J. Comput. Struct. Eng. Inst. Korea, 34(6)
pp.363~370, December, 2021
https.//doi.org/10.7734/COSEIK.2021.34.6.363

pISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

Parametric Crack and Flexural Strength Analyses of Concrete Slab For
Railway Structures Using GFRP Rebar

Hyeong-Bae Choe' and Sang-Youl Lee? "

'Graduate Student, Department of Earthquake Disaster Prevention Engineering, Andong National University, Andong, 36729, Korea
2Professor, Department of Civil Engineering, Andong National University, Andong, 36729, Korea

Abstract

In this paper, we presented an optimized crack and flexural strength analysis of a glass-fiber reinforced polymer (GFRP) rebar, used as
reinforcements for in-site railway concrete slabs. The insulation performance of a GFRP rebar has the advantage of avoiding the loss of signal
current in an audio frequency (AF) track circuit. A full-scale experiment, and three-dimensional finite element simulation results were
compared to validate our approaches. Parametric numerical results revealed that the diameters and arrangements of the GFRP rebar had a
significant effect on the flexural strength and crack control performances of the concrete track slabs. The results of this study could serve as a
benchmark for future guidelines in designing more efficient, and economical concrete slabs using the GFRP rebar.
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Fig. 1 Hysteresis of maekawa cracked concrete curves
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Fig.2 Crack re-closing curve in the maekawa model
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Fig. 4 Concrete slab models for a flexural analysis
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Table 1 Material properties of steel(SD400) rebar

Mass Density, kg/m® 7,850
Young’s modulus, MPa 200,000
Yield stress, MPa 400
Tensile strength, MPa 560
Table 2 Material properties of GFRP rebar
Nominal Mass Young’s Tensile
Diameter Density Modulus Strength
(mm) (kg/m®) (MPa) (MPa)
10 2,230 46,000 827
13 2,230 46,000 758
16 2,230 46,000 724
19 2,230 46,000 690
Table 3 Material properties of concretes
Mass Density, 241079
Threshold angle between cracks 22.5°
Tensile strength, MPa 3
Plateau end strain 0.0002
Power C 0.4
Uniaxial compressive strength, MPa 30
Ultimate shear strain 0.004
Power C for shear retention 0.4
Minimum value shear retention factor 0.01
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Fig. 5 Verification of specimen in the longitudinal direction
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Table 4 Case of flexural tensile strength analysis by different diameter

Case Diameter

Bottom 13mm — 10mm

19mm — 16mm

Upper, middle 16mm — 13mm

Specimen in the

longitudinal direction 13mm — 10mm

All 19mm — 16mm
16mm — 13mm

Bottom 19mm — 16mm

19mm — 16mm

Upper, middle 16mm —> 13mm

Specimen in the

transverse direction 19mm — 16mm

All 16mm — 13mm
13mm — 10mm

Load (kN)

Displacement(mm)
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Fig. 7 Displacement results of flexural tensile strength analysis
by different diameter
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Fig. 9 Maximum crack width results of crack analysis by
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Table 5 Case of crack analysis by number of GFRP

Diameter(mm) Number of GFRP | Sectional area
rebar (EA) ratio (%)
Original | 13 18 100
Specimen 24 79
in the 26 85
longitudina| Reduced | 10 28 92
| direction 30 99
32 105
Original | 19 18 100
Specimen 20 79
in the 22 87
transverse | Reduced | 16 24 95
direction 26 102
28 110
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Fig. 11 Load-maximum crack width curves of crack analysis by
numbers of GFRP rebars
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