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=, Ifizes

(Lwg 75%)
+4.034e+01
+3 698e+01
+3 362e+01
+3 026e+01
+2 690e+01
+2.354e+01
+2.015%e+01
+1.683e+01
+1.347e+01
+1.011e+01
+6 750e+00
+3 391e+00
+3.173e-02

Mz +4.034e+01

Elem: COMCERETE-1.161

Node: 455
Min: +3.173e-02

Elem: COMNCEETE-1.445

Node: 1213
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3, Mizes

{Avg T5%%)
+5.362e+01
+4.915e+01
+4 4468e+01
+4.021e+01
+3.574e+01
+3.128e+01
+2.681et01
+2.234e+01
+1.787e+01
+1.341e+01
+&.938e+00
+4 470e+00
+2 746e-03

ez +5.362e+01
Elem: COMNCEETE-1.224
WNode: 832

Min: +2 746e-03
Elem: CONCERETE-1.341
Mode: 723

=, Iizes

(Awg 75%)
+1.524e+01
+1.3%7e+01
+1.270e+01
+1.143e+01
+1.016e+01
+8.895e+00
+7.627e+00
+6.358e+00
+5.089%+00
+3.821e+00
+2.552e+00
+1.283e+00
+1.482e-02

Wlaz +1.524e+01
Elem: COMNCRETE-2.775
Hode: 1497

Win: +1.482e-02
Elem: COMNCRETE-2.1052
Hode: 1720
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baasly o 5 4 25 gl Juad
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=, Mises

{Lwg T5%0)
+5.45%+01
+5.004e+01
+4.54%e+01
+4.0%5e+01
+3.640e+01
+3.185%+01
+2.730e+01
+2.275e+01
+1.820e+01
+1.365e+01
+5.106e+00
+4.557e+00
+8.721e-03

Maz +5 45%e+01
Elem: Concrete base-2 337
Mode: 1466

Min: +8721e-03
Elem: Concrete base-1.954
Mode: 1630

DAWNAGEC

(Awg 75%0)
+1.157e+00
+1.061e+00
+5 642e-01
+8.678e-01
+7.714e-01
+6.750e-01
+5785e-01
+4 821e-01
+3 857e-01
+2.893e-01
+1.528e-01
+5 64 2e-02
+0.000e+00

hfass +1.157e+00
Elem: COMNCRETE-1.18247
Hode: 788

Ifin: +0.000e+00

Elem: COMNCEETE-1.1
Mode: 120

G150-C jusle i 5818 i ¥N-Y S

baasly o 5 4 25 gl Juad
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3, Mizes

(hwg 73%0)
+6 964e+01
+6.384e+01
+5.803e+01
+5.223e+01
+4 643e+]1
+4 063e+01
+3482e+01
+2.902e+01
+2.322e+H01
+1.742e+01
+1.161e+01
+53.811e+00
+8.367e-03

ax +6 264e+01
Elem: COMNCEETE-1.2594
Node: 1103

Ifin: +8.367e-03
Elem: CONCRETE-1.7570
Mode: 4848

=, Mizes

(hwg TH%)
+2.542e+01
+2.330e+01
+2.118e+01
+1.207e+01
+1.695e+01
+1.483e+01
+1.271e+01
+1.060e+01
+3.481e+00
+6.364e+00
+4.247e+00
+2.130e+00
+1.274e-02

Wlas +2.242e+01
Elem: COMNCEETE-1.783
Mode: 607

Min: +1.274e-02
Elem: CONCEETE-1.736
Hode: 1210
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=, Max Prneipal

{Awg T5%%)
+4.0659e+00
+3.701e+00
+3.334e+00
+2.967e+00
+2.600e+00
+2.233e+00
+1.865e+00
+1.498e+00
+1.131e+00
+7.638e-01
+3 . 966e-01
+2.5941e-02
-3.378e-01

