
contrast with S-12-S but abrupt peeling-off
failure reduced at the edge of reinforcement.

anchorage n

Initial shearing crack occurred at 32ton.
The shearing crack extended to bearing
point and loading point. Peeling-off shearing
failure occurred along crack at the parts of
insufficient reinforcement.
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A-V2-W

A-H2-W

s b O SRENBTRRS, 4 B % SR, T

Peeling-off of reinforcement and shearing
failure occurred suddenly at 59ton. Peeling off
failure occurred along the crack diagonally.

Initial crack occurred diagonally at
47-50ton. Shearing failure occyrred along the

crack after peeling-off.

A-H2-J

C-v2-w

The initial crack of fiber—epoxy occurred at
41ton and shearing failure occurred along
crack but the peeling off of fiber stopped at
the vertical jacket.

Partial peeling-off occurred at 50ton and
the
triangular form occurred round the crack at
51ton.

suddenly peeling-off faillure in a
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Fig. 6 Load-stress curves of strengthened
specimens using carbon fiber sheet
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Fig. 7 Load-stress curves of strengthened
specimens using carbon fiber plate
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