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Effect of Long-Term Load on Flexural Crack Widths in
FRP-Reinforced Concrete Beams
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Abstract Larger crack widths can be observed more in FRP-reinforced concrete members than in steel-reinforced
concrete members as a result of the lower elastic modulus and bond strength of FRP reinforcement. The ACI
440.1R-15 design guide provides equations derived as the maximum bar spacing to control the crack widths indirectly.
On the other hand, it is not concerned with long-term effects on the crack control design provisions. This study
provides suggestions for how to incorporate time-dependent effects into the crack width equation. The work presented
herein includes the results from 8 beams composed of four rectangular and T-shaped FRP-reinforced concrete beams
tested for one year under four-point bending. Over a one year period, the crack widths increased as much as 2.6~3.0
times in GFRP and AFRP-reinforced specimens and 1.1~1.4 times in the CFRP-reinforced specimens compared to
steel-reinforced specimens. In addition, the average multiple for crack width at one year relative to the instantaneous
crack width upon the application of the sustained load was 2.4 in the specimens with a rectangular section and 3.1
in the specimens with a T-shaped section. As a result, it is recommended conservatively that the time-dependent
coefficient be taken as 2.5 for the rectangular beams and 3.5 for T-beams.
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Table 1. Details of test specimens
Speci- Py Prp ﬁ S d(, Iiiuzribicr
men (%)) (%) | Pp | (om) | mm) | of Bar
LRST-3 312 | 0.16 3-DI0
LRGF-3 0.19 | 2.63
0.5 110 40
LRAF-3 0.15 | 3.33 3-¢10
LRCF-3 0.17 | 2.94
LTST-4 333 | 0.09 4-DI10
LTGF-4 0.19 | 1.58
03 40 40
LTAF-4 0.15 | 2.00 4-910
LTCF-4 017 | 1.76

* Identification Code : ABCC-X
A= L: Long-term, B= R: Rectangular, T: T-shaped,
CC= GF: GFRP, AF: AFRP, CF: CFRP
X = Reinforcement number
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Table 2. Mechanical properties of reinforcing bars

Bar type Diameter fyor fu EzgorEf AsorAf
(mm) (MPa) (GPa) (mm?)
Steel D10 400 200 73
GFRP 610 1,360 60 71
AFRP 610 1,630 70 71
CFRP $10 2,150 148 71
PR A7) F b= 300mm , 2ol h = 180mm
THH= EWA] &, b =420mm B =, b, =200mm
a3 o] h=250mm= 3JFFoH £HHo]
I, = 3000mm ©.2 W5 AAsck naee] e
o7 7YY AEERS ettt =Rt
AR AT s FokaL, R ATe] 2
g dde wl2E s=110mm = 37048, TEddS
s =40mm 2 471 vk T) Fig. 19145 Alg A<
A4 2 B AAE RoF.
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(a) Rectangular beam (b) T-beam

Fig. 1. Concrete dimensions and reinforcing details for
beam specimens
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Table 4. Comparison of measured crack widths with
calculated crack widths

. Wer w 1(1) w 1(2)
Table 3. Applied moments and relative ratios Specimen (nl;;)p (r(r?m) (éﬁn)
Speci- ]WL.,, ]l[w” ]V[ws ]L[wn ]L[ws LRST-3 0.075 0.155 0.143
-men (KN'm) (kN'm) &Nm) | M, | M, LRGF-3 0.265 0.678 0.643
LRST-3 3 45 20 15 LRAF-3 0.285 0.585 0.553
LRGF-3 3 45 20 L5 LRCF-3 0.090 0.320 0.297
LRAF3 3 6 45 20 L5 LTST-4 0.035 0.064 0.064
LRCF-3 33 50 18 15 LTGF-4 0.150 0284 0.290
LTST-4 35 6.0 21 17 LTAF-4 0.141 0.232 0.237
LTGF-4 37 ) 6.0 20 L6 LTCF-4 0.040 0.113 0.114
7.
LTAF-4 34 5.7 2.1 1.7
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o Total long-term crack widths (mm)
gos Specimen Q;}n’]‘n:)p DSO 90 180 365
£ ays Days Days Days
s - LRST-3 0.075 | 0114 | 0150 | 0173 | 0.191
% o0s LRGF-3 | 0265 | 0361 | 0549 | 0590 | 0625
£ . s SR LRAF-3 | 0285 | 0393 | 0532 | 0553 | 0584

" W LRCF-3 | 0090 | 0175 | 0200 | 0233 | 0.250

LTST-4 | 0035 | 0053 | 0080 | 0.09 | 0.123

0 s w1 20 om0 w30 4 LTGF-4 | 0150 | 0210 | 0388 | 039 | 0422

Poe LTAF4 | 0141 | 0209 | 0342 | 0352 | 0384
e T T NE— LTCF-4 | 0040 | 0056 | 0057 | 0101 | 0.132
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Fig. 2. Measured crack widths for test specimens st =@ 91019l & 9tk AS PuAEAT

(a) rectangular section (b) T-shaped section
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