Ilaz: +4 069e+00
Elemn: CONCEETE-1.570
Mode: 1086

Min: -3.378e-01
Elemn: CONCEETE-1.5%4
Mode: &

£

Py VPP b 28 s Ko UGL50-F oo 15 jewle i 5518 1 0-F s
b

p,=Pﬁ

=, Max Prncipal

(Awg 75%)
+2.665e+00
+2. 37 7e+00
+2.088e4+00
+1.807e+00
+1.512e+00
+1.224e+00
+9.363e-01
+6.483e-01
+3.602e-01
+7.217e-02
-2.15%e-01
-5.02%e-01
-7.920e-01

Masx +2. 665e+00
Elem: COMNCEETE-1.771
Mode: 1153

Min: -7.920e-01
Elem: COMNCEETE-1.716
Mode: 1152

p= ~.ap}pob = VPPP sl a8 s Sl LGB0 iy 5 sl i, 157 5F IS
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2, Max. Pnncipal

(Awg 75%0)
+2.652e+00
+2.298e+00
+1.844e+00)
+1.590e+00
+1.235e+00
+2.812e-01
+5.270e-01
+1.728e-01
-1.813e-01
-5.355e-01
-8.8%7e-01
-1.244e+00)
-1.558e+00

Mlam: +2 652e+00
Elem: CONCRETE-1.822
Mode: 158

i -1.528e+00

Elern: CONCEETE-1.154
MNeode: 881

. p
=0,— =
p .

\.fff@dh&f:ﬂy@GlSO-F S esle 25 IS V-F S

2, Max Principal

(Avg 75%)
+2.282e+H00
+2.005e+00
+1.728e+00
+1.450e+00
+1.173e+00
+3.555e-01
+6.181e-01
+3.407e-01
+6.338e-02
-2.140e-01
-4.913e-01
-7.687e-01
-1.046e+00

Mo +2. 28 2e+00
Elem: COMNCEETE-1.310
MNode: 880

Ifin: -1.046e+00

Elem: CONCERETE-1.17%
Mode: 778
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3, Max Principal

{Avg 73%)
+2.665e+00
+2.377e+00
+2.082e+00
+1.801e+00
+1.512e+00
+1.224e+00
+9.363e-01
+6.483e-01
+3.602e-01
+7.217e-02
-2.15%e-01
-5.03%e-01
-7.920e-01

Max: +2.665e+00
Elem: COMNCRETE-1.771
Made: 1183

Min: -7.920e-01
Elemn: COMNCRETE-1.716
Mode: 11582

baasly Jdoi 5 4 525 tp)ler Jood

p= ~.Op,pob = VAP il iS5 S LGIB0F Lt 5 sele i,y 148 S

=, Max Prncipal

Chwg 75%)
+2.046e+00
+1.817e+00
+1.588e+00
+1.358e+00
+1.12%+00
+2.001e-01
+6.710e-01
+4.418e-01
+2.127e-01
-1.647e-02
-2.456e-01
-4.748e-01
-7.03%e-01

MWaz +2.046e+00
Elem: COMNCEETE-1.555
Mode: 522

Min: -7.03%e-01
Elem: COMCEETE-1.805
Mode: 135
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3, Max. Principal

{Lwg 75%0)
+4.069e+00
+3.701e+00
+3 334e+00
+2.967e+00
+2.600e+00
+2.233e+00
+1.865e+00
+1.498e+00
+1.131e+00
+7.638e-01
+3.966e-01
+2.541e-02
-3.378e-01

lax +4. 069e+00
Elem: COMNCEETE-1.570
Hode: 1086

Min: -3.378e-01
Elem: COMNCEETE-1.5%4
Hode: 9

baasly Jdoi 5 4 525 tp)ler Jood

P=ps——= Aol 28 5 Ko UGI50-F i 5 jsle i, 8 1 1)-F o

3, Max Principal

{Avg 75%0)
+2 &65e+00
+2 37 7e+00
+2 085e+00
+1.201e+00
+1.5312e+00
+1.224e+00
+9.363e-01
+6.483e-01
+3.602e-01
+7.217e-02
-2.15%e-01
-5.03%-01
-7.920e-01

Ifan +2.665e+00
Elem: CONCRETE-1.771
Mode: 1193

Mlin: -7.920e-01
Elem: CONCEETE-1.716
Mode: 1192
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3, Max. Principal

