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ABSTRACT

behavior between glass fiber-reinforced polymer (GFRP) bars and concrete,
a critical factor in ensuring structural integrity, effective stress transfer, and
long-term durability of reinforced concrete structures. Given the distinct mechanical
behavior of GFRP bars compared to conventional steel reinforcement, optimizing the
surface rib geometry of GFRP bars is essential for enhancing their bond performance
with concrete.
Methods: The primary focus of this research is to analyze the influence of four key rib
geometry parameters—rib height, width, spacing (pitch), and cross-sectional angle-on
the bond strength of GFRP bars embedded in concrete. These parameters were
systematically varied and evaluated through a combination of experimental pull-out
tests and advanced numerical simulations. Experimentally, six types of machined
GFRP bars with different rib geometries, including two optimized designs, were
subjected to standard pull-out tests to assess their bond behavior. Numerically, 36
o s A different rib configurations were mpdeled using Abaqus software. The simulatiqns
! employed the concrete damage plasticity (CDP) model to represent concrete behavior
pull-out test, and the LaRCO05 failure criterion to capture the response of composite materials.
Findings: The results revealed that rib height, spacing, and width significantly
influence bond strength, while the cross-sectional angle has a comparatively minor
rebar, effect. The optimized rib design-with a height of 0.73 mm, width of 9.44 mm,
optimization, spacing of 13.84 mm, and angle of 53 degrees-achieved a maximum pull-out force of
approximately 49,000 N, demonstrating a substantial improvement over conventional
design. These findings underscore the importance of precise and engineered rib
geometry in improving bond performance and provide a robust scientific and practical
framework for the development of high-performance GFRP bars in civil engineering
applications.

l l ypothesis: This study presents a comprehensive investigation into the bond

numerical simulation of GFRP

rib geometric parameters
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Fig. 1. Samples of machined rebars.
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Fig. 2. Pull-out test samples preparation process.
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Table 1. Proportion of constituents in the concrete mixes [8].

Component Content (kg/m?)
Water 193
Cement 332
Water to cement ratio 0.58
Fine aggregate 905
Coarse aggregate 905
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Fig. 3. Pull-out test samples.
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Table 2. Properties of glass-polyester composite [9].

Parameters Values
E1l (Pa) 37.5%
E2 (Pa) 15%
E3 (Pa) 15%
v12 (poisson ratio) 0.15
v13 (poisson ratio) 0.15
v23 (poisson ratio) 0.33
G12 (Pa) 4%
G13 (Pa) 4%
G23 (Pa) 1.5%
Density (kg/m?) 1.89%*
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Table 3. Mechanical properties of concrete [13].

Parameters Values
E (Pa) 20111%*
Poisson ratio (v) 0.2
Yield surface shape parameter (K) 0.6667
Tensile strength to compressive strength 1.16
ratio (Fbo/Fcy)
Eccentricity 0.1
Dilation angle 40
Density (kg/m?) 2.5%
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Fig. 10. Force-displacement curve for control specimens S1 and S2.
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Fig. 11 Void left by the placement of the composite rebar in
the control specimen within the concrete block after testing

and extraction of the rebar.
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Fig. 12. Force-displacement curve for machined specimens Al and A2.
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Fig. 13. Composite rebar following the completion of the

pull-out test.
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Table 4. Statistical results of independent variables of the ribs.

Independent Variable VIF Statistical Power (%) p-value Correlation
Rib Height (Hr) 1.06886 99.7 0.0006 -0.47
Rib Width (Wr) 1.0337 99.7 0.50 -0.11
Rib Spacing (Sr) 1.02646 99.8 0.007 -0.34
Rib Cross-Section Angle (Ar) 1.0337 99.7 0.85 -0.06
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Table 5. Some numerical simulation results of the designed tests.
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Test number | Displacement | Force (N) aifgliecigsr?(iieec;rzg) Rib spacing [Sr] | Rib width [Wr] | Rib height [Hr]
1 1 38291.1 52.5 5.25 13.5 0.72
3 3.1 43982.6 52.5 5.25 28.5 0.72
5 0.56 45140.2 52.5 9.75 13.5 0.72
6 0.4 38046.2 52.5 9.75 13.5 1.2
7 2.47 43491.6 52.5 9.75 28.5 0.72
8 0.25 15262.1 52.5 9.75 28.5 1.2
11 2.6 47129.2 77.5 5.25 28.5 0.72
13 0.63 50992.2 77.5 9.75 13.5 0.72
19 0.43 46520.5 65 7.5 7.5 0.96

21 2 46679.6 65 3 21 0.96
27 1.41 30194.1 65 7.5 21 0.96
33 1.76 39285.9 65 5.25 13.5 0.72
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Fig. 15. Comparison of the force-displacement curves

obtained from experimental testing and numerical simulation.
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Fig. 14. Cross-section of the failure location.
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Fig. 16. Composite rebars with optimized rib geometry.
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Fig. 17. Force-displacement curve of the specimens with optimized rib geometry (optl and opt2).
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Table 6. Optimal rib geometry parameters.

parameters Optimal value
Rib Height [Hr] 0.73
Rib Width [Wr] 9.44
Rib Spacing [Sr] 13.84
Rib Cross-Section Angle [Ar] (degree) 53
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Fig. 18. Failure mode of the optimized specimens.
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