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Evaluation of Shear Behavior of Reinforced Concrete Beams with FRCM
Composites with Different Textile Grid Types
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Abstract
This paper presents the results of an experimental study to evaluate the shear behavior of reinforced concrete
beams reinforced with FRCM composites using different types of textile grids. It was found that the shear
behavior of reinforced concrete beams with FRCM composites was observed by comparing the strains
measured in the stirrups and textile grids. It was found that the ultimate strength of the strengthened
specimens increased compared to the basic specimens, and the failure mode at ultimate strength changed from
shear failure to bending failure. When the shear strength design values of the KDS 14 20 22 and Al] ultimate
strength types were compared with the actual experimental values, it was found that the AlJ ultimate strength
type was more accurate. In addition, the shear contribution of FRCM composites in the A and T models was
compared, and the results showed that both models had similar trends. Reflecting these results, it is
recommended that further studies should be conducted to calculate the shear performance of beam members
with FRCM composites and the shear contribution of FRCM composites by using the stirrup reinforcement ratio
and the type of textile grid as variables.
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Fig. 1. Specimen Details (Dimensions in mm)
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Table 1. List of Specimens

Type of Sox

Specimens Textile Grid a/d (MPa) Longitudinal Rebar Transverse Rebar
Steel f Steel Soy
B-N - on w
bar  (MPa) " bar  (MPa) e
B-V.S V-SBR' 20 2193
B-S.E S-EPOXY’ 5-D19 450 0.016 @1))2180 466  0.00285
B-C.D C-DRY’

Note: *Type of impregnation: SBR (Styrene Butadiene Rubbler), EPOXY, Unimpregnated (Dry)
a/d: Shear Span Ratio, f: compressive strength of concrete, f;: Longitudinal Rebar Tensile Strength, f,,: Transverse
Rebar Tensile Strength, pjong: Longitudinal Rebar Ratio, p,: Transverse Rebar Ratio

Specimens Name: A (Beam)-B (Textile Grid)

T

Fig. 2. Types of Textile Grids: (a) V.S, (b) S.E, (c) C.D
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Fig. 3. Tensile Test: (a) FRCM Composites Tensile
Test, (b) Roving Tensile Test (Textile Grid)

Table 2. Mechanical Properties of FRCM Composites

Type of Ar frrem  ErreM  ERrem
Textile Grid (mm?®) (MPa) (GPa) (%)
V.S 1.856 1008 333 0.27

SE 1.856 2122 372 0.52

C.D 0.856 757 89 0.82

Ay, Cross-Sectional Area of Textile Grid, frren: Tensile
Strength of FRCM Composites, Epren: Elastic Modulus
of FRCM Composites, mrem: Ultimate Strain of FRCM
Composites

488 AT
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Table 3. Mechanical Properties of Textile Grids

Type of Af fr Ef Efu
Textile Grid (mm?®) (MPa) (GPa) (%)
V.S 1.856 1758 147 1.20

S.E 1.856 2500 220 1.14

C.D 0.856 1291 87 1.48

Ay Cross-Sectional Area of Textile Grid, fz Tensile
Strength of Textile Grid, Ex Elastic Modulus of Textile
Grid, &p: Ultimate Strain of Textile Grid

ZA5]

T9] &g 12j5to] 249 FRCM B3] 2] A&
EXo|t}. Fig. 3(b) & Table 32 A4 212 Q1%
NS B3l 24 A= EAL e glo,
A 28 AA Y PGAIE S B-5te] A2 Tzt
A 799 AR A= 58S Ve L Qe (R
2=, 2022).

Table 4= FRCM E3}4jjo]] A}8-= w2 E}2.9] Hj
3hS ERJ Q. O.H, Table 5= T7]74] WjEZAQ]
A& 5ol

2.2 HzEm
FRCM E3HAl= 2238 E H o] Ah37t 9
2)of 2 Bzl o 2 B7E|Qleh B 7S Fig 4
of| Urehdl A3t o] FRCM B & F3ko7| A 1
HAPE §F ¥ 5mm F79 13} fESAX[HE
HEER)E TXoI9t 1 F HARY TJ2EE

-

Table 4. Inorganic Matrix Mixing Ratio

Fig. 4. Reinforcing Methods: (a) Surface Cleanup,
(b) Apply the First Matrix, (c) Attaching a
Textile Grid, (d) Apply the Second Matrix
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Composition of Binder by Weight (%)

Mix No. W/B (%
BOR) 0 Gees sk s»  pvAY EVA" ADY W

FRCM 42.5 42.0 2.0 1.0 49.81 0.2 0.2 4.79 17.0

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyyinyl Alcohol, 4) EVA: Ethylene vinylacetate, 5) AD: Admixture

Table 5. Mechanical Properties of Inorganic Matrix (Age 28 Days)
Mix No Flow Compressive Strength Flexural Strength Adhesive Strength
' (mm) (MPa) (MPa) (MPa)
FRCM 188 66.9 11.2 1.6
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Fig. 5. Test Setup
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Table 6. Summary of Test Results
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Fig. 6. Load-Displacement Relations

max Vmax APmax Gain in
(kN)  (kN)  (mm)  Pmax (%)
B-N 586.2 293.1 8.29 -

Specimens

VMn Vpre,A Vpre,T

B-V.S 689.6 3448 12.62 17.63

B-S.E 677.5 3388 11.52 15.57

B-C.D 628.2 3141 9.69 7.16

Vmax/ Vmax/ Failure
Vpre,A Vpre,T Mode

296.8 0.98 Shear

3435 3348 1.00 1.03 Shear:Slip

290
3879 3664 087 092 conerete
Crushing
3074 2985 1.02 1.05 Shear:Slip

Note: Ppax: Ultimate Load, Vinax: Ultimate Shear Strength, Appax: Deflection at Ultimate Load, Vwy: Shear Strength at
Design Ultimate Bending Moment, Vpca: Design Shear Strength (A Model), Vprer: Design Shear Strength (T

Model)
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Fig. 7. Failure Mode of Beam: (a) B-N, (b) B-V.S, (c) B-S.E, (d) B-C.D
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Fig. 11. Comparison of VPre with Vtest: (a) A Model,
(b) T Model
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