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Application of Concentrated FRP Bars to Enhance
the Capacity of Two-Way Slabs

Joo-Ha Lee”, Jun-Mo Yang”, and Young-Soo Yoon"*
I)Dept. of Civil Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT The influence of the differences in the physical and mechanical properties between fiber-reinforced polymer
(FRP) and conventional steel, concentrated reinforcement in the immediate column region, as well as using steel fiber-reinforced
concrete (SFRC) in the slab near the column faces, on the punching behavior of two-way slabs were investigated. The punching
shear capacity, stiffness, ductility, strain distribution, and crack control were investigated. Concentrating of the slab reinforcement
and the use of SFRC in the slab enhanced the punching behavior of the slabs reinforced with glass fiber-reinforced polymer
(GFRP) bars. In addition, the test results of the slabs with concentrated reinforcement were compared with various code equations
and the predictions proposed in the literature specifically for FRP-reinforced slabs. An appropriate method for determining the
reinforcement ratio of slabs with a banded distribution was also investigated to allow predictions to properly reflect the benefit

of the slab reinforcement concentration.
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Fig. 1 Test setup for punching shear test of slabs
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AREEIANEE 100x200 mm ZAIAE T A=
Aol FER o, 358 Ak NEE FaA A=
2 &9} Table 19] A]|Hol| Algd EZBEL] EA
o] vehtelth =g 2 AdoAE GFBF3Y 7% ¢1F

B oSy eldE SFRCY AHF EYES AAT
.s%i AdEAnh, AHgE 73RS 30mm Aol #

yHFo R AE 0.5mm, H A= 1,200 MPac| T},
SFRCS] EA4j¢] Table 19 A&]¥ o] At} Table 25 A

Ao AFS-E gut H2z GERP ule] EAS AT
Zolth. GFRP Hiell thajr & lT;L 04;‘4] NA A FE
B4 ARE oj&ud”. RAY F4¢ A8 md=

FHsyg A" GFRP v *}%O}ﬁiq (Fig. 3). Fig. 3 Glass FRP sand-coated reinforcing bars
3 M EN Y =9 Y A BN Hx: gPS Ax FRAE oL
Ml 71¢7)7F 44 F 744 (post cracking stiffness)e
3.1 53-MA A Ueldth, Table 337 Fig. 42 58 & & dxol, A E
Aol AL mrkze] @St 71E FHe vl
Fig. 4= & A9gy ] A A4 #AE A Al JEs wenh ol T ArAe 2
vepd Aotk F stES 87| shE Al a5 = &Yt YT AT Holu 294 ol F, GF
AFBEE (9F 21 KN)S |3l Rtk A3 879 A series= S series?} WaLdted 7HAdo] HA 3] 13}5]‘:} 3
3 AelA =8 kel HaA ot Table 3& Hz + Brhze] A% wiZe] YR e TANATGE
d AN, BRG] Hx FEA ad3 A sk & & GFB2¢} GFB39| 7ZH7de] GFUL ®tt Z47; 7, 23%
SA19 F AuE g HFAFE H3 Aotk GFRP vt Z7vd 2g B8 B2l & 4 olvh ®ak ofyz} SB2 4
€ A8 544 5 #7o gleng 385 Al SUL Bt} 7ol 16% F7HE At kA %F GFBF3%
gtell 4] GFRP ute] MY E 0.00455 f‘z}% ez e GFB39] 8}%-#7 #A FA9 71271E 2% GFB3Y
st} amjo) &5 AQE 1= AT FANTA AL YT AR Hof SFRCE ARl A
Table 3& & A@Ae] Z44¢ s Aotk 4% A FHele 4T vINA 2E AoR ARG (Fig 4).
Table 1 Concrete properties diros AFAe] o e sdE B2 HE P
— TR R R R R AR I R R L
S series 37.2 2248 3.5 350 «
GF series (column) | 803 2490 8.9 sez N
GF series (slab) 36.3 1936 44
SFRC 33.8 1620 3.9 s
Table 2 Properties of GFRP and steel bars g
. . Ar
Desgmaion| (% | iy | by | vy | o
GFRP #5 198 482 N/A 683 =1.58 o
Steel 10M | 100 | 200 | 454 676 0.25 ° s Ajjragedef“;ﬁm (:jﬂ) %%
Steel 15M | 200 200 45 >88 0.23 Fig. 4 Load vs average deflection responses
Table 3 Summary of test results
Specimen| Pygng (Vo) | P (KN) | P*¥ (kN) ) P, (KN) A, (mm) |A* (mm)| A, (mm) | Post cracking stiffness (KN/mm) |Duectility (A, A,)
SU1 1.18 56 203 301 0.75 9.82 16.95 16.21 1.73
SB2 2.15 58 211 317 0.80 8.93 15.44 18.82 1.73
GFU1 1.18 81 163 222 0.72 14.16 26.15 6.10 1.85
GFB2 2.15 101 186 246 1.37 14.37 23.39 6.54 1.63
GFB3 3.00 87 166 248 1.23 11.74 20.93 7.52 1.78
GFBF3 3.00 95 169 330 1.36 11.13 32.43 7.57 2.9

* For the specimens reinforced with GFRP bars, the load and deflection at 0.0045 of the GFRP bar’s strain were taken to correspond to the yield.
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Fig. 5 Load vs average central deflection responses
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Table 4 Test-to-predicted ratios for slabs with concentration of reinforcements
(a) Reinforcement ratio in the banded region, ppang
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B
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N
e
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e
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lr ot
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A
B
SN

&t o= Asidinh. Au 2PHA] FRP uhe]
S7HE 2N (pEd E)E AHE-3IATH WA Table 4(a)
o AF w2 749 HIY (s AHES ATE A
HHEY, &A% Fd ACI 318, CSA A233 18]
ACI 4400 A F o2 F33 &3S BA2Y, ACl
3187} CSA A23.3% BS 8110 2 EC2¢} nlarixlz o
v A2 B LY B E Aoz 3 &o]ojA] GFRP B

732 | 2232 EEE =27 193 HM65 (2007)

Slab |f".(MPa) ’Zﬁ’y“o")d (E’NS ACIZE‘?;CSA ACI440 | BS8110°| EC2* | JSCE l\éaéggs 2 g(‘)a(;;‘;w gstl)o(;g? EtzGOf;;al
S1-B° 372 215 317 1.07 1.05 1.09 0.83 091 0.72 1.07 0.50 0.79
S2-B° 57.1 215 447 1.22 1.30 1.53 1.02 1.47 0.88 1.22 0.62 0.90
S3-B°| 671 2.15 485 1.22 1.34 1.67 1.05 1.60 0.90 1.22 0.63 0.90
NB° 300 2.15 349 1.31 1.24 1.24 0.99 1.09 0.85 1.31 0.60 097
GFB2| 363 2.15 246 0.84 1.46 0.84 0.65 1.13 0.90 1.35 0.80 1.00
GFB3 | 363 3.03 248 0.85 1.28 0.76 0.66 1.02 0.81 1.36 0.72 0.90
Mean 120 128 1.38 097 1.20 0.84 125 0.65 091
o2 0.100 0.135 0.265 0.095 | 0273 0.071 0.110 0.104 0.072
Co.V. 83 10.5 19.1 9.8 2279 84 8.8 16.1 7.9
(b) Average reinforcement ratio, p,e
Slab |7 (MPa) ‘(f;:) (2\]’) ACIilzi‘?;ESA ACI440 | BS8110°| EC2* | IJSCE l\é%tggy)s El'g%ag"ur ggg‘;‘ Ei;?gal
SI-B° 372 1.46 317 1.07 122 124 0.93 1.03 0.82 1.07 0.57 0.90
$2-B° 571 1.46 447 122 1.51 1.75 1.13 1.68 1.00 1.22 0.70 1.03
S3-B° 67.1 1.46 485 122 1.56 1.89 1.16 1.82 1.03 1.22 0.72 1.03
NB° 30.0 1.41 349 1.31 1.46 1.43 1.11 1.26 0.98 1.31 0.69 1.12
GFB2 36.3 1.46 246 0.84 1.74 0.96 0.72 1.29 1.03 135 092 1.14
GFB3 36.3 1.76 248 0.85 1.61 091 0.69 1.22 0.97 1.36 0.87 1.08
Mean 1.20 1.52 1.58 1.08 1.38 0.97 1.25 0.74 1.05
o 0.100 0.173 0.298 0.107 | 0301 0.078 0.110 0.126 0.085
Co.V. 83 114 189 9.9 21.8 8.1 8.8 16.9 8.1
® The means, standard deviations and coefficients of variation were calculated based on steel-reinforced slabs only.
b Specimens tested by Ghannoum. (1998)
® Specimen tested by McHarg et al. (2000)
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Notation
c = column width (mm)
E. = modulus of elasticity of concrete (MPa)
E; = modulus of elasticity of FRP (MPa)
E, = modulus of elasticity of reinforcement (MPa)
E, = modulus of elasticity of steel (MPa)
fa = characteristic concrete cube strength (MPa)
Ju = ultimate tensile strength of FRP (MPa)
1 = modulus of rupture of concrete (MPa)
f. = tensile strength of steel reinforcement (MPa)
5 = yield strength of reinforcement (MPa)
A = specified compressive strength of concrete (MPa)
h = overall thickness of slab (mm)
P, = cracking load (kN)
P, = ultimate load (kN)
P, = yielding load (kN)
Vs = punching shear strength experimentally obtained (N)
A, = deflection at cracking load (mm)
4, = deflection at ultimate load (mm)
A, = deflection at yielding load (mm)
a = punching crack inclination (deg)
& = strain in FRP reinforcement
&, = rupture strain of FRP reinforcement
& = reinforcement yield strain
g/ = concrete strain corresponding to (f)
P = reinforcement ratio

Pwe = average reinforcement ratio in and outside banded region

Phana = reinforcement ratio in banded region

Pouter = reinforcement ratio outside banded region
0 = standard deviation
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