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Abstract

This study was carried out as a part of the experimental studies for imnproving the shear capacity and ductility of
existing R/C columns, in which it was expected to fail in a brittle manner due to inadequate amount of hoops, by
wrapping aramid FRP tape spirally around them. In the columns with shear span ratio of 1.5, wrapping of suitable
amount of tape enabled to fail them in flexure and significantly improve their ductility. In extremely short columns with
shear span ratio of 1.0, tape wrapping was effective in preventing a sudden drop of the loading capacity and in increasing
the deformation capacity, even when the shear capacity could not exceed the flexural capacity yet. And still more
amount of wrapped tape could finally change the failure mode of the columns from shear to flexure. The tape wrapping
proved to be effective in improving not only the ductility of undamaged columns but also that of previously damaged
columns. And, tape wrapping was effective in preventing the cover concrete from spalling off. Moreover it was
demonstrated that the shear capacity and ductility of R/C columns wrapped with tape could be estimated by the
combined index of hoop and tape, proposed in this paper.
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Fig.1 Test specimen details.
Table 1 List of test specimen details.
T Name of Existing Shear Axial Wrapping of Tape
Grou Test S Span Stress . . .
’ Specimen p, (%) *! py (%) * R};tlo (MPa) Pitch (mm) | Spacing * P (0)
NT-15 - - -
AKT10-156 015 75.0 10wy 0.097
AKT05-15 ’ 56.3 0.5 wy 0.129
AKT00-15 375 0.0 wy 0.194
AKT10-30 75.0 1.0 wp 0.097
1 AKT05-30 0.78 0.30 15 381 56.3 0.5 wr 0.129
AWTO05-15R 56.3 0.5 wp 0.130
ATTO05-15 015 56.3 0.5 wp 0.136
CTT10-15 ’ 75.0 1.0 wy 0.040
CTT05-15 56.3 0.5 wy 0.053
B-NT00 - - -
B-AKT10 75.0 1.0 wy 0.097
2 B-AKT05 1.04 0.11 15 0 56.3 0.5 wy 0.129
B-AKT00 37.5 0.0 w, 0.194
B-AKT05R 56.3 0.5 wy 0.129
N-15 - - -
AT10-15 0.15 75.0 1.0 wp 0.097
AT00-15 ’ 37.5 0.0 wy 0.194
3 ATOD-15 0.78 10 381 375 0.0 wy 0.388
N-30 - - -
AT00-30 0.30 375 0.0 wp 0.194
-Notes-

*1p, : The flexural reinforcement ratio of longitudinal bars

*2p : The shear reinforcement ratio of hoops
*3 wy : Width of fiber tape (=37.5 mm)
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Table 2 Mechanical properties of steel.

Modulus of . .
Group | Type of Bar Grade Areg Elasticity Yield Strength Tensile Strength
(mml) (X 105 MPH) Ma) (MPa)
1 D16 SD295A 199 1.93 351 547
D6 SD295A 32 1.73 311 540
9 D16 SD345 199 1.81 375 560
D6 SD345 32 1.87 410 531
3 D16 SD295A 199 1.78 333 492
D6 SD295A 32 1.82 306 511
Table 3 Mechanical properties of fiber tape.

Type of Thickness Area Modulus of Elasticity Rupture Strength Elongation
Fiber Tape (mm) (mm?) (X10° MPa) (MPa) (%)
AKT 0.291 10.9 1.30 2480 15
AWT 0.292 10.9 1.19 2440 1.7
ATT 0.307 11.5 0.88 2930 2.5
CTT 0.118 4.44 2.52 4230 14
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Fig. 2 Final failure patterns (ex. Group3).

VL 0D B\ T b EERMIEENESITH b, 7 —
TOEEMFIREHE T LI L » THFEE~OBT RS
BB LR ENI (B ATOD-15 AT00-30).

— 109 —



Shear force (kN)

BEfE RC O RIETT 7 3 VEiET — 7 0% X {JIHMR

Table 4 Experimental results.

. Maximum Capacity
Specimen (MPa) - o (X10° rad) | (x10? rad) | &Nmm) | Failure
cvmu max

NT-15 214 216 227 10 13 1853 Shear
AKT10-15 20.6 214 237 20 30 4241 Flexural
AKT05-15 17.5 203 223 20 30 4199 Flexural
AKT00-15 17.8 206 235 19 40 6390 Flexural
1 AKT10-30 17.7 204 232 20 45 7963 Flexural
AKT05-30 17.0 202 240 28 55 10269 Flexural
AWTO05-15R 19.7 212 240 20 35 6088 Flexural
ATT05-15 16.5 200 217 9 31 5576 Flexural
CTT10-15 17.7 204 212 10 26 3876 Flexural
CTT05-15 17.3 203 202 10 31 5233 Flexural

B-NT00 20.7 152 138 8 10 643 Shear
B-AKT10 23.5 154 170 17 51 6699 Flexural
2 B-AKT05 24.3 155 169 18 53 6569 Flexural
B-AKT00 23.0 154 175 20 60 7233 Flexural
B-AKT05R 23.8 154 169 20 60 6763 Flexural

N-15 23.3 318 221 4 9 1721 Shear

AT10-15 26.3 326 258 10 31 4445 Shear

3 AT00-15 23.6 320 280 16 33 4771 Shear
ATOD-15 24.3 323 318 19 38 6779 Flexural

N-30 20.0 310 226 9 13 1815 Shear
AT00-30 27.7 328 321 19 37 6924 Flexural

-Notes-

*! Qe : The flexural capacity calculated by the sectional analysis

*2Q__ : The experimental value of maximum capacity

*R_.. : The rotational angle at the maximum capacity

* R : The rotational angle at the ultimate state
*5 i, : The absorbed energy
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Fig. 3 Envelope curves of load-rotational angle.
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Fig. 4 Maximum strains in fiber tape.
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Fig.5 Relationship between the maximum capacity, Qmax
and the reinforcing index, puw0uwy+ proFrere.
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Fig. 6 Relationship between the ultimate rotational angle,
R, and the reinforcing index, puEw+ proEr.

120

100

oo}
(=]

En (x10°kNmm)
[=p]
(=)

S
(=]
1

200 400 600 800

pwEw+pTwET (l\iPa)
® : Groupl A :Group2 M : Group3
Black : Flexural failure White : Brittle failure

Fig. 7 Relationship between the absorbed energy, E, and the
reinforcing index, puFw+ prwEr.
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