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Characteristics of Flexural Cracking Widths in FRP-Reinforced
Concrete Beams Subjected to Short-Term Loads
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Abstract The use of FRP(Fiber-reinforced polymer) bars results in larger crack widths under service load due to
the generally low elastic modulus and poor bond characteristics of FRP as compared with steel reinforcing bars.
The work presented herein includes the results from 12 beams composed of nine rectangular beams and three
T-beams reinforced with FRP bars tested under four-point bending. It was investigated that the bond coefficient,
k, in ACI 440.1R-06 equation had high variability which the coefficient of variation was 40% in the range of 0.6
to 1.88 with average 1.05.
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Table 1. Mechanical properties of reinforcing bars

Diameter f £ 4
Bar type ! / !
(mm) (MPa) (GPa) (mm?)
¢10 1,360 60 71
GFRP
¢13 1,200 51 129
610 1,630 70 7
AFRP
$13 1,470 65 129
$10 2,150 148 71
CFRP
¢13 1,890 120 129
3.2 Malue 2 &3

_H
2

AT T

FAY AN
N 1000 ! 1000 : 1000 t200"

Fig. 1. Concrete dimensions and reinforcing details
for the beam specimens
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Table 2. Details of test specimens
Size &
P,
Specimen Pr Pro LR Number of
(%) (%) Prp Bar

RGEF-10-2 0.18 1.11

RAF-10-2 0.2 0.15 1.33 2-P10

RCF-10-2 0.17 1.18

RGF-13-2 0.20 2.00

RAF-13-2 0.4 0.17 2.35 2-$13

RCF-13-2 0.18 222

RGF-13-4 0.20 4.00

RAF-13-4 0.8 0.17 4.70 4-P13

RCF-13-4 0.18 4.44

TGF-1310-6 0.2 1.50

TAF-1310-6 03 0.17 1.76 3';0

TCF-1310-6 0.18 1.67 3213

* Identification Code: ABB-CC-X

A= R: Rectangular, T: T-shaped
BB= GF: GFRP, AF: AFRP, CF: CFRP

CC = Diameter of bars

X = Number of bars
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Fig. 2. Load-to-crack curve of the rectangular section
specimen
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7056

Fig. 2= 443 od Al@ Aol oid wadn]o] upe
BT ARY she-wdE val 2L FdEo]
A2 FAAR U7 BofFaL Tk, E3 Fig. 3
lAE BATH] p=0.003%0 THEH A@A ] g
BT AR - dF vlal IR EE BojFal g
o 25 AIFANAN FEEe] A7) dAR Bt §
Frob wadcmlel wet Ae-sE A & 5 Ak sl
T7heA FAEE STkl Akt Firel we

Z ©37157F & CFRP, B
AhE 45 T Ee FA YE T E3 g
A7)e| wef, & Aol vls| 27|17 djdes
2 T A TdZo] FA ekt
300
250
~ 200 =
= -
=
. 150
S
=100 | S @ T L TGF-1310-6
50 —— TAF-1310-6
== TCF-1310-6
0
0 0.5 1.5 2

1
Crack width (mm)

Fig. 3. Load-to-crack curve of the T-shaped section
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Table 3. Crack widths in the service load

Allowable P Wy (mm)

Specimen crack width (K;V) 0.35P, | 0.45P,

(mm) (mm) | (mm)
RGF-10-2 85 1.32 1.88
RAF-10-2 98 1.55 1.99
RCF-10-2 155 1.11 1.53
RGF-13-2 145 1.48 1.88
RAF-13-2 153 1.36 1.78
RCF-13-2 07 175 0.75 0.97
RGF-13-4 ’ 200 1.20 1.39
RAF-13-4 213 1.09 1.31
RCF-13-4 300 0.90 1.10
TGF-1310-6 250 0.62 0.84
TAF-1310-6 262.5 0.57 0.71
TCF-1310-6 317.5 0.32 0.41
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Table 4. Crack width ratio(w,, /w,,) and predicted
k, value in the range of service load

. wc)p/ Wegy kb
Specimen
0.35P,| 0.45P| 0.35P,| 0.45P,
RGF-10-2 0.61 0.67 0.85 0.95
RAF-10-2 0.72 0.72 1.00 1.00
RCF-10-2 067 0.72 0.94 1.01
RGF-13-2 0.61 0.60 0.85 0.84
RAF-13-2 0.67 0.68 0.94 0.96
RCF-13-2 0.58 0.59 0.81 0.82
RGF-13-4 1.19 1.07 1.67 1.51
RAF-13-4 1.28 1.20 1.80 1.68
RCF-13-4 1.34 1.28 1.88 1.79
Average 0.85 0.84 1.19 1.17
Standard deviation 0.32 0.27 0.45 0.38
Cocfficient of variation (%) | 376 | 321 | 378 | 325
TGF-1310-6 0.46 0.49 0.65 0.68
TAF-1310-6 0.51 0.5 0.72 0.69
TCF-1310-6 0.43 043 0.60 0.60
Average 0.47 0.47 0.66 0.66
Standard deviation 0.04 0.04 0.06 0.05
Coefficient of variation (%) | 8.5 8.5 9.1 7.6
Average 0.76 0.75 1.06 1.04
Standard 032 | 028 | 045 | 04
Total deviation
Coefficient of
. 42.1 373 425 38.5
variation (%)
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