(v 75%0)
+2.795e+00
+2.521e+00
+2. 248e+00
+1.975e+00
+1.701e+00
+1.428e+00
+1.155e+00
+3.814e-01
+6.081e-01
+3 348e-01
+6.154e-02
-2.118e-01
-4.851e-01

Ias: +2.795e+00

Elem: COINMCEETE-1.341

Mode: 988
Min: -4 851e-01

Elem: COMNCEETE-1.455

Mode: 992

baasly Jdoi 5 4 525 tp)ler Jood

VA b 5885 Sa UGLB0-F o 5 sele 2,181 VP S

=, Max Prancipal

(hwg 75%)

+2. 740600
[ +1.830e+00
+9.2062-01

+1.080e-02
-8.988e-01
-1.808e+00

-2718e+00
-3.628:+00
-4.537e+00
-5.447e+00
-6.357e+00
-1 266e+00
-B.176e+00

ez +2.740e+00

Elern: COMCERETE-1.825

Mode: 156

hin: -8.176e+00

Elem: COMCEETE-1.778%

HNode: 560
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2, Iazx Principal

(hwg T5%)
+2.774e+00
+2.041e+00
+1.30%9e+00
+5.75%-01
-1.56%e-01
-8.857e-01
-1.623e+00
-2.355e+H00
-3.088e+00
-3.821e+00
-4 554e+00
-5.287e+00
-6.01%e+00

Max +2.774e+00
Elem: COMNCEETE-1.825
MNade: 156

Iin: -6.019e+00
Elem: CONCEETE-1.779
HNode: 560

p=-0p; pifb = VA i b 28 3 Sl LGIB0F it 5 juule 25, 518 10-F IS

=, Maz Principal
(v 75%0)
+2.781e+00
+2.202e+00
+1.623e+00
+1.044e+00
+4.646e-01
-1.144e-01
-5.935e-01
-1.273e+00
-1.852e+00
-2.431e+00
-2.010e+00
-3.589e+00
-4, 168e+00

Ma +2. 73 1e+00
Elem: COMNCEETE-1.516
Mode: 343

Min: -4, 168e+00

Elem: COMNCEETE-1.738
Node: 5638
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=, Mises

Chwg To%)
+6.972e+01
+6.391e+01
+5.810e+01
+5.22%9e+01
+4 6d4a8e+01
+4.067e+01
+3 486e+01
+2.905e+01
+2 . 324e+01
+1.745e+01
+1.162e+01
+5.815e+00
+2 6d6e-03

Mfaz +6.972e+01
Elem: COMNCRETE-1.119%%
Mode: 12442

Min: +2 646e-03
Elem: COMNCRETE-1.12708
HMode: 12764

lnasily Lo 5 43250 Spolgr

£ - VA LGL50-25 o 0 gt jesle 25 5 glS o¥Y-F S

Prb

DANAGED

(&g 7o%0)

+1.157e+00
+1.061e+00
+3.642e-01
+8.678e-01
+7.714e-01
+6.750e-01
+5.785e-01
+4.821e-01
+3.857e-01
+2.893e-01
+1.928e-01
+5.642e-02
+0.000e+00

Ifas +1.157+00
Elem; COMNCEETE-1.13247
Maode: 788

Ifin: +0.000e+00

Elem: COMNCEETE-1.1
Mode: 120
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DAWAGEC

{Avg 7500
+3.811e-01
+3.076e-01
+7.342e-01
+65.608e-01
+5.874e-01
+5.13%e-01
+4 . 405e-01
+3.671e-01
+2.937e-01
+2.203e-01
+1.468e-01
+7.342e-02
+0.000e+00

Ifas +8 811e-01
Elem: CONCEETE-1.3258
Hode: 4046

Tufin: +0.000e+00
Elern: COMNCRETE-1.1
MNode: 64
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DAMAGEC

{Awg 75%0)
+9.943e-01
+3.114e-01
+8.286e-01
+7.457e-01
+6.62%e-01
+5.800e-01
+4.571e-01
+4.143e-01
+3.214e-01
+2.486e-01
+1.657e-01
+3.286e-02
+0.000e+00

Ifann +9.843e-01
Elem: COMNCEETE-1.17232
Mode: 7T8E

Iufin: +0.000e+00
Elem: CONCERETE-1.1
Mode: 2922
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DA AGEC
(&g 7500
+7.956e-01

+7.223e-01
+6.620e-01

+5.967e-01

+5.304e-01

+4.641e-01

+32.978e-01

+3.315e-01

+2.652e-01

+1.528%e-01
+1.226e-01
+6.630e-02

+0.000e+00
Mlam +7.956e-01

Elem: COMNCZERETE-1.7%70

Maode: 1615

Iufin: +0.000e+00
Elem: COMNCERETE-1.1

Mode: 214

p—= VPP L GL50-45 o 0 st ewle 25 18T YYV-F S
fb

DAMAGEC

Chwg T5%0
+65.76%e-01
+6.205e-01
+5.641e-01
+5.077e-01
+4.513e-01
+3.94%e-001
+3.385e-01
+2.820e-01
+2.256e-01
+1.652e-01
+1.128e-01
+5.641e-02
+0.000e+00

Ilax +6.769:-01

Elem: CONCEETE-1.2677

Hode: 1034
Iin: +0.000e+00

Elem: COMNCEETE-1.1

Hode: 140
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DAMAGEC

(Lwg 75%0)
+7.348e-01
+6.736e-01
+6.124e-01
+5.511e-01
+4 89%e-01
+4.287e-01
+3.674e-01
+3.062e-01
+2.44%9e-01
+1.837e-01
+1.225e-01
+6.124e-02
+0.000e+00

lax: +7.348e-01
Elern: COMNCEREETE-1.1368
Mode: 2629

Mlin: +0.000e+00
Elern: COMNCEETE-1.1
Mode: 214

P
Prb

DAMAGEC

{Lwg T5%)
+7.317e-01
+6.707e-01
+6.097e-01
+5.488e-01
+4 878e-01
+4 268e-01
+3.658e-01
+3.049e-01
+2.43%9-01
+1.82%9&-01
+1.215e-01
+6.097e-02
+0.000e+00

Mlax: +7 317e-01
Elem: CONCRETE-1.2677
Hode: 1034

Iin: +0.000e+00
Elem: CONCEETE-1.1
Hode: 140
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Abstract

Glass Fiber Reinforced Polymer (GFRP) bars with significant corrosion
resistance lead to an improvement in the performance of concrete structures and
a significant reduction in costs. High ratio of tensile strength to weight, non-
conductive, and non-magnetic properties are other features of GFRP bars. Recent
international design standards, such as ACI 440.1R-15 do not recommend
including FRP reinforcement in compression, so they replace them by concrete
in calculations. The purpose of this study was to investigate the effect of
concentric and excentric axial loading on the axial capacity and ductility of GFRP
reinforced concrete columns compared to steel reinforced concrete columns,
comparison of flexural capacity of GFRP reinforced concrete beams with steel
reinforced concrete beams, and also the effect of compressive bars on the bending
capacity and ductility of GFRP reinforced concrete beams.

In this study, concrete beams and columns were modeled using finite element
software ,ABAQUS. Experimental data from previous studies were used as a
criterion for numerical investigations and the model results were validated using
the available experimental data. The results demonstrated that the average load
carrying capacity of GFRP reinforced concrete columns is about 93.5 percent of
steel reinforced concrete columns. GFRP reinforced concrete columns under
concentric loading have greater load carrying capacity than GFRP reinforced
concrete columns under eccentric loading which is more significant for steel
reinforced concrete columns. The average flexural strength of steel reinforced
concrete beam was about 90% of GFRP reinforced concrete beam. Also, the
ductility of GFRP concrete beam specimens was greater than that for the steel
beam specimen. Using GFRP compression reinforcement resulted in higher
energy absorption and ultimately higher ductility of the GFRP concrete beams.
Also, the results showed that GFRP compression reinforcement does not
significantly increase the flexural strength of beams.

Keywords: GFRP bar, ABAQUS, Column, Beams, Load carring capacity,
ductility, Flexural strength
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