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Evaluation of Shear Capacity of Wide Beams Reinforced with GFRP
and Steel Plates with Openings by Various Supporting Areas
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Abstract

In this paper, shear performance of concrete wide beams was evaluated through shear failure tests. The specimens were designed
to have two continuous spans with a column at the center of the wide beam. Also the specimens were reinforced with plates with

openings as shear reinforcements. For the test, total eight specimens, including five specimens were reinforced with steel plates and
the other three specimens were reinforced with GFRP plates were manufactured. And the shear strengths obtained from the tests

were compared with ones from the equation provided by ACI 318. Support width of wide beam, support section of wide beam and
shear reinforcement material were considered as variables. The results showed that the support width was proportional to the

increase of shear strength. Also, regardless of material type of shear reinforcement, the shear reinforcing effect was similar when the

amount of shear reinforcement was the same.
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Fig. 1 Schematic view of a wide beam reinforced with
shear reinforcement
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Table 1 Material properties

Yield strength Modulus of
(MPa) elasticity (GPa)

Steel rebar 400 200

Steel plate 400 200

Tensile strength Modulus of
(MPa) elasticity (GPa)

GFRP plate 480 50
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Fig. 3 Shape of shear reinforcement
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Fig. 4 Detail of specimens
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Table 2 Details of specimens

o

N3 W, $23

Width of Thickness |The number of plates of . .Spac‘mg of Amount of shear
. . . Column size longitudinal shear .
vertical strip| of plate |transverse cross-section . reinforcement
reinforcement ) )
(wy) (n) (mm?) (s)) (A, X f s AX fr)
(mm) (mm) (EA) ‘ (kN]
{mm)
S200-A 200%200
S400-A 200%400
S800-A 20 2.2 200800 52.8
S400-B 400x400
S600-C 3 600%600 120
G200-A 200%200
G400-A 14.7 2.5 200400 52.9
G800-A 200%800

Specimen notations of S200-A

S: Reinforcement material(S: Steel plate, G: GFRP plate)
200: Length of transverse support width(200:200mm, 400:400mm, 600:600mm, 800:800mm)
A: Length of longitudinal support width(A: 200mm, B: 400mm, C:800mm)
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Fig. 7 Crack mode

Table 3 Test results

Vo (KN) Failure mode
S200-A 260.53 Shear
S400-A 303.02 Shear
S800-A 342.23 Shear
S400-B 307.40 Shear
S600-C 323.35 Shear
G200-A 260.53 Shear
7somm | 7somm | | 1500mmm G400-A 298.57 Shear
Fig. 6 Test setup G800-A 343.20 Shear
Table 4 Experimental and theoretical shear strengths
V. ACI-318

v, (kN) v, (kN) v, (kN) Veo/ Vi

S200-A 260.53 206.38 99.22 305.60 0.85
S400-A 303.02 206.38 99.22 305.60 0.99
S800-A 342.23 206.38 99.22 305.60 1.12
S400-B 307.40 206.38 99.22 305.60 1.01
S600-C 323.35 206.38 99.22 305.60 1.06
G200-A 260.53 206.38 99.41 305.79 0.85
G400-A 298.57 206.38 99.41 305.79 0.98
G800-A 343.20 206.38 99.41 305.79 1.12
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A, : sectional area of shear reinforcement(mm®)

a : depth of equivalent rectangular stress block(mm)

b, : width of wide beam(mm)

w
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d . effective depth of wide beam(mm)

f’c . specified compressive strength of concrete(MPa)

fy . specified yield strength of shear reinforcement(MPa)

ffb, . specified tensile strength of GFRP plate(MPa)

n © The number of plates of transverse cross-section

Sy . center-to-center spacing of longitudinal shear
reinforcement (mm)

V. nominal shear strength provided by concrete(kN)

Viep © experimental maximum shear strength(kN)

", nominal shear strength of wide beam(kN)

V., nominal shear strength provided by shear
reinforcement (kN)

po - flexural reinforcement ratio steel bars

References
ACI Committee 318-14 (2014) Building Code

Requirement for Reinforced Concrete and Comm-
entary (ACI 318-14), American Concrete Institute,
Farmington Hills.

ACI Committee 440.1R-06 (2006) Guide for the
Design and Construction of Concrete Reinforced
with FRP Bars (ACI 440.1R-06), American Concrete
Institute, Farmington Hills.

.31 % olg

FN

=4 = ™ h

Choi, J.W., Kim, M.S., Choi, B.S., Lee, Y.H.
(2015) Evaluation of Shear Capacity According to
Transverse Spacing of Wide Beam Shear Reinforced
with Steel Plate with Openings, J. Comput. Struct.
Eng. Inst. Korea, 28(3), pp. 259~266.

Kim, D-J., Kim, M.S., Choi, J.H., Kim, H.C., Lee,
Y.H. (2014) Concrete Beams with Fiber-Reinforced
Polymer Shear Reinforcement, ACI Struct. J.,
111(4), pp.903~912.

KS F 2405 (2009) Standard Test Method for Comp-
ressive Strength of Cylindrical Concrete Specimens,
Annual Book Korean Standards.

Korea Concrete Institute (2012) Concrete Design
Code and Commentary(KCI-12), Kimoondang Publi-
shing Company, Korea.

Lubell, A.S., Bentz, E.C., Colins, M.P. (2008)
One-Way Shear in Wide Concrete Beams with
Narrow Supports, ASCE Structural Congress, Cros-
sing Borders, Reston, VA.

Shuraim, A.B. (2012) Transverse Stirrup Configura-
tions in RC Wide Shallow Beams Supported on
Narrow Columns, ASCE Structural Congress, 138(3),
pp.416~424.

2 X

e Fod ¥ dHE Ad B e nef A TS AYste] d5E 5 Ater dAste] dduty 49
S B W 2o AT WUtesith fed Ao dd mid APA 5749 f3F GFRPIO.R R AFA 37
T e AEAE Adny] AFS S8 AST ADA = ACI-318 it AANE S 22 ddd=el vlaL - st
STk B W WO AAE F AR gy AdngAge] AnE WER ste] W no A v 9
TS o] F T AAN o] TUHEFE AvA =T Sk kF e HFE FA G AL AQsin B AT
FA L] Azl A ek GFRPI Faglo] ddtndgol gdstrhdl W HolA v 5d Adugaats Hole A& #elst
Atk
Agol @ W B AAN & 39 A3, #9 GFRPY

SEMATESSE =28 H20H M3=(2016.6) 275



