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Abstract

In this study, shear test performed to investigate the shear behavior of flat plate that reinforced by embedded GFRP(glass fiber
reinforced polymer) plate with openings. Shape of the GFRP shear reinforcement is a plate with several openings to ensure perfect
integration with concrete. The test parameters include the distance between the column face and the first line of GFRP plate and
number of GFRP plate vertical strip. The result of test showed that when number of GFRP plate vertical strip was increased, shear
strength improved. The shear strength for flat plate reinforced GFRP plate in various codes including ACI 318, BS 8110, EUROCODE

2, and KCI were compared to provide more rational approach for reinforced concrete flat plates with GFRP plate.
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Fig. 1 Shape of GFRP plate
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Fig. 2 Critical shear sections according to ACI 318, BS 8110, EUROCODE 2, KCI.
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Table 1 Material properties

Diameter Tensile Modulus of
(amne])e Strength Elasticity
(MPa) (GPa)
Tension bar
Column bar 22.2 500 200
hoop 9.5 400 200
GFRP - 480 50
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FE7E AEA 170, GFRP o2 Ak B73E AJdA 670
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Table 2 Characteristics of specimens

slab dimension Shear reinforcement characteristics Calcula‘.ued

properties

. I3 sl.ab Col.umn h d » In Number of 4, P, Py
Specimens| (| SZe | si7e iy L mm) | (%) | (uipay | CERE Plate |y s/d s | aen)

(mm) | (mm) vertical strip

Control - - - - - 1251 327
G2B 480 2 256 0.5 0.5 1251 343
G3A 2000 250 480 3 384 0.3 0.5 1251 393
G3B 21 x x 180 138 2.2 480 3 384 0.5 0.5 1251 393
G3C 2000 250 480 3 384 0.7 0.5 1251 393
G4B 480 4 512 0.5 0.5 1251 426
GbB 480 5 640 0.5 0.5 1251 459

Specimens notation - G2B

G : Type of shear reinforcement(G : GFRP plate)
2 : Number of GFRP plate vertical strip(2, 3, 4, 5)
B : Distance between the column face and the first line of shear reinforcement(A : 42mm, B : 69mm, C : 97mm)

Fig. 3 Plan view of the slab specimen
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Fig. 5 Strains in tension reinforcing bars at peak load
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Fig. 8 Compare of the test result to the theoretical
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General equation @ V, =V, +V;
Building codes Critioal Critioal Vs
Shear strength Size effect | Reinforcement ratio . riea r.1 rea GFRP plate
perimeter effect perimeter
ACI 318 i - - by= 4(c+d) A,
; .[400 V100p - B .
BS 8110 0.793/ .. \/7 <1.0 0.0015 < p < 0.03 b= 4(c+3d) 0.952 1 4,f 1,
I 200 V100p ‘
EUROCODE 2 0.18{/f, 1+ 5 =20 b= 002 - b= 4c+3nd L.5nAfy,
Focoté= 3007 25\/ L —300(-4-) by ) N
KCI G T \/T <1.0 I ‘ P k= 4/ 2 =125 b= 4(c+d) 0.5n.Af,
p = 0.03
Table 4 Comparison between experimental and predicted failure loads(concrete shear strength)
ACT 318 BS 8110 EC 2 KCI
Specimen Vew Viaa Ve Vi ps Vew Vo e Vew Vi ka Ve
(kN) [ Vaa (kN) / Vs (kN) e (kN) / Ve
Control 450 327 1.38 390 1.15 397 1.13 471 0.96
Table 5 Test results
. ACIT 318 BS 8110 EC2 KCI
Specimens (k;\?‘) Vi aa Ve Vi s Ve Vi e oxp Vika Ve
(kN) / Vo acr (kN) / Vs (kN) / Vi (kN) ! Vawa
G2B 471 343 1.37 507 0.93 639 0.74 608 0.77
G3A 567 393 1.44 621 0.91 707 0.80 666 0.85
G3B 543 393 1.38 621 0.87 707 0.77 666 0.81
G3C 520 393 1.32 621 0.84 707 0.74 666 0.78
G4B 581 426 1.37 746 0.78 752 0.77 702 0.83
G5B 694 459 1.51 926 0.75 797 0.87 737 0.94
Average ratio - 1.40 - 0.85 - 0.78 - 0.83
Standard deviation - 0.06 - 0.07 - 0.05 - 0.05
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Af © sectional area of a vertical strip of GFRP plate(me)
o ° perimeter of critical section(mm)

c : side length of square column(mm)

2~ o)
Al . g5 - 7138

—
(

vy
o
2
o

A .

c : depth of the compression zone(mm)

d : effective depth of the slab(mm)

f'c . specified compressive strength of concrete(cylinder)
(MPa)

f.. ° specified tensile strength of concrete(cube) (MPa)

fra ¢ specified tensile strength of GFRP plate(MPa)
f,. ‘ tensile strength of the concrete(MPa)

. specified yield strength of tensile reinforcement(MPa)

<

. slab thickness(mm)
. span length of slab(mm)
¢ flexural capacity of slab per unit width

- o

E

© modification factor of critical section

NSN

o

* modification factor of size effect
. number of the vertical component of the GFRP plate
: nominal punching shear strength(kN)

<

: yield line theory flexural strength(kN)

@ vP

. center-to-center spacing of longitudinal reinforcement
(mm)
: Distance between the column face and the first line of

)

shear reinforcement(mm)
. thickness of GFRP plate(mm)

: nominal shear strength provided by concrete(kN)

L~
~

: experimental punching shear strength(kN)

: nominal shear strength provided by GFRP plate(kN)
: nominal punching shear strength(kN)

w; * width of GFRP plate(mm)

 ratio of tension reinforced bar

=SS

ASEERS

. average angle of the inclined punching shear crack
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