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Series Beam specimen  Reinforcement Ratio () %  Initial cracking load, P, (kN)  Failure load, Pey, (KN)  Failure modes ®  Maximum midspan deflection (mm)

A25  A25 0.92% 10.2 74.2 EF 52
A25-1 jib 10.2 459 GR 84
A25-2 1.7 ub 108 40.7 G.R 55"
A25-3 2.7 b 109 75.2 cc 90
A5 A45-1 ub 15.8 55.8 GR 80
A45-2 1.7 ub 154 81.9 cc 85
A45-3 27 pb 17.6 109.8 cc 78
A70  A70-1 pb 16.3 846 GR 88
A70-2 1.7 pb 155 1327 cc 95
A70-3 2.7 b 19.9 145.1 cc 92

2 C.C: concrete crushing, G.R: GFRP bars rupture, F.F: flexure failure due to steel yield.
® Sudden rupture of 12 mm diameter GFRP bar.

! non-linear finite element analysis
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Specimen ID.  Ultimate moment (kN m) Ultimate deflection (mm) Ultimate moment (kN m) Ultimate deflection (mm) ﬁ‘ﬁ iﬁ:
P4C-1 519 511 302 300 426 419 26.2 259 N/A N/A
P4C-2 50.2 297 41.1 254
P4G-1 46.0 46.9 262 26.1 375 382 239 238 N/A N/A
P4G-2 477 259 389 236
P8G-1 509 51.0 244 243 409 409 221 220 N/A N/A
P8G-2 51.0 241 409 218
FAC-1 47.2 457 305 29.2 472 457 305 292 109 113
F4C-2 441 279 441 279
F4G-1 39.8 40.5 302 302 398 405 302 302 106 127
FAG-2 411 302 41.1 302
F8G-1 422 416 241 231 422 416 241 231 102 105
F8G-2 41.0 221 410 21
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Beam Ultimate Fracture Energy
Series | designation |Peak load, kN |deflection, mm | energy, J | dissipation ratio, % Failure mode
SRCI0 75.6 31.2 2122 95.0 Flexural-tension
GRC10-ns 34.7 4.7 123 —_ Shear
GRC10 90.7 15.1 582 359 Shear-compression
I ) 86.9 20.2 2031 79.0 .
GREI10-ns Shear-tension
89.6 16.0 2003 02.3
132.7 23.7 2014 47.5
GREI10 Shear
134.1 23.2 2041 471
GRCl6 62.1 374 1377 404 Flexural-tension
i GRE16-ns 77.4 46.3 2592 43.5 Shear
73.8 43.8 1898 384 .
GREl6 Flexural-tension
76.9 433 2016 39.0
] 69.7 31.5 2241 303 )
GRC16-3R Flexural-compression
754 334 1679 443
1L GRCI16-3R-ns 83.5 33.1 2875 326 Shear
] 106.9 48.2 3349 42.6 )
GRC16-3R Flexural-compression
104.6 46.8 3384 46.0
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FRP bar Diameter of the FRP Outside diameter of the Minimal length of the

type bar, d steel tube steel tube, L,

GFRP 6.4 mm [0.25 in.] 35 mm [1.38 in.] 300 mm [12in.]
GFRP 9.5 mm [0.38 in.] 35 mm [1.38 in.] 300 mm [12in.]
GFRP 13 mm [0.50 in.] 42 mm [1.63 in.] 380 mm [15in.]
GFRP 16 mm [0.63 in.] 42 mm [1.63 in.] 380 mm [15 in.]
GFRP 19 mm [0.75 in.] 48 mm [1.88 in.] 460 mm [18 in.]
GFRP 22 mm [0.88 in] 48 mm [1.88 in] 460 mm [18in.]
GFRP 25 mm [1.00 in ] 48 mm [1.88 in.] 460 mm [18 in.]
GFRP 29 mm [1.13in] 48 mm [1.88 in.] 460 mm [18 in.]
GFRP 32 mm [1.25 in] 75 mm [2.95 in.] 800 mm [32 in.]
CFRP 9.5 mm [0.38 in.] 35 mm [1.38 in.] 460 mm [18 in.]
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Abstract

Nowadays, building structures in corrosive environments require some
considrations. Being light weight, high tensile strength and corrosion resistance are
the features that make FRP bars an alternate to steel in the reinforcement of
concrete. On the other hand, linear elastic behavior of FRP bars alongside with the
brittle behavior of concrete, make a brittle member without considerable ductility.
The urgency of ductility and necessity of warning before collapse, caused
researches to be conducted in improving the ductility of concrete members
reinforced with FRP bars. This study, experimentally investigates the
improvement of FRP reinforced concrete beams in two manners.

First, for the purpose of changes in the stress-strain curves of concrete in
compression, mix designs were modified with polymers. 18 cylindrical specimens
consist of 5 different polymers were tested. A polymer was found with 10 percent
improvement in ductility. Decreasing the ultimate strength in this type of polymer
caused much lower energy dissipation compared to regular concrete. Therefore,
using polymers for ductility improvementof concrete was ignored.

In the second approach, confining the compression region of concrete beams with
FRP sheets was considered. 8 reinforced concrete beams with total length of 2m
were cast in 7 types of confinements and tested. The 4-poin bending test results
shows that 3 types of concrete confinements (R.D.5, S.D.10 and S.C.Pipe) can
improve beam ductility up to 30-60 percent.

Keywords (5 to 7 keywords): concrete beams, FRP bars, confinement, ductility, polymer modified
concrete, four-point bending
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