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Evaluation of Punching Shear for Flat Plates Using GFRP Plate
Shear Reinforcement
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Abstract

The purpose of this study is to experimentally 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 was performed on 7 specimens to check shear strength of flat plate that reinforced by
GFRP plate. The parameters include the spacing of the shear reinforcement and amount of the shear reinforcement. The result of test
showed that when amount of shear reinforcement was increased, shear strength improved. The result of test showed that maximum
shear strength was confirmed when spacing of shear reinforcement was 0.3d. The calculation of the shear strength of reinforced flat

plate with GFRP plate based on the KCI was compared with the test results.
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Fig. 1 Shape of GFRP plate
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Table 1 Material properties

Diameter Tensile Modulus of
Strength Elasticity
(mm)
(MPa) (GPa)
Tension bar 22.2 500 200
Column bar
hoop 9.5 400 200
GFRP - 480 50
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Fig. 3 Schematic view of a flat plate reinforced with
GFRP plates
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Table 2 Characteristics of specimens

slab dimension Shear reinforcement characteristics Calcula‘Fed
properties
, slab | Column Amount of
Specimens I size size h d r T Afz reinforcement | s/d D Py
(Mpa) (mm) | (mm) (%) (Mpa) (mm®) (kN) (kN)
(mm) | (mm) A< fr,(kN)

Control - - - - 1251 470
A184 480 384 184 0.3 1251 660
B184 2000 250 480 384 184 0.5 1251 666
C184 21 x x 180 138 2.2 480 384 184 0.75 1251 682
A246 2000 250 480 512 246 0.3 1251 697
B246 480 512 246 0.5 1251 702
C246 480 512 246 0.75 1251 722

Specimens notation-A184

A : center-to-center spacing of shear reinforcement(A : 40mm, B : 69mm, C : 104mm)

184 : Amount of shear reinforcement(184kN, 246kN)
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Fig. 4 Critical sections according to KCI
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Fig. 6 Crack patterns on slab tension side

(a) Control

(b) B246
Fig. 7 Crack patterns after saw cut
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Table 3 Test results

Specimens D1sp(l;ii1)nent (133’) (II:IF\G;) Ve Veu
Control 8 406 470 0.86
A184 12 582 660 0.88
B184 11.30 543 666 0.82
C184 10.41 512 682 0.75
A246 13.23 607 697 0.87
B246 11.89 581 702 0.83
C246 10.32 562 722 0.78
Average ratio 0.83
Standard deviation 0.05
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Fig. 12 Comparison of shear strength ratio
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Table 4 Failure mode

Speci Ve Vi out Failure mode Crack patt
PECIMENS T (1) (kN) Predicted | Actual rack patlerns
| 1
Alg4 574 556 | Outside | Outside @ O -
~
B184 532 605 Within Within
C184 512 641 Within Within
A246 563 605 Within Within
B246 532 641 Within Within
C246 517 677 Within Within
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A; * sectional area of a vertical strip of GFRP plate(mmz)

b - perimeter of critical section set at d/2 from the face
column (mm)

: perimeter of critical section set at d/2 from the shear
reinforcement zone(mm)

c . side length of square column(mm)

c, : depth of the compression zone(mm)

d . effective depth of the slab(mm)

f'. ° specified compressive strength of concrete(MPa)

fr.  specified tensile strength of GFRP plate(MPa)

fi.. ° tensile strength of the concrete

h . slab thickness(mm)

1 . span length of slab(mm)

ky, - modification factor of critical section

k, © modification factor of size effect

n : number of the vertical component of the GFRP plate

P, : nominal punching shear strength(kN)

P, . yield line theory flexural strength(kN)

S . center-to—center spacing of longitudinal
reinforcement(mm)

t; thickness of GFRP plate(mm)

V., : nominal shear strength provided by concrete(kN)

V. ° nominal shear strength provided by
concrete(governing failure within shear reinforced
zone) (kN)

V.. - design punching shear strength(kN)

wp - experimental punching shear strength(kN)

V; : nominal shear strength provided by GFRP plate(kN)

V, : nominal punching shear strength(kN)

V, < ‘- nominal punching shear strength(governing failure
within shear reinforced zone) (kN)
V, . : nominal punching shear strength(governing failure

outside shear reinforced zone) (kN)
w; ¢ width of GFRP plate(mm)

p * ratio of tension reinforced bar
@ © average angle of the inclined punching shear crack
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