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Structural Behavior of Fiber Reinforced Concrete Mixed with Recycled PET Fiber
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Abstract

This study was performed to prove the possibility of utilizing short plastic fibers made for recycled polyethylene tereph-
thalate (RPET) as a structural material. In order to verify the capacity of RPET fiber, it was compared with polypropylene (PP)
fiber, most widely used short synthetic fiber, for fiber volume fraction of 0%, 0.5%, 0.75%, and 1.0%. To measure material
properties such as compressive strength, split tensile strength, appropriate tests were performed. Also, to measure the strength
and ductility capacities of reinforced concrete (RC) member casted with RPET fiber added concrete, flexural test was per-
formed on RC beams. The results showed that compressive strength decreased, as fiber volume fraction increased. These trends
are similarly observed in the tests of PP fiber added concrete specimens. Split cylinder tensile strength of RPET fiber rein-
forced concrete increased slightly as fiber volume fraction increased. For structural member performance, ultimate strength, rel-
ative ductility and energy absorption of RPET added RC beam are significantly larger than OPC specimen. Also, the results
showed that ultimate flexural strength and ductility both increased, as fiber volume fraction increased. These trends are sim-
ilarly observed in the tests of PP fiber added concrete specimens. The study results indicate that RPET fiber can be used as an
effective additional reinforcing material in concrete members.

Keywords : RPET fiber, fiber volume fraction, flexural strength, ductility, energy absorption
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Table 1. Physical and chemical properties of binders

Item SiO, Al,O3 Fe,O3 CaO MgO SO5 Ig. loss Specific Blain
Type (%) (%) (%) (%) (%0) (%) (%) gravity (cm’/g)
Cement 20.68 5.16 3.02 62.42 4.71 242 1.36 3.15 3,450
Fly ash 57.09 24.66 10.50 2.58 1.37 0.94 3.02 2.10 4,350
Table 2. Properties of synthetic fibers
. Dimension Length Density Elastic modulus | Tensile strength Ultimate elongation
Fibers Type
P (mm) (mm) (g/em’) (MPa) (MPa) (%)
RPET Embossed 0.2x1.3 50 1.38 10,175.4 420.7 11.2
PP Crimped 0.38x0.9 50 0.91 6,000.0 550.0 15.0
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Table 3. Mix proportion of concrete

. S/a Unit weight (kg/m®) Fiber volume fraction (%)
Specimens W/B

(%) C FA w S G AE RPET PP
OPC 041 43.8 355 40 161 775 994 2.37 - -
RPET 0.5 0.41 43.8 355 40 161 775 994 2.37 0.5 -
RPET 0.75 0.41 43.8 355 40 161 775 994 2.37 0.75 -
RPET 1.0 0.41 43.8 355 40 161 775 994 2.37 1.0 -
PP 0.5 041 43.8 355 40 161 775 994 2.37 - 0.5

PP 0.75 0.41 43.8 355 40 161 775 994 2.37 - 0.75
PP 1.0 041 43.8 355 40 161 775 994 2.37 - 1.0
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Fig. 7 Comparison of the load-deflection curves for OPC, RPET and PP at the age of 28 days

Table 4. Summarized flexural strength test results

Specimens P Acr Py Ay P, Increased strength Ay
(kN) (mm) (kN) (mm) (kN) (%) (mm)
OPC 32.6 1.01 101.4 4.80 121.6 100 16.94
RPET 0.5 24.8 0.43 109.0 4.52 152.6 125.5 165.0
RPET 0.75 22.0 0.51 108.8 4.67 159.8 1314 141.36
RPET 1.0 324 0.62 107.8 5.31 160.4 131.9 143.36
PP 0.5 32.8 0.75 108.2 4.93 154.0 127.0 140.07
PP 0.75 28.0 0.69 106.3 521 150.4 123.7 149.16
PP 1.0 25.6 0.61 106.6 4.71 156.6 128.6 144.22
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Table 5. Ductility index of test specimens

Deflection based model

Energy based model

Specimens A, Ay Relative

(mm) (mm) A2y

ductility index|  (kN-m) (kN'm)

Eyot Eea 05 (E;‘” + 1) Relative
' ductility index

el

OPC 4.80 16.94 3.53 1

4.64 0.425 5.96 1

RPET 0.5 4.52 165.0 36.50 10.34

22.50 0.483 23.79 3.99

RPET 0.75 4.67 141.36 30.27 8.58

20.87 0.548 19.54 3.28

RPET 1.0 531 143.36 27.00 7.65

21.05 0.634 17.10 2.87

PP 0.5 493 140.07 28.41 8.05

18.74 0.540 17.85 3.00

PP 0.75 521 149.16 28.63 8.11

21.77 0.554 20.15 338

PP 1.0 4.71 144.22 30.62 8.67

19.64 0.542 18.62 3.12
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Fig. 10 Comparison of relative ductility index by fiber volume 4
fraction
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