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Flexural Strength and Deflection Evaluation
for FRP Bar Reinforced HSC Beams with Different Types
of Reinforcing Bar and Fiber

Jun-Mo Yang,l) Doo-Yeol Yoo," Hyun-Oh Shin,” and Young-Soo Yoon"*
YSchool of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT The test results of high-strength concrete beam specimens, which have various combinations of different types of
flexural reinforcement and short fibers, were compared with the prediction results of codes, guidelines and models proposed by
researchers. The theoretical calculation based on the ultimate strength method of the KCI and ACI Code underestimated the ulti-
mate moments of FRP bar-reinforced beams without fibers. The models proposed by ACI 544.4R and Campione predicted the ulti-
mate moment capacities inaccurately for the FRP bar-reinforced beam with steel fibers, because these models do not consider the
increased ultimate compressive strain of fiber reinforced concrete. Bischoff's deflection model predicted the service load deflections
reasonably well, while the deflection model of ACI Committee 440 underestimated the deflection of FRP bar-reinforced beams.
Because the ACI 440 expression, used to predict member deflection, cannot directly apply to the beams reinforced with different
types of reinforcing bars, an alternative method to estimate the deflections of beams with different types of reinforcing bars using
the ACI 440 expression was proposed. In addition, Bischoff's approach for computing deflection was extended to include deflection
after yielding of the steel reinforcement in the beams reinforced with steel and FRP bars simultaneously.
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Table 1 Details of test specimens

Table 2 Experimental and theoretical moments at first cracking

Speci-| E, | En | 44 | 40 AE, [Typeof| v, and at ultimate for beams without fibers

men |(GPa) | (GPa)|(mm®)|(mm®) |(x10°kN)| fiber | (%) Socc M,, (kNm) M, (kKNm) Ratio | Ratio

SS 1200.0 |200.0 | 485 | 485 194.0 - 0.0 irﬂen Theor. | Exp. | Theor. | Exp. | of M, | of M,

CC |1462]1462] 128 | 128 | 374 | - | 00 O | @] 3 | @ @0 @O

Syn- SS 12.9 11.0 76.8 79.8 0.85 1.04
CC-SN| 146.2 | 146.2 | 128 | 128 374 . 2.0
thetic CcC 12.9 9.5 68.7 85.4 0.74 1.24

CC-ST| 146.2 | 146.2 | 128 128 374 Steel 1.0 GG 12.9 97 68.0 833 075 122

GG | 481 | 48.1 | 381 | 381 | 367 | - | 00 cs | 129 | 105 | 729 | 782 | 081 | 107
GG-SN| 48.1 | 48.1 | 381 | 381 | 367 igc 2.0 GS | 129 | 107 | 724 | 828 | 083 | L14

12. 4 2 2. . 1.2

GG-ST| 48.1 | 48.1 | 381 381 36.7 Steel 1.0 o 4 4 68 820 0.73 0

CS [146.2200.0 128 | 485 115.7 - 0.0 s s

GS | 48.1 [200.0] 381 | 485 | 1153 | - | 00 FEE T B AR B2 AFIHE {EA)
Where, E,,, E,»=modulus of elasticity of outer layer and inner o8 el B 27l 4Es] 2 5ol #Ase A
layer reinforcements, respectively; 4,,, 4,,=area of outer layer e FAYES] A 2 o] ¢ A Jekd 4 o
and inner layer flexural reinforcements, respectively; v, = per- 67t EUAERA e nE B tist 23 muE
centage by volume of fibers. _ -
#1dentification code : AB-XX o AHg % ) EGS Table 20 WeIshelet Baael=
A and B =type of outer and inner reinforcement, respectively F2AANZEY D ACI code'"E HlEOE FYS Zol=
(S =steel, C=CFRP, G=GFRP), and XX =type of fibers TFatar, o232 F3 RWEZLS 2 (3)S Ea) Tttt
(ST = steel fiber, SN = synthetic fiber)

M =4 f(d_ﬂ_lc)+/1 (d_ﬂ_lc)
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Fig. 1 Design assumptions for analysis of FRP bar reinforced concrete beams containing fibers
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B, =065 for f,>56.16MPa (12)
- wely

&, = 0.003+0.001 L7 <0.004 (13)
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Table 3 Flexural strength prediction for SFRC beams

Theor. M, (kNm) Ratio
xp. M, Cam- [Abdul
Specimen | (kNm) | ACI pif; Ah;d' (M /(1) /] (1) /
) 2 2) | 3) | 4
o 1’5 e @@
CC-ST | 905 |87.6| 91.4 | 86.8 | 1.03]0.99] 1.04
gCllz
ool 1044|822 83.5 127|125
_ gcu: (1) (1)
GG-ST| " | 1044 | 880 | 89.3 |87.7"| 119 | 117 |L.19
SL’M=
o0 1044 | 933 | 946 1.12]1.10

'The value was based on &, = 0.00343 calculated by Eq. (13)
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Table 4 Experimental and theoretical maximum deflections at
service load level

A, (mm) Ratio of A
Specimen| Exp. | ACI440 | Bischoff | ACI440 | Bischoff
(M @ 3 (1Y@ | M/
SS 1.73 1.73 1.80 1.00 0.96
cC 6.00 5.96 6.41 1.01 0.94
CC-SN | 3.98 5.96 6.41 0.67 0.62
CC-ST | 2.14 5.96 6.41 0.36 0.33
GG 6.84 497 6.52 1.38 1.05
GG-SN | 3.59 4.97 6.52 0.72 0.55
GG-ST | 2.65 497 6.52 0.53 0.41
CS 3.30 275 3.13 1.20 1.05
GS 3.32 271 3.14 1.23 1.06
GC 5.30 5.46 6.48 0.97 0.82
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types bar reinforced beams
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predictions after yielding of steel
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