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Fig. 1. Details of verification beams
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Concrete characteristics

Beam Elzrterial Flexural bars ;Frallzsx;r/sgsjtlrrups (MPa)
Top Bottom Po =4y f! fi
SSc-8d/2p Steel 3No.15M  4No.15M e 28+£35 27+04
GSu-8d2p  GFRP  2No.16 3No.16 8-mm@120 (Steel) p, =0.4% 28435 27404
SuR-60-4.5 Steel 2-M15+1-M20 8-mm@150 (Steel) p, =0.3% 43 2.62
Table 1. mechanical properties of beams
N Glaysile )T SO Slasiie Y Jgder
Bar Diameter Bar Area Modulus of Tensile Strength . .
Bar Type (mm) (mm?) Elasticity (GPa)  (MPa) Ultimate Strain
Steel No10 11.3 100 200 410 0.0021
Steel No15 (Main Bar) 159 200 200 485 0.0024
Steel No20 (Main Bar) 19.9 300 200 430 0.0022
Steel stirrup 8 49.4 190 300 0.0016
GFRP No. 16 (Main Bar) 159 198 46+ 1 731+£9 0.016 = 0.0005
GFRP No. 10 9.5 713 65 1770 0.027
GFRP No. 13 (Bent) 12.7 126.7 53 565 0.025

Table 2. Mechanical properties of reinforcing bars
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Cracking Load (kN) Failure Load (kN) M.R. (%) Failure Mode
Exp. Num. Exp. Num. Exp. Num. Exp. & Num.
SSc8d2p 28 27 163 161 19.4 17.5 Rupture of bars
GSu8d2p 24 21 121 121 23 17.6  Concrete crushing
SuR-60-4.5 52 72 207 207 10.1 6.2 Rupture of bars

Table 3. Results in experimental analysis
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Fig. 2. Stress-strain relationship of reinforcement materials, (a)
Steel, (b) FRP
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Fig. 5. Actual versus elastic bending moment at failure.
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Fig. 6. Load-deflection behavior of verified FEM.
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Fig. 3. Stress-strain relationship of concrete in (a) compressive
and (b) Tension
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Beam Main Bar ratio Bar spacing Tran.sverse Bar Transyerse Bar Parametric
(Bot&Top) (%) (mm) ratio (Av/s) Spacing (mm) Study

TRIRo 1pp

TR1.5R0 1.5p;

TR2Ro 2pp .

TR2.5Ro 2.5p, 50 3.1675 80 Rem]f{’rﬁemem

TR3Ro 3pp atio

TR3.5Ro 3.5pp

TR4Ro 4pp

TBN2 50

TBN3 1.5pp 35 3.1675 80 Bar Number

TBN4 30

T1Avm 0.8353

T2Avm 1.6706

T3Avm 2.5059 Transverse

igizi 1.5pp 50 ii‘;ég 80 Reinforgement

T6Avm 50118 ratio

T7Avm 5.8471

T8Avm 6.6824

TCAvS60 60

TCAvS80 80

TCAvS100 100 Transverse Bar

TCAVS120 150 30 31675 120 Spacing

TCAvS140 140

TCAvS160 160

TCdvS60 4.2233 60

TCdvS80 3.1675 80

TCdvS100 2.534 100

TCdvS120 2.1117 120

TCdvS140 1.5p 50 1.81 140 Transverse Bar

TCdvS160 ~Fb 1.58375 160 Size

TCdvS180 1.4078 180

TCdvS200 1.267 200

TCdvS220 1.1518 220

TCdvS240 1.05583 240

Table 4. Characteristics of new numerical models
S5l 531 ol TROLSRO L5 sl o306 slazel 3 (1) 08 s 5 5lesl (0) et (Cll) 3 25 A Y

Yt
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Fig. 10. Numerical and elastic bending moment at failure in 4
beams
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Longitudinal Reinforcement ratio

(o/pp)
Beam

Top bars over Bottom bars at

middle-support mid-span
TRI1Ro 1 3
TR1.5Ro 1.5 4.5
TR2Ro 2 6
TR2.5Ro 2.5 7.5
TR3Ro 3 9
TR3.5Ro 35 10.5
TR4Ro 4 12

Table 5. Reinforcement ratio in TRRo models

vy

T

Fig. 8. Stress in (a) Concrete (b) bars, displacement (c) of
TR1.5Ro from software
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Fig. 9. Load-exterior reaction relationship of the 4 beams
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P=193 69.07

v TR2Ro

84.45
100.56
105
P00 70.24

\ TR2.5R0
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105.42
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Fig. 13. Variation in (a) load and (b) M.R. with main bar ratio
(p/py)
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with constant bar size
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Abstract

Reinforced concrete structures with standard steel rebar are vulnerable to corrosion and harsh environmental
conditions, hence RC structures reinforced with fiber-reinforced polymer (FRP) rebar were commonly used
these days. Du to FRP rebar’s better performance such as high strength, low self-weight, electromagnetic
transparency and, as mentioned, non-corrodibility nature, using them as reinforcing bar is very widespread
now. Because of financial matters, between different kinds of FRPs, GFRP is a better choice. Considering
GFRP’s high strength and elastic behavior until failure, Although a large amount of reinforcement ratio is
needed in composite beam components, the flexural stiffness of GFRP rebar reinforced beams is relatively
lower compared to steel-RC, and more deflection and cracking are allowed in the serviceability design of these
beams. Recently, shear and flexural behavior of continuous concrete beams reinforced with GFRP bars has
been well investigated. Because of linear elastic behavior of GFRP materials until failure, considering moment
redistribution in analysis and design of these beams is not allowed in almost all of cods and guidelines.
Although many experimental and numerical researches investigated the moment redistribution in FRP-RC
continuous beams with rectangular section, the behavior of these beams with T-section is almost unknown.
This paper is a numerical investigation of existence and variety of moment redistribution in concrete
continuous T-section beams reinforced with GFRP bars using finite element method with ABAQUS software.
The verification of numerical models was done with some experimental beams, so the simulation can be used
for further researches. The considering variables included the longitudinal reinforcement percentage, the
number of main bars with constant bar ratio, transverse reinforcement ratio, stirrup space with constant ratio
and constant bar size. For investigating mentioned parameters, 35 beams were modeled in software according
to Canadian design and construction of building structures with FRP code, so 5 groups of beams were made
which one beam is constant in each group. T-section beams were modeled assuming which failure happens
because of concrete crashing not rebar failure. Deflection and serviceability were not interested, so bond-
slippage behavior of GFRP rebar with concrete is not considered in modeling. Problem is indeterminate, so
the percentage of moment redistribution was determined by comparing the reactions resulted from numerical
and elastic analysis. Load-deflection and load-moment redistribution curves were used to discuss. The results
show, as there is in steel-RC structures, moment redistribution exist in GFRP-RC continuous beams with T-
section; however the amount of it is lower. Amount of bars between 2.5 times of balance reinforcement ratio
and 3.5 times of it, in top and bottom of beam, shows the highest flexibility load and moment redistribution
capacity. Increasing the number of main bars with constant reinforcement ratio and increasing the stirrup space
with constant transverse reinforcement ratio reduce the moment redistribution capacity. It seems that the
minimum amount of transverse reinforcement considered in Canadian code is not enough for preventing shear
failure in these beams. So, with considering some points, the moment redistribution can be taken to account in
analysis and design of GFRP-RC continuous beams with T-section.

Keywords: reinforced concrete, continuous beams, GFRP bar, T-section, moment redistribution, finite
element method,
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