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An Experimental Study on Mechanical Properties of
Hybrid Fiber Reinforced Concrete Pavement

Jong-Sup Park,"” Sung-Yong Choi,” Woo-Tai Jung,l) and Young-Hwan Park””

YStructural Engineering Research Division, Korea Institute of Construction Thchnology, Goyang 411-712, Korea

ABSTRACT Cement concrete pavement offers long-term service life and excellent applicability for heavy traffic. It is easier to

purchase and more durable and economical than the asphalt pavement. However, it is difficult to repair and rehabilitate compared to

the asphalt pavement when it comes to the maintenance problem. Since the crack is the main reason of the damage of concrete

pavement, it is necessary to control the early and long-term crack in the concrete pavement. In this experimental study, the basic

performance tests have been carried out to investigate the effect of hybrid fibers which were composed of micro fibers with small

diameter and high aspect ratio and macro fibers with large diameter and low aspect ratio on the concrete pavement, in which lower

water ratio and larger aggregates were used compared to the general concrete mixture. The test results showed that the flexural

strength and toughness of concrete pavement mixture have been increased with the use of hybrid fibers in the concrete pavement

mixture, even though they were less effective compared to the normal concrete mixture. It was found that the hybrid fibers were

effective to control the early shrinkage of the concrete pavement which is one of the main reasons of the damage in the concrete

pavement.
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Table 1 Mixture proportions of concrete
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Fig. 1 Specimen description

, Volume mixing (£/m’) Max. coarse
Type W/C (%) | S/a (%) | AE/C (%) | SP/C (%) | W (kg/m”) aggregate size
C S G (mm)
Normal 50 40 0.018 0.35 178 113 265 398 25
Pavement 42.3 39 0.02 0.28 150 113 270 422 32
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Table 2 Parameter and fiber volume fraction

Table 3 Physical properties of ordinary portland cement

Density

Blaine |Soundness

Setting time
(Min)

Compressive
strength (MPa)

) ) Volume fraction (%)
Specimen | Mixture
Nylon PP PVA | Steel
NC-00-00 - - - -
NC-N2-00 iﬁfe&i 0.2 - - -
NC-00-V2 - - 0.2 -
PC-00-00 - - - -
PC-N2-00 |Favementi=—, 5 - - -
— —~ — — lIconcretel
PC-00-V2 - - 0.2 -
PC-00-00 - - - -
PC-N1-V1 0.1 - 0.1 -
PC-N1-S1 0.1 - - 0.1
PC-N1-P1 0.1 0.1 - -
PC-N06-V13|pavement| 0.066 - 0.133 -
PC-N06-S13 |concrete2| (.066 - - 0.133
PC-N13-P06 0.133 | 0.066 - -
PC-N1-V2 0.1 - 0.2 -
PC-N1-S2 0.1 - - 0.2
PC-N2-P1 0.2 0.1 - -
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(g/em’)|(cm™/g)| (%)

Ini. | Fin. |3 days|7 days|28 days

3.15 | 3165 0.18 235 | 320 | 20.4|29.4 | 38.7

Table 4 Physical properties of aggregates

Type Densit3y Fineness | Absorption ratio
(g/cm’) | modules (%)
River sand 2.65 2.86 2.63
Crushed sand 2.50 2.62 1.42
Coarse agg. 20 mm| 2.71 7.01 1.18
Coarse agg. 32 mm| 2.70 6.88 0.58
Table 5 Physical properties of fiber
Property NY PP PVA ST
Density (g/cm’)| 1.16 0.91 1.30 7.86
Aspect ratio 1000 75~100 45 65
Length (mm) 12 30 30 35
Diameter (mm)| 0.012 0.3~0.4 0.66 0.54

Tensile strength
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Fig. 2 Comparison of strength ratio
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Fig. 3 Slump for pavement concrete

Fig. 4 Air content for pavement concrete
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Fig. 6 Comparison of split tensile strength



Fig. 7 Comparison of flexural strength
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Table 6 Flexural toughness

Experir.n.ental bel;:lg?rll;als?etss Toughness index
condition (MPa) (Is)
PC-00-00 0.46 1.085
PC-N1-V1 0.58 1.64
PC-N06-V13 0.65 1.407
PC-N1-V2 0.85 1.655
PC-N1-S1 1.15 1.888
PC-N06-S13 1.46 1.967
PC-N1-S2 1.49 2.546
PC-N1-P1 0.52 1.736
PC-N13-P06 0.7 1.411
PC-N2-P1 0.8 1.368
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Fig. 8 Flexural stress-displacement curve
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Fig. 9 Autogenous shrinkage of hybrid FRC

Fig. 10 Drying shrinkage of hybrid FRC



Table 7 Drying shrinkage

Drying shrinkage (x10™)
Age (day)| 00-00 | NI-V1 | N06-V13 | NI1-V2 | NI-S1 | N06-S13 | N1-S2 | NI-PI | N13-P06 | N2-P1
7 -302.00 | -118.42 | -131.58 | -131.58 | -39.47 | -118.42 | -10526 | -118.00 | -118.00 | -144.00
14 43421 | -171.05 | -18421 | -197.37 | -7895 | -171.05 | -144.74 | -184.21 | -171.05 | -210.53
28 -473.68 | -210.53 | -223.68 | -236.84 | -105.26 | -184.21 | -171.05 | -210.53 | -210.53 | -250.00
56 -500.00 | -243.00 | -250.00 | -263.00 | -131.00 | -210.00 | -197.00 | -250.00 | -236.00 | -289.00
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