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Parametric Study on Design Variables of Concrete Beam Reinforced
with GFRP Rebar using Finite Element Analysis
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ABSTRACT Parametric study of beams with reinforced with FRP rebar is conducted in this study. Using ABAQUS program, the
finite element analysis model is set and calibrated with the experimental results which have been conducted by the authors. The
employed design parameters are reinforcement ratio, elastic modulus of rebar, and concrete strength. The obtained results from FE
analysis are investigated in terms of normalized beam stiffness. In particular, the effect of reinforcement ratio on the flexural stiffness
is investigated with comparing with the model code specified on ACI 440. From the analysis results, the reinforcement ratio in beam
is the first parameter affecting on the beam stiffness. In addition, its effect could be increased with higher concrete strength.

Keywords : finite element analysis, FRP rebar, flexural stiffness, reinforcement ratio
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Table 1 Material properties of steel and FRP rebar

Elastic

modulus . - ] -
(GPa) Yield |Ultimate| Yield |Ultimate

Strength (MPa) Strain (%)

Steel rebar 200 400 600 0.2 2.0

GFRP rebar 35 - 1,107 - 3.1
o o
2;‘_ [ pe——— | | EST [ g | |
S -+
Steel rebar Steel rebar

[*— Steel stirrup [*— Steel stirrup

GFRP rebar iFRP rebar
vl
SS_L I ‘H_L | —
|_ 200 _| |_. 200 "i
(a) G2-10 (b) G4-10

Fig.- 1 Test specimens cross-section



Table 2 Detail of specimens

Reinforcing bar . )
Concrete - - Reinforcement ratio
Compressive steel rebar Tensile GFRP rebar
Width : 200 mm
G2-10 Effective depth : 245 mm D([:OS :2%71‘:1(:;;11 ]()[iO 3%174225;1 0.0031
Clear span : 2000 mm fip
Width : 200 mm
: D10:2 1 2@14
G4-10 Effective depth : 245 mm D(LOS :21@5@71%? 0 " a:y‘;r] 4%m2()) mm 0.0062
Clear span :2000 mm fip

Table 3 Test results

Ultimate strength (kN) Deflection at peak point (mm) .
Failure pattern
Exp. Theo. E/T Exp. Theo. E/T
G2-10 45.0 66.4 0.68 16.5 24.1 0.68 F-P’
G4-10 106.8 89.8 1.19 23.3 30.1 0.78 F-C'
1; concrete crushing failure mode, 2; FRP pull-out.
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Fig. 4 Stress-strain relationship for steel rebar
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Table 4 Stress and strain of GFRP reinforcing bar at peak loads

Peak loads | Tensile stress | Tensile strain Remarks
(kN) (MPa) (%)
G2-10 60 520 14 Design tensile
strength accor-
G4-10 94 433 12 ing to ACI
code : 775 MPa
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Table 5 Various FRP reinforcement ratios for parametric analysis
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Reinforcing detail Reinforcement ratio Balanced reinforcement ratio ﬂ Remarks
(o) (o) Prp
RRB 6 mm x1 0.0019 1.00 -
10 mm x 1
RRI1.5 10 mm x 2 0.0030 0.0019 1.58 G2-10
RR3 10 mm x 4 0.0060 3.16 G4-10
RR5 10 mm x 8 0.0950 5.00 -
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Table 6 Considered elastic modulus for FE analysis

Ultimate Ultimate Elastic Elastic
strength strain modulus |modulus ratio
(MPa) (%) (GPa) with steel
670 3.507 19 0.095
1,107 3.12% 35 0.175
1,857 1.79% 103 0.515
o
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Fig. 17 Loads-deflection relationships of beams with various
elastic modulus
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Table 7 Considered concrete compressive strength and elastic
modulus for FE analysis

Compre(s;;[\}/)z )strength Elastl(cGrgsdulus Remarks
CS30 30 259 G4-10
CS40 40 30.0
CS50 50 33.5

140

Deflection(mm)

Table 19 Loads-deflection relationships due to the the compressive
strength

Table 8 Parameter for the verification on the effect of reinforcement
ratio and elastic modulus of FRP rebar on CS50

Compressive| Reinforcement ratio )
strength . yr— Elastic modulus
(MPa) Ratio catio (GPa)

CS50 RR1.5 50 0.0045 -

CS50 RR3 50 0.009 0.003 -

CS50_RR5 50 0.015 -

CS50 EH 50 0.0045 - 19
CS50_EG 50 0.0045 - 35
CS50 EC 50 0.0045 - 103
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Fig. 20 Normalized flexural stiffness variation on the various
reinforcement ratio
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Fig. 21 Normalized flexural stiffness variation on the various
elastic modulus